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Introduction and outline of the thesis

INTRODUCTION

In the past 65 years, antibiotics have been critical in the fight against infectious
diseases caused by bacteria. Penicillin was discovered in 1928, but it was only by
the end of the 1940s that it became generally available. This was soon followed by
the discovery and development of new antibiotics, including chloramphenicol and
tetracycline. However, shortly after the introduction of each of these new antibiot-
ics, resistance was detected. Nowadays, disease-causing microbes that have become
resistant to antibiotic drug therapy are a major health problem worldwide, both in
hospitals and the community (1-3, 5, 9). Infections with resistant bacteria increase
the health care costs, length of hospital stay, and mortality, compared to infections
caused by bacteria that are susceptible to standard antibiotics (4, 6). The problem is
particularly pressing in developing countries, where the infectious disease burden is
high and cost constraints restrict the application of newer, often more expensive and
more toxic agents (7, 8).

Emergence of resistant bacteria is driven by the selective pressure that antibiotics
exert on bacterial populations. Through person-to-person transmission these bacteria
may be further spread. Surveillance of resistant microorganisms and knowledge of
their molecular epidemiology and resistance mechanisms are essential for under-
standing how best to treat patients suffering from an infection by these bacteria, and
how to develop effective resistance management strategies. Such resistance-control
programs should include both the promotion of the prudent use of antibiotics and the
improvement of infection control practices. Knowledge on the risk factors for carriage
of and infection with resistant bacteria in a specific geographic region will determine
specific targets for these actions in that location.

Although Indonesia is the world’s fourth most populous country, with a population
of over 230 million inhabitants, very few data on antimicrobial resistance are available
from that country. The general aim of the studies presented in this thesis was to
explore the prevalence, risk factors, molecular epidemiology, and mechanisms of
antimicrobial resistance among commensal bacteria from almost 4,000 patients and
healthy persons in two urban regions on the island of Java, Indonesia. All studies
were performed as part of the Antimicrobial Resistance in Indonesia: Prevalence and
Prevention (AMRIN) study.

OUTLINE OF THE THESIS

The chapters of the thesis are presented in five sections.

1



12 | Chapter 1

Part I: Background

In chapter 2, an overview of the presence and emergence of antimicrobial resistance
in Southeast Asia among bacterial species that commonly cause infection is presented.
The design and rationale of the AMRIN study is described in chapter 3.

Part II: Prevalence of antimicrobial resistance in Indonesia

In chapter 4, the possibility of using the agar diffusion method with antibiotic impreg-
nated disks for antimicrobial susceptibility testing in a surveillance study in Indonesia
is explored by comparing the accuracy of disk diffusion zone diameters obtained by
manual zone measurements to that by automated zone measurements. Discrepan-
cies were analyzed by the microdilution broth method. In chapter 5, data on the
prevalence of antimicrobial resistance among commensal isolates of Escherichia coli
and Staphylococcus aureus carried in the Indonesian population inside and outside

hospitals are presented.

Part I1l: Focus on Staphylococcus spp.

Studies in this part of the thesis are focused on the mannitol-fermenting Staphylococ-
cus spp. cultured during the population-based survey on nasal S. aureus carriage in
Semarang and Surabaya, Indonesia.

In chapter 6, an analysis of possible associations of recent antibiotic use as well
as demographic, socioeconomic, disease-related and healthcare-related determinants
with nasal carriage of resistant S. aureus in the Indonesian population inside and
outside hospitals is presented. Chapter 7 describes the molecular epidemiology and
population structure of S. aureus carriage isolates from Semarang and Surabaya. Dur-
ing the survey, we unexpectedly cultured Staphylococcus sciuri, a mannitol-fermenting
staphylococcus that has commonly been described as a commensal of animals, from a
number of individuals. In chapter 8, the risk factors for nasal carriage of methicillin-
resistant and -susceptible S. sciuri are determined. The molecular characterization of

these strains is described as well.

Part IV: Focus on Enterobacteriaceae
Studies in this part of the thesis deal with the Enterobacteriaceae cultured during the
population-based survey on rectal carriage of resistant Gram-negative microorgan-
isms in Semarang and Surabaya, and during a prospective survey of clinical isolates
in an academic hospital in Surabaya.

Chapter 9 describes the analysis of possible determinants for carriage of resistant
E. coli in the Indonesian population inside and outside hospitals. The determinants
include recent antibiotic use, and demographic, socioeconomic, healthcare-related

and disease-related variables.
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During the population-based survey, resistance to fluoroquinolones and extended-
spectrum B-lactams among commensal E. coli from patients that were discharged
after a hospitalization of five or more days was of special concern. In chapters 10
to 13, these resistance types are studied in more detail. Chapter 10 is devoted to
the molecular epidemiology, phylogenetic background and virulence profile of the
fluoroquinolone-resistant commensal E. coli. The resistance mechanisms involved in
quinolone resistance in these isolates are described in chapter 11. In chapter 12,
the molecular characterization of extended-spectrum B-lactamases (ESBLs) in com-
mensal Enterobacteriaceae are presented. In chapter 13, the results are presented of
a prospective survey to investigate the molecular epidemiology and genetic charac-
teristics of clinical ESBL-producing E. coli and Klebsiella pnewmoniae isolates from an

academic hospital in Surabaya, Indonesia.

PartV: Discussion
In chapter 14, the main findings of the studies in this thesis are discussed and sug-

gestions for further research regarding antimicrobial resistance in Indonesia are given.

13
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Antimicrobial resistance in Southeast Asia

INTRODUCTION

Bacterial antimicrobial drug resistance is a worldwide problem in both developing
and developed countries (5, 24, 57, 83, 87), in hospitals as well as in the community
(15, 56). Infections with resistant bacteria adversely affect treatment outcome, treat-
ment costs, disease spread, and duration of illness (57). In 2001, the World Health
Organization (WHO) launched the first global strategy to counter this phenomenon,
one of the recommendations of which is to monitor trends in antimicrobial resistance
using standardized microbiological methods. Many data exist about the emergence
of antimicrobial resistance in Southeast (SE) Asian countries, but this information is
fragmented since it has been published in separate articles from each country span-
ning several decades.

SE Asia is geographically divided into two regions, namely Mainland SE Asia and
Maritime SE Asia. Mainland SE Asia includes Cambodia, Lao People’s Democratic Re-
public or Laos, Myanmar or Burma, Thailand, and Vietnam. Maritime SE Asia includes
Brunei, East Timor, Indonesia, Malaysia, the Philippines, and Singapore. The region is
a mix of developed and developing countries, with East Timor and Myanmar belong-
ing to the Least Developed Countries according to the United Nations Conference on
Trade and Development (www.unctad.org).

For the present review we have gathered and evaluated all available information in
Pubmed on the presence or emergence of antimicrobial resistance among bacterial
species that commonly cause infection in SE Asian countries to present an integrated

overview of the situation in this region.

METHODS

A review of the literature was conducted using the PubMed database. The search
strategy was a combination of the following keywords, subjects and title words or
combination between “antimicrobial resistance”, “antibiotic resistance”, “MRSA”, and
“ESBL” and SE Asian countries including “Brunei Darussalam” or “Brunei”, “Cam-
bodia”, “Indonesia”, “Lao People’s Democratic Republic” or “Laos” or “Lao PDR”,
“Malaysia”, “Myanmar” or “Burma”, “Philippines”, “Singapore”, “Thailand”, “Timor
Leste” or “East Timor”, and “Vietnam”. Articles published between January 1, 1995 to
January 1, 2007 were included. Articles and abstracts were limited to studies written in
English only. Studies were classified / extracted by species, country, year of publica-
tion, year of sample collection, sources, method of antimicrobial susceptibility test-
ing, quality control, number of strains and percentage of resistance for each species

against tested antimicrobial agents. A scoring system was developed for inclusion and
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exclusion of papers: use of quality control strains (0=no/not described and 1=yes/
described), antimicrobial susceptibility testing according to an internationally ap-
proved method such as that published by the Clinical Laboratory Standards Institute
(CLSD e.g. disk diffusion, E-test, micro/macro/agar dilution (0=no and 2= yes), use of
a well evaluated method for identification e.g. Vitek (bioMérieux), Phoenix (Becton
Dickinson), API (bioMérieux), molecular (0=no; 1=yes). Only a paper with a total
score of 2 or more was included for analysis. Per bacterial species a minimum of 10
strains had to be tested (16). Only major pathogenic bacterial species for humans
were included, except for Mycobacterium spp. Data representing a mix of strains
from several countries were not included. Clinical material and non-clinical material
were analyzed separately (Supplementary Table S1 and Supplementary Table S2).
Intermediate resistance was not classified as resistance. When resistance data for a
bacterial species were available from only one country, these were excluded.

Figures were made to present trends in resistance among the most important
pathogens over the years by country. For each country data collected in the same
period but published in different articles or journals were merged. When isolates
were collected during a period of more than one year, the median year was chosen to
reflect the whole period. When the year of sample collection could not be extracted
from the text, the year of publication was used instead.

For mapping purposes, data from multiple sites in geographically small countries
were merged into one figure. Data from multiple sites in large countries were pre-

sented separately.

RESULTS AND DISCUSSION

Resistance among clinical isolates: Gram-positive bacteria

Streptococcus pneumoniae

S. pneumoniae is a major pathogen causing various infections in children and adults
including pneumonia, meningitis, otitis media, and septicemia (72). Antibacterial
resistance in pneumococci is increasing worldwide, primarily against B-lactams and
macrolides (71). Prevalences of penicillin-non-susceptible S. pneumoniae (PNSP) in
SE Asian countries are presented in Figure 1 and Figure 2a. Data are mainly extracted
from studies by the Asian Network for Surveillance of Resistant Pathogens (ANSORP),
and a number of other studies. In Malaysia, the PNSP rate increased from 9% in 1996
to 39% in 2000. In Singapore, PNSP levels increased from 23% and 24% in 1996 and
1997, respectively, to more than 40% in the year 2000 and beyond. In Thailand, the
rate of PNSP was stably high, ranging from 47% in 1997 to 69% in 2000. In Vietnam,
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Figure 1. Prevalence of penicillin-non-susceptible S. pneumoniae (PNSP) in SE Asian countries, 1995-2007.

rates of PNSP were more than 50% in the 90s: 61% in 1996, 53% in 1997, and 50%
in 1998. In 2001, a strikingly high resistance rate of 92% was found by an ANSORP
study (71). In 1996, 21% of S. pneumoniae from sputum cultures in Jakarta, Indonesia,
were PNSP. In the Philippines, the PNSP prevalence was 21% in 2000 (Figure 2a).
Compared to many European countries, the prevalence of PNSP in SE Asia is high. In
the UK, Denmark, Norway, Sweden, and the Netherlands, prevalences are between
1-5%, and in Iceland between 5-10% (www.rivm.nl/earss/database).

Erythromycin resistance among S. pneumoniae isolates from Malaysia was only 3%
in 1996, but 35% in 1999 (Figure 2b). In Vietnam, the level of erythromycin resistance
increased from 59% in 1995 to over 65% in 1996 and thereafter. In Thailand, erythro-
mycin resistance rates among S. pneumoniae ranged from 16% to 52%. In Singapore,
erythromycin resistance was increasing as well (Figure 2b). The resistance rate in
Indonesia was 36% in 1996 and in the Philippines 18% in 2000 (Figure 2b).

Resistance to tetracycline increased over the years in Singapore and Vietnam (Fig-
ure 2¢). In 1995, tetracycline resistance was 46% in Indonesia and 27% in Malaysia. In
1996, 52% of Thai isolates were resistant to this agent (Figure 2¢).

In Singapore, Thailand, and Vietnam, trimethoprim-sulfamethoxazole resistance
rates were more than 30% (Figure 2d). In Indonesia and Malaysia, trimethoprim-sulfa-

methoxazole levels of resistance in 1996 were 14% and 15%, respectively (Figure 2d).
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Figure 2. Resistance among S. pneumoniae from SE Asia.

Additional data on the antimicrobial resistance among S. pneumoniae are presented
in Supplementary Table S3.

Enterococcus spp.

In general, enterococci are regarded as low grade pathogens, but in the hospital setting
these bacteria have emerged as an important cause of nosocomial infections. Entero-
cocci are intrinsically resistant to a large number of antibiotics, and can easily acquire
new mechanisms of resistance. Ampicillin is the antibiotic of choice for the treatment
of enterococcal infections, and vancomycin is the alternative agent. Ciprofloxacin,
erythromycin, tetracycline, and chloramphenicol may exhibit in vitro activity, but
clinical success is limited. Among Enterococcus spp. from diabetic feet in Malaysia,
the resistance rate was 50% to erythromycin, 25% to trimethoprim-sulfamethoxazole,
17% to ampicillin, 8% to imipenem and 0% to penicillin and vancomycin (63). In a

multicenter study in Thailand in 2002-2003, resistance found among Enterococcus
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spp. from community- and hospital-acquired infections was 36% to ampicillin, 47% to
gentamicin, 4% to vancomycin, 69% to ciprofloxacin, and 76% to erythromycin (18).
Vancomycin-resistant enterococci, first described in the late 1980s in Europe and now
a major problem in hospitals in the USA, have been documented in case reports from
Singapore in 1996 (1) and in 1997 (12), and from Malaysia in 2005 (63), but the full

extent of the phenomenon in SE Asia is unknown.

Staphylococcus aureus

S. aureus is a major cause of both hospital- and community-acquired infections, in
developed as well as developing countries (4, 54). A study in Laos showed that S.
aureus was the second most common cause of bacteremia, and was associated with a
mortality rate of 17% (62). Treatment of S. aureus infections is becoming increasingly
more complicated due to the emergence of various types of antimicrobial resistance
worldwide. Methicillin-resistant S. aureus (MRSA) strains are of most concern since
these are resistant to all B-lactam antibiotics and in many cases to other groups of
antimicrobials as well, especially in the hospital setting. Data on prevalences of MRSA
in SE Asia are available from Laos (62), Malaysia (11, 63, 66), the Philippines (6, 14),
and Singapore (6, 14, 78). Overall, resistance rates of MRSA ranged from 0% in Laos
and 7% in the Philippines to 25% in Malaysia and 39% in Singapore (Figure 3 and

Supplementary Table S4).
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Figure 3. Prevalence of methicillin-resistant S. aureus (MRSA) in SE Asian countries, 1995-2007.
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In Malaysia, MRSA rate was 0% among S. aureus from a variety of specimens
from nonhospitalized patients in 1992, 40% among S. aureus from various clinical
specimens in 1996 and 16% among S. aureus from diabetic foot cultures in 2004. In
Laos, no MRSA was found among S. aureus blood culture isolates from patients with
a community-acquired bacteremia.

SENTRY is an international antimicrobial surveillance program that documents
resistance patterns in bacteria isolated from predominantly hospitalized patients.
Between April 1998 and December 1999, MRSA accounted for 5% of all S. aureus
isolates from the Philippines and 62% of isolates from Singapore in this program.
During the period 1999 to 2001, these rates were 8% and 52% for the Philippines and
Singapore, respectively (Figure 4a). In another study from Singapore among S. aureus
from skin infections in 1995-1996, 7% was MRSA.
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Figure 4. Resistance among S. aureus from SE Asia.
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Vancomycin, a glycopeptide, is the cornerstone for treating invasive MRSA infec-
tions. In 1997, the first clinical isolate of S. aureus with reduced susceptibility to
vancomycin was reported from Japan (10). Subsequently, vancomycin intermediately
susceptible S. aureus (VISA) and heterogenous resistance to vancomycin (hVISA)
have been identified in many parts of the world. In a study by Song et al. (70)
heterointermediate resistance to vancomycin was found among MRSA isolates from
the Philippines (4%), Vietnam (2%), Singapore (2%), Thailand (2%), but not among
MRSA strains from Indonesia (70) and Malaysia (63, 66). In the Malaysian studies,
however, disk diffusion was used, which is an inaccurate method for the assessment
of intermediate resistance to vancomycin.

