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Aim: To determine the antibiotic resistance patterns, detection of carbapenemase genes in uropathogenic bacilli belonging to the 
Enterobacteriaceae family and to correlate it with clinical data.
Materials and Methods: Identification and antibiotic sensitivity testing of the uropathogenic Enterobacteriaceae was done by using 
VITEK2 Compact (C) system. Multiplex PCR was used to detect blaIMP, blaKPC, blaNDM1, blaOXA −48, and blaVIM genes.
Results: Out of 1602 urine samples, 417 (26%) showed significant growth, and in these 311 (74.6%) belonged to the Enterobacteriaceae 
family. Escherichia coli showed a relatively low rate of resistance to nitrofurantoin (17/205; 8.3%), with the majority of the isolates showing 
a MIC value of ≤16 µg/mL when compared to Klebsiella spp. (55/86; 64%), with MIC values for the majority of isolates being 128 µg/mL. 
Klebsiella spp. showed a relatively low rate of resistance to nalidixic acid (48/86; 55.8%) when compared with E. coli isolates (179/205; 
87.3%). Out of 145 isolates tested, we found blaNDM in 11 (7.58%), bla OXA −48 in 8 (5.51%), bla VIM in 4 (2.75%), bla KPC in one 
(0.6%) and blaIMP in none of the isolates. Of these 3 isolates were carbapenem sensitive, the rest were resistant.
Conclusion: Most of the isolates were sensitive to fosfomycin, carbapenems and resistant to cephalosporins and nalidixic acid. We 
detected carbapenemase genes in 13 (59%) out of 22 carbapenem resistant isolates and 3 (2.4%) out of 123 carbapenem sensitive isolates.
Keywords: antibacterial agents, drug resistance, multiplex polymerase chain reaction, urinary tract infection

Introduction
Enterobacteriaceae are normal flora of the human intestinal tract, but at times they can cause a number of diseases including 
urinary tract infections (UTIs), pneumonia, skin and soft tissue infections, and blood stream infections, in both community as 
well as hospital settings.1 UTIs caused by resistant strains of Enterobacteriaceae are a crucial public health problem, as they 
are associated with increased length of hospital stay, cost of treatment, morbidity and mortality.1,2 The resistance pattern of the 
uropathogenic bacteria varies with place and time, so periodic determination of antibiotic resistance patterns of these bacteria 
is required to decide upon the empirical therapy for a UTI.1,2

Beta-lactams which include penicillins, cephalosporins, monobactams and carbapenems are the most used antibiotics for 
treatment of Enterobacteriaceae infections. Their action is similar, as all of them inactivate the cell wall synthesis in bacteria.3,4 

Carbapenems are last line drugs and are very effective against most of the beta-lactamases. Also they present very few side 
effects and are safer when compared to other last line drugs like polymyxin. But in recent times the Enterobacteriaceae are 
developing resistance to carbapenems.3,4 According to the Centers for Disease Control and Prevention (CDC) 
Enterobacteriaceae that are resistant to at least one of the carbapenem antibiotics namely ertapenem, doripenem, meropenem, 
or imipenem and/or possess carbapenemase gene are considered as carbapenem resistant Enterobacteriaceae (CRE).5 

Carbapenem resistance in Enterobacteriaceae is mediated by overproduction of carbapenemase enzymes. Ambler classified 
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all beta lactamases into four classes A-D. Klebsiella pneumoniae carbapenemase (KPC), New Delhi Metallo-beta-lactamase 
(NDM), Verona-Integron-Encoded Metallo-beta-lactamase (VIM), Imipenemase (IMP), and Oxacillinase −48 (OXA −48) are 
some of the carbapenemase enzymes which are most potent and prevalent among the Enterobacteriaceae.3,4 Ambler Class 
C enzymes (AMP C) have low potential for carbapenem hydrolysis, but may mediate efflux pump overexpression and/or 
reduced outer membrane permeability leading to carbapenem resistance in bacteria.3,4 In the present study the antibiotic 
sensitivity pattern of uropathogenic Enterobacteriaceae and the genes responsible for drug resistance namely blaIMP, blaKPC, 
blaNDM-1, blaOXA-48, and blaVIM were detected.

