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ABSENCE OF HEPATITIS AFTER TREATMENT WITH A PASTEURIZED FAGTOR VIII :

CONCENTRATE IN PATIENTS WITH HEMOPHILIA AND NO PREVIOUS TRANSFUSIONS
. N . &
K. Scumrr, M.D., P.M. Mannucer, M.D., W. Krevrez, M.D., H.H. Brackuany, M.D.,

G. Averswarp, M.D., N. CiavareLLa, M.D,, J. MdsseLEr, M.D., V. DERosa, M.D., B. Kraus, MD, I
Cu. Brueckmann, M.D., G. Mancuso, M.D., U. Mitrier, M.D,, F. Hascukg, M.D., i
AND M. Morriny, M.D. ~

Abstract Post-transfusion hepatitis is frequent ‘among
patients with hemophilia who are treated with concentrai-
ed factor VIl prepared from pooled plasma, especially if it
is obtained from paid donors. In 26 patients with hemophil-
ia A or von Willebrand’s disease who had not been treated
with blood or any blood product and hence were highly
susceptible to the development of post-transfusion hepati-
lis, we infused 32 batches of a factor VIIl concentrate that

had been produced from large pools of human plasma -

OST-TRANSFUSION hepatitis is common

among patients with hemophilia who are treated
with commercial factor VIII concentrates manufac-
tured from large pools of plasma from paid donors
recruited mostly in plasmapheresis centers in the
United States.!* In 1982 hepatitis B virus markers
were found in all patients treated with annual doses of
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(collected ffom paid *plasmaphieresis donors)! and ther;|
heated in solutioh at 60°C for. 10 hours before firial lyophili=*;
zation. Patients were examined clinically and serologically;)
over a period of 12 months after thé'first infusion of the(]
pasteurized concentrate. Neither hepatitis, nor.serolg qci"[fj
signs of other viral infections- were opserved: The hafilbi'i
static effectiveness of the concentrate appeared fo be sat=)!
isfactory relative to untreated concentrates. (N Eng! JAMecf

1967; 316:918-22.)

. b
- ey
10,000 or more factor VIII units,! although the xigh,
of new infections should now be reduced by screening]
of donors and vaccination of patients. Similarly, therg’
was a 100 percent prevalence of non-A, non-B hepati!
tis, diagnosed by the presence of raised aminotransfek
ase levels after infusion and by the exclusion of othey!
causes of hepatitis, in patients who were at high risk ofy!
infection because they had not previously received any,}
blood or blood product.** The almést.constant oocu
rence of post-transfusion hepatitis in patients givngf'_,
unheated concentrates, and concern about the trang £
mission by blood products of the human immunodefiy*
ciency virus (HIV), have prompted manufacturers,io
develop procedures (usually based on various methy
ods of heating the concentrate) for inactivating viruses
with little Joss of labile factor VIII activity.? In the
past few years, several of these heated concentratqs
have been tested for safety in patients with hemophilid-
who were at risk. Although there is evidence that HIV.
is easily inactivated by heating and that seroconver-,
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sion is Tare in patients treated exclusively with heated
concentrates,” all the tested concentrates were shown
{o transmit hcpatitis.ﬁ'w

-« In 1985 we injtiated a multicenter prospective study
to learn whether post-transfusion hepatitis would oc-
cur in previously untreated patients with hemophilia
who were given infusions of a commercial factor VIII
concentrate that had been heated in solution at 60°C
for 10 hours in the presence of substances (glycine and
sucrose) that stabilize factor VIII activity.!! This
Héating process, commonly called pasteurization, is

nown to eliminate the risk of transmission of hepati-
us from blood products, such as albumin and plasma
protein fraction, that are less labile than factor VIII.

he fact that in this study no hepatitis occurred after
infusion of 32 batches of the pasteurized concentrate
into 26 patients indicates that pasteurization mini-
-mizes the risk of post-transfusion hepatitis.

