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Abstract Introduction:  Healthcare-associated
infections (HAIs) are a major health problem issue in
patients during the care process after hospital admission
globally. The present study aimed to determine the length
of stay related to HAIs among inpatients in the Bangkok
Metropolitan-  Administration  Latkrabang (BMAL)
Hospital from January 1, 2015-December 31, 2020.
Methods: A hospital-based case-control study was
conducted among inpatients of a secondary health care
hospital in Bangkok. The data recording form was used to
gather information from 300 medical records of inpatients
who were hospitalized between 2015 and 2020 including
100 cases and 200 controls. Analysis was conducted using
conditional logistic regression. Results: Hospital-acquired
pneumonia (HAP) was the most frequently encountered
site of HAI (42.4%), followed by catheter-associated
urinary tract infection (CAUTI) (20.8%). Conditional
logistic regression showed that a length of stay of 8 - 14
days, 15 - 21 days, and > 21 days were 3.56, 10.70 and
22.33 times at risk of HAIs compared with those of < 7
days, respectively. Most of the bacteria were collected
from sepsis/bloodstream infections of the cases,
dominated by Acinetobacter baumannii (28.7%) and
Klebsiella pneumoniae (19.5%). Conclusion: The result
from this study can be used as a basic guideline for
improving the clinical practice guideline and the policy of

infectious prevention and control for patient safety.

Keywords  Length of Stay, Healthcare-Associated
Infections, Inpatients, Hospital-Based Case-Control Study,
Infection Control, Nosocomial Infections

1. Introduction

HAIs are the critical health problems worldwide and
occur in hospitals at all levels, including both developed
countries and the developing countries. It is an infection
occurring in a patient during the process of care in a
hospital that was not present or incubating at the time of
admission. In the event that the incubation period was not
known, the infection must occur up to 48 hours after
hospital admission [1,2]. In 2015, the National Healthcare
Safety Network )NHSN (of the Centers for Disease
Control and Prevention )CDC (conducted a prevalence
survey of HAIs, the study found that the prevalence of
HAIs was 3.2% [3]. In 2017, the European Center for
Disease Prevention and Control conducted a prevalence
survey of HAIs from the member states of the European
Union and European Economic Area, the prevalence of
patients with at least one HAIs was 5.9% [4]. In Australia,
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the point prevalence of HAIs in acute adult inpatients in
2018 was 9.9 %and hospital prevalence rates ranged from
5.7 %to 17.0 %which varied between hospitals [5]. While
in Ethiopia, the incidence rate of HAIs was 28.2 per 1,000
patient days while the overall prevalence was 19.4 %J6] .
Also surveyed were Southeast Asian Countries including
Indonesia, Malaysia, Philippines, Singapore, Vietnam, and
Thailand showing the prevalence of HAIs in 2015 .The
pooled prevalence of overall HAIs was 9.0%, whereas the
pooled incidence density of HAIs was 20 cases per 1,000
intensive care unit days [7]. In Thailand, a preliminary
study of health and economic impacts of
antimicrobial-resistant infections in 2010 was conducted
from 1,023 hospitals; including private care hospitals,
secondary care hospitals, tertiary care hospitals, and
university hospitals, the occurrence of infections in each
hospital varied according to the level of the hospital,
namely university hospitals showed the highest of HAISs at
7.6%, tertiary care hospitals were 5.3%, secondary care
hospitals were 2.1 %and private care hospitals were 4.9%,
respectively [8]. BMAL Hospital is a secondary health
care hospital with 60 beds under the Medical Services
Department, Bangkok, which provides comprehensive
health services for both outpatients and inpatients through
7 specialists division; medicine, surgery, orthopedics,
ophthalmology, gynecology, pediatric, and rehabilitation.
Most of the patients were patients who had been treated
with medicine. There were 3,426, 3,764, 3,764, 3,585,
3,690, and 3,692 inpatients in 2015-2019, respectively.
The hospital conducted the surveillance of prevention and
control according to professional standards and the policies
of the Medical Services Department. The rate of HAIs was
2.2, 0.6, 1.5, 1.5, and 1.7 per 1,000 patient-days [9]. It
revealed that the HAIs rate of BMAL Hospital was lower
than previously reported but HAIs would greatly affect as
mentioned above. Days of hospitalization/ length of stay
(LOS) were discussed as one of the risk factors for HAIs.
Some of the previous studies supported this one [10-12].
However, the author would like to further analyze the
relationship between the length of stay and the risk of HAIs
among hospital inpatients. This study was conducted to
analyze the relationship between LOS and HAIs among
inpatient in the BMAL Hospital, Bangkok, Thailand.

