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Abstract

Campylobacteriosis has become common cause of diarrhea in humans and is associated with Guillain—Barré Syndrome,
Reactive Arthritis and Irritable Bowel Syndrome is caused mainly by contaminated food and water intake in which the
majority occurs from manipulation, preparation and consumption of poultry meat. The aim of this study was to estimate
the prevalence of Campylobacter in chicken carcasses from slaughterhouses located in the states of Parana, Santa Catarina
and Rio Grande do Sul in the South of Brazil. The samples were analyzed for Campylobacter enumeration using the ISO
method 10272-2 and the species C. jejuni and C. coli, important for public health, were identified through Maldi-TOF mass
spectrometry. From July 2017 to July 2018, 816 samples were analyzed, indicating the prevalence of 35.84%, with higher
occurrence of C. jejuni (78.47%). No difference in prevalence was observed in relation to the size of the slaughterhouses.
However, significant differences were noted among the three states in the southern region of the country, with the lowest
prevalence being observed in Parana. The results reinforce the need to advance in the implementation of strategies to control
this pathogen in the country, in order to safeguard consumer’s health and contribute for the maintenance of Brazil’s position
in the international poultry meat market.

Introduction

Campylobacteriosis is a disease transmitted by water and
food contaminated by thermophilic Campylobacter species,
mainly C. jejuni and C. coli. Following an increase in the
incidence of this disease observed in the 1980s and 1990s,
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the number of cases stabilized in the early twenty-first cen-
tury and is currently among the most important and frequent
foodborne diseases worldwide [1]. Campylobacter is most
often associated with cases of gastroenteritis, resulting in
an acute self-limiting infection, with an incubation period
ranging from two to five days, symptomatic period of three
to five days, whose clinical manifestation includes abdomi-
nal pain, nausea, headache, muscle pain, fever and diarrhea
[2, 3]. Although complications from campylobacteriosis are
uncommon, they are quite severe. Among these complica-
tions are Guillain-Barré Syndrome (GBS), which is an acute
neuromuscular paralysis [2].

European Food Safety Authority (EFSA) reported that
cases of campylobacteriosis became more frequent than
cases of salmonellosis and yersiniosis, reaching 64.8 cases
per 100,000 inhabitants in 2017 [4]. In 2010, New Zealand
reported that the highest occurrence of campylobacteriosis
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in the country was in 2006, with a proportion of almost 400
cases per 100,000 inhabitants [5].

Between implicated foods, it is estimated that at least
50% of campylobacteriosis human cases occurring in the
Americas are associated with chicken meat [6]. A research
conducted in the United States amongst 2007 and 2008 to
estimate the prevalence of Campylobacter in broiler car-
casses, identified 46% of pathogen-positive carcasses [7].
In Canada, the national prevalence study conducted in 2012
and 2013 identified 27.4% of chicken carcasses contami-
nated by Campylobacter and 39.0% chicken cuts contami-
nated with Campylobacter, possibly due to cross-contami-
nation and manipulation while cutting procedures [8]. In 26
EU Member States, plus Norway and Switzerland, the 2008
prevalence baseline identified 75.8% of carcasses contami-
nated with Campylobacter [9].

Brazil occupies a prominent position in poultry meat pro-
duction since 2011, is the global leader in exports and is
the second largest producer in the world. However, in order
to remain an export leader in a highly competitive market,
it is necessary to keep in line with microbiological safety
requirements. The EU member states are one of the main
destinations of Brazilian poultry meat and have a mirror
effect on other importing markets, adopted in 2018 Campy-
lobacter microbiological criteria for chicken carcasses [10].
As a result, Brazilian slaughterhouses qualified to export
chicken meat to EU must meet their requirements.

In Brazil, the Federal Inspection Service (SIF) of the Min-
istry of Agriculture, Livestock and Food Supply (MAPA)
acts on a risk-based inspection model [11]. Studies on the
prevalence of Campylobacter in poultry in Brazil are crucial
for future implementation of policies for the management of
this microorganism in the country. The present study aimed
to estimate the prevalence of Campylobacter spp. in chicken
broiler carcasses in slaughterhouses under SIF in the states
of Parana (PR), Rio Grande do Sul (RS) and Santa Catarina
(SC).

