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Introduction

Health research findings impacrt policy,
practice and patient outcomes if they are
appropriately translated into health-
care practice. 'The 2004 World report on
knowledge for berter health stated that
biomedical discoveries could improve
peoples health only if they are applied
specifically to diverse political and social
contexts, health systems and population
groups. The report laid a strong emphasis
on translating knowledge into action to
improve health thereby bridging the gap
between what is known and what is ac-
tually done.! Knowledge translation has
been a cause for concern and strategies
for bridging the gap between practice
and evidence have been proposed.*”

I describe four case studies chosen
to illustrate how to bridge the gap
between knowledge and action for
health according to the framework in
Siriraj Hospital, Bangkok where the
“Knowledge Management to Promote
Evidence-Informed Health Care Policy
and Practice in Thailand” project has
been conducted since 2001. The con-
cept and the framework for knowledge
management was based on my experi-
ences at Siriraj Hospital over the first rwo
years of the project (Fig. 1).%

Siriraj Hospital is a tertiary-care
university hospital in Bangkok, Thailand
with 2335 beds (2200 beds in 111 gen-
eral wards and 135 beds in 10 intensive
care units); approximately 10 000 per-

sonnel of which 1300 are physicians
(700 faculty members and 600 resi-
dents) and 4200 are nurses; with around
1 000 000 outpatient visits and 100 000
inpatients per year.

I have classified the gaps between
knowledge and action for health into
“know—do” and “do—know” gaps with
knowledge implementation and knowl-
edge generation being the key measures
for bridging the gap between knowledge
and action for healtch.

Case Studies

Knowledge implementation for
bridging the “do~know" gap
Heparinized saline flush and per-
ipheral venous catheter patency
Many hospitalized patients require a
peripheral intravenous catheter for the
administration of drugs and fluids.
The patency of indwelling peripheral
intravenous catheters is maintained by a
continuous drip of fluid via the catheter
or by connecting the catheter to an intra-
venous catheter lock (IV lock). The IV
lock is advantageous as the patient can
move around without carrying the fAuid
bottle. However, an indwelling [V lock
has to be periodically flushed with fluid
to prevent clots.

The work instruction for the Aush
procedure in Siriraj Hospital (prepared
in 2001 and revised in 2003} recom-

mends using heparinized saline as flush
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fluid. A September 2004 survey, on
the use of fluids for flushing peripheral
intravenous catheters, found that the
majority of the patients with IV lock
received heparinized saline (89%) as
flush fluid while the remaining (11%)
received normal saline.” This occurred
despite the known disadvantages of using
heparin for Alushing IV locks and the high
cost of using heparin — an estimated
2.4 million baht (US$ 60 000) per
year. Evidence from three meta-analyses
found no significant difference in the
incidence of catheter clot and phlebitis
between peripheral intravenous catheters
flushed with normal saline and those
flushed with 10 unics per ml or 50 units
per ml of heparinized saline.*"
from two randomized controlled studies
conducted by nurses at Siriraj Hospiral
and Ramathibodi Hospital in Bangkok
reported findings similar to those from
the meta-analyses.'""? "Therefore, the
practice of using heparinized saline as
flush Auid for maintaining peripheral
intravenous catheter patency of hospital-
ized patients in Siriraj Hospital was not
evidence-based and had to be corrected.
Many hospitals in Thailand use normal
saline as flush fluid for IV lock and three
patient-care areas in Siriraj Hospital have
used normal saline flush for maintaining
peripheral intravenous catheter patency
for many years without any problems.
The knowledge management proj-
ect at Siriraj introduced five knowledge
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implementation strategies/interventions

tor switching from heparinized saline

flush to normal saline flush in 10 medical
wards containing 240 beds.

1. Disseminarting evidence-based clini-
cal practice policy on using flush fluid
for maintaining peripheral intrave-
nous catheter patency to responsible
personnel.,

2. Reminding prescribers to use normal
saline flush instead of heparinized
saline flush.

3. Providing technical advice to nurses
on using normal saline flush in the
event of peripheral intravenous cath-
eter clot.

4. Confirming the necessity of using
heparinized saline flush with the pre-
scriber.

5. Setting up a regulation that if the pre-
scriber really wanted to use heparin-
ized saline Aush: an asterix should be
placed next to the prescription other-
wise the nurse would use normal sa-
line flush. This regulation was added
because many prescribers called the
IV lock “heparin lock” and prescribed
“heparin lock” even though they did
not intend to use heparin.

The information on using flush fluids
was collected from physicians’ order
sheets in the medical records at baseline
in February 2005, and then every two
to four weeks during the intervention
period up to June 2005 and six months
after implementing the interventions.
All hospitalized patients in medical
wards who had IV locks received hepa-
rinized saline fush at baseline. After

knowledge interventions |—4 were
applied, from March to May 2005,
in 75% of the patients with IV locks
Aush fluid was switched to normal
saline. Normal saline flush completely
replaced the practice of using heparin-
ized saline flush after the inclusion of
administrative intervention 5 from
June to November 2005, The hospital
administrator subsequently adopted
these strategies as a policy for the entire
hospital in January 2006. In addition to
the publication of this observation” and
its policy implications, this knowledge
implementation resulted in enormous
savings in terms of resources for the
patients and the hospital.

Knowledge generation for
bridging the “do~-know” gap:
Urinary drainage bag change
regimen

Urinary tract infection (UTI) is a com-
mon complication among patients
with an indwelling urethral catheter,
Each change of the urinary drainage
bag predisposes the patient to develop-
ing UTI, and increases personnel time,
expense and plastic waste. During the
preparation meeting for Siriraj Hospiral’s
accreditation in August 2001, therewas a
conflict between the nurse practitioners
and the infection control committee
regarding the frequency of urine bag
changes for patients with short-term
urinary catheter. The nurses’ guideline
recommended a urine bag change every
three days but the infection control com-
mittee said it should not be changed on
such a routine basis.

fig. 1. Framework for bridging the gap between knowledge and action for health
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A review of the literature showed
only one relevant study that compared
urine bag changing regimens in 12 el-
derly long-term urinary catheterized pa-
tients." The study found no significant
clinical or microbiological differences
between patients who had a daily urine
bag change and those who had a weekly
bag change. This study, however, was not
applicable to Siriraj Hospital because it
was conducted on long-term catheter-
ized elderly patients. A guideline for pre-
venting infections associated with the
insertion and maintenance of short-term
indwelling urethral catheters in acute
care recommended that urinary drain-
age bags should be changed when clini-
cally indicated, without any supporting
evidence.' In this respect, neither the
nurses’ guideline nor the infection con-
trol committee’s recommendation were
based on valid evidence.

A randomized controlled trial on
the incidence of UTI, among hospital-
ized patients with short-term indwelling
urethral catheters, which compared a
three-day urinary drainage bag change to
a no-change found no significant differ-
ence in the incidence of UTI between
the two groups.” This result was ad-
opted as a policy endorsed by the Dean
of Faculty of Medicine, Siriraj Hospiral
for the entire hospital from February
2002 and disseminarted to infection con-
trol nurses during the national workshop
on prevention and control of nosocomial
infections in July 2002, In addition to
a publication' and policy implications,
it saved on costs, personnel time and
plastic waste.

Knowledge implementation for
bridging the “know-do" gap
Semi-recumbent positioning to
prevent ventilator/associated
pneumonia

Pneumonia is a common complication
among patients on a respirator, causing
high mortality and morbidity. While
there is evidence that the supine position
is a risk factor for ventilator-associated
pneumonia (VAP),'"" a clinical study
revealed that the semi-recumbent posi-
tion prevented VAP with a relative risk
reduction of 76% (95% confidence
interval (CI): 27-93%) and num-
ber-needed-to-treat (NNT) of four."
An evidence-based clinical practice
guideline recommends the semi-re-
cumbent position as an intervention
to prevent VAP.? These findings were
valid, relevant and applicable to the
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patients in Siriraj Hospital. A survey

of the body position of patients on res-

pirators in 14 medical wards of Siriraj

Hospital during February—March 2003

showed that only 17% of the patients

were in semi-recumbent position, A

total of 27% of the residents and nurses

in 14 medical wards recommended the
semi-recumbent position for patients
on respirators. However, the reasons for
this response were not based on evidence

Fﬂt’ pﬂcumonia prevcntion fl'clm thc

literature but mainly physiological, such

as better lung expansion, better oxy-
genation and decreased intra-thoracic
pressure.

The knowledge management project
ar Siriraj developed and executed strate-
gies for knowledge implementation in
the target populations — residents and
nurses. These were:

1. informing the target population
about the evidence during a quality
improvement conference meeting in
July 2003;

2. disseminating a one-page clinical
practice policy in Thai containing in-
formation on the significance of the
problem, the evidence, recommen-
dation, grade of recommendation,
contraindications for and warnings
about the semi-recumbent position
and the relevant references;

3. creating awareness among health-care
personnel by placing a specific sign
at the patient’s bed. The front side of
the sign would read, “This pacient
should be placed in a semi-recumbent
position”, while the back of the sign
contained “indications, contraindica-
tions and warnings about the semi-
recumbent position”.

Because this was a no-cost simple inter-
vention, a compliance rate greater than
90% was expected. However, a survey in
July—August 2003, after the implemen-
tation of the aforementioned strategies,
revealed that only 41% of patients on
respirators in the 14 medical wards were
placed in the semi-recumbent position,
significantly higher than 17% at base-
line (2 <0.005), but the compliance was
considered unsatisfactory. Therefore,
additional strategies, such as feedback
of abservations to nurses, a reminder
system and increasing awareness were
implemented. Repeat surveys during
November-December 2003 and March—
April 2004 revealed thar 56% and 76%
of the patients on respirators in 14 medi-
cal wards, respectively, were placed in the
semi-recumbent position, A survey of

Special Theme - Knowledge Translation in Global Health
Bridging the gap between knowledge and action for health

739 adult patients on respirators in all
intensive care units during October and
December 2003 revealed that 68% of
them were placed in a semi-recumbent
position. The incidence of VA per 1000
ventilation days decreased from 11.3
during January-December 2002 to 9.2
and 9.4 during October—December 2003
and January-June 2004, respectively.
This decrease was not large because
compliance with the semi-recumbent
position was still modest. The lessons
learned from these attempts showed that
knowledge translation strategies are not
easy even for implementinga simple and
free intervention.

Knowledge generation for
bridging the "know—-do" gap
Antibiotic prophylaxis for
preventing infection in cancer
patients
The majority of patients who receive
chemotherapy for the treatment of
cancer develop neutropenia and thus
are susceprible to bacrerial infecrions.
Bacterial flora in the oral cavity and gut
of chemotherapy-induced neutropenic
patients themselves cause these infec-
tions. Reports from two meta-analyses,
which determined the efficacy of oral
prophylactic antibiotics in afebrile
neutropenic patients due to cancer che-
motherapy, showed that oral prophy-
lactic antibiotics, Auoroquinolones and
cotrimoxazole, decreased bacteraemia
and infection-related mortality due to
bacterial causes during neutropenic
episodes.”** Although, evidence from
these meta-analyses was valid and relevant
to Thai patients, the issue of applicabil-
ity was a concern. Most of the primary
studies included in the meta-analyses
were conducted in developed countries,
where antibiotics are not available with-
out prescription. In Thailand, however,
antibiotics can be purchased without
prescription, and fluoroquinclones and
cotrimoxazole are commonly given to
patients with acute diarrhoea and upper
respiratory infections. Fluoroquinolones
are also used as a growth stimulator in
the shrimp industry in Thailand, and
thus commonly available. Moreover, it is
not known if bacterial flora in the oral
cavity and gut of Thai patients who have
cancer chemotherapy-induced neutrope-
nia are susceptible to fluoroquinolones
and cotrimoxazole, and whether they
should receive such antibiotics.

This situation led the way for knowl-
edge generation on the susceptibility of
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bacteria isolated from the oral cavity
and gut of Thai patients with cancer
chemotherapy-induced neutropenia. A
study to determine the suscepribility of
bacteria colonized in the oral cavity and/
or gut of 140 Thai patients with cancer
chemotherapy-induced neutropenia to
oral antibiotics available in Thailand is
currently being conducted. Preliminary
results suggest that bacterial flora iso-
lated from some patients are resistant
to many oral antibiotics. By the end of
2006 it will be confirmed whether oral
antibiotics would be beneficial for Thai
patients before knowledge implemen-
tation of “ro use” or “not to use” oral
prophylacric antibiotics in Thai patients
with cancer chemotherapy-induced neu-
tropenia takes place.

