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Table 1. Patients’ underlying diseases

Underlying disease

PCT value (ng/ml)

Systemic and localized
bacterial infection groups combined

Nonbacterial infection and
Non-infectious group

combined

n n Range n Range
Circulatory disease 38 10 0-10.08 28 0-1.70
Respiratory disease 10 5 0-21.04 5 0-0.42
Gastroenterological disease 14 11 0.60-373.46 3 0-0.91
Hepatobiliary disease 7 4 0-205.79 3 0-0.41
Renal disease 3 2 2.02-212.18 1 0.33
Neurological disease 3 3 0-7.98 0 -
Diabetes mellitus 7 6 0.34-82.29 1 0
Malignant disease 6 3 0.42-1.73 3 0
Trauma 15 10 0-82.48 5 0-0.38
Burns 7 7 0-34.53 0 -
Kawasaki disease 12 1 4.89 11 0-1.91
Others 17 7 0-20.59 10 0-8.72
None 37 21 0-93.29 16 0-3.67
Total 176 90 86

Statistical analysis

The statistical significances of differences were determined
using the Mann-Whitney U-test and receiver operating
characteristic (ROC) analysis, carried out with StatFlex
Ver. 5.0 (AHTEKKU, Osaka, Japan). P values of less than
0.05 were considered significant.

Results

Serum PCT, endotoxin, -p-glucan, IL-6, and CRP
concentrations in patient groups

The patterns of distribution of PCT, endotoxin, IL-6, and
CRP concentrations in the systemic bacterial infection
group, localized bacterial infection group, nonbacterial
infection group, and noninfectious disease group are shown
in Fig. 1. The median ages of the patients with nonbacterial
and suspected bacterial infections were lower than those of
the other groups (Table 2). Previous studies have reported
that there were no differences in PCT values by age,'® with
the exception of neonates."” Table 3 summarizes serum con-
centrations of PCT, endotoxin, IL-6, and CRP in patients in
the five groups and in the healthy volunteers. Table 4 shows
statistical analysis using the criteria for the diseases. Serum
PCT concentrations were significantly higher in both the
systemic bacterial infection and localized bacterial infection
groups than in both the nonbacterial infection and non-
infectious disease groups (P < 0.05). Serum PCT concentra-
tions did not differ significantly between the systemic
bacterial infection and localized bacterial infection groups
(P = 0.770). The systemic bacterial infection and localized
bacterial infection groups were therefore combined as the
bacterial infectious disease group. In the same fashion, no

significant difference in serum PCT concentration was ob-
served between the nonbacterial infection group and the
noninfectious disease groups (P =0.174), and the nonbacte-
rial infection and noninfectious disease groups were there-
fore combined as the nonbacterial infectious disease group.
The patterns of distribution of PCT, endotoxin, IL-6, and
CRP concentrations for these two groups are shown in Fig.
2. Serum PCT, endotoxin, IL-6, and CRP concentrations
were significantly higher in the bacterial infectious disease
group than in the nonbacterial infectious disease group
(P <0.001, P <0.005, P < 0.001, and P < 0.001).

Cutoff value and diagnostic accuracy of serum
PCT concentration

Table 5 shows the sensitivity, specificity, positive predictive
values, and negative predictive values for the serum mark-
ers. When 0.5ng/ml was used as the cutoff value for PCT,
the sensitivity, specificity, positive predictive value, and
negative predictive value were 64.4%, 86.0%, 82.9%, and
69.8%, respectively. Figure 3 presents the receiver operat-
ing characteristic curves of four serum markers used to
discriminate the bacterial infectious disease group from the
nonbacterial infectious disease group. The area under the
receiver operating characteristic curve (AUC) for PCT was
0.84, which was significantly higher than that for endotoxin
(0.60; P < 0.001), and tended to be higher than those for
IL-6 (0.77; P = 0.22) and CRP (0.78; P = 0.32).

