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in a marked shift in the usual age and sex distribution of cases in these
countries when outbreaks associated with this vehicle for infection recently

ocourred. Predominance of cases among adults has also been observed when -

serum hepatitis _constitutes a significant proportion of total cases in the

community. In such situations preventive measures. are available and can .

- be applied if the mode of transmission is identified. . _
° Though it might reasonably be expected that mortality data would be

" more accurate than morbidity data, this is not true with present reporting
practices. Deaths from viral hepatitis may be included under 3 variety
of other classifications, -and jaundice due to other ctiologies may be
" inaccurately coded as due to viral hepatitis. It is usually not possible to

evaluate the accuracy of coding those deaths ascribed to acnte and sub--

-acnte necrosis of the liver and to other possible sequelae of viral hepatitis. y

‘A comparison of morbidity/mortality ratios, in various countrics, however,
*_may be useful as a guide to under- and over-reporting of both types of
" data. . ' ' '

EPIDEMIOLOGY OF VIRAL HEPATITIS

Information on the period of infectivity of patients with serum hepatitis -

and infectious hepatitis has been obtained from epidemiological studies and ™
“volunteer experiments. '

Infectivity of imfectious hepatitis

Faecal filtrates from infectious hepatitis patients have been shown to
{ransmit the disease when administered to volunteers by the oral route.
Serum is infective by both the oral and parenteral routes. Transmission,
therefore, can occur from person to person by the faecal-oral route, and

- also as a result of transfer of blood by any procedure which breaks the
skin' or mucous membranes. Blood and serum are infective during approxi-
mately the same period as faeces, and virus is excreted in the faeces of

- individuals infected by the parenteral route. In studies of experimentally

. infected subjects viraemia and faecal excretion of the agent have been

" demonstrated during the pre-icteric stage and have ceased by about three

weeks after onset of jaundice. Studies of urine and nasopharyngeal washings

" are limited and inconclusive. ,
_ In one series of ‘experimental transmission- studies with a virus having
an average incubation period of 40 days, the agent was demonstrated to be in
thie facces of icteric patients from about 16 days before until between one and

cight days after the onset of jaundice. Individuals with anicteric infections '

are believed to excrete the virus for a comparable period of time. Visus -
excretion between cight and 18 days after onset of jaundice was not studied.
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- Attempts to transmit the disease with faccal pools collected during conva-
lescence, 19 to 33 days after onset of jaundice, were unsuccessful. In another
study of two children with chronic anicteric hepatitis, infective facces were
obtamed five-and 15 months respectively after the diagnosis was made, but
it is not known whether they were infective throughout the whole of these
periods. . .

Infectivity of serum hepatitis.

Experimental transmission of serum hepatitis has been produced by -

blood taken as long as 89 days before the onset of symptoms and four to
eight days after jaundice has occurred. It is known from follow-up studies
of blood transfusions that the blood of some donors may be continuously or
mtermlttently infective for many years. Blood and blood fractions con-
taining serom hepatitis virus have produced disease. experimentally only

when' given parenterally. Faeces, urine and nasopharyngeal washings

admmlstered orally have not been shown to be infective.

N

En'vironmental factor_s

Available data indicate that most cases of infectious hepatitis are due

to person-lo-person transmission,. the effectiveness of which appears

to be related to the closeness of contact. Persons living in the same house-

hold as a patient are at the preatest risk. Spread between families and
in communities usually occurs as a result of activities which provide for

close contact between preschool and school-age children. Tn most studies -

the’ lower socio-economic groups have a higher prevalence of infections
hepatitis in childhood, presumably as a result of greater crowding, poorer
sanitation and less adequate personal hygiene.

The recognition of water- and foud-borne.epidemics of hepatitis has
resulied in an increased awareness of the potential importance of this mode
of spread. In Delhi, India, an estimated 29 000 cases occurred in 1955-56,
as a resull of contamination of the municipal water supply. Elsewhere,
four epidermics spread by milk have béen reported ; in two of these, conta-
minated water used to wash dairy equipment was responsible. Ingestion
of raw.shellfish from polluted waters is known to have caused thrce epi-
demics. The incriminated clams and oysters were widely distributed and cases
occurred in different parts of the country, thus making it difficult to recog-
nize the common vebicle of infection. Contamination during preparation
has resulted in transmission by other foods, including custard, sandwiches,
orange juice, salads and cooked meat.

Mechanical transfer of the virus from faeces to food or cating-utensils
by flies and cockroaches has been suggested, but there is no evideace that
this mode of transmission has any significance.

-14-
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The parenteral transmission of serum hepatms or infectious hepatitis

-usually occurs in one of threc ways : (1) through therapeutic administration

of blood and unsterilized blood products or, rarcly, by transplaniation of

human tissue ; (2) by vse of a contaminated instrument which has broken
- the skin of two persons, the first of whom was viraemic ; and (3) through '

accidental cuts or scratches.

