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ABSTRACT

With the significant rise in hospital infection management in dental hospitals as well as in hospitals,
and in order to identify the distribution of pathogenic bacteria on hands and nasal cavity of workers in
a dental hospital, bacteria from the hands and nasal cavities of six dentists and 44 dental hygienists
from four dental hospitals were investigated. The results showed Staphylococcus aureus,
Staphylococcus capitis, Staphylococcus epidermidis, Staphylococcus hominis, Staphylococcus
warneri, Staphylococcus xylosus, Staphylococcus. Lugdunensis, and Neisseria spp., were isolated from
the nasal cavity and Staphylococcus aureus, Staphylococcus capitis, Staphylococcus epidermidis,
Staphylococcus hominis, Staphylococcus warneri, Staphylococcus xylosus, Staphylococcus leutus,
Micrococcus spp., Staphylococcus cohnii, Serratia marcescens, Pseudomonas aeruginosa, Klebsiella
pneumonia and Pseudomonas pneumotropica from the hands. An antimicrobial disk diffusion test was
conducted on Staphylococcus aureus isolated from the hands and nasal cavity to detect MRSA by
means of oxacillin. Two strains were detected. When the genes of penicillin binding protein 2 (mecA)
were detected from the 2 strains, MRSA was found from both strains. The results of this investigation
on the distribution of various pathogenic bacteria and MRSA on hands and nasal cavity of workers
of a dental hospital, will contribute to the basic data for the future infection management in a
dental hospital.
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INTRODUCTION

There are many resident and pathogenic bacteria on gowns, ties, hands, and other devices that
hospital workers use. Bacteria can also be found on patients sleeping gear and in a dental hospital,
which is similar to a hospital in its environment, these can be polluted by various secretions from
dental treatments.»” Bacteria spread to patients from hospital treatment staff and vice versa.

The main infectious bacteria found in hospitals are Staphylococcus aureus and Coagulase-Negative
Staphylococci (CNS), which have been frequently detected on hospital worker’s clothes, hands and
nasal cavities. When these bacteria are carried to a patient who has a low immunity against infectious
bacteria they can cause disease.> Among the bacteria isolated in hospitals, S. aureus resides on the
skin and soft tissues and can cause an infectious disease to a patient with a weak immune system.™3
Methicillin-resistant S. aureus (MRSA) was generated from the senseless abuse of antibiotics, and
according to a recent report, MRSA infection rate among children is increasing, causing infectious
diseases in children as their immune system is low.** Recently, as more attention is being paid to
infectious bacteria in dental hospitals, dental unit water systems and unit chairs are suspected to play
a role in bacterial infection, and the distribution and infection degree of bacteria on dental unit water
system used by patients in a dental hospital have been investigated.® Dental health care workers
investigated the possibility of infection from the Hepatitis B virus and Mycobacterium tuberculosis.
Mycobacterium tuberculosis infections among the dental hospital patients passed to the dental health
care workers through the infectees’ saliva and blood. The isolation rate of S. aureus on hands and
nasal cavities of dental hygienic students, who are to-be dental hospital workers, were 23% and that of
MRSA from S. aureus was 20%.”® Today, according to national research reports, there is information
on the infectious diseases of dental hospital patients and pathogenic bacteria from dental hygienic
students who are to-be dental hospital workers, but there little data on the infection degree of resident
bacteria on the hands of dental health care workers who directly contact dental hospital patients. Our
aim is to prepare basic data on dental hospital infection management through the identification of the
distribution of pathogenic bacteria on hands and in the nasal cavities of dental health care workers
and provide an investigation into the infection degree of MRSA and Vancomycin-resistant S. aureus
(VRSA), which are the most problematic.

MATERIALS AND METHODS

Samples

In Daegu, Korea, 2001, pathogenic microorganisms on the hands and in the nasal cavities of
six dentists and 44 dental hygienists, from four dental hospitals, were isolated.

