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Abstract: Objectives: Carbapenem-resistant Klebsiella pneumoniae (CRKP) infections pose significant clinical chal-
lenges worldwide due to limited therapeutic options and high mortality. Sulperazon (cefoperazone/sulbactam) has
demonstrated activity against multidrug-resistant (MDR) organisms; however, the optimal dosing regimen for CRKP
remains unclear. This study aimed to evaluate the clinical efficacy, microbiological outcomes, and safety of different
sulperazon dosing in CRKP infections. Methods: A retrospective analysis was conducted on 209 adult patients with
CRKP infections treated with sulperazon for at least 48 hours at Bengbu First People’s Hospital between January
2020 and December 2022. Patients were grouped into a standard-dose group (<3 g/day, n=112) and a high-dose
group (>3 g/day, n=97). Clinical cure, microbiological eradication, treatment failure, 28-day mortality, and inci-
dence of adverse events were compared between groups. Results: The cohort was predominantly elderly (mean
age 67.3 + 15.2 years) and male (65.1%). The most frequent carbapenemase genes were bla_KPC-2 (65.6%) and
bla_NDM-1 (23.0%). Virulence factors, including adhesins (72.2%), iron-acquisition systems (63.2%), capsule syn-
thesis genes (58.9%), and the hypermucoviscosity regulator rmpA (42.6%) were frequently detected. Compared with
the standard-dose group, the high-dose group showed significantly increased clinical cure rates (64.9% vs. 43.8%;
P=0.002) and microbiological eradication rates (69.1% vs. 46.4%; P=0.001), along with lower rates of treatment
failure (10.3% vs. 24.1%; P=0.011) and 28-day mortality (8.2% vs. 20.5%; P=0.015), without an increase in adverse
events. Conclusion: High-dose sulperazon demonstrated superior clinical efficacy and equivalent safety to standard
dosing in the treatment of CRKP infections, supporting dose optimization to improve patient outcomes.
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Introduction trum resistance of CRKP are largely driven
by carbapenemase production, which compro-
mises the efficacy of carbapenems [5, 71.
Among these enzymes, KPC-2 and NDM-1 are
the most frequently reported worldwide, partic-
ularly in Asia [6]. Moreover, CRKP often co-har-
bors genes conferring resistance to multiple
antibiotic classes, resulting in multidrug-resis-

tant (MDR) or extensively drug-resistant (XDR)

Carbapenem-resistant Klebsiella pneumoniae
(CRKP) has emerged as a critical global public
health threat, characterized by high morbidity,
high mortality, and limited therapeutic options
[1-3]. CRKP generally refers to K. pneumoniae
strains resistant to carbapenems - including
meropenem, imipenem, and ertapenem - or

those producing carbapenemase enzymes ca-
pable of hydrolyzing these antibiotics [2, 4].
Over the past decade, the global prevalence of
CRKP has risen markedly, posing substantial
challenges to healthcare systems by causing
severe infections - such as pneumonia, blood-
stream infections (BSls), and urinary tract in-
fections (UTIs) - particularly in critically ill pa-
tients [, 6]. The rapid spread and broad -spec-

phenotypes, further complicating treatment [8].

CRKP infections are associated with significant-
ly worse outcomes compared to infections ca-
used by carbapenem-susceptible Klebsiella
pneumoniae (CSKP). CRKP infections often cor-
relate with prolonged hospital stays, increased
healthcare costs, and elevated mortality rates,
particularly in patients with comorbidities such
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asimmunosuppression, chronic obstructive pul-
monary disease, diabetes mellitus, or those
requiring invasive procedures like mechanical
ventilation and central venous catheterization
[9-11]. Treatment failure is common and is att-
ributed to delayed initiation of effective anti-
microbial therapy, limited therapeutic options,
and rapid emergence of resistance during tre-
atment [9]. Clinicians therefore frequently re-
ly on last-line agents such as colistin, tigecy-
cline, and ceftazidime-avibactam, often admin-
istered in combination, to manage CRKP infec-
tions [10, 11]. However, rising resistance rates,
adverse drug reactions, and the limited efficacy
of monotherapy continue to hamper clinical
outcomes [12]. Therefore, it is imperative to ex-
plore novel treatment strategies against CRKP.

