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Abstract
Background: The aim of the study was to evaluate risk strati�cation and sepsis-related mortality in
patients with positive blood cultures via procalcitonin (PCT) combined with the predisposition infection,
response, and organ dysfunction (PIRO) system in emergency departments (ED).

Methods: A total of 1074 patients with positive blood cultures were admitted to Beijing Chao-Yang
Hospital ED from December 2017 to October 2020. Their serum PCT was recorded, along with a
Sequential Organ Failure Assessment (SOFA) score, Mortality in Emergency Department Sepsis (MEDS)
score, Acute Physiology and Chronic Health Evaluation II (APACHE II) score, and PIRO score to predict the
prognosis of septic patients with positive blood culture in terms of ICU (Intensive care unit) admission,
multiple organ dysfunction syndrome (MODS) development, and 28-day mortality. Receiver operating
characteristic (ROC) curves and logistic regression analysis were used to assess the prognostic value of
the scoring systems.

Results: On admission, 978 patients met the inclusion criteria. PCT, MEDS, APACHE II, and PIRO scores
were found to independently predict ICU admission, MODS development, and 28-day mortality (P<0.05),
whereas SOFA did not. The AUC values of the PCT, MEDS, APACHE II, and PIRO scores for ICU admission
were 0.620, 0.740, 0.780, and 0.751, respectively. For MODS, the AUC values of PCT, MEDS, APACHE II,
and PIRO were 0.664, 0.701, 0.761, and 0.811, respectively. In the prediction of 28-day mortality, the AUC
values of PCT, MEDS, APACHE II, and PIRO were 0.782,0.745,0.805, and 0.831, respectively. The AUC
values combined PCT and PIRO system in predicting MODS and 28-day mortality were better than when
predicting ICU admission. Meanwhile, the AUC values of PCT when combined with MEDS, APACHE II, or
PIRO score were higher than that of any single predictor.

Conclusions: This study indicates that PCT combined with the PIRO scoring system has a higher
predictive value and is superior in predicting MODS and 28-day mortality in septic patients with a positive
blood culture.

Background
Sepsis is a leading cause of high morbidity and mortality [1]. Severe sepsis and septic shock remain the
dominant cause of death in the United States [2]. Mortality from severe sepsis and septic shock remains
unacceptably high, ranging from 20 to 40%, depending on the illness severity [3].

Approximately 200,000 patients are affected by bacteremia each year, with 10 cases per 1000 hospital
admissions [4,5]. Bacteremia has high mortality, and due to the obvious dangers of undertreatment, many
physicians liberally order cultures [6]. Blood cultures are generally considered to be the most sensitive
method of detecting bacteremia and are useful in certain diagnoses and critically ill patients[7,8]. The
blood culture results can be used to guide the adjustment of antibiotics regimes [9]. Positive blood culture
usually indicates a serious infection with fever, chills, leukocytosis, focal infection, sepsis, or suspected
endocarditis, and has poor outcome [6]. However, we found that a large percentage of positive blood



Page 3/22

culture patients were not admitted to the ICU, and did not develop MODS, instead, following timely,
systematic, and effective treatment, they were successfully discharged. Therefore, �nding suitable
predictors for the prognosis of patients with positive blood culture is highly important.

Consequently, our study evaluated the predictive performance of PCT combined with PIRO, in ICU
admission, MODS development, and 28-day mortality in septic patients with positive blood cultures in the
ED.

Methods
Patients

The study was conducted in Beijing Chao-Yang Hospital ED, a tertiary teaching hospital of Capital
Medical University, and was approved by the human research ethics committee of Beijing Chao-Yang
Hospital. A total of 1074 septic patients with positive blood cultures were enrolled in our cohort from
2017 to 2020, and written informed consent upon ED admission was acquired.  

Inclusion and exclusion criteria

The inclusion criteria were as follows: (1) Patients signed informed consent forms; (2) Age >18 years; (3)
Patients with sepsis according to Sepsis-3 (suspected or de�nite infection with an increase in SOFA score
≥2) [10]. (4) Positive blood culture results. 