Conclusions and
recommendations

The gap between what we know and
what we practice, i.e. the know—do gap,
is mentioned in the literature, and trans-
lating research findings into practice by
knowledge implementation has been
attemnpted. ‘The case studies deseribed in
this article found that another category
of gap — the do-know gap, Le. the gap
between what we practice and what we
know, is also common in health-care sys-
tems in developing countries. Knowledge
generation is also an important measure
to bridge the gap berween knowledge
and action for health and it is hoped
that the above-mentioned case studies
will encourage responsible institutions
in developing countries to invest more
resources in promoting proﬂ:ssionaJ com-
municators or intermediaries to narrow
the gap as well as develop a culture where
decisions taken by policy-makers, health
professionals and the public are based on
evidence. W
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Résume

Combler le fossé entre savoir et action en faveur de la santé : études de cas

Les découvertes dans le domaine biomédical ne peuvent déboucher
sur des améliorations en matiere de santé publique que si elles
sont adaptées aux divers contextes politiques et sociaux, systémes
de santé et groupes de population. Les connaissances acquises
a travers |'application a la situation locale de politiques et de
pratiques sanitaires s'inspirant d'éléments factuels permettent
d'améliorer la qualité et I'efficacité des soins de santé prodigués.
L'article présente quatre études de cas examinant comment établir

un pont entre les connaissances et les interventions en faveur de
la santé dans un hopital dispensant des soins tertiaire de Bangkok
en Thailande. Les ponts a établir entre connaissances et
interventions sanitaires sont répartis en deux catégories, «savoir-
faire» et «faire-savoir», la mise en ceuvre des connaissances et
la génération de données étant des mesures clés pour créer de
tels liens.

Resumen

Cerrar la brecha entre los conocimientos y la accién sanitaria: estudios de casos

Los descubrimientos biomédicos sélo redundan en mejoras de
la salud de las personas cuando estan adaptados a los diversos
contextos politicos y sociales, sistemas de salud y grupos de
poblacion. Los conocimientos que generan las politicas y practicas
sanitarias basadas en la evidencia cuando se aplican a la situacion
local fomentan la calidad y eficiencia de la atencion sanitaria.
En este articulo se describen cuatro estudios de casos sobre la

manera de corregir la brecha existente entre los conocimientos
y la accion sanitaria en un hospital de atencion terciaria de
Bangkok, Tailandia. Las brechas tedrico-practicas en materia
de salud son de dos tipos: «conodimientos-accion» y «accion-
conocimientos», y las soluciones para corregirlas radican en la
aplicacién de conocimientos y la generacion de conocimientos,
respectivamente.
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Original Article

In Vitro Activity of Tigecycline Against Methicillin-
Resistant Staphylococcus aureus Isolated from the
Patients at Siriraj Hospital

Suwanna Trakulsomboon, Ph.D.,
Visanu Thamlikitkul, M.D.

INTRODUCTION

Methicillin-resistant Staphylococcus aureus

(MRSA) is one of the most common causes of
infections in hospitalized patients. The prevalence
of MRSA among S. aureus isolates from hospitalized
patients at Siriraj Hospital from January to May 2005
was 51.5 percent.! The common sites of MRSA
infections were the skin and skin structures, the lower
respiratory tracts, and the blood stream. Antibiotics
currently used for therapy of MRSA infections
include glycopeptides, fluoroquinolones, co-trimoxazole,
fosfomicin, fusidic acid, and linezolid. However,

these antibiotics had considerable drawbacks

including the possibility of toxicity, emergence of
resistance, and high monetary cost. Therefore, a
search for any new agents ef;”ective against MRSA
is ongoing.

Tigecycline is a glycylcycline antibiotic that
shows a promising activity against a wide range of
organisms.>* Tigecycline is active against gram-positive
cocci including methicillin-resistant staphylococci,
penicillin-resistant Streptococcus pneumoniae, and
vancomycin-resistant enterococci.

The objective of the study was to determine anin
vitro activity of tigecycline against MRSA clinical
isolates from Thai patients.
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MATERIALS AND METHODS

MRSA Isolates

Fifty-one clinical isolates of MRSA from different
infected patients hospitalized at Siriraj Hospital, Bangkok,
Thailand from 2002 to 2004 were included. They were
isolated from the lower respiratory tract (N=135), the
pus (N=16), the blood (N=10), and the other specimens
(N=10). Allisolates had oxacillin minimum inhibitory
concentration (MIC) of >4 mg/L and vancomycin MIC
of <4 mg/L. Forty-six isolates were vancomycin-
susceptible MRSA, and 5 isolates were vancomyein-
hetero-resistant MRSA. Vancomycin-susceptible
MRSA and vancomycin hetero-resistant MRSA were
determined by a one-point population analysis and

confirmed by a population analysis.>*

Tigecycline Susceptibility Study

The methodology for susceptibility testing was
done by direct colony suspension according to the
guidelines recommended by the Clinical and Laboratory
Standards Institute (CLSI).” The testisolate was grown

overnight on blood agar at 35°C, and the colonies were

Jan.-Apr. 2006

picked and suspended in sterile normal saline equivalent
to a 0.5 McFarland standard. The suspension was used
to inoculate on Mueller-Hinton agar. The paper discs
containing tigecycline 15 pg per disk (Becton Dickinson,
USA) and E-test strips (AB BIODISK, Sweden) were
placed according to manufacturer’s recommendation.
The agar plates were incubated at 35°C for 18 hours
before the inhibition zone and MIC results were read.
Quality control was performed by testing the
susceptibility of S. aureus ATCC 29213 as recommended
by Wyeth Research, USA.

RESULTS

The MIC of tigecycline against S. aureus ATCC
29213 was 0.064 mg/L which was within the reference
range of 0.03-0.25 mg/L. A distribution of inhibition zone
diameters of tigecycline against 51 MRSA isolates by
the disk diffusion method is shown in Table |. The
inhibition zone of tigecycline against all isolates of
MRSA was 220 mm. A distribution of MICs of
tigecycline against 51 MRSA isolates by the E-test is
shown in Table 2. The MICs, and MICy, values were

Table 1, Distribution of inhibition zone diameter of tigecycline against methicillin-resistant Staphtylococcus aureus (MRSA).

G | Number of is;!:_itcs with diameter of inhibiﬁon zone (mm)
{No. of isolates) __2-0" __?__2_2 "23 | M 2 2% 27 28 | 30
i -AHHMRSA (N=51) e 4 __T_ 9 | 11 | 2 13 3 1 i 1
i _\*;;;n.co.mycin-;usceptible MRSA {N::iﬁ)- R 7 9 8 2|n| 3 | i
Vancomycin-hctero-resiétan£ MﬁSA (N=5) 2 i | 3. . ! - ‘
Table 2. Distribution of MICs of tigecycline against MRSA.
Orgamm it g — (;f..imlatcsw“h s
E (No. of isolates) 0032 | 0064 009% 0125 | 019 oz _05__
JEvyw—— 2 . ; - . | - . | ) . :
Vancomycin-susceptible MRSA (N=46) 2 | 6 12 15 3 | ‘T—l ...........
Vancomycin-hetero-resistant MRSA (N=5) i : 2 7 2 , 1
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0.125 and 0.25 mg/L, respectively. Susceptibility profiles
of tigecycline against vancomycin-susceptible MRSA
and vancomycin-hetero-resistant MRSA were not

significantly different.

DISCUSSION

According to the US Food and Drug Administra-
tion (FDA)-approved breakpoints of the inhibition zone
of 219 mm and MIC of <0.5 mg/L indicating the
susceptibility of S. aureus to tigecycline?, all studied
isolates of MRSA in one study were considered
susceptible to tigecycline. These observations
confirmed the worldwide data on in vitro susceptibility
of tigecycline against MRS A *!* Tigecycline was found
to be effective and safe for treating patients with
complicated intra-abdominal infections and complicated
skin and skin-structure infections.!*" Tigecycline has
been approved by the US FDA for treating patients
with the aforementioned infections. However, the
existing evidence proving the effectiveness of treating
MRSA infections with tigecycline remains limited.
Tigecycline may prove to be an important antibiotic for
treatment of MRSA infections in Thailand in the near
future once more clinical information on use of
tigecycline in treating of MRSA infections becomes

available.

ACKNOWLEDGEMENT
The authors thank Wyeth Research for providing
tigecycline susceptibility discs and E-test strips and the

Thailand Research Fund for supporting the study.

References
L. Mekviwattanawong S, Srifuengfung S, Chokepaibulkit
K, Lohsiriwat D, Thamlikitkul V. Prevalence of infections
caused by community-acquired methicillin-resistant
Staphylococcus aureus at Sirira) Hospital, Bangkok,

Thailand. Abstract presented at the annual meeting of

1

n

10.

Tigecycline against methicillin-resistant Staphylococcus aureus: Trakulsomboon S & Thamlikitkul V. 3

Infectious Disease Association of Thailand, October
16, 2005.

Noskin GA. Tigecycline: a new glyeyleycline for
treatment of serious infections. Clin Infect Dis 2005:41
(Suppl 5):5303-14.

Pankey GA. Tigecycline. ] Antimicrob Chemother
2005:56:470-80.

Rubinstein E, Vaughan D. Tigecycline: a novel
glycyleycline. Drugs 2005;65:1317-36.

Hiramatsu K, Aritaka N, Hanaki H, et al. Dissemination
in Japanese hospitals of strains of Staphylococcus
aureus heterogeneously resistant to vancomycin.
Lancet 1997;350:1670-3.

Trakulsomboon S, Danchaiviijitr S, Rongrungruang Y,
etal. First report of Methicillin-resistant Staphylococcus
aureus with reduced susceptibility to vancomyein in
Thailand. J Clin Microbiol 2001;39:591-5.

Clinical and Laboratory Standards Institute (CLSI).
2005. Performance Standards for Antimicrobial
susceptibility Testing; Fifteenth Informational Supple-
ment (M100-S15), Vol. 25. CLSI, Wayne, PA.
Clinical and Laboratory Standards Institute (CLSI),
2005. Performance standards for Antimicrobial
susceptibility Testing- 15" Informational Supplement.
Approved Standard, CLS1 document M100-515, Clinical
and Laboratory Standards Institute, Wayne, Pa,
Milatovic D, Schmitz FJ, Verhoef ], et al. Activities of
the glycyleycline tigecycline (GAR-936) against 1,924
recent European clinical bacterial isolates. Antimicrob
Agents Chemother 2003:47:400-4.

Fritsche TR, Kirby JT, Jones RN, In vitro activity of
tigecycline (GAR-936) tested against 11,859 recent
clinical isolates associated with community-acquired
respiratory tract and gram-positive cutaneous infections.
Diagn Microbiol Infect Dis 2004:49:201-9.
Bouchillona SK, Hobana DJ, Johnsona BM, et al.
In vitro evaluation of tigecycline and comparative

agents in 3,049 clinical isolates: 2001 to 2002. Diagn



12,

13.

14.

15.

16.

JINFECT DIS ANTIMICROB AGENTS

Microbiol Infect Dis 2005;51:291-5.

Hoban DJ, Bouchillon SK, Johnson BM, Johnson JL,
Dowzicky MJ. In vitro activity of tigecycline against
6,792 gram-negative and gram-positive clinical isolates
from the global Tigecycline Evaluation and Surveillance
Trial. Diagn Microbiol Infect Dis 2005; 52:215-27.
Sader HS, Jones RN, Stilwell MG, Dowzicky MJ,
Fritsche TR. Tigecyeline activity tested against 26,474
bloodstream infection isolates: a collection from
6 continents. Diagn Microbiol Infect Dis 2005;52:
181-6.

Bradford PA, Weaver-Sands DT, Petersen PJI. In vitro
activity of tigecycline against isolates from patients
enrolled in phase 3 clinical trials of treatment for
complicated skin and skin-structure infections and
complicated intra-abdominal infections. Clin Infect Dis
2005;41(Suppl. 5):5315-32,

Fomin P, Beuran M, Gradauskas A, et al. Tigecyclineis
efficacious in the treatment of complicated intra-
abdominal infections. IntJ Surg 2005;3:35-47.
Sacchidanad S, Penn RL, Embil IM, et al. Efficacy and

safety of tigecycline monotherapy compared with

18,

19.