The risk of transmitting viral hepatitis by the use of blood and un-

treated blood products may be summarized as follows :

Whole blood, The frequency of viral hepatitis from the transfusion :

of whole blood ranges between 0.09% and 4.19] (usually less than 1%).
The larger the' number of units administered, the greater the risk of trans-
mitting the disease. In some areas it has been observed that blood from

donors receiving payment has been responsible for a higher frequency of
* hepatitis than that obtained from voluntary donors. '

Plasma. Untreated pooled human plasma carries a higher risk than

whole blood and the risk increases with the size of the pool. The attack
rates in several studies mnged from 0.12% to 12.2%. .
Fibrinogen. Fibrinogen cannot be sterilized without loss of its- blologlcal

properties. The assessment of the risk it involves is difficolt because it is
gencral]y given with whole blood.” The attack rate, which in one instance

was 177, appears to be related to the size of the pool from which the -

fibrinogen is prepared. .

Antihaemaophilic globulin.  The nsk with antlhaemophxhc globulin
is probably similar to that from fibrinogen, ‘

Thrombin. Thrombin prepared by the cthanol or by the cther method -

may transmit serum hépatitis,

There have been no cases of hepatms attributable to. gamma—globnhn '

prepared by the cold ethanol method of Cohn, and only one doubtful case
attributable to gamma-globulin preparcd by the cold ether method. Avail-
able evidence indicates that ammonium sulfate precipitation and ethacri-
dine (Rivanol) precipitation are also safe methods of preparation, but
specific follow-up studies have not been reported. Other products prepared
from pooled plasma can be sterilized by heat. Stable plasma protein
solution, albumen, fibrin foam and plasminogen appropriately treated are
safe.

Viral hepatitis has been transmitted parenterally by needles, tubing, -
bottles and syringes used for intravenous, intramuscular, subcutaneous, and -
 intradermal. injections ; needles and syringes used for venepuncture, lancets

used for scarification and capillary puncture ; dental equipment ; tattooing
needles ; and improvised equipment used by narcotic addicts.

Accidental inoculation of medical, nursing and laboratory personnel
dealing with patients or harndling human blood js well recognized. In

-1 5'f
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~ Sweden a curious form of accidental infection has been recently described

in cross-country runners with scratches on- their limbs.

Transplacenta] transmission of serum hepatitis has been suggested on

the basis of very limited observations which require confirmation.
No evidence for transmission of either infectious or serum hepatitis by
haemophagous arthropods has been produced. '

Host factors

Infection may or may not result from expo:;'ure. When infection takes
place it may be apparent or. inapparent. Estimates-of the ratio of apparent
to inapparent cases vary widely depending on the laboratory tests used and

the population surveyed. Natural resistance may play some role in deter-

mining whether infection will occur but there aré no methods for evaluating
it. Acquired immunity plays a demonstrable role in protection against the
homologous agent. The duration of protection is unknown, but from

epidemiological observations it is presumed to be life-long in most instances.

Second attacks of icteric disease, both presumably due to infectious

hepatitis virus, have been observed in up to 5% of patients. The interval -

between such episodes varies from several months to many years. It has
also been found recently that inapparent infections may oceur in persons
who some months later develop icteric disease. ' A number of hypotheses
can be brought forward to explain second attacks (for example, infection
. with antigenically distinct strains, or the recrudesence of a chronic process),
but more information on the etiology and immunology of the infection is
- required before the mechanism of second attacks can be clearly under-
stood.

with common vehicles of infection and in which large populations were
apparently exposed to the same degree of infection have brought to light
some factors ‘other than acquired immunity which influence the attack
rates. During water-borne epidemics of infectious hepatitis in Sweden,

India and the United States of America attack rates increased with age up'
to 25 years. In Delhi the incidence in pregnant women was significantly -

higher than in non-pregnant women of the same age-group,

In the late 1930s and early 1940s many people were inoculated with yellow
fever vaccine containing human serum contaminated with scrum hepatitis
virus. It was found that the attack rates of viral hepatitis varied "with
age and with ethnic group, the older age-groups and white races having the
higher attack rates. : :

Epidemics of both infectious and serum hepatitis which were associated -

-
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-antibody on coupling antigen to adsorbent, ensuring adequate elution of
the antibody (especially of that fraction with the highest binding capacity
. for antigen), and ensuring that the recovered antibody is unchanged with
- respect to its biological properties, neutralizing ability and rate of elimi-
nation from the body. This was considered an important area for

research, and when antigenic determinants associated with neutralizing -

ability ultimately become available, it will be possible to extend the
methods to the specific purification of the therapeutically effective anti-
bodies to each infectious agent. .

5. PROCUREMENT OF PLASMA FOR
IMMUNOGLOBULIN PREPARATION

The difficulty of obtaining. sufficient plasma to‘meet.'the demand for =

- human immunoglobulin is a major problem. On_the other hand, the
problems of supply are not insuperable, since sufficient quantities of buman

immunoglobulin preparations to meet national requirements are being:

produced in some countries. Methods of obtaining plasma may be
‘considered separately for the two categories of human immunoglobulin.