Sulperazon, a fixed combination of cefopera-
zone, a third-generation cephalosporin, and sul-
bactam, a B-lactamase inhibitor, has emerged
as an effective alternative for treating severe
bacterial infections, including CRKP [13, 14].
Its efficacy stems from sulbactam’s inhibition
of class A B-lactamases and certain carbapen-
emases, which broadens and potentiates cefo-
perazone’s activity against resistant pathogens
[14]. Previous clinical studies have demonstrat-
ed favorable outcomes with sulperazon in hos-
pital-acquired pneumonia, complicated urina-
ry tract infections, and intra-abdominal infec-
tions, particularly when administered in combi-
nation regimens or at higher doses [10, 15].
However, evidence specifically evaluating sulp-
erazon’s efficacy against CRKP remains limited
and inconsistent, necessitating further clinical
assessment [12]. In addition, the optimal dos-
ing strategy remains unclear due to variability
in patient populations, infection severity, and
underlying resistance mechanisms [9]. As clini-
cal efficacy may be dose-depend, comprehen-
sive studies are needed to establish standard-
ized dosing guidelines [16]. Although sulperazon
is generally well tolerated, potential adverse
reactions, such as gastrointestinal disturbanc-
es, thrombocytopenia, and allergic responses,
warrant thorough assessment [12]. Unders-
tanding the risk-benefit profile associated with
different dosing regimens is crucial to ensuring
both patient safety and therapeutic efficacy
[15]. Therefore, defining optimal dosing strate-
gies for sulperazon in CRKP management is
essential, as dosage variations may significant-
ly affect clinical outcomes, including bacterial
clearance, clinical recovery, and adverse event
rates [11].
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In the current study, we retrospectively evalu-
ated the therapeutic efficacy of different sulp-
erazon dosages in the management of CRKP
infections by reviewing 209 clinical cases. By
assessing clinical outcomes, microbiological
responses, and safety profiles across different
dose groups, we aim to provide practical in-
sights and recommendations to inform clinical
decision-making, improve patient outcomes,
and support antimicrobial stewardship and
infection management practices.

Methods
Study design and patient enrollment

This retrospective study included 209 patients
with culture-confirmed CRKP infections. Ele-
ctronic medical records from January 2020
to December 2022 at Bengbu First People’s
Hospital were reviewed. Ethical approval was
obtained from the Institutional Review Board
of Bengbu First People’s Hospital (Approval.
No. BBYY202308), and the requirement for
informed consent was waived due to the retro-
spective nature of the study. Patients were eli-
gible for inclusion if they met all of the following
criteria: 1) microbiological confirmation of
CRKP infection; 2) treatment with sulperazon,
either as monotherapy or in combination, for
>48 hours; and 3) complete medical and labo-
ratory records. Exclusion criteria: 1) sulperazon
treatment for <48 hours; 2) CRKP colonization
without clinical signs of infection; or 3) incom-
plete records. Based on these criteria, 209 eli-
gible cases were included in the final analysis.

Data collection

Patient clinical information included demogr-
aphics (age, sex), comorbidities, admission de-
tails, and disease severity [e.g., Acute Phy-
siology and Chronic Health Evaluation (APAC-
HE) Il, Sepsis-related Organ Failure Assessment
(SOFA)]. Additionally, microbiological data in-
cluded isolate identification, resistance pro-
files, and antibiotic susceptibility patterns. Ther-
apeutic data encompassed antibiotic regimen,
dosages, treatment durations, and adverse
events. Laboratory data, including white blood
cell (WBC), C-reactive protein (CRP), and pro-
calcitonin levels, were collected. Patient out-
comes, including mortality, hospitalization dur-
ation, and clinical effectiveness, were also re-
corded.
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Microbiological identification

Clinical specimens (blood, sputum, urine, and
wound swabs) were collected aseptically and
cultured on selective and differential media -
blood agar, MacConkey agar, and CHROMagar
KPC (CHROMagar, France) - to facilitate the iso-
lation of carbapenem-resistant organisms via
chromogenic substrate hydrolysis. After over-
night incubation at 37°C, CRKP colonies typi-
cally exhibited a mucoid appearance with a
metallic-blue hue. Initial identification was per-
formed using the automated PH100 (BD, USA)
and confirmed by conventional biochemical
assays, including indole, methyl red, Voges-
Proskauer, and citrate (IMViC) tests, as well as
assessments of lactose fermentation, motility,
urease activity, and lysine decarboxylation [7,
9].

