@‘PLOS | ONE

CrossMark

click for updates

ﬁ OPEN ACCESS

Citation: Thumbi SM, Njenga MK, Marsh TL, Noh S,
Otiang E, Munyua P, et al. (2015) Linking Human
Health and Livestock Health: A “One-Health” Platform
for Integrated Analysis of Human Health, Livestock
Health, and Economic Welfare in Livestock
Dependent Communities. PLoS ONE 10(3):
€0120761. doi:10.1371/journal.pone.0120761

Academic Editor: Donald R. Olson, New York City
Department of Health and Mental Hygiene, UNITED
STATES

Received: October 3, 2014
Accepted: January 26, 2015
Published: March 23, 2015

Copyright: This is an open access article, free of all
copyright, and may be freely reproduced, distributed,
transmitted, modified, built upon, or otherwise used
by anyone for any lawful purpose. The work is made
available under the Creative Commons CCO public
domain dedication.

Data Availability Statement: Some access
restrictions apply for the data underlying these
findings as it contains confidential information
regarding participants in the study. However, these
data will be de-identified and made available upon
request through the Kenya Medical Research
Institute Scientific and Ethics Review Committee
(KEMRI-SERU, seru@kemri.org).

Funding: The study was funded through the Paul G.
Allen School for Global Animal Health. The funders

Linking Human Health and Livestock Health:
A “One-Health” Platform for Integrated
Analysis of Human Health, Livestock Health,
and Economic Welfare in Livestock
Dependent Communities

S. M. Thumbi'2*, M. Kariuki Njenga®, Thomas L. Marsh'%, Susan Noh'-®, Elkanah Otiang?,
Peninah Munyua?®, Linus Ochieng?, Eric Ogola?, Jonathan Yoder'#, Allan Audi?, Joel

M. Montgomery?, Godfrey Bigogo?, Robert F. Breiman®, Guy H. Palmer’, Terry

F. McElwain'

1 Paul G. Allen School for Global Animal Health, Washington State University, Pullman, Washington, United
States of America, 2 Center for Global Health Research, Kenya Medical Research Institute, Kisumu, Kenya,
3 Centers for Disease Control and Prevention, Nairobi, Kenya, 4 School of Economic Sciences, Washington
State University, Pullman, Washington, United States of America, 5 Animal Diseases Research Unit,
Agricultural Research Service, United States Department of Agriculture, Pullman, Washington, United States
of America, 6 Emory University, Atlanta, Georgia, United States of America

* thumbi.mwangi@wsu.edu
Abstract

Background

For most rural households in sub-Saharan Africa, healthy livestock play a key role in avert-
ing the burden associated with zoonotic diseases, and in meeting household nutritional and
socio-economic needs. However, there is limited understanding of the complex nutritional,
socio-economic, and zoonotic pathways that link livestock health to human health and wel-
fare. Here we describe a platform for integrated human health, animal health and economic
welfare analysis designed to address this challenge. We provide baseline epidemiological
data on disease syndromes in humans and the animals they keep, and provide examples of
relationships between human health, animal health and household socio-economic status.

Method

We designed a study to obtain syndromic disease data in animals along with economic and
behavioral information for 1500 rural households in Western Kenya already participating in
a human syndromic disease surveillance study. Data collection started in February 2013,
and each household is visited bi-weekly and data on four human syndromes (fever, jaun-
dice, diarrhea and respiratory illness) and nine animal syndromes (death, respiratory, repro-
ductive, musculoskeletal, nervous, urogenital, digestive, udder disorders, and skin
disorders in cattle, sheep, goats and chickens) are collected. Additionally, data from a
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comprehensive socio-economic survey is collected every 3 months in each of the study
households.

Findings

Data from the first year of study showed 93% of the households owned at least one form of
livestock (55%, 19%, 41% and 88% own cattle, sheep, goats and chickens respectively). Di-
gestive disorders, mainly diarrhea episodes, were the most common syndromes observed
in cattle, goats and sheep, accounting for 56% of all livestock syndromes, followed by respi-
ratory illnesses (18%). In humans, respiratory illnesses accounted for 54% of all illnesses
reported, followed by acute febrile ilinesses (40%) and diarrhea illnesses (5%). While con-
trolling for household size, the incidence of human iliness increased 1.31-fold for every 10
cases of animal iliness or death observed (95% CI 1.16—1.49). Access and utilization of ani-
mal source foods such as milk and eggs were positively associated with the number of cat-
tle and chickens owned by the household. Additionally, health care seeking was correlated
with household incomes and wealth, which were in turn correlated with livestock herd size.

Conclusion

This study platform provides a unique longitudinal dataset that allows for the determination
and quantification of linkages between human and animal health, including the impact of
healthy animals on human disease averted, malnutrition, household educational attain-
ment, and income levels.

