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epatitis B Surface Antigen Serum Levels Help to Distinguish Active
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See editorial on page 380.

ACKGROUND & AIMS: The accurate identification
f inactive (serum HBV-DNA persistently �2000 IU/mL)
epatitis B virus (HBV) carriers (IC) is difficult because of
ide and frequent HBV-DNA fluctuations. We studied
hether hepatitis B surface antigen (HBsAg) serum levels

HBsAgsl) quantification may contribute to diagnosis of
BV phases in untreated hepatitis B e antigen-negative

enotype D asymptomatic carriers. METHODS: HBsAgsl
ere measured at baseline and end of follow-up and corre-

ated with virologic and biochemical profiles of 209 consec-
tive carriers followed-up prospectively (median, 29; range,
2–110 months). HBV phases were defined after 1-year
onthly monitoring of HBV-DNA and transaminases. RE-

ULTS: HBsAgsl were significantly lower in 56 inactive
arriers (IC) than 153 active carriers (AC): median, 62.12
range, 0.1–4068) vs median, 3029 (range, 0.5–82,480) IU/

L; P � .001. Among AC, HBsAgsl were lower in 31 AC
hose viremia remained persistently �20,000 IU/mL (AC1)

han in 122 AC with fluctuations �20,000 IU/mL (AC2):
83 (0.5–7838) vs 4233 (164–82,480) IU/mL, P � .002.
BV infection was less productive in IC and AC1 than AC2

log10 HBV-DNA/HBsAgsl ratios 0.25 and 0.49 vs 2.06, re-
pectively, P � .001) and in chronic hepatitis than cirrhosis
1.97 vs 2.34, respectively; P � .023). The combined single
oint quantification of HBsAg (�1000 IU/mL) and HBV-
NA (�2000 IU/mL) identified IC with 94.3% diagnostic

ccuracy, 91.1% sensitivity, 95.4% specificity, 87.9% positive
redictive value, 96.7% negative predictive value. During
ollow-up, HBsAgsl were stable in AC but declined in IC
yearly median decline, �0.0120 vs �0.0768 log10 IU/mL,
espectively, P � .001), 10 of whom cleared HBsAg. CON-
LUSIONS: HBsAgsl vary during chronic hepatitis B e
ntigen-negative genotype D infection and are signifi-
antly lower in IC. Single-point combined HBsAg and
BV-DNA quantification provides the most accurate

dentification of IC, comparable with that of long-term
ight monitoring.

eywords: HBsAg Quantification; Inactive HBV Infection;
BeAg Negative Chronic Hepatitis B.
urrently, hepatitis B e antigen (HBeAg)-negative hepa-
titis B virus (HBV) carriers represent the great majority

f cases of HBV infection in many geographical areas, in-
luding Europe, having become more prevalent during the
ast decade because of the aging of the HBV-infected pop-
lation.1–4 Clinical conditions associated with chronic
BeAg-negative HBV infection are variable, ranging from

nactive carrier (IC) status to active chronic HBV infection
CHB).5 The survival of those in the IC stage is comparable
ith the noninfected population, at least in Western coun-

ries.6,7 By contrast, the rate of progression to cirrhosis
mong those with HBeAg-negative CHB ranges from 2.8 to
.7 � 100 per year.8–13 Current antiviral treatments may
low disease progression in cirrhotic patients and lead to
ure of CHB if identified before the development of cirrho-
is.14 Thus, an early diagnosis of CHB may allow earlier
onsideration of initiating antiviral therapy. However, dif-
erential diagnosis between active CHB and IC status is
roblematic because HBeAg-negative CHB is characterized
y wide fluctuations in viral replication and biochemical
ctivity, with intermittent reductions of HBV-DNA serum
evels below the inactive carrier cut-off �2000 IU/mL and
pontaneous normalization of alanine aminotransferase
ALT) lasting from a few weeks to several months.10,15,16

herefore, to warrant an accurate differential diagnosis be-
ween CHB and IC, it is mandatory to monitor serum
BV-DNA by sensitive and quantitative polymerase chain

eaction assays and ALT over a period of at least 1 year.1,16,17

n addition, ALT levels are not a specific marker of viral-
nduced liver damage, and their fluctuation in an inactive
arrier may be caused by nonviral liver disease cofactors.18

