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ABSTRACT

Background: Managing hospital infections caused by multidrug-resistant Klebsiella
pneumoniae is challenging. Molecular resistance markers do not always predict
phenotypic results. The aim of this study was to compare phenotypic and genotypic
results of antimicrobial resistance and assess the preliminary in vitro activity of
antimicrobial combinations. This single center laboratory study included 100
Enterobacteriaceae, 50 of which were K. pneumoniae. The isolates were tested for
antimicrobial susceptibility to 13 antibiotics. Extended spectrum beta-lactamase
(ESBL) and carbapenemase activity were tested. Five resistance genes were PCR
amplified and 10 checkerboard assays were performed on neonatal isolates. Paired
concordance was evaluated with Cohen’s kappa and exact McNemar’s test. Results:
The 50 K. pneumoniae isolates were multidrug-resistant, and nine were extensively
drug-resistant. ESBL activity was seen in 35 (70%) of the isolates, and 36 (72%) had
CTX-M. Other genes identified were blaNDM-1 (24, 48%), blaKPC (11, 22%).
ESBL and blaCTX-M concordance was 70% (kappa = 0.272). Blu Carba NP and
blaNDM-1/blaKPC concordance was 62% (kappa = 0.317). MMV675968
combined with either colistin or meropenem yielded a FICI of 0.50. The
solithromycin combination yielded a FICI of 0.75. Paired concordance was limited,
and two of the combinations evaluated met the assay-specific synergy criteria.

Molecular tests should not replace phenotypic tests. Results of checkerboard tests
should be validated by other methods.

1. INTRODUCTION

Effective treatment of invasive bacterial infections is threatened by the development of antibiotic resistance. The

World Health Organization (WHO) has identified antibiotic-resistant Enterobacterales (most notably Escherichia

coli) and antibiotic-resistant Klebsiella pnewmoniae as two of the most critical threats to public health. In the US and

Europe, hospital-acquired infections and outbreaks due to multidrug-resistant (MDR) Klebsiella pneumoniae are of

growing concern, and it has recently been classified as a critical threat to global public health. MDR-K. pneumoniae
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lineages are capable of acquiring and distributing extensively mobile genetic elements (MGEs) that carry

antimicrobial resistance [1,2,3,4,5].

It is important to note that the absence of a particular gene does not reflect resistance. Conversely, the presence of a
given resistance gene does not necessarily confer resistance to that antibiotic. Resistance to an antibiotic is a
multifactorial phenomenon, and an assortment of mechanisms may be operating in conjunction. The detection of
a particular gene may reflect either the absence or presence of resistance to that particular antibiotic. For example, a
positive PCR assay for a particular gene may reflect resistance to that antibiotic, or a negative assay may reflect the
absence of resistance to that antibiotic [11].

A 2024 national surveillance report by India documented emerging multi-drug resistance of K. pneumoniae. This
report reinforced the need for comprehensive research focused on characterizing the molecular and phenotypic basis
of antibiotic resistance at individual hospitals and health care facilities [8]. The consequences of MDR-K.
pneumoniae in neonatal populations are of particular concern. For example, in a multilateral study, K. preumoniae
was among the leading causes of culture-confirmed neonatal sepsis [9]. MDR-K. preumoniae is a global public health
threat and emerging evidence supports the need for more research focused on characterizing neonatal populations
and neonatal outbreaks.

This study focuses on a static drug interaction test, which has limitations when used in the clinical setting. The study
examines a defined collection of hospital isolates, and reanalyzes paired classifications. It also describes associations
between selected resistance markers and antimicrobial susceptibility. It assesses fractional inhibitory concentration
(FIC) indices between MMV675968 and colistin, meropenem, and solithromycin. This research provides
reproducible agreement among three paired comparisons, and provides interpretable analysis of the same cohort’s
preliminary checkerboard studies.

2. MATERIALS AND METHODS
2.1 Study design and isolates. The laboratory analysis was performed at Aashirwad Multispeciality Hospital, Patiala,

Punjab. Of 100 Enterobacteriaceae clinical isolates, 50 were identified as Klebsiella pneumoniae. The specimens
included blood (n=15), sputum (13), urine (13), wound swab (8) and endotracheal aspirate (1). The ten isolates from
the neonatal intensive care unit formed the pre-defined combination-testing subgroup. The study analyzes the data
collected for the thesis; it does not assess newly collected specimens.

