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ARTICLE INFO ABSTRACT

Keywords: Most Campylobacter infections in humans are sporadic cases, often connected to private households. Chicken
Campylobacter jejuni meat is believed to be the main source of human exposure to Campylobacter and there are significant risks of
:;éi’; cross-contamination when handling Campylobacter-contaminated chicken in the kitchen. One post-harvest pre-

ventive measure to reduce Campylobacter concentrations on chicken meat is freezing. This study examined
survival of different sequence types of C. jejuni during freezing and risk factors during handling of
C. jejuni-contaminated chicken meat in the kitchen. Chicken fillets were artificially contaminated before freezing
with two different sequence types of C. jejuni (ST-257 and ST-918), at concentrations in the meat of 4.1 logio
CFU/g (low) and 5.3 log19 CFU/g (high). Risk factors in the kitchen were assessed by swabbing gloves before and
after washing, to simulate hands before and after washing. Utensils such as scissors and forceps used for cutting
were also sampled, while a cutting board was sampled twice to simulate before and after wiping.

The greatest decrease in Campylobacter concentrations in the freezer occurred in the first four days and the
decrease then flattened off. After 49 days in the freezer, concentrations on meat contaminated with high and low
levels of ST-257 decreased by 2.0 log;o CFU/g and 1.5 logjo CFU/g, respectively, while concentrations on
chicken meat contaminated with a high and low level of ST-918 decreased by 1.0 log;o CFU/g and 0.7 log;o CFU/
g, respectively. Campylobacter was isolated from all simulated environmental samples. The highest load in the
environment of both sequence types was unwashed gloves and the first sampling of the unwiped cutting board.
Transfer from gloves and the cutting board was lower after washing/wiping, but high concentrations (>2 logio
CFU/mL rinse fluid) of Campylobacter persisted for all samples contaminated with ST-918 and for 18 of 20
samples contaminated with ST-257.

In conclusion, there are differences between Campylobacter sequence types in their ability to withstand
freezing stress and Campylobacter remaining on hands after washing and on cutting boards after wiping is a likely
source of cross-contamination in the kitchen.

Cross-contamination
Chicken meat
Kitchen

1. Introduction

Campylobacter spp. is the most reported bacterial cause of gastroin-
testinal disease in humans in Europe and many other parts of the world
(Center for Disease Control and Prevention, 2021; EFSA 2021; World
Health Organization, ? 2015). Undercooking of chicken meat and
cross-contamination during food preparation are critical factors for
campylobacteriosis in humans. Contaminated chicken meat can act as a
vehicle for Campylobacter, which can easily spread to kitchen equipment
such as cutting boards, plates, and knives. Other possible transmission
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route are hands that handles the chicken meat and then touch the lips or
food that should not be heated. Without further bactericidal treatment,
food contaminated with Campylobacter can then cause human infection.
A study of European consumers found that some assessed the cooking
end-point of chicken meat based on its inner color or texture, a method
that does not ensure inactivation of pathogens, and some were found to
prioritize the juiciness of cooked chicken above any safety concerns
(Langsrud et al., 2020).

To reduce the risk of exposure to Campylobacter at consumer level,
different preventive measures can be adopted. According to a 2011
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report by the EFSA’s Panel of Biological Hazards, an estimated public
health reduction of >50% can be achieved if all broiler batches comply
with a limit of 1000 CFU/g, and a risk reduction of >90% if all batches
comply with a limit of 500 CFU/g (EFSA, 2011). A later report estimated
that a 3 logyo reduction in cecal concentrations would lead to a risk
reduction of 50% for human campylobacteriosis connected to chicken
meat (Koutsoumanis et al., 2020). A microbiological criterion for
foodstuffs was introduced in 2005 for pathogens like Salmonella and
Listeria monocytogenes (European Commission, 2005). Thirteen years
later, Campylobacter was added and since 2018, the microbiological
process hygiene criterion (PHC) for Campylobacter in chicken is set by
European Commission regulation No. 2017/1495 (2018). The PHC aims
to limit the number of bacteria in the food chain, improve food safety,
and reduce cases of human campylobacteriosis linked to handling or
consumption of chicken meat. If the PHC target is exceeded, the
slaughterhouse must take action (EFSA & ECDC, 2021).