Abbreviations used in this paper: AC, active carriers; AC1, active
arriers with HBV-DNA persistently <20,000 IU/mL; AC2, active carri-
rs with HBV-DNA >20,000 IU/mL; ALT, alanine aminotransferase;
nti-HBc, antibody to hepatitis B core antigen; anti-HBe, antibody to
epatitis B e antigen; AUROC, area under the receiver operating
haracteristic; cccDNA, covalently closed circular DNA; DA, diagnostic
ccuracy; CHB, chronic hepatitis B; HBeAg, hepatitis B e antigen;
BsAg, hepatitis B surface antigen; HBsAgsl, HBsAg serum levels;
BV, hepatitis B virus; IC, inactive carriers; IgM, immunoglobulin M;
PV, negative predictive value; PPV, positive predictive value; ROC,

eceiver operating characteristic.
© 2010 by the AGA Institute

0016-5085/$36.00
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hus, the identification of IC status is not always straight-
orward. Recently, hepatitis B surface antigen (HBsAg) se-
um levels were shown to correlate with intrahepatic co-
alently closed circular DNA (cccDNA) levels (the hallmark
f infected hepatocytes),19,20 to decline during therapy, and
o be associated with long-term sustained virologic re-
ponse.21,22 These findings suggest that quantification of
BsAg might help to characterize the phase of HBV infec-

ion in HBeAg-negative carriers. We studied HBsAg serum
evels and assessed their potential diagnostic value in a large
ohort of untreated, HBeAg-negative/antibody to hepatitis

e antigen (anti-HBe)-positive, asymptomatic HBV geno-
ype D carriers who had been followed up prospectively.

Patients and Methods
Patients
We studied 209 consecutive HBeAg-negative/anti-

Be-positive chronic HBsAg carriers infected with HBV
enotype D (median age, 48 years; range, 18–77 years; 104
ales and 105 females), admitted to the Liver Unit of the
niversity Hospital of Pisa between 2000 to 2006. All the

arriers were untreated and asymptomatic. The study was
pproved by the Ethical Committee of our hospital, and
articipants gave their written consent. Inclusion criteria
ere as follows: HBsAg/anti-HBe positive for at least 2 years;
egative for HBeAg and antibodies against hepatitis C virus

HCV), hepatitis D virus, human immunodeficiency virus;
bsence of autoimmune disease and high alcohol intake
�40 g/day). They were part of a cohort of 314 HBeAg-
egative/anti-HBe-positive HBsAg carriers followed up at
ur unit: 24 of them were excluded because they were
ymptomatic, 52 were infected with HBV genotypes other
han D, 20 were already in treatment at the time of their
rst observation, 9 had missing clinical data.
To define accurately the infection profile of each carrier,

erum tests were performed monthly during the first 12
onths of the prospective follow-up and every 3 months

hereafter. At the end of the 1-year monthly monitoring,
BV carriers were classified according to their biochemical

nd virologic profiles: (1) inactive carriers (IC) had persis-
ently serum HBV-DNA levels �2000 IU/mL and normal
LT (�40 U/L); (2) active carriers (AC) had HBV-DNA

erum levels �2000 IU/mL, with or without elevated ALT.
ransient elastography became available in our unit on
pril 2004 and was performed in all newly enrolled carriers
uring the first year of follow-up from April 2004 on and at
he first visit for carriers already in follow-up at that time.
iver biopsy specimens were obtained, within the first year
f monitoring, from 109 of the 153 individuals in the AC
hase; biopsy was not performed in the remaining 44 car-
iers because of persistently normal ALT and transient elas-
ography values �6 kPa in 21; histologic diagnosis of cir-
hosis already present in 11; signs of cirrhosis at ultrasound

n 7; 5 refused to undergo biopsy. T
Quantitative HBsAg was performed in all cases at base-
ine and end of the follow-up or at the time of initiation of
ntiviral therapy. Additional samples (median, n � 5; range,
–16) were obtained in 67 HBV carriers to analyze the
inetics of HBsAg during the natural course of the infec-
ion.

