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Ab s t r ac t
Background: There is a scarcity of studies evaluating the microbial profile, antimicrobial susceptibility, and prevalence of MDR/XDR pathogens 
causing medical device-associated infections (MDAIs). The present study was sought in this regard.
Materials and methods: An ambispective-observational, site-specific, surveillance-based study was performed for a period of 2 years in the 
intensive care unit (ICU) and high dependency unit (HDU) (medicine/surgery) of a Tertiary-care University Hospital. Three commonly encountered 
MDAIs including central-line-associated bloodstream infections (CLABSI), catheter-associated urinary tract infections (CAUTI), and ventilator-
associated pneumonia (VAP), were targeted.
Results and conclusion: Of the total 90 patients, 46 (51.1%) were admitted to the ICU (medicine/surgery), and the remaining 44 (48.8%) were 
admitted to the HDU (medicine/surgery). The median (P25–P75) age of the total patients was 55 (43.1–62.3) years. Male 61 (67.8%) preponderance 
was observed. Sixty-two of 90 (68.9%) were immunocompromised. A total of 104 pathogens causing MDAIs were isolated. Staphylococcus 
epidermidis (CoNS), and Staphylococcus capitis were commonly isolated multi-drug resistant (MDR) gram-positive pathogens causing MDAIs. 
Similarly, carba-resistant Klebsiella pneumoniae, Stenotrophomonas maltophilia, and carba-resistant Acinetobacter baumanni were commonly 
isolated MDR gram-negative pathogens causing MDAIs. Five of 9 (55.5%) K. pneumoniae and three of 9 (33.3%) S. maltophilia isolates were 
found to be extensively drug resistant. Among Candida, C. parapsilosis was the most prevalent fungal pathogen causing CLABSI and CAUTI in 
patients admitted to ICU/HDU. 
Keywords: Antimicrobial susceptibility, Medical device-associated infections, MDR/XDR, Microbial profile. 
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Hi g h l i g h ts
•	 Hospital-associated pathogens, including E.  coli,  S. aureus, 

coagulase -negative  Staphylococci,   P. aeruginosa ,  and 
K.  pneumoniae, were frequently identified as the bacteria 
causative of medical device-associated infections (MDAIs).

•	 An emerging trend of gram-negative bacteria causing MDAIs, 
including A. baumanni and S. maltophilia, which were identified 
to be MDR and XDR.

•	 K. pneumoniae, A. baumanii, and S. maltophilia were the isolated 
NDM-1 (blaNDM-1 gene carrier) bacteria.  The treatment 
strategies  for the same include polymyxins, tigecycline, 
and ceftazidime-avibactam-aztreonam in combination.

In t r o d u c t i o n
A disease condition acquired during a hospital stay without 
evidence that it was active or incubating at the time of admission 
is recognized as a nosocomial infection, often known as a 
“healthcare-associated infection”.1 The centers for disease control 
and prevention (CDC) broadly categorizes the types of nosocomial 
infection as central line-associated bloodstream infection (CLABSI), 
catheter-associated urinary tract infection (CAUTI), ventilator-
associated pneumonia (VAP), and surgical-site infection (SSI). 
Central venous catheters continue to be the inevitable access to 
facilitating care for the patients receiving intensive care, resulting 
in catheter-associated infections (CAIs), especially bloodstream 

infections, which became a critical threat to the lives of the patients. 
Based on the data from the CDC’s National Nosocomial Infections 
Surveillance (NNIS) system, in all types of intensive care units (ICUs), 
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the median rate of CLABSI is around 25.6% and ranges from 1.8 to 
5.2 per 1000 catheter days.2 These rates can be expected to be 
significantly higher for developing countries such as India, but they 
are exceptionally variable. The reported incidence rate of CLABSI 
(then referred to as central venous catheter-associated bloodstream 
infection) in India in 2007 was 7.92 per 1000 catheter days.3 Whereas, 
the other studies showed incidence rates of 27 and 16 per 1000 
catheter days, respectively.4,5 In a recent epidemiological study, 
the rate of VAP was 65.4%, followed by CLABSI, which was 22.2%, 
and CAUTI, which was 12.35%.6

