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Bacteria of the genus Arcobacter are today feared pathogens and represent a true threat, particularly in the form of alimentary infections.
This study presents information on the inhibitory concentrations of selected disinfectant agents frequently applied in the Czech
Republic, and particularly in the food industry for sanitation. The results of the study indicate that total inactivation of tested arcobacters
are mostly at concentration of 5.0-15.0% in case of Desprej-disinfectant, 10.0-15.0% in case of Incidur-disinfectant, respectively 1.0-

15.0% Guaa Profi Pool-disinfectant. Nevertheless, it has been confirmed that there is a real risk for secondary resistance of arcobacters
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to emerge in relation to certain decontaminants. Through repeated passages of arcobacters in a medium with low concentration of the
disinfectant, we increased their primary resistance to the Incidur disinfectant to 1.5-3.5x (depending on species or origin). In the case of
Desprej, the primary resistance of arcobacters to the substance was increased to even 1.5-5x. The emergence of resistance to
antimicrobial substances is a worldwide problem. Potential acquisition of resistance (secondary resistance) in case of Arcobacter spp.

was confirmed in this study for the first time in the Czech Republic.
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INTRODUCTION

Avrcobacters were first isolated by Ellis in 1977 from aborted cattle foetuses (Ellis
et al., 1977). The genus Arcobacter was established in 1991 (Vandamme and
De Ley, 1991; Vandamme et al., 1992). These bacteria are Gram-negative,
slender, spiral-shaped rods, and are classified in the family Campylobacteraceae
along with the genus Campylobacter (Snelling et al., 2006). Arcobacters
nevertheless differ from campylobacters in their growth conditions. Arcobacters
grow optimally at temperatures of 15-30°C in the presence of oxygen (Wesley et
al., 2000). In recent years, a number of new species have been classified into this
genus, which currently includes 20 species. Many species have been isolated in
particular from poultry (Atabay et al., 1998), meat, human faeces and faeces of
animals suffering from gastrointestinal tract diseases and from aborted cattle
foetuses (A. butzleri, A. cryaerophilus, A. skirrowii, A. cibarius, A. thereius and
A. trophiarum). Recently, however, isolation from the maritime environment also
has been very common and several new species of arcobacters were described
from maritime and water environment (A. marinus, A. molluscorum, A. mytili, A.
ellisii, A. bivalviorum and A. venerupis) (Collado et al., 2009; Levican et al.,
2012a,b). Other representatives include A. defluvii from sewage water, A.
nitrofigilis and A. halophilus from salt marshes (Levican et al., 2012a) and
newly classified representatives A. cloaceae, A. suis (Levican et al., 2012b), A.
anaerophilus (Jyothsna et al., 2013), A. ebronensis and A. aquimarinus
(Levican et al., 2014).

Antiseptics and disinfectants are used extensively in modern food and veterinary
production. They are an essential part of infection control practices and aid in the
prevention of clinical and subclinical diseases (McDonnell and Russell, 1999).
Environmental surfaces, especially those in kitchen and bathrooms, frequently
have been found to be contaminated with potential pathogens, including enteric
Gram-negative bacteria (Rutala et al., 2000). Due to the pathogenicity of
arcobacters, it is necessary to establish disinfection procedures correctly,
especially in the food industry but also in other operations, hospitals and
households. Recently, some authors have evidenced that this organisms can
survive on the surfaces of equipment in industry. Food constitutes an excellent
environment for the growth of microorganisms, and their adhesion to food
production equipment is very dangerous and frequently described (Khajavi et al.,
2007; Fazlara and Ekhtelat, 2012). The threat of various alimentary infections
leads to more frequent use of disinfectants, which arouses fear as to the
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possibility for emerging bacterial resistance. Recommended measures to reduce
food contamination include biosecurity and hygiene at the farm, slaughterhouse,
food industry and kitchen surfaces (McDonnell and Russell, 1999). A
disinfectant agent is defined as a compound reducing the numbers of viable cells
of a certain group of microorganisms (not spores). Disinfectants are usually
applied to inanimate objects and surfaces (McDonnell and Russell, 1999). There
exists a whole range of various disinfectant agent groups. Disinfectants based on
a content of surfactants such as quaternary ammonium compounds (QAC) are
also widely used in the food industry. They are effective against a broad array of
bacteria and can be applied at a wide range of temperatures (Meretre et al.,
2012). Frequent industrial use of QAC-based disinfectants can lead to the
development of strains resistant to these substances. Resistance can be achieved
by mutation, acquisition of new genetic information, by horizontal gene transfer,
expression of previously silent genes, growth in a biofilm, and other (Chapman
et al., 2003). Thus far, however, very little information on the possibility of
emerging QAC resistance in Gram-negative bacteria has been published (Sidhu
etal., 2002).

