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and CHDG, respectively and 2 gac-negative isolates showed a four-fold increase of
their MBCs for CHDG. After BC stress, MICs for BC and CHDG doubled in 58% and
83% of the BC-stressed isolates, respectively, while one gac-positive isolate increased
four-fold the MIC for BC. Cross-resistance to antibiotics was assessed by disc diffusion
method. Some qac-positive isolates varied their resistance profile, while a blaZ-positive
isolate showed a resistant phenotype against ampicillin only after the exposure to the
disinfectant. As for gqac-positive isolates, one CHDG-stressed and 2 BC-stressed
showed a new antibiotic resistance to kanamycin and cefoxitin, respectively. The
Congo Red Agar test was carried out to assess the invitro slime production: all isolates
were negative after stress. In conclusion, sub-inhibitory exposure to disinfectants may
affect especially disinfectant and antibiotic susceptibility, the latter in particular for qac-
positive isolates and those hosting unexpressed antibiotic resistance genes.
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please find enclosed a manuscript entitled “Coagulase negative staphylococci from ovine bulk-tank
milk: effects of the exposure to sub-inhibitory concentrations of disinfectants for teat-dipping” by
Filippo Marzoli, Barbara Turchi, Francesca Pedonese, Beatrice Torracca, Fabrizio Bertelloni,
Giovanni Cilia, Domenico Cerri, Filippo Fratini to be submitted as Original Research Paper to
Comparative Immunology, Microbiology & Infectious Diseases.

The aim of the study was to gain information concerning the effects of the exposure of CoNS from
ovine bulk-tank milk to sub-inhibitory concentrations of disinfectants employed in dipping routine.
Isolates characterized in a previous work for their antibiotic and disinfectant susceptibility, and
biofilm production, were exposed to sub-inhibitory concentrations of two disinfectants, then
modifications in their phenotypic characteristic were assessed. Our results showed that isolates could
develop a tolerant phenotype for disinfectants despite their resistant genotype. Also, the antibiotic
susceptibility profile was affected, especially in those isolates hosting gac genes or non-expressed
antibiotic resistance genes, while biofilm production seemed to be not affected. This is the first report
evaluating the effect of sub-inhibitory exposure to disinfectants commonly employed in the dipping
routine in staphylococcal isolates from ovine milk. Thus, this study could provide useful information
for the implementation of correct dipping plans and for bacterial resistance to disinfectants in general,
with the objective to determine reference cut-off values to discriminate disinfectants-resistant and
susceptible strains.

This manuscript has not been published previously in any language and is not under consideration by
another journal.

All authors have approved the manuscript and agree with its submission to Comparative Immunology,
Microbiology & Infectious Diseases.

Please address all correspondence concerning this manuscript to the e-mail address
barbara.turchi@unipi.it.

Thank you for considering our work.
Your Sincerely

Barbara Turchi



Highlights (for review)

e Sub-inhibitory exposure to disinfectants increased disinfectant resistance in CoNS.
e Disinfectant resistance increase was not dependent on gac gene presence.

e Antibiotic resistance was affected by sub-inhibitory exposure to disinfectants.

e Unexpressed antibiotic resistance genes or gac genes varied antibiotic resistance.

e Biofilm production was not affected by sub-inhibitory exposure to disinfectants.
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Abstract