Jan.-Apr. 2006

vancomycin plus aztreonam in patients with complicated
skin and skin structure infections: results from a Phase
3, randomized, double-blind trial, Int J Infect Dis
2005;9:251-61.

Postier RG, Green SI., Klein SR, Ellis-Grosse EJ, Loh E.
Results of a multicenter, randomized, open-label efficacy
and safety study of two doses of tigecycline for
complicated skin and skin-structure infections in
hospitalized patients. Clin Ther 2004;26:704-14.
Babinchak T, Ellis-Grosse E, Dartois N, Rose GM, Loh E.
Tigecycline 301 Study Group; Tigecycline 306 Study
Group. The efficacy and safety of tigecycline for the
treatment of complicated intra-abdominal infections:
analysis of pooled clinical trial data, Clin Infect Dis
2005;41(Suppl. 5):5354-67.

Ellis-Grosse EJ, Babinchak T, Dartois N, Rose G, Loh E.
Tigecycline 300 ¢SSSI Study Group: Tigecycline 305
¢SSSI Study Group. The efficacy and safety of
tigecycline in the treatment of skin and skin-structure
infections: results of 2 double-blind phase 3 comparison
studies with vancomycin-aztreonam. Clin Infect Dis

2005;41(Suppl. 5):8341-53.



Original Article

In Vitro Activity of Colistin and Tigecycline Against
Extended-Spectrum-Beta-Lactamase (ESBL)-Producing
Escherichia coli and Klebsiella pneumoniae Isolated
from Patients in Siriraj Hospital

Pattarachai Kiratisin, M.D., Ph.D.*,
Surapee Tiengrim, M.Sc.**,
Thitiya Yungyuen, M.Sc.**,

Visanu Thamlikitkul, M.D.**

INTRODUCTION antimicrobial resistance patterns may vary between

The prevalence of extended-spectrum-beta-  geographic areas. The prevalence of ESBL-producing
lactamase (ESBL)-producing organisms and their E. coli and K. pneumoniae causing infections,

*Department of Microbiology, Department of Medicine, Faculty of Medicine Siriraj Hospital, Mahidol University, Bangkok 10700,

Thailand.

**Division of Infectious Disease and Tropical Medicine, Department of Medicine, Faculty of Medicine Siriraj Hospital, Mahidol University,

Bangkok 10700, Thailand.

Received for publication: December 9, 2005.

Reprint request: Visanu Thamlikitkul, M.D., Division of Infectious Disease and Tropical Medicine, Department of Medicine, Faculty of
Medicine Siriraj Hospital, Mahidol University, Bangkok 10700, Thailand.

Keywords: colistin, tigecycline, ESBL, Escherichia coli, Klebsiella pneumoniae

21



22 JINFECT DIS ANTIMICROB AGENTS

especially hospital-acquired infections, in Thailand has
been increasing. The prevalence of ESBL-producing
Escherichia coli and Klebsiella pneumoniae isolated
from the patients of Siriraj Hospital in 2003 was 56.9
percent and 33.3 percent, respectively.! ESBL-
producing E. coli and K. pneumoniae are usually more
resistant to antibiotics than ESB1.-non-producing strains.
They are usually resistant to most beta-lactams including
penicillins and cephalosporins. The choice of antibiotic
therapy for ESBL-producing E. coli and K. pneumoniae
is, therefore, limited. The most effective antibiotic for
severe infections caused by such organisms is a
carbapenem, and as a result, any new agents effective
against ESBL-producing E. coli and K. pneumoniae
are sought after.

Colistin has been shown to be active and effective
against multidrug-resistant Pseudomonas aeruginosa
and Acinetobacter baumannii including those isolated
from Thai patients.>* Tigecycline is a glycyleycline
antibiotic that shows promising activity against a wide
range of organisms.* Tigecycline is active against many
Gram-negative bacilli including those resistant to multiple
classes of antibiotics.

The objective of the study was to determine an in
vitro activity of colistin and tigecycline against ESBL-
producing E. coli and K. pneumoniae isolated from
the patients hospitalized at Siriraj Hospital from 2004 to
2005.

MATERIALS AND METHODS

The studied organisms were 113 and 92 strains
of ESBL-producing E. coli and K. pneumoniae
isolated from different patients hospitalized at Siriraj
Hospital from 2004 to 2005. The method for detection
of ESBL-producers was the double-disk diffusion as
recommended by the Clinical and Laboratory
Standards Institute (CLSI).> The susceptibility of

colistin was determined by the disk diffusion test,

Jan.-Apr. 2006

using a 10-pg colistin sulfate disk, and the minimal
inhibitory concentration (MIC) was determined by
the E-test method for 50 isolates of ESBL-producing
E. coli and 50 isolates of ESBL-producing K.
pneumoniae. A quality control was performed by
testing the susceptibility of E. coli ATCC 25922 and
P. aeruginosa ATCC 27853, The MIC of tigecycline
was determined by the E-test method for 62 and
42 isolates of ESBL-producing E. coli and K.
pneumoniae, respectively. Quality control was
performed by testing the susceptibility of E. coli
ATCC 25922, The methodology for susceptibility
testing was done by direct colony suspension as
recommended by the CLSIL.? The test isolate was
grown overnight on blood agar at 35°C, and colonies
were picked to suspend in sterile normal saline
equivalent to a 0.5 McFarland standard. The
suspension was used to inoculate on Mueller-Hinton
agar, and the E-test strip was placed according to the
manufacturer’s recommendation. The agar plates
were incubated at 35°C for 18 hours before the

inhibition zone and the MIC results were read.

RESULTS

The inhibition zones of colistin against E. coli
ATCC 25922 and P. aeruginosa ATCC 27853 were
both 12 mm, and their MICs were both 0.25 mg/L.. The
MIC of tigecycline against E. coli ATCC 25922 was
0.12 mg/L.. All aforementioned values were within
reference limits. Anin vitro activity of colistin revealed
that 1) all isolates had an inhibition zone of = 11 mm, 2)
the MIC,, and MIC,, of colistin against ESBL-producing
E. coli were 0.5 mg/L. and 1 mg/L, respectively, and 3)
the MIC,; and MIC,, of colistin against ESBL-producing
K. pneumoniae were 0.5 mg/L and 0.5 mg/L,
respectively. An in vitro activity of tigecycline revealed
that 1) the MICy, and MIC,, of tigecycline against
ESBL-producing E.coli were 0.5 mg/LL and 1 mg/L,
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respectively and 2) the MIC,, and MIC,, of tigecycline
against ESBL-producing K. pneumoniae were 1.5

mg/L and 2 mg/L, respectively.

DISCUSSION

The susceptibility breakpoints of colistin against
Gram-negative bacilli are the inhibition zone of > 11 mm,
and the MIC of <2 mg/L, whereas the susceptibility
breakpoint of tigecycline against Enterobacteriaceae is
the MIC of <2 mg/L. Therefore, nearly all strains of
ESBL-producing E. coli and K. pneumoniae isolated
from the patients hospitalized at Siriraj Hospital from
2004 to 2005 were susceptible to colistin and tigecycline,
Our observations on susceptibility of ESBL-producing
E. coli and K. pneumoniae to colistin and tigecycline
were similar to several reports from other countries.’-*
However, clinical studies on efficacy of colistin and
tigecycline for infections caused by ESBL-producing £.
coli or K. pneumoniae are needed before they can be
recommended in clinical practice. In addition, there
are two different bases between colistin used in an in
vitro susceptibility (colistin sulfate) and in clinical
indications (sodium colistimethate). Even though sodium
colistimethate, after intravenous administration, will
dissociate into colistin sulfate, conclusion from most
studies between correlation of in vitro susceptibility
and clinical outcome cannot be drawn. Colistin
and tigecycline may prove to be important antibiotics
for treatment of ESBL-producing E. coli and K.
pneumoniae infections in Thailand in the near future
once more clinical information on colistin and tigecycline

therapy of such infections becomes available.

CONCLUSION
Colistin and tigecycline are found to be active
against ESBL-producing E. coli and K. pneumoniae
isolated from Thai patients. Both antibiotics have a

potential for being alternative therapy for infections

Colistin and Tigecycline against ESBL-Producing E. coliand K. pneumoniae:- Kiratisin P, et al, 23

caused by ESBL-producing K. preumoniae and E. coli

in the near future.
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ABSTRACT

Objective: To determine the effectiveness of Thai traditional massage for muscle pain relief,

Methods: Adults with muscle pain in the neck and/or shoulder and/or back without organic causes that needed specific treatment
who attended the Ayuraved Clinic during April to May 2004 received royal Thai traditional massage performed by experienced
personnel. An effectiveness of royal Thai traditional massage was determined by pain reliel assessed by visual analog scale
Results: There were 115 participants; 88 (76.5%) were females. The mean age of the participants was 47.9 vears: 45.2% of
them had shoulder pain, 40.9% back pain and 26.1% neck pain. The median duration of the symptom was 4 months, The mean
pain scores of the participants before and after the royal Thai wraditional massage were 7.0 and 3.2, respectively (p<0.001). The
participants who had a pain score < 3 before and after the royal Thai traditional massage were 3.5% and 79.1%, respectively
(p<0.001). Adverse effects of the massage were nol observed.

Conclusion; Royal Thai traditional massage is probably effective in relicving muscle pain of the neck, shoulder and back.

Keywords: Royal Thai traditional massage; Muscle pain; Myalgia

Siriraj Med J 2006.58. 702-704
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uscle pain is a common complaint of individu-

als presented to general medical practitioners.

The causes of muscle pain are usuvally related
Lo occupation or bad posture, without any specific organic
diseases. These patients usually receive non-steroidal
anti-inflammatory agents (NSAIDs) for symptomatic
relief. This mode of therapy may lead to side effects
such as gastritis, peptic ulcer and upper gastro-intestinal
bleeding. In addition, a long-term use of NSAIDs,
especially COX-2 inhibitors, is costly. Thai traditional
massage has been used to relieve muscle pain in Thai
people for centuries. The maneuver may be an appropriate
alternative therapy in modern medicine for relieving muscle
pain. A meta-analysis of randomized controlled trials of
massage therapy in various conditions revealed that its
single dose had insignificant effect on immediate
pain whereas multiple-doses were found effective'. The
aforementioned meta-analysis was not applicable to our
setting in Thailand for two reasons. First, the massage
used in the included studies was not Thai traditional
massage. Second, the study patients had a wide variety of

for Visanu Thamiikiticu
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pain, including labor, post-operative and cancer pain,
Therefore, the present study was carried oul o determine
whether a single session of the royal Thai traditional
massage (RTTM) was effective in reliving muscle pain.

MATERIALS AND METHODS

This was an experimental self-controlled study at the
Ayurved Clinic, Siriraj Hospital and Ayurved School,
Phaholyotin Campus, Bangkok, from April to May, 2004.
The study was approved by the Ethics Committee on
Human Research, Faculty of Medicine Siriraj Hospital,
Mahidol University,

Participants

The participants were adults, older than 18 years,
who had muscle pain either in the neck, shoulder or back
and agreed to participate in the study. A participant would
be excluded if s/he had an organic cause of muscle pain
that needed specific treatment, skin lesion at the mas-
sagesite or had been receiving massage. Sample size
estimation was based on a pilot study of 14 subjects
with muscle pain. The mean pain score before RTTM
was 7 and the mean pain score after RTTM was <3,



TABLE 1. Study panicipums‘ characteristics

Total 115
Males 27 (23.5%)
Females 88 (76.5%)
Age (Years)
Mean * SD 479 £ 13.8
Body weight (Kg.)
' Mean + SD 612 + 109
Site of pain
Shoulder 52 (45.2%)
Back 47 (40.9%)
Neck 30 (26.1%)
Others 9 (7.8%)
| Duration of pain
| Mean 1.8 years
| Median 4 months |
Runge Iday e 20 years

| Dliration of pain

Acute pain { =6 months) 66 (57.4%)
| Mean 1 month
| Median 14 days
Range | day to 6 months
Chronic pain (> 6 months) 49 (42.6%)
Median 12 months
Range 8 months to 20 years
| History of prior treatment i
Yes 93 (80.9%) |
[ Modern medicine 56 (60.2%) |
| Current treatment ]
Yes 45 (39.1%)
Modern medicine 26 (57.8%) I

Approximately, 80% of the subjects had a mean pain
score after RTTM =3. The aim of the study was to detect
any response (mean pain score after massage =3) of
80% % 10% with 5% type 1 error (2-sided). Therefore, the
appropriate sample size was 108,

Inrervention

The massage maneuver used in this study was the
Royal Thai Traditional Massage. The practitioners were
experienced personnel at the Ayurved Clinic, Siriraj
Hospital, and the Ayurved School, Phaholyotin Campus,
Bangkok. They used only palms and fingers to compress
the area where the clients complained of having pain for
40 to 45 minutes. There was no bone and joint manipu-
lation during the massage procedures.