2. Methods

2.1. Ethics Approval

This study offered to request an ethical review of
human research from the ethics committee of the Faculty
of Public Health Mahidol University (Committee’s
reference number: 44/2564 on 3 March 2021) and the
ethics committee of Bangkok Metropolitan (Committee’s
reference number: U008h/64_EXP on 5" May 2021) and
agreed with the Declaration of Helsinki, The Belmont
Report, CIOMS Guidelines and the International

Conference on Harmonization in Good Clinical Practice
(ICH-GCP). It requested permission to use the patient's
information from the director of BMAL Hospital. The
authors used the secondary data from the medical records
of the inpatients of the BMAL Hospital during 2015-2020.
Participants’ names were unidentified in questionnaires,
confidentiality was conducted throughout the study by the
anonymous technique and the results were analyzed as a
whole group.

2.2. Study Design

The study was a hospital-based case-control study. The
study subjects were patients aged 15 years and over who
were admitted as inpatients at BMAL Hospital from
January 1, 2015 to December 31, 2020.

2.3. Definition

Healthcare-associated infections (HAIS) refer to an
infection with occurring in a patient during the process of
care in a hospital that was not present or incubating at the
time of admission. If the incubation period is not known,
the infection must occur up to 48 hours after hospital
admission which is diagnosed by the medical doctor by
using the criteria for HAIs diagnosis of the
Bamrasnaradura Institute, 2013 [13,14].

2.4. Sample Size Estimation

The sample size was calculated using a formula [15,16],
with Z,,=1.96, Zp =1.28, po =0.77, p:=0.62, c=2. The
calculated sample size was at least 222. A samples size of
100 was used in the cases and 200 in the controls.
Therefore, the total number of samples used in this study
was 300.

2.5. Data Collection

Samples were selected from the medical records of
inpatients of the BMAL Hospital. Cases and controls were
patients who were admitted as inpatients, they had been
hospitalized for more than 48 hours, aged >15 years, both
female and male. Cases have been diagnosed with HAIs
according to the doctor’s diagnosis criteria while controls
were not diagnosed with HAIs. The questionnaire
comprised of demographic characteristics, treatment
factors and HAIs results of study subjects.

2.6. Data Analysis

The verified data were entered into the code and
analyzed by using the statistical software package.
Descriptive statistics were expressed using: frequency,
percentage and some of them are also expressed using
mean, and standard deviation. Univariable analysis was
used to determine between the independent variables and
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HAIs by the conditional logistic regression for the crude
odds ratio. A p-value < 0.05 was considered statistically
significant. Adjusted odds ratio (ORagqj) and 95% CI of OR
of the multivariable analysis was used to assess the
magnitude of the relationship among LOS related to HAIs
using the conditional logistic regression, for adjusting the
confounders. All statistical analyses were performed using
two-sided tests and a p-value of < 0.05 was considered
statistically significant.

3. Results

3.1. Characteristics of the Participants

Patients admitted at the BMAL Hospital were male
(62.0%) and > 70 years old (58.0%). Most of their
education levels were primary school (62.3%).
Approximately 82.3% of them were underlying diseases,
which included hypertension, diabetic  mellitus,
cardiovascular diseases, chronic kidney diseases, chronic
obstructive pulmonary disease, and cancer, respectively
(Table 1).

