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Impacts

• The use of antibiotics in livestock is an important risk factor for emerging

antibiotic resistance.

• This paper describes household-level risk factors for emerging zoonotic diseases

and antibiotic-resistant pathogens in rural Bangladesh and finds that 58%

of household that own livestock report the use of medicines for their livestock.

• This is the first report to discuss household-level healthcare seeking and the

use of antibiotics for livestock in a low-income country.
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Summary

Animal antimicrobial use and husbandry practices increase risk of emerging zoo-

notic disease and antibiotic resistance. We surveyed 700 households to elicit

information on human and animal medicine use and husbandry practices.

Households that owned livestock (n = 265/459, 57.7%) reported using animal

treatments 630 times during the previous 6 months; 57.6% obtained medicines,

including antibiotics, from drug sellers. Government animal healthcare providers

were rarely visited (9.7%), and respondents more often sought animal health care

from pharmacies and village doctors (70.6% and 11.9%, respectively), citing the

latter two as less costly and more successful based on past performance. Animal

husbandry practices that could promote the transmission of microbes from ani-

mals to humans included the following: the proximity of chickens to humans

(50.1% of households reported that the chickens slept in the bedroom); the

shared use of natural bodies of water for human and animal bathing (78.3%); the

use of livestock waste as fertilizer (60.9%); and gender roles that dictate that

females are the primary caretakers of poultry and children (62.8%). In the

absence of an effective animal healthcare system, villagers must depend on infor-

mal healthcare providers for treatment of their animals. Suboptimal use of anti-

microbials coupled with unhygienic animal husbandry practices is an important

risk factor for emerging zoonotic disease and resistant pathogens.

Introduction

Many factors contribute to the emergence of antibiotic

resistance (See Fig. 1); antibiotic usage is considered the

most important factor promoting the emergence, selection

and dissemination of antibiotic-resistant microorganisms

in both veterinary and human medicine (Marshall and

Levy, 2011), and exposure to livestock is a risk factor for
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emerging zoonotic diseases, including antimicrobial-resis-

tant pathogens, coronaviruses (SARS, MERS) and filovirus-

es (Ebola) (Morens et al., 2004). In the modern poultry

industry, antimicrobials are used in high quantities – not

only for therapy and prevention of bacterial disease but also

as antimicrobial growth promoters (AMGPs) in animal

feeds – which may constitute the greatest selection pressure

for the emergence of resistance (Angulo et al., 2009;

Marshall and Levy, 2011). The faecal flora of chickens, for

example, contains a relatively high proportion of resistant

bacteria. Studies from high-income countries have reported

that poultry are a source of antibiotic resistance for poultry

farm workers (van den Bogaard et al., 2002; Price et al.,

2007). Studies from low- and middle-income countries

(LMIC) have shown that poultry farm workers and their

family members are at an increased risk for carriage of anti-

biotic-resistant bacteria and diarrhoeal pathogens than the

general population (Al-Ghamdi et al., 1999; Raghunath,

2008; Donkor et al., 2012) (See Fig. 1). In LMIC, people

generally live in closer contact with livestock than in high-

income countries (HIC) and this is linked to increased risk

for diarrhoeal diseases (Al-Ghamdi et al., 1999; Harvey

et al., 2003) (See Fig. 1). Limited data are available on

household-level antibiotic use for humans in Bangladesh,

and no data exist on household-level antibiotic use for ani-

mals in Bangladesh or in other low-income countries

(Hossain et al., 1982). One of the few published studies on

human antibiotic use in Bangladesh suggested a high rate

of medicine use; 189 individuals took 261 drugs, patients

rarely obtained a full prescription, and about 95% of pur-

chases were from private pharmacies (Hossain et al., 1982).

According to this study, there was minimal antibiotic use

in animals and none in animal feed in the early 1980s. An

extensive literature review did not uncover any additional

references on antibiotic use in Bangladesh.

