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Dental professionals are repeatedly exposed to many
microorganisms present in both blood and saliva. Thus,
dental professionals are at a greater risk of acquiring and
spreading infections, and the implementation of infections
control guidelines is necessary. Cellular phones have become
a necessary device for communicating in hospitals. Cellular
phones contaminated with bacteria may serve as a fomite in
the transmission of pathogens by the hands of medical
personnel. Nevertheless, studies about rate and levels of
bacterial contamination of cellular phones have been
extremely limited with regards to dental personnel. The
purpose of this study was to identify bacterial flora on the
cellular phones of dentists by a molecular biological method
using the 16S rRNA cloning and sequencing method. We
acquired total 200 clones from dentists’ cell phones and
identified the bacterial species. Pseudomonas (34.6%),
Lactobacillus  (18.5%), Azomonas (11.5%), and
Janthinobacterium (6%) were the dominant genera on
dentists’ cell phones. The oral bacteria identified were
Anaerococcus lactolyticus, Gibbsiella dentisursi,
Lactobacills leiae, Streptococcus mitis, Streptococcus
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oligofermentans, and Streptococcus sanguinis. Pathogenic
bacteria and opportunistic = pathogens such as
Carnobacterium funditum, Raoultella planticola, Shigella
fexneri, Lactobacillus iners, Staphylococcus aureus, and
Staphylococcus epidermidis were also identified.
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(BIONEER)E ©]&3lod AZ3|AFS] AAIZ plasmid & < AUk A71A L2 Blastn (genome database of the
FE51tE. =3 plasmid DNA+ A|$t@4Q1 EcoRl National Center for Biotechnology Information)s ©]-8-3}
(BIONEER)= A#latal A7|%9-5C=E insert DNAE of ALy A% 168 1DNA  FAAVIM LS
Qlstk Hof| vl ZAl(Seoul, Korea)oll 2JF st 7ML GenBank (http://www.ezbiocloud.net)®] H|o|E wWo|AE
Phylum : Cellular Phones o
Genus Species A 8 c D £ Total %
Actinobacteria
Actinokineospora Actinokineospora terrae 1 1 0.5
Agromyces cerinus Agromyces cerinus subsp. 1 1 0.5
Corynebacterium Corynebacterium pilbarense 1 1 0.5
Propionicimonas Propionibacterium freudenreichii 1 1 0.5
Propionicimonas paludicola 2 2 1
Rothia Rothia aeria 1 1 0.5
Bacteroidetes
Paraprevotella Paraprevotella xylaniphila 1 1 0.5
Tenacibaculum Tenacibaculum aiptasiae 1 1 0.5
Firmicutes
Aerococcus Aerococcus suis 2 2 1
Anaerococcus Anaerococcus lactolyticus 1 1 0.5
Bacillus Bacillus erseniae 1 1 0.5
Bacillus themocopriae 1 1 0.5
Carmobacteriurm maltaromaticum 6 6 3
Carnobacterium Carnobacterium mobile 1 1 0.5
Carnobacterium funditum 1 1 0.5
Enterococcus Enterococcus faecalis 1 1 0.5
Lactobacillus Lactobacills leiae 1 1 0.5
Lactobacillus acetotolerans 1 1 0.5
Lactobacillus aquaticus 1 0.5
Lactobacillus daker 1 1 0.5
Lactobacillus faecalis 1 1 0.5
Lactobacillus floricola 1 1 0.5
Lactobacillus fuchuensis 2 2 1
Lactobacillus graminis 1 1 0.5
Lactobacillus heilongjiangensis 1 1 0.5
Lactobacillus iners 1 1 2 1
Lactobacillus johnsonii 1 1 0.5
Lactobacillus odoratitofur 1 1 0.5
Lactobacillus saker 1 19 1 1 22 11
Lactobacillus sucicola 1 1 0.5
Lactobacilus nantensis 1 1 0.5
Macrococcus Macrococcus bovicus 1 1 0.5
Paenibacillus Paenibacillus glycanilyticus 1 1 0.5
Staphylococcus Staphylococcus aureus 1 1 0.5
Staphylococcus epidermidis 1 1 0.5
Staphylococcus haemolyticus 3 3 15
Staphylococcus saccharolyticus 1 1 0.5
Streptococcus Streptococcus mitis 1 1 0.5
Streptococcus oligofermentans 1 1 0.5
Streptococcus pseudopneumoniae 1 1 0.5
Streptococcus sanguinis 1 1 0.5
Vagococcus Vagococcus carniphilus 1 1 0.5
Weissella Weissela viridescens 1 1 0.5