Table 1. Demographic characteristics of patients among cases and controls

Total Cases Controls
Characteristics Number (%) Number (%) Number (%)
Gender
Male 186 (62.0) 62 (62.0) 124 (62.0)
Female 114 (38.0) 38 (38.0) 76 (38.0)
Age group (Years)
<40 17 (5.6) 5(5.0) 12 (6.0)
40-59 50 (16.7) 20 (20.0) 30 (15.0)
60-69 59 (19.7) 14 (14.0) 45 (22.5)
>70 174 (58.0) 61 (61.0) 113 (56.5)
Mean (SD) 68.4 (15.5) 68.7 (16.1) 68.3 (15.2)
Education level
None 39 (13.0) 22 (22.0) 17 (8.5)
Primary school 187 (62.3) 54 (54.0) 133 (66.5)
Secondary school 37(12.3) 13 (13.0) 24 (12.0)
Diploma and higher 11 (3.7) 2(2.0) 9 (4.5)
Not applicable 26 (8.7) 9(9.0) 17 (8.5)
Underlying diseases
No 53 (17.7) 13 (13.0) 40 (20.0)
Yes 247 (82.3) 87 (87.0) 160 (80.0)
HT 175 (58.3) 59 (59.0) 116 (58.0)
DM 98 (32.7) 32(32.0) 66 (33.0)
CVD 56 (18.7) 23(23.0) 56 (16.5)
CKD 41 (13.7) 17 (17.0) 24 (12.0)
COPD 27(9.0) 8 (8.0) 19 (9.5)
CA 20 (6.7) 7(7.0) 13 (6.5)
1 Co- morbidity 99 (40.1) 37 (42.5) 62 (38.8)
2 Co-morbidities 79 (32.0) 26 (29.9) 53 (33.1)
3 Co-morbidities 59 (23.9) 21(24.1) 38(23.0)
>4 Co-morbidities 10 (4.2) 3(3.4) 7 (4.4)

Abbreviation: n=Number, HT=hypertension, DM= diabetes mellitus, CVD= cardiovascular diseases, CKD= chronic kidney diseases, COPD=

chronic obstructive pulmonary disease, CA= cancer
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Table 2. showed the results of a univariable analysis of
the relationship between the treatment factors including
LOS, patient types, medical invasive procedures, and
HAIs. It was found that a LOS was statistically significant
related to HAIs (p < 0.05). Patients with a LOS of 8 - 14
days, 15 - 21 days, and >21 days were related to HAIs
compared with those of a LOS < 7 days (OR = 7.58;
95%Cl: 2.75 - 20.90), (OR = 30.24; 95%Cl = 8.46 -
108.05), (OR =70.15; 95%Cl: 19.60 - 251.04), respectively.
The patient types were also related to HAIs (p < 0.05).
The patients who were classified as having severe illness
and most severe illness were at higher risk of HAIs than
the patients who were classified as having recovered or
having moderate illness, and the highest risk were patients
who were classified as having a most severe illness (OR =
5.05; 95%Cl: 2.57 - 9.89), (OR = 9.44; 95%Cl, 4.31 -
20.68), respectively. There was a statistically significant
relation between patients who utilized medical invasive
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ventilator, and nasogastric tube (p < 0.05). The patients
who had received Foley’s catheterization were at high risk
of HAIs compared with those who were absent of Foley’s
catheterization (OR = 7.66; 95%CI: 4.11 - 14.30). The
patients who had received endotracheal tube intubation
were at higher risk of HAIs compared with those who
were absent of endotracheal tube intubation (OR = 7.09;
95%Cl: 3.65 - 13.79). The patients who had been inserted
with a tracheostomy tube were at higher risk of HAIs
compared with those who were absent of tracheostomy
tube insertion (OR = 30.00; 95%ClI: 3.96 - 227.11). In
addition, the patients who had received a mechanical
ventilator were at higher risk of HAIls than those who
were absent of mechanical ventilator utilization (OR =
7.09; 95%CI: 3.65 - 13.79). Additionally, the patients who
had received nasogastric tube insertion were at higher risk
of HAIs compared with those who were absent of
nasogastric tube insertion (OR = 20.31; 95%CI: 8.14 -

device procedures and HAIs, Foley’s catheter, 50.66).
endotracheal tube, tracheostomy tube, mechanical
Table 2. Univariable analysis of the treatment factors and HAIs
Cases Controls
Variables OR 95%ClI p-value
Number (%) Number. (%)

LOS (days)

<7 10 (1.0) 139 (69.5) 1

8-14 23(23.0) 38 (19.0) 7.58 2.75-20.90 <0.001"