Freezing is effective in reducing Campylobacter counts and thereby
reducing the risk of campylobacteriosis in humans (Georgsson et al.,
2006). Formation of ice crystals, ice nucleation, and dehydration during
freezing are factors that injure the bacteria (Alter & Reich, 2021). Ac-
cording to EFSA (2011), scientific opinion states that freezing for a few
days reduces the concentration of C. jejuni in chicken meat by 0.9-1.4
logip CFU/g and freezing for three weeks gives a reduction of 1.8-2.2
log1o CFU/g. A reduction of 0.6-2.9 log1o CFU/g on naturally contam-
inated carcasses after freezing and storing for 31 days and a reduction of
1 logy0 CFU/g after one day were found in an Icelandic study (Georgsson
et al., 2006). A Belgian study also found a 1 log;o CFU/g reduction for
naturally contaminated meat after one day in the freezer, but thereafter
the reduction was not significant (Sampers et al., 2010).

Over the years, multiple risk assessments have been made and
theoretical models of cross-contamination and Campylobacter transfer
rate have been created (Habib et al., 2020; Kusumaningrum et al., 2004;
Lindqvist & Lindblad, 2008; Uyttendaele et al., 2006). Practical studies
examining how Campylobacter is transferred from chicken meat to
kitchen equipment have concluded that there is a significant
cross-contamination risk when handling Campylobacter-contaminated
chicken (Bai et al., 2020; Cardoso et al., 2021; Luber et al., 2006).
Despite these numerous studies, there are still knowledge gaps regarding
cross-contamination and transmission of Campylobacter in conjunction
with normal kitchen routines. Furthermore, there are crucial gaps in
consumer knowledge regarding storage temperatures, food pathogens,
reheating, cleaning, and handling of risk foods (Lange et al., 2016;
Marklinder et al., 2004; Marklinder et al., 2013). Underestimation of the
level of contamination, together with poor hygiene practices, can lead to
more cases of campylobacteriosis. Domestic kitchen practices are of the
utmost importance when Campylobacter is introduced into the kitchen
environment (Langsrud et al., 2020).

The aim of this study was to establish whether there are differences
in survival between different sequence types of C. jejuni in chicken meat
during freezing and whether the initial number of bacteria before
freezing influence the amount of Campylobacter after thawing. A further
aim was to determine the importance of different risk factors for con-
sumers when handling Campylobacter-contaminated chicken meat in the
kitchen.

2. Material and methods
2.1. Bacterial isolate

Two sequence types (ST) of C. jejuni, ST-257 and ST-918, were
selected for use. The ST-257 was isolated previously by dead-end ul-
trafiltration from water pipes in a broiler house with broilers colonized
by ST-257 during several rotations (Ferrari et al., 2019), while ST-918
was isolated from swab samples from transport crates after cleaning
and disinfection (Frosth et al., 2020). These sequence types were chosen
due to their connection with human campylobacteriosis, since both have
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previously been isolated from humans with campylobacteriosis (Public
Health Agency of Sweden, 2017).

2.2. Sample preparation and quality control

Frozen chicken breast fillets without skin from conventionally pro-
duced Swedish chicken were purchased from a grocery store in Sweden,
and thawed in a refrigerator for 24 h. A test according to ISO 10272 part
2 (ISO, 2017) was performed to ensure that the chicken breast fillets
were not naturally contaminated with Campylobacter. This was done by
taking 10 g meat from the surface of several fillets, placing it in a
stomacher bag together with 90 mL Bolton enrichment broth (Oxoid,
Basingstoke, UK), homogenizing the mixture, and incubation at 41.5 °C
+ 0.5 °C for 44 + 4 h in a microaerobic atmosphere generated by the use
of CampyGen™ (Oxoid, Basingstoke, UK). The enriched culture was
plated on modified charcoal cephoperazone desoxycholate agar
(mCCDA) (Oxoid, Basingstoke, UK) and incubated at 41.5 °C + 0.5 °C
for 44 + 4 h in a microaerobic atmosphere. All packages of fillets tested
negative for thermotolerant Campylobacter.

