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ABSTRACT

Widespread veterinary use of antimicrobials might 
contribute to the increasing burden of antimicrobial 
resistance. Despite many successful efforts to reduce 
veterinary antimicrobial use in the Netherlands, 
antimicrobial use on a substantial number of farms 
has remained relatively high over the past few years. 
Farm-specific solutions are required to further lower 
antimicrobial use on these farms. Reducing the bur-
den of animal diseases at the farm level by means of a 
structured approach to animal health planning could be 
promising. This intervention study aimed to evaluate 
the main effects of an animal health planning program 
developed by an advisory team consisting of a dairy 
farmer, his veterinarian, and his feed adviser under the 
guidance of a professional facilitator. During an initial 
farm visit, the advisory team developed a farm-specific 
animal health planning program with support from the 
facilitator. After 1 yr, the effects of this program on an-
imal health, production parameters, and antimicrobial 
use were evaluated and compared with control farms 
that did not have a facilitated animal health planning 
program. Antimicrobial use on intervention farms was 
significantly reduced between the start and the end of 
the study period; however, no significant differences 
in the rate of reduction between the intervention and 
control groups could be observed (−19% and −14%, 
respectively). Reduced antimicrobial use did not result 
in negative effects on animal health and production 
parameters during the study period in both groups. On 
intervention farms, a significant positive relationship 
was found between the percentage of completed action 

points at farm level and the percentage reduction in 
antimicrobial use. The level of compliance with action 
points and the quality of collaboration between farmer 
and advisers were positively associated with the accom-
plishment of corresponding objectives. However, the 
total number of objectives was negatively associated 
with the level of compliance with action points and 
tended to be negatively associated with the percentage 
reduction in antimicrobial use at farm level. Gradually 
reducing antimicrobial use without adverse effects on 
animal health and productivity is possible by adjusting 
management practices in a team effort. Fostering good 
collaboration among farmer, veterinarian, and feed 
adviser and focusing on a limited number of objectives 
have positive effects on the outcomes of the animal 
health planning program and antimicrobial use.
Key words: facilitated animal health planning, 
antimicrobial use, implementation, continuous 
improvement

INTRODUCTION

In recent decades, it has become apparent that ex-
tensive antimicrobial use (AMU) in food-producing 
animals might contribute to the increasing burden of 
antimicrobial resistance (WHO, 2012; Van Boeckel et 
al., 2015). Recent evidence shows that reducing AMU 
in livestock is associated with reducing antimicrobial 
resistance levels in farm animals (Dorado-García et al., 
2016). Lowering AMU in farm animals therefore can 
be an effective strategy for containing the increasing 
burden of antimicrobial resistance (Agersø and Aar-
estrup, 2013). Several countries have introduced suc-
cessful policy measures over recent decades to reduce 
AMU in farm animals (Grave et al., 2006; WHO, 2012; 
MARAN, 2015). In the Netherlands, measures include 
strict mandatory reduction targets set by the national 
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government combined with private initiatives to accom-
plish this objective (Speksnijder et al., 2015c). However, 
there is great variation in AMU between farms in the 
Netherlands, indicating that there is room for further 
improvement on farms with higher than average AMU 
(Stichting Diergeneesmiddelen Autoriteit, 2014).

Many animal health problems are still highly preva-
lent in modern farming systems. Thus, focusing on the 
prevention of (infectious) diseases could be an effective 
approach in AMU reduction (Speksnijder et al., 2015a; 
Tremetsberger and Winckler, 2015; WHO, 2015). Ma-
jor advances in understanding animal diseases allow 
us to substantially reduce or prevent animal diseases 
(LeBlanc et al., 2006). The challenge, however, is to 
correctly identify risk factors for animal health, develop 
and consistently implement the required management 
practices, and thoroughly evaluate these in a structured 
animal health planning process (LeBlanc et al., 2006; 
Vaarst et al., 2006; Green et al., 2007; Ivemeyer et al., 
2012; Postma et al., 2015; Speksnijder et al., 2015a; 
Tremetsberger and Winckler, 2015). Crucial herein is 
that animal health planning is farm specific, warrants 
high involvement of the farmer during the development 
and implementation phases, and includes clear action 
points that are unambiguous for those involved (Kris-
tensen and Jakobsen, 2011; Ivemeyer et al., 2012).

