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Commercial poultry production is growing rapidly in Bangladesh to address the increasing demand for poultry meat and eggs. Challenges faced by producers include the occurrence of poultry diseases, which are usually treated or controlled by antimicrobials. A cross-sectional study was conducted on 57 commercial layer and 83 broiler farms in eight subdistricts of the Chattogram district, Bangladesh, to assess antimicrobial usage in relation to clinical signs observed in chicken flocks on these farms. Of the 140 commercial chicken farms, 137 (97.9%) used antimicrobials and 24 different antimicrobial agents were administered. On layer farms, the most commonly used antimicrobials were ciprofloxacin (37.0% of farms, 20/54), amoxicillin (33.3%, 18/54), and tiamulin (31.5%, 17/54), while on broiler farms, colistin (56.6%, 47/83), doxycycline (50.6%, 42/83), and neomycin (38.6%, 32/83) were most commonly administered. Only 15.3% (21/137) of farmers used antimicrobials exclusively for therapeutic purposes, while 84.7% (116/137) of farmers used them prophylactically, administering them either for prophylactic purposes only (22.6% of farmers, 31/137) or in combination with therapeutic purposes (62.1% of farmers, 85/137). About 83.3% (45/54) of layer farmers were selling eggs while antimicrobials were being administered compared to 36.1% (30/83) of the broiler farmers selling broiler chickens while administering antimicrobials. Overall, 75.2% (103/137) of farmers reported clinical signs for which they administered antimicrobials, while 24.8% (34/137) of farmers reported no clinical signs but still administered antimicrobials. Respiratory signs (71.8% of farms with clinical signs, 74/103) were most commonly reported, followed by enteric signs (32.0%, 33/103) and increased mortality (16.5%, 17/103). About 37.2% (51/137) of farmers bought antimicrobials exclusively from feed and chick traders, followed by veterinary medical stores (35.0%, 48/137). Purchasing antimicrobials from feed and chick traders was more common among broiler than layer farmers. It is recommended that commercial poultry farmers should keep records of antimicrobials used with dosage and duration of administration along with indication of use. This would allow farmers and veterinarians to review if antimicrobial usage had the desired effects and to evaluate the appropriate use of antimicrobial agents under an antimicrobial stewardship approach.
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INTRODUCTION

Poultry meat production has increased substantially over the past decades in South and South East Asia (1). In Bangladesh, where 20% of all protein consumed is derived from poultry products, most poultry species raised in Bangladesh are chickens (90%), followed by ducks (8%) and other species such as quail, pigeons, and geese (2%) (2).

Two poultry production systems are found in Bangladesh, commercial and backyard production. About 89% of households rear poultry with an average flock size of seven birds (2–4). Commercial chicken production can be classified into broiler and layer farming. In broiler farming, chickens are reared for meat while on layer farms, and chickens are reared for egg production although unproductive layer birds are also sold for meat (5).

The biggest challenge for commercial chicken producers is the occurrence of diseases (6). In Bangladesh, salmonellosis, colibacillosis, mycoplasmosis, and necrotic enteritis were the most frequent bacterial diseases reported from commercial chicken farms between 2002 and 2018, while infectious bursal disease, Newcastle disease, avian influenza, infectious bronchitis, avian leucosis, and fowl pox were the most common viral diseases reported during that period (7–11). Avian influenza in particular had a devastating effect on commercial chicken production in Bangladesh, resulting in a decrease of commercial chicken farms from 115,000 in 2007 to 55,000 in 2013 (12). Coccidiosis and ascaridiosis were the most common parasitic diseases reported in commercial poultry (7–11).

Thus, commercial poultry production requires comprehensive animal husbandry practises, which include antimicrobial therapy and vaccinations (13). Therapeutic application focuses on the treatment of birds with clinical signs of an infectious disease while prophylactic or preventive application refers to reduction of the risk of disease occurrence (14). In Bangladesh, antimicrobials are generally used for the treatment and prevention of poultry diseases, but some farmers use them also for growth promotion in order to increase feed conversion (15).

While the application of antimicrobials has contributed to the decline of mortality and morbidity rates in animals, misuse of antimicrobials is considered to be one of the biggest threats to human health (16). Antimicrobial resistance associated with inappropriate application of antimicrobials (17–20) can result in treatment failures for animal (21) and human diseases (22). This has significant economic and public health consequences, such as prolonged treatment duration of patients and longer hospital stays, which may further promote transmission of resistant pathogens in hospital (23), and represents an economic burden to the families of patients (24). The consumption of contaminated animal-source food (25, 26), direct contact with animals (27), or environmental exposure (28, 29) may promote the transmission of antimicrobial resistant bacteria to humans. In addition, animal-source food might contain antimicrobial residues if farmers do not adhere to recommended withholding periods for antimicrobial usage (30). Inappropriate use of antimicrobials in commercial chicken production is, therefore, a primary concern (17–20).

In Bangladesh, the extent of antimicrobial usage in livestock production is unknown (31) and data on national sales of antimicrobials are unreliable (32). In addition, frequent sales of antimicrobials through feed and chick traders and pharmaceutical company representatives (33) highlight the lack of governance on antimicrobial use in Bangladesh.

In the National Drug Policy 2016, the Bangladesh government published a list of priority drugs for the treatment of humans, which should not be sold “over the counter” (34). Unfortunately, a similar list of veterinary drugs not to be sold “over the counter” has not yet been published (34). Furthermore, there are neither regulations on veterinary drug registration and labelling (34) nor specific guidelines for the usage of antimicrobials in food animals available in Bangladesh (32). In addition, it has been shown that farmers in Bangladesh often do not follow the manufacturers' recommended dose and duration when administering antimicrobials to livestock (31).

Thus, this study aimed to assess (1) the frequency, purpose of usage, and sources of antimicrobials on commercial broiler and layer chicken farms in Chattogram, Bangladesh; (2) whether antimicrobial usage was associated with farmers' and farms' characteristics; (3) and the clinical signs for which antimicrobials were administered. In addition, compliance with the antimicrobials' withholding periods was evaluated.



MATERIALS AND METHODS


Study Location

A cross-sectional study was conducted to collect data on antimicrobial usage on commercial broiler and layer farms in Chattogram district of Bangladesh.

The Chattogram district in the southeastern part of Bangladesh was selected as the study location because it is one of the main districts in the country in terms of chicken production. It is also the main region supplying chickens to Chattogram city, the second urban centre of the country (35). In 2014, 1,796 farmers in Chattogram reared commercial chickens on 289 layer and 1,507 broiler farms (36).



