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Table 2

Summary of concentration of viruses by PEI beads

Viruses Natural host Virus genome Envelope Size (nm) PEI beads concentration
Model viruses cytomegalovirus (CMV) Simian DNA + 180-200 +
Herpes symplex virus type 1 (HSV-1) Human DNA + 150-200 +
Vesicular stomatitis virus (VSV) "~ Bovine RNA + 70-150 +
Amphotropic murine leukemia virus Murine RNA + 80-110 +
Sindbis virus Human RNA + 60-70 +
Adenovirus type 5 Hurnan DNA - 70-90 +
Simian virus 40 (SV40) Simian DNA - 40-50 +
Porcine parvovirus (PPV) Porcine DNA - 18-24 +
Poliovirus sabin ] Human RNA - 25-30 +
Human hepatitis viruses hepatitis B virus (HBV) Human DNA + 4045 +*
Hepatitis C virus (HCV) Human RNA + 40-50 +
Hepatitis A virus (HAV) Human RNA - 25-30 +

® Concentrated by the addition of antibodies.

ditions which fostered immune complex formation, such as the
addition of anti-poliovirus mouse IgG antibody with anti-mouse
IgG rabbit IgM, or the addition of anti-poliovirus IgG anti-
body with activated complements (Fig. 6). Poliovirus is a very
small (25-30 nm) non-enveloped virus, and could not be con-
centrated by PEI beads in our previous study (Satoh et al., 2003).
Another possible explanation is that the increase in the surface
area of virus particles due to the formation of immune com-
plexes enhances the interaction between the poliovirus and the
PEI beads, as hiypothesized by Owada et al. (1999).

The results obtained from model viruses suggest that the
virus concentration method using PEI beads may be applica-
ble to a wide range of viruses. Therefore, this method was
applied to human hepatitis viruses. A recent study reported that
in some HAV patients, the duration of the viremic phase per-
sisted for more than 1 year with low viral load levels (10°-10%
HAV genome equivalents/ml) (Normann et al., 2004). In the
case of HBYV, the presence of occult HBV infection (HBV DNA
positivity in the setting of negative serum hepatitis B surface anti-
gen) has been documented, and the majority of these infections
were associated with low viral loads (<10’ copies/ml) (Minuk
et al.,, 2004). Several studies have demonstrated high rates of
transmission of HCV through transfusions with extremely low
viral loads (Operskalski et al., 2003). HCV is particularly infec-
tious during the early window period, with levels as low as
1 viral copy in 20ml plasma able to transmit infection by
transfusion (Busch et al.. 2003), though intermittent low-level
HCV viremia can occur as long as 2 months before the peri-
ods of exponential increase in viral load (Glynn et al., 2005).
Therefore, it is extremely important to develop a highly sensi-
tive detection method for these viruses. In the present study,
it was possible to concentrate HAV and HCV by PEI-beads
to almost the predicted levels (Fig. 7). In contrast, HBV was
not fully concentrated even under optimum conditions around
pH 5. Therefore, the concentration of HBV via the formation
of immune complexes was tested. As expected, the concen-
tration of HBV was improved by the addition of anti-HBV
IgM antibody (Fig. 8), indicating that the virus concentration
method using PEI beads is applicable for the concentration
and sensitive detection of HAV, HBV and HCV by PCR and
RT-PCR reaction.

To enhance/establish the utility of this virus concentration
method using PEI meads for viral safety of biological products
and cell therapy products, examination using actual patient sera
and different genotypes/subtypes of each virus may be required.
In a preliminary experiment, it is confirmed that this PEI beads
method can be used for hepatitis virus samples spiked in human
plasma. Applicability to different genotypes will be examined
using a Japanese genotype panel of HBV and HCV, which will
be available soon.

PEI beads may be applicable not only for virus concentra-
tion but also for the efficient infection of viruses. Scherer et
al. (2002) report that superparamagnetic nanoparticles coated
with PEI enhanced the infection of adenovirus and retrovirus
vectors under a magnetic field. This infection method (1nagneto-
fection) also enhanced the infection of measles virus (Kadota et
al., 2005). In a preliminary experiment, the PEI beads used in
the present study also enhanced the infectivity of several viruses
under a magnetic field. Therefore, it is suggested that PEI beads
may be useful for the sensitive detection of both virus genomes
and virus infectivity. _

In conclusion, the present study demonstrates that the virus
concentration method using PEI beads is effective for the con-
centration and sensitive detection of a wide range of viruses,
including HAV, HBV an/d HCV.
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5 (20055 B #KEE)
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[-nercept] i%, TNF- « BH%3E (Tumor necrosis fac-
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FERIICHIIN L, WM TNF- « XBEERIPARRLTWB
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LFA-3 CDh2

MHC Wi T cell receptor
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iy 4V A %54 (anti-yiral receptor) Lti F—V|r-J
% 21F %5, INNIZIZAlvircept Sudotoxﬁ‘ﬂlﬁié i’L'C v
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FRlas gk v £ - (FSH)

ik SRIRA R
B TR

B Wi IR IV~ (LH)

Ktt C BRORESE, SRERIURLARE
B 7 A P RA7 0 LRk

B B B3R V€~ (ACTH)

BB ED AN T il & REIRE

R RIRRIE R L€ ~ (TSH)

BRI ORI E ~ oM &R ERAE
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i Sk

PE S 5 — > AR LV E > (MSH)
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T R R VE VRV E ~ (GHRH) GHO 5 It At
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FPTIPLSRLF DNAMLRAHRL HOLAFDTYGE FEEAYIPKEQ KYSFLONPQT
SLCFSESIPT PSNREETQOK SNLELLRISL LLIQSWLEPV QFLRSVFANS
LVYGASDSNV YDLLKDLEEG IQTLMGRLED GSPRTGQIFK QTYSKFDTNS

1
HNDDALLKNY GLLYCFRKDM DKVETFLRIV QCRSVEGSCG F
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YADAIPTNSY RKVLGQLSAR KLLQDIMSRQ QGESNQERGA RARL-NH,
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FPTIPLSRLF DNAMLRADRL NGLAFDTYGE FEEAYIPKEQ KYSFLONPGT

SLOFSESIPT PSNREETOOK SNLELLRISL LLIGSHLEPY GFLRSVFANS

LVYGASDSNV YDLLKDLEEK |QTLMGRLED GSPRTGQIFK QTYSKFDTNS

HNDDALLKNY GLLYCFNADM SRVSTFLRTV QCRSVEGSCG F
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[ L1917 3 /83 s b (A1), EICTFMME
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* RS A AL
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Follitropin Beta(7 # ) bOE 2 x—%)

B2 FSHEIERT AT L [(-)follitropinl £ >ERS

BELTED, HEHIZEWEECHET S, &) boE
Y TNTTETF) PO Y RS a7 — A
FHBRL D, FJPOEY PTLT7iE, b RN
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BMizEE SN TS,
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APDVODCPEC TLQENPFFSQ PGAPILOCMG CCFSRAYPTP LRSKKTMLVQ
KR’VTSESTCC VAKSYNRVTYV MGGFKVE;IHT ACHCSTCYYH KS

B8 .

SKEPLRPWCR PINAILAVEK EGCPVCITYN TTICAGYCPT MMRVLQAVLP
PLPQVVCTYR DVRFESIRLP GCPRGVDPYV SFPVALSCRC GPCRRSTSDC
GGPKDHPLTC DHPGLSGLLF L

* BNSAN T
Lutropin Alfa (1 A 4erkiA)
K3 LHE%ERT 5L [(-)lutropin] % OEHS

KIE TLE20044E, SEAZT-HIR 2 B O Lutropin Alfanh®,
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I SRRV EY

R SR L '
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ELT, Tl 55w S NS T REEERIET R LT
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CGlmireis,

B AT, T Wkt M BR B R L E > (Human
Menopausal Gonadotropin), #EM:MIRFIBCRIVE >
{(Human Chorionic Gonadotropin) (X 4 ), IfLiyt:44EER
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WS N THIHEMIERIIHS 4 5, IERIZERGEERL ED
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