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Relevance of Immature Platelet Fraction is Limited to 
the Sensitive and Accurate Discrimination of Septic 
Patients From Non-Septic Patients, Not to the 
Discrimination of Sepsis Severity
Sang Hyuk Park, M.D.1,2,*, Sang Ook Ha, M.D.3,4,*, Young-Uk Cho, M.D.1, Chan-Jeoung Park, M.D.1, Seongsoo Jang, M.D.1, 
and Sang-Bum Hong, M.D.5

Department of Laboratory Medicine1, University of Ulsan College of Medicine and Asan Medical Center, Seoul; Department of Laboratory Medicine2, Pusan 
National University School of Medicine, Biomedical Research Institute, Pusan National University Hospital, Busan; Department of Emergency Medicine3, 
University of Ulsan College of Medicine and Asan Medical Center, Seoul; Department of Emergency Medicine4, Hallym University Medical Center, Anyang; 
Department of Pulmonology and Critical Care Medicine5, University of Ulsan College of Medicine and Asan Medical Center, Seoul, Korea

Background: The immature platelet fraction (IPF) reflects the degree of reticulated plate-
lets. We evaluated performances of IPF as a biomarker for the discrimination of septic pa-
tients from non-septic patients and sepsis severity. 

Methods: Total 312 patients admitted between March and July 2013 were enrolled and 
samples were obtained at admission. Lactate (LA), procalcitonin (PCT), C-reactive protein 
(CRP), immature granulocyte fraction (IG), immature reticulocyte fraction (IRF), and IPF 
were analyzed as sepsis biomarkers and their performances were compared.

Results: The performance of IPF (area under the curve [AUC]=0.868) in the discrimina-
tion of septic patients from non-septic patients was comparable to PCT/CRP/LA/IG 
(AUC=0.923/0.940/0.781/0.812, P =0.233/0.106/0.186/0.353, respectively), and was 
significantly better than the IRF (AUC=0.658, P =0.007). Sensitivity (89.8%, 95% confi-
dence interval [CI] 84.9-99.8%) and accuracy (83.2%, 95% CI 78.8-90.0%) of IPF were 
the best among all biomarkers. The performance of IPF in discriminating septic patients 
from non-septic patients with local infection showed similar results. However, the IPF 
could not efficiently discriminate sepsis severity (AUC=0.599), similar to other biomarkers 
(AUC=0.519-0.752). 

Conclusions: The IPF possessed high sensitivity/accuracy in discriminating septic patients 
from non-septic patients, regardless of local infection status. However, the IPF did not effi-
ciently discriminate sepsis severity. The clinical relevance of IPF as a sepsis biomarker is, 
therefore, limited to sensitive and accurate discrimination of septic patients from non-sep-
tic patients, not discrimination of sepsis severity.

Key Words: Biomarker, Discrimination, Immature platelet fraction, Sepsis, Severity

Received: April 24, 2015
Revision received: May 22, 2015
Accepted: September 30, 2015

Corresponding author: Seongsoo Jang
Department of Laboratory Medicine, 
University of Ulsan College of Medicine and 
Asan Medical Center, 88 Olympic-ro 43-gil, 
Songpa-gu, Seoul 05505, Korea 
Tel: +82-2-3010-4512
Fax: +82-2-478-0884
E-mail: ssjang@amc.seoul.kr

Co-corresponding author: Sang-Bum Hong
Department of Pulmonary and Critical Care 
Medicine, University of Ulsan College of 
Medicine and Asan Medical Center,  
88 Olympic-ro 43-gil, Songpa-gu, Seoul 
05505, Korea
Tel: +82-2-3010-3893
Fax: +82-2-3010-8039
E-mail: sbhong@amc.seoul.kr

*These two authors contributed equally to 
this work.