Despite no active surveillance in Bangladesh, antimicro-

bial-resistant (AMR) strains of Streptococcus pneumoniae,

gonorrhoea, enteric and other pathogens of public health

importance have been reported (Saha et al., 2004, 2009).

Reports of multidrug-resistant S. pneumoniae, Haemophi-

lus influenzae type B and Shigella have also been increasing

(Haq et al., 2005; Saha et al., 2009). Recently, antibiotic-

resistant bacteria was reported on commercial poultry

farms in Bangladesh (Akond et al., 2009).

Even with the increasing evidence for the emergence of

zoonotic diseases and the transference of antibiotic resis-

tance determinants from livestock to farm workers and

their family members, there are few studies that examine

this phenomenon or its risk factors, at the household level

in LMIC where the vulnerability to resistant infectious

diseases may be greatest. In Bangladesh, specifically, there

are no published data available on animal healthcare

practices at the household level. This study was conducted

to (i) quantify animal health treatment practices at the

household level, specifically antibiotic use, animal health-

care provider utilization and animal medicine sources; (ii)

quantify animal husbandry practices that increase the risk

for the potential transmission of antibiotic resistance deter-

minants from animals to humans in the study area; and

(iii) compare healthcare seeking and treatment trends for

household members and animals.

Methods

Sampling and interviews

This descriptive, cross-sectional study of human and agri-

cultural antibiotic use and resistance in households in rural

Bangladesh (Sylhet district) was conducted between July

2002 and December 2004 in the comparison arm of the

Project to Advance the Health of Neonates and their Moth-

ers (Projahnmo). Projahnmo was a 3-year trial to evaluate

the impact of a package of obstetric and neonatal care that

includes community health education, clean delivery,

essential newborn care and management of neonatal infec-

tions in north-east Bangladesh. The methods and data col-

lection procedures for Projahnmo have been described

elsewhere (Baqui et al., 2008). The study area is character-

ized by a weak health system and high neonatal and child

mortality.

To be eligible for participation, women had to reside in

the comparison arm of the Projahnmo site for the

6 months prior to interview, be 18 years of age or older, be

married or divorced or widowed and have a baby

<18 months old. A list of households that met these eligi-

bility criteria was generated from a census carried out by

Projahnmo (Baqui et al., 2008). From this list, an equal

Human 
disease 

Carriage of 
AMR strains 
in humans 

Antibiotic use
in humans

Demograpics 
SES

Household 
Crowding

Antibiotic use
in animals

Carriage of 
AMR strains 
in animals 

Provider 
practices

Fig. 1. Study framework of factors that influence the emergence of

antibiotic resistance. There is a direct relationship between carriage of

resistant bacteria and disease caused by that bacteria. An association

between animal carriage and human carriage of AMR has been shown.

Antibiotic use in humans and animals is associated with carriage of

resistant bacteria. Known risk factors for the spread of AMR include

household-level variables (crowding, travel, proximity to clinics). Socio-

economic status (SES) is associated with these household variables and

with antibiotic use. Provider practices influence antibiotic use, but SES

can also influence providers’ practices. This research was designed to

obtain information on human- and animal-level antibiotic use, related

HH and SES variables and provider practices.
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number of households were randomly selected from low

(≤1 USD/day), medium (1.01–3.99 USD/day) and high

socio-economic status (SES) groups (>4 USD/day) to iden-

tify differences in animal husbandry practices by SES using

cut-off values previously defined (Baqui et al., 2008). An

equal number of women with young children from each of

the SES strata were then randomly selected because they

were believed to be a good source for information on both

human and animal medicine use and care and were most

likely to be at home during the day when interviews were

conducted.

