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serum apoptotic caspase activity as a marker  
of severity in chronic hepatitis c virus infection
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summary

background & aim: apoptotic caspases are substantially ac-
tivated in liver of patients with chronic hepatitis c and pre-
liminary data suggest that serum caspase activity may repre-
sent a sensitive marker of early liver injury. we investigated 
whether the serum levels of caspase-generated fragments of 
cytokeratin-18 are associated with the severity of liver histo-
logical lesions in chronic hepatitis c virus (hcv) infection. 
methods: we included 134 patients with chronic hcv infec-
tion who consecutively underwent liver biopsy as well as 30 
healthy controls. histological liver lesions were evaluated ac-
cording to the ishak’s classification. chronic hepatitis c was 
considered to be present in cases with grading score ≥4 and/or 
stage ≥2, while cases with grading score <4 and stage <2 were 
classified into chronic hcv infection with minimal histolog-
ical lesions. The levels of caspase-generated cytokeratin-18 
fragments were blindly measured in stored serum samples. 
Results: Cytokeratin-18 fragments levels (U/L) were signifi-
cantly lower in the 30 healthy subjects (154±31) than in the 
28 hcv-positive patients with minimal histological lesions 
(196±71, p=0.006) than in the 106 patients with histological 
chronic hepatitis C (295±202, P<0.001). ROC curve analysis 
showed that serum levels of cK-18 fragments offered mod-
erate diagnostic accuracy for differentiating chronic hep-
atitis c patients from chronic hcv patients with minimal 
histological lesions [c-statistic: 0.67 (95% ci: 0.56-0.77)]. 

conclusions: serum apoptotic caspase activity is associated 
with the severity of liver histological lesions in chronic hcv 
infection, but it has moderate diagnostic accuracy in differ-
entiating chronic hcv patients with and without histologi-
cal lesions of chronic hepatitis. 
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iNTroducTioN

Chronic	viral	hepatitis	is	a	major	health	problem	world-
wide.	The	severity	of	liver	histological	lesions	in	patients	
with	chronic	infection	with	hepatitis	C	virus	(HCV)	may	
range	from	almost	normal	liver	or	minimal	necroinflam-
mation	without	fibrosis	to	severe	liver	injury	and	even	
cirrhosis.1,2	in	clinical	practice,	it	is	rather	difficult	to	dif-
ferentiate	patients	with	minimal	lesions	from	those	with	
chronic	hepatitis	C	having	active	necroinflammation	and	
fibrosis	based	on	the	currently	available	noninvasive	meth-
ods,	usually	determinations	of	aminotransferases	and	vi-
remia	levels.1,2		

active	liver	injury	results	in	hepatocellular	death	with	
apoptosis	representing	an	important	mechanism	in	chronic	
hepatitis	C.3	regardless	of	the	type	of	triggering	stimuli,	
apoptosis	eventually	leads	to	activation	of	several	cyste-
ine-aspartate	proteases,	called	caspases,	which	cleave	sev-
eral	cellular	proteins	including	cytokeratin-18	CK-18).3	in	
particular,	CK-18,	which	represents	a	major	intermediate	
filament	protein	in	liver	cells,4	is	cleaved	by	caspases	at	
two	conserved	aspartate	residues.5,6	recently,	a	novel	en-
zyme-linked	immunosorbent	assay	has	been	developed	
and	shown	to	selectively	detect	a	caspase	cleavage-gen-
erated	neoepitope	of	CK-18	at	aspartate	residue	396.7	Two	
initial	reports	suggested	that	the	serum	levels	of	caspase-
generated	fragments	of	CK-18	determined	by	this	assay	
are	associated	with	the	severity	of	liver	disease	in	both	
chronic	HCV	infection	and	non-alcoholic	fatty	liver	dis-
ease	(nafld).7,8	
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The	aim	of	this	study	was	to	further	investigate	wheth-
er	serum	levels	of	caspase-generated	fragments	of	CK-18,	
as	a	marker	of	apoptotic	caspase	activity,	are	associated	
with	the	severity	of	liver	histological	lesions	in	patients	
with	chronic	HCV	infection.

