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Abstract
Background: Carbapenemase-producing Klebsiella pneumoniae (CRKP) has become a menace in several
intensive care units, which needs to be controlled immediately after being reported by a laboratory.
Detection in the laboratory is usually done using phenotypic methods and it is not known whether
knowledge of these genes helps in individual patient management. This study aimed to compare the
outcomes of oxacillinases β-lactamases (OXA-48) and New Delhi metallo-β-lactamase (NDM-1)-producing
CRKP isolates, the two most common carbapenemases reported from India, obtained from patients with
bloodstream infections in an ICU in a tertiary care center in North India and to compare the different
laboratory methods for their detection.

Materials and methods: Klebsiella pneumoniae isolates obtained from the blood culture of patients admitted
to various ICUs were subjected to conventional polymerase chain reaction (PCRs) for blaNDM and
blaOXA48-like genes. Those positive for any of the genes were tested by the modified carbapenem
inactivation method (mCIM) and if found positive were also subjected to ethylenediamine tetraacetic acid
(EDTA)-modified carbapenem inactivation method (eCIM). Antibiotic susceptibility tests (AST) were
performed and clinical data were recorded.

Results: A total of 49 isolates were positive for one or more carbapenemase genes (30 {61.2%} for blaNDM
gene only, 13 {26.5%)} for blaOXA48-like gene only, and six {12.2%} for both). The sensitivity, specificity,
positive predictive value (PPV), and negative predictive value (NPV) of mCIM were found to be 77.6%, 100%,
100%, and 78.9%, respectively. Statistically significant differences were found in the AST pattern between
the isolates with two genes. Increased MIC levels of colistin were observed, though they lay in the sensitive
range. Mortality occurred in all six patients who were infected with CRKP harboring both the genes though
no significant difference was observed in NDM and OXA-48 producing CRKP isolates.

Conclusion: Surveillance of carbapenemase genes in a hospital setting is essential. The possible reasons for
the low diagnostic accuracy of mCIM and differences in AST patterns are discussed.
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Introduction
Klebsiella pneumoniae is an important cause of healthcare-associated infections. It accounts for about 8% of
all nosocomial infections and for up to 14% of cases of primary bacteremia [1,2]. The emergence and
dissemination of drug resistance in K. pneumoniae strains have made the situation even worse. It has been
observed that up to 80% of all K. pneumoniae strains from India are resistant to cephalosporins and up to 60%
are carbapenem-resistant (CRKP) besides the beta-lactams (including carbapenems), they are also resistant
to several non-beta-lactam antibiotics. Due to the limited therapeutic options available, mortality rates of as
high as 40-50% have been reported in patients infected with CRKP [3].

Carbapenem resistance is primarily mediated by the production of carbapenemases (carbapenem
hydrolyzing -lactamases), which have been found in K. pneumoniae isolates to fall into three categories: (1)
metallo-lactamases or molecular class B lactamases (New Delhi metallo-lactamase/New Delhi metallo-β-
lactamase {NDM-1}, IMP, VIM) that hydrolyze all lactams except monobactams and are inhibited by
ethylenediamine tetraacetic acid (EDTA) but not clavulanic acid; (2) serine - lactamases of molecular class A
(NMC/IMI, SME, KPC, and GES) that hydrolyze even monobactams are inhibited by clavulanic acid and
tazobactam but not by EDTA; (3) molecular class D serine β-lactamases (oxacillinases β-lactamases {OXA-
48}) that do not hydrolyze monobactams and are poorly inhibited by clavulanic acid and EDTA [4]. These
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properties are used for differentiation in the laboratory. Most of these carbapenemases are acquired either
by mutation or by horizontal gene transfer.

Among these classes of carbapenemases, NDM-1 (produced by blaNDM gene) and OXA-48 (produced by
blaOXA48-like gene) have been reported to be the commonest in India [5]. Phenotypic tests are presently
being used in many bacteriology laboratories to differentiate between these genes. But the efficiency of
these tests in routine laboratory settings and the impact of differentiating these genes on patient outcomes
are sparsely known. Therefore, the present study aimed to compare the outcomes in terms of mortality and
susceptibility to antibiotics of OXA-48 and NDM-1-producing carbapenem-resistant K. pneumoniae isolates
obtained from patients with bloodstream infections in an ICU in a tertiary care center in North India and to
compare the different laboratory methods used for their detection.

