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The aim of this case study was to quantify antibiotic (AB) use in Italian weaning (W)

and fattening (F) units differentiated for porcine reproductive and respiratory syndrome

(PRRS) occurrence. Farms were classified as either PRRS negative (–) or PRRS positive

(+) based on the circulation of the virus among the animals. In all the farms, the modified

live PRRS virus (PRRSV) vaccine was provided to all the animals. In the PRRS– farms,

the level of circulating antibodies was low, and the disease, in its clinical form, did not

occur. In the PRRS+ farms, the level of circulating antibodies against the virus was

high, and the disease was recurrent. Data regarding AB consumption were collected

from 2017 to 2020, and the active compounds (ACs) were expressed as milligrams of

AC/total kilogram of body weight (BW) produced. Each AC was classified into one of four

categories according to the European Medicines Agency classification of ABs for prudent

and responsible use in animals: Avoid, Restrict, Caution, and Prudence. Data regarding

the ACs in each category were analyzed using a linear model that included production

phase, PRRS status, and their interaction as factors. Performance parameters, average

age of the pigs at the end of each phase, daily live weight gain, feed-to-gain ratio,

total losses, cost index, and medication costs were significantly influenced by the

PRRS chain. The use of class B ABs was not affected by production phase or PRRS

status. Conversely, for class C ABs, interaction between the two factors (p = 0.02)

was observed; W/PRRS+ and F/PRRS+ showed the greatest AB use for this class

(p = 0.003). For class D ABs, the interaction was significant (p = 0.01); class C and D

ABs were used more in the weaning (p = 0.07) than in the fattening phase (p = 0.003).

For the weaning phase, the use of class C and D ABs was greater in the PRRS+ than in

the PRRS– chain (p < 0.01). In conclusion, PRRS status affected the growth of pigs and

economic performance. Moreover, PRRS status significantly influenced the use of ABs

during all the growing periods with the greatest impact being on the weaning phase.
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INTRODUCTION

A new porcine reproductive and respiratory syndrome (PRRS)
was first recognized in 1987; however, the causative virus
(PRRSV) was first isolated in the Netherlands in 1991 and soon
thereafter in the USA (1, 2). Since the discovery of this virus,
much has been learned about it and its related diseases. A
modified-live vaccine became available for pigs and has been
widely used in all pig-producing areas. The widespread and
appropriate use of vaccines has reduced the morbidity and
mortality of pigs (3, 4). However, PRRS is still one of the
most prevalent swine diseases, together with porcine influenza,
and has a huge economic impact worldwide. The virus and
the syndrome continue to evolve with clinical variations of the
disease (3), making it difficult to find an effective vaccine-based
prevention strategy.

Several aspects of PRRSV evolution and its interaction with
the host are still poorly understood and are largely based
on knowledge learned from in vitro or in vivo experimental
infections (5). However, it is known that PRRSV has a tropism
formacrophages of lymphoid tissues and lungs in which it mainly
replicates (6–8).

Infection by PRRSV is not the only cause of death in nursery
pigs; the secondary infections can often also be the cause of
death; PRRSVs are frequently coinfecting with the other viruses
or bacteria, which are most commonly found on pig farms (9–
12). In fact, some published papers argue that an antibiotic-
free production strategy could be risky in a PRRSV-endemic
setting, especially if other bacterial coinfections are involved
since pigs are exposed to severe clinical disease (13). Obviously,
the judicious use of ABs can improve animal health (13).
Furthermore, there are some ABs that may have antiviral effects.
For instance, it seems that several quinolone-containing ABs
inhibit the replication of PRRSV (14, 15).

Unfortunately, the increased and inappropriate use of some

ABs to control bacterial infections in veterinary clinics have

increased the risk of occurrence and diffusion of multidrug-
resistant bacteria (12). Antibiotic resistance is one of the top

health issues of major international health organizations. Among
the various uses of ABs, low-dose, prolonged courses of ABs
in food-producing animals or their use in nonbacterial diseases
create ideal selective conditions for the propagation of resistant
strains (16). Although antimicrobials are necessary for human
and animal health, two thirds of future worldwide growth
of the use of antimicrobials is predicted to be in animal
production, particularly for the pig chain. According to the
European Medicines Agency (EMA) Report, from 2010 to 2018,
the estimated weight at AB treatment of livestock and slaughtered
animals decreased more than 10% in Italy, unlike other countries
in which it remained relatively stable or increased. Nevertheless,
Italy is one of the countries in Europe in which the sales of
veterinary antimicrobial agents for food-producing animals is
the highest. Moreover, it is most commonly used in premixed
or oral solutions while the use of injectable, intramammary, or
intrauterine preparations is very low (17).

