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ABSTRACT
Introduction: The emergence and spread of Multi-Drug
Resistant (MDR) Non-Fermenting Gram-Negative Bacilli (NFGNB)
in Intensive Care Units (ICU) and their genetic potential to
transmit diverse antibiotic resistance regardless of their ability
to ferment glucose poses a major threat in hospitals. The
complex interplay of clonal spread, persistence, transmission
of resistance elements and cell-cell interaction leads to the
difficulty in controlling infections caused by these multi drugresistant strains. Among non-fermenting Gram-negative
rods, the most clinically significant species Pseudomonas
aeruginosa, Acinetobacter baumannii and Stenotrophomonas
maltophilia are increasingly acquiring resistant to carbapenems.
Carbapenems once considered as a backbone of treatment of
life threatening infections appears to be broken as the resistance
to carbapenems is on rise.
Aim: To document the prevalence of carbapenem resistance
in non-fermenting Gram-negative bacilli isolated from patients
with respiratory tract infections in the ICU of Himalayan Institute
of Medical Sciences, Dehradun.
Materials and Methods: This is a cross-sectional study
conducted in ICU patients between October 2015 to March 2016.
A total of 366 lower respiratory tract samples were collected
from 356 patients with clinical evidence of lower respiratory

tract infections in form of Endotracheal (ET) aspirate, Tracheal
Tube (TT) aspirate and Bronchoalveolar Lavage (BAL) specimen.
Organism identification and the susceptibility testing was done
by using an automated system VITEK 2.
Results: Out of 366 samples received 99 NFGNB were isolated
and most common sample was ET aspirate sample 256 (64.5%).
Acinetobacter baumannii was the most common NFGNB
isolated 63 (63.63%) followed by Pseudomonas aeruginosa 25
(25.25%), Elizabethkingia meningoseptica seven (7.07%) and
Strenotrophomonas maltophilia four (4.04%). We observed that
90.5% Acinetobacter baumannii were resistant to imipenem and
95.2% resistant to meropenem, Pseudomonas aeruginosa came out
to be 52% resistant to imipenem and 56% resistant to meropenem
while Stenotrophomonas maltophilia and Elizabethkingia meningo
septica were 100% resistant to carbapenems as they are intrin
sically resistant to carbapenems.
Conclusion: The resistance rate of carbapenems for NFGNB
infections is very high in our study and variable in different
regions. Overall carbapenem resistance is on rise. So, the
infection control team and microbiologist needs to work
together to determine the risk carried by multi drug resistant
non-fermenting gram-negative infections and the resistance
surveillance programs are mandatory to control these bacteria
in ICU settings.
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INTRODUCTION
NFGNB are aerobic, Gram-negative, non-motile, non-lactose
fermenting, oxidase-negative, catalase-positive coccobacilli which
are developing as a major threat to critically ill patients [1]. NFGNB
which are often neglected are increasingly acquiring resistance to
carbapenems [2]. These organisms have potential to cause, difficult
to treat life threatening infections, often in immunosuppressed
patients with multiple co-morbidities [3]. They are intrinsically
resistant to multiple antibiotics and carbapenems are frequently
used for these treatment.
The rate of carbapenem resistance in NFGNB is gradually increasing
worldwide and vary geographically [4,5]. Mechanism of carbapenem
resistance in non-fermenting Gram-negative bacilli occurs by various
mechanisms including carbapenemase production, decrease
permeability due to loss of porin channels, overexpression of efflux
pump and changes in penicillin binding proteins [6]. The prevalence
of Carbapenem Resistant Acinetobacter (CRA) has increased
alarmingly up to 85% in the ICUs after the first reported case in
1991 from the United States [7-9]. Unfortunately, there is paucity of
data on the prevalence of carbapenem resistant NFGNB infections
in the Indian literature [10]. Here, we document the microbiological
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aspects of the prevalence of carbapenem resistance in NFGNB,
isolated from patients with respiratory tract infections in the ICU.

