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Neopterin and soluble CD14 levels as indicators of immune activation
in cases with low anti-HCV reactivity and true HCV infection
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Summary. - Neopterin and soluble CD14 (sCD14) are detected at high levels in hepatitis C virus (HCV)
infections. We aimed to evaluate the role of these plasma immune activation biomarkers, for the indirect as-
sessment of immune activation status of patients with low anti-HCV reactivity and a HCV infection. Low
anti-HCV reactivity group (LRG, n: 70), true positive HCV infection group (THG, 30) and healthy control
group (HCG, 30) were analyzed in this study. We have used ELISA, HCV RIBA/LIA and HCV-RNA methods.
Mean neopterin levels were significantly lower in LRG than THG (p <0.001). In contrast, those values were
not significantly different from those of HCG (p >0.05). Mean sCD14 were significantly higher in LRG than
THG and HCG (p <0.05, p <0.001). Values of 3.95 ug/ml and 5.36 nmol/l for sCD14 and neopterin resulted in
the maximum area under the receiver operating characteristic curves (ROC), which were 0.859 (95% CI, 0.745
to 0.935; <0.0001) and 0.788 (95% CI, 0.663 to 0.883; <0.0001), respectively. These cut-offs corresponded to
a sensitivity of 73.3% and a specificity of 73.3% for neopterin and of 100% and 76.7% for sCD14. Our results
suggest that a specific immunoactivation might be caused by true positive HCV infection. Due to the significant
results sCD14 in LRG might be non-specifically affected by some underlying atypical immunohematological
pathologies. Only neopterin might be used to exclude low anti-HCV reactivity from a true HCV infection. The
use of neopterin but not sCD14 in combination with fourth-generation EIA/CMIA combo tests will be useful

when nucleic acid tests are not available for screening blood donors at blood banks.
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Introduction

Neopterin, which is a pyrazinopyrimidine derivative
whose levels increase in pathologies, especially patholo-
gies with activated cellular immune mechanisms, is re-

‘Corresponding author. E-mail:bzeybek@istanbul.edu.tr;
phone:+90-212-414-30-00/22417, mobile:+90-5076641782.
Abbreviations: HCG = healthy control group; HCV = hepatitis C
virus; LIA = line immunoblot assay; LRG = low anti-HCV reactivity
group; RIBA = recombinant immunoblot assay; ROC = receiver op-
erating characteristic curves; sCD14 = soluble CD14; s/co = signal/
cut-off values; THG = true positive HCV infection group

leased from monocytes, macrophages, dendritic cells and
endothelial cells activated by interferon gamma (IFN-y)
secreted by Thl lymphocytes (Hoffmann et al., 2004;
Schroecksnadel et al., 2004). Because increased neopterin
levels could be an important indicator of a Thl cellular
immune response, this test acquired great clinical and
diagnostic importance for atypical HCV laboratory data
analysis (Fuchs et al., 1992; Murr et al., 2002). On the other
hand, sCD14 is a glycosyl phosphatidyl inositose (GPI)
molecule that is expressed on the surface of cells involved in
natural immune responses, such as monocyte/macrophages
(M/Ms), polymorphonuclear leukocytes (PNLs) and den-
dritic cells. It has been reported that sCD14 levels could
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be detected at high levels in pathologies, such as trauma,
sepsis and rheumatoid arthritis, and in patients with HBV,
HCV and HIV infections (Bas et al., 2004; Medhat et al.,
2015; Lien et al., 1998). sCD14 could be a specific receptor
for the enveloped glycoproteins of HCV, and there appears
to be an correlation between the severity of chronic HCV
infection and sCD14 levels (Jirillo et al., 1998; Oesterreicher
et al., 1995).

