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Abstract: Nosocomial infections by multidrug-resistant (MDR) bacteria are among the main causes
of morbidity and death in patients hospitalized in intensive care units (ICUs) worldwide. Antibiotic
resistance has become a major concern for treating the patients with nosocomial infections. The aim
of this study was to describe the antibiotic resistance patterns of pathogens causing infections in
adult and pediatric patients in the ICUs of a tertiary care hospital in Kolkata, India. A cross-sectional,
retrospective study was conducted from January 2022 to October 2022 on a total of 139 adult and
146 pediatric patients. Depending on clinical symptoms of the patients, samples were collected and
subjected to antibiotic sensitivity testing. The culture and sensitivity pattern of clinical isolates from
blood, urine, sputum, endotracheal tube (ET) aspirate, and central line catheter insertion site swabs
were analyzed. A total of 695 and 556 specimens were obtained from adult and pediatric ICU, respec-
tively. Culture positivity rate among adults and pediatric patients were 37% and 40%, respectively.
The most commonly isolated organisms were Gram-negative Enterobacterales and non-fermenters.
Most of the bacterial isolates showed very high resistance against multiple antibiotics. Escherichia
coli from adult and pediatricpatients were found to be resistant to second generation cephalosporins
(95% and 96%, respectively), beta-lactams (95% and 63%, respectively), fluoroquinolones (95% and
81%, respectively), and cotrimoxazole (85% and 78%, respectively). Klebsiella spp. from adult patients
were found to be resistant to aminoglycosides (75%), second generation cephalosporins (100%),
beta-lactams (94%), fluoroquinolones (92%), carbapenems (88%), and cotrimoxazole (83%). Proteus
spp., Acinetobacter baumannii, and Pseudomonas spp. werefound to be resistant to multiple antibiotics.
Enterococcus spp. from ICUs showed more than 90% resistance against ampicillin and more than
75% resistance against fluoroquinolones. MDR bacterial infections are increasing in both adult and
pediatric ICUs, leading to significant therapeutic challenges. A frequent study of antimicrobial
resistance patterns is imperative for antibiotic stewardshipin combatting the deadly effect of the MDR
bacteria in critically ill patients.

Keywords: nosocomial infections; intensive care units; antibiotic resistance; multidrug-resistant
bacteria; public health

1. Introduction

Nosocomial infections are one of the main causes of mortality and morbidity in pa-
tients hospitalized in intensive care units (ICUs) [1–3]. ICUs are considered as the epicenter
of infections because of their vulnerable patient population. The high incidence rates of
nosocomial infections in these patients leads to high impact on health care costs [1,4,5].
Some of the major causes of these infections are long duration of hospital stay, empirical
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use of broad spectrum antibiotics, insertion of invasive devices, and lack of infection con-
trol [2,6–8]. Previously, some studies have demonstrated various features of essential health
impairment, such aschronic lung disease [1,9], immunocompromised state [10], undernour-
ishment [11], etc., as some of the risk factors of nosocomial infections [12]. The majority
of the nosocomial infections are caused by the ESKAPE pathogens, as they can“escape”
the biocidal action of antibiotics [13–15]. The acronym ESKAPE includes six nosocomial
pathogens: Enterococcus faecium, Staphylococcus aureus, Klebsiella pneumoniae, Acinetobacter
baumannii, Pseudomonas aeruginosa, and Enterobacter spp. [14,16,17]. According to the report
of the European Centre for Disease Prevention and Control, 8% of patients staying in
the ICU for >2 days showed at least one ICU-associated nosocomial infections [18]. In
developing countries, the burden of nosocomial infections is more significant. For example,
in eastern India, a Kolkata based hospital reported the nosocomial infection rate in the ICU
to be as high as 11.98% [12]. Recently, Branstetter et al. [19] reported that in United States
of America, 2 million pediatric and adult patients develop nosocomial infections each year.