15-21 22 (22.0) 14 (7.0) 30.24 8.46 — 108.05 <0.001"

>21 45 (45.0) 9 (4.5) 70.15 19.60 — 251.04 <0.001"

Mean (SD) 23.4 (14.6) 7.1(7.1)
Patient types

Recovery- Moderate 20 (14.5) 118 (85.5) 1

Severe 43 (43.0) 54 (27.0) 5.05 2.57-9.89 <0.001"

Most severe 37 (37.0) 28 (14.0) 9.44 4.31-20.68 <0.001"
Endotracheal tube

No 52 (52.0) 175 (87.5) 1

Yes 48 (48.0) 12.5 (25) 7.09 3.65-13.79 <0.001"
Foley’s catheter

No 21 (21.0) 137 (68.5) 1

Yes 79 (79.0) 63 (31.5) 7.66 4.11-14.30 <0.001"
Tracheostomy tube

No 85 (85.0) 199 (99.5) 1

Yes 15 (15.0) 1(0.5) 30.00 3.96 -227.11 <0.001"
Mechanical ventilator

No 52 (52.0) 175 (87.5) 1

Yes 48 (48.0) 25 (12.5) 7.09 3.65-13.79 <0.001"
Nasogastric tube

No 22 (22.0) 154 (77.0) 1

Yes 78 (78.0) 46 (23.0) 20.31 8.14 - 50.66 <0.001"
Ward admission

GF ward 22 (22.0) 70 (35.0) 1

GM ward and ICU 78 (78.0) 130 (65.5) 13.55 3.08-59.64 0.001

* Statistically significance at p-value < 0.05

Abbreviation: LOS = length of stay, GF = general female, GM = general male, ICU = intensive care unit, OR = odds ratio, Cl = confidence interval
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Table 3 showed that multivariable analysis was
confirmed to assess the magnitude of the relationship
between LOS and HAIs. Some factors with a p-value <
0.05 were selected into the model of the conditional
logistic regression with the enter method. There were 6
factors selected into the model: LOS, patient types,
Foley’s catheter, mechanical ventilator, nasogastric tube,
and ward admission. The dependent variable was HAISs.
The result of the final analysis when adjusted for
confounding factors, patients who had a LOS of 8 - 14
days, 5 - 21 days, and > 21 days were 3.56, 10.70, and

(ORagj =10.70; 95%Cl: 2.48 - 46.22), (OR.g = 22.33;
95%Cl: 5.65 - 87.47), respectively.

Table 4 showed the infectious sites of HAIs among
cases. HAP was the most frequently encountered site of
HAIs, accounting for 53 episodes (42.4%), followed by
CAUTI, VAP, and UTI, accounting for 26, 19, and 17
episodes (20.8%, 15.2%, 13.6%), respectively. whereas
skin and soft tissue infection (SST) was only found in 1
episode (0.8%). Most of the bacteria were collected from
sepsis/bloodstream infections of the cases, dominated by
Acinetobacter baumannii (28.7%), Klebsiella pneumoniae

22.33 times higher risk of HAIs than the patients who had  (19.5%), Pseudomonas. aeruginosa (14.6%), and
been a LOS < 7 days (ORagj = 3.56; 95%CIl: 1.16 — 10.90),  Escherichia coli (14.0%), respectively.
Table 3. Multivariable analysis of LOS and HAIs
Crude Adjusted
Variables
OR 95%Cl OR 95%Cl p-value
LOS (days)
<7 1
814 7.58 2.75-20.90 3.56 1.16 —10.90 0.026"
15-21 30.24 8.46 - 108.05 10.70 2.48 - 46.22 0.002"
>21 70.15 19.60 - 251.04 22.33 5.65 — 87.47 <0.001"

* Statistically significance at p-value < 0.05

Abbreviation: LOS = length of stay, OR = odds ratio, Cl = confidence interval

Conditional logistic regression: adjusted by patient types, Foley’s catheter, mechanical ventilator, nasogastric tube and ward admission

Table 4. Number and percentage of the infectious sites and types of pathogens among cases

