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Indiscriminate antimicrobial use (AMU) in animal production is a driver of antimicrobial resistance globally. There is a need to define sustainable interventions to reduce AMU in small-scale production systems, which currently represent the most widespread farming systems in South East Asia and many low- and middle-income countries. We conducted a before-and-after intervention study on a random sample of small-scale chicken farms in the Mekong Delta of Vietnam from 2016 to 2019. The study included a baseline followed by an intervention phase where farmers were provided with regular veterinary advice on flock health and husbandry, as well as antimicrobial replacement products. Of 102 recruited farms (raising >100 chickens per flock cycle), thirty-five (34.2%) entered the intervention phase, whilst the rest stopped raising chickens, mainly due to suboptimal flock performance. Through the implementation of our intervention, chicken flocks reduced levels of AMU by 66% [adjusted hazard ratio (HR) = 0.34; p = 0.002) from a baseline of 343.4 Animal Daily Doses per 1,000 chicken-days and decreased weekly mortality by 40% (adjusted HR = 0.60; p = 0.005) from a baseline mortality of 1.60 per 100 birds. Chicken bodyweight increased by 100 g (p = 0.002) in intervention flocks. Our findings demonstrate that the provision of veterinary advice can achieve substantial reductions in AMU in small-scale production systems without compromising flock health and productivity.
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INTRODUCTION

In many low- and middle-income countries (LMICs) small-scale poultry farming plays a crucial role in supporting the livelihoods of rural communities (1). Compared with other species, poultry production has relatively low investment and production costs (2). Globally, poultry (mainly chicken) is the second most consumed type of meat (117 million tons in 2017), and by 2026 it is expected to surpass pork (3).

Antimicrobial use (AMU) in animal production has been recognized as a driver of antimicrobial resistance (AMR) globally (4, 5). In terms of frequency, chickens are the target of the highest AMU levels of all animal food species (6). In addition, many antimicrobial active ingredients (AAI) regarded as critically important for human medicine by the World Health Organization (7) are often used in chicken production (8).

In Vietnam, it has been estimated that three quarters (72%) of all AMU (3,842 tons in 2015) are aimed at animal production (9). Studies in the Mekong Delta region of Vietnam have described very high amounts of antimicrobial to small-scale chicken flocks (8, 10–12). The high levels of disease in flocks in the area is a major driver of AMU in such systems (13). In chicken farms, antimicrobials are used primarily for disease prevention (10), since farmers regard them as a cheaper alternative to other disease control measures (14). Recent studies have shown that some of the most commonly used AAIs in small-scale chicken flocks in the area also belong to the WHO highest priority, critically important antimicrobial classes such as polymyxins and fluoroquinolones (8, 12, 15). This situation is aggravated by a general lack of awareness about antimicrobials and the negative consequences of AMR among farmers (16). In addition, the ease of access to antimicrobials over-the-counter in veterinary drug shops (17) and their affordability (18) are factors that contribute to excessive AMU in Vietnam.

There is a pressing need to identify sustainable interventions that reduce AMU in food animal production systems. Such interventions will need to overcome the diversity of production systems and value chains they depend on and the patterns of AMU in these systems and their policy contexts. A number of interventions have already taken place in developed countries based on improvements in biosecurity and husbandry practices aiming at reducing AMU in pigs (19–21) and broilers (22). However, no intervention studies targetting AMU in small-scale farming systems from LMICs have been published. We conducted a “before-and-after” randomized intervention study on small-scale chicken farms in the Mekong Delta region of Vietnam. The intervention consisted of providing farmers with regular veterinary advice, alongside antimicrobial replacement products (23). The aim was to investigate the impact of this intervention on AMU, as well as on flock disease and productivity. Results and the lessons from this study can be adapted to comparable animal production systems in Vietnam and more generally, to other LMICs.



MATERIALS AND METHODS


Study Design

The intervention was designed as a randomized “before-and-after” controlled study on small-scale farms raising chickens for meat in two districts (Cao Lanh and Thap Muoi) within Dong Thap province (Mekong Delta, Vietnam) (Figure 1 and Supplementary Figure 1). We aimed to recruit farmers raising chicken flocks (defined as a group of birds raised together in the same building) meeting the criterion “>100 meat chickens raised as single age.”
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FIGURE 1. Recruitment and follow-up of study farms. Modified from design of project named ViParc published in 2017 (23).


