Cent Eur J Public Health 2019; 27 (4): 340-344

SHORT COMMUNICATION
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SUMMARY

Objective: Drug-resistant staphylococci have been a growing threat to the community and hospitals due to the misuse of antibiotics by humans,
industrialisation and lack of novel antimicrobials currently available. Little is known about the prevalence of drug-resistant staphylococci in non-
healthcare environments outside hospitals in the London area. Staphylococci can spread via contact with contaminated objects. Traffic light buttons

present a fast and easy transmission route for staphylococci.

Methods: Traffic light buttons outside a major hospital in London were swabbed and cultured onto selective media to isolate staphylococci
bacteria before performing antimicrobial susceptibility testing on the isolates. The identity of the isolates were determined using MALDI-TOF mass
spectrometry (MS). Staphylococci isolates resistant to oxacillin were further tested for minimum inhibitory concentration (MIC). PCR analysis of
the mecA gene, a gene that confers resistance to oxacillin, is used to determine the level of resistance to oxacillin.

Results: Eight different staphylococcal species were identified by MALDI-TOF-MS analysis. Out of the 66 staphylococci isolates, 16 were
resistant to multiple antibiotics including six isolates which were oxacillin resistant.

Conclusion: This work provides evidence of the presence of multidrug-resistant staphylococci in the vicinity of the hospital environment in London.
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INTRODUCTION

Staphylococcus aureus and coagulase-negative staphylo-
cocci (CoNS) are major contaminants of touch surfaces; they
are pervasive in both clinical and non-clinical surfaces (1). The
transmission of staphylococci, including methicillin-resistant
strains, occurs primarily via direct contact with these contaminated
surfaces. The ability of staphylococci to survive for long periods
of time on surfaces in public areas, where they frequently come
into contact with people, can facilitate their easy transmission
from person to person.

Staphylococci are recognized as a species of bacteria often
closely related to human and animal hosts. The most well studied
member of this genus is methicillin resistant Staphylococcus au-
reus (MRSA), a common hospital and environmental pathogen.
It is now clear that there is a high number of Staphylococcus
aureus and MRSA contaminations in non-hospital environments
(2). There have only been a handful of studies investigating the
incidence of multiple drug resistant staphylococci from non-

healthcare environments including hotels (3), restroom surfaces
(4, 5), public transport places (6—10), water parks (11), public
telephones (12), and fitness centres (13—15). Little is known
about the prevalence of drug-resistant staphylococci in non-
healthcare environments outside hospitals in the London area.
Staphylococci can spread via contact with contaminated objects.
Traffic light buttons present a fast and easy transmission route for
staphylococci. This study investigated the presence of multidrug
resistant staphylococci on traffic lights in the vicinity of a major
urban hospital in London.

MATERIALS AND METHODS

Sample Collection

Dry sterile cotton swabs (Copan Diagnostics Inc, CA) were
used to collect samples from various traffic lights in the vicinity
of a major hospital in London. Approximately 4 cm? areas were
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sampled using dry cotton swabs which were stored in sterile swab
collection tubes. A total of 40 surface samples were collected from
several traffic light buttons along the main road adjacent to the
hospital, in areas within a 0.75-mile (mi) radius of the hospital on
a dry June 2016 summer day (daytime temperature ~27°C). All
specimens were transferred to the laboratory within 1-3 hours of
the sample being taken.

Culture and Primary Bacteria Isolation

In the laboratory, the swabs were plated onto Nutrient Agar
(Nutrient Agar, Oxoid, Basingstoke, UK) medium before swab-
bing on Mannitol Salt Agar (MSA, Oxoid, Basingstoke, UK)
selective medium to select for Gram-positive cocci. Plates were
incubated for up to 48h at 37°C. Bacterial colonies growing on
MSA are then subcultured onto another MSA plate to ensure
purity of the colonies.

Preparation of Bacterial Isolates for MALDI-TOF-
MS Analysis

Colonies (3—5) of overnight cultures were suspended in 300
ul distilled water. The suspension was mixed with 100% absolute
ethanol and centrifuged for 1 min at 13,000 x g. The pellets were
resuspended in 25 pl of 70% formic acid and then 25 pl pure
acetonitrile was added. After mixing, solutions were centrifuged
at 13,000 x g for 2 min. One ml aliquots of the supernatant were
spotted in duplicate onto MALDI ground steel targets, air-dried for
5 min at room temperature and each target spot was then overlaid
with 1 pl a-cyano-4-hydroxycinnamic (HCCA) matrix solution.

