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Abstract
Non-fermenting gram-negative bacteria (NFGNB) frequently exhibit drug resistance. The purpose of this
study was to determine the drug resistance pattern among the NFGNB isolates causing respiratory tract
infections (RTIs). A retrospective analysis of the antimicrobial susceptibility pattern of non-fermenters
causing RTIs over four years (2016- 2019) was done and the change in drug resistance pattern was
studied. A total of 653 cases were obtained that included 191 (29.2%) Moraxella catarrhalis, 283 (43.3%)
Pseudomonas aeruginosa, and 132 (20.2%) Acinetobacter baumannii, 47 (7.2%) Stenotrophomonas
maltophilia isolates. A higher resistance (82.6%) was observed for piperacillin-tazobactam and
cefpirome, followed by imipenem (79.5%) and ciprofloxacin (76.5 %) for A. baumannii isolates. A sharp
decline in resistance pattern for piperacillin, cefpirome, Imipenem and cefoperazone-sulbactam in
2019 and an increasing resistance to gentamycin and ciprofloxacin were noted. Among P. aeruginosa
isolates, 94% aztreonam and 83.4% cefoperazone-sulbactam resistance were detected. There was
an increased resistance for cefpirome and piperacillin and a decreased resistance for Imipenem was
recorded in 2019. In cases of M. catarrhalis, 22.51% of isolates were resistant to ciprofloxacin, followed
by erythromycin (18.32%) and tetracycline (17.80 %). S. maltophilia showed a 100% sensitivity for cotrimoxazole and 2.1% resistance for ciprofloxacin. A constantly changing antibiotic-resistant pattern
of non-fermenters compels for a continuous update of drug-resistant trends through a longitudinal
surveillance program in different geographical areas.
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Introduction

MaterialS and MethodS

Non-fermenting gram-negative bacteria
(NFGNB) are a diverse group of aerobic, nonspore-forming organisms, lacking the ability to
ferment sugars to generate energy for cellular
functions.1 NFGNB are widespread saprophytes
in the environment and are often considered
contaminants of clinical samples, however, the
potential pathogenic role is firmly proven by their
clinical association with a wide range of diseases.2
Organisms, like Pseudomonas aeruginosa,
Acinetobacter baumannii, and Stenotrophomonas
maltophilia are often associated with nosocomial
infections and patients with immunocompromised
status. 3,4 NFGNB are known to constitute
approximately 16%-21% of all bacterial isolates
from a clinical Microbiology laboratory.5,6
NFGNB are becoming a serious challenge
to health care settings due to their high resistance
to antimicrobial drugs. These bacteria are
often intrinsically resistant to various antibiotic
groups like macrolides and penicillin. The various
resistance mechanisms of NFGNB are mediated
by outer-membrane impermeability, alteration
of antibiotic target sites, expression of efflux
system, production of hydrolyzing enzymes,
plasmid, or transposon-mediated resistance.7,8
Antimicrobial drug resistance often increases the
treatment difficulties, increases mortality rate, and
healthcare expenses.
The antibiotic susceptibility patterns
change over time due to an extensive misuse of
antibiotics that trigger the selection pressure in
microorganisms and enhance the drug resistance
phenomenon in different environments.9 The most
frequently isolated NFGNB causing nosocomial
infections in the intensive care unit (ICU) are P.
aeruginosa and A. baumannii.10 In the case of
hospital-acquired infections, approximately 10.6%
of deaths are caused by multidrug-resistant strains
of Acinetobacter spp.11
In this current study, we aimed to
determine the drug resistance pattern of nonfermenting gram-negative bacterial isolates, like
M. catarrhalis, P. aeruginosa, A. baumannii, and
S. maltophilia causing respiratory tract infections
in a tertiary care hospital of South Karnataka.

