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ABSTRACT Antimicrobial resistance is a global
threat for both human and animal health. One of the
main drivers of antimicrobial resistance is inappropri-
ate antimicrobial use in livestock production. The aim
of this study was to examine the technical and eco-
nomic impact of tailor-made interventions, aimed at re-
ducing antimicrobial use in broiler production. Histor-
ical (i.e., before intervention) and observational (i.e.,

after intervention) data were collected at 20 broiler
farms. Results indicate that average daily gain and mor-
tality generally increased after intervention, whereas
feed conversion and antimicrobial use decreased. Eco-
nomic performance after interventions was generally
higher than before the interventions. Sensitivity anal-
yses on price changes confirm the robustness of the
findings.
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INTRODUCTION

The introduction of antimicrobials in the second half
of the 20th century has made a significant contribution
to animal health and welfare as well as production
efficiency (Odonkor and Addo, 2011; Speksnijder et al.,
2015b). Within the animal production sector, pig and
broiler production are top sectors using antimicrobials
(Filippitzi et al., 2014; van Boeckel et al., 2015). Be-
sides therapeutic treatments, antimicrobial agents are
used for prophylactic purposes (i.e., disease prevention),
metaphylactic purposes (i.e., group treatment when one
or more animals of a flock or herd show disease symp-
toms), and growth promotion (McEwen and Fedorka-
Cray, 2002). An important negative consequence of
antimicrobial use (AMU) is the potential risk for public
health as it contributes to the selection and spread
of antimicrobial resistance (AMR), especially when
antimicrobials are used inappropriately (e.g., excessive
use or under dosing of antimicrobials). Hence, there is
societal and political pressure to reduce AMU. This is
also reflected in current legislation in the EU and North
America that aims to reduce AMU in food animals, like
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the introduction of evidence-based therapeutic antimi-
crobial guidelines as well as banning the use of antimi-
crobial agents as growth promoters. However, reducing
AMU is not straightforward due to the high efficacy of
antimicrobials and their relatively low cost (Lhermie
et al., 2017). Generally, there is agreement among pol-
icy makers and scientists that the use of antimicrobial
growth promoters is not necessary since proven man-
agement alternatives are available which yield similar
economic results (Aarestrup et al., 2010; Maron et al.,
2013). Prophylactic use is also considered as overuse
since application occurs even when there are no symp-
toms of disease. However, for metaphylactic and ther-
apeutic use, it is less clear whether the use is justified.

Veterinarians can play an important role in reduc-
ing AMU by farmers (Speksnijder et al., 2015a; Currie
et al., 2018). Tackling farm-specific problems through
tailor-made interventions might therefore be an impor-
tant tool in reducing (the need for) AMU. Studies in pig
production have shown that AMU can be reduced with-
out jeopardizing technical performance (e.g., Postma
et al., 2017). However, the farmers’ main objection to
implement new strategies for further reducing AMU ap-
peared to be mainly financial (Visschers et al., 2015).
Hence, there is a need to investigate the economic im-
pact of reducing AMU. Existing studies on the impact
of AMU on economic performance have focused on sub-
stituting improved management practices, particularly
biosecurity measures, for AMU in commercial pig pro-
duction (Rojo-Gimeno et al., 2016; Postma et al., 2017).
The possibilities of reducing AMU in broiler produc-
tion through the application of tailor-made interven-
tions have not been investigated so far. In addition,
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existing studies did not yet examine the impact of such
interventions on technical and economic performance.
In the light of the foregoing, the aim of this study was
to examine the impact of tailor-made interventions in
broiler production, aimed at reducing AMU, on techni-
cal and economic performance.

MATERIALS AND METHODS

Data

The data used in this study were collected at 20
broiler farms within the context of an European project
regarding AMR by using convenience sampling. The
data are from 1 of the 9 European countries included in
the framework of the project. Within the consortium,
it was agreed to anonymize the countries. The broiler
farms in this study were conventional farms with an in-
tended slaughter age lower than 60 D and a growth rate
higher than 55 g/d. Farms generally have multiple poul-
try houses, where each poultry house houses between
10,000 and 40,000 birds and the stocking density is 10
birds or more per square meter. Farmers’ participation
in the survey used in this study was voluntary. Based
on the first farm visit and historical production data
of each farm (containing the data of at least 6 different
flocks), the type of interventions was defined in a farm-
specific action plan aimed at reducing AMU. Based on
the interventions described in the action plan, further
farm visits were planned to evaluate the interventions
and/or to start new interventions (if needed).

