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Background: Few studies have studied the relationship between blood culture and mortality 
in sepsis patients. The aim of this study was to compare the characteristics and outcomes of 
positive and negative blood culture sepsis.
Methods: We performed a study on 640 patients suffering from sepsis in Beijing Chao-Yang 
Hospital from October 2017 to December 2019. The primary findings revolved around length 
and expenditure of hospital stay, the possibility of suffering from acute respiratory distress 
syndrome (ARDS), and any requirements for mechanical ventilation. The secondary findings 
revolved around whether the patient died early (28-day) or late (28-to-90-day).
Results: A total of 592 of the 640 patients met the inclusion criteria for sepsis, with 274 of 
them having culture-positive results. The culture-positive patients were mostly elderly 
suffering from diabetes and at risk of cancer, with a higher white blood cell count, and 
higher procalcitonin. Additionally, they scored higher in their acute physiology and chronic 
health evaluation II score (15 vs.11, P=0.010), as well as in their predisposition, infection, 
response, and organ dysfunction (17 vs 11, P<0.001) than the individuals in the culture- 
negative group. Culture-positive patients had a longer duration of hospital stay (14 vs 6, 
P<0.001) and higher in-hospital mortality (14.6% vs 8.5%, P=0.019) than culture-negative 
ones. No significant difference in intensive care unit (ICU) mortality (45.7% vs.36.4%, 
P=0.254) or early mortality (9.5% vs 7.2%, P=0.321) was noted between the two groups. 
However, the culture-positive patients had increased late mortality (15.7% vs.6.9%, 
P=0.001), when compared with those with culture-negative results in the cohort. 
Furthermore, the culture-positive patients who received the appropriate antibiotics early 
had a lower mortality rate than the culture-negative patients (7.3% vs.14.2%, P=0.008).
Conclusion: Culture-positive patients had higher in-hospital mortality, comparable early 
mortality, and worse late mortality than the culture-negative patients. Early appropriate use 
of antibiotics might reduce mortality and improve clinical prognosis.
Keywords: blood culture, culture-positive, culture-negative, sepsis, antibiotics, mortality

Introduction
Sepsis is a major cause of morbidity and mortality across both developed and 
developing nations.1 Over the past decade, the incidence of sepsis has been 
increasing worldwide, and its morbidity and mortality are still unbelievably high.2 

In the United States, severe sepsis and septic shock remain the dominating causes 
of ICU deaths, with about 90–300 million people per year dying as a result.3 ICU 
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expenditure is therefore far above the affordable rate for 
the country.4 So, minimizing patient costs and reducing 
hospital mortality are the goals that doctors currently 
strive for.

It is well-known that bacteria are the main cause of 
sepsis pathogens5 and that early selection of appropriate 
antibiotics can improve chances of survival.6 There are 
several guidelines that widely recommend empirical appli-
cation of broad-spectrum antibiotics, demonstrating that 
a timely and effective course of antibiotics can reduce 
mortality.7 Blood culture can be used to guide the adjust-
ments of an empiric antibiotic treatment regimen,8 with 
positive blood culture having been suggested as 
a surrogate marker for bacteria load.9 Culture-positive 
patients are often considered to have a higher infection 
load and suffer from worse outcomes.10,11 Early and 
appropriate use of antibiotics can reduce mortality. 
However, microorganisms are unable to be cultivated in 
about one third to two thirds of sepsis patients,12 making it 
impossible to accurately apply antibiotics in the early 
stage, and therefore increasing the risk of death.

Recent studies have shown that culture-negative and 
culture-positive sepsis patients are comparable in both 
characteristics and outcomes.13,14 Only a few studies 
have shown the epidemiology and outcomes of culture- 
negative sepsis.3,12 Few studies have studied the relation-
ship between blood culture and mortality in sepsis 
patients. There is almost no published research discussing 
the distribution of pathogenic bacteria in different areas of 
the hospital and its impact on the mortality of patients with 
sepsis. Herein, we performed a retrospective study to 
compare the characteristics and outcomes of positive and 
negative blood culture in septic patients, study the char-
acteristics of pathogenic bacteria in the different areas of 
the hospital and analyse early and late mortality in blood 
culture sepsis.

Methods and Materials
Study Design
This was a retrospective cohort study conducted in Beijing 
Chao-Yang Hospital. We included all 640 patients 
admitted to our hospital for sepsis with blood culture 
during the period October 2017 to December 2019. 
Sepsis with blood culture was defined according to The 
Third International Consensus Definitions for Sepsis and 
Septic Shock (Sepsis-3).15 Patients with fungal, viral, or 
parasitic infections, or tuberculosis were excluded. We 

only made a record of the bacteria infection. We also 
excluded those patients who refused to be treated or 
were transferred to other hospitals. Finally, we compared 
and analysed the differences between the blood culture- 
positive and blood culture-negative septic patients.