Medical device-associated infection is a critical clinical issue 
that is constantly changing due to factors such as the population 
at risk, the range of pathogens that are available, the shifting 
microbial spectrum brought on by climate change, and the 
ongoing emergence of superbugs (multi-drug, extensively-drug, 
and pan-drug resistant). Multi-drug-resistant (MDR) pathogens are 
the isolates resistant to representatives of three or more classes 
of antimicrobial agents, while extensively-drug-resistant (XDR) 
pathogens are the isolates resistant to all the drugs of at least one or 
two classes of antimicrobial agents. Patients who develop CLABSIs 
require prolonged ICU hospitalization, and prolonged total length 
of hospitalization, and it also increases the cost of illness for an 
individual or bearing agencies. On the other hand, patients with 
CLABSIs may develop septicemia very quickly, which may result 
in septic shock, which eventually leads to mortality. The reported 
rates of septicemia in one study were around 4–14% and a mortality 
rate of 12–25%.7 In addition, CLABSI increases the likelihood that 
patients will experience secondary complications, such as infections 
at the injection site, terminal infections like sepsis, end-organ 
infections like endocarditis, meningitis, septic thrombophlebitis, 
and encephalopathies, which can eventually result in multi-organ 
dysfunction and death. As a result, it is crucial to identify these 
infections as soon as they manifest, and confirmation should be 
made using robust culture identification and susceptibility analysis 
tools, such as the BD BACTEC-TM and VITEK-2® systems. Furthermore, 
it is essential to implement antimicrobial stewardship principles in 
the management of these infections based on susceptibility analysis 
and rational use of antimicrobials.

The development and implementation of hospital antibiograms 
are of critical importance to stop the emergence of superbugs. It 
is essential to distinguish between contamination and infection, 
yet clinical studies often fail to provide clarity in this regard. 
Recent research on MDAIs in Indian patients receiving long-term 
catheterization has been scant. Rarely have we come across a 
study that evaluated CLABSIs, CAUTIs, and VAP alongside the 
prevalence of MDR/XDR pathogens. Hence, the present study 
sought to characterize the microbiological pattern, antimicrobial 
resistance, and prevalence of MDR and XDR organisms in patients 
admitted to intensive care and high dependency units (HDUs) who 
developed MDAIs.

Mat e r i a l s a n d Me t h o d s

Study Design, Settings, Patients, and Ethics 
The present research was performed in an urban tertiary-care 
university hospital situated in Pune, India. In this ambispective-
observational, site-specific surveillance study, we have included 
the patients admitted to the various units (medical ICU, surgical 
ICU, medical HDU, and surgical HDU) of the hospital between July 
2021 and June 2023. The retrospective data was collected from 
the medical records room. The patient’s data (admitted between 

July 2021 and May 2022) was obtained from medical case files 
and concern medical records with permission from the ‘Medical 
Records Department’ of our hospital. The study was approved by 
an institutional ethics committee with a waiver for patient informed 
consent (Ref no. MC/IEC/222). The following three commonly 
encountered MDAI: CLABSI, CAUTI, and VAP, as per the definition 
of the CDC’s NNIS system criteria, were targeted.1,2 The patients 
who had catheterization (involving intermittent, indwelling, or 
suprapubic catheters, etc.) were reviewed for chart analysis. The 
study’s methodology, purpose, and voluntary nature were all 
communicated to the patients and their family members, along 
with the confidentiality of the patient’s data. Patients and family 
members of unconscious patients admitted to the ICU or HDU were 
asked for consent before sharing the information. Patient inclusion 
criteria required ICU or HDU admission for more than or equal to 48 
hours and were exposed to intravenous catheters [central venous 
catheter (CVC) or peripherally inserted central catheter (PICC)], 
urinary catheters (indwelling or suprapubic), and endotracheal 
or tracheostomy tubes. Whereas, the patients who underwent 
Hickman’s catheterization, peripheral venous catheterization, who 
were receiving cancer chemotherapy, admitted to chronic wards, 
and who underwent recent surgery were excluded. Pediatrics, 
pregnant women, and patients who were diagnosed with 
psychiatric diseases were also excluded from the study.