5.1 Human normal immunoglobulin

In a number of countries, this is already produced, in amounts snf-
‘ficient to meet the present national need, from time-expired’ plasma pro-
vided by blood transfusion units, from plasma specially collected for
the purpose, or from human placentas. . However, if the need for immu-
noglobulin increases, as, for example, if its- value in preventing serum
hepatitis is firmly established, then difficulties will be encountered in meet-

ing the demand. Among possible methods of increasing plasma sup-

plies the Committee considered that the most promising was the removal
of a quantity of plasma routinely from all blood donations. = This can
be accomplished by keeping the blood in a bag to the neck of which is
attached a small side-bag sufficient to take about 75-100 ml of plasma,
which can be squeezed into it when the blood cells have settled. ' [t has

been estimated that in the USA this procedure could increase the annual

supply of plasma for immunoglobulin preparation from 300000 litres to
approximately 750 000 litres, an increase of about 150 %. The Commit-

tee also noted that the use of human placentas is insufficiently exploited

in many countries,

52 Human specific immunoglobulin preparations

A. number of methods of obtaining plasma rich in specific antibodies
are practised. ‘ '

.;1 8_



12 * " THE USB OF HUMAN IMMUNOGLOBULIN

. Certain antibodies, such as those of mumps, rubella, measles and

variola, can be obtained from convalcscent patients, but the quantities
obtainable in this way clearly cannot be Jarge. - Supplies of convalescent
plasma depend on the co-operation of gencral medical practitioners and
of hospitals, institutions and recruit camps, and the difficulties are maioly
those of osganization. : c _

The supply of plasma from persons who have been specially
immunized has been sucessfully practised on a relatively small scale for
a number of immunoglobulin preparations (e.g., in the case of tetanus,
pertussis and rabies), but considerable difficulties are anticipated in achiev-
ing large-scale supplies. Good supplies of human tetanus antitoxin have

" been obtained in some countries by the usc of volunteers from the armed - |

forces and from industrial groups, such as miners, and steel workers,.
amongst whom active immunization is common, :
Where routine immunization of pregnant women is employed, the
use of human placentas may constitute a source of specific immunoglo-
bulin, for example, tetanus antitoxin. :

Work is being done to find other methods of concentraﬁng specific ‘
human antibodies. Thus the possibility, which was discussed earlier, of -

extracting antibody from plasma by means of antigens atiached to support-
ing particles, might eventually prove of value. The potency -of such' pre-
parations would nced to be assessed to ensure that protective propertics
remained. , ’ o ’ ,

It was noted that subjects in some geographical zones, notably West

- Africa, have very high plasma concentrations of yG or YM immunoglobu- \

" lins. There are indications that these high levels may not be entirely

due to the intensity of exposure to infectious agents and that differences -

in the degree of the .antibody response may be involved. Interesting
information might therefore. be obtained from studies of the antibody-
producing capacity of different human populations. :

It is possible that buman immunoglobulin from certain geographical

areas might prove to be rich in particular antibodies for which a demand
exists elsewhere. Information is therefore required concerning the amouat

. of various antibodies to be found in immunoglobulin preparations from k‘

different parts of the world. }
The screening of normal time-expired plasma has been used in cer-

tain countries to allow the selection of samples rich in particular anti-

bodies. _ -
Increased plasma yields havc been obtained by means of plasmapho-

resis and this procedure may become increasingly important, particularly .

_in the case of specifically immunized donors. \
" There is evidence that the type of vaccine, the immunization schedule
and the time interval between giving an antigen booster and taking plasma
are of comsiderable importance in obtaining maximum antibody titres.
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Investigation of these points is necessary so- that optimum anubody
yields can be obtained from immunized donors, although the immuniza-
tion and bleedlng schedules to be used may have to be established scpara-
tely for each i immunizing antlgen.

" It may be necessary, in order to obtain sufficient immunized donors,

to resort to payment; this has proved successful in some areas in the casc

of both tetanus and mumps immunoglobulin.

An interesting possibility is to try to obtain from the general popula-
tion volunteers who will aliow themselves to be immunized and then contri-
bute plasma, rather in the same manner as ordinary blood donors. By

suitable appeals, it might well be possxble to -obtain large numbers of
such volunteers.

Finally, it is important that attention should be given t0 ways of

decreasing the demand for immunoglobulin. . ‘Thus, in the case of tetanus,
diphtheria, measles, pertussis, etc,, active immunization campaigns should

have an appreciable effect. The development of methods whereby blood

could be freed from hepatitis viruses would eliminate any need to give
immunoglobulin with blood transfusions. In the meantime, it may be

desirable to take blood from patients routinely before operations so that -
_ their own blood can be available for transfusion if necessary, particularly

since it is now possible to preserve blood from mdmduals by long-term,

. low-temperature storage.

6. CLINICAL APPLICATION.OF HUMAN IMMUNOGLOBULINS

6.1 . Introduction

Human immunoglobulin is used in both prophylaxis and treatment

to provide passive immunity by virtue of the specific antibodies it contains.
Although it has been used in a wide variety of conditions, good evidence
of its effectiveness exists only for a small nember of diseases, and there

is a great need for studies from which the value of human immunoglobulin .

can be estimated. Animal antisera have been used in a number of condi-
tions for many years and there is no doubt that they should be: replaced
by the corresponding human immunoglobulins. This is recommended
with the aim both of eliminating hypersensitivity reactions to animal
sera and of prolonging the time dunng which' passively mjected antibody
circulates in the blood. The various diseases considered in this section
are mainly those in which passive immunization.is either of undoubted
use or should carefully be considered in the light of available evidence.
In addition, a number of instances are discussed in which recent work
suggests that a role for passive immunization may develop in the future,

...2 0..
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General Consideration

Human immunoglobulin preparations * have been in use for many years
and there can be no doubt of their efficacy for the prevention and treatment
of various infectious diseases. These preparations contdin immunoglobulins
mainly of the IgG class.

