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Abstract

Antimicrobial use is considered to be the highest in pig production as com-
pared with other animal husbandry sectors. In Serbia, antimicrobials have wide ap-
plication at pig farms as therapeutic but also as a prophylactic treatment. The aim of
the research study was the assessment of antimicrobial usage in different stages of
pig production in commercial farrow-to-finish pig holdings located in Vojvodina
Province (Serbia). A total of eleven pig holdings located in the Vojvodina Prov-
ince were included in this research. All investigated herds were single site farrow-
to-finish production systems with minimum of 300 sows in the site. The data on
prophylactic and therapeutic measures on the investigated farms were obtained
from official farm treatment records provided by the veterinarians and/or farm-
ers. The antimicrobials usage on pig farms was recorded by product, administra-
tion route and animal production category. The analysis of recorded data revealed
that different types of antimicrobials from almost all groups were applied. Breeding
pigs (sows, boars) received less treatment as compared to growing categories. As
regards the types of antimicrobials, frequent use of cephalosporins and polymyx-
ins in growing piglets was detected. The group treatments were mostly preventive
and the administration of an antimicrobial often lacked a precise previous diagno-
sis. Administration of high amounts of macrolides and pleuromutilins (tiamulin),
quite often in combination with tetracyclines in the fattening stage was noticed. In
conclusion, significant level of prophylactic antimicrobial treatments in farrow-to-
finish pig farms in Serbia is evident. The present study was initiated as a first step for
comparing antimicrobial usage on herd level using available data.
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Smatra se da je svinjarska proizvodnja sektor stocarstva sa najve¢com
primenom antimikrobnih preparata. Na farmama svinja u Srbiji anti-
mikrobni lekovi imaju $iroku primenu, u terapiji ali i u okviru mera pro-
filakse. Cilj istrazivanja je bio analiza primene antimikrobnih preparata u
razli¢itim fazama proizvodnje na komercijalnim farmama svinja organizo-
vanih od prasenja do tova, u regionu Vojvodine (Srbija). Istrazivanjem je
obuhvaceno ukupno jedanaest farmi svinja u Vojvodini. Svi obuhvaceni
komercijalni zapati predstavljaju proizvodne sisteme od prasenja do tova
sa najmanje 300 krmaca. Analizom su obuhvaceni podaci o profilaktickim
i terapijskim merama na farmama iz zvani¢nih farmskih evidencija dobi-
jenih od veterinara i/ili farmera. Analizirana je primena antimikrobnih
preparata prema proizvodu, na¢inu aplikacije kao i proizvodnoj kategoriji.
Utvrdeno je da se razli¢iti antimikrobni preparati primenjuju u svim faza-
ma proizvodnje. Rezultati ukazuju da su priplodne jedinke (krmace, neras-
tovi) podvrgnute zna¢ajno manjem broju terapijskih tretmana u poredenju
sa mladim jedinkama u porastu. Sa aspekta analize razli¢itih grupa anti-
mikrobnih lekova, utvrdena je Cesta primena cefalosporina i polimiksina
u kategoriji jedinki u porastu. Grupni tretmani su uglavnom preventivni,
pri cemu Cesto izostaje prethodna dijagnostika. U fazi tova ucestala je pri-
mena makrolida i pleuromutilina, ¢esto u kombinaciji sa tetraciklininima.
U zakljucku, utvrdena je znacajna profilakticka primena antimikrobnih
preparata na farmama svinja od prasenja do tova u Srbiji. Istrazivanje pred-
stavlja prvi korak u cilju sagledavanja potrosnje antimikrobnih preparata
na nivou zapata svinja iz postoje¢ih dostupnih podataka.