Sensitivities of serum markers for the type of infection

Table 6 shows the sensitivities of PCT, endotoxin, B-
D-glucan, IL-6, and CRP with regard to the type of infection
determined by culture. The difference in PCT serum con-



Fig. 1. Distribution patterns of procalcitonin 60

(PCT), endotoxin, interleukin-6 (/L-6) and
C-reactive protein (CRP) in patients with

systemic bacterial infections, localized 40
bacterial infections, nonbacterial infections,
and noninfectious diseases 20

0 //.M_

Systemic bacterial infections

60

Localized bacterial infections

40

20

Number of cases

Nonbacterial infections

R R e

0

60

Noninfectious diseases

14

0.1 1 10 100100
PCT (ng/mL)

40 -

20 A

Systemic bacterial infections

Localized bacterial infections

0 +—y

Number of cases

Nonbacterial infections

0 ==y

Noninfectious diseases

1 100 10000 1000000
IL-6 (pg/mL)

Number of cases

Number of cases

155

Systemic bacterial infections

60

Nonbacterial infections

40

Noninfectious diseases

T T

1 10 10 1000

Endotoxin (pg/mL)

60

Systemic bacterial infections

40 A
20 A
O‘F‘E\ T H H

60

Localized bacterial infections

40 -

20 1

0
60

Nonbacterial infections

40
20

0
60

Noninfectious diseases

40

20

0

25 10 20 30 40 50
CRP (mg/dL)



156

Table 2. Patient demographics

n Sex Age (years)
Male/Female Median (range)

Systemic bacterial infection 20 713 58 (1-81)
Localized bacterial infection 70 44126 53 (0.1-92)
Nonbacterial infection 26 13/13 4 (0.1-72)
Suspected bacterial infection 69 4524 5 (0.1-85)
Noninfectious disease 60 3822 48 (0.1-87)
Healthy volunteers 20 16/4 22 (22-27)

Table 3. Serum concentrations of PCT, endotoxin, IL-6 and CRP in patients with systemic bacterial infection, localized bacterial infection,
nonbacterial infection, suspected bacterial infection, and noninfectious diseases, and healthy volunteers

n PCT (ng/ml)

Endotoxin (pg/ml)

IL-6 (pg/ml) CRP (mg/dl)

Median (range)

Median (range) Median (range) Median (range)

Systemic bacterial infection 20 0.66 (0.00-212.18) 0.0 (0.0-39.4) 199.5 (22.3-592000.0) 20.0 (0.1-38.2)
Localized bacterial infection 70 0.94 (0.00-373.46) 0.0 (0.0-135.4) 141.2 (1.6-38922.0) 11.9 (0.2-46.7)
Nonbacterial infection 26 0.16 (0.00-8.72) 0.0 (0.0-7.0) 152.6 (54.3-2550.0) 1.9 (0.3-28.4)
Suspected bacterial infection 69 0.38 (0.00-85.93) 0.0 (0.0-29.1) 17.1 (10.3-1086.0) 2.5 (0.1-26.8)
Noninfectious disease 60 0.00 (0.00-1.91) 0.0 (0.0-1.3) 17.1 (0.0-1350.0) 2.1 (0.0-28.1)
Healthy volunteers 20 0.00 (0.00-0.00) 0.0 (0.0-0.6) 1.8 (1.5-4.5) 0.1 (0.0-0.1)
Table 4. Statistical analysis according to the disease criteria

p value

PCT Endotoxin IL-6 CRP
Systemic bacterial infection vs localized bacterial infection 0.770 0.469 0.131 0.244
Systemic bacterial infection vs nonbacterial infection 0.026 0.149 0.317 <0.001
Systemic bacterial infection vs noninfectious disease <0.001 0.004 <0.001 <0.001
Localized bacterial infection vs nonbacterial infection <0.001 0.323 0.766 <0.001
Localized bacterial infection vs noninfectious disease <0.001 0.011 <0.001 <0.001
Nonbacterial infection vs noninfectious disease 0.174 0.317 0.104 0.756

ati twe -negative and Gram-positive pe .