Materials And Methods
All K. pneumoniae isolates obtained from the blood culture of patients admitted in various ICUs of King
George's Medical University, Lucknow, India, between August 2018 and July 2019 were included. The isolates
were characterized using conventional biochemicals and VITEK 2 (Biomerieux: Marcy-IEtoile, France)
compact system. Genomic DNA was extracted from these isolates by the boiling method as described
previously [6]. Conventional PCRs were done to detect blaNDM [7] and blaOXA48-like genes [8]. The primer
sequences used and cycling conditions are mentioned in Table 1. The polymerase chain reaction (PCR) was
done in a final reaction volume of 20μl containing 10μl of 2X universal PCR master mix (Thermo Fisher
Scientific PCR master mix: Vilnius, Lithuania), 2μl of 10μM of each primer, 4μl of nuclease-free water, and
4μl of DNA template. After amplification, all bands were subjected to electrophoresis in 1.5% agarose gel
and detected with ethidium bromide staining under UV illumination. Band sizes of 800bp and 948 bp were
considered as positive for blaNDM and blaOXA48-like genes, respectively, and isolate harboring them were
called CRKP isolates (Table 1).

Primer
name

Primer sequence
Product
size

Thermal cycling conditions

OXA-
48-F

5’-
TATATTGCATTAAGCAAGGG-
3’

800bp
(1) Enzyme activation; (2) 30 cycles of initial
denaturation annealing extension; (3) final
extension

95°C for 15 min, 94 °C for 30s, 59°C for
1.5 min, 72°C for 1.5 min, 72°C for 10 min

OXA-
48-R

5’-
CACACAAATACGCGCTAACC-
3’

NDM-
F

5’-
CACCTCATGTTTGAATTCGCC-
3’

948bp
(1) Enzyme activation; (2) 30 cycles of initial
denaturation annealing extension; (3) final
extension

95°C for 15 min, 94°C for 30s, 55°C for
40s, 72°C for 1 min, 72°C for 10 min

NDM-
R

5’-
CTCTGTCACATCGAAATCGC-
3’

TABLE 1: Primer sequences and cycling conditions of conventional PCRs for blaNDM and
blaOXA48-like genes
PCR: polymerase chain reaction; OXA-48: oxacillinases β-lactamases; NDM: New Delhi metallo-β-lactamase

Correlation of carbapenemase genes with phenotypic carbapenem
resistance
The CRKP isolates were subjected to a modified carbapenem inactivation method (mCIM) for detection of
Ambler class A and B and OXA-48-like carbapenemases and if found positive were further subjected to
EDTA-modified carbapenem inactivation method (eCIM). Isolates with both mCIM and eCIM tests positive
were labeled as producing metallo-β-lactamases and those with positive mCIM but negative eCIM test were
labeled as producing serine carbapenemases.

To know the spectrum of antibiotic resistance of the CRKP isolates, an antibiotic susceptibility assay by
Kirby-Bauer disk diffusion method was performed. For colistin, minimum inhibitory concentrations (MICs)
were determined by the broth microdilution method for which the breakpoint of <2 mg/ml was considered
senstive. All the tests were performed and interpreted as per Clinical and Laboratory Standard Institute
(CLSI) 2018 guidelines [9].
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Clinical correlates
Clinical details regarding demographic data, history of previous hospitalization due to a medical and/or
surgical illness, and any invasive procedure during the ICU stay of the patients were collected.

Statistical analysis
All the statistical analysis was done using MedCalc online software
(https://www.medcalc.org/calc/odds_ratio.php) and GraphPad Prism Version 7 (San Diego, CA: GraphPad
Software; www.graphpad.com). Statistical significance for parametric and non-parametric variables between
the two carbapenemase genes was tested by chi-square and Fisher’s exact test and p-values <0.05 were
considered as significant. Ninety-five percent confidence intervals (CIs) were calculated for various
outcomes among the isolates producing the two genes to know the possible association between the
presence of a gene and an outcome.

Results
A total of 49 of 90 K. pneumoniae (54.4%) isolates gave a positive result for one or more carbapenemase
genes, which were labeled as CRKP. Of these, 30 (61.2%) were positive for blaNDM gene only, 13 (26.5%)
were positive for the blaOXA48-like gene only, and six (12.2%) were positive for both.

