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Abhstract

Background and Objectives: The Japanese Bed Cross
Socioty recalled one lot of monoclanal-antibody-puri-
fied factor VIl {F VII) and two lots of human serum
albumin [HSA} 5 months after preparation of the final
products, because of a procedural arror that led to con-
tamination by a unit of plasma positive for hepatitis B
surface antigen {HBsAg). We evalvated the effective-
ness of ¥irus inactivationfremoval in a large-scale pro-
cess for manufacturing F Vil and HS5A. Matarials and
Mathods: HBY DMA in tha retained samples in process
was measured by the polymerase chain reaction {PCR}.
The kinetics of virus inactivation by solvent-datergent
{15/0) treatment was examined using maodel viruses. We
also did a look-back survey of the patients who received
corrgsponding products, Aesults: Contaminated hepati-
tis B virus (HBY) DMA became undstectable beyond
fraction 5 V- in the albumin process and immuncaffin-
ity chromatography in the & VIl process, respectivaly.
The mode! viruses were inactivatod within 55 by SO
treatment. There is no evidence that patients were
infected by HBV after transfusion of these producis.

Canciusion: We conclude that wirug insctivationfre-
moval was effectively achieved in a large-scale manu-
facturing process for F VII] and HSA.

Intraduction

The bleod supply in our country is safer than ever, be-
cause of the use of voluntary donors, screening for the main
blood-bome viruses such as hepatitis B virus (HBY), hep-
atitis C virus (HCV), human immunodeficiency virus types
| and 2 (HIV-1, HIV-2), and heman T cell lymphotiopic
vitus type 1 {HTLV-D), as well as for alanine aminotrans-
ferase (ALT) activity. Postscreening safety measures, Le.
virus removal and vinus inactivation procedures, are em-
ployed with plasma derivatives, such as coagulation fctor
VI 2nd fwtman serum albumin (HSAD.

However, concem about safety continues and residual
risks remain from donation duting seroconversion window
periods, viral mutation, nonresponder donors, viruses that
are not tested for, and procedural error.
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Recently, after a procedural ecror, onc unit of plasma
posttive for hepatitis B surface antigen (HBsAg) contami-
nated 14,685 units of pooled plasma. Five months alter the
preparation of inonoctonal-antibody-purified factor VI
(FVIIL) and HSA [rom this poot, we idemtified this pool as
positive for HBsAg. By that time, one lot of F VII and two
lots of HSA had been delivered to hospitals and some of
them had already been administered to patients. The re-
maining products were then urgently recalled. Fitst, we
tested for HBY DNA by the polymerase chain reaction
(PCR} in the final products, ead in samples totained from
each step in the manufacturing process. Second, the kinelics
of virus inactivation by solvent-detergent (S/D) treatment
was examined using Sindbis virus (31N} and herpes simplex
virus (H3V}) s models for enveloped virus, Finally, we did
a look-back survey of the patients who received these prod-
ucts through collaboration with hospitals 2B over Japan.

This atticle gives the results of those validations and of
the lock-back survey.

Materials and Methods

Source Plasma for the Preparation of HSA aad E VIfT

Plasma was collected from 14,685 volontary bloed denors quali-
fied By queslionnaire in Japanese Red Cross blood centers throughaout
Japan All denated blood was swreened for HBsAR, ant-HEe, anti-
HEs [1], ant-HCWV [2]. and anti-HIV-L2 [3] and anti-FTLV-L anti
body [4], syphilis and ALT [3]. The plasma separated fram Lhese units
wis 2t to the Japanese Red Cross Plasma Fractionation Center and
pooled. Except for the one HEsAg-posinve unit, which unfpaenately
contammated the pool. all ewher units were qualified by the abave
SCTEANINE LESLs.

Producifon of HSA and F VIl

After removing cryoprecipitate, HSA was prepard using Cohn's
ethanol fractionanen procedure [5], As cutlived in figure 1, disselved
P V-2 wera concenteated by ulimfiltration and the resuliing bulk solu-
tion was heated at 60™C lor 10 h for virus inactivabon, after which [t
mal HEA products were prepared.

