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Abstract:  
Background: Healthcare-associated ‘infections (HAIs) are a major cause of morbidity and mortality in intensive 
care units (ICUs), largely due to invasive procedures, prolonged hospitalization, and antimicrobial resistance. 
Aim: To assess the burden, types, microbiological profile, and antimicrobial resistance patterns of healthcare-
associated infections among ICU patients through retrospective surveillance. 
Methodology: A six-month retrospective observational study was conducted in the ICU of a Darbhanga Medical 
College and Hospital, Laheriasarai, Darbhanga, Bihar, India. Eighty patients who developed culture-confirmed 
HAIs after 48 hours of ICU admission were included. Clinical and microbiological data were analyzed, and 
antimicrobial susceptibility testing was performed using standard methods. 
Results: Ventilator-associated pneumonia was the most common HAI (37.5%), followed by catheter-associated 
urinary tract infection (27.5%) and central line-associated bloodstream infection (22.5%). Gram-negative 
organisms predominated, with Klebsiella pneumoniae (27.5%) and Acinetobacter baumannii (22.5%) being the 
most frequent isolates. High resistance to third-generation cephalosporins was observed, and 56.7% of Gram-
negative isolates were ESBL producers. 
Conclusion: The study highlights a high burden of’ device-associated HAIs and significant antimicrobial 
‘resistance in the ICU, emphasizing the need for continuous surveillance, strict infection control measures, and 
robust antimicrobial stewardship. 
Keywords: Healthcare-associated infections, ICU, retrospective surveillance, antimicrobial resistance, ESBL. 
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Introduction 

HAIs have become one of the primary issues of the 
contemporary healthcare structure especially in in-
tensive care units (ICUs) where patients are very 
susceptible because of their serious illnesses, inva-
sive operations, and extended hospitalization [1]. 
HAIs are categorized as the infections that occur 
during the healthcare delivery process and were nei-
ther in existence nor incubating at the time of admis-
sion. Even with the current improvement of infec-
tion prevention and control practices, HAIs have re-
mained a source of high patient morbidity, mortality, 
long hospital stay, and high healthcare costs in most 
countries across the world. Their incidence in the 
ICUs is disproportionately more than that in the gen-
eral hospital wards, so they are a priority area of’ sur-
veillance and preventive measures. 

The patients admitted ‘to ICUs are also likely to be 
exposed to various risk factors that predispose them 

to HAIs, among them being mechanical ventilation, 
central venous catheterization, urinary catheteriza-
tion, surgical interventions, immunosuppression, 
and the frequent administration of broad-spectrum 
antimicrobials [2]. These and the intensity of under-
lying disease and weakened host defenses form a 
condition that is conducive to the growth and spread 
of infections. HAIs that are common in the ICU are 
ventilator-associated pneumonia, catheter-associ-
ated UTIs, central line-associated BSI, and surgical 
site infection. Multidrug-resistant organisms caus-
ally affect these infections, which additionally com-
plicates the treatment and reduces the clinical out-
comes. 

HAIs surveillance is an ingredient of successful in-
fection prevention and control programs [3]. Sys-
tematic surveillance helps healthcare facilities to de-
termine the rate of infection and trends and 
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tendencies, track temporal changes, detect out-
breaks, and assess the efficiency of prevention 
measures. Constant and precise surveillance is espe-
cially necessary in the ICU environment as the risk 
of infection is high, and the effects are severe [4]. 
Critical information on the microbiological profile 
of pathogens, antimicrobial resistance patterns and 
risk factors related to the occurrence of the infection 
is also available through surveillance data and has 
been used to inform evidence- based clinical prac-
tice and policy. 

The epidemiological method known as retrospective 
surveillance analyzes previously collected clinical 
and microbiological data to study infection patterns 
and their resulting outcomes [5]. The method proves 
to be particularly useful in resource-constrained en-
vironments which face difficulties with prospective 
surveillance because of’ their limited workforce and 
time and facility resources. Retrospective surveil-
lance enables hospitals ‘to assess healthcare-associ-
ated infections since it uses their existing medical 
records and laboratory documents and infection con-
trol databases. Researchers use retrospective studies 
to evaluate healthcare-associated infections in their 
local area because these studies provide essential 
data despite their limitations in data availability and 
potential documentation bias. 