This study deals with survival of bacteria of the Arcobacter genus in several
selected disinfectants commonly applied in the Czech Republic, and especially in
food production plants and laboratories. The study also points out the real
possibility for the emergence of secondary resistance in arcobacters to selected
disinfectants. To our knowledge, this subject has not yet been described in
literature, it would be useful also to develop the topic of secondary resistance’s
acquirement in other studies.

MATERIAL AND METHODS
Bacterial cultures and cultivation

The cultures A. cryaerophilus CCM 3934 from the Czech Collection of
Microorganisms in Brno, Arcobacter butzleri CCUG 30484 from the Culture
Collection, University of Goteborg, Goteborg, Sweden; and Arcobacter defluvii
LMG 25694 from the Belgian Co-ordinated Collection of Microorganisms,
University of Ghent, Ghent, Belgium were used. The cultures A. butzleri 2013/29
and A. cryaerophilus 2013/23 are isolates from food of animal origin and were
used as wild-type strains in this study which were isolated during our previous
study (Silha et al., 2015). All cultures were cultivated on Mueller-Hinton agar
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(MHA, Himedia, Mumbai, India) under aerobic conditions for 48 h at 30 °C and
then stored at 4 °C. Bacterial suspensions were prepared at a density of ~10®
cfu.ml™ in physiological solution and subsequently, serial decimal dilutions were
prepared for other experiments in physiological solution.

Applied disinfectants

Several commercial disinfectants were chosen for testing in this study. The active
ingredients and the used dilution for the tested products were as follows:
Guaa-Profi Pool (Guapex, Brno, Czech Republic): non-chlorinated disinfectant
for water, active ingredients — quaternary ammonium compounds (QAC),
concentrations used 0.1-15%; Incidur (Ecolab Hygiene, Brno, Czech Republic):
disinfectant for surfaces and areas, active ingredients — glyoxal and
glutaraldehyde, concentrations used 0.1-15%;

Desprej (Bochemie Group, Bohumin, Czech Republic): disinfectant for surfaces
and areas, active ingredient — quaternary ammonium compounds (QAC), ethanol,
isopropanol, concentrations used 0.1-15%.

The disinfectants were stored in the dark at room temperature and prepared used
dilution in sterile Mueller-Hinton broth. All products were tested within the
specified use-life.

Determining survival of Arcobacter spp. in disinfectants

The survival of arcobacters in selected disinfectants was determined by a
suspension method in tubes (Wiegand et al.,, 2008). The range tested
concentrations of the disinfectants (see figures 1-3) were prepared in tubes in
Mueller-Hinton (MH) broth (HiMedia, Mumbai, India) and subsequently
inoculated with 1 ml of cell suspension with density 10° cfu.ml™" (total volume of
10 ml). After stirring the volume (30 s), 100 pl was spread onto Mueller-Hinton
agar and cultivated (30 °C, 48 h). Simultaneously, the survival of arcobacters
after longer time exposure (30 min, 1 h, 6 h) were tested, but arcobacters were
already completely inhibited. Actual density in the initial suspension was
determined by the cultivation method by inoculating the pertinent dilution onto
Mueller-Hinton agar (102 cfu.ml™). The dependence of the number of logarithm
cfu.ml™ and disinfectant concentrations was observed. After each concentration,
it was determined whether the cells were actually dead or in viable-but-
nonculturable (VBNC) form. This was done by transferring the cell suspension in
brain-heart infusion (BHI) broth (Himedie, Mumbai, Indie) under aerobic
conditions for 48 h at 30 °C. As a control for the cell density introduced into
mixture of disinfectant and broth, processing was always determined according to
description above (without effect of disinfectant). Each determination was
performed in duplicate and the experiment was repeated three times. The data
obtained were statistically analysed using the standard deviation of mean.

Resistance of the bacteria to selected disinfectants

The resistance of five selected arcobacters to the disinfectants Incidur and
Desprej was determined. To test the potential for the emergence of secondary
resistance, 100 pl of appropriate cell suspension with density 10® cfuml™ was
inoculated into 9.9 ml of a mixture of Mueller-Hinton broth (pH 7.4+0.1) and a
particular concentration of the tested disinfectant (according to the Table 1).
Actual density in the initial suspension was determined by the cultivation method
by inoculating the pertinent dilution onto Mueller-Hinton agar (10 cfu.ml™).
Cultivation was performed at 30 °C for 48 h. At the start of the experiment, the
highest concentration of the disinfecting agent at which the given
microorganisms can still survive (48 h) under these conditions was determined.
After two-day cultivation, 100 pl of this cell suspension was subsequently
transferred to another test tube with the same concentration of the disinfectant in
Mueller-Hinton broth (passaging) and continued in the same way (adjusted
according to Mrozek 1967). After a total of five passages in the same
concentration of disinfectant, 100 pl of the suspension was transferred into
mixture of Mueller-Hinton broth with a higher concentration of the same
disinfectant and it was determined whether the microorganisms had adapted to
this higher concentration (positive growth in the tube, acquired secondary
resistance). Each determination was performed in duplicate and the experiment
was repeated three times. The data obtained were statistically analysed using the
standard deviation of mean.