For each participating farm, historical data (i.e., be-
fore intervention) and observational data (i.e., after in-
tervention) were collected on a flock basis. Data were
collected with respect to technical performance, such as
average daily gain (ADG), feed conversion rate (FCR),
mortality (MR), and AMU. Data on AMU were quan-
tified in a standardized manner by using the treat-
ment incidence (TI) as described by Persoons et al.
(2012). The TI is defined as the number of animals per
1,000 that are treated daily with one defined daily dose
(DDDVET). The DDDVET is defined as average main-
tenance dose per day and per kg chicken of a specific
drug (Jensen et al., 2004). The following formula was
used to calculate the TI1,000 (see equation 1):

TI1,000 =
total amount of antimicrobial adminstered (mg)

DDDV ET (mg/kg) · number of days at risk · kg chicken
· 1,000 animals at risk (1)

The number of flocks in both the historical and the
observational data differs per farm. Historical data
were available for 136 flocks (i.e., an average of 6.8
flock observations per farm) and observational data for
206 flocks (i.e., an average of 10.3 flock observations
per farm).

The data were strictly screened by project part-
ners. However, additional screening of technical per-
formance indicated some large deviations within farms

(e.g., a FCR higher than 2 or an ADG higher than 80
g/d). These deviations were considered potential out-
liers (i.e., potential experimental errors). A total of 36
observations with potential outliers and missing data
were observed. Thereafter, the project partner that col-
lected the data checked the potential outliers by recal-
culating the performance indicators based on additional
data that were not incorporated in this study. Finally,
13 potential outliers appeared to be correct, 12 poten-
tial outliers were corrected, and 11 observations with
outliers (9) or missing data (2) were removed. Details
with respect to the screening of the data can be found
in the Appendix (see Table A.1).

In addition to the data of the intervention farms, sim-
ilar data from 13 non-intervention broiler farms were
collected. These farms are semi-control farms since no
specific action plan was developed nor implemented.
However, regular veterinary practices have taken place
at these farms. The data of these farms were therefore
used to compare the results of the intervention farms
with the results of non-intervention farms.

Definition of Intervention

Following definitions on intervention in human
medicine by Davey et al. (2017), an adapted definition
of intervention is any act, fact, or measure on where
and why antimicrobial agents are used with the partic-
ular aim to reduce (the need for) AMU. Interventions
in the present study can focus on the farmer, farm,
and animal. Interventions regarding the farmer are also
known as persuasive interventions, which are targeted
actions against specific AMU, the review of treatments
and rules to omit preventive treatments and to limit
to therapeutic indications. These interventions mainly
aim at changing the attitude of farmers and convinc-
ing farmers to reduce AMU. Interventions aimed at the
farm are mainly aimed at farm management, while in-
terventions aimed at the animals are mainly aimed at
disease management (i.e., susceptibility of animals to
diseases). Both interventions related to the farm and
the animals are also known as structural interventions.
The type and number of interventions depend on the

tailor-made action plan that was established according
to the specific problems on the farm, and can therefore
vary between farms.

Statistical Tests

Interventions in the present study were based on
the individual characteristics of the farm. In addition,
the baseline for both AMU and farm performance



6646 ROSKAM ET AL.

was different for each farm. Consequently, assessing
causal dose–response relations between intervention,
AMU, technical farm performance, and economic farm
performance was not possible. Statistical tests were
therefore limited to the degree of change for each
individual farm, and each farm is therefore used as its
own control.

The non-parametric Wilcoxon rank-sum test (also
known as the Mann–Whitney U test) was used to com-
pare whether 2 independent samples (i.e., historical
and observational) of a dependent variable (i.e., either
ADG, FCR, MR, AMU, or gross margin) are from pop-
ulations with the same distribution (Wilcoxon, 1945;
Mann and Whitney, 1947). The unbalanced designs
and small sample size in the present study are likely
to violate the assumptions of the independent samples
t-test (Altman and Bland, 1995). The Wilcoxon rank-
sum tests were carried out in Stata/SE 15.0 (Stata
Statistical Software: Release 15. College Station, TX:
StataCorp LLC), which provides the z statistic and
corresponding P-value. In addition, an estimate of the
probability that a random draw from the historical
data is larger than a random draw from the inter-
vention data was obtained for each farm and for each
variable. This probability was calculated by dividing
the Mann–Whitney U statistic by a multiplication of
both sample sizes.

Effects of intervention might only be visible after a
certain lapse of time. The presence of such a lag pe-
riod was tested by removing the observational data of
the technical performance variables one by one (i.e.,
the first flock from the observational data was removed
first; next the second flock was removed, and so on).
Results of the Wilcoxon rank-sum tests after remov-
ing flock observations from the observational data are
presented in the Appendix (see Tables A.2–A.5). Each
table shows the results of a separate dependent vari-
able with respect to technical farm performance. The
results do not provide clear evidence of a lag period,
and all observational data were therefore included in
the subsequent analyses.