Sampling Approach

In the absence of a registry of commercial farms in the district, the farms included in this study were selected from a sampling frame of 1,748 commercial chicken farms that was created in 2017 (37). The sampling frame was developed by Gupta et al. (37) through consultation with the Bangladesh District Livestock Services, feed and chick traders, pharmaceutical representatives, and government and private practitioners. Gupta et al. (37) then selected farms using simple random sampling. The same farms were recruited in the current study, but some farms were excluded (N = 25) as they were no longer operating or had no chickens at the time of the field visits. Thus, 140 commercial chicken farms (83 broiler and 57 layer farms) in eight subdistricts (upazilas) of the Chattogram district were visited between February and May 2019 (Figure 1).
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FIGURE 1. Location of studied commercial chicken farms in Chattogram, Bangladesh.




Questionnaire and Interviews

A structured questionnaire was developed. It included sections on demographic/socioeconomic characteristics of the commercial chicken farmers and chicken management characteristics (flock size, chicken strains, number of sheds, age of chickens, type of the production system). It was piloted on five layer and five broiler farms.

Antimicrobial usage data was collected using a count-based approach, representing the use (yes/no) of an antimicrobial during the current production cycle (38). In addition, data on trade names of antimicrobials with active ingredients derived from trade name labels, purpose of antimicrobial application, frequency, dosage, duration, and route of administration of antimicrobials, adherence to withholding periods, sources from where antimicrobials were obtained, and sources of advice on antimicrobial administration and on sales of antimicrobials by chicken farmers were collected.

We also collected data on clinical signs and diseases observed by farmers in the current production cycle and information on biosecurity practises on farms and on attitudes and behaviours of farmers towards the usage of antimicrobials (Supplementary Material).

All collected data related to the current production period for one flock (poultry shed) at the time of the field visit.

When there were several chicken flocks or sheds, the following criteria were used to select the flock or the shed from which the data were collected:

• If the same number of antimicrobials was used in all sheds, the shed with the oldest chickens was selected.

• If the number of antimicrobials used across sheds differed, then the shed with the highest number of antimicrobials used was selected.

People most actively involved in chicken management on the visited farm were interviewed. Consent was obtained from the interviewees before the start of the interview. The interviews were conducted by a team of trained and experienced researchers from Chattogram Veterinary and Animal Sciences University (CVASU). All interviewers were fluent in English and Bangla. The interview was conducted in Bangla and responses were entered by the interviewers in the questionnaire in English. An interview lasted for about 1 h.

Although data on antimicrobial products used was obtained from the interviewees, photographs of antimicrobial packages were also taken to cross-check the information. Photographs of the drug registration book kept on the farms, if available, were also taken.



Data Analysis

Frequencies were computed for farmer demographics (education, experience in poultry production) and antimicrobial usage (percentage of farms using antimicrobials, route of administration, source of antimicrobials, purpose of usage, adherence to withholding periods, sale of antimicrobials, and the occurrence of clinical signs on farms).

An association between any two categorical variables was investigated using a Fisher's exact test (39).

Univariable logistic regression models (40) were developed to assess whether using a given antimicrobial was associated with farm (farm type, flock size) and farmer characteristics (education, experience in poultry farming) the observation of a set of clinical signs during the current production cycle, the source of antimicrobials (veterinary medical stores, feed and chick traders), the purpose of usage, and the sale of antimicrobials by the farmer. Variables associated with a p-value < 0.2 were then considered for the multivariable analysis. A backward stepwise elimination procedure at a 5% level of significance was used to produce the final multivariable logistic regression model. The distributions of the outcome variables and predictors are shown in Supplementary Tables 5–12. Once a model with significant predictors was found, the confounding effect was examined by adding omitted predictors again and evaluating a change of the odds ratios by more than 20% (41). Biological plausible interactions were also evaluated in the final models. The overall model fit was examined by the Hosmer–Lemeshow test. The predictive ability of the models was evaluated by computing the area under the curve (AUC) of receiver operating characteristic (ROC) curves.

STATA 16 was used for the analysis (1985–2019, StataCorp). Farm locations were plotted across Chattogram district using ArcMAp 10.8 (ArcGIS, 1995–2019 Esri Inc.).




RESULTS

From 140 farms surveyed, 137 (97.9%) used antimicrobials. Data from these 137 farms, which comprised of 60.6% (83/137) broiler and 39.4% (54/137) layer farms, were analysed.


Overview of the Study Population
 
Flock Characteristics

A total of 81.5% (44/54) of layer and 96.4% (80/83) of broiler farms had one shed only.

Layer flocks, with a median size of 2,150 chickens, were larger than broiler flock, with a median of 1,300 chickens (p < 0.001) (Table 1). The median age was 357 days for layer and 18 days for broiler flocks (Table 1).


Table 1. Socioeconomic and demographic characteristics of commercial layer and broiler chicken farmers and a description of the chicken farms in Chattogram, Bangladesh.
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The most common layer breed was White Hyline Brown (61.1%, 33/54), followed by Novogen Brown (16.7%, 9/54), Bovans Brown (7.4%, 4/54), White Shaver 579 (5.6%, 3/54), and Hisex Brown (3.7%, 2/54). On broiler farms, Indian River (39.8%, 33/83) and Cobb 500 (38.6%, 32/83) were the most common breeds, followed by 12.0% of Hubbard Classic (10/83) and 8.4% of Ross 308 (7/83). However, for 5.6% (3/54) of the layer and 1.2% (1/83) of the broiler farms the breed was not specified.



Farmer Characteristics

People most actively involved in chicken management on the visited farm were interviewed. In most cases, they were either the farm owner (77.4%, 106/137), or the main farm worker (22.6%, 31/137).

More layer farmers (92.6%, 50/54) had a higher educational qualification (secondary, higher secondary, graduate, or postgraduate level) than broiler farmers (78.3%, 65/83) (p = 0.032) (Table 1).

Layer farmers were marginally more experienced in poultry farming compared to broiler farmers (p = 0.074) (Table 1).




Antimicrobial Usage
 
Antimicrobial Agents, Their Purpose, and Route of Administration

A total of 24 different antimicrobial agents were administered in the current production cycle at the time of the study in 449 different ways (either alone or in combination with other antimicrobials) (Supplementary Table 1). Eight of these 24 antimicrobials were most commonly applied (either alone or in combination with other antimicrobials), representing 71.5% (321/449) of the overall usage of antimicrobials on the farms. These eight antimicrobials (colistin, ciprofloxacin, tylosin, neomycin, amoxicillin, trimethoprim sulfonamides, doxycycline, and tiamulin) represent the most frequently used antimicrobials in each of the eight antimicrobial classes (polymyxins, quinolones, macrolides, aminoglycosides, beta lactams, tetracyclines, sulfonamides, and pleuromutilins). Further data analysis focused on these eight antimicrobials.

On layer farms, the most commonly administered antimicrobial was ciprofloxacin 37.0% (20/54), followed by amoxicillin 33.3% (18/54) and tiamulin 31.5% (17/54). On broiler farms, the most commonly administered antimicrobial was colistin 56.6% (47/83), followed by doxycycline 50.6% (42/83) and neomycin 38.6% (32/83). Doxycycline, neomycin and colistin were more frequently applied on broiler farms compared to layer farms (p < 0.05), while tiamulin was not used on broiler farms (Table 2).