RESULTS AND DISCUSSION

The survival of Arcobacter spp. was determined for selected chemical
disinfectants commonly applied in the food industry. Knowing how to define
bacterial resistance is important for practical users of disinfectants. The
effectiveness of disinfectants depends, of course, on the process and means of
their application (Sidhu et al., 2002). One of the disinfectants tested in this study
was Guaa Profi Pool (Fig. 3). It can be stated that this disinfectant product has
bactericidal effects already at very low concentrations in case of majority tested
arcobacters. For example, A. defluvii LMG 25694 was already inactivated in
concentration of 1.0%. We tested lower concentration in this case of high
susceptibility (0.50% - log cfu 2.37) but this point is not displayed in Fig 2. A

concentration of 5.0% was determined to be the inhibitory concentration for A.
cryaerophilus CCM 3934 during immediate inoculation (exposure time 30 s). For
A. butzleri CCUG 30484, the inhibitory concentration was higher, concretely
7.0% during the same exposure time. However, isolate from food (A. butzleri
2013/23) seems to be the most resistant to this disinfectant (inhibitory
concentration is 15.0%). A. cryaerophilus CCM 3934 is obviously one of the
most sensitive tested arcobacters, inhibitory concentrations in Guaa Profi Pool,
Desprej and Incidur disinfectant are 5.0%, 5.0%, resp. 10.0%. Furthermore, A.
butzleri 2013/23 (isolate from food) seems to be the most resistant of tested
arcobacters to all disinfectants. The results of the survival in these disinfectants
are presented in Fig 2. As no repeated growth occurred in the inhibited culture,
even after further cultivation in an environment without the given substance (the
cells were actually dead, not in VBNC form). Important fact is that the wild
strains tested in this study were more resistant to tested disinfectants (see Fig 1-3)
in comparison with strains from culture collections.

Table 1 Emergence of secondary resistance in selected strains of Arcobacter
genus in disinfectants (n=3).

Rp- Rs-  Multiple
Disinfectant Microorganism MIC N M MIC increase
(%) (%)  ofR,
A. butzleri CCUG
30484 0.2 5 3 0.3 15
A. butzleri 2013/23 0.1 5 3 0.2 2
. A. cryaerophilus

Incidur CCM 3934 0.2 5 3 0.3 15
A. cryaerophilus
2013/29 0.2 5 1 0.25 1.25
A. defluvii LMG
25694 0.1 5 5 0.35 35
A. butzleri CCUG
30484 0.2 5 15 1 5
A. butzleri 2013/23 0.2 5 6 0.4 2
A. cryaerophilus

Desprej CC,\rAy3934p 0.1 5 8 05 5
A. cryaerophilus
2013/29 02 5 16 1 5
A. defluvii LMG
25604 0.1 5 3 0.15 15
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Legend: N - number of passages in Mueller-Hinton broth with the same
concentration of the disinfectant; M - repetition number of N; R,-MIC -
minimum inhibitory concentration - primary resistance; R-MIC - minimum
inhibitory concentration - secondary resistance
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Figure 1 Survival of arcobacters in Incidur-disinfectant (exposure time 30 s)
determined by a plating method. Results are expressed as logi, of survived
cfu.ml™. Bars represent standard deviation of the mean (n=3). C — control
examination (without disinfectant).
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Figure 2 Survival of arcobacters in Desprej-disinfectant (exposure time 30 s)
determined by a plating method. Results are expressed as logiy, of survived
cfu.ml™. Bars represent standard deviation of the mean (n=3). C — control
examination (without disinfectant).
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Figure 3 Survival of arcobacters in Guaa Profi Pool-disinfectant (exposure time
30 s) determined by a plating method. Results are expressed as logo of survived
cfu.ml™. Bars represent standard deviation of the mean (n=3). C — control
examination (without disinfectant).