The exclusion criteria were as follows: (1) Age < 18 years; (2) Terminal stage of disease (malignant
cancer with metastases, AIDS, end-stage renal or hepatic disease, chronic heart failure); (3) Viral or fungal
infection. (4) Refusal to participate in the study by patients or their relatives or transferred to other
hospitals. 

Data collection

Patient characteristics were recorded including age, gender, vital signs, and past medical history. Whole
blood leukocyte counts, blood gas indexes, and blood biochemistry were identi�ed within 24h. The SOFA,
MEDS, APACHE II, and PIRO scores were calculated according to vital signs, and laboratory test results.
The Howell-PIRO scoring system [11] was applied in this study, and the criteria are shown in Table 1. 

Outcome variables

MODS was de�ned as the ful�llment of two or more of the severe sepsis criteria at any time within 3 days
of enrollment, excluding organ dysfunction, induced by pre-existing disease [12]. Organ function was
assessed at enrollment and reassessed when deterioration occurred. All patients were followed up for 28
days through medical records or by telephone. ICU admission during follow-up, development of MODS
within 3 days, and 28-day mortality were considered as the outcome criteria.  

Statistical analysis
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All data were analyzed by SPSS 25.0 (SPSS Inc., Chicago, IL, USA). Normally distributed data, expressed
as the mean ± standard deviation, was compared using an independent-samples t test. Data with skewed
distribution was expressed as the median and quartiles, and was analyzed via a Mann–Whitney U test,
and a chi-square test was used to compare frequencies. Logistic regression analysis was used to
determine the independent outcome predictors. Receiver operating characteristic (ROC) curves were
constructed and the area under the curves (AUC) was determined to assess predictive value. The survival
curve was estimated by Prism 6.0. All statistical tests were two-tailed, and P < 0.05 was considered
statistically signi�cant.

Results
Characteristics of the study cohort

A total of 1074 septic patients with positive blood cultures in the ED between 2017 and 2020 were
enrolled in this study. 71 patients had a viral or fungal infection, 10 patients refused to participate, and 15
patients were transferred to other hospitals. Finally, 978 participants completed the 28 follow-up days
(Fig.1).

In our study, 978 septic patients with positive blood cultures were divided into ICU (n=284) and non-ICU
(n=694) admission groups. When comparing the characteristics of these patients, we found that there
were signi�cant differences in age (P=0.040), chronic obstructive pulmonary disease (COPD) (P=0.000),
hypertension (P=0.001), chronic heart failure (CHF) (P=0.007), mean arterial pressure (MAP) (P=0.000),
heart rate (HR) (P=0.000), white blood cells (WBC) (P=0.000), lactate (Lac) (P=0.000), PCT (P=0.000), C-
reactive protein (CRP) (P=0.000), albumin (ALB) (P=0.000), SOFA (P=0.000), MEDS (P=0.000), APACHE II
(P=0.000), and PIRO (P=0.000) between ICU and non-ICU admission groups (Table 2, Fig.1).

In addition, we also divided the participants into two other categories, MODS (n=204) and non-MODS
(n=774) according to the development of MODS within 3 days. There were obvious differences in age
(P=0.001), MAP (P=0.000), HR (P=0.000), respiratory rate (RR) (P=0.000), WBC (P=0.000), Lac (P=0.040),
PCT (P=0.000), CRP (P=0.000), ALB (P=0.000), (NLR) (P=0.000), SOFA (P=0.000), MEDS (P=0.000),
APACHE II (P=0.000), and PIRO (P=0.000) between these two groups (Table2, Fig.1).

After 28 days follow-up, statistical differences were evident in age (P=0.001), chronic heart failure (CHF)
(P=0.001), MAP (P=0.000), HR (P=0.000), RR (P=0.000), WBC (P=0.000), Lac (P=0.040), PCT (P=0.000),
CRP (P=0.000), ALB (P=0.000), (NLR) (P=0.000), SOFA (P=0.000), MEDS (P=0.000), APACHE II (P=0.000),
and PIRO (P=0.000) between survivor (n=797) and non-survivor (n=181) groups (Table2, Fig.1).