Recent advances in ep:dermo]ogy, vnrology and 1mmunology have given
a better understanding of the natural histery of a number of diseases.

1 A WHO Expert'Committee on the Use of Human Immunoglobulin recommended
that the term * immunoglobulin * shéuld be used instead of previously used names, such
* gamma globulin >’ and ** immune serum globuhn » (Wid Hlth Org. techn. Rep. Ser.,
1966 327)
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‘Moreover, techniques for assaying antibodies against a number of viruses
have been developed and corresponding “international standards and

reference preparations are now available so that the results of such assays - '

can be expressed in uniform terms.. These developments, together with

recent progress in-immunochemistry, have provided a better basis for the.

" production, control and clinical use of human immunoglobulin.
Human immunoglobulin is a safe product and rarely causes side-effects
" when given intramuscularly. The requirements are generally the same,
whether the preparations are made from plasma or from placental material,
as both preparations should have the same properties with regard to efficacy
and safety. ’ o :
" Recently, a WHO Expert Committee on the' Use of Human Immune-
globulin * gave special attention to the-clinical use and efficacy of immuno-
globulin preparations in a number of diseases. The Committee recognized

two distinct categories of human immunoglobulin : (g) human normal

_ immunoglobulin, which is a preparation made from pooled human plasma
from a large number of randomly selected donors ; and (b) human immuno-
 globulin specific for a particular antibody, which is a preparation made from

pooled human plasma thaincd from convalescent patients, immunized -
donors or selected ‘antibody-rich plasma sources. The requirements. for-

mulated below relate to both these categbrics. .
The requirements for human normal immunoglobulin have been for-
mulated to ensure the effectiveness of these preparations in different diseases,

including those for' which the estimation of protective antibodies is not yet .

practicable, such as infectious hepatitis and some bacterial diseases. Potency
requirements specific for each of the various antibodies that normal

immunoglobulin may contain are not given, but some requirements are

specified to ensure that no substantial loss of antibodies present in the

original plasma pool has occurred during fractionation. The requirements |
for human immunoglobulin specific for a particular antibody have been
formulated to ensuie that a definité amount of the particular antibody is -

present. Thus, itis required that the potency is expressed in terms of inter- -

national units for each of three different specific human immunoglobulin

preparations available at present, namely those containing tetanus anti-
toxin, measles antibody and vaccinia antibody. When other specific
human immunoglobulin preparations have been developed and their
- efficacy has been demonstrated, it will be necessary to include such prepara-
tions in future revisions of these requirements. ' '

~ The present requirements relate to three methods of production using.: "
(a) alcohol, (b) ether, and (c) ammonium sulfate. All three methods pro-

~ vide products that are safe in respect of the transmission of homologous
serum hepatitis, but that contain predominantly only those antibodies that

Y Wid Hith Org. tec[m. Rep. Ser., 1966, 327.
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are present in immunoglobulins belonging to the IgG class.! New pro-

cedures for the preparation of immunoglobulin are being developed, but
until they have been shown to yicld a safe product, especially ‘with regard
to the transmission of hepatitis, adequate requirements for them cannot
be formulated. National control authorities are advised to take this into
consideration before such products are released for-general use.
Immunoglobulin preparations generally available at present cannot be
used for intravenous administration because of the risk of untoward reac-
"tions in some recipients. It is desirable, however, to have immunoglobulin

preparations suitable for intravenous use, since they would permit the rapid -

attainment of high titres of circulating antibody and allow the painless
m]ectxon of relatively large volumes. During the last few years some pro-
mising results with preparations suitable for intravenous administration
have been reported. Existing information,. however, is not sufficient to
enable adequate requirements for such preparations to be formulated.

The present requirements have therefore been formulated to-cover prepara- -

tions intended for intramuscular administration only.

No precise tests have been included in the requirements to give an-
- indication of the degree of degradation of immunoglobulin during prepa- -

ration and storage. Such tests would be useful to ensure that the product

.after administration to man is maintained at an effective level and for an
adequate time. - Some indications might be obtained for example by ultra-
centrifugal and immuno-electrophoretical studies, combined with blood-
level duration studies. The national.control authority should take into
consideration all available information on this question in deciding on the
tests to be prescribed for particular types of immunoglobutin preparations
and methods of manufacture (see Part B, scction 1).

In view of the continued research and the rapid advances in the field
of buman unmunoglobuhn, it is foreseen that the present requirements
are likely to need revision within a few years.

Each of the following sections constitutes a recommendation. The
parts of each section that are printed in large type have been wriiten in the
form of requirements so that, if a health administration so desires, these
parts as they appear may be used as definitive national requirements. The
parts of each section that are printed in small type .are comments and
recommendations for guidance. :

Should individual countries wish to adopt these reqmremenls as the
basis of their national regulations concerning human immunoglobulin,
it is recommended that a clause be included that would permit modifications
of manufacturing requirements on the condition that it be demonstrated,
to the satisfaction of the national control authonty, that such modified

1 Wid Hith Org. techn. Rep. Ser., 1966, 327.
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requirements ensure that the safety and potency of human immunoglobulin
are at least equal to those provided by the requirements formulated below.