Infection sites Number %
Infectious sites (n=125)
HAP 53 42.4
CAUTI 26 20.8
VAP 19 15.2
UTI 17 13.6
BSI 9 7.2
SST 1 0.8
Bacterial infections (n=164)
Gram-positive cocci (n=29)
Enterococcus spp. 12 7.3
Staphylococcus aureus 9 55
Enterococcus faecium 3 1.9
Coagulate staphylococcus 3 1.9
Others 2 1.2
Gram-negative bacilli (n=135)
Acinetobacter baumannii 47 28.7
Klebsiella pneumoniae 32 19.5
Pseudomonas aeruginosa 24 14.6
Escherichia coli 23 14.0
Enterobacter spp. 5 3.0
Proteus mirabilis 4 24

HAP = hospital-acquired pneumonia, CAUTI = catheter-associated urinary tract infection, VAP = ventilator-associated pneumonia, UTI = urinary
tract infection, BSI = bloodstream infection, SSI = skin and soft tissue infection

17 cases had 2 infectious sites, 4 cases had 3 infectious sites and 79 cases had 1 infectious site
36 cases had 2 pathogens, 8 cases had 3 pathogens, 4 cases had 4 pathogens, and 52 cases had 1 pathogen
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4. Discussion

The average LOS among cases and controls were 23.4
(#14.6) and 7.1 (27.1) days. In the cases, most recorded a
LOS > 21 days (45.0%). While in the controls, most were
< 7 days (69.5%). The results demonstrated that the length
of hospitalization was a risk factor for HAIs. The patients
who had a length of stay of 8 - 14 days, 15 - 21 days, and >
21 days were related to HAIs compared with those who had
a length of stay < 7 days, and patients who had a length of
stay more than 21 days were at the highest risk of HAIs
(ORqgj = 3.56; 95%CI: 1.16 - 10.90), (OR.j = 10.70;
95%Cl: 2.48 - 46.22), (ORagj = 22.33; 95%CI: 5.65 -
87.47), respectively. As mentioned, this study indicated
that most of the patients were male, > 70 years old, and
were underlying diseases. They were the susceptible
patients whose treatment was complicated and prolonged,
so those patients had a prolonged hospitalization. The
hospital is a place that has been contaminated by infected
patients, visitors, and healthcare workers. Consequently,
the susceptible patients who were treated in the hospital
could be exposed to pathogens through receiving treatment,
nursing care, patient’s environment and etc. Patients who
had prolonged hospitalization were more likely to be
exposed to the pathogen than those of patients with a short
time of hospitalization. This study demonstrated that the
major pathogen was gram-negative bacilli, particularly
Acinetobacter  baumannii, Klebsiella pneumoniae,
Pseudomonas aeruginosa and Escherichia coli which
have several virulence factors that help the microorganism
to resist stressful environmental conditions and occur in
patients who were hospitalized and acquired by
cross-infection. Our results suggested evidence of a
significant association between LOS and HAIs, which is in
agreement with similar studies conducted in other parts of
the world [10-12,17-32]. HAIs prevention should focus on
infectious preventive policies and practices, implementing
the spread of evidence-based practices, with a focus on
strong competencies and timely feedback on performance,
compliance with practices, collaborative approaches, and
stronger incentives promoting infection preventive efforts
to prevent hospital infections [33-37]. While reported
adherence to hand hygiene was quite high, many of the
preventive practices for CAUTI, CLABSI, and VAP were
used infrequently in  Thailand. Policies and
implementations emphasizing specific preventive practices,
establishing a strong institutional safety culture, and
participating in collaborations to prevent HAIs may be
beneficial [38].

4.1. Study Limitations

Because this study was a small sample size and the data
collection was retrospective by using secondary data, this
research data collection was from only one hospital. So,
the research result could not be referred to other sized
hospitals.
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5. Conclusions

In summary, HAP was the most of infectious site of
HAls, while CAUTI, VAP, and UTI were the major
medical devices associated with infections. A LOS is one
of the potential risks of HAIs in hospitals.

Acknowledgments

All authors would like to express their sincere thanks for
their valuable contributions to the study provided by the
study subjects, staff of the Department of Epidemiology,
and staffs of the BMAL Hospital. We also thank those who
were unmentioned for their kindness and encouragement.

Declarations

Funding

This research received no specific grant from any
funding agency in the public, commercial, or not-for-profit
sectors.

