‘although this effect is hardly demonstrable in vitro
(prostacyclin is so labile that it has disappeared by the
-time P.R.P. is prepared for in-vitro aggregation studies).
‘We ‘therefore decided to 'study whether . Bay g 6575
stimulates the release of p‘rostacyclm by the vessel wall.

- Bay g 6575 is barely isoluble in aqueous solvents.
Since- ‘organic solvents may damage the rings of aorta,
“we used instead plasma obtained before and after inges- -
tion of the drug. The experiments showed that plasma

--obtained after drug ingestion stimulates the release of a

__platelet-aggregation inhibiting substance from the arter-

* ial wall. Since the inhibiting substance is not released
when the vessel rings are pretreated with acetylsalicylic
acid, which is a specific inhibitor of arachidonic acid

"+ -transformation into prostacyclin, it is reasonable to con-

“..clude that this substance is prostacyclin. Further experi-

-“ments indicated that the drug stimulates prostacyclin

- release from - the vessel wall rather than stabilising

. released prostacyclm. Plasma obtained after ingestion of

*Bay g 6575 is very similar to ur@mic plasma, which, as

recently demonstrated by Remuzzi et al.,”* also stimu-
lates prostacyclin release from the vessel wall.

- The' present study used exhausted rat-aorta rings.
Normal vessel wall possesses a strong prostacyclin-
degrading system.!* It follows that in fresh vessel rings,
which release prostacyclin into the surrounding '

\-

dation. In exhausted rings, however, degradation would
exceed synthesis. The stimulation of prostacyclin release
from exhausted vessels by Bay g 6575 would thus be due
to a’resurgence of prostacyclin generation, or, more
probably, . to inhibition of prostacyclin degradation;
further experiments are rcquxred to distinguish these
‘possibilities. -
Stimulation of release of prostacyclm from the vessel
_ wall by Bay g 6575 may be the way by which this drug
. reduces the weight of 24 h old thrombi in animals. In-
deed, prostacyclin’ not only prevents aggregation but
_alsodisrupts already existing aggregates.? '
It has recently been shown that dlpyndamole acts.as .
an antithrombotic agent by potentiating-endogenous
prostacyclin.!® In order to confirm that Bay g 6575
~ stimulates the release of prostacyclin from the vessel
- 'wall in vivo in man, we studied whether the effect of the
drug was potentiated by dipyridamole. We found that
although ‘Bay g 6575 alone-or dlpyrldamole alone had

_combined administration led to a very striking and pro-
- longed inhibition.

*, - effect is also demonstrable in humans. Since the drug is

“‘ated, it deserves detailed assessment as an anuthrombo—
< tie agmt inman.

This work was partly supponcd by the Bclgmn Nauounl Fonds voor
Wetcnschappeh)k Onderzoek. D.AF.C. is in receipt of a postdoctoral
fellowship of the Katholicke Universiteit Leuven. Dr E. Ph:lhpp,
Bayer A G, Wuppertal, West Germany, supphed tablets containing
. 200 mgBayg6575or placebo

- "Medical Rescarch, Katholicke Umvermcu Leuven, Kapucynenvoer
35 B-3000 Leuvcn,Bclgtum

Refcrence: at foot of next column -

' Summary

medium, synthesis of prostacyclm must exceed its degra-

“no clear: effect on platelet aggregation in vitro, their

" .In conclusion, we believe that the anmhrombouc pro- .-
perties of ‘Bay g 6575 are the result of stimulation .of ...t -
prostacyclin release from the vessel wall, and that this . .

. active orally and, from present evidence, is well toler-

SRequests for reprints should be addressed to J.V., Dcpartmcm of -
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TRANSMISSION OF NON-A NON-B HEPATITIS

TO CHIMPANZEES BY FACTOR-IX
. CONCENTRATES AFTER FATAL
COMPLICATIONS IN PATIENTS WITH .
' CHRONIC LIVER DISEASE

K. N. TSIQUAYE

- R.J.WYRE
“’/ANTHEA THORNTON YvVETTE WHITE
- B.PORTMANN ' P.KiDas
A. J. ZUCKERMAN _ ROGER WILLIAMS -

Liver Unit, ng S College Hospztal and Medical School and

_ W.H.O. Collaborating Centre for Reference and Researck on

eral Hepatitis, London School of Hygiene and Tropzcal
Medzcme

. followed administration of four different
batches of concentrates of coagulation factor IX from
commercial and noncommercial sources aré described.