The median of the SOFA, MEDS, and PIRO scores, and mean of the APACHE II score in ICU-admission,
MODS development, and 28-day mortality groups are shown in Table2, Fig.2. The average SOFA, MEDS,
APACHE II, and PIRO scores differed signi�cantly between patients who did, and did not, meet the
outcome criteria (P=0.000).
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Spearman’s correlations between 28-day mortality and SOFA, MEDS, APACHE II or PIRO score.

To investigate the correlations between 28-day mortality and SOFA, MEDS, APACHE II or PIRO score,
Spearman’s correlation analysis was performed. Signi�cant negative liner correlations of 28-day mortality
with SOFA, MEDS, APACHE II or PIRO score were presented in Fig.3A-D (r values were -0.62, -0.75, -0.64,
-0.49 respectively, and all P<0.001).

Binary logistic regression analysis of the prognostic outcome of septic patients with positive blood
cultures in the ED

Binary logistic regression was used to analyze the independent predictors in our study cohort. The results
showed that WBC (β=0.176, odds ratio (OR) (95%CI) =1.192 (1.031-1.379), P=0.018), PCT (β=0.241, OR
(95%CI) =1.273 (1.037-1.563), P=0.021), Lac (β=1.261, OR (95%CI) =3.530 (1.867-6.676), P=0.000), ALB
(β=-0.142, OR (95%CI) =0.867 (0.792-0.949), P=0.002), NLR (β=0.077, OR (95%CI) =1.080 (1.011-1.155),
P=0.023), MEDS score (β=0.895, OR (95%CI) =2.447 (1.607-3.728), P=0.000), APACHE II score (β=0.623,
OR (95%CI) =1.864 (1.405-2.474), P=0.000) and PIRO score (β=0.328, OR (95%CI) =1.388 (1.118-1.723),
P=0.003) were the independent predictors of ICU admission, but the SOFA score (β=0.220, OR (95%CI)
=2.701 (1.548-4.713), P=0.120) was not (Table 3).

In MODS development, WBC (β=0.362, OR (95%CI) =1.436 (1.115-1.849), P=0.005), PCT (β=0.136, OR
(95%CI) =1.145 (0.953-1.377), P=0.048), ALB (β=-0.665, OR (95%CI) =0.514 (0.353-0.750), P=0.001), NLR
(β=0.270, OR (95%CI) =1.310 (1.092-1.572), P=0.004), MEDS score (β=0.383, OR (95%CI) =1,466 (1.074-
2.001), P=0.016), APACHE II score (β=0.372, OR (95%CI)=1.450 (1.056-1.990), P=0.022), and PIRO score
(β=0.196, OR (95%CI) =1.216 (1.032-1.434), P=0.019) were the independent predictors of developing
MODS, but the SOFA scores (β=0.001, OR (95%CI) =1.001 (0.660-1.518), P=0.995) and Lac (β=0.177, OR
(95%CI) =1.194 (0.664-2.145), P=0.554) determined it was not a predictor (Table 3).

In addition, with 28-day mortality, the results showed that WBC (β=0.996, OR (95%CI) =2.707 (1.353-
5.417), P=0.005), PCT (β=0.306, OR (95%CI) =1.358 (1.121-1.644), P=0.002), Lac (β=1.822, OR (95%CI)
=6.184 (1.565-24.436), P=0.009), MEDS score (β=0.440, OR (95%CI) =1.553 (1.163-2.074), P=0.003),
APACHE II score (β=0.484, OR (95%CI) =1.623 (1.179-2.234), P=0.003), and PIRO score (β=0.322, OR
(95%CI) =1.380 (1.085-1.754), P=0.009) were the independent predictors of 28-day mortality, but SOFA
(β=0.092, OR (95%CI) =1.096 (0.805-1.492), P=0.560), NLR (β=0.128, OR (95%CI) =1.136 (0.843-1.533),
P=0.402), and ALB (β=-0.226, OR (95%CI) =0.798 (0.636-1.001), P=0.051) were not (Table 3).

