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Abstract
Background We aimed to investigate the characteristics and outcomes in septic patients with positive
cultures compared with negative cultures.

Methods This was a sub-analysis of a cross-section survey study including 44 hospitals in mainland
China from December 1, 2015 to January, 31,2016. All septic patients diagnosed according to sepsis-1
criteria admitted to participating ICU, with cultures from any suspected sites of infection obtained at
admission. Demographic information, patient source, clinical feature, laboratory �ndings and severity of
sepsis were comprehensively collected for comparison the characteristics between culture positive and
negative patients. Univariable and multivariable regression were used to �nd the factors associated with
positive culture and propensity score matching (PSM) was performed to compare the mortality.

Results A total of 1919 patients were enrolled in this study with 962 (50.1%) positive-culture and 975
(49.9%) negative-culture. Positive culture was associated with older age, male gender, transferred
patients, comorbidities including coronary heart decease and solid tumor, prolonged priori ICU stay,
hospital-acquired infection, pneumonia and bloodstream infection, also with higher body temperature,
heart rate, procalcitonin levels and with higher APACHE II and SOFA score at admission. Negative culture
was associated with prior antibiotic exposure and community-acquired infections. Patients with positive
culture had an insigni�cantly higher mortality (37.5% vs. 34.5, P = 0.165). However, PSM revealed
decreased mortality in patients with positive culture (38.2% vs. 48.2%, P = 0.012), and a signi�cantly
higher proportion of patients received targeted antibiotic treatment in survivors (37.0% vs. 46.2%, P = 
0.031).

Conclusions A myriad of factors may affect the results of culture. Septic patients were likely to bene�t
from positive cultures in mortality possibly due to the higher proportion to receive targeted antibiotic
treatment, and obtaining positive culture as possible should be strongly encouraged.

Backgrounds
Sepsis is de�ned as life-threatening organ dysfunction due to dysregulated immune response to micro-
organism invasion[1]. In spite of advances in recent years, the mortality of sepsis remains as high as 30–
60%[2], which is a heavy burden to the healthcare system and causes more than �ve million death each
year[3].

Early obtaining of appropriate routine microbiologic cultures both from blood and suspected infection
sites is strongly recommended in the Surviving Sepsis Campaign International Guidelines (2016)[4]. This
is of great importance since detection of micro-organisms which possibly caused sepsis would be of
great help in targeted antibiotics therapy and de-escalation, which is associated with improved
mortality[5].
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However, culture-negative is common among septic patients which ranged from approximately 30–70%
according to the previous studies under different settings, and the characteristics of the patients with
positive culture have been sparsely investigated and poorly identi�ed.

Although early empirical antibiotics was administered discriminatively regardless of the culture results as
the initial sepsis management recommended in the SSC International Guidelines (2016), the difference in
mortality between septic patients with positive and negative culture from previous studies remains
inconsistent[6–8], which needs further validations.

In this study, we aimed to comprehensively collect the demographic characteristics, comorbidities, clinical
features, laboratory �ndings and initial treatments at admittance, to explore the potential factors
associated with culture positivity in septic patients. Furthermore, we aimed to investigate the association
between positive culture and the patient’s outcomes.

Materials And Methods

Design and settings
This was a sub-analysis of Chinese Epidemiological Study of Sepsis (CHESS) study[9], which was a multi-
center prospective cross-sectional survey performed in mainland China involving 44 hospitals,
commenced on December 1, 2015 and concluded on January 31, 2016. Patients with suspected or
con�rmed sepsis admitted to intensive care unit (ICU) and with blood and/or any other samples from
suspected infected sites sent at admittance was included in the present study. All the jurisdiction was
made by the attending physicians. Septic patients were followed up to day-90 or till decease. The
protocol was approved by the ethics committees of Zhongda Hospital, School of Medicine, Southeast
University (2015ZDSYLL044.0), with informed consent obtained from the patients or their
representatives.

