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Abstract

Background: In resource-limited settings in which child malnutrition is prevalent, humans live in close proximity to
household livestock. However, the relation between household livestock and child nutrition represents a considerable
knowledge gap.

Objective: \We assessed whether household livestock ownership or livestock disease episodes were associated with
growth in young children in western Kenya.

Methods: \We incorporated monthly anthropometric measurements for children <5y of age into an ongoing linked human and
animal surveillance cohort in rural western Kenya. Using linear mixed models adjusted for age, sex, and household wealth, we
tested whether baseline household livestock ownership was related to baseline child height for age or prospective growth rate.
We also evaluated whether livestock disease episodes were associated with child growth rate over 11 mo of follow-up.
Results: We collected data on 925 children over the course of follow-up. Greater household livestock ownership at
baseline was not related to baseline child height-for-age z score (adjusted B: 0.01 SD; 95% Cl: —0.02, 0.04 SD) or child
growth rate (adjusted B: 0.02 cm/y; 95% CI: —0.03, 0.07 cm/y). Livestock disease episodes were not significantly
associated with child growth across the entire cohort (adjusted B: —0.007 cm/mo; 95% CI: —0.02, 0.006 cm/mo).
However, children in households with livestock digestive disease between June and November gained less height than
did children in households that did not report livestock disease (3: —0.063 cm/mo; 95% Cl: —0.112, —0.016 cm/mo). Children
<2 y of age in households with livestock digestive disease gained less weight than did those who did not report disease
(B: —0.033 kg/mo; 95% Cl: —0.063, —0.003 kg/mo).

Conclusion: In this cohort of young children in western Kenya, we did not find an association between ownership of
livestock and child growth status. However, disease episodes in household livestock may be related to a lower child
growth rate in some groups. J Nutr2016;146:1118-24.
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Introduction

Optimal early childhood growth is associated with long-term
health and cognitive function (1). As such, child growth
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measures serve as important indicators for current and future
population health and economic well-being (2). Child growth
velocity varies by age and follows a pattern of rapid increases
followed by stasis (3). Throughout infancy, children experience
steep gains in length, the velocity of which slows at ~1 y of age
(4). Growth trajectory can be diminished by negative energy
balance, either from decreased nutrient intake or increased
metabolic demand from infections. Although catch-up growth
can occur after these insults, it may be incomplete, leading to a
permanent height deficit (5, 6). This height deficit, or stunting, is
associated with a higher risk of acute morbidity, long-term
chronic disease and education underperformance (1).
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Household livestock production is a common income-
generating activity in low-resource settings, and may benefit
child nutrition through better access to health care, education,
sanitation, and nutritionally rich foods (7). In addition, direct
consumption of eggs, meat, and milk or milk products can
improve children’s dietary diversity, which is an important
contributor to linear growth (8, 9). Consumption of cow milk
has been demonstrated to improve child growth in both developed
and developing settings (10, 11). For these reasons, livestock
interventions, such as livestock production intensification and
livestock donation, often have the goal of improving child
nutrition. However, child growth and health outcomes have not
been evaluated commonly as metrics for these interventions. In a
systematic review of the impact of livestock production im-
provement on nutrition-related outcomes, only one trial had
evaluated child growth and no significant associations were
reported (12). Furthermore, to our knowledge, only a few obser-
vational studies have tested the overall influence of household
livestock ownership on child growth (13-135).

Although there are several conceptual benefits to livestock
ownership, increasing numbers of household animals could
include potential trade-offs. For example, dairy intensification
may result in a decrease in exclusive breastfeeding behavior as a
result of increased availability of cow milk (16). Livestock in
resource-limited settings also often have a high incidence of
disease, and many livestock pathogens have zoonotic potential
(17-19). Environmental contamination with livestock fecal
pathogens could increase the risk of clinical and subclinical
infection in children, both of which can directly affect linear
growth (20, 21). Disease in livestock may also lead to loss of
household income through the loss of investment in these animals
(22, 23).

As a result of the role of livestock as a source of wealth and
food, and as a potential source of zoonotic pathogens, disen-
tangling the relation between household livestock and child
growth is inherently challenging. In this study, we evaluated
the overall relations between household livestock ownership,
episodes of livestock disease, and child growth trajectory in a
linked human and animal health surveillance cohort in western
Kenya.