The development of the structured questionnaire used

for this study was informed by the results of qualitative

research (Roess, 2006). The qualitative research uncovered

important themes related to antibiotic use that this study

quantified (Roess et al., 2013). The qualitative research

uncovered local language terminology for animal hus-

bandry practices including types of treatments (antibiotics

and feed additives) given to livestock and animal health

problems (poor growth, diarrhoea). These terms were used

in the questionnaire. The questionnaire was designed to eli-

cit information on and quantify (i) human and animal

medicine use at the household level, (ii) animal husbandry

practices and (iii) human and animal healthcare provider

utilization in rural Bangladesh. The dependent variable of

interest was reported recent animal treatment (animal

treatment was defined as seeking advice for addressing an

animal health concern) within the 6 months prior to the

survey. Possible factors associated with recent animal treat-

ment were recorded, including socio-economic and demo-

graphic factors, specifically household structure, drinking

water source and education status; type of animal health-

care provider (homoeopath, drug seller, village doctor, vet-

erinarian); ownership of animals (type of animal, number

of animals); type of animal illness; characteristics of the use

of medicine for household members (type of medicine,

source of medicine, purpose of medicine use); and house-

hold member farm worker status (any member working on

a farm, any poultry farm workers, any dairy farm workers,

any agricultural farm workers). Each of these factors has

been shown to have an association with human medicine

use variables (Radyowijati and Haak, 2001). Because lim-

ited literature is available on household-level animal medi-

cine use and because literature has described animals as an

important investment, we hypothesized that some of the

same socio-economic factors influencing household-level

human antibiotic use would also influence animal antibi-

otic use.

Interviewers were trained during a 1-week workshop to

administer the survey and to record information from all

animal and human medicine products and prescriptions

(the latter was used to confirm that the terms uncovered to

mean antibiotics during the qualitative research were in fact

antibiotics). We surveyed 700 households because this was

the sample size required to meet the objectives of the larger

study (Roess, 2006). At the end of the survey, interviewers

inquired whether a male animal caretaker was available to

answer animal health questions, and in 117 households, we

were able to collect animal healthcare data from both male

and female members of the household for data triangula-

tion.

Data management and analysis

To ensure data quality, the study investigators made peri-

odic field visits to observe data collection by the field staff.

All survey and data forms were reviewed for accuracy, con-

sistency and completeness. Whenever necessary and feasi-

ble, additional field visits to clarify inconsistencies or

collect missing information were made. Data were entered

in a database using online custom-designed FoxPro data

entry software programs.

Bivariate associations between each independent factor

and the dependent outcome, animal treatment event, were

determined by two-tailed chi-square tests. Continuous data

were assessed using t-tests, and nonparametric tests (i.e.

Kruskal–Wallis) as appropriate. Following the recommen-

dation of Hosmer and Lemeshow (Hosmer et al., 2013),

independent factors that were statistically significant with

the outcome at the 0.25 level were included in the multiple

logistic regression analysis (Hosmer et al., 2013). Associa-

tions between the dependent variable and each of the

potential associated independent variables are reported as

odds ratio (OR) and the 95% confidence interval (CI)

(Hosmer et al., 2013). The analysis was restricted to those

reporting ownership of at least one chicken and/or 1 or

more cattle.

Ethical approval

This study was approved by the Johns Hopkins University

Bloomberg School of Public Health Institutional Review

Board and the Ethical Review Committee of the Interna-

tional Centre for Diarrheal Disease Research, Bangladesh.

Informed written consent was obtained from all partici-

pants prior to the start of the interview.

Results

Socio-economic and demographic profile of respondents

Surveys were administered in 700 households. The majority

reported that they did not have electricity (67.3%;

n = 471), did not have access to piped water (100%) and

made part of their living from agriculture (90%; n = 630).

