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HBV NAT in Japan, and other countries reduce the risk of
transurission by using assays with increased sensitivity for
the detection of HBV surface antigen (HBsAg) {2-8]. These
approéches have reduced the window peried in the early
stage of infection. The problem of occult HBV infection,
recently defined as individuals who are HBsAg-negative and
HBV NAT-positive regardless of the presence or absence of
antibody to hepatitis B core antigen (anti-HBc) and antibody
.to hepatitis B surface antigen (anti-HBs), however, remains
to be solved. Anti-HBc screening of blood donations has

reduced the risk of occult HBV infection [9-13]. However, in_

HBV endemic areas such as Asia, anti-HBc screening is not
generally utilized, because the rate of positivity is so high that
many blood preducts would be discarded. One possible
solution to this problem is to modify the cut-off value of the

anti-HBc test and also to take into account the titre of anti-

HBs. Using-this approach, the Japanese Red Cross (JRC) has
succeeded in reducing the frequency of post-transfusion HBV
infections,” particularly post-transfusion fulminant HBV
infection [14,15). However, the problem of occult HBV infec-
* tion has mot been completely removed and cach year a
number of cases-of transfusion-associated HBV continue to
be reported [16,17]. In an attempt to address this, the cut-off
valué of anti-HBc has been decreased and the sensitivity of
HBV NAT testing increased by reducing the pool size from 50
to 20 and also increasing the input valume for the NAT assay
_ from ©-2 ml to-0-85 ml [15]. However, there are limitations
" for the strategy fromthe view.point.of cost- Aetfecuveness
We have developed a new method of conce_ntranng HBsAg
and HBV; which could improve the detection of occult HBV
<infection. The principlé of virus concentration: is to induce
the agglutination of viruses and poly-L-lysine in the
presence of a bivalent metal. Poly-L-lysine-coated magnetic
beads are used to shorten each step in the concentration
proccdure

Materials and methods

Samples

Hepatitis B virus surface antigen-positive andfor anti-HBc-
positive donations that did not meet standard JRC requirements
were collected with the cooperation of blood centres in the

eastern part of Japan from March 2003 to June 2006, None

‘of these donations were used for transfusion purposes. Two
hundred and fifty-nine donations were available. These
wére subdivided into 2:5-ml tubes and stored at -20°C. The
remaining plasma from the donation was also stored at -20°C.
Of the 259 donations, 182 were HBsAg-positive by enzyme
immunoassay (EIA) {AxSYM®; Abbott Laborateries, North
Chicago, IL, USA} and 77 were anti-HBc-positive [ 2° by
haemagglutination inhibition assay {HI), JRC in-house],
HBsAg-negative (FiA; AXSYM®) and anti-HBs-negative [< 2*

© 2008 The Author{s)

(less than 200 mIUfml)] by passi;re haemagglutination assay
(JRC in-house). Ar anti-HBc titre 2 2° by HI is equai
to = 27-2%-fold diluted sample that is positive (= 50%
inhibition} by anti-HBc EIA {AxSYM®}.

The 77 anti-HBc-positive donations were used to study the
efficacy of the HBV DNA and HBsAg concentration techniques.

Preparation of poly-L-lysine-coated magnetic beads '

COOH magnetic beads {125 mg/2-5 ml) (MMUTEX-MAG™;
Japanese Synthetic Rubber, Tokyo, Japan) were added to
0-1 M 2-morphorinoethansulphate (MES} (Wako Pure Chemical,
Tokyo, Japan) solution (final volume, 50 mi; pH 5-0) and
were incubated for 10 min. Activated magnetic beads
(25 mgfml) were suspended in a coupling buffer [5 ml of

100 mM MES (pH 5-0), 50 pl of 100 mgfmt. poly-L-lysine -

(Wako) and 1-2 ml of distilled watet] and mixed by continuous
inversion at room temperature for 15 min. Then i- 25 ml of
1- ethyl-3—{3 dymethyl-aminopropyl)-carbodiimido (Wako)
solution was added to the mixture and mixed by continucus
inversion at 10°C for 20 h. Then the solution was replaced
with 1 M cthanolamine (Wako) to block reactions at 4°C
ovemight. Poly-L-lysine-coated magnetic beads were washed
five times with phosphate-buffered saline (PBS) and stored at

.-4°C at a concentration of 50 mgfml.