Data Collection and Definition of 
Variables
All patients with blood culture were recorded in the hos-
pital system. An infection had to be clinically defined by at 
least two specialists. The SOFA (Sequential Organ Failure 
Assessment) score was used to evaluate sepsis in each 
patient with a suspected infection. According to The 
Third International Consensus Definitions for Sepsis and 
Septic Shock (Sepsis-3), an infection was defined as sepsis 
if the SOFA score was equal to or more than 2. The 
remaining 592 septic patients with blood culture met the 
inclusion criteria for sepsis and were ultimately included.

According to local practices, blood cultures were 
obtained within 3 hours of recognition from samples col-
lected at two or more different anatomical sites.16 The 
blood culture bottles used were BD BACTEC 23F (aerobic 
medium) and 22F (anaerobic medium). Each bottle was 
incubated into the BacT/ALTER 3D instrument and waited 
for atleast 5 days. All isolated bacteria were identified 
using growth on differential agar and biochemical tests 
and identification with Phoenix 100 (Becton Dickinson, 
Franklin Lakes, USA). Clinical bloodstream infection-
(BSI) was defined as at least two sets of positive blood 
cultures from separate sites, one set positive for a Gram- 
positive pathogen or one set positive for a Gram-negative 
pathogen. The contamination was regarded as coagulase 
negative which isolated from only one of at least two sets 
of blood cultures. When indwelling catheters were used, 
one blood sample was obtained through the catheter, with 
the remainder taken from different peripheral venous sites. 
The major infection sites were grouped as the lower 
respiratory tract, urinary tract and abdominal infection, 
and the minor sites were grouped as isolated blood stream 
infection, skin and soft tissue infection, and the central 
nervous system.17

The collected data include demographics, underlying 
diseases, initial vital signs, infection sites, and clinical 
outcomes, such as ICU admission, duration of ICU stay 
and expenditure, and mechanical ventilation requirements. 
The date of the patient’s death was obtained from the 
hospital’s electronic medical record system. Early 
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mortality was defined as 28-day mortality and late mortal-
ity was defined as 28-to-90-day mortality. The information 
on in-hospital mortality, ICU mortality, and early or late 
mortality was extracted. The proportion and fatality of the 
different pathogens were also recorded. Laboratory exam-
inations, including white blood cell (WBC) counts, platelet 
(PLT), albumin (ALB), C-reactive protein (CRP), procal-
citonin (PCT) and lactate (Lac) were also extracted from 
the data. When the initial antibiotics were changed to 
cover more extensive pathogens, an escalation of the anti-
biotics occurred. SOFA scores, Acute Physiology and 
Chronic Health Evaluation II (APACHE II) scores, 
Mortality in Emergency Department Sepsis (MEDS) 
scores and Predisposition, Infection, Response, and 
Organ dysfunction (PIRO) scores were calculated from 
the clinical data and used to assess the severity of the 
infection.

Additionally, the microbiological culture results and 
information on the required antibiotics were extracted 
from the electronic medical records. In the case of 
a disagreement concerning the discrimination of the 
exact pathogen, the final decision was taken by three 
experienced infection specialists after cautious discussion. 
All pathogenic bacteria included in the cohort were 
obtained in strict accordance with blood culture standards. 
Furthermore, receiving appropriate antibiotic prescriptions 
meant that the antibiotics could effectively treat the patho-
gens in time.

The primary outcomes were ICU mortality, ICU stay 
duration, and expenditure, as well as mechanical ventila-
tion requirements. The secondary outcome variables were 
early mortality and late mortality between culture-positive 
and culture-negative sepsis patients.

Statistical Analysis
We classified the patients into two groups: positive and 
negative blood culture groups. We expressed the categori-
cal variables as numbers (percentages). After using the 
Kolmogorov–Smirnov test and examining histograms to 
verify whether the normality and homogeneity assump-
tions had been satisfied, we expressed the normally dis-
tributed numerical variables as a mean (95% confidence 
interval (CI)) and the other numerical variables as the 
median (inter-quartile range). We compared the categorical 
variables using the χ2 test or Fisher exact test, the normally 
distributed quantitative variables with the t-test, and the 
other quantitative variables with the Mann–Whitney 
U-test. We used the Bonferroni correction for pairwise 

comparisons. In order to identify the independent predic-
tors for culture-positive or culture-negative mortality, we 
performed a logistic regression analysis. The Kaplan– 
Meier survival curves with the Log rank test were strati-
fied by the culture results. We used SPSS 25.0 (IBM 
Corp., USA) for statistical analyses, with a P value < 
0.05 considered significant.

