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  Original Article  

Globally, hundreds of millions of people 
are affected every year by avoidable Healthcare-
associated infections (HAIs)(1). A worldwide estimate 
indicated more than 1.4 million people suffer from 
infections acquired in hospitals, and such risk is 2 to 20 
times higher in developing countries. HAIs accounted 

for 16 million additional hospital stays in Europe 
with an estimated total cost of €7 billion while HAIs 
in the United States of America’s healthcare system 
cost an estimated $30 to $45 billion each year(2-5). The 
overall burden of HAIs remains high although efforts 
in infection prevention and control (IPC) have resulted 
in HAIs reduction in some countries(6). HAIs are 
extremely high and contribute to prolonged hospital 
stays, long-term disability, increased resistance of 
microorganisms to antimicrobials, massive additional 
financial burden for health systems, high costs for 
patients and their family, and unnecessary deaths(7-9).

As early as 1981, a group of World Health 
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Conclusion: The point prevalence of HAIs was 4.2% with a decreasing trend. Pneumonia and gram-negative bacteria were 
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Organization (WHO) experts recommended the use 
of national point prevalence survey (PPS) as a tool 
to estimate the global burden of HAIs(10). According 
to the WHO, 7% of patients in developed countries 
and 16% in developing countries have at least one 
HAI at any one time during hospitalisation with a 
mortality rate estimated at 10%(2). A number of Thai 
national surveys of the prevalence of HAIs have been 
conducted that reported prevalences of HAIs ranging 
from 4.4% to 11.7%(11-14).

Ventilator-associated pneumonia (VAP), central-
line-associated blood stream infections (CLABSI), 
and catheter-related urinary tract infection (CA-UTI) 
are all considered as the principal contributors to 
healthcare hazard and as threats to patient safety(15,16). 
The United States of America’s Centers for Disease 
Control and Prevention (U.S. CDC) focus on 
monitoring and preventing CLABSI, CA-UTI, and 
VAP because they are important threats to patient 
safety(17).

The objective of the present Thai national PPS 
was to estimate the prevalence of HAIs and to identify 
the risk factors of HAIs and their pathogens in 37 
randomly selected hospitals in Thailand.

Materials and Methods
Study design

The present national PPS study was conducted 
among all patients admitted to 37 randomly selected 
hospitals between 19 and 23 February, 2018 in 
Thailand. The primary study objective was to 
determine the prevalence of HAIs. The secondary 
study objectives were to identify the risk factors 
associated with HAIs and their pathogens.

Thailand is divided into the five regions, northern 
Thailand, northeastern Thailand, eastern Thailand, 
central Thailand and southern Thailand. Three criteria 
were used to frame the sample, 1) inclusion of at 
least one tertiary hospital, two secondary hospitals, 
and three to four primary hospitals in each of the 
five regions of the country; 2) inclusion of at least 
one government university hospital and one private 
hospital in Thailand, both of which were randomly 
selected, and 3) inclusion only if the hospitals had a 
fully operational infection control team (ICT). The 
participating hospitals were as follows, Chiangrai 
Prachanukroh Hospital, Chiang Khong Crown Prince 
Hospital, Chiangsaen Hospital, Phrae Hospital, 
Chiang Kham Hospital, Sukhothai Hospital, Pichit 
Hospital, Saraburi Hospital, Angthong Hospital, 
Viset Chai Chan Hospital, Kasemrad International 
Rattanatibeth Hospital, Bamrasnaradura Infectious 

Diseases Institute, Photharam Hospital, Makarak 
Hospital, Nakhon Pathom Hospital, Prapokklao 
Hospital, Sakaeo Crown Prince Hospital, Kabin 
Buri Hospital, Chao Phya Abhaibhubejhr Hospital, 
Pongnamron Hospital, Phon Hospital, Phen Hospital, 
Pimai Hospital, Sapphasitthiprasong Hospital, 
Yasothon Hospital, Warin Chamrap Hospital, Surat 
Thani Hospital, Thungsong Hospital, Chumphon 
Hospital, Bannasan Hospital, Aow Lom Hospital, 
Phramongkutklao Hospital, Lerdsin Hospital, Taksin 
Hospital, Paolo Chockchai 4 Hospital, Phyathai 3 
Hospital, and Siriraj Hospital.