H takes 3 days to prepare the poly-L-lysine-coated magnetic
beads. Initially, the poly-L-lysine-coated magnetic beads
were ‘manufactured.in house as described above. Subse-

- quently they have been purchased from JSR.

Concentration of HBsAg and HBV DNA

Poly-L-lysine-coated magneﬁc beads were added to 2 ml of
plasma at a final concentration of 1 mgfml. Then, 30 j of

1-1 M Zn(COOH), was added to the sample. The resulting -

mixture was mixed and left to stand for 5 min, The agglutinated
HBsAg/HBY DNA and magnetic beads were trapped in a
magnetic field (MagicalTrapper®, Toyobo, Tokyo, Japén)
and washed twice with PBS to remove impurities. The
concentrated HBsAg was eluted with 0-25 mi 0f 6-4 M ethy-
lenediaminetetraacetic acid.-(EDTA) solution. The whole
volume of the sample was eluted for EIA testing (AxSYM®,
Abbott) (effective eightfold concentration), HBV DNA was
eluted with 160 1 of -4 M EDTA solution and 50 pl or
100 |1 was used for individial NAT (10- or 20-fold concen-
{ration, respectively). The concentration and elution process
takes 30 min.

- HBV DNA extractionl and gquantification

Hepatitis B virus DNA was extracted using an Ex-R&D kit®
{Sumitomo Chemical, Tekyo, Japan). HBV DNA was detected
quantitatively as described previously [3]. Briefly, to quantify
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176 K. Satoh et al

the HBV DNA, nucleic acid extracts were amplified and
tirated by using a sequence-detection system (TaqMan, ABI
Prism 7700 Sequence Detector; PE Applied Biosystems,
Foster, CA, USA). Quantification of the HBV DNA was
calculated from the working curve (107, 105, 10°, 10%, 10® and
10* copies/ml) produced by domestic standard samples that
were prepared based on the international standard (NIBSC:
National Institute for-Biological Standards and Control). Cal-
culation was carried out using Sequence Detector version 1-7
{PE Applied Biosystems). The qualitative detection limit was
assumed to be 60 copies/ml (95% confidence interval) and
quantitative detection limit was assumed to be 100 copies/
. ml {95% confidence interval).

The AXSYM® HBsAg assay was used for detection of
HBsAg. Tests were carried out in accordance with the manu-
facture's instructions. A positive result is defined as a signal/
noise (s/n) ratio 2 2. Samples with different concentrations
of HBsAg were used to assess the effectiveness of HBsAg
concentration, High-titre HBsAg samples {AxSYM®; s/n ratio
266) were sequentially diluted 10-fold up to a final dilution
of 10 000-fold using normal plasma. Lower law-titre HBsAg
samples (AxSYM?®; s/n ratio 12) were diluted up to a final
dilution of 1000-fold. Samples known to have HBsAg below
the level of detection in the AXSYM assay (s/n ratio 1+ ‘7)
were diluted to a final dilution of 100-fold. The respective
diluted samples were then concentrated eightfold as described
above.

The parallel translation of linear line of dilution curves’

caused by HBsAg dilution and concentration was studied,
plotting the s/n ratio of the EIA on the vertical axis to the

_dilution fold of the samples on the horizontal ‘axis in both

. logarithm scales.

The effect of aati-HBs on HBV DNA concentration was
studied by adding anti-HBs obtained from immunized horse
.serum, The titre of purified anti-HBs was 51 200 IU/I. The

volumes of anti-HBs added to the samples were 0 ul 20 ul-

(1024 mIUf1} and 35 yt (1792 mIU/I}.

The effects of other viruses on HBsAg and HEV DNA
concentrations were studied in the presence of parvovirus
B19 {non-enveloped DNA virus) or HCV (enveloped RNA. virus).

Data shown in the tables. represent thé average of the
results of two or three experiments. '

Results

Hepatitis B virus was concentrated quantitatively by our new
method in a broad range of HBV DNA loads. However, the
efficacy of concentration varied from sample to sample. The
efficacy of concentration [measured valuefexpected value:
original X concentration times) is shown in Table 1. The
efficacy of the concentration process decreased from 476 to
0-49 as the HBV DNA load increased from 10° to 10° copiesfml
{Table 1).