Laboratory correlates
A total of 38 isolates were positive for mCIM phenotypic test of which 28 also gave a positive eCIM test.
Hence these 28 isolates were labeled as harboring metallo-β-lactamases and the remaining 10 as producing
serine carbapenemases. A total of 11 isolates that were positive for carbapenem-resistant genes (five for
blaOXA48-like gene only and six for both) were negative for mCIM test. Hence considering PCR as the gold
standard, the sensitivity and specificity of phenotypic mCIM test were found to be 77.6% (95% CI = 63.4-
88.2%) and 100% (95% CI = 91.4-100%), respectively. Positive and negative predictive values were 100% and
78.9%, respectively, and the overall accuracy of mCIM was calculated as 87.8% (95% CI = 79.2-93.7%).

All the 49 CRKP isolates were resistant to ertapenem, cephalosporins, and aztreonam. Isolates with only
blaNDM gene were significantly more susceptible to gentamicin (p = 0.003), tobramycin (p = 0.039),
ciprofloxacin (p = 0.008) and amoxicillin/ clavulanic acid (p = 0.016). In contrast, those with blaOXA48-like
gene only were significantly susceptible to trimethoprim-sulphamethoxazole (p = 0.0003). Colistin and
polymyxin B resistance was not found in any isolate. However, the presence of OXA-48 gene was
significantly associated with increased MIC50 of colistin (2mg/ml) (p = 0.02, chi-square = 5.305) (Table 2).
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Name of antibiotic
Phenotypic resistance in isolates
with blaNDM gene only (%) (n = 30)

Phenotypic resistance in isolates with
bla OXA48-like gene only (%) (n = 13)

p-
Value

Phenotypic resistance in
isolates with both the genes
n (%)

Ertapenem (10µg) 30 (100) 13 (100) - 6 (100)

Aztreonam (30µg) 30 (100) 13 (100) - 6 (100)

Amikacin (30µg) 23 (76.7) 13 (100) 0.08 6 (100)

Gentamycin (10µg) 16 (53.3) 13 (100) 0.003 6 (100)

Tobramycin (10µg) 21 (70) 13 (100) 0.039 6 (100)

Ciprofloxacin (5µg) 18 (60) 13 (100) 0.008 6 (100)

Levofloxacin (5µg) 16 (53.3) 13 (100) 0.135 6 (100)

Cefazolin (30µg) 30 (100) 13 (100) - 6 (100)

Cefepime (30µg) 30 (100) 13 (100) - 6 (100)

Ceftriaxone (30µg) 30 (100) 13 (100) - 6 (100)

Amoxycillin-
clavulanate (20/10µg)

22 (73.3) 4 (30.8) 0.016 6 (100)

Piperacillin-
tazobactam
(100/10µg)

28 (93.3) 13 (100) 1.00 6 (100)

Trimethoprim and
sulphamethoxazole

30 (100) 7 (53.8) 0.0003 6 (100)

Colistin (minimum
inhibitory
concentration)

0 (0) 0 (0) - 0 (0)

TABLE 2: Antibiotic resistance pattern of isolates harboring the two carbapenemase genes
OXA-48: oxacillinases β-lactamases; NDM: New Delhi metallo-β-lactamase

Clinical correlates
These 49 CRKP isolates were obtained from blood samples of 21 (42.9%) patients from pediatric ICUs and 28
(57.1%) patients from adult ICUs. NDM was more commonly observed in the pediatric population but OXA-
48 was more common in adults. Case fatality, associated comorbidities, and empiric carbapenemase
treatment were more commonly seen in patients with OXA-48, though the difference was not statistically
significant. It should be noted that case fatality occurred in all six patients who were infected with CRKP
harboring both genes (Table 3).
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Parameters
Outcome in patients with
blaNDM gene only (%) (n =
30)

Outcome in patients with
blaOXA48-like gene only (%) (n
= 13)

p-
Value

Outcome in patients
with both the genes n
(%)

Pediatric population (<18 years) 13 (43.3) 4 (30.8) 0.51 4 (66.7)

Adult population (18-70 years) 17 (56.7) 9 (69.2) 0.51 2 (33.3)

Mortality 16 (53.3) 9 (69.2) 0.50 6 (100)