Development and dissemination of antibiotic resistance in intensive care units has
become a major challenge in the treatment of nosocomial infections [20–23], and the impact
of antibiotic resistance in ICUs remains extremely high. This is mainly because of the
increased usage of different antibiotic classes in ICUs settings [24]. Globally, antibiotic
resistance is becoming a serious health challenge [25–27]. The world is facing a grave threat
of antibiotic resistance, which is increasing with time and present in all countries worldwide,
contributing to a huge economic loss [28,29]. The ongoing emergence of antibiotic resistance
in the communities and hospitals across India is considered a major threat for public health.
Unregulated use of antibiotics is the major reason for increased antibiotic resistance in
India [30]. Regularly updated local antibiogram, an essential component of antibiotic
stewardship program, can guide the use of empirical antibiotics in critically ill patients and
reduce their mortality and morbidity rates [31–33].

The important step in reducing the infections is infection control in the ICU, i.e., im-
plementation of antibiotic stewardship, reduction in days of ICU stay, reduction in device
days, etc. The mainstay of favorable outcomes in these critically ill patients is timely
administration of appropriate empirical antibiotics. However, early use of broad-spectrum
antibiotics is a double-edged sword; though it decreases the mortality and morbidity, it
is contributing to an increase of antibiotic resistance. This has led to limited therapeutic
options to treat multidrug-resistant microorganisms causing infections in the ICU [34].

In our ICU setting in a tertiary care teaching hospital, surveys of nosocomial infections
have not been carried out in the recent past. Although the low and middle income countries
are hugely burdened with antibiotic resistance, the prevalence and patterns of resistance
in ICU patients have not been well documented. The antibiotic resistance patterns vary
widely from one country to another, as well as from one hospital to another and even
among different ICUs within one hospital. Therefore, the aim of this study was to find out
the percentage of different bacterial isolates from the clinical samples of patients admitted
in the adult and pediatric ICUs and to obtain the antibiotic resistance patterns in bacterial
pathogens so that the right antibiotic choices can be made at the right times.

2. Results

A total of 1251 samples were obtained from different patients in the study period.
Among these, 480 (38%) of the samples showed bacterial as well as Candida growth.
Culture positivity rate among adults and pediatric patients were 37% and 40%, respectively.
The most commonly isolated organisms were Gram-negative Enterobacteriaceae and non-
fermenters than Gram-positive cocci (Table 1).

Maximum culture positivity was found from blood (56%), followed by lower respira-
tory tract samples (sputum and endotracheal tube aspirates, 27%), and urine (17%). Table 2a
shows the total percentage (%) of different microorganisms obtained in adult and pediatric
ICUs from different clinical samples such as blood, urine, and respiratory samples.
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Table 1. The percentage (%) of different groups of microorganisms obtained from adult and
pediatric ICUs.

Adult ICUs Pediatric ICUs

Microorganisms
Numbers
Obtained

(Total = 258)
Percentage (%)

Numbers
Obtained

(Total = 222)
Percentage (%)

Enterobacteriaceae 69 27 94 42

Non-fermenters 100 39 96 43

Gram-positive cocci 71 28 23 10

Candida 18 6 9 4

Table 2. (a) The percentage (%) of different microorganisms obtained from adult and pediatric ICU
from blood, urine, and respiratory samples. (b) The percentage culture positivity (%) in male and
female patients in adult and pediatric ICU.

a

Blood Urine Respiratory Sample

Adult ICU 122 65 71

Pediatric ICU 146 18 58

Total (n) 268 83 129

Percentage (%) 56 17 27

b

Type of ICU Total Number of
Positive Cultures (n)

Number of
Positive Samples

in Male

Percentage Positivity
in Male (%)

Number of
Positive Samples

in Female

Percentage
Positivity in
Female (%)

Adult ICU 258 124 48 (124/258) 134 52 (134/258)

Pediatric ICU 222 121 55 (121/222) 101 45 (101/222)

We found an overall preponderance of culture positivity in males (51%) after analyzing
the culture positive data. Interestingly, it was observed that in the adult ICU, samples
recovered from female patients showed more culture positivity (52%) than males (48%).
However, this was reversed in the pediatric ICU, where males showed preponderance
(55%) over females (45%). The same has been depicted in Table 2b.