Table 1. Summary of isolated clones derived from cellular phones of dentists
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PGhe)::::n Spacies A . CellularC Phones 5 . Total %

Proteobacteria

Azomonas Azomonas insiginis 3 4 5 11 23 11.5

Comamonas Comamonas denitrificans 1 1 0.5

Escherichia Shigella flexneri 3 3 1 7 3.5

Gibbsiella Gibbsiella dentisursi 1 1 0.5

Haemophilus Haemophilus quentini 1 1 0.5

Herbaspirillum Herbaspirillum frisingense 1 1 0.5

Herbaspirillum massiliense 1 1 0.5

Hydrogenophaga Hydrogenophaga pseudoflava 1 1 0.5

Janthinobacterium Janthinobacterium agaricidamnosum 1 1 4 4 10 5

Janthinobacterium svalbardensis 1 1 2 1

Massilia Massilia brevitalea 1 1 0.5

Massilia niabensis 1 1 0.5

Massilia plicata 2 2 1

Masslia albidiflava 1 1 0.5

Noviherbaspirillum Noviherbaspiriflum malthae 1 1 0.5

Pseudomonas Pseudomoans asturiensis 2 2 4 8 4

Pseudomonas antarctica 1 1 0.5

Pseudomonas azotoformans 1 1 2 1

Pseudomonas bactumici 1 1 0.5

Pseudomonas costantinii 2 2 1

Pseudomonas extremaustralis 1 1 0.5

Pseudomonas fluorescens 5 2 5 5 17 8.5

Pseudomonas grimontii 1 1 0.5

Pseudomonas guariconensis 1 1 0.5

Pseudomonas koreensis 1 1 0.5

Pseudomonas meridiana 6 6 3

Pseudomonas mucidolens 2 2 1

Pseudomonas nitritireducens 1 1 0.5

Pseudomonas orientalis 3 1 10 2 1 17 8.5

Pseudomonas plecogossicida 1 1 0.5

Pseudomonas protegens 1 1 0.5

Pseudomonas salomonii 2 2 1

Pseudomonas saponiphila 1 1 0.5

Pseudomonas trivialis 1 1 0.5

Pseudomonas viridiflava 1 1 0.5

Psudomonas moorer 1 1 0.5

Raoultella Raoultella planticola 1 1 0.5

_Salmonella enterica Salmonella enterica 1 1 0.5

Total 40 40 40 40 40 200 100

Table 1. (Continued)

2 pejAke] Frofzst AE sAfelA 2 Froixst % 407N
o] FEE dol, F 200719 1. 4
o] IV GS AAst 7 Alte s A & 47H

225 04041’4.( le

=212 TtA

(phylum), 32702] % (genus), 8170 2] F(species)S] Allto]
AZHUTE BE Fodstels 83 ow 7 EsiA A
=9 M2 Pseudomonas 0.2 HEH HA £
64.6%°l 3Tt 1 T3 O 2= Lactobacillus (18.5%),
Azomonas (11.5%), Janthinobacterium (6%)7} “1 ¥ o]tk
(Fig. 1). 22} T2 35 W= Azomonas insiginis7} A
Y 115%% 7P ol HEHTE &5k 21 7ejAL 770
19 Fredst o o] FE AR AIKFig. 2), UIF-
T Pseudomonas 50| 7F§ B &S Ao 1 o0



Identification of Bacterial Flora on Cellular Phones of Dentists 141

Streptococcus
2%
Propionicimonas

Massilia.

2%

Staphylococcus
4%
Escherichia_”

4%
Carnobacterium/
4%
Janthin 02 acterium Azomonas  Lactobacillus
6% 12% 19%

Fig. 1. Ratio of detected bacterial genus from cellular phones

of dentists
- nEtc
40 Herbaspirillum
Enterococcus
35
2 | u Bacillus
g 01 u Aerococcus
(0}
% 5  Streptococcus
E | 1 Propionicimonas
z 20 p
@ B Massilia
e 1
g 15 Staphylococcus
O
© Escherichia
2 10
g u Carnobacterium
E 5 1 Janthinobacterium
"+ Azomonas
0 . .
A B C D E W Lactobacillus

Cellular Phone B Pseudomonas

Fig. 2. Ratio of detected bacterial genus from a cellular phone
of each dentist

I Lactobacillus, Azomonas, Janthinobacterium < <=9 2 -

A=A, X 7eJA} Bl -9 Lactobacillus7F 2] T F-4-
= 2AE Alte] e v 2 HeJAF Fofdstel A €]
Al i G5tk FaidstelA 28 | o5 5 74
A& Anaerococcus lactolyticus, Gibbsiella dentisursi,
Lactobacills  leiae,  Streptococcus — mitis,  Streptococcus
oligofermentans, Streptococcus sanguinis %°] A& % T}