Introduction

In livestock-dependent households and communities, the health of humans, livestock, and
household economic welfare are closely linked. It is estimated nearly one billion people living
on less than 2 dollars a day, 300 million of whom reside in sub-Saharan Africa, depend on live-
stock as a source of livelihood and nutrition [1]. These figures represent two thirds of the rural
poor and one third of the urban poor whose food, income, social status, and store of wealth de-
pend on livestock [2,3]. However, the relationship between livestock health and productivity,
and human health and welfare is complex, and understanding it in quantitative terms remains
a critical requirement for developing sustainable poverty relief and public health interventions
through human and livestock health maintenance and improvement.

The linkages between livestock keeping and human nutrition and health outcomes have been
conceptualized[2,4]. Broadly, they include positive effects of keeping livestock that generally im-
prove a household’s health and welfare status; and negative effects of livestock ownership that
may worsen human health and nutritional status. The positive effects include increased access to
nutritious animal source foods (ASFs), such as milk, meat, and eggs, in households owning ani-
mals, and higher household cash incomes that increase purchase power for ASF’s, food crops,
healthcare and education. The consumption of ASF’s provides high-quality protein, essential
structural fats, and highly bioavailable essential micronutrients (e.g. zinc, iron, calcium, vitamin
A, vitamin B-12) that are strongly associated with improved growth, health and cognitive ability
of children[5-8], and increased resistance to and recovery from infectious diseases[9,10]. All of
these have multiplier effects at the community level through better nourished children becoming
more intelligent, healthier and more productive adults[2].
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The negative effects associated with livestock keeping may include risk of transmission of
zoonotic pathogens from animals to humans e.g. anthrax, leptospirosis, trypanosomiasis, ra-
bies,—many of which are neglected[11], food-borne diseases e.g. cysticercosis, taeniosis,
cryptosporidiosis and brucellosis, development of antimicrobial resistance, and chronic dis-
eases such as cardiovascular disease, cancers, and diabetes associated with excessive consump-
tion of the energy-dense high level saturated ASF’s. For instance, the rural communities in
Western Kenya where this study is based suffer concurrent high levels of poverty[12,13] and
high burden of infectious diseases[14], including zoonotic ones such as Q-fever, cysticercosis,
cryptosporidium and trypanosomiasis[15-19].

The goal in developing policies aimed at reducing poverty is to maximize the positive link-
ages of livestock keeping while minimizing the negative effects, especially for people living in
poverty and vulnerable groups including pregnant women and children. Quantifying the im-
pact of livestock diseases on human health and welfare, identifying priority diseases including
new zoonoses to target for greatest gain amidst limited resources, identifying the factors that
enhance or reduce nutritional outcomes, and the use of this information to guide program and
policy formulation for improved human health outcomes remain a major challenge[20,21].

Herein we describe a platform for integrated health and economic welfare analysis designed
to address this challenge by simultaneously collecting data from a population-based animal
syndromic surveillance (PBASS) system and an ongoing human population-based infectious
disease surveillance (PBIDS) system in the same rural households in Western Kenya[14], and
linking these data to a quantitative assessment of socio-economic dynamics in the same house-
holds over time. We provide baseline epidemiological data on the animal and human disease
syndromes under investigation, and descriptive data on household demographics, wealth and
assets, livestock ownership, household food consumption and expenditures, and investments
in health care. Using data from the first year of study, we examine potential linkages between
animal and human health and economic welfare and present these, as examples of how the
data can be utilized to better understand the complex relationships that impact the rural poor.

Materials and Methods
Ethical review statement

Ethical clearance for the population based animal syndrome surveillance (PBASS) study was
obtained from the Kenya Medical Research Institute Ethical Review Committee and Animal
Care and Use Committee (reference number SSC Protocol no. 2250). The population based in-
fectious diseases study (PBIDS) received approval from the Kenya Medical Research Institute
Ethical Review Committee (reference SSC Protocol no. 1899) and the Centers for Disease Con-
trol and Prevention. Participants over 18 years of age provided a written consent to participate
in these studies, and parental consent was provided for children involved in the study.

Study population

The PBASS study is conducted in Western Kenya within a Health and Demographic Surveil-
lance System (HDSS), which started in September 2001, and is run by the Kenya Medical Re-
search Institute (KEMRI) in collaboration with the Centers for Disease Control and
Prevention, Kenya (CDC). The HDSS provides general demographic and health information
including population age-structure, in and out migrations, fertility rates, birth and death rates,
verbal autopsy, access and utilization of health care for a population of approximately 220,000
individuals, in 54,869 households[22,23]. The HDSS area covers 385 villages that lie to the
North-East of Lake Victoria covering Rarieda, Siaya and Gem Districts in Siaya County, an
area predominantly inhabited by the Luo ethnic group practicing subsistence farming and
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fishing. The overall population density for the area is estimated at 325 persons per square
kilometre.