Each hospital had an ICT with an infection 
control practitioner (ICP) who had received two-
days of training in the protocol by the HAIs Group 
of Thailand in Nonthaburi, Thailand following the 
protocol and standardised case definitions of HAIs, 
derived from the U.S. CDC’s 2017 surveillance 
definition of HAIs(18) and who had passed a proficiency 
examination before retrospective data collection. All 
hospitals collected data within an electronic database 
that was used for the national PPS.

An infection was considered an HAIs if the date 
of event of the NHSN site-specific infection criterion 
occured on or after the third calendar day of admission 
to an inpatient location where the day of admission is 
calendar day 1(19). The hospital type categories were 
defined. A tertiary hospital was defined as a hospital 
located in a provincial capital, with a capacity of at 
least 500 beds and a comprehensive set of specialists 
as staff or a specialty hospital. A secondary hospital 
was defined as a hospital located in a provincial capital 
or major district with a capacity of 200 to 500 beds. 
A primary hospital was defined as a hospital located 
in a district with a capacity of less than 150 beds(14). 
An HAIs case was defined as at least one HAI at any 
one time during one hospitalization(2). The prevalence 
of HAIs was defined as the percentage of events of 
HAI divided by the total number of patients at the 
surveyed hospitals.

Sample size calculation and statistical analyses
All continuous data were compared with the 

Student’s t-test and the Mann-Whitney U test as 
appropraite. Categorical data were compared with 
the chi-square test. A p-value of less than 0.05 was 
considered statistically significant. A multinomial-
regression model studied the factors associated with 
HAIs. All variables with p-value less than 0.05 in 
bivariate analyses were selected for multivariate 
analyses. Factors considered were sex, age, type of 
hospital and unit, device status including urinary 
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catheterization, intravenous line, endotracheal tube, 
tracheostomy tube, on respirator, and surgical status.

The investigators calculated that 10,506 patients 
would be required to estimate an anticipated HAI point 
prevalence of 7%(20) with a precision of ±1% at the 
national level, based on an average hospital size of 
260 beds and 35,120 beds. The present study used an 
estimated design effect of 4.5 to account for clustering 
at the hospital level(21).

The present study was reviewed and approved by 
the Institutional Review Board of the Bamrasnaradura 
Infectious Diseases Institute, Ministry of Public 
Health, Nonthaburi, Thailand. The reference approval 
letter codes were S008h/62_ExPD.

Results
Figure 1 shows a schematic of the study subjects. 

Twelve thousand six hundred forty-three patients were 
enrolled and included in the final analysis. Of these, 
528 (4.2%) were HAIs, and the prevalence of patients 
with at least one HAI was 4.2% (95% CI 3.82 to 4.54).

Table 1 displays the demographic characteristics  
of the hospitalised patients who were HAI, their 
inpatient hospital settings and their associated 
treatments. The highest prevalence of HAIs was 
observed in patients younger than one year (4.6%, 
95% CI 3.36 to 5.88) and older than 60 years (5.9%, 
95% CI 5.24 to 6.60), government university hospitals 
(5.4%, 95% CI 4.37 to 6.35), and intensive care 
unit (ICU) (14.6%, 95% CI 11.60 to 17.60). With 
regards to procedures, the strongest associations 
were observed for tracheostomy (27.3%, 95% CI 
22.86 to 31.78), central line (17.6%, 95% CI 13.70 to 
21.44), on respirator (17.5%, 95% CI 15.41 to 19.51), 
endotracheal tube (13.8%, 95% CI 11.83 to 15.85), 
urinary catheterization (9.6%, 95% CI 8.55 to 10.73), 
and surgery status (6.5%, 95% CI 5.56 to 7.36).