Prediction of the prognostic outcomes of septic patients with positive blood cultures

The ROC curves of the PCT, combined with the severe scores for predicting outcomes in septic patients
with positive blood cultures, for ICU-admission, MODS development, and 28-day mortality are shown in
Fig.4, and the AUCs are presented in Tables 4,5,and 6. The AUC values of the PCT, MEDS, APACHE II, and
PIRO scores for ICU-admission were 0.620 (95% CI: 0.533-0.706, P=0.009), 0.740 (95% CI: 0.663-0.817,
P=0.000), 0.780 (95% CI: 0.709-0.850, P=0.000), 0.751(95% CI: 0.674-0.828, P=0.000), respectively. The
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AUC values of a combination of PCT and severe scores were as follows: PCT+MEDS: 0.772 (95% CI:
0.698-0.846, P=0.000); PCT+APACHE II: 0.821 (95% CI: 0.757-0.885, P=0.000); PCT+PIRO: 0.795 (95% CI:
0.723-0.867, P=0.000). The predictive ability of APACHE II (AUC:0.780) for ICU admission was slightly
better than that of MEDS (AUC: 0.740) and PIRO (AUC:0.751). Consequently, PCT+APACHE II (AUC:0.821)
is much better at predicting ICU admission than PCT+MEDS (AUC:0.772) and PCT+PIRO (AUC:0.795)
(Fig.4A and Table 4).

Furthermore, for MODS incidence, the AUC values of the PCT, MEDS, APACHE II, and PIRO scores were
0.664 (95% CI: 0.584-0.745, P=0.000), 0.701 (95% CI: 0.622-0.779, P=0.000), 0.761 (95% CI: 0.691-0.832,
P=0.000), 0.811 (95% CI: 0.746-0.876, P=0.000), respectively. The AUC values of the combination of PCT
and severity scores were as follows: PCT+MEDS: 0.758 (95% CI: 0.685-0.831, P=0.000); PCT+APACHE II:
0.794 (95% CI: 0.727-0.862, P=0.000); PCT+PIRO: 0.837 (95% CI: 0.776-0.898, P=0.000). The ability of
PIRO (AUC:0.811) to predict the onset of MODS was much better than that of MEDS (AUC: 0.701) and
APACHE II (AUC: 0.761). Therefore, PCT+PIRO (AUC: 0.837) would be better used in predicting the
development of MODS than PCT+MEDS (AUC: 0.758) and PCT+APACHE II (AUC: 0.794) (Fig.4B and Table
5).

In addition, after 28-days follow-up, the AUC values of the PCT, MEDS, APACHE II, and PIRO scores for 28-
day mortality were 0.782 (95% CI: 0.683-0.882, P=0.000), 0.745 (95% CI: 0.627-0.863, P=0.000), 0.805
(95% CI: 0.707-0.904, P=0.000), 0.831 (95% CI: 0.742-0.920, P=0.000), respectively. The AUC values of the
combination of PCT and severity scores were as follows: PCT+MEDS: 0.812 (95% CI: 0.705-0.919,
P=0.000); PCT+APACHE II: 0.866 (95% CI: 0.789-0.943, P=0.000); PCT+PIRO: 0.885 (95% CI: 0.810-0.961,
P=0.000). The ability of the PIRO score (AUC: 0.831) to predict 28-day mortality was better than that of
MEDS (AUC: 0.745) and APACHE II (AUC: 0.805). Thus, PCT+PIRO (AUC: 0.885) are slightly better at
predicting 28-day mortality than PCT+MEDS (AUC: 0.812) and PCT+APACHE II (AUC: 0.866) (Fig.4C and
Table 6). Furthermore, the survival curve was estimated by Prism 6.0. The results show that 28-day
mortality was around 18.4%, which is an improvement on the 27.9% measured 5 years ago in this
hospital (Fig.5).

Discussion
Bloodstream infections (BSIs) are commonly considered as being caused by the presence of viable
microorganisms in blood [13], and are often associated with severe infectious diseases with excessively
high morbidity and mortality rates [14–16]. Blood cultures are considered to be the reference standard for
diagnosing BSIs and are still indispensable in BSI diagnosis [13]. The Surviving Sepsis Campaign
guidelines recommend that blood cultures are taken before starting antimicrobial therapy [17]. Blood
cultures are straightforward to perform and exhibit high sensitivity to cultivable pathogens [18]. The
worldwide increases in incidence have emerged as one of the leading causes of death [19], particularly in
critically ill patients [20], and the global burden of morbidity and mortality from sepsis is signi�cant [21].
However, improvements in the clinical outcomes of patients with sepsis and septic shock have been
made within the last decade, when short-term mortality rates had routinely approached 20% [22]. Delayed,
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insu�cient, or inappropriate anti-infection treatment leads to increased mortality from BSIs [14,16,23].
Prompt initiation of infective antimicrobial therapies is a critical survival determinant [24]. Currently, the
cornerstone of BSI sepsis management continues to be early antimicrobial administration, source control,
and supportive care [25–28]. Therefore, early recognition of sepsis criticality, and immediate intervention
is signi�cant.