The main source of drinking water for the majority of the

population was tube well water (60.9%; n = 426), followed
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by surface water (37.5%; n = 262) (Table 1). The majority

of respondents were using a pit latrine (63.9%; n = 447),

and half of houses were made of natural materials (54.3%;

n = 385). About 42.1% (n = 295) of mothers had no edu-

cation, and about half (52.3%; n = 366) of respondents

had a household member who was a remittance worker. In

terms of educational status and economic status, the

population of women who had recently given birth and was

sampled is generally representative of the population in

Sylhet – based on the results of the 1999–2000 Bangladesh

Demographic and Health Surveys (BDHS, 2000) data, the

Bangladesh Maternal Health Services and Maternal Mortal-

ity Survey data (BMMS, 2002) – and the Projahnmo

population (Baqui et al., 2008). Approximately 84% of

households reported having human medicines in stock,

and almost 38% of households reported recent animal

treatment (Table 1).

Animal treatment characteristics

Animal treatment was defined as seeking advice for

addressing an animal health concern. Of 700 households,

521 (74.4%) reported owning at least one chicken and/or

at least one cattle (cow, oxen, ‘bull’ or ‘buffalo’). The

statistical analysis was restricted to these 521 households

because the question about animal treatment in the last

6 months was thought to be relevant to them and not to

households that did not own any livestock. Households

owned between 1 and 16 cattle and between 1 and 40 poul-

try. Of the 521 households, 278 (53.4%) reported at least

one animal treatment in the 6 months prior to the survey.

Using multiple logistic regression, we found no statistically

significant association between socio-economic and demo-

graphic factors and having an animal treatment event after

controlling for the number of poultry owned and owner-

ship of cattle, although a number of variables were margin-

ally associated with the use of medicine (data not shown).

There were no statistically significant (P < 0.05) differences

between animal treatment event and the number of poultry

owned and ownership of cattle.

Owning three or more poultry was associated with a

recent animal treatment (OR = 1.87 95% CL: 1.15–3.05),
and there was a positive association between having a

household member who was a poultry farm worker

and recent animal treatment (OR = 2.68 95% CL:

0.72–10.00) although this was not statistically significant.

The majority of treatments were recommended by a fellow

household member (61.6%) (Fig. 1). Additives, medicines

Table 1. Descriptive characteristics of study population and their association with recent animal treatment

Total n* (%)

Animal medicine use (n = 521)

Yes No

Total 700 278 (53.4) 243 (46.6)

Own land other than homestead land†

Yes 303 (43.3) 126 (45.3) 123 (50.6)

Electricity‡

Yes 229 (32.7) 98 (38.7) 78 (29.1)

Source of drinking water

Tube well/filtered 426 (60.9) 188 (67.6) 154 (63.4)

Surface water 262 (37.5) 90 (32.4) 86 (36.6)

Sanitation facility

Septic tank, modern 110 (15.7) 45 (16.2) 37 (15.2)

Pit latrine/water sealed 279 (39.9) 103 (37.1) 113 (46.5)

Pit latrine/not water sealed 168 (24) 72 (25.9) 46 (18.9)

Open latrine/no facility 144 (20.3) 58 (20.9) 47 (19.3)

House type

Natural materials – full katcha§ 81 (11.5) 25 (9.0) 25 (12.3)

Mostly katcha 304 (42.8) 111 (39.9) 77 (31.7)

Semi-pucca¶ 238 (33.5) 120 (43.2) 108 (44.4)

Full pucca 77 (10.8) 22 (7.9) 28 (11.5)

Ownership of cattle

Yes 533 (74.2) 96 (34.5) 71 (29.2)

*Totals do not always add up to 521 due to missing data.
†A total of 98.4% of the respondents reported owning the land that they live on, and 43.3% reported owning additional land.
‡In this population, having electricity does not necessarily mean that households pay for it. Electricity is often ‘borrowed’ from power lines.
§Katcha-bamboo/thatch.
¶Pucca-cement/concrete/tiled.
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and injections were the most common treatments reported