“Jt is desirable that the World Health Organization should then be informed
of the action taken.’ o .

The terms  national control authority ” and “ national control labo-
ratory ”, as used in these requirements, always refer to the country in

‘which the human immunoglobulin is manufactured. - '

_ Part A. Manufactnﬁ_ng Requirements .
1. Definitions |
1.1 International name and prjqper name

The international name appliéablé to all preparations shall be fmmuno-
globulinum humanum. Preparations of Immunoglobulinum humanum may be

divided into two groups. One is designated Immunoglobulinum humanum ‘

normale and the other includes the preparations designated as follows:

Immunoglobulinam humanum antitetanicum,
. Immunoglobulinum. humanum antimorbillicum,
Immunoglobulinum humanum antivacciniosum. -

. The proper name shall be the equivalent of the international name. in
the language of the country of origin. _
' The use of the international name should be limited 1o

pi‘gparations of human immunoglobulin that satisfy the require-
ments formulated below. ]

1.2 Descriptive definition

Immunoglobulinum humanum is a preparation of immunoglobulin of
human origin intended generally for the prevention .and treatment of
jinfectious diseases. It is prepared either from human plasma or from ma-
‘terial containing human plasma proteins. :

Immunoglobulinum humanum normale is prepared from pooled material
from at least 1000 human donors.

Immunoglobulinum humanum anti(x) * contains specified amounts of

antibodies against designated viral or bacterial agents or bacterial toxins
~ and therefore may be prepared from pooled plasma from a limited number
of donors who are cither convalescent patients or immunized donors.

1 (x) is to be replaced in each particular case by the appropriate name given in Part A,
section 1.1. . . g . .
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SEVERE NAIL DYSTROPHY ASSOCIATED WITH
: RETINOID THERAPY
Sik,~~Vitamin A and synthetic retinoids regulote the proliferation
and differentiation of squamous epithelium. This group of drugs
has lately been used to treat disorders of keratinisation, including
psoriasis, Darjer’s disease and the ichthyoses.! They have aiso been

used for severe cases of acne vulgaris, lichen planus, and cetain

 cutaneons tumours. The synthetic retinoids have = greater
thefapeutic index, thus reducing the hepatotoxicity associated with
high doses of vitamin A, Common sideeffects reported with
synthetic retinoid therapy are cheilitis, exfoliation of the feet and
hands, hair loss, paronychia, and pruritus,? Other disturbances of
ectodermal tissues have not been recogaised.

In 8 clinical trial extending over 12 weeks (to be published) of

etretinate in ten patients with severe erosive lichen planus of the
oral mucosa, the frequency of the above side-effects was comparable
with that in previous studies, Two_ female patients without
* cutaneous of Jingual manifestations of lichen planus also acquired
nail dystrophy (Beaw’s fines). In both cases a daily dosage of 75 mg
etrerinate was prescribed but chis had to be reduced intermittently

because of the severity of side-effects, The nail dystrophy became

apparent 6 weeks after the start of (reatment and congisted of a
horizonal depression with splitiing of the nail plate. Additional
horizontal. lines became evident 2 months after the trial was
completed and corrésponded to phases of maximum dosage.

The actiods of retinoids are focused principaily upon tissues of
cctodermal origin, ‘and a disturbince of nail growth might be
anticipated during therapy. This side-effect may have been over-
looked previously in the management of dermatological disorders
because nail involvement commonty occurs as an jntegral part of

wany ofthese. The nails of our two patients reverted to normal after

_ the end of etretinate treatment and have remained $o for a further 6
months. .

It js perhaps surprising that no dental changes have been notedin
children receiving longerm retinoid therapy becanse the
ameloblasts, being of ectodermal origin, arc susceptible to changes
in vitamin A levels in laboratory animals.> '

Depaniment of Oca) Medicine and Pahology,

Glasgow Dental Mospltal and School,
Glasgow G2 3]Z; x gi.sfamusou
and Department of Dermatology, . B. SIMPSON

Glasgow Royal Infirmary N, HAMMERSLEY

INTRACRANIAL HYPERTENSION WITH ETRETINATE

Sir,—Central nervous system toxicity associated with vitamin A
is well known, but synthetic retinoids seem 1o be rarely responsible
of such side-cfTects.® We report here a case of benign intracranial
hypertension due to etretinate:

A 33-year-old woman admitred with a 4 year history of typical
Darier’s disease, She had keratotic papules on her trunk and neck,
associated with wart-like lesions on the back of her hands-and
ungual chenges. There were no other signs or symptoms.
Histological examination of a keratotic papule confirmed  the
clinical diagnosis. Blood cell counts and serum creatinine,
transaminase, and triglyceride levels were normal,

A daily dose of 1 mg/kg of etretinate was reduced to 07 mp/kg
after 4 weeks because of an excedlent therapeutic response. At that
time she complained of slight headaches, which were controlled by

floctafenine. After 2 months of treatment no more papules were .