Isolation and identification of pathogenic bacteria

For the isolation of pathogenic bacteria, samples from hands and nasal cavities of 50 dental health
care workers were collected with a sterilized cotton bud, then cultivated in a blood agar plate (Becton,
Dickinson and Company, USA) and Mannitol salt agar (Becton, Dickinson and Company, USA).>*°
The cultivation condition was aerobic, at 35°C for 24 h. After gram stain with the use of purely isolated
clusters, the 0.D value of the clusters was set to 600 nm in 0.45% saline, and bacterial liquid was
injected into the identification card, designed for bacteria identification for cultivation, at 35°C for 24 h."*
The specific name of bacteria was identified by means of the VITEK system, which is an automatic
device for bacteria identification and 16s rRNA.">"3

Antibiotic susceptibility test

Antimicrobial disk diffusion test was conducted on S. aurues by means of VITEK.*# After the identified
S. aurues was inoculated to Mueller Hinton agar (Becton, Dickinson and Company, USA), MRSA was
defined with Oxacillin.*> For S. aureus, ATCC 29213 as the negative control, MRSA ATCC 33593 as the
positive control and MRSA, which was identified by antimicrobial disk diffusion test. The antimicrobial
susceptibility test was conducted with the use of VITEK system, and the types of antimicrobial were
Benzylpenicillin, Cefoxitin screen, Ciprofloxacin, Clindamycin, Erythromycin, Fusidic Acid, Gentamicin,
Habekacin, Inducible Clindamycin Resistance, Linezolid, Mupirocin, Nitrofurantoin, Oxacillin,
Quinupristin/Dalfopristin, Rifampicin, Teicoplanin, Telithromycin, Tetracycline, Tigecycline,
Trimethoprim/Sulfamethoxazole and Vancomycin. The result of the antimicrobial susceptibility

test was defined as 2011, Clinical and Laboratory Standards Institute Guidelines.*®
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mec A gene PCR of MRSA strain

Among the clusters cultivated at 35°C for 24 h after being inoculated to Mannitol salt agar (Becton,
Dickinson and Company, USA), a single cluster was drifted with a TE buffer of 50 wl. The suspension
was boiled for 10 min at 100°C, centrifuged at 12,000 rpm for 10 min and underwent PCR with the use of
supernatant liquid. Primer was mec A Forward 5'- TGG CTA TCG TGT CAC AAT CG-3' and mec A Reverse
5/-CTG GAA CTT GTT GAG CAG AG-3.>3 Reaction buffer was 10 * buffer 5 ul, 2.5 mM dNTP 4 pl, Tag
polymerase 1.25U and DNA template 10 pl. Reaction condition was 94°C, 3 min denaturation, then
94°Cfor3os, 45°Cfor3os, and 72°C for 1 min, repeated 30 times. The final extended reaction appeared
at 72°C for 10 min, and the product of the reaction was found after electrophoresis for 30 min at 100V in
1% agarose gel.'”'®

Analysis of nucleotide sequence of mec A

For an exact analysis of the nucleotide sequence of MRSA products of the PCR were identified by
requesting nucleotide analysis at SolGent, Korea, a nucleotide sequence analyzing company.
Homogeny of the nucleotide sequence was investigated with the use of penicillin binding protein 2
(mecA, Accession No. J]N108029) of S. aureus and GeneDoc program.

RESULTS

Isolation and identification of pathogenic bacteria from the nasal cavity

From the nasal cavity, 48 bacterial species of gram positive cocci and 2 bacterial species of gram
negative cocci were isolated. As a result of identification of the isolated bacteria, S. aureus,"

S. capitis,? S. epidermidis,*® S. hominis,® S. warneri? S. xylosus,? and S. lugdunensis*? were isolated
as gram positive cocci, and Neisseria spp."” were isolated as gram negative cocci. The most frequently
isolated species were S. xylosus,? S. aureus™ and S. epidermidis,"® in the order of isolation times.

