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Abstract: Antimicrobial resistance (AMR), the capacity of microbial pathogens to survive in the 

presence of antimicrobials, is considered one of the greatest threats to human health worldwide and 

is growing rapidly in importance. AMR is thought to be driven in part by the use of antimicrobials 

(AMU) in livestock production. AMU reduction in agriculture is therefore important, but doing so 

may endanger farmers’ incomes and hamper broader food security. Understanding drivers for 

farmers' antibiotics use is essential to designing interventions which avoid harming agricultural 

output and safeguard farmers’ economic security. In this study, we analyse AMUSE survey data 

from poultry farmers in Senegal to explore the effects of vaccination, attitudes towards AMR, and 

biosecurity practices on: AMU, animal mortality, and farm productivity. We found that farmers 

with more “AMR-aware” attitudes may be less likely to use antibiotics in healthy birds. Stronger 

on-farm biosecurity was associated with less use of antibiotics in healthy birds, and in some 

specifications was linked to higher broiler productivity. Vaccination and AMU were both higher in 

farms with a higher disease prevalence, and both factors appeared conducive to higher broiler 

productivity. Overall, there is evidence that awareness-raising and biosecurity improvements could 

encourage prudent use of antibiotics, and that biosecurity and vaccination could to some extent 

replace antibiotic use as productivity-enhancing and disease-management tools in broiler farms. 

Finally, issues of farm antimicrobial stewardship must be considered at the structural level, with 

farm behaviours contingent on interaction with state and private stakeholders. 

Keywords: antimicrobial resistance; antimicrobial stewardship; One Health; agriculture; biosecurity 

 

1. Introduction 

Antimicrobial resistance (AMR), the capacity of microbial pathogens to survive in the presence 

of antimicrobials, is considered one of the greatest threats to human health worldwide and is growing 

rapidly in importance (1,2). Although AMR has always existed, its increasing prevalence is driven in 

large part by the use of antimicrobials (AMU) by humans (3). In particular, use of antibiotics in 

livestock animal production is one of the biggest contributors to total AMU, and reducing this use 

has been identified as a policy priority (4–6). As a middle-income country with a high rate of 

economic growth, Senegal is identified as suffering from the ‘double-burden’ of rising antibiotic 
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availability and meat consumption combined with rates of bacterial infections that remain high in 

the global context (1). 

At the global level, the FAO-OIE-WHO-UNEP ‘Quadripartite’ have created a Global Action Plan 

on AMR which seeks to optimise antimicrobial use through a process led by national governments 

(7). Senegal’s most recent National Action Plan on AMR involved the animal health and food safety 

sectors (8). It aimed to balance rational use of antibiotics and awareness-raising on AMR with 

infection control across all One Health sectors. These findings, and others, will contribute to the 

evidence base which feeds into the upcoming 2023-27 plan. 

However, antibiotics can play a therapeutic, prophylactic and growth-promoting role in 

livestock production (9). Thus, reducing AMU in livestock production, especially in small-scale and 

semi-intensive farms, may harm farmers’ livelihoods and economic security, and may contribute to 

food insecurity at the population level if it negatively affects farm productivity. Achieving a 

reduction in farm AMU will not be realistic or safe if farmers do not feel secure in doing so. It is 

therefore important to understand what interventions can be paired with AMU reduction, which can 

prevent any associated loss in farm productivity, and can make farmers feel more comfortable 

withdrawing or replacing antibiotics. More broadly, understanding how AMU interacts with farm 

practices and outcomes is key to understanding the impact of antimicrobial stewardship (AMS) 

interventions at the national level, and for guiding AMR policy more broadly. 