For the experiment, the thawed chicken breast fillets were cut into
pieces of approximately 50 g and placed in buckets together with their
meat juice and 2 L of buffered peptone water (BPW). For the high con-
centration 45 ml of an overnight culture of C. jejuni ST-257 or ST-918
were mixed with the BPW before adding in the bucket with chicken
breast fillets (Fig. 1). The same procedure was applied for the low
concentration except that 1 ml of the overnight culture were used. After
this preparation the bucket with pieces of chicken fillet, and the sus-
pension of meat juice, BPW and Campylobacter broth were left 1 h at
room temperature. Thereafter, each piece of 50 g breast fillet and 5 mL
of the meat juice suspension were placed in separate stomacher bags and
stored at —18 °C until analysis except five samples from each concen-
tration and sequence type that were analyzed according 2.4. for quan-
tification of the initial amount (day 0) of Campylobacter in the chicken
breast fillets.

2.3. Simulated handling of chicken meat in the kitchen

The risk objects present in a kitchen environment (hands, well-used
cutting board, utensils) were used for sampling in the laboratory. Five
environmental samples were analyzed: nitrile gloves tested before and
after rinsing in tap water (to simulate hands before and after washing); a
well-used plastic cutting board, tested before (first) and after (second)
wiping; and kitchen utensils. Sampling was performed on singles on
these five types of sample and on 20 occasions, giving 20 samples per
environmental sample and a total of 100 samples per Campylobacter
sequence type.

The sampling of gloves before rinsing (simulated unwashed hands)
was performed after a piece of chicken meat was picked up in a gloved
hand, put down, and picked up once again. The glove was then removed
from the hand and placed in the stomacher bag. The sampling of gloves
after rinsing (simulated sloppy washed hand) followed the same pro-
cedure, but after the glove had been rinsed under running tap water of
room temperature for 3-5 s before removal. In the first and second
samplings of the plastic cutting board, separate 5 cm x 4 cm pieces of
pristine Wettex dishcloth were used to swab the contaminated area of
the board. Before use, the Wettex dishcloth was soaked in cold tap water,
squeezed hard once, and then used for sampling. Another piece of
Wettex dishcloth was used to swab the contact area of utensils (scissors
and forceps) recently used for cutting the chicken sample. Each piece of
dishcloth was then placed in a separate stomacher bag and used for
quantitative and qualitative analysis.

2.4. Quantitative analysis

Five pieces of contaminated breast fillet were taken from the freezer
and placed in refrigerator to thaw overnight before analysis. On the day
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Fig. 1. Pieces of chicken breast fillet with meat juice in a bucket (A) together with BPW and overnight growth of C. jejuni (B). After preparation, each piece of chicken
fillet were placed in a stomacher bag together with 5 ml of the meat juice-BPW suspension (C). Five samples from each concentration and sequence type (D) were

analysed ten times during seven weeks.