Main Outeome Measurement

Each participant was asked to provide demographic
and relevant clinical data to the study team before
receiving the massage. The severity of pain was also
assessed by each participant l;l‘sil'lg il ?yisual analog
scale of 0 to 10 where 0 was no pain and 10 was
unbearable pain . The pain severity was reassessed by

TABLIC 2. Effectiveness of the royal Thai traditional massage

Mean * SD (Range)
TO+19 3 -1
g2 1.240-"T)
Participants with pain score =3
41/ 115 (3.5%)
91 / 115 (79.1%)

Before massage
After massage

Before massage
After massage

Sirviraj Med J, Volume 38, Number 3, March 2006

each participant immediately after finishing the massage,
using the identical scale.

Data Analvsis
Pralid Ay

The data were entered into SPSS for Windows. The
data were analyzed by descriptive statistics, paired student
t-test and chi-square statistics where appropriate.

RESULTS

[n total, there were 115 participants. The character-
istics of the studied participants are shown in Table I.
Most participants were middle-aged females. The
common sites of pain were shoulder(s), back and neck.
The median duration of the symptom was 4 months.
Fifty-seven percent of the subjects had muscle pain for
less than 6 months. Most subjects had used modern
medicine for the treatment of their muscle pain. The
elfectiveness of RTTM is shown in Table 2. The mean
pain scores of the participants before and after RTTM
were 7.0 and 3.2, respectively (p<0.001). Subjects who
had a pain score of =<3 before and after RTTM were
3.5% and 79.1%, respectively (p<0.001). The response
rates in parlicipants with shoulder, back and neck
pain were 82.7%, 74.5% and 76.7%, respectively (p=0.6).
The response rates in participants with acute pamn and
chronic pain were 83.3% and 73.5%;, respectively (p=0.3).
Adverse effects of the massage were not observed.

DISCUSSION

We found that RTTM was safe and effective in
relieving muscle pain ol the shoulder(s), back and neck.
The dilTerences in the effectiveness of RTTM among
various sites of pain or between acute and chronic pain
were not observed. The explanations for pain relief achieved
by the massage included the gate control theory of
pain reduction,” promotion of parasympathetic activity,”
influence on body chemistry, e.g., an increase in serotonin
levels," a release of endorphins mechanical effects
to promote circulation of blood and the lymph’. The
magnitude of the effects ol treatment in our study was
quite obvious. A mean decrease in the pain score was 4
and the response rate (pain score of <= 3) after the
massage (79.1%) was much higher than that before the
massage (3.5%). Since our study is a self-controlled study
and there was no concurrent control group, a portion of
the responses observed after massage could be due to
placebo effect or Hawthorne effect.” The Hawthorne
effect is often mentioned as a possible explanation for
positive results in intervention studies. It is used to cover
many phenomena, not only unwittingly confounding
variables under study by the study itself, but also
behavioral change due to an awareness of being obser-
ved, active compliance with the supposed wishes of
researchers because of special attention received, or
positive response to the stimulus being introduced.
Therefore, the effectiveness and efficiency of RTTM should
be confirmed in a randomized controlled study.
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Cost-Effectiveness Analysis of Chlorhexidine Gluconate
Compared with Povidone-Iodine Solution for
Catheter-Site Care in Siriraj Hospital, Thailand
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Background: Catheter-related bloodstream infections (CRBSI) are an important cause of patient morbidity,
mortality, and increased health care cosis. Use of an antiseptic solution for skin disinfection at the catheter
insertion site helps prevent catheter-related infections. In Thailand, povidone-iodine solution is the most
commonly used agent for this purpose. However, the resulls of several studies including a meta-analysis
indicated that the use of chlorhexidine gluconate is more effective than the use of povidone-iodine as an
antiseptic for preventing CRBSI. This study evaluated the cost-effectiveness of chlorhexidine gluconate versus
povidone-iodine for catheter-site care using the Siriraj Hospital perspective.

Material and Method: We used a decision analytic modeling for estimating the cost-effectiveness of antiseptic
solutions. The CRBSI rate was obtained from the Center for Nosocomial Infection Control at Siriraj Hospital,
while the efficacy of cholorhexidine compared to povidone-idone was based on a meta-analysis. The cost of
managing infections was derived from the Thai Drug Related Group (DRG). A series of sensitivity analyses
were performed. Since the time horizon of the analysis was less than 1 year, there was no need for discounting.
Results: We found that the use of chlorhexidine, rather than povidone iodine, for central catheter site care
resulted in a 1.61 % decrease in the incidence of CRBSI, a .32 % decrease in the incidence of death, and
savings of 304 baht per catheter used. For peripheral catheter site care, the results were similar, although the
differences were smaller. :

Conclusion: Use of chlorhexidine gluconate in place of the current standard solution for vascular catheter
site care is a cost-effective method of improving patient safety in Siriraj Hospital,

Keywords: Cost effectiveness, Chlorhexidine gluconate, Povidone-iodine, Catheter-related bloodstream in-
Jections

J Med Assoc Thai 2006; 89 (Suppl 5) : §94-101
Full text. e-Journal: http://'www.medassocthai.org/journal

Intravascular catheters are commonly used in
caring for hospitalized patients but can lead to cath-
eter-related bloodstream infection CRBSI!Y, particularly
the central-line catheter’”, Bloodstream infections re-
lated to the use of catheters are an important cause of
morbidity, mortality, and increased duration of hospi-
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talization and health care cost®®. In Thailand, these
infections result in an increased duration of hospital-
ization of 15 days and the additional cost of antibiotics
for one episode of CRBSI was approximately 10,753
baht™. In addition, CRBSI has been associated with
mortality of 12% - 25%!%13, Nowadays, there are sev-
eral procedures, which help to prevent these infections,
such as performing catheter insertion at the subcla-
vian site, maximizing sterile barriers and avoiding the
use of antibiotic ointment*'¥, Moreover, disinfecting
the skin at the catheter insertion site with antiseptic
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solution helps to prevent these infections as well, and
povidone iodine is the agent most commonly used
in several countries including Thailand for this pur-
pose!'e-18),

A recent meta-analysis and cost-effectiveness
study!"* found that the use of chlorhexidine glucon-
ate in place of the current standard solution for vascu-
lar catheter site care is a simple and cost-effective
method of improving patient safety in the hospital set-
ting. In addition, guidelines of the Infectious Diseases
Society of America, and the Centers for Disease Con-
trol and Prevention (CDC) recommend the use 2% of
chlorhexidine gluconate as an antiseptic for the pre-
vention of catheter-related infections'*», Because of
these recommendations, Siriraj Hospital intends to
switch from povidone iodine to chlorhexidine glucon-
ate for skin disinfection at the catheter insertion site.
However, the cost of chlorhexidine is more than povi-
done iodine and information on the cost-effectiveness
of this switch is needed prior to implementing this in-
tervention. Therefore, we evaluated the cost-effective-
ness of the use of both antiseptics for vascular cath-
cter site care for endorsing the policy on using chlor-
hexidine instead of povidone iodine for skin disinfec-

tion at the catheter insertion site of the patients in Siriraj
Hospital.

Material and Method
Decision analysis model

A decision analytic model was developed to
evaluate the outcomes associated with the use of
chlorhexidine gluconate versus povidone iodine solu-
tions for catheter site care as shown in Fig. 1¢%, Either
solution could be used at the time that an intravascular
catheter was inserted and then every 48-72 hrto clean
the insertion site. Patients with a catheter could have
one of the following outcomes: 1) CRBSI, defined as
isolation of the identical pathogen from a peripherally
obtained blood culture and from a colonized catheter;
2) local catheter-related infection, defined as the pres-
ence of purulence or signs of inflammation (e.g.,
erythema, tenderness, and induration) within two cm
ofthe catheter exit site”; 3) catheter colonization with-
out bloodstream infection or local catheter-related in-
fection; and 4) no colonization or infectious complica-
tions. Colonization of the catheter was defined as
growth of microorganisms from a catheter segment
using quantitative (>1000 cfu/mL)?¥ or semiquanti-
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tative (>15 ctu)”*® culture techniques. CRBSI was as-
sociated with a risk of dying. We assumed that local or
systemic catheter-related infections did not occur with-
out preceding catheter colonization. We performed the
analysis using the hospital perspective; the time hori-
zon was the period of hospitalization.

The hypothetical cohort in the decision analy-
sis model included hospitalized patients requiring ei-
ther a peripheral or central vascular catheter for short-
term use (average duration, <10 days). Because the
risk of CRBSI differs for central and peripheral venous
catheters®, we analyzed these cohorts separately. We
considered “central vascular catheters” to include cen-
tral venous, peripherally inserted central venous, pul-
monary arterial, and hemodialysis catheters and intro-
ducer sheaths, whereas “peripheral vascular catheters”
included peripheral venous and peripheral arterial
catheters,

Likelihood of events

The probabilities of clinical events used in
the decision analysis model are shown in Table 1. The
probabilities of CRBSI with povidone iodine (the
baseline risk) for central line were derived from Siriraj
Hospital™ and the study of Thongpiyapoom and col-
leagues®”. The probabilities of catheter colonization
were obtained from the literature™. The probability of
CRBSI with chlorhexidine gluconate was determined
by multiplying the probability of CRBSI when povidone
iodine was used by the summary risk ratio of CRBSI
when chlorhexidine gluconate was used, based on the
results of the recently published meta-analysis™®.

The probability of catheter colonization when
chlorhexidine gluconate was used was similarly derived
(Table 1). All probabilities of clinical events for periph-
eral line were based on the study of Chaiyakunapruk
and colleague!®, These probabilities were similarly

Table 1. Probabilities of clinical events and comparison of the costs associated with chlorhexidine gluconate and povidone

1odine solutions for vascular catheter site care

Base-case value (range)

Probability of clinical event or cost Central line Peripheral line Reference(s)
Catheter-related bloodstream infection

Probability when povidone iodine solution 3.16 (0.9-3.5) 0,92 (0.00-2.32) [7,27]

is used, %

Risk ratio for chlorhexidine gluconate solution® 0.49 (0.28-0.88) 0.49 (0.28-0.88) [19]
Catheter colonization

Probability when povidone iodine solution 18.09 (10.10-26.08) 7.91(5.53-10.28) [19]

1s used, %
Risk ratio for chlorhexidine gluconate solution*
Probability of death attributable to CRBSI, %

0.49 (0.31-0.77)
20.0 (4.40-25.0)

0.49 (0.31-0.77)
1.12 (0.47-2.11)

[19]
[8-13,27,29-33]

Probability of local infection if 20.0 (0.00-40.0) 20.0 (0.00-40.0) [28]

colonization occurs, %o

Cost in Thailand in 2005, Baht

Cost of 10% povidone iodine 22.39 (11.86-27.99) 3.73 (1.87-4.66) [7]

Cost of 1% chlorhexidine gluconate 25.80 (13.67-30.96) 4.3 (2.15-5.16) [7]

Cost associated with CRBSI per case 27,341.09 27,341.09 [34-35]
(18,907.60-53,127.34) (18,907.60-53,127.34)

Cost of managing local infection per case 10,756.66 10,756.66 [34-35]

(8,770.56-18,694.45)

(8,770.56-18,694.45)

* To introduce a correlation beiween the probabilities of events in each treatment arm, the probability associated with the
use of a chlorhexidine gluconate solution was calculated by multiplying the risk ratio by the probability associated with the
use of povidone iodine solution. In the base case for the chlorhexidine arm, the probabilities that a catheter-related
bloodstream infection would occur were 1.55% and 0.45% for central and peripheral lines, respectively, and the probabili-

ties of catheter colonization were 8.86% and 3.88%
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derived as central line (Table 1). We estimated that 20%
of the colonized catheters were associated with local
signs of infection®. All probabilities were calculated
separately for central and peripheral catheter models.
The probability of death attributable to CRBSI for a
central venous catheter was calculated based on data
from studies published elsewhere, which report excess
mortality of 4%—25%. We used a 20 % attributable
mortality for the base-case scenario and explored a
range from 4% to 25% in sensitivity analyses because
several studies in 2003-2004 found that the range of
mortality rate was 22% to 25%**"2%33) and a study in
Thailand®” reported a mortality rate of 20%. For pa-
tients with peripheral vascular catheters, we estimated
an attributable mortality due to CRBSI of 1.12% (range,
0.47%-2.11%0)%.