centrations between Gram-neg M-POSILIVE " peccrcsion

bacterial infections was not significant (13.79 + 28.18 ng/ml
for Gram-negative and 9.91 £ 35.20ng/ml for Gram-positive
bacterial infections; P = 0.673). The sensitivity of PCT for
mixed Gram-negative and Gram-positive bacterial infec-
tions was 64.3% (9/14 cases). The sensitivities of PCT and
endotoxin for Gram-negative bacterial infections in sys-
temic infections were 100% (3/3) and 67% (2/3), respec-
tively. On the other hand, the sensitivities of PCT and
endotoxin for localized Gram-negative bacterial infections
were 50% (6/12) and 0% (0/12), respectively. In a patient
with confirmed fungal infection, the PCT result was nega-
tive, below the cutoff value. Four of 24 samples from
patients with viral infections (16.7%) exhibited PCT
concentrations exceeding the cutoff value. One patient with
malaria showed a high PCT concentration, of 8.7 ng/ml.

Sensitivity of serum PCT compared with blood culture

The sensitivities of serum PCT and blood culture were com-
pared in the combined systemic bacterial infection group
and the localized bacterial infection group. The sensitivity
of PCT was 70.2% (33/47 cases) in this combined group, but
it was 42.6% (20/47 cases) for blood culture.

Sepsis can be difficult to distinguish from other, noninfec-
tious, conditions in critically ill patients admitted with clini-
cal signs and symptoms of various acute inflammatory
diseases. This issue is of paramount importance, given that
therapies and outcomes differ greatly between patients with
and those without bacterial sepsis. Blood culture is the most
reliable method of detecting bacterial infections. However,
more than 3 days is required to obtain results, and the
positive detection rate is low. Although CRP and IL-6 have
been suggested to be good indicators of sepsis, elevated
CRP and IL-6 concentrations can also be found following
surgical procedures and in patients with nonbacterial or
noninfectious inflammation alone. Thus, there is an unmet
need for clinical tools that distinguish bacterial infections
from other inflammatory diseases.

The diagnostic and prognostic importance of PCT in
severe inflammatory diseases was first reported for a series
of patients with burns, in 1992."® Serum PCT values were
less than 0.1 ng/ml in healthy individuals, but were markedly
increased, mostly as a result of induced extrathyroidal pro-
duction, in patients with severe infection. However, the
roles of PCT and the origin of its production, as well as the
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Table 5. Sensitivity, specificity, positive predictive value and negative predictive value of PCT, endotoxin, IL-6, and CRP in patients with
bacterial infectious diseases and those with nonbacterial infectious diseases

Cutoff value Sensitivity Specificity Positive predictive value Negative predictive value

PCT 0.5ng/ml 64.4% (58/90) 86.0% (74/86) 82.9% (58/70) 69.8% (74/106)
PCT 2.0ng/ml 34.4% (31/90) 97.7% (84/86) 93.9% (31/33) 58.7% (84/143)
Endotoxin 1.0pg/ml 14.6% (13/89) 95.2% (79/83) 76.5% (13/17) 51.0% (79/155)
IL-6 10pg/ml 96.9% (63/65) 39.0% (16/41) 71.6% (63/88) 88.9% (16/18)
IL-6 100 pg/ml 70.8% (46/65) 65.9% (27/41) 76.7% (46/60) 58.7% (27/46)
CRP 0.3mg/dl 97.8% (88/90) 9.3% (8/86) 53.0% (88/166) 80.0% (8/10)

CRP 5.0mg/dl 83.3% (75/90) 68.6% (59/86) 73.5% (75/102) 79.7% (59/74)

mechanism underlying PCT induction, are still not well
known. Recent findings suggest that sources of PCT may
include hepatic cells and monocytes/macrophages.’**® PCT
is consistently increased after endotoxin injection, suggest-

ing an association of endotoxin with septic shock and high
PCT serum concentration.”’ Tumor necrosis factor (TNF)
and IL-6 concentrations peaked before the appearance of
PCT, suggesting that proinflammatory cytokines may play a



158

Table 6. Sensitivity of PCT, endotoxin, B-p-glucan, IL-6, and CRP with respect to the type of infection

