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ABSTRACT This study investigated the presence
and the level of Campylobacter spp. contamination in
41 thigh samples (with skin) and 37 skinless breast sam-
ples collected at the end of slaughter (T1) and after 10
day period at refrigeration temperature (4◦C) (T2), cor-
responding to their commercial shelf life. The isolates
were phenotypically classified as Campylobacter spp.
and successively identified by conventional multiplex
PCR. The antimicrobial susceptibility of the isolates
from fresh thigh and breast samples was also deter-
mined via the microdilution method (MIC) in Eucamp
microtitre plates with known scalar concentrations of:
gentamicin (GEN), streptomycin (ST), ciprofloxacin
(CIP), tetracycline (TET), erythromycin (ERY), and
nalidixic acid (NA). A greater percentage of positivity
for Campylobacter spp. (P < 0.001) was observed in
thighs and C.jejuni appeared to be the most common

species identified at this level (P < 0.001) followed from
its association with C.coli. There was a global reduction
of Campylobacter spp. in both thigh and breast samples
at T2 (P < 0.001) showing that the refrigeration was
able to reduce Campylobacter count. The prevalence of
resistance to CIP, TET, NA, and ERY was evidenced
for C.jejuni and C. coli. The co (TET-NA, CIP-NA)
and multiple resistant (CIP-TET-NA, CIP-TET- NA-
ERY) isolates came from the thigh products. It should
be highlighted the presence of Campylobacter spp. iso-
lates resistant to ST occurred in breast samples, re-
sponsible for the ST-CIP co-resistance and ST-CIP-TE
multi-resistance profiles, higher in breast than in thigh
products (P > 0.001). The presence of Campylobacter
isolates resistant to ST can be further investigated since
it is used for therapeutic treatment of several bacterial
diseases in humans
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INTRODUCTION

Campylobacter jejuni and Campylobacter coli are
considered to be the most common agents responsible
for acute bacterial diarrhea in humans, though C. lari,
C. upsaliensis and C. concisus may also play a role in
causing enteritis (Kaakoush and Mitchell, 2012). Sev-
eral times Campylobacteriosis is seen to pave the way to
the onset of Guillain–Barré syndrome, a severe human
neuropathy, (Scallan et al., 2011). Campylobacter spp.
usually colonizes the intestinal mucosa of all animals in-
cluding humans (Newell and Fearnley, 2003). Although
most food producing animals contribute to the dis-
semination of Campylobacter spp. (Stanley and Jones,
2003), birds appear to be the favored hosts (Stephens
et al., 1998; Waldenstrom et al., 2001), likely for their
body temperature (40–41◦C) that permits an optimal
growth to the thermotolerant Campylobacters (Silva
et al., 2011).Moreover the consumption of contaminated
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undercooked poultry meat seems to represent the main
source of Campylobacter infection in humans (Corry
and Atabay, 2001). It has also been reported that this
bacterium is able to survive refrigeration (Murphy et
al., 2006) and that Campylobacter population, contam-
inating meat chicken, can include several strains with
different survival degrees at 4◦C if tested individually
(Chan et al., 2001; Colles et al., 2003; El-Shibiny
et al., 2005; Johnsen et al., 2006).

Over the last years the importance of Campylobacter
as public concern is also due to the fact that a rapid
increase of its resistance to antimicrobials has been
noticed in several countries (Nachamkin et al., 1993;
Lucey et al., 2002; Luber et al., 2003; Pezzotti et al.,
2003; Papavasileiou et al., 2007), in particular toward
fluoroquinolones (Ruiz et al., 1998; Blaser et al., 2008).
A constant trend for macrolide resistance increase
has also been described (Gibreel and Taylor, 2006).
C.jejuni seemed to exhibit a macrolide prevalence lower
than that reported for C.coli isolated from chickens and
pigs (Papavasileiou et al., 2007; Bardon et al., 2011) as
also reported in an our previous investigation (Pergola
et al., 2017). The aim of this study was to evaluate
the presence and the level of C. jejuni and C.coli
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contamination in breast (products without skin) and in
thigh (products with skin) samples collected at the end
of slaughter before packaging and after a period of 10
days under refrigeration condition. Moreover all isolates
from fresh breast and thigh products were submitted
to phenotypic antimicrobial susceptibility test.

