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Abstract
Recent emergence of carbapenem resistant non-fermenting Gram negative bacteria (CRNFGNB) 
predominantly Pseudomonas and Acinetobacter species are responsible for significant proportion of 
nosocomial infections with increased mortality. Of the various mechanisms known, carbapenemases 
especially metallo beta lactamase (MBL) mediated resistance is the most concerning because of its 
easy transmissibility via mobile genetic elements and lack of MBL inhibitors for clinical use. In the 
present study we determined to estimate the prevalence of carbapenem resistant Pseudomonas and 
Acinetobacter species, their resistance mechanisms by phenotypic tests and synergistic studies with 
Colistin and carbapenems combination by checkerboard assay. Carbapenem resistance among these 
two bacteria is 53.2% being isolated predominantly from pus and endotracheal secretions and from 
patients within the age group of less than 9 years (44%) and more than 60 years (23%). The incidence 
of carbapenemase and MBL production in NFGNB is 89.8% and 87.9%, respectively. Only Colistin and 
Tigecycline show significant antibacterial activity while most of the tested antibiotics were found to be 
least effective against carbapenem resistant NFGNB. Colistin and Imipenem combination demonstrated 
synergistic activity in majority of the NFGNB species; however, translation of such in vitro efficacy 
models into highly variable in vivo conditions could be possible only with strong clinical support.
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INTRODUCTION

 The emergence of carbapenem resistant 
Gram negative bacteria (CRGNB) including 
non-lactose fermenting GNB (NFGNB) such 
as, Pseudomonas and Acinetobacter species 
is  a serious global  health concern with 
increased morbidity and mortality. They are 
responsible for a significant proportion of 
hospital acquired infections associated with 
prolonged hospitalization imposing additional 
financial burden. As the intrinsic resistance to 
routinely used antibiotics is common in NFGNB, 
carbapenems were used at high frequency, which 
further enhance carbapenem resistance (CR). 
Often the NFGNB colonize various body sites such 
as respiratory and gastrointestinal tract along 
with CR Enterobacteriaceae, hence facilitating the 
horizontal spread of resistance between them. 
Therefore, stringent surveillance strategies and 
effective infection control practices encompasses 
early detection of CRGNB carriers, strict contact 
isolation, judicious use of carbapenems is critically 
important to limit their spread. Also screening for 
CRGNB in patients with existing co morbidities 
prior to any major health implications could be 
potential lifesaving clinical practice by reducing 
hospital infection related mortality.
 The propensity of Pseudomonas and 
Acinetobacter species to survive virtually on any 
surfaces and inanimate objects, diverse ecological 
conditions and natural resistance to routine 
decontamination practices are the most difficult 
criteria in the strategy for hospital infection 
control.
 Despite the fact that there are numerous 
pathways contributing to carbapenem resistance 
in NFGNB production of carbapenemases is 
the most concerning method due to its high 
prevalence, easy transmissibility being carried on 
mobile genetic elements and their association with 
genes conferring resistance to other antimicrobials 
therefore spread of multiple drug resistance.1,2 

Of the various carbapenemases that are well 
characterized, class B enzymes are known as 
metallo beta lactamase (MBLs)as they need Zinc 
ions for their catalytic activity and predominantly 
encountered in Pseudomonas and Acinetobacter 
species.3,4 Though, the mechanisms for CR in 

NFGNB vary geographically, MBL mediated 
resistance poses a significant risk to human health 
because of lack of MBL inhibitors for clinical 
use as well as their spread noticed across the 
continents.2,5

 Colistin and Tigecycline are commonly 
used to treat life threatening infections caused 
by CRGNB, however, monotherapy often results in 
clinical failure for a variety of reasons. Therefore, 
the present study aims to determine the prevalence 
of carbapenem resistant Pseudomonas and 
Acinetobacter species, resistance mechanisms 
using phenotypic approaches and to determine 
the synergistic activity of Colistin with Imipenem 
and Meropenem combinations against these 
isolates.

