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Sepsis and Infection-Negative Systemic Inflammation in Critically Ill Patients: Discovery 

and Validation in Independent Cohorts” 

 
Multi-Parameter Analysis 
 
 
1. Background and Objective 

 Table 1 of Levy et al. (2003) (“Diagnostic Criteria for Sepsis”) [1] presents a list 

of clinical parameters that an attending physician is likely to consider, in addition to 

documented or suspected infection, for diagnosing sepsis in a patient. This table includes 

procalcitonin (PCT), the most commonly used single protein biomarker for diagnosing 

sepsis. We hypothesized that some of these parameters might also be useful in 

discriminating sepsis from infection-negative systemic inflammation. 

 We compared the performance of SeptiCyte Lab, procalcitonin (PCT) and clinical 

parameters from Levy et al. (2003) for discriminating sepsis from infection-negative 

systemic inflammation in ICU patients. The clinical parameters were considered 

individually, in various logistic combinations, and in combination with PCT or SeptiCyte 

Lab. 
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2. Methods 

Testing of Individual Parameters: Clinical parameters from the MARS dataset that 

were also represented in Table 1 of Levy et al. (2003) [1] were tested individually for 

significance in differentiating cases (sepsis) from controls (infection negative systemic 

inflammation). Each individual parameter was analyzed in two ways: (1) using all 

patients in Validation Cohorts 1+2+3+4+5 for which the parameter value had been 

recorded, excluding patients with an infection likelihood of possible (N ranged from 165 

to 308); (2) using the largest set of patients (usually N=157) for which values were 

available for the best-performing combinations of clinical parameters listed in Table 2. 

Clinical parameters with individual values p>0.05 were excluded from further analysis.  

 

Testing of Parameter Combinations: Logistic regression models were constructed 

by an iterative process, in which the best-performing clinical parameters were added into 

the models sequentially. Some models were constrained to exclude or include SeptiCyte 

Lab or PCT. All multi-parameter analyses used the largest set of patients (N=157) for 

which values were available for the best-performing clinical parameter combinations of 

Table 2. Classifier performance during the selection process was evaluated by receiver 

operating characteristic (ROC) curve analysis and ranked by area-under-curve (AUC). 

Once the final parameter combinations were obtained, the mean, median and 95% 

confidence intervals (CI) for AUC were computed by 50 resampling events. At each 

event, one half of the samples were randomly selected for training of a linear model and 

the remaining samples used for testing performance of the model. 
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3. Results 

Performance of Individual Parameters: Nineteen of the clinical parameters listed 

in Levy et al. (2003) [1] were represented in the MARS study data, and had individual p 

values < 0.05 for separation of cases and controls. Table 1 summarizes these clinical 

parameters, their individual AUC values (with the 95% CI bounds), and the number of 

patients used in each analysis. 
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Table 1: Clinical Parameters Having p < 0.05 for Separation of Cases and Controls 
Category of  
Variable 

Levy et al. (2003) [1] This study All Available Patients for the 
Individual Parameter in Question 

All Patients with Values Available 
for the Highest-AUC Parameter 
Combinations 

Number of 
Patients 
Analyzed 

Single-parameter 
AUC 
(95% CI) 

Number of 
Patients 
Analyzed 

Single-parameter 
AUC 
(95% CI) 

General Fever (core temperature 
>38.3°C) 
 

Maximum core 
temperature within 
24 hours of ICU 
admission 
 

289 0.62 
(0.55 - 0.70) 

157 0.62 
(0.52 - 0.73) 

General Hypothermia (core 
temperature <36°C) 
 

Minimum core 
temperature within 
24 hours of ICU 
admission 
 

288 0.57 
(0.50 - 0.64) 

156 0.56 
(0.46 - 0.66) 

General Heart rate >90/min or >2 
SD above the normal value 
for age 
 

Maximum heart rate 
within 24 hours of 
ICU admission 

308 0.67 
(0.61 - 0.74) 

157 0.71 
(0.62 - 0.80) 

General Tachypnea 
 

Maximum 
respiratory rate 
within 24 hours of 
ICU admission 
 

308 0.60 
(0.53 - 0.67) 

157 0.58 
(0.48 - 0.68) 

General Hyperglycemia (plasma 
glucose >120 mg/dL or 7.7 
mmol/L) in the absence of 
diabetes 
 

Maximum glucose 
concentration within 
24 hours of ICU 
admission 
 

307 0.55 
(0.48 - 0.62) 

157 0.59 
(0.50 - 0.69) 
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Category of  
Variable 

Levy et al. (2003) [1] This study All Available Patients for the 
Individual Parameter in Question 

All Patients with Values Available 
for the Highest-AUC Parameter 
Combinations 

Number of 
Patients 
Analyzed 

Single-parameter 
AUC 
(95% CI) 

Number of 
Patients 
Analyzed 

Single-parameter 
AUC 
(95% CI) 

Diabetes (y/n) 308 0.56 
(0.51 - 0.61) 
 

157 0.57 
(0.50 - 0.64) 

