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Introduction
Healthcare-associated infection (HAI) remains an important 
global public health problem impacting patient morbidity and 
mortality as well as driving healthcare costs. Patients in inten-
sive care units (ICUs), particularly in low and middle-income 
countries, are among the most at risk for HAIs. Studies esti-
mate that 9.1% to 19.2% of ICU patients in high-income 
countries, and approximately 30% of the ICU patients in low 
and middle-income countries are affected by at least 1 episode 
of HAI.1-3 A significant proportion of these infections are 
device-associated infections (DAIs).4 Furthermore, infections 
acquired in ICUs are frequently associated with drug-resistant 
organisms which further increase patient mortality, length of 
hospitalization, and costs.5,6

Evidence suggests that 35% to 55% of HAIs could be pre-
vented regardless of the economic status of the country.7 
However, in Nepal, infection control and prevention efforts are 
often inadequate and surveillance data on HAIs as well as anti-
microbial resistance are limited.8,9 Furthermore, only a few 

studies have described HAIs in Nepal using standardized defi-
nitions thus making comparison with the international and 
regional burden of the disease difficult. Available studies reveal 
a significant HAI burden in Nepal. In one such study, investi-
gators conducted prospective surveillance of DAIs in a com-
bined medical-surgical ICU of a teaching hospital in Nepal for 
15 months and found 21.40 Ventilator-Associated Pneumonia 
(VAP), 8.64 Central Line-Associated Bloodstream Infections 
(CLABSI), and 5.11 Catheter-Associated Urinary Tract 
Infections (CAUTI) per 1000 device-days, respectively.10 
These rates are higher than those at the medical/surgical ICUs 
of 45 low and middle-income countries reported through the 
International Nosocomial Infection Control Consortium 
(INICC) (14.1 VAPs, 5.05 CLABSIs, and 5.1 CAUTIs per 
1000 device-days).11 These rates are also higher than those of 
the medical/surgical ICUs in the United States reported 
through the National Healthcare Safety Network (NHSN) 
(1.6 VAPs, 1.1 CLABSIs, and 2.7 CAUTIs, per 1000 device-
days)12,13 as well as those of the medical/surgical ICUs of 20 
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different cities in India (10.4 VAPs, 4.82 CLABSIs, and 2.07 
CAUTIs per 1000 device-days).14 Furthermore, in the same 
study from Nepal, Acinetobacter spp. was found to be the most 
common bacterial pathogen isolated and almost all the bacte-
rial isolates were multi-drug resistant.10

The objectives of this study were to examine the epidemiol-
ogy and the risk factors of HAIs in the ICUs and study their 
microbiological profile with the goal of helping to identify and 
prioritize problem areas for future action.

Materials and Methods
Study design and settings

We conducted a prospective cohort study in 2 medical and 1 
surgical ICU of Tribhuvan University Teaching Hospital, a 
700-bed tertiary acute care hospital in Kathmandu, Nepal. The 
surgical ICU and one of the medical ICUs have 5 beds each 
and the other medical ICU has 9 beds for a total collective 
capacity of 19 beds.

Participants

All patients admitted to the ICUs who were at least 18 years of 
age and admitted to the ICU for at least 2 calendar days were 
considered for inclusion starting in January 2016 until a consecu-
tive cohort of 100 patients was reached from each of the 3 ICUs.

Variables and data collection

We reviewed the medical records of the enrolled patients 
daily while they were admitted to the ICUs and for 2 calendar 
days after being transferred out of the ICUs. We diagnosed 
HAIs based on criteria adapted from the 2008 US Centers 
for Disease Control and Prevention (CDC) definitions.15 To 
diagnose Ventilator-Associated Events (VAEs), we used the 
criteria adapted from the 2015 CDC definitions.16 HAI 
diagnoses were made using available clinical, radiographic, 
and microbiological data collected from the medical records 
and independent of diagnosis by the teams providing care to 
the patient. We categorized each patient as a trauma or non-
trauma patient based on if the patient was admitted to the 
ICU after a traumatic event or due to its direct complication. 
A patient was considered immune-compromised if the patient 
had neutropenia (absolute neutrophil count <1500 cells/μL), 
was receiving steroid therapy (receiving more than an equiva-
lent dose of 10 mg/day of systemic prednisone for ⩾ 4 weeks), 
on cytotoxic therapy, a previous or current diagnosis of 
Human Immunodeficiency Virus (HIV) infection, asplenia, 
and leukemia of any type. We considered patients with a his-
tory of any surgery within the preceding 30 days of hospital 
admission as surgical admissions. Invasive devices were 
defined as a Foley urinary catheter, central venous line (except 
hemodialysis lines), and endotracheal intubation. We focused 
on 5 HAIs—pneumonia (including VAEs), Urinary Tract 
infection (UTI), Surgical Site Infection (SSI), bloodstream 