HAIs were significantly associated with 
patient age, type of hospital, ward, having urinary 
catheterization, central line, endotracheal tube, having 
a tracheostomy, on respirator, and surgery status 
(p<0.05).

Table 2 displays the bivariate and multivariate 
analysis for the factors associated with hospital-
acquired infections. On multivariate analysis, HAIs 
were significantly associated with patient younger than 
one year, government university hospital, government 
tertiary hospital, government secondary hospital, 
treatment in ICU, having urinary catheterization, 
central line, having a tracheostomy, on respirator, and 
surgery management (p<0.05).

VAP was the most frequent HAI type (26.9%), 

followed by hospital-acquired pneumonia (HAP) 
(19.0%), CA-UTI (13.5%), surgery site infection 
(SSI) (11.2%), UTI (7.8%), and CLABSI (4.6%). 
The prevalence of lower respiratory tract infection 
including VAP, HAP, and bronchitis was 48.4% 
(Figure 2).

The most common microorganisms of the 104 
identified were Klebsiella pneumoniae (18.5%), 
followed by Acinetobacter baumannii (17.8%), 
Pseudomonas aeruginosa (12.6%), Escherichia coli 
(6.9%), E. coli, ESBL positive (5.0%), Enterobacter 
faecalis (3.7%), Enterobacter faecium (2.3%), 
Stenotrophomonas maltophilia (1.8%), Acinetobacter 
spp. (1.6%), MSSA (1.6%), MSCNS (1.1%), MRSA 
(0.9%), and other (26.2%) (Figure 3).

Discussion
The present survey estimated the prevalence 

Figure 1. Schematic of study subjects.

Figure 2. Prevalence of types of healthcare-associated 
infections (n=562).
VAP: ventilator-associated pneumonia, HAP: hospital-acquired 
pneumonia, CA-UTI: catheter-related urinary tract infection, 
SSI: surgery site infection, UTI: urinary tract infection, CLABSI: 
central-line-associated blood stream infections
Lower respiratory tract infection including VAP, HAP and 
bronchitis=48.4%
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Table 1. Characteristics of hospitalised patients including HAIs and non-HAIs, their inpatient setting and 
healthcare associated infections

Characteristics Total (n=12,643)
n (%)

HAIs (n=528)
n (%)

Prevalence p-value

% 95% CI

Sex 0.253

Male 6,397 (50.6) 280 (53.0) 4.4 3.87 to 4.89

Female 6,246 (49.4) 248 (47.0) 4.0 3.48 to 4.46

Age (year) <0.001

Mean±SD 47.0±27.4 56.3±28.0

Min-max 0 to 102 0 to 100

Median (IQR) 52 (43) 63 (36)