Within the HDSS is the Population-Based Infectious Disease Surveillance (PBIDS) plat-
form, which monitors the health of approximately 24,000 persons living in 6,000 households in
33 villages. The PBIDS study was initiated in 2005 to define the burden of the major infectious
disease syndromes, describe epidemiologic patterns of disease, identify etiology of disease, and
implement and evaluate the health impact of interventions in the study population[14,24].
Data on four disease syndromes (fever, jaundice, diarrhea and respiratory illness) for each
household resident are collected through bi-weekly home visits conducted by community in-
terviewers (CIs) in the local language. The CIs have secondary school certificate education,
with additional training on the protocol, protection of human subjects, conducting a limited
set of physical examinations and administering standardized questions about recent symptoms
among household members.

The PBASS study is conducted in 1500 households in 10 villages randomly selected from
the 33 villages participating in the PBIDS study (Fig. 1). To be included in the PBASS sample
frame, households must be participating in the PBIDS study and provide written informed
consent for participation in the PBASS study. All households within the 10 villages and partici-
pating in the PBIDS study are eligible for enrolment into PBASS.

Once enrolled into the PBASS study, each household is followed longitudinally, and three
groups of data collected: animal disease syndrome data, human disease syndrome data, and
socio-economic data for each study household.

Tanzania

2 3 4 km

Fig 1. Map of the study area showing the study villages (in yellow) and the location of households (black dots) enrolled in the study.

doi:10.1371/journal.pone.0120761.g001
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Animal disease syndrome data. The PBASS study monitors the health of cattle, goats,
sheep and chickens and collects bi-weekly data on 9 syndromes: respiratory system disorders, gas-
tro-intestinal system disorders, nervous system disorders, reproductive system disorders, digestive
system disorders, urogenital system disorders, skin disorders, udder disorders, and death. A sum-
mary of syndromes and the key signs associated with each syndrome are provided in Table 1.

Animal disease syndrome data are collected in two ways: 1) through community interview-
ers that visit each study household bi-weekly and administer a questionnaire designed to iden-
tify if any of the cattle, sheep, goats or chickens in the household have been sick with any of the
listed syndromes or have died in the 2 week period preceding the interview, and 2) through a
toll-free telephone number provided to all households in the study (>70% of households have
access to a mobile phone), allowing the farmers to report cases of animal illness or death direct-
ly to the PBASS study team without having to wait for the next bi-weekly visit.

Following alerts of animal illness or death coming through either the CI or the toll-free
number, a PBASS animal health team consisting of veterinarians and animal health assistants
responds by visiting the affected household within 24 hours. The animal health team conducts
a complete clinical examination of each sick animal and collects samples including blood
smears, serum samples, milk samples, faecal samples, skin scrapings and any other clinically
relevant samples. In cases of death, a full post-mortem examination is conducted. In addition,
the team administers a detailed questionnaire that captures data on herd health including herd
demographics, breeding history, and specific syndromes/clinical signs observed in the study
animals. In order to aid clinical diagnosis for veterinary interventions, a limited set of diagnos-
tics mainly involving microscopy on blood and lymph node smears obtained from sick animals
are conducted. Samples collected during these visits are shipped to the KEMRI laboratory for
storage for future analysis. A comprehensive diagnostic workup to establish an etiologic diag-
nosis is not currently conducted but will be carried out in the future to establish aetiologies for
the syndromes with the greatest socio-economic impact on households, and to identify zoonot-
ic pathogens that may cause illness in humans.

Human disease syndrome data. In the same households monitored for illnesses and
death in animals, human morbidity data is collected bi-weekly, simultaneously with the animal
health data. These data are collected as part of the PBIDS study. Briefly, a questionnaire investi-
gating whether any member of household has had any of the 4 syndromes (fever, jaundice,
pneumonia/cough, or diarrhoea) in the 2-weeks preceding the current visit is administered.
Fever is defined as axillary temperature > 38.0°C, and diarrhoea as >3 looser than normal
stools in a 24-hour period. In addition, data on whether any household member who fell ill
sought health care, type of care sought, and where health care was sought from is collected.

Table 1. A summary of the syndromes in cattle, goats, sheep and chickens investigated in the PBASS
study.

Syndromes Clinical signs

Reproductive disorders
Respiratory disorders
Digestive disorders
Urogenital disorders
Musculo-skeletal disorders

abortions, stillbirths, neonatal deaths

cough, nasal discharge, difficulty breathing

diarrhea, bloating, inappetence

vaginal discharges, preputial discharges, scrotal swelling
lameness, recumbency

Skin disorders hair loss, lumps, itching
Nervous disorders circling, incoordination
Udder disorders mastitis (unusual colour or consistency of milk), drop in milk yield

Death
doi:10.1371/journal.pone.0120761.t001
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Study participants reporting any of the listed syndromes are referred (or can self-refer) to the
St. Elizabeth Mission Hospital in Lwak (located within a 5km radius of study households),
where free medical care is provided.