Costs

We estimated the cost of antiseptic solution
based on the total amount of solution used multiplied
by the cost of the solution per ml. The total amount of
solution used for the central line was estimated as 10
ml for clean skin at insertion on the first day, and 20 ml
per day for 7.9 days while the amount of solution for
the peripheral line was estimated as 5 ml per day for 5.6
day for clean skin at insertion (Tablel).

Direct medical costs for patients with CRBSI
were estimated based on data of the Thai Diagnosis
Related Group (DRG) in year 2002-2003"*%, These medi-
cal costs were determined by multiplying the relative
weight (RW) by cost per relative weight of these dis-

eases. We used 16,000 Baht as cost per relative weight
foruniversity hospital in the year 2003 for calculation™.
We estimated the relative weight for treatment of CRBSI
as a septicemia adult, with moderate complication while
the relative weight for treatment of a local infection
was estimated as a minor skin disorder, with mild to
moderate complication of Thai DRG™, These relative
weights were 1.6547 and 0.6510, respectively™®. For
sensitivity analysis, we varied the cost of managing
septicemia ranging from the treatment cost for septice-
mia without complication to those for patients with
catastrophic complications. Likewise, we ranged the
cost of managing local infection using the cost for mi-
nor skin disorder without complication and with cata-
strophic complication. All costs were adjusted to Thai
baht in the year 2005.

Outcome assessment and sensitivity analyses

Outcomes calculated were the incidence of
CRBSI, the incidence of death attributable to CRBSI,
and the direct medical costs. The mean expected value
for the differences in the incidence of death, the inci-
dence of CRBSI, and the direct medical costs were de-
termined. To assess uncertainty associated with the
results, we conducted a series of one-way sensitivity
analyses to evaluate the effect of varying individual
parameters on the outcomes. To further test the ro-
bustness of the results, we set all parameters in the
model to favor chlorhexidine gluconate in a best-case
scenario and to favor povidone iodine in a worst-case
scenario (Table 2).

Table 2. Results of decision analysis comparing chlorhexidine gluconate and povidone iodine solutions for vascular catheter

site care in Thailand in 2005

Cathether type

Direct medical cost, Baht

Incidence of CRBSI, % Incidence of death

due to CRBSI. %
Central line
Chlorhexidine gluconate solution 251.07 1.55 031
Povidone iodine solution 555.57 ile 0.63
Difference -304.49 -1.61 -0.32
Best-case scenario -1740.48 -2.52 -0.63
Worst-case scenario 13.56 -0.11 -0.005
Peripheral line
Chlorhexidine gluconate solution 92.09 0.45 0.005
Povidone iodine solution 192.23 0.92 0.01
Difference -100.15 -0.47 -0.005
Best-case scenario -632.35 -1.67 -0.47
Worst-case scenario 3.29 0.00 0.00
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Main assumptions in the analysis

There were several main assumptions in our
analysis: 1) the relative risk of death due to CRBSI was
the same for central and peripheral vascular catheters;
2) the relative risks for CRBSI and catheter coloniza-
tion for chlorhexidine gluconate, compared with povi-
done iodine, were the same in central and peripheral
vascular catheters; 3) the cost of CRBSI was indepen-
dent of survival outcome; 4) catheter colonization with-
out local infection had no costs or adverse outcomes;
5) catheter-site erythrema without evidence of local
infection did not affect survival outcome or cost; 6) the
costs of medical care per case for all complications
were the same in central and peripheral vascular cath-
eters.

Results
Costs and outcomes

In the base-case analysis, use of chlorhexidine
gluconate rather than povidone iodine for central line
catheter site care led to an absolute decrease in the
incidence of CRBSI of 16 cases/1000 catheters, and a
decrease in the incidence of death attributable to CRBSI
of 3 cases/ 1000 catheters (Table 2). In addition to these
clinical benefits, use of chlorhexidine gluconate resulted
in expected cost savings of 304.49 Baht for each cath-
eter used, compared with the use of povidone iodine.
Use of chlorhexidine gluconate rather than povidone
iodine for peripheral line catheter site care led to an
absolute decrease in the incidence of CRBSI of 5 cases/
1000 catheters, and a decrease in the incidence of death
attributable to CRBSI of 0.05 cases/1000 catheters. In
addition to these clinical benefits, use of chlorhexidine
gluconate resulted in expected cost savings of 13.56
Baht per catheter used, compared with the use of povi-
done iodine.

Sensitivity analyses

The use of chlorhexidine gluconate for cen-
tral catheter site care resulted in cost-savings in most
of the one-way sensitivity analyses as shown in Table
2. The cost of CRBSI was the most influential param-
eter in the model. Other influential parameters included
the reduction in risk of CRBSI for chlorhexidine glu-
conate, the probability of death due to CRBSI, and the
baseline risk of CRBSI. The use of chlorhexidine glu-
conate resulted in a dominant strategy in best-case but
not in the worst-case scenario. In the worst case sce-
nario, using chlorhexidine gluconate resulted in an in-
crease of total medical costs of 18 Baht, while the inci-
dence of CRBSI (decrease 0.11%) and death (decrease
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0.005%) remained diminished. The threshold analysis
indicated that the use of chlorhexidine gluconate would
still provide cost-savings unless the cost of
chlorhexidine gluconate exceeded 196.6 baht per 100
ml.

For peripheral vascular catheters, use of
chlorhexidine gluconate for insertion site care was again
found to be the best strategy in all one-way sensitivity
analyses. The baseline risk of catheter-related blood-
stream infection was the most influential parameter in
the model. When the base-case scenario parameters
were used in calculations, the use of chlorhexidine glu-
conate would save 100.15 Baht, and it still save cost as
long as the cost of chlorhexidine gluconate was less
than 373 Bath per 100 ml. In the worst-case scenario,
use of chlor-hexidine gluconate resulted in an increase
in direct medical costs of 3.29 Baht. However, it did not
result in increases of the incidence of CRBSI and death
due to CRBSI.

Discussion

To the best of our knowledge, this is the first
study that has been performed lo evaluate the cost-
eftectiveness of chorhexidine gluconate compared with
povidone-iodine solution for catheter-site care in Thai-
land. Qur analysis found that using of chlorhexidine
gluconate for catheter site care reduces the incidence
of CRBSI and decreases health care costs as shown by
a prior study®". Our analysis was conducted from the
perspective of the health care provider, rather than from
that of society as a whole, as recommended by previ-
ous guidelines®®. However, from a societal perspec-
tive, including indirect costs, such as time lost from
work, the analysis would result in even greater cost
savings for the chlorhexidine gluconate strategy.

Our analysis suggests that use of chlorhexi-
dine gluconate for patients requiring short-term vas-
cular catheterization, either with central or peripheral
catheters, likely results in reductions of the incidence
of CRBSI and health care costs. These results held true
over a wide range of clinical and economic assump-
tions. This unusual combination of clinical benefits
and decreased costs makes chlorhexidine gluconate
attractive for routine use for both central and periph-
eral vascular catheter site skin care. Although, this
study was conducted from the perspective of a univer-
sity hospital, we believe that the use of chlorhexidine
gluconate instead of povidone iodine could be gener-
alized to general and other hospitals in Thailand, espe-
cially in university hospital where it may save more
than our results because the actual cost of managing
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septicemia and local infection might be higher than in
other hospitals

The results from this study led to the produc-
tion of 2% chlorhexidine gluconate in 70% alcohol by
Siriraj Hospital Pharmacy Department and the imple-
mentation of using 2% chlorhexidine gluconate in 70%
alcohol instead of 10% povidone iodine for catheter-
site care of the patients hospitalized in three intensive
care units (ICU) in Siriraj Iospital since January 2006.
The preliminary results of this implementation from
January to March in 70 patients revealed that the inci-
dence of CRBSI was 3 per 1000 catheter days, which
is less than the incidence of CRBSI observed in the
same ICUs, 5 per 1000 catheter days, in the year 2005.

Conclusions

Our cost-effectiveness analysis shows that
using chlorhexidine gluconate rather than povidone
iodine for vascular catheter site disinfection in hospi-
talized patients requiring short-term vascular access is
likely to result in decreased morbidity, mortality, and
health care costs in the Thailand hospital sctting, In
addition, this simple method can be relatively easily
implemented to improve patient safety, and, thus,
should perhaps take priority in efforts to prevent vas-
cular catheter—related infection.
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In Vitro Activity of Tigecycline against Clinical Isolates

of Multidrug-Resistant Acinetobacter baumannii in
Siriraj Hospital, Thailand
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In vitro activity of tigecycline against 148 strains of Acinetobacter baumannii isolated from different
patients hospitalized at Siriraj Hospital, Bangkok, Thailand during 2002 to 2005 was conducted. These
isolates were resistant to beta-lactams, aminoglycosides and fluoroguinolones. In vitro susceptibilities were
determined by Kirby-Bauer disk diffusion, E-test and broth microdilution methods. The MIC,, and MIC,,
values of tigecycline against A. baumannii determined by the broth microdilution method were 0.5 and [ mg/
L respectively. The MICs of tigecycline determined by E-test were 4-fold higher than those from the broth
microdilution method. An inhibition zone of > 13 mm was well correlated with a tigecycline MIC of < 2 mg/L
and had a sensitivity of 99% and a specificity of 100%. The study results indicated that 97.3% of MDR A.
baumannii strains isolated from the patients hospitalized at Siriraj Hospital were susceptible to tigecycline.
Tigecycline may prove to be an important antibiotic for treatment of multidrug-resistant A. baumannii infec-

tions in Thailand in the near fiture.
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Acinetobacter baumannii has emerged as a
worldwide problem in causing infections in
hospitalized patients'?. 4. bawmannii is one of the
most common causative pathogens in nosocomial
pneumonia, bacteraemia, urinary tract infections, and
skin and soft tissue infections, and the mortality asso-
ciated with these infections is high. The incidence of
infections caused by multidrug-resistant (MDR)
pathogens, particularly Acinetobacter baumannii and
Pseudomonas aeruginosa, in Thailand has dramati-
cally increased™. A prospective study of 208 clinical
isolates of 4. baumannii recovered from patients in
Siriraj Hospital from January to December 2002 revealed
that 86 strains (41.3%) were isolated from infected
patients and the remaining 58.7% were colonizers®, In
this study, 57% of A. baumannii isolates were resis-
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tant to all antimicrobial agents available in Thailand
including beta-lactams, aminoglycosides and fluoro-
quinolones, and the overall mortality rate of the
patients infected with pandrug-resistant 4. baumannii
was 79%. The study of 104 clinical isolates of A.
baumannii from 100 hospitalized patients at Maharaj
Nakomn Chiang Mai Hospital, Thailand also observed
that 46% of the isolates were pandrug-resistant and
the overall mortality was 52%'®. The only available
antibiotic effective for treating infections caused by
A. baumannii resistant to all beta-lactams,aminoglyco-
sides and fluoroquinolones is colistin™, hence a search
for new agents effective against MDR A. baumannii is
needed.

Tigecycline is a glycyleycline antibiotic that
shows promising activity against a wide range of
organisms including multi-drug resistant gram posi-
tive cocci and gram negative bacilli®. The objective of
the study was to determine in vitro activity of tigecyc-
line against clinical isolates of MDR A4. baumannii in
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Siriraj Hospital, Thailand.

