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Background. We conducted a national point prevalence survey (PPS) to determine the prevalence of healthcare-associated 
infections (HAIs) and antimicrobial use (AMU) in Singapore acute-care hospitals.

Methods. Trained personnel collected HAI, AMU, and baseline hospital- and patient-level data of adult inpatients from 13 pri-
vate and public acute-care hospitals between July 2015 and February 2016, using the PPS methodology developed by the European 
Centre for Disease Prevention and Control. Factors independently associated with HAIs were determined using multivariable 
regression.

Results. Of the 5415 patients surveyed, there were 646 patients (11.9%; 95% confidence interval [CI], 11.1%–12.8%) with 727 
distinct HAIs, of which 331 (45.5%) were culture positive. The most common HAIs were unspecified clinical sepsis (25.5%) and 
pneumonia (24.8%). Staphylococcus aureus (12.9%) and Pseudomonas aeruginosa (11.5%) were the most common pathogens impli-
cated in HAIs. Carbapenem nonsusceptibility rates were highest in Acinetobacter species (71.9%) and P. aeruginosa (23.6%). Male 
sex, increasing age, surgery during current hospitalization, and presence of central venous or urinary catheters were independently 
associated with HAIs. A total of 2762 (51.0%; 95% CI, 49.7%–52.3%) patients were on 3611 systemic antimicrobial agents; 462 
(12.8%) were prescribed for surgical prophylaxis and 2997 (83.0%) were prescribed for treatment. Amoxicillin/clavulanate was the 
most frequently prescribed (24.6%) antimicrobial agent.

Conclusions. This survey suggested a high prevalence of HAIs and AMU in Singapore’s acute-care hospitals. While further 
research is necessary to understand the causes and costs of HAIs and AMU in Singapore, repeated PPSs over the next decade will be 
useful to gauge progress at controlling HAIs and AMU.

Keywords. healthcare-associated infections; antimicrobial prescribing practices; point prevalence survey.
 

Healthcare-associated infections (HAIs) are a major pub-
lic health problem, contributing to increased healthcare 
costs worldwide [1, 2]. In a 2012 meta-analysis, the annual 
costs of 5 major HAIs in the United States were estimated at 
US$9.8 billion [2]. Of additional concern, HAIs caused by 

antimicrobial-resistant organisms have emerged as a global 
crisis, exacerbated by the dwindling antimicrobial develop-
ment pipeline [3]. Studies have demonstrated a link between  
antimicrobial consumption and resistance emergence, sug-
gesting that reducing inappropriate antimicrobial prescrib-
ing practices may curb the development of antimicrobial 
resistance [4].

To establish priorities and strategies for HAI prevention 
and appropriate antimicrobial use (AMU), baseline prevalence 
and factors driving HAIs and AMU are needed [5]. To date, 
accurate estimates of the national burden of HAIs and AMU 
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are not available in Singapore. While the Ministry of Health, 
Singapore (MOH) requires regular surveillance of various   
device-associated and postsurgical HAIs and a few sentinel 
studies have explored the HAI burden at the institutional level, 
these data cannot be generalized to estimate the national bur-
den due to the limited information, variability in study design, 
and heterogeneity in patient and hospital profiles [6, 7].

Various surveillance strategies exist for enumerating HAIs 
and AMU burden and to evaluate the impact of control inter-
ventions [8]. Prospective longitudinal surveillance is consid-
ered the gold standard method, but such national studies are 
resource-intensive [8]. Repeated point prevalence surveys 
(PPSs) are a practical alternative, and presently, the literature 
is replete with national PPSs conducted in different countries 
[9–12]. A major challenge encountered when interpreting the 
results of PPSs is the variability in study designs and defini-
tions employed across different studies [8]. Hence, in 2011, the 
European Centre for Disease Prevention and Control (ECDC) 
published a standardized methodology for PPSs on HAIs and 
AMU [13]. The protocol was developed and tested exten-
sively with reliable outcomes, has been administered across 29 
European countries, and has been adopted in PPSs in several 
non-European countries [14–16].

In light of the current knowledge gap in the local epidemiol-
ogy of HAIs and AMU, MOH commissioned the conduct of the 
first national PPS on HAIs and AMU among Singapore acute-
care hospitals based on the ECDC protocol [13]. The objective 
of this report was to determine the (1) prevalence and distribu-
tion of HAIs, (2) prevalence of systemic AMU, and (3) factors 
associated with HAIs in Singapore acute-care hospitals.