Any associated comorbidity (chronic renal
disease/diabetes mellitus, malignancy/others)

19 (63.3) 9 (69.2) 1 5 (83.3)

Empiric carbapenemase treatment 8 (26.7) 7 (53.8) 0.16 2 (33.3)

TABLE 3: Association of outcome and carbapenemase genes
OXA-48: oxacillinases β-lactamases; NDM: New Delhi metallo-β-lactamase

Discussion
Infection with carbapenem-resistant K. pneumoniae is a dreaded complication associated with several
hospital-associated risk factors. The proportion of CRKP isolates among invasive K. pneumoniae infections
has been estimated to vary in different geographical regions. In India, the rates of carbapenem resistance
have seen a sharp increase of 35% in just two years (9% in 2008 to 44% in 2010). Likewise, the rates in Italy
soared to 60% in 2013 from undetectable levels in 2008 [9].

The carbapenemases have been classified into various groups as per Ambler classification. A multicentric
retrospective study from India demonstrated that of the 344 retrospective K. pneumoniae isolates from eight
centers across India, blaOXA48-like predominated (73.2%) followed by blaNDM-1/5 (24.4%) [5]. But in
several other studies and in our study, NDM was found to be the major cause of carbapenem resistance in
India followed by the OXA-48-like group [10,11]. The present study also showed that in our hospital setting
NDM is the most common carbapenemase. Additionally, corroborating the present study, co-production of
NDM-1 with other carbapenemases has been detected amongst Enterobacteriaceae isolates in many parts of
India [12,13]. Looking at the variable data, it becomes mandatory for all the hospitals to continuously
monitor the prevalent carbapenemases and highlight the noticed changing trend.

NDM, first detected in 2009, is epicentral to India but has now spread internationally. NDM-producing CRKP
is known to be associated with high morbidity and mortality worldwide [14]. OXA-48 was first identified in
Istanbul, Turkey, from a CRKP isolate. Owing to the usual location of NDM and OXA-48 on plasmid and
transposon (Tn1999) respectively, the genes are easily transferable and can therefore spread easily [15].
Therefore, for infection prevention and control in a hospital setting, surveillance of these genes is
imperative.

Studies have reported a sensitivity and specificity of mCIM ranging between 96.1-99% and 92.9-100%,
respectively, for detection of CRKP as compared to the molecular tests [16,17]. In contrast, in the present
study, the phenotypic mCIM test was found to have only moderate sensitivity (77.6%) and negative
predictive value (78.9%) as compared to the conventional PCR, and all the phenotypically missed cases
produced OXA-48 type carbapenemases singly or in combination with NDM. It should be noticed that the
original CIM test was also found to give very promising results initially, with high sensitivity for detection of
different types of carbapenemases and excellent sensitivity. Later, lower sensitivities for OXA-48 type
carbapenemases varying from 50% to 91% were reported [18]. It is already known that it is difficult to
identify this class of carbapenemases using phenotypic tests because they can result in low carbapenem
MICs [19]. Hence, mCIM test should be verified for Indian strains producing OXA-48 type carbapenemases.
Besides, other mechanisms such as altered membrane permeability, increased efflux pumps, or
hyperproduction of extended-spectrum β-lactamases (ESBLs) or AmpC β-lactamases (cephalosporinases)
may also lead to carbapenem resistance [19]. Hence, relying only on phenotypic tests like mCIM for the
detection of carbapenemase detection may at times be misleading. Though mechanisms of carbapenem
resistance may not alter the clinical outcome, such information is essential for infection control purposes
because carbapenemase producers spread more easily.

We could not find any statistical association between mortality rates and the type of carbapenemase. A
meta-analysis reported a pooled mortality of 42.1% in patients infected with CRKP compared to 21.2% in
those infected with carbapenem-sensitive K. pneumoniae. When mortality between types of carbapenemases
was studied, no statistical difference was observed (47.7% in patients infected with K. pneumoniae
carbapenemase (KPC)-producing K. pneumoniae versus 46.7% in those infected with VIM-producing K.
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pneumoniae) [20]. However, in the present study, mortality occurred in all the patients with K. pneumoniae
isolates producing both NDM and OXA-48. The high mortality rates in patients infected with CRKP isolates
are attributed to the lack of appropriate antibiotics combined with underlying patient comorbidities.