© The Korean Society for Laboratory Medicine
This is an Open Access article distributed under 
the terms of the Creative Commons Attribution 
Non-Commercial License (http://creativecom-
mons.org/licenses/by-nc/3.0) which permits 
unrestricted non-commercial use, distribution, 
and reproduction in any medium, provided the 
original work is properly cited.

http://crossmark.crossref.org/dialog/?doi=10.3343/alm.2016.36.1.1&domain=pdf&date_stamp=2015-10-26


Park SH, et al.
Immature platelet fraction in septic patients

2  www.annlabmed.org http://dx.doi.org/10.3343/alm.2016.36.1.1

INTRODUCTION

Despite improvements in treatment modality and development 

of various biomarkers used for early detection, sepsis remains 

an important cause of mortality, especially in intensive care unit 

(ICU) patients [1]. Current biomarkers used for the detection of 

inflammation or infection, such as lactate (LA), procalcitonin 

(PCT), and C-reactive protein (CRP), can reflect the pathologic 

conditions associated with sepsis development and are useful in 

sepsis diagnosis or assessment of sepsis severity; however, per-

formance of these biomarkers varies [2-4]. 

Inflammation induces coagulation abnormalities and micro-

circulation disturbances by microthrombi resulted from platelet 

activation can cause end-organ damage in sepsis pathophysiol-

ogy [5, 6]. Therefore, it is possible that the parameter reflecting 

platelet production and activation, specifically the immature 

platelet fraction (IPF) that indicates the percentage of reticu-

lated platelets, associates with sepsis development and reflects 

sepsis severity. Since the IPF can measure thrombopoietic ac-

tivity in bone marrow (BM), increased IPF can be observed in 

patients with thrombocytopenia owing to peripheral destruction, 

such as immune thrombocytopenic purpura (ITP), and de-

creased IPF can be observed in patients with thrombocytopenia 

owing to BM failure. Several studies confirmed the clinical use-

fulness of the IPF as a differential diagnostic biomarker in the 

evaluation of thrombocytopenia [7-11]. Two recent studies sug-

gested that the IPF may help identify patients very early in the 

course of sepsis and can be used as a screening parameter for 

bacterial infection, which may allow for initiation of treatment 

prior to clinical onset [12, 13]. Another recent study evaluated 

the performance of the IPF in sepsis diagnosis and discrimina-

tion of sepsis severity in 41 ICU patients and suggested that the 

IPF levels could be used as a sepsis biomarker, especially in the 

discrimination of septic patients from healthy individuals and 

assessment of severity [14]. It is also important that a sepsis 

biomarker be able to discriminate septic patients from non-sep-

tic patients with local infections, such as a urinary tract infection 

(UTI) or an upper respiratory tract infection (URI), and there-

fore, the performance of the IPF for this purpose also needs to 

be assessed. 

In the present study, we evaluated the performance of the IPF 

as a sepsis biomarker focusing on three points: (1) the discrimi-

nation of septic patients from non-septic patients; (2) the dis-

crimination of septic patients from non-septic patients with local 

infection; and (3) the assessment of sepsis severity in compari-

son with nonhematological sepsis biomarkers (LA, PCT, and 

CRP) and hematological sepsis biomarkers, such as immature 

granulocyte fraction (IG) and immature reticulocyte fraction (IRF). 

METHODS

1. Selection and classification of patients 
A total of 312 adult patients admitted to the general ward 

(N=186) or ICU (N=126) of Asan Medical Center from March 

to July 2013 were randomly enrolled, and samples were ob-

tained at admission (day 0). They were classified into five sub-

groups (non-septic [N=47], non-septic with local infection, 

such as UTI or URI [N=50], uncomplicated sepsis [N=64], 

severe sepsis [N=61], and septic shock [N=90]) depending on 

the clinical findings at the time of sampling. Uncomplicated 

sepsis was defined as the presence of both infection and sys-

temic inflammatory response syndrome (SIRS) without any evi-

dence of organ dysfunction. Severe sepsis was defined as sep-

sis complicated by organ dysfunction, such as arterial hypox-

emia (PaO2/FiO2 <300), oligouria (urine output <0.5 mL/kg/hr 

or 45 mmol/L for at least two hours), elevated serum glucose 

(>100 mg/dL), elevated serum creatinine (>1.4 mg/dL or in-

creases >0.5 mg/dL from baseline), thrombocytopenia (<1× 

1011/L), and hyperbilrubinemia (plasma total bilirubin >4 mg/

dL). Septic shock was defined as severe sepsis plus a state of 

acute circulatory failure characterized by persistent arterial hy-

potension (systolic blood pressure <90 mm Hg, mean arterial 

pressure <60 mm Hg, or a reduction of systolic blood pressure 

>40 mm Hg from baseline) despite adequate volume resuscita-

tion [15, 16]. 

