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ABSTRACT

Objectives: To describe the aetiology and antibiotic susceptibility patterns of common bacterial infections in hospitalised pa-
tients in Jakarta, Indonesia.

Methods: We conducted a hospital-wide point prevalence survey in six hospitals in 2019, capturing data from routinely or-
dered bacterial cultures taken before the start of antibiotic treatment. We report relevant bacteria-antibiotic combinations for
Escherichia coli and the ESKAPE group of pathogens.

Results: A total of 562 patients (52% women, median age 46 years) were diagnosed with 587 infections, comprising 414 community-
acquired and 173 hospital-acquired infections, with pneumonia most frequent (258, 44%). From 615 samples collected, 279 (45%)
bacterial isolates were identified, of which 213 (76%) gram-negative, including Klebsiella pneumoniae (68, 24%), Escherichia coli
(37, 13%) and Pseudomonas aeruginosa (35, 13%) among others, and 66 (24%) gram-positive, including Enterococcus faecalis (17,
6%) and Staphylococcus aureus (11, 4%) among others. Proportions of bacteria resistant to third-generation cephalosporins (3GC)
were 75% (47/63) for Klebsiella pneumoniae, and 69% (22/32) for E. coli, and to carbapenems 64% (7/11) for Acinetobacter spp., 60%
(3/5) for Enterobacter spp., 43% (3/7) for E. coli, 30% (7/23) for P. aeruginosa and 29% (9/31) for K. pneumoniae. Four of 11 S. aureus
isolates were methicillin-resistant. A blood culture was done in only 52% (16/31) of sepsis patients, and the results of positive
blood cultures were reported after a median of 4 days.

Conclusions: This survey identified that a high proportion of common gram-negative bacteria exhibited reduced susceptibility
to first-choice antibiotics and considerable underuse of bacterial cultures. These findings warrant enhanced infection prevention
and control and antimicrobial stewardship.

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium,
provided the original work is properly cited.
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1 | Introduction

Antimicrobial resistance (AMR) is one of the greatest threats
to global public health, with the increasing use of antimicro-
bial agents being one of the key drivers. A recent global analysis
estimated that antibiotic-resistant bacterial infections directly
caused 1.14 million deaths and were associated with 4.71 mil-
lion deaths in 2021 alone, with disproportionate impacts on low-
and middle-income countries (LMICs) [1].

Understanding the burden and drivers of AMR in Southeast
Asia, a hotspot for AMR, is crucial for AMR control on a global
scale [2, 3]. Indonesia is a middle-income country with the larg-
est economy and population (275 million) of the region. A range
of complex factors, including variable access to quality health
care, persistently high infectious disease burdens and weakly
enforced antibiotic policies, render Indonesia particularly vul-
nerable to AMR [4, 5]. The implementation of the National
Action Plan for AMR has been limited to date due to, among
other factors, a limited evidence base of AMR epidemiology and
antibiotic use. There is a dearth of systematic data to reliably es-
timate the extent of AMR, which is essential to inform evidence-
based policies to contain AMR [4, 6]. A recent systematic review
of the published literature estimated that AMR levels in hospi-
tals in Indonesia were high for critical gram-negative bacteria,
but also concluded that there were substantial data gaps, pre-
cluding robust conclusions about the full contemporary AMR
situation [7].

In 2019, we conducted a point prevalence survey in six hospitals
in Jakarta, Indonesia, to describe patterns of antibiotic prescrib-
ing and AMR in routine clinical practice [8]. Here, we report
a ‘snapshot’ observation of the clinically relevant bacterial
pathogens isolated from hospitalised patients, their antibiotic
susceptibility, as well as on the uptake of bacterial cultures to
contextualise these microbiological data.

2 | Materials and Methods
2.1 | Study Design and Population

We conducted a hospital-wide cross-sectional point prevalence
survey in six hospitals in Jakarta between March and August
2019, using the Global-PPS protocol, as previously described [8].
The present analysis included all inpatients of any age, who were
admitted on the ward before 8AM on the day of the survey, and
who started systemic antibiotic treatment (ATC JO1) for a sus-
pected bacterial infection, in accordance with local prescribing
guidelines and/or physician decision. Patients receiving anti-
biotics solely for prophylaxis or for other or unknown reasons
were excluded. We followed the STrengthening the Reporting
of OBservational studies in Epidemiology (STROBE) checklist
to report the study.