However, there have been very few studies on the criticality and risk structure of septic patients with BSIs.
We did �nd that not all patients with positive blood cultures have a poor prognosis. After timely and
effective treatment, many of them were successfully discharged. Therefore, it is necessary to �nd suitable
predictors for the outcomes and prognosis of positive blood culture sepsis. We used SOFA, MEDS,
APACHE II, and PIRO scoring systems to study the risk strati�cation and prognosis of septic patients. The
concept of the predisposition, infection, response, and organ dysfunction (PIRO) scoring system was
presented at the 2001 International Sepsis De�nitions Conference, to improve on traditional sepsis
classi�cation [29]. The PIRO system is an ideal staging system that incorporates assessment of
premorbid baseline susceptibility, speci�c disorders responsible for illness, host response to infection,
and the resulting degree of organ dysfunction. The four components of the PIRO system cover multiple
independent factors that may in�uence the onset, development, and outcome of sepsis [12]. Since the
�rst PIRO system appeared in 2008, many different PIRO systems have been developed. The PIRO system
mainly used to study ICU populations with ICU speci�c features is not suitable for the ED. A new PIRO
system developed by Howell is designed for bedside use and is superior to other PIRO systems [30]. Our
study applied the Howell-PIRO scoring system to predict the risk strati�cation and prognosis of septic
patients with positive BSIs in an ED. Previous studies showed that SOFA, MEDS, and APACHE II scores
increased with sepsis progression, reaching a maximum limit in septic shock. Therefore, the above four
scoring systems were used to assess the prognosis of sepsis with positive BSIs.

In addition to the critical sepsis scoring system, several of the most common clinical biomarkers are used
to assess the prognosis of patients with positive bloodstream infections. PCT, a prohormone of
calcitonin, encoded by the calcitonin-I(CALC-1) gene on chromosome 11, has successfully detected
infection, as well as providing antibiotic management guidance [31]. It has been used extensively as a
biomarker in sepsis diagnosis, risk strati�cation, prognosis evaluation, and therapy monitoring in recent
years. Early lactate levels are associated with organ dysfunction and mortality in the ICU and ED. Sepsis-3
with a recommended serum lactate level > 2 mmol/L is a major criterion in the clinical identi�cation of
septic shock [10]. A lactate concentration greater than 4 mmol/L is described as having 96% speci�city in
predicting hospital mortality in non-hypotensive patients [32]. NLR, as a new risk factor in the diagnosis
of sepsis, has attracted substantial attention. Sepsis elevates neutrophil levels and decreases lymphocyte
counts resulting from pathogenic microorganisms infection, and therefore has a higher NLR level [33].
Higher NLR levels are therefore a helpful predictor of sepsis and patients with a higher likelihood of an
unfavorable prognosis [34].

In our study, SOFA, MEDS, APACHE II, and PIRO scores, as well as PCT, Lac, and NLR were used to predict
the prognosis of sepsis in positive BSI patients. As for ICU admission, binary logistic regression analysis
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showed that WBC, PCT, Lac, ALB, NLR, along with the MEDS, APACHE II, and PIRO scores were
independent predictors, but the SOFA score was not. The AUC of the APACHE II score was 0.780, which
was a little higher than that of PCT (0.620), MEDS (0.740), or PIRO (0.751). In addition, the AUC of PCT in
combination with the APACHE II score was signi�cantly higher than that of PCT+MEDS. The AUC of PCT
in combination with the APACHE II score was slightly higher than that of PCT+PIRO. The APACHE II score
is regularly used to evaluate sepsis severity. For patients admitted to the ICU, their condition is usually
critical and they are therefore more likely to develop sepsis or sepsis shock. Our results indicate that the
APACHE II score has the highest predictive value for septic patients with BSIs. Previous studies have
shown that the PIRO scoring system is suitable in assessing ICU patient criticality [35]. This is consistent
with our results. The AUC of the PIRO score was comparable with the APACHE II score, and similarly had
a high predictive value of ICU admission. No single biomarker predictions were particularly high, but when
combined with other predictors the prediction value increases signi�cantly.