Additionally, all sepsis (defined as uncomplicated sepsis 

+severe sepsis+septic shock; N=215) and complicated sepsis 

(defined as severe sepsis+septic shock; N=151) subgroups 

were also generated. All sepsis subgroups included both pa-

tients having signs of sepsis, such as fever, and fulfilling the di-

agnostic criteria of sepsis, but showing negative results in blood 

cultures (N=106), and blood culture-positive bacteremia pa-

tients (N=109). 

2. Clinical and laboratory findings from patient samples
For each sample, LA, PCT, CRP, IPF, IG, IRF, white blood cell 

(WBC) counts, hemoglobin, platelets, WBC differential counts, 

prothrombin time (PT), activated partial thromboplastin time 

(aPTT), D-dimer, creatinine, glucose, and total bilirubin were 

measured. The LA level was measured by using a GEM Premier 

3000 instrument (Instrumentation Laboratory, Lexington, MA, 

USA). The PCT level was measured by immunoluminometric 
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assay (VIDAS B.R.A.H.M.S. PCT; bioMerieux, Saint Laurent, 

Canada), and the CRP level was measured by latex immunotur-

bidimetric assay (Tina-quant CRP HS Test System; Roche, Ba-

sel, Switzerland). All hematological and coagulation parameters 

were obtained from an automated blood cell analyzer (Sysmex 

XE-2100; Sysmex, Kobe, Japan) and coagulation analyzer (Sys-

mex CA-7000; Syxmex). The creatinine, glucose, and total bili-

rubin levels were measured by using a clinical chemistry ana-

lyzer (TBA-200FR; Toshiba Medical Systems, Tokyo, Japan). 

This study was approved by the institutional review board of 

each author’s institution.

3.  Comparative analysis of clinical and laboratory findings 
between patient subgroups categorized by the presence 
of sepsis or sepsis severity 

The distribution of gender, age, bacteremia type, and laboratory 

findings described above were compared between (1) non-sep-

tic patients and all septic patients, (2) non-septic patients with 

local infection and all septic patients, and (3) uncomplicated 

septic patients and complicated septic patients. Additionally, 

since the IPF can reflect the status of coagulation activation in 

sepsis, especially in disseminated intravascular coagulation 

(DIC) patients who may show increased and decreased platelet 

production in early and late stage, respectively, correlations be-

tween the IPF and PT, aPTT, and D-dimer were analyzed in 

septic patients. 

4.  Performance evaluation of six biomarkers in the 
discrimination of septic patients from non-septic patients 
and the discrimination of sepsis severity

The performances of six biomarkers (LA, PCT, CRP, IPF, IG, and 

IRF) in the discrimination of (1) septic patients from non-septic 

patients, (2) septic patients from non-septic patients with local 

infection, and (3) sepsis severity were evaluated by ROC curve 

analysis and compared. Additionally, the sensitivity, specificity, 

negative predictive value (NPV), positive predictive value (PPV), 

and accuracy of each biomarker following application of the 

best cutoff values determined from ROC curve analysis were 

calculated and compared.

5. Statistical analysis
The chi-square and Mann-Whitney U tests were used to com-

pare dichotomous and continuous variables, respectively, be-

tween the two patient subgroups. In the comparison of continu-

ous variables, the median values of each result were used since 

all these variables did not show normal distribution. ROC curve 

analysis was performed to evaluate the performance of each 

biomarker. Spearman’s correlation analysis was applied in the 

evaluation of associations between the IPF and PT, aPTT, and 

D-dimer. All tests were two-tailed, and P ≤0.05 was considered 

significant. All analyses except for the ROC curve and correla-

tion analyses were performed by using SPSS v13.0.1 for Win-

dows (SPSS Inc., Chicago, IL, USA). MedCalc v9.2.0.2 (Med-

Calc Software, Ostend, Belgium) was used for ROC curve and 

correlation analyses.