For these reasons, greater monitoring AB use is needed,
highlighting risk factors in the various production phases

and assessing whether the implemented control strategies are
working or not. It should be noted that, in Italy, the pig supply
chain is very fragmented; therefore, it is not easy to collect data
regarding the use of medicine at different production stages.

The aim of this study was to investigate how the serological
status (seropositive or seronegative) related to PRRS affected
production performances and AB use in Italian weaning
and fattening units. The authors’ hypothesis was that a
PRRS seronegative status positively influenced production
performance, with animals being more productive and resistant
to environmental bacterial infection, which allowed lower
AB consumption.

MATERIALS AND METHODS

Data related to AB consumption and production performance
were collected from 2017 to 2020. All the farms included in
the study bred the Italian “heavy” pig, namely approved Large
White, Landrace, and Duroc genetic lines and crossbreeds, listed
in the production guidelines for Parma and San Daniele PDO
cured ham; the pigs are typically slaughtered at ∼160–170 kg
of body weight (18). For this production, pigs are generally
reared sequentially on two different farms, one for the nursery
phase (approximately up to 70 days of age—“weaning phase”)
and one for the growing-finishing phase (“fattening phase”)
(18). For this study, each farm was classified as either PRRS
negative (–) or PRRS positive (+) based on the circulation
of the virus among the animals. The PRRS status of each
single pig-flow was based on the combined use of both PCR
(from blood, processing fluids, oral fluids, tissues) and serology
(IDEXX–PRRS Elisa). On PRRS– farms, in the farrowing unit,
all sows and gilts were still vaccinated, with both modified live
vaccine and killed vaccine, administered intramuscularly, as a
precautionary measure adopted after the first clinical outbreak
of PRRS (2008–2009). In addition to this, PRRS serology (over
170 groups/2,500 pigs) was routinely carried out at the end
of the nursery period on each group, and each group of pigs
has constantly been negative since at least 2015–2016. On
PRRS+ farms, all the animals were vaccinated; however, the
level of circulating antibodies against the virus was markedly
increased as compared with the PRRS– farms and the disease,
in its clinical form, was recurrent. All the farms belonged to
a fully integrated system and were organized into a multi-
site production system in which pigs of the same farrowing
unit were reared in predetermined weaning and fattening
units year by year to avoid cross-contamination between the
production chains.

Data were collected during the weaning and the fattening
production phase; 115,970 pigs from PRRS– farms and 65,331
from PRRS+ farms were included in the weaning phase, and
108.248 pigs from PRRS– farms and 54,410 from PRRS+ farms
were included in the fattening phase.

The growth performance indicators taken into account for
both the weaning and the fattening phases were the number of
pigs at the end of each phase, age, weight at the beginning and
the end of each phase, and feed intake. The body weight produced
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TABLE 1 | General production data in the pig production chains differentiated by the occurrence of porcine reproductive and respiratory syndrome.

Rearing phase: Weaning Fattening SEM Year SEM P-value

Productive chain1: PRRS– PRRS+ PRRS– PRRS+ 2017 2018 2019 2020 Chain Phase C × P Year

Pig (thousand) 116.0 65.3 108.2 54.4 6.1 84.1 79.8 81.9 98.1 6.14 <0.0001 0.16 0.80 0.21

Starting live weight, kg 7.1 6.9 32.0 31.7 0.8 18.4 18.8 21.1 19.3 0.8 0.75 <0.0001 0.92 0.12

Final live weight, kg 32.2 31.3 170.9 168.5 1.1 99.2 100.5 101.5 101.7 1.1 0.16 <0.0001 0.50 0.42

Average age, days 55.9 59.8 199.0 203.4 1.9 132.1 130.7 126.4 128.9 1.9 0.058 <0.0001 0.90 0.25

Daily live weight gain, g 449 407 699 674 9.0 541 559 566 563 8.57 0.003 <0.0001 0.36 0.23

Feed to gain 1.71 1.83 3.43 3.62 0.05 2.76 2.72 2.6 2.5 0.05 0.009 <0.0001 0.51 0.01

Total losses2 2.55A 14.49B 4.64A 9.04AB 1.61 9.47 9.72 5.92 5.61 1.61 0.001 0.32 0.04 0.20

Cost index2 1.63aB 1.91bB 0.88A 0.93A 0.05 1.41 1.37 1.27 1.3 0.05 0.008 <0.0001 0.04 0.20

Medication costs2, e/kg 0.04A 0.12B 0.03A 0.04A 0.01 0.07 0.06 0.04 0.04 0.01 0.002 0.002 0.005 0.33

1PRRS–, the production chain originated from sows seronegative for porcine reproductive and respiratory syndrome; PRRS+, the production chain originated from sows seropositive

for porcine reproductive and respiratory syndrome.
2Means with differently labeled letters are significantly different at p < 0.05 (lowercase) or p < 0.01 (uppercase).