Variables and de�nitions
In the analysis of factors associated with positive culture, we selected a constellation of priori clinical
variables known or expected to be potentially confounders involving demographic information including
age, gender and bodyweight; clinical characteristics including comorbidities, patient source, priori ICU
stay days and antibiotics exposure; vital signs; severity of sepsis by score evaluation including Sequential
Organ Function Assessment (SOFA) score and Acute Physiology and Chronic Health Evaluation II
(APACHE II) score; infection types and sites; laboratory �ndings involving in�ammatory biomarkers
including white blood cell count, C-reactive protein and procalcitonin, biomarkers re�ecting organ
functions including PaO2 to FiO2 ratio, serum lactate, hematocrit, platelet count, prothrombin time,
activated partial thromboplastin time, D-dimer, serum creatinine, alanine aminotransferase, aspartate
aminotransferase and troponin I; and initial management of at admissions including vasopressor and
mechanical ventilation. Sepsis was de�ned as suspected or con�rmed infection with two or more criteria
of the systemic in�ammatory response; while severe sepsis was de�ned as sepsis accompanied with the
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presence of at least one life-threatening sepsis-related organ dysfunction[10, 11]. The decision of the
positive culture, negative culture or the contamination of the isolated pathogens remained to the
attending physicians, and the appropriate antibiotics use was also by the judgment of the attending
physicians. Appropriateness use of antibiotics was at the discretion of the attending

Statistical Analysis
Quantitative data were presented as mean ± standard deviation (SD) or median (interquartile range, IQR)
according to the data distributions. Categorial data were presented as proportions or ratios. Student t test
or one-way analysis of variance (ANOVA) was used for comparison of continuous variables in normal
distribution, and Mann-Whitney U test or Kruskal-Wallis H test was used for comparison of quantitative
variables with skewed distribution. Categorical data was compared using chi-square test or Fisher exact
test, as appropriate. Univariable and multivariable logistic regression with forward LR methodology was
used to determine the risk factors associated culture positivity, Univariable and multivariable odds ratios
with 95% con�dential intervals (CI) were calculated for potential association with culture positivity.

We created a propensity score using multivariable logistic regression to estimate the likelihood of positive
culture of septic patients at admission to ICU. Propensity score matching based on the estimated
probabilities were used to apply a one-to-one nearest neighbor matching algorithm between septic
patients with positive culture and negative culture using a caliper width of 0.02. Balance of covariates
between patients with positive and negative cultures were assessed after matching using standardized
differences.

Variables involved in the model to generate the propensity score included demographic information
involving age and gender, baseline comorbidities, patient source, prior ICU stay days, prior antibiotics
exposure, vital signs at admission, laboratory �ndings at admission, score evaluation at admission
including APACHE II score and SOFA score, infection type, infection site and treatment at admission
including mechanical ventilation and vasopressor use.

All statistical analyses were performed using IBM SPSS Statistics (ver. 23). A two-sided P-value less than
0.05 was considered as statistical signi�cance.

Results

Patient characteristics
A total of 2322 patients were included in the CHESS study, and 403 patients were excluded with no
microbial cultures taken at admission, with remaining 1919 patients �nally involved in this study, and 962
(50.1%) patients yielded a positive culture and 957 (49.9%) with a negative culture.

Of all the patients enrolled in the present study, 1246 patients (64.9%) were community-acquired
infections, 640 (33.4%) were hospital-acquired and the remaining 33 patients (1.7%) were healthcare-
related. Lung was the leading site of infection (70.1%), as followed by abdomen (25.2%), urological
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(7.7%) and bloodstream (5.0%). A total of 71.7% of patients have samples obtained from the respiratory
system, with a positive rate of 45.6% (622 in 1364 patients), 57.1% patients have samples taken from
blood stream with a positive rate of 16.7% (183 in 1096 patients), and 19.7% patients had samples from
intra-abdomen cavity with positive rate of 45.9% (174 in 379 patients), 16.5% patients had samples from
urological system yielding a positive rate of 20.6% (65 in 316 patients); and �nally 1.9% patients with
samples from central nervous system yielding a positive rate of 11.1% (4 in 36 patients).(Supplementary
Table 1)

