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Abstract 

Background  To study the potential role of the C2PAC index (a ratio of soluble type C lectin-like receptor 2 level 
sCLEC-2 and platelet count) in sepsis-induced coagulopathy with the possibility of using this index as an early predic-
tor in sepsis and sepsis-induced coagulopathy.

Methods  Our case–control study included a total of 86 participants divided into 2 groups: group I is the case group 
consisting of 56 patients of sepsis or septic shock and group II (control group) of 30 healthy persons: sex and age-
matched healthy individuals. All patients were subjected to assessment of C lectin domain family 2 receptor (sCLEC2), 
by enzyme-linked immunosorbent assay ELIZA kit, then C2PAC index (a ratio of soluble type C lectin-like receptor 2 
level sCLEC-2 and platelet count) was calculated using the platelet count.

Results  Our study demonstrated that sCLEC-2 levels and C2PAC in group I were higher than in group II (p 
value < 0.001), and Klebsiella was the most common organism detected in ICU septic patients; detected in 25 
patients (44.6%), there is a statistical significance (p value 0.045) between sCLEC2 levels and streptococcal infec-
tions. It was detected also that the SIC group was 17 patients (30.4%) and the sepsis without coagulopathy group 
was 39 patients (69.6%). Compared with the sepsis without coagulopathy group, the SIC group was significantly older 
and had a significantly higher SOFA score, sCLEC-2 levels, and C2PAC index. Lastly, the strong potentiality of using 
C2PAC as a diagnostic and prognostic marker for sepsis-induced coagulopathy with high statistical significance < 0. 
001.

Conclusions  C2PAC index can be validated as an accurate marker of sepsis-induced coagulopathy with higher sensi-
tivity when using the C2PAC index (82.4%) than using sCLEC-2 (58.8%) and both have the same specificity (89.7%). The 
C2PAC index is a useful predictor of SIC progression.
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Introduction
Sepsis is potentiated by a dysregulated and abnormal 
reaction of the host to infection, leading to multiple organ 
damage with a high possibility of irreversible disabilities 
or maybe death. During sepsis, tissue injury results from 
the associated unlimited activation and interaction of the 
complement, coagulation, and inflammatory mediators 
as well as platelet dysfunction [1].

Platelets are the maestro in sepsis cascade by their 
dual responses (hemostasis and immune), what is 
called a “thrombosis-related signature and occurs as a 
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result of the interaction of neutrophils, monocytes, and 
dendritic cells, with the consequence of fibrin deposi-
tion and platelet activation and finally thrombosis [2].

The literature review detected a phenomenon named 
“immuno-thrombosis.” This has been hypothesized that 
under certain circumstances, thrombosis is a defen-
sive process of innate immunity in which platelets 
play a vital role. Therefore, to correlate the severity of 
sepsis, it may be crucial to detect the status of plate-
let activation rather than monitoring the changes in the 
platelet count [3]. Soluble C-type lectin-like receptor 
2 (sCLEC-2) also known as CLEC1B has been inves-
tigated as a biomarker of thrombotic events and it is 
expressed on platelets’ membranes [4]. Recent research 
demonstrated the elevation of sCLEC-2 in acute coro-
nary syndrome, acute ischemic stroke, and acute brain 
infarction [5–8].

Disseminated intravascular coagulation (DIC) is a con-
dition of persistent activation of coagulation with subse-
quent depletion of platelets and coagulation factors [9]. 
The incidence of coagulopathy in sepsis is around 30% 
[10]; hence, there is a term called sepsis-induced coagu-
lopathy (SIC) [11]. sCLEC-2 was observed as a platelet 
activator marker and to be elevated in thrombotic events 
and in SIC [2].

The philosophy of using the C2PAC index is that it may 
be more reliable and accurate than calculating sCLEC-2 
levels alone which will be affected by decreased platelet 
counts in many conditions like sepsis and DIC [2].

We hypothesized that the C2PAC index is an important 
predictor that might reflect early progression to SIC as it 
reflects the phase of platelets activation before the reduc-
tion of platelet count and development of coagulopathy 
so we conducted this case–control study to evaluate the 
role of the C2PAC index (a ratio of soluble type C lectin-
like receptor 2 level sCLEC-2 and platelet count) in sep-
sis-induced coagulopathy (SIC).

Patients and methods
The current study included a total of 86 participants 
divided into 2 groups. This case–control study was 
divided into two groups.

Group I: 56 patients (presented with sepsis or septic 
shock).

Group II: 30 control groups of healthy volunteers 
matched for age and sex.

Study location
This case–control study was carried out in intensive care 
units of pulmonology, critical care, and internal medicine 
departments of Kasr Al Ainy University Hospital.

Inclusion criteria

1.	 Adult patients with age more than 18 years.
2.	 Both sexes (male and female).
3.	 Diagnosed with sepsis by sepsis-3 criteria, 2016 [12], 

and updated by sepsis guidelines protocol, 2021, 
regarding changes of some definitions and criteria for 
sepsis such as weak recommendation for using serum 
lactate and delayed capillary refill time and strong 
recommendation against using quick SOFA score 
[13], so in our study, we did not depend on serum 
lactate and capillary refill time and we used SOFA 
score instead of quick SOFA.

