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ABSTRACT
Introduction
Non-fermenting Gram-negative bacilli (NFGNB) are increasingly implicated in healthcare-associated infections
because of their ability to persist in hospital environments and their propensity to develop multidrug resistance.
Among these organisms, Acinetobacter baumannii has become a prominent pathogen, particularly in intensive
care units, owing to its capacity to acquire diverse resistance mechanisms. The emergence of carbapenem-resistant
A. baumannii (CRAB) has further limited therapeutic options and is associated with adverse clinical outcomes.
Understanding the local prevalence and molecular basis of carbapenem resistance is essential for guiding
antimicrobial stewardship and infection control strategies.
Aim and Objectives
To determine the prevalence of carbapenem resistant Acinetobacter baumannii among clinically significant non-
fermenting Gram-negative bacilli isolated in a tertiary care hospital and to characterize their antimicrobial
susceptibility profiles and underlying carbapenem resistance genes.
Methodology
A cross-sectional study was conducted on clinical specimens received in the microbiology laboratory over a period
of 2 years in a tertiary care hospital. Non-fermenting Gram-negative bacilli were isolated using standard culture
techniques and identified by conventional biochemical methods and the VITEK-2 automated system.
Antimicrobial susceptibility testing was performed by the Kirby—Bauer disk diffusion method and interpreted
according to CLSI guidelines. A. baumannii isolates showing resistance to carbapenems were subjected to
polymerase chain reaction (PCR) for detection of carbapenemase-encoding genes, including blaOXA-23,
blaOXA-51, blaOXA-58, blaNDM, and blaVIM.
Results
A total of 200 clinically relevant non-fermenter isolates were examined, with a mean patient age of 53.94 + 15.79
years and male prevalence (61.5%). The most prevalent isolate was Pseudomonas aeruginosa (49.5%), followed
by Stenotrophomonas maltophilia (33.5%) and Acinetobacter baumannii (16.5%). 16.5% of A. baumannii were
carbapenem-resistant (CRAB). The isolates exhibited substantial multidrug resistance, with A. baumannii having
very strong carbapenem resistance (imipenem 97.1%, meropenem 100%). Respiratory samples were significantly
associated with carbapenem resistance (p < 0.05). RT-PCR revealed carbapenemase genes in 16.5% of isolates,
primarily OXA-23/NDM, confirming carbapenemase-mediated resistance as the prevalent mechanism.
Conclusion
The study provides insight into the burden of CRAB and the molecular mechanisms contributing to carbapenem
resistance in a tertiary care setting. These findings emphasize the necessity for continuous surveillance, rational
antimicrobial use and stringent infection control measures to limit the spread of resistant strains.
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reservoirs, facilitating persistent transmission. [

INTRODUCTION

Non-fermenting Gram-negative bacilli
(NFGNB) have emerged as important opportunistic
pathogens in modern healthcare settings. These
aerobic organisms are widely distributed in the
environment and possess the ability to survive on
hospital surfaces, medical devices and moist
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Over the past two decades, infections caused by
NFGNB have increased substantially, particularly
among critically ill patients, individuals with
prolonged hospitalization and those receiving broad-
spectrum antimicrobial therapy. 4

Among  NFGNB,  Acinetobacter
baumannii has gained considerable attention
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because of its association with severe healthcare-
associated infections such as ventilator-associated
pneumonia, bloodstream infections, urinary tract
infections, wound infections and device-related
infections. ¢ The organism possesses a highly
adaptable genome that facilitates the acquisition,
maintenance and horizontal gene transfer of
resistance determinants contributing to the rapid
emergence and spread of multidrug resistant strains.
[7]

Carbapenems  were traditionally
regarded as reliable agents for the treatment of
multidrug-resistant A. baumannii  infections.
However, the global emergence of carbapenem-
resistant A. baumannii (CRAB) has significantly
compromised their effectiveness. (%91 Resistance is
primarily mediated by the production of
carbapenem-hydrolyzing enzymes, particularly
OXA-type carbapenemases and  metallo-f-
lactamases such as NDM and VIM, often carried on
mobile genetic elements. %12 The spread of these
resistance mechanisms has resulted in limited
therapeutic options and increased morbidity and
mortality. [*3]

Local epidemiological data on the
prevalence of CRAB and the distribution of
resistance genes are essential for guiding empirical
therapy, strengthening antimicrobial stewardship
programs and implementing targeted infection
control measures. ['41%] Therefore, the present study
was undertaken to determine the prevalence and
molecular characteristics of CRAB isolated from
clinically significant NFGNB in a tertiary care
hospital.

