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Abstract: Antimicrobial resistance is a universal threat and is leading to a new awareness of
antimicrobial use. The colonization of tissues by some microorganisms carrying resistance genes may
pose a risk of spreading resistance to pathogens. Antimicrobials may induce an unstable microbiome
that compromises the animal’s immunity. Indeed, dysbiosis has been linked to many alterations in
the immune response. Here, we isolated bacterial colonizers from the nasal microbiota of sows to
describe the phenotypic resistance profile on different health managements. One hundred and thirty-
two strains isolated from 50 nasal swabs collected from sows were tested against up to 23
antimicrobial agents by disk diffusion. Overall, the nasal communities showed 55% antimicrobial
resistance (1605/2888 tests). Resistance was detected for all tested antimicrobials. The antimicrobial
showing higher rate of resistance was bacitracin (92%), while the lowest was found in the
aminoglycosides. Actinobacillus suis was one of the species with highest rate of resistance. The time
and number of drugs used in feed influenced the resistance rate in the isolates. Vaccination was
confirmed as a strategic protocol for disease control Studies on antimicrobial resistance in
commensals may allow the identification of microorganisms to be used in surveillance and may
constitute a tool for evaluating strategies to reduce antimicrobial use in pig herds.

Keywords: antimicrobial resistance; nasal microbiota; swine

1. Introduction

Four decades ago, antimicrobials (AMB) at low dosages used to be part of swine herd
management to improve animal weight [1]. Nowadays, the use of growth promoters and
metaphylactic treatment is still a practice in broiler chickens and pigs [2]. In Brazil, AMBs are also
used for enhancing animal health by reducing the burden of pathogenic microbes and, therefore,
disease outbreaks in swine herd [3].

Nonetheless, the widespread use of AMBs has increased the selection pressure on the
microbiome and promoted the spread of resistance genes among animals, humans and the
environment. The emergence of AMB resistant microorganisms is a consequence of the continued
use of AMBs, increasing costs and mortality rates in the production system, and causing a global
health problem [3,4]. Antimicrobial resistance (AMR) occurs when a microorganism develops
mechanisms that allow the growth in the presence of AMBs. A microorganism that has acquired
resistance to at least one agent in three or more AMB categories is characterized as multidrug resistant
(MDR) [5]. Thus, antimicrobial use (AMU) puts pressure on a given bacterial population and selects
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resistant variants [6], not only in the target pathogens but also in commensals from the microbiota
[7]. AMR hinders treatment efficacy, limiting therapeutic options [8] and favors colonization by MDR
microorganisms [5].

Therefore, AMB treatment should only be used when recommended by veterinarians at an
appropriate dose and duration when deemed necessary and effective during an outbreak, which is
important for animal welfare [6-8]. Strategies for reduction of AMU in veterinary medicine include
vaccination protocols and promotion of a balanced microbiota through beneficial microbial
colonization [9]. Instead, on some Brazilian farms, pigs are still fed AMBs in their feed to prevent
infections [10]. AMU should be optimized to reduce the selection and spread of AMR [11]. It is
important to improve managers” understanding of effective strategies to prevent AMU [12] and to
maintain a stable microbiota community [13].

The microbiota community plays an important role, with the nasal microbiota contributing to
respiratory health [13]. One of the most important functions of symbiotic microorganisms is to protect
against pathogens, mainly through pathogen exclusion and immune system stimulation [14,15],
provided by a diverse microbial community [16]. One of the strategies to ensure beneficial microbial
colonization of animals is to promote a balance between colonization and immunity [7,9].

Nevertheless, metaphylactic AMB treatments have the potential to disrupt the beneficial
microbial communities of the microbiota, leading to dysbiosis [7,16]. This unbalanced
microenvironment is more susceptible to pathogen invasion, raising the risk for disease development
[17]. Furthermore, if the microbiota members possess resistance genes, these can be transferred to the
pathogens [18], potentially undermining disease management. Bacteria have the potential of genetic
modification, and this will enable them, sooner or later, to neutralize the action of newly invented
AMBs [19].

Notably, the circulation of resistant strains can occur in sick or healthy animals. Antimicrobial
resistance (AMR) of Streptococcus suis in clinically healthy sows has been reported previously in
China, and transmission is likely to occur between healthy carrier sows and their offspring [20].

Increasingly, networked and well-informed consumers are putting pressure on production
chains to adopt high standards of sustainability [21]. Ensuring welfare for animals can strengthen the
immune system and reduce the need for AMU. Good animal husbandry meets the behavioral,
environmental and physiological needs of animals, resulting in less stress on the herd and less
susceptibility to disease [22]. In this context, biosecurity should also be improved by reviewing
management practices [23] rather than relying on metaphylactic treatments, which can lead to loss of
drug efficacy [24]. Biosecurity is the primary measure to manage biological risks, designed to prevent
the introduction (external biosecurity) and spread (internal biosecurity) of disease within
populations, herds, or groups of animals. In addition, the governments of many countries have
adopted actions on the basis of the One Health approach. These restrictive measures are part of a
broader strategy to combat AMR, in line with international guidelines from the World Health
Organization (WHO), the Food and Agriculture Organization (FAO) and the World Organization for
Animal Health (WOAH). Meanwhile, in Brazil the manufacture, marketing and distribution of AMB
products for veterinary use have been strictly regulated. Mandatory veterinary prescriptions are
being implemented for the purchase of AMBs, as indicated in the resistance monitoring program,
known as PAN BR AGRO, legislation.