1. Botag W. Vi
and encology. Lancer 1983; i: 86063,

2. Orfanos GB, Braun-Fako O, Farber EM, Grupper Ch, Polano MK, Schuppli R,
Retinoids: Ad In basie h and therapy, Berlin: Sprioger Veriag, 1981,

3. Wolbach SB, Howe PR. The incisos teeth of albino tats and guiniea pigs fn vitaptin A
deficiency and sepair. Am J pathol 1933; 82 275-94. -

4, lsving JT, Richards MB. Protective acifon of Viramin A upon various tlssues In the
avitaminoiicrst, and sensitivity of these thssues to viamin A deficdency. B 7 Nuer

19563101 7- 14, ‘

5. Baume LJ, Conna P, Korner WE. Progressive atraphy and expulsion of upper rat
Jncisor after prolonged vitamin A deficiency. ¥ Dens Res 1969; 48: 330,

6. Peck OL. Retinolds. Th ic use in d logy. Drugs 1982; 241 341~51.
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observed but severe pruritus, cheilisis, dryness of the nasal mucosa,

and palmoplantar desquamation led to reduction of etretinate daily
dose to 05 mg/kg. 1 month later the patient reduced the daily dose

" to 0+3 mglkg because cheilitis and palmoplantar desquamation
persisted, 10 days later the drug was stopped because of rapid’
‘aggravation of occipital headsche, vomiting, and giddiness,
" followed by two episodes of loss of consciousness. Neurological .

examination wes normal. There was no papilloedema. An
electroencephalogram and isotope encephalography were normal
15 days after drug withdrawsl, Headaches dissppeared 2 months
later. -’

3 months later natural vitamin A, prescribed by another
physician, induced rapid recurrence.of headsches, anid treatment
was stopped. The Darier’s disease remained uncontrolled. ‘

This observation is characteristic of acute hypervitaminosis A due
to etretinate. Headaches were the first symprom and therefore must

be considered a5 a warning of possible drug neurotoxicity.

Neurological abnormalities, rarely described in association with
Darier’s disease, might have been predisposing factor, but 1 year
after this experience, a computerised tomographic scan did not
show major abnormalities. Moreover, the rapid reappearance of

headaches with natural vitamin A can be considered as secondary to

the slow elimination‘of etretinate by the Jiver.”

‘Departavcnts of Dermatclagy J. M. BONNETBLANG
3ad Neurology, 'J. Hugon
CHU Dupuyticn, Y
#7031 Limoges, France M. DuMas
;Pha'mm)owUni(. : D. Rup '
- D. RuPiy

Roche Laboratories, Neuilly sur Seine

NON-A, NON-B HEPATITIS FROM INTRAVENOUS
IMMUNOGLOBULIN . :

Sir,—A 1982 review? of hepatitis after infusions -of plasma

desivatives drew atténtion to the high risk of transmission of -

hepatitis B and, more recently, non-A, non-B hepatitis by
concentrates of factor VIII (antihaemophilic globulin) and factor
IX. In contrast, human norma) immunoglobulin (KINIg) is not
usually regarded as 8 vehicle for viral hepatitis infection. This is
commonly sttributed to loss or inactivation of virus during
fractionation and to neutralising antibody in the immunoglobulin.
The safety record of intremuscular HNIg in this respect is
impréssive and has been reinforced by the sensitive screening
methods to detect HBsAg i the plasma used toprepare the fraction,
However, routine screening is not available for -non-A, non-B,
hepatitis. :

Tn a clinical trial of an intravenous HNIg devéloped in this
laboratory ‘for the maintenance therapy of hypogamma-

globulindemia all twelve patients' developed hepatitis compatible '

with a non-A, non-B viral origin. Three paticnts had symptoms, two
being mildly icteric for a short period. The remaining patients
showed only, mild increases in aminotransferase levels. The data
were compatible with a virus infection with a mipimum incubation
period of 14 to 28 days. No patients in the matched control group,
receiving intramuscular HNIg from our laboratory had any clinical

" or biochemical evidence of hepatitis. Itisnotlikely that the hepatitis

was due to the fresh plasmathat somé of the patients received before
the trial since aminotransferase levels at the beginning of the trial
were normal. The intravenous imminoglobulin was also given,
outside the trial, to patients with other conditions and their response

is being carefully observed with regard to.hepavitis and liver

function. .

From the fractionation and production aspects, these preliminary
results arc highly significant since the source material, a modified
Cohn fraction 11,7 for manufacture of HNIg is the same whether the

J, Paravici ‘U,Kmlem'ntLD::mer ‘plasma concentrations of

7. Lauk
evserinore snd its main metabolise afier Arch De I Res 1982; 2141
-7, v

8. Gerety R}, Aronson DL. Plasma derivati and viral hepatitis, Transfusion 1982322

. 3-s) . : .

9. Kssder PyNhisch H. Largescale productionof human plasmafractions, VorSang
1962; 7 414-24. ‘
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. end product is for intravencus or intramuscular use. Since hepatitis
or associated transaminasé increases after the use of int ;
HNIg prepared by this laboratary have never been reported, it may*
Be that a change in downstream processing of the fraction I for
intravenous use is responsible for the presence ofactive virusin the
end product. ‘ , ,

In view of past experience with these prodhucts, these differences
in the final stages of preparation may heve irsportant irplications.
Thus, all preparations of immunoglobulin which have not been
previously -validated should be’ tested for. viral safery and

modifications in the masafacture of intramuscular or intravenois

immunoglobulin should be introdiiced only after testing. This
experience does not .cast doubt on the safety of the standard
intramuscular preparations which’ have been’ prepared by the
established cold ethanol methods for many yeats.