[P

Table 1 Effect of the co'ncen-tmtion method on concentration of HBV DNA
samples !

Sample Original 10-fold concentration Efficacy of

ne. (copiesfm!)  {copies/ml) concentration”
1-6E+06 78E+ QB 049
42E+05 1E+06 50
90t +04 S57TE+05 63
22E404 1-6E+ 05 073
46E+03 ISE+(4 076

*Efficacy = 10-fold concentration {copies/milforiginal X 10 {copiesfml).

Table 2 Effect of hepatitis B surface antibody (HBsAG) on concentration of
HBV DNA

Original sample 10-fold cancentration

HBYDNA HBsAb HBV DNA Efficacy of
(copies{mi} (miv) (copiesfmil) concentration
0 860 . 072
120 1024 1400 117

1792 1300 108

The elﬁcé’.cy of HBsAg conccnﬁaﬁon is shown in Fig. L.
For the high-titte HBsAg samples (s/n ratic 266-03}, 100-fold -

-dilution samples were more than limit for detection (sfn.ratio

4-88) and. 1000-fold dilution samples were less than the limit
for detection (s/n ratio 1-16). Following eightfold concentra-
tion of HBsAg, the 1000-fold dilution sample was found
positive (s/n ratio 3-24). Similarly, in the low-titre sample the
undiluted sarple was above the detection limit [s/n ratio
11-91). The 10 times dilution sample (s/n ratio 1-69) was neg-
ative but became positive following eightfold concentration
(sfratio 4-36). The negative samples {s/n ratic 1-66) became
positive by eighitfold concentration {s/n ratio 3-49}. Based on
the parallel translation of linear line shown in Fig. 1, the
relative efficacy of concentration was about 0-64{5-1/8} in
high-titre samples and 0-56(4-5{8) in low-titre samples.

The effects of anti-HBs and other viruses on HBsAg/HRV
DNA concentration were determined. The effect of anti-HBs
on HBV DNA concentration is shown in Table 2. The efficacy.
of HBV DNA concentration in the presence of anti-HBs was
superiar to that in the absence of anti-HBs. However, in the
presence of anti-HBs {antigen-antibody coexistence samples), .
anti-HBs prévex}tcd the detection of HBsAg.

The effect of the coexistence of HCV or parvovirus B19 on
the efficiency of HBsAg/HBV DNA concentration is shown in
Table 3. HCV (10° copies/ml) and parvovirus B1g (2" by
RHA: receptor-mediated haemagglutination assay) had no

- © 2008 The Authorls)
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g/n values

Fig. 1 Parallel transiation of linear line caused
- by hepatitis 8 surface antigen (HBsAg} ’ Ty
concentration. Vertical axis shows signalfnoise
_ [s/n) values of enzyme immunoassay {EIA)
indicated by logarithm, and horizontal axis shows

~&- High x
—o— High =8
—— Low x1
-t Low x8

—u- Negative x1

-0~ Negative %8

dilution fold of samples indicated by logarithm.
The linearity was observed more than two 1

[sin value). Closed circle, high titre of HBsAg 1
{1 non-concentration); open circle, eightfold

concentration of high titre of HBsAg (8:

cancentration); cosed triangle, low titre of

HBsAg (1:non-concentration); open triangle,

Dilacion times

Data for Fig.1

eightfeld concentration of low titre of HBsAg HBsAg: BIA{ AXSYM: s/n™)
[xB: concentration); closed square, negative (s/n; dilution with normal plasma
< 2} titreof HBsAg (x1: non-concentration): open ! 10 100 1000 16 000
ightfold concentration of negative titre High x1. | 26603 881 488 116 g1
square, eig g ; 8 12677 | 1895 | 324 154
of HBsAg (x8: concentration). The dotted line Low por] 1091 169 086 0
" shows two sfn values (cut-off values). Amows x§ 2828 436 115 076
show the distance of parallel translation by Negative |- %! 1-66 : ] :
HBsAg concentration. x8 349 | _093 08
Table 3 Effect of coexistence of HCV or
parvovitus B19 on efficiency of hepatitis B ASYM (5/n%)
surface antigen {i1Bshg) concentration ‘ HEsAg dilution with "10-fold concentration
Ptasma for dilution various Kinds of plasma® of diluted HBsAg plasma
Normal plasma 1-39 3-80
HCV-positive plasma® 118 ' 347,
Parvovirus B19-positive plasmat 131 377

*The original HBsAg-positive plasma titre is 6-19: EIA (AxSYM; sfn).