Patients and Data/Sample Collection
For data collection, sociodemographic profile and clinical profile 
sheets were prepared. The following data were collected from the 
medical case files of the patients: immune status (competent or 
compromised), co-morbid conditions, onset of sign-symptoms, 
presence of catheters, site of cannulation, no. of catheters (single 
or multiple), types of catheters, no. of catheter-days, routine 
laboratory reports, procalcitonin levels, type of sample sent 
for culture identification and susceptibility analysis (performed 
using BACTECTM and VITEK-2® systems), prophylactic or empirical 
antimicrobials given, type of microbial species (one, many, or 
mixed), colony count, length of ICU hospitalization, total length 
of hospitalization, etc. The criteria developed by the CDC were 
used to decide whether the patients were immunocompetent or 
immunocompromised.8

Central-line Associated Bloodstream Infection (CLABSI) 
When a patient with a central venous catheter reported fever or 
additional signs of undetermined sepsis, the diagnosis of CLABSI 
was made. Under these conditions, two aseptic blood samples 
were obtained: one from the catheter itself and the other from 
the arm across from it. At our institution, the CVCs used were 2–4 
lumen polyurethane latex-free catheters. Hands were cleaned 
thoroughly and a fresh pair of sterile gloves was put on at the 
time of specimen collection. Terminating the tubing from the 
injection cap and fastening a Luer lock stopped any continuous 
infusion. The injection cap was scrubbed with 70% alcohol and left 
to dry for a duration of one to three minutes. After that, a 10 mL  
prefilled normal saline syringe was used to flush the catheter. 
The first 3–5 mL of blood were extracted and thrown away. The 
50 mL BACTEC bottles were then injected with 5–10 mL blood 
samples in order to process it further in a BACTEC device. The Luer 
lock was taken off, and the catheter was unclamped in order to 
resume the infusion. We used 70% alcohol to clean the hub. The 
infusion was resumed once the administration set was fastened 
to the injection cap.
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At the time of the replacement of the old central venous 
catheter with a new one, and at the physician’s discretion, the 
catheter was removed. Hands were properly cleaned before 
the catheter was removed, and fresh pairs of sterile gloves were 
put on. The bandage was taken off. The catheter was gradually 
withdrawn while a dry 2 × 2 gauze pad was kept over the site of 
insertion. After 3–4 minutes of constant pressure, the puncture 
site was covered with a bandage. A sterile container containing 
the tip of the line and a 5 cm distal portion of the catheter was 
sent to the lab for microorganism culture along with the necessary 
investigation form. The catheter was rolled over a blood agar plate 
containing 5% sheep blood using the semiquantitative “Maki’s 
roll” approach.9 Following a 48 hour incubation period at 37°C, the 
plate was examined for the development of any microorganisms, 
and the number of colonies that have been identified was 
recorded. The catheter was processed using the semiquantitative 
approach outlined by Maki et al.9 and the blood culture samples 
were handled in accordance with customary microbiological 
protocols only. A significant colony count was defined as >15 CFU/
plate.9 The same microorganism was isolated from the catheter 
and blood culture, as indicated by CLABSI.

Catheter Associated Urinary Tract Infection (CAUTI) 
In the case of CAUTI, a urine sample was collected aseptically 
using a sterile syringe and needle from the sampling port of the 
indwelling urinary catheter. The urine sample was transferred on 
blood agar, Mac Conkey’s agar, and Sabouraud dextrose agar (SDA) 
and incubated from 24 to 48 hours at 35°C. The diagnosis of a CAUTI 
was made when the patient exhibited one or more of the following 
symptoms: 38°C temperature, urgency, suprapubic tenderness, 
gram-stained smear derived from centrifuged urine featuring 
bacteria or yeast cells, and isolation of bacteria or yeast from urine 
as a pure growth with a colony count of >104 colony forming 
units (CFUs)/mL.10  A colony count >105 CFU/mL was considered 
significant in cases of bacteriuria.

Ventilator Associated Pneumonia (VAP) 
When a mechanically ventilated patient developed a new fever, 
cough, and purulent expectoration and there was radiological 

evidence of a developing or growing pulmonary infiltrate as well 
as leukocytosis, VAP was suspected.1,2,5 These patients’ tracheal 
aspirate and bronchoalveolar lavage (BAL) fluid were used to 
inoculate blood agar, MacConkey’s agar, and SDA. The plates were 
incubated for 24–48 hours at 35°C. In the case of a tracheal aspirate, 
a colony counts of >105 CFU/mL and >103 CFU/mL, respectively, 
was deemed significant.