Authors Contributions

SS. and W.C. were responsible for the
conceptualization, data curation, methodology, data
validation, project administration, resource, software,
supervision, writing-review and editing. P.E. was
responsible for conceptualization; data curation and
methodology. S.M. was responsible for data analysis,
software and methodology. Subsequent drafts of the
manuscript were edited and finalized by all authors The
authors read and approved the final manuscript.

Conflicts of Interest

No conflict of interest was declared by the authors.

Data Availability

All data generated or analyzed during this study are
included in this published article.

REFERENCES

[1] Horan TC, Andrus M, Dudeck MA, “CDC/NHSN
surveillance definition of healthcare-associated infection
and criteria for specific types of infections in the acute care
setting,” Am J Infect Control, vol. 36, no. 5, pp. 309-332,
2008. DOI: 10.1016/j.ajic.2008.03.002

[2] Kouchak F, Askarian M, “Nosocomial infections: the
definition criteria,” Iran J Med Sci, vol. 37, no. 2, pp. 72-73,
2012.



798

(3]

(4]

(5]

(6]

[7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

Association Between Length of Stay and Healthcare-Associated Infections among
Inpatients in a Secondary Health Care Hospital

Magill SS, O'Leary E, Janelle SJ, et al, “Changes in
prevalence of healthcare-associated infections in U.S.
hospitals,” N Engl J Med, vol. 379, no. 18, pp. 1732-1744,
2018. DOI: 10.1056/NEJMo0al801550

Suetens C, Latour K, Kérki T, et al, “Prevalence of
healthcare-associated infections, estimated incidence and
composite antimicrobial resistance index in acute care
hospitals and long-term care facilities: results from two
European point prevalence surveys, 2016 to 2017,” Euro
Surveill, vol. 23, no. 46, pp. 1800516, 2018. DOI:
10.2807/1560-7917.ES.2018.23.46.1800516

Russo PL, Stewardson AJ, Cheng AC, Bucknall T, Mitchell
BG, “The prevalence of healthcare-associated infections
among adult inpatients at nineteen large Australian
acute-care public hospitals: a point prevalence survey,”
Antimicrob Resist Infect Control, vol. 8, pp. 114, 2019. DOI:
10.1186/s13756-019-0570-y

Ali S, Birhane M, Bekele S, et al, “Healthcare-associated
infection and its risk factors among patients admitted to a
tertiary hospital in Ethiopia: longitudinal study,”
Antimicrob Resist Infect Control, vol. 7, pp. 2, 2018. DOI:
10.1186/s13756-017-0298-5

Ling ML, Apisarnthanarak A, Madriaga G, “The burden of
healthcare-associated infections in Southeast Asia: A
systematic literature review and meta-analysis,” Clin Infect
Dis, vol. 60, no. 11, pp. 1690-1699, 2015. DOI:
10.1093/cid/civ095

Phumart P, Phodha T, Thamlikitkul V, Riewpaiboon A,
Prakongsai P, Limwattananon S, “Health and economic
impacts of antimicrobial-resistant infections in Thailand: A
preliminary study,” JHSR, vol. 6, no. 3, pp. 352-360, 2012.

Academic department, Bangkok Metropolitan-Administrat
ion Latkrabang Hospital, “Annual report 2019,” 2019.

Datta P, Rani H, Chauhan R, Gombar S, Chander J,
“Health-care-associated infections: risk factors and
epidemiology from an intensive care unit in Northern India,”
Indian J Anaesth, vol. 58, no. 1, pp. 30-35, DOI:
10.4103/0019-5049.126785

Ak O, Batirel A, Ozer S, Colakoglu S, “Nosocomial
infections and risk factors in the intensive care unit of a
teaching and research hospital: a prospective cohort study,”
Med Sci Monit, vol. 17, no. 5, pp. 29-34, 2011. DOI:
10.12659/msm.881750

Balkhy HH, Cunningham G, Chew FK et al, “Hospital- and
community-acquired infections: a point prevalence and risk
factors survey in a tertiary care center in Saudi Arabia,” Int
J Infect Dis, vol. 10, no. 4, pp. 326-333, 2006. DOI:
10.1016/}.ijid.2005.06.013

Bamrasnaradura Infection Diseases Institute. Department
of Diseases Control, Ministry of Public Health Thailand,
“Hospital Infection Diagnosis practice Guide,” The
Agricultural Co-operative Federation of Thailand, 2013.