MATERIALS AND METHODS

 The study was conducted over a period 
of one year from January 2022 to December 
2022 at SVS Medical College and Hospital 
Mahabubnagar, Telangana, India. The Institutional 
Ethical Committee clearance was duly obtained 
before start of the study (06/2020-624). Various 
clinical samples in suitable containers received in 
clinical bacteriology lab were processed as per the 
standard protocols (CLSI). The identification and 
antibiotic sensitivity testing of isolated bacteria 
was performed using automated Vitek-2 compact 
(Bio-merieux) system. Only carbapenem resistant 
Pseudomonas and Acinetobacter species were 
included in the study. Culture media, antibiotic 
discs and drugs in pure powder form and 
other chemicals were obtained from Hi Media 
laboratories.

Detection of carbapenemases by Rapidec carba 
NP test
 It is a simple, sensitive and ready 
to use calorimetric test for the detection of 
carbapenemases. When bacterial lysate hydrolysis 
the carbapenem, the carboxylic acid derivative 
formed acidifies the medium which result in the 
color change of the pH indicator red to yellow 
indicating the presence of carbapenemase. 
Organisms positive in this test were further 
screened for metallo beta lactamases (MBL) by 
double disc synergy test.6
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Detection of MBLs by double disk synergy test 
(DDST)
 Filter paper disc containing 10μl EDTA 
(0.5M) was placed in the center of the Mueller 
Hinton agar plate containing test inoculum and 
Imipenem disc (10μg) was placed at a distance 
of 20mm and incubated at 24hrs at 37°C. 
Enhancement of the zone of inhibition in the 
area between Imipenem and the EDTA disc in 
comparison with the zone of inhibition on the 
far side of the drug was interpreted as a positive 
result for MBL production.7 Organisms positive for 
MBL production were used for synergy testing by 
checkerboard assay.

Checkerboard assay to determine synergistic drug 
combinations
 Colistin is used as the drug of choice 
to treat infections caused by CRGNB, hence it 
is selected to test (drug A) in combination with 
Imipenem and Meropenem (drug B). Briefly, two-
fold dilutions of each drug was added in 100µl of 
Muller Hinton broth in 96 well microtiter plate 
and 10µl bacterial inoculum was added in all 
the wells followed by incubation for 18-24hrs at 
370C. A fractional inhibitory concentration index 
(FICI) was used to interpret the results. Synergy 
is more likely to be expressed when the ratio of 
the concentration of each antibiotic to the MIC of 
that antibiotic was same for all components of the 
mixture. The combination is considered synergy 
when the FICI is ≤ 0.5, additive ≥0.5-1, indifference 
≥ 1-4, and antagonism ≥ 4.8

Statistical analysis
 Graph Pad Prism and SPSS (version 23.0) 
were used to analyze the data in Microsoft Excel. 
Chi-square test was run (IBM Crop., Armonk, NY, 
USA) with P-value cutoff for statistical significance 
was ≤0.05.

RESULTS

 A total of 295 non-lactose fermenting 
gram negative bacteria (NFGNB)were isolated from 
clinical samples (n=2268) during the study period. 
 A vast majority of these (254, 86%) were 
from inpatients, while remaining 41 samples 
were from outpatients (14%). Maximum number 

of organisms were isolated from 0-9 years of age 
(44%), followed by the age group of more than 60 
years (23.0%) and the least number of organisms 
were from the age group of 20-29 (3.3%).
 Pseudomonas spp. ,  are the most 
predominant bacteria isolated with a frequency of 
41.3% (122 out of 295), followed by Acinetobacter 
spp., at 31.9% (94) while the remaining 26.8% (79) 
comprises of Moraxella, Bordetella, Legionella, 
Burkholderia, Stenotrophomonas accounting for 
a total of 295 isolates. The overall prevalence 
of carbapenem resistant NFGNB amongst total 
clinical samples processed is 6.9% (157 out of 2268 
samples) whereas, carbapenem resistant strains 
among NFGNB is 53.2% (157 out of 295) being 
largely contributed by Pseudomonas spp., with 
54.8% (86 out of 157) followed by Acinetobacter 
spp., 45.2% (71 out of 157) indicating the high 
incidence of carbapenem resistance in these 
bacteria.
 As shown in Table 1, a significant 
proportion of these carbapenem resistant isolates 
were mostly obtained from clinical samples 
relevant to nosocomial nature of infections. 
Pseudomonas spp., were isolated from pus 
samples (53.5%) followed by ET secretions (19.8%), 
whereas Acinetobacter spp., were isolated from ET 
secretions (50.7%) followed by blood (33.8%).
 As shown in Table 2, the incidence of 
carbapenemase production in Pseudomonas spp., 
is 86% (74 out of 86) and MBL detection is 85.1% 
(63 out of 74), whereas in Acinetobacter spp., 
the carbapenemase was 94.4%(67 out of 71) and 