Diagnosis of sepsis can be established after the pres-
ence of infection, which can be proven or suspected, 
and 2 or more of the following criteria:

•	 Hypotension (systolic blood pressure < 90  mm Hg 
or fallen by > 40 from baseline, mean arterial pres-
sure < 70 mm Hg).

•	 Fever > 38.3 °C.
•	 Hypothermia < 36 °C.
•	 Tachycardia (HR > 90/min).
•	 Tachypnea.
•	 Altered mental status.
•	 White blood cell count > 12,000 or less than 4000, 

or with > 10% “bands” (immature forms).
•	 Arterial hypoxemia (paO2/FiO2 < 300).
•	 Acute drop in urine output (< 0.5  ml/kg/h for 

at least 2  h despite fluid resuscitation or about 
35 ml/h for a 70 kg person).

•	 Creatinine increase > 0.5 mg/dL.
•	 INR > 1.5 or aPTT > 60 s.
•	 Thrombocytopenia (platelet count < 100,000).
•	 High bilirubin (total bilirubin > 4 mg/dL).

Septic shock is severe sepsis with sepsis-induced 
hypotension [systolic blood pressure < 90  mm Hg (or 
a drop of > 40  mm Hg from baseline) or mean arterial 
pressure < 70 mm Hg] that persists after adequate fluid 
resuscitation.

Exclusion criteria

1.	 Post-cardiopulmonary arrest, liver cirrhosis (Child–
Pugh grade C or above), chronic hemodialysis, preg-
nancy, and continuing antibiotic use for a course 
started before admission.

2.	 Patients who lacked any of the biomarkers of coagu-
lation and inflammation.
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Methodology in details
This is a case–control study. Patients who met the above-
mentioned criteria and agreed to take part in the study 
were requested to sign an informed consent prior to con-
ducting the study. After an informed consent had been 
signed by all patients, the following parameters were 
collected:

1.	 Demographic data: age, gender, and occupation.
2.	 History and physical examination parameters: his-

tory of chronic diseases and history of present illness
3.	 Laboratory investigations:

•	 Routine labs for sepsis and coagulopathy screening
Platelet count, WBCs, PT, PC, INR, PTT, D-dimer 

level, FDPs, CRP, ABG, liver, and kidney functions.

•	 Calculation of P/F ratio from ABG (PaO2/FIO2).
•	 Calculation of SOFA score
•	 Cultures according to localizing symptoms
•	 Specific test: plasma CLEC-2 (C-type lectin-like 

receptor 2) also named CLEC1B as a synonym will 
be measured using enzyme-linked immunosorbent 
assay (ELISA) according to the manufacturer (Bioas-
say Technology Laboratory, Zhejiang, China), using 
STAT-FAX Eliza reader, results are converted to pg/
ml.

•	 Calculation of the ratio between soluble type C 
lectin-like receptor 2 (sCLEC-2) levels and plate-
let counts for all participants to identify the C2PAC 
index.

Furthermore, written informed consent was obtained 
from all participants clarifying the purpose of the study 
conforming to the Helsinki Declarations (1964).

Our study had been approved by the committee of eth-
ics of the Faculty of Medicine before we started under 
IRB number: N-37–2022.

Sample size
According to previous literature, the anticipated mean 
of the C2PAC index in controls is 87.2 (± 38.9), while in 
cases is 286 (± 205). By using the G*Power sample size 
calculator at 0.01 alpha errors, with and power of 0.99, 
the effect size will be 1.35, and the minimum sample in 
each group is 29 [2].

Statistical analysis
Data were coded and interpreted by the statistical pack-
age for the Social Sciences (SPSS) version 28 (IBM 
Corp., Armonk, NY, USA). Data was summarized using 
mean, standard deviation, median, and minimum and 
maximum in quantitative data and using frequency 

(count) and relative frequency (percentage) for categori-
cal data. Comparisons between quantitative variables 
were done using the non-parametric Mann–Whitney 
test [14]. For comparing categorical data, chi-square (χ2) 
test was performed. Fisher’s exact test was used instead 
when the expected frequency is less than 5 [15]. Corre-
lations between quantitative variables were done using 
the Spearman correlation coefficient [16]. ROC curve 
was constructed with the area under curve analysis per-
formed to detect the best cutoff value of PLT, C lectin 
level, and C lectin/plt ratio for detection of SIC. P values 
less than 0.05 were considered as statistically significant.

Results
Our study included a total of (86) participants classi-
fied into 2 groups; Group I of 56 patients diagnosed 
with sepsis or septic shock and group II of 30 age- and 
sex-matched healthy individuals. As regards group I, it 
consisted of 31 males (55.4%) and 25 females (44.6%). 
Twenty-five cases (44.6%) were diabetic, and 27 cases 
(48.2%) were hypertensive. Smoking history was observed 
in 15 cases (26.8%). In the current study, pneumonia in 31 
patients (55.4%) was the commonest diagnosis followed 
by urinary tract infection (UTI) in 16 patients (28.6%). 
Klebsiella 25 patients (44.6%) was the commonest organ-
ism detected in this study. In our study, patients who 
were diagnosed with sepsis were 40 (71.4%) while those 
who were diagnosed with septic shock were 16 (28.6%). 
All the descriptive data is illustrated in Table 1.