Type of infection

PCT

Endotoxin

0.5ng/ml

1.0pg/ml

B-p-glucan

11pg/ml

IL-6

CRP

100 pg/ml

Smg/dl

Gram-negative infection

Gram-positive infection

Mixed Gram-negative and
-positive infection

Mixed bacterial and fungal
infections

Fungal infection

Mycoplasmal infection

Viral infection

Malarial infection

65.2% (15/23)
61.0% (25/41)
64.3% (9/14)

87.5% (7/8)

0.0% (0/1)
0.0% (0/1)
16.7% (4/24)
100.0% (1/1)

21.7% (5/23)
7.5% (3/40)
21.4% (3/14)

25.0% (2/8)

0.0% (0/1)
0.0% (0/1)
4.5% (1/22)

100.0% (1/1)

17.4% (4/23)
16.2% (6/37)
16.7% (2/12)

57.1% (417)

100.0% (1/1)
0.0% (0/1)
0.0% (0/19)
0.0% (0/1)

58.8% (10/17)
69.0% (20/29)
72.7% (8/11)

83.3% (5/6)

0.0% (0/1)

50.0% (1/2)
100.0% (1/1)

87.0% (20/23)
85.4% (35/41)
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Fig. 3. Receiver operating characteristic curves (ROCs) of serum pa-
rameters (PCT, endotoxin, IL-6, and CRP) in patients with bacterial
infectious diseases and those with non-bacterial infectious diseases

role in inducing PCT release.” Many studies have estab-
lished that the determination of serum PCT concentrations
can be used to differentiate bacterial from viral infections
and to identify bacterial infections in patients admitted to
intensive care units because of systemic inflammatory
response syndrome (SIRS). Some studies have compared
the diagnostic value of PCT with those of other parameters
of inflammation, such as CRP and cytokine concentra-
tions.®* Thus, we conducted a prospective, multicenter
study in patients diagnosed with or suspected of having
infections. We obtained a cutoff value of 0.5ng/ml for the
PCT concentration, with acceptable sensitivity and high
specificity. When assessed in 90 patients diagnosed with
localized bacterial infectious disease and 86 patients diag-
nosed with nonbacterial infectious disease, the sensitivity,
specificity, positive predictive value, and negative predictive
value of PCT were 64.4%, 86.0%, 82.9%, and 69.8%, re-
spectively. Al-Nawas et al.” showed that PCT determina-
tion in adult patients with sepsis had a lower specificity

Table 7. Sensitivity of PCT and blood culture in patients with systemic
bacterial infections and localized bacterial infections

n PCT Blood culture
Systemic bacterial infections 20 11 (55.0%) 20 (100%)
Localized bacterial infections 70 47 (67.1%) 0 (0.0%)
Blood culture negative 27 22(81.5%) 0 (0.0%)
Blood culture not performed 43 25 (58.1%)  No test

(79%) and higher negative predictive value (78%), but
lower sensitivity (60%) and positive predictive value (61%)
than in our study, as above. The study by Liaudat et al.*
intended to evaluate PCT concentration as an early predic-
tive marker of bacteremia. In their hospital, where the
prevalence of bacteremia was 8%, they found that PCT
evaluation had a negative predictive value of 96%. Gendrel
et al.’ pointed out that low PCT serum concentrations in
bacteremic patients may be due to previous administration
of antibiotics. In the present study, 17 of 32 patients with
bacterial infectious disease with a PCT concentration of less
than 0.5 ng/ml had received antibiotics within 2 days of the
testing. With the diagnostic criteria of the American Col-
lege of Chest Physicians/Society of Critical Care Medicine
Consensus Conference,” we classified 18 of these 32
patients as having non-SIRS (n = 6) or sepsis (n = 12), but
none of them were classified as having severe sepsis. The
AUCfor PCT differed significantly from that for endotoxin,
and tended to be higher than those for IL-6 and CRP. PCT
is specific for bacterial infectious disease, but CRP and
IL-6 may have elevated values in patients with SIRS.

