TABLE 1. Reproducibility in the quantification of MA in human
serum: analytical data
Sample Individual Values Mean + SD
pmol
A 15.0 15.7 15.0 15.2+0.38
B 144 15.6 155 15.2 £0.67
C 14.7 14.4 14.2 14.5+0.29
D 15.6 15.6 14.7 15.3£0.48
Mean + SD 15.0 +0.58

MA was quantified in 50 pl of normal human serum.

and SRM measurement. The variances were not consid-
ered to be attributable to the sample preparation because
the errors during sample preparation were not significantly
larger than those between the measurements (Table 2).
The inter-assay coefficients of variation for the between-
and within-sample variations were 4.4% and 3.2%, respec-
tively.

For the recovery experiments, known amounts of MA
(a, 2a, 3a; a = 9.6 pmol) were spiked into 50 pl aliquots of
the serum samples (n = 2). After the clean-up and derivati-
zation procedures, SRM was carried out in triplicate for
each sample. The recoveries of the known spiked amounts
of MA ranged from 94.5% to 99.0%, with a mean of 96.0%
(Table 3). In addition, the amount of endogenous MA
found in unspiked 50 wl serum aliquots was within the
95% confidence limit for the estimated amount of MA cal-
culated by orthogonal regression analysis, which also con-
stituted an index for the precision and accuracy of the
present method.

The circadian rhythm of MA levels in human sera

Figure 5 depicts the circadian rhythm of the serum con-
centrations of MA in a healthy male. Postprandial increases
of MA concentrations (maximum 235% after dinner) were
observed and the levels peaked between 2.5 and 6.5 h post-
meal. The increase of MA concentration disappeared after
skipping breakfast on the second day, which supports the
idea that the diurnal pattern of serum MA concentrations
is controlled mainly by food intake.

DISCUSSION

We describe a sensitive new LGP-ESI-MS/MS method
for the quantification of MA in serum. LC-N-ESI-MS/MS
may be more suitable for the determination of negatively
charged compounds, such as organic acids because the
method does not require a derivatization step. However,

as shown in Fig. 2, the sensitivity of N-ESI was not sufficient
to quantify MA concentrations in a small volume of nor-
mal human serum.

Recently, we derivatized another organic acid, me-
valonate, into mevalonyl-(2-pyrrolidin-1-yl-ethyl)-amide
and measured it using LG-P-ESEFMS/MS (12). In this
method, mevalonate was lactonized into mevalonolactone
and then a tertiary amine moiety was introduced by a char-
acteristic amidation reaction with a primary alkylamine. As
a result, the tertiary amine moiety markedly promoted
protonation and attomole levels of mevalonate were
detected. In the present study, tertiary amine moieties
were successfully introduced to MA by esterification with
3-hydroxy-1-methylpiperidine. Thus, the reaction for the
synthesis of carboxylic esters by Shiina et al. (10) appears
to be useful not only for the derivatization of alcohols (13)
but also for that of carboxylic acids. This derivative,
DMP-MA, exhibited [M+H]" as the base peak by P-ESI-MS
and the detection limit by SRM was more than 100 times
lower than that of underivatized MA by SRM with N-ESI
mode.

The derivatization and purification steps in this method
are very simple but it should be mentioned that there are
two pitfalls to obtaining reliable and reproducible results.
First, use of the anion exchange column cartridge gave un-
expectedly high values of MA concentrations. Serum MA
was extracted by this cartridge and interfering peaks on
SRM chromatograms were markedly reduced by the addi-
tion of this purification step. However, the recoveries of
known amounts of MA from this cartridge were always
more than 100%, and additional experiments suggested
that a significant amount of MA was produced from un-
known substance(s) in organic solvents by this anion ex-
change column (data not shown). Plasma methylmalonic
acid (MMA) and its isomer succinic acid (SA) are also
known to be extracted by this column (14). We have de-
rivatized MMA and SA into DMP-MMA and DMP-SA, re-
spectively, and analyzed them by the same HPLC condition
as that for DMP-MA. The SRM was conducted using m/z
313 — m/z 98 for both DMP-MMA and DMP-SA. The re-
sults showed that DMP-MMA and DMP-SA were much
more hydrophobic than DMP-MA and both compounds
were eluted during washout phase with 0.2% formic acid
in acetonitrile (after 6 min).