Teat-dipping is one of the most effective methods to prevent mammary infections in ruminants,
including sub-clinical mastitis caused by coagulase-negative staphylococci (CoNS). Improper
disinfectant application could expose microorganisms to sub-inhibitory concentrations leading to
phenotypic variations. In this study, 12 chlorhexidine-digluconate (CHDG)-tolerant (of which 4 gac
positive) and 12 benzalkonium chloride (BC)-tolerant (of which 7 gac-positive) CoNS isolates from
ovine milk were exposed to sub-inhibitory concentrations of CHDG and BC, respectively. Changes
in disinfectant susceptibility against BC and CHDG, antibiotic resistance against 12 antibiotics and
biofilm production were then assessed for both groups. After CHDG stress, 67% and 83% of the
CHDG-stressed isolates doubled their MICs for BC and CHDG, respectively and 2 gac-negative
isolates showed a four-fold increase of their MBCs for CHDG. After BC stress, MICs for BC and
CHDG doubled in 58% and 83% of the BC-stressed isolates, respectively, while one gac-positive
isolate increased four-fold the MIC for BC. Cross-resistance to antibiotics was assessed by disc
diffusion method. Some gac-positive isolates varied their resistance profile, while a blaZ-positive
isolate showed a resistant phenotype against ampicillin only after the exposure to the disinfectant. As
for gac-positive isolates, one CHDG-stressed and 2 BC-stressed showed a new antibiotic resistance
to kanamycin and cefoxitin, respectively. The Congo Red Agar test was carried out to assess the
invitro slime production: all isolates were negative after stress. In conclusion, sub-inhibitory exposure
to disinfectants may affect especially disinfectant and antibiotic susceptibility, the latter in particular

for gac-positive isolates and those hosting unexpressed antibiotic resistance genes.

Keywords: Coagulase-negative staphylococci; teat dips; ovine milk; sub-inhibitory stress;
resistance induction; biofilm

1. Introduction

Coagulase-negative staphylococci (CoNS) are classified as opportunistic pathogens, they represent

the main etiological agents causing ruminant subclinical mastitis [1-4] and reservoir of genes
2
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encoding several pathogenicity factors [5]. To prevent intramammary infections (IMI), teat-dipping
is considered one of the most effective methods, since it allows to decrease mammary infection onset
[6]. Also, IMI control is ensured by appropriate shed hygiene and milking machine disinfection [7].
Disinfectants are widely used in ruminant management, and improper applications and dilutions, as
well as the possible presence of residues in the environment, can occur and result in the formation of
biocide concentration gradients. As a consequence, microorganisms can be frequently exposed to
non-lethal (i.e., sub-inhibitory, non-inhibitory, over-inhibitory) concentrations of biocides [8].
Various authors reported that exposure to sub-inhibitory biocide concentrations facilitates the
evolution of resistance to the biocide, and may also lead to co-resistance and cross-resistance to other
antimicrobials agents such as antibiotics [9—14]. In presence of disinfectant sub-minimum inhibitory
concentrations (sub-MICs) levels, bacteria might apply multiple strategies to improve their
disinfectant resistance, mostly related to the increase of efflux pump activity [15]. Even though such
efflux pumps could have a positive effect on raising antimicrobial resistance, their contribution has
recently been questioned [14]. Mechanisms other than efflux pumps may be involved and can co-
develop during sub-inhibitory exposure to disinfectants, such as modification of cell membrane
structure and composition, enhanced biofilm formation, genetic transfer of resistance determinants
and biodegradation of the disinfectant itself [16]. As for biofilm, although several studies show an
increase in its production in Staphylococcus species exposed to sub-lethal concentration of biocides
[17-22], some authors, on the contrary, reported a reduction [22].

To obtain a better understanding of antimicrobial sub-inhibitory stress, the present study aimed to
assess the effect of benzalkonium chloride (BC) and chlorhexidine-digluconate (CHDG) exposure on
CoNS antimicrobial susceptibility, including not only the evaluation of disinfectant resistance but
also cross-resistance to 12 clinically important antibiotics. The biofilm production capacity of the

selected isolates was also screened.

2. Materials and Methods
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2.1 Bacterial isolates

In a previous work [23], CoNS from bulk-tank ovine milk were identified and characterized in regard
to their antibiotic and disinfectant susceptibility, and biofilm production. In particular, 20 isolates
belonging to different species (S. epidermidis, S. simulans, S. arlettae, S. haemolyticus, S. xylosus, S.
chromogenes and S. caprae), were tested for BC (ZEUS, Bozen, Italy) and CHDG (Sigma-Aldrich,
Saint Louis, USA) susceptibility. Twelve BC tested isolates and 12 CHDG tested isolates showed a
MIC > 2 pg/ml, suggesting a reduced susceptibility [24—28]. For this study, both CHDG- and BC-
tolerant isolates were exposed to a sub-inhibitory concentration, each group with the respective
disinfectant. Supplementary table (S1) shows genotypic and phenotypic features of the selected
isolates concerning antibiotic resistance and biofilm production as assessed by Turchi et al. [23]. As
for disinfectant resistance, characteristics are included in tables provided in the results section, with

the purpose to compare data before and after sub-inhibitory disinfectant stress.