Materials and Methods
Study Design and Setting and Ethics Approval Statement
The study was conducted at the microbiology laboratory of a tertiary care center in South Karnataka. The study obtained 
approval from the Kasturba Medical College, Mangalore, Institutional Ethics Committee with approval no. IEC KMC 
MLR 11–19/594. Informed consent has been obtained from the patients for this study towards the use of samples and 
records. The study was performed as per the Declaration of Helsinki.

UTI cases which yielded >105 cfu/mL of pure growth of bacteria belonging to the Enterobacteriaceae family during the 
study period were included in the study. Urine samples which did not yield pure growth or significant growth were excluded.

Processing of Urine Samples
Urine samples were inoculated onto MacConkey’s agar, cystine lactose electrolyte deficient agar (CLED), and UTI chrome 
agar. Semi quantitative standard loop technique was used to determine colony count.6 The culture plates were incubated for 
37 °C for 24 hrs. Urine samples which yielded pure growth of bacteria with a colony count of ≥105 CFU/mL were considered 
significant.6 The bacterial identification and antibiotic susceptibility testing (AST) was performed using Vitek Compact 2 
system. (bioMerieux, North Carolina, USA). Vitek 2-GN card was used for identification and Vitek 2–AST–N235 card was 
used for antibiotic sensitivity with MIC values. Vitek Compact 2 system is an automated system which uses a microdilution 
technique as recommended by the CLSI7 also it uses the breakpoints recommended by the CLSI as well as EUCAST. Also 
Vitek 2 GN card contains an array of standard biochemical tests for the accurate identification of various gram negative 
bacilli. The clinical data of the patient was collected from the record section of the hospital.

The Detection of Resistance Genes
Carbapenem resistance genes were detected using a multiplex PCR assay. The DNA extraction was done using the 
boiling method. The primer sets were procured from Sigma Aldrich Pvt. Ltd (Table 1). Twenty microliter final volume 
multiplex PCR reaction mixture was prepared which contained, 2.6 µL master mix, 0.5 µL of each primer (10 x 0.5 µL; 5 
µL), 10.4 µL nuclease-free water and 2 µL of extracted DNA. Amplification was done with cycling conditions; initial 5 
min at 95 °C denaturation, 30 cycles of 30 secs at 95 °C denaturation, 60 secs at 60 °C annealing, 90 secs at 72 °C 
extension, followed by 10 min at 72 °C after the last cycle for the final extension. The amplified product was detected by 
agarose gel electrophoresis. The gel was then stained with 0.5 mg/mL ethidium bromide and visualized under UV 
transilluminator. Gel documentation system was used to obtain gel pictures (Alpha view 1.3.0, Alpha Innotech corpora-
tion MultiImage Light Cabinet)8–11 K. pneumoniae ATCC BAA 1705, K. pneumoniae BAA 1706, clinical isolates known 
to be positive for bla IMP, bla VIM, bla OXA 48, and bla NDM were used as controls.

Statistical Analysis
Statistical analysis was performed using SPSS version 16.0. P value <0.05 was considered as significant.

Results
Out of 1602 urine samples that were received, 417 (26%) showed significant growth, among them, 311 (74.6%) belonged 
to the Enterobacteriaceae family. Out of these 311 patients, there were more women 203 (65.27%) than men 108 (34.7%) 
p < 0.05. A total of 168 (54.0%) samples were collected from adults (18–64 years), 125 (40.2%) belonged to the elderly 

https://doi.org/10.2147/IDR.S362445                                                                                                                                                                                                                                   

DovePress                                                                                                                                                      

Infection and Drug Resistance 2022:15 3992

Gantasala et al                                                                                                                                                       Dovepress

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


population (≥65 years) and 18 (5.8%) were obtained from children (0–17 years). E. coli 205 (65.9%) was the most 
common organism, followed by Klebsiella spp. 86 (27.7%). The other Enterobacteriaceae found in the study were 
Enterobacter spp 6 (1.9%), Proteus spp. 6 (1.9%), Citrobacter spp. 4 (1.3%), Morganella spp. 2 (0.6%), Serratia spp. 1 
(0.3%), and Providencia spp. 1 (0.3%).