Second, pH of the final sample solution should not
be more than 7 because an alkaline condition easily hy-
drolyzes DMP-MA. After the derivatization step, most
of the excess reagents and hydrophilic impurities were

TABLE 2. Reproducibility in the quantification of MA in human serum: ANOVA

Source S f 14 F, Relative SD

%
Sample preparation 1.293 3 0.431 1.89 44
Error (SRM) 1.820 8 0.228 3.2
Total 3.113 11

F(3,8,0.05)=4.07

§, residual sum of squares; f; nurx?ber of degrees of freedom; fi, fample prepasations f2» Jferrors V> Unbiased variance; F,
observed value following F distribution variance ratio (Vampie preparation/ Verror)s F(f5> f2 @), density function of F

distribution with f; and f, degrees of freedom.
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TABLE 8. Recovery of MA from human serum

Sample (X, + na) Amount Recoveryb Estimated Amount + 95%

(n=0,1,2,3) Added Amount Found (Mean + SD) Confidence Limit*
pmol % pmol

X 0 X,+8SD =15.0 = 0.6° 141+1.1

X,+a 9.6 23.6 25.2 25.0

Xp+a 9.6 242 23.6 23.3 94.5 + 8.2

X, + 2a 19.2 33.2 32.1 32.0

Xp+2a 19.2 33.9 34.1 34.0 94.6 £ 5.1

X+ 3a 28.8 43.8 439 43.0

Xy+ 3a 28.8 44.1 43.6 43.2 99.0+1.5

Known amounts of MA were spiked into 50 ul of normal human serum before sample preparation.

®The value was obtained from Table 1.

b Recovery (%) = (amount found — X;) / amount added x 100.
‘ The estimated amount was calculated by orthogonal regression.

precipitated by the addition of n-hexane but significant
amounts of 3-hydroxy-l-methylpiperidine and 4-dimeth-
ylaminopyridine were recovered with DMP-MA in the final
residue of the extract. Therefore, it was necessary to dis-
solve the final residue in 1% formic acid in water to keep
the pH of the solution less than 7. The mobile phase of the
HPLC (0.2% formic acid in water) was not sufficient to
neutralize the final extract.

The highly sensitive quantification of serum MA can be
useful for monitoring of de novo FAS, also called de novo
lipogenesis, in normal humans. The diurnal variation of
serum MA levels in a healthy human (Fig. 5) was similar to
the variation of de novo FAS determined in humans by
continuous intravenous infusion of sodium [1-130] acetate
and mass isotopomer distribution analysis (15, 16). Ac-
cording to Timlin et al. (16), de novo FAS peaked 4.2 h
after ingestion of a meal whereas lipoprotein-triacylglyc-
erol concentrations peaked at 2.0 h postmeal. Another
study, by Hudgins et al. (15), showed that the maximum
values of de novo FAS occurred in the evening, 3.0-9.0 h
after the last meal, although the peak after every meal was

0.6 - \/

0.4 -

Malonate concentration (uM)

0.2 -

\,/-/

not detected because a limited number of postprandial
data points were obtained. In our data, postprandial in-
creases of MA concentrations peaked between 2.5 h and
6.5 h after meals and the maximum value was observed in
the night 6.0 h after dinner. In addition, the increase of
MA concentration disappeared after skipping the meal.
Thus, serum MA concentrations are regulated by food in-
take and appear to be a good marker that reflects de novo
FAS in normal humans.

Because serum MA concentrations correlate well with
de novo FAS, the most important enzyme that determines
serum MA concentration is thought to be ACC, the rate-
limiting enzyme in the fatty acid biosynthesis. In mammals,
two ACC isoforms exist. Cytosolic ACC1 synthesizes malo-
nyl-CoA, which participates in both de novo FAS and nega-
tive regulation of B-oxidation. In contrast, malonyl-CoA
synthesized by mitochondrial ACC2 acts mainly as an in-
hibitor of B-oxidation (17). We cannot clarify at present
which ACC contributes to serum MA concentration but
both ACCs regulate de novo lipogenesis in a coordinated
and complementary manner (18).

Fig. 5. The circadian rhythm of the serum levels of
MA in a healthy volunteer. Blood samples were taken
every 2-3 h. On the first day the volunteer consumed

a a normal hospital diet at 7:30 AM, 1:30 PM, and 9:30

PM (indicated by the arrows), and slept from 12:00
AM to 7:00 AM (indicated by the shaded box). On
the second day the volunteer did not eat breakfast
but consumed a normal hospital diet at 12:30 PM.
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Under special conditions, however, other enzymes,
MCD, and FAS can also be determinants of tissue malonyl-
CoA levels and serum MA concentrations. For example,
when MCD activity is reduced, such as with MCD defi-
ciency, serum MA concentrations are elevated. Alterna-
tively, when FAS is blocked by any drugs, such as C75 and
cerulenin (2), MA concentrations increase in spite of re-
duced de novo FAS. Therefore, it is important to rule out
the presence of such special conditions when we use se-
rum MA as a biomarker for de novo FAS.

In summary, we developed a new method for the quan-
tification of MA in human serum, which can be a good
marker for de novo FAS. Derivatization of MA into
DMP-MA allowed it to be quantified by LC-P-ESI-MS/MS
with excellent sensitivity. Recovery and reproducibility ex-
periments verified that this method provided highly reli-
able and reproducible analytical results.l

The authors wish to thank the late Dr. Hiroshi Miyazaki for his
helpful advice regarding mass spectrometry.
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Aim: Although the anti-hepatitis C virus (HCV) antibody test
has been recommended to the whole Japanese population,
most countries have not implemented it. The present study
aims to re-evaluate the usefulness of markers examined in the
general health examination for the initial screening of HCV
carriers.