Material and Method

One hundred and forty-eight strains of A.
baumannii isolated from different infected patients
hospitalized at Siriraj Hospital, Bangkok, Thailand
during 2002 to 2005 were included. These isolates were
resistant to all beta-lactams, aminoglycosides, and
fluoroquinolones. In vitro susceptibilities of MDR 4.
baumannii to tigecycline were determined by Kirby-
Bauer disk diffusion, E-test, and broth microdilution
methods. Paper disc containing tigecycline 15 pg per
disk (Becton Dickinson, USA), E-test strips (AB
BIODISK, Sweden) and gram negative MicroScan MIC
panels (Dade Behring Inc., USA) were provided by
Wyeth Research. The methodology for susceptibility
testing was done by direct colony suspension accord-
ing to guidelines suggested by CLSI ). Quality con-
trol was performed by testing the susceptibility of E.
coli ATCC 25922 as recommended by Wyeth Research.

Results

A distribution of inhibition zone diameters of
tigecycline against 4. haumannii is shown in Table I.
The MIC_; and MIC, values of tigecycline against 4.
bawumannii determined by E-test were 2 and 4 mg/L
respectively. The MIC_ and MIC, values of tigecycline
against A. baumannii determined by the broth
microdilution method were 0.5 and 1 mg/L respectively.
There was a significant correlation between inhibition
zone diameters and MICs determined by the broth
microdilution method (p<0.001, r=-0.8), and between
MICs of tigecycline determined by E-test and MICs
determined by the broth microdilution method (p<0.001,
r=0.9). The accuracy of the inhibition zone diameter of
=13 mm in predicting susceptibility of 4. baumannii to
tigecycline is shown in Table 2. If the MIC of tigecycline
at <2 mg/L. was considered as a breakpoint for
tigecycline susceptibility, the inhibition zone diameter
of =13 mm had a sensitivity 0f 99% and a specificity of
100% in predicting the susceptibility of 4.baumannii
to tigecycline and 97.3% of MDR A.baumannii were
susceptible to tigecycline.

Discussion

The previous studies on the in vitro activity
of tigecycline against A.baumannii by the broth
microdilution method revealed that the MIC, and the
MIC,, for tigecycline were 0.5-1 and 2 mg/L respec-
tively, and more than 90% of these isolates had MICs
<2 mg/L and were considered susceptible to
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tigecycline!'* ', Carbapenem-resistant A. baumannii
isolates were still susceptible to tigecycline with
comparable MICs to the aforementioned values!'* ',
However, in vitro activity of tigecycline against 4.
bawmannii by the agar dilution method observed that
the MIC, and the MIC, for tigecycline against
A.baumannii were 8 and 8 mg/L respectively'”. These
findings implied that the different methods of in vitro
susceptibility testing of tigecycline against A.
baumannii might yield different results. The
breakpoints for the inhibition zone diameter and MIC
of tigecycline against 4.haumannii are not available.
The US FDA-approved breakpoints of tigecycline
against Enterobacteriaceae to be used by the local
laboratory were inhibition zone diameter >19 mmand a
MIC=2 mg/L™. The previous studies on in vitro
activity of tigecycline against A. baumannii used such
a MIC breakpoint!"'¥). It is not known if the testing
methods used in general microbiology laboratories, disk
diffusion and E-tests, are accurate in predicting the
MICs of tigecycline against 4. baumannii.

The MIC, and the MIC,, of tigecycline
against A. baumannii determined by the broth
microdilution method observed in our study were
similar to those reported in the literature"*'?and 97.3%
of MDR 4. baumannii isolated from the hospitalized
patients at Siriraj Hospital were susceptible to
tigecycline. However, our findings indicated that there
was a discrepancy in the susceptibility results of
tigecycline against 4. baumannii for the different

Tehle 1. Distrihution of the irhibition zxe diaveter of
tigecycline against 148 isolates of MR 2.

bhaumanni ¥

Inhibition Zone Diameter Number of Isolates

(mm) (%0)
11 1(0.7)
12 4(2.7)
13 427
15 8 (5.4)
16 11(7.4)
17 20(13.5)
18 34 (23.0)
19 21 (14.2)
20 17(11.5)
21 16 (10.8)
22 8 (5.4)
23 3(2.0)
26 1(0.7)
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Table 2. Accuracy of the inhibition zone diameter of >13 mm in predicting the susceptibility of A.bawmannii lo tigecycline

MIC (MicroScan) < 2 mg/L MIC (MicroScan) > 2 mg/L
[nhibition Zone Diameter >13 mm 143 0
Inhibition Zone Diameter <13 mm 4

methods of testing. The MICs determined by E-test
were usually 4-fold higher than those determined by
the broth microdilution method and E-test might not be
an accurate method for in vitro susceptibility testing of
tigecycline against 4. baumannii. Moreover, our study
also observed that the US FDA-approved breakpoint
of tigecycline against Enterobacteriaceae, to be used
by the local laboratory, of an inhibition zone diameter
>19 mm, was not applicable to tigecycline against 4.
baumannii. The breakpoint for an inhibition zone
diameter =13 mm was more accurate in predicting
susceptibility of A.baumannii to tigecycline with a
sensitivity of 99% and a specificity of 100%. Our
findings of good in vitro activity of tigecycline against
MDR 4. baumannii warrant a clinical study to prove
its efficacy and to determine whether such
proposed breakpoint and testing methods are valid.
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Epidemiology of Staphylococcus aureus Infections and
the prevalence of Infection Caused by Community-
Acquired Methicillin-Resistant Staphylococcus aureus
in Hospitalized Patients at Siriraj Hospital
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Background: The CA-MRSA infections have emerged in many parts of the world over the past decade. To our
knowledge, the prevalence of CA-MRSA infections in Thai patients is unknown.

Objective: To determine an epidemiology of Staphylococcus aureus (S. aureus) infections in hospitalized
patients in Siriraj Hospital and the prevalence of infections caused by community-acquired methicillin-resis-
tant . aureus (CA-MRSA).

Material and Method: The study was carried out at Siriraj Hospital from January to May 2003. The eligible
patients were hospitalized patients whom §. aureus were isolated from their clinical specimens submitted to
Department of Microbiology. S. aureus isolate was classified into infection or colonization. S. aureus infec-
tions were further classified into methicillin-resistant S. aureus (MRSA) or methicillin-sensitive S. aureus
(MSSA) infections, and hospital-acquired (HA) or community-acquired (CA) infections. CA-MRSA infection
is defined as infection caused by MRSA isolated from the patient within 72-hour of hospitalization and has no
features of HA MRSA infections.

Results: There were 669 S, aureus isolates from 448 patients. Two hundred and sixty two patients (58.5%)
were MSSA whereas 186 (41.5%) were MRSA infections. CA-MRSA was found in three isolates (0.9% of total
MRSA) from two patients.

Conclusion: The prevalence of CA-MRSA infections in hospitalized patients in Siriraj Hospital was uncom-
mon and these patients could probably be IHA MRSA infections.

Keywords: Prevalence, Staphylococcus aureus, Methicillin-resistant, Community-acquired, Cross sectional
study, Cohort study, Thailand
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The penicillinase-stable beta-lactams such as
cephalosporins, methicillin and nafeillin became avail-
able in the late 1950s™. Ironically, the first methicillin-
resistant Staphylococcus aureus (MRSA) was de-
scribed at about the same time™ *. The prevalence of
MRSA progressively increased thereafter’ . A sur-
vey of the National Nosocomial infections Surveillance

Caorrespondence to : Thamlikitkul ¥, Division of Infectious
Diseases and tropical Medicine, Faculty of Medicine Siriraj
Hospital, 2 Prannok Rd, Bangkoknoi, Bangkok 10700,
Thailand. Phone: 0-2419-7783, Fax: 0-2419-9462, E-mail:
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System reported that the hospital prevalence MRSA
increased from 2.1% in 197510 35% in 1991, Itis cur-
rently as high as 70% in certain centers, but great geo-
graphic variations exists. The data from the SENTRY
Antimicrobial Surveillance Program during 1997 and
1999 revealed that the MRS A prevalence varied as fol-
lows: Western Pacific region, 46%; United States,
34.2%; Latin America, 34.9%; Europe, 26.3%; Canada,
5.7%. Moreover, a variation of MRSA varied greatly
among countries within a region. In European centers,
the percentages of MRSA varied from less than 2%
in the Netherlands to 54.4% in Portugal, In Western
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Pacific countries, MRSA ranged from 23.6% (Austra-
lia) to more than 70% in Japan and Hong Kong'”. In
Thailand, from a survey of 32 hospitals (1998-2001),
the MRSA ranged from 24-36%. MRSA has tradition-
ally been considered a healthcare-associated patho-
gen in patients with established risk factors®!”, MRSA
has become a major cause of hospital-acquired (HA)
infections over the past decade.!""

MRSA is an emerging community pathogen.
It was first reported in the early 1990s among closed
communities of Aborigines in Western Australia'®,
Fatal community-acquired MRSA (CA-MRSA) infec-
tions were reported in USA in 19997, Outbreaks of
CA-MRSA infections in healthy children, adolescents,
and adults were described worldwide!!*?%, CA-MRSA
infections tend to occur in younger persons than do
hospital-acquired MRSA (HA-MRSA) infections. They
often cause sporadic cases of skin and soft tissue in-
fections but cases of necrotizing pneumonia were also
reported®”. CA-MRSA was found to be associated
with virulent strains producing Panton-Valentine leu-
cocidin (PVL) and a variety of other exotoxins®”, It
showed resistance to methicillin, which is encoded by
the mecA gene, mostly found on the type IV staphylo-
coccal cassette chromosome (SCC)'®. The spread of
CA-MRSA strains was not limited to the community
and might also be seen in the hospital setting?®. A
recent meta-analysis reported a pooled MRSA coloni-
zation prevalence rate of 1.3% in 10 studies testing a
total of 8,350 persons in the community, whereas the
respective prevalence rate was 0.2% in studies exclud-
ing persons exposed to healthcare services®”. In this
meta-analysis, it was also found that MRS A coloniza-
tion was more frequent among persons in the commu-
nity from whom cultures were obtained in the healthcare
setting compared with those screened outside the
healthcare setting®®. Studies from some states in USA
showed an increase in the number of CA-MRSA clini-
cal isolates during the past decade!® 2" 2", whilst this
number remained stable in other states!'?). Factors that
might facilitate the spread of CA-MRSA within hospi-
tals included admission of unrecognized carriers from
the community, prolonged asymptomatic colonization,
inadequate laboratory identification and report, and
inadequate adherence to hand hygiene and contact
precaution measures.

The CA-MRSA infections have emerged in
several parts of the world over the past decade. An
emergence of CA-MRSA was reported from Taiwan with
relatively high incidence (25-75%)%"*" whereas a true
CA-MRSA infection was very rare in Singapore®®3%,
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To our knowledge, a prevalence of CA-MRSA infec-
tions in Thailand is unknown. This study determines
an epidemiology of S. aureus infections in hospitalized
patients in Siriraj Hospital and the prevalence of infec-
tions caused by CA-MRSA.

