
Zo0Nor1c DISEASE 

RESEARCH BRIEFS 

1998-2010 





Zoonotic Disease 

Avian Flu School Assessment CAFSl 
November 2008 

32·A The Avian Flu School's ''Train the Trainer'' Courses: An Overview and Assessment 

3 2-B An Overview of the Newcastle Disease Avian Influenza Control Research Project 

Avian Flu School Assessment CAFSl 
May2009 

33·A Impact Assessment of a Disease Vaccination Project in Rural Tanzania 

33 ·B A Poultry Health Program for Developing Countries 

33 ·C Implementing Poultry Vaccination and Biosecurity at the Village Level in Tanzania: A 
Social Strategy to Promote Health in Free-Range Poultry Populations 

Avian Flu School Assessment CAFSl 
January 2010 

34·A Avian Flu School Training-of-Trainers Program: An Effective Approach for Improved 
HP Al Prevention and Preparedness in Sub-Saharan Africa 

34-B Socio-economic Impact of Chickens Vaccinated against Newcastle Disease in Rural 
Communities of Mvomero District, Morogoro, Tanzania 

3 4-C Socio-economic Impact Assessment of the Newcastle Disease and Avian Flu Control 
Project in Selected Villages of Ufukoni Ward, Mtwara, Tanzania 

34-D Enhancing Production of Local Chickens through Newcastle Disease 12 Vaccine in the 
T echiman District of Ghana 

Health for Animals and Livelihood Improvement in the Rungwa·Ruaha 
Ecosystem, Tanzania CHALIJ 



John M
Rectangle



November 2008 

35·A Evaluating and Managing Zoonotic Disease Risk in Rural Tanzania 

35-B The Unintended Consequences of Development Assistance: The Case of Usangu in 
Tanzania 

35-C Innovative Approaches to Evaluate Household Health and Livelihoods in Pastoral and 
Agropastoral Communities · 

Health for Animals and Livelihood Improvement in the Rungwa-Ruaha 
Ecosystem, Tanzania CHALIJ 

May2.009 

36-A Landscape Factors Associated with Livestock Disease Deaths in ldodi and Pawaga 
Divisions, Tanzania 

3 6-B Building Human Capacity to Solve Ecosystem Health Challenges in Developing 
Countries 

36·C Capturing Women's Voices: Socioeconomics and Gender-Roles in Pastoralist 
Households in the Ruaha Landscape, Tanzania 

Health for Animals and livelihood Improvement in the Rungwa·Ruaha 
Ecosystem, Tanzania CHALIJ 

January 2010 

37 .. A New Medicine for Emerging Zoonoses: Reducing Disease Risk at Human-Animal
Environment Interfaces in Tanzania Using a One-Health Approach 

37 -B Integrating the Management of the Ruaha Landscape of Tanzania with Local Needs 
and Preferences 

37-C Fecal Pathogen Pollution in Surface Waters of the Ruaha Ecosystem, Tanzania 

37-D Public Health and Rural Livelihoods under Water Scarcity in the Ruaha Landscape, 
Tanzania 

John M
Rectangle

John M
Rectangle



John M
Rectangle

John M
Rectangle



The Avian Flu School's 
"Train the Trainer" Courses: 

An Overview and Assessment 

Carol J. Cardona, University of California, Davis 
Avian Flu School (AFS) Project 

Research Brief 08-01-AFS November 2008 

The Avian Flu School (AFS) was designed to help minimize the health and economic impact of H5N 1 high!J1 pathogenic 
avian influenza (HPAI) by providing the training necessary to improve a community's ability to prevent a HPAI outbreak 
and to respond to and recover from an outbreak. AFS is a multi-tiered, train-the-trainer program designed to educate 
animal health, public health, and agricultural extemion workers about H5Nl HPAI, enabling them to deliver this 
information at the community level in developing countries. A pilot program of the fou1·-day course, which comists of four 
modules and a practical session, was taught at the University of California, Davis; Sokoine University of Agriculture, 
Morogoro, Tanzania; and Texas A&M University in 2006. A total of 83 teachers, observers, coordinators, and trainees 
participated in the pilot courses. Course evaluation scores, provided by trainees, improved from four out of five during 
the first pilot course at UC Davis to over 4.4 out of five for the last pilot course at Texas A&M. Evaluation scores for the 
individual modules similarly improved. After minor modificatiom to the content in response to comments received during 
the pilot courses, additional courses were taught in Tanzania, Kenya, Uganda, Ghana, and Djibouti. 

Background 

As the current panzootic of H5N 1 highly pathogenic 
avian influenza (HPAI) began to spread from Southeast 
Asia in 2003, it became evident that the lack of readily 
accessible information about the disease, especially in 
rural areas, was hindering efforrs to contain its spread. A 
diversity of species, including humans, wild waterfowl, 
and domestic poultry, are affected by H5Nl HPAI. 
This increases the number of professional disciplines 
whose input is required in prevention and response 
discussions. Thus, the Avian Flu School (AFS) project 
assembled a multi disciplinary team to develop a 
curriculum targeted to the people most affected by the 
impacts of H5Nl HPAI and those most appropriately 
involved in prevention and response, such as poultry 
producers, district level veterinarians, agricultural 
extension staff, medical doctors, public health workers, 
wildlife professionals, and those raising poultry at the 
village level. 

The course material was developed using a train-the
trainer model, a common approach for animal health, 
public health, and agricultural exrension. AFS materials 
are designed in tiers based on rhe expertise of rhe 
intended audiences. In Tier I, professionals and national 
officials from public health ministries and veterinary 
service departments are trained. Tier I trainees then 
conduct Tier II trainings, mainly within their districts 

or organizations; the intended audiences are zonal 

and district veterinarians, agricultural extension staff, 
wildlife managers and public health workers, who will, 
at Tier III, reach their respective communities. Tiered 
training allows information to be delivered at different 
levels to different audiences, including those that may 
not normally be included, but which are at the forefront 
of disease detection and response, such as village poultry 
keepers. 

AFS course materials are designed to be interactive and 
flexible, so that rhe course can be customized to the 
needs of each individual audience. For example, specific 
modules may be taught to individuals with relevant 
responsibilities and skipped for other audiences. The 
material is written and presented in a concise manner co 
facilitate comprehension and teaching. The course has 
been translated from its original English into French, 
Kiswahili, and Spanish. 

AFS Curriculum 

The AFS curriculum consists of four classroom modules 
and one practical session: 

Module One: Overview. Module One serves as an 
introduction to the course. Students will be introduced 
to the various avian flu viruses and raken through the 

history of HSN 1 HPAI. HPAI transmission, the risk of 
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HSN 1 HPAI to humans, and the impacts of avian influenza 
are also incorporated into the overview. Srudents will 

become familiar with surveillance, testing and reporting 
methods, as well as coordination and management of 

avian influenza prevention programs and com1nunications 

planning. 

Module Two: Surveillance. Module ' fwo focuses on 

surveillance uf HSN 1 HPAI. Students are educated Oil 

how to calculate sample size and perform appropriate and 
effective surveillance in poultry and captive populations, as 

well as in wild birds. 

Module Three: Public Health and Worker Safety. 
J\!lodule Three provides information and methods to 

students in order to ensure the protection of public health 
and worker safety. Students are first introduced to general 

public education and protection and then familiarized with 
the more specific topics of protection and protocol as they 
pertain to poultry farm workers, backyard/smallholder 
owners, live-bird wet market workers, medical workers, 

public health teams, and first responders. 

Module Four: Prevention and Response. Module 
Four's emphasis is on prevention of and response co avian 

influenza. In addition to these topics, students will be 
well-versed in recovery from avian influenza. Scenarios 

including smallholder poultry operations, wet (live bird) 
markets, commercial poultry facilities, zoological and 

aviary collections, and wildlife are utilized to give context 
to the discussion. Biosecurity planning and response pl~ns 
are also key topics in this module. 

5.0 

Practical Session. The Practical Session is meant to provide 

applicable information for the proper prevention of and 

response to HPAl. Participants work through the packing 
and shipping of a diagnostic sample, donning and doffing 

of personal protective equipment, cloaca! and oral cavity 

swabbing for samples, and vaccinating, bleeding, ~md safe 
slaughter and cleaning of a chicken. 

Major Findings 

Participant feedback. The Avian Flu School courses taught 

to date have been met with an enthusiastic reception. 

The vast majority of course participants indicated greater 
understanding of the module topics after taking the course 
and expressed confidence in imparting this knowledge to 

others. 

Online surveys conducted with trainees after the pilot 
courses had a 66. l % response rate and showed that: 

• 80.6 % are confident they could use the mat rials to train 
others; 

• 36. l 01b tra.ined others using the AFS course materials; 
• 38.9% implemented behavioral change based on what 

they learned; 

• 52.9% would not modify, add or eliminate any part of the 
training materials. 

Regarding the stated learning objectives: 

• 96.8% know the different paths of HSNl HPAI 
transmission (54.8% did prior to the course); 
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• 87. l 'Yo arc prepared ro cornmunicare to differenr audiences 

regarding an avian influenza emergency (12.9% felt 

prepared before the course); 
80.6% are prepared to design a surveillance plan and 

modify ir as the disease situation changes ( 16.1 % were 
before the course); 

• 96.8°1<> know how to prorect themselves and others from 
HPAI (38.7% knew how prior to the course); 

• 96.8% are prepared to give advice on biosecurity issues 
in different poultry setrings (22.6% were prior to rhe 
course); 

• 77.4°1ii know the response and recovery steps and 
procedures (16.1 % knew them before the course); 

• 93.5% could put on and remove their personal protective 
equipment following the recomm ended protocol 

( 16.1 % knew how prior to the course). 

Since rhe inirial pilor courses, AFS has conducted five Tier 

I courses in five counrries, training 100 AFS instructors. 

These instructors have conducted seven GL-CRSP

supported Tier II courses, rraining more than 170 people 
at rhe districr level in six countries. In addirion, AFS 

instructors have conducted severa'l other Tier II courses 

through their own organizations. The AFS curriculum has 

been ordered by numerous international organizations and 
utilized for workshops 'in Asia and elsewhere. 

Practical Implications 

Model for further training. The success of Avian Flu 
School, as measured by participant surveys, indicates that 

the model would be useful if adapted for educating trainers 

At ti 11t1 tional-lc11el AFS training in Kenya 
in }11/y 2007. rmimrd mu! human hm l!h 
pro(essionrds rlrr 1rai11al to be r1vir111 Jiu 

prevn11io11 r111cl response i11s1 m ctors. Photo 
hy David B111m. 

about prevention and response strategies for other diseases 
in developing countries. 

Collaborative effort among parttc1pants. One of the 

unanticipated outcomes of the AFS training courses 
has been the exchange of ideas and inf()rmation among 

participants. In one case, the development of a village 

Newcastle vaccination project was proposed in collaboration 

with trainees from the Tanzanian pilot course. During the 
exercise in rhc surveillance module (Module 'I\vo), two 

groups of participants proposed a novel strategy to institute 
a Newcastle disease vaccination program in selected villages, 

to prevent clinical disease associated with viscerotropic 
velogenic Newcastle disease (VVND). 

VVND is endemic in many parts of the developing world, 
and is clinically indistinguishable from HPA.I. The cost of 
rhe laboratory testing needed to differentiate these diseases 
is prohibitive and thus impracrical for adequate surveillance 

for HPAI in rural areas. The trainees proposed the use of 
senrinel villages, in which chickens would be vaccinated 

for Newcastle disease a11d enrolled in a reporring sysrem 

for mortality events. 

A chicken die-off in Newcastle-vaccinated chd<ens is 
much more likely ro be caused by HPAI than a mortality 

event in non-vaccinated chickens. If mortality is reported, 
veterinarians in the region have been equipped with rapid 

flu detect kits th at can be used to test for influenza type A. 
This program optimizes the use of influenza tests, which 

are expensive and in short sL1pply in Tanzania, as they are 
. . 
111 many countnes. 
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An Overview of the Newcastle Disease 
Avian Influenza Control Research Project 

Peter Msoffe, Sokoine University; 
Carol J. Cardona, University of California, Davis 

Avian Flu School (AFS) Project 

Research Brief 08-02-AFS November 2008 

In 2007, the Newcastle Disease Avian Flu Control Research Project, a sub-project under the Global Livestock CRSP Avian 
Flu School, was initiated in Tanzania. Because the symptoms of Newcastle disease are very similar to those of avian flu, 
it is difficult to institute an effective avian flu control program without a Newcastle disease control strategy. The project is 
thus aimed at: 1) designing a model for a sustainable Newcastle disease vaccination program in rural villages, 2) assessing 
the prevalence of poultry diseases, and 3) designing methods and strategies for improving poultry health at the village level. 
Village chicken vaccinations were organized, supervised and conducted by trained village vaccinators in selected villages in 
three wards, one ward each in Mtwara, Morogoro and Iring a regions. The briefing and training of local policy maken- and 
oflocal agricultural leaders is very important to the success and sustainability of village-level Newcastle disease vaccination 
programs and poultry development efforts throughout Tanzania and other Afi"ican countries. 

Background 

A Highly Pathogenic Avian InAuenza (HPAI) train-the
trainer pilot workshop was conducted in Morogoro, 
Tanzania in August of 2006, as part of the Avian Flu 
School (AFS) assessment. During this interactive 
workshop, participants were asked to design a plan for 

improving biosecurity and preventing an outbreak of 
HPAI at the village level. Participants from the Mwanza 
and Mtwara regional Veterinary Investigations Centers 
described how diseases, particularly Newcastle disease, 
caused 60-75% mortality in the free-ranging chickens 
in villages. 

Newcastle disease is a contagious viral disease of poultry, 
and its most deadly form is common in many developing 
countries. In Africa, it is the chief impediment limiting 
village chicken productivity. The symptoms ofNewcasde 
disease are very similar to those of HPAI, and the two 
diseases cannot be differentiated without laboratory
based diagnostic resting. Ir is therefore difficult to 
institute an effective HPAI control program without a 
Newcastle disease control strategy. 

The Tanzania workshop participants discussed the 
successful Newcastle disease vaccination pilot programs 
in the Mwanza and Mtwara regions, where the 
thermostable Newcastle vaccine (1

2 
strain) was used . The 

1
2 

vaccine, which is generally distributed through district 
veterinarians, is produced by the Tanzanian government 
and is very inexpensive, costing about one U.S . dollar 
for a vial containing doses for 400 birds. In Tanzania, 
the national Newcastle disease vaccination schedule calls 
for vaccinating three times per year during the months 
of January, May, and September. The vaccine is applied 

by eye-dropper, whereby a single drop is applied to the 
eye of each chicken. 

The workshop participants proposed a plan that 
involved coupling Newcastle disease vaccinations with a 

participatory process to develop methods and strategies 
for improving biosecurity and disease prevenrion at 
the village level. The design of the plan was based on 
the concern that due to the high mortality of village 
chickens, very little value is attributed to chickens 
at the village level, and thus, there is little interest in 
investing time and resources in improving biosecurity to 

prevent HPAl, Newcastle, and other diseases. However, 
if poultry productivity improves as a result of the 
Newcastle vaccination, the added resource value would 
lead to increased interest in investing in chickens. An 
important benefit of the Newcastle Disease Avian Flu 
Control Project is that project villages rhat vaccinate 
chickens against Newcastle disease become sentinel 
villages for early detection of HPAI. In other words, 
if there is massive mortality of chickens, HPAl should 
be suspected immediately in the Newcastle-vaccinated 
flocks. 

Methods 

The project involves five major steps: 

Step One. A strategic component of this project is 
that the support of local [eaders is key for the long
term sustainability of district- and village-level efforts 
to improve poultry health and productivity. If local 
leaders are not informed regarding the project purpose 
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and methods, they are not likely to offer support or to 

aurhorize local resources for expanding the program. 

And, worse, if they do not understand the potemial of 

the project, they may see it as a diversion from other local 

priori I)' projects. Thus, the first activity of th e project was 

co nducting one-day briefing and training workshops on 
avian health and production for distri ct and ward leaders, 
emphasizing the importance of disease contro'l, especially 

for Newcastle disease and avian inAuen·La. Two hundred 

and twemy-four local leaders were train ed and briefed on 

th e project in seven one-day training workshops. Following 
the local leaders' training, at least one region adopted the 

program district-wide, and later across the enrirc 7.onc of 

rhc southern highlands ofTrnzania. T he loca l leadership in 
lringa adopted the Newcastle vaccination program as part of 

the rural development agenda for the distri ct. The program 
was planned for the entire zo ne and was launched May 5, 
2008, in a ki ck-off week called 'Kulm Weck' (t ranslated as 
"Chi cken Week"). 

Step Two. 1i·aining village chicken vaccinaw rs and reco rd
keepers to implement the vaccination program and to 

provide adequate documentation of chi cken disease, 

productivity, and the impact of the Newcasrle disease 
vaccinations were included in this step. For this, 25 data 

co llectors and 60 chicken vaccinators were trained. Good 

record-keeping is a very imporranr component of poultry 
stewardship. Poultry health and productivity records are 
critical tools used to recognize increases in sick or dead 

birds or to evaluate changes in productivity. 

Step Three. Consistent with the national Newcastle disease 
vaccination sched ul e, village chickens were vaccinated by 

the village vaccinators in selected villages in three wards, 

one ward each in Mtwara, Morogoro and lringa regions. To 
elate, the project has organized, supervised and conducted 

Newcastle disease vaccinations twice in aJI three wards 

and three rimes in Iringa and Mrwara. Table 1 indicates 

the tota.l number of chickens vaccinated for the first and 
second vaccinations. 

Step Four. Conducting socioeconomic surveys in a sample 

of households participating in the project to assess the 

knowledge of chicken diseases among villagers and ro assess 

the importance of chicken production to their livelihoods 
are components of this next step. 

Step Five. The last project activity will be coll ecting and 
eva luating diagnostic sa mples of poultry diseases in the 

project villages. The key clement to this activity is to evaluate 

the antibody titers aga inst Newcastle disease, as measured 
by the hemaglutinarion inhibition tes t, at different rimes 

in a yea r and ro establish the patterns for other diseases 
followin g an increase in rhe numbers of chickens and their 

age stratification. 

Preliminary Findings 

Th e briefin g and training oflocal policy makers and oflocal 

agricultural leaders is very important to the success and 

sustainability of village-level Newcastle disease vaccination 

programs and poultry development efforts. Local officials 
that have panicipated in poultry health briefing-trainings 

have shown strong imeres t in adopting local policies 

and providing funds to support poultry vaccination and 

development program s. Ir is encouraging that local leaders 
are now spreading rhe message on vaccination and the 

' need ro improve poulrry management. In lringa, rhey 

have already set by-laws on compulsory Newcastle disease 
vaccination with penalties ro defaulters. Newcastle disease 

vaccination yields dramatic and rapid increases in the 

productivit:)' of village chickens. Village chicken numbers 

in the Iringa study area increased 50 percent between the 
first and second rounds of vaccination. 

University-based poultry veterinary scientists may serve 
as key extension agents for rhe improvement of poultry 

health and productivity at the vi llage level. Working in 

collaborarion with regional veterinary staff and field staff of 

non-governmental organizations, a core group of university 
poultry specialists and a cooperative extension specialist 

Table I . The number of chickens that have been vaccinated in the three project wards. 

1Wam t 'VaCtioidoa 

Mlowa 17,320 25,820 N/A 

Mzumbe 27,307 30,07Y NIA 

Ufukoni 850 1700 N/A 

Total 45,477 57,593 

"The number of vaccinated chickens excludes chickens ji-om 80 homeholds, which were not vaccinated became the owners refased to 

comp6( The refusal was mainly based on the formers erroneously believing that one vaccination would provide sufficient protection for 
their chickens. 



have effectively extended their poultry health knowledge 
to village communities. 

Practical Implications 

Improving poultry health and productivity at the village 
level can be an important component of programs to reduce 
malnutrition in poor rural communities, since poultry 
is one of the few animal food sources available to poor 
families. In Tanzania, as in many developing countries, 
80% of pouluy production is village-based. Unfortunately, 
the productivity of village poultry has been severely limited 
by devastating poultry diseases. The development of 
effective strategies and practical methods for households 

and villages to improve poultry disease control is critic-al 
for attaining the benefits that poultry offer for providing 
income and food for rural poor families. 

\J?hile speaking with /Jil!age poultry 
fmners in /Vforogoro, li111za11i11, !IFS' 
team members, i11cludi11g Pro;ect 
J\lfanager Da/Jid Bunn, assess the 
eff1;cli /Jeness of the Newmstle disease 
vaccinatiom and learn of poultry 
health problems. Photo by Danielle 
Knueppel. 

Avian influenza and Newcastle disease are two such diseases 
requiring control and management. The symptoms of 
Newcastle disease are very similar to avian flu, and rhe two 
diseases cannot be distinguished from one another without 
laboratory resting, which is often cost-prohibitive and 
requires resources not always available in rural communities 
of developing countries. Therefore, instituting an effective 
avian flu control program must include a Newcastle disease 
control strategy. 

Furthermore, the practice of university-based veterinary 
scientists engaging local policy makers and agricultural 
leaders may be a model for animal health extension across 
Africa. Improvements in poultry health and productivity 
resulting from this smdy make the case for investment in a 
much larger poultry health extension program throughout 
Tanzania and other African countries. 
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Vaccination Project in Rural Tanzania 

Danielle Knueppel', Jim E1Uis Award Recipient 2007-2008 
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Avian Flu School Project 

-

Research Brief 09-01-AFS May 2009 

The purpose of this study was to assess the socioeconomic impact of the Newcastle Disease and Avian Influenza Control 
Research Project, a chicken vaccination project designed by the GL-CRSP Avian Flu School (AFS), on villagers and 

households in rural Iringa, Tanzania. Findings showed that households in project villages kept significant(y more chickens 
than households in control villages, however, there was no significant difference in income earned ftom chicken and 

egg sales between the project and control households. Likewise, no significant difference in the ftequenq of chicken 

consumption among mothers and children ftom project and control village households was found, yet both mothers and 
children ftom project village households consumed eggs more frequent61 than mothers and children ftom control village 
households. Women in project villages reported higher measures of empowerment, as well as a trend toward1 less household 

food insecurity. Interesting(y, measures ~f support for the vaccination ~f chickens were greater in control villages than in 
pr~ject villages. In conclusion, an intervention as simple and inexpensive as vaccinating chickens for Newcastle disease 

can have a beneficial impact on the livelihoods and well-being of women, children and resource-poor farmers. To enable 
farmers to attain these ben~fits, poliqmtikers and development practitioners can establish vaccination programs, facilitate 
farmers' access to vaccines and markets for chickens and eggs, ttnd provide training and education programs on the best 

practices for chicken production along with the nutritive value of consumingpoult1J~ eggs and other animal source foods. 

Background 

Small-scale, family-based poultry production can 
provide a practical and effective way to alleviate 
poverty, particularly for women and resource-poor 
farmers. Family-based poultry production systems are 
characterized by low productivity and face constraints 
related to high mortality and disease rates, housing, 
feeding, breeding, marketing, credit, education/ 
training, and extension (Perrnin et al. 2004; Gueye, 
2005). Despite these challenges, village chickens play a 
vital role in many poor rural households by providing an 
important source of high-quality nutrition and income 
with very little cost or management. 

A major constraint to family-based poultry production 
in Tanzania is viscerotropic velogenic Newcastle disease 
(hereafter referred to as Newcastle disease), which is 
caused by a virus and is capable of causing up to 80-
l 00% mortality in unprotected Bocks (Sonaiya and 
Swan, 2004). Several vaccines against N ewcastle disease 
have been developed and used to significantly decrease 
chicken morbidity and mortality rates. One of these 
vaccines, the I-2 vaccine, can easily be administered 
to chickens in the form of an eye-drop, is produced in 
Tanzania, and is relatively inexpensive. A dropper vial of 
the I-2 vaccine, enough to vaccinate about 400 chickens, 
costs 2,000 to 3,000 Tanzanian Shillings (1 USD '°" 
1 ,200 TSH in 2008). An increase in poultry production 

can lead to an increase in household income and/ or 
consumption of chicken and eggs, and, subsequently, 
an increase in household food security. Food security is 
defined as a state in which "all people at all times have 
both physical and economic access to sufficient food to 
meet their dietary needs for a productive and healthy 
life" (USAID 1992). 

The Newcastle Disease and Avian Flu Control Project 
(NDAFCP), a sub-project under the GLCRSP
funded Avian Flu School, is a research project aimed 
at improving poultry health and production, and 
improving avian flu control strategies in rural Tanzania 
(Msoffe and Cardona, 2008). As part of the NDAFCP, 
Newcastle disease vaccinations were conducted in three 
project villages in rural Iringa Region. The purpose 
of this study was to assess the socioeconomic impact 
these vaccinations on households in rural Tanzania. 
SpecificaUy, the study measured the impact that an 
increase in numbers of chickens has on: 1) household 
income from chicken and egg sales, 2) household food 

security, 3) consumption of eggs and chickens among 
children and women, 4) the empowerment of women, 
and 5) household support for chicken vaccinations. 
Three control villages were selected based on similarities 
(socioeconomic, location and infrastructure) to the 
project villages for comparison. 
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The study used a mixed merhod approach for dara 

collection, including key informant interviews and a cross
sectional household survey. Key informanr interviews were 
conducted in the six villages with male and female vi'llage 

leaders, and household interviews were conducted (n=237) 

with mothers having at least one child between 1-5 years of 
age (40 households per village selected at random) . 

Major Findings 

There were no significant demographic differences 

between households in project and control villages. T he 
mean number of chickens owned by ho useholds in the 

project villages was 14, while for househo lds in concrol 
villages it was 8.4, a statistically significanr difference. 
When respondents were asked to compare the current 

year to the previous year, more respondents from project 
village households reported an increase in rhe numbers of 

chickens raised and numbers of eggs collected compared to 

respondents from control vi llage househo lds. 

To prevenr diminishing immuniry and to assure rhat 
all chickens above three weeks of age are vaccinated, it 

is recommended that chickens be vaccinated against 

Newcastle disease three rimes per year. Although the 
aim of the program was w vaccinate all chickens in rhe 
projecr villages three times during the previous year, rhe 
vaccination coverage was nor as complete as intended. 

Approximarely 20.2% of the households had vaccinated 
their chickens three times and 43.7% had vaccinated their 
chickens twice. In the conrrol village households, 92.4% 

had not vaccinared their chickens during the previous 

yea r. It is inrcresring to nore, however, that even without 
co mplete vacci nation coverage project village households 
kept significa ntly more chickens. T his may be because 

rares of immunization in rhe flocks were higher than actual 

rares of inoculation. The 1-2 vaccine is a live virus rhat ca n 

spread from bird to bird. Further work to characterize the 
rransmission dynamics of the 1-2 vaccine in this setting is 
needed co full y understand the impacts of vaccination. 

According ro key informants, chickens are primarily used for 

sale, secondarily for household consumption, and rhirdly, 

are given as gifts. Eggs arc primarily reserved for batching 

inco chickens, secondarily fo r household consumption, 
third, fo r sale, and fo urth, as gifrs. Although a grearer 

number of project village households sold chickens and eggs 
com pared ro conrrol village households, overall, relatively 

few househo lds sold chickens and eggs. The mean price 
households obraincd for chickens and eggs was similar in 

the project and control villages. T he study did not find 
a significant difference in income earned from chicken 

and egg sales between households in project and control 

vill ages. However, project village ho useholds tended to 

sell m ore eggs and showed a trend towards greater income 

from egg sales compared to control village households. 

Regarding measures of support for Newcastle disease 

vaccinations, the mean amount of money respondents 
from households in the proj ct villages were willing ro 
pay to vaccinate one chicken was 99.6 Tanzanian Shillings 

(US $0.07 in 2008) . Respondents from ho useholds in 

the control villages were willing ro pay 21 0.8 l anzanian 
Shillings (or US $0.16). When asked about the perceived 
importance of and benefit from Newcastle disease 

vaccinations, surprisingly, more control village households 
than project village ho useholds perceived the vaccinations 
to be 'extremely importanr' and expected they would gain a 

'very large benefit' from vaccinating their chick ns. These 

measures of support defied origi nal study expectations. 

Reasoning for these findings may be tvvofold . First, because 
households in the project villages did not pay for the 

vaccinarions, they may not have valued them. Furthermore, 
vaccination recipients may have been reluctant ro offer any 
money for the vaccine, rhinking thar if rhey offered ro pay 

they would nor receive vaccinations fo r free in the future. 

Second , because of the close proximity of the project and 
control villages, households in conrrol villages may have 
heard about rhe beneficial effects of the vaccinations, 

increasing the demand for and perceived importance of 
vaccinating chickens. 

Women's empowermenr, defined as rhe rransfer of aurhori ty 
and resources ro enable women to obtain grearer autonomy 
and control, was measured by asking women respondents 

about the person who made decisions regarding chicken 

and egg use, who sold chickens and eggs, and who kept the 
money from chicken and egg s;iles wirhin their household . 

ln the majori ry of rhe households (89 .1 % of project village 
households and 87 .. 3% of control vi llage households), rhe 
fem ale head of rhe household was the primary caretaker of 
rhe household's chickens. Female heads of household in 

projecr villages tended to play a larger role in both deciding 

whether to cat o r sell chickens and eggs, and in selling 

chickens and eggs than in control vi llages. The female 

heads of ho useho ld in both project and control villages 
usually kept the money from both chicken and egg sales. 

There was no significanr difference in the frequency of 

chicken consumprion among mothers and children from 

project and control village households. However, both 

mothers and children from project village households 
consumed eggs more frequently than mothers and children 
from control village households. 

