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Rapid identification of penicillin-resistant
Streptococcus pneumoniae by PCR in 

PBP (penicillin-binding protein) 2B region

JY Baek
*
, JY Jeoung, WS Oh, 

SM Kim, KR Peck, JH Song 
Division of Infectious Diseases, Samsung Medical

Center, Sungkyunkwan University School of Medicine,
and Asian-Pacific Research 

Foundation for Infectious Diseases

Backgrounds: The increase in penicillin-resistant S.
pneumoniae (PRSP) is causing serious clinical problems
worldwide. Rapid and direct detection of PRSP in the
clinical specimen is critical in the treatment of pneumo-
coccal infections, particularly pneumococcal meningitis.
We have performed PCR and sequencing of pbp 2b
gene to develop a novel diagnostic method to detect
PRSP directly from the clinical specimens. 

Methods: A total of 102 clinical isolates of S. pneumo-
niae isolated from Korea between 1998 and 2002 were
studied (penicillin-susceptible 31, -intermediate 22, -
resistant 49). S. pneumoniae genomic DNA was pre-
pared from overnight culture of S. pneumoniae strains.
The 1.5kb region of the pbp2b gene was amplified and
directly sequenced by using ABI PRISM Big Dye
Terminator sequencing kit. 

Results DNA: sequencing of the pbp2b gene of PRSP
(MIC≥2ug/ml) showed relatively uniform alterations in
nucleotides and amino acids (Q139G, I167L, S218P,
N228Y, T232L, Q233L, Q244E, T252A, L261I, S279T,
E282G, S286A, T295A, A322S and N344D). All
Korean PRSP isolates belonged to three major patterns
of amino acid alterations. Type I has Ile (167) Leu and
Asn (344) Asp mutations but not in Ala (322) compared
with wild type. Type II has Ala (322) Ser but not in lle
(167) and Asn (344). Type III has no alterations in lle
(167), Ala (322) and Asn (344) but has alterations other
amino acids as mentioned above. Among 49 PRSP, type
I was 27 (55.1%), type II was 18 (36.7%), and type III
was 4 (8.2%), respectively. Multiplex PCR with 3 sets of
primers which were designed to directly detect type I
(282 bp), type II (348 bp), and type III (282 bp and 348
bp) was performed with simultaneous amplification of
pneumolysin gene (432 bp). This PCR procedures could
successfully identify PRSP. PSSP was not detected with
this PCR method. 

Conclusions: Based on the sequencing data of pbp 2b
gene, multiplex PCR procedure was established to
directly detect PRSP. Further experiments using this
multiplex PCR in the animal infection model and human
infections are warranted to evaluate the diagnostic use-

fulness of this novel method.

Successful treatment of 
vancomycin-resistant enterococcus 
faecium meningitis with linezolid��

HB Lee
*
, HJ Kwon, YB Jang, YC Lee, YK Rhee
Department of Internal Medicine, 

Chonbuk National University 
Medical School, Chonju, Korea 

Enterococcus is one of the common pathogens in hospi-
tal-acquired infections. Vancomycin-resistant
Enterococcus sp. (VRE) are a rare cause of meningitis,
occurring primarily in patients who have undergone
surgery of the central nervous system, and are associated
with a high mortality. In the last few years, the preva-
lence of nosocomial infections caused by Enterococcus
sp. has increased and VRE have emerged as a serious
problem because of the resistance to multiple antibiotics,
including vancomycin. Linezolid�, the first available
oxazolidinones for clinical use, has been shown to be
effective in the treatment of serious methicillin-resistant
Staphylococcus aureus (MRSA) and VRE infections.
We report a case of vancomycin-resistant Enterococcus
faecium meningitis in patient with ventriculoperitoneal
shunt who was successfully managed with linezolid and
ventriculoperitoneal catheter remove. 

The study of antimicrobial effects
in Asplenium scolopendrium

A Majd, S Mehrabian, S Kelich*
Department of Biology, 
Training University, Iran

Asplenium scolopendrium is an ever green fern that
grows in shaded site in north foreste, Iran. This plant
have medical uses. Its infused is usful in diarrhea, dysen-
tery, cough and cold. Also an ointment is made of its
frond-for burn.
In this research, we desiccated and powdered the plant
underground and aerial parts. Then powders were steril-
ized by tandalization method. Then we prepared
methanolic, ethanolic and aqueous extracts. The antimi-
crobial effect was evaluated by cup-plat method on
some of microorganism (gram(+) and gram(-) bacteria
and candida albicans fungi ).
The result showed that aqueous extract antimicrobial
activity was very insignificant. Both methanolic and
ethanolic extracts of underground parts showed antimi-
crobial effects more strongly than methanolic and
ethanolic extracts of aerial parts. E.coli nearly was resis-
tant against all extracts. Total result showed that antimi-
crobial effects were from bacteriocide type. 
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Listeria monocytogenes: six
important cases of Listerioses

D Mylona -Petropoulou, G Ganteris, 
V Papaioannou, C Pehlivanidi, 
G Haziris, H Malamou - Lada

ICU, G Gennimatas Hospital, Athens, Greece

We report six recently encountered cases of Listeriosis
(May to September 2002)in hospitalized patients :4 men
and 2 women with mean age of 68.5 years (range 63 -73
years). Listeria monocytogenes strains were identified by
the API Coryne system (BioMerieux, France), beta -
hemolysis and CAMO reaction. MICs determination
was performed with the use of E test procedure (AB
biodisk, Sweden) and serotyping with antisera of Difco
labs, USA.
Fever, confusion and headache were the common clini-
cal symptoms. Four patients presented features of central
nervous system infection, one bacteremia and one bac-
teremia and meningitis. Patients with bacteremia
/meningitis were more than 60 years old and they had
the following predisposing factors: liver cirrhosis
(n=2),hematological malignancy (n=2), malignancy and
diabetes mellitus (n=1)and Crohn's disease (n=1).
Immunosuppresive therapy (corticosteroid) was identi-
fied in 3/6 patients. Four cases of Listeriosis occured in
spring, when occurs the peak of animal Listeriosis and
only two cases in September when occurs the peak of
human Listeriosis. Listeria monocytogenes strains were
serotyped as O:1 or O:4. All of them presented the typi-
cal susceptibility pattern of Listeria spp (susceptibility to
ampicillin, trimethoprim/sulfamethoxazole, gentamicin,
cephalothin and resistance to 2nd and 3rd generation
cepphalosporins and quinipristin /dalfopristin).
Two patients with Listeriosis were treated successfully
with intravenous ampicillin,while the rest of them who
received empirical antibiotic treatment, did not survive.
Clinicians need to be familiar with the features of this
lethal disase for an early diagnosis and appropriate treat-
ment. Clinical microbiologists have to apply the appro-
priate methods for the rapid isolation and accurate iden-
tification of Listeria monocytogenes.

