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Purpose: Gram-negative bloodstream infection (GNBI) poses a serious threat to critically ill patients. This retrospective study aimed 
to uncover drug resistance of pathogens and the GNBI effect on in-hospital death and distinguish death risk factors in a medical 
intensive care unit (ICU).
Patients and Methods: A retrospective study of all GNBI patients in the medical ICU of the Third Xiangya Hospital over 9 nine 
years was conducted. Blood samples were performed by a BACTEC 9240 system, MALDI-TOF MS, Bruker and Vitek-2 system. 
Logistic regression was used for analyzing risk factors for death.
Results: Seventy-five episodes of GNBI developed in 68 (1.4%) out of 4954 patients over a span of 9 years. The most frequently 
isolated bacterium was Klebsiella pneumoniae, with the lungs as the predominant source of GNBI. The resistance rate of Gram- 
negative bacteria to polymyxin B was 11.6% after excluding those intrinsically resistant non-fermentative bacteria. All Enterobacter 
spp. were susceptible to ceftazidime/avibactam. Thirty-three (48.5%) patients underwent inappropriate empirical antibiotic treatment 
and 48 (70.6%) patients died during the hospitalization. Multivariate logistic regression analysis identified that lymphocyte count at 
GNBI onset ≤0.5×109/L, invasive mechanical ventilation, and septic shock were related to in-hospital death. Body mass index ≥23 and 
appropriate empirical antibiotic use after GNBI were negatively associated with in-hospital death.
Conclusion: GNBI was a frequent complication among patients in the medical ICU. This study underscored the presence of diverse 
factors that either heightened or attenuated the risk of in-hospital death.
Keywords: gram-negative bloodstream infections, antimicrobial susceptibility, risk factors, death, medical intensive care unit

Introduction
Despite progress in antibiotic treatment and other supportive care, bloodstream infections remain a significant threat to 
hospitalized patients, with an annual incidence of 204 cases per 100,000 individuals and a mortality rate ranging from 
15% to 60%.1,2 A multi-center study in 162 intensive care units (ICUs) from 24 countries suggested that most episodes of 
bloodstream infections were caused by multi-drug-resistant (MDR) Gram-negative bacteria.3 An evaluation of Gram- 
negative bloodstream infections (GNBI) in Qatar highlighted that MDR GNBI was responsible for 13% of all GNBI 
episodes.4 Patients with bloodstream infections due to Gram-negative bacteria, particularly MDR strains, face limited 
treatment choices and a significant risk of death, complications, and longer hospital stays.5 A study involved 831 cases of 
healthcare-associated GNBI from 17 ICUs in Turkey uncovered that the all-cause mortality rate in GNBI patients 
exceeds 40%.6
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The mortality determinants of patients with GNBI have been studied previously in different patients.7–16 Kalam et al 
conducted a prospective cohort study in Pakistan and found MDR GNBI, multiple positive cultures and a longer stay in 
ICU (>48 hours) were identified as significant risk factors for 2 week-mortality.9 The predictors for 28 day- or 30 day- 
mortality included previous hospitalization11 and ICU stay,13 liver cirrhosis,11 pulmonary infection,13 coronary artery 
disease,7 the incomplete remission status of underlying diseases,14 elevated body mass index (BMI),10 higher 
lymphocyte,13 lower platelet count,13 hypoproteinemia,14 immune suppression7 and central venous catheter use.15 

Charlson comorbidity index,15 high acute physiology and chronic health evaluation II score,11 and higher sequential 
organ failure assessment score at GNBI onset8,15 also contributed to mortality. MDR bacteremia, including carbapenem- 
resistant ones,14,15 complicated GNBI,15 positive follow-up blood cultures,15,16 shock,13–15 as well as inappropriate 
antimicrobial therapy7,11,15 were also risk factors for mortality.