Of 17 patients who received the concentrate on account’

of chronic liver disease, 4 developed hepatitis, and in 3
of these the illness proved fatal. The incubation periods

ranged from 42 to 103 days (mean 65 days). 3 chimpan- .

zees were inoculated with concentrate_from the same
batch used on the above patients, a further commercial
batch upon which ‘no- adverse .reactions had -been
_reported, and plasma from a known non-A non-B car-
rier. All developed hepatitis after 10 weeks’ incubation.
Liver biopsy-when serum-aminotransferase -was at its
highest level showed features consistent with acute hepa-
titis. As in the patients, viral ‘markers for- hcpautxs A and
B, cytomcgalovu'us, and Epstem—Barr virus were. un-
changed o

, lntroductxon o
SCREENING of donor’ blood and blood products for

hepatitis-B surface antigen has led to a reduction, but. -3+

not_complete elimination, of post-transfusion hepatitis.
When- hepatitis A and B and the other viruses, cyto-
megalovirus and Epstein-Barr, that may involve the

liver ‘have been cxcluded there ‘remain a number of

cases attributable to what has been called non-A non-B

hepatitis.!:? Examination of acute and convalescent sera’ .
from such-cases has shown the existence of a possible

anugcn/annbody system,* and direct evidence ofa trans-

missible agent comes from" the transmxssxon of non-A e

6 cases of non-A non-B- hepatitis which
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non-B hepatitis by blood from implicated donors and
patients to chimpanzees.%$ '

In this paper we describe the occurrence in 6 patients
of non-A non-B acute hepatitis following administration
of concentrates of coagulation factor 1x. In 4 patients
with underlying chronic liver disease the concentrate
was given before liver biopsy and formed part of a pro-
spective study of the value of such replacement. In the
other 2 patients another concentrate of factor 1x had
been given for rapid correction of oral anticoagulation.
The infectivity of these preparations was shown by suc-
cessful transmission of hepatitis to chimpanzees.

Patients and Schedule of Concentrate Use

The 4 patients with liver disease were jaundiced and had a
prolonged prothrombin-time of 6-11 s despite parenteral vita-
min K. Liver biopsy was carried out in each instance because

of doubt about the underlying cause of the possible cirrhosis. -

Patients 1 and 3 had a history of high alcohol intake, and pa-
tient 2 had biochemical and clinical features suggestive of Wil-
son’s disease. After administration of the concentrate, patients
were reviewed every 6 weeks, with estimation of liver function
and serum markers of hepatitis A anid B virus infection.

The remaining 2 patients had chronic valvular heart-dissase
and were on long-term oral anticoagulant therapy as prophy-
laxis against embolic complications. Both, for various reasons,
had previously undergone liver biopsy which had shown minor
hepatic fibrosis and hepatocellular fatty change. In patient 5
the concentrate was given before a minor surgical procedure
andin patient 6 after excessive anticoagulation.

Patients 14 received 1000-2000 umits of a commercial fac-
tor 1x, and patient 2 also received 50D units of factor-vit con-
centrate. In patient 1 a different batch of concentrate from the
same manufacturer was used, and each of the 2 patients on
oral anticoagulants received 1300 units of different batches of

a factor-1X concentrate from another manufacturer. Inall pa-

tients the concentrate was dissolved in 30 ml of water for injec-
tion and administered as an intravenous bolus,

" developed,
© (A.8.1.) rose sharply-—in 4 cases to 1000-2700 1.U/1 (see

521

Results

After administration of the concentrite in patients
1-4, the prolonged prothrombin-time was reduced to
within 4 s of the control; and adequate liver-biopsy
specimens were obtained uneventfully. On the basis of
the histological appearances and other findings, patients
1 and 3 were finally considered to have alcoholic cir-
rhosis, patient 2 Wilson’s disease, and patient 4 crypto-

. genic cirrhosis.