Blood Products Laboratory, ) '

. Elstree,Hern WD63BX R.S.LANE

; DOPAMINB'RBCEPTORS'IHSHAYBD IN LIVING
HUMAN BRAIN WITH "Br-p-'Bl}OMOSPlPERONE’ i
* Sir,—Biochemical studies of post-mortem brains have revealed
“ghnormally hlqh numibers of dopamine receptors in patients with .
schizophrenia. Confirmation of these and similar findings in other
conditions has awaited the availability of suitable y-ray cmiting
lipand;. Most of the interesthas sofar centred on the 20 min halFlife
WG and some success with this radionuctide has recently been
achicved.? However, the use of !'C is restricted to those centres -
" with an “ichouse” cyclotron as well as a tomographic positron
scanner {ECAT). Recently, Garnett and co-workers have used
. 18E.6-fluoro-L-dops and BCAT scanning to display the distribution
of dopamine as distinct from dopamine receptors in living man.?

"In 1980, Huang et al* prepared p-bromospiperone (BrSp) and ’

showed it to be a potent displacer of *H.spiperone in rats, and that
the distribution in rat brain was similar to that of the dopamine
receptors. Our own smdies in rats indicate a striatum-cerebellum

1.Owen F, Cross Aj, Crow T}, Longden A, Poultes M, Ritey G}, Increased dopaming
feceptor sensitivity in schizophtenta, Lancet 1978; H: 223~26. !

2, Wagnet HN Iz, J Nucl Med (in press): :

3. Garnett ES, Fimau G, Nahmiss C. Dopaming visuslized in the basad ganglia of living

: man, Noture 1983; 308¢ 137-38. .
4. Hueng CC, Frisdoan AM, So R, SimonovicM, Melzer HY. Synthesisand bioogical
cvaluation of p-blomospliperonc as porcatial newroleptic drug. 7 Pharm Sei 1980;
89; 98485

v ry 3
R . ot S, ’
)

" SPECT iminges of the Nead obtained 20 h after administration of 85mC3 ""BrSp to

.| 2emlices: Ay teansaxiafy B, coronal; C, saghteal, to right
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uptake ratio of 2s much as 10 1; andshowed that di.?slumem ofthe
ligand by a and B flupenthixol was stereospecific.

Br (Tyy =56 ) is prepated in the Medical Rescarch Council
cycldtron by the s (a, 2n) 7'Br reaction and received as irradiated
‘varget material, 77BrSp is prepared by a method similar to that
described by DeJesus et al. The preparation and purification by
high performance liquid chromatography of "BsSp takes abbut 4 h,

- and an additional 4 b is required to check the striatum-cerebellum
. ratio’n rats. The specific activity is 200-400 Ci (7-14 TBqY/mmol.

Imaging studics were dane with an IGE 4007 gamma camera witha
Star computer system. The optimum time for imaging was found 10
be about 24 h after intravenous injection of the tracer. .

"After the adminlstration of 6+ 5 mCi of 7" BrSp toa fully informed
normal volunteer, the reconstructed ;mages obtained after 2 1 hdata
acquisition period with single photon emission comptited
tomography (SPECT) clesrly show theselective uptake of "BrSpin
the striata (sec figure).

Thus it scerms that useful dlinical studies will be possible with

administercd doses of the order of 10 mCi (400 MBq), though.

accurate quantitation may not be simple,’ owing to scattering of the
superflucus 0-5 MeV y-ray emitted by "TBr. The 56 b halFlife of
1Bt means that investigations can be performed in centres sefoté
from 2 cyclotron, but it also means that the radiation dose received
by the subject is higher than that from most routine nuclear
 medicine procedures, though well within the annual limit for
occupationally exposed workers, o _
‘Merabolle data from tracer studies in rats and normal volunteers
show that most of the administered 77 BrSp is initially taken up by
" liver and lungs and excreted largely unchanged in both urine and
facces. The effective dose equivalent ip a human being issbout (-3

rem/mCi administered (008 mSv/MBg); this bas to be considered

in relation to the value of the clinical or scientific information likely.
1o be obrained. . '

J. C. W. CRAWLEY
) T. SmMrTn
Radioisotopts Divbion N. Vearr
and Divison of Psychiauy, G. D. ZaNELul
MRC Clinics! Research Centre, T. ). Crow
Watfosd Road, Hatrow, F. dwm :

Middiesex HAIIUJ

5. Owen F, Poulter M, Mashsi R, Crow T], Vealt N, Zanehil GD. “hr.p-spiperone: 3
ligend for in-vivo fabelling of dopamine receptors, Life Sci 1983; 33: 765-68.