A case of aorto-femoral bypass graft 
infection complicated with 

infective endocarditis

H Lee
*
,  KJ Cho, CG Jeong

Infectious Diseases, Donga Medical Center, Korea

Prosthetic vascular graft infection is a relatively uncom-
mon complication of peripheral vascular surgery. The
infection of a prosthetic vascular graft (PVGI), although
rare, is the most severe complication in reconstructive
vascular surgery. The early diagnosis of this complica-
tion reduces the death rate from surgery. We report a
case of aorto-femoral bypass graft infection complicated
with infective endocarditis A 60-year-old man, who had
been febrile for two months, had severe intermittent
right groin pain. He had aortofemoral bypass operation
done due to aortojejunal fistula in abdominal aortic
aneurysm at July 15, 2001. Multiple microorganisms
isolated from blood cultures. Acute aortic regurgitation
and vegetation due to endocarditis were demonstrated by
echocardiography. Antibiotic therapy was continued 6
weeks. Recurrent bacteremia of unknown origin persist-
ed after antibitic therapy stopped. There was no sign of
graft infection by imaging study (MRI, CT). 99mTc-
HMPAO WBC scan and bone marrow scan demonstrat-
ed uptake in the aortofemoral bypass graft site. The
patient underwent emergency aortofemoral graft
removal with axillobifemoral bypass and Rt.
femoropopliteal bypass. His postoperative course was
uneventful.

Prevalece of extended-spectrum beta- 
lactamase phenotypic gram negative 

bacteria from Eastern India

A Chakroborty
*1
, M Kraw

2
, S Sen1, S Raj

1
. 

1
Calcutta Medical Research Centre, Kolkata, 

India; 
2
University of Western Ontario, 

London, Canada

Background: There are reports of high prevalence of
multiple antibiotic resistant gram negative bacteria from
many parts of the world. But similar data from Eastern
India are scarce. 

Methods: From April 2001 - March 2002, consecutive
specimens of E. coli (EC) (n=363), Klebsiella spp. (KS)
(n=362). And P. mirabilis (PM) (n=231) from a 400-bed
tertiary-care hospital in Kolkata were screened for ESBL
phenotypes (defined as resistance to ceftazidime, ceftri-
axone and cefotaxime). Antimicrobial susceptibility test-
ing was performed using the disk diffusion method
according to NCCLS standards. 

Results: Specimens were isolated from urine (49%),
wounds (17%), ET tube (13%), sputum (5%), tra-
cheostomy tube (3%), blood (2%) and others (11%).
ESBL phenotypic distributions were: EC (32%), KS
(28%) and PM (29%). Their antibiotic susceptibilities
are given in the Table 1.

Patients with ESBL phenotypes were generally older
than those with non-ESBL isolates (45.1 vs 39.3 years
old), had a longer length of stay (19.3 vs. 15.2 days), and
had a greater in hospital mortality 37(13.0%) vs.
10(1.5%).

Conclusions: High rates of ESBL phenotypes were
found with notable levels of co-resistance to quinolones
and aminoglycosides. Epidemiologic surveillance of
antibiotic resistance in hospital can guide appropriate
therapeutic choices.

Resistance in aerobic gram-negative
bacilli (GNB) causing intra-abdominal

infection (IAI) in Korea
: results from SMART

K Lee
1*
, D Yong

1
, MN Kim

2
, 

V Satishchandran
3
, G Woods

3
, I Friedland

3

Severance Hospital, Yonsei University College of
Medicine Seoul, Korea

1
;Asan Medical Center, Seoul,

Korea
2
; Merck Research Laboratories, 

West Point, PA USA
3

Background: SMART (Study for Monitoring
Antimicrobial Resistance Trends) is an ongoing global
antimicrobial resistance surveillance study, focusing on
disease-based isolate collection. The objective of this
study was to determine susceptibility rates among aero-
bic GNB causing IAI.

Methods: In 2001-2002, 2 sites in Korea each tested
100 consecutive nonduplicate GNB isolated from
patients with IAI by using microdilution, following
NCCLS guidelines.

Results: Susceptibility rates for the 145
Enterobacteriaceae were: imipenem 99%, meropenem
99%, ertapenem 98%, amikacin 97%, piperacillin-
tazobactam (PT) 90%, ceftriaxone (CRO) 85%,
ciprofloxacin 77%, ampicillin-sulbactam (AS) 46%. For
the 76 E. coli, susceptibility rates were: imipenem and
meropenem 100%, ertapenem and amikacin 99%, PT
93%, CRO 89%, ciprofloxacin 66%, AS 43%. For 4
drugs commonly used to treat IAI, MIC (㎍/ml) at
which 90% of the E. coli, Klebsiella (n=32), and
Enterobacter (n=19) were inhibited were: ertapenem,
0.06 - 1; imipenem, 0.12 - 1; PT 8 - 128; and CRO 16 -
128. The rank order of susceptibility for the most active
agents against the 31 P. aeruginosa was ceftazidime
87%, PT 84%, and imipenem, meropenem, and
amikacin 81%; none were susceptible to AS. All 13
Acinetobacter were susceptible to imipenem; 77% were
susceptible to meropenem.

Conclusions: In this study, imipenem, meropenem,
ertapenem, and amikacin were the most active agents
and ertapenem was the most potent against
Enterobacteriaceae, which with anaerobes, are the most
important components of IAI. Resistance of
Enterobacteriaceae to ciprofloxacin (e.g. 33% in E. coli)
was higher among these Korean isolates than what has
been reported in many other regions of the world. 

Table 1.

AGENT E. Coli                   Klebsiella spp. P. mirabilis
(n=117) (n=102) (n=68)

Amikacin 83/100(83%) 58/86 (67%) 29/56 (52%) 

Amox-Clav 22/63 (35%) 3/6 (50%) 0/7 (0%)

Cefpirome 0/3 (0%) 5/16 (31%) 1/2 (50%)

Cefpirome-sulbactam 114/115 (99%) 91/93 (98%) 64/66 (97%)

Ciprofloxacin 21/106 (20%) 40/87 (46%) 23/65 (35%)

Gentamicin 48/108 (44%) 36/97 (37%) 18/65 (28%)

Netilmycin 69/109 (63%) 48/96 (50%) 42/64 (66%)

Ofloxacin 52/95 (55%) 53/79 (67%) 30/50 (60%)

Pip-Tazo 57/57 (100%) 57/57 (100%) 36/36 (100%)



IS
A

A
R

 2003

3 4

Ju
ly

 1
6 

- 
18

, 1
0:

00
am

- 
5:

00
p

m
E

xh
ib

it
io

n
 H

al
l

P
o

stersCC 03 CC 04 GN 01 GN 02

Listeria monocytogenes: six
important cases of Listerioses

D Mylona -Petropoulou, G Ganteris, 
V Papaioannou, C Pehlivanidi, 
G Haziris, H Malamou - Lada

