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Methicillin-Resistant Staphylococcus aureus Infections in Intensive Care
Unit (ICU) Patients: Relation to Nasal Carriage of Patients or ICU
Personnels

Wonkeun Song, M.D., Tae Jae Lee, M.T., Seung Joo Kim, R.N.*,
Min-Jeong Park, M.D., and Kyu Man Lee, M.D.

Departments of Clinical Pathology and Infection Control Office*, University of Hallym College of Medicine,
Seoul, Korea

Background : Methicillin-resistant Staphylococcus aureus (MRSA) is the most common nosocomial
pathogen, which is particularly prevalent in intensive care units (ICUs). We performed this study to
investigate the modes of transmission of MRSA and the role of nasal carriage of MRSA to
subsequent MRSA infection in ICU.

Methods : From September to November 1997, all patients admitted for more than two days to
the ICU were studied prospectively. Nasal swabs were obtained at admission and weekly during the
ICU stay. Surveillance cultures of nares of the ICU personnels were done. Molecular typing was
performed with repetitive sequence-based PCR (rep-PCR).

Results : At ICU admission 34 patients (21.0%: 19 MSSA, 15 MRSA) were MRSA nasal carrier,
while 126 patients were free of nasal colonization. During the ICU stay 12 (9.5%: 3 MSSA, 9 MRSA)
of the 126 noncolonized patients became nasal carriers (P <0.05). S. aureus infections (all MRSA)
were documented in 14 (15 isolates, 8.6%) of the total 162 patients. S. aureus infections were
significantly higher for those patients who were nasal carriers at ICU admission than for those found
to be initially negative (P <0.05). Two different type (A, 7 isolate; B, 8 isolates) of rep-PCR patterns
were identified. All four nasal and seven clinical isolates from the patients, and four nasal isolates
from the ICU personnels were mixed with A and B patterns, respectively.

Conclusion : Nasal colonization was related to the increased incidence of MRSA infections.
Patients or ICU personnels who were nasal colonized with MRSA seemed to be a major source for
transmission of MRSA in the ICU.(Korean J Clin Microbiol 2001;4:45-51)

Key Words : Methicillin-resistant Staphylococcus aureus (MRSA), Intensive care unit (ICU), Nasal
carriage, Repetitive sequence-based PCR (Rep-PCR)
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= x}= S aureus B] 7 A A2 F oA, A
A2 Centers for Disease Control and Prevention®] 7 2]
[13]5 o] &3t

™ E-(Copan Diagnostics Inc., NY, USA)S i 8] 73
A AFS HAE A A HFS T 35T A
ShEuk vl Fst et 13 A7) catalase /‘]?és: Al &) gk
& Staphaurex Plus 2}€l A~ $-3 7 A}(Murex Biotech Ltd.,
Kent, England), mannitol salt v X] (Becton Dickinson
Microbiology Systems, MD, USA)E ©]-83}o] S. aureus
= =3sAY. A A Al @S National Committee
for Clinical Laboratory Standards (NCCLS)2] 7]5[14]]]
o Taz sy

trimethoprim-sulfamethoxazole, chloramphenicol, penicillin

= gentamicin, ciprofloxacin,

G, tetracycline, erythromycin, clindamycin, vancomycin,
teicoplanin T} 2~ = (Becton Dickinson Microbiology
Systems)ol] &l A&}t Methicillin WA A1 & &
oxacillin A uj x| = o] &3}, =, oxacillin 6 ug/mL
I} 4% NaClo| g4 Mueller—Hmton v Aol 1.5 10
CFU/mL2] NS HE3slo] 34ColA] 247t ] 3k
T, 3k Fgholgt: A methicillin AT o2 w5
=

3. Rep-PCR2 0|28t DNA 24
W3} QI3 AGNA EF MRSAZL Hel® 49

PATCATA R ES I PASS zﬂoﬂ/q gk MRSA7} #-2]¥ 39
357 2 e ﬁ"JJ H7 " A A 22
] o S A e 2 rep-PCRS 4 A8}

1) DNA 22|

70Cc WERS By FQ g TFE AR
"ol 35T S ANMAER F 3549 At
ol A, genomic DNA purification kit (Promega, WI, USA)
£ o] g3le] AlgAdw Ao wel chromosomal DNAES
25