OBJECTIVES
1. To isolate the Non fermenting Gram negative
bacilli (NFGNB) from clinical samples.
2. To know the prevalence and speciate the clinically
significant Acinetobacter.
3. To determine the antimicrobial susceptibility
pattern of Acinetobacter species by Kirby  Bauer
disc diffusion and their phenotypic confirmation by
VITEK-2.
4. Genotypic detection of Carbapenem resistant
genes by molecular assay.
METHODOLOGY

This prospective cross-sectional study was
conducted in the Department of Microbiology,
Vinayaka Mission’s Kirupananda Variyar Medical
College and Hospitals, Salem, over a period of two
years from July 2024 to February 2026. The study
was approved by the Institutional Ethics Committee
(IEC) [Ethical clearance No: IEC / 24 /149]. The
study included patients of all age groups presenting
with clinically suspected infections.
Inclusion and Exclusion Criteria

Patients with clinical evidence of infection
whose samples yielded non-fermenting Gram-
negative bacilli were included in the study. Patients
without signs or symptoms of infection and isolates

I1JDDT, Volume 16 Issue 54s, 2026

other than NFGNB were excluded. Contaminated
samples, leaky containers and specimens with
improper labeling were rejected.
Sample Collection and Processing

Clinical specimens were collected using
standard aseptic techniques and processed according
to routine microbiological procedures. Samples
were inoculated onto Blood agar and MacConkey
agar and incubated aerobically at 37°C for 18-24
hours.
Isolation and Identification of NFGNB

Non-lactose fermenting colonies on
MacConkey agar were subjected to Gram staining
and preliminary biochemical tests. Identification and
speciation were performed using conventional
biochemical methods and confirmed using the
VITEK-2 automated identification system.
Identification of Acinetobacter baumannii

Presumptive Acinetobacter isolates were
identified based on characteristic  colony
morphology, Gram-negative coccobacillary
appearance, oxidase negativity and further
confirmed by VITEK-2.

Antimicrobial Susceptibility Testing (AST)

Antimicrobial susceptibility testing was
performed using the Kirby—Bauer disk diffusion
method on Mueller—Hinton agar. Results were
interpreted according to Clinical and Laboratory
Standards Institute (CLSI) guidelines. AST was also
performed using the VITEK-2 automated system for
confirmation.

Following antibiotic discs (HiMedia)
were used : Amikacin (30pg), Ampicillin-sulbactam
(10pg+10png), Ceftazidime (30pg), Cefepime
(30pg), Cefotaxime (30ng), Ceftriaxone (30pg),
Ciprofloxacin  (5ug), Co-trimoxazole (25ug),
Gentamicin (10pg), Imipenem (10png), Levofloxacin
(5pg), Meropenem (10ug), Minocycline (30pg) and
Piperacillin-Tazobactam (100ug + 10ug). In
addition to that, for urine isolates following discs
were used: Nalidixic acid (30pg), Norfloxacin
(10pg), Nitrofurantoin (300pg) and Netilmicin
sulphate (30png).

Detection of Carbapenem Resistance

Isolates showing resistance to imipenem
and/or meropenem were categorized as carbapenem
resistant and subjected to molecular analysis.
Molecular Detection of Carbapenemase Genes

Genomic DNA was extracted from

carbapenem-resistant A. baumannii isolates using a
commercially available DNA extraction kit
according to the manufacturer’s instructions. PCR
was performed for detection of carbapenemase
genes  including  blaOXA-23,  blaOXASI,
blaOXAS58, blaNDM and blaVIM.

RESULTS
Figure 1: Distribution of clinically
significant non fermenters (N=200)
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Out of 200 NFGNB isolates, Pseudomonas
aeruginosa was the most frequently isolated
organism accounting for 99 (49.5%) isolates,
followed by Stenotrophomonas maltophilia with 67
isolates (33.5%) and Acinetobacter baumannii with
34 (17%) isolates.

