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Abstract.

Zoonotic transmission is likely a pathway for antibiotic resistance. Data from a randomized trial of pediatric

antibiotic administration were secondarily evaluated to determine if poultry ownership was significantly associated with
the presence of gut genetic antibiotic resistance determinants among 118 children in Burkina Faso. Antimicrobial re-
sistance (AMR) determinants were classified using DNA sequencing. We measured the relationship between genetic
resistance determinants and chicken ownership using a logistic regression model adjusted for confounding variables.
Children in households reporting poultry ownership had four times the odds of tetracycline resistance determinants in the
gut compared with those without household poultry (odds ratio [OR]: 4.08, 95% CI: 1.08-15.44, P = 0.04). There was no
statistically significant difference found for other antibiotic classes. Understanding the origins of antibiotic resistance may
help spur the development of interventions to combat the global AMR crisis.

A growing body of evidence suggests animal-human
transmission of antibiotic resistance is a major spillover event
occurring worldwide.'™* Antimicrobial resistance (AMR) is one
of the top threats to global health today, particularly in low-
and middle-income countries (LMICs).>® Antimicrobial re-
sistance renders antibiotics ineffective against dangerous
bacterial infections and can lead to an increased risk of mor-
tality.” Often antibiotics are suboptimally used in LMICs for
livestock prophylaxis and growth stimulation. Empirical anti-
biotic use for domesticated animals may pose risks for AMRin
the developing world, where livestock lives more closely with
humans.? The misuse of antimicrobials contributes to the
emergence of resistance by creating selection pressure for
resistant genes.*® Understanding the origins of antibiotic re-
sistance may help spur the development of interventions to
combat AMR.

In Burkina Faso, poultry are an important source of food and
livelihood for many households. Poultry live within close
proximity of human living quarters and commonly roam freely
within household compounds.® Chicken-owning households
have frequent interactions with poultry while caring for them
and likely encounter exposure to chicken feces, which is a risk
factor for enteric disease.’® Chicken ownership may pose
additional human health risks. Here, we investigate if poultry
ownership is significantly correlated with genetic antibiotic
resistance determinants in the gut among children aged 6-
59 months in rural Burkina Faso.

Data from a randomized pediatric antibiotic trial were sec-
ondarily evaluated for this analysis. Detailed methods for the
parent trial have been previously reported.''™'* The study
occurred in northwestern Burkina Faso in July 2017. Com-
munities were selected that had at minimum 120 households
with at least 2 children between the ages of 6-59 months.
Household children received one of three antibiotics or
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placebo. One hundred eighteen children were included for the
purposes of this sub-analysis.

A caregiver survey was administered at baseline with
questions related to child health and household quali-
ties. Household socioeconomic status was determined by
household resources and if the child recently visited a health
facility. Household food insecurity was defined by asking if the
child went to bed hungry and if the household had enough
food. Questions about the child’s diet and breastfeeding
status were included to define the child’s dietary diversity.
Caregivers also reported the number of poultry owned by the
household.

Anthropometric measurements were collected from chil-
dren at baseline, including height, weight, and mid-upper arm
circumference. Methods for obtaining anthropometric mea-
surements are previously reported for the parent trial.121®
Weight-for-height Z, weight-for-age Z, and height-for-age Z
scores were calculated based on the 2006 WHO standards.

Rectal swab samples were collected from all household
children at baseline and 5 days following antibiotic treatment.
Examiners inserted a cotton swab into the child’s anus 1-3 cm
and rotated 360°. Swabs were placed into a stool nucleic acid
collection transport tube containing Norgen Stool Pre-
servative (Norgen, Ontario, Canada). RNA and DNA were
preserved in the sample by the Norgen media, and growth of
other organisms was prohibited. To evaluate the resistome, or
the collection of genetic resistance determinants in the gut, we
used metagenomic deep sequencing methods as previously
described, which identified all genetic resistance determi-
nants in the sample.' These determinants were then classi-
fied at the class and gene level for analysis.

The primary exposure of interest was chicken ownership,
which was dichotomized as yes or no if the household owned
poultry. Descriptive characteristics were summarized, with
medians and interquartile ranges (IQR) for continuous vari-
ables and proportions for categorical variables. A series of
logistic regression models were used to measure the re-
lationship between genetic resistance determinants and
chicken ownership. We constructed 12 models which in-
cluded one bivariate (unadjusted) and one multivariable
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Chickens in household (N = 106)

No chickens in household (N = 12)

Median child’s age (IQR) (months) 35.5 (22-51) 36 (20-50)
Female gender, N (%) 51 (48.1) 541.7)
Median dietary diversity score (IQR) 7 (5-8) 5(3.5-6)
Breastfeeding, N (%) 27 (25.5) 3(25.0)
Household lacks resources, N (%) 20(18.9) 541.7)
Median number of chickens owned (IQR) 6.5 (3-15) 0(0)

Median weight-for-height Z-score (IQR) -0.4(-1.0t0 0.3) -0.4 (-0.91t0 0.3)
Median height-for-age Z-score (IQR) -0.9 (-1.6t0 -0.3) -1.0(-2.0to -0.7)
Median weight-for-age Z-score (IQR) -0.8 (-1.5t0 -0.3) -0.8 (-1.6 to -0.3)

(adjusted) per antibiotic class. Six antibiotic classes in total
were evaluated. The multivariable models were adjusted for
potentially confounding factors including age, gender, recent
healthcare utilization, and household food insecurity. The
standard error was adjusted to account for the fact that chil-
dren within the same household are more similar to each other
than they are to children outside of the household. As a sen-
sitivity analysis, we analyzed the number of chickens owned
by the household as a continuous variable. Analyses were
performed in Stata version 15.1 (StataCorp, College Sta-
tion, TX).