Serology and Histology
Serum biochemistry included aspartate transferase

AST) and ALT, �-glutamyl transpeptidase, alkaline phos-
hatase, albumin, globulins, total bilirubin, prothrombin
ime, and �-1 fetoprotein. HBsAg, antibody to hepatitis B
urface antigen, antibody to hepatitis B core antigen (anti-
Bc), HBeAg and anti-HBe, antibody to HCV, antibody to
epatitis D virus, and antibody to human immunodefi-
iency virus were detected by commercially available immu-
oassays (Abbott Laboratories, N Chicago, IL). Immuno-
lobulin M (IgM) anti-HBc level were determined by CORE-
-IMx (Abbott Laboratories), using 0.200 and 0.100–0.200

ndex as cut-off and grey zone of chronic hepatitis respec-
ively.23

HBsAg was quantified using the Architect HBsAg assay
Abbott Laboratories; dynamic range, 0.05–250.0 IU/mL)
fter 1:100 dilution. Samples with HBsAg levels �250.0
U/mL at 1:100 dilution were retested at 1:1000 final dilu-
ion. Samples with HBsAg levels �0.05 IU/mL at 1:100
ilution were retested undiluted. Serum HBV-DNA levels
ere quantified by COBAS Amplicor Monitor 2.0 HBV
ssay (Roche Diagnostic Systems Inc, Mannheim, Germany)
ith a lower limit of detection of 200 copies/mL and lin-

arity range from 200 to 20,000 copies/mL (conversion
actor, 5.6 copies � 1 IU) until 2005 and thereafter by
OBAS TaqMan assay, sensitivity 12 IU/mL, dynamic range
–1.10 � 108 IU/mL. HBV genotyping was performed by
irect sequencing of the region encoding for the small
epatitis B surface protein. Liver specimens were processed
sing standard criteria; grading of inflammation and stag-

ng of fibrosis were assessed by Ishak score.

Statistical Analysis
Data were expressed as median and range values.

he logarithmic transformation was used for quantitative
ata without normal distribution. The Spearman correla-
ion test was used to analyze the correlations between HB-
Ag serum levels and other continuous variables. Differ-
nces between subgroups were analyzed using Mann–

hitney rank sum test or Kruskal-Wallis test where
ppropriate. To identify factors independently correlated
ith HBsAg serum levels and HBsAg � variations, variables
ith statistical associations (P � .05) or trends (P � .10) at
nivariate analysis were included in multiple regression
nalysis. Factors independently associated with HBsAg
learance were identified by using logistic regression analy-
is. The diagnostic performance of HBsAg serum levels was
valuated by receiver operating characteristic (ROC) curve.

he cut-off value to discriminate chronic hepatitis patients



f
s
i
b
t
f
f
s

t
t
c
I
d
m
v
u

fl
H
d
A
l
m
f
h
l
t
2
D
D
w
b
2
s
g
�
s

F
H
c
s
m

T

C
A
M
F
B
E
B
E
B
E
L
H

C
LI

N
IC

A
L–

LI
V

ER
,

P
A

N
C
R
EA

S,
A

N
D

B
IL

IA
R
Y

TR
A

C
T

August 2010 QUANTITATIVE HBsAg AND INACTIVE HBV CARRIER 485
rom inactive carriers was selected considering the highest
ensitivity�specificity sum. To increase the specificity in the
dentification of IC, we selected an additional cut off com-
ining a specificity of at least 90% with the highest sensi-
ivity. Analysis of variance for repeated measures was per-
ormed to analyze the different profiles of HBsAg during
ollow-up. Statistical analysis was performed by SPSS (ver-
ion 10.0; SPSS Inc, Chicago, IL) software package.

Results
Stringent Classification of the HBV Carriers
The 209 untreated HBeAg-negative/anti-HBe-posi-

ive carriers were followed up prospectively for a median
ime of 34.5 (range, 6–110) months, with monthly blood
ontrols during the first year and every 3 months thereafter.
n 18 patients with baseline evidence (previous histologic
iagnosis or ultrasound signs) of cirrhosis, the monthly
onitoring was reduced to 6 months: all of them had

iremia �20,000 IU/mL more than once during the follow-
p. To avoid the misclassifications caused by HBV-DNA

igure 1. Classification of the 209
BeAg-negative/anti-HBe-positive HBV
arriers according to HBV-DNA and ALT
erum levels during the 1-year monthly
onitoring.