METHODS

Study Period and Setting

The PPS was conducted in 13 general and specialty acute-care 
hospitals in Singapore from July 2015 to February 2016. These 
hospitals accounted for 86.3% of all adult inpatient acute beds 
in Singapore hospitals in 2014 (2 acute-care private hospitals 
and 1 mental health institute were excluded).

Study Design and Inclusion Criteria

The PPS protocol was based on the patient-based protocol pub-
lished by the ECDC, and adapted to the local setting [13]. Ten 
modifications to the ECDC protocol were made based on advice 
from an expert advisory team (Supplementary Table  1). For 
ambiguities encountered in the ECDC protocol or definitions, 
advice was sought from key ECDC PPS study members [14].

We included inpatients ≥18 years old admitted to the wards 
before 8:00 am on the survey date and not discharged at the time 
of the survey. Patients admitted to the emergency department, 
day-case wards, and long-term-care wards were excluded. Data 
collection in each ward was completed within the same day. The 
total data collection time frame for each hospital did not exceed 

1 month, a modification made from the original ECDC proto-
col because of the large size of several participating hospitals.

Training, Data Collection, and Validation

The PPS data collection team consisted of 5 research assistants 
and 2 survey leaders (1 infectious diseases [ID] physician and 1 
ID pharmacist). Prior to PPS initiation, the research assistants 
received 2 months of training in data collection procedures and 
definitions, followed by competency assessments and a pilot 
survey with cross-checking by the survey leaders.

We collected hospital-level data, patient-level denomina-
tor data, and HAI- and AMU-specific details (Supplementary 
Table 2), and entered them into the Research Electronic Data 
Capture (REDCap) software, which incorporated branching 
rules based on definitions of HAI and AMU [17]. To ensure the 
validity and reliability of the data collected, a same-day data val-
idation was performed for at least 50% of the patients surveyed. 
Validation of entered data was further done by the survey lead-
ers upon completion of a PPS in an institution. Corrections (if 
any) were made, subsequent to verification and discussion with 
the survey leaders (Supplementary Table 3).

Definitions

The definitions employed in the PPS were listed in 
Supplementary Table 2 [13, 18]. In brief, active HAI required 
(1) symptoms of infection present on the survey date, or if signs 
and symptoms were present previously and the patient was 
receiving treatment on the survey date, and (2) the HAI met the 
ECDC surveillance criteria for HAI. Active AMU was defined 
as (1) the presence of any systemic antibiotic or antifungal sur-
gical prophylaxis within a 24-hour period before the survey 
date, or (2) the presence of any systemic antibiotic or antifungal 
medication on the survey.

Statistical Analysis

All data were analyzed using Stata/MP version 14.0 (StataCorp, 
College Station, Texas); 95% confidence intervals (CIs) were cal-
culated for HAI and AMU prevalences and distributions. For 
data validation, the percentage of patients with discordant data 
and the sensitivity and specificity of determining the presence of 
HAIs and AMU were tabulated [13]. To identify independent fac-
tors associated with HAIs, patients with and without HAIs were 
first compared using univariate logistic regression. Covariates 
with P values ≤.05 in the univariate analysis or with clinical plau-
sibility were entered into a multiple logistic regression model. 
Statistical significance was defined as a P value of ≤.05.

Ethical Considerations

This study was approved by the ethics review boards of National 
Health Group Singapore and Singapore Health Services (refer-
ence number: 2014/01307), Parkway Pantai Hospitals (reference 
number: PIEC/2015/011), and Raffles Hospital (reference num-
ber: 2015/007), which waived informed consent for all patients.
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RESULTS

Hospital-Level Data

Of the 13 hospitals that participated in the PPS, 4 (30.8%) hos-
pitals had <250 acute beds, 3 (23.0%) had 250–499 acute beds, 
4 (30.8%) had 500–999 beds, and 2 (15.4%) had ≥1000 acute 
beds. The median intensive care unit (ICU) bed number was 
24 (interquartile range [IQR], 16–41). The median number of 
admissions and inpatient bed-days for each hospital in 2014 
was 24 546 patients (IQR, 16 475–56 986 patients) and 101 012 
inpatient-days (IQR, 63 434–280 879 inpatient-days), respec-
tively. The median number of infection prevention nurses per 
250 beds was 2.09 (IQR, 1.62–2.45) for public hospitals and 
1.09 (IQR, 0.79–1.39) for private hospitals. All public hospitals 
had an established antimicrobial stewardship program, whereas 
none of the private hospitals had one.