Public authorities are encouraging alternative practices among pig producers through
comparative results based on scientific data and educational programs [9,10,22,23]. Since 2018, Brazil
has established procedures for the production and use of veterinary drugs in feed, including the
obligation to inform AMU in feed formulation [25,26]. It is recognized that Brazil has been advancing
for the more conscious use of AMB in livestock farming (Brazil, 2020). The use of tetracyclines,
macrolides, avoparcin and penicillin as growth promoters is prohibited, but significant progress
remains to be made. The PAN BR AGRO is monitoring bacterial pathogens from animal-derived
foods [25]. Government policies are fostering alternatives to AMU, enforcing animal welfare and
good production practices, and a new culture that comes with microbial diversity [8]. AMR
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surveillance programs have become essential to control the use of AMBs in food production and to
evaluate the strategies adopted. In this way, AMB susceptibility testing is recommended for the
appropriate use of AMBs and to identify MDR [27].

Here, we report the isolation of bacterial colonizers from the nasal microbiota of sows and
describe the phenotypic resistance profile in different sanitary management practices in the Federal
District, Brazil.

2. Materials and Methods
2.1. Ethical Approval

All samples were collected according to ISO/TS 34700:2016 with the permission of the farm
owners. The study was approved by the Ethical Committee for the Use of Animals (CEUA) of the
University of Brasilia n® 23106.022976/2023-55.

2.2. Sampling, Swine Farms and Sows

From March 2022 to October 2023, sows were screened in 10 sow farms (A to J) located in the
Federal District, Midwest of Brazil. The Federal District is a central area of Brazil, where the capital
Brasilia is located, with only 5,761 km?, while Brazil has 8,510,000 km?. However, it is very important
in terms of governmental affairs, and the surrounding rural area has developed in agribusiness
contributing to the gross domestic product (GDP). There are 24 farms in the Federal District and 10
of them are sow farms, classified as two-site herds (1 farm), farrow-to-finish (3 farms), and one-site
herd (6 farms). The health management varied from each farm by vaccination protocols and
metaphylactic treatments in sow feed (some farms alternate different AMB with amoxicillin - Table
3), the hygiene practices (some use neutral soap before disinfectant to clean the empty lots, others
not), the sanitary downtime (vary from 3 to 5 days), welfare status (only farm C was Animal Welfare
Certified), and biosecurity measures which was evaluated by a Bio Score (Biosecurity Data
Collection). Herd sizes ranged from 50 to 4,273 sows. Five sows, aged between 14 and 48 months,
showing symptoms of coughing and prostration, were selected for sampling based on convenience.
In the absence of clinical signs, but in the same batch housing the clinical case, apparently healthy
sows were selected to achieve 5 sows sampled. The sow population in the batches varies from 20 to
60 among farms. Sows treated with marbofloxacin, gentamicin or amoxicillin with clavulanic acid
(injectable) up to seven days prior to the farm visits were not sampled. Therefore, a total of 50 nasal
swabs in duplicate were placed in plain Falcon tubes for PCR assays and in 5 mL BHI, KASVI® tubes
for bacterial culture.

Surveillance routine screening at the slaughterhouse, performed independently from the study,
reported the presence of lung lesions and their cause in pigs from the farms studied.

2.3. Biosecurity Data Collection

The farms varied in animal welfare and hygiene management. Biosecurity was scored using 10
questions that assessed the risk of disease entering and spreading in the herd, by assessing the
preventive measures in place on the pig farms. The higher the score, the better the preventive
measures in place. The main measures rated were isolation of the farm, safe distance from other pig
herds and roads, replacement of breeding stock, quarantine, possible sources of vectors, type of feed,
mode of transport and registration of access by vehicles and people. The questionnaire used for this
study was based on the official form of the Ministério da Agricultura, Pecuaria e Abastecimento
(MAPA, Brazil). In the farms under study, the biosecurity (Bio) score ranged from 6 to 9 (median
value: 7.1) on a scale of 1 to 10 points (Table 1).
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Table 1. Farm biosecurity evaluation by scoring preventive measures.
Swine .
Farm Road Breeders Quaran- Vectors Type of Feed Vehicle Human .
Farm . . erds . . ) .. . Bio score*
isolation _, distance reposition tine control Feed Transport  disinfection Access
distance
A 1 0 0.5 1 0.5 1 1 1 1 1 8
B 0.75 1 0.75 1 0 0.25 1 1 0.25 1 7
C 1 0.75 0.25 1 1 1 1 1 1 1 9
D 0.5 1 0.75 0.5 0 0.5 1 1 0.75 1 7
E 1 1 1 0 0 1 1 1 0 0 6
F 0.5 1 0.75 1 0 0.5 1 1 0.25 1 7
G 1 1 1 0 0 1 1 1 0.5 0.5 7
H 0.25 1 0.75 1 0 1 1 1 0.5 0.5 7
I 1 1 0.25 1 0 1 1 1 0.25 0.5 7
J 1 0 1 0 0 1 1 1 0.5 0.5 6

