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Abstract 
Introduction: Hospital-acquired infections (HAIs) have continually affected the quality of hospital care. Despite medical interventions by 
healthcare personnel and improved healthcare facilities, the rates of morbidity and mortality due to HAIs is increasing. However, a systematic 
review of HAIs is lacking. Therefore, this systematic review aims to determine the prevalence rate, types, as well as causes of HAIs in Southeast 
Asian countries. 
Methodology: A systematic literature search was conducted on PubMed, Cochrane library, World Health Organization database–Index Medicus 
for South-East Asia Region (WHO-IMSEAR), and Google Scholar databases. The search period was from 1st January 1990 until 12th May 
2022. The prevalence of HAIs and subgroups were calculated using MetaXL software. 
Results: The database search retrieved 3879 non-duplicate articles. After applying exclusion criteria, 31 articles with a total number of 47666 
subjects were included and a total of 7658 cases of HAIs were recorded. The overall prevalence of HAIs in Southeast Asia was 21.6 % (95% 
CI: 15.5 – 29.1%) with heterogeneity statistics of I2 = 100%. Indonesia had the highest prevalence rate of 30.4% whereas Singapore had the 
lowest prevalence rate at 8.4%. 
Conclusions: This study revealed that the overall prevalence of HAIs was relatively high and the prevalence rate of each country was associated 
with socioeconomic status. Measures should be taken to examine and control the rates of HAIs in countries with high HAI prevalence. 
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Introduction 

Hospital-acquired infections (HAIs) impact a 
significant proportion of people in our world. In 
developed countries, these infections account for 7% of 
all infections and in developing countries they account 
for 10% of all infections [1]. The World Health 
Organization (WHO) estimates that approximately 15% 
of hospitalized patients get HAIs [1]. HAIs are also 
known as nosocomial infections or health-care-
associated infections. An infection is said to be 
hospital-acquired if it was neither present nor 
incubating in the patient during patient admission to the 
hospital.[2]. The major infections which are acquired in 
hospitals include ventilator associated pneumonia [3], 
bloodstream infection [4], urinary tract infection [5], 
surgical site infection [6], skin and soft tissue infection 
[7], respiratory tract infection [8], tuberculosis [9], 
gastrointestinal infections and cardiovascular infections 
[10]. 

HAIs are caused by different microorganisms such 
as fungi, bacteria, parasites, or viruses. The major 
causative microorganisms in Southeast Asia are 
Acinetobacter spp. [11], Pseudomonas aeruginosa 
[12], Klebsiella pneumoniae [13], and Staphylococcus 
aureus [14]. All patients can get infected by nosocomial 
infections but some patients are at a higher risk of 
contracting the infections than others. Such high-risk 
patients include: patients with increasing age, patients 
with comorbid conditions, patients with longer hospital 
stays, and patients with more invasive equipment and 
procedures [15]. 

HAIs have impacted morbidity and mortality rates 
significantly across the world. HAIs also lead to an 
increase in the economic burden. In the United States, 
$28.4 billion are used to curb medical costs associated 
with HAIs treatments. In addition, $12.4 billion are lost 
due to loss of productivity and early deaths [10]. In 
some underdeveloped regions, the risks of acquiring 
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hospital infection are higher compared to developed 
regions due to the different rates of HAIs occurrences.  

In the Asia-Pacific region, it is estimated that the 
risks are 2-25 times higher compared to developed 
countries [16]. Southeast Asia is composed of 11 
countries namely; Brunei, Burma Cambodia Timor-
Leste Indonesia Laos Malaysia, Philippines, Singapore 
Thailand, and Vietnam [17]. Most of these countries are 
still developing and thus do not have prolonged and 
well-documented HAI surveillance compared to 
developed countries such as Australia and USA. A 
systematic review on healthcare-associated infections 
in Southeast Asia was therefore conducted to determine 
the rates of infections across the region and the impact 
on the population in a particular region. The review 
used causative microorganisms of the HAIs as factors 
to determine the current and arising infections. 