Clinical and Laboratory Standards Institute (CLSI) 2018 manual was 
used to assess the susceptibility of all isolates derived from the cases 
of CLABSI, CAUTI, and VAP to different antimicrobials using the Kirby-
Bauer disk diffusion technique.11 Bacterial isolates were identified as 
per the standard microbiological profile. Carbapenamase-producing 
carbapenem-resistant organism (CP-CRO) testing was performed in a 
limited number of patients, mainly the patients who were severely ill 
and immunocompromised. Carbapenem-resistant Enterobacteriaceae 
(CRE) was defined as Enterobacteriaceae resistant to imipenem, 
meropenem, or ertapenem. Similarly, glucose non-fermenting 
(NFCROs) are glucose NF gram-negative bacilli that are resistant to 
imipenem and/or meropenem. Candida isolates were identified 
up to the species level by assessing the formation of germ tubes, 
sugar assimilation, and colony color on Candida agar. A Candida 
identification kit supplemented the species identification.

Re s u lts
Of 261 suspected cases of MDAI, 126 (48.3%) were on a CVC, 55 
(21.1%) were on a PICC, and 80 (30.6%) were on a urinary catheter. 
Among the 126 suspected cases of CVC, 48 (38.1%) were positive by 
differential time to positivity. Similarly, of the 55 suspected cases of 
PICC and 80 suspected cases of urinary catheters, 16 (29%) and 21 
(26.2%) were positive by differential time to positivity, respectively. 
Of 58 suspected cases that required invasive mechanical ventilation, 
19 (32.7%) were positive by differential time to positivity for VAP. 
Using Maki’s roll plate procedure, 12 CVCs were removed in total 
at the physicians’ choice, but no PICCs were removed. By using 
Maki’s roll plate approach, a total of 5 (41%) CVCs were found to be 
culture-positive; 4 (33%) of them were also shown to be positive 
by differential time to positivity. Figure 1 represents patient 
identification and study flow.

Fig. 1: Patient identification and study flow
CAUTI, catheter associated urinary tract infection; CLABSI, central line associated bloodstream infection; MDAI, medical device associated infection; VAP, 
ventilator associated pneumonia
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Table 1: Demographics and clinical characteristics of ICU patients and HDU patients with MDAIs

Characteristics Total patients [N = 90, n (%)] ICU patients with MDAIs [N = 46, n (%)] HDU patients with MDAIs [N = 44, n (%)]

Age (years)

Mean (SD) 51.8 (13.2) 54.2 (12.5) 49.3 (13.7)

Median (P25–P75) 55 (43.1–62.3) 56 (43.8–62.2) 51 (38.3–32.8)

Gender

Male 61 (67.8) 32 (35.6) 29 (32.2)

Female 29 (32.2) 14 (15.6) 15 (16.7)

Comorbidities

Chronic kidney disease 74 (82.2) 33 (36.6) 41 (45.5)

Hypertension 71 (78.9) 40 (44.4) 31 (34.4)

Uncontrolled diabetes mellitus 41 (45.6) 26 (28.9) 15 (16.7)

Ischemic heart disease 28 (31.1) 21 (23.3) 7 (7.8)

Neurological disease 10 (11.1) 7 (7.8) 3 (3.3)

Chronic liver disease 7 (7.8) 5 (5.6) 2 (2.2)

Asthma or COPD exacerbation 7 (7.8) 3 (3.3) 4 (4.4)

Immune status

Immunocompromised 62 (68.9) 40 (86.9) 22 (50)

Immunocompetent 28 (31.1) 11 (23.9) 17 (38.6)

Types of MDAI (N = 104), n (%)

CLABSI 64 (61.5) 25 (46.3) 39 (78)

CAUTI 21 (20.2) 10 (18.5) 11 (22)

VAP 19 (18.3) 19 (35.2) –

Site of venous cannulation

Femoral vein 37 (41.1) 18 (20) 19 (21.1)

Jugular vein 24 (26.6) 14 (15.5) 10 (11.1)

Basilic vein 20 (22.2) 09 (10) 11 (12.2)

Subclavian vein 09 (10.6) 05 (5.6) 04 (4.4)

Duration of catheterization (d)