Material and Methods
Data Collect

The study was carried out in chicken slaughterhouses
under SIF, located in the Brazilian states of PR, SC and
RS, between July 2017 and July 2018. The sampling plan to
estimate the prevalence of Campylobacter spp. in chicken
carcasses was calculated based on an expected prevalence
of 50%, expected error of 10% and statistical confidence
of 95%. The slaughterhouses were classified according to
their daily slaughter as small (S) when slaughtering less

than 50,000 chickens per day, medium (M) between 50,001
and 100,000 chickens per day, large (L) between 100,001
and 200.00 chickens per day and extra-large (XL) when
slaughtering over 200.001 chickens per day. The number
of samples was defined considering the number of their
classification.

A total of 71 chicken slaughterhouses located in the south
of Brazil were sampled. The number of samples foreseen
for this study was 776 chicken carcasses, 40 collected in
S slaughterhouses, 112 in M, 336 in L and 288 in XL. The
sampling of chicken carcasses was performed by the officials
of the inspection service at the slaughterhouse. At slaughter-
houses classified as S and M a sample was taken every three
weeks, at slaughterhouses L and XL a sample was taken
every two weeks. The sample at random, considering equal
chances for all lots, slaughter lines, days of the week and
slaughter shifts. The sample consisted of an entire chicken
carcass collected after pre-chilling. For the transport from
the slaughterhouse to the laboratory, the samples were kept
refrigerated, with temperature between 0 and 8 °C [11]. The
modes of transport used were terrestrial, air or both, accord-
ing to the location of the slaughterhouse.

The analyzes for Campylobacter were performed at the
food microbiology unit of the official laboratory (LFDA)
located in Porto Alegre (RS), with quality management
system accredited [12] and the enumeration was performed
according to ISO [13]. At the LFDA, the carcasses were
rinsed with 500 mL of buffered peptone water 1%. Aliquots
of 1 mL obtained from 10° and 10 dilutions were inoculated
onto surface of modified cefoperazone deoxycholate char-
coal agar plates (mCCDA), incubated in microaerophilia.

Then, the presumptive colonies were counted and 5 char-
acteristic colonies, from each dilution, were random selected
and plated on blood agar, followed by incubation in micro-
aerobic atmosphere. The confirmation of the colonies was
made by microscopy with phase contrast observing char-
acteristics of morphology and motility and oxidase testing.
Positive colonies were transferred to blood agar and incu-
bated under aerobic conditions at 25 °C for 44 +4 h. Refer-
ence strains were used for microbiological quality control.
Results were reported in carcass colony forming units (CFU/
carcass). In plates where there was no growth of colonies the
result was reported as < 500 CFU/carcass. For the identifica-
tion of C. jejuni and C. coli species, isolated and confirmed
colonies were submitted to Maldi-TOF mass spectrometry
using the direct plating protocol, with triplicates from each
colony, considering the identification of the species only for
the colonies with score equal to or greater than 2.0 [14]. Spa-
tial analysis of location of the chicken slaughtering slaugh-
terhouses available at SIGSIF system was performed using
ArCGIS Desktop® version 10.6.
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Statistics Analysis

Descriptive analysis of the data were done using Micro-
soft® Office Excel® 2010. Prevalence results consider-
ing size and location of slaughterhouses were subjected
to analysis using the nonparametric test of Kruskal Wallis.
Logistic regression analysis was performed to assess the
effect of time between sample collection and reception at
the LFDA. Statistical analysis was performed using the
software Stata® version 14.0 [15]. The prevalence and
logistic regression were calculated using survey com-
mands of Stata® version 14.0 using sampling weights base
in the number of the total number of slaughterhouses and
those sampled, the quantity of production of each slaugh-
terhouse sampled and the number of samples by slaugh-
terhouse sampled, as demonstrated in the formula bellow.