2.2 | Study Setting
The participant hospitals were purposively sampled to achieve

diversity in geographic location, size, ownership and care
level. The six participant hospitals were situated across all five

districts of Jakarta province and comprised two tertiary care
government hospitals and four secondary hospitals, of which
three were privately owned and three were public, with a total
of 2358 active inpatient beds (median 230, range 134-853 per
hospital) (Table 1). The survey included all 238 inpatient wards
(87 medical, 31 surgical, 95 mixed medical-surgical wards and
25 ICUs, of which there were 123 adult, 51 paediatric-neonatal
and 64 mixed adult-paediatric-neonatal wards). At the time of
the survey, all six hospitals had an on-site microbiological lab-
oratory service using automated culture machines and an an-
timicrobial stewardship programme in place, albeit at variable
stages of implementation. Five of the six hospitals had local
antibiotic prescribing guidelines, which did not include specific
guidance on when to order a bacterial culture.

2.3 | Data Collection and Definitions

A study team extracted patient data on medical history, work-
ing diagnosis/syndrome (as documented on the survey day) and
microbiological results from routine medical and laboratory
records into a standard case report form. Infections were cat-
egorised as community-acquired (symptoms or cultures <48h
from admission, CAI) or hospital-acquired (symptoms or cul-
tures >48h after admission, HAI). All culture specimens taken
as part of routine clinical care during their current admission
(including < 7 days prior) before the start of antibiotic treatment
were recorded.

2.4 | Data Analysis

The analysis focused on the most relevant bacteria for hos-
pital settings, that is, Enterococcus species, Staphylococcus
aureus, Klebsiella pneumoniae, Acinetobacter baumannii,
Pseudomonas aeruginosa and Enterobacter species (ESKAPE
group) plus Escherichia coli, and common bacteria-antibiotic
combinations (including those in the WHO priority patho-
gen list [9]). The hospitals used the most recent Clinical and
Laboratory Standards Institute (CLSI) AST interpretative
criteria [10]. Intermediate susceptibility, where reported by
the hospital laboratory, was considered resistant. Due to the
cross-sectional study design, we were unable to definitively
determine whether the isolated pathogens were causative or
contaminant. We therefore decided to include all cultured
pathogens. For patients with more than one of the same patho-
gen per sample type, only the first isolate was included (dedu-
plication). Where AST results were given for more than one
antibiotic of the same class (e.g., ciprofloxacin and levofloxa-
cin), the rate that reflected the highest level of resistance was
selected to represent the rate for that respective class (e.g., flu-
oroquinolones), except for the aminoglycosides, which were
reported individually, since gentamicin and amikacin show
markedly different resistance rates. S.aureus resistant to ce-
foxitin and/or oxacillin were considered methicillin-resistant
S. aureus (MRSA).

The data were summarised as counts (percentage of total), mean
(£SD) or median [IQR]. Differences between subgroups were
analysed using the Pearson's chi-squared test, unpaired t-test
or Mann-Whitney U test, whichever was appropriate. p values
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TABLE1 | Hospital characteristics.
Total Hospital 1 Hospital 2 Hospital 3 Hospital 4 Hospital 5 Hospital 6
Level of health — Secondary Tertiary Secondary Secondary Tertiary Secondary
service
Sector — Private Public Private Public Public Private
Teaching hospital — Yes Yes Yes No Yes No
National health — No Yes Yes Yes Yes No
insurance?®
Hospital antibiotic — No Yes Yes Yes Yes Yes
guidelines
Inpatient wards® 238 19 74 30 14 79 22
Medical wards 87 4 27 15 6 30 5
Surgical wards 31 0 17 2 0 11 1
Mixed medical- 95 12 19 10 7 32 15
surgical wards®
Intensive care 25 3 11 3 1 6 1
units
Adult 123 8 55 13 2 39 6
Paediatric and/or 51 5 12 6 3 21 4
neonatal
Mixed adult- 64 6 7 11 9 19 12
neonatal-
paediatric?
Inpatient beds 2358 159 767 300 145 853 134
Admitted patients 1602 (67.9) 100 (62.9) 562 (73.3) 198 (66.0) 66 (45.5) 625 (73.3) 51 (38.1)
Admitted 993 (62.0) 75 (75.0) 368 (65.5) 106 (53.5) 52(78.8) 359 (57.4) 33(64.7)
patients on >1
antimicrobials