2.2 Phenotypic testing. Minimum inhibitory concentrations (MICs) and susceptibility/intermediate/resistance
determinations for 13 antimicrobials reported in the thesis were abstracted. Also, phenotypic testing for ESBL, Blue
Carba NP, and the MHT were abstracted. The reported assay methods and breakpoints were analyzed descriptively.
CLSI M100 and EUCAST documents (11,12) were referenced for interpreting the standards applied. Particular

caution was taken for colistin and tigecycline, as both the standards and the organism-drug breakpoints can vary.
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2.3 Genotypic testing. Colony PCR was performed to detect blaCTX-M, blaNDM-1, blaKPC, mcr-1 and mcr-2.

The combined carbapenemase gene comparator was positive if either blaNDM-1 or blaKPC was detected. The
absence of blaOXA-48-like, blaVIM, blaIMP and chromosomal polymyxin resistance genes was considered an
explicit analytical limit.

2.4 Checkerboard assay. Ten neonatal isolates were subjected to three paired-drug assays: MMV 675968 along with
colistin, meropenem and solithromycin. Each FIC was equal to the MIC of the drug in combination divided by the
MIC of the drug alone; FICI was the sum of the two FICs. According to the source interpretation, FICI was <0.50,
>0.50-4, and >4 indicated synergism, additive/indifference, and antagonism, respectively [17]. The recorded isolate-
level FICI values were identical for each combination; therefore, no variation was expected between isolates or
replicates and no significance test was performed.

2.5 Statistical analysis. Forty-nine isolates (denominator = 50, except subgroup analyses) were subjected to
percentage agreement, Cohen's ¥ and McNemar's exact test. Wilson 95% confidence intervals of agreement
proportions were reported. Association statistics of Blue Carba NP with meropenem resistance were reported by the
source. All other statistics were reported by the source. A conventional p < 0.05 was used; however, due to multiple
comparisons and small sample sizes, results were interpreted broadly.

3. RESULTS

3.1 Isolates and susceptibility. Fifty percent (50/100) of the initial Enterobacteriaceae collection was identified as K.
pneumoniae. Blood was the most prevalent specimen at 30% (30/100). Sputum and urine each comprised 26%
(26/100) of the collection. All (100%) of the 50 isolates were categorized as MDR, and 18% (9/50) were XDR. The
mean number of resistant agents was 6.36 * 1.48 of 13. Ampicillin had the highest level of resistance, 44/50 (88%).
Thirty-eight of S0 (76%) isolates were resistant to tetracycline. Thirty-two of 50 (64%) of the isolates were resistant
to levofloxacin. Twenty-eight of S0 (56%) of the isolates were resistant to trimethoprim. Resistance to cefoxitin,
ceftazidime and ciprofloxacin each accounted for 27 (54%) of the 50 isolates. Meropenem had 16 (32%) of the 50
isolates resistant, and colistin had five (10%) of the 50 isolates resistant. The complete 13 agent profiles are presented
in Table 1 and Figure 1.

3.2 Enzyme phenotypes and resistance genes. ESBL assays confirmed the presence of 35 (70%) of the 50 isolates. Of
the remaining 15 (30%) of the isolates, Blue Carba NP and MHT detected 14 (28%) and 15 (30%) of the 50 isolates
respectively. Of the S0 isolates, 47 (94%) contained at least one of the five target genes. blaCTX-M was the most
prevalent target (36; 72%), followed by blaNDM-1 (24; 48%), blaKPC (11; 22%), mcr-1 (8; 16%) and mcr-2 (55 10%).

Figure 2 demonstrates molecular prevalence. Proportions of genes must not be summed, as expected overlap exists.
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3.3 Concordance. For ESBL-blaCTX-M, 28 double-positive pairs, 7 double-negative pairs, and 15 discordant pairs
were found, yielding an observed agreement of 70.0% (95% CI 56.2-80.9%) and x = 0.272. Exact McNemar test
indicated no directional imbalance for the 7 discordant pairs (p = 1.000). Of the 22 Blue Carba NP-positive pairs,
14 were discordant, and 18 favored the gene. For the next test, wherein MHT was compared to the same gene, 28
pairs showed agreement (56.0%; 95% CI 42.3-68.8%), and x = 0.217. Of the 56 discordant pairs, 20 were phenotype-
negative/gene-positive, and the other 2 were reversed (p < 0.001). The remaining test wherein MHT was compared
to Blue Carba NP yielded agreement of 62.0% (95% CI 48.2-74.1%), x = 0.317. Of the 42 discordant pairs, 14 were
positive for Blue Carba NP and MHT, 17 were negative for both, and 19 were discordant. The complete
concordance data are summarized in Tables 2-4 and illustrated in Fig. 3.