All 4 pitients were discharged home and remained
clinically stable until 42-100 days after concentrate in-
fusion. The 2 patients receiving concentrate for oral-
anticoagulant reversal also remained well until this
time. In each instance anorexia, malaise, and jaundice
and  serum-aspartate-aminotransferase

table). These changes were accompanied by a rise in ser-
um-bilirubin of up to 850 1.u./1 and prolongation of the
prothrombin-time by up to 107 s.

The most rapid and severe deterioration of liver func-
tion was seen in patients 1-3, in whom the illness finally
proved fatal. Patient 1 became encephalopathic withina ~
week of malaise developing, and during the first 24 h
after admission the level of consciotisness deteriorated
further and he became deeply jaundiced. The liver-func-
tion tests were severely deranged, with serum-A.s.T.
elevated to 2700 1.u/l. The prothrombin-time was
prolonged by 107 s (see table). He died 2 weeks after the
apparent onset of the hepatitis and § days after the de-
velopment of coma. Patient 2, who had Wilson’s disease,
had been started on penicillamine treatment shortly
after the biopsy. When reviewed 10 weeks later his con-
dition was stable and there was no ascites. 3 weeks later
he developed nausea, vomiting, and jaundice, which in-
creased during the following 2 weeks. On the day before
readmission he showed signs of encephalopathy. Liver-
function tests showed elevation of serum-a.s.T. to 2150

* CLINICAL AND BIOCHEMICAL DATA (PEAK ABNORMALITY RECORDED) OF 6 PATIENTS o

= Liver-function tests before concentrate and
: during hepatitis ‘
Interval e
between Prothrombin- Alkaline
. ) concentrate time Bilirubin phosphatase
i Underlying and (s prolonged) (umol/l) (LvA) AS.T. (LU )
: Patient liver Factor-1x hepatitis - -
no. | Age | Sex disease concentrate (days) Basal | Peak | Basal | Peak | Basal | Peak | Basal | Peak
1 53 | M | . Alcoholic Batch a, 42 7 107 29 580 158 157 100 2700
cirrhosis 1000 units _
2 41 M Wilson's Batch 3, 103 11 90 74 174 700 950 540 2150
discase 1000 units
+cirrhosis
3 56 | F Alcoholic Batch B, 65 7 13 110 850 264 340 110 1300
cirrhosis 2000 units
4 57 | M | Cryptogenic Batch B, 56 7 14 40 136 151 286 100 1280
_________________________ cirthosis 2000 units '
i GRO-A | 5 l6s|M| Fibrotic | Bawho, 70 3 |17 | 78 | 200 | 86 | ss0
"q"""""": """ v 'é'R'(')'x: +fatty 1300 units |
i =i hrd ‘
DIOST : changes |7 (polar 1.
i 6 61 | F Fibrotic Batch b, 55 13 197 102 287 68 9200
- . +fauy 1300 units
GRO-A qD ﬁbs changes
oo s & st GRO-A CClonns
E ) Dmcn.‘_e' )
i )

@) 99t o XK.12-5
Tel- call ;0. 26.
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1400+
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10004 Concentrate

Serum-aspartate -aminotransferase (1U/1)

200+ e
ol == —
outpatient inpatiet  § g 10 12 14

Weeks after concentrate

Fig. 1—Serial serum-aspartate-aminotransferase values for 6
patients with hepatitis, following administration of factor-ix
concentrates.

1.u./1 (fig. 1), and prolongation of the prothrombin-time
by 90 s (see table). He died the next day. Patient 3 had
become increasingly jaundiced, with an increase in
ascites and mental confusion, 65 days after concentrate
therapy. On admission the liver-function tests showed a
similar pattern of changes to the previouscases (seetable);
and during the next week the level of consciousness
progressively deteriorated, and the serum-bilirubin rose
to 350 umol/l (fig. 1). She died 2 weeks after admission,
83 days after concentrate therapy.