Table 1. Incidence of carbapenem resistant NFGNB in 
different clinical samples

Samples Pseudomonas   Acinetobacter 
 spp., spp., 
 n=86 (%) n=71 (%)

Pus 46 (53.5) 5 (7)
Blood 15 (17.4) 24 (33.8)
Urine 4 (4.6) 3 (4.2)
ET* 17 (19.8) 36 (50.7)
Tissue biopsy 1 (1.2) 0
BAL* 3 (3.5) 2 (2.9)
CSF* 0 1 (1.4)

*ET-Endotracheal secretion, BAL-Broncho alveolar lavage, 
CSF-Cerebrospinal fluid
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Table 2. Incidence of carbapenemase (Rapidec carba NP)and MBL (DDST) production in Pseudomonas and 
Acinetobacter species

Organism Carbapenem     Rapidic carba NP test         DDST method
 resistant
  Positive (%) Negative (%)  Positive (%) Negative (%) 

Pseudomonas spp. 86  74 (86) 12 (14) 63 (85.1) 11 (14.9)
Acinetobacter spp. 71  67 (94.4) 4 (5.6) 61 (91) 6 (9)
Total  157 141 (89.8) 16 (10.2) 124 (87.9) 17 (12.1)

 Table 3. Antibiotic susceptibility pattern of MBL 
producing Pseudomonas and Acinetobacter species 
(by Vitek-2 compact)

Antibiotics   Pseudomonas  Acinetobacter 
  spp.  spp. 
  n=63 (%) n=61 (%)

Aztreonam S 14 (22.2) 20 (32.3)
 R 49 (77.8) 41 (67.7)
Cefoperazone/ S 11 (17.5)  7 (11.5)
Sulbactam R 52 (82.5) 54 (88.5)
Piperacillin/ S 3 (4.8) 2 (3.3)
Tazobactam R 60 (95.2) 59 (96.7)
Ceftazidime S 0 (0) 15 (24.6)
 R 63 (100) 46 (75.4)
Ceftriaxone S 7 (11.1) 1 (1.6)
 R 56 (88.9) 60 (98.4)
Amikacin S 2 (3.2) 0 (0)
 R 61 (96.8) 61 (100)
Gentamicin S 4 (6.3) 2 (3.3)
 R 59 (93.7) 59 (96.7)
Ciprofloxacin S 0 (0) 8 (13.1)
 R 63 (100) 53 (86.9)
Levofloxacin S 1 (1.7) 0 (0)
 R 62 (98.4) 61 (100)
Minocycline S 31 (49.2) 25 (41)
 R 32 (50.8) 36 (59)
Tigecycline S 49 (77.8) 57 (93.5)
 R 14 (22.2) 4 (6.5)
Trimethoprim S 2 (3.2) 0 (0)
Sulpha- R 61 (96.8) 61 (100)
methoxazole
Imipenem S 0 (0) 0 (0)
 R 63 (100) 61 (100)
Meropenem S 0 (0) 0 (0)
 R 63 (100) 61 (100)
Colistin S 53 (84.1) 46 (75.4)
 R 10 (15.9) 15 (24.6)