infection, and gastroenteritis, and described their microbio-
logical profile. We determined the antibiotic susceptibility of 
the bacteria isolated using the Kirby–Bauer disc diffusion 
method according to the Performance Standards for 
Antimicrobial Susceptibility Testing by the Clinical and 
Laboratory Standards Institute.17 We defined multi-drug 
resistant bacteria according to the 2012 joint initiative by the 
European Centre for Disease Prevention and Control and the 
US Centers for Disease Control and Prevention.18

Statistical analysis

We entered the data in Microsoft Excel (Office 365, Microsoft 
Corporation, Washington, United States) and analyzed in R.19 
We summarized demographic and clinical characteristics with a 
mean (± Standard Deviation [SD]) or median (Inter-Quartile 
Range [IQR]) and proportions. We calculated the incidence of 
HAIs as the number of HAI events per 1000 ICU-days. We 
calculated the Device Utilization Ratio (DUR) by dividing the 
total number of device days by the total number of hospital days 
and DAI rate as the ratio of number of DAIs for an infection 
site and the number of device-days multiplied by 1000. We per-
formed a bivariate analysis to test for association of age, sex, 
ICU admission duration, smoking, presence of comorbidities, 
immunocompromised status, use of invasive devices, use of 
Proton Pump Inhibitors (PPI), and sedation with the develop-
ment of HAIs using logistic regression analysis. We fitted a 
multiple logistic regression model with HAI as the binary out-
come variable and the variables with P < .25 in the bivariate 
analysis as the independent variables.20 We removed variables 
not contributing significantly to the model at the significance 
level of .05 and not confounding as signified by a change in the 
remaining parameter estimate by 20%. We removed the most 
insignificant independent variable and refitted a new model 
with the remaining variables. We repeated the process until the 
model contained significant covariates and confounders. In the 
model thus obtained, we examined the interactions between all 
the variables included in the model to determine those interac-
tion terms that are significant. Also, we checked for multicol-
linearity between the explanatory variables in the model and 
regarded it as present if the variance inflation factor (VIF) was 
>10. For the final model, we used a likelihood ratio test for the 
overall evaluation of the final model against the intercept-only 
model and Wald χ2 statistics to test the significance of individ-
ual coefficients in the model. We reported the coefficient and 
associated standard error, adjusted odds ratio with its 95% CI, 
and P-value for each variable included in the final model. We 
considered a P-value of ⩽.05 in the final model as significant.

Ethics approval and consent to participate

Ethical approval was obtained from the Institutional Review 
Board, Institute of Medicine, Tribhuvan University (Reference 
number 315 [6-11-E] 72/73). Written informed consent to 
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participate in the study was obtained from the patients or their 
surrogate decision-makers if they were unable to provide 
consent.

Results
Consent for participation in the study was obtained for all 300 
patients approached. The median age was 52 (IQR 31-65) years. 
There were 157 (52.3%) male patients. The median duration of 
ICU stay was 6 (IQR 4-11) days for a total of 2502 ICU-days. 
Almost half of the patients (148, 49.3%) were smokers. Of all 
ICU admissions, 74 (24.7%) were surgical. One hundred ninety-
three (64.3%) patients had at least 1 comorbid condition and 25 
(8.3%) patients were immune compromised. Most patients (257, 
85.7%) were on PPIs. There were 88 (29.3%) patients who had 
received sedation and 187 (62.3%) patients who had at least 1 
invasive device placed during their ICU admission.

Of the 300 patients, 129 patients (43%) developed 140 HAI 
events and 11 (8.5%) patients among them developed 2 HAI 
events during their ICU stay. The incidence of HAI was 55.96 
HAI events per 1000 ICU-days. Pneumonia was the most 
common type of HAI (Table 1) and endotracheal intubation 
and mechanical ventilation had the highest device utilization 
ratio (0.802) as well as the highest incidence of device-associ-
ated HAI events (63.38 Device associated HAI events per 
1000 device-days) (Table 2).