The 1 patient with underlying liver disease who sur-
vived (patient 4), a man with previously well-compen-
sated cryptogenic cirrhosis, returned 56 days after the
concentrate infusion, having noticed malaise and, for
the first time, ascites. The serum-a.s.T. was elevated to
1280 1ru./l. Over the next 6 weeks, with clinical
recovery, serum-A.s.T. returned to the level at presen-
tation (fig. 1).

In patients 5 and 6, who had no pre-existing major
liver disease, the onset of malaise and jaundice occurred
at a similar time. Biochemical changes were less severe
than in patients 1-4, although the levels took up to 2
months to return to the values found before adminis-
tration of the concentrate (table and fig. 1).

Liver biopsy was performed in 5 of the 6 patients
(except patient S, in whom long-term oral anticoagulant
therapy had been restarted), either at the time of maxi-
mum elevation of aminotransferase or immediately after
death; in each instance features of an acute hepatitis
were found. In patients 1-4 these were superimposed on
changes of chronic liver disease and were characterised
by spotty necrosis, acidophilic bodies, and heavy inflam-
matory-cell infiltrate. Comparison of these biopsy speci-
mens with those obtained at the time of administration

THE LANCET, MARCH 10, 1979

of concentrate showed a striking increase of inflamma-
tory-cell infiltrate and a change in the predominant cell
type from a polymorphonuclear to a mixed cell infiltrate
with prominent plasma-cells (figs. 2 and 3). In the 3 pa-
tients who died the liver showed a considerable reduc-
tion in hepatic parenchyma compared with the initial
biopsy.

In all 6 patients examination of sera during the peak
elevation of aminotransferase or on readmission was
negative for HBAg. Only in patient 4 was antibody to
HB,Ag detected; and this had been present in serum
taken before concentrate therapy. Similarly, antibody to
hepatitis-A virus was detected in serum from patients 3,
4, and 6 but was also present before concentrate therapy
in 2 of them, no previous serum sample being available
for patient 6.

Since there is one report of an association between
transfusion of blood containing an elevated level of car-
cinoembryonic antigen (C.E.A.) and the development of

=5 e

Fig. 2—Liver-biopsy material from patient 4, showing features’

of cryptogenic cirrhosis with minimal cellular infiltrate con-
fined to fibrous portal areas.

Hamatoxylin and eosin, reduced by 4 from x 120.

BT BTRATRN Y . A y
Fig. 3—Liver-biopsy material from patient 4 during peak eleva-
tion of serum-aminotransferase, showing portion of regener-

ating nodule with spotty necrosis and severe cellular infilt-
ration throughout.

Hazmatoxylin and eosin, reduced by 4 from x160.
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post-transfusion hepatitis,® C.E.A. levels were measured
by radioimmunoassay. In the concentrate batch B levels
were within the normal range (up to 20 ng/ml), and
although serum-levels taken during hepatitis were elev-
ated in patients 3 and 4 (56 and 69 ng/ml respectively),
they were not statistically different from levels found
before concentrate therapy.

Transmission of Hepatitis to Chimpanzees

The three young male chimpanzees used during the
cxperiment were kept at the primate unit of the Lon-
don School of Hygiene and Tropical Medicine. Chim-
panzee George had previously been experimentally in-
fected with hepatitis viruses A and B; chimpanzees
Jeremy and Victor had not been used in experiments and
were negative for hepatitis-B virus serological markers
but had circulating antibody to hepatitis-A virus. Inocu-
lation with the test material followed a 4-week period of
baseline observations during which twice-weekly liver-
function tests and at least two liver biopsies were
obtained. All had normal hepatic histology before inocu-
lation.

Chimpanzee Jeremy was inoculated intravenously
with 1500 units of batch B of the factor-ix concentrate,
implicated in cases 2, 3, and 4, dissolved in 30 ml of
water. After 10 weeks serum-alanine-aminotransferase
(A.L.1.) had risen from 20 to 60 Karmen units/ml (upper
limit of normal 20 Karmen units/ml) (fig. 4). Serum-
A.L.T. fell again during the 12th week and returned to
normal by the 15th week after inoculation. Chimpanzee
George was inoculated with the same dose of a batch E
of factor-1x concentrate, not administered to the present
patients but used in Europe apparently without compli-
cation. In the 10th week after inoculation serum-a.L.T.
rose to 30 Karmen units/ml and during-the next 2 weeks
rose further (fig. 4), returning to normal by week 14.
Chimpanzee Victor acted as a positive control, being in-
oculated with 2 ml of plasma from a known non-A
non-B hepatitis carrier (provided by Dr H. J. Alter and
Dr R. H. Purcell) and previously successfully transmit-
ted to a chimpanzee in America. After the same 10-week
incubation period serum-a.L.T. had risen to 90 Karmen

