

[image: image1]
Farm and Livelihood Characteristics After ITM Vaccination Against East Coast Fever in Tanzania












	
	ORIGINAL RESEARCH
published: 11 November 2021
doi: 10.3389/fvets.2021.639762






[image: image2]

Farm and Livelihood Characteristics After ITM Vaccination Against East Coast Fever in Tanzania

Nils Teufel1*, Luke Korir1, James Hammond2, Mark van Wijk2 and Henry Kiara3


1Policies, Institutions and Livelihoods, International Livestock Research Institute, Nairobi, Kenya

2Sustainable Livestock Systems, International Livestock Research Institute, Nairobi, Kenya

3Animal and Human Health, International Livestock Research Institute, Nairobi, Kenya

Edited by:
Simeon Kaitibie, Lincoln University, New Zealand

Reviewed by:
Vijesh V. Krishna, International Maize and Wheat Improvement Center (CIMMYT), India
 Felix Lankester, Washington State University, United States

*Correspondence: Nils Teufel, n.teufel@cgiar.org

Specialty section: This article was submitted to Veterinary Humanities and Social Sciences, a section of the journal Frontiers in Veterinary Science

Received: 09 December 2020
 Accepted: 12 July 2021
 Published: 11 November 2021

Citation: Teufel N, Korir L, Hammond J, van Wijk M and Kiara H (2021) Farm and Livelihood Characteristics After ITM Vaccination Against East Coast Fever in Tanzania. Front. Vet. Sci. 8:639762. doi: 10.3389/fvets.2021.639762



East Coast Fever is a critical cattle disease in East and Southern Africa which is currently mainly controlled through frequent chemical removal of ticks, the disease vector. However, a vaccine conveying life-long immunity has existed for some time, known as the infection and treatment method (ITM), although it has so far not been widely adopted because of its cost, demanding distribution system and regulatory reservations. Also, despite having proved effective on the animal level, the promoters of the vaccine have not been able to show much evidence of its benefits on the herd, farm and household levels. This study, based on a cross-sectional survey of 994 cattle keepers throughout Tanzania, aims to provide such evidence by comparing indicators of herd productivity, of farm management and success as well as of household livelihoods between households that have adopted the ITM vaccine for some years with those that have only recently adopted it. Econometric models identify the contribution of ITM adoption to indicator values together with various other determining factors amongst 277 long-term adopters of ITM and the control group of 118 recent adopters as well as 118 matched farmers without access to ITM. The results confirm that ITM adoption is positively associated with all three indicators of herd-productivity considered in this study. However, it does not support any of the three indicators of farm management and only one out of four indicators representing farm success. Nevertheless, the adoption of ITM shows a positive association with all four indicators of household livelihood. Investigating the chain of intermediate outcomes, indicators of herd productivity, such as milk yield, are significantly linked to higher feed expenses, contributing to increased livestock productivity and ultimately income and food availability. Overall, these results therefore support the promotion of ITM as a beneficial technology for the sustainable development of rural livestock keepers.
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INTRODUCTION

East Coast Fever (ECF), caused by the haemoprotozoan parasite Theileria parva and transmitted by ticks, causes considerable economic losses in 11 countries in Eastern, Southern and Central Africa. With about half of this region's 75 million cattle being at risk of ECF (1), losses caused by this disease are considerable, but quantitative assessments vary widely. For instance, in Tanzania the estimates of annual production losses due to ECF range from US$ 43 million [(2), cited by Ref. (3)] to US$ 248 million (4). The disease causes high mortality (>80%) and affects high-grade dairy cattle (5) as well as young zebu cattle in pastoral production systems (3). Pastoralists are forced to avoid areas of high ECF risk, which is becoming increasingly difficult as the ticks and infected cattle move into new areas, driven by increasing land pressure, further spreading the disease (6). Current control measures involve the use of acaricides to prevent tick infestations in up to half-weekly intervals. However, even in areas where control measures are common, such as in smallholder dairy systems in the Dar-es-Salaam region of Tanzania, ECF prevalence rates of 45% and case fatality rates of 64% have been recorded (7). Besides these risks, an acaricide-based approach to ECF control implies considerable costs and negative environmental effects, calling into question the efficacy of this approach (8). Furthermore, after prolonged use of acaricides, ticks develop resistance to the chemicals. Effective drugs for the treatment of ECF are available but they require to be used at an early stage of the disease and are often too costly for poor livestock keepers, especially for the treatment of less valuable zebu cattle. Due to the ECF risks and the associated cost of controlling the disease, many smallholders across East Africa are reluctant to adopt improved breeds of cattle, as the disease affects Bos taurus breeds more severely than Bos indicus breeds (9), an effect common to many commercializing smallholder farming systems (10).

To find a more cost-effective control of ECF, an alternative approach, the infection and treatment method (ITM), was developed more than 40 years ago. Scientists from the East African Veterinary Research Organization (now the Kenya Agricultural and Livestock Research Organization), in collaboration with international partners had first reported life-long immunization against ECF by infecting and simultaneously treating cattle with a long-acting antibiotic in the mid-70s (11, 12). During these early stages of vaccine development, concerns among scientists, policy makers and veterinary authorities about the merits of the vaccine as well as a supply driven approach to vaccine distribution had limited the dissemination and adoption of ITM. The initial concerns were mainly based on the complexity of stabilate production, the widespread field use of over-the-counter antibiotics and the potential further transmission of the disease through ticks after vaccination with live pathogens (9, 13). Despite these reservations, ITM trials proceeded, improving and standardizing the vaccine (9) and demonstrating high rates of efficacy, above 95% in some cases (3, 14). Yet despite improved understanding of the pathogen und the vaccination-induced immune response (15), obstacles to wide-spread dissemination remained. These included the characteristics of the approach [animals are infected with live parasites of varying genetic identities (16)], distribution constraints (the vaccine requires liquid nitrogen storage), vaccination costs (US$ 8–12 per animal, including a dose of a long-acting specific antibiotic) and post-vaccination reactions (depending on vaccine and treatment doses some vaccinated animals show severe ECF infection symptoms). In addition, interests in the sale of acaricides have also affected the promotion of ITM (13). This resulted in lower than expected uptake during the first two decades of the vaccine's production (14).

To achieve the greatest benefits, the vaccination is mainly targeted at calves, thereby maximizing protection throughout an animal's life and reducing the amount of required antibiotics (9). In pastoral systems this was shown to decrease mortality by more than 90% (17), resulting in increased off-take of animals and more diversified investments by pastoralists. In addition, the same study reports that vaccinated animals, identified by their ear-tags, fetched higher prices at cattle markets. Furthermore, a trend toward improved cattle breeds has been reported where ITM has been adopted in extensive systems (18). In intensifying dairy systems, the use of the ITM vaccine allows farmers to quickly reduce the frequency of tick control (from weekly or twice weekly dipping/spraying regimes to once in 2 or 4 weeks, which is still required to control other tick-borne diseases) without any detrimental animal health effects (32), cited in Refs. (11, 14)]. The resulting reduction in production costs seems to be the main direct benefit in these systems. In addition, considerable gender differences have been detected, indicating significantly higher adoption rates within male-headed households (19).

Despite the high cost of ITM compared to other vaccines (3), it has been shown that controlling ECF with the ITM vaccine results in only about 60% of herd-level costs compared to treating clinically infected calves, without the consideration of subsequent tick-control activities. Kivaria et al. (8) report a 40–68% reduction in the annual cost of controlling ECF, depending on the post immunization dipping strategy adopted. The benefits of reducing acaricide use for tick control were also determined by Lynen et al. (14). Highlighting this aspect of private profitability, it has been proposed that strengthening the role of private sector animal health services within ITM distribution systems would be a more efficient approach to achieve wider adoption of the vaccine (9).

The current distribution model of the vaccine in Tanzania is composed of multiple actors. Mandated by the African Union (AU), the Center for Ticks and Tick-Borne Diseases (CTTBD) produces the ITM vaccine in Malawi for East and Southern Africa. Within Tanzania, the Director of Veterinary Services monitors and regulates the importation of the vaccine. There are currently four private companies who are licensed to import and distribute the vaccine; these are: PharmaVacs Ltd., Vetlife consultants Ltd., Dulle Veterinary Center and Ronheam International Ltd. These distributors sell the vaccine to trained vaccinators who are licensed by the Tanzania Veterinary Association and monitored by District Veterinary Officers. The vaccinators are engaged by farmers to vaccinate their cattle.