Table 2. Antimicrobials used (according to medical importance) on commercial layer and broiler farms in Chattogram, Bangladesh.
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The number of antimicrobials used on farms was categorised in the following groups: 1, 2–3, 4–5, 6, or more. Overall, these (categorised) number of antimicrobials used did not differ between layer and boiler farms (p = 0.120). However, most farmers used 2–3 antimicrobials (59.3% of layer and 38.6% of broiler farmers), while usage of 4–5 antimicrobials was more common on broiler than on layer farms (37.3% vs. 22.2%) (Figure 2).
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FIGURE 2. Number of antimicrobials used on layer and broiler farms in Chattogram, Bangladesh.


Antimicrobials were administered in water by 97.1% (133/137) of farmers (with 91.3% (125/137) of farmers providing them in water only and 5.8% (8/137) in both water and feed) and in feed by 8.7% (12/137) of farmers (with 2.9% (4/137) of farmers providing it in feed only).

Only 15.3% (21/137) of farmers used antimicrobials exclusively for therapeutic purposes, while 84.7% (116/137) of farmers used them prophylactically, administering them either for prophylactic purposes only (22.6% (31/137) of farmers) or in combination with therapeutic purposes (62.1% (85/137) of farmers). The purpose of using antimicrobials did not differ between layer and broiler farms (p = 0.328, Supplementary Table 2). None of the farmers indicted they used antimicrobials as growth promoters.

Eggs and birds were sold while antimicrobials were still administered in flocks, with 83.3% (45/54) of layer farmers selling eggs, and 36.1% (30/83) of broiler farmers selling birds while administering antimicrobials (p < 0.001). The most common antimicrobials used on layer farms while selling eggs were ciprofloxacin (40.0%, 18/45), trimethoprim sulfonamides (35.6%, 16/45), and amoxicillin (33.3%, 15/45). On broiler farms, colistin (66.7%, 20/30), doxycycline (53.3%, 16/30), and ciprofloxacin (46.7%, 14/30) were the most common antimicrobials administered, while broilers were sold. Except for trimethoprim sulfonamide usage on layer farms, there was no difference at p < 0.05 between farms selling eggs or broilers and not selling eggs or broilers while administering antimicrobials for the type of antimicrobials used (Supplementary Table 3). Broiler farmers (63.9%, 53/83) who stopped using antimicrobials before selling their birds stopped on average 4.2 (95% CI: 3.6, 4.8) days (Median: 3) before the sale of birds.



Clinical Signs for Which Antimicrobials Were Used

Overall, 75.2% (103/137) of farmers reported clinical signs (alone or in combination) during the production period, while 24.8% (34/137) of farmers did not observe any clinical signs of disease.

Antimicrobials were most frequently used for respiratory signs (alone or in combination with other signs) (71.8%, 74/103), followed by enteric signs (32.0%, 33/103). Antimicrobials were used to address increased mortality (alone or in combination with other signs) on 16.5% (17/103) of farms, while 16.5% (17/103) of farmers administered antimicrobials to prevent and/or treat swollen head, ascites, in-appetence, and eye problems. Decreased egg production or poor-quality eggs were specified by 20.4% (11/54) of layer farmers as a reason for using antimicrobials (Supplementary Table 4).

Colistin and ciprofloxacin were the most frequently used antimicrobials on farms reporting respiratory signs (41.9%, 31/74; 41.9%, 31/74), enteric signs (48.5%, 16/33; 45.5%, 15/33), and increased mortality (29.4%, 5/17; 35.3%, 6/17), as well as single miscellaneous signs, such as swollen head, ascites, in-appetence, and/or eye problem. However, doxycycline (45.5%, 5/11) and tiamulin (45.5%, 5/11) were preferred to address a reduction in egg production. In the absence of clinical signs, colistin (47.1%, 16/34), doxycycline (32.4%, 11/34), and amoxicillin (29.4%, 10/34) were the most frequent antimicrobials administered (Figure 3).
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FIGURE 3. Types of antimicrobial used (percent usage) by commercial layer and broiler farmers in Chattogram, Bangladesh, for clinical signs reported on these farms. Usage relates to the application of antimicrobials in the current production cycle at the time of the survey in 2019 (mean age of layers: 334 days, mean age of broilers: 19 days). Most frequently used antimicrobials are presented here, representing 71.5% of overall usage.




Source of Antimicrobials

Farmers bought antimicrobials most frequently (sole source or in combination with other sources) from feed and chick traders (43.8%, 60/137), veterinary medical stores (44.5%, 61/137), and pharmaceutical representatives (5.1%, 7/137). More specifically, farmers bought antimicrobials only from feed and chick traders in 37.2% (51/137) of cases and from veterinary medical stores only in 35.0% of cases (48/137). Broiler farmers were more likely to purchase antimicrobials only from feed and chick traders (45.8%, 38/83) compared to layer farmers (24.1%, 13/54) (p = 0.012).

The usage of individual antimicrobials on farms was not associated with the supply of antimicrobials through feed and chick traders (p > 0.05) Supplementary Tables 5-12. Doxycycline and colistin were the antimicrobials used by farmers that were less likely purchased from veterinary medical stores (p = 0.017 and p = 0.041, respectively) Supplementary Tables 6, 11.

About 16.1% (22/137) of farmers sold antimicrobials to other farmers.



Factors Associated With Antimicrobial Usage

Univariable logistic regression models for each of the most commonly used antimicrobials, namely, colistin, ciprofloxacin, tylosin, neomycin, amoxicillin, trimethoprim sulfonamides, doxycycline, and tiamulin, are shown in Supplementary Tables 5-12.

Factors with p-values < 0.05 in the multivariable models were identified for trimethoprim sulfonamides and neomycin.

Farmers were 3.1 times (95% CI: 1.3–7.8) more likely to administer trimethoprim sulfonamides for respiratory signs (Table 3). Farmers were also 3.1 (95% CI: 1.3–7.7) more likely to use trimethoprim sulfonamides for enteric signs (Table 3). The model for trimethoprim sulfonamides usage showed a good fit (Hosmer–Lemeshow p-value = 0.681, AUC = 0.68).


Table 3. Results of the multivariable analysis for risk factors associated with the use of trimethoprim sulfonamides on commercial chicken farms in Bangladesh in 2019.
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The odds of using neomycin was higher in broiler than layer farms (OR = 8.3, 95% CI = 2.7–25.6) and among farmers selling antimicrobials (OR = 3.2, 95% CI = 1.1–9.1) (Table 4). The model for neomycin usage showed a good fit (Hosmer–Lemeshow p-value = 0.201, AUC = 0.74).