able 1. Demographic Features and HBsAg Serum Levels Ac

Inactive infection HBV
�2000 IU/mL (IC)

arriers, n 56
ge (range), n 49 (20�75)
ale/female 29/27

ollow-up (range), mo 38 (24�104)
aseline HBsAg (range), IU/mL 62.12 (0.1�4068)
nd of follow-up HBsAg (range), IU/mL 40.92 (n.d.�4143
aseline HBV DNA (range), IU/mL 49 (n.d.�1990
nd of follow-up HBV DNA (range), IU/mL 30 (n.d.�1114
aseline ALT (range), U/L 21 (10�35)
nd of follow-up ALT (range), U/L 20 (13�38)
iver elastometry by Fibroscan (range), kPa 4.3 (3.1�5.6)
istology Not performed
uctuations in case of cross-sectional evaluation,1,10,16 the
BV infection profile (inactive vs active) of each carrier was
efined after the 1 year of monthly serum HBV-DNA and
LT monitoring. Fifty-six of 79 (70.9%) carriers with base-

ine HBV-DNA levels �2000 IU/mL maintained these vire-
ia levels and normal ALT during the 1-year monthly

ollow-up and were classified as IC (Figure 1). All of them
ad liver stiffness values �6 KPa (Table 1) and their viro-

ogic and biochemical profiles remained unchanged
hroughout the overall follow-up (median 38 months, range
4–104). The remaining 23 carriers with baseline HBV-
NA levels �2000 IU/mL showed fluctuations of HBV-
NA above 2000 IU/mL and were classified as AC together
ith 130 subjects who had HBV-DNA �2000 IU/mL at the
aseline assessment. During the further follow-up (median,
1 months; range, 12–98), HBV-DNA levels remained per-
istently below 20,000 IU/mL and ALT normal in a sub-
roup of 31 AC (14 of them with baseline HBV-DNA
2000 IU/mL). They were classified as AC1 (Figure 1) and

howed median liver stiffness values of 4.7 kPa (range,

ng to the Virologic Profile

Active infection 1 HBV DNA �2000
and �20,000 IU/mL (AC1)

Active infection 2 HBV DNA
�20,000 IU/mL (AC2)

31 122
43 (21�64) 47 (18�77)

10/20 65/58
33 (24�106) 33 (6�110)

883 (0.5�7838) 4233 (164�82,480)
613 (0.41�7754) 3887 (172�65,160)

2758 (n.d.�19524) 389,500 (98�166,000,000)
1483 (n.d�14532) 396,450 (15�151,000,000)

22 (11�39) 68 (11�722)
23 (12�40) 98 (15�2056)
4.7 (3.2�5.8) 11.2 (3.2�59.8)

10 patients
Grading 3/18: 6 pts

4/18: 4 pts

79 Chronic hepatitis pts
Grading: 7/18 (4�14/18)
Staging: 2/6 (0�4/6)

Staging 0/6: 8 pts
1/6: 2 pts

20 Cirrhotic pts
Grading: 10/18 (8�14/18)
cordi

DNA

)
)
)

Staging 5/6 (5�6/6)



3
a
b
w
A
l
I
p
t
m

6
t
A
s
r
r
c
m
d
h
v
.
o
i

D
t
c
H
A
(

l
(
c
o
I
i
l
o
w
w
a
o
i
l
A
5
C
(
l
[
I

F
a
(
t
w
A

F
d

C
LIN

IC
A

L–LIV
ER

,
P
A

N
C
R
EA

S,
A

N
D

B
ILIA

R
Y

TR
A

C
T

486 BRUNETTO ET AL GASTROENTEROLOGY Vol. 139, No. 2
.2–5.8) and minimal necroinflammation (grading �4/18)
nd fibrosis (staging: 0/6 in 8, and 1/6 in 2 patients) at liver
iopsy. The overall clinicovirologic features of AC1 carriers
ere suggestive for the absence of significant liver disease.
ll the remaining 122 active carriers (AC2) had evidence of

iver disease (Table 1): their viremia fluctuated above 20,000
U/mL and fell below 2000 IU/mL occasionally in 15 (12%)
atients. Fifty-two (42.6%) patients showed major ALT fluc-
uations with flares that were followed by temporary nor-

alizations in 20 of them.

Baseline HBsAg Serum Levels and HBV
Infection Profiles
Median baseline HBsAg levels in the IC group were