Antibiotic susceptibility testing

Antibiotic susceptibility testing was performed
using the broth microdilution according to Cli-
nical and Laboratory Standards Institute (CLSI)
guidelines [17]. Minimum inhibitory concentra-
tions (MICs) were determined for sulperazon,
carbapenems (imipenem, meropenem), ceftazi-
dime-avibactam, tigecycline, polymyxin B, ami-
noglycosides, fluoroquinolones, and other re-
levant agents. Interpretive breakpoints were
applied per CLSI standards. Serial two-fold dilu-
tions of each agent were prepared in Mueller-
Hinton broth, and a standardized bacterial inoc-
ulum [~10% colony-forming unit (CFU)/mL] was
added to each dilution. After overnight incuba-
tion at 37°C, the MIC was recorded as the low-
est antibiotic concentration that completely
inhibited visible bacterial growth [9].

Detection of carbapenemase genes by multi-
plex polymerase chain reaction (PCR)

The presence of major carbapenemase genes
(bla_KPC, bla_NDM, bla_0OXA-48, bla_VIM, and
bla_IMP) was assessed by multiplex PCR. Ge-
nomic DNA was extracted using the NucleoSpin
Tissue kit (Macherey-Nagel, Germany) accord-
ing to the manufacturer’s instructions. Multiplex
PCR was performed using gene-specific prim-
ers under the following cycling conditions: ini-
tial denaturation at 95°C for 5 min; 30 cycles
of denaturation at 95°C for 30 s, annealing at
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primer-specific temperatures for 30 s, and
extension at 72°C for 1 min; followed by a final
extension at 72°C for 7 min. PCR products
were separated by agarose gel electrophoresis
and visualized under UV light, with band sizes
compared to a molecular weight marker for
gene identification [5].

Detection of virulence factors

Virulence-associated genes were detected by
PCR, including those involved in capsular poly-
saccharide synthesis (magA, k2A), the hyper-
mucoviscosity regulator rmpA, adherence fac-
tors (fimH, mrkD, ycfM), iron-acquisition sys-
tems (iutA, iroN, entB), and lipopolysaccharide
synthesis (wabG, uge). Multiplex PCR was car-
ried out under conditions similar to those used
for carbapenemase gene detection, employing
gene-specific primers and optimized cycling
parameters. Amplified products were separat-
ed by agarose gel electrophoresis and visual-
ized to confirm the presence of each virulence
gene [5, 6].

Outcome assessment

Clinical outcomes were classified based on pre-
vious studies [10, 12] as follows: Clinical Cure:
complete resolution of all signs and symptoms
attributable to CRKP infection (e.g., fever, pu-
rulent secretions, hemodynamic instability),
normalization of inflammatory markers (WBC
count, CRP, procalcitonin), and no requirement
for additional or rescue antibiotics after com-
pletion of the sulperazon regimen; Clinical Im-
provement: substantial reduction in infection-
related signs and laboratory abnormalities
without full normalization, requiring either an
extension of sulperazon therapy or a short
course of adjunctive antibiotics; Treatment
Failure: persistence or worsening of clinical
signs/symptoms after >72 h of therapy, need
to switch to an alternative primary antibiotic
regimen, or death directly attributable to CRKP
infection.

Microbiological outcomes were classified as
complete eradication (negative post-treatment
culture), partial eradication (reduction or clear-
ance of some organisms in polymicrobial infec-
tions), or microbiological failure (continued de-
tection of the pathogen) [11, 17]. Secondary
outcomes included all-cause mortality, length
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Table 1. Demographic and clinical characteristics of patients

(n=209)

Characteristics

Number (%) or Mean + SD

Age (years), mean + SD
Age <65 years
Male gender
ICU admission
Mechanical ventilation
Central venous catheter
APACHE Il score, mean + SD
APACHE Il score <15
SOFA score, mean + SD
SOFA score <6
Charlson comorbidity index, mean + SD
Charlson comorbidity index <4
Length of hospital stay (days), mean + SD
Underlying Diseases
Diabetes
Cardiovascular disease
Chronic obstructive pulmonary disease
Chronic kidney disease
Malignancy