Results
Study Cohort and Patient Characteristics
In this cohort, 640 patients with blood culture were 
defined as having sepsis. 275 of these (43.0%) had severe 
sepsis and 108 (16.9%) had septic shock. We only 
recorded bacterial infections. Patients (n=36, 5.6%) with 
fungal, viral, or parasitic infections were excluded, as 
were those with tuberculosis. We also excluded patients 
who refused to be treated (n=4, 0.6%) and those trans-
ferred to other hospitals (n=8, 1.2%). Of the 592 patients 
that met the inclusion criteria, 274 (46.3%) were identi-
fied as culture-positive sepsis patients and 318 (53.7%) 
were identified as culture-negative sepsis patients. The 
majority of culture-positive patients were elderly and 
male (63.9%), and were more likely to have chronic 
obstructive pulmonary disease (COPD), hypertension, 
congestive heart failure (CHF), diabetes mellitus (DM) 
and tumours. In the culture-negative patients meanwhile, 
cerebrovascular disease (CVD) and chronic renal disease 
(CRD) were more common (Table 1 and Figure 1). When 
evaluating the source of the infections, the most frequent 
sites were the lower respiratory tract and urinary tract, in 
both the culture-positive and culture-negative groups. 
The differences between the two groups were obvious 
in lower respiratory tract infections (58.5% vs 45.9%, 
P=0.002) and urinary tract infections (23.0% vs 14.8%, 
P=0.01) (Table 1 and Figure 2).

Clinical Characteristics and Severity of 
Illness
We compared the vital signs, laboratory examination results 
and severity scores between the culture-positive and culture- 
negative sepsis patients. Culture-positive patients had higher 
heart rates and respiratory rates, and a lower mean blood 
pressure (MBP) than the culture-negative patients. Culture- 
positive patients were also more likely to develop severe 
sepsis or septic shock. Culture-positive patients commonly 
had higher infection markers in their WBC counts and PCT, 
as well as having lower ALB. All these findings suggest that 
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patients with positive blood culture are more likely to be 
malnourished and to contract severe infectious. The illness 
severity was assessed by the SOFA, MEDS, APACHE II and 
PIRO scores. The results showed that culture-positive 
patients had a higher SOFA score (4 vs.2, P<0.001), 
MEDS score (11 vs.7, P<0.001), APACHE II score (15 
vs.11, P=0.010) and PIRO score (17 vs 11, P<0.001) than 
culture-negative patients (Table 2).

Multiple Highly Pathogenic Bacteria 
Aggravate the Poor Outcome of 
Culture-Positive Patients
We also studied the culture-positive pathogens throughout 
the hospital, ICU, and emergency department (ED), and 
found that Gram-negative bacteria surpassed Gram- 
positive bacteria in the throughout hospital, whereas the 
opposite results were found in ICU and ED. Of the total 
274 culture-positive patients, 147 cases (53.6%) had 
Gram-negative bacteria and 127 cases (46.4%) had Gram- 
positive bacteria. Escherichia coli (16.8%) was the most 
commonly found Gram-negative bacteria, followed by 
Klebsiella pneumoniae (12.8%), Pseudomonas aeruginosa 
(3.3%) and Acinetobacter baumannii (2.6%). Among the 
Gram-positive bacteria, Enterococcus faecium (8.8%), 

Staphylococcus epidermidis (8.0%), Staphylococcus homi-
nis (7.3%) and Staphylococcus aureus (5.5%) were the 
four most common. Of the 274 culture-positive cases, 69 
patients died, where the total mortality caused by 
Klebsiella pneumoniae (26.1%), Escherichia coli (20.3%) 
and Staphylococcus aureus (15.9%) was higher than from 
other pathogenic bacteria. When comparing the net mor-
tality, we found that Staphylococcus aureus had the high-
est net mortality (73.3%) in the throughout hospital, 
followed by Klebsiella pneumoniae (51.4%), 
Pseudomonas aeruginosa (44.4%) and Acinetobacter bau-
mannii (42.9%) (Table 3 and Figure 3). When studying the 
bacteria in the ICU, the results showed that 37 patients, out 
of the total 81 patients there, had died. The proportion of 
Gram-positive bacteria (56.8%) was higher than Gram- 
negative bacteria (43.2%). Klebsiella pneumoniae 
(11.1%), Acinetobacter baumannii (8.6%) and 
Escherichia coli (7.4%) were the three most common 
Gram-negative bacteria, while Staphylococcus hominis 
(12.3%), Enterococcus faecium (9.9%) and 
Staphylococcus epidermidis (8.6%) were the three most 
common Gram-positive bacteria. When comparing total 
mortality, Klebsiella pneumoniae and Acinetobacter bau-
mannii both had high mortality in the ICU. Although the 

Table 1 Characteristics of the Study Cohort

Culture-Positive(n=274) Culture-Negative(n=318) P-value

Demographic
Sex (Male%) 175(63.9%) 203(63.8%) 0.531

Age, years≥65(%) 170(62.0%) 137(43.1%) 0.039*

Age, median 66(54.75, 75.75) 61(57.25, 70.00) 0.155
Nursing home residents (%) 19 (6.9%) 15 (4.7%) 0.248

Comorbidities
COPD% 126 (46.0%) 121(38.1%) 0.051

Hypertension, % 142 (51.8%) 137(43.1%) 0.034*
CVD, % 57 (20.1%) 83 (26.1%) 0.131

CHF, % 75 (27.4%) 41 (12.9%) <0.001*

CRD, % 37 (13.5%) 47 (14.8%) 0.657
DM, % 187(68.2%) 162 (50.9%) <0.001*

Tumor, % 43 (15.7%) 32 (10.1%) 0.040*

Site of primary infection
Low respiratory tract infection 161 (58.8%) 146 (45.9%) 0.002*

