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Introduction: Antimicrobial resistance (AMR) poses a threat to animal and human health, as well as food security and nutrition. Development of AMR is accelerated by over- and misuse of antimicrobials as seen in many livestock systems, including poultry production. In Vietnam, high AMR levels have been reported previously within poultry production, a sector which is dominated by small-scale farming, even though it is intensifying. This study focuses on understanding small- and medium-scale chicken farmers’ knowledge and practices related to AMR by applying an item response theory (IRT) approach, which has several advantages over simpler statistical methods.

Methods: Farmers representing 305 farms in Thai Nguyen province were interviewed from November 2021 to January 2022, using a structured questionnaire. Results generated with IRT were used in regression models to find associations between farm characteristics, and knowledge and practice levels.

Results: Descriptive results showed that almost all farmers could buy veterinary drugs without prescription in the local community, that only one third of the farmers received veterinary professional advice or services, and that the majority of farmers gave antibiotics as a disease preventive measure. Regression analysis showed that multiple farm characteristics were significantly associated to farmers’ knowledge and practice scores.

Conclusion: The study highlights the complexity when tailoring interventions to move towards more medically rational antibiotic use at farms in a setting with high access to over-the-counter veterinary drugs and low access to veterinary services, since many on-farm factors relevant for the specific context need to be considered.
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1 Introduction

It is widely acknowledged that antimicrobial use (AMU) is closely linked to the development of antimicrobial resistance (AMR), a mechanism in a microbe to survive exposure to an antimicrobial it initially was sensitive to (1, 2). Even though AMR is a naturally occurring phenomenon in bacteria, the development is accelerated by over- and misuse of antibiotics as seen in many livestock production systems and health care facilities. Besides being used, as intended, to treat disease, antibiotics might for example also be used for disease prevention and/or growth promotion (2, 3). The obvious consequence of AMR is treatment failure, which negatively impacts animal welfare, reduces animals’ growth and productivity, and increases mortality rates (4). Subsequently, this has serious effects since hundreds of millions of people around the world depend on livestock for their livelihoods, as well as for their food security and nutrition, especially in low- and middle-income countries (LMICs) (5).

Globally, the use of antibiotics in the livestock sector is extensive, estimated to exceed the use in the human sector, and concerning levels of AMR have been documented (6, 7). Further, as resistant bacteria can spread between animals and humans, directly or indirectly, AMU in the livestock sector also poses a threat to public health (8–10). Therefore, serious effort needs to be put into reducing over- and misuse in animal production for the sake of both human and animal health.

Southeast Asia has a rapidly intensifying livestock sector, mainly in the monogastric animal production, i.e., poultry and pig production (11). More animals and higher animal densities in farms, often in combination with insufficient disease preventive measures, lead to higher disease pressure and subsequent increased antibiotic use (ABU), including prophylactic use (6, 12, 13). The connections between intensified animal rearing and increased ABU have contributed to Southeast Asia becoming one of the hotspots for AMR emergence (7, 14). It has further been shown that, since the beginning of the millennium, AMR levels in LMICs have increased the most within poultry and pig production which is consistent with the intensification of those sectors (7).

Apart from increased disease pressure as the livestock sector is intensified, extensive and inappropriate ABU might be further facilitated by weak legislation and guidelines on antibiotic sales and use, and in some settings insufficient enforcement of such regulations (13, 15, 16). For example, in Vietnam, where regulations state that using antibiotics from growth promotion is prohibited (17), over-the-counter sales of antibiotics without prescription are still common, as in many LMICs, which makes implementation of the regulations difficult (13, 18).

As on the global level, the amount of antibiotics used in livestock production in Vietnam exceeds that in humans, with an estimation that >70% of the total amount of antibiotics used in the country in 2015 was used in livestock (19). Further, several studies have reported use of antibiotics critically important to human health, as classified by the World Health Organization (WHO), in Vietnamese farms (12, 20–23).

However, inappropriate use of antibiotics cannot solely be explained by intensified livestock production and weakness in regulatory systems. Different factors at both farmer and community level may affect the use of antibiotics, such as economic incentives, lack of knowledge, and access to animal health services and veterinary drug shops (16, 24). Further, it should be acknowledged that the drivers on different levels might vary across local socio-economic contexts within the same regulatory framework (25). To be able to apply a tailored bottom-up approach to reduce ABU at farm level, there is a need to understand those context-specific drivers among farmers (14, 26). Therefore, questionnaire-based knowledge, attitude and practice studies (KAPs) have become common and valuable research tools (13, 15, 25, 27–30).

Most published farmer KAP studies are based on classical test theory (CTT), which has several limitations, like the equal value of the questions in the test, and difficulties in knowing that the test actually measures the trait of interest due to the lack of an underlying scale. Therefore, another psychometric method called item response theory (IRT) was chosen for this study. In IRT, the foundation is the relationship between a person’s unobservable measurement of the underlying trait, e.g., knowledge about AMR, and the probability of different responses to the items in the test. Further, the scores of respondents are measured on a standardized scale and based on the individual difficulty and quality of the questions (or items) in the test. IRT has recently started to transition into the field of veterinary and public health research (29, 31–33). The current study is one of the first to use IRT for evaluating farmers’ practice ability and knowledge regarding ABU and AMR development, and to the authors’ knowledge, the first in the Southeast Asia region and in poultry production.

The main objectives of the study were to: (1) identify which demographic factors that affect farmers’ AMR-related practices and knowledge in small- and medium-scale chicken farms in Vietnam, (2) describe farmers’ access to, and use of, veterinary pharmaceuticals and animal health services, and (3) to assess the feasibility of IRT as a method when performing AMR-related KAP studies.



2 Materials and methods


2.1 Study area

Small-scale farming is the most common type of livestock production in Vietnam. However, a trend of increasing farm sizes is seen for several species, including chicken. Even though the number of larger farms is increasing, raising more than 100 chickens is still uncommon, with around 6% of farms being that large in 2020, and 50% of farms had only 20–49 chickens (34).

The study was conducted in Thai Nguyen province which is located in the northern midlands and mountain areas north of the capital of Hanoi (see Figure 1), with a human population of 1.3 million people in 2022 (35). In 2020, 49% of all rural households in the province were engaged in agriculture, forestry or fishery (34), and the number of households that kept chicken in 2016 was approximately 173 thousand, corresponding to about 2% of the chicken raising households in the country (36). The estimated poultry population of the province was around 14 million in 2022, accounting for 2.6% of the number of poultry in the country (35). Thai Nguyen province was selected based on its large chicken population, the distribution of chicken farms between districts within the province, and its proximity to the capital Hanoi.
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FIGURE 1
 Map of the continent of Asia (left) with Vietnam marked in blue, and map of Vietnam (right) with the province Thai Nguyen marked in red. Star marks the capital of Hanoi for reference. Source: https://mapchart.net, accessed September 29, 2023, license: https://creativecommons.org/licenses/by-sa/4.0/.