Most studies have limited the assessment of effects and costs of adopting ITM vaccination to the animal level (20, 21). Effects on herd productivity have hardly been determined (17). A simulation study of two smallholder farms in Kenya showed the positive economic effect of ITM on whole-farm economics, but only as an ex-ante assessment (22). Following a call for more poverty-oriented research into livestock diseases (23), a recent impact assessment study shows positive relationships between the adoption of ITM and milk yield, ECF mortality and various household development indicators; however, without quantifying the intermediate farm-level effects and controlling for differences between households with various degrees of ITM adoption through an instrumental variable approach (24). While determining the effects of ITM vaccination on livelihood indicators is critical for assessing the value of this technology in contributing toward ultimate development objectives, this study also aims to better understand the pathways leading to these effects and which conditions are required to achieve them.

Accordingly, this study aims to:

• Assess how the adoption of ITM contributes to herd-productivity effects

• Determine how changes to farm management and success are linked to the adoption of ITM vaccination

• Identify differences in household-level livelihood indicators between long-term and recent adopters of ITM



MATERIALS AND METHODS


Conceptual Framework

ITM vaccination is assumed to directly affect herd productivity by reducing mortality and increasing milk production. Based on these effects, ITM vaccination is expected to stimulate improvements in farm management, further intensifying livestock production, for instance though advances in feeding and breeding practices. These are expected to lead to greater farm success, as measured for instance by the rate of cattle off-take and the average revenue of cattle sales. Greater farm success then allows for the improvement in household livelihood indicators for households with a strong dependency on livestock production. Such indicators include measures of income, poverty risk or food security. Figure 1 presents the conceptual framework of the study, illustrating these pathways.
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FIGURE 1. The impact pathways of ITM vaccination and their consideration in this study.


We aim to better understand the effects of ITM on farm households which have adopted this technology through the comparison of those households which have been applying the ITM vaccine to their cattle for a considerable time (the treatment group) to those which have not (the control group). To avoid self-selection bias, as would be the case when comparing vaccine adopters with those who have decided not to adopt, the control group is formed by farmers who have only recently decided to adopt the ITM vaccine, without the vaccine having yet been able to affect the health and productivity of their livestock. Because the number of farmers who had just started applying ITM was limited within the sample, additional control farmers were identified from those who had not had access to the ITM vaccine but showed similar characteristics to the recent adopters. This approach ensures a minimal selection bias as the farmers in both groups have voluntarily decided to adopt ITM, or have characteristics similar to adopters but have not had access to the vaccine.

Apart from determining the direct associations of ITM vaccination with various indicator variables, we also aim to better understand the pathways leading to these effects and the conditions required to achieve them, as illustrated in the conceptual framework. Therefore, we also investigate the links of intermediate outcomes with higher-level indicators.



Data

The data for this study were collected through a single-round survey of livestock farmers in Tanzania. The data were collected during August/September and November 2017 by a team of trained enumerators. The data collection tool was based on the RHoMIS instrument (26), extended to cover animal health interventions and herd dynamics in greater detail and implemented in ODK.

The selection of survey respondents was based on the contacts established with 331 ITM vaccinators and other animal health service (AHS) providers from all over the country through an ILRI-led ITM dissemination project. These service providers were asked to list the number of farmers they were serving in each of the following eight categories: long-term ITM farmers (i.e., ≥2 years of ITM adoption), just-starting ITM farmers (i.e., ≤ 12 months of ITM adoption), farmers not adopting ITM with ITM vaccinators and non-adopting farmers with non-ITM AHS providers, for both pastoralists and smallholder dairy producers. For each of these categories, 24 associated AHS providers (12 for non-adopters with ITM vaccinators) were randomly selected, emphasizing providers associated with fewer categories, thereby increasing the number of providers included in the study, and those operating in regions with at least three providers, thereby focusing on areas with greater density of cattle and livestock services. This resulted in a total of 118 AHS providers being randomly selected. These were then requested to list the contacts of 15 farmers per farmer category they were associated with, resulting in a sampling frame of 2,410 farmers. From this, six farmers per type and AHS provider were randomly selected for the survey. However, the initial approach of categorizing farmers into pastoralist and dairy production systems could not be pursued because only few farmers identified themselves as pastoralists.

In total, 994 farmers linked to 106 AHS providers were interviewed from across Tanzania (see Figure 2), including 277 long-term ITM adopters and 119 farmers that had just started vaccinating their cattle with ITM. The final survey sample also contained 325 farmers connected to AHS providers that did not offer ITM (see Table 1). Because the number of recent ITM adopters was far smaller than planned we applied propensity score matching (PSM) to additionally select similar farmers from the non-ITM AHS providers. This approach estimates propensity scores of group membership by logistic regression. These scores were then used to match the most similar farmers of the non-ITM farmers to the just-starting farmers. The variables included in the matching process were household size, age, gender and education level of household head, herd size per household member, cultivated land, enclosed grassland per cattle unit, feed expenses per cattle unit, market orientation and proportion of off-farm income. With this we were able to match 118 farmers from the inactive areas with the 118 recent adopters included in the analysis, resulting in a control group size of 236 farmers.


[image: Figure 2]
FIGURE 2. Distribution of interviewed farmers within Tanzania.



Table 1. Survey data structure before and after propensity score matching.
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Methods

The research objectives mentioned above are achieved by econometric analysis of the farm-household data. Investigating the sub-samples of long-term and recent adopters of ITM, plus non-adopters matched with recent adopters by PSM, allows for the determination of the average effect of ITM vaccination on the treated (ATT) (25). The econometric analyses are based on selected indicator variables (i.e., dependent) which are then regressed on a selection of determinant variables (i.e., explanatory or independent). The indicators cover the domains herd productivity, farm management and success as well as household livelihoods, according to the conceptual framework introduced above. Herd productivity indicators include share of calves within cattle herds [calves per herd size, both measured in tropical livestock units (TLU)], milk yield (average daily milk production per herd TLU) and milk sales (milk sold per year and herd TLU). The indicators of farm management and success considered in this study include livestock management practices such as feed expenses (annual cattle feed purchases per herd TLU), keeping improved breeds (dummy variable characterizing main cattle breed type, with the responses “improved” and “mixed” categorized as “improved,” contrasting with “local”) and off-take rate (animals sold per herd size in animal numbers). The farm success indicators such as cattle price (annual cattle sales income per sold animal), average cattle sales revenue (annual cattle sales income per herd TLU), livestock productivity (value of all livestock products per herd TLU) and farm productivity (value of all crop and livestock products per area of cultivated land). Indicators linked to changes in animal health practices, such as treatment costs or acaricide control, could not be included in these analyses despite featuring in the conceptual framework because of the low number of responses to questions on these topics. Lastly, a collection of standardized indicators characterizes household livelihoods. These include gross per capita income, based on the total value of production and off-farm income per male adult equivalent (26), the Poverty Probability Index (PPI) (27), the Food Availability Index (26) and the Household Diet Diversity Score (28). The PPI, through a set of 10 questions customized for individual countries, generates a score value with which the probability of an individual household falling under a poverty line can be estimated. Within this study we use only the score value as a measure of poverty risk without actually calculating risk values. The Food Availability Index determines the calorific value of all farm products as well as of off-farm income (converted into food staples) per male adult equivalent. Finally, the Household Diet Diversity Score represents the number of food groups consumed by the household at least several times during the last week, out of a total of 10 food groups, based on the evidence that diet diversity is a robust indicator of diet quality and risk of malnutrition. Diet diversity data were collected for food scarce and food abundant seasons.

Apart from the treatment with the ITM vaccine, the econometric models also consider other variables expected to affect the indicator variables presented above. These cover various household, farm and herd characteristics and are listed below amongst the model details.