<1 1,104 (8.7) 51 (9.7) 4.6 3.36 to 5.88

1 to 17 1,308 (10.3) 29 (5.5) 2.2 1.41 to 3.03

18 to 24 635 (5.0) 15 (2.8) 2.4 1.16 to 3.56

25 to 60 4,816 (38.1) 150 (28.4) 3.1 2.61 to 3.61

>60 4,780 (37.8) 283 (53.6) 5.9 5.24 to 6.60

Hospital type <0.001

Primary 568 (4.5) 2 (0.4) 0.4 0.15 to 0.85

Secondary 3,673 (29.1) 126 (23.9) 3.4 2.83 to 4.03

Tertiary 5,935 (46.9) 286 (54.2) 4.8 4.26 to 5.38

University 2,091 (16.5) 112 (21.2) 5.4 4.37 to 6.35

Private 376 (3.0) 2 (0.4) 0.5 0.22 to 1.28

Inpatient setting <0.001

Medicine 4,133 (32.7) 183 (34.7) 4.4 3.79 to 5.07

Surgery 2,901 (22.9) 149 (28.2) 5.1 4.32 to 5.96

Pediatric 1,362 (10.8) 51 (9.7) 3.7 2.71 to 4.77

Orthopedics/accident/trauma/burns 1,026 (8.1) 30 (5.7) 2.9 1.87 to 3.97

Obstetric and neonatal care unit 991 (7.8) 5 (0.9) 0.5 0.05 to 0.95

Intensive care unit 541 (4.3) 79 (15.0) 14.6 11.60 to 17.60

Others 1,689 (13.4) 31 (5.9) 1.8 1.19 to 2.49

Medical device and surgery procedure

Urinary catheterization <0.001

Yes 2,935 (23.2) 283 (53.6) 9.6 8.55 to 10.73

No 9,708 (76.8) 245 (46.4) 2.5 2.2 to 2.84

Central line <0.001

Yes 387 (3.1) 68 (12.9) 17.6 13.7 to 21.44

No 12,256 (96.9) 460 (87.1) 3.8 3.41 to 4.09

Endotracheal tube <0.001

Yes 1,185 (9.4) 164 (31.1) 13.8 11.83 to 15.85

No 11,458 (90.6) 364 (68.9) 3.2 2.85 to 3.51

Tracheostomy tube <0.001

Yes 399 (3.2) 109 (20.6) 27.3 22.86 to 31.78

No 12,244 (96.8) 419 (79.4) 3.4 3.09 to 3.75

Respirator <0.001

Yes 1,369 (10.8) 239 (45.3) 17.5 15.41 to 19.51

No 11,274 (89.2) 289 (54.7) 2.6 2.26 to 2.86

Surgery <0.001 

Yes 2,971 (23.5) 192 (36.4) 6.5 5.56 to 7.36

No 9,672 (76.5) 336 (63.6) 3.5 3.1 to 3.84

HAI=hospital-acquired infections; CI=confidence interval; SD=standard deviation; IQR=interquartile range
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Table 2. Bivariate and multivariate analyses of factors associated with hospital-acquired infections