Bamrasnaradura Infection Diseases Institute. Department
of Diseases Control, Ministry of Public Health Thailand,
“Hospital Infection Diagnosis Guide”, Web site.
http://www.phukieo.net/hospital/wp-content/uploads
/2020/01/B.pdf. (accessed July 25, 2020).

Lwanga SK, Lemeshow S, “Sample size determination in
health studies: a practical manual,” World Health

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

Organization, 1991.

Schlesselman JJ, “Case-control studies design, conduct
analysis,” Oxford University Press, 1982.

Taye ZW, Abebil YA, Akalu TY, Tessema GM, Taye EB,
“Incidence and determinants of nosocomial infection
among hospital admitted adult chronic disease patients in
University of Gondar Comprehensive Specialized Hospital,
North-West Ethiopia, 2016-2020,” Front Public Health, vol.
11, pp. 1087407, 2023. DOI: 10.3389/fpubh.2023.1087407

Hall AJ, Clement ND, Group IM-G, et al,
“IMPACT-Global Hip Fracture Audit: Nosocomial
infection, risk prediction and prognostication, minimum
reporting standards and global collaborative audit: Lessons
from an international multicentre study of 7,090 patients
conducted in 14 nations during the COVID-19 pandemic,”
Surgeon, vol. 20, no. 6, pp. e429-e46, 2022. DOI:
10.1016/j.surge.2022.02.009

Stewart S, Robertson C, Pan J, et al, “Impact of
healthcare-associated infection on length of stay,” J Hosp
Infect, vol. 114, no. 8, pp. 23-31, 2021. DOI:
10.1016/j.jhin.2021.02.026

Stewart S, Robertson C, Kennedy S, et al, “Personalized
infection prevention and control: identifying patients at
risk of healthcare-associated infection,” J Hosp Infect, vol.
114, no. 8, pp. 32-42, 2021. DOI: 10.1016/j.jhin.2021.03.0
32

Pouwels KB, Vansteelandt S, Batra R, Edgeworth J,
Wordsworth S, Robotham JV, Improving the uptake and
sustainability of effective interventions to promote prudent
antibiotic use and primary care (STEP-UP) team,
“Estimating the effect of healthcare-associated infections
on excess length of hospital stay using inverse
probability-weighted survival curves,” Clin Infect Dis, vol.
71, no. 9, pp. e415-e420, 2020. DOI: 10.1093/cid/ciaal36

Cai Y, Lo JJ, Venkatachalam I, et al, “The impact of
healthcare associated infections on mortality and length of
stay in Singapore-A time-varying analysis,” Infect Control
Hosp Epidemiol, vol. 41, no. 11, pp. 1315-1320, 2020.
DOI: 10.1017/ice.2020.304

Guo HL, Zhao GJ, Ling XW, Xu JJ, Lu CJ, Liu ZJ, “Using
competing risk and multistate model to estimate the impact
of nosocomial infection on length of stay and mortality in
burn patients in Southeast China,” BMJ Open, vol. 8, no. 11,
pp. 020527, 2019. DOI: 10.1136/bmjopen-2017-020527

Wang L, Zhou KH, Chen W, Yu Y, Feng SF,
“Epidemiology and risk factors for nosocomial infection in
the respiratory intensive care unit of a teaching hospital in
China: A prospective surveillance during 2013 and 2015,”
BMC Infect Dis, vol. 19, no. 1, pp. 145, 2019. DOI:
10.1186/s12879-019-3772-2

Jia H, Li L, Li W, et al, “Impact of Healthcare-Associated
Infections on Length of Stay: A Study in 68 Hospitals in
China,” Biomed Res Int, vol. 2019, pp. 259056, 2019. DOI:
10.1155/2019/2590563

Numklun B, Kongsin S, Jiamton S, Pratchayapruit W,
“Prevalence and factors associated with bacterial infection
in hospitalized patients with pemphigus vulgaris at the
Institute of Dermatology from 2011-2015,” J Dept Med
Ser, vol. 43, no. 2, pp. 51-55, 2018.

