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Lengths of hepatitis B viremia and antigenemia in blood donors:
preliminary evidence of occult (hepatitis B surface
antigen-negative) infection in the acute stage

Akira Yoshikawa, Yuko Gotanda, Ki yoshz Minegishi, Rikizo Taira, Satoru Hino, Kenﬂ Tadokoro,
Hitoshi Ohnuma, Keiko Miyakawa, Katsumi Tachibana, Hideaki Mizoguchi, and the Japanese Red
Cross NAT Screening Research Group

BACKGROUND: The Japanese Red Cross (JRC)
implemented a fully automated poeling and nucleic acid
ampiification test (NAT) system for testing seronegative
donations. The JRC sample repostory and repeat blood

donations allowed for, lookback and follow-up studies of __ | .

hepatitis B virus (HBV) DNA-positive donors, who
tested negative for hepatitis B surface antigen (HBsAg)
and anti-hepatitis B core antigen in the JRC screening
system. '
STUDY DESIGN AND METHODS: From February 1,
2000, to March 31, 2003, 17,314,486 units were tested
in 50-sample pools with a semiautomated multiplex
assay system (AMPLINAT MPX test, Roche). During
this period, 328 HBV DNA-positive donations were
found. From 26 of these donots, sequential samples
were available at short intervals. This enabled us to
examine the dynamics of viral markers in acuie HBV
infection. The length of detectable pericds of plasma
viremia and antigenemia were estimated by regression
analysis from the resulis obtained in the quantitative
polymerase chain reaction asséy (JRC) and HBsAg
enzyme immunoassay (Auszyme I, AxSYM, Abbott)
and chemilumingscence immunocassay (Abbott).
RESULTS: The median length of detectable HBY DNA
in individual donation and 20-sample minipool (MFP)
NAT format was estimated to be 74 and 50 days,
respectively, whereas the median length of detectable
HBsAg was estimated to be 42 days. Six of the 26
denors were infected with mutant viruses, and 3 of
these 6 donors did not develop detectable HBsAg
during the entire observation period, despite a moder-
ately high viral load of 10* to 10° HBV DNA copies per
mL.

CONCLUSION: Transmission of mutant virus may
cause occult HBV infection in the acute stage. HBV
MNAT, even in MP configuration, is more effective than
HBsAg testing and capable of interdicting infected
donors in the pre- and post-HBsAg window periods.
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tudies on the early dynamics of hepatitis B
viremia and antigenemia have placed an empha-
sis on comparing the sensitivity of hepatitis B
virus (HBV) nucleic acid amplification test (NAT)
methods and hepatitis surface antipen (HBsAg) assays in

-detecﬁﬁg~—earl_y_ HBV - infection with- seroconversion -

045

o

panels.* We previously reported the dynamics of HBV -

DNA and HBsAg of genotypes A, B, and C in both the early

increasing phase and thelater decreasing phase of viremia .

with lookback and follow-up samples of 50 mihipool

- (MP)-NAT-reactive donations.*With slight variation in the

24

kinetics between the genotypes, a median HBV doubling
time of 2.6 days was calculated in the ramp-up phase,
which was the sarne as reported by Biswas and coworkers,’
and the t,;z in the decreasing phase was 1.6 days. Regres-
sion analysis showed that the mean viral load atthe HBsAg
seroconversion point in chemiluminescence immunoas-
say (CLIA) was 2100 copies per mL.>¢ A few HBsAg CLIA-
negative donations, however, were found with relatively
high viral roads between 10,000 and 100,000 copies per
mL, which would be expected to be CLIA HBsAg—positive.
To obtain a more accurate picture of the differences in

ABBREVIATIONS: CLIA = chemiluminescence immunoassay;
HI = hemagglutination inhibition; ID = individual donation; JRC
= Japanese Red Cross; MP = minipool; s/co = signal-to-cutoff.

From the Japanese Red Cross Saitama Blood Center, Hidaka,

‘Saitama; and the Japanese Red Cross Headquarters, Blood Ser-
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LENGTHS OF VIREMIA AND ANTIGENEMIA IN ACUTE HBV INFECTION

early dynamics of HBV DNA and HBsAg relative to anti-
hepatitis B core antigen (HBc} and alanine aminotrans-
ferase {ALT) response levels in the acute stage of HBV
infection, we selected 26 blood donors of whom multiple
sequential samples were available at relatively close inter-
vals, This enabled us to compare the duration of detect-
able HBsAg with that of HBV DNA in boith MP-NAT and
individual donation {ID)-NAT format. Hereby not only the
pre-HBsAg window period, but also the post-HBsAg
window period was taken into account. This latter “core
window period” is of less concern in Japan, because since
1989 all blood donations are tesied for anti-HBc, bui may
be relevant for other highly endemic areas of hepatitis B in
Asia, where anti-HBc testing is not performed. in this
study special attention is given to a few donors with a
relatively high viral load that remained HBsAg-negative
.. during the entire follow-up period to anti-HBc
i:i;3-.seroconversion.

_ MATERIALS AND

—- aiiI e

METHODS

£ o=

The NAT screening system in Japan was reported previ~
ously by Mine and colleagues.” In brief, all blood -dona-
fions in the Japanese Red Cross (JRC) were from
volunteers screened with a questionnaire survey adminis-
tered by JRC blood centers throughout Tapan. These dona-
tions were screened by serologic tests.®" Serologically
positive and elevated-ALT (>60IU/mL) samples were
excluded from NAT screening. NAT screening was carried
ouf with a 50-sample pool with a multiplex (MPX) reagent
(AMPLINAT MPX, Roche Diagnostic, Tokyo, Japan) spe-
cially ordered by JRC. The 95 percent HBV DNA detection
limit of the AMPLINAT MPX test system was found to be
30 (range, 22-G0) copies per mL based on a plasma stan-
i, Gard quantified with an HBV RNA viral load assay (AMPLI-
TAT MPX, Roche)! and was found to be 15IU/mL
"{60 copies/mL) according to validation studies with the
WHO standard by JRC. '

Serologic screening tests

The JRC criterion for a serologically positive result is
HBsAg positivity by reverse passive hemagglutination
assay (sensitivity, 2 ng/mL) in the first screening and con-
firmed by enzyme immunoassay (EIA; AxSYM, Abbott
Laborataries, Abbott Park, IL) or a high titer of the anti-
HBc (=25 without the antibody to HBsAg (anti-HBs; 200
mlIU/ml). The titer of total (immunoglobulin G {IgG] +
immunaglobulin M [TgM]) anti-HBc was determined by
hemagglutination inhibition (HI) assay® ALT was mea-
sured by machinery (ACA 5200, Olympus Co., Tokyo
fapan) with reagents of transaminase HR-II (Wako Co.,
Tokyo, Japan).

25

Samples for studies
A total of 328 samples, collected from February 1, 2000,
to March 31, 2003, were found positive by 50-pool NAT.
Of these 328 donors, 26 had sampling intervals of less
than 31 days and could be followed-up or looked back for
both the increasing and the decreasing phase of viral load.
Donors with sampling intervals longer than 32 days
were excluded from analysis, because there might be a
chance the viremia phase is missed by the sampling
error {the shortest interval of HEV-DNA levels above
1200 copies/mL was 26 days) (Table 2, figures in bold),
Aliquots of all blood donations were stocked from
September 1996 below —30°C for 10 years in two facilities
in japan.”? When the donations were found to be HBV
DNA-positive by pool-NAT. (NAT-positive), the last
stocked samples of the same donor were looked back by
individual NAT. Of six donors, samples were obtained at
short intervals with informed consent from hospitals,
which enables us to study the course of serurm markers in
the recovery phase. :

Serologic and individual NAT analyses of pool
NAT-positive, follow-up, and lookback samples