Farms from three districts in the province were included in the study: Thai Nguyen City, Dong Hy and Vo Nhai, with 360.0, 94.7 and 69.8 thousand inhabitants, respectively, in 2022 (37). Of the three districts, Vo Nhai has the largest land area and Thai Nguyen City the smallest. In Thai Nguyen City, the majority of the population resides in urban areas while in Dong Hy and Vo Nhai, the rural population is in majority (38). The district selection was based on the districts’ different chicken population sizes (Thai Nguyen City having the most and Vo Nhai the least) and profiles (Thai Nguyen City being more urban and Dong Hy and Vo Nhai more rural) in order for the districts to be as representative as possible for the province as a whole.



2.2 Study population

The chicken farms in the three selected districts of Thai Nguyen province were categorized as small scale, with 20–49 chickens, and medium scale, with 100–499 chickens. These farm-size categories made up 46.2 and 5.3%, for small- and medium-scale farms respectively, of the total number of chicken farms in the province in 2016 (36).



2.3 Sampling design

A sample size of 300 farms in total was considered sufficient for the purpose of the study, and was distributed evenly between the two farm-size categories. To select farms to be included, lists of all small- and medium-scale chicken-raising households in each district, according to the above-mentioned definitions, were collected from the sub-Department of Animal Health (sub-DAH) in Thai Nguyen province. To avoid an over- or under-representation of a district, the numbers of farms to be included were stratified according to the proportion of farms in each farm size category in each district. After rounding, the number of small- and medium-scale farms from each district were therefore distributed as follows: Thai Nguyen City, 8 and 42; Dong Hy, 24 and 32; and Vo Nhai, 119 and 77, resulting in a sample size of 302 farms.

Two sampling frames, one for each farm-size category, were created from the obtained lists of chicken-raising households for each district. For logistic reasons, villages with less than five households were removed from the sampling frames. According to the stratification, households were then randomly selected via an online randomization tool (39). If one household needed to be replaced for any reason, a nearby farm that met the requirements was included instead. The main reasons for household replacement were: the farmer being busy or not giving consent to participate, or having too many, too few or no chicken at the time of visit. In total, 159 households were replaced (53%).



2.4 Data collection

To investigate the farmers’ practices and knowledge regarding antibiotics and AMR, a structured questionnaire of 102 questions was developed and divided into the following sections: (a) General information and farm location, (b) Farm characteristics, general management routines and access to animal health services and veterinary drugs, (c) Chicken disease issues, (d) Disease prevention, disease management and treatment routines, and (e) Knowledge about antibiotic use and AMR (see Supplementary material S1).

The questionnaire was initially developed in English and then translated into Vietnamese. To discover possible misinterpretations, back-translation was performed by a person outside of the research team. The survey was conducted in interview format by five trained enumerators from the National Institute for Veterinary Research (NIVR), Hanoi. Answers were recorded on tablets through the online survey tool platform Netigate (40).

The enumerators participated in a two-day training where they got familiar with the survey tool and the questionnaire. They also got to practice interviewing with each other and to perform pilot interviews in the field, on chicken farms not situated in the study area. Feedback on the questionnaire from the training and field test was taken into account and changes to the questionnaire were made accordingly. The survey was conducted from the 25 November 2021 to the 20 January 2022.



2.5 Statistical methods


2.5.1 Data processing

The questionnaire data was downloaded from Netigate to Microsoft Excel where the dataset was processed. Issues such as duplicate farms, where the same ID number had been erroneously typed for two farms or where the same farm had been entered twice into Netigate, were resolved. The corrected dataset consisted of responses from 305 farms: 51 in Thai Nguyen City, 56 in Dong Hy and 198 in Vo Nhai.

Additional data cleaning was performed, and free text answers were translated from Vietnamese to English and added to the dataset. The dataset was then imported to the statistical software STATA (41) for further data processing and statistical analyses.

Descriptive statistics were compiled for all items (questions) in the questionnaire. Practice and knowledge items were further evaluated according to an IRT workflow (see Section 2.5.2.2.), and items that fit the criteria were included in IRT scales, two for practices (Practice 1, relating to disease management and antibiotic treatment; and Practice 2, relating to disease prevention) and one for knowledge (See Supplementary Table S9). The mean theta values generated through the IRT analyses for groups in different variables of interest (see Section 2.5.2.4.) were compared using one-way ANOVA, and the effects of the variables of interest on theta were evaluated through multilevel mixed-effects linear regression. A 5% significance level was used for all statistical analyses.



2.5.2 Item response theory


2.5.2.1 Concept

When using IRT, the underlying trait of interest, e.g., ability or knowledge, is measured in theta (θ), which is standardized with a mean value of 0 and a standard deviation of 1, i.e., a person with a theta value of 0 has an average level of ability or knowledge. A theta value >0 reflects a higher than average ability or knowledge, and correspondingly, a theta value of <0 reflects a lower than average ability or knowledge.

The IRT model used in this study was a two-parameter logistic (2pl) model. The 2pl model takes into account two parameters of each item in the scale, discrimination and difficulty (42). The discrimination of an item is the measure of how good it can separate people above and below a certain theta level, i.e., how much information the item contributes with to explain a person’s ability or knowledge. As for the underlying trait, the difficulty is also measured in theta. A person with the same theta score as the difficulty of the question has a 50% probability of answering the item correctly or desirably.



2.5.2.2 Workflow and scale generation

Binary variables were created from all practice and knowledge questions (38 practice and 18 knowledge questions). Options in practice questions were coded as desirable or undesirable, and knowledge questions as correct or incorrect, from an AMR mitigation, development and spread perspective (see Tables 1, 2). Five practice questions were removed from the scale generation due to too few responses, and one where all respondents answered undesirably, thus not providing any information regarding differences in ability/practice. As a result, 32 practice questions were left.



TABLE 1 Antimicrobial resistance (AMR) related practices among small- and medium-scale chicken farmers in Thai Nguyen City, Dong Hy and Vo Nhai districts in Vietnam.
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TABLE 2 Knowledge about antibiotics and antimicrobial resistance (AMR) development and spread among small- and medium-scale chicken farmers in Thai Nguyen City, Dong Hy and Vo Nhai districts in Vietnam.
[image: Table2]

The practice and knowledge questions were evaluated on the internal consistency reliability through Cronbach’s alpha (CA), a measure of whether the items in the scale consistently measures the same characteristic (43). A value of 0.7 or more for CA was considered sufficient.

In parallel with CA analyses, items were evaluated on other aspects reflecting the reliability and validity of the scales: positive/negative sign, item-rest correlation and item-total correlation. The average inter-item correlations for each scale were also generated.

Seventeen and five practice questions (for the Practices 1 and Practices 2 scale respectively; Supplementary Table S1), and four knowledge questions with negative signs were removed to make the scale plausible unidimensional (32). Thereafter, questions with an item-rest correlation <0.2 and item-total (sometimes called item-test) correlation <0.4 (42) were removed, seven for each practice scale and four for the knowledge scale. An average inter-item correlation of >0.2 was considered acceptable (44), which was fulfilled for all three scales.