Shigella flexnerit= *72} -7 | Zke]Atel| A= & skt
S AR SIAIE Aofx| o] | RejAtell A= 37 ol A
=T 38l T703.5%) 2] B WS, Janthinobacterium
agaricidamnosum Wt 20X 2 - X 2pO|ALel| A= 97
(4.5%)2] F&0] 3ol|x] FaF EH AR, AT}
I A eJAtell A= 170(0.5%) 8] E2 o] el = SiTh oA
I o] Fref st welatell A FEigh 2pol S v A
etk AwkA o7 AZE Abgtoll AN ®E5A3S YERA
A RE Holeo] Wolx| = AlgkelAl e do7]= 713]

Wl 4. lactolyticus, Carnobacterium funditum, Raoultella
planticola, S. flexneri, Lactobacillus iners, S. aureus,
Staphylococcus epidermidis7} ¥ 31, coagulase-negative
staphylococci (CoNS)oll <534= Staphylococcus haemolyticus
7} AR o, HEH 2] AN Streptococcus pseudopneumoniae
7} st

B delA AxI7E Eate] 749 Hddto]l A

3 < o]fef Ulger 5ol oJ3liA A+

HATHS]. ©o]=8] ATelA Bl WE At T2
3

[e]
7] o] FolX o 5x1e] FefHst Al 25del sk A
TE 2ARS} FsA 59 dExloRE AstE Ao iy
ol X Fejake] FrjAste] elwel] HHEd A=
o9 Ak, 7y 2ebA = ARkajek el oEet vk 4
FAQl Woll7] wiZel SJ=T|HelA AREEE F
Azke] 914de] #aBr & 4 e dAVE Aok
B AT B ARFAR WRlo] A sHAlE S5kl
b FARYESHAR] A7 o]&sto]l FaE
B ArellA A Hoate] Frfstel A el iR
Al 5 870 At ez Aol B A
ol tithrglon gatelA A4 ow 7Ads do)
ZAow A7 oEe Aow AztHh ARk
olgA Ato® AW Fridsl= WAy Avte] g
A7 & 73S lvkal Az o] T dFollA
Al A frest 4 A= 73S WERY
WA Aass dAsgl
Singh ol &J3ll 1%=2] & |2y ella] Frawl A7Rolx
© AP AL o) 5xlo] ARgsH= Frrldstell A coagulase-
negative Staphylococcus} S. aureus7} 717 o] 2| H A ©
w71 9o Bacillus spp, Acinetobacter, Pseudomonas,
Micrococci, S. citreus, Diphtheroid®} 72 WYL=}, H]
Methicillme- A3 S, aureus3°|}  vancomycin-#] &3
Enterococcis. "TAE RQTH13]. §-2]9] A2 elx= 27
A1 Pseudomonas, Lactobacillus, Azomonas, Janthinobacterium
Zol 71 wol 2% 9™, 4. lactolyticus, G. dentisursi,
L. leiae, S. mitis, S. oligofermentans, S. sanguinis 2} 22 774
5 FEEATE 2 Aol FHE Pseudomonas,
Azomonas, Janthinobacterium+~ B5-S JepA] a1, EoF
oA ¥ AT O R A A ATk Lactobacillus=
2] A 2ejate] Frehstoll A dzomonas Bt & w3
SHAIRE Fefste] F AR wo] EAjshs ¢HFToE

lo

o rr

T

==

e rfr



142 Ye Won Kwon and Si Young Lee

W7l ol g AR HEJAL B)ollA Bk Ee w317
mzoltl thE XAk $AF BT iRk o R Bl
Sh) & g AlERE S n SRS HolA| o= ol
galskA] odrt -2l AolA S, flewneriS} J. agaricidamnosum
& AopX| ¥} T X[ o)Ak Fofs) 370 Rellx] A
WA o 2|53t - 2| HEJALe] Fo stell A = A€
AR gttt e o] 23t xlo) 7} X g ate]| whE 9
S50 71Q18k= ARIA] oW wh=a] JHR1 Aol &] 5k
ZJAA = =T gttt