Veterinarians increasingly are seen as animal health 
advisers and potentially play an important role in both 
the animal health planning process and the reduc-
tion of AMU. The success of veterinarians in this role 
relies on their abilities to elicit farmers’ opinions and 
values, communicate information clearly to farmers in 
a context of goal setting and regular evaluation, and 
encourage farmers in the implementation of agreed ac-
tion points in a continuous cycle of improvement. This 
is challenging and often fails in practice (Clark et al., 
2001; Jansen et al., 2010; Kristensen and Jakobsen, 
2011; Derks et al., 2012; Main et al., 2012; Whay et 
al., 2012; Speksnijder et al., 2015a; Tremetsberger and 
Winckler, 2015).

Several recent studies have tried, with varying de-
grees of success, to improve animal health parameters 
through the development and implementation of farm-
specific animal health plans, especially in dairy farm-
ing. Most of these studies focused on only one health 
problem (e.g., udder health, claw health), and most did 
not include control farms. To a great extent in these 
studies, external technical specialists (e.g., academic 
staff, disease specialists) performed risk assessments 
and formulated the animal health plans (Green et al., 
2007; Bell et al., 2009; Ivemeyer et al., 2012; Whay 
et al., 2012; Tremetsberger et al., 2015; Tremetsberger 
and Winckler, 2015). Although the outcomes of these 

studies are useful for assessing the effectiveness of spe-
cific interventions on certain animal health indicators, 
ultimately the farm veterinarian, farmer, and other 
farm advisers should collaborate in a structured ap-
proach to animal health planning. Therefore, we con-
ducted a pragmatic randomized controlled trial over a 
1-yr period to test the main effects of an animal health 
planning program conducted by an advisory team con-
sisting of a dairy farmer, his veterinarian, and his feed 
adviser under the guidance of a professional facilitator. 
Our aim was to evaluate this facilitated approach to 
animal health planning and its effects on animal health, 
production parameters, and AMU compared with con-
trol farms.

MATERIALS AND METHODS

More details of the study protocol are described in 
the Supplemental Material (https://doi.org/10.3168/
jds.2016-11924).

Farm Selection

The study named Samen Beter Boeren (“Better 
Farming Together”) was conducted between March 
2014 and June 2015 in the Netherlands. Dairy farmers, 
as well as their veterinarian and feed adviser, were vol-
untarily recruited through advertisements on popular 
farming websites and through extension officers of the 
biggest dairy company in the Netherlands. Farmers 
were eligible for participation if they had an average 
yearly AMU within the signaling zone at that time 
(between 3 and 6 defined daily dose animal, DDDA; 
Stichting Diergeneesmiddelen Autoriteit, 2014). Being 
in the signaling zone was a warning for farmers with 
a higher than average AMU but did not require im-
mediate additional measures. This AMU criterion was 
chosen because there was room for improvement in 
AMU on these farms and because relatively few farms 
had moved to a lower benchmarking zone over the past 
few years. After randomization, 20 farms were assigned 
to the intervention group and 19 farms were assigned 
to the control group. An introductory meeting was held 
before the start of the study to explain the background 
of the study to all participants in both the intervention 
and control groups. The farms in the intervention group 
were enrolled in the intervention activities, whereas 
on the control farms only data were gathered during 
the study period. After the study ended, farms in the 
control group were enrolled in the intervention. During 
the study period, all participants received 2 newslet-
ters describing general affairs related to the project 
(without details on the content of the intervention) and 
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a summary of the introductory meeting. To minimize 
placebo effects, no other contact was made with con-
trol farms during the study period. By the end of the 
study period, 4 dairy farmers from the control group 
decided not to continue with the study due to personal 
problems or loss of interest, resulting in a final control 
group of 15. Ethical board review was not required for 
this study.

Animal Health Planning Process

Preparation. Prior to the start of the study, partici-
pating veterinarians followed a course on communica-
tion and advisory skills (Figure 1). Farmers and feed 
advisers were invited to follow an e-learning course on 
structural animal health planning. Each member of the 
advisory team (farmer, veterinarian, and feed adviser) 
submitted an intake form describing the participant’s 
view on the current performance and points for im-
provements related to animal health.

Intake Farm Visits. Participating farms were ran-
domly assigned to 1 of the 2 professional facilitators 
(IE and RS) who facilitated the animal health planning 
process during the study period. The explicit task of 
the facilitator was to create a culture of teamwork with 
fruitful discussion and to ensure that objectives and 
action points were supported by all participants. The 
facilitator’s role was not to share technical knowledge 
and advice. The facilitators used the intake forms to 

prepare for the initial farm visit. After a short farm 
walk, the advisory team started the development of 
their own animal health plan. Specific, measurable, 
acceptable, realistic, and timely (SMART) objectives 
were set, priorities were chosen, and action points were 
planned.