Out of 160 ESBL producers 95 (59.3%) were isolated from female patients and 65 (40.6%) were male; out of 151 non 
ESBL producers, 108 (71.5%) were from female patients and 43 (28.47%) were from male patients. More numbers of 
male patients yielded ESBL producing organisms (p<0.05). There was no such correlation when compared with the age 
of the patient (p = 0.395).

Antibiotic Resistance Pattern of Uropathogens
The antibiotic sensitivity pattern of uropathogenic Enterobacteriaceae is shown in Table 2. The Enterobacteriaceae uropatho-
gens under study were highly resistant to ampicillin (85.9%) with most of the isolates showing MIC values of ≥32 µg/mL, 
ticarcillin-clavulanate (79.7%) with most of the isolates showing MIC of ≥128 µg/mL and nalidixic acid (75.9%) with most of 
the isolates showing an MIC of ≥32 µg/mL. In comparison, they showed low resistance rates to piperacillin-tazobactam 
(14.1%), with most of the isolates showing an MIC of ≤4 µg/mL, ceftriaxone-sulbactam (14.1%), ertapenem (12.5%), with 
most of the isolates showing MIC of ≤5 µg/mL, meropenem (11.9%), amikacin (11.6%), with most of the isolates showing 
a MIC of ≤2 µg/mL, imipenem (8.7%), fosfomycin (4.5%), with most of the isolates having MIC of ≤16 µg/mL.

E. coli showed a relatively low rate of resistance to nitrofurantoin (17/205; 8.3%), with the majority of isolates 
showing an MIC value of ≤16 µg/mL and for all carbapenems tested, with MIC values of most of the isolates being <5 
µg/mL. Most of the isolates of Klebsiella spp. were resistant to nitrofurantoin (55/86; 64%), with MIC values for the 
majority of isolates being 128 µg/mL. Klebsiella spp. showed a relatively low rate of resistance to nalidixic acid (48/86; 
55.8%), with the MIC values ranging from <2 µg/mL to >32 µg/mL when compared with E. coli isolates (179/205; 
87.3%) with most of the isolates showing an MIC value of >32 µg/mL (Figure 1).

Clinical Correlation
Out of 311 samples, complete clinical data was available for 139 cases (Figure 2). Most of the patients had multiple 
comorbidities, diabetes mellitus, hypertension, renal failure, carcinoma. Of the 139 cases, 91 (65.47%) were lower 
urinary tract infections and 48 (34.53%) cases were upper urinary tract infections. Among 48 cases of upper urinary tract 
infections there was one (2%) isolate of Proteus spp., 34 (24.46%) E. coli and 12 (25%) Klebsiella spp. Among 91 cases 

Table 1 Primers Used in the Multiplex PCR for Detection of Carbapenem Genes

Genes Primer Sequence Product Size (bp)

bla IMP 5 ˈGGAATAGAGTGGCTTAAYTCTC 3ˈ 232

5ˈ GGTTTAAYAAAACAACCACC 3ˈ

bla VIM 5 ˈ GATGGTGTTTGGTCGCATA 3ˈ 390

5ˈ CGAATGCGCAGCACCAG 3 ˈ

bla NDM 5ˈ CACCTCATGTTTGAATTCGCC 3ˈ 984

5ˈ CTCTGTCACATC GAAATCGC 3ˈ

bla KPC 5 ‘CATTCAAGGGCTTTCTTGCTGC 3ˈ 538

5ˈACGACGGCATAGTCATTTGC 3 ˈ

bla OXA- 48 5ˈGCGTGGTTAAGGATGAACAC 3’ 438

5ˈCATCAAGTTCAACCCAACCG 3’
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of lower urinary tract infection, 59 (64.8%) were E. coli, 24 (26.37%) Klebsiella spp., 3 (3.3%) Enterobacter spp., and 3 
(3.3%) belonging to Tribe Proteeae one (1%) each of Citrobacter spp. and Serratia spp. There was not much difference 
in the etiology of upper and lower UTIs (p = 0.805).