MATERIAL AND METHODS

Samplings

Between 2015 and 2016, a total of 78 samples without
and with skin,37 from breasts and 41 from thighs re-
spectively, were randomly collected from a commercial
processing plant at the end of the slaughter (T1) and
submitted to microbiological examinations for Campy-
lobacter spp detection within 24 h of the sampling. Suc-
cessively the same products were packed by plastic film
and stored under refrigeration conditions (4◦C) for 10
days corresponding to end of their commercial shelf life
(T2) and they were further submitted to the microbio-
logical examinations for Campylobacter spp

Isolation, Count and Identification of
Campylobacter spp

A 25 g of the thigh skin and a 25 g of the exter-
nal breast surfaces without skin were cut and asepti-
cally put into a sterile bag and diluted with a ratio
of 1:10 in Buffer Peptone Water (BPW) solution. The
mixture was then homogenized for 1 min in a peri-
staltic homogenizer. One mL of a 10-1 dilution was
spread on three modified Cefoperazone Charcoal Des-
oxycholate agar plates (mCCDA) (Thermofisher Scien-
tific, Milan, Italy). In addition, 0.1 mL of samples from
10-1 dilution was inoculated and spread in mCCDA
plates and incubated in microaerophilic conditions at
41.5 ± 0.5◦C for 48 h. Presumptive Campylobacter spp.
colonies with the typical morphology were counted ac-
cording to the method described in ISO 10272:2006 and
the results were expressed as colony forming units per
gram of sample (cfu/g). On the basis of the Campy-
lobacter spp. enumeration the samples were categorized
as follows: no presence of Campylobacter spp (0 cat-
egory), <1.0 × 102 cfu/g (1st category); 1.0 × 102 -
5.0 × 102 cfu/g (2nd category); 5.0 × 102 - 1.0 × 103

cfu/g (3rd category) > 1.0 × 103 cfu/g (4th category).
For each positive plate, up to five typical Campylobac-
ter colonies were subcultured in blood agar plates and
incubated under microaerophilic conditions at 41.5 ±
0.5◦C for 48 h for further characterization according to
ISO 10272:2006. Isolates were confirmed by biochemi-
cal tests (oxidase test, catalase test, hippurate hydroly-
sis test), microscopic examination and gram staining.
All strains were stored at – 80◦C in Brucella broth
(Thermofisher Scientific, Milan, Italy). Chromosomal
DNA was extracted from colonies using an Ultraclean
Microbial DNA Isolation kit (MO BIO Laboratories.

Milan, Italy). C. coli and C. jejuni were identified by
conventional multiplex PCR assay, as elsewhere de-
scribed (Wang et al., 2002).

Antimicrobial Susceptibility Testing

Twelve C.coli and 10 C.jejuni isolates from breasts
(without skin) and 15 C. coli and 31 C. jejuni isolates
from thighs (with skin) were tested as well as the two
Campylobacter not identified, isolated from breast sam-
ples. The Campylobacter susceptibility to antibiotics
was evaluated with the microdilution method (MIC).
Colonies were picked and grown on Columbia agar
(Becton Dickinson, Buccinasco, Milan, Italy) in mi-
croaerophilic atmosphere at 42◦C for 24 h. The colonies
were then seeded in Mueller Hinton Broth (Merck SpA,
Serono, Rome, Italy) supplemented with blood and dis-
pensed into Eucamp microtitre plates (Thermofisher
Scientific, Rodano, Milan) with scalar concentra-
tions of the following antibiotics: gentamicin (GEN)
(0.12–16 μg/mL), streptomycin (ST) (1–16 μg/mL),
ciprofloxacin(CIP) (0.06–4 μg/mL), tetracycline
(TET) (0.25–16 μg/mL), erythromycin (ERY) (0.5–
32 μg/mL), nalidixic acid (NA) (2–64 μg/mL). After
inoculation, the plates were incubated at 42◦C in
microaerophilic atmosphere for 24 h and then screened.
C. jejuni strain NCTC 11,351 was used as the control.
The results related to ciprofloxacin, tetracycline
and erythromycin were evaluated according to the
breakpoints established from EUCAST (European
Committee on Antimicrobial Susceptibility Testing,
2013) for Campylobacter spp. For gentamicin, strep-
tomycin, and nalidixic acid the Enterobacteriaceae
breakpoints (EUCAST, 2013) were applied.