In Malaysia, overall resistance to tetracycline, erythromycin, and clindamycin
among S. aureus was 39%, 33%, and 2%, respectively. Tetracycline resistance varied
from 23% in 1992 to 47% in 1996 (Figure 4c¢). Erythromycin resistance rates varied
from 13% in 1992 to 46% in 1996 and 16% in 2004 (Figure 4b). Clindamycin resistance
was 2% in 1992 and 1996, and 7% in 2004 (Figure 4d), suggesting an increase over
the years. In 1995, in Singapore, 19% of S. aureus was resistant to erythromycin,
34% to tetracycline, and 0% to clindamycin. However, in none of these studies an
induction test was performed to check for inducible resistance, thus resistance rates
for clindamycin may be higher. Additional data on resistance among S. aureus is
presented in Supplementary Table S4. From many countries in SE Asia information on

resistance data of S. aureus is lacking.

Coagulase-negative staphylococci (CoNS)

CoNS are the most frequently reported pathogens in nosocomial bloodstream in-
fections (33, 39). Patients with CoNS infections are usually immunocompromised,
with indwelling or implanted foreign bodies. Resistance to antibiotics in CoNS is of
concern, especially methicillin resistance encoded by the mecA gene, because there
is evidence of horizontal transfer of the mecA containing staphylococcal cassette
chromosome between staphylococcal species (27). From SE Asia, only data from
Singapore and Thailand are available. In a university hospital in Singapore, CoNS
showed a high incidence of resistance to gentamicin (38%), erythromycin (38%),
trimethoprim-sulfamethoxazole (29%), methicillin (25%), and fusidic acid (22%), but
vancomycin resistance was not found (45). In Thailand, resistance rates were 36%
for gentamicin, 43% for erythromycin, 40% for trimethoprim-sulfamethoxazole, 57%
for oxacillin, and 1% for vancomycin (18). Resistance to methicillin is much more
prevalent in the USA (78%) and other parts of the world (74%) (36, 37). Similarly,
erythromycin resistance was found in 71% of CoNS from the USA and 65% from other
parts of the world (36).
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Resistance among clinical isolates: Gram-negative bacteria

Haemopbhilus influenzae

Accurate data on the susceptibility of H. influenzae in SE Asia are available from
Singapore and Thailand. Results of 318 isolates, obtained in 1993-1994 in Singapore,
were reported by Tee et al. (82). Resistance to ampicillin and trimethoprim-sulfa-
methoxazole was prevalent: 41% and 38%, respectively. Resistance to chlorampheni-
col, cefuroxime, and ceftriaxone was 11%, 2%, and 0%, respectively. In Thailand,
305 isolates from respiratory samples were studied. B-lactamase production was
present in 45% of isolates, with 135 of these being ampicillin-resistant. Resistance
to trimethoprim-sulfamethoxazole was prevalent as well (50%). All isolates were
susceptible to amoxicillin-clavulanic acid, cefuroxime, ceftriaxone, azithromycin, and
levofloxacin (17, 82).

The production of B-lactamase is the most common mechanism of ampicillin re-
sistance expressed by H. influenzae, with wide geographical variation (86). One
international surveillance study of almost 3,000 strains from 1999 to 2000 showed an
overall prevalence of 17% B-lactamase-positive strains, ranging from as low as 3% in
Germany to as high as 65% in South Korea (28). Compared to European countries, but
also to North and South America, ampicillin resistance rates in Singapore and Thailand

were high. Resistance to trimethoprim-sulfamethoxazole is common worldwide (28).

Neisseria gonorrboeae

Gonorrhea is among the most prevalent sexually transmitted diseases throughout
much of the world (79, 80, 98). Complications of urogenital infection include pelvic
inflammatory disease in women, leading to infertility, chronic pelvic pain, or later,
ectopic pregnancy, and conjunctivitis in the newborn of infected mothers. Effective
antibiotic treatment is an essential element in approaches to control the disease. The
epidemiology of antimicrobial resistance guides decisions about gonococcal treat-
ment recommendations. Data on antimicrobial resistance in N. gonorrboeae have
been reported from Indonesia, Thailand, the Philippines, Brunei, Laos, Malaysia,
Singapore and Vietnam. The latter six countries participate in the WHO Western
Pacific Region Gonococcal Antimicrobial Surveillance Programme (WPR GASP) that
has monitored resistance in gonococci since 1992. Resistance to penicillins, which
may be the result of penicillinase production (PPNG) or aggregation of a number of
chromosomally mediated mechanisms (CMRNG), is widespread and at high levels in
SE Asia. The PPNG prevalences are depicted in Figure 5 and Figure 6a. Although the
PPNG prevalence in Malaysia was 39%, the total rate of resistance to penicillin was
48%. In Brunei, the overall rate of resistance to penicillin was 64% (Supplementary

Table S5). There was considerable regional variation in the distribution of high-level
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Figure 5. Prevalence of penicillinase-producing N. gonorrhoeae (PPNG) in SE Asian countries, 1995-2007.

plasmid-mediated tetracycline resistance (TRNG) (Figure 0b). Rates ranged from 6%
in Malaysia (2005) to 100% in Bali and East-Java, Indonesia (2004) (21, 77, 96). In
the Philippines, an increase in tetracycline resistance was observed from 8% in 1994
to 30% in 2005 (40, 96). Quinolone resistance in gonococci, which is the result of
chromosomal changes in gyr4 or parC genes, has been emerging in SE Asia since
1993, as shown by the WHO WPR GASP data. First, strains “less sensitive” to quino-
lones were observed. Infections with these strains could be treated with an increased
dose of the fluoroquinolone. Subsequently, strains with higher MICs were detected
and these were not amenable to therapy even with higher-dose regimens. In 2005,
more than 50% of isolates were resistant or less susceptible to quinolones in Brunei,
Laos, Singapore, and Vietnam (96). Other countries in SE Asia with high rates of
decreased susceptibility to quinolones, but not part of the WHO WPR GASP study,
include Indonesia (50% in 2004) and Thailand (22% in 1994-1995) (Figure 6¢) (21,
41, 77). Resistance to penicillin, tetracycline, and quinolones are now so widespread
in most SE Asian countries that these have become unreliable as a first-line treat-
ment for gonococcal disease. Alternatives include third-generation cephalosporins,
spectinomycin (injectible), and azithromycin. Strains with a decrease in susceptibility
to third-generation cephalosporins have been detected in recent WHO WPR GASP

surveys, but exact prevalences were not reported. Spectinomycin resistance is only
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Figure 6. Resistance among N. gonorrhoeae from SE Asia.

rarely observed. In Jakarta, this antibiotic is now used as a first-line therapy. However,
when extensively used, resistance emerges quickly, as occurred in the mid-80s. Data
on azithromycin resistance from SE Asia are scarce. In 2004, no resistance to this

macrolide was observed in isolates from Denpasar, Indonesia (21, 77).

Enterobacteriaceae

Escherichia coli
E. coli isolates exist as normal flora in the gut of humans and animals and were
originally susceptible to many antimicrobial agents. However, selective pressure by

repeated exposure to antibiotics has led to the development of resistance (97). From
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Figure 7. Prevalence of ESBL-producing E. coli in SE Asian countries, 1995-2007.

SE Asia, there are many studies that have assessed antimicrobial resistance of E.
coli (Figure 7 and Figure 8). The overall prevalence of ampicillin resistance was
>50%, which is much higher than found in other countries in the world (22). The
emergence of fluoroquinolone resistance among Gram-negative rods is, however, a
phenomenon seen worldwide. In Malaysia, ciprofloxacin resistance increased from
0% in 1992 (11) to 29% in 2004 (63). An increase in ciprofloxacin resistance was also
observed in Singapore and Thailand (Figure 8b). In the Philippines, the resistance
rate to ciprofloxacin was the highest among all SE Asian countries, 54% in 1998, but
in this analysis only extended spectrum B-lactamase (ESBL)-positive E. coli isolates
were included. The association between ESBL production and quinolone resistance
has been recognized worldwide (7).

The aminoglycosides, such as gentamicin, are important antibiotics in the empirical
treatment of severe infections suspected to be caused by aerobic Gram-negative rods.
In Malaysia, gentamicin resistance increased from 1% in 1992 to 30% in 2004. In
Singapore, gentamicin resistance rate was <10% in 1992 and 1994, but more recent
data are not available. Again, the highest resistance rate described in SE Asian reports
was among ESBL-positive isolates from the Philippines (46% in 1998). No resistance
to gentamicin was found among E. coli from blood from HIV-positive patients in

Thailand in 1997 (Figure 8c). However, resistance to trimethoprim-sulfamethoxazole
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Figure 8. Resistance among E. coli from SE Asia.

was high in this collection (100%). Among ESBL-positive isolates from the Philippines,
the resistance rate was 92%. In Figure 8d it is shown that resistance to trimethoprim-

sulfamethoxazole in Malaysia increased from 34% in 1992 to 71% in 2004. This is

much higher than prevalences described in Europe or the Americas (22).

Additional resistance data are presented in Supplementary Table S6. No data were

available from Brunei, Cambodia, Laos, Myanmar, and Vietnam.

Enterotoxigenic E. coli (ETEC)

The antimicrobial resistance among ETEC, an important cause of diarrhea in devel-

oping countries, particularly among young children, has been studied in three SE
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Asian countries: Indonesia (76), Thailand (31) and Vietnam (31). The prevalence of
resistance to tetracycline was 81%, 43%, and 65%; to chloramphenicol 61%, 13%, and
17%; to trimethoprim-sulfamethoxazole 63%, 51%, and 63%; and to ampicillin 78%,
54%, and 67% in Indonesia, Thailand and Vietnam, respectively. Resistance to cipro-

floxacin, azithromycin, and nalidixic acid was less than 5% (Supplementary Table S7).

Klebsiella pneumoniae
Studies on the prevalence of antimicrobial resistance among K. pneumoniae are
available from Malaysia (63), Laos (62), the Philippines (7), Singapore (7), and Thai-
land (46) (Figure 9 and Figure 10). It should be noted that the latter three studies
only involved ESBL-positive isolates. Not surprisingly, ciprofloxacin resistance was
prevalent in the Philippines (62%), Thailand (29%), and Singapore (22%). Among K.
pneumoniae from diabetic feet in Malaysia, the resistance rate to ciprofloxacin was
9%, to nalidixic acid 17%, and to trimethoprim-sulfamethoxazole 26%. Resistance to
aminoglycosides also often exists in ESBL-positive isolates. Indeed, 26% of Thai and
6% of Philippine isolates were resistant to amikacin (Figure 10d).

Although there is a rapid global spread of carbapenemase-producing K. pneu-
moniae, imipenem resistance was not present in Malaysia, the Philippines, Singapore,
and Thailand (Figure 100).
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Figure 9. Prevalence of ESBL-producing K. pneumoniae in SE Asian countries, 1995-2007.
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Figure 10. Resistance among K. pneumoniae from SE Asia.

Additional resistance data are presented in Supplementary Table S8.

ESBL-producing Enterobacteriaceae

ESBL-producing Enterobacteriaceae are an increasing problem worldwide. Therefore,
this emerging resistance phenomenon is discussed separately. Reliable detection of
ESBL-producing bacteria includes a screening test followed by a confirmation test. This
is, however, not straightforward, because different ESBL enzymes hydrolyze oxymino-
cephalosporins at different rates and other mechanisms of resistance may interfere
with the tests. Furthermore, methods for screening and phenotypic confirmatory test-

ing of bacteria other than E. coli, K. pneumoniae, and K. oxytoca, have not yet been
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determined by the CLSI. Accurate information on ESBLs from SE Asia is available from
Singapore (7, 101, 103), the Philippines (7, 103), Thailand (46, 100, 102, 104), Malaysia
(97), and Vietnam (105) (Figure 7, Figure 8a, Figure 9, and Figure 10a). In 1998-1999,
confirmed ESBL-producing isolates were present in SE Asia as reported by the Asia-
Pacific group of the SENTRY Antimicrobial Surveillance Programme (7). Among clinical
strains of E. coli rates were 5% and 9%, respectively in Singapore and the Philippines.
For K. pneumoniae, these rates were much higher, 42% and 32%. In the same period,
11% of E. coli, 36% of K. pneumoniae, and 39% of K. oxytoca were ESBL-positive in
Singapore. A steep increase was observed for K. pneumoniae in Thailand: from 10% in
1999 in Bangkok to 21% in Pratumthani (central Thailand) in 2003 and 44% in Songkhla
Province (south Thailand) in 2004. The latter high prevalence is from isolates from
blood cultures only, which is of concern since ESBL-producing strains are associated
with poor patient outcome probably due to inappropriate first-line treatment. In Kuala
Lumpur, Malaysia, and in Ho Chi Minh City, Vietnam, 3% and 19% of clinical E. coli were
ESBL-producing, respectively. Overall, the prevalence of ESBLs in SE Asia is higher in K.
pneumoniae than in E. coli, which is consistent with findings elsewhere in the world.
Molecular characterization of clinical strains producing ESBLs has been reported
from Malaysia, Vietnam, Singapore, and Thailand. However, this is beyond the scope

of this review.

Salmonella spp.

Antimicrobial therapy is not recommended for uncomplicated salmonellosis, but
appropriate antibiotics are crucial for patients with invasive infections. The fluo-
roquinolones are the most optimal choice for the treatment of typhoid fever, but
the emergence of resistance to fluoroquinolones suggests that their use should
be restricted. Then, traditional first-line drugs should be considered (tetracycline,
chloramphenicol, ampicillin, trimethoprim-sulfamethoxazole), or the more expensive
parenteral ceftriaxone in severe infections. Trends in tetracycline, chloramphenicol,
ciprofloxacin, and ampicillin resistance among all Sal/monella spp. are depicted in
Figures 11a to 11d.

Resistance to tetracycline among Salmonella spp. in Thailand was 58% in 1998 (31)
and 100% in 2003 (2). In Malaysia, Vietnam, and Indonesia, tetracycline resistance
rates were much lower: 11% in 1995 (Malaysia), 7% in 1998 (Vietnam), 21-20% in
1998-1999 (Indonesia) (Figure 11a).

Chloramphenicol resistance among Thai Salmonella spp. decreased slightly over
the years from 35% in 1993 to 28% in 1998 and 24% in 2003. In Indonesia, the
resistance rate remained stable: 16% in 1998 and 13% in 1999. In Laos, Malaysia and
Vietnam, the resistance rate was 12% (2002), 7% (1995), and 0% (1998), respectively
(Figure 11b).
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Figure 11. Resistance among Salmonella spp. from SE Asia.

Resistance rates to ciprofloxacin were lower than to the other antibiotics tested in
this species (range 0 — 0.5%) (Figure 11¢). However, in almost all studies included in
our analysis, antimicrobial susceptibility testing was performed using disk diffusion.
This method does not detect reduced susceptibility to ciprofloxacin (MIC >0.25 pg/
mL). In a Finnish study on Sal/monella isolates from travelers returning from abroad,
reduced fluoroquinolone susceptibility was particularly seen among isolates from
travelers returning from SE Asia (Thailand, Indonesia, Malaysia) (25). In all these
isolates, a point mutation in the quinolone-resistance determining region (QRDR) of

gyrA was present. Such isolates are important to identify, since infections with these
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should not be treated with standard fluoroquinolone therapy. The CLSI currently
recommends disk diffusion testing of nalidixic acid as a marker for the detection of
reduced susceptibility of Salmonella spp. to fluoroquinolones, which was indeed per-
formed in the studies by Oyofo et al. and Isenbarger et al. In these studies, resistance
to nalidixic acid was frequent among Thai isolates (up to 33%), but not present at all
among Indonesian isolates.