The simultaneous collection of animal health and human health data from the same house-
holds enables the linking of the two datasets and evaluation of the relationships between
human and animal health.

Socio-economic survey data. A detailed socio-economic survey is carried out every 3
months in each PBASS study household. The three-month return interval represents a balance
between survey cost and information loss; however household socioeconomic characteristics
either do not tend to change at the same temporal scale as health indicators, and because re-
spondent recall can be (and are) relied on to capture household activity and socio-economic
changes between surveys. A team of community interviewers specially trained to conduct
household socio-economic surveys collects these data. Table 2 provides a summary of the type
of socio-economic data collected.

Table 2. Description of the household socio-economic data collected every 3 months.

Group of variables

List of variables

Household
demographics

Household assets

Household
consumption

Land and crop
inventory

Livestock ownership

Livestock Inventory

Livestock income

Livestock expenditure

Animal health care

Human iliness

Household identifier; household size; ages of household members, gender,
education level, occupation

Number and value of farm implements, electronics, bicycles, bikes and motor-
vehicles owned; type of housing, absence/presence of a latrine, electricity, type of
water source, amount of time taken to fetch water and number of trips per day,
source of fuel, person and household member involved in firewood collection,
income for each member of the household, savings accounts and balance, loans
borrowed, amount and purpose of loan

For each food; milk (from cows, sheep and goats), meat, eggs, fish, maize,
cassava, sorghum, banana, pulses, green vegetables, potatoes—amount
produced at home, purchased, consumed, and the costs for each food. List of
foods fed to children less than 5 years. Home expenses on fuel, clothing, health,
education, and any other expense. Records on vaccinations, medication,
consultation, transport, and other health costs.

Size of land owned and/or rented, land rent costs, crop losses and value, cost of
inputs (seeds, fertilizers, manure, labor) for maize, potato, sorghum, cassava,
groundnuts, beans; acreage covered by each crop, size of harvest, quantity sold
and sale value for each of the crops, purchases of any of the crops or gifts
received

Number of calves, heifers, bullocks, cows, bulls, goats, sheep, poultry and
donkeys owned on or off farm

Number of calves, heifers, bullocks, cows, bulls, goats, sheep, poultry, donkeys
born, dead, sold, consumed, received as gift, given as gifts, purchased or lost
since previous visit, livestock value lost

Sale value for livestock sold (cattle, sheep, goats, sheep, donkeys, poultry),
amount and sale value of cow, goat and sheep produced, number of eggs
produced, number and sale value of eggs sold, any other income from livestock

Purchase costs for cattle, goats, sheep, donkeys, poultry; labor costs, costs for
vector (e.g. ticks and tsetse flies) control, helminth control, treatment costs,
veterinarian costs, and any other costs for cattle, sheep, goats, donkeys and
poultry

Method of tick control, distance covered by cattle for dipping/spraying, frequency
of tick control per month, total cost of tick control, vaccinations in animals
Sickness among any household members, sum of number of work days missed

due to illness, number of health clinic/hospital visits made in the last 3 months,
travel time to clinic/hospital in hours, records of vaccination of children under 5

The PBASS study design is summarised in a schematic diagram in Fig. 2.

doi:10.1371/journal.pone.0120761.t002
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Fig 2. Schematic diagram showing the design of the population based animal syndromic surveillance (PBASS) Study. All PBASS study households
participate in the population based infectious disease surveillance (PBIDS) study, thereby generating human health, animal health, and socio-economic data
linkable at the household level.

doi:10.1371/journal.pone.0120761.9002

Data analysis

Data collection for the PBASS study began in February 2013, and a total of 1500 households
provided informed consent to participate in the study. The data on human health, animal
health and socio-economic status used in this analysis was collected between February 2013
and February 2014. Pocket digital assistants were used to record the data in the field, which
was later downloaded and stored in a Microsoft Access database. Descriptive analyses were
conducted to provide baseline numbers for variables on household demographics, animal own-
ership, and indicators of socio-economic status.

A household illness index for humans and for animals was computed by determining the
total number of cases of illnesses in humans, and illnesses and deaths in animals per household
observed in first one year of the study. The human illness index was treated as the main out-
come variable. To account for the over-dispersion in the household illness index data, negative
binomial regression methods were used to estimate the relationship between household illness
index and household demographics, socio-economic indicators and illnesses and deaths ob-
served in animals. All data analyses were done using the R platform for statistical computing
[25].
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Fig 3. Population pyramid showing the age structure of the household heads by gender in years. The
x-axis represents a percentage of each age group by gender.

doi:10.1371/journal.pone.0120761.g003

Results

Household characteristics

The total population of people in the PBASS study households was 6,400, with an average fami-
ly of 4 persons per household. The mean age of the household heads was 53 years, and the dis-
tribution of the ages of household heads is shown in Fig. 3. Thirty-three percent of the
households had at least one child < 3 years, 42% had at least one child < 5 years, and 56% had
one or more children < 10 years old. Up to 85% of the household heads had received some for-
mal education. Most households (80%) were dependent on agriculture for their livelihood, and
mainly practiced mixed crop-livestock production system. A summary of the household demo-
graphics is provided in S1 Table.