 
Methodology 
Search criteria and information sources 

This systematic review was performed according to 
the Preferred Reporting Items for Systematic Review 
and Meta-Analysis (PRISMA) guidelines [18]. The 
studies included were dated between 1st January 1990 
and 12th May 2022. The databases used to search for 
potential studies were PubMed, Cochrane library, 
World Health Organization database–Index Medicus 
for South-East Asia Region (WHO-IMSEAR), and 

Google scholar. The search string for each respective 
database were as follows. PubMed: ("cross 
infection"[Majr]) AND "Asia, Southeastern/statistics 
and numerical data"[Mesh]), Cochrane Library: ("cross 
infection" OR "hospital-acquired infection" AND 
"Southeast Asia" OR "Brunei" OR "Burma" OR 
"Myanmar" OR "Cambodia" OR "Timor-Leste" OR 
"Indonesia" OR "Laos" OR "Malaysia" OR 
"Philippines" OR "Singapore" OR "Thailand" OR 
"Vietnam"), WHO-IMSEAR: ("cross infection" OR 
"hospital-acquired infection" OR "nosocomial 
infection" OR "healthcare associated infection"), 
Google Scholar: ("hospital acquired infection" OR 
"nosocomial infection" OR "hospital infection" OR 
“cross infection” AND south east Asia OR "Brunei" OR 
"Burma" OR "Myanmar" OR "Cambodia" OR "Timor-
Leste" OR "Indonesia" OR "Laos" OR "Malaysia" OR 
"Philippines" OR "Singapore" OR "Thailand" OR 
"Vietnam”). 

The inclusion criteria were: 1) cross-sectional 
studies, cohort studies, case-control studies, 
retrospective studies; 2) full-text available; 3) studies 
published in English; 4) studies in the Southeast Asian 
region; 5) population-based articles which report on the 
prevalence of nosocomial infections. The exclusion 
criteria were systematic reviews, meta-analyses, case 
reports, case studies, clinical trials, reviews, letters to 
the editor or author, studies reporting on animal 
infections, and studies that lacked prevalence 
calculations. 

At first, the studies were screened for any potential 
duplicates. Then, the titles and abstracts were screened 
for relevance. Subsequently, the inclusion or exclusion 
criteria were further applied to screen for potential 
articles following the criteria as stated above. Finally, 
the data from the articles were extracted for further 
analysis. 

 
Statistical analysis 

The I2 index (represented as percentage) and Q-test 
(represented as a p value) was used to investigate 
heterogeneity between studies. High heterogeneity was 
defined with I2 value of > 75% and Q-test with a p value 
< 0.1 [19,20]. The prevalence of each study with a 95% 
confidence interval (95% CI) that contributed to the 
analysis was illustrated using a forest plot. Subgroup 
analysis was also performed according to several study 
characteristics. Funnel plots, Egger’s tests of 
asymmetry, and Begg’s test were performed to identify 
any bias within the results [21,22]. 

 
 

Figure 1. Study filtering and selection flow diagram. 

A total of 5455 articles were searched. After the filtering, selection and 
screening process a total to 33 articles were included in the study. 
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Quality appraisal 
The studies were deemed to be of high quality if 

they provided observational population statistics on 
health-care-associated infections, HAIs rate of the 
population, and quality HAIs data on the subject matter. 
Studies providing only quantified data with minimal 
qualitative data on the affected population were 
classified as medium-quality studies. Studies that had 
minimal quantitative data or only qualitative data on the 
population being studied were deemed to be low-
quality studies. 

 
Results 

Study search and filtering were performed 
according to PRISMA guidelines (Figure 1). A total of 
5455 studies were identified from the databases. The 
studies were screened and 1576 duplicates were 
excluded. The remaining 3879 studies underwent title, 
abstract and keywords screening to further exclude 
3789 studies. Full-texts of the remaining 90 studies 
were read in full to ascertain the eligibility of articles 
based on the inclusion and exclusion criteria. A total of 
29 articles were excluded in the initial full-text screen. 
During data extraction, 28 articles were further 
excluded due to the unavailability of data.  
  