The results have been indicated that arcobacters are more sensitive to all tested
disinfectants than are other bacteria (e.g. Pseudomonas, data not shown). The
notable sensitivity of arcobacters to many environmental influences has already
been reported (Silha et al., 2014). Arcobacters are closely related to
Campylobacter spp., however, campylobacters are much more sensitive to many
effects, e.g. pH values, growing in the range of 6.5-8.0, in comparison with
Arcobacter, for which growth in the range pH 8.0-8.5 can be observed
(Cervenka, 2007). In our study, similar sensitivity was obtained also in
experiments with tested disinfectants. The species A. butzleri CCUG 30484 was
more resistant to the disinfectant effects. Experiments with Gram-positive
bacteria such as Staphylococcus aureus and Pseudomonas aeruginosa, however,
indicated their significantly higher resistance (data not displayed in the
publication) in comparison with arcobacters. Arcobacters are more susceptible to
many effects than Gram-positive bacteria, e.g. S. aureus. This is explained by the
fact that the resistance mechanism is more complex in Gram-negative bacteria
due to the presence of both an internal and external membrane, and also by the
important role played in this respect by the presence of a lipopolysaccharide layer
(Helander et al., 1997; Brula and Cooteb, 1999).

Disinfectants are based on various active ingredients. For example, the
antimicrobial effect of substances we tested, Guaa-Profi Pool and Desprej, is
based on a content of quaternary ammonium compounds. In these disinfectants,
there is a greater risk for the emergence of resistance in various bacteria. This
fact has already been confirmed in many studies, particularly in relation to Gram-
positive bacteria of the genera Staphylococcus, Listeria, Lactobacillus, among
others (Sidhu et al., 2002). Relatively little information has been published thus
far about the occurrence of QAC-resistant Gram-negative bacteria in the food
industry and pathogens related to food. Willingham et al. (1996) tested 350
bacterial chicken isolates in relation to their resistance to QAC, phenol and
glutaraldehyde. They determined that ca 1% of strains were resistant to QAC-
based disinfectants (especially Enterobacter and Serratia spp.).

One of the most important requirements for disinfectants is their safe
effectiveness at low concentrations and short exposure times. However, the
decreasing concentrations must not go into the range of sub-lethal concentrations
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and thus contribute to the potential emergence of secondary resistance in the
microorganisms (Pyle et al., 1994).

The results of testing the potential for emergence of secondary resistance in
selected bacteria of the genus Arcobacter confirmed that adaptations to sub-lethal
concentrations of disinfectants can in fact occur. These experiments were tested
in case of Desprej and Incidur-disinfectant. The third applied disinfectant in this
study (Guaa Profi Pool) was so effective against arcobacters that the possibility
of secondary resistance was not observed. A. defluvii LMG 25694 was primarily
resistant to the disinfectant Incidur at 0.1% concentration (exposure time 2 d).
With gradual passaging in low concentrations of the given substance at optimal
cultivating temperature (as described above), the resistance was increased to a
concentration of 0.35%. The resistance was thus increased to 3.5x its original,
primary level of resistance. The secondary resistance in case of A. butzleri
2013/23 (isolates from food) was a little bit higher than in case of cultural strain
of A. butzleri (see Table 1). However, this trend has not been proven with A.
cryaerophilus, both, cultural strain and isolate. In another tested disinfectant,
Desprej, there was a more significant emergence of secondary resistance. For the
strain A. cryaerophilus CCM 3934, in particular, there was an increase to 5.0x the
primary resistance. The results of increase from primary resistance during
passaging in a disinfecting agent are presented in Table 1. Evidently, we cannot
compare the results from the determination of inhibition concentrations with the
results of secondary resistance. These methods are different under different
conditions (inhibitory concentrations — the time of exposure 30 s; the exposure
time for determination of secondary resistance 48 h — cultivation in Mueller-
Hinton broth).

The discussion in case of acquired secondary resistance is complicated because
of limited information about this topic in literature. To our knowledge, there are
no previous data for possibility of secondary resistance in case of Arcobacter spp.
Previously, RizZi¢kova and Majernikova (1999) have already described a
similar trend for the emergence of secondary resistance in Gram-negative
bacteria under the effect of the material Antibacteric-P (a QAC). In that study,
the resistance of E. coli bacteria was increased even by as much as 2,917x, and
by 32x in Citrobacter spp.

Further studies are planned to examine resistance also in other species of
arcobacters, and in relationship to several additional influences and conditions.

CONCLUSION

The genus Arcobacter is closely related to the well-known human pathogen
Campylobacter jejuni. These bacteria are today dreadful pathogens and constitute
a considerable threat, particularly in the form of alimentary infection.
Environmental surfaces have been frequently found to be contaminated with
pathogenic bacteria. The disinfection process is necessary precaution against
these bacteria. Our results demonstrate that tested disinfectants have good
activity against bacteria from the genus Arcobacter spp. The disinfectants were
effective in a short time. The results indicate the wild strains of Arcobacter could
be more resistant to disinfectant and other effects and it would be desirable to test
more wild strains in future. However, the study shows the potential risk for
secondary resistance of Arcobacter spp. to selected disinfectants. The emergence
of resistance to antimicrobial substance is a worldwide problem and this topic is
described in case of Arcobacter spp. for the first time, to our knowledge.
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