Material and Method
Subjects and Study Procedures

The study was approved by the Ethics Com-
mittee on Human Research of Faculty of Medicine Siriraj
Hospital. This cross sectional study was carried out
from January 1 to May 31, 2005 at Siriraj Hospital, a
2,000-bed tertiary care university hospital in Bangkok,
Thailand. The eligible patients were hospitalized pa-
tients whom S. aureus were isolated from their clinical
specimens submitted to Department of Microbiology.
S. aureus isolates were classified into infection or colo-
nization. §. aureus infections were further classified
into MRSA or MSSA; and nosocomial, HA or commu-
nity-acquired (CA) infections. CA is defined as infec-
tion caused by MRSA isolated from the patient within
72-hour of hospitalization and has no features of HA
MRSA infections, history of hospitalization, surgery,
dialysis, or residence in a long-term care facilities within
one year of the MRSA culture date or a permanent
indwelling catheter or percutaneous medical device
(e.g. tracheostomy tube, gastrostomy tube, or urethral
catheter) present at the time of cultures, a known posi-
tive culture for MRSA prior to the study period or who
had been discharged from an acute care hospital within
10 days. Nosocomial infection is the infection occur-

Table 1. Classification of cases with S. aureus isolated
from their clinical specimens

Classification of cases No. of cases
(%)

MSSA* 262 (100)
Community-acquired 68 (26.0}
Nosocomial 117 (44.7)
Healthcare-associated 77 (29.4)

MRSA** 186 (100)
Community-acquired 2(L.1)
Nosocomial 154 (82.8)
Healthcare-associated 30 (16.1)

Total 448 (100)

*  Methicillin-Sensitive Staphylococcus aureus
** Methicillin-Resistant Staphylococeus aureus
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ring in the patient who has been hospitalized for more
than 72-hour or who had been discharged from an acute
care hospital within 10 days. The isolates that are nei-
ther CA nor nosocomial-acquired therefore, belong to

the “healthcare-associated” setting and are classified
as HA infections. The medical records of the eligible
subjects were reviewed. The relevant information re-
garding clinical data and microbiclogical data of each

Table 2. Demographics of 446 cases with §. aureus isolated from their clinical specimens

Demographic data

Type of §. aureus

MSSA (N=262) MRSA (N=184) p
Age Mean (yr.) 449 553 <0.001
Standard Deviation(yr.) 27.3 24.0
Minimum (d.) 1 7
Maximum (yr.) 93.0 95.0

Gender Male 129 (49.2%) 99 (53.8%) 0.39
Nationality Thai 251 (95.8%) 179 (97.3%) 0.57
Others 11 (4.2%) 5(2.7%)
Location of the residence Central 218 (83.2%) 152 (82.6%) 0.72
Northeast 17 (6.5%) 12 (6.5%)
South 11 (4.2%) 8 (4.3%)
North 7 (2.7%) 2(1.1%)
Others 9 (3.5%) 10 (5.5%)
Occupation Nursing home 1 (0.4%) 0 NA*
Government employee 15 (5.7%) 12 (6.5%)
Farmer 7(2.7%) 6(3.3%)
Student 28 (10.7%) 10 (5.4%)
Employee 46 (17.6%) 21 (11.4%)
Free 13 (5.0%) 16 (8.7%)
None 150 (57.2%) 117 (63.5%)
Others 2 (0.8%) 2(1.1%)
Living arrangement Private 257 (98.1%) 181 (98.4%) 1.0
Nursing home 5(1.9%) 3(1.6%)
* Not available
Table 3. Clinical data of 446 patients
Clinical data Type of S. aureus
MSSA (N=262) MRSA (N=184) p
Ward Medicine 105 (40.1%) 118 (64.1%) <0.001
Surgery 87(33.3%) 48 (26.1%)
OB&GYN 7 (2.7%) 1(0.5%)
Pediatrics 38 (14.5%) 10 (5.4%)
EENT 16 (6.1%) 6(3.2%)
Others 9 (3.5%) 1 (0.5%)
History of healthcare-associated conditions 158 (60.3%) 145 (78.8%) <0.001
Catheter or device 42 (16.0%) 40 (21.7%) 0.16
Prior presence of MRSA 2 (0.8%) 14 (7.6%) <0.001
Hospitalization > 72 h* 108 (41.2%) 142 (77.2%) <0.001
Prior hospitalization 150 (57.3%) 145 (79.2%) <0.001

*Hospitalization more than 72 hours or who had been discharged from an acute care hospital within 10 days
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Table4. Underlying medical conditions of 446 patients

Underlying diseases / conditions

Type of S. aureus

MSSA(N=262) MRSA (N=184) p

Pulmonary diseases COPD 4 (1.5%) 14 (7.6%) 0.06

Bronchial asthma 4 (1.5%) 1 (0.5%)

ILD 2 (0.8%) 0

Prior pneumonia 1 (0.4%) 0

Others 14 (5.3%) 16 (8.7%)
Neoplastic diseases 57(21.8%) 45 (24.5%) 0.58
Liver diseases Cirrhosis 11 (4.2%) 17 (9.2%) 0.07

Chronic active hepatitis 1(0.4%) 1(0.5%)

Others 4(1.5%) 3 (1.6%)
Heart discases CHF 5(1.9%) 4 (2.2%) 0.13

CAD 24 (9.2%) 25(13.6%)

Valve replacement 1(0.4%) 2(1.1%)

Congenital heart diseases 7(2.7%) 3(1.6%)

Others 8(3.1%) 9 (4.9%)
Neurologic diseases Stroke 22 (8.4%) 19 (10.3%) 0.01

TIA 1(0.4%) 0

Cerebral palsy 1(0.4%) 0

Bed-ridden status 8(3.1%) 14 (7.6%)

Others 14 (5.3%) 18 (9.8%)
Renal diseases Azotemia 7 (2.7%) 14 (7.6%) 0.13

Chronic kidney disease 15 (5.7%) 10 (5.4%)

HD via catheter 15 (5.7%) 9 (4.9%)

HD via AVF 9(3.4%) 7 (3.8%)

Peritoneal dialysis 2(0.8%) 3 (1.6%)

Others 2 (0.8%) 4 (2.2%)
Diabetes mellitus 55(21.0%) 53 (28.8%) 0.07
High alcohol intake 16 (6.1%) 16 (8.7%) 0.20
Smoking 25(9.5%) 19 (10.3%) 0.60
Neutropenia 5(1.9%) 13 (7.1%) 0.01
Splenectomy 1 (0.4%) 1(0.5%) 1.0
Metabolic disorder 2 (0.8%) 4(2.2%) 0.24
Recent operation 15 (5.7%) 15 (8.2%) 0.52
Implanted devices Pacemaker 0 1 (0.5%) 0.03

Others 13 (5.0%) 19 (10.3%)
Recent corticosteroid 8(3.1%) 17 (9.2%) 0.02
Immuno-suppressives 21 (8.0%) 22 (12.0%) 0.28
Others 111 (42.4%) 83 (45.1%) 0.63

subject were retrieved and entered into the structured
case record forms.

Data Analysis

Data were expressed as percentage and mean
+ SD for nominal and continuous variables, respec-
tively. Analyses were performed using SPSS 13.0 (SPSS
Inc, Chicago, Illinois). Nominal variables were compared
by Chi-square test or Fisher’s Exact test and conti-
nuous variables were compared by two-tailed unpaired
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t-test or Mann-Whitney U test as appropriate. The
statistically significant factors were confirmed by
the multivariate analysis using a forward likelihood
logistic regression model. A p- value < 0.05 was con-
sidered significant.

Results

From January | to May 31,2003, 669 S. aureus
isolates from 448 patients were enrolled. Two hundred
and sixty two patients (58.5%) were MSSA whereas
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186 (41.5%) were MRSA. CA-MRSA was found in three
isolates (0.9% of total MRSA) from two patients as
shown in Table 1.

Description of CA-MRSA patients
Case 1

A 46-year old Thai male presented with a
three-month history of fever, malaise, weight loss, and
hematemesis. He came to community hospital as an
outpatient three times within three weeks. His underly-
ing medical conditions included liver cirrhosis, hepati-
tis C infection, heavy alcoholic drinking, and smoking.
He was admitted to general medical ward with dysp-
nea. He received endotracheal tube, nasogastric tube,
and urethral catheter. Chest radiography revealed bi-
lateral reticulonodular with patchy infiltration. MRSA
was isolated from the sputum on the second day of
hospitalization. Sputum examination was positive for
acid fast bacilli. He was empirically treated with

cefiriaxone, amikacin, and ciprofloxacin. He also re-
ceived anti-tuberculosis drugs. He had clinical improve-
ment and left the hospital six days after admission.

Case 2

A 52-year old female presented with chronic
ulcer of her left leg. She had wound dressing at a com-
munity clinic everyday for two weeks and she took
penicillin V 2 grams per day for two weeks, She was
admitted to surgery ward for wound debridement and
she was found to have diabetes mellitus. MRSA was
isolated from pus and tissue on the first and second
day of admission. She received ceftriaxone and
clindamycin, wound debridement and diabetic control.
She was improved and left the hospital seven days
after admission.

MSSA and MRSA patients
The demographics of the patients who had

Table 5. Previous medical history of antibiotics use in 446 patients

Antibiotic Type of §. aureus
MSSA (N=262) MRSA (N=184) P

Prior antibiotics use 74 (28.2%) 135 (73.4%) <0.001
Cephalosporins 25(9.5%) 82 (44.6%) <0.001
Penicillins 31(11.8%) 40 (21.7%) . 0.07
Aminoglycosides 6(2.3%) 23 (12.5%) <0,001
Quinolones 6(2.3%) 28 (15.2%) <0.001
Macrolides 2(0.8%) 3 (1.6%) 0.65
Tetracyclines 0 1 (0.5%) 0.42
Carbapenems 3(1.1%) 27 (14.7%) <0.001
Glycopeptides 3(1.1%) 13 (7.1%) 0.002
Miscellaneous 13 (5.0%) 56 (30.4%) <0.001

Table 6. Predisposing factors of 446 patients

Risk factors

Type of §. aureus

MSSA (N=262) MRSA (N=184) p

Arterial catheter 11 (4.2%) 6 (3.3%) 0.80
Central venous catheter 16 (6.1%) 30 (16.3%) <0.001
Double lumen catheter 15 (5.7%) 15 (8.2%) 0.41
Endotracheal tube 02 (23.7%) 75 (40.8%) <0(.001
Tracheostomy 11 (4.2%) 25(13.6%) <0.001
Urethral catheter 88 (33.6%) 104 (56.5%) <(0.001
Nasogastric tube 70 (26.7%) 104 (56.5%) <0.001
Surgical intervention 127 (48.5%) 98 (53.3%) 0.37
Others 33 (12.6%) 32 (17.5%) 0.20
5110 J Med Assoc Thai Vol. 89 Suppl. 5 2006



Table 7. Category of infections of 446 patients

Type of infection

Type of S. aureus

MSSA (N=262) MRSA (N=184) P

Infective endocarditis Native valve 1(0.4%) 0 1.0
Soft tissue infection Abscess 50 (19.1%) 10 (5.4%) <(0.001

Cellulitis 6(2.3%) 0

Necrotizing fasciitis 3 (1.1%) 1 (0.5%)

Others 19 (7.3%) 9(4.9%)
Orthopedic infection COM* 7(2.7%) 2 (1.1%) 0.80

AOM** 2 (0.8%) 0

Surgical site infect 3(1.1%) 4 (2.2%)

Others 2(0.8%) 2 (1.1%)
Respiratory tract infection CAPp*** 22 (8.4%) 10 (5.4%) 0.03

HAP*#+* 20 (7.6%) 39 (21.2%)

Lung abscess 0 1 (0.5%)

Empyema 2 (0.8%) 2(1.1%)

Others 6(2.3%) 0
Urinary tract infection 5(1.9%) 3 (1.6%) 1.0
Primary bacleremia 23 (8.8%) 9(4.9%) 0.17
Other infections 23 (8.8%) 22 (12.0%) 0.35
Colonization 75 (28.6%) 74 (40.2%) 0.01

* Chronic osteomyelitis

**  Acute osteomyelitis

***  Community-acquired pneumonia
*#%% Hospital-acquired pneumonia

Table8. Source of clinical specimens containing §.

aureus
Specimen Type of 8. aureus
MSSA MRSA
(N=262) (N=184)
Blood 36 (13.7%) 17 (9.2%)
Joint fluid 5(1.9%) 2 (1.1%)
Pleural fluid 2 (0.8%) 1(0.5%)
Peritoneal fluid 0 1 (0.5%)
Pus 99 (37.8%) 39(21.2%)
Sputum 82 (31.3%) 93 (50.5%)
Bronchial fluid 1(0.4%) 2 (1.1%)
Urine 13 (5.0%) 7 (3.8%)
Others 24(9.2%) 22 (12.0%)