Methods

Study design

This prospective cohort study was conducted within a human-animal
health surveillance platform in western Kenya managed jointly between
the Kenya Medical Research Institute, CDC Kenya, Washington State
University, and the University of Washington. During the study, human
health and livestock surveillance systems were ongoing in 10 villages
(1800 households) within a 5-km radius near Lake Victoria (24). The
primary economic activities in this area include fishing, smallholder
mixed-crop farming, and livestock farming. Chickens are usually free
range and are able to enter human homes. In some households, chickens
are penned in a separate enclosure at night. Cattle, goats, and sheep graze
during the day but are enclosed within the compound (a fenced group of
familial housing) at night.

The anthropometric component of this study was approved by the
Kenya Medical Research Institute Ethical Review Board as an amendment
to an existing animal surveillance study (Scientific Steering Committee
protocol no. 2250) and the human health surveillance study (Scientific
Steering Committee protocol no. 1899) in March 2014. Any households
enrolled in both human and animal surveillance systems with children who
were <5 y of age in June 2014 were eligible for inclusion in this cohort.
Caregivers provided informed consent for participation in the study. The
follow-up timeline for the study is depicted in Figure 1.

Oct 2013-June 2014: “Baseline Period” June 2014: “Baseline”
Livestock ownership and wealth
measurement

May 2015: “Endpoint”
Child measurement
conclusion

Child measurement
initiation

July January July January July
2013 2014 2014 2015 2015
FIGURE 1 Follow-up timeline for measurements of household live-

stock and children <5 y of age in Asembo, Kenya.

Our sample size was confined by the population contained within
the participating villages. We predicted that we would enroll ~1000
children in 700 houscholds and calculated the minimum detectable
effect based on these numbers. To account for clustering within
household, we calculated the anticipated design effect and cluster
variability. Based on these values, we expected to have the capacity to
detect an RR of stunting of ~1.43, comparing those families that
owned no animals to those that owned any animals. For the analysis of
livestock disease and child growth, the primary exposure of interest
was a time-varying covariate. We estimated that the incidence of
livestock diarrheal disease would be 40 diagnoses/wk within the catchment
area, yielding an 11% monthly cumulative incidence of the exposure at

the household level.

Data collection
Four experienced community health interviewers were trained in ques-
tionnaire administration and anthropometric measurements with the use
of the World Vision training package (25). From June 2014 to May 2015,
the team collected the height and weight measurements of children <5 y of
age every month during household visits. The team measured the length of
children <2 y of age and the height of children =2 y of age with the use of a
ShorrBoard (Weigh and Measure, LLC). Weight was measured with the
use of a digital mother/child standing scale (Seca). Midupper arm
circumference was assessed with the use of standardized tape for the
purpose of screening and referral for acutely malnourished children
[defined as an arm circumference of <11.5 cm for children >6 mo of age
(26)]. Interobserver reliability assessments were conducted initially as a
part of training. For ongoing quality control, managers conducted repeat
visits with a subset of children each month. Children with abnormal
height or weight values also were followed up after data cleaning.
Baseline livestock ownership and economic data were collected by
a separate team through the administration of an in-depth quarterly
economic questionnaire between October 2013 and June 2014, as
described elsewhere (24). For these economic questionnaires, trained
interviewers asked the household head a series of questions about assets,
livestock (cows, sheep, goats, and chickens), income, and expenditures.
Livestock disease information, collected between May 2014 and May
2015 by a team of veterinary technicians, was available throughout the
child growth follow-up study (24). Community health interviewers
requested information on whether or not there were any sick livestock in
the household during biweekly interviews. Farmers could also report an
animal disease directly through a toll-free phone line. If a household
reported a livestock illness, veterinary technicians responded within 48 h
to examine and diagnose the animals, collect diagnostic specimens, and
provide veterinary treatment, if necessary. Treatment was provided in
accordance with the best clinical diagnosis, as well as with laboratory
results when available. Common treatments for infections included
anthelminthics, antibiotics, and anti-inflammatory drugs. Veterinarians
and animal health technicians also provided advice if the clinical diagnosis
was considered to be of environmental or dietary origin. Livestock disease
reports were subcategorized for cows, goats, and sheep into 9 syndromes:
death, reproductive (abortion, stillbirths, or neonatal deaths), respiratory
(cough, nasal discharges, or difficulty breathing), digestive (diarrhea, bloody
diarrhea, or bloating), urogenital, mastitis, musculoskeletal, skin, and
nervous system. Chicken reports were recorded based on episodic
outbreak mortality in chicks, reflective of the most common losses in
household poultry.
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Data analyses

