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Abstract
The world is seeing a continuous rise in the levels of antibiotic resistance1. Organisms develop new 
resistance mechanisms, emerge, and spread the resistance worldwide, making it challenging to treat 
common infectious diseases. In the current study, clinical isolates received between the years 2017 to 
2020 were cultured and the isolated organisms were screened for antibiotic resistance; isolates with 
multiple drug resistance were further subjected to confirmatory screening through Combined Disc Test 
(CDT) and Modified Hodge Test (M.H.T.), and molecular characterization to be finally tested for gene 
expression analysis. Molecular characterization involved screening of genes blaViM-2, blaKPC-3, blaNDM-1, and 
blaiMP-11 responsible for imparting carbapenem drug resistance2. From the laboratories of tertiary care 
hospitals, a total of 1452 clinical isolates were collected and identified. The organisms were subjected 
to antibiotic susceptibility screening and carbapenem resistance screening. The isolates found positive 
in the screenings were subjected to molecular characterization for genes, blaViM-2, blaKPC-3, blaNDM-1, and 
blaiMP-11, responsible for imparting carbapenem drug resistance. Most of the isolates were resistant 
variably to aminoglycosides but were found to be resistant to fluoroquinolones and β-lactams group 
of antibiotics. Carbapenem activity was detected in twelve percent of total isolates and 27 percent 
among multidrug-resistant isolates. blaNDM-1 gene was found present in 77% isolates, and five organisms 
among the total number of organisms showed pan drug resistance. 

Keywords: Carbapenem resistance, antibiotic resistance, blaVIM-2, blaKPC-3, blaNDM-1, blaIMP-11, Carbapenem-Resistant 
Enterobacteriaceae, Methicillin-Resistant Staphylococcus aureus

https://creativecommons.org/licenses/by/4.0/
https://orcid.org/0000-0001-6434-8565
https://orcid.org/0000-0002-1740-2781
https://orcid.org/0000-0002-6709-0691


  www.microbiologyjournal.org1690

Zaveri et al. | J Pure Appl Microbiol | 15(3):1689-1696 | September 2021 | https://doi.org/10.22207/JPAM.15.3.65

Journal of Pure and Applied Microbiology

iNtRODuCtiON
 Patients' more prolonged stay at 
healthcare setups increases the chance of 
acquiring secondary infections. Antibiotic-resistant 
organisms aggravate the worsened situation. Each 
year, in the US, >2.8 million antibiotic resistant 
infections occur1.According to the National 
Ambulatory Medical Care Survey 2016, conducted 
by the Center for Disease Control and Prevention 
(C.D.C.) in 2016, infectious and parasitic diseases 
accounted for 15.5 million doctor visits and 3.7 
million emergency room visits in the U.S.A.3. As 
a result, more than 35,000 people die, making 
antibiotic-resistant infections a public health 
threat, according to the report published in 
the year 2019 by the C.D.C4. As per the annual 
report compiled by the Indian Council of Medical 
Research (ICMR) under the name of Antibiotic-
Resistant Surveillance and Research Network in 
the year 2019, isolates from 107, 387 samples 
were studied taken/collected from various body 
parts5.
 As per the annual report compiled 
by the Indian Council of Medical Research 
(ICMR) under the name of Antibiotic-Resistant 
Surveillance and Research Network in the year 
2019, a total of 32,672 significant clinical isolates 
belonging to various genera and species of family 
Enterobacteriaceae were screened for antibiotic 
resistance. 45% of the isolates were found to 
be resistant toimipenem, 35% were found to 
be resistant to meropenem, and 40% were 
found to be resistant to ertapenem antibiotic4.

