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Antimicrobial susceptibility of Salmonella serovars isolated from
edible offal and carcasses of slaughtered poultry in the state of
Tocantins, Brazil
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Abstract

The aim of this study was to evaluate the profile of antibiotic resistance in Sa/monella isolated from the
carcasses, livers and hearts of chickens slaughtered in the state of Tocantins, Brazil, as recommended
by the Normative Instruction 70 of 2003 of the Ministry of Agriculture, Livestock and Food Supply and
the National Monitoring Program Prevalence and Bacterial Resistance in Chicken. Carcasses, livers
and hearts from chicken with or without pericarditis/perihepatitis were studied in 60 lots of poultry
slaughtered under the Federal Inspection System in the state of Tocantins, Brazil between August 2010
and June 2011. Twenty-six indicative Salmonella sp. were isolated in 11 lots (18.33%). Different strains
of Salmonella were isolated more than a kind of sample/lot. The most frequent serovar was Enteriditis
(38.46%, 10/26), while the second was Mbandaka (19.23%, 5/26), both isolated from hearts, livers
and carcasses. Regarding antimicrobial resistance, of 12 tested principal pharmacological agents, the
samples appeared to be most sensitive to tetracyclines, but showed 100% resistance to one or more
active principal agents, especially sulfamethoxazole (30 mecg) and amoxicillin/clavulanic acid (30 mcg).
Although Salmonella sp. was isolated from normal carcasses, the results are within permitted levels
for unfrozen products according to Brazilian legislation. However, one should always be aware of the
hygienic and sanitary conditions of production processes and food processing, especially regarding
good manufacturing practices.
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Resumo

Com o objetivo de observar os pardmetros estabelecidos pela Instrugdo Normativa 70 de 2003 do Ministério
da Agricultura Pecudria e Abastecimento, juntamente com o Programa Nacional de Monitoramento da
Prevaléncia e da Resisténcia Bacteriana em Frango, o qual prevé o monitoramento de Salmonella sp.
em produtos de frangos resfriados, foram estudadas carcacas e miudos comestiveis (figados e corago),
condenados ou nao por pericardite/perihepatite, em 60 lotes de aves abatidos sob Sistema de Inspecao
Federal no estado do Tocantins, entre agosto de 2010 a junho de 2011. Foram isoladas 26 amostras
indicativas de Salmonella sp. em 11 lotes (18,33%), sendo mais de uma estirpe por tipo de amostra.
Os sorovares de maior frequéncia foram o Enteriditis (38,46%; 10/26) e Mbandaka (19,23%; 5/26),
ambos isolados de coragdo, figado e carcaca. Quanto ao perfil de resisténcia aos antimicrobianos, foram
testados 12 principios farmacoldgicos e as amostras apresentaram-se diferenciadas em alguns aspectos
do encontrado na literatura consultada, sendo a maioria sensivel as tetraciclinas, porém apresentaram
100% de resisténcia a um ou mais principio ativo, principalmente para Sulfamethoxazole (30 mcg)
e Amoxicilina/Acido Clavulanico (30 mcg). Apesar da Salmonella sp. ter sido isolada em carcagas
normais, os resultados encontram-se dentro do permitido pela legislag@o brasileira vigente para produtos
que ainda ndo sofreram processo de congelagdo. No entanto, deve-se sempre estar atento as condi¢des
higiénicas e sanitarias dos processos de producao e processamento de alimentos, principalmente quanto

as boas praticas de fabricacao.
Palavras-chave: Frango, inspecdo, salmonelose

Introduction

Chicken meat is a food of animal of major
importance in the Brazilian diet; 68.4% of chicken
production in 2013 was for human consumption,
with an average of 42 pounds per person (UBABEF,
2014). In Brazil, poultry slaughter under the Federal
Inspection Service (SIF) is concentrated mainly in
the south, southeast and central-west regions of
the country. In the north, only two states have SIF
slaughterhouses, i.e. Para and Tocantins (UBABEEF,
2014). Although the state of Tocantins have low
expression in national production (0.24%), it is
enough to production to supply the domestic market
beyond the states of Maranhao and Para “. However,
if the slaughtering process is not accomplished
hygienically, or in cases of accidents, carcasses
and edible offal can be contaminated (OLIVEIRA
et al., 2012). Moreover, the contamination of these
products can result in severe economic losses
caused by the impossibility of trade (SHINOHARA
et al., 2008).