Patients and Data Validation

A total of 5432 patients were identified in the PPS; 17 patients 
were excluded for incomplete data entry. Hence, 5415 patients 
were included in the final analysis. Cross-validation was com-
pleted for 3562 (65.8%) patients, with 484 discordant data 
points in 397 (11.1%) patients (Supplementary Table  4). All 

discordant data were reconciled after verification by the survey 
leaders. The overall sensitivity and specificity of detecting and 
reporting an HAI was 97.3% and 99.7%, respectively: the overall 
sensitivity and specificity of detecting and reporting an AMU 
was 99.3% and 99.6%, respectively.

Patient Baseline Characteristics

The demographics and clinical characteristics of the cohort 
are summarized in Table  1. The median age was 65.8 (IQR, 
52.5–77.0) years and 273 (5.0%) patients resided in an ICU on 
the survey date. Of the patients surveyed, 1404 (25.9%) had at 
least 1 surgery since admission, of which 685 (48.8%) had major 
surgeries as defined by the ECDC criteria. Six hundred eighty-
nine (12.7%) patients had 1 or more central venous catheters 
(CVCs), with 45 (6.5%) patients having a catheter inserted via 
the femoral vein.

Prevalence and Distribution of HAIs

A total of 727 active HAIs were identified in 646 patients (11.9%; 
95% CI, 11.1%–12.8%), in whom 571 (88.4%) had 1 HAI, 69 
(10.7%) had 2 HAIs, and 6 (0.9%) had 3 concurrent HAIs. The 
prevalence of HAIs was markedly higher in the ICU (37.0%; 
95% CI, 31.2%–42.8%) than in the general wards (10.6%; 95% 

Table 1. Baseline Characteristics and Risk Factors for Healthcare-Acquired Infections

Characteristics
Patients Without HAI

(n = 4769)

Patients With
HAI

(n = 646)
Unadjusted OR

(95% CI) P Value
Adjusted ORa

(95% CI) P Value

Hospital and ward type

Public hospitalb 4369 (91.6) 604 (93.5) 1.31 (.95–1.83) .10

Residing in ICU on survey datec 172 (3.6) 101 (15.6) 4.95 (3.81–6.43) <.01 1.24 (.81–1.91) .32

Patient demographics

Male sex 2415 (50.6) 409 (63.3) 1.68 (1.42–1.99) <.01 1.52 (1.27–1.82) <.01

Age, y, median (IQR) 65.6 (51.5–77.0) 67.2 (56.1–76.5) 1.01 (1.00–1.01) <.01 1.01 (1.00–1.02) .04

Ethnicity

 Chinese 3259 (68.3) 440 (68.1) Ref Ref

 Indian 433 (9.1) 48 (7.4) 0.82 (.60–1.12) .22

 Malay 634 (13.3) 88 (13.6) 1.03 (.80–1.31) .82

 Others 443 (9.3) 70 (10.8) 1.17 (.89–1.53) .26

Time at risk, d, median (IQR)d 5 (3–9) 8 (4–19) 1.00 (1.00–1.01) <.01 1.00 (1.00–1.00) .08

Comorbidities and instrumentation

Charlson index, median score (IQR) 5 (2–7) 5 (3–7) 1.05 (1.02–1.08) <.01 1.02 (.97–1.07) .42

Surgery since admissione 1131 (23.7) 273 (42.3) 2.35 (1.99–2.79) <.01 1.81 (1.49–2.19) <.01

Presence of CVCf 457 (9.6) 232 (35.9) 5.29 (4.38–6.38) <.01 3.54 (2.82–4.46) <.01

Presence of PVC 3627 (76.1) 437 (67.6) 0.66 (.55–0.79) <.01 0.96 (.78–1.18) .67

Presence of indwelling urinary catheter 1144 (24.0) 309 (47.8) 2.90 (2.46–3.44) <.01 1.92 (1.58–2.33) <.01

Presence of endotracheal intubation 92 (1.9) 74 (11.5) 6.58 (4.78–9.04) <.01 1.36 (.83–2.24) .23

Data are presented as No. (%) unless otherwise indicated. Factors in bold—significant (P ≤ .05) in the multivariable model.