120

e = JOTOMY
110 . Victor
George
100
901
80 é
70
604 Inoculations ,
50 ’-’

Serum-alanine -aminotransferase (Karmen units/mt)

N ————
-2 0 2 4L 6 81012 1416 182 22 %

Weeks post inoculation

Fig. 4—Serial serum-alanine-aminotransferase values in three
inoculated chimpanzees.
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TN R SR T
Fig. §—Liver-biopsy material from a chimpanzee during peak

elevation of aminotransferase, showing inflammatory-cell in-
filtrate of portal tract and prominence of Kupffer cells.

Hzmatoxylin and eosin, reduced by 2/5 from x260.

units/ml and by the 12th week to 120 Karmen units/ml
(fig. 4).

Percutaneous liver biopsies at the peak aminotrans-
ferase level showed evidence of acute viral hepatitis—
periportal and intralobular accumulation of inflamma-
tory-cell infiltrates (fig. 5) with intralobular focal areas
of necrosis. The hepatocytes showed mild cytoplasmic
vacuolation. Prominence of the Kupffer cells was a con-
stant and striking feature. The histological changes in
the biopsy specimens obtained from chimpanzee George
were less striking but consistent with acute hepatitis.
Low-power electron microscopy confirmed the acute
cytopathological changes. Sequential liver biopsies from
chimpanzee Jeremy have shown some evidence of pro-
gression to chronic liver damage.
~ Serological markers of hepatitis A and B virus infec-

tion, cytomegalovirus, and Epstein-Barr virus remained

unchanged.

Discussion

All 6 patients had a definite episode of hepatitis, as
shown by the clinical symptoms and biochemically by
development of jaundice, sharp rise in aminotransferase
(in 4 patients to more than 1000 L.u/t), and pro-
longation of the prothrombin-time. All these features
appeared at a similar interval after the concentrate ther-
apy. Until that time the condition of the 4 patients with
chronic liver disease had been stable. In the three fatal
cases the pattern of illness resembled that seen in pa-
tients with fulminant viral hepatitis, and no other cause
was found for the sudden deterioration. In particular,
there was no evidence of intercurrent infection or
gastrointestinal hemorrhage. Other known causes of
post-transfusion heputitis—i.e., hepatitis viruses A and
B and cytomegalovirus—were also excluded.

Although the features of non-A non-B hepatitis are, in
general, similar to those of hepatitis B, it is a milder ill-
ness, and only 20% of patients became jaundiced. Its ful-
minant course in 3 of our patients could have been due
at least in part to their underlying chronic liver disease,
making them more suscepiible to the parenterally
administered agent.

That the hepatitis was non-A non-B and was likely to
have been transmitted by the factor-1x concentrate is
further “shown by definite biochemical and histological

BPLL0016050_003_0004
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features of a-hepatitis observed in the chimpanzee Jer- SEVERE MALARIA AND

emy after inoculation with batch B. These features were GLUCOSE-6-PHOSPHATE-DEHYDROGENASE
comparable to those seen in other reported studies on DEFICIENCY: A REAPPRAISAL OF THE
non-A non-B hepatitis transmission. The incubation MALARIA/G-6-P.D. HYPOTHESIS

period of 10 weeks agrees well with the 13-4 weeks re- ~ ’

ported by Alter et al.* but is longer than the 2—4 weeks S. K. MARTIN "~ L.H.MILLER
observed by Tabor et al.® in transmission experiments. D. ALLING

The variation in incubation period in the chimpanzee

Laboratory of Parasitic Diseases.
contrasts with that found in man (mean incubation ry of .