At least 1 pathogen was isolated from 61 of the 129 HAIs 
(47.3%). Of the 68 total pathogens, Gram-negative bacteria 
were the most common group of microorganisms isolated 
(n = 59, 87%), Escherichia coli was the most frequently isolated 
microorganism (n = 20, 29%), and most of the microorganisms 
(n = 50, 74%) isolated were multi-drug resistant organisms 
(Table 3).

In the bivariate analyses to determine the association of 
age, sex, ICU stay duration, smoking, presence of comorbidi-
ties, immunocompromised status, use of invasive devices, 
PPI, and sedation with the development of HAIs, ICU stay 
duration, smoking, use of PPI, invasive device, and sedation 
had a P-value lower than the pre-specified cut-off of .25 
(Table 4).

A multiple logistic regression model was constructed with 
ICU stay duration, smoking, use of PPI, invasive device, and 
sedation as the independent variables and HAI as the outcome 
variable. The model showed that ICU stay duration and PPI use 
were significant covariates for the development of HAI. Given 
the collinearity among ICU stay duration and PPI use, as indi-
cated by VIF > 10 and because ICU stay duration could be 
potentially a cause as well as an effect of HAI, we reconstructed a 
multiple logistic regression model without ICU stay duration. In 
the final model thus obtained, the use of sedation and invasive 
devices were the covariates remaining in the model which 

Table 1. Types of healthcare-associated infection events detected.

TyPE Of HEAlTHcARE-ASSOcIATED INfEcTION EvENTS NuMBER PERcENTAgE (%)

Pneumonia 57 41

 clinically defined pneumonia 22  

 Pneumonia with specific lab findings 28  

 Pneumonia in immunocompromised 7  

urinary tract infection 48 34

 catheter-associated urinary tract infection 41  

 Non-catheter associated urinary tract infection 7  

Surgical site infection 14 10

 Superficial surgical site infection 12  

 Deep surgical site infection 2  

ventilator-associated events 9 6

 Infection-related ventilator-associated complication 4  

 Possible ventilator-associated pneumonia 5  

Bloodstream infection 8 6

 lab confirmed central line-associated bloodstream infection 5  

 Primary bloodstream infection 3  

Healthcare-associated gastroenteritis 4 3

 Total HAI events 140  
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contribute significantly to the model estimates. We did not find 
significant interactions between these variables and therefore did 
not include the interaction terms in the final model. We found 
the VIF for both the explanatory variables in the model as <10 
and hence, concluded that there was no multicollinearity between 
the explanatory variables in the model. In the likelihood ratio test, 
the final model was a better fit to the data than the intercept-only 
model (χ2 = 45.55, df = 2, P < .001). We found a statistically sig-
nificant association of HAI with the use of the invasive device 
(OR, 4.29; 95% CI, 2.52-7.51) and sedation (OR, 2.24; 95% CI, 
1.31-3.87) (Table 5).

Discussion
This study estimated the burden of HAIs, identified their risk 
factors, causative organisms, and antimicrobial resistance 

patterns in 3 tertiary hospital ICUs in Kathmandu, Nepal. The 
use of standardized definitions from the US CDC has allowed 
the comparison of our results to other hospitals and settings. 
We found a high incidence of HAIs, including DAIs. Gram-
negative organisms were implicated in most of the HAIs and 
the burden of multi-drug resistant organisms was high. 
Furthermore, we identified the use of sedation and invasive 
devices as significant risk factors.

The burden of HAIs observed in this study (prevalence of 
43%) was higher than that reported from the ICUs of high-
income countries (prevalence of 9.1%-19.2%) but is compara-
ble (pooled incidence density of 55.96 per 1000 patient-days) 
to that from other low and middle-income countries (pooled 
incidence density of 47.9 per 1000 patient-days [95% CI 36.7-
59.1]).1-3 The DAI rates observed in our study (63.38 VAEs, 

Table 2. Device utilization ratio and incidence of device-associated HAI events.