Anti-HCV screening tests must be developed continu-
ously due to their low sensitivity and specificity and their
frequent use in laboratories. Another shortcoming of these
tests is their high level of false positive results in populations
with a low level of HCV prevalence (<3%). In recent years,
fourth-generation EIA and chemiluminescent microparti-
cle immunoassay (CMIA) tests that also target the HCV
core antigen with anti-HCV antibodies have been utilized
for screening purposes. Recombinant immunoblot assay
(RIBA), line immunoblot assay (LIA) and PCR methods
have also been used to confirm samples with reactive ELISA
test results (Alter et al., 2003; Moyer et al., 1999; Oethinger
et al., 2005; Caruntu and Benea, 2006). However, the use
of proteins similar to those used in screening tests and the
low sensitivity of the tests in comparison to new-generation
ELISA tests have made the confirmatory characteristics
of RIBA/LIA tests for HCV infections questionable (Paw-
lotsky et al., 1998; Lok and Gunaratnam, 1997; Dufour et
al., 2000).

In recent years, studies associated with the neopterin test,
which is used as an additional test in the nonspecific labora-
tory diagnosis of HCV infection, have attracted considerable
attention (Fuchs et al., 1992; Hoffmann et al., 2003).

It was previously suggested that the gastrointestinal sys-
tem may be a reservoir for the HCV and a possible source
of re-infection for hepatocytes through portal vein blood
(Miglioresi et al., 2003). Translocation of microbial products
into peripheral circulation may cause the loss of gut-asso-
ciated lymphoid tissue (GALT) integrity. Translocation of
microbial products may result in chronic immune activation
during both HIV and HCV infections. On the other hand,
different mechanisms have been proposed in HIV and HCV
infections (abundant proinflammatory cytokine production
resulting in gastrointestinal inflammation, dysregulation of
T cell subsets, and decreased microbial clearance) (Shata et
al., 2013).

In this study, we aimed to evaluate the roles of the plasma
immune activation biomarkers neopterin and soluble
sCD14 in the indirect assessment of the immune activation
status of patients with low anti-HCV reactivity and a true
HCV infection. Besides that, we also aimed to evaluate the
neopterin and sCD14 markers for use as surrogate tests in
patients with low anti-HCV reactivity, for which molecular
methods are not available.

Material and Methods

Study area and groups. This study was planned as a cross-sectional
study and conducted in a case-control-based, descriptive, methodo-
logical, and multicenter manner between May 2013 and November
2014 at the following centers: (A) Istanbul University, Cerrahpasa
Medical Faculty (IU CTF) Serology/ELISA Laboratory and (B) Turk-
ish Red Crescent Blood Center Laboratory. A total of 70 individu-
als who were admitted to the facilities for the purpose of clinical
diagnosis or blood transfusion constituted low anti-HCV reactivity
group, and other groups, which each consisted of 30 people, including
agroup with true HCV infection and a healthy control group (HCG).
The participants in the study were distributed as follows:

1) Low anti-HCV reactivity group (LRG, n: 70): (24 women, 46
men; age range 18-78 years, average 36.0 + 13.2 years).
2) True positive HCV infection group (THG, n: 30): (10 women,

20 men; age range 19-56 years, average 36.7 + 9.2 years).

3) Healthy control group (HCG, n: 30): (11 women, 19 men; age
range 20-57 years, average 35.1 + 9.7 years).

THG was composed of 30 people with chronic HCV who were
not undergoing treatment. The patients in this group had reactive
anti-HCYV test results that were confirmed with the RIBA and/or
HCV-RNA tests, and their anti-HIV and HbsAg tests were non-
reactive. The HCG was composed of 30 people whose anti-HIV,
HbsAg and anti-HCV tests were non-reactive and who had no viral
infections in the past month.

Collection of samples. Ten-milliliter blood samples without
anti-coagulant were collected to determine HCV-RNA, neopterin
and sCD14 levels. The collected blood samples were centrifuged
at 5,000 rpm, and the separated serum and plasma samples were
kept at -80°C.