In the present study, it was found that isolates with only blaNDM gene were significantly more susceptible to
aminoglycosides and ciprofloxacin and those with blaOXA48-like gene only were significantly more
susceptible to trimethoprim-sulphamethoxazole. This is in contrast to a previous study that postulated that
OXA-48 producers remain susceptible to gentamicin, while this is rare for NDM [21]. Generally, it is said that
NDM producers remain sensitive to aztreonam and OXA-48 producers test sensitive to extended-spectrum
cephalosporins in about 20% of the cases [22]. Owing to these contrasting results possibly due to the
simultaneous existence of multiple resistance mechanisms, optimal treatment of infections with CRKP is
currently not known, and based on the laboratory’s AST report; the treating physician needs to tailor
individual patient therapy. It was observed that all the CRKP isolates did not have raised MICs for different
carbapenems and some isolates were even sensitive to imipenem. These variations in the MIC values for
different carbapenems may be influenced by the simultaneous presence of other resistance mechanisms.
Therefore, combination therapy of carbapenems with other drugs such as colistin, polymyxins, tigecycline,
gentamicin, or fosfomycin may be tried. The MIC values of colistin were found to be within the effective
range for all the isolates possessing the carbapenemase genes, though the presence of the OXA-48 gene was
significantly associated with increased MIC50 (2mg/ml) of colistin (p = 0.02). These drugs are used as the last
line of drugs for the treatment of carbapenemase-producing isolates. Increased MIC levels are a threat and
colistin resistance has already been reported in such isolates [23]. The biggest flaws of this study were the
small sample size and single-center study; larger sample size with multicentric analysis is required to
validate the results.

Conclusions
The situation is scary, as it would mean going back to the pre-antibiotic era. Some newer drug combinations
like ceftazidime-avibactam are under evaluation for the treatment of CRKP; however, currently, their
treatment remains elusive. To conclude, no significant difference in mortality was observed in NDM and
OXA-48-producing CRKP isolates, but 100% mortality was observed with isolates producing both the
carbapenemases. Increased MIC levels of colistin were observed, though they lay in the sensitive range.
Statistically, a significant difference was observed in the susceptibility of various antibiotics in isolates
producing NDM and OXA-48 carbapenemases.

Additional Information
Disclosures
Human subjects: Consent was obtained or waived by all participants in this study. King George's Medical
University issued approval #89th ECM II B Thesis/P69. Animal subjects: All authors have confirmed that
this study did not involve animal subjects or tissue. Conflicts of interest: In compliance with the ICMJE
uniform disclosure form, all authors declare the following: Payment/services info: All authors have
declared that no financial support was received from any organization for the submitted work. Financial
relationships: All authors have declared that they have no financial relationships at present or within the
previous three years with any organizations that might have an interest in the submitted work. Other
relationships: All authors have declared that there are no other relationships or activities that could appear
to have influenced the submitted work.

References
1. Tzouvelekis LS, Markogiannakis A, Psichogiou M, Tassios PT, Daikos GL: Carbapenemases in Klebsiella

pneumoniae and other Enterobacteriaceae: an evolving crisis of global dimensions. Clin Microbiol Rev.
2012, 25:682-707. 10.1128/CMR.05035-11

2. Nordmann P: Carbapenemase-producing Enterobacteriaceae: overview of a major public health challenge .
Med Mal Infect. 2014, 44:51-6. 10.1016/j.medmal.2013.11.007

3. van Duin D, Kaye KS, Neuner EA, Bonomo RA: Carbapenem-resistant Enterobacteriaceae: a review of
treatment and outcomes. Diagn Microbiol Infect Dis. 2013, 75:115-20. 10.1016/j.diagmicrobio.2012.11.009

4. Pitout JD, Nordmann P, Poirel L: Carbapenemase-producing Klebsiella pneumoniae, a key pathogen set for
global nosocomial dominance. Antimicrob Agents Chemother. 2015, 59:5873-84. 10.1128/AAC.01019-15

5. Nagaraj G, Shamanna V, Govindan V, et al.: High-resolution genomic profiling of carbapenem-resistant
Klebsiella pneumoniae isolates: a multicentric retrospective indian study. Clin Infect Dis. 2021, 73:300-7.
10.1093/cid/ciab767

6. Dashti AA, Jadaon MM, Abdulsamad AM, Dashti HM: Heat treatment of bacteria: a simple method of DNA
extraction for molecular techniques. Kuwait Med J. 2009, 41:117-22.