Brazil has an integrated service for the
surveillance, prevention and control of foodborne

diseases, in particular those caused by Salmonella

sp. which is one of the most common etiologic
agents associated with outbreaks of bacterial origin
(BRASIL, 2010). It is estimated that salmonellosis
causes 1.2 million illnesses annually in the United
States, with more than 23,000 hospitalizations
and 450 deaths (SCALLAN et al., 2011). Among
the characteristic aspects of Salmonella sp.
epidemiology, increases in antimicrobial resistance,
its intersection with AIDS, and the prevalence of
infections by Salmonella enterica subsp. enterica
serovar Enteritidis (S. Enteritidis) are associated
with the consumption of animal foods and the
occurrence of scattered outbreaks (JAY, 2005).

To carry out the monitoring of Salmonella

poultry
considering its importance in public health and the

contamination in a slaughterhouse,
possible trade barriers, the Ministry of Agriculture,
Livestock and Food Supply (MAPA) established
by Normative Instruction No. 70, the “reduction
program pathogens - microbiological monitoring
and control Sa/monella sp. carcasses of chickens and
turkeys -PREBAF” (BRASIL, 2003b). In 2004, the
National Agency for Sanitary Vigilance (ANVISA)
implemented the National Program for Monitoring
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Prevalence and Bacterial Resistance in Chicken,
whose main objective is to monitor antibiotic
resistance in Salmonella sp. and Enterococcus sp.
1solated from humans, animals and food.

Thus, the aim of this study was to identify the
major serovars of Salmonella and the antibiotic
resistance profile of isolates from chicken carcasses
and organs (heart and liver) with lesions suggestive
of salmonellosis (pericarditis and perihepatitis) as
well as chicken carcasses released for consumption,
slaughtered in the state of Tocantins.

Material and Methods

For this study, 300 carcasses 600 hearts and
600 livers were collected originated that 60 lots of
chicken, from states of Tocantins, Goias, Distrito
Federal and Sao Paulo, but they were slaughtered in
the state of Tocantins under SIF regulations, in the
period from August 2010 to June 2011.

For the analysis of viscera, livers and hearts
were collected from 10 chickens per lot, as well as
10 livers and 10 hearts from lots with confirmed
pericarditis and hepatitis and 10 normal livers and
10 hearts of lots released for consumption. The
hearts and livers were processed in pools of five,
for a total of 4 samples per batch (two normal and
two infected). The infected carcasses were collected
at the time of post mortem inspection, while the
liberated carcasses were collected after pre-cooling
sections individually, with a total of five carcasses
per lot. These were immediately placed in sterile,
labeled plastic containers and sent for laboratory
analysis. Carcasses were processed by the rinsing
method (COX et al., 1978), in which the five
carcasses were immersed in turn in a same sterile
plastic bag containing 500 mL of phosphate buffered
saline (1x PBS), forming one pool (REZENDE et
al., 2008).

Isolation and identification of Salmonella sp.
were performed as recommended by the MAPA
protocol (BRASIL, 2003a). Salmonella isolates

were sent to the National Reference Laboratory for
Bacterial Intestinal Infections at the Oswald Cruz-
Fiocruz Foundation for serotyping.

The profile performed
according the National Committee for Clinical
Laboratory Standards (NCCLS, 2011). The
antimicrobials used were amoxicillin/clavulanic

antimicrobial was

acid (30 mcg), ampicillin (10 mcg), ceftiofur (30
mcg), ciprofloxacin (5 mcg), doxycycline (30
mcg), enrofloxacin (5 mcg), gentamicin (10 mcg),
oxytetracycline (30 mcg), sulfamethoxazole (30
mcg), trimethoprim/sulfamethoxazole (25 mcg),
sulfonamide (300 mcg) and tetracycline (30 mcg).
The reading of inhibition zones was performed
with the use of a millimetric ruler, comparing the
values obtained with the standard table. The results
were evaluated by simple and relative frequency
(SAMPAIO, 2007).

