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ABSTRACT Salmonella spp. is one of the most impor-
tant zoonotic pathogens with economic impact in public
health worldwide. The relevance of Salmonella increases
with the appearance of resistant strains. The aim of this
study was to determine the level of antimicrobial resis-
tance in 332 Salmonella isolates selected from 3 different
poultry productive orientations in Eastern Spain during
3 yr (2015—2017). Antimicrobial susceptibly was evalu-
ated by broth microdilution method using 14 antibiotics.
Epidemiological cut-off values (ECOFF) were used to
evaluate the microbiological resistance to antibiotics.
The rates of Salmonella resistance at least to one antibi-
otic were 96, 98, and 56% in broilers, turkeys, and layers,
respectively. Regarding multidrug resistance, all produc-
tive orientations seems to present a decreasing trend
along the study, being the mean rates 80% in turkeys fol-
lowed by broilers (40%) and layers (6%). Throughout
the study, the highest percentage of resistance was
found to sulfamethoxazole in all productive orientations.
Strains from broilers showed the highest resistance

rates to sulfamethoxazole (73%), gentamicin (57%), cip-
rofloxacin (50%), nalidixic acid (29%), and tetracycline
(24%). Relative to turkeys the highest resistance rates
were to sulfamethoxazole (76%), ciprofloxacin (69%),
tetracycline (75%), nalidixic acid (63%), and ampicillin
(63%). Layers presented the most elevated resistance
rates to sulfamethoxazole (39%) and tetracycline (13%).
Regarding serovars the most MDR common serovars to
the 3 productive orientations were S. Kentucky and S.
Hadar. In the other hand, high MDR rates were found in
other serovars like S. Infantis and S. Typhimurium in
broilers and turkeys. Results shown in the present study
suggest that the reduction in the use of antibiotics
begins to be reflected in the reduction of the number
of MDRs, especially in layers, with no MDR, Salmonella
strains in the last period. However, the level of resistan-
ces found in this study suggests the necessity of
continuing working on the limitation of the use of anti-
microbials in poultry to achieve (as in layers) the control
of MDRs.
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INTRODUCTION

Salmonella spp. is one of the most important zoonotic
pathogens with economic impact in public health world-
wide. The latest results reported by the European Safety
Authority (EFSA) during 2019 showed that 17.9% of
foodborne cases were caused by Salmonella, with a total
of 87,923 confirmed human cases in the European Union
(EU). Salmonellosis has become the second most often
reported zoonotic disease in humans (EFSA, 2021b).
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Although a decreasing trend has been observed between
the years 2008 to 2016, during the last 5 yr (2012—2016)
the trend has remained stable without a significant
increase or decrease (EFSA, 2021b). Food of animal ori-
gin, specifically poultry products (meat, eggs, and egg
products), are indicated by the EFSA (2021) as one of
the main routes of infection in humans. Taking into
account the importance of poultry products as a source
of Salmonella human infection, National Control Pro-
grammes (PINCS) have been complied in Spain, for the
surveillance of certain serovars as Salmonella Enteritidis
(S. Enteritidis) and Salmonella Typhimurium (S.
Typhimurium) in layers of Gallus gallus species since
2008, broilers of Gallus gallus species since 2009, as well
as for turkeys since 2010.

The relevance of Salmonella increases with the
appearance of antimicrobial resistant strains. In
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veterinary medicine, antibiotics have been widely used
therapeutically, prophylactically, and as growth pro-
moters in the past (Usera et al., 2002). Although most
cases of salmonellosis in humans are self-limiting and
usually resolve without the need of treatment, in severe
cases or immunocompromised patients, antibiotic ther-
apy may be necessary with ciprofloxacin in adults and
ceftriaxone in children (Berrang et al., 2009).