Note: Data shown reflect the hospital situation on the survey day and are expressed as number (percentage), unless otherwise specified.
aIncluded in the national health insurance scheme, Jaminan Kesehatan Nasional (JKN).

bIncludes all inpatient wards in the hospital.
‘Wards that can admit both medical and surgical patients.
dWards that can admit adult, paediatric and neonatal patients.

of <0.05 were considered statistically significant. All statistical
analyses were performed using R version 4.3.0.

3 | Results
3.1 | Patient Characteristics

Among 1602 hospitalised patients, 562 (35.1%) received one or
more systemic antibiotics for the treatment of a presumed bac-
terial infection and were included in the analysis (Figure S1).
The overall median age was 46years (IQR 20-60), and 52.1%
were women (Table 2). 33.8% of patients had been hospital-
ised and 23.8% had undergone surgery in the 3 months prior
to admission. Malnutrition (200, 35.6%) and diabetes mellitus
(20.6%) were common comorbidities. We recorded a total of 587
distinct infection diagnoses, comprising 414 CAI and 173 HAI
The most frequent was pneumonia (44.0%, 258), followed by
skin and soft tissue (SST) (12.6%, 74), gastrointestinal (10.9%,

64), urinary tract (UTI) (7.7%, 45), intra-abdominal infections
(5.5%, 32) and sepsis without an identified focus (5.3%, 31). We
recorded a total of 777 prescriptions for systemic antibiotics,
comprising 542 (69.8%) for CAI and 235 (30.2%) for HAIL.

3.2 | Use and Reporting of Bacterial Cultures

Patients with one or more samples for bacterial culture taken
were younger, more frequently had national health insurance,
one or more catheters, and a recent history of surgery or hos-
pitalisation compared to those without samples taken. Patients
who had one or more positive culture results more frequently
had one or more catheters and a history of recent surgery and
were more frequently diagnosed with an SST or UTI, compared
to those without a positive culture (Table 2).

Overall, 38.3% (215/562) of the patients underwent culture sam-
pling (Figure S2), including in 39.9% (103/258) of pneumonia
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TABLE 2 | Participant characteristics.

Patients
without
All Patients Patients Patients with positive
participants without culture with culture positive culture culture
(n=562) (n=347) (n=215) P (n=152) (n=63) P
Age, years 46 [20-60] 49 [28-64] 38 [5-57] <0.001 38 [8-57] 38[0-55]  0.37
Female 293 (52.1) 172 (49.6) 121 (56.3) 0.14 89 (58.6) 32(50.8)  0.37
Weight, kg 52 [39-62] 55 [45-64] 49 [12-60] <0.001 50 [19-61] 44[7-59]  0.05
National health 423 (75.3) 244 (70.3) 179 (83.3) 0.001 127 (83.6) 52(82.5) >0.99
insurance
Catheters
Peripheral 534 (95.0) 336 (96.8) 198 (92.1) 0.020 139 (91.5) 59(93.7)  0.79
vascular
catheter
Urinary 189 (33.6) 91 (26.2) 98 (45.6) <0.001 76 (50.0) 22(34.9)  0.06
catheter
Central vascular 91 (16.2) 30 (8.6) 61 (28.4) <0.001 49 (32.2) 12(19.0)  0.07
catheter
Intubation 47 (8.4) 12(3.5) 35(16.3) <0.001 26 (17.1) 9 (14.3) 0.76
catheter
Recent medical history
Surgery 134 (23.8) 50 (14.4) 84 (39.1) <0.001 66 (43.4) 18(28.6)  0.06
<90days
Hospitalisation 190 (33.8) 87 (25.1) 103 (47.9) <0.001 72 (47.4) 31(49.2)  0.92
<90days
Comorbidities
Malnutrition 200 (35.6) 114 (32.9) 86 (40.0) 0.10 59 (38.8) 27 (42.9) 0.69
Diabetes 116 (20.6) 81(23.3) 35(16.3) 0.06 28 (18.4) 7(11.1) 0.26
mellitus
Tuberculosis 49 (8.7) 31(8.9) 18 (8.4) 0.94 9 (5.9) 9 (14.3) 0.08
HIV 14 (2.5) 9(2.6) 5(2.3) >0.99 5(3.3) 0(0.0) 0.34
COPD 6 (1.1) 2(0.6) 4(1.9) 0.31 3(2.0) 1(1.6)  >0.99
Clinical diagnosis
Pneumonia 249 (44.3) 154 (44.4) 95 (44.2) >0.99 64 (42.1) 31(49.2)  0.42
Skin and soft 71 (12.6) 39(11.2) 32(14.9) 0.26 28 (18.4) 4(6.3)  0.040
tissue infection
Gastrointestinal 63 (11.2) 55 (15.9) 8(3.7) <0.001 5(3.3) 3(4.8) 0.90
infection
Urinary tract 40 (7.1) 20 (5.8) 20 (9.3) 0.16 19 (12.5) 1(1.6) 0.024
infection
Sepsis without 28 (5.0) 14 (4.0) 14 (6.5) 0.27 8(5.3) 6 (9.5) 0.40
clear focus
Other diagnosis 111 (19.8) 65 (18.7) 46 (21.4) 0.51 28 (18.4) 18(28.6)  0.14