7. Tracking CRE in the United States . (2020). Accessed: April 30, 2022:
https://www.cdc.gov/hai/organisms/cre/trackingcre.html.

8. Antibiotic resistance threats in the United States . (2013). Accessed: January 1, 2018:
https://www.cdc.gov/drugresistance/pdf/ar-threats-2013-508.pdf.

9. Performance standards for antimicrobial susceptibility testing: informational supplement . (2018). Accessed:
April 30, 2022: https://file.qums.ac.ir/repository/mmrc/CLSI-2018-M100-S28.pdf.

10. Veeraraghavan B, Shankar C, Karunasree S, Kumari S, Ravi R, Ralph R: Carbapenem resistant Klebsiella

2022 Verma et al. Cureus 14(7): e27197. DOI 10.7759/cureus.27197 6 of 7

https://dx.doi.org/10.1128/CMR.05035-11
https://dx.doi.org/10.1128/CMR.05035-11
https://dx.doi.org/10.1016/j.medmal.2013.11.007
https://dx.doi.org/10.1016/j.medmal.2013.11.007
https://dx.doi.org/10.1016/j.diagmicrobio.2012.11.009
https://dx.doi.org/10.1016/j.diagmicrobio.2012.11.009
https://dx.doi.org/10.1128/AAC.01019-15
https://dx.doi.org/10.1128/AAC.01019-15
https://dx.doi.org/10.1093/cid/ciab767
https://dx.doi.org/10.1093/cid/ciab767
https://www.academia.edu/14010095/Heat_Treatment_of_Bacteria_A_Simple_Method_of_DNA_Extraction_for_Molecular_Techniques
https://www.cdc.gov/hai/organisms/cre/trackingcre.html
https://www.cdc.gov/hai/organisms/cre/trackingcre.html
https://www.cdc.gov/drugresistance/pdf/ar-threats-2013-508.pdf
https://www.cdc.gov/drugresistance/pdf/ar-threats-2013-508.pdf
https://file.qums.ac.ir/repository/mmrc/CLSI-2018-M100-S28.pdf
https://file.qums.ac.ir/repository/mmrc/CLSI-2018-M100-S28.pdf
https://dx.doi.org/10.1080/20477724.2017.1340128


pneumoniae isolated from bloodstream infection: Indian experience. Pathog Glob Health. 2017, 111:240-6.
10.1080/20477724.2017.1340128

11. Giani T, Pini B, Arena F, et al.: Epidemic diffusion of KPC carbapenemase-producing Klebsiella pneumoniae
in Italy: results of the first countrywide survey, 15 May to 30 June 2011. Euro Surveill. 2013, 18:

12. Doi Y, O'Hara JA, Lando JF, Querry AM, Townsend BM, Pasculle AW, Muto CA: Co-production of NDM-1
and OXA-232 by Klebsiella pneumoniae. Emerg Infect Dis. 2014, 20:163-5. 10.3201/eid2001.130904

13. Kumarasamy K, Kalyanasundaram A: Emergence of Klebsiella pneumoniae isolate co-producing NDM-1
with KPC-2 from India. J Antimicrob Chemother. 2012, 67:243-4. 10.1093/jac/dkr431

14. Patel G, Huprikar S, Factor SH, Jenkins SG, Calfee DP: Outcomes of carbapenem-resistant Klebsiella
pneumoniae infection and the impact of antimicrobial and adjunctive therapies. Infect Control Hosp
Epidemiol. 2008, 29:1099-106. 10.1086/592412

15. Cuzon G, Ouanich J, Gondret R, Naas T, Nordmann P: Outbreak of OXA-48-positive carbapenem-resistant
Klebsiella pneumoniae isolates in France. Antimicrob Agents Chemother. 2011, 55:2420-3.
10.1128/AAC.01452-10

16. Queenan AM, Bush K: Carbapenemases: the versatile beta-lactamases . Clin Microbiol Rev. 2007, 20:440-58.
10.1128/cmr.00001-07