paTieNTs aNd meThods 

Patient population
We	included	134	treatment	naïve	patients	with	chron-

ic	HCV	infection	consecutively	admitted	to	our	depart-
ment	between	January	2004	and	March	2006	in	order	to	
undergo	a	liver	biopsy.	all	these	patients	had	been	fol-
lowed	for	at	least	6	months	at	outpatient	liver	clinics	be-
fore	admission	for	liver	biopsy.	Patients	with	malignancy	
or	any	type	of	antiviral	therapy	in	the	past	or	any	type	of	
immunomodulatory	therapy	within	the	last	12	months	as	
well	as	those	with	an	inadequate	biopsy	specimen	were	
excluded.	Patients	with	positive	hepatitis	B	surface	anti-
gen	(HBsag)	or	detectable	antibodies	against	human	im-
munodeficiency	virus	(anti-HiV)	were	also	excluded.	no	
patient	had	decompensated	liver	disease	(evidence	or	his-
tory	of	ascites,	variceal	bleeding,	hepatic	encephalopathy	
or	jaundice).	informed	consent	was	obtained	from	all	pa-
tients	for	the	performance	of	liver	biopsy.	The	study	was	
approved	by	the	local	ethics	committee.

The	diagnosis	of	chronic	HCV	infection	was	based	on	
detectable	antibodies	to	HCV	(anti-HCV)	and	detectable	
serum	HCV	rna.	Patients	with	chronic	HCV	infection	
were	further	separated	into	those	with	minimal	histologi-
cal	lesions	and	those	with	chronic	hepatitis	C	according	
to	their	histological	findings.	

Thirty	volunteer	health	care	workers	[males/females:	
13/17,	mean	age:	44±14	(18-65)	years]	were	also	studied	
as	healthy	controls.	all	of	them	had	normal	aminotrans-
ferases	activity	and	were	negative	for	HBsag,	anti-HCV	
and	anti-HiV.

Methods
Epidemiological	 and	 anthropometrical	 characteris-

tics	as	well	as	routine	laboratory	data	[including	com-
plete	blood	count,	prothrombin	time	and	serum	levels	of	
glucose,	cholesterol,	triglycerides,	alT,	aspartate	ami-
notransferase	(asT),	alkaline	phosphatase	(alP),	gam-
ma-glutamyl-transpeptidase	(GGT)]	were	prospectively	
obtained	for	all	patients	on	the	liver	biopsy	day.	alcohol	
abuse	was	defined	as	average	daily	alcohol	consumption	
of	more	than	30	g	in	male	or	20	g	in	female	patients	dur-
ing	the	last	12	months.	

Commercially	available	assays	were	used	for	all	sero-

logical	determinations.	all	patients	were	tested	for	HB-
sag,	anti-HCV,	and	anti-HiV	by	enzyme	immunoassays.	
in	patients	with	chronic	HCV	infection,	the	presence	of	
serum	HCV	rna	was	determined	by	a	qualitative	poly-
merase	chain	reaction	(PCr)	assay	(amplicor	roche;	sen-
sitivity	50	iU/l),	serum	HCV	rna	levels	were	determined	
by	a	branch	dna	assay	(HCV	rna	Versant	3.0,	Bayern	
Healthcare,	nY)	and	HCV	genotype	was	also	determined	
by	a	commercially	available	assay	(HCV	Genotype	assay,	
liPa,	Versant,	Bayer	Healthcare,	Tarrytown,	nY,	Usa).

Measurement of caspase-generated CK-18 
fragments in serum

The	levels	of	caspase-generated	CK-18	fragments	were	
blindly	measured	in	serum	samples	(one	from	each	patient)	
stored	at	-800C	on	the	liver	biopsy	day.	We	used	the	M30-
Apoptosense	ELISA	assay	(PEVIVA,	Alexis,	Grόnwald,	
Germany),	which	has	been	designed	to	detect	specifical-
ly	apoptosis	of	CK-18	positive	cells	in	human	serum	and	
plasma	and	to	quantitatively	measure	the	apoptosis-associ-
ated	neoepitope	in	the	C-terminal	domain	of	CK-18	(ami-
no	acids	387-396).	The	specificity	of	this	assay	has	been	
previously	confirmed	via	immunoprecipitation	of	CK-18	
fragments	in	serum	samples.7	determinations	for	the	first	
40	samples	from	patients	with	chronic	HCV	infection	as	
well	as	determinations	for	40	samples	from	patients	with	
nafld	and	40	samples	from	patients	with	chronic	hep-
atitis	B	virus	(HBV)	infection	were	performed	in	dupli-
cate	under	blinded	code	conditions.	The	mean	intra-assay	
variation	was	1.8%	(maximum:	8.8%).	