Methods: Of the overall population, 25142 individuals
(8876 males, 16 266 females) participated in health examina-
tions with HCV tests in 2005, and the most commonly associ-
ated markers for HCV-positive subjects were explored by
muitivariate analysis, based on blood biochemical, physical,
sphygmomanometric and hematological parameters. There-
after, the efficiencies of the markers were estimated from a
total population of 85 013 individuals (29 502 males, 55 511
females) in 2003-2005.

Results: The most significantly associated markers for HCV
positivity were aspartate aminotransferase (AST) and alanine
aminotransferase (ALT). Optimal limits of ALT and AST by
receiver-operator characteristic (ROC) analysis were 24 and
27 1U {male, 33 and 28 1U; female, 22 and 26 I1U), respectively.
However, one-quarter of HCV carriers were not found to be
positive using the optimal limits of aminotransferases.

Conclusion: The present study confirmed the limitation of
serum aminotransferase levels as markers of HCV for primary
screening. Therefore, at present, an anti-HCV antibody test is
required for the efficient screening of HCV carriers in all health
examinations.

Key words: aminotransferases, HCV, health examination

INTRODUCTION

NFECTION WITH HEPATITIS C virus (HCV) has

been the leading cause of liver cirrhosis, and the con-
sequent development of hepatocellular carcinoma, for
the past few decades. The number of HCV carriers has
increased worldwide. Indeed, the World Health Organi-
zation (WHO) estimates that about 180 million people,
that is 3% of the world’s population, are infected with
HCV, and 3-4 million people are newly infected every
year, 70% of whom develop chronic hepatitis.!

Based on early detection and treatment, it is very
important to detect HCV carriers as early as possible, for
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example, in public health examinations. HCV carriers
are diagnosed by the detection of HCV-RNA and/or
anti-HCV antibody using the judgment system of HCV
infection established since 2002 in Japan (Fig. 1).
Generally, subjects who have abnormally high levels of
serum alanine aminotransferase (ALT) as well as aspar-
tate aminotransferase (AST) are recommend to take
thorough examinations for liver diseases, incuding the
HCV tests. However, there is an issue that most HCV
carriers are considered to be asymptomatic and paucis-
ymptomatic, and that approximately 30% of chronic
HCV carriers persistently exhibit normal ALT levels
(PNAL), while another 40% exhibit minimally elevated
ALT levels.>® Consequently, these asymptomatic and
paucisymptomatic HCV carriers fail to be detected by
the primary screening using serum ALT levels in public
health examinations. Importantly, these asymptomatic
HCV carriers with PNAL have significant histological

© 2009 The Japan Society of Hepatology



Hepatology Research 2009; 39: 664-674

Limitations of aminotransferases for HCV screening 665

HCV antibody test

4 ¥

~ High titer - Medium titer
(50 = COI) [ (6 < COI < 50)
HCV antigen test analyzed by HCV core protein
HCV antigen HCV antigen
(50 fmol/Ls) (50 fmol/L>)
HCV-RNA detection by NAT
| HCV-RNA positive | [ HCV-RNA negative |
v v ki

~ HCV positive adjudged by the strong
- possibility of being infected with HCV

HCV negative adjudged by the weak
possibility of being infected with HCV

Figure 1 Flow chart showing the course of medical examination for hepatitis C virus (HCV). The diagnosis of HCV infection was
conducted in accordance with the guidelines for the medical examination of HCV issued by the Japanese Ministry of Health, Labour
and Welfare. COI, cut off index; HCV, hepatitis C virus; NAT, nudeic acid amplification test.

liver damage, similar to that in HCV carriers with raised
ALT levels, and moderate to severe hepatitis has fre-
quently been found in asymptomatic HCV carriers com-
pared with HCV carriers with raised ALT levels.”
Accordingly, the optimal serum ALT limits for the
screening of HCV carriers have been subject to
debate.®® However, what is considered a healthy
range of ALT levels cempared with liver disease differs
between medical institutes, centers, hospitals, regions
and countries. Almost all of the normal ALT ranges for
liver disease are less than 40 IU,” however, Prati et al.
reported that the upper limits of the healthy range dif-
fered between genders; 30 IU and 19 IU for males and
females, respectively; calculated as the value of the
95th percentile in normal subjects from a population
at the lowest risk for liver disease.® Furthermore,
Okanoue et al. defined asymptomatic HCV carriers as
those with PNAL less than 30 IU based on the histo-
logical fibrosis stage in a follow-up study.’ In Japan,

serum ALT levels under 35 IU had been considered to
be within the healthy limit for diagnosis of liver dis-
eases, but in 2008, the health limit was reduced to
under 30 IU, for both ALT and AST, as suggesting liver
disease in public health examinations, based on the
guidance for antivirus therapy of HCV.'? Based on
these facts, it has not been actually clarified whether
these markers are effective and whether the optimal
limit points are useful or not for the detection of
asymptomatic and paucisymptomatic HCV carriers.
Therefore, in Japan, the anti-HCV antibody test has
been recommended to the whole of the population
during public health examinations.*™*