Data collected on the ownership of household assets (see S2 Table) shows the mean house-
hold asset value (consisting of assets such as farm implements, electronics, bicycles) to be USD
100 (Kshs. 8,820) with a median household asset value of USD 50 (Kshs. 4,200). Farming was
the main source of household income, with 32% of the households reporting to receive some
income away from their farms. For households that reported an off-farm income, the monthly
average was USD 280 (Kshs. 23,840) and a median of USD 124 (Kshs. 10,500).

Firewood is the main source of cooking energy for 94% of the households, 5% used charcoal,
and 1% used natural gas or paraffin. Among the households using firewood, only 3% reported
regularly buying firewood, with 97% reporting to collect it from the surrounding environment.
Electricity connection in the study area was minimal with only 3% of households being con-
nected to the electricity grid. Most households (82%) have at least one outdoor latrine, while
the rest (18%) reported having no latrine available within their homestead.

Forty-three percent of the households obtained water for domestic use from wells, 32% har-
vested rainwater or accessed it from seasonal streams, while the rest fetched their water from

PLOS ONE | DOI:10.1371/journal.pone.0120761 March 23, 2015 8/18
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Table 3. Proportion of households keeping each species of livestock, and the summary statistics for number of animals per household.

Livestock ownership Frequency (%) Mean Median Maximum
Own least 1 species 1348 (93.4)

Cattle 800 (55.4) 5 3 98

Goats 587 (40.7) 4 3 30

Sheep 268 (18.6) 5 8 47
Chicken 1272 (88.1) 14 11 100

doi:10.1371/journal.pone.0120761.t003

communal reservoirs or from Lake Victoria. Sixty percent of the households spent 1-2 hours
each day collecting water, 20% spent under one hour a day, and 20% over 2 hours each day.

Only 7% of the enrolled households do not keep livestock. Of the 93% that keep at least one
species of livestock, chickens were the most common species (88%), followed by cattle (55%),
goats (41%) and sheep (19%), see Table 3. Most households practice mixed small-scale farming
with a median of 9 ruminants (cattle, goats and/or sheep) and 11 adult chickens.

Ninety-one percent of the households reported growing maize in the planting season pre-
ceding the recruitment visit. Details of the other crops grown are provided in Table 4. The
sources of animal proteins for the households include fish (88%), cow milk (75%), beef (33%),
and eggs (29%), Table 4. Household food consumption for the 7 days preceding the recruit-
ment visit, the type of food consumed and the proportion of families consuming different food
types are also presented in Table 4.

To determine if a household’s likelihood of consuming animal source foods is associated
with livestock ownership, we tested the relationship between milk and egg consumption with
the total number of cows and chickens owned, respectively. The likelihood of milk

Table 4. Showing proportion of households planting each of the common crops in the most recent
planting season, and foods consumed in the last 7 days preceding the interview.

Crops planted Frequency (%)
Maize 1312 (91)
Potato 116 (8)
Sorghum 68 (5)
Cassava 61 (4)
Beans 501 (35)
Household consumption

Cow milk 1085 (75)
Goat milk 3(0.2)
Eggs 416 (29)
Beef 476 (33)
Goat meat 7 (0.5)
Fish 1275 (88)
Cassava 514 (36)
Sorghum 458 (32)
Banana 210 (15)
Pulses 661 (46)
Onions, carrots 1316 (91)
Green vegetables 1365 (95)
Sweet potato 366 (25)
Irish potato 105 (7)

doi:10.1371/journal.pone.0120761.t004
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Table 5. Results of regression between household human iliness cases and animal iliness and death cases (while accounting for household size),
relationship between seeking health care and livestock ownership, household income and assets and livestock ownership, and household animal
source food consumption and livestock ownership.