However, in order to investigate the risk factors for late mortality in GNBI patients, Baltas et al conducted 
a retrospective study of 789 patients with bacteremia due to Escherichia coli, Klebsiella spp. or Pseudomonas aeruginosa 
from the United Kingdom and revealed that factors correlated with death between one month and one year after detection 
of GNBI were an adverse antimicrobial resistance profile and infection with P. aeruginosa.12

For the purpose of achieving improved clinical outcomes, it is essential to understand the local epidemiology and 
antimicrobial resistance patterns in GNBI and explore mortality-related indicators. To our best knowledge, no previous 
studies focused on antibiotic susceptibility of bacteria causing GNBI and the risk factors for death among patients with 
GNBI in a medical ICU context. These patients often tend to be older, exhibit more comorbidities, and have compro-
mised immune function compared to those in a general ICU setting, thus potentially facing higher morbidity and 
mortality rates. Therefore, in this retrospective study performed in a medical ICU setting, the objective was to identify 
antibiotic resistance profiles and delineate predictors related to death in a cohort of 68 GNBI patients.

Materials and Methods
Study Population
A retrospective study of all GNBI patients in the medical ICU from January 1, 2015, through March 31, 2024, at the 
Third Xiangya Hospital, which is affiliated to Central South University, was conducted. The patients of aged <18 years 
and those lost to follow-up were excluded. Among 4954 eligible patients, 68 (1.4%) adult GNBI patients from the 
medical ICU were analyzed.

Definitions
GNBI was defined as isolating Gram-negative bacilli from equal to or more than one blood culture, and its clinical 
characteristics were according to systemic inflammatory response syndrome.17 Septic shock was established as sepsis 
related to hyperlactatemia, persistent hypotension and organ dysfunction, requiring the use of a vasopressor despite 
adequate fluid resuscitation.18 The source of GNBI was considered after clinical analysis on the basis of clinical records 
and laboratory findings, conformed with the Centers for Disease Control and Prevention protocol.19 Gram-negative 
bacterium was considered carbapenem-resistant when nonsusceptible to at least one carbapenem (imipenem, meropenem, 
or doripenem).20 Appropriate antibiotic therapy was defined when antimicrobial treatment regimens included at least 1 
drug displaying in vitro activity within 2 days following the collection of blood culture samples and when the route and 
dosage of the antibiotics given consistent with current medical criteria.11

Microbiologic Studies
The blood samples were carried out for clinical bacteria culture. All patients received blood cultures when an abnormal 
body temperature occurred. A 10-mL blood sample was drawn, processed using culture bottles with aerobic and 
anaerobic medium, and cultured in the BACTEC 9240 system (Becton Dickinson, Cockeysville, MD, USA). MALDI- 
TOF MS, Bruker and Vitek-2 system (bioMérieux, Marcyl’Etoile, France) were used for the identification and resistance 
tests of culture-positive cases. To test the antibiotic resistant of bacteria, the minimum inhibitory concentration and 
Kerby-Bauer disk diffusion method were performed. The results were evaluated according to the CLSI standards.21 
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Intermediate antimicrobial susceptibility was considered resistance. For multiple GNBI patients with the same bacterium, 
only the first GNBI episode was analyzed.

The Data Collection
From the computerized microbiology laboratory database and the patient’s medical records, we retrieved demographics, 
comorbid conditions, antimicrobial use, laboratory and radiographic results, clinic management, and all other prespeci-
fied data possibly related to death for all GNBI patients over 9 years. All patients with GNBI were followed up during 
hospitalization.

Statistical Analyses
For categorical variables, data are expressed in absolute numbers (proportions); For continuous variables that are not 
normally distributed, data are expressed as the median (interquartile range [IQR]); For continuous variables of the normal 
distribution, data are expressed as the mean ± standard deviation. χ2 or Fisher exact tests were used to identify 
associations between death and clinical findings when appropriate. Predictors for death were investigated using multi-
variate logistic regression analyses on the basis of forward stepwise selection of variables of P value less than 0.1 in the 
univariate analysis with an odds ratio (OR) value and a 95% confidence interval (CI). The SPSS software, version 26.0 
statistical (SPSS, Inc., Chicago, IL), was used to perform all analyses. The significance for all statistical analyses was set 
at a two-tailed P-value less than 0.05.

