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Introduction
Bloodstream infections (BSI) remain a formidable challenge 
in contemporary clinical practice, contributing to significant 
morbidity, mortality, extended hospitalizations, and increased 
healthcare expenditures, particularly in critically ill or 
immunocompromised adult populations. The emergence and 
proliferation of multidrug resistance (MDR), especially among 
gram-negative bacilli (GNB), have further intensified these 
challenges. Internationally, MDR in BSI has been increasingly 
linked to adverse outcomes, largely attributable to delays in 
administration of appropriate antimicrobial therapy, constrained 
therapeutic options, and the growing prevalence of comorbidities 
and invasive interventions[8-11].

The epidemiology of BSI in India is characterized by distinct and 
pressing challenges. Tertiary and quaternary referral hospitals, 
which serve large and diverse populations, are witnessing among 
the world's highest rates of antimicrobial resistance in both 
hospital and community-associated pathogens. Contributing 
factors include widespread antimicrobial misuse, high patient 
density with varying acuity levels, infrastructural limitations, 
and insufficient resources for infection prevention and control. 
Consequently, both community- and hospital-acquired BSI 
frequently involve MDR organisms, notably extended-spectrum 
beta-lactamase (ESBL)-producing or carbapenem-resistant 
Enterobacter ales, Acinetobacter baumannii, Pseudomonas 
aeruginosa, and, increasingly, multidrug-resistant fungal 
pathogens such as Candida auris[12-16].

The clinical consequences of MDR in BSI are profound. 
Affected patients exhibit elevated rates of sepsis, multi-organ 
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ABSTRACT
Bloodstream infections (BSI) constitute a substantial clinical and public health concern, particularly within tertiary and quaternary care settings where 
multidrug-resistant (MDR) gram-negative organisms are increasingly prevalent. This manuscript presents a detailed, single-center, retrospective cohort 
analysis from a high-acuity quaternary hospital in South India, evaluating 433 consecutive adult BSI episodes over a six-month interval. In addition, this 
study synthesizes findings from a systematic review of global literature on the attributable mortality of MDR gram-negative bacteremia. Institutional 
data revealed a predominance of gram-negative and MDR organisms, high rates of ICU admissions (76.4%), prolonged hospital and ICU stays, and 
an in-hospital mortality rate of 29.3%. Adjusted mortality for carbapenem-resistant gram-negative bacilli (GNB) BSI was 38.9%, compared to 26.3% 
in non-carbapenem-resistant cases. The global literature consistently demonstrates that MDR gram-negative BSI increases mortality risk (attributable 
mortality 5–73%, with odds ratios frequently exceeding 2). Key determinants of outcome include severity at presentation, appropriateness of initial therapy, 
comorbidity burden, adequacy of source control, and the clinical setting (ICU or nosocomial). These findings underscore the urgent need for robust local 
stewardship, enhanced infection prevention strategies, rapid diagnostics, and evidence-based empirical guidelines. This integrated analysis highlights the 
critical need for coordinated strategies to address the escalating burden of MDR BSI in India and worldwide [1-7].
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dysfunction, increased requirements for advanced ICU and 
organ support, and heightened risk of mortality. Early and 
effective therapy is frequently compromised, while infection 
control is further complicated by environmental contamination, 
extensive device utilization, and suboptimal surveillance. Both 
global and regional studies consistently demonstrate that MDR 
gram-negative bacteremia is independently associated with 
increased mortality (odds ratios for death ranging from 1.5 to 
over 8 in certain populations), prolonged hospitalizations, and 
increased resource utilization. Particularly vulnerable are ICU, 
oncology, and other high-risk patient cohorts, who experience 
the highest attributable mortality[17-21].

This article seeks to advance the current body of evidence by 
presenting (1) a detailed cohort analysis from a South Indian 
quaternary centre and (2) a structured synthesis of salient 
literature regarding attributable mortality and clinical outcomes 
in carbapenem-resistant gram-negative BSI. This comprehensive 
approach is intended to inform the development of future 
infection control policies, clinical management guidelines, 
and antimicrobial stewardship priorities for both local and 
international healthcare settings.

Methods
Study Design and Setting
A retrospective observational study was undertaken at a 
high-volume quaternary care hospital in South India, which 
functions as a major referral centre for a large urban and peri-
urban catchment area. The study period encompassed June to 
November 2025 (6 months). Institutional ethics committee 
approval was secured prior to study initiation. The centre is 
characterized by high patient turnover, a substantial proportion 
of critically ill and referred cases, and a considerable burden of 
chronic comorbidities[22].

Patient Selection and Data Collection
All adult patients (≥18 years) with at least one confirmed episode 
of BSI, defined as a positive blood culture in conjunction with 
a compatible clinical syndrome (e.g., fever, chills, hypotension, 
leucocytosis), were included. Exclusion criteria encompassed 
paediatric patients, blood cultures deemed contaminated (as 
indicated by isolation of typical skin flora in non-concordant 
clinical contexts), and cases with incomplete clinical records. 
A comprehensive chart review was performed, extracting data 
from electronic health records as well as the hospital's laboratory 
information system[23,24].

Key Variables Included
•	 Demographics: age, gender, residential status (urban/

rural), referral details, and social factors
•	 Clinical background: comorbidities (with Charlson 

Comorbidity Index), degree of organ dysfunction 
(renal, respiratory, hepatic), history of recent surgery, 
immunosuppression, and COVID-19 status[25].

•	 Exposure risks: presence and type of invasive devices 
(vascular catheters, urinary catheters, endotracheal tubes, 
mechanical ventilation), ICU admission

•	 Severity assessment: Pitt bacteremia score (PBS), qSOFA, 
and APACHE II (where applicable)[26].

•	 Microbiology: organism identification, Gram stain, 

Carbapenem resistance phenotype (based on VITEK-2 ID 
& AST system), source of infection, acquisition setting 
(community, hospital, transferred-in)[27].

•	 Outcomes: ICU admission, mechanical ventilation, 
vasopressor requirement, renal replacement therapy, organ 
dysfunction, hospital and ICU length of stay (LOS), and 
mortality (7-, 28-day, and overall in-hospital)

Microbiological Definitions
Pathogens were classified using standard microbiological 
techniques in the hospital's accredited microbiology laboratory. 
Gram-negative isolates were identified and tested for 
antimicrobial susceptibility using CLSI criteria. MDRO was 
defined as resistance to Carbapenems [28,29].

Literature Review and Data Synthesis
To contextualize local findings globally, we conducted a 
structured literature review using a semantic search strategy: 
"Attributable mortality due to multi-drug resistance in gram-
negative bacteremia". Databases used included Elicit, Semantic 
Scholar, and OpenAI. Papers were selected if they compared 
outcomes for adult patients with confirmed MDR versus non-
MDR gram-negative bacteremia, provided clear definitions 
of resistance, reported mortality data, and described their 
methodology [30,31].

For each study, we extracted details about:
•	 Bacterial species and MDR mechanisms
•	 Patient population: setting (ICU, hospital-wide, special 

populations), demographics, sample size, infection 
acquisition source

•	 Methodology: study design, duration, involved centres, 
confounder control (matching or multivariate analysis), 
severity scoring, appropriateness of initial therapy

•	 Outcome measures: in-hospital or 30-day mortality, 
attributable mortality rates, crude and adjusted odds/hazard 
ratios, statistical significance, length of stay (LOS)

•	 Key subgroup findings (cancer, ICU, nosocomial vs 
community, resistance mechanism)

Statistical Analysis
Descriptive statistics were utilized to summarize baseline 
characteristics and outcome frequencies; continuous data were 
reported as median (interquartile range, IQR), and categorical 
data as frequencies and percentages. To identify predictors 
of mortality, chi-square or Fisher's exact tests were applied 
as appropriate, with statistical significance set at p<0.05. 
Multivariable logistic regression was conducted to determine 
adjusted odds ratios for mortality, incorporating variables with 
clinical and statistical significance in univariate analysis[32,33].

Results
Cohort Characteristics and Epidemiology
A total of 433 unique adult BSI episodes were identified during 
the study period. The median age was 60 years (IQR 48–70), 
with a predominance of male patients (approximately 70%). The 
cohort exhibited a considerable burden of underlying illness: 
81.3% had at least one chronic comorbidity, most commonly 
hypertension (53.3%), diabetes mellitus (54.3%), and chronic 
kidney disease. Nearly 40% had a Charlson Comorbidity Index 
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(CCI) score of 5 or greater, indicative of a high baseline risk of 
mortality. Severe acute organ dysfunction was documented in 
36.3% of cases, and acute renal failure necessitating intervention 
occurred in 21%[34-36].

The sources of BSI acquisition were heterogeneous: 47.8% 
of cases were community-acquired, 39.5% were hospital-
acquired, and 12.7% occurred in patients transferred from 
other healthcare institutions. Device exposure was substantial, 
with invasive lines, catheters, or artificial airways present in 
58.4% of cases, and recent surgical procedures documented in 
22.2%. Immunosuppression, including recent chemotherapy, 
was present in a notable minority. COVID-19 positivity was 
observed in 6.9% of cases, reflecting the contemporaneous 
pandemic environment[37-39].

Severity Assessment and Risk Stratification
Severity of illness at BSI onset was systematically assessed, 
primarily utilizing the Pitt bacteraemia score (PBS), a validated 
tool for predicting mortality in BSI. The cohort had a median 
PBS of 2 (IQR 0–5), with 36% exhibiting a PBS ≥4, indicative 
of high mortality risk. qSOFA and APACHE II scores, where 
available, supported these risk stratifications [40,41].

Microbiological Spectrum
Gram-negative pathogens predominated, accounting for 
68.8% of BSI episodes; the most prevalent organisms were 
Klebsiella pneumoniae (21.7%), Escherichia coli (21.7%), and 
Acinetobacter baumannii (9.2%). The incidence of carbapenem 
resistance among gram-negative organisms was 26.8%. Gram-
positive organisms constituted 17.6% of cases, while fungal 
pathogens (primarily Candida auris and Candida parapsilosis) 
accounted for 9.7%. Polymicrobial sepsis was identified in 3.9% 
of episodes [42-45].

Clinical Management and ICU Burden
The requirement for intensive care was substantial, with 76.4% 
of BSI patients necessitating ICU admission. Over half of 
these individuals were transferred directly from the emergency 
department or acute care wards. Advanced organ support was 
frequently required—41.6% required mechanical ventilation, 
and 35.1% necessitated vasopressor or inotropic support for 
shock. The median ICU length of stay was 8 days (IQR 4–16), 
and the median total hospital stay was 11 days (IQR 7–22). These 
data underscore the significant clinical impact and resource 
utilization associated with BSI in this context [46-48].

Outcome Analysis and Fatality Rates
The overall in-hospital mortality rate was 29.3%. Early (7-
day) mortality was 15.9%, and 28-day mortality was 23.8%. 
Multivariable analysis identified independent predictors of 
mortality, including ICU-onset BSI, hospital-acquired infection, 
Pitt score ≥4, presence of MDRO infection, requirement for 
mechanical ventilation, and acute organ dysfunction [49-51].

Notably, the mortality rate associated with carbapenem-resistant 
organism (CRO) BSI was 38.9%, compared to 26.3% in non-
CRO cases, indicating an attributable risk difference of 12.6 
percentage points due to carbapenem resistance. Both unadjusted 
and adjusted analyses demonstrated that CRO status, elevated 

severity scores, and increased comorbidity burden were strongly 
associated with adverse outcomes, corroborating international 
findings[52,53].

Literature Review: Attributable Mortality and Outcomes in 
MDR Gram-Negative Bacteremia
The literature review encompassed nine major studies, including 
retrospective, prospective, multicentre, and matched cohort 
designs, representing diverse patient populations (ICU, hospital-
wide, oncology, and nosocomial cohorts)[54][55]. Definitions 
of resistance required carbapenem resistance, with further 
stratification by carbapenemase type (KPC, MBL) or phenotypic 
resistance patterns [54,55].

Mortality Impact: All included studies reported higher crude 
and adjusted mortality rates for MDR gram-negative BSI, 
with attributable mortality ranging from 5% (KPC) to 73% 
(carbapenem-resistant non-fermenters). The highest odds and 
hazard ratios for MDR-associated mortality were observed in 
ICU, oncology, and nosocomial populations, particularly for 
carbapenem-resistant and MBL-producing organisms (with 
adjusted odds ratios reaching up to 53.4 in certain models) [56-
59].

Pathogen and Population Effects: The mortality impact of 
MDR was most pronounced for Acinetobacter species (21.8–
36.5% excess mortality) and in immunosuppressed oncology 
patients (up to 43% attributable mortality). Hospital-acquired 
and ICU-origin BSI consistently conferred greater risk than 
community-acquired infections[60-62].

Length of Stay and Resource Utilization: Three studies 
reported prolonged hospital and ICU lengths of stay for MDR 
BSI (e.g., median LOS 10–11.5 days for MDR vs. 6.5–8 days for 
non-MDR cases) [63,64].

Appropriateness and Timing of Therapy: Delayed or 
inappropriate empirical therapy was associated with significantly 
worse outcomes, with non-appropriate therapy (non-IAAT) 
linked to a threefold increase in mortality (OR 3.87, Zilberberg.) 
[65,66].

Discussion
This comprehensive analysis corroborates and extends existing 
global and Indian evidence regarding the burden of BSI in 
high-acuity hospital settings, with particular emphasis on the 
additional risks conferred by MDR gram-negative organisms 
[67].

First, the cohort underscores that older adults with multiple 
comorbidities in Indian quaternary centres are at markedly 
elevated risk of developing BSI, frequently in the context of 
critical illness, invasive interventions, and broad-spectrum 
antimicrobial exposure. The aggregation of risk factors—ICU 
and hospital-acquired infection, substantial comorbidity burden, 
device use, and immunosuppression—parallels international 
data identifying populations vulnerable to MDR BSI [68-70].

Second, gram-negative bacilli—particularly Klebsiella, 
Escherichia coli, and Acinetobacter—dominate the 
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microbiological profile and are characterized by high rates of 
MDR phenotypes. Among these, ESBL and carbapenemase 
production are of primary concern, consistent with contemporary 
regional and global trends. In this cohort, the carbapenem 
resistance rate among gram-negative isolates approached 27%, 
comparable to, and in some respects exceeding, rates reported in 
other Asian and European centres [71-75].

Third, the impact on patient outcomes is profound. The adjusted 
attributable mortality for CRO BSI (39%) is consistent with 
findings from multiple centres, which demonstrate that MDR BSI 
increases the risk of mortality by 1.5–8 times or more, contingent 
upon pathogen, patient severity, and appropriateness of therapy. 
The risk is especially elevated for carbapenem-resistant non-
fermenters, ICU patients, and oncology patients[76-78].

The mechanisms underlying excess mortality are multifactorial 
and interrelated, involving treatment delays and mismatches 
due to resistance, increased severity of illness at presentation, 
heightened organ dysfunction, and limited availability of 
effective antimicrobials. The literature consistently demonstrates 
that early, appropriate therapy—and timely source control 
interventions such as device removal or abscess drainage—can 
mitigate this additional risk, emphasizing the importance of local 
epidemiology and the utilization of rapid diagnostic modalities 
[79-81].

Fourth, these findings have significant implications for infection 
prevention and hospital policy, underscoring the urgent need for 
[82]:
•	 Prompt recognition and implementation of rapid diagnostic 

modalities (e.g., molecular and point-of-care testing) [83]
•	 Empirical therapy guidelines informed by local resistance 

patterns, with rapid de-escalation based on microbiological 
data [84]

•	 Structured protocols for source control interventions (e.g., 
device removal, drainage, debridement) [85]

•	 Enhanced infection control practices and antimicrobial 
stewardship initiatives, particularly in high-risk areas such 
as ICUs [86,87]

•	 Multidisciplinary collaboration among infectious disease 
specialists, critical care teams, microbiologists, and 
infection control personnel [88]

•	 Ongoing surveillance and outbreak detection utilizing 
advanced epidemiological and molecular techniques [89]

Comparison with Global Literature and Regional Nuances
Our regional experience is largely congruent with global data, 
although the burden of MDR and associated outcomes may be 
even greater in Indian and broader Asian contexts. Literature 
indicates that attributable mortality for MDR BSI is lowest for 
KPC (5%) and highest for MBL/carbapenem-resistant non-
fermenters (up to 73%). ICU, nosocomial, and oncology patient 
populations are most affected, underscoring the necessity for 
targeted surveillance and prevention strategies in these cohorts. 
Furthermore, evidence suggests that, although community-
acquired MDR BSI rates are rising (driven by outpatient 
antimicrobial misuse and environmental contamination), 
hospital- and ICU-acquired infections persist as the highest 
mortality risk categories [90-95].

Study Limitations
This study has several limitations. The retrospective, single-
centre design may constrain the generalizability of findings, 
notwithstanding comprehensive data extraction and analysis. 
Heterogeneity in clinical documentation, variability in severity 
scoring, and the absence of detailed molecular typing or 
pharmacodynamic analysis limit the granularity of insights 
regarding outbreak dynamics and resistance evolution. 
Moreover, the international literature is characterized by 
substantial heterogeneity in study design, MDR definitions, and 
control of confounding factors [96-98].

Conclusion
Bloodstream infections in Indian quaternary centres 
predominantly affect older adults with multiple comorbidities, 
are most frequently attributable to carbapenem-resistant gram-
negative bacilli, and necessitate substantial ICU and resource 
utilization[99]. Both the local cohort data and the comprehensive 
literature review clearly demonstrate that hospital-acquired, 
ICU-onset, and MDR BSI are independently associated with 
the greatest risks of mortality and morbidity. Addressing this 
challenge requires the implementation of rapid diagnostics, 
empirically informed therapy guidelines, aggressive source 
control strategies, stringent adherence to prevention protocols, 
and robust institutional stewardship programs[100-103].

While these recommendations are consistent with international 
best practices, their implementation is particularly imperative in 
India and other regions with a high disease burden. National and 
institutional infection control policies should prioritize enhanced 
surveillance, multidisciplinary care models, education, and 
patient-centred pathways, incorporating strategies to address the 
long-term sequelae of BSI survivorship [104,105].
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