. . total number of slaughterhouse
Sampling weight =

Table 1 Sampling plan

Slaughterhouse size Total number of Sample proportion by

samples slaughterhouse size
(%)
S 25 3 (25/816)
M 125 15 (125/816)
L 393 48 (393/816)
XL 273 34 (273/816)
Total 816 100

Number of samples between slaughterhouses classified according to
daily slaughter

To calculate the prevalence, the sample weight was con-
sidered as a function of the number of slaughtered chick-
ens per slaughterhouse during the study period. The prev-

total production of the slaughterhouse sampled

number of slaughterhouse sampled

number of samples of the slaughterhouse sampled

When the prevalence and its confidence interval are
estimated using the sample weight, the values have an
improved external validity and the estimate is considered
more reliable. Prevalence estimates tend to have values
slightly higher or lower than simple positivity rates. This is
due to the occurrence of positive cases in more frequency
in larger establishments (estimates go up) or smaller estab-
lishments (estimates go down).

Results and Discussion

Between July 2017 and July 2018, approximately 5.5 bil-
lion of poultry were slaughtered in slaughterhouses under
SIF were 64% slaughtered in the Southern states of Brazil
(34.85% in PR, 15.60% in SC and 14.11% in RS). Despite
the expansion of the poultry production chain in the Mid-
west due to the increased availability of corn and soy-
beans, that are basis for poultry feeding [16], the South
remains the country’s leading broiler producer, consoli-
dating an activity that was boosted in these states in the
1970s.

In this study, 816 samples were collected from 70
slaughterhouses, maintaining the proportional distribution
of the samples among slaughterhouses according to their
size (Table 1). Throughout the study it was observed that
eight slaughterhouses had alteration in their size classifica-
tion, consequently the number of samples were changed.
In addition, in one slaughterhouse it was not possible
to test for Campylobacter because all chicken samples
arrived frozen in the LFDA.

@ Springer

alence of Campylobacter spp. in chicken carcasses was
35.84% (95% CI 31.94 to 39.93%). The highest occurrence
observed was C. jejuni with 78.47% (113/144), followed
by C. coli with 9.72% (14/144) and C. coli plus C. jejuni
with 7.64% of samples (11/144). In 4.17% (6/144) of the
samples it was not possibly to identify the species there-
fore these results were described as Campylobacter spp.
Campylobacter coli and C. jejuni enumeration are shown
in Table 2, being 80% (115/144) of the results between 10°
and 10* CFU/carcass and no differences were observed
between enumeration of C. coli, C. jejuni and C. coli plus
C. jejuni (p>0.05).

The higher occurrence of C. jejuni observed may be con-
sidered a concern for public health authorities, as this spe-
cies is responsible for most campylobacteriosis cases regis-
tered in the United Kingdom and the United States, 90% and
95%, respectively [3, 17].

There was no difference in prevalence observed (p > 0.05)
in relation to size of the slaughterhouses (Table 3). A

Table2 Campylobacter coli and C. jejuni enumeration (CFU/carcass)

CFU/carcass Number of samples
C. coli C. jejuni C.coliand Campy-
C. jejuni lobacter
Spp.
500-999 3 17 0 3
1000-9999 7 72 7 2
10,000-99,999 2 23 4 1
100,000-999,999 2 1 0 0
> 1,000,000 0 0 0 0
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Table 3 Ca'mp Y lgbacter Spp- i Slaughter- Total number of Number of samples with Prevalence (%) CI195%

Prevalence in chicken carcasses house size samples Campylobacter count

in slaughterhouses under federal

inspection in the Southern states S 25 6 38.49 19.08 62.41

qf Brazil by slaughterhouse M 125 45 36.26 2779 45.68

size, from July 2017 to July

2018 X 393 133 34.61 29.73 39.83
XL 273 96 36.55 30.58 42.95
Total 816 280 35.84 31.94 39.93

CI Confidence interval

significant difference of Campylobacter prevalence
(p <0.05) in the three Brazilian states was observed, PR
showed the lowest prevalence 20.74% (95% CI: 16.26 to
26.07) and RS the highest prevalence 63.28% (95% IC 54.50
to 71.25). The probability of positive samples occurring in
SC is three times higher compared to PR (odds ratio 3.25)
and six times higher in RS compared to PR (odds ratio 6.38).