Liver histology
all	171	liver	biopsies	had	an	adequate	specimen	with	

length	1.5	cm.	Two	additional	biopsies	were	excluded	
because	of	an	inadequate	liver	specimen,	as	predefined	if	
no	portal	tracts	were	identified	or	the	specimen	size	itself	
made	it	impossible	to	make	a	proper	evaluation.	all	liver	
biopsies	were	evaluated	blindly	by	a	single	liver	histopa-
thologist	(GK).	

The	histological	changes	of	chronic	HCV	infection	
were	classified	according	to	the	classification	proposed	by	
ishak	et	al.9	Chronic	hepatitis	C	was	considered	to	be	pres-
ent	in	cases	with	grading	score	4	and/or	stage	2,	while	
HCV	positive	cases	with	grading	score	<4	and	stage	<2	
were	classified	into	chronic	HCV	infection	with	minimal	
histological	lesions.	advanced	histological	lesions	were	
considered	to	be	present	in	cases	with	grading	score	≥8	
and/or	stage	≥3.	In	addition	to	grading	score	and	stage,	he-
patic	steatosis	was	also	graded	according	to	the	percentage	
of	hepatocytes	containing	fat	droplets	as	no	(≤5%),	mild	
(6-33%	of	hepatocytes	affected),	moderate	(34%-66%	of	



	 41serum	apoptotic	caspase	activity	as	a	marker	of	severity	in	chronic	hepatitis	C	virus	infection

hepatocytes	affected)	and	severe	steatosis	(>66%	of	he-
patocytes	affected).	

Statistical analysis 
all	data	were	analyzed	using	the	statistical	package	

sPss	(version	13.0,	sPss	inc.,	Chicago,	il).	results	were	
expressed	as	mean	values	±[standard	deviation	(sd)]	or	as	
median	values	(range).	statistical	analysis	was	performed	
using	t-test	or	Mann-Whitney	test	for	comparisons	of	con-
tinuous	variables	between	groups,	corrected	chi-squared	
method	or	two-tailed	fisher’s	exact	test	for	qualitative	data	
and	spearman	correlation	for	evaluation	of	relations	be-
tween	two	quantitative	variables,	when	appropriate.	The	
accuracy	of	levels	of	CK-18	fragments	for	estimating	the	
severity	of	liver	diseases	was	evaluated	through	the	area	
under	the	receiver	operating	characteristic	(rOC)	curve	
by	the	concordance	(c)-statistic.	diagnostic	accuracy	was	
considered	to	be	good	in	case	of	a	c-statistic	0.71-0.80	and	
excellent	in	case	of	a	c-statistic	>0.80.	logistic	or	linear	
regression	analysis	was	used	for	multivariate	analysis	with	
only	variables	with	a	P	value	0.10	at	univariate	analysis	
entering	in	the	multivariate	models.	a	two-tailed	P value	
<0.05	was	considered	to	be	statistically	significant.	

resulTs

according	to	the	histological	findings,	among	the	134	
patients	with	chronic	HCV	infection,	there	were	28	(21%)	
with	minimal	histological	lesions	and	106	(79%)	with	his-
tological	evidence	of	chronic	hepatitis	C.	The	main	charac-
teristics	of	all	patients	are	presented	in	Table	1.	as	expect-
ed,	there	were	significant	differences	in	several	baseline	
characteristics	between	patients	with	chronic	HCV	in-
fection	and	minimal	histological	lesions	and	those	with	
chronic	hepatitis	C.	

in	all	134	patients	with	chronic	HCV	infection,	the	
mean	levels	of	CK-18	fragments	were	274±187	(98-1021)	
U/l	being	significantly	lower	in	the	28	patients	with	min-
imal	histological	lesions	than	in	the	106	patients	with	his-
tological	chronic	hepatitis	C	[196±71	(136-397)	U/l	vs	
295±202	(98-1021)	U/l,	P<0.001]	(figure	1).	The	mean	
levels	of	CK-18	fragments	were	significantly	lower	in	
the	30	healthy	controls	[154±31	(117-227)	U/l]	than	in	
chronic	HCV	patients	with	minimal	histological	lesions	
(P=0.006)	(figure	1).	rOC	curve	analysis	showed	that	lev-
els	of	CK-18	fragments	offered	good	diagnostic	accura-
cy	for	differentiating	chronic	HCV	patients	with	minimal	

