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A B S T R A C T

In Japan veterinary antimicrobials are used most in the pig production sector. However, there is a paucity of data
on the quantity of antimicrobials used on pig farms in Japan. This study describes antimicrobial use on Japanese
pig farms in 2015, 2016 and 2017 in terms of mg of active ingredient per kg of PCU (population correction unit).
Data on antimicrobial use from a total of 72 farrow-to finish farms over these three years were used in the study.
The results revealed that the average use of antimicrobials in 2015, 2016 and 2017 was 304.8 (SD=226.3),
311.2 (SD=241.0) and 342.9 (SD=291.3) mg/kg PCU, respectively. Most (97%) of the antimicrobials were
administered orally. The most commonly used antimicrobials were tetracyclines, followed by macrolides, pe-
nicillins and sulfonamides. Tohoku was the region in which the lowest quantities of antimicrobial were used
whilst South Kanto was the region in which the largest amount was used. The use of antimicrobials was on the
increase in the North Kanto, South Kanto and Kyushu regions.

1. Introduction

Increased antimicrobial resistance to bacteria that cause infections
in humans is a worldwide public health threat. Currently, about
700,000 people die from infections caused by resistant bacteria every
year. If no proactive solutions are taken to decrease drug resistance,
some 10 million lives per year could be at risk from drug resistant in-
fections by 2050 (O’Neill, 2016). The antimicrobial resistance in animal
pathogens can lead to therapy failure with a negative impact on animal
health and welfare (Bengtsson and Greko, 2014). In response to a re-
quest from the United Nations World Health Organization (WHO), the
Japanese government adopted a national action plan against anti-
microbial resistance in April 2016. This action plan sets strategic ob-
jectives to lower the proportion of tetracycline-resistant Escherichia coli
and to maintain the proportion of E. coli resistant to the third genera-
tion cephalosporin and fluoroquinolones in food-producing animals at
the same level as in other G7 countries by 2020 (Government of Japan,
2016). Bacterial resistance arises through complex mechanisms, nor-
mally through by mutation and selection, or by acquiring the genetic
information that encodes resistance from other bacteria (Holmes et al.,

2016). Therefore, reducing the selection pressure by reducing anti-
microbial usage is considered to be one of the important strategies to
lower resistance rates (Holmes et al., 2016). As in European countries,
over half of the veterinary antimicrobials purchased in Japan is used in
pigs (Bos et al., 2013; Filippitzi et al., 2014; Hosoi et al., 2014; Van
Boeckel et al., 2015). Therefore, reducing the use of antimicrobials and
the promotion of a prudent use in pig production are important if the
action plan objectives are to be achieved.

There is no global consensus on antimicrobial use data collection
and reporting methods but many activities to achieve this are underway
(Collineau et al., 2017). Under the European Surveillance for Veterinary
Antimicrobial Consumption (ESVAC) project, EU member countries
routinely report total quantities of antimicrobials sold in food animals
as mg of active ingredient, adjusted by animal biomass (population
correction unit: PCU) (European Medicine Agency (EMA, 2018). In
Denmark, the Netherlands, some other European countries and Canada,
dosage-based indicators are used to monitor antimicrobial usage at the
farm level (Staten Serum Institute, 2018; Netherlands Veterinary
Institute (SDa), 2018; AACTING-network, 2018).

In Japan, sales of antimicrobials for veterinary use are monitored
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under the Japanese Veterinary Antimicrobial Resistance Monitoring
System (JVARM) established in 1999 (Ministry of Agriculture, Forestry
and Fisheries (MAFF, 2018b). This monitoring revealed that between
600 and 700 tons of antimicrobials were sold annually for veterinary
use and that the sales amount has not decreased since 2015 (AMR One
Health Trend Research Meeting, 2018; Ministry of Agriculture, Forestry
and Fisheries (MAFF, 2018b; Takagi et al., 2019) despite the various
measures taken as part of the action plan and the guidelines issued by
the Ministry of Agriculture, Forestry and Fisheries for the promotion of
prudent use of antimicrobials in animals in 2013 (Ministry of
Agriculture, Forestry and Fisheries (MAFF, 2013).