17. Ismail Z, Abdullah SF, Wahab AA, Soh TS, Sulong A: Modified carbapenem inactivation method (mCIM) for
detection of carbapenemase production in Klebsiella spp. Int J Infect Dis. 2020,
101:10.1016/j.ijid.2020.09.107

18. Poirel L, Potron A, Nordmann P: OXA-48-like carbapenemases: the phantom menace . J Antimicrob
Chemother. 2012, 67:1597-606. 10.1093/jac/dks121

19. Pierce VM, Simner PJ, Lonsway DR, et al.: Modified carbapenem inactivation method for phenotypic
detection of carbapenemase production among Enterobacteriaceae. J Clin Microbiol. 2017, 55:2321-33.
10.1128/JCM.00193-17

20. Rojas LJ, Salim M, Cober E, et al.: Colistin resistance in carbapenem-resistant Klebsiella pneumoniae:
laboratory detection and impact on mortality. Clin Infect Dis. 2017, 64:711-8. 10.1093/cid/ciw805

21. Aubert D, Naas T, Héritier C, Poirel L, Nordmann P: Functional characterization of IS1999, an IS4 family
element involved in mobilization and expression of beta-lactam resistance genes. J Bacteriol. 2006,
188:6506-14. 10.1128/JB.00375-06

22. Xu L, Sun X, Ma X: Systematic review and meta-analysis of mortality of patients infected with carbapenem-
resistant Klebsiella pneumoniae. Ann Clin Microbiol Antimicrob. 2017, 16: 10.1186/s12941-017-0191-3

23. Naparstek L, Carmeli Y, Navon-Venezia S, Banin E: Biofilm formation and susceptibility to gentamicin and
colistin of extremely drug-resistant KPC-producing Klebsiella pneumoniae. J Antimicrob Chemother. 2014,
69:1027-34. 10.1093/jac/dkt487

2022 Verma et al. Cureus 14(7): e27197. DOI 10.7759/cureus.27197 7 of 7

https://dx.doi.org/10.1080/20477724.2017.1340128
http://pubmed.ncbi.nlm.nih.gov/23787077
https://dx.doi.org/10.3201/eid2001.130904
https://dx.doi.org/10.3201/eid2001.130904
https://dx.doi.org/10.1093/jac/dkr431
https://dx.doi.org/10.1093/jac/dkr431
https://dx.doi.org/10.1086/592412
https://dx.doi.org/10.1086/592412
https://dx.doi.org/10.1128/AAC.01452-10
https://dx.doi.org/10.1128/AAC.01452-10
https://dx.doi.org/10.1128/cmr.00001-07
https://dx.doi.org/10.1128/cmr.00001-07
https://dx.doi.org/10.1016/j.ijid.2020.09.107
https://dx.doi.org/10.1016/j.ijid.2020.09.107
https://dx.doi.org/10.1093/jac/dks121
https://dx.doi.org/10.1093/jac/dks121
https://dx.doi.org/10.1128/JCM.00193-17
https://dx.doi.org/10.1128/JCM.00193-17
https://dx.doi.org/10.1093/cid/ciw805
https://dx.doi.org/10.1093/cid/ciw805
https://dx.doi.org/10.1128/JB.00375-06
https://dx.doi.org/10.1128/JB.00375-06
https://dx.doi.org/10.1186/s12941-017-0191-3
https://dx.doi.org/10.1186/s12941-017-0191-3
https://dx.doi.org/10.1093/jac/dkt487
https://dx.doi.org/10.1093/jac/dkt487

	Outcomes in Oxacillinases β-Lactamases (OXA-48) and New Delhi Metallo-β-Lactamase (NDM-1)-Producing, Carbapenem-Resistant Klebsiella Pneumoniae Isolates Obtained From Bloodstream Infections
	Abstract
	Introduction
	Materials And Methods
	TABLE 1: Primer sequences and cycling conditions of conventional PCRs for blaNDM and blaOXA48-like genes
	Correlation of carbapenemase genes with phenotypic carbapenem resistance
	Clinical correlates
	Statistical analysis

	Results
	Laboratory correlates
	TABLE 2: Antibiotic resistance pattern of isolates harboring the two carbapenemase genes

	Clinical correlates
	TABLE 3: Association of outcome and carbapenemase genes


	Discussion
	Conclusions
	Additional Information
	Disclosures

	References