Note: Data are expressed as n (%) or median [interquartile range].
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patients (sputum in 24.8% [64/358] and blood in 20.5% [53/358]);
44.6% (33/74) of SST infection patients (wound in 25.7% [19/74],
blood in 14.9% [11/74] and pus in 13.5% [10/74]); 51.1% (23/45)
of UTI patients (urine in 44.4% [20/45] gand blood in 33.3%
[15/45]); and 54.8% (17/31) of sepsis patients (blood in 51.6%
[16/31]). The median time from specimen collection to final re-
porting of positive results (both ID and AST results) was 4 [IQR
3-4] days for blood, 3 [2-4] days for sputum and 3 [2, 3] days for
urine (Figure S3).

3.3 | Bacterial Isolates

In total, 279 bacterial isolates were identified from 615 spec-
imens, including 75 isolates detected from 158 specimens in
CAI and 204 isolates detected from 457 specimens in HAI
(Figure 1). The total proportion of positive blood cultures was
17.9% (41/229). Overall, 76.3% (213/279) of isolates were gram-
negative bacteria (70.7% [53/75] in CAI and 78.4% [160/204] in
HAI), and 23.7% (66/279) of isolates were gram-positive bacte-
ria (33.3% [22/66] in CAI and 66.7% [44/66] in HAI). The most
frequently identified bacteria were K. pneumoniae (24.3%, 68),
E. coli (13.3%, 37), P. aeruginosa (12.5%, 35), coagulase-negative
staphylococci (CoNS) (11.1%, 31) and Acinetobacter spp. (10.0%,
28), of which 15 were identified as A.baumannii (Figure 1).
Enterococcus faecium was not isolated. Compared to the private
hospitals, in government hospitals, K. pneumoniae was more
frequently detected (63/247 vs. 5/32) and Acinetobacter spp. was
less frequently detected (21/247 vs. 7/32) (Figure S4).

Pneumonia was the most common diagnosis (44%, 258/587),
with the most frequent bacterial isolates being K. pneumoniae
(18.2% [2/11] in CAI and 35.3% [30/85] in HAI), Acinetobacter
spp. (18.2% [2/11] in CAT and 20.0% [17/85] in HAI) and P. aeru-
ginosa (27.3% [3/11] in CAI and 17.6% [15/85] in HAI). For UTTIs,
the most frequently cultured pathogens were E. coli (37.5% [6/16]
in CAI and 27.6% [8/29] in HAI), E. faecalis (12.5% [2/16] in CAI

and 34.5% [10/29] in HAI) and CoNS (12.5% [2/16] in CAI and
10.3% [3/29] in HAI).