(39%, 23.3% and 18.1%, respectively). Based on the results

of the preceding qualitative study, we determined that the

term ‘additive’ referred to commercial feed which con-

tained grains and sometimes antimicrobials and ‘medicines’

referred to antibiotics in the majority of instances [we also

compared terms reported for medicine to the packages pre-

sented in those same households in subsample]; homoeo-

pathic treatments or other substances obtained from a

healthcare provider (Roess, 2006; Roess et al., 2013). The

most common animal illness reported was poor general

health and slow growth (Roess, 2006). Respondents sought

treatment for this from household members more often

than from other healthcare providers (350/469 versus 119/

469, respectively) (Table 2), and additives were almost

exclusively used for treatment (245/246) (Table 3). For

diarrhoea and fever, respondents visited village doctors

more than government doctors or drug sellers (Table 2),

where the medicines that were purchased differed signifi-

cantly according to who recommended the medicines. For

instance, village doctors sold what they recommended in

more than half of cases (73/135); household members

recommended treatments that were most often obtained

from pharmacies (331/388); and drug sellers sold what they

recommended (30/33). In this context, drug sellers were

generally in the informal sector and may or may not have

formal training as pharmacists. They generally travelled

with their products or had small stalls in a market. Pharma-

cies on the other hand were well stocked and generally run

by pharmacists who had formal training. They were

generally larger stalls in market places or small stand alone

building.

Household spending on animal health care

Total household spending on animal treatments was avail-

able for 173 of the 294 households that reported an animal

treatment event (missing data were a result of the respon-

dent not knowing or not wanting to disclose the informa-

tion). Total household expenditure was almost twice as

much for animal medicines compared to medicines for

people (average US$ 2.49 versus 1.49 for animals versus

humans, respectively) (Table 2). The amount a household

spent on treatment for cows was significantly greater than

Table 2. Mean and median household expenditure on human and animal treatments

n Mean (Median) cost U$ Mean (Median) [58Taka = 1 USD]

Human healthcare total 451 1.49 (1.03) 86.41 (60)

Animal health care*

Total 173 2.49 (0.71) 144.53 (41)

Only chickens owned 114 1.14 (0.34) 66.07 (20)

Only cows owned 12 9.59 (2.41) 556.05 (140)

Both cows and chickens owned 44 4.01 (1.72) 232.70 (100)

Individual treatment event spending for animals by characteristics†

Type of treatment/product*

Food 59 0.73 (1.35) 42.17 (78.47)

Additives 142 2.69 (5.68) 156.07 (329.59)

Vitamins 8 1.39 (2.93) 80.63 (169.84)

Medicine 57 0.86 (1.71) 49.98 (98.97)

Injection 59 0.78 (1.25) 45.07 (72.59)

Drug source*

Pharmacy/drug seller 233 1.44 (2.62) 83.49 (152.08)

Government source 11 3.16 (2.70) 183.00 (156.35)

Village doctor 39 0.89 (1.69) 51.54 (97.93)

Homoeopath 2 0.34 (0.17) 20 (20)

Purpose

Diarrhoea 17 0.82 (0.68) 47.71 (39.52)

Newcastle disease 42 0.30 (0.48) 17.45 (27.98)

Fever 21 0.33 (0.31) 19.14 (17.79)

Malaise 247 2.02 (4.55) 116.91 (263.73)

Type of healthcare provider*

Village doctor 61 0.75 (1.39) 43.38 (80.87)

Government doctor 21 2.05 (2.58) 119.10 (149.78)

Drug seller 17 0.49 (0.58) 28.35 (33.50)

Household member 221 1.96 (4.72) 113.77 (273.54)

*Nonparametric test (Kruskal–Wallis P < 0.001).
†Details were available for 317 animal treatment events, and multiple responses were possible.
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that for chickens (US$ 9.59 versus 1.15, respectively). Cost

information was available for 327 of 630 individual animal

treatment events. Cost of treatment significantly differed by

type of product, with additives as the most expensive form

of animal treatment followed by vitamins and medicines.