Kljucne reci: antimikrobni preparati, farme svinja, region Vojvodine
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INTRODUCTION

In the past, antimicrobial usage (AMU) in animal husbandry was fre-
quently aimed at therapeutic but also at preventive treatment (McEwen and
Fedorka-Cray, 2002). However, since recently, AMU in livestock systems has
been associated with the problem of antimicrobial resistance (AMR) (Raasch
et al., 2020). The ban of AMU as growth promoters was applied by the Euro-
pean Union (EU) in 2006 (Diana et al., 2019; Raasch et al., 2018). Pursuant to
legal directives, continuous monitoring of AMR is performed in EU member
countries (Echtermann et al., 2019). Today, the problem of AMR is considered
one of the major global threats for the future as it undermines the possibility
to effectively treat bacterial diseases in both humans and animals. Resistant
bacteria that emerge among food producing animals can spread to humans,
along the food production chain and in the environment (Silbergeld et al.,
2008; Baquero, 2011), so reduction of AMU is therefore essential (Raasch et al.,
2018). However, prophylactic AMU is still present in many countries in order
to sustain animal health and welfare (Sjolund et al., 2016; Diana et al., 2019).

Pig production is considered to be amongst the animal husbandry sectors
with the highest AMU (Callens et al., 2012; Collineau et al., 2017). Prophylactic
AMU aimed at preventing infections is a common practice on pig farms, espe-
cially during stressful periods for some categories (Prodanov-Radulovi¢ et al.,
2014a; Prodanov-Radulovi¢ et al., 2015a; Corinne et al., 2016). Antimicrobials
are incorporated in feed or water for disease prophylaxis, and they are typi-
cally removed at the finishing stages of production to avoid residues in tissues
(McEwen and Fedorka-Cray, 2002; DoSen et al., 2014; Prodanov-Radulovi¢ et
al., 2014b). Although limited and responsible AMU is desirable, recent studies
indicated that therapeutic but also prophylactic AMU in pig population has
increased in Serbia (Prodanov-Radulovié et al., 2014b; Prodanov-Radulovi¢ et
al., 2020). The commercial farrow-to-finish pig production is situated mostly
in the north of the country (Vojvodina Region) (Prodanov-Radulovi¢ et al.,
2015b; Prodanov-Radulovi¢ et al., 2017a). In present conditions, it is consid-
ered that AMU in Serbia is closely interrelated with the structure of livestock
production, high infectious pressure and existing biosecurity measures (Dosen
et al.,, 2014; Prodanov-Radulovi¢ et al.,, 2017b; Prodanov-Radulovié¢ et al.,
2018). As compared to a multi-site production systems, farrow-to finish swine
farms offer more supporting environment for interactions between pathogens,
environment and management (Savi¢ et al., 2015; Prodanov-Radulovi¢ et al.,
2020). The aim of the research was the assessment of AMU in different stag-
es of pig production in commercial farrow-to-finish pig holdings located in
Vojvodina Province (Serbia).
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MATERIAL AND METHODS

Eleven pig holdings located in the Vojvodina Province were included into
this research. To meet the criteria to be included in the study, the herds had to
be single site farrow-to-finish production systems with minimum 300 sows in
the site. All selected pig farms had their own veterinary service or at least one
full-time veterinarian. Basic production characteristics were common to the
majority of selected farrow-to-finish farms, i.e., the piglets were weaned at the
age of 28-35 days, and then transferred to a weaning, and later to growing and
fattening units. Finishing pigs were slaughtered at a weight of approximately
110 kg or when reaching age of 25 weeks. All selected farms were involved in
health surveillance program in the previous period. The herd health history
of bacterial and/or viral infections among different categories was well-docu-
mented (Prodanov-Radulovi¢ et al., 2014a; Prodanov-Radulovi¢ et al., 2015a;
Prodanov-Radulovi¢ et al., 2015b; Prodanov-Radulovi¢ et al., 2017b).

Herd visits took place between January 1 and November 30, 2019. Dur-
ing the herd visits, detailed data about AMU in all categories were collected.
All herds were examined by the same investigator according to a standardized
protocol. The data on prophylactic and therapeutic measures on the investi-
gated farms were obtained from official farm treatment records provided by
the veterinarians and/or farmers. The following details were ascertained from
farm records: number and category of pigs in the unit, production details, dis-
ease status and current veterinary health plan. The veterinarians were required
to allocate the AMU to five different production groups in farrow-to-finish
production: sows, boars, suckling and weaned piglets, fatteners. Based on the
available records, the AMU on pig farms was recorded by product, administra-
tion route and production category.

