
Surveillance of health-care associated infections in an
intensive care unit at a tertiary care hospital in Central
India

Surveillance Health-Care assoziierter Infektionen auf einer
Intensivtherapiestation in einem Krankenhaus der Tertiärversorgung in
Zentralindien

Abstract
Introduction: Because the risk of health-care associated infections
(HAIs) is high in intensive care units, and HAIs are one of the causes of
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morbidity and mortality and affects the overall quality of health care,
the continuousmonitoring of HAIs in intensive care patients is essential.
Aim and objectives: This descriptive cross-sectional study was carried
out over a period of five years in a tertiary-care teaching hospital. The
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care associated Infections and determine the microbiological profile
and antimicrobial susceptibility rates of isolates in patients with HAI.
Methods: The active surveillance method was used to detect HAIs in
patients who spent over 48 hr in a targeted ICU. Patients with blood
stream infections (BSI), central line-associated bloodstream infection
(CLABSI), catheter-associated urinary tract infections (CAUTI) and ven-
tilator-associated events (VAE) were included in the study. HAI were
diagnosed based on the Centre for Disease Control (CDC)’s National
Healthcare Safety Network (NHSN) updated definitions of HAIs.
Results: A total of 121,051 patient days, including 7,989 central line
days, 64,557 urinary catheter days, and 18,443 ventilator days, were
recorded in the study population and 832 HAIs were diagnosed (inci-
dence rate 6.9%). The overall rates of BSI, CLABSI, CAUTI and possible
ventilator-associated pneumonia (p-VAP) were 3.7, 10.6, 2.1 and
13.4/1,000 device days, respectively. The most common organism
isolated from BSI was Acinetobacter baumanii (n=322, 29%), followed
byKlebsiella pneumoniae 225 (n=225, 20.3%). 79.8% of Acinetobacter
baumanii strains were resistant to imipenem, 77.1% to ciprofloxacin
and 76.4% to ampicillin. The most common organisms isolated from
CAUTI were non-albicans Candida species (n=38, 18%), followed by E.
coli and Citrobacter spp. (each n=33, each 15.7%).
Conclusions: A trend of increasing resistance of Acinetobacter
baumannii to carbapenems was observed. Risk factor analysis showed
invasive procedures during sepsis and organophosphorous poisoning
as significant factors.

Keywords: central line-associated bloodstream infection, CLABSI,
catheter-associated urinary tract infections, CAUTI, ventilator-associated
pneumonia, VAP

Zusammenfassung
Einleitung:Weil die Gefährdung durch Health-care assoziierte Infektio-
nen (HAI) in Intensivtherapieeinheiten besonders hoch ist, HAI eine
wesentliche Ursache für Morbidität und Letalität sind und die Gesamt-
qualität der Gesundheitsversorgung durch HAI beeinträchtigt wird, ist
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ein kontinuierliches Monitoring von HAI bei Intensivtherapiepatienten
unerlässlich.
Zielsetzung: Die deskriptive Querschnittsstudie wurde über einen Zeit-
raum von fünf Jahren in einem Lehrkrankenhaus der Tertiärversorgung
durchgeführt. Ziel war es, die wichtigsten und spezifischen Arten von
HAI zu untersuchen sowie das mikrobiologische Profil und die Antibioti-
kaempfindlichkeit der Isolate zu bestimmen.
Methode: Es wurde die Methode der aktiven Surveillance eingesetzt,
umHAI bei Patienten zu erkennen, diemehr als 48 h auf den Intensivsta-
tionen untergebracht waren. In die Studie wurden Patienten mit
Blutstrominfektionen (BSI), ZVK-assoziierten Infektionen (CLABSI), Ka-
theter-assoziierten Harnweginfektionen (CAUTI) und Beatmungsassozi-
ierte Pneumonien (VAP) aufgenommen. Die HAI wurden auf der
Grundlage der aktuellen Definitionen für HAI des National Healthcare
Safety Network (NHSN) des Centers for Disease Control (CDC) diagnos-
tiziert.
Ergebnisse: Es wurden 121.051 Patiententage, 7.989 Zentralvenenka-
thetertage, 64.557 Harnkathetertage, 18.443 Beatmungstage erfasst
und 832 HAI diagnostiziert (Inzidenzrate 6,9%). Die Gesamtraten von
BSI, CLABSI, CAUTI und möglicher VAP betrugen 3,7, 10,6, 2,1 bzw.
13,4/1.000 Devicetage. Die am häufigsten bei Blutstrominfektionen
isolierte Species war Acinetobacter baumanii (n=322, 29 %), gefolgt
von Klebsiella pneumoniae (n=225, 20,3%). 79,8% der Acinetobacter
baumanii Stämme waren gegen Imipenem, 77,1% gegen Ciprofloxacin
und 76,4% gegen Ampicillin resistent. Die häufigstenMikroorganismen,
die bei CAUTI isoliert wurden, waren non-albicans Candida-Spezies
(n=38; 18%), gefolgt von E. coli und Citrobacter spp. (je n=33; je15,7%).
Schlussfolgerung: Es wurde ein Trend zur zunehmenden Resistenz von
Acinetobacter baumannii gegen Carbapeneme beobachtet. Die Analyse
der Risikofaktoren ergab, dass invasive Eingriffe während Sepsis und
phosphororganische Vergiftungen einen wichtigen Risikofaktor darstel-
len.