Treatments obtained from government animal healthcare

providers were more than twice as expensive compared to

those obtained from pharmacies and village doctors (US$

3.16 compared to 1.44 and 0.89, respectively). Households

spent the most on treatments for malaise, followed by diar-

rhoea, US$ 2.02 versus 0.82, respectively. There were no

statistically significant differences between demographic

and socio-economic characteristics of households that pro-

vided cost data and those that did not.

Husbandry practices as risk factors for emerging zoonotic

disease and antibiotic resistance

The most commonly reported risk factor for acquisition of

emerging zoonotic disease and antibiotic resistance was the

multiple use of water from the same source; for example,

78.3% (548/700) of households that owned livestock

reported that their children and cattle swam in the same

water (Table 3). Assigned gender roles were also common;

62.8% (440/700) of women took care of both poultry and

children. Housing of animals in confined spaces with people

at night was the next most common factor (during the day,

poultry were free-ranging); poultry were housed in a basket

and placed under the bed or in the same room where house-

hold members slept in 42.3% (296/700) of households.

Poultry and other livestock waste was used as fertilizer in

40% and 60.9% of households, respectively (Table 3).

Discussion

There is evidence that the use of antibiotics for growth pro-

motion in animal husbandry leads to the emergence and

spread of antibiotic resistance. While some have estimated

it to contribute more to the overall burden of drug resis-

tance than human use of antibiotics; the attributable frac-

tion of this practice on the burden of antibiotic resistance

in clinically important pathogens to humans is unknown

(Angulo et al., 2009; Marshall and Levy, 2011). The preva-

lence of antibiotic-resistant pathogens has increased steadily

in LMIC since the introduction of antibiotics (Radyowijati

and Haak, 2003). Despite the recognized importance of

examining both animal and human antibiotic use at the

household level in a LMIC setting, no other studies have

been published that report this information. We report fre-

quent animal medicine use at the household level in rural

Bangladesh (Sylhet district) and frequent treatment pur-

chase from pharmacies which are indicative of non-human

antibiotic use. Respondents reported using medicines in

almost a quarter of animal treatment events specifically for

diarrhoea and fever more than other treatments, and medi-

cines were recommended and obtained from trained health-

care providers and drug sellers. We conducted qualitative

interviews with drug sellers and village doctors to triangu-

late the findings of this study, and we found that the terms

that respondents used for medicines were used by drug sell-

ers and village doctors for antimicrobials (most commonly

referring to oxytetracycline and metronidazole). The

reported use of medicines may be a proxy for antibiotic use,

yet information on the extent of non-human antibiotic use

is lacking (Roess, 2006; Roess et al., 2013). Additives were

most often recommended by household members and were

a common treatment. As described, additives referred to

grain and commercial animal feed that included antimicro-

bials and were used primarily to treat animals that were in

general poor health or were not growing (Roess, 2006). Liv-

ing with a household member who was working on a poul-

try farm or another type of farm was associated with using

animal medicines and additives. We previously reported

that commercial poultry farms in Bangladesh use prepared

animal feed and antibiotics and that poultry farm workers

reported applying these techniques for their personal live-

stock holdings (Roess, 2006; Roess et al., 2013).

Our findings complement the few previously docu-

mented studies showing that in LMIC settings, lay people

are an important source for advice and knowledge for ani-

mal treatments (Peeling and Holden, 2004). This is also the

case for human treatment (Schorling et al., 1991;

Dua et al., 1994; Calva and Bojalil, 1996). Other important

Table 3. Animal husbandry practices and related domestic hygiene

factors

Factor n (%)

Use of the closest body of water (N = 700)

Drinking 270 (38.6)

Clothes washing 582 (83.1)

Cooking 472 (67.4)

Bathing 548 (78.3)

Fishing 338 (48.3)

Children and livestock same use 373 (53.3)

Livestock use 117 (16.7)

Female household member raising chicken (N = 700)

Yes 440 (62.8)

Chicken waste use (N = 700)

Fertilizer 280 (40.0)