*Biosecurity score is composed of biosecurity modules (columns). Scale (0, 0.25, 0.5, 1): 0=None, 0.25=Low,
0.5=Moderate, 1=High. Bioscore (0-10) is the sum of scores across categories, with higher values for greater

biosecurity.

The same researcher interviewed and collected data in all participating herds. The cross-
sectional study included 463 sows housed in the sampled batches. The total population of sows in
the Federal District farms was 9,544. The farms used different AMBs in the sow feed, but all added
amoxicillin to sow diets, especially from June to August, due to the dry season, high daily
temperature amplitude (hot during the day and cold at night) and increased dust. Of note, at the time
the samples were collected, national legislation restricting medicated feed was not updated. Recently,
Brazil aligned the AMB policies with global standards and implemented measures to effectively
monitor AMU and reduce AMR.

The vaccination protocols in the farms included commercial and autogenous vaccines for several
swine diseases. Piglets were weaned between 21 and 24 days, then the pen was emptied for 3 to 5
days, followed by rigorous cleaning. This variation was due to farm management and the number of
farrowing sows. Cleaning was done with high pressure water and only farm F used detergent. After
cleaning and removal of visible organic material, quaternary ammonia or bleach was applied.
Although there are no mandatory vaccines, the farms used commercial and autogenous vaccines with
different protocols.

2.4. DNA Extraction and PCR Assays

Genomic DNA was extracted from each sample using the Genomic DNA Extraction Kit®
(Biogene, Madison, WI, USA) according to the manufacturer’s instructions. PCR assays were
performed as in previous work [28]. We detected Actinobacillus pleuropneumoniae, Glaesserella parasuis,
and Pasteurella multocida by multiplex PCR assay and Mycoplasma hyopneumoniae by nested PCR [28].
The positive control samples were kindly provided by the Federal University of Vigosa - UFV and
the negative control was ultrapure water.

2.5. Culture and Bacterial Isolation

Standard microbiological techniques were used to isolate bacterial colonies at the Veterinary
Microbiological Laboratory of the University of Brasilia (UnB). Nasal swabs were plated on blood
agar and incubated overnight at 37°C. Morphology, hemolytic activity, Gram stain, catalase and
oxidase tests were performed individually. Contaminating Gram+ bacilli with the presence of spores
and yeasts were discarded. All colonies were classified according to the results of
oxidative/fermentative (OF), methyl red, and Voges-Proskauer (Vm/Vp) tests, followed by other
biochemical tests according to the protocols established in the Standard Operating Procedure of the
Veterinary Microbiology Laboratory of the UnB. In addition to Vm/Vp, staphylococci were cultured
on salt-mannitol agar (BD®) and differentiated using the coagulase test. For enterobacteria, the
characterization followed the established differentiation protocol: indol, citrate, urea and TSI (triple
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sugar iron) and consumption of sugars and proteins. After bacterial characterization [29], each strain
was individually plated on blood agar and frozen using BHI with 20% glycerol.

2.6. Antimicrobial Susceptibility Test

Isolates were subjected to antimicrobial susceptibility testing using the disk diffusion Kirby-
Bauer method to evaluate phenotypic resistance [30]. This method classifies bacterial isolates as
susceptible (S): bacteria are inhibited by concentrations of the AMB at standard doses; intermediate
(I): a higher dose of the AMB may be required to achieve efficacy; or resistant (R): the drug is
ineffective against microorganisms. The categories are based on the size of the zones of inhibition
around the AMB-impregnated discs. These classifications, along with regularly updated cut-off
values, ensure that AMBs remain effective and safe while minimizing the development of resistance.
To date, (I) results are considered susceptible with increased exposure, meaning that higher than
standard doses or prolonged exposure may be required. Intermediate isolates are a “gray area” where
efficacy depends on increased exposure, which can be quantified through PK/PD modeling and
adjusted dosing regimens. A higher dose of the AMB is required to achieve efficacy, which is reflected
in (S) results. The cut-offs for susceptible, intermediate and resistant are determined based on
diameter zones. Here, the inhibition zone sizes around the AMB discs were read with a pachymeter.
Interpretation of the resistance profiles was performed according to CLSI (Clinical and Laboratory
Standards Institute) standards [31], where available, and following the AMB manufacturer’s
instructions. The products have analytical sensitivities at their respective concentrations adjusted to
McFarland’s Standard Turbidity Scale 0.5. The 23 AMBs used are listed in Table 2.