We investigated this question using the case study of semi-intensive peri-urban poultry farms 

in Dakar and Thiès, in Senegal. The domestic poultry industry in Senegal is rapidly growing, and is 

a key user of antibiotics (10,11). Semi-intensive farms were selected because they comprise a very 

large portion of agricultural production in Senegal and many other middle-income countries, the 

group of countries which is most vulnerable to the effects of AMR (12,13). In other countries, the shift 

from backyard farming to small- and medium-sized semi-intensive farms in recent decades has been 

associated with a range of novel and diverse farming practices (14), in some cases meaning more 

indiscriminate antibiotic use (15,16), with medium-sized farms especially likely to misuse antibiotics 

(17). Semi-intensive farms are also more economically vulnerable than larger-scale farms, and may 

have a precarious relationship to creditors and suppliers (16), making them a key target for this 

investigation. In Senegal, while many studies have been carried out on AMU in poultry farms, these 

studies tend to be descriptive and focus on mapping out knowledge, attitudes and practices (KAP). 

This is the first study of this kind pointing to evidence on interventions to reduce AMU in Senegal. 

We aimed to investigate factors which could induce farmers to reduce antibiotic use, guide more 

prudent use, or guard against productivity losses in the event of an antibiotic use reduction 

intervention. 

Based on discussion among coauthors, we identified three such factors to investigate. Namely: 

(1) vaccination of chickens; (2) farmers’ attitudes to, and awareness of, AMR; and (3) on-farm 

biosecurity measures. We hypothesised that all three could lead to lower and better-informed AMU 

and/or could enhance productivity. For example, awareness of AMR may encourage lower and more 

selective AMU, and biosecurity measures and vaccination of chickens may reduce the need for 

antibiotics as a disease management and growth promotion tool. 

Using survey data collected with a modified AMUSE survey tool (18) from 222 farms in Dakar 

and Thiès, we investigated: 

a) If better biosecurity, vaccination and awareness of AMR lead to lower or more selective use of 

antibiotics (e.g., limiting use to therapeutic use, or avoiding use of antibiotics intended for use 

in humans) in poultry farms 

b) What effect these three factors, as well as antibiotic use (defined by expenditure on antibiotics), 

have on farm profitability and disease incidence 

After our main results, we also investigate how these factors interact with each other, and 

explored additional specifications. 

  

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 13 January 2023                   doi:10.20944/preprints202301.0255.v1

https://doi.org/10.20944/preprints202301.0255.v1


 3 

 

2. Results 

2.1. Descriptive Statistics 

Of the 222 farms in our dataset, 124 had broilers only and 97 had layers only, with one farm 

having both. 

Table B (below) shows the distribution of categorical variables, and Figure B shows the 

distribution of continuous variables. Correlations (Pearson’s correlation coefficient) between key 

variables are displayed in Appendix F. 

Table B - summary statistics of categorical variables 

 

Variable 

 

Description 

“Vaccination” no protocol (15/222) 

protocol in place but not always adhered to (6/222) 

protocol in place and always adhered to (201/222) 

“Other species on farm” no species present other than chickens (193/222) 

other species present (29/222) 

“AMU in healthy birds” did not use antibiotics in healthy birds (216/222) 

used antibiotics in healthy birds (6/222) 

“Portion broilers” Broilers only: 124/222 

Layers only: 97/222 

53% broilers and 47% layers: 1/222 
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Figure B - distribution of continuous variables. 

2.2. Main Results 

Table C (below) shows the results of our main regressions, where we look at the effect of our 

three main covariates (“biosecurity”, “AMR attitudes”, and “Vaccination”), on: the quantity of AMU 

(“AMU quantity”) (Table C-1), the likelihood of using antibiotics on healthy birds (“AMU in healthy 

birds”) (Table C-2), animal morbidity (“Disease incidence”) (Table C-3), and farm productivity 

(“broiler productivity” and “layer productivity”) (Table C-4 and C-5). 