3.4 | Antibiotic Susceptibility

Among K. pneumoniae isolates, resistance to 3GC was detected
in 47 of 63 (75%) isolates, to carbapenems in 9 of 31 (29%), fluoro-
quinolones in 39 of 63 (62%) and cotrimoxazole in 10 of 18 (56%)
(Figure 2, Table S1,S2). Among P. aeruginosa isolates, resistance
was detected to ceftazidime in 14 of 34 (41%), carbapenems in
7 of 23 (30%), fluoroquinolones in 10 of 29 (34%) and amikacin
in 8 of 33 (24%). Among E. coli isolates, resistance was detected
to 3GC in 22 of 32 (69%), carbapenems in 3 of 7 (43%), fluoro-
quinolones in 12 of 20 (60%), gentamicin in 18 of 32 (56%), amik-
acin in 4 of 32 (13%) and cotrimoxazole in 10 of 13 (77%). Among
Acinetobacter spp. isolates, resistance to carbapenems was de-
tected in 6 of 12 (50%) isolates, for which susceptibility results
were available. Among Enterobacter spp. isolates, resistance was
detected to carbapenems in 3 of 5 (60%), fluoroquinolones in 10
of 24 (42%), gentamicin in 15 of 25 (60%), amikacin in 11 of 25
(44%) and cotrimoxazole in 1 of 8 (13%). Among S. aureus iso-
lates, resistance was detected to methicillin in 4 of 11 (36%) and
vancomycin in 0 of 11 (0%). Among E. faecalis isolates, resistance
was detected to amoxicillin in 6 of 12 (50%) and vancomycin in
2 of 15 (32%).

4 | Discussion

This cross-sectional survey conducted in six Indonesian hos-
pitals in 2019 documented high AMR levels in gram-negative
bacteria, among the highest reported in Southeast Asia [11-13]
and substantially higher than reports from most of Europe [14].
Resistance to 3GC was particularly high in K. pneumoniae and
E. coli isolates, and to carbapenems in K. pneumoniae, P. aerugi-
nosa, E. coli, Acinetobacter spp. and Enterobacter spp. isolates.

K. pneumoniae E. coli P. aeruginosa CoNS

cinetobacter spp |Enterobacter spp

E. faecalis S. aureus Other

Percentage of all isolates

. All pathogens
(n=279)

CAl HAI
(n=75) (n =204)

FIGURE1 | Distribution of the identified bacterial isolates, by community-acquired and hospital-acquired infection. Description Figure 1. The

numbers in bars indicate the number of isolates. The category ‘Other’ comprised Serratia marcescens (n=>5), Klebsiella oxytoca, Proteus mirabilis,

viridans group streptococci (each n=3), Vibrio vulnificus, Moraxella catarrhalis, Micrococcus luteus (each n=2) and Stenotrophomonas maltophil-

ia, Citrobacter freundii, Streptococcus mitis, Pseudomonas putida, Enterococcus avium, Morganella morganii and Proteus vulgaris (each n=1). CAI,

community-acquired infection; CoNS, coagulase-negative staphylococci; HAI, hospital-acquired infection.
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FIGURE 2 | Proportion of resistance to the relevant antimicrobial agents among the identified isolates. AMK, amikacin; AMP, ampicillin; CAZ,

ceftazidime; CIP, ciprofloxacin; CLI, clindamycin; CRO, ceftriaxone; CTX, cefotaxime; DOR, doripenem; ERY, erythromycin; GEN, gentamicin;

IPM, imipenem; LVX, levofloxacin; LZD, linezolid; MEM, meropenem; OXA, oxacillin; SXT, trimethoprim-sulphamethoxazole; TGC, tigecycline;

TZP, piperacillin/tazobactam; VAN, vancomycin.

It should be noted, however, that the numbers for some of the
pathogens were too small to draw any firm conclusions, and
larger, more representative surveys are required to confirm
these preliminary findings.