Table 2. Antimicrobials used for susceptibility testing and their concentration.

Pharmacologic Class Antimicrobials Concentration disk
Aminoglycoside Amikacin (AMI) 30 ug
Gentamicin (GEN) 10 ug
Neomycin (NEO) 30 ug
Amphenicol Florfenicol (FLF) 30 ug
[-lactamase Amo + Clavulanic acid (AMC) 20 ug
Amoxicillin (AMO) 30 ug
Ampicillin (AMP) 10 ug
Penicillin Penicillin (PEN) 30 ug
Cephalosporine Cephalothin (CFL) 30 ug
Cephalexin (CFE) 30 ug
Ceftiofur (CFT) 30 ug
Quinolones Enrofloxacin (ENO) Sug
Marbofloxacin (MBO) 5ug
Norfloxacin (NOR) 10 pg
Lincosamide Clindamycin (CLI) 2ug
Macrolide Erythromycin (ERI) 15 ug
Tylosin (TLS) 60 ug
Tulathromycin (TUL) 30 ug
Tetracycline Tetracycline (TET) 30 ug
Doxycycline (DOX) 30 ug
Polypeptide Bacitracin (BC) 10 ug

Sulphonamide sulfametoxazol (SUL) 300ug
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sulfametoxazol-trimetoprim (SUT) 25 ug

2.7. Statistical Analyses

Graphs were generated with RStudio (2024.04.0) [32] using the ggplot2 package [33]. Statistical
analyses were performed using SAS software (version v9.4, Cary, North Carolina, USA). For each
AMB, the proportion of resistant isolates was calculated by dividing the number of resistant isolates
by the total number of isolates tested. We chose a nonparametric test, Chi-Square, to estimate
correlations between AMB resistance and health management variables, such as vaccination
protocols. Fisher’s exact test was used when the sample size was small, resulting in expected
frequencies below 5. Pearson correlation was used to assess correlation between years of use and
number of AMBs or bio score with overall resistance in each farm. The level of resistance among
bacterial species or among farms was compared using Krustal-Wallis with post-hoc Dunn’s test.

3. Results
3.1. Swine Farms and Sows” Health Management

Samples were collected from sows of different parity, with 42% (21/50) in first parity, 36% (18/50)
between 2nd and 4th parity and 22% (11/50) in 5th parity or above. Fifty-four percent (27/50) of the
sows were in maternity stalls and 46% were in gestation stalls. Forty-four percent (22/50) of the sows
showed no clinical signs of infectious disease, but a history of infectious disease was reported in 34%
(17/50) of the sows. During the visits, 22% (11/50) of the sows were coughing, sneezing and/or had
purulent or sanguinolent nasal secretions. The number of workers varied from 1 to 96 depending on
the herd size, but the number of sows per worker varied from 27 to 65.75 among the herds, with an
average of 46.3 sows per worker. The smallest herd of 50 sows was managed by only one worker,
while the largest herd of 4,273 sows was managed by 96 workers. Some farms used in-feed
amoxicillin continuously, while others used AMBs on a rotational basis in the sow feed.

The farms used medicated feed to acclimate the sows as a preventive strategy to prevent atrophic
rhinitis in sows and their offspring and thus control the spread of infectious diseases by reducing
shedding. However, some farms added florfenicol, penicillin or tylosin, alternating the AMBs with
each use, as recommended by the veterinarian. Farm managers used 800 mg/ton of amoxicillin to
achieve 20 mg/kg per lactating sow. Amoxicillin is a broad-spectrum penicillin AMB that is active
against many Gram-positive and some Gram-negative bacteria, including Pasteurella multocida, a
major pathogen in atrophic rhinitis and Bordetella bronchiseptica. Farm A frequently included
clindamycin, tetracycline, enrofloxacin, and oxytetracycline in the feed rotation for metaphylactic
purposes, and Farm | included clindamycin in an attempt to increase the effectiveness of treatment.
Occasionally, marbofloxacin, gentamicin, or amoxicillin with clavulanic acid was injected for
therapeutic treatment. The use of amikacin was not reported by any of the farm managers or staff.
The vaccination protocols varied among the farms. Commercial vaccines were used in 7/10 farms and
were directed against Mycoplasma hyopneumoniae (Myo), porcine circovirus type II (PCV2), Pasteurella
multocida, Bordetella bronchiseptica, Salmonella ser. Typhimurium, Streptococcus suis infection diseases.
Autogenous vaccines were used in 8/10 herds to prevent outbreaks caused by P. multocida, Glaesserella
parasuis, S. Typhimurium, E. coli and, S. suis. Table 3 details health management practices among
swine farms, including metaphylactic feed and vaccine protocols adopted by each farm.
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Table 3. Farm, antimicrobial agents in metaphylactic treatment, vaccines protocols and production type.