Our small-scale commercial flocks lie between “backyard” flocks and intensively managed “industrial” systems, roughly corresponding to FAO Sectors 2 and 3 (between 50 and 2,000 birds, with feed and water supplied to the birds) (24). The study was designed in two stages, a “baseline” followed by an “intervention” phase. Two intervention arms (Arm 1 and Arm 2) were initially planned, both including the provision of training and advice to farmers, as well as a control arm (Arm 3) (no training or advice). The difference between both intervention arms was that Arm 2 also included the withdrawal of medicated commercial feed. This aimed at investigating whether restriction of medicated feed might have affected disease outcomes, therefore contributing to changes in levels of AMU (23).

Farmers registered in the official SDAH census (2014) were contacted by post and were invited to participate in an introductory meeting held in October 2016 in each of the two study districts. In these meetings, the project aims and methods were outlined. Farmers willing to enroll in the study were asked to contact project staff as soon as they restocked with day-old chicks.



Description of the Baseline and the Intervention

During the baseline phase of the study, routine AMU and productivity data were collected from enrolled farms without the provision of any advice. Using a random number generator, we allocated enrolled farms to either an intervention or a control arm. All farms allocated to the intervention arm were supported with a Farmer Training Programme (FTP), where farm owners were invited to participate in six workshops where a poultry veterinarian instructed them on the principles of chicken husbandry, prevention, control of infectious diseases and waste management and a Farm Health Plan (FHP), where each farm was assigned to a Project Veterinarian (PV) who was responsible for providing specific advice to farmers. The PV visited each farm on three different occasions for each flock cycle: (i) early-brooding (weeks 1–2), (ii) late brooding (weeks 3–4), and (iii) grow-out (>2 months) periods. Prior to each visit, the PV reviewed records of productivity and disease over previous cycles, inspected the flock and house/pen, reviewed farmers' records, discussed with farm owner about current production/health issues, and then drafted a list of recommendations to address them. In addition, the PV recommended the farm owner to use an antimicrobial replacement product, either a liquid phytogenic solution containing essential oils (Product A) or a yeast fraction-containing product (Product B) for 3 days a week over the first 10 weeks of the production cycle. Product A was recommended to flocks with a history of diarrhoeal disease in previous cycles; for all other flocks the PV recommended Product B. By providing these products we aimed at allaying the farmers' anxiety about reducing or eliminating antimicrobials during the early phase of production, which is critical in terms of disease and mortality. In all visits, the PVs reminded the farmers that healthy birds should not be given any antimicrobials.



Data Collection

Each farmer was provided by project staff with a diary to weekly record data on farming practices, including number of chickens purchased, number of chickens in and out of the flock (number of dead and sold chickens), as well as the types and quantities of antimicrobial products used. The average bodyweight of slaughter-age chickens was also measured by average of total bodyweight of chickens divided for total number of chickens sold. Project staff visited study farms four times (different from PV visits) to verify the data collected, which was subsequently transferred to validated questionnaires and double-entered into a web-based database.



Statistical Analyses

The initially proposed sample size was based on previous quantitative data on AMU in Mekong Delta chicken farms (10). We aimed at recruiting 120 farms and estimated a total of 40 farms for each arm. A sample size of 40 farms per arm, each contributing with 2 cycles investigated during baseline and 2 during the intervention, and a two-sided significance level of 5%, will have 82% power to detect a ~33% reduction, and a 91% power to detect a 50% reduction. Since the study design exploited within-farm correlation of unknown magnitude, the true power was expected to be higher.

The primary outcome was the weekly number doses of antimicrobial active ingredient (AAI) corresponding to 1 kg of live chicken administered to a flock (Weekly ADDkg). Secondary outcomes were “Weekly mortality,” calculated by dividing the number of chickens dying over the week by the total chicken present at the beginning of each week (%), and “Weight of the birds (in units of 100 g) at the time of sale.” The latter was calculated by dividing the total flock weight by the number of chickens sold at the end of the cycle. The correlation between all three outcomes at flock and at week level was investigated using the Spearman's rank correlation coefficient.