L- MEeTHODS
;‘i’lfé Concentrate

+ The pasteurized factor VIII concentrate {Hemate P, Behring-
werke, Marburg, Federal Republic of Germany) has been commer-
dially available since 1980. Details of the manufacturing procedure
have been published elsewhere.!! According to the manufacturers,
_pasteurization in the presence of stabilizers (glycine and sucrose),
| together with the subsequent purification step and lyophilization,
1 fesults in a loss of about 30 to 40 percent of factor VIII activity.
1 This information is in agreement with data [rom a study on the

: éflects of pasteurization on factor VIII activity, indicating a loss of
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30 percent.'? Several in vivo studies'® indicate that the biologic half-
life and recovery of factor VIII activity and the eflectiveness of the
pasteurized concentrate in stopping bleeding in patients with hemo-
philia are very similar to those of unheated concentrates. To assess
whether or not pasteurization inactivates the viruses responsible for
post-transfusion hepatitis, manufacturers have inoculated 18 chim-
panzees with unheated or pasteurized concentrates, manufactured
from pooled plasma to which hepatitis B virus or plasma from pa-
tients with non-A, non-B hepatitis was added before the start of the
fractionation and inactivation procedure. None of the 11 animals
treated with the pasteurized concentrate contracted hepatitis, which
occurred in all seven control animals treated with the same amount
of the unheated concentrate.'® In addition, in vitro studies indicate
that HIV is easily inactivated under the conditions of the pasteur-
ization process.'? ,

In this study, 32 different batches of factor VIII concentrate were
infused into 26 patients, Each batch was manufactured from pooled
plasma collected in 1984-[985 [rom approximately 10,000 paid
plasmapheresis donors, about 83 percent of whom were [rom the
United States and the rest [rom the Federal Republic of Germany or
Austria, Only plasma that was seronegative for hepatitis B surface
antigen by radioimmunoassay was used in the preparation of these
32 batches. Only plasma units [rom donors who had normal levels
of serum aminotransferases were used in the fast 8 batches. The
batches used in each hemophilia center were purchased from among
those regularly placed on the market.

Patients

Seven hemophilia centers in the Federal Republic of Germany,
five in Italy, one in the German Democratic Republic, and ene in
Austria enrolled 26 patients who were considered by the attending
physicians to need treatment with factor VIII concentrate, Patients
were selected on the basis of the criteria recommended by the Inter-
national Committee on Thrombosis and Hemostasis (Miamt, Fla.,

|’ Table 1. Clinica! Characteristics and Treatment of 26 Patients Given Pasteurized Factor VIl Concentrate.*
(. i:ENTElf Factor YIII Dopv TDIATION FOF Terri Dose o N, oF
' Panent AGE DIAGHOSIS LEvEL WEIGHT | TREATMENT CONCENTRATE INFUsIONS
- % kg u
01-0t 22 yr Hemophilia A 4 82 Tooth extraction 1HON0 4
0201 5wk Hemophilia A ) 10 4 Soit-issue bleeding 150 3
03-01 1yr, 2 mo Hemophilia A - 2 11 Sofl-tissue bleeding 2,500 9
03-02 9 mo Hemophilia A 5 8 Hemia surgery 2,000 8
03-03 1yr, 9 mo Hemophilia A 2 12 Soft-tissue bleeding 750 3
04-01 1 yr, 9 mo Hemophilia A 10 13 Strabismus operation 16,500 32
05-01 2 mo Hemophilia A <1 4 Pylorotomy 6,500 26
05-02 3y Hemophilia A <l 14 Soft-tissue bleeding 750 6
06-01 i5yr Hemophilia A 3 70 Soft-tissue bleeding 40,500 n
06-02 14 yr Hemophilia A (carrier) 20 48 Tooth extraction 33,250 30
06-03 3y Hemophilia A {carrier) 20 50 Gynecologic surgery 8,000 10
06-04 12 yr Hemophilia A 9 40 Soft-tissue bleeding 5,500 1
0701 15y von Willebrand's disease 1 44 Tooth extraction '32,000 9
07-02 12 yr von Willebrand's disease 1 30 Tooth extraction 6,000 10
07-03 5wk Hemophilia A 2 4 Soli-tissue bleeding 34,500 23
07-04 Iyr, 3mo Hemophilia A, 3 10 Soft-tissue bleeding 11,500 7
08-01 17 yr Hemophilia A 4 70 Soft-tissue bleeding 10,500 5
05-01 1yr Hemophilia A <1 L 12 Soft-tissue bleeding 9,500 19
09:02 1yr, 6 mo Hemophilia A <l 11 Epistaxis 3,000 6
0903 1yr, 6 mo Hemophilia A <1 12 Gum bleeding 2,500 5
10-01 1yr " Hemophilia A 1 9 Soft-tissue bleeding 3,500 6
1101 2yr Hemophilia A 3 12 Soft-tissue bleeding 5.000 12
12-01 22 yr von Willebrand's discase t 63 Postpartum bleeding 2,000 2
12-02 15 yr von Willebrand's discase t 38 Epistaxis 1,000 1
13-01 Byr Hemophilia A ' . 1 25 Soft-tissve bleeding £,500 3
14-01 9 yr Hemophilia A 1 25 Soft-tissue bleeding 500 1