RESULTS

The data on the frequency of certain AMU according to the production
categories: sows, boars, suckling and weaned piglets, fattening pigs were col-
lected and analyzed. Prophylactic AMU in sows was most commonly based
on a combination of lincomycin hydrochloride and spectinomycin sulphate
(12.06%) but also combination of tiamulin hydrogen fumarate and oxytetra-
cyclin (10.34%) (Figure 1). According to farm production data, appropriate
powdered forms of these antimicrobials were mostly used in the period of
late pregnancy, i.e., 7 to 14 days before farrowing. As regards the therapeutic
treatment of sows, preparations of procaine benzyl penicillin and dihydros-
treptomycin sulphate (15.51%) administered parenterally were used. Most fre-
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quently, they were administered in the first 3 days after parturition in order to
prevent puerperal infections and possible health complications. Also, the sows
were frequently treated with tiamulin hydrogen fumarate and oxytetracycline-
based preparations in the form of dehydrate (13.79%).

M Prophylaxis
B Therapy

Figure 1. The antimicrobials usage in sow’s category in eleven farrow-to-finish pig
holdings. Antibiotics: lincomycin hydrochloride sulphate (1), Lincomycin hydro-
chloride + Spectinomycin sulphate (2),Tiamulin hydrogen fumarate + Doxycycline
hydrochloride (3), Tiamulin hydrogen fumarate (4), Oxytetracycline dihydrate (5),
Procaine benzylpenicillin + Dihydrostreptomycin sulphate (6), Streptomycin sul-
phate (7), Florfenicol (8) and Enrofloxacin (9).

In all examined pig farms, there was no standard antimicrobial prophylac-
tic protocol for breeding boars. The therapeutic treatment of boars was mainly
applied in accordance with established clinical picture and relevant disease
diagnosis. The combinations of tiamulin hydrogen fumarate and doxycycline
hydrochloride (22.22%), as well as tiamulin hydrogen fumarate as the sole sub-
stance were most commonly administered in the therapy. The parenteral use
of oxytetracycline dihydrate, fluorophenicol and enrofloxacin has also been
reported (Figure 2).
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® Prophylaxis

B Therapy

Figure 2. The antimicrobials usage in breeding boars in eleven farrow-to-finish pig
holdings. Antibiotics: Lincomycin hydrochloride sulphate (1), Tiamulin hydrogen fu-
marate + Doxycycline hydrochloride (3), Tiamulin hydrogen fumarate (4), Oxytetra
cycline dehydrate (5), Florfenicol (8), Enrofloxacin (9) and nt - no treatment record.

B Prophylaxi:
B Therapy

Figure 3. The antimicrobials usage in suckling piglets in eleven farrow-to-finish pig
holdings. Antibiotics: Lincomycin hydrochloride sulphate (1), Tiamulin hydrogen
fumarate (4), Procaine benzyl penicillin + Dihydrostreptomycin sulphate (6), Strep-
tomycin sulphate (7), Florfenicol (8), Enrofloxacin (9), Amoxicillin trichydrate (10),
Colistin sulphate (11), Cefquinome sulphate (12), Gentamicin sulphate (13) and Sul-
fadimidine + oxytetracycline hydrochloride + neomycin sulphate (14).
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In sucklings, prophylactic treatment mostly included application of water-
soluble colistin sulfate (13.51%). However, prophylactic usage of commercial
preparations containing at the same time more than one active substances was
established. Parenteral application involved the administration of a number of
different AMs, most frequently cefquin sulphate-based preparations (Figure 3).

In the category of weaned piglets, in the period just before or after the pig-
lets are weaned, per os administration of amoxicillin trihydrate was frequently
detected (14.89%). In the therapeutic treatment of weaned piglets, the combi-
nation of trimethoprim-sulfametoxasol was dominant (18.63%) followed by
florfenicol (14.89%) and enrofloxacin (Figure 4).