of analysis, a 10 g sample from the surface of the breast fillet was excised
by the same person throughout the experiment with the aim that sam-
pling should be performed as similar as possible. The sample of breast
fillet was placed in a stomacher bag together with 90 mL BPW. In the
analysis of meat juice, 10 mL of the suspension was placed in a stom-
acher bag together with 90 mL BPW to yield a 1/10 dilution. For
quantitative analysis of each environmental sample, 10 mL of BPW were
added to each stomacher bag containing a nitrile glove or piece of
Wettex dishcloth. The quantitative analysis of all samples was per-
formed according to ISO 10272 part 2 (ISO, 2017). Briefly, the samples
were homogenized in a stomacher (easyMIX Lab Blender,
AES-Chemunex, Weber Scientific, Hamilton, New Jersey, USA) for 1 min
at 240 rpm. A 10-fold serial dilution in 0.1% (v/v) peptone water
(Dilucups, LabRobot Products AB, Stenungsund, Sweden) was prepared
and 0.1 ml each from dilution 1071-10~2 were plated onto mCCDA. To
detect low numbers of Campylobacter, 1.0 ml of the initial suspension
was distributed on three plates of mCCDA. The plates were incubated at
41.5°C £ 0.5 °C for 44 £+ 4 h in a microaerobic atmosphere. After in-
cubation, colonies characteristic of C. jejuni were quantified and the
number in meat was expressed as log;o CFU/g, whereas the concentra-
tion in meat juice, and the suspensions from the environmental samples
as log1o CFU/mL. The detection limit for meat juice was 1.0 CFU/mL and
that for meat was expressed as 1.0 CFU/g.

2.5. Qualitative analysis

Qualitative analysis was carried out following enrichment of each
environmental sample. For this, 90 mL Bolton broth were added to each
stomacher bag containing glove/dishcloth and the bags were incubated
at 41.5 °C in a microaerophilic atmosphere for 44 + 4 h. If the quanti-
tative analysis gave values below the detection limit of 1 log;o CFU/mL,
the corresponding enriched culture was plated on mCCDA and incu-
bated at 41.5 °C in a microaerophilic atmosphere for 44 + 4 h. Samples
below the detection limit, but detected after enrichment, are reported as
(0 + detection limit)/2, resulting in 0.7 log;o CFU/mL.

2.6. Statistical analysis

The reduction in Campylobacter concentrations over time was studied
by non-linear regression using a three-parameter exponential decay
model as implemented in the R package drc (R Core Team, 2022; Ritz
et al., 2015). When investigating the reduction during the first week,
conventional multiple linear regression was performed, including
interaction terms for time and concentration (high and low). All bacte-
rial counts (CFU/g and CFU/mL) were log;o-transformed and the fitting
were performed on log-transformed values. However, the percentage of
the reduction of bacteria were calculated on absolute values.

3. Results
3.1. Chicken fillet and meat juice

The reduction over time in C. jejuni ST-257 and ST-918 concentra-
tions on chicken meat is shown in Figs. 2 and 3, respectively, together
with the curves fitted with non-linear regression. As expected, the
concentration of both ST-257 and ST-918 was reduced in the freezer
(—18 °C), with the rate of reduction being greatest during the first four
days of freezing for both C. jejuni sequence types. The concentration of
C. jejuni decreased to a lesser extent during subsequent storage in the
freezer. Overall, a significant difference (p = 0.0001) was found be-
tween the sequence types, with the reduction per day in days 0-7 being
higher for ST-257 than ST-918, suggesting differences in their ability to
survive freeze storage (Figs. 2 and 3).

The chicken meat contaminated with a high level of ST-257 had a
mean concentration of 5.3 log;g CFU/g before freezing (day 0), whereas
the chicken meat contaminated with a low concentration of ST-257 had
a mean of 4.1 log;o CFU/g on day 0. The mean concentration of ST-918
on the chicken meat was almost identical to that of ST-257. After storage
for 49 days, the decrease was 2.0 log;o CFU/g and 1.5 log;o CFU/g for
the high and low concentration, respectively for ST-257. Whereas the
concentration of C. jejuni ST-918 after 49 days storage in the freezer
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Fig. 2. Reduction in C. jejuni ST-257 concentration (log;o CFU/g) on artificially
contaminated and deep-frozen chicken fillet analysed after thawing during the
seven weeks (49 days) after thawing. H = high, L = low.
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Fig. 3. Reduction in C. jejuni ST-918 concentration (log;o CFU/g) on artificially
contaminated and deep-frozen chicken fillet analysed after thawing during the
seven weeks (49 days) after thawing. H = high, L = low.