Identification of Bacterial Isolates Using MALDI-
TOF-MS

Allisolates were purified and analysed by matrix-assisted laser
desorption/ionization time of flight mass spectrometry (MALDI-
TOF-MS) (Microflex LT, MALDI-TOF-MS, Bruker Daltonics,
Coventry, UK) in a positive linear mode (2,000 to 20,000 m/z
range). The resulting spectra for each culture was analysed by
MALDI-Biotyper 2.0 software (Bruker Daltonics, Coventry, UK).
The software evaluates each spectrum compared to reference
spectra in the Bruker Taxonomy Database identifying the best
match from database records. Results were expressed as scores
(QI) from 0 to 3, as recommended by the manufacturer. Scores
QI<1.7 were not considered as reliable identification. A score of
QI>1.7 corresponded to ‘genus’ identification. Only scores higher
than QI>2 were considered a reliable identification of species.

Antimicrobial Susceptibility Testing

Strains were screened for resistance to antibiotics by agar disk
diffusion on Iso Sensitest media (Iso Sensitest Agar, Oxoid, Bas-
ingstoke, UK). Zones of inhibition were evaluated against twelve
antibiotic (Oxoid, Basingstoke, UK). The following antibiotic
discs were used: chloramphenicol (30 g), erythromycin (15 g),
fusidic acid (10 g), oxacillin (1 g), penicillin G (1 unit), strep-
tomycin (10 g), tetracycline (10 g), cefoxitin (30 g), gentamicin
(10 g), vancomycin (5 g), cefepime (30 g), and mupirocin (20 g).
The minimum inhibitory concentrations (MICs) to oxacillin were

additionally evaluated using “MIC evaluators”, antimicrobial
gradient strips designed for accurate minimum inhibitory con-
centration values (Oxoid Ltd., Basingstoke, UK). The categories
susceptible, intermediate resistant or resistant were assigned on
the basis of the Clinical and Laboratory Standards Institute (CLSI)
antimicrobial susceptibility testing standards.

RESULTS

Eighty-two out of the 92 environmental isolates (89.1%) were
identified using MALDI-TOF-MS (Table 1). The remaining 10
isolates (10.9%) failed to give a reliable identification. The rates
of MALDI-TOF identification at the species level with a score
of QI>2 were 87.8% (72/82) and at genus level with a score of
1.7< QI £2 were 12.5% (10/80). In this study, a large number of
staphylococci were recovered from our environmental samples.
Overall, we identified 66 staphylococcal isolates belonging to 8
species. This included Staphylococcus simiae (n=10), Staphylo-
coccus warneri (n="7), Staphylococcus auricularis (n=2), Staphy-
lococcus hominis (n=4), Staphylococcus pettenkoferi (n=1), Sta-
phylococcus capitis (n=10), Staphylococcus epidermidis (n=24),
and Staphylococcus pasteuri (n=8). We also identified several
other bacteria such as bacillus, micrococcus, corynebacterium,
kocuria, and aerococcus. Our findings highlight the complexity
of the number of bacterial types that can be found on human con-
tact surfaces in the non-hospital environment. Commensal skin
bacteria, usually shed from human skin, such as Corynebacterium
and staphylococci are commonly found in public places such as
gyms (13) and restrooms (16). Results of this study indicate that a
wide range of bacterial species was isolated from the non-hospital
environment but staphylococci were the most common. In light of
these findings, these non-hospital isolates of staphylococci were
selected to assess their antibiotic resistance profiles.

DISCUSSION

Most of the staphylococci isolated in our study carried an-
tibiotic determinants. Staphylococci were isolated from traffic
light buttons in the vicinity of the hospital. 57 out of our 66
staphylococci isolates (86.4%) had antibiotic resistance, includ-
ing resistance to non-f lactam antibiotics such as fusidic acid,
chloramphenicol, vancomycin and erythromycin (Table 2). The
isolated staphylococci isolates were also resistant to other antibiot-

Table 1. Summary of family and genera of bacteria identified

by MALDI-TOF-MS (N=82)
Family Genus Isolates (n)
Staphylococcaceae Staphylococcus 66
Bacillaceae Bacillus 3
Micrococcaceae Micrococcus 9
Micrococcaceae Kocuria 1
Corynebacteriaceae Corynebacterium 1
Aerococcaceae Aerococcus 2
Total 82

341



ics such as gentamicin, ciprofloxacin, streptomycin and tetracy-
cline. Four of the isolates were resistant to five or more antibiotics
(#4, #19, #31 and #43) of which two isolates were resistant to
oxacillin (#4 and #43) (Table 2). No apparent trend between the
distance from the hospital and the number of antibiotics that the
staphylococci isolates were resistant to could be seen from our
preliminary study. The limited number of samples in our current
dataset does not permit us to conduct a proper statistical analysis
to assess this trend. Methicillin resistance is commonly associated
with the carriage of the mecA gene, which encodes the penicillin
binding protein PBP2a. Our results also showed that three of the
staphylococci environmental isolates were resistant to oxacillin
with varying minimum inhibitory concentrations (MIC) (Table 2).