The age of sepsis patients ranged from 18 to 89  years 
with a mean of 59.6 ± 16.2. It was detected that plate-
let counts were 188.93 ± 128.36, sCLEC-2 level was 
607.41 ± 457.37, and C2PAC index was 6.06 ± 7.06. All 
clinical and laboratory data of group I was illustrated in 
Table 2.

In the current study, a comparison between group I 
and group II showed that the sCLEC-2 level and C2PAC 
index were statistically significant (p value < 0.001) higher 
in group I (sepsis patients) as shown in Table 3.

In our study, we correlated C lectin level (sCLEC-2) 
with clinical data including comorbidities, and it showed 
a statistical significance of C lectin level value as regards 
altered mental status, septic shock, patients on vasopres-
sors, patients with positive FDPs, and in streptococcal 
infections with p values < 0.001, 0.002, 0.006, 0.001, and 
0.045, respectively; however, no statistical changes in 
relation with other cultures, different comorbidities, and 
various diagnoses as shown in Table 4.

Our research correlated C lectin/platelet ratio (C2PAC 
index) with clinical data and showed the highly statisti-
cal significance of the C2PAC index with p value < 0.001 
in correlation to patients with altered mental status, sep-
tic shock, on vasopressors, and positive FDPs; however, 
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there was no statistical significance between C2PAC and 
streptococcal infections, different comorbidities, cul-
tures, and various diagnoses as shown in Table 5.

In the current study, the correlation coefficient of plate-
let counts, sCLEC2 levels, and C2PAC index in relation 
to MAP, D dimer, and SOFA score showed the follow-
ing: MAP was positively correlated to platelet counts r 
0.450 and p value 0.001, however negatively correlated to 
CLEC-2 levels and C2PAC index r (− 0.286, − 0.444) with 
p value (0.45, 0.001), respectively. D dimer was nega-
tively correlated to platelet count r − 0.373, p value 0.005, 
while positively correlated to CLEC-2 levels and C2PAC 
index r (0.406, 0.496) p value (0.002, < 0.001), respectively. 
SOFA score was negatively correlated to platelet count 
r − 0.553, p value < 0.001, while positively correlated to 
CLEC-2 levels and C2PAC index r (0.392, 0.589) p value 
(0.003, < 0.001), respectively, as shown in Table  6. There 
was a positive correlation between the C2PAC index and 
SOFA score as shown in Fig. 1.

Comparison between sepsis-induced coagulopathy 
and sepsis without coagulopathy presented that there 
was a statistical significance difference regarding SBP (p 
value > 0.001) being lower in SIC, DBP (p value > 0.001) 
being lower in SIC, HR (p value 0.033) being higher in 
SIC, and MAP (p value > 0.001) being lower in SIC. It 
revealed also statistical significance in APTT, INR, and 
D dimer (p value > 0.001) being higher in SIC, PLT count, 
PC, and P/F ratio (p value > 0.001) being lower in SIC. 
Also, ALT, AST, T.bil, D.bil, sCLEC2 level, and C2PAC 
index and SOFA score showed a statistical significance 
difference being higher in SIC as shown in Table 7.

sCLEC-2 level and C2PAC index can be used for diag-
nosis of sepsis-induced coagulopathy with higher sensi-
tivity when using the C2PAC index (82.4%) than using 

Table 1  Descriptive data of cases group (group I)

Cases

Count %

Sex M 31 55.4%

F 25 44.6%

Smoking history Yes 15 26.8%

No 41 73.2%

DM Yes 25 44.6%

No 31 55.4%

HTN Yes 27 48.2%

No 29 51.8%

Cardiac diseases Yes 22 39.3%

No 34 60.7%

Renal impairment Yes 13 23.2%

No 43 76.8%

Cancer Yes 3 5.4%

No 53 94.6%

Cerebrovascular acci-
dents

Yes 7 12.5%

No 49 87.5%

Mental state Conscious 39 69.6%

Altered 17 30.4%

Sepsis versus septic 
shock

Sepsis 40 71.4%

septic shock 16 28.6%

Vasopressor Yes 17 30.4%

No 39 69.6%

FDPs Positive 15 26.8%

Negative 41 73.2%

Site of infection Wound infection, UTI 1 1.8%

Wound infection 7 12.5%

UTI, pneumonia 5 8.9%

UTI 10 17.9%

Puerperal sepsis 1 1.8%

Pneumonia, wound 
infection

3 5.4%

Pneumonia 23 41.1%

Infective endocarditis 2 3.6%

Empyema 4 7.1%

Pneumonia Yes 31 55.4%

No 25 44.6%

UTI Yes 16 28.6%

No 40 71.4%

Wound Yes 12 21.4%

No 44 78.6%

Endocarditis Yes 2 3.6%

No 54 96.4%

Empyema Yes 4 7.1%

No 52 92.9%

Klebsiella Yes 25 44.6%

No 31 55.4%

Pseudomonas Yes 13 23.2%

No 43 76.8%

Table 1  (continued)

Cases

Count %

Acinetobacter Yes 11 19.6%

No 45 80.4%

MRSA Yes 6 10.7%

No 50 89.3%

E. coli Yes 10 17.9%

No 46 82.1%

Strept Yes 5 8.9%

No 51 91.1%

No growth Yes 3 5.4%

No 53 94.6%

SIC likely or not likely Yes 17 30.4%

No 39 69.6%
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sCLEC-2 (58.8%) and both have the same specificity 
(89.7%) as shown in Table 8.