The purpose of the present study was to re-evaluate
the effectiveness of serum aminotransferase levels as
markers in the primary screening for HCV carrier detec-
tion in over 85 000 subjects in the annual public
medical health examination for 3 years between 2003
and 2005.

© 2009 The Japan Society of Hepatology
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METHODS

Population in the health examination

TOTAL OF 85013 individuals (29 502 males,
55511 females), including non-employees, local
residents, self-employed persons, farmers, housewives
and retired persons participated in the biochemical
examination of serum ALT and AST levels as part of the
annual public health examination and HCV testing
during the 3 years from 2003 to 2005 in Ibaraki Prefec-
ture, Japan. HCV testing was carried out based in part
on a project of urgent comprehensive countermeasures
against hepatitis and HCC at the ages of 40, 45, 50, 55,
60, 65, or 70 for five years supported by the Japanese
Ministry of Health, Labour and Welfare. In the health
examination in 2005, in addition to the measurement
of serum ALT and AST levels, 25 142 subjects (8876
males, 16266 females) underwent examination of
v-GFP level, diastolic and systolic blood pressure, hemo-
globin, hematocrit, red blood cell count (RBC), total
cholesterol, triglyceride, glucose and glycohemoglobin
(HbA,). Body mass index (BMI) was calculated by
dividing the weight in kilograms by the square of the
height in meters.’® All of the health examinations with
serum biochemical analyses, as well as the HCV tests,
were carried out with the Ibaraki Health Service Asso-
ciation (Mito, Japan).

The determination of HCV carrier status

The determination of the presence or absence of HCV
infection was performed in accordance with the guide-
lines for the medical examination of HCV issued by the
Japanese Ministry of Health, Labour and Welfare, as
summarized in Figure 1. Serum collected from the sub-
jects during the medical examination was first measured
for the HCV titer using a chemiluminescent enzyme
immunoassay for HCV antibody (Lumipulse®, Fujirebio
Inc, Tokyo, Japan). Subjects with serum HCV titer
beneath a cut-off index (COI) of 1 were determined to
be HCV negative. Those subjects with a COI > 1 were
divided into three classes dependent on the levels of the
HCV titer: low titer, COI under 5 and more than 1;
medium titer, COI under 50 and more than 5; high titer,
COI more than 50. The subjects in the high titer class
were determined to be HCV positive. The subjects clas-
sified to the low and medium titers underwent the HCV
antigen test analysis for the HCV core protein. Subjects
with more than 50 fmol/L of HCV antigen were deter-
mined to be HCV positive. When the HCV antigen was
under 50 fmol/L, a nucleic acid amplification test (NAT)
was conducted for HCV-RNA detection. The subjects

© 2009 The Japan Society of Hepatology
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with positive and negative results by the NAT were
finally determined to be HCV positive and negative,
respectively.

Other investigated data in 2005

In the data from 2005, the most relevant factor for HCV
positive status was determined statistically by multivari-
ate analysis and the ROC curve. As a result of the ROC
curve in 2005 (Table 1), the ROC curves for ALT and
AST levels in serum were drawn from data for 3 years
between 2003 and 2005 to evaluate the effective cut-off
points to avoid false negative and positive findings for
HCV.

Statistical analysis

Data are presented as the mean =* SE, the percentage and
the percentiles. Significant differences were determined
by unpaired Student’s t-test or one-way ANOVA with
Bonferonni's post-hoc test for comparisons between two
groups or among multiple groups, respectively. The sta-
tistical analysis was performed using SPSS I software
version 11.0 (SPSS Inc, Chicago, IL, USA). Multiple
regression analyses were made using the stepwise
method. The upper-left cut points for the HCV positive
were chosen from likelihood value based on the ROC
curve. ROC comparison was performed by calculation
of the area under the curve and 95% confidence
intervals using the technique described by Hanley and
McNeil .16

RESULTS

Basic data, and the ROC and multivariate
analyses of the health examinations in 2005

ASIC DATA OF all examined parameters in the
health examinations in 2005 are shown in Table 2.
The levels of serum ALT, AST and y-GPT were signifi-
cantly and markedly higher in the HCV positive than in
the HCV negative subjects, for both genders. These
serum levels were significantly higher in males than in
fermnales in all of the HCV negative and positive cases.
Table 1 presents the results of ROC and multivariate
analyses in the respective parameters for HCV positive
status from data in 2005. The most significant relevant
parameter for HCV positive status was the serum AST
level, followed by the serum ALT level. There were other
significant parameters (P < 0.05), but the areas of the
ROC curve for these parameters were less than 0.7. BMI
and serum levels of triglyceride and total cholesterol
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Table 1 Area under the receiver—operator characteristic (ROC) curve and multivariate analysis and the respective parameter for