To fit 2pl models, the assumption of unidimensionality needs to be fulfilled, i.e., there is a single underlying trait that accounts for the dependence among observations. Together with above mentioned evaluations, this assumption was tested through exploratory factor analysis and multiple correspondence analysis. These assessments resulted in two items being removed from the Practices 2 scale and three items being removed from the knowledge scale.

As soon as an item was removed in any of the steps described above, the process was iterated until all items in each scale fulfilled the criteria. For the final scales, 98.4, 90.0 and 97.0% of the variance could be explained by the first dimension for the Practices 1, Practices 2 and Knowledge scales, respectively. Together with the ratios between first and second Eigenvalue being 15.1, 11.1 and 11.3, these variance percentages were considered sufficient to assume unidimensionality of the scales (32).

The number of items and the CA for the final scales were: Practices 1—eight and CA 0.8079; Practices 2—nine and CA 0.7200; and Knowledge—seven and CA 0.8206. The final set of items included in each scale are listed in Supplementary Table S9.

Three 2pl models were fitted including the subsets of items generated above. Range in discrimination for the items in each scale were: Practices 1, 0.86–7.55; Practices 2, 0.74–2.02; and Knowledge, 0.68–8.47. The difficulty of the items ranged between: Practices 1, 0.26–1.9; Practices 2, −2.35 to 0.87; and Knowledge, −1.48 to 0.027. Discrimination and difficulty are visualized in the item characteristic curves (ICCs) in Figures 2A–C, where steeper slopes illustrates higher discrimination and difficulty is defined by theta on the X-axis. All discrimination and difficulty values are presented in Supplementary Table S9.

[image: Figure 2]

FIGURE 2
 (A) Item characteristic curves (ICCs) for Practices 1 scale based on responses in a questionnaire distributed among small- and medium-scale chicken farmers in Thai Nguyen City, Dong Hy and Vo Nhai districts in Vietnam. Practices 1 = Ability to perform desirable practices related to disease management and treatment with antibiotics. Ability and item difficulty is measured in theta (X-axis). See Supplementary Table S9 for full questions. (B) Item characteristic curves (ICCs) for Practices 2 scale based on responses in a questionnaire distributed among small- and medium-scale chicken farmers in Thai Nguyen City, Dong Hy and Vo Nhai districts in Vietnam. Practices 2 = Ability to perform desirable practices regarding disease prevention. Ability and item difficulty is measured in theta (X-axis). See Supplementary Table S9 for full questions. (C) Item characteristic curves (ICCs) for Knowledge scale based on responses in a questionnaire distributed among small- and medium-scale chicken farmers in Thai Nguyen City, Dong Hy and Vo Nhai districts in Vietnam. Knowledge = Knowledge about antimicrobial resistance (AMR) development and spread. Ability and item difficulty is measured in theta (X-axis). See Supplementary Table S9 for full questions.




2.5.2.3 Scale evaluation

Test information functions (TIFs) were generated (see Supplementary Figures S1A–C) to evaluate where the three scales were the most informative, i.e., how much information the test gives at different thetas. The Practices 1 scale gives the most information around theta 0.7, the Practices 2 scale around theta −0.5 and the Knowledge scale around theta 0.



2.5.2.4 ANOVA and mixed-effects linear regression

After the fitting of the 2pl models, theta values for practice ability and knowledge were generated for each respondent and each scale. Thereafter, mean theta values for different groups of eight selected variables of interest were calculated. The variables for which the effect on theta was evaluated were: district, respondent’s sex, respondent’s age, respondent’s experience in keeping chickens/hens, respondent’s education level, main reason for keeping chicken/hens, farm size and access to animal health services. The mean theta values between groups were compared through univariable analysis using one-way ANOVA. The effect of the predictor variables on the response variable theta were then further evaluated using multilevel mixed-effects linear regression.

Before fitting the mixed-effects models, causal diagrams were produced including the variables of interest listed in the section above (45). One diagram was produced for the two practice scales and one for the knowledge scale.

The decision on which variables to include in the models was based on the causal diagrams together with evaluation of coefficient change when removing variables, where a change of >25% resulted in the variable being assumed to be a confounder and thus kept in the model. Commune and village were set as random-effects parameters.

Variables affecting the theta value were determined by evaluating p-values, where a p-value <0.05 was considered significant. All regression models were evaluated with standard visual post estimation methods for residuals, i.e., checks for heteroscedasticity and normality through scatter plots and QQplots.






3 Results


3.1 Descriptive statistics


3.1.1 Demographics and farm characteristics

Out of the 305 respondents, more than half were male. The mean respondent age was around 50 years with a majority of respondents being between 41 and 60 years old. Almost all respondents were either the household head or spouse of the household head. The mean experience in chicken farming was slightly more than 20 years. Regarding education, the most common was to have completed secondary school. Only five respondents never went to school and six had education from university or college. The main demographics and farm characteristics are presented in Table 3 (for more details, see Supplementary material S2).



TABLE 3 Main demographics and farm characteristics among small- and medium-scale chicken farmers in Thai Nguyen City, Dong Hy and Vo Nhai districts in Vietnam (n = 305).
[image: Table3]

The most common main income source for the household was crop farming, while almost no respondents stated that poultry farming (layer and/or broiler) served as the main income source. Further, almost three out of four respondents stated that they kept layers or broilers for household consumption and not for commercial purposes. None of the farms had hired workers. Live animals and animal products (eggs and meat) were most commonly sold to neighbours, friends and family. The mean and median number of chickens/hens kept was 90.7 and 70, respectively.

Farms often kept more than one type of poultry. The most commonly kept species was broiler chickens, followed by dual purpose chickens/hens and layer hens. Regarding other animal species, dogs were the most common, followed by cats, other poultry and pigs. At almost all farms, at least one other species than chickens/hens was kept.



3.1.2 Farm management routines

Chickens/hens of all purposes were most commonly kept fenced outdoors and at a majority of the farms, other animal species at the farm had access to the areas where chickens/hens were kept. However, more than four out of five respondents stated that their chickens/hens never mixed with animals from outside the farm. More than four out of five respondents who said that they slaughtered chickens/hens at the farm stated that they had a specific slaughter area separated from live animals. For more details, see Supplementary material S2.

The most common feed used was grains or crops grown at the farm or locally, and at about two out of five farms, pre-mix or commercial feed was used to some extent. One quarter of respondents added medicines to the feed, and of those, a majority said they added antibiotics.

At three out of four farms, the manure from the chickens/hens was used, sold or given away as fertilizer, and about one third did this without prior treatment or composting. The most common practice when handling diseased chickens/hens was to bury them in the ground.

Using an all-in/all-out system was only practiced in a few farms. At farms where all-in/all-out system was not used, it was most common to remove litter and manure and to clean and disinfect once a month or more seldom.



3.1.3 Disease issues

The most common disease issues among the chickens/hens at the farms one year prior to the study were digestive/intestinal and respiratory diseases. These disease types were also the most common in the cases when respondents had experienced that medicines did not work. Almost no respondents stated that they kept records of disease and mortality among their chickens/hens. For more details, see Supplementary material S2.