MODS often indicates disease aggravation and deterioration, and is often associated with short-term
mortality [36]. In our study, WBC, PCT, NLR, ALB, and the MEDS, APACHE II, and PIRO scores
independently predicted MODS development within three days of ED arrival. However, those of Lac and
SOFA did not. The AUC of the PIRO score (0.811) was higher than that of the PCT (0.664), MEDS (0.701),
or APACHE II (0.761) scores. Meanwhile, the AUC of PCT combined with the PIRO score was signi�cantly
higher than that of any single predictor. The AUC of PCT in combination with the PIRO score was slightly
higher than that of PCT+MEDS or PCT+APACHE II score. The PIRO scoring system incorporates the high-
risk factors of MODS and variable re�ected established organ dysfunction [12]. Therefore, its predictive
value was found to be better than both the APACHE II and MEDS scores. These results correspond with
the conclusions of previous studies.

In addition, we analyzed the 28-day mortality of positive BSIs. PIRO had a higher predictive value and
showed better predictive ability than MEDS or APACHE II scores. In terms of combined prediction, PCT
combined with the PIRO score had the highest predictive value for septic patients with positive BSIs. This
was consistent with the characteristics of the PIRO scoring system used to assess the severity of
critically ill patients. For 28-day mortality, the PIRO scoring system was superior and therefore could be
widely used in sepsis prognosis assessment.

Our study had several limitations: It was limited by being a single-center study with a relatively small
sample size, and more centers and samples needed to be added to the cohort; some biomarkers had
limitations and could not represent all the characteristics of sepsis, and more evaluation biomarkers were
needed in the study. Our study also had some positives, in that this was the �rst time, to our knowledge,
that a combination of the PIRO scoring system and PCT has successfully been used to assess the
criticality and prognosis of septic patients with positive BSIs.

Conclusion
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This study indicates that PCT combined with the PIRO scoring system is superior to that of PCT+MEDS
or PCT+APACHE II score in predicting MODS and 28-day mortality in patients with positive blood cultures.
The higher predictive value of the PIRO score is therefore essential in assessing the prognosis of sepsis
patients with positive BSIs.
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Tables
Table 1 

Criteria of the Howell-PIRO system

Variable     0       1         2          3          4

Predisposition          

   Age (years)   
<65

  65 to 80      >80    

   COPD      Yes      

   Liver disease          Yes    

   Nursing home resident          Yes    

   Malignancy   Without
metastases

With
metastases

   

Infection          

   Skin/soft tissue infection          

   Any other infection          Yes    

   Pneumonia                
Yes

Response          

   Respiratory rate (bpm)            
 >20

 

   Bands        >5%      

   Heart rate (bpm)          >120    

Organ dysfunction          

   SBP (mmHg)  
>90

      70 to 90          
<70

   BUN (mmol/l)          >7.1    

   Respiratory failure/
hypoxemia

            Yes  

   Lactate (mmol/l)            
>4.0

 

   Platelet count (x109/l)          <150    
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Abbreviations: COPD, chronic obstructive pulmonary disease; SBP, systolic blood pressure; BUN, blood
urea nitrogen.