d0i:10.20944/preprints202502.1600.v1

Farm AMB Agents Vaccines Production Type
A AMO, CLI, TET, M. hyopneumoniae, circovirus, P. One-site-herd:  piglet — unit
ENO, OXY multocida, S. ser. Typhimurium  production
B AMO, FLF, PEN M. hyopneumoniae, circovirus, G. One-site-herd:  piglet  unit
parasuis, S. suis. production
C AMO, FLF P. multocida, B. bronchiseptica, Two-site-herd: piglet and gilt and
G. parasuis, S. ser. Typhimurium, young boar production
E. coli.
D AMO, FLF G. parasuis One-site-herd: ~ piglet  unit
production
E AMO None Farrow-to-finish: piglet to hog-
finished production
F AMO, FLF, PEN  P. multocida, S. ser. One-site-herd:  piglet  unit
Typhimurium, S. suis. production
G AMO None Farrow-to-finish: piglet to hog-
finished production
H AMO, FLF M. hyopneumoniae, circovirus, P. One-site-herd:  piglet  unit
multocida, S. ser. Typhimurium, production
S. suis
I AMO, FLF, TYL M. hyopneumoniae, circovirus, P. One-site-herd: — piglet — unit
multocida, G. parasuis, S. ser. production
Typhimurium
J AMO, CLI P. multocida, G. parasuis Farrow-to-finish: piglet to hog-

finished production

AMO: amoxicillin, CLI: clindamycin, TET: tetracycline, ENO: enrofloxacin, OXY: oxytetracycline, PEN:
penicillin, FLF: florfenicol, TYL: tylosin.

3.2. Lung Lesions and Pathogen Detection

Detection of pathogens is summarized in Table 4. P. multocida was detected in 6 out of 10 farms
and G. parasuis in 4 out of 10 farms. G. parasuis and P. multocida were detected together in one sow. A.
pleuropneumoniae was detected only in farm J. M. hyopneumoniae was not detected in any of the 50
samples. Farm C had Mhyo-free status, but we cannot exclude the presence of M. hyopneumoniae in the
other farms that tested negative by nested PCR. G. parasuis and A. pleuropneumoniae were only
detected by PCR, as they cannot grow on blood agar plates. A. pleuropneumoniae was also detected in
the slaughterhouse in samples from farm J.

Lung lesions caused by P. multocida were reported by the slaughterhouse in the herds of farms
B, D and G, which did not use the corresponding vaccine. In nasal samples, P. multocida was detected
by PCR and culture in farms A, B, E, G, H, and PCR but not culture in farm D. As shown in Table 3,
six of the 10 farms applied P. multocida vaccines: five used autogenous vaccines and one a commercial


https://doi.org/10.20944/preprints202502.1600.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 20 February 2025 d0i:10.20944/preprints202502.1600.v1

8 of 17

one (farm C). Only one of them, farm ], reported lung lesions at slaughter (although isolation showed
A. pleuropneumoniae in the lesions). The use of an autogenous vaccine against P. multocida acted as a
protective factor against lung lesions, as this vaccine was significantly associated with a reduction in
pulmonary lesions (p-value of 0.048).

Table 4. Pathogen detection by PCR or bacterial culture in nasal samples from sows.

Farm PCR Culture
A P. multocida A. suis; P. multocida; S. suis.
B P. multocida; G. parasuis A. suis; P. multocida; S. suis.
C G. parasuis A. suis; S. suis
D P. multocida B. bronchiseptica
E P. multocida A. suis; B. bronchiseptica; P. multocida
F G. parasuis B. bronchiseptica
G P. multocida A. suis; B. bronchiseptica;P. multocida; S. suis
H P. multocida A. suis; P. multocida
I G. parasuis A. suis; S. suis
J A. pleuropneumoniae S. ser. Typhimurium; S. aureus

3.3. Bacterial Isolates from the Sows" Nasal Microbiota and Resistance Profile

A total of 132 strains belonging to 20 bacterial species were isolated from the 50 sows.
Staphylococcus coagulase negative, typical commensals of the nasal microbiota was the most prevalent
(22/50; 44%). Although Enterobacteriaceae are commonly associated with the gut microbiota, herein
Klebsiella, Pantoea, Proteus, Yersinia, Escherichia, and Salmonella were isolated from the sow nasal
swabs. A statistically significant association was observed between the administration of penicillin
and the isolation of Proteus vulgaris (Chi-Square, p = 0.0317). Pathogens such as P. multocida, B.
bronchiseptica, K. pneumoniae, P. aeruginosa, S. aureus, Y. enterocolitica, S. Typhimurium and S. suis were
isolated from sows without respiratory diseases. But, as expected, A. pleuropneumoniae was isolated
from the sow with fever from farm J. Lastly, the administration of an autogenous Streptococcus suis
vaccine was statistically associated with the isolation of Rhodococcus equi (Chi-Square, p = 0.0410).