Statistical Analysis

The antimicrobial resistance of Campylobacter was
compared by the Chi-square, Fisher’s and z-test. Chi-
square goodness-of-fit test was used to evaluate distri-
bution within each category (equal distribution of cat-
egories assumed). A value of P < 0.05 was considered
statistically significant. Data were expressed as num-
ber (n) and percentage (%) and analyzed using SPSS
Statistics, version 23 (IBM, SPSS Inc., Chicago, IL).

RESULTS

Count and Identification of Campylobacter
spp.

Most of the fresh samples collected at T1 were posi-
tive for Campylobacter (52 out of 78, 66.7%; P < 0.01).
The number of fresh products with skin positive for
Campylobacter (34 out of 41, 82.9%) was higher than
that observed for skinless products (18 out of 37, 48.6%;
P < 0.001).
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Table 1. Campylobacter isolates in breast and thigh samples at T1 and T2.

Time

Products T1 T2 P value1

Thigh Negative 7a (17.1%) 20b (48.8%) 0.010
Positive for C. coli 3a (7.3%) 1a (2.4%)
Positive for C. coli and C. jejuni 12a (29.3%) 5a (12.2%)
Positive for C. jejuni 19a (46.3%) 15a (36.6%)

Breast Negative 19a (51.4%) 36b (97.3%) <0.001
Positive for C. coli 6a (16.2%) 1b (2.7%)
Positive for C. coli and C. jejuni 6a (16.2%) 0b (0.0%)
Positive for C. spp 2a (5.4%) 0a (0.0%)
Positive for C. jejuni 4a (10.8%) 0b (0.0%)

1estimated by Chi square or Fisher test.
Column proportions within a row lacking a common superscript differ (P < 0.05; z test).

Table 2. Campylobacter count in breast and thigh samples collected at T1 and T2.

Category (cfu/g) Time

Product T1 T2 P value1

Thigh 0 0 CFU 7a (17.1%) 20b (48.8%) <0.001
1th <100 CFU 16a (39.0%) 18a (43.9%)
2nd 100–500 CFU 13a (31.7%) 3b (7.3%)
3rd 500–1000 CFU 1a (2.4%) 0a (0.0%)
4th > 1000 CFU 4a (9.8%) 0b (0%)

Breast 0 0 CFU 19a (51.4%) 36b (97.3%) <0.001
1th <100 CFU 15a (40.5%) 1b (2.7%)
2nd 100–500 CFU 3a (8.1%) 0a (0.0%)

1estimated by Chi square or Fisher test.
Column proportions within a row lacking a common superscript differ (P < 0.05; z test).

At T1 the prevalence of C.jejuni was higher in thigh
(with skin) than in breast (skinless) samples (46.3% vs
10.8%; P < 0.05).

C.coli/C.jejuni mixed contamination was present re-
spectively in 29.3% and 16.2% of the thigh and breast
products. There were also 16.2% of the breast samples
C.Coli positive (Table 1).

At T2 we observed a reduction of Campylobacter in
all samples; indeed the negative samples increased from
17.1% to 48.8% (P < 0.05), and from 51.4% to 97.3%
(P < 0.001) for thigh and breast products, respectively
(Table 1).

At T1 the Campylobacter spp count in positive sam-
ples fell mostly in the 1st (39.0%) and 2nd (31.7%) cat-
egories for thigh products (P < 0.001), and in the 1st
category (40.5%) for breast products (P < 0.01). Four
thigh samples (9.8%) showed count falling into 4th cat-
egory (Table 2).

At T2 a reduced count was seen in breast sam-
ples with count <1.0 × 102 cfu/g (40.5% vs 2.7%;
P < 0.001), as well as in thigh samples with count 1.0
× 102- 5.0 × 102 cfu/g (31.7% vs 7.3%; P < 0.001). No
samples with count > 1.0 × 103 cfu/g. could be also
seen at T2 (Table 2).