We conducted 3 main analyses. First, we evaluated the relations between
livestock ownership and baseline anthropometric measurement status.
Second, we assessed whether baseline livestock ownership was associ-
ated with subsequent annualized growth trajectory. Finally, we tested the
relation between time-varying livestock disease episodes and monthly
growth trajectory. All analyses were conducted in Stata/SE 13. Tests were
considered to be statistically significant if the CIs did not include zero.
No adjustments were made for multiple comparisons.

Descriptive statistics. To describe the cohort, we calculated means and
proportions of baseline child and household characteristics in total and
across a binary variable indicating whether any livestock illness had been
reported over the entire livestock disease reporting period (May 2014—
May 2015). We described animal ownership over the baseline period by
providing mean household counts and variability. Livestock disease
reports are described as the total count and proportion of disease reports
in each syndrome category. We also assessed nonlivestock predictors of
growth trajectory (child age, season, child sex, number of household
members, and household wealth) in univariable analyses.

Livestock ownership and child growth analysis. In order to include
as many households as possible, and to account for variability and
wealth at the household level, we calculated baseline livestock and
wealth scores over a 9-mo period (3 quarterly measurement points)
before child growth measurements began (Figure 1). For baseline
livestock counts, we created a single mean household count within
each livestock species (chickens, cows, sheep, and goats). To generate a
total livestock score, we combined livestock species into an unweighted
sum per household. We calculated an asset-based wealth score with the
use of the household’s ownership of farming implements, bikes, vehicles,
radios, tractors, phones, motorbikes, televisions, computers, electronics,
dwellings and buildings, and latrines in a principal component analysis
based on cofactors from previous literature and cultural aspects relevant
to our study population (27). The first component was used as a wealth
score for each measurement point, which was then averaged across all
baseline time points. Both livestock ownership and the wealth score were
household-level variables.

We compared child height and weight measurements by age and sex
to the WHO 2006 standards to create continuous measures for height-
for-age z score (HAZ) and weight-for-height z score (WHZ) (28).
Stunting and wasting were defined as less than —2 SDs below the WHO
reference median. The child’s baseline HAZ, baseline WHZ, and
prospective annualized growth rates were considered the outcomes for
this analysis, which was conducted in a subset of the cohort for which
an initial child height measurement was available within 3 mo of June
2014. Baseline HAZ and WHZ were used in their first available in-
stance between June and August 2014. HAZ, WHZ, weight, and height
measurements were excluded for biological implausibility a priori if the
HAZ or WHZ was below —5 SD or above 5 SD. Annualized 12-mo
growth rate [(last height measurement — first height measurement) X 12/
total months contributed] was calculated for children with =2 mea-
surements, =3 mo apart.

We used linear mixed regression to evaluate the relation between
household livestock ownership and these child growth outcomes. Random
effects were included for the household level, because many households
included >1 child. The main predictor in this model was baseline livestock
ownership, either as a total count or a count by species. After evaluating
the unadjusted association, we controlled for the a priori covariates of
child age, child sex, number of household members, and household
wealth. Covariates were chosen as potentially important predictors of
child height or weight gain, or as potential confounding factors in the
relation between livestock and child growth. In order to encompass the
entire effect between livestock ownership and child nutrition, we chose
not to adjust for variables that might be considered within the overall
pathways between livestock ownership, livestock disease, and child
growth, such as child feeding practices or child disease status.

Livestock disease and child growth analysis. For this analysis,
livestock disease was defined as a report of any livestock syndrome
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within the household over time-varying 30-d increments. Households
could report >1 disease/mo, so disease counts were treated as a continuous
variable. Because of the large numbers of digestive syndromes
reported, and because of interest in diarrheal disease specifically,
we evaluated reports of animal digestive syndromes and diarrheal
symptoms separately. Further disease stratifications by syndrome
type or livestock species type were not conducted because of
insufficient numbers of disease reports at the household level. Child
growth was defined as the change in height or weight by month over
the course of follow-up.