HCV positive subjects examined in 2005

Parameter ROC curve area SE P-value 95% CI

AST 0.849 0.018 0.000 0.814-0.884
ALT 0.788 0.021 0.000 0.747-0.829
Hemoglobin 0.654 0.028 0.000 0.598-0.709
Age 0.642 0.026 0.000 0.591-0.692
Hematocrit 0.642 0.027 0.000 0.589-0.695
v-GIP 0.622 0.028 0.000 0.508-0.677
Glucose 0.613 0.025 0.000 0.564-0.662
RBC 0.558 0.029 0.029 0.501-0.614
Systolic pressure 0.547 0.029 0.077 0.491-0.603
Diastolic pressure 0.528 0.028 0.289 0.473-0.583
Height 0.519 0.027 0.474 0.466-0.572
Weight 0.505 0.027 0.860 0.451-0.558
HbAlc 0.504 0.028 0.872 0.449-0.559
BMI 0.492 0.025 0.760 0.443-0.457
Triglyceride 0.409 0.025 0.001 0.361-0.330
Total cholesterol 0.278 0.027 0.000 0.226-0.330

ALT, alanine transaminase; AST, aspartate transaminase; BMI, body mass index; CI, confidence interval; HbAlc, glycohemoglobin; RBC,

red blood cell count; y-GTP, gamma-glutamyl transferase.

were related to HCV negative status but not HCV posi-
tive status. In particular, the total cholesterol level was
the most relevant parameter for the HCV negative status.
Based on the results of these analyses, the ROC curves
for the serum AST and ALT levels of the HCV positive
subjects among each gender were drawn from data for
3 years between 2003 and 2005.

As result of stepwise discrimination analysis, a
combination of four parameters, AST, ALT, age and
total cholesterol, gave the maximum likelihood. The
established discrimination formula was as follows:
Z=10.472 — 0.001 X (AST, TU)+0.027 x (ALT, IU)+
0.057 X (age, year) — 0.025 X (total cholesterol, mg/dL).
However, the calculated predictive value for HCV posi-
tive ratio was only 6.61% using the formula.

HCV positive ratio-and distribution of
aminotransferases in HCV positive
populations for 3 years

There were 787 HCV positive subjects (male, 406;
female, 381) and the positive ratio was 0.93% (male,
1.38%; female, 0.69%) for 3 years between 2003 and
2005. The range of ages for the HCV positive subjects
was 29-87years old (male, 29-87 years; female,
40-84 years).

The distributions of serum ALT and AST levels were
expressed as percentiles by age in the HCV positive
populations for both genders (Fig. 2). In males, the

levels of both aminotransferases, in particular ALT,
were elevated in those aged less than 65 years, and
there were large variations of these levels in all age
ranges (Fig. 2a). However, there were no differences in
the distribution of levels of both aminotransferases
among the age ranges in females, and the variations of
these levels were small compared to those in males
(Fig. 2b).

The distribution of HCV positive subjects
using the current limit points

Those who were detected as being HCV positive in
2003-2005 were divided into four cut-off ranges (A-D)
by ALT and AST levels at 30 IU, that is the current limit
point (Fig. 3). There was significant difference in the
ratio balance of HCV positive between genders assessed
by y* analysis (P < 0.0001). In range A, which means
the false-negative of HCV positive, the HCV positive
rates of male and female were 25.9% and 47.0%,
respectively. In range A, almost of half of female HCV
positive subjects were classified as false-negative. In
contrast, the ratios in range D were 56.3 and 39.8% in
males and fernales, respectively, and over half of HCV
positive subjects in males were included in range D. In
males, the ratio in range B was 10.5% and higher than
that (7.4%) in range C. In contrast, in females, the ratio
in range B was only 4.3% and lower than that (9.0%)
in range C.
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Table 2 Basic data in all examined parameters in 2005

Male Female
Total HCV (-) HCV (+) Total HCV () HCV (+)