Isolation and identification of pathogenic bacteria from hands

From hands, 76 bacterial species of gram positive cocci and 8 bacterial species of gram negative cocci
were isolated. S. aureus,? S. capitis,® S. epidermidis,’® S. hominis,?° S. warneri,® S. xylosus,”*

S. leutus,? Micrococcus spp.,° and S. cohnii'® were isolated as gram positive cocci and Serratia
marcescens,” Pseudomonas aeruginosa,’ Klebsiella pneumonia,”” and Pseudomonas
pneumotropica** were isolated as gram negative bacilli. Among them, the most frequent isolated
bacterial species were S. xylosus,** S. epidermidis,” S. aureus,® and S. hominis,?® in the order of
isolation times.

Antimicrobial susceptibility test of MRSA strains

Antimicrobial disk diffusion test was conducted on S. aureus™ isolated from nasal cavities and

S. aureus? isolated from hands. The isolated S. aureus was inoculated to Mueller Hinton agar, and then
MRSA was defined with the use of Oxacillin. As a result, S. aurues, which is resistant against Oxacillin,
was found to be in two strains from both nasal cavities and hands. Each of two strains were isolated
from the same person’s nasal cavity and hands. By means of S. aureus, ATCC 29213 as a negative
control, MRSA ATCC 33593 as the positive control and the two strains that were defined to be MRSA by
the antimicrobial disk diffusion test. An antimicrobial susceptibility test was conducted to investigate
the degree of resistance and susceptibility of antibiotics other than Oxacillin. Accordingly, the two
MRSA strains were found to be resistant against Benzylpenicillin, Cefoxitin screen, Oxacillin,
Tetracycline, Fusdic acid, and Mupriocin and sensitive to the other antibiotics (Table. 1).

Detection of PCR product of mec A of MRSA strains

As a result of an antimicrobial disk diffusion test using Oxacillin, PCR was conducted on two strains
which were defined as MRSA, to identify whether the gene of mec A was detected or not. Consequently,
mec A was detected from both MRSA strains isolated, from the positive control MRSA ATCC 33593 and
dental health care workers (Figure 1).

Analysis of nucleotide sequence of gene of mec A of MRSA strains
For an exact analysis of nucleotide sequence of mec A gene, the products of PCR were identified by
requesting nucleotide sequence analysis at SolGent, Korea, and homology of the identified base grade
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Table 1. Antimicrobial susceptibilities test of MRSA 3™ and 9" strains isolated from dental hospital
workers using the VITEK system.

VITEK system

S. aureus ATCC No. 3 No. 9

Antibiotic (MIC; pg/mD) MIC (MIC; pg/ml) Result Result Result
Cefoxitin Screen(Neg/Pos) POS NEG POS POS
Benzylpenicillin (<= 0.03) >=05 S R R
Oxacillin (<= 0.25) >=y4 S R R
Gentamicin (<= 0.5) >=16 S S R
Habekacin (<= 0.1) <=1 S S S
Ciprofloxacin (<= 0.5) <=o05 S S S
Inducible Clindamycin Resistance(Neg/Pos) NEG NEG NEG NEG
Erythromycin (<= 0.25) <=0.25 S S S
Telithromycin (<= 0.25) <=0.25 S S S
Clindamycin (<= 0.25) <=0.25 S S S
Quinupristin/Dalfopristin (<= 0.25) <=0.25 S S S
Linezolid (<= 0.5) 2 S S S
Teicoplanin (<= 0.5) <=o05 S S S
Vancomycin (<= 0.5) 1 S S S
Tetracycline (<= 1) >=16 S S R
Tigecycline (<= 0.12) <=0.12 S S S
Nitrofurantoin (<= 16) <=16 S S S
Fusidic Acid (<= 0.5) >=32 S S R
Mupirocin (<= 2) >=512 S S R
Rifampicin (<= 0.5) 1 S S S
Trimethoprim/Sulfamethoxazole (<= 10) <=10 S S S

Abbreviations: R, resistant; |, intermediate; S, susceptible; Neg, Negative; Pos, Positive; NR, No reaction; MIC, Minimal Inhibitory Concentration.

was investigated by means of penicillin binding protein 2 (mecA, Accession No. JN108029) of
S. aureus and GeneDoc program. Each showed 99.7% homology in comparison to mecA
(Accession No. JN108029) gene on Genebank.