We again used linear mixed regression to evaluate whether time-
varying livestock disease was related to monthly child growth rate.
Random intercepts were included for both child and household levels to
account for multiple measurements per child over time and for related
children within households. We also included a random slope for the
child level. The primary independent variable for this model was time, as
measured by month of the child’s height and weight measurement. We
tested whether livestock disease episodes significantly influenced the
effect of time on child height or weight (i.e., growth) by evaluating an
interaction between the exposure and month. In the primary analysis, we
tested the effect by using a lag of 1 mo between livestock disease and the
child’s growth measurements. In exploratory analyses, we also tested
models with no lag and a lag of 3 mo, as well as change in HAZ and
WHZ over time.

After evaluating the unadjusted associations in each of these
models, we controlled for child baseline age, child sex, number of
household members, household baseline wealth, and baseline house-
hold livestock ownership count. As above, covariates were chosen a
priori as potentially important predictors of child height or weight gain,
or as potential confounding factors in the relation between livestock
syndromes and child growth. We provided overall results as well as
results separately for children =2 of age and children >2 y because of the
differences in growth slope at these ages. We also provided livestock
disease model estimates stratified by 2 seasons, June-November and
December—April, because of seasonal differences in growth.

Sensitivity analysis. Because this study was longitudinal and community-
based, some anthropometric data points were missing throughout follow-
up. As a sensitivity analysis, we imputed missing height values with the
use of the Markov Chain Monte Carlo multivariate normal regression
technique. We used 10 imputed datasets. Estimates of the imputed
regressions were derived with the use of Rubin’s combining rules through
Stata’s “mi” package (29).

Results

Cohort description. During follow-up, we collected data on
925 children in 755 households. Eight hundred forty-one children
had sufficiently complete data to be included in =1 adjusted
analysis. Children were available for a mean of 8 of 11 growth
measurement visits, and 77% of monthly height observations
were available overall. Those children who were missing height
measurement data points in this cohort were older and more
likely to be female, and came from households with higher
household livestock ownership. However, in the imputation
analyses, no major differences in the size or direction of the
associations reported below were noted (data not shown).

The baseline age of children ranged from 1 mo to 60 mo.
Among those for whom baseline and endpoint values were
available, 23.5% of children were stunted at baseline. In univariable
models, child age, season, number of household members,
household wealth, and child sex were related to child growth
over time (Supplemental Table 1). Overall, children grew
(mean = SE) 0.68 = 0.007 cm/mo and gained 0.15 = 0.002 kg/mo.
Children =2 y of age grew 0.80 = 0.014 cm/mo and gained
0.16 = 0.004 kg/mo; children >2 y of age grew 0.63 =
0.005 cm/mo and gained 0.14 = 0.003 kg/mo. Girls grew
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TABLE 1 Baseline cohort characteristics of children <5 y of age and their households, Asembo, Kenya'

Any livestock disease reported No livestock disease reported Overall
Characteristic (n=304) (n = 554) (n = 858)
Child indicators
Age, mo 33.0 =172 327 =174 328 173
Female 163 (53.6) 287 (51.8) 450 (52.4)
HAZ —1.1+1.26 —1.25+11 -12+12
WHZ —002 =11 —-020 =11 —-012 =11
Wasted 9(3.0) 31(5.7) 40 (4.8)
Stunted 65 (21.9) 132 (24.4) 197 (23.5)
Household indicators?
Number of household members 63 +19 56 + 20 59+ 20
Household wealth quintile 3214 2914 3014
Livestock count 48 £ 30 27 +23 34 =31
Cattle, n 38 =58 11+£22 21 +41
Chickens, n 104 +78 83*+176 91 +77
Goats, n 27 +36 08*15 15+ 26
Sheep, n 20 =41 0414 1.0+ 28

"Values are means * SDs or n (%). HAZ, height-for-age z score; WHZ, weight-for-height z score.

2 Household mean over the past 9 mo before baseline.

significantly faster than boys, by ~0.05 cm/mo in height and
0.014 kg/mo in weight. The children’s height gain was greater
between December 2014 and April 2015 than between June
2014 and November 2014 (B: 0.10 cm/mo for December—April
compared to June-November, 95% CI: 0.06, 0.14 cm/mo).