While the conceptual framework does not show two-way or feed-back relationships between practices and outcomes, it is obvious that these exist and that they may be critical in some cases. For instance, while the framework highlights the effects of productivity changes on behavior change in farm management, management practices clearly determine livestock productivity. The models consider this, by including management practices as determinants of herd productivity.

In addition to directly considering the ITM vaccination at several levels of analysis, a second set of econometric models investigates the intermediate outcomes along the impact pathway presented in the conceptual framework. To determine their contribution, they are included as determinants in the econometric models of the next level along the pathway. Accordingly, for this set of models, the direct ITM treatment variable is omitted to avoid overdetermination.

Initially, differences between treatment and control groups in outcome indicators and determinant variables are explored through independent sample t-tests of mean differences and chi-squared tests of association. The variation of the variables included in the results highlights the scope of further analysis. Subsequently, the association of ITM with various indicators is investigated by econometric analysis at the four levels of investigation: herd productivity, farm management, farm success and household livelihoods. All models apply ordinary least squares regression, except for the models determining the types of cattle breeds being kept, which are implemented with logistic regression due to the binary nature of the dependent variable. To avoid undue influence of exceptional observations on the results, the regression outputs were screened for influential observations, defined as being both outliers and having high leverage. Subsequently, three records were excluded from the herd and farm management level models and 6 records were excluded from the farm success and livelihood models.



Direct Investigation of ITM Effects
 
Modeling Effects on Herd Productivity

Herd productivity is characterized by three indicators: calf share in herd [%], daily milk yield (l/TLU) and annual milk sales (Tanzanian shillings (TZS) ‘000'/TLU). The association of ITM with herd productivity is estimated by the following empirical model:
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Where subscript h denotes household. Y represents the set of dependent variables measuring herd productivity. The variable T reprents a treatment dummy (0 = control, 1 = treatment). Vector X is composed of independent variables that control for farm and household characteristics. These are household size (number of household members), age of household head (years), education of household head (0 = primary school level and lower, 1 = post-primary), gender of household head (0 = female, 1 = male), cattle herd size (TLU/household member), area of enclosed pasture (ha/TLU), annual feed expenses (TZS ‘000/TLU), cattle breed type (0 = local, 1 = improved), market orientation (% produce sold) and off-farm income share (% of total income). Interaction terms of ITM with herd size and market orientation are also included. Within all econometric models presented here, nearly all variables, both dependent and independent, are transformed to their natural log values, increasing the models' explanatory power.

Feed expenditure and breed-type have direct short-term effects on milk yield and are therefore considered as independent factors at the herd level. On the other hand, we expect management decisions on feed and breed to be influenced by herd-level productivity in the longer-term, as illustrated in the conceptual framework. Therefore, these variables are also included as dependent variables at the farm management level.



Modeling Effects on Farm Management and Success

Three variables are used as indicators of farm management practices: annual expenditure on feed (TZS ‘1000/TLU), main cattle breed type (0 = local, 1 = improved) and annual off-take rate (% animals sold). At the next level, four indicators characterize farm success: cattle price (TZS ‘000/sold animals), annual cattle sales revenue (TZS ‘000/herd TLU), livestock productivity ($/herd TLU) and farm productivity ($/ha). The production values are expressed in international $ converted by purchasing power parity (PPP). The links of ITM with farm management and success are estimated using the following empirical model:

[image: image]

Here the subscript h denotes household and P represents the set of farm management and success indicator variables. Variable T reprents the ITM treatment dummy (0 = control, 1 = treatment) and X is a vector of independent variables that control for farm and household characteristics as defined for Equation 1 as well as interaction terms of ITM with herd size and market orientation.



Modeling Association With Livelihood Indicators

A total of four indicators are used as dependent variables for modeling household livelihood outcomes. These are: annual income per capita (int. PPP $/cap), poverty probability score (PPI score), daily food availability per male adult equivalent (kCal/MAE) and household diet diversity score (HDDS) in the food scarce season. The following empirical model was used to estimate the association of ITM with each of these indicators:
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Again, the subscript h denotes household, while L represents the set of livelihood indicator variables. Variable T represents the ITM treatment dummy (0 = control, 1 = treatment) and X is a vector of independent variables that control for household and farm characteristics as defined for Equation 1 and as well as several interaction terms.




The Contribution of Intermediate Outcomes

In an alternative approach to assessing the benefits of ITM we investigate the contribution of intermediate outcomes within the subsequent level of econometric modeling. These models have the same basic structure as the models on direct determination of ITM effects described above. However, instead of including the ITM treatment variable at each level, outcome variables of the previous level are included as determinants. Thus, the models investigating farm management practices contain the herd-productivity outcome variables: calf share, milk yield and milk sales. Similarly, the farm success models incorporate the farm management variables: feed expenses, breed type and off-take rate. Finally, the household livelihood estimations consider cattle sales price and revenue as well as livestock and farm productivity, the indicators of farm success. Interactions are not considered in these models.




RESULTS

The main categorization of survey respondents in view of assessing the ITM vaccination was by the year they started vaccinating. Among the 277 respondents categorized as long-term adopters, the earliest adoption was in 1998. However, the median year of adoption was 2014 and latest adoption was in 2015. Among the 118 just-starting adopters, all adoption had taken place between 2016 and 2017. Within the sample, most farmers had not vaccinated all their animals during the survey recall period of 12 months. Among those farmers for which data were available, long-term adopters had vaccinated 30% of their animals in the previous year (n = 232), while those who had just started had vaccinated 27% (n = 100).


Descriptive Statistics

To gain some insight into the distribution of variables considered in this analysis and into differences between the main categories we compare the treatment group (long-term ITM farmers) to the control group (just-starting farmers and matched non-ITM farmers). Table 2 presents this comparison regarding variables which are expected to be dependent on the adoption of ITM, arranged by herd, farm and household levels. Results indicate that farmers in the treatment group on average showed a lower expenditure on animal feed and were less likely to keep improved breeds compared to the farmers in the control group. They also had a higher PPI score, appearing to be in greater danger of falling into poverty. The differences in means of other variables were not significant, either because the differences were small (e.g., cattle sales price) or because of large standard errors (e.g., food availability).


Table 2. Descriptive statistics of dependent variables for ITM treatment and control groups.
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The second descriptive comparison between farmers in the treatment and control groups includes variables assumed to be independent of ITM adoption within the timescale covered by the study, but which are expected to be associated with the dependent variables presented above. The results, presented in Table 3, show several differences between the groups. While farmers in the treatment group have larger households, a greater livestock wealth per household member and are more market-oriented, farmers in the control group have more enclosed pasture per TLU, albeit at very low levels.


Table 3. Descriptive statistics of independent variables for ITM treatment and control groups.
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Directly Determined ITM Effects

Based on the study's design, a set of econometric models directly investigates the links of ITM adoption with indicators at herd, farm and household level, together with a collection of other determinant variables. Table 4 presents the results regarding indicators of herd productivity. These models show positive and highly significant associations of ITM with all three productivity measures: share of calves within cattle herds, daily milk yield and annual milk sales per livestock unit.


Table 4. ITM vaccination and indicators of herd productivity.

[image: Table 4]

Among the other determinants, feed expenses and market orientation contribute positively to all three herd productivity indicators, while the negative interaction of ITM adoption and herd size indicates that the overall positive contribution of ITM is reduced in larger herds. The positive associations between ITM and milk yield and sales also seem to be reduced with increased market orientation, as indicated by the negative interactions. The contribution of other factors to herd productivity is more varied. Cattle herd size, measured in TLU per household member, and household size are positively associated with calf share and milk sales, while milk yields appear to be lower in larger herds. Off-farm income is positively linked to higher milk yield and sales. The type of breed is negatively linked to calf share, while the share of enclosed pasture only shows a, negative, association with calf share.

On the farm level, the econometric models include the adoption of ITM in the estimation of farm management and farm success indicators. Regarding farm management, we consider expenditure on feed, the breed type of livestock being kept and the off-take rate, calculated as sold animals per size of herd, as indicators. The results presented in Table 5 indicate no significant association of ITM vaccination with any of the three farm management indicators.