Patient Informed Consent
The committee determined that as this study was retrospective and all included patients remain anonymous, written 
informed consent from patients was not required for this study.

Results
General Features and Outcomes of Patients with GNBI
From January 1, 2015, to March 31, 2024, 4954 patients were admitted to the medical ICU. Seventy-five episodes of 
GNBI developed in 68 patients, leading to a total infection rate of 13.7 per 1000 ICU hospitalized patients. The studied 
population comprised 46 males (67.6%) and 22 females (32.4%), with the mean age and median BMI of 64.6 (±17.6) 
years and 23.0 (IQR: 21.0–23.0), respectively. Pulmonary infection was the most common comorbidity (91.2%), 
followed by type 2 diabetes (41.2%), malignancy (20.6%), chronic obstructive pulmonary disease (17.6%), COVID-19 
infection (11.8%) and Pneumorrhagia (4.4%). The most common source of GNBI was the lungs (69.1%). Septic shock at 
the GNBI onset occurred in 56 (82.4%) patients. Appropriate empirical antibiotic treatment after GNBI onset was 
prescribed in 51.5% of all GNBI patients. A total of 57 patients required invasive mechanical ventilation support, and 18 
needed blood purification therapy. The median postoperative duration of hospital and ICU stay was 14.0 (IQR: 7.0–22.8) 
and 9.5 (IQR: 4.0–16.8) days, respectively. Forty-eight (70.6%) patients died during hospitalization after the GNBI onset. 
The baseline demographic, clinical, and laboratory variables of these 68 patients with GNBI were detailed in Table 1.

Among 75 organisms isolated, the most frequently documented genus was Klebsiella pneumoniae (n = 31), followed 
by Acinetobacter baumannii (n = 21) (Table 2).

Drug Resistance of Pathogens
High resistance rates of isolates causing GNBI were observed to all antibiotics. The drug resistance rates of cefuroxime, 
levofloxacin, cefepime, ceftazidime, aztreonam, meropenem, piperacillin/tazobactam, amikacin, cefoperazone/sulbactam, 
trimethoprim/sulfamethoxazole, and tigecycline ranged from high to low. Among Enterobacter spp., 6 (14.0%) and 21 
(48.8%) of 43 bacteria were non-susceptible to polymyxin B and meropenem, respectively, and none to ceftazidime/ 
avibactam. Among non-fermentative bacteria, 8 (25%) and 13 (40.6%) of 32 were resistant to polymyxin B and 
tigecycline, respectively (Table 3). Six isolates of non-fermentative bacteria, including 4 Burkholderia cepacia and 2 
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Flavobacterium spp., were intrinsically resistant to polymyxin B. So the resistance rate of Gram-negative bacteria to 
polymyxin B was 11.6% after excluding those intrinsically resistant non-fermentative bacteria.

Risk Factors Analysis of Patients’ in-Hospital Death
To reveal those potential risk factors for in-hospital death after GNBI onset, the univariate analyse was performed and the 
results were presented in Table 4. In the univariate analysis, the non-survival group showed a higher prevalence of 
several factors than that in the survival group. These factors included: Age ≥75 years (P = 0.088), carbapenem-resistant 
GNBI (P = 0.002), respiratory rates at GNBI onset ≥30 bpm (P = 0.046), white blood cell count at GNBI onset >10×109/ 
L (P = 0.005), lymphocyte count at GNBI onset ≤0.5×109/L (P = 0.001), immune globulin level at GNBI onset <25 g/L 
(P = 0.014), septic shock at GNBI onset (P = 0.001), methylprednisolone use (P = 0.002), and the requirement for 
invasive mechanical ventilation (P < 0.001). Conversely, the survival group exhibited a higher ratio of patients with BMI 