Median (P25–P75) 10 (7–18) 10 (6–13)     9 (7–18)

≥12 days 40 (44.4) 22 (47.8) 18 (40.9)

<12 days 50 (55.6) 24 (52.2) 26 (59.1)

Length of ICU/HDU hospitalization (d)

Median (P25–P75) 7 (4–9) 7 (5–9)   6 (4–8)

ICU/HDU hospitalization

≥7 days 57 (63.3) 34 (73.9) 23 (52.3)

Endotracheal intubation – 12 (26.1) –

Tracheostomy –   7 (15.2) –

Mortality rate

Survived: Not survived 88:2 44:2 44:0
CLABSI, central-line associated bloodstream infection; CAUTI, catheter associated urinary tract infection; COPD, chronic obstructive pulmonary disease;  
HDU, high dependency unit; ICU, intensive care unit; VAP, ventilator associated pneumonia

During the 2 years of study duration, data from ambispectively 
followed 90 hospitalized (ICU plus HDU) patients were included 
in the analysis. Of these 90 patients, 46 (51.1%) were admitted to 
the ICU (medicine/surgery), and the remaining 44 (48.8%) were 
admitted to the HDU (medicine/surgery). The median (P25–P75) 
age of the total patients was 55 (43.1–62.3) years. Male 61 (67.8%) 
preponderance was observed. Chronic kidney disease 74 (82.2%), 
followed by hypertension 71 (78.9%), were the most common 

comorbidities among study participants. Sixty-two of 90 (68.9%) 
were immunocompromised. Femoral vein 43 (41.3%), followed by 
jugular vein 24 (23.1%), was the most common site of cannulation. 
The median (P25–P75) duration of catheterization was 10 (7–18) days. 
Whereas, 40 (44.4) patients had ≥12 days of catheterization. The 
median (P25–P75) total length of hospitalization was 9 (6–16) days, 
whereas the length of ICU/HDU hospitalization was 7 (4–9) days. Of 
46 ICU patients, 34 (73.9%) had prolonged (≥7 days) ICU stays; this 
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Table 4: Antimicrobial susceptibility and resistance pattern of fungal pathogens in ICU patients and HDU patients with MDAIs

Table 5: The prevalence of ESBL, CRE, MDR, and XDR pathogens isolated from ICU and HDU patients with MDAIs

Pathogen Total (N = 79) ESBL (N = 22) CRE (N = 18) MDR (N = 54) XDR (N = 11)
Gram-positive pathogen (n = 36)

Staphylococcus aureus (MSSA) 8/36 (22.2) – – – –
Staphylococcus epidermidis (CoNS) 8/36 (22.2) – – 6 –
Staphylococcus capitis 5/36 (13.8) – – 5 –
Enterococcus faecalis 5/36 (13.8) – – 4 –
Staphylococcus hominis 4/36 (11.1) – – 4 –
Staphylococcus aureus (MRSA) 3/36 (8.3) – – 3 –
Staphylococcus epidermidis (MRCoNS) 2/36 (5.5) – – 2 –
Kochuria rhizophila 1/36 (2.7) – – – –

Gram-negative pathogen (n = 43)
Klebsiella pneumoniae 9/43 (20.9) 9 8 7 5
Stenotrophomonas maltophilia 9/43 (20.9) – 4 7 3
Acinetobacter baumanni 5/43 (11.6) 5 1 3 –
Enterobacter cloacae 4/43 (9.3) 2 – 2 –
Escherichia coli 4/43 (9.3) 2 2 3 1
Pseudomonas aeruginosa 4/43 (9.3) 2 1 3 –
Acinetobacter iwoffii 2/43 (4.6) – – – –
Elizabethkingia meningoseptica 1/43 (2.3) – – 1 1
Serratia marcescens 1/43 (2.3) 1 1 1 1
Pseudomonas fluorescens 1/43 (2.3) – – 1 –
Orchobactrum anthropi 1/43 (2.3) – – 1 –
Chryseobacterium indologenes 1/43 (2.3) – 1 1 –
Citrobacter koseri 1/43 (2.3) 1 – – –

CRE, carbapenem-resistant Enterobacteriaceae; ESBL, extended-spectrum beta-lactamases; MDR, multi-drug resistant; MRCoNS, methicillin-resistant  
coagulase negative Staphylococci; MRSA, methicillin-resistant Staphylococcus aureus; MSSA, methicillin-sensitive Staphylococcus aureus; XDR, extended-drug  
resistant
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could be one of the important risk factors for ICU-acquired MDAI 
in the study patients. Endotracheal intubation and tracheostomy 
were performed in 12 (26.1%) and 7 (15.2%) patients, respectively. 
Two of 46 (4.3%) ICU patients [2/19 (10.5%) who had VAP] had 
mortality. Data on the demographics and clinical characteristics 
of ICU patients and HDU patients with MDAI are shown in Table 1.