Wolkewitz M, Zortel M, Palomar-Martinez M,



[28]

[29]

[30]

[31]

[32]

Universal Journal of Public Health 11(6): 792-799, 2023

Alvarez-Lerma F, Olaechea-Astigarraga P, Schumacher M,
“Landmark prediction of nosocomial infection risk to
disentangle short- and long-stay patients,” J Hosp Infect,
vol. 96, no. 1, pp. 81-84, 2017. DOI: 10.1016/j.jhin.2017.0
1.017

Wang J, Gao P, Guo S, et al, “Analysis of death risk factors
for nosocomial infection patients in an ICU: a retrospective
review of 864 patients from 2009 to 2015,” Zhonghua Wei
Zhong Bing Ji Jiu Yi Xue, vol. 28, no. 8, pp. 704-708, 2016.
DOI: 10.3760/cma.j.issn.2095-4352.2016.08.007

Garcia H, Torres-Gutierrez J, Peregrino-Bejarano L,
Cruz-Castaneda MA, “Risk factors for nosocomial
infection in a level III Neonatal Intensive Care Unit,” Gac
Med Mex, vol. 151, no. 6, pp. 711-719, 2015.

Abdel-Wahab F, Ghoneim M, Khashaba M, El-Gilany AH,
Abdel-Hady D, “Nosocomial infection surveillance in an

Egyptian neonatal intensive care unit,” J Hosp Infect, vol. 8,
no. 3, pp. 196-199, 2013. DOI: 10.1016/j.jhin.2012.10.017

Kubler A, Duszynska W, Rosenthal VD, et al,
“Device-associated infection rates and extra length of stay
in an intensive care unit of a university hospital in Wroclaw,
Poland: International Nosocomial Infection Control
Consortium's (INICC) findings,” J Crit Care, vol. 27, no. 1,
pp. 105.e5-10, 2012. DOI: 10.1016/j.jcrc.2011.05.018

Saez-Castillo AJ, Olmo-Jimenez MJ, Perez Sanchez JM,
Negrin Hernandez MA, Arcos-Navarro A, Diaz-Oller J,
“Bayesian analysis of nosocomial infection risk and length
of stay in a department of general and digestive surgery,”
Value Health, vol. 13, no. 4, pp. 431-439, 2010. DOI:

[33]

[34]

[35]

[36]

[37]

[38]

799

10.1111/j.1524-4733.2009.00680.x

Fakih MG, Heavens M, Ratcliffe CJ, Hendrich A, “First
step to reducing infection risk as a system: evaluation of
infection prevention processes for 71 hospitals,” Am J
Infect Control, vol. 41, no. 11, pp. 950-954, 2013. DOI:
10.1016/j.ajic.2013.04.019

Apisarnthanarak A, Ratz D, Greene MT,
Khawcharoenporn T, Weber DJ, Saint S, “National survey
of practices to prevent health care-associated infections in
Thailand: The role of prevention bundles,” Am J Infect
Control, vol. 45, no. 7, pp. 805-810, 2017. DOI:
10.1016/j.ajic.2017.01.014

Hsu V, “Prevention of health care-associated infections,”
Am Fam Physician, vol. 90, no. 6, pp. 377-382, 2014.

Sakamoto F, Asano K, Sakihama T, et al, “Changes in
health care-associated infection prevention practices in
Japan: Results from 2 national surveys,” Am J Infect
Control, vol. 47, no. 1, pp. 65-68, 2019. DOI:
10.1016/j.ajic.2018.06.015

Boev C, Kiss E, “Hospital-Acquired Infections: Current
Trends and Prevention,” Crit Care Nurs Clin North Am,
vol. 29, no. 1, pp. 51-65, 2017. DOI: 10.1016/j.cnc.2016.0
9.012

Apisarnthanarak A, Greene MT, Kennedy EH,
Khawcharoenporn T, Krein S, Saint S, “National survey of
practices to prevent healthcare-associated infections in
Thailand: the role of safety culture and collaboratives,”
Infect Control Hosp Epidemiol, vol. 33, no. 7, pp. 711-717,
2012. DOI: 10.1086/666330