DISCUSSION

As annual medical expense is increasing due to infections in hospitals, medical centers are operating a
hospital infection management center, however, there is insufficient research on the degree of bacterial
infection with the targets of medical care center workers. Recently, with the rise of hospital infection,
bacterial infection on clothes, hands and in the nasal cavities of hospital workers such as doctors,
specialists and nurses were investigated. The results found CNS, S. aureus, and others, with MRSA
being isolated.”** Healthcare workers’ mobile phones are potential bacterial transmission factor
between patients and healthcare workers in hospitals. To identify nosocomial infection bacteria,

M 1 2 3 4

300 bp =

Figure 1. Polymerase chain reaction (PCR)-based amplification of mecA gene with DNA extracts of S. aureus
ATCC29213, MRSA ATCC 33593, and MRSA 3™ and 9" strains isolated from dental hospital workers. The products
were subjected to 1% agarose gel electrophoresis to confirm the expected length of the gene fragment
(approximately 264 bp). Lane 1, PCR product of negative control; lane 2, PCR product of positive control;

lane 3, 4, PCR product of MRSA 3™ and 9™ strains isolated from dental hospital workers.
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they used oxacillin disc diffusion test for MRSA and a double-disc synergy test for the
expanded-spectrum beta-lactamase producing Escherichia coli.?* Clinical professionals wear uniforms
for protection from environmental contamination. MRSA and Acinetobacter baumannii were isolated
from the uniforms of healthcare workers.” Patients in intensive care units have low immune systems,
and their healthcare workers’ hands and rings were found to be contaminated with Staphylococci spp.,
Klebsiella spp., Enterobacter spp., Escherichia coli, Acinetobacter spp., Pseudomonas spp., Candida spp.,
Rhodotorula spp., and Aspergillus spp.”° In addition, many study groups isolated nosocomial infection
bacteria from healthcare workers’ gowns, gloves, shirt sleeves, and ties.”>*#?> Moreover, concern
about the infection of workers in dental hospitals, lead to infectious hepatitis B virus and
Mycobacterium tuberculosis being investigated and found on patients visiting the dental hospital.
When the route of the spread of infection to dental hospital workers was investigated it revealed no
conclusive information.® As a result of the investigation on the distribution of bacteria in dental unit
water systems and human saliva, Proteobacteria, Firmicutes, Bacteroides, and Alphaproteobacteria
were isolated from both, but there was no evidence that these bacteria were the cause of bacterial
contamination from dental treatments.®

So far in our country, many studies on environmental hygiene of dental hospitals and whether a
dental hospital patient contains any infectious disease have been conducted. But there is no research
on the degree of bacterial infection, with the targets of dental hospital workers. We intended to isolate
pathogenic bacteria from hands and the nasal cavity of dental hospital workers. As a result of isolation
of pathogenic bacteria from dental hospital workers’ hands, S. aureus,? S. capitis,® S. epidermidis,'®
S. hominis,?° S. warneri,® S. xylosus,”* S. leutus,® Micrococcus spp.,”° S. marcescens,” P. aeruginosa,®
K. pneumonia,”” P. pneumotropica,'? and S. cohnii**> were isolated, and as a result of investigation on
S. aureus? strains for MRSA, two strains were found to be MRSA. When we isolated pathogenic bacteria
from the nasal cavity of dental hospital workers, S. aureus,™ S. capitis,? S. epidermidis,’® S. hominis,°®
S. warneri? S. xylosus,” and S. lugdunensis™ was isolated, and when we investigated S. aureus™
strains for MRSA, two strains were found to be MRSA. As a result of tracing MRSA from two strains,
isolated from hands and nasal cavity, the MRSA detected was from the same person. The antimicrobial
susceptibility test was conducted on S. aureus of the two strains isolated to investigate the degree of
resistance and susceptibility against antibiotics other than Oxacillin. PCR was used to find out whether
penicillin binding protein 2 (mec A) gene exists or not. Consequently, both of the strains were found to
be MRSA. S. aureus isolated not only from patients but also from medical staff, various medical devices
and the wider environment. In cases of patients with a weak immune system infection can develop into
pneumonia and sepsis..8 As MRSAs, which achieved a resistant gene among S. aureus, increase, the use
of beta-lactam type antimicrobial is being limited.*2° For this reason, the usage of Vancomycin, the
strongest antibiotic of gram positive bacteria tends to increase, and as Vancomycin Resistant S. aureus
(VRSA) has been also reported, we conducted an antimicrobial susceptibility test to investigate VRSA,
but it was not isolated (Table 1). Among the gram negative bacillus isolated from hands,