MRSA infections were not significantly different from
those who had MSSA except MRSA patients were older:
55.3 years vs 44.9 years as shown in Table 2. The vari-
ables that were significantly different between MRSA
and MSSA patients are shown in Table 3 to 12. They
were: 1) clinical data on type of wards (p<0.001), history
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of healthcare-associated factors (p<0.001), prior MRSA
culture (p<0.001), hospitalization more than 72 hours
or who had been discharged from an acute care hospi-
tal within 10 days (p<0.001), prior hospitalization
(p<0.001); 2) underlying medical conditions on neuro-
logic diseases (p=0.01), neutropenia (p=0.01), implanted
devices (p=0.03), and recent corticosteroids (p=0.02);
3) previous history of prior antibiotic use (p<0.001),
cephalosporin use (p<0.001), aminoglycoside use
(p<0.001), quinolone use (p<0.001), carbapenem use
(p<0.001), glycopeptide use (p=0.002), miscellaneous
antibiotics (p<0.001); 4) predisposing factors on cen-
tral venous catheter, endotracheal tube, tracheostomy,
urethral catheter, and nasogastric tube (p<0.001); 35)
category of infection on soft tissue infection (p<0.001),
respiratory tract infection (p=0.03), and colonization
(p=0.01); 6) clinical evaluation of infections on dura-
tion of fever (p<0.001), duration of admission (p<0.001),
admission to ICU (p=0.04), and duration from hospital-
ization until death (p=0.03); 7) initial antibiotic regimen
onnumber of initial antibiotics regimen (p<0.001), fourth
generation cephalosporin use (p=0.003), penicillins use
(p<0.001), quinolones use (p=0.001), carbapenems use
(p<0.001), glycopeptides use (p<0.001), and miscella-
neous use (p=0.006); 8) outcome on early outcome
(p<0.001), complication (p=0.002), overall outcome
(p<0.001), and cause of overall death (p<0.001). Six
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Table 9. Clinical outcomes of infections

Duration (day)

Type of §. aureus

MSSA (N=262) MRSA (N=184) p
Duration of fever 113 (43.1%) 121 (65.8%) =0.001
Mean 4,39 6.56
Standard Deviation 9.26 7.24
Range 1-90 1-35
Duration of symptom 230 (87.8%) 161 (87.5%) 0.96
Mean 28.34 9.99
Standard Deviation 242.72 15.10
Range 1-3650 1-120
Duration of hospitalization 262 (58.5%) 184 (41.1%) <0.001
Mean 28.62 47.82
Standard Deviation 36.01 52.53
Range 1-213 1-348
Admission to ICU 45 (17.2%) 65 (35.3%) 0.04
Mean 13 28
Standard Deviation 20 45
Range 1-101 1-348
Duration from admission to death 50 (19.1%) TT(41.8%) 0.03
Mean 18.21 18.60
Standard Deviation 33.20 17.38
Range 1-211 1-72

variables associated with mortality were surgical
wards, respiratory infections, use of endotracheal tube,
category of S, aureus, indwelling urethral catheter, and
having implanted devices as shown in Table 13.

Discussion

The recent report on S. aureus concluded that
CA-MRSA in Thailand was extremely rare’*, There
was a report from a hospital in Thailand describing a
child who had CA-MRSA infection®®. He presented
with submandibular lymphadenitis and MRSA was iso-
lated from pus collected from incision and drainage of
the lymph node on admission day. The molecular type
of this isolate of MRSA was unknown, Our data sug-
gests that the prevalence of CA-MRSA infections in
hospitalized patients in Siriraj Hospital was uncommon,
and both patients who met criteria of CA-MRSA infec-
tions could probably be HA MRSA infections since
both of them had history of hospital visits just prior to
their hospitalizations. Moreover, the antibiotic suscep-
tibility profiles of MRSA isolated from both patients
were multi-drug resistant. The universal definition of

S1i2

CA-MRSA has not been established and acceptable.
In fact, the previous review revealed that at least eight
different definitions have been used to classify MRSA
infections as community acquired®®: 1) isolation of
MRSA within 24 h ofadmission, 2) isolation of MRSA
within 24 h of admission, with other exclusions, 3) pres-
ence of MRSA at or within 48 h of admission, 4) isola-
tion of MRSA within 48 h of admission, with other
exclusions, 5) isolation of MRSA within 48—72 h of
admission, 6) isolation of MRSA within 72 h of admis-
sion, 7) isolation of MRSA within 72 h of admission,
with other exclusions, 8) isolation of MRSA from a pa-
tient from a community clinic or facility. An observa-
tion of a very low prevalence of CA-MRSA might not
be valid since we did not include out-patients who
could have minor S. aureus infections and these pa-
tients might have CA-MRSA infections. A recent out-
patient visit within 12 months was found to be the risk
factors for MRSA acquisition®. Other risk factors were
recent hospitalization, recent nursing home admission,
chronic illness, injection drug use, and close contact
with a person with risk factor(s) for MRSA acquisition,
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Table 10. Initial antibiotic regimens of 446 patients

Initial antibiotic regimen

Type of §. aureus

MSSA (N=262) MRSA (N=184) p
Number of initial antibiotic regimens Monotherapy 147 (56.1%) 76 (41.3%) <0.001
Duotherapy 72 (27.5%) T7(41.8%)
Triple therapy 9 (3.4%) 11 (6.0%)
>3 antibiotics 1 (0.4%) 4 (2.2%)
No treatment 33 (12.6%) 16 (8.7%)
First generation cephalosporin 17 (6.5%) 4(2.2%) 0.06
Second generation cephalosporins 2(0.8%) 0 0.51
Third generation cephalosporins 90 (34.4% 62 (33.7%) 0.97
Fourth generation cephalosporins 7(2.7%) 18 (9.8%) 0.003
Penicillins 84 (32.1%) 27 (14.7%) <0.001
Aminoglycosides 29(11.1%) 17 (9.2%) 0.64
Quinolones 14 (5.3%) 27 (14.7%) 0.001
Macrolides 5(1.9%) 2 (1.1%) 0.70
Tetracyclines 2(0.8%) | (0.5%) 1.0
Carbapenems 7 (2.7%) 38 (20.7%) <0.001
Glycopeptides 21 (8.0%) 37(20.1%) <(.001
Miscellaneous 43 (16.4%) 51(27.7%) 0.006
Susceptible to initial antibiotics Susceptible to all antibiotics 66 (25.2%) 18 (9.8%) NA*
Susceptible to some antibiotics 19 (7.3%) 2 (1.1%)
Resistant to all antibiotics 3(1.1%) 36 (19.6%)
Unknown 174 (66.4%) 128 (69.6%)
* Not available
Table 11, Outcomes of 446 patients
Qutcome Type of S. aureus
MSSA (N=262) MRSA (N=184) p
Early outcome * Improve 202 (77.1%) 92 (50.0%) <0.001
Failure 51(19.5%) 78 (42.4%)
Death 9 (3.4%0 14 (7.6%)
Cause of early death** Death 9 (3.4%) 14 (7.5%) 0.21
Uncontrolled S. aureus infection 4 (1.5%) 10 (5.4%)
Other 5(1.9%) 3(1.6%)
Unknown 0 1 (0.5%)
Complication Uncontrolled S. aureus infection 9(3.4% 21 (11.4%) 0.002
Unrelated to S. aureus infection 72 (27.6%) 77 (41.8%)
Overall outcome Improve 202 (77.1%) 101 (54.9%) <0.001
Failure 46 (17.6%) 75 (40.8%)
Undetermine 14 (5.3%) 81(4.3%)
Cause of death Death 50 (19.1%) 77 (41.8%) <0.001
Uncontrolled S. aureus infection 8 (3.1%) 19 (10.3%)
Other 42 (16.0%) 57 (31.0%)
Unknown 0 1 (0.5%)
* Qutcome within 3-5 days of treatment
** Death within 72 hours
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Table 12. Susceptibility of S. aureus to initial antibiotic regimen of 448 cases

Antibiotic
MSSA (N=262)

Tvpe of 8. aureus

MRSA (N=184) CA-MRSA (N=2)

S* R"’* l*** S* R** [*’k* S* R** I***
Ampi/amoxy 18.2% 81.8% 0O 0 100% 0 0 0 0
Cefazolin 100% 0 0 0 100% 0O 0 0 0
Chloramphenicol 96.6% 3.4% 0 923% 6.7% 0 0 100% 0
Cotrimoxazole 99.4% 06% 0 131% 85.9% 1.0% 0 100% 0
Erythromycin 91.4% 74% 1.2% 1.1% 98.9% 0 0 100% 0O
Gentamicin( 1 0meg) 98.2% 1.8% 0 81% 91.9% 0 0 100% 0O
Methicillin 100% 0 0 0 100% 0 0 100% 0
Amoxy/clavulanate 100% 0 0 0 100% 0 0 0 0
Ampi/sulbactam 100% 0 0 0 100% O 0 0 0
Cefoxitin 100% 0 0 0 100% 0 0 0 0
Ceftazidime 100% 0 0 0 100% 0 0 0 0
Ceflriaxone 100% 0 0 0 100% 0 0 0 0
Netilmycin 100% 0 0 0 100% 0 0 0 0
Ofloxacin 100% 0 0 0 100% 0 0 0 0
Tetracycline 59.7% 403% 0 129% 87.1% 0 0 100% 0
Ciprofloxacin 80.6% 5.0% 14.4% 1.0% 99.0% 0 0 100% 0
Clindamyein 94.8% 4.5% 0.7% 86% 91.4% 0 0 100% O
Fosfomycin 100% 0 0 87.7%  9.2% 3.1% 100% 0 0
Fusidic acid 100% 0 0 91.8% 6.1% 2.1% 100% 0 0
Vancomycin 100% 0O 0 100% 0 0 100% 0 0
Teicoplanin 100% 0O 0 100% 0 0 100% 0 0
Linezolid 100% 0 0 100% 0 0 100% 0 0
Rifampicin 100% 0 0 46.2% 53.8% 0 50%  50% 0

* Sensitive, ** Resistant, *** [ntermediate

Table 13.Variables associated with mortality by logis-
tic regression

Variable P Adjusted  95% CI
OR for OR
Ward
Medicine 0.001 34 1.7-6.8
Others 0.40 0.7 0.3-1.7
Respiratory infection <0.001 32 1.8-5.7
Retain endotracheal tube  0.001 28 1.5-5.2
Category of S. aureus 0.004 2.1 1.3-3.6
Urethral catheter 0.01 22 1.2-4.0
Implanted devices 0.21 4.6 1.3-16.9

MRSA colonization can persist for months to years®*®,
and one study reported an estimated half-life of MRSA
colonization of 40 months among patients known to be
colonized with MRSA who were admitted to a univer-
sity hospital®®. The majority of colonized patients
remained completely asymptomatic. Therefore, acqui-

S1i4

sition of MRSA, whether it occurs in the hospital or in
the community, frequently goes unrecognized unless
clinical infection develops. Given the duration for which
colonization with MRSA can persist, an infection may
develop in a setting different from that in which the
organism was initially acquired. Thus, in the absence
of more epidemiological data, such as the results of
surveillance cultures documenting time of acquisition,
the true site of acquisition of MRSA is rarely known
with certainty. The commonly used term “CA-MRSA™
implies that it is known that the organism was acquired
in the community. It appears, however, that this term is
often used to refer to the detection of colonization or
infection in the community, rather than to actual acqui-
sition of MRS A in the community. The term “commu-
nity-onset” MRSA (CO-MRSA), which simply de-
scribes the patient’s location at the time of identifica-
tion of MRSA, would be more technically correct than
the currently used “CA-MRSA”, which implies that
the site of MRSA acquisition is known®”. When a
patient with nosocomially acquired MRSA spreads the
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organism to multiple members of the patient’s house-
hold or community, this should not be called “commu-
nity acquisition”.

In this study, we found that the patients who
had MRSA isolated from their clinical specimens were
significantly associated with health care-associated risk
factors, prior antibiotic use, and predisposing factors
when compared with those with MSSA. These obser-
vations were similar to the previous study®!%, MRSA
patients were also associated with longer duration of
fever, longer duration of hospitalization'®3”, more fre-
quent admission to ICU® 3" and higher mortality than
MSSA patients. Most MRSA isolates were suscep-
tible to several antimicrobial classes (including chloram-
phenicol, fosfomycin, and fusidic acid) and treatment
of MRSA infections may not routinely require glyco-
peptides. CA-MRSA poses important challenges for
public health officials. Surveillance data are needed to
determine the geographic distribution of cases and to
monitor the emergence of this important problem in the
community. In addition, local information is needed to
direct clinical decisions about treatment. However, pub-
lic health resources for establishing new surveillance
systems are limited. Creative approaches to surveil-
lance, such as tracking infections from sentinel hospi-
tals in areas that serve high-risk communities or per-
forming periodic cross-sectional surveys, should be
considered.

Conclusion

The prevalence of CA-MRSA infections in
hospitalized patients in Siriraj Hospital was uncommon.
These patients could probably be health care-associ-
ated MRSA infections. All CA-MRSA should be con-
firmed by molecular analysis.
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