With the global and national importance of collecting antimicrobial
usage data and the previous gaps in knowledge of antimicrobial use in
pig farms in Japan, this study aims to describe temporal changes in
antimicrobial use from 2015 to 2017 in Japan, providing regional
variations, using the weight of antimicrobial ingredient per PCU as an
indicator.

2. Materials and methods

2.1. Pig production in Japan and selection of pig farms used for the analysis

There are 4320 pig farms raising 9,156,000 pigs in Japan as of
February 2019 (Ministry of Agriculture, Forestry and Fisheries (MAFF,
2019). Kyushu and Kanto were the two principal pig-producing regions
with 2,879,100 pigs (31.4%) and 2,272,120 pigs (24.8%), respectively,
followed by the Tohoku region (16.3%) and the Chubu region (7.3%).
Most (85.9%) of the farms are farrow-to-finish farms (Japan Pig
Producers Association (JPPA, 2018) with each farm keeping an average
of 247 sows. Around 1000 pig farms are estimated to be in contract

with veterinarians who are the members of Japanese Association of
Swine Veterinarians (JASV). Of these, 136, 139 and 128 pig farms
participated in PigInfo in 2015, 2016 and 2017, respectively. PigInfo is
a benchmarking system that monitors the productivity of pig farmers.
The system was developed jointly by the JASV and the National Agri-
culture and Food Research Organization (https://www.piginfo.jp/
setsumei001.html). Of these farms, 72 farrow-to-finish farms with no
record of sales or purchase of weaners or fatteners and for which data
on antimicrobial use were available over the three-year study period
were analysed in this study.

2.2. Data collection on antimicrobial usage

Based on prescription records of JASV veterinarians, data on the
annual use of antimicrobials on the selected pig farms were collected
during the period from 1 January 2015 to 31 December 2017. To cal-
culate the weight in grams of active ingredient administered, we used a
seven-digit ID coding system developed by Matsuda et al. (2018) based
on the WHO Anatomical Therapeutic Chemical Veterinary (ATCvet)
classification system (https://www.whocc.no/atcvet/). In this coding
system, the seven-digit code is used as a unique identifier for each
antimicrobial package size, dosage and formulation of the antimicrobial
presentation. A unique seven-digit code is attributed to each approved
antimicrobial product for use in pigs in Japan, and identifies which
antimicrobial class (13 classes) and sub-class (42 sub-classes) the pro-
duct is classified into and which administration route (oral and par-
enteral) is used for administration. The 13 antimicrobial classes include
the following: tetracyclines, amphenicols, penicillins, cephalosporins,
sulfonamides, trimethoprim, macrolides, lincosamides, aminoglyco-
sides, quinolones, polymixins, pleuromutilins and others. The specific

Fig. 1. Locations of 72 farrow-to-finish pig farms analysed in this study Numbers in italics indicate the number of pig farms and pigs in the respective regions of Japan
as of 1 February 2019.
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classification of antimicrobials used on the farms studied is presented in
Supplementary Table 1 (Table S1). In calculating from international
units (IU) to the weight in grams of active ingredient and from prodrug
content of content of active ingredient for some antimicrobials, the
same conversion factors as used by ESVAC were applied (European
Medicine Agency (EMA, 2018).

2.3. Database

A database was constructed entering, for each farm, the data on the
use of antimicrobials for 2015, 2016 and 2017 by class and by ad-
ministration route (oral and parenteral) in mg of active ingredient. In
addition, data were included on the region in which the pig farm is
located (Hokkaido-Tohoku, North Kanto, South Kanto, Chubu and
Kyushu) (see Fig. 1 for the locations of these regions and the number of
farms included in the analysis) and the number of sows kept on each
farm, together with the number of fattening pigs shipped for slaughter
(including the number of pigs selected for replacement gilts). These
data were obtained from the PigInfo database. Data on the number of
sows were available for only 33 farms and consequently the number of
sows for the other farms were estimated using the number of fattening
pigs shipped for slaughter from these farms and the average number of
slaughtered pigs per sow on the 33 farms for which the data on the
number of sows were available.