Economic Impact

The economic impact of on-farm intervention is esti-
mated in 2 different ways. First, by calculating the eco-
nomic value (EV) of changes in technical performance,
and second by assessing the impact on the gross margin.

Economic Value of Changes in Technical Perfor-
mance The EV of the change in single technical per-

formance parameters (including ADG, FCR, and MR)
is calculated using the historical and the observational
data. The EV of the change in ADG (EVADG) was es-
timated in 2 ways. The first way assumed that the
cycle duration is constant and computes the change
in slaughter weight following a change in ADG (see
equation 2).

EVADG = ΔADG · CD

· ((PP − (FCR · FP )) · 10, 000 DO) (2)

where ΔADG is the change in average daily gain when
comparing average historical data and the intervention
flock under review
CD is the cycle duration, which is an average of the
observational data;
PP is the producer price per kilogram meat
FCR is the FCR of the intervention flock under review
FP is the feed price per kilogram feed
DO is the number of day-old chicks at set-up

Within this equation, the change in ADG (compared
with the historical average) was multiplied with the cy-
cle duration, in order to calculate the total change in
slaughter weight. An increase (decrease) in weight re-
sults in a higher (lower) revenue. However, there was
also an effect on the feed costs, since a change in feed
intake compensates a change in slaughter weight. The
change in feed consumption was estimated by multiply-
ing the change in slaughter weight with the FCR. This
was multiplied with the feed price to express the change
in feed consumption, resulting in the EV of a change in
ADG per broiler. For comparison reasons, this was mul-
tiplied by 10,000 animals at set-up.

The second way to computing the EV of a change
in technical performance assumed a constant slaughter
weight while the cycle duration changes with the change
in ADG (Gocsik et al., 2013). In that case, the assump-
tion of constant slaughter weight holds (see equation 3).

EVADG =

(
365(

SL−ST
ADGti

)
+EP

− 365(
SL−ST
ADGt0

)
+EP

)
· (RV − (DP + ((SL− ST ) · FCR · FP ) + DC)) · 10,000 DO

365(
SL−ST
ADGt0

)
+EP

(3)

where SL is the slaughter weight
ST is the weight at set-up
ADGti is the ADG of the intervention flock under
review
EP is the empty period
ADGt0 is the average ADG of the historical data
RV is the revenue per broiler
DP is the day-old chick price
DC is the cost of delivery
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Table 1. Descriptive statistics technical inputs (mean and standard deviation in parentheses).

Technical input variable Historical Observational Unit

ADG 62.605 (4.010) 64.928 (3.223) Grams
AMU 152.273 (121.900) 126.531 (93.161) TI1000
Cycle duration 41.815 (1.484) 41.833 (1.214) Days
FCR 1.583 (0.059) 1.579 (0.052) Feed/meat ratio
Mean weight 2.406 (0.146) 2.489 (0.130) Kilograms
MR 2.543 (1.199) 2.788 (1.048) Percentage
Number of broilers slaughtered 43,301 (22,301) 42,055 (21,571) Animals
Number of chicks at set-up 44,478 (22,967) 43,236 (22,146) Animals

ADG, average daily gain; AMU, antimicrobial use; FCR, feed conversion rate; MR, mortality.

Dividing the overall growth by the ADG provided
the duration of the production cycle. The total number
of days required for one flock equals the cycle duration
plus 14 D, which equals the empty period of the
poultry house for cleaning and disinfection. Dividing
365 D by the total number of days required for one
flock provides the number of flocks produced per year.
The number of flocks per year was estimated with
the ADG of the intervention flock (ADGti) and the
historical ADG (ADGt0). The difference between the
2 is multiplied by the gross revenue per animal (i.e.,
slaughter weight multiplied by the producer price),
which was corrected for the direct variable costs per
broiler (i.e., price of a day-old chick, feed costs, and
costs of delivery). The gross margin was multiplied by
10,000 animals at set-up. The outcome was divided by
the average number of production cycles per year to
make the estimated variables comparable across farms.

Equation 4 shows the calculation of the EV of a
change in FCR (EVFCR).

EVFCR = ΔFCR · (SL− SW ) · FP · 10,000 DO
(4)

where ΔFCR is the change in feed conversion rate when
comparing average historical data and the intervention
flock under review.

The first step in computing the EVFCR was multiply-
ing the change in the FCR by the weight gain (slaughter
weight minus starting weight). A lower (higher) FCR
indicates that less (more) feed is required. The change
in required feed was finally multiplied by both the feed
price and 10,000 animals at set-up.

The EV of a change in MR (EVMR) is calculated per
flock, using equation 5.

EVMR = ΔMR · 10,000 DO

·
(
DP +

(
(PP · SL) −DP

2

)
−DC

)

(5)

where ΔMR is the change in mortality when comparing
average historical data and the intervention flock under
review.