Immunological (serologic) methods. At center A, the indicated
commercial kits (Nanbase C-96, General Biologicals, Taiwan) were
studied using TRITURUS (Diagnostics Grifols, Spain), which is
an open and automated system that uses the microelisa method.
Signal/cut-off (s/co) values between 3.8 and 1 were evaluated as low-
reactive. The Architect anti-HCV (Abbott, USA) kit was studied
using the Architect i1000SR (Abbott Laboratories,USA) in a fully
automated closed macroelisa system, and s/co values between 1 and
5 were regarded as low-reactive. At center B, the indicated com-
mercial kits (Monolisa anti-HCV PLUS version 2, Bio-Rad, France)
were studied using a Freedom Evolyzer 200 (Tecan, Sweden), which
is a fully automated ELISA system for the detection of anti-HCV
antibodies using the microelisa method. S/co values between 3.8
and 1 were evaluated as low-reactive. Another kit (Liaison L Murex
HCV Ab, DiaSorin S.p.A., Italy) was used in a fully automated
closed macroelisa system (LiaisonXL, DiaSorin S.p.A., Italy), and
s/co values between 1 and 3.8 were considered to be low-reactive.
The results obtained from both centers were evaluated according
to the recommendations of the employed commercial Kkits.

HCV RIBA/LIA test. The INNO-LIA™ HCV Score (Innogenetics,
Belgium) is a third-generation LIA that incorporates HCV antigens
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derived from the core region, the E2 hypervariable region (HVR),
the NS3 helicase region, and the NS4A, NS4B, and NS5A regions.
The LIA method allows for the qualitative determination of anti-
HCV antibodies according to every kind of antigen that reacts
to human serum. On the test strip, the antigens were coated as 6
discrete lines on a nylon strip with plastic backing. In addition, 4
control lines are coated onto each strip. A test sample is incubated
together with the test strip. If HCV antibodies are present in the
sample, they will bind to the HCV antigen lines on the strip. Subse-
quently, an affinity-purified alkaline phosphatase-labeled goat anti-
human IgG (H+L) conjugate is added and reacts with previously
formed specific HCV antigen/antibody complexes. Incubation with
the enzyme substrate produces a chestnut-like color, the intensity
of which is proportional to the amount of HCV-specific antibody
captured from the sample on any given line. A sample is negative
for HCV antibodies if all HCV antigen lines have a negative reac-
tivity rating and if only one HCV antigen line has a reactivity of +,
except when reactivity is observed for NS3. A sample is positive for
HCV antibodies if at least two HCV antigen lines have reactivity
ratings of + or higher. A sample is considered indeterminate for
HCV antibodies if one HCV antigen line has a reactivity rating of
1+ or higher, the NS3 line has a reactivity of + or higher and all
other antigen lines are negative.

Other viral serological tests. At center A, for the LRG, the THG
and the HCG, the HbsAg test was performed using a commercial kit
(Surase B-96, General Biologicals Corp., Taiwan) by using a sand-
wich microelisa method. The HIV Ag&Ab test was performed using
a commercial kit (Genscreen ULTRA HIV Ag-Ab, Bio-Rad, France)
in the TRITURUS system, which is automated open system (Diag-
nostics, Grifols, Spain) that uses the sandwich microelisa method.
At center B, for the LRG, the THG and the HCG, the HbsAg test was
performed using a commercial kit (Enzygnost HBsAg 6.0, Siemens
Healthcare Diagnostics Products GmbH, Germany) with the sand-
wich microelisa method. The HIV Ag&Ab test was performed using
a commercial kit (Enzygnost HIV Integral II, Siemens Healthcare
Diagnostics Products GmbH, Germany) in the TECAN Freedom
Evolyzer 200 (Tecan, Switzerland), which is an automated open sys-
tem (Diagnostics, Spain) that uses the sandwich microelisa method.
Values above the cut-off value listed in the manufacturer's recom-
mendations were considered to be reactive; values below the cut-off
value were considered to be non-reactive.

HCV-RNA test. To detect HCV-RNA, a commercial kit (COBAS
Ampliprep/COBAS TagMan HCV quantitative test, version 2.0,
Roche, Switzerland) was used. The detection range of the kit was
15-108 IU/ml.