Table 5. ITM vaccination and indicators of farm management practices.
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Of the other factors associated with improved farm management practices there seem to be more similarities in the determinants of feed expenses and breed type compared to off-take rate. Herd and household sizes show negative associations with the two former indicators, while market orientation has a positive coefficient only for feed expenses. In contrast, the off-take rate appears to be mainly linked to the share of enclosed pasture and of off-farm income.

The models investigating ITM adoption and farm success, shown in Table 6, include as dependent variables the average sales price and the average annual sales revenue of cattle, as well as livestock and farm productivity. Here, ITM adoption shows a significant contribution to livestock productivity only.


Table 6. ITM vaccination and indicators of farm success.
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Among the other determinants included in these models, market orientation and household size are linked to the productivity indicators. The positive association of ITM with livestock productivity appears to be reduced by both herd size and market orientation. Sales revenue per animal being kept is reduced by herd size but increased by enclosed pasture. The cattle price appears to be mainly associated with market orientation.

Finally, the results of the direct association of ITM adoption with the livelihood indicators considered in this study, namely gross per capita income, poverty probability, food availability and household diet diversity, are shown in Table 7. The adoption of ITM shows significant contributions to all indicators with the expected signs; the negative sign for poverty probability indicates a reduced poverty risk. However, the positive associations of ITM, herd size and market orientation with livelihood indicators appear to be weaker when combined, as shown by their negative interaction terms in most cases.


Table 7. ITM vaccination and household livelihood indicators.
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Only market integration and off-farm income show strong positive contributions across all four livelihood indicators. Herd size is also positively linked to all livelihood indicators except for poverty probability. However, this indicator shows significant coefficients for household size, as well as age and education of household head, the latter negatively. Education is also associated with household diet diversity, though positively.



Effects of Intermediate Outcomes

In addition to considering ITM adoption directly at various levels of analysis, this study also attempts to follow the indirect outcomes linked to this technology along the pathways outlined in the conceptual framework illustrated above. For this, the outcome indicators at one level are included as determinants, i.e., independent variables, at the next level, instead of the ITM adoption variable. For consistency, these have been considered irrespective of whether they were significantly associated with ITM adoption or not.

The first such set of models investigates the contribution of herd productivity outcomes to farm management indicators. The results, presented in Table 8, show mixed associations. Milk yield and sales are closely associated with feed expenses and breed type, although the causality and the negative sign for milk sales remain to be discussed. Calf share only shows a negative association with breed type, indicating a higher calf share in herds with more local breeds. The model predicting off-take rate does not appear to be significant.


Table 8. Association of herd productivity with farm management indicators.
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Beyond the herd productivity outcomes, household and herd size show negative links with feed and breed indicators in these models, but there is a positive contribution by market orientation to breed type. Also, female household heads appear to invest more in feeds while more educated household heads favor improved cattle breeds.

On the next level, the contribution of the farm management indicators to farm success are shown in Table 9. Here, feed expenses and off-take rate have significant positive links with livestock productivity. While off-take is also linked to sales revenue, breed type is, unsurprisingly, associated with higher cattle prices.


Table 9. Association of farm management with farm success indicators.
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Household size and market orientation are significantly linked to increased livestock and farm productivity in these models. Smaller herds seem to imply higher average sales revenues and livestock productivity. Once again, off-farm income seems unrelated to farm success, except for farm productivity.

Finally, Table 10 presents the contributions of farm success outcomes on livelihood indicators. Both livestock and farm productivity are strongly linked to increases in income and food availability. Cattle sales revenue, unsurprisingly, increases income, but is not linked to the other livelihood indicators, while the cattle price does not seem to show any significant associations. Diet diversity is not associated with any of the farm success indicators.


Table 10. Association of farm success with household livelihood indicators.
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Off-farm income contributes significantly to all four livelihood indicators, positively. The only other significant determinants of diet diversity are smaller households and higher education. Market orientation is linked to improved income, poverty risk and food availability, while herd size is associated positively with income and food availability. Poverty probability is also decreased by smaller household size as well as by higher age and education of the household head.




DISCUSSION

In contrast to most studies on the ITM vaccine, which focus on restricted areas and on interventions targeted at specific communities or production systems, this study aims to provide representative insights into outcomes associated with ITM adoption within major cattle-keeping areas of Tanzania and where ITM has been promoted for many years. On the other hand, ITM adoption is not yet ubiquitous, which would have made the identification of a control group as a counterfactual very difficult. Therefore, the stage of the scaling process at which this study was implemented appears to have been appropriate. Nevertheless, finding enough eligible and collaborative animal health service providers and generating a sufficiently large and accurate sampling frame of farmers presented a challenge, especially when attempting to consider multiple distinct production systems, generally mentioned as a major characteristic when describing the Tanzanian livestock sector (29). However, because a simple categorization of systems, for instance into dairy and pastoralist farmers, could neither be achieved in the sampling frame nor in the collected data, this aspect was not considered. According to variables recording herd mobility, only very few respondents would have been characterized as pastoralists. Discussions with stakeholders suggested that the concept of pastoralism was sensitive at the time of the survey, with many administrative efforts aimed at restricting the movement of livestock. This is in line with other findings showing that livestock production systems in Tanzania are becoming less distinct with many pastoralists engaging in crop production and reducing their transhumance (30). Therefore, it appears justified not to consider this aspect explicitly in the current analysis, especially as production system characteristics, such as herd size, cultivated land or enclosed grazing area, are already included. Nevertheless, a better understanding of current production systems and their linkages with animal health management would be useful when investigating technology adoption patterns and their determinants. However, these research objectives are not considered in this study and would require further and larger investigations. Also, the fact that the collected data could not accurately record animal health practices, especially regarding the control of ticks and the treatment of ECF, is a limitation of this study. It is often difficult to record individual, irregular farm management activities over a 12-month recall period, especially if they are associated with illness and death of animals. However, following the number of livestock keepers included in this study regularly throughout a 12-month period to record such data with shorter recall periods, for instance 30 days, would require substantially greater resources. The sampling approach for this study appears appropriate, although, had it been possible to identify more “just-starting” farmers, the number of additions from the group of non-adopters selected by propensity score matching would have been reduced. And a larger overall sample would have been better able to determine effects on variables with small differences between analysis groups, such as the cattle price. Finally, only a panel survey with a randomized application of the ITM vaccine would be able to overcome the uncertainty whether earlier adopters, defined here as “long-term” and considered as the treatment group, were not statistically different at the time of their ITM adoption to the more recent adopters, included in the study as “just-starting” and as the counter-factual. These differences between adopter types, building on Rogers' Diffusion of Innovation theory (31), could, for instance, apply to their risk behavior, innovation capacity, production intensity or livelihood indicators. However, even the “long-term” adopters in this sample might not represent typical early adopters in the sense of the innovation diffusion theory as most of them adopted ITM only 3 years prior to the survey while ITM had been available for nearly 30 years. Another bias could have occurred if the two groups had differed considerably in their production systems, even though the study could not effectively determine this. This would have been relevant, if, for instance, ITM had been targeted at some production systems earlier than others. The farm descriptives in Table 3 do indicate some differences between groups, for instance in herd size and enclosed pasture. However, with farm size being indistinguishable, the two groups don't seem to differ considerably regarding their production system composition. Nevertheless, a credible counterfactual remains the basis for assuming causal relationships. Therefore, we refrain from interpreting the associations of ITM as impacts, which would imply causality. However, we are convinced that the various significant associations between the adoption of ITM and several relevant indicators provide valuable insights into the assessment of this important technology.