(BW) was assessed from these data as was the average daily gain
(ADG) and the feed to gain (F:G) ratio.

Moreover, the following parameters were recorded for each
production cycle: total losses, medication costs, and efficiency
index. The total losses were expressed as the total number of dead
animals during the phase taken into account. Medication costs
were calculated as the cost of each medical product divided by
the kilograms of meat produced for each phase. The cost index,
or efficiency index, included all the costs related to piglets, dead
animals (total losses), veterinary medication, and the total cost of
the feed used. Since the ingredients used for the feed are subject
to strong price variations, the cost of the feed was maintained
constant to avoid distortion in the index and to allow comparison
between the years. For each cycle, the AB use was expressed
as milligrams of active compound (AC) per kilogram of body
weight (BW) produced. Each AC was classified according to the
EMA classification of ABs for prudent and responsible use in
animals. The classification ranks ABs by considering both the
risk that their use in animals causes to public health through the
possible development of antimicrobial resistance and the need to
use them in veterinary medicine. It has four categories, from A
to D: Avoid, Restrict, Caution, and Prudence, respectively. The
“Restrict” category includes ABs that are critically important for
human medicine, and their use in animals should be restricted
to mitigate the risk to public health. For this reason, class B
ABs should be used only when there are no effective alternatives
in class C or D. Category C (“Caution”) covers ABs for which
few alternatives are available in certain veterinary indications.
These ABs should only be used when there are no antimicrobial
substances in category D that would be clinically effective.

Category D (“Prudence”) includes ABs that should be used as
first-line treatment, whenever possible. These ABs can be used
in animals in a prudent manner (19). The AB use for each class
was calculated as the sum of all the ABs (mg) administered
that belonged to the same class. For each AB administered, the
amount of BW treated was also calculated. This was one way to
disregard the different dosages, according to the drug. However,
the absolute values change according to the size of the supply

chain and annual production. Thus, the data were presented in
relative terms as values for each AB in the class over the sum of
all the quantities of BW treated of the class, and were visualized
by constructing graph rings. It is clear that, in some cases, the
same animals may have been treated with multiple drugs in the
same phase; therefore, the quantities add up.

Statistical Analysis
The data of pig performance and AB consumption for each class
and for the main individual ABs were considered to be arranged
in a 2 × 2 factorial design with the following factors: 1) the two
rearing phases (weaning and fattening) and 2) the classification
of the production chain of the farms (positive or negative for
PRRS). The data were thus analyzed using analysis of variance
(by Proc GLM of SAS Inst., Inc., Cary, NC), considering these
two main factors, their interaction and the effect of the year of
rearing (4 years: 2017, 2018, 2019, 2020). Thus, the experimental
unit was the observation in a given year on a farm specialized for a
given phase, classified as negative or positive for PRRS. When the
interaction was statistically significant, the differences between
the means were tested using the Tukey test.

RESULTS

Pig Performance
The effects of the parameters tested on the performance of
weaning and fattening pigs are summarized in Table 1. There
were no differences regarding pig performance over the years,
except for the F:G ratio (p = 0.01), which decreased from 2017
(2.76) to 2020 (2.5). The production chain did not affect the
starting live weight and the final live weight. The average age
of the pigs at the end of each phase tended to be greater in the
PRRS+ than in the PRRS– production chain (p = 0.058). The
daily live weight gain (DLWG) was lower in the PRRS+ than
in the PRRS– chain (p = 0.003) as the F:G ratio, total losses
(TLs), the cost index (CI), and medication costs (MCs), which
were significantly greater in the PRRS+ than in the PRRS– chain
(p = 0.009, p = 0.001, p = 0.008, and p = 0.002, respectively).
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TABLE 2 | Consumption of antibiotics in the pig production chain differentiated by the occurrence of porcine reproductive and respiratory syndrome (expressed as mg of

active compound per total kg of meat produced).