A ninc-irem food insecurity scale, based on the Household 

food Insecurity Access Scale (HFIAS) , developed by the 

United Sta tes Agency for International Develo pment 
(USAJD) Food and N utrition Technical Assistance 
(PANTA) Project (Coates er al. 2007), was used ro measure 

ho usehold food insecuriry. In bric( the scale is based on 
a household 's experience of problems regarding access to 

food, and represents rhe various aspects, or domains, of 



food insecurity found to be universal across cultures 
(Coates ct al. 2006; Webb et al. 2006) . Households 
receiving vaccinarions had a mean food insecurity 
sco re of 8.1, while households not receiving 
vaccinations had a mean food insecurity score of 
I 0.4. Food insecuriL"y scores range from 0-27 wirh a 
high score representing greater food insecurity. 

?able J. Summmy ~f the imptZcts of chicken Newcastk· disetZse vrtccinrttions. 

Measured Outcomes Positive Negative No 
Impact Impact Impact 

Household chicken x 
numbers 

Income from chicken x 
sales By invcstigaring rhe correlarions between household 

socioeconomic characteristics with household food 
insecurity and chicken and egg consumption among 
mothers and children , findings revealed rha t higher 
levels of maternal education, paternal education, 
and household wealth were associated with less 
food insecurity. Households with younger mothers 
and fewer members also were relatively less food 

insecure. Agro-pastoralist households were more 
likely to experience higher levels of food insecurity 
rhan agriculturalist households. 

Income from egg sak:s x 
Support for vaccinations x 
Women's empowerment x 
Chicken consumption x 
Egg consumption x 
Food insecurity x x 

Maternal education was positively related to both chicken 
and egg consumption in mothers and ro egg consumption 
in children . G reater household wealrh was associated with 
higher egg consumption among mothers and children and 
greater chicken consumption among children. Mothers 
from pasroral ho useholds consumed significantly fewer 
eggs rhan mothers from agricultural households. Gi rls 
consumed both chicken and eggs more frequently than did 
boys. 

The househo ld soc10econom1c characrerisrics found ro 
be significa nt predictors of ho usehold food insecurity 
and chicken and egg consumption among mothers and 
ch ildren were included in mu ltivariate models tO determine 
whether differences in food insecurity scores and frequency 
o f chicken and egg consumption varied when accounri ng 
for the effect of rhe socioeconomic characte ristics. When 
co nt.rolling for household characteristics related ro food 
insecuriry, a statistically significant difference in mean food 
insecurity scores between project and control households 
was no longer present. Insreacl, project ho useholds 
showed a rrend rowards experiencing less food insecurity. 
However, significant differences in mother's and chi ldren's 
egg consum ption rema ined. 

Table I shows how rhe project village households were 
impacted by Newcastle d isease vaccinations. Alrhough 
measurements of support for chicken vaccinations were 
weaker in project villages and were subsequently listed as a 
negative impact in Table 1, it may be thar rhe methodology 
used to measure support did not accurately caprure support 
fo r vaccinations. In regards ro women's empowerment, 
although female heads of household in project villages 
n:nded to play a larger role in decision-making relared ro 
chicken and egg use rhan in conrrol villages, ir is difficu lr 
to determine the mechanisms behind these findings and 

in this cross-sectional study, it cannot be infcred greater 
women's empowerment due to rhe vaccinatio n project. 
Lastly, food insecurity is shown as both positive and no 
impact because projecr village househo lds were only slightly 
less food insecure rhan the conrrol vi llage households. 

Practical Implications 

In general, the vaccination of chickens against Newcastle 
disease appears ro have a beneficial impacr for rural 
households involved in small-scale, indigenous chicken 
production. Households vaccinating their chickens 
have a larger number of chickens than non-vaccinating 
households, and show a trend rowards less household 
food insecurity. Women and children from households 
vaccinating chickens consume eggs more frequently rhan 
non-vaccinating households, and women may enjoy greater 
autonomy and conrrol over resources clue to increases in 
chicken production. Additional beneficial impacts, such as 
increased income from chicken and egg sales and increased 
chicken consumption m ight nor be noticeable initially, bur 
may develop as time progresses and with conrinued chicken 
vaccma no ns. 

A logical progressio n of events due to increased chicken 
wrvival may be as fo llows: J) households begin to keep 
more chickens; 2) a larger number of eggs are collected 
and consumed; 3) when household egg consumption is 
satisfied, households begin ro sell a greater number of eggs; 
4) households begin to sell chickens due to a number of 
reasons, such as a limi ted capacity for keeping chickens, rhe 
need for money, o r the access ro markers and/or buyers; 5) 
thereafter, households may begin ro consume more chicken 
either from household srocks or by purchasing them. If 
this progression is accurate, rhen the riming of rhis srndy 
may have co me roo early to norice changes in chicken sale 
and consumption (at the writing of this brief the AFS project 
is conducting a follow-up evaluation Led by the author). 



An intervention as simple and inexpensive as vaccinating 
chickens for Newcastle disease can have a beneficial impa([ 
on the livelihoods and weJJ-being of women, children and 
resource-poor farmers. To enable rural farmers to attain 
these benefits, policymakers and development practitioners 

Further Reading 

can establish vaccination programs, facilitate farmers' access 
to vaccines and markets for chickens and eggs, and provide 
tr:iining and education to rural households on the best 
practices for chicken production and the nutritive value of 
consuming poultry, eggs an<l other animal source foods. 
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The PoultlJ' Health for Development project of Avian Flu School International was developed in response to the need 
among rural households for information about poultlJ' health and disease management. Poultry is a vit[{I resource for 
rural families and communities across Africa, particularly for the poor: Women and children at the village level often 
raise chickens, ducks, guinea fowl, and other poultry The sale of eggs and chickens provides money to buy food during 
droughts, to purchase materials for the home, and pay for school fees and health care costs, in addition to providing meat 
and eggs for consumption. Unfortunatel;\ as much as 80 percent of smallholder poultry in Africa die from poultr)' diseases, 
despite the existence of several cheap and effective vaccines and treatments. Therefore, improving poultry health extension 
services to help prevent and more effectively treat poultry diseases has tremendous potential to improve the livelihoods and 
the health of the rural poor in Africa. Training workshops in developing countries using the Avian f1u School curriculurn 
revealed that in areas where poultiy have heavy disease burdens, smallholder poultry !?eepers did not see the relevance of 
highly pathogenic avian influenza. The Poultry Health for Deve!opmmt curriculum developed by the Avian Flu School 
International provides a basis for the design and implementation of appropriate poultiy health disease prevention strategies. 
bJ' asserting that poultry owners can be engaged to protect their flocks when they understand the poultr)' health and 
management issues that must be overcome for their protection. 

Background 

More than 90% of the human population in thedeveloping 

world depends on free-ranging poultry Rocks as sources 

of food, and these flocks contribute significantly to food 

security. However, poor poultry disease management in 
Jeveloping countries compromises the benefits of poultry 

production for villagers and rhe rural poor. Historically, 

smallholder poultry producers have paid scant <lttention 

to the health of their flocks for several reasons: 

Historically, nothing happens when they report 

diseases ro animal health authorities or rhere is little 

remedy which can be offered. 

Owners often do not realize or believe char poultry 

diseases can be prevented. Because Newcasrle disease 

and other poultry diseases are so common, it may 

appear rhar heavy losses from disease are inevitable, 

so poultry keepers simply ignore or accept them. 

There may be little incentive to expend resources to 

control a disease outbrea k in a population that the 

owner believes is going to die anyway. 

Many control strategies, such as culling sick birds, 

are unappealing because chey resu lt in i!ess food 

security. 

Poultry Health for Development 
curriculum was designed to meet rhc need for 

information necessary to recognize, prevent, and contro l 

poultry diseases in developing countries. 

The major project components arc as follows: 

Develop a poult1y health curriculum. Program personnel 

developed a poultry health curriculum for training 
field veterinariam an<l paraveterinarians working in 

Africa specifically, but for developing countries more 

generally. The course was designed ro be delivered over 

a five day period. Teaching modul s were modeled on 

those used for Avian Flu School (AFS) and included 

interactive learning techniques and exercises. A full 

wer-lab was included in the course, providing trainees 

with instruction in personal health and safety, poultry 
handling techniques, external examination of birds for 

clinical signs and parasites, how ro collect, pack, and ship 

diagnosric samples, as we'll as necropsy procedures, the 

recognition of lesions, and tissue collecrion methods. 

Develop tools fo r clinical diagnoses of pouftly diseases. 
A diagnostic decision-tree and disease chart were 

developed to assist animal health workers in identifying 

and diagnosing poultry diseases in rhe field. In addition, 
a handbook of poultry diseases with a focus on those 

imporranr in Africa, was assembled, covering the major 

diseases and non-infectious conditions. 

Conduct pilot course(;) with new poultry health curriculum. 
The course curriculum was pilot tested from July l 4-

18, 2008 at Sokoine University of Agriculture (SUA) 
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I 

Ttzble I. The training curriculum modules, their themes and the spec~fi'c Lessons covered. be added. Several participants noted 
the value of the interactive exercises 
in the course, and suggested adding 
more exercises that focus more 
specifically on typical village poultry 
disease scenarios. 

Module Topic Lessons 

Module 1 Village and srnaUholder Poultry benefits and challenges 
puultt~' production 

I 

Introduction to fowl 
Managing production 

I 
Marketing local chickens 

Module 2 Diagnosing disease in poultry Recognizing disease states Discussion 

Disease transmission 
Causes of clinical signs In the delivery of avian influenza 

trainings to poultry owners in Africa, 
it was found that there was little 
enthusiasm for disease prevention 
measures when resources were 
scarce. In places where poultry have 
heavy disease burdens people are 
reluctant to invest in preventative 
strategies. In light of these obstacles, 
a community-based strategy was 
developed to vaccinate free-ranging 
poultry Rocks with thermostable 
Newcastle vaccine. This strategy 
served two objectives: 

Causes of disease 
Investigating clinical cases 
Diagnosis-a systems approach 
Diagnostic procedures 

Module 3 Disease prevention Biosecurity on smallholder farms 
I Biosecurity in villages 

Biosecurity for Jive bird markets 
Applying biosecurity to your own 
site 
Vaccinating poultry 

Module 4 Community poultq1 health Sensitizing local leaders 
Developing a poultt)' health plan 

Module 5 Duck production and health Duck production 
Managing ducks 
Marketing ducks and their products 

1) To engage village leaders 111 the 
efforts. 

Diseases of clucks 2) To prevent the death of birds, thus 
changing how poultry owners viewed 

in Morogoro, Tanzania. The course was facilitated by six 
experts: two from SUA, one each from the University of 
Ghana, Makarere University in Uganda, and the University 
of Nairobi in Kenya, and a private practicing poultry 
veterinarian from Togo. At the conclusion of the course, 
participants completed a course evaluation that included 
suggestions for improvement of the curriculum. 

Major Findings 

The responses of participants in the first pilot of the poultry 
health course ·were positive overall (Figure 1). When asked 
which parts of the curriculum were of the most value, 
4 J % indicated that all parts were equally valuable, while 
41 % suggested the sections on disease prevention were of 
most value. Nine percent of the participants indicated that 
the module on ducks was the most important, and some 
comments suggested that more information on the diseases 
of turkeys should be included as well. Finally, 9% found 
the community poultry health module to be of the most 
value. Several participants specifically commented that 
disease prevention in village settings needed more time for 
discussion, and some commented that they would like to 

have more detailed information about how to implement 
community poultry health projects. Further comments 
from the participants suggested that additional materials 
on poultry marketing or enterprise management and ways 
to supplement poultry diets at little or no expense should 

their Aocks. 

The subse(1uent phase of the strategy was to improve 
capacity in the veterinary and animal professional 
commun1ties to recognize, diagnose, and treat poultry 
diseases. The poultry health course and handbook were 
developed as part of this latter phase in the program (Avian 
Flu School, Forthcoming). 

Practical Implications 

Historically, poultry production m the United States was 
complicated by high morbidity and mortality rates until 
vaccination for Marek's disease (a poultry disease causing 
paralysis and death) in 1970 gave producers the ability 
to prevent infection in their flocks. However, following 
the control of Marek's disease thrnugh vaccination, other 
poultry diseases became more evident. Similarly, the 
vaccination of poultry for virulent Newcastle disease in 
Africa may result in the appearance of new diseases that 
threaten poultry health, some of which may present hLm1an 
health threats as well. Poultry health must be conside1:ed 
comprehensively by the veterinary medical community 
rather than diseases being treated individually without a 
broad contextual framework. 

Poultry owners need to be provided with methods for 
protecting their flocks in ways they can understand 



Figure 1. Evaluation of the first pilot of the Poult1y Hetdth for Development curriculum by participants. 

Participant Feedback 

Questions 

and implement in the settings in which they live. Many 
recommendations for stopping the movement of HPAI 
H5N 1 Avian Influenza in free-ranging populations of 
domestic fowl, for example, are too long-term to impact 
immediate needs in developing countries. Shifting poultry 
production to commercial facilities, especially in rural 
areas, is not possible within any reasonable time frame. 
Introducing cold storage to rural locations to reduce 
the need for local live chickens is also not achievable 
until critical infrastructure and economic obstacles are 
overcome. Eliminating village poultry would therefore 

The Poulny Health for 
Development Program conducted 

village poulny health and 
production coursesfor women 

participating in the GL-CRSP 
Enhancing child Nutrition 

through Animal source foods 
Management (ENAM) Program 

in Ghana. Here, the women 
fi'om the Navrongo ENAM 

community in northern Ghana 
are seated in the shade for the 

training course, which involved 
demonstrations of chic hen and 
guinea fowl husband1y along 
with vaccinations. Photo by 

David Bunn. 

Don't know • No • Yes 

have devastating consequences for the food security of 
rural households, as there is no equivalent food source with 
which to replace it. 

The Poultry Health for Development curriculum 
developed by the Avian Flu School International provides 
a basis for the design and implementation of appropriate 
poultry health disease prevention strategies, by asserting 
that poultry owners can be engaged to protect their flocks 
when they understand the poultry health and management 
issues that must be overcome for their protection. 



Further Reading 

Avian Flu School International. Handbook of Poultry Diseases Important in Africa. (Forthcoming). 

Knueppel, D. 2009. "A Socioeconomic ]mpact Assessment of a Chicken Newcastle Disease Vaccination Project on Households 
in Rural Tanzania." Research Brief 09-01-AFS. Global Livestock Collaborative Research Support Program (GL-CRSP). 
University of California, Davis. 

Msoffe, P, and C. J. Cardona. 2008. ''An Overview of the Newcastle Disease and Avian Influenza Control Research Project." 
Research Brief 08-02-AFS. Global Livestock Collaborative Research Support Program (GL-CRSP). University of California, 
Davis. 

About the Authors: Dr. Carol J. Cardona, DVM, PhD, DACPV, has joint appointments in Cooperative Extension and in the 
Department of Population Health and Reproduction at the University of California, Davis. Email: cjcardona@ucdavis.edu. 
David A. Bunn, MS, is the Project Manager of the Avian Flu School, School of Veterinary Medicine, Wildlife Health Center, 
University of California, Davis. Email: dabunn@ucdavis.edu. Dr. Peter Msoffe, DVM, PhD, is a member of the Faculty of 
Veterinary Medicine at the Sokoine University of Agriculture. Email: msoffepl@suanet.ac.tz. 

Avian Flu School (AFS) was created to address the need for a train-the-trainer program to disseminate the knowledge necessary 
to minimize the health and economic impacts of H5Nl HPAI by improving the ability of a country, district or community to 
prevent, respond to, and recover from an outbreak. The project is led by Dr. Carol J. Cardona, University of California, Davis. 
Email: cjcardona@ucdavis.edu. 

Jla, ~ The Global Livestock CRSP is comprised of multidisciplinary, collaborative projects focused on human nutrition, .. ,~.t!J economic growth, environment and policy related to animal agriculture and linked by a global theme of risk in a 
changing environment. The program is active in East and West Africa, Central Asia and Latin America. 

This publication was made possible through support provided by the O.ffice of Agriculture , Bureau ()f Economic Growth, Agriculture and Trade, under 
Grant No. PCE-G-00-98-00036-00 to University of California, Davis. The opinions expressed herein are those of the authors and do nor necessurif.\' 
rejiect the views()/ USAID. Edited hy David Wolking & Susan L. Johnson 



Implementing, Poultry Vaccination and Biosecurity at the Village 
Level in Tanzania: A Social Strategy to Promote Health in Free-Range 

Poultry Populations 

Peter Msoffe1, David Bunn2
, Amandus Muhairwa1, Madundo Mtambo1, Hamsa 

Mwamhehe3 , Ayubu Msago4, Malongo Mlozi1, and Carol Cardona2 

1Sokoine University of Agriculture, 2University of California, Davis, 3Veterinary 
Investigation Center, Tanzania, 4Wildlife Conservation Society, Tanzania 

Avian Flu School Project 

Research Brief 09 .. QJ .. AFS May 2009 

Local chickens are an important resource benefiting the livelihoods of impoverished people in developing countries. 
Household chicken production provides food and income and is an important component of food security for the rural poor. 
However, rampant poultry diseases, predation, and poor production practices are among hindrances to improving village 
poultry productivity. The human communi~J' structure in African villages provides the social setting necessary for collective 
action to prevent diseases among free-ranging poultry. The Newcastle Disease and Avian Flu Control (NDAFC) project 
was aimed at testing the effectiveness of a multi-level community approach to implement a Newcastle disease vaccination 
and general poultry health and management program in three districts in Tanzania. The project successfully trained 197 
local leaders, 86 village chicken vaccinators and 196 formers in three wards of Tanzania. The vaccination of 158,343 
chickens in selected villages of the three wards substantially controlled Newcastle disease. This field research has confirmed 
the importance of local social and technical considerations in developing intervention strategies, the value of engtiging local 
leadership, and the benefit of designing holistic rather than singular-purpose animal health programs. 

Background 

Local chickens are an important resource benefiting 

the livelihoods of impoverished people in developing 
countries. Household chicken production provides food 
and income and is an important component of food 
security for the rural poor. Selling local chickens is one 
of the few income-generating activities accessible to 

women in poor households. Local chicken production 
is a low input system requiring minimal investments to 
maintain. Chickens can even be raised in households 
without land, as they can be sustained through scavenging 

for sustenance between houses and on communal village 
land (Gueye 2000, Permin et al. 2001). 

Rampant poultry diseases, predation, and poor 
production practices are among hindrances to village 

poultry productivity. Viscerotrnpic velogcnic Newcastle 
disease (referred to hereafter as ND) and parasites have 
been identified as the major health threats to local 
chickens. It appears that the ecology of village chickens 
exposes them to ideal conditions for these health 
problems (Yongolo , 1996). Chickens from multiple 
households often congregate during scavenging to form 
one large sub-village or village Bock, creating infectious 
disease exposure and transmission dynamics that are 
unique among poultry production systems, and where 
intervention strategies arc difficult to apply. 

While the human community structure rn African 
villages allows for the co-mingling of household flocks 
(which creates biosecurity challenges), it may also provide 

the human social setting for collective action to prevent 

diseases and improve poultry production. In contrast to 

the social setting in North America, for example, where 
individual households are not prone to act collectively 
to improve animal production, village communities 
in Tanzania routinely act collectively (Msoffe personal 
communication, 2008). The community structure of 
the rural village setting in Tanzania is conducive to local 
collective action for implementing a community-based 
local poultry program, including a ND vaccination 

program. 

The Newcastle Disease and Avian Flu Control (ND AFC) 

project was aimed at testing the effectiveness of a multi
level community approach to implement a Newcastle 

disease vaccination and general poultry health program 
in three districts in Tanzania. Authors hypothesized that 
successful intervention for disease control (animal or 
human) requires: 1) an approach that considers local 
social, economic, and biological settings; 2) community 
involvement; and 3) specific disease control efforts to be 
part of broader poultry health programs that address the 
priority diseases as measured by the community, as well 

as production and marketing problems faced by rural 
farmers. 

Major Findings 

Project outcomes were measured by: 1) assessing the 
number of people trained as a result of local leadership 

GLOBAL LIVESTOCK COLLABORATIVE RESEARCH SUPPORT PROGRAM 
UNIVERSITY OF CALIFORNIA, DAVIS • 258 HUNT HALL • DAVIS, CALIFORNIA 95616 USA 

PHONE 530-752-1721 • FAX 530-752-7523 • E-MAIL glcrsp@ucdavis.edu • Wm glcrsp.ucdavis.edu 



engagement; 2) the numbers of birds vaccinated for NO; 
and 3) the change in status of ND in the villages after 
vaccination. A total of 197 leaders at district and ward 
levels were trained in rhe importance of village chickens, 
social and economic aspects of village poultry, an overview 
of avian influenza and ocher important poultry diseases, 
village poultry management, and their role in providing 
institutional support for the program. The trainees included 
all of the district veterinarians, agricultural extension 
staff, district councilors, ward education coordinators, 
ward/village executive officers, village chairpersons, and 
community development officers. The village and sub
village leaders selected vaccinaror and recorder trainees. A 
rota! of 86 village chicken vaccinarors were trained in three 
wards. In addition, 196 farmers were trained on similar 

topics as the local leaders, except char the training was 
presented as a drama, and project poulcry experts answered 
farmers' questions. Three rounds of vaccination within a 
one-year period were conducted. 

In coral, 158,343 individual birds were vaccinated. The 
conrrol of ND appeared to be effective. A survey conducted 
before rhe insricucion of the vaccination program found 

char an average of 53.1 % household respondents in rhe 
three project wards reported an outbreak of ND in 2006. 
That number dropped ro 15.7% in December 2007, after 
jusr one round of vaccination. During the data-recording 
period scarring in December 2007, none of the farmers 
contacted reporced outbreaks of ND in their flocks, 

indicating char the program was working. 

Local Social and Technical Considerations Important 
for Effective Strategies. This project employed both 
social and technical strategies for implementing a program 
ro improve poultry healch. Limited household resources, 
the collective nawre of the villages, rhe existing local 
governance structure and systems, and che ecological 
reality of free-ranging village chickens are the key features 
of che Tanzania rum! setting chat influenced project design. 

Empowering Local Leaders Contributed to Success. 
Study results show that involving the local leadership in 
che planning and adminisrrarion of rhe ND vaccination 
program was an effective approach--many people were 
trained and many chickens were vaccinated during the 
18-monch project period. Bue beyond these concrete 
measures of success, there were policies implemented 
which were p1'ompred by preliminary indications of 
success before project outcomes were measured. Following 
the first two ND vaccinations, the Veterinary Investigation 
Centre for the Southern Highlands Zone organized disrricc, 
ward, and non-governmental organization (NGO) leaders 
within che zone co utilize disuicc and NGO resources to 
adopt an ND vaccination program rhroughour the area. 
The zonal program was launched with the declaration of 
May 5th 2008 as "Kulm Day" (chicken day) to initiate 

vaccinating chickens in all villages in the zone, which 
includes che lringa, Mbeya, Rukwa and Ruvuma regions, 
covering a coral of 24 districts. The coverage and impact of 
Kuku Day and the zonal ND vaccination program have nor 
yet been appraised, but chis action demonstrates a sense of 
ownership over the project and is a promising indication of 
the susrainability of the multi-level community approach 
co poultry heal ch improvement. After the first year of the 
project period, leaders at all levels agreed co include ND 
vaccination in their planning and budgeting activities. 

Social Structure of Villages is Conducive to Collective 
Strategies. This project was designed co cake advantage of 
the established collective action of rhe village community co 
train and engage the village leadership as well as household 
poultry producers. The multi-level dimension of the 
project fully engaged rhe village leadership prior co training 
local vaccinawrs and households, instead of raking the 
more common approach of simply working directly with 
households (Yongolo et al., 1998). Early engagement of the 
village and sub-village leaders allowed chem co exercise their 
normal leadership roles co mobilize the collective action 
of village residenrs. The training of local vaccinacors and 
data-recorders concributed to technical capacity building 
char will remain in rhe local community after the life of 
rhe project. 

Local Implementers Proved Effective. The vaccination 
and darn recording carried out by local trained personnel 
was vital in giving che program a local familiar face. 
Farmers were inclined to interact with the local vaccinacors 
more readily than if vaccinations were carried our by 
outside project staff or district staff. Training of farmers as 
well as vaccinacors increased efficiency of rhe vaccinarion 
program because both parries were familiar with the issues 
and procedures. However, during the project, farmers were 
trained lase, causing iniriaJ diffictdries for che vaccinacors 
and recorders working with chem. These difficulties 
included explaining why the farmers had co vaccinate only 
healthy birds; why birds may die even after vaccination, 
hence farmers holding the vaccine suspect; and why 
records must be updated every week, among other issues. 
Mose of the difficulties encountered by che vaccinators 
and recorders were significantly reduced after che farmers 
received training. 

Holistic Approaches Addressing Priority Local Health 
Issues Are Likely to be Mo1·e Sustainable. Successful 
programs for human or animal health require an inclusive, 
holistic strategy. In the setting of local poultry health 
in Africa, narrow approaches focusing only on ND, or 
focusing on disease prevention rather than rhe full range 
of poultry heal ch and management skills, have had limited 
success. Ocher ND vaccination projects have reported early 
success, but lacer reported che emergence of ocher causes 
of poultry mortality as birds live longer (Yongolo et al. 



1998). If farmers do noc underscand chac ND vaccines 
only protect against ND or are o therwise unprepared for 
poultry diseases besides ND, confidence in the program 
falters when other diseases appear. A singular approach 
co preventing HPAI would likely have even less success 
because there is no short-term benefic to controlling an 
exiscing devascating disease like ND. Controlling HPAI 
and ND as part of a more holistic program ro prevent 
poulcry diseases and improving poultry husbandry has 
more promise for long-cerm success (Permin er al. 2001). 

Novel Tmining Methods Engage Local Experience and 
Ideas. The authors found char novel training methods, 
which avoided rradicional lecture-style presentacions, 
were well received by the communities. In particular, the 
dramatic presentations delivered co village househo lds were 
well received by the audiences, and deemed an effective 
way co present the material with non-craditional means. 
Add itio nally, in ceracrion was encouraged in all courses. 
D uring che rrainings, most participants shared personal 
experiences highlighting the importance of chickens for 
them. Some local leaders were also poultry farmers, and 
chey also participated in these trainings. Farmers indicated 
rhat lack of knowledge had been the primary hindrance 
limiting their ability co improve poultry productivity, 
and they pledged co use their newly gained knowledge 
co improve production. Anecdotally, many trainees told 
trainers that the most useful part of the training was rhe 
briefing on poultry diseases and ways co control them, 
especially the concept of community disease contro l. 

nJe il'inga District· Commissioner injects a drop ofthl' 
Newmstle diseme /Jrlccine into the eye of rt village chi den 

on "Kuku Day" (Chicken Day}, May 5, 2008. Kuku 
Day. 01ganized by the Veterinary Investigation Cmtre far 
the Southern Highlands Zone, integmted district, ward, 
and non-governmental 01gr111iz.atio11 (NGO) IMden to 

utilize district tmd NCO rt•sources to adopt a Newmstle 
disease vaccination progmm throughout the ttrea. The 

zonal program, which includes the lringa, Mheya, Rukwa I 

and Ruvuma regions and covers a total of 24 districts, was 
launched on Kuktt Day with the objective of vaccinating 

chickens in ,if/ villr1ges in the wne. Photo kY Danielle Knueppel 

Practical Implications 

The village community approach co poulrry health 
management is well-suited to the ecological and social 
features of rural Tanzania. Ecologically, free-ranging 
chickens in a sub-village or village are essentially one flock, 
because rhey co-mingle during che day when searching 
for food. The principles of disease biosecuriry necessitare 
rhar all of rhe households whose poultry co-mingle rake 
collecrive action to prevent diseases in rhe village flock. 
Therefore, coordinated community action is imperacive ro 
improve rhe health of all poultry in the village serring. 

Farmer Trainings Create a Local Disease Sm·veillance 
Network. Ar the village level, farmers' rrainingimplemenred 
by rhe NDAFC idenrified the need to give rrained project 
recorders addirio nal rraining in poultry disease surveillance 
so that they can respond to village poultry health problems 
and report rhem to the extensio n agents. This cad re of 
trai ned recorders made disease identi fication and reporring 
effective and efficient. Decentralizing this task ro the sub
village level will increase che likelihood rhat incidences of 
po ultry diseases with high mortality and possible public 
health implications wiLI be identified and reported early. 
This is impo rranr in the village settings ofT~tnza nia where 
poultry inrcract freely wirh humans, especially children. 

A Multi-Level Approach is Likely to be More Ejfative 
and Sustainable. Results from the NDAFC project 
suggest that engaging and training local leaders and 



farmers, instead of engaging only government staff or 

individual households, will yield more effective and 

sustainable results for animal health. This kind of multi-level 

community approach may be practical and effective in many 

developing countries with grassroots social organizations like 

the village setting in Tanzania. The project demonstrates that 

it is particularly important ro involve local leadership during 

planning and to give them a lead role during implementation 

of the program. Involving local leaders helps avoid conflicts 

with other development programs, especially infrastructural 

development in the villages. These leaders can also be of great 

assistance when setting up schedu.les for various development 

activities. 

Implementing Effective Community Animal Disease 
Control Programs. Animal disease control programs in 

developing countries can be very difficult to implement. 

In developing countries generally and in Africa specifically, 

poverty and consequent lack of resources to apply 

Further Reading 

interventions, are critical deficiencies. However, the 

ex1sr111g community structure creates an environment for 

the implementation of community animal disease control 

programs that are simply nor possible in many developed 

countries. Additionally, the close relationship of people to 

their sources of food and thus, their recognition of high 

priority problems like ND in poultry, gave project 'researchers 

the opportunity to capture community interest by solving 

a recognized problem. A poultry disease like ND, which 

affects community food security, ranks as a high priority in 

addressing community health. 