At baseline, there were a few notable differences in charac-
teristics between children whose families reported livestock
disease and those whose families did not (Table 1). The mean
WHZ and HAZ were higher in those families that reported any
syndromes. Baseline wealth status quintile (excluding livestock)
was higher, and baseline livestock ownership counts were much
higher in those families who reported any syndromes throughout
follow-up. Child age was fairly balanced between the 2 groups.

Livestock ownership and child growth analysis. Eight
hundred thirty-eight children from 597 households had a
baseline anthropometric measurement between June 2014 and
August 2014 and were included in the analysis of livestock
ownership and growth. The mean HAZ at baseline was —1.2 =
1.2 SD and the mean WHZ was —0.12 = 1.1 SD. Child age,
child sex, number of household members, and household wealth
score were associated with HAZ at baseline. Child age was the
only covariate significantly related to WHZ; children between
1 and 2 y of age were the most likely to be wasted (Table 2). We
did not find an association between livestock ownership, in
combination or as separate species, and child baseline HAZ or
WHZ (Table 2). Adjustment for child age, child sex, household

TABLE 2 Linear mixed-model results of household livestock ownership, total count and by species, and anthropometric

measurement status in children <5 y of age at baseline (n = 838)"

Baseline child HAZ

Baseline child WHZ

Model Unadjusted B (95% Cl)

Adjusted B (95% CI)?

Unadjusted B (95% Cl) Adjusted B (95% Cl)?

Total livestock ownership

Baseline livestock count®

Child age (mo), linear

Child age (mo), quadratic

Child sex (female = 1)

Number of household members
Household wealth score
Separate livestock species®
Poultry

Cows

Goats

Sheep

Child age (mo), linear

Child age (mo), quadratic

Child sex (female = 1)

Number of household members
Household wealth score

0.01 (—0.01, 0.04)

0.003 (—0.008, 0.14)
0.03 (—0.05, 0.11)
0.010 (—0.03, 0.05)
—0.008 (—0.04, 0.03)

0.01 (—0.02, 0.04)
—0.10 (—0.12, —0.08)
0.001 (0.001, 0.002)

0.24 (0.09, 0.40)
—0.08 (—0.13, —0.04)

0.11(0.03, 0.19)

—0.0005 (—0.01, 0.01)
0.04 (—0.04, 0.12)
0.004 (—0.03, 0.04)
0.02 (—0.02, 0.05)
—0.10 (—0.12, —0.07)
0.001 (0.001, 0.002)
0.24 (0.09, 0.40)
—0.10 (-0.12, —0.08)
0.11(0.03, 0.19)

—0.002 (—0.03, 0.02)

—0.0003 (—0.01, 0.01)
0.001 (—0.07, 0.08)
—0.02 (—0.06, 0.01)
0.02 (—0.02, 0.05)

—0.002 (—0.03, 0.03)

0.03 (0.009, 0.05)
—0.0004 (—0.0007, —0.0001)
0.16 (—0.001, 0.32)
—0.03 (—0.07, 0.02)

0.06 (—0.02, 0.14)

—0.0003 (—0.01, 0.01)
—0.02 (—0.10, 0.06)
—0.02 (—0.06, 0.02)

0.03 (—0.01, 0.06)
0.03 (0.009, 0.05)

—0.0004 (—0.0007, —0.0001)

0.17 (0.01, 0.33)
—0.03 (—0.07, 0.02)
0.07 (—0.01, 0.15)

" HAZ, height-for-age z score; WHZ, weight-for-height z score.

2 Adjusted for household wealth, child sex, child age, and number of household members.

3 Mean livestock numbers owned over the previous 9 mo.
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TABLE 3 Linear mixed-model results of household livestock
ownership, total count and by species, and annualized growth rate
in children <5y of age (n = 841)

Annualized growth rate, cm/y
Unadjusted B (95% Cl) Adjusted B (95% CI)'

Model

Overall livestock ownership

Baseline livestock count? 0.01 (—0.04, 0.07) 0.02 (—0.03, 0.07)
Child age (mo), linear —0.13 (—0.17, —0.09)
Child age (mo), quadratic 0.001 (0.0004, 0.002)
Child sex (female = 1) 0.79 (0.49, 1.10)
Number of household members —0.08 (—0.17, —0.004)
Household wealth score 0.15(0.01, 0.29)

Separate livestock species’