2.2 Exposure to sub-inhibitory concentrations of disinfectants

Isolates were exposed to a sub-inhibitory concentration (MIC/2) of BC and CHDG in Trypticase Soy
broth (TSB) (Thermo Fisher Scientific, Milan, Italy) at 37°C for 24 h. For the subsequent 3 days,
cultures were daily sub-cultured in TSB containing the same disinfectant sub-inhibitory
concentration. Then, each broth culture was added with glycerol and stored at -20°C until use. At the
same time, they were seeded on a Trypticase Soy agar (TSA) (Thermo Fisher Scientific, Milan, Italy)

plate to check their purity.

2.3 Evaluation of disinfectants susceptibility

After the exposure to disinfectants, MIC values for BC and CHDG were determined by the broth
microdilution method in 96-well microtiter plates. Both groups of isolates stressed with BC or CHDG
were tested for both disinfectants (BC and CHDG). Isolates were revitalized on TSB at 37°C for 24

h. Serial dilutions of disinfectants (128-0.125 pg/ml) in Mueller Hinton Broth (Thermo Fisher
4
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Scientific, Milan, Italy) were prepared and inoculated with standardized bacterial suspensions
(approximately103cells/ml, ODsso 0.125 - 0.200). The plates were incubated at 37°C for 24 h. The
MIC was defined as the lowest concentration of the disinfectant able to inhibit the growth of
microorganisms. To determine Minimum Bactericidal Concentration (MBC) values, a loopful of
broth culture from each well containing a disinfectant concentration > MIC was seeded on TSA.
Plates were incubated at 37°C for 24 h. The MBC was defined as the lowest concentration of the
disinfectant able to completely prevent microbial growth on agar plates. Each experiment was carried

out twice.

2.4 Evaluation of antibiotic susceptibility

After the exposure to disinfectants, antibiotic susceptibility testing was performed by agar disk
diffusion method according to the European Committee on Antimicrobial Susceptibility Testing
(EUCAST) recommendations (EUCAST Disk Diffusion Method for Antimicrobial Susceptibility
Testing- Version 6.0, January 2017, www.eucast.org). Isolates were streaked on TSA and colonies
were suspended in sterile saline water adjusting the turbidity to 0.5 MacFarland. Tested antibiotics
were: ampicillin (AM, 10 pg), cefoxitin (FOX, 30 ug), cephalothin (KF, 30 ug), cefotaxime (CTX,
30 ug), chloramphenicol (C, 30 ug), clindamycin (DA, 2 ug), tetracycline (TE, 30 ug), trimethoprim-
sulfamethoxazole (SXT, 19:1;25 ng), enrofloxacin (ENR, 10 pg), kanamycin (K, 30 pg), gentamicin
(CN, 10 pg), and rifampin (RA, 5 ug). Staphylococcus aureus ATCC 25923 was used as quality
control strain. Inhibition zone diameters were interpreted into susceptibility categories according to
breakpoint tables provided by the EUCAST (2018), CLSI (2015), and the Société Francaise de

Microbiologie (2017).

2.5 Evaluation of biofilm production
After the exposure to disinfectants, enhancement in biofilm production was evaluated through a

phenotypic test on Congo Red Agar (CRA) according to Freeman et al. [29]. Results were compared
5
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to those obtained before the stress [23], according to which none of the isolates resulted positive.
Staphylococcus aureus ATCC 35556, strong biofilm producer, and S. aureus 1261, from the strains
collection of the Department of Veterinary Science (University of Pisa), were included as positive
and negative controls for biofilm formation, respectively. After incubation, slime-producing strains

form black colonies, whereas non-producing strains develop red colonies [30].