In patients with positive cultures, Gram-negative bacteria occupied 56.1% of the isolated micropathogen,
with Acinetobacter baumannii (14.4%), Klebsiella pneumoniae. (13.4%) and Escherichia coli (12.2%) as
the most prevalent pathogens; while as for Gram-positive bacteria which took 19.8% positive results,
Staphylococcus aureus (5.6%), Enterococcus spp. (4.1%). and Streptococcus viridans (2.7%) was the
most frequent pathogens obtained; Fungus were found in 13.6% of the positive cultures, with Candida
albicans (6.3%), Candida parapsilosis (1.4%) and Aspergillus (1.2%) most frequent pathogens isolated
(Supplementary Table 2)

The characteristics of septic patients with positive and negative culture were summarized in
Supplementary Table 3. Male was more likely to have a positive culture (67.7% vs. 60.9%, P = 0.002), and
the patients with positive culture were of older age (year-olds, 65 [50 to 75] vs. 63 [48 to 74], P = 0.014).
Patients from emergency room (54.6% vs. 45.4%, P = 0.017) and internal medicine (54.5% vs. 45.5%, P = 
0.018) seemed more likely to have negative culture results, while patients transferred from other hospitals
(13.6% vs. 9.9%, P = 0.012) were more likely to have positive cultures. Patients underwent surgery, whether
routine (P = 0.858) or emergency (P = 0.206), had no effects on the results of culture positivity. Patients
with baseline comorbidities involving coronary heart disease (19.1% vs. 15.4%, P = 0.29) and solid tumor
(14.8% vs. 10.0%, P = 0.002) had a higher percentage in positive culture results.

Patients with positive culture had a relatively prolonged priori ICU stay although the discrepancy was
minimal (days, 1 [0 to 7] vs. 0 [0 to 5], P = 0.028). Paradoxically, patients with prior exposure to antibiotics
had a higher percentage with positive culture (73.1% vs. 66.4%, P = 0.001).

Infection type and site were associated with culture positivity, as patients with community-acquired
infection prone to have more negative isolations (70.4% vs. 59.5%, P < 0.001), while hospital-acquired
infection tended to have more positive culture results (38.9% vs. 27.8%, P < 0.001). Patients with
pneumonia and bloodstream infection were more likely to have positive culture results.

Culture positivity was signi�cantly associated with sepsis severity, re�ected as worse vital signs including
higher body temperature (degree, 38.1 [36.8 to 38.6] vs. 37.9 [36.8 to 38.6], P = 0.013) and heart rate
(beats per minute, 115 [100 to 131] vs. 112 [97 to 129.5], P = 0.007), also as higher APACHE II score (18
[13 to 24] vs. 16 [11 to 22], P < 0.001) and SOFA score (8 [5 to 11] vs. 7 [4 to 10], P = 0.002).

Laboratory tests found little relations between biomarkers re�ecting organ function and blood culture
results, and it was only that procalcitonin was higher in patients with positive culture (ng/mL, 2.61 [0.59
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to 12.9] vs. 2.01 [0.50 to 9.41], P = 0.046)

No differences in mortality could be observed in the crude results between the patients with positive
culture and those with negative culture, although the mortality in patients with positive culture was
slightly higher (18.8% vs. 17.2%, P = 0.165).

Factors associated with culture positivity
We subsequently included aforementioned factors potentially affected the culture positivity in a
multivariable logistic regression model and found that male gender (OR 1.298, 95% CI 1.012 to 1.666, P = 
0.040), APACHE II score (OR 1.033, 95% CI 1.017 to 1.050, P < 0.001), procalcitonin (OR 1.006, 95% CI
1.002 to 1.010, P < 0.001), hospital-acquired infection (OR 1.878, 95% CI 1.456 to 2.423, P < 0.001) and
bloodstream infection (OR 3.875, 95% CI 2.023 to 7.423, P < 0.001) as independent risk factors that were
associated with positive culture in septic patients (Table 1).