The emergence and development of antimicrobial
resistance (AMR) is a worldwide health concern that
involves both veterinary medicine and public health. In
the EU, it is mandatory for the Member States to moni-
tor and report Salmonella AMR (EFSA, 2021a). In this
regard, in 2014 the National Antibiotic Resistance Plan
(PRAN) was implanted in Spain for the period of 2014
—2018, and recently extended until 2021
(MAPA., 2018). Therefore, to provide useful information
on the influence of the PRAN implementation in the
poultry sector it is essential to monitor the AMR trends
of Salmonella spp. in the field. Hence, the main objec-
tives of this study were to investigate the dynamics of
Salmonella resistance to antibiotics in 3 different poultry
productive orientations in Eastern Spain throughout the
period of 3 yr (2015—2017) and to assess the resistance
patterns to antibiotics currently used in veterinary and
human therapy.

MATERIALS AND METHODS
Collection of Salmonella Isolates

In order to know the antibiotic resistance of Salmo-
nella, 332 strains were selected belonging from positive
samples of PNCSs in Eastern Spain collected from 2015
to 2017. All the samples were analyzed at Centro de Cal-
idad Avicola y Alimentacién Animal de la Comunidad
Valenciana (CECAYV). More than 95% of the poultry
farms located in this region participated in the study.

Isolation and Identification Procedure

Salmonella isolation procedure was made according to
the ISO 6579:2002/Amd 1:2007 method (ISO, 2007). All
strains isolated were serotyped according with the

Kauffman-White-Le Minor technique. The isolated Sal-
monella strains were frozen at —80°C after being resus-
pended in sterile distilled water with 20% (v/v) double-
distilled 99.5% glycerol (VWR, Leuven, Belgium).

Antimicrobial Susceptibility Test

Antimicrobial susceptibility profiles were determined
using broth microdilution, according to ISO 20776
—1:2006 (ISO, 2006), by commercially available micro-
titre plates Sensititre EUVSEC (Thermo Scientific, East
Grinstead, United Kingdom). These plates are a micro
version of the classic antibiogram method based on dilu-
tion in broth. The antibiotics selected and their concen-
trations were those set forth in Decision 2013/653
(European Union, 2013) including 2 quinolones: cipro-
floxacin (CIP) and nalidixic acid (NAL); 3 b-lactams:
ampicillin (AMP), cefotaxime (FOT), and ceftazidime
(TAZ); one phenicol: chloramphenicol (CHL); one sul-
fonamide: sulfamethoxazole (SMX); one polymyxin:
colistin (COL); one macrolide: azithromycin (AZI);
one glycylcycline: tigecycline (TGC); one aminoglyco-
side: gentamycin (GEN); one tetracycline: tetracycline
(TET); one carbapenem: meropenem (MERO) and
one pyrimidine: trimethoprim (TMP).The antibiotics
panel at different concentrations as has been described
in Table 1.

For the recovery of the frozen strains, 10 uL of frozen
suspension was sown on solid nutritive agar (Biokar,
France). Subsequently, they were incubated at 37 + 1°C
for 24 + 3 h. After the strains’ growth, the microtitre
plates Sensititre EUVSEC (Thermo Scientific) were
inoculated and interpreted following the manufacturers
instructions. Epidemiological cutoff values (ECOFF)
were taken to determine resistance against the antibiot-
ics analyzed. These values were established by the
European Committee on Antimicrobial Susceptibility
Testing (EUCAST) and those set forth in Decision
2013/653 (EU, 2013). The values not included in this
legislation (AZI and STX) were assessed following
National Committee for clinical Laboratory Standards
(NCCLS) criteria (CLSI, 2017). The growth of the Sal-
monella CECT 4300 strain was used as a positive quality

Table 1. Sensititre antimicrobial test panel concentrations, after the addition of 50 uL of inoculated broth and ECCOFFs.

Panel range concentrations ECCOFF Salmonella spp.