MATERIALS AND METHODS
This is a cross-sectional study conducted in ICU of a multi-speciality
hospital of Uttarakhand, India, after taking approval from Research
and Ethical Committee of our institute. A total of 366 samples were
collected from 356 patients of all age groups and both sex with
clinical evidence of lower respiratory tract infections, admitted to ICU
during October 2015 to March 2016. The samples were collected
from those patients who develop new onset of fever with rise in Total
Leukocyte Count (TLC), change in amount and consistency of lower
respiratory tract secretions and new onset developing infiltrates in
chest X-ray. Ten patients had prolonged ICU stay that developed
multiple times lower respiratory tract infection, so repeated samples
were send for those patients. Specimens were collected before
antibiotic administration. Samples like endotracheal aspirates
or tracheal tube aspirates from patients on ventilators and BAL
samples were collected in sterile universal containers. Endotracheal
aspirates were collected by using sterile 12 gauge endotracheal
suction catheter tube connected to suction pump passed through
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endotracheal tube. Samples were transported immediately within
15 minutes to microbiology laboratory and processed. Samples
that were not representative of lower respiratory tract were excluded
from the study.

Microbiological Processing:
The ET secretion, BAL and TT secretion specimens received in the
microbiology section was assessed for composite quality score by
making a Gram-stain smear [11]. After confirming the sample to
be representative of lower respiratory tract secretion the samples
were plated on Sheep Blood Agar (SBA), Chocolate Agar (CA),
and Mac-Conkey Agar (MA) by using 4 mm nichrome wire loop
(Hi-media, Mumbai, India), which holds 0.01 ml of sample. All
plates were incubated overnight at 37°C and chocolate agar plates
at 37°C in 5% CO2 incubator. Plates were incubated for 18-24
hours at 37°C. Threshold for quantitative cultures was considered
as 105 CFU/ml. Growth of any organism below the threshold
was assumed as colonization or contamination. Organisms
identification and antimicrobial susceptibility tests was carried out
by using an automated system VITEK 2 for amikacin, amoxicillinclavulanic acid, aztreonam, cefepime, cefotaxime, ceftazidime,
ceftriaxone, ciprofloxacin, ertapenem, gentamycin, imipenem,
levofloxacin, meropenem, piperacillin-tazobactam, trimethoprimsulfamethoxazole and colistin. Pseudomonas aeruginosa (ATCC27853) was used as quality control strain. The result of susceptibility
testing was interpreted as per Clinical and Laboratory Standards
Institute (CLSI 2014) guidelines [12].

[Table/Fig-2]: Percentages of NFGNB isolated.

The interpretation and analysis of the data obtained were done
by using Microsoft Excel and SPSS version 22.0. The quantitative
data was expressed as frequency, percentages and graphical
representation.

The most alarming was the carbapenem resistance, which is considered as last choice in life threatening infection. We observed an
overall of 81.8% resistance to imipenem and 85.8% to meropenem
exhibited by our NFGNB isolates. Resistances for carbapenems by
different NFGNBs are shown in [Table/Fig-3]. The antibiotic susceptibility pattern for NFGNBs showed that all the isolates were uniformly
sensitive to colistin (100%) except Elizabethkingia meningoseptica.
However, high rates of resistance was observed for other antibiotics like amikacin 69 (69.69%), gentamycin 82 (82.82%), amoxicillin-clavulanic acid 90(90.9%), aztreonam 94 (94.94%), cefepime
84 (84.84%), cefotaxime 95(95.95%), ceftazidime 86(86.86%),
ceftriaxone 99 (100%), ciprofloxacin 99 (100%), levofloxacin 92
(92.92%), piperacillin-tazobactam 82 (82.82%) and trimethoprimsulfamethoxazole 89 (89.89%).