ROC curve analysis for both sensitivity and specificity 
of both C lectin level, C lectin/Plt ratio (C2PAC index), 
and platelets count revealed the following: for C lectin 
level, at cutoff < 845, the area under the curve (AUC) 

was 0.765 with 58% sensitivity and 89.7% specificity (p 
value > 0.001), for C lectin/Plt ratio at cutoff < 5.02, the 
area under the curve (AUC) was 0.938, with 82.4% sen-
sitivity and 89.7% specificity (p value > 0.001), while for 
platelets count > 135, the area under the curve (AUC) 
was 0.956, and 94% sensitivity and 87.2% specificity (p 
value > 0.001) as shown in Figs. 2 and 3.

Table 2  Clinical and laboratory data of sepsis patients (group I)

Cases

Mean Standard deviation Median Minimum Maximum

Age 59.66 16.22 62.00 17.00 89.00

Sepsis onset (day) 5.14 2.18 5.00 1.00 10.00

SBP 108.30 19.19 110.00 80.00 160.00

DBP 68.04 13.81 70.00 50.00 100.00

HR (heartbeats/minute) 101.66 19.79 102.50 30.00 150.00

RR (respiratory rate/minute) 25.21 5.13 25 14.00 38.00

Temp (°C) 37.57 0.704 37.5 36.2 39.50

UOP (mL/24 h) 1881.43 865.17 1800.00 350.00 4200.00

MAP 81.01 15.58 81.65 60.00 120.00

PTT (s), N (35–45) 44.64 6.01 43.00 38.00 58.00

INR 1.47 0.38 1.40 1.00 2.50

D dimer (ug/mL) 1.86 2.96 0.65 0.30 16.00

TLC (× 103/uL) 14.30 7.66 12.25 2.10 37.20

Hb (g/dL) 9.20 1.62 8.65 6.30 13.20

PLT (× 103/uL) 188.93 128.36 155.00 22.00 651.00

CRP (mg/L) 168.73 112.47 130.00 39.00 589.00

PC (%) 63.75 13.41 65.00 27.00 85.00

ALT (U/L) 73.55 146.73 40.50 3.00 1069.00

AST (U/L) 77.13 110.06 56.00 7.00 765.00

Bilirubin T (mg/dL) 1.28 1.41 0.90 0.20 8.30

Bilirubin D (mg/dL) 0.54 0.81 0.30 0.08 4.70

Creatinine (mg/dL) 1.92 1.228 1.5 0.40 5.5

Urea (mg/dL) 85.70 66.51 63.50 21.00 400.00

P/F ratio 285.11 122.29 283.00 72.00 547.00

SOFA score 6.43 4.28 5.00 2.00 17.00

C lectin level (pg/ml) 607.41 457.37 433.80 36.70 2277.00

C lectin/plt ratio 6.06 7.06 2.60 0.10 29.06

Table 3  Comparison between cases and control groups

Cases Control P value

Mean SD Median Minimum Maximum Mean SD Median Minimum Maximum

TLC (× 103/uL) 14.30 7.66 12.25 2.10 37.20 6.90 2.32 6.83 3.94 14.26  < 0.001

Hb (g/dL) 9.20 1.62 8.65 6.30 13.20 12.98 1.81 12.60 9.30 18.50  < 0.001

PLT (× 103/uL) 188.93 128.36 155.00 22.00 651.00 278.37 84.50 263.50 150.00 452.00  < 0.001

sCLEC-2 level (pg/ml) 607.41 457.37 433.80 36.70 2277.00 261.61 481.67 81.05 1.00 1883.00  < 0.001

C2PAC index 6.06 7.06 2.60 0.10 29.06 1.06 2.00 0.33 0.00 8.54  < 0.001
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Table 4  Correlation between sCLEC-2 level in relation to comorbidities, diagnoses, and organisms in cultures