2) Rep-PCR

Rep-PCR< del Vecchio S[15]19] ¥ S <F7F W33
of AAletgtt. teks] Aw e, 150 nge] chromoso-
mal DNAZ rep-PCRY] template® A} &3} 2
Mycoplasma pneumoniae] repetitive sequence$! primer
RW3A (5 -TCGCTCAAAACAACGACACC-3" )E 30 pL
reaction volume™ 75 pmol& 3} % o). Perkin-Elmer
thermocycler 2400 (Perkin-Elmer Cetus, CT, USA)S Al-&
&lo] predenaturationS 95Co| A 3EZIF A3 T,
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Table 1. Epidemiologic and clinical features of the fourteen patients infected with MRSA

Patient . Interv;\l . Nasal carrier Primary
No. Specimen frp m a dmission before infection diagnosis
to first isolate (day)
12 Sputum 6 No Small bowel perforation
Wound 11
20 Sputum 5 No AMI
26 Sputum 18 Yes Lung cancer
30 Blood 29 No Liver cirrhosis
34 Sputum 5 No SDH
54 Sputum 12 Yes ICH
63 Sputum 94 Yes ICH
89 Sputum 11 No SDH
123 Sputum 20 Yes Bronchiectasis
126 Wound 18 Yes SDH
135 Wound 22 No—Yes* SAH
139 Sputum 7 No—Yes Cerebral infarct
147 Blood 27 No—Yes ICH
150 Sputum 21 Yes Rectal cancer

Abbreviations: AMI, acute myocardial infarction; SDH, subdural hematoma; ICH, intracranial hematoma; SAH, subarachnoid

hematoma

* No -> Yes: initially negative and subsequently positive nasal carrier before infection

denaturationS 94 ol 4] 18, annealing2 54Col| A 1&,
extension2 72Co| A 28-S 1cycleZ 3}o] 303] A3}
9 3L vFR] 9} extensione 72Co A 5EIF Al SFA T

3) HIIAS

Ethidium bromide”} £3%% ZZAHE 15 uL9} 100 bp
DNA ladder standard (BRL Life Technologies Inc., MD,
USA)E 1.5% agarose gelol] ZtZF £33k & 110 Vol A
35 Al 7F ZoF A 7] E3)e] UV transilluminatorol] A &
ZAsta ZgtZol= b gk(Spectroline, NY, USA)Z A}
2 Mgtk DNAWMES} s} o 4 Aol s} v A2
de goz BEag

% Th. Chi-square testE ©] &
Py mﬂowﬂﬂﬂ%%%%ﬂﬂ
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19979 99 HE 119 Alolo] B F3xAo 9
3 Fxle BF 2129l a5 5042 SEAA

A71zre] 2 o]at 7] wiEe] A digelA Al
Atk T8 Ab o] 3Y o] e 1627 At F
19 FAIRE S aureus H] 7t A A2 A b= 341
(21.0%) 2.2 methicillin 7+4=4 S. aureus (MSSA)7} 19
™ (55.9%), MRSA7} 1578 (44.1%)0] k. 49 ZA] o
7 A AAAE 126 (79%) 5 1278(9.5%)°] 4D F
AAAY HRq olF 98(75%)°] MRSA A=
Q1A kA S, aureus & Zx}Fol] H]5] MRSA % 2 H] &
o] EATA R oo} A 3= THP value <0.05). &
A FAFEH MRSA H[ & H ARG 347 F 69
(17.6%)91 4 MRSA ZFdol i, 949 FA B 7 H
AHAAAG 1268 F Jd F ¥AZ A0 | 1292
Al w7 FZAA9 ™ 1149 5 2h2 3%(25.0%), 69
(5.3%)°] MRSA] 74 = A THP <0.05, Fig. 1). &4 G Al
¥l S. aureus ¥ 7} A A H 347 9] 3} F 107
(46.7%)C A a2 o) Q1351 QY Thrp =3ApA 2 o] A
H A=, olF 7H (70%)0] MRSA 3 22} a1, 3k}
A2 AA Y3 241 S0 A = 87 (33.3%)°] MRSA %
741} 7 THP value <0 05) At = 919 & Z3ixa =2