Neopterin and sCD14 tests. The cut-off value of neopterin kit,
which has a 0.79 nmol/l analytical sensitivity value, was according
to the literature generally regarded as 10 nmol/l and levels above
this cut-off value were accepted as pathological in related studies
(Eisenhut, 2013). However, we did not use 10 nmol/l cut-off values
for neopterin and a cut-off value of 5.36 nmol/l was calculated from
receiver operating characteristic curves (ROC) for predicting HIV-1
infection. When levels were above this cut-off value, samples were
considered as positive. Serum samples were analyzed using a com-
mercial neopterin test kit (DRG Instruments GMBH, Germany)
in the TRITURUS device using the quantitative competitive EIA
method. Serum samples were analyzed for sCD14 using an Avizcera
(Bioscience, USA) commercial kit in the TRITURUS device using
the quantitative sandwich EIA method. A cut-off value of 3.95
ug/ml for sCD14 was calculated from ROC for predicting HIV-1
infection. When levels were above this cut-off value, presence of
infection was considered as positive.

Statistical methods. Non-parametric Kruskal-Wallis One-way
ANOVA with a post-hoc Tukey HSD test for multiple comparisons was
used to compare subgroups for means of quantitative variables. A chi
square test was evaluated for categorical variables. Pearson correlation
coefficients were calculated to characterize relationships between
each quantitative variable within groups. The ROC were analyzed to
determine diagnostic validity of the quantitative variables. All statistical
analyses were calculated using IBM SPSS version 20 (IBM Corporation,
USA) and MedCalc version 13 (MedCalc, Belgium) statistical software
packages. Significance was recognized when p <0.05. Performance
parameters of the neopterin and sCD14 tests (sensitivity, specificity,
and positive and negative predictive values) between the diagnoses
of HCV infections were assessed using the kappa test. An agreement
limit of at least 65% was used as the base value.

Results

Baseline characteristics of all groups are shown in Table 1.
Neopterin and sCD14 levels among the THG, HCG, and those

Table 1. Baseline characteristics of study and control groups

True positive HCV

Characteristics Low antl—H(éX‘ r7e(z)1)ct1v1ty group infection group Healthy (;(TI;[;)OI group
’ (n: 30) :
Age: Median (min-max) 34.5 (18-78) 36.5 (19-56) 34 (20-57)

Male (%)

Female (%)

AST: Median (min-max)
ALT: Median (min-max)

47 (67.14%)
23 (32.8%)
19 (12-51)
17.5 (7-47)

20 (66.6%)
10 (33.34%)
58 (17-245)
59 (23-383)

19 (63.33%)

11 (36.67%)
18 (10-39)
19 (9-38)

Data are given as n (percent) or value (range).
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Table 2. Comparison of mean neopterin and sCD14 levels in study 100
and control groups
Markers 80
Groups
Neopterin sCD14 -
LRG (70) 5.06+1.07 (3.15-10.18) 6.95+1.46 (2.93-9.74) E 60 — Neopterin
THG (30) 6.4621.76 (4.44-12.62) 6.07+1.08 (4.14-9.22) '@ __ scD14
HCG (30) 4.99+1.07 (3.02-8.55) 3.76+1.41 (1.85-6.98) & 40
Statistical value
LRGXTHG p <0.001 p <0.05 20
LRGxHCG p >0.05 p <0.001
THGxHCG p <0.001 p <0.001 1) - S L L L

LRG: low anti-HCV reactivity group; THG: true positive HCV infection
group, HCG: healthy control group, sd: standart deviation.

with the low anti-HCV reactivity group patterns are shown in
Table 2. The mean + sd (min-max) neopterin levels of the LRG,
THG and HCG were determined to be 5.06 + 1.07 (3.15-10.18),
6.46 + 1.76 (4.44-12.62) and 4.99 + 1.07 (3.02-8.55), respec-
tively. In the present study, we found that the mean neopterin
levels of LRG patients were significantly lower than those of
THG (p <0.001) patients. In contrast, those values were not
significantly different from those of the HCG (p >0.05). The
mean + s.d. (min-max) sCD14 levels of the LRG, THG and
HCG were determined to be 6.95 + 1.46 (2.93-9.74), 6.07 +
1.08 (4.14-9.22) and 3.76 + 1.41 (1.85-6.98), respectively. The
mean sCD14 level was significantly higher in the LRG than in
the THG and the HCG (p <0.05, p <0.001) (Table 2, Fig. 1).