In Thailand, ampicillin resistance decreased from 37% in 1996 to 30% in 1998 and
10% in 2003. In Indonesia, the rates of resistance remained stable in the late 1990s:
19% in 1998 and 18% in 1999. Lower prevalences of resistance were observed in
Malaysia and Vietnam, 1% in 1995 and 0% in 1998, respectively (Figure 11d). Overall
resistance rates are presented in Supplementary Table S9.

In Indonesia, S. Typhi isolates were universally susceptible to commonly used an-
timicrobials (59, 60, 85), but in Laos, resistance rates to ampicillin, chloramphenicol,
and trimethoprim-sulfamethoxazole were 12%, 12%, and 11%, respectively (62).

A collection of non-Typhi Salmonella was studied in Malaysia with low resistance
rates found to tetracycline (11%), chloramphenicol (7%), trimethoprim-sulfamethox-
azole (5%), streptomycin (4%) and ampicillin (1%). There was no resistance against
ciprofloxacin and kanamycin (49).

Overall, although resistance to quinolones seems to be emerging in SE Asia, resis-

tance to traditional first-line antibiotics is decreasing.

Shigella spp.

Worldwide it is estimated that shigellosis is responsible for some 600,000 deaths each
year, two-thirds of which are in children aged under 10 years. The incidence of shigel-
losis is the highest in developing countries where general standard of living and sani-
tary conditions are usually poor (3). S. flexneri and S. sonnei are the predominant spe-
cies in developing countries. Antimicrobial treatment can reduce morbidity, mortality,
and transmission. The antibiotics commonly used are trimethoprim-sulfamethoxazole,
tetracycline, ciprofloxacin, chloramphenicol, and ampicillin.

In 1984 and 1985, no resistance to trimethoprim-sulfamethoxazole was observed
among Shigella spp. in Myanmar, but in 1989 48% and in 1993 63% of isolates was
resistant (Figure 12a) (58). In Vietnam, resistance patterns of Shigella spp. isolates col-
lected between 1989 and 1998 were studied by the National Program for Surveillance
of Antimicrobial Resistance (NPSAR) (3). Resistance to trimethoprim-sulfamethoxa-
zole increased from 25% in 1989 to 94% in 1994 and remained >70% thereafter.
Trimethoprim-sulfamethoxazole resistance rates were also high in Indonesia (54%
in 1998, 73% in 1999, and 67% in 2000) and in Thailand (91% in the period 1996 to
1999) (31) (Figure 12a).
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Figure 12. Resistance among Shigella spp. from SE Asia.
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In many countries, tetracycline is not used anymore as empirical therapy for shigel-

losis due to the high resistance rates. High resistance rates are also observed in SE

Asia. In Myanmar, tetracycline resistance among Shigella spp. increased over the years
from 0% in 1980 to 41% in 1984, 63% in 1985, 90% in 1991 and 91% in 1993. In Viet-
nam, prevalences of resistance have been >280% since 1990. In Indonesia, resistance
to tetracycline was studied by Oyofo et al. (59, 60) and Tjaniadi et al. (85). Resistance
was 90%, 73% and 92% in 1998, 1999 and 2000, respectively. In Thailand, an even

higher rate of resistance to tetracycline was observed compared with Malaysia and

Indonesia in the same period (Figure 12b).
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Ciprofloxacin resistance among Shigella spp. was not found in Vietnam and Indo-
nesia (Figure 12¢).

For chloramphenicol, there was a steady increase in resistance rates over the years
in Myanmar: from 0% in 1980 to 41% in 1984, 63% in 1985, 75% in 1989, 90% in 1990
and 91% in 1993. In Vietnam, the resistance rates were over 60% (range 63% - 89%).
In Indonesia, the prevalence of resistance decreased from 76% in 1998 to 68% in
1999 and 15% in 2000. In Thailand and Malaysia, resistance rates were 21% and 5%,
respectively, in 1998 (Figure 12d).

In Supplementary Table S10 and Supplementary Table S11 additional data are
provided for S. flexneri and S. sonnei. Overall, prevalences of resistance were high
for ampicillin, tetracycline, chloramphenicol, and trimethoprim-sulfamethoxazole in
S. flexneri and for tetracycline, chloramphenicol, and streptomycin in S. sonnei, which
is in agreement with trends observed worldwide (57).

Other glucose fermenting Gram-negative rods

Microorganisms belonging to the genera Proteus, Enterobacter, Serratia, and Citro-
bacter are members of the family Enterobacteriaceae, of which the latter three rarely
cause infections in healthy hosts, but are common nosocomial pathogens. Most in-
formation on antimicrobial resistance among these four bacterial species in SE Asia
are from Biedenbach and Jones, together with the Philippines, Thailand, or Indonesia
Antimicrobial Resistance Study Group (9, 34, 51). They evaluated the in vitro activity
of broad-spectrum B-lactam antibiotics against isolates of clinical bacteria from the
Philippines, Thailand, and Indonesia, collected in 1998. However, infections caused
by Enterobacter, Serratia, and Citrobacter should not be treated with third-generation
cephalosporins or piperacillin-tazobactam, due to their inducible AmpC enzyme, and
therefore, results for these antibiotics from this study are of limited use. Furthermore,
the exact origin of the isolates in these studies, i.e. community-acquired or hospital-
acquired, from an intensive care unit or a general surgery ward, was not indicated.

This information is of utmost importance for the proper interpretation of the results.

Proteus spp.

Proteus spp. are common causes of urinary tract infections, occasionally in normal
hosts and very commonly in patients with indwelling catheters. They have been stud-
ied for antimicrobial susceptibility in Malaysia (63), Singapore (45), the Philippines
(34), and Thailand (9). In Malaysia, Proteus spp. from diabetic foot infections were
analyzed. Of the 42 isolates, 62% were resistant to ampicillin, 33% to trimethoprim-
sulfamethoxazole, 27% to ciprofloxacin, 19% to amoxicillin-clavulanic acid, and 10%
to gentamicin (63). All isolates remained susceptible to imipenem and amikacin. In

Singapore, resistance rates among Proteus spp. from various clinical specimens to am-
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picillin, trimethoprim-sulfamethoxazole, nitrofurantoin and ciprofloxacin were 60%,
45%, 40%, and 0%, respectively. In the Philippines and Thailand, isolates remained
highly susceptible to broad-spectrum B-lactams, except for ceftazidime, to which 20%

of the indole-positive Thai isolates were resistant (Supplementary Table S12).

Enterobacter spp.
Data from antimicrobial resistance in Enterobacter spp. are available from Indonesia
(51, the Philippines (7, 34), Singapore (7, 44, 45), and Thailand (9).

The SENTRY Antimicrobial Surveillance Program (1998-99) found a presumptive
ESBL prevalence among Enterobacter spp. of 11% in Singapore, and 2% in the Philip-
pines (7). In the period thereafter, the prevalence increased to 44% in Singapore
and 35% in the Philippines, for E. cloacae (8). Strains with an ESBL phenotype had
high rates of resistance to other antibiotics, such as ciprofloxacin, gentamicin, and
trimethoprim-sulfamethoxazole: 50%, 58%, and 83%, respectively, in Singapore, and
33%, 48%, and 91%, respectively, in the Philippines. In two other reports from these
two countries, imipenem resistance was not detected (34, 44). In addition, resistance
to the aminoglycosides was low among isolates collected from a university hospital in
Singapore in 1994 to 1995: 8% for amikacin and 3% for gentamicin, but resistance to
ciprofloxacin was 11% and to trimethoprim-sulfamethoxazole 24%.

In Malaysia, Enterobacter cloacae from diabetic foot infections were highly sus-
ceptible to ciprofloxacin, imipenem and gentamicin, but resistance to trimethoprim-
sulfamethoxazole was prevalent (31%) (63).

Among strains from Indonesia and Thailand, imipenem resistance was not detected,
but resistance to cefepime, a fourth-generation cephalosporin, was 4% in both coun-
tries (9, 51). Non-B-lactams were not tested. Additional information on the resistance
among Enterobacter spp. is shown in Supplementary Table S13.

Serratia spp.

Antimicrobial resistance among Serratia spp. was studied in Indonesia (51), the
Philippines (34), and Thailand (9). Resistance to cefepime was 2% among isolates
from Thailand, but not observed in isolates from the Philippines and Indonesia. A
worrisome observation was the prevalence of imipenem resistance among Indonesian
isolates (7%). Imipenem resistance was not found in isolates from the Philippines and
Thailand (Supplementary Table S14).

Citrobacter spp.
Citrobacter spp. were studied in 1998 in the Philippines (34) and Thailand (9). The

resistance to cefepime was 0% and 6% and to imipenem 0% and 2%, respectively, in
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the Philippines and Thailand. No data are available on the susceptibility of Citrobacter

spp. to non-B-lactam antibiotics.

Other (glucose-non-fermenting) bacteria

Campylobacter jejuni

Infection with Campylobacter jejuni has been recognized worldwide as the most
frequent cause of bacterial gastroenteritis. Treatment of presumed Campylobacter
gastroenteritis in otherwise healthy individuals is symptomatic and does not include
antibiotics. When antibiotic therapy is indicated, macrolides, quinolones, and tetracy-
cline are most often used. Antimicrobial resistance among Campylobacter jejuni has
been studied in Thailand, Vietnam, and Indonesia (31, 59, 60, 85). In 1997, resistance
to ciprofloxacin was 75% and 1%, respectively, among Thai and Vietnamese isolates,
but resistance to azithromycin was low in Thailand (2%) and absent in Vietnam
(31). From Indonesia, there are many data on Campylobacter. All report essentially
similar trends, which are the emergence of ciprofloxacin-resistant strains (up to 43%
in 2000), stably high prevalences of tetracycline resistance (>30%), and no resistance

to macrolides (Supplementary Table S15).

Pseudomonas aeruginosa

P. aeruginosa strains exhibit intrinsic resistance to several B-lactam antibiotics and may
acquire additional resistance mechanisms, such as broad-spectrum B-lactamases, that
further reduce their susceptibility to antimicrobial drugs. For example, the Vietnamese
extended-spectrum B-lactamase (VEB)-1, first described in a strain from Vietnam, was
present in 23% of P. aeruginosa from Thailand, 1999, causing complete resistance
to the oxymino-cephalosporins (23). The total resistance to ceftazidime in Thailand
increased from 27% in 1999, to 52% in 2001 and 40% in 2002 (Figure 13b).

In one Malaysian report with isolates collected in 1992, strains were highly suscep-
tible to various antibiotic classes, including ceftazidime, but from several surveillance
studies conducted after 1992, it was shown that ceftazidime resistance was over 10%
in the Philippines, Vietnam, and Malaysia. In Indonesia, resistance to ceftazidime was
7% in 1998 (5D).

Except for the Malaysian strains collected in 1992, ciprofloxacin resistance rates
among Pseudomonas spp. were over 10% in Malaysia (after 1992), Vietnam, Thailand
and Singapore. In Malaysia, resistance increased from 1% in 1992 to 11% in 2005. The
highest resistance rate was found in Vietnam, 82% in 2000, among isolates causing
surgical site infections (Figure 13a).

Imipenem resistance was already detected in Malaysian Pseudomonas strains in

1992 (1%). Resistance rates of less than 10% were also reported in Malaysia (2004),
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Figure 13. Resistance among Pseudomonas aeruginosa from SE Asia.

Indonesia, and Vietnam, but in Singapore, the Philippines and Thailand, rates were
10% or more (Figure 13¢).

Amikacin resistance in Malaysia was less than 10% (range 3% - 7%). In Singapore,
Thailand, and Vietnam, Pseudomonas isolates were more frequently resistant to ami-
kacin. Again, the highest resistance rate was found in Vietnam (48% in 2000) (Figure
13d). None of the reports on resistance among Pseudomonas isolates presented
prevalences of multi-drug resistance, i.e. resistance to three antibiotic classes or more,

which occurrence is a matter of concern in many countries.
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Acinetobacter spp.

Acinetobacter spp. — principally A. baumannii — are opportunistic pathogens of
greatest concern, especially in intensive cares and as invaders of burn wounds. A.
baumannii has shown a remarkable propensity to develop resistance to virtually
every antibiotic class (52). Multidrug-resistant (MDR) A. baumannii and extensively-
resistant A. baumannii (XDR) are reported with increasing frequency from around
the world, but recent data from SE Asia are lacking (20). In a study from the National
University Hospital in Singapore of 165 Acinetobacter spp. collected in 1991, resis-
tance to ceftazidime was almost 50%, to the aminoglycosides ranged from 34-54%,
to the quinolones from 4-21%, and to imipenem 5% (45). In another study from the
same hospital, but three years later, it was shown that Acinetobacter spp. were one
of the most commonly isolated Gram-negative bacilli from blood cultures (44). The
authors reported moderate prevalences of resistance to ceftazidime (23%), piperacillin
(26%), gentamicin (27%), ciprofloxacin (26%), and trimethoprim-sulfamethoxazole
(15%). Resistance to imipenem and amikacin was less frequent: 7% and 8%, respec-
tively (44). Among Thai isolates collected in 2002 from 24 hospitals across Thailand,
resistance rates were much higher: 56% to ceftazidime, 24% to imipenem, 52% to
amikacin, 56% to ciprofloxacin, and 66% to trimethoprim-sulfamethoxazole, but
whether MDR isolates were present remains unknown. In this study, the isolates
from community-acquired infections were generally more sensitive to the antibiotics
than those from hospital-acquired infections (18). The data of resistance rates to
several broad-spectrum B-lactam antibiotics from Singapore, Thailand, Indonesia, and
the Philippines, which are mainly extracted from the reports by Biedenbach, Jones,
and colleagues, are shown in Figures 14a to 14c. Remarkably, already in 1998 the
imipenem resistance was 10% and 13%, respectively, in Indonesia and the Philippines
(Figure 14b and Supplementary Table S106).

Burkholderia pseudomallei

B. pseudomallei, which is the causative microorganism of melioidosis, an endemic
disease in most of SE Asia, has been studied in Laos, Malaysia, and Thailand. In Laos,
B. pseudomallei was isolated from blood cultures of 14 out of 4,460 patients, but the
mortality in these patients was as high as 60%. The resistance rate to chloramphenicol
was 1% and to trimethoprim-sulfamethoxazole 0% (62). In Malaysia, resistance to ce-
foperazon, a third-generation cephalosporin, was 14%, but to cefoperazon-sulbactam
0% (42). In Thailand, resistance rate of trimethoprim-sulfamethoxazole was 13% by
E-test and 71% by disk diffusion (99).
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Figure 14. Resistance among Acinetobacter spp. from SE Asia.

Resistance among commensals
Carriage strains of S. pneumoniae have been studied in Malaysia, the Philippines, Sin-

gapore, Thailand, and Vietnam and commensal E. coli in the Philippines and Thailand.