“The batch numbers are available from the authors,

1Factor VIII levels were normal; subslitution was for prolonged bleeding times.
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1984) for evaluation of the safety of clotting-factor concentrates
with respect to hepatitis. Accordingly, the patients had received ne
previous transfusions with blood or bicod products (and did not
receive transfusions with blood products other thag the concentrate
during the follow-up period), had normal serum levels of amino-
transferases, had no history or current evidence of liver disease,
were not taking any medication likely to raise aminotransferase
levels, had no serum marker for hepatitis B infection (except for
antibody to hepatitis B surface antigen in 16 patients vaccinated
2gainst the hepatitis B virus}, and had given informed consent ac-
<ording to the Declaration of Helsinki. These criteria were met by
20 paticnts with mild to severe hemophilia A, two carriers of hemo-
philia A, and four patients with von Willebrand’s disease (the con-
centrate is widely used in the Federal Republic of Germany for the
treatment of von Willebrand’s discase because it corrects the pro-
fonged bleeding time!*15),

Follow-up Protocol

Blood samples were collected and the serum was tested for aspar-
tate and alanine aminotransferase and gamma-glutamy! transpepti-
dase before the first infusion of concentrate, every two weeks during
the first four months, and once a month for the next two months;
these blood-sampling intervals were maintained regardless of
whether additional concentrate infusions were given {as rccom-
mended by the International-Gu_nimittcc on:Thrombosis and He-.

mostasis). Additional blood sampleés were collected and sertim was”

tested for virus markers (see below) before the first infusion and
then 4, 6, and 12 months afterwards, At the time of each biood
sampling, the patients were seen by a physician and questioned
about symptoms that might be related to hepatitis or other illnesses,
2nd aleohal consumption and current drug therapy were recorded,
Post-transfusion hepatitis was defined as the presence of alanine
aminotransferase values higher than 2.5 times the upper normal
limit at each laboratory on at least two consecutive occasions during
the follow-up period.

Assays

Viral markers and liver enzymes were tested by the methods
currently used in the central laboratories of cach participating
«center. Markers for hepatitis B virus were tested by commercial
radioimmunoassays or enzyme-linked immunosorbent assays; hep-
atitis A IgM antibody, by radioimmunoassay; cytomegalovires
1gM antibody and Epstein—Barr virus IgG antibody, by enzyme-
linked immunosorbent assays or indirect immunofluorescence; and
HIV antibody, by enzyme-linked immunosorbent assays, Liver en-
Zymes were measured by automated and optimized colorimetric
methods at 37°C,

ResuLts

All 26 patients enrolled in the study had follow-up
examinations as scheduled. Demographic data, base-
line factor VIII levels, clinical indications for replace-
ment therapy, total doses of concentrate, and num-
bers of infusions are listed in Table |, Sixteen patients
received infusions for the treatment of acute soft-
tissue or mucosal hemorrhages; the remaining 10 were
given infusions in preparation for major operations or
dental extractions. Seventeen patients were given fac-
tor VIII from the same batch of concentrate through-
out the follow-up period; the remaining nine patients
were given factor VIII from more than one batch. In
the patients with hemophilia, the clinical efficacy of
the concentrate was as cxpected for the doses given,
and the expected factor VIIT levels were achieved. In
the four patients with von Willebrand’s disease, the
prolonged bleeding time became normal after infu-
sion. There were no immediate adverse reactions to
the concentrate,

Apnil 9, 1987

The serial levels of aminotransferases shown i,
Figure 1 indicate that no patient met the definj.
tion for post-transfusion hepatitis. In one Patieng
(01-01), the serum level of alanine aminotransfer.
ase (but not aspartate aminotransferase or gamma-
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Figure 1. Serial Levels of Serum Alanine Aminotransferase (Uper
Liter; Upper Limit of Normal; 23 U per Liter) in 26 Patients Given
Infusions of Pasteurized Faclor Vil Concentrate,

The patient numbers are shown on the ordinate. Each vertical
arrow indicates the time of a single infusion, and each horizontal
bar indicates a period of multiple infusions; the total number
of infusions is indicated above each bar. The observation period
is Indicated in weeks; time 0 corresponds to the first infusion
of concentrate.
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tglutamy] transpeptidase) was slightly elevated (51 U
-] <peér liter; upper normal limit, 23 U per liter) in
fthe fourth week after infusion. In the subsequent
-fdllow-up period, the level of alanine aminotransfer-
sase-remained slightly elevated (between 30 and 44U
«per liter). The patient had no objective or subjective
isigns of disease, and he reported no’alcokiol intake,
¢His base-line alanine aminotransferase level was 31 U
er liter when he was admitted to the study, so that
.- retrospectively’ we know that he should have been
Pécluded. - ' . : -

Al the patients remained seronegative for markers
 of infection with hepatitis B virus (except the 16 vacci-

{ i“tms B surface antigen from. the beginning of the
H¥study), hepatitis A virus, cytomegalovirus, Epstein—
Ystudy), hep tomegalo ‘

’i?—“Bérr virus, and HIV. -~ ¢uloas
340 B . L. L o 1
%{}651: - - DiscussioN. .. o

" The first heated concentrate evaluated clinically
‘iwith the criteria recommended by the International
( Jommittee-on Thrombosis'and Hemostasis — a con-
* sentrate hieated at 60°C for 72 hours in the lyophilized
_ tate (commonly referred to a5 “dry” heating) —was
{Highly infectious; 11-of 13 patiérits ‘with ' hemophil-
94 who received it acquired non-A, non:B hepatitis
‘tafter transfusion.-Non-A, ‘non-B hepatitis;also devel-

{Xgped in the only two .patients treated .with a con-
{itentrate exposed to less prolonged dry heating (60°C
ifor 30 hours)” and in three patients treated with
Ta concentrate exposed to'a double virus-inactivation
{“process (dry heating plus addition of the lipid sol-
" vent chloroform).? No cases of non-A, non-B hepa-
1 ftitis but three cases of hepatitis B occurred among
{120 patients given a concentrate heated in the moist-
¢ “lened state under stcam pressure.’ Finally, non-A,
non-B hepatitis developed in 4 of 18 patients given
a factor VIII concentrate heated in a suspension
containing the organic solvent n-heptane.'® Hence,
clinical studies of heated concentrates carried out
according to the protocol recommended by the Inter-
national Committee indicate that dry heating is clear-
( 'y ineffective in preventing hepatitis (which developed

n 16 of 18 patients),&® even though the severity
of the clinical disease appears-to be reduced.® With
concentrates heated in the moistened state under
steam pressure or in suspension (procedures com-
monly referred to as “wet” heating), hepatitis devel-
oped in a lower but substantial proportion of cases
(7 of 38).9:10 :

The large-pool commercial concentrate used in our
study was heated with a procedure (pasteurization)
not previously used for clotting-factor concentrates
but of established safety for other plasma fractions. No
recognized case of hepatitis appeared after treatment
with the heated concentrate. To have treated a con-
current control group of patients with hemophilia
with the corresponding unheated concentrate from the
same manufacturer would have been unethical and
unfeasible, because unheated concentrates have not
been licensed in our countries since it was demonstrat-

———

-

.

“thated patients who were positive for antibody to hepa-

ed that H1V is highly sensitive to thermal-inactiva-
tion.!* No historical control group was available, be-
cause the incidence of post-transfusion hepatitis after
use of this particular urheated concentrate had not
been established when the concentrate was withdrawn
from the market in 1980. Nevertheless, the similar
type (paid) and origin (mostly the United States) of
plasmapheresis donors, -as well.as the similarly large
size of the plasma pool (about 10,000 donors) from
which each batch was made, make it reasonable to
postulate that the incidence of. hepatitis associated
with that concentrate should not have beeii much low-
er than that associated with other unheated concen-
trates (i.c., very close to 100 percent®*) — in sharp

" gontfast to the absence of hepatitis after the pasteur-

ized concentrate.