2.4. Indicator used to measure antimicrobial use on each pig farm

The annual quantities of antimicrobials used on a farm in mg of
active ingredient per kg of PCU (mg/kg PCU) was used as an indicator
to measure antimicrobial use at farm level. The amount of PCU for each
farm was calculated as the sum of biomass of sows and biomass of
fattening pigs shipped for slaughter. Standard weights of 240 kg and
65 kg were used for sows and slaughter pigs, respectively, as proposed
by the ESVAC (European Medicine Agency (EMA, 2018). We did not
have to consider the number of weaners of fatteners sold or purchased
in calculating the amount of PCU because we had excluded the farms
with a record of sales or purchase of these animals in selecting the farms
for the analysis. Using this indicator, the use of antimicrobial class c
(c=1, 2, …,13, representing different antimicrobial classes), for ad-
ministration route r (r=1 and 2, representing oral and injection) and
for year y (y=2015, 2016 and 2017) on farm i (i=1, 2,…,n, where
n=72), AMUy,r,c,i was calculated as follows:

AMU y,r,c,i

=
×

+

×

r y

i mg
y

y

i kg

Total amount of antimicrobial class c prescribed for

administration route in year in grams of active ingredient on

farm ( )
Number of sows at the end of year 240

number of fattening pigs shipped for slaughter in year

65 on farm ( )

The antimicrobial use for year y by administration route r on farm i
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The total use of antimicrobials for year y was calculated by sum-
ming up AMUy,r,c over different antimicrobial classes and different ad-
ministration routes, as follows:
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2.5. Statistical analysis

A one-way analysis of variance (ANOVA) with repeated measures
was used to verify if there was a significant difference in overall anti-
microbial use at the national level over the three years. A two-way
ANOVA with repeated measures was used to check if there was a dif-
ference in antimicrobial use between the years and within the regions.
Homogeneity of variances was checked using Bartlett’s and Levene
tests. When the violation of sphericity was observed using the
Mauchly’s sphericity test, degrees of freedom were corrected using the
Greenhouse-Geisser, the Huynh-Feldt and the lower bound. Statistical
analysis was conducted using Excel 2010 (Microsoft Corporation) and
BellCurve for Excel ver. 3.00 (Social Survey Research Information Co.,
Ltd.) added into Excel.

3. Results

The average use of total antimicrobials in mg of active ingredient
per kg PCU in 2015, 2016 and 2017 was 304.8 (SD=226.3), 311.2
(SD=241.0) and 342.9 (SD=291.3), respectively, indicating an in-
creasing trend with no significant difference (P=0.05) (Fig. 2). Sup-
plementary data (Table S2 and Fig. S1) provide additional details.

Most (97%) of the antimicrobials were administered orally. The
most used antimicrobials were tetracyclines (130.5–135.4 mg/PCU)
representing 39.5–42.8% of the total, followed by macrolides
(37.5–48.1 mg/PCU, 12.3–14.0%), penicillins (31.6–34.3mg/PCU,
10.0–11.0%) and sulfonamides (29.0–42.3mg/PCU, 9.5–12.3%).
Supplementary data (Table S2 and Fig. S1) and Fig. 2 provide addi-
tional details.

The use of all antimicrobials at farm level in the years 2015–2017
revealed a right skewed distribution with several heavy users affecting
the mean value (Table S2, Figs. 2 and S2). Overall, there were 2, 3 and 5
farms that were using over 800mg/PCU in 2015, 2016 and 2017, re-
spectively.