Antimicrobial Susceptibility Testing

High prevalence of resistance to CIP and TET was
observed in skinless breast and with skin thigh prod-
ucts for both species (P < 0.001) (Table 3). C.coli and

C.jejuni from thigh products were also resistant to NA
(93.3% and 90.3% respectively) and to ERY (46.7% -
19.4% respectively).

All isolates from breast samples were susceptible to
NA and ERY and showed prevalence of resistance to
ST (100.0%), higher than that evidenced in thighs
(6.7% and 6.5% for C.coli and C.jejuni, respectively;
P < 0.001) (Table 3). The co (TET-NA, CIP-NA) and
multiple resistant (CIP-TET-NA, CIP-TET- NA-ERY)
isolates came from the thigh products. The presence of
Campylobacter spp. isolates resistant to ST was respon-
sible for the ST-CIP co-resistance and ST-CIP-TET
multi-resistance profiles, higher in breast than in thigh
products (P < 0.001) (Table 4).

DISCUSSION

Campylobacter contamination of broiler flocks in
farms seems to be a focal point in its spread in the poul-
try production processing plant (Skarp et al., 2016).
A recent survey, performed in three Italian slaughter-
houses, showed a 60% of Campylobacter prevalence from
broiler carcasses (Comin et al., 2014). In the current
study a great percentage of positivity for Campylobacter
spp. was evidenced in fresh chicken products as already
reported (Fraqueza et al., 2014).

C.jejuni was dominant in thighs products whereas
C.Coli in skinless breast. The association between the
two species was also common in both kind of samples
according to other studies (Saiyudthong et al., 2015).
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Table 3. Campylobacter isolates resistant in thigh and breast samples.

PRODUCT

ANTIMICROBIALS Thigh (n = 46) Breast (n = 24) P value1

GEN C. coli 1 (6.7%) 0 (0.0%) 1.000
C. jejuni 0 (0.0%) 0 (0.0%) -3
C. spp2 - 0 (0.0%) -2

Total 1 (2.2%) 0 (0.0%) 1.000
ST C. coli 1a (6.7%) 12b (100.0%) <0.001

C. jejuni 2a (6.5%) 10b (100.0%) <0.001
C. spp2 - 2 (100.0%) -2

Total 3a (6.5%) 24b (100.0%) <0.001
CIP C. coli 11 (73.3%) 12 (100.0%) 0.106

C. jejuni 31a (100.0%) 7b (70.0%) 0.011
C. spp2 - 2 (100.0%) -2

Total 42 (91.3%) 21 (87.5%) 0.684
TET C. coli 15 (100.0%) 12 (100.0%) -4

C. jejuni 24 (77.4%) 10 (100.0%) 0.164
C. spp2 - 2 (100.0%) -2

Total 39a (84.8%) 24b (100.0%) 0.087
NA C. coli 14a (93.3%) 0b (0.0%) <0.001

C. jejuni 28a (90.3%) 0b (0.0%) <0.001
C. spp2 - 0 (0.0%) -2

Total 42a (91.3%) 0b (0.0%) <0.001
ERY C. coli 7a (46.7%) 0b (0.0%) 0.008

C. jejuni 6 (19.4%) 0 (0.0%) 0.307
C. spp2 - 0 (0.0%) -2

Total 13a (28.3%) 0b (0.0%) 0.007

1estimated by Chi square or Fisher test. Values in bold are statistically significant at the 0.05 level.
Column proportions within a row lacking a common superscript differ (P < 0.05; z test).
2No statistics are computed because only breast products were present.
3No statistics are computed because Susceptibility is a constant.
4No statistics are computed because Resistance is a constant
n = number.

Campylobacter is part of the intestinal microbiota
in animals and its ability to colonize several host
largely influences the epidemiology of the infection.
Several authors reported that C.jejuni was the most
representative species isolated in both commercial
broiler farms and abattoirs (Moran et al., 2009; di
Giannatale et al., 2014), but in our previous study on
140 isolates of thermotolerant Campylobacter collected
in farms and in slaughterhouse, 99 resulted to be C.coli
(Pergola et al., 2017). A higher incidence of C.coli
compared to C.jejuni was seen in trials performed in
organic and free range chickens. It could be due to
the extended periods of rearing, as C.jejuni seemed to
be the first to colonize the intestine in both rearing
systems, but successively C.coli became prevalent
(El-Shibiny et al., 2005; El-Shibiny et al. 2007).