We found that in adults, the most common isolated bacteria causing bacteremia was
Enterococcus spp. (20%), followed by Acinetobacter spp., Staphylococcus aureus, Klebsiella
pneumoniae, and other non-fermenters with a prevalence of 17%, 16%, 15%, and 14%,
respectively. However, in the pediatric ICUs, the most common cause of bacteremia was
by Klebsiella spp. (29%), followed by Acinetobacter, Escherichia coli, other non-fermenters,
and Staphylococcus aureus, showing prevalence of 17%, 14%, 11%, and 7%, respectively.
The comparison in the pattern of the organisms isolated has been highlighted in the bar
diagram in Figure 1.

In both adult and pediatricpatients, respiratory tract infection causing pathogens are
non-fermentative Gram-negative bacteria, having a prevalence of 35% and 33%, respectively,
followed by Klebsiella spp. (30%), Acinetobacter spp. (20%), and Pseudomonas spp. (14%) in
adults, and Acinetobacter spp. (28%), Pseudomonas spp. (22%), and Klebsiella spp. (14%) in
pediatric patients (Figure 2).
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We found that the isolates obtained from urine showed a preponderance for Gram-
positive bacteria in case of adult intensive care unit in contrast to the pediatric intensive
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care unit where Gram-negative bacteria were more common. Klebsiella spp. (33%) were
the most common isolate from urinary tract infection in pediatric patients, but in adults
it was Enterococcus spp. (48%), followed by Escherichia coli (22%) and Klebsiella spp. (17%)
(Figure 3).
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Antibiotic Resistance Patterns

We found that Gram-negative bacterial isolates showed high percentage (%) of antibi-
otic resistance against different classes of antibiotics. Table 3 and Figure 4 show thepercent-
age (%) of antibiotic resistance among different Gram-negative bacterial isolates against
some clinically relevant antibiotic classes. In this study, Escherichia coli from adult patients
were found to be resistant to aminoglycosides (75%), second generation cephalosporins
(95%), beta-lactams (95%), fluoroquinolones (95%), carbapenems (75%), and cotrimoxazole
(85%). Escherichia coli from pediatric ICU were found to be resistant to second generation
cephalosporins (96%), beta-lactams (63%), fluoroquinolones (81%), and cotrimoxazole
(78%). Klebsiella spp. from adult patientswere found to be resistant to aminoglycosides
(75%), second generation cephalosporins (100%), beta-lactams (94%), fluoroquinolones
(92%), carbapenems (88%), and cotrimoxazole (83%). Proteus spp. from adult patients
were found to be resistant only to cephalosporins (100%). On the other hand, Proteus spp.
obtained from pediatric patients were found to be resistant to aminoglycosides (100%),
second generation cephalosporins (100%), beta-lactams (100%), and carbapenems (100%).
Enterobacter spp. and Serratia spp. obtained from pediatric ICUs showed full resistance
against second generation cephalosporins (100%) only. Acinetobacter baumannii obtained
from both adult and pediatric patients showed high resistance to all antibiotic classes used
in this study (Table 3, Figure 4). Pseudomonas spp. from adult patients found to be resistant
to third generation (100%) and fourth generation cephalosporins (79%), beta-lactams (74%),
fluoroquinolones (74%), and carbapenems (89%). Other non-fermenters obtained from
both adult and pediatric patients showed high resistance to all antibiotic classes used in
this study.

While analyzing the data of antibiotic resistance patterns, we found that Enterococcus
spp. obtained from adult and pediatric ICUs showed 96% and 92% of resistance against
ampicillin, and 98% and 77% of resistance against fluoroquinolone compounds, respectively.
MRSA strains from adults showed 55% of resistance against cotrimoxazole. In case of
fluoroquinolones, MRSA strains from adult and pediatric patients showed 65% and 60% of
resistance, respectively (Table 4).
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Table 3. Percentage (%) of antibiotic resistance among different Gram-negative bacterial isolates from both adult and pediatric ICUs.