The results of the econometric models constructed according to the conceptual framework along hypothesized impact pathways vary considerable by the level of investigation. The adoption of the ITM vaccine is associated significantly and positively with the three herd productivity indicators. This is reassuring as these are the basis of most of the expected further benefits of ITM, apart from the reductions in the cost of tick control and ECF treatment. However, this study, with its focus on farm and household data, cannot determine the actual causes of the associations with milk yield and sales; whether they, for instance, result from more calves being available for stimulating lactation or because of improved cow health. Both causal links have been suggested. Nevertheless, the positive associations with ITM confirm various ex-ante and ex-post studies indicating the vaccine's benefits (3, 24). While feed expenses were associated significantly with all three herd productivity indicators, breed type appeared to be linked only to milk yield. The negative ITM—herd size interaction with all three indicators suggests that the productivity effect of ITM is higher in smaller herds. In general, it is assumed that smaller herds are more oriented toward dairy production and markets while larger herds resemble more extensive pastoral production systems. Changes in productivity might be easier and faster to determine, where milk is the main product and links to markets are stronger. This negative interaction contrasts with the general perception that farmers with larger herds are more eager to engage with vaccinators, partly because of the greater efficiency when vaccinating many animals at once. While the results indicate that ITM adoption offers considerable potential for improving reproduction and milk production in small herds, a more focused analysis would be necessary to comparatively determine the effects of ITM adoption in small and large herds and whether ITM might even lead to negative effects in some large herds.

However, the hypothesized changes to farm management practices, such as increased feed expenses, switching to improved breeds or a higher off-take rate, could not be determined. While the previous results had shown that more feed purchases increase herd productivity, the longer-term reverse causal link of ITM vaccination, representing a higher production potential, stimulating a greater use of feed inputs could not be detected. This also applies to the off-take rate and the share of herds with improved breeds, despite previous findings on changes in breed composition by ITM adopters (18). In addition, clearly differentiating animals of local breeds, which are often genetically mixed, from improved cross-bred animals is challenging in a survey situation. The included household characteristics, such as size, education and gender of head as well as market orientation appear to have greater influence on production intensification than ITM adoption within the period covered by this study.

On the other hand, ITM adoption does seem to have a positive link with livestock productivity, while the other measures of farm success appear to be unrelated. Any increases in cattle sales appear to be driven mainly by the off-take rate, which does not seem to be linked to ITM vaccination. That cattle prices are also not increased by ITM vaccination contrasts with various reports that ear-tags on marketed livestock indicating ITM vaccination result in a price premium. Among the other factors determining farm success, market orientation contributes most strongly, which is not surprising as farm success is mainly defined in market terms. Interestingly, average cattle sales revenue is not significantly associated with market orientation, as is the case with the off-take rate, which could be another indication of the importance of non-market production objectives in beef-oriented systems. That female-headed households appear to do better regarding cattle prices and farm productivity might warrant further investigation, but this is beyond the scope of this study.

Finally, the cumulative nature of benefits resulting from a specific intervention such as a livestock vaccine are highlighted in the positive effects of ITM adoption in all four livelihood-oriented models. This was not necessarily to be expected, as various other determinants might mask the influence of ITM on the livelihood indicators while moving through the levels of investigation from herd to household level. Nevertheless, it appears that the effects of ITM adoption on livestock productivity—and the importance of livestock—were strong enough to be significantly associated with livelihood improvements of the interviewed ITM adopters. However, it appears that the strength of ITM's benefits varies by type of farm household. For instance, farms with larger herds seem to see less improvements in food availability and diet diversity when adopting ITM, compared to those with smaller herds as shown by the significant interaction terms. A similar effect is seen regarding market orientation. This underlines the need for gaining a better understanding of how the impact pathways of ITM adoption differ amongst various types of livestock keepers and whether adopting ITM might even lead to detrimental effects of some farmers. These insights would also be relevant for investigating patterns of ITM adoption.

An alternative approach to studying the separate steps along the impact pathway in greater detail is to include the dependent variables of one level as independent variables at the next level. The results from assessing the association of herd-level indicators on farm management confirm the earlier findings in this study that improved herd productivity does not appear to support overall production intensification within the study's observation period. Rather, specific productivity outcomes show contrasting effects. For instance, increased calf share shows a negative association with breed type. Raising calves beyond replacement requirements might be unattractive in dairy systems, which is where improved breeds have mainly been introduced. On the other hand, higher milk yield is associated with production intensification. It is however challenging to interpret the negative coefficient of milk sales with feed expenses and breed type. Whether home consumption plays a sufficiently important role to explain the difference between yield and sales or whether a correlation with other determinants is at play is difficult to determine within this study.

At the next level, the beef-oriented pathway seems to again show the strongest linkage, with off-take rate associated with both cattle sales and overall livestock productivity, while feed expenses are only linked to livestock productivity increases. However, it must be acknowledged that potential direct contributions to livestock productivity by herd-level outcomes such as milk production and sales are not considered in these models. The negative association of off-take with whole farm productivity, which includes crop production and is calculated per farm area, is again most likely due to differences in farm characteristics and production orientation. Finally, out of the included farm success indicators both livestock and farm productivity significantly improve income and food availability. Diet diversity seems to be dominated by the availability of off-farm income in this model.

While these results confirm the beneficial effects of adopting ITM amongst a wide range of livestock farmers in Tanzania, questions remain regarding differences in magnitude and impact pathways amongst different farm households. It would be especially interesting to study the differences more intensively between dairy- and beef-oriented producers regarding the interlinked determinants of farm success and livelihood improvements. It appears that while the conceptual framework introduced in this study is useful for a basic understanding of potential impact pathways it does not sufficiently capture effects across several levels and within levels. For instance, the effect of milk sales on livestock productivity is obscured by the intermediate farm management practices. Also, it could be argued that food security is more directly dependent on income or poverty indicators rather than on farm success, implying the importance of impact links within the levels defined for this study. It would need further discussion to determine whether the greater clarity gained by grouping indicators into levels outweighs the drawbacks of missing out on perhaps crucial linkages within these levels. However, variables within the same levels might also be highly correlated, which would challenge the interpretation of results if included in the same model.

Despite the difficulties in identifying and quantifying the most relevant impact pathways within these farm households, this approach appears essential to gain a better understanding of how the ITM vaccination—and other interventions aimed at improving livestock productivity—cause livelihood improvements. Only then will it be possible to efficiently target dissemination activities, create supportive conditions and anticipate the effects of overall development trends.



DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



ETHICS STATEMENT

The studies involving human participants were reviewed and approved by Institutional Research Ethics Committee (IREC) International Livestock Research Institute (ILRI). The patients/participants provided their written informed consent to participate in this study.



AUTHOR CONTRIBUTIONS

NT led the design and implementation of the study as well as the development of the analysis and of the manuscript. LK supervised the survey implementation, implemented the analysis, and contributed to the manuscript. JH, MW, and HK contributed to the design of the study and the data collection tool as well as to the manuscript. All authors contributed to the article and approved the submitted version.



FUNDING

Funding for this study was provided through the CGIAR Research Programme on Livestock (https://livestock.cgiar.org/). We thank all partners and all donors that globally support our work through their contributions to the CGIAR system (http://www.cgiar.org/about-us/our-funders).



ACKNOWLEDGMENTS

This study would not have been possible without the support of the Ministry of Livestock and Fisheries, Government of Tanzania, the vaccine distributors, PharmaVacs Ltd., Vetlife consultants Ltd., Dulle Veterinary Center and Ronheam International Ltd, as well as the vaccinators and farmers themselves. The patience and commitment of all are thankfully acknowledged.



REFERENCES

 1. Toye P, Kiara H. Protecting Africa's Cattle With a Live Vaccine: An East Coast Fever Impact Narrative. Nairobi: ILRI (2014). 

 2. McLeod R, Kristjanson P. Economic Impact of Ticks and Tick-Borne Diseases to Livestock in Africa, Asia and Australia. Report to the International Livestock Research Institute. Nairobi: ILRI (1999). 