Antimicrobial agent Abbreviation (ng/mL) (png/mL)
Sulfamethoxazole SMX 8—1024 > 76
Trimethoprim TMP 0.25—-32 >2
Ciprofloxacin CIP 0.06—8 > 0.064
Tetracycline TET 2—64 >8
Meropenem MERO 0.12—-16 >0.125
Azitromycin AZI 2—64 > 32
Nalidixic acid NAL 4-128 > 16
Cefotaxime FOT 0.25—-1 > 0.5
Chloramphenicol CHL 8—128 > 16
Tigecycline TGC 0.25—8 >1
Ceftazidime TAZ 0.5—8 >2
Colistin COL 1-16 >2
Ampicillin AMP 1-64 >8
Gentamicin GEN 0.5—32 >2
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control. Strains resistant to 3 or more antibiotics were
considered multiresistant (EFSA, 2021a).

Statistical Analysis

A generalized linear model was used to compare the
AMR rates of each antibiotic within the same poultry
production throughout the years (2015, 2016, and
2017), and to compare the global results between each
poultry production. This model was also used to com-
pare results within the same year. A P-value of <0.05
was considered to indicate a statistically significant dif-
ference. Analyses were carried out using a commercially
available software application (Statgraphics Centurion
XVI 16.2.04 software package; Statgraphics Technolo-
gies, Inc., The Plains, VA, 2021).

RESULTS

In this study, 332 strains were selected (200, 86, 46
from broilers, turkeys, and layers, respectively).

Antimicrobial susceptibility of Salmonella field strains
isolated from broilers farms was determined (82 in 2015;
40 in 2016; 78 in 2017). A total of 93% (72/82) in 2015,
97% (39/40) in 2016, and 97% (76,/78) in 2017 of Salmo-
nella strains presented AMR to at least one antibiotic.
Regarding multidrug resistances (MDR), a total of
47.5% (39/82) in 2015, 37.5% (15/40) in 2016 and
38.5% (30/78) in 2017 of Salmonella strains were found
(Table 2). The Salmonella strains” distribution in rela-
tion to the number of antibiotics to which was resistant
in all production orientations is shown in Figure 1.

As shown in Table 3, resistances to SMX, CIP and
GEN were the most commonly obtained, and were
observed in 73, 50, and 57% of the isolates, respectively.
Regarding to SMX and TMP, the mean resistance levels
presented a statistically significant increase (P-value <
0.05; Table 3).

In the period 2015-2017, 20 different patterns of resis-
tance were observed (Table 4). The patterns: SMX-CIP-
GEN and SMX-CIP-TET-NAL-AMP-GEN, were
repeated along the 3 yr.

The MDR rates according to the different serotypes
are listed in Table 5. The serotypes that presented MDR
during this period were Salmonella Kentucky (S. Ken-
tucky) Salmonella Mikawasima (S. Mikawasima),
Salmonella Senftenberg (S. Senftenberg), and Salmo-
nella Virchow (S. Virchow). Regarding Salmonella
Typhimurium (S. Typhimurium) presented MDR
rates of 75% in 2015 and 100% in 2017. MDR was not
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Figure 1. Distribution of Salmonella spp. strains isolated from dif-
ferent poultry production (broilers, turkeys, and layers) according to
the number of antibiotics to which they were resistant. X-axis repre-
sents the number of antimicrobials to which strains are resistant.

observed in the Salmonella Enteritidis (S. Enteritidis)
isolate which was only resistant to CIP and NAL.

From turkeys AMR of 86 Salmonella spp. strains iso-
lated was determined (33 in 2015; 30 in 2016; 23 in
2017). A total of 97% (32/33) in 2015, 97% (29/30) in
2016, and 100% (23/23) in 2017 of Salmonella isolates
were resistant to at least one of the antimicrobial agents
tested. Regarding MDR, a 66.7% (22/33) was found in

Table 2. Summary of resistance, multi-resistance and maximum number of antibiotics to which Salmonella is resistant for broilers, tur-

keys, and layers during 2015—2017.

Broilers Turkeys Layers
Resistance rates 2015 2016 2017 2015 2016 2017 2015 2016 2017
Resistance (%) 93 97 97 97 97 100 50 50 69
Multidrug resistance (%) 44.5 37.5 38.5 66.7 90 82.6 14 6 0
Maximum number of antibiotics 11 7 8 9 8 6 3 3 2




Table 3. Antibiotic resistance rates of Salmonella isolated from different poultry production.