The action points were summarized on a laminated 
activity plan (A2 paper size: 420 × 594 mm), which was 
returned to the farmer as a reminder. The facilitators 
also provided feedback for individual participants to 
improve their collaboration on animal health planning 
in the future.

After approximately 4 and 8 mo, facilitators ap-
proached the participants by telephone and e-mail to 
remind them about the activity plan, monitor progress 
in the implementation of the action points according to 
the timetable in the action plan, and support advisory 
teams that encountered difficulties in the implementa-
tion. After 1 yr, a final farm visit with the facilitator 
was planned in which the collaboration as a team, the 
implementation of the activity plan, and the objectives 
were evaluated. After this evaluation process, the ad-
visory team was challenged to develop a new animal 
health plan for the upcoming year.

Data Collection

The facilitator assessed the quality of the animal 
health planning process per farm by assigning a score 

Figure 1. Study protocol describing the order of events in the study. During the initial and final farm visits, the farmer, veterinarian, and 
feed advisor met with a facilitator to develop and evaluate their animal health plan.
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between 1 (poor) and 5 (good) on 10 variables grouped 
into 2 scales: aspects concerning preparation for the 
consultation (5 variables) and quality of the collabora-
tion of the advisory team in the animal health planning 
process (5 variables). The collaboration of the advi-
sory team was again assessed by the facilitator after 
the final farm visit. The AMU data at farm level were 
derived from quarterly farm-level AMU reports (via 
MediRund) of the integral quality organization of the 
sector. Farmers in the intervention and control groups 
provided animal health and production data over the 
years preceding and during the study period. Most of 
these data were already available as part of the man-
datory annual Farm Health Plan (Speksnijder et al., 
2015c). Additional production and health parameters 
(e.g., official milk recordings, fertility reports, culling 
data) were derived from the herd improvement compa-
nies and dairy collaboration as far as these were avail-
able (Table 1). The objectives written in the activity 
plans were collected and grouped in the following cat-
egories: udder health, metabolic health and transition 
management, fertility, young stock rearing, housing and 
animal nursing, nutrition and production, collaboration 
within the advisory team, antimicrobial reduction, and 
miscellaneous.

Statistical Analysis

Individual farms were the unit for the analysis. Data 
were analyzed in SPSS version 22 (IBM SPSS Inc., 
Chicago, IL). Data on AMU and animal health param-
eters were checked for normal distribution by creating 
quantile-quantile (Q-Q) plots and performing the Kol-
mogorov–Smirnov test. Log10 transformation or square 
root transformation was performed on nonnormally 
distributed data. The level of statistical significance 
was set at α = 0.05.

The level of compliance with the action points and 
accomplishment of the objectives were rated on a scale 
of 0 to 2 (0 = not at all performed or accomplished; 1 = 
partly performed or accomplished; 2 = fully performed 
or accomplished) to get an idea of the implementation 
and outcomes, respectively, of the animal health plans. 
The mean compliance score of the action points per 
single objective was calculated and ranged between 0 
(none of the action points were performed) and 2 (all 
of the action points were fully performed). An overall 
“objective score” was given to each farm by calculat-
ing the mean from all single objective scores per farm 
as an indication of the level of accomplishment of the 
proposed objectives.

Table 1. Description of antibiotic use and animal health parameters on the study farms

Parameter   Description1   Data source1

DDDA Yearly moving average total antimicrobial use (DDDA) MR
DDDA1 Yearly moving average use of first-choice antibiotics2 (DDDA) MR
DDDA2 Yearly moving average use of second-choice antibiotics2 (DDDA) MR
DDDA3 Yearly moving average use of third-choice antibiotics2 (DDDA) MR
DDDAimm Yearly moving average use of intramammary antibiotics (DDDA) MR
DDDAdc Yearly moving average use of dry cow therapy antibiotics (DDDA) MR
DDDAinj Yearly moving average use of injectable antibiotics (DDDA) MR
DDDAiu Yearly moving average use of intrauterine antibiotics (DDDA) MR
BMSCC Bulk milk SCC (×1,000) MRD, SR
Mastitis Yearly incidence of mastitis treated with antibiotics (per average adult dairy cow) SR
HSCC Average percentage of cows with a high SCC on the MRD (>150,000 cells/mL for heifers and 

>250,000 cells/mL for adult cows)
MRD, SR

New HSCC Average percentage of cows with a new high SCC on the MRD (>150,000 cells/mL for heifers and 
>250,000 cells/mL for adult cows)

 