Urinary tract infection 63 (23.0%) 47(14.8%) 0.010*
Intra-abdomen infection 21 (7.7%) 23 (7.2%) 0.842

Skin and soft tissue infection 9 (3.2%) 8(2.5%) 0.576

Others 3(1.1%) 4(1.3%) 0.855

Note: *P<0.05. 
Abbreviations: COPD, chronic obstructive pulmonary disease; CVD, cerebrovascular disease; CHF, congestive heart failure; CRD, chronic renal disease; DM, diabetes 
mellitus.
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occurrence of Staphylococcus aureus was only 4.9%, its 
total mortality rate was as high as 10.8%. The net mortal-
ity from bacteria in the ICU was similar to that found in 
the throughout hospital, with Klebsiella pneumoniae, 
Acinetobacter baumannii, Escherichia coli, Pseudomonas 

aeruginosa and Staphylococcus aureus all resulting in high 
mortality (Table 4 and Figure 4). This result between the 
throughout hospital and ICU was similar. Although the 
data seemed to be different in Tables 3 and 4, the above 
four pathogens were similar in terms of high net mortality. 
The bacteria in the ED were also analysed, with the results 
showing that the quantity of Gram-positive bacteria was 
almost two times that of the Gram-negative bacteria. 
Different types of Staphylococci accounted for the vast 
majority of Gram-positive bacteria, with Staphylococcus 
epidermidis and Staphylococcus human accounting for the 
highest proportion. Although the proportion of 
Staphylococcus aureus was small, its mortality was very 
high. The highest proportions of Gram-negative bacteria 
remained Klebsiella pneumoniae, Escherichia coli and 
Acinetobacter baumannii, all of which resulted in a high 
mortality rate (Table 5 and Figure 5).

Clinical Outcomes and Poor Prognosis 
Between Culture-Positive and 
Culture-Negative Sepsis
With regards clinical outcomes, the culture-positive group had 
a higher occurrence of ICU admission (29.6% vs 20.8%, 
P=0.013) and ICU length of stay (14 vs 6, P<0.001) than the 
culture-negative patients. There was no difference in ICU cost 

Figure 1 Flowchart of the study population.

Figure 2 The primary infection sites of culture-positive and culture-negative 
groups. *P<0.05, **P<0.01.
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Table 2 Comparison of Laboratory Characteristic and Severity Between Culture Positive and Culture Negative Patients

Culture-Positive(n=274) Culture-Negative(n=318) P-value

Vital signs
Temperature>38°C(%) 257 (93.8%) 296 (93.1%) 0.876

MBP(mmHg) 83 (65, 92) 110 (98, 120) <0.001*

Heart rate(bpm) 108 (95, 110) 83 (72, 96) <0.001*
Respiratory rate(bpm) 36 (32, 37) 30 (29, 31) <0.001*

Laboratory examination
WBC, 10^9/L 13.7 (12.8, 14.9) 10.5 (9.6, 11.4) <0.001*

Platelet, 10^9/L 120 (112, 130) 120 (100, 137) 0.851
ALB, g/L 19 (17, 22) 22 (19, 24) 0.008*

CRP, mg/L 100 (89, 115) 98 (80, 110) 0.080

PCT, pg/mL 1.2 (0.7, 3.34) 1.0 (0.5, 1.76) 0.008*
Lac, mmol/L 1.9 (1.4, 2.2) 1.6 (1.2, 1.9) 0.104

Severe score
SOFA 4 (2, 4) 2 (1, 2) <0.001*

MEDS 11 (8, 12) 7 (5, 8) <0.001*

APACHE II 15 (11, 19) 11(8, 13) 0.010*
PIRO 17(14, 19) 11(10, 14) <0.001*

Note: *P<0.05. 
Abbreviations: MBP, mean blood pressure; WBC, white blood cell; ALB, albumin; CRP, C-reactive protein; PCT, procalcitonin; Lac, lactate; SOFA, Sequential Organ Failure 
Assessment; MEDS, Mortality in Emergency Department Sepsis; APACHE II, Acute Physiology and Chronic Health Evaluation II; PIRO, Predisposition, Infection, Response, 
and Organ dysfunction.