Molecular Characterization of Enterobacteriaceae Members Isolated from Cases of 
Urinary Tract Infection
Out of 311 Enterobacteriaceae isolates, 145 isolates could be preserved in pure form, which were used for carbapenemase 
gene detection. The rest of the isolates got discarded after the routine antibiotic sensitivity testing. A total of 24 genes 
were detected in 145 Enterobacteriaceae isolates, which included co-occurrence of two genes like blaOXA-48 and 
blaNDM; blaOXA-48 and blaVIM, and blaNDM and blaVIM. The distribution of the carbapenem genes among 
Enterobacteriaceae is summarized in Table 3. Figure 3 shows the gene detection done in the control strains.

The most common gene identified was blaNDM, followed by both blaNDM and blaOXA48 together. Of 37 Klebsiella 
spp, 5 (13.5%) harbored blaNDM and 5 (13.5%) harbored blaOXA-48 and 3 (8.1%) harbored blaVIM genes. None of the 
Klebsiella spp. isolates carried blaKPC and blaIMP genes. However, 3 (8.1%) Klebsiella spp isolates co-harbored both 
blaNDM and blaOXA-48 genes; 1 (2.7%) blaOXA-48 and blaVIM; and 1 (2.7%) blaNDM and blaVIM genes. Out of 99 
E. coli isolates, 6 (6.1%) harbored blaNDM, 3 (3%) blaOXA-48, 1 (1%) blaKPC, and 3 (3%) blaNDM and blaOXA-48. 
Out of 2 Morganella spp 1 (50%) harbored the blaVIM gene.

Table 2 Antibiotic Sensitivity Pattern of Enterobacteriaceae Members Isolated from Cases of Urinary Tract Infection

Antibiotic Subclass Antibiotic Resistance Intermediate Sensitive

β lactam, β lactam - β lactamase inhibitors Ampicillin 267(85.9) 2(0.6) 42(13.5)

Amoxicillin - clavulanate 131(42.1) 46(14.8) 134(43.1)

Piperacillin- tazobactam 44(14.1) 6(1.9) 261(83.9)

Ticarcillin- clavulanate 248(79.7) 3(1.0) 60(19.3)

Cephalosporins Ceftazidime 144(46.3) 7(2.3) 160(51.4)

Ceftriaxone - sulbactam 44(14.1) 6(1.9) 261(83.9)

Cefixime 195(62.7) 7(2.3) 109(35.0)

Carbapenems Imipenem 27(8.7) 8(2.6) 276(88.7)

Meropenem 37(11.9) 4(1.3) 270(86.8)

Ertapenem 39(12.5) 5(1.6) 267(35.0)

Fluoroquinolones Ciprofloxacin 203(65.3) 12(3.9) 96(30.9)

Norfloxacin 168(54.0) 5(1.6) 138(44.4)

Ofloxacin 172(55.3) 5(1.6) 134(43.1)

Aminoglycosides Amikacin 36(11.6) 5(1.6) 270(86.8)

Gentamicin 94(30.2) 3(1.0) 214(68.8)

Others Trimethoprim-sulfamethoxazole 156(50.2) 1(0.3) 154(49.5)

Fosfomycin 14(4.5) 4(1.3) 293(94.2)

Nalidixic acid 236(75.9) 1(0.3) 74(23.8)

Nitrofurantoin 85(27.3) 47(15.1) 179(57.6)
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Out of 22 carbapenem resistant isolates we detected carbapenemase genes in 13 (59%) isolates, out of 123 
carbapenem sensitive strains, we detected carbapenemase genes in 3 (2.4%) isolates. Greater numbers of carbapenem 
resistant isolates showed carbapenemase genes (p<0.001). Out of 79 ESBL producers we detected the carbapenemase 
genes in 14 (17.7%) isolates. Out of 66 non ESBL producers we detected carbapenemase genes in 2 (3%). Greater 
numbers of ESBL producers harbored the carbapenem genes (p = 0.005).

Discussion
Emerging problems of antibiotic resistance among uropathogens, requires frequent monitoring of their antibiotic 
susceptibility pattern to provide effective empirical therapy.1,2 In a study conducted in Jharkhand, India, UTI cases 
were greater among women than men, E. coli and Klebsiella spp. were common isolates. Almost half the isolates, 
51.22%, were sensitive to nitrofurantoin in comparison to Klebsiella spp isolates, of which 25.8% were sensitive to 

Figure 2 Coexisting clinical conditions in patients with UTI. 
Abbreviations: DM, diabetes mellitus; HTN, hypertension; CKD, chronic kidney disease or failure; AKI, acute kidney injury or failure.