Commensal E. coli

The fecal flora of the general population represents a potentially large reservoir of
antimicrobial-resistant bacteria and mobile genetic elements with resistance genes.
Therefore, commensal E. coli can be used as an indicator organism for resistance. In
Thailand, the antimicrobial resistance profiles of E. coli from swine and chicken farm

workers were determined. The prevalence of resistance for tetracycline, chloram-
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phenicol, ampicillin, and nalidixic acid were 67%, 56%, 44%, and 33%, respectively. All
strains were tested susceptible to ciprofloxacin and ceftriaxone (26). Nys et al. studied
fecal E. coli from healthy adult volunteers from the Philippines. High resistance rates
were found for all antibiotics tested, including tetracycline (90%), trimethoprim (84%),
ampicillin (81%), chloramphenicol (64%), ciprofloxacin (49%), gentamicin (33%), and
cefazolin (21%) (55).

Carriage isolates of S. pneumoniae
Knowledge of the prevalence of carriage of resistant pneumococci in children is likely

to have predictive value in defining the status of resistance in a certain region. The
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general trend observed among the different collections studied is that the resistance
to penicillin and erythromycin has reached very high levels. In Malaysia, the PNSP
rate increased from 3% in 1995 to 5% in 1998. In Vietnam, the prevalence of PNSP
increased from 53% in 1996 to 70% in 1998 and decreased thereafter to 46% in 2003.
In 1998, the PNSP rate was only 2% in the Philippines, but 46% in Thailand and
Singapore (Figure 15a).

Erythromycin resistance in S. pneumoniae isolates was found in Malaysia, Vietnam,
Singapore, Thailand, and the Philippines, but some geographical variation existed. In
Malaysia, resistance to erythromycin was 0% in 1995 and 11% in 1998. In Vietnam,
levels of resistance were much higher: 50% in 1996, 88% in 1998 and 49% in 2003.
In 1998, resistance rates to erythromycin were 44%, 33% and 0%, respectively, in
Singapore, Thailand and the Philippines (Figure 15b).

For tetracycline, the highest prevalence of resistance was again found in Vietnam-
ese pneumococci (70% in 1996). The lowest prevalence was observed in strains
from the Philippines (1% in 1998) (Figure 15¢). Similarly, prevalences of resistance
to trimethoprim-sulfamethoxazole in the SE Asian countries ranged from 2% to 71%
and are depicted in Figure 15d. Thus, the increasing levels of resistance to penicillin
and other antimicrobials in carriage isolates of S. pneumoniae are consistent with

increasing drug resistance in clinical isolates.

CONCLUSIONS AND FINAL REMARKS

Antimicrobial resistance to pathogenic bacteria has been and still is on the rise in
SE Asia. The high prevalences of resistance to B-lactam and non-f-lactam antibiot-
ics in S. pneumoniae and N. gonorrboeae is of great concern. Pathogens causing
diarrheal diseases are now often resistant to inexpensive, older antibiotics. Among
Enterobacteriaceae and nonfermenting Gram-negative bacteria, resistance to virtually
all antibiotic classes have been reported, but whether MDR Gram-negatives are a
problem is unknown. The picture for MRSA is not fully clear yet as well, but in some
countries, such as Singapore, MRSA is endemic in the health care system. However,
there is still much unknown. In the period between January 1, 1995 to January 1,
2007, 97 reports were published with accurate data on the resistance patterns among
the major pathogens. None of these reports contained data from East Timor. From
Brunei and Cambodia, only data on N. gonorrboeae were available. From Myanmar,
a single report on Shigella was included. Thailand was the country where from most
published data were found. Most SE Asian countries have been parcipitating in one
of the large international surveillance programmes. The Philippines and Singapore

are, for example, part of the Asia-Pacific group of the SENTRY Antimicrobial Surveil-
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lance Programme. In 1996, the Asian Network for Surveillance of Resistant Pathogens
(ANSORP) was initiated, and as for 2008, six SE Asian countries are participating.
These large international surveys have shown large-scale secular trends, often with
high-quality microbiological data. However, from resistance data from other parts of
the world, we know that there is great variation in resistance rates among different
hospital and patient types wihtin countries. Especially in a large country such as
Indonesia with more than 17,000 islands, it is likely that the resistance rates differ
between one region and another. Therefore, good local data are essential, and for
this, good laboratory facilities and qualified personnel.
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Supplementary Table S1. References available per species of organisms isolated from clinical material in

Southeast Asian countries.
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Supplementary Table S3. Overall resistance rates among S. pneumoniae from clinical samples.

Antibiotic Indonesia Malaysia Philippines Singapore Thailand Vietnam
(%R) (% R) (% R) (%R) (% R) (% R)
Penicillin I2 3 8 21 14 29 26
Penicillin 18 18 0 36 30 41
Erythromycin 36 26 18 45 29 76
Tetracycline 46 27 59 52 52
Chloramphenicol 6 9 28 18 87
Ciprofloxacin 5 9 6 4 5
Trimethoprim- 42 15 59 50 61
sulfamethoxazole
Cefepime 6
Ceftriaxone 2 0 0 5 2
Imipenem 0 0
Clindamycin 1
Azithromycin 45 61
Cefuroxime 3 30 0 23 48 74
Cefotaxime 3 8 21 17
Clarithromycin 55
Moxalactam 0 0 0 0 0
Gatifloxacin 0 0 0 0 0
Levofloxacin 0 0 0 0 0
Amoxicillin 0
Ceftibuten 42
Roxithromycin 30
2|, intermediately susceptible.
Supplementary Table S4. Overall resistance rates among S. aureus from clinical samples.
Antibiotic Indonesia Laos Malaysia Philippines  Singapore  Thailand Vietnam
(%R) (%R) (%R) (%R) (%R) (%R) (%R)
Methicillin 0 25 7 39
Penicillin 88 91 94
Erythromycin 59 33 0
Tetracycline 39
Fucidic acid 7 7
Chloramphenicol 21 3
Ciprofloxacin 60 97
hVISA® 0 0 4 2 2 2
Rifampicin 0
Trimethoprim- 22 5 55
sulfamethoxazole
Cefepime 0 0
Cefpirome 0 0
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Ceftazidime 14 7 6
Ceftriaxone 0 0
Imipenem 0

Clindamycin 2

Telithromycin 3

Amikacin 0

Gentamicin 2

@ hVISA, heterogenous vancomycin intermediately susceptible S. aureus.

Supplementary Table S5. Overall resistance rates among N. gonorrhoeae from clinical samples.

Antibiotic Brunei Laos Cambodia Indonesia Malaysia  Philippines Singapore Thailand Vietnam
(% R) (%R) (% R) (% R) (%R) (% R) (% R) (% R) (% R)

Penicillin 64 98 79 66 48 84 58 29

Ciprofloxacin 30.6

Trimethoprim- 0

sulfamethox-

azole

Ceftriaxone 0

Ofloxacin 0

Norfloxacin 0

PPNG? 65 80 79 68 39 76 54 26 47

TRNG? 68 98 74 86 61 14 74 8 33

Spectinomycin 0 0 0 0 0 0 0

Kanamycin 0 22

Norfloxacin 0

Thiamphenicol 2.7

Cefotaxime 0

Cefixime 0

Cefoxitin 0

Azithromycin 0

QRNG® 45 50 56 23 13 55 24 51

2 PPNG, penicillinase-producing N. gonorrhoeae; TRNG, high-level plasmid-mediated tetracycline-resistant
N. gonorrhoeae; QRNG, quinolone-resistant N. gonorrhoeae.

Supplementary Table S6. Overall resistance rates among E. coli from clinical samples.

Antibiotic Indonesia Laos Malaysia Philippines Singapore Thailand
(% R) (% R) (% R) (% R) (% R) (% R)

Tetracycline 62 92

Chloramphenicol 38 25 40

Ciprofloxacin 2 54 2 36

Gentamicin 8 2 46 7 0

Trimethoprim- 36 92 35 100

sulfamethoxazole

Cefepime 3 0
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Cefpirome 0 1 0
Ceftazidime 10 64 0 4 3 14
Ceftriaxone 3 8 0 2 2 1

Imipenem 0 0 0 2 0
Pefloxacin 2

Amikacin 0 8 0 9
Netilmicin 0 0
Nitrofurantoin 3 10

Ampicillin 75 53 50 85
Ampicillin-sulbactam 23 24 64
Amoxicillin-clavulanic 18 23 58
acid

Cefazolin 33
Cefuroxime 0

Cefotaxime 0 8
Kanamycin 15

Piperacillin 7 41 24 0

Piperacillin-tazobactam 2 2

Ofloxacin 2

Cephalothin 17

Tobramycin 1 77

Nalidixic acid 13 2

Aztreonam 3

Carbenicillin 46

Cefoperazone 7

Cefoperazone-sulbactam 0

Ticarcillin 48

Trimethoprim 37

Cefalexin 47

Supplementary Table S7. Overall resistance rates of Enterotoxigenic E. coli (ETEC) from clinical samples.

Antibiotic Indonesia Thailand Vietnam
(% R) (% R) (% R)

Tetracycline 88 43 65
Chloramphenicol 61 13 17
Ciprofloxacin 0 2 0
Trimethoprim-sulfamethoxazole 63 51 63
Ceftriaxone 0

Azithromycin 4 3
Ampicillin 78 54 67
Norfloxacin 0

Cephalothin 87

Nalidixic acid 0 3 0
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Supplementary Table S8. Overall resistance rates among K. pneumoniae from clinical samples.

Antibiotic Laos Malaysia Philippines Singapore Thailand
(%R) (% R) (%R) (%R) (% R)
Tetracycline 53 30
Ciprofloxacin 9 62 22 31
Gentamicin 47
Trimethoprim- 29 26 89 48 53
sulfamethoxazole
Chloramphenicol 33
Cefepime 100
Ceftazidime 9 100
Ceftriaxone 9 100
Imipenem 0 0 0 0
Amikacin 0 26 0 6
Nitrofurantoin 42
Ampicillin 94 17
Cefazolin 100
Cefuroxime 13
Piperacillin 4 24 7 34
Tobramycin 73 78 81
Aztreonam 0
Cefoperazone 13
Levofloxacin 31
Cefotetan 100
Nalidicid acid 17

Supplementary Table S9. Overall resistance rates among Salmonella spp. from clinical samples.

Antibiotic Indonesia Laos Malaysia Phillippine  Thailand  Vietnam
(%R) (%R) (%R) (%R) (% R) (%R)

Ampicillin 7 12 1 33 0

Amoxicillin 9

Ciprofloxacin 0 1 0

Chloramphenicol 15 12 7 30 0

Tetracycline 20 1 59 7

Gentamicin 2 2

Trimethoprim-sulfamethoxazole 10 1 5 31 7

Cefepime 0

Ceftazidime 0

Ceftriaxone 2 0 0 0

Imipenem 0

Azithromycin

Amoxicillin-clavulanic acid

N~ OO O N O
~N

Pefloxacin



Amikacin

Netilmicin
Ampicillin-sulbactam
Cefazolin

Cefuroxime
Cefotaxime
Ofloxacin

Kanamycin
Piperacillin-tazobactam
Norfloxacin
Cephalothin
Nalidixic acid
Colistin

Neomycin
Streptomycin

Sulfamethoxazole

w N O N
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Supplementary Table $10. Overall resistance rates among Shigella flexneri from clinical samples.

Antibiotic Indonesia Thailand Vietnam

(% R) (% R) (% R)
Tetracycline 89 96 87
Chloramphenicol 81 61 76
Ciprofloxacin 0 0
Trimethoprim-sulfamethoxazole 66 86 52
Azithromycin 0 5
Ceftriaxone 0
Neomycin 1
Ampicillin 83 82 82
Colistin 2
Kanamycin 0
Norfloxacin 0
Cephalothin 12
Nalidixic acid 0 0 0

Supplementary Table S11. Overall resistance rates among Shigella sonnei from clinical samples.

Antibiotic Indonesia Malaysia Thailand Vietnam
(% R) (% R) (% R) (% R)

Tetracycline 36 35 92 60
Chloramphenicol 5 5 3 36
Ciprofloxacin 0 0 0
Trimethoprim-sulfamethoxazole 37 37 97 67
Azithromycin 2 28
Ceftriaxone 0
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Neomycin 0

Ampicillin 30 7 4 62
Colistin 0

Kanamycin 0 0

Norfloxacin 0

Cephalothin 10

Nalidixic acid 0 0 0
Streptomycin 63 63

Supplementary Table S12. Overall resistance rates among Proteus spp. from clinical samples.

Antibiotic Malaysia Philippines Thailand Singapore (% R)
(%R) (%R) (%R)
Ciprofloxacin 7 1
Trimethoprim- 33 47
sulfamethoxazole
Cefepime 0 0
Cefpirome 0 6
Ceftazidime 0 2 20 2
Ceftriaxone 2 0 2
Imipenem 1 4 0
Amikacin 0 1
Ampicillin 62 60
Ampicillin- sulbactam 12 20
Cefuroxime 5 9
Piperacillin 19
Piperacillin-tazobactam 0 0 0
Cefoperazone 0 9
Aztreonam 2
Amoxicillin-clavulanic acid 21
Gentamicin 10
Netilmicin 3
Cephalexin 40
Cefuroxime 9
Cefotiam 10
Pefloxacin 2
Norfloxacin 0
Ofloxacin 3
Nalidixic acid 4

Nitrofurantoin 45




Supplementary Table S13. Overall resistance rates among Enterobacter spp. from clinical samples.
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Antibiotic Indonesia Philippines Singapore Thailand
(% R) (%R) (%R) (%R)

Cefepime 4 0 4
Cefpirome 0 1 14
Ceftazidime 20 29 8 42
Ceftriaxone 16 9 8 28
Imipenem 0 0 1 0
Piperacillin 21

Piperacillin- tazobactam 16 5 17
Gentamicin 9

Ciprofloxacin 2
Trimethoprim-sulfamethoxazole 43
Amoxicillin-clavulanic acid 22

Pefloxacin 2

Amikacin 3

Netilmicin 3

Nitrofurantoin 41

Ampicillin 60

Ampicillin- sulbactam 20

Cefuroxime 20

Ofloxacin 2

Norfloxacin 0

Nalidixic acid 3

Aztreonam 2

Cefoperazone 1

Cefoperazone- sulbactam 0

Cephalexin 37

Cefotiam 10

Supplementary Table S14. Overall resistance rates among Serratia spp. from clinical samples.

Antibiotic Indonesia Philippines Thailand
(% R) (%R) (% R)

Cefepime 0 0 2
Cefpirome 0 0 2
Ceftazidime 7 9 22
Ceftriaxone 7 4 1
Imipenem 7 0 0
Piperacillin- tazobactam 0 0 2
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Supplementary Table S15. Overall resistance rates among Campylobacter jejuni from clinical samples.

Antibiotic Indonesia Thailand Vietnam
(% R) (% R) (% R)

Tetracycline 39

Chloramphenicol 1

Ciprofloxacin 31 75 1

Trimethoprim-sulfamethoxazole 88

Ceftriaxone 37

Azithromycin 0 2 0

Ampicillin 52

Kanamycin 29

Norfloxacin 30

Nalidixic acid 72 1

Supplementary Table S16. Overall resistance rates among Acinetobacter spp. from clinical samples.