sCLEC-2 level P value

Mean SD Median Minimum Maximum

Sex M 594.78 392.24 468.30 36.70 1883.00 0.458

F 623.08 535.36 419.20 45.90 2277.00

Smoking history Yes 673.22 488.93 500.00 200.00 1883.00 0.395

No 583.34 449.16 419.20 36.70 2277.00

DM Yes 581.30 497.98 396.60 53.30 2277.00 0.299

No 628.47 429.06 500.00 36.70 1883.00

HTN Yes 664.62 512.90 468.30 53.30 2277.00 0.342

No 554.15 400.66 412.00 36.70 1883.00

Cardiac diseases Yes 669.88 545.61 431.90 45.90 2277.00 0.700

No 566.99 393.59 447.05 36.70 1883.00

Renal impairment Yes 508.94 377.57 380.70 53.30 1600.00 0.443

No 637.19 478.84 468.30 36.70 2277.00

Cancer Yes 500.60 442.59 525.90 45.90 930.00 1

No 613.46 461.54 423.00 36.70 2277.00

Cerebrovascular accidents Yes 491.54 240.85 412.00 342.30 1028.00 0.716

No 623.97 479.79 463.20 36.70 2277.00

Mental state Conscious 470.74 388.80 394.90 36.70 2277.00  < 0.001

Altered 920.95 458.34 930.00 376.70 1883.00

Sepsis versus septic shock Sepsis 494.61 396.31 395.75 36.70 2277.00 0.002

Septic shock 889.42 489.78 910.00 328.80 1883.00

Vasopressor Yes 856.27 493.53 890.00 325.90 1883.00 0.006

No 498.94 400.54 396.60 36.70 2277.00

FDPs Positive 985.50 571.84 930.00 328.80 2277.00 0.001

Negative 469.09 316.17 404.50 36.70 1600.00

Pneumonia Yes 590.15 348.60 468.30 53.30 1600.00 0.415

No 628.82 571.50 419.20 36.70 2277.00

UTI Yes 608.80 545.02 421.10 53.30 2277.00 0.793

No 606.86 425.15 453.90 36.70 1883.00

Wound Yes 586.55 394.89 453.90 36.70 1500.00 0.873

No 613.10 476.99 421.10 45.90 2277.00

Endocarditis Yes 688.30 486.07 688.30 344.60 1032.00 0.878

No 604.42 460.83 433.80 36.70 2277.00

Empyema Yes 657.23 838.65 350.00 45.90 1883.00 0.612

No 603.58 428.96 433.80 36.70 2277.00

Klebsiella Yes 602.24 419.86 468.30 45.90 1883.00 0.735

No 611.59 492.38 412.00 36.70 2277.00

Pseudomonas Yes 556.75 317.02 444.60 375.70 1500.00 0.473

No 622.73 494.15 423.00 36.70 2277.00

Acinetobacter Yes 630.62 390.52 477.90 320.30 1600.00 0.536

No 601.74 476.08 412.00 36.70 2277.00

MRSA Yes 583.07 371.38 635.35 53.30 930.00 1

No 610.34 469.73 433.80 36.70 2277.00

E. coli Yes 670.44 636.68 384.15 305.00 2277.00 0.708

No 593.71 416.56 453.90 36.70 1883.00

Strept Yes 293.00 174.65 342.30 45.90 500.00 0.045

No 638.24 465.63 463.20 36.70 2277.00

No growth Yes 488.43 503.96 396.60 36.70 1032.00 0.680

No 614.15 458.93 444.60 45.90 2277.00



Page 7 of 14Mousa et al. The Egyptian Journal of Bronchology           (2023) 17:58 	

Table 5  Correlation between C2PAC index in relation to comorbidities, diagnoses, and organisms in cultures