Table 1 Demographic, Laboratory, and Clinical Variables of 68 Patients 
with GNB in Medical ICU

Characteristics Value

Age, mean year ± SD 64.6±17.6

Gender, no. of male (%) 46(67.6)

BMI, median (IQR), kg/m2 23.0(21.0–23.0)
Comorbidities, n (%)

Pulmonary infection 62(91.2)

Type 2 diabetes 28(41.2)
The others 54(79.4)

Source of GNB, n (%)
Lungs 47(69.1)

Central line-associated 7(10.3)

Urinary tract 5(7.4)
Primary 9(13.3)

Heart rates at GNB onset, median (IQR), bpm 130.0(115.3–143.3)

Respiratory rates at GNB onset, median (IQR), bpm 26.5(24.0–35.0)
WBC count at GNB onset, median (IQR), ×109/L 9.6(5.0–17.0)

Lymphocyte count at GNB onset, median (IQR), ×109/L 0.5(0.3–0.9)

Platelet count at GNB onset, median (IQR), ×109/L 129.5(55.5–222.5)
Albumin level at GNB onset, median (IQR), g/L 28.7(24.5–31.9)

Immune globulin level at GNB onset, median (IQR), g/L 24.3(20.2–32.0)

Creatinine at GNB onset, median (IQR), mg/dL 1.1(0.7–2.1)
CRP at GNB onset, median (IQR), mg/L 159.0(70.2–228.5)

PCT at GNB onset, median (IQR), ng/mL 5.8(1.2–14.5)

Body temperature at GNB onset, median (IQR), °C 39(38.4–39.3)
Septic shock at GNB onset, n (%) 56(82.4)

RBC transfusion, median (IQR), units 0(0–3.375)

Immune globulin use after GNB, n (%) 9(13.2)
Use of thymosin α1, no (%) 3(4.4)

Dosage of methylprednisolone, median (IQR), mg 45.0(0–195.0)

Appropriate empirical antibiotic treatment, n (%) 35(51.5)
Invasive mechanical ventilation, n (%) 57(83.8)

Renal replacement therapy, n (%) 18(26.5)

ICU stay, median (IQR), days 9.5(4.0–16.8)
Hospitalization stay, median (IQR), days 14.0(7.0–22.8)

In-hospital mortality after GNB, n (%) 48(70.6)

Abbreviations: BMI, body mass index; COPD, chronic obstructive pulmonary disease; 
COVID, Coronavirus disease; CRP, C reactive protein; GNB, Gram-negative bacteremia; 
ICU, intensive care unit; IQR, interquartile range; PCT, procalcitonin; RBC, red blood cell; 
SD, standard deviation; WBC, white blood cell.
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≥ 23 (P = 0.054) and those receiving appropriate empirical antibiotic treatment after GNBI onset (P = 0.048) than that in 
the non-survival group.

Finally, the multivariate analysis identified that lymphocyte count at GNBI onset ≤0.5×109/L [OR = 9.643, 95% CI: 
1.685–55.177, P = 0.011], the need for invasive mechanical ventilation support [OR = 19.272, 95% CI: 1.754–211.803, 
P = 0.016], and septic shock at GNBI onset [OR = 17.476, 95% CI: 1.746–174.911, P = 0.015] were associated with 
increased odds of in-hospital death. However, BMI ≥ 23 [OR = 0.054, 95% CI: 0.006–0.455, P = 0.007] and appropriate 
empirical antibiotic treatment after GNBI onset [OR = 0.100, 95% CI: 0.015–0.656, P = 0.016] were related to decreased 
risk of in-hospital death (see Table 5).