RESULTS

1.  Comparison of clinical and laboratory findings between 
septic patients and non-septic patients or non-septic 
patients with local infection (Table 1)

When compared to non-septic patients, septic patients were 

significantly older (P <0.001). Septic patients also showed sig-

nificantly higher LA (P =0.002), PCT (P <0.001), CRP (P < 

0.001), IPF (P <0.001), IG (P <0.001), IRF (P =0.030), WBC 

counts (P <0.001), neutrophils% (P <0.001), and D-dimer (P < 

0.001), and significantly lower lymphocytes% (P <0.001) and 

monocytes% (P <0.001) than non-septic patients. Additionally, 

septic patients showed significantly prolonged PT (P <0.001) 

and aPTT (P <0.001) than non-septic patients; however, both 

hemoglobin and platelet counts were not significantly different 

between the two patient subgroups. Comparisons between sep-

tic patients and non-septic patients with local infection also 

showed same results, except for the IRF. 

2.  Comparison of clinical and laboratory findings in septic 
patients with respect to sepsis severity (Table 1)

Patients with complicated sepsis showed significant male pre-

dominance (P =0.025) than those with uncomplicated sepsis. 

Additionally, patients with complicated sepsis showed signifi-

cantly higher LA (P <0.001) and IPF levels (P =0.022), lower 

platelet counts (P <0.001), and prolonged PT (P =0.024) than 

those with uncomplicated sepsis. However, patient age, PCT, 

CRP, IG, IRF, WBC counts, hemoglobin, WBC differential 

counts, aPTT, and D-dimer were not significantly different be-

tween the two patient subgroups. The type of bacteremia was 

not significantly different between the two patient subgroups. 

3.  Performance evaluation of six biomarkers in the 
discrimination of septic patients from non-septic patients 
(Table 2)

Among the six biomarkers, both PCT and CRP performed best, 



Park SH, et al.
Immature platelet fraction in septic patients

4  www.annlabmed.org http://dx.doi.org/10.3343/alm.2016.36.1.1

Table 1. Comparison of clinical and laboratory findings obtained at admission in 312 patients regarding sepsis severity 

Variables,
median (range)

Patient subgroups P

(1) 
Non-septic

(N=47)

(2) 
Non-septic 
with local 
infection 
(N=50) 

(3) 
Uncomplicated 

sepsis 
(N=64)

(4) 
Severe 
sepsis 

(N=61)

(5) 
Septic 
shock 

(N=90)

(6) 
All 

sepsis 
(N=215)

(7) 
Complicated 

sepsis 
(N=151)

(1) 
vs. 
(6) 

(2) 
vs. 
(6) 

(3) 
vs. 
(7)

Sex (M:F)* 27:20:00 27:23:00 32:32:00 38:23:00 62:28:00 132 : 83 100:51:00 0.616 0.336 0.025

Age (yr)† 52 44 65 64 69 66 66 <0.001 <0.001 0.129

(20.0-84.0) (28.0-92.0) (20.0-90.0) (39.0-87.0) (20.0-92.0)  (20.0-92.0) (20.0-92.0)

Bacteremia type 
   (negative: gram positive: 
   gram negative)*

47:00:00 50:00:00 29:20:15 4:24:33 73:03:14 106 : 47 : 62 77:27:47 NC NC 0.087

LA (mmol/L)† 1.4 0.87 1.2 2 3.4 2.1 2.5 0.002 <0.001 <0.001

(0.39-2.90) (0.32-1.54) (0.30-8.00) (0.50-12.50) (0.30-16.80) (0.30-16.80) (0.30-16.80)

PCT (ng/mL)† 0.1 0.67 3.17 2.93 5.31 3.52 4.23 <0.001 <0.001 0.12

(0.05-1.38) (0.04-1.45) (0.05-53.97) (0.05-200.00) (0.05-478.87) (0.05-478.87) (0.05-478.87)

CRP (mg/dL)† 1.05 1.18 12.09 14.81 8.81 11.51 11.2 <0.001 <0.001 0.663

(0.10-5.66) (0.10-8.86) (0.10-33.07) (0.10-45.07) (0.10-42.56) (0.10-45.07) (0.10-45.07)

IPF (%)† 2.9 3.2 4.1 4.7 5.6 4.9 5.3 <0.001 <0.001 0.022

(1.1-5.8) (1.1-11.3) (0.8-25.6) (3.2-37.4) (0.8-31.1) (0.8-37.4) (0.8-37.4)

IG (%)† 0.3 0.2 0.6 0.6 0.6 0.6 0.6 <0.001 <0.001 0.622

(0.00-6.30) (0.00-0.40) (0.10-22.30) (0.00-10.70) (0.00-16.70) (0.00-22.30) (0.00-16.70)