Table 4. Results of the multivariable analysis for risk factors associated with the use of neomycin on commercial chicken farms in Bangladesh in 2019.
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DISCUSSION

Our study highlighted that usage of antimicrobials is very common in the commercial poultry industry of Bangladesh, with almost all broiler and layer farmers administrating antimicrobials to their flocks. Use of medically important antimicrobials, non-adherence to withholding periods, usage of antimicrobials despite the non-occurrence of any clinical signs, and sales of antimicrobials without veterinary advice were frequently reported.

There is little reliable data on the extent of antimicrobials usage in the livestock production system across South East Asia (42–44) and in particular, from commercial poultry farms in Bangladesh (15, 32). We were able to provide detailed data of antimicrobial usage in the commercial layer and broiler industry of Bangladesh. In addition, while previous studies used convenience sampling to describe antimicrobial usage on commercial poultry farms (45, 46), we used a random sampling approach, increasing the external validity of our study findings.

The majority of farmers used antimicrobials for prophylactic purposes. Prophylactic administration of antimicrobials may be conducted to compensate for substandard farm management conditions, to prevent frequently occurring poultry diseases (13) or because vaccinations against poultry diseases were not conducted. Furthermore, cost associated with veterinary treatments (47) might result in farmers administering drugs prophylactically in order to prevent severe clinical events that require substantial, and expensive, veterinary interventions. Farmers may also have difficulties in accessing veterinary services to diagnose diseases. Laboratory confirmation of livestock, including poultry, diseases in Bangladesh is only conducted in District Veterinary Hospitals, Regional Field Diseases Investigation Laboratories, and the Central Disease Investigation Laboratory of Department of Livestock Services (48), which represents only a small number of laboratories compared to the number of poultry farms in Bangladesh. Thus, farmers might be unable to use these laboratories to diagnose diseases from samples collected, which could result in a widespread prophylactic administration of antimicrobials based on farmers' perceptions of disease risk or their own experience.

It has been shown that antimicrobial usage on commercial poultry farms is strongly driven by advice provided from antimicrobial suppliers; in particular, feed and chick traders who closely work with representatives of drug companies to achieve target sales, may have influenced farmers' behaviours in using antimicrobials (33). A large proportion of commercial chicken farmers were supplied with antimicrobials from feed and chick traders. The use of antimicrobials may be influenced by contractual agreements with the feed and chick traders who supply all production inputs (e.g., day-old chicks and feed) in credit to farmers and then purchase the poultry products from farmers at pre-arranged prices (33). This practise is more common among broiler than layer farmers; thus, these transactional arrangements likely explain the differences observed between the two production types in this study.

Farmers did not report the use of antimicrobials as growth promoters. It has been suggested that the use of antimicrobials for growth promotion might represent a considerable cost for farmers, and therefore, they might refrain from using antimicrobials for this purpose (15).

Eight antimicrobials were most frequently administered in our study area (either alone or in combination with other antimicrobials). These antimicrobials are commonly used in the poultry industry and included colistin, ciprofloxacin, and tylosin, which are considered as “Highest Priority Critically Important Antimicrobials” for public health (49). Indeed, Colistin is used as last resort for the treatment of infections with Enterobacteriaceae and Pseudomonas aeruginosa, while tylosin is used for Legionella, Campylobacter spp., MDR Salmonella spp., and Shigella infections, and ciprofloxacin for the treatment of Campylobacter spp. and Salmonella spp. infections (50). It is recommended that ciprofloxacin and colistin should not to be administered in animals as first-line therapy and should only be used after obtaining culture and susceptibility test results. In fact, ciprofloxacin and colistin should not be administered at all to any food-producing animals including chickens in the absence of any clinical signs (51). Surprisingly, many farmers used antimicrobials (including ciprofloxacin, tylosin, and colistin) without observing any clinical signs, and even when they did observe some, the decision to use those antimicrobials was rarely informed by veterinarians.

The use of colistin, doxycycline, and neomycin was higher on broiler farms compared to layer farms. Doxycycline was also more commonly administered by less experienced broiler farmers and was often administered in combination with other antimicrobials, including colistin. The frequent use of colistin may reflect the fact that they are considered as an “essential” antimicrobial in the poultry industry and have been used there for a long time (52).

Neomycin was more frequently used on broiler farms and by farmers who sell antimicrobials. The relatively low cost of neomycin may be the reason for its frequent usage (53) but also its re-sale by commercial farmers.

Similar to previous research, farmers in our study mostly mixed antimicrobials into water (33). This is in accordance with the Bangladesh Fish Feed and Animal Feed Act 2010, which highlights that antimicrobials are not permitted to be added into feed (54). However, some farmers in our study were breaching the Act by administering antimicrobials in feed.

Layer farmers reported selling eggs and broiler farmers selling chickens while administering antimicrobials. Antimicrobial residues was previously found in poultry in Bangladesh (55–57). For instance, trimethoprim sulfonamides, which were frequently used by layer farmers while selling eggs, are not approved to be used in laying chickens as the trimethoprim residues can be detected in egg yolk as well as albumen for more than 7 days after its administration (58). Farmers in Bangladesh may not be aware of withholding periods and the residual effects of antimicrobials (32). There may also be a lack of information from veterinarians on withdrawal periods of antimicrobials (32). Furthermore, continuous occurrence of clinical signs might result in farmers deciding to constantly use antimicrobials on their chickens until the time of sale of their poultry products (59).

A lack of monitoring from governmental agencies had been previously identified as a reason why withholding periods were not adhered to by farmers (32). This includes monitoring of farm management practises but also monitoring antimicrobial residues according to Codex standards (60). Unfortunately, there are limited facilities in Bangladesh to conduct residue analysis in tissues of animal origin (61). Establishing government or private laboratories with infrastructure and expertise in identifying residues will assist in residue detection and in monitoring appropriate antimicrobial use. However, it is uncertain if farmers would actually submit samples for residue testing—such residue monitoring is usually conducted by regulatory bodies.

In Bangladesh, only registered veterinarians are authorised to prescribe antimicrobials as per the Bangladesh Veterinary Practitioners Ordinance, 1982 (62) and only registered pharmacists are permitted to sell antimicrobials with a prescription as per Drug Act 1940 (63). Thus, veterinarians only prescribe, but do not sell, antimicrobials in Bangladesh. However, in practise, antimicrobials are available in Bangladesh “over the counter” from veterinary medical stores without prescriptions.

Sixteen percent of farmers sold antimicrobials to other farmers. These arrangements make antimicrobials very accessible in Bangladesh and increase the risk of their improper use on poultry farms. Easy access to antimicrobials is not unique to Bangladesh and has also been described for other Southeast Asian countries such as India, Indonesia, Nepal, Bhutan, Thailand, Sri Lanka, and Maldives (44).