M
ic

ro
or

ga
ni

sm
s Antibiotic Classes

Aminoglycosides 2nd Generation
Cephalosporins

3rd Generation
Cephalosporins

4th Generation
Cephalosporins

Beta Lactam-Beta
Lactam Inhibitors Fluoroquinolones Carbapenems Cotrimoxazole

Adult
ICU

Pediatric
ICU

Adult
ICU

Pediatric
ICU

Adult
ICU

Pediatric
ICU

Adult
ICU

Pediatric
ICU

Adult
ICU

Pediatric
ICU

Adult
ICU

Pediatric
ICU

Adult
ICU

Pediatric
ICU

Adult
ICU

Pediatric
ICU

Escherichia coli 75
(15/20)

41
(11/27)

95
(19/20)

96
(26/27)

95
(19/20)

93
(25/27)

95
(19/20)

70
(19/27)

95
(19/20)

63
(17/27)

95
(19/20)

81
(22/27)

75
(15/20)

41
(11/27)

85
(17/20)

78
(21/27)

Klebsiella spp. 75
(36/48)

59
(33/56)

100
(48/48)

100
(56/56)

96
(46/48)

96
(54/56)

92
(44/48)

95
(53/56)

94
(45/48)

95
(53/56)

92
(44/48)

79
(44/56)

88
(42/48)

88
(49/56)

83
(40/48)

61
(34/56)

Proteus spp. 0 (0/1) 100 (2/2) 100
(1/1) 100 (2/2) 100

(1/1) 100 (2/2) 100
(1/1) 100 (2/2) 0 (0/1) 100 (2/2) 0 (0/1) 50 (1/2) 0 (0/1) 100 (2/2) 0 (0/1) 50 (1/2)

Serratia spp. n/a 14 (1/7) n/a 100 (7/7) n/a 71 (5/7) n/a 57 (4/7) n/a 57 (4/7) n/a 0 (0/7) n/a 14 (1/7) n/a 0 (0/7)

Enterobacter spp. n/a 0 (0/2) n/a 100 (2/2) n/a 50 (1/2) n/a 50 (1/2) n/a 50 (1/2) n/a 50 (1/2) n/a 50 (1/2) n/a 50 (1/2)

Acinetobacter
baumannii complex

66
(23/35)

85
(35/41)

100
(35/35)

100
(41/41)

97
(34/35)

98
(40/41)

97
(34/35)

98
(40/41)

91
(32/35)

95
(39/41)

97
(34/35)

93
(38/41)

89
(31/35)

93
(38/41)

86
(30/35)

32
(13/41)

Pseudomonas spp. 36
(12/19)

55
(11/20) n/a n/a 100

(12/19)
65

(13/20)
79

(15/19)
60

(12/20)
74

(14/19) 45 (9/20) 74
(14/19)

70
(14/20)

89
(17/19) 35 (7/20) n/a n/a

Other
non-fermenters

83
(38/46)

77
(27/35)

100
(46/46)

91
(32/35)

93
(43/46)

94
(33/35)

91
(42/46)

91
(32/35)

91
(42/46)

77
(27/35)

85
(39/46)

83
(29/35)

89
(41/46)

71
(25/35)

87
(40/46)

77
(27/35)

Table 4. Percentage (%) of antibiotic resistance among different Gram-positive bacterial isolates obtained from both adult and pediatric ICUs.

Antibiotic Classes

Microoganisms
Ampicillin Cotrimoxazole Vancomycin Linezolid Aminoglycosides High Level Gentamicin Fluoroquinolones

Adult
ICU

Pediatric
ICU

Adult
ICU

Pediatric
ICU

Adult
ICU

Pediatric
ICU

Adult
ICU

Pediatric
ICU

Adult
ICU

Pediatric
ICU

Adult
ICU

Pediatric
ICU

Adult
ICU

Pediatric
ICU

Staphylococcus
aureus (MRSA) n/a n/a 55 (11/20) 0 (0/10) 0 (0/20) 0 (0/10) 0 (0/20) 0 (0/10) 30 (6/20) 40 (4/10) n/a n/a 65 (13/20) 60 (6/10)