Figure 1 Comparison between antibiotic resistance pattern of E. coli and Klebsiella spp.
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nitrofurantoin. Most of the isolates of E. coli and Klebsiella spp. were resistant to nalidixic acid. Most of the E. coli 
isolates were sensitive to imipenem (90.8%) and meropenem (85.4%). Most of the Klebsiella spp. isolates were 
sensitive to imipenem (92%).12 A study conducted in Kerala showed a total of 373 positive urine samples with more 
patients being female (63.3%) than male (36.7%), E. coli (74.3%) was the most common isolate, followed by 
Klebsiella (15.8%). Cases were more in the age group 60–70. Both Klebsiella spp and E. coli were resistant to 
ampicillin and cephalosporins. E. coli isolates were 100% sensitive to piperacillin, amikacin, and imipenem followed 
by nitrofurantoin (90%) and cefoperazone (90%). Whereas 65% of Klebsiella spp. isolates were resistant to 
imipenem.13 In a study conducted in a children’s hospital in Pakistan, E. coli 211 (53.6%) and Klebsiella spp 157 
(39.8%) were the predominant bacteria isolated. More than 84% of the bacterial strains were resistant to all of the 

Figure 3 Multiplex PCR results showing the detection of carbapenemase genes (Lane 1, Lane 10 molecular ladder; Lane 2, 3, 4, 5, 6 correspond to blaIMP, blaNDM, blaKPC, 
bla OXA-48, bla VIM; Lane 7 negative control of amplification; Lane 8 negative sample; Lane 9 showing bla NDM and bla OXA-48).

Table 3 Carbapenem Genes Detected Enterobacteriaceae Isolates from Cases of Urinary Tract Infection

Enterobacteriaceae Members bla IMP bla VIM bla KPC bla OXA −48 bla NDM

E. coli n=99 0 0 1 (1%) 3 (3%) 6(6.1%)

Klebsiella spp. n=37 0 3(8.1%) 0 5 (13.5%) 5(13.5%)

Citrobacter koseri n=3 0 0 0 0 0

Serratia fonticola n=1 0 0 0 0 0

E. cloacae n=2 0 0 0 0 0

Morganella morganii n=2 0 1 (50%) 0 0 0

Proteus mirabilis n=1 0 0 0 0 0
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cephalosporin drugs, 85% co-trimoxazole, 84.0% pipemidic acid, 83.5% nalidixic acid, 80.2% norfloxacin, 77.9% 
ciprofloxacin and 72.0% tobramycin. The isolates exhibited low resistance levels against amikacin (36.8%), fosfo-
mycin (35.3%), nitrofurantoin (28.4%), imipenem (25.9%), and colistin (21.8%).14

The present study shows similar results, most of the UTI patients were women and E. coli was the predominant 
isolate. E. coli showed a relatively low rate of resistance to nitrofurantoin and for all carbapenems. Most of the isolates of 
Klebsiella spp. were resistant to nitrofurantoin and showed a relatively low rate of resistance to nalidixic acid when 
compared with E. coli isolates. In the present study 39% of uropathogenic Enterobacteriaceae showed carbapenem 
resistance. So generally carbapenem resistance in uropathogens vary from 8–65% in different geographical areas during 
different times.

In a study on bacteremia caused by coliforms, out of 68 isolates of gram negative bacilli resistant to carbapenems, 35 
were AMP C producers, 25 were carbapenem resistant, 16 harbored blaNDM and none harbored bla KPC.9

In a study on carbapenem resistance in uropathogens, 66 carbapenem resistant isolates did not have any of the genes 
tested and nine isolates had multiple genes encoding for carbapenemase. None of the isolates from 2008 had blaNDM-1 
or blaKPC genes, the blaVIM gene was present in 34 (43.6%) and blaIMP in five (6.4%). Among the isolates from 2012, 
none had blaKPC, but blaNDM-1 gene was present in 47 (53.4%), blaVIM in 19 (24.4%) and blaIMP in one (1.1%).10 In 
a study conducted in Iran, out of 211 clinical isolates of K. pneumoniae, 29 were carbapenem resistant strains. Of these 
29 strains, 27 harbored the blaNDM-1 and 2 harbored the bla KPC gene.11