To investigate AMB resistance in the isolates, tests with 23 AMB agents were performed
(Supplementary Table S1). Overall, the results showed 55.6% (1605/2888) AMR (Supplementary
Tables S1 andS2). The AMB class showing less resistance was the aminoglycosides (16.7-39.4%; Table
52), while the polypeptide bacitracin showed the highest rate (92.4%; Tables S1 and S2). In the
macrolides, tulathromycin showed a lower degree of resistance, 33.6%, than erythromycin and
tylosin, with 57.4 and 72.3%, respectively. In the beta lactams, the highest rate of resistance was
observed for penicillin (79.2%). It is noteworthy to point out that the addition of clavulanic acid to
amoxicillin reduced the resistance from 65.2% (with amoxicillin only) to 27.3% (Tables S1 and S2). It
is also of note to highlight the presence of resistance to ceftiofur (a third-generation cephalosporin)
in several taxa, including A. suis, S. aureus and S. suis.

Considering the history of use of each antibiotic reported, the longest reported period of
antibiotic use was nine years for bacitracin and the shortest was one year for amoxicillin with
clavulanic acid, marbofloxacin, and gentamicin. We observed a correlation between the number of
years that the AMB was used and the percentage of global resistance observed for that AMB (Pearson
correlation; r = 0.88, p-value <0.001; Table S2). Surprisingly, we observed some resistance to amikacin,
which was never used in the herds. A correlation between the rate of resistance in each farm and the
number of AMBs used in the farm was found (Pearson correlation; p = 0.02). On the other hand, no
correlation was detected between the level of resistance in a farm and its corresponding Bio score
(Pearson correlation; p = 0.578).

The phenotypic profile of antimicrobial resistance varied from 39% to 83% among bacterial
species (Supplementary Table S3 and Figure 1) and from 47% to 65% among farms (Supplementary
Table S3 and Figure 2).
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We observed heterogeneity in AMR frequency within each bacterial species (Figure 1). As an
example, Staphylococcus coagulase negative isolates showed wide diversity in the number of
resistances: the isolate from farm A showed AMR of 74% (17/23); in farm E, 2 isolates showed no
resistances, one isolate 8.7% (2/23) and the fourth isolate 43.5% (10/23); isolates from farm F showed
52% (12/23) and 35% (8/23) of antimicrobial resistance; isolates from farm G showed resistance
varying from 17.4% (4/23) to 82.6% (19/23). In addition, the rate of resistance in the different bacterial
species was significantly different (Kruskal-Wallis, p-value 0.0015; Figure 1). This global difference
was due to the differences between A. suis and M. luteus (z = 3.5, p = 0.037), and A. suis versus and
Staphylococcus coagulase negative (z = 3.8, p = 0.014). In the case of S. Typhimurium (isolated only
from Farms I and ]) and P. aeruginosa (isolated only from Farm G), which showed high percentage of
resistances, it is possible that the low number of observations may have limited the test’s ability to
detect differences.
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Figure 1. Percentage of antimicrobial resistance per bacterial species. Nasal isolates from sows from ten farms
were tested for antimicrobial susceptibility. The results are presented as box-plots, with an horizontal line
indicating the median value and the box represents the middle 50% of the observed values. The results are
organized by bacterial species and represent the percentage of resistance (the number of tests giving a resistance
result with respect to the total number of tests). The farms are represented with different colors following the

legend on the right of the graph. Raw data can be found in Tables S1 and S3.

Isolates with varying degree of resistance were found in the different farms, but no differences
were detected in the overall resistance levels among the farms (Krustal-Wallis, p = 0.94; Figure 2).
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Figure 2. Percentage of antimicrobial resistance per farm. Nasal isolates from sows from ten farms were tested
for antimicrobial susceptibility. The results are presented as box-plots, with an horizontal line indicating the
median value and the box represents the middle 50% of the observed values. The results are organized by farm
and presented in percentage of resistance (the number of tests giving a resistance result with respect to the total
number of tests in each bacterial species). The bacterial species are represented with different colors following

the legend on the right of the graph. Raw data can be found in Tables S1 and S3.

When the resistance to multiple AMB families was examined, the majority of isolates showed
multiresistance to 7-9 AMB classes (Supplementary Table S1; Figure 3). On the other hand, only 5
isolates did not show any resistance (2 Proteus and 3 Staphylococcus), 2 isolates showed resistance to
just one AMB family, and one isolate to 2 families. Some of the more frequent MDR profiles included
resistance to bacitracin and penicillin combined with tetracycline (60% of isolates), doxycycline (57%),
florfenicol (56%) or tylosin (55%).

/

20 4

Number of isolates

Number of resistances to different antibiotic classes

Figure 3. Distribution of number of resistances, including MDR (multi-drug resistance), in the bacterial isolates

from the nasal cavities of sows obtained in this study.
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4. Discussion

This cross-sectional study evaluates, for the first time, the antimicrobial resistance of bacterial
isolates collected from the nasal cavities of sows in the Federal District, Brazil. We screened for the
most common respiratory pathogens in swine production [34-39]. However, a high level of AMR
was observed not only in pathogens, but also in commensals. Globally, the rate of resistance to an
AMB correlated with the number of years using the drug, and resistances in a farm correlated with
the number of AMBs used. In agreement with a previous report showing that biosecurity did not
correlate with AMU [10], in this study, AMR was not associated with the biosecurity score.