2.12 IU/mL (range, 0.1–4068), significantly lower than in
he AC group (3029 IU/mL; range, 0.5–82,480; P � .001).
mong the AC group, the 31 AC1 cases had HBsAg levels

ignificantly lower than the 122 AC2 patients (883 IU/mL;
ange, 0.5–7838 vs 4233 IU/mL; range, 164–82,480 IU/mL,
espectively; P � .002), (Table 1, Figure 2). Among the 79
arriers with baseline HBV-DNA serum levels �2000 IU/
L, the 23 carriers with increases of viremia �2000 IU/mL

uring the follow-up showed HBsAg levels significantly
igher than the 56 true IC (1709 IU/mL; range, 0.52–16,969
s 62.12 IU/mL; range, 0.1–4068 IU/mL, respectively, P �
001). Overall HBsAg and HBV-DNA serum levels correlated
nly weakly (� � 0.638, P � .001), with less no correlation

igure 2. Baseline HBsAg levels according to phase of infection (in-
ctive vs active) and in active carriers (AC) according to HBV-DNA levels
persistently �20,000 IU/mL vs �20,000 IU/mL) and the presence and
he stage of liver disease (chronic hepatitis vs cirrhosis). HBsAg levels
ere significantly different in the following: IC vs AC: P � .001; IC vs
C1: P � .001; AC1 vs AC2: P � .001.
n the AC group (� � 0.321, P � .001). The log10 HBV- .
NA/HBsAg ratio was significantly lower in the IC group
han in the AC group (0.25 vs 1.6, respectively, P � .001) but
omparable for IC and AC1 (0.49). The log10 HBV-DNA/
BsAg ratio was significantly different among AC1 (0.49),
C2 with chronic hepatitis (1.97), and AC2 with cirrhosis

2.34; Figure 3).
Univariate analysis showed a correlation of HBsAg

evels with age (P � .001), ALT (P � .001), HBV-DNA
P � .001), IgM anti-HBc (P � .001) serum levels, bio-
hemical profile (flares vs no flares, P � .001), and phase
f infection (active vs inactive, P � .001) but not with sex.
n multivariate analysis age (B, �0.016; 95% confidence
nterval [CI]: �0.025 to �0.007, P � .001), HBV-DNA
evels (B, 0.163; 95% CI: 0.061– 0.265, P � .002) and phase
f infection (B, 0.757; 95% CI: 0.531– 0.982, P � .001)
ere independently associated with HBsAg levels that
ere lower in older carriers, with lower HBV-DNA levels,
nd inactive infection. A separate analysis, considering
nly AC2, showed that biochemical profile was the only

ndependent factor associated with HBsAg levels, with
ower HBsAg levels being observed in the 52 patients with
LT flares (median, 3097 [range, 234 –15,510] vs median,
657 [range, 749 – 82,480] IU/mL, respectively, P � .031).
orrelation of HBsAg levels with stage of liver disease

cirrhosis/chronic hepatitis) showed a trend towards
ower HBsAg levels in cirrhotic patients (median, 2740
range, 234 –14,732] vs median, 5412 [range, 373– 82,480]
U/mL, respectively, P � .056).

igure 3. Log10 HBV-DNA/HBsAg ratio by phase of infection and
isease stage: IC vs AC: P � .001; IC vs AC1: P � NS; AC1 vs AC2: P �
001; chronic hepatitis vs cirrhotic patients: P � .023.
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HBsAg Serum Levels During Follow-up
Baseline and end of follow-up HBsAg levels were

ompared in all carriers. HBsAg showed an overall median
ecline of �0.060 log10 IU/mL (range, �3.435 to �1.78).
BsAg decline was significantly higher in the IC (�0.212

og10 IU/mL; range, �3.435 to �1.781) than in the AC
roup (�0.016 log10 IU/mL; range, �0.917 to �0.878; P �

001). Ten individuals of the IC group cleared serum HBsAg
uring follow-up (annual rate of HBsAg clearance, 0.055 per
erson-year); their median HBsAg decline was �0.471 log10

U/mL (range, �0.176 to �3.453) compared with the me-
ian decline of �0.130 log10 IU/mL (range, �1.781 to
1.863) for IC who did not clear HBsAg. None of the AC

roup cleared HBsAg during the follow-up. The overall
hanges in HBsAg levels were independently associated with
BsAg clearance (P � .0001) and follow-up duration (P �

001). Baseline HBsAg levels (P � .001) and yearly HBsAg
og decline (P � .016) were independently associated with

BsAg clearance. The yearly median HBsAg decline in the
C group was significantly higher than in the AC group
�0.0768 log10 IU/mL; range, �2.0509 to �1.3124 vs

0.0120 log10 IU/mL; range, �1.0426 to �0.8108; respec-
ively, P � .001); this held true for both the IC with
�0.2868 log10 IU/mL) and without (�0.0588 log10 IU/mL,
� .021 vs AC) HBsAg clearance.
In 47 carriers, HBsAg levels fluctuations were moni-

ored yearly during 3-year follow-up and showed differ-
nt profiles for the IC, AC2, and AC1 groups (analysis of
ariance for repeated measures, P � .001). Median HBsAg
evels were stable in the AC2 group (3.52, 3.61, 3.52, and
.49 log10 IU/mL at baseline and 1, 2, and 3 years, respec-
ively) but showed moderate declines in AC1 (2.95, 3.01,
.84, and 2.71 log10 IU/mL) and IC (2.2, 2.07, 1.66, and
.48 log10 IU/mL), respectively.