A cut-off value of neopterin and sCD14 was calculated
from ROC for predicting true positive HCV infection. When
levels were above this cut-off value, presence of true HCV
infection was considered. Various sCD14 and neopterin cut-
off values were examined or prediction of HCV infection,
and values of 3.95 pg/ml and 5.36 nmol/l resulted in the
maximum area under the ROC, which were 0.859 (95% CI,
0.745 to 0.935; <0.0001) and 0.788 (95% ClI, 0.663 to 0.883;
<0.0001), respectively (Fig. 1). These cut-ofts corresponded
to a sensitivity of 73.3% and a specificity of 73.3% for neop-
terin and of 100% and 76.7% for sCD14.

Neopterin had an adequate predictive value for identifying
true positive HCV infections among the THG than suspected

0 20 40 60 80 100
100-Specificity

Fig. 1

Receiver operating characteristic curves showing areas under the
curve for neopterin and sCD14 for predicting HCV infection
The neopterin cut-off value is 5.36 nmol/l, and the sCD14 cut-oft value is
3.95 ug/ml. LRG: low anti-HCV reactivity group; THG; true positive HCV
infection group, HCG; healthy control group.

low anti-HCV reactivity group. Mean sCD14 were signifi-
cantly higher in LRG than THG and HCG. Therefore sCD14
seems not to be a useful marker for identifying true positive
HCV infections. When the diagnostic performance of both
neopterin and sCD14 as surrogate tests for HCV diagnosis
were examined, the sensitivity, specificity, positive (PPV)
and negative predictive values (NPV) were determined.
For neopterin, they were determined to be 73.3%, 73.3%,
73.3%, and 73.3%, respectively. The corresponding values for
sCD14 were determined to be 100%, 76.7%, 81.1%, 83.3%,
and 76.7%, respectively (Table 3).

Discussion

Neopterin and sCD14 levels may indicate the activation
status of an individual's cellular immune system. The cellular
immune system plays an important role in the pathogenesis
and progression of various infectious diseases. Neopterin and
sCD14 detection for non-specific conditions such as inflam-

Table 3. Diagnostic performances of neopterin and sCD14 in true positive HCV infection group

Cut-off value AUC (95%CI) Se. (%) Spe. (%) PPV NPV p value

Neopterin, nmol/l 5.36 0.788 73.3% 73.3% 73.3% 73.3% <0.0001
(0.663-0.833)

sCD14, g/ml 3.95 0.859 100% 76.7% 81.1% 76.7% <0.0001

(0.745-0.935)

Se.: sensitivity; Spe.: specificity; AUC: area underthe curve; PPV: positive predictive value; NPV: negative predictive value; CI: confidence interval.
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mation (which is indicative of several different diseases) may
be useful to screen blood used in blood banks.

In recent years, there has been a remarkable increase in
the number of researchers who have attempted to develop
serological, molecular, and surrogate tests for the diagnosis
of HCV infections. Surrogate tests provide researchers with
reasonable testing options; these tests are suitable and ef-
fective for a number of reasons, including easy access, less
expense, and rapid test results. In recent years, the focus has
been on neopterin, which appears to be useful for the early
diagnostics of viral infections (such as cytomeglovirus and
parvovirus 19) and in donor scans for blood-borne infec-
tions at blood banks; more recently, it has been suggested
that sCD14 can have the same use as neopterin (Murr et al.,
2002; Bas et al., 2004).