The sensitivity of PCT was compared with respect to the
classification of bacteria. No significant difference was
observed for PCT serum concentrations between Gram-
negative and Gram-positive bacterial infections, similar to
already published data.”®

The study by Assicot et al.* indicated that patients with
viral infection had normal or only slightly increased concen-
trations of PCT. In the present study, 4 of 24 patients with
viral infection had PCT concentrations higher than 0.5ng/
ml, and the mean PCT concentration in the viral infection
group was 0.36 £ 0.76 ng/ml, while the highest concentration
was 3.67ng/ml.

PCT yielded negative results in one patient with fungal
infection. The sensitivity of PCT for mixed bacterial and



fungal infection was 87.5% (7/8 cases). Endo et al.? have
suggested that blood PCT does not increase in patients with
deep-seated mycoses. Thus, although additional studies are
necessary, PCT could be useful to distinguish bacterial from
fungal infections.

In a patient with malaria, the PCT concentration was
8.72ng/ml. Chiwakata et al.” showed that patients with se-
vere and complicated Plasmodium falciparum malaria had
significantly higher concentrations of serum PCT than those
with uncomplicated malaria.

In conclusion, serum PCT concentration is specific for
bacterial infection. The PCT concentration may contribute
to a decision to withhold antibiotic treatment. Thus, it may
be useful in detecting febrile patients suffering from severe
focal infections or culture-negative sepsis who should be
treated promptly with antibiotics, as well as patients suffer-
ing from benign occult bacteremia (who could avoid hospi-
talization), irrespective of the results of blood cultures.
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Abstract CD14, a high-affinity receptor for lipopolysaccha-
ride (LPS), is a glycoprotein expressed on the surface mem-
branes of monocytes/macrophages. We have identified a
previously unknown form of soluble CD14, named soluble
CD14 subtype (sCD14-ST), that is increased in patients
with sepsis. To measure sCD14-ST concentrations in
plasma, we prepared anti-sCD14-ST antibodies and devel-
oped an enzyme immunoassay (EIA) for this soluble form
of CD14. With this assay, quantitative measurements are
available within 4h, and we compared the levels of sCD14-
ST in plasma from normal subjects (healthy controls), pa-
tients with systemic inflammatory response syndrome
(SIRS), and sepsis patients. The level of sCD14-ST in sub-
jects with sepsis was much higher than the levels in subjects
with SIRS and the healthy controls. Additionally, when a
subject’s sCD14-ST level was used as a diagnostic marker
for sepsis, the area under the receiver operating character-
istic (ROC) curve was 0.817, thereby demonstrating that
elevated sCD14-ST levels were a better marker for sepsis
than the other molecular markers we tested. sCD14-ST lev-
els also correlated with procalcitonin (PCT) levels and with
sequential organ failure assessment (SOFA) scores. Finally,
changes in sCD14-ST concentration correlated with the se-
verity of sepsis. Taken together, these results indicate that
sCD14-ST is a useful marker for the rapid diagnosis of
sepsis and for monitoring the severity of the disease.
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Introduction

CD14, a cluster-of-differentiation (CD) marker protein ex-
pressed by bone-marrow cells, is found on the surface mem-
branes of mononuclear cells, where it serves as a specific
high-affinity receptor for lipopolysaccharide (LPS)."? It was
previously reported that membrane-bound CD14 was ab-
sent in patients with paroxysmal nocturnal hemoglobinuria
(PHN), whereas soluble CD14 (sCD14) was detected in the
plasma of patients with PHN.” In normal plasma, sCD14 has
been detected at microgram concentrations as both a 49-kD
and a 55-kD molecule.*’ Interestingly, several diseases, in-
cluding sepsis, AIDS, acute respiratory distress syndrome,
and systemic lupus erythematosus, have been associated
with elevated sCD14 plasma levels.””

What is the function of sCD14? In mice, sCD14 has been
shown to reduce the mortality rate caused by endotoxin
shock and the severity of gram-negative bacterial infec-
tions.'® Moreover, an increased serum sCD14 concentration
has been correlated with interleukin (IL)-8 levels and poor
outcomes for patients with sepsis."" However, because in-
creased levels of sCD14 are not disease-specific, sCD14 is
not an ideal marker for sepsis.