Among gram-negative pathogens isolated from ICU/HDU 
patients with CLABSI, the most common were Stenotrophomonas 
maltophilia and Enterobacter cloacae. Similarly, Escherichia coli 
(carba-resistant), Pseudomonas aeruginosa (CP-CRO), and Klebsiella 
pneumoniae (CP-CRO) were the most commonly isolated organisms 
from ICU/HDU patients with CAUTI. In patients with VAP, the most 
commonly isolated pathogens were S. maltophilia, followed by 
Acinetobacter baumanni and K. pneumoniae (CRE). Tables 2A and B  
demonstrate the antimicrobial susceptibility and resistance 
patterns of gram-negative pathogens isolated from ICU and HDU 
patients with MDAIs, respectively. Among gram-positive pathogens 
isolated from ICU/HDU patients with CLABSI, Staphylococcus 
epidermis, Methicillin-resistant coagulase-negative staphylococci, 
Methicillin-resistant Staphylococcus aureus and Enterococcus faecalis 
were the most common. Considering CAUTI, the most commonly 
isolated pathogens were S. epidermis, followed by  S. hominis. In 
patients with VAP, the most common were S. capitis and S. aureus. 
Tables 3A and B demonstrate the antimicrobial susceptibility and 
resistance patterns of gram-positive pathogens isolated from ICU 
and HDU patients with MDAIs, respectively.

Of 64 CLABSI patients, 22 (34.4%) had central-line-associated 
candidemia, of which 13 (20.3%) were admitted to the ICU and 
9 (14.1%) were in the HDU. CAUTI was observed in 3 patients 
who were admitted to HDU. Candida parapsilosis was the most 
prevalent in both CLABSI and CAUTI patients. Table 4 demonstrates 
the antimicrobial susceptibility and resistance pattern of fungal 
pathogens in ICU patients and HDU patients with MDAIs.

A total of 104 pathogens were isolated; 43 (41.3%) were 
gram-positive, 36 (34.6%) were gram-negative, and 25 (24%) 
were fungal. Of the total 79 pathogens isolated, 22 (27.8%) were 
extended-spectrum beta-lactamases (ESBL) producing, 18 (22.8%) 
were carbapenem-resistant Enterobacteriaceae (CRE), 54 (68.3%) 
were MDR, and 11 (13.9%) were XDR. Among the gram-positive 
pathogens, S. epidermidis (CoNS), followed by S. capitis, were the 
most commonly isolated pathogens, which were found to be MDR. 
Whereas, among gram-negative pathogens, K. pneumoniae (CRE) 
and S. maltophilia were the most commonly isolated pathogens, 
which were found to be MDR. Considering XDR, K. pneumoniae 
(CRE), followed by S. maltophilia, were found to be the most 
prevalent gram-negative pathogens. No gram-positive organism 
isolated had XDR in this study. Table 5 demonstrates the prevalence 
of ESBL, CRE, MDR, and XDR pathogens isolated from the patients 
with MDAIs.

Di s c u s s i o n 
In this ambispective-observational, site-specific surveillance-
based study, we examined the microbial profile, antimicrobial 
susceptibility, and prevalence of MDR/XDR pathogens causing 
MDAIs in a tertiary-care university hospital. Previous literature 
supports the evidence for nosocomial infections as a leading cause 
of in-hospital mortality. These infections create an extra burden 
of healthcare expenditures on both patients and their caregivers, 
as well as on hospitals. Using the surveillance forms developed 
by the ‘International Nosocomial Infection Control Consortium’ 