decreased by 1.0 logio CFU/g and 0.7 log;o CFU/g on meat contami-
nated with a high and low concentration, respectively (Table 1). The
mean initial concentration (day 0) of ST-257 in meat juice contaminated
with a high and low concentration was identical (5.1 logyo CFU/mL).
Whereas, the meat juice from chicken fillet contaminated with a high
concentration of ST-918 contained 5.2 log;y CFU/mL on day 0 and the
juice from meat contaminated with a low concentration 4.6 log,o CFU/
mL on day 0. After 49 days in the freezer, the mean concentration in
meat juice from thawed broiler meat contaminated with a high and low

Food Control 145 (2023) 109471

Table 1
Concentration of Campylobacter jejuni in contaminated chicken breast fillet and
their meat juice before and after seven weeks storage in the freezer.

Sample Sequence Day 0, Day 49, Reduction Reduction
type, Mean Mean logqo CFU/ (%)
concentration (Range) (Range) g

logio logio
CFU/g CFU/g
Chicken  ST-257, High 5.3 3.3 2.0 98.9%
(5.1-5.4) (3.0-3.5)
Fillet ST-257, Low 4.1 2.6 1.5 96.8%
(4.0-4.2) (2.1-2.8)
ST-918, High 5.2 4.2 1.0 89.1%
(4.7-5.4) (3.9-4.5)
ST-918, Low 4.1 3.4 0.7 79.1%
(4.0-4.3) (3.2-3.6)

Sample Sequence Day 0, Day 49, Reduction Reduction
type, Mean Mean logio CFU/  (%)"
concentration (Range) (Range) mL

logio logio
CFU/mL CFU/mL
Meat ST-257, High 5.1 3.2 1.9 98.8%
(5.0-5.2) (3.0-3.49)
Juice ST-257, Low 5.1 2.6 2.5 99.7%
(5.0-5.2) (2.4-2.7)
ST-918, High 5.2 3.9 1.3 95.3%
(5.0-5.4) (3.6-4.1)
ST-918, Low 4.6 3.0 1.6 97.7%
(4.2-5.0) (2.7-3.2)

# Note. The percentage of the reduction are calculated on the absolute values
and not on the log-transformed values.

level of C. jejuni ST-257 were 1.9 log;o CFU/mL and 2.5 log;o CFU/mL
lower compared to day 0. Whereas, the total decrease of meat juice
suspension from meat contaminated by with high or low concentration
of ST-918 after 49 days in the freezer was 1.3 logjo CFU/mL and 1.6
log1¢ CFU/mL meat juice, respectively (Table 1). The difference between
the sequence types in the amount of C. jejuni in chicken breast fillet and
meat juice initially contaminated with a similar concentration of each
sequence type (high or low) are shown in Fig. 4. This difference persisted
regardless of whether a high or low level of contamination was used or
whether chicken fillet or meat juice was sampled.