Population number 8876 8776 100 T 16266 kS 16178 Ed 88 + >
ALT (IU/L) 27.2+0.2 26.8+0.2 68.0+7.0 R 19.7+0.1 ko 19.6£0.1 *RE 453+0.1 *EE *x
AST (1U/L) 264+0.1 26.0+£0.1 57.1+4.3 *RE 225+0.1 *rx 224%0.1 *EE 46.9£0.1 *x *x
v-GTP (1U/L) 53.61+0.7 53.1+0.7 101.1+143 REE 259+£0.2 ok 259+0.2 ok 39.8+0.2 * b
Height (cm) 165.0+£0.1 165.0+0.1 164.3+£0.6 ns 153.3+0.0 kA 153.34£0.0 *HE 151.74+ 0.0 * *EE
Weight (kg) 65.3£0.1 65.3+0.1 63.7+1.0 ns 543+0.1 *EE 54.3£0.1 Fax 53.4+£0.1 ns *xx
BMI 24.0+0.0 24.0+0.0 23.6x0.3 ns 23.1+0.0 *EE 23.1+0.0 *k 23.2+0.0 ns ns
Systolic pressure (mmHg) 128.5+0.2 128.6+0.2 126.9%£2.0 ns 1241 +0.1 *kk 124.0+0.1 e 128.6 +0.1 * ns
Diastolic pressure (mmHg) 81.1+0.1 81.1%0.1 78.7%t13 * 74.5+0.1 *EE 74.5+0.1 ok 76.7 0.1 ns ns
Hemoglobin (g/dL) 32.0£0.0 32.0+0.0 323102 * 30.6+£0.0  *** 30.6+0.0  *** 31.6%£0.0  *** *
Hematocrit (%) 95.5%+0.1 95.5+0.1 96.2+0.6 ns 91.7+0.0 *Ex 91.7£0.0 Hk 94.3+0.0 *EE *
RBC (x 10* cells/uL) 335+0.0 33.5+0.0 33.5+0.1 ns 334100 REX 33.4+0.0 REE 33.5+0.0 ns ns
Total cholesterol (mg/dL) 200.0£04 2004+0.3 170.6+3.1 ok x 210.6+0.3 *EE 210.7+0.3 ok k 191.1£0.3 kAR **
Triglyceride (mg/dL) 143.8+1.2 144.0+1.3 119.7+12.3 *EE 110.5+0.5 FEx 110.6 £ 0.5 *xx 101.2+0.5 ns ns
Glucose (mg/dL) 107.3+0.3 107.2+0.3 118.2+4.2 * 99.3+0.2 *Ex 99.3+0.2 *kx 108.9+0.2 * *
HbA;. (%) 52+0.0 52%0.0 5.3+0.1 ns 5.1x0.0 *EE 51+£0.0 Ak 5.1+0.0 ns ns

Data are shown as mean * SE. Significant differences were analyzed by the non-parametric Mann-Whitney U-test;

HCV (+), t: male versus female.

ALT, alanine transaminase; AST, aspartate transaminase; BMI, body mass index; HbA1lc, glycohemoglobin; ns, no significance; RBC, red blood cell count; v-GTP,

gamma-glutamyl transferase.

*P<0.05, **P < 0.001, ***P<0.0001. +: HCV (-) versus
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Optimal limits of aminotransferases by
ROC curve

The ROC curves of serum ALT and AST levels for HCV
positive subjects are shown by gender for 3 years in

ALT —
) | M: 10.5% M: 56.3%
(N=37) (N=198)
F: 4.3% F:39.8%
31 (N=15) (N=138)
30 M: 25.9% M: 7.4%
F: 47.0% F:9.0%
(N=163) (N=31)
0 30 ' 31 AST (IU)

Figure 3 Hepatitis C virus (HCV) positive ratios by gender in
the ranges cut off by the levels of alanine aminotransferase
(ALT) and aspartate aminotransferase (AST) at 30 IU. Data are
shown as the percentage of HCV positive for the total HCV
positive in each gender. The ranges less than 30 IU of both
ALT and AST show the false-negative of HCV positive. ¥?
value = 40.836, P < 0.0001. The numbers in parenthesis show
the HCV positive subjects. F, female; M, male; N, number.

Figure 4. For both genders, the ROC curves for AST were
positioned to the upper-left compared with those for
ALT (Fig. 4a). The cut-off point (threshold) values in the
uppermost left position on the curve were 24 IU (sensi-
tivity 0.727: 1-specificity 0.280) and 271U (0.717:
0.222) for ALT and AST, respectively. Even in cases
divided by gender, the ROC curves for AST for the
respective gender was to the upper-left compared with
those for ALT. In particular, the lower curve for ALT was
remarkable compared to that for AST in males. The
cut-off point values in the uppermost left (threshold) in
males were 33 IU (sensitivity 0.577: 1-specificity 0.210)
and 28 TU (0.761: 0.284) for ALT and AST, respectively,
and in females were 22 TU (0.697: 0.256) and 26 IU
(0.692: 0.202) for ALT and AST, respectively. These
threshold values were defined as the proposed limit
points in the present study.