C2PAC index P value

Mean SD Median Minimum Maximum

Sex M 5.91 6.91 2.60 0.10 29.06 0.967

F 6.24 7.38 2.55 0.21 27.14

Smoking history Yes 8.58 8.60 3.33 1.10 29.06 0.071

No 5.14 6.28 2.53 0.10 27.14

DM Yes 4.80 5.55 2.53 0.24 21.43 0.504

No 7.08 8.02 3.06 0.10 29.06

HTN Yes 5.76 6.14 2.55 0.25 21.43 0.980

No 6.34 7.92 2.60 0.10 29.06

Cardiac Yes 8.46 9.12 3.28 0.21 29.06 0.119

No 4.51 4.88 2.39 0.10 20.92

Renal impairment Yes 6.16 8.42 2.59 0.25 29.06 0.634

No 6.03 6.71 2.60 0.10 27.14

Cancer Yes 14.49 14.43 14.21 0.21 29.06 0.486

No 5.58 6.36 2.59 0.10 27.14

Cerebrovascular accidents Yes 3.37 2.78 2.34 0.57 7.34 0.496

No 6.45 7.41 2.60 0.10 29.06

Mental state Conscious 3.50 3.97 2.19 0.10 15.81  < 0.001

Altered 11.93 9.03 11.87 1.13 29.06

Sepsis versus septic shock Sepsis 3.13 3.46 2.15 0.10 15.81  < 0.001

Septic shock 13.38 8.47 12.63 1.13 29.06

Vasopressor Yes 12.67 8.71 12.03 1.13 29.06  < 0.001

No 3.18 3.49 2.19 0.10 15.81

FDPs Positive 14.60 7.85 14.95 3.29 29.06  < 0.001

Negative 2.94 3.11 2.02 0.10 14.21

Pneumonia Yes 5.46 5.95 3.27 0.25 27.14 0.378

No 6.80 8.30 1.85 0.10 29.06

UTI Yes 5.41 5.72 2.32 0.24 16.38 0.663

No 6.32 7.58 3.17 0.10 29.06

Wound Yes 7.58 9.51 2.81 0.10 29.06 0.936

No 5.65 6.31 2.60 0.21 27.14

Endocarditis Yes 7.89 7.55 7.89 2.55 13.23 0.494

No 5.99 7.11 2.60 0.10 29.06

Empyema Yes 6.39 9.78 2.22 0.21 20.92 0.612

No 6.04 6.94 2.60 0.10 29.06

Klebsiella Yes 6.09 6.98 3.33 0.21 27.14 0.352

No 6.04 7.24 2.02 0.10 29.06

Pseudomonas Yes 6.47 8.63 3.27 1.13 29.06 0.567

No 5.94 6.63 2.55 0.10 27.14

Acinetobacter Yes 4.04 4.04 2.44 0.73 12.03 0.628

No 6.55 7.57 3.06 0.10 29.06

MRSA Yes 7.77 11.13 2.81 0.24 29.06 0.747

No 5.86 6.55 2.60 0.10 27.14

E. coli Yes 6.65 6.08 3.20 0.57 15.81 0.358

No 5.93 7.31 2.49 0.10 29.06

Strept Yes 1.67 1.20 1.39 0.21 3.33 0.091

No 6.49 7.25 3.06 0.10 29.06

No growth Yes 5.12 7.09 2.02 0.10 13.23 0.580

No 6.11 7.12 2.60 0.21 29.06



Page 8 of 14Mousa et al. The Egyptian Journal of Bronchology           (2023) 17:58 

Table 6  Correlation of platelet counts, sCLEC2 level, and C2PAC index in relation to clinical data, laboratory investigations, and SOFA 
score

PLT sCLEC-2 level C2PAC index

Age Correlation coefficient 0.082  − 0.054  − 0.061

P value 0.550 0.693 0.657

N 56 56 56

Sepsis onset (day) Correlation coefficient 0.002  − 0.018  − 0.036

P value 0.988 0.897 0.791

N 56 56 56

Systolic blood pressure (SBP) Correlation coefficient 0.484  − 0.311  − 0.483

P value  < 0.001 0.020  < 0.001

N 56 56 56

Diastolic blood pressure (DBP) Correlation coefficient 0.403  − 0.224  − 0.391

P value 0.002 0.097 0.003

N 56 56 56

Heart rate (HR) Correlation coefficient  − 0.204 0.470 0.354

P value 0.131  < 0.001 0.007

N 56 56 56

Respiratory rate (RR) Correlation coefficient 0.047 0.051  − 0.060

P value 0.731 0.710 0.662

N 56 56 56

Temperature Correlation coefficient  − 0.100  − 0.013 0.081

P value 0.464 0.923 0.553

N 56 56 56

Urine output Correlation coefficient 0.384  − 0.134  − 0.357

P value 0.003 0.325 0.007

N 56 56 56

Mean arterial pressure (MAP) Correlation coefficient 0.450  − 0.268  − 0.444

P value 0.001 0.045 0.001

N 56 56 56

PTT, N (35–45) Correlation coefficient  − 0.483 0.318 0.507

P value  < 0.001 0.017  < 0.001

N 56 56 56

INR Correlation coefficient  − 0.432 0.270 0.432

P value 0.001 0.044 0.001

N 56 56 56

D-dimer Correlation coefficient  − 0.373 0.406 0.469

P value 0.005 0.002  < 0.001

N 56 56 56

TLC Correlation coefficient 0.236  − 0.175  − 0.255

P value 0.080 0.196 0.058

N 56 56 56

Hb Correlation coefficient 0.131  − 0.010  − 0.067

P value 0.335 0.944 0.622

N 56 56 56

CRP Correlation coefficient  − 0.052 0.104 0.100

P value 0.703 0.444 0.464

N 56 56 56

PC Correlation coefficient 0.321  − 0.209  − 0.332

P value 0.016 0.122 0.012

N 56 56 56
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Discussion
Sepsis and septic shock are fatal conditions that must be 
diagnosed early without delay for early administration of 

the proper antimicrobial agents [13].
The present study included a total of (86) divided into 

2 groups; group I: 56 patients diagnosed with sepsis 

Table 6  (continued)

PLT sCLEC-2 level C2PAC index

ALT Correlation coefficient  − 0.201 0.158 0.221

P value 0.138 0.244 0.102

N 56 56 56

AST Correlation coefficient  − 0.115 0.108 0.162

P value 0.398 0.428 0.233

N 56 56 56

Bilirubin T Correlation coefficient  − 0.071 0.001 0.030

P value 0.601 0.994 0.827

N 56 56 56

Bilirubin D Correlation coefficient  − 0.211 0.038 0.138

P value 0.118 0.779 0.312

N 56 56 56

Creatinine Correlation coefficient  − 0.057  − 0.151 0.010

P value 0.678 0.266 0.945

N 56 56 56

Urea Correlation coefficient  − 0.049  − 0.081 0.006

P value 0.719 0.554 0.965

N 56 56 56

P/F ratio Correlation coefficient 0.298  − 0.325  − 0.358

P value 0.026 0.015 0.007

N 56 56 56

SOFA score Correlation coefficient  − 0.553 0.392 0.589

P value  < 0.001 0.003  < 0.001

N 56 56 56

Fig. 1  Spearman correlation between C2PAC index and SOFA score
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or septic shock and group II: 30 age and sex-matched 
healthy individuals. In the current study, males diagnosed 
with sepsis were more than females, 31 males (55.4%) and 
25 females (44.6%).