In 2.58% (21/816) of analyzed samples there was a loss
of plates with a dilution of 10° caused by invasive colonies
scattering. In these cases, the result obtained only from the
10! dilution plate was expressed as < 5000 CFU/carcass
when there was no colony growth.

In 63.12% (515/816) of the analyzed samples there was no
growth of colonies, being the result expressed as <500 CFU/
carcass. From these samples, it was observed that 61.35%

Fig. 1 Frequency distribution 100% ;
of Campylobacter count, CFU / A
carcass, by state (n=_816 sam- §§\\\\\§§
ples). PR Parani state; SC Santa 0% %§X&
Catarina state; RS Rio Grande &&&f
do Sul state v
0% I
70%
60%
50%
40%
30%
20%
10%
0%

(316/515) were collected in slaughterhouses located in the
state of PR. Figure 1 shows the highest occurrence of enu-
meration results < 500 CFU/carcass in the state of PR, fol-
lowed by SC and RS. The infectious dose of C. jejuni for
humans is low, between 500 and 800 cells [5]. In the present
study, approximately 72% of the results obtained were below
1,000 CFU per carcass.

Most slaughtering slaughterhouses are located the coun-
tryside, far from airports and with restricted access to ground
transportation. Some slaughterhouses from northern of PR,
are 1,000 km away from the laboratory. Therefore, these far
distances between slaughterhouses and official laboratories
associated with the lack of transport infrastructure posed a
great challenge for the sample logistics.

u>1.000.000
100.000 - 999.999
10.000-99.999
£1.000- 9999
500 - 999
n<5.000
1< 500
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Campylobacter is a fastidious, oxygen-sensitive bacte-
ria that may have enumeration results affected especially
when samples have been stored for long periods or trans-
ported prior to analysis [18]. When subjected to stress condi-
tions, Campylobacter cells adopt as a survival strategy the
shape change with loss of multiplication capacity in culture
medium, being considered viable and non-cultivable forms
[19].

The possibility of interference of the time factor between
the sample collection, the receipt and the beginning of the
analysis was evaluated. Campylobacter enumeration (CFU/
carcass) by State is shown in Table 4, and Table 5 presents
the number of samples according to the time between col-
lection and receipt in the LFDA, in days, and the frequency
of samples with Campylobacter count, being observed dif-
ference (p <0.05) between samples with 3 or more days
between collection and receipt compared to samples that
took up to 2 days to reach the laboratory. Samples collected
in slaughterhouses located in PR took longer to reach the
LFDA compared to those collected in RS, possibly due to

Table 4 Campylobacter enumeration (CFU/carcass) by state

CFU/carcass PR SC RS Total of samples (%)
<500 316 124 75 515 (63.12)

<5000 15 5 1 21 (2.58)

500-999 15 23 15 53 (6.50)
1000-9999 49 55 56 160 (19.60)
10,000-99,999 9 15 36 60 (7.35)
100,000-999,999 2 2 2 6 (0.73)

> 1,000,000 0 0 1 1(0.12)

Total of samples 406 224 186 816

CFU colony forming unit; PR Parana state SC Santa Catarina state;
RS Rio Grande do Sul state

the greater distances between the slaughterhouses and LFDA
(Fig. 2).

The location of the slaughter slaughterhouses and the
Euclidean distances to LFDA are show in Fig. 3. Most north
slaughterhouses of RS are within 250 km away from the
LFDA, while slaughterhouses located in the north of PR
are 1000 km away from the LFDA. The great distances and
the lack of logistic infrastructure [20] contributed to longer
periods between collection and reception of samples at the
laboratory. However, 83.5% of the samples were analyzed
within 72 h, similar to the 80-h limit established for the
prevalence study conducted by EFSA in 2008 [21].