DEvIcE uTIlIzED NO. Of 
PATIENTS 
uTIlIzINg 
THE DEvIcE

MEAN 
DAyS ± SD wITH 
THE INvASIvE 
DEvIcE

TOTAl 
DEvIcE-
DAyS

TOTAl 
Icu-DAyS 
wITH THAT 
DEvIcE

DEvIcE 
uTIlIzATION 
RATIO

NuMBER 
Of DEvIcE-
ASSOcIATED 
EvENTS

DEvIcE 
ASSOcIATED HAI 
EvENTS PER 1000 
DEvIcE-DAyS

foley’s catheter 178 7.62 (±5.5) 1357 1695 0.801 41 30.21

central venous line 21 10.33 (±6.8) 217 281 0.772 8 36.87

Intubation and 
mechanical 
ventilation

12 11.75 (±6.5) 142 177 0.802 9 63.38

Table 3. Microorganisms isolated according to the type of healthcare-associated infection and proportion of multi-drug resistant isolates.

ORgANISMS 
ISOlATED

HEAlTHcARE 
ASSOcIATED 
PNEuMONIA

BlOODSTREAM 
INfEcTIONS

vENTIlATOR 
ASSOcIATED 
EvENTS

SuRgIcAl 
SITE 
INfEcTIONS

uRINARy 
TRAcT 
INfEcTIONS

TOTAl 
NuMBER Of 
ISOlATES

MulTI-DRug 
RESISTANT 
ISOlATES N (%)

Escherichia coli 6 – 1 3 10 20 17 (85)

Klebsiella 
pneumoniae

12 1 3 2 1 19 18 (95)

Citrobacter 
freundii

4 1 – 2 1 8 7 (88)

Acinetobacter 
baumannii

2 2 – – 1 5 3 (60)

Pseudomonas 
aeruginosa

2 1 – 1 4 4 (100)

Enterococcus 
faecalis

1 1 – 1 1 4 0 (0)

candida species 2 – – – 2 4 –

Enterobacter 
aerogenes

– 1 – 1 – 2 0 (0)

Burkholderia 
cepacia

– 1 – – – 1 1 (100)

coagulase negative 
Staphylococcus 
aureus

0 – – 1 – 1 0 (0)
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Table 4. Bivariate analysis for the association of healthcare-associated infections with demographic and clinical characteristics.

cHARAcTERISTIcS wITH HAI wITHOuT HAI TOTAl BIvARIATE ANAlySES

N = 129 N = 171 N % ODDS RATIO (95% 
cONfIDENcE INTERvAl)

P vAluE

Age (mean ± SD) 51.25 ± 19.5 49.44 ± 20.6 50.52 ± 20.6 1 (0.99-1.01) .443

Sex

 Male 68 89 157 52.30 1.03 (0.65-1.62) .909

 female 61 82 143 47.70 1 (Reference)

Icu stay (mean ± SD) 12.64 ± 5.7 5.1 ± 2.2 8.34 ± 5.5 1.84 (1.63-2.13) <.001

Smoking 73 75 148 49.30 1.67 (1.05-2.65) .029

co-morbid conditions 85 108 193 64.30 1.13 (0.70-1.82) .624

 Hypertension 50 38 88  

 Hypoalbuminemia 31 27 58  

 Diabetes 26 20 46  

 chronic obstructive pulmonary disease 7 18 25  

 Malignancy 11 12 23  

 Trauma 9 13 22  

 chronic kidney disease 11 7 18  

 Malnourished state 5 3 8  

Immune compromised status 13 12 25 8.30 1.48 (0.65-3.37) .342

 Steroid therapy 9 7 16  

 cytotoxic therapy 7 1 8  

 Neutropenia 4 2 6  

 HIv positive status 1 2 3  

 leukemia 1 1 2  

 Asplenic status 0 1 1  

Proton pump inhibitors 118 139 257 85.70 2.47 (1.19-5.11) .012

Sedation 53 35 88 29.30 2.71 (1.63-4.52) <.001

Invasive devices used 105 82 187 62.30 4.75 (2.78-8.11) <.001

 foleys catheter 99 79 178  

 central venous line 18 3 21  

 Endotracheal intubation 10 2 12  

Table 5. Multivariable logistic regression model for the risk factors for healthcare-associated infections.

vARIABlES cOEffIcIENTS STANDARD ERROR z vAluE P-vAluE ODDS RATIO (95% cI)

Intercept −1.48 0.24 −6.13 <.001 –

Invasive device 1.45 0.27 5.25 <.001 4.29 (2.52-7.51)

Sedation 0.81 0.27 2.95 .003 2.24 (1.31-3.87)