"More than 2 means positive,

“The titre of anti-HOV was > 27 and the lead of HCV RNA was 10° copiesfml.

Yhe titre of B19 antigen was 2" by receptor—mediated-haemagglutination assay.

effects on thé concentration of HBsAg/HBV-DNA, Although the
parvovifus B19 could not be concentrated by this method
because of its lack of envelope, HCV RNA could be concen-
trated quantitatively (data not shown). .
Seventy-sevén anti-HBc positive (2 2° by HI assay by JRC
criteria) and HBsAg-negative (B4, AXSYM®) donations were
* selected to study the efficacy of HBsAg and HBV DNA -
concentrations. Of the 77 samples, 35 were positive by
individual NAT and a further five became NAT positive

© 2008 The Author(s)

following concentration {Table 4): Of 35 salﬁptes (Fable 4;

lanes 4, €}, 16 (Table 4; lane ¢} had HBV DNA loads of 120~

1500 copies/ml and the other 19 samples (Table 4; 1ane d} had

HBV DNA loads less than the quantitative detection limit.

{< 100 copies/ml). However, the HBV DNA loads of all these
samples exceeded 100 copics/ml following concentration
{Table 4; lanes d, e). Five samples {Table 4; lanes b, ¢} that
were negative by individual NAT became positive (less than
100-510 copiesfml) following concentration.
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178 K Satoh et al.

Table 4 Detection of occuft HBV by concentration of HBV DNA and hepatitis B surface antigen {HBsAg)

HBV DNA (copiesfml)
a b c d e
QOriginai Negative Negative Negative < 100 2100
Concentration (>20) Negative < 100 2100 =100 NY
| Original Negative 34 0 ] © 8 5
Concentration {x8) Negative *
HBsAg (ASYM) 1 Originat Negative 3 1 4 n 1
Concentration (x8) Positive

NI, not tested.

Of the 40 samples (Table 4; lanes b-e¢) that were HBV
DNA-positive either before or afier. concentration, 13 were
HBsAg-negative even following HBsAg concentration. Of
these 13 samples, 5 (Table 4, lane I-¢) haid HBV DNA loads
exceeding 100 copies/m! by conventonal individual NAT,
and cight (Table 4; lane I-d} were quantitatively less than 100

 copiesfml on the non-coricentrated sample but became NAT

positive (2 100 copies/ml) following concentration. Of the 77
samples, 30 (Table 4; lane I) had detectable HBsAg following
- HBsAg concentration. Of. these 30 samples, 27, were NAT
positive but three {fane II-a] remained NAT—negatwe even
after concentration. Thirty~four of the 77 samples {Table 4;
lane [-a} remained negative for both }[BsAg and HBV DNA
following concentration for both markers.

Discussion

We have previously reparted that HBV DNA could be detected
in the HBsAg-negative phases of HBV infection {early window
period and occult HBV infections) [2-4,18]. However, the use
of HBV NAT remains limited, because the HBV viral loads
seen in HBsAg-negative infected donors (occult HBV infec-
tion) are generally low [19-22]. Although the infectivity of
occult HBV- is low-campared to that in.the window phases of
early-infection [17}, we have encountered post-transfusion
HBV infection caused by both HBsAg-and mini-pool NAT-
negative, but individual NAT-positive donations [16].

It Has previously been reported that NAT sensitivity can be
increased by reducing the number of denations in the
mini-pool [23], increasing the input volumé of serum, and
by addition of an ultracentrifugation step [24]. From the

. viewpoint of cost-effectiveness, an inexpensive and easy
method to increase sensitivity is desirable. We have previ-
ously reported a virus concentration method using poly-
ethylencimine {25]. However, HBV DNA and HBsAg were not
concentrated qualitatively by the method, because the

combination of extracted nucleic acids of viruses and
magnefic beads is difficult to dissociate in the presence of
pratein-degenerative reagents. We have solved this problem
with the use of poly-L-lysine that coagulates with viruses in
the presence of bivalent metal ions (zinc acetate).