Weekly antimicrobial consumption in each flock was expressed as No. of Animal Daily Doses-kilogram (ADDkg). ADDkg was calculated for each antimicrobial contained in each product based on the preparation instructions included in its technical dossier/label. The amounts of antimicrobial product administered each week were multiplied by a dilution factor [for water-administered products, Volume of water (ml)/Weight of product (g); for feed feed administered products, Weight of feed (g)/Weight of product (g)]. The obtained amounts were then divided by the estimated weekly water of feed consumption corresponding to a 1 kg chicken (7*0.225 l of water, 7*0.063 kg of feed). The number of ADDkg per 1,000 kg chicken-days on any given week was calculated by dividing the total of number of ADDkg by the estimated weight of the flock at a given week, and then multiplied by 1,000. The estimated total weight of the flock by week was calculated by multiplying the total number of chickens at the beginning of the week by their estimated weight. The No. ADDkg per 1,000 chicken-days can be interpreted as the number of days (per 1,000) when one chicken is treated or the number of treated chickens daily (per 1,000) (8).
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We built Poisson regression models with for “Weekly ADDkg” and “Weekly mortality.” For the former the offset was the (weekly) total number of chicken-kg days (log); for the latter it was the number of chickens at the beginning of the week (log). In addition, a linear regression model was developed with bodyweight of chickens at the point of sale (kg) as outcome. In all cases, “Farm,” “Flock cycle” and “Week” were modeled as random effects, where “Week” was nested within “Flock cycle,” and the latter was nested within “Farm.” The main variable of interest was the impact of the intervention delivered; therefore, we investigated “Status” (baseline, transition, and intervention) as an explanatory variable in Intervention Arm and “Status” (baseline, intervention calendar time) as an explanatory variable in the Control Arm. “Status = transition” was assigned to those flocks that were not exposed to all three advisory visits for Intervention Arm farms. This occurred to a number of flocks at the beginning of the intervention phase, given that some advisory visits (typically the first and second) were missed. In order to account for the potential confounding effects of “District” and “Flock size” these were forced into a multivariable model; we tested the interactions between “Status = intervention” with “District” and “Flock size” to investigate whether the observed effects were dependent on the geographical location or the size of the flock. Moreover, we investigated whether subsequent cycles over the intervention resulted in improved outcomes by splitting “Status = intervention” into “Status = first intervention cycle” and “Status = subsequent intervention cycle.” The presence of overly influential observations was investigated by testing the model with and without those observations yielding the largest residuals. We used the “survey” package to calculate (farm-flock-week) adjusted estimates and “lme4” package to build statistical models (http://www.r-project.org).




RESULTS


Recruitment of Study Farms

The study took place between October 2016 and November 2019. A meeting with 199 randomly selected farmers from the farm census registered as owners of chickens was held in October 2016. Eighty-eight participating farmers indicating their willingness to restock within 6 months were enrolled. The remaining 14 farms were identified by commune animal health workers or through contact with farmers that had already been enrolled in the study. Therefore, a total of 102 farms were enrolled over the period October 2016 to October 2017. The baseline phase spanned October 2016 to April 2018. The intervention was delivered from May 2018 to November 2019.

The flow of participating farms was complicated by many (n = 63) that stopped farming during the study for financial reasons unrelated to the study. The recruitment and allocation to arms is summarized in Figure 1. Their location is presented in Supplementary Figure 1.

In December 2017 farms that remained in production at the time (n = 66) were randomized to either intervention Arm 1 (n = 22), intervention Arm 2 (n = 22) or a Control arm (n = 22). Following discussion with the farmers, it became apparent that replacement of medicated feed as initially planned for Arm 2 would not be acceptable; therefore, the two intervention arms were merged into one single arm. At the time of the onset of the intervention (May 2018), of 44 farms initially allocated to the intervention, only 31 remained in business; of the 22 allocated to the control, only 8 were still raising chickens. To compensate for the reduced sample size and associated loss in study power, we further allocated four randomly-selected control farms to the intervention arm. Therefore, a total of 35 and 4 farms allocated to the intervention and control arm, respectively, proceeded to the intervention phase (Figure 1).