Table 3 Frequency of Bacteria for the Positive Blood Culture Sepsis in the Throughout Hospital

Bacteria (n=274) Frequency (%) Total Mortality (%)(n=69) Net Mortality (%)

Gram-negative bacteria
Escherichia coli 46 (16.8%) 14 (20.3%) 30.4%

Klebsiella pneumoniae 35 (12.8%) 18(26.1%) 51.4%
Pseudomonas aeruginosa 9 (3.3%) 4 (5.8%) 44.4%

Acinetobacter baumannii 7 (2.6%) 3 (4.3%) 42.9%

Enterobacter cloacae 7 (2.6%) 0 0
Brucella mevis 5 (1.8%) 0 0

Streptococcus pneumoniae 2 (0.7%) 0 0

Enterobacter aerogenes 2 (0.7%) 0 0
Others 34(12.4%) 0 0

Gram-positive bacteria
Enterococcus faecium 24(8.8%) 6(8.7%) 25.0%

Staphylococcus epidermidis 22(8.0%) 4(5.8%) 18.2%

Staphylococcus hominis 20 (7.3%) 7(10.1%) 35.0%
Staphylococcus aureus 15 (5.5%) 11(15.9%) 73.3%

Staphylococcus capitis 12 (4.4%) 1(1.4%) 8.3%

Staphylococcus wokeri 4 (1.5%) 1(1.4%) 8.3%
Staphylococcus haemolyticus 2 (0.7%) 0 0

Enterococcus aerogenes 2 (0.7%) 0 0

Others 26(9.5%) 0 0
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between the two groups (P=0.125). Culture-positive patients 
were more inclined to merge with ARDS than culture-negative 
patients (44.9% vs.34.9%, P=0.013). When comparing the 
median duration for mechanical ventilator use, the results 
showed that culture-positive patients had a higher requirement. 
There was no difference in non-invasive ventilation (3 vs 2, 
P=0.786), but a little difference in invasive ventilation (9 vs 4, 
P=0.018) between the two groups. In-hospital mortality was 
higher in the culture-positive group (14.6% vs 8.5%, P=0.019), 
but there was no difference in the ICU mortality (45.7% vs 
36.4%, P=0.254) between the two groups. Late mortality (28– 
90 day) was significantly higher among the culture-positive 
sepsis patients (15.7% vs 6.9%, P=0.001), but early mortality 
(28-day) was comparable between both groups (9.5% vs 7.2%, 
P=0.321) (Table 6 and Figure 6). We plotted out the Kaplan- 
Meier survival curve to facilitate a visual comparison between 
the two groups (Figure 7). Since there were many confounding 
factors between both groups, it was impossible to intuitively 
compare the factors affecting mortality. A repeated regression 
analysis was carried out to analyse the factors affecting culture- 
positive and culture-negative mortality. Age, WBC, Lac, CRP, 
PCT, MEDS and PIRO were all risk factors for culture-positive 
mortality, while ALB was the protective factor. Of these, PIRO 
was the independent predictor (P=0.010). It was also 

determined that gender, age, Lac, PCT, MEDS and SOFA 
were all risk factors for culture-negative mortality. Age and 
ALB were seen to be the independent predictors for culture- 
negative sepsis (P<0.05) (Figure 8). We further performed 
a subgroup analysis on the culture-negative, culture-positive 
appropriate antibiotics and culture-positive inappropriate anti-
biotics groups. All 274 culture-positive patients received an 
antibiotics prescription on the first day of admission. The 
culture-positive subgroup that received an appropriate antibio-
tics prescription had a significantly lower mortality rate than 
both the culture-negative group (7.3% vs 14.2%, P=0.008) and 
the culture-positive subgroup that did not receive an appropri-
ate antibiotics prescription (7.3% vs 17.9%, P<0.001). The 
culture-positive subgroup that did not receive an appropriate 
antibiotics prescription had a higher mortality rate than the 
culture-negative group, but this was not statistically significant 
(17.9% vs 14.2%, P=0.216) (Table 6 and Figure 9).

Discussion
This cohort study shows that culture-positive patients 
are more likely to be admitted into an ICU and have 
a longer ICU stay than culture-negative patients. 
Culture-positive patients have a higher comorbidity bur-
den, higher clinical severity, and higher in-hospital 

Figure 3 The distribution and total mortality of all kinds of bacteria in the throughout hospital among culture-positive bacteria. (A) The distribution of all kinds of bacteria in 
the throughout hospital among culture-positive bacteria. (B) The total mortality of all kinds of bacteria in the throughout hospital among culture-positive bacteria.
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mortality rate than culture-negative patients. 
Additionally, they have comparable early mortality (28- 
day) but worse late mortality (28-to-90 day). Klebsiella 
pneumoniae, Acinetobacter baumannii, Pseudomonas 
aeruginosa and Staphylococcus aureus all have strong 

mortality and aggravate poor prognoses in the ICU. The 
culture-positive subgroup that received an appropriate 
antibiotics prescription on the other hand, had 
a significantly lower mortality than the culture-negative 
group in this study.