Anti-HB¢ IgM was detected with EIA (IMxHBc-M, Abbott

Laboratories). HBsAg detection by EIA was carried out
with HBsAg testing by overnight method (Auszyme II,
Abbott Laboratories, until October 2002; and AxSYM
‘HBsAg, Abbott Laboratories, was adopted thereafter).
Some samples were retested by CLIA (PRISM and Archi-
tect, Abbott Laboratories). Anti-HBs levels were measured
by passive hemdgglutination assay (JRC in-house reagent)
and EIA (AxSYM, Abbott Laboratories). Data were ar-
ranged according to the manufacturer’s insiructions. The
qualitative and quantitative detections of HBV DNA by
individual NAT were reported previously by Minegishi and
coworkers.® -

The genotypes of HBV and precore oI core promoter
mutations were determined and characterized according
to Okamoto and coworkers.'> The lengths of viremia
(HBV DNA load greater than 60 or 1200 copies/mL) and

-antigenemia were measured directly from log-linear lines

of each of the 26 figures, because the slope of ramp-up
curve was peculiar to each sample as shown in Figs. 1
through 3.

Statistical analysis

For estimation of the length. of HBV DNA MP-NAT- and
ID-NAT-detectable periods, we had to make a number of
assumptions: 1) The increase and. decrease in HBV DNA
viral load and HBsAg signal-to-cuioff (s/co) follows a log-
linear reladonship with time.® 2} Taking inio account the
present uncertainty in standardizing HBV DNA assays in
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108 estimation of the length of periods of
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detectable HBV DNA above 1200 and
60 copies per mL, this is a2 conservative
estimate, because AMPLINAT may have
failed to detect higher HBV DNA levels
in the range betwesn the 50 to 95
percent detection limit ({estimated,
10-60 copies/mlL). If this was_the. case,
HBV DNA levels would increase or
decrease slower and the HBV DNA-
detectable period above 60 copies per
ml would be estiméted to be shorter.
The Utest and Yates chi-square test
were used for statistical analysis.

4 1x16*

Lx10

HBsAg (sfco), ALT (TU/L x 0.1), and HE (titer)

RESULTS
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50 40 =38 ™

Fig. 1. Course of occult HBV infection. The viremia period with HBV DNA loads
greater than 1200 copies per mL is 29 days. HBV DNA is first detected by MP-NAT on
Day 8. The estimated line is drawn (dotted line, extrapalation) from the log-linear
line on Day § (straight line). Undetectable HBV DNA load was assumed 1 copy per
mL {intrapolation). The viremiavperiod with HBV DNA ([]) loads greater than

60 copies per mL is estimated to be 52 days (shown in italics). The s/co (S/NI2)

value of HBsAg EIA (O; AxSYM, Abbott Laboratories) level remained below one
during observation. The ALT (¢} level also remained Iess than 100 [T per L

duxing observation even after anti-HBc titer (HI, 6] increased. The maximam HI
titer is 28, The donor whose results are shown in Fig. 1 corresponds to Donor 3 in

Tables 1-3.

copies per'ml, we assumed a 35 percent detection limit
of the AMPLINAT system in ID-NAT of approximately
60 copies per ml. For the current 20-donation MP-NAT
system in use, we therefore assume a cutoff HEV DNA level
of 1200 copies per mL above which HBV DNA is detected
with greater than 95 percent certainty. 3) AMPLINAT-
reactive donations below the quantification limit in the
JRC quantitative polymerase chain reaction assay were
assumed to have a viral load of 60 copies per mL. In fact,
these samples could also have had a lower viral load
around the 50 percent detection limit and therefore the
observed periods might be longer when estimated at the
approximately 60 copies per mL cutoff level (Table 2,
figures in lightface text). For the HBV DNA-detectable
periods that were determined by extrapolation (Table 2,
figures in italics), however, the estimates of HBV DNA-
detectable periods may have been shorter, because inter-
vals could be two to three doubling times (5-8 days) or
half-times (3-5 days) longer at the 50 percent AMPLINAT

detection limit. 4) An AMPLINAT-negative sample in the

previremic or the early recavery phase that was required
for estimating the slope of the decreasing viral load was
assumed to have a concentration of 1 copy per mL. For

1164 TRANSFUSION Volume 47, July 2007
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e Of 328 NAT-positive donations, 26 were
from donors who could be followed-
up in both increasing and decreasing
phases of HBV DNA load. The data of
the 26 donors including genotype,
subtype, mulation, sex, age, sample
numbers, and period from ID-NAT-
positive (>60 copies/ml) to anti-HBs
seroconversion are shown in Table 1.
The lengths of the virernia and antigen-
emia, peak HBV loads, ALT levels, HI
titers (total IgG + IgM anti-HBc), and
periods from " pool NAT-positive
(>1200 copies/mL} day to the HBVDNA
load peak and the ALT level or HI titer
peak are shown in Table 2. Data shown in Tables 1 and 2
are arranged according to the lengths of the HBsAg EJA~
positive period. There are data sets of different quality in
Table 2 (data in bold, lightface, and italics) as shown in the

footnote of Tdble 2. For statistical comparison between

HBV DNA- and HBsAg-detectable periods we take those
donors into account that have bold figures for both HBsAg
and HBV-DNA (Donors 5, 10, 15, 19, 21, and 24). The
length of viremia {>1200 copies/mL; MP-NAT) was longer
than that of antigenemia in Donors 5, 10, and 15 and
length of antigenemia was longer than that of viremia in
Donors 19, 21, and 24. Peak HBV DNA loads of Donors 19,
21, and 24 were higher than those of Donors 5, 10, and 15
(U test, p < 0.05). Median length of viremia (>1200 copies/
ml) was 62 days (range, 26-99 days) and that of antigen-
emia was 56 days (range, 23-129 days). When we take into
account donors with bold and regular printed data
(n=15; intrapolation of assumption, <100 copies/mL:
60 copies/mi, undetectable: 1 copy/mL), 10 donors had
longer viremia (>1200 copies/mL) than antigenemia
periods, one had same period and four had longer anti-
genemia than viremia (>1200 copies/mL). Median length
of viremia (>1200 copies/mL) was 58 days (range,
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" (stralght lifié), HBV DNA Ioad below 100 copies per mL was zssumed 60 copies per
mL. The viremia period with HBV DNA ({0} loads greater than 60 copies per mL is
estimated to be 80 days. The HBsAg EIA (O, Auszyme II, Ahbott Laboratories)-
positive period is 31 days. The s/co datum of Nay 47 is greater than 40. Maximum HI

. titer is 2°. The donor whose results are showm in Fig. 2 corresponds to Donor 10 in

-.'::::;-(\

~£lig. 2. Course of a case that ALT levels remained less than 100 IU per L. The viremia
period with HBV DNA laads greater than 1200 copies per mL is 64 days. The esti-
. mated line is drawn (dotted ling, extrapolation) from the fog-linear line on Day —2¢
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110 Donors 1 through 3 were 20,000 to
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68,000 copies per mL and HBsAg was
undetectable (Tables 2 and 3). To
examine the difference, we compared
the DNA sequences of core promoter
and precore region {nudeotides 1699-
1780 and 1885-1919) and surface region
(nucleotides 535-594) between Donors
1 to 5 and 8 (Fig.4). The mutations
in core-promoter region (nucleotides
1762 and 1764; Donor 2} and precore
region - {pC-28; Donors1 and 3} were
observed in “occult” cases. No differ-
ence was observed in sites of escape
mutations except for $-129 (Q129N)
of Donor 1. Because Donor1 had no
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Days

Tables 1 through 3. {¢) ALT; (@) HE

26-108 days) and that of antigenemia was 48 days (range,
23-129 days). When we compare the detectable length
between viremia and antigenemia of all data (n=26)
including italic (slopes are based on assumption of tming
of viremia peak and estimates are obtained by extrapola-
tion), median length of viremia (>1200 copies/mL} was
50 days {range, 23-116 days), and that of antigenemnia was

S days (range, 0-175 days; U test, not significant). Eight

-Jonors had longer FBsAg-detectable period than viremia
period above 1200 copies per mL. In contrast, median
length of viremia above 60 copies per mL (ID-NAT; most of
them were italic because of the estimation by extrapola-
tion} was 74 days (range, 43-213 days) and all donors had
longer viremia period than HBsAg-detectable period
(U test, p < 0.01).

HBsAg was not detected during observation in three
donors: “occult” HBV infection (Donors 1-3 in Tables 1-3).

One of such donors (Donor 3) is shown in Fig. 1. The three .

donors showed peak HBV DNA loads of less than
105 copies per mL and peak ALT levels less than 100 {U per
L. The data of these three cases are as follows: genotype C,
subtype adr, and precore or core promoter mutants
{Tables 1-3 and Fig. 4). The maximum viral loads of
Donors 4, 5, and 8 were less than 10° copies per ml. (8,200-
80,000 copies/mL) but-periods of detectable HBsAg were
11 to 28 days, although the maximum viral loads of

27

10 clear evidence of anti-HBc (HI:25, anti-

HBc{IgM]:negative) and anti-HBs sero-
conversion, we could not exclude the
possibility that Donor 1 was a late-stage
typical occult carrier. Donors 2 and 3,

to anti-HBc(lghl) and anti-HBs and
could be classified as “occult HBV infec-
tions in acute stage” because the viral
loads reached levels of 29,000 and
68,000 copies/mL, whereas HBsAg

response remained at or below cutoff

level (Table 3). .

Although we had already reported that the precore
and core promoter mutations affect the doubling time of
HBV DNA loads?® the effect of the mutations on HBsAg
production is unclear. When comparing peak viral loads
and HBsAg detection in mutant and wild-type infections,
there were significant differences between them (peak
HBV DNA loads, p<0.05; length of HBsAg detection
periods, p <0.01; U test). The nucleic acids from nucle-
otide 1374 to nucleotide 1838 encode X protein. Mutations
at nucleotide 1719 and nuclectide 1721 change the amino
acids from leucine to valine (x-116), nucleotide 1762
change the amino acid from lysine to methionine (x-130},
and nuclectide 1764 change the amino acid {rom valine to
isoleucine (x-131). Though the function of X protein has
not been established, mutations of X-protein might affect
the production of HBsAg " Mutations in core promoter or
precore, however, were found in Donors 7, 11, and 13
whose HBsAg detectable periods were 28 to 40 days. We
should compare the sequence of the other regions
between Donors 1 t0 5, 7, 8, 11, and 13,

The peak ALT level was maintained below 100 U per
Lin 12 donors (Table 2). One of these 12 cases is shown in
Fig. 2 {Donor 16). About 5 donors with the shortest intet-
vals (Donors 19, 21, 22, 24, and 26; Table 2), course of
markers (ALT/anti-HBc vs, HBV-DNA timing analysis)
were compared. The peak viral load preceded the peak

Volume 47, July 2007 TRANSFUSION 1165
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Fig. 3. Course of a symptomatic HBV infection. The viremia period with HBV DNA
loads greater than 1200 copies per ml is 77 days. The estimated line s drawm (dotted

line, extrapolation) from the log-linear line on Day —24 (straight line). HBV DNA load _

below 100 copies per mL was assumed to be 60 copies per mL. The length of viremia
period with HBV DNA (1) 1oads greater than 60 copies per mL is estimated to be
110 days (shown in italics), The length of the HBsAg EIA (O; Auszyme I, Abbott
Laboratories)-positive period is 82 days, longer than the viremia period with HBV

the total length of the AMPLINAT-
detectable period could not be reliably
established. From a blood safety per-
spective comparison of the total lengths
of the periods of detectable HBsAg and
HBV DNA in either MP- or ID-NAT
format is of interest. To be able to est-
mate these periods we selected 26
donors of whom samples were available

in both the increasing and decreasing

phase of viremia and whose sampling
intervals were less than 1 month (the
shortest time of detectable viremia
found in our donor follow-up studies},
The follow-up data were used to esti-
mate the time periods where the viral
load was higher than 1200 cepies per
ml (the esimated 95% detecton limit
of the cumrent 20-donation MP-

AMPILINAT system of .JRC) and above

60 copies per ml (the estimated 95%

method was followed to estimate
HBsAg-detectable periods based on the
assumption that HBsAg sfco values

DNA loads greater than 1200 copies per mL (77 days). The s/co data on Days 29, 45,
53, 61, and 64 are greater than 40. The ALT (#) level on Day 63 is 2973 IU per L. The
estimated fine of ALT is drawn (thick dotted line) from the log-linear line (thin
dotted fine) on Day 81. The symptomatic period with ALT levels more than 100 TU
per L is estimated to be 31 days {(shown in italics). Maximum HI (@) titer is 2'%5, After
Day 63, samples were obtained from a hospital with informed consent. The donor
whose results are shown in Big. 3 corresponds to Donor 21 ir Tables 1 through 3.

AT and anti-HBc level with approximately 2 weeks [ALT,
14, 11, 12, 23, and I3 days; anti-HBc, 14, 19, 12, 16, and
18 days; Table 2, bold). The case of Donor 21 is shown in
Fig.3. The lengths from individual NAT-positive
(>60 copies/ml) day to anti-HBs seroconversion day (>10
mlIU/mL) could be measured in 17 dortors, ranges from 33
to 188 days (Table 1).

DISCUSSION

The JRC has established a sample repository of all dona-
tions, which enables doing valuable lookback studies on
‘donors that were found AMPLINAT reactive in the JRC MP
screening system. In a previous report, we have already
described the dynamics of viremia in donors that were
identified by the JRC MP-AMPLINAT screening system
and of whom follow-up samples were available in either
the increasing phase or the decreasing phase of viremia®
The data, however, did not allow for accurate timing of
the peak of viremia in most of the donors and therefore
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follow a similar log-linear relationship
with time in the ramp-up phase and
recovery phase as assumed for HBV
DNA. donors (which assumption may
be not totally carrect). When we based
our calculations on the most reliable
_aata of the subset of six donors,
the median MP-NAT-detectable period
(>1200 copies/ml) was 62 (range,
26-109) days, whereas the ID-NAT-detectable period
{(»60 copies/mL; not so reliable data as ID-NAT) was 84
{range, 45-155) days. These periods were longer than the
median HBsAg-detectable periods, which in the same
donors was found to be 56 (range, 23-129) days. A similar
result was found when all data were taken into account
including the calculated pericds based an the subset of
donors in whom the dynamics of viremia were based on
assumptions of viral lpad in some of the samples (see
Results, Table 2). i

Interestingly, we found 3 of the 26 donors (11.5%) who
during the entire course of acute infection never devel-
oped HBsAg levels above the cut of CLIA and EIA, whereas
HBV-DNA levels in these 3 donors reached levels as high
as 20,000, 29,000, and 68,00¢ copies per mlL. We are
tempted to classify these cases as occult HBV infection
in the acute phase, because normally the HBsAg CLIA
assay becomes detectable in acute infection when HBV
DNA reaches a concentration above approximately
2,000 copies per mL.'"*% o far, occult HBV infection has
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.detection limit of AMPLINAT in ID-
NAT format). A similar calculation

J
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LENGTHS OF VIREMIA AND ANTIGENEMIA IN ACUTE HBV INFECTION

TABLE 1. Data of 26 HBVY NAT-positive donors .
. Observation Sero-
Wild/ Age Number of sertal samples perods§ conversionli®
Donor Genotype Subtype mutant*. (vears) Sex Lookbackt Follow-upt (days) {days)
1 c adr M{CH . 55 Male 0 5 105 —
2 c adr M (pro} 20 Female 1° 3 92 62
3 c adr M (C) 48 Female 0 4 75 75
4 o] adr w 24 Female 0 5 59 59
5 c adr w 23 Female 0 4 59 g9
6 c adw w 21 Female 0 4 55 55
7 c " adr M (C) 18 Female 0 3 33 —
8 c. adr w ' 24 Female 1 4 99 33
9 C adr w 25 Male 2 3 91 75