ICU, G Gennimatas Hospital, Athens, Greece

We report six recently encountered cases of Listeriosis
(May to September 2002)in hospitalized patients :4 men
and 2 women with mean age of 68.5 years (range 63 -73
years). Listeria monocytogenes strains were identified by
the API Coryne system (BioMerieux, France), beta -
hemolysis and CAMO reaction. MICs determination
was performed with the use of E test procedure (AB
biodisk, Sweden) and serotyping with antisera of Difco
labs, USA.
Fever, confusion and headache were the common clini-
cal symptoms. Four patients presented features of central
nervous system infection, one bacteremia and one bac-
teremia and meningitis. Patients with bacteremia
/meningitis were more than 60 years old and they had
the following predisposing factors: liver cirrhosis
(n=2),hematological malignancy (n=2), malignancy and
diabetes mellitus (n=1)and Crohn's disease (n=1).
Immunosuppresive therapy (corticosteroid) was identi-
fied in 3/6 patients. Four cases of Listeriosis occured in
spring, when occurs the peak of animal Listeriosis and
only two cases in September when occurs the peak of
human Listeriosis. Listeria monocytogenes strains were
serotyped as O:1 or O:4. All of them presented the typi-
cal susceptibility pattern of Listeria spp (susceptibility to
ampicillin, trimethoprim/sulfamethoxazole, gentamicin,
cephalothin and resistance to 2nd and 3rd generation
cepphalosporins and quinipristin /dalfopristin).
Two patients with Listeriosis were treated successfully
with intravenous ampicillin,while the rest of them who
received empirical antibiotic treatment, did not survive.
Clinicians need to be familiar with the features of this
lethal disase for an early diagnosis and appropriate treat-
ment. Clinical microbiologists have to apply the appro-
priate methods for the rapid isolation and accurate iden-
tification of Listeria monocytogenes.

A case of aorto-femoral bypass graft 
infection complicated with 

infective endocarditis

H Lee
*
,  KJ Cho, CG Jeong

Infectious Diseases, Donga Medical Center, Korea

Prosthetic vascular graft infection is a relatively uncom-
mon complication of peripheral vascular surgery. The
infection of a prosthetic vascular graft (PVGI), although
rare, is the most severe complication in reconstructive
vascular surgery. The early diagnosis of this complica-
tion reduces the death rate from surgery. We report a
case of aorto-femoral bypass graft infection complicated
with infective endocarditis A 60-year-old man, who had
been febrile for two months, had severe intermittent
right groin pain. He had aortofemoral bypass operation
done due to aortojejunal fistula in abdominal aortic
aneurysm at July 15, 2001. Multiple microorganisms
isolated from blood cultures. Acute aortic regurgitation
and vegetation due to endocarditis were demonstrated by
echocardiography. Antibiotic therapy was continued 6
weeks. Recurrent bacteremia of unknown origin persist-
ed after antibitic therapy stopped. There was no sign of
graft infection by imaging study (MRI, CT). 99mTc-
HMPAO WBC scan and bone marrow scan demonstrat-
ed uptake in the aortofemoral bypass graft site. The
patient underwent emergency aortofemoral graft
removal with axillobifemoral bypass and Rt.
femoropopliteal bypass. His postoperative course was
uneventful.

Prevalece of extended-spectrum beta- 
lactamase phenotypic gram negative 

bacteria from Eastern India

A Chakroborty
*1
, M Kraw

2
, S Sen1, S Raj

1
. 

1
Calcutta Medical Research Centre, Kolkata, 

India; 
2
University of Western Ontario, 

London, Canada

Background: There are reports of high prevalence of
multiple antibiotic resistant gram negative bacteria from
many parts of the world. But similar data from Eastern
India are scarce. 

Methods: From April 2001 - March 2002, consecutive
specimens of E. coli (EC) (n=363), Klebsiella spp. (KS)
(n=362). And P. mirabilis (PM) (n=231) from a 400-bed
tertiary-care hospital in Kolkata were screened for ESBL
phenotypes (defined as resistance to ceftazidime, ceftri-
axone and cefotaxime). Antimicrobial susceptibility test-
ing was performed using the disk diffusion method
according to NCCLS standards. 

Results: Specimens were isolated from urine (49%),
wounds (17%), ET tube (13%), sputum (5%), tra-
cheostomy tube (3%), blood (2%) and others (11%).
ESBL phenotypic distributions were: EC (32%), KS
(28%) and PM (29%). Their antibiotic susceptibilities
are given in the Table 1.

Patients with ESBL phenotypes were generally older
than those with non-ESBL isolates (45.1 vs 39.3 years
old), had a longer length of stay (19.3 vs. 15.2 days), and
had a greater in hospital mortality 37(13.0%) vs.
10(1.5%).

Conclusions: High rates of ESBL phenotypes were
found with notable levels of co-resistance to quinolones
and aminoglycosides. Epidemiologic surveillance of
antibiotic resistance in hospital can guide appropriate
therapeutic choices.

Resistance in aerobic gram-negative
bacilli (GNB) causing intra-abdominal

infection (IAI) in Korea
: results from SMART

K Lee
1*
, D Yong

1
, MN Kim

2
, 

V Satishchandran
3
, G Woods

3
, I Friedland

3

Severance Hospital, Yonsei University College of
Medicine Seoul, Korea

1
;Asan Medical Center, Seoul,

Korea
2
; Merck Research Laboratories, 

West Point, PA USA
3

Background: SMART (Study for Monitoring
Antimicrobial Resistance Trends) is an ongoing global
antimicrobial resistance surveillance study, focusing on
disease-based isolate collection. The objective of this
study was to determine susceptibility rates among aero-
bic GNB causing IAI.

Methods: In 2001-2002, 2 sites in Korea each tested
100 consecutive nonduplicate GNB isolated from
patients with IAI by using microdilution, following
NCCLS guidelines.

Results: Susceptibility rates for the 145
Enterobacteriaceae were: imipenem 99%, meropenem
99%, ertapenem 98%, amikacin 97%, piperacillin-
tazobactam (PT) 90%, ceftriaxone (CRO) 85%,
ciprofloxacin 77%, ampicillin-sulbactam (AS) 46%. For
the 76 E. coli, susceptibility rates were: imipenem and
meropenem 100%, ertapenem and amikacin 99%, PT
93%, CRO 89%, ciprofloxacin 66%, AS 43%. For 4
drugs commonly used to treat IAI, MIC (㎍/ml) at
which 90% of the E. coli, Klebsiella (n=32), and
Enterobacter (n=19) were inhibited were: ertapenem,
0.06 - 1; imipenem, 0.12 - 1; PT 8 - 128; and CRO 16 -
128. The rank order of susceptibility for the most active
agents against the 31 P. aeruginosa was ceftazidime
87%, PT 84%, and imipenem, meropenem, and
amikacin 81%; none were susceptible to AS. All 13
Acinetobacter were susceptible to imipenem; 77% were
susceptible to meropenem.