Antibiotic Indonesia Philippines Singapore Thailand
(% R) (% R) (% R) (% R)

Ciprofloxacin 1.1 58

Trimethoprim- 40

sulfamethoxazole

Cefepime 19 12 51

Cefpirome 29 9 60

Ceftazidime 29 14 41 59

Ceftriaxone 29 21 52 73

Imipenem 10 13 6 24

Pefloxacin 20

Amikacin 24 54

Netilmicin 32

Nitrofurantoin 95

Ampicillin 93

Ampicillin- sulbactam 6

Cefuroxim 92

Ofloxacin 14

Piperacillin 40

Piperacillin-tazobactam 24 5 35

Norfloxacin 39

Nalidixic acid 38

Cefoperazone 68

Cefoperazone- sulbactam 0

Cephalexin 88

Cefotiam 97
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| GENERAL DESCRIPTION

.1 Introduction

Antimicrobial drug resistance is widely recognized as a global public health threat
because it endangers the effectiveness of treatment of infectious diseases. The emer-
gence and spread of resistant microorganisms are the result of the selective pressure
exerted by use of antimicrobial agents and the transmission of resistant microorgan-
isms (Figure 1). Antimicrobial use targets susceptible pathogens but always implies
selection of strains, either at the site of infection and/or in the commensal microflora,
that are less susceptible or completely resistant to the therapy given. When given the
opportunity to spread beyond the individual given therapy, these resistant clones may
expand and cause small outbreaks, epidemics and, finally, attain pandemic levels.
Clearly, prudent use of antibiotics, i.e. antibiotic control, and measures to prevent
the spread of resistant clones, i.e. infection control, are the critical determinants in
managing the emergence of antimicrobial resistance (Figure 1).

Resistance emerges both in health care settings and in the community since anti-
biotics are frequently used in both societal strata. Community use of antimicrobial
agents involves humans as well as animals, especially those animals that are raised
in animal husbandry. In addition, antimicrobial agents are applied in agriculture to

protect crops from microbial pests. Microorganisms, including resistant bacteria, may

Figure 1. Model for the emergence and spread of resistant microorganisms as the result of the selective
pressure exerted by use of antimicrobial agents and the transmission of resistant microorganisms.
Antibiotic control and infection control are measures to stop this process.
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Figure 2. Model for the emergence and spread of resistant microorganisms through different sectors of
society. Light-grey boxes represent the susceptible populations of microorganisms, whereas the dark-grey
boxes represent their resistant mutants. The Greek letters represent the rates of transmission between the
various microbial populations. Exit arrows indicate that microorganisms are eradicated from each of the
microbial populations, whereas cross border trafficking implies that resistant and susceptible strains may
‘travel’ across man-made borders.

spread as part of the (commensal) microflora of humans and animals, but may also
do so via innate objects and produce. Thus, there are no natural barriers between
the various societal strata that will prevent resistant microorganisms to spread beyond
their site of origin. Antimicrobial resistant pathogens arisen in health care may spread
to the community via patients discharged from hospitals and long term care facilities;
in addition, hospital personnel may become colonized with resistant pathogens while
at work and carry them to their households and beyond. Importantly, resistant bac-
teria emerging in animal husbandry as a consequence of antibiotic use in that sector
of society may cause zoonotic infections in humans. Through international trade of
livestock, meat and agricultural produce, and through travel resistant microorgan-
isms can spread and cause multinational outbreaks or even pandemic expansion of
resistant pathogens (Figure 2).

Since limited data were available on the area of antimicrobial usage, resistance, and
infection control in Indonesia, the fourth most populous country in the world, a large
population-based study was designed in 1999 to investigate these items on Java, the

most densely populated island of Indonesia.
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.2 Rationale

Antimicrobial resistance of bacteria is a worldwide and ever growing problem. Re-
sistant bacteria emerge under the selective pressure of antibiotics. In hospitals where
large-scale usage of antibiotics is common, bacteria resistant to several antibiotics
frequently occur and generate major problems in the treatment of patients with infec-
tions caused by these microorganisms. A lack of hospital infection control measures
may facilitate the spread of such bacteria from patient to patient. Outside hospitals,
antimicrobial resistance is increasing as well, especially in countries where antimicro-
bial drugs are used frequently, including antibiotics sold over the counter, i.e. without
a doctor’s prescription.

Antimicrobial resistance has been recognized as a major threat to the health of
people since the early nineteen’s of the previous century. The World Health Assembly
Resolution of the World Health Organization (WHO) of 1998 urged Member States to
develop measures to improve practices to prevent the spread of infection and thereby
the spread of resistant pathogens. In 2001, WHO released the Global Strategy for Con-
tainment of Antimicrobial Resistance, which included 14 priority interventions and
67 recommendations. The report stated that, to reduce the problem of antimicrobial
resistance, action should be taken along two tracks: promotion of the prudent use of
antibiotics and prevention of the spread of resistant bacteria. Data on the prevalence
of antimicrobial resistance in Indonesia were limited at that time, but the sparse data
available suggested that Indonesia was no exception to other countries in the world.

The “Antimicrobial resistance in Indonesia: prevalence and prevention” (AMRIN)
study was therefore started in 2000 to determine the prevalence and genetic basis
of antimicrobial resistance in the Indonesian population inside and outside hospi-
tals, the level and the quality of antibiotic usage and the application of infection
control measures in Indonesian hospitals. Interventions to improve antibiotic usage
and infection control measures would be developed, implemented and their effects
evaluated. The study would result in a scientifically based, efficient, and standardized
program for the assessment of antimicrobial resistance, antibiotic usage, infection
control measures, and execution of interventions in Indonesian hospitals. This assess-
ment program could be the starting point for nationwide surveillance of antibiotic

resistance, antibiotic usage, and infection control measures.

.3 Study questions

The AMRIN proposal was to investigate the following research questions:

1. What is the prevalence and genetic basis of antibiotic resistance among bacteria
in the Indonesian population inside and outside hospitals?

2. What is the level and quality of antibiotic usage in the Indonesian population

inside and outside hospitals?
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What is the correlation between antibiotic use and the development of antimicro-
bial resistance?

Does the introduction of guidelines for antimicrobial usage, e.g. prophylaxis,
improve the use of antimicrobial drugs in Indonesian hospitals?

Which time-proven measures for the prevention of the spread of bacteria and
nosocomial infections are implemented in Indonesian hospitals?

Which preventive measures should be given priority in order to optimize infec-
tion control in Indonesian hospitals and does introduction of preventive measures

improve infection control?

1.4 Goals of the present thesis

The main questions to be answered in this thesis are derived from AMRIN study

questions 1 and 3 and include:

1.

Is the agar diffusion method using antibiotic impregnated disks an appropriate
method for antimicrobial susceptibility testing in a surveillance study in Indone-
sia?

What is the prevalence of resistance among commensal Staphylococcus aureus
and Escherichia coli isolates carried in the Indonesian population inside and
outside hospitals?

What are the determinants of carriage of resistant S. aureus and E. coli in the
Indonesian population inside and outside hospitals?

What are the genetic characteristics of the S. aureus isolates carried in the Indo-
nesian population?

What is the genetic basis of resistance towards ciprofloxacin and cefotaxime, two

worldwide emerging phenomenons, in (commensal) E. coli from Indonesia?

AMRIN study questions regarding the quantity and quality of antibiotic usage and

infection control measures are addressed separately in the theses of dr. U. Hadi and

dr. D.O. Duerink, respectively, of the Leiden University Medical Center, Leiden, the
Netherlands.

11 DESIGN

1.1 Study population

Most resistance data are obtained from routine susceptibility testing of strains isolated

from clinical cultures, since these data are readily available at little additional costs.

This kind of information, however, has limited predictability beyond the setting from

which the strains originate. E.g. antimicrobial resistance patterns observed among
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isolates from intensive care patients do not predict the level of resistance encountered
elsewhere in the same hospital, let alone in populations in the community outside the
hospital. Resistance levels among bacteria present in the community at large can be
monitored only by screening individuals from the community. In this case, culturing
the commensal microflora of a random sample of the population in a well-defined
geographic area is the preferable approach. Such a population-based design was
chosen for the AMRIN project.

The AMRIN study was carried out in two urban areas on the island of Java. Two
class A government hospitals, the Dr. Soetomo Hospital in Surabaya, East Java, and
the Dr. Kariadi Hospital in Semarang, Central Java, Indonesia, as well as three so-
called “puskesmas” or primary health centers (two in Surabaya and one in Semarang)
were selected for this study (Figure 3). The Dr. Soetomo Hospital has 1,432 beds and
approximately 41,000 admissions per year. The Dr. Kariadi Hospital has 900 beds and
reports approximately 21,000 admissions per year.

The carriage of resistant bacteria and the use of antibiotics were investigated in four
population groups (Table 1). The first group consisted of patients being admitted to
the hospital (admission group), the second group were patients being discharged

from the hospital after a hospitalization of five or more days (discharge group),
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Table 1. Overview of the four population groups studied in the AMRIN project.

Population group Investigations Data

Admission group - Nose and rectum swab for culture - Prevalence of resistance
- Interview: antibiotic usage during the four weeks - Prevalence of antibiotic usage
preceding admission

Discharge group - Nose and rectum swab for culture - Prevalence of resistance
- Examination of patient records for antibiotic - Prevalence of antibiotic usage
usage during hospital stay - Quality of antibiotic treatment
PHC group - Nose and rectum swab for culture - Prevalence of resistance
- Interview: antibiotic usage during the preceding - Prevalence of antibiotic usage
four weeks
Relatives group - Nose and rectum swab for culture - Prevalence of resistance
- Interview: antibiotic usage during the preceding - Prevalence of antibiotic usage
four weeks

the third group contained persons visiting primary health centers for vaccination or
consultation (PHC group), and the fourth group consisted of household members or
relatives of patients being admitted to the hospital (relatives group). The discharge
group was considered to represent a “hospital” population, whereas the other three
groups were considered to represent “community” populations. Patients in the admis-
sion group were included within the first 24 hours of admission. Patients at admis-
sion and discharge were selected from four hospital departments: Internal Medicine,
Surgery, Obstetrics and Gynecology, and Pediatrics. Patients from the discharge group
were included on specific study days twice weekly in Surabaya and once weekly
in Semarang. In the relatives group, only one relative or household member was
included per admitted patient. Individuals were excluded from the study if they were
transferred from another hospital, if they were not accompanied by a family member
(admission group), or if they had been admitted to a hospital within the previous 3
months (admission group, PHC group and relatives group). Written informed consent
was obtained from all participants and caretakers of children before enrollment.

I1.2 Target microorganisms and niche

Not all bacterial species that can cause disease in man need to be included in a
surveillance study for antimicrobial resistance. For practical purposes a selection
has to be made. The two major selection criteria are the social relevance of the
bacterial species (i.e. its prevalence and impact on health of the population), and
the probability of yielding data with predictive value for similar resistance in other,
related, species (sentinel function). For Gram-positive species the shortlist includes in
decreasing order of importance: Staphylococcus aureus, Streptococcus pneumoniae,
Mycobacterium tuberculosis complex, Streptococcus pyogenes, Streptococcus agalac-
tiae. For Gram-negative species the shortlist prioritizes: Escherichia coli, other species
of Enterobacteriaceae (Klebsiella, Enterobacter, Salmonella, Shigella, Serratia, Citro-

bacter), Campylobacter jejuni, Neisseria gonnorhoeae, Pseudomonas aeruginosa,
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Stenotrophomonas maltophilia, Burkholderia cepacia, Haemophilus influenzae, and
Helicobacter pylori. In the AMRIN study, only S. aureus and E. coli were included.
Other species of Enterobacteriaceae were collected as well for specific purposes. For
S. aureus, the moist squamous epithelium of the anterior nares acts as the primary
ecological niche. E. coli and most other species of Enterobacteriaceae are common
constituents of the gastrointestinal flora. Therefore, both a nasal swab and a rectal
swab were obtained from each individual included in this study. For an accurate esti-
mate of the level of resistance minimally 300 isolates per species per group needed to
be tested. Given an estimated carriage prevalence of 25-30% of S. aureus and 90% of
E. coli, 1,000 individuals had to be included per group. The aim was to include 4,000
individuals in total; 500 individuals per group per city, whereby each department
was equally represented. The specimens were collected from July to October 2001 in
Surabaya and from January to May 2002 in Semarang.

I1.3 Selection of antibacterial agents

For each bacterial species included in the surveillance, an a priori well-defined selec-
tion of antimicrobial agents should be tested. The agents to be included are selected
on the basis of natural susceptibility of the species, the actual use of the agent in the
hospital or area under surveillance, and the availability of a validated test method for
that particular combination of “bug-drug”. Not all antibiotics need to be tested, not
even when they are frequently prescribed in the population under the study. Within
each class of antibiotics one can select one or a few agents for surveillance purposes
as being predictive for the whole class. For example, oxacillin resistance predicts
resistance to all B-lactam antibiotics in S. aureus and erythromycin may be used to
monitor macrolide resistance in this pathogen. In Table 2 the “bug-drug” combina-
tions as recommended by the Dutch Working Party on Antibiotic Policy (SWAB) are
shown. In the AMRIN study, S. aureus isolates were tested for their susceptibility to
oxacillin, tetracycline, gentamicin, erythromycin, chloramphenicol, and trimethoprim-
sulfamethoxazole. E. coli and other Enterobacteriaceae were tested against ampicillin,
cefotaxime, gentamicin, chloramphenicol, trimethoprim-sulfamethoxazole, and cipro-
floxacin. Chloramphenicol, although fallen out of favour in western countries, is still

frequently used in Indonesia.
1.4 Microbiological techniques
11.4.1 Sampling

Nasal and rectal samples were taken with sterile, dry cotton-tipped swabs, and, after

sampling, these swabs were placed in Amies transport medium (Copan, Brescia, Italy)
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Table 2. “Bug-drug” combinations as recommended by the Dutch Working Party on Antibiotic Policy
(slightly modified).

Antimicrobial
agent

S. epidermidis

S. aureus
Haemolytic strep.
A&B

S. pneumoniae

E. faecalis |

E. faecium
Enterobacteriaceae
P. aeruginosa /
Acinetobacter

C. jejuni

H. influenzae /
Neisseria /Moraxella

H. pylori

Penicillin

Amoxicillin +

+
+

Amoxicillin+clavulate + + +
Penicillin + + + +

Cloxacillin + +

Piperacillin + +

Piperacillin+tazobactam +

Cephalosporin
Cefuroxime (2") + + +
Cefotaxime (3) + + +

Ceftazidime (3) + +

Other beta-lactams

Imipenem + + +

Aminoglycoside
Streptomycin +
Gentamicin + + + + +

Amikacin +

Chloramphenicol + + + +

Tetracycline

Doxycycline + + + + + +

Macrolide
Erythromycin + + + + + + +

Clarithromycin

Lincosamid

Clindamycin + + + +

Glycopeptide
Vancomycin + + + +

Teicoplanin +

Sulfonamide
Trimethoprim +

Co-trimoxazole + + + + + +

Quinolone

Ciprofloxacin + + + + + + + +

Nitrofurantoin + +

Metronidazole

Rifampicin + + +
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and transported in closed boxes at ambient temperature to the laboratory on the same

day. All swabs were cultured within 24 hours after sampling.

11.4.2 Isolation and identification

Nasal swabs were cultured by using phenol red mannitol agar (Becton Dickinson,
Heidelberg, Germany) on which S. aureus typically produces yellow colonies due
to its ability to ferment mannitol. All yellow colonies were stored in duplicate in
trypticase soy agar medium. One tube was sent to Rotterdam, the Netherlands, and
the other tube was stored in Indonesia. At both locations tubes were stored at room
temperature. In the Netherlands, all suspect S. aureus isolates were re-cultured and
identified by an agglutination test (Slidex Staph Plus, bioMérieux, Marcy I' Etoile,
France) and the Vitek® 2 system (bioMérieux, Marcy I'Etoile, France). In case of
doubt, an S. aureus-specific DNA hybridization test (Accuprobe, Genprobe inc., San
Diego, CA, USA) was performed. Isolates that had been re-cultured in the Netherlands
were subsequently stored at -80°C in glycerol containing broth.