Fig. 3 presents the use of antimicrobials by year and by region. The
use of antimicrobials at farm level showed a significant increase
(P < 0.05) between 2015 and 2017 and between 2016 and 2017 in the
North Kanto region, between 2015 and 2017 in the South Kanto region,
and between 2015 and 2016 and between 2015 and 2017 in the Kyushu
region. Contrarily, the use of antimicrobials at farm level showed a
significant decrease (P < 0.05) between 2015 and 2016 and between
2015 and 2017 in the Chubu region.

4. Discussion

This study is the first attempt to describe antimicrobial use at farm
level on Japanese pig farms and provides an overview of antimicrobial
use based on the usage in selected farrow-to-finish pig farms in Japan.

Antimicrobial usage in 2015, 2016 and 2017 showed a large var-
iation between farms, with a right skewed distribution with several
heavy users affecting the mean value (Table S2 and Fig. 2). This was
observed in previous studies in other countries, such as Belgium, Den-
mark, the Netherlands and Germany (Hybschmann et al., 2011; Callens
et al., 2012; Bos et al., 2013; Van Rennings et al., 2015). A total of ten
farms remained above the 75 percentile over the three-year period,
indicating that these were persistent heavy users. Furthermore, ac-
cording to the JASV veterinarians, none of these farms had experienced
serious outbreaks of infectious diseases, suggesting that they were using
antimicrobials mostly for preventive purposes. These findings show that
subjecting the heavy antimicrobial users to intensive reduction mea-
sures, such as prudent use of antimicrobials based on diagnosis com-
bined with biosecurity and general hygiene measures, might result in a
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successful reduction in antimicrobial usage.
Although antimicrobial use in mg of active ingredient per kg PCU is

not available for each target animal species in Europe, antimicrobial use
in pig farms calculated in this study (304.8–342.9 mg/kg PCU) suggests

that antimicrobial use in Japan is relatively high compared to the
European countries, where the overall average sales for food-producing
species are 124.6mg of active ingredient per kg PCU for 2016
(European Medicine Agency (EMA, 2018).

Fig. 2. Box-and-whisker plot of total usage of antimicrobials (A), oral antimicrobials (B) and parenteral antimicrobials (C) in mg of active ingredient per kg of PCU
(population correction unit) from 2015 to 2017. The dots represent the range out of± 1.5×interquartile range (IQR).

Fig. 3. Box-and-whisker plot of total usage of antimicrobials at farm level by year for Hokkaido-Tohoku, North Kanto, South Kanto, Chubu and Kyusyu regions of
Japan. The dots represent the range out of± 1.5×interquartile range (IQR). The different letters above bars represent statistically significant differences within
groups (P < 0.05).
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Our results also indicate that the pig farms included in the analysis
were using 22%–24% less antimicrobials than the amount estimated
based on sales data obtained from market authorisation holders (401,
411 and 437mg of active ingredient per kg PCU in the years 2015, 2016
and 2017, respectively) (Takagi et al., 2019). This is most likely because
the JASV member veterinarians are actively involved in attempting to
reduce antimicrobial use and therefore the farms in this study might
have revealed a higher level of awareness in regard to antimicrobial
usage than on other pig farms in Japan. These factors should be kept in
mind when using the farms that benefit from contracts with JASV ve-
terinarians as sentinel farms in monitoring antimicrobial use at the farm
level in the future.

Our results also revealed that the most commonly used anti-
microbials on pig farms are tetracyclines, followed by macrolides, pe-
nicillins and sulfonamides. This was consistent with the results based on
sales data obtained from market authorisation holders (Takagi et al.,
2019). There was no decline of the use of tetracyclines on the 72
farrow-to-finish pig farms from 2015 to 2017 (Table S2 and Fig. S1).
This suggests that the quantitative target of the national action plan to
lower the proportion of tetracycline-resistant E.coli in food-producing
animals (Government of Japan, 2016) might not be achieved in 2020.