Table 1.	Main	characteristics	of	134	patients	with	chronic	hepatitis	C	virus	(HCV)	infection	
patient
characteristic

minimal histological lesions
(N=28) 

chronic hepatitis c
(N=106)

age,	years 39±115 45±135

sex,	males	(%) 16	(57) 48	(45)
BMi,	kg/m2 25±4 25±4
alT,	iU/l
ALT≤ULN*,	n	(%)

57	(17-177)1

7	(25)6

71	(11-263)1

7	(7)6

asT,	iU/l 33	(20-64)2 50	(13-179)2

GGT,	xUln 0.5	(0.2-3.2)5 0.7	(0.2-4.7)5

Cholesterol,	mg/dl 187±46 175±40
Triglycerides,	mg/dl 80±40 93±65
Hb,	g/dl 13.9±1.5 14.0±1.7
WBC,	x103/mm3 7.3±2.6 7.0±2.3
Platelets,	x103/mm3 252±645 215±725

diabetes,	n	(%) 0 7	(7)
serum	HCV	rna,	x103	iU/ml 376	(9-9812) 842	(34-3x107)
Grading	score 3.5±0.72	* 6.7±1.82	*

stage
Cirrhosis,	n	(%)	

0.8±0.42	*

07

2.8±1.42	*

14	(13)7

steatosis,	n/n	(%)
			no/Mild
			Moderate/severe

3

14/11	(89)
3/0	(11)

3

17/53	(66)
24/12	(34)

BMI: body mass index, ALT: alanine aminotransferase, ULN: upper limit of normal, AST: aspartate aminotransferase, GGT: gamma-glutamyl-
transpeptidase, WBC: white blood cells; *Patients with persistently normal ALT activity. 
1P=0.002, 2P<0.001, 3P=0.001, 4P=0.07, 5P=0.02, 6P=0.01, 7P=0.04. 
*Grading score and stage according to Ishak et al classification 9.
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histological	lesions	from	healthy	controls	[c-statistic:	0.76	
(95%	Ci:	0.64-0.88)]	and	moderate	accuracy	for	differen-
tiating	chronic	hepatitis	C	patients	from	chronic	HCV	pa-
tients	with	minimal	histological	lesions	[c-statistic:	0.67	
(95%	Ci:	0.56-0.77)]	(figure	2a).	in	particular	among	the	
14	chronic	HCV	patients	with	persistently	normal	alT	and	
asT	activity,	levels	of	CK-18	fragments	were	relatively	
high	(239	U/l)	in	1	(14%)	of	the	7	patients	with	histolog-
ical	evidence	of	chronic	hepatitis	C	and	rather	low	(<180	
U/l)	in	the	remaining	13	cases.	

analysing	all	HCV	positive	patients	together,	levels	
of	CK-18	fragments	were	found	to	significantly	corre-
late	with	grading	score	(r=0.38,	P<0.001),	stage	(r=0.36,	
P<0.001)	and	steatosis	severity	(r=0.31,	P<0.001)	and	to	
be	higher	in	stages	5-6	(412±254	U/l)	than	stages	3-4	
(324±217	U/l)	than	stages	0-2	(229±144	U/l)	(P<0.001)	
as	well	as	in	moderate	or	severe	steatosis	(394±251	U/l)	
than	no	or	mild	steatosis	(225±124	U/l)	(P<0.001).	rOC	
curves	showed	that	levels	of	CK-18	fragments	had	mod-
erate	diagnostic	accuracy	for	differentiating	patients	with	
grading	score	≥4	(c-statistic:	0.67)	or	grading	score	≥8	(c-
statistic:	0.70)	and	better	diagnostic	accuracy	for	differen-
tiating	patients	with	stage	≥4	(c-statistic:	0.73),	stage≥5	
(c-statistic:	0.76)	or	advanced	histological	lesions	(c-statis-
tic:	0.74)	(figure	2B).	CK-18	fragments	≥225	U/L	or	≥300	
U/l	had	sensitivity	of	67%	or	42%,	specificity	of	77%	or	

87%,	positive	predictive	value	(PPV)	of	70%	or	74%	and	
negative	predictive	value	(nPV)	of	74%	or	65%	for	the	
diagnosis	of	advanced	histology,	respectively.