Results and Discussion

Of the sixty lots evaluated for the presence of
Salmonella sp., there were 11 lots were positives,
representing 18.33% (11/60) of the lots studied. Of
these positive batches, in five (5/11=45.45%) was
isolated (8.33%), Salmonella sp. from apparently
normal organs (released batches), while the other six
(10%) (6/11=54.55% were isolated from contained
infected carcasses (perihepatitis or pericarditis).
The frequency of Salmonella sp. no infected
carcasses, i.e. 8.33% (5/60), was similar to that
described in five processing plants in northeastern
Brazil by Duarte et al. (2009), who found that
9.6% of whole chickens were contaminated with
Salmonella sp. Boni et al. (2011) studied samples
in the field and in abattoirs in Mato Grosso do Sul,
and found that 9.8% of samples were contaminated
with Salmonella sp. In contrast, Rezende et al.
(2005) evaluated the presence of Salmonella sp. in
the carcasses of broilers raised in Goias, of which
19.8% were contaminated. Carvalho and Cortez
(2005) isolated Salmonella sp. in 16.67% of cold
carcasses from an abattoir in Sdo Paulo.
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From the positive batches, 26 strains of
Salmonella were isolated; these were divided into
11 heart samples (42.30%, 11/26), 10 liver samples
(38.46%, 10/26) and five carcasses (19.23%,
5/26); i.e. more than one strain was per lot and/or
kind of sample. Of these, 11 isolates were found in
released viscera and 15 in contaminated samples.
Of these 26 samples of Salmonella sp., nine
serotypes were identified. The serovar Enteritidis
was the most frequently isolated (38.46%, 10/26)
from the viscera and carcasses, but was found only
in broilers from Goidas; the second most frequent
was Mbandaka (19.23%, 5/26), isolated from the

hearts, livers and carcasses in lots from the states
of Goias, Tocantins and Sao Paulo (Table 1). Less
frequently, the serovar Agona (7.7%, 2/26) was
identified in hearts isolated from chickens from
the state of Sdo Paulo, and the serovar Infantins
(7.7%, 2/26) was isolated from the viscera, hearts
and livers of poultry that originated in Sdo Paulo
(Table 1). Less frequent serovars were Anatum
(3.84%, 1/26), isolated from carcasses, Minnesota
(3.84%, 1/26) isolated from the livers of chickens
from Goias, and Panama (3.84%, 1/26), isolated
from livers that originated from S@o Paulo (Table

1.

Table 1. Identification of Salmonella serovars according to the state of origin of lots and kind of samples of chickens
slaughtered in Tocantins, Brazil from August 2010 to June 2011.

Salmonella serovar Kind of samples state of origin* number of isolates %
Agona heart SP 2 7.70
Anatum carcass GO 1 3.84
Enteritidis heart, liver and carcass GO 10 38.48
Infantis heart and liver SP 2 7.70
Mbandaka heart, liver and carcass GO, SP and TO 5 19.23
Minnesota liver GO 1 3.84
Orion heart, liver and carcass GO and TO 3 11.53
Panama liver SP 1 3.84
Schwarzengrund heart GO 1 3.84
TOTAL 26 100.00

* GO: Goias; SP: Sao Paulo; TO: Tocantins.

In Table 1, it can be seen that greatest
distribution of serovars among states. The serovar
Mbandaka was found in three states with positive
isolates (Goias, Tocantins and S3o Paulo); Orion
was isolated from samples from Tocantins and
Goias. One can also note that all states with isolated
Salmonella had more than one serovar. The samples
from Goids had a greater diversity of serotypes,
with six identified (Anatum, Enteritidis, Mbandaka,
Minnesota, Orion and Schwarzengrund); the state
of Sao Paulo had four of the nine serotypes (Agona,
Infantis, Mbandaka and Panama). In Tocantins,
two serovars (Mbandaka and Orion) were found.