3.4 Associations. Among the 16 meropenem-resistant isolates, 14 were Blue Carba NP-positive, and among the 34
meropenem-susceptible isolates, only 1 was Blue Carba NP-positive. Fisher’s Exact Test yielded an odds ratio of
231.0 (p = 1.82 x 107°), though sparse cells lead to imprecise measurement. The study noted an association between
sample type and ESBL (y* = 10.88, four degrees of freedom, p = 0.028), however 6 of 10 expected cells contained less
than S observations. The study also noted no strong association between ESBL and XDR (Fisher’s p = 0.705) or
between the number of resistance-conferring genes and the number of resistant antibiotics (Spearman p = 0.107, p
= 0.461). The results discussed herein are not independent observations.

The ten neonatal isolates were multidrug resistant (MDR); four were extensively drug resistant (XDR). The MICs
of MMV 675968 in combination with colistin dropped from 4 pg/mL and 2 pg/mL to 1 ug/mL and 0.5 pg/mL,
respectively, yielding a FIC Index (FICI) of 0.25 + 0.25 = 0.50. In the combination with meropenem, the MICs
dropped to 2 ug/mL and 1 ug/mL yielding a FICI of 0.50. In combination with solithromycin the MICs dropped
to 2 ug/mL and 4 pg/mL yielding a FICI of 0.25 + 0.50 = 0.75. The first two combinations (with colistin and
meropenem) were synergistic according to the pre-defined synergy threshold of the study; solithromycin was
additive/indifferent. No antagonism was observed. The measured pairwise interactions and the analysis workflow
are summarized in Tables 4 and 5 respectively.

Table 1. Antimicrobial susceptibility results among clinical K. preumoniae isolates (n = 50).

Antimicrobial agent | Susceptible, n (%) Intermediate, n (%) | Resistant, n (%)
Ampicillin 1(2%) 5 (10%) 44 (88%)
Tetracycline 8 (16%) 4 (8%) 38 (76%)
Levofloxacin 15 (30%) 3 (6%) 32 (64%)
Trimethoprim 22 (44%) 0 (0%) 28 (56%)
Cefoxitin 20 (40%) 3 (6%) 27 (54%)
Ceftazidime 16 (32%) 7 (14%) 27 (54%)
Ciprofloxacin 15 (30%) 8 (16%) 27 (54%)
Aztreonam 21 (42%) 8 (16%) 21 (42%)
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Antimicrobial agent | Susceptible, n (%) Intermediate, n (%) | Resistant, n (%)
Nitrofurantoin 23 (46%) 8 (16%) 19 (38%)
Tigecycline 32 (64%) 0 (0%) 18 (36%)
Meropenem 29 (58%) 5 (10%) 16 (32%)
Amikacin 32 (64%) 2 (4%) 16 (32%)
Colistin 45 (90%) 0 (0%) 5 (10%)

From thesis Table 4.5. Recorded categories are reproduced as reported; breakpoint-based categorization, particularly for

colistin and tigecycline, may require reassessment against current standards. MDR: 50/50; XDR: 9/50.

Ampicillin
Tetracycline
Levofloxacin
Trimethoprim
Cefoxitin
Ceftazidime
Ciprofloxacin
Aztreonam
Nitrofurantoin
Tigecycline
Meropenem
Amikacin

Colistin 5/50 (10%)

44/50 (88%)
38/50 (76%)
32/50 (64%)
28/50 (56%)
27/50 (54%)
27/50 (54%)
27/50 (54%)
21/50 (42%)
19/50 (38%)
18/50 (36%)
16/50 (32%)

16/50 (32%)

F T
o 20

y T v T
40 60 80 100
Resistant isolates (%)

Figure 1. Proportion of isolates classified as resistant to 13 antimicrobial agents (n = 50).

Table 2. Paired phenotype—genotype findings (n = 50 per comparison).