Several studies have reported sex-based differences 
in sepsis and septic shock patients, and all these studies 
show a higher risk of sepsis in men which may be due 

to male sex hormones (androgens), as they were shown 
to be suppressive on cell-mediated immune responses. 
In contrast, female sex hormones exhibited protective 
effects [17].

There is a statistical significance (p value 0.045) 
between sCLEC2 level and streptococcal infections. 
This may be explained by the innate immune system 

Table 7  Comparison between sepsis-induced coagulopathy and sepsis without coagulopathy as regards vital signs and laboratory 
investigations

Sepsis induced coagulopathy (N = 17 patients) Sepsis without coagulopathy (N = 39 patients) P value

Mean SD Median Minimum Maximum Mean SD Median Minimum Maximum

Age 59.00 18.08 65.00 17.00 80.00 59.95 15.59 60.00 20.00 89.00 0.844

Sepsis onset (day) 5.12 2.03 5.00 1.00 10.00 5.15 2.27 5.00 1.00 10.00 0.921

SBP 94.71 18.75 90.00 80.00 150.00 114.23 16.32 110.00 80.00 160.00  < 0.001

DBP 57.65 12.00 50.00 50.00 90.00 72.56 12.08 70.00 50.00 100.00  < 0.001

HR 106.71 19.22 110.00 50.00 130.00 99.46 19.87 98.00 30.00 150.00 0.033

RR 33.71 24.28 24.00 14.00 99.00 26.67 14.05 25.00 3.00 105.00 0.655

Temperature 37.25 2.62 37.80 27.50 39.50 37.49 0.63 37.20 36.50 39.00 0.145

Urine output 1597.06 848.06 1400.00 350.00 2800.00 2005.38 853.59 2100.00 600.00 4200.00 0.097

MAP 68.61 14.38 63.30 60.00 110.00 86.42 12.86 83.30 60.00 120.00  < 0.001

aPTT, N (35–45) 51.12 5.89 53.00 40.00 58.00 41.82 3.28 40.00 38.00 50.00  < 0.001

INR 1.89 0.32 1.80 1.50 2.50 1.29 0.23 1.30 1.00 2.00  < 0.001

D-dimer 4.56 4.20 4.00 0.30 16.00 0.68 0.74 0.50 0.30 5.00  < 0.001

TLC 14.96 6.64 14.30 7.00 30.00 14.01 8.12 11.90 2.10 37.20 0.407

Hb 8.94 1.55 8.60 6.30 12.20 9.31 1.65 8.70 7.10 13.20 0.438

PLT 82.65 39.12 83.00 22.00 144.00 235.26 126.29 210.00 37.00 651.00  < 0.001

CRP 174.95 124.19 130.00 69.20 589.00 166.01 108.59 137.00 39.00 540.00 0.708

PC 50.76 9.91 53.00 27.00 65.00 69.41 10.52 70.00 35.00 85.00  < 0.001

ALT 148.88 251.71 87.00 3.00 1069.00 40.72 28.93 35.00 6.00 122.00 0.006

AST 132.18 181.00 81.00 13.00 765.00 53.13 42.34 48.00 7.00 243.00 0.023

Bilirubin T 2.14 2.15 1.20 0.30 8.30 0.91 0.69 0.70 0.20 3.80 0.010

Bilirubin D 1.01 1.22 0.50 0.09 4.70 0.34 0.44 0.24 0.08 2.70 0.001

Creatinine 2.18 1.31 2.10 0.80 5.29 2.15 1.93 1.50 0.40 9.50 0.427

Urea 91.24 56.48 65.00 21.00 191.00 83.28 70.99 54.00 21.00 400.00 0.273

P/F ratio 238.71 110.96 250.00 82.00 423.00 305.33 122.79 300.00 72.00 547.00 0.039

SOFA score 10.47 4.43 10.00 3.00 17.00 4.67 2.78 4.00 2.00 15.00  < 0.001

sCLEC-2 level 958.76 592.33 930.00 328.80 2277.00 454.26 275.20 404.50 36.70 1300.00 0.002

C2PAC index 13.71 7.95 13.23 2.55 29.06 2.73 2.83 1.85 0.10 14.21  < 0.001

Table 8  Sensitivity and specificity of C lectin level, C lectin/plt ratio, and platelets in sepsis-induced coagulopathy

Area under the 
curve

P value Asymptotic 95% confidence interval

Lower bound Upper bound Cutoff Sensitivity % Specificity %

C lectin level 
(sCLEC-2)

0.765  < 0.001 0.623 0.907  > 845 58.8 89.7

C lectin/plt 
ratio (C2PAC 
index)

0.938  < 0.001 0.878 0.998  > 5.02 82.4 89.7

PLT 0.956  < 0.001 0.906 1.006  < 135.5 94.1 87.2
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employs C-type lectin receptors (CLRs) to recognize 
carbohydrate structures on pathogens and self-anti-
gens. The macrophage-inducible C-type lectin (Mincle) 
is a FcRγ-coupled CLR that was shown to bind to myco-
bacterial cord factor. Several studies detected that Min-
cle can recognize S. pneumonia but is not required for 
the anti-pneumococcal innate immune response [18].