3. Results

3.1 Susceptibility to disinfectants in CHDG-tolerant isolates (CHDG sub-inhibitory stress)

After sub-inhibitory exposure to CHDG, MICs values for BC and CHDG increased two-fold for 8
(67%) and 10 (83%) out of the 12 tested isolates, respectively (Tablel). All isolates harboring smr-
qacC’ gene doubled their MIC values. Five and 7 gac-negative isolates tested for BC and CHDG,
respectively, also doubled their MIC values. Despite the presence of gacH gene, isolate 70A did not
show any increase in MIC value.

As for MBCs values, most of them remained unvaried. Indeed, the highest number of isolates showed
unchanged values for BC (11) and CHDG (5) (Tablel). Two gac-negative isolates (30B, 42A) showed
a 4-fold increase of their MBC value for CHDG, while, despite the presence of smr-gacC’ gene, the

1solate 32B showed a halved MBC value for CHDG.

3.2 Susceptibility to disinfectants in BC-tolerant isolates (BC sub-inhibitory stress)

After sub-inhibitory exposure to BC, MICs values for BC and CHDG increased two-fold in 7 (58%)
and 10 (83%) of the 12 tested isolates, respectively (Table 2). The gac-positive isolate 40B (S.
simulans) increased four times its MIC value for BC. Seven out of 8 (88%) isolates which increased
MICs values for BC hosted gac genes. In contrast to what observed after sub-inhibitory stress with
CHDG, the isolate harboring the gacH gene (70A) doubled its MIC for both disinfectants.

As for MBCs values for CHDG, they doubled in 5 out of 12 isolates (42%) and remained unchanged

in 5 (42%) out of 12 isolates as well. MBCs values for BC remained unchanged in the majority of the
6
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isolates (58%), while the remaining 5 isolates (42%) doubled their MBC. Isolate 10B, belonging to
S. simulans and smr-qacC’ positive, showed an increased BC MBC value of 32 pg/ml. A reduction
of MBC values for the two disinfectants was observed in some gac-positive isolates after BC exposure.
In particular, for BC, the isolate 15A halved its value, while for CHDG, 10B and 40B halved their

value and 32B even presented a four-fold reduction.

3.3 Antibiotic susceptibility profile after sub-inhibitory exposure to disinfectants

Tables 3a and 3b show the variations observed in the antibiotic susceptibility profiles after CHDG
and BC sub-inhibitory stress, respectively. The majority of the isolates were not affected by the
treatments, however, differences in antibiotic susceptibility profile were recorded in 3 (25%) and 4
(33%) isolates after CHDG and BC sub-inhibitory stress, respectively.

After the exposure to sub-inhibitory concentrations of CHDG, 2 isolates (17%) (32B and 71A), one
of them (32B) hosting gac gene, were defined as resistant to K and AM, respectively. At the same
time, isolates 32B and 37A, both gac-positive, were categorized susceptible to at least one antibiotic
for which they were previously resistant.

After BC stress, one gac-positive isolate (8%) (32B) was redefined as susceptible to AM and DA;
while 3 isolates (25%) (10B, 25D, and 71A), 2 of them gac-positive, changed their phenotype from
susceptible to resistant for one antibiotic: 10B and 25D were defined resistant against FOX, and 71A
against AM. Two gac-positive isolates (17%) (32B and 25D) changed their profile from susceptible
to intermediate.

Concerning the specific antibiotic, differences in susceptibility were recorded for 3 (AM, DA, K) and
4 (AM, FOX, CTX, DA) antibiotics after CHDG and BC sub-inhibitory stress, respectively. Two
isolates (17%), after both CHDG and BC stresses, showed the same phenotypic variation for AM: the
isolate 32B (gac-positive) was redefined as susceptible, while the isolate 71A (qac-negative and blaZ
positive) as resistant. As concerns FOX, a variation in the profile from susceptible to resistant was

observed only after BC stress for 2 isolates (17%) hosting gac genes (10B and 25D). The same
7
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disinfectant led to an intermediate resistance acquisition against CTX for 2 gac-positive isolates. Two
and 1 gac-positive isolates lost their resistance to the antibiotic DA after CHDG and BC stress,

respectively.