The logistic regression analysis indicated that there could
be difference in detection of Campylobacter depending on
the time period between the sample collection and arrival at
the laboratory. In samples that took 3 or more days to arrive
to the LFDA was two time less likely to detect Campylobac-
ter (odds ratio 0.4577) compared to those arriving within
2 days. Therefore, the next statistic analysis considered only
samples that arrived at the LFDA within 2 days totalizing
398 samples, 113 from PR, 111 from SC and 154 from RS.

The observed prevalence of the 398 samples was 40.77%
(95% C133.94 to 47.98). The significant difference (p < 0.05)
remained between the prevalence results observed in the
three Brazilian states, with the lowest prevalence observed
in PR with 24.25% (95% CI 15.66 to 35.56) and the high-
est prevalence in RS with 64.91% (CI 95% 55.23 to 73.50)
(Table 6). The probability of positive samples occurring was
almost three times higher in the state of SC compared to PR
(odds ratio 2.94) and six times higher in RS compared to PR
(odds ratio 6.06). The Campylobacter enumeration results
for the three states considering only samples that arrived at
the LFDA in 2 days (n=398) (Fig. 4).

In the USA a Campylobacter baseline study was con-
ducted in 2007 and 2008 [7] and samples were transported at
temperatures between 0 and 10 °C, reaching the laboratory

Table 5 Number of samples
according to the time between

. o receipt in the laboratory
collection and receipt in the

Days between collection and Number of
total samples

Number of samples with  Frequency of samples with
Campylobacter count Campylobacter count/total of

samples

laboratory and frequency of

samples with Campylobacter 0 9 5 55.562

count | 141 80 56.74"
2 248 87 35.08%
3 234 59 25.21°
4 72 17 23.617¢
5 32 11 34.38°%
6 24 7 29.17*
7 6 1 16.67*
Total 766 267 34.86

Same letters means no difference in frequency (p>0.05); different letters means difference in frequency

(p<0.05)

*Means low statistic power due the low number of samples
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Fig.2 Number of samples
proportion and number of days
between collect and laboratory
receipt, by state. PR Parana
state; SC Santa Catarina state;
RS Rio Grande do Sul state
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PR mSC mRS
2 3 4 5 6 7

days between colect and receipt by the laboratory

within 24 h after collection. In New Zealand, to assess the
performance of the slaughterhouses with the Campylobac-
ter microbiological criterion the samples should reach the
laboratory within 24 h after collection, with a temperature
below 10 °C [22].

In the European prevalence study, the 80-h limit period
between collection and reception was adopted as the crite-
rion for receiving the sample at the laboratory. The delay
between sample collection and laboratory analysis increased
the chance of detection of Campylobacter in chicken sam-
ples [21]. The (EU) Regulation 2017/1495, adopted after
the EFSA prevalence study, set a limit of maximum 48 h
between sample collection and laboratory analysis and a
temperature of 1 to 8 °C for samples storage and transport
[10].

It is important to define a timeout period between sample
collection and laboratory analysis as a procedure in pro-
gram to control Campylobacter. Maintenance of the sam-
ple at refrigerated temperature is justified by the evidence
that freezing appears to have an effect on Campylobacter
inactivation, reducing the level of contamination in frozen
chicken. Samples of skinned chicken cuts showed a reduc-
tion of 1 log,, after 24 h of freezing at — 22 °C [23] and a
reduction of up to 1.5 log,, in frozen chicken meat [24].
It was demonstrated [25] that despite a reduction of up to
2 log,, after three weeks of freezing at — 10 °C, in most
chicken carcasses evaluated it was still possible to detect
Campylobacter even after 120 days of freezing.

The risk associated with refrigerated meat with average
contamination of 4.5 log,, CFU is approximately the same
as frozen meat with average contamination of 5.25 log,,
CFU [26]. Freezing has been one of the measures taken in
countries with Denmark, Iceland, Norway and New Zea-
land to minimize the risk of Campylobacter contamination
in chicken meat [22, 24].

The intestinal microbiota plays an important role in the
development of potentially pathogenic microorganisms by
competitive exclusion or by stimulating immune system
defenses. It is unclear how this microbiota may influence
Campylobacter colonization in the intestine of birds [27].