Defibrinized selution obtamed lrom dissolved cryoprecipitate was
treated by S/ as deseribad by Homwiz ef al. 6] for vimus inactiva-
tion. This S/D-teeated solution was then subjected to Immunaatfinity
column chromatopraphy with anti-F ¥III mouse monoclonal ani-
body, and ton-exchange chromatography, for purificauon to obeain
the final product of F VI An outhne of the manefactunng process i
shown tn figure 1. Samples at ench step of the fractionation process
were retained, kept frozen 21 =40°C and later tasted for HBY DNA by
PCR [ 8).

Medsurement of HEV DINA

From ezch sample, 100 pd was treated with SDS/proteinase K, and
DNA was caumcted by phenolfehloreform and pudfied by ethanol
precipitation. PCR was performed by the method descrlbed by Hzuka
et ak [7]. Quantitation of HEY DMNA was earmied oul by the miting-
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dilution method. The sensitivity of this methed is 2 coples/LO0 yl, as

deteranined by branched DNA techniques. The amount of HEY DN
in each sample was calculated as 2 copies/100 W multiphed by, the
maximum dilunon number in which DNA was detected,

The TaqMan Fluorogenic Detection System [§] was odse used for
HEY DNA quannration. HBY DMNA extracted with EX BR&D (Sumi-
tomo Metal [ndusiies Lid, Tokyo, Japan) or the cenventional
SDS/peoteinase K method wos amplified and qeantified with Pdsm
300 (Perkin Elmer Corpaapplied Biosystems, Foster Cuy, Calif.,
UEAYL A cloned HBV DNA, \he concentration of which was deter-
mined based on the absorbance at 260 nm, was wed (2 make a cali-
bretion curve, The HBY core region was amplified in TagMan PCR.
the sensitvity of this method being equivalent to the PCR mathod de-
scnbed above {Hirakawa et al, In preparation).

Virus Taactivation with S0 Teoalmene

H5Y and SIN stock solutions were prepared from the citltvre su-
pematant of virus-infected Vero cell. Dne part of the HSY or SIN
stock solulion was added bo 9 parts af the dissolved cryoprecipitats
obtzined from our manofacturing process, For vints inacuvation with
5D waatment, tri{n-burtyliphesphate {THEF) and octoxynol 9 (TX-
100y were added o bring therr concentrations w 0.3 and 15, respec-
tvely, At timed intervals (s, 53, 105, 305 J win, 10 min and
60 min}, abquors wern withdrawn and the inactivation reactions were
termninated by muxing with preteatsd octadecyl silica resim
(Wakosil3C18, Wake Pure Chemical Tndustry, lapan) for 3 min,

HSY infoctivity was determined by plaque assay. Tenfold serial-
diluted samples were placed on Vero cell confluent cubluses i 24-well
plates, After 1 h adsorption, the diluted samples wese replaced by
RPMI-1640 culture medium eentaining 156 carbaxymethyl cellulose,
At 3 days alier inoculation, the Yera el cultires were stoined with
Genlian violet B solution and the nember of plagues was counted.
¥irus infectivity was expressed as plague-fomming unies (PFUmI).
SN nfecuvity was determined by sad-paint dilution 2ssay. Tenfold
serially diluted samples were made in culture medivm {(RPME- 1640
and cach diluted sampls was used w0 inoculate five replicate wells of
c¢lls in 9G-wcll plates. The Vero cell was alse used as the indicator
cell in s assay. Seventy-two hours after inoctdation, vicus-induced
cytapahology was seorcd and o Gssue cultore infechious dose
(TCID ) value was caleulated by Lhe Recd -hMuench method.

Look-Back Survey of Fotfents Who Received F VI and HSA

Ta date, we have investigated HBsAZ, anti-HBs, anti-HBc In 126
patients who received thesa F YU or H5 A products, through coltaba-
ration with 69 hospitals.

Rosults

Inactivation and Removal of HBY DNA in the Course of

F VIIT Manufacturing Process

The amount of contaminating HBY was 2X 107 copissf
ml in the cryoprecipitate solution, 2nd 2107 copieg/ml in
the defibrinized solution. HBY DNA was still detected in
the 5/D-treated defibrinized solution (2X 102 copies/ml) but
HBY DNA was not detected in the immunoaffinity chro-
matography eluate and in the F VI final product (fig. 1).