Comparing our findings with data acquired in
Goias (MOREIRA et al., 2008), northeastern Brazil
(DUARTE et al., 2009), Mato Grosso do Sul (BONI
et al., 2011) and Rio Grande do Sul (BORSOI et al.,
2010), it was found that the most common serotypes
are Salmonella Enteritidis, Salmonella Mbandaka,
Salmonella Infantis, Salmonella Schwarzengrund
and Salmonella Albany. Salmonella Typhimurium
and Salmonella Heldelberg was also present in the
other, but was not identified in this work. According
to the National Agency for Sanitary Vigilance
(ANVISA), Enteritidis,
Salmonella Infantis, Salmonella Typhimurium,

serovars  Salmonella
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Salmonella Heidelberg and Salmonella Mbandaka
are the most prevalent in frozen carcasses in
Brazil (BRASIL, 2008). According to Sant’ana
et al. (2008), it is known that the prevalence of
Salmonella serotypes in birds changes from year
to year, but several serotypes are consistently
found with high incidence, such as Salmonella
Heldelberg, Salmonella Enteritidis and Salmonella
Typhimurium.

In 2002, 2003 and 2004, the Fiocruz Laboratory
characterized Salmonella Enteritidis as the most
frequent serovar in poultry, and registered a high
occurrence in 2004 (RODRIGUES, 2005). These
findings are of concern since this serotype has been
reported more frequently in cases of infections in
humans and in other countries associated with
poultry products (CDC, 2011; MARIN et al., 2011).

These data show the difficulty of controlling
Salmonella sp. in slaughterhouses, especially at
critical control points, since contamination can
be caused during several slaughter operations
such as scalding, plucking and evisceration (VON
RUCKERT et al., 2009). Another critical point of
contamination can be inputs from feed of animal
origin such as bone meal and feathers, fish and
offal.

Even with the technological advances in health
monitoring, salmonellosis ranks highly among the
causes of gastroenterocolitis, notably due to its
characteristics such as endemicity, morbidity and,
in particular, the difficulty in control (JAY, 2005).
According to Oliveira et al. (2012), broilers are
among the most important carriers of pathogens in
slaughterhouses, and they constitute an important
reservoir and show a high correlation with cross-
contamination by Sa/monella sp. This has been a
concern for MAPA which has established constant
monitoring of the level of contamination by this
pathogen in poultry slaughterhouses, i.e. the Program
for the reduction of pathogens - microbiological
monitoring and control of Salmonella sp. in
carcasses of chickens and turkeys, also known as

IN 70 (BRASIL, 2003b). According to IN 70, the
findings of this study are within the tolerable limits
of acceptance, which says that in 51 samples,
corresponding to the number of plots sampled in a
year (one cycle), a maximum of 12 positive samples
(c=12) is allowed (BRASIL, 2003b).

In carcasses from 0 to 24 hours after immersion
in the precooling solution, Canson et al. (2006)
observed an increase in Salmonella sp. positivity.
Von Ruckert et al. (2009) reported that visceral
rupture during evisceration contributes to a higher
frequency of Sal/monella sp. in carcasses. Rezende
et al. (2008) commented that, due to market trends,
the agribusiness produces edible offal products
that are widely accepted by consumers, requiring
relevant microbiological investigations of these
parts along with carcasses and other products. In the
state of Goias, Rezende et al. (2008) found 4.34%
positive lots of normal and contaminated hearts,
although Salmonella was not isolated in the normal
heart. In the present study, 11.66% of positive lots
of this organ were contaminated with Sa/monella.
Salmonella was isolated from 10% of the liver lots.
These results were lower than the results found
in the same study by Rezende et al. (2008), who
isolated Salmonella sp. in 18.91% of contaminated
livers. Salmonella Typhimurium was isolated in
contaminated livers only, accounting for 5.56%
positivity in this type of sample. Bat et al. (2001)
found in their study five contaminated samples out
of 44 analyzed (11.36%) in the city of Pelotas in
southern Brazil; however, these samples included
the viscera (heart, liver and gizzard) and not only
the heart or liver. In the state of Mato Grosso do Sul,
Boni et al. (2011) found five positive results in 25
samples (20%).