Table 1. Characteristics of included studies. 
Author Year Region Hospital type Participant 

number Gender HAIs rate Infection type Bacteria Quality 

Bonnet et al. [23] 2017 Cambodia Private 1187 Male (567), 
Female (611) 0.108 Non-tuberculosis mycobacteria 

(NTM) disease mycobacteria High 

Buenaventura-
Alcazaren et al. [7] 2020 Philippines Public 92 Male (41) 

female (51) 0.13 MRSA infections such as skin 
and soft tissue infection 

Methicillin-Resistant Staphylococcus aureus 
(MRSA) High 

Chayakulkeeree et 
al. [24] 2005 Thailand Public 346 Male (83), 

Female (263) 0.301 Gram-negative bacilli (GNB) 
such as E. Coli, K. pneumoniae extended-spectrum beta-lactamase (ESBL) Medium 

Chumpa et al. [25] 2022 Thailand Public 158 Male (84), 
female (74) 0.063 Latent tuberculosis infection Mycobacterium tuberculosis High 

Danchaivijitrmd et 
al. [11] 2005 Thailand Public and 

private 18456 Male (9136), 
Female (9320) 0.06 

Low respiratory, urinary, skin and 
soft tissue, gastrointestinal, and 
surgical infections 

E. coli, Acinetobacter spp., MRSA, 
Enterococci and Klebsiella spp., High 

Deris et al. [4] 2009 Malaysia Public 58 Male (33), 
female 0.611 

bloodstream infection (BSI), skin 
and soft tissue, wound and 
infection, pneumonia meningitis, 
urinary tract infection, and 
implant-related infection 

Acinetobacter spp. High 

Goh et al. [26] 1992 Singapore Public 1965 Male (1120), 
female (845) 0.048 typhoid Salmonella typhi Medium 

Gopal Katherason et 
al. [13] 2010 Malaysia Public and 

private 215 Male (156), 
female (59) 0.107 Nosocomial bacteremia 

Klebsiella pneumoniae, Pseudomonas 
aeruginosa, Acinetobacter spp. Methicillin-
resistant Staphylococcus aureus, Methicillin-
resistant-Staphylococcus epidermis (MRSE), 
Enterococcus species, and Enterobacter 
species. 

High 

Inchai et al. [9] 2018 Thailand Public 76 Male (25), 
female (51) 0.434 Tuberculosis Mycobacterium Medium 

Katherason et al. 
[27] 2008 Malaysia Private/Public 128 Male (96), 

female (32) 0.102 
ventilator-associated pneumonia 
(VAP), nosocomial pneumonia, 
nosocomial urinary tract infection 

Acinetobacter spp, Klebsiella pneumonia, 
Pseudomonas aeroginosa High 

Kiddee et al. [12] 2018 Thailand Public 275 Male (149), 
female (126) 0.116 Carbapenem-resistant (CR) 

Gram-negative bacteria infection 

Carbapenem-resistant (CR) Gram-negative 
bacteria (GNB), such as Acinetobacter 
baumannii, Enterobacteriaceae, 
and Pseudomonas aeruginosa 

High 

Le et al. [28] 2016 Vietnam Public and 
private 1363 Male (812), 

female (551) 0.333 Carbapenem-resistant (CR) 
Gram-negative bacteria infection 

Pseudomonas aeruginosa, Staphylococcus 
aureus, Klebsiella pneumoniae, and 
Acinetobacter baumannii 

High 

Loan et al. [14] 2012 Vietnam Public 229 Male (183), 
female (96) 0.46 

Wound infection, gastrointestinal 
infection, urinary tract infection, 
bacteremia, and pneumonia. 

Pseudomonas aeruginosa, Acinetobacter spp., 
Klebsiella spp., Streptococcus pneumoniae, 
Haemophilus influenzae 

High 
 

Figure 2. The forest plot and overall prevalence of hospital 
acquired infections (HAIs). 