Enterococcus spp. 96 (49/51) 92 (12/13) 0 (51/51) 0 (13/13) 33 (17/51) 31 (4/13) 8 (4/51) 0 (0/13) n/a n/a 43 (22/51) 31 (4/13) 98 (90/95) 77 (10/13)
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3. Discussion

Nosocomial infections by multidrug-resistant organisms are a worldwide threat as
they impose life-threatening risks in critically ill patients and lead to a rise in healthcare
cost. Prevention of this ICU infection is the need of the hour. To achieve this, we need to
have the knowledge of the local infection rates and the local bacteriological profile along
with its antibiotic resistance pattern.

This present study provides data on antibiotic resistance in adult and pediatric ICUs
of a tertiary care hospital in Kolkata, India. In this study, we have analyzed a spectrum of
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pathogens and antibiotic treatments, which allowed a relatively comprehensive documen-
tation of antibiotic resistance in ICU patients.

A total of 1251 samples were obtained from different patients, of which 38% of the
samples showed bacterial growth, and 37% and 40% of culture positivity were found
from adults and pediatric patients, respectively. Enterococci, one of the members of the
ESKAPE group of pathogens, was the most frequent isolate in adults. Gram-negative
bacterial infection was predominant in pediatric patients among which non-fermentative
Gram-negative rods were most common. Previous studies reported that more than 50%
of the nosocomial infections occurring in the hospital ICU were due to Gram-negative
bacteria [35,36], which is in accordance with our findings. High occurrence of Gram-
negative bacteria in the hospital environment could be the main reason for frequent ICU
infections all over the world [34]. Wet environment and waste materials discarded in
the sinks or drains of the hospital trigger biofilm formation and these biofilms harbor
MDR bacteria, causing nosocomial infections [37]. The occurrence of nosocomial infections
changes according to the hospital settings and the surveillance methods used to identify
a nosocomial infection [38]. A large multicentric study has reported that at least one ICU
acquired infection in 18.9% of patients, with a frequency ranging from 2.3% to 49.2% across
the centers [39]. Previously, other studies [40,41] have reported prevalence rates between
9% and 37%, largely based on the patient population studied. In an international study
by Vincent et al. [36], involving 1265 ICUs from 76 countries, 51% patients were found
with nosocomial infections. However, the rates of such infections varied significantly with
the different countries [36]. The patients from a single hospital can have multiple risk of
obtaining infections including the severity of illness [35].

Bloodstream infections were the most common infection found in this study (Table 1).
In adults, the most common isolated bacteria causing bacteremia was Enterococcus spp.
(20%), followed by Acinetobacter spp. (17%), Staphylococcus aureus (16%), Klebsiella pneumonia
(15%), and other non-fermenters (14%). However, in the pediatric patients, the most
common cause of bacteremia was by Klebsiella spp. (29%), followed by Acinetobacter (17%),
Escherichia coli (14%), other non-fermenters (11%), and Staphylococcus aureus (7%) (Figure 1).
A recent report by Negm et al. [42] demonstrated that bacteremia was the most prevalent
in their ICU (32%) patients in Zagazig University Hospitals, Egypt. Respiratory infection
(both in ventilated and nonventilated patients) was the second most common infection
(27.5%) in both our adult and pediatric populations (Table 2). In both the ICUs, pathogens
causing respiratory tract infections are non-fermentative Gram-negative bacteria, having
a prevalence of 35% and 33%, respectively (Figure 2). Previously, Dasgupta et al. [12]
found that pneumonia was the most frequently detected infection (62.07%) in intensive
care unit. According to Shao et al. [43], respiratory tract infections accounted for 64.75%
of the total nosocomial infections in the First Affiliated Hospital in Zhejiang Province,
China. We also found, in case of urinary tract infection, that Klebsiella spp. (33%) were
the most common isolate from urinary tract infection in pediatric patients, but in adults it
was Enterococcus spp. (48%), followed by Escherichia coli (22%), and Klebsiella spp. (17%)
(Figure 3). According to the United States National Nosocomial Infections Surveillance
System, the frequency of different nosocomial infections can vary with different studies in
different hospital settings [35].