Abbreviations: CVC, central venous catheter; CI, confidence interval; HAI, healthcare-associated infection; ICU, intensive care unit; IQR, interquartile range; OR, odds ratio; PVC, peripheral 
vascular catheter.
aVariables with a P value of <.05 in univariate analysis or with clinical plausibility were included in the multivariable model.
bPublic hospitals were compared with private hospitals.
cPatients in ICU were compared with patients in the general ward.
dTime from admission to date of onset of HAI for patients with HAI and time from admission to date of point prevalence survey for patients without HAI.
eSurgeries include major (National Health Safety Network [NHSN]) and minimally invasive (non-NHSN) surgery, with or without implants [13].
fCVCs include peripherally inserted central catheter, dialysis catheter, Hickman cathether, and other general catheter type (patients may have 1 or more types).
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CI, 9.8%–11.5%). The most common HAI was unspecified sep-
sis (Table 2). Device-associated HAIs accounted for 12.6% of all 
HAIs—ventilator-associated pneumonia made up 27.7% of all 
healthcare-associated pneumonia, indwelling catheters (IDCs) 
were present in 59.2% of all urinary tract infections, and 20.6% 
of the bloodstream infections were catheter-related.

Causative Organisms and Antimicrobial Resistance

There were 480 identified pathogens in 331 of the 727 
(45.5%) HAIs (Table 2). The most common pathogens were 
Staphylococcus aureus (12.9%) and Pseudomonas aeruginosa 

(11.5%). Overall, 37.7% of all Enterobacteriaceae were non-
susceptible to third-generation cephalosporins and 7.0% were 
nonsusceptible to carbapenems (Supplementary Table 5). 
Nonsusceptibility to carbapenems was present in 71.9% of all 
Acinetobacter species, 23.6% of all P. aeruginosa, and 7.0% of all 
Enterobacteriaceae.

Factors Associated With HAIs

Patients who were male, were older, had higher Charlson scores, 
were in the ICU, had surgery, or had a CVC, IDC, or endotra-
cheal tube in place were at an increased risk of HAIs in the 

Table 2. Prevalence of Each Healthcare-Associated Infection Type and Reported Causative Microorganisms

All Infectionsa
Unspecified 

Sepsis Pneumonia
Surgical Site 

Infection Bloodstream

Skin/Soft 
Tissue 

Infection
Urinary Tract 

Infection
Other  

Infectionsb

No. of HAIs 727 185 180 126 63 52 49 72

Distribution of each HAI 
type, % (95% CI)

… 25.5 (22.4–28.7) 24.8 (21.7–28.0) 17.3 (14.7–20.3) 8.7 (6.8–10.9) 7.2 (5.5–9.3) 6.7 (5.1–8.8) 9.9(7.9–
12.3)

No. of pathogensc 480 0 113 137 74 37 56 63

Gram-positive bacteria

 Enterococcus spp 28 (5.8) 0 (0) 1 (0.9) 12 (8.8) 3 (4.1) 2 (5.4) 5 (8.9) 5 (7.9)

 Staphylococcus aureus 62 (12.9) 0 (0) 12 (10.6) 24 (17.5) 12 (16.2) 10 (27.0) 2 (3.6) 2 (3.2)

 Streptococcus spp 15 (3.1) 0 (0) 1 (0.9) 7 (5.1) 4 (5.4) 2 (5.4) 0 (0) 1 (1.6)

 Other gram-positive 
bacteriad

18 (3.8) 0 (0) 2 (1.8) 9 (6.6) 3 (4.1) 1 (2.7) 0 (0) 3 (4.8)

Gram-negative bacteria

 Acinetobacter spp 32 (6.7) 0 (0) 10 (8.8) 6 (4.4) 4 (5.4) 3 (8.1) 3 (5.4) 6 (9.5)

 Escherichia coli 50 (10.4) 0 (0) 5 (4.4) 13 (9.5) 12 (16.2) 2 (5.4) 17 (30.4) 1 (1.6)

 Klebsiella spp 49 (10.2) 0 (0) 17 (15.0) 4 (2.9) 15 (20.3) 2 (5.4) 7 (12.5) 4 (6.3)