For contextualisation of these estimates, a recent systematic re-
view of the published literature (2000-2023), comprising 13,647
bacterial isolates from hospitals, found that in Indonesian hos-
pitals 21.6% of Klebsiella pneumoniae isolates, 18.3% of E. coli
isolates, 35.8% of P. aeruginosa isolates and 70.7% of A. bauman-
nii isolates were carbapenem-resistant; 29.9% of S. pneumoniae
isolates were penicillin-resistant; and 22.2% of S. aureus isolates
were methicillin-resistant. Hospital prevalence of carbapenem-
resistant K. pneumoniae and E.coli and penicillin-resistant
S. pneumoniae increased over time. Those estimates are aligned
with two complementary reports describing routine culture
data for priority bacterial pathogens from sentinel hospitals
(GLASS submission, 20 hospitals and Indonesian Society for
Clinical Microbiology, 75 hospitals, both from 2022) [6, 15]. The
estimates available for Indonesia are among the highest in the
Southeast Asia region, where nationally representative surveys
of hospitalised patients have reported particularly high levels of
AMR in gram-negative bacteria and S. aureus in Malaysia [11],
Vietnam [12] and the Philippines [13].

International guidelines on sepsis management have been stress-
ing the importance of obtaining blood cultures before or, when
not possible, within 24h after administration of antibiotics [16].
Nonetheless, blood culture sampling rates are generally low, both
in high-income countries and LMICs, with wide variations in
reported rates between hospitals and regions. Reported hospital
blood culture sampling rates ranged from 196 to 308 per 1000
patient-days in the United States [17], from 6.7 to 86.5 per 1000
patient-days in the European Union [17] and 31, 82 and 10 per
1000 patient-days in selected hospitals in Indonesia, Thailand
and Vietnam, respectively [18-20]. In this survey, blood cultures
were taken in just over half of the sepsis patients, and positive
blood culture results often reached the treating clinicians with
delays, hampering clinical decision-making on targeting, de-
escalating or stopping antibiotics. Barriers in Indonesia may be a

combination of factors including cost-prohibitive bacterial culture
testing and thresholds of national health insurance coverage, ab-
sence of clear culture guidelines, as well as long turnaround time
and/or lack of trust in the laboratory results. We observed an as-
sociation between having a positive culture result and presence
of a urine catheter or recent surgery. These factors likely reflect
a higher risk of infection, especially of nosocomial origin, due
to invasive procedures and higher risk of antimicrobial-resistant
colonising bacteria, among these patient subgroups.

The study has some limitations. First, the limited, convenient
sample of hospitals surveyed precluded generalising the find-
ings to other hospitals or the country situation. More granular
AMR data are required to better estimate the extent of the AMR
problem at both the national and hospital levels, and across the
spectrum from tertiary to peripheral facilities. Second, underuse
of cultures in the surveyed hospitals may have limited the ap-
plicability of the data, and a prospective case-based approach
could capture more representative and informative data to in-
form treatment guidelines. In this regard, we note that in the
Indonesian setting, culture samples are more likely obtained
from hospitalised patients who are severely ill, pre-exposed to
antibiotics and at risk of a hospital-acquired infection. This may
have led to an overestimation of AMR prevalence. Third, due to
the cross-sectional study design, we were unable to determine
with certainty whether all isolated pathogens were the causative
agents or contaminants. The high proportion of CoNS isolated
(11%) might suggest suboptimal culture sampling procedures in
current practice. Lastly, our reliance on routine laboratory inter-
pretation to classify isolates as drug-susceptible versus resistant,
without access to data on the minimal inhibitory concentra-
tions, may have introduced heterogeneity in interpretation.

In conclusion, available data suggest that the management of se-
vere bacterial infections in Indonesian hospitals is increasingly
dependent on more expensive and less readily available antibi-
otics. However, there is a need for representative, more granular
AMR surveillance data to accurately estimate AMR levels in key
pathogens. Those efforts should be combined with rigorous im-
plementation science focused on the implementation of effective
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context-specific infection prevention and diagnostic and antibi-
otic stewardship interventions to improve rational antibiotic use
and help mitigate AMR.

Acknowledgements

The authors are grateful to the management, research/medical commit-
tees and clinical staff of the participating hospitals for their support to
the EXPLAIN study.