67.3+15.2
96 (45.9%)
136 (65.1%)
84 (40.2%)
91 (43.5%)
120 (57.4%)
17.5 + 6.4
97 (46.4%)
71+23
101 (48.3%)
46+1.8
101 (48.3%)
28.7 + 14.2

92 (44.0%)
75 (35.9%)
60 (28.7%)
48 (23.0%)
42 (20.1%)

APACHE I, acute physiology and chronic health evaluation Il; SOFA, sepsis-related

organ failure assessment; ICU, intensive care unit.

of hospital stay, length of intensive care unit
(ICU) stay, and adverse drug reactions associ-
ated with sulperazon use [10, 12].

Statistical analysis

Statistical analyses were performed using
SPSS version 26.0 (IBM Corp.). Continuous
variables were presented as mean * standard
deviation or median (interquartile range), and
categorical variables as counts and percentag-
es. Comparisons between sulperazon dosage
groups were conducted using Student’s t-test
or the Mann-Whitney U-test for continuous vari-
ables, and the chi-square or Fisher’s exact test
for categorical variables. Variables with P<0.05
in univariate analysis were entered into a multi-
variate logistic regression model to identify
independent predictors of treatment success
or failure. A p-value <0.05 was considered sta-
tistically significant.

Results
Demographic and clinical characteristics

This retrospective cohort predominantly com-
prised elderly patients (mean age 67.3 years),
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underscoring heightened sus-
ceptibility of older adults to
severe CRKP infections. Males
comprised 65.1% of the co-
hort, suggesting a possible
gender-related predisposition.
ICU admission was required
for 40.2% of patients, and
43.5% underwent mechani-
cal ventilation, reflecting the
severity of the infections. Ele-
vated APACHE Il (17.5 + 6.4)
and SOFA (7.1 + 2.3) scores
further indicated substanti-
al illness severity in this co-
hort. Common comorbidities
included diabetes (44.0%), ca-
rdiovascular disease (35.9%),
chronic obstructive pulmonary
disease (28.7%), chronic kid-
ney disease (23.0%), and ma-
lignancy (20.1%), all of which
may exacerbate patient vul-
nerability and complicate tre-

atment outcomes. The details
are shown in Table 1.

Microbiological characteristics and carbapen-
emase genes

Among the clinical specimens, sputum was the
most common source of CRKP isolates (61.2%),
indicating a predominance of respiratory tract
infections. Blood cultures accounted for 16.7%
of isolates, reflecting severe systemic involve-
ment. Most isolates harbored multiple carba-
penemase genes, with bla_KPC-2 being the
most prevalent (65.6%), indicating the domi-
nance of KPC-producing strains. Bla_NDM-1
was detected in 23.0% of isolates, underscor-
ing its contribution to extensive drug resis-
tance. Less common carbapenemase genes
included bla_OXA-48 (5.7%), bla_VIM (3.3%),
and bla_IMP (2.4%), highlighting the heteroge-
neity of resistance mechanisms and the com-
plexity of managing CRKP infections. The de-
tails are shown in Table 2.

Virulence factor detection and antibiotic sus-
ceptibility profiles of CRKP isolates

Virulence factors were highly prevalent among
CRKP isolates. Adhesion-related genes (fimH,
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Table 2. Microbiological characteristics and
carbapenemase genes (n=209)

Characteristics Number (%)
Specimen sources
Sputum 128 (61.2%)
Blood 35 (16.7%)
Urine 22 (10.5%)
Wound swabs 18 (8.6%)
Other 6 (2.9%)
Carbapenemase genes detected
bla_KPC-2 137 (65.6%)
bla_NDM-1 48 (23.0%)
bla_OXA-48 12 (5.7%)
bla_VIM 7 (3.3%)
bla_IMP 5 (2.4%)

mrkD, ycfM) were the most frequent (72.2%),
indicating strong adherence capabilities, an
essential initial step in host colonization (Fi-
gure 1A). Lipopolysaccharide synthesis genes
(wabG, uge; 68.4%) and iron-acquisition genes
(iutA, iroN, entB; 63.2%) were also common,
supporting bacterial survival by evading im-
mune defenses and enhancing iron uptake,
which is crucial for metabolism and virulence.
Capsule-related genes (magA, k2A, wcaG) were
detected in 58.9% of isolates, contributing
to protection against phagocytosis. The hyper-
mucoviscosity regulator rmpA, associated wi-
th severe invasive infections, was detected in
42.6% of isolates, underscoring their potential
for causing serious disease. Additionally, the
hemolysin gene hly was detected in 25.8%
of isolates, further indicating their cytotoxic
potential. See Figure 1A for details.