 3. Babo Martins S, Di Giulio G, Lynen G, Peters A, Rushton J. Assessing the impact of East Coast Fever immunisation by the infection and treatment method in Tanzanian pastoralist systems. Prev Vet Med. (2010) 97:175–82. doi: 10.1016/j.prevetmed.2010.09.018

 4. Kivaria FM. Estimated direct economic costs associated with tick-borne diseases on cattle in Tanzania. Trop Anim Health Prod. (2006) 38:291–9. doi: 10.1007/s11250-006-4181-2

 5. Walker AR. Eradication and control of livestock ticks: biological, economic and social perspectives. Parasitology. (2011) 138:945–59. doi: 10.1017/S0031182011000709

 6. Gachohi J, Skilton R, Hansen F, Ngumi P, Kitala PP. Epidemiology of East Coast fever (Theileria parva infection) in Kenya: past, present and the future. Parasit Vectors. (2012) 5:194–207. doi: 10.1186/1756-3305-5-194

 7. Kivaria FM, Noordhuizen JPTM. Capture-recapture analysis of East Coast fever in smallholder dairy herds in the Dar es Salaam region of Tanzania. Vet J. (2010) 184:187–93. doi: 10.1016/j.tvjl.2009.01.023

 8. Kivaria FM, Ruheta MR, Mkonyi PA, Malamsha PC. Epidemiological aspects and economic impact of bovine theileriosis (East Coast fever) and its control: a preliminary assessment with special reference to Kibaha district, Tanzania. Vet J. (2007) 173:384–90. doi: 10.1016/j.tvjl.2005.08.013

 9. Di Giulio G, Lynen G, Morzaria S, Oura C, Bishop R. Live immunization against East Coast fever–current status. Trends Parasitol. (2009) 25:85–92. doi: 10.1016/j.pt.2008.11.007

 10. Jaleta M, Gebremedhin B, Hoekstra D. Smallholder Commercialization: Processes, Determinants and Impact. Nairobi: ILRI (2009). Available online at: https://hdl.handle.net/10568/27 (accessed October 25, 2021). 

 11. Mukhebi AW, Perry BD. Economic implications of the control of East Coast fever in eastern, central and southern Africa. In: Katigele JA, Mubi S. Future of livestock Industries in East and Southern Africa. Addis Ababa: ILCA (1993). p. 107–12. Available online at: https://hdl.handle.net/10568/49700 (accessed October 25, 2021). 

 12. Radley DE, Brown CGD, Burridge MJ, Cunningham MP, Kirimi IM, Purnell RE, et al. East coast fever: 1. Chemoprophylactic immunization of cattle against Theileria parva (Muguga) and five theilerial strains. Vet Parasitol. (1975) 1:35–41. doi: 10.1016/0304-4017(75)90005-9 

 13. Perry BD. The control of East Coast fever of cattle by live parasite vaccination: a science-to-impact narrative. One Heal. (2016) 2:103–14. doi: 10.1016/j.onehlt.2016.07.002

 14. Lynen G, Yrjö-Koskinen AE, Bakuname C, Giulio G, Mlinga N, Khama I, et al. East Coast fever immunisation field trial in crossbred dairy cattle in Hanang and Handeni districts in northern Tanzania. Trop Anim Health Prod. (2012) 44:567–72. doi: 10.1007/s11250-011-9936-8

 15. Bishop RP, Odongo D, Ahmed J, Mwamuye M, Fry LM, Knowles DP, et al. A review of recent research on Theileria parva: implications for the infection and treatment vaccination method for control of East Coast fever. Transbound Emerg Dis. (2020) 67:56–67. doi: 10.1111/tbed.13325

 16. Geysen D. Live immunisation against Theileria parva: spreading the disease? Trends Parasitol. (2008) 24:245–6. doi: 10.1016/j.pt.2008.03.003

 17. Homewood K, Trench P, Randall S, Lynen G, Bishop B. Livestock health and socio-economic impacts of a veterinary intervention in Maasailand: infection-and-treatment vaccine against East Coast fever. Agric Syst. (2006) 89:248–71. doi: 10.1016/j.agsy.2005.09.004 

 18. Jumba H, Teufel N, Baltenweck I, de Haan N, Kiara H, Owuor G. Use of the infection and treatment method in the control of East Coast fever in Kenya: does gender matter for adoption and impact? Gend. Technol Dev. (2020) 3:297–313. doi: 10.1080/09718524.2020.1829359 

 19. Jumba H, Kiara H, Owuor G, Teufel N. Are there gender differences in access to and demand for East Coast fever vaccine? Empirical evidence from rural smallholder dairy farmers in Kenya. J Agric Rural Dev Trop Subtrop. (2020) 121:219–31. doi: 10.17170/kobra-202010191970 

 20. Gitau GK, Perry BD, McDermott JJ. The incidence, calf morbidity and mortality due to Theileria parva infections in smallholder dairy farms in Murang'a District, Kenya. Prev Vet Med. (1999) 39:65–79. doi: 10.1016/S0167-5877(98)00137-8

 21. Maloo SH, Ngumi P, Mbogo S, Williamson S, Thorpe W, Rowlands GJ, et al. Identification of a target population for immunisation against East Coast fever in coastal Kenya. Prev Vet Med. (2001) 52:31–41. doi: 10.1016/S0167-5877(01)00236-7

 22. Nyangito HO, Richardson JW, Mundy DS, Mukhebi AW, Zimmel P, Namken J. Economic impacts of East Coast Fever immunization on smallholder farms, Kenya: a simulation analysis. Agric Econ. (1996) 13:163–77. doi: 10.1111/j.1574-0862.1996.tb00385.x 

 23. Perry BD, Grace D. The impacts of livestock diseases and their control on growth and development processes that are pro-poor. Philos Trans R Soc B Biol Sci. (2009) 364:2643–55. doi: 10.1098/rstb.2009.0097

 24. Marsh TL, Yoder J, Deboch T, Mcelwain TF, Palmer GH. Livestock vaccinations translate into increased human capital and school attendance by girls. Sci Adv. (2016) 2:1–7. doi: 10.1126/sciadv.1601410

 25. de Janvry A, Dustan A, Sadoulet E. Recent Advances in Impact Analysis Methods for Ex-post Impact Assessments of Agricultural Technology: Options for the CGIAR. Berkeley, CA: Independent Science & Partnership Council CGIAR (2011). 

 26. Hammond J, Fraval S, van Etten J, Suchini JG, Mercado L, Pagella T, et al. The Rural Household Multi-Indicator Survey (RHoMIS) for rapid characterisation of households to inform climate smart agriculture interventions: description and applications in East Africa and Central America. Agric Syst. (2017) 151:225–33. doi: 10.1016/j.agsy.2016.05.003 

 27. Schreiner M. Tanzania 2011 Progress Out of Poverty Index (PPI): Design Memo. New Haven CT: Innovations for Poverty Action (2016). Available online at: https://www.povertyindex.org/ (accessed October 25, 2021). 

 28. Kennedy G, Ballard T, Dop M. Guidelines for Measuring Household and Individual Dietary Diversity. Rome: FAO, Nutrition and Consumer Protection Unit (2010). Available online at: http://www.fao.org/3/a-i1983e.pdf (accessed October 25, 2021). 

 29. Michael S, Mbwambo N, Mruttu H, Dotto MM, Ndomba C, Silva M, et al. Tanzania Livestock Master Plan. Nairobi: ILRI (2018). Available online at: https://hdl.handle.net/10568/100522 (accessed October 25, 2021). 

 30. de Glanville WA, Davis A, Allan KJ, Buza J, Claxton JR, Crump JA, et al. Classification and characterisation of livestock production systems in northern Tanzania. PLoS ONE. (2020) 15:1–25. doi: 10.1371/journal.pone.0229478

 31. Rogers EM. Diffusion of Innovations. 5th ed. New York, NY: Free Press (2003). 

 32. Mukhebi AW, Wathanga J, Perry BD, Irvin AD, Morzaria SP. Financial Analysis of east coast fever control strategies on beef production under farm conditions. Veterinary Record. (1989) 125:456–59. Available online at: https://doi.org/10.1136/vr.125.18.456

Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Publisher's Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2021 Teufel, Korir, Hammond, van Wijk and Kiara. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/images/math_1.gif
Y, =11, X;)





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Farm and Livelihood Characteristics After ITM Vaccination Against East Coast Fever in Tanzania



		Introduction



		Materials and Methods



		Conceptual Framework



		Data



		Methods



		Direct Investigation of ITM Effects



		Modeling Effects on Herd Productivity



		Modeling Effects on Farm Management and Success



		Modeling Association With Livelihood Indicators









		The Contribution of Intermediate Outcomes







		Results



		Descriptive Statistics



		Directly Determined ITM Effects



		Effects of Intermediate Outcomes







		Discussion



		Data Availability Statement



		Ethics Statement



		Author Contributions



		Funding



		Acknowledgments



		References

















OPS/images/fvets-08-639762-t010.jpg
Annual income Poverty probability Daily food availability Diet diversity

