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Characterization of Genotypes and Methicillin Resistance
of Staphylococcus aureus from Mastitic Milk of Dairy Cows

in Korea

A-R Lee 1, Y-S Joo, J-S Moon, H-M Kang, J-M Kim and 
M-N Kim 1

National Veterinary Research and Quarantine Service,
Department of Biology Sangmyung University Seoul Korea1

Staphylococcus aureus (S. aureus)is one of major pathogens caus-
ing bovine mastitis and many strains of them are resistant to peni-
cillin and ampicillin. A part of them are also resistant to methicillin.
Coagulase gene typing has proved to be a simple and effective
means with a high specificity to identify S. aureus. Therefore, this
study was investigated the distribution of methicillin resistant
Staphylococcus aureus(MRSA) using multiplex PCR and MIC,
polymorphism of coagulase gene by PCR-RFLP from bovine mas-
titic milk of 964 dairy farms from September 1999 to Augast 2000.
703 strains of S. aureus in the 5,902 quarter or composite milk were
isolated from bovine mastitic milk of 175 dairy farms(18.3%). Of
the 703 S. aureus, 179 strains were investigated the distribution of
MRSA and 17(9.5%) strains are resistant and 162(90.5%) strains are
susceptible to methicillin. The mec A gene expression rate was
increased in high MIC(≥16 ㎍/mL). 9 different coagulase gene
RFLP patterns were found among 179 strains and type 8 was most
frequently detected to MRSA (12 strains, 70.6%). This results sug-
gest that epidemic MRSA clones may spread between different dairy
farms and the use of appropriate antibiotics and control of specific
type are needed.
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Comparison of Antibiotic Sensitivity Pattern among
Methicillin Resistant Staphylococcus aureus (MRSA) and

Methicillin Sensitive Staphylococcus aureus (MSSA)

Jennifer Perera & Apara Wijesinghe
Department of Microbiology, Faculty of Medicine, Colombo &

Nawaloka Hospital, Colombo, Sri Lanka

BACKGROUND The objective was to determine the antibiotic sen-
sitivity pattern of MSSA and MRSA isolated simultaneously over a
period of 8 months for the purpopse of surveillance..
METHODS All Staphylococcus aureusstrains isolated from
patients admitted from January to October 2000 to the Nawaloka
Hospital, Colombo were tested for their antibiotic sensitivity pattern
using the NCCLS method. The antibiotic sensitivity patterns of
MSSA and MRSA were compared.
RESULTS The percentage resistance for commonly used antibi-
otics expressed by MSSA (n= 386)and MRSA (n = 56) strains
respectively were penicillin 55.7, 100 ; erythromycin 38.5 , 75; cotri-
moxazole 10.5, 60 ; gentamicin 24.4, 68 ; ciprofloxacin 4, 66 ;
fusidic acid 3.8, 26.1 ; clindamycin 10.5, 60. None were resistant to
vancomycin. Common specimens were pus/wound swabs 19%, aspi-
ration fluids 15%, lower respiratory tract 13.2%, IV canulae 9.1%,
eye 5.2%, blood 2.6%.
CONCLUSIONS The resistance rates for all commonly used anti
staphylococcal antibiotics were higher in the MRSA strains and the
difference was statistically significant (p<0.05)
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Evaluation of the Methods for Detection of Vancomycin
Intermediate Resistant Staphylococcus aureus .

M Boost 1, J Fung 1, D Tsang 2.
1. The Hong Kong Polytechnic University  

2. Queen Elizabeth Hospital

Strains of Staphylococcusaureus with reduced susceptibility to van-
comycin were first reported in Japan in 1997. Laboratory studies
have indicated that the disk diffusion test, Stokeís method and auto-
mated methods of antimicrobial susceptibility testing such as Vitek,
cannot detect vancomycin intermediate strains of Staphylococcus
aureus (VISA). Routine laboratory detection of S. aureuswith inter-
mediate resistance and with heteroresistance to vancomycin is diffi-
cult and not yet been standardized. This study aimed to investigate
the reliability of agar dilution, broth dilution and modified agar dilu-
tion methods for detection of vancomycin hetero-resistant
Staphylococcus aureusisolates.
Although isolates of Staphylococcus aureusresistant to vancomycin
have been reported in Hong Kong, at present these appear to be
extremely rare, as screening a large collection of recent MRSA iso-
lates did not yield any VISA strains. Therefore a simple, inexpensive
method is needed for the screening of VISA. 
The modified disc diffusion method was found to be the optimum
method for the detection of VISA, having a good reproducibility and
reliability. This method is easy to set up in the laboratory, simple,
inexpensive and gives a rapid detection method for VISA. We rec-
ommend its use for routine screening of Staphylococcus aureus
strains classified as MRSA.
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Antimicrobial Resistance of Staphylococcus aureus iso-
lates from Korean Tertiary Hospitals
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BACKGROUND Staphylococcus aureusis one of the most important
pathogens, causing severe morbidity and fatal infections. To date rapid evolu-
tion of antibiotic resistance in S. aureus, including recent emergence of van-
comycin resistant S. aureus(VRSA), has been a big concern. 
The purpose of this study is to update the current status of antibiotic resistance
in Korea. 
METHODS Clinical isolates were collected from 8 university affiliated hos-
pitals during the period of June 1999 to January 2001. Susceptibility tests
against 20 antibiotics were performed by disk 
diffusion method. All isolates were screened on brain-heart infusion agar with
4 ㎍/mL of vancomycin. If more than 1 colony grew, minimum inhibitory
concentration (MIC) for vancomycin was determined by microbroth dilution
method.