Rearing phase: Weaning Fattening SEM Year SEM P-value

Productive chain1: PRRS– PRRS+ PRRS– PRRS+ 2017 2018 2019 2020 Chain Phase C × P Year

Class of antibiotic—B2

0.85 0.86 0.05 0.22 0.38 0.42 0.59 0.51 0.46 0.37 0.82 0.11 0.84 0.99

Class of antibiotic—C2,3

21.7A 134.5bB 32.4A 54.5a 16.5 73.7 70.5 34.9 64.1 16.5 0.003 0.07 0.02 0.38

Class of antibiotic—D2,3

164A 782B 57A 81A 98.0 393 342 182 167 98 0.097 0.003 0.01 0.32

1PRRS–, the production chain originated from sows seronegative for porcine reproductive and respiratory syndrome; PRRS+, the production chain originated from sows seropositive

for porcine reproductive and respiratory syndrome.
2Classification of antibiotics in the European Union—B, Restrict; C, Caution; D, Prudence.
3Means with differently labeled letters are significantly different at p < 0.05 (lowercase) or p < 0.01 (uppercase).

FIGURE 1 | Relative quantity of weaning pig weight treated with class C antibiotics in the PRRS negative (NEG) and PRRS positive (POS) production chains from

2017 to 2020.

As expected, the parameters related to growth performance were
significantly affected by the production phase (p < 0.01). The
production phase also had an impact on the CI and the MCs,

which both increased in the weaning period (p < 0.0001 and p=
0.002, respectively). Nevertheless, the production phase did not
affect the TLs, expressed as whole mortality. Finally, statistically
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significant interactions between the production chain and phase
were observed for TLs (p = 0.04), the CI (p = 0.04), and MCs
(p = 0.005). In detail, these parameters were markedly increased
in the weaning phase in the PRRS+ as compared with the PRRS–
chain while no effect was detected in the fattening phase. In
PRRS+, MCs were higher in the weaning phase compared with
the fattening phase, but this was not the case in the PRRS– chain.

Antibiotic Consumption Divided by Class
Table 2 reports the consumption of ABs in the pig production
chains differentiated by the occurrence of PRRS, expressed as
milligrams of AC per total kilogram of meat produced (mg/kg).
The consumption of class B ABs was relatively low in both the
weaning and the fattening phases, and within PRRS negative and
positive production chains. Furthermore, for this AB class, no
difference was observed between the factors tested.

As concerns the other two classes of ABs, the interaction
between production chain and phase was statistically significant
for class C (p = 0.02) and class D (p = 0.01). For the weaning
phase, the use of ABs of classes C andDwas greater in the PRRS+
than in the PRRS– chain (p < 0.01) with an increase of 520% and

of 377%, respectively. Conversely, no difference was observed in
the fattening phase. In the PRRS+ chain, class C (p < 0.05) and
class D (p< 0.01) AB use was greater in the weaning as compared
with the fattening phase, although the same difference was not
detected for the PRRS– farms.

No significant differences were observed over the years for all
the AB classes.

Use of Active Compounds
Within class C ABs, florfenicol and lincomycin were the most
used active compounds in both the weaning and the fattening
phases. Florfenicol accounted for 24.0 and 24.2% of class C ABs
in the weaning and the fattening phases, respectively. Lincomycin
accounted for 22.7 and 32.5% of class C ABs in the weaning and
the fattening phases, respectively. Regarding class D, the most
used active compounds in the weaning phase were amoxicillin
(average 38.1%) and spectinomycin (average 29.5%) while, in
the fattening phase, they were ampicillin (average 21.9%) and
dicloxacillin (average 21.5%).

The relative BW treated with class C ABs during the
weaning phase in PRRS+ and PRRS– chains from 2017

FIGURE 2 | Relative quantity of weaning pig weight treated with class D antibiotics in the PRRS negative (NEG) and PRRS positive (POS) production chains from

2017 to 2020.
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to 2020 is reported in Figure 1. The use of tulathromycin
decreased within both production chains from 2017 to 2020.
The relative BW treated with clavulanic acid remained quite
constant in the PRRS+ chain (average 5.75%) and significantly
increased in PRRS– chain from 2017 (4%) to 2020 (21%).
Similarly, the use of florfenicol was constant in the PRRS+
chain (average, 22.75%), but it was variable in the PRRS–
chain, reaching a maximum in 2018 (46%). The use on
lincomycin decreased within the PRRS– chain from 31% in
2017 to 0% in 2018%; however, it then increased again in
2019 and 2020 by 28 and 31%, respectively. In the PRRS+
chain, lincomycin ranged from 20 to 28%, depending on the
year. Gentamicin use remained relatively constant (average
12.5%) in the PRRS– chain over time while it decreased
in the PRRS+ chain from 2017 (25%) to 2018 (7%) and
then increased until 2020 (17%). The relative BW treated
with tiamulin and tilmicosin varied little. Finally, the use of
apramycin, thiamphenicol, tildipirosin, and tylosin was low or
even absent.