Acinetobacter baumannii

= Pseudomonas aeruginosa

= Stenotrophomonas maltophilia

Figure 2 : Distribution of
Patients based on Age

Majority of isolates were recovered from patients
aged >60 years, followed by 51-60 years age group,
indicating a higher prevalence of NFGNB
infections among elderly patients.

Figure 3: Type of Samples
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Pus samples constituted the predominant clinical
specimen followed by Endotracheal aspirate (ETA),
wound swab and sputum.
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The Male Surgical Ward (MSW) recorded the most
cases with 38 patients (19.0%), followed by the
Medical Intensive Care Unit (MICU) with 32 patients
(16.0%) and the Female Surgical Ward (FSW) with
27 patients (13.5%).
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Table 1: Antibiogram of Acinetobacter
baumannii (N=34)

Conventional VITEK-2
AST(N=34) AST(N=34)
Drugs Sens Mode Resis|Sens Mode Resis|
... |rately ... |rately
itive . .| tant [itive ...| tant
sensiti sensiti
n ve n n ve n
0, 0, [V 0,
%) | nevy | %) [ C8) g | ()
Ampicillin- 20 | 11 18
Sulbactam 1904(3 (1?8) (58.8((32.4 (1: 7) (52.9
(10ug+10pg) | ™ ' ) 1) 1)
L 8 388 23| 9 [2(5.9)] 23
g‘é‘lka;C‘“ (23.5 (67.6/(26.5 (67.6
ne ) ) 1) )
. 6 25926 | 7 [3(8.8)] 24
8%15;“‘““ (17.6 (76.5/(20.6 (70.6
) ) 1) )
cefepime 4 3088275 | 4 |25
(30 p) (11.8 (79.4((14.7| (11.8) |(73.5
ne ) ) 1) )
. 3 259 29| 4 28
g%f;agz)‘d‘me (8.8) (85.3|(11.8]2 (5.9)|(82.4
) 1) )
Cefotaxime (529) 12.9) (93112 3 12.9) (832?2
(30pg) ’ )' (3.8) )'
Ceftriaxone (529) 12.9) (93112 3 12.9) (83802
(30pg) ' )' (3.8) )'
. 5 38826 6 2(5.9] 26
(CS‘p;‘)’ﬂO"acm (14.7 (76.5/(17.6 (76.5
i ) ) 1) )
16 259 25| 6 [3(8.8)] 25
ée:;ﬂoxacm (17.6 (73.5/(17.6 (73.5
) ) 1) )
. 7 G916 | 8 2(5.9)] 24
ec‘(’;‘gmg‘aml (20.6 47.1(23.5 (70.6
: ) ) 1) )
Minocycline 15 28 | 16 16
(30ng) (44.1/3 (8.8)|(82.4/(47.1|2 (5.9)|(47.1
i ) ) 1) )
imipenem 129 0 [330[ 1 | 34
(10pg) ) 7.0) (100)
Meropenem 2 0 32 34
(10ng) (5.9) (94)1.1 0| 0 |100)
Piperacillin-T| 5 27 | 6 26
azobactam  |(14.7]2 (5.9)((79.4((17.6|2 (5.9)|(76.5
(100 +10pg) | ) ) 1) )
s |29
Colistin - " a4 (8?.2
s |29
Polymyxin-B - a4 (8?.2
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Among 34 Acinetobacter baumannii isolates, higher
susceptibility was observed to minocycline and
ampicillin-sulbactam, whereas a high level of
resistance was noted against carbapenems.
Table 2: Antibiogram of Pseudomonas
aeruginosa (N=99)