Our study had a number of limitations. Firstly, due to the retrospective nature of the data collection, we could not observe the clinical signs and relied on farmers' reports. Recall bias might have also impacted the reporting by farmers. Furthermore, this study only collected data on clinical signs reported during the production period and antimicrobials used in that production period. However, farmers did not keep records of the antimicrobials they used in response to which clinical signs and for what duration. We collected data on the dosage of antimicrobials administered to chickens, but the data quality was poor and did not permit a reliable analysis. A prospective study with detailed (daily) observations on clinical signs, diseases antimicrobial usage (including dosage and duration), and treatment outcomes would be able to better explore the association between antimicrobial usage and the motivations for its application.

Based on the results of this study, it is recommended that farmers should keep records of antimicrobials used with dosage and duration of administration along with the use of specific antimicrobials against which diseases or clinical signs. This would certainly allow farmers and veterinarians to evaluate if antimicrobial usage had the desired outcome and allow adherence to withholding periods.

Education or extension programs for poultry farmers on the use of antimicrobials are highly warranted. Such training should encompass information on withholding periods for antimicrobial usage and should highlight the importance of vaccinations to control viral and bacterial infections in poultry. The association between good biosecurity and infection control practises and diseases needs to be highlighted in order to reduce the further use of antimicrobials. Extension programs are implemented in Bangladesh by government and nongovernmental agencies. The Department of Livestock and Services in Bangladesh drafted a “National Livestock Extension Policy 2013” and highlighted the importance of establishing collaborative livestock extension services that include all stakeholders (64). In case of antimicrobial applications in the poultry industry, this would include, in addition to the poultry farmers, also suppliers of antimicrobials (e.g., feed and chick traders and veterinary medical representatives).

Changing regulatory frameworks is most challenging. Currently, no enforced national strategy for the control of antimicrobials in food animals exists for Bangladesh. The Ministry of Health and Family Welfare has developed a national action plan (2017–2022) for antimicrobial resistance containment in Bangladesh (65), but unfortunately relevant policies have not been implemented yet (66).

Also, prohibiting over-the-counter sales of antimicrobials without the prescription from a registered veterinarian is not enforced in Bangladesh. Recently, a ruling of the High Court Division of the Supreme Court of Bangladesh highlighted that sales of antimicrobials should only be conducted with prescription (67). It is recommended to closely work with farmers' to evaluate societal factors influencing poultry management practises in order to develop evidence-based and practical policies for farmers to reduce and modify antimicrobial usage.

In conclusion, our research highlights the challenges faced by commercial poultry producers in Bangladesh and outlined opportunities to improve the appropriate use of antimicrobial agents under an antimicrobial stewardship approach.



DATA AVAILABILITY STATEMENT

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



ETHICS STATEMENT

The studies involving human participants were reviewed and approved by Human Ethics. Approval for the interviews was obtained from the University of Queensland Institutional Human Ethics Committee on the 7 December 2018 (Approval number: 2018002266). Written informed consent for participation was not required for this study in accordance with the national legislation and the institutional requirements. Ethical review and approval was not required for the animal study because the respondents were farmers of commercial chicken farms.



AUTHOR CONTRIBUTIONS

JH, GF, and MH designed the research study and obtained the funding for the field research. The questionnaire was developed by TI with inputs from JH, JG, and SG. The data collection strategy was developed by JH, GF, MH, TI, and SG. Data collection was conducted by MF and SD. TI conducted data analysis under the guidance of JH, GF, and JG. TI prepared the initial draft, figures, tables, and supplementary materials, with edits provided by JH and JG. All authors have read, contributed to, and approved the final version of the manuscript.



FUNDING

This field data collection was supported by the BALZAC research program Behavioural adaptations in live poultry trading and farming systems and zoonoses control in Bangladesh (BB/L018993/1), a joint research initiative between the Biotechnology and Biological Sciences Research Council, the Defence Science and Technology Laboratory, the Department for International Development, the Economic and Social Sciences Research Council, the Medical Research Council, and the Natural Environment Research Council. TI was supported by Australia Awards Scholarship.



ACKNOWLEDGMENTS

We are grateful to the farmers for participating in the survey. Also, we thank the CVASU research team for helping with the data collection. We also acknowledged the support provided to GF, MH, and JH by the UKRI GCRF One Health Poultry Hub (Grant no. BB/S011269/1), 1 of 12 interdisciplinary research hubs funded under the UK government's Grand Challenge Research Fund Interdisciplinary Research Hub initiative.



SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fvets.2020.576113/full#supplementary-material



REFERENCES

 1. Thornton PK. Livestock production: recent trends, future prospects. Phil Trans R Soc. (2010) 365:2853–67. doi: 10.1098/rstb.2010.013

 2. Das SC, Chowdhury SD, Khatun MA, Nishibori M, Isobe N, Yoshimura Y. Poultry production profile and expected future projection in Bangladesh. World Poult Sci J. (2008) 64:99–117. doi: 10.1017/S0043933907001754

 3. Chowdhury S. Family poultry production in Bangladesh: is it meaningful or an aimless journey? World Poult Sci J. (2013) 69:649–65. doi: 10.1017/S0043933913000652

 4. Hamid M, Rahman M, Ahmed S, Hossain K. Status of poultry industry in Bangladesh and the role of private sector for its development. Asian J Poult Sci. (2017) 11:1–13. doi: 10.3923/ajpsaj.2017.1.13

 5. Dolberg F. Poultry Sector Country Review, Bangladesh. Rome: FAO. (2008).p. 17-28.

 6. Food and Agriculture Organisation. Change in the Livestock Sector. (2009). Available online at: http://www.fao.org/3/i0680e/i0680e02.pdf [Accessed February 11, 2020].

 7. Badruzzaman A, Noor M, Mamun M, Husna A, Islam K, Alam K, et al. Prevalence of diseases in commercial chickens at Sylhet Division of Bangladesh. Int Clin Pathol J. (2015) 1:104–8. doi: 10.15406/icpjl.2015.01.00023

 8. Bari MS, Rana EA, Abid MH, Akter N, Sayeed MA. Prevalence of poultry diseases in winter season in Chittagong and efficacy of challenge vaccine against Newcastle disease. Res Agric Livest Fish. (2018) 5:201–8.

 9. Hassan MK, Kabir MH, Hasan MAA, Sultana S, Khokon MSI, Kabir SL. Prevalence of poultry diseases in Gazipur district of Bangladesh. Asian J Med Biol Res. (2016) 2:107–12. doi: 10.3329/ajmbr.v2i1.27575

 10. Rahman M, Adhikary G. Poultry diseases in some selected areas in Sylhet district of Bangladesh. J Sylhet Agril Univ. (2016) 3:1.

 11. Uddin M, Ahmed S, Hassan M, Khan S, Mamun M. Prevalence of poultry diseases at Narsingdi, Bangladesh. Int J Biol Res. (2010) 1:6.