MF Yearly incidence of milk fever (per average adult dairy cow) SR
Ketosis Yearly incidence of ketosis (per average adult dairy cow) SR
DA Yearly incidence of displaced abomasum (per average adult dairy cow) SR
Metritis Yearly incidence of acute metritis <14 d postpartum (per average adult dairy cow) SR
Endometritis Yearly incidence of endometritis >14 d postpartum (per average adult dairy cow) SR
Lame Yearly incidence of treatments with antibiotics for lameness (per average adult dairy cow) SR
Dead birth Yearly incidence of calves born dead or that died <24 h postpartum (per average calf born/yr) SR, IR
Mortality Yearly mortality rate of young animals >24 h postpartum (per average calf born/yr) SR, IR
Respiratory Yearly incidence of respiratory disorders in calves (per average calf born/yr) SR
Enteritis Yearly incidence of enteritis in calves (per average calf born/yr) SR
Umbilical cord Yearly incidence of umbilical cord infections in calves (per average calf born/yr) SR
Arthritis Yearly incidence of arthritis in calves (per average calf born/yr) SR
1DDDA = defined daily dose animal; MR = MediRund, official antimicrobial use database for dairy farms; MRD = official milk recording data; 
SR = self-recorded by farmer; IR = official identification and registration system for food-producing animals in the Netherlands.
2First-, second-, and third-choice antibiotics as defined by the Dutch Veterinary Antimicrobial Policy Working Group.
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Linear mixed models for repeated measures with first-
order autoregressive covariance matrix were used, with 
variations in repeated measures (i.e., AMU and animal 
health parameters) as dependent variables. Assessment 
time (pre- and postintervention), group affiliation (in-
tervention vs. control), and their interaction were used 
as factors (Ivemeyer et al., 2012; Tremetsberger and 
Winckler, 2015). Regression analyses were used to find 
relationships between several variables on intervention 
farms.

RESULTS

Farm Characteristics

All participating farmers had dairy farming as their 
primary occupation and kept their cows in freestall 
barns. Farmers were evenly distributed over the whole 
country. Participating intervention and control farms 
had an average milk quota of 912,111 kg (±587,582) 
and 793,731 kg (±277,436), respectively, at the start of 
the project. Total arable land was 60.1 ha (±31.2) and 
51.2 ha (±15.4) per farm, respectively. Fifty percent 
of the intervention farms and 60% of the control farms 
grazed their cows on pastures during the summer peri-
od. Other characteristics are given in Table 2. Although 
intervention farms were on average larger in terms of 
numbers of animals, total annual milk production, and 
arable land, farm sizes were not significantly different 
between the 2 groups.

AMU Characteristics

The average AMU at the start of the study (at the 
second quarter of 2014) was numerically but not sig-
nificantly higher in the intervention group (DDDA = 
3.74 ± 1.19) compared with the control group (DDDA 
= 3.41 ± 0.63; P = 0.334; independent samples t-test; 
Table 3). The AMU in the intervention and control 
groups decreased significantly during the study period 
(Pperiod = 0.001). In the intervention group we found 
a significantly lower AMU at the end of the study 
period compared with the start of the study (−19%; 
P = 0.026), whereas in the control group the AMU 
was not significantly different from the initial situation 
(−14%; P = 0.091; Table 3). The rate of reduction 
in AMU between the intervention and control groups, 
however, was not significant (Pgroup×period = 0.498). The 
average AMU in all dairy farms in the Netherlands in 
the same period decreased from 2.58 to 2.20 DDDA 
(−15%). Retrospective data from 7,025 dairy farms 
with an AMU in the same percentile (between 3 and 
6 DDDA) as the study farms in the first quarter of 
2014 showed a 23% reduction in AMU (from 3.64 to T
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2.89 DDDA) between the first and fourth quarters of 
2014 (MediRund data, unpublished data), whereas the 
intervention and control farms had a reduction of 24% 
and 19%, respectively, in the same period (which partly 
overlapped the study period).

Correcting for herd size or production level did not 
change the outcomes. The significant decrease in total 
DDDA between the year before and after the start of 
the study in the whole study group (intervention and 
control groups) was attributed mainly to a significant 
decrease in the use of second-class antimicrobials (Pperiod 
= 0.003), dry cow treatments (Pperiod = 0.009), and 
antimicrobials applied per injection (Pperiod = 0.014) 
during the pre- and postintervention periods.

Health Parameters

Animal health parameters were not significantly 
different between the intervention and control groups 
at the start of the study (independent samples t-test). 
Most animal health parameters improved slightly over 
time on intervention farms, which was more pronounced 
than on control farms. However, no significant differ-
ences between the intervention farms and the control 
farms were observed for changes in the major health 
parameters over the study period except for endometri-
tis (Pgroup×period = 0.006; Table 4).

