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A B S T R A C T

Introduction: Infections due to Gram negative bacilli (GNB) are the leading cause of mortality in ICU
patients and are associated with higher morbidity rates, longer hospital stays and increased healthcare
expenditures. Infections due to GNB in the ICU is about 2 to 5 times higher than in the general in-patient
hospital population. This study aims to look at the prevalence of multi drug resistant gram-negative bacilli
and proportion of ESBL producers in the MICU and to determine susceptibility patterns of GNB isolated,
to various antibiotics.
Materials and Methods: A total of 616 samples were collected from 396 patients admitted to the MICU
during the 4-month study period. After the samples were inoculated and identified, the gram-negative
isolates were subjected to Antibiotic susceptibility testing using Kirby Bauer Disc Diffusion technique
with 17 different antibiotic disks. Strains showing decreased sensitivity to Ceftazidime/Cefotaxime were
screened for ESBL production.
Results: Among the 616 samples tested, 149 (24.2%) samples showed growth of Gram-negative bacteria
exclusively. Total number of GNB’s isolated were 173 due to some samples showing polymicrobial growth.
The most common GNB found was E. coli (27.7%) which was followed by Klebsiella pneumonia at 26.0%
and Acinetobacter baumannii at 18.5%. 64.2% of all GNB’s were Multi Drug Resistant which included
75% E. coli, 71.1% Klebsiella pneumoniae and 84.4% Acinetobacter baumannii.
Conclusions: The study shows that the MDR GNB infections are on the rise in the ICU with GNBs being
highly resistant to many previously effective first line antibiotics like Penicillins, newer Cephalosporins and
Fluoroquinolones with susceptibility rates below 25% and even 0% for earlier generation Cephalosporins.
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1. Introduction

Infections due to Gram negative bacilli (GNB) are the
leading cause of mortality in ICU patients and are associated
with higher morbidity rates, longer hospital stays and
increased healthcare expenditures.1 Gram negative bacilli
are the most common cause of urinary tract infections, blood
stream infections, respiratory tract infections and sepsis.2

Infections due to GNB in the Intensive Care Unit is about
2 to 5 times higher than in the general in-patient hospital
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population.3

Gram negative bacilli are highly efficient at up-regulating
or acquiring genes that code for mechanisms of antibiotic
drug resistance, especially in the presence of antibiotic
selection pressure. They use multiple mechanisms against
the same antibiotic or use a single mechanism to affect
multiple antibiotics. In addition to the threat of developing
antibiotic resistance, there is a reduction in the discovery
and development of new antibiotics.4 Several factors like
overcrowding of patients with high levels of disease
acuity in relatively small specialised areas of the hospital
increases the likelihood of person-to-person transmission of
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microorganisms. Imperfect infection control practices and
use of excessive invasive devices also contribute to the
development of high antimicrobial resistance.5

Multiple Drug Resistance (MDR) is defined as non-
susceptibility to at least one agent in three or more
antimicrobial categories.6 Frequent use of broad-spectrum
antibiotics results in the selection of resistant strains.
Thus, the ICU patient frequently experiences infections
by resistant pathogens which pose major clinical problems
despite the introduction of new and potent antibiotics.7

The predominant mechanism for resistance to the
β-lactam antibiotics in gram-negative bacteria is the
production of β-lactamase. The production of extended-
spectrum β-lactamases (ESBLs) is an important mechanism
which is responsible for the resistance to the third-
generation cephalosporins.8 The genes for the ESBL
enzymes are plasmid borne and have evolved from point
mutations, thus altering the configuration of the active site
of the original and long known β-lactamases.9

The problems which are associated with ESBLs include
multi drug resistance, difficulty in detection and treatment,
and increased morbidity and mortality. Awareness and the
detection of these enzymes are necessary for optimal patient
care.

Hence, this study aims to look at the prevalence
of multidrug resistant gram-negative bacilli and ESBL
producers among patients in the ICU and to determine
susceptibility pattern of GNB to various antibiotics from
different classes which will help in deciding optimum
empirical therapy for critically ill patients

2. Materials and Methods

This prospective observational study was conducted after
obtaining approval from the Institutional Ethics Committee.
It included all adult patients aged 18 years and above who
were admitted in the medical intensive care unit (MICU) of
a tertiary care teaching hospital during the 4-month study
period.