Broilers Turkeys Layers
Drugs 2015% (n = 82) 2016% (n = 40) 2017% (n = 78) 2015% (n = 33) 2016% (n = 30) 2017% (n = 23) 2015% (n = 14) 2016% (n = 16) 2017% (n = 16)
SMX 65°P 657 ]7"B 6477 838 ]3PB 20% 38% 50%
I 73> 76> 39°
TMP 3.4 254 19° 308 208 13 0t o* 0
z 22" 0*
CIpP 59 PB 53 abB 40 2B 6128 70°PB 83PC 14% 134 0t
z 50" 69° 9*
TET 29 A 10.0 ™A 24 2bA 708 83B 748 214 6" 134
I 242 750 13%
MERO 1.2 3 1 0 0 0 0 0 0
I 15 0 0
AZI 3.7 0 1 3 7 0 0 0 0
I 2 3 0
NAL 354 234 26" 588 638 70¢ 144 134 0t
I 29P 63° 8.6%
FOT 374 2.54 14 278 238 13° 04 0* 04
z 28 29P 0
CHL 0* 3 0 128 13* 0 0t 0 0
z 05" 9P 0*
TGC 1.2 0 0 0 0 0 0 0 0
I 0.5 0 0
TAZ 6.14 5 1 18 PB 10 *° 0* o* 0 0
I 42 10" 0®
COL 2.4 0 1 0 3 0 0 0 6
I 15 1.2 2.1
AMP 35.4 P8 20 2bA 1524 70¢ 578 618 0t o* 6
z 245" 63°¢ 21%
GEN 60 *PB 70 B 47 9B 184 234 20AB ot o ot
I 57° 22 0

Z: period mean.
For each drug, the values within the same poultry production with different superscript lowercase letters in a row are significantly different (P < 0.05).
ABRor each drug, the values within the same year with different superscript capital letters in a row are significantly different (P < 0.05).
abFor each drug, the mean values of each poultry production with different superscript lowercase letters in a row are significantly different (P < 0.05).

TV LA STLI0D
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Table 4. Multidrug resistance patterns of Salmonella spp. strains.

Drugs patterns 2015

SMX-CIP-GEN

SMX-CIP-NAL

SMX-NAL-GEN

SMX-TET-AMP

SMX-TET-CHL

CIP-TET-AMP

CIP-TET-NAL

CIP-NAL-GEN

CIP-AMP-GEN

NAL-TAZ-GEN

SMX-CIP-NAL-GEN
SMX-CIP-NAL-TAZ
SMX-CIP-TET-AMP
SMX-TET-AZI-AMP
CIP-TET-NAL-AMP
CIP-TET-NAL-COL
SMX-CIP-NAL-AMP-GEN
SMX-CIP-MERO-TET-GEN
SMX-CIP-TET-CHL-AMP
SMX-CIP-TET-NAL-AMP
SMX-TMP-CIP-TET-NAL
TMP-CIP-AZI-FOT-TAZ-AMP
SMX-CIP-TET-NAL-AMP-GEN
SMX-TMP-CIP-TET-FOT-AMP
CIP-TET-NAL-FOT-TAZ-AMP
SMX-CIP-TET-NAL-TGC-AMP-GEN
SMX-TMP-CIP-TET-FOT-TGC-AMP
SMX-TMP-CIP-TET-AZI-FOT-AMP
SMX-TMP-CIP-TET-NAL-TAZ-GEN
SMX-TMP-CIP-TET-NAL-FOT-AMP
SMX-CIP-TET-NAL-FOT-CHL-TAZ-AMP-GEN
SMX-TMP-CIP-TET-AZI-NAL-FOT-TAZ-AMP-GEN
SMX-TMP-CIP-TET-MERO-NAL-FOT-TAZ-COL-AMP-GEN

o= = W O O = == Ot

Broilers Turkeys Layers
2016 2017 2015 2016 2017 2015 2016 2017
4 4 - - - - - -
- - - - - 1 1 -
- - 2 - - - - -
- R - 1 - - - -
- - - - 1 1 - -
- 1 - - R - - -
- R 1 - 1 - - R
- R - 1 - - - -
- R 1 1 R - - -
- - - - 2 - - R
- 9 - - - - - -
3 2 - - - - - -
- R 2 - 1 - -
- R - 1 R - - -
1 - - - - - - -
- R - 1 R - - -
- 1 - - - - - -
- R - 1 - - - -
- - 1 - - - -

2015, 90% (27/30) in 2016 and 82.6% (19/23) in 2017
(Table 2).