We tried to understand the difference between a true
positive HCV infection and low anti-HCV reactivity by
using neopterin and sCD14 levels. ELISA kits have high
rates of false positive results, especially in populations
with a low HCV prevalence. RIBA results in combination
with low-reactive anti-HCV results have also been linked
to false positive results in low HCV risk individuals (Kesli
et al., 2009). One suggestion for solving this problem is to
use HCV RNA as a primary test (Lok et al., 1997; Dufour
et al., 2000). In 2003, the CDC (Alter et al., 2003) recom-
mended the use of a signal-to-cut-off ratio (s/co) of 3.8
to provide a 295% positive predictive value and defined
reactivities <3.8 as low-reactive anti-HCV results. In ad-
dition, it was reported that the majority of low-reactivity
results could represent false positive results; this type
of result accounted for a serious problem in HCV diag-
nostics. Previous viral infections, autoimmune diseases,
allergies, influenza vaccines, and immunoglobulin treat-
ments have been proposed as reasons for such low-reactive
false-positive results (Mullis et al., 2013; Takeshita et al.,
2000; Egerer et al., 2000). Both EIA and RIBA may give
indeterminate results for HCV diagnosis. In order to un-
derstand mechanisms underlying HCV pathogenesis, we
have to evaluate basic immunological mechanisms that are
active during an HCV infection. From the point of view
of innate immunity, NK cells are usually activated in an
early phase of acute HCV infection and also in a chronic
HCV infection. NK cells are abundant in the liver, and
activated NK cells recruit virus specific T cells and induce
antiviral immunity in the liver. NK cells destroy virus-
infected hepatocytes directly via cytolytic mechanisms
and indirectly by secreting cytokines including IFN-y and
TNF-a (Irshad et al., 2013). HCV fragments, which are
HCV-infected hepatocytes that have been released and de-
stroyed, are taken up by myeloid DCs. These DCs migrate
to draining lymph nodes where they express HCV antigens
on HLA class II molecules. After that, they stimulate the
expression of co-stimulatory molecules (CD80 and CD86)

which interact with and activate antigen-specific Th cells
(Malta et al., 2013).

In HCV infections, activated Th cells induce DC matu-
ration. Mature DCs induce T-cell activation by causing
overexpression of their surface molecules. DCs also increase
antigen presentation as a result of cytokine production that
stimulates T-cell activation. IL-12 has been shown to play
an important role in stimulating IFN-y production from
activated T cells (Jaime-Ramirez et al., 2011; Heufler et al.,
1996). Also, in acute HCV infections, effective virus clear-
ance depends on a strong Th1 immune response. In contrast,
people who lack IL-12 and IFN-y production appear to
develop chronic viral persistence (Testino et al., 2013; Val-
iante et al., 2000). Neopterin is released from monocytes,
macrophages, DCs, and endothelial cells, all of which are
activated by IFN-y secreted by Th1 lymphocytes (Hoffmann
et al., 2004; Schroecksnadel et al., 2004). Increased neopterin
production might be induced by an HCV infection, but there
may be other mechanisms which also produce neopterin
increase during HCV infections. In this study, we selected
a chronic HCV infection group.

In exploring other mechanisms, especially in chronic
HCV infections, it has been suggested that the gastrointes-
tinal system might be a reservoir for HCV and a possible
source of re-infection for hepatocytes through portal vein
blood (Miglioresi et al., 2003). Translocation of microbial
products into the peripheral circulation may cause the loss
of gut-associated lymphoid tissue integrity. Translocation
of microbial products via LPS-induced monocyte activa-
tion may result in chronic immune activation during both
HIV and HCV infections. An increase in neopterin levels
may accompany this process. On the other hand, different
mechanisms during HCV infections that can cause neop-
terin increase have also been proposed. These mechanisms
include abundant proinflammatory cytokine production
resulting in gastrointestinal inflammation, dysregulation
of T cell subsets, and decreased microbial clearance (Shata
etal., 2013).

On the other hand, the increased expression of NKp30 on
NK cells suggests a level of activation of NK cells in chroni-
cally viremic HCV monoinfected subjects. This mechanism
may suggest the increased neopterin levels in chronically
HCV infected patients (Kottilil et al., 2009). Immune acti-
vation may also be induced by an increase in regulatory T
lymphocytes (Treg) (Aandahl et al., 2004). Cell contact and
Treg-dependent secretion of transforming growth factor beta
1 (TGF-B1) modulate the lymphocyte proliferation which
may contribute to the immune response. HCV might use
Treg-dependent TGF-B1 secretion as a way to produce an
increase in neopterin levels (Shevach, 2006). In a study by
Marquez et al. (2015) patients with a chronic HIV infection
showed a persistent increase in intestinal permeability and
immune modifications. HCV-associated cirrhosis was asso-
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ciated with more elevated serum levels of monocyte-derived
markers (sCD14 and IL-6). Furthermore, cirrhosis influ-
enced these patients' continued immune reconstitution.