 Enterobacter spp 28 (5.8) 0 (0) 11 (9.7) 10 (7.3) 3 (4.1) 1 (2.7) 0 (0) 3 (4.8)

 Other 
Enterobacteriaceae

24 (5.0) 0 (0) 3 (2.7) 9 (6.6) 4 (5.4) 2 (5.4) 4 (7.1) 2 (3.2)

 Pseudomonas 
aeruginosa

55 (11.5) 0 (0) 12 (10.6) 20 (14.6) 5 (6.8) 3 (8.1) 9 (16.1) 6 (9.5)

 Stenotrophomonas 
maltophilia

16 (3.3) 0 (0) 9 (8.0) 2 (1.5) 1 (1.4) 0 (0) 0 (0) 4 (6.3)

 Other gram-negative 
bacteriae

22(4.6) 0 (0) 8 (7.1) 6 (4.4) 4 (5.4) 2 (5.4) 1 (1.8) 1 (1.6)

Anaerobic bacteria

 Clostridium difficile 18 (3.8) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 18 (28.6)

 Other anaerobic 
bacteria

8 (1.7) 0 (0) 0 (0) 4 (2.9) 0 (0) 3 (8.1) 0 (0) 1 (1.6)

Fungi

 Candida albicans 13 (2.7) 0 (0) 5 (4.4) 4 (2.9) 0 (0) 1 (2.7) 1 (1.8) 2 (3.2)

 Candida tropicalis 6 (1.3) 0 (0) 2 (1.8) 3 (2.2) 0 (0) 1 (2.7) 0 (0) 0 (0)

 Candida glabrata 5 (1.0) 0 (0) 0 (0) 0 (0) 1 (1.4) 2 (5.4) 1 (1.8) 1 (1.6)

 Other Candida spp 16 (3.3) 0 (0) 7 (6.2) 3 (2.2) 2 (2.7) 0 (0) 4 (7.1) 0 (0)

 Other fungi 14 (2.9) 0 (0) 8 (7.1) 1 (0.7) 1 (1.4) 0 (0) 2 (3.6) 2 (3.2)

Viruses

 Influenza A virus 1 (0.2) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 1 (1.6)

Data are presented as No. (%) unless otherwise indicated.

Abbreviations: CI, confidence interval, HAI, healthcare-associated infection.
aA total of 727 HAIs were identified in 646 patients.
bOther infections were lower respiratory tract infection, gastrointestinal tract infection, bone/joint infection, central nervous system infection, cardiovascular or endovascular infection, and 
ear, nose, throat infection.
cA total of 480 pathogens were reported for 331 of the 727 (45.5%) infections. No pathogens were reported for the remaining 396 (54.5%) infections.
dOther gram-positive bacteria included nonspecified gram-positive cocci (n = 4), Bacillus spp (n = 3), Lactobacillus spp (n = 2), and Corynebacterium (n = 1).
eOther gram-negative bacteria include nonspecified gram-negative bacilli (n = 7), Burkholderia cepacia (n = 5), Aeromonas spp (n = 3), Haemophilius influenzae (n = 3), Achromobacter spp 
(n = 2), and nonspecified gram-negative cocci (n = 2).
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unadjusted analysis (Table 1). Multivariable regression analysis 
showed that patients who were male, were older, had surgery 
during current admission, or had a CVC or IDC in place had an 
increased risk of HAI (Table 1).

Antimicrobial Use

A total of 3611 antimicrobials were administered in 2762 
(51.0%; 95% CI, 49.7%–52.3%) patients, for whom 2046 
(74.1%) received 1 agent, 613 (22.2%) received 2 agents, and 
103 (3.7%) received ≥3 antimicrobial agents. Amoxicillin/
clavulanate and piperacillin/tazobactam were the top-ranked 
prescribed systemic antimicrobial agents (Table  3). A  total of 
2997 (83%) antimicrobial agents were prescribed for treatment, 
and the most common anatomic site recorded for treatment was 
the respiratory tract (24.3%). In 414 (12.6%) treatment antimi-
crobial courses, no suspected or confirmed anatomic site was 
identifiable.