The antibiotics with higher resistances rates in this
period were SMX (76%), TET (75%), CIP (69%), NAL
(63%), and AMP (63%; Table 3). Concerning the resis-
tances development in the period (2015—2017) a signifi-
cant statistical increase of AMR has been detected to
SMX (64, 83, and 83%) and CIP (61, 70, and 83)
(P value <0.05). In addition, a statistically significant
decrease was found in AMR rates of CHL (12, 13, and
0%) and TAZ (18, 10, and 0%; P-value < 0.05).

Twelve patterns of resistance were observed (Table 4).
The patterns CIP-TET-NAL-AMP; SMX-CIP-TET-
CHL-AMP, and SMX-TMP-CIP-TET-FOT-AMP were
repeated during 2 yr.

Regarding MDR according to serotypes, S. Kentucky,
Salmonella Agona (S. Agona), Salmonella Bredeney
(S. Bredeney) and S. Hadar presented MDR in all the
period. S. Typhimurium presented MDR rates of 66% in
2015 and 50% in 2016 (Table 5).

Antimicrobial susceptibility of 46 Salmonella strains
isolated from layers was analyzed (14 in 2015; 16 in
2016; 16 in 2017). A total of 50% (7/14) in 2015, 50%
(8/16) in 2016, and 69% (11/16) in 2017 of Salmonella
isolates were resistant to at least one antibiotic (Table 2).
Regarding MDR, a 14% (2/14) was found in 2015, 6%
(1/16) in 2016 and 0% (0/16) in 2017.

As shown in Table 3, the most resistant antibiotic was
SMX (39%). Small levels of resistance to TET (13%),

CIP (9%), NAL (8.6%), and AMP (2.1%) was also
detected.

In the period 2015—2017, two different patterns of
resistance were observed (Table 4). The pattern SMX-
CIP-NAL was repeated during 2 yr.

S. Hadar and S. Kentucky presented MDR in layers
during 2015—2016. There were no MDR strains in 2017.
Concerning S. Enteritidis, MDR was not observed in the
5 isolates.

DISCUSSION

The widespread use of antibiotics in both human and
veterinary medicine in the last years is well known
(Anjum et al., 2011). In the past, the use of antibiotic in
intensive farming was justified to prevent further exten-
sion of infections, and consequently this fact caused an
increase in MDR  Salmonella strains development
(Usera et al., 2002). In Eastern Spain, there are no previ-
ous studies regarding antimicrobial resistance of Salmo-
nella isolates recovered from commercial flocks of
broilers, turkeys, and layers.

This study revealed a high Salmonella resistance rate
in poultry farms to at least one antibiotic (97, 100, and
69%, in broiler, turkeys, and layers, respectively). In line
with our findings, Usera et al. (2002) reported in Spain a
resistance prevalence of 81.5% in broiler samples. Also,
Carraminana et al. (2004) and Alvarez-Fernandez
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Table 5. Resistance and multiresistance distribution of Salmonella serotypes.