There are a limited number of studies concerning HCV
infections and neopterin levels. In a previous study, Zwirska-
Korczala et al. (2005) reported that serum neopterin levels
of patients with chronic HCV infection were significantly
higher than that in HCG patients (p <0.01). Schennach et al.
(1998) determined neopterin to be positive in 44 of 328 cases
of positive anti-HCV test results, eight of 39 RIBA-positive
cases, and seven of 19 PCR-positive cases. These authors
suggested that there could be a significant relationship be-
tween anti-HCV positivity and positive PCR results. Prior
et al. (1987) studied urinary neopterin levels in non-A and
-B hepatitis patients and those with non-infectious fatty
liver syndrome. High neopterin levels in 23 (88.5%) of 26
non-A and -B hepatitis patients and only one (6%) in 16 fatty
liver syndrome patients were detected. In a similar study,
serum neopterin levels of HCV patients were significantly
higher than those of HCV-negative patients (p <0.05) (Weiss
et al., 1999). Althought ROC curve analysis for predicting
HCV infection using neopterin was statistically significant
(AUC: 0.788; p <0.0001); these results, however, were not
promising for using neopterin as a surrogate test. The
sensitivity and specificity of neopterin was average (73%)
when 5.36 nmol/l was chosen as the cut-oft value. We sug-
gest that neopterin is not useful as a diagnostic marker, but
its moderate sensitivity and specificity may be useful for
deciding whether a case is a true positive HCV infection. We
determined that mean neopterin levels of individuals with
low anti-HCV reactivity were significantly lower than those
of the patients with true positive HCV infections (p <0.001).
HCV-DNA negativity in all LRG cases supports that LRG
with different RIBA patterns indicates that they are not true
HCYV infections.

In chronic HCV infections, several reports support the
idea that microbial translocation may be the reason for
elevated sCD14 levels. IL-6, a marker of hepatic inflamma-
tion, decreased with HCV infection treatment, and high
plasma sCD14 levels predicted disease progression in HCV
infection. LPS bioreactivity, as indicated by sCD14 levels,
distinguished patients with severe liver fibrosis from HCV
patients and correlated with markers of hepatic inflamma-
tion and fibrosis. Also, microbial translocation, LPS-induced
monocyte activation, and IL-6 levels were increased in
HCV infections (Sandler et al., 2011). sCD14 was previ-
ously thought to originate from monocytes/macrophages.
Studies in mice and rats, however, suggested that CD14 can
also be expressed by hepatocytes. In rat and mouse models,
hepatocytes were indicated as a possible source of sCD14.
However, there is no direct evidence showing that human
hepatocytes also express CD14 in vivo and release sCD14
into the plasma. On the other hand, in vitro studies of hu-

man hepatocytes showed that these cells have the capability
to produce sCD14. Elevated sCD14 concentrations have
been detected in plasma from patients with chronic HCV
(Jirillo et al., 1998; Meuleman et al., 2006; Su et al., 1999;
Hetherington et al., 1999).