DISCUSSION

This study describes the 2015–2016 national point preva-
lence estimates for HAIs and AMU among adult inpatients in 
Singapore. The major finding of this study was that 1 in every 9 
inpatients had at least 1 HAI, and 1 in every 2 inpatients was on 
at least 1 systemic antimicrobial agent on any given day. Factors 
that were independently associated with increased HAI risk 
among adult inpatients were male sex, older age, surgery in cur-
rent admission, and the presence of a CVC or IDC.

More than a quarter of all hospital-acquired pneumonia, half 
of all urinary tract infections, and 20% of all bloodstream infec-
tions were device-associated. This represents a key target inter-
vention area for reducing the HAI prevalence in Singapore, as 
device-associated HAIs are considered to be largely preventable 
[19]. Evidence-based interventions, such as the use of preven-
tion bundles, should form the foundation for the prevention of 
device-associated HAIs [19]. Upon subanalysis of patients meet-
ing the ECDC definition of unspecified sepsis, which was the 
most common HAI in our study, we found that 86% had a fever 
but not hypotension or oliguria [13]. Two important points can 
be surmised. First, as fever can also arise due to noninfectious 
inflammatory causes, the ECDC definition for unspecified sepsis 
is nonspecific and can lead to an overestimation of HAI preva-
lence [20, 21]. Second, a large number of patients in Singapore 
acute-care hospitals are prescribed antibiotics for fever in the 
absence of other symptoms, which represents a target for inter-
vention to reduce unnecessary antibiotic prescriptions.

The predominant families of microorganisms (gram-positive 
cocci, gram-negative nonfermenters, and Enterobacteriaceae) 
were similar to Europe and Southeast Asia but differed from 
the United States [9, 12, 14]. Approximately one-third of all 
Enterobacteriaceae were nonsusceptible to third-generation 
cephalosporins, which was higher than reported in previous 

Table  3. Antimicrobial Use: Distribution, Route, Indication for 
Prescription, and Anatomical Site Diagnoses

Use No. (%)

Route of administration
(Total No. of antimicrobials = 3611)

 Parenteral 2130 (59.0)

 Oral 1477 (40.9)

 Othersa 4 (0.1)

Distribution of antimicrobialsb

(Total No. of antimicrobials = 3611)
% (95% CI)

 Amoxicillin/clavulanate (J01CR02) 24.6 (23.2–26.0)

 Piperacillin/tazobactam (J01CR05) 9.2 (8.3–10.2)

 Ceftriaxone (J01DD04) 7.7 (6.9–8.6)

 Ciprofloxacin (J01MA02) 7.1 (6.3–8.0)

 Cefazolin (J01DB04) 7.0 (6.2–7.9)

 Metronidazole (J01XD01) 6.1 (5.4–7.0)

 Meropenem (J01DH02) 5.4 (4.7–6.2)

 Vancomycin (J01XA01/A07AA09) 4.5 (3.8–5.2)

 Sulfamethoxazole/trimethoprim   
(J01EE01)

2.5 (2.0–3.0)

 Clarithromycin (J01FA09) 2.1 (1.7–2.6)

 Other antimicrobials 23.9 (22.5–25.3)

Indications for prescriptionc

(Total No. of indications = 3611)
No. (%)

 Treatment 2997 (83.0)

 Surgical prophylaxis 462 (12.8)

  Single dose or 1 day 158 (4.4)

  >1 day 304 (8.4)

 Medical prophylaxis 119 (3.3)

  Reasons other than prophylaxis/
treatment (eg, erythromycin for 
prokinetic)

17 (0.5)

 No reason stated in patient notes 16 (0.4)

Systemic antimicrobials indicated for treat-
ment: anatomic site diagnosesd (Total No. 
of diagnoses = 3276)e

No. (%)

 Respiratory 797 (24.3)

 Skin and soft tissue 557 (17.0)

 Upper and lower urinary tract 372 (11.4)

 Suspected or confirmed bloodstream 
infections

249 (7.6)

 Intra-abdominal site other than GI tract 239 (7.3)

 Gastrointestinal tract 233 (7.1)

 Bone and joint 131 (4.0)

 Ear, nose, throat, larynx, and mouth 122 (3.7)

 Febrile neutropenia 53 (1.6)

 Central nervous system 45 (1.4)

 Cardiovascular and endovascular 35 (1.1)

 Reproductive tract 29 (0.9)

 No anatomic site stated 414 (12.6)