IN 70 does not provide for monitoring viscera;
however, the results show that Salmonella sp.
remains a persistent contamination problem in
poultry products. Further improvements are required
in programs for disease prevention, especially since
the viscera are not covered by the legislation.
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Among the most commonly used products is
chicken heart, which can be a carrier of Salmonella
sp. Hearts are normally consumed baked, which
fails to complete inactivation of the pathogen,
because the heat does not penetrate deep enough
into the viscera; this can result in contamination and
a risk of infection for the consumer (REZENDE et
al., 2008).

The possible contamination of the liver, as
explained by Gomes et al. (2014), occurs due to
the stress required during the production cycle of
chickens that make them susceptible to the migration
of Salmonella enteritidis to the liver and spleen.
After breaking the intestinal immune barrier, the
decrease in immune efficiency is possibly mediated
by activation of the hypothalamic-pituitary-adrenal
and increased levels of corticosterone.

Regarding the antimicrobial resistance of 12
principal pharmacological agents, 100% of the
isolates tested were resistant to one or more active

principal agent. All samples (100%) were sensitive
to ciprofloxacin,
(30 mcg), tetracycline and sulfamethoxazole/
trimethoprim. But on the other hand 100% of the
samples were resistant to sulfamethoxazole (30
mcg) and amoxicillin/clavulanic acid (30 mcg)
(Table 2). Fourteen samples (53.84%, 14/26) were
resistant to sulfonamide (300 mcg), including the

doxycycline, oxytetracycline

serovars Mbandaka, Anatum, Infantis, Panama,
Enteriditis and Minnesota. Six had intermediate
sensitivity (23.07%, 6.26), including the serovars
Enteritidis, Mbandaka, Schwarzengrund and Oriom
(the intermediate results were not shown). Regarding
enrofloxacin, one sample (Mbandaka) was resistant
and five (all serovar Enteritidis) were intermediate.
For ceftiofur (30 mcg), one sample (Agona) was
resistant and two (Enteritidis and Mbandaka) were
intermediate. For gentamycin, one sample (Orion)
was resistant and two (Mbandaka and Orion)
were intermediate. For Ampicillin, two samples
(Enteritidis and Mbandaka) were intermediate.

Table 2. Antimicrobial resistance of Salmonella sp. isolated from carcasses and offal (liver and heart) from apparently
normal and infected chickens slaughtered in Tocantins, Brazil, from August 2010 to June 2011.

Total Number of samples resistant to the antimicrobial agent
Salmonella samples
serovar tested DO ENR SAM EFT OT RL CIP S3 CN TE SXT AMC
Agona 2 1 2 2 2
Anatum 1 1 1 1
Enteritidis 10 10 4 10
Infantis 2 2 2 2
Mbandaka 5 1 5 3 5
Minnesota | 1 1 1
Orion 3 3 1 3
Panama 1 1 1 1
Schwarzengrund 1 1 1
TOTAL 26 0 1 0 1 0 26 0 14 1 0 0 26

DO = doxycycline (30 meg); ENR = enrofloxacin (5 mcg); SAM = ampicillin (10 mcg); EFT = ceftiofur (30 mcg); OT = ampicillin
(10 mcg); RL = sulfamethoxazole (30 mcg); CIP = ciprofloxacin (5 mcg); S3 = sulfonamide (300 mcg); CN = gentamicin (10 mcg);
TE = tetracycline (30 mcg); SXT = trimethoprim/sulfamethoxazole (25 mecg); AMC = amoxicillin/clavulanic acid (30 mcg).