[log(8/cap)] [log (PPI score)] [log (kCal/MAE)] [log(HDDS)]
(Intercept) ~3.89" (1.59) 8,01 (1.34) 351 (1.31) 1.80"* (0.40)
Cattle sales price [log(TZS '000/sold #) ~001(0.17) ~0.18(0.14) 0.04 0.14) ~0.04 (0.04)
Annual cattle sales revenue log(TZS '000/TLU)] 022" (009) 0.06(0.07) 0.06 0.07) 0.00 0.02)
Livestock productivity [log($/TLU) 034" (0.06) ~0.08(0.05) 028" (0.05) 0,02 0.02)
Farm productivity (log($/ha)] 0.23"* (0.06) ~0.09* (0.05) 043" 0.05) 001 (0.01)
Household size [log(mernbers)] 0.15(0.13) 076 (0.11) ~035™ (0.11) ~0.09 (0.03)
Age of household head [loglyears)) 005 (0.34) ~121"(029) 0.06 (0.28) 0.11(0.09)
Education of household head (post-primary = 1) -0.10(0.18) ~0.69" (0.15) 021 (0.15) 010" (0.08)
Gender of household head (male = 1) 026(0.32) -019(0.27) 039 (0.26) ~0.07 (0.08)
Herd size log(TLU/cap)) 0.46" (0.07) 0.09(0.06) 042" 0.06) 001 (0.02)
Enclosed pasture [ha/TLU] 0.63 (1.01) —0.61(0.84) 039 (0.82) ~0.12 (0.25)
Market orientation (log(%)] 897" (0.40) —0.74* (0.34) 073 (0.39) 0.06 (0.10)
Off-farm income share (%) 1.46 (0.28) —0.57* (029) 0.44° (0.23) 020" 0.07)
n 261 261 261 261
Rsquared 082 043 059 0.16
F statistic 91.84 15.83 29.25 3.99
P-value 0.00 0.00 0.00 0.00

' < 0.07; “p < 0.05;'p < 0.1.
(Standard error); TLU, tropical livestock unit (cattie herd); TZS ‘000, USD 0.43; cap, capita; 8, Annual income value in international $ converted by purchasing power party; PP, poverty
probabilty index; MAE, male adult equivalent; HDDS, household diet diversity score, measured for food scarce season.





OPS/images/math_3.gif
Ly = (T, X;)





OPS/images/math_2.gif
P, =f(T;,X;)





OPS/images/fvets-08-639762-t009.jpg
(Intercept)
Annual feed expenses log(TZS ‘000/TLU)]
Cattle breed type (improved = 1)

Annual off-take log(%))

Household size [log(members)

Age of household head llog(years)]

Education of household head (post-primary = 1)
Gender of household head (male = 1)

Herd size [log(TLU/cap)]

Enclosed pasture [ha/TLU]

Market orientation [log(%)}

Off-farm income share (%)

n

R squared

F statistic

P-value

*"p < 0.01;"p < 0.05;°p < 0.1.

Cattle sales price
[log(TZS 000/sold #)]

572" (0.59)
~0.01 (0.02)
0.19" (0.09)
~0.10 (0.19)
—0.07 (0.06)
0.15(0.14)
0.02(0.08)
~0.11(0.14)
~0.08 (0.08)
0.14(0.44)
030 (0.15)
~0.08 (0.12)
275
0.10
259
0.00

Annual cattle sales Livestock productivity
revenue [log($/TLU)]
[log(TZS 000/TLU)]

338" (0.86) 2,00 (1.24)
0.03(0.03) 015" (0.04)
0.16(0.12) -0.01(0.21)

384" 0.27) 095" (0.40)
0.05 (0.09) 0.37* (0.14)
0.12(0.21) ~0.03(0.31)

~0.08(0.12) 0.09 0.17)

~028(0.21) ~0.03(0.26)

~0.15" (0.08) ~0.11* (0.07)
095 (0.64) ~0.21(1.00)
035 (0.21) 437" (0.33)
~0.050.17) 031 (0.27)
275 507
067 036
48.93 25,090
0.00 0.00

Farm productivity
[log($/ha)]

817" (1.20)
0.03 (0.04)
0.33* (0.20)

—0.76" (0.38)

0.42*** (0.14)

—0.73" (0.30)
~0.18(0.16)
0.06 (0.25)
0.08 (0.06)
~1.07 (0.94)

135" (0.81)
0.45 (0.26)

486
0.10
4.63
0.00

(Standard error); TLU, tropical livestock unit (cattle herd); TZS ‘000, USD 0.43; cap, capita; $, Annual production value in international $ converted by purchasing power parity.





OPS/images/fvets-08-639762-t008.jpg
(Intercept)

Calf share [log(%)]

Daily milk yield [log(TLU)]

Annual milk sales [log(TZS ‘000/TLU)
Household size [log(mermbers)

Age of household head [log(years))
Education of household head (post-primary = 1)
Gender of household head (male = 1)
Herd size [log(TLU/cap)]

Enclosed pasture [ha/TLU]

Market orientation [log(%)]

Off-farm income share (%)

n

R squared

F statistic

P-value

*p < 0.01; *p < 0.05;p < 0.1.
(Standard error); + Logit model: Pseudo R Squared

Annual feed expenses [log (TZS ‘000/TLU)]

331" (1.19)
0.09(0.08)
1.80" (0.24)
~0.20" (0.06)
-058" (0.13)
0.03(0.30)
0.08(0.16)
—0.54* (0.25)
—0.37" (0.06)
~067 (1.05)
027 (0.34)
-0.04(0.27)
510
047
3954
0.00

Cattle breed type (improved = 1) +  Annual off-take [log(%)]

4.49" (2.67)
~0.38* (0.20)
265" (0.59)

~036" (0.12)

~1.06™ (027)
~0.18 (0.66)
075" (0.33)
~0.40 (0.52)

093" (0.13)
—1.34 (2.36)
1,90 (0.69)
~0.36 (0.54)
510

.517, Prob Ch? < 0.001; TLU, tropical livestock unit (cattle herd); TZS ‘000, USD 0.43; cap, capita.

~0.10 (0.13)
~0.00 (0.01)
0.02(0.03)
~0.01 (001)
0.02(0.01)
0.04(0.03)
0.00(0.02)
0.08(0.03)
~0.01 (0.01)
020" (0.12)
001(0.04)
0.06" (0.03)
510
0.04
167
0.08









OPS/images/crossmark.jpg
©

2

i

|





OPS/images/logo.jpg
, frontiers
in Veterinary Science





OPS/images/fvets-08-639762-t003.jpg
Variable

Household size [members]
Age of household head [years]

Education of household head (post-primary education = 1) (%)
Gender of household head (male = 1) [%)

Fam size [ha)

Enclosed pasture [ha/TLU]

Herd size [TLU/cap)

Market orientation (%)

Off-farm income share [%]

TLU, tropical livestock unit (cattle herd); cap, capita.

854
50.10
0.30
0.89
5.30
0.08
284
017
017

Control
n=236

SE

0.40
0.76
0.03
0.02
1.71
0.01
0.37
0.02
0.02

Mean

10.45
50.56
0.23
0.93
7.01
0.01
6.54
0.22
0.15

Treatment

n=277

SE

0.40
0.66
0.08
0.02
0.73
0.00
0.70
0.02
0.02

p-value

0.00
0.65
0.11
0.10
0.36
0.00
0.00
0.06
0.36





OPS/images/fvets-08-639762-t004.jpg
(Intercept)
ITM status (long-term = 1)

Household size (log(members)]

Age of household head [log(years)]

Education of household head (post-primary = 1)
Gender of household head (male = 1)

Herd size [log(TLU/cap)]

Enclosed pasture [ha/TLU]

Annual feed expenses [log(TZS ‘000/TLU))
Cattle breed type (improved = 1)

Market orientation [log(%)]

Off-farm income share [%]

ITM status * herd size

ITM status * market orientation

n

R squared

F statistic

P-value

*'p < 0.01; p < 0.05;'p <0.1.
(Standard err

Calf share [log(%)]

0.83(0.70)
0.22(0.10)
0.18" (0.08)
0.14(0.17)
0.08(0.10)
~0.22(0.14)
023" (0.05)
~1.49" (0.59)
008" (0.02)
~0.19(0.12)
0.74 (0.29)
0.17(0.15)
—0.14" (0.06)
~0.02 (0.36)
510
0.17
7.73
0.00

LU, tropical livestock unit (cattle herd); TZS ‘000, USD 0.43; cap, capita.