3.1.4 Access to pharmaceuticals and animal health services

Almost all respondents said they had the possibility to buy pharmaceuticals or veterinary drugs in their local community (see Table 4), and a large majority of those stated that the most common was to buy them over-the-counter in a veterinary drug shop (see Table 1, details in Supplementary material S2). Of the respondents who sometimes used a veterinary drug shop as a drug source, almost none usually obtained a prescription from a veterinarian before buying medicines. Further, more than four out of five said that the person working in the shop usually does not ask for a prescription before selling.



TABLE 4 Access to pharmaceuticals among small- and medium-scale chicken farmers in Thai Nguyen City, Dong Hy and Vo Nhai districts in Vietnam.
[image: Table4]

One third of respondents stated that they had access to animal health service providers that give professional advice and help with diagnosis and treatments, and almost no farms belonged to a farmers’ association (see Table 5). Further, almost none was a part of any animal health program that provided routine monitoring and advice, or vaccinations. Of the respondents that said they had access to animal health services, the most commonly accessed service was a veterinary drug shop worker who was not a veterinarian, followed by governmental and private veterinarians (see Table 1, details in Supplementary material S2). A majority of the farmers that had access to animal health services said that they mostly, or sometimes, used the services for advice and/or treatment. Out of those, it was most common to use the services of a veterinary drug shop worker who was not a veterinarian. Of the farmers with access to animal health services, one third stated that the service included laboratory testing and/or autopsies.



TABLE 5 Access to animal health services among small- and medium-scale chicken farmers in Thai Nguyen City, Dong Hy and Vo Nhai districts in Vietnam.
[image: Table5]



3.1.5 Disease prevention

A majority of respondents said that they, to prevent their chickens/hens from becoming sick, fenced them, isolated/quarantined newly bought animals, and vaccinated against one or several diseases (see Table 1, details in Supplementary material S2). The most common diseases to vaccinate against were Newcastle disease, pasteurellosis (fowl cholera) and Gumboro disease (see Supplementary material S2 for details). A majority of respondents stated that they gave antibiotics as a disease preventive measure.

Handwashing after visiting the animal areas was performed by almost all respondents, while handwashing before entering animal areas was less common. Two out of five farmers had separate footwear that were only used in the areas where the chickens/hens were kept.



3.1.6 Disease management and antibiotic routines

The most common practice when chickens/hens became sick was to give them medicine(s) from a veterinary drug shop, and second most common was to consult a private veterinarian (see Table 1, details in Supplementary material S2). Four out of five farmers said that they usually isolated chickens/hens that became sick from the rest of the poultry in the flock.

For diagnosing disease among the chickens/hens, it was most common for the farmer to do it him−/herself, while one third had a veterinary drug shop worker, who was not a veterinarian, do it. Consulting a private or governmental veterinarian was far less common.

The most commonly used channel for advice regarding both when, and how, to use antibiotics was a veterinary drug shop worker who was not a veterinarian (see Table 1, details in Supplementary material S2). One out of four farmers stated that they used their own judgment for when to use antibiotics, and one out of five that they used their own judgment how to do it. Antibiotic treatment of sick chickens/hens was most commonly provided to sick chickens/hens until they were cured, while about one quarter stated that the treatment length was based on the instructions of a private veterinarian.

It was most common that the farmer him-/herself administered the antibiotics to the animals, either by own experience, or after instructions from a private veterinarian. A majority of respondents said that they never gave a higher or lower dose of antibiotics, or stopped giving antibiotics earlier, than recommended. About one third of respondents said that they often or sometimes gave human medicines to their chickens/hens when they became sick, while giving antibiotics to make the animals grow faster/better or to lay more eggs was almost non-existent practices. Further, almost no farmers kept records of the use of medicines for the chickens/hens.

The most common practices when antibiotic treatment was not effective was to switch to another type of medicine or to go back to the veterinary drug shop for advice from a veterinary drug shop worker, who was not a veterinarian (see Table 1, details in Supplementary material S2). A majority of respondents would handle expired or leftover antibiotics by throwing them into the trash or latrine.



3.1.7 Knowledge about antibiotics and AMR

The results regarding knowledge about antibiotics and AMR are presented in Table 2, with options grouped into correct or incorrect from an AMR development and spread perspective (for details, see Supplementary material S2).

A majority of respondents believed that antibiotics are supposed to be used for treating sick animals, while one third believed that antibiotics are supposed to be used for preventing disease or making animals grow faster/better, solely or in combination with treatment of sick animals. Further, a majority of respondents stated that they thought antibiotics can treat diseases caused by bacteria, and that different antibiotics are needed for different diseases. However, almost half of the respondents did not know that antibiotics cannot be used to treat viral diseases or all kinds of diseases. Further, three out of five did not know that antibiotics are not the same as anti-inflammatory drugs.

A majority of respondents were aware that using antibiotics too often could make diseases difficult to treat in the future and that bacteria could become resistant to antibiotics. However, a majority did not know that the treated animals themselves, and viruses, do not become resistant to antibiotics.

More than half of the respondents knew that resistant bacteria can spread from one animal to another, between humans and animals, and through manure from animals. However, the proportion of respondents that believed resistant bacteria could spread through animal-source foods (ASFs) was lower. While a majority of respondents answered that using too much antibiotics in animals can make it more difficult to treat some diseases in humans, three out of four did not know that antibiotic resistance in human bacteria is not only linked to antibiotic use in humans.




3.2 Item response theory


3.2.1 Univariable analysis

The results from the one-way ANOVA conducted after the generation of the three IRT scales (Practices 1, relating to disease management and antibiotic treatment; Practices 2, relating to disease prevention; and Knowledge) are found in Supplementary Table S10.



3.2.2 Multilevel mixed-effects linear regression

The results from the multilevel mixed-effects linear regression are found in Table 6.



TABLE 6 Multi-level mixed effects regression for Practices 1, Practices 2 and Knowledge scales based on a questionnaire distributed among small- and medium-scale chicken farmers in Thai Nguyen City, Dong Hy and Vo Nhai districts in Vietnam.
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For the Practices 1 scale, variables significantly associated with a higher ability to perform desirable practices regarding disease management and treatment with antibiotics were: living in Thai Nguyen City, having short livestock keeping experience, and having access to animal health services.

For the Practices 2 scale, variables significantly associated with a higher ability to perform desirable practices related to disease prevention were: living in Thai Nguyen City, being female, being >60 years, having high education, keeping chickens/hens for household consumption, and having ≥100 chickens/hens.

For the Knowledge scale, variables significantly associated with a higher knowledge about effects and spread of AMR were: having a high education, keeping chickens/hens for household consumption, having ≥100 chickens/hens, and not having access to animal health services.





4 Discussion

This study is aimed to increase our understanding of farm level variables associated with small- and medium-scale poultry farmers’ AMR-related practices and knowledge, in an emerging Southeast Asian economy. Similar knowledge- and practice-studies have been performed previously in the region. However, applying IRT as an analytic tool allowed us to investigate each individual’s unobservable measurement of the underlying trait, the probability of different responses to the items in the test, while standardizing the scores of respondents on a standardized scale based on the individual difficulty and quality of the questions (or items) in the test.

The overall picture of the studied farms is that they were of non-commercial character, not specialized in chicken production, but with highly educated and experienced farmers. Even though the chicken farming was not mainly for commercial purposes for most of the farmers during the time of the study, selling activities were still common, e.g., almost two thirds of the farmers sold live chickens, although mainly to people closest to them (neighbours/friends/family). However, according to personal communications, the proportion of farms keeping chickens for household consumption might have been overestimated since the study was conducted during the Covid-19 pandemic when commercial poultry raising became more difficult. Hence, it is possible that some farms previously had a more commercial character.

Almost all farmers had the possibility to buy pharmaceuticals or veterinary drugs in their local community and, as in many LMICs (18), a prescription was almost never required when buying them. On the other hand, only one third of the respondents stated that they had access to professional animal health services. In addition, other supportive systems like farmers’ associations or animal health programs were reportedly either not available or not used. The combination of high access to drugs and low access to animal health services raises concerns about the risk for inappropriate use of antibiotics and subsequent AMR development. These concerns are further strengthened by the fact that almost two thirds of respondents stated that they give antibiotics to prevent their chickens from becoming sick, which is in line with several previous studies in Vietnamese poultry farms (12, 13, 23).

To prevent disease, a majority of farmers implemented both biosecurity measures, such as isolation of newly bought and sick animals, and vaccination strategies. However, the most common disease preventive measure was administration of antibiotics which, as mentioned above, is problematic from an AMR development perspective.

To use antibiotics as growth promoters is a common practice in livestock production, including poultry farming, in many parts of the world (3, 46, 47). However, in the surveyed farms this practice seemed non-existent, which is beneficial from an AMR-mitigation perspective. Similar results have also been presented in another study on Vietnamese poultry farms (13). It is possible that this absence of use of antibiotics as growth promoters is related to the ban of such use according to Vietnamese legislation (17). The common practice of throwing expired or leftover antibiotics into the trash or latrine, is however, concerning, as this imposes a risk for antibiotic contamination of the environment (48).

In cases of disease among the chickens in the visited farms, the most common first response was to give medicines from a veterinary drug shop, in contrast to results from a previous study on chicken farms in northern Vietnam where it was most common to seek advice from a veterinarian (13). However, in that study the farms were larger and more commercially oriented, which might explain this difference.

Diagnosis of sick chickens was most commonly made by the farmers themselves, or less commonly by a veterinary drug shop worker. Similarly, advice on when and how to use antibiotics was most commonly obtained from a veterinary drug shop worker, or from the farmer’s own judgment. A high dependence on veterinary drug shop workers for advice regarding antimicrobial use has been shown in previous studies on Vietnamese poultry farms (12, 23, 49), as well as for other farmed species in Asian countries (50–53). Depending on the knowledge and experience of the farmer and drug shop worker, these practices can have implications on the appropriateness and success of each case of antibiotic treatment.

Also, the non-existent use of records for disease, mortality and drug use might further complicate the farmers’ ability to handle future disease events appropriately. Record keeping has previously been shown to be associated with higher knowledge about AMR and more favourable AMR-related practices among poultry farmers in Vietnam (13), and in several African countries (15).

In the multi-variable analysis, there were only three variables that showed significant association with the ability to perform desirable practices related to disease management and treatment with antibiotics (Practices 1). As expected, access to animal health services was one of them, since the questions included in this scale to a large extent are connected to the use of animal health services for disease handling and treatment. Geographic district was also significantly associated with the level of practice, indicating some regional effects.

Thirdly, livestock-keeping experience was significantly associated with the Practices 1 score. At first glance, it is surprising that respondents with a livestock-keeping experience of one to ten years had higher scores than respondents with an experience of 11–20, and 31–40 years, respectively. However, a person who is new to farming might have a more up-to-date education on how to handle disease. Being inexperienced, they might also be more prone to seek professional advice. Contrary to findings from a previous study among Vietnamese poultry farmers (23), and several studies from other countries (52, 54), education level was not significantly associated with the level of disease management and antibiotic treatment practices. However, comparisons of studies are generally difficult because of the use of different questionnaires, different variables used for analysis, and variations in statistical methods.

For the second practice scale, evaluating disease prevention ability (Practices 2), the picture is more complex with significant associations for six variables. Of the three scales, this was the only one where gender and age were significantly associated with the score, but the reasons why these variables would affect the level of disease prevention ability are unclear. Previously, an association between ABU-related practices and gender has been shown in Vietnam (13). More expected was the relationship between education and practice level, where people with higher education performed good disease prevention practices to a higher degree.

That having a large farm (>100 birds) was associated with a higher disease prevention score can be explained by the fact that larger numbers of birds often is associated with higher animal density and consequent higher disease pressure, making disease preventive measures important. Owners of large farms are also more likely to sell birds for income, which makes disease prevention important from an economic perspective. However, with that reasoning, it was unexpected that keeping chickens for household consumption was associated with higher scores for this scale. As stated above, it is suspected that some farms in the household consumption group actually kept chickens for commercial purposes before the Covid-19 pandemic. Hence, this relationship should be interpreted with caution.

The results for the two practice scales show that interventions might need tailoring to different target groups depending on which practices that need to be improved. If the focus is on disease management and antibiotic treatment, the target group would appear to be experienced farmers in the more rural areas of Thai Nguyen province, and who have low access to animal health services. On the other hand, if focus is on improving disease preventive practices, young to middle-aged, male, small-scale farmers with low education level should be prioritized. This illustrates the great difficulty in targeting interventions, having to consider multiple variables that might affect different areas of the AMR-related field in different ways.

Four variables were significantly associated with the respondents’ knowledge scores (Knowledge scale). Most surprising was the finding that not having access to animal health services was associated with a higher score, contrary to the finding for the practice scale related to disease management and antibiotic treatment practices (Practices 1). One could reason that without access to animal health services, you need to rely on your own knowledge to a larger extent, and therefore have an incitement to learn more about disease handling and treatment, including ABU. Another theory might be that animal health professionals would be hesitant to share their knowledge because they want farmers to rely on their services. However, these are only speculations that need to be investigated further.

That two of the other variables, high education level and large farm size, were significantly associated with higher knowledge scores was more expected. For example, an association between knowledge and education level has previously been shown within poultry production in different LMICs, including in Vietnam (13, 52, 54). Further, it is reasonable that farmers with more animals are closer to commercialization or intensification of their farming methods, making it more important for them to learn about handling disease. If keeping chickens for household consumption is actually a variable to consider here is difficult to evaluate, as for the Practices 2 scale discussed above.