Rectal swabs were cultured on CHROMagar Orientation (Becton Dickinson, Heidel-
berg, Germany). Chromogenic substrates are incorporated into this media to detect
certain bacterial enzymes so that isolates can easily be identified based on colony
color. E. coli produces pink colonies and Klebsiella, Enterobacter and Serratia and
some other Gram-negative bacilli appear as blue colonies. After 18-24 h of incuba-
tion at 37°C, two colonies representing the dominant growth in the fecal flora were
collected from each swab. Bacteria were stored in duplicate in trypticase soy agar
medium. One tube was sent to Rotterdam, the Netherlands, and the other tube was
stored in Indonesia. At both locations tubes were stored at room temperature. Pink
colonies were used for susceptibility testing in Indonesia without additional identifi-
cation testing. Gram-negative bacteria that were investigated by molecular methods
to unravel their mechanism of resistance and genetic relatedness were identified
using the Vitek® 2 system in the Netherlands. Isolates that had been re-cultured in the
Netherlands were stored at -80°C in glycerol containing broth.

11.4.3 Antimicrobial susceptibility testing
There are several methods that can be used for susceptibility testing, but in the
AMRIN study the disk diffusion test on Mueller Hinton agar as described by the
National Committee on Clinical Laboratory Standards (NCCLS) / Clinical and Labora-
tory Standards Institute (CLSD was employed, since it is less costly compared to other
methods, and has a long history of reliable use around the world.

Reference strains with known resistance patterns should always be included, and
results should be recorded and checked for stability over time. In the AMRIN study,
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S. aureus American Type Culture Collection (ATCC) 25923 and E. coli ATCC 25922

were included twice weekly.

11 QUESTIONNAIRE AND COLLECTION OF DATA ON ANTIBIOTIC USAGE

Demographic and socioeconomic data and, for community patients, data on health
complaints and consumption of antibiotics in the month preceding the study were
collected by semi-structured interviews, performed by pairs of trained Indonesian
and Dutch data collectors (researchers, residents, and medical students). For children
(<17 years), a caregiver (usually the mother) was interviewed. For the admission
group, diagnosis on admission, and for discharge group patients, data on antibiotic
consumption during hospitalization and diagnosis on discharge were collected from
medical records.

Origin (Surabaya or Semarang), sex, age, ethnicity and living area (urban or ru-
ral) were the selected demographic variables. Health insurance, income, education,
employment, and number of individuals sharing a household were the chosen socio-
economic variables. Group, department, nursing ward, nursing class (I, II, or III, with
class T being the most expensive class) and length of stay in hospital were studied
as health care-related variables. Only the last ward of admission prior to discharge
was recorded; transfers were not recorded. For community patients, clinical signs and
symptoms in the month preceding the study (fever, diarrhoea, respiratory symptoms,
other symptoms, or no symptoms) were the disease-related variables and for patients
upon admission and discharge whether or not an infection was diagnosed.

With the information on antibiotic usage and prevalence of resistance among each
group, the correlation between antibiotic use and the development of antimicrobial
resistance could be investigated. Demographic, socioeconomic, health care- and

disease-related variables were used to study determinants of resistance.

IV ANTIBIOTIC USAGE

In a subpopulation of the discharge group patients, the amount of antibiotics used,
i.e. the quantity, and the appropriateness of the choice and dosage of antibiotics and

the duration of therapy, i.e. the quality of use, were examined.
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V INFECTION CONTROL

Infection control in the hospital was assessed by surveillance of a restricted number
of health care-associated infections among discharge group patients, an inquiry into
the knowledge, attitude, and behaviour of health care workers concerning infection

control, and evaluation of the infrastructure of infection control.

VI ORGANIZATION

The AMRIN study was a collaborative research project between five universities:
Leiden University Medical Center, Leiden; Erasmus University Medical Center, Rotter-
dam; Radboud University Medical Center, Nijmegen, all in the Netherlands; Airlangga
University / Dr. Soetomo Hospital, Surabaya, and Diponegoro University / Dr. Kariadi
Hospital, Semarang, both located on the island of Java, Indonesia.

The project was run by a joint Indonesian-Dutch Steering Committee, which con-
sisted of four Dutch investigators and three Indonesian investigators. In each of the
two university hospitals a local committee was responsible for day-to-day execution
of the AMRIN project (Figure 4). In the local committees at least one clinician, one
medical microbiologist and one hospital pharmacist would participate. The hospital
pharmacist would especially participate in the evaluation of antibiotic usage in the

clinical setting. The actual field work was done by two Indonesian PhD fellows, one

Dutch — Indonesian Steering Committee

Surabaya Local Dutch Local
Committee Committee

Semarang Local
Committee

Surabaya PhD Dutch PhD

student (1)

Semarang PhD
student (1)

students (2)

Figure 4. Organization of the AMRIN study.
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in each hospital, and one Dutch PhD fellow. The local committees and PhD fellows
were assisted by Dutch medical students during the periods of data collection in
Indonesia. One of the two Indonesian PhD fellows was assisted by Dutch technicians
and another Dutch PhD fellow who was responsible for the analysis of mechanisms
of resistance performed in the Netherlands.

Before the AMRIN study was started, the members of the local Indonesian com-
mittees came to the Netherlands for a period of one month. In this period they were
trained in the principles of antibiotic policy and infection control by visiting Dutch an-
tibiotic policy and infection control committees, the Dutch Workingparty on Infection
Prevention (WIP) and the Dutch Working Party on Antibiotic Policy (SWAB). Further
training was individualized to the needs of the investigators. Medical microbiologists
were trained in laboratory methods and quality control, clinicians were trained in
clinical infectious diseases and antibiotic treatment and pharmacists were trained in
controlling the use of medical drugs. The execution of the project was discussed and
prepared in detail with the Indonesian researchers. The Indonesian microbiology
laboratories in both hospitals were visited by the Dutch medical microbiologist of
the Steering Committee. The local methods of cultures and susceptibility testing were
evaluated as required for the project. These visits also served to finalize the technical
protocols for isolation, identification, storage, and transport of the microbial isolates,
and antimicrobial susceptibility testing. The medical ethics committees of the hospi-
tals approved the study protocol (ethical clearance Nos. Panke. KKE /2001 (Surabaya)
and 11/ EC/FK/RSDK/ 2001 (Semarang)).

VIl FUNDING

The AMRIN study was one of the first Scientific Programme Indonesia — Netherlands
(SPIN) projects (Research Programme No. 99-MED-03). SPIN is a programme for
bilateral scientific research cooperation between Indonesia and the Netherlands,
executed by the Royal Netherlands Academy of Arts and Sciences (KNAW), which
has been running successfully since 2000. SPIN is based on agreements between
the Dutch and Indonesian governments. The Programme adheres to the principle
of mutual benefit and aims to stimulate the establishment of long-term scientific
cooperation between Indonesian and Dutch research groups. The applicant of the
project was Prof.dr. P.J. van den Broek from the Leiden University Medical Center,
and his Indonesian counterpart was Prof.dr. Widjoseno Gardjito from the Airlangga
University / Dr. Soetomo Hospital.

The AMRIN study was also supported by International Joint Research Grant (RUTT)
programme grant number RUTI II —KMRT 2003 from the Ministry of Research and
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Technology, Jakarta, Republic of Indonesia. Prof.dr. Kuntaman received a KNAW
SPIN mobility grant (grant no 03-MP-04). Dr. J.R. Johnson, involved in a part of the
microbiology study, was supported by the Office of Research and Development,
Medical Research Service, Department of Veterans Affairs; Minnesota Department of
Health, and National Research Initiative Competitive Grants Program/US Department
of Agriculture grant number 00-35212-9408. Similarly, Prof.dr. A. van Belkum was
awarded with the AstraZeneca ESCMID Turning the Tide of Resistance Grant 2003
for his contribution to AMRIN. CORDAID also supported the AMRIN study performed
in Indonesia. Oxoid contributed to AMRIN by making the aura image system avail-
able for antimicrobial susceptibility testing of AMRIN isolates in the Netherlands.
Finally, bioMérieux provided Vitek® 2 cards for the studies on extended-spectrum

B-lactamase-producing bacteria.
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ABSTRACT

Although a variety of techniques are available for antimicrobial susceptibility testing,
disk diffusion methods remain the most widely used. We compared the accuracy of
disk diffusion zone diameters as obtained by manual zone measurements in a low
resource country (Indonesia) to that by automated zone measurements (Oxoid aura
image system) in a high resource setting (the Netherlands) to determine susceptibility
categories (sensitive, intermediate susceptible, or resistant). A total of 683 isolates were
studied, including 294 Staphylococcus aureus, 195 Escherichia coli, and 194 other
Enterobacteriaceae. Antimicrobial agents included tetracycline, oxacillin, gentamicin,
erythromyecin, trimethoprim-sulfamethoxazole, and chloramphenicol for S. aureus and
ampicillin, gentamicin, cefotaxime, ciprofloxacin, trimethoprim-sulfamethoxazole,
and chloramphenicol for E. coli and other Enterobacteriaceae. Of the 4,098 drug-
organism combinations, overall category agreement (CA), major discrepancy (MD),
and minor discrepancy (mD) between the two methods were 82.4% (3,379/4,098),
6.0% (244/4,098), and 11.6% (475/4,098), respectively. One hundred and sixty three
of 244 MDs were resolved using reference broth microdilution method. Overall very
major error (VME), major error (ME), and minor error (mE) of manual zone measure-
ment were 28.8%, 45.4%, and 4.9%, respectively and for the aura image system 4.9%,
16.0%, and 4.9%, respectively.

The results of this study indicate that the disk diffusion method with manual zone
measurement in Indonesia is reliable for susceptibility testing. The use of an auto-
mated zone reader, such as the aura image system, will reduce the number of errors,
and thus improve the accuracy of susceptibility test results for medically relevant

bacteria.
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INTRODUCTION

Antimicrobial susceptibility testing (AST) is one of the most important tasks performed
by clinical microbiology laboratories. It is important for the choice of an antimicrobial
drug for the treatment of a patient and for epidemiological monitoring. Although a
variety of methodologies are available for detecting resistance to antimicrobials, disk
diffusion techniques remain the most widely used (7). Whenever these are performed
according to a standard such as the Clinical and Laboratory Standards Institute (CLSI;
formerly the NCCLS) reference procedure, they are considered reliable methods.
Furthermore, the disk diffusion method is cost effective, highly reproducible, and
drug combinations can be changed easily (4). However, measurement of zone sizes
is tedious, time-consuming, and prone to transcription errors (20).

In recent years, a variety of automated instruments for AST have been introduced.
The advantages of automation include a higher degree of standardization resulting
in an increased accuracy, improved data management with a concomitant reduction
in transcription errors, earlier availability of results, and the possibility for the use of
so-called “expert” software (3, 9, 12, 20). Unfortunately, most automated systems may
be too expensive for some laboratories in the Western world and for most laboratories
in low resource countries, including Indonesia.

In medical microbiology laboratories in Indonesia the AST is still performed using
the disk diffusion method and zones of inhibition are measured manually with a ruler
or caliper. The aura image system (Oxoid, Basingstoke, UK) combines the advantages
of disk diffusion and automation. By automatically performing zone measurements
and giving interpretations against the user’s chosen reference database it also obviates
the aforementioned limitations of the disk diffusion method.

The present study was conducted in the course of a large population-based study
of antibiotic resistance among bacteria from patients and healthy individuals in Indo-
nesia (13). The purpose of our study was to compare the accuracy of disk diffusion
zone diameters as obtained by manual zone measurements in Indonesia to that by
automated zone measurements (Oxoid aura image system) in the Netherlands to
determine interpretative categories. Discrepancies were analyzed using broth micro-

dilution, a CLSI reference method.

MATERIALS AND METHODS

Bacterial isolates
A total of 683 isolates were studied, including 294 Staphylococcus aureus, 195

Escherichia coli, and 194 other Enterobacteriaceae. The collection of other Entero-
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bacteriaceae consisted of 152 Klebsiella pneumoniae, 19 Enterobacter cloacae, 15
Klebsiella ozaenae, 4 Enterobacter amnigenus, 2 Enterobacter aerogenes, 1 Citrobac-
ter koseri, and 1 Citrobacter youngae. These isolates were collected in the framework
of a population-based study aimed at determining the prevalence of antimicrobial
resistance in Indonesia (13). Strains were collected from healthy individuals and pa-
tients in two major urban centers: Surabaya (East Java) and Semarang (Central Java),
Indonesia. Strains were isolated from nose and rectal swabs of individuals from July
to October 2001 in Surabaya and from January to May 2002 in Semarang. Strains were
stored in duplicate in trypticase soy agar medium. One tube was sent to Rotterdam,
the Netherlands, and the other tube was stored in Indonesia. At both locations, strains
were stored at room temperature. Phenol red mannitol agar (Becton Dickinson, Hei-
delberg, Germany) was used for the isolation of S. aureus. All putative S. aureus
isolates were further identified in the Netherlands by the Vitek® 2 system (bioMérieux,
Marcy I'Etoile, France) and, in case of a doubtful Vitek® 2 result, confirmed by an .
aureus specific DNA hybridization test (AccuProbe, Gen-Probe Inc., San Diego, CA,
USA). Rectal swabs were cultured by using CHROMagar Orientation (Becton Dickin-
son, Heidelberg, Germany) for the isolation of E. coli and other Enterobacteriaceae

(8). The identity of these strains was also confirmed by the Vitek® 2 system.

Inoculum preparation

In Indonesia, bacterial isolates were suspended in sterile saline so that the visual
turbidity was equivalent to a 0.5 McFarland standard. This bacterial suspension was
used directly for the disk diffusion test. In Rotterdam, the inoculum was prepared by
suspending bacteria in 0.45% sterile saline to the equivalent of a 0.5 McFarland turbid-
ity standard using a photometric device. This suspension was used for susceptibility
testing by the Oxoid aura image system.

Disk diffusion method with manual zone diameter readings

In Indonesia, the disk diffusion method was performed as recommended by the CLSI
(19). Briefly, the bacterial suspension was spread on the surface of a Mueller-Hinton
agar (Becton Dickinson, Heidelberg, Germany). Antibiotic disks (Oxoid, Basingstoke,

Table 1. Antibiotic disks used in the study.

Organism Antibiotic disk content®

S. aureus TET 30 OXA 1 GEN 10 ERY 15 SXT 1.25/23.75 C30
E. coli AMP 10 GEN 10 CTX 30 CIP5 SXT 1.25/23.75 C30
Enterobacteriaceae AMP 10 GEN 10 CTX 30 CIP5 SXT 1.25/23.75 C30

2TET, tetracycline; OXA, oxacillin; GEN, gentamicin; ERY, erythromycin; SXT, trimethoprim-
sulfamethoxazole; AMP, ampicillin; CTX, cefotaxime; CIP, ciprofloxacin; C, chloramphenicol. Numbers
indicate disk load in micrograms.
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UK) were placed on the agar surface by using a multi-disk dispenser (Table 1). After
overnight incubation at 35°C in air, inhibition zones were measured with a ruler or
caliper and the zones were recorded in millimeter. The susceptibility category (sensi-
tive, intermediate susceptible, or resistant) was determined by comparing the zone

of inhibition with the zone diameter breakpoint as recommended by the CLSI (19).