IRF (%)† 5.6 8.8 11.2 11.15 7.8 9.8 9.05 0.03 0.121 0.082

(1.30-35.10) (2.30-14.30) (0.80-49.20) (0.00-30.90) (1.80-39.10) (0.00-49.20) (0.00-39.10)

WBC (×109/L)† 5.6 6.11 10.52 10.4 9.5 10 9.5 <0.001 <0.001 0.427

(1.1-12.0) (3.49-14.61) (1.57-75.26) (0.40-25.40) (0.40-26.80) (0.40-75.26) (0.4-26.8)

Hemoblobin (g/dL)† 13.1 13.3 11.5 10.8 11.2 11.3 10.9 0.221 0.183 0.525

(12.1-17.1) (8.8-16.7) (7.3-16.2)  (6.4-17.7) (3.6-17.7) (3.6-17.7) (3.6-17.7)

Platelet (×109/L)† 149 237 163.5 114 108.5 126 109 0.598 0.132 <0.001

(134.0-322.0) (112.0-411.0) (35.0-453.0) (7.0-548.0) (7.0-548.0) (7.0-548.0)  (7.0-548.0)

Neutrophil (%)† 62.6 57.7 84.8 84.7 86.5 85.5 85.5 <0.001 <0.001 0.824

(38.00-79.80) (32.60-89.80) (34.90-96.00) (8.40-95.80) (31.70-96.00) (8.40-96.00) (8.40-96.00)

Lymphocyte (%)† 21.9 30.45 7.95 8 7.2 7.9 7.8 <0.001 <0.001 0.741

(6.70-52.60) (5.60-57.50) (1.10-60.90) (1.10-84.70) (1.70-60.90) (1.10-84.70) (1.10-84.70)

Monocyte (%)† 8.6 8.1 5.75 5.5 5.4 5.6 5.5 <0.001 <0.001 0.403

(4.40-22.00) (3.20-14.00) (0.50-24.00) (0.30-25.20) (0.30-25.20) (0.30-25.20) (0.30-25.20)

PT (sec)† 12.1 12.2 13.6 14.5 16 14.6 15.2 <0.001 <0.001 0.024

(10.0-15.6) (10.3-14.5) (10.7-17.0) (10.0-50.3) (11.2-50.3) (10.0-50.3) (10.0-50.3)

aPTT (sec)† 32.6 33.8 36 32.6 41.1 35.9 35 <0.001 0.003 0.128

(25.4-36.1) (30.7-37.6) (27.3-45.0) (26.6-75.7) (27.2-77.6) (26.6-77.6) (26.6-77.6)

D-dimer (μg/mL)† 0.23 0.27 0.63 0.56 0.98 0.68 0.68 <0.001 <0.001 0.302

(0.13-0.48) (0.13-0.85) (0.13-2.97) (0.14-3.26) (0.16-3.26) (0.13-3.26) (0.13-3.26)

*P values were calculated by using a chi-square test; †P values were calculated by using a Mann-Whitney U test.
Abbreviations: M, male; F, female; LA, lactate; PCT, procalcitonin; CRP, C-reactive protein; IPF, immature platelet fraction; IG, immature granulocyte fraction; 
IRF, immature reticulocyte fraction; WBC, white blood cell; PT, prothrombin time; aPTT, activated partial thromboplastin time; NA, not applicable; NC, not 
calculated.
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with both their specificities and PPVs being very high. However, 

their accuracies were not as high as their specificities and PPVs. 

The IPF showed comparable performance to PCT, CRP, LA, and 

IG, and showed significantly better performance than the IRF 

(P =0.007). Notably, the IPF demonstrated the highest sensitiv-

ity (89.8%, 95% confidence interval [CI] 84.9-99.8%) and ac-

curacy (83.2%, 95% CI 78.8-90.0%) among all six biomarkers 

when 3.1% was applied as a cutoff value. 

The performance of IG was significantly worse than that of 

both PCT (P =0.041) and CRP (P =0.013). Although the perfor-

mance of IG was comparable to that of the IPF (P =0.353), the 

sensitivity of the IG was lower than that of the IPF. The perfor-

mance of the IRF was the worst among all six biomarkers. 