Conclusions: In this study, imipenem, meropenem,
ertapenem, and amikacin were the most active agents
and ertapenem was the most potent against
Enterobacteriaceae, which with anaerobes, are the most
important components of IAI. Resistance of
Enterobacteriaceae to ciprofloxacin (e.g. 33% in E. coli)
was higher among these Korean isolates than what has
been reported in many other regions of the world. 

Table 1.

AGENT E. Coli                   Klebsiella spp. P. mirabilis
(n=117) (n=102) (n=68)

Amikacin 83/100(83%) 58/86 (67%) 29/56 (52%) 

Amox-Clav 22/63 (35%) 3/6 (50%) 0/7 (0%)

Cefpirome 0/3 (0%) 5/16 (31%) 1/2 (50%)

Cefpirome-sulbactam 114/115 (99%) 91/93 (98%) 64/66 (97%)

Ciprofloxacin 21/106 (20%) 40/87 (46%) 23/65 (35%)

Gentamicin 48/108 (44%) 36/97 (37%) 18/65 (28%)

Netilmycin 69/109 (63%) 48/96 (50%) 42/64 (66%)

Ofloxacin 52/95 (55%) 53/79 (67%) 30/50 (60%)

Pip-Tazo 57/57 (100%) 57/57 (100%) 36/36 (100%)
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In-vivo acquisition of ceftriaxone 
resistance in Salmonella enterica

serotype anatum

LH Su
*
, CH Chiu, C Chu, JH Chia, 

AJ Kuo, TL Wu, CF Sun, and JT Ou
Chang Gung Memorial Hospital and 

Chang Gung University, Taiwan

Background: The emergence of resistance to antimicro-
bial agents within the salmonellas is a worldwide and
severe problem. It is generally believed that the resistant
salmonellas spread from food animals to humans
through the food chain. A case of treatment failure due
to the emergence of resistance to ceftriaxone in
Salmonella enterica serotype Anatum was studied. S.
enterica serotype Anatum and Escherichia coli, both of
which are susceptible to ceftriaxone, were initially isolat-
ed from a diabetic patient hospitalized for the treatment
of wound and urinary tract infections. Resistant S. enter-
ica serotype Anatum and E. coli strains were isolated
concomitantly 2 weeks after the initiation of ceftriaxone
therapy. The patient eventually died of a sepsis caused
by the ceftriaxone-resistant salmonella.

Methods: PCR, nucleotide sequence analysis, and
DNA-DNA hybridization were performed to elucidate
the resistance mechanism. Infrequent-restriction-site
PCR was used to verify the genetic relatedness of the
clinical isolates.

Results: A blaCTX-M-3 gene was found on a 95.1-kb plas-
mid from the ceftriaxone-resistant isolates of S. enterica
serotype Anatum and E. coli. The plasmid was proved to
be conjugative. Molecular fingerprinting showed that the
susceptible and resistant strains were genetically indis-
tinguishable.

Conclusions: The emergence of resistance to ceftriax-
one in S. enterica serotype Anatum was due to the in
vivo acquisition of a plasmid containing the blaCTX-M-3

gene and was the cause for treatment failure in this
patient. To control the escalating resistance in salmonel-
la, in addition to banning inappropriate antibiotic use in
food animals, parallel efforts should also be made to
reduce the prevalence of resistant gram-negative enteric
bacilli in the hospital settings.

Dissemination of chromosomal AmpC - type
beta-lactamase genes among 

clinical isolates

JY KIM
2
, YW Choi

1
, YC Jung

1
, HI Jung

1
, 

ES Sohn
1
, SC Park

1
, JH Lee

1
, MG Kim

1
, 

SK Sohn
1
, GJ Jeon

1
, JH Jung

1
, YH Kim

1
, 

SH LEE
1*
, SH Jeong

3
, KJ LEE

2

1
Department of Genetic Engineering, Youngdong
University, Chungbuk 370-701, 

2
Department of

Microbiology, College of Natural Sciences, Seoul
National University, Seoul, and Department of Clinical

Pathology, Kosin University College of Medicine,
Busan

3
, South Korea

To determine prevalence and genotype of an extended-
spectrum beta-lactamase and new chromosomal AmpC
beta-lactamases among clinical isolates of Enterobacter
species, we performed antibiotic susceptibility testing, pI
determination, induction test, transconjugation, ERIC-
PCR, sequencing, and phylogenetic analysis. Among the
fifty-one clinical isolates collected from a university hos-
pital in Korea, six isolates have shown to produce SHV-
12 and inducible AmpC beta-lactamases. These also
included three isolates producing TEM-1b and one strain
carrying TEM-1b and CMY-type beta-lactamase with a
pI of 8.0. The results from ERIC-PCR revealed that six
isolates were genetically unrelated, suggesting that dis-
semination of SHV-12 was responsible for the spread of
resistance to extended-spectrum beta-lactams in Korea.
Six genes of inducible AmpC beta-lactamases that are
responsible for the resistance to cephamycins (cefoxitin
and cefotetan), amoxicillin, cephalothin, and amoxi-
cillin-clavulanic acid were cloned and characterized. An
1165-bp DNA fragment containing the AmpC genes
was sequenced and found to have an open reading frame
coding for 381-amino-acid beta-lactamase. The results
from phylogenetic analysis suggested that six AmpC
genes could be originated from blaEcloMHN1 or blaEcloQ908R.
[Supported by grant # 1999-2-211-002-5 from KOSEF]

Extended-spectrum ββ- lactamase-
producing Serratia marcescens in 

Taiwan: surveillance, detection
and clinical spectrum 

Wen Liang Yu
*1
, Jen Hsien Wang

1
, Lii Tzu Wu

2
, 

Michael A. Pfaller
3
, and Ronald N. Jones

4

1
China Medical College Hospital, 

2
China Medical

College, Taiwan, 
3
University of Iowa College of

Medicine, and 
4
The JONES GROUP/JMI Laboratories,

Iowa, USA 

Background: Although S. marcescens is a common
cause of nosocomial infection in Taiwan, strains produc-
ing extended-spectrum β-lactamases (ESBLs) are rarely
reported. We previously detected four clinical isolates of
CTX-M-3-producing S. marcescens that exhibited resis-
tance to cefotaxime, but were susceptible to imipenem
and merope- nem. This study expanded efforts to survey
and to simplify the detection method for the ESBL-pro-
ducing S. marcescens.

Methods: Isolates of S. marcescens were collected at a
medical center in central Taiwan from July 2001 to
January 2002. Experiments included MIC (Etest), dou-
ble disk synergy test for ESBL production using cefo-
taxime ± clavulanate (CTX ± CLA) and ceftazidime
± clavulanate (CAZ ± CLA), Etest ESBL screen, iso-
electric focusing, plasmid conjugation, PCR for β-lacta-
mase genes, DNA sequencing analysis and RAPD.  