Table C-1-determinants of AMU quantity (1) effect of vaccination on AMU, (2) effect of 

biosecurity on AMU, (3) effect of attitudes on AMU, (4) effect of all three on AMU (standard errors 

in parentheses). 
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Table C-2-determinants of antibiotic use in healthy birds (1) effect of vaccination on antibiotic 

use in healthy birds, (2) effect of biosecurity on antibiotic use in healthy birds, (3) effect of attitudes 

on antibiotic use in healthy birds, (4) effect of all three on antibiotic use in healthy birds (standard 

errors in parentheses). 

 
Table C-3-determinants of disease incidence (1) effect of vaccination on disease incidence, (2) 

effect of biosecurity on disease incidence, (3) effect of attitudes on disease incidence, (4) effect of all 

three on disease incidence (standard errors in parentheses). 
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Table C-4-determinants of productivity (broilers) (1) effect of vaccination on broiler 

productivity, (2) effect of biosecurity on broiler productivity, (3) effect of attitudes on broiler 

productivity, (4) effect of all three on broiler productivity (standard errors in parentheses). 

 
Table C-5-determinants of productivity (layers) (1) effect of vaccination on layer productivity, 

(2) effect of biosecurity on layer productivity, (3) effect of attitudes on layer productivity, (4) effect of 

all three on layer productivity (standard errors in parentheses). 

 
None of our covariates of interest significantly affected the quantity of AMU, regardless of 

whether they were included together or separately (Table C-1). In fact, farm size and production type 

were the only variables that significantly influenced this, with larger farms consistently using fewer 

antibiotics per bird (perhaps due to economies of scale) and broiler farms using less per cycle 

(although production cycles were much shorter). 
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In univariate specifications (Appendix B), farmers with more ‘AMR-aware’ attitudes, and those 

with better biosecurity, appeared less likely to use antibiotics on healthy birds. However, there is 

little evidence to support the link with biosecurity in our main specifications (Table C-2). Here, AMR-

aware attitudes remained negatively associated with use in healthy birds, but this relationship was 

not quite statistically significant (p = 0.113 and p = 0.120). Broiler farms were consistently more likely 

to use antibiotics in healthy birds, perhaps due to growth-promotion use. 

Antibiotic use was consistently associated with a higher incidence of disease (Table C-3), as was 

our index of vaccination (in the univariate specification only). We speculate that this reflects 

endogeneity in two ways: (1) that vaccination and antibiotics may be used in response to disease 

outbreaks and (2) that farmers who are more aware of animal health are both more likely to report 

disease incidence and also more likely to vaccinate. 

A larger farm size, greater use of antibiotics, and better biosecurity were associated with more 

productive broilers (Table C-4). In the univariate specifications (Appendix B), better vaccination was 

also associated with higher broiler productivity. Although antibiotics seemed to increase broiler 

productivity, so did vaccination and biosecurity. Therefore, a reduction in AMU with a simultaneous 

improvement in biosecurity (and vaccination) could improve antibiotic stewardship on broiler farms 

without harming productivity. This does not seem to be the case for layer farms, where none of our 

covariates significantly predicted productivity (Table C-5). 

2.3. Robustness 

Following our main results, we regressed the quantity of AMU against each of the biosecurity 

measures individually, as opposed to the biosecurity index (“Biosecurity”) used elsewhere. Only four 

individual measures appeared to be significant, but they did not remain significant after adjusting 

for the false discovery rate or the familywise error rate. 

After this, we used Heckman selection (19) to take account of farms which did not use antibiotics. 

Our covariates of interest had no significant effect, which is unsurprising given that only 13 farms 

(9.7%) out of 134 with data on antibiotic expenditure reported zero expenditure. 

Finally, we examined three sub-hypotheses using interaction terms, all with disease incidence 

and productivity as our outcomes of interest (Appendix C). (1) We interacted AMU with biosecurity 

to see if better biosecurity reduced the need for antibiotics in improving farm outcomes. (2) We 

interacted vaccination and biosecurity to see if these two measures are substitutes in terms of disease 

management. (3) We interacted AMR attitudes with AMU to see if better awareness of AMR 

increased the effectiveness of antibiotics as a disease management tool (following our original 

assumption that AMU would have a negative effect on disease incidence). However, none of the 

interaction terms were statistically significant. 