6. DeJesus OT, Fricdman AM, Brasard A, R ghIR: Preparati d pitrificationof
MBr.fabelled p-bromospigeridol suitable for in vivo dop ) pror-snuiies. ]
Labelled Comp Radiopharm 1983; XXz 745-56- :
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. NON-A, NON-B HEPATITIS OCCURRING IN
' AGAMMAGLOBULINAEMIC PATIENTS AFTER
* INTRAVENOUS IMMUNOGLOBULIN
A.M.L.LEVER A.D.B. WEBSTER
D. BROWN " H. C. THOMAS -

Division of Immunological Medicine, Clinical Ressorch Centre,

. Harrou; and Department of Medicine, Royal Frea Hospital, London .

Summary Acute non-A, non-B hepatitis developed in
twelve patients with primary hypogamma-
globulineemia  during  treatment with  intravenous

gammaglobulin prepared by Cohn fractionation of pooled
plasma. The iliness was clinically and histologically identical
to the short-incubation non-A, non-B, hepatitis observed in
‘haemophilic patients receiving factor VIII concentrates.
Most of the patients were symptomiess, but 10 months after
onset ten of the twelve still had abnormal fiver function. The
occurrence of non-A, non-B hepatitis in agaramaglobu-
linaemics indicates that humoral mechanisms are not
essentlal for production. of hepatocyte necrosis in this

infection. This outbreak emphasises the need for ascreening -

test to identify the agent in blood products, and shows that
Cohn fractionation of plasma does not always inactivate the
sgent. Furthermore, the finding that the virus can be
transmitted in IgG concentrates suggests either that the
general population has a very low level of antibodies to the
putative . virus or that such antibodies are not virus-
neutralising. :

Introduction

SENSITIVE radioimmunpoassays, for hepatitis B surface
antigen and IgM anti-HB-core allow identification of cases of
post-transfusion hepatitis caused by the hepatitis B virus, and
similar assays exist for the diagnosis of hepatitis A,
cytomegalovirus, and Epstein-Barr virus infections which are
rares causes. Most post-transfusion hepatitis, howeyver, is.
caused by a group of unidentificd viruses designated non-A,
non-B.) Serial investigations of haemophilic patients® and
cross-challenge  experiments. in chimpanzees*  have
confirmed the existence -of at least two paredterally
transmitted non-A, non-B viruses with differing incubation
periods. The short-incubation (2-4 weeks) type of non-4,
non-B hepatitis is seen predominantly. in haermophilic .
patients receiving factor VITI concentrates.” This disease is
usually mild during the acute phase but a large proportion,
usually greater than 80%, go on 1 acquire chronic lesions

. culminating sometimes in circhosis.” The scrum

wransaminases fluctuate rapidly during the course of. this ~

_ condition and liver biopsy usually reveals a lobular hepatitis
in which the mononuclear cell infiltrate is disproportionately
high in refation to hepatacyte necrosis.® The second type of
parenterally transmitted non-A, non-B hepatitis has an
incubation period of 6—10-weeks. Thisalso is a mild illness
but 20-40% of patients still have abnormal liver function 6
months afier onser,® progressing sometimes 10 cirrhosis.
Again, the transeminases may fluctuate and liver biapsy .
shows chronic persistent or chronic active hepatitis with only’
minor lobular inflammation. This is a point of distinction
from the shorrincubation haemophilia-associated type of

" disease. . o .

In conirast to plasma, blood, and coagulation factors,
immunoglobulin preparations have rarely - transmitted
hepatitis. Because immunoglobulin preparations are usually
prepared from large plasma pools. derived from numerous

dbfiors, it has been assumed thar the Cohn fractionation ‘
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proc&s' cither excludes or inactivates viruses.’” We describe
here an outbreak of non-A; non-B hepatitis acquired from
Cohn fraction If material medified for intravenous injection,

© The study helps clarify the rolc of specific antibody in the

pathogenesis of this condition.

Patients and Mcthods

Twenty-four pstients with hypogammaglobulbinaemia weré'
secruited into an opén cross-over trial 10 evaluate the efficacy of

intravenous gammaglobulin versus conventional intramusculat

imimunoglobulin in preventiog infection. Twelve . patients were
allocated to intravenous treatment, three of them with X-linked
agammaglobulnaemia and 9 (2 females) with “commen variable”
hypogammaglobulingemia. Al twelve had previously been oa
regular weekly intranmscular gammaglobulin replacement therapy
{25-50 mg/kg). Three had also been receiving two units of plasma
cvery three weeks, All patients had normal serum trapsaminase

 levelsat the start of the trisl.

The intravenous globulin was prepared by the British Blood
Produats Laboratory by conventional® alcohol [ractionation.
Mialtose was added 1o stabilise the immunoglobulin, followed by
removal of the alcoho) on 2 'G25 column and 0+2 pa
filtration; the' resulting solution was freeze dricd. It.was given,
fostnightly, freshly reconstituted with pyrogen-free water, at a dost
of 200 mg/kg and paticnts were monitored for adverse effects. The
trial was discontinued when hepatitis developed in some of the
patients. : ’ :

Peripheral-blood T cell numbers and T cell markers for helpes
and suppressorfeytotoxic cells were measured with commerdal
antibodies (Len 1, 2, 32) on a fluorescence activated cell sorces.
Cytotoxic (NK) cell activity was assessed with 2 chromiume5)
release assay - with myeloid cells (K562) as - trgets, and
lