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bstract

Molecular assays are instrumental in the clinical management of viral hepatitis. During the past years, a wide variety of molecular assays
ave been developed and implemented. This considerably improved the understanding of the natural history and pathogenesis of Hepatitis
virus (HBV), Hepatitis C virus (HCV) or Hepatitis delta virus (HDV) hepatitis, but also caused uncertainties in the selection of the most

ppropriate assays for clinical requirements. Indeed, a rational choice and application of these assays requires adequate knowledge of the
erformance of the single test. Moreover, the choice of the most accurate assay for patients’ needs and physicians’ objectives, needs to be
riented to specific contexts, such as diagnosis, management or treatment. In the past, a hurdle in the routine use of assays for hepatitis
iruses nucleic acid quantification was represented by the availability of only “home brew” methods which lacked standardization. Major
mprovement in addressing the use of molecular assays for viral hepatitis has been derived from recent standardization procedures that allowed
comparison between different tests after results were given as International Units. In addition, it should be reminded that, before getting into
he market, molecular assays should be approved by European regulation authorities and validated using internationally recognized standards.
subsequent clinical validation should address the diagnostic accuracy of the assay. These proceedings have the aim of identifying which
olecular tests, among those currently available, meet clinical requirements for each specific application.
2008 Published by Elsevier Ltd on behalf of Editrice Gastroenterologica Italiana S.r.l.
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. Introduction

Despite the increasing number of molecular assays cur-
ently available for hepatitis viruses, their performances are
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Table 1
Class of recommendation based on the quality of evidence (SIGN 50)

Class

A Meta-analysis, systematic review, RCT 1 ++ (very low risk of bias)
1 + (low risk of bias)

B Systematic review of case–control or cohort studies 2 ++
Case–control or cohort studies (very low risk of bias)

C Well conducted case–control or cohort studies (low risk of bias) 2 +
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Non-analytic studies
Expert opinion; formal consensus

ot always comparable. In addition, among hepatologists,
irologists and clinical pathologists, no clear consensus exists
n the application of different assays in clinical practice.
ecently, standardization procedures allowed the compar-

son of data obtained with different assays or in different
aboratories by means of the expression of results in Interna-
ional Units (IU). Although standard units do not represent
he exact number of virions in a serum sample, they allow
oth HBV and HCV for the conversion of viral copies/ml
nto IU/ml and permit comparison of different quantitative
ssays. This premises encouraged, in Italy, the organization
f a Consensus Conference defined as “II AISF Single Topic”
nd entitled “Use of molecular biology assays in viral hepati-
is” which was held in San Giovanni Rotondo on the 2nd–3rd
ecember 2005. The Conference had the aim to review cur-

ent knowledge of molecular assays for viral hepatitis with
he objective of developing consensus statements on their
ppropriate clinical use. The Conference essentially followed
he problem oriented process used for preparing the National
nstitute for Clinical Excellence (NICE) guidelines and tech-
ology assessment. Statements and recommendations were
raded for their strength and quality using a grading sys-
em based on the Scottish Intercollegiate Guideline Network
Table 1).

Indications reported below are the conclusions merged
uring and after the meeting, from the systematic review
f the literature and from a multi-disciplinary debate. This
hort version of the consensus summarises the main conclu-
ions and recommendations from the conference. A more
etailed version of these recommendations with additional
nformation on technologies, background and supporting data
s available online at the AISF website (www.webasif.it).

Definitions adopted in the document are the following as
hown in (Table 2).

. HCV infection
Diagnosis of HCV infection in the presence of HCVAb
r in their absence when a primary infection is suspected
equires that HCV RNA be evaluated by molecular assays
ith a sensitivity of ≤50 IU/ml (A) (Table 3a).

a
f
a

3
4

.1. Diagnosis of active or inactive infection

Up to 40% of HCV infected patients undergo sponta-
eous HCV RNA clearance [1]. As a consequence, a positive
CVAb ELISA test does not always mean an active infec-

ion to be diagnosed [2]. To distinguish between past or
urrent infection a molecular assay of sensitivity ≤50 IU/ml
s required (A). A negative HCV RNA test may suggest
esolved HCV infection (B), but in order to exclude inter-
ittent viremia, HCV RNA should be tested repeatedly. For

egative results repeat evaluation, at least 6 months apart are
equired (B).

In patients on chronic dialysis or in patients with immun-
deficiency, when chronic HCV infection is suspected,
CV RNA should be evaluated independently of a negative
CVAb test.
The availability of a real time nucleic acid amplifica-

ion assay which offers, at the same time, high sensitivity
<50 IU/ml) to detect low HCV RNA levels and a wide
ynamic range to quantify very high viral loads before and
uring treatment, is desirable (D).

.2. Use of molecular testing for disease diagnosis

Data from the literature have shown, in the majority of
he studies, lack of a correlation between viral load and liver
amage or disease outcome [3]. Quantitative evaluation of
CV RNA does not correlate with severity of histologic
amage and cannot be used as a marker of disease pro-
ression (C), although in patients with advanced disease a
ecrease in HCV RNA levels has been demonstrated over
ime (C).

In chronic HCV infection, fluctuations in HCV RNA levels
re of limited entity (maximum 1 log10) and do not justify
epeat testing out of treatment (C).

.3. Use of molecular testing as a guide for initiating
nd monitoring treatment and in prediction of response
All HCVAb positive subjects with detectable HCV RNA,
ged between 18 and 70 years are potential candidates
or treatment. Current guidelines recommend as standard
ntiviral treatment of HCV infection the combination of

http://www.webasif.it/
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Table 2

Virus Test Applications

HCV Qualitative or quantitative HCV RNA

Diagnosis of infection
Active: HCVAb positive subject, with HCV RNA detectable independently of levels.
Past: HCVAb positive subject, with undetectable HCV RNA.

Treatment response evaluation
RVR: HCV RNA undetectable after 4 weeks of treatment.
EVR: HCV RNA undetectable or ≤2 log reduction in HCV RNA levels after 12 weeks from the

start of treatment.
ETR: HCV RNA undetectable at the end of treatment.
SVR: HCV RNA undetectable 24 weeks after the end of treatment.
Relapse: HCV RNA previously undetectable, detectable at FU.
Non-response: HCV RNA still detectable at 24 weeks of treatment.

HBV

Diagnosis
HBV carrier: HBsAg positive subject either HBeAg or HBeAb positive with or without hepatic

damage.
Qualitative HBV DNA Occult HBV carrier: subject with detectable HBV DNA in serum or in liver in the absence of

HBsAg.

Quantitative HBV DNA

Active infection: HBV DNA >105 copies/ml.
HBV DNA <105 copies/ml with 3–4 log fluctuations in antiHBe positive subjects.

Inactive infection: HBV DNA <104 copies/ml, in more than one occasion in the absence of
hepatic damage.

Treatment responsea

Suppression of viral replication: HBV DNA <103 copies/ml or reduction in HBV DNA levels
in comparison with baseline, during treatment, at the end of treatment or at follow up.

Assessment of treatment resistanceb,c,d

Specific mutations research Genotypic resistance: detection of mutations responsible of reduced response to treatment.
Quantitative HBV DNA Primary resistance: lack of 1 log reduction in HBV DNA levels at month 3 from the start of

treatment with nucleot(s)ide analogs.
Quantitative HBV DNA Secondary resistance: loss of previous treatment response due to the selection of resistant

mutants.
Quantitative HBV DNA Virologic breakthrough: 1 log increase in HBV DNA levels in comparison with the nadir at 2

different evaluations in patients compliant to treatment.
Specific mutations research Cross resistance: mutations conferring resistance to more than 1 drug.

HDV Qualitative HDV RNA
Active phase infection: high IgG titers with antiHDV IgM ± HDV RNA.
Latent phase infection: intranuclear HDAg in hepatocytes and negative HBsAg in serum.
Virologic response: HDV RNA undetectable (in house PCR)

HBV HCV Qualitative HCV RNA Active HCV infection: HBsAg, HCVAb positive with HCV RNA detectable in serum.
HBVHIV AntiHIV and HBsAg positive
HCVHIV Qualitative HCV RNA Active HCV: antiHIV positive with HCV RNA detectable in serum.

RVR = rapid virologic response, EVR = early virologic response, ETR = end of treatment response, SVR = sustained virologic response, FU = follow up.
a HBsAg/antiHBs seroconversion: defines complete response in patients on IFN treatment.
b Biochemical breakthrough: on treatment alanine aminotransferase (ALT) increase.
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c Clinical resistance: virologic and biochemical breakthrough ± liver dise
d Phenotypic resistance: capability of the virus of replicating in vitro in t
ene.

egylated interferon and ribavirin. Two different pegy-
ated interferon alpha 2b and alpha 2a are available [4–6].
andomized controlled trials demonstrated that this com-

ination achieves 54–56% of SVR. A number of baseline
nd on-treatment factors predict SVR after combination
herapy [7].

able 3a
CV RNA conversion factors from copies to IU/ml

oche Amplicor 2.0 1 IU/ml = 2.4 copies/ml
ayer bDNA 3.0 1 IU/ml = 5.2 copies/ml
GI SuperQuant 1 IU/ml = 3.4 copies/ml
Cx HCV RNA 1 IU/ml = 3.8 copies/ml
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nce of the antiviral drug as a consequence of mutations in the polymerase

Six different genotypes of HCV are known. RCT showed
ith the current standard therapy SVR in 42–52% of patients

nfected with genotypes 1–4 and in 84% of those infected
ith genotype 2 or 3. As demonstrated by several stud-

es, the HCV genotype represents the main predictive factor
f response and should be evaluated before the start of
reatment (A). In HCV infection, there is no indication of
he level of HCV RNA on which when to treat does not
xist (A).

Due to the different assays and cut offs used, viremia levels

o not demonstrate an equally relevant impact in all the stud-
es. Assessment of HCV RNA levels before treatment might
e considered a predictive criterion of response in patients
nfected with genotypes 1 and 3 (B).



3 nd Liver

w
h
f
y
R
t
u
s
h
c

t
w
t
a
n
e
b
f
t
t
l
u
m
e

m
q
r
4
2
s
t
y
o

2
t

o
s
i
a
e
w
b
2
S
s
t
a
i
f
r

2
d

g
l
S
r
m
a
w
b
l
t
a
d

2

s
u
H

e
s
(

t
m
a
H
s

2
o

e
a
a
i
R
l
s
w

3

3
i

98 A. Mangia et al. / Digestive a

In genotype 1 infection, monitoring of viral response at
eek 12 during treatment with peginterferon and ribavirin
as become a rule on which to decide discontinuation of inef-
ective treatment. In fact, in genotype 1 infected patients with
et detectable HCV RNA or with less than 2 log drop in HCV
NA levels, the likelihood of achieving SVR has been shown

o decline to less than 2% [5]. On the contrary, HCV RNA
ndetectable at week 4 and persistently negative by a sen-
itive assay, has been recently shown to be predictive of the
ighest SVR rate. It has been suggested that the early the viral
learance the higher the rate of SVR [8].

Very low levels of circulating HCV RNA at the end of
reatment are potentially useful in identifying patients who
ill relapse after discontinuation of therapy [9]. However,

he clinical relevance of a more sensitive assay to be used
t the end of treatment to prospectively decide whether or
ot to stop treatment has not yet been proved. The use of
xtremely sensitive assays at the end of treatment has also
een proposed with the aim of shortening follow up duration
rom 24 to 12 weeks. Current guidelines recommend discon-
inuing treatment in patients with genotype 1 at week 12 in
he absence of a 2 log drop in HCV RNA levels (B). Regard-
ess of genotype, recent evidence suggests that HCV RNA
ndetectable from week 4 and throughout the whole treat-
ent course is highly predictive of SVR (B). RVR should be

stablished by an assay of sensitivity of 50 IU/ml (B).
The experts panel agreed on the need to monitor treat-

ent response at the baseline and at week 12 using the same
uantitative assay. The use of the same qualitative assay is
ecommended at 4, 12 and 24 weeks for treatments lasting
8 weeks, and at 4 and 12 weeks, for treatment durations of
4 weeks (A). Evidence suggesting the use of a test more
ensitive than 50 IU/ml at the ETR to decide whether or not
o extend treatment duration or reduce length of follow up are
et limited. Therefore, to evaluate ETR response, a sensitivity
f 50 IU/ml is required (C).

.4. Use of molecular tests in the assessment of
reatment response

The primary aim of HCV treatment is the achievement
f SVR. The importance of an accurate assay in demon-
trating undetectable HCV RNA at the end of follow up
s widely recognized. The performance characteristic of the
ssay used in this context is most notably sensitivity. How-
ver, the occurrence of delayed relapse among patients in
hom low levels of serum HCV RNA have been revealed
y extremely sensitive experimental techniques at the end of
4 week standard follow up period is very unusual [10,11].
VR should be assessed by a molecular assay with a sen-
itivity of ≤50 IU/ml (A). At present, no evidence supports
he use of molecular assays with a lower detection limit, or

ssessment of HCV RNA in liver or PBMC (B). HCV RNA
n patients with SVR should be evaluated after 18 months
rom ETR and every year to ascertain a permanent long-term
esponse.

t
t
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.5. Use of molecular tests to establish treatment
uration

In genotype 2 and 3 infected patients and in patients with
enotype 1 and low viremia levels, the rapidity of viro-
ogic response has been shown to be highly predictive of
VR even after treatments of duration shorter than that cur-
ently recommended [12–14]. Thus, HCV RNA at week 4
ay be evaluated in order to determine duration of ther-

py. Shorter treatment duration can be adopted in patients
ith genotype 2 and 3 when HCV RNA at week 4 is
elow 50 IU/ml [15,16] (B). In patients with genotype 1 and
ow viremia levels at baseline further studies are required
o confirm whether RVR established with a molecular
ssay of sensitivity ≤50 IU/ml allows shortening treatment
uration (C).

.6. HCV/HIV: diagnosis of co-infection and of disease

All the HIVAb positive and HCVAb positive subjects
hould undergo HCV RNA testing by a high sensitive molec-
lar assay (B). The diagnostic approach is similar to that of
CV mono-infected patients [17].
In HIV patients with acute hepatitis or with low CD4 lev-

ls, when HCV infection is suspected, even after a negative
erologic test, HCV RNA should be measured repeatedly
B).

As several diagnostic instruments provide information on
he presence and severity of HCV/HIV related liver damage,

olecular assays concur with liver biopsy and ALT evalu-
tion with the assessment of liver disease [18]. In case of
IV co-infection, HCV RNA should be assessed by the most

ensitive available molecular assay (D).

.7. Decision to treat, choice of treatment and prediction
f response

Antiviral therapy allows HCV RNA eradication in a well
stablished period of time, therefore all HIV positive patients
re candidates to treatment of chronic HCV infection with
combination of Peg IFN and ribavirin of chronic HCV

nfection [17]. Decision to treat should be based on HCV
NA evaluation by quantitative assay with low detection

imit of 50 IU/ml (A) and large dynamic quantification range
hould be used in monitoring viremia at baseline and at
eek 12 (B).

. HBV infection

.1. Use of molecular tests to define the presence of
nfection
To define the presence of HBV infection, serological rather
han molecular assays are needed. In the absence of HBsAg,
he diagnosis of HBV infection relies on the presence of HBV
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Table 3b
HBVDNA conversion factors from copies to IU/ml

Platform Version Company Conversion factor
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eal-time CAP-CTM HBV ROCHE 1 IU = 5.82 copies
DNA Versant 3.0 BAYER 1 IU = 5.6 copies

NA only in two conditions [19,20]: when a primary infec-
ion is suspected (A) or in patients with isolated antiHBc
ndergoing immune-suppression with the aim of evaluat-
ng the risk of viral reactivation (C). In the first case a high
ensitive molecular assay is required (A).

.2. To define active or inactive carrier condition or
cute or chronic disease

As internationally established, in patients with positive
BeAg, to define active infection HBV DNA assays with
etection limit of 1.8 × 102 and dynamic range adequate to
iscriminate HBV DNA levels≥1.8 × 104 IU/ml are required
B) (Table 3b). As chronic liver disease is usually associ-
ted with HBV DNA of these levels, this evaluation also
uggests the presence of disease [21–23]. In HBeAg nega-
ive/antiHBe positive patients, levels persistently below this
ut off identify the inactive carriers [24–26]. HBV DNA
nd ALT monitoring for at least 12 months, in associa-
ion with a marker of hepatic damage as IgM antiHBc
hen available is required to exclude an active infection

n HBeAg negative/antiHBeAg positive patients with nor-
al ALT and with HBV DNA <1.8 × 104 IU/ml at the first

valuation (D).

.3. Use of molecular tests for therapeutic
ecision-making

In patients with chronic hepatitis B in active phase, antivi-
al treatment is indicated. High levels of HBV DNA and
mmunomediated damage of hepatocytes containing HBV,
haracterize active HBV infection, demonstrated by elevated
erum ALT levels, inflammatory activity and variable degree
f liver fibrosis. There are two main forms of HBsAg pos-
tive hepatitis, the HBeAg positive form associated with
ild type infection, HBV DNA levels usually higher than
06 copies/ml and elevated ALT, and the HBeAg nega-
ive form associated with core promoter and/or pre-core

utant virus [24–26]. In this form, either HBV DNA or
LT levels are fluctuating over time. For treatment deci-

ion, HBsAg positive patients should be evaluated in at least
wo occasions 1 to 3 months apart by the same molecular
ssay with a large dynamic range (A). HBV DNA levels
1.8 × 104 IU/ml, in HBeAg positive, or >1.8 × 103 IU/ml, in
BeAg negative antiHBe positive patients, indicate the need

f treatment (A). In patients with normal ALT and viremia
1.8 × 104 IU/ml, to exclude an active infection, monitoring
f HBV DNA, ALT and antiHBc IgM for at least 12 months is
ecommended (D).
Disease 40 (2008) 395–404 399

Antiviral treatment of chronic hepatitis B relies currently
n two categories of medications: immune modulators such
s interferon alpha and peginterferon and viral polymerase
nhibitors that belong to the nucleoside and nucleotide ana-
og family [27–35]. With Interferons the course of therapy
as a finite duration, whereas with nucleoside analog ther-
py is long-term. The main goal of antiviral therapy is to
ontrol HBV replication and to induce remission of liver
isease activity; the secondary end point is to eventually
btain sustained antiviral response and finally antiHBs loss
nd seroconversion [36,37]. A predictive role of levels of
BV DNA before treatment has been reported only in

tudies with pegylated interferon or in lamivudine resistant
atients for decision to start add-on adefovir (B). Lack of
iremia decrease, by week 12 on antiviral treatment predicts
nfavourable response to lamivudine or adefovir. Levels of
BV DNA at the end of a course of treatment with pegy-

ated interferon is not predictive of response (A). Patients
hould always be monitored with the same assay at least twice
efore starting treatment and then with the same highly sen-
itive assay with a wide dynamic range at baseline and during
reatment (B).

.4. Response evaluation

Definition of virologic response depends on whether
he treatment is interferon or nucleos(t)ide analog based
24,26,38]. Response is marked by the clearance of serum
BV DNA. A very sensitive molecular assay, which requires
lower detection limit of 1.8 × 102 IU/ml, should be used to
emonstrate HBV DNA suppression (B).

.5. Application of molecular tests to clinical variability
f HBV

(a) Clinical relevance of HBV genotype.Increasing evidence
suggests that HBV genotype influences the natural his-
tory of HBV infection and genotype A (versus D) and B
(versus C) are associated with a better interferon treat-
ment outcome [32,34,39–42]. However, in Italy, the role
of genotype is limited by the high prevalence of geno-
type D. At the present time, available evidence does not
support the evaluation of genotypes in clinical practice
(C).

b) How and when to test for viral resistance to nucleo(t)side
analogs.The risk of the emergence of drug-resistance
is now defined in patients on lamivudine (66% after
4 years), adefovir (29% after 5 years) and entecavir
(10% after 2 years) but not in patients treated with teno-
fovir, emtricitabine or telbivudine [43–45]. In compliant
patients, viral resistance should be suspected when HBV
DNA levels increase by 1 log10 or more, thus diagnosis of

primary resistance requires monitoring HBV DNA lev-
els at baseline and after 3 months of treatment. The same
molecular assay, with analytical sensitivity adequate to
detect 1 log10 increase in HBV DNA levels in compari-
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son with the lowest value attained on treatment, should
be used (B).

For an early evaluation of secondary resistance, the assay
hould be repeated every 6 months for adefovir and every
months for lamivudine [24–27,35]. After the first year the

nterval should be shortened to 3 months in non-cirrhotic
atients and to 2 months in patients with cirrhosis (A). Evi-
ence to support different management in patients treated
ith other antivirals of more recent introduction is lacking

32–34,39,42,46]. As the number of nucleos(t)ide analogues
s increasing, the characterization of mutations associated
ith resistance may be advisable.

.5.1. Role of molecular tests in the diagnosis of HDV
nfection

HDV screening should be performed by HDVAg assess-
ent in all HBV infected subjects (A). In patients with

hronic infection, detectable HDV RNA may confirm the
iagnosis (B).

.5.2. Role of molecular tests in disease diagnosis
HDV RNA detectable by PCR (low detection limit

104) or nested-PCR with low detection limit of 10
opies/ml) suggests the presence of an active delta infection
D).

High HDV RNA levels can be considered a marker of liver
amage and disease progression (C).

Levels of HBV DNA should be evaluated at the same time
nd suggest simultaneous active HBV infection when higher
han 1.8 × 103 IU/ml (104–105 copies/ml) (B).

In patients with HDV RNA < 104 copies/ml or positive
nly by nested PCR, evaluation should be repeated with the
ame assay every 4–6 months (D).

.5.3. Role of molecular test for treatment decision and
o assess virologic response

Patients with detectable HDV RNA, raised ALT and liver
amage require treatment (C). HDV RNA levels determined
y semi-quantitative or qualitative nested PCR (B) (per-
ormable only in a limited number of centres) is useful in
onitoring treatment response [47,49].
In repeated controls the same molecular test is recom-

ended (D).

.5.3.1. HIV/HBV co-infection. All HIV positive patients
hould be screened for HBV infection by serological eval-
ations (A).

HBV DNA evaluation of HIV positive patients with
solated antiHBc should be performed yearly or in the
resence on ALT increase (B) and always before immuno-
uppressive therapies to predict the risk of HBV reactivation

D).

In all HIV positive and HBsAg positive subjects (B),
uantitative evaluation of HBV DNA should be performed.
olecular assays should be used as in HBV mono-

r
m

n

Disease 40 (2008) 395–404

nfection [17,48]. In case of severe immunosuppression or
hen HDV infection is suspected, HDV RNA or HDVAg

hould be searched for, even in subjects non-reactive for
DVAb (C).

.5.3.2. Diagnosis of disease. An HBV DNA assay should
ave a lower detection limit of 1.8 × 102 IU/ml (1 × 103

opies/ml) and a wide dynamic range is to be used for diag-
osis and monitoring of untreated patients (C).

The use of the same assay is recommended to monitor
BV DNA levels in a single patient (D) over time.

.5.3.3. Role of molecular tests in treatment decision-
aking. In co-infected patients, HBV DNA levels are usually
ery high, thus quantitative HBV DNA assay for treat-
ent decision should have the lowest detection limit and

n extended range of linearity to allow accurate quantifi-
ation (C) [50]. While some studies have highlighted that
he magnitude of viral load decline may be associated with
ubsequent immune mediated ALT flare and HBe sero-
onversion, evidence is insufficient [51–53]. At a variance
ith mono-infected, ALT cannot be considered predictors of

reatment response (C). In HIV/HBV co-infected patients,
valuation of HBV genotype or quantification of HBV
NA cannot be considered useful in predicting treatment

esponse (C).
Monitoring HBV DNA levels should be performed in a

ingle patient with the same assay over time (D). As in mono-
nfected patients, also in HIV co-infection but only when
atients are compliant to the HAART, a 1 log 10 HBV DNA
ncrease demonstrates antiviral resistance [38]. HBV DNA
valuation should be performed at closer intervals than in
ono-infected patients independently of any severity of liver

amage (B).
3.5.3.3.1. HBV/HCV co-infection. In patients positive

or antiHCV and HBsAg, HBV DNA levels should be eval-
ated by a quantitative assay with a wide dynamic range (D)
nd HCV RNA by an assay with a sensitivity of 50 IU/ml (D).
s levels of viremia may fluctuate [54], HBsAg/antiHCV
ositive subjects should be re-evaluated every 3–6 months to
stablish which infection requires antiviral treatment (D).

3.5.3.3.2. Disease diagnosis. HBV/HCV co-infection
s associated with more severe hepatic damage. Assays and

onitoring timing are similar to those employed in HBV
ono-infected patients (D).
In HBV/HCV co-infected subjects, HDV infection should

e searched for [55]. The search should be repeated over time
s HDV RNA may fluctuate widely (D).

3.5.3.3.3. Treatment decision. HBsAg and HCVAb pos-
tive patients are considered to be certainly HBV- and
robably HCV-infected. HBV DNA search in this setting
hould be done by a quantitative test with a wide dynamic

ange (D) while HCV RNA should be determined by the
ost sensitive assay available (D).
In patients in whom, at the first evaluation, only one viral

ucleic acid is detectable, quantitative assessment of HBV
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NA and qualitative assessment of HCV RNA should be
epeated at least every 3–6 months to detect possible varia-
ions of the two nucleic acid levels (D).

In co-infected patients no evidence supports the decision
o treat HBV or HCV first (B).

At present, clinical management of patients with
BV/HCV co-infection should not be different from that

dopted in mono-infected patients (D).
When treating a single infection, the possible reactivation

f the untreated infection should be periodically excluded by
e-testing every 3–6 months (D).

. Orthotopic liver transplant

.1. HCV positive patients

A positive molecular assay with low detection limit of
50 IU/ml defines the presence of re-infection (A); lev-

ls of HCV RNA at week 4 represent one among several
actors, predictive of disease progression (C). To diagnose
isease recurrence [56] virologic data should be integrated
ith histological evaluation of liver damage and hepatic

nzymes evaluation (B). HCV RNA levels represent one
mong several factors associated with progressive disease
B).

.2. Treatment decision

With the therapeutic instruments currently available
57–59], the decision to treat relies on a combination of viro-
ogic, biochemical and histological data (A). With HCV RNA
etectable at week 4 by a molecular assay with sensitivity
50 IU/ml it is recommended to start treatment as soon as

he general condition of the transplanted patient allows to
chieve the best likelihood of success (D).

Treatment response should be evaluated as in immuno-
ompetent patients (A). No evidence supports the use of
reatment or monitoring criteria different from those adopted
ut of the transplantation setting (C). Treatment discontinua-
ion after 12 weeks can be recommended when an HCV RNA
ecrease of at least 2log is not attained (D). Assessment of
he presence of HCV RNA in the liver is a useful indicator
f SVR (C).

.3. OLT in HBV infection

.3.1. 4.2.1 Application of HBV DNA assessment
HBV DNA levels before OLT are the main predictors of

ost-OLT successful prophylaxis [60–65]. As a consequence,
BV DNA should be evaluated by molecular tests with detec-

ion limit of at least 1.8 × 102 IU/ml (103 copies/ml) and a

ide dynamic range (A).
To exclude the risk of possible recurrence, viremia lev-

ls should be monitored as soon as the patients enter the
ransplantation list and every two months until OLT (A).

t
o
d
(

Disease 40 (2008) 395–404 401

HBV DNA levels >103 IU (105copies/ml) at the moment
f transplant are associated with a significant risk of
ecurrence (A) independently of the type of prophy-
axis (lamivudine, HBIG only or combined prophylaxis)
B). HBV DNA levels between 1.8 × 104 and 102 IU/ml
105-3copies/ml), even when attained with antiviral treat-
ent, are associated with a maximum 10% risk of recurrence

n case of combined prophylaxis (B).
In patients with phenotypic resistance to lamivudine, HBV

NA levels should be lowered to 104 IU/ml (105copies/ml)
efore OLT by adding adefovir with the objective of adopting
rophylaxis with two antiviral drugs or of suspending HBIG
ne year after OLT (C).

.3.2. HBV DNA and post-OLT recurrence
HBV recurrence is defined by a positive HBsAg test,

hereas detectable HBV DNA, in a patient previously nega-
ive, indicates re-infection (A).

We recommend the use of a molecular test with lower
etection limit of (103 copies/ml) 2 × 102 IU/ml (A). In case
f a positive test, a combined prophylaxis is required. Moni-
oring HBV DNA after transplantation in an HBsAg positive
ubject on HBIG prophylaxis or on HBIG plus LAM prophy-
axis is of low clinical relevance (B).

In absence of immune-depression, to evaluate treatment
esponse, ALT levels should be considered (A). On treatment,
olecular evaluation should be performed every 3 months

A).
In case of undetectable HBV DNA or <1.8 × 102 IU/ml

103 copies/ml) (A) HBIG withdrawal (B) or prophylaxis
ith only one antiviral drug may be suggested (C).

.3.3. “de novo” HBV infection in HBsAg negative
ecipients

“de novo” HBV infection occurs in case of antiHBc posi-
ive antiHBe negative donor.

Screening of patients with “de novo” infection requires
BsAg rather than HBV DNA evaluation by molecular

ssays (B). The risk of “de novo” infection depends on the
eplicative status of the donor but a correlation between serum
BV DNA levels and risk of “de novo” infection has not
een demonstrated (A). The risk correlates with the anti-
orpal status of recipients, the highest being observed in
atients negative for both antiHBs and antiHBc [66–68].
atients with isolate antiHBc have a 10–15% risk. Vaccinated
ecipients with adequate antibody response do not have any
isk (A).

Assessment of intra-hepatic HBV DNA may be consid-
red the gold standard in the diagnosis of occult infection
A). Molecular test for HBV DNA assessment in the
iver should be standardized to demonstrate occult infec-

ion (B) with the aim of restricting the use of prophylaxis
nly to recipients of livers from donor antiHBc-positive
onors and ascertained presence of HBV DNA in the liver
A).
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Practice points

• Appropriate use of molecular assays for
HCV infected patients requires a sensitiv-
ity ≤50 IU/ml to diagnose active infection
or establish SVR response after treatment,
a sensitivity of 50 IU/ml to establish RVR
and ETR response and a large dynamic
range of quantitative assays to establish EVR
response.

• To characterize the status of an HBV carrier as
active or inactive, a molecular assay should
have a lower detection limit of 1.8 × 102 IU/ml
and an upper detection limit of HBV DNA lev-
els ≥1.8 × 104 IU/ml.

HBV DNA levels >1.8 × 104 IU/ml in
HBeAg+ve or 1.8 × 103 IU/ml in HBeAg−ve/
HBeAb+ve patients are recommended
before starting treatment. Viremia lev-
els <1.8 × 102 IU/ml commonly indicate
adequate HBV DNA suppression during
treatment.

In patients on antiviral treatment, resis-
tance is usually heralded by 1 log10 HBV DNA
increase after 3 months from the start of
treatment. For an early evaluation of sec-
ondary resistance, timing of repeat HBV DNA
quantitation needs to be differentiated in
accordance with the drug used and the sever-
ity of the underlying liver disease.

• In the transplant setting, recurrence of HBV
infection in the liver graft should be assessed
by means of a molecular assay with detection
limit of 1.8 × 102 IU/ml and a wide dynamic
range.

Research agenda

• Studies of proficiency to assess accuracy of
quantitative HCV RNA assays in different lab-
oratories.

• Clinical relevance of evaluation of cccDNA to
establish response to HBV treatment.

• Relevance of collection of large database as
those based on virtual phenotype with the
aim to correlate HBV mutations and clinical
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