Kinetics of HBsAg levels were analyzed in 20 AC2
atients (during ALT flares in 10) using a median of 9
ime points (range, 5–16). Significant fluctuations of
BsAg levels were observed in patients with ALT flares;

igure 4. Individual patient profiles during ALT flare: (A) HBsAg fluctua

case B).
BsAg levels achieved the nadir 1 month after the ALT
eak (median � variation of �0.31 log10 IU/mL; range,
0.06 to �1.55) but increased to preflare levels within

– 6 months thereafter (median change of �0.08 log10

U/mL; range, �0.32 to �0.42; Figure 4A and B). On the
ontrary, HBsAg levels showed minor fluctuations in
atients with persistent ALT elevations without flares:
edian, �0.01 log10 IU/mL (range, �0.17 to �0.04) and
edian, �0.02 log10 IU/mL (range, �0.08 to �0.14) at 3

nd 6 months, respectively.

Identification of Inactive Carriers and CHB
Patients Using HBsAg Serum Levels
In Table 2 we report the diagnostic performance

or the identification of AC and IC by single point mea-
urements of HBV-DNA and HBsAg or their combina-
ion. The area under the receiver operating characteristic
AUROC) of HBsAg to identify IC in the overall cohort
as 0.94 (95% CI: 0.905– 0.975, P � .001, Figure 5A): the
BsAg cut off with the highest sensitivity and specificity
as 844.5 IU/mL (sensitivity, 88.2%; specificity, 89.3%). A

pecificity of 90.2% was given by the 650 IU/mL HBsAg
ut off, with 82.1% sensitivity, 75.4% positive predictive
alue (PPV), 93.2% negative predictive value (NPV), and
8% diagnostic accuracy (DA) (Table 2). In the attempt to

dentify a cut off able to distinguish patients with active
nfection and liver disease (AC2) from IC, we ran an
dditional AUROC excluding the AC1 group, who did
ot show evidence of liver disease, in spite of viremia
ccasionally �2000 IU/mL. The AUROC was 0.968 (95%
I: 0.942– 0.993, P � .001, Figure 5B): the HBsAg cut off
ith the highest sensitivity and specificity was 1000 IU/
L. The diagnostic performance of the 1000 IU/mL cut

ff to identify AC showed sensitivity, 94.3%; specificity,
1.1%; PPV, 95.8%; NPV, 87.9%; and DA, 93.3% (Table 2).

Combining HBsAg �1000 IU/mL and HBV-DNA
2000 IU/mL, the identification of IC by a single point

valuation achieved DA of 94.3%, 91.1% sensitivity, 95.4%

during ALT flare (case A) and (B) HBsAg fluctuations during ALT flare
tions
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pecificity, 87.9% PPV, and 96.7% NPV (Table 2). Actually,
he 7 AC carriers who were erroneously classified as IC
ecause of baseline HBsAg �1000 IU/mL and HBV-DNA
2000 IU/mL were AC1 (viremia persistently �20,000

U/mL). The diagnostic performances of both HBsAg cut
ffs (�650 UI/mL and �1000 IU/mL) were comparable
hen we applied them to the end of follow-up serum

amples. Briefly, 2 IC cases with baseline HBsAg levels
650 IU/mL showed a decline below the threshold de-

ermining a slight increase in the assay sensitivity (85.7%
s 82.1%, respectively), whereas 2 AC2 cases showed a
ecline below 650 IU/mL with a small decrease in spec-

ficity for the 650 IU/mL cut off (95.9% vs 97.5%, respec-
ively) and in sensitivity of the 1000 IU/mL cut off (81.7%
s 83%, respectively).

able 2. Prediction of HBV Infection Phase by HBV-DNA and

Prediction of: Active infectio

By level IU/mL (cut off) HBV-DNA �2000 HBsAg �100

opulation (No. carriers) All 209 All 209
ensitivity (%) 85.0 83.0
pecificity (%) 100.0 91.1
ositive predictive value (%) 100.0 96.2
egative predictive value (%) 70.9 66.2
iagnostic accuracy (%) 89.0 85.2
ikelihood ratio for positive test � 9.30
ikelihood ratio for negative test 0.15 0.19

Prediction of:

By level IU/mL (cut off) HBsAg �650 and

opulation (No. carriers) All 2
ensitivity (%) 82.
pecificity (%) 98.
ositive predictive value (%) 93.
egative predictive value (%) 93.
iagnostic accuracy (%) 93.
ikelihood ratio for positive test 41.
ikelihood ratio for negative test 0.