3.4 Variation in biofilm production
After sub-inhibitory stress with both disinfectants, none of the isolates was positive for biofilm
production after streaking onto Congo Red Agar phenotypic test. Therefore, no difference was found

with the previously reported biofilm production before sub-inhibitory stress [23].

4. Discussion

Pre- and post-dipping with disinfectants are effective management tools for the reduction of IMI rate
and to limit the presence of pathogens in dairy animals; however, incorrect practices could lead to
microorganisms exposure to low biocide concentrations. Hence the importance of studying how sub-
inhibitory concentrations of disinfectants could affect some virulence traits of bacteria. Indeed,
several studies suggest that the exposure to sub-inhibitory concentrations of biocides promotes the
emergence of resistance or the development of co-resistance and cross-resistance to other
antimicrobials, such as antibiotics or biocides [8,9]. Based on our knowledge, this is the first report
evaluating the effect of sub-inhibitory exposure to disinfectants commonly employed in the dipping
routine (BC and CHDQG) in staphylococcal isolates from ovine milk. Indeed, previous studies were
conducted on staphylococcal isolates from bovine milk [13], food [14,22] and clinical samples [31—
33]. Phenotypic variations in antimicrobial susceptibility profiles as well as biofilm production were
assessed in the present study.

Exposure to a sub-inhibitory concentration of CHDG allowed both gac-positive and gac-negative
isolates to increase their tolerance to CHDG and BC. Similarly, after the sub-inhibitory stress with
BC, there was a widespread increase in MICs and MBCs values, especially against BC, for which the

isolate 10B (S. simulans) showed an MBC value of 32 pg/ml, near to the MBC resistance level (> 32
8
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ng/ml) established by Morrissey et al. [34] for S. aureus. According to these authors, to define an
isolate as BC resistant, it should be able to grow in presence of a BC concentration higher than 32
ug/ml. However, considering that, in our experiments, 64 pg/ml was the immediately higher tested
disinfectant concentration after 32 pg/ml, we can not rule out that 10B isolate could have been able
to grow in presence of a BC concentration between 32 and 64 pg/ml. To verify this occurrence, further
tests should be carried out.

After sub-inhibitory stress, gac-positive isolates did not show a clear and evident increase in MIC
and MBC values compared to gac-negative isolates. This was also the case in the study by Furi et al.
[31] for MBC values in S. aureus from human samples. Indeed, resistance mechanisms other than
gac efflux pumps can be triggered after disinfectant exposure, conferring advantages also to gac-
negative isolates. Supporting this hypothesis, by inhibiting efflux pumps in Gram-positive isolates
from food, Gadea et al. [14] have proven that disinfectant-adapted strains showed similar tolerance
to biocides and antibiotics compared to wild-type strains, suggesting that these efflux proteins do not
play an essential role in the acquisition of tolerance to biocides and/or antibiotics after step-wise
exposure to quaternary ammonium compounds (QACs).

While for chlorhexidine the resistance systems implemented by bacteria are mainly related to gacA/B
genes [35], adaptation to BC and in general to QACs, can be due to many other systems, including
modification of bacteria outer membranes and recombinational events [36].