The relative amount of weaned pig weight treated with class D
ABs in the PRRS+ and the PRRS– production chains from 2017
to 2020 is reported in Figure 2. The percentage of pigs treated
with amoxicillin in the PRRS+ and the PRRS– chains during
the period considered was quite high (average 34.25 and 43%,
respectively, over the 4 years). The percentage of pigs treated
with ampicillin decreased in the PRRS+ chain from 11% in
2017 to 2% in 2018 and was then zero until 2020 while, in the
PRRS– chain, it decreased from 2017 (13%) to 2018 (7%) and
then increased until 2020 (19%). Instead, the percentage of pig
weight treated with dicloxacillin in the PRRS– chain increased
from 0% in 2017 to 19% in 2020 while, in the PRRS+ chain,
it remained low and constant over the years (average 1.75%).
The percentage of pig weight treated with doxycycline gradually
decreased in the PRRS– chain from 22% in 2017 to 0% in
2020, and remained quite constant in the PRRS+ chain (average
25%). The percentage of pig weight treated with spectinomycin
was quite constant in the PRRS– chain (average 27%) while,
in the PRRS+ chain, it increased from 27% in 2018 to 50% in

FIGURE 3 | Relative quantity of fattening pig weight treated with class C antibiotics in the PRRS negative (NEG) and PRRS positive (POS) production chains from

2017 to 2020.
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2019 and then decreased again to 25% in 2020. The percentage
of pig weight treated with sulfadiazine + trimethoprim and
sulfadimethoxine + chlortetracycline remained constant and
limited over the years.

The relative quantity of fattening pig weight treated with class
C ABs in the PRRS+ and PRRS– chains from 2017 to 2020 is
reported in Figure 3. In this rearing phase, the rate of pigs treated
with clavulanic acid, gentamicin, and thiamphenicol remained
very limited (average 1.25, 0.25, and 0.25%, respectively). The
percentage of fattening pig weight treated with florfenicol in the
PRRS– chain increased from 2017 (15%) to 2019 (27%) and then
decreased again in 2020 (21%). Similarly, in the PRRS+ chain,
it significantly increased from 2017 (22%) to 2019 (39%) and
then decreased in 2020 (28%). The percentage of pig weight
treated with lincomycin remained quite constant in the PRRS–
chain (average 31%) while in the PRRS+ chain, it increased
significantly from 24% in 2017 to 51% in 2020. The percentage
of pigs treated with tiamulin in the PRRS– chain decreased from
2017 (22%) to 2019 (11%) and then remained stable until 2020
(13%); similarly, in the PRRS+ chain, it decreased from 2017

(23%) to 2020 (9%). The percentage of tilmicosin decreased
constantly in the PRRS+ and PRRS– chains from 2017 (18 and
9%, respectively) to 2020 until it was zero. The percentage of pigs
weight treated with tylosin in the PRRS+ chain decreased from
7% in 2017 to 2% in 2018 and then increased until 2020 (9%),
while, in the PRRS– chain, it increased constantly from 2017
(12%) to 2018 (20%) and then remained constant. The percentage
of tulathromycin in the PRRS+ chain was constant in 2017 and
2018 (5%) and then became zero from 2019 while, in the PRRS–
chain, it remained quite constant over the years (average 9.5%).

The relative quantity of fattening pigs treated with class D
ABs in the PRRS positive and negative chains from 2017 to
2020 is reported in Figure 4. The percentage of pigs treated with
ampicillin was similar and slightly increased in both chains (from
20% in 2017 to 25% in 2020). Amoxicillin remained relatively
constant in the PRRS– chain over the years (average 16%) while,
in the PRRS+ chain, it remained stable until 2019 and decreased
in 2020 (12%). The percentage of dicloxacillin use did not change
from 2017 to 2019 in either chain, with an average of 21.6%
in the PRRS– chain and 19% in the PRRS+ chain, and slightly

FIGURE 4 | Relative quantity of fattening pig weight treated with class D antibiotics in the PRRS negative (NEG) and PRRS positive (POS) production chains from

2017 to 2020.
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TABLE 3 | Consumption of two main class C antibiotics, florfenicol and lincomycin, and two main class D antibiotics, amoxicillin and spectinomycin, in the pig production

chain differentiated by the occurrence of porcine reproductive and respiratory syndrome (expressed as mg of active compound per total kg of meat produced).