Inactive carriers (IC) and active carriers with viremia �20000 IU/mL
Discussion

Studying prospectively a large cohort of well-char-
cterized, untreated HBeAg-negative, anti-HBe-positive,
hronic asymptomatic HBV genotype D carriers, we
ound that HBsAg serum levels were significantly lower
n inactive than active infection (median values, 62.12
U/mL; range, 0.1– 4068 IU/mL vs 3029 IU/mL; range,
.5– 82,480 IU/mL, respectively, P � .001, Figure 2). The
tringent criteria used to classify the HBV carriers (1 year
f monthly monitoring of both HBV-DNA and ALT)
llowed us to characterize precisely their virologic profile
voiding the risk of misclassification caused by the fluc-
uations of viral load, which are common in chronic
BeAg-negative HBV infection (Figure 1).10,15,16 Accord-

Figure 5. (A) Receiver operating char-
acteristic curve for HBsAg levels in AC
vs IC: AUROC � 0.94, 95% CI: 0.905–
0.975, P � .001. (B) ROC curve for
HBsAg levels in AC2 vs IC: AUROC �

g Serum Levels

Inactive infection

HBsAg �1000 HBV-DNA �2000 HBsAg �650 HBsAg �650

178a All 209 All 209 178a

94.3 100.0 82.1 82.1
91.1 85.0 90.2 97.5
95.8 70.9 75.4 93.9
87.9 100.0 93.2 92.2
93.3 89.0 88.0 92.7
10.56 6.65 8.38 33.40

0.06 0.00 0.20 0.18

Inactive infection

DNA �2000 HBsAg �1000 and HBV-DNA �2000

All 209
91.1
95.4
87.9
96.7
94.3
19.91
0.09

).
HBsA

n

0

HBV-

09
1
0
9
8
8
89
18
0.968, 95% CI: 0.942–0.993, P � .001.
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ngly, 23 (23/79, 29.1%) carriers with baseline viremia
2000 IU/mL showed evidence of active infection at

-year follow-up, but their baseline HBsAg serum levels
ere significantly higher than in true IC (1709 vs 62.12

U/mL, respectively, P � .001). Thus, HBsAg quantifica-
ion appears to provide additional information for the
haracterization of the phase of HBV infection as com-
ared with monitoring HBV-DNA and ALT only. Indeed,
he single point quantitative HBsAg assessment was ac-
urate and reliable for distinguishing IC from AC with
pecificity (90.2%) and PPV (75.4%) higher than single
oint HBV-DNA measure (specificity, 85%; and PPV,
0.9%). However, the most accurate identification of IC
as achieved by combining HBsAg (�1000 IU/mL) and
BV-DNA (�2000 IU/mL) quantification, which showed

4.3% DA, 91.1% sensitivity, 95.4% specificity, 87.9% PPV,
nd 96.7% NPV. Therefore, the combined single point
esting of HBsAg and HBV-DNA provides a very accurate
irologic characterization of the HBV carrier because it
an be obtained only after a long-term stringent monthly
onitoring of ALT and HBV-DNA. Our findings hold

rue in genotype D-infected carriers but need to be con-
rmed in larger and independent cohorts of carriers

nfected with other HBV genotypes, because recent re-
orts suggest that secretion of HBsAg24 and its serum

evels and declines during antiviral therapy21 are HBV
enotype dependent.

