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Occult hepatitis B virus (HBV) infection is diagnosed when
an HBV DNA test is positive but hepatitis B surface antigen
{HBsAg) is undetectable. Occult HBV infection (OBI) may
represent (i) acute infection in the window period, (ii) HBV tail-
end of chronic HBV infection, (iii) persistence of replication
at low level after recovery in the presence of anti-HBs, or (iv)
occurrence of an escape mutant in vaccinated or unvaccinated
individuals not detected by current HBsAg assays [1].

Since the introduction of sensitive HBV DNA nucleic acid
amplification technique (NAT) screening in various blood
transfusion organizations, the existence of such OBIs in donors
has become apparent. Although donor blood in the window
period of an HBV infection is known to be highly infectious, the
significance of OBIs in other situations (see above) is not clear.

To obtain more information on this subject, the following
questions were sent to experts in the field. We obtained 15
contributions to this forum.

In case HBV DNA NAT has been introduced in your country:

Question I: Since when do you screen blood donations for
HBV DNA by NAT and how many occult HBV infections
[n/total (%)) were observed? Which technique is applied?

Question 2: Do you test individual donations or do you test
in pools. Please indicate the pool size.

Question 3: Which other HBV markers were present and
what was the HBV DNA level (IU/ml) in the observed occult
HBV cases? Please summarize the results in a table.

Question 4: Did you perform look-back studies in recipients
transfused in the past with blood products from occult HBV-
infected donors? If yes, please provide the results.

Question 5: Was further subtype and sequence analysis
done of the HBV in OBI donors. Please give the results.

If HBV NAT is not (yet] introduced in your country:

Question 6: Do you consider implementing HBV NAT in
your centre/country, and if yes, when?

In Table 1, the results of random HBV DNA NAT screening
in seven countries/centres are summarized. In the four
European countries using a small pool size or individual
donors for testing, a prevalence of OBI of 1 : 7500 (Slovenia)
to 1 : 63 000 (Poland) was observed. In Japan, the prevalence
was, over the years, 1 : 107 000. A study in Ghana showed a
prevalence of 1 : 6000. OBIs in the window period were 5/31
{16%) in Poland but 40% in Japan.

Table 1 Occult hepatitis B virus (HBV) infections (OBI) in random donors screened by HBV DNA NAT

Year of HBV DNA+ Prevalence of Technique(s)

Country introduction  nftotal 0Bl used Pool size Remarks

Poland 2005 31/1 962 036 1:63000 Roche 1 : 24 (2006) 5/31 OBl were WP infections
Chiron 1 : 6(2007) (1 : 490 000)

Portugal 2006 3/174 074 1:50 000 Roche 1:6
Chiron ID

Spain 2004-2006 39/1 641 891 1:42 000 Roche D 15/24 centres implemented
Chiron 1:6 HBV NAT
in house 1:8

Slovenia 2007 430 000 1:7500 Chiron D

Japan 1999 381/40 591 962 1:107 000 Roche 1:500(1999) 40% WP and 60% tail-end OBI
multiplex 1: 50 (2000)

1:20(2004)
Ghana 2005/06 3/18 400 1:60000 in house ? Study only
French Antilles and La Réunion 2005 0/74 959 ? Chiron D

1D, individual donor; WP, window period.
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Look-back studies in Japan revealed that 11/22 (50%)
blood components in the window period provoked serocon-
version of HBV markers in recipients, whereas only 1/33 {3%)
blood products with OBI in the tail-end stage of chronic HBV
infection caused serologic evidence of HBV infection in
recipients. In countries where look-back was possible on
previous donations of OBI index donors, seroconversion for
HBV markers in recipients was also not observed. In the
majority of tail-end OBI's other HBV markers, that is, anti-
body to hepatitis B core antigen (anti-HBc} and/or antibody
to hepatitis B surface antigen (anti-HBs) and/or antibody to
hepatitis Be antigen (anti-HBe) were present.

In the USA, various studies were performed in anti-HBc
reactive donors, indicating a prevalence of 0-4-1% of OBI
{1 : 37-49 000) in these populations; look-back studies on
previous donations were not available. The level of HBV
DNA in OBl is in general low. The OBI HBV DNA levels
ranged from the lower limit of detection of the NAT assay
used, to approximately a factor 10-100 higher. It is therefore
likely that the majority of OBIs would not be detected when
a pool of more than 10-20 donor samples was used.

Several countries, such as the UK and France, do not plan
to implement HBV DNA NAT screening, since cost-benefit
analysis indicated that implementation of HBV DNA NAT
was not cost-effective. Finland and the Netherlands plan to
implement this screening test between 2007 and 2009.

In conclusion, countries in Europe, in which HBV NAT
donor screening was implemented, found OBIs in 1 : 7500~
63 000 donors, using individual donor or a small pool of donor
samples for testing. In Japan, 1 : 107 000 OBIs were found.
The majority of OBIs in Europe were tail-end chronic HBV

. infections with a low risk for transmitting HBV to recipients.
In Japan, an endemic country for HBV infections, 40% of all OBIs
detected were acute window period infections, and previous
donations of these donors induced seroconversion for HBV
markers in 50% of recipients. This indicates that blood safety
for HBV infection is mainly improved by detection of OBIs in
the window period. In areas of the world where HBV infec-
tions are highly endemic (such as Japan}, HBV NAT screening
in individual donor or in a small pools will improve blood
safety, but in low endemic countries this still has to be proved.
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Question |
We started our HBV NAT in 1999 and we found one OBI
(0-0000006%); the donor will be tested again 6 months after
the NAT-positive donation.

The technique used is a mini pool technique with a detection
level of 551 1U/ml for every single donation in the pool.

Question 2
We perform our screening tests on pools of 96 samples.

Question 3
NAT - positive, HBsAG - negative, anti~-HBs - negative, anti-
HBc - positive and anti-HBe - marginally, positive.

The donor donated blood on 22 March 2007 (don). The last
donation was on 15 January 2007 (don,, ,) and the previous
donation to Jast one was on 30 October 2006 (don, ).

The donation don,,_, was given 70 days before don,, and this
was found negative for NAT [ultrasensitve single donation
polymerase chain reaction (PCR)], HBSAG negative, anti-HBs
negative, anti-HBc positive, anti-HBe marginally positive.
The donation don,, , was given 75 days before don,_; and
was found negative in all hepatitis B markers including PCR.

Question 4

We performed a look back-study on the recipient who was
negative in all serological HBV markers and in the NAT 4
5 months after transfusion.

Question 5
No subtypes were tested.
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HBV DNA NAT has not yet been introduced.

Question 6

Introduction is planned for May 2009. We are waiting for
approval by our regulatory authorities of a test kit for blood
donor screening.

G. Delage

Medical Affairs - Microbiology
Héma-Québec

4045 Cote-Vertu

St-Laurent (Québec) H4R 2W7

Canada

E-mail: gilles.delage@hema-quebec.qc.ca

F. Bernier

Product Qualification

Héma-Québec

4045 Cote-Vertu

St-Laurent (Québec} H4R 2W7

Canada

E-mail: france.bernier@hema-quebec.qc.ca

T. Krusius

Question 1

Currently, Finnish Red Cross Blood Service is screening donor
blood samples only for hepatitis C virus (HCV) and human
immunodeficiency virus (HIV) by NAT. The prevalence of
HBsAg carriers and the incidence of new infections have
been low in the donor population in Finland.

Question 2

Finnish Red Cross Blood Service is negotiating with one
supplier to start individual donor NAT screening of all three
viruses, The target is to implement individual donor NAT
screening of blood donors by February 2008.
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A. Assal et al.

Question ]
NAT of HBV DNA has not been implemented in continental
France, but only in the French overseas territories (French

© 2008 The Authorls)

Antilles and Island of La Réunion). The rationale for such
decision is explained in the answer to Question 6. In those
sites, NAT is performed in an individual donation format
{(ID-NAT) with a triplex assay: The Procleix® Ultrio™ assay
{GenProbe/Chiron). Since January 2005, date of HBV NAT
implementation, 74 959 donations have been tested and no
OBIs were detected.

Question 2
HBV NAT is performed on individual donations in the French
overseas territories only.

Question 3
Not applicable.

Question 4
Not applicable.

Question 5
Not applicable.

Question 6

NAT was introduced in France for screening HIV-1 and HCV
in blood donations in July 2001, in addition to serological
screening tests. [1] At that date, no commercial standardized
assay was available for HBV DNA screening and the question
to test or not for the genome of that virus had no to be
discussed. However, as a consequence of HIV and HCV NAT
implementation, the overall residual risk of transfusion-
transmitted infections became mainly related to HBV.
Recently, a new triplex assay that includes HBV DNA was
evaluated in France, in the frame of a European multicentre
study {2}, rising the debate about whether to implement HBV
NAT screening in blood donations or not. As a result, the
decision was made not to implement HBV NAT in continental
France for the following reasons:

1. France is a low endemic area for hepatitis B. The preva-
lence of chronic HBV carriers in the French general population
is estimated to he 0-2 to 0-5% (100 000 to 150 000 chronic
carriers). HBV incidence is close to 2000 to 3000 new cases
of acute hepatitis B per year. A marked decrease in incidence
was observed since 1994 due to improved vaccinal coverage.

Regarding the blood donor population, the overall HBsAg
rate in 2005 was 1-40 per 10 000 donations (0-02 in repeat
donors and 9-30 in first time donors). The residual risk of
transfusion-transmitted hepatitis B (TTHBV) for the 3-year
period from 2003 to 2005 was 1/1 700 000 [95% confidence
intervat (CI): 0-1/425 000}.

2. Minipool NAT {MP-NAT) has only a little additional
health benefit in comparison with the current screening
strategies based on both sensitive HBsAg and anti-HBc assays
used in France. The prevention of TTHBV in French blood
donors relies on testing for both HBsAg and anti-HBc. The risk
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of TTHBV has steadily decreased, thanks to the improvement
of HBsAg screening assays. Currently, blood donations are
tested by two of the most sensitive HBsAg screening assays
in France as more than 50% of donations are tested by the
Prismn HBsAg assay (Abbott) of which sensitivity is estimated
at 0-05 to 0-08 ng/ml and the rest by the Monolisa HBsAg
Ultra (Biorad) (sensitivity < 1 ng/ml). Our study as well as
several studies showed that HBV NAT performed on mini-
pools is expected to offer only a small incremental yield in
transfusion safety in comparison with serological assays
combining the use of sensitive HBsAg and anti-HBc assays.
[3,4] In France, we estimated that the Procleix® Ultrio™ assay
would reduce the HBV window period by 15 days in [D-NAT
and only 5 days in pools of eight samples. In their studies
about comparative sensitivity of HBV NATs and HBsAg
assays for detection of acute HBV infection, Biswas et al. [3]
showed that when compared to the most sensitive HBsAg
assays, none of the MP-NAT assays would significantly close
the HBV WP. They demonstrated that the most sensitive
HBsAg assay detected HBV before two of the MP-NAT assays.
However, the difference was not significant. In contrast, the
most sensitive NAT assay evaluated in this study was
estimated to close the window period by 20 days relative to the
most sensitive HBsAg assay. These outcomes are consistent
with those found in our study and reinforce the conviction
that the yield of HBV MP-NAT would be extremely poor in
non endemic areas. The issue of HBV NAT implementation
in blood donation screening was addressed by Sue Stramer
in a Transfusion Review editorial entitled ‘Pooled hepatitis B
virus DNA testing by nucleic acid amplification: implemen-
tation or not. [5] S. Stramer concluded that ‘the yield from
clinical studies has been marginal or nonexistent and HBV
MP NAT has been shown to have poor cost-effectiveness
relative to other blood safety measures®

3. Haemovigilance data show a very low rate of TTHBV
infections. No transfusion-transmitted cases of HBV infections
were reported by the hemovigilance network in France in the
last 4 years. From 1985 to 2003, only four post-transfusion
HBV infections were described corresponding to window
period cases as demonstrated by look-back procedures includ-
ing HBV DNA testing-in the four HBsAg-negative archived
samples of the previous donations.

4. Modest clinical impact of TTHBV infections in recipients.
On the basis of 2-5 million donations collected in France per
year with a residual risk of TTHBV estimated at 1 700 000
donations, and 1.2 transfused components per donation,
only two recipients would receive HBV-infected blood com-
ponents per year. We have applied to those figures the model
described by A. Pereira in his study of health and economic
impact of post-transfusion hepatitis B published in trans-
fusion in 2003 [6]. This model predicts that 4% of patients
given HBV-infective blood would have a chronic hepatitis
and 0-97% would die of liver disease (including fulminant

hepatitis). In our situation, this would lead to one chronic
hepatitis B every 12 to 13 years and one death as a result of
the liver disease every 50 years, In these conditions, the pro-
jected yield of HBV MP-NAT is expected to be very marginal.

5. Poor cost-effectiveness. Several studies demonstrate
the poor cost-effectiveness of NAT. In non-endemic areas for
hepatitis B, HBV MP-NAT would provide a very small health
benefit at a very high cost [6].

Conclusion

As a result of the different reasons presented above, it has
been considered that the current HBV screening tests in
France are sufficient to safeguard the blood supply and that
the marginal yield of HBV MP-NAT does not justify its
implementation in routine screening of blood donors. Although
the anti-HBc assays specificity is not optimal, they represent
a second safeguard, particularly for the detection of occult
hepatitis B. As a consequence, anti-HBc testing further
reduces the need of HBV NAT implementation. [5]

However, single-sample NAT or MP-NAT with smaller pool
sizes and/or modified procedures (genome enrichment or test
improvement) would be more relevant. In contrast, in the French
overseas territories, where NAT is routinely performed on
individual donations, the epidemiological situation is different
as HBV prevalence in the general population, as well as in blood
donors, is high enough to justify HBV NAT implementation.

The availability of new automated NAT systems using triplex
assays and the need to renew NAT platforms could modify the
current situation in the next future in continental France as HBV
NAT could be a part of an overall change in NAT technology
and not a reaction to a concerning health issue in transfusion.
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H. Murokawa et of.

The Japanese Red Cross Blood Centre conducts serological
tests for HBV, HCV and HIV with the agglutination method.
As for serological HBV screening, we use HBsAg and a
combination of anti-HBs and anti-HBc assays. While a donor
with a low anti-HBc titre is accepted, a donation with a high
anti-HBc titre is qualified only if its anti-HBs titre is suffi-
ciently high to induce a protective effect. Because of the high
prevalence of HBV infection in Japan, only seronegative
samples are pooled for NAT screening [1]. Whenever we
detect a HBV DNA-positive sample, we test it with enzyme
immunoassay (ElA) for serological markers [HBsAg,
anti-HBs, anti-HBc¢ and immunoglobulin M (IgM) anti-HBc),
estimate the virus load and determine the DNA sequence of
S region to classify the genotypes.

Question |

In July 1999, the Japanese Red Cross implemented NAT for
HBV, HCV and HIV-1 using the multiplex real-time PCR
reagents (Roche, Tokyo, Japan). For virus resolution testing,
we used the nested PCR method (in-house reagents). We had
screened 40 591 962 blood donations till the end of May
2007 and detected 381 (1 : 107 000) HBV DNA-positive ones
without detectable HBs antigen.

Question 2

We perform NAT in pools. When we started testing, we used
500-pool system. Then, we moved to the 50-pool system in
February 2000. In August 2004, we further decreased the
pool size to 20.

Question 3

Results are summarized in Table 1. Virus loads were helow
our quantitative limit (25 1U/ml) in more than half of the
anti-HBc-positive donations, while those of anti-HBc-
negative donations varied in wide range.

© 2008 The Authorls)

Question 4

Alldonations from repeat donors received from 1997 to 2004
were subjected to a look-back study when a subsequent
donation turned positive for a 50-NAT, HBsAg, or anti-HBc.
Repository samples of such donations were routinely ana-
lysed by HBV ID-NAT. Of the repository tubes that had been
aliquoted from the donations obtained from 1 February 2000
to 31 January 2004, a total of 15 721 were subjected to ID-
NAT [2] and we identified 158 HBV 1D-NAT-positive blood
donations. Ninety-five (60%) of them were donated in the
late stage of HBV infection and 60 (38%) in the early stage.
Eleven of 22 (50%) components derived from donations in
the early stage proved to have caused seroconversion of HBV
markers in the recipients, whereas only 1 of 33 (3%) dona-
tions in the late stage showed serologic evidence of infection.

Question 5

Results are summarized in Table 2. Among 81 donations with
anti-HBc, genotypes of 80 (99%) cases were B or C that are
the major ones in Japan. Sixty-nine (85%) donors were older
than 50. On the other hand, 55 genotype A donors were
anti-HBc¢ negative and number of female donor was only
one. These points were the most outstanding differences
between genotype A and B/C.

Table 1 Number of the occult HBV cases

Anti-HBe
- +
HBV DNA Anti-HBs Anti-HBs
(1U/ml) - + - +
<25 18 1 21 il
25-75 32 3 7 10
75-250 53 1 n 4
250-750 82 0 3 2
> 750 107 3 1
Sum 292 8 43 38
Table 2 Genotypes of the occult HBV cases
Anti-HBc
- +
Anti-HBs - Anti-HBs
Genotype - + - +
A 52 3 o] 0
B 32 2 12 16
C 206 3 3 21
D ] 0 0 1
H 2 0 0 0
Sum 292 8 43 38
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@. Flesland

HBV-NAT is not yet introduced in Norway.

Implementing HBV NAT has not been considered for
cellular products. It may be introduced for plasma for fraction-
ation, depending on a new contract with our fractionation
partner. Our present contract expires in June 2009. HCV NAT
was introduced in April 2000. From May 2007, it is no longer
a requirement for cellular products. The contract with our
fractionation parmer still requires HCV NAT for plasma that
is sent for fractionation. If the HCV NAT requirement is
successfully renegotiated before June 2009, the result may
include other tests, such as HBV NAT. HBsAg is done on all
donations. Anti-HBc is done in new donors and in repeat donors
when it is more than 12 months since the previous donation.
From January 2007, this is changed to new donors and repeat
donors when it is more than 6 months since the previous
donation. The reason is that we found that donors that had been
in self-imposed quarantine sometimes had seroconverted for
anti-HBc, but were HBsAg negative. Because most quarantine
. periods are 6 months, it was decided to retest anti-HBc when
the time period between two donations was more than 6 months.
Norwegian donors donate on average 2-4 times per year and
with this new guideline approximately 50% of the donors
will be anti-HBc¢ tested at each donation. In some respects,
this testing policy will compensate for the lack of HBV NAT.
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E. Brojer &t M. LgtoWska

Question 1

HBV DNA NAT is performed in Poland since 2005 on samples
seronegative for HBsAg, anti-HCV and anti-HIV. After
testing of 1 962 036 donations, we identified 31 HBV DNA-
positive/HBsAg-negative donors. According to the results of
follow-up and look-back analysis by molecular and serological
tests, four were identified as window period donations
{frequency ~1/490 000; 0:0002%), one as secondary window
period and 26 as OBI (frequency ~1/78 000; 0-0013%). NAT
is performed in molecular biology laboratories in 11 regional
blood transfusion centers. Two alternative techniques are
used: (i) based on PCR - Cobas Ampliscreen test (Roche Diag)
or (ii) based on TMA - Procleix ULTRIO test (Chiron).

Question 2

Until the end of 2006, two alternative systems were used:
(i) individual donation testing by Procleix Ultrio or {ii} 24-
donation pool testing using Cobas Amplicor. Since 2007, the

.pool size was decreased to six donations and the method of

pool testing was changed to Cobas S201 system (based on
real-time PCR technology).

Question 3

No. Level of HBV DNA Anti-HBc/anti-HBc/anti-HBe
1 1-82 x 10° -l+/-

2 <100 4~

3 <100 )~

4 < 100 4]~

5 < 100 [+~

6 2:6x 10* —|+/-

7 <100 A

8 528 f+[-

9 325 % 10° A

10 114 x 107 ~f+/+

1 < 100 -[++

12 < 100 =[+/+

13 <10 ~[+[+

14 1-8x10° ~l+/+

15 <100 ]+

16 Pos ~[+[+

17 <10 ++/-

18 < 100 ++]+

19 Pos Not tested/+/-
20 Pos Not tested/+/+ -
21 <10 Not tested/+/+
22 <10 Not tested/+/+
23 <10 Not tested/+/-
24 Pos ~[+/nt

25 160 +f+/-

26 > 20 ++[+
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Question 4

The look-back procedure is obligatory. Hospitals, where
previous donations of occult HBV donors were transfused,
are informed of HBV DNA detection in the next bleed of
the repeat donor. If possible, the recipients are contacted by
hospital staff and the HBV markers (HBsAg, HBV DNA and
anti-HBc) are tested. In the reference lahoratory (Institute of
Haematology and Transfusion Medicine, Warsaw, Poland),
the archive samples of occult HBV repeat donors are tested
for HBV DNA in single donation format.

There were 23 repeat donors with occult HBV. In 10 out of
42 available archive samples, HBV DNA was detected and in
the rest it was not detected. In four recipients, the studies of
HBV markers after transfusion were performed and the
results are as follows: (i) two patients obtained HBV DNA~
positive donation containing 198 IU/ml; one of them {(immun-
odeficient; vaccinated for HBV) obtained platelet concentrate
and the other (immunocompetent, probably not vaccinated)
obtained red blood cell concentrate; (ii) both recipients were
HBV DNA, HBsAg and anti-HBc negative after transfusion;
(iii) they had anti-HBc performed after transfusion - 380 days
and 384 days, respectively. HBV markers were also not
detected in the two patients transfused with red blood cells
prepared from previous donations of two other occult HBV
donors. In these cases, the examination of archive samples
confirmed the HBV DNA negativity of the donors at the time
the donations were transfused. However, those donations
were anti-HBc positive,

Summing up, according to our observations, the HBV
infection was not transmitted by transfusion of red blood cell
and platelet concentrate from donor with ~200 IU HBV DNA/
ml and from HBV DNA-negative/anti-HBc-positive donors in
which the HBV DNA was detected in the next donation.

Question 5

The subtype and sequence analysis of five cases was done in
our laboratory and now the studies are continued in cooper-
ation within HBV Safety Study Group in International Society

for Blood Transfusion {ISBT) Transfusion Transmitted
Infections (TTI) Working Party. The HBV genotype distribution
is 60% - genotype A; 40% genotype D. The HBV DNA from
two vaccinated donors showed mutant features. In one gen-
otype A-infected donor, G145A substitution was present. The
sequence of the second one strain (genotype D) was highly
unusual and contained D144G mutation in the fourth loop
and a substitution of cysteines at position 124 and 139. Our
preliminary results are described in Hepatology {1].
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“G. Olim etal.

Question 1
Blood donations have been screened for HBV DNA NAT in the
three regional blood centers of the Portuguese Blood Institute
since July 2006, and was fully implemented in October
2006. Three out of 174 074 (0-0017%) OBIs were observed.
The techniques applied are: Procleix - Ultrio Assay (two
positives in 123 834 donations) and MPX - Roche (one positive
in 50 240 donations).

Question 2
Individual donations were tested by Procleix ~ Ultrio Assay;
pools of six samples were tested by MPX Roche.

Question 3
HBsAg HBcAc HBsAc HBcAc IgM HBeAg HbeAc HBV/DNA level

Sampie 1 Negative Reactive Reactive Negative Negative Negative ?

Sample 2 Negative Reactive Reactive Not tested Not tested Not tested ?

Sample 3 Negative Negative Not tested Not tested Negative Negative 53 [U/mi
donor who was tested negative in the previous donation,
4 months before.

Question 4 Question 5

The donor of sample 1 was a first-time donor. Blood compo-
nents were discarded. The donor of the sample 2 was a regular

© 2008 The Authoris)

In sample 3, sequence analysis was done 30 days later and
HhsAg was positive.
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S. L Stezinar

Question 1
Mandatory NAT screening for HBV DNA was implemented in
Slovenia in February 2007. During the 5-month period
30 000 donations were screened and HBV DNA was detected
in four donations (0-013%). The observed yield is 1/7500.
The technique in use for screening is Procleix Tigris
System and the assay used is Procleix Ultrio Assay (Chiron/
Novartis).

Question 2
Testing is performed on individual donations.
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Slovenia

E-mail: snezna Jevicnik @ztm.si

M. Alvarez, S. Sauleda & R. Gonzalez

Question |

In Spain, HBV DNA screening is not mandatory. Therefore,
only 15 of the 24 blood centres have implemented HBV NAT.
Between January 2004, when the first centre started HBV
NAT, and December 2006, 39 OBls have been observed, out
of 1 641 891 screened donations. As December 2006, the
applied techniques are: in-house PCR, with enrichment
extraction, in one centre, commercial PCR (Roche Molecular
Systems, Mannheim, Germany) in six centres and Transcription-
Mediated Amplification (TMA, Chiron Cotporation, Emeryville,
CA, USA) in eight centres.

Question 2

We test individual donations (seven centres} and pools. The
pool size is 48 donations (in-house PCR), 8 units (one centre)
and 6 units (six centres).

Question 3
Procleix HBsAg Anti-HBc Anti-HBs  HBV DNA kvan.
Ultrio (S/CO}  Prodeix  Ultrio HIV-RNA  HCV-RNA HBV-RNA  PRISM (S/CO) AxSYM (S/CO) AxSYM (Roche Amplicor Quant)
1+ + + - - + - + - Not detected
(11-53) (13-47) (1211)  (0-09) (0-82) (185) (0-29) (0-061) 02)
2 o+ + - - - - - + + Not detected
(13-72) (218) (032) (0-25) 027) (0-28) (0-33) (0-051) (41 10/
+
(14-10)
3 0+ + + - - + - + - +
(14-74) (12:93) (1135} {(0-27) (007) (23-08) (0-28) (0059} < 60 iU/ml
4 ¢+ + + - - + - + - +
(6:77) (14-29) (13-70) (033} o11) (19:80) (0-26) (0063) (05) 491 IU/ml
SICO, signal/cat off; +, reactive; -, non-reactive.
Question 4 Question 3

Look-back studies in recipients transfused in the past with
blood components from occult HBV-infected donors are in
progress. Thus far, there are no available results.

Question 5

We plan to do the subtyping and sequence analysis of the
occult HBV-infected donations. At the moment, there are no
results available.

From 22 OBIs, the results of other HBV markers were: HBcAb
- positive, HBsAb - positive in 16 cases and HBcAb - posi-
tive, HBsAb - negative in six cases [1,2].

In eight of these 22 OBIs, in which DNA HBV was detected
by NAT, the results of nested PCR were positive in four cases
and negative in the other four cases [2]. The sensitivity of this
nested PCR is 180 1U/ml. In other six from these 22 OBIs [1],
the DNA level was around 25 [U/ml.

© 2008 The Author(s)
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Question 4

Look-back studies are not systematically performed. Two
recipients transfused with one red cell concentrate and
one platelet concentrate from donors with OB] were negative
for HBcAb 1 year later transfusion [1]. There was also no
evidence of transmission in a liver transplant patient
that received a red cell concentrate from a donor with OBI

(3l

Question 5

According to the results from a recent work {4], four donors,
all infected with HBV genotype D, presented multiple scape
mutations in the S region of the viral genome. In another
work [2], two donors were infected by HBV A genotype (adw2
subtype) and one donor was infected by HBV D genotype,

ayw3 subtype.
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C. Niederhauser & M. Stolz

Question 1

At present, the routine screening algorithm for HBV in blood
donations in Switzerland relies solely on serological tests for
HBsAg. Because it is well-known that the risk of transfusion-
transmitted HBV still remains significant despite these tests,
astudy was designed to determine the prevalence of anti-HBc
‘confirmed’ positive donations and to evaluate whether
routine anti-HBc and/or HBV NAT assays may provide
additional safety to blood products [1]. For this purpose,
18 143 blood donations were screened initialty for HBsAg,
anti-HBc and with HBV NAT in minipools of 24 donations
[detection limit: 240 copies (45 JU)/ml per individual donation].
Those samples that were repeatedly reactive in the initial
anti-HBc assay were verified with two additional anti-HB¢
assays, as well as, with an antj-HBs assay and in single-
donation HBV NAT [detection limit: 12 copies (2-4 1U)/ml per
individual donation].

In our study, no occult HBV-infected donor was detected.
Of the 262 ‘confirmed’ anti-HBc-positive donations none
were positive for HBV DNA in single donation PCR assay. In
contrast to our findings, it has heen shown that occult hepa-
titis cases can be detected in the donor population [2,3). If a
look-back procedure is taken as a basis for determining the
occurrence of transfusion-transmitted hepatitis B infection,
none appears to have occurred as a consequence of an occult
HBV case in Switzerland within the last 10 years.

Question 2
In our study, screening in minipools of 24 donations was
performed. One millilitre (1 ml) was used for the nucleic acid
extraction procedure. Extraction was performed with the
QIAamp 96 Virus BioRobot testkit (Qiagen, Hilden, Germany)
adapted for use on a Tecan pipetting machine. Fifty microlitre
of DNA extract was mixed with 50 ul of prepared mastermix and
subjected to PCR, followed by DNA detection on the COBAS
Amplicor test system (Roche Diagnostics, Rotkreuz, Switzerland).
Commencing in July 2007, we will begin a follow-up study
whose aim is to screen for HBV infection in individual dona-
tions with the Tigris Procleix system over the following
1.75 years. It is estimated that 300 000 donations will be
screened, which accounts for approximately 50-60% of the
total Swiss donations during this time period.

Question 3

As stated above, as yet no occult HBV cases have been ohserved
in Switzerland. However, an effort was recently initiated to
search for such cases by screening anti-HBc-positive but
HBsAg-negative blood donations for the presence of HBV
DNA. Seventy-four such donations were identified and tested
in single donation HBV NAT, as well as further serological tests.
One donation from a repeat donor was HBV DNA positive
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though probably with a low viral load. The quantification
was not performed as not enough material was available. The
anti-HBs concentration was > 1000 1U/ml and the anti-HB¢
was confirmed with two additional anti-HBc assays targeting
different regions of the HBc antigen. Subsequently, the
samples from the existing serum bank were followed up. In
total 21 consecutive serum bank samples from this donor
were screened for HBV NAT, HBsAg, anti-HBc and anti-HBs.
The last 11 samples were all anti-HBc reactive and had anti-
HBs titres of > 1000 1U/ml. Besides the last donation, three
additional samples of the 21 were also HBV DNA positive.
From the corresponding four erythrocyte concentrates, two
were not transfused to patients and two were sent abroad
within a humanitarian project. Unfortunately, we were
incapable of obtaining information on the recipients of these
blood products.

In conclusion, the introduction of HBV NAT in minipools
shows only marginal benefits as the test is too insensitive.
This is the case in both the early, as well as in the chronically
carrier phase of the infection. If, on the other hand, the intro-
duction of anti-HBc testing is chosen as an additional marker
in the blood donation screening, it is imperative that more
specific anti-HBc assays are developed in order to preventan
unacceptably high deferral rate of anti-HBc ‘false’-positive
donors.

Question 4

Generally speaking, in Switzerland it is relatively easy to
obtain data for look-back procedure from the side of blood
transfusion services, as it is mandatory to store at least 0-9 ml
plasma at =30 °C of each donation for a minimum of 5 years.
However, in the hospitals the situation is quite the opposite.
Here unfortunately rarely are any pre- and post-operation
samples available In Switzerland, during the last 10 years
proven HBV transfusion-transmitted cases have rarely been
observed. In the majority of these cases, the donors had a very
recent HBV infection and therefore transfusion-transmitted
infections were most likely due to window cases.

Question 5

So far, we have had insufficient sample material from the
donor and in particular the recipient to perform an adequate
DNA analysis and subtyping of these HBV cases. During our
ongoing study over the next 1.75 years, one of our major
goals will focus on the collection of enough material from
recipients who later exhibited signs of a recently acquired
HBV infection.
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HBV transmission remains the higher risk of viral transmission
to blood component recipients in the UK; a risk estimated to
1 : 60 000-250 000 [1]. Since the mid-1990s, data indicating
that the prevalence of anti-HBc was approximately 0-4%
have been provided as well as evidence that screening for this
serological marker would be effective because most transmit-
ted HBV infections were retrospectively found originating
from donations carrying this marker [2]. As a result, screening
for anti-HBc has been discussed for many years, but is still
not implemented. Clearly, screening for such marker would
not cover the presumably rare cases of HBV window period
whose incidence has not been evaluated [1]. However, the
final decision for anti-HBc screening is imminent.

Because the alternative to anti-HBc¢ screening to improve
the HBV blood safety is NAT, this option has been examined.
There are two commercial triplex assays simultaneously
detecting the genomes of HCV, HIV and HBV at a cost not
significantly superior to HCV alone or HCV and HIV NAT as
currently partially implemented in England. However, these
assays are applied to pools of 48 plasma samples and there is
substantial evidence indicating that, in such conditions, the
HBV DNA yield would be minimal if any improvement to blood
safety, inferior to anti-HBc. While the cost-effectiveness of
anti-HBc makes the health authorities reluctant to implement
this assay, the option of NAT screening in individual donations
or in pools of six samples is clearly more expensive and not
an option at the present time.

More interesting to the discussion is the collaborative pilot
studies and ultimately routine implementation of an in-
house triplex NAT in a high endemic country of West Africa
in a 900-bed teaching hospital regional blood centre in
Ghana. Ghana is one of the countries of the world where HBV
infection prevalence is the highest as HBsAg is present in
15% of the population by age 16. By age 40, nearly 100% of
the population carry anti-HBc, indicating contact with the
virus [3]. Preliminary studies have shown that the HBV gen-
otype E viral load distribution was massively skewed towards
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low values, below 10E4 1U/m}, prolonged by a tail of occult
HBV at a frequency of 1 : 62 blood donations {4]. The vast
majority of these occult infections carried a viral load below
500 IU/ml, making it difficult to detect in plasma pools of
any size. It was shown that pools of 10 plasma samples
failed to detect approximately 50% of occult HBV present in
individual plasma samples [4]. More recently, we have
further studied nine cases of occult HBV genotype E and
found that approximately 50% of them circulated in donors
carrying anti-HBs, the rest carrying anti-HBc only [5]. At
present, there is no compelling evidence that occult HBV
with viral load below 100 IU/ml in the presence of anti-
HBc only or anti-HBc and anti-HBs be infectious. There
are no published cases of transmission by transfusion when
anti-HBs is present and very few in case of anti-HBc only
[6,7].

As a result of these preliminary studies and infectivity data
from the literature, the Komfo Anokye Teaching Hospital
transfusion committee proposed to the administration of the
hospital to implement in-house triplex NAT for HCV, HIV and
HBV in pools of 10 plasmas at a cost of $ 4/unit increasing
the cost of a blood unit supported by patients from $12 to
$16. This proposal was accepted and screening of donations
collected after pre-donation screening with rapid tests for
anti-HIV, anti-HCV and HBsAg yielded a negative result was
implemented in February 2005 [5]. Two senior members of
the blood centre staff had received a specific training for 2
and 4 weeks, respectively, at the Cambridge molecular
virology laboratory. Supply of equipment and reagents
was ensured by the Cambridge blood centre, although these
costs were included in the cost per unit and supported by the
hospital.

Between February 2005 and December 2006, 18 400 units
have been screened. Twenty-one of 1840 pools reacted for
HBV DNA of which 10 were confirmed by identifying a single
infected unit. Seven of the positive units corresponded to
testing error and three to occult HBV. The yield compared to
EIA screening was therefore 1 : 6133 units but the safety gain
was 1 : 1840, The viral load of these occult HBV has not been
quantified.

The clinical relevance of HBV genomic screening, contrary
to HIV and HCV RNA, needs to be confronted to the HBV
condition of recipients. In Kumasi, 31% of the blood usage is
paediatric (mostly for acute primary malarial infection), 80%
before age 5. In this age range, susceptibility to developing
chronic HBV infection is > 50% and preliminary data indicate
that 75% of these children have not been in contact with
HBV. As a result, approximately 45% of the transfused
children receiving an HB-infected transfusion will develop
chronic hepatitis B. In adults, approximately 15% of recipients
do not carry HBV markers and should be considered at risk
of acute infection and subsequent recovery. It can be con-
cluded that by identifying 10 infectious units identified, two

© 2008 The Authorls)

to three chronic infections are averted. The cost-effectiveness
of this result is being calculated.

The local conditions in Ghana prevent the follow-up of
recipients unless they return to the hospital There is, therefore,
no look-back possible although, in the context of the BOTIA
European study aiming to constitute a large donor-recipient
sample repository, samples from Ghana are included and will
provide some data in the future. The genotype of HBV in
Ghana, HBsAg positive or occult has been determined and
95% are genotype E, the remaining 5% being genotype A1 or
D. In the sequencing analyses, a surprisingly high frequency
of abnormal core mutations was found, preventing the trans-
lation of normal capsid protein. In an area where HBV vaccine
was very rare before the systematic vaccination of neonates
in 2003, there was no evidence of mutants in the ‘a’ region
of the S protein, suggesting that escape mutation is not a
mechanism of HBV persistence in these areas.
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Table 1 Observed microbial risks to blood safety in the UK TTis reported to Serious Hazards of Transfusion (SHOT), 1995-2005

Year of transfusion Pre-1997 1897 1988 1899 2000 2001 2002 2003 2004 2005  Total  Deaths
Infection

HAV 101) - - - (1) - - - - 1(1) 3 -
HBY 3(3) 1(1) 1(1) 2(3) 1(1) - 1) 11) - 1{1) n -
HCV 101) 1m - - - - - - - - 2 -
HV 13) - - - - - - - - 2 -
HEV - - 1 -
HTLVI 2(2) - - - - - - - - 2 _
Bacteria 2(2) 3(3) 4(4) 4(4) 7(n 5(5) 1(1) 3(3) 2(2) 3 7
Malaria - 1(1) - - - - - 1(1) - - 2 1
vCJD/prion 1(1) 1(1) - 1(1) - - - - - 3

Total 113 70 5(5) 7(7) 9(9) 5(s) 3(3) 5(5) 101 4(4) 57
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HBV NAT is not introduced in National Blood Service (NBS})
UK at present.

Question 6

There are no plans to introduce HBV NAT screening of donors
into the NBS UK. The reasoning behind this is that there have
been very few TTIs identified with HBV in the UK over the
past 10 years {see Table 1).
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Question ]

Two HBV DNA tests were licenced by the Food and Drug
Administration (FDA) since 2005 for potential screening of
blood donors in the USA. However, FDA has not required or
recommended HBV NAT screening, because studies have
indicated that its implementation in the minipool testing
format would result in only a marginal increase in blood
safety compared to HBsAg testing for potentially infectious
window-period donations [1,2] and because large-scale use
in the individual donation testing format currently is not
feasible. Additionally, anti-HBc testing has been in place for

transfusible blood in the USA since the mid-1980s limiting
the estimated value of HBV DNA NAT for detection of otherwise
‘occult’, that is, HBsAg-negative, HBV in chronic infections.

The Roche COBAS AmpliScreen HBV test was licenced
with a donor screening claim in April 2005, but, to date, the
test has been implemented only by a small number of blood
collection centers. The yield from the Roche extended clinical
trials as well as their post licensure experience both demon-
strated a yield of about 1 : 300 0060 of HBV DNA positive,
HBsAg and anti-HBc non-reactive donations. This yield has
remained constant since licensure. However, with the more
recent licensure and increasing use of more sensitive HBsAg
assays, the HBV DNA-positive yield will require reassess-
ment. In an attempt to determine the impact of more sensitive
HBsAg testing, the available surplus HBV DNA positive yield
samples from the use of the Roche assay have been tested by
PRISM HBsAg; of a total of eight available samples, three
(38%) were reactive and confirmed positive for HBsAg.

The Gen-Probe/Chiron Ultrio Assay (triplex for HIV RNA,
HCV RNA and HBV DNA) was licenced in October 2006 for
HBV DNA detection using the semi-automated {(eSAS) plat-
form, and for use on the automated TIGRIS platform in May
2007. The Ultrio Assay is not labelled for donor screening
since ‘yield' samples, that is, HBV DNA-positive samples that
were negative for HBsAg and anti-HBc, were not detected in
pre-licence clinical trials. Larger-scale studies are ongoing to
determine whether ‘yield’ samples can be found when donors
are screened with this assay in minipools of 4, 8 and 16.

Although HBV NAT testing of US blood donors is not
routine, anti-HBc testing is performed by all US blood centers
and several studies have been conducted in which sensitive
HBV NAT has been performed on anti-HBc-reactive donations
that lacked detectable HBsAg. These studies have yielded
data regarding the frequency of so-called ‘occult’ HBV
infections. Table 1 presents the results of the three published
US studies, which detected HBV DNA in 0-4% to 1% of

®© 2008 The Authorfs)

Journal compilation ® 2008 Blackwell Publishing Ltd., Vox Sanguinis (2008) 94, 153-166



international Forum 165

Table 1 Detection of HBV DNA in HBsAg-negative/anti-HBc-positive blood donor units in three US studies [3]

HBV DNA positive L
Number of e Rate of HBV DNA positivity in
Study donations tested n % otherwise suitable units Follow-up Reference
1 385 4 101 1:49000 None [4}
2 3000 19 063 1:37000 None [5.6)
3 2900 12 0-41 1:48942 Six (all individuat donor [2)

NAT non-reactive;
three anti-HBs positive)

Only negative or low-level antibody to HBsAg (< 100 milli [U/ml) samples were tested for HBV DNA.

anti-HBc-only units yielding rates of OBls ranging from 1 in
37 000 to 1 in 49 000 donations.

In addition to these published studies, since May 2004, the
American National Red Cross (ARC) has tested every anti-
HBc repeatedly reactive donation for HBV DNA. These studies
either used the UltraQual HBV test at National Genetics [nstitute
(NGJ), either in minipools of 16 or individually (donation
sensitivity ranged from 3-1 to 50 copies/ml), or more recently
by testing each individual donation using the licenced Roche
COBAS AmpliScreen HBV test and the 1 ml multiprep pro-
cedure (5 JU/ml or approximately 20 copies/ml sensitivity).
Over the 3 years since this testing was implemented,
approximately 63 000 anti-HBc-reactive donations have been
tested for the presence of HBV DNA. Of those, 1080 (2%) were
HBsAg and DNA positive, 1874 (3%) were HBsAg non-
reactive but DNA reactive, and the remaining 59 797 (95%)
were HBsAg and HBV DNA non-reactive (of which 12 584, or
21%, were from donors who were anti-HBc reactive on two
occasions and therefore the donors were indefinitely deferred
consistent with current FDA recommendations).

All HBsAg non-reactive donors were invited for follow-up
testing. Of the DNA-positive donors at index, only 11% par-
ticipated in follow-up studies and of those, 125 of 200 (62%)
had serological evidence of past HBV infection with either
persistent anti-HBc or anti-HBs reactivity; however, only
three of the 125 still tested DNA positive for up to 4 months
following the index donation. The remaining donors in
follow-up had either received the HBV vaccine (11 of 200 or
6%) or had likely false-positive DNA results {64 of 200 or
32%). The source of false positivity was undoubtedly related
to the mixing of HBsAg-confirmed positive samples with
HBsAg-non-reactive samples during HBV DNA testing,
because the false positivity was eliminated when the HBsAg-
positive samples were no longer submitted for DNA testing.
The HBV DNA-positive rate observed in anti-HBc-reactive
donations in this study, adjusting for likely false positivity, is
0-96%, or 1 in 29 000 for otherwise suitable units (and is
within the range of 0-4 to 1% and 1 : 37 000-1 : 49 000 reported
in Table 1). Thus, this large-scale prospective study, together

© 2008 The Author(s)

with the three smaller studies, validates that approximately
1% of anti-HBc-reactive, HBsAg-negative donors are HBV
DNA positive.

Of the DNA-negative donors at index, again only 10%
participated in follow-up and of those, 815 of 1254 (65%) had
serological evidence of HBV infection on follow-up, with one
donor having DNA positivity at 4 and 6 months following
index donation testing. The 10 to 11% participation rate in
the follow-up studies reflects the lack of interest of donors in
taking part in such studies, even though it might lead to their
reinstatement.

Thus, following this extensive evaluation, approximately
two-thirds of anti-HBc¢ reactivity at index could be corrobo-
rated by HBV markers (either persistent anti-HBc or anti-HBs
reactivity) observed at follow-up. However, only four of 1454
(0-39%) donors could be documented to have persistent OBL
Upon further testing of 410 retrieved plasma units from a
sampling of the index donors who tested HBV DNA positive
on pilot tube plasma from the index donation (not associated
with the same donors who enrolled in follow-up studies),
only 10 HBV DNA positive results could be reproduced, of
which nine were HBV DNA reactive by multiple assays (NGI
and Roche COBAS AmpliScreen, multiprep). (The other 400
plasma units could not be corroborated to have had HBV
DNA positive results and these were likely to have been false
positives.) This increased the rate of occult HBV in this popu-
lation to 2-4%; of interest was that five of the 10 HBV DNA
positive samples had reactivity when using an HBsAg assay
(PRISM) with 10-fold increased sensitivity relative to the FDA
licenced test originally used in the studies. (Additonal ARC
data are cited below as results of ‘Study 4.}

Question 2

The Roche HBV test s licenced in the USA to screen individual
samples and pools composed of equal aliquots of not more
than 24 individual samples in conjunction with licenced
HBsAg and anti-HBc tests. The Gen-Probe/Chiron Ultrio
Assay is licenced in the USA to screen individual samples and
pools composed of equal aliquots of not more than 16
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individual samples in conjunction with licenced HBsAg and
anti-HBc tests; this test does not have an HBV DNA screening
claim in the USA because ‘yield’ samples (HBV DNA positive
samples negative for HBsAg and anti-HBc) were not found
in preapproval studies.

Question 3

Table 2 Additional HBV markers and viral load in HBsAg—ncgative/
anti-HBc-reactive donations in the four US studies

Study Additional HBV markers Viral load (copies/ml)

1 n = 4; all anti-HBs~negative/low level 10-100
positive; 1 of 4 HBsAg positive by more
sensitive HBsAg assay (PRISM)

2 n=19; 1 anti-HBc IgM positive; 11 units < 100
anti-HBs not tested 8 units 100-500

3 n = 12; 3 anti-HBs positive; <1200
all negative using HBsAg ElAs (11/12individual donor
in use at the time of study NAT positive only)

4 n = 125 of 200 (62%) anti-HBc andfor < 100-300

anti-HBs reactive at follow-up;
four with persistent DNA positivity
at 4-6 months

Question 4
No lookback was performed in any of these studijes.

Question 5
To date, no subtyping or sequencing data are available;
collaborative studies are underway.
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Abstract

Hepatitis C virus (HCV) has been recognized as a major cause of chronic liver diseases worldwide. Molecular studies of the virus became
possible with the successful cloning of its genome in 1989. Although much work remains to be done regarding early and late stages of the HCV
life cycle, significant progress has been made with respect to the molecular biology of HCV, especially the viral protein processing and the genome
replication. This review summarizes our current understanding of genomic organization of HCV, features of the viral protein characteristics, and
the viral life cycle.
© 2007 Elsevier B.V. All rights reserved.
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1. Introduction

Since its discovery in 1989, representing a tuming-point in
the search for infectious agents associated with post-transfusion
non-A, non-B hepatitis, hepatitis C virus (HCV) has been re-
cognized as a major cause of chronic liver disease and affects
approximately 200 million people worldwide at the present time
[1-3]. Persistent infection with HCV is associated with the
development of chronic hepatitis, hepatic steatosis, cirrhosis,
and hepatocellular carcinoma [3-8)]. In general, people with
chronic hepatitis C are relatively asymptomatic and have few, if
any, clinical manifestations prior to the development of cirrhosis.

HCV is a small, enveloped RNA virus belonging to the He-
pacivirus genus of the Flaviviridae family, which also includes
several classical flaviviruses, including dengue virus and yellow
fever virus, as well as pestiviruses, such as bovine viral diarrhea
virus and the unassigned GB viruses [9,10]. This review sum-
marizes our current understanding of genomic organization of
HCV, as well as features of the viral protein characteristics, and
the viral life cycle.

2. Genomic organization

The HCV genome consists of a single-stranded positive-sense
RNA of approximately 9.6 kb, which contains an open reading
frame (ORF) encoding a polyprotein precursor of approximately
3000 residues flanked by untranslated regions (UTRs) at both
ends [11]. The precursor is cleaved into at least 10 different
proteins: the structural proteins Core, E1, E2 and p7, as well as the
non-structural proteins NS2, NS3, NS4A, NS4B, NSSA and
NS5B (Fig. 1).

An important feature of the HCV genome is its high degree of
genetic variability [12,13]. Mutation rates, however, vary in dif-
ferent regions. The El and E2 regions are the most variable, while
the 5'UTR and terminal segment of the 3'UTR have the highest
degree of sequence conservation among various isolates. The 5’
UTR, which is ~341 nucleotide (nt) in length, contains an

5'UTR

o)

internal ribosomal entry site (IRES), which is essential for cap-
independent translation of viral RNA, from which four highly
structured domains (domains I-I'V) are produced (Fig. 1) [14-19].
These are largely conserved among HCV and related viruses
[15,16]. As with other RNA viruses with IRES-mediated expres-
sion, the HCV 5'NTR is thought to contain determinants for
translation, as well as cis-acting elements for RNA replication. It
has been shown that (i) the sequence upstream of the IRES is
essential for viral RNA replication, (ii) sequences within the [IRES
are required for high-level HCV replication, and (iii) the stem—
loop domain IT of the IRES is crucial for replication {20]. A recent
study has revealed that the 5'UTR is capable of binding to a liver-
specific microRNA, miR-122, resulting in enhanced HCV RNA
replication [21]. (Fig. 2).

The 3'UTR varies between 200 and 235 nt in length, including
a short variable region, a poly(U/UC) tract with an average length
of 80 nt, and a virtually invariant 98-nt X-tail region [22-24] The
X region forms three stable stem~loop structures that are highly
conserved among all genotypes and, as a result, the HCV genome
likely ends with a double-strand stem structure. It appears that the
3’X region, as well as the 52 nt upstream of the poly(U/C) tract,
are crucial for RNA replication, while the remainder of the 3"UTR
plays a role in enhancement of replication [25,26].

To date, hepaciviruses are divided into six principal genotypes
of HCV that differ in their nucleotide sequences by 31-34%, and
in their amino acid sequences by ~30%. HCV, like many other
RNA viruses, circulates in infected individuals as a population of
diverse but closely related variants referred to as quasispecies
[12]. HCV heterogeneity is primarily due to a high error rate of the
RNA-dependent RNA polymerase encoded by the NS5B gene.
The existence of different quasispecies of the HCV genome
appears to contribute to viral persistence. It has been shown that
patients with chronic hepatitis C have greater genetic complexity
in terms of the population of quasispecies they possess than
patients with spontaneous clearance [13]. During the course of
chronic infection, random genetic drift steadily induces the
development of quasispecies primarily due to changes in the
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hypervariable region 1, involving the 27 N-terminal 27 residues of
the E2 envelope protein [27-29].

3. Features of the viral proteins
3.1. Core protein

The HCV core protein, which is derived from the N-terminus
of the polyprotein, most likely forms the viral nucleocapsid
given similarities between its position and that of sequences
encoding viral nucleocapsids in other flavivirus genomes. The
amino acid sequence of the core protein is highly conserved
among different HCV strains, compared with other HCV
proteins. HCV core protein has been extensively used in a
number of serologic assays since anti-core antibodies are highly
prevalent among HCV-infected individuals. Although several
core proteins of varying molecular weights have been identified
[30-33], the core protein is released as a 191-residue precursor
of 23 kDa and further processing yields the predominant form
of 21 kDa. The N-terminal domain of the core protein is highly
basic, while its C-terminus is hydrophobic. Several groups have
reported a complex intracellular localization of the core protein
[30,33-42]. The core protein is primarily detected in the
cytoplasm, in association with the endoplasmic reticulum (ER),
lipid droplets, and mitochondria. In some studies, a fraction of
the core protein has also been found in the nucleus.

The ubiquitin-proteasome pathway, a major route by which
selective protein degradation occurs in eukaryotic cells, is
involved in post-translational modification of the core protein
[32.43-45]. An initial report indicated that processing at the
carboxyl-terminal hydrophobic domain of the core protein
produced efficient polyubiquitylation and proteasomal degra-
dation [32]. Recently, ubiquitin ligase EGAP has been identified
as an HCV core-binding protein that enhances ubiquitylation
and degradation of mature, as well as carboxyl-terminus
truncated-core protein, and it has been suggested that E6AP-
dependent degradation of the core protein is common to a

variety of HCV isolates and plays a critical role in the HCV life
cycle [45].

The core protein is likely multifunctional and essential for
viral replication, maturation, and pathogenesis. It is involved
not only in formation of the HCV virion, but also has a number
of regulatory functions, including modulation of signaling
pathways, cellular and viral gene expression, cell transforma-
tion, apoptosis, and lipid metabolism [reviewed in 46].

3.2. El and E2 envelope proteins

The E1 and E2 proteins are essential components of the virion
envelope and are necessary for viral entry. These glycosylated
proteins extend from aa 192-383 (E1) and from aa 384-746 (E2)
of the polyprotein, and have molecular weights 0f 33-35 and 70—
72 kDa, respectively [47]. Along the precursor polyprotein, it has
been suggested that the C-terminal transmembrane domains of El
and E2 form hairpin structures that pass through the membrane
twice, thereby allowing processing by a signal peptide in the ER
lumen [48]. Upon signal peptidase cleavage, the C-termini are
thought to translocate into the cytoplasm in order to generate the
type | membrane topology of mature E1 and E2. Mature E1 and
E2 remain noncovalently associated, interacting in part through
their C-terminal transmembrane domains, which also mediates
retention of the E1-E2 complex in the ER. It has recently been
demonstrated that, in addition to this conventional type I
membrane topology, E1 protein also adopts a polytopic topology,
in which the protein twice spans the ER membrane with an
intervening cytoplasmic loop spanning aa 288-360 [49].

3.3. p7 protein

The p7 protein s a small (63 aa) hydrophobic polypeptide that
adopts a double membrane-spanning topology. This protein is
essential for the production of infectious virions in vivo [50] and
may belong to a small protein family of viroporins, which are
known to enhance membrane permeability. It has been revealed