Table 2 is available in the Supplementary Files section

Table 3 

Binary Logistic regression analysis of clinical outcome for septic patients with positive blood culture.
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  Variables   Predictor     β   SE   Wald     P          OR 95%CI

ICU-admission     WBC   0.176  1.453   5.632   0.018       1.192 1.031-1.379

      PCT   0.241  0.105   5.315   0.021       1.273 1.037-1.563

      Lac   1.261  0.325  15.055   0.000       3.530 1.867-6.676

      ALB   -0.142  0.046   9.501   0.002       0.867 0.792-0.949

      NLR   0.077  0.034   5.205   0.023       1.080 1.011-1.155

     SOFA   0.220  0.142   2.414   0.120       2.701 1.548-4.713

     MEDS   0.895  0.215  17.369   0.000       2.447 1.607-3.728

   APACHE II   0.623  0.144  18.644   0.000       1.864 1.405-2.474

     PIRO   0.328  0.110   8.840   0.003       1.388 1.118-1.723

    Constant  -13.820  2.939  22.112   0.000  

MODS     WBC   0.362  0.129   7.861   0.005       1.436 1.115-1.849

      PCT   0.136  0.094   2.093   0.048       1.145 0.953-1.377

      Lac   0.177  0.299   0.351   0.554       1.194 0.664-2.145

      ALB   -0.665  0.192  11.967   0.001       0.514 0.353-0.750

      NLR   0.270  0.093   8.452   0.004       1.310 1.092-1.572

     SOFA   0.001  0.212   0.000   0.995       1.001 0.660-1.518

     MEDS   0.383  0.159   5.808   0.016       1.466 1.074-2.001

   APACHE II   0.372  0.162   5.286   0.022       1.450 1.056-1.990

     PIRO   0.196  0.084   5.461   0.019       1.216 1.032-1.434

    Constant  -18.945  4.468  19.978   0.000  

28-day-mortality     WBC   0.996  0.354   7.919   0.005       2.707 1.353-5.417

      PCT   0.306  0.098   9.764   0.002       1.358 1.121-1.644

      Lac   1.822  0.701   6.753   0.009       6.184 1.565-24.436

      ALB   -0.226  0.116   3.807   0.051       0.798 0.636-1.001

      NLR   0.128  0.153   0.701   0.402       1.136 0.843-1.533

     SOFA   0.092  0.157   0.340   0.560       1.096 0.805-1.492

     MEDS   0.440  0.147   8.922   0.003       1.553 1.163-2.074

   APACHE II   0.484  0.163   8.832   0.003       1.623 1.179-2.234
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     PIRO   0.322  0.123   6.884   0.009       1.380 1.085-1.754

    Constant  -16.492  3.630  20.646   0.000  

CI, con�dence interval; OR, odds ratio; SE, standard error. WBC, white blood cell; PCT, procalcitonin; Lac,
lactate; ALB, albumin; NLR, neutrophils and lymphocytes ratio; SOFA, Sequential Organ Failure
Assessment; APACHE II, Acute Physiology and Chronic Health Evaluation II; MEDS, Mortality in emergency
department sepsis; PIRO, Predisposition, Infection, Response, and Organ dysfunction

Table 4

 Statistical data of ROC curve in predicting ICU-admission in patients with positive blood culture.

Variables   AUC (95%CI)  SE    P   Cut off  Sensitivity Speci�city

WBC 0.725 0.496-0.954 0.117  0.075   12.75   0.800   0.750  

PCT  0.620 0.533-0.708 0.045  0.009    6   0.294   0.977  

Lac 0.637 0.454-0.820 0.093  0.125  2.25   0.500   0.913  

ALB 0.759 0.574-0.945 0.095  0.015  26.35   0.875   0.636  

NLR 0.615  0.449-0.782 0.085  0.225   5.03  0.950   0.353  

MEDS 0.740 0.663-0.817 0.039  0.000   8.5   0.646   0.759  

APACHE II   0.780 0.709-0.850 0.036  0.000   15.5   0.468   0.975  

PIRO 0.751 0.674-0.828 0.039  0.000   11.5   0.684   0.759  

PCT+MEDS 0.772 0.698-0.846 0.038  0.000   0.39   0.924   0.557  

PCT+APACHE II 0.821 0.757-0.885 0.033  0.000   0.37   0.899   0.608  

PCT+PIRO 0.795 0.723-0.867 0.037  0.000   0.45   0.911   0.633  

Abbreviations: WBC, white blood cell; PCT, procalcitonin; Lac, lactate; ALB, albumin; NLR, neutrophils and
lymphocytes ratio; APACHE II, Acute Physiology and Chronic Health Evaluation II; MEDS, Mortality in
emergency department sepsis; PIRO, Predisposition, Infection, Response, and Organ dysfunction 