Comparison of efficiency (sensitivity and
specificity) among the three different

limit points

The efficiency of the proposed limit points for serum ALT
and AST levels were compared to those for the previous
and current limit points in Japan based on the ratios of
the true-positive and false-negative in the HCV positive
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Figure 4 Receiver~operator characteristic {(ROC) curves of
sensitivity (true-positive fraction) plotted against 1-specificity
(false-positive fraction) for serum alanine aminotransferase
(ALT) and aspartate aminotransferase (AST) levels in the sub-
jects that were diagnosed as hepatitis C virus (HCV) positive in
examinations over 3 years for both genders (a) and by gender
(male in (b), female in (c)). The cut-off point (threshold)
values in the uppermost left of the curve (sensitivity:
1-specificity): both genders, ALT 24 IU (0.727: 0.280), AST
271U (0.717: 0.222); male, ALT 33 IU (0.577: 0.210), AST
281U (0.761: 0.284); female, ALT 221U (0.697: 0.256),
AST 26 IU (0.692: 0.202). Area, area under the ROC curve.

group and of the true-negative and false-positive in the
HCV negative group: the previous (ALT < 35/AST < 40),
the current (ALT < 30/AST < 30) and the proposed limit
points, by both genders (Fig. 5a) and each gender (males
in Fig. 5b, females in Fig. 5¢). For example, in case of the
HCV positive group, the true-positive and false-negative
ratios show the proportions of the HCV positive group
outside and within the ranges, respectively, divided by
the respective limit point.

As shown in Fig. 5, the true-positive and true-negative
ratios were increased and decreased, respectively,
depending on the limit points with the lower ami-
notransferase values. In both genders, shown in Fig. 53,
the true-positive ratio was improved to 76.7% with the
proposed limit points. However, one-quarter of the
HCV positive cases were judged as false-negative. In
contrast, in the case of the HCV negative ratio, the true-
negative ratio was decreased from 89.8% with the pre-
vious limit point to as low as 70.0% with the proposed
limit point. Although the sum of true-positive and true-
negative ratios with the proposed limit point was the
highest among these cut-off points, the sum ratio was
only 146.7%.

Likewise, in the case of males, shown in Fig. 5b, the
true-positive ratio was improved with the proposed
limit point, but only three-quarters. However, the true-
negative ratios were decreased from 82.4% with the pre-
vious limit points to 69.9% with the proposed points.
There were no marked differences in these ratios
between the cumrent and proposed limit points. In
females, shown in Fig. 5¢, the true-positive ratio was as
low as 40% with the previous limit point. Although the
true-positive ratio was remarkably improved with the
proposed limit point, the ratio was only about 70%. In
contrast, the true-negative ratio was as high as 94% with
the previous limit point, but was down to three-quarters
with the proposed limit point.
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Figure 5 Percentages of true-positive among the HCV positive and true-negative among the HCV negative divided by the three set
limit points of alanine aminotransferase (ALT) and aspartate aminotransferase (AST) levels. (1) The previous limit points; (2) the
current limit points; and (3) the proposed limit points. The true-negative and false-negative: the negative and positive ratios for
HCV within the range set by the respective limit points. The false-positive and true-positive: the negative and positive ratios for HCV
outside the range set by the respective limit points. The values in parentheses in the positive and negative columns indicate
sensitivity (true-positive) and specificity (true-negative), respectively. In addition, the values in parentheses beneath the columns
indicate the sum of the true-positive and true-negative.
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DISCUSSION

HIS STUDY AIMED to re-evaluate the effectiveness

of serum aminotransferases levels as a marker in the
primary screening for HCV carrier detection in over
85 000 subjects in the annual public medical health
examination. Before the evaluation, the optimal param-
eter obtained during public health examinations was
also elucidated for HCV positive. Consequently, serum
aminotransferases levels were confirmed as the optimal
parameters related to an HCV positive diagnosis by the
judgment system for HCV infection. Serum AST levels
were more significantly associated with HCV positivity
than ALT in both males and females. Furthermore, the
optimal limit points (proposed limit points) for the
healthy range derived from the ROC curve were different
between genders (male, ALT33/AST28; female, ALT22/
AST26). Based on a comparison of the proposed limit
points to the previous (ALT <35/AST<40) and the
current {ALT < 30/AST < 30) limit points in Japan, the
efficiency of the proposed limit points was superior to
the others. However, in males, 23.3% of HCV carriers
were considered as negative (false-negative), although
the true-positive ratio was increased by 15.3% from the
previous limit point to the proposed limit point. In
females, the true-positive ratio for the proposed limit
point was markedly elevated by 31.4% compared to the
previous limit point. Importantly, at least one-quarter of
HCV carriers could not be captured for each of the
genders, even when using these optimal conditions.
Likewise, the incidence of false-positive among the HCV
negative cases increased to 30 and 25% in males and
females, respectively, with the optimal limit points.
Therefore, one limitation of the use of aminotransfe:ase
levels as an indicator for HCV screening was found due
to these low efficiencies. These results mean that almost
one-quarter of male and half of female HCV carriers are
already dropped from the thorough examinations and
therapies when using the current limit points of serum
aminotransferase levels.