The descriptive results for the knowledge questions reveal that the knowledge level overall is quite high in some areas, but that there are also knowledge gaps to be addressed. On the positive side, more than two thirds of respondents stated that antibiotics are supposed to be used for disease treatment only, and almost 90% understood that antibiotics can treat bacterial disease. On the other hand, almost half of respondents also said that antibiotics can be used to treat all kinds of diseases, including viral diseases. Several questions revealed that a majority knew about AMR, even though an understanding of how AMR spreads was often lacking. These results could possibly be used as guidance if educational interventions are considered in the future. A suggestion would then be to focus on how resistance can spread, both between animals and between animals and humans. The connections between AMR in animals and humans should also be emphasized. Furthermore, results from the regression analysis suggest that there should be a focus on small-scale farmers, and farmers with a low education level in the Thai Nguyen province.

When comparing the three investigated scales, similarities were mainly found between the disease prevention practices scale (Practices 2) and the knowledge scale. It might have been expected to find more similarities between the practice scale related to disease management and antibiotic treatment (Practices 1), and the knowledge scale. Several previous studies among poultry farmers in LMICs have shown a positive correlation between knowledge about antibiotics and AMR and good ABU practices (13, 15, 52, 54). However, it has also been shown that good knowledge does not necessarily translate into desirable practices (15). It is also noteworthy that long experience of keeping livestock showed no significant positive association with the scores for any of the three scales, as has been shown in some other studies (15, 52).

To the authors’ knowledge this is the first study to use IRT as a method to evaluate farmers’ knowledge and practices related to ABU and AMR. IRT has several advantages over simpler statistical methods, primarily generating more reliable results. In addition, with IRT each question is automatically evaluated regarding its quality and difficulty, providing valuable information for adjusting the questionnaire for future use. However, IRT demands more preparatory work, as well as more time for data processing and statistical analyses, which should be considered in the planning stage. As more studies using IRT are performed within the AMR field, this time can be reduced, hopefully, as sets of questions that are proved to work well, such as the three scales in this study, are generated. Today, IRT is still uncommon within veterinary public health research, so comparisons of results with other studies’ are difficult.

The current study has revealed several parameters to consider when planning interventions to reduce AMR in livestock production in LMICs. The wide range of characteristics that may impact farmers’ knowledge and practices calls for further work in Vietnam, and other Southeast Asian countries. Further, studies to decide suitable and effective interventions are also required.

The results from this study show the important role of veterinary drug shop workers in the farmers’ local communities. Their knowledge and routines regarding ABU and AMR are likely to affect ABU and AMR development at the farm level. Therefore, it is of great interest to investigate the knowledge and practices in the AMR area among these veterinary drug shop workers. Combining the results generated from this study, and similar ones, with a study among veterinary drug shop workers would generate a better understanding for the context in which small- and medium-scale farmers operate.



5 Conclusion

By applying the IRT approach, this study demonstrates the complexity in understanding what drives farmers’ behaviour in relation to ABU and AMR in an area with high access to veterinary drugs, low access to veterinary health services and high use of antibiotics for disease prevention. Overall, there were more similarities in significantly associated variables between the disease prevention practices scale and the knowledge scale, than between the disease management and antibiotic treatment practices scale and the knowledge scale. Yet, differences were seen between all three scales. These thorough analyses of variables impacting farmers’ practices and knowledge illustrate that perfect targeting of interventions is challenging. When planning for interventions you need to understand the context to decide which variables to focus on in each specific setting, both in terms of access to veterinary drugs and veterinary health services, but also other farm characteristics. This in turn may be one of the reasons why change to better AMR-related practices takes time, there is no one-size-fits-all solution.


5.1 Limitations of the study

In this study, official registers of poultry farms were used as sampling frames. When the field work was initiated, it was noticed that there were over-coverage in the frames since many households did not keep chicken anymore, or kept a different number than registered. This negatively impacted the randomness of the sample since replacements households were not selected randomly. For all districts, there was a larger proportion of small-scale farms that needed to be replaced than medium-scale farms, making the randomness in the sample of small-scale farms lower in comparison. Also, the over-coverage probably affected the stratification since the proportion of replaced households differed between districts. Under-coverage of the frames is also possible if not all small-scale farmers are in the official registers.

Another factor to consider is the risk for different kinds of biases when performing questionnaire-based surveys, e.g., desirability and recall bias. Further, 43 of the prospective respondents did not agree to participate, which means that there might be some nonresponse bias.
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Do other animals a the farm have access to the areas where your chickens/hens are
Kept? (n=305)

Do your chickens/hens mix with animals from outside your own farm?* (n=

Ifyou slaughter chickens/hens at the farm, do you have a specific area for slaughter
29)

thatis separated from live animals?* (n

How do you usually handle manure from your chickens hens?™ (1=305)

What do you usually do with chickens/hens tha diefrom disease?™ (1=305)

Do you usually empty the animal houses/areas between batches of chickens/hens
(all-infall-out system)? (n=305)

Ifyou use all-infal-out system, do you remave iter, manure and clean/disinfect
animal houses before next batch?!(n=46)

1 you do not use an all-infall-out system, how ofien do you remove lter, manure

and clean/disnfectanimal housesfareas where te chickens/hens are kept” (1=259)

1fyou have access to buying pharmaceuticalsveterinary drugs, where do you most

commonly buy them for your chickens/hens?* (1=294)

1fyou have access to animal health services, do you use them for treatment of disease
among your chickens/hens and/or advice on disease prevention®! (1=97)

1fyou use animal health services fo treatment and advice, which animal health

service provider do you most commonly uset™ (1=85)

the animal health services include laboratory esting and/or autopsies, do you use

these services?! (n=31)

Do you keep ecords of discase and mortality among your chickens hens? (1= 305)

To prevent you chickens/hens from becoming sk, o you: Fence them?* (n=305)

“To prevent your chickens/hens from becoming sick, do you: Usually isoate/
5)

quarantine newly bought animals for some time* (1

To prevent your chickens/hens from becoming sick, do you: Give them antibiotics
(n=305)

Toprevent yourchickens/hens rom becoming sick, o you: Give then feed tha s
supplemented vith anibitics(1-305)

“To prevent your chickens/hens from becoming sick, do you: Vaccinate (1=305)

Do you: Wash your hands before entering the areas where your animals are kept?
(n=305)

Do you: Wash your hands fte vsiting the areas where your animals are keptz
(n=305)

Do yous Have separate footwear (¢, gum boots) or plastic boot covers that you use:
only in the areas where your chickens/hens are kept?* (n=305)

Do you give your chickens/hens antibiotics to make them grow faster and/or better?
(n=305)

Do you give your hens antibiotis to make them lay more eggs? (n=225)

Who willusually diagnose discase among the chickens/hens at the farm (1=305)

‘What doyou usuall do first when the chickens/hens at your farm get sick?
(n=305)

Do you usually isolate chickens/hens that become sick from the rest of the poultry in
the flock?” (1= 305)

‘When you use antibiotics to treat discase among your chickens/hens, which animals
do you usuall treat?* (1=305)

From where do you usually get advice on when to use antibioticsfor your chickens/
hens? (1=303)

‘When you use antibiotcs to trat disease amang your chickens/hens,for how long
do you usually treat them? (1=303)

When treating your chickens/hens with antibiotics, whose instructions do
you usually follow on how 10 use them (dose,treatment length, administation route

etc)? (n=305)

‘When you use antibiotics to treat disease among chickens/hens, who usually
administers the drug?* (n=305)

Do you ever give a higher dose of antibiotics than the recommended to your
chickens/hens?* (n=305)

Do you ever give alower dose of antibiotics than the recommended to your chickens/
hense: (1=305)

Do you ever top giving your chickens/hens anibiotics arler than recommended if
they seem healthy? (1=305)

Does it happen that you give human medicines to your chickens/hens when they
become sick? (1=303)

Ifthe antibiotic treatment of sck chickens/hens is not effective or does not work,

what do you usually do? (n=305)

‘What do you usually do with expired/lefiover veterinary antibiotics?* (1=305)

Do you keep records o the use of medicines for the chickens/hens at your farm (e.g..

treatment dates, name of medicine, dose)? (n=305)

Option

category
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Undesirable.
Desirable

Undesirable

Desirable

Undesirable

Desirable

Undesirable.