Source Year Agona Bredeney Enteritidis Hadar Infantis Kentucky Mikawasima Ohio Senftenberg Typhimurium Virchow Others
Broilers 2015 R; 100 - - 100 - 100 100 50 96 100 100 73
R3 - - - 100 - 100 30 50 31 75 87 18
2016 R, - - 100 100 - 100 100 - 100 - 100 88
R; - - - - - 66 50 - 32 - 100 33
2017 R; 100 - - - 100 100 100 - 100 100 100 85
Rs - - - - 86 100 14 - 13 100 100 38
Turkeys 2015 R, 83 100 - 100 - 100 100 - - 100 - 100
Rs 66 100 - 20 - 100 - - - 66 - 80
2016 R; 100 90 - 100 100 100 - - - 100 - 100
Rs 80 80 - 100 100 100 - - - 50 - 100
2017 R; 100 100 - 100 - 100 - - - - - 100
R; 100 50 - 100 - 100 - - - - - -
Layers 2015 R, - - - 100 100 100 - 50 - - 50
Rs - - - 100 - 100 - - - - - -
2016 R, - - 50 - 33 100 - 40 - - 100 50
Rs - - - - - 100 - - - - - -
2017 Ry - - - - 50 - - 50 100 400 - 75
R3 - - - - - - - - - - - -

Data are presented as percentage.

R, resistant to one or more antibiotics; Rs, resistant to 3 or more antibiotics (multiresistant).

(2012) studies showed rates of 100% both resistance and
MDR in samples of Salmonella isolated from poultry
sources. In addition, the last rates reported by the EFSA
showed a resistance of 51.8 and 80.6% from broilers and
turkeys, respectively, in Salmonella spp. isolates recov-
ered from animals/carcasses during 2018 in Spain
(EFSA, 2021a).

The present study showed that layers were the ones
with the lowest resistance rates, possibly due to the exis-
tence of restrictions in the use of antibiotics. In line with
these results, Musgrove et al. (2006) showed a 66.9% of
resistance in Salmonella isolates from commercial shell
eggs. However, other research groups find a lower degree
of antimicrobial resistance in the majority of Salmonella
isolates, as Pande et al. (2015) in Australia (8.28%) and
Snow et al. 2007 in UK (24%). The EFSA report showed
a lower resistance rates (17.8%) from layers in Spain
during 2018 (EFSA, 2021a).

Regarding MDR, a high resistance rates were
observed in turkeys (80%) followed by broilers (40%),
although both presented a decreasing trend in all the
period. These findings are in agreement with other
researchers in Spain who reported hight MDR rates in
poultry of 65.4% (Carraminana et al., 2004) and 100%
(Alvarez-Fernandez et al., 2012). The MDR rates
reported by the EFSA in the UE in 2018 were lower in
turkeys (38.8%) and similar to broilers (38.2%). It is
important to highlight that in this study no MDR were
obtained from layers in the last period which is in line
with the lower rates (6.5%) reported by the EFSA in
2018 (EFSA, 2021a).

Concerning the maximum number of antibiotics to
which the strains were MDR, broilers presented a higher
rate, but a decreasing trend, followed by the stable trend
of MDR in and the absence in layers for 2017. This
reduction or stabilization suggests a decrease in the use
of some families of antimicrobials. The large number of
antibiotics to which the strains were resistant in the
present study is consistent with the findings of

Yang et al. (2010) who reported that 28% of Salmonella
isolates presented MDR to 9 antibiotics. Also, Alvarez-
Fernandez et al. (2012) showed in Spain a resistance to
13 antibiotics (22.5%).

In the present study, resistance to SMX was the most
common in broilers (73%), turkeys (76%), and layers
(39%). These results were expected, since SMX has been
widely used for many years in veterinary medicine to
treat infections in production animals (EFSA, 2021a).
The rates found in this study are higher than the data
collected by EFSA in Spain during 2018, who presented
resistance rates of 32.9, 54.1, and 7.7% from broilers, tur-
keys and layers, respectively. Other research groups in
Spain, Usera et al. (2002) found in Spain a 13.7% of
resistance against the family of sulphonamides.

Regarding CIP, a recognised first-line drug for the
treatment of invasive salmonellosis in adults
(Threlfall et al..1999), a high resistance rate was
observed in turkeys and broilers. This reduced suscepti-
bility can be associated with the overuse of CIP or use of
enrofloxacin in food-producing animals, due the similar
structure and antibiotic spectrum (Lai et al., 2014).
EFSA reported similar rates in 2018 period from broilers
(45.3%). Concerning turkeys, the rates were lower
(55.3%) and similar to layers (8.9%). Other authors
reported in Spain (0%) to this antibiotic in poultry dur-
ing previous years (Carraminana et al., 2004;
Usera et al., 2002).