The added diagnostic value of quantitative HBsAg
tems from the fact that its serum levels do not reflect

erely the production of virions but rather the presence
f defective HBsAg particles (spheres and filaments) that
xceed competent virions by a factor of 102 to 105.25–27

ccordingly and in agreement with previous reports,28 we
ound only a weak correlation between HBsAg and HBV-
NA serum levels, particularly in AC (� � 0.321). How-

ver, HBV-DNA/HBsAg ratios differed significantly be-
ween active and inactive carriers (1.6 vs 0.25, respectively,

� .001) and were similar in both groups of carriers
ithout liver disease, namely in IC (0.25) and AC1 (0.49)

P � NS). Interestingly, the AC1 subgroup of active
arriers (31/153 patients, 20%), in whom viremia re-
ained persistently below 20,000 IU/mL throughout the

ollow-up and any biochemical, elastographic, or histo-
ogic evidence of significant liver disease was present, had

BsAg serum levels significantly lower than the remain-
ng 122 active carriers (AC2) with higher levels (�20,000
U/mL) of viral replication and overt liver disease (883
U/mL, range, 0.5–7838 vs 4233 IU/mL; range, 164 –
2,480, P � .002). The lower HBV-DNA/HBsAg ratios
bserved in both IC and AC1 suggest that HBV infection

s less productive in carriers without significant liver disease
han in CHB patients. Consistently, the HBV-DNA/HBsAg
atios were higher and indicative of even more productive
nfection in cirrhotic patients as compared with CHB
atients without cirrhosis (2.34 vs 1.97, respectively, P �
023). Our data agree with original studies characterizing a
erum HBsAg particles, which suggested that the propor-
ion of defective HBsAg particles increases during the low
eplicative as compared with the highly replicative phase
f chronic HBV infection.27 If these data will be con-
rmed in future studies, HBV-DNA/HBsAg ratio in ad-
ition to quantitative HBsAg might have relevant clinical

mplications, contributing to a more accurate character-
zation of HBV carriers and the identification of those
ho need treatment.
Serum HBsAg levels are thought to depend mainly on

ranslation of specific messenger RNAs for “s” gene gen-
rated from the cccDNA and also from integrated HBV-
NA within the host genome. Our data provide consis-

ent evidence that HBsAg declines during transition from
he active to the inactive phase of HBV infection and
uggest that HBsAg levels may reflect the “transcription-
lly” active cccDNA rather than its absolute amount or
BV-DNA integrated sequences, which are thought to

ncrease over time during chronic infection.29 Accord-
ngly, preliminary reports showed correlation between
ntrahepatic cccDNA and HBsAg serum levels19,20 and
etween the decline of HBsAg levels and sustained viro-

ogic response to pegylated interferon, but not to lami-
udine, despite greater suppression of HBV-DNA levels
ith the latter.21 All together, these findings suggest that

ow HBsAg levels could represent the hallmark of the
ontrol of HBV infection prompted by the host’s im-
une system that is required both to achieve and sustain

he inactive HBV infection profile. Accordingly, in our
ohort, HBsAg declined significantly only in inactive car-
iers, who showed 0.055 per person-year rate of HBsAg
learance. In contrast, in CHB patients with active dis-
ase, HBsAg serum levels were stable overtime, with only
inimal variations (�0.011 log10 IU/mL). The median

ecline of HBsAg was less than 0.5 log10 IU/mL, even
uring hepatitis B exacerbations that characterize the
isease profile of a large proportion of HBeAg-negative
atients. HBsAg declined by 1.5 log10 IU/mL at the time
f the ALT peak in only 1 patient (Figure 4A), but, 1 week

ater, the values had increased again by 1 log while the
BV-DNA value reached its nadir (�3 log10 IU/mL de-

line in HBV-DNA from baseline). Fluctuations in HBsAg
ere minimal, even during longer follow-up, in all the

emaining CHB patients.
In conclusion, our study shows that HBsAg serum

evels vary during the different phases of chronic HBeAg-
egative HBV genotype D infection and are below 1000

U/mL in over 90% of IC but only in 5.7% of patients with
HB. The HBV-DNA/HBsAg ratios declined following

he sustained immune control of HBV infection.
Our findings confirm that serum HBV-DNA and HBsAg

evels provide complementary information on the status
f HBV infection. Accordingly, we showed for the first
ime that the single point combined quantification of
BV-DNA (�2000 IU/mL) and HBsAg (�1000 IU/mL)
llows the identification of IC with a very high diagnostic
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ccuracy (94.3%) that is comparable with that of 1-year
onthly monitoring. This approach represents a new
eans for an effective management of chronic HBV in-

ection and disease. For a generalized use of quantitative
BsAg in clinical practice, it is mandatory to proceed

urther with clinical validation testing reference panels of
era containing medium and high levels of HBsAg from
atients infected with different HBV genotypes and in
ifferent phases of infection (HBeAg positive and HBeAg
egative).
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