3. Discussion 

3.1. Overview of Findings 

The characteristics and production type of farms were shown to be just as important to antibiotic 

use practices and farm outcomes as were our covariates of interest (biosecurity, vaccination and AMR 

attitudes). Larger farms consistently used fewer antibiotics per bird, and had more productive 

broilers. Broiler farms also seemed more likely to use antibiotics on healthy birds. This could be 

explained by the fact that broiler production cycles are short with farmers desiring quick turn over–

farmers may wish to speed up production cycles using antibiotic growth promotors. Antibiotic use 

did seem to be associated with a greater productivity in broilers, but not in layers, suggesting some 

growth-promoting role. 

Farmers with more ‘AMR-aware’ attitudes were less likely to use antibiotics on healthy birds in 

some specifications, which can be seen as indicative of more prudent AMU. 

Vaccination was associated with more productive broilers in some specifications, and may be 

endogenous with disease incidence. Of our three covariates of interest, vaccination likely requires the 
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most further investigation due to the low variation in vaccination practices among the farms 

surveyed. This also means that vaccination may have effects that we were not able to capture here. 

Biosecurity, as measured by an index of various farm practices, was associated with more 

productive broilers. In univariate specifications, it was also associated with a lower likelihood of 

using antibiotics in healthy birds. 

3.2. Comparison with Previous Work 

Previous studies using the AMUSE tool have focused on characterising farm KAP: our addition 

of questions concerning productivity, biosecurity, vaccination and attitudes and knowledge of AMR 

greatly enhance the tool. This version of the survey (Appendix A) can also be used in other contexts, 

and a replication of our results in other contexts would yield very useful comparisons. 

While the effectiveness of antibiotic growth promoters is controversial, there are reasons to 

believe that low (sub-inhibitory) doses can promote livestock productivity (9). Our findings suggest 

that this may be the case, at least for semi-intensive broiler farms. This reaffirms the necessity of 

finding interventions which make antibiotic use reduction safer for farmers. 

Weaker biosecurity infrastructure has also been associated with worse disease outcomes in other 

contexts (20). We do not replicate this result, but we do find a link to broiler productivity. 

Lastly, vaccination of poultry is potentially a very effective tool for productivity enhancement 

and disease management (21). We found some suggestion of a productivity benefit for broilers, but 

did not replicate this finding consistently, likely reflecting the small sample size and very low 

variation in vaccination practices observed. 

3.3. Meaning of Results and Implications for Future Research 

Overall, there is some evidence that our three factors of interest (biosecurity, vaccination, and 

AMR attitudes) could be used to reduce AMU in poultry production, either by modulating AMU 

behaviours or by mitigating the potential productivity lost due to antibiotic withdrawal. Specifically, 

biosecurity may lower the incidence of disease and reduce the need for therapeutic antibiotic use, 

and biosecurity and vaccination may offset any productivity loss associated with antibiotic use 

reduction. In addition, awareness-raising and biosecurity improvements may reduce the use of 

antibiotics in healthy birds and improve antibiotic use prudence. 

The findings will inform key interventions of the next multisectoral AMR monitoring action plan 

for Senegal (2023–2027). The current plan lasted 5 years and is ending in 2022. The overall objective 

of the plan is to provide an effective response, through an integrated “One Health” approach, to the 

growing threat of antimicrobial resistance. Specific objectives of the plan which these results can 

inform include: ensuring rational management and use of antimicrobials; informing and raising 

awareness on the issue of antimicrobial resistance; hygiene, infection prevention and control; and the 

rational use of antimicrobials in human, animal, and environmental health. 