On the other hand, AMP and CHL have been for dec-
ades the drugs of choice in the treatment of human sal-
monellosis. Thus, an increasing of resistance to these
antimicrobials have been observed since the use of fluo-
roquinolones and cephalosporins became common
(Miranda et al., 2009). In our research, we found some
strains that were resistant to both antibiotics. This pat-
tern of resistance suggests that these strains could com-
promise the treatment of human Salmonella infection.
However, a low resistance rate to CHL has been
observed in all production orientations. It could be
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attributed to its non-use in animal production (Alvarcz—
Fernandez et al., 2012). The rates from AMP were sta-
tistically higher for turkeys (63%) than broilers (24.5%)
and layers (2.1%) (P value <0.05).

TET has been one of the most commonly used antibi-
otics in animal production (Antunes et al., 2003). Our
study showed higher levels of resistance in (75%) than
those reported by the EFSA in 2021 (54.1%). Statistical
lower levels were found in broilers (24%) and layers
(13%) in line with the results reported by the EFSA
(32.4% in broilers and 6.5% in layers) (EFSA, 2021a).
Carraminana et al. (2004) reported similar rates in
broilers (21.8%) in Spain.

Low resistance rates were found to COL during the
last period (1.5% broilers, 1.2% turkeys, and 2.1%
layers), in line with those reported by the EFSA (2021a)
(4.1% broilers, 0% turkeys, and 6.5% layers).

Antimicrobial resistance associated with specific Sal-
monella serovars has been described in previous studies
(Musgrove et al., 2006; Aslam et al., 2012). In the pres-
ent study the most prevalent MDR serovars were S.
Kentucky (95%) and S. Hadar (91%). High MDR rates
were found in S. Infantis (86% in broilers and 100% in
turkeys) and S. Typhimurium (88% in broilers and 58%
in turkeys) serovars. S. Typhimurium is particularly
resistant (Usera et al., 2002). The high average of MDR,
in this study 1is consistent with most surveys
(Capita et al., 2007; Berrang et al., 2009). EFSA
reported rates of MDR of less than 20% in S. Typhimu-
rium and of 75% in monophasic (EFSA, 2021a). S.
Typhimurium in broilers while in turkeys showed rates
of 40% and 80% respectively. S. Typhimurium causes
more serious consequences on human health than others
Salmonella serovars (Alvarez-Fernandez et al, 2012).
Relative to S. Infantis, the rates obtained by the EFSA
(2021a) were also high in broilers (80%) and turkeys
(around 80%). Regarding S. Enteritidis, MDR was not
observed in any of the isolated strains analyzed. This
result is in accordance with those published by
Capita et al. 2007 and Alvarez-Fernandez et al. 2012,
which demonstrated that S. Enteritidis was less prone to
developing resistances than other serovars. In addition,
results reported by the EU in 2018 (EFSA, 2021a)
showed a low level of MDR in S. Enteritidis (<5% in
broilers and layers).

Results shown in the present study suggest that the
reduction in the use of antibiotics, since the implementa-
tion of the PRAN and the good practices of Spanish
poultry producers, begins to be reflected with the reduc-
tion in the number of MDRs found with a decreasing
trend especially in layers. However, the level of resistan-
ces found in this study suggests the need of continuing
working on the limitation of the use of antimicrobials in
poultry to achieve (as in layers) the disappearance of
MDR. This way, the Spanish broiler sector has volun-
tary agree to adhere to REDUCE national programme
in 2020 (MAPA, 2019). The main objective of this agree-
ment is the rational use of antibiotics and to propose
preventive health plans thanks to the development of
new, more effective therapeutic measures that allow the

reduction of the use of antibiotics. Finally, the best anti-
biotics for each pathology will be determined knowing
the resistances and avoiding the use of ineffective ones.
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