Even §o, the possibility ‘that. the pasteiiized con-
centrate might transmit hepatitis cannot be excluded
at present. The number of patients with hemophilia in
this study was reldtively small becduse of the heavy
burden on such patients of a protocdl involving fre-
quent blood sampling and because of the highly selec-
tive criteria for dn¢lusion‘thit4yere fised in an attempt
to enroll only patients who were highly susceptible
to the development of post-transfusion hepatitis. For
26 patierits 'with no hepatitis, the' orie-sided:95 per-
cent confidence! iritervals -around’ the “tryé risk of
hepatitis can be calculated as O to 11 percent on the
basis of thé probability thedry <for' binomial distri-
bution.!® The recent -adoption of aminotransferase
screening of all plasmapheresis donors and exclusion
of those with high levels, as well as the exclusion
of plasma donated by groups at high risk for HIV
infection, should further increase the safety of the
concentrate.
 Even though s patient acquired antibody o HIV
during this study, the follow-up period (12 months)
may have been too short to allow a firm conclusion
that the pasteurized concentrate is safe with respect to
HIV infection. It must be emphasized, however, that
the sensitivity of HIV to heating is well established'’
and that no cases of seroconversion have been seen in
18 seronegative patients with hemophilia who were
treated only with this concentrate and followed for one
to six ,-years.m

We are indcbted to Dr. Massimo Colombo for helpfut criticism
and advice and to Dr. Betty Rubin for reading the manuscript.
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MEDICAL INTELLIGENCE -

FAMILIAL PROPERDIN DEFIGIENCY -
AND 'FAT_AL MENINGOCOCCEMIA
- Correction of the Bactericidal Defect
by Vaccination

PeTer DENsEN, M.D., Joun M. WE[[:ER, M.D.,
J Mc_LEon Grirriss, M.D,,
AND Louss G. Horrmann, Sc.D,

INHERITED deficiencies of various complement
proteins are being recognized with increasing fre-
quency. Careful evaluation of these deficiency states
has augmented our understanding of the biologic
function of individual components of the complement
system, as well as of the system as a whole, Approxi-
mately half the affected persons are healthy. ‘Never-
theless, typical clinical features have been found in the
remainder, and should suggest a diagnosis of comple-
ment deficiency and identify the particular component
or activation pathway that is defective.!»? Inherited
deficiencies of the nonregulatory components of the
alternative pathway have been recognized only rarely,
This report describes a large family in which proper-
din deficiency was associated with fulminant menin-
gococcal infection, The data emphasize the critical
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role of properdin and the alternative pathway in the
host defense against meningococci, and provide a ra-
tionale for vaccination to prevent the potentially fatal

consequences of this deficiency.
. .Case ReporT

The probiand;-a previously healthy 30-year-old man who worked
as a logger, presented with fulminant group Y meningococcal men-
ingitis, from which he died. The patient’s brother, haddied of fulmi-
nant group B meningococea| disease 16 years eaclicr at 18 years of
age. A male cousin had had “spinal meningitis” at four years of age
and “black™ micasles at'age 3ix, and had died of group Y meningo-
coccal disease at age 19 during basic military training. Group Y
disease was not epidemic-in the recruit camp at that time,

ton
MEeTHODS

The bullers and cellular intermediates used in these studies were
prepared as described previously.*# Serum samples from individual
family members were - screened, initially for alternative-pathway
activity in hemalytic gels.? Subsequently, che activity af the elas
sical ind alternative pathrays was quaniiiaied by standand tech-
niques.'®'! Detection of properdin activity in whole serum is
complicated by the presence of factors H and I, which counteract
its function, Thus, properdin was quantitated immunochemically
with a sandwich enzyme-linked immunosorbent assay (ELISA),!2
Zymosan and cobra-venom-factor activation of normal or pro-
perdin-deficient seruim was performed as described previously.!?
At intervals, 5 zl of the reaction mixture was removed and assayed
for the hemolytic activity of €3.13 (The terminology for complement

roteins that is recommended by the World Health Organization
is used throughout this article.'*'%) In some experiments, purified
properdin was added to the serum (2.85 #g per 100 ul) before
it was mixed with the activating agent. Antibody te meningococ-
cal polysaccharide in serum obtained before and after vaccina-
tion was quantitated by means of a radioactive antigen-binding
assay.'s The function of this antibody was assessed in a serum
bactericidal assay.'? ‘ ’

) _ REesuLTs
A'ss:ay for Complement Components in Patients’ Serum

Stored serum samples from the propositus, a sur-
viving brother, and a maternal uncle demonstrated
normal classical-pathway activity but an absence
of alternative-pathway activity in screening assays
of complement function. None of these three sam-
ples reacted with. antibody to properdin in double
immunodiffusion tests. The remaining complement
components in the serum from the brother were nor-
mal. The addition of purified properdin to the serum

ﬁ. -
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