Daily milk yield [log(/TLU)]

~0.27 (087)
020" (0.06)
~0.00 (0.04)
007 (0.09)
0.06 (0.05)
0.13(0.08)
—0.05* (0.03)
0.26(0.82)
0.11"**(0.01)
0.15" (0.06)
114" (0.15)
047" (0.08)
—0.06" (0.03)

~0.68" (0.20)

510
0.48
35.11
0.00

Annual milk sales [log(/TLU)]

1.47 (1.58)
(024)
©.18)
—0.01(039)
020 0.22)
022 (0.33)
0.36" (0.11)
0.16(1.34)
031" (0.06)
0.15 (0.27)
462" (0.65)
071" (0.35)
—0.52* (0.13)
~1.98 (089)
510
028
14.97
000






OPS/images/fvets-08-639762-t001.jpg
Vaccinator
ITM status

Active
Active
Active

Inactive

Farmer
ITM status

Long-term
Just-started
Inactive
Inactive

apSM, Propensity Score Matching.

Farmers
interviewed

277
119
273
325

Farmers
included after
PSM?

277
118

118





OPS/images/fvets-08-639762-t002.jpg
Control Treatment

n=236 n=217
Variable Mean SE Mean SE p-value
Calf share [%] 7.9 0.70 935 065 0.16
Daily milk yield (VTLU] 151 0.15 124 0.1 0.14
Annual milk sales [/TLU) 391.70 41.29 336.68 32.44 030
Annual feed expenses [TZS "000/TLU] 56.89 574 32.32 405 0.00
Cattle breed type (improved = 1) [%) 63.14 315 46.21 300 0.00
Annual off-take [%)] 11.89 1.41 13.79 2.03 0.44
Cattle sales price [TZS '000/sold #] 496.18 26.99 497.62 20.20 097
Annual cattle sales revenue [TZS '000/TLU) 17100 19.50 183.66 39.14 077
Livestock productivity ($/TLU] 167.02 19.40 15355 15.38 059
Fam productivity ($/ha] 2,656 725 3,143 1,070 071
Annual income [$/cap] 632.21 44347 302.15 56.79 0.46
Poverty probability [PPI score] 20.66 1.34 27.15 154 0.00
Daily food availabilty [Cal/MAE] 14,848 7413 30477 30,027 043
Diet diversity [HDDS] 6.60 0.14 6.50 0.12 0.62

TLU, tropical livestock unit (cattle herd); cap, capita; TZS "000, USD 0.43; 8, Annual production or income value in international $ converted by purchasing power parity; PP, poverty
probabilty index; MAE, male adult equivalent; HDDS, household diet diversity score, measured for food-scarce season.
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Annual income Poverty probability log ~ Daily food availability [log Diet diversity

[log($/cap)] (PPl score)] (kCal/MAE)] [log(HDDS)]
(Intercept) 231" (1.01) 4.41*** (0.76) 8.46** (1.04) 1.66"* (0.25)
ITM status (long-term = 1) 046" (0.15) —0.20* (0.12) 061" (0.16) 0.09" (0.04)
Household size [log(members)] 0.21* (0.11) 0.74** (0.09) ~0.17 (0.12) —0.07** (0.08)
Age of household head [log(years)] —0.61"(0.26) ~0.72"* (0.19) ~0.26 (0.26) 0.10 (0.06)
Education of household head (post-primary = 1) ~0.10 (0.14) —0.72* (0.11) 0.06 (0.14) 0.10"* (0.08)
Gender of household head (male = 1) 0.06(0.22) ~0.11(0.17) 0.16 (0.28) ~0.07 (0.05)
Herd size [og(TLU/cap)] 0.13" (0.06) ~0.00 (0.05) 033" (0.06) 006" (0.02)
Enclosed pasture [ha/TLU] 089(0.87) ~0.02 (0.65) ~029(089) 0.30(0.22)
Market orientation [log(%)] 10,83 (0.41) —127"(031) 299" (0.42) 032" 0.10)
Off-farm income share (%) 1,57 (0.28) ~031* (0.17) 078" (0.28) 015" (0.06)
ITM status * herd size: ~0.06 (0.08) 0.15™ (0.06) ~0.19" (0.09) ~0.08"* (0.02)
ITM status * market orientation —1.64' (053) 065 (0.40) —1.56™ (0.55) ~031"(0.13)
n 507 507 507 507
R squared 077 036 023 0.14
F statistic 14707 25.49 13.41 7.21
P-value 0.00 0.00 0.00 0.00

*'p < 0.01;p < 0.05;p < 0.1
(Standard error); TLU, tropical livestock unit (cattle herc); cap, per capita; $, Annual income value in international § converted by purchasing power party; PP, poverty probabilty index;
MAE, male adult equivalent; HDDS, household diet diversity score, measured for food scarce season.
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*'p < 0.01; p < 0.05;'p <0.1.
(Standard err

Annual feed expenses [log (TZS ‘000/TLU)] ~ Cattle breed type (improved = 1) + Annual ofi-take [log(%)]

321" (1.27)
031(0.19)
~084" (0.14)
020(0.32)
0.28(0.18)
~0.42(0.26)
~0.80™ (0.08)
~088(1.13)
2.36"* (0.51)
0.14(0.29)
027" (0.10)
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039
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0.00

338 (2.52)
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~1.35 (0.26)
0.00 (0.63)
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1.55 (0.94)
~0.14 (0.50)
0.03(0.24)
1.49 (1.26)
510

Logit model: Pseudo R Squared = 0.482, Prob Ch? < 0.001; TLU, tropical livestock unit (cattie herd); TZS ‘000, USD 0.43; cap, capita.
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Cattle sales price Annual cattle sales Livestock productivity Farm productivity
[log(TZS 000/sold #)] revenue [log($/TLU)] Tlog($/ha)]
[log(TZS 000/TLU)]

(Intercept) 550" (0.58) 441 (1.43) 2.25° (1.22) 856" (1.19)
ITM status (fong-term = 1) 0.13(0.09) 0.47(0.47) 078" 0.18) 0.7 0.18)
Household size [log(members)] —~0.11* (0.08) —~0.14(0.11) 025" (0.13) 030" (0.13)
Age of household head [log(years)] 020(0.14) 0.28(0.28) 0.00 (0.31) —0.74" (0.30)
Education of household head (post-primary = 1) 0.06 (0.08) 0.14 (0.15) 0.04 (0.17) —0.07 (0.16)
Gender of household head (male = 1) —0.11 (0.14) ~0.09(0.27) ~0.01(0.26) 0.03(0.26)
Herd size [log(TLU/cap)) ~0.07* (0.04) ~0.52' (0.08) ~0.06 (0.07) ~0.04 (0.07)
Enclosed pasture [ha/TLU] 025 (0.45) 237" (0.86) 0.15 (1.00) ~1.22(095)
Market orientation [log(%)} 058" (0.25) 0.38(0.49) 561" (0.49) 1,97 (0.47)
Off-farm income share (%) ~0.03(0.12) ~0.17 (0.23) 038(0.27) 0.41(0.26)
ITM status * herd size 0.02(0.05) ~0.01(0.09) ~036™ (0.10) 0.06 (0.10)
ITM status * market orientation -0.38 (0.31) ~0.06 (0.59) —2.11* (063) ~0.72 (0.61)
n 275 275 507 486

R squared 0.09 0.42 037 0.08

F statistic 2.47 17.16 26.56 391
P-value 001 0.00 0.00 0.00

*"p < 0.01;"p < 0.05;°p < 0.1.
(Standard error); TLU, tropical livestock unit (cattle herd); TZS ‘000, USD 0.43; cap, per capita; $, Annual production value in international $ converted by purchasing power parity.
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