Abbreviations: CI, confidence interval; GI, gastrointestinal.
aOther systemic antibiotics included intraperitoneal route (n = 3) and intrathecal (n = 1) route.
bAntimicrobials were classified in accordance to the Anatomical Therapeutic Chemical clas-
sification system of the World Health Organization Collaborating Centre for Drug Statistics 
Methodology [18]. 
cIndications for antimicrobial use describes the physicians’ intention for antimicrobial pre-
scription and were classified by data collectors as treatment, surgical prophylaxis, medical 
prophylaxis, and other reasons (eg, erythromycin for prokinetic use).
dAnatomical site diagnoses describes the physicians’ diagnosis for the suspected or con-
firmed site of infection for antimicrobial prescription, as stated in the patient’s notes.
eNo. of anatomical sites recorded was more than the number of antimicrobials employed 
for treatment, as each antimicrobial may be prescribed for the treatment of infections in 
>1 anatomical site.
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local surveillance studies [4]. Resistance rates to carbapenems 
among Enterobacteriaceae, which appeared to be increasing 
locally in the past 5 years, was 7.0% [22]. High prevalence of 
carbapenem resistance, comparable to the United States, was 
observed in gram-negative nonfermenters [23]. To combat 
these high resistance rates, targeted prevention strategies that 
take into account the risk factors associated with the acquisition 
of antibiotic-resistant organisms in our local setting should be 
implemented [6, 24, 25].

More than half of all patients surveyed were on at least 1 sys-
temic antimicrobial agent; broad-spectrum β-lactam antibiotics 
accounted for approximately half of all antimicrobials prescribed. 
This AMU prevalence is surprisingly high, considering that our 
HAI prevalence was 11.9%, and brings into question the appro-
priateness of the antimicrobial prescriptions. Unfortunately, 
we were unable to assess antimicrobial appropriateness, as the 
accurate assessment of antimicrobial appropriateness required 
extensive clinical interpretation and was deemed to be beyond 
the scope of this PPS. More than half of the surgical prophylac-
tic antimicrobial courses were administered beyond 24 hours—
this non-evidence-based practice presents a target for quality 
improvement, as it may be associated with increased surgical site 
infection risk [26, 27]. The anatomical site of infection could not 
be identified in 13% of the antimicrobials prescribed for treat-
ment. This represents another target area for quality improve-
ment, as documentation of intention of treatment should be 
considered the rule instead of the exception [28, 29].

The prevalence of HAI in Singapore appears to be higher com-
pared to Europe (overall HAI prevalence, 6%; country range, 
2%–11%) and other Southeast Asian countries (pooled HAI 
prevalence, 9%); similarly, the prevalence of AMU appears to 
be higher than in most European countries (overall AMU prev-
alence, 35%; country range, 21%–55%) [12, 14]. However, we 
caution against such direct comparison of prevalence figures, as 
several reasons can account for the observed difference between 
countries. First, differences in HAI and AMU prevalence between 
different countries may be contributed by differences in the case-
mix, including severity, comorbidities, and length of stay. Second, 
the prevalence of HAIs in Singapore may have been overestimated 
due to the large proportion of patients with unspecified sepsis. If 
these patients were excluded from the analysis, the prevalence of 
the other HAIs appeared to be similar to the ECDC data [14]. 
Last, the higher HAI and AMU prevalence observed in our study 
may be attributable to a prolonged duration of antimicrobial use, 
since PPSs are subjected to overestimation of prevalence if there 
were a preponderance of long duration cases [8].

Our study has some limitations. For feasibility purposes, each 
PPS in a hospital could be conducted for up to a month. The long 
time span between surveys in different hospitals could poten-
tially affect the interinstitutional comparability of HAI rates 
[30]. Next, we did not derive the local HAI incidences from our 

prevalence results, as the routine applicability of the Rhame and 
Sudderth formulae has been not been established [31, 32].

In conclusion, we provided an insight into the burden of HAIs 
and AMU among Singapore acute-care hospitals, and highlighted 
several priority areas and targets for quality improvement. While 
further research is necessary to understand the causes and costs 
of HAIs and AMU in Singapore, our study findings can serve to 
direct any national effort aimed at reducing HAIs and antimi-
crobial resistance. Moving forward, the PPS should be repeated 
at periodic intervals to elucidate HAI and AMU trends and to 
gauge the impact of interventions in Singapore.
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