Paircj,d . Both + Both — Phenotype + / | Phenotype — /
classification gene — gene +

ESBL versus

blaCTX-M 28 7 7 8

Blue Carba NP

versus 14 17 1 18
blaNDM/KPC

MHT versus

blaNDM/KPC 12 16 2 20

The carbapenemase genotype was defined as presence of blaNDM-1 and/or blaKPC. These panels are not independent

clinical reference standards.

36 (72%)

=50)

PCR-positive isolates (n

blaCTX-M

24 (48%)

blaNDM-1

11 (22%)
8 (16%)
5 (10%)

blaKkPC

Figure 2. Prevalence of five PCR-detected resistance genes among S0 isolates.
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Table 3. Chance-adjusted concordance and paired-test results calculated from thesis counts.

Comparison Agreement (95% CI) | Cohen x Exact McNemar p
ESBL/blaCTX-M | 70.0% (56.2-80.9%) | 0.272 1.000
Blue Carba NP /

62.0% (48.2-74.1%) | 0.317 0.00008
blaNDM/KPC
MHT /

56.0% (42.3-68.8%) 0.217 0.00012
blaNDM/KPC

Wilson confidence intervals for observed agreement. McNemar tests evaluate divection of discordance, not diagnostic

accuracy. These estimates are calculated from documented 2x 2 counts.

ESBL / CTX-M

N
w

N
o

._.
(4,
Number of isolates

Blue Carba NP/ NDM or KPC

[
=]

0

MHT / NDM or KPC

o

Both positive Both negative Phenotype+/gene— Phenotype—/gene+

Figure 3. Paired classifications for the three phenotype-genotype comparisons (each n = 50).
Table 4. Thesis-reported neonatal checkerboard MICs (n = 10 isolates per drug pair).

MM A MI B MIC al
V675968 ! C alone — : C alone — FICI Classification

plus paired paired
MMV675968

.. 759 * 4—1 2—0.5 0.50 Synergy
colistin
MMV

675968 +1g 5o 41 0.50 Synergy

meropenem
MMV675968

MVe75968 +1¢ 5 84 0.75 Additive/indifferent
solithromycin

MIC in ug/mL. A = MMV675968; B = named coagent. All 10 neonatal isolates had the same recorded MIC and

FICI within each combination. FICI <0.50 was classified as synergy.

1.0 q
=== Synergy threshold (FICI = 0.50)

0.8 0.75

Fractional inhibitory concentration index

Colistin Meropenem Solithromycin

Figure 4. FICI values for the three combinations; dashed horizontal line denotes the threshold for synergy.
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100 Enterobacteriaceae 50 identified Phenotypic AST / PCR: five

clinical isolates K. pneumoniae ESBL / carbapenemase resistance genes
Paired phenotype-genotype Checkerboard: 10 neonatal isolates;
agreement (n = 50) 3 MMV675968 combinations

Figure S. Overview of the thesis-derived isolate characterization and analysis workflow.

4, DISCUSSION

This analysis identified high resistant burden in a hospital cohort deliberately defined by a positive urine culture, and
relatively low, chance-adjusted agreement between phenotypic and genotypic labels. In the context of neither test
modality being a true comprehensive reference standard, the observed agreement of 70%, 62% and 56% was
moderate. However, x values of 0.217, 0.259 and 0.317, indicated that in all three cases, agreement was below
expected chance, and reflected under-coverage.

The type of discordance is informative. Out of the eight blaCTX-M positive patients, all were ESBL negative. This
could be due to expression differences, or methodological sensitivity/interference. Conversely, the seven ESBL
positive patients were blaCTX-M negative, which does not preclude the presence of other determinants for ESBLs
[6]. In both Blue Carba NP and MHT comparisons, the vast majority of positive cases were phenotype negative, and
the reverse was observed. These types of disparities do not necessarily mean that the test or PCR is intrinsically
incorrect; each provides evidence for a different biological construct, and the five-target panel excludes other relevant
determinants. Published hospital-based studies have reported extended gene diversity and variable genotype-
phenotype relationships [14-16].

The prevalence of blaCTX-M is consistent with CTX-M-type ESBLs' international dominance. The presence of
blaNDM-1 reflects the South Asian penchant for metallo-B-lactamases. The high carriage of blaNDM-1 should not
be interpreted to mean 50% of the isolates were resistant to meropenem. Only 32% of the isolates were found to be
resistant to meropenem. Resistant isolates that tested negative for screened carbapenemases may reflect the presence
of other mechanisms. Therefore, combination of phenotypic and genotypic approaches to screening is essential to
overcome antimicrobial stewardship challenges.