Poultry 0.01 (—=0.01, 0.03) 0.01 (—0.008, 0.03)
Cattle 0.05(—0.10, 0.21) 0.06 (—0.08, 0.20)
Goats 0.01 (—0.06, 0.09)  0.006 (—0.06, 0.07)
Sheep —0.05(—0.12,0.02) —0.04(—0.11,0.02)
Child age (mo), linear —0.13(—0.17, —0.09)
Child age (mo), quadratic 0.001 (0.0004, 0.002)
Child sex (female = 1) 0.77 (0.47, 1.08)

—0.08 (—0.16, —0.001)
0.14 (—0.003, 0.28)

Number of household members
Household wealth score

" Adjusted for household wealth, child sex, child age, and number of household
members.
2 Mean livestock numbers owned over the previous 9 mo.

members, and household wealth did not meaningfully change
these associations. We also did not find an association between
baseline livestock ownership and prospective annualized growth
rate (Table 3). However, in exploratory analyses, baseline
livestock ownership counts were significantly positively related
to both baseline household wealth and livestock disease (data
not shown).

Livestock disease and child growth analysis. Between May
2014 and May 2015, 1181 cases of any animal disease or death
were reported in 304 households. Digestive disorders were most
commonly reported, followed by death, skin disorders, and
respiratory disorders (Supplemental Table 2). Over any given
month of follow-up, ~92% of households reported no livestock
disease, 6% reported 1 livestock disease, and 2% reported >1
livestock disease.

Nine hundred twenty-one children were included in the
livestock disease and child growth analysis, and 800 had
complete data for the adjusted analysis (Table 4). The models
provided in Table 4 represent the association between child
growth and livestock disease exposure in the previous month.
We did not find any associations between livestock disease and
child growth measured concurrently (no lag), or when using a
lag of 3 mo.

In the overall models, almost all of the livestock disease
exposures were inversely related to child growth, even though
these associations were not statistically significant (Table 4). In
the models that were separated by child age, children <2 y of age
(n = 267) in households that experienced a single livestock
digestive disorder report in the previous month grew sig-
nificantly less in weight than did those reporting no disease
(B: —0.033 kg/mo; 95% CI: —0.063, —0.003 kg/mo) (Table 4).
In the models stratified by season, children in households with
livestock digestive disease between June and November gained
significantly less in height than did children in households
that did not report livestock disease (B: —0.063 cm/mo; 95%
CI: —0.112, —0.016 cm/mo) (Table 4). Livestock disease was
not consistently significantly associated with child HAZ or
WHZ over time, although the direction of effect was similar to
above (data not shown).

Discussion

This study describes household livestock ownership and health
in relation to the growth of children in rural western Kenya over
a follow-up of 11 mo. We did not find a relation between owning
higher numbers of household livestock and child baseline
anthropometric measures or subsequent child linear growth
outcomes. However, there was an indication that livestock
disease was associated with some measures of diminished
growth.

There are several conceptual benefits of livestock ownership
for children <5 in rural families. However, in this cohort,
livestock ownership was not related to baseline HAZ, baseline
WHZ, or prospective growth rate. Other studies have shown
that higher numbers of owned livestock are associated with
better child anthropometric measures (8, 14, 30). It is possible
that the families in this cohort interacted with their livestock
differently from other populations, and thus are not receiving
the potential nutritional benefits. We did identify that higher

TABLE 4 Overall and stratified linear mixed-model results of time-varying livestock disease, livestock digestive disease, and livestock
diarrheal disease with mean monthly growth in children <5y of age (n = 800)

Adjusted B (95% CI)'

Exposure and outcome Overall (n = 800) <2y of age (n = 267)

June-November December—April

2-5y of age (n = 533) exposure (n=792) exposure (n =713)

Any livestock disease
Height gain, cm/mo
Weight gain, kg/mo

Livestock digestive disease’
Height gain, cm/mo
Weight gain, kg/mo

Livestock diarrheal disease
Height gain, cm/mo
Weight gain, kg/mo

—0.007 (—0.02, 0.006)
—0.006 (—0.02, 0.004)

0.0002 (—0.036, 0.037)
—0.016 (—0.035, 0.003)

—0.016 (—0.039, 0.007)
—0.007 (—0.025, 0.010)

0.009 (—0.048, 0.064)

—0.011 (—0.042, 0.020)
0.009 (—0.016, 0.033)