3.4. Limitations 

Using observational survey data such as these poses a few difficulties. For one, there was 

considerable endogeneity between antibiotic use, vaccination, and disease prevalence, which made 

causality difficult to disentangle. We recommend the use of bigger datasets and annual followup to 

improve the statistical power of this type of study, as well as the use of instrumental variable 

techniques to mitigate this endogeneity. In particular, more data on the effectiveness of animal 

vaccination in semi-intensive poultry farms is necessary. Beyond this, a key next step should be to 

test these observational findings in the context of farm-level trials. Antibiotic use reduction (or 

replacement by non-antimicrobial feed additives) should be trialled alone, as well as in combination 

with interventions related to vaccination, biosecurity, and awareness-raising. Outcomes measured 

should include the incidence of disease, farm productivity, the use of antibiotics, the level of 

resistance in livestock animals, and the extent to which farmers feel safe and willing to withdraw 

antibiotics. 
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The relative homogeneity of farms in terms of practices (for example, near-universal antibiotic 

use and consistent vaccine coverage) not only contrasted stylised facts about the diversity and 

inconsistency of semi-intensive poultry farming practices(14) but also made statistical inference more 

difficult. This reaffirms the potential use of farm-level trials, in which these variables are intentionally 

altered, in future research. 

There was also a very low R2 value across all regression specifications, likely reflecting the 

omission of key variables. A more detailed understanding of the relevant production system, for 

example using system dynamic models informed and parameterised in consultation with 

stakeholders (22), could help to collect more relevant data and to build more relevant models. 

While we investigated the effect of awareness and attitudes from a statistical perspective, this is 

not a substitute for an in-depth investigation of these attitudes using mixed-methods research. Other 

upcoming research using this modified survey tool aims to answer that question in greater detail. 

Finally, it must be noted that these findings alone may not be sufficient to facilitate changes to 

farming practices. The adoption of better biosecurity and vaccination practices are not a matter of 

individual ‘smart choices’, but are structural and nationwide issues that are heavily dependent on 

infrastructure and state support and are more effective when rolled out nationally (20,21): attitudes 

towards AMR can be thought of in the same way. Farmers moving towards more intensified 

production systems are exposed to novel challenges and require appropriate state support (14). Semi-

intensive farmers often exist in a state of financial precarity and may require systems of financial 

support such as insurance in order to feel safe altering their practices. Small- and medium-scale 

farmers have complex upstream and downstream relationships with actors such as suppliers and 

creditors (16). Farmers must be seen as a part of this network, rather than as individual actors, and 

stakeholders from across this system must be meaningfully consulted in the formulation of future 

research and interventions. 

4. Materials and Methods 

4.1. Study Aims, Data Collection Methods, and Setting 

The data used in this study came from a modified version of the AMUSE survey tool, which is 

used to explore farm characteristics and AMR KAP in livestock farms (18). The original AMUSE tool 

has been used for descriptive purposes in Senegal as well as in other country settings, and our 

adapted version was expanded to include more measures of farm productivity, antibiotic use 

quantity, antibiotic use prudence, vaccination of livestock, AMR knowledge and attitudes, and on-

farm biosecurity practices. ‘Prudence’ in this study refers to the use/non-use of antibiotics intended 

for human use in chickens, and the use/non-use of antibiotics in healthy birds. Also of relevance is 

the effect that these variables have on farm productivity and disease incidence in chickens. Data were 

cleaned and answers from sets of questions were compiled into metrics and indices for easier analysis 

(Table A). 

Table A – variable glossary. 

Varname Meaning  Units 

“Vaccination” A score for having (and adhering to) a 

vaccination protocol for birds 

0 = no 

protocol  

1 = protocol 

in place but not 

always adhered 

to 

2 = protocol 

in place and 

always adhered 

to  
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“Internal 

biosecurity” 

A score for internal biosecurity measures on the 

farm, based on categorical responses to several 

questions about biosecurity procedures. 