2.1. Lab methods

Clinical samples such as blood, urine, wound discharge/pus
and respiratory secretions were aseptically collected using
sterile containers and transported to the Microbiological
laboratory. Samples were inoculated onto MacConkey agar
and 5% Sheep blood agar and incubated at 37oC for 24
hours. Identification of bacteria was done using colony
characteristics, gram stain and different biochemical tests
like Indole test, MRVP test, Catalase test, H2S production
test, Citrate utilization test, Urease test, Sugar fermentation
test, Ornithine test, Decarboxylase test, OF test (Oxidative
fermentation), and PPA test (Phenyl pyruvic deaminase).

The Kirby-Bauer disk diffusion method was used
to test antimicrobial susceptibility (in Mueller-Hinton

agar medium) and interpreted following CLSI 2019
guidelines. 10 The antibiogram disks that was used includes
Ampicillin (10µg), Amoxiclav (10/20µg) Gentamicin
(10µg), Amikacin (30µg), Trimethoprim- sulfamethoxazole
(25µg), Chloramphenicol (30mg), Cefotaxime (30µg),
Ceftazidime (30µg), Aztreonam (30µg), Piperacillin-
Tazobactam (100/10µg), Ciprofloxacin (5µg), Levofloxacin
(5µg), Imipenem (10 µg) and Meropenem(10µg). 11

2.2. Phenotypic characterization

Strains showing decreased sensitivity to Ceftazidime/
Cefotaxime were screened for ESBL production as per
CLSI guidelines 2019.

Test was done by using both ceftazidime (30 µg) disk
alone and the combination of clavulanic acid (30 µg/10 µg).
Disks were placed 25 mm apart from each other on Mueller-
Hinton agar inoculated with 0.5 McFarland suspension of
the test isolate. A difference of more than or equal to 5 mm
in zone diameter between both discs was interpreted as
ESBL producer. Quality control was done by testing with
the American Type Culture Collection (ATCC) strains like
Klebsiella pneumoniae ATCC 700603 and E. coli ATCC
25922.

2.3. Statistical analysis and interpretation

Data was entered, and analysed using SPSS version 23
software (Armonk, NY: IBM Corp. 2015.)

3. Results

A total number of 396 patients were included in the study
who were admitted in the MICU during the study period,
of which 261(65.9%) were males and 135 (34.1%) were
females. Males outnumbered females by almost 2 to 1.

The patients were divided into 4 age groups. 30 (7.6%)
patients were in the age group 18-30 years, 92 (23.2%) were
31-50 years, 184 (46.5%) of them were 51-70 years old and
90 (22.7%) were 71-90 years old. Almost half of the patients
were in the 51-70 age group.

A total of 616 samples were collected from 396 patients
and Urine was found to be the most frequently collected
sample at 48.2 % which was followed by blood at 26.1%.
More than one-third of all samples showed some growth.
149 (24.2%) samples showed growth of Gram-negative
bacteria exclusively. (Table 1)

From 149 samples showing exclusive growth of GNB,
173 GNB were isolated due to some samples showing
polymicrobial growth. Among the Respiratory samples,
i.e., Sputum and ET Tip, most common organism was
Acinetobacter baumannii (40%). In both Blood & Urine,
the most common pathogen isolated was E. coli at 34.4%
and 46.5% incidence rate respectively. In Pus, Klebsiella
pneumoniae was most abundant at 33.3% and in Wound
swab, it was Pseudomonas aeruginosa at 42.9%. (Table 2)
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An antibiogram was prepared for Gram-negative bacteria
with n>5. E. coli was most sensitive to Amikacin (75%) and
Imipenem (73%). Klebsiella pneumoniae also followed the
same pattern and showed highest sensitivity to Amikacin
and Imipenem at 53.3% and 48.9% respectively albeit the
proportion of Resistant strains were higher.

Acinetobacter baumannii too had high amount of MDR
strains and Cotrimoxazole & Amikacin/Gentamicin were
effective only in 34.3% and 31.2% cases respectively.

Amikacin was highly efficacious for Pseudomonas
aeruginosa (80%), followed by Imipenem/Meropenem in
72% cases. Klebsiellla oxytoca was sensitive to Amikacin
and Cotrimoxazole 60% of the time.

High rate of resistance is seen to Ampicillin and first,
second and third generation cephalosporins due to intrinsic
resistance. There is no discernable difference between the
three generations of cephalosporins and all organisms are
highly resistant to them. (Table 3)

Multiple Drug Resistance (MDR) is defined as non-
susceptibility to at least one agent in three or more
antimicrobial categories.6 Based on this definition, 111
organisms out of a total 173 GNB are Multi Drug Resistant
(64.2%). 36/48 (75%) E.coli specimens, 32/45 (71.1%)
Klebsiella pneumoniae and 27/32 (84.4%) Acinetobacter
baumannii specimens are MDR.