Conventional VITEK-2
AST(N=99) AST(N=99)
Drugs |Sens Mode Resis|Sens Mode Resis
... |rately ... |rately
itive ...| tant |itive ...| tant
sensiti sensiti
" lven | M " lven| ™
o0 0, 0, 0,
)| Loy | 0| 8)] (%)
amikacin 60 | 10 [ 29 [62 [8@8.1)] 29
(60.6{(10.1){(29.3((62.6 (29.3
30 U
(30ug) (U) ) ) 1) )
Cefepime 45 12 | 42 | 48 | SDD | 41
30 p) (45.5(12.1)|(42.4|(48.5| 10 |(41.4
ne ) ) | ) aon| )
. 40 | 15 | 44 | 43 42
Ceftazidime 14
(300) (4;).4 (15.2) (44)1.4 (4§.4 (14.1) (4§.4
. 150 [909.D)] 40 | 52 [8(8.1)] 39
g‘pr‘)’ﬂoxacm (50.5 (40.4((52.5 (39.4
ne ) ) 1) )
L evofloxacin | 48 | 11 [ 40 [50 9 0.0] 40
5ug) (48.5/(11.1) |(40.4/(50.5 (40.4
) ) 1) )
Imipenem 38 10 51 | 40 50
(lopg) (38.4((10.1)|(51.5|(40.4(9 (9.1)|(50.5
i ) ) | ) )
Meropenem 351 12 | 52 | 37 10 52
(10ug) (3?.4 (12.1) (5?.5 (3;.4 (10.1) (5?.5
. 55 18(8.1)] 36 | 57 35
INetilmicin
(55.6 (36.3((57.6]7 (7.1)|(35.4
30 U
(30ug) (U) ) ) 1) )
Norfloxacin 46 | 10 | 43 | 48 42
(10ug) (U) (46.5((10.1)|(43.4((48.519 (9.1)|(42.4
) ) ) )
Piperacillin-T| 42 13 44 | 45 1 43
azobactam  |(42.4 (13.1) (44.4|(45.5 (1.1 (43.4
(100 + 10pg) | ) i ) ) i )
12
. 87
Colistin - " 187.9) (1?.1
84 15
Polymyxin-B - " | (84.8) (l§.2
~SDD- Susceptible Dose Dependent

interpretation was applied to conventional disk
diffusion and MIC-based susceptibility testing
using the VITEK 2 system, in accordance with
CLSI guidelines.

Both methods showed comparable
susceptibility patterns for most of antibiotics,
including cefepime. However, VITEK 2 proved
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superior by providing rapid, MIC based results and
enabling reliable testing of colistin and polymyxin B
which cannot be assessed by disc diffusion. This
highlights the clinical advantage of automated
systems in guiding antimicrobial therapy.
Table 3: Antibiogram of Stenotrophomonas
maltophilia (N=67)

Conventional VITEK-2
AST(N=67) AST(N=67)
D
rugs Sensi Moder IResist|Sensi Moder Resist
. ately . ately
tive Msensitiv ant [tive M Sensitiv antn
0, 0 0 0,
COTRNLICOIICOTRWNICD
Levoflox| 40 10 [17(25] 42 [8(11.9)[17(25
lacin (59.7)| (14.9) | .4) |(62.7) 4)
(Sug)
Cotrimoxly s 7 17¢5| 46 |46V 1705
azole 2) 5(7.5) 4) (68.7) 4)
(25pg) | - i i i
Minocycl
. 50 9 51 9
ine 8(11.9) 7 (10.4)
74.6 13.5)(76.1 13.5
Goug 740 (13.5)|(76.1) (13.5)

S. maltophilia isolates exhibited high sensitivity to
cotrimoxazole (67.2%) and minocycline (74.6%).
Table 4: Prevalence of Acinetobacter baumannii
Isolates Based on Carbapenem Resistance
Detected by VITEK-2 System

Total isolates CRAB Prevalence
tested identified (%)
200 34 16.5

Out of total 200 non-fermenting gram negative
bacilli isolates tested by the VITEK-2 system, 34
(16.5%) were identified as carbapenem resistant
Acinetobacter baumannii (CRAB). Remaining 166
(83.5%) isolates were Pseudomonas aeruginosa and
Stenotrophomonas maltophilia.

Table 5: Distribution of Carbapenemase Genes
among Isolates Detected by RT-PCR

RT- Frequency | Percent Cumulative
PCR aueney Percent
0XA-23 3 8.8 8.8
0XA-23
T OXA- 8 20.6 29.4
51
0XA-23
+ NDM 21 64.7 94.1
0XA-58
+NDM 2 5.9 100.0
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Total 34 100.0

Molecular analysis of carbapenem resistant isolates
revealed that the most common gene detection was
OXA-23 + NDM detected in 21 isolates followed by
OXA 23 + OXA-51.

DISCUSSION

In the present study, Pseudomonas
aeruginosa was the most predominant isolate,
followed by Stenotrophomonas maltophilia and
Acinetobacter baumannii. Similar findings were
reported by Kaur et al., (9 who observed P.
aeruginosa as the leading non-fermenting Gram-
negative bacillus (NFGNB) in clinical specimens.
The predominance of P. aeruginosa may be
attributed to its intrinsic resistance mechanisms,
biofilm-forming ability and persistence in hospital
environments.