A retrospective study was conducted
at the Department of Microbiology in a tertiary
care hospital in South Karnataka, over four years
from January 2016 to June 2019. The study was
approved by the Institutional Ethical Committee
(IEC:432/2019). We included all the isolates of
M. catarrhalis, P. aeruginosa, A. baumannii,
and S. maltophilia that were obtained from the
respiratory samples as a part of routine diagnosis.
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Microbiological Processing of Samples
Samples were collected in sterile
screw-cap containers and transported to the
Microbiology laboratory maintaining the proper
cold chain. Upon arrival, samples were inoculated
on 5% sheep blood agar and chocolate agar
and were also observed for Gram’s staining. All
cultures were incubated in 5% CO2 at 37°C for 24
hours. Presumptive identification of all culturepositive cases for M. catarrhalis, P. aeruginosa,
A. baumannii, and S. maltophilia was made
based on morphology in Gram’s stain and colony
characteristics on culture plates. Identification
was further confirmed with Matrix-associated
Laser Desorption/Ionization- Time of Flight (Vitek
MS, bioMerieux Inc., France), and antibiotic
susceptibility was performed with the VITEK®2
system (bioMerieux, Inc, Durham, NC).
Data Analysis
A structured study proforma was used
to document all the relevant demographic and
laboratory data of the study subjects. Data were
analyzed using SPSS software version 16.0. (IBM).
For the categorical variables, descriptive statistical
analysis was performed and frequency and
percentages were reported. Mean± SD (normal
distribution) was used to represent the continuous
variables.
Results
A total of 653 NFGNB were included in
this study over three and half years, among which
191 (29.2%) were M. catarrhalis, 283 (43.3%) P.
aeruginosa, 132 (20.2%) A. baumannii, and 47
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(7.2%) S. maltophilia isolates. The 653 isolates
were obtained from 420 (64.3%) male patients,
and 233 (35.7%) female patients, with a male:
female ratio of 1.8:1. The mean age of study cases
was 58.8 ±15.6 years, ranging from 1 year to 93
years. The age and gender distribution of the
patients infected with NFGNB are given in Table 1.

105 (79.5%) and ciprofloxacin 101 (76.5 %). The
trends of antibiotic susceptibility patterns of
A. baumannii isolates are shown in Figure 1. A
sharp decline in resistance pattern for piperacillin,
cefpirome, Imipenem, and cefoperazone in 2019
and an increasing resistance to gentamycin and
ciprofloxacin were noted.

Antibiotic Susceptibility Patterns of Acinetobacter
baumannii
Antibiotic susceptibility was recorded
for 132 isolates of A. baumannii (refer to Table 2).
Analysis of the susceptibility pattern showed that
109 isolates (82.6%) were resistant to piperacillintazobactam and cefpirome, followed by imipenem

Antibiotic Susceptibility Patterns of Pseudomonas
aeruginosa
Antibiotic susceptibility of 283 P.
aeruginosa isolates is shown in table 3, 94%
(266) isolates were found resistant to aztreonam
followed by cefoperazone-sulbactam 236 (83.4%)
and cefpirome 97 (34.3%). The antibiotic resistance

Table 1. Age and gender distribution of the patients with Moraxella catarrhalis, Acinetobacter baumannii,
Pseudomonas aeruginosa, and Stenotrophomonas maltophilia respiratory infections
Moraxella
Acinetobacter Pseudomonas
Stenotropho
Total NFGNB
catarrhalis
baumannii
aeruginosa
monas maltophilia
isolates
(n=191)
(n= 132)
(n=283)
(n= 47)
(n=653)
					
Age in years mean ±SD 58.62 ±15.37 59.84 ±16.89
57.89 ±15.3
61.8 ±15.2
58.8 ±15.6
>60 years (%)
109 (57.1)
79 (59.8)
138 (48.7)
26 (55.3)
258 (43.5)
30-60 years (%)
69 (36.1)
44 (33.4)
127 (44.9)
18 (38.3)
256 (39.2)
<30 years (%)
13 (6.8)
9 (6.8)
18 (6.4)
3 (6.4)
152 (23.3)
Male (%)
129 (67.5)
85 (63.6)
176 (62.2)
30 (63.8)
420 (64.3)
Female (%)
62 (32.5)
47 (36.4)
107 (37.8)
17 (36.2)
216 (35.7)

Figure 1. Antibiotic resistance trends of Acinetobacter baumannii from 2016 to 2019
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Antibiotic Susceptibility Patterns of
Stenotrophomonas maltophilia
Antimicrobial susceptibility of 47 (7.2
%) isolates of S. maltophilia was recorded (refer
to Table 5), which shows 100% sensitivity for cotrimoxazole and 2.1% resistance for ciprofloxacin.

trends over 4 years are given in Figure 2. There
was an increased resistance for cefpirome and
piperacillin and a decreased resistance for
Imipenem was recorded in 2019.
Antibiotic Susceptibility Patterns of Moraxella
catarrhalis
M. catarrhalis was isolated from 191
cases, among which 43 (22.51%) were resistant
to ciprofloxacin, followed by 35 (18.32%)
erythromycin and 34 (17.80 %) tetracycline
resistant isolates. A detailed description of the
antimicrobial susceptibility of the M. catarrhalis
isolates is shown in Table 4.