CONCLUSION

The presence of antibiotic resistance found in staphyloco-
cci samples collected from traffic lights outside of a major
hospital in the London area indicates that some environments
may accelerate the spread of antibiotic resistant strains. To our
knowledge, this is the first attempt to investigate the presence
of multidrug resistant staphylococci on traffic light surfaces,
let alone in the vicinity of a major hospital. Attention should
be paid to the inspection and control of antibiotic resist-
ant strains in these environments as these isolates could be
transferred into the nearby hospital environment. This further
highlights that public environments are potential ‘breeding

Table 2. Resistance profiles and molecular characterization of antibiotic resistant staphylococci isolated from traffic light buttons

around a major hospital in London, United Kingdom

# Species L n (o] Cf P v M | Cp| G Fc S A E T c E-tct)ast Mic:ro
mIC MIC

1 S. hominis 0 mi 1 R

2 | S.epidermidis | 0 mi 1 R R R R

3 S. warneri 0 mi 1 R R

4 S. pasteuri 0 mi 1 R R R R R R R 48 32

5 S. pasteuri 0 mi 1 R R R

6 S. simiae Omi 1 R

7 S. simiae 0 mi 1 R R

8 S. simiae 0 mi 4

9 S. simiae 0 mi 3 R

10 S. simiae 0 mi 1 R R

1" S. hominis 0 mi 1 R

12 S. captis 0 mi 1 R R

13 | S. epidermidis | Omi 1 R R

14 S. captis Omi 2 R R

15 | S. epidermidis | Omi 1 R

16 | S.epidermidis | Omi 2 R

17 S. warneri 0 mi 1 R R

18 S. warneri 0 mi 1

19 | S. epidermidis | 0.25mi | 1 R R R R R

20 S. warneri 025mi | 1 R R

21 | S. epidermidis | 0.25mi | 1 R

22 S. captis 025mi | 1

23 S. captis 025mi| 2 R

24 | S. epidermidis | 0.25mi | 1 R

25 | S.epidermidis | 0.25mi | 1 R R R R

26 S. warneri 0.5 mi 1 R R R R

27 | S.epidermidis | 0.5mi | 6 R

28 | S.epidermidis | 0.5mi 1 R

29 S. pasteuri 0.5mi 1 R R R R

30 S. captis 0.5mi 1 R R R

31 | S.epidermidis | 0.5mi 1 R R R R R

Continued on the next page

342
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Table 2. Resistance profiles and molecular characterization of antibiotic resistant staphylococci isolated from traffic light buttons

around a major hospital in London, United Kingdom

# Species L n 0 Cf P v M | Cp| G Fc S A E T c E-t(:st Migro
mIC MiC

32 | S.epidermidis | 0.5mi | 2 R R

33 | S. epidermidis | 0.5 mi 1

34 S. captis 0.5mi 1 R

35 | S.epidermidis | 0.5mi 1 R R

36 | S. epidermidis | 0.5 mi 1 R R R

37 S. warneri 0.5mi 1 R

38 S. pasteuri 0.5mi 1 R

39 S. pasteuri 0.5mi 1

40 | S auricularis | 0.5 mi 1

41 S. warneri 0.5mi 1 R R 64 32

42 S. pasteuri 05mi | 3 R

43 S. auricularis | 0.5mi 1 R R R R R R 64 64

44 | S. epidermidis | 0.5mi 1 R R

45 S. hominis 0.75mi | 1 R

46 | S. pettenkoferi | 0.75mi | 1 R R

47 | S. epidermidis | 0.75mi | 1 R

48 S. captis 0.75mi | 1 R R

49 S. captis 0.75mi | 1

50 S. hominis 0.75mi | 1

# — assigned numerical code; L — location code 0, 0.25, 0.5, 0.75 mi; n — similar isolates from each sampling location; O — oxacillin; Cf — ciprofloxacin; P — penicillin G;
V —vancomycin; M — mupirocin; Cp — cefepime; G — gentamicin; Fc — fusidic acid; S — streptomycin; A — amoxicillin; E — erythromycin; T — tetracycline; C — chloramphenicol.
O E-test MIC — minimum inhibitory concentration to oxacillin (ug/ml) based on Oxoid E-test strip.

O Micro MIC — minimum inhibitory concentration to oxacillin (ug/ml) based on broth microdilution assay.

grounds’ for multidrug resistant staphylococci. The spread of
multidrug resistance in such environments is evidence that
infection control measures in hospitals and public places are 5.
ineffective in limiting the spread of such clones and that these
environments are a source of antibiotic resistant pathogens. By

6.
knowing the type of drug resistant staphylococci circulating in
the community we can devise measures to control their spread.
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