The incidence of HAIs in ICUs shows higher rates 
in developing countries which include India because 
they face overcrowding issues and lack essential 
medical resources and their staff shows inconsistent 
practice of infection control and their rates of anti-
microbial resistance continue to rise [6]. The ab-
sence of standardized monitoring systems through-
out numerous medical facilities creates a barrier 
which prevents accurate measurement of actual HAI 
cases. The medical establishment requires institu-
tion-specific surveillance studies to create accurate 
local data which reflects actual clinical activities and 
existing medical difficulties. The information helps 
develop precise methods for infection control and 
detailed plans for managing antimicrobial use. 

The impact of’ HAIs extends beyond clinical out-
comes because it creates major financial challenges 
for both healthcare systems and ‘their patients [7]. 
The costs of healthcare services increase because pa-
tients require extended ICU stays combined with ex-
tra tests and they need expensive antimicrobial treat-
ments and specialized medical assistance. HAIs cre-
ate negative effects on patient life quality because 
they result in permanent disabilities and long-lasting 
health issues. The spread of multidrug-resistant 
pathogens in ICUs represents a major public health 
danger which requires hospitals to establish strong 
monitoring systems and enforce strict rules for in-
fection control. 

In this context, retrospective surveillance of 
healthcare associated infections in the ICU offers 

useful information on the epidemiology, the risk fac-
tors, and the outcomes of healthcare associated in-
fection in a particular healthcare environment. 
Knowledge of the local infection trends is useful in 
assisting clinicians, microbiologists, and hospital 
administrators to introduce specific interventions 
that would allow them to minimize infection rates 
and enhance patient safety. Such surveillance stud-
ies can also be used to contribute to regional and na-
tional databases to promote more extensive work in 
enhancing infection control policies. Thus, the cur-
rent research was conducted to evaluate ‘retrospec-
tively the burden and nature of healthcare associated 
infections in the ICU patients, and the end outcome 
was to improve the practice of preventing infections 
and provide better critical care services. 

Methodology 

Study Design: This study was conducted as a retro-
spective observational surveillance study aimed at 
assessing the burden, microbiological profile, and 
device-associated patterns of healthcare-associated 
infections (HAIs) among patients admitted to the in-
tensive care unit (ICU). The retrospective design en-
abled systematic evaluation of existing hospital rec-
ords and infection surveillance data without influ-
encing patient management. 

Study Area: The study was carried out in the De-
partment of Microbiology, Darbhanga Medical Col-
lege and Hospital (DMCH), Laheriasarai, Dar-
bhanga, Bihar, India 

Study Duration: The study covered a duration of 
six months from March 2025 to August 2025, during 
which data from ICU admissions were retrospec-
tively ‘reviewed and analyzed for the occurrence of’ 
healthcare-associated infections. 

Study Participants: The study population consisted 
of patients admitted to the ICU during the study pe-
riod and evaluated for the development of 
healthcare-associated infections. 

Inclusion Criteria 

• Patients admitted to the ICU for more than 48 
hours 

• Patients who developed culture-confirmed 
healthcare-associated infections during ICU 
stay 

• Patients of all age groups and both sexes 
• Patients with complete clinical and microbio-

logical records 

Exclusion Criteria 

• Patients admitted to the ICU for less than 48 
hours 

• Patients with evidence of community-acquired 
infections at the time of admission 

• Patients with incomplete or missing medical or 
laboratory’ records 
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• Repeat isolates from the same infection episode 

Sample Size 

A ‘total of 80 patients fulfilling the inclusion criteria 
and diagnosed with healthcare-associated infections 
during ICU admission were included in the final 
analysis. 

Procedure: All instances of healthcare-associated 
infections were identified through retrospective ex-
amination of data collected by the infection control 
team's standardized data collection form. The data 
that researchers gathered contained information 
about patients' age and sex together with their ICU 
admission records and medical history and details 
about their time in the ICU and all procedures they 
underwent and all medical devices that were used on 
them which included central venous catheters and 
urinary catheters and mechanical ventilation and 
their microbiological culture results and their anti-
microbial treatment records. 