Singh 5o AGelAM = S. aureus?t 16%, co-agulase-
negative Staphylococci7t 78%°] Frol sl A ] = A
omH[13], Ulger &2 AFNME S aureus= 52%,
Staphylococci= 21.4%2] ol stel A 2= SThs]. 1
i, 2o dAFtellx= s Fuidst F S aureus,
coagulase-negative staphylococcus”} Z}2}F shute] Fof A s}
oA FEENoH, FEY FAME S aureus= 171
(0.5%) coagulase-negative staphylococcusi= 371(1.5%)%] =
Exto] FEATh Esh AR HAATE 2T
g AR 29 Fodste A e Ao 9%E
vebskor, oAl A Faidst Eiella ¥ Alatol
THETE olAE Foidske] 34%7F AT o R
2dE RS gst Singh o AFA} zel7t Sl
Atk Singh ¥, Ulger 52 A7lA= vdES A9
HiAle] wjeF sto] sk W AREEY] Wil &
A AguR| oA ApA] 2 At AEE 5 §lsith
7] wFel @AE Aolgtal oS5 7hss nAdERE
< AT 7 gt Sl 28y 8= AlRtel 168
IRNAE ©]-&3F #8384l A& o] &3tk
ojzlo] $-2le] AFA#E} Singh T At ApolE
Kol o= AWdE Q= Aotk

& A, AHRAPE AFehs FOAs w8 29
& Holths A& SFS ¥ ohet v T 1A
Wete] o 7hs AR BolFa Qv # A= A3
AF AFEEHE FoAste] 299 %EE 16s rRNA clone library
£ TEohs wAPEAR o R sk A HA
TolARE, Aol ARgE Fohdste] 7 A A, 917
M FA s F80] 3 AET 40702 AgE o] & A
d9] AR gzt ol dHAlE FE3s7] skl At
2FA| ] sequencing 71" Q1 pyrosequencing'H< ©]-8-gt
7F XEEThd B o gnleleta gekst A9E o

U= Ao w Azt Fjdstels HEEE At
Q1 2lejg} A n} el dhsfire o W =
} F7HAQ1 A7 Aok, Frodshe X Rt
&3 HE o= 0 A AFeH HER skxfe}
st &S sk At A= Bt A9 7ks

+ =
N

2 0 4y
oz
Y

12 1o fo 1o o @ o

X
o

o Plat 917k Bask AR o) 9471Fe] Ae

4

A vlolE BAlo) £8& F AAF, WA, olet

tEellAl Ao

Conflict of interest

The authors declare that they have no conflicting interest.

References

10.

11.

. Boyce JM. Environmental

contamination makes an
important contribution to hospital infection. J Hosp Infect.
2007;65(Suppl 2):50-54.

. Dharan S, Mourouga P, Copin P, Bessmer G, Tschanz B,

Pittet D. Routine disinfection of patients' environmental
surfaces. myth or reality? J Hosp Infect. 1999;42:113-117.

. Bures S, Fishbain JT, Uyehara CF, Parker JM, Berg BW.

Computer keyboards and faucet handles as reservoirs of
nosocomial pathogens in the intensive care unit. Am J
Infect Control. 2000;28:465-471.

Ducel G, Fabry J, Nicolle L, eds. Prevention of
hospital-acquired infections: a practical quide. 2nd ed.
Geneva: World Health Organization. 2002.

. Singh D, Kaur H, Gardner WG, Treen LB. Bacterial

contamination of hospital pagers. Infect Control Hosp
Epidemiol. 2002;23:274-276.

. Braddy CM, Blair JE. Colonization of personal digital

assistants used in a health care setting. Am J Infect
Control. 2005;33:230-232.

. Karabay O, Kocoglu E, Tahtaci M. The role of mobile

phone in the spread of bacteria associated with nosocomial
infection. J Infect Develop Countries 2007;1:72-173.

. Ulger F, Esen S, Dilek A, Yanik K, Gunaydin M,

Leblebicioglu H. Are we aware how contaminated our
mobile phones with nosocomial pathogens? Ann Clin
Microbiol Antimicrob. 2009;8:7,0711-8-7.

. Goldblatt JG, Krief I, Klonsky T, Haller D, Milloul V,

Sixsmith DM, Srugo I, Potasman I. Use of cellular
telephones and transmission of pathogens by medical staff
in new york and israel. Infect Control Hosp Epidemiol.
2007;28:500-503.

Brady RR, Verran J, Damani NN, Gibb AP. Review of
mobile communication devices as potential reservoirs of
nosocomial pathogens. J Hosp Infect. 2009;71:295-300.
Neff JH, Rosenthal SL. A possible means of inadvertent
transmission of infection to dental patients. J Dent Res.



Identification of Bacterial Flora on Cellular Phones of Dentists 143

13. Singh S, Acharya S, Bhat M, Rao SK, Pentapati KC.

12. Murray JP, Slack GL. Some sources of bacterial Mobile phone hygiene: Potential risks posed by use in the
contamination in everyday dental practice. Br Dent J. clinics of an indian dental school. J Dent Educ.
1957;134:172-174. 2010;74:1153-1158.

1957;36:932-934.