Previous study at Brazil was conducted in two distinct
periods (August/2011 to February/2012 and September/2015
to February/2016) in slaughterhouses of the largest poultry
slaughtering company. An occurrence of 13.1 and 6.8% of
Campylobacter jejuni was observed in the first and second
periods, respectively [28]. Additionally, to the fact that these
slaughterhouses exported products to the European Union
and were already implementing controls for Campylobacter
to meet the new requirements announced by EU.

The prevalence and microbial load of Campylobacter
observed in poultry farms were associated with the preva-
lence and microbial load identified in slaughterhouses [29].
Thus, it is expected that measures to reduce this pathogen
at the primary chain reflect in reduction of contamination
in slaughterhouses. However, these authors suggested that
before adopting stringent biosafety protocols to reduce the
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Table 6 Prevalence of Campylobacter spp. in chicken carcasses
receipt by the laboratory until 48 h, by State, from July 2017 to July
2018

State  Number  Number of sam- Prevalence (%) CI95%
of sam-  ples with Campy-

ples lobacter count
PR 133 29 24.25 15.66 35.56
SC 111 50 49.35 37.98 60.79
RS 154 93 64.91 55.23 73.50
Total 398 172 40.77 33.94 47.98

CI Confidence interval

@ Springer

occurrence of Campylobacter in farms, more information
on the real impact and benefit of such measures should be
available [29].

It is possible to reduce between 44 and 95% the occur-
rence of human campylobacteriosis associated with chicken
meat if there is a reduction of one to two logarithmic cycles
in the concentration of this bacterium in the intestinal
content of poultry [30]. Control measures based on good
hygiene practices, generally supported by empirical scien-
tific knowledge and experience, and risk-based measures
defined from scientific knowledge [31]. These measures
apply from the primary production chain (hatcheries, broiler
farms) to the chicken slaughtering and processing industries.
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Fig.4 Frequency distribution 100,00

of Campylobacter count, CFU/

carcass, by state, considering 90.00 \\\\\
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Control measures at the primary chain include biosecurity,
including restricting access to facilities and birds; cleaning
and disinfection of materials, equipment and installations;
sanitary void; quality control of water and feed; frequent
collection and proper disposal of dead birds [31].

The use of screens to eliminate or prevent mosquito prolif-
eration seemed to reduce the occurrence of Campylobacter in
the farm from 51.4 to 15.4% and the bird health status regard-
ing Campylobacter is also important as it allows to schedule
slaughter of positive lots in order to reduce the risk of cross-
contamination. At slaughterhouses most control measures aim
to prevent and reduce faecal contamination, including the use
of chemical or physical carcass decontamination methods [31].

Campylobacter counts in chicken carcasses after cooling
were associated with short transport and waiting period of
the birds until slaughter, the high occurrence of gastroin-
testinal viscera rupture and the high Campylobacter count
in the cecal content [32]. However, slaughterhouses with
poor infrastructure and older technology might have higher
Campylobacter reduction potentials by implementing mod-
ern equipment and up to date washing systems [33].

In Benin, was showed a contamination rate of Campylo-
bacter in the chicken samples of 32.8% and that there is a real
risk of poisoning among consumers of chicken meat. Also,
the isolated Campylobacter strains are multidrug-resistant,
which poses a problem in selecting Campylobacter strains
in chicken farms, where antibiotics are used in an anarchic
manner [34]. In Lithuania, it was observed occurrence of
Campylobacter spp. in faecal samples was higher among
crows (39.2%) than pigeons (30.0%), (P <0.05) from parks

P
=> 1.000.000
S 100.000 - 999.999

NN -
NN
&\\§§ §1.000 -9.999
§&¥§ 500 - 999
Q&\§ n<3.000

..< 500

\

7777
V774224

7
7
.,

SC RS

and other public places. Wild birds and other environmental
sources may contribute to the burden of illness as well [35].

Conclusions

Prevalence of Campylobacter spp. in chicken carcasses was
35.84%. No difference in prevalence was observed in rela-
tion to size of the slaughterhouses. Significant difference of
Campylobacter prevalence in the states was observed.
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