Compliance and Its Effects on Intervention Farms

A total of 92 objectives were formulated on the 20 
intervention farms (mean = 4.6; median = 4 objec-

tives/farm) along with 262 associated action points 
(mean = 13.1 action points/farm; median = 12.5). On 
the intervention farms (Table 5), 186 (71%), 29 (11%), 
and 47 (18%) action points were fully, partly, and not 
implemented, respectively, and 34 (37%), 38 (41%), 
and 20 (22%) objectives were fully, partly, and not ac-
complished, respectively.

The number of formulated objectives per farm was 
negatively associated with the mean compliance score 
for the action points and the percentage complete 
compliance of action points per farm in the interven-
tion group (P = 0.029, R2 = 0.238, β = −0.112 and P 
= 0.005, R2 = 0.329, β = −0.092, respectively; linear 
regression analysis) and tended to be negatively related 
to the rate of reduction in average yearly DDDA (P 
= 0.083, R2 = 0.158, β = −0.068). The percentage of 
complete compliance with the action points per farm 
was positively correlated with the rate of reduction in 
DDDA (P = 0.036, R2 = 0.222, β = 0.529). However, 
we found no association between the overall objective 
score and changes in DDDA (P = 0.441) at the farm 
level.

An increase in the mean compliance score was associ-
ated with an increase in the accompanying objective 
score—odds ratio = 2.066 (95% CI: 1.076–3.967), Wald 
χ2 (1 df) = 4.752, P = 0.029 (ordinal regression analy-
sis)—and tended to be positively associated with the 
reduction rate in average yearly DDDA (P = 0.114, R2 
= 0.133, β = 0.271; linear regression analysis).

The facilitator’s rated quality of collaboration in the 
first consultancy meeting was positively associated with 
the rated quality of collaboration during the evalua-

Table 3. Antimicrobial use parameters (expressed in defined daily dosages animal) for intervention and control farms in the year before the start 
of the study (pre) and the year after the start of the study (post) and the effects of period (time), group (intervention or control), and period 
× group interaction on antimicrobial use

Item   Period Intervention Control
National  

mean

Model effects (P-value)

Group Period
Group  

× period

Total antibiotic use at farm level Pre 3.744 ± 1.186* 3.413 ± 0.630 2.58 0.399 0.001 0.498
Post 3.032 ± 0.704* 2.924 ± 0.877 2.20

Use of first-choice antibiotics Pre 2.696 ± 1.048 2.067 ± 0.887 1.74 0.073 0.146 0.291
Post 2.283 ± 0.579 2.000 ± 0.875 1.59

Use of second-choice antibiotics Pre 1.041 ± 0.501 1.346 ± 0.807 0.83 0.249 0.003 0.581
Post 0.745 ± 0.286 0.917 ± 0.651 0.60

Use of third-choice antibiotics Pre 0.008 ± 0.0167* 0.000 ± 0.000* 0.00 0.401 0.872 0.064
Post 0.004 ± 0.011 0.005 ± 0.016 0.00

Antibiotics used for intramammary treatment Pre 0.758 ± 0.411 0.739 ± 0.352 0.55 0.929 0.119 0.852
Post 0.649 ± 0.288 0.627 ± 0.280 0.52

Antibiotics used for dry cow therapy Pre 1.531 ± 0.630 1.484 ± 0.501 1.20 0.758 0.009 0.816
Post 1.245 ± 0.442 1.213 ± 0.592 0.91

Antibiotics used for injection Pre 1.281 ± 0.667 1.082 ± 0.553 0.68 0.545 0.014 0.339
Post 1.015 ± 0.554 0.963 ± 0.512 0.66

Antibiotics used for intrauterine treatment Pre 0.175 ± 0.194 0.101 ± 0.128 0.10 0.422 0.333 0.151
Post 0.107 ± 0.128 0.100 ± 1.09 0.08

*Significant differences between pre- and postintervention periods or between intervention and control groups (P < 0.05).
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Table 4. Mean animal health parameters for intervention and control farms in the year before the start of the study (pre) and the year after 
the start of the study (post) and the effects of period (time), group (intervention or control), and period × group interaction on animal health 
parameters

Parameter   Period Intervention Control

Model effects (P-value)

Group Period
Group  

× period

Mean bulk milk SCC (×1,000) Pre 174.6 ± 78.0 168.5 ± 29.2 0.988 0.919 0.190
Post 178.4 ± 72.3 160.1 ± 34.7