Results: A total of 123 non-duplicate clinical isolates of
S. marcescens were collected, of which 43% isolates
were non-susceptible to cefotaxime (CTX-R). Double
disk test using CTX ± CLA detected all 15 ESBL-pro-
ducers, but CAZ ± CLA did not detect any ESBL pro-
ducer. Plasmid-mediated CTX-M-3 was identified in all
15 ESBL-producers (12% overall, 28% of CTX-R iso-
lates), 12 of which had cefepime zone diameters within
susceptible ranges of 18-23 mm (NCCLS breakpoints:
susceptible at ≥ 18 mm; intermediate at 15-17 mm; and
resistant at ≤14 mm). Clinical specimens of these 15
ESBL-producing isolates included: blood (5), urine (5),
ascites (2), and one each from sputum, bronchoalveolar
lavage and central venous catheter tip. Only 13 patients'
clinical data were available including: sex, man: woman
= 5:8; mean age, 69 yrs (range, 36-88 yrs); and 10
patients had nosocomial infections. The clinical spec-
trum of ESBL-producing S. marcescens infections
included febrile UTI (3), asymptomatic pyuria (2), pneu-
monia (2), secondary bacteremia (2) due to cholangitis
or bed sore infection, spontaneous bacterial peritonitis
(2), secondary peritonitis (1) and primary bacteremia (1).
Overall mortality was 38.5% (5/13). Molecular epidemi-
ology did not reveal evidence of clonal spread of these
CTX-M-3 producing isolates by RAPD method. 

Conclusions: NCCLS ESBL-screening and -reporting
guidelines are currently issued for Klebsiella spp. and E.
coli only, this study demonstrates the need to expand
efforts to detect ESBL production among S. marcescens.
About 30% isolates of CTX-R S. marcescens harbored
CTX-M-3 ESBL. Since CTX-M-3 has potent hydrolytic
activity against cefepime, there is a concern for therapy
failure if an apparently susceptible cefepime MIC (80%,
12/15 in this study) were used to direct treatment of a S.
marcescens carrying CTX-M-3. We recommend double
disk test with CTX ± CLA for routine ESBL screen
focusing on CTX-R S. marcescens with cefepime zones
of less than 24 mm. This could minimize the extra work
in the clinical microbiology laboratory. After confirming
the ESBL-producing isolates, infection control practices
including hand washing, isolation precautions and
antimicrobial control should be enforced to contain these
highly resistant strains. 
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In-vivo acquisition of ceftriaxone 
resistance in Salmonella enterica

serotype anatum

LH Su
*
, CH Chiu, C Chu, JH Chia, 

AJ Kuo, TL Wu, CF Sun, and JT Ou
Chang Gung Memorial Hospital and 

Chang Gung University, Taiwan

Background: The emergence of resistance to antimicro-
bial agents within the salmonellas is a worldwide and
severe problem. It is generally believed that the resistant
salmonellas spread from food animals to humans
through the food chain. A case of treatment failure due
to the emergence of resistance to ceftriaxone in
Salmonella enterica serotype Anatum was studied. S.
enterica serotype Anatum and Escherichia coli, both of
which are susceptible to ceftriaxone, were initially isolat-
ed from a diabetic patient hospitalized for the treatment
of wound and urinary tract infections. Resistant S. enter-
ica serotype Anatum and E. coli strains were isolated
concomitantly 2 weeks after the initiation of ceftriaxone
therapy. The patient eventually died of a sepsis caused
by the ceftriaxone-resistant salmonella.

Methods: PCR, nucleotide sequence analysis, and
DNA-DNA hybridization were performed to elucidate
the resistance mechanism. Infrequent-restriction-site
PCR was used to verify the genetic relatedness of the
clinical isolates.

Results: A blaCTX-M-3 gene was found on a 95.1-kb plas-
mid from the ceftriaxone-resistant isolates of S. enterica
serotype Anatum and E. coli. The plasmid was proved to
be conjugative. Molecular fingerprinting showed that the
susceptible and resistant strains were genetically indis-
tinguishable.

Conclusions: The emergence of resistance to ceftriax-
one in S. enterica serotype Anatum was due to the in
vivo acquisition of a plasmid containing the blaCTX-M-3

gene and was the cause for treatment failure in this
patient. To control the escalating resistance in salmonel-
la, in addition to banning inappropriate antibiotic use in
food animals, parallel efforts should also be made to
reduce the prevalence of resistant gram-negative enteric
bacilli in the hospital settings.

Dissemination of chromosomal AmpC - type
beta-lactamase genes among 

clinical isolates

JY KIM
2
, YW Choi

1
, YC Jung

1
, HI Jung

1
, 

ES Sohn
1
, SC Park

1
, JH Lee

1
, MG Kim

1
, 

SK Sohn
1
, GJ Jeon

1
, JH Jung

1
, YH Kim

1
, 

SH LEE
1*
, SH Jeong

3
, KJ LEE

2

1
Department of Genetic Engineering, Youngdong
University, Chungbuk 370-701, 

2
Department of

Microbiology, College of Natural Sciences, Seoul
National University, Seoul, and Department of Clinical

Pathology, Kosin University College of Medicine,
Busan

3
, South Korea

To determine prevalence and genotype of an extended-
spectrum beta-lactamase and new chromosomal AmpC
beta-lactamases among clinical isolates of Enterobacter
species, we performed antibiotic susceptibility testing, pI
determination, induction test, transconjugation, ERIC-
PCR, sequencing, and phylogenetic analysis. Among the
fifty-one clinical isolates collected from a university hos-
pital in Korea, six isolates have shown to produce SHV-
12 and inducible AmpC beta-lactamases. These also
included three isolates producing TEM-1b and one strain
carrying TEM-1b and CMY-type beta-lactamase with a
pI of 8.0. The results from ERIC-PCR revealed that six
isolates were genetically unrelated, suggesting that dis-
semination of SHV-12 was responsible for the spread of
resistance to extended-spectrum beta-lactams in Korea.
Six genes of inducible AmpC beta-lactamases that are
responsible for the resistance to cephamycins (cefoxitin
and cefotetan), amoxicillin, cephalothin, and amoxi-
cillin-clavulanic acid were cloned and characterized. An
1165-bp DNA fragment containing the AmpC genes
was sequenced and found to have an open reading frame
coding for 381-amino-acid beta-lactamase. The results
from phylogenetic analysis suggested that six AmpC
genes could be originated from blaEcloMHN1 or blaEcloQ908R.
[Supported by grant # 1999-2-211-002-5 from KOSEF]

Extended-spectrum ββ- lactamase-
producing Serratia marcescens in 

Taiwan: surveillance, detection
and clinical spectrum 

Wen Liang Yu
*1
, Jen Hsien Wang

1
, Lii Tzu Wu

2
, 

Michael A. Pfaller
3
, and Ronald N. Jones

4

1
China Medical College Hospital, 

2
China Medical

College, Taiwan, 
3
University of Iowa College of

Medicine, and 
4
The JONES GROUP/JMI Laboratories,

Iowa, USA 

Background: Although S. marcescens is a common
cause of nosocomial infection in Taiwan, strains produc-
ing extended-spectrum β-lactamases (ESBLs) are rarely
reported. We previously detected four clinical isolates of
CTX-M-3-producing S. marcescens that exhibited resis-
tance to cefotaxime, but were susceptible to imipenem
and merope- nem. This study expanded efforts to survey
and to simplify the detection method for the ESBL-pro-
ducing S. marcescens.