After disinfectant exposure, antibiotic resistance profile also varied in some isolates. Indeed, sub-
inhibitory disinfectant concentrations seemed to play a role in activating the expression of the blaZ
gene in a gac-negative isolate (71A) belonging to S. epidermidis, which modified its AM phenotypic
profile from susceptible to resistant. Similar variations of antibiotic resistance profile were observed
only for some of the CoNS hosting gac genes. In fact, except for isolate 32B (S. arlettae), which
showed a particular behavior either by losing or by acquiring resistance to different antibiotics, after
BC stress the gac-positive isolates 10B and 25D, identified as S. simulans and S. caprae, respectively,

were reclassified as resistant against FOX (B-lactam), although they were negative for the main genes
9
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encoding such resistance (mecA and mecC). This may suggest that exposure to BC has led to a gac
gene up-regulation allowing to gain a non-mec gene-dependent resistance against some B-lactams
since the exposure to the QAC can increase the efflux of disinfectants, effect directly related to
increased antibiotic resistance [37]. Moreover, BC sub-inhibitory stress may have also determined
single mutations which may have either a non-specific effect on the uptake of the antibiotic or activate
multi-drug efflux pumps [38]. It would be necessary to evaluate whether this variation in the antibiotic
resistance profiles is determined either by a temporary and reversible phenotypic adaptation, related
to cell wall changes [39], efflux pumps over-expression [31], stress-responses induction [40], or by a
selection of mutants for which the reduction of susceptibility is stable over time [41]. Based on our
results, the use of BC seemed to promote resistance to antibiotics. In fact, as already reported by other
authors [14,37], long-term exposure of microbial communities to QACs can increase the risk of
selecting antibiotic-resistant bacteria. This occurs especially when antibiotics and disinfectants have
a common cellular target or when the disinfectant efflux induction is enough to confer also an
antibiotic resistance profile [42].

A reduction in resistance for disinfectants and some antibiotics was observed after disinfectant sub-
inhibitory exposure. In particular, this happened for one isolate (8%) after CHDG exposure in MBC
for CHDG, and one and two isolates after BC exposure in MBC for BC and CHDG, respectively. As
for antibiotic resistance, two CHDG-exposed isolates (17%) and one BC-exposed isolate (8%) lost
their resistance for some antibiotics. Therefore, either adapting or stressing isolates with a disinfectant
does not necessarily imply an increase in biocide or antibiotic resistance, as stated by other studies
[14,43].

Although some of the tested isolates were found positive for biofilm production associated genes,
they did not phenotypically show this trait before sub-stress [23]. We observed the same phenotype
after sub-inhibitory stress. The negative CRA test results observed in our study could also be due to
the limitations of this test, which is known to generate false-negative results [44]. However, it has

been reported that sub MICs exposure to disinfectants such as BC could reduce the ability to produce
10
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biofilm in staphylococci [22]. Nevertheless, the risk that biofilm production may increase after sub-
inhibitory stress remains high. In fact, isolates positive for biofilm production genes should be
considered as potential biofilm producers [44] and other studies have shown how the sub-inhibitory
exposure to disinfectants BC and chlorhexidine can lead to a significant biofilm production increase

in S. epidermidis [17].

5. Conclusion

The use of disinfectants in pre- and post-dipping in milking is essential to prevent IMI, however, the
inappropriate use of these products, especially QAC, could create a sub-inhibitory stress condition
for bacteria affecting their susceptibility to both biocides and antibiotics. In this study, after sub-
inhibitory stress, we did not observe a correlation between the presence of gac genes and an increase
in disinfectant tolerance, suggesting that CoNS could develop a tolerant phenotype despite their gac
genotype. Nonetheless, the antibiotic susceptibility profile was affected, especially in those isolates
hosting gac genes or non-expressed antibiotic resistance genes. It would be therefore essential to
implement disinfectant control plans, like those in place for antibiotics, and constantly monitor gac
gene distribution to gain a better understanding of their role in antimicrobial resistance. Moreover, it
would be useful to increase the number of studies on bacterial resistance to disinfectants, leading to

the determination of reference cut-off values to discriminate susceptible and resistant strains.
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CHDG SUB-INHIBITORY STRESS