4.  Performance evaluation of six biomarkers in the 
discrimination of septic patients from non-septic patients 
with local infection (Table 3)

Among the six biomarkers, both the CRP and IG performed 

best, with both their specificities and PPVs being satisfactory. 

The PCT showed significantly worse performance than both 

CRP (P <0.001) and IG (P <0.001); however, both the specific-

ity and PPV of the PCT were 100.0%, which was the best among 

the six biomarkers. 

Despite the IPF showing significantly worse performance than 

both CRP (P =0.013) and IG (P =0.011), the IPF showed com-

parable performance to both LA and PCT, and showed signifi-

cantly better performance than the IRF (P <0.001). Notably, the 

IPF demonstrated the highest sensitivity (84.2%, 95% CI 78.7-

88.5%) and accuracy (86.0%, 95% CI 78.1-87.3%) among the 

six biomarkers when 3.4% was applied as a cutoff value. The 

performance of the IRF was also the worst among all six bio-

markers. 

 

5.  Performance evaluation of six biomarkers in the 
discrimination of complicated sepsis from uncomplicated 
sepsis (Table 4)

Among the six biomarkers, the LA showed significantly better 

performance than the PCT (P =0.001), CRP (P <0.001), IPF 

Table 2. Receiver operating characteristics curve analysis results for each biomarker in the discrimination of septic patients from non-septic 
patients*

Tests AUC (95% CI) Best cutoff Sensitivity (95% CI) Specificity (95% CI) NPV PPV Accuracy (95% CI)

LA 0.781 (0.714-0.840) >2.0 mmol/L 50.5% (35.4-54.3%) 92.3% (75.7-97.9%) 80.8% 98.1% 55.2% (45.7-62.6%)

PCT 0.923 (0.873-0.957) >1.38 ng/mL 71.1% (56.8-74.3%) 100.0% (87.1-100.0%) 68.7% 100.0% 74.4% (64.5-79.4%)

CRP 0.940 (0.894-0.970) >5.25 mg/dL 77.5% (74.3-88.5%) 97.9% (88.9-99.6%) 50.5% 99.4% 81.3% (81.0-91.5%)

IPF 0.868 (0.810-0.914) >3.1% 89.8% (84.9-99.8%) 53.2% (39.2-66.7%) 46.8% 89.8% 83.2% (78.8-90.0%)

IG 0.812 (0.747-0.867) >0.4% 67.0% (56.8-74.3%) 74.5% (60.5-84.7%) 67.0% 92.3% 68.3% (60.9-75.3%)

IRF 0.658 (0.584-0.727) >5.6% 77.6% (71.8-87.9%) 56.0% (37.1-73.3%) 75.9% 93.3% 75.1% (67.1-82.6%)

*The sensitivity, specificity, negative predictive value, positive predictive value, and accuracy of each biomarker were calculated from the application of pre-
defined best cutoff values for each biomarker.
Abbreviations: LA, lactate; PCT, procalcitonin; CRP, C-reactive protein; IPF, immature platelet fraction; IG, immature granulocyte fraction; IRF, immature re-
ticulocyte fraction; AUC, area under the curve; CI, confidence interval; NPV, negative predictive value; PPV, positive predictive value.

Table 3. Receiver operating characteristics curve analysis results for each biomarker in the discrimination of septic patients from non-septic 
patients with local infection*

Tests AUC (95% CI) Best cutoff Sensitivity (95% CI) Specificity (95% CI) NPV PPV Accuracy (95% CI)

LA 0.854 (0.805-0.895) >1.18 mmol/L 74.1% (67.6-79.6%) 90.0% (78.6-95.7%) 45.9% 96.8% 77.3% (72.3-82.7%)

PCT 0.814 (0.760-0.861) >1.45 ng/mL 68.5% (61.7-74.6%) 100.0% (92.9-100.0%) 44.6% 100.0% 74.9% (70.2-81.0%)

CRP 0.922 (0.882-0.952) >3.39 mg/dL 84.2% (78.6-88.5%) 90.0% (78.6-95.7%) 57.7% 97.2% 85.3% (80.7-89.4%)

IPF 0.857 (0.809-0.897) >3.4% 84.2% (78.7-88.5%) 78.0% (64.8-87.2%) 53.4% 94.3% 86.0% (78.1-87.3%)