Rearing phase: Weaning Fattening SEM Year SEM P-value

Productive chain1: PRRS– PRRS+ PRRS– PRRS+ 2017 2018 2019 2020 Chain Phase C × P Year

Florfenicol 2.2A 32.8B 1.0A 4.1A 4.7 17.1 13.1 4.81 5.1 4.7 0.006 0.01 0.02 0.25

Lincomycin 7.4 30.5 5.8 24.8 10.9 11.1 11.8 10.6 35 10.9 0.10 0.75 0.86 0.33

Amoxicillin 8.0 32.9 0.7 1.7 10.9 15.6 13.3 8.01 6.4 10.9 0.24 0.08 0.28 0.93

Spectinomycin 16.5 19.7 0.4 1.9 2.1 11.5 12.1 6.0 8.9 2.1 0.31 <0.0001 0.71 0.22

1PRRS–, the production chain originated from sows seronegative for porcine reproductive and respiratory syndrome; PRRS+, the production chain originated from sows seropositive

for porcine reproductive and respiratory syndrome.
1Means with differently labeled letters are significantly different at p < 0.01.

increased in 2020 (26 and 24%, respectively). On the contrary, the
percentage of pigs weight treated with doxycycline was constant
in both the PRRS– (average 21.3%) and the PRRS+ (average
24%) chains between 2017 and 2019 and then decreased in
2020 (16 and 17%, respectively). Moreover, the percentage of pig
weight treated with spectinomycin remained relatively stable in
the PRRS– chain (average 17.25%), however slightly decreasing
in 2020 (15%), and also in the PRRS+ chain (average 18.5%),
increasing in 2020 (22%). Oxytetracycline remained very low in
the PRRS– chain, decreasing from 3% to zero between 2017 and
2020 while, in the PRRS+ chain, it was always zero.

The effects of the parameters tested on the use of specific ACs
is reported in Table 3. These ACs were selected because of their
widespread use in the production chains. The production phase
only marginally influenced the use of amoxicillin (p = 0.08),
the use of which was higher in the weaning phase than in the
fattening phase. Interaction between production chain and phase
(p= 0.02) was observed for the use of florfenicol. In the weaning
phase, the use of florfenicol was higher in the PRRS+ than in
the PRRS– chain (p < 0.01); conversely, no difference was seen
in the fattening phase. In the PRRS+ chain, its use was higher
in the weaning phase (p < 0.01) than in the fattening phase;
however, this was not seen in the PRRS– chain. The production
phase marginally influenced the use of lincomycin (p = 0.10)
with high use of this active compound in the PRRS+ than in the
PRRS– production chain. Spectinomycin was used more in the
weaning phase than in the fattening phase (p< 0.0001), whatever
the production chain was.

No significant differences were observed during the time of
the survey for all four ABs.

DISCUSSION

The PRRS is one of the most important viral-based illnesses,
having a severe impact on modern pig production. The results of
this survey clearly showed the link between the active circulation
of the PRRSV and the use of antimicrobials in weaning and
fattening units. Even if the greatest losses due to PRRS are shown
in weaners and growers, there are some studies regarding PRRS
that are focused on the detrimental effect of this syndrome in
breeding units in terms of performance (20) and economic losses
(21, 22). However, the present survey pointed out that a positive

PRRS status negatively influences pig growth performance in
both weaning and fattening units, although, in the latter case, the
impact was less evident. These data confirmed the observation of
Schweer et al. (23) who reported a negative effect on ADG and
the F:G ratio in growing pigs infected with PRRSV due to the
reduction of the dry matter digestibility and protein accretion
rates. Moreover, the effect of the infection on the additional
energy expenditure to sustain the immune system activation was
not negligible. In fact, the reallocation of amino acid to the
production of energy, as well as supporting the syntheses of the
components of the immune system, reduced the activation of
the protein synthesis pathways, causing a reduction in skeletal
muscle growth (24). It also seemed that a reduction in feed intake,
mediated by the cytokine release, may have indirectly induced
myostatin expression, which inhibited muscle growth (25).

The same effect was seen even on farms infected with PRRSV
in which vaccinated pigs had improved growth performance
as compared with untreated pigs, in particular regarding body
weight, ADG and the feed conversion ratio (FCR), and presented
reduced morbidity and mortality and a reduced incidence of
respiratory bacterial infections (26). In addition, the data also
showed higher mortality on PRRS+ farms than on PRRS– farms.
This also partially justified an increase in production cost since
fixed production costs are distributed over a lower number of pigs
produced (21, 27).