One in every thirty-one hospital patients has at 
least one hospital-associated infection on any 
given day in the U.S.A.6; similar situations are 
observed across the world, and attempts are 
being made by healthcare workers to prevent 
them. Extended-spectrum β-lactamases (ESβLs), 
Vancomycin-Resistant Enterococci (VRE), and 
Carbapenem-Resistant Enterobacteriaceae 
(C.R.E.), and Methicillin-Resistant Staphylococcus 
aureus (MRSA), are the most frequently isolated 
organisms responsible for Hospital Acquired 
Infections (HAIs)6.
 Antibiotic resistance is an ancient and 
dynamic mounting problem7. The resistance poses 
a global threat to the health of humans, animals 
and environment which is due to the emergence 
and existence of superbugs across animal, 
human and environmental due to excessive use 
of antibiotics in animals and humans. Antibiotic 
resistance has been declared as a global public 
health concern by many important organizations 
like Centers for Disease Control and Prevention 
(CDC), Infectious Disease society of America, 
World Economic Forum, and the World Health 
Organization8,9. Terrible complications may occur if 
effective global plans are not adopted soon. In this 
study we have tried to portray how resistance is 
spreading along with the intensity of the antibiotic 
resistance among different clinical specimen10.

MAteRiAls AND MethODs
 The study does not involve samples of 
human origin, the strains used for processing were 

table 1. Isolate wise distribution of multidrug resistant strains from various clinical specimen

Specimen Type Growth Observed MDR Carbapenemase +
 in (n) (n)  MRSA (n)
    
Urine and Catheter Tip 490 262 42 
Blood CS & Tip 29 15 5 
Skin / Hair / Nail Scrapping 174 NA NA 
Semen 123 42 19 
Swab 188 110 57 
Aspirated Material / Drain / Tip 84 60 17 
Sputum 117 67 6 
Endotracheal Secretion,  86 80 29 
BAL and Tip
Stool 20 15 2 
total 1311 651 177

MDR – Multidrug resistant, CS – Culture and sensitivity, BAL – Broncho Alveolar Lavage
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submitted by associate laboratories of hospitals 
after isolation; hence, Helsinki declaration is 
not required. During the study, no humans 
were prescribed medicines or placebo; further, 
biological vitals such as height, sex, weight etc. 
were not measured. The resistance screening 
performed on the antibiotics against established 
formulas and at the concentrations prescribed.
Selection of Bacterial Strains
 A total of 1452 non-repetitive clinical 
isolates, obtained from laboratories of tertiary 
care hospitals of Ahmedabad between the 
period of 2017 to 2020, were identified using 
Vitek-2 compact. In percentage, identified 
organisms were E. coli (45%), Klebsiella spp. (18%), 
Enterobacter spp. (11%) and Proteus spp. (3%), 
of Enterobacteriaceae group, Acinetobacter spp. 
(2%), Burkholderia spp. (4%), Haemophilus spp. 
(5%) and Pseudomonas spp. (13%), of the non-
Enterobacteriaceae group, which were subjected 
to susceptibility testing.
Antibiotic Susceptibility Testing
 The isolates were subjected to antibiotic 
susceptibility testing, performed using the 
protocol described by Kirby-Bauer disk diffusion 
susceptibility test protocol, and the results were 

interpreted according to the clinical breakpoints 
recommended by the Clinical and Laboratory 
Standards Institute (CLSI) guideline11,12. According 
to the definition of C.D.C., in order not to miss any 
possible carbapenem producer, organisms showing 
resistance towards at least one carbapenem agent 
were considered for carbapenem confirmatory 
testing11. All consumable, used in the study, 
were procured from Hi-media Laboratories 
(Mumbai). Antibiotic discs taken are as following: 
Cefotaxime-clavulanic acid (30/10µg), aztreonam 
(30µg), cefepime (30µg), ceftriaxone (30µg), 
cefoxitin (30µg), cefotetan (30µg), meropenem 
(10µg), imipenem (10µg), ertapenem (10µg), 
cefotaxime (30µg), ceftazidime + clavulanic acid 
(30/10µg), ceftazidime (30µg)11. To differentiate 
among isolated cultures and to derive the 
antibiotic-resistance pattern of the organisms 
among extended-spectrum beta-lactamases 
(ESβLs), AmpC β-lactamases (AmpCβL) or Metallo-
β-lactamases (MβL),the study used method 
suggested by Parul Sinha et al.13 
Confirmation of Carbapenem Resistance
Modified Hodge Test
 Using the ATCC E. coli 25922 strain a 5 
ml Solution of 0.5 McF dilution was prepared. 