IG 0.934 (0.897-0.960) >0.3% 78.1% (72.1-83.1%) 98.0% (89.5-99.6%) 51.0% 99.4% 81.9% (77.3-86.6%)

IRF 0.571 (0.507-0.634) >12.0% 40.3% (33.7-47.3%) 96.0% (86.5-98.9%) 29.1% 97.5% 51.6% (45.8-58.3%)

*The sensitivity, specificity, negative predictive value, positive predictive value, and accuracy of each biomarker were calculated from the application of pre-
defined best cutoff values for each biomarker.
Abbreviations: LA, lactate; PCT, procalcitonin; CRP, C-reactive protein; IPF, immature platelet fraction; IG, immature granulocyte fraction; IRF, immature re-
ticulocyte fraction; AUC, area under the curve; CI, confidence interval; NPV, negative predictive value; PPV, positive predictive value.
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(P =0.003), IG (P <0.001), and IRF (P <0.001). However, the 

performance of LA was not satisfactory compared with that of 

other biomarkers, which showed satisfactory performance in the 

discrimination of septic patients from non-septic patients or 

non-septic patients with local infection. The IPF also performed 

poorly in the discrimination of septic patients, similar to the un-

satisfactory performances of the other biomarkers. 

6.  Correlation analysis between the IPF and PT, aPTT, and 
D-dimer in septic patients

This study included only eight patients with overt DIC according 

to the International Society for Thrombosis and Haemostasis 

(ISTH) scoring system [17]. There were no significant correla-

tions between increased IPF and the prolongation of PT (γ= 

-0.124, P =0.069), aPTT (γ=-0.022, P =0.746), or increased 

D-dimer (γ=0.026, P =0.708). 

DISCUSSION

The majority of previous reports suggested that both PCT and 

CRP exhibited acceptable performance in the detection of sep-

sis and discrimination of sepsis severity [18-21] and that the LA 

is at least a moderately accurate predictor of mortality in compli-

cated septic patients [22-24]. However, conflicting data also ex-

ist regarding whether the PCT, CRP, or IG can be an indepen-

dent predictor of sepsis severity and mortality [25-34]. Since 

sepsis leads to platelet destruction in the early phase, we hy-

pothesized that the IPF increases before thrombocytopenia oc-

curs and can be a sensitive biomarker in the discrimination of 

septic patients from non-septic patients. Focusing on this point, 

we evaluated the performance of the IPF as a biomarker for the 

discrimination of septic patients from non-septic patients and 

for sepsis severity.

This study showed that the IPF, along with other biomarkers, 

was significantly higher in septic patients than in non-septic pa-

tients, regardless of whether non-septic patients have local in-

fection (Table 1). Additionally, we found that both PCT/CRP and 

CRP/IG performed best in the discrimination of septic patients 

from non-septic patients or non-septic patients with local infec-

tion, respectively. However, we found that their sensitivity/accu-

racy was not as high as expected, which limits their clinical rele-

vance as biomarkers used in the early discrimination of septic 

patients (Tables 2 and 3). 

Notably, we identified that the IPF possesses comparable per-

formance to PCT, CRP, LA, IG, and shows significantly better 

performance than the IRF in discriminating septic patients from 

non-septic patients. Also, we found that the IPF possesses the 

best sensitivity/accuracy among the six biomarkers (Table 2). 

These results support conclusions from a recent study [14]. We 

also demonstrated that the IPF performs better than the LA, 

PCT, and IRF and possesses the best sensitivity/accuracy 

among the six biomarkers in the discrimination of septic pa-

tients from non-septic patients with local infection (Table 3). 

These results are partially discordant with a recent study [14]; 

however, the discrepancy may be explained in part by the differ-

ent patient categorization of non-septic patients (local infection 

vs. SIRS). Our results suggest that the IPF can be used as a reli-

able biomarker in the sensitive and accurate discrimination of 

septic patients and emphasize the importance of increased 

thrombopoiesis in the initiation of sepsis development [12]. In 

contrast to the IPF, our study identified that the IRF is not useful 

as a sepsis biomarker (Tables 2 and 3). These results are con-

sistent with a previous result [14] and suggest that the develop-

ment of anemia in sepsis is neither hyper-regenerative nor asso-

Table 4. Receiver operating characteristics curve analysis results for each biomarker in the discrimination of complicated septic patients 
from uncomplicated septic patients*