6 Infectious Diseases: Research and Treatment 

36.87 CLABSIs, and 30.21 CAUTIs per 1000 device-days) 
were also higher than those reported from the comparable 
ICUs of the INICC (14.1 VAPs, 5.05 CLABSIs, and 5.1 
CAUTIs per 1000 device-days)11 and much higher than those 
reported from the US NHSN (1.6 VAPs, 1.1 CLABSIs, and 
2.7 CAUTIs per 1000 device-days).12,13 Several factors could 
have contributed to the higher HAI burden in our study. An 
important factor is the lack of an HAI surveillance system to 
identify and characterize the HAIs. This system would help 
identify and prioritize potential interventions as well as evalu-
ations of these interventions. Also, this would raise awareness 
of the problem among healthcare workers which will further 
add to the HAI prevention efforts. Another factor is the poor 
implementation of the infection control and prevention pro-
grams including suboptimal hand hygiene compliance in our 
ICUs. Such gaps have been identified in many resource-limited 
countries and represent important areas that require action.8,21 
In addition, the high device utilization ratios in our study 
ICUs, which assess the proportion of days in which patients 
were at risk for the DAI, have likely contributed to the high 
DAI rates observed. This calls for a focus on avoiding or mini-
mizing the use of invasive devices and reducing the duration of 
use, in addition to the use of best practices during the insertion 
and maintenance of the devices. The higher DAI rates in our 
study compared to those reported in an earlier study from 
Nepal, despite similar device utilization ratios, likely reflect the 
differences in the patient population as our study was confined 
to the medical and general surgical patients whereas the other 
study included obstetric, gynecological and orthopedic patients 
as well. The higher DAI rates in our study could also be due to 
the level of sensitization of healthcare workers to infection 
control issues, staff to patient ratios, and ICU designs high-
lighting additional measures to be considered in our ICUs.10

The most common HAI identified in this study was health-
care-associated pneumonia which occurred in 57 patients (41% 
of all HAIs). We report this non-ventilator-associated pneu-
monia separately from the ventilator-associated events. 
Healthcare-associated pneumonia has been reported as the 
most common HAI in the surveys from the US and the 
European Union and constitutes a significant proportion of the 
HAIs in the resource-limited countries as well.1-3 These infec-
tions are frequently underappreciated, but their impact on 
patient outcomes and healthcare costs is significant and accord-
ing to an estimate from the US, may even surpass those due to 
VAP.22 Though these estimates were lower than those for the 
patients with VAP, the overall number of deaths and costs 
attributed to non-ventilator-associated pneumonia were higher 
owing to its higher incidence compared to VAP. In addition, a 
recent prospective observational study at 23 medical and surgi-
cal ICUs in France showed that ICU acquired pneumonia in 
non-ventilated patients was associated with an increased risk of 
30-day mortality (Hazard Ratio, 1.82 [95% CI, 1.35-2.45]), 
which was higher than that in the patients with VAP (Hazard 

Ratio, 1.38 [95% CI 1.24-1.52]).23 These findings underscore 
the need for interventions that prioritize hospital-acquired 
pneumonia.

Less than half of the patients with HAIs (47.3%) have clini-
cal cultures which detected a specific etiologic organism. This 
is lower than those reported from Europe (52.7%)3 and the US 
(70.3%-73.8%).2,24 The underlying factors impacting the 
recovery of microorganisms from clinical samples are poorly 
explored in our and similar settings. However, the low yield in 
our study could be at least partially due to pre-analytical errors, 
particularly during specimen collection, specimen transport, or 
specimen receipt in the laboratory. Another important source 
of pre-analytical error is a prolonged interval between sample 
collection and processing and incubation in our microbiology 
lab. Our laboratory does not operate 24 hours a day or on holi-
days. This means that clinical specimens are stored in the wards 
for an extended time, often at suboptimal conditions. Such 
delays have been shown to result in a lower detection rate of 
pathogens.25 To help mitigate these effects, communication 
and collaboration with the laboratory in identifying and mini-
mizing these sources of errors are warranted.

In our study, Gram-negative bacteria were the predominant 
microorganisms isolated from the patients with HAIs (87% of 
all HAIs) and Escherichia coli was the most common microor-
ganism. Similar findings were reported in the surveys from 
Europe and the US and in the meta-analysis of the studies from 
low and middle-income countries.1,3,24 Gram-negative micro-
organisms were predominant in another study from an ICU in 
Nepal which analyzed clinical samples from presumed cases of 
HAIs.26 Perhaps, a more concerning finding in our study is that 
74% of all the isolates were multi-drug resistant organisms. In 
an ICU of a tertiary care center in Nepal, investigators found 
that almost all (95.8%) of the Gram-negative bacteria, isolated 
from the patients with suspected HAIs, and more than 80% of 
the isolates obtained from the patients with DAIs, were multi-
drug-resistant.10,26 Overall, these rates are higher than those 
reported from the analysis of the US NHSN data on CLABSIs, 
CAUTIs, VAP, and SSI,27 but the emerging problem of antimi-
crobial resistance has been recognized in several low and mid-
dle-income countries.28,29 One of the important contributors to 
this antimicrobial resistance problem, particularly in our ICUs, 
is the widespread empiric use of antibiotics and failure to nar-
row antibiotics to culture-directed therapy. Therefore, the opti-
mal use of antibiotics through the implementation of 
antimicrobial stewardship programs should be prioritized. Such 
interventions are effective and constitute an important step 
toward preventing the emergence of antimicrobial resistance.30

We found sedation use as one of the 2 statistically significant 
risk factors in our study which increased the odds of HAI by 
more than double (OR, 2.24; 95% CI, 1.31-3.87). Sedation and 
analgesia use is common among critically ill patients, particularly 
among agitated patients or patients under mechanical ventilation. 
Prior studies have also linked sedation with HAI, though most of 
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the studies have been conducted on mechanically ventilated 
patients and the findings have been inconsistent.31,32 Possible 
mechanisms for these associations could be immunomodulatory 
properties of sedative agents altering the immunologic response 
to exogenous stimuli, prolongation of exposure to risk factors for 
infection, micro-aspiration, gastrointestinal motility disturbances, 
and microcirculatory effects.32 Apart from minimizing sedation 
use, additional considerations like sedative choice, improvements 
in sedation practice, such as the introduction of guidelines and 
protocols, spontaneous awakening trials, and spontaneous breath-
ing trials could also help mitigate the HAI risk among critically-
ill patients.31-33

The other risk factor we identified in our study was the use 
of invasive devices which was associated with more than 4 
times higher odds of HAI (OR, 4.29; 95% CI, 2.52-7.51). 
Invasive medical devices are used extensively in critically ill 
patients and several studies have established invasive devices 
use as an important risk factor. As an example, in the first 
European Prevalence of Infection in Intensive Care (EPIC) 
Study, among the 7 independent risk factors identified, 4 were 
associated with medical devices commonly used in intensive 
care: central venous catheter (OR 1.35; 95% CI, 1.60-1.57), 
pulmonary artery catheter (OR 1.20; 95% CI, 1.01-1.43), uri-
nary catheter (OR 1.41; 95% CI, 1.19-1.69), and mechanical 
ventilation (OR 1.75; 95% CI, 1.51-2.03).34 A range of factors 
related to causative bacteria, hosts, and invasive devices are 
involved in the pathogenesis of device-associated infections 
and have been reviewed elsewhere.35 Optimal approaches to 
the placement, maintenance, and removal of these devices are 
therefore imperative to minimize the DAI rates.

This study has several limitations. We excluded pediatric 
patients and patients with cardiovascular and gynecological ill-
nesses because these patients received care in the critical care 
units separate from our study ICUs. Furthermore, we did not 
include patients with hemodialysis lines. Therefore, our find-
ings may not be generalizable to these patient populations. 
Since we did not measure the severity of illness, we could not 
include these variables in our regression modeling to determine 
risk factors for HAIs. This may have resulted in a less accurate 
assessment of risk factors in our study. As mentioned previ-
ously in the discussion section, pre-analytic errors may account 
for our relatively low positive culture rates in our clinical sam-
ples. We did not collect data regarding the indications for ICU 
admission or the antimicrobial agents used to treat patients 
which could be confounders.

Conclusions
In this prospective study of HAIs in 3 ICUs in a tertiary care 
center in Nepal, we found a high incidence of HAIs, including 
DAIs, a high burden of multi-drug resistant organisms, and 
identified the use of sedation and invasive devices as the sig-
nificant risk factors. These findings call for increased emphasis 
on infection control and prevention as well as antibiotic stew-
ardship in our ICUs.