Discussion
CHINET (China Antimicrobial Surveillance Network) and a 20-year study from 45 nations have shown that the most 
frequent bacteria cultured from blood in major Chinese hospitals were Gram-negative.22,23 E.coli, Acinetobacter spp. and 
Klebsiella spp. were the most frequent bacteria causing GNBI.24 In the present study, the incidence of GNBI was 1.4%, 
and the most commonly isolated bacteria causing GNBI were A. baumannii, K. pneumoniae, and E. coli, the same as 
a previous study from Southern Italy.25

Table 3 Rate of Drug-Resistance of Gram-Negative Bacteria to 13 Commonly Used Antibiotics [n(%)]

Antimicrobial K.pneumoniae (31) The Other 
Enterobacteria (12)

A. baumannii (21) The Other Nonfermentative 
bacteria (11)

Total Drug Resistance 
Rate (%)

TZP 19(61.3) 2(16.7) 20(95.2) 4(36.4) 61.6

CXM 19(61.3) 7(58.3) 20(95.2) 10(90.9) 76.7

CAZ 19(61.3) 7(58.3) 20(95.2) 8(72.7) 74.0

CFS 19(61.3) 2(16.7) 13(61.9) 7(63.6) 56.2

FEP 20(64.5) 8(66.7) 20(95.2) 7(63.6) 75.3

ATM 20(64.5) 6(50.0) 20(95.2) 7(63.6) 72.6

MEM 19(61.3) 2(16.7) 19(90.5) 7(63.6) 64.4

AN 16(51.6) 2(16.7) 20(95.2) 6(54.5) 60.3

LVF 24(77.4) 7(58.3) 20(95.2) 4(36.4) 75.3

SXT 19(61.3) 7(58.3) 10(47.6) 3(27.3) 53.4

TIC 16(51.6) 2(16.7) 6(28.6) 7(63.6) 42.5

POL 4(12.9) 2(16.7) 2(9.5) 6(54.5) 19.2

CAZ/AVI 0(0) 0(0) 21(100) 1(9.1) 30.1

Abbreviations: AN, amikacin; ATM, Aztreonam; CAZ, ceftazidime; CAZ/AVI, ceftazidime/ avibactam; CFS, cefoperazone/sulbactam; CXM, cefuroxime; FEP, cefepime; LVF, 
levofloxacin; MEM, meropenem; POL, polymyxin B; TIC, tigecycline; TZP, piperacillin/tazobactam; SXT, trimethoprim/sulfamethoxazole.

Table 2 Classification and Constituent Ratio of Pathogens

Bacteria Strain  
(n=75)

Constituent  
ratio (%)

Klebsiella pneumoniae 31 41.3

Klebsiella ozaenae 4 5.3

Escherichia coli 7 9.3
Proteus mirabilis 1 1.3

Acinetobacter baumannii 21 28.0

Acinetobacter 
haemolyticus

1 1.3

Burkholderia cepacia 4 5.3
Pseudomonas aeruginosa 4 5.3

Flavobacterium 2 2.7
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Table 4 Univariate Analysis of Risk Factors for in-Hospital Mortality After GNB

Variables Non-survival (48) Survival (20) P* OR (95% CI)

Total, n (%)
Univariate analysis

Male sex, n (%) 34(70.8) 12(60.0) 0.384

Age≥75 years, n (%) 20(41.7) 4(20.0) 0.088
BMI≥23, n (%) 4(8.3) 6(30.0) 0.054

Malignancy, n (%) 12(25.0) 2(10.0) 0.287

COPD, n (%) 10(20.8) 2(10.0) 0.472
Type 2 diabetes, n (%) 17(35.4) 11(55.0) 0.135

COVID-19 infection, n (%) 8(16.7) 0(0) 0.126
Pulmonary infection, n (%) 45(93.8) 17(85.0) 0.490

Gastrointestinal bleeding, n (%) 13(27.1) 4(20.0) 0.539

Pneumorrhagia, n (%) 3(6.3) 0(0) 0.550
Carbapenem-resistant GNB, n (%) 36(75.0) 7(35.0) 0.002
Respiratory origin, n (%) 36(75.0) 11(55.0) 0.112