RESULTs

DISCUSSION

In our study out of 236 ET aspirates, 64 TT secretions and 66 BAL
samples received, 99 came out to be positive for NFGNB infections.
A total of 156 samples were positive for other organisms and 111
samples were negative for any growth of bacteria. Lower respiratory
infections with NFGNB was more in males (77%) as compared to
females (23%) and more common in elderly age group in range of
45-75 years as shown in [Table/Fig-1]. These infections were more
common in medical patients with co-morbid illness. Out of NFGNB
infections Acinetobacter baumannii was most common bacteria
isolated 63 (63.63%) which was followed by Pseudomonas aeru
ginosa 25 (25.25%), Elizabethkingia meningoseptica 7 (7.07%)
and Stenotrophomonas maltophilia 4 (4.04%) as shown in [Table/
Fig-2].

Carbapenems since they were first introduced in 1980’s were
considered as backbone antibiotic therapy in case of life threatening
serious infections in ICU settings [13]. Gradually resistance to
carbapenems started coming up after it was first reported in 1991
in USA which is now a serious problem in ICUs [1]. NFGNB are
saprophytes but have potential to cause opportunistic life threatening
serious infections, often in immunocompromised and critically ill
patients [14]. These non fermenters are often multidrug resistant with
limited therapeutic options and the resistance pattern is increasing
over last two decades [15]. They can also transfer the resistance
to susceptible organism by gene transfer [16]. Documentation of
carbapenem resistance in NFGNB is important as they can cause
outbreaks in ICU settings which adds on to morbidity and mortality
in patients with underlying diseases. Regular monitoring and
documentation of carbapenem resistance help us to judiciously use
antibiotics and developing strategies to control infections.
Acinetobacter baumannii and Pseudomonas aeruginosa are well
established health care associated pathogens due to their ability to
develop resistance to various antibiotics including carbapenems by
various mechanisms [17]. Isolation of Acinetobacter baumannii and
Pseudomonas aeruginosa as the most common NFGNB has been
increasingly reported in the literature [17-19]. In our study also, the
most common NFGNB isolated was Acinetobacter baumannii 63
(63.63%) followed by Pseudomonas aeruginosa 25 (25.25%).

[Table/Fig-1]: Age wise distribution of patients.
0 to 15 years - percentage is zero as there were no paediatric patients
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The antimicrobial resistance pattern of the NFGNBs varies widely
from hospital to hospital in different geographical region. Imipenem
being a commonly used carbapenem in ICU settings, resistance
exhibited by various NFGNBs against this carbapenem has been
reported by many Indian authors which is shown in [Table/Fig-4]
[18-25]. In our study, we observed a high resistance to imipenem
by Acinetobacter isolates (90.54%), while 52% of Pseudomonas
aeruginosa isolates were imipenem resistant. Frequent use of
imipenem might attribute to the high resistant against imipenem
5
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Micro-organism
Acinetobacter baumannii

Imipenem

Meropenem

Ertapenem

90.54%

95.2%

NA

Pseudomonas aeruginosa

52%

56%

NA

Elizabethkingia meningoseptica

100%

100%

100%

Stenotrophomonas maltophilia

100%

100%

100%

[Table/Fig-3]: Percentage of carbapenem resistance in nonfermenting Gramnegative organisms.

Region

Year

Imipenem
resistant
A. baumannii

Imipenem
resistant
P. aeruginosa

Imipenem
resistant S.
maltophilia

Rit K
et al., [19]

Eastern India

2013

55%

8.2%

100%

Gurjar M et al.,
[20]

Lucknow

2013

75%

-

-

Benachinmardi,
KK., [21]

Bengaluru

2014

59%

20%

-

Sharma D
et al., [22]

Jaipur

2014

81%

80%

62%

Kombade S
et al., [23]

Nagpur

2015

60%

90%

20%

Devi PV et al.,
[18]

Nellore, AP

2015

28%

42%

-

Ashwani J
et al., [24]