Mortality was assumed to occur in the middle of the
production period, and therefore the lost revenue was
divided by 2. A side effect of mortality is the cost of

Table 2. Economic inputs.

Economic input variable Unit

Producer price 0.835 €/kg
Feed price 0.315 €/kg
Day-old chick price 0.335 €/animal
Total other variable costs 0.185 €/animal

Source: Blanken et al. (2016).

delivery that can be subtracted. Fixed costs per broiler
may also change because of a change in mortality. How-
ever, these potential cost changes are not taken into
account in the present study.

Gross Margin Analysis

The second step in analyzing the economic impact
of tailor-made interventions was gross margin analy-
sis, which measures the difference between the revenue
and the variable costs of the farm. The model described
by Gocsik et al. (2013) was adapted to calculate the
economic impact of intervention on the gross margin.
Details about the calculations regarding the gross mar-
gins can be found in the Appendix (Table A.6). Subse-
quently, the average gross margin obtained from histor-
ical data was compared with the average gross margin
obtained from observational data. The model distin-
guishes technical inputs and economic inputs.

Table 1 presents the technical inputs. The high stan-
dard deviation for the number of broilers slaughtered
and number of chicks at set-up is caused by the high
variation in the size of the farms included.

The main drivers of farm income are selected as the
economic inputs. Revenues and costs determine farm in-
come. Revenues are predominantly driven by the pro-
ducer price and the slaughter weight. The main cost
drivers are feed costs and purchase of day-old chicks
(Mollenhorst et al., 2006; Castellini et al., 2012).

Table 2 presents the economic inputs used to cal-
culate both returns and variable costs. The economic
input data were derived from the Handbook for Quan-
titative Information Livestock (Blanken et al., 2016).
Although the data do not originate from the same coun-
try as the country where the farms in the present study
are located, the data may very well reflect the situation
as broiler production takes place in similar production
systems and under similar market conditions.
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Table 3. Results of the Wilcoxon test (z-statistic and P-value in parentheses).

Farm ID ADG FCR MR AMU Gross margin

1 −2.364 (0.018)* −0.798 (0.425) −1.725 (0.085)† 1.597 (0.110) −1.026 (0.305)
2 −2.627 (0.009)** −0.999 (0.318) −0.946 (0.344) 0.735 (0.462) 1.155 (0.248)
3 1.161 (0.246) −0.898 (0.369) −0.844 (0.399) −0.954 (0.340) 1.265 (0.206)
4 −0.707 (0.480) 0.944 (0.345) 0.826 (0.409) 1.768 (0.077)† −0.825 (0.409)
5 −1.593 (0.111) −0.408 (0.683) −1.952 (0.051)† −1.676 (0.094)† −1.857 (0.063)†
6 −2.636 (0.008)** 0.375 (0.708) −2.676 (0.007)** 3.372 (0.001)** −0.187 (0.851)
7 −0.050 (0.960) −1.608 (0.108) −2.067 (0.039)* −0.201 (0.841) 1.206 (0.228)
8 0.317 (0.751) 2.258 (0.024)* −0.705 (0.481) −1.586 (0.113) −1.657 (0.098)†
9 −3.465 (0.001)** 1.771 (0.077)† −0.627 (0.531) −0.037 (0.971) −1.769 (0.077)†
10 −2.406 (0.016)* 1.405 (0.160) −0.301 (0.764) 0.735 (0.462) −3.274 (0.001)**
11 −0.053 (0.958) 1.695 (0.090)† −2.172 (0.030)* 3.334 (0.001)** 1.323 (0.186)
12 0.525 (0.600) 0.315 (0.753) 1.155 (0.248) 1.470 (0.142) −0.630 (0.529)
13 −2.172 (0.030)* −0.832 (0.405) −1.768 (0.077)† 0.794 (0.427) −1.234 (0.217)
14 −0.945 (0.345) 0.841 (0.401) 1.261 (0.207) 0.105 (0.916) −1.785 (0.074)†
15 −0.714 (0.475) −1.367 (0.172) −2.286 (0.022)* −1.857 (0.063)† 1.857 (0.063)†
16 −0.265 (0.791) −1.403 (0.161) −1.579 (0.114) −0.040 (0.968) 1.754 (0.079)†
17 1.775 (0.076)† 2.470 (0.014)* −0.425 (0.671) 0.772 (0.440) −2.392 (0.017)*
18 −1.960 (0.050)† 1.958 (0.050)† 1.429 (0.153) 1.852 (0.064)† −1.217 (0.224)
19 −2.556 (0.011)* 2.018 (0.044)* −1.006 (0.314) −1.278 (0.201) −1.095 (0.273)
20 −3.130 (0.002)** −3.258 (0.001)** −2.432 (0.015)* 0.463 (0.643) 3.240 (0.001)**

†P ≤ 0.10, *P ≤ 0.05, and **P ≤ 0.01.
ADG, average daily gain; AMU, antimicrobial use; FCR, feed conversion rate; MR, mortality.