71717441 9] 713b2 Fdako] 6.59(1-719)0 ATt F
g}z}goﬂ 39 o] A ?j%z‘; 162 3 149 (1573, 8.6%)
ol 4] S. aureus 7+ o] 9 2.5 MRSA 7t o] 9l t}.
AN BEE 357, "%%“c}, g HA 72tz
10(67%), 3(20%), 2(13%)7} ©] L tH(Table 1). 2] &7 2473
off thale] A B 7 Bu) Foll A& 47 (16.7%) 1 A
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Table 2. Comparisons of antibiogram and rep-PCR fingerprinting patterns of MRSA strains from the patients and medical

personnels
Strain No. Antibiogram* Rep-PCR Pattern
Medical personnels with nasal specimen
MN-4 TsCVT A
MN-5 CiTsCVT B
MN-18 TsCVT B
MN-20 TsCVT B
Patients with nasal specimen
PN-126 TsCVT B
PN-135 TsCVT B
PN-139 TsCVT B
PN-150 TsCVT A
Patients with clinical specimen
PC-20 (sputum) TsCVT A
PC-34 (sputum) TsCVT A
PC-89 (sputum) TsCVT A
PC-126 (wound) TsCVT B
PC-135 (wound) TsCVT B
PC-139 (sputum) TsCVT A
PC-150 (sputum) TsCVT A

* Antibiogram: TsCVT, susceptible to trimethoprim-sulfamethoxazole, chloramphenicol, vancomycin, teicoplanin; CiTsCVT

susceptible to ciprofloxacin, trimethoprim-sulfamethoxazole, chloramphenicol, vancomycin, teicoplanin

MRSA7} 2] = AT

1552] MRSAS thA 2 2 rep-PCRS A g8l 2 1} Ag}
B 7HA @ ol 27t 779 850l 3 FAke] 13
QI7A . e Bl 1A A A £ " MRSAZ 242}
A% B FHo] R EAa AT w27 QAR AN 2
—,—MRSA7]— B 499 32} F 3L A2 ZL (A
o, 1 S Boc:}, ZUg)O]N\J— ]%Dixl 113:1*4 ]7cl'°ﬂ 1"5 Bac:]
ol et dFAA A= Aot oA FA A Al A T
MRSA7F 28l9 382 25 Ago|t}. o] 1559
MRSAl“— 1FE AQeta 5 2& A 45 3

H 1 t}(Fig. 2, Table 2).

M3k

I'_
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MRSA H] 7t 7 22} o} W] 2h2ke] MRSA 2+l &0 242}
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B A A AH Y Sapgte] 7kl Bol 247}t 44%,04% = 1t
E}} MRSA H| 7} A 2to] MRSA 7499S do7]= 0
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ZAMEY Eo] o]&5 3 9ttt 2 = PFGE, AP-PCR
2 rep-PCR 5o] #H#o] 43 @A A

[11].PFGEx E¥dHoly A4 o

AlZre] @o] 2g¥al J-7P—4 A7t B s ddol
2131 AP-PCR % 3 waA JAE ¢ oy A
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ICU admitted patients
more than 3 days
(162)

Non-nasal carrier
at ICU admission

Nasal carrier
at ICU admission

(126) (34)
\
Nasal carrier MSSA MRSA
during (19) (15)
ICU stay
‘ Infected by S. aureus
. . (6)
Negative Positive | |
(114) 12) MRSA MRSA
(1) (5)
Infected by
S. aureus MSSA MRSA
(6) 3) )
MRSA
©) Infected by S. aureus
(3)
No MRSA
(3)

Fig. 1. Staphylococcus aureus nasal carrier state at ICU admission, and subsequent S. aureus infections.

M1 2345678 9101112 M 131415

Fig. 2. Rep-PCR patterns of MRSA strains from the patients
and medical personnels in the ICU. Lane M is molecular
weight marker (100 bp DNA ladder). Lane 1 to 4 are isolates
from nasal swab of ICU personnels. Lane 5 to 8 are isolates
from nasal swab of the patients. Lane 9 to 15 are isolate

from clinical specimens of the patients. Paired isolates from
four patients: nasal (lanes 5, 6, 7, 8) and clinical (lanes 12,
13, 14, 15) isolates.

aureus®] Expdskza ZAPMMH © 2 M. pneumoniae®]
repetitive sequence$l primer RW3AS ©] 83} rep-PCR<
AP-PCR, PFGE®} H|w gt Z 3} rep-PCR©] AP-PCRe]
vlal Aol o Fgkm, PFGES] wlaiA e Ay
of rerelm 490 o e AYES BT od &
Fo A £ repPCRE FAted sz o2 deahgl