The intervention commenced with the delivery of the Farmer Training Programme (FTP) in May 2018 to owners of the 35 intervention farms; however, at that time 18 had already restocked with day-olds. Since flocks (n = 22) in these farms were not exposed to all four advisory visits, they were therefore analyzed as “transition” flocks. Four farms assigned to the intervention arm stopped raising chickens shortly after having attended the FTP modules, and were classified as “Baseline-Transition-Stop” farms.

Data collected from 35 farms (31 intervention, 4 control) were eligible for the final analyses. One hundred flock cycles were analyzed as baseline phase (87 in intervention; 13 in control arms) and 89 flock cycles corresponded to the intervention phase (77 intervention farms; 12 in control farms). Of the 77 flocks, 28 (14 farms) were given Product A (an essential oil); and 43 (14 farms) were given Product B (a yeast fraction-based product). Six flocks (3 farms) did not agree with the supplementation of either Product A or Product B.

The median number of chickens restocked per flock was 303 [IQR (inter-quartile range) 200–500], and the median duration of one production cycle was 18 weeks (IQR 16.0–20.0). Each farm raised a median of 5 flocks (IQR 4.0–7.0), 2 (IQR 1.0–2.2) during the baseline and 2 (IQR 1.0–2.5) during the intervention phase. Details of number of flocks per farm and status are shown in Table 1 and Figure 2. Descriptive characteristics of chicken farms by total farms, flocks and weeks were presented in Supplementary Table 1.


Table 1. Categorization of farms based on number of flocks investigated during the baseline phase, transition period, and intervention phase.
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FIGURE 2. Calendar and observation time of the 39 farms recruited during the baseline and intervention phases. These included: Baseline-Transition-Stop farms (n = 4), Baseline-Control farm (n = 4), Baseline-Transition-Intervention (n = 14) and Baseline-Intervention farms (n = 17). A total of 63 farms (61.8% of recruited farms) stopped raising chickens and are not displayed in the graphs.




AMU, Mortality, and Bodyweight of Chicken Flocks

We collected data over 5,872 production-weeks for all study flocks combined; of which 3,899 (66.4%) corresponded to the baseline and 1,973 (33.6%) to the intervention phase. The latter included 396 (6.7%) weeks from transition flocks, 1,350 (23.0%) weeks of full intervention flocks, and 277 (3.9%) weeks from flocks allocated to the control arm. Data on AMU, mortality and bodyweight in these flocks over the baseline, transition and intervention cycles are presented in Table 2.


Table 2. Descriptive data on AMU, mortality and bodyweight of chicken study flocks.

[image: Table 2]

During the baseline phase, flocks (n = 110) raised in the 63 farms that dropped out prior to the implementation of the intervention phase had a higher mortality (weekly average 3.18 per 100 birds; SE ± 0.3), than flocks (n = 109) in 39 farms that proceeded to the intervention (1.52 per 100 birds; SE ± 0.1) (Wilcoxon Test, p = 0.020).

The weekly summary data of the outcome variables and the distribution of flocks concerning these in flocks during the baseline (n = 87) and intervention phases (n = 77) are displayed in Figure 3. Weekly AMU in these flocks was reduced from 343.4 (SE ± 33.5) (baseline) to 223.9 (SE ± 30.0) (intervention) Animal Daily Doses (ADDkg) per 1,000 kg chicken-days (−34.8%) (one-sided Wilcoxon test, p < 0.001). The bodyweight at slaughter-age of chickens of intervention flocks was 1,670 g (SE ± 30), compared with 1,560 g (SE ± 20) during baseline (+7.1%) (one-sided Wilcoxon test, p = 0.006). However, weekly mortality increased from 1.60 (per 100 birds) (SE ± 0.2) to 1.64 (SE ± 0.2) (+2.4%), although the difference was not significant (one-sided Wilcoxon test, p = 0.999).


[image: Figure 3]
FIGURE 3. Comparisons between AMU, mortality and bodyweight by weeks and flocks between baseline (in gray color) and intervention phase (in green color) in 31 eligible farms. Dot-dash red line: Mean. Dashed blue line: Median.