Baseline characteristics were similar among the 118 chil-
dren living in households with or without poultry (Table 1). The
median age (interquartile range) was 36 (21-51) months, and
48% of the children were female. Among this population, 90%
lived in a household reporting to own at least one chicken. A
greater percentage of children living in households without
poultry reported a lack of household resources (41.7%).

Antibiotic resistance was common among children living in
households with and without poultry (Table 2). In bivariate
logistic regression models, there were no significant differ-
ences between poultry ownership and the presence of anti-
biotic resistance determinants for several antibiotic classes
including tetracycline, macrolides, and sulfonamides. After
adjusting for the confounding factors (age, gender, recent
healthcare utilization, and household food insecurity), the
multivariable model demonstrated a statistically significant
relationship between chicken ownership and the presence of
tetracycline resistance. Children living in households reporting
poultry ownership had four times the odds of tetracycline re-
sistance determinants in the gut compared with those without
household poultry (OR: 4.08, 95% CI: 1.08-15.44, P = 0.04).
Resistance to other antibiotic classes was not statistically
significant in the multivariable model, but resistance was
increased in households with poultry in classes such as

beta-lactams (OR: 2.75, 95% CI: 0.75-10.11, P = 0.13), fluo-
roquinolones (OR: 1.87, 95% CI: 0.40-8.82, P = 0.43),
and sulfonamides (OR: 1.53, 95% CI: 0.32-7.29, P = 0.60).
Analyzing the number of chickens owned by the household
as a continuous variable did not qualitatively change the
results.

These findings suggest children living in households with
poultry have higher odds of gut genetic AMR determinants to
tetracycline than those in households without poultry. These
results are consistent with other studies that demonstrate the
spread of AMR between poultry and humans.*'%'618 A Ugan-
dan trial found small-scale rural chicken farmers acquired
more AMR genes than unexposed participants.’® Pre-
sumably, chicken-owning households have more frequent
interaction and exposure to chickens than non-chicken-
owning households. Children residing in households with
poultry may be exposed to chicken feces containing high
levels of antibiotic residue because tetracycline is often fed to
chickens in this setting prophylactically.’”'® Antibiotic re-
sistance determinants found within children are especially
concerning because AMR is associated with difficult-to-treat
infections and increased mortality.2° Overall, our findings
suggest that living in close proximity to poultry may have
detrimental effects on child health.

Several limitations should be taken into consideration for
this analysis. The small sample size for this investigation
created low statistical power and could inflate the effect size.
Both poultry ownership and the presence of resistance de-
terminants were common. As a result, the 95% Cls were wide.
Self-reporting bias could have been introduced because
chicken ownership was self-reported by the caregiver and was
not verified by the research team. This analysis may not be
representative for populations outside of this setting where
poultry do not live in such close quarters with humans, and
may therefore present low external validity. Analysis of poultry

TABLE 2

Association between poultry ownership and gut genetic antibiotic resistance determinants among children in Burkina Faso

Resistant, N (%) Bivariate Multivariable

Chickens No chickens OR (95% ClI) P-value aOR (95% Cl) P-value
Tetracycline 93 (87.7) 9(75.0) 2.38 (0.62-9.05) 0.20 4.08 (1.08-15.44) 0.04
Beta-lactam 89 (84.0) 9 (75.0) 1.75 (0.47-6.45) 0.40 2.75(0.75-10.11) 0.13
Sulfonamides 27 (25.5) 2(16.7) 1.71 (0.34-8.54) 0.51 1.53 (0.32-7.29) 0.60
Macrolides 57 (53.8) 6 (50.0) 1.16 (0.32-4.20) 0.82 1.30 (0.34-4.98) 0.70
Metronidazole 41 (38.7) 6 (50.0) 0.63 (0.21-1.92) 0.42 0.80 (0.26-2.46) 0.70
Fluoroquinolones 35 (33.0) 2(16.7) 2.46 (0.50-12.22) 0.27 1.87 (0.40-8.82) 0.43

OR = odds ratio; aOR = adjusted odds ratio.
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fecal droppings would strengthen this finding. Future research
should consider if owning more chickens leads to an increase
in human gut antibiotic resistance determinants. Despite
limitations, this study supports other research findings sug-
gesting that poultry are reservoirs for tetracycline resistance in
humans.®

Although our findings suggest a relationship between poultry
ownership and tetracycline resistance in children, more re-
search is needed on this topic because the origins of AMR in the
environment are not well understood. Strategies should be
used to reduce human exposure to live poultry such as keeping
chickens outside of living quarters, the sanitary disposal of
chicken droppings, and improving antibiotic stewardship for
domesticated animals. Investigating where crossover events
are occurring between animals and humans is an important
subject that could lead to crucial interventions to combat an-
tibiotic resistance around the globe.
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