Table 4 Frequency of Bacteria for the Positive Blood Culture Sepsis in the ICU

Bacteria (n=81) Frequency (%) Total Mortality (%)(n=37) Net Mortality (%)

Gram-negative bacteria
Klebsiella pneumoniae 9 (11.1%) 8 (21.6%) 88.9%

Acinetobacter baumannii 7 (8.6%) 6 (16.2%) 85.7%

Escherichia coli 6 (7.4%) 4 (10.8%) 66.7%
Pseudomonas aeruginosa 4 (4.9%) 3 (8.1%) 75.0%

Proteus 2 (2.5%) 0 0

Enterobacter aerogenes 1 (1.2%) 0 0
Others 6 (7.4%) 0 0

Gram-positive bacteria
Staphylococcus hominis 10(12.3%) 4(10.8%) 40.0%

Enterococcus faecium 8 (9.9%) 2 (5.4%) 25.0%
Staphylococcus epidermidis 7 (8.6%) 3 (8.1%) 42.9%

Staphylococcus capitis 5(6.2%) 4 (10.8%) 80.0%

Staphylococcus aureus 4 (4.9%) 3(10.1%) 75.0%
Staphylococcus wokeri 2 (2.5%) 0 0

Staphylococcus haemolyticus 1 (1.2%) 0 0

Staphylococcus acidogenes 1 (1.2%) 0 0
Staphylococcus longum 1 (1.2%) 0 0

Others 7 (8.6%) 0 0

Figure 4 The distribution and total mortality of all kinds of bacteria in the ICU among culture-positive bacteria. (A) The distribution of all kinds of bacteria in the ICU 
among culture-positive bacteria. (B) The total mortality of all kinds of bacteria in the ICU among culture-positive bacteria.

https://doi.org/10.2147/IDR.S334161                                                                                                                                                                                                                                   

DovePress                                                                                                                                                      

Infection and Drug Resistance 2021:14 4198

Yang et al                                                                                                                                                             Dovepress

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


The differences between these two groups are likely 
due to differences in patient populations, proportions of 
infection sites and resistance to antibiotics.18 The long 
periods under mechanical ventilation, including under 
invasive ventilators and non-invasive ventilators, as well 

as the length of stay in the ICU, and the higher in-hospital 
mortality rate that was observed in the culture-positive 
patients were likely attributed to the greater occurrence 
of risk factors. These risk factors included patients being 
older, and having more severe infections, worse 

Table 5 Frequency of Bacteria for the Positive Blood Culture Sepsis in the ED

Bacteria (n=93) Frequency (%) Total Mortality (%)(n=23) Net Mortality (%)

Gram-negative bacteria
Klebsiella pneumoniae 11 (11.8%) 8 (34.8%) 72.7%

Escherichia coli 11(11.8%) 5 (21.7%) 45.5%

Acinetobacter baumannii 4 (4.3%) 3 (13.0%) 75.0%
Others 5 (5.4%) 0 0

Gram-positive bacteria
Staphylococcus epidermidis 18 (19.4%) 1(4.3%) 5.6%

Staphylococcus hominis 13 (14.0%) 1 (4.3%) 7.7%
Enterococcus faecium 7 (7.5%) 1 (4.3%) 14.3%

Staphylococcus aureus 6 (6.5%) 4 (17.4%) 66.7%

Staphylococcus capitis 5 (5.4%) 0 0
Staphylococcus longum 2 (2.2%) 0 0

Staphylococcus haemolyticus 1(1.1%) 0 0

Streptococcus pneumoniae 1 (1.1%) 0 0
Others 9 (9.7%) 0 0

Figure 5 The distribution and total mortality of all kinds of bacteria in the ED among culture-positive bacteria. (A) The distribution of all kinds of bacteria in the ED among 
culture-positive bacteria. (B) The total mortality of all kinds of bacteria in the ED among culture-positive bacteria.
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malnutrition, and higher proportion of malignancies, as 
well as higher SOFA score, APACHE II score, MEDS 
score and PIRO score than the culture-negative patients. 
Previous retrospective studies have shown that culture- 
positive patients with intra-abdominal infections and lung 
infections are associated with poor clinical outcomes.19,20 

Urinary tract infections on the other hand, are related to 
better clinical outcomes than other infections.21 However, 
the most commonly seen infection sites for both groups in 
our study were in the lower respiratory tract and urinary 
tract. The reason for this difference could be the different 
research scope in the studies. Previous studies included 
a wider scope for the culture patients, including blood, 
urine, stool, sputum, and pus, while our research only 
focused on the blood culture aspect. We also found that 
culture-negative patients with lung or urinary tract infec-
tions had lower mortality. This was consistent with the 
result that culture negativity might imply susceptibility to 
the initially prescribed antibiotic regimens, leading to les-
ser severity of the disease. In addition, the clinical out-
comes could be associated with the infection sources as 
well as the management of the sepsis patients.18 Early 
comprehensive treatments, such as fluid resuscitation, 
appropriate use of antibiotics, nutritional support, and 
cleaning and care of infected sites, played a vital role in 
reducing mortality and improving clinical prognosis.