Schlüsselwörter:Blutstrominfektionen (BSI), ZVK-assoziierte Infektionen
(CLABSI), Katheter-assoziierten Harnweginfektionen (CAUTI),
Beatmungs-assoziierte Pneumonien (VAP)

Introduction
Healthcare-associated infections (HAI) are one of the
causes of morbidity and mortality in healthcare settings.
Patients who are admitted and treated in intensive care
units (ICU) are severely ill, with decreased immunity and
many co-morbidities [1]. In these units, the possibility of
infecting a patient is higher than in other units [2], [3],
[4]. In the ICU environment, medical procedures applied
to treat the patient and the patient’s general health are
responsible for this increase in HAI in ICUs. ICUs treat
severely ill patients whose underlying disease and coex-
isting diseasesmay contribute to the development of HAI
[5]. Continuous monitoring of ICU patients is essential,
as most device application takes place on ICU patients,
such as central vascular lines (CVC), intubation tubes,
and urethral catheters. In a tertiary care hospital, ICU
admission is often preceded by hospitalization in other
hospital, during which there are often problems with the
treatment of such patients. During the patient’s stay in
hospital (regardless of the ward in which they are hospi-
talized), the physiological bacterial microbiota is replaced

with the hospital’s microbiota. In addition, long-term an-
tibiotic treatment leads to selection for less sensitive
microorganisms in the patient’s body, whichmay facilitate
the body being colonized by pathogenic microorganisms
with proven resistance to antibiotics [6]. Therefore, it is
extremely important to undertake prophylactic measures
that will at least protect patients from the negative health
effects of microorganisms from the hospital environment;
this is especially true for patients in ICUs, where the in-
vasiveness of treatments and reduced immunity of the
patient predispose them to becoming colonized by such
bacteria and acquiring infections [7].
Apart from healthcare-associated factors contributing to
HAI, environmental factors and patient-related factors
are also important. Environmental factors include contam-
inated air-conditioning systems and overcrowding due to
the improper infrastructure design of the facility, lack of
health-care workers (HCW), and lack of effective interven-
tion programs designed to reduce HAI. Patient-related
factors comprise severity of underlying illness, use of
immunosuppressive agents, and prolonged hospital stays
and prolonged antibiotic administration.
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According to the WHO, the global HAI burden is 7–12%
[8], [9]. In India, these figures are alarming, with incidence
rates varying from 11–83% for different kinds of HAI [10].
Frequently prevalent infections in the hospitals include
central line-associated bloodstream infections (CLABSI),
catheter-associated urinary tract infections (CAUTI), sur-
gical site infections (SSI) and ventilator-associated
pneumonia (VAP). There aremany ways in which infection
control nurses (ICN) can play a part in surveillance and
help to monitor these device-associated HAI (DA-HAI)
rates. In order to do this effectively, it is vital that they
receive appropriate support and training from infection
control personnel and existing surveillance and auditing
staff.
During hospitalization, the patient is exposed to nosoco-
mial pathogens from different sources, such as the envi-
ronment, HCW and even cross infection. These infections
need to be prevented by using various prophylactic
measures, e.g., implementing an infection control pro-
gram, vigilance towards increased microbial clustering,
antimicrobial resistance, and adopting bundled care
policies.