The unadjusted overall mortality increased slightly during the intervention. However, the number of farms that experienced a reduction in mortality exceeded (19/31) than those that increasing it (12/31). The changes in (flock average) values of ADDkg per 1,000 kg chicken-days, mortality and bodyweight between the baseline and intervention phases are displayed in Figure 4. Among intervention flocks, there were 3/77 (3.9%) with an average weekly mortality greater than 12% (12.8, 24.8 and to 26.0%) and a cumulative mortality of >98%; two of these flocks were detected with Highly Pathogenic Avian Influenza (HPAI) and one with Avibacterium paragallinarum, compared with 2/87 flocks experiencing >10% weekly mortality among baseline flocks (one 12.4% and one 12.8%) and cumulative mortality of 100% in these two baseline flocks.


[image: Figure 4]
FIGURE 4. Bi-dimensional arrow charts showing crude (unadjusted) changes between the baseline and the intervention phases with regards to Variable 1 (No. ADDkg per 1,000 kg chicken-days) and Variable 2 (mortality and bodyweight). The arrow indicates the direction of change. Large gray arrows indicate summary result for each pair of variables. Large white arrows indicate overall results. The log10-transformed scale for easier visualization.


In the four farms that were allocated to the control arm, a total of 13 flocks were investigated during the baseline phase, and 12 during the intervention phase. AMU in these decreased from 216.8 (SE ± 71.8) to 182.5 (SE ± 56.3) (Wilcoxon Test, p = 0.857); weekly mortality changed from 1.17 to 1.29 per 100 birds (Wilcoxon test, p = 0.493) and bodyweight changed from 1,680 to 1,600 g (Wilcoxon test, p = 0.511).



Correlation Between AMU and Mortality, Bodyweight

There were significant correlations between weekly AMU (ADDkg per 1,000 kg chicken-days) and mortality (Spearman's rank correlation R = 0.26; p < 0.001). There were, however, no correlations between average bodyweight and AMU (R = −0.06, p = 0.292) or mortality (R = −0.09, p = 0.128) at flock level. The details of these calculations are provided in Supplementary Figure 2.



Modeling

The statistical models investigating the effectiveness of the intervention on AMU, mortality and chicken bodyweight are presented in Table 3. In the univariable models for the Intervention Arm, “Status = intervention” was associated with an overall decreased AMU (HR = 0.33; 95% CI = 0.17–0.65; p = 0.001) (−67%), decreased mortality (HR = 0.57; 95% CI = 0.40–0.82; p = 0.002) (−43%) and increased bodyweight (+100 g; 95% CI 37–164 p = 0.002). The size of the flock was negatively associated with AMU (HR = 0.55, 95% CI 0.36–0.85, p = 0.007), but positively associated with mortality (HR = 1.34; 95% CI 1.02–1.47; p = 0.032). Adjustment for flock size resulted in minimal change in the estimates of AMU (−66%) (HR = 0.34; 95% CI 0.18–0.66; p = 0.002), mortality (−40%) (HR = 0.60; 95% CI 0.41–0.86; p = 0.005) and bodyweight (+100 g; 95% CI 37–164 g; p = 0.002). When the variable level “status = intervention” was replaced by two new variables (first, subsequent cycles), greater reductions in AMU were seen in the subsequent (HR = 0.26, p = 0.003) compared with the first cycle (HR = 0.46; p = 0.066), although the difference between both was not statistically significant (p = 0.298). Similarly, chicken bodyweight further increased during subsequent intervention cycles (+119 g per chicken sold, p = 0.003) compared with the first intervention cycle (+77 g, p = 0.068). However, there was no statistical significance in chicken bodyweight between first and subsequent intervention cycles (p = 0.378). Levels of mortality did not change between first and subsequent cycles (p = 0.967). There were no significant interactions between either “flock size” and “district” and “Status = intervention.” There was no statistical difference in AMU and mortality between flocks using Product A, Product B or those given no additional product. However, flocks that were administered with either Product A and B had increased bodyweight compared with flocks not given any supplementary product (data not shown). Data from these flocks were kept in the final models after confirming that their removal did not change model coefficients to a large degree: AMU reduced from HR = 0.34 including them compared with HR = 0.33 when excluded. With regards to mortality, the removal of these observations resulted in HR = 0.53 compared with HR = 0.60 obtained with the whole dataset.