3.2. Handling of chicken meat in the kitchen

A significant positive relationship between the amount of bacteria on
the meat and the amount of bacteria on kitchen surfaces was observed
(Fig. 5). ST-257 was detected after enrichment of all samples, including
the four out of the 20 samples where the amount of Campylobacter was
below the detection limit for quantification. Two of those samples were
from the utensils and two from the second sampling of the cutting board.
ST-918 was also isolated after enrichment from all samples and was
quantified in 18 of the 20 samples, with two samples from utensils being
below the detection limit. The highest numbers of Campylobacter
quantified (log;p CFU/mL) in the rinse fluid from the environmental
samples for both sequence types were in samples from gloves simulating
hands before rinsing and in the first samples from the cutting board. In
some cases, there was a higher concentration of bacteria on the sampled
surface than in the meat. Whereas second sampling of the cutting boards
and sampling of utensils corresponded with the lowest concentration of
both sequence types (Fig. 5). Regardless of sequence type there were
significant differences in the amount of bacteria (p < 0.05) between
gloves before and after rinsing, and between first and second time of
wiping the cutting board. Although the amount of Campylobacter was
significantly lower after rinsing the gloves, there was a remarkably large
part of Campylobacter left after rinsing. A mean of 26% of the absolute
number of Campylobacter could be quantified on the gloves after rinsing.
A difference was found between the different sequence types where 32%
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Fig. 4. Concentration of C. jejuni in chicken breast fillet (log;o CFU/g) initial contaminated of the same concentration of ST-257 or ST-918 low or high concentration
and meat juice (log1o CFU/mL) from the 200 meat samples analysed after thawing.
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Fig. 5. Concentration of C. jejuni (log;o CFU /ml) in swab samples, in relation to the level of C. jejuni (log;o CFU/g) on the handled broiler meat, for gloves before and

after washing, cutting board wiped first and second time, and utensils.

from ST-918 could be quantified from the gloves and 20% of ST-257. On
the cutting board a mean of 6% of Campylobacter was left after wiping.
However, there were no difference between the different sequence types
regarding the concentration of Campylobacter left after wiping. On
average, the rate of transfer was higher for ST-918 than for ST-257,
regardless of the type of surface tested, but this difference was not sta-
tistically significant (p = 0.20). The slope was 0.98 for ST-257 and 0.72
for ST-918 (Fig. 6).

4. Discussion

There were clear differences in the rate of decrease in concentrations
of the two C. jejuni types studied (ST-257, ST-918) after freezing of
contaminated chicken meat. After 49 days of storage, the ST-257 con-
centration in the meat had decreased by 2.0 log;o CFU/g (98.9%) and
1.6 log1o CFU/g (96.8%) at the high and low levels of contamination,
respectively, which corresponded to previous predictions (EFSA, 2011).

However, the ST-918 concentration in the meat decreased by less, 1.0
logip CFU/g (89.1%) and 0.7 logip CFU/g (79.1%) for high and low
levels of contamination after 49 days, which is lower than the reduction
predicted by EFSA. This means that ST-918 survived to a greater extent
in the freezer compared with ST-257. Previous studies investigating the
reduction in C. jejuni on naturally and artificially contaminated meat
generally also report a greater decline shortly after freezing, followed by
a phase when the number of viable cells remains at stable levels
(Georgsson et al., 2006; Ritz et al., 2007; Sampers et al., 2010; Sandberg
et al., 2005), a pattern also observed in this study. Our results indicate
that it is important to investigate the reduction at lower concentrations
and not overestimate the reduction at high bacterial concentrations. The
greater mean reduction after freezing observed at the high level of
contamination corresponds to findings in a Danish study, where re-
ductions of 1.2-1.8 from 7 log;o CFU/g and of 1.0-1.4 from 3 logio
CFU/g were recorded after seven days of freezing (Boysen et al., 2013).

The initial mean concentration of C. jejuni ranged from 4 to 5 logio
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Fig. 6. Concentration of C. jejuni (log1o CFU/mL) on swab samples from all
kitchen surfaces in relation to level of the two C. jejuni (log,o CFU/g) sequence
types (ST-257, ST-918) on the handled broiler meat.

CFU for both meat and meat juice in this study. This initial concentration
is slightly too high to reflect the level in Swedish chicken meat, which
according to the EFSA baseline study is generally 2-3 log;o CFU/g
(EFSA, 2010). However, an initial concentration of 4 log;o CFU/g was
found in carcass skin sampled in the baseline study by other countries in
Europe, with around 6% of samples from the 28 participating countries
exceeding 4 log;o CFU/g, and around 16% showing counts of 3-4 logig
CFU/g (EFSA, 2010). In the recent EFSA publication reporting results
from 2020 for 21 EU member states in the context of the Campylobacter
PHC set out in Regulation (EC) No. 2073/2005, 17.8% of neck skin
samples exceeded the limit of 3 log;o CFU/g (EFSA & ECDC, 2021).
However, the extent to which the limit was exceeded was not stated.