Methods: Isolates of S. marcescens were collected at a
medical center in central Taiwan from July 2001 to
January 2002. Experiments included MIC (Etest), dou-
ble disk synergy test for ESBL production using cefo-
taxime ± clavulanate (CTX ± CLA) and ceftazidime
± clavulanate (CAZ ± CLA), Etest ESBL screen, iso-
electric focusing, plasmid conjugation, PCR for β-lacta-
mase genes, DNA sequencing analysis and RAPD.  

Results: A total of 123 non-duplicate clinical isolates of
S. marcescens were collected, of which 43% isolates
were non-susceptible to cefotaxime (CTX-R). Double
disk test using CTX ± CLA detected all 15 ESBL-pro-
ducers, but CAZ ± CLA did not detect any ESBL pro-
ducer. Plasmid-mediated CTX-M-3 was identified in all
15 ESBL-producers (12% overall, 28% of CTX-R iso-
lates), 12 of which had cefepime zone diameters within
susceptible ranges of 18-23 mm (NCCLS breakpoints:
susceptible at ≥ 18 mm; intermediate at 15-17 mm; and
resistant at ≤14 mm). Clinical specimens of these 15
ESBL-producing isolates included: blood (5), urine (5),
ascites (2), and one each from sputum, bronchoalveolar
lavage and central venous catheter tip. Only 13 patients'
clinical data were available including: sex, man: woman
= 5:8; mean age, 69 yrs (range, 36-88 yrs); and 10
patients had nosocomial infections. The clinical spec-
trum of ESBL-producing S. marcescens infections
included febrile UTI (3), asymptomatic pyuria (2), pneu-
monia (2), secondary bacteremia (2) due to cholangitis
or bed sore infection, spontaneous bacterial peritonitis
(2), secondary peritonitis (1) and primary bacteremia (1).
Overall mortality was 38.5% (5/13). Molecular epidemi-
ology did not reveal evidence of clonal spread of these
CTX-M-3 producing isolates by RAPD method. 

Conclusions: NCCLS ESBL-screening and -reporting
guidelines are currently issued for Klebsiella spp. and E.
coli only, this study demonstrates the need to expand
efforts to detect ESBL production among S. marcescens.
About 30% isolates of CTX-R S. marcescens harbored
CTX-M-3 ESBL. Since CTX-M-3 has potent hydrolytic
activity against cefepime, there is a concern for therapy
failure if an apparently susceptible cefepime MIC (80%,
12/15 in this study) were used to direct treatment of a S.
marcescens carrying CTX-M-3. We recommend double
disk test with CTX ± CLA for routine ESBL screen
focusing on CTX-R S. marcescens with cefepime zones
of less than 24 mm. This could minimize the extra work
in the clinical microbiology laboratory. After confirming
the ESBL-producing isolates, infection control practices
including hand washing, isolation precautions and
antimicrobial control should be enforced to contain these
highly resistant strains. 
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Dissemination of extended-spectrum 
ββ-lactamases-producing Enterobacteriaceae

in six pediatric intensive care units

TL Wu, JH Chia, LH Su, AJ Kuo, 
CF Sun, CH Chiu

Department of Clinical Pathology, 
Chang Gung Memorial Hospital, and Department of

Pediatrics, 
Chang Gung Children's Hospital, 

Taoyuan, Taiwan

Background: A significant increase of extended-spec-
trum β -lactamases (ESBLs)-producing
Enterobacteriaceae was noted in six pediatric intensive
units (PICUs) in Chang Gung Children's Hospital. 

Methods And Results: To study the molecular epi-
demiology, a total of 80 non-repetitive ESBL-produc-
ing isolates (15 Escherichia coli, 20 Enterobacter
cloacae, and 45 Klebsiella pneumoniae) were collect-
ed for further analysis. A total of 16, 10, and 13 geno-
types were found in the K. pneumoniae, E. cloacae,
and E. coli isolates, respectively. Two predominant
genotypes were found in 12 (60%) of the 20 E. cloa-
cae isolates, while one was observed in 23 (51%) of
the 45 K. pneumoniae isolates. PCR amplification of
blaSHV, blaTEM and blaCTX-M and direct DNA sequencing
revealed that SHV-12 was present in all E. cloacae
isolates, and CTX-M-3 was coexisted in 3 of the 20
isolates. CTX-M-3 was also the most prevalent ESBL
produced by E. coli (80%) and K. pneumoniae (78%).
Various SHV-type ESBLs, including SHV-2, 2a, 5,
and 12, could be found in sporadic isolates of E. coli
and K. pneumoniae. OXY-1 and TEM-31 were found
in 2 and 1 K. pneumoniae isolates, respectively. 

Conclusions: In summary, the dissemination of three
outbreak strains (two SHV-12-producing E. cloacae
and one CTX-M-3-producing K. pneumoniae)
appeared to be responsible for the increase in the num-
ber of ESBLs producers in these six PICUs. 

Surveillance of in vitro antibiotic 
resistance in isolated pathogens

from chickens

HI Kim, HA Cho
*
, CH Park, 

KP Park, S Huh, HS Yang
Lab of Clinical Pathology, 

Cheilbio Institute, Ansan , Korea

Objectives: Because of the possibility of bacterial cont-
amination through meat and abuse of antibiotics in ani-
mal fields, the selection of antibiotics based on suscepti-
bility test is becoming important more and more. In this
study, we invastigate antibiotic resistance trend against
six major chicken's pathogens to setup the guide line for
the urgent case that have to decide antibiotic treatment
without results of susceptibility test.

Methods: The 631 Isolates used in this study were col-
lected From January 1999 to December 2002. Antibiotic
resistance was determined by agar diffusion methods
according to NCCLS recommendation.

Conclusions: Among commonly used antibiotics for
animals, over 50% of pathogens acquired resistance
against tetracycline and amoxicillin. But as expected,
colistin, neomycin and gentamicin showed satisfactory
susceptibility results specially against pathogenic E. coli
and Salmonella spp. 

Significant decreased prevalence of
ciprofloxacin resistant E. coli according to

reduced amount used in swine

HI Kim, HA Cho
*
, BP Yoon, 

CH Park, KP Park, HS Yang
Lab of Clinical Pathology, Cheilbio Institute, 

Ansan , Korea

Objectives: It has been known that the bacterial resis-
tance can be changed according to the total amount of
used antibiotics. So, the antibiotic resistant patterns can
be increased or decreased according to years. In this
study, we investigated the correlation between each
antibiotic susceptibility to E. coli and amount of used
antibiotics in swine.