An important finding from this current study was the extent of antibiotic resistance
among key pathogens. Interestingly, most of the bacterial isolates showed very high
resistance against different antibiotic classes (Tables 3 and 4, Figure 4a,b). This is of
serious public health concern as these antibiotic classes represent the most important
antibiotics to treat nosocomial infections. Antibiotic-resistant ESKAPE (Enterococcus faecium,
Staphylococcus aureus, Klebsiella pneumoniae, Acinetobacter baumannii, Pseudomonas aeruginosa,
and Enterobacter species) pathogens represent a global threat to human health and the
health care system. The acquisition of antibiotic resistance genes by ESKAPE pathogens
has gradually reduced the treatment options for serious nosocomial infections, increased
the burden of infectious diseases, and increased mortality rates due to the treatment failure
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in hospitals [15]. Recently, Tran GM et al. [44] described the patterns of antibiotic resistance
in ICU patients admitted in a tertiary hospital in Vietnam. Their study was focused on
Ventilator-associated pneumonia (VAP). Pseudomonas aeruginosa and Acinetobacter baumannii
resulted to be resistant to ceftazidime, ceftriaxone, piperacillin, imipenem, meropenem,
ertapenem, ciprofloxacin and levofloxacin; moreover, high rates (>70%) of ceftriaxone and
ceftazidime-resistant Klebsiella spp. were also observed [44]. The emergence of multidrug-
resistant non-fermentative Gram-negative bacterial infection in hospitalized patients in
a tertiary care center of Nepal was also reported recently by Yadav et al. [45]. The MDR
bacteria can be easily transmitted to different patient groups admitted in the ICUs either
from contaminated places or from contaminated hands or equipment used in the hospital.
Cross-infections due to transmission of bacteria can contribute to a rise in nosocomial
infections during a long hospital stay. Rise in MDR bacterial strains in the ICUs in hospital
settings could be the result of inappropriate antibiotic uses, a lack of proper maintenance of
hygiene, inappropriate cleaning of the hospital environment, and, most importantly, newer
methods of antibiotic-resistant mechanisms acquired by the opportunistic pathogenic
bacteria [46]. Therefore, the establishment of the local antibiogram, regular surveillance
of the nosocomial infection rates, and extensive cleaning of the ICU environment are
mainstays of combating ICU infections by multidrug-resistant organisms.

For empirical therapy, we suggested the use of combination therapy including one
bactericidal and one bacteriostatic drug as per the sensitivity pattern of the hospital antibi-
ogram. There is further scope of study on fractional inhibitory concentration to determine
the synergism between the two antibiotics.

4. Materials and Methods
4.1. Sample Collection

A cross-sectional, retrospective study was conducted from January2022 to October
2022 on a total of 139 adult and 146 pediatric patients who were admitted to the ICUs of
a tertiary care hospital, Medical College and Hospital (MCH) in Kolkata, India. Detailed
history and associated risk factors of these patients were taken. The total number of clinical
specimens received were 695 from adult ICU and 556 from pediatric ICU. An intensive
care unit is one of the hospital wards which is critical in the treatment of many serious
diseases. All the clinical samples were collected appropriately, following the standard
protocol [47] at the bedside, and were then transported to the Microbiology Laboratory of
the Department of Microbiology, Medical College and Hospital, Kolkata, India, as early
as possible. The clinical specimens that were processed include blood, urine, sputum,
endotracheal tube (ET) aspirate, and swabs from central line catheter insertion sites. For the
purposes of Centers for Disease Control and Prevention (CDC)/National Healthcare Safety
Network (NHSN) surveillance in the acute care setting, a healthcare-associated infection is
a localized or systemic condition resulting from an adverse reaction to the presence of an
infectious agent(s) or its toxin(s) that was not present on admission to the acute care facility.
Traditionally, a time cut-off of 48 h after admission is used to differentiate between hospital
and community acquired infections [48].