Desirable

Undesirable

Desirable

Undesirable
Desirable

Undesirable
Desirable
Undesirable.

Desirable

Undesirable.

Desirable

Undesirable.

Desirable

Undesirable

Desirable

Undesirable

Desirable
Undesirable
Desirable
Undesirable
Desirable

Undesirable

Desirable

Undesirable

Desirable

Undesirable
Desirable
Undesirable.

Desirable

Undesirable.
Desirable

Undesirable

Desirable

Undesirable

Desirable

Undesirable
Desirable
Undesirable

Desirable

Undesirable

Desirable

Undesirable.

Desirable

Undesirable

Desirable

Undesirable

Desirable

Undesirable

Desirable

Undesirable.

Desirable

Undesirable.

Desirable

Undesirable.

Desirable

Undesirable
Desirable

Undesirable

Desirable

Undesirable.

Desirable

Undesirable.

Desirable

Undesirable.

Desirable

Undesirable.

Desirable

Undesirable.

Option

No, There are no other animal species at my farm

es
Rarely, Never

Yes,often,

Yes, sometimes

Yes

No

Use or sel/give after treatment of the manure,

Use or el

aferatleast 1 month of compos

Use for fuel(incl.biogas)
Do nothing,

Discard into the environment,

Use or sell/give untreated asfertilizer
Bumn/destruct,

Bury in the ground

Throw in the trash,

Use as animal feed,

Use for househald consumption,
Sellat local market,

Sell 0 other farmers as animal feed,
Leave on the ground

es

No

Once a week or more often,
Every second week,
Onceamonth

More seldom

‘Via a governmental veterinarian, directly or via prescription,
Viaa private veterinarian,directly or via prescription
From other farmers,

Atmarkets,

Atveterinary drug shop without prior prescription,
From pharmaceutical company,

Froma fecd provider

Yes, mostly,

Sometimes

No

Governmental veterinarian,

Private veterinarian

Veterinary drug shop worker (not veterinarian),
Staffof drug company

‘es, when needed

Sometimes,
Never

Yes

No

Yes

No

Yes

No

No

Governmental veterinarian,
Private vterinarian

Mysef,

eterinary drug shop worker (not veterinarian),

Human doctor,

Other farmer,

Friend/family member

Consulta governmental veterinarian,

Consultaprivate veterinarian

Nothing,

Give them medicine(s) from a vterinary drug shop/market,

Give them traditional medicine/vitamins/herbs,

Give them medicine(s) that was lef by a veterinarian at  previous visit

es

No
Only the chickens/hens thatare sick,

Al chickens/hens thatare sick and all animals in contact with the sk
chickens/hens

All poultry at the farm,

Allchickens/hens a the farm,

Allanimals a the farm

From a governmental veterinarian,

From a private veterinarian

Ldonot get advice, L use my own judgment,

From other farmers,

From veterinary drug shop worker (not veterinarian),

From package/label of the medicine,

From market sals person,

From human doctor,

From feed provider,

From friends/family

‘As advised by a governmental veterinarian,

Asadvised by a private veterinarian

Until animal () cured,

Until animal(s) begin to recover,

‘As advised by other (e sales person, other farmer, family/friends, human
dactor),

Asinstructed on the package/label of the medicine,

Untilpackage is empty,

One treatment only.

A governmental veterinarians,

A private veerinariari

1donot getadvice, L use my own judgment,
Other farmers;,

A veterinary drug shop worker's (not veterinarian),
The instructions on the package/label of the medicine,
A market sles persorss,

Ahuman doctor’,

Afeed providers,

Friends family's

Myself,afer instructions from a governmental veterinarian,

Mysefaferinstructions from a pivte vterinarian,

Governmental veterinarian,
Private veterinarian

Myself, by own experience

No

No

Yes,often,
Sometimes.

Contact governmental veterinarian

Contact private veterinarian,
Euthanize the sick animal(s)

Increase the dose,

Switch to another antibiotic or combine the ongoing treatment with
another antibiotic,

Switch to other type of medicine,

Switch to herbal/traditional medicine,

Go backto the veterinary drug shop for advice (from non-veteri

Contact other person (not veterinarian) for advice,
Slaughter the sick animal(s) for meat,
Nothing

Leave to pharmacy/veterinary drug shop.

“Throw in the trash/ltrine,
Keepforater use,
Give o other farmer

es

No

(number)

318(97)

682.208)
80207)
108(3)

853(110)

147019)

446(136)

538(164)

78.4(239)

197 (60)

15.1 (46)

819.(259)
935 (43)

650)

656(170)

34.4(89)

65019)

9250272)

876(85)

12402)
2406

565 (48)

581018)

41903

100)

990 (302)

630(192)

3700113
5740175)

426 (130)
348 (106)

6520199)
679.207)

32.1(98)
541 (165)
459 (140)
26(2)

764 (233)
925282)

7523)
413026

587(179)
980 (299)

206)
982(221)

090)
134w

859.262)

4000122)

5.1 (168)

800 244)

200(61)

430031)

5150157)

216 (66)

728022)

295(90)

6430196)

2903)

9813)

33.4(102)

600(183)
75.4(230)

193(59)
928(283)

13
797 (243)

151 (46)
619.(198)

35.1(107)

213(65)

666(203)

00
91.8(280)

070)

993(303)

Practices 1= Ability to perform desirable practices related to disease management and treatment with antibiotics, Practices 2= Ability to perform desirable practices regarding disease

prevention.
‘Item was included in Practices 1 scale.
Item was included in Practices 2 scale.