Program Sustainability. Social and technical strategies 

are bod1 very important to the success and sustainability 

of improving animal health in developing countries. The 

community structure in Africa utilized by the NCAFC 

project provides a basis upon which such strategies can 

succeed, especially when directed at a community asset like 

village poultry. 
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To assess the impact of the Avian Flu School (AFS) training-of trainers approach on knowledge dissemination, an AFS 

Evaluation Survey was administered in the Spring of 2009 targeting four countries where the AFS training-of trainers 
course took place in 2007 Ghana, Kenya, Tanzania, and Uganda. The survey had two objectives: (I) to determine 
the number of people who received information about H5Nl highly pathogenic avian influenza (HPAI) through AFS 
training; and (2) to assess the extent to which the AFS instructors and trainees applied course knowledge to improve HPAI 
prevention or preparedness. In total, 80 respondents from the four countries participated in the survey. Results indicate 
that AFS succeeded in extending knowledge through a training-of trainers approach, with nearly 60% of respondents 
affirming that they had conducted trainings in their own departments or organizations, and approximately 50% affirming 
that they had provided training to people outside their departments. Collectively, the respondents reported providing 
more than 150 multi-day trainings to others, extending the AFS curriculum to over 5,700 individuals. Respondents 
indicated that a broad array of people were impacted through the trainings, including veterinary medical professionals and 
students, animal extension agents, scientists, medical professionals, health workers, border agents, village leaders, poultry 
farmers and traders, livestock keepers, and school children. In addition, a large portion of the respondents (78%) reported 
sharing AFS course materials through channels outside of formal trainings, extending AFSs core educational message to 
an estimated 9, 000 people, with the vast majority of those residing in Tanzania. In conclusion, the AFS projects training 
of trainers program is a model for an efficient approach to provide technical training to a large target audience over larger 
geographic regions. In this case, thousands of individuals received training on HPAI surveillance, prevention and outbreak 
response in a two-year period, thereby disseminating information from the national to the local levels. 

Background 

In response to the spread of HSN] highly pathogenic 
avian influenza (HPAI) from southeast Asia in 2003, 
the Avian Flu School (AFS) proje~t was initiated to 
assemble a multi-disciplinary team for the development 
of a curriculum targeting the people most affected by 
HSN 1 HPAI, along with those most involved in its 
prevention and response (poultry producers, district 
level veterinarians, agricultural extension staff, medical 
doctors, public health workers, wildlife professionals, 
and those raising village poultry). AFS course material 
was developed using a 'train the trainer' model, a 
common approach for animal health, public health, and 
agricultural extension, structured into three tiers. 

Tier I targeted health professionals and national officials 
from public health ministries and veterinary service 
departments; Tier II trainings, conducted by the trainees 
from Tier I, targeted parts of the curriculum relevant 
to the specific districts and organizations of the Tier I 
participants, with an intended audience consisting of 
zonal and district veterinarians, agricultural extension 
staff, practicing veterinarians, wildlife health managers, 
and public health workers, who then initiate Tier 
III trainings reaching their respective communities. 

This three-tiered trammg program incorporated an 
adaptable and interactive curriculum, allowing course 
customization to the needs of each respective audience. 
The AFS training-of-trainers program was launched as 
a pilot program at the University of California, Davis, 
Texas A&M University, and the Sokoine University of 
Agriculture, Tanzania in August 2006. Based on a series 
of outstanding evaluations and positive feedback from 
the pilot, AFS was extended across sub-Saharan Africa, 
conducting the official three-tiered program in Ghana, 
Kenya, Tanzania, and Uganda in 2007. 

To assess the impact of the AFS training-of-trainers 
approach on knowledge dissemination, an AFS 
Evaluation Survey was administered in the spring of 
2009 targeting the four African countries where the AFS 
training-of-trainers course took place. The survey had 
two objectives: (1) to determine the number of people 
who received information about HSNl HPA[ through 
AFS training; and (2) to assess the extent to which the 
Af S instructors and trainees applied course knowledge 
to improve HPAI prevention or preparedness. In total, 
80 respondents from the four countries participated in 
the survey (Table 1). 
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Table I. Survey respondents by country. 

Countl'y No. of Respondents 

Ghana 14 

Kenya 27 

Tanzania 11 

Uganda 28 

Total 80 

Findings 

Over 40% of the respondents (AFS trainees) indicated that 
they learned key points in several categories of information, 
as shown in Table 2. The project succeeded in extending 
knowledge through a training-of-trainers approach. Nearly 
60% of the original University of California, Davis trainees 
(survey respondents) affirmed that they had conducted 
trainings in their own departments or organizations, and 
half affirmed that they had provided training to people 
outside their departments. Collectively, the respondents 
indicated that they provided more than 150 multi-day 
trainings to others, reaching over 5,700 people (Table 
3). Trainings were provided in over 40 locations (towns, 
regions, or districts) within their departments, and nearly 
60 locations outside of their departments. 

A broad array of individuals were impacted through 
trainings provided by respondents, including all AFS 
originally intended audiences: veterinary medicine 
professionals and students, animal extension agents, wildlife 
researchers, poultry farmers and traders, village leaders, 
farmers, scientists, medical professionals, health officers, 
hea.lth workers, inspectors, border agents, livestock keepers, 
fishermen, and school children. In trainings conducted 
both within and outside their organizations, respondents 
most frequently used AFS materials pertaining to disease 
transmission, surveillance, and improving biosecurity, 
though the training manual was cited as the most frequent 
component of AFS materials used in their courses. 

A large portion of the respondents (78%) indicated that 
they had shared AFS course materials in other ways than 
through a formal training course. As a result of formal 
and informal training and sharing of AFS materials, an 
estimated 9,000 individuals were reached, the vast majority 
through the efforts of respondents in Tanzania. 

Respondents further indicated that the AFS course 
impacted their practices at work; 7 4% reported changing 
their methods or procedures as a result of information 
learned at the trainings. "Protecting human health" and 
"improving biosecuriry/outbreak response" were the main 
areas of improvement to their work practices mentioned 
by respondents, followed by "teaching techniques". Survey 

pamc1pants were also asked if their organizations or 
departments had made changes to any guides, instructions, 
or protocols in a number of specific areas of practice based 
upon information they learned in the course. Table 4 
summarizes the frequency with which respondents affirmed 
such organizational/institutional changes. 

When asked about changes in guides, instructions 
or protocols regarding bird surveillance within the 
respondents' organization or department, there was an 
apparent increase in levels of information dissemination 
and reporting, with an increase in teaching emphasized by 
the Kenyan respondents. With regards to changes made 
to guides, instructions, or protocols on human health 
following the course, 40% of respondents replied that 
changes had been made, while respondents from Uganda 
and Kenya offered the most feedback particularly on the 
application of hygiene practices involving the protection 
and transportation of birds, the protection and disinfection 
of poultry caretakers following animal handling, and the 
general observance of hygiene practices by live bird dealers 
when handling pouhry. Additional comments addressed 
communicating healthy practices outside respondents' 
own organizations, with cooperation between government 
departments, trainings, and information dissemination 
mentioned as achievements. 

AFS training courses have also impacted biosecurity. 
Twenty percent (20%) of respondents indicated that 
biosecurity regulations of some kind were developed or 
mm·e vigilantly enforced at live-bird markets or at poultry 
farms or sites. In Ghana, ]ive bird dealers and poultry 
farmers were reportedly sensitized and are now more 
aware of the need for biosecurity in their work place; in 
Uganda, lobbying efforts targeting civic leaders/municipal 
authorities have been initiated to establish an isolated 
place for 1ive bird markets; and in Tanzania, regulations 
have reportedly been developed to manage and register all 
hatcheries and establish requirements for poultry farms 
and! hatcheries. 

Finally, 35% of respondents reported that changes had been 
made within their organization or department to guides, 
instructions, or protocols regarding diagnostic sampling 

Table 2. Categories of key points learned in AFS trainings. 

Learning categoty, Percent (%) 

Disease transmission 71 

Surveillance 55 

Protecting human health 49 

Sample collection 45 

Improving biosecurity 39 

Improving outbreak response 34 



Table 3. Summary of details on trainings conducted by respondents . 

.. 
Within depat_tment/ Outside de~tl 
~ti0'9- .. · ~on ... Tow• 

' ' 

Total :ve % Total Ave " Total Ave % 

Trainings conducted 72 -- -- 80 ! -- -- 152 -- --

Distinct locations 44 -- -- 58 -- -- -- -- --

No. of participants 2,071 29 -- 3,637 45 -- 5,708 38 --

No. of course days 150 2.1 -- 137.5 1.7 -- 287.5 1.9 --

Course evaluated -yes 23 -- 32 23 -- 29 46 -- 30 
*Includes training conducted by respondents both within their department/organization and outside of department/ 
organization. 

procedures. Of these, 13% improved sample collection 
by making changes to specific sampling practices; 3% 
improved marking on samples; 3% increased lab stock and 
3% improved transport of samples. 

Respondents also suggested a variety of additional topics, 
or an expansion on the discussion of topics covered by 
the Avian Flu School, primarily through an expansion of 
the topic "communication with the public". Additional 
suggestions included: incorporating HlNl (swine flu) 
information into the course; more information on poultry 
health and management; how to improve biosecurity 
among extensively managed chickens; more information 
on wild bird behavior and risk in the spread of HPAl to 
livestock/ domestic poultry; development of a summary 
module of the course which can be delivered to technical 
personnel; a more participatory approach of taking 
trainees to the field to try out practices; simulation exercises 
in response planning at the district level; and simplified 
trainings designed for farmer attendance. 

Practical Implications 

Addressing animal pandemic diseases like HSNl highly 
pathogenic avian influenza requires a coordinated and 
multidisciplinary approach that integrates national 
and regional level disease surveillance, prevention, and 
response efforts within a local context typically hosting 
high-risk populations. In the case of avian influenza, chis 
means broadcasting specific disease education and training 
messages to a broad array of stakeholders from policy-

makers and district level veterinarians to village level 
live bird markets and backyard poultry producers. The 
training-the-trainers approach by design, is a pyramidal 
structure that when initiated spawns a multiplier effect 
throughout targeted audiences and beneficiaries, and when 
properly implemented, ensures that consistent messages 
and information are received from producers/consumers to 
decision-makers. 

The Avian Flu School's implementation of this training
the-trainer approach is a model for an efficient approach 
to provide technical training to a large target audience 
over larger geographic regions. In this case, thousands 
of individuals received training on HPAI surveillance, 
prevention and outbreak response in a two-year period, 
thereby disseminating information from the national to the 
local levels. While this evaluation captured and quantified 
a component of the AFS training program's impact, other 
implications of AFS success are in part immeasurable; in 
Ghana, integrative AFS trainings have been associated with 
the effective control of three avian influenza outbreaks, a 
marked improvement over an outbreak in 2005 when rhe 
poultry industry nearly collapsed (Coppolillo et al., 2010). 

Furthermore, the capacity enhancements supported by 
the training-the-trainer approach both at the individual 
and institutional/organizational level have provided a 
platform for the continued exchange of information across 
various levels and disciplines. These linkages will allow 
for the broadening of the program's scope to address other 
emerging pandemics like H 1N1 (swine flu), if provided 

Table 4. Respondents indicating their organizations or departments had made changes to guides, instructions, or protocols. 

Areas of change in organizations' guJ.deS1 instructioM, ,or pto«»cols Yes.(%) No(%) Total 

Bird surveillance 33 (42) 45 (58) 78 
I 

Human health 30 (39) 47 (61) 77 
I 

Improving biosecurity at live bird markets or other poultty site 29 (39) 46 (61) 75 

Avian flu outbreak response preparedness 42 (55) 35 (45) 77 

Diagnostic sample collection procedures 27 (35) 50 (65) 77 



wirh appropriate invesrmenrs in curriculum and educational 
programming. Despite rhe success of the AFS program, rhe 
potential for the training-the-trainer approach in preventing 
and controlling animal and human pandemics remains largely 
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The Newcastle Disease and Avian Flu Control Project (NDAFCP) was initiated in several rural wards in Tanzania for 
the purpose of researching and implementing a sustainable Newcastle disease (ND) vaccination program while developing 
strategies for preventing Highly Pathogenic Avian Influenza (HPAI) at the village-level. The main goals of the NDAFCP 
were to pilot and assess training and extension methods for implementing a sustainable poultry vaccination program, 
and evaluating strategies for improving village poultry biosecurity. Following the initiation of the NDAFCP in several 
villages in Tanzania, this study was developed to assess the socio-economic impact of chickens vaccinated against ND in 
the rural communities of Mvomero District in Morogoro, Tanzania. A total of 180 households participated in the survey. 

Preliminary findings suggest that households do recognize the importance of raising local chickens for socio-economic 
advantage. In addition, the majority of respondent households perceived the ND vaccination program as beneficial to 

their general well being. However, a deepened dependency on external support for assistance with ND vaccines continues 
to hinder the independent development of local chicken production. Respondents indicated signs of readiness to contribute 
monetarily for the vaccine, but their assumption that the project will continue to facilitate free vaccination raises questions 
about the sustainability of ND vaccinations following the conclusion of the NDAFCP. It is recommended that additional 
methods to support the involvement of households in the ND vaccination programs be explored to continue facilitation of 
avian influenza prevention, control, and biosecurity objectives, but with greater emphasis on outreach and education to 
demonstrate the benefits of the program. 

Background 

In rural areas, particularly in sub-Saharan Africa, small
scale family-based poultry production offers a practical 
and effective means for income generation and poverty 
alleviation, especially among women and resource
poor farmers. In addition, village poultry provide an 
important source of high quality nutrition and income 
with very little cost or management. Improving poultry 
production therefore, has considerable potential from 
a rural development and livelihood enhancement 
perspective. Yet production improvements in rural 
areas among the resource poor are limited by several 
constraints, among them disease. 

Viscerotropic velogenic Newcastle disease (ND) is 
caused by a virus and can cause up to 90% mortality in 
unprotected flocks (Sonaiya and Swan, 2004). There 
are several vaccines currently available that have been 
demonstrated to significantly reduce morbidity and 
mortality rates in chickens, among them the I-2 vaccine, 
which due to its low cost, local production in Tanzania, 
and easy administration by eye-drop is particularly 
useful among rural poultry operations (Ahiabor, 2010). 

The Newcastle Disease and Avian Flu Control Project 
(NDAFCP), is a sub-project under the GL-CRSP funded 
Avian Flu School, researching improvements in poukry 

health and production, and avian flu control strategies 
in rural Tanzania (Msoffe and Cardona, 2008). The 
NDAFCP initiated ND vaccinations in three project 
villages in the rural Iringa Region of Tanzania in 2007. 
An impact assessment conducted on the vaccination 
program in 2008 revealed that the program had a 
beneficial impact on the livelihoods of women, children, 
and resource-poor farmers, as households involved in 
the program kept more chickens than households in 
control villages, program households more frequently 
consumed eggs than those in control villages, and 
women in NDAFCP villages reported higher measures 
of empowerment along with a trend towards less food 
insecurity (Knueppel, 2009). 

Along with the NDAFCP in the Iringa Region, an 
additional NDAFCP program was piloted among rural 
communities in the Mzumbe ward, Mvomero District, 
Morogoro, Tanzania. The project targeted all villages 
in Mzumbe: Sangasanga, Tangeni, Vikenge, Lubungo, 
Changarawe, Mafuru, and Kimambila. Following 
completion of the vaccination program, the need arose 
to assess the socio-economic impact of the NDAFCP, 
enabling a comparison to the previous evaluation 
conducted in Iringa. This study was developed to conduct 
a separate assessment in Mzumbe, by investigating the 
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contribution of local chickens to the socio-economic status 
of village households, the social scructure and relations 
within and among households, household perceptions of 
ND vaccination, and actions adopted or proposed locally 
for the sustainability of the program. This research brief 
presents the methodology utilized for the assessment, along 
with preliminary findings . 

Methods. A survey instrumenr (questionnaire) was 
developed to conduct the assessment. The questionnaire 
was piloted for four days during the first week of July 
2009 among I 5 respondents in the Sangasanga village, 
which was selected for the pilot based on its location at the 
center of the seven villages where the NDAFCP was active. 
Feedback from the pilot led to questionnaire improvemenrs 
for the launch of the main household survey activity. 

Household surveys began in July 2009 and conrinued until 
September. The survey sample targeted a total of 180 
household parricipants, including 26 from Sangasanga, 23 
from Vikenge, 30 from Tangeni, 35 from Kimambila, 36 
from Lubungo, 17 from Mafuru, and 13 from Changarawe. 
Following the survey, focus group discussions (FGD) 
involving eight participants were conducted for two weeks 
in each village, except for Mafuru and Changarawe where 
three FGDs were conducted. 

Preliminary Findings 

Preliminary findings from both the survey and FGDs show 
that households do recognize the impor-tance of raising 

Figure 1. A hen and her 
chicks scavenge for food 
around a village in rural 
Tanzania. The Avian Flu 
School's Newcastle Disease 
and Avian Flu Control 
Project (NDAFCP) is 
implementing vaccinations for 
Newcastle disease throughout 
sub-Saharan Afi'ica, 
drastically reducing poultry 
morbidity and mortality 
associated with the disease in 
rural areas, and improving 
poultry productivity for 
village producers. Photo by 
David Bunn. 

local chickens for certain socio-economic advantages, and 
that most of the households perceived the ND vaccination 
program as beneficial to their well-being. It was observed 
that chickens are used by respondents primarily for social 
purposes, both within and among households. For 
example, when hosting visitors, or when money is needed 
ro solve household emergencies like sickness, chickens 
are considered valuable for helping families meet their 
obligations. 

Despite the apparent advantages of ND vaccinations 
among the villages, deepened dependency on exrernal 
supporr for a~sisrance with ND vaccines continues 
ro hinder independent development of local chicken 
production. Respondents indicated readiness ro contribute 
monetarily for the vaccine, but their assumption that the 
project would continue to facilitate free vaccination raises 
questions about the sustainability of ND vaccinations 
following the conclusion of the NDAFCP. 

Practical Implications 

Findings from this study support the conclusions from 
the initial NDAFCP assessment by Knueppel (2009), 
that ND vaccinations are largely beneficial ro the 
livelihoods of rural households. Along with the direct 
benefits obtained through decreased chicken morbidity 
and mortality achieved through the vaccinations, 
participants in the NDAFCP in Mzumbe ward have the 
potential to experience similar indirect advantages seen in 
Iringa, including diminished food insecurity and female 



empowerment. Yet these advantages will remain shorc
cerm, unless issues surrounding the sustainability of ND 
vaccinations following che completion of the NDAFCP are 
resolved. 

Sustainability of che ND vaccination program is a 
fundamental component in achieving improved avian 
inAuenza prevention and conuol, and is seen as critical for 
enhanced biosecurity (Msoffe and Cardona, 2008). While 
chese objectives are viewed as intrinsically beneficial from a 
veterinary and public health perspective, ic is possible that 
co rural households like chose in Mzumbe and Iringa, this 
message requires additional reinforcement, which che socio
economic benefits can provide. As chis scucly has shown, 
households participating in che ND vaccination program 

appear reluctant to conrribuce monetarily to conrinued 
vaccinations, a finding supported by Knueppel (2008), 
which reports char in Iringa, measurements of support 
for chicken vaccinations were lower in NDA.FCP villages 
when compared to rhe unvaccinated control villages. 

While ic is possible char following che completion of che 
NDAFCP in rhe villages, households deciding co terminate 
chicken vaccinations may be encouraged ro continue ar rhe 
first indication of elevated morbidiry/morcalicy, or che firsc 
ND outbreak, chis scenario is besr avoided, especially from 
an avian inAuenza prevencion and control perspective. 
Instead, ir is recommended char alrernarivc methods to 

support che continued involvemenc of households in the 
vaccination programs be explored, with greater emphasis 
on outreach and education, along with sharing che results 
of impact assessments like chis scudy, which demonstrate 
che benefits of che program. 

Figuff 2. A man 
markets his poultry 
in a local market in 
Tanzania. In rural 

areas, baskets like these 
are used to hold the 

chickens. NeUJcast!e 
disease vaccinations 

provided to producers 
in rural villages in 

Tanzania are increasing 
incomes and improving 

well-being. Photo by 
David Bunn. 
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ways and means to improve free range local chicken (FRLC) production through different programs and projects have been 
studied in Tanzania, but their socio-economic impact on rural households and communities is unknown. In response, 
this study was initiated to investigate the socio-economic impacts of the Newcastle Disease and Avian Flu Control Project's 

(NDAFCP) vaccination program on selected villages in the Ufukoni ward, Mtwara, Tanzania. Findings demonstrate 
that NDAFCP interventions had a significant impact on local practices towards disease control and breeding, a change 

of knowledge in feeding, and a change in FRLC management practices. In addition, NDAFCP participants experienced 
an increase in total household income, and improved household food security due to increased production of FRLC and 
eggs when compared to a control. Furthermore, income derived from the increased productivity tended to remain under 
the control of women household members, the primary caretakers of FRLC. In conclusion, the vaccinations provided to 

FRLC through the NDAFCP had a positive impact on improving production, food security, and livelihoods of program 
participants. However, sustainability of vaccinations in the long-term continues to be an issue. Unless these communities 
can be convinced that the benefits of ND vaccination far outweigh the costs, the gains in livelihood enhancement, poverty 
alleviation, and women's empowerment may be lost, along with the considerable investments in research and resources by 

NDAFCP and Tanzanian personnel. 

Background 

In Tanzania, village chickens play an important role in 
the livelihoods of rural populations (Yongolo, 1996), 
and losses in poultry often negatively impact the 
livelihoods of the poor rural communities that rely on 
them for meat and eggs. Village free range local chicken 
(FRLC) production, common in the region, represents 
significant challenges to the implementation, effective 
prevention, detection, and outbreak response strategies 
for Highly Pathogenic Avian Influenza (HPAI), and 
for viscerotropic velogenic Newcastle disease (Mukiba
Muka, 199 1). Newcastle disease (hereafter referred to 
as ND) is a complicating faotor for the field diagnosis of 
HPAI (Minga et al., 1996), as clinical signs in chickens 
fo r ND and HPAI are similar (Beard and Hanson, 
1990). Vaccinating for ND can increase chicken flock 
performance in terms of number and productivity, and 
make it easier to detect HPAI. 

Newcastle disease control and its vaccination have 
long been implemented globally. In Tanzania, many 
efforts have been implemented to combat ND since 
the 1970's, including vaccinations using live lentogenic 
(LaSota, F strain) , live mesogenic (Roakin, Kamarov, 
V4 and H vaccine), and velogenic-inactivated vaccines 
(Alexander, 2001). Whi[e attempts to control ND have 
received considerable attention in Tanzania, very little is 
known about their subsequent socio-economic impact, 

especially among communities that keep local chickens 
(Mtwara Urban District Council, 2005). 

The Newcastle Disease and Avian Flu Control Project 
(NDAFCP), is a sub-project under the GL-CRSP funded 
Avian Flu School, researching improvements in poultry 
health and production, and improvements in avian flu 
control strategies in rural Tanzania. The NDAFCP is 
in line with various policies and ongoing government 
reform programs (Millennium Development Goals, the 
National Strategy fo r Growth and Reduction of Poverty, 
and the 2025 National Vision), which aim to improve 
the food security of households, alleviate household 
poverty through economic development, and empower 
and improve the livelihoods of women. 

The NDAFCP initiated ND vaccinations m three 
project villages in the rural lringa Region of Tanzania 
in 2007. An impact assessment conducted on the 
vaccination program in 2008 revealed that the program 
had a beneficial impact on 1the livelihoods of women, 
children, and resource-poor farmers, as households 
involved in the program kept more chickens than 
households in control villages, program households 
more frequently consumed eggs than those in control 
villages, and women in NDAFCP villages reported 
higher measures of empowerment along with a trend 
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towards less food insecurity (Knueppel, 2009). Through 
the NDAFCP, a series of vaccinations were also provided 
to villages in the Mtwara Region of Tanzania, where they 
were accompanied by trainings of livestock extension 
officers. Despite the success of ND vaccination project in 
the control of Newcastle disease in FRLC in Mtwara, there 
remained a death of information on the program's socio
economic impact. In response, this study was developed 
to assess community attitudes, benefits, and costs of 
vaccination, along with any changes in poultry production, 
and the general contribution of the campaign to changes in 
community livelihoods. 

Findings 

Profitability obtained from selling FRLC. Respondents sold 
their FRLC and eggs to middlemen, mamalishe (a local 
food vending site, also used to refer to women who work 
at such sites), the village market, and neighbors. Prices of 
FRLC and eggs varied according to location, season, size 
of the bird, and market channel. The average price for 
FRLC in the NDAFCP area was approximately Tanzanian 
Shillings (Tsh) 4,918 (USD 1.00 = app. Tsh 1,335), 
compared to Tsh 3,583 in the unvaccinated control area 
(Table 1), suggesting that respondents in the project area 
are conscious of the improvements in FRLC production 
and their subsequent production costs, and seem to have 
an improved knowledge of marketing. The majority of 
respondents (79%) also reported having more FRLC and 
eggs following their enrollment in NDAFCP, which is 
associated with improved FRLC production knowledge due 
to extension trainings, and maintaining the recommended 
disease vaccination pattern. 

Effect of the project intervention on the respondents' knowledge, 
attitude, and practice towards FRLC production and 
sustainability. It was assumed that respondents' attitudes 
towards FRLC production, which included production 
for home consumption, production for petty cash, or 
production for commercial purposes, would influence 

FRLC management and eventually production. Study 
results, however, show that respondent attitudes towards 
FRLC production were not influenced by NDAFCP 
interventions; 85% of respondents (102) considered FRLC 
production as a supplementary enterprise, as opposed 
to a possible primary income-generating opportunity. 
However, the interventions did influence a change in 
practices towards FRLC production, as respondents 
shifted from a scavenging to the recommended combined 
scavenging and intensive system, demonstrating that the 
FRLC production improvement program had a significant 
impact on the acquired level of knowledge for FRLC 
management, and in improving knowledge of huslbandry, 
disease control, and breeding. Program interventions did 
not improve the sustainability of vaccinations for FRLC 
against Newcastle disease. 

Knowledge towards avian influenza and other diseases. 
Ninety-five percent (95%) of respondents (114) said 
that they were aware of avian influenza, having obtained 
information on NDAFCP seminars and the media. 
Findings also show that 60% (72) of respondents in the 
project area mentioned the occurrence of fowl pox primarily 
after using ND vaccines, while in the control area, fowl pox 
was not reported as a problem. Study investigations into 
fowl pox among respondent households in the NDAFCP 
villages revealed that young chicks (up to eight months) 
were the main affected group (Figure 1), implying that 
there may be a relationship between ND vaccination and 
fowl pox. This linkage may be caused by the inadvertent 
transfer of pox virus by ND vaccinators. When they touch 
the eye of a pox-infected chicken and then touch the eye 
of a naive chicken during ND eyedrop vaccination, pox 
is transferred. This linkage suggests there is a need for 
additional biosecurity training for vaccinators. 

Contribution of the Newcastle disease vaccination to household 
food security. In the study area, households kept more 
chickens and collected more eggs, mainly for household 
consumption. This interpretation is supported by self-

Table 1. Profitability of the NDAFCP in Ufukoni and Likombe wards, Tanzania. 

Project Profitability 

Location (Village) Mean price (Tsh*) Minimum price (Tsh*) Maximum price (Tsh*) 

Project area (Ufukoni Ward) 

Naliendele 6,500.00 10,000.00 3,000.00 

Mbae 4,250.00 6,000.00 2,500.00 

Mkangala 4,000.00 5,500.00 2,500.00 

Control area (Likombe ward) 

Mangambo 5,500.00 2,500.00 4,000.00 

Mtawanya 4,500.00 2,500.00 3,500.00 

Likombe 4,000.00 2,500.00 3,250.00 

* USD 1.00 = approximatelyTsh 1,335.00. 



Figure I. A chicken infected with 
fowl pox. Study findings show that 

60% of respondents mentioned 
the occwrence of fowl pox after 

using Newcastle disease vaccines, 
with young chicks characterizing 

the main affected group. The 
linkage between ND and fowl pox 

mrty be caused by the inadvertent 
transfer of pox virw by ND 

vaccinaton~ who may touch the eye 
ofa pox-infected chicken and then 

touch the eye of a naive chicken 
during ND eyedrop vaccination, 

thus transfeJTing the pox. This 
Linkage suggests there is a need far 
additional biosernrity training far 
vaccinators. Photo by C. Kay11ni. 

reported household data, indicating a greater increase in 
egg production over the past year in the project area when 
compared to the control. With regard to the frequency of 
egg consumption, it was found that mothers consuming 
more chickens and eggs were associated with an increase 
in chicken and egg consumption among their children. 
There were also indirect benefits associated with NDAFCP 
interventions, such as the use of FRLC manure as feeds 
for fish and as manure in gardens, improved production 
in agriculture activities leading to improvement in family 
income, and in general, improved food security. Other 
indirect benefits reportedly obtained included the use of 
income generated from FRLC to buy other food items and 
agricultural inputs, which led to increases in production 
and improvements in overall farmer welfare. Therefore, 
improvements in FRLC production were associated with 
improved household food security as income and chicken 
and egg consumption increased. 