 12. Raha S. Poultry Industry in Bangladesh: Present Status and Future Potential. Mymensingh: Agricultural University of Mymensingh. (2000).

 13. Roess AA, Winch PJ, Ali NA, Akhter A, Afroz D, El Arifeen S, et al. Animal husbandry practices in rural Bangladesh: potential risk factors for antimicrobial drug resistance and emerging diseases. Am J Trop Med Hyg. (2013) 89:965–70. doi: 10.4269/ajtmh.12-0713

 14. World Organisation for Animal Health. OIE Annual Report on Antimicrobial Agents Intended for Use in Animals: Better Understanding of the Global Situation. (2020). Available online at: https://www.oie.int/fileadmin/Home/eng/Our_scientific_expertise/docs/pdf/AMR/A_Fourth_Annual_Report_AMR.pdf [Accessed September 22, 2020]. 

 15. Islam KBMS, Shiraj-Um-Mahmuda S, Hazzaz-Bin-Kabir M. Antibiotic usage patterns in selected broiler farms of Bangladesh and their public health implications. J Public Health Dev Ctries. (2016) 2:276–84.

 16. Franco DA, Webb J, Taylor CE. Antibiotic and sulfonamide residues in meat: Implications for human health. J Food Prot. (1990) 53:178–85. 

 17. Agunos A, Gow SP, Léger DF, Carson CA, Deckert AE, Bosman AL, et al. Antimicrobial use and antimicrobial resistance indicators integration of farm-level surveillance data from broiler chickens and turkeys in British Columbia, Canada. Front Vet Sci. (2019) 6:131. doi: 10.3389/fvets.2019.00131

 18. Luiken REC, Van Gompel L, Munk P, Sarrazin S, Joosten P, Dorado-García A, et al. Associations between antimicrobial use and the faecal resistome on broiler farms from nine European countries. J Antimicrob Chemother. (2019) 74:2596–604. doi: 10.1093/jac/dkz235 

 19. Nhung N, Cuong N, Thwaites G, Carrique-Mas J. Antimicrobial usage and antimicrobial resistance in animal production in Southeast Asia: a review. Antibiotics. (2016) 5:37. doi: 10.3390/antibiotics5040037

 20. Persoons D, Haesebrouck F, Smet A, Herman L, Heyndrickx M, Martel A, et al. Risk factors for ceftiofur resistance in Escherichia coli from Belgian broilers. Epidemiol Infect. (2011) 139:765–71. doi: 10.1017/S0950268810001524

 21. Weese J, Giguère S, Guardabassi L, Morley P, Papich M, Ricciuto D, et al. ACVIM consensus statement on therapeutic antimicrobial use in animals and antimicrobial resistance. J Vet Intern Med. (2015) 29:487–98. doi: 10.1111/jvim.12562

 22. Ferri M, Ranucci E, Romagnoli P, Giaccone V. Antimicrobial resistance: A global emerging threat to public health systems. Crit Rev Food Sci Nutr. (2017) 57:2857–76. doi: 10.1080/10408398.2015.1077192

 23. Gandra S, Barter DM, Laxminarayan R. Economic burden of antibiotic resistance: how much do we really know? Clin Microbiol Infect. (2014) 20:973–9. doi: 10.1111/1469-0691.12798

 24. Cosgrove SE, Carmeli Y. The impact of antimicrobial resistance on health and economic outcomes. Clin Infect Dis. (2003) 36:1433–7. doi: 10.1086/375081

 25. Ho P-L, Wong RC, Lo SW, Chow K-H, Wong SS, Que T-L. Genetic identity of aminoglycoside-resistance genes in Escherichia coli isolates from human and animal sources. J Med Microbiol. (2010) 59:702–7. doi: 10.1099/jmm.0.015032-0

 26. Hoelzer K, Wong N, Thomas J, Talkington K, Jungman E, Coukell A. Antimicrobial drug use in food-producing animals and associated human health risks: what, and how strong, is the evidence? BMC Vet Res. (2017) 13:211. doi: 10.1186/s12917-017-1131-3

 27. Johnson JR, Sannes MR, Croy C, Johnston B, Clabots C, Kuskowski MA, et al. Antimicrobial drug–resistant Escherichia coli from humans and poultry products, Minnesota and Wisconsin, 2002–2004. Emerging Infect Dis. (2007) 13:838–46. doi: 10.3201/eid1306.061576

 28. Gerd H, Heike Theresia P, Silke S, Heinz N, Jörg H. Antibiotics in dust originating from a pig-fattening farm: a new source of health hazard for farmers? Environ Health Perspect. (2003) 111:1590–4. doi: 10.1289/ehp.6288

 29. Shawn GG, Christopher FG, Patrick MT, Linda CM, Kristina DM, Pasquale VS. Isolation of antibiotic-resistant bacteria from the air plume downwind of a swine confined or concentrated animal feeding operation. Environ Health Perspect. (2006) 114:1032–7. doi: 10.1289/ehp.8910

 30. Nisha A. Antibiotic residues - a global health hazard. Vet World. (2008) 2:375–7. doi: 10.5455/vetworld.2008.375-377

 31. Khatun R, Howlader MAJ, Ahmed S, Islam MN, Hasan MA, Haider MS, et al. Impact of training and monitoring of drug used by small scale poultry farmers at different location of Bangladesh. AJFSH. (2016) 2:134–40.

 32. Ferdous J, Sachi S, Zakaria Al Noman S, Hussani YAS, Sikder MH. Assessing farmers' perspective on antibiotic usage and management practices in small-scale layer farms of Mymensingh district, Bangladesh. Vet World. (2019) 12:1441–7. doi: 10.14202/vetworld.2019.1441-1447

 33. Masud AA, Rousham EK, Islam MA, Alam M-U, Rahman M, Mamun AA, et al. Drivers of antibiotic use in poultry production in Bangladesh: dependencies and dynamics of a patron-client relationship. Front Vet Sci. (2020) 7:78. doi: 10.3389/fvets.2020.00078

 34. Directorate General of Drug Administration. National Drug Policy 2016. Ministry of Health & Family Welfare, Government of the People's Republic of Bangladesh. (2016). Available online at: https://www.dgda.gov.bd/index.php/laws-and-policies/261-national-drug-policy-2016-english-version/file [Accessed September 29, 2020].

 35. Moyen N, Ahmed G, Gupta S, Tenzin T, Khan R, Khan T, et al. A large-scale study of a poultry trading network in Bangladesh: implications for control and surveillance of avian influenza viruses. BMC Vet Res. (2018) 14:12. doi: 10.1186/s12917-018-1331-5

 36. DLS. Annual Report on Livestock 2014. The Department of Livestock Services (DLS), Ministry of Fisheries and Livestock, Government of the People's Republic of Bangladesh (2014). Available online at: http://blri.portal.gov.bd/sites/default/files/files/blri.portal.gov.bd/page/035f0e9b_397c_4e24_83ec_b42dff87e9c8/ANNUAL%20REPORT%202014.pdf [Accessed September 16, 2020].