Strains of Klebsiella pneumoniae, Klebsiella oxytoca,
E.coli and Proteus mirabilis showing decreased sensitivity
to Cefotaxime/Ceftazidime were tested for ESBL
Production as per CLSI guidelines. A total of 79 strains
of these 4 organisms showed decreased sensitivity
to Cefotaxime/Ceftazidime - 39 E.coli, 37 Klebsiella
pneumoniae, 3 Klebsiella oxytoca and 0 Proteus mirabilis.

Based on Kirby Bauer Disc Diffusion method, there were
21 ESBL producers out of 79, i.e 11/39 E.coli and 10/37
Klebsiella pneumoniae. (Figure 1)

Fig. 1: Proportion of ESBL producers

4. Discussion

Gram-Negative Bacteria are the leading causes of infection
and subsequent death in the ICU. This can be attributed to

Antibiotic resistance which can be due to a great number
of factors like therapy with Broad spectrum antibiotics,
frequent invasive procedures, prolonged hospital stay and
other co-morbid conditions.

Among the 396 patients who were admitted to the MICU
during the study period, 65.9%were males and 34.1% were
females with a Male to Female ratio of 1.93. Other studies
also had a male preponderance with Sahoo et al.12 reporting
a Male to Female ratio of 1.46:1, Garland et al.13 reported
a ratio of 1.75 and Jamshidhi et al.14 reported an M:F
ratio >2. This could be possibly due to the fact that men
are more likely to suffer from chronic conditions needing
ICU admission due to lifestyle choices like dangerous
occupations, heavy drinking and smoking.

The majority of the patients i.e., 184 (46.5%) were in the
age group 51-70 years followed by 92 people (23.2%) in
the 31-50 years age group. Wise et al.15 reported a median
age of ICU admission in South Africa at 38 years which
is in contrast to our findings. A study by Qadeer et al.16

in Pakistan agrees with our findings and their study shows
approximately 41.5% ICU admissions in the age group 50-
69 years and 23% in the age group 30-49 years.

Urine was the most commonly collected sample which
accounted for 48.2% of all collections, followed by blood at
26.1% and ET Tip at 11.7%. This is in contrast to a study
done by Balakrishnan et al.17 who reported blood sample
collection at 58.3%, followed by urine at 14.1%. Another
study by Moolchandani K et al.18 reported Tracheal exudate
and sputum as the most commonly collected samples.

The most common GNB found in the MICU was
E. coli and it accounted for 27.7% of the total GNB
which was followed by Klebsiella pneumonia at 26.0%
and Acinetobacter baumannii at 18.5%. Balakrishnan et
al.

16 also reported E. coli (27.7%) as the most common
GNB, but it was followed by A. baumannii (24.7%) and
then K. pneumoniae (19.8%). In contrast to our study,
Bhatta et al.19 reported K. pneumoniae as the most GNB
most isolated at 39.8%, followed by E. coli at 35.9%
and A. baumannii at 14.8%. In a study from Nepal,
Siwakoti et al20 reported Acinetobacter spp (38%) as
most commonly isolated organism followed by Klebsiella
pneumoniae (29%) and Pseudomonas spp (22%).

In our study, the most common GNB isolated from
Urine and blood is E. coli at 46.5% and 34.4% incidence
respectively. The most common GNB in Respiratory
secretions is A. baumannii at 40% and 46% in Sputum
and ET Tip respectively. Most common GNB in Pus is K.
pneumoniae (33.3%) and in Wound swab its P. aeruginosa
(42.9%). Balakrishnan et al and Mohammadi-mehr et al.21

have reported E. coli as most commonly found in Urine,
K. pneumoniae in Blood and A. baumannii in Respiratory
secretions.

From the antibiogram prepared, it’s evident that the
strains of K. pneumoniae, A. baumannii, P. aeruginosa and
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Table 1: Profile of samples from MICU

Sample Frequency n (%) Samples showing growth Samples showing growth of
GNB exclusively

Urine 297 (48.2%) 97 (45.1%) 65 (43.6%)
Blood 161 (26.1%) 53 (24.6%) 30 (20.1%)
ET tip 72 (11.7%) 34 (15.8%) 26 (17.4%)
CSF 28 (4.5%) 0 (0%) 0 (0%)
Sputum 21 (3.4%) 10 (4.6%) 10 (6.7%)
Wound swab 12 (1.9%) 12 (5.6%) 10 (6.7%)
Ascitic fluid 12 (1.9%) 0 (0%) 0 (0%)
Pus 9 (1.5%) 8 (3.7%) 8 (5.3%)
Pleural fluid 3 (0.5%) 0 (0%) 0 (0%)
BAL 1 (0.2%) 1 (0.5%) 0 (0%)
Total 616 (100%) 215 (34.9%) 149 (24.2%)

Table 2: Pattern of Gram-Negative Bacteria isolated from different samples

Gram Negative
Bacilli

Sputum n
(%)

ET Tip Blood Pus Wound
swab

Urine Total n=173

Escherichia.coli 1 (10) 1 (2.7) 11 (34.4) - 2 (14.3) 33 (46.5) 48
Klebsiella
pneumoniae

3 (30) 9 (24.3) 9 (28.1) 3 (33.3) 4 (28.6) 17 (24.0) 45

Acinetobacter
baumannii

4 (40) 17 (46) 5 (15.6) - 1 (7.1) 5 (7.0) 32

Pseudomonas
aeruginosa

1 (10) 7 (19) 2 (6.2) 2 (22.2) 6 (42.9) 7 (9.8) 25

Klebsiella
oxytoca

1 (10) 1 (2.7) - - - 3 (4.2) 5

Citrobacter
freundii

- - - - - 3 (4.2) 3

Proteus vulgaris - - - 1 (11.1) - 2 (2.8) 3
Citrobacter
koseri

- - - 1 (11.1) 1 (7.1) 1 (1.4) 3

Proteus mirabilis - - 1 (3.1) 1 (11.1) - - 2
Stenotrophomonas
maltophilia

- 1 (2.7) - - - - 1

Salmonella
enterica

- - 1 (3.1) - - - 1

Kingella
denitrificans

- 1 (2.7) - - - - 1

Enterobacter spp - - 1 (3.1) - - - 1
Elizabethkingia
meningoseptica

- - 1 (3.1) - - - 1

Burkholderia
pseudomallei

- - - 1 (11.1) - - 1

Burkholderia
cepacia

- - 1 (3.1) - - - 1

Total 10 37 32 9 14 71 173

K. oxytoca isolated from the MICU are 100% resistant
to Ampicillin due to intrinsic resistance and only 10.4%
of E. coli are sensitive. Susceptibility of all generation
cephalosporins ranged from 3.1% to 60% with sensitivity
mostly lying below 20%. Nitrofurantoin ranged from 3.1%
to 50% making it ineffective against most GNB.

E. coli was least susceptible to Ampicillin (10.4%),
followed by Cephalosporins, followed by Fluoroquinolones,
Cotrimoxazole, then Nitrofurantoin, Piptaz and most

susceptible to Imipenem with 73%. This is in contrast to a
study by Saravanan et al.22 where Cephalosporins are more
effective than Cotrimoxazole and Fluoroquinolones for E.
coli infections.

Klebsiella pneumoniae also followed the same pattern
but with 53.3% sensitivity to Amikacin. Acinetobacter
baumannii shows low susceptibility across all antibiotic
classes with it being most susceptible to Cotrimoxazole
(34.3%), then Aminoglycosides (31.2%) and intrinsically
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Table 3: Proportion of Gram-negative organisms susceptible to different antibiotics

Antibiotics E. coli n = 48
(%)

Klebsiella
pneumoniae n =

45 (%)

Acinetobacter
baumannii n = 32

(%)

P.aeruginosa n =
25 (%)

Klebsiella oxytoca n =
5 (%)