Participation of men and women in the implementation of 
ND vaccinations. In the majority of study households 
(88.4% of NDAFCP households, and 87.3% of control 
households), women were reported as the primary 
caretakers of household chickens, though males tended to 

play a larger role in deciding whether ro eat or sell chickens 
and eggs. Female heads of households in both project and 
control villages tended ro keep income from chicken and 
egg sales. 

Practical Implications 

It is evident from this study chat the NDAFCP has 
provided direct and identifiable benefits to program 
participants. The combination of disease vaccination and 
extension education programming has led to production 

improvements in free ranging local chicken production, 
along with improvements in management and marketing. 
Indirect benefits from the program seem ro have also 
improved farm production. In addition, increased chicken 
and egg production associated with the program has 
positively impacted chicken and egg consumption among 
mothers and their children. Together, these changes 
drive a positive feedback loop leading to enhanced rural 
livelihoods through increased income and food security. 
These findings are supported by a similar impact assessment 
conducted on the NDAFCP program in the Iringa Region 
ofTanzania (Knueppel, 2009). 

Despite these apparent advantages, however, respondents 
appear reluctant or uninterested in shifting FRLC from 
a supplementary livelihood activiry ro a primary income 
generating opportuniry. It is possible that gender is a factor, 
as women are primarily responsible for poultry production 
in the study area yet do not control household income or 
decision-making over consumption and marketing. There 
is considerable potential for supporting the transition to 
more intensive poulcry production throughout the study 
area, as NDAFCP participants have adapted management 
practices during program participation. Efforts addressing 
continued socio-economic benefits of ND vaccination 
should encourage the continued adoption of management 
improvements, along with encouragement of poulrry 
production as a primary livelihood option, especially 
among female-headed households, whose control of 
poultry production and marketing could yield significant 
benefits to poverry alleviation and food security. 

The primary objective of the NDAFCP was ro introduce 
Newcastle disease vaccinations co improve avian influenza 
prevention and control ro villages. Based on the relatively 



stable vaccination pattern demonstrated in this study, along 
with the high reported awareness of avian influenza, the 
program has been a success. Yet as noted in the findings, 
sustainability of vaccinations in the long-term continues to 
be an issue. In a similar impact assessment of the NDAFCP 
in the Mvomero District of Tanzania by Msuya (2010), 
sustainability was also a concern, due to a deepened dependency 
on external support for assistance with ND vaccines that 
hindered independent development of local chicken 
production in the study area. Unless these communities 
can be convinced that the benefits of ND vaccination far 

Further Reading 

outweigh the costs, the gains m livelihood enhancement, 
poverty alleviation, and women's empowerment may be lost, 
along with the considerable investments in research and 
resources by NDAFCP and Tanzanian personnel. While the 
documentation of NDAFCP benefits provided by this study 
and other assessments have provided a basis for education 
and outreach targeting adoption of ND vaccination by local 
communities, additional investments are required to ensure 
that NDAFCP progress is not lost upon the completion of 
the program. 
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Vaccination trials were carried out to determine the spread and efficacy of the Newcastle Disease I2 vaccine (NDV-I~, a 
thermally stable vaccine option for rural communities which may lack cold chain capabilities and that can be administered 
by eye-drop. The trials were conducted in local chickens in the laboratory, and in scavenging chickens in the Techiman 
Municipality of Ghana. In the laboratory experiment, 40 young local birds were vaccinated with either NDV-I2 or the 
LaSota vaccine, and comparisons of vaccinated, unvaccinated, and unvaccinated in contact with vaccinated birds were 
made. In the field study, 75% the chicken flocks were vaccinated in some households, while in others the entire flock 

was vaccinated. Results from the laboratory experiment show that there were differences in the mean titres of vaccinated 
(NDV-I2 and LaSota) and non-vaccinated birds, indicating little lateral transmission or no spread of the vaccine virus 
from vaccinated to unvaccinated birds. In the villages, there was an outbreak of Newcastle disease (ND) during the study, 
resulting in mortality rates between 20 to 50% in birds of all ages. High rates of mortality were recorded in households 
with unvaccinated birds, while low mortalities occurred in households with unvaccinated birds that were in contact with 
the study vaccinated birds. There were no reported ND related deaths in households where entire flocks were vaccinated. 
Finally, traditional ethno-veterinary practices such as use of plants were found to be ineffective during the outbreak. In 
conclusion, vaccination with NDV-I2 was found to be effective in reducing mortality associated with ND during the 

outbreak, with lateral transmission between the birds possible but limited possibly due to the low bird-to-bird contact in 
the free-range village setting. To ensure effective vaccine transmission and improved poultry health, it is recommended 
that ND vaccination is conducted for all birds once every three months from March to September, and that management 
improvements are implemented such as improved housing for greater potential lateral transmission, and anthelmintic 
treatments that may ensure greater antibody formation against ND. 

Background 

Local poultry (chicken, guinea fowl, ducks, and turkey) 
keeping is a very important agricuh ure activity in the 
developing world, providing support for livelihoods 
in the rural areas, especiaUy women. In Ghana, it is 
estimated that about 60-80% of the country's total 
poultry population can be found in the rurai and peri
urban areas (Ministry of Food and Agriculture, 2002; 
Gyening, 2006). These birds are usually produced 
under an extensive or backyard production system, 
where birds scavenge for their own food with little or 
no supplementation, housing, or veterinary care. The 
production of birds under this system is profitable as the 
level of inputs is low. However, the production of local 
chickens is hampered by the incidence of viscerotropic 
velogenic Newcastle disease (ND) especially in villages. 
ND causes massive mortality, especially in the dry 
season of the year, drastically reducing the number of 
birds with a harmful effect on local food production 
and income. An estimated 70-80% of unvaccinated 
chickens are lost to ND in developing countries (Awuni, 
2002). 

Yet Newcastle disease can be effectively controUed and 
managed through vaccinations. Vaccination of chicken 

against ND in Ghana over the past decade has been 
conducted primarily through the use of conventional 
vaccines like Hitchner B 1 and LaSota (Aning and 
Brewoo, 2001). These vaccines, however, present several 
challenges when used in rural settings, particularly with 
regard to cost and storage, and render vaccination 
programs among extensive and backyard poultry 
operations very difficult to implement and support. 

To address these challenges, an alternative vaccine, 
NDV-12, has been developed. NDV-12 was passaged to 
be thermally stable, requiring no cold chain in the field. 
Delivering vaccines to rural areas has been restrained 
by the cold chain: a network of refrigeration developed 
to maintain vaccines at an ideal temperature to avoid 
spoilage. Maintaining cold chains in rural areas is 
particularly difficult considering the often sporadic 
electrical infrastructure and 1ong distances between sites, 
and is a significant obstacle in the implementation of 
health and development agency vaccination programs. 
The thermal stability of NDV-12, therefore, could 
render the cold chain irrelevant and greatly improve 
ND vaccination programs to the benefit of rural poultry 
producers and rural livelihoods in general. 
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However, there are mixed results in the effectiveness of 
NDV-1 2 in protecting rural chickens against virulent 
ND (Awuni et. al., 2006), along with doubts on another 
extolled attribute of the vaccine: its ability to spread from 
vaccinated to unvaccinated birds under typical conditions 
and thereby effectively protect birds with little effort by 
the manager or producer. However, this aspect requires 
further research, as it has not been extensively investigated. 
The aim of this study therefore, was to demonstrate the 
protection provided by NDV-12 to birds from ND, along 
with the ability of the vaccine to spread from vaccinated 
birds to unvaccinated birds. In addition, the study was 
intended to document the improved productivity of village 
chickens as a result of vaccination. 

Methods 

Two separate experiments were developed to assess the 
degree of protection provided by the NDV-12 vaccine, 
along with the vaccine's bird-to-bird transmission, and 
improved productivity. 

Controlled Experiment. A controlled experiment was 
developed to test the capacity of!ocally available ND vaccine 
strains to spread from bird-to-bird after vaccination. In 
this experiment, five birds were selected from two separate 
groups of 15 birds, and were vaccinated with either the 
LaSota or NDV-1 2 vaccines. A third group of 10 non
vaccinated birds was used as a control. Vaccinations were 
given in week one and again in week three. The birds 
were bled and serum harvested for serology to determine 
anribody tirre 1levels, a measure of developed immunity to 
the virus. Comparisons of vaccinated, unvaccinated, and 
unvaccinated in contact with vaccinated birds were then 
made. Additional technical details about the experimenr 
may be obtained from the author. 

Field Experiment. A vaccination trial was also conducted 
among extensive and backyard poultry operations in two 
vi llages in the Techiman Municipality (Fiaso and Forikrom) 
of Ghana to observe the effectivity of the NDV-12 vaccine 
under field conditions. In the experimenr, 75% of the 
chickens in flocks from five households received the 
NDV-1 2 vaccine, while in four households, all the birds in 
the flock were vaccinated. 

Preliminary Findings 

Controlled Experiment. There were differences in the mean 
antibody titres of vaccinated (NDV-12 and LaSota) and 
non-vaccinated birds (Table 1 and Figure 1). The antibody 
levels recorded in chickens vaccinated with NDV-1 2 did 
not change significantly after both the first and second 
vaccinations, even though they were protective. There was 
also no significant change in the titres of the unvaccinated 
birds in contact with the NDV-12 vaccinated birds. Some 
birds died before the live virus challenge experiment. Post 
mortem examination of these birds indicated that death 
was a result of a Salmonella infection and worm infestation. 
The few birds that survived the challenge test were those 
that had been vaccinated with either NDV-12 or LaSota. 
Of the non-vaccinated birds, only two survived the 
challenge test. The results did not provide any indication 
of the lateral spread ofLaSota or NDV-12 vaccines from the 
vaccinated to unvaccinated birds. 

Field Experiment. During the period of the field study (i.e. 
August to early November 2009), there were outbreaks of 
ND in both the Fiaso and Forikrom villages. Infected birds 
showed typical signs of ND, and post mortem examination 
of dead birds showed characteristic lesions. Mortality 
as a result of the outbreak was between 20 to 50% and 
occurred in birds of all ages. There were no reported ND 
related deaths in households whose entire flocks had been 
vaccinated. 

In the village of Fiaso, the outbreak of ND occurred at 
the beginning of the experiment, when birds from the 
selected households had been given the first vaccination. 
Further vaccinations were consequently withheld. It was 
observed that birds in households adjoining the selected 
households started dying as a result of the outbreak. Most 
of the households that had cases of ND were located in 
close proximity to rubbish dumps. Curiously, some of the 
vaccinated households reported no cases of mortality, while 
in others, low mortality rates were documenred. 

In Forikrom the outbreak of ND occurred after the 
second vaccination. As in Fiaso, households that reported 
occurrence of ND were located in close proximity to 

rubbish dumps. The mortality recorded for Forikrom 

Table I. Survival rates of chicken vaccinated twice at one week and two weeks after, and challenged three weeks 
after the second vaccination. 

Days post inoculation 

Groups 1 2 3 4 ; 6 7 No. survived/ % Mean level 
No. inoculated of protection 

NDV-!2 100 100 75 62.5 37.S 37.5 25 2/8 62.S 

La Sota 100 I 100 100 80 80 60 40 2/5 I 80 

Control 100 I 100 100 86 37.5 28.5 28.5 217 68.6 
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Figure I. Differences in the mean antibody titres of vaccinated (NDV-12 and LaSota} and non-vaccinated birds 
from the controlled study 

ranged between 10-20%, primarily among unvaccinated 
birds that were in contact with the study's vaccinated birds. 
Some households not participating in the study reported 
mortalities up to 50%. 

In both villages, there has never been any form of 
vaccination program against ND unti 1l the current study. 
In previous years, ND reportedly devastated the bird 
population with mortalities up to 80%. Traditional ethno
veterinary practices, particularly the bark of trees (mango) 
or pawpaw leaves, have been used to control and manage 
ND, bur it is believed that rhey are largely ineffective. In 
other households, antibiotics such as ampicillin capsules 
were reponedly mixed in the drinking water as protection 
for birds against the virus. The effectiveness of this practice 
is unlikely and thus, was not considered by rhis study. 

Practical Implications 

Study resulrs from the controlled experiment indicate that 
there was little lareral transmission of either the LaSota 
of NDV-1 2 vaccine virus. This situation is different from 
results of similar research conducted by Mgomezulu er al. 
(2009) in Malawi. In their study, the antibody levels of 
both vaccinated and unvaccinated chicken significantly 
increased after vaccinarion. The differences in the two study 
outcomes may be attributed to the immunosuppression of 
birds as a result of other pathogenic agents. Since 10 of 
the experimental birds died from Safmoneffosis and worm 
infestation, which is unusual in birds with normal immune 
systems, this may be an indication of immune suppression. 
The presence of these additional pathogens may have 
hampered antibody formation againsr ND, as the immune 
system was dedicated to defending the birds against 
the other diseases, though there are no reports of this 
phenomenon in the literature (Personal Communication). 
It is also possible rhat the potency of the vaccines used 

in this experiment may have reduced, as antibody titres 
following vaccinations were low. Frequent electricity 

' failures occurred during vaccine storage. and while NDV-12 

is assumed to be thermally stable, this experiment was not 
designed to test this aspect of the vaccine. It is therefore 
important to repeat the preliminary experiments. 

Findings from rhe field experiment, though still in 
progress, indicate that many of the birds may have high 
ND antibodies titres and were therefore protected againsr 
the virus. Brewoo and Aning (1999) found that local 
scavenging chickens had high protective antibody levels 
following a previous disease outbreak in Ghana. This 
possible protective immunity pre-vaccination may have 
accounted for the less than 100% mortality in the ND 
outbreaks during the study. While the lateral transmission 
of the vaccine virus in the village settings is possible, ir 
was determined to be insignificant, as contact between 
birds was found to be low considering the truly extensive 
nature of production in the area and the subsequent lack 
of housing provided ro birds in most households. Finally, 
traditional erhno-veterinary practices were found to be 
ineffective during the outbreak, positioning vaccinarion as 
the sole measure for protection against ND. 

In conclusion, vaccination with NDV-12 was found to 
be effective in reducing mortality associated with ND 
during the outbreak, with lateral transmission between 
the birds possible but limited due to the low bird-to-bird 
contact in the free-range village setting. To ensure effective 
vaccine transmission and improved poultry health, it is 
recommended that ND vaccination is conducted for all 
birds once every three months from March to Seprember, 
and that management improvements are implemented 
such as improved housing for greater potential lateral 
transmission, and anthelmintic treatments that may ensure 
greater antibody formation against ND. 
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Daily workloads and livelihoods in rural communities depend heavily on the availability of natural resources. When water 

is scarce, workloads increase, as more distance must be traveled to acquire adequate supply for consumption, hygiene, and 
livestock. In addition, water limitation brings people, livestock, and wildlife together; increasing contamination of the 
limited water sources as well as the potential for disease transmission. Nowhere is the risk of waterborne illness and zoonotic 

disease more important than in the high HIV/AIDS (Human Immunodeficiency Virus/Acquired Immunodeficiency 
Syndrome) prevalence regions of East Africa. Assessing the impacts of zoonotic diseases like bovine tuberculosis (BTB) on 

health, economic livelihoods, and conservation requires a multi-disciplinary approach. Supportfrom the Global Livestock 
Collaborative Research Support Program (GL-CRSP) is allowing an objective assessment of emerging zoonotic disease 
on health and livelihoods in pastoral communities within the sensitive Ruaha region of Tanzania. Project research has 
identified several pathogens including BTB in wildlife and livestock in the Ruaha area, along with low levels ofzoonotic 

disease awareness among the pastoralist communities. Project results will inform management and policy to evaluate water 
quality for public safety and ecosystem health. 

Background 

Unprecedented human population growth and human
induced environmental changes have resulted in 
,increased numbers of people living in close contact with 
wild and domestic animals, especially in developing 
countries. This increased contact together with changes 
in land use, including livestock grazing and crop 
production, have altered the inherent ecological balance 
between zoonotic pathogens (i.e. diseases that can be 
transmitted from animals to people and vice versa) 
and their human and animal hosts. In fact, zoonotic 
pathogens, such as avian influenza and tubercuilosis, 
account for the majority of emerging infectious diseases 
in people (diseases that appear in a population for the 
first time or are increasing in prevalence or geographic 
d,isrribution; Taylor et al., 200 I). 

Intimate linkages of human and ;mimal health are 
not new nor are the serious consequences of zoonotic 
diseases, like plague and influenza. Nowhere is this 
more important than in the developing world, where 
availability of natural resources determines daily 
workloads and livelihoods. Water resources are perhaps 
most important, as humans and animals depend on 
clean water for health and survival, and sources of clean 
water are dwindling due to demands from agriculture 
and global climate change. fu water becomes more 
and more scarce, animals and people are squeezed 
into smaller and smaller workable areas. Contact 
among infected animals and people then increases, 
facilitating disease transmission. When this situation is 

complicated by co-infection with HIV/AIDS (Human 
Immunodeficiency Virus/ Acquired Immunodeficiency 
Syndrome), the results can 'be catastrophic to families 
and whole communities and u'itimately, the environment 
through impacts on human capacity, natural resource 
management and land use (Ogelthorpe and Gelman, 
2007). 

Assessing the impacts of zoonotic diseases and resource 
limitation on health, economic livelihoods, and 
conservation requires a multi-disciplinary approach, 
uniting specialists from a wide variety of fields including 
medicine (veterinary and human), ecology and 
conservation, sociology, and economics. In 2006, the 
Health for Animals and Livelihood Improvement (HALI) 
project was initiated to find creative solutions to these 
problems by investigating the impact of zoonotic disease 
on the health and livelihoods of rural Tanzanians living 
in the water-limited Ruaha ecosystem. HALI addresses 
these complex disease and natural resources issues using 
the "One Heafrh" paradigm, stressing that the health of 
domestic animals, wildlife, and people are inextricably 
linked to the ecosystem and natural resources on which 
all depend (Osofsky et al., 2005). 

Project Rationale 

The biologically diverse and economically important 
Ruaha ecosystem is seriously threatened by seasonal 
drying of the Great Ruaha River (GRR). Since 1993, 
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uncontrolled agricultural water diversions and intensive 
livestock grazing at the source have caused the normally 
perennia] GRR to stop flowing for longer periods each 
year. The costs of water disruption are significant and far 
reaching. First, pastoralists that have traditionally used 
the GRR to water livestock have been forced to find other 
sources. Water restriction has decreased the area available 
for grazing and increased the concentration of livestock 
using dwindling water sources. Pastoralists suspect that 
this process has increased disease transmission at watering 
holes and has led to decreased forage quantity and quality. 
The effect of these factors on herd productivity, however, 
has not been quantitatively assessed. Another major cost of 
river drying has been the loss of wildlife tourism potential, 
both for Ruaha National Park (RNP) and for the village
managed Pawaga-Idodi Wildlife Management Area. 
Tourism in this part of Tanzania is concentrated in the dry 
season, when wild animals are visible near perennial water. 
The spatial distribution of surface water has declined over 
60%, leading to a comparable decline in high-potential 
areas for tourism. This reduction in wildlife viewing area 
is particularly significant for village economies struggling 
to diversify their economic base beyond livestock and rice 
production. 

In addition to direct impacts of restricted water fl.ow, 
transmission of zoonotic diseases are likely to increase with 
reduced water availability, as people, wildlife, and livestock 
are increasingly forced to share dwindling and lower 
quality water sources. For example, in South Africa, buffalo 
herds with higher rates of bovine tuberculosis were more 
sensitive to drought, had higher numbers of endoparasites, 
and experienced more rapid loss of body condition during 
the dry season (Caron et aL, 2003) . With the drying of 
the GRR, the spatial distribution of buffalo has declined 
nearly 33% in the GRR portion of the Park (Wildlife 
Conservation Society-WCS, Aerial buffalo count, 19-20 
October 2004, unpublished data), compressing herds into 
a smaller area where potential for disease transmission is 
higher and forage competition is more severe. The risk 
of disease is intensified as water quality is diminished 
through increased fecal contamination and stagnation of 
the remaining dry season watering holes. Previous research 
in the Rungwa-Ruaha ecosystem and in other regions of 
Tanzania illustrates that the area is a hot spot for zoonotic 
diseases of significant public health importance. In addition, 
the traditional practices of pastoralist groups in the region 
may put them at increased risk of infection. 

A critical question that has only recently been explored is 
the role of bovine tuberculosis (BTB) in the current global 
human tuberculosis epidemic (Cosivi et al., 1998). Nearly 
40,000 new cases of tuberculosis (human, bovine, or 
atypical strain) are diagnosed per year in Tanzania (NTLP 
- National Tuberculosis and Leprosy Programme, 1996), 
with anywhere from 21-77% of Tanzanian tuberculosis 

patients also infected with HIV (Range et al., 2001). The 
extra-pulmonary form of tuberculosis (EPTB) in humans 
is often associated with BTB infection from ingestion of 
animal products and has been documented in 17% of 
the tuberculosis cases in Tanzania (NTLP, 1996). Many 
pastoralist groups in Tanzania have practices that might 
increase their exposure to BTB (and other zoonotic 
diseases), including consumption of raw or fermented milk 
(prepared without boiling) or raw blood, eating un- or 
under-cooked meat, and housing ~ivestock within human 
dwellings (Mfinanga et al., 2003). 

The BTB strain is more commonly found in regions with a 
high ratio of cattle to people (Kazwala et al., 1993). Testing 
of catde in and around the Ruaha ecosystem showed that 
51 % of herds had cattle reactive to BTB by inuadermal 
skin tests, with reactor prevalence being highest in the hot 
dry lowland areas nearer to the park (Kazwala et al., 2001). 
Furthermore, the Usangu region adjacent to the park is 
a hot-spot, with over 80% of cattle skin-test positive for 
BTB (Iringa District Livestock Office, unpublished data). 
Bovine tuberculosis strains have also been isolated from 
milk samples from pastoral cattle in the region (Kazwala 
et al., 1998). 

Although i.nvestigators know that BTB is present in 
livestock bordering the protected areas of the Ruaha 
ecosystem, nothing is lmown about the disease in the 
landscape's wildlife. Bovine tuberculosis has had population 
impacts on buffalo and lion in Kruger National Park, South 
Africa (Michel et al., 2006) and has emerged as a serious 
ecosystem-level health threat. This threat is compounded 
by the complete lack of knowledge regarding the impacts 
of BTB in local wildlife or their potential role as a reservoir 
for the disease. 

The utilization of dwindling dry season watering holes 
by humans, livestock, and wildlife not only exacerbates 
the risk of BTB transmission among these populations, 
bur exacerbates the transmission risk of other important 
zoonotic diseases, such as brucellosis and water-borne 
diseases (toxoplasmosis, cryptosporidiosis, giardiasis, and 
bacterial enteric pathogens). Information about the spatial, 
temporal, and demographic patterns of disease in human, 
domestic animal, and wildlife populations is needed to 
control and limit zoonotic agents of public health and 
economic importance. Additionally, the underlying land
use determinants of d!isease and the socioeconomic barriers 
to control and prevention must be explored (Patz et al., 
2004). 

Accordingly, the Health for Animals and Livelihood 
Improvement Project (HALI) was created to assess the 
impact of the interactions between water and disease in 
the Ruaha ecosystem by simultaneously investigating the 
biophysical, socioeconomic, and policy issues driving the 



system. The research priorities for HALI were determined 
through a stakeholder meeting and informal interviews 
with affected pastoralist communities. An overwhelming 
consensus emerged from diverse stakeholders including 
pastoralists, multiple levels of government, non-profit 
organizations, and academia that a significant proportion 
o(the rural population in the Ruaha landscape is affected 
by water-related diseases, and these diseases are affecting 
health, agricultural productivity, food security, and 
biodiversity in the region (See box below). 

Considering the problems and needs as defined through the 
local community meetings and the stakel-iolder planning 
workshop, the HALI project seeks to: I) assess the prevalence 
and transmission ecology of zoonotic diseases (BTB, 
brucellosis and water-borne pathogens) among wildlife, 
livestock, and pastoral and agropastoral communities; 2) 
assess the effects of water (river and other water bodies) 
management on the presence, abundance, and severity of 
disease impacts; 3) assess 

about how people use these water sources. Preliminary 
findings from wet season surveys of pastoralist households 
indicated that 68% of70 participating households did not 
believe illness in their families could be contracted from 
livestock, while 40% of these households also did not 
believe illness in their families could be transmitted from 
wildlife. Additionally, 75% of these households did not 
believe sharing water sources with livestock or wildlife was 
a disease risk. 

Practical Implications 

Preliminary results showing that BTB is present in both 
wildlife and livestock in the Ruaha ecosystem indicates 
that these species have interacted in the past. The Ruaha 
ecosystem is at the juncture of the East and southern African 
fauna! zones and is one of the largest intact conservation 
areas remaining in Africa. An accurate assessment of the 
diseases that could threaten the persistence of key species, 

such as buffalo and lion, is 
how water management and 
disease affect the health and 
livelihoods of agropastoral 
and pastoral communities; 
and 4) strengthen the 
zoonotic disease education 
and research capacity of 
the Faculty of Veterinary 
Medicine at Sokoine 
University of Agriculture, 
Morogoro, Tanzania. 

HALI stakeholders agreed that the highest 
priority diseases for study were pathogens 
that: 

essential for conserving the 
region's unique biodiversity 
and its ecotourism earning 
potential. 

I) Are impacted by water use issues Perhaps more importantly, 
it is crucial to recognize that 
these diseases are present 
at the local level, as people 
depend on meat and milk 
from potentially infected 

2) May severely affect human health (especially 
individuals with HIV/AIDS) 

3) Adversely affect livestock health and 
productivity 

4) Threaten the persistence of endangered 

HALI project team members 
are accomplishing these 

species 

goals by testing wildlife, livestock, and their shared water 
sources for disease; interviewing pastoralist households; 
introducing new diagnostic techniques for disease 
detection; and training Tanzanians of all education levels 
about zoonoric disease. 

Preliminary Findings 

Research activities from the first year of the project have 
already yielded significant findings. Researchers have 
discovered bovine tuberculosis present in wildlife inside the 
community wildlife management area bordering Ruaha 
National Park and are continuing to sample wild animals 
to determine which species are most affected and the 
geographic distribution of infection in the ecosystem. They 
are sampling pastoral livestock with partnering households 
to determine the current prevalence of BTB in agricultural 
animals and to assess whether or not disease in livestock 
is related to water limitation or proximity to wildlife. 
Investigators have isolated disease causing bacteria and 
parasites that can be passed between animals and people 
from sampled water sources and are gathering information 

animals for their food. 
Determining the rrevalence 
of these and other zoonotic 

diseases affecting livestock will guide subsequent disease 
prevention efforts aimed at improving livestock productivity 
through improvement of healrl1 and the protection and 
expansion of trade and food security. 

Second, education regarding zoonotic diseases is urgently 
needed in pastoralist communities. Collecting derailed data 
regarding food consumption and water use habits, illness 
in livestock and people, and access to healthcare will help 
tailor disease education efforts. In the meantime, ream 
members are educating livestock owners at each project 
household. Tuberculin skin tests are administered and 
interpreted with rl1e owners present, and households with 
positive reactor cattle are advised on disease prevention. 

Finally, findings from this project will be used by the 
Rufiji Basin Water Office to evaluate water quality for 
rublic safety. HALI data will aid in the development of 
water management strategies that maximize water fl.ow 
for people, livestock, and wildlife, thereby improving the 
health and livelihoods of local people, as well as habitat for 
wildlife and ecotourism. 
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Three smallholder rice irrigation schemes were established with development assistance in Tanzania in the 1980s and early 
90s aimed at improving agricultural livelihoods in the region. The projects did not accomplish their stated goals, but more 
problematically, they precipitrtted a cascade of unintended consequences. The primary effect was that legal channelization 
of water catalyzed illegal diversions and satellite farms surrounding the rice schemes. The resultant loss of water was 
(and remaim) the central driver in a cascade of unintended environmental and socioeconomic effects including: a 77% 
reduction in the area of the !hefa swamp, the important wetland habitat of the Great Ruaha River; over 60% Loss of dry
season habitat in Ruaha National Park; the collapse of fisheries in Mter'tl Reservoi1~· increased potential for transmitting 
zoonotic disease; and the loss of electricity produced by the Mtera Hydroelectric Plant. The social and economic costs of these 
unintended consequences remain untallied, but the power crisis alone likely cost the Tanzanian economy approximately 
one billion U.S. dollan. This case highlights the need far development assistance to control the genesis and propagation of 
unintended consequences which could vastly outweigh the benefits of the assistance program. Furthermore, the perception 
that developing countries, like Tanzania, are not financially able to manage water sustainably should be replaced bJ' the 
idea that those countries cannot afford the consequences of unsustainable water resource management. 

Background 

Tanzania is among rhe world's poorest countries, 
ranking l 59th our of 177, according to the Human 
Development Indices' calculations. 'l 'his need, combined 
with abundant land and natural resources, a peaceful 
and relatively well-governed political environment and 
a rapidly growing economy make Tanzania an attractive 
recipient for bi- and multi-lateral development 
assistance. Assistance in 2005 amounted to around 
$US 1.5 billion or about 12% of GDP (gross domestic 
product) in Tanzania (SIDA-Swedish International 
Development Cooperation Agency, 2006). In many 
cases, this support has led to significant improvements 
in livelihoods, environmental outcomes and quality of 
life, but the net effects of development assistance are 
not universally positive. Here, researchers examine a 
case where the unintended negative consequences of 
development assistance vastly outweigh the positive 
benefits and attempt to identify practical ways to avoid 
similar outcomes in the future. 