10 c adr w . 24 Female 1 5 112 112

11 C adr M (CE&pro) 24 Female 0 3 44 85

12 c adr 26 Female 1 3 75 75

13 c’ adw M (pro) 36 Female 0 4 43 43

14 A adw W 3 Male 0 3 56 56

15 c adr w 24 Male 0 4 .56 —

16 C adr w 18 Female 0 4 52 -

17 c adr w 26 Male 0 4 74 74

18 C adr w 29 Male 0 5 105 —

19 c - adr w 25 Female 0 13 231 188

20 c adr w 47 Male 0 5 103 -

21 c adr w 23 Female 1 1 105 145+

22 B adw w 23 Female 0 b4 134 186"

23 G adr w 22 Male - 0 B O 145 —

24 c adr w 27 Male 2 14 149 177

25 B adw w 3o Male 0 5 105 —

26 C adr Ww. 31 Male o 20 224 —

* {C) = pracore mutation; {pro} = core-promoter mutation.

1 Number of locked-back (stored) samples.

1 Number of followed-up samples including 50 pool NAT-positive sample.

§ Intervals of blood collection are less than 31 days. Looked-back (individual NAT negalive) days were included.

Il Length from individual NAT-positive day 1o HBsAb seroconversion (more fhan 10 miW/mL) days. HBsAb levels (10 mlU/mL) were deter-
mined by EIA (AxSYM, Abbott Laboratories). — = HBsAb (more than 10 miU/mL) was not detected during obseivation except for Donor 1.
Anti-HBs of Donor 1 could not be tested by AXSYM (Abbott) as shown in Table 3.

1 In addition to precore mutation, a mutation of surface region (Q128N) was observed as shown in Fig. 4.

™ Some donors come 10 check their HBsAb seroconversion and disappearance of HBsAg after a long interval.

been defined as HBsAg-negative, but persistent HBV
DNA-positive infection in a late stage, either tail end

(‘ ~hronic carriers who over a prolonged period of time no

_1onger produce detectable HBsAg or recovered individuals
with recurrent virus replication after anti-HBs levels, have
dropped to low titers.'>'%!” The HBV DNA-positive, but
HBsAg-negative infections found in the pre- and post-
HBsAg window phases during acute infection (as shown in
this study) should of course not be confused with the defi-
nition of occult infection. This is thé normal pattern of
acute infection that we have observed .in 20 donors
infected with wild-type virus in this study (Tables [ and 2).
In 6 donors, however, we have been able to identify core
promuoter or precore mutations that typically develop over
time in chronic infection and are associated with serocon-
version from HBeAg to anti-HBe and with lower HBVDNA
and HBsAg levels.!®* We already reported that precore
mutations were associated with longer viral doubling
times in our acutely infected donors.® Most likely, these
mutations already had developed in chronic carriers of
the HBV genotype C strains that were transimitted to these
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donors. In the present study, 3 of 6 donors infected with
mutant virus did not produce detectable HBsAg, whereas
all 20 donors infected with wild-type virus did (Yates chi-
square test, p < 0.01).

Therefore, the presence of core promotor and precore
mutations in the transmitted virus may have effects on the
BV DNA and HBsAg expression in the recipient and
be associated with a higher risk of an occult {(HBsAg-
negative} course or fulminant hepatitis"® in the acute
stage, Infection with these mutations, however, is not pre-
dictive for an occult course in the acute phase, because we
saw three donors infected with mutant virus (Donors 7,
11, and 13) that developed detectable HBsAg for an esti-
mated period of 28 to 40 days. So it may be that also host
factors play a role or it may be that mnutations in other
regions of the genome (e.g., pre-S region) account for
defect in HBsAg expression. To examine this we have to
sequence other regions of the genome.

In one of the three donors with occult HBV infection
{Donor 1), we also were able to identify a mutation in
the S region of the genome (Q129N) at an amino acid

Votume 47, July 2007 TRANSFUSION 1167