Differently to culture-positive patients, the clinical 
prognosis of culture-negative patients was also not good 
despite their late mortality being lower. One reason for this 
might be the failure to cultivate special pathogenic bacteria 
in time, thus delaying the early use of antibiotics. 
However, why should patients presenting clinical sepsis 
have a culture-negative infection? There were five main 
reasons. First, cultures lack the sensitivity to identify all 
bacteria,22 with possible reasons including sampling error, 
insufficient volume for blood cultures, poor transport con-
ditions, and slow-growing or fastidious bacteria. Second, 

Table 6 Comparison of Outcomes Between Positive and Negative Blood Culture Sepsis

Culture-Positive (n=274) Culture-Negative (n=318) P-value

ICU admission (%) 81(29.6%) 66(20.8%) 0.013*
ICU stay(days) 14(11, 22) 6 (4, 9) <0.001*

With ARDS (%) 123(44.9%) 111(34.9%) 0.013*

Non-invasive ventilator (days) 3 (2, 4) 2 (2, 4) 0.786
Invasive ventilator (days) 9 (6, 13) 4(3, 7) 0.018*

ICU Cost (RMB) 39,000(28,000, 63,000) 24,000(20,000, 38,000) 0.125

ICU mortality (%) 37(45.7%) 24(36.4%) 0.254
In-hospital mortality (%) 40(14.6%) 27(8.5%) 0.019*

Early (28-day) mortality (%) 26(9.5%) 23(7.2%) 0.321
Late (28–90 day) mortality (%) 43(15.7%) 22(6.9%) 0.001*

Total mortality (%) 69 (25.2%) 45(14.2%) 0.001*

Culture-Positive Appropriate antibiotics mortality (%) 20 (7.3%)
Culture-Positive Inappropriate antibiotics mortality (%) 49(17.9%)

Note: *P<0.05. 
Abbreviations: ICU, Intensive Care Unit; ARDS, acute respiratory distress syndrome.

Figure 6 The mortality of ICU, in-hospital, early day (28-day) and late day (28–90- 
day) between culture-positive and culture-negative groups. *P<0.05, **P<0.01.
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the patients may have been prescribed empirical antibio-
tics at local clinics before the sepsis or septic shock 
developed.23 Third, the proportion of sepsis or septic 
shock caused by atypical pathogens, including fungal, 
parasites and viral infections, might be increasing in 
patients.24,25 In terms of effective definitive antimicrobial 
therapy, these atypical pathogen infections might be simi-
lar to culture-positive infections. Common microbiological 
methods usually fail to identify the microorganism. 
Fourth, some patients suffering with culture-negative sep-
sis or septic shock might have got it from non-infectious 
causes, such as metabolic disorders, tissue injuries, inflam-
matory diseases, adverse effects from drugs, malignancies, 
or subarachnoid haemorrhages.26,27 Fifth, certain infec-
tions are less common in culture-negative patients than 
in culture-positive patients. This is in part due to the nature 
of some infections, for example, liver abscesses are less 
likely to be negative.28

In our research, we also further investigate the influ-
ence of different pathogenic bacteria on mortality, some-
thing which has rarely been studied or analysed in 
previously published studies. We found that Gram- 

positive and Gram-negative bacteria roughly equalled the 
proportions found in the throughout hospital’s culture- 
positive bacteria. Of the total 147 Gram-negative bacteria, 
Escherichia coli, Klebsiella pneumoniae, Pseudomonas 
aeruginosa, Acinetobacter baumannii accounted were the 
four most prevalent. For the Gram-positive bacteria, 
Enterococcus faecium and different kinds of 
Staphylococcus were the main pathogenic bacteria. 
Although appropriate antibiotics were used during the 
early stages based on the blood culture results, the late 
mortality and total mortality of the culture-positive group 
were still relatively high. The reasons behind the high 
mortality, such as older age, severity of illness, malignan-
cies, and even antibiotic resistance, could be complex. 
Resistant Klebsiella pneumoniae, Escherichia coli, 
Pseudomonas aeruginosa, Acinetobacter baumannii, 
Enterococcus faecium and Staphylococcus aureus could 
all aggravate the late mortality of patients with sepsis. 
These results were similar to those found among the 
patients in the ICU. The appropriate use of antibiotics 
significantly reduced the mortality, especially when com-
pared to the inappropriate use of antibiotics or culture- 

Figure 7 The Kaplan-Meier survival curve facilitated visual comparison between culture-positive and culture-negative septic patients. The results showed that the two 
groups had comparable early mortality but worse late mortality (Log-rank P value=0.001). *P<0.05.
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negative sepsis, but the total and net mortality of the sepsis 
patients in the ICU remained high, which is also related to 
older age, illness severity, malignancies, and antibiotic 
resistance. However, in the hospital’s ED, the number of 
Gram-positive bacteria was found to be almost double that 
of Gram-negative bacteria. Of which various kinds of 
Staphylococci, such as Staphylococcus epidermidis, 
Staphylococcus hominis, Staphylococcus capitis, 
Staphylococcus longum and Staphylococcus haemolyticus, 

accounted for the vast majority of Gram-positive bacteria. 
The proportion of Staphylococcus aureus that accounted 
for high mortality was only 6.5%, while the frequency of 
other kinds of Staphylococcus and Enterococcus faecium 
that accounted for lower mortality was as high as 50.7%. 
Due to the blood culture time being long and the results 
not being reported quickly enough, there was no evidence 
of using appropriate antibiotics against Gram-positive bac-
teria in the early stages as this may have delayed working 