Conry-Cantilena et al. have reported that 31 and 42%
of HCV carriers exhibited PNAL (under ALT 41 IU) and
minimally raised ALT levels (peak level of ALT less than
80 IU), respectively, in a follow-up study for 5 years.” The
present study also demonstrated that the proportion of
HCV carriers with PNAL (less than ALT 30 IU) was 33.3
and 56.0%, in males and females, respectively (Fig. 3).
Although it is very important to determine how so many
HCYV carriers with PNAL can be screened in the health
examinations, one of the markers associated with HCV
positive status in the present study was ALT. Therefore,
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there are limitations to the use of ALT levels to screen for
HCV with PNAL.

As the present study showed that AST rather than ALT
levels were associated with HCV positive status, a sig-
nificant relationship has been reported between AST,
but not ALT, and liver damage, including portal inflam-
matory piecemeal necrosis and liver fibrosis.}”*® In
addition, Schiffman et al. observed that there was no
correlation between baseline ALT activity, HCV-RNA
level and liver histology in HCV patients with PNAL.S
Puoti et al. described ALT levels as possibly being less
important for the determination to undergo therapy
than other factors, such as age, HCV genotype, liver
histology, patient motivation, symptoms, extra-hepatic
manifestations and co-morbid illnesses.”® For hepatic
fibrosis patients with not only HCV but also several
other liver diseases, serum AST level has been suggested
to be a better marker than ALT.*** Assy and Minuk
suggested possible reasons to explain why AST, but
not ALT values, correlate with histological findings in
patients with HCV.'® One of the possible reasons is that
co-existing non-viral-related fatty infiltration of the liver
might contribute disproportionately to the elevation of
ALT. Another is that HCV might destroy mitochondria,
where AST exists as a specific enzyme, resulting in intra-
cellular trophism. In addition, AST activity may be more
stable than ALT activity.®? However, it remains unclear
why AST values correlate with hepatic histological fea-
tures, in particular fibrosis, and further studies are there-
fore needed. Indeed, while there is no doubt that both
ALT and AST are useful parameters for liver disease,?*
there are limitations of the use of ALT and AST as param-
eters for HCV screening in public health examinations.

In the present study, the serum aminotransferase
levels were different between the genders, in agreement
with previous studies.”” Prati et al. indicated different
normal ranges of ALT for liver disease between males
and females (30 and 19 IU, respectively) based upon
calculation of the 95th percentile of serum ALT levels in
normal subjects with a population at lower risk for liver
disease.® In general, both serum aminotransferase levels
in females tend to be lower than those in males.”25-3
Puoti et al. speculated that different hormonal factors,
such as estrogens, could act as modulators of some
mechanisms and may explain the differences between
genders,” based on the decreased ALT levels in pregnant
and estrogen-treated females with chronic hepatitis
C.3*2 Indeed, in the present study, the aminotransferase
levels in HCV positive femnales were independent of age;
although these levels, especially ALT, were elevated in
males aged less than 65 years. The current results may be
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supported by these reports. Therefore, the cut-off points
of ALT and AST might need to be lower than ALT in
females, particularly in the younger age groups, for HCV
screening.

The present study attempted to generate a useful
equivalent for the detection of HCV carriers by logistic
analysis. Ultimately, the equivalent, based on some
significant parameters associated with HCV carriers led
from the stepwise analysis shown in Table 2, could not
efficiently detect HCV positive rates below 10%. There-
fore, in the present study, the equivalent was not an
effective tool for the screening of HCV carriers. In future,
a more effective logistic equivalent should be con-
sidered using better parameters, including platelet
counts,”** in a larger population of both public and
clinical examinations for the screening of HCV carriers,
because the present judgment system for HCV infection
needs some steps added with different specific equip-
ment and techniques and the consequent costs. The
effective logistic equivalent from the parameters used in
public examination will be a good way from the view-
point of cost effectiveness and will be available in
developing countries. However, at present, there are no
highly efficient methods that can be applied to the
health examination for the screening of HCV carriers.
Furthermore, as shown by the results of the present
study, one-quarter of HCV carriers, in particular almost
half of female carriers, have been diagnosed as healthy
subjects and, therefore, have missed out on any treat-
ments for HCV infection. This fact supports the recom-
mendation of HCV tests, at least the anti-HCV antibody
test, to all individuals during health examinations for
the early detection of asymptomatic HCV carriers; this
should be more important than cost considerations.

In conclusion, the limitation of serum aminotrans-
ferase levels as markers of HCV carriers for primary
screening in public medical examinations was con-
firmed, because one-quarter of the HCV carriers were
categorized as healthy subjects. Therefore, the current
investigation supports the necessity to apply HCV
testing to all individuals undergoing public medical
examinations for early detection and early treatment
and to prevent the spread of HCV.
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NS3 Bifunctional
protease / helicase

NS3 Helicase
domain domain

NS3 Protease

NS5B RNA-dependent
RNA polymerase
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