Variable Estimate Lower Cl Upper CI p-value
Household iliness index

(Animal illness and death/10) 1.31 1.16 1.49 < 0.001
Household size 1.08 1.07 1.1 < 0.001
By syndromes

Gastro-intestinal tract illness (humans)

Animal—Gastro-intestinal illness 1.06 1.02 1.12 0.009
Respiratory syndromes

Animal—respiratory syndromes 1.1 1.04 1.17 0.002
By socio-economic status

Household illness index

Household head education level- formal 1.02 0.85 1.21 0.248
Number of cattle owned 1 0.99 1.01 0.241
Household consumption

Cow milk consumption (yes/no)

Number of cows owned 1.62 1.44 1.86 < 0.001
Egg consumption (yes/no)

Number of Chicken owned (10) 1.28 1.17 1.4 < 0.001
Expenditure on health (yes/no)

Number of cattle owned 1 0.97 1.02 0.906
Number of Chicken owned (10) 1.18 1.09 1.3 < 0.001
Household asset value

Number of cattle owned 1.1 1.07 1.13 < 0.001

doi:10.1371/journal.pone.0120761.t005

consumption in a household increased by 62% for every increase by one in the number of cows
owned, and the likelihood of egg consumption by 28% for every increase in the number of
chickens owned (in 10 chicken units) (Table 5).

Over half of the households (54%) did not regularly control for ticks in their livestock and
only 2% of the households reported vaccinating their cattle against any diseases. For the period
of 3 months preceding the recruitment visit, 52% of the respondents reported expenditures on
health care for household members (median expenditure of 2 US dollars per month per house-
hold). We tested whether the probability of expenditure on human health care was related with
livestock ownership. Using the recruitment data, we found no correlation relationship between
probabilities of a household spending on health during the last 3 months with the total number
of cows, goats or sheep, but there was a correlation with the number of chickens owned [inci-
dence rate ratio 1.18, 95%CI (1.09, 1.3) for every 10 chickens owned].

Livestock disease syndromes

Whereas data for all 9 syndromes were collected in cattle, sheep, and goats, household visits for
cases in chickens were made only when the mortality was >30% of the flock. Between February
2013 and February 2014, a total of 2193 cases of livestock illness and deaths were recorded. Of
these, 75% were illnesses in cattle, sheep and goats and 25% were mortality cases in cattle,
sheep, goats, and chicken. Cattle contributed 58% of all cases of illness, with goats and sheep
contributing 28% and 14% of the cases respectively. Most of the recorded deaths (54%) oc-
curred in chickens and chicks (only considered if >30% of the flock died), with cattle, goats

PLOS ONE | DOI:10.1371/journal.pone.0120761 March 23, 2015 10/18
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and sheep contributing 14%, 22% and 10% respectively. Interestingly, the two methods for re-
porting illnesses or deaths in animals contributed nearly equally. The use of a toll-free number
with farmers contacting the PBASS team directly to report cases of illness or deaths accounted
for 46% of all the reports, while the bi-weekly visits conducted by the community interviewers
accounted for 54% of all reports.

Of the illness cases reported among each livestock species, gastro-intestinal tract syndrome
cases were the most common, comprising of 52%, 53%, and 34% of total cases in cattle, goats,
and sheep respectively. For these three species, respiratory syndromes were the second most
common observed, see Fig. 4.

Human disease syndromes

Between February 2013 and February 2014 a total of 38,208 human illness cases were reported,
with respiratory illnesses constituting 54.4%, see Fig. 5.

Using the human and animal health data collected over the 12-month period, we tested
whether there was a correlation between households reporting illnesses among household
members, and those reporting cases of illnesses or death in animals. To do this, we computed a
summary statistic for each household, which provided the total number of illnesses reported
per household in humans, and in animals over the one-year observation time. The mean num-
ber of cases of human illness per household was 26 (median 13, minimum 0, maximum 136),
with a mean of 1.2 cases among livestock (median 0, minimum 0, maximum 24). An individual
(human or animal) can provide as many cases to the household aggregate as were recorded
through the routine surveillance visits. The distribution of these human and animal cases per
household is provided in Fig. 6.

Using a negative binomial generalised linear model to account for the over-dispersed nature
of the data, we tested the hypothesis that there is no correlation between human illness and ani-
mal illness cases at the household level, based on the one-year surveillance data collected. The
outcome variable for this analysis was the total number of human illnesses per household, and
this was regressed against the number of animal illness and deaths cases in the same house-
holds. While accounting for the household size, the results suggested that for every 10 cases of
animal illness or death observed in a household, the odds of observing a human illness in the
same household was 31% greater (95% CI, 16-49%).

When this analysis was extended to determine if there was an association between gastro-in-
testinal syndromes and respiratory syndromes in humans and animals, we found that there
was a 6% (95% CI, 2-12) increase in the probability of gastro-intestinal illness in humans asso-
ciated with each additional case of gastro-intestinal illness observed in animals in the same
households. A 10% (95% CI, 4-17) increase in the probability of respiratory illness case in hu-
mans was associated with each additional case of respiratory illness observed in animals
(Table 5).

There was no evidence of an association between the household illness index and socio-eco-
nomic factors such as number of cattle owned and education level of the household head. How-
ever, the likelihood of health care seeking among household members falling ill increased with
the number of cattle owned by 1.15 times (95% CI 1.03, 1.29) for every 10 cattle owned, and
with the net off-farm income by 1.03 times (95% CI 1.01, 1.06) for an increase in income of 100
US dollars. Additionally, we found the asset value of a household was positively correlated to
the number of cattle owned (see Table 5).
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Discussion

The PBASS study platform is designed to investigate and understand the links between human
health, animal health, and specific socio-economic variables. The key strength of this study is
the simultaneous collection of longitudinal data on human health, animal health, and socio-
economics from the same households over time. This “One-Health” approach that allows for
an integrated human-animal health and economic framework for assessing causes of poor
human health have been previously proposed[26-28].

The study presumes that human health and animal health may be linked through 3 main
pathways: i) a socio-economic pathway where improved livestock production is associated
with healthy livestock leading to improved household incomes and wealth, access to education
and health care, ii) a nutritional pathway where owning healthy livestock increases access to
animal source foods that in turn reduces the risk of malnutrition and disease, and iii) a zoonot-
ic pathway where healthier livestock are less likely to transmit zoonotic and food-borne infec-
tions. Our data is linkable at the household level, making it possible to identify the pathways by
which human and animal health are related, determine the magnitude and direction of effect
of each pathway, and test interventions in the animal sector that would increase human oppor-
tunity, including human health, wealth and welfare.

Although the results we present are based on analysis of only the first 12 months of data, we
find strong associations between the cumulative number of human illnesses in a household
(human illness index) and the cumulative number of animal illnesses and death (animal illness
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index) in the same households. Additionally, for the common respiratory and gastro-intestinal
illnesses, households with high numbers of animal cases of each of these syndromes have high
numbers of the similar syndromes in humans. We hypothesize that the observed relationships
between households with high numbers of human illnesses and those with high numbers of an-
imal illnesses may be driven by either the zoonotic pathway, with pathogens shared between
humans and the animals they keep, or driven by factors that increase a household’s illness
index. In the latter case, illnesses may be related to the environment in which the humans and
animals co-reside. Disease clustering is known to be associated with environments that are suit-
able for survival of parasites and the vectors that transmit them, and where disparity conditions
promote disease[29]. Although the role of environment and environmental factors on human
and animal illness is not investigated in this current study, this will be a subject of analysis
moving forward. Human and animal illnesses may be mediated through human and animal
health management, nutrition, and healthcare-seeking activities, which in turn are mediated by
wealth, income, as well as credit and liquidity constraints. This concept of social and economic
determinants of health is well recognized, with greater likelihood of poor health associated
with people of lower socioeconomic status[30].

We find a correlation between a household’s asset accumulation and health seeking behav-
iour, and the number of animals owned. Families owning large herds of cattle had assets of a
greater value compared to those owning fewer animals. It is possible that asset accumulation is
a result of increased income from livestock, or asset accumulation and livestock accumulation
are independent but influenced by a third source of income. Such dynamics will be investigated
using the multi-year data available from this longitudinal study. Asset accumulation has been
related to increased income from livestock[31]. In relation to health, the likelihood of health
seeking following human illness increased with number of cattle owned. These examples dem-
onstrate the potential pathways that may relate livestock ownership to human income and
wealth, and access to health care.

The hypotheses that human illnesses are driven by zoonotic infections will be tested by de-
termining the etiologies of the human syndromes and animal syndromes observed, and the
risk factors associated with specific infectious diseases identified. Currently, only limited diag-
nostic work is being performed to determine the etiology of the observed animal disease syn-
dromes, until the syndromes associated with the highest economic impact at the household
can be determined.

The collection of human health and animal health data at the household level is done at
least every 2 weeks. Although the 2-week inter-visit interval may be associated with some recall
decay[24], the interval is optimal in balancing the risk of excessive recall bias associated with
longer intervals between consecutive household visits, the risk of participant fatigue with more
frequent visits, and the demand on resources required for surveillance through home visits.
The use of a toll-free number as an extra tool for surveillance in livestock allows the farmer to
reach the veterinary team whenever an animal falls sick. This surveillance tool allows for the
capture of active clinical cases, and reduces the risk of under-estimating the incidence of ill-
nesses associated with recall bias. From this study, approximately half of all recorded cases of
illness and death in animals were reported through the toll-free number, a relatively inexpen-
sive, and efficient alternative surveillance tool. The use of mobile phone-based tools for surveil-
lance of diseases has expanded in the last decade[32,33]. The uptake and success of these tools
is dependent on a number of factors including costs of data transmission, ease of use by the
data collectors, and availability of infrastructure such as a good mobile network. In our study,
successful use of mobile phones to report disease events can be attributed to a high proportion
(> 70%) of mobile phone ownership among study households, a strong mobile network signal

PLOS ONE | DOI:10.1371/journal.pone.0120761 March 23, 2015 14/18



@’PLOS | ONE

A Study of Links between Human and Livestock Health at Households

(most households receive mobile network signals), and the use of the toll-free option, which
takes away the cost of the phone-call from the farmer.

The use of toll-free reporting system alone would possibly miss disease events that farmers
view as less serious to warrant reporting. Such cases missed by the toll-free system are picked
during the bi-weekly home visits. However, the timely response by the PBASS veterinary team
to disease events reported by the farmer, and the offer of free veterinary advice (clinical diagno-
sis and limited care) for syndromes relevant to the study have been an effective motivator for
farmers to report disease events. The combination of a toll-free number and biweekly visits al-
lows analysis of the quality of disease incidence data collected by each pathway, with each pro-
viding a quality control check. Over time, we will better assess whether one method is
preferable over the other. However, we postulate that with proper feedback offered to the farm-
ers, the use of a toll-free reporting system may be an attractive and cost-effective tool to in-
crease disease surveillance, especially in resource-limited areas.

The platform allows for the study of shocks on household’s health and wealth that may be
associated with morbidity and mortality among livestock attributable to infectious diseases.
Data on health of livestock through the surveillance system will likely be related to household
expenditures on health, health-care seeking following illness in a member of the household,
and income and asset changes over the same period of time. The longitudinal nature of data
collection provides a chance to relate changes in household assets and consumption with illness
and death events in animals. Data will be analysed by syndromes to determine which of the
livestock syndromes under study have the greatest economic impacts on households, and the
results used to prioritize which interventions will not only reduce livestock disease burden but
maximize protection of household assets and livelihoods.

Analysis of data on consumption of animal source foods indicates households that keep cat-
tle and those that keep chickens have an increased likelihood of consuming milk and eggs re-
spectively. While such a correlation might seem intuitive, it is not uncommon that milk and
eggs are used for household income to purchase less expensive sources of food with less nutri-
tive value. The consumption of animal source foods is important as it has been found to be pos-
itively associated with increased cognitive development and a reduced risk of malnutrition and
stunting in children[34-36]. In order to better understand the relationships between livestock
ownership and health, and human nutrition, this study is collecting monthly anthropometric
data from children under 5 years of age, accompanied by records of nutritional intakes of these
same children for a period of at least one year. Linked to the human health data, these outcome
variables will be used to investigate the nutritional pathways and determine the impact of ac-
cessing animal source foods on disease susceptibility and overall child health, nutritional status,
and growth and development.

Our preliminary analysis shows a positive association between the likelihood of spending
money on health and the number of chickens owned, and no association with the number of
small or large stock owned. Whereas it is plausible to relate health spending to livestock owner-
ship, it is curious why the relationship is significant with poultry alone and not with the other
livestock species. To illustrate some of the complexity of household economic decisions that
can be examined using our platform, note that the average amount of health spending is rela-
tively small (approximately 5 US dollars a month) and it may be that different livestock species
serve different livelihood roles. These spending patterns and associations with specific livestock
species may be related to gender roles and livestock ownership. For instance, women are
known to have more rights over chicken and sometimes small stock than they have over larger
livestock, and are likely to spend significantly higher amounts of their income on families com-
pared to men[37]. There is need for additional studies and analysis to provide information on
the intra-household dynamics of ownership, management and marketing of livestock products
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to draw stronger inferences on relationship between livestock ownership and productivity and
human health and nutrition.

Livestock are economically substantial assets. The sale of larger (more valuable) stock may
be reserved to cushion against larger household financial needs such as education fees for chil-
dren, whereas the sale of a chicken may represent a smaller “withdrawal” for the purpose of
paying these smaller expenditures. These complexities that drive household spending may be
responsible for whether a family gets into or out of poverty and disease[38]. Continuing longi-
tudinal data from longer periods of follow-up will allow for more robust testing of hypotheses
on the role different livestock species in meeting specific household needs such as nutrition,
cash, education, and socio-cultural needs of livestock keepers.

It is important to note that while animal illness is included in these regressions as an explan-
atory variable for human illness, these results should not be taken to imply directional causality
of livestock health on human health, but instead should be interpreted carefully as qualitative
evidence of a (potentially complex) relationship between human and animal health.

In conclusion, the PBASS-PBIDS platform produces a unique opportunity to link human
health, animal health and socio-economic data, collected frequently and simultaneously in the
same households over the same period of time. These data allow for the investigation, under-
standing and quantification of the pathways by which human health and welfare are linked to
animal health, and provide a platform for testing hypotheses related to “one-health” including
scientific enquiries focusing on specific diseases, co-infections and their interactions. While it
is tempting to suggest that intervention in animals to control gastrointestinal or respiratory ill-
ness may have its most important direct impact on human illness, data on household welfare
may indicate that animal health interventions, not necessarily related to a specific disease syn-
drome, increases household wealth, which, in turn may have the greatest impact on human
health. Such data and analyses may have novel contributions to guide health policy and invest-
ment in resource constrained areas.
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