C.jejuni is also the agent mostly involved in human
foodborne poisoning. Friedman et al. (2000) reported
that it was responsible for more than 12 times the num-
ber of human Campylobacteriosis occurrence if com-
pared to C. coli.

In our study Campylobacter spp. count fell frequently
in the 1st category in breast and thigh fresh products
suggesting the presence of contamination. The breast
samples was less contaminated than to thighs in
agreement with other investigations confirming that
the skin less products could be safer from a consumer

standpoint (Luber and Bartelt, 2007; Peyrat et al.,
2008; Skarp et al., 2016).

Several studies showed the recovery of Campy-
lobacter spp by swabbing the skin before the entry in
scalding thank (Kotula and Pandya, 1995, Stern et al.,
1995). Moreover, crates insufficiently cleaned may be
a source of skin contamination during the transport to
abattoir (Slader et al., 2002). The consistent presence
of Campylobacter spp in crop and in cecum was
observed in chickens before the transport to processing
plant (Hargis et al., 1995; Byrd et al., 1998). It has
been speculated that a possible contamination by feces
during the transport might be more frequent than
cross-contamination in slaughterhouse (Rasschaert
et al., 2006). Pergola et al. (2017) reported that the
genotypes isolated from the cloacal swabs collected
in farms matched to those detected at slaughter from
the cutaneous samples, coming from the same subjects
previously tested, highlighting the importance of
the housing environment in the contamination. It is
highlighted by several authors that a focal point for the
dissemination of the Campylobacter along the slaughter
line is represented by the entry of infected or contam-
inated chickens (Reich et al., 2008; Hue et al., 2010).

Globally we observed a reduction in both thigh (with
skin) and breast (skinless) products at T2, testifying
that the refrigeration can influence the Campylobacter
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Table 4. Resistance profiles in Campylobacter isolated from breast and thigh samples.

PRODUCTS

RESISTANCE PROFILE SPECIES Thigh (n = 46) Breast (n = 24) P value1

TET-NA C. coli 14a (93.3%) 0b (0.0%) <0.001
C. jejuni 21a (67.7%) 0b (0.0%) <0.001
C. spp2 - 0 (0.0%) -2

Tot 35a (76.1%) 0b (0.0%) <0.001
CIP-NA C. coli 10a (66.7%) 0b (0.0%) <0.001

C. jejuni 28a (90.3%) 0b (0.0%) <0.001
C. spp2 - 0 (0.0%) -2

Tot 38a (82.6%) 0b (0.0%) <0.001
ST-CIP C. coli 1a (6.7%) 12b (100.0%) <0.001

C. jejuni 2a (6.5%) 7b (70.0%) <0.001
C. spp2 2 (100.0%) -2

Tot 3a (6.5%) 21b (87.5%) <0.001
CIP-TET-NA C. coli 10a (66.7%) 0b (0.0%) <0.001

C. jejuni 21a (67.7%) 0b (0.0%) <0.001
C. spp2 - 0 (0.0%) -2

Tot 31a (67.4%) 0b (0.0%) <0.001
ST-CIP-TET C. coli 1a (6.7%) 12b (100.0%) <0.001

C. jejuni 2a (6.5%) 7b (70.0%) <0.001
C. spp2 - 2 (100.0%) -2

Tot 3a (6.5%) 21b (87.5%) <0.001
CIP-TET-NA-ERY C. coli 6a (40.0%) 0b (0.0%) 0.017

C.jejuni 6 (19.4%) 0 (0.0%) 0.307
C. spp2 - 0 (0.0%) -2

Tot 12a (26.1%) 0b (0.0%) 0.004
ST-CIP-TET-NA C. coli∗ 0 (0.0%) 0 (0.0%) -3

C. jejuni 1 (3.2%) 0 (0.0%) 1.000
C. spp2 - 0 (0.0%) -2

Total 1 (2.2%) 0 (0.0%) 1.000

1estimated by Chi square or Fisher test. Values in bold are statistically significant at the 0.05 level (Chi
square or Fisher test).