The Usangu Plains of central Tanzania had fertile soil, 
abundant sunshine and natural wedands that supported 
both rain-fed and traditionally irrigated rice systems. 
Starting in the mid 1980s with support from the British, 
Dutch, and Chinese governments as well as the World 
and African Development Banks, these traditional 
systems were "improved" through provision of cement
lined delivery canals and industrial-scale paddies 
parceled out to smallholders. The idea was to use 

modern irrigation techniques to grow more rice overall, 
more rice per hectare, and to do so more efficiently in 
terms of water use (SMUWC-Sustainable Management 
of the Usanga Wetland and its Catchment, 2001). 

Unfortunately, the irrigation projects never realized any 
of these goals (Lankford, 2004; Lankford et. al, 2004). Far 
more destructively, by channeling the water, the schemes 
made it possible to divert much larger proportions of the 
rivers feeding into the Usangu Plains. As a result - in 
the dry season of 1993 and for the first time in living 
memory - the Great Ruaha River stopped flowing. 

The cessation of flow was totally unanticipated, having 
serious implications for downstream irrigators and 
effects on other costs, both ecological and economic. 
Specifically, Ruaha National Park (now Tanzania's largest 
national park) was impacted because the Great Ruaha 
River was the principal water source for the southern half 
of the Park. The Great Ruaha also carries over 60% of 
the water flowing into Mtera Reservoir, which supports 
central Tanzania's only significant fishery; generates 80 
Megawatts (MW) of electricity; and provides storage for 
Kidatu Hydroelectric Plant, which generates 200 MW. 
Combined, Mtera and Kidatu provide over 70% of 
Tanzania's electricity. 

Recognizing the potential costs, DFID (the UK 
Department for International Development) funded 
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the Sustainable Management of the Usangu Wetland 
Catchment program, a four million dollar research 
initiative. Numerous hydrological studies documented 
the amounts of water diverted, but little attention was 
paid to the areas outside the internationally-funded 
irrigation schemes. Economic studies established that 
Great Ruaha River water was eight times more valuable for 
hydropower than for rice, but the DFID funded research 
did little to improve the flow of the Great Ruaha River, 
and hence reverse some of the negative impacts of the 
irrigation projects on the surrounding ecosystem and its 
inhabitants. 

In 2003, the severity of the drying of the Great Ruaha 
continued to intensify. The effects oft he drying on ecosystem 
services and flow requirements, however, remained un
quantified making it impossible to apply Tanzania's Water 
Policy, which gives "Environmental Flows" priority over 
economic activities (and behind domestic water use). In 
response, the Wildlife Conservation Society (WCS) Ruaha 
Program set out to identify the flow regimes necessary 
to sustain the ecosystem services provided by the Great 
Ruaha, namely, provision ofhydropower and maintenance 
of dry-season wildlife habitat (which supports ecotourism, 
now Tanzania's largest economic sector). 

Major Findings 

Quantifying the ecological effects of river drying showed 
that over 60% of dry season habitat in the Ruaha National 
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Park was eliminated as the Great Ruaha River dried. The 
effects, however, were not just downstream. The Ihefu 
Swamp-where the Great Ruaha flows from the Usangu 
Plains-lost 77% of its surface area and was fragmented 
into three sections. Not only was its hydrological function 
threatened, but its decline represents a significant loss of 
wetland habitat. 

In re-examining the factors contributing to river drying, 
more unanticipated results were uncovered. Most analyses 
of diversions focused on the sanctioned rice schemes, which 
intended to divert around 20-30% of the Great Ruaha's 
flow. Receiving far less (if any) attention were the illegal 
diversions feeding a proliferation of smaller 'satellite farms' 
surrounding the developed farms. These satellite farms 
substantially increased the area flooded. A satellite image 
analysis comparing illegally flooded areas in satellite farms 
to those in the irrigation schemes revealed a ratio of 50: 1, 
respectively. Furthermore, very few of the satellite farms 
were properly leveled, requiring constantly flowering water 
to keep rice wet. Worse still, almost none of the satellite 
farms have canals to return river water after irrigation. 
The small scale satellite farms thus consume significantly 
more water than the large scale irrigation systems but have 
been ignored in research and policy discourses. 

The hydrological effects of livestock were also examined, 
along with the social and political drivers affecting pastoral 
land use and land tenure. In the course of these discussions, 
pastoralists argued that the loss of water sources forced 



The flowing Great Ruaha riverbed in December (left) and the diy riverbed in October (right). The drying of this norma/61 
perennial river may increase disease transmission among people, !ivestocl?, and wildlife, as a!! are forced to share diminishing dry 
season water sources. Flowing Ruaha photo by Deana Clifford. D1y Ruaha photo by Peter Coppoliflo. 

livestock ro move further seasonally and co be compressed 
during rhe dry season. These rwo facrors, rhey argued, 
substantially increased rhe transmission of diseases among 
livesrock herds and between livestock and wildlife, which 
were increasingly forced to use rhe same water holes. Now, 
over a decade after river drying, secondary consequences 
of rice development appeared. In 2006, Wildlife 
Conservation Society, Universiry of California, Davis 
and Sokoine University of Agriculture iniriared rhe HALI 
project (Healrh for Animal and Livelihood Improvement) 
to better understand how zoonoric disease was affecting 
livestock, human and wildlife health. The HALI project is 
now investigating the health and economic consequences 
of warer shortage on livesrock and pastoralisrs in rhe 
Ruaha ecosystem. 

Other secondary effects are also affecting human and 
wildlife health. Stagnant water can be poisoned, and the 
concentration of wildlife at water holes means char many 
animals can be poisoned ar a single point. With rhe drying 
of rhe Great Ruaha River, illegal "hunters" have resorted 
to poisoning water holes and selling the meat in villages. 
The HALI project is examining the socioeconomics 
of protein availability in target villages to understand 
whether rhis kind of threat can be alleviated by increasing 
the availability of animal-source protein in villages. 

While the problems outlined above had significant 
economic and ecological effects locally, the unintended 
consequences of rice development in Usangu were 
scarcely recognized outside the local context. In 2006, 
however, on the heels of a prolonged drought, low flows 
and the drying of the Great Ruaha River forced the 
complete closure of the Mtera Hydroelectric Plant and 
a 50% reduction of hydropower generation at Kidatu. 
These reductions reportedly cost TANESCO (Tanzania's 
Parastatal electricity utility) around $US 200,000 each 
day. The aggregate costs to Tanzanian economy from the 

loss of electricity were estimated between $US two-nine 
million each day. HALI researchers know of no published 
estimates of rhe total cost of the overall economic loss 
from rhe power crisis, but simple extrapolation of the daily 
estimates yields losses between $US 360 million and 1.6 
billion. This higher figure exceeds the estimated amount 
of all bi- and multi-lateral aid flowing inro Tanzania each 
year. 

In summary, the details of the Usangu case make it clear 
that rhe economic value of rice development, even if 
the projects' goals had been realized, was swamped by a 
cascade of unintended and negative consequences arising 
from the projects themselves. 

Practical Implications 

It is tempting to view the Usangu Rice Development 
projects as unmitigated failures, given that they achieved 
none of their stated goals and have had catastrophic 
effects on rhe local environment and livelihoods 
throughout Tanzania. Dismissing the case in this way, 
however, abdicates responsibility and misses an important 
opportunity to learn from and rectify rhe mistakes made. 

A number of clear practical lessons are apparent. First, 
establishment of the Usangu Rice projects focused on 
technical issues of agronomic efficiency and economic 
yields, without sufficient attention to enforcement and 
regulation. In a country like Tanzania, where resource 
use is often regulated by technological and practical 
constraints, the existing institutions were not prepared to 

deal with the scale and magnitude of use made possible 
by channelizing water. Because of this, 15 years after the 
initiation of projects, the unanticipated burden on water 
resources stemming from illegal channeling continues co 
threaten the sustainable management of local livelihood 
activities as well as habitat conservation efforts. 



More directly related to HALI, the unintended consequences 
and their economic and ecological effects are still being 
recognized 15 years after the first year of drying. While 
this underscores the inadequacy of the initial environmental 
impact assessments (ElAs), iris also clear that more significant 
investment in more responsible EIAs probably would not 
have anticipated all the problems observed today. Like 
Usangu, most pans of the developing world have great and 
immediate needs, and background data are generally lacking. 
More significant and integrative EIAs will undoubtedly 
reduce the incidence of similar cascades in the future, but 
environmental assessment of development assistance projects 
must not end at the initiation of the projects. Instead, 
donor countries must ensure that monitoring and adaptive 
management of unintended environmental, social, and 

Further Reading 

economic consequences are built into the implementation 
and operation stages of assistance projects. Such regulation 
is imperative to ensure effective and ethical development 
assistance. 

Finally, rural livelihoods and zoonotic diseases remain broad, 
weakly defined issues for which "baseline" data rarely exist. 
Yet, the Usangu Case highlights how development assistance 
can affect rural people, their livestock and ecosystem health 
through indirect pathways. Monitoring alone cannot 
anticipate all of the unintended consequences of development 
assistance. Only through integrative and multi-year research 
will the development community understand and ultimately 
improve the efficacy and responsibility of development 
assistance to countries like Tanzania. 
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The emergence and spread of infectious diseases at the interface of humans, livestock, and wildlife are increasingly 
recognized as critical issues by health specialists, disease ecologists, conservation biologists, wildlife managers, and protected 
area managers throughout the world. Addressing the causes and consequences of disease requires investigation of links 
between various biological, environmental, agricultural and socioeconomic factors that cross disciplines, including at the 
least epidemiology, veterinary sciences, environmental science, public health, and economics. The Health for Animals and 
livelihood Improvement (HALI) project has been designed to investigate these complex issues in the Ruaha landscape of 
Tanzania. The project uses an integrated approach to understand the drivers of disease transmission across the landscape 
and to generate preventive measures and interventions. This research brief provides an overview of the methods used to 
investigate health and livelihood strategies in pastoral and agropastoral communities near Ruaha National Park. Methods 
include household surveys and diaries, focus groups, choice modeling, and viffage economy models. Resulting analysis will 
estimate the impact of zoo no tic diseases and water scarcity on household health and livelihoods across ethnic, economic, and 
gender grot~ps, and make recommendations to reduce risk of diseases, better manage scarce water resources, and conserve 
wildlife in the Ruaha Landscape. 

Background 

Protected areas throughout the world are key for 
conserving biodiversity and provide a host of other 
services including watershed protection, carbon 
sequestration and regulation of vectors that transmit 
disease. Many protected areas, however, especially in 
developing countries, are experiencing increasing pressure 
due to population growth, expansion of cultivation, 
land degradation and widespread poverty limiting 
their capacities to perform these functions. As a result, 
people and wild and domestic animals are coming into 
close proximity, which can increase risks of predation 
and disease transmission that can compromise human, 
livestock and wildlife health. In the arid and semi
arid dry lands of East Africa, where the predominant 
production and livelihood system is agropastoralism, 
competition for scarce grazing and water resources is 
increasing, and the potential for interspecies disease 
vectors is growing as pastoralists move into new areas 
and/or live in the vicinity of protected areas. 

The emergence and spread of infectious diseases at 
the interface of humans, livestock, and wildlife are 
increasingly recognized as critical issues by health 
specialists, disease ecologists, conservation biologists, 
wildlife managers, and protected area managers (e.g. 
Kock, 2004; Patz et al., 2004). Addressing these complex 
issues requires an integrated and rransdisciplinary 
approach to detect problems and generate long-term 

solutions. Collecting information on these interface 
issues presents many challenges, especially in rural 
communities in developing countries where literacy 
and record-keeping are limited. The nomadic life of 
pastoralists is particularly challenging. For these reasons 
innovative approaches are needed. 

The Health for Animals and Livelihood Improvement 
(HALI) project uses an integrated approach to understand 
the social, economic and ecological drivers of disease 
transmission in the landscape and to generate preventive 
measures and solutions. This research brief provides an 
overview of methods and multiple approaches used to 
capture the complexity of health and livelihood systems 
in the pastoral and agropastoral communities around 
Ruaha National Park. 

Approach 

The Ruaha landscape of southern Tanzania provides an 
ideal case study ro investigate the interface of human, 
livestock, and wildlife health and the impact of zoonotic 
disease on economiclivelihoods. Communities bordering 
the Ruaha National Park include traditional pasroralists 
and agropastoralists practicing subsistence living and 
traditional husbandry practices. The environment is 
characterized by unpredictable and variable rainfall 
resulting in prolonged periods of drought. 
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As human and livestock populations have grown with 
subsequent demands for agriculture and grazing lands, 
there has been increasing pressure on water resources for 
livestock grazing and irrigation of rice and other crops. 
Wetlands chat previously provided year-round flow to the 
Great Ruaha River have been particularly impacted. The 
river stopped running year-round in 1993 and has dried 
up each year since. As a consequence, people, livestock 
and wildlife are forced into small isolated areas where water 
is still available during the dry season, increasing the risk 
for disease emergence and transmission between animal 
species (Clifford et al., 2008). 

There is growing evidence that human-induced land use 
changes drive a range of infectious disease outbreaks and 
modify the transmission of endemic infections (e.g., Patz 
et al., 2004). Previous research in the East Africa has 
demonstrated that bovine tuberculosis (BTB) is a disease 
of particular importance to the health of water buffalo in 
Uganda (Woodford, 1982) and baboons in the Masai Mara 
of Kenya (Tarara et al., 1985). In Tanzania, a recent study 
by Cleaveland et al. (2005) confirmed the presence of 
tuberculosis (BTB) in multiple wildlife species in Tarangire 
and the Serengeti. However, little is known about the 
effects of water limitation on disease transmission, herd 
productivity and agricultural productivity in the Ruaha 
landscape or similar semi-arid regions; nor has the 
applicability of these effects more generally to wildlife 
conservation efforts, veterinary public health, and poverty 
reduction strategies been widely considered. 

The socioeconomic research within the larger HAU project 
employed a combination of qualitative and quantitative 
research approaches to assess the impacts of zoonotic 
diseases and water scarcity on health and economic 
livelihoods of pastoral and agropastoral communities in 
rhe Ruaha ecosystem. 

Table I . Summary of quantitative data collection approaches 

Objectives --·-

Overview of research methods 

Table 1 highlights the mix of survey instruments utilized, 
including a long survey and paired sample short surveys 
between wet and dry seasons, as well as village economic 
sector inventories and household diaries. The resulting 
socioeconomic profile includes information on household 
production and consumption, family and animal health, 
husbandry practices, demographic characteristics, and 
water use behavior. 

Household Surveys. A household survey was designed and 
administered to 159 households over a one-year time 
period. A sub-sample of 30 households participated in 
a repeated short survey to evaluate seasonal variations 
of livelihood strategies, health, income, expenditures, 
and changes in capital assets (livestock, land and crops). 
The questionnaire was aimed at estimating the livestock 
population and assessing the dynamic of stock variation 
throughout the year, the health of livestock, source of 
illness and the costs related to livestock health. In addition, 
information related to water and sanitation, household 
structure, labor and health, agriculture and other income 
generating activities was collected. 

Results from both the long survey and the wet-dry season 
paired survey are currently being analyzed and will be 
summarized thematically in future HALI research briefs, 
including a brief detailing the research results on issues 
surrounding gender roles and participation. 

Focus Group Research and Choice Modeling. Qualitative 
methods including semi-structured interviews and focus 
group discussions were used along with the survey data 
described in the previous section to inform a workshop 
and choice modeling exercise held in August 2008. Initial 
interviews were conducted with village leaders followed 

by a series of focus group 
discussions with the aim 
of identifying the most 
critical issues for their 

Long household surveys 

umber 

159 To obtain a socioeconomic profile of household 
production and consumption, measure attitudes 
towards diseases and diseases management, and assess 
household health and economic livelihood. 

communities by economic 
sector. The focus group 
meetings were organized 
at both village and district 
levels. 

Short repeated household 
surveys 

Village government 
economy inventory 

Household diaries 

30 

20 

18 

To assess seasonal variations of household production 
and consumption, health, and livestock population. 

To identify different economic activities existing in 
each village, number of people involve in each sector 
and the contribution of different actors to the village 
economy. 

To quantify in monetary terms all income and 
expenditures at the household level and to better 
understand daily household and livestock fluctuations. 

'--~~~-----~~~~---------

Discussions were focused 
on identifying the three 
most critical issues m 
each economic sector, 
and issues were ranked 
by economic sector. In 
addition, participants in 
the focus group meetings 
were asked to identify 



other economic activities or livelihood 
strategies chat exist in the villages. Key 
findings are summarized in Table 2. The 
results of focus group discussions were 
used to develop and design a choice 
modeling exercise based on a conjoint 
analysis survey. 

Table 2. Summary of most important issues by economic sector identified by focus 
group meetings at local and district levels. 

Village level District level Overall 

Agriculture 

Insufficient and poor Inaccessibility to the market Insufficient and poor 
irrigation system Lack of skills irrigation system 

Poor irrigation system 

Education 

Conjoint Analysis. Conjoint techniques 
are well suited for soliciting and analyzing 
the preferences of stakeholders in 
environmental decisions that frequently 
involve tradeoffs between costs and 
benefits which are not efficiently 
represented in market transactions. A 
conjoint survey was developed with five 
attributes - infrastructure investment in 
water, health and education, tourism, 
farmer cooperatives, and extension 
services - with high and low levels of 
investment described for each. Two 
participants - the village executive 
officer and one ocher stakeholder - from 
each of the 21 villages were invited to 
participate in an all-day workshop. 
Ultimately, 38 of the 42 invitees attended 
the workshop; 26% of attendees were 
women. By ranking the discrete bundles 
of attributes, the importance values of 
each can be determined and compared 
to stakeholder position, gender, income 
level, village, etc. Asking respondents 
to make choices between alternatives 
mimics the real choices that managers 
must make, and provided stakeholders 

Insufficient infrastructure Insufficient number of Insufficient 
for teachers and teachers infrastructure for 
classrooms Poor infrastructures teachers and classrooms 

Lack of awareness of the 
importance of education 

Health 

Lack of health care Limited number of medical Lack of health care 
facilities staff facilities 

No access to clean and Lack of health care facilities 
safe drinking water 

Limited number of Poor sanitation 
medical staff 

Poor sanitation 

Livestock 

Lack of access/insufficient Lack of education in current Lack of access/ 
watering points husbandry practices insufficient watering 

Lack of dipping areas Lack of access/insufficient points 

with a starting point for discussing complex tradeoffs 
and preferences in a workshop setting. Results from the 
conjoint analysis are currently being analyzed by the HAU 
team. 

Village Economy Models. The direct impact of water 
management and diseases on livelihoods of pastoral and 
agropastoral communities can be studied quantitatively 
with household survey data and qualitatively with interviews 
with key informants. The indirect (or multiplier effects), 
however, are at least as important as the direct impact. 
For example, impacts of water scarcity on pastoralist 
livelihoods wiH also impact other households and village or 
regional industries that supply inputs to or are dependent 
on livestock production systems. Changes in income of 
pastoralists will also impact spending on household goods 
and services, further impacting the village economy. Boch 
the direct and indirect economic impacts of water scarcity 
and disease emergence can be assessed using a social 
accounting matrix approach (SAM). Social accounting is 
an extension of input-output analysis, an analytical tool 

watering points 

that models the interrelationship among different sectors 
of an economy. The SAM model shows the flow of income 
and expenditure among household production activities. 

To aid in the construction of the village SAMs, 18 
household diaries were used in a small sample of pastoralist 
and agropastoralists from different wealth categories: three 
relatively poor households and three relatively wealthy 
households from each of the three ethic groups were 
surveyed. A representative of the family or enumerator 
was selected and trained to record the information related 
to daily household expenditures, household earnings, 
household consumption, household health and livestock 
changes on a daily basis for four weeks. In addition, 
household enumerators made an inventory of all household 
supplies at the start of the surveys. 

The SAM is based on the assumption that production 
activities are endogenous and demand-driven. Direct 
impacts introduced into the village economy produce 
changes in the flows of resources among sectors within 



the village. The magnitude of these impacts (multipliers) 
depends upon the strength of the linkages between the 
sectors. In order to investigate the effect of some exogenous 
shocks and policies on village production, income, capital 
and labor allocation, a few scenarios will be investigated 
including: increasing demand for village output, investment 
in non-agricultural sectors, irrigation and water use efficiency 
improvements, general water scarcity, and costs of health care 
for both livestock and humans. 

Practical Implications 

The analysis of collected data will help to estimate the 
impact of zoonotic diseases and water scarcity on health 
and economic livelihoods across different ethnic groups, 
socioeconomic levels, distance to water sources, and degrees 
of wildlife interaction. The HALI team will combine survey, 

Further Reading 

workshop, and model results to make recommendations for 
designing policies and strategies to reduce risk of diseases and 
address water issues in the Ruaha landscape. 

While this research brief was primarily meant to summarize 
the socioeconomic methods used in HALI, findings from 
this research will be used by development agencies, non
governmental organizations, Tanzania National Parks, and 
village governance to develop strategies that improve the 
health and livelihoods of local communities. Information 
collected on perceptions and attitudes of local communities 
will also be used by veterinary, human health and agriculture 
extension officers as well as conservation outreach officers 
to develop extension programs that will educate people to 
minimize the risks of disease transmission between wildlife, 
livestock and local population and reduce conflicts between 
park and local communities. 
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In sub-Saharan Africa, livestock deaths due to disease have large impacts on household income and nutrition. As part of the 

!rtrger Health for Animals and Livelihood Improvement (HAU) project assessing the impact of zoonotic disease and water 

scarcity on rurrtl livelihoods, the authors ext1mined the association between landscape facton and livestock deaths attributed 

to disease in pastoralist households living near Ruaha National Park Tanzania. Preliminary results suggest that households 

located farther from the center of the village and farther from water sources suffered greater livestock losses due to disease. 

Livestock disease losses were greater in Pawaga than in ldodi Division, underscoring the importance of localized fizctors that 

may influence disease. The presence of wildlife and close proximity to roads were not associated with livestocl< disease losses. 

Howevn; that is not to say the perception o_f disease from wildlife is not important, nor can it be said thtlt interactions in the 

opposite direction (from livestock to wildlife) are not important. These assessments will require farther investigation, which 

is currently underway StudJ1 data aL>o support the importance of water availability for livestock health and productivity. 

In conclusion, both local and regional strategies to increase livestock productivity should consider within-vif!rtge disease 

variation and ensure that more remote households have access to extension and veterinary services. 

Livestock disease is a critical economic issue for 

pastoralists (livestock keepers deriving the majority of 

their subsistence from their herds), as it strongly affects 

herd productivity, which in rum affects (among others) 

household income and nutrition, along with herd 

dynamics, including mortality in drought and growth 
in good years. Disease is also an ecological issue, with 

zoonoses (diseases that can be transmitted between 

animals and people) affecting human populations, 
and the exchange of disease between livestock and 

wildlife affecting conservation and livelihood outcomes. 

Disease interactions, or more aptly, perceived disease 

interactions are also socio-political considerations, with 

both protected area managers and pasrora1'isrs citing the 
others' animals as reservoirs of disease and threats to their 

own existence, a scenario with important implications 
for rhe mitigation of regional conflict. 

These issues are clear throughout savanna Africa and most 

rangeland ecosystems, and Pawaga and Iclodi Divisions, 

adjacent to Ruaha National Park in central Tanzania, are 

no different. Here, where rainfall ranges from 200-550 

mm/year, rain-fed agriculture is marginal ar best. Pastoral 

and agropastoral livelihoods are widespread and are the 
onlly viable subsistence strategies Oll[side areas where 

irrigated agriculture is possible. Because both Pawaga 

and Idodi Divisions border Ruaha National Park, disease 

at the wildlife-livestock interface is at once a political 

issue and a potential threat to wildlife populations and 

livelihoods. 

Recognizing these issues and their importance, the 

Health for Animals and Livelihood Improvement 

(HALI) project, initiated in 2006, sought to quamify 

livestock disease prevalence and disrribution of livestock 

losses ro disease in rhe area. In this research brier~ the 

authors present reported livestock disease losses from 
household surveys in Pawaga and Idodi Divisions. Data 

from the HALI projecr were also combined with reporred 

disease loss dara from carnivore conHict surveys, which 
examined all livestock losses, including disease, rhefr, 

and losses to carnivores. 

Preliminary Findings 

The most striking finding to date is that, despite huge 

polirical significance and widespread perceprions that 

wildlife pass diseases to livestock, there was no evidence 

of such an interaction. Neither pastoralists living closer 

to park boundaries, nor those living in areas with higher 

wildlife densities (as measured by aerial surveys and foot 

transects) had higher losses attributed to disease. In fact, 

for small stock (sheep and goats), a negative relationship 

was found with households J,iving at higher wildlife 

densities having lower disease losses. 

A second important negative result was that households 

living closer to roads and the associated diseases 

introduced by itinerant livestock showed no increase 

in livestock losses. In contrast, households located ar 

greater distances from the village centers were more 
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Figure 1. Reported disease losses in Idodi and Pawaga Divisions adjacent to Ruaha National Parle and Pawaga-Jdodi Wildlife 
Management Area (PI- WMA}, Tanzania (area of detail shown in inset). Pie charts are sized according to totallosses, with cattle 
losses in black and small stock in white. 
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likely to suffer greater losses of both cattle and small 

stock, suggesting that limited access to veterinary supplies 
and livestock extension may exacerbate livestock losses. 
Information may also be limiting, as those living farther 

from villages may be less aware of disease outbreaks and 

consequently less able to vaccinate or treat stock sooner. 

Households living farther from surface water also reported 
more losses. This may reflect poorer water sources (with 
greater contamination, higher densities of use), or the 

effects of increased nutritional stress on livestock from 

having to walk herds farther, or less frequent watering. The 

final important result was the marked differences between 
Idodi and Pawaga Divisions themselves. Losses for all stock 

8 

- Roads 

Kilometers 
16 24 32 

were greater in Pawaga Division, possibly reflecting the 
area's dryness (there is a west to east rainfall gradient), or 
the effects of the 2007 Rift Valley Fever outbreak in smaH 

ruminants (though cattle losses were higher in Pawaga as 

well). 

Practical Implications 

A number of practical issues arise from these preliminary 
results. First, the relationship between disease losses and 

distance to village centers suggests that access to veterinary 
care, markets for veterinary supplies, and information 

on livestock husbandry may be important factors in 

mitigating disease losses. Both local and regional strategies 



Cheetah keep a close qe on cattle 
escorted kv 1\1a11sai herders. The 

HALI proiect is invest~r.;,tzting disease 
transmissirm in this /1111dsc11pe, where 
livestock, humaw, rmd u11Uliji: shal'I! 

critical resources and often come 
into close co111r1ct. Photo by )0111111 

J\llazet. 

to increase livestock productivity should consider within
village variation and ensure that more remote ho useholds 

have access to extension and veterinary services. 

Exposure to wildlife was not an important tactor driving 

livestock disease losses in sampled households. However, 
that is not to say the perception of disease from wildlife 
is not important, nor can it be sa id that interactions in 

the opposite direction (from livestock to wildlife) are not 

important. Additionally, diseases transmitted between 

wildlife and livestock that result in illness or decreased 
production, but not necessarily death of the animal, may 

be overlooked when assess ing deaths due to disease. This 
assessment will require more wildlife sampling, which the 

HALI project has already begun in collaboration with the 
Tanzanian National Parks. It is also co nceivable that a 
wildlife reservoir spreads disease evenly across the whole 

study area, so co mparisons with or.her livestock producing 
areas lacking wildlife may be useful. 

The data also revealed significant spatial differences 

between the two divisions. The differences are not wholly 

attributable ro the Rifr Valley Fever outbrea k in 2007 

(which was more severe in Pawaga), and it is not clear 

whether th e same pattern will persist through time. le 
is clea r however, that livestock ex cen~ion and veterinary 

inrcrvcntions should be keenly aware of local variation 111 

disease losses and target their efforts accordingly. 

Mt1as11i herders t111d their livestock pcm hy 11 he1d '!fZe(m1. Extensive gmzi11g is critict1! to livestoch nutrition rtnd livelihoods in pastoral 
management systems, and often brings hc1ders, their households, livestock rtnd wildlife imo dmc proximilJ' as resources lil<e water rmd pas1ure 
are shared. This proximi1y incrl't1ses the potentialfhr the transmission rf zoonotic dis1:t1scs !il<e tuhm:ulosis. 
Photo by Jonna Mrtzet. 
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The Envirovet Summer Institute is an established, yet unique and annual61 adapted opportunity to train the next generation 
of professionals in the rapidly emerging area of ecosystem health. In 2008, the GL-CRSP sponsored Health for Animals and 
Livelihood Improvement (HALI) project partnered with Envirovet to design and direct the Envirovet Summer Institute 
Developing Country Session in Tanzania. From Ju61 17th through August 5th, 2008 twenty-four veterinary professionals 
and exceptional veterinmy stu.dentsfrom six nations studied cross-cutting themes relating to health at the wildlife-livestock
hurnan interface, conservation, zoonotic diseases, and freshwater and marine ecosystem health at multiple locations in 
Tanzania through a combination of hands-on activities, fie/cl visits and presentations. Linking ongoing research from the 
HALI program with Envirovet created a win-win partnership, enabling HALI to fa/fill the goal of increasing local capacity 
for disease diagnosis and surveillance, and expanding each organization's impact by helping to create a cadre of scientists 
working on issues relevant to improving health and livelihoods in developing countries. 

Background 

There is a paucity of veterinary educational and training 
opportunities in wildlife and ecosystem health rhar 

facilitate rhe application of veterinarians' comparative 

medicine and problem-solving skills to benefit wildlife 
and ecosystems. In developing countries, veterinary 

training is basic and emphasizes food animal medicine. 
However, veterinarians in these countries who assume 
responsibility for the healch of free-ranging wildlife 

within and outside protected areas generally have very 
lirrle opporrunity for training and education in diseases 
at the domestic animal-wildlife interface, zoonoses, 
environmental roxicology, land and water management, 
conservation, and other key components of ecosystem 

health. 