Methods: The 202 E. coli isolates used in this study
were collected from swine for 3 years (from January
2000 to December 2002). Antibiotic resistance was
determined by agar diffusion methods according to
NCCLS recommendation.

Conclusions: According to the total amount of used
antibiotics, significant antibiotic resistant patterns were
changed. Specially, the prevalence percentage of
ciprofloxacin resistant E. coli decreased from 100% to
0% and amount used ciprofloxacin was decreased from
1,795 Million won in 1999 to 1,265 Million won in
2002. 

Plasmid encoded CMY and AmpC 
ββ-lactamase mediated resistance to
extended-spectrum beta-lactams in
Klebsiella pneumoniae and E. coli

S Palasubramaniam, G Subramaniam, 
SE Ho, M Sekaran, N Parasakthi.

*

Department of Medical Microbiology, Faculty of
Medicine, University of Malaya Medical 

Centre, Kuala Lumpur

Background: Klebsiella pneumoniae and Escherichia
coli are major nosocomial pathogens. In addition to
extended-spectrum β-lactamase production, transferable
resistance to the cephamycins has been reported in these
organisms. Plasmids encoding class C β-lactamases
have been described worldwide and most frequently in
K. pneumoniae and E. coli. Such resistance although is
commonly due to the production of plasmid-mediated
AmpC enzymes, impermeability due to loss of porin
expression may also increase resistance to cephamycins.
Two major porins, OmpF and OmpC have been
described, in E. coli. In this study we describe the char-
acterization of plasmid-mediated CMY-2 and AmpC
enzymes produced by extended-spectrum beta-lactam
resistant strains of K. pneumoniae and E. coli.

Methods: Two strains of non-ESBL producing K. pneu-
moniae and five strains of E. coli that were resistant to
the extended-spectrum beta-lactams, cephamycins and
β-lactamase inhibitor were studied. The isolates were
obtained from inpatients of University Malaya Medical
Centre (UMMC), Kuala Lumpur between April 2001
and September 2002. Four of the E. coli strains were
also ESBL producers. Resistance to cefoxitin which was
used as a marker of resistance to 7-α-methoxy-
cephalosporin, was evaluated in all the strains by the
disc-diffusion method and MICs were determined by the
agar dilution method described by NCCLS. Presence of
AmpC enzymes in all strains was confirmed by the
three-dimensional test. AmpC gene was PCR-amplified
and confirmed by DNA sequencing. Plasmid extraction
was carried out using the Kado and Liu method and was
further purified using the Gene Clean Kit system. These
strains were also examined for the presence of porin
genes by PCR. Specific primers that detect for OmpK35,
OmpK36 and OmpK37 with amplicon sizes of 600, 650
and 700bp respectively were used.

Results: All strains had an MIC of > 256ug/ml to cefox-
itin suggesting high-level of resistance to cefoxitin.
AmpC gene was detected in all the strains. DNA
sequence analyses showed that the AmpC gene of two
of the E. coli strains was of the CMY-2 type whereas the
remaining three isolates of E. coli and two isolates of K.
pneumoniae strains were AmpC β-lactamase gene. All
strains carried large plasmids which carried either the
CMY or AmpC gene. The strains also contained porin
genes of about 600-700bp in size. 

E. coli Salmonella Staphylococcus Citrobacter Klebsiella Yersinia

Ciprofloxacin 51%(157/306)* 6%(12/192) 76%(13/17) 69%(9/13) 75%(9/12) 78%(7/9)

Tetracyclin 91%(249/274) 55%(45/82) 94%(15/16) 92%(12/13) 100%(12/12) 90%(9/10)

Gentamicin 31%(78/253) 29%(74/254) 31%(5/16) 63%(5/8) 78%(7/9) 40%(4/10)

Amoxicillin 78%(153/196) 77%(150/194) 64%(9/14) 83%(10/12) 75%(9/12) 75%(6/8)

Neomycin 38%(91/239) 38%(90/240) 44%(7/16) 63%(5/8) 91%(10/11) 38%(3/8)

Colistin 9%(24/274) 8%(23/273) 29%(5/17) 62%(8/13) 50%(6/12) 40%(4/10)

Kanamycin 44%(23/52) 44%(23/52) 100%(3/3) 75%(3/4) 100%(5/5) 25%(1/4)

* - Percentage of antibiotic resistant bacteria (antibiotic resistant bacteria/ number of tested bacteria)

1999 2000 2001 2002

Amount Resistant Amount Resistant Amount Resistant Amount
(Million Won) (%) (Million Won) (%) (Million Won) (%) (Million Won)

Ciprofloxacin 1,795 100* 1,473 (-18%) 83 1,556(+6%) 0 1,265 (-19%)

Enrofloxacin 8,948 60 8,280 (-7%) 50 9,226 (+11%) 66 8,817 (-4%)

Penicillin 6,897 95 7,659 (+11%) 97 10,053 (+31%) 100 11,119 (+11%)

Ampicillin 1,385 No data 1,529 (+10%) 8 1,994 (+30%) 25 2,264 (+14%)

Amoxicillin 3,987 40 4,612 (+16%) 89 6,239 (+35%) 92 6,910 (+11%)

Gentamicin 1,274 75 1,035 (-19%) 62 1,181 (+14%) 79 1,036 (-12%)

Neomycin 1,591 80 1,605 (+1%) 64 1,408 (-12%) 84 1,583 (+12%)

Streptomycin 35 100 62 (+77%) 96 36 (-42%) 90 35 (-3%)

OTC 4,468 100 4,340 (-3%) 98 5,446 (+25%) 100 5,226 (-4%)

CTC 6,195 100 4,259 (-31%) 99 7,538 (+77%) 95 7,186 (-5%)

Colistin 1,652 0 1,609 (-3%) 7 1,860 (+16%) 16 1,869 (0%)

Tiamulin 2,867 100 3,335 (+16%) 97 3,014 (-10%) 94 3,539 (+17%)

* - Percentage of antibiotic resistant bacteria (antibiotic resistant bacteria/ number of tested bacteria)
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ESBL- producing Klebsiella pneumoniae
in a tertiary care hospital, Thailand

K Malathum
*
, M Vorachit, S Chaiyaroj

Mahidol University, Bangkok, Thailand

Background: Extended-spectrum β-lactamase (ESBL)
producing Klebsiella pneumoniae (Kpn) have been
found in many countries, but there were only a few
reports from Thailand. In 1998, 10% of Kpn isolated in
Ramathibodi Hospital, a 1000-bed tertiary-care, teaching
hospital in Bangkok, Thailand, were ESBL-producing
and this increased to 35% and 48% in 1999 and 2000,
respectively.