Aim and objectives
Although the burden of HAI is higher in our developing
country, active surveillance of this nature is not being
conducted in any large tertiary care rural hospital in
central India. With this background, this study was con-
ducted to assess the HAI burden in our tertiary care hos-
pital by performing active surveillance with special atten-
tion given to the ICU and the device utilization ratio (DUR)
using CDC’s NHSN surveillance criteria [11]. An additional
aim was to identify nosocomial pathogens associated
with DA-HAI.

Methods

Study design

Descriptive prospective observational cross-sectional
study.

Site of study

Tertiary care hospital of central India.

Setting

The active surveillance method was used to detect HAIs
in patients who spent over 48 hrs in ICUs, i.e., medical
ICU (MICU), surgical ICU (SICU), pediatric ICU (PICU),
neonatal ICU (NICU), trauma ICU, neuro ICU, maternity
ICU and the cardiac catheterization lab (Cath lab ICU).

Implementation

For conducting active surveillance in selected ICUs, our
team of ICNs was deputed. Before going on rounds, the
teammarked the patient samples having culture positive
of designated ICUs. With the patients’ details from the
laboratory, ICNs visited the bedside of the patient. All the
details of the patient as per the criteria enlisted for BSI,
CLABSI, CAUTI and VAP were collected from the case pa-
pers of patients. Using the checklist (Attachment 1, At-
tachment 2, Attachment 3, Attachment 4, Attachment 5),
all the necessary data was recorded. All the forms were
analyzed to determine the incidence of BSI, CLABSI, CAUTI
and p-VAP.
After approval from the Institutional Ethics Committee
(Approval Letter Number: IEC/249/2016), this prospec-
tive observational study was conducted in all designated
ICUs of the tertiary care hospital in Central India from
January 2018–December 2022. This tertiary care hospital
comprises 960 beds and eight ICUs.

Study population

A total of 27,657patients were admitted to the ICUs for
more than 48 hrs, for a total of 121,051 patient days.
Patients were followed up to their discharge from ICU or
death. The information of each patient regarding their
clinical details, antibiotic prescription, operative proce-
dures if any, and date and site of device insertion was
noted. Check lists care bundles were noted in the data
sheet; in addition to clinical and hospital monitoring de-
tails, patients’ demographic information (i.e., gender,
age), admission and discharge dates, comorbidity, device
use and date of insertion, isolated pathogen and its sus-
ceptibility pattern, and infection sites. For estimating
DA-HAI, incidence density rates were calculated as per
the formula given: p-VAP events were divided by the
number of total ventilator days multiplied by 1,000. For
CLABSI, the confirmed CLABSI events were divided by
total CVC days multiplied by 1,000, and for CAUTI, the
confirmed CAUTI events were divided by total urine cath-
eter days multiplied by 1,000. Device utilization days
were calculated as total number of device days divided
by the total number of patient days [11].
According to the approved CDC criteria,

1. Device days are the total number of days of exposure
to each device (endotracheal tube, central venous
catheter or urinary catheter) for all the patients during
the selected time period.

2. Patient days are the total number of days patients
are in the ICU during the selected time period [11].

Sampling and laboratory testing

In suspected cases of BSI, especially in CLABSI, the CVC
was aseptically removed and the distal 4 cm of the cath-
eter was separated and cultured. For CAUTI, urine
samples were collected aseptically by aspirating the
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sample from the urine sample port. Quantitative culture
for aerobic bacteria was performed using samples of
respiratory tract secretions to detect p-VAP [12], [13].
Lower respiratory tract secretions were collected using
tracheal aspiration and/or bronchoalveolar lavage
whenever applicable. All the isolates were identified using
the conventional method [14], and susceptibility tests
were performed in all cases [15].

Data analysis

The data were entered into an excel sheet daily and
analyzed at the end of every month to generate HAI rates
and DUR. Cumulative HAI and DUR were determined for
all the ICUs of the hospital over a period of five years.