Sensitivity Analysis

Prices in broiler production are characterized by high
volatility. Therefore, a sensitivity analysis was con-
ducted to assess the effect of ±5% and ±10% changes
in producer price, feed price, and day-old chick price
on the EV of the changes in technical performance and
gross margins. Since the economic impact is standard-
ized to 10,000 animals at set-up, the effect of changes in
day-old chick price on the gross margin cannot assessed.

RESULTS

On-Farm Interventions

During the intervention period, 119 interventions
were carried out. An overview of the interventions is
presented in the Appendix (see Table A.7). About
51.26% of the interventions undertaken targeted the
animals (i.e., disease management), 19.33% of the in-
terventions targeted the farmer, and 29.41% targeted
the farm (i.e., farm management). Interventions were
mainly addressing coccidiosis, feed, and training of the
farmer. Costs of applying the interventions were not
included in the present study. However, the change in
gross margin when comparing the historical data and
the observational data gives an indication of the max-
imum price an economically rational farmer is willing
to pay for the intervention(s). An economically farmer
is a farmer who takes decisions consistent with his/her
own subjectively defined goals (Hardaker et al., 2015).

Comparing Historical and Observational
Data

Table 3 shows the z statistic and P-value resulting
from the Wilcoxon rank-sum test. The results indicate
a significant difference between the historical and the

Table 4. Probability that the random draw of the variable of the
historical data is larger than the random draw from the variable
of the observational data.

Farm ID ADG FCR MR AMU Gross margin

1 0.122* 0.333 0.224† 0.755 0.286
2 0.109** 0.352 0.359 0.609 0.672
3 0.683 0.358 0.367 0.354 0.700
4 0.389 0.648 0.630 0.778† 0.370
5 0.273 0.442 0.221† 0.260† 0.234†
6 0.111** 0.556 0.104** 1.000** 0.472
7 0.492 0.258 0.189* 0.470 0.682
8 0.543 0.805* 0.405 0.286 0.276†
9 0.010** 0.750† 0.411 0.495 0.250†
10 0.179* 0.688 0.460 0.598 0.063**
11 0.492 0.754† 0.175* 1.000** 0.698
12 0.578 0.547 0.672 0.719 0.406
13 0.175* 0.333 0.222† 0.619 0.278
14 0.359 0.625 0.688 0.516 0.234†
15 0.381 0.274 0.119* 0.190† 0.810†
16 0.462 0.295 0.269 0.495 0.756†
17 0.740† 0.833* 0.443 0.604 0.177*
18 0.206† 0.794† 0.714 0.778† 0.317
19 0.033* 0.867* 0.317 0.267 0.300
20 0.018** 0.000** 0.125* 0.571 1.000**

†P ≤ 0.10, *P ≤ 0.05, and **P ≤ 0.01.
ADG, average daily gain; AMU, antimicrobial use; FCR, feed conver-

sion rate; MR, mortality.

observational data on 10 different farms with respect to
ADG. In addition, significant differences are found on 7
farms with respect to FCR, and a significant difference
for MR was found on 8 farms. For AMU, a significant
difference was found on 6 farms, whereas a significant
difference in gross margin was found on 9 farms.

Table 4 shows the probability that a random draw
from the historical data of the selected dependent
variable is larger than the observational data. For
example, the probability scores of 1.00 indicates that
a random draw from the historical data with respect
AMU is always larger than a random draw from the
observational data.
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Table 5. Results economic value (EV) of changes in technical performance (standardized to
10,000 animals at set-up) shown as average per farm with standard deviation in parentheses.

Farm ID
EVADG constant

cycle duration (€)
EVADG constant

slaughter weight (€) EVFCR (€) EVMR (€)

1 676 (254) 283 (124) −379 (244) −90 (128)
2 623 (399) 257 (164) −222 (337) −36 (90)
3 −325 (363) −115 (123) −71 (144) −53 (105)
4 273 (443) 129 (200) 129 (282) 80 (65)
5 395 (504) 170 (206) −27 (294) −57 (45)
6 468 (423) 193 (189) 82 (724) −100 (93)
7 32 (501) 29 (187) −734 (634) −77 (73)
8 −28 (428) −7 (165) 315 (175) −31 (85)
9 919 (280) 382 (136) 341 (313) −58 (162)
10 268 (201) 108 (83) 117 (213) −9 (85)
11 19 (233) 11 (97) 142 (209) −92 (40)
12 −85 (361) −24 (125) 79 (335) 145 (107)
13 428 (335) 179 (142) −49 (330) −49 (62)
14 192 (389) 75 (140) 114 (258) 82 (95)
15 128 (268) 49 (97) −123 (129) −133 (87)
16 59 (452) 39 (194) −228 (411) −146 (230)
17 −173 (285) −65 (105) 331 (290) 28 (66)
18 405 (442) 174 (182) 481 (257) 101 (67)
19 1,554 (926) 703 (472) 490 (214) −86 (154)
20 891 (216) 394 (110) −699 (249) −144 (126)
Average
(Std. deviation)