< W3 A4 gkt MRSA B 7 4 2
_4 ABA S FALS A3 1\1§ J,}e:]/ﬂo]
9ol gelntis 9% ARE Fa HAvd

ddor A&AS Aozt skivh. 1
U B2 AFd A 15572 MRSAE S 2 rep-PCRS
NQg Azt Ast B % 71| Furo] Zhzt 135} 83
Aoldar, gzte] HAI A FHA, Jgzlel mAA
Ao &9 37 +2 MRSA7F Z+ZF A9t B, & &
of m¥ ZASA =g A FA ov] MRSAZ} A

o[)l
JN _L ~



50

e >m
o
2
(o
T
o
o,
mL
rlo
it
AS)
fru

A el gol xelA A 2E MRSAZL o

%
& %+ g9
olge Asg w
MRSAZ} H] 7ol & =+

goz FeAa
5“:4_ [o)

)
>

zkg 9

H 7 H % v Fg AAls)

gt mupirocin X & F 7FA #E] TFE AL
wEE A A7 A7 9-119) Bt €
T MRSA 2 =& 749 gx171 ofF 139l et
o gA& AP 1290 = 49 MRSA 3 2+ =
MRSAZ} & 3zl o8
= MRSA7} MRSA 7+<d o

2

b o g0
>
S Y mo ofy X oY o dE N & 2

b
3

o

(e} =
83 95 31 eS¢ F UL, rep-PCR T
o] &3 TAGEALE Fal AldS wel Adg
g AL AEozM MRSA Z4dS 9 & IS
o7

oz
)
)
o

Hf & : Methicillin WA} Staphylococcus aureus
(MRSA)= 7H Fad Bdgddeltt. old MRSA
#ae] Mert £ A4S dd o Z MRSA
o] 97 =S vho}stal MRSA BI7ZHg 23t hde] A
W2 stz stk

g B o 19979 99T H 11€7HA] S8 39
ol F g 16299 FAE e R Jd AFo Y
At e B F 13 A, 1eja 2499 T
S ez vAdAFs AAss
Rep-PCRE ] &3] MRSA &8 ¥4 & A el
: 99 A MRSA H] 743 2HA}= 349 (21.0% -
19 MSSA, 15 MRSA)°] 91t} 1269 2] v]7}; v] 4 A} =
127 (9.5%: 3 MSSA, 9 MRSA)o] 19l & u]7} & 2x}7}
ek, AA 16299 B F 45T, 8.5%)00 A
S. aureus (25 MRSA) 7#+<do] 9l%ith. MRSA #A &
& 49 P B F AL HZ el A vl o
°|7F A EXTHP <0.05). Rep-PCRE Al g 23} F
7HA @AY, 775 BE 89)9] RS it 4o

lo,
1o
b
N
flllo

¥4,

SEZ, OB, HS=, ofuld,

FFAATF), 2wl vAHAEF)
Z

oA E2ld 37072 MRSAo|A 7tz A¢t BE F 7}

A7t B ZA5

3l
o

2l

6.

7.

10.

11.

4 B MRSA 97 AR 07 6 HA] v
1

AW, e AN, A, A, eF

MRSA 7 &o] E%a, FA} 953l v
A 2= o] 1= MRSAZ} MRSA 2o 83 A<l
Ao 2 e At

.Lee K, Chang CL, Lee NY, Kim HS, Hong SK, Cho HC,

Korean Nationwide Surveillance of Antimicrobial
Resistance Group. Korean nationwide surveillance of
antimicrobial resistance of bacteria in 1998. Yonsei
Med J 2000;41:497-506.

. %21 &. Methicillin-resistant Staphylococcus aureus 7+

Qo) ol % we]. 917 ¥ 1996;1:73-83.

spo =
o O -
19969 =) MY S AT LA G A
1997;2:157-76.

. Boyce JM. Methicillin-resistant Staphylococcus aureus:

detection, epidemiology, and control measures. Infect
Dis Clin North Am 1989;3:901-13.

. Peacock JE Jr., Marsik FJ, Wenzel RP. Methicillin-

resistant Staphylococcus: introduction and spread
within a hospital. Ann Intern Med 1980;93:526-32.
Pujol M, Pena C, Pallares R, Ariza J, Ayats J, Dominguez
MA et al. Nosocomial Staphylococcus bacteremia
among nasal carriers of methicillin-resistant and
methicillin-susceptible strains. Am J Med
1996;100:509-16.

Kluytmans J, van Belkum A, Verbrugh H. Nasal carriage
of Staphylococcus aureus: epidemiology, underlying
mechanisms, and associated risks. Clin Micorbiol Rev
1997;10:505-20.