Table 3. Mixed regression models investigating the effectiveness of the intervention on AMU, mortality, and chicken bodyweight.
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In the control arm, there were no significantly associations between “Status = intervention calendar time” and any of the three outcome variables in either univariable or multivariable models (all p > 0.419). After adjustment of flock size and study district in multivariable models, estimates of AMU and bodyweight increased (+42% and +14 g, respectively) and mortality was reduced (−19%).




DISCUSSION

Through a locally delivered veterinary intervention, we achieved a 66% reduction in antimicrobials (quantified as daily doses) administered to small-scale commercial chicken flocks, alongside a reduction in mortality (−40%). In our crude (unadjusted) analyses AMU reductions were, however, modest (−35%), since our analysis implicitly adjust for week of use and most AMU took place during the early weeks (i.e., the brooding period). Similarly, the crude data indicated a slightly higher mortality during the intervention (+2.4%). However, the adjusted analysis indicated a ~40% reduction in mortality, and weekly mortality was reduced in a majority (19/31, 61.3%) of farms. This discrepancy was explained by unusually high mortality in three intervention flocks.

Unlike other studies involving the delivery of a uniform treatment (i.e., vaccination) (25), our intervention consisted of providing farmers with veterinary advice. The nature of this advice was variable across farms, and was based on specific observations and information collected by project veterinarians from their flocks. This advice included measures to improve flock health and productivity, whilst emphasizing the message that “antimicrobials should not be admnistered to healthy chickens.”

In addition to providing antimicrobial replacement products, the main advice given to farmers focused on biosecurity, cleaning and disinfection, vaccination, litter management, and administration of medicines (including antimicrobials, antiparasitic drugs and other health-enhancing products). The detail of this advice provided and its uptake will be presented elsewhere. The advice provided was based on a persuasive, rather than a restrictive advice. We believe this approach is likely to be more sustainable in the mid-to-long term (26). A similar holistic approach was adopted on a study on pig farms in Belgium, resulting in 52% AMU reduction in pigs raised from birth to slaughter, and by 32% among breeding animals; furthermore, the study resulted in additional productivity gains (20). Similarly, a study conducted in four European Union (EU) countries reported AMU reductions of 3 and 54% in fattening and weaned pigs, respectively, following improvements of herd management practices (19). However, reductions in AMU were not seen in breeding pigs, and the authors attributed it to the concurrent incursion of Porcine Epidemic Diarrhea (PED) in Germany. A study in 20 industrial-scale broiler farms in Europe using a holistic approach resulted in 20% reductions in levels of AMU and 14% increase in gross margins (22).

After consultation with participating farmers during the baseline phase, we were compelled to modify our original protocol by offering selected health-enhancing, antimicrobial replacement products (27) to chicks during the brooding phase. This aimed at allaying the farmers' anxiety about reducing or eliminating antimicrobials during this critical phase of production. Administration of antimicrobials during the brooding phase is standard practice and many antimicrobial-containing commercial formulations are marketed as “brooding medicine” (13). Similarly, many of our study farmers expressed their opposition about changing the feed and therefore we consolidated the two intervention arms into only one arm. Often the advice provided by project veterinarians to farmers was overrun by that given at local veterinary drug shops. Farmers often visit these shops to buy animal feed and other supplies (17). In addition, the antimicrobial product labels often include indications for prophylactic use at a lower dose (28).

Small-scale commercial chicken production using native breeds is widespread in the Mekong Delta of Vietnam, and often represents an upgrade from backyard production. The popularity of this system resides in the preference of the Vietnamese consumer for meat of long-cycle native birds. Native chicken meat reaches a considerably higher price compared with broiler meat (29). However native chickens (and their crosses) are slow growing (>4 months), and preventing disease over such a prolonged period requires sustained efforts (13).