Propensity Score Match
A total of 618 patients (309 patients with positive culture and 309 patients with negative culture) were
�nally enrolled after propensity score match, and no statistical signi�cance were observed between the
baseline demographic information, patient sources, comorbidities, prior ICU stay and prior antibiotics
exposure, vital signs and laboratory �ndings at admission, score evaluation at admission including
APACHE II score and SOFA score, infection type and treatment at admission. We found a signi�cant
decrease in patients with positive culture compared with those with negative culture (38.2% vs. 48.2%, P 
= 0.012) after matching (Supplementary Table 3)

A higher proportion of patients with targeted antibiotic treatment could be observed both before (41.5%
vs. 13.5%, P < 0.001) and after PSM (46.0% vs. 18.8%, P < 0.001). We found a signi�cant decrease in
mortality after PSM (37.0% vs. 46.2%, P = 0.031), which was not observed before PSM (36.6% vs. 35.8%,
P = 0.759) (Fig. 1).

Discussion
In this sub-analysis of a prospective observational cohort of septic patients, we found that septic patients
with positive culture was associated with demographic characteristics, comorbidities, patient source,
infection type and clinical features of the patients. PSM revealed that positive culture was associated
with a signi�cant decrease in mortality.

Patient characteristics including older age and male gender seemed to associated with positive culture,
as was also indicated in previous studies[6, 7]. The reason for this tendency was unclear, we thought this
could partially contributed to that patients with older age usually had more severe sepsis, while septic
patients more severe was likely to have positive cultures, as found in the present study. However, the
association between male gender and culture positive remained to be identi�ed.
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Patients from emergency medicine or internal medicine both had a tendency of negative cultures, while
patients transferred from other hospitals were seemed to associate with positive cultures, as similar
�ndings were also revealed in the previous studies[6, 7, 12]. This was consistent with the spectrum of the
isolated pathogens, which was predominated by Gram-negative bacteria, usually isolated from hospital-
acquired infections.

Comorbidities could affect the results of cultures, while the in�uence remained inconsistent. In the
present study, we found that coronary heart failure and solid tumor were associated with culture positive.
Previous study had found that diabetes mellitus may possibly related to a positive culture[6]. We
extrapolated that some chronic comorbidities were more susceptible to have a micro-environment to have
a positive culture, which could be related to a compromised immune system.

We found a higher proportion of patients with a positive culture who had priori exposure to anti-biotics.
We extrapolated this could mostly due to the investigated populations, with more than half of the patients
were hospital-acquired infections, and was very likely to have priori anti-biotics exposures. In a previous
study, recent antibiotic exposure was found to be associated with increased hospital mortality in Gram-
negative bacteremia infection with severe sepsis or septic shock, which was partly consistent with our
�ndings[13].

The septic patients with positive culture seemed to be more severe compared with negative ones, as
APACHE II and SOFA score was signi�cantly higher in culture-positive patients. This was probably could
be explained by that the patients with positive results was related with more bacteria load and was more
likely to be isolated.

Previous studies had revealed that culture-positive was associated with organ dysfunctions, so in this
study, we also included laboratory �ndings at admittance, aimed to �nd some laboratory parameters that
could be potentially associated with positive culture. Unfortunately, we found no connections between
positive culture and laboratory parameters that re�ected the organ function. We found from the
multivariable regression, the only factor we’ve found as signi�cantly related to culture positive was
procalcitonin, as consistent with previous studies, that septic patients had a signi�cantly elevated serum
level of procalcitonin, indicating that procalcitonin might be a predictor[14].

In a previous study, the authors introduced machine learning methodology in prediction of the culture
positivity in suspected bloodstream infections[15]. However, in the in their study, the authors found the
variables that has irrelevant to the clinical meanings[16], and in the present study, we found some risk
factor that could associated with culture positive in septic patients.

The mortality between culture positive and negative patients remained controversial in previous studies[2,

6–8, 12, 17, 18]. in the present study, we found a higher mortality in patients with positive culture compared
with negative cultures, from the crude results, however with no statistical signi�cance (37.5% vs. 34.5%, P 
= 0.165). We subsequently performed a PSM, and interestingly, we found a decrease in mortality after we
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matching the demographic information, source, infection type and severity of the septic patients (38.2%
vs. 48.2%, P = 0.012). We noted a higher proportion of patients with complete resolve (15.9% vs. 10.4%).
In the previous study, the authors found that patients with positive culture more likely to receive
appropriate antibiotics treatment[12, 19], and this might partially explain the higher percentage of patients
with complete resolve and decrease in mortality in positive culture. As in our study, we also noticed a
higher proportion of patients with targeted antibiotic treatment, both before and after PSM. We further
compared the mortality between septic patients between targeted and empirical antibiotics treatment,
and interestingly, we found a signi�cant decrease in mortality after PSM (37.0% vs. 46.2%, P = 0.031),
which was not observed before PSM (36.6% vs. 35.8%, P = 0.759). We extrapolated the appropriate use of
antibiotics might be one of the reasons that contributed to the decreased in mortality in culture positive
patients, while in the crude results, the effect of appropriate antibiotic use was masked by the cofounding
factors.

We thought the factors associated with culture positive in septic patients were neither very strong
predictors, nor could be manipulated in the clinical practice. On the other side, technical improvement[20,

21], multiple sending of the samples de�nite affect culture positive, as culture positive was very likely to
be associated with decrease in mortality, we thought it would be much encouraged for a given septic
patients to obtain positive culture whenever possible.

Our study had some limitations, we did not include the difference in antibiotics administration between
patients with positive and negative cultures. We assumed that the discrepancies in mortality in two
groups of patients was contributed to the targeted antibiotics management which was guided by the
results of the positive culture, which needed further investigations. We found no factors that could
intervened for to improve the culture positive.

Conclusion
The factors associated with culture positive remained to be further identi�ed, although patients’
demographic characteristics, infection type and the severity of sepsis may affect the results of culture. In
spite of the higher mortality in septic patients with positive culture, PSM revealed that positive culture
was associated with a decrease mortality for a given septic patients, suggesting that patients might be
bene�tted from positive culture and obtaining positive culture as possible should be strongly encouraged.

Abbreviations
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  Univariate Multivariate

Variables OR (95% CI) P-
value

OR (95% CI) P-
value

Age, per year 1.006 (1.001 to
1.012)

0.011    

Male 1.343 (1.113 to
1.620)

0.002 1.298 (1.012 to
1.666)

0.040

Patients from emergency room 0.778 (0.632 to
0.957)

0.017    

Patients from internal medicine 0.780 (0.635 to
0.958)

0.018    

Patients transferred 1.430 (1.080 to
1.894)

0.012    

Patients with coronary heart
disease

1.303 (1.027 to
1.654)

0.029    

Patients with solid tumor 1.553 (1.178 to
2.047)

0.002    

Prior ICU stay 1.004 (0.999 to
1.009)

0.131    

Prior antibiotics exposure 1.376 (1.132 to
1.674)

0.001    

Mechanical ventilation 1.368 (1.092 to
1.713)

0.006    

Body temperature 1.092 (1.018 to
1.172)

0.014    

Heart rate 1.004 (1.001 to
1.009)

0.024    

Procalcitonin 1.006 (1.002 to
1.010)

0.005 1.006 (1.002 to
1.010)

<
0.001

APACHE II score 1.026 (1.015 to
1.038)

<
0.001

1.033 (1.017 to
1.050)

<
0.001

SOFA score 1.036 (1.014 to
1.059)

0.002    

Community acquired infection 0.616 (0.510 to
0.744)

<
0.001

   

Hospital acquired infection 1.652 (1.364 to
2.002)

<
0.001

1.878 (1.456 to
2.423)

<
0.001

Pneumonia 1.372 (1.128 to
1.670)

0.002    
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Bloodstream infection 4.295 (2.578 to
7.156)

<
0.001

3.875 (2.023 to
7.423)

<
0.001

Figures

Figure 1

Mortality in Empirical and Targeted Use of Antibiotics Before and After Propensity Score Matching
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