Results

Incidence rate of HAIs

During the study period, 27,657 patients were admitted
to ICUs, out of which 832 cases of HAI were diagnosed.
The HAI incidence rate in the studied population was
6.9%. In the group of 832 HAI cases, 538 (64.6%) were
males and 294 (35.4%) were females. The mean age of
the patients hospitalized in MICU, SICU, PICU and NICU
was 45 yrs, 50 yrs, 3 yrs and 9 days, respectively. The
mean ICU stay was 15.5 days. Themortality was amongst
448 (53.8%). Sepsis, ARDS, and poisoning accounted for
the majority of the ICU admission diagnoses (39.7%,
17.1%, 14%, respectively; Table 1 and Table 2).
The mean incidence rates for all ICUs were 3.7 for BSI
per 1,000 patient days, 10.6 per 1,000 central line days
for CLABSI, 13.4 per 1,000 ventilator days for p-VAP and
2.1 per 1,000 catheter days for CAUTI (Table 3, Table 4,
Table 5). The device application days were 7,989 for the
central line catheter, 18,443 for the ventilator and
64,551 days for the urinary catheter, with a device utili-
zation ratio (DUR) of 0.065, 0.15 and 0.53, respectively
(Table 3, Table 4, Table 5). The incidence rate showed a
sharp decline from 2019 to 2020 and a gradual increase
from 2020 to 2022 (Figure 1).

Microbial etiology of HAIs

Out of 1,108 pathogens, the most frequently isolated
were Gram-negatives (n=225, 54%), thereof E. coli n=107
(5.7%), Citrobacter and Enterobacter spp. each n=84,
20.2%). Gram-negative non-fermenting bacteria account-
ed for n=416, which include Acinetobacter spp. (n=322,
77.4%) and Pseudomonas spp. (n=94, 22.6%). Among
171 Gram-positive pathogens, Staphylococcus aureus
accounts for n=88 (51.5%). of which 31% were MRSA.
The rest were Enterococcus spp. (n=83, 48.5%). Among
the fungal pathogens, non-albicans Candida spp. was the
most frequently isolated with 69.5% (n=73), thereof
C. utilis (50%), C. tropicalis (22.7%), C. pelliculosa
(13.6%), C. glabrata (6.8%), C. ciferri (4.5%) and C. rugosa

(2.3%). The proportion of C. albicans among fungi was
30.1% (n=32) (Figure 2).

Resistance

The bar diagrams presented in Figure 3 and Figure 4 il-
lustrate the patterns of antimicrobial resistance in Gram-
negative and Gram-positive organisms isolated fromHAIs.
The figures provide valuable insights into the current state
of antimicrobial resistance, which is a critical concern in
healthcare settings. Figure 3 depicts the antimicrobial
resistance trends in Gram-negative organisms. The data
suggest a disquieting level of resistance across multiple
classes of antimicrobials. This is indicative of the growing
challenge in treating infections caused by Gram-negative
bacteria, as the effectiveness of various antibiotics is
compromised. In contrast, Figure 4 focuses on antimicro-
bial resistance in Gram-positive organisms. While resis-
tance is still evident, it might be relatively less pronounced
in certain categories of antibiotics. This could be attri-
buted to variations in the mechanisms of resistance and
the prevalence of specific strains within Gram-positive
bacteria.

Discussion
A major problem in hospitalized patients is HAI. This may
be due to prolonged hospital stays due to serious ailments
or due to invasive procedures, such as mechanical sup-
port for a compromised organ system. Therefore, moni-
toring of HAIs is important in ICUs for improving the out-
come of patients.
This is the largest single center study of HAI from ICUs
from a rural tertiary care hospital in Central India. The
present study shows the overall incidence of HAI to be
4.62%, which – among the general HAI rate in Indian ICUs
– agrees best with International Standards, i.e. 4.4% [16].
Our study reports HAI rates lower than those in other
studies, e.g., like Shalini et al. [16] (27.4%) and Singh et
al. [17] (17.6%).
The demographic parameters in the present study re-
vealed that the number of males admitted to the ICU was
almost double that of females, and the mean age of pa-
tients in adult category admitted to MICU and SICU was
45 and 47 yrs, respectively. This finding is concordant
with studies conducted by Moolchandani et al. [18],
Anand et al. [19] and Patel et al. [20]. The mean ICU stay
was 15.5 days. The combined CLABSI rate for all targeted
ICUs was found to be 9.28/1,000 patient days and the
central line utilization ratio was estimated to be 0.06.
Although there are very limited studies on CLABSI from
Indian institutions, the incidence of CLABSI varied from
0.2% to 27%, with a rate of 0.5 to 47/1,000 patient days
[10]. Table 6 compares the rates reported here with those
of INICC India [21], NHSN [22] and other studies from
India [23]. Our rates correlated well with INICC India, but
were significantly higher than NHSN, especially that of
p-VAP, due to long-term mechanical ventilation used for
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Table 1: Incidence rate of HAI cases enrolled in the study