Since 1991, the Envirover Summer Institute has been 
providing knowledge, skills, and mentors necessary 
to catalyze environmenrally-focmed careers for 
veterinarians. Envirovet illustrates many ways by which 
veterinarians can contribute to improvemenrof ecosystem 
integrity across a spectrum of landscapes, with special 

attention to rhe interface be.rween wi ld areas and areas 
intensively managed by humans. The course is designed 
to guide participants towards marching their aims and 

resources to an educational plan and career in wildlife 
and ecosystem health . Because of careful selection of its 
faculty members, including specialists from academia, 
industry, government, non-governmental organizations, 
and the private sector, Envirovet students gain exposure 
to a broad range of perspectives and guidance from 
world-class role models. 

The goal of the Envirover Summer Institute is to create a 
force of scientists with unique perspectives, knowledge, 

skills, and expertise required to implement an efficient 
approach to ecosys tem repair rhar will enable synchronous 
gains in wi ldlife, domestic animal, human, and economic 

hea lth . To meet this goal, Envirover provides seven weeks 
of intensive lecture, laboratory, and field experiences to 
approximately 25 veterinarians, veterinary students and 

wildlife professionals in terrestrial and aquatic wildlife 
and ecosystem health, addressing both developed and 
developing country issues. 

The Envirover course is divided into rwo sessions. 

The first session is enrirled "Terrestrial and Aquatic 
Wildlife and Ecosystem Health Issues and Techniques 
for the Developed World with Outreach to Developing 
Countries." Components of this session rake place in 
Florida and Georgia. The second session is entitled 
"Terrestrial and Aquatic Wildlife and Ecosystem Health 
Issues and Techniques for rhe Developing World" and 
rakes place in a developing country. Because of rhe 

zoonoric disease and ecosystem health research activities 
comprising rhe Global Livestock Coll aborative Research 
Support Program's (GL-CRSP) Health for Animals and 

Livelihood Improvement (HALI) project, rhe resulting 
network of local partnerships, and commitment to 
training and capacity building, ream members from 
the GL-CRSP HALI project were offered rhe chance 
to design rhe curriculum for and direct the 2008 
Envirover developing country session for rhe first time 
in Tanzania. 
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Principal Outcomes 

From July l 7ch chrough August 5th, 2008, Envirovec 

participants studied cross-cutting chemes in ecosystem 

health rhrough a combination of hands-on acrivities, 

field v1s1cs and presentations at various locations 

throughout Tanzania. Envirovet parricipants explored the 

first theme, "Health and Conservation at the Wildlife

Livestock-Interface" by discussing case studies presented 

by researchers who are actively working to mitigate these 

problems. They visited sites of wildlife-human conflict 

and spent an afternoon talking with pastoralists living 

near a wildlife-protected area. They actively parricipaced in 

ongoing HALI project research activities, learning how to 

rest carde for bovine tuberculosis and sample river water 

for pathogens in order ro evaluate risks of zoonoric diseases 

at rhe imerface between populations of humans and their 

domestic animals, and wildlife. 

During a visit to the Sokoine University of Agriculture's 
Faculty of Veterinary Medicine participants toured the 

veterinary school and participated in acriviries focused on 

the second theme, "Challenges wi rb Diagnosis, Surveillance 

and Control ofZoonoric and Emerging Infectious Diseases 

in Developing Countries". During hands-on laboratories, 

parricipams learned how to properly handle, rest, and 

necropsy chickens in rhe case of a highly pathogenic avian 

inAuenza outbreak; how to assess coxicoses in fish using 

biomarker assay methods; and were familiarized with 

methods for characterization of water-borne disease agents 

and ruberculosis. Lectures and discussions focused on 

Rift Valley fever and climate change, bovine tuberculosis 
in animals and people, animal welfare in rhe developing 

world, the role of private and public vererinary medicine in 

Tanzania, and rhe complex issue ofbushmear. Research and 

locally appropriate methods being developed in Tanzania 

for disease diagnosis and smveillance were highlighred wirh 

a visit ro rhe Apopo Projecr, which uses giant Gambian rats 
for detection of ruberculosis. 

• 

• 

Envirovet Tanzania Goals 

Produce globally aware wildlife and ecosystem 

health professionals able to solve problems in 

diverse cultural contexts. 

Develop parnc1pant understanding of 

rhe conditions and constraints relevant ro 

addressing healrh and conservation issues in 

developing countries. 

Allow parricipancs to develop a professional 

network of colleagues and exchange ideas in a 

supportive environment. 

Participants learned about the third theme, "Challenges 

ro Wildlife Health and Conservation in Protected Areas," 

by parricipating in projects addressing disease issues in 

Mikumi and Ruaha National Parks, including a giraffe 

immobilization (see picture below) and disease field survey. 

Addirionally, participants learned about new initiatives rhar 

have creared community-based wildlife management areas 

and worked on wildlife rrackfog, plant identification, and 

fish sampling field exercises inside rhe newly creared Pawaga

Idodi community-based Wildlife Managemem Area. The 

pros and cons of community-based conservation initiatives 

were addressed during lively discussions. C hallenges and 

recenr success in rhc conservarion of Zanzibar's indigenous 

foresrs and mangroves were highlighred in a visir to Jozani 

Chakwa Bay Conservation Area. 

Finally, "Threats to Tropical Marine and Freshwater 
Systems" were addressed. Parricipanrs closely studied 

rhe l 5-year conservarion crisis of the Grear Ruaha River. 

The hiscory and consequences of rhe drying of the Grear 

Ruaha River were presenred in a derailed case study, 

and participants visited various sires along rhe river and 

its rriburaries to: 1) see examples of irrigation and water 
diversions, 2) assess fish species diversity, and .?) sample 

l'(lorking with a team oflim:umian wildlife 
veterinarians, Eiwirov<'t students monitor and collect 
vital samples Jimn rm immobilized gimffi as part ofan 
Mr disMse investigation in Milwmi N11tio11al Pmk !J.y 
linking l:.fwirovet with the HALI project, students were 
able to gain hands-011 experience in research focused on 
ecosystem health. Photo by Eliznbeth Van Womw: 



Table 1. Output and impact of the Envirovet Summer Institute in Tanzania. 

Output 

A total of 180 hours (average of 9.5 hr/day for 19 days) of training 
in the form of lectures, laboratory exercises, field experiences, 
group discussions. 

24 veterinarians and veterinary students who have new knowledge 
and mentors to facilitate focused careers on wildlife and ecosystem 
health. 

A cohort of like-minded veterinary professionals with mutual 
awareness and the shared experience of Envirovet. 

for pathogens in the water. Pollution problems and the 
latest research in freshwater and marine ecosystems were 
emphasized through discussions and field exercises at 
Sokoine University of Agriculture and the Institute for 
Marine Sciences on Zanzibar. Coral health and innovations 
in mariculture were also highlighted through lectures, and 
field visits to women's cooperatives for sustainable seaweed 
farming and half-pearl jewelry production. 

Practical Implications 

In just 19 days, Envirovet Tanzania provided approximately 
180 hours of instruction, laboratories, and field activities 
from 38 instructors at six sites across Tanzania and the 
island of Zanzibar. By linking HALI and Envirovet, 
students assisted in ongoing research projects, gaining first
hand experience in problem solving when faced with the 
challenges of health research in a developing country. 

Additionally, participants had access to areas not frequented 
by tourists, enabling them to hear unique perspectives 
from pastoralists and village leaders in addition to non
governmental organization staff, academicians and 
government employees. Christina Ploog, an Envirovet 
participant and veterinary student from the University 
of Illinois with a background in social work commented, 
"It [Envirovet Tanzania] was truly amazing and it really 
changed my perception of veterinary medicine, myself, 
my world, my country. I knew veterinary medicine was 
powerful before Envirovet, but the work all of you are 
doing is truly inspiring to me and more than ever I am 
thrilled that I will soon be a part of it all." 

Directing Envirovet in Tanzania has also expanded 
the HALI project's collaborative relationships within 

Impact 

Veterinarians versed in the complexities and multidisciplinary 
nature of wildlife and ecosystem health through immersion 
training. 

Greater capacity among veterinarians at institutions worldwide for 
addressing wildlife and ecosystem health challenges. 

A true network of global animal health and conservation 
professionals addressing ecosystem health challenges with 
the greater synergy and cooperation that such networks make 
possible. 

Tanzania. Five organizations (Sokoine University, Tanzania 
National Parks, University of California Davis, Wildlife 
Conservation Society Ruaha Landscape Program, and the 
Institute for Marine Studies, Zanzibar) worked together as 
hosts and instructors for the course. Bringing instructors 
from different organizations together for the course also 
fostered new research collaborations. 

To date, the Envirovet Summer Institute has trained 339 
individuals from 38 nations, including: Canada, the United 
States, Mexico, Costa Rica, Panama, Colombia, Bolivia, 
Brazil, Argentina, Nigeria, Ethiopia, Kenya, Tanzania, 
Uganda, Zimbabwe, Botswana, South Africa, the United 
Kingdom, France, Norway, Italy, Hungary, Germany, 
Lithuania, Pakistan, India, Thailand, Mongolia, Japan, 
Taiwan, Sri Lanka, and New Zealand. Many Envirovet 
alumni are working to help wildlife, domestic animal, and 
public health around the world each day. Most of these 
individuals have some role at the interface of domestic 
animal-wildlife-public health, with many serving in 
prominent positions in government, academia and non
governmental organizations. 

Dr. Ayebazibwei Christostom, veterinarian and GL-CRSP 
supported Envirovet participant from Uganda wrote, 
"I take this opportunity to thank you for the support to 
attend Envirovet 2008. I have really benefited so much, 
beyond my expectation. The course exposed me to a 
new arena of ecosystem health, encompassing livestock
wildlife-human beings and environment in any aspect of 
research and development. The training has exposed me to 
a number of professionals and colleagues who can help me 
to network and collaborate on a number of issues. I have 
conviction that the knowledge I have gained will further 
support development in my country and over the globe." 
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Pastoralists in East Africa face a multitude of cha!!enges relating to land ownership, environmental concerns and access 

to government services. These difficulties may disproportionate61 affect women due to traditional gender roles within 

pastoralist society. HALI project team members conducted an assessment of gender-roles in pastoralist households during a 

longitudinal survey of study households and focus group meetings in an ~ffert to include women)· voices in socioeconomic 

research investigating interactions between disease and water scarcity, and to identify challenges to empowerment facing 

these women. Findings revealed that women's participation in decision making in pastoralist households within the Ruaha 

landscape is limited to traditional social61 assigned gender roles, most often child care; water collecting; anirnal and 

household husband1)1; construction; food preparation; and production of milk, eggs and chickens; a finding consistent 

with other GL-CRSP research on gender roles and pastoralism conducted in Ethiopia and Kenya. In addition, women in 
Ruaha are often less !ike~y to attend school. At the community level, women;· participation in decision making remains 

low, as they are often reluctant to speak free~y and conjident~y in the presence of men and community leaders. Despite 

these obstacles, experiences from HALI project research suggest that women's participation in decision-making in the study 

area is increasing as they are becorning active in women's associations and sma!! enterprises, entities that enable women to 

co!fecti11ery voice their concerns and foster greater social and economic independence, and that should be fi1rther evaluated 

as potential strategies to improve development efforts focused on women and children. The authors conclude, howeve1; that 

a more detailed gender assessment is warranted, as the roles, constraints and experiences of women vary, and too little is 

understood about the role of these women's associations and microfinance groups. 

Pastoralisrs in East Africa face a multitude of challenges 
relating to land ownership, environmental concerns and 

access to government services. In traditional pascoralist 

societies, including those in the Ruaha landscape, land 

is nm owned bm 'belongs' co a group linked by descent 

or culrural affiliation. Despite the fact that pastoralism 

is the predominant production and livehhood system 

in the arid and semi-arid dry lands of East Africa, its 

value to household food security and national economic 

developmem is hardly considered (Coppolillo and 
Dickman, 2007). Policy makers tend to demonstrate 

little regard for pastoralism and pasroralist interests 

(Odhiambo, 2006). This lack of appreciation for the 

contribution of pastoralism to national economies and 

poor access to education and medical and veterinary 
services has further marginalized pastoralists, with women 

in particular being severely affected. This is especially 

true for women's contributions to pastoral systems. In 

this research brief, the authors consider gender roles and 

their implications for development among three ethnic 

groups living in the Ruaha Landscape, "Ernzania. 

Gender Roles in Pastoralist Societies. Understanding 

the role of gender in traditional livestock production 

systems is essential for effenive research, development 

and policy formulation. In Tanzania, gender roles differ 
in the management and ownership of cattle, goats, 

chickens and other animals. Gender dynamics also 

vary among pastoralists, agropastoralists (permanent 
settlement with crops and animals) and intensive 

production systems (high population density, crop

orientcd systems with a11'imals playing a supplementary 

role). Each has developed different ways to control 

resources, divide labor, and make decisions that are often 

poorly understood by outsiders. In traditional pastoralist 
systems, for example, almost all cattle belong to men, and 

women control only cattle allocated by men. Household 
management and decisions about animals are usually 

made by older men with young men responsible for 

herding, while women are responsible for the milking 

of cows and care of young an,ima'ls. For agropastoralist 

communities, management of liveswck is usually done 

by men, with the processing and marketing of milk 

and butter primarily performed by women. Although 
women may own some animals through inheritance and 

may purchase more rhrough income earning activities , 
they srill consult with husbands regarding livestock 

decisions. Gener::dly, in intensive systems, men contrul 

land and livesrock, but women control food crops and 

are responsib'le for the management of poultry. Unlike 
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pastoral livestock systems, men also may be more likely to 
consult with their wives regarding major decisions. 

W'hy Women-S Voices Matter. The Global Livestock 
CRSP (GL-CRSP) Health for Animals and Livelihood 
Improvement (HALI) project is investigating the effects of 
water limitation and disease on the health and economic 
well-being of pastoralist and agropastoralist households, as 
well as assessing people's attitudes toward disease, disease 
management and livestock/wildlife extension in order to 
identify strategies to more effectively address zoonotic 
disease and development at the human/livestock/wildlife 
interface. In this high conservation-value but water

restricted ecosystem, competition for sca rce grazing and 
water resources is increasing. In addition, potential for 
disease transmission among human, wild I ife and I ivestockare 
growing as pastoralists, agropastoralists and their livestock 
are forced to share common dwindling water sources with 
each other and wildlife. Given the differential effects that 
health and water scarcity may have on pastoralist women, 
it was essential that women's perspectives be heard in HALI 
project research activities, and that varying gender roles be 
considered. For example, perceptions about disease and 
actual disease risk may differ by gender; men make most 
livestock management decisions (including health care) but 
women often attend to daily husbandry needs (milking, 
calf management, tick removal). Accordingly, women may 
be more at risk for health problems and important sentinels 
for recognizing livestock disease, as they may be able to 
more rapidly recognize livestock changes and may be 
exposed more frequently to animal-source disease because 
of their more regular and close contact with livestock and 
animal products (mostly milk, meat, fat and occasionally 
blood). Furthermore, water scarcity may disproportionately 
affect women and children, who are primarily responsible 
for collecting water for household needs. Here the authors 
report on efforts to include women's voices in HALI 
project socioeconomic research, the challenges faced, and 
the initial observations on gender ro]es based upon findings 
from surveys and focus group meetings. 

Methods. From December 2006 through November 2007, 
HALI team members interviewed 160 pasroralist and 
agropastoralist households among Maasai, Sukuma and 
Barabaig ethnic groups to assess the impact of water and 
disease on the health of the household, its livestock, and 
the household economy. The team collected information 
concerning livestock, water and sanitation; household 
structure; labor and health; agriculture; and other income 
generating activities performed by members of the 
household (see Research Brief08-03-HALI for more survey 
details). At each household, the survey administrator made 
efforts to incorporate women into the interview process. 

Women's participation, the types of questions women 
answered, and the interactions between women and men 
were noted during the interviews. Information regarding 

gender division oflabor and education level was captured in 
the questionnaire. In addjtion to household-level surveys, 
data was collected on health, water and economic issues 
at the village level by soliciting information from village 
leaders, in particular village executive officers and. village 
chairmen. The number of village leaders that were female 
was recorded. Village focus groups were also conducted. 
Groups consisted of five to 12 members representing 
leaders of various groups such as women's associations, 
pastoralist associations, water users associations, village 
leadership, small business owners and religious leaders. 
Data concerning problems and challenges encountered 
with respect to agricultural activities, livestock, health 
and education in each village were collected. These 
meetings were led by a female administrator (Nugavava) 
with occasional assistance from other male HALI team 
members (Masozera and Sadiki). Women's opinions and 
the degree of women's participation in these meetings were 
monitored. 

Preliminary Findings 

Efforts and challenges of including women's voices in 
household surveys. Consultation with women on survey 
questions was challenging in pastoral communities. Most 
commonly, data were collected from men, and when they 
were unavailable, women often declined to be interviewed. 
Sometimes when the male head of house was absent and 
his wife and their children were present, the wife would 
invite a son to respond to the survey. Most wives would 

explain that they have no authority to talk to strangers. 
When the male head of household was present and a 
request was made to talk with the wife or wives in front 
of the husbands, most women tended to talk very little. 
When women did participate in the absence of their 
husbands, most gave more detailed information than male 
respondents, especially with respect to water and sanitation 
and household health. In general, the male interviewer 

reported more difficulties in obtaining information from 
won1en. 

Observed gender roles in household interviews and 
village meetings. During the household interviews, wives 
were most often some distance away from the conversation 
area. For questions concerning family structure, most 
husbands gave information about the name, age, education 
and health of each member of the family. However in some 
instances, particularly for households of the Sukuma tribe, 
husbands invited their wives to answer these questions, 
indicating that the wives knew this information better. 
In contrast, husbands in Maasai and Barabaig households 

were typically the only respondents and answered most 
questions about the family. 

Among the heads of household interviewed, 29% 
(47/160) had more than one wife. Polygamy tends to be 



more common 111 Sukuma than in Maasai and Barabaig 
households. The average family size for interviewed 
households was 15 (including members of rhe ex tended 

family). Sukuma and Maasai househo lds who had large 
families also tended to have large herds of cattle. Among 
rhe Sukuma, large families were due to rhe tendency 
of a father, his wives, his sons and their wives and the 
grandch ildren to stay together in the same household. 
Conversely among the Maasai , a large family size was due 
to the head of household having many wives and hence 
many children and other li ve- in relatives. Barabaig men 
interviewed were more likely ro have only one wife, hence 
the average number of people in their families (7.9), was 
lower rhan Maasai ( 11 .25) or Sukuma ( 13.2). Barabaig 
tended to be more strictly nomadic, and smaller families 
~tre likely easier to organize and mobilize for frequenr 
movement. Survey questions regarding education revealed 
that boys are more common ly selected to go to school 
and girls generally remain at home. There remains a high 
illiteracy rate among women and girls. This was attributed 
primarily to maintenance of traditional gender roles, 
lack of family resources and distance from households ro 
schools. A higher proportion of children in Sukuma and 
Maasai households attended school compared to Barabaig 
households. Sukuma and Maasa i households were settled 
closer to the villages and potentially had better access to 

schools. 

At the village level. Preliminary results from focus 
group meetings and village leader interviews show that 
most economic activities are conducted and owned by 
men. Women do participate in activities such as chicken 

husbandry, operation of local restaurants and selling of 
local alcoholic brews. Women have also started creating 
and becoming involved in agriculture associations, which 
are mainly sponsored by the government. In regards to 

governance, only 9 .5% (2/21) of participating villages were 

led by women. 

During the village focus group meetings, most participants 
were men, and even when women attended, they did not 
talk or participate much. Encouraging women to speak 
was challenging, and when they responded, most times 
they repeated what the men had said. The women who 
attended these meetings were often members of women's 
associations. Sometimes these women tried to explain the 
problems they were having in their associations, especially 
their need for capacity building to enable them to more 
effectively utilize funds from donors, as well as their own 
return contributions. 

Practical Implications 

Findings from the HALI project preliminary gender 
assessment show that women's participation in decision 
making in pastoralist households is Limited to socially 

Sukumfl women prepm'ingfaod far 11 wedding camwny in a village 
in Pawag([ Division, Tanzania. Women;· participation in decision 
making in this area is restricted to traditionally flSsigned gender roles. 
Research by the HA.LI project, howe1Ji'/; shows that their participation 
m;ty be incrmsing, due in part to the presence of women's associations 
t1nd small enterpri»es. Photo by Dflvid Wolking 

assigned gender roles, most often child care; water collecting; 
animal and household husbandry; construction; food 
preparation; and production of milk, eggs and chickens; 
a finding consistent with other GL-CRSP research on 
gender roles and pastoraJism conducted in Ethiopia and 
Kenya (McPeak and Doss, 2006; Ngari, 2008). At the 
community level , women's participation in decision making 
remai ns low despite evolving roles in community activities 
supported by governments and donors. Furthermore, rhe 

experiences and knowledge accumulated by women are 
rarely acknowledged or utilized . 

Despite these challenges, initial findings and experiences 
suggest that the posi tion of pasroralist women in the 
Ruaha landscape has improved slightly in recent years, as 
evidenced by women being allowed to leave rhe household 
more frequently. Despite this improvement, pastoralist 
women remain far from "empowered," and rhey most 
often have to get their husband's permission to attend 
community meetings, and rarely have rhe confidence 
to speak. However, women are becoming active in the 
women's associations that now exist in most of the study 
villages, and in some cases even contribute money, which 
in many instances is used for microfinance development 
activities for members. Accordingly, rhere is a need to 

increase education and confidence-building opportunities 
for these women to enable them to make decisions more 
effectively, and to encourage consideration of profitable 



actrvmes that will optimally benefit their households and 
villages, a role that can be supported to a much greater extent 
in the study area by government agencies and development 
organizations. 

Addressing gender equality issues in pastoralist communities 
is a continuing challenge, as traditional gender roles are very 
much entrenched and there are few experts on gender issues in 
the area. There is a need to involve gender experts in projects 
such as HALI, but such experts should either be from the area 
or have a very good understanding of east African pastoral 

Further Reading 

soCietres. In conclusion, though the current assessment did 
identify several gender-related issues and challenges in the 
study area, a more detailed gender assessment is warranted, as 
the roles, constraints and experiences of women vary, and too 
little is understood about the role of the women's associations 
and microfinance groups. It is clear from this preliminary 
assessment however, that the evolution of these women's 
groups as the nucleus for gendered empowerment should be 
evaluated as a key strategy to improve development efforts 
focused on education, household health, food security, and 
poverty reduction. 
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When livestock and wildlife are in close proximity, diseases can have severe impacts on livelihoods, biodiversity, and 

even human health. Using a transdisciplinary ecosystem approach rooted in the "One Health" paradigm, an increasingly 
important prism through which governments, non-governmental organizations, and practitioners view human health, we 
are addressing disease trammission and its impacts on livelihoods in water-limited, rural Tanzania. Critical information 
gaps targeted for data collection included disease testing in animals and water, human health and socioeconomic surveys, 
and evaluation of wildlife and livestock demography and land usage. The resulting data were used to assess risk of 

transmission of the bovine tuberculosis, brucellosis, and waterborne pathogens identified in the area and to identijj science
based interventions likely to be implementable in the current economic and cultural contexts. The HALI platform has 
reinforced the importance of the One Health concept and provided Lessons for the development of a new approach to global 
health. Effective surveillance, assessments, and interventions are only possible by crossing the organizational gaps between 
local citizens and institutions studying and managing wildlife, livestock, wate1; and public health. Collecting detailed 
data regarding land use and agricultural practices, food consumption, and water use habits, illness in animals and people, 

and access to healthcare will help appropriately tailor education efforts for priority diseases and pandemic prevention. 
Though strong science is an excellent foundation on which to base recommendations, interventions can succeed only if 
stakeholders are involved in the characterization of the problem and are willing to make the tradeoffi necessary to balance 
their short-term economic needs with those of the long-term health of the ecosystem. Finally, the donor community should 
be encouraged to transcend disciplinary conventions and invest in holistic health projects that have the best chance of 

affecting change. 

Background 

Every day thousands of children and adults die from 
under-diagnosed diseases that have arisen at the human
animal-environment interface, especially diarrheal and 
respiratory diseases in developing countries. Explosive 
human population growth and environmental changes 
have resulted in increased n umbers of people living 
in close contact with wild and domesric all.imals. 
Unfortunately, this increased contact together with 
changes in land use, including livestock grazing and crop 
production, have altered the inherent ecolog,ical! balance 

between pathogens and their human and animal hosts. 
In fact, zoonotic pathogens account for the majority of 
emerging infectious diseases in people. Nowhere in the 
wmld are these health impacts more important than ,i n 
develloping countries, where daily workll oads are highly 
dependent on the availability of natural resources. 
Water resources are perhaps most crucial, as humans 
and animals depend on safe water for health and 
survival, and sources of dean water are dwindl ing due 
to demands from agriculture and global climate change. 
As water becomes more scarce, animals and people are 
squeezed into smaller workable areas, increasing contact 
among infected animals and people, and facil itating 
disease transmission (Clifford er al., 2008). 

These conditions are particularly prevalent in rural 
Africa and near remaining wildlands. Rapid population 
growth and consequent demands for natural resources 
are making African wildlands increasingly vulnerable 
to conversion to other 1land-uses, such as 'fogging, 
agriculture, and pastureland. A recent anailysis by 
Wittemyer et al. (2008) found that average annual 
population growth rates were higher in buffers to 
protected areas than in rural areas in Africa and Latin 
America. Protected areas provide some of rhe 'last 

supplies of ecosystem goods and services for expanding 
human populations, yet their porous edges provide 
refuge for the vectors of zoonotic disease transmission. 

The interconnectedness of human, animal, and 
environmental health is at the heart of 'One Health,' 
an increasingly important prism through which 
governments, non-governmental organizations, and 
practitioners view human health. An important 
implication of the One Health approach is that 
integrated policy interventions wl-iich simultaneously 
and holistically address multiple and interacting causes 
of poor human health - unsafe and scarce water, lack of 
sanitation, food insecurity, and dose proximity between 
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in people, ofcen associated with BTB 
infection from animals, accounts for 
20% of the reported cases in Tanzania. 
Therefore, bovine tuberculosis became 
a focal disease for the HALI project 
due to its high livestock prevalence, 
wildlife data paucity, and the large, 
susceptible HIV/AIDS-infected human 
population living in close association 
with livestock and wildlife. Additional 
priorities for HALI were determined 
through gender-balanced interviews 
with affected communities. Through 
these interviews and stakeholder 
meetings, an overwhelming consensus 
emerged: 

Figure I. Local and global influences impacting human health, including the interdependence 
of people, animals, plants, and the environment, and associated food and water availability, 
safe~Jt, and security. 

A significant proportion of the rural 
population in the Ruaha Landscape is 
affected by diseases impacted by water 
supply, and these diseases are affecting 
health, agricultural productivity, food 
security, and biodiversity in the region. animals and humans - will yield significantly larger health 

benefits than policies that target each of these factors 
individually and in isolation. By its very nature, the One 
Health approach is trans-disciplinary, since it is predicated 
on working collaboratively to improve and promote 
both human and animal health. Figure 1 depicts the 
interdependent relationships and influences that interact 
to affect human heal.th. This complexity necessitates 
professionals from multiple disciplines to collaborate on 
the design of effective interventions. 

In 2006, the Health for Animals and Livelihood 
Improvement (HALI) project was initiated to test the 
feasibility of the One Health approach in rural Tanzania 
and to find creative solutions to these problems. HALI is 
investigating the impact of zoonotic disease on the health 
and livelihoods of rural Tanzanians living in the water
limited Ruaha ecosystem, one of Tanzania's largest wild 
areas, where virtually all communities depend entirely on 
the natural resource base and where livestock are central 
to traditional natural resource management. The HALI 
approach recognizes that the health of domestic animals, 
wildlife, and people are inextricably Linked to the ecosystem 
on which all depend (Clifford et al., 2008). 

Zoonotic diseases known to be of public health importance, 
like rabies and Rift Valley Fever, are present in wildlife, 
domestic animals, and people in Tanzania; however, the role 
of under-diagnosed disease, like bovine tuberculosis (BTB), 
has only just begun to be characterized. Nearly 40,000 new 
cases of tuberculosis (human, bovine, or atypical strain) are 
diagnosed per year in Tanzania, with anywhere from 21-
77% of Tanzanian tuberculosis patients also infected with 
HIV The extra-pulmonary form of tuberculosis (EPTB) 

Accordingly, HALI is assessing the impact of the interactions 
between water and disease in Ruaha by simultaneously 
investigating the medical, ecological, socioeconomic, and 
policy issues driving the system. 

Achievements 

The map in Figure 2 illustrates our multi-level approach 
which includes: testing of wildlife (n=70), livestock 
(n=1350 in 102 households), and their water sources 
(10 sources sampled monthly for two years) for zoonotic 
pathogens and disease; environmental monitoring of 
water quality, availabiility, and use (with above); assessing 
wildlife population health and demography (surveys in 
association with Wildlife Conservation Society, Tanzania 
National Parks, and the local community managing 
wildlife); evaluating livestock and human disease impacts 
on livelihoods of pastoralist households (n= 159 household 
surveys examining economic and disease transmission risk 
factors, including gender differences, subset resampled 
seasonally); examining land and water use impacts on 
daily workloads and village economies (n= 18 detailed 
diaries); introducing new diagnostic techniques for disease 
detection (technology transfer between University of 
California, Davis and Sokoine University of Agriculture); 
training Tanzanians of all education levels about zoono>tic 
disease (over 950 local people by outreach programs, 24 
game scouts and technicians, four Honors Bachelor and 
Extern Projects, two Masters theses, one Rwandan PhD); 
and developing new health and environmental policy 
interventions to mitigate the impacts of zoonotic diseases 
(currently underway). Perhaps most imporitandy, HALI is 



exam111111g these issues in a common framework with 
specific emphasis on the interactions between them, 
instead of attempting to isolate a single issue. 