336 (442) 148 (190) 5 (338) −36 (83)

Economic Value of Changes in Technical
Performance

Table 5 shows the results of the EV of changes in
technical performance. For each farm, the EV is calcu-
lated by comparing the average technical performance
based on the average historical data with the technical
performance for all observational flocks separately. Re-
sults presented in Table 5 are the average EV per farm
for each technical performance indicator. In addition,
an overall average for all farms is indicated. The stan-
dard deviations are shown in parentheses. The results
show that the EV of the change in ADG (for both calcu-
lations) and FCR were generally positive, whereas the
change in MR was generally negative. The EV when as-
suming a constant cycle duration is structurally higher
compared to the EV when assuming a constant slaugh-
ter weight. The standard deviations are high relative to
the mean value, which indicates high variability among
the EVs. The equations used to calculate the EV of the
change in technical performance are interlinked (i.e.,
the equation of one technical performance parameter
also depends on one or more other technical perfor-
mance parameters). Hence, the EV of the changes in
technical performance have to be assessed individually
and adding the EV of the different performance indica-
tors would provide an overestimation of the effect.

Gross Margin Analysis

Within the gross margin analysis, the difference be-
tween the average gross margin based on the histor-
ical data and the average gross margin based on the
observational data was calculated per farm. Table 6
shows the average of these differences in gross margin

Table 6. Change in gross margin and antimicrobial use (AMU)
when comparing the historical data and the observational data.

� Gross margin � AMU

Farm ID (€) (%) (TI1000) (%)

1 359 32 −41 −20
2 −394 −26 −60 −36
3 −295 −18 39 19
4 294 23 −58 −41
5 545 24 45 99
6 −42 −2 −307 −362
7 −413 −25 −1 −1
8 830 42 53 57
9 648 64 31 32
10 639 41 −2 −1
11 −299 −24 −230 −57
12 243 20 −57 −60
13 408 23 −34 −26
14 783 56 −5 −4
15 −399 −28 13 17
16 −569 −25 7 5
17 547 78 −39 −18
18 580 43 −36 −15
19 490 46 67 34
20 −1,149 −67 −61 −31
Average
(Std. deviation)

140 (546) 14 –34 (91) −20

per farm, both in absolute and relative terms. In ad-
dition, the change in AMU (both in absolute and rel-
ative terms) is shown for each farm. Although the re-
sults show different combinations regarding the change
in gross margin and AMU, the results generally indi-
cate that a decrease in AMU does not have negative
consequences for economic performance.

Table 7 shows the results of the change in gross mar-
gin and AMU for the semi-control farms (both in ab-
solute and relative terms). When comparing the results
of the intervention farms and the semi-control farms,
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Table 7. Results of the change in gross margin and antimicrobial
use (AMU) when comparing the historical data and the obser-
vational data of the (non-intervention) semi-control farms.

� Gross margin � AMU

Farm ID (€) (%) (TI1000) (%)

1 −452 −18 −5 −4
2 223 18 12 7
3 −333 −11 114 359
4 −1,195 −47 −39 −51
5 −768 −34 21 9
6 −651 −23 3 3
7 −420 −16 −12 −8
8 −576 −28 51 173
9 790 48 12 11
10 −1,546 −86 135 208
11 −1,264 −44 3 2
12 −158 -9 −36 −20
13 804 79 −66 −21
Average
(Std. deviation)

−427 (721) −13 (42) 15 (57) 51 (120)

some differences can be observed. For the semi-control
farms, the gross margin generally decreased while
AMU increased. For only farm (i.e., farm 13), a de-
crease in AMU coincided with an increase in economic
performance.

Sensitivity Analyses

Table 8 shows the results of the sensitivity analyses
for both the EV of the change in technical performance
and the gross margin. The numbers shown in the table
are an average for all farms in the sample. The aver-
age EV of a change in a technical performance parame-
ter and the average gross margin are only shown when
either the EV or the gross margin changes due to a
price change. A change in the producer price affects
the EVMR, both calculations of the EVADG, and the
gross margin. The EVMR has a small negative relation-
ship with the producer price, while both estimations of
the EVADG have a strong positive relationship with the
producer price and the gross margin.