 

As with other scores in this dataset, each question 

about internal biosecurity gave a number of points (1 

for the ‘best’ answer and 0 for the ‘worst’ answer, with 

fractions for answers in between). The internal 

biosecurity score, then, is the mean of the scores 

attained on all questions about internal biosecurity. 

Continuous, 

ranging between 

0 (met none of 

the standards) 

and 1 (met every 

standard) 

“External 

biosecurity” 

A score for external biosecurity measures on the 

farm, based on categorical responses to several 

questions about biosecurity procedures 

Continuous, 

ranging between 

0 (met none of 

the standards) 

and 1 (met every 

standard) 

“Biosecurity” The mean of the internal and external biosecurity 

scores 

Continuous, 

ranging between 

0 (met none of 

the standards) 

and 1 (met every 

standard) 

“AMR attitudes” A score for attitudes about antimicrobial 

resistance and stewardship, based on categorical 

responses to several questions 

Continuous, 

ranging between 

0 (met none of 

the standards) 

and 1 (met every 

standard) 

“Farm size” The number of chickens on the farm Chickens 

“Other species on 

farm” 

The presence of animal species other than 

chickens on the farm 

Binary 

0 = no other 

species present 

1 = other 

species present  

“AMU quantity” The quantity of antibiotics used in chicken 

production. expense_per_broiler and expense_per_layer 

disaggregate this figure by production type 

CFA (Franc 

de la Communauté 

Financière 

Africaine, or West 

African Franc) 

spent on 

antibiotics per 

bird per 

production cycle 

“AMU in healthy 

birds” 

The use of antibiotics in healthy birds (for 

whatever reason) 

Binary 
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0 = did not 

use antibiotics in 

healthy birds 

1 = used 

antibiotics in 

healthy birds  

“Disease 

incidence” 

Amount of disease occurring in the flock Number of 

individual 

disease incidents 

recorded in the 

flock during a 

production cycle 

“Broiler 

productivity” 

Productivity of broilers Average 

finishing weight 

of a broiler, 

multiplied by the 

number of 

production 

cycles per year 

“Layer 

productivity” 

Productivity of layers Average 

number of eggs 

laid per layer per 

day 

“Portion 

broilers” 

Portion of chickens on the farm which are 

broilers 

Portion  

The locations of the farms surveyed are detailed in Figure A (below). Data collection took place 

from February to September 2022. A snowball sampling method was used to select farms. This 

method was chosen because a national database of poultry producers has not yet been compiled, 

making other sampling methods prohibitively difficult. A representative from each farm was 

interviewed for an average of one hour per farm. Four people in total were responsible for data 

collection, divided into two pairs, each composed of a veterinary doctoral student and a member of 

the Veterinary Service Division (DSV) of Dakar or Thiès, sometimes with the addition of a livestock 

technician to act as a guide and interlocutor. Data were collected electronically on smartphones using 

the Open Data Kit (ODK) platform. 
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Figure A – map of the farms surveyed. 

The full set of survey questions used can be found in Appendix A. Ethical approval can be found 

in Appendix D and a (translated) copy of the informed consent form used for the study can be found 

in Appendix E. Being an observational study, this paper conforms to the Strengthening the Reporting 

of Observational Studies in Epidemiology (STROBE) checklist (23). 

4.2. Variables Used 

We first present descriptive statistics, and then use regression analysis to look at the association 

between our three variables of interest on the following outcomes (both univariate and controlling 

for farm characteristics): quantity of AMU (measured by expenditure per bird), the use of antibiotics 

on healthy birds, farm productivity (meat and egg production), and the incidence of disease. Table A 

(below) details the variable names used throughout this paper, and outlines how variables were 

derived where relevant. 

4.3. Main Statistical Methods 

All statistical analyses were carried out using R version 4.1.2 (24) via RStudio build 554 (25). Key 

packages used include Stargazer (26), Tidyverse (27), ggplot2 (28), Corrplot (29), and dplyr (30). 