Mastitis incidence (%) Pre 26.1 ± 15.2 26.3 ± 11.3 0.580 0.933 0.410
Post 25.0 ± 17.3 27.9 ± 13.3

Cows with high SCC (%) Pre 16.9 ± 8.2 14.9 ± 3.6 0.605 0.700 0.886
Post 16.9 ± 7.9 15.3 ± 4.5

Cows with new high SCC (%) Pre 8.1 ± 3.1 8.0 ± 2.3 0.959 0.688 0.816
Post 7.8 ± 3.0 7.9 ± 1.4

Incidence of milk fever (%) Pre 6.7 ± 5.0 10.4 ± 9.5 0.339 0.206 0.206
Post 6.2 ± 4.8 8.1 ± 7.8

Incidence of ketosis (%) Pre 8.2 ± 8.4 7.4 ± 5.9 0.655 0.056 0.741
Post 4.5 ± 4.8 5.6 ± 5.3

Incidence of retained fetal membranes (%) Pre 8.9 ± 6.5 8.7 ± 6.2 0.994 0.000 0.798
Post 6.2 ± 4.9 6.5 ± 4.8

Incidence of metritis (%) Pre 5.3 ± 4.0 4.6 ± 3.3 0.908 0.037 0.937
Post 3.1 ± 2.1 3.6 ± 4.1

Incidence of endometritis (%) Pre 8.4 ± 6.3 5.6 ± 4.1 0.929 0.578 0.006
Post 6.1 ± 7.1 7.5 ± 5.5

Incidence of lameness (%) Pre 5.7 ± 4.9 4.6 ± 3.5 0.535 0.791 0.689
Post 5.5 ± 3.6 5.1 ± 3.9

Incidence of dead birth (%) Pre 8.4 ± 4.6 9.2 ± 5.1 0.762 0.556 0.109
Post 8.8 ± 3.1 7.4 ± 3.5

Mortality rate (%) Pre 4.1 ± 4.0 3.4 ± 3.0 0.942 0.947 0.401
Post 3.0 ± 3.0 3.2 ± 2.4

Incidence of respiratory infections (%) Pre 5.6 ± 5.3 7.3 ± 7.1 0.061 0.771 0.147
Post 3.7 ± 3.3* 10.6 ± 10.7*

Incidence of calf diarrhea (%) Pre 14.1 ± 13.3 8.9 ± 8.7 0.459 0.869 0.086
Post 10.5 ± 9.7 13.1 ± 7.9

Incidence of umbilical cord infections (%) Pre 2.4 ± 1.9 2.5 ± 2.1 0.931 0.430 0.716
Post 2.7 ± 2.4 1.6 ± 2.4

Incidence of arthritis (%) Pre 0.8 ± 1.3 1.3 ± 2.3 0.591 0.626 0.945
Post 0.7 ± 1.2 0.9 ± 1.5

*Significant differences between pre- and postintervention periods (P < 0.05).

Table 5. Number of formulated objectives per focus area and percentage of intervention farms with objectives in this focus area, average 
objective score,1 total number of action points per focus area, mean compliance score for the action points per focus area,2 and percentage of 
action points with full compliance per focus area

Focus area

Formulated  
objectives  

[no. (% of farms)]

Mean  
objective  

score (0–2)

Action  
points/focus  
area (no.)

Mean  
compliance  
score (0–2)

Action points  
with full  

compliance  
(%)

Udder health 18 (80) 0.94 68 1.63 78
Claw health 13 (60) 1.08 29 1.24 55
Metabolic health and transition management 9 (35) 1.33 23 1.43 61
Fertility 11 (50) 1.00 35 1.50 71
Young stock rearing 12 (50) 1.33 33 1.69 88
Housing and animal nursing 6 (30) 1.50 22 1.22 45
Collaboration 6 (30) 1.33 7 1.10 43
Nutrition and production 7 (35) 1.29 19 1.80 84
Antibiotic reduction 5 (25) 1.20 13 2.00 100
Miscellaneous 5 (25) 0.80 13 1.22 54
Total or average 92 1.16 262 1.50 72
10 = objective not accomplished; 1 = objective partly accomplished; 2 = objective fully accomplished.
20 = noncompliant; 1 = partly compliant; 2 = fully compliant.
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tion consultancy meeting (P = 0.012, R2 = 0.300, β = 
0.734) and the mean objective score (P = 0.005, R2 = 
0.358, β = 0.351; Figure 2). A positive tendency was 
apparent between the quality of collaboration in the 
first consultancy meeting and mean compliance score 
per farmer (P = 0.091, R2 = 0.151, β = 0.206).