Meuleman et al. (2006) showed for the first time that
human hepatocytes in vivo were able to secrete sCD14 into
the circulation. They also suggested that a large fraction of
the sCD14 in human plasma originates from the liver. It is
plausible that the liver also produces a series of acute-phase
markers. In a study related to sCD14 levels, Steyaert et al.
(2003) reported that there was a significant difference be-
tween patients with chronic HCV and those with elevated
HCG levels (p <0.001). In another study with chronic HCV
patients, the mean sCD14 level of 13 HCV patients was
slightly higher than that of 52 HCG patients (p = 0.01)
(Oesterreicher et al., 1995). ROC analysis of sCD14 for the
prediction of true HCV infection was significant (p <0.0001),
and sCD14 also had high sensitivity (100%) but moderate
specificity (76.7%) for identifying those with true HCV
(AUC =0.859) infection. While the sensitivity of sCD14 was
very high (100%), its specificity was moderate (76.7%) when
3.95 g/ml was chosen as the cut-off value. We suggest that
sCD14 may not be useful as a diagnostic marker. We suggest
that sCD14 may not be useful as a non-specific marker for
indirect assessment of immune activation status among pa-
tients whether or not they have true positive HCV infections.
Because of the mean sCD14 level was significantly higher in
LRG than in THG and the HCG (p <0.05, p <0.001) in this
study. The existence of higher neopterin and sCD14 levels in
the true positive HCV group rather than HCG is consistent
with other reports in the literature. However, the presence
of similar neopterin levels in the low anti-HCV reactivity
group and the HCG suggested that there was no antigenic
stimulation related to HCV; therefore, this finding suggests
that there was no macrophage activation connected with
Thl on the basis of TNF-a. Hence, the 100% HCV-DNA
negativity in this group supports this condition. However, in
the true positive HCV group, the presence of high neopterin
levels suggested that the Th1-macrophage pathway was active
and linked to HCV induction. In the true HCV infection
group, high sCD14 levels could be a consequence of human
hepatocytes' expression of CD14 in vivo and release of sCD14
into the plasma. As an alternative mechanism, translocation
of microbial products via LPS-induced monocyte activation
may result in chronic immune activation during HCV as
well as HIV infections.

The detection of significantly higher sCD14 levels in LRG
and THG patients rather than in HCG patients has brought
into question the use of paradoxical evaluations in these
cases. The detection of negative HCV-RNA test results in
the LRG demonstrated that these patients had no real HCV
infections. In contrast, sCD14 levels were found to be higher
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in THG patients with real HCV infections. This condition
may be related to an unknown factor or to some underlying
disease (Kawasaki disease, atopic dermatitis, liver diseases,
rheumatoid arthritis, or systemic lupus erythematous).

Thus, the detection of low-reactive (false positivity)
anti-HCV results in LRG patients is thought to support non-
specific exposure. We propose that some underlying factors
specific to these cases could have non-specifically affected
the anti-HCV results and sCD14 levels. In addition, based on
the idea that statistical significance might not reflect clinical
significance, we suggest that significantly higher sCD14 levels
that were detected in LRG patients might not indicate the
presence of a real HCV infection.

In the literature, we could not find any study related to
diagnostic performance parameters. Only Schennach et al.
(1998) from Austria reported a study of 54,402 blood donors
in which it was shown that the possibility of the HCV-RNA
test being positive was seven times greater for patients with
neopterin levels over 10 nmol/I than for patients whose value
was below 10 nmol/l. We suggest that the neopterin test
cannot be beneficial as a surrogate test in patients with true
HCYV infections and anti-HCV low-reactive/different RIBA
patterns. Nonetheless, we suggest that it could be used as an
additional test for anti-HCV in blood donor screenings. In
our study, neopterin levels did not suggest a specific HCV
infection period based on immune activation in patients with
low anti-HCV reactivity; additional studies however, which
include a large series of cases with matched patients, are re-
quired. Nonetheless, the false-positive results of the sCD14
testin LRG patients and the detection of sCD14 at high levels
in chronic HCV patients suggest that this test was probably
affected in a non-specific manner, particularly in some un-
derlying immunohematological atypical pathologies.

Despite their high analytical and diagnostic sensitivity,
the application of nucleic acid tests for blood safety at blood
banks remains controversial due to its high cost and long
application time. These findings suggest that only neopterin
may be used to exclude low reactivity anti-HCV results with
different RIBA patterns from true HCV infection possibili-
ties. We suggest that neopterin may be useful as an indirect,
non-specific marker for predicting an individual's immune
activation status whether or not the individual has a true
positive HCV infection. Therefore, the results of this study
suggest that the use of neopterin, rather than sCD14, in
combination with fourth-generation EIA/CMIA combina-
tion tests will be useful in situations where nucleic acid
tests are not available for the screening of blood donors at
blood banks.
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