Table 2: Demographic profile of HAI cases enrolled in the study

Table 3: Distribution of BSI and CLABSI in the ICUs

Table 4: Distribution of CAUTI in the ICUs
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Table 5: Distribution of p-VAP in the ICUs

Figure 1: Incidence rates of DA-HAI over the 5-year study period

Figure 2: Distribution of HAI pathogens in the ICUs (n=1,108)
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Figure 3: Antimicrobial resistance in Gram-negative organisms isolated from HAI

Figure 4: Antimicrobial resistance in Gram-positive organisms isolated from HAI

Table 6: Mean HAI rates/1000 patient days in current and other studies
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patients. The long durations of mechanical ventilation at
our hospital is probably related to shortage of adequate
nursing staff, which may have adversely affected the
quality of care given to the patients. Also, the health-
seeking behavior of our patients is different compared
with that in developed countries. Patients seek medical
help only when it is absolutely inevitable. By the time
patient is referred to the tertiary-care centre, her/his un-
derlying condition is exacerbated andmay be irreversible.
An overall correlation was found between DU ratio and
DAI rates with the INICC India survey. In our hospital, there
was no significant change in incidence rates of HAI over
a 3-year period. Themortality rate was 46.8% in our study.
These findings are similar to the crude mortality rate in
the INICC survey India, which ranged from35.2% to 44.9%
[10] .
In our study, the device utilization ratio was lower, similar
to those of other studies from China, Malaysia and Iran
[24], [25], [26]. The utilization ratio for central lines,
ventilators and urinary catheters was 0.62, 0.47, and
0.84, respectively.
All HAIs need to be prevented by using various prophylac-
tic measures, such as practicing an infection control
program, vigilance towards increasedmicrobial clustering
and their antimicrobial resistance, and by adopting care-
bundle policies. These steps will help to promote efficient
measures. The infection surveillance and risk factors
analysis are important prerequisites for the prevention
and treatment of HAIs. Apart from healthcare-associated
factors contributing to HAI, environmental factors and
patient-related factors (e.g., any comorbidities or an im-
munocompromised state) are also important. Environ-
mental factors include contaminated air conditioners,
overcrowding of patients due to sudden increased inflow
of patients, a smaller number of healthcare workers and
lack of effective intervention programs to reduce HAI.
Table 6 provides a comparative overview of mean HAI
rates per 1,000 patient days across different studies,
focusing on CLABSI, CAUTI and VAP. The presented data
reveal variations in HAI rates across different healthcare
institutions and regions, highlighting the importance of
understanding and addressing these infections within
diverse contexts. The present study, spanning the years
2018 to 2022, reported mean HAI rates of 10.6 for
CLABSI, 2.1 for CAUTI, and 13.4 for p-VAP. Notably, this
study shows a substantial reduction in CAUTI rates and
a slightly elevated CLABSI rate compared to the All India
Institute of Medical Sciences (AIIMS) study, indicating
potential successes in CAUTI prevention and areas
needing improvement in CLABSImanagement. This table
presents a comprehensive overview of mean HAI rates
across different healthcare settings and regions. Vari-
ations in rates could arise from differences in infection
control practices, patient populations, healthcare infra-
structure, and data collection methods. These findings
underscore the need for continuous surveillance, targeted
interventions, and knowledge sharing to mitigate HAIs
effectively and improve patient outcomes across diverse
healthcare environments.

Conclusion
Specialized procedures are used in ICUs for treatment
and diagnosis, involving invasivemonitoring andmechan-
ical support of insufficient organ systems, which increase
the risk of HAI. Therefore, monitoring of HAI in ICUs is
important for improving the outcome of treatment. In our
rural hospital, we have established infection prevention
measures by conducting prior training among HCW,
holding workshops for them, and performing surveillance
of DA-HAI. Besides thesemeasures, monitoring of Central
Sterile Supply Department (CSSD) is the backbone of
decreasing HAI.
The rising resistance to antimicrobials highlights the need
for judicious use of antibiotics and the development of
novel treatment strategies to combat these infections
effectively. This study underscores the urgent need for
comprehensive strategies to address antimicrobial resis-
tance in healthcare settings. Effective infection control
measures, antibiotic stewardship programs, and contin-
ued research into new antimicrobial agents are essential
to tackle the growing threat posed by multidrug-resistant
organisms. Additionally, these figures emphasize the im-
portance of ongoing surveillance and data collection to
monitor the evolving landscape of antimicrobial resistance
and inform clinical decision-making.
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