Disk diffusion method with automated zone measurements by the aura image system

The bacterial suspension was spread on the surface of a Mueller-Hinton agar (Becton
Dickinson, Heidelberg, Germany). A bar code label was applied to the side of the
test Petri dish. Using a hand-held bar code reader this code was automatically en-
tered into the corresponding organism database. Disks containing antibiotics (Oxoid,
Basingstoke, UK) were distributed onto the plate by using a disk dispenser (Table 1.
After incubation at 35°C for 18-24 h, the agar plate was placed onto the sliding tray
of the aura system, and the zone size of inhibition was measured automatically. A
clear image of the plate appeared on the screen together with all the corresponding
organism data. As recommended by the manufacturer, zone sizes were adjusted when
the image analysis showed incorrect zone sizes. The diameter sizes (in millimeter), the
adjustments and the interpretative category (sensitive, intermediate, and resistant) were
shown in the result screen of the machine. In a clinical setting these data can be linked

to the corresponding patient files (2). This feature was not used in the present study.

Broth microdilution
Broth microdilution testing was carried out according to CLSI guidelines in an inde-

pendent laboratory and results were interpreted using CLSI breakpoints (17, 18).

Quality control
The performance of the susceptibility testing was monitored twice weekly by using
the quality control strains S. aureus ATCC 25923 and E. coli ATCC 25922.

Analysis of data

The interpretative categorization results (sensitive, intermediate susceptible, resistant)
from disk diffusion with manual measurement of zones of inhibition and from disk
diffusion with automated measurements using the aura image system were compared.
Category agreements (CA) and discrepancies were determined. Discrepancies were
recorded as major discrepancy (MD) when disk diffusion with manual measurement
indicated resistance and the aura image system indicated susceptibility and vice versa,
and minor discrepancy (mD) when disk diffusion with manual measurement indi-
cated intermediate susceptibility and the aura image system indicated susceptibility or

resistance or when disk diffusion with manual measurement indicated susceptibility
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or resistance and the aura image system indicated intermediate susceptibility. Major
discrepancies from this comparison were further analyzed using broth microdilution
(BMD). A very major error (VME) was defined as a BMD interpretation of resistant
and a disk diffusion interpretation of sensitive; major error (ME) when the reference
method indicated sensitive and disk diffusion tests indicated resistance and minor
error (mE) when BMD indicated intermediate susceptibility and disk diffusion tests
indicated sensitive or resistance or when BMD indicated sensitive or resistance and
disk diffusion tests indicated intermediate susceptibility (3, 11, 14, 20). The correlation
of zone diameters obtained using the aura image system and those measured manu-
ally was determined using SPSS version 11.5 (SPSS Inc., Chicago, IL, USA).

RESULTS

Of the 4,098 drug-organism combinations, overall CA, MD, and mD between the
two methods, manual zone measurement and aura image system, were 82.4%
(3,379/4,098), 6.0% (244/4,098), and 11.6% (475/4,098), respectively. The coefficient
of correlation between the test results from manual measurements and those from the
aura image system was 0.63 (P<0.001).

Table 2 shows the performance of the disk diffusion method with manual zone
measurement compared to the aura image system for AST of S. aureus, E. coli, and
other Enterobacteriaceae. MDs were more frequently observed in Surabaya than in
Semarang for susceptibility testing of S. aureus, E. coli and other Enterobacteriaceae.
In Surabaya, for a total of 2,154 drug combination, MDs among S. aureus, E. coli,
and Enterobacteriaceae were 2.9% (63/2,154), 2.2% (48/2,154), and 2.9% (62/2,154),
respectively. In Semarang, for 1,944 drug combination, MDs among S. aureus, E. coli,
and Enterobacteriaceae were 1.4% (27/1,944), 0.5% (9/1,944), and 1.5% (30/1,944)
respectively.

MDs were mainly found in case of trimethoprim-sulfamethoxazole testing of S.
aureus isolates from Surabaya and tetracycline testing of S. aureus from both Sema-
rang and Surabaya. Erythromycin susceptibility of S. aureus yielded a high rate of
mDs resulting in a relatively low category agreement for this agent in both Surabaya
and Semarang. In Surabaya, a high rate of mDs was found among the cefotaxime
susceptibility testing of Enterobacteriaceae compared to Semarang.

From 244 drug combinations of MD, only 163 drug-organism combinations could
be analyzed, because 79 drug-organism combinations were not available for analysis.
In total, 163 drug-organism combinations were compared with BMD (Table 3). Over-
all VME, ME, and mE of manual zone measurement were 28.8%, 45.4%, and 4.9%,

respectively and for the aura image system 4.9%, 16.0%, and 4.9%, respectively.
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Table 2. Performance of the disk diffusion with manual zone measurements compared to automated

zone measurements with aura image system.

Manual® Aura® CA MD mD

S | R S | R (%) (n) (n)
S. aureus Surabaya (n=167)
Tetracycline 114 2 51 128 1 38 86.2 20 3
Oxacillin 149 0 18 155 10 86.2 15 8
Gentamicin 167 0 0 166 1 99.4 0 1
Erythromycin 144 18 5 89 76 2 52.7 2 77
SXTe 145 1 21 165 2 85.6 21 3
Chloramphenicol 149 4 14 140 15 12 86.2 5 18
S.aureus Semarang (n=127)
Tetracycline 94 16 17 94 1 32 79.5 11 15
Oxacillin 122 2 3 113 11 86.6 6 11
Gentamicin 125 0 2 124 1 2 96.9 3 1
Erythromycin 17 6 4 66 60 1 51.2 0 62
SXT 126 0 1 125 1 1 97.6 2 1
Chloramphenicol 112 1 14 96 17 14 81.9 5 18
E. coli Surabaya (n=95)
Ampicillin 52 5 38 22 20 53 64.2 13 21
Gentamicin 920 1 76 10 9 83.2 5 11
Cefotaxime 88 5 2 67 21 7 75.8 3 20
Ciprofloxacin 90 0 5 83 6 6 91.6 2 6
SXT 62 1 32 49 2 44 81.1 15 3
Chloramphenicol 64 6 95 61 6 28 789 10 10
E. coli Semarang (n=100)
Ampicillin 53 8 39 39 20 4 73.0 6 21
Gentamicin 100 0 0 96 3 1 96.0 1 3
Cefotaxime 97 2 1 93 7 0 91.0 0 9
Ciprofloxacin 97 1 2 97 1 2 98.0 0 2
SXT 61 0 39 63 0 37 98.0 2 0
Chloramphenicol 84 0 16 79 5 16 95.0 0 5
Other Enterobacteriaceae Surabaya (n=97)
Ampicillin 25 2 70 3 2 92 722 23 4
Gentamicin 90 1 6 75 12 10 78.4 8 13
Cefotaxime 87 6 4 53 37 7 51.5 6 4
Ciprofloxacin 93 1 3 87 7 3 88.7 3 8
SXT 81 2 14 71 10 16 753 12 12
Chloramphenicol 80 4 13 70 11 16 74.2 10 15
Other Enterobacteriaceae Semarang (n=97)
Ampicillin 5 0 92 3 1 93 94.8 4 1
Gentamicin 81 4 12 79 8 10 825 5 12
Cefotaxime 79 9 9 67 15 15 753 4 20
Ciprofloxacin 90 2 5 86 4 7 91.8 2 6
SXT 66 5 26 68 6 23 77.3 11 11
Chloramphenicol 76 0 21 78 3 16 87.6 9 3

2 Manual zone measurements.

b Automated zone measurements by the aura image system.
¢ SXT, trimethoprim-sulfamethoxazole.
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Table 3. Discrepancy analysis of manual zone measurements and aura image system compared to the
reference method.

Microoganisms and Reference Manual measurement Aura image system
antimicrobial agents MD method
No. of errors No. of errors
a b
S | R CA VME ME mE A VME ME mE

S. aureus Surabaya

Tetracycline 20 16 2 2 2 1 15 2 16 1 1 2
Oxacillin 15 12 0 3 2 1 12 0 13 2 0 0
Erythromycin 2 2 0 0 0 0 2 0 2 0 0 0
SXT¢ 21 21 0 0 0 0 21 0 21 0 0 0
Chloramphenicol 5 3 0 2 0 2 3 0 5 0 0 0
S. aureus Semarang
Tetracycline 9 5 1 3 2 3 3 1 6 2 0 1
Oxacillin 5 3 0 2 1 2 2 0 4 0 1 0
Gentamicin 2 2 0 0 1 0 1 0 1 0 1 0
SXT 2 2 0 0 1 0 1 0 1 0 1 0
Chloramphenicol 3 2 0 1 0 1 2 0 3 0 0 0
E. coli Surabaya
Ampicillin 1 2 0 9 2 9 0 0 9 0 2 0
Gentamicin 5 4 0 1 4 1 0 0 1 0 4 0
Cefotaxime 2 2 0 0 2 0 0 0 0 0 2 0
SXT 5 2 0 3 2 3 0 0 3 2 0 0
Chloramphenicol 9 3 0 6 0 6 3 0 9 0 0 0
E. coli Semarang
Ampicillin 3 3 0 0 3 0 0 0 0 0 3 0
Other Enterobacteriaceae Surabaya
Ampicillin 20 2 4 14 3 13 0 4 13 1 2 4
Gentamicin 6 5 0 1 4 1 1 0 2 0 4 0
Cefotaxime 4 3 1 0 1 0 2 1 2 0 1 1
Ciprofloxacin 1 1 0 0 1 0 0 0 0 0 1 0
SXT 2 2 0 0 1 0 1 0 1 0 1 0
Chloramphenicol 9 5 0 4 2 4 3 0 7 0 2 0
Other Enterobacteriaceae Semarang
SXT 1 1 0 0 0 0 1 0 1 0 0 0
Chloramphenicol 1 1 0 0 0 0 1 0 1 0 0 0
Total? 163 104 8 51 34 47 74 8 121 8 26 8
(20.9) (28.8) (454) (49) (742 (4.9) (16.0) (4.9

2 Category agreement between results from the reference method and disk diffusion with manual zone
measurements.

b Category agreement between results from the reference method and disk diffusion with automated
zone measurements.

< SXT, trimethoprim-sulfamethoxazole.

4The numbers between brackets are percentages.
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DISCUSSION

Automated image analysis systems for the reading of disk diffusion zone diameters
have been evaluated in several countries (9, 12, 16, 20). In this study, we compared
the accuracy of disk diffusion zone diameters as obtained by manual zone measure-
ments in Indonesia to that by automated zone measurements (Oxoid aura image sys-
tem) in the Netherlands for antimicrobial susceptibility testing of 4,098 drug-organism
combinations. The overall CA was 82.4%. A discrepancy analysis of the MDs using
reference broth microdilution showed that more automated zone measurements were
correct than manual measurements. Since the MD rates were much lower for disk
diffusion testing in Semarang, we assume that the visual reading, interpretation, or
recording of inhibition zones in Surabaya has met with inconsistencies and can be
improved. Upon further analysis it became clear that the large majority of MDs in
Surabaya were generated in one of the three participating laboratories in that city. In
that particular laboratory testing had not been assigned to a single person but, rather,
was performed by many relatively inexperienced personnel. A high rate of mDs in
erythromycin testing of S. aureus, which may be explained by the so-called “beach
effect”, caused a relatively low category agreement for this agent in both Surabaya
and Semarang, and resulting CAs overall (16). The “beach effect” is a failure to detect
light growth at the margins of the inhibition zones.

A significant correlation between manual and aura image system measurements
was found (1=0.63). In the previous study on the aura image system by Andrews et al.,
much higher correlation coefficients were reported, ranging from 0.986 to 0.998 (2).
However, in the report by Andrews et al., a single inoculum was prepared for both
manual and automated disk diffusion testing methods performed at a single site by the
same dedicated staff, while in the present study the inoculum preparation and tests
were performed by different technicians in different laboratories at five different sites
in Indonesia and the Netherlands, a situation resembling proficiency testing. Several
previous reports on proficiency testing showed that antimicrobial susceptibility test-
ing is still a challenging task for microbiology laboratories worldwide (1, 5, 6, 10, 15,
23). In the United States, categorical accuracies for Gram-positive bacteria tested by
disk diffusion were between 89.6-100% and for Gram-negative strains between 88.0-
100% (21). Another proficiency testing survey showed that antimicrobial susceptibility
testing for low-level penicillin resistance in a strain of Streptococcus pneumoniae was
suboptimal in many laboratories in the United States (6).

In recent years, there has been a growing interest in the use of instrumentation for
the improvement of reading disk diffusion tests (7). Several systems are available that
use a camera or scanner for the automated reading of zone sizes, including the OSIRIS

video reader system, the BIOMIC video reader system, and the Sirscan automated
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zone reader (4, 9, 12, 16, 20, 22). The different systems appear to perform reasonably
well in evaluation studies comparing the automated readings to manual measure-
ments of inhibition zones performed in one laboratory by experienced technicians.
The estimated accuracy of the disk diffusion method with manual zone measurements
in Indonesia in the present study is at least 83.3% (3,413/4,098), with automated zone
measurements at least 85.4% (3,500/4,098).

In conclusion, the results of this study indicate that the disk diffusion method with
manual zone measurement in Indonesia is reliable for susceptibility testing. The use
of an automated zone reader, such as the aura image system, will reduce the number
of errors, and thus improve the accuracy of susceptibility test results for medically

relevant bacteria.
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ABSTRACT

The prevalence of antimicrobial resistance among the commensal microflora was
examined in the Indonesian population inside and outside hospitals. A total of 3,995
individuals were screened in two major urban centers. Among Escherichia coli from
rectal samples (n=3,284), the prevalence of resistance to ciprofloxacin and other
classes of antibiotics was remarkably high, especially in individuals at the time of
discharge from hospital. Staphylococcus aureus isolates (n=361) were often resistant
to tetracycline (24.9%), but this was not associated with hospital stay. Two S. aureus
isolates harboured the mecA gene. Regional differences in resistance rates exist, sug-
gesting regional differences in selection pressure, i.e. antibiotic usage patterns. The
results show that antimicrobial resistance among commensal E. coli and S. aureus has
emerged in Indonesia.
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INTRODUCTION

Antimicrobial resistance has become a major health problem worldwide, both in
hospitals and the community (3, 7, 8, 10, 34). The emergence of antimicrobial re-
sistance is correlated with selective pressure from the use, often inappropriate, of
antimicrobial agents (3, 7, 8, 10, 34) and results in increased mortality, morbidity, and
health care costs (8).

Data on the epidemiology of antimicrobial resistance is important and can be drawn
from three general sources: surveillance, outbreak investigations, and prospective
studies (8). Resistance data may be gathered either from clinical isolates or from
isolates cultured from the commensal microflora of individuals in the absence of
infection (1, 2, 5, 39).

Surveillance of antimicrobial resistance has been reported in many countries, in-
cluding developing countries in the Far East (4, 6, 11, 12, 14, 15, 21-23, 29, 30, 33,
35, 38). However, resistance data from Indonesia are limited to bacterial pathogens
isolated from patients with infections, especially diarrheal disease (21, 22, 30, 33,
35). No data exist on the presence of resistance among potential pathogens in the
commensal flora of Indonesian people. Such data are relevant, as they should provide
a basis for the selection of empiric use of antimicrobial agents, either for therapy or
for prophylaxis. Therefore, the aim of this study was to investigate antimicrobial resis-
tance rates among potential pathogens in the commensal microflora of representative

cohorts of people in two major urban centers in Indonesia.

MATERIALS AND METHODS

Population

Two university hospitals, Dr. Soetomo Hospital in Surabaya, East Java, and Dr. Kariadi
Hospital in Semarang, Central Java, Indonesia, and three primary health centers
(two in Surabaya and one in Semarang) were selected for this study. Four thousand
individuals were targeted to be screened constituting four different populations in
each of the two cities (500 individuals per population group per city). Group 1
consisted of patients being admitted to the hospital (admission group), group 2 were
patients being discharged from the hospital (discharge group), group 3 contained
ambulatory patients visiting primary health centers (puskesmas group), and group
4 consisted of relatives of patients being admitted to the hospital in each of the
two cities (relatives group). Patients at admission and discharge were selected from
four hospital departments: Internal Medicine, Surgery, Obstetrics and Gynecology,

and Pediatrics. Individuals were excluded from the study if they were transferred
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from another hospital, if they were not accompanied by a family member (admission
group), or if they had been admitted to a hospital within the previous three months
(admission group, puskesmas group, and relatives group). Approval of the Medical
Ethics Committees was obtained before the start of the study. Only patients who had

given their informed consent were included in the study.