Ampicillin 5 (10.4) 0 0 0 0
Gentamicin 29 (60.4) 20 (44.4) 10 (31.2) 17 (68.0) 2 (40.0)
Amikacin 36 (75.0) 24 (53.3) 10 (31.2) 20 (80.0) 3 (60.0)
Cefazolin 7 (14.6) 7 (15.5) 0 0 2 (40.0)
Cefuroxime 7 (14.6) 7 (15.5) 0 0 2 (40.0)
Ceftriaxone 6 (12.5) 5 (11.1) 1 (3.1) 0 1 (20.0)
Cefotaxime 9 (18.8) 7 (15.5) 1 (3.1) 1 (4.0) 2 (40.0)
Ceftazidime - - - 15 (60.0) -
Cefoperazone/sulbactam 30 (62.5) 19 (42.2) 7 (21.9) 18 (72.0) 2 (40.0)
Aztreonam - - - 17 (68.0) -
Nitrofurantoin 24 (50.0) 6 (13.3) 1 (3.1) 3 (12.0) 1 (20.0)
Piperacillin/Tazobactam 32 (66.6) 19 (42.2) 6 (18.8) 19 (76.0) 2 (40.0)
Ciprofloxacin 12 (25) 12 (26.6) 5 (15.6) 15 (60.0) 2 (40.0)
Levofloxacin 12 (25) 13 (28.9) 7 (21.9) 14 (56.0) 2 (40.0)
Imipenem 35 (73) 22 (48.9) 4 (12.5) 18 (72.0) 2 (40.0)
Meropenem 34 (71) 19 (42.2) 4 (12.5) 18 (72.0) 2 (40.0)
Cotrimoxazole 22 (45.9) 16 (35.5) 11 (34.3) - 3 (60.0)

resistant to second generation cephalosporins. With such
high resistance rates, last resort antibiotics have to be
used like Tigecycline/Colistin. Pseudomonas aeruginosa is
highly susceptible to Amikacin (80%), then Piptaz (76%),
Carbapenems and Cefperazone/sulbactam (72%).

In this study, 111 organisms out of a total 173 GNB
are Multi Drug Resistant (64.2%). 75% E.coli specimens,
71.1% Klebsiella pneumoniae and 84.4% Acinetobacter
baumannii specimens are MDR. This is in accordance with
a study by Bhatta et al which shows 78.26% E.coli, 70.58
K.pneumoniae and 89.47% A.baumannii to be MDR. Panta
et al.23also reported similar figures with overall MDR count
for GNB at 67.9%. while Siwakoti S et al. reported a lower
rate of 47% MDR GNB.

Strains of Klebsiella pneumoniae, Klebsiella oxytoca,
E.coli and Proteus mirabilis showing decreased sensitivity
to Cefotaxime/Ceftazidime were tested for ESBL A total
of 79 samples of these 4 organisms showed decreased
sensitivity to Cefotaxime/Ceftazidime - 39 E.coli, 37
Klebsiella pneumoniae, 3 Klebsiella oxytoca and 0 Proteus
mirabilis.

Out of the 79 samples, a total of 21 were ESBL producers
(26.6%) which included 28.2% of all E.coli and 27% of
Klebsiella pneumoniae. K.oxytoca was negative for ESBL
production.

A study by Rodriguez et al.24 showed the overall
ESBL prevalence for E.coli as 25% and in K.pneumoniae
as 26% which is in accordance with our study. Another
study by Sahoo et al. showed much higher rate of ESBL
Production for E.coli and K.pneumoniae at 44% and
43.1% respectively. A study by Xiong Z et al.25 showed
similar E.coli ESBL prevalence at 23.6% but much higher
K.pneumoniae ESBL prevalence at 51%.

In other studies, done in Indian centres, the percentage
of ESBL producers is anywhere from 22 to 75%26–28 while
in Japan, the prevalence of ESBL producing E.coli is 0.1%
according to a study by Yagi et al.29

5. Conclusion

In this study, out of 616 samples tested, 149 samples showed
growth of GNB and 173 GNB were isolated from them due
to some samples showing polymicrobial growth. E. coli was
the most commonly isolated organism at 27.7%, followed
by K. pneumoniae with 26% and A. baumannii at 18.5%.

64.2% of all GNB isolated were MDR which included
84.4% of A. baumannii, 75% of E. coli and 71.1% of
K. pneumoniae. 28.2% of E. coli and 27% of Klebsiella
pneumoniae were ESBL producers.

GNB are highly resistant to many previously effective
first line antibiotics like Penicillins, Cephalosporins and
Fluoroquinolones with susceptibility rates below 25%
and even 0% for earlier generation Cephalosporins. The
antibiogram prepared from the data collected shows
good susceptibility to aminoglycosides like Amikacin
and Gentamicin and Carbapenems like Imipenem and
Meropenem and poor susceptibility to all the others.

These findings can aid in antibiotic stewardship programs
and help clinicians in deciding appropriate empirical
therapy. It shows that MDR GNB infections are on the rise
in ICU and physicians must be judicious while prescribing
antibiotics.
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