Livestock waste use* (N = 700)

Fertilizer 426 (60.9)

Where poultry slept (N = 700)

Special house 143 (20.4)

Underbed 296 (42.3)

*Even though not all respondents owned livestock, they reported using

livestock waste products from their neighbours’ livestock.
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animal healthcare providers that emerged in our studies

included government veterinarians, livestock office doctors

(poshudaktar) and ‘locals who know about animals’ (Roess,

2006). The lack of infrastructure was perceived by the

household respondents and by the veterinarians inter-

viewed as an obstacle to seeking adequate health care for

themselves and their livestock when it is needed (Roess,

2006). Livestock are important culturally: in establishing

the status of the farmer as providers of employment to the

farmer and family members; as a store of wealth; and as a

form of insurance (Riethmuller, Chai et al. 1999). Livestock

provide an opportunity for low-income farmers to accu-

mulate capital, which in turn helps reduce hunger (Rieth-

muller, Chai et al. 1999; Peeling and Holden, 2004). The

loss of an animal for a small farmer can have severe conse-

quences, such as the loss of a source of income or social

standing in the community. These are important justifica-

tions for spending a significant portion of household

income on animal medicines, health care and other means

of protecting livestock.

The primary reason for providing animal health care to

rural small-scale farmers is to improve animal health and

output, thereby reducing starvation and poverty.

One of the few peer-reviewed studies documenting rural

agricultural practices in Kenya found that lay people, such

as farmers and their neighbours, were the main sources of

animal healthcare treatment (Machila et al., 2003). How-

ever, compared to the 6.3% of government animal health

specialists that were sought for advice and treatment in our

study, over one-quarter (29.4%) of government animal

health assistants (AHAs) were sought out in the Kenya

study (Machila et al., 2003), illustrating the lack of con-

certed efforts in Bangladesh to promote the use of AHAs.

Our study population and similar ones would benefit

greatly from provision of similar interventions.

Qualitative interviews uncovered that farm owners and

household members raising animals preferred pharmacists

and local village doctors to government veterinarians, citing

that the latter would charge them more for treatments (Ro-

ess, 2006; Roess et al., 2013). This same sentiment has been

expressed in human antibiotic use studies (Dua et al., 1994;

Duong et al., 1997). Respondents reported that treatments

obtained from a government source were on average almost

twice as expensive as those obtained from pharmacies

(Roess, 2006; Roess et al., 2013). Although these treatments

are officially free of charge, various factors may contribute

to this. For example, because there is often a lack of paved

roads and other infrastructure deficits, employees incur

costs to reach their posts that they then pass on to their

customers (Roess, 2006; Roess et al., 2013). Efforts to

improve infrastructure (roads, clinics, communication net-

works) would help government workers reach remote pop-

ulations, thus driving down costs.

The average cost of a treatment event was greatest for

cattle followed by poultry and then humans. Other studies

have reported similar findings that households often spend

a greater amount of their income on protecting their liveli-

hood than on food or health care (Catley, 1999).

Several similarities between human and animal disease

management and healthcare seeking emerged in our study.

For both animal and human treatments, pharmacies were

the most common source of treatment, government health-

care providers were the least popular source of treatment,

and cost associated with seeking care was a perceived obsta-

cle for accessing health care from a government source.

Our findings complement and expand upon similar find-

ings from the studies of human antibiotic use in India and

Vietnam (Dua et al., 1994; Morgan et al., 2011). In addi-

tion, our study confirms prior findings that farmers in areas

with no or poor access to government animal health care

obtain treatments from pharmacies more than any other

source (Peeling and Holden, 2004; Rubyogo et al., 2005).