Bacterial isolation

Rectal and nasal samples were taken with sterile, cotton-tipped swabs, and these
were put in Amies transport medium (Copan, Brescia, Italy) and transported in closed
boxes at ambient temperature to the laboratory on the same day. All swabs were
cultured within 24 hours. Rectal swabs were cultured on CHROMagar Orientation
(Becton Dickinson, Heidelberg, Germany) for isolation of Escherichia coli (9). From
each swab, two colonies representing the dominant growth in the fecal flora were
collected. Pink colonies were assumed to be E. coli and were used for susceptibility
testing without additional identification testing. Nasal swabs were cultured by using
phenol red mannitol agar (Becton Dickinson, Heidelberg, Germany) for isolation of S.
aureus. In the Netherlands, all putative S. aureus isolates were speciated with an ag-
glutination test (Slidex Staph Plus, bioMérieux, Marcy I’ Etoile, France) and the Vitek®
2 system (bioMérieux, Marcy, I'Etoile, France). In case of doubt an S. aureus specific

DNA hybridization test (Accuprobe, Genprobe inc., San Diego, USA) was performed.

Antimicrobial susceptibility testing

Antimicrobial susceptibility testing of the isolates was performed in Indonesia by
disk diffusion as recommended by the Clinical and Laboratory Standards Institute
(CLSI; formerly the NCCLS) (28). Disks loaded with the following antimicrobial agents
(Oxoid, Basingstoke, UK) were used for susceptibility testing of E. coli: gentamicin,
chloramphenicol, trimethoprim-sulfamethoxazole, ampicillin, cefotaxime, and cipro-
floxacin. One E. coli isolate per patient was included in the analysis. Tetracycline,
oxacillin, gentamicin, erythromycin, chloramphenicol, and trimethoprim-sulfamethox-
azole disks were used for susceptibility testing of S. aureus. The performance of the
susceptibility testing was monitored twice weekly by the quality control strains E. coli
ATCC 25922 and S. aureus ATCC 25923.

PCR for mecA gene detection

Polymerase chain reaction (PCR) for mecA gene detection was performed with prim-
ers MEC1 (5’- AAA ATC GAT GGT AAA GGT TGG C- 3") and MEC2 (5- AGT TCT GCA
GTA CCG GAT TTG C- 3", which generate a 533-bp product as described previously
(27). Bacterial DNA was isolated on a MagNA Pure LC™ with MagNA Pure LC DNA

Isolation Kit III for bacteria and fungi (Roche Molecular Biochemicals, Mannheim,
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Germany). DNA concentration was assessed spectrophotometrically. PCR program
was performed under the following conditions: predenaturation for 4 min at 94°C;
25 cycles of 45 s at 94°C, 45 s at 55°C and 45 s at 72°C, and a final extension step of
5 min at 72° C. PCR products were resolved in a 1% agarose gel in 0.5 Tris-borate
+ ethylenediaminetetraacetate (TBE) stained with ethidium bromide and visualized
under ultraviolet (UV) light. A positive and a negative control were included in each
PCR run.

Statistical analysis

Statistical comparisons of antibiotic resistance between the strains collected from the
four different groups and between similar groups in the two cities were made by
using the Chi-square analyses or Fisher’s exact test (two-tailed). Data were analyzed
by using the statistical software package SPSS version 11.5 for Windows (SPSS Inc.,
Chicago, IL, USA). A P value <0.05 was considered significant.

RESULTS

A total of 3,995 individuals were screened between July and October 2001 in Surabaya
and between January and May 2002 in Semarang. We collected 5,535 E. coli strains

from 3,284 individuals and 362 S. aureus isolates from as many individuals.

Resistance among E. coli

E. coli isolates (n=3,284) showed considerable levels of resistance against a number
of commonly used antibiotics (Table 1). For most antimicrobials, the lowest resistance
rates were measured in E. coli isolated from the relatives group, whereas the highest
rates were measured in the patients in the discharge group. For all antimicrobials,
resistance rates on discharge were higher compared with those in patients on admis-
sion, relatives, and patients visiting a primary health center. Substantial resistance
rates towards chloramphenicol, trimethoprim-sulfamethoxazole, and ampicillin were
observed among E. coli cultured from patients visiting primary health centers com-
pared with E. coli from the relatives. Resistance towards gentamicin, cefotaxime, and
ciprofloxacin was low on admission to the hospital. However, high rates of resistance
against these latter antibiotics were found among E. coli cultured from patients at the

time of discharge from the hospital.

Resistance among S. aureus
The rate of nasal carriage of S. aureus was 362 out of 3,995 (9.1%) individuals. One

strain of S. aureus did not grow on the Mueller Hinton agar plate for antimicrobial
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Table 1. Antimicrobial resistance rates (n [%]) of E. coli and S. aureus from different cohorts in Indonesia.

Admission Discharge Relatives Primary health Total
center
(Puskesmas)
E. coli (n=822) (n=784) (n=815) (n=863) (n=3,284)
Gentamicin 32(3.9) 141 (18.0)% 11(1.3) 18 (2.1)° 202 (6.2)
Chloramphenicol 210 (25.5) 335 (42.7)%= 64 (7.9) 95 (11.0)>f 704 (21.4)
Trimethoprim-
sulfamethoxazole 342 (41.7) 435 (55.5)% 164 (20.1) 209 (24.2)>* 1,150 (35.0)
Ampicillin 416 (50.6)* 571 (72.8)%¢ 162 (19.9) 271 (31.4)>F 1,420 (43.2)
Cefotaxime 17 (2.1)° 98 (12.5)4 6(0.7) 8(0.9) 129 (3.9)
Ciprofloxacine 48 (5.8)° 173 (22.1)% 17 (2.1)¢ 17 (2.0)° 255(7.8)
S. aureus (n=84) (n=98) (n=82) (n=97) (n=361)
Tetracycline 29 (34.5) 24 (24.5) 18(22.0) 19 (19.6)° 90 (24.9)
Oxacillin 0(0) 2(0.6) 0(0) 0(0) 2(0.6)
Gentamicin 2(24) 1(1.0) 0(0) 1(1.0) 4(1.1)
Erythromycin 4(4.8) 5(5.1) 1(1.2) 2(2.1) 12(3.3)
Chloramphenicol 12(14.3) 9(9.2) 7 (8.5) 6(6.2) 34(9.4)
Trimethoprim-
sulfamethoxazole 10(11.9) 7(7.1) 7 (8.5) (1 24 (6.6)

Resistance rates were compared in defined pairs (see a-f), using the Chi-square test or Fisher’s exact test
as applicable (P<0.05 was considered significant).

@ significant difference for admission versus discharge

b significant difference for admission versus puskesmas

¢ significant difference for admission versus relatives

4 significant difference for discharge versus puskesmas

¢ significant difference for discharge versus relatives

fsignificant difference for puskesmas versus relatives

susceptibility testing. Overall, 90/301 (24.9%) S. aureus strains were resistant to tet-
racycline and 2/361 (0.6%) were resistant to oxacillin (Table 1). The two oxacillin-
resistant strains of S. aureus harboured the mecA gene. Resistance rates against
tetracycline among patients on admission were higher compared with rates found
in the patients visiting the primary health care centers (P=0.022). For trimethoprim-
sulfamethoxazole, the resistance rates among isolates from patients on admission, pa-
tients at discharge, and from relatives of patients on admission were higher compared
with the rates among S. aureus isolates from patients visiting primary health centers
(P<0.001, P=0.013, and P=0.007, respectively).

Geographical differences

When comparing resistance data of E. coli and S. aureus isolated in Semarang with
those isolated in Surabaya, the overall trends observed were similar. However, some
striking differences became obvious. For E. coli, the resistance rates among patients at
discharge in Semarang were higher than those observed in Surabaya for all antibiotics

except for gentamicin (data not shown). Also, more resistance among E. coli was
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observed in Semarang compared with Surabaya with regard to ampicillin (792/1,707
[46.4%)] in Semarang versus 628/1,577 [39.8%)] in Surabaya; P<0.001). In contrast, chlor-
amphenicol resistance was higher among E. coli isolated from Surabaya patients on
admission (117/389 [30.1%)] in Surabaya versus 93/433 [21.5%] in Semarang; P=0.005)
and likewise when comparing isolates from their relatives (38/383 [9.9%)] in Surabaya
versus 26/432 [6.0%] in Semarang; P=0.05).

With regard to S. aureus, the rates of resistance to trimethoprim-sulfamethoxazole
in the admission and relatives groups and tetracycline resistance in the discharge

group in Surabaya were much higher than in Semarang (data not shown).

DISCUSSION

This study is the first population-based study of antimicrobial resistance among com-
mon pathogenic bacteria in the commensal microflora of several groups of individuals
in Indonesia. We stress the fact that the strains examined in the present study were
not isolated from clinical materials as in previous studies but from the normal flora
of the anterior nares and from the rectum of individuals with a variety of diseases as
well as from healthy persons. We targeted our surveillance of antimicrobial resistance
towards E. coli and S. aureus, since they can be considered sentinel species of micro-
organisms for the emergence of resistance (1, 2, 5, 39).

We showed that antibiotic resistance rates among E. coli isolated from patients
on discharge from the hospital are consistently higher than previously described.
An earlier study in Indonesia by US Naval Medical Research Unit #2 (NAMRU- 2)
(33) showed that resistance rates for ampicillin, chloramphenicol, and trimethoprim-
sulfamethoxazole among clinical isolates of enterotoxigenic E. coli (ETEC) were
higher than in this study. In contrast, our study yielded higher rates of ciprofloxacin
resistance compared with that study. There are no earlier data about resistance rates
of E. coli against gentamicin and cefotaxime in Indonesia. However, in a survey
performed in Indonesian hospitals in the late 1990s, 23.3% of E. coli had an extended-
spectrum P-lactamase phenotype (23).

From a series of studies that were conducted through the 1980s and 1990s in
Taiwan, 100% of clinical isolates of E. coli proved susceptible to fluoroquinolones
(norfloxacin, ofloxacin, and ciprofloxacin) until 1996. By 1996 — 1997, 20% of E.
coli had become resistant to ciprofloxacin, and 48% of patients with ciprofloxacin-
resistant E. coli reportedly had not used any fluoroquinolones (31). Another study
from Taiwan reported that ciprofloxacin resistance rate among E. coli was 11.3%
between August and December 1998, (25) 0% in 1998-1999 by the SENTRY surveil-
lance program, (4) and 46% in 1999 by the National Taiwan University Hospital study
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(NTUH) (13). Data of antimicrobial resistance of clinical isolates of E. coli against
ciprofloxacin from other countries have also been reported by the SENTRY global
antimicrobial surveillance program: 61% in Hong Kong, 93% in mainland China,
75% in Singapore, and 54% in the Philippines (4). In Korea, the Korean Nationwide
Surveillance of Antimicrobial Resistance study (KONSAR) reported a rate of 28%,
(20) and the Taiwan Surveillance of Antimicrobial Resistance (TSAR) reported 12% in
Taiwan (18). Although in all studies clinical isolates of E. coli were used, it is clear
that fluoroquinolone resistance is now prevalent in most countries in Asia, including
Indonesia. The genetic backgrounds and virulence characteristics of the Indonesian
fluoroquinolone-resistant E. coli from the present study have recently been described
by Kuntaman et al. (17).

Multiple studies have reported high frequencies of methicillin-resistant S. aureus
(MRSA) among clinical isolates of S. aureusin Asia. The rate of MRSA among clinical
S. aureus isolates was more than 50% in Korea in 1997 (6, 19) and more than 60%
in Taiwan between 1993 and 1999 (11, 37). In Japan, it was 35.8% in 1987, and has
increased to 67.3% in 1989 (36). Another study in Japan showed that the frequency of
MRSA was 22-64% in 1988, 22-69% in 1989 and 29-76% in 1990, and increasing yearly
(29). Furthermore, S. aureus with reduced susceptibility to vancomycin has been
found in hospitals in several Asian countries (32).

In this study, we found that methicillin resistance in S. aureus isolates from Indo-
nesia was 2/361(0.6%). These oxacillin-resistant strains of S. aureus harboured the
mecA gene. This finding suggests that MRSA has not yet gained a strong foothold in
the Indonesian archipelago. Only two of 3,995 (0.05%) persons screened harboured
MRSA, which compares favorably with the 0.84% MRSA carrier rate found in the same
period in a population-based screening study in the USA (24). However, as we did not
include clinical strains causing nosocomial infections in this study, we cannot exclude
the possibility that MRSA has emerged in some hospital settings in Indonesia. Of note,
the overall rate of S. aureus nasal carriage in our study was only 9.1%, i.e. much
lower than the 20% or higher levels generally found among populations in Western
countries (16). Low carriage rates of S. aureus among the Indonesian population may,
by itself, reduce or interfere with the spread and emergence of MRSA variants.

There are no prior data about the prevalence of antibiotic resistance of commen-
sal S. aureus against tetracycline, gentamicin, erythromycin, chloramphenicol and
trimethoprim-sulfamethoxazole in Indonesia. When we compare our findings with
recent data from Taiwan, (26) the prevalence of antimicrobial resistance among clini-
cal isolates of S. aureus was higher in Taiwan than in Indonesia. The resistance rates
for tetracycline were 71% and 24.9%, for oxacillin 60% and 0.6%, for gentamicin
51% and 1.1%, for erythromycin 73% and 3.3%, for chloramphenicol 29% and 9.4%,

and for trimethoprim-sulfamethoxazole 42% and 6.6% in S. aureus from Taiwan and
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from Indonesia (this study), respectively. Antimicrobial resistance profiles of clinical
isolates of S. aureus have also been reported from Korea, (14) showing that the re-
sistance rates of methicillin-sensitive S. aureus (MSSA) and MRSA against tetracycline
were 22% and 90%, against gentamicin 28% and 95%, against erythromycin 37% and
98%, and against trimethoprim-sulfamethoxazole 1% and 9% in MSSA and MRSA,
respectively. In contrast to our study, the Taiwanese and Korean surveillance systems
were based on clinical samples and not on sampling of commensal flora, as was done
in this study. Thus, direct comparison is not valid, as resistance rates among clinical
isolates of S. aureus may well be higher in Indonesia also.

In conclusion, we show that antimicrobial resistance among E. coli and S. aureus
present in the commensal microflora of people has emerged in Indonesia. Among
E. coli, the prevalence of resistance to ciprofloxacin and other antibiotics is remark-
ably high, especially in individuals after hospitalization. Although the prevalence of
MRSA is low, tetracycline resistance is common among S. aureus and not associated
with hospital stay. Within Indonesia, regional differences in resistance rates exist,
suggesting regional differences in selection pressure, i.e. antibiotic usage patterns.
Moreover, for S. aureus, resistance rates of isolates from patients at discharge from
the hospital were not higher than on admission, whereas these rates in E. coli were
significantly higher on discharge. Therefore, resistance in E. coli appeared to be both
community and hospital associated, whereas resistance in S. aureus seems to be
mainly community derived. This is an important finding for future strategies that

target the containment of antimicrobial resistance in Indonesia.
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