The prevalence rate of HAIs in all studies were computed and plotted in 
the forest plot. The box and line represent the prevalence rate and 95% 
CI for each study, respectively. The filled diamond shaped represents the 
overall prevalence rate and the 95% CI. 
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Table 1 (continued). Characteristics of included studies. 
Author Year Region Hospital type Participant 

number Gender HAIs rate Infection type Bacteria Quality 

Luksamijarulkul et al. 
[16] 2006 Thailand Public 268 Male (175), 

female (93) 0.205 surgical infection 

Acinetobacter spp., Staphylococcus aureus, 
Streptococcus group D, Pseudomonas 
aeruginosa, Escherichia coli, MRSA, alpha 
streptococcus, morganella merganii, and 
Proteus valgaris 

High 

Malik [29] 1994 Malaysia Public 111 Male (54), 
female (57) 0.162 

septicemia, Meconium 
Aspiration Syndrome. 
(MAS), skin infection, 
pneumonia, and omphalitis 

Staphylococcus aureus, Staphylococcus 
epidermidis, Klebsiella species, and group A 
Streptococcus. 

Medium 

Murni et al. [30] 2020 Indonesia Public 1885 Male (943), 
female (942) 0.167 

Respiratory tract infection, 
urinary tract infection, 
cardiovascular infection, skin 
and soft tissue infection, and 
surgery infection 

Klebsiella pneumoniae and Pseudomonas 
aeruginosa High 

Phu et al. [31] 2016 Vietnam Public 2618 Male (1656), 
female (962) 0.162 

pneumonia, bloodstream 
infection, gastrointestinal 
infection, surgical site 
infection, skin and soft tissue 
infection, central nervous 
system infection, and urinary 
tract infection 

Acinetobacter baumannii, Pseudomonas 
aeruginosa, and Klebsiella pneumoniae High 

Radji et al. [32] 2011 Indonesia Public 385 Male (1656), 
female (962) 0.647 

pneumonia, gastrointestinal 
infection, skin and soft tissue 
infection, n and urinary tract 
infection 

Pseudomonas aeruginosa, Klebsiella 
pneumoniae, E. Coli and Staphylococcus 
epidermidis 

High 

Rozaidi et al. [33] 2001 Malaysia Public 988 Male (588), 
female (400) 0.231 

Lower respiratory tract 
infection, pneumonia, skin 
infection, bloodstream 
infections, urinary tract 
infection, central venous, 
primary bacteraemia, surgical 
infection, and gastro-
intestinal infection. 

Acinetobacter sp., Strenot-rophomonas sp, 
Viridans streptococci, Pseudomonas sp. and 
Klebsiella sp. 

High 

Saharman et al. [34] 2020 Indonesia Public 412 Male (214), 
female (198) 0.143 multidrug-resistant Gram-

negative bacilli infections Klebsiella pneumoniae Medium 

Santosaningsih et al. 
[35] 2017 Indonesia Public 197 Male (155), 

female (42) 0.318 
bloodstream infection, 
surgical site infection and 
pneumonia 

methicillin-resistant Staphylococcus 
aureus (MRSA) High 

Sirijatuphat et al. [36] 2020 Thailand Public 3545 N/A 0.742 urinary tract infection 
E. coli, S. agalactiae, P. aeruginosa, E. 
faecium, P. mirabilis, E. faecalis, K. 
pneumoniae and A. baumannii 

Medium 

Sritippayawan et al. 
[37] 2009 Thailand Public 347 Male (278), 

female (69) 0.127 

catheter-related bloodstream 
infection (CR-BSI), 
ventilator-associated 
pneumonia (VAP), and 
catheter-related urinary tract 
infection (CR-UTI) 

Stenotrophomonas maltophilia, Acinetobacter 
spp., vancomycin-resistant Enterococci, 
Enterobacteriaceae, and Pseudomonas 

High 

Stoesser et al. [38] 2013 Cambodia Public 613 N/A 0.138 

Ventilator-associated 
pneumonia, skin/soft tissue 
infection, urinary tract 
infection, hospital-acquired 
pneumonia, urinary tract 
infection, gastroenteritis, and 
bacteraemia 