EXPLAIN study group: Erni J. Nelwan, Ralalicia Limato, Manzilina
Mudia, Monik Alamanda, Helio Guterres, Enty Enty, Ifael Y. Mauleti,
Maria Mayasari, Iman Firmansyah, May Hizrani, Anis Karuniawati,
Taralan Tambunan, Amin Soebandrio, Decy Subekti, Igbal Elyazar,
Mutia Rahardjani, Fitria Wulandari, Reinout van Crevel, H. Rogier
van Doorn, Vu Thi Lan Huong, Nga Do Ti Thuy, Sonia Lewycka, Alex
Broom, Raph L. Hamers.

Funding

This work and R.L.H. and H.R.v.D. are supported by the Wellcome
Africa Asia Programme Vietnam (106680/Z/14/Z). R.L. is supported by
an OUCRU Prize Studentship and a Nuffield Dept of Medicine Tropical
Network Fund DPhil Bursary.

Ethics Statement

The study adhered to the Declaration of Helsinki and was approved by
the Research Ethics Committee of the Faculty of Medicine Universitas
Indonesia (1364/UN2.F1/ETIK/2018) and the Oxford Tropical Research
Ethics Committee (559-18). The requirement for individual informed
consent was waived by the ethics committees that approved the study.

Conflicts of Interest

The authors declare no conflicts of interest.

Data Availability Statement

The data that support the findings of this study are available on request
from the corresponding author. The data are not publicly available due
to privacy or ethical restrictions.

References

1. GBD 2021 Antimicrobial Resistance Collaborators, “Global Bur-
den of Bacterial Antimicrobial Resistance 1990-2021: A Systematic
Analysis With Forecasts to 2050,” Lancet 404, no. 10459 (2024):
1199-1226.

2.S. Gandra, G. Alvarez-Uria, P. Turner, J. Joshi, D. Limmathurotsakul,
and H. R. van Doorn, “Antimicrobial Resistance Surveillance in Low-
and Middle-Income Countries: Progress and Challenges in Eight South
Asian and Southeast Asian Countries,” Clinical Microbiology Reviews
33, no. 3 (2020): €00048-19.

3. F. Chereau, L. Opatowski, M. Tourdjman, and S. Vong, “Risk As-
sessment for Antibiotic Resistance in South East Asia,” BMJ 358 (2017):
j3393.

4. H. Parathon, K. Kuntaman, T. H. Widiastoety, et al., “Progress To-
wards Antimicrobial Resistance Containment and Control in Indone-
sia,” BMJ 358 (2017): j3808.

5. R. Limato, G. Lazarus, P. Dernison, et al., “Optimizing Antibiotic Use
in Indonesia: A Systematic Review and Evidence Synthesis to Inform
Opportunities for Intervention,” Lancet Regional Health—Southeast
Asia 2 (2022):100013.

6. Indonesia Society for Clinical Microbiology (PAMKI), “Surveilans
Resistansi Antibiotik Rumah Sakit di Indonesia Tahun 2023,” (2023).

7. M. W. Gach, G. Lazarus, D. M. Simadibrata, et al., “Antimicrobial Re-
sistance Among Common Bacterial Pathogens in Indonesia: A System-
atic Review,” Lancet Regional Health - Southeast Asia 26 (2024): 100414.

8. R. Limato, E. J. Nelwan, M. Mudia, et al., “A Multicentre Point Prev-
alence Survey of Patterns and Quality of Antibiotic Prescribing in Indo-
nesian Hospitals,” JAC-Antimicrobial Resistance 3, no. 2 (2021): dlab047.

9. E. Tacconelli, E. Carrara, A. Savoldi, et al., “Discovery, Research, and
Development of New Antibiotics: The WHO Priority List of Antibiotic-
Resistant Bacteria and Tuberculosis,” Lancet Infectious Diseases 18, no.
3 (2018): 318-327.

10. Clinical and Laboratory Standards Institute, “Performance Stan-
dards for Antimicrobial Susceptibility Testing—29th Edition,” (2019).

11. Antibiotic Resistance Surveillance Reference Laboratory KL, Malay-
sia, “National Antibiotic Resistance Surveillance Report 2019,” (2019).

12. T. V. D. Vu, M. Choisy, T. T. N. Do, et al., “Antimicrobial Susceptibility
Testing Results From 13 Hospitals in Viet Nam: VINARES 2016-2017,”
Antimicrobial Resistance and Infection Control 10, no. 1 (2021): 78.