Morozuka et al.
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These data indicated that HBY DNA was effectively -
moved with the immuncaffinity chromatography washing
step,

Removal of HBV DNA in the Course of the HSA

Manufacuniring Process

HBY DNA in crycsupernatant and samples from each of
the following steps in Cohn’s ethanol fractionation were
measueed by PCEL P PIL+IIL P IV-L, PIV4, PV and P V-

Removal and Inactivation of Hepatitis B
Yirus

17

2 were disselved in 3- to 10-fold PBS and dialyzed against
PBE. S LS U+ 5 TW-1, 5 IV, SFIV4, 8 ¥, dissolved P
V, and 5 V-1 and 5 V-2 were dinlyzed against PBS before
PCR. The dialyzed samples were subjected to PCR. The
amount of HBY DMA was 210 copieg/ml in the ¢ryosu-
pernatant plasma, 2X 10 copiesfml in S [, 20 copies/fml in §
141, 2X10° copiesfz in P IT+II1, and 2% 10X copies/z in P
IV-1.
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Fig. 2. Kinetics of inaclivation of SIN (a) and HSY (b} with 3/D teeatment. 10°¢ TCIDsyml of SIN ¥ and 1072

PFUIml of HEY were added to eryoprocipitate dssalved solution, followed by addition of TNBP {0.3%) and octoxynol

9 (1%}, snd Incubated at room temperature. Und: undeteetable,

Table 1. Seroconversion and elevalion of

serum ALT levels of the patieats who re- HESAE(+) Anti HBs (+) Anti HBez (4} Elevation of ALT
ecived cormesponding lots of albumin and pr=  post pre  post pre post pe post
FVi
Albumin 033 13 01z a2 w3 3 w28 028
F¥II 4 S | ) 071 oA - - o3 03

However, HBEY DINA waus not detected in 5 [V-1, STV,
P[4, SV, 3V, dissolved PY, S V-1, § V-2, P V-2, dis-
solved P V-2, the concentrared solution afier ulirafilication,
the bulk solution, the bulk solution after hear neaiment for
L0k at &0°C, and the Final HSA.

Tanctivation of Model Viens Infectivity by 5D Treamment

The kinetics of inactivation of SIN and HSV as models
of enveloped virus by S/D weatment were investigated, Re-
sults are shown in Bgure 2; 1646 TCIDsy/mt of SIN and 10?2
PFUfml of HSY became undetectable within 5 s, respec-
tively.

Loack-Back Survey

The look-back sludy on 115 patients who received HSA
and 11 paticats who received F VI was stacted after we
discoverad the contamination by the HEYV-DNA-positive
unit, and was done retrospectively with the collaboration of
&% hospirals all over Japan. An average of 2.1 months after
administeation, sera feom all thase patients pave negative re-
sults for HBsAg.

184 You, Jang 1990 T0 1A 1-185

We also had serum taken before administration from 33
of thess patients who received albumin and 3 who received
F VIII, Testing those, we sould examine seioconversion of
HBY markers and elevation of serum ALT afier administea-
tion. .

As shown in table 1, serological mackers of HBV infec-
tion of all those patients were negative before and after
teansfusion, Elevation of serum ALT level after administea-
tion ecild not be observed in 28 patients who received HSA
and 3 paticats who received F YilL We have requested the
collaboration of all §9 hospitals t¢ inform us of any of these
patients developing HBV infectien. So far, we have not yet
received any ceport of HBV infection from the hospitals.
Therefore there is mo evidence that any of the patients were
infected by HBY after transfusion of these lots of HSA and
F VIII.

Murozuka et 2l
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Discussion

An unfortunate procedural emor led to a unit of IBsAg-
positive plasma contaminating a plasma pool of 14,685 units
used for the preparation of F VI and HSA. After an urgent
recall of these plasma derivatives, we camied out a retro-
spective investigation for HBYV DNA by PCR in the retained
samples from each step of the fractionation procedure.

First, we demonstmted that HBY DNA was temoved af-
ter Cohn's fractionation step to separate 5 TV-1 from PIV- 1.
On the other hand, 2X10* copies/g HBV DNA were found
in P II+II0, which is raw material for globulin preparation
[9-L1].

HBsAg was positive by ELISA test (Auszyme II, Abbott)
in starting plasma, eryosupematant, and P i + II1. Although
PiV-T was not tested for HBsAg because no sarmple had been
retained, the above results comelate with the reponts by
Schroeder et al. {9), Berz et al. [I0) and Trepo et al. [11].
More interestingly, distribution of Dane particles in F I, F III
and F IV, as reported by Trepa [11], comelated weli with the
distribution of HBY DA by PCR as described (fiz. 10

We then realized that Cohn's ethanal fractionation pro-
cedurs, established in 1944, not oaly purifies plasma pro-
teins but also removes contaminating HBV. After this pro-
cedure, HBY DINA was undetectable jn all fractions and the
final HSA was pasteunized at 60°C for 10 k. Pasteurized al-
bumin has been used since (948 [12] and lor about 50 years
thers has oot been any report of HBY transmission [13].