A change in the feed price influences the EVFCR, both
calculations of the EVADG, and the gross margin. The
EVFCR has a positive relation with the feed price. There
is a negative relationship between both estimations of
the EVADG and the feed price. If the feed price increases,

the gross profit margin per broiler decreases, and conse-
quently the EVADG decreases. Hence, the gross margin
also has a negative relationship with the feed price.

The price of a day-old chick affects both the EVMR
and the EVADG constant weight. The effect of a change in
day-old chick price on the EVMR is limited. There is
a negative relationship between the EVADG constant weight
and the price of a day-old chick, since an increase in day-
old chick price decreases the gross profit margin. Since
the gross margin is standardized for a default farm with
10,000 animals at set-up, no effect of changes in day-old
chick price are observed.

The results of the sensitivity analyses (see Table 8)
indicate that the difference in the gross margin before
and after intervention, both expressed per 10,000 ani-
mals at set-up, is always positive (even when the pro-
ducer price drops with 10% or when the feed price
increases by 10%). Hence, an economically rational
farmer who takes decisions consistent with his/her own
subjectively defined goals (Hardaker et al., 2015) will
apply the intervention as long as the economic value of
the intervention is greater than the costs of applying
the intervention.

DISCUSSION

The aim of this study was to analyze the effects of
tailor-made interventions, aimed at reducing (the need
for) AMU, on technical and economic farm performance
on broiler farms. Only few studies in the domain of com-
mercial broiler production focused on building blocks
for interventions to reduce AMU. Caucci et al. (2019)
identified several factors that inform the design of in-
terventions to further reduce AMU in broiler produc-
tion and therefore counteract AMR in this sector. How-
ever, to the best of our knowledge no studies assessed
the effect of on-farm interventions aimed at reducing
AMU on the technical and economic farm performance,
and AMU in commercial broiler farms. The lack of
published research on interventions to reduce AMU in
broiler flocks highlights the importance and novelty of
the present study. The results of the present study can
therefore only be compared to similar studies carried
out in commercial pig production.

Table 8. Results sensitivity analysis on the economic value of changes in technical performance and the gross margin of the intervention
farms (indices are shown in parentheses).

Price Performance parameter 10% price decrease 5% price decrease Baseline 5% price increase 10% price increase

Producer price EV ADG constant cycle duration 253 (75) 295 (88) 336 (100) 377 (112) 419 (125)
EV ADGconstant weight 86 (58) 117 (79) 148 (100) 179 (121) 210 (142)
EV MR −33 (91) −35 (96) −36 (100) −38 (104) −39 (109)
� Gross margin 80 (57) 110 (78) 140 (100) 171 (122) 201 (143)

Feed price EV FCR 4 (90) 4 (95) 5 (100) 5 (105) 5 (110)
EV ADGconstant cycle duration 385 (115) 361 (107) 336 (100) 312 (93) 287 (85)
EV ADGconstant weight 185 (125) 166 (112) 148 (100) 130 (88) 112 (76)
� Gross margin 187 (133) 164 (117) 140 (100) 117 (83) 94 (67)

Day-old chick price EV ADGconstant weight 159 (107) 154 (103) 148 (100) 144 (97) 139 (93)
EV MR −36 (99) −36 (99) −36 (100) −36 (101) −37 (101)
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Results of this study indicate that ADG generally
increased after intervention. Rojo-Gimeno et al. (2016)
found similar results in a study regarding the effects of
interventions in farrow-to-finish pig farms in Flanders
(i.e., northern region in Belgium). FCR generally de-
creased after intervention on the broiler farms. Postma
et al. (2017) found similar results in Flemish pig pro-
duction. Generally, mortality increased after interven-
tion in the present study, which contrasts the results
of Rojo-Gimeno et al. (2016) and Postma et al. (2017)
with respect to farrow-to-finish pig farms in Belgium.
A possible explanation for the increase in mortality is
that the persuasive interventions applied in the present
study partly aim to develop rules to omit preventive
treatments and limit to curative treatments. Interven-
tions might result in increased mortality when the ap-
plication was incorrect or when the effect was insuf-
ficient. AMU generally decreased on the farms in the
sample. This result is in line with the results of Rojo-
Gimeno et al. (2016) and Postma et al. (2017) with re-
spect to farrow-to-finish pig farms in Belgium. Postma
et al. (2017) even found a reduction in AMU of more
than 50%.