Drug-resistant bacteria and genetic material can be

transferred from poultry treated with antimicrobials to

poultry farm workers and their family members and from

people treated with antibiotics to livestock (van den Bog-

aard et al., 2002; Price et al., 2007), and suboptimal animal

husbandry practices and poor hygiene practices lead to an

increase of diarrhoeal pathogens in household members

(McLennan, 2000; Oberhelman et al., 2003). We report the

use of antibiotics for both livestock at the household level

in rural Bangladesh and suboptimal animal husbandry and

hygienic practices – a combination that may place families

at increased risk for the emergence of zoonotic diseases and

antibiotic resistance.

An important limitation of our study is that in general,

respondents were unable to identify the chemical com-

pounds in the treatments given to their animals. Respon-

dents provided local terms to describe the products used.

To address this limitation and potential source of misclassi-

fication bias, we applied the results of our qualitative

research to the development of the survey and to the inter-

pretation of our results. In addition to the respondents’ use

of the same terms for medicines as the healthcare providers

used for antibiotics, we found that villagers who reported

using animal medicine presented medicine packages or pills

that were for antibiotics (Roess, 2006; Roess et al., 2013).

The use of additives (39%) may be indicative of commercial

animal feed that may contain antibiotics as previously

described. In-depth interviews with personnel of pharma-

ceutical distribution centres uncovered frequent animal

pharmaceutical sales to drug sellers in rural markets during

the study period, and more than 50% of animal products

sold in any reporting period were antibiotics (Roess, 2006;

Roess et al., 2013). Rationale for animal antibiotic use in

rural Bangladesh is similar to that of American farmers in
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the 1950s and 1960s when agricultural antibiotic use was

beginning (McEwen and Fedorka-Cray, 2002) – specifically

respondents report that it is an effective way to protect

herds of animals who lived in closed quarters from diseases

and thus appears to be economically sound. Future studies

should examine the prevalence and emergence of antibiotic-

resistant microbes in similar settings in the context of

household-level antibiotic use for humans and animals. Due

to logistic constraints and the lack of financial resources, we

were unable to do so. Nevertheless, the emergence of antibi-

otic-resistant pathogens is quickly outweighing the per-

ceived benefits of animal agricultural antimicrobial use.

Several European countries and the European Commission

banned avoparcin in animal feed, and this led to a decrease

in human cases of vancomycin-resistant enterococcus (Ang-

ulo et al., 2009); similar interventions may be useful in Ban-

gladesh. Another limitation in our study is that it was

nested in the comparison arm of an impact evaluation and

participants had to meet the inclusion criteria which

included the following: be married or divorced or widowed

and have a baby <18 months old. It can be argued that fam-

ilies that do not have infants may behave differently with

regard to the use of animal household products.

Considering the increasing body of evidence that links

animal agricultural antibiotic use and suboptimal animal

husbandry practices to the emergence of resistant patho-

gens and the transmission of zoonotic diseases, it is impor-

tant to adopt measures to prevent such emergence in LMIC

settings where a weak health system would not be able to

cope with emerging epidemics. Environmental health

impacts of agricultural antibiotic use, including the obser-

vation of antibiotic-resistant bacteria of animal origin in

areas surrounding livestock operations, could also be miti-

gated by such measures (Landers et al., 2012). Globaliza-

tion and the documented epidemics during the study

period, most notably severe acute respiratory syndrome

(SARS), Nipah-like virus and H5N1, are evidence for the

need to strengthen surveillance of emerging diseases,

including resistant strains in even remote areas of the world

(Xing et al., 2010; Kerkhove, 2013). In May 2005, the

World Health Organization passed an amendment mandat-

ing the reporting of seven diseases in member countries

(Steiger, 2005). Although none of these reportable diseases

include antibiotic resistance, this important step can be a

platform on which surveillance programs can be built to

monitor the emergence of resistance in the environment in

remote areas. Information gathering of agricultural antibi-

otic use is necessary to inform treatment recommendations

for people in affected areas. Improvement of government

animal health services to strengthen outreach to the remote

populations is needed to assist them to protect their liveli-

hood, monitor animal health and prevent emergence of

resistant bacteria in such populations.
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