4.2. Bacterial Culture

Blood cultures were inoculated in BacT/ALERT bottle for aerobic culture. Positive
flagged blood culture bottles and other samples were initially inoculated on blood agar
and MacConkey agar and incubated aerobically at 37 ◦C overnight. The bacterial species
were identified by the colony characteristics on MacConkey and blood agar, Gram staining,
motility, routine rapid tests such as catalase and oxidase, and routine biochemical tests
such as indole, triple sugar iron agar, urease test, and citrate utilization test.

4.3. Antibiotic Susceptibility Test (AST)

Antibiotic susceptibility was performed on Mueller Hinton agar following Clini-
cal and Laboratory Standards Institute (CLSI) guidelines [49]. A total of seven classes
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of antibiotics were tested for all microorganisms that included the following: (a) peni-
cillins, such as ampicillin (10µg); (b) beta-lactam-beta-lactamase inhibitor combination,
such as piperacillin/tazobactam (100/10 µg), and amoxycillin/clavulanic Acid (20/10 µg);
(c) cephalosporins, such as cefepime (30 µg), cefotaxime (30 µg), cefuroxime (30 µg), cef-
triaxone (30 µg), and ceftazidime (30 µg); (d) aminoglycosides, such as amikacin (30 µg)
and gentamicin (10 µg); (e) carbapenems, such as imipenem (10 µg) and meropenem
(10 µg); (f) fluoroquinolones, such as ciprofloxacin (5 µg) and levofloxacin (5 µg); and
(g) trimethoprim/sulfamethoxazole (1.25/23.75 µg). Further, identification of the organism
and their susceptibility and resistance patterns were assessed by the automated system
VITEK 2 compact system (bioMerieux), according to manufacturer’s instruction. Results
were interpreted according to the Clinical and Laboratory Standards Institute (CLSI) crite-
ria [49]. Methicillin-resistant Staphylococcus aureus was detected by both antibiotic disc
diffusion assay and by VITEK 2. Vancomycin-resistant Enterococcus was also detected by
both disc diffusion assay and VITEK 2. For MRSA diagnosis, cefoxitin (disc content 30 µg)
screening test was done on Muller Hinton agar with 0.5 McFarland standard inoculum
and zone diameter of ≤21 mm were taken as MRSA as per CLSI guidelines. Results were
then corroborated with cefoxitin screening test of VITEK 2 compact system. Similarly, for
determination of vancomycin resistant Enterococcus, disc diffusion method (disc content
30 µg) was done on Muller Hinton agar and zone diameter of ≤14 mm was taken as
VRE as per CLSI guidelines [49]. Results were again corroborated with those of VITEK 2
compact system. VITEK cards used were VITEK 2 GP ID & AST-P628 and VITEK 2 GN
ID & AST-N280.

4.4. Data Analysis

All patients’ data were electronically stored in a relational database system specifically
developed for the study. The data were then exported into a spreadsheet for further analysis.
The prevalence of antibiotic resistance was estimated as the proportion of positive results
over the entire study sample. Multi-drug resistance (MDR) was defined as resistant to at
least three antibiotic classes.

5. Conclusions

Our study demonstrated the burden of antibiotic resistance in adult and pediatric ICUs
in a tertiary care hospital. Gram-negative Enterobacteriaceae and non-fermenters were
found to be the most commonly isolated pathogens in adult and pediatric ICUs than Gram-
positive cocci. Bacterial pathogens obtained from ICUs showed high resistance against
different clinically relevant antibiotic classes. The high rate of multidrug resistance observed
is a deterrent to the management of critically ill patients. Our findings have significant
clinical implications for the treatment and management of ICU patients. Minimizing the use
of broad-spectrum antibiotics and the appropriate usage of antibiotics during the treatment
of patients with nosocomial infections would help to reduce the problem with antibiotic
resistance in hospital settings. We suggest the use of combination therapy consisting of
one bactericidal and one bacteriostatic drug as per the hospital antibiogram for empirical
therapy. Establishing an active surveillance system along with a proper infection control
programme will be helpful in combating antibiotic resistance incidence in hospital ICUs.
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