Acknowledgements
We thank Bart K. M. Jacobs MSc, PhD, Biostatistician at the 
Institute of Tropical Medicine, Antwerp, Belgium for his 
important inputs in data analysis and interpretation.

Author Contributions
SKS, ABT, and PKS designed the study. SKS acquired, analyzed and 
interpreted the data and wrote the manuscript. All authors read and 
approved the final manuscript.

ORCID iD
Sailesh Kumar Shrestha  https://orcid.org/0000-0001-7935- 
1206

Availability of Data and Materials
The datasets generated and analyzed during the current study are 
available from the corresponding author on reasonable request.

RefeRenCes
 1. Allegranzi B, Bagheri Nejad S, Combescure C, et al. Burden of endemic health-

care-associated infection in developing countries: systematic review and meta-
analysis. Lancet. 2011;377:228-241.

 2. Magill SS, Edwards JR, Bamberg W, et al. Multistate point-prevalence survey of 
health care-associated infections. N Engl J Med. 2014;370:1198-1208.

 3. Suetens C, Latour K, Kärki T, et al. Prevalence of healthcare-associated infec-
tions, 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. 2018;23:1800516.

 4. Richards MJ, Edwards JR, Culver DH, Gaynes RP. Nosocomial infections in 
combined medical-surgical intensive care units in the United States. Infect Con-
trol Hosp Epidemiol. 2000;21:510-515.

 5. Cosgrove SE. The relationship between antimicrobial resistance and patient out-
comes: mortality, length of hospital stay, and health care costs. Clin Infect Dis. 
2006;42:S82-S89.

 6. Archibald L, Phillips L, Monnet D, McGowan JE Jr., Tenover F, Gaynes R. Antimi-
crobial resistance in isolates from inpatients and outpatients in the United States: 
increasing importance of the intensive care unit. Clin Infect Dis. 1997;24:211-215.

 7. Schreiber PW, Sax H, Wolfensberger A, Clack L, Kuster SP. The preventable 
proportion of healthcare-associated infections 2005-2016: systematic review and 
meta-analysis. Infect Control Hosp Epidemiol. 2018;39:1277-1295.

 8. Weinshel K, Dramowski A, Hajdu Á, et al. Gap analysis of infection control 
practices in low- and middle-income countries. Infect Control Hosp Epidemiol. 
2015;36:1208-1214.

 9. Sastry S, Masroor N, Bearman G, et al. The 17th International Congress on infec-
tious diseases workshop on developing infection prevention and control resources 
for low- and middle-income countries. Internet J Infect Dis. 2017;57:138-143.

 10. Parajuli NP, Acharya SP, Dahal S, et al. Epidemiology of device-associated infec-
tions in an intensive care unit of a teaching hospital in Nepal: a prospective surveil-
lance study from a developing country. Am J Infect Control. 2017;45:1024-1029.

 11. Rosenthal VD, Bat-Erdene I, Gupta D, et al. International Nosocomial 
Infection Control Consortium (INICC) report, data summary of 45 coun-
tries for 2012-2017: device-associated module. Am J Infect Control. 2020;48: 
423-432.

 12. Dudeck MA, Edwards JR, Allen-Bridson K, et al. National Healthcare Safety 
Network report, data summary for 2013, device-associated module. Am J Infect 
Control. 2015;43:206-221.

 13. Dudeck MA, Weiner LM, Allen-Bridson K, et al. National Healthcare Safety 
Network (NHSN) report, data summary for 2012, device-associated module. 
Am J Infect Control. 2013;41:1148-1166.

 14. Mehta Y, Jaggi N, Rosenthal VD, et al. Device-Associated Infection rates in 20 cit-
ies of India, data summary for 2004–2013: findings of the International Nosocomial 
Infection Control Consortium. Infect Control Hosp Epidemiol. 2016;37:172-181.

 15. Horan TC, Andrus M, Dudeck MA. CDC/NHSN surveillance definition of 
health care-associated infection and criteria for specific types of infections in the 
acute care setting. Am J Infect Control. 2008;36:309-332.