Risk factors Univariate analysis Multivariate analysis

cOR 95% CI p-value aOR 95% CI p-value

Sex 0.253 0.411

Male 1 1

Female 0.90 0.76 to 1.08 1.08 0.90 to 1.30

Age (year) <0.001 <0.001

<1 1 1

1 to 17 0.47 0.30 to 0.74 0.36 0.22 to 0.59

18 to 24 0.50 0.28 to 0.90 0.33 0.16 to 0.68

25 to 60 0.64 0.48 to 0.91 0.35 0.21 to 0.58

>60 1.30 0.96 to 1.76 0.46 0.28 to 0.75

Hospital type <0.001 <0.001

Primary Hospital 1 1

Secondary Hospital 10.05 2.48 to 40.75 5.47 1.32 to 22.58

Tertiary Hospital 14.33 3.56 to 57.72 6.05 1.47 to 24.85

University Hospital 16.02 3.94 to 65.04 7.55 1.83 to 31.25

Private 1.513 0.21 to 10.79 1.41 0.20 to 10.11

Inpatient setting <0.001 <0.001

Intensive care unit 1 1

Medicine 0.27 0.21 to 0.36 0.14 0.05 to 0.35

Surgery 0.32 0.24 to 0.42 0.80 0.47 to 1.36

Pediatric 0.23 0.16 to 0.33 1.04 0.74 to 1.46

Orthopedics/accident/trauma/burns 0.18 0.11 to 0.27 1.02 0.72 to 1.45

Obstetric and neonatal care unit 0.03 0.01 to 0.07 0.83 0.51 to 1.35

Others 1.05 0.64 to 1.73 0.77 0.48 to 1.26

Urinary catheterization <0.001 <0.001

No 1 1

Yes 4.12 3.46 to 4.92 1.97 1.58 to 2.47

Central line <0.001 <0.001

No 1 1

Yes 5.47 4.14 to 7.22 1.87 1.34 to 2.60

Endotracheal tube <0.001 0.659

No 1 1

Yes 4.90 4.03 to 5.95 1.11 0.70 to 1.76

Tracheostomy tube <0.001 <0.001

No 1 1

Yes 10.61 8.34 to 13.50 4.39 2.99 to 6.43

Respirator <0.001 <0.001

No 1 1

Yes 8.04 6.70 to 9.64 2.79 1.79 to 4.35

Surgery <0.001 <0.001

No 1 1

Yes 1.92 1.60 to 2.30 1.65 1.31 to 2.08

CI=confidence interval; cOR=crude odds ratio; aQR=adjusted odds ratio
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of HAIs in Thailand in 2018 to be 4.2% with data 
collected from 37 randomly selected hospitals across 
Thailand. These data included patients at various 
levels of health service delivery in different parts of the 
country. The prevalence of HAIs in the present survey 
is lower than previous surveys from Thailand in 1988 
(11.7%)(11), 2006 (6.5%)(12), 2011 (7.3%)(13), and 2014 
(4.4%)(14). A previous Polish PPS that aggregated data 
from a 2-year period reported prevalence of HAIs of 
6.2%(22). This was higher than the EU-PPS HAI&AU 
data (5.7%)(23). The most recent PPS in Switzerland in 
2004 identified a HAI prevalence of 10.4% for a subset 
of large hospitals(24). The Thailand national PPS HAIs 
prevalence was low compared with findings from 
other low and middle income countries. There may 
have been many reason for this. Firstly, the authors 
included only 12 large hospitals (two government 
university hospitals and 10 government tertiary 
hospitals) while other hospitals (25 hospitals) were 
non-large hospital, which may have decreased the 
overall prevalence of HAIs. In a multi-centred PPS of 
hospital acquired infections in Ghana, the prevalence 
across the various hospitals ranged from 3.5% to 
14.4% with a higher proportion of infections found 
in secondary and tertiary care facilities(25). A survey 
in three large Swiss medical centres demonstrated 
a pooled HAI prevalence of 5.6% (95% CI 4.7% to 
6.5%)(26). The variability between the present survey 
and others could also have been due to differences in 
the methodologies used, particularly the fact that the 
present study also included children. Furthermore, 
the rates of HAI vary in different ICUs in the same 
hospital or same ICU at different periods, with higher 

rates in teaching hospitals(27,28). Finallly, the sustained 
national IPC policies in Thailand from 1986 to the 
present may have reduced the prevalence of HAIs. A 
previous study in Africa demonstrated that high rates 
of HAIs persisted due to lack of national IPC policies, 
lack of IPC-personnel and poor adherence to existing 
HAI guidelines(29).

HAIs are most commonly associated with 
invasive medical devices or surgery procedures. 
Lower respiratory tract and bloodstream infections 
are the most lethal(30). Interestingly, the percentage 
of device-associated infections among HAIs in 
the present survey was high at 45.0% including 
VAP 26.9%, CA-UTI 13.5%, and CLABSI 4.6%. 
The previous Polish study demonstrated that the 
percentage of device-associated infections was 
61.9%(22). In addition, other PPS have also reported 
high prevalences of device-associated infections(31,32). 
To reduce the risk of infection in hospitalised patients, 
device-associated HAI (DA-HAI) surveillance 
is important because it effectively describes and 
addresses the importance and characteristics of the 
threatening situation created by DA-HAI(33).

The nine most common microorganisms in the 
present survey were gram-negative bacteria (GNB). 
Similarly, previous studies have reported almost 
one-third of all HAIs and 60% of HAIs in ICU were 
caused by GNB(6,34-36). GNB are becoming increasingly 
resistant to available antibiotics as widespread 
antibiotic use has surged globally(37,38).