Noteworthy, we found S. suis, A. suis, S. aureus isolates that were resistant to ceftiofur. In a study
in Spain by Blanco-Fuertes et al. [15], treatment with ceftiofur administered to sows resulted in higher
levels of resistance genes in weaned piglets. In Canada, ceftiofur was a routine treatment for disease
prevention in suckling pigs in some herds [40]. Ceftiofur administration had a longer effect on the
nasal microbiota composition of piglets when administered to their sows before farrowing than when
applied directly to the piglets at birth [15]. The findings of cephalosporin-resistant S. suis, A. suis, S.
aureus are concerning since third and fourth-generation cephalosporins are considered critically
important AMBs in human medicine [34]. In addition, resistance to ceftiofur has been described in P.
multocida from cattle origin [41], and P. multocida isolates of wildlife origin [42], reinforcing the fact
that AMR is a multifactorial problem, with intrinsic links in the human, animal and environmental
interface. Furthermore, Pasteurellaceae isolates from wild and domestic animals in an alpine
ecosystem in northeastern Spain exhibited similar levels of resistance for macrolides [42]. Here, we
also found a high level of frequency of resistance to macrolides, particularly tylosin. Tylosin was used
in the medicated feed for sows on farm I and all isolates from farm I showed resistance to this
antimicrobial.

Medicated feed including oxytetracycline was used by Farm A. Mou et al. [43]. [] found that oral
oxytetracycline had a greater effect on the diversity and disruption of the microbiota than the
intramuscular route. They described different dosing regimens of oxytetracycline associated with
shifts in the nasal microbiota [43]. In addition to resistance, antimicrobials could be a significant cause
of dysbiosis in the offspring. Bonillo-Lopez et al. [44] showed that sow treatment reduces the nasal
bacterial load of sows and alters the composition of the nasal microbiota of piglets, showing unusual
taxa in their nasal microbiota. In this study we found a potential link between penicillin
supplementation and the presence of P. vulgaris, in the nasal cavity of the studied population. AMBs
can alter microbiota, reducing competition and allowing the proliferation of opportunistic bacteria
[14]. Besides, Proteus is known for its ability to acquire resistance genes through plasmids,
transposons and other mobile genetic elements, facilitating their survival in environments with AMB
pressure [5-8]. If other susceptible bacteria are eliminated, pathobionts can proliferate [14]. Since
amoxicillin and penicillin, being (-lactams, target preferentially Gram-positive bacteria, Gram-
negative bacteria may gain a competitive advantage in the microbiome environment [12,13]. Still,
some farm managers in this survey alternated penicillin, florfenicol, tylosin, clindamyecin,
tetracycline, enrofloxacin and oxytetracycline with amoxicillin in the feed, disregarding that
metaphylactic treatments can be avoided without negatively impacting the production [15].

In this context, the new regulation implemented in 2024 (Decree No. 12.031/2024; [46])
introduced an updated regulatory framework for feed production, including medicated feeds. It
improves control mechanisms to ensure the product quality and safety of feeds containing veterinary
medicines, with the aim of preventing misuse, safeguarding animal health and mitigating
antimicrobial resistance. Currently, authorization and licensing are key requirements for the
manufacture of medicated feed. In addition, facilities must be registered and licensed by MAPA and
only veterinary drugs approved by MAPA, with continued emphasis on the prohibition of certain
antimicrobials, may be use. Medicated feeds require a veterinarian’s prescription detailing species,
diagnosis, dosage, duration of treatment and withdrawal periods. Labels must contain
comprehensive information, and production records should be meticulously maintained for
traceability in accordance with the latest regulatory standards. Ongoing government initiatives are
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aimed at educating veterinarians and producers on the responsible use of medicated feed, reflecting
the latest legislative changes [46].

Medicated feed is still a common strategy in many countries to control the occurrence of
Mycoplasma, Pasteurella, Glaesserella [9] and S. suis [37], although colonization by respiratory
pathogens does not always lead to disease, since mechanisms involved in the early local innate
immune response might favor colonization without clinical illness development [45]. All farms in
this study used metaphylactic amoxicillin for sows, an AMB commonly used to treat S. suis infections,
a zoonotic pathogen widely distributed in pig farms [47]. Although in S. suis beta-lactam resistant
strains are primarily found in commensal sites [48], most S. suis isolated from the nasal swabs in this
study were sensible to amoxicillin, probably due to the lack of widespread production of beta-
lactamases by this bacterium [49]. On the other hand, S. suis in this study presented AMR to several
classes of AMBs, including quinolone, cephalosporin and tetracycline. Being a ubiquitous component
of the microbiota of the upper respiratory tract [48], pigs are usually colonized by more than one
serotype, but only a few strains can produce disease [37]. Although, the majority of clinical S. suis
isolates remains sensitive to amoxicillin [37], recent reports found higher levels of resistances in S.
suis strains isolated from clinically healthy sows in China for tetracycline (91.7%), sulfametoxazol
(86.7%), erythromycin (67.2%), and trimethoprim/sulfamethoxazole (59.1%) [20]. Also, S. suis isolates
from Australia showed high resistance frequencies for tetracycline (99.3%) and erythromycin (83.8%)
[34]. Here, all nasal S. suis isolates showed resistance to florfenicol and clindamycin, which is higher
than previously reported [20,37].