Methods: Kpn obtained from clinical specimens,
excluding duplicate isolates, between March 1, 1999 and
January 31, 2001 were collected. ESBL-production was
determined by ceftazidime/clavulanate disk. XbaI diges-
tion of chromosomal DNA of these organisms was per-
formed followed by pulsed-field gel electrophoresis
(PFGE). The dendogram was generated and analyzed by
calculation of Dice coefficient. Patients' medical records
were reviewed.

Results: Total 86 isolates of ESBL-producing Kpn were
found from many types of specimens. Blood and the uri-
nary tract were the most common sites (46.5% and
16.3%). Among these, 63 formed 6 PFGE types while
23 had unique PFGE patterns. Isolates belong to PFGE
type B and type A comprised 32.6% and 17.4%, respec-
tively. ESBL were isolated mostly from medical
(41.9%), surgical (29.1%), and pediatric patients
(23.3%). Review of medical records revealed some
patients who stayed in the same unit at the same time.
Although isolates of all PFGE types were isolated from
all major hospital areas, most PFGE type A isolates were
found from medical patients while type B were found
mostly from surgical patients. This indicated widespread
intra-hospital transmission. Antimicrobial pressure
might be another implicating factors since there is diver-
sity of strains in the hospital.

Conclusions: ESBL-producing Kpn has clearly become
a major threat in this country as it has been elsewhere.
Interpersonal transmission and antimicrobial pressure
are well-known contributing factors. Full effort to con-
trol the spread of these organisms is urgently needed.

Simple criteria for choosing antimicrobials
for empiric therapy of typhoid based on
existing susceptibility pattern of S.typhi

strains - A model proposed

V Sudha1, A Prasad1, GR Soni1, 
S Khare2, S Singh1

National Institute of Biologicals, NOIDA1; 
National Institute of Communicable 

Diseases,  New Delhi2

Background: There is an incoming tide of concern
about the problems of antibiotic resistance. An impor-
tant cause of antibiotic resistance is the selection of
antibiotic resistant bacterial strains that occurs as a
result of inappropriate or inadequate antimicrobial ther-
apy. Infectious Disease Society of America (IDSA) rec-
ommends that “Routine mechanisms must be estab-
lished in communities to assess the antimicrobial sus-
ceptibility of pathogens and standard regimens for
empiric therapy must be reassessed periodically in light
of changing susceptibility pattern.”For the effective
implementation of this recommendation, a definite cri-
teria has to be designed for choosing antimicrobials. In
this poster we propose a model of how antibiotics can
be chosen judiciously for empiric therapy of typhoid in
co-relation with periodically assessed susceptibility pat-
tern of S. typhi strains prevalent in Delhi. The criteria,
named as Sensitivity Index (SI) value of antibiotics, if
implemented systematically, will be the stepping stone
towards prudent use of antibiotics.

Method: SI of an antibiotic may be defined as the ratio
of percent susceptible to percent non-susceptible strains
of a microorganism in a particular region during a spe-
cific time period. Sensitivity Index (SI) of an antibiotic
= %Susceptible / % non-susceptible, Antibiotic selec-
tion for empiric therapy is reviewed by comparing SI
values of different antibiotics after analysing suscepti-
bility test data for a period of every six months. 
Proposed criteria for choosing antimicrobials for empir-
ic therapy based on sensitivity index (SI) in co-relation
with prevalence of resistant (R), intermediate ( I ) &
sensitive strains ( S ).
If SI value of an antimicrobial is 100, it indicates that all
strains prevalent during that particular time are sensitive
to that antibiotic,and hence should be reserved as last
resort antibiotic. SI value < 100 till 50 indicates 1- 1.9%
prevalence of R\ I strains and should be reserved as sec-
ond line drug. Antibiotics having SI value between 50
and 99 have to be used before introducing an antibiotic
with SI 100. SI value <50-10 indicates 2-9%prevalence
of R / I strains safe for use in empiric therapy as first
line drug. (Ref: IDSA recommendation). Next alterna-
tive drug in case of treatment failure has to be decided
whenever the SI falls below 50. Antimicrobials having
SI value<10 - 4 indicates 9.1 - 20% prevalence of R / I
strains, should be prescribed only on the basis of sensi-
tivity test report from the microbiology lab. SI value <
4- 1, > 20% prevalence of R / I strains, hence preferably

not to be used as first line drug for empiric therapy, oth-
erwise should be prescribed only on the basis of sensi-
tivity test report from the microbiology lab. SI value 1
& <1, 50% and more strains R /I , hence should be
banned to be used for empiric therapy. Monitoring of SI
value of such antibiotics have to be continued and when
the value reaches 10 it can be re-introduced for empiric
therapy.

Results: Choosing antimicobials for empiric therapy of
typhoid based on SI values of different antibiotics as
shown in Table 1
In the present situation in Delhi, AMP, CHL, TET &
SXT having SI value ~1 / & <1, should not be used for
empiric therapy of typhoid. Monitoring of SI value of
these antibiotics against S.typhi strains is continuing and
when it reaches 10 it may be re-introduced for typhoid
treatment. CIP, which is very commonly used for
empiric therapy of typhoid, shows very low SI ~3,
hence should not be used for empiric therapy of typhoid
in Delhi.. CTX, CRO, OFX shows SI value above 10,
hence can be used as first line drug for empiric therapy
of typhoid. OFX is the drug of choice for typhoid treat-
ment. CRO /CTX can be used for empiric therapy only
when the SI value of OFX in the region falls below.

Conclusions:The proposed criteria for choosing antimi-
crobials for empiric therapy based on Sensitivity Index,
which is a single value projection of susceptibility pat-
tern of a microorganism, incorporates three of the four
major strategies proposed by the Joint Committee on
the Prevention of Antimicrobial Resistance (JCPAR),
USA (1997) to regulate antibiotic use. It gives a definite
idea on the antimicrobial to be used as first line drug;
which antimicrobial should be banned to be used for
empiric therapy and at what stage an antibiotic which
was discontinued because of high prevalence of resis-
tant strains, can be re-introduced for treatment. The
salient features of the criteria are 1. It is simple to calcu-
late from the routine susceptibility test data. 2. Easier
interpretation of antimicrobial susceptibility pattern for
empiric therapy. 3. It can be considered as the first raw
material for developing antibiotic policies in a country.
4. It may help in reserving newer antibiotics when intro-
duced. In short, proper implementation of the criteria
for choosing antimicrobials based on Sensitivity Index
of antimicrobials will be a major step taken towards
prudent use of antibiotics. 

Conclusions: Resistance to extended-spectrum beta-lac-
tams in E. coli and K. pneumoniae that is not ESBL
mediated but is due to the production of AmpC and
CMY enzymes is an emerging problem in UMMC.
However loss of porin expression may also contribute to
cefoxitin resistance among these isolates and needs to be
examined further.