Inflammatory Leukocytosis (WBC count 
>12,000/uL) 

Max WBC 299 0.52 
(0.45 - 0.60) 
 

156 0.51 
(0.41 - 0.62) 

Inflammatory Leukopenia (WBC count 
<4000/uL) 

Min WBC 296 0.55 
(0.47 - 0.63) 
 

156 0.56 
(0.46 - 0.67) 

Inflammatory Plasma C-reactive protein 
(CRP) >2 SD above the 
normal value 
 

CRP within 24 
hours of ICU 
admission 
 

165 0.85 
(0.78 - 0.91) 

131 0.86 
(0.78 - 0.93) 

Inflammatory Plasma procalcitonin >2 
SD above the normal value 
 

log(PCT) within 24 
hours of ICU 
admission 

265 0.80 
(0.74 - 0.86) 

157 0.84 
(0.77 - 0.91) 

Inflammatory Not used SeptiCyte Lab Score 308 0.88 
(0.84 - 0.92) 

157 0.87 
(0.82 - 0.93) 

Hemodynamic Arterial hypotension (SBP 
<90 mm Hg, MAP <70, or 
an SBP decrease >40 mm 
Hg in adults or <2SD 
below normal for age 
 

Arterial blood 
pressure within 24 
hours of ICU 
admission 

304 0.60 
(0.53 - 0.68) 

155 0.66 
(0.57 - 0.76) 

Organ 
Dysfunction 

Arterial hypoxemia 
(PaO2/FIO2 <300) 
 

Minimum 
PaO2/FIO2 ratio 
within 24 hours of 
ICU admission 

270 0.70 
(0.62 - 0.77) 

157 0.79 
(0.70 - 0.87) 



	
   6	
  

Category of  
Variable 

Levy et al. (2003) [1] This study All Available Patients for the 
Individual Parameter in Question 

All Patients with Values Available 
for the Highest-AUC Parameter 
Combinations 

Number of 
Patients 
Analyzed 

Single-parameter 
AUC 
(95% CI) 

Number of 
Patients 
Analyzed 

Single-parameter 
AUC 
(95% CI) 

 
Tissue Perfusion Hyperlactatemia  

(>1 mmol/L) 
 

Lactate 259 0.51 
(0.43 - 0.58) 

123 0.54 
(0.42 - 0.65) 
 

Organ 
Dysfunction 

Acute oliguria (urine output 
<0.5 mL/kg/hr or 45 
mmol/L for at least 2 hrs) 
 

Total urine output 
within 24 hours of 
ICU admission  

308 0.60 
(0.53 - 0.67) 

157 0.63 
(0.54 - 0.73) 

Organ 
Dysfunction 

Creatinine increase >0.5 
mg/dL 
 

Maximum 
creatinine within 24 
hours of ICU 
admission 
 

299 0.66 
(0.60 - 0.73) 

157 0.71 
(0.62 - 0.80) 

Organ 
Dysfunction 

Coagulation abnormalities 
(INR >1.5 or a PTT >60 
sec) 
 

Minimum platelet 
count, within 24 
hours of ICU 
admission 
 

300 0.50 
(0.43 - 0.58) 

156 0.50 
(0.39 - 0.60) 

Organ 
Dysfunction 

Hyperbilirubinemia 
(plasma total bilirubin >4 
mg/dL or 70 mmol/L) 
 

Maximum bilirubin 
within 24 hours of 
ICU admission 

184 0.52 
(0.42 - 0.62) 

157 0.51 
(0.41 - 0.62) 
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 We developed and tested nine models each of which incorporated the SeptiScore, 

PCT, clinical parameters, or combinations thereof. Results are presented in Table 2. We 

intentionally avoided models with more than six parameters to minimize the possibility of 

over-fitting the data. 

Table 2: Summary of Tested Models 
Model Parameters  Number of 

Patients Analyzed 
AUC 
 

1. PCT log(PCT) 157 Mean: 0.84 
Median: 0.84 
95% CI: 0.76 - 0.92 
 

2. SeptiCyte lab 
 

SeptiScore 157 Mean: 0.88 
Median: 0.88 
95% CI: 0.81 - 0.93 
 

3. PCT + SeptiCyte Lab 
 

PCT 
SeptiScore 

157 Mean: 0.89 
Median: 0.89 
95% CI: 0.82-0.95 
 

4. Top 3 clinical 
parameters (excluding 
PCT and SeptiCyte Lab) 
 

PaO2/FIO2.ratio.Min.24h 
Bilirubin_Max_24h 
Urine.output.Sum.24h 
 

157 Mean: 0.78 
Median: 0.78 
95% CI: 0.71-0.88 

5. Top 5 clinical 
parameters (excluding 
PCT and SeptiCyte Lab) 

PaO2/FIO2.ratio.Min.24h 
Bilirubin_Max_24h 
Urine.output.Sum.24h 
Glucose.concentration 
HR.Max.24h 
 