Heart rates at GNB onset≥120bpm, n (%) 35(72.9) 11(55.0) 0.150
Respiratory rates at GNB onset≥ 30bpm, n (%) 22(45.8) 4(20.0) 0.046
WBC count at GNB onset>10×109/L, n (%) 18(37.5) 15(75.0) 0.005
Lymphocyte count at GNB onset≤ 0.5×109/L, n (%) 33(68.8) 5(25.0) 0.001
Platelet count at GNB onset≤ 50×109/L, n (%) 11(22.9) 5(25.0) 0.854

Albumin level at GNB onset<25g/L, n (%) 12(25.0) 6(30.0) 0.670

Immune globulin level at GNB onset <25g/L, n (%) 30(62.5) 6(30.0) 0.014
Creatinine at GNB onset≥2mg/dL, n (%) 14(29.2) 4(20.0) 0.435

CRP at GNB onset≥100 mg/L, n (%) 33(68.8) 12(60.0) 0.487

PCT at GNB onset≥10ng/mL, n (%) 20(41.7) 5(25.0) 0.194
Body temperature at GNB onset≥ 39°C, n (%) 27(56.3) 8(40.0) 0.222

Septic shock at GNB onset, n (%) 45(93.8) 11(55.0) 0.001
RBC transfusion, n (%) 18(37.5) 6(30.0) 0.555
Immune globulin use after GNB, n (%) 7(14.6) 2(10.0) 0.908

Use of thymosin a1, n (%) 2(4.2) 1(5.0) 1.000

Use of methylprednisolone, n (%) 36(75.0) 7(35.0) 0.002
Appropriate empirical antibiotic treatment after GNB, n (%) 21(43.8) 14(70.0) 0.048

Invasive mechanical ventilation, n (%) 46(95.8) 11(55.5) <0.001
Renal replacement therapy, n (%) 15(31.3) 3(15.0) 0.166

Note: *All significant P-values are shown in bold. 
Abbreviations: BMI, body mass index; COPD, chronic obstructive pulmonary disease; COVID, Coronavirus disease; CRP, C reactive protein; GNB, Gram- 
negative bacteremia; PCT, procalcitonin; RBC, red blood cell; WBC, white blood cell.

Table 5 Multivariate Logistic Regression Analysis of Risk Factors for in-Hospital Mortality After GNB

Variables B S.E. Waldχ2 OR (95% CI) P *

Septic shock at GNB onset 2.861 1.175 5.926 17.476 (1.746–174.911) 0.015
Lymphocyte count at GNB onset≤ 0.5×109/L 2.266 0.890 6.484 9.643 (1.685–55.177) 0.011
Invasive mechanical ventilation 2.959 1.223 5.853 19.272 (1.754–211.803) 0.016
BMI ≥23 −2.913 1.085 7.213 0.054 (0.006–0.455) 0.007
Appropriate empirical antibiotic treatment after GNB −2.298 0.957 5.762 0.100 (0.015–0.656) 0.016

Note: *All significant P-values are shown in bold. 
Abbreviations: BMI, body mass index; CI, confidence intervals; GNB, Gram-negative bacteremia; OR, odds ratios.
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We observed a concerning level of drug resistance among bacteria responsible for GNBI, with notable proportions of 
A. baumannii and K. pneumoniae exhibiting resistance to commonly used antibiotics. Specifically, 90.5% of 
A. baumannii and 61.3% of K. pneumoniae were confirmed as carbapenem-resistant, while 12.9% of K. pneumoniae 
demonstrated resistance to polymyxin B. These findings aligned closely with those reported by Ergönül et al in 2017 (the 
corresponding rates were 40.0%, 94.0%, and 6.0%, respectively) and Di Carlo et al in 2021 (the corresponding rates were 
70.8%, 83.3%, and 15.9%, respectively).6,25

Of note, we found an extremely high in-hospital death (70.6%), similar to a previous case-control study in patients 
with breakthrough GNBI when carbapenem was being prescribed in Korea with a 70.3% 30-day death rate.26 The 
elevated death rate identified in our present study can be attributed to several factors. Primarily, our patient cohort 
exhibited a higher median age (64.6 years), a greater prevalence of comorbidities (91.2% with pulmonary infection, 
41.2% with type 2 diabetes), and a predominance of respiratory origin cases (accounting for 69.1% of all GNBI cases). 
Additionally, a substantial proportion of patients presented with severe drug-resistant conditions (64.4% with carbape-
nem-resistant GNBI) and received inappropriate empirical antibiotic treatment (accounting for 48.5% of all patients with 
GNBI). Moreover, a significant majority of patients experienced severe disease manifestations, including the need for 
invasive mechanical ventilation (83.8%) and septic shock at GNBI onset (82.4%). Furthermore, considering the lower 
economic status of patients in Hunan Province, China, where our study was conducted, compared to previous studies, 
socioeconomic factors may have contributed to the observed mortality discrepancy. Importantly, all these aforementioned 
factors related to increased death rate have been well-established in previous literature among GNBI patients.6,7,11,24,27–29 

This present study also differs from some previous studies in that patients in this study were a homogeneous group from 
a medical ICU; this could have accounted for, at least partially, higher in-hospital mortality in our studied population.

The association of carbapenem-resistant GNBI or COVID-19 infection and mortality has been established.2,14,15,24 

However, in our study, we did not observe substantial evidence to support these associations, despite carbapenem- 
resistant GNBI showing a relationship to in-hospital death in the univariate analysis. The disparities between the current 
findings and results of previous studies may be owing to variations in the characteristics of the included population and 
the relatively small sample size of our study cohort.

Septic shock was significantly related to mortality of GNBI patients, which was a finding consistent with the evidence 
from numerous studies, including our present study.14,15,27 This underscores the severity of illness associated with septic 
shock, emphasizing the crucial role of early intervention. Clinicians should keep in mind that early treatment, including 
resuscitation with intravenous fluids and early empiric antibiotic therapy, is necessary to reduce the mortality caused by 
septic shock.

Sligl et al also found that immune suppression was independently related to 30-day death in patients who suffered 
from ICU-acquired GNBI.7 In this study, lower lymphocyte count at GNBI onset was found to be linked to in-hospital 
death. This aligns with the well-established understanding that a lower lymphocyte count reflects compromised cellular 
immune function. However, it is noteworthy that a higher lymphocyte count was recently identified as an independent 
predictor of overall survival in GNBI patients with a tumor in another Chinese study conducted by Ni et al.13 To date, 
there is no data on the association between low lymphocyte counts and mortality in patients with GNBI, and further 
research is needed.

Our findings are consistent with those published by other authors who observed that a higher BMI is beneficial for 
survival in critically ill adult patients with sepsis, a phenomenon known as the “obesity paradox”.30,31 Conversely, Lizza 
et al concluded that a higher BMI in GNBI patients was a risk factors for both organ failure and all-cause death.10 

Differences in the study populations between these studies may provide a partial explanation for this disparate finding.
Invasive mechanical ventilation was confirmed to increase the mortality of patients with carbapenem-resistant GNBI 

or bloodstream infections mainly consisting of GNBI.28,32 Our study also identified an association between invasive 
mechanical ventilation and mortality among GNBI patients.

Early and appropriate antibiotic administration is essential to the treatment of GNBI patients. Previous studies 
revealed that inappropriate antimicrobial therapy is a significant risk factor for 30-day death following GNBI.7,11 

Likewise, early appropriate therapy was shown to be protective predictors of mortality among patients suffering from 
A. baumannii- associated bacteremia or carbapenem-resistant GNBI.27,33 Our finding aligns with the results of other 
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studies, indicating that appropriate empirical antibiotic treatment after GNBI onset was related to decreased in-hospital 
death rate. Thus, the timely use of appropriate antibiotics is critical to minimize patients’ death rate.

Rapid and accurate diagnosis of GNBI is critical because inappropriate initial antibiotic treatment can adversely affect 
a patient’s prognosis. Therefore, there is a pressing need for swift and precise diagnostic methods to facilitate early 
antimicrobial therapy guidance and reduce mortality associated with GNBI.34 Clinical diagnosis combined with meta-
genomic next-generation sequencing (mNGS) was recently recommended to clarify the diagnosis of bloodstream 
infections and contributed to optimizing antibiotic treatment.35 Zhan et al claimed that routine microbiologic testing 
frequently falls short of detecting all neuroinvasive pathogens and suggested that mNGS offers an alternative means of 
detecting nosocomial CNS infections.36 MNGS is a useful complement to conventional diagnostic methods. However, 
whether mNGS as a diagnostic method is a suitable alternative in routine diagnostics (especially in terms of finances) 
need more well-designed studies.

Investigating local bacterial epidemiology and drug sensitivity is critical in empirically selecting the right antibiotic. 
Administration through prolonged infusion is also a pivotal management strategy for optimizing beta-lactam drugs and 
improving clinical outcomes in patients with GNBI.37 In addition, a system of multidisciplinary management teams was 
considered to be protective against antibiotic failure in critically ill GNBI patients.38

Similar to other reports, we found that BMI, lymphocyte count, mechanical ventilation, septic shock, and inappropri-
ate antibiotic administration were the significant predictors of in-hospital death in GNBI patients. Therefore, the 
prognosis of GNBI chiefly rely on patient variables, consisting of the baseline status (normal or lower BMI, lower 
lymphocyte count), severity of diseases (invasive mechanical ventilation, septic shock at GNBI onset), and management 
factors (inappropriate antibiotic therapy, the only one that is potentially modifiable).

The potential for bias inherent in single-center observations, retrospective studies, and the small sample size of GNBI 
and deceased patients are limitations of this study. Nevertheless, the strength of this study lies in its inclusion of GNBI 
patients over a span of 9 years in a medical ICU, an area that has not been extensively studied previously. In an era 
characterized by an aging population, the study provided important clinical data on patients from a medical ICU where 
most of the patients are elders and have more comorbidities with more immunocompromised status than patients in wards 
or general ICU.

Independent predictors for death revealed in this study each may serve as a reminder to alert clinicians to hospitalized 
GNBI patients at risk for death. And the investigation of the antibiotic susceptibility profile of bacteria causing GNBI 
may aid in optimizing antibiotic selection in the future. Future validation through large-scale multicenter prospective 
studies is warranted.

Conclusions
In summary, despite the limitations mentioned above, we confirmed an increased risk of in-hospital death according to 
lower lymphocyte count, septic shock at GNBI onset, and the requirement for invasive mechanical ventilation support 
among GNBI patients, even after adjusting for other risk factors. We also identified that higher BMI and appropriate 
empirical antimicrobial use were significantly related to good clinical outcomes in the present study. Our findings 
concerning the risk factors for GNBI hold significant implications for clinical decision-making and patient management 
within medical ICU settings. Specifically, our findings demonstrate the need for timely identification and management of 
septic shock, optimizing antibiotic management, increasing nutritional support and immune function support, and robust 
infection control strategies. These measures are crucial given the unfavorable prognosis associated with GNBI among 
patients from the medical ICU. We believe that the outcomes of the current research will serve as a guiding beacon for 
future research endeavors in this field. However, further studies are warranted to identify the findings of the present study.

Ethics Statement
This retrospective study was conducted following approval from the ethics committee of the Third Xiangya hospital of 
Central South University (ethics number: 24397) under the ethical standards outlined in the Declaration of Helsinki.
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