Model specifications were not chosen based on explanatory power (e.g., AIC or BIC) but were pre-

specified in the pre-analysis plan based on theory. This is because we wanted to test specific 

hypotheses about our chosen variables rather than simply finding the model with the greatest 

explanatory power. Alternative specifications were explored during robustness testing. 

First, we regressed the quantity of antibiotics used (“AMU quantity”) against each of the three 

main covariates using ordinary least squares (OLS) (models (1)-(3)), and then against all three main 

covariates together (model (4)). We adjusted for key farm characteristics of farm size, presence of 

other species, and the ratio of broilers to layers. We then did this for other outcomes, namely disease 

incidence and productivity (“broiler productivity” and “layer productivity”). 
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Aside from wanting to investigate the determinants of AMU, we also look at disease incidence 

and productivity to see if the three measures of interest (vaccination, biosecurity, and sensibilisation) 

incur any tradeoffs in terms of profitability. Ultimately, if we recommend these measures as means 

of encouraging farmers to reduce or rationalise AMU, then we should be confident that this will not 

endanger their economic security or broader food security at the population level. 

Following this, we regressed use of antibiotics on healthy birds against each of the three main 

categories of covariates using a logistic regression (logit). These logistic regressions were performed 

in order to see if any of the three measures being investigated improved prudent use of antibiotics. 

 

4.4. Robustness and Further Specifications 

We first tested the association between AMU and a large number of individual biosecurity 

measures, as opposed to the biosecurity index (“biosecurity”) used elsewhere. We accounted for 

multiple hypothesis testing using family-wise error rate (using Bonferroni correction (31)) and the 

false discovery rate (using the Benjamini-Hochberg step-up procedure (32)). 

After this, we looked at the effect of our three main covariates on AMU using Heckman selection 

(19), with a selection function using variables that were seen to affect AMU in other specifications. 

This was done to take better account of farms which did not use antibiotics. 

Finally, we looked at a number of interactions between key covariates to test some more specific 

hypotheses. All of these interactions looked at productivity and animal mortality as outcomes. The 

hypotheses, as described below, were: 

Interacting AMU with biosecurity to see if better biosecurity reduced the need for antibiotics in 

improving farm outcomes, i.e. 

 
Interacting vaccination and biosecurity to see if these two measures are substitutes in terms of 

disease management, i.e. 
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And 

Interacting AMR attitudes with AMU to see if better awareness of AMR increased the 

effectiveness of antibiotics as a disease management tool (following the hypothesis that AMU will be 

negatively associated with disease incidence), i.e. 

 

5. Conclusions 

We found evidence that biosecurity, vaccination, and attitudes towards AMR could mitigate the 

potentially negative effects of antibiotic withdrawal in semi-intensive poultry farms, and could 

improve antibiotic use prudence. These findings should be explored further using annual followup 

and larger sample sizes, and farm-level trials which combine antibiotic withdrawal and replacement 

with interventions in these three areas are a priority. Finally, these findings alone may not be 

sufficient to catalyse change in agricultural stewardship of antimicrobials. AMR in agriculture must 

always be seen as a structural rather than an individual issue, with stakeholders from across the One 

Health spectrum meaningfully consulted as part of research and policymaking. 
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Appendix A.–Full Set of Survey Questions Used 

The questionnaire used (translated into English) can be found in .PDF form here. 

Appendix B.–Univariate Specifications 

(Standard errors in parentheses).  

 

Appendix C.–Specifications with Interactions between Our Main Covariates 

(Standard errors in parentheses).  
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Appendix D.–Ethical and Scientific Approval for Original Data Collection 
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Appendix E.–Copy of Informed Consent Form (Translated into English) 
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Appendix F.–Correlations between Key Variables (Pearson’s Correlation Coefficient) 

The whole sample.  

 
Broilers only 
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Layers only 
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