Limitation
Firstly, the present PPS studies could not 

evaluate day patient bed-days because this survey was 
conducted over a short time (five days). Secondly, 
data collection was done by local IPC professionals 
and not by the same study team at all sites. However, 
all participating data collectors had experience with 
performing local PPSs and were trained before data 
collection. Thirdly, the data may not be sufficiently 
generalizable to Thailand because only 37 hospitals 
were included. Nevertheless, the present survey 
covered all region of Thailand and all levels of 
healthcare facility, so the authors suggest it may be 
representing the prevalence of HAIs in Thailand.

Conclusion
The prevalence of HAIs was 4.2% in the authors’ 

survey of randomly selected 37 hospitals. HAIs were 
significantly associated with patient younger than one 
year, government university hospital, government 
tertiary hospital, government secondary hospital, 

Figure 3. Prevalence of groups of microorganism 
(n=562).
MSSA: methicillin-sensitive Staphylococcus aureus, MSCNS: 
methicillin-susceptible coagulase-negative Staphylococcus, 
MRSA: methicillin-resistant S. aureus, ESBL: extended-
spectrum beta-lactamases
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treatment in ICU, having urinary catheterization, 
central line, having a tracheostomy, on respirator, and 
surgery management.

What is already known on this topic?
Prevalence and risk factors of HAIs in Thailand.

What this study adds?
The point prevalence of HAIs was 4.2% and a 

decreasing trend. Continued efforts to prevent and 
control HAIs are effective and should be further 
strengthened.

Acknowledgement
The investigators thank all patients and local IPC 

professionals in 37 randomly selected hospitals.

Conflicts of interest
The authors declared no potential conflicts of 

interest with repect to the research, authorship, or 
publication of this article. 

References
1. WHO, UNICEF, SHARE. Water, sanitation and 

hygiene in health care facilities: Global strategy, burden 
of disease, and evidence and action priorities, workshop 
report [Internet]. 2016 [cited 2019 Mar 1]. Available 
from: https://www.who.int/water_sanitation_health/
healthcare_waste/wash-in-hcf-london.pdf.

2. Allegranzi B, Bagheri NS, Combescure C, Graafmans 
W, Attar H, Donaldson L, et al. Burden of endemic 
health-care-associated infection in developing 
countries: systematic review and meta-analysis. Lancet 
2011;377:228-41.

3. Nelson S, Stone PW, Jordan S, Pogorzelska M, 
Halpin H, Vanneman M, et al. Patient safety climate: 
variation in perceptions by infection preventionists 
and quality directors. Interdiscip Perspect Infect Dis 
2011;2011:357121.

4. World Health Organization. Infection prevention and 
control in health care: time for collaborative action. 
Regional Committee for the Eastern Mediterranean, 
EM/RC57/6 [Internet]. 2010 [cited 2016 Jan 13]. 
Available from: http://applications.emro.who.int/docs/
EM_RC57_6_en.pdf.

5. Tietjen L, Bossemeyer D, Mclntosh N. Infection 
prevention guideline for healthcare facilities with 
limited resources. Baltimore, MD: JHPIEGO 
Corporation; 2003.

6. Magill SS, Edwards JR, Bamberg W, Beldavs ZG, 
Dumyati G, Kainer MA, et al. Multistate point-
prevalence survey of health care-associated infections. 
N Engl J Med 2014;370:1198-208.

7. Canadian Union of Public Employees (CUPE). 
Healthcare acquired infections: A backgrounder 

[Internet]. 2009 [cited 2019 Mar 1]. Available from: 
https://archive.cupe.ca/updir/healthcare-associated-
infections-cupe-backgrounder.pdf.

8. Adams J, Bartram J, Chartier Y. Essential environmental 
health standards in health care. Geneva: WHO; 2008.

9. Mongolia: Fifth Health Sector Development Project. 
Subsector analysis (summary): Hospital hygiene and 
infection prevention and control [Internet]. 2012 [cited 
2019 Mar 1]. Available from: https://www.adb.org/
sites/default/files/linked-documents/45009-002-mon-
oth-03.pdf.