S. marcescens,”, P. aeruginosa,® P. pneumotropica,”> and K. pneumonia* are opportunistic infection
bacteria, known to cause nosocomial infection.“ More studies on the spread pattern of these bacteria is
necessary, but hospital infection bacteria isolated from hands of dental hospital workers are
considered noticeable. Surgical operations are also conducted in dental hospitals, and implant
operations are widely generalized to supplement tooth loss.?” From dental peri-implantitis and chronic
periodontitis, anaerobic gram-negative bacilli (most isolated), gram-negative cocci, and spirochaetes
are isolated, and from orthopaedic infections, S. aureus and coagulase-negative Staphylococci are
isolated, causing problems.?” Patients can have a disease because of re-infection of microflora, which
they themselves have. But there is also a possibility that bacteria that dental hospital workers, such as
dentists and dental hygienists retain, are spread to patients.

In cases where seniors, or patients with a low immune system visit a dental hospital to undergo oral
cavity operations, implants and surgical removal of a malignant tumor, they can be infected by the
bacteria present on dental hospital workers. Therefore, it is expected that this investigation on bacteria
from the hands and the nasal cavities of dental hospital workers, where infection can occur easily, will
provide basic data for dental hospital infection management.

REFERENCES
[1] Kim JS, Kwon OK, Song WK, Kim HS, Park JY, Cho HC, Lee KM, Lee HR. Isolation of Healthcare-Associated Pathogens
from Cellular Phones Used by Medical personnel. Korean J Nosocomial Infect Control. 2010;15(1):36 — 40.



Kim and Jeong. QScience Connect 2013:10

[2] Kwon Y1, Kim TW, Kim HY, Chang YH, Kwak HS, Woo GJ, Chung YH. Monitoring of Methicillin-resistant Staphylococcus
aureus from Medical Environment in Korea. Korean | Microbiol Biotechnol. 2007;35(2):158 —162.

[3] Kim SM, Park JY, Cho EY, Choi CH. Characteristics of Methicillin-resistant Staphylococcus aureus Nasal Colonization
Among Neonatal Unit Staff and Infection Control Measures. Korean J Pediatr Infect Dis. 2009;16(2):131—141.

[4] McGrath EJ, Asmar BI. Nosocomial infections and multidrug-resistant bacterial organisms in the pediatric intensive
care unit. Indian J Pediatr. 2011;78(2):176 —184.

[5] YiJY, Kim EC. Microbiological Characteristics of Methicillin-resistant Staphylococcus aureus. Korean ] Clin Microbiol.
2010;13(1):1-6.

[6] Jeon EH, Han JH, Ahn TY. Comparison of Bacterial Composition between Human Saliva and Dental Unit Water System.
| Microbiol. 2007;45(1):1—5.

[7] Kang HK. Cross infection by MRSA isolates in dental hygiene students. / Korean Acad Oral Health. 2010;34(1):36 — 40.

[8] Lee SA, Yoo SY, Kay KS, Kook JK. Detection of hepatitis B virus and Mycobacterium tuberculosis in Korean dental
patients. / Microbiol. 2004;42(3):239—242.

[9] Huh HJ, Kim ES, Chae SL. Evaluation of the BD GeneOhn MRSA Real-time PCR Assay for Detection of Nasal
Colonization by MRSA. Korean J Clin Microbiol. 2011;14(2):74—78.

[10] Kim SJ. Identification and Distribution of the Pathogenic Microorganisms Isolated from Edible Ice In North Area of
Daegu, Korea. Korean | Microbiol. 2009;45(1):86 —90.