The C. jejuni types ST-257 and ST-918 were chosen for this study due
to their role in causing human campylobacteriosis. In an outbreak of
campylobacteriosis in Sweden in 2016-2017 related to domestic broiler
production, around 25% of sequenced isolates from patients were ST-
918, while ST-257 was isolated from a few patients (Swedish Food
Agency & Public Health Agency of Sweden, 2018). Moreover, ST-918
was the most frequently isolated sequence type in fresh retail chicken
meat during investigations following the outbreak. However, ST-257
was the type most frequently isolated from hospital patients in Swe-
den in week 34 in 2019 (Public Health Agency of Sweden & Swedish
Food Agency, 2020) and was significantly associated with hospitaliza-
tion (Harvala et al., 2016).

In the present study, there was a numerical difference in bacterial
transfer rate between ST-257 and ST-918, which might indicate a dif-
ference in their ability to adhere to different surfaces. Our theory is that
ST-918 is more resistant to oxidative stress and has the ability to adhere
and endure on surfaces in transport crates and at the slaughterhouse.
Variations between sequence types in their tolerance to stresses,
including freezing, increase the risk of human infection (Oh et al., 2018,
2019), so identification of differences in the ability to survive freezing
and other physical tests is of interest. In future studies, comparing the
results obtained for ST-257 and ST-918 with those for a ST not associ-
ated with human infection would be of interest, to determine the effi-
ciency of freezing. The virulence factor for human infection might be
related to the ability to withstand freezing, either due to high initial dose
or in combination with other mechanisms of pathogenicity, such as the
ability to attach to surfaces. Higher ability to survive stress might
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explain the Swedish outbreak in 2016, which was primarily caused by
ST-918.

The within-kitchen transfer of C. jejuni documented in this study
emphasizes the significant risk of cross-contamination when handling
contaminated chicken meat. The transfer of ST-257 and ST-918 was
shown to differ depending on environment and sequence type, and in
some cases the concentration was higher in the environmental sample
than on the contaminated chicken meat touched by that sample. Pre-
vious studies analyzing chicken meat have also found higher concen-
trations on the surface of the chicken compared with underlying muscle
(Hansson et al., 2015). In the present study, chicken meat samples were
collected from both internal and external parts of the chicken fillet,
whereas only the external part was handled, and lower concentrations
on samples of internal muscle could explain why some environmental
samples had higher concentrations than the original chicken meat. Two
samples from the cutting board were below the limit of quantification
when cutting meat contaminated with ST-257, even though Campylo-
bacter was quantified in the utensils used at the time. The most likely
reason was that there were only a few bacteria left as only a low level
was quantified on the utensils.

Campylobacter was quantified on all gloves after rinsing with water
and mostly at high concentrations, with 35 of 40 samples having at least
2.0 logjp CFU/mL rinse fluid. Since Campylobacter should have been
easier to remove by rinsing a smooth glove compared with bare hands,
this indicates that hands are an important risk factor for transmission of
Campylobacter and that washing thoroughly with antibacterial sub-
stances is of critical importance. The second sampling of the cutting
board showed significantly lower transfer of Campylobacter, irrespective
of the sequence type. However, there were still high levels of Campylo-
bacter left on the cutting board after the first wiping, since the amount of
Campylobacter from the second wiping was above the limit of detection
(100 CFU/mL) for all samples contaminated with ST-918 and for 18 of
20 samples contaminated with ST-257. Thus if a cutting board remains
unwashed, there is a likelihood of it cross-contaminating other foods
(Habib et al., 2020). It is well known that even small failures in cleaning
and cross-contamination can lead to human infection, since the infec-
tious dose is low (Teunis et al., 2005; Verhoeff-Bakkenes et al., 2008).
There may also be a difference in cross-contamination depending on the
material of the cutting board, e.g., Bai et al. (2020) found that a plastic
cutting board had statistically significant lower transfer rate than a
wooden cutting board. This may be because plastic cutting boards are
more often washed in dishwashers, i.e., for a longer time and at higher
water temperature. In future studies, different cleaning scenarios for
hands and kitchen equipment should be analyzed. Prolonging hand
washing time or using a detergent on cutting boards might give lower
transfer of Campylobacter to the equipment. As can be seen in Fig. 6,
there was a clear difference in concentration of Campylobacter between
the standard types used for cross-contamination in this study, because
ST-257 showed a higher reduction in concentrations in the freezer. In
future cross-contamination studies comparing different STs, it would be
preferable to have similar concentrations of these STs on the meat
handled by the environmental samples.