All isolates exhibited resistance to carbapen-
ems (imipenem, meropenem; 100%), consis-
tent with the CRKP definition. Resistance to
alternative agents varied: low resistance rates
to last-resort antibiotics, including ceftazidi-
me-avibactam (2.9%), polymyxin B (4.8%), and
tigecycline (7.2%), suggest these drugs remain
viable treatment options. In contrast, high re-
sistance rates to ciprofloxacin (73.7%) and ami-
kacin (38.8%) significantly limit available thera-
pies, underscoring the critical need for effec-
tive antibiotic stewardship (Figure 1B).

Clinical and microbiological outcomes by sulp-
erazon dosage

High-dose sulperazon (>3 g/day) was associat-
ed with significantly better clinical and microbi-
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ological outcomes. The clinical cure rate was
markedly higher in the high-dose group than in
the standard-dose group (64.9% vs. 43.8%),
while the treatment failure rate was significant-
ly lower (10.3% vs. 24.1%) (Figure 2A). Similarly,
microbiological eradication rate was signifi-
cantly higher in the high-dose group (69.1% vs.
46.4%) (Figure 2B). Moreover, 28-day mortality
decreased from 20.5% in standard-dose group
10 8.2% in the high-dose group. Patients receiv-
ing high-dose sulperazon also experienced
shorter hospital stays (24.6 + 11.3 vs. 32.1 +
16.5 days) and faster clinical resolution (10.2 +
4.7 vs. 15.4 + 5.8 days) (P<0.05). These results
demonstrate a clear dose-response relation-
ship and underscore the clinical advantages for
higher sulperazon dosing in the management
of severe CRKP infections.

Analysis of predictors associated with clinical
cure

To identify factors influencing clinical out-
comes, univariate analyses of clinical, microbi-
ological, and therapeutic variables were per-
formed (Table 3). Several factors were signi-
ficantly associated with improved clinical cure
rates: age <65 years, absence of ICU admis-
sion, absence of mechanical ventilation, lower
severity scores (APACHE Il <15; SOFA <6), lower
comorbidity burden (Charlson index <4), high-
dose sulperazon treatment, and infection wi-
th rmpA-negative (non-hypermucoviscous) iso-
lates. In contrast, gender and the presence
of specific carbapenemase genes (bla_KPC-2,
bla_NDM-1) were not significantly correlated
with clinical cure. Variables with p-values <0.05
in the univariate analysis were included in the
multivariate logistic regression analysis to iden-
tify independent predictors of clinical cure.

Multivariate analysis demonstrated that high-
dose sulperazon therapy (>3 g/day) indepen-
dently increased the odds of clinical cure by
approximately 2.5-fold (Table 4). Absence of
mechanical ventilation was also an indepen-
dent predictor, tripling the likelihood of cure.
Furthermore, infection with rmpA-negative iso-
lates was associated with a 2.9-fold increase
in cure odds, underscoring the impact of micro-
bial virulence. Finally, lower baseline disease
severity (APACHE Il score <15) independently
raised the likelihood of clinical cure by nearly
2.5-fold, highlighting the importance of early
intervention (Table 4).
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Figure 2. Comparison of clinical and microbiological outcomes between dif-
ferent dosage groups (n=209). A. Clinical outcomes; B. Microbiological out-

comes.

Adverse events during sulperazon treatment

The incidence of adverse drug reactions did
not differ significantly between dosage groups,
suggesting that high-dose sulperazon therapy
did not increase safety concerns of the treat-
ment and was well-tolerated clinically (Table 5).