The present study demonstrated that class B AB use was
the lowest during the considered period. Moreover, the present
results agreed with other studies (28, 29) that identified penicillin
and tetracycline as the most used families of ABs in Europe.
Both penicillin and tetracycline belong to class D of the EMA
classification, which includes ABs that should be used as first-line
treatment, whenever possible.

Even if this study demonstrated that the amount of class B ABs
did not decrease significantly during the period of time taken
into account, as sustained by Tarakdjian et al. (30), there are
active compounds, the use of which was significantly reduced
in the past. The use of colistin, for instance, which belongs
to class B Abs, together with other polymyxins (27, 31), was
markedly reduced over this period of time. Colistin is considered
to be a critically important AC in human medicine since it
represents one of the few available treatments against multidrug-
resistant bacterial infection. However, colistin has been used
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against Enterobacteriaceae for many years, particularly in pigs,
as one of the most effective ABs for treating weaning diarrhea
caused by enterotoxigenic Escherichia coli (31, 32).

Both the suckling and the Post-weaning periods represent
critical phases in pig production, having the highest risk of
disease. After farrowing and weaning, piglets are particularly
vulnerable to infections caused by pathogens. For these reasons,
during the suckling and the Post-weaning periods, the use
of ABs is typically increased in pig production (28, 33).
Treatment with penicillin or aminopenicillin, as well as with
amoxicillin or ampicillin, which belong to class D ABs, can
usually also be effective in this phase (34, 35). The present
study demonstrated greater use of these ABs in the weaning as
compared with the fattening period, especially in PRRS+ farms.
As expected, the consumption of class C ABs was significantly
greater in the PRRS+ chain. This class of Abs contains ACs
that represent the first-choice treatment for respiratory or
enteric diseases caused by Actinobacillus pleuropneumoniae,
Pasteurella spp., Streptococcus spp., Clostridium spp., E.coli, or
Salmonella spp. Coinfections are frequent on pig farms; in
particular, animals infected with PRRSV are more susceptible
to other diseases. The Porcine Respiratory Disease Complex
describes coinfections of PRRSV-like viruses and bacteria, such as
Actinobacillus pleuropneumoniae, Mycoplasma hyopneumoniae,
and Bordetella bronchiseptica. The PRRSV is frequently also
isolated with Steptococcus suis, Staphylococcus, Haemophilus
parasuis, Pasteurella, Salmonella, Proteus, andMorganella (11, 12,
36, 37).

In this study, the chain and production phase did not
significantly influence the use of amoxicillin. In fact, amoxicillin
is used on a large scale in pig production, also in association with
clavulanic acid, because it is effective against several systemic,
respiratory, and enteric infections (38), even if some argue that
there are bacteria that are also becoming resistant to this AB (12).

This survey demonstrated that florfenicol was widely used
in the weaning period, more in the PRRS+ chain rather than
in the PRRS– chain. This was probably due to its widespread
activity against the pathogens that are commonly secondary to
PRRS syndrome. Florfenicol has antibacterial activity against
major swine respiratory pathogens (Pasteurella multocida,
Haemophilus sommus, Actinobacillus pleuropneumoniae) and
many other Gram+ and Gram– bacteria (E. coli, Salmonella
typhimurium, Streptococcus suis, Staphylococcus aureus). Its
antibacterial activity is strengthened when used in combination
with tilmicosin or doxycycline hydrochloride, such as the
combination of two or more ABs having active interaction is an
important possibility for overcoming the problem of secondary
infections (39–41), even if Holmer et al. (42) pointed out the
increase in resistance of E. coli to florfenicol.

Lincomycin was also widely used in this survey, without big
differences between chains and phases. Lincomycin is commonly
used on pig farms for the treatment of gastrointestinal infections,
such as ileitis caused by Lawsonia intracellularis (43, 44). In
addition, it seems that some pathogens, such as Haemophilus
parasuis and Pasteurella multocida, are resistant to many ABs but
not to lincomycin and quinolone whereas Streptococcus suis is
also resistant to lincomycin and many other ACs (45).

The European Surveillance of Veterinary Antimicrobial
Consumption (ESVAC) report (17) showed that the most used
ABs for food-producing animals in Italy in 2018 were penicillin
and tetracyclines while the use of aminoglycosides was relatively
low. These data are in agreement with other studies that assessed
antimicrobial use on European and Italian pig farms until 2017.
These studies identified penicillin and tetracyclines as the most
used ABs, likely due to their cost-effectiveness as compared with
other ACs (28, 30).