Statistical tests in the present study were limited
to the degree of change in AMU, technical farm per-
formance, and economic farm performance for each
individual farm. Assessing causal dose–response rela-
tions was therefore not possible. However, the most
frequently employed interventions in the present study
were coccidiosis control, feed, and training of the farmer
(see Table A.7). Coccidiosis is the most important pro-
tozoan disease affecting the poultry industry (including
broiler production) worldwide, and the control of coc-
cidiosis is currently mainly based on managerial skills
and the use of anticoccidial feed additives (Tewari and
Maharana, 2011). Given the importance of the train-
ing of the farmer, knowing farmer AMU behaviours is
essential. Speksnijder and Wagenaar (2018) have pro-
vided a review of common AMU behaviours and po-
tential actions to change the behaviour of farmers with
respect to AMU. However, interventions for changing
AMU behaviours are more likely to occur on farms
with antimicrobial overuse. Possibilities for improve-
ment in technical and economic farm performance on
these farms are therefore less obvious.

Sensitivity analysis has shown that the results with
respect to economic farm performance are robust.
Results from semi-control farms indicate that gross
margins generally decreased, whereas AMU generally
increased over the same period. This outcome strength-
ens the finding that interventions can have a positive
impact on AMU, technical performance, and economic
performance. However, the results of this study fail to
provide a proof for the causality of the relations between
interventions and impacts on both farm performance
and AMU. In addition, application costs of intervention
and the changing health care costs resulting from the
observed change in AMU were not taking into account

in this study since data regarding these costs were miss-
ing. Future research should therefore focus on testing
the causality of relations between intervention, tech-
nical farm performance, economic farm performance,
and AMU. In addition, costs of applying both inter-
vention and AMU have to be incorporated in future
studies.

Although the present study focused on broiler farms
from one specific country, the findings are relevant for
countries that face similar concerns with respect to re-
ducing AMU (e.g., other European countries) and de-
velop their production in a similar direction. However,
participation in the survey used in the present study
was voluntary, and therefore it is likely that participat-
ing farmers were more intrinsically motivated to reduce
AMU. In that respect, effects of intervention might be
different when interventions are mandatory.

To conclude, results of the present study have shown
that intervention can result in reduced AMU. In ad-
dition, the results show that a decrease in AMU does
not have negative consequences for both technical and
economic farm performance.
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APPENDIX

Table A.1. Overview of missing data and (potential) outliers.

Farm ID Flock Type of data Parameter Explanation

1 1, 2, 4–7 Historical FCR All values were checked by the veterinarian; the values of the first 2 flocks were
correct, the values of the last 4 flocks were incorrect and therefore removed

3 10 Observational ADG,
FCR, and
MR

Missing data; data could not be obtained

6 8–12 Observational ADG All values were checked by the veterinarian; and replaced by the correct data
7 2, 4 Historical FCR Not enough evidence to assume that the observations were incorrect
7 10, 11 Observational ADG All values were checked by the veterinarian; and replaced by the correct data
8 1 Historical ADG The value was checked by the veterinarian and corrected afterwards
9 13–16 Observational FCR All values were checked by the veterinarian, and replaced by the correct data
11 3–5 Historical MR Not enough evidence to assume that the observations were incorrect
12 6 Historical FCR The value was checked by the veterinarian, and appeared to be correct
12 5 Observational FCR The value was checked by the veterinarian, and appeared to be correct
13 1, 3, 5,

and 6
Historical FCR All values were checked by the veterinarian; the value of the first flock was corrected,

the values of the other flocks were incorrect and therefore removed
13 3 Historical MR Not enough evidence to assume that the observation was incorrect
13 7 Historical MR Missing observation; data could not be obtained
14 1 Historical ADG The value was checked by the veterinarian and corrected afterwards
16 5 Historical MR Not enough evidence to assume that the observation was incorrect
16 5 Historical MR The veterinarian checked the value; in this flock, there were problems in the climate

control within the stable. Consequently, all technical performance indicators of this
flock were considered as outlier and removed.

19 3 Observational ADG The value was checked by the veterinarian, and appeared to be correct
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Table A.6. Overview used equations in the gross margin analysis.

Description Equation

Total feed used by
delivered animals (kg)

(Cycle duration ·FCR ·ADG
1,000

) · number of broilers slaughtered

Total revenue Mean weight · number of animals slaughtered · producer price
Total feed costs (Total feed used by delivered animals · feed price per kg) +( (

cycle duration·FCR·ADG
1,000

)
·(number of animals slaughtered−number of animals at set−up)

2
· feed price per kg

)

Total costs day-old chicks Number of day − old chicks at set − up · day − old chick price
Total feed profit Total revenue − total feed costs − total costs day − old chicks
Total other variable costs Number of day − old chicks at set − up · other variable costs per day − old chick
Gross margin Total revenue − total feed costs − total costs day − old chicks − total other variable costs

Gross margin per 10,000
animals at set-up

Gross margin
Number of day−old chicks at set−up

· 10, 000 day − old chicks at set − up
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