Discussion

CRKP has emerged as a global public health
threat, posing significant challenges to health-
care providers due to its high morbidity, elevat-
ed mortality, and limited treatment options [2,
5, 18]. In this retrospective analysis of 209
patients with CRKP infection, we evaluated the
efficacy of varying sulperazon (cefoperazone/
sulbactam) dosing regimens. Our results pro-
vide key insights into patient demographics,
resistance profiles, virulence factors, clinical
and microbiological outcomes, and treatment-
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stream isolates corresponds
with previous reports that
hospital-acquired pneumonia
and bacteremia are the mo-
st common clinical presenta-
tions of CRKP, particularly among ICU patients
[2, 6, 24, 25]. Accordingly, interventions target-
ing respiratory and bloodstream infections
should be prioritized to reduce CRKP transmis-
sion and improve patient outcomes.

An important finding of this study is the distri-
bution of carbapenemase genes among the
CRKP isolates. The predominance of bla_KPC-2
and bla_NDM-1 underscores the substantial
presence of both serine B-lactamases (KPC-
type) and metallo-B-lactamases (NDM-type).
Similar prevalence patterns have been report-
ed in studies from Asia and other regions, re-
flecting geographic variation in resistance gene
epidemiology [26, 27]. This genetic diversity
complicates treatment and infection-control
measures, necessitating antibiotic regimens
tailored to local resistance profiles. Moreover,
a comprehensive assessment of virulence fac-
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Table 3. Univariate analysis of predictors associated with clinical cure in carbapenem-resistant Kleb-

siella pneumoniae (CRKP) infections (n=209)

Variables

Clinical Cure (n=112) Non-cure (n=97) X2 (df=1)

p-value

Age <65 years

Male gender

ICU admission

Mechanical ventilation

Central venous catheter
APACHE Il score <15

SOFA score <6

Charlson comorbidity index <4
High-dose Sulperazon
Absence of hypermucoviscosity (rmpA negative)
bla_KPC-2 positive
bla_NDM-1 positive

62 (55.4%) 34 (35.1%) 7.83 0.003
5 (67.0%) 61 (62.9%) 0.22 0.539
7 (33.0%) 47 (48.5%) 452 0.023
3(29.5%) 58 (59.8%) 18.24  <0.001
6 (50.0%) 4 (66.0%) 4.79 0.019
8 (60.7%) 9 (29.9%) 18.63  <0.001
1(63.4%) 0 (30.9%) 20.66  <0.001

69 (61.6%) 2 (33.0%) 15.92  <0.001
3 (56.2%) 4 (35.1%) 8.56 0.002
6 (67.9%) 4 (45.4%) 9.86 0.001
9 (61.6%) 8 (70.1%) 1.31 0.195
3 (20.5%) 25 (25.8%) 0.54 0.356

APACHE 11, acute physiology and chronic health evaluation Il; SOFA, sepsis-related organ failure assessment; ICU, intensive care

unit.

Table 4. Multivariate analysis of independent predictors for clinical cure (n=209)

Variables Adjusted OR (95% ClI) Wald x? p-value
High-dose Sulperazon 2.54 (1.38-4.69) 8.73 0.003
Absence of mechanical ventilation 3.12 (1.52-6.40) 9.77 0.002
Absence of hypermucoviscosity gene (rmpA) 2.89 (1.56-5.35) 12.10 <0.001
APACHE Il score (<15) 2.46 (1.32-4.57) 8.27 0.004
APACHE 1, acute physiology and chronic health evaluation II.

Table 5. Adverse events associated with sulperazon (n=209)

Adverse Events Standard-dose (n=112) High-dose (n=97) X2 (df=1) p-value
Rash 4 (3.6% 5 (5.2%) 0.05 0.577
Diarrhea 6 (5.4% 8 (8.2%) 0.31 0.414
Thrombocytopenia 2 (1.8% 4 (4.1%) 0.35 0.428
Elevated liver enzymes 5 (4.5% 7 (7.2%) 0.31 0.4
Renal impairment 2 (1.8% 3(3.1%) 0.03 0.668

tors revealed that CRKP isolates frequently har-
bored multiple determinants, including capsule
biosynthesis genes, the hypermucoviscosity re-
gulator rmpA, adhesion factors, iron-acquisi-
tion systems, and lipopolysaccharide synthesis
genes [28]. These virulence attributes enhance
invasiveness, promote immune evasion, and
improve bacterial survival, thereby contributing
substantially to the pathogenicity and severity
of CRKP infections [5, 29]. Notably, the high
prevalence of the hypermucoviscosity pheno-
type gene rmpA is particularly concerning, as
strains harboring this gene are linked to ra-
pid disease progression, metastatic infections,
and increased mortality [29]. Therefore, routine
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molecular surveillance for high-virulence CRKP
isolates is essential to guide aggressive clinical
management and reinforce infection-control
measures.