Item had options that could not be considered desirable or undesirable and these options were coded as missing but are stll included in the number of responses.
Item was removed from further analyses due to too few responses (details in Supplementary material $2).
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Option

% (number)

category
Whatare antibiotcs supposed to be used for? (n=305) Correct Treat sick animals 910
Incorrect Prevent animals from becoming sick. 311095)

‘Make animals grow faster/better,

Prevent animals from becoming sick and make animals grow faster/better,
Prevent animals from becoming sick and trat sck animals,

Treat sick animals and make animals grow faster/better,

Prevent animals from becoming sick,trat sick animals and to make animals grow

faserfbetter
Antibiotcs can trea all kinds of diseases (1=305) Correct False 538(164)
Incorrect True, 62041
Cannot answer
Aniibiotics can trea diseases caused by viruses (1=305) Correct False 508(155)
Incorrect True, 4920150

Cannot answer

Aniibiotics can treat discases caused by baceria ( Correct True 872(265)
Incorrect False, 12809

Cannot answer
Antibioticsare the same as ant-inflammatory drugs Correct False 388(18)
Incorrect True, 612080)

Cannot answer
Different types of antbiotis are needed for different discases (n=303) Comect Trae %2013
Incorrect Fale, 198(60)

Cannotanswer
‘Asa general rule, you should sop treatmen with antbiotcs when the Comect False 5020152)

animal’ condition starts to improve (1=303)

Incorrect True, 198051
Cannot answer
Using antibiotics 100 ofien can make diseases difficult to treat in the foture®  Correct True 70414
(=308
Incorrect Kalse, 206(90)
Cannot answer
Animals can become rsistant to antibiotic i antibiotics are used in the Correct False 207(63)
wrong way/too often (n=304)
Incorrect “True, 79304
Cannot answer
Bactera that cause discase can become resistat to antibiotis if used inthe  Correct True n9@21)
wrong way/too often (n=303)
Incorrect False, 27.1(82)

Cannot answer

Virusesthat cause disease can become resistant to antbiotics fused inthe  Correct false 23009
wrong way/t00 ofien (1=303)
Incorrect True, 77 (205)
Cannot answer
Resistance against anibiotcs can make it more diffcult o succeed with Comect Trae 769233

antibiotic treatment in animals when they get sicke (1=303)

Incorrect False, 2.1(0)
Cannot answer
Bacteriaresistant to antibiotis can spread from one animal to another Correct True 69411)
(=309
Incorrect False, 306(93)
Cannot answer
Bacteriaresistant to antibiotis can spread between animals and humans' | Correct True 5170156
(n=302)
Incorrect False, 183(140)
Cannot answer
Bacteriaresistant to antibiotis can spread from animals to humans through | Correct True 450(136)

animal source foods, e, meat* (1=302)

Incorrect False, 550(166)
Cannot answer
Bacteriaresistant to antibiotis can spread through manure from animals' | Correct True 5200157)
(n=302)
Incorrect False 480(145)
Cannot answer
Using too much antibiotics in animals can make it more dificult to treat some | Correct True 543(164)

diseases in humans’ (1=302)

Incorrect False, B0
Cannot answer

‘Antibioti resistance in human bacteria is only linked to the use of antbiotics | Correct False 21(72)

in humans and not in animals (n=299)

Incorrect True, SN
Cannot answer

“The question was included in item response theory (IRT) model for knowledge.
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Question

Do you have access to animal health service providers that give professional advice on how to handle and

prevent diseases among your chickens/hens and help with diagnosis and treatments? (n=305)

If you have access to animal health service providers, which one(s)? (multiple choice) (n=97)

f you have access to animal health services, does the service include laboratory testing and/or autopsies when

‘your chickens/hens are sick? (n=97)

Is your farm a part of any farmers’ association? (n=305)

s your farm a part of any animal health program where you get routine monitoring and advice on the health

of your chickens/hens? (n=305)

Is your farm a part of any animal health program that provides vaccinations for your chickens/hens? (n=305)

Veterinary drug shop worker
(not veterinarian)
Governmental veterinarian

Private veterinarian

Staffof drug company

Yes

No
Ido not know,
No

No

318(97)

62.9 (61)

320031
15.5(15)
21(2)
320031)

41.2(40)
26.8 (26)
94.8 (289)
9.0 (302)

97.7 (298)
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Theta mean Practices 1 Theta mean Practices 2 Theta mean Knowledge

Variable
Coefficient "~ 95%Cl  Coefficient P~ 95%Cl  Coefficient '~ 95% Cl
value value value

Constant Lo 0000 0506-L6sl 0765 002 -Lag5t0-0065 -0609 0072 | 1272100054

Fixed efeats

District Thai Nguyen City Ref. Ref. Ref.
Dongy o0& | 0000°  —Lo2to-0310  -05% 007" | 1066100007 ~0350 012 | 089100120
Vo Nhai —~0.789 0000* | -1.099t0 ~0478 -0212 0.381 —~0.687 100263 0215 0317 —~0.638100.207

Respondent’s sex Female —0132 0141 | —0.308100.044 0251 0007% 0.069-0432 0127 0162 | —0051100304
Male Ref. Ref. Ref.

Age of respondent 21-30 0484 0061 002810099 0533 0069 | -1109t00.043 ~0230 0381 | —0.744100284
3140 0077 0580 | 0195100348 0380 006 -073t0-005 | -00is 0747 | -03sto0226
41-50 Ref. -0073 0651 —~0.388100.242 Ref.
si-60 00 0815 | 0205100260 0306 0026* 057610003 | ~009% 042 | —037t0010
60 oon 0792 | -0262t00344 Ret. 0101 052 | -0411100209

Livestock keeping 1-10 Ref. Ref. Ref.

experience of

respondent years)

120 0309 00200 -056810-0049 | 0087 0627 100203 0086 0525 50100178
2130 0260 009 | -0565100.046 0013 0937 0331100306 0059 0714 -0372100255
3140 0430 0023° | -080110-0059 | 0075 0703 0461100311 004 0822 -04231003%6
40 0383 0205 0975100209 0226 0467 0834100383 031 0292 0276100917
Educationlevelof | Never wentto 0321 0337 0985100338 0556 0098 1215100103 0353 0283 | 099100292
respondent school
primary schol 0088 0479 | 0332100156 Ref Ref.
Secondaryschool | ~0070 0492 0271100130 0287 001 | 0057-0517 0374 o0t 00601
High school Ref. 067 oo | 0212-072 0557 0000°  0306-0508
College/University 0151 0631 0767100465 0752 o017 | 0133137 L o000 0511-1726
M reason for keeping | Commercial Ret Ref Ref
chickens/hens
Household 0168 0192 0056100392 0322 000" | 00910553 0281 0015* 00550508
consumption
Other 0400 0081 | 0054100854 0033 088 0434100501 0479 0041 093710 -0.021
Farmsize <100 Ref Ref R,
210 0049 0615 | 0158100255 0453 00000 | 02280678 0306 o0t 0083-0529
Access toanimal heath | Yes 043 00000 | 025061 -0.166 oo 75100043 0250 0018° | ~0.45710-0.043
No Ref. Ref Ref.
Random effects Estimate Estimate Estimate
Commune <0001 - 0010 0005-0311 0019 0001-0.465
Village 0063 0027-0.143 0123 00180315 0119 0061-0.347

Practices 1= Ability to perform desirable practices related to disease management and treatment with antibiotics, Practices 2= Ability to perform desirable practices regarding disease
prevention, Knowledge = Knowledge about antimicrobial resistance (AMR) development and spread. *p<0.05.
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