Tests AUC (95% CI) Best cutoff Sensitivity (95% CI) Specificity (95% CI) NPV PPV Accuracy (95% CI)

LA 0.752 (0.687-0.810) >1.9 mmol/L 64.6% (56.6-71.9%) 78.9% (66.7-87.5%) 53.6% 88.8% 68.6% (62.0-74.6%)

PCT 0.568 (0.496-0.639) >16.01 ng/mL 28.6% (21.6-36.8%) 89.1% (79.1-94.6%) 62.5% 84.4% 48.2% (41.3-55.2%)

CRP 0.519 (0.449-0.588) >17.11 mg/dL 35.2% (27.9-43.2%) 81.3% (70.0-88.9%) 64.4% 81.0% 49.3% (42.6-56.0%)

IPF 0.599 (0.530-0.665) >4.1% 64.9% (57.0-72.1%) 53.1% (41.1-64.8%) 60.9% 76.6% 61.4% (54.7-67.6%)

IG 0.521 (0.452-0.590) >1.2% 31.1% (24.3-38.9%) 79.7% (68.3-87.7%) 32.9% 78.3% 45.6% (39.1-52.3%)

IRF 0.579 (0.506-0.649) <6.0% 28.3% (21.4-36.3%) 87.9% (77.1-94.0%) 66.0% 84.8% 45.9% (39.1-52.9%)

*The sensitivity, specificity, negative predictive value, positive predictive value, and accuracy of each biomarker were calculated from the application of pre-
defined best cutoff value for each biomarker.
Abbreviations: LA, lactate; PCT, procalcitonin; CRP, C-reactive protein; IPF, immature platelet fraction; IG, immature granulocyte fraction; IRF, immature re-
ticulocyte fraction; AUC, area under the curve; CI, confidence interval; NPV, negative predictive value; PPV, positive predictive value.
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ciated with reticulocyte response.  

Our study also identified that the IPF is not as useful as other 

biomarkers in the discrimination of complicated septic patients 

from uncomplicated septic patients (Table 4). These results are 

discordant with several studies [18-21]. The discrepancies may 

be explained in part by the different study populations between 

our study, which included general ward and ICU patients, and 

the majority of other studies, which included ICU patients only, 

or by the different underlying diseases of the included patients. 

Our results suggest that the IPF does not characterize sepsis 

severity, given that the IPF reflects a balance between platelet 

activation and BM inhibition and that these two phenomena are 

capable of coexisting in the late stage of complicated sepsis. 

Our study failed to demonstrate significant correlations be-

tween the IPF and PT, aPTT, and D-dimer. These results are 

consistent with a previous result [14]; however, they are partially 

discordant with other studies, which showed significant correla-

tions between the IPF and DIC scores in a cohort of critically ill 

patients [35]. DIC patients may show different severity levels in 

consumption of coagulation, which may partly explain the dis-

crepancy between results. 

Our study has three limitations. First, we did not analyze the 

consecutive data over a certain period after admission and we 

could not evaluate the time difference between elevation of the 

IPF and sepsis development. Further study focused on this is-

sue needs to be performed. Second, both severe sepsis and 

septic shock patients were categorized into a single “compli-

cated sepsis” subgroup and the differences of each biomarker 

between the two patient subgroups were not analyzed. Since 

these two patient subgroups included patients with a broad 

spectrum of severity, different mortality rates and possibly differ-

ent BM inhibition rates might be expected. Third, our present 

study used Sysmex XE-2100 analyzer in the measurement of 

IPF and recently, this instrument was replaced by XN series. 

The possible difference between IPF measured by XE-2100 and 

XN series should be considered especially in the laboratories 

operating new XN series. In addition, there might be difference 

between the fraction and absolute number of immature plate-

lets and this point should be also considered when evaluating 

the results from our present study. 

In conclusion, this study showed that the IPF possesses high 

sensitivity and accuracy in the discrimination of septic patients 

from non-septic patients, regardless of whether they have local 

infection. However, the IPF does not efficiently discriminate sep-

sis severity. The clinical relevance of the IPF as a sepsis bio-

marker is, therefore, limited to the sensitive and accurate dis-

crimination of septic patients from non-septic patients and not 

to the discrimination of sepsis severity.
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