Column proportions within a row lacking a common superscript differ (P < 0.05; z test).
2No statistics are computed because only breast products were present.
3No statistics are computed because Susceptibility category is a constant.
n = number.

survival. A decline of C. jejuni count in poultry
carcasses during refrigeration was also seen by Alter
et al. (2005) and Meldrum et al. (2005), but several
studies failed to demonstrate the Campylobacter reduc-
tion in the same conditions (Bhaduri and Cottrell, 2004;
Paulsen et al., 2005; Maziero and de Oliveira, 2010).
Georgsson et al. (2006) showed that a decrease in count
of Campylobacter occurred most rapid immediately
after the carcasses were frozen and a further loss of
viability was limited to the first week of frozen storage.

As regard the antimicrobial susceptibility test, our
work confirmed the high prevalence of resistance to CIP
and TET for C.coli and C.jejuni in both thigh and
breast samples. The thigh isolates were also resistant
to NA. From the 1980s the resistance of Campylobacter
to quinolones has been reported as result of their large
use in metaphylaxis and therapy in industrial farms
(Pezzotti et al., 2003; Alfredson and Korolik, 2007;
Ge et al., 2013). Resistant Campylobacter isolates were
isolated in feces of chickens, experimentally infected,
already 24 hours after the beginning of enrofloxacin
treatment. Moreover the antibiotic was unable to com-
pletely eliminate microorganisms but it could cause the

Campylobacter “conversion” to a drug-resistant bacte-
rial population (Griggs et al., 2005).

As regard to ERY the 46.7% and the 19.4% of C.coli
and C.jejuni isolates from thigh samples were respec-
tively resistant. We have already reported in broiler
chickens that the 30% of C.coli isolates were resistant
to ERY whereas all C.jejuni isolates were susceptible
(Pergola et al., 2017). These results are in agreement
with a recent study (Fraqueza et al. 2014) showing
that Campylobacter isolates from poultry displayed ery-
thromycin resistance, often connected with resistance to
other antimicrobial classes. In our work the ERY resis-
tant Campylobacter showed the multiresistance pattern
only in association with CIP-TET-NA.

The progressive increase of resistance to ery-
thromycin, as well as to all macrolides, can be justified
by the use for the therapy of several infectious diseases
in industrial poultry over the years (Bradbury et al.
1994; Collier et al. 2003), It should be also reported
that the erythromycin is one of most efficient drug
used for human Campylobacteriosis (Xia et al., 2013)
and, although the prevalence of resistance in human is
still low, it could become higher.
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In our work we observed the presence of Campylobac-
ter isolates resistant to ST in skinless breast, respon-
sible for the co and multiple resistance patterns that
were the only ones reported in these samples. It should
be highlighted that ST is not largely used in indus-
trial chicken. This datum should be further assessed
since this antimicrobial have been used for therapeu-
tic treatment of several bacterial diseases in man and
WHO (2013) reported it in the list of “critical antimi-
crobials”. Recently a new streptomycin resistance gene
in C. coli has been detected and sequenced by Olkkola
et al. (2016). This gene does not belong to a multi-
ple drug resistance plasmid or transposon and appear
widely to spread among C. coli strains from Europe and
the United States.

In our work multiple resistant isolates came from
thigh products and they were characterized by multi-
resistant patterns as described by others (Kurincic
et al., 2005; Wang et al., 2014). The presence of
simultaneous resistance profiles are also observed in
organic rearing, although the antibiotic use is strictly
controlled, but the possibility for birds to stay outdoors
exposes them to a greater contact with Campylobacter
and other microorganisms, eliminated by wild birds or
present in the soil (Rosenquist et al., 2013).

The present study evidenced the need to imple-
ment the control measure strategy addressed to re-
duce the level of Campylobacter contamination during
the slaughter steps because of the consistent counts
found from meat chicken products, especially from
meat chicken products with skin, as thigh. Refrigera-
tion seemed to be a tool, helpful in reducing the number
of Campylobacter, though it is not able to eliminate it
fully. The antimicrobial resistance evidenced in the iso-
lated strains, supports that it is actually the true con-
cern for Public Health, as seen in our work for the pro-
gressive occurrence of erythromycin and streptomycin
Campylobacter resistant isolates, since these antimicro-
bials are used in human diseases.
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