. Owing to the low concentrations of BV DNA present in -
early acute infection when beth mini-peol NAT and HBsAg,
are non-reactive, individual NAT would be the best option
giving a much higher yield, an increased window period

-closure, and consequently greater benefit. It is also much -

debated 'whether the mast sensitive HBsAg detection method
is superior to mini-poal NAT, but inferior to individual NAT

[21,23]. If 20-paol NAT samples are concentrated 20 times,

the sensitivity.of 20- pool NAT might be equal to that.of

individual NAT.

It is important to determine whether HBV could be
concentrated in the presence of anti-HBs. In this study; HBV.
was much more efficiently concentrated in the presence of
anti-HBs than without (Table 2}. The results showihg that the
efficacy of concentration was more than 1-0 might be a result
of the easy coagulation of antigen antibody-reacted materials
with poly-L-lysine beads. However, in the case of HBsAg
concentratlon, itis difficult to measure the efficacy of HBsAg
concentration in the presence of anti-HBs, because anti-HBs
inhibits the detection of HBsAg by BIA. The coexistence of
other viruses would not affect the concentfation of HBsAgf

" HBY DNA, as shown in Table 3. Moreover, the procedure is

usefu] for concentrating coinfected enveloped viruses as
HCV, although it will be difficult to concentrate non-enveloped
viruses as parvovirus B19. HCV that is difficult to concentrate
by ultracentrifugation because of its low density is easily
concentrated quantitatively by our methad.

We succeeded in concentrating HBsAg from occult HBV
infection. The theoretical plasma HBsAg concentration was
cightfold (2 ml of plasmaf0-25 mt of elution); however, from
the paraliel translation of the linear line {vertical axis - s/n

© 2008 The Authm(sl
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and horizontal axis - dilution folds of samples), the relative
efficacies of concentration were 0-56-0-64. The reason for the
low efficacy of HBsAg concentration compared to the efficacy
of HBV DNA concentration ((-49-0-76) might be due to
HBsAg (22 nm} being smaller than HBV (45 nm) and thus the
efficacy of agglutination with poly-L-lysine being different.
In countries where NAT is not available or feasible, the use

of a highly sensitive HBsAg assay is crucial in ensuring blood
_ safety. Although individual NAT is the golden standard, at
later stages of infection, low concentrations of infectious
viruses, which may not be detectable by NAT, might be found
in some HBsAg-positive blood donations [19,20]. HBsAg
‘tests with high sensitivity are predicted to have a comparable
yield to mini-pool NAT [21]. If the sensitivity of HBsAg
detection would be increased by several tmes, NAT might not
always be necessary in late-stage HBV infection. In our study,
five samples with low-level HBsAg, detectable only after
concentration, were not detected by conventional individual

NAT (Table 4; lanes b, ¢). Twenty-seven of the 40-cases in

which HBV DNA was detected were shown to have HBsAg
after concentration. The remaining 13 cases (Table 4; lane
I-d, ¢) could not be detected by HBsAg concentration,
demonstrating the limitation of our method. .
Althougil HBsAg-negative subjects may retain a’low
infectivity and have a low risk for progressive liver damage
[17], HBV DNA testing or an HBsAg detection method with
" the highestsensitivity should be implemented to decrease the

: risk of pc'!st«ﬁaﬂ'sﬁisian HBYV infection [26;27]. Our newHBV/

HBsAg'concentration methiod could ‘contribute to increasing.
the sensitivity of HBV DNA/HBsAg detection. The concentration
method could be combined with- cither Chemeluminescent
Immuncassay (CLIA; PRISM, Abbott) or individual donation

NAT to further increase the overall sensitivity o HBV detection.

Altematively, if a high-sensitivity method such as the CLIA
was combined with our method; then it might be possible to

undertake screening using pooled samples. Our concentration

method would potentially be capable of replading individual

. NAT by mini-pool NAT, although the present efficacy of con-

. centration is not 1-0 but about 0-7 (Table 1).
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