One of the pivotal results of this study concerns
the dose-dependent efficacy of sulperazon tre-
atment. The high-dose regimen demonstrated
significant improvements in clinical outcomes,
including higher clinical cure rates and mark-
edly reduced treatment failure compared to the
standard-dose regimen. These clinical benefits
were paralleled by substantial microbiological
advantages, including higher complete bacteri-
al eradication rates and lower rates of micro-
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biological failure. Furthermore, high-dose sulp-
erazon significantly reduced mortality. Compa-
red with previous studies, our results show th-
at sulperazon exhibited MICs against CRKP
strains ranging from 1.5 to 16 mg/L and inhib-
ited 100% of ceftazidime-resistant isolates,
supporting the conclusions of Lim and Halijah
et al. and confirming the potent activity of the
cefoperazone/sulbactam combination again-
st extended-spectrum B-lactamase-producing
Gram-negative bacilli [11]. Mechanistically, sul-
bactam irreversibly binds the active site of ser-
ine B-lactamases, including plasmid-encoded
variants, thereby protecting cefoperazone from
hydrolysis and enabling its subsequent binding
to penicillin-binding proteins to inhibit cell-
wall synthesis [2]. Recent studies of B-lactam/
B-lactamase inhibitor combinations, such as
imipenem/relebactam, have similarly demon-
strated that co-administration of a targeted
inhibitor can restore activity against carbapen-
emase-producing Enterobacteriaceae [30]. The-
refore, the observed improvements in clinical
cure and microbiological eradication with high-
er sulperazon doses indicate that optimizing
inhibitor exposure is a key strategy for overcom-
ing diverse B-lactamase-mediated resistance.
These findings underscore the importance of
tailoring antibiotic dosing in managing multi-
drug-resistant infections, especially when con-
fronting pathogens with complex resistance
and virulence profiles like CRKP [11, 31].

Despite the markedly improved clinical out-
comes with higher sulperazon doses, the in-
cidence of adverse events, including rash, diar-
rhea, thrombocytopenia, elevated liver enzy-
mes, and renal impairment, did not differ sig-
nificantly between dosage groups. This finding
indicates that high-dose sulperazon is both
safe and effective, corroborating prior studies
that have reported a favorable safety profile
even at elevated doses [15, 32]. Consequently,
clinicians should consider high-dose sulpera-
zon regimens when managing severe CRKP
infections, particularly in critically ill patients.
From a broader perspective, our findings align
with existing evidence supporting the effica-
cy of B-lactam/B-lactamase inhibitor combina-
tions, such as cefoperazone/sulbactam, aga-
inst CRKP, especially strains producing class A
carbapenemases (KPC types) [15, 33]. They
further reinforce recommendations to employ
optimized dosing strategies or combination
therapies for complicated multidrug-resistant
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Gram-negative infections [11, 31]. Neverthe-
less, continuous surveillance of local resis-
tance patterns remains essential, given geo-
graphic variability in resistance mechanisms
and epidemiological trends.

Our study also has limitations inherent to retro-
spective analyses. Despite careful screening
and selection of patient records, the retrospec-
tive design may introduce selection bias and
limit our ability to control confounding factors
comprehensively. Additionally, the single-cen-
ter nature of this study may restrict the general-
izability of our findings. Therefore, prospective,
multicenter studies are needed to validate
these results and further inform clinical prac-
tice guidelines.

Conclusions

In summary, our study demonstrates that high-
dose sulperazon is both efficacious and safe
for treating severe CRKP infections. The wide-
spread detection of carbapenemase genes and
virulence factors underscores the importance
of routine molecular surveillance to guide tar-
geted therapy. High-dose sulperazon should be
considered a preferred regimen for critically ill
or high-risk patients. Concurrently, robust anti-
microbial stewardship, continuous resistance
surveillance, stringent infection-control prac-
tices, and further research are essential to miti-
gate the escalating global threat of CRKP.
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