The first and second samplings of the cutting board and the sampling
of utensils were performed using pristine Wettex dishcloth, to mimic the
kitchen environment, but sterile cotton swabs could have been used
instead. In previous studies, the domestic dishcloth has been shown to
harbor significant concentrations of bacteria (Gillies, 2020; Hilton &
Austin, 2000). Cardoso et al. (2021) isolated Campylobacter from a
kitchen cloth and related this to unsafe handling practices in the kitchen.
Utensils showed the lowest transfer of both sequence types in the present
study but Campylobacter was isolated from 34 out of 40 samples tested,
indicating a significant risk of cross-contamination when using small
unwashed utensils. According to Kusumaningrum et al. (2003), C. jejuni
can endure on stainless steel surfaces, but the lower transfer rate could
be explained by the small surface area of stainless steel in scissors and
forceps. This study has been focusing on the concentration of bacteria
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but the risk of becoming infected by Campylobacter by
cross-contamination in the kitchen is also depending on other factors
such as the frequency of hands touching the face. Considering the low
infection dose the risk of becoming infected by Campylobacter by direct
transmission as contaminated hands touching the lips could probably be
quite high. It is also important to consider the variation between e.g.,
aero-tolerant strains of C. jejuni (Oh et al., 2015). It is not common
practice in private households to use scissors and forceps, which were
suitable for laboratory work when handling raw chicken. To mimic the
kitchen environment more closely, a kitchen knife with a larger contact
area could be used instead. This might retain more meat juices than the
scissors and forceps, allowing more extensive transfer of Campylobacter.
A previous study on naturally Campylobacter-contaminated chicken
breast fillets found that transfer rate of Campylobacter was sometimes
greater to the knife than to the cutting board (Luber et al., 2006). This
underscores the importance of adequate cleaning of used cutlery in
preventing cross-contamination from Campylobacter-contaminated
chicken, and thus preventing/reducing campylobacteriosis in humans.

5. Conclusions

Freezing reduced the concentrations of C. jejuni in chicken meat and
meat juice, but did not eliminate the presence of all bacteria. The rate of
decrease in Campylobacter concentrations on frozen chicken fillet was
greatest in the first four days of freezing and flattened off thereafter.
There was a difference in the ability of C. jejuni standard types to
withstand the stress of freezing, with ST-918 decreasing to a lesser
extent than ST-257, indicating a possible difference in their ability to
cause disease. In the kitchen, the meat juice probably poses a greater risk
than undercooked core meat, since the juice had similar concentrations
of C. jejuni to the uncooked meat and the juice can easily spread to other
surfaces in the kitchen.

Campylobacter was isolated from all environmental samples that
touched contaminated chicken meat in the kitchen, with gloves (simu-
lating hands) and cutting board posing the highest concentration, these
must therefore be seen as major risk factors of transmission of C. jejuni
from chicken meat to humans. High concentrations of Campylobacter
were isolated from the gloves and cutting board even after washing/
wiping. Good kitchen hygiene is thus of the utmost importance to pre-
vent cross-contamination during handling of Campylobacter-contami-
nated chicken, and thus prevent or reduce the risk of campylobacteriosis
in humans.
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