Table 5 

Statistical data of ROC curve in predicting MODS in patients with positive blood culture.
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Variables    AUC (95%CI)  SE    P  Cut off Sensitivity Speci�city

WBC 0.879 0.819-0.938 0.030  0.000  12.75   0.911   0.878

PCT 0.664 0.584-0.745 0.041  0.000   1.01   0.911   0.426

ALB 0.789 0.722-0.856 0.034  0.000  28.10   0.851   0.620

NLR 0.727 0.653-0.801 0.038  0.000   7.32   0.873   0.511

MEDS 0.701 0.622-0.779 0.040  0.000   12.5   0.43   0.957

APACHE II 0.761 0.691-0.832 0.036  0.000   12.5   0.658   0.723

PIRO 0.811 0.746-0.876 0.033  0.000   12.5   0.544   0.957

PCT+MEDS 0.758 0.685-0.831 0.037  0.000   0.53   0.582   0.862

PCT+APACHE II 0.794 0.727-0.862 0.034  0.000   0.47   0.684   0.787

PCT+PIRO 0.837 0.776-0.898 0.031  0.000   0.48   0.696   0.883

Abbreviations: WBC, white blood cell; PCT, procalcitonin; Lac, lactate; ALB, albumin; NLR, neutrophils and
lymphocytes ratio; APACHE II, Acute Physiology and Chronic Health Evaluation II; MEDS, Mortality in
emergency department sepsis; PIRO, Predisposition, Infection, Response, and Organ dysfunction

Table 6

 Statistical data of ROC curve in predicting 28-day-mortality in patients with positive blood culture.

Variables    AUC (95%CI)   SE   P Cut off  Sensitivity Speci�city

WBC 0.789 0.673-0.905  0.059  0.000  14.05    0.767    0.896

PCT 0.782 0.683-0.882  0.051  0.000  1.05    0.933    0.521

Lac 0.699 0.561-0.838  0.071  0.003   2.25    0.567    0.937

MEDS 0.745 0.627-0.863  0.060  0.000   12.5    0.400    0.979

APACHE II 0.805 0.707-0.904  0.050  0.000  15.5    0.633    0.875

PIRO 0.831 0.742-0.920  0.045  0.000  11.5    0.867    0.708

PCT+MEDS 0.812 0.705-0.919  0.055  0.000  0.50    0.667    0.937

PCT+APACHE II 0.866 0.789-0.943  0.039  0.000  0.23    0.933    0.687

PCT+PIRO 0.885 0.810-0.961  0.039  0.000  0.39    0.833    0.896

Abbreviations: WBC, white blood cell; PCT, procalcitonin; Lac, lactate; APACHE II, Acute Physiology and
Chronic Health Evaluation II; MEDS, Mortality in emergency department sepsis; PIRO, Predisposition,
Infection, Response, and Organ dysfunction
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Figures

Figure 1

Flowchart of the study population.
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Figure 2

The median levels of SOFA, MEDS and PIRO scores, and mean level of APACHE II score in ICU-admission,
developing of MODS and 28-day mortality groups. (A) The median level of SOFA score in ICU-admission,
developing of MODS and 28-day mortality groups. (B) The median level of MEDS score in ICU-admission,
developing of MODS and 28-day mortality groups. (C)The mean level of APACHE II score in ICU-
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admission, developing of MODS and 28-day mortality groups. (D) The median level of PIRO score in ICU-
admission, developing of MODS and 28-day mortality groups.

Figure 3

Spearman’s correlations between 28-day mortality and SOFA score (A); MEDS score (B); APACHE II score
(C); PIRO score (D) in patients with positive blood cultures.
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Figure 4

The ROC curves of PCT combined with severe scores for predicting outcomes in positive blood culture
septic patients for ICU-admission, developing of MODS and 28-day mortality. (A) The ROC curves of PCT
combined with severe scores in positive blood culture septic patients for ICU-admission; (B) The ROC
curves of PCT combined with severe scores in positive blood culture septic patients for developing of
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MODS; (C) The ROC curves of PCT combined with severe scores in positive blood culture septic patients
for 28-day mortality.

Figure 5

The comparison of survival time between 2013 and 2020.
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