13. Manila: Antimicrobial Resistance Surveillance Program, “Antimi-
crobial Resistance Surveilance Program Annual Report—2020,” (2021).

14. European Centre for Disease Prevention and Control, Antimicrobial
Resistance in the EU/EEA (EARS-Net)—Annual Epidemiological Re-
port 2020 (2023).

15. World Health Organization, “Global Antimicrobial Resistance and
Use Surveillance Systems|Country Profiles 2021,” (2021), https://www.
who.int/data/gho/data/themes/topics/global-antimicrobial-resistance
-surveillance-system-glass/glass-country-profiles.

16. L. Evans, A. Rhodes, W. Alhazzani, et al., “Surviving Sepsis Cam-
paign: International Guidelines for Management of Sepsis and Septic
Shock 2021,” Critical Care Medicine 49, no. 11 (2021): e1063-€1143.

17. B. G. Warren, M. E. Yarrington, C. R. Polage, D. J. Anderson, and R.
W. Moehring, “Evaluation of Hospital Blood Culture Utilization Rates
to Identify Opportunities for Diagnostic Stewardship,” Infection Control
and Hospital Epidemiology 44, no. 2 (2023): 200-205.

18. R. Sinto, K. C. Lie, S. Setiati, et al., “Blood Culture Utilization and Epi-
demiology of Antimicrobial-Resistant Bloodstream Infections Before and
During the COVID-19 Pandemic in the Indonesian National Referral Hos-
pital,” Antimicrobial Resistance and Infection Control 11, no. 1 (2022): 73.

19. N. Teerawattanasook, P. M. Tauran, P. Teparrukkul, et al., “Capacity
and Utilization of Blood Culture in Two Referral Hospitals in Indonesia
and Thailand,” American Journal of Tropical Medicine and Hygiene 97,
no. 4 (2017): 1257-1261.

20. N. Takeshita, N. Q. Anh, D. M. Phuong, et al., “Assessment of Bacte-
remia in a Large Tertiary Care Hospital in Northern Vietnam: A Single-
Center Retrospective Surveillance Study,” Japanese Journal of Infectious
Diseases 72, no. 2 (2019): 118-120.

Supporting Information

Additional supporting information can be found online in the
Supporting Information section. Table S1: Proportion of resistance
among gram-negative isolates overall. Table S2: Proportion of re-
sistance among gram-positive isolates overall. Table S3: Proportion
of resistance among gram-negative isolates in community-acquired
infections. Table S4: Proportion of resistance among gram-positive
isolates in community-acquired infections. Table S5: Proportion of re-
sistance among gram-negative isolates in hospital-acquired infections.
Table S6: Proportion of resistance among gram-positive isolates in
hospital-acquired infections. Figure S1: Study flowchart. Figure S2:
Proportions of patients in whom one or more bacterial cultures were
performed, by clinical syndrome. Figure S3: Number of days from
sample collection to reporting positive culture results, by specimen
type. Figure S4: Percentage of isolated bacteria, stratified by hospital
ownership.

Tropical Medicine & International Health, 2026


https://www.who.int/data/gho/data/themes/topics/global-antimicrobial-resistance-surveillance-system-glass/glass-country-profiles
https://www.who.int/data/gho/data/themes/topics/global-antimicrobial-resistance-surveillance-system-glass/glass-country-profiles
https://www.who.int/data/gho/data/themes/topics/global-antimicrobial-resistance-surveillance-system-glass/glass-country-profiles

	Aetiology and Antibiotic Susceptibility of Common Bacterial Infections in Hospitalised Patients: A 2019 Multisite Cross-Sectional Survey in Jakarta, Indonesia
	ABSTRACT
	1   |   Introduction
	2   |   Materials and Methods
	2.1   |   Study Design and Population
	2.2   |   Study Setting
	2.3   |   Data Collection and Definitions
	2.4   |   Data Analysis

	3   |   Results
	3.1   |   Patient Characteristics
	3.2   |   Use and Reporting of Bacterial Cultures
	3.3   |   Bacterial Isolates
	3.4   |   Antibiotic Susceptibility

	4   |   Discussion
	Acknowledgements
	Funding
	Ethics Statement
	Conflicts of Interest
	Data Availability Statement
	References