It is well known that it is essential to control the spread of pathogenic lineages of S. suis through
pig populations [47,48], yet, controlling the transmission of S. suis is a challenge [35,37]. Meanwhile,
in this study, the use of autogenous vaccine against S. suis has been positive associated with
Rhodoccocus equi isolation. While the statistical result between S. suis vaccine and R. equi isolation is
intriguing, future studies about microbiota shifts may help to better understand the underlying
mechanisms. If the vaccine affects the composition of the microbiota, potentially shifting the balance
of bacterial populations, it may indirectly affect R. equi colonization. S. suis is commonly found in the
upper respiratory tracts of pigs [47], and reducing its prevalence could reduce competition, allowing
R. equi to expand. On the other hand, vaccines enhance immunity. In this study, autogenous P.
multocida reduce the incidence of lung lesions reported by slaughterhouse among the sow farms. This
protective effect highlights the potential role of targeted vaccination strategies in managing
respiratory disease and reducing AMU.

The problem of AMR is not limited to clinical isolates. Indeed, in line with a recent report, there
are significant antimicrobial resistances among commensals [20]. Herein we found multidrug
resistance pattern in P. agglomerans and S. coagulase negative. Also, Brazil has been already
characterized MDR Staphylococcus coagulase-negative involved in subclinical mastitis [50]. In China,
a meta-analysis was conducted to investigate the epidemiology and antimicrobial resistance rates of
Staphylococcus coagulase-negative, associated with bovine mastitis, and found the majority of isolates
to be resistant to beta-lactams [51]. In that regard, the level of use of antimicrobials correlates to the
level of antimicrobial resistance [52]. In this study, all sows were fed with amoxicillin for
metaphylactic purposes, and we found a high frequency of resistance to beta-lactam in the isolates
obtained here. Notably, overall resistance was associated with the exposition period. Foreseeable,
those antimicrobials most used in the sow herd presented higher resistance frequency.

Surprisingly, in this study, Enterobacteriaceae, Escherichia, Klebsiella, Pantoea, Proteus, Salmonella
and Yersinia, were isolated from the sow nasal swabs. Enterobacteriaceae family members, together
with other gut species, have been demonstrated to be active in the pig nasal microbiota [53] and are
likely to play specific roles in the upper respiratory tract. Therefore, characterizing the composition
of the nasal microbiota, in addition to detecting possible resistance genes in the respiratory
microbiota [54] can help understand the role and beneficial interactions within the members of the
nasal community [15].


https://doi.org/10.20944/preprints202502.1600.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 20 February 2025 d0i:10.20944/preprints202502.1600.v1

13 of 17

Although interactions between bacterial species are not clear, members of the nasal microbiota
may be involved in protecting against diseases by preventing colonization by pathogens [14]. Indeed,
G. parasuis establishes a deferential network involving complex interactions. On this context,
Mahmmod et al. [55] estimated statistic significant association for G. parasuis colonization, where
Bacteroidaceae, and Mycoplasmataceae in the nasal mucosa of piglets were likely to prevent virulent G.
parasuis colonization, whereas Chitinophagaceae and Streptococcaceae were associated with a higher
likelihood of colonization by virulent G. parasuis. Similarly, pig carriers or non-carriers of S. aureus
presented a distinct nasal microbiome [56].

Given its importance, commensal microbiota should not act as a reservoir of resistance genes
[15,57]. Testing commensal communities can be a tool for AMR surveillance. While bacterial isolation
and antimicrobial susceptibility testing are time-consuming and may not be suitable for use in current
farm practices [29], multiplex PCR has the potential to be a faster technique implemented for a
national antimicrobial resistance surveillance program [58]. In any case, susceptibility tests [30,31]
will help the farm manager to choose the appropriate AMB in the event of disease outbreaks [59].

5. Conclusions

In this study, the time and number of drugs in feed medications influenced the resistance rate
of colonizers in the sow nasal microbiota. Resistance was detected for all tested antimicrobials,
including multi-drug-resistant bacteria. Our results support the use of nasal swabs from sows to
complement the monitoring of AMR in pigs. Vaccination was confirmed as a strategic protocol for
disease control.

Supplementary Materials: The following supporting information can be downloaded at the website of this
paper posted on Preprints.org, Table: S1, S2, S3.
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