National Institute of Allergy and Infectious Diseases,

period in this and the other two series®S is 7-8 weeks). : National Institutes of Health,

Such differences may be due to variations in host re- Bethesda, Maryland 20014, U.S A.
sponse or possibly the titre of virus in the inoculum, and

there is also evidence in man for more than one non-A V. C. OxoYE G. ]. F. Esan
non-B- hepatitis agent.” As in other studies of non-A B. 0. OsuNkoya

non-B hepatitis u'ansmlssxon in chimpanzees, sérum-

De artment of Hematology and Immunology Unit,
A.LT. proved to be more valuable a marker of liver P 4 & &

University College Hospztal

damage than serum-a.s.T, . Ibadan, Nigeria
Four different batches of factor-1x concentrates from
two manufacturers were involved in these cases, and the . M. DEeaNE

occurrence of hepatitis in chimpanzee George after ad-
ministration of batch E means that a fifth was also

potentially infective. These factor-Ix concentrates are in Summary .Nigerian children with convulsions and
wide use in many centres, but there are at least two Plasmodium  falciparium parasitemia

possible reasons why hepatitis has not previously been above 100 000/l did not show. a decreased-frequency of
reported. Fnrstly, non-A nan-B hepatitis is usually a sub- glucoscé-phosp;ate-dchydrogenase (G.-6-P.D.) geﬁ-
clinical anicteric illness and can be easily overlooked in ciency. A re-evaluation of earlier stadies has led to the
8,9 :
patients sick from other illnesses.*® Secondly, patients  conclusion that clinical evidence of protection against
with ccngemtal disorders of hemostasis, in whom most falciparum malaria in G.-6-p.D.-deficient individuals is
of the experience with coagiilation concentrates has been lacking. Evidence for the possible role of malaria in
obtained, may have acquired immunity from previous . —~elacting” for G.-6-P.D.-deficient genes consists solely of
non-A non-B hepatitis either passively or from pre- the gcographxcal association of hxgh frequencies of

viously administered blood-products. G.-6-p.D. defi h 1
Until blood-donors can be screened for the non-A ~6-p.D. deficiency with endemic malaria.

St. Ma::y’& Hospital, Eleta, Ibadan, Nigeria

non-B hepatitis agent, it would seem wise to restrict the Introduction
use. of both commercial and non-commercial concen- . — . .
trates to life-threatening situations. In particular, their Allison observed that the geographical distribution of

use in patients with chronic liver discase should be  some red-cell polymorphisms corresponded to areas of
avoided, as the risk of a serious illness resulting appears ~ the world were malignant falciparum malaria was
tobe increased. endemic and suggested'that the g genes involved in these
polymorphic systems carried a selective advantage in
these arcas.h? Protection of the sicklecell heterozygote
We thank Prof. A, Munro Neville for the carcinoembryonic-antigen agalnst malaria has been confirmed repcatcdly in clini-
radxmmmunoassay, Mrs Hazel Smith and Miss Carolynnc Stanley for cal studies® and in vitro.»$ Clinical evidence for an
technical assistance, and Sally Lyn for editorial assistance. The hepa-
titis rescarch programme at The London School of Hygiene and association between glucose-6-phosphate-dehydrogenase
Tropical Medicine is supported by the Wellcome Trust, the Medical (c.-6-p,p.) deficiency and reduced susceptibility to dis-
Research Council, the World Health Orgamsanon, and the Depart- ease is less convincing_7 Ina s[udy of G.-6-P.D. polymor.

ment of Health and Social Services. P. K. D. is an I.A.R.C. Fellow A . .. . . .
from the University College of Medical Sciences, New Delhi. Y. W. phisms in Nigerian children with severe malaria and

and R. J. W, were supported by Immuno Ltd., who also provided con- convulsions we have failed to find any evidence of pro-

siderable assistance in these studies. tection of 6.26-p,p.-deficient children.
Requests for reprints should be addressed to R. W., Liver Unit,
King's College Hospital, Denmark Hill, London SES 9RS, ‘ Subjects and Methods

90 Nigerian children (predominantly Yoruba) with convul-
sions who were brought to St. Mary’s Hospital, Eleta, Ibadan,
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