157 Mean: 0.81 
Median: 0.81 
95% CI: 0.71-0.89 
 

6. Top 5 parameters + 
PCT 
 

PaO2/FIO2.ratio.Min.24h 
Bilirubin_Max_24h 
Urine.output.Sum.24h 
Glucose.concentration 
HR.Max.24h 
PCT 
 

157 Mean: 0.84 
Median: 0.84 
95% CI: 0.75-0.91 

7. Top 5 parameters + 
SeptiCyte Lab 
 

PaO2/FIO2.ratio.Min.24h 
Bilirubin_Max_24h 
Urine.output.Sum.24h 
Glucose.concentration 
HR.Max.24h 
SeptiScore 
 

157 Mean: 0.87 
Median: 0.87 
95% CI: 0.79-0.93 

8. PCT + next best 4 
parameters (excluding 
SeptiCyte Lab) 
 

PCT 
PaO2/FIO2.ratio.Min.24h 
Bilirubin_Max_24h 
HR.Max.24h 

157 Mean: 0.85 
Median: 0.85 
95% CI: 0.76-0.91 
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Model Parameters  Number of 
Patients Analyzed 

AUC 
 

Urine.output.Sum.24h 
 

9. SeptiCyte Lab + next 
best 4 parameters (with 
PCT allowed as 
possibility) 
 

SeptiScore 
PCT 
PaO2/FIO2.ratio.Min.24h 
Bilirubin_Max_24h 
Urine.output.Sum.24h 

157 Mean: 0.89 
Median: 0.90 
95% CI: 0.83-0.95 

 

 Note that we have not included CRP in any of the logistic models, for the 

following reasons: 

1. We were able to obtain CRP data for only 173/345 (50.1%) of the patients in the 

Validation Cohorts. It appears that, in connection with the diagnosis of sepsis, 

critical care physicians either order CRP infrequently or fail to record the CRP 

data in electronic case report forms. 

2. The retrospective patient evaluation process used by the MARS ICU physicians 

for assigning infection likelihood was based, in part, on the measured CRP values 

available at that time. Any attempt to estimate the diagnostic value of CRP in our 

Validation Cohorts would necessarily use retrospective assignment of infection 

likelihoods as the reference method. Thus, a logical circularity would be 

introduced, and performance evaluation of CRP would be fundamentally biased 

for this reason. 

3. CRP has a different clinical response profile and utility than SeptiCyte Lab. C-

reactive protein is an acute-phase protein, the concentration of which is known to 

increase as a consequence of rising IL-6 levels in response to a wide range of 

conditions: not only bacterial, viral, or fungal infections, but also acute and 

chronic inflammatory conditions such as rheumatoid arthritis [2-4], psoriasis [5], 
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inflammatory bowel disease [6], asthma [7,8], malignancies [9,10], tissue injuries 

[11,12], and burns [13]. In addition, CRP levels are also affected by diet [14,15], 

exercise [16], sleep disturbances [17,18], depression [19], and aging [20]. 

 

 
4. Discussion 

 When the N=157 patient dataset held in common by all classifiers was analyzed, 

SeptiCyte Lab (AUC 0.88; 95% CI: 0.81-0.93) was found to outperform both PCT (AUC 

0.84; 95% CI: 0.76-0.92; p < 8.3 x 10-16) and the best combination of five clinical 

parameters (mean AUC 0.81; 95% CI: 0.71-0.89; p < 2.2 x 10-16), for discriminating 

cases from controls. When SeptiCyte Lab was added to PCT, an increase in AUC was 

observed (AUC = 0.89; 95% CI 0.82-0.95). Also, when SeptiCyte Lab was added to the 

best combination of five clinical parameters, an increase in AUC was observed (AUC = 

0.87; 95% CI: 0.79-0.93). Conversely, when PCT and the best three clinical parameters 

were added to SeptiCyte Lab, a slight increase in AUC was observed (AUC = 0.89-0.90; 

95% CI: 0.83-0.95). Thus, SeptiCyte Lab adds diagnostic information to what is available 

either from PCT, or from the most discriminating combination of clinical parameters 

readily available within 24 hours of ICU admission. 

 We note that the clinical parameters in Table 1 of Levy et al. (2003) were not 

intended for the differential diagnosis of patients classified in our study as cases (sepsis) 

or controls (infection-negative systemic inflammation). Rather, the Levy parameters were 

intended for use in cases of probable or proven infection to aid in diagnosing whether the 

patients in question, in response to the infection, are septic or not. 



	
   10	
  

 We note also that the attending ICU physicians would have considered all 

available clinical parameters in their retrospective assessment of infection likelihood. 

Thus, because the clinical parameters of Table 1 were used both in the initial assessment 

of infection likelihood, and also in the logistic regression modeling, there is some degree 

of logical circularity embedded in the present analysis. This is expected to lead to inflated 

values for the AUC observed for the clinical parameter combinations. 

 

5. Conclusion 

 SeptiCyte Lab outperformed both PCT and the best available five- clinical 

parameter combination in discriminating cases from controls. Thus SeptiCyte Lab adds 

diagnostic information to what is available either from PCT or from the clinical 

parameters that are readily available within 24 hours of ICU admission. 
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