This study demonstrated a slight reduction in the use of
macrolides, such as tulathromycin and tilmicosin, but not of
tilosin, in both phases. Most likely, the decreased use of this
family of ABs could be attributed to the fact that they were
considered to be critically important in human medicine (46).
According to the ESVAC report, the sale of macrolides in Italy
for food-producing animals decreased significantly from 2010 to
2018, even if it was still high as compared with the majority of
other countries (17). The main reason that led to considering
macrolides as highest priority critically important ABs (HPCIAs)
was human campylobacteriosis. Due to increased resistance to
fluoroquinolone, macrolides remain the only choice for treating
this disease in humans. It should be emphasized that pig farming
is a very minor source of Campylobacter spp. spread, unlike other
production chains, such as poultry (47, 48).

The authors consider the data regarding the use of different
classes of ABs (EMA classification) in the weaning and fattening
units very interesting. It provides indications regarding AB use
in Italy as well as on the impact of the PRRS on the use of the
different classes of ABs. These data are unique for Italy in that
they cover both a long period of time and a large number of
animals, and are based on the actual kilograms of meat produced
per year.

The PRRSV is one of the most important pathogens that has
negatively influenced the global pig industry for a long time. An
antiviral treatment has not yet been created for food-producing
animals, probably owing to economic reasons. The eradication
of this disease would allow avoiding huge economic losses and
reducing the use of antimicrobials in the pig production systems,
minimizing the development of antimicrobial resistance. There
are novel strategies that seem to be promising other than the
modified live vaccine; one of these attempts is to create a
cross-protective chimeric virus vaccine and another attempts
to restore the immune response of the host using interferon-
inducible strains (49). There are currently vaccines available
that reduce morbidity, mortality, treatment costs, and losses
due to the PRRSV; however, they cannot completely prevent
respiratory infection (26). Therefore, in addition to the use of
vaccines, good biosecurity standards should always be applied,
and animal welfare improved. Animals living with environmental
enrichment, for instance, are associated with a reduction in
manipulative oral behavior directed at pen mates and in stress,
both of which lead to a reduced impact of infections (50, 51).

It is important to highlight that the majority of studies
quantify the use of ABs at a population level, using the metric
of the total mass (mg) of any AB active ingredient (or group) per
population corrected unit (PCU). The latter considers the animal
population and the estimated weight of the animals at the time
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of AB treatment (29). Commonly used concepts, such as UDD
(used daily doses), ADD (animal daily dose), or DCD (defined
course dose), were used to analyze the data. These parameters
always correlated with the dosage of the AB and with the weight
or the number of animals treated (52, 53). To quantify the overall
use of antimicrobials per year, the defined daily dose/population
correction unit (DDDvet/PCU), a method proposed by EMA
is commonly used (30). In this study, the consumption of ABs
was expressed in milligrams of AC per total kilogram of meat
produced in a specific interval of time. This resulted in a more
economic and practical appearance because it referred to the final
product of one phase, thus to the net production. For practical
purposes, to compare the use of different ABs or for grouping
their use, calculation of the quantity of BW treated was also
interesting since it did not take into account the pharmaceutical
dose, although, to the authors’ knowledge, this has never been
proposed before.

CONCLUSION

This study demonstrated that PRRSV infection affected growth
performance and antimicrobial use in the Italian heavy pig
production system. Circulation of the PRRSV within a herd
negatively affected performance and led to a greater use of
antimicrobials, especially for treating secondary infections. The
present results demonstrated the low usage of class BABs for both
PRRS+ and PRRS– chains from 2017 to 2020. The use of class
C and D ABs was greater when there was presence of disease.
In the present study, class D Abs were the most used in the
production systems.

The mode of using ACs changed during the 4 years of the
study, even though a statistically significant overall reduction
was not evidenced over time, probably due to the lack of data
from individual farms. Finally, the data reported highlighted the
fact that management strategies targeted to have stable herds
negative for PRRS infection occurrence markedly improved the
production performance and reduced the use of antimicrobials
during the entire production cycle.

One limitation of the study was the impossibility of knowing
the reasons for each treatment and of explaining all the variations
observed regarding the ACs used over the years. Nevertheless,
the present study was based on a large 4-year dataset; therefore,
there was a large quantity of data that allowed providing, for
the first time, a vision of the Italian reality regarding the use of
ABs under well-defined conditions (PRRS) on a representative
number of animals.
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