We have developed an enzyme immunoassay {EIA) to
measure sCD14-subtype (ST) levels in plasma. In this study,
we report on our use of this assay to determine the levels of
sCD14-ST in plasma from healthy subjects, subjects with
systemic inflammatory response syndrome (SIRS), and sub-
jects with sepsis. Receiver Operating Characteristic (ROC)
analysis suggested that sCD14-ST could be used as a diag-
nostic marker for sepsis.

Subjects, materials, and methods
Plasma samples
All of the subjects in this study were inpatients at the Criti-

cal Care and Emergency Center of Iwate Medical Univer-
sity. Healthy volunteers served as control subjects. Cases of
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Table 1. Medical histories of the subjects in this study

Sepsis (1 = 66)

Appendicitis 10
Perforation of duodenum 10
Perforation of colon 12
Pyelonephritis 4
Cholangitis 9
Mesenteric vascular occlusion 7
Perforation of stomach 1
Perforation of small intestine 4
Others 9

SIRS (n = 80)

Myocardial infarction 18
Carbon monoxide poisoning syndrome 10
Craniocerebral trauma 23

Liver trauma 5

sepsis and SIRS without infection were defined by the crite-
ria delineated by the American College of Chest Physicians/
Society of Critical Care Medicine (ACCP/SCCM) Consen-
sus Conference Committee.”” Blood was collected before
medical treatment was administered.

Assays

The plasma concentrations of C-reactive protein (CRP), IL-
6, procalcitonin (PCT), and endotoxin were measured using
commercially available kits (CRP, Immunoticles auto CRP;
A&T, Tokyo, Japan; IL-6, Biosource, Camarillo, CA, USA;
PCT, LUMItest; B-R-A-H-M-S, Berlin, Germany; endot-
oxin, LAL IES; Wako Pure Chemicals, Osaka, Japan). Fur-
thermore, the plasma levels of several markers were
measured over time in patients with sepsis. Routine labora-
tory parameters such as leukocyte counts and body tem-
perature and heart rate were determined.

sCD14-ST EIA

To study the level of sCD14-ST in plasma, we developed an
EIA for sCD14-ST, using two sCD14-ST-specific antibod-
ies. Briefly, rabbit anti-sCD14-ST polyclonal antibodies
were used to capture the target protein and peroxidase-
labeled mouse anti-sCD14-ST monoclonal antibodies were
used to detect the captured protein in sandwich EIA. Using
this assay, quantitative measurements are available within
4h. The standard curve was linear from 3 to 150ng/ml, and
the intraassay and interassay variations were less than 10%.

Statistical analysis

Mann-Whitney tests were used to compare the results from
each group. Correlations between markers were analyzed
using Spearman’s rank correlation test. All of the analyses
were two-sided, and P values less than 0.05 were considered
significant. ROC analyses were used to examine the capa-
bility of markers to diagnose sepsis (SPSS., Chicago, IL,
USA).

Fat embolism 2
Pelvic fracture 5
Others 17
600 e | b R e
- o)
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Fig. 1. The concentrations of soluble CD14 subtype (sCDI14-ST) mea-
sured in plasma samples from normal controls, sepsis patients, and
systemic inflammatory response syndrome (SIRS) patients. Data val-
ues are expressed as medians and interquartile ranges. Mann-Whitney
tests were used to compare the results from each group. *P < 0.05,
significant increase compared with the normal controls and SIRS with-
out infection. Numbers in parentheses are interquartile ranges

Resufis
sCD14-ST concentrations

The medical histories of the patients with sepsis and those
with SIRS are shown in Table 1. The concentration of
sCD14-ST in plasma samples was determined by sCD14-ST
EIA (Fig. 1). The median sCD14-ST concentrations in
plasma from healthy individuals (75 samples), subjects with
sepsis {66 samples), and subjects with SIRS (80 samples)
were 21.8ng/ml, 220.7ng/ml, and 81.3ng/ml, respectively.
sCD14-ST levels were significantly higher in the sepsis
group than in the SIRS and healthy control groups, demon-
strating the specific elevation of sCD14-ST in patients with
sepsis.