% P AMCV CZOL CRXM CTX EM AZM CLM SYN SXT
MSSA 89.8 1.6 0.0 5.3 6.1 36.3 40.8 11.4 0.0 1.2
MRSA 100.0 98.2 97.3 98.7 98.6 98.2 97.5 84.6 0.0 8.8

% VA TEC OFLX SPFX GM RFP TC FA IMPM Total
MSSA 0.0 0.0 2.4 2.9 25.7 0.4 22.4 31.8 0.0 245
MRSA 0.0 0.7 94.1 93.9 94.8 17.9 89.3 14.2 91.2 441

RESULTS Among total 686 isolates, exclusive of consecutive ones from the
same patients, 199 were from pus, 154 from respiratory specimens, 137 from
blood, 39 from urine. Overall prevalence of MRSA was 64% (441/686).
Resistance rates of MSSA and MRSA against 19 antibiotics were as follows;
Twenty-four percent (21/89) of the erythromycin-resistant MSSA and 85%
(370/437) of the erythromycin-resistant MRSA displayed a constitutive MLSb
resistance phenotype. The rest of them had an inducible phenotype . Twenty
one strains (3%) grew on the screening agar, but 
MICs of these for vancomycin ranged from 1 to 2 ㎍/mL.
CONCLUSION In tertiary hospitals, 64% of S. aureusisolates were methi-
cillin-resistant and multidrug-resistant. There were no isolates with reduced
susceptibility to vancomycin.
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Community-acquired Bacteremia with an ESBL-producing
E. coli

BH Tan, AL Tan
Departments of Internal Medicine and Pathology, Singapore

General Hospital Singapore

BACKGROUND ESBL-producing organisms are usually hospital-acquired;
however, we recently encountered a patient with community-acquired bacter-
aemia with an ESBL-producing Escherichia coliand report it here.
CASE REPORT A 50-year-old woman presented with a three-day history of
fever, chills and rigors. There was a mild headache but no cough, dysuria,
diarrhoea or vomiting. There was a history of dilation and curettage (one year
before) for perimenopausal bleeding. She had received no antibiotic during her
two-day stay. Uterine curettings were negative for malignancy and were cul-
ture-negative for Chlamydia and Mycobacteria. She had received a one-week
course of amoxycillin from her dentist a few months before admission. She
denied contact with sick persons. The blood pressure was 54/32; no localising
signs were found. She was resuscitated and started on broad-spectrum antibi-
otics. Blood cultures yielded an ESBL-producing E. coli sensitive to
piperacillin-tazobactam, ciprofloxacin, gentamicin and imipenem. ESBL was
detected using the Double-Disk Diffusion test. She was put on piperacillin-
tazobactam and completed a 10-day course of the drug before being sent home
on ciprofloxacin. Evaluation for a source of the bacteraemia was unyielding
apart from a colonic diverticulum. The urinalysis was normal, as was a CT
scan of the abdomen and pelvis.
DISCUSSION The recovery of an ESBL-producing organism from her blood
is worrying. She had none of the usual risk factors for the acquisition of such a
multi-resistant organism. Did she acquire the strain from her short stay in hos-
pital for the gynaecologic procedure or from the community? These questions
influence our understanding of ESBL-producing organisms.
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Comparative Study of Three Phenotypic Methods for the
Detection of Extended Spectrum Beta-lactamase (ESBL) in a
Singapore Hospital and their Antimicrobial Susceptibilities

Helda Leh-Chin Song, Yoke-Fong Chiew, Helen Oh
Changi General Hospital

OBJECTIVES In 1998, the incidence of ESBL was estimated to be 40% in
Changi General Hospital. A second study is carried out in Year 2000 to evaluate
three methodologies for their detection and to determine their antimicrobial sus-
ceptibilities.

MATERIALS and MATERIALS 134 non-duplicate strains of ceftazidime
(CAZ) resistant Enterobacteriaceae comprising 80 Klesiellaspp. 28 E-coli, and 26
Enterobacterspp. are obtained from clinical specimens of patients over two
months. The strains are tested against the following methods:

1. ESBL Etest
2. Key-hole test
3. NCCLS ESBL CAZ/CLA disk test.

Antimicrobial susceptibility testing was carried out using the NCCLS disk diffu-
sion method on the following antimicrobials: cefepime (FEP), tazobactam (TZP),
ciprofloxacin (CIP), imipenem (IPM), amikacin (AN) and augmentin (AMC).
RESULTS Using ESBL Etest as the gold standard, the performance of the other
two is compared.