M Prophylaxis
M Therapy

Figure 4. The antimicrobials usage in weaned piglets in eleven farrow-to-finish pig
holdings. Antibiotics: Lincomycin hydrochloride sulphate (1), Tiamulin hydrogen
fumarate (4), Oxytetracycline dehydrate (5), Procaine benzyl penicillin + Dihydros-
treptomycin sulphate (6), Florfenicol (8), Enrofloxacin (9), Amoxicillin trichydrate
(10), Cefquinome sulphate (12), Tulathromycin (15), Doxycyclin hiklate (16), Neo-
mycin sulphate (17), Trimethoprim + Sulphametoxazole (18) and Ceftiofur hydro-
chloride (19).

In fattening pigs, tiamuline hydrogen fumarate-based preparations, alone
or in combination with doxycycline hydrochloride, as well as the administra-
tion of oxytetracycline in the form of dihydrate were dominant in the prophy-
laxis. In the therapy of fatteners, oxytetracycline in the form of dihydrate and
florfenicol were most frequently the antimicrobials of the first choice (Figure 5).
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B Prophylaxis
m Therapy

Figure 5. The antimicrobials usage in fatteners in eleven farrow-to-finish pig hold-
ings. Antibiotics: Lincomycin hydrochloride sulphate (1), Tiamulin hydrogen fuma-
rate + Doxycycline hydrochloride (3), Tiamulin hydrogen fumarate (4), Oxytetra-
cycline dehydrate (5), Florfenicol (8), Enrofloxacin (9), Doxycyclin hiklate (16) and
Tylozin tartarate (20).

DISCUSSION

The analysis of recorded data in farrow-to-finish pig holdings revealed that
AMU was common practice during all production phases, i.e., different types
of antimicrobials from almost all groups were applied. The selected holdings are
situated in Vojvodina Province, where majority of commercial pig production
takes place, indicating that the obtained results gave a good insight into AMU
in pig production in Serbia. Breeding pigs (sows, boars) received less treatment
as compared to growing categories. According to the farmers, the aim of pro-
phylactic treatment of sows was preventing the occurrence of disorders in late
pregnancy and potential gastrointestinal infections in newborns. During other
phases of sow production, AMU depended on the overall health status and/or
current health issues, for instance respiratory and /or reproductive infections,
lameness etc. In all examined herds, no preventive treatments of boars were
reported, and, this was also the category with the lowest overall AMU. Contrary
to that, suckling and weaned pigs received the most of the treatments. In new-
borns and at weaning, antimicrobials were commonly administered orally, as
prophylactic group-treatments aimed at preventing diarrhea.

Group-level treatments are the common way of AMU in pig production.
The majority of these treatments are prophylactic, administered to groups of
pigs at critical time-points in production such as weaning (Callens et al., 2012;
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Corinne et al., 2016). Based on the experience, most farmers recognize the
critical time points, when their pigs get ill (Raasch et al., 2018). Indeed, on
all evaluated pig farms, the weaning period was indicated as the period when
significant health problems were notified (diarrhea caused by Escherichia coli,
infections with Streptococcus suis, respiratory infections). The process of wean-
ing introduces a number of stress factors that may influence the immune func-
tion and intestinal microflora of weaned pigs. These disturbances might chal-
lenge the risk of different enteric disorders (Sjolund et al., 2016). According to
Postma et al. (2016) a higher weaning age was associated with a lower necessity
for AM therapy.