ROC analysis

ROC analysis revealed the area under the curve (AUCQC)
for sCD14-ST was 0.817, which was the highest among the
measurement markers (Fig. 2). The AUC values for



)

236

Fig. 2. Receiver operating
characteristic (ROC) analysis
of sCD14-ST, endotoxin,
interleukin 6 ({L-6), and
procalcitonin (PCT) for the
diagnosis of sepsis (sepsis vs
normal + SIRS without
infection). The areas under
the ROC curves (AUC) were
calculated, using SPSS
software (SPSS, Chicago, IL,
USA). The AUC in the
ROC analysis for sCD14-ST
was 0.817, better than that
for the other markers

Sensitivity (1-8)

= sCD14-8T
ROC area: 0.817

e Endofoxin
ROC area: 8.702

iL-8
ROC area: 0.625

P =Tt
=108

ROC area: 0.744

False positive rate ()

Table 2. Correlation of sCD14-ST levels with those of other markers
1L-6 CRP PCT

Endotoxin SOFA

sCD14-ST 0.118 0.095 0.610* 0.597*  0.750*

*P < 0.01 (Spearman test)

endotoxin, PCT, and IL-6 were 0.702, 0.744, and 0.625, re-
spectively. The ROC curves also show that sCD14-ST is a
sensitive marker for sepsis, whereas endotoxin is a specific
marker.

Correlation with other markers

sCD14-ST levels correlated with PCT levels, CRP levels,
and sequential organ failure assessment (SOFA) scores,
which describe the severity of organ dysfunction (Table 2).
In particular, the correlation between the concentration of
sCD14-ST and the SOFA score was high, at 0.750. On the
other hand, endotoxin and IL-6 concentrations did not
strongly correlate with sCD14-ST levels.

Case study

To test whether or not sCD14-ST can be used as a diagnos-
tic marker for sepsis, we measured sCD14-ST levels over
time in a 65-year-old male patient with cholangiocarcinoma
(Fig. 3). Three days after the left lobe of the liver, the
duodenum, and the head of the pancreas had been resected,
portal thrombus formation was detected, and a hepatec-
tomy was performed. Seven days later, computed tomogra-
phy (CT) scanning detected necrosis of the liver and the
onset of sepsis. Local drainage was performed and the
symptoms of sepsis subsided. Fifteen days after the initial
drainage, an abscess was detected in the liver. A second
drainage was performed and the clinical condition of the
patient improved.
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Fig. 3. Changes in sCD14-ST, endotoxin, and C-reactive protein
(CRP) concentrations in a patient with cholangiocarcinoma, after sur-
gery. sCD14-ST concentrations were measured by enzyme immuno-
assay (EIA). Endotoxin and CRP were measured with commercially
available kits. Drainage was performed after computed tomography
(CT) scanning detected necrosis of the liver and the onset of sepsis

We monitored the levels of several markers throughout
the course of the infection and found that the sCD14-ST
concentration was a reliable marker for sepsis. The concen-
tration of sCD14-ST rose to 150 ng/ml after the onset of the
infection, and descended promptly after the first drainage.
Subsequently, the concentration of sCD14-ST returned to
150ng/ml, before the second drainage. In contrast, the con-



centration of endotoxin increased during the first infection
but not during the second infection. Furthermore, the con-
centration of CRP did not reflect the course of the infection.
Overall, increases and reductions in the concentrations of
sCD14-ST correlated with the clinical diagnosis of sepsis
and the success of therapy, respectively.

Discussion

We measured sCD14-ST levels in healthy individuals, SIRS
patients, and sepsis patients. In healthy subjects, sCD14-ST
levels were an order of magnitude lower than the levels of
other forms of sCD14 measured by conventional CD14-
EIA.* Although we found a small elevation of sCD14-ST in
the SIRS group, the levels of sCD14-ST in sepsis patients
were significantly higher than those in patients with SIRS or
the healthy control subjects. These data demonstrate that
the concentration of sCD14-ST is specifically increased dur-
ing sepsis. Furthermore, the correlation between sCD14-ST
concentrations and PCT levels, endotoxin levels, and SOFA
scores indicates that measuring sCD14-ST levels would be
valuable for the diagnosis of sepsis.