Discussion
Antibiotics are a potent weapon to
fight against bacterial infections, but the rapid
emergence of drug-resistant bacteria becoming
Table 3. Antibiotic susceptibility of 283 Pseudomonas
aeruginosa isolates

Table 2. Antibiotic susceptibility of 132 isolates of
Acinetobacter baumannii
Antibiotics
Cefotaxime
Ciprofloxacin
Cotrimoxazole
Gentamicin
CefoperazoneSulbactam
Cefpirome
Imipenem
PiperacillinTazobactam

Sensitive Intermediate Resistant
n (%)
n (%)
n (%)
11 (8.3)
31 (23.5)
40 (30.3)
42 (31.8)
37 (28)

22 (16.7)
1 (0.8)
94 (71.2)

99 (75)
101 (76.5)
92 (69.7)
89 (67.4)
1 (0.8)

23 (17.4)
27 (20.5)
23 (17.4)

-

109 (82.6)
105 (79.5)
109 (82.6)

Antibiotics

Sensitive
n (%)

Intermediate Resistant
n (%)
n (%)

Amikacin
Ceftazidime
Ciprofloxacin
Gentamicin
Aztreonam
CefoperazoneSulbactam
Cefpirome
Imipenem
PiperacillinTazobactam

262 (92.6)
247 (87.3)
244 (86.2)
248 (87.6)
16 (5.7)
46 (16.3)

1 (0.4)
1 (0.4)
1 (0.4)

21 (7.4)
36 (12.7)
38 (13.4)
35 (12.4)
266 (94)
236 (83.4)

173 (61.1)
242 (85.5)
243 (85.9)

13 (4.6)
3 (1.1)

97 (34.3)
41 (14.5)
37 (13.1)

Figure 2. Antibiotic resistance pattern of Pseudomonas aeruginosa from 2016 to 2019
Journal of Pure and Applied Microbiology
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a threat to healthcare systems. Monitoring the
trends of antimicrobial susceptibility in different
geographical and hospital settings has prime
significance to lead to successful treatment
outcomes.
Acinetobacter baumannii is one of the
major pathogens associated with nosocomial
infection, shows a high level of drug resistance to
the available antibiotics, and is often responsible for
the outbreak of infections in healthcare settings.12
Studies have reported a 28.2-43.5% isolation rate
of the Acinetobacter spp. from various respiratory
specimens.13-15 In the present study, the isolation
rate of Acinetobacter was 29.2%. The majority of
these isolates (82.6%) in our study were resistant
to piperacillin-tazobactam and cefpirome followed
by 79.5% to imipenem and 76.5% to ciprofloxacin.
Another study from Punjab recorded 82.9% of
ceftazidime resistance, followed by cefoperazone
(82.4%), ciprofloxacin (73.4%), gentamicin (70.4%),
ampicillin/sulbactam (58%), amikacin (57.9%),
whereas lower resistance for imipenem (23.6%),
piperacillin/tazobactam (15.1%) and, sulbactamceftazidime (18.4%).16 Bhattacharya et al reported
80% ceftazidime, 55.5% amikacin, and 52.17%
ciprofloxacin resistance.17 The distinct resistant
pattern among the different studies could be
influenced by variation in environmental factors of
different settings, unrestricted use of antibiotics,
and lack of awareness among clinicians about
using broad-spectrum antibiotics.
In this present study, a sharp decline
in the resistance trend of certain antibiotics
like piperacillin, cefpirome, imipenem, and
cefoperazone-sulbactam was observed for
Acinetobacter spp. in 2019 compared to 2018,
whereas an increasing resistant pattern was

observed for Gentamycin and ciprofloxacin.
A decreasing trend of antibiotic resistance
especially to piperacillin-tazobactam, Imipenem,
and cefoperazone-sulbactam can be attributed
to effective measures taken by the Hospital
Infection Control team in this time period, like the
controlled use of carbapenems and higher group
of antibiotics by clinicians and spreading more
awareness about the correct use of antibiotics in
our settings.
Gupta et al. showed decreased resistant
isolates of Acinetobacter spp. with a significant
linear pattern from 2013-2017.18 Another study
from China published an increasing trend of
imipenem resistance for the A. baumannii isolates
from 2004 (13.3%) to 2014 (70.5%) and also
a sharp increase in extensively drug-resistant
isolates of A. baumannii from 11.1% (2004) to
60.4% (2014) was noted.19
Pseudomonas aeruginosa is another
common isolate in respiratory tract infections,
especially in cystic fibrosis and ventilatorassociated pneumonia. In the present study, the
rate of isolation of P. aeruginosa was found to be
43.3% whereas 39.1% isolation of P. aeruginosa
was reported by Sharma et al.3 We observed a
high resistance of these isolates against aztreonam
(94%), cefoperazone-sulbactam (83.4%), and
cefpirome (34.3%). Fatima et al. noted resistance
for piperacillin/tazobactam and cefepime at 42%
and 40% respectively for P. aeruginosa and an
increasing resistance for amikacin (35%).20 A study
from Peshawar reported 83.10% cefoperazonesulbactam and 66.20% piperacillin-tazobactam
resistance and the highest sensitivity for amikacin
(92.86%).21 Joseph et al. reported a decreasing
resistance pattern for ciprofloxacin (49% to 33%),
meropenem (35% to 19%), ceftazidime (50% to
33%), and imipenem (28% to 14%) in 2012 in
comparison to 2007, limited use of ciprofloxacin
may justify this decreasing trend.22 In our study,