table 2. Gender wise distribution of MDR organisms  

No. Total    Gender Type of Growth  MDR strain Carbapenem
 (n)    (n)  Specimen (n) observed (n) isolated (n) Strain Isolated (n)

  M F  M F M F M F

1 3113 1676 1437 Urine and Catheter 410 860 81 162 24 21
    Tip 1270      
    Blood CS & Tip 276 149 14 6 8 5
    425      
    Skin / Hair / Nail 168 85 0 0 0 0
    Scrapping 253
    Semen 317 317 0 69 0 17 0
    Swab 266 147 119 62 34 16 12
    Aspirated Material /  153 117 20 24 24 22
    Drain / Tip 270
    Sputum 184 118 66 29 26 2 5
    Endotracheal Secretion,  75 29 59 13 20 7
    BAL and Tip 104
    Stool 24 13 11 7 11 1 1

MDR – Multidrug resistant, CS – Culture and sensitivity, BAL – Broncho Alveolar Lavage
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Prepared solution was diluted to 1:10 dilution 
factor for analysis. The prepared inoculum was 
lawn streaked on Muller Hinton agar plate and 
allowed to dry. At the center of the prepared 
plate meropenem (10µg) susceptibility disc was 
placed, and the test organism was streaked edge 
to edge on the plate. The results of the tests are 
considered positive when there is development of 
clover leaf-type indentation at the intersection of 
the test organism and ATCC strain within the zone 
of inhibition of the carbapenem susceptibility disc; 
results for the isolates developed otherwise were 
considered negative for carbapenem resistance14.
Combined Disc test (CDt) / ethylene Diamine 
Tetraacetic Acid Test
 Muller Hinton Agar plates, pre-inoculated 
with the sample of the test isolate (0.5 McF 

standard) were processed with two sets of 
antibiotic discs, each one containing imipenem 
(10µg), meropenem (10 µg) or ertapenem (10 µg). 
10 µl 0.1M EDTA solution was added to one of the 
two antibiotic discs Immediately after the discs 
were placed onto the agar. Plates were incubated 
at 37°C for 16 to 20 hours; zone diameters were 
recorded at the end of the incubation period. 
Zone diameter difference of ≥5mm between 
the APBA-free and APBA-containing discs or 
between the EDTA-free and EDTA-containing 
discs were considered indicative of Class A and B 
carbapenemase production, respectively15.
 The organismspositive for at least one 
tests out of the two confirmatory tests, Combined 
Disc test (CDT) and Modified Hodge test, were 

table 3. Results after phenotypic and automated isolation and deviation between both the techniques

Organisms Total Identified as the Organism identified as Isolates showing
identified as isolates (n) same organism after phenotypic carbepenem resistance
  after phenotypic characterization (n) (n)
  characterization (n)

Acinetobacter spp. 3 2 01 (E. coli) 3
E. coli  17 14 03 (Klebsiella spp.) 17
Enterobacter spp. 7 7 0 7
Klebsiella spp. 33 30 03 (E. coli) 33
Proteus spp. 2 2 0 2
Pseudomonas spp. 19 19 0 19
Total 81 74 7 81

* Identification carried out using Vitek-2 compact.

Fig. 1. Isolate wise distribution from various specimen types with MDR and carbapenem isolation pattern
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selected; the remaining organisms were ruled out 
from the further analysis.
Molecular Characterization of Isolates
 Using column extraction, genomic DNA of 
the isolates was extracted to perform Polymerase 
Chain Reaction (PCR) on a 7500 Real-Time RT-PCR 
machine using primers of Taqman chemistry for 

blaVIM-2, blaKPC-3, blaNDM-1, and blaIMP-11 carbapenem 
genes while maintaining the conditions described 
by (Van der zee et al., 2014). 5.0µl sample DNA 
was mixed with 25 µl of master mix and 2.50µl of 
assay mix topped up by 17.50µl of H2O ultimately 
making the final reaction volume to 50.0µl. RT-
PCR reaction was set for single-plex PCR, despite 
primers have been showing positive reactions in 
multiplex conditions16.
Data analysis
 Data generated during the study were 
processed by conventional statistical tools and had 
a P value of <0.05 for critical testing; 7500-software 
provided by the manufacturer was used to analyze 
the data obtained from RT-PCR.