The AUC calculated from the ROC analysis of elevated
sCD14-ST levels as a test for sepsis was 0.817, and the ROC
curve showed that the sCD14-ST concentration was a
significantly more sensitive indicator of sepsis than the con-
centrations of the other markers tested. Moreover, the time
course of the plasma levels of sCD14-ST in a surgery patient
reflected the increasing and decreasing severity of the
patient’s infection. Conversely, CRP levels remained high
even when the condition of the patient was stable, demon-
strating that the concentration of sCD14-ST was more
strongly correlated than the other parameters tested with
the clinical course of sepsis. Although the half-life of
sCD14-ST is unknown, our data showed that, after treat-
ment, sCD14-ST levels decreased within a few days. Fur-
thermore, sCD14-ST levels increased in the first 6h after
the onset of sepsis (data not shown). These changes in con-
centration occurred on a much faster time scale than those
observed for PCT or CRP. PCT is a diagnostic marker for
sepsis that has been used in the European Union.” We
found that, compared with PCT, sCD14-ST was induced at
an earlier stage of sepsis, was present at higher concentra-
tions in plasma, and was a more sensitive indicator of sepsis.
Taken together, these results suggest that measuring plasma
levels of sCD14-ST should facilitate the rapid diagnosis of
sepsis and the assessment of the effectiveness of any admin-
istered therapy.

The physiological role of sCD14-ST during sepsis and
the mechanisms that induce the production of sCD14-ST
are unclear. Bufler et al." reported that sCD14 was released
from human monocytes and CD14 transfectants via two
different mechanisms: a shedding mechanism and a secre-
tion mechanism. Moreover, Bazil et al.” found that sCD14
was shed from stimulated human monocytes. Because we
observed an increase in sCD14-ST levels within a few hours
of the onset of sepsis, we believe that sCD14-ST is produced
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by shedding rather than by secretion, which requires
protein synthesis.

To reduce the mortality rate of patients with sepsis, rapid
diagnosis and therapy are required.'® To rapidly diagnose
sepsis and monitor the severity of the infection, it is
currently necessary to use a combination of parameters,
including clinical signs, the SOFA scoring system, and
the levels of endotoxin, IL6, and PCT."™® A simple
immunochromatography-based method that produces re-
sults in 20min has been developed to facilitate sepsis diag-
nosis. The results from our present study indicate that
sCD14-ST is the most suitable marker for sepsis and that
using sCD14-ST levels as an indicator of sepsis may
decrease the mortality rate in sepsis patients.
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Shigeatsu Endo", Yasunori Yaegashi®, Nobuhiro Sato¥, Masahiro Kojika®,
Yasushi Suzuki?, Kamon Shirakawa®, Shoji Furusako?, Katsuya Inada®

1) Department of Critical Care Medicine, Twate Medical University, 19-1 Uchimaru, Morioka, 020-8505, Japan
2) Mochida Pharmaceutical Co, Ltd, 722 Uenohara, Shinbaaza, Gotenba City, Shizuoka Parfecture, 412-8524, Japan
3) Limuloid Science, Ltd, 4-31 Konyacho, Morioka, 020-0885, Japan

50

Japan Journal of Critical Care for Endotoxemia
(Jpn J Crit Care Endotoxemia 2005 ; 9 : 46-50)

Abstract

CD 14 is a receptor, which exists existing on the cell membrane of endotoxin and LBP

complex, and transmits a signal of endotoxin inside the cell, ; but however, it is also known
to exist in blood as soluble protein. We discovered soluble CD 14 subtype (sCD 14-ST, 49
kD), the molecular weight of which is different from that of traditional CD 14 among soluble
CD 14, and developed an assay for sCD 14-ST using the ELISA technique. In When examining
ROC curves, it was clear that the measurement of ing the sCD 14-ST value in septic patients

by this method provides a superior ability to diagnose sepsis compared to factors such as

CRP, endotoxin, IL-6, and procalcitonin.

Key words : Sepsis, sCD 14-ST, Diagnosis, Procalcitonin, CRP
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