DISCUSSION

During the study period, total AMU over all study 
farms decreased significantly. Intervention farms had a 
significant reduction in total AMU between the start 
and end of the study, which was less pronounced and 
not significant on control farms. However, the rate of 
reduction was not significantly different between both 
groups. The results from our study indicate that struc-
tured animal health planning can reduce AMU while 
sustaining high animal health. This approach can be 
useful when a reduction in AMU is dictated by external 
forces. In the intervention group, positive relationships 
were found between the quality of collaboration among 
farmer, veterinarian, and feed adviser in the animal 
health planning process and the compliance with ac-
tion plans and achievement of objectives; this suggests 

the added value of constructive collaboration between 
farmers and their advisers in animal health planning.

The facilitated animal health planning process in 
our study contained all the key features of a structured 
animal health planning strategy, including farm-specific 
targeted advice and the steps of a continuous improve-
ment process, such as situation analysis, action plan-
ning, implementation, regular review, and adaptation 
(Clark et al., 2001; Tremetsberger and Winckler, 2015). 
Some possible limitations, however, were identified.

Animal health parameters were for a large part sup-
plied by dairy farmers, and they might be based on 
farmers’ memory rather than on proper record keep-
ing, thus leading to errors. Where possible, these self-
reported data were checked using other reliable data 
sources. However, we have no reason to assume that 
these errors will be different between groups and over 
time and therefore will not influence the differences 
found between intervention and control farms (Ive-
meyer et al., 2012).

The MediRund quarterly AMU reports are based on 
the amount of prescribed antimicrobials at farm level 
and might deviate from the actual use in the study 
period due to stockpiling on a farm. However, taking 

Figure 2. Relationship between rated quality of collaboration within the advisory team at the first consultancy meeting (5-point scale) and 
mean objective score (0-to-2 scale).
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the yearly average AMU will negate the effect of stock-
piling.

The absence of significant differences in AMU reduc-
tion rates and animal health parameters between the 
intervention and control farms during the study period 
might partly be explained by a lack of power. Despite 
many efforts to incorporate 50 farmers, only 39 farm-
ers pledged to participate, and 4 control farms decided 
to withdraw during the study period. A period of 1 
yr might be too short to find significant differences in 
animal health parameters and antimicrobial reduction 
rates (Bell et al., 2009; Ivemeyer et al., 2012; Tremets-
berger and Winckler, 2015). Implementing manage-
ment changes costs time, and it takes even more time 
until results become visible. We found a tendency for 
intervention farms to reduce faster than control farms 
over the period of 1 yr. In a recent study by Tisdall et 
al. (2015), it took some years before a real decline in 
AMU became observable.

In anticipation of the abolishment of the milk quota 
system in spring 2015, many dairy farmers increased 
their herd sizes. This may have resulted in farmers con-
servatively treating animals with antimicrobials to avoid 
any risk of losing an animal and being less inclined to 
cull animals with dormant diseases (Santman-Berends 
et al., 2016). This probably explains to some extent the 
relatively moderate reduction in AMU compared with 
the national reduction.

In our study, the focus was to improve multiple 
animal health parameters at the same time. From the 
literature, it appears that it is easier to focus all efforts 
on improving a single health parameter at a time (e.g., 
udder health; Tremetsberger and Winckler, 2015). This 
is substantiated by our findings that the number of 
objectives per action plan was inversely associated with 
the compliance with action points. It might therefore 
be advisable to focus on a limited number of objectives 
and action points when developing an animal health 
planning program.

Determinants for AMU

The reduction in AMU was attributed mainly to a 
decrease in antimicrobials used in dry cow therapy and 
second-choice antimicrobials. This can be explained by 
the introduction in early 2014 of a new guideline to 
set restrictions on the application of blanket dry cow 
therapy in order to shape the compulsory ban on pro-
phylactic AMU and the routine use of second-choice 
antimicrobials in veterinary medicine in the Nether-
lands (Speksnijder et al., 2015c; Stichting Diergenees-
middelen Autoriteit, 2015). This resulted in a 30% 
reduction in antimicrobial dry cow treatments in 2014 
in the Netherlands (MediRund, unpublished data), of 

which a substantial part were second-choice antimicro-
bials (Stichting Diergeneesmiddelen Autoriteit, 2015).