In our study, the identification and enrollment of study farms was challenging due to the fluidity of this type of production system, with many households setting up chicken farms as well as stopping raising chickens altogether. Because of this, a large number of farms did not remain in business over the extended duration of the study. Indeed, flock mortality was an important predictor for farmers giving up raising chickens (data not shown) and a large fraction of our study farms (61.8%) had gone out of business even before the start of the planned intervention phase.

In addition to their previous experience with disease, farmers may start or stop raising chickens depending on circumstances, such as market price of day-olds, commercial feed and poultry meat, income from the sale of the previous flocks or other rural activities. Furthermore, many farmers raised one cycle per year, but not necessarily every year. This was reflected in the lack of experience in chicken husbandry of many farmers (and farm workers). This represents a hurdle for the implementation of correct management practices. This contrasts with a recent study in Belgium, where pig farmers had on average 22.6 years of experience (20). In this context, often antimicrobials are used as replacement of other, most costly, but demanding husbandry practices (14). The incursion of African Swine Fever (ASF) in Vietnam in January 2019 and its spread within the country (30) coincided with the intervention phase in this study. This may have exerted additional pressures over our study farmers. During this time, many farms in ASF-affected provinces switched to chicken production, resulting in increased market availability of low-cost chicken meat, therefore reducing the value of chicken production in our area.

The changes to the initial study design are a testament to the challenges of conducting intervention studies in small-scale farming systems. Initially, we planned to allocate one third of all recruited farms to the control arm in order to measure any environmental influences on AMU, for example, due to public engagement initiatives (television campaigns, work in schools, etc.) that took place in the province under the umbrella of this project. Exposure to these may have inadvertently had an influence on the farmers' decision on AMU beyond the intervention. Given the high number of farms that stopped chicken production, we opted for reducing the size of the control arm to a minimum of four, thus reducing the statistical power of any analysis in that group. However, the descriptive data from this small control group suggests no change between baseline and intervention, and gives additional validity of the observed findings.

The study demonstrates that reducing current high levels of AMU through the provision of veterinary advice is achievable in the Vietnamese small-scale commercial farming context. There was an indication that farmers responded to the advice given. Many farmers, especially the larger ones may even be willing to pay for such a service, since labor costs in Vietnam are relatively low (~25 USD for a 2-h visit). We believe that results and lessons from this study can be adapted other LMICs where small-scale animal production systems are common. However, the usefulness of this approach for with regards to intensive farming systems requires further investigation, since such systems already have their own technical advisory services. Sustainable, long-term reductions in AMU could be reached if links between veterinarians/animal health workers and farmers are built and reinforced. Supplementation with health-enhancing products may be beneficial, but this needs to be further explored. We propose to develop a business case for an advisory service targeting the main livestock-producing regions in the country (Mekong River Delta, Southeast, Central region, Red River Delta), with the value proposition that healthy livestock means profitable businesses.
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Status Farms No. flocks No.weeks AMU Mean (£SE) Mortality Mean (SE) Birds at point of sale

Mean weight (g) (£SE) Mean age (+SE)

Baselne  Baseline-Transition-Stop 9 179 160.0 (+:44.2) 1.26 (£0.4) 1,690 (:40) 19.9 (£0.8)
Baseline-Transition-Intervention 42 728 333.3 (+46.0) 1.43 (£0.2) 1,560 (30) 17.5 (£0.3)
Baseline-Intervention 45 823 352.3 (£48.4) 1.75 (£0.3) 1,660 (:30) 18.5 (£0.4)
Baseline-Intervention (al) 87 1551 343.4 (£33.5) 1,60 (£0.2) 1,660 (:20) 18.0 (£0.9)
Baseline-Control 13 253 216.8 (£71.8) 147 (£0.2) 1,680 (+110) 195 (£0.7)
Baseline-Stop 110 1916 387.7 (£36.2) 3.18 (£0.3) 1,640 (420) 18.3 (20.8)
Al baseline 219 3,899 3485 (£22.8) 233(£02) 1,660 (10) 18.4 (£0.2)