The association of Meropenem-Blue Carba NP was striking. However, the odds ratio of the association is based on
only 1 of 34 tested isolates. The extremely large odds ratio, based on sparse data, may not be reliable, and its
interpretation should be done with caution. Likewise, the significant association of the specimens with ESBL should

also be interpreted with caution because the assumption about expected counts was not satistied. Broader
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recruitment with sufficient sample size, appropriate contingency testing, and sufficient reporting of effect sizes and

confidence intervals may provide better estimates and improve interpretability of small studies.

The cases of neonates deserve special consideration. Multinational neonatal sepsis surveillance and an Indian
neonatal outbreak reported bloodstream infections of resistant Klebsiella [9, 13]. Four of the 10 neonatal isolates
were XDR. However, this subgroup cannot reflect the hospital isolates. Reporting FICI values based on the MICs
for all 10 isolates is not indicative of assay reproducibility. Without replicate level data, and given that different
clinical isolates of the same organism may exhibit variability of antibiotic resistance, the values reported would be of
limited utility to describe clinical synergism.

Reported FICI values for colistin and meropenem are at the synergy boundary. Reproducibility for classifying
antimicrobial combinations as synergistic requires that orthogonal time-kill and checkerboard assays be performed
[17]. The outcome of a combination of antibiotics in a given synergistic assessment may be largely attributable to
the components of the combination. Colistin or fosfomycin combinations may have shown synergism in laboratory
assessments against K. pneumoniae [18, 19], and combinations of newer 3-lactam antibiotics may have shown
synergism against carbapenem-resistant K. prneumoniae [20]. Like all antibiotic combinations, clinical applications
of MMV 675968 must be assessed in the context of different Klebsiella clinical isolates.

Favorable checkerboard interactions only suggest potential synergy in a regimen. Results from a randomized trial of
colistin-based therapy did not establish meropenem added to colistin-based therapy as having general superiority for
serious infections due to carbapenem-resistant organisms. Elsewhere, guidance recommends a more rational
selection of antimicrobials based on the resistance mechanisms in the organism, with caution against indiscriminate
use of older broad spectrum antibiotics. The clinical development of MMV 675968 would require further evaluation
for safety, mechanism of action, exposure/dose, and the anticipated effect of the regimen. As the challenge of
antimicrobial drug discovery remains (including the lack of new classes of antibiotics), an acceptable level of
exploration of MMV 675968 appears justified.

When considering results from gene-panel testing, kappa adds value by accounting for marginal distribution and
prevalence. These should be interpreted in the context of the testing platforms, the specimen and the cohort.
Additional consideration should be given to interpret colistin results. Chromosomal mechanisms, including efflux,
may play a role in colistin resistance. Positive results from molecular markers of resistance should be validated
through standardized broth microdilution and other cell-based assays.

Generally, the use of a molecular method to determine synergy should be complemented by phenotypic MIC testing.
These should be integrated with available epidemiology, the infection site and stewardship to guide appropriate

management.
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Also, the three combination arms were tested in the same ten isolates, rather than three unrelated groups.

Percentages, based on thirty determinations, capture the essence of an assay; however, they do not necessarily
represent thirty independent patient observations. This distinction is critical when making formal comparative
inference. In addition, the quoted variances should be interpreted along the lines of the sample-size calculations for
future studies.

Though the dataset is helpful at the local level, a sample comprised solely of MDR isolates also gives a biased, yet
elevated, estimate of the frequency of resistance determinants. Therefore, estimates reported here are specific to the
sample and should not be attributed to the general population.

Future, larger, multicentre studies should document the order of participant recruitment, prior exposure to
antibiotics, and the source of the sample, as well as whether the sample is an infection or a colonization. MIC dilution
series, PCR and DNA controls, assay replicates, and identifiers of the analyzed isolates should also be reported. This
would enable investigators to resolve inconsistencies across studies. The combination assessment should be done
using independent repeated checkerboard and time-kill assays. Reporting the actual data, rather than classified
categories, would be helpful for both interpretation and definition of the following research.