The majority of isolates in this study were
obtained from patients aged >60 years, followed by
the 51-60 years age group. Comparable age
distribution patterns have been described by Falagas
et al., 17 who reported increased susceptibility to
NFGNB infections among elderly individuals due to
comorbidities, prolonged hospitalization, and
frequent invasive procedures.

Pus samples constituted the major clinical
specimen, followed by endotracheal aspirates
(ETA), indicating the significant role of wound
infections and ventilator-associated infections in the
transmission of NFGNB. Similar observations were
documented by Munoz-Price et al., ¥ highlighting
the association of NFGNB with surgical site
infections and ventilator-associated pneumonia.

With regard to antimicrobial susceptibility,
A. baumannii isolates in the present study
demonstrated higher sensitivity to minocycline and
ampicillin—sulbactam. Similar susceptibility
patterns have been reported by Queenan et al.,
who noted better activity of sulbactam-based
combinations against multidrug-resistant ~ A.
baumannii. However, a high level of resistance to
carbapenems (meropenem and imipenem) was
observed, which is consistent with findings by
Magiorakos et al., @Y who described rising
carbapenem resistance among A. baumannii
globally.

Polymyxin resistance observed in this
study is particularly concerning, as colistin and
polymyxin B are often considered last-resort drugs
for carbapenem-resistant isolates. Falagas et al. have
reported emerging polymyxin resistance in A.
baumannii, emphasizing the therapeutic challenges
posed by extensively drug-resistant strains.

Among P. aeruginosa isolates, amikacin
retained good activity, whereas high resistance to
carbapenems was noted. Similar trends were
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reported by Kaur et al, indicating that
aminoglycosides remain relatively effective
compared to beta-lactams in certain settings. The
considerable proportion of  intermediate
susceptibility to colistin and polymyxin B may
suggest evolving reduced susceptibility patterns,
warranting careful antimicrobial stewardship.

Stenotrophomonas maltophilia isolates in
the present study showed high sensitivity to
cotrimoxazole and minocycline. This finding is in
agreement with previous studies by Brooke et al., 2"
who identified cotrimoxazole as the drug of choice
for S. maltophilia infections.

Molecular analysis revealed that OXA-23
combined with NDM was the most frequently
detected carbapenemase gene pattern, followed by
OXA-23 with OXA-51. Similar gene combinations
have been reported by Poirel et al., ®? who
highlighted ~ OXA-type  carbapenemases  as
predominant mechanisms of resistance in A.
baumannii. The coexistence of OXA and NDM
genes indicates the dissemination of highly resistant
clones and limits therapeutic options.

Overall, the study highlights the increasing burden
of multidrug-resistant NFGNB, particularly
carbapenem-resistant and  polymyxin-resistant
strains, underscoring the urgent need for stringent
infection  control  practices, antimicrobial
stewardship, and continuous molecular surveillance.

CONCLUSION

This study demonstrates a notable
prevalence of Acinetobacter baumannii among
clinically significant non-fermenting Gram-negative
bacilli in a tertiary care hospital. Marked
carbapenem resistance and the presence of OXA-23
in combination with NDM and OXA-51 indicate the
spread of important carbapenemase genes.
Emerging reduced susceptibility to polymyxins
further narrows treatment options. These findings
highlight the need for ongoing molecular monitoring
and strengthened infection control and antimicrobial
stewardship measures.

REFERENCES
1. Quinn JP. Clinical problems posed by
multiresistant nonfermenting Gram-negative
pathogens. Clin Infect Dis. 1998;27(Suppl 1):
S117-S124.
2. Koneman EW, Allen SD, Janda WM,
Schreckenberger PC, Winn WC. Colour Atlas
and Textbook of Diagnostic Microbiology. 6th
ed. Philadelphia: Lippincott Williams &
Wilkins; 2006.
3. Weinstein RA, Gaynes R, Edwards JR.
Overview of nosocomial infections caused by
Gram-negative bacilli. Clin Infect Dis. 2005;
41:848-854.
4. Wisplinghoff H, Bischoff T, Tallent SM,
Seifert H, Wenzel RP, Edmond MB.