Results AND DisCussiON
 The prevalence of multi-drug resistant 
and carbapenem-resistant organisms in healthcare 

table 4. Prevalence of carbapenem resistance among 
multidrug resistant isolates 

No. Organism Total Isolates
  (n, %) 

1 Acinetobacter spp. 4, 4.21%
2 E. coli  19, 20.00%
3 Enterobacter spp. 10, 10.53%
4 Klebsiella spp. 34, 40.00%
5 Proteus spp. 3, 3.16%
6 Pseudomonas spp. 21, 22.11%
Total  95, 100%

Fig. 2. MDR distribution among male patients

Fig. 3. MDR distribution among female patients
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setup is a challenge for healthcare workers; 
in Egypt prevalence of carbapenem-resistant 
organisms among Klebsiella pneumoniae has 

been recorded as high as 44.3 %17. Similar trends 
were observed in this study. Out of a total number 
of isolates (n=1452) screened for antibiotic 

Fig. 4. CRE (Carbapenem Resistant Enterobacteriaceae) prevalence among MDR isolates 

Fig. 5. Molecular characterization and Carbapenem gene distribution in clinical isolates. 

table 5. Molecular characterization and Carbapenem gene distribution in clinical isolates

Organism Total No.  blaNDM-1*  blaIMP-11* blaVIM-2* blaKPC-3*
 of isolates (n) (n) (n) (n) (n)

Acinetobacter spp. 3 2 0 0 1
E. coli  17 4 3 2 8
Enterobacter spp. 7 2 0 0 5
Klebsiella spp. 33 25 16 18 30
Proteus spp. 2 0 0 1 1
Pseudomonas spp. 19 4 2 4 9
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resistance, n=651 isolates (45%) were found to 
be multi-drug resistant using current breakpoints 
recommended by CLSI (Table-1/Fig. 1)18.
 Most of the isolates collected during this 
study were resistant variably to aminoglycosides 
but were found to be resistant to fluoroquinolones 
and β-lactams group of antibiotics, which 
contradicts the finding of Endimiani et al19. 
Antibiotic susceptibility results of twelve isolates 
are worrisome, as the isolates showed pan-drug 
resistance, making it mandatory to develop 
new antimicrobials for the isolates along with 
a message for healthcare workers to maintain 
strict infection control measures to prevent cross-
infection per se.
 Carbapenem activity was detected in 
twelve percent of total isolates and 27 percent 
among multidrug-resistant isolates (n=177). CDT 
was positive for 25 percent of isolates (n=45), 
and M.H.T. was positive for 44 percent of isolates 
(n=77); whereas 31 percent of isolates (n=55) were 
found to be positive for both the tests (Table 2).
 Gene blaNDM-1, contradicting the findings 
of researchers from Turkey, where it emerged, 
consequently finding its reservoir to the Middle 
East and Africa, and expanding into India21,22, 
agreeing to above research’s prevalence of the 
gene was found as high as 77% among multidrug-
resistant strains along with blaKPC-3 gene  
(Table 3) making Indian population vulnerable to 
carbapenem-resistant organism infections21.
 Furthermore, the presence of multiple 
blaKPC-3 and blaNDM-1 carbapenem resistance genes 
was observed, which explains why a total of five 
organisms showed pan-drug resistance.
 Forty organisms that were positive 
during confirmatory screening, but showed 
negative results in RT-PCR, could be because of the 
combination of ESBLs and/or changes in an outer 
membrane protein22,23.

CONClusiON
 It is evident, by looking at the findings 
of this study, that a high prevalence ratio of 
carbapenem-resistant strains is observed in clinical 
specimen. It is also clear that multiple genes are 
harbored by organisms, and such trends will 
continue until novel remedies are not developed 
for alternate therapeutic regimes. Hence, it seems 
to be the need of an hour to strictly implement 

antibiotic stewardship programs and stop over the 
counter sales of antibiotics; rigorous efforts are 
also to be made in finding drugs that has higher 
efficacy on the superbugs.
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