(INICC, founded in 1998 with Latin American hospitals) for data 
collection of patients with and without nosocomial infections, 
infection control experts are able to assess clinical features, increase 
in length of hospital stay, increment in healthcare costs, mortality 
rates, and identify key nosocomial infection risk factors.12 Mehta 
et  al.,3  described these nosocomial infections in a surveillance-
based study in seven Indian cities as CLABSI (61.3%), VAP (29%), and 
CAUTI (9%). However, comparing this data with INICC worldwide 
data, VAP represented 41% of all nosocomial infections, followed 
by CLABSI (30%) and CAUTI (29%).12 In our analyses, this distribution 
was recorded as CLABSI (61.5%), CAUTI (20.2%), and VAP (18.3%), 
which was in line with findings reported by Mehta et al.3 

Intravenous catheters are often used for the administration of 
parenteral nutrition, antibiotics, blood products, and chemotherapy 
drugs; nevertheless, they can serve as “double-edged swords” 
and cause major infections. The study performed in England 
between 1997 and 2001 determined that central lines were the 
most prevalent source of CLABSI, accounting for 43.3–52.4% of 
total nosocomial bloodstream infections.13 These numbers are 
evidently higher in developing countries, where there may not be 
enough monitoring to estimate the actual rates of infection. These 
percentages may vary, ranging from 4.4 to 88.8%, in accordance 
with particular studies.12,14,15 There are only a few studies available 
on the prevalence of CLABSI in India.3–7,16,17 In a recent study, 
the prevalence of CLABSI caused by CVC was found to be 39.2%, 
whereas in other studies it was 27–56%.4–7,16,17 In our study, it was 
found to be 38.1%, which was in close accord with previously 
published Indian studies.4–7,16,17 

In the present analysis, with a frequency of 29%, PICC was 
revealed to have a decreased risk of developing CLABSI. Several 
studies have revealed that the PICC carries a lower risk of CLABSI 
than the CVC, with some studies predicting the risk of CLABSI to be 
64 times higher with the CVC than the PICC.18,19 Our findings also 
showed similarities with these findings. On the other hand, some 
studies have observed no significant changes in the likelihood 
of CLABSI when comparing CVC with PICC.20 Numerous studies 
have compared the semiquantitative roll plate approach and the 
differential time to positivity approach for CLABSI diagnosis. These 
research findings were extremely diverse, but the majority of them 
came to the conclusion that the roll plate only depicts extraluminal 
pathogens or catheter colonization, whereas differential time 
to positivity indicates the intraluminal source of infection and, 
thus, true CLABSI in the patients.21,22 The reported range of 
semiquantitative roll plate method positivity in several studies 
was 6–57.5%.23,24 Pandit et al.16 reported positivity rates of 22.58%, 
whereas in our study it was found to be 36.3%. 

The overall MDAI rates reported in previous Indian studies 
ranged from 2.1 to 47.3 per 1000 device days.4–7,17,25 The category 
of hospital and healthcare facility undergoing surveillance 
influences the rates of MDAI. The relentless efforts of the Hospital 
Acquired Infection Control Committee (HAICC) team and the 
stringent hygienic upkeep of the hospital and wards/units can 
reduce these rates. For healthcare professionals of all cadres, 
frequent sensitization sessions regarding hand hygiene, universal 
standard precautions, and hospital infection control practices 
are adopted and well implemented in our facility. The overall 
rate, taking into account the CLABSI, reported in the INCC study 
by Mehta et al. was 7.9 per 1000 CVC catheter days, whereas it 
was higher than the rate reported by Deorukhkar and Saini (0.8 
per 1000 catheter days).3,25 This variation may be the outcome 
of the fact that Deorukhkar and Saini performed a monocentric 
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evaluation, whereas the INICC’s ICU-acquired CLABSI study was 
performed in seven Indian cities.3,25

Candida species are the fourth most prevalent cause of BSI in 
the United States, while they are rather uncommon in Europe.26 
Though the true incidence of nosocomial Candida BSI in India 
is unknown.27 In our analyses, a total of 22/64 (34.4%) different 
Candida species were identified; 18 of those 22 (81.8%) isolates 
were  C. parapsilosis, followed by C. albicans 3/22 (13.6%) and 
C. glabrata 1/22 (4.5%). According to previous reports, C. parapsilosis 
is the second- or third-most prevalent Candida species causing 
nosocomial BSI in Europe, Canada, Asia, and Latin America.26,28–30 
But this species was evidently the most prevalent of all Candida in 
our surveillance. Six of the 18 (33.3%) C. parapsilosis isolates in our 
evaluation were fluconazole and amphotericin-B resistant, whereas 
all of them were sensitive to echinocandins. C. parapsilosis may grow 
selectively in hyperalimentation solution, can develop a biofilm 
on intravascular and prosthetic devices, and can colonize human 
hands, all of which are favorable to its survival and dissemination 
in hospital environment.31