HALI Households Surveyed and Water Sampling Sites 
in the Ruaha Ecosystem, Tanzania 

Ruaha National Park 
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The HALI project has identified bovine tuberculosis 
and brucellosis in livestock and wildlife in the Ruaha 
ecosystem and is using this information to identify 
geographic areas with varying water availability where 
risk of transmission between wildlife, livestock, and 
people may be high. In addition, Salmonelltz, Escherichia 
coli, Cryptosporidium, and Giardia spp. that can cause 
disease in humans and animals have been isolated from 
multiple water sources used by people and frequented 
by livestock and wildlife. These data are now being used 
to examine spatial and temporal associations between 
landscape factors and disease and to identify risk factors 
and health impacts that may be mitigated through 
policy changes and outreach. Preliminary findings also 
indicate that more than two-thirds of participating 
pastoral households do not believe that illness in their 
families can be contracted from livestock, and nearly half 
believe the same of wildlife. Furthermore, when HALI 
began working in this region, 75% of households did 
not consider sharing water sources with livestock or 
wi1dlife a hea.lth risk, illustrating the need for effective 
community education. 

Figure 2. Map of the HALI project study r1rea in the Ruaha Ecosystem, 
Tanzania. 

The HALI project is currently focusing efforts on continued 
disease surveillance, health education and outreach, and 
collaboration with the Tanzanian medical community to 
better integrate animal and human health in rural areas of 
Ruaha. In 2009, HALI research in Ruaha formed a key 
component in obtaining a competitive research award of 
up to $75 million over five years to host a new USAID 
Emerging Pandemic Threats program entitled PREDICT 
Building a global early warning system for emerging diseases 
that move between wildlife and people. PREDICT, now 
underway, is a research and capacity strengthening program 
working to improve disease surveil'lance and detect new 
and emerging diseases in wildlife that threaten humans in 
infectious disease hotspots around the world, like Ruaha. 
The PREDICT consortium is led by HAU Lead PI Dr. 
Jonna Mazer, and hosted within the UC Davis School of 
Veterinary Medicine's new One Health Institute. 

Lessons Learned 

The HALI platform has reinforced the importance of 
the One Health concept and provided lessons for the 
development of a new approach to global health. First, 
it is crucial to recognize that zoonotic pathogens are 
present and emerging in rural communities and that their 
emergence is spatially and temporally variable within these 
communities. Most people living in high risk areas are not 
aware of the danger or what can be done to reduce it. In 
addition, transmission can be exacerbated by common 

animal husbandry and food and water handling practices. 
Therefore, data collection strategies should include the 
evaluation of spatial, temporal, and demographic patterns 
of pathogen prevalence and disease in human, domestic 
animal, and wildlife populations in likely hotspots for 
disease emergence. The underlying water and land
use determinants of disease and the social, economic, 
and cultural barriers to control and prevention must 
be explored. While local stakeholders and international 
institutions actively involved in animal health, 
conservation, af1d livelihood assessment and improvement 
were quick to engage in HALI, physicians and public 
heald1 experts (local and international) have been slower, 
likely due to competing demands on time and resources 
already dedicated to addressing malaria and tuberculosis 
of human origin. Concerns over the financial escalation of 
projects directly measuring pathogens in human subjects 
was also an obstacle to engaging medical professionals for 
these neglected diseases. 

Second, the role of water in disease transm1ss1on and 
zoonosis emergence should be further explored. Water 
scarcity increases work stress, especially in women and 
children, and brings animals and people together more 
frequently, increasing the likelihood of water contamination 
and transmission of infectious diseases. Likewise, the 
manner in which water is used for agricultural and animal 
production affects worker health, food safety, and the health 
of those who drink and bathe in it. Improving water safety 



and security, including sanitation, in ecologically appropriate 
ways that reduce disease risk will require a transdisciplinary 
approach in which economists, ecologists, epidemiologists, 
and engineers play important roles with public and animal 
health practitioners. 

Finally, the determinants and consequences of zoonotic 
diseases, as well as the interventions to mitigate their 
deleterious effects, are a[i[ cross-sectoral. Effective surveillance, 
assessments, and interventions are only possible by crossing 
the organizational gaps among institutions studying and 
managing wildlife, livestock, water, and public health. It is 
clear rhat education in global health, especially emerging 
z.oonotic diseases, is urgently needed at all levels from 

Further Reading 

research institutions to pastoralist communities. Collecting 
detailed data regarding land use and agricultural practices, 
food consumption, and water use habirs, illness in animals 
and people, and access to healthcare will help appropriately 
tailor education efforts for priority diseases and pandemic 
prevention. While strong science is an excellent foundation on 
which to base recommendations, interventions can succeed 
only if stakeholders are involved in the characterization of 
the problem and are willing to make the tradeoffs necessary 
to balance their short-term economic needs with those of the 
long-term health of the ecosystem. The donor community 
should be encouraged to transcend disciplinary conventions 
and invest in holistic health projecrs that have the best chance 
of affecting change. 
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Sustainable management of landscapes with multiple competing demands requires balancing the diverse preferences and 
needs of stakeholder groups. Conservation and development organizations have often made unwan·anted assumptions 

about what is desired by, or good far focal people without engaging local stakeholders. This study uses conjoint analysis to 
assess the preferences of representatives from three stakeholder groups-local communities, district government officials, and 
non-governmental organizations (NGOs)-to identijj potential competing conservation and development priorities facing 
/.ocal communities in the Ruaha Landscape of Tanzania. Representatives of focal agrirnltt1ral communities place high 

importance on investments in farm er's cooperatives that increase accessibility to supplies, loans, and capacity development. 
In contrast, district government officials and NGOs perceive investments to improve health, education, and tourism 

infrastructure as highest priorities far the region. Analysis suggests a need far incorporating issues deemed important 
by these various groups into a development strategy that aims to promote conservation of the Ruahtt Landscape while 
improving the livelihoods of focal communities. To be successful, future projects, whether conservation or development, 
must reconcile objectives at local to global scales and across sectors. 

Background 

The establishmenr of more than 44,000 protected areas, 

covering nearly 14 million square kilometers (kmz) across 

virtually every country of the world may weU be one of 

the most stunning conservation successes of the 20th 

centu1y. However, convenriona l management strategies 

such as a 'fences and fines approach' that prohibit access 

to protected areas have escalated conflicts between local 
communities and management authorities in developing 

countries. These conflicts are more pronounced where 

communities were once dependent on these areas for 

rheir subsistence needs. Growing populations are also 

increasingly drawn ro the borderlands of protected 

areas ro access ecosystem goods and services, including 
firewood, bush meat, clean water, medicinal plants, and 

refuge areas during civil strife. Wittemyer er aif. (2008) 

found that average annual population growth rares were 

higher in buffers of protected areas than in rural areas of 
rhe same country in Africa and Latin America. 

Africa's long history of conservation has been dominated 

by management strategies rl1at exclude human use of 

resources in protected areas. Post-colonial African 

governments have continued to embrace these strategies. 

Because many protected areas have been proposed 

on lands that are legally or cusrom;irily occupied and 
managed by local people, it has often been impractical, or 

impossible, to consider these lands off-limits to human 

use. FL1rthermore, in countries where remote populations 

endure social and economic marginalization, protected 

areas have further restricted livelihood options. As a 

resu lt, the protectionist app roa h has cau ed kegricism 

and even hatred between protected area managers and 
surround ing communities. There is a growing consensus 

among conservationists that rhe traditional protectionist 

approach will nor ensure land and wildlife sustainabiliry 

over the long run in Africa. 

In many parts of Africa, and specificallly m Southern 
Africa , different models of commurnry based 

conservation programs have been undertaken in recent 

years that seek to lin k conservation with rhe alJeviarion 

of rural poverry, as well as encouraging community 
participation. Community based conservation (CBC) 

stresses the need to include local people either direcdy 
in protected area management or politically in the 

conservation policy process. However, the literature 

suggests that first generation CBC approaches have 

failed to achieve their goals. Songorwa ( 1999) notes that 

the main reasons were the failure ro meet communities' 

expectanons and the unwil lingness of nationa l 
governments to devolve ownership and managemenr 

responsibili ty to local communities. In addition, the 

lack of community infrastrucrnre and capaciry ro 

manage CBC projects has also been found to be an 

obsracle to success. In many cases, CBC approaches 
have been unable to address the complex and diverse 
intcresrs of the people and institutions with claims to 

land and resources in and around protected areas. 

Perhaps the lack of success of some C BC iniriarives 

has been due to rhe characterization of communiry 

resow-ce management needs by outside experts instead 
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of rhe kJ1owledge and prioriries of local people. A major 

challenge for rhe nexr generarion of CBC is to find 

more effecrive ways to engage people whose livelihoods, 
inreresrs, and furure are linked to rhose of a prorected area 

while effecrively engaging those wirh relevant jurisdiction 

or substanrial local influence (e.g. community leadership; 

local, regional, and narional government; wildlife and 
prorecred area management agencies; research and 
development organizations; and churches). There have 

been few sysrematic arremprs to help srakeholders idenrify 

and rhen make informed choices berween compering 
priorities in conservation or developmenr. 

This research brief reports on the use of con101nr 
analysis (CA) to identify similariries and differences 

in perceprions of differenr srakeholder groups - non
governmenral organizations (NGOs), village governmenr, 

agro-pasroralisrs, and agriculruralisrs - regarding root 

causes and porenrial solurions for challenges relared to 

balancing conservarion and developmenr needs in the 

Ruaha Landscape of Tanzania. Idenrifying srakeholder 

prioriries and evaluating trade-offs before implementarion 

of management can reduce rhe framework for successfully 
engaging multiple stakeholders at the local, regional, 

narional , and inrernational scales. 

Study Area. The Ruaha Landscape covers over 45,000 km2, 

including rhe 10,300 km2 Ruaha Narional Park (RNP), 

four Gamt: Reserves, rwo forest reserves, and the Pawaga
Idodi Wildlife Management Area (WMA), and is an area 

of sourhem Tanzania wirh oursranding biodiversiry and 

significant porenrial for livelihood improvemenr rhrough 
ecotourism, hunring, and the provision of ecosysrem 
sen•ices. Ir is siruared wirhin one of rhe World Wide Fund 
for Narure's 'Global 200' ecoregions, and encompasses rwo 

Audubon Sociery lmportanr Bird Areas and rwo proposed 
Ramsar sires. The area harbors an inracr large carnivore 

fauna, including rhe contint:nr's third largesr popularion of 

African wild dogs, and is parr of a prioriry 'hotspor' for 
African carnivore conservarion. 

While conservation acriviries have rhe potential to improve 

local livelihoods, wildlife is an under-developed resource 
in rhe southern portion of rhe landsca pe. Less rhan 10% 
of rhe Ruaha Narional Park is developed for photographic 

tourism, and communiries are poorly integrated into 
the wildlife economy, with fewer than 2(Yo of local 

residenrs involved in or deriving revenues from rourism. 
Recogn izi ng similar parrerns throughout Tanzania, 

legislation was esrablished to allow villages co direcrly 
benefir from wildlife by esrablishing WMAs in village lands 

surrounding prorecred areas. As parr of the WMA process, 

villages must establish and adopt land use plans so char 

conservarion and developmenr objecrives arc balanced ar 
the village level and rhe necessary governance srructures are 

esrablished. WMAs are designed wirh rhe joinr objecrives 

of conservarion and development, bur rhe necessity of 

making rradeoffs berween these are also apparent at the 

village and narional levels. The low rainfall in rhis portion 

of rhe Ruaha landscape makes decisions over land use and 

renure for dryland agriculture and livesrock production 
especially conrenrious. 

To better understand village-level priormes, this study 

applied a combination of focus group meetings and a 

conjoinr survey workshop with representarives of the villages 

ofidodi and Pawaga divisions, the gateway communities to 
the Ruaha Narional Parle We aJso surveyed governmenr, 
business, and NGO organizarions ar rhe regional level ro 

analyze rheir preference alignmenr wirh village priorities . 

Conjoint Analysis. Conjoint analysis (CA) is a technique for 
establishing rhe relative imporrance of differenc amibutes 

in rhe provision of a good or service. Ofren referred to as 

choice modeling, CA has its origin in marker research where 

it has been used to idenrify factors influencing the demand 

for commodities. In a rypical CA srudy, individuals are 
asked co rank hypotherical scenarios composed of different 

levels of imporranr amibures in the provision of a good or 
service. 

A four phase analytical srraregy was used to develop the 

choice modeling exercise in rhe current study. First, focus 
group meetings were conducred ar both rhe village and 

district levels where represenrarive srakeholders identified 

crirical problems facing local communiries - idenrified 
problems included agriculrure, livesrock, education, and 

healrh issues. Representatives included agriculruralisrs 
and agro-pastoralists, religious leaders, tribal leaders; 
local government represenratives, business owners, 
and representatives from warer users' associarions and 

women's groups, with particular attention paid to gender 
represenrarion. Ar the disrricr level, key srakeholders were 

selected based on rheir relationship with or involvement 

111 rhe four economic seccors identified, including 
representatives of government ar rhe disrricr level, non
governmental organizarions (NGOs), and business 

operators. 

Second, attribures were formulated co address community 

needs and concerns. They included invesrmenr in farmers' 
cooperatives, water infrasrrucrure, tourism infrasrructure, 

exrension services, health, and education. These attributes 
were formulared as potential solurions to address the major 
problems idenrified in focus groups, and each arrribure had 

a mix of two or rhree possible levels of investment. 

Third, a conjoint ranking survey was designed ro solicit 

preferences for the five attributes and various levels. Ten 
alternatives, each depicring a unique bundle of amibute 

levels, were designed for parricipanr ranking based on an 
orthogonal design that a!Jows esrimation of linear and 
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quadratic main-effect components over 
the entire range of 108 possible alternatives 
with the least number of trials. To complete 
the conjoint survey, two participants - the 
village executive officer and one other 
stakeholder- from each of2 I villages from 
Pawaga and Idodi divisions were invited to 

parcicipate in an all-day workshop (with 38 
of 42 ultimately attending, including 26% 
women). Each participant was asked to 

individually rank I 0 alrernatives provided 
in Kiswahili on index cards by sorting 
and stacking them in order from most to 

least preferred alternative. Respondents 

Cooperatives Extension 

Attributes 

also answered a series of arritudinaJ and 

demographic questions. Subsequently I I 
district-level representatives completed the 
survey. Finally, an ordered probir model 

Figure I. Overall importance ofattributes from the conjoint analysis (all respondents: 

village and district representatives). 

(a popular specification for a binary response model) was 
used to identify differences in preferences for potential 
solutions ro address the problems identified in Phase 1. 

Findings 

Figure 1 shows the relative importance of attributes when 
considering all respondents together. Overall, investment 

in farmers' cooperatives was the most important attribute 
with a relative importance score of 28%, followed by 
investments in health, tourism, water infrastructure, and 
livestock extension services. 

When considering differences in priorities among 
groups, investment in farmers' cooperatives was the 
most important arrribute for the agro-pastoralisr and 
agriculturalist respondents, with relative scores of 33% 
and 37%, respectively. The lack of emphasis on ware.i: and 
livestock extension services may be explained by the low 
participation of pure pastoralists in the conjoint workshop. 
T he results from district government employees and NGO 
respondents show that investment in health and education 
was the most important attribute with relative scores of 

35.5% and 29.9%, respectively. Investment in tourism 
infrastructure was the second most important arrribute for 
district government representatives. However, tourism was 
given low priority amongst village representatives and was 
rarely mentioned as an economic activity during village 
focus group discussions, representing a key disconnect 
between district-level and local-level prioriries . 

Results of the focus group research and conjoint analysis 
revealed some differences in key priority areas for 
development. Differences revolve around short-term 
versus long-term actions to address the issues facing village 
districts along the edge of the Ruaha National Park and 
other protected areas. In general, the local stakeholder 
participants preferred immediate income-generating 

actions, while district stakeholders preferred longer-term 
investment, such as improvement of health, education, 
and tourism sectors. Goals around tourism development in 
village-concrolled WMAs showed a considerable disconnect 
between village-level and district-wide priorities. This 
likely comes from the high expectations from locaJ 
communities of the financial benefits from che WMA, 
which have not materialized. Most of the revenues from 

the WMA come from investors through royalties and taxes, 
and chis money goes mainly into community developmenr 
projects (i .e. school, health facilities, roads, and water) bur 
with licrle perceived direct impact on household incomes 
and livelihoods. In addition, rhere is a perception of lack 
of transparency and accountability in the managemenc of 
theWMA. 

Practical Implications 

Sustainable managemenc of landscapes with multiple 
competing demands, such as in the Ruaha Landscape, 
is complex due to the diverse preferences and needs of 
stakeholder groups involved. Finding a management 
strategy that integrates community preferences at the local 

level with chose of ocher stakeholders at the district, national, 
and international levels is of paramount importance. 

Over the last few decades land use in the Ruaha Landscape 
has been increasingly shaped by an approach akin to char 
of the problem-isolation paradigm, which breaks down a 
complex problem into a suite of small, easy-to-understand 
elements. From the biodiversity conservation perspective, 

the problem-isolation paradigm has proved unsatisfactory 
because biodiversity cannot be concained within the 
confines of a protected area, nor can people be easily kept 
out of areas required for biodiversity conservarion. From 
the rural development perspective, the problem-isolation 
paradigm has also proved a particularly unsatisfactory model 
to shape land use, because the definition of the problem 



and the identification of the solution have tended to be top
down and centralized. For instance, the Usangu rice schemes 
upstream of the focal villages examined here, were conceived 
to create opportunities for expanding crop agriculture, but 
because they were planned and implemented in isolation, 
they had the unintended consequences of undermining 
Tanzania's hydroelectric capacity and ecotoutism industries. 
To be successful, future projects, whether conservation or 
development, must reconcile objectives at local to global 
scales and across sectors. 

Further Reading 
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The Health for Animals and Livelihood Improvement (HAL!) project undertook a two-year capacity building and water 
quality testing study in the Ruaha ecosystem of south-central Tanzania. New diagnostic procedures for enumerating 
standard indicator bacteria, as well as detecting and characterizing zoonotic jf:cal bacterial and protozoa! pathogens of 

public health concern, were instituted at Sokoine University of Agriculture and in the field. ~tter quality o{surface waters 
used by human and animal populations for drinking, cooking, and bathing was found to be poor throughout the year and 
at all study sites. Indicator bacteria levels exceeded regulatory water quality criteria more than 50% ofthe time at upstream 

sites and 25-50% of the time at downstream sites where more tributaries have fed into the main waterways. Salmonella, 
Cryptosporidium, and Giardia were detected at sites used predominantly by humans and their livestock, as well as at 
sites used predominant61 by wildlife. Considering the relatively poor water quality, and the heavy use of water resources by 
human and animal populations, it is quite likely that untreated waters represent significant public health risks. This study 
highlights the need for efforts to prevent contamination of surface waters with jf:cal wastes, as well as the importance of 
utilizingpoint-ofuse water treatmentpractices to minimize health risks to humans and animals in this dynamic ecosystem. 

Background 

Water quality and quantity issues shape societies and 
civilizarions around the world. In East Africa, specifically 

in Tanzania, warer quality srudies conducted outside of 
the major coastal townships are rare. The lack of effective 
sewage treatment and fecal management programs 
for human and animal populations throughout the 
continent, along with the high rate of diarrheal diseases, 
suggest that fecal pathogen pollution is a critical problem 
that needs to be addressed (Mohammed , 2002). As part 
of the Health for Animals and Livelihood [mprovemenr 
(HALI) project, we sought ' to characterize ambienr 

water quality in the Ruaha ecosystem ofTan:rnnia, where 
water management and climate change facrnrs have 
contributed to the annual drying of the Great Ruaha 
River, and thus forced human and animal populations 
to share and compete for diminishing water resources. 

A second but equally important goal of this srudy was 
to build in-country capacity to conducr diagnostic 
testing for fecal bacteria and protozoa at universi ty and 

government laboratories, 

To achieve these goals, HALI staff conducted monthly 
sampling of 10 riverine study sites along the Great 
Ruaha River and its tributaries. Sites were selected based 

on their use either by human populations and their 
associated livestock, or by wildlife populations , or both 
(Figure l). Field collections began in February 2007 and 
were completed in January 2009. Water samples from 
the 10 river and one downstream reservoir (Mtera) were 
screened for a suite of indicator bacteria that represent 

fecal contammanon, zoononc bacterial pathogens, 

zoonotic protozoa! pathogens, and other standard 
water quality parameters. This research brief presents 
preliminary findings pertaining to indicator bacteria 
and pathogens detected in surface water samples from 
the Great Ruaha and Little Ruaha River systems in 
south-central Tanzania, and discusses possi ble next steps 
for the monitoring and mitigation of fecal pathogen 
pollution in Tanzania. 

Findings 

The HALI water quality rnvesnganon identified 
Escherichia coli (E. coli), an indicator of fecal 
contamination, at levels exceeding regulatory water 
quality criteria at all study sites and in all months. Figure 

2a shows the mean E. coli levels by study site, and Figure 
2b shows the mean £. coli levels by month. A horizonral 

line indicates the U.S. Environmental Protection Agency 
(EPA) recommended maximum level of 298 E. coli per 
100 milliliters (ml) for ambient recreational waters 

receiving moderate use (EPA, 1986). Statistical anailyses 
showed that high £. coli levels were three rimes more 
likely to be detected in water samples collected in the 

ea rly dry season Oune, July, August) when water bodies 
are shrinking, than in the early wet season (December, 
January, February) when water levels are increasing. 
High l:,'. coli levels exceeding regulatory criteria were also 
twice as likely to be detected at upstream sires compared 
to samples from Mtera Reservoir, l·ikely due to the large 
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HALI Water Sampling Sites 
in the Rua ha Ecosystem, Tanzania 

Wildlife Management Area 

Legend 

detected in water samples collected during 
the late wet season (March, April, May) as 
compared to the early wet season (December, 
January, February), and was twice as likely 
to be detected at upstream sites compared to 

downstream sites. Molecular characterization 
efforts are currently underway that may shed 
additional light on the diversity, genotypes, 
and potential virulence of study isolates. 

Practical Implications 

Fecal pathogen pollution is a problem 
worldwide, and lessons can be learned from 
both developed and developing countries 
when it comes to water quality and managing 
fecal wastes. Our findings regarding indicator 
bacteria confirm that fecal contamination 
identified more than a decade earlier in 
south-central Tanzania persists; E. coli levels 
ranging from 2,900 - 4,400 bacteria per 100 

• High f . Coli Levels > 50% of the time 
ml were reported for river samples (Jiwa 
et al., 1991). Considering that the EPA 
recommended upper limit for recreational 

~ High f . Coli Levels 25-50% of the time 

Pastoralist Communities 

Figure 1. Map of water study sites in the Ruaha eco!>ystern, Tanzania. 

dilutional effect of the reservoir receiving waters. Figure 1 
shows the seven upstream sites where E. coli levels exceed 
regulatory criteria more than 50% of the time, as compared 
to the four sites downstream of joining tributaries where 
criteria were exceeded 25-50% of the time. It is unclear 
at this rjme whether the exceedingly poor water quality 
at upstream sites was due to increased fecal inputs from 
human and animal sources compared to fecal inputs at 
downstream sites, or whether the difference was due to 
larger water volumes present at downstream sites diluting 
the bacterial concentrations and perhaps associated health 
risks. Regardless, these findings provide critical data that 
should raise awareness of water quality problems and will 
hopefully stimulate discussions of approaches to better 
manage water quality and quantity issues in the region. 

Fecal pathogen distribution patterns in space and rime 
support the indicator bacteria findings. Salmonella 
bacteria were detected at 91 % (l 0/11) of the study sites 
and were detected throughout the year, while the fecal 
protozoa! pathogens Cryptosporidium and Ciardia were 
detected in water samples at 25% (3/ 12) of study sites 
and were only detected in the wet season. Pathogens were 
detected at sites used predominantly by humans and their 
associated livestock, as well as at sites used predominantly 
by wildlife species, and [here was no statistical difference 
between pathogen detection based on the human/animal 
use factor. Salmonella was nine times more likely to be 

waters with moderate use is 298 bacteria 
per 100 ml, and the fact that our study sites 
receive heavy use from human and animal 
populations who use the water for drinking, 
cooking, and bathing, it is quite likely that 

untreated waters represent significant public health risks. 

There are several different approaches to be considered 
for minimizing health risks from fecal pathogens in our 
study system. Fecal wastes are often categorized into 
point and non-point sources, where point sources are 
identifiable foci of human or animal waste such as sewage 
outfalls, while non-point sources represent more diffuse 
sources such as agricultural runoff, stormwater, or leaking 
septic fields. Managing point sources of fecal waste to 
minimize contamination of receiving waters may include 
implementing sewage treatment practices that can be 
centralized in a large wastewater treatment facility (Mbwele 
et al., 2003), or de-centralized as many small domestic 
on-site wastewater purification projects (Oladoja and 
Ademoroti, 2006). Reducing the transport and health risks 
due to fecal pathogens from non-point sources requires a 
different approach, as the concentration may be lower but 
the volume of contaminated runoff higher. Two promising 
principles are to mechanically filter out and to sediment 
pathogens from runoff using barriers such as vegetated 
filter strips between fecal sources (e.g. animal populations 
or fidds fertilized with manure) and downstream 
waterways (Miller et al., 2007), or by channeling 
contaminated waters through wedands to improve water 
quality (D'Arcy et al., 2007). Of course there are costs 
associated with implementing sewage treatment practices 
or other Beneficial Management Practices (BMPs), but the 
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Figure 2a and 2b. Mean indicator bacteria Escherichia coli (MPN per I 00 ml) b)' HALI water study site (left); and Mean indicator 
bacteria Escherichia coli (MPN per I 00 m/) by month (right). All sites exceeded the EPA recommended upper limit for ambient recretttional 
waters with moderate human contact (298 E. coli per I 00 ml, shown with a horizontal line). 

costs of improvemencs muse be weighed against benefits of 
reducing health risks, and against the costs of healthcare 
to treat illnesses due to fecal pathogens in the human and 

animal populations. 

the abundance of solutions and possible interventions, 
however, it will rake creative and interdisciplinary efforts 
to effectively evaluate and implement improved water 
management approaches in rural communities where 
people are struggling to make a living, and may not have 
the means to easily treat their water sources or improve 
their managemenr of human and animal fecal wastes. 

An attractive alternative or even complementary approach 
to reducing inputs of fecal waste into ambient waters ts 
to encourage point-of-use treatment to improve water 
quality and reduce health risks at the household level. 
Poinc-of-use (POU) water treatment methods include 
boiling, chlorination, coagulation, SODlS (solar 
disinfection using transparent polyethylene bottles), 
ceramic filters, and biosand filters (Jenkins et al., 2009; 
Sobsey er al., 2008). Srudies in Africa are now starting 

Figure 3. D1: Annette Kitrtmbi, t1 gmduate student supported by HALI, 
trains local government personnel to read water qurrlit]• test results during 
t1 field collection day. Photo by D. Clifford. 

to investigate the effectiveness of these approaches for 
use on drinking water (Tiwari et al., 2009), as well as 
for water chat may be needed for other uses such as 
irrigating vegetables to be consumed raw (Keraita et 
al. , 2008). POU BioSand filtration, for example, was 
successfully implemented among pastoral and agro
pastoral communities in the River Njoro watershed, 
Kenya by the Global Livesrock CRSP Multidisciplinary 
Research for the Sustainable Management of Rural 
Watersheds (SUMAWA) project. Through SUMAWA's 
POU program, rural health improvements were achieved 
through the reduction in diarrheal disease prevalence 
among BioSand filter users (Jenkins et al., 2009). 

These point-of-use approaches may provide insights 
into possible treatment of water supplies that would 
prevent health risks in domestic animals as well. For 
example, another SUMAWA project intervention in the 

upper River Njoro watershed focused on supplying clean 
drinking water to livestock in troughs set back from the 
actual waterway to prevent stream-bank erosion, to 
reduce the loading of livestock feces into the waterway, 
and to reduce losses due to livestock illness from 
waterborne pathogens (Kyalo et al., 2010). Despite 



Further Reading 

D'Arcy, B.J., N . McClean, K.V. Heal, and D. Kay. 2007. 
"Riparian wetlands for enhancing the self-purification 
capacity of streams." Water Sci. Technol. 56: 49-57. 

Environmental Protection Agency. 1986. Ambient Witer 
Quality Criteria for Bacteria-1986 Environmental Protection 
Agency, Office of Water Regulations and Standards, EPA 
440/5-84-002. 

Jenkins, M.W., S.K. Tiwari, J. Darby, D . Nyakash, W. Saenyi, 
and K. Langenbach. 2009. "The BioSand Filter for Improved 
Drinking Water Quality for High Risk Communities in the 
Njoro Watershed, Kenya." Research Brie/09-06-SUMAWA. 
Globa1l Livestock Collaborative Research Support Program 
(Gl-CRSP), University of California - Davis, Davis, CA. 