—0.009 (—0.079, 0.061)
—0.0002 (—0.038, 0.038)

—0.033 (—0.063, —0.003)

—0.011 (—0.024, 0.002)
—0.002 (—0.015, 0.011)

—0.019 (—0.040, 0.002)
—0.009 (—0.024, 0.007)

—0.047 (—0.101, 0.006)
—0.012 (—0.068, 0.044)

—0.023 (—0.046, 0.000)
0.003 (—0.019, 0.025)

—0.063 (—0.112, —0.016)
—0.003 (—0.037, 0.030)

—0.048 (—0.123, 0.033)
—0.004 (—0.080, 0.071)

—0.014 (—0.047, 0.018)
0.016 (—0.014, 0.048)

—0.056 (—0.129, 0.016)
0.009 (—0.043, 0.062)

—0.076 (—0.171, 0.020)
—0.033 (—0.131, 0.064)

" Adjusted for household wealth, child sex, child age, number of household members, and baseline livestock ownership.
2 Livestock digestive disease is a category within any livestock disease; livestock diarrheal disease is a category within livestock digestive disease.
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numbers of livestock were related to higher wealth scores, but
owning more animals might not directly translate to increased
consumption of nutritionally rich foods or health care access.

In this cohort, we found a strong seasonal association with
child linear growth. Children had a faster rate of linear growth
between December and January. Consequently, the HAZ of
children decreased between July and November and then
increased between December and January. During the study
time period, the peak rains in the Kisumu area were in August,
followed by a sharp decrease in rain between December and
March (31). The trend in child growth may be related to the
seasonality of diarrheal disease, malaria, and other febrile
diseases (32-34); access to food; or other factors.

These data suggest that livestock disease, specifically live-
stock digestive disorders, may be associated with poor subse-
quent child growth in the following month. There are several
potential reasons for this signal. First, it is possible that sick
household livestock serve as an indicator for poor overall
household health. A recent study from the same cohort showed
that livestock disease reports were significantly associated with
human disease reports within the same household (24), which is
supported by previous studies of animal husbandry (35). A
second possibility is that sick livestock serve as source of
zoonotic pathogens in the household. Given that childhood
diarrhea has widely known impacts on child growth (36), there
is the potential that these infections could result in infection-
mediated linear growth failure (21). Finally, there are dietary
and economic costs incurred as a result of livestock disease.
Livestock illness could result in decreased production and direct
consumption of animal-sourced foods, and might further rep-
resent a loss in household wealth. These losses could result in
poorer child growth after a livestock disease.

This study has several key strengths, as well as limitations.
First, the use of systematically collected data on childhood
growth, animal ownership and animal illness is unique. In
addition, the multidirectional interactions driving these associ-
ations were considered carefully in the analysis. We used time-
varying linear mixed models of livestock syndrome report and
child growth outcomes, which allowed us to evaluate a
temporally appropriate relation between livestock disease and
child growth. However, despite a reasonably high overall
incidence, livestock disease reports were low in number at the
household level. For most of the prospective livestock disease
and growth analyses, we were unable to divide by species and
syndrome type because of small numbers, and the effect
estimates might be more statistically precise with more incidence
data. In addition, in the course of the program, veterinary care
was provided to sick animals requiring treatment, which may
have altered the association between untreated disease and
child growth. Although the animal disease surveillance system
includes both active and passive reporting, there remains a
potential for underreporting, which further could have led to a
nondifferential exposure misclassification bias in the estimates.
Moreover, we anticipate that the potential for residual con-
founding between livestock disease, household wealth, and child
growth could have attenuated an inverse association between
livestock disease and child growth. Missing data were another
limitation of the analysis, although the multiple imputations
models showed a size and direction of effect for livestock
ownership and disease similar to the complete case analysis.
Finally, we were unable to include some major predictors of
child growth, such as parental height and child birth weight.
Although we believe that we have included the most important
confounding factors, the precision of the estimates could have

been improved by including these strong predictors of the
outcome.

Domestic livestock are ubiquitous in rural households
throughout many resource-limited settings, and provide a means
of economic development for families. However, the household
relations between livestock and humans are complex, and this
study encourages further examination into these relations.
Optimizing the benefits of livestock for child health requires
integrated programs that include veterinary care, water and
sanitation interventions, child feeding education, and childhood
disease prevention and control.
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