5.STUDY LIMITATIONS

Restricted to a single hospital, 50 K. pneumoniae isolates, and 10 neonatal isolates undergoing combination testing,
limited the scope of this study. The five-gene PCR panel does not offer a complete characterization of the resistome,
and therefore, this study was limited in predicting mechanisms of antibiotic resistance. The study was further
restricted by the lack of inclusion of whole-genome sequencing, time-kill studies, pharmacokinetic studies, and the
evaluation of clinical outcomes. MHT is less reliable compared to newer carbapenemase tests, and it may be the case
that different methods or breakpoints may not be directly equivalent to the latest standards. The 50 K. pnenmoniae
isolates in this study were all classified as MDR, thus limiting comparisons to susceptible controls. Small and sparse
contingency cells restrict the ability to enhance precision, and identical recorded checkerboard values do not allow
for variation between isolates. No raw technical replicate data were available for comparison to assess the quality of
assays and validate isolate discrepancies.

6. CONCLUSION

K. pneumoniae isolates exhibited extensive phenotypic antibiotic resistance and carriage of target 3-lactamase genes.
Phenotype-genotype correlation was 56% to 70% with overall low-to-moderate adjusted concordance and high
directional discordance in comparisons of carbapenemases. From the data collected, integrated approaches of
phenotypic susceptibility testing and molecular surveillance were more preferable over substitution of one approach
over the other. Based on the results of checkerboard assays, MMV675968 met the criteria for synergy with

meropenem and colistin, however, FICI values were exact at the cutoff and were from the small, neonatal, subset.
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Furthermore, independent experiments and broader molecular characterization are warranted prior to considering

clinical utility.

REFERENCES:

1. Antimicrobial Resistance Collaborators. Global burden of bacterial antimicrobial resistance in 2019: a systematic
analysis. Lancet. 2022;399:629-655. d0i:10.1016/50140-6736(21)02724-0.

2. GBD 2021 Antimicrobial Resistance Collaborators. Global burden of bacterial antimicrobial resistance 1990~
2021: a systematic analysis with forecasts to 2050. Lancet. 2024;404:1199-1226. doi:10.1016/S0140-
6736(24)01867-1.

3. World Health Organization. WHO bacterial priority pathogens list, 2024. Geneva: WHO; 2024.
https://www.who.int/publications/i/item/9789240093461

4. Wyres KL, Lam MMC, Holt KE. Population genomics of Klebsiella pneumoniae. Nat Rev Microbiol.
2020;18:344-359. doi:10.1038/541579-019-0315-1.

S. Effah CY, Sun T, Liu S, Wu Y. Klebsiella pnewmoniae: an increasing threat to public health. Ann Clin Microbiol
Antimicrob. 2020;19:1. doi:10.1186/512941-019-0343-8.

6. Bush K, Bradford PA. Epidemiology of B-lactamase-producing pathogens. Clin Microbiol Rev. 2020;33:¢00047-
19. d0i:10.1128/CMR.00047-19.

7. Ding L, Shen S, Chen ], et al. Klebsiella pnenmoniae carbapenemase variants: the new threat to global public
health. Clin Microbiol Rev. 2023;36:¢00008-23. d0i:10.1128/cmr.00008-23.

8. Indian Council of Medical Research. Antimicrobial Resistance Research and Surveillance Network annual report
2024. New Delhi: ICMR; 2025.
https://www.icmr.gov.in/icmrobject/uploads/Report/1763981012_icmramrsnannualreport2024.pdf

9. Sands K, Carvalho M]J, Portal E, et al. Characterization of antimicrobial-resistant Gram-negative bacteria that
cause neonatal sepsis in seven low- and middle-income countries. Nat Microbiol. 2021;6:512-523.
doi:10.1038/541564-021-00870-7.

10. Fleischmann-Struzek C, Reichert F, Cassini A, et al. Global incidence and mortality of neonatal sepsis: a
systematic review and meta-analysis. Arch Dis Child. 2021;106:745-752. doi:10.1136/archdischild-2020-
320217.

11. Clinical and Laboratory Standards Institute. Performance standards for antimicrobial susceptibility testing. 35th
ed. CLSI supplement M100. Wayne (PA): CLSL 2025.
https://clsi.org/standards/products/microbiology/documents/m100/

12. European Committee on Antimicrobial Susceptibility Testing. Clinical breakpoint tables for interpretation of

MICs and zone diameters, v15.0. EUCAST; 2025. https://www.eucast.org/bacteria/document-archive/

186 |



ff The Research Dialogue
- K ZUe Volume 5 | Issue 3 | October 2026

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

Pathak AK, Tejan N, Dubey A, et al. Outbreak of colistin-resistant, carbapenemase-producing Klebsiella
prenmoniae among neonates at a tertiary care hospital in India. Front Cell Infect Microbiol. 2023;13:1051020.
doi:10.3389/fcimb.2023.1051020.