serum	 levels	 of	 CK-18	 fragments	 were	 generally	
higher	in	males	than	females	(296±184	vs	255±189	U/
l,	P=0.016)	and	correlated	positively	with	alT	(r=0.69,	
P<0.001),	asT	(r=0.60,	P<0.001)	and	GGT	values	(r=0.34,	
P<0.001)	and	negatively	with	cholesterol	levels	(r=-0.30,	
P=0.002)	and	platelet	counts	(r=-0.286,	P=0.001).	There	
was	no	correlation	between	levels	of	CK-18	fragments	and	
serum	HCV	rna	levels	or	HCV	genotypes.	The	patients’	
characteristics	in	relation	to	presence	of	serum	levels	of	
CK-18	fragments	≥225	U/L	and	<225	U/L	are	shown	in	
Table	2.	Multivariate	analysis	showed	that	levels	CK-18	
fragments	≥225	U/L	were	independently	associated	with	
male	sex	(Or:	6.0,	95%	Ci:	1.5-23.2;	P=0.01),	higher	alT	
values	(Or:	1.04,	95%	Ci:	1.01-1.6;	P=0.002),	higher	
grading	score	(Or:	1.5,	95%	Ci:	1.03-2.2,	P=0.035)	and	
presence	of	moderate	or	severe	steatosis	(Or:	4.6,	95%	
Ci:	1.3-16.4;	P=0.02).

discussioN

apoptosis,	which	represents	the	execution	of	a	cell	
death	program	usually	initiated	by	rather	specific	stimuli	
and	leading	to	the	orderly	resorption	and	shrinkage	of	in-

figure 1.	serum	levels	of	cytokeratin-18	(CK-18)	fragments	in	30	healthy	controls	and	134	patients	with	chronic	hepatitis	C	virus	(HCV)	
infection.	Box	and	whiskers	plots	express	medians,	and	interquartile	and	overall	ranges.	The	outlying	values	are	plotted	individually.	
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dividual	cells,	is	definitely	an	important	cause	of	liver	cell	
death	in	most	cases	of	liver	injury.3,10	The	activation	of	a	
caspase	cascade	is	a	common	process	of	apoptosis	with	
the	activated	caspases	cleaving	aspartate	residues	of	cell	
proteins.3	detecting	caspase-specific	cleavage	products	
of	the	hepatocyte	protein	CK-18,	Bantel	et	al	have	shown	
that	CK-18	cleavage	is	increased	in	liver	biopsies	of	pa-
tients	with	several	types	of	hepatobiliary	diseases	including	
chronic	hepatitis	C7,11	and	that	serum	levels	of	CK-18	frag-
ments	determined	by	an	enzyme-linked	immunosorbent	as-
say	are	increased	in	patients	with	chronic	HCV	infection	
compared	to	healthy	controls.7	The	same	group	also	sug-
gested	that	the	serum	levels	of	CK-18	fragments	may	be	a	
more	sensitive	marker	compared	to	aminotransferases	for	
the	detection	of	early	liver	injury	in	patients	with	chronic	
HCV	infection,7	while	Wieckowska	et	al	recently	reported	
that	this	test	may	be	useful	for	differentiating	nasH	from	
simple	fatty	liver.8	since	the	initial	data	by	Bantel	et	al	for	
a	serum	marker	of	hepatocyte	apoptosis	determined	by	a	
simple	Elisa	seemed	to	be	extremely	interesting,7	we	
evaluated	the	significance	of	serum	levels	of	CK-18	frag-
ments	in	patients	with	chronic	HCV	infection.	

apoptoptic	caspase	activity	was	significantly	associat-
ed	with	the	severity	of	histological	lesions	in	our	patients	