ID MIC BC MBC BC MIC CHDG MBC CHDG
Species qac genes
isolate (pg/ml) (pg/ml) (pg/ml) (pg/ml)
PRE POST PRE POST PRE POST PRE POST
10B S. simulans smr-qaC’ 4 8 16 16 2 4 8 8
18B S. epidermidis - 2 4 8 4 2 4 2 4
28A S. simulans - 8 8 16 16 2 4 8 8
30B S. epidermidis - 1 2 8 8 2 4 2 8
32B S. arlettae smr-qaC’ 4 8 16 16 2 4 16 8
37A S. haemolyticus smr-qaC’ 2 4 2 4 2 4 2 4
42A S. epidermidis - 1 2 8 8 2 2 2 8
62A S. epidermidis - 2 2 8 8 2 4 4 4
70A S. xylosus qacH 2 2 4 4 2 2 4 4
71A S. epidermidis - 2 4 8 8 2 4 4 8
87A S. epidermidis - 1 2 8 8 2 4 2 4
95B S. epidermidis - 2 2 8 8 2 4 4 4

Table 1. Minimum inhibitory concentration (MIC) and Minimum Bactericidal Concentration (MBC)
values after chlorhexidine-digluconate (CHDG) sub-inhibitory stress of 12 coagulase-negative

staphylococci isolates (POST) with comparison to previously reported [23] pre-inhibitory ones (PRE).
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BC SUB-INHIBITORY STRESS

ID ) MIC BC MBC BC MIC CHDG MBC CHDG

) Species gac genes

isolate (png/ml) (ng/ml) (png/ml) (png/ml)

PRE POST PRE POST PRE POST PRE POST

28A S. simulans - 8 8 16 16 2 4 8 8
10B S. simulans smr-qacC’ 4 8 16 32 2 2 8 4
32B S. arlettae smr-qacC’ 4 8 16 16 2 2 16 4
15A  S. chromogenes smr-qacC’ 2 2 8 4 1 2 2 4
18B S. epidermidis - 2 2 8 8 2 4 2 4
25D S. caprae smr 2 4 2 4 1 2 2 2
37A S haemolyticus  smr-qacC’ 2 4 2 4 2 4 2 4
40B S. simulans smr-qacC’ 2 8 8 16 1 2 8 4
62A S. epidermidis - 2 4 8 8 2 4 4 4
70A S. xylosus qacH 2 4 4 4 2 4 4 4
71A S. epidermidis - 2 2 8 8 2 4 4 8
95B S. epidermidis - 2 2 8 8 2 4 4 4

Table 2. Minimum inhibitory concentrations (MIC) and Minimum Bactericidal Concentration (MBC)
values after benzalkonium chloride (BC) sub-inhibitory stress of 12 coagulase-negative staphylococci
isolates (POST) with comparison to previously reported [23] pre-inhibitory ones (PRE). Isolates are

listed in decreasing order of BC concentration employed for sub-stress (MIC/2).
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CHLORHEXIDINE-DIGLUCONATE SUB-INHIBITORY STRESS

ID ] Ab.-Resitance Ab.-resistance variation
) Species qac gene
isolate gene (from* > to)
32B S. arlettae tetk smr-qaC’ AM:R>S; DA:R>S; K:S>R
37A S. haemolyticus tetK smr-qaC’ DA:R>1
T1A S. epidermidis blaZ - AM: S>R
b)

BENZALKONIUM CHLORIDE SUB-INHIBITORY STRESS

ID ) Ab.-Resitance Ab.-resistance variation
) Species qac gene
isolate gene (from* > to)
10B S. simulans blaZ smr-qaC’ FOX:S>R
25D S. caprae tetK smr FOX:S>R; CTX:S>1
32B S. arlettae tetK smr-qaC’ AM:R>S; CTX:S>1; DA:R>S
T1A S. epidermidis blaZ - AM: S>R

Table 3. Antibiotic resistance variation in coagulase-negative staphylococci after sub-inhibitory
exposure to chlorhexidine-digluconate (a) and benzalkonium chloride (b). Only isolates which
showed resistance variation against antibiotics are listed. Resistance is given as follows: sensible (S),
intermediate (I), resistant (R). AM: ampicillin; DA: clindamycin; K: kanamycin; FOX: cefoxitin;
CTX: cefotaxim.

*Data previously obtained [23].
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