 16. Centers for Disease Control and Prevention. Device-associated module ventila-
tor-associated event (VAE). Centers for Disease Control and Prevention.  
January, 2015. https://www.cdc.gov/nhsn/PDFs/pscManual/10-VAE_FINAL.
pdf. Accessed November 16, 2015.

https://orcid.org/0000-0001-7935-1206
https://orcid.org/0000-0001-7935-1206
https://www.cdc.gov/nhsn/PDFs/pscManual/10-VAE_FINAL.pdf
https://www.cdc.gov/nhsn/PDFs/pscManual/10-VAE_FINAL.pdf


8 Infectious Diseases: Research and Treatment 

 17. CLSI. Performance Standards for Antimicrobial Susceptibility Testing; Twenty-Fifth 
Informational Supplement. Vol CLSI Document M100-S25. Clinical and Labora-
tory Standards Institute; 2015.

 18. Magiorakos AP, Srinivasan A, Carey RB, et al. Multidrug-resistant, extensively 
drug-resistant and pandrug-resistant bacteria: an international expert proposal 
for interim standard definitions for acquired resistance. Clin Microbiol Infect. 
2012;18:268-281.

 19. R Core Team. R: A Language and Environment for Statistical Computing. R Foun-
dation for Statistical Computing. 2020. https://www.R-project.org/

 20. Hosmer DW, Lemeshow S, Sturdivant RX. Applied Logistic Regression. 3rd ed. 
John Wiley & Sons, Inc; 2013.

 21. Alp E, Cookson B, Erdem H, Rello J. Infection control bundles in intensive care: 
an international cross-sectional survey in low- and middle-income countries. J 
Hosp Infect. 2019;101:248-256.

 22. Giuliano KK, Baker D, Quinn B. The epidemiology of nonventilator hospital-
acquired pneumonia in the United States. Am J Infect Control. 2018;46: 
322-327.

 23. Ibn Saied W, Mourvillier B, Cohen Y, et al. A comparison of the mortality risk 
associated with ventilator-acquired bacterial pneumonia and nonventilator ICU-
Acquired bacterial pneumonia. Crit Care Med. 2019;47:345-352.

 24. Magill SS, O’Leary E, Janelle SJ, et al. Changes in prevalence of health care–
associated infections in U.S. Hospitals. N Engl J Med. 2018;379:1732-1744.

 25. Venturelli C, Righi E, Borsari L, et al. Impact of pre-analytical time on the 
recovery of pathogens from blood cultures: results from a large retrospective sur-
vey. PLoS One. 2017;12:e0169466.

 26. Parajuli NP, Acharya SP, Mishra SK, Parajuli K, Rijal BP, Pokhrel BM. High 
burden of antimicrobial resistance among gram negative bacteria causing 

healthcare associated infections in a critical care unit of Nepal. Antimicrob 
Resist Infect Control. 2017;6:67.

 27. Weiner LM, Webb AK, Limbago B, et al. Antimicrobial-Resistant pathogens 
associated with Healthcare-associated infections: summary of data reported to 
the National Healthcare Safety Network at the Centers for Disease Control and 
Prevention, 2011–2014. Infect Control Hosp Epidemiol. 2016;37:1288-1301.

 28. Dondorp AM, Limmathurotsakul D, Ashley EA. What’s wrong in the control 
of antimicrobial resistance in critically ill patients from low- and middle-income 
countries? Intensive Care Med. 2018;44:79-82.

 29. World Health Organization. Antimicrobial Resistance: Global Report on Surveil-
lance. World Health Organization; 2014.

 30. Davey P, Marwick CA, Scott CL, et al. Interventions to improve antibiotic pre-
scribing practices for hospital inpatients. Cochrane Database Syst Rev. 
2017;2:CD003543.

 31. Caroff DA, Szumita PM, Klompas M. The relationship between sedatives, seda-
tive strategy, and healthcare-associated infection: a systematic review. Infect Con-
trol Hosp Epidemiol. 2016;37:1234-1242.

 32. Nseir S, Makris D, Mathieu D, Durocher A, Marquette CH. Intensive care 
unit-acquired infection as a side effect of sedation. Crit Care. 2010;14:R30.

 33. Jackson DL, Proudfoot CW, Cann KF, Walsh T. A systematic review of the 
impact of sedation practice in the ICU on resource use, costs and patient safety. 
Crit Care. 2010;14:R59.

 34. Vincent JL. 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;274:639-644.

 35. Darouiche RO. Device-associated infections: a macroproblem that starts with 
microadherence. Clin Infect Dis. 2001;33:1567-1572.

https://www.R-project.org/