 37. Gupta SD, Hoque MA, Fournié G, Henning J. Patterns of Avian Influenza A (H5) and A (H9) virus infection in backyard, commercial broiler and layer chicken farms in Bangladesh. Transbound Emerg Dis. (2020) 00:1–15. doi: 10.1111/tbed.13657

 38. Pim S, Wannes V, Mette F, Klemens F, Walter O, Agnes A, et al. Monitoring of farm-level antimicrobial use to guide stewardship: overview of existing systems and analysis of key components and processes. Front Vet Sci. (2020) 7:540. doi: 10.3389/fvets.2020.00540

 39. Fisher RA. On the interpretation of χ 2 from contingency tables, and the calculation of P. J R Stat Soc. (1922) 85:87–94. doi: 10.2307/F2340521

 40. Hosmer DW, Lemeshow S, Sturdivant RX. Applied Logistic Regression. Hoboken, NJ: John Wiley & Sons, Inc. (2013).p. 7.

 41. Bursac Z, Gauss CH, Williams DK, Hosmer DW. Purposeful selection of variables in logistic regression. Source Code Biol Med. (2008) 3:17. doi: 10.1186/1751-0473-3-17

 42. Coyne L, Arief R, Benigno C, Giang VN, Huong LQ, Jeamsripong S, et al. Characterizing antimicrobial use in the livestock sector in three south east asian countries (Indonesia, Thailand, and Vietnam). Antibiotics. (2019) 8:33. doi: 10.3390/antibiotics8010033

 43. Kakkar M, Chatterjee P, Chauhan AS, Grace D, Lindahl J, Beeche A, et al. Antimicrobial resistance in South East Asia: time to ask the right questions. Glob Health Action. (2018) 11:1483637. doi: 10.1080/16549716.2018.1483637

 44. Goutard FL, Bordier M, Calba C, Erlacher-Vindel E, Góchez D, de Balogh K, et al. Antimicrobial policy interventions in food animal production in South East Asia. BMJ. (2017) 358:36–41. 

 45. Klare I, Badstübner D, Konstabel C, Böhme G, Claus H, Witte W. Decreased incidence of VanA-type vancomycin-resistant enterococci isolated from poultry meat and from fecal samples of humans in the community after discontinuation of avoparcin usage in animal husbandry. Microb Drug Resist. (1999) 5:45–52. 

 46. Endtz HP, Ruijs GJ, van Klingeren B, Jansen WH, van Der Reyden T, Mouton RP. Quinolone resistance in campylobacter isolated from man and poultry following the introduction of fluoroquinolones in veterinary medicine. J Antimicrob Chemother. (1991) 27:199–208. doi: 10.1093/jac/27.2.199

 47. Okeke IN, Laxminarayan R, Bhutta ZA, Duse AG, Jenkins P, O'Brien TF, et al. Antimicrobial resistance in developing countries. Part I: recent trends and current status. Lancet Infect Dis. (2005) 5:481–93. doi: 10.1016/S1473-3099(05)70189-4

 48. Department of Livestock Services. National Livestock Development Policy 2007. Ministry of Fisheries and Livestock, Government of the People's Republic of Bangladesh (2007). Available online at: http://nda.erd.gov.bd/en/c/publication/national-livestock-development-policy-2007#:~:text=The%20National%20Livestock%20Development%20Policy,economic%20growth%20for%20reduction%20of [Accessed September 30, 2020].

 49. World Health Organization. Critically Important Antimicrobials for Human Medicine. (2019). Available online at: https://apps.who.int/iris/bitstream/handle/10665/312266/9789241515528-eng.pdf [Accessed February 14, 2020].

 50. World Health Organization. Critically Important Antimicrobials for Human Medicine: Ranking of Antimicrobial Agents for Risk Management of Antimicrobial Resistance Due to Non-Human Use (2017). Available online at: https://apps.who.int/iris/bitstream/handle/10665/255027/9789241512220-eng.pdf [Accessed February 14, 2020].

 51. World Organisation for Animal Health. OIE List of Antimicrobial Agents of Veterinary Importance. (2019). Available online at: https://www.oie.int/fileadmin/Home/eng/Specific_Issues/docs/pdf/OIE_list_antimicrobials.pdf [Accessed February 14, 2020].

 52. Lees P, Pelligand L, Giraud E, Toutain PL. A history of antimicrobial drugs in animals: evolution and revolution. J Vet Pharmacol Ther. (2020) 00:1–35. doi: 10.1111/jvp.12895

 53. Szaniszlo B, Iuga C, Bojita M. Indirect determination of neomycin by derivative spectrophotometry. Clujul Med. (2011) 84:398–401.

 54. Bangladesh Gazette. Fish Feed and Animal Feed Act 2010. (2010). Available online at: http://extwprlegs1.fao.org/docs/pdf/bgd165024.pdf [Accessed September 10, 2020].

 55. Chowdhury S, Hassan MM, Alam M, Sattar S, Bari MS, Saifuddin AK, et al. Antibiotic residues in milk and eggs of commercial and local farms at Chittagong, Bangladesh. Vet World. (2015) 8:467–71. doi: 10.14202/vetworld.2015.467-471

 56. Ferdous J, Bradshaw A, Islam SKMA, Zamil S, Islam A, Ahad A, et al. Antimicrobial residues in chicken and fish, Chittagong, Bangladesh. EcoHealth. (2019) 16:429–40. 

 57. Sattar S, Hassan MM, Islam SKMA, Alam M, Faruk SA, Chowdhury S, et al. Antibiotic residues in broiler and layer meat in Chittagong district of Bangladesh. Vet World. (2014) 7:738. doi: 10.14202/vetworld.2014.738-743

 58. Goetting V, Lee KA, Tell LA. Pharmacokinetics of veterinary drugs in laying hens and residues in eggs: a review of the literature. J Vet Pharmacol Ther. (2011) 34:521–56. doi: 10.1111/j.1365-2885.2011.01287.x

 59. Kigozi MM, Higenyi J. Evaluation of farmer's knowledge and application of guidelines on use of veterinary antibiotics in layer poultry production in Mukono district, central Uganda. Livest Res Rural. (2017) 29:176.

 60. FAO. Codex Alimentarius. (1963). Available online at: http://www.fao.org/fao-who-codexalimentarius/en/ [Accessed September 13, 2020].

 61. Haque M. Antimicrobial use, prescribing, and resistance in selected ten developing countries: a brief overview. Asian J Pharm Clin Res. (2017) 10:37–45. 

 62. Bangladesh Gazette. Bangladesh Veterinary Practitioners Ordinance 1982. (1982). Available online at: https://www.dpp.gov.bd/upload_file/gazettes/384-Law-1985.pdf [Accessed January 24, 2020].