Table 1. Detection of ESBL by Key-hole test and NCCLS ESBL disk test 
Statistical analysis Key-hole test NCCLS ESBL disk test
Specificities 100% 100%
Sensitivities 92.9% 94.1%

Table 2. Antimicrobial susceptibilities of the ESBLs
% Susceptibilities FEP TZP CIP IPM 
Sensitive 68 52 33 99 75 46
Resistant 32 48 67 1 25 54

CONCLUSION The overall incidence rate is found to be 30 % and Key-hole test
is recommended for the detection of ESBL in the routine laboratory with further
testing using Etest in doubtful cases. Measures are being taken to investigate fur-
ther the problem of ESBLs in the hospital.
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Prevalence and Risk Factors associated with Extended
Spectrum Beta-lactamase (ESBL) Production Among Selected
Enterobacteriaceae Isolates at the Philippine General Hospital.  

Emily S. Bomasang, MD, Myrna T. Mendoza, MD
Infectious Disease Section, University of the Philippines-
Philippine General Hospital (PGH), Manila, Philippines

OBJECTIVES To determine the prevalence and clinical risk factors associat-
ed with extended spectrum beta lactamase production among Gram negative
isolates among hospitalized patients, specifically Klebsiella pneumoniae,
Escherichia coli, and Enterobacterspp.
STUDY DESIGN Case-control.
SETTING A 1336 bed-tertiary care hospital.
PATIENTS/PARTICIPANTS Sequential isolates of K pneumoniae, E coli,
and Enterobacter spp. obtained from the Microbiology lab with respective
patients sought out in the wards and ICUs.  All patients from whom ESBL-
confirmed organisms  (cases) were isolated were matched against controls
according to etiologic agent and type of specimen.  No criteria for exclusion.
INTERVENTIONS Risk factors studied were: age, sex, presence of comor-
bidities, severity of illness, length of hospital stay, surgical interventions, pres-
ence of invasive devices, and recent antibiotic therapy.  Clinically suspicious
isolates were  tested for ESBL production by double disk diffusion and pheno-
typic confirmation using clavulanate.
OUTCOME MEASURE(S) Development of ESBL-related resistance.
DATA ANALYSIS Descriptive statistics, univariate,  and multivariate analy-
ses were done.  To estimate prevalence of ESBL production among the afore-
mentioned Gram negative organisms, with the expected prevalence being 10%
(precision ( 5%, CI95%), a sample size of 139 ESBL positives was calculated.
RESULTS Prevalence of ESBL production among 1349 isolates  taken from
784 adults and 565 pediatric patients is 29.9%.  Among these 1349 isolates,
Enterobacterspp. comprised 39.3%, Klebsiella pneumoniae14.9%, and
Escherichia coli45.8%. Risk factors shown to independently associated with
ESBL production were: each additional invasive device present during con-
finement (OR 1.68; CI95%1.19, 2.38). a difference of 4 in the PGH Mortality
Prediction Model score (OR1.72; CI95% 1.14, 2.60), and recent use of
Ceftazidime (OR 2.52, CI95% 1.14, 5.55). 
CONCLUSIONS ESBL prevalence in our setting was 29.9%.  Identification
of specific modifiable risk factors allows us to intervene in its dissemination.
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A Study of Extended Spectrum beta-lactamase Producing
Organisms in Hong Kong

TKW Ling, EYM. Liu, JML. Ling and AFB. Cheng
Susceptibility Surveillance Group, Antimicrobial Unit, 

Department of Microbiology, The Chinese University of Hong
Kong, Prince of Wales Hospital, Hong Kong SAR, China.

BACKGROUND The incidence of extended spectrum beta-lactamases
(ESBL) producing organisms is increasing in Hong Kong. Yet the infor-
mation on the resistance pattern, prevalence and characteristics of ESBLs
is still rare.
OBJECTIVES and MATERIALS In this study, 69 clinical isolates
including E. coli (43), Klebsiellaspp. (26) from PWH during 1998-1999
were confirmed for the production of ESBL according to the NCCLS
guideline. The ESBLs were determined by isoelectric focusing and PCR
amplification methods. MICs of nine antibiotics were determined using
agar dilution method.
RESULTS Twenty-six of the 69 (37.7%) strains were found to produce
TEM-type enzymes, 16 (23.3%) produce SHV-type, two produce
TEM+SHV, one produces TEM+OXA-type, the remaining 34.8%
required further investigations. Almost all the isolates were resistant to
cefuroxime. The ceftazidime resistance rate of E. coli and Klebsiellaspp.
were 16.3% and 73.1% respectively. Against cefepime, both E. coli and
klebsiellae were having resistance rate of 23%. Almost all the isolates
were resistant to piperacillin, but in the presence with tazobactam, all E.
coli became susceptible, and the resistance rate of Klebsiellaspp. reduced
to 15.4%. All the isolates were susceptible to imipenem and meropenem.
About 20% Klebsiella spp. and 5% E. coli were amikacin resistant.
Against ciprofloxacin, the resistance rate of E. coli and Klebsiella spp.
were 48.8% and 7.7% respectively.
CONCLUSION TEM-type enzyme is the prevalence type of ESBL in
this region. Carbapenems and piperacillin in combination with tazobactam
remained highly active against ESBL producing organisms isolated from
HK.
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