. Mest DR, Wong DH, Shimoda KJ. Nasal colonization

with methicillin resistant S. aureus on admission to the
surgical intensive care unit increased with the risk of
infection. Anesth Analg 1994;78:644-50.

. Crossley K, Landersman B, Zaske D. An outbreak of

infection caused by strains of Staphylococcus aureus
resistant to methicillin and aminoglycosides. J Infect
Dis 1979;139:280-7.

Opal SM, Mayer KH, Stenberg MJ. Frequent
acquisition of multiple strains of methicillin-resistant
Staphylococcus aureus by health-care workers in an
endemic hospital environment. Infect Control Hosp
Epidemiol 1990;11:479-85.

Tenover FC, Arbeit R, Archer G, Biddle J, Byrne S,



12.

13.

15

16.

17.

MRSA infections in ICU patients

Goering R, et al. Comparison of traditional and
molecular methods of typing isolates of
Staphylococcus aureus. J Clin Microbiol 1994;32:407-
15.

Power EGM. RAPD typing in microbiology - a
technical review. J Hosp Infect 1996;34:247-65.

Garner JS, Jarvis WR, Emori TG, Horan TC, Hughes JM.
CDC definitions for nosocomial infections, 1988. Am
J Infect Control 1988;16:128-40.

. National Committee for Clinical Laboratory Standards.

Performance Standards for antimicrobial suscepti-
bility tests; 9th informational supplement. NCCLS
document M100-S9, Wayne, Pensylvania: National
Committee for Clinical Laboratory Standards, 1999.

. Del Vecchio VG, Petroziello JM, Gress MJ, McCleskey

FK, Melcher GP, Crouch HK et al. Molecular
genotyping of methicillin-resistant Staphylococcus
aureus via fluorophore-enhanced repetitive-sequence
PCR. J Clin Microbiol 1995;33:2141-4.

Emmerson AM, Enstone JE, Griffin M, Kelsey MC,
Smyth ET. The second national prevalence survey of
infection in hospitals - overview of the results. J Hosp
Infect 1996;32:175-90.

National Nosocomial Infections Surveillance (NNIS)
System. National Nosocomial Infections Surveillance
(NNIS) System Report, data summary from October
1986- April 1998, issued June 1998. Am J Infect
Control 1998;26:522-33.

. Lye WC, Leong SO, Lee EJ. Methicillin-resistant

Staphylococcus aureus nasal carriage and infections
in CAPD. Kidney Int 1993;43:1357-62.

19.

20.

21.

22.

23.

24.

25.

51

Hartstein AL and Mulligan ME. Methicillin-resistant
Staphylococcus aureus. In: Mayhall CG ed., Hospital
epidemiology and infection control. 2nd ed.
Philadelphia: Lippincott Williams & Willkins.
1996;347-64.
AR, AEw, o)y, AdH, ded, ol %s 5.
PFGEE o] &3 W3} &= %
97 2 7178 B MRSA 2+ 2} v 7 2rake] A aad
ZAMA T 9 #E] 1998;3:1-10.
Corbella X, Dominguez MA, Pujol M, Ayats J, Sendra
M, Pallares R et al. Staphylococcus aureus nasal
carriage as a marker for subsequent staphylococcal
infections in intensive care unit patients. Eur J Clin
Microbiol Infect Dis 1997;16:351-7.
Van Belkum A, Kluytmans J, van Leeuwen W, Bax R,
Quint W, Peters E et al. Multicenter evaluation of
arbitrarily primed PCR for typing of Staphylococcus
aureus strains. J Clin Microbiol 1995;33:1537-47.
Wenzel R and Hermann R. Repetitive DNA sequence in
Mycoplasma pneumoniae. Nucleic Acid Res 1988;
16:8337-50.
Van der Zee A, Verbakel H, van Zon JC, Frenay I, van
Belkum A, Peeters M et al. Molecular genotyping of
Staphylococcus aureus strains: comparison of
repetitive sequence-based PCR with various typing
methods and isolation of novel epidemicity marker. J
Clin Microbiol 1999;37:342-9.
olulof, A=, &7, A st viE|dAWA &4
Il
5

)

i
2
R
o
<
py)
w
>
lo,
o

g
TEPdd €@ HAdd AeTYe) o g5z
AE AT BAAEPE B RA 4TI Y RS

3] x| 1999;2:125-30.

I~