 63. Bangladesh Gazette. Drugs Act 1940. (1940). Available online at: https://dgda.portal.gov.bd/sites/default/files/files/dgda.portal.gov.bd/law/e4b84e61_6b76_43d6_b235_3e489f68220a/drugs-act-1940.pdf [Accessed January 25, 2020].

 64. Department of Livestock Services. National Livestock Extension Policy 2013. Ministry of Fisheries and Livestock, Government of the People's Republic of Bangladesh (2013). Available online at: http://old.dls.gov.bd/Final%20Draft%20%20of%20National%20Extension%20Policy.pdf [Accessed October 10, 2020].

 65. Directorate General of Health Services. National Action Plan. Antimicrobial Resistance Containment in Bangladesh 2017–2022. Disease Control Division, Communicable Disease Control Program, Ministry of Health & Family Welfare, Government of the People's Republic of Bangladesh (2017). Available online at: https://www.flemingfund.org/wp-content/uploads/d3379eafad36f597500cb07c21771ae3.pdf [Accessed October 24, 2020].

 66. Orubu ESF, Zaman MH, Rahman MT, Wirtz VJ. Veterinary antimicrobial resistance containment in Bangladesh: evaluating the national action plan and scoping the evidence on implementation. J Glob Antimicrob Resis. (2020) 21:105–15. doi: 10.1016/j.jgar.2019.09.020

 67. Local Correspondent. Prescription Now Must for Antibiotics. The Daily Star (2019). Available online at: https://www.thedailystar.net/frontpage/news/prescription-now-must-antibiotics-1734958#:~:text=The%20High%20Court%20yesterday%20directed,days%20after%20receiving%20the%20order [Accessed September 14, 2020].

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

Copyright © 2020 Imam, Gibson, Foysal, Das, Gupta, Fournié, Hoque and Henning. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/images/fvets-07-576113-t002.jpg
Importance of antimicrobials® Usage of antimicrobials on commercial chicken farms®

Highest Priority Critically Important  Colistin
Ciprofloxacin
Tylosin
High-Priority Critically Important ~ Neomyoin
Amoxicilin
Highly Important Trimethoprim sulfonamides (SXT)
Doxycycline
Important Tiamulin®

Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No

Layer farmers
(N =54

%)

27.8(15)
72.2(39)
37.020)
63.034)
16.7 Q)
83.3 (45)
740
9.6 (50)
333 (18)
66.7 (36)
296 (16)
70.4(38)
259 (14)
74.1 (40)
315(17)
685 (37)

Broiler farmers
(N =83)

% (N)

56.6 (47)
43.436)
337 (28)
66.3 (65)
205 (17)
795 (66)
386 (32)
61.4 (51)
325 7)
67.5 (56)
18.1 (15)
819 (68)
506 (42)
49.4 (41)
0000
100.0 (83)

Fisher's exact
test p-value

0.001

0.717

0.659

<0.001

1.000

0.144

0.005

<0.001

Usage relates to the application of antimicrobials in the current production cycle at the time of the survey in 2019 (mean age of layers: 334 days, mean age of brolers: 19 days).

2Classified as per WHO Critically Important Antimicrobials for Human Medicine 6th revision.

bMost frequently used antimicrobials, representing 71.5% of overall usage.
¢Tiamulin was not used on commercial broiler farms during the time of the survey.





OPS/images/fvets-07-576113-t003.jpg
Risk factors

Occurrence of respiratory signs

Occurrence of enteric signs

#0dds ratio.
bConfidence interval.

Category

OR? (95% CI°)

Ref
3.1(1.8-7.8)
Ref
3.1(1.8-7.7)

Logistic regression p-value

0.014

0.012





OPS/images/fvets-07-576113-g003.gif
e i

T T

-3

H ¥
it
1

T T

M i

T TP

sy






OPS/images/fvets-07-576113-t001.jpg
Characteristics of the study population

Characteristics of chicken farmers

Characteristics of chicken flocks

Education level

Experience in
poultry raising

Poultry farming as
the only source of
income

Sex

Religion

No. of sheds

Flock size

Age

No
education/primary

Secondary/graduate/post
graduate

<1 year

1-5 years
6-10 years
>10year
No

Yes

Male
Female
Muslim
Hindu
Buddhist

1

>1

<500
501-2500
>2500
Median flock size

Mean age
Median age

Layer farmers

(N =54)
% (N)
744

92,6 (50)
37@)

116
241 (13)
61.1(33)
31.5(17)

685 (37)
100.0 (54)
00(0)
92.8(77)
72(5
00(0)
81.5 (44)
18.5(10)
370
55,6 (30)
407 (22)
2150 birds

(Range: 120 to
7880)

334 days

357 days (Range:

26 to 720)

Broiler farmers
(N =83)

% (N)
21.7(18)
783 (65)

84(7)

265 (22)
15.7 (13)
49.4 (41)
41.0 (34)

59.0 (49)
98.8(82)
12(1)
796 (43)
18.5(10)
19(1)
96.4 (80)
3(36)
36(3)
86.6(72)
96(8)
1300 birds

(Range: 120 to
4880)

19 days

18 days (Range: 5
to 45)

Fisher’s exact
p-value

0.032

0074

0.283

1.000

0.038

0.008

<0.001





OPS/images/fvets-07-576113-t004.jpg
Risk factors

Farm type

Sale of antimicrobials to other commercial chicken farmers

%Qdds ratio.
bConfidence interval.

Category

Layer
Broler
No
Yes

OR® (95% CI°)

Ref
83(2.7-25.6)
Ref
3.2(1.1-9.1)

Logistic regression p-value

<0.001

0.030





OPS/xhtml/Nav.xhtml




Contents





		Cover



		A Cross-Sectional Study of Antimicrobial Usage on Commercial Broiler and Layer Chicken Farms in Bangladesh



		Introduction



		Materials and Methods



		Study Location



		Sampling Approach



		Questionnaire and Interviews



		Data Analysis







		Results



		Overview of the Study Population



		Flock Characteristics



		Farmer Characteristics









		Antimicrobial Usage



		Antimicrobial Agents, Their Purpose, and Route of Administration



		Clinical Signs for Which Antimicrobials Were Used



		Source of Antimicrobials



		Factors Associated With Antimicrobial Usage













		Discussion



		Data Availability Statement



		Ethics Statement



		Author Contributions



		Funding



		Acknowledgments



		Supplementary Material



		References

















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

A Cross-Sectional Study of
Antimicrobial Usage on Commercial
Broiler and Layer Chicken Farms in

Bangladesh





OPS/images/fvets-07-576113-g001.gif





OPS/images/fvets-07-576113-g002.gif
Numbarofanimcranit wes










OPS/images/crossmark.jpg
©

2

i

|





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