Table 4. Moraxella catarrhalis antibiotic susceptibility
data of 191 isolates
Antibiotic
Amoxicillin clavulanate
Cefotaxime
Cefuroxime
Ciprofloxacin
Erythromycin
Tetracycline

Sensitive
n (%)

Resistant
n (%)

187 (97.91)
185 (96.86)
160 (83.77)
148 (77.49)
156 (81.68)
157 (82.20)

4 (2.09)
6 (3.14
31 (16.23)
43 (22.51)
35 (18.32)
34 (17.80)
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Table 5. Stenotrophomonas maltophilia antibiotic
susceptibility data of 47 isolates

2024

Antibiotic

Sensitive
n (%)

Resistant
n (%)

Ciprofloxacin
Co-trimoxazole

46 (97.9)
47 (100)

1 (2.1)
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increasing trends of resistance for cefpirome and
piperacillin were observed in 2019 compared to
2018, which may be due to the more common use
of these antibiotics for Pseudomonas spp. whereas
a decreasing trend of Imipenem resistance was
observed in our study, because of the controlled
use of carbapenems in our hospital.
Moraxella catarrhalis, commonly causing
respiratory infections, is intensively studied in
the USA and European countries but very little
research has been conducted to date in developing
countries like India. According to a few recent
reports, M. catarrhalis was isolated in 6.45% to
20% of the respiratory samples.23-25 The isolation
rate of M. catarrhalis was found to be 20.2% which
is similar as compared to the previously reported
studies. In our study, 22.5% of isolates were
resistant to ciprofloxacin and 17.8% to tetracycline.
Gupta et al. from Delhi observed 15.8% of
ciprofloxacin and 14.2% tetracycline resistant
isolates, which was more or less similar to our
findings.26 Another study from India reported 5%
of cefuroxime and 15% of amoxicillin-clavulanate
resistant isolates, in comparison to 16.23% and
2.09% resistant isolates of M. catarrhalis that were
observed respectively, in our study.24 Krishna et al.
reported 13.72% of cefotaxime resistant isolates,
which was 3.14% in our study, a higher use of these
drugs in the healthcare settings may justify it.25
18.32% of M. catarrhalis isolates in the present
study were resistant to erythromycin, whereas a
study from China reported a higher resistance rate
to erythromycin (70.8%).27
S. maltophilia, is an opportunistic pathogen,
particularly among immunocompromised and
hospitalized patients with a significant fatality
rate.28 The isolation rate of S. maltophilia was
noted at 7.2% in our study, whereas previous
studies reported a 2.6- 5.5% of isolation rate.29,30
S. maltophilia isolates were 100% sensitive
to co-trimoxazole but 2.1% were resistant
to ciprofloxacin in our settings. Nayyar et al.
reported that 8.6% of isolates were resistant to
co-trimoxazole and no resistance was observed
against levofloxacin.30 Abdel-Aziz N et al. reported
a 100% sensitivity for co-trimoxazole, whereas
Azimi A et al. from Iran observed 10.9% resistance
to ciprofloxacin.31,32
The alarming increasing rate of drug
resistance isolates due to mutations is a critical
Journal of Pure and Applied Microbiology

global health challenge, which requires a regulated
use of antibiotics and raising awareness among the
community and healthcare personnel about the
appropriate use of antibiotics. The retrospective
nature of the present study is one of the major
limitation. Moreover, we are unable to determine
the antibiotic resistance trends of Moraxella
catarrhalis, due to a change in CLSI guidelines for
the susceptibility range.
Conclusion
A constantly changing antibiotic-resistant
pattern of non-fermenters observed in the current
study demands a continuous update of drugresistant trends through a longitudinal surveillance
program in different geographical areas. This
will help the hospital infection control team to
develop antimicrobial guidelines and policies to
regulate the spread of resistance and effective
management of the infections.
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