10. Mayon-White RT, Ducel G, Kereselidze T, Tikomirov 
E. An international survey of the prevalence of hospital-
acquired infection. J Hosp Infect 1988;11 Suppl A: 
43-8.

11. Danchaivijitr S, Chokloikaew S. A national prevalence 
study on nosocomial infections 1988. J Med Assoc Thai 
1989;72 Suppl 2:1-6.

12. Danchaivijitr S, Judaeng T, Sripalakij S, Naksawas 
K, Plipat T. Prevalence of nosocomial infection in 
Thailand 2006. J Med Assoc Thai 2007;90:1524-9.

13. Rongrungruang Y, Sawanpanyalert N, Chomdacha 
P, Surasarang K, Wiruchkul N, Kachintorn K, et al. 
Health-care associated infections in Thailand 2011. J 
Med Assoc Thai 2013;96 Suppl 2:S117-23.

14. Manosuthi W, Thientong V, Moolasart V, Rongrungrueng 
Y, Sangsajja C, Danchaivijitr S. Healthcare-associated 
infections at selected hospitals in Thailand. Southeast 
Asian J Trop Med Public Health 2017;48:204-12.

15. Khan ID, Basu A, Kiran S, Trivedi S, Pandit P, 
Chattoraj A. Device-Associated Healthcare-Associated 
Infections (DA-HAI) and the caveat of multiresistance 
in a multidisciplinary intensive care unit. Med J Armed 
Forces India 2017;73:222-31.

16. Vincent JL, Bihari DJ, Suter PM, Bruining HA, White 
J, Nicolas-Chanoin MH, et al. The prevalence of 
nosocomial infection in intensive care units in Europe. 
Results of the European Prevalence of Infection in 
Intensive Care (EPIC) Study. EPIC International 
Advisory Committee. JAMA 1995;274:639-44.

17. Centers for Disease Control and Prevention. Types of 
healthcare-associated infections [Internet]. 2012 [cited 
2018 Apr 20]. Available from: https://www.cdc.gov/
hai/infectiontypes.html.

18. Centers for Disease Control and Prevention. CDC/
NHSN surveillance definitions for specific types 
of infections [Internet]. 2012 [cited 2019 Mar 15]. 
Available from: https://www.cdc.gov/nhsn/pdfs/
pscmanual/17pscnosinfdef_current.pdf. 

19. Centers for Disease Control and Prevention. Identifying 
healthcare-associated infections (HAI) for NHSN 
surveillance [Internet]. 2012 [cited 2019 Mar 15]. 
Available from: https://www.cdc.gov/nhsn/PDFs/
pscManual/2PSC_IdentifyingHAIs_NHSNcurrent.pdf. 

20. Kritsotakis EI, Dimitriadis I, Roumbelaki M, Vounou 
E, Kontou M, Papakyriakou P, et al. Case-mix 
adjustment approach to benchmarking prevalence 
rates of nosocomial infection in hospitals in Cyprus 



1316 J Med Assoc Thai | Vol.102 | No.12 | December 2019

and Greece. Infect Control Hosp Epidemiol 2008;29: 
685-92.

21. European Centre For Disease Prevention and Control. 
Point prevalence survey of healthcare-associated 
infections and antimicrobial use in European acute 
care hospitals. Protocol version 4.3, full-scale survey 
and codebook. Stockholm: ECDC; 2012. doi:10.2900/ 
53482.

22. Deptula A, Trejnowska E, Ozorowski T, Hryniewicz 
W. Risk factors for healthcare-associated infection 
in light of two years of experience with the ECDC 
point prevalence survey of healthcare-associated 
infection and antimicrobial use in Poland. J Hosp Infect 
2015;90:310-5.