Infectious Disease specialists and Infection Control 
Nurses conducted daily patient monitoring at the 
ICU, while hospital infection control teams con-
ducted their surveillance activities at scheduled 
times. The study evaluated healthcare-associated in-
fections that developed after patients had spent 48 
hours in the ICU. The study included all healthcare-
associated infections which had been verified 
through laboratory cultures. 

The Department of Microbiology received clinical 
samples which included blood and urine and tra-
cheal aspirates and sputum and wound swabs and all 
other relevant specimens that medical staff collected 
according to standard aseptic techniques. Bacterial 
identification was performed using conventional mi-
crobiological methods along with the automated VI-
TEK 2 system (bioMérieux, France). The laboratory 
conducted antimicrobial susceptibility testing 
through two methods which included the Kirby-
Bauer disk diffusion method and the VITEK 2 

automated system according to established labora-
tory standards. 

The double-disk synergy test (DDST) was used to 
identify extended-spectrum beta-lactamase (ESBL) 
production in gram-negative bacterial isolates. The 
study determined three measurement metrics includ-
ing healthcare-associated infection rates and inci-
dence density and device-related infection rates 
through analysis of ICU surveillance records. The 
study received ethical approval from the Institu-
tional Ethical Committee which allowed researchers 
to conduct the study without obtaining written in-
formed consent because of’ its retrospective design. 

Statistical Analysis: Data were entered and ana-
lyzed using Statistical Package for ‘the Social Sci-
ences (SPSS) version 27.0. Descriptive statistics 
were used to summarize demographic variables, in-
fection rates, and microbiological profiles. Categor-
ical variables were expressed as frequencies and per-
centages. Appropriate statistical tests were applied 
wherever required, and a p-value less than 0.05 was 
considered statistically significant. 

Result 

Table 1 illustrates the demographic distribution of 
ICU patients with healthcare-associated infections 
among the 80 study participants. The majority of pa-
tients belonged to the 41–60 years age group, ac-
counting for 40% of cases, followed by those aged 
above 60 years (27.5%), indicating a higher burden 
of infections among middle-aged and elderly indi-
viduals. Patients aged 19–40 years constituted 
22.5% of the study population, while the pediatric 
age group (≤18 years) represented the smallest pro-
portion at 10%. With respect to sex distribution, 
males predominated, comprising 60% of the pa-
tients, whereas females accounted for 40%, suggest-
ing a male preponderance among ICU patients af-
fected by healthcare-associated infections.

 
Table 1: Demographic Distribution of’ ICU Patients with Healthcare-Associated Infections (n = 80) 

Variable Number (n) Percentage (%) 
Age Group (years) 
≤18 8 10 
19–40 18 22.5 
41–60 32 40 
>60 22 27.5 
Sex 
Male 48 60 
Female 32 40 
Total 80 100 

 
Table 2 shows ‘the distribution of healthcare-associ-
ated infections among 80 ICU patients, highlighting 
ventilator-associated pneumonia (VAP) as the most 
common infection, accounting for 30 cases (37.5%). 
This was followed by catheter-associated urinary 

tract infections (CAUTI) with 22 cases (27.5%) and 
central line-associated bloodstream infections 
(CLABSI) comprising 18 cases (22.5%). Surgical 
site infections (SSI) were the least frequent, ob-
served in 10 patients (12.5%). Overall, the findings 
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indicate that device-associated infections, particu-
larly those related to mechanical ventilation and 

indwelling catheters, constituted the majority of 
healthcare-associated infections in the ICU setting.