Lathakumari RH, Vajravelu LK, Thulukanam J, et al. Prevalence and molecular insights into carbapenem
resistance: a 2-year retrospective analysis of superbugs in South India. Front Med. 2025;12:1571231.
doi:10.3389/fmed.2025.1571231.

Huynh MT, Jusselme MD, Pham HV, et al. Characterization of phenotypic and genotypic traits of Klebsiella
prnenwmoniae strains resistant to third-generation cephalosporins in hospital settings. Mol Biol Rep. 2025;52:396.
doi:10.1007/511033-025-10493-4.

Ali MM, Suresh A, Muninathan N, et al. Unraveling ESBL and AmpC resistance in multidrug-resistant
Klebsiella pnewmoniae: phenotypic and genotypic insights. Mol Biol Rep. 2025;52:962. doi:10.1007/s11033-
025-11066-1.

Bellio P, Fagnani L, Nazzicone L, Celenza G. New and simplified method for drug combination studies by
checkerboard assay. MethodsX. 2021;8:101543. doi:10.1016/j.mex.2021.101543.

Chethankumar P, Tejashree A, Murthy NS, Rao MR. In vitro synergistic effect of colistin with fosfomycin
against carbapenem-resistant Klebsiella pneumoniae. Cureus. 2024;16:¢66295. doi:10.7759/ cureus.66295.
Dhandapani S, Sistla S, Gunalan A, Manoharan M, Sugumar M, Sastry AS. In-vitro synergistic activity of colistin
and meropenem against clinical isolates of carbapenem-resistant E. coli and Klebsiella pneumoniae by
checkerboard method. Indian ] Med Microbiol. 2021;39:6-10. doi:10.1016/j.ijmmb.2020.10.018.

Wu Y, Yu W, Chu X, et al. Effect of ceftazidime-avibactam combined with different antimicrobials against
carbapenem-resistant Klebsiella pnenwmoniae. Microbiol Spectr. 2024;12:¢00107-24.
doi:10.1128/spectrum.00107-24.

Kaye KS, Marchaim D, Thamlikitkul V, et al. Colistin monotherapy versus combination therapy for
carbapenem-resistant organisms. NEJM Evid. 2023;2:EVID0a2200131. doi:10.1056/EVID0a2200131.
Tamma PD, Heil EL, Justo JA, Mathers AJ, Satlin MJ, Bonomo RA. Infectious Diseases Society of America
2024 guidance on treatment of antimicrobial-resistant Gram-negative infections. Clin Infect Dis. 2024.
d0i:10.1093/cid/ciae403.

Paul M, Carrara E, Retamar P, et al. ESCMID guidelines for treatment of infections caused by multidrug-
resistant Gram-negative bacilli. Clin Microbiol Infect. 2022;28:521-547. d0i:10.1016/j.cmi.2021.11.025.
Lewis K. The science of antibiotic discovery. Cell. 2020;181:29-45. d0i:10.1016/j.cell.2020.02.056.

187 |



| ) The Research Dialogue
@ R/ gu\/ Volume 5 | Issue 3 | October 2026

Cite the Article:

Verma, Kajal, Sidhu, Dr. Harvinder Kaur. (2026). Phenotypic—Genotypic Concordance and Antibiotic Combination Synergy
in Multidrug-Resistant Klebsiella pneumoniae: A Comparative Analysis of Clinical Isolates. The Research Dialogue, 5(3),

177-188. DOI: https://doi.org/10.64880/theresearchdialogue.v5i3.20

Disclaimer: The views, opinions, interpretations, analyses, conclusions, recommendations, and statements
expressed in this research article are solely those of the author(s) and do not necessarily represent the views, policies,
or positions of the Publisher, Chief Editor, Editors, Editorial Board, Reviewers, or their affiliated institutions. The
author(s) bear full responsibility for the originality, accuracy, authenticity, and integrity of the manuscript and for
ensuring compliance with applicable academic and ethical standards, including those relating to plagiarism, Al-
generated or Al-assisted content, copyright infringement, data fabrication or falsification, and other forms of

research or academic misconduct.

188 |


https://doi.org/10.64880/theresearchdialogue.v5i3.20