[11] Kown JL, Park JS. Comparison of Automated Systems for Identification of Vibrio Species. Korean J Microbiol.
2002;38(2):62—66.

[12] Choi GW, Jang WY, Lee JW, Kim SJ. Microorganism contamination from wearing one-day disposable contact lenses
according to wearing time. Korean J Microbiol. 2010;46(2):152—156.

[13] Jeong HJ, Kim SJ. Distribution and Antimicrobial Susceptibility of Bacteria in the Oral Cavity of Smokers or
Non-Smokers. Korean | Microbiol. 2010;46(4):334—340.

[14] Lee HS, Lim H. Evaluation of Various Methods for Detection of Methicillin Resistance Staphylococcus aureus (MRSA)).
Korean | Clin Microbiol. 2002;5(2):105—110.

[15] Jung JS, Shin WS, Kim SK, Park YS. Different Responses of MSSA and MRSA to Oxacillin of Their Respective MICs.
J Bacteriol Virol. 2009;39(4):287—294.

[16] Wayne, PA, CLSI, 2010. Clinical and Laboratory Standard Institute. Performance standards for antimicrobial
susceptibility testing; Twentieth informational supplement.

[17] Deurenberg RH, Vink C, Kalenic S, Friedrich AW, Bruggeman CA, Stobberingh EE. The molecular evolution of
methicillin-resistant Staphylococcus aureus. Clin Microbiol Infect. 2007;13(3):222-235.

[18] Kim SJ. Comparison Between Antimicrobial Susceptibility Test and mecA PCR Method for Reading of Methicillin-
resistant Staphylococcus aureus. Korean | Microbiol. 2011;47(4):381—385.

[19] Lakdawala N, Pham J, Shah M, Holton J. Effectiveness of low-temperature domestic laundry on the decontamination of
healthcare workers’ uniforms. Infect Control Hosp Epidemiol. 2011;32(11):1103—1108.

[20] Khodavaisy S, Nabili M, Davari B, Vahedi M. Evaluation of bacterial and fungal contamination in the health care
workers’ hands and rings in the intensive care unit. / Prev Med Hyg. 2011;52(4):215— 218.

[21] Otter JA, French GL. Community-associated methicillin-resistant Staphylococcus aureus strains as a cause of
healthcare-associated infection. / Hosp Infect. 2011;79(3):189-193.

[22] Ustun C, Cihangiroglu M. Health care workers’ mobile phones: a potential cause of microbial cross-contamination
between hospitals and community. / Occup Environ Hyg. 2012;9(9):538 —542.

[23] Morgan DJ, Rogawski E, Thom KA, Johnson JK, Perencevich EN, Shardell M, Leekha S, Harris AD. Transfer of multidrug-
resistant bacteria to healthcare workers’ gloves and gowns after patient contact increases with environmental
contamination. Crit Care Med. 2012;40(4):1045—1051.

[24] Ng LS, Teh WT, Ng SK, Eng LC, Tan TY. Bacterial contamination of hands and the environment in a microbiology
laboratory. / Hosp Infect. 2011;78(3):231—-233.

[25] Weber RL, Khan PD, Fader RC, Weber RA. Prospective study on the effect of shirt sleeves and ties on the transmission
of bacteria to patients. / Hosp Infect. 2012;80(3):252 — 254.

[26] Lee HJ, Kim YS, Kim JS, Cho YH, Lee KG, Suh JT, Cha SH. A Study of mecA and femA of Methicillin—resistant
Staphylococcus aureus (MRSA) Strains Isolated from Clinical Specimens. Korean J Clin Pathol. 2001;21(1):45— 48.

[27] Pye AD, Lockhart DE, Dawson MP, Murray CA, Smith AJ. A review of dental implants and infection. / Hosp Infect.
2009;72(2):104—110.

[28] Park JY, Jin JS, Kang HY, Jeong EH, Lee JC, Lee YC, Seol SY, Cho DT, Kim J. A comparison of adult and pediatric
Methicillin-resistant Staphylococcus aureus isolates collected from patients at a university hospital in Korea.
| Microbiol. 2007;45(5):447 — 452.