Second, contaminating HBY DNA was undetectable af-
ter purification of F ¥III by immuaoaffinity chromatogra-
phy an 5/D-treated solution which contained 200 copiesfm]
HEV DNA, This DNA eame from HBV after 5/T treatment
and the process did not affect detectability of HBY DNA by
PCR as reported by Hilfenhauws et al. [14]. However, S/D-
treated products have been approved for routing use in au-
merous countries, including Argenting, Australin, Austria,
Belgium, Canada, Czechoslovakia, Denmark, Finland,
France, Germany, [smel, ltaly, Jopan, Korea, the Mether-
lands, Morway, Poland, Porogal, Saudi Arabia, South
Africa, Spain, Sweden, Switzerland, the United Kingdom,
the United States, and Venezuela. Notably, (he 3.8 mitlion
doses of F VIII transfused represents over 45,000 man-
years of treatment, assuming an‘average infusion of 80,000
1tJ per man-year. Based on currenl usage patterns, approxi-
mately two thirds of the F VIII transfused in North Ameri-
<a, western Europe, 2nd Japan is S/D weeated. Throughout
this time period. not a single case of HBY, HCY, ar HIV
trnsmission has been reported [17]. Based on such nomer-
ous evidence, HEV DNA in an $/D-treated solution is inac-
tivated HBV, without infectivity.

Removal and Inactivanon of Hepatiis B
Witus

Griffith [15] descnbed similar results in small-scate -

spiking experiment w0 separate vines by immunoaffinity
chromatography. Here, we have made the demaonsiration in
a large-scale fractionation procedure. After this, an elulte
was applicd (o an ion-exchange column and HBY DNA
was, of course, undetectable in the Rinal prodoct of F VIIL [t
is well known that when 10! chimpanzee infectious doses
HEY suspended in facwor VI preparations were traated
with TNBP/sodivm cholate and inoculated intravenously
into 2 chimpanzees, neither showed evidence of heparits or
HEY infection gver 40 weeks of follow-up [16]. Also, no
single case of HBY, HCV or HIV trnsmission has been re-
ported from administration of $/D-treated F VI concen-
trates [rom 1983 theough 1993 [17].

The efficacy of 5/ treatment was validated by using
SIN and HSY as model enveloped viruses. Within 5 s, 1046
TCIDsp'ml of SIN and 107 PFU/ml of HSY became unde-
tectable. As Grffith [15] described, a2 model virus Y5V in
F VIII was inactivated by 3 min S/ weatment. In similar
conditions, we describe here the inactivation Kinetics of SIN
and HSY. These model viruses had no Infectivity after 5 s of
5/ earment, confirming the efficacy of inactivation of
anvelopad viruzses, These data suppot the assertion that
contaminating HBV in the present case must have besn in-
activared by 5/ reatment. .

The look-back stidy was started an average of 2.1
months (maximum 4 months) after exposure, as we had to
survey retrospeclively. If we could have done a prospective
study, as we did before [1], we could have observed the
HBY makers and serum ALT Tevel every | or 2 weeks for
more than 3 maonths, The situation in this aceident was dif-
ferent and our Ipok-back limited.

All 141 patients examined after the 1dministeation wers
HBsAg negative. Fortunately, we were able to test pread-
ministration sem from 33 patients who received albumin
and 3 patients who received F VI, and we could check for
serpconversion of HBY madkers and elevation of serum
ALT levels after the administraion,

Since the average window period of HBY infection is es-
timated to be 59 days [18], negative HBsAz, lack of szro-
conversion of anti-HBs and anti-HBc and lack of elevation
of serum ALT level after zdministration, we could conclude
that HBV tafection did not occur in these patients. Thare-
after, we have not received any case report of hepatitis B
among the 141 patients from 69 collaboruting hospitals,

Although the clinieal data are not complete, after exam-
ining atl the information obtained from e hospitals, we
could find no evidence of HBY infection after adminisma-
tion of these albumin and F V11 fractions.
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