We identified Klebsiella pneumoniae as an MDR/XDR superbug 
causing CAUTI in our evaluation of 2 (9.5%) patients. In one 
patient, Chryseobacterium indologenes was isolated, which 
was found to be XDR, and it was susceptible to nitrofurantoin 
only; hence, it was treated with the same. Among Candida, 
C.  parapsilosis was the only isolated pathogen causing CAUTI. 
The recent data identifies C. parapsilosis as an emerging Candida 
pathogen causing CAUTI in recent times.32 Studies have reported 
other candida species-induced CAUTI as well, but this was not 
evident in our setting.

Despite the advances in antimicrobial therapy, VAP continues to 
be an important driver of morbidity and mortality. The reported VAP 
rate by Mehta et al. was 10.4 per 1000 MV-days.3 Whereas, the NNIS 
global rate and INCC global rate were 5.1 and 24.1 per 1000 MV-days, 
respectively.12,33 Ventilator-associated pneumonia complicates the 
course of illness in 8–28% of the patients who are on mechanical 
ventilation. Two (10.5%) patients in the current analysis had VAP-
associated mortality, mainly due to acute respiratory distress 
syndrome. The causative pathogens isolated were carba-resistant 
A. baumanni in one patient and K. pneumoniae in another patient. 
Both pathogens have been recognized as VAP-causing MDR/XDR 
superbugs in previous studies.34 To combat the rates across the 
world, better supportive care modalities should be used, and the 
application of a wide variety of preventive measures is needed. 

In our study, we have found K. pneumoniae, A. baumanii, and 
S. maltophilia among NDM bacteria (blaNDM-1 gene carrier). The 
treatment approaches for the same were Polymyxins (mainly 
colistin), Tigecycline, and a combination of Ceftazidime-avibactam-
aztreonam. Similar findings were also reported by Larcher et al., 
where the authors concluded that in real-life scenarios, using beta-
lactam antibiotics as a last resort was a safe and effective treatment 
option for fatal infections caused by gram-negative bacteria with 
difficult-to-treat resistance.35 Some researchers have also identified 
high rates of colistin resistance among patients with carbapenem-
resistant K. pneumoniae infection which accounts for an excess 
of mortality in individuals.36 Fortunately, in our analysis, we did 
not find colistin resistance in K. pneumoniae isolates. The patients 
who received the above treatment options responded well to the 
therapy and had better outcomes. 

Co n c lu s i o n
The potential risk of MDAI cannot be totally eradicated, even though 
many healthcare facilities have infection-control measures and the 
hospital personnel make every effort to avoid infection. Therefore, 
it is crucial to monitor MDAI in order to comprehend the scope of 
the issue and start more intensive preventative efforts for better 
patient care. With regard to the three most significant forms of 
MDAI (CLABSI, CAUTI, and VAP), the current surveillance helped us 
in the methodical compilation of institutional data. The healthcare 
practitioner ended up with few therapeutic alternatives because 
most of the patient isolates were found to be multidrug resistant. 
For the early detection and better treatment of MDAIs, the study 
highlights the importance of regular surveillance programs, strict 
adherence to antiseptic procedures (during device insertion and 
care), an efficient infection control program, and the use of a 
restricted and pragmatic antimicrobial policy. 

One of the shortcomings of this study is the inability to 
semiquantitatively culture all the catheters from suspected 
cases of CLABSI. This is because they were only removed at the 
physician’s discretion and, in this case, recurrent access was not 
a problem. Another limitation was the inability to determine the 
exact incidence rate of MDAI at our facility due to discrepancies 
in the collected data, which was not easily accessible to us. Also, 
we were unable to isolate a few invasive fungal pathogens like 
Candia auris due to a lack of equipment and other concerns about 
laboratory limitations. 
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