Raigarh, CH

2015

3.5%

10.3%

-

Ahmed NH
et al., [25]

Central India

2015

53%

29%

-

Present study

Dehradun

2015/
2016

90.54%

52%

100%

Author

[Table/Fig-4]: Data of carbapenem (imipenem) resistance from different regions of
India [18-25].

in our NFGNB isolates. Nosocomial infections with carbapenem
resistant strains is favoured by selection pressure of previously used
antibiotics and also related to duration of ICU stay [26]. Baumgart
AMK et al., reported that carbapenem resistance of Acinetobacter
is on rise and 77% and 80% of Acinetobacter isolates were resistant
against imipenem and meropenem respectively [27]. However,
Memish ZA, et al., showed very low (5.4%) imipenem resistance
Acinetobacter which is probably due to selection of all the samples
of NFGNB and most of the patients they received were mostly
directly from community [28].
Stenotrophomonas maltophilia is an emerging multidrug-resistant
opportunistic pathogen [29]. The increasing incidence of nosocomial
and community-acquired S. maltophilia infections is of concern to
the clinicians especially in case of immunocompromised individuals,
as this pathogen is associated with a significant mortality. S.
maltophilia was first isolated in 1943 as Bacterium bookeri and
then named Pseudomonas maltophilia [30]. Data from the SENTRY
Antimicrobial Surveillance Program during 1997 to 2008 showed
that 3.1% of S. maltophilia were recovered from hospitalized patients
with pneumonia from 2004 to 2008, with regional recovery rates of
3.3% for the United States, 3.2% for Europe, and 2.3% for Latin
America [31]. S. maltophilia can form biofilms on lung cells [32]. In
our study Stenotrophomonas was isolated in 4.04% cases. There
has been an increase in antimicrobial resistance of S. maltophilia
over recent years, notably to Trimethoprim-Sulfamethoxazole (TMX),
once a preferred treatment for S. maltophilia infections [33]. In a
2012 study of S. maltophilia recovered from cystic fibrosis patients,
24.2% of the patients had TMX resistant isolates [34]. They are
intrinsically resistant to imipenem and overuse of carbapenems has
led to the emergence of Stenotrophomonas infections in hospital
environment because of selection pressure [35]. In our study they
were 100% resistant to carbapenems.
Elizabethkingia meningoseptica has been considered as a
potentially important threat to patients in critical care areas because
6
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of its multidrug-resistant pattern and its ability to adapt to various
environments [36]. Elizabethkingia meningoseptica possess two
different types of beta-lactamases, namely class A ExtendedSpectrum b-Lactamases (ESBL) and class B Metallo b-Lactamases
(MBLs); the latter confer resistance to carbapenems, which are
widely used to treat life threatening Gram-negative infections. They
are intrinsically resistant to multiple antibiotic classes and have
unusual resistance patterns and mechanisms [37]. Colistin overuse
has acted as a selective factor that allowed E. meningoseptica to
emerge in the hospital. In our study Elizabethkingia meningoseptica
is 100% resistant to carbapenems.

LIMITATION
Limitation of our study was that we could not confirm the mechanism
of carbapenem resistance in our isolates by molecular methods
which would have helped in developing novel therapeutic strategies
for combating these infections.

CONCLUSION
Our study highlights the high prevalence of carbapenem resistance
NFGNB among the clinical isolates of our ICU. In view of this high
carbapenem resistance amongst the isolates, there is a need to
emphasize on strict adherence to the concept of “reserve drugs”
and antibiotic therapy should be advocated or modified following
culture and sensitivity. This would not only help in the proper
treatment of the patient but also would discourage the indiscriminate
use of available antibiotics and curtail the spread of drug resistance
bacteria. Moreover, considering the prevalence of carbapenem
resistant bacteria, it is necessary to carry out regular monitoring
of drug resistance and molecular characteristics of carbapenem
resistant isolates in this region.
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