The pig industry uses more antimicrobials than any other livestock sector,
especially during the weaning period, when pigs face several challenges and
stressors including changes in the diet, separation from the sow and re-mixing.
The practice of prophylactic AMU to a group is a way of reducing the risk of
disease in weaned pigs. However, excessive use or misuse of broad-spectrum
AM poses a serious threat for public health (Diana et al., 2019). Group treat-
ment represented the most common way to treat growing pigs in the herds
at strategic time points when pigs were prone most likely to contract disease
(Sjolund et al., 2016). In our study, commercial in-feed medication was re-
corded in all participating farms. Indeed, in Vojvodina Region, feed mills fre-
quently have the manufacturing authorization to produce commercial in-feed
medication (DoSen et al., 2014). This method of AMU in Serbia is still fre-
quent, despite being almost obsolete in some EU countries (Echtermann et al.,
2019). In-feed medication is ideal for prophylactic use, but once pigs get clini-
cally ill, in-feed medication can be ineffective. A properly functioning water
supply is an ideal route for mass medication of pigs (Dosen et al., 2014).

As regards the antimicrobials considered especially critical to human med-
icine (Callens et al., 2012; Sjolund et al., 2016), we established a relatively fre-
quent use of cephalosporins in growing pigs. In most EU countries, the use of
cephalosporins in pigs has been highly regulated or even banned (Echtermann
et al., 2019). According to our research results, frequent application of poly-
myxins (colistin) is particularly worrying because reduction of its use is highly
recommended. Moreover, guidelines explicitly state that colistin is a last-resort
drug in human medicine, which should not be used as a substitute for good
management practices (Sjolund et al., 2016). Frequent use of polymixins in-
dicates that diarrhea still continues to be a major challenge in pig production
(Prodanov-Radulovi¢ et al., 2015b).

The group-treatments in fattening stage were mostly of preventive nature
and often lacked a precise previous diagnosis. High amounts of macrolides and
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pleuromutilins, quite often in combination with tetracyclines were observed
in this age group. Farmers reported that fattening pigs were commonly treated
for respiratory disorders. However, therapeutic treatments of individual pigs
were not always recorded, and it was difficult to obtain reliable retrospective
information on the therapeutic AMU in fatteners. According to the results of
previous study (Prodanov-Radulovi¢ et al., 2014b; Prodanov-Radulovi¢ et al.,
2020), swine dysentery and respiratory infections were most frequently diag-
nosed during the fattening stage.

It is suggested that improved biosecurity in pig farming could lead to a bet-
ter health status and thus to a reduced AMU (Laanen et al., 2013). The correct
management of diseased animals results in a lower risk of within-herd spread
of infection, which in turn leads to reduced infection pressure and a mitiga-
tion of AMU (Callens et al., 2012; Collineau et al., 2017). Having in mind the
obtained results, and in order to successfully reduce AMU, on-farm action is
needed. It is obvious that current farrow-to-finish production systems provide
more opportunities for multiple interactions between pathogens, as compared
to multi-site production systems (Savic et al., 2015; Prodanov-Radulovic et al.,
2020). There are several examples of disease outbreaks due to insufficient im-
plementation of external biosecurity measures in pig holdings in Serbia, such
as Pseudoreabies (Prodanov-Radulovi¢ et al.,2015b) and porcine epidemic di-
arrhea (Prodanov-Radulovi¢ et al., 2017b). The improvement of biosecurity
measures is an important approach to prevent the entry and spread of patho-
gens in a herd and thus may reduce the necessity of AMU (Laanen et al., 2013;
Raasch et al., 2018). Therefore, reduction and promotion of a more prudent
AMU in pig production is important (Echtermann et al., 2019; Raasch et al,,
2020).

Commercial pig production in Serbia implies classical, old-type farrow-
to-finish farm structure (DoS$en et al., 2014; Prodanov-Radulovi¢ et al., 2020)
and there is no central AMU database that could be used to set benchmarks for
antimicrobial consumption. Having in mind the results of our previous epide-
miological survey (Prodanov-Radulovi¢ et al., 2018), a biosecurity guidance
for pig holdings should be created with the aim of upgrading biosecurity meas-
ures and therefore improving pig health resulting in the decrease of AMU.

CONCLUSION
Significant level of AMU in farrow-to-finish pig farms in Serbia in pro-

phylactic treatments is evident. Development of a national program for moni-
toring of AMU is highly required. Moreover, initiation of control and regula-
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tion measures for prescription and distribution of antimicrobials coupled with
farmers’ education is of crucial importance.
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