In a study conducted in Germany on 132 clinical Enterobacteriaceae strains with elevated carbapenem MICs, carbapenemase 
genes like blaKPC-2 (n = 13), blaKPC-3 (n = 11), blaKPC-2 and blaVIM-1 (n = 1), blaVIM-1 (n = 17), blaVIM-2 (n = 2), blaVIM- 
4 (n = 3), blaVIM-26 (n = 2), blaIMP-13 (n = 1), blaIMP-14 (n = 2), blaNDM-1 (n = 7), blaGIM-1 (n = 3), blaOXA-48 (n = 24), 
blaOXA-162 (n = 5), blaOXA-181 (n = 1), blaOXA-204 (n = 1), and blaGES-5 (n = 1) were detected by PCR and subsequent 
sequencing.15

In a study, 935 carbapenem resistant Enterobacteriaceae (CRE) strains were collected from 36 hospitals in different 
cities across China over a period of 2 years. Overall, carbapenemase genes were found in 97.4% of CRE strains. Among 
the genes detected were blaKPC-2 (51.6%), blaNDM (35.7%) and blaOXA-48 (7.3%). Overall, no strain was positive for 
blaVIM, the most prevalent carbapenemase gene was blaKPC-2 among K. pneumonia and blaNDM among E. coli. Most 
of the CRE strains were resistant to cephalosporins and more than half of the isolates were resistant to fluoroquinolones 
and aminoglycosides but the majority of the isolates were susceptible to tigecycline and polymyxin B.16

Phylogenetic studies have been extensively conducted on the uropathogenic E. coli (UPEC), as it is the predominant 
causative agent of urinary tract infections. UPEC has been classified into many phylogroups. Worldwide predominantly 
UPEC belong to phylogroups B2 and D. These phylogroups express most of the virulence factors and also are highly 
drug resistant.17 In a study, by pulse field gel electrophoresis (PFGE) UPEC belonged to 33 different genetic clusters and 
the majority belonged to PFGE type 11 which generated 15 bands.18 Horizontal gene transfer plays an important role in 
the spread of drug resistance. Integrons are genetic elements that are capable of integration of resistance gene cassettes. 
They integrate with transposons or conjugative plasmids and play a role in the spread of drug resistance.19 In a study, 
class 1 integron was detected in 52% of UPEC and these isolates were multi drug resistant.19 UTIs by bla CTX-M-15 
gene harboring UPEC possess high virulence potential and high level of drug resistance.20 A study conducted in Iran 
showed that the UPEC isolates producing ESBL were more predominant in kidney transplant patients (KTP) when 
compared with a control group (non-KTP). UPEC bearing bla CTX-M and bla TEM were more prevalent in the KTP 
group when compared to the control group.21

In the present study, only carbapenemase genes were detected. The most common gene identified was blaNDM, 
followed by blaOXA-48, and blaNDM+OXA-48. Out of 22 carbapenem resistant isolates carbapenemase genes were 
detected in 13 (59%) isolates and out of 123 carbapenem sensitive strains, carbapenemase genes were detected in 3 
(2.4%) isolates. We could collect clinical data from only 139 out of 311 cases, so not much clinical correlation could be 
done.
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Conclusions
Out of 1602 suspected cases of urinary tract infection 417 (26%) showed significant growth, of which 311 (74.6%) urine 
samples yielded members of the Enterobacteriaceae family. Most of the cases of UTI were women. E. coli was the most 
common organism, followed by Klebsiella spp. Most of the isolates were resistant to ampicillin, ticarcillin clavulanate, 
and nalidixic acid and sensitive to piperacillin-tazobactam, ceftriaxone-sulbactam, ertapenem, meropenem, amikacin, 
imipenem, and fosfomycin. Carbapenem resistance was detected in 39% of the isolates. Carbapenemase genes were 
detected in 13 (59%) out of 22 carbapenem resistant isolates and 3 (2.4%) out of 123 carbapenem sensitive isolates. The 
most common gene identified was blaNDM, followed by both blaNDM and blaOXA48 together. None of the Klebsiella 
spp. isolates carried the blaKPC gene, and bla IMP gene was not detected in any of the isolates.
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