I1JDDT, Volume 16 Issue 54s, 2026

Nosocomial bloodstream infections in US
hospitals: analysis of 24,179 cases from a
prospective nationwide surveillance study.
Clin Infect Dis. 2004;39(3):309-317.

5. Maragakis LL, Perl TM. Acinetobacter
baumannii:  epidemiology, antimicrobial
resistance and treatment options. Clin Infect
Dis. 2008; 46:1254-1263.

6. Peleg AY, Seifert H, Paterson DL.
Acinetobacter baumannii: emergence of a
successful pathogen. Clin Microbiol Rev.
2008;21(3):538-582.

7. Wong D, Nielsen TB, Bonomo RA,
Pantapalangkoor P, Luna B, Spellberg B.
Clinical and pathophysiological overview of
Acinetobacter infections: a century of
challenges. Clin Microbiol Rev. 2017;30:409—
447.

8. Nordmann P, Dortet L, Poirel L.
Carbapenem resistance in Enterobacteriaceae,
Acinetobacter baumannii and Pseudomonas
aeruginosa. Clin Microbiol Infect.
2012;18(5):432-438.

9. Manchanda V, Sanchaita S, Singh NP.
Multidrug-resistant Acinetobacter. J Glob
Infect Dis. 2010;2:291-304.

10. Nowak P, Paluchowska P. Acinetobacter
baumannii: biology and drug resistance — role
of carbapenemases. Folia Histochem Cytobiol.
2016;54:61-74.

11. Howard A, O’Donoghue M, Feeney A,
Sleator RD. Acinetobacter baumannii: an
emerging opportunistic pathogen. Virulence.
2012;3(3):243-250.

12. Perez F, Hujer AM, Hujer KM, Decker BK,
Rather PN, Bonomo RA. Global challenge of
multidrug-resistant Acinetobacter baumannii.
Antimicrob Agents Chemother. 2007;51:3471—
3484.

13. Durante-Mangoni E, Andini R, Zampino
R. Management of carbapenem-resistant
Acinetobacter baumannii infections. Clin
Microbiol Infect. 2019;25(8):943-950.

14. Clinical and Laboratory Standards Institute
(CLSD). Performance standards for
antimicrobial susceptibility testing. 34th ed.
CLSI supplement M100. Wayne (PA): CLSI;
2024.

15. Forbes BA, Sahm DF, Weissfeld AS.
Bailey & Scott’s Diagnostic Microbiology.
14th ed. St. Louis: Elsevier; 2017.

16. Kaur R, Wankhede S, Bhattacharya S.
Distribution and antimicrobial susceptibility
pattern of non-fermenting Gram-negative
bacilli isolated from various clinical samples in
a tertiary care hospital. J Lab Physicians.
2018;10(2):140-145.

17. Falagas ME, Kastoris AC, Vouloumanou
EK, Rafailidis PI. Community-acquired

Page: 1609



Prevalence and Molecular characterisation of Carbapenem Resistant Acinetobacter baumannii (CRAB) from
clinically significant Non fermenters isolated in a tertiary care hospital

Acinetobacter infections. Eur J Clin Microbiol
Infect Dis. 2009;28(7):857-868.

18.  Munoz-Price LS, Weinstein RA.
Acinetobacter infection. N Engl J Med.
2008;358(12):1271-1281.

19. Queenan AM, Bush K. Carbapenemases:
the versatile B-lactamases. Clin Microbiol Rev.
2007;20(3):440-458.

20. Magiorakos AP, Srinivasan A, Carey RB,
Carmeli Y, Falagas ME, Giske CG, et al.
Multidrug-resistant, extensively drug-resistant
and pandrug-resistant bacteria: an international
expert proposal for interim standard
definitions. Clin Microbiol Infect.
2012;18(3):268-281.

21. Brooke JS. Stenotrophomonas maltophilia:
an emerging global opportunistic pathogen.
Clin Microbiol Rev. 2012;25(1):2—41.

22.  Poirel L, Nordmann P. Carbapenem
resistance in  Acinetobacter baumannii:
mechanisms and epidemiology. Clin Microbiol
Infect. 2006;12(9):826-836.

I1JDDT, Volume 16 Issue 54s, 2026 Page: 1610