Staphylococcus aureus and multi-drug resistant-
Gram negative bacilli Medium 

Tan et al. [39] 2018 Singapore Public 5357 Male (2876), 
female (2481) 0.098 

VRE infections such as 
bloodstream infections, 
urinary tract infections and 
surgical site infections 

Vancomycin-resistant Enterococci bacteria High 

Tay et al. [5] 2010 Singapore Public 256 Male (166), 
female (90) 0.129 urinary tract infection 

Candida spp., E. coli, Klebsiella spp., 
Citrobacter koseri, Pseudomonas aeruginosa, 
Acinetobacter baumannii complex, and 
enterococcus 

High 

Thuy et al. [40] 2018 Vietnam Public 364 Male (242), 
female (122) 0.234 

bloodstream infection (BSI), 
pneumonia, and urinary tract 
infection (UTI) 

Staphylococcus aureus, Pseudomonas spp., 
Escherichia coli, Klebsiella spp. 
and Acinetobacter spp. 

High 

Tran et al. [41] 2019 Vietnam Public 2233 N/A 0.094 

Sepsis HAI, pneumonia HAI, 
central venous catheter 
infections, and premature 
ventricular contractions. 

K. pneumoniae, Enterobacter spp and E. coli Medium 

Tuan et al. [8] 2015 Vietnam Public 1439 N/A 0.066 

Respiratory tract infection, 
urinary tract infection, 
cardiovascular infection, skin 
and soft tissue infection, and 
surgery infection 

Human respiratory syncytial virus (RSV) Medium 

Turner et al. [42] 2016 Cambodia Private 333 N/A 0.6 antimicrobial-resistant Gram-
negative infections 

K. pneumoniae, Pseudomonas aeruginosa, 
Acinetobacter spp., and E. coli Low 

Udompat et al. [3] 2021 Thailand Public 1536 N/A 0.081 Ventilator acquired 
pneumonia 

Acinetobacter baumannii, Staphylococcus 
aureus, Klebsiella pneumoniae, E. coli, and 
Pseudomonas aeruginosa. 

Medium 

Vergeire-Dalmacion et 
al. [43] 2016 Philippines Public 224 Male (111), 

female (113) 0.28 

Pneumonia, line-related 
infection. Surgical wound 
infection, gastroenteritis, 
upper respiratory tract 
infection, bloodstream 
infection, meningitis, 
conjunctivitis, sepsis, 
cellulitis, necrotizing 
enterocolitis, peritoneal shunt 
infection, and bronchiolitis. 

E. coli, Staphylococcus aureus, Klebsiella 
pneumoniae, Acinetobacter baumannii, and 
Pseudomonas aeruginosa. 

High 

Vo et al. [44] 2013 Vietnam Public 7 Male (5), 
female (2) 0.43 Cholera Vibrio cholerae Low 

The table summarizes the author, year of publication, study region, hospital type, participants number, gender, hospital acquired infections (HAIs) rate, infection 
type, bacteria and quality of the studies. 
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The articles that did not report observational 
population studies in Southeast Asian countries and the 
rate of HAI were also excluded. Finally, 33 articles 
were included in this meta-analysis. These include 21 
high quality studies, 10 medium quality studies and 2 
low quality studies.  

 
Data extraction and analysis 

Variables from studies that are included in this 
meta-analysis were tabulated in a descriptor table and 
illustrated (Figure 2 & Table 1). There was a total of 
47,666 subjects included in this study with different 
types of infections that were caused by different 
bacteria. Overall and subgroup analysis according to 
year, countries, quality of studies, gender, and hospital 
type are shown in Table 2. There was no difference in 
the prevalence rate of HAI for studies before 2015 and 
after 2015, at 22% and 21%, respectively. Intriguingly, 
Indonesia had the highest prevalence rate of HAI at 
30.4%, whereas Singapore had the lowest at 8.3%. The 
prevalence of HAIs in male (22.6%) was higher when 
compared to female (19.5%). The Egger’s and Begg’s 
test were observed to be statistically significant at p 
value < 0.05. The funnel plot did not show significant 
symmetry (Figure 3). 