In the current study, the C2PAC index showed a sta-
tistically significant difference (p value < 0.001) between 
group I (6.06 ± 7.06) and group II (1.06 ± 2.00) being 
lower in group II (healthy volunteers). Hiroyasu Ishi-
kura also obtained the same results that The C2PAC 
index is significantly lower in the healthy volunteers 
than in septic patients [2].

Platelets play a pivotal role in sepsis starting with 
coagulation activation at the infection site and throm-
bus formation and this is recognized as an immune-
thrombosis mechanism. When these reactions spread 
to the whole body, depletion of platelets occurs fol-
lowed by DIC [19, 20].

Platelet count showed a statistically significant dif-
ference (p value < 0.001) between group I (188 ± 128) 
and group II (278 ± 84) being lower in group I (septic 
patients). sCLEC-2 level showed a statistically sig-
nificant difference (p value < 0.001) between group I 

(607 ± 457) and group II (261 ± 481) being higher in 
group I (septic patients).

Hiroyasu Ishikura detected the same results that the 
septic patients had a significantly lower platelet count 
and significantly higher sCLEC-2 level on ICU admis-
sion compared with the healthy volunteers (P < 0.01) 
[2].

Regarding the comparison between sepsis-induced 
coagulopathy (SIC) and sepsis without coagulopathy in 
the current study, the C2PAC index and platelets showed 
a statistically significant difference (p value < 0.001). The 
C2PAC index is higher in SIC, but platelets are lower 
in SIC. sCLEC-2 level was significantly higher in SIC 
than sepsis without coagulopathy (p value < 0.002) but 
not as high as the C2PAC index and platelets; however, 
Hiroyasu Ishikura detected that the sCLEC-2 level did 
not significantly differ between the two groups [2].

In this study, it was detected that the SIC group was 
17 patients (30.4%) and the sepsis without coagulopathy 
group was 39 patients (69.6%). Compared with the non-
SIC group, the SIC group was significantly older and had 
a significantly higher SOFA score, C lectin levels, and 
C2PAC index. This proposed that The C2PAC index is a 
useful predictor of SIC progression and diagnosis in sep-
tic patients.

Fig. 2  ROC curve in correlation to C lectin level and C lectin/Plt ratio (C2PAC index)
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Hiroyasu Ishikura obtained different results regarding 
the number of patients diagnosed with SIC in a study 
conducted on 70 patients in which the non-SIC group 
and SIC group were 26 and 44 patients, respectively. 
However, they obtained the same results regarding the 
comparison between SIC and non-SIC, compared with 
the non-SID group, the SID group was significantly older 
and had a significantly higher SOFA score [2].

In the current study, it was detected that the C2PAC 
index at cutoff < 5.02, the area under the curve (AUC) 
was 0.938 with 82.4% sensitivity and 89.7% specificity (p 
value > 0.001). Our results had a higher C2PAC index cut-
off compared to Ishikura et al. that concluded the C2PAC 
index at cutoff 1.4 was possible to diagnose SIC with 
(AUC 0.805, sensitivity of 75.0% and specificity of 76.9%) 
on a study conducted on 70 Japanese septic patients [2]. 
The difference in the C2PAC index cutoff between these 
two studies could be explained by the different ethnici-
ties. The second explanation could be due to more reduc-
tion in the platelets count in the SIC group in our study 

(82.65 ± 39.12) compared to Ishikura et al. study in which 
the platelet count in the SIC group was 134 ± 87 which 
may reflect higher C2PAC index in the current study.

Also, the difference in the C2PAC index may be 
explained by the difference in sepsis severity guided by 
SOFA score; however, this was not detected between 
these two studies in which the SOFA score in the current 
study was 10.47 ± 4.43, while in Ishikura et  al.’s study, it 
was (10.1 ± 3.7) [2].

The current study proposed that C2PAC was more 
accurate and impressive than using platelets’ counts 
alone with higher specificity (89.7% versus 87.2%, respec-
tively). C2PAC index was more sensitive than sCLEC-2 
levels (82.4% versus 58%, respectively) in the detection of 
SIC, and this matched with the same results of Ishikura 
et al. [2].

Limitation to this study
Our study is a single-center experience on small num-
bers of patients with only one reading of sCLEC-2 level in 

Fig. 3  ROC curve in correlation to platelets’ count
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each patient due to funding limitations. We need multi-
ple centers of research with multiple readings of sCLEC-2 
levels for each patient during the progress of either sepsis 
or sepsis-induced coagulopathy to detect also the prog-
nostic value and validity to be used as an early predic-
tor test. Some limitations of the present study should be 
noted. It was a small single-center observational study, 
making it difficult to generalize the findings globally.

Conclusion
This study concluded that sCLEC-2 and C2PAC index (a 
ratio of sCLEC-2 levels and platelet count) could be used 
as diagnostic markers of sepsis. However, it is more pre-
cise to use the C2PAC index and could be validated as a 
predictor of sepsis-induced coagulopathy with both high 
sensitivity and specificity (82.4%, 89.7%, respectively) 
rather than using sCLEC-2 alone (sensitivity 58.8%).
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