MBL production is 91% (61 out of 67). The overall 
carbapenemase production is seen in 89.8% (141 
out of 157) and MBL detection is 87.9% (124 out 
of 141).
 As shown in Table 3, both the species were 
100% resistant to Imipenem and Meropenem, in 
addition Pseudomonas spp., also shows 100% 
resistance to Ceftazidime, Ciprofloxacin and 
Acinetobacter spp., shows 100% resistance to 
Amikacin and Levofloxacin. However, Colistin and 
Tigecycline shows significant efficacy while most 
of the tested antibiotics were found to be least 
effective against these CR isolates.
 Varying range of drug concentrations 
based on their MIC has been tested. Colistin was 
used in the range of 0.25 to 256µg/ml whereas, 
Imipenem and Meropenem was from 0.5 to 32 µg/
ml. As shown in Figure 1A, combination of Colistin 
and Imipenem (Cl+Imp)shows synergistic activity 
in 65.1% (41 out of 63)while the combination 
of Colistin and Meropenem (Cl+Mrp) shows 
synergy only in 8.6%(18 out of 63) of MBL 
positive Pseudomonas spp., indicating that Cl+Imp 
combination found to be significant (p≤0.05). Of 
the various combinations tested, synergy was 
significantly observed at 1+4µg/ml for Cl+Imp and 
1+8µg/ml for Cl+Mrp combination, respectively.
 As shown in Figure 1B, combination 
of Cl+Imp shows synergistic activity in 59% (36 
out of 61) while the combination of Cl+Mrp 
shows synergy in 34.4% (21out of 61) MBL 
positive Acinetobacter spp., The most efficacious 
combination for majority of the tested isolates 
is0.5+2µg/ml for Cl+Imp and 8+16µg/ml for 
Cl+Mrp combination, respectively (p≤0.05).
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important epidemiological indicator. Surgical site 
infections were the most common followed by 
lower respiratory tract infections as also noted in 
this study by isolation of more than 50% organisms 
from pus and ET secretions alone. Prolonged 
hospital stay, excess instrumentation and surgical 
interventions are known predetermined factors 
for NFGNB infections.
 The prevalence of NFGNB infections 
among children less than 9 years (44%) and elderly 
(23%) age group of more than 60 years strongly 
relate their clinical significance with compromised 
innate defense mechanisms and related  
co-morbidities, however, the underlying associated 
mechanisms needs to be elucidated. Both of these 
findings corroborate with existing data.12,13

 The incidence of CR Pseudomonas and 
Acinetobacter spp., vary geographically. A study 

DISCUSSION

 Pseudomonas and Acinetobacter species 
are the most predominant members of the NFGNB 
group,9,10 which also encompasses numerous 
clinically significant bacteria with diverse etiology. 
The exponential spike in their clinical significance 
since a decade is partly due to the advent of 
automation in clinical microbiology lab. Due to 
their multiple resistance mechanisms to many 
antibiotics including carbapenems they are 
often associated with life threatening infections 
of nosocomial origin with increased in hospital 
mortality.11 A significant proportion of these 
organisms (86%) were isolated from clinical 
samples received from admitted patients indicating 
the nosocomial nature and also severity of the 
infection. The clinical site of infection is another 

Figure 1. Colistin and carbapenems combination by checkerboard assay in MBL producing Pseudomonas and 
Acinetobacter species
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from India shows their prevalence ranging from as 
low as 18.2% to as high as 72.5%. Hospitals across 
the world including Asia Pacific and Latin America 
also report almost in the similar trend.14-17

 Of the various mechanisms described 
for CR, production of carbapenemases and 
MBLs were found to be the most predominant 
mechanisms reported in the present study 
the results of which are in concordance with 
others.18,19 The identification of carbapenemase 
producing bacteria is difficult challenge for clinical 
laboratories coping with the current global spike 
in these CRGNB. Since many clinical laboratories 
are unable to use genomic assays on routine due 
to its cost and technical complexity, therefore 
phenotypic tests such as Rapidec carba NP found 
most suitable for rapid and reliable detection with 
wide spread usage.8

 Despite the fact that Colistin is the last 
resort drug especially in CRNFGNB infections, 
soon NFGNB strains resistant to Colistin have been 
developed and circulating in the community.20 
Present study also shows Colistin resistance 
at a frequency of 15.9% and 24.6% among 
MBL positive Pseudomonas and Acinetobacter 
spp., respectively. In such a critical scenario, 
combination therapies have been proved to be 
efficacious than monotherapy. In the present study 
also Colistin and carbapenems combination by 
checkerboard assay proved to be synergistic and 
additive effect in majority of the MBL positive 
strains. Of the various combinations tested, 
Cl+Imp combination demonstrated the maximum 
synergistic effect in our study.

CONCLUSION

 Synergistic drug combinations could be 
the present therapeutic scope; however, since in-
vitro models cannot accurately represent in vivo 
variables such as antibiotic concentrations at the 
site of action, host immune response in the body, 
bacterial load and resistance, we cannot assume 
that they will be effective in clinical settings. 
Therefore, more clinical studies are required to 
ascertain the therapeutic potential of various drug 
combinations and their synergistic mechanisms.

Limitations of the study
 Colistin resistant patients could have been 

followed up to monitor clinical prognosis and the 
efficacy of drug treatment to substantially validate 
the resistant patterns of the organisms isolated. 
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