23. European Centre for Disease Prevention and Control. 
Point prevalence survey of healthcare associated 
infections and antimicrobial use in European acute 
care hospitals 2011-2012. Stockholm: ECDC; 2013.

24. Sax H, Pittet D. Resultate der Schweizerischen 
Präalenzstudie der nosokomialen Infektionen 2004 
(snip04). Swissnoso Bulletin 2005;12:1-8.

25. Labi AK, Obeng-Nkrumah N, Owusu E, Bjerrum S, 
Bediako-Bowan A, Sunkwa-Mills G, et al. Multi-centre 
point-prevalence survey of hospital-acquired infections 
in Ghana. J Hosp Infect 2019;101:60-8.

26. Metsini A, Vazquez M, Sommerstein R, Marschall 
J, Voide C, Troillet N, et al. Point prevalence of 
healthcare-associated infections and antibiotic use in 
three large Swiss acute-care hospitals. Swiss Med Wkly 
2018;148:w14617.

27. Singh S, Chaturvedi R, Garg SM, Datta R, Kumar 
A. Incidence of healthcare associated infection in the 
surgical ICU of a tertiary care hospital. Med J Armed 
Forces India 2013;69:124-9.

28. Rosenthal VD, Maki DG, Salomao R, Moreno 
CA, Mehta Y, Higuera F, et al. Device-associated 
nosocomial infections in 55 intensive care units of 8 
developing countries. Ann Intern Med 2006;145:582-
91.

29. Rothe C, Schlaich C, Thompson S. Healthcare-
associated infections in sub-Saharan Africa. J Hosp 

Infect 2013;85:257-67.
30. Peleg AY, Hooper DC. Hospital-acquired infections 

due to gram-negative bacteria. N Engl J Med 2010; 
362:1804-13.

31. Pittet D, Harbarth S, Ruef C, Francioli P, Sudre P, 
Petignat C, et al. Prevalence and risk factors for 
nosocomial infections in four university hospitals in 
Switzerland. Infect Control Hosp Epidemiol 1999;20: 
37-42.

32. Gikas A, Roumbelaki M, Pediaditis J, Nikolaidis P, 
Levidiotou S, Kartali S, et al. Prevalence of nosocomial 
infections after surgery in Greek hospitals: results 
of two nationwide surveys. Infect Control Hosp 
Epidemiol 2004;25:319-24.

33. Kumar S, Sen P, Gaind R, Verma PK, Gupta P, Suri 
PR, et al. Prospective surveillance of device-associated 
health care-associated infection in an intensive care unit 
of a tertiary care hospital in New Delhi, India. Am J 
Infect Control 2018;46:202-6.

34. Sader HS, Farrell DJ, Flamm RK, Jones RN. 
Antimicrobial susceptibility of Gram-negative 
organisms isolated from patients hospitalized in 
intensive care units in United States and European 
hospitals (2009-2011). Diagn Microbiol Infect Dis 
2014;78:443-8.

35. Lockhart SR, Abramson MA, Beekmann SE, Gallagher 
G, Riedel S, Diekema DJ, et al. Antimicrobial 
resistance among Gram-negative bacilli causing 
infections in intensive care unit patients in the United 
States between 1993 and 2004. J Clin Microbiol 2007; 
45:3352-9.

36. Süner A, Karaoglan I, Mete AO, Namiduru M, Bosnak 
V, Baydar I. Assessment of bloodstream infections and 
risk factors in an intensive care unit. Turk J Med Sci 
2015;45:1243-50.

37. Kaye KS, Pogue JM. Infections caused by resistant gram-
negative bacteria: Epidemiology and management. 
Pharmacotherapy 2015;35:949-62.

38. Lautenbach E, Polk RE. Resistant gram-negative 
bacilli: A neglected healthcare crisis? Am J Health Syst 
Pharm 2007;64(23 Suppl 14):S3-21.