Due to the abuse of antibiotic drugs in both
human medicine and veterinary medicine, many

of these serovars have contributed to the selection
of resistant microorganisms and the consequent
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increase in this characteristic
horizontally between populations. Recently, changes
have been made in the treatment of this disease, with
the group of fluoroquinolones and third generation
cephalosporins as the current treatment of choice

(WHO, 2002).

vertically or

The difficulty in treating salmonellosis may
be associated with the inappropriate use of
antimicrobials in poultry production, where
resistant bacteria can transfer resistance factors
to other pathogenic enterobacteria (GORNIAK;
SPINOSA, 2007). outbreaks of
Salmonella sp. occur and the

same phage type with an identical multidrug

However,
sporadically,

resistance profile has been identified in humans
and farm animals (VAN DEN BOGAARD;
STOBBERINGH, 2000). In chickens, the main
antimicrobials used are sulfonamides, penicillins,
polypeptides, lincosamides, cephalosporins and
quinolones (GUARDABASSI et al., 2010). In
agreement with the results obtained in our study,
the majority of Salmonella serovars were resistant
to the sulfonamide group (sulfamethoxazole
and sulfonamide) and beta-lactam antibiotics
(amoxicillin/clavulanic acid).

According to the PREBAF report (BRASIL,
2008), the major antibiotics to which Brazilian
isolates have shown resistance, in descending order
from 2004 to 2008, are streptomycin, sulfonamide,
florfenicol, ampicillin, nalidixic acid, ceftiofur,
aztreonam, enrofloxacin, cephalothin and cefoxitin.

Duarte et al. (2009) studied the profile of
antimicrobial susceptibility of Salmonella sp.
isolated from poultry slaughtered in the Brazilian
northeast region found that 94.7% of strains were
resistant to one or more antimicrobials. They found
31.6% of the tetracycline resistant strains (10.5%)
(10.5%),
ciprofloxacin alone (10.5%), amoxicillin/clavulanic
acid and 5.2% to trimethoprim/sulfamethoxazole,
while in our work, the samples were 100% resistant
to the latter two drugs and sensitive to the others.

ampicillin, enrofloxacin (5.2%) for

Rezende et al. (2005) noted the occurrence
14
antimicrobials used in poultry and humans in

of multiple resistance and cross among

strains isolated from broiler carcasses from
slaughterhouses in the state of Goids. The isolates
were resistant to tetracycline (84.2%), streptomycin
(5.3%), aztreonam (10.5%) and ampicillin (36.8%),
sulphazotrim (15.8%), chloramphenicol (5.3%),
cefoxitin (26.3%) and cephalothin (10.5%). While
resistance was not found for polymyxin B, amikacin,

netilmicin, gentamicin, norfloxacin or tobramycin.

In the city of Alfenas-MG, Coelho et al.
(2012) found 100% strains of Sal/monella isolated
from poultry cuts were resistant to tetracycline,
sulphazotrim,  (trimethoprim/sulfamethoxazole),
amikacin, chloramphenicol, cefaxicitin and 8.2%
resistance to ampicillin and tobramycin.

In the work described above, there were
differences, especially fortetracycline, sulphazotrim,
ciprofloxacin and for ampicillin resistant, while our
study, all samples were sensitive for these drugs.
This fact may reflect the search for the appropriate
use of antibiotics or distribution of a distinct pattern
for this region / time. There is a consensus that the
resistance pattern of enterobacteria depend on the
season, region, serotype, farm, hens and chickens
and antimicrobial agent (GYLES, 2008).

Conclusion

The results find in this work are in accordance
with Brazilian law, however it is need to improve
the quality control measures for Salmonella in
poultry slaughterhouses, because there may be
flaws in the inspection process, extending to the
production system, Since this study were isolated
important serovars of Salmonella sp. reported in
the literature associated with public health, and all
the strains showed multi-resistance profile, a fact
that emphasizes the need for prudent and judicious
use of these drugs in animal production. As well
highlights the importance of agricultural fiscal
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policies and post-mortem inspection for sentinel
diseases, especially zoonoses, and underscores the
importance of routine monitoring within abattoirs
to minimize the loss of product released during
processing and marketing.
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