The regional variation in antimicrobial use observed in this study is
most likely due to the variation of pig population densities in Japan: in
the North Kanto and South Kanto regions, pig farms are more densely
located and rely more heavily on the use of antimicrobials to prevent
infectious diseases in comparison with in other regions. Previous stu-
dies indicate that greater usage of antimicrobials is associated with site
conditions: pig farms located in areas of high farm density tend to use
greater amounts of antimicrobials (Fertner et al., 2015; Isomura et al.,
2018).

Veterinarians prescribe antimicrobials and guide farmers in regard
to correct usage; this practice is expected to affect the overall use of
antimicrobials on farms. Furthermore, veterinarians practice in certain
areas which might explain some of the regional variations. However,
we were not able to include prescribing veterinarians in the statistical
analysis because some of the farms in this study used several veter-
inarians to issue prescriptions.

Farm size is also a factor that might affect antimicrobial use (Fertner
et al., 2015; Van Rennings et al., 2015). However, we did not find a
significant difference in the antimicrobial use by farm size in this study
(Fig. S3). Also, the Chi-square test of independence revealed no sig-
nificant difference in farm size distribution between regions, suggesting
that the farm size did not have a confounding effect on regional var-
iations in this study.

The increase in antimicrobial use on pig farms in the North Kanto,
South Kanto and Kyushu regions is probably due to the deterioration of
the health status of pigs on farms in these regions. Pathogens of greatest
relevance in Japan and which might spread between pig farms in close
proximity include the following: Mycoplasma hyopneumoniae, porcine
reproductive and respiratory syndrome (PRRS) virus, porcine epidemic
diarrhoea virus, swine influenza virus, porcine circo virus type 2,
Actinobacillus pleuropneumoniae (APP) and Shigatoxin-producing E. coli
(Taharaguchi et al., 2016; Tajima et al., 2016). Of these pathogens, the
PRRS virus, an infection which is known to potentially predispose pigs
to bacterial infections (Thanawongnuwech et al., 2000), was prevalent
and is on the increase in these regions. Passive surveillance conducted
in line with the Domestic Animal Infectious Diseases Control Law re-
sulted in 13, 11 and 17 outbreaks of PRRS reported to the prefecture
livestock hygiene service centres in these regions in 2015, 2016 and
2017, respectively (Ministry of Agriculture, Forestry and Fisheries
(MAFF, 2018a). For other pathogens like Shigatoxin-producing E. coli
and APP, trade between pig farms or slack biosecurity at sales of ani-
mals or shipping for slaughter might be the factors for spread between
farms. Further studies are needed to identify factors that affect the
spread of these pathogens leading to the increased use of anti-
microbials.

In this study, no distinction was made between different production
stages (suckling pigs, weaners, fattening pigs and breeding sows), be-
cause neither usage data (numerator) nor volume of animal data (de-
nominator) were available separately for the different stages. However,
previous studies have revealed that antimicrobial consumption differs
between production stages (Dunlop et al., 1998; Merle et al., 2012;
Jensen et al., 2014; Trauffler et al., 2014; Van Rennings et al., 2015;
Sjölund et al., 2016; Sarrazin et al., 2019). Further studies are required
with additional data to identify production stages where antimicrobials
are most heavily used on Japanese pig farms.

In this study, an indicator was used based on the amount of active
ingredient because DDD values were not available for antimicrobial
products approved in Japan. Further studies need to be conducted with
DDD values set for each antimicrobial or antimicrobial product to allow
the measurement of usage using dose-based indicators. Dose-based in-
dicators have the advantage of making it possible to correct dosage
differences between active ingredients and formulations and to measure
developments over time, despite changes in which active ingredients
are used (Jensen et al., 2004).

This study revealed a large variation in the use of antimicrobials
between farms and between regions. An understanding of this variation
can provide information for future studies that aim to investigate fac-
tors that might influence antimicrobial consumption. Identification of
risk factors for high usage will assist policy makers, veterinarians and
farmers to take effective measures to reduce antimicrobial use.
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