with	chronic	HCV	infection,	since	serum	levels	of	CK-18	
fragments	were	found	to	be	higher	in	patients	with	worse	
necroinflammation	and/or	worse	fibrosis.	This	finding	is	
in	contrast	with	the	report	by	Bantel	et	al,7	in	which	no	
significant	correlation	between	the	severity	of	histologi-
cal	lesions	and	the	serum	levels	of	CK-18	fragments	was	
observed.	Whether	the	smaller	number	of	patients	and/or	
the	different	index	for	evaluation	of	liver	histology	used	in	
the	latter	study7	might	be	responsible	for	this	discrepancy	
is	unclear.	We	also	tried	to	use	the	serum	caspase	activi-
ty	for	the	diagnosis	of	patients	with	histological	evidence	
of	chronic	hepatitis	C,	which	could	have	implications	on	
therapeutic	indications.	levels	of	CK-18	fragments	were	
indeed	significantly	higher	in	patients	with	chronic	hepati-
tis	C	than	in	chronic	HCV	patients	with	minimal	histolog-
ical	lesions,	but	the	differentiation	was	moderate	with	an	
area	under	rOC	curve	of	0.67.	The	test	was	slightly	bet-
ter	for	the	diagnosis	of	patients	with	advanced	histologi-
cal	lesions	with	an	area	under	rOC	curve	of	0.74.	simi-
lar	accuracy	of	serum	CK-18	fragments	for	the	diagnosis	
of	at	least	moderate	fibrosis	among	25	HCV	positive	pa-
tients	with	normal	aminotransferases	activity	was	report-
ed	in	the	study	of	Bantel	et	al.7	Thus,	it	was	suggested	that	
serum	apoptotic	caspase	activity	may	be	a	useful	marker	

figure 2.	receiver	operating	characteristic	(rOC)	curves	of	serum	levels	of	cytokeratin-18	fragments	with	moderate	diagnostic	ac-
curacy	for	prediction	of	chronic	hepatitis	C	[c-statistic:	0.67	(95%	Ci:	0.56-0.77)]	(a)	and	good	diagnostic	accuracy	for	prediction	of	
advanced	histological	lesions	(grading	score	≥8	and/or	stage	≥3)	[c-statistic:	0.74	(95%	CI:	0.66-0.83)]	(B)	among	134	patients	with	
chronic	hepatitis	C	virus	infection.
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for	diagnosing	liver	histological	lesions	in	chronic	HCV	
patients	with	normal	aminotransferases.7	However,	only	
14%	(1	of	7)	of	our	HCV	positive	patients	with	normal	
alT	activity	and	histological	evidence	of	chronic	hepa-
titis	had	relatively	high	serum	levels	of	CK-18	fragments	
and	thus	the	significance	of	this	test	should	be	evaluated	
further	in	this	setting.

an	interesting	observation	in	patients	with	chronic	
HCV	infection	was	the	strong	and	independent	associa-
tion	of	higher	serum	apoptotic	caspase	activity	with	more	
severe	hepatic	steatosis,	which	is	in	agreement	with	an-
other	previous	report.12	such	findings	further	support	the	
reported	association	between	hepatic	steatosis	and	apop-
tosis	in	chronic	hepatitis	C13	as	well	as	the	activation	of	
proapoptotic	mechanisms	by	lipid	accumulation	in	nona-
dipose	tissues.14,15

serum	CK-18	fragment	levels	were	significantly	high-
er	in	chronic	HCV	patients	with	minimal	histological	le-
sions	than	in	healthy	controls,	but	there	were	wide	over-
laps	in	the	ranges	(136-397	vs	119-227	U/l)	which	did	not	
allow	very	accurate	differentiations	of	such	patients	from	
healthy	individuals	(areas	under	rOC	curve:	0.73-0.76).	
These	findings	are	in	agreement	with	previous	reports.7,11	
The	higher	serum	CK-18	fragment	levels	in	chronic	HCV	
patients	compared	to	healthy	subjects	might	be	associat-
ed	with	some	degree	of	apoptotic	injury,	at	least	in	some	
patients	of	these	groups.	However,	it	is	currently	unclear	
whether	such	elevated	apoptotic	markers	may	have	any	
clinical	significance	and	whether	they	might	be	predictors	
of	progression	of	the	liver	disease.	Moreover,	a	new	mark-
er	that	may	differentiate	healthy	subjects	from	chronic	
HCV	patients	will	not	have	clinical	relevance,	since	such	
a	differentiation	can	be	easily	made	by	the	currently	avail-
able	routine	HCV	markers	(usually	anti-HCV).	

in	 conclusion,	 serum	 apoptotic	 caspase	 activity	 is	
strongly	associated	with	the	severity	of	liver	histological	
lesions	in	patients	with	chronic	HCV	infection.	However,	
the	assessment	of	serum	levels	of	CK-18	fragments	does	
not	seem	to	offer	high	accuracy	for	the	estimation	of	the	
severity	of	liver	histological	lesions	in	patients	with	chron-
ic	HCV	infection,	which	might	be	associated	with	the	rar-
ity	of	true	inactive	carrier	state	among	such	cases.

xx	xx	xx	xx	
x	xx
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