In terms of animal health, available data indicated 
that herds in our study did not seem to perform differ-
ently from the average Dutch dairy herd when udder 
health and calf mortality were compared (Santman-
Berends et al., 2014, 2016). The other animal health 
parameters were also comparable with the Dutch 
average. However, AMU remained higher than aver-
age on our study farms, indicating that determinants 
other than herd health level might also influence total 
AMU. In human medicine, the influence of attitudes, 
risk perception, and risk aversion of medical doctors 
is widely acknowledged to influence antimicrobial pre-
scribing practices apart from rational clinical consider-
ations (Hulscher et al., 2010). The same phenomenon 
likely is at play in dairy farming, where attitudes and 
risk perceptions of farmers and veterinarians probably 
influence the level of unnecessary (extended) antimi-
crobial treatments with subsequent effects on total 
AMU. Other authors have suggested that differences in 
mind-set and risk perception are determinants for total 
AMU in dairy farming; this needs further investigation 
(Swinkels et al., 2015; Stevens et al., 2016).

Control Farms

After the study on the intervention farms ended, it 
appeared that several control farms had started consul-
tancy meetings with their veterinarian and feed adviser 
on their own initiative. Although limited to a mini-
mum, some contact with control farms (by means of a 
newsletter) was regarded as essential to keeping them 
motivated to provide data. This unintentionally could 
have triggered them to initiate some measures together 
with their advisers. Simply being in the signaling zone 
for AMU did not require additional measures (Stichting 
Diergeneesmiddelen Autoriteit, 2015). The combina-
tion of being in a high benchmarking zone for AMU 
and being part of a study aiming to reduce AMU might 
have created a sense of urgency to work at reducing 
AMU and might have affected daily management. This 
phenomenon, known as the Hawthorn effect, is known 
to influence outcomes in randomized controlled studies 
in dairy farming as well as in studies aiming to alter the 
antimicrobial prescribing behavior of general practitio-
ners (Mangione-Smith et al., 2002; Main et al., 2012; 
Tremetsberger and Winckler, 2015). This influence 
probably led to an underestimation of the real effects 
of our intervention. Recruiting farmers on a voluntary 
basis might have introduced a selection bias for farmers 
with more motivation to reduce AMU compared with 
fellow farmers. The approach as described in this study 
therefore may not necessarily work for dairy farmers 
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with less motivation to reduce AMU (Tremetsberger 
and Winckler, 2015).

Facilitated Animal Health Planning

Feedback from participating advisory teams indicat-
ed that a facilitator contributed to a more structured 
approach of their animal health planning. In our study, 
the advisory teams could generate realistic objectives 
and implementable action points with positive effects 
on AMU reduction. The need for implementable ac-
tion points that are supported by the farmer is sub-
stantiated by our findings that higher compliance led 
to better outcomes. A 71% complete compliance with 
the action plan is relatively high compared with other 
studies, probably indicating the importance of heavy 
involvement of the farmer and daily advisers in the 
planning process (Green et al., 2007; Barker et al., 2012; 
Whay et al., 2012; Tremetsberger and Winckler, 2015). 
Ownership of a farmer is known to be a key element 
in animal health planning as it improves compliance 
(Green et al., 2007; Vaarst et al., 2010; Kristensen and 
Jakobsen, 2011; Tremetsberger and Winckler, 2015). 
Bell et al. (2009), for example, found poor compliance 
and no effects of an action plan to improve lameness in 
dairy cows, probably because farmers and veterinarians 
were not fully involved in the assessment and planning 
processes (Tremetsberger and Winckler, 2015).

Another explanation for success could be that the 
facilitator frequently followed up on the action points, 
which improved compliance (Tremetsberger and Winck-
ler, 2015). The downside of ownership and involvement 
of farmers could be that without specific assessment 
protocols, important health issues or risk factors poten-
tially could be missed. Considering the high compliance 
with action points and high level of accomplishment 
of objectives, it might be possible that the advisers 
in our study hesitated to really challenge their farmer 
to formulate objectives that would have had a great 
effect on DDDA in order to maintain a good relation-
ship (Speksnijder et al., 2015b). Independent external 
experts could possibly stimulate farmers to formulate 
more ambitious action points (Kristensen and Jakob-
sen, 2011). However, to safeguard compliance, these 
ambitious goals should not compromise ownership by 
the farmer.

CONCLUSIONS

In this article, we presented the results of an animal 
health planning intervention study with a control group 
on animal health parameters and AMU on conventional 
dairy farms in the Netherlands over the period of 1 yr. 

A significant reduction in AMU was observed on study 
farms without obvious adverse effects on animal health 
parameters and productivity, indicating the value of 
structured animal health planning in reducing AMU 
while sustaining good animal health. Good collabora-
tion among farmer, veterinarian, and feed adviser and 
ownership in animal health planning on dairy farms 
have a positive influence on the compliance with action 
plans and achievement of objectives.
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