 
Discussion 

Hospital-acquired infections (HAI) is a major threat 
to the well-being of hospitalized patients. In this 
systematic review, the prevalence of HAIs in Southeast 
Asian countries was observed to be high at 22% (95% 

CI, 0.15-0.29). The WHO reported that the worldwide 
HAIs rate is between 7% - 22% [45]. Further data 
revealed that the prevalence rate of HAI in Southeast 
Asian countries is at the higher end of the worldwide 
scale. This poses a significant risk to public health in 
Southeast Asia where there is a high transmission rate. 
Hence, urgent interventions are required to be taken to 
reduce the rate of HAI to a lower risk level.  

Studies included in this systematic review involved 
patients from public hospitals, private hospitals or both, 
with different proportions of males and females. 
Through the analysis of different HAI-causing 
pathogens, it was found that specific microorganisms 
have a stronghold on HAIs in Southeast Asia and also 
across other HAIs in other regions of the world. These 
are Escherichia coli [6,7,11,13,36], Acinetobacter spp. 
[4,6,11-13,31,33,37,40,42], Pseudomonas aeruginosa 
[5,6,12,14,27,28,30,31,40,42], Staphylococcus aureus 

Table 2. Overall and Subgroup analysis of prevalence of HAIs. 
Subgroup(s) Prevalence rate (95% CI) Proportions (%) 
Overall prevalence 0.216 (0.150 – 0.291) 100 
Year   
≤ 2014 0.220 (0.143 – 0.307) 44.7 
> 2014 0.211 (0.112 – 0.324) 55.2 
Geographical region   
Thailand 0.209 (0.030 – 0.432) 33.5 
Vietnam 0.218 (0.127 – 0.320) 20.5 
Malaysia 0.216 (0.113 – 0.334) 15.0 
Indonesia 0.304 (0.093 – 0.543) 12.2 
Singapore 0.083 (0.045 – 0.133) 9.2 
Cambodia 0.257 (0.027 – 0.541) 9.2 
Quality of study   
High 0.223 (0.169 – 0.284) 69.3 
Medium 0.195 (0.029 – 0.403) 30.6 
Gender   
Male and Female 0.226 (0.147 – 0.314) 84.5 
Not Specified (N/A) 0.166 (0.070 – 0.281) 15.4 
Hospital type   
Public 0.217 (0.138 – 0.306) 84.5 
Private 0.214 (0.059 – 0.397) 15.4 

The table shows the prevalence rate of overall and subgroups (year of publication, geographical region, quality of study, gender, and hospital 
type). 

Figure 3. Funnel plot for bias analysis. 

Bias analysis was performed using the funnel plot. 
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[6,13,14,28,29,35,37,40], and Klebsiella pneumoniae 
[13,14,28,31]. Clinicians should take note of the 
infection risks associated with these microorganisms 
and find initiatives to cut down the high rates recorded. 

Well-documented and detailed data on HAIs in 
developing countries is lacking as compared to western 
regions. However, this systematic review and meta-
analysis were able to screen 3879 studies and finally 
included 33 studies. Monitoring HAIs is expensive and 
time consuming. Therefore, it becomes difficult to 
collect comprehensive data and this contributes to the 
low management of HAIs and fewer reports are 
published. Therefore, to fully assess HAIs across 
Southeast Asia, further observational studies with 
diverse and well-classified sampling criteria are 
required. 

 
Conclusions 

Through a statistical and qualitative analysis of data 
from the included studies, HAI rates in Southeast Asian 
countries were found to be significantly higher. Even 
though constant increase of health standards occurs 
annually, more efforts are required to examine and 
control cross infections in hospitals. HAI mortality and 
morbidity rates should be recalculated with extensive 
studies and awareness programs organized for 
healthcare workers to carry out the necessary 
precautions and initiatives in controlling HAIs. 
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