Transion  Baseline-Transition-Stop. 4 74 316.1 (+107.4) 2.62 (£0.8) 1,640 (+70) 18.5 (+1.0)
Baseline-Transition-Intervention 18 322 407.3 (+£82.0) 1.78 (£0.4) 1,630 (:30) 17.9 (£0.5)
Al Transition 22 396 390.3 (+69.6) 1.94 (£0.8) 1,630 (:30) 18.0 (£0.5)

Intervention ~ Baseline-Transition-Intervention 37 648 191.3 (+35.6) 1.92 (£0.4) 1,620 (40) 17.8(£0.4)
Baseline-Intervention 40 702 254.1 (£47.4) 1.39 (£0.4) 1,710 (50) 17.7 (£0.4)
Allntervention 77 1,350 223.9 (+30.0) 1,64 (£0.2) 1,670 (:30) 17.8 (£0.9)

Control  Baseline-Control 12 227 182.5 (£56.3) 129 (£0.3) 1,600 (:60) 18.9 (£0.9)

Al 330 5872 316.3 (£17.6) 211 (£0.1) 1,680 (10) 18.2 (£0.2)

AMU: Expressed as weekly average No. of ADDyg per 1,000 kg chicken-days. Mortality: Percent of chickens dying weekly. Bodyweight: Weight of chickens at slaughter-age.
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Models Weekly ADD'yq Weekly mortalitytt* Chicken bodyweight!tt (unit = 100 ¢)

HR  95%Cl  pvalue HR  95%Cl  p-value ] 95% CI p-value
Intervention Arm

Univariable

Thap Muoi district (baseline = CaoLanh) ~ 0.68 ~ 037-1.26 0220 160 1.13226 0007 073  -080to 1.7 0479
No. of restocked chickens (log) 055 036-085 0007 134 102-147 0032  -008 —0.7810065 0820
Status (baseline = Baseline)

Transition 077 030-201 0598 138 076252 0294  -046 —1.4910058 0390
Intervention 033  0.17-065 0001 057 040-08 0002 100  087to164 0002
Muttivariable 1

Thap Muoi district (baseline = Cao Lanh) 161 1.14-2.29 0.007

No. of restocked chickens (iog) 055 036-085 0007 139 107-181 0015  -005 —0.72100.65 0884
Phase (bassline = Basline)

Transition 086 034-248 0743 185 074245 0327  -045 —1.4910059 0393
Intervention 034 018066 0002 060 041-085 0005 100  037t0164 0002
Multivariable 2

Thap Muoi district (baseline = Cao Lanh) 162 1.14-230 0007

No. of restocked chickens (log) 055 036085 0007 139 107-181 0015  -006 -0.78100.63 0842
Phase (baseline=Baseline)

Transition 086 034-248 0743 185 074245 0327  -046 —1.48100.60 0404
First intervention cycle 046 020-1.05 0086 057 086092 0022 077 —004to159 0068
Subsequent intervention cycle 026 0.10-063 0008 061 040094 0025 149 04410197 0003
Control Arm

Univariable

Thap Muoi district (baseline = CaoLanh) 095 0.15-6.13 0958  1.88 049-7.32 0360 149  -8.74106.71 0672
No. of restocked chickens (log) 0.19 0.04-0.87 0.033 0.08 0.04-0.17 <0.001 1.26 -2.01t04.49 0.471
Status (baseline = Baseline)

Intervention calendar time 107 0.18-623 0937 060 017209 0419  -002 -27210223 0983
Multivariable 3

Thap Muoi district (baseline = CaoLanh) ~ 0.64 ~ 009-1.73 0666 053 022-127 0156 283  -3.19107.88 0594
No. of restocked chickens (log) 045 008-087 0034 007 004045 <0001 173  —1.65104.65 0383
Phase (baseline = Baseline)

Intervention calendar time 142 024-844 0696 081 038174 0591 014 27410221 0905

Multivariable 1 intercepts: T ~11.887 (SE = 1.303); 17 ~11.400 (SE = 0.794); 11716.003 (SE = 1.908). Multivariable 2 intercepts: T ~11.897 (SE = 1.308); 1 ~11.400 (SE = 0.793);
111 16,003 (SE = 1.908). Multivariable 3 intercepts: T —5.135 (SE = 5.539); 11 7.382 (SE = 2.297); 111 4.558 (SE = 12.129).
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