Figure 8 Odds ratio for culture-positive group and culture-negative group. (A) Odds ratio for culture-positive group. (B) Odds ratio for culture- negative group.
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in the golden period of treatment. Thus, although some 
Staphylococcus and Enterococcus faecium were deemed 
less lethal, the delay in the use of antibiotics against Gram- 
positive cocci increased the early mortality of septic 
patients. In addition, the severity of the patients’ condi-
tions in the ED also increased mortality and poor prog-
nosis. More importantly, our aim was to make a pathogen 
spectrum as soon as possible by studying the distribution 
characteristics of pathogens, so as to provide guidance for 
early appropriate use of antibiotics, improve treatment 
plans, strengthen patients care to reduce cross-infection, 
and even prevent the drug-resistant. The distribution char-
acteristics of these pathogen samples were very important 
data, which could be expanded and made a blood culture- 
positive pathogen spectrum. For critically ill patients with 
sepsis, antibiotics could be used empirically based on this 
pathogen spectrum before blood culture results were 
obtained. For those who had obtained blood culture 
results, the appropriate use of antibiotics could be 
instructed, thereby avoiding the inappropriate use of anti-
biotics, significantly reducing mortality and improving 
prognosis. These were essential to improve clinical treat-
ment capabilities and save patients’ lives.

What are the implications of our study? We compared 
and analysed the clinical characteristics, illness severity, and 
early or late mortality between blood culture-positive and 

blood culture-negative sepsis patients. We found that elderly 
males with culture-positive sepsis were more likely to have 
chronic diseases and tumours, as well as more likely to suffer 
malnourishment and severe infections. We also found that 
Escherichia coli, Klebsiella pneumoniae, Pseudomonas aer-
uginosa, Acinetobacter baumannii and different kinds of 
staphylococcus composed the majority of culture-positive 
bacteria and posed a higher mortality rate. Despite the timely 
use of appropriate antibiotics and other comprehensive treat-
ments for cultured special pathogens, culture-positive septic 
patients still displayed a higher mortality rate. This might be 
related to older age, illness severity, malignancies, or anti-
biotic resistance. Previous studies have shown that in an 
effort to improve outcomes in culture-negative or culture- 
positive sepsis, the “Surviving Sepsis Campaign” guidelines 
recommend early administration of broad-spectrum 
antibiotics.6 From the onset of septic shock, every hour of 
delay in the administration of effective antibiotics results in 
increased mortality.29 Our research also confirmed this fact. 
For those septic patients admitted to the ED, failure to culti-
vate specific Gram-positive cocci in the early stages delayed 
the timing for the prescription of appropriate antibiotics, and 
thereby increased the mortality rate. Meanwhile, both the 
culture-negative septic patients and the culture-positive 
patients who did not receive appropriate antibiotics had 
a high mortality rate. Therefore, early and appropriate anti-
microbial therapy is shown to be necessary for these patients, 
and aids the improvement of clinical outcomes.

Our study has several limitations. First, some culture- 
negative results came from inappropriate sampling. In 
retrospective studies, improper operation by the staff of 
the microbiology laboratory, contamination caused by 
incomplete environmental disinfection, and even quality 
problems of certain blood culture reagents and so on might 
all lead to improper handling of samples. This might be 
the cause of possible contamination. However, the major-
ity of the samples were obtained by experienced physi-
cians and nurses, and this is less likely to be a significant 
contributing factor to our study. Second, our study was 
composed of single-centre retrospective research, and 
therefore cannot represent the universality of all studies. 
Third, there was heterogeneity among our cohort study 
and some underlying confounders may have influenced 
on our results. We should therefore carry out further 
research to reduce any confounding factors in the future. 
Our study also had some strengths. We analysed the dis-
tribution and characteristics of the pathogenic bacteria in 
different areas of the hospital, and explained in detail how 

Figure 9 The clinical outcomes and mortality of culture-positive patients after 
receiving appropriate antibiotic. **P<0.01, ***P<0.001.
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pathogenic bacteria affect mortality and clinical outcomes. 
This may be helpful for prescribing appropriate antibiotics. 
We also used a logistic regression analysis to determine 
the influencing factors for culture-positive and culture- 
negative patients, and drew a forest plot to facilitate intui-
tive research; something which has rarely been seen 
before.

Conclusion
We found that culture-positive patients were more likely to 
be admitted to an ICU, have longer ICU lengths of stay, 
higher mechanical ventilation requirements and more 
likely to merge with ARDS than the culture-negative 
patients. Culture-positive patients had a higher comorbid-
ity burden, higher clinical severity, and higher in-hospital 
mortality, as well as comparable early mortality (28-day) 
but worse late mortality (28-to-90 day) than culture- 
negative patients. Additionally, early blood culture results 
could provide a basis for the appropriate use of antibiotics, 
and early appropriate use of those antibiotics might reduce 
mortality and improve clinical prognosis. Large scale stu-
dies are still required in order to confirm these results.
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