Jiwa, S.F.H., J.K Mugula, and M.J. Msangi. 1991. 
"Bacteriological quality of potable water sources supplying 
Morogoro municipality and its outskirts: A case study in 
Tanzania." Epidemio!. Infect. 107: 479-484. 

Keraita, B., P. Drec'hsel, F. Konradsen, and R.C. Vreugden'hil. 
2008. "Potential of simple filters to improve microbial 
quality of irrigation water used in urban vegetable farming in 
Ghana." ]. Environ. Sci. Health 43: 749-755. 

Kyalo, D., and A. Kipranui . 2010. "Community 
Environmental Interventions within River Njoro Watershed, 
Kenya." Research Brief 10-01-SUMAWA. Global Livestock 
Collaborative Research Support Program (GL-CRSP), 
University of California - Davis, Davis, CA. Submitted. 

Mbwele, L., M. Rubindamayugi, A. Kivaisi, and G. 
Dalhammar. 2003. "Performance of a small wastewater 
stabilization pond system in tropical climate in Dar es Salaam, 
Tanzania." Witer Sci. Technol. 48: 187-1 91. 

Miller, W.A., D.J. Lewis, M . Lennox, M.D.G.C. Pereira, 
K.W. Kate, P.A. Conrad, and E.R. Atwill. 2007. "Climate 
and on-farm risk factors associated with Giardia duodena/is 
cysts in storm runoff from California coastal dairies." Appl 
Environ Microbial. 73: 6972-6979. 

Mohammed, S.M. 2002. "A review of water quality and 
pollution studies in Tanzania." Ambio 31: 617-620. 

Oladoja, N.A., and C.M.A. Adermoroti. 2006. "The use of 
fortified soil-clay as on-site system for domestic wastewater 
purification." Witer Res. 40: 613-620. 

Sobsey, M .D., C.E. Stauber, L.M. Casanova, J.M. Brown, 
and M.A. Elliort. 2008. "Point of use household drinking 
water filrration: A practical, effective solution for providing 
sustained access to safe drinking water in the developing 
world." Environ. Sci. Technol. 42: 4261 -4267. 

Tiwari, S.K., W. Schmidt, ]. Darby, Z.G. Kariuki, and 
M .W Jenkins. 2009. "Intermittenr slow sand filtration for 
preventing diarrhoea among children in Kenyan households 
using unimproved water sources: a randomized controlled 
trial." Tropical Medicine and International Health, 14(1 1): 
1374- 1382. doi: 10.1111 /j .1365-3156.2009.02381.x 

About the Authors: Dr. Woutrina Miller is an Assistant Adjunct Professor at the School of Veterinary Medicine, University of 
California, Davis. Email: wamiller@ucdavis.edu. Dr. Deana Clifford has been the HALI project Coordinator based at the 
Wildlife Health Center in the School of Veterinary Medicine, University of California, Davis and is currently a Veterinary 
Epidemiologist with the California Department of Fish & Game. Email: dlclifford@ucdavis.edu. Dr. Rudovick Kazwala is a 
Professor of Veterinary Medicine and Public Health at Sokoine University of Agriculture. Email: kazwala@suaner.ac.tz. Mr. 
AJly Kitime is Senior Laboratory Technician in the Department ofVeterinaty Medicine and Public Health, Sokoine University 
of Agriculture. Email: kitimeally@yahoo.co.uk. Dr. Annette Kitambi completed her Masters at Sokoine University of 
Agriculture (SUA), and is currently a District Veterinarian. Emai'l: annetcekitambi@yahoo.com. Dr. Jonna Mazer is a Professor 
of Epidemiology and Wildlife Health and Co-Director of the Wildlife Health Center in the School of Veterinary Medicine, 
University of California Davis. Email: jkmazet@ucdavis.edu. 

The Health for Animals and Livelihood Improvement (HALI) project was established in 2006 and is a stakeholder-driven 
research and capacity-building program to assess the effects of zoonotic disease and water management on animal health, 
biodiversity, and livelihoods in the Ruaha ecosystem, Tanzania. The project is led by Dr. Jonna Mazer. She can be contacted via 
post at Wildlife Health Center, One Shields Ave., School of Veterinary Medicine, University of California, Davis, CA 95616, 
USA, or via email: jkmazet@ucdavis.edu. 

~,~ T he Global Livestock CRSP is comprised of mulcidisciplinary, collaborative projects focused on human nutrition, 
a • economic growth, environment and policy related ro animal agriculture and linked by a global theme of risk in a 
'ii' ., changing environment. The program is active in East and West Africa, and Central Asia. 

This publication was made possible through support provided by the Office of Agriculture, B11rea11 of Economic Growth , Awiculture and Trade. under 
Grant No. PCE-G-00-98-00036-00 to University of California, Davis. The opinions expressed herein are those of the authors and do nor necessarily 
reflect the views of USA/D. 

Edited by David Wolkin!I & Susan L. Joh11sn11 



Public Health and Rural Livelihoods under Water Scarcity 
in the Ruaha Landscape, Tanzania 

M. Masozera1, J.D. Erickson\ D.L. Clifford2, P. Coppolillo3, 
R. Kazwala4, H. Sadiki4, and J.A.K. Mazel2 

1university of Vermont; 2University of California, Davis; 3Wildlife 
Conservation Society; 4Sokoine University of Agriculture, Tanzania 

Health for Animals and Livelihood Improvement Project 

Research Brief 10-04-HALI January 2010 
A combination of irrigated agriculture, uncontrolled water diversions, and intensive livestock grazing of wetlands has 

resulted in dramatic decreases in both water quantity and quality in Tanzania's vast Ruaha Landscape. This has directly 

impacted human livelihoods and wildlife populations that depend on the multitude of ecosystem services provided by the 

Ruaha River watershed, and has indirectly influenced the transmission of disease between humans, livestock, and wildlife. 

This study assesses the socioeconomic and environmental factors influencing human and livestock health. Results show that 
reported wealth, cattle sickness, consumption ofraw cow blood, and limited accessibility to surface water sources increased 

the probability of reported chronic diseases in the household. Household wealth and walking distanu to surface water were 

also found to affect cattle health. J 'hese findings remind us that health issues should not only be seen in relation to health 

services, but as being intimately connected to the state of 1) ecosystems and the services they provide; 2) social institutions for 

land use planning, settlement and social services; and 3) culture and traditions (diet, nutrition and husbandry' practices). 

Accessibiliry to water and land resources for agriculture 

and grazing areas are key factors for sustainable 

agriculture development and sustainabi lity of rural 

livelihoods in Africa, particularly in che arid and semi

arid regions of Africa characterized by widespread 

food insecuriry exacerbated by persistent droughts, 
erratic rainfall, and increasing human populations. 

Adaptations of pastoralists and agro-pastoralists in 
arid zones include keeping diverse species of livestock, 
movements of species-specific and production-specific 

livestock herds over large areas, emigration out of che 

pastoral system until perturbations pass, economic 

diversiry, and seasonal and drought-induced nutritional 

stress allocation among communiry members. However, 

the potential for movement between and access to 
alternative seasonal pastures is increasingly limited. 

While pastoral and agricultural populations throughout 
Africa have grown, pastoralists have been unable to 

expand livestock holdings due co factors such as disease 

epidemics, recurring droughts, and intertribal raiding. 

In addicion, traditional dry season ranges with wacer 
access have been lost to incensive agriculture (both 
colonial and African agriculturalists), co game parks, and 

to conservation areas. 

consequence of these changes in pastoralist 

communicies is the enhancement of disease vectors ac 

the human-livestock-wildlife interface. In particular, 

loss of access to water sources has forced pastoralists and 

their livestock to move further seasonally and to be more 

concentrated during the dry season. The combination 

of greater migration and concentration can contribute 

to che transmission of diseases among livestock herds, as 

well as between humans, livestock, and wildlife as they 

are forced to share dwindling wacer sources. More than 

75% of human diseases are zoonotic - shared berween 

human and other animal species - with links to wild 

and domestic animals. In East Africa, zoonotic diseases 
are presenting significant simultaneous threats to human 

health, livestock producciviry, and wildlife conservation, 

and can no longer be addressed as separate problems 
within isolated disciplines. An investigation of the 
underlying drivers of zoonotic disease under increasing 

water scarciry, with emphasis on bovine tuberculosis, has 

been che focus of the Health for Animals and Livelihood 

Improvement (HALI) project of the Ruaha Landscape, 

Tanzania. 

This brief reports on household survey research of the 
HAU projectaimedacaddressingtheimpactofincreasing 

wacer scarciry in the Ruaha Landscape on household 

and livestock health. This study was conducted in the 

villages of the Idodi and Pawaga divisions adjacent to 
the Pawaga- Idodi Wildlife Management Area (WMA), 

an area recencly cransicioning out of grazing land to a 

village-controlled hunting range adjacent to the sou th

eastern border of the Ruaha National Park in southwest 

Tanzania. In ocher research briefs the HALI ream has 

described the underlying causes of the recent seasonal 
drying of the Grear Ruaha, evaluation of disease risk, 

the design of our socioeconomic stud ies, landscape 

factors behind livestock disease loss, and gender roles in 

pascoralist households (See Further Reading). Here we 

report on the analysis of the household survey data. 
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Findings 

To assess socioeconomic and environmencal factors 
influencing human and livesrock health, as measured by 
reported chronic disease in the household and sickness in 
both cattle and small stock (goats and sheep), we estimated 

logistic regression models. The explanatory variables used 
to explain a household's health included: wealth class 
(determined by Tropical Livestock units (TLUs) and land), 
reported livestock sickness in the herd, reported household 
drinking of raw blood (a custom prevalent amongst 
traditional pastoraliscs) , reported household creating of 
drinking water, walking distance to surface water sources, 
access to piped water for drinking and cooking, age of the 
household head (or the respondent), and walking distance 

tO the nearest village health care center. Table 1 shows 
the results of the regression model for reported household 
healrh. In this model, many explanatory variables have the 

expected effects on household health. Not surprisingly, 
wealth was among the factors explaining variation in 
reported househo'ld health in chis region. Households in 

the poor category were rwo times more likely to report 
chronic diseases than households in rhe wealthy category, 
when holding orher variables consranc, suggesting thar 
wealthier families are more likely ro invest more in health 
prevention. 

Also, households reporting sick cattle were three rimes more 
likely to report chronic diseases than households without 
sick cattle. Similarly, there was a positive correlation 
berween reported blood consumption, a zoonoric disease 
transmission risk factor, and rhc probability of reporting 
chronic diseases in rhe household . Households reporting 
drinking raw blood were found to be at least four times 
more likely to report chronic diseases than households who 
do not. There was a significant difference berween ethnic 
groups in terms of raw blood consumption with a higher 
proportion of Maasai households reporting drinking blood 
than the Barabaig and Sukuma. These results suggest a 
key linkage to the livestock sampling portion of rhe HALI 
project. For households who reported cattle sickness 
in their herds and for whom livestock were tested for 
possible brucella and bovine tuberculosis (BTB), 15% of 
cattle tested positive for BTB and 8% were suspected to 
be positive, while 46% tested positive for brucella. These 
results are suggestive of a critical link between human and 
livestock health and the transmission of zoonocic diseases. 

The variable walking rime to surface water was found to 
be positively correlated to household health, suggesting 
that households farther away from surface water sources 
have greater reported health problems. This result suggests 
that limited access to surface water sources due to distances 
and time involved in water collection result in use of 
volumes inadequate to support basic personal hygiene and 
marginally adequate for human consumption. 

Similarly, factors determining livestock health were assessed. 
Results demonstrated that wealth positively correlated 
to cattle sickness suggesting that wealthy households are 

associated with sick cattle. The probability of reporting 
sick cattle was two times greater for wealthy households 
rhan for the poor. For pastoralisrs and agro-pascoralists, 
wealth is measured in part by the number of animals 
owned; thus having a large herd size may increase the 
probability of reporting sick cattle in rhe herd. Livestock 
healch is also dependent upon access to adequate water for 
consumption. The results indicate the odds of households 
reporting cattle sickness in the herd increase by a factor 
of 1.7 for every additional hour walked to surface water 
sources. This demonstrates that lack of livestock watering 

sources caused by drought and exacerbated by drying of 
rivers and streams affects rhe health of cattle, and therefore 
may contribute to rhe decline of their productivity. 

Reporting of the presence of wildlife in the same water 
sources used by livestock (a zoonoric disease risk) had no 
effect on reported health of cattle. However, identification 
of pathogens in water samples taken from a variety of water 
sources used by humans only, livestock and humans, or 
livestock, humans, and wildlife within rhe HALI project 
will allow for a more unbiased investigation of these 
potential pathways. 

finally, a comparison between wet and dry seasons revealed 
that households consumed less meat per week in the d1y 
season than in the wee season, and that there were more 
reported human and livestock healrh problems in the wet 
season than the dry season. In particular, reponed cases 
of diarrhea and fever were significantly higher in the 
wet season. For diarrhea, the main water quality risk is 
the microbial load (e.g. E. Coli and total col iform) from 
human and animal excreta. Wate1· quantity plays a role 
because more water allows for increases in washing of 
hands, food, and cloches and in many situations alllows for 
more effective removal of waste via drainage and sewers, all 
leading to decreases in diarrhea and lower rates of mortality. 
However, coo much water leading to floodi ng can also 
be a problem for water-related diseases such as diarrhea. 
For villages in the Ruaha region , only [ % of households 
surveyed reported using improved latrines, while 43% used 
traditional pit and 56% used rhe bush as a toilet facility. 
Thus, it is not surprising to record more reported cases of 
diarrhea in the wet season. Similarly, households surveyed 
reported significantly more malaria cases in the wet season. 
Malaria is a water-related disease which is spread through 
insect vectors, especially Anopheles gambiae in East Africa 
chat breeds in water. The risk of a malaria epiclemic is 
associated with anomalous temperatures in the months 
preceding and during the rainy season. Rainfall, in general, 
affects the availability and suitability of disease habitats, 
while temperature affects the rate of vector and pathogen 
development. For livestock health, there were also 



Table 1. Estimated coefficients and odds ratios for the logistic regression household model. 

Standard Wald 
Parameter Estimate Error Chi-Square Odds ratio 

Intercept 0.1559 0.7686 0.0411 1.169 

Wealth -0.7434* 0.4333 2.9439 0.475 

Sick cattle 0.9800** 0.4355 5.0636 2.665 

Sick shoats 0.2849 0.4393 0.4204 1.330 

Blood consumption 1.3783 *~'* 0.4381 9.8974 3.968 

Water treatment -0.2231 0.4200 0.2822 0.800 

Walking time to surface water 0.4641 ** 0.2400 3.7401 1.591 

Distance to health center -0.2521 0.2225 1.2839 0.777 

Piped water sources 0.3642 0.6022 0.3659 1.439 
Asterisks(*) denote the level of significance: *p<0.10, **p<0.05, and ***p<0.01. 

significantly more reported sickness and death of cattle, 
goats, and sheep in the wet season. The reported sickness 
and death of livestock (especially goats) can be attributed 
to the outbreak of Rift Valley Fever (RVF) which is in 
general associated with heavy rainfall and localized flooding 
(Wilson, 2003). 

Practical Implications 

A combination of irrigated agricuhure, uncontrolled water 
diversions, and intensive livestock grazing of werlands 
has resulted in dramatic decreases in both water quantity 
and quality of Tanzania's vast Ruaha Landscape. This has 
impacted human livelihoods, livestock productivity, and 
wildlife populations that depend on the surface water and 
associated ecosystem services of the Greater Ruaha River. 

Understanding the dynamics of zoonotic disease agents in 
human, livestock and wildlife populations and how they 
relate to land use change and environmental management 
is critical to developing mitigation strategies at multiple 
scales, including the often overlooked landscape scale. 

These findings highlight some of the most important issues 
identified by focus group meetings at local and district 
levels during this study, including lack of health care 
infrastructure, limited access to clean and safe drinking 
water, insufficient watering points for livestock, and 
traditional husbandry practices as important problems at 
the local level. To assist local communities to break poverty 
cycles and reduce risks of disease contamination, there are 
key areas that need particular attention. These include 
improving accessibility to water sources for livestock and 
domestic consumption, investing in human health and 
veterinary care facilities and their personnel, developing 
an outreach program on hygiene and sanitation to address 
cultural barriers, and increasing accessibility to the market 
for agricultural and livestock products. 

The findings also suggest that pressure to utilize land and 
water resources to expand economic development through 
increased agriculture production is in conflict with the 
health of pastoralist and agro-p4storalist households and 
their livestock. Efforts to address water scarcity and its 

impact on pastoral and agro-pastoral communities' heahh 
and livdihoods should be coordinated at the watershed 
scale and evaluated against other landscape level goals such 
as irrigation, ecotourism, and hydroelectricity production. 
There is a need for an integrated sectoral collaboration 
between government agencies, and coherence in inter
sectoral policies. Rural development programs should not 
only pay attention to the increased production of food 
but also to an integrated approach to management of 
rangelands, wetlands, and other habitats. 

Lastly, these findings remind us that heal th issues should 
not only be seen in relation to health services, but as being 
intimately connected to the state of: 1) ecosystems and the 
services they provide; 2) social institutions for land use 
planning, settlement and social services; and 3) oulture 
and traditions (diet, nutrition and husbandry practices). 
While these preliminary results point to the relationship 
between water scarcity in the Ruaha Landscape and health 
and livelihoods of pastoral and agropastoral communities, 
data from disease sampling of wildlife and livestock, and 
pathogen prevalence in water samples are needed to better 
understand the dynamics of zoonotic diseases, to confirm 

our findings, and to draw some policy implications. The 
HALI project with its integrated approach provides a novel 
platform to understand these dynamics. However, long 
term transdisciplinary research partnerships and diagnostic 
capacity building need to be forged to enhance our ability 
to understand !how human actions affect land use and land 
cover, along with the consequences of these changes on 
human, livestock, and wildlife health. 
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ln the arid Ruaha Landscape, pastoral livestock production is an important subsistence and livelihood strategy for many 
people, and calf health is a critical component of traditional husbandry practices. Deipite this importance, however, little 
attention has been paid to calf illness in disease surveillance activities in the area, especially regarding calf diarrhea, one 
of the leading causes of calf morbidity and mortality worldwide. Following the identification of the protozoa! pathogens 
Cryptosporidium and Giardia in Ruaha, and in consideration of the expected high susceptibility of calves to infection, 
we investigated the prevalences of diarrhea, Cryptosporidium, and Giardia among calves in pastoral herds, along with 
the intensity of pathogen shedding and subsequent environmental contamination. Results show that diarrhea, along 
with protozoa, are prevalent in pastoral calf herds, and that some diarrheic calves are shedding the pathogens in relatively 
large proportions with regards to the infective dose. The presence of C ryprosporidium and G iardia in association 
with calf diarrhea is of public health importance, as diarrhea may increase the likelihood for pathogenic environmental 
contamination. In response, managers should interpret symptomatic ca[f diarrhea as potentially indicative of pathogen 
shedding or other infection and should counter with appropriate treatments and control measures to protect their herds and 
households from infection. 

The Ruaha Landscape represents a critical inrerface for 
the interaction of wildlife, livestock, an<l humans, and is 

recognized as a potential "hotspot" for zoonotic disease 
transmission (diseases that can be transmitted between 
animals and people), as livestock and humans share 

grazing lands and water resources with wildlife, and 
humans closely interact with animals rhough rradirional 
husbandry practices. In Ruaha, where rainfall ranges 
from 200-550 millimeters per year, pastoral and agro
pastoral livestock producrion represents rhe sole viable 
subsistence and livelihood strategy in areas lacking access 
to irrigated agriculture. As rhe viab ility of any livestock 

production system is dependent upon the successful 
raising of calves for herd replacement, calf health is a 

critical component of traditional husbandry practices. 
Considering the close interaction between calves and 
their carerakers, infections in rhe calf population may be 
particularly risky from a zoonoric perspective. Despite 
this importance, however, lirrle atrenrion has been 
paid to calf illness in disease survei llance activi ties in 
the region, especially in regards to calf diarrhea, one 
of the leading causes of calf morbidity and mortality 
worldwide and a major source for several pathogens of 

zoonoric importance. 

Cryptosporidium parvum is one of these protozoa! 

pathogens, with public health significance due to its 
zoonotic potential. It is associated with intense bur 
short-lived diarrhea, nausea, abdominal pain and severe 
long-lasting infection that can be life-threatening in chose 

with compromised immune systems, including people 
with H JV, children, and young animals (Fayer and Xiao, 

2008) . In addition, Giardia larnblia, another enteric 
parasite, has been identified as infecting a wide range of 
wildlife, livestock, and human populations globally, and 

can contribute ro poor growth and nutritional disorders, 
particularly in young children (Hunrer and Thompson, 
2005). The Health for Animals and Livelihood 
Improvement (HALI) project has been monitoring adult 
cattle in pastoral and agro-pastoral herds throughout 
rhe Ruaha landscape for Cryptosporidium and Giardia 
since 2006. Although neither protozoan was detected 

in fecal samples from adult cattle, both Clyptosporidiurn 
and Giardia were successfully isolated in water samples 

obtained from surface water monitoring points in the 
ecosystem, indicating that animal or human shedding of 
these parasites into surface water sources was occurring 
(Miller er al., 2010). 

Following the identification of the pathogens 

Ciyptosporidium and Giardia 111 Ruaha and in 
consideration of the expected high susceptibility of calves 
to infection, this study was developed to investigate the 

prevalences of diarrhea and both protozoa] pathogens 
among calves in pastoral herds. In addition, we 
investigated the intensity of pathogen shedding and 

subsequent environmental contamination to assess the 
potential public health significance of diarrheic animals 
to the household. 
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Methods 

A two-stage sampling procedure was used to select 
study households and animals from among households 
participating in the HALI project. First, households 
were selected from the HALI sampling frame to increase 
the probability of targeting households and herds with 
reported diarrheal disease. Second, calves from each 
herd were selected at random. Sampling was designed to 
identify the prevalences of diarrhea and both protozoa at 
the herd level; having even a single infected animal in a 
herd presents a significant disease risk because one animal 
can be infectious to people andl other animals in the herd. 
In addition, households manage their livestock herds 
as a unit, requiring the entire herd to be disease free for 
elimination of the risk of continued disease transmission. 

At each household, following herd sampling, the head 
of household or main caretaker of young livestock was 
imerviewed with a standardized questionnaire including 
questions about general livestock management practices, 
management practices specific to the calf herd, and 
potential risk-factors for disease such as calf housing, 
water sources, household interaction and contact with the 
animals, and household hygiene and sanitation behavior. 

Immunoflourescenr antibody testing to detect 
Cryptosporidium and Giardia in calf fecal samples was 
conducted at the Sokoine University of Agriculture. 
Technical details on laboratory and field methods may 
be obtained from the author (Walking). A bivariate 
analysis was also conducted to assess factors associated 
with increased risk of diarrhea, and the increased risk of 
shedding Cryptosporidium oocysts and Giardia cysts-an 
indication of pathogen infection. 

Findings 

At the herd level, 42.3% and 75.0% of the 52 
participating herds contained at least one animal shedding 
Cryptosporidium oocysts or Giardia cysts, respectively 
(Table 1). Furthermore, 53.9% of sampled herds had at 
least one calf in the herd with clinical diarrhea. Larger 
herds (herds with more than 125 animals), larger calf herds 
(calf herds with more than 25 calves), herds with smaller 
calf bomas (calf pens measuring less than 500m2), and herds 
observed with clinical diarrhea or reporting diarrhea in the 
past month had higher prevalences of both protozoa! 
pathogens. 

In order to assess shedding intensity and the potential 
environmental contamination associated with a single 
animal, each calf was classified as either a high or low 
"shedder" based on the quantification of Cryptosporidium 
oocysts and Giardia cysts detected in the fecal sample. 
Shedding intensity estimates showed a range for 

Table I. Prevalence of diarrhea and the protozoa at the herd level 

Herd Level Prevalence (%) 

CrJjJtosporidium (n=22 ':') 42.3 

Giardia (n=39''') 75.0 

Cinically apparent diarrhea (n=28*) 53.9 
N = 52; *n =Number of herds 

C1yptosporidium of between 15 and 121,625 oocysts 
per gram feces (mean = 8,578.5), while Giardia ranged 
significantly higher, up to 217, 188 cysts per gram (mean 
= 19,837.5). Mean fecal loading was estimated at 
19,837,500 oocysts per calf and 43,642,500 cysts per calf 
per day for Cryptosporidium and Giardia, respectively. 

With regard to household level practices undertaken to 

prevent disease transmission, nearly all respondents (96%) 
indicated that hand washing is a consistent household 
practice when working with animals. However, only 80% 
reported hand washing as an activity practiced prior to 
milking. Washing cow udders prior to millking, practiced 
by 64% of respondents, emerged as a practice associated 
with reduced risk of Cryptosporidium.shedding for calves, as 
weU as with lower prevalences of both protozoa! pathogens 
and diarrhea, and may be a more reliab~e estimate for 
washing prior to working with animals. 

Results from the bivariate analysis showed that moving 
the boma or livestock pen, small calf bomas, and dinical'ly 
apparent diarrhea (detected during sampling) were 
significantly associated with shedding Cryptosporidium 
oocysts. Movement of the boma (livestock pen) is a 
practice reportedly associated with manure management 
implemented when the boma becomes full, and is also 
practiced in response to precipitation and rainfall, as 
moisture in the fecaUy-contaminated boma was reported by 
respondents to be associated with greater risk for a variety 
of livestock diseases. Study results, however, suggest that 
movement of the boma is in fact associated with increased 
likelihood of shedding of Cryptosporidium. It is therefore 
suggested that movement of the boma may be a response 
to disease by managers, indicative of possible endemic 
infection in the herds, or of an awareness and preventive 
action for disease control. SmaU sized calf bomas (often 
resulting in high stocking density) and environmental 
contamination may play a role in increased risk of protozoa! 
infection, as high stocking density elevates the potential for 
fecal contact between and among animals due to a larger 
population in a restricted area. Larger adult herds and 
smaller bomas were also associated with increased risk for 
diarrhea. 

Factors associated with shedding Giardia cysts were 
providing water for calves in buckets or storage containers 
at the household, observed diarrhea, reported diarrhea 



in rhe herd rhe month preceding sampling, and surface 
water as the primary livesrock water source. Sharing water 
through containers may be especially risky from a public 
health perspective, considering the low percentage of 
respondent households reporting water treatment, and the 
isolation of both Cryptosporidium and Giardia from water 
sources used by humans and livesrock in the study area 
(Miller ec al. , 2010). 

Practical Implications 

While orher srudies have focused on Cryptosporidium in 
traditional livesrock systems in Tanzania, this srudy is the 
first that we know of investigating the prevalence of both 
Cryptosporidium and Giardia in herds among primarily 
pastoral livestock producers. It is evident from the high 
herd level prevalences that Cryptosporidiu111 and Giardia are 
present and endemic in livesrock in Ruaha. The relatively 
high prevalence of infected herds in this study may indicate 
that pasroral and agro~pastoral herds function as reservoirs 
for infection in the region, or are exposed and at higher 
risk due to proximity to conservation areas and presence of 
orher reservoirs in contaminated water sources. 

Furthermore, the extensive grazing nature of herds in the 
region is conducive to herd-herd transmission, potentially 
allowing for rhe protozoa to be endemic in canle alone, 
though this requires further investigation to determine other 
possible sources of infection among wildlife and among 
the human population in the area, as there is constant 
contact between the livestock and human populations. 

Figure 1. A Barabaig herder 
holding his calf Calves in 
traditional pastoral husbandry 
systems are a highly valued 
component of the herd, and 
constant interaction and 
contact between calves, their 
caretakers, and other household 
members is common. This 
relationship serves to protect calf 
health and development, but 
can pose a risk to human health 
as calves (lilee many animals) 
may transmit zoonotic diseases 
like Cryprosporidium and 
Giardia. Photo by D. Wolleing. 

As Cryptosporidium and Giardia share similar transmission 
pathways via a fecal-oral route, it is possible that the higher 
prevalence of Giardia in rhis srudy is more representative of 
the actual protozoa disease burden in rhese herds. Given 
rhe relatively high quantities of observed fecal material 
within and surrounding rhe livestock holdings of rhe 
calves, the high susceptibility of calves ro infection, and 
the estimated high pathogen shedding intensities, there 
is a relatively high risk of environmental contamination 
from diarrheic animals. The long survival time and low 
infectious dose for both Cryptosporidium and Giardia, 
which can be as low as 10 occysts or cysts (Dupont er al. , 
1995; Orrega er al., 1997), demonstrate the public healrh 
significance of rhis rhrear in rhe pasroral context, where 
humans and animals frequenrly interact, and where sick 
animals are often brought into the household for shelter, 
care, and protection. 

It is recommended chat managers should interpret 
symptomatic calf diarrhea as indicative of shedding or 
other infection, and respond with appropriate treatments 
and control measures to protect their herds and household 
members from infection. These measures should include 
isolating diarrheic animals from rhe herd until subsidence 
of symptoms, separation of household and herd water 
sources, and active manure management ro contain the 
pathogenic material. In addition, greater emphasis on 
protective behaviors (e.g. handwashing when contacting 
animals and water treatment) must be included in outreach 
and educational programs targeting disease awareness, 
prevention, and surveillance throughout Ruaha. 
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USA, or via email: jkmazet@ucdavis.edu . 

• ,~ The Global Livesrock CRSP is comp rised of multidisciplinary, collaborative projects focused on human nutrition, 
~~ ~~ economic growth, environment and policy related to animal agriculture and linked by a global theme of risk in a 
~ W changing environment. The program is active in East and West Africa, and Central Asia. 
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