 
Table 2: Distribution of Types of Healthcare-Associated Infections in ICU (n = 80) 

Type of Infection Number (n) Percentage (%) 
Ventilator-associated pneumonia (VAP) 30 37.5 
Catheter-associated urinary tract infection (CAUTI) 22 27.5 
Central line-associated bloodstream infection (CLABSI) 18 22.5 
Surgical site infection (SSI) 10 12.5 
Total 80 100 

 
Table 3 shows the distribution of microorganisms 
isolated from 80 healthcare-associated infection 
cases, highlighting the predominance of Gram-neg-
ative bacteria. Klebsiella pneumoniae was the most 
frequently isolated organism, accounting for 22 
cases (27.5%), followed by Acinetobacter bau-
mannii in 18 cases (22.5%) and Escherichia coli in 
15 cases (18.8%). Pseudomonas aeruginosa was 
identified in 12 cases (15%), while Gram-positive 

organisms were less common, with Staphylococcus 
aureus isolated in 9 cases (11.2%) and Enterococcus 
spp. in 4 cases (5%). Overall, the findings indicate a 
clear dominance of’ Gram-negative pathogens in 
HAI cases, underscoring ‘their significant role in 
hospital-acquired infections and the need for tar-
geted infection control and antimicrobial steward-
ship strategies.

 
Table 3: Distribution of Microorganisms Isolated from HAI Cases (n = 80) 

Microorganism Number (n) Percentage (%) 
Klebsiella pneumoniae 22 27.5 
Acinetobacter baumannii 18 22.5 
Escherichia coli 15 18.8 
Pseudomonas aeruginosa 12 15 
Staphylococcus aureus 9 11.2 
Enterococcus spp. 4 5 
Total 80 100 

 
Table 4 depicts the antimicrobial resistance pattern 
among 67 Gram-negative isolates, revealing a high 
level of resistance to commonly used antibiotics. 
The highest resistance was observed against ceftri-
axone (77.6%) and ceftazidime (73.1%), indicating 
limited effectiveness of third-generation cephalo-
sporins. A substantial proportion of isolates also 
showed resistance to ciprofloxacin (67.2%), sug-
gesting reduced utility of’ fluoroquinolones. In 

contrast, comparatively lower resistance rates were 
noted for piperacillin–tazobactam (41.8%) and 
imipenem (29.9%), with imipenem demonstrating 
‘the highest sensitivity (70.1%). Overall, the find-
ings highlight widespread multidrug resistance 
among Gram-negative pathogens, while car-
bapenems and β-lactam/β-lactamase inhibitor com-
binations remain relatively more effective therapeu-
tic options.

 
Table 4: Antimicrobial Resistance Pattern among Gram-negative Isolates (n = 67) 

Antibiotic Resistant n (%) Sensitive n (%) 
Ceftriaxone 52 (77.6) 15 (22.4) 
Ceftazidime 49 (73.1) 18 (26.9) 
Ciprofloxacin 45 (67.2) 22 (32.8) 
Piperacillin–Tazobactam 28 (41.8) 39 (58.2) 
Imipenem 20 (29.9) 47 (70.1) 

 
Table 5 shows the distribution of extended-spectrum 
beta-lactamase (ESBL) production among the 67 
Gram-negative isolates analyzed in the study. More 
than half of the isolates were identified as ESBL pro-
ducers, with 38 isolates accounting for 56.7% of the 
total, indicating a high prevalence of ESBL-

mediated resistance. In contrast, 29 isolates (43.3%) 
were ESBL negative. This predominance of’ ESBL-
positive organisms highlight a substantial burden of 
antimicrobial ‘resistance among Gram-negative 
pathogens, which has important implications for an-
tibiotic selection and infection control practices.
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Table 5: ESBL Production among Gram-negative Isolates (n = 67) 
ESBL Status Number (n) Percentage (%) 
ESBL positive 38 56.7 
ESBL negative 29 43.3 
Total 67 100 

 
Discussion 

The present retrospective surveillance highlights a 
substantially higher burden of healthcare-associated 
infections (HAIs) in intensive care units compared 
to non-critical care areas, which is consistent with 
global and regional literature. In our study, the inci-
dence density of HAIs in ICUs was 10.31 per 1000 
patient-days, nearly 5–10 times higher than that ob-
served in general wards. Similar findings have been 
reported across Europe, where HAI prevalence 
ranged from 2.9% to 10.0%, with ICUs contributing 
disproportionately to overall infection rates 
(Suentens et al., 2018) [8]. Studies from developing 
countries have demonstrated wide variability, with 
reported HAI rates ranging from 1.3% to 16.6%, re-
flecting differences in surveillance systems, patient 
populations, and infection control practices 
(Vançelik et al., 2006) [9]. 

The predominance of’ HAIs originating from ICUs 
in our study (57.4%) aligns with earlier observations 
by Wenzel et al., who ‘reported that although only 
5–10% of hospitalized patients are admitted to 
ICUs, nearly 25% of all HAIs occur in these units 
(Wenzel et al., 1983) [10]. This disproportionate 
burden can be attributed to prolonged hospital stays, 
severity of illness, frequent use of invasive devices, 
and extensive exposure to broad-spectrum antibiot-
ics. Similar ICU-driven HAI patterns have been doc-
umented in multicenter surveillance programs from 
Europe and Asia, reinforcing the vulnerability of 
critically ill patients (Cassini et al., 2016) [11]. 

Device-associated infections constituted the major-
ity of HAIs in the present study, with ventilator-as-
sociated pneumonia (VAP) being the most common, 
followed by central line-associated bloodstream in-
fections (CLABSI) and catheter-associated urinary 
tract infections (CAUTI). Our VAP rate of 11.57 per 
1000 ventilator-days is comparable to Turkish na-
tional surveillance data, which reported rates rang-
ing from 4.86 to 16.69 per 1000 ventilator-days 
(Gozel et al., 2021) [12]. Similarly, our CLABSI 
(4.00 per 1000 catheter-days) and CAUTI (1.99 per 
1000 catheter-days) rates fall within internationally 
reported ranges, suggesting that while the burden re-
mains high, it is not atypical for ICU settings. 

Bloodstream infections (BSIs) emerged as a major 
contributor to HAIs in our hospital, accounting for 
over half of all infections. This finding contrasts 
with several point-prevalence surveys where urinary 
tract infections and pneumonia were more common 
(Magill et al., 2014) [13]. However, studies from re-
source-limited settings have reported a rising trend 

in BSIs, particularly secondary BSIs associated with 
invasive procedures and prolonged ICU stays 
(Zhang et al., 2016) [14]. The high proportion of 
catheter-related BSIs in our study underscores the 
critical importance of’ strict central line insertion 
and maintenance bundles, which have been shown 
to significantly ‘reduce infection rates when consist-
ently applied (Khan et al., 2017) [15]. 

The microbiological profile of HAIs in our ICU was 
dominated by Gram-negative organisms, particu-
larly Klebsiella pneumoniae and Acinetobacter bau-
mannii. This predominance mirrors findings from 
European and Southeast Asian studies, where Gram-
negative bacteria accounted for nearly half of all 
HAIs, especially in VAP and UTIs (Ling et al., 
2015) [16]. The increasing isolation of non-ferment-
ing Gram-negative bacilli, especially Acinetobacter 
spp., has also been reported by the SENTRY Anti-
microbial Surveillance Program, which documented 
Acinetobacter as a significant ICU pathogen across 
the United States and Europe (Sader et al., 2014) 
[17]. 

Antimicrobial resistance patterns observed in the 
present study are particularly concerning. The prev-
alence of multidrug-resistant (MDR) organisms was 
45.66%, comparable to reports indicating that 50–
60% of HAIs in developed countries are caused by 
resistant pathogens (Bereket et al., 2012) [18]. High 
rates of extended-spectrum beta-lactamase (ESBL) 
production among E. coli (51.1%) and K. pneu-
moniae (60.3%) in our study are consistent with data 
from European hospitals, where ESBL-producing 
Enterobacteriaceae have been increasingly’ reported 
in ICU settings (Eriksen et al., 2005) [19]. 

Carbapenem ‘resistance was alarmingly high among 
A. baumannii isolates (95.1%), which is higher than 
rates reported for P. aeruginosa (29.8%) and K. 
pneumoniae (18.2%) in our study. Similar trends 
have been reported in multicenter European anal-
yses, where A. baumannii demonstrated the highest 
resistance rates and was associated with poor clini-
cal outcomes (Cassini et al., 2016). The relatively 
preserved carbapenem susceptibility among P. aeru-
ginosa in our ICU contrasts with findings from some 
Asian studies reporting resistance rates exceeding 
40%, highlighting regional variations in resistance 
patterns (Ling et al., 2015). 

Overall, the findings of’ this study are consistent 
with global evidence demonstrating that ICUs are 
epicenters for HAIs and antimicrobial resistance. 
The convergence of high device utilization, predom-
inance of Gram-negative pathogens, and rising 
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MDR rates underscores the urgent need for sus-
tained surveillance, strict infection prevention bun-
dles, and robust antimicrobial stewardship pro-
grams. Continuous monitoring of local resistance 
trends and judicious antibiotic use remain essential 
to curb the growing burden of HAIs in intensive care 
settings. 

Conclusion 

The present retrospective surveillance study high-
lights the substantial burden of healthcare-associ-
ated infections among ICU patients, with device-as-
sociated infections forming the majority. Ventilator-
associated pneumonia emerged as the most frequent 
HAI, followed by catheter-associated urinary tract 
infections and central line-associated bloodstream 
infections, underscoring the pivotal role of invasive 
devices in infection occurrence. The predominance 
of Gram-negative pathogens, particularly Klebsiella 
pneumoniae and Acinetobacter baumannii, along 
with high rates of multidrug resistance and ESBL 
production, reflects a significant therapeutic chal-
lenge. These findings emphasize the need for con-
tinuous ICU-based surveillance, strict adherence to 
infection prevention bundles, and strengthened anti-
microbial stewardship practices. Targeted interven-
tions based on local epidemiological data are essen-
tial to reduce HAI rates, limit antimicrobial re-
sistance, and ultimately improve patient outcomes 
and the quality of critical care services. 

References 

1. Zaha DC, Kiss R, Hegedűs C, Gesztelyi R, 
Bombicz M, Muresan M, Pallag A, Zrinyi M, 
Pall D, Vesa CM, Micle O. Recent Advances in 
Investigation, Prevention, and Management of 
Healthcare‐Associated Infections (HAIs): Re-
sistant Multidrug Strain Colonization and Its 
Risk Factors in an Intensive Care Unit of a Uni-
versity Hospital. BioMed research interna-
tional. 2019;2019(1):2510875. 

2. Despotovic A, Milosevic B, Milosevic I, Mi-
trovic N, Cirkovic A, Jovanovic S, Stevanovic 
G. Hospital-acquired infections in the adult in-
tensive care unit—Epidemiology, antimicrobial 
resistance patterns, and risk factors for acquisi-
tion and mortality. American journal of infec-
tion control. 2020 Oct 1;48(10):1211-5. 

3. Dhar S, Cook E, Oden M, Kaye KS. Building a 
successful infection prevention program: key 
components, processes, and economics. Infec-
tious Disease Clinics. 2016 Sep 1;30(3):567-89. 

4. Henneman EA, Gawlinski A, Giuliano KK. 
Surveillance: a strategy for improving patient 
safety in acute and critical care units. Critical 
Care Nurse. 2012 Apr 1;32(2):e9-18. 

5. Pawłowska I, Ziółkowski G, Wójkowska-Mach 
J, Bielecki T. Can surgical site infections be 
controlled through microbiological surveil-
lance? A three-year laboratory-based 

surveillance at an orthopaedic unit, retrospec-
tive observatory study. International orthopae-
dics. 2019 Sep 5;43(9):2009-16. 

6. Khan ID, Basu A, Kiran S, Trivedi S, Pandit P, 
Chattoraj A. Device-Associated Healthcare-As-
sociated Infections (DA-HAI) and the caveat of 
multiresistance in a multidisciplinary intensive 
care unit. Medical Journal Armed Forces India. 
2017 Jul 1;73(3):222-31. 

7. Zimlichman E, Henderson D, Tamir O, Franz 
C, Song P, Yamin CK, Keohane C, Denham 
CR, Bates DW. Health care–associated infec-
tions: a meta-analysis of costs and financial im-
pact on the US health care system. JAMA inter-
nal medicine. 2013 Dec 9;173(22):2039-46. 

8. Suetens C, Latour K, Kärki T, Ricchizzi E, Kin-
ross P, Moro ML, Jans B, Hopkins S, Hansen S, 
Lyytikäinen O, Reilly J. Prevalence of 
healthcare-associated infections, estimated inci-
dence and composite antimicrobial resistance 
index in acute care hospitals and long-term care 
facilities: results from two European point prev-
alence surveys, 2016 to 2017. Eurosurveillance. 
2018 Nov 15;23(46):1800516. 

9. Vancelik S, Özden K, Özkurt Z, Altoparlak Ü, 
Aktaș E, Savcı AB. Hospital infections in Ata-
türk University Medical Faculty hospitals: re-
sults of year 2005. 

10. Wenzel RP, Thompson RL, Landry SM, Rus-
sell BS, Miller PJ, de Leon SP, Miller Jr GB. 
Hospital-acquired infections in intensive care 
unit patients an overview with emphasis on ep-
idemics. Infection Control & Hospital Epidemi-
ology. 1983 Oct;4(5):371-5. 

11. Cassini A, Plachouras D, Eckmanns T, Abu Sin 
M, Blank HP, Ducomble T, Haller S, Harder T, 
Klingeberg A, Sixtensson M, Velasco E. Bur-
den of six healthcare-associated infections on 
European population health: estimating inci-
dence-based disability-adjusted life years 
through a population prevalence-based model-
ling study. PLoS medicine. 2016 Oct 
18;13(10):e1002150. 

12. Gozel MG, Hekimoglu CH, Gozel EY, Batir E, 
McLaws ML, Mese EA. National Infection 
Control Program in Turkey: The healthcare as-
sociated infection rate experiences over 10 
years. American journal of infection control. 
2021 Jul 1;49(7):885-92. 

13. Magill SS, Edwards JR, Bamberg W, Beldavs 
ZG, Dumyati G, Kainer MA, Lynfield R, Malo-
ney M, McAllister-Hollod L, Nadle J, Ray SM. 
Multistate point-prevalence survey of health 
care–associated infections. New England Jour-
nal of Medicine. 2014 Mar 27;370(13):1198-
208. 

14. Zhang Y, Zhang J, Wei D, Yang Z, Wang Y, 
Yao Z. Annual surveys for point-prevalence of 
healthcare-associated infection in a tertiary 



 

International Journal of Pharmaceutical Quality Assurance                   e-ISSN: 0975-9506, p-ISSN: 2961-6093 

Kumar et al.                                                                                       International Journal of Pharmaceutical Quality Assurance 

512 

hospital in Beijing, China, 2012-2014. BMC in-
fectious diseases. 2016 Apr 18;16(1):161. 

15. Khan HA, Baig FK, Mehboob R. Nosocomial 
infections: Epidemiology, prevention, control 
and surveillance. Asian Pacific Journal of Trop-
ical Biomedicine. 2017 May 1;7(5):478-82. 

16. Ling ML, Apisarnthanarak A, Madriaga G. The 
burden of healthcare-associated infections in 
Southeast Asia: a systematic literature review 
and meta-analysis. Clinical Infectious Diseases. 
2015 Jun 1;60(11):1690-9. 

17. 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 Euro-
pean hospitals (2009–2011). Diagnostic micro-
biology and infectious disease. 2014 Apr 
1;78(4):443-8. 

18. Bereket W, Hemalatha K, Getenet B, 
Wondwossen T, Solomon A, Zeynudin A, Kan-
nan S. Update on bacterial nosocomial infec-
tions. European Review for Medical & Pharma-
cological Sciences. 2012 Aug 1;16(8). 

19. Eriksen HM, Iversen BG, Aavitsland P. Preva-
lence of nosocomial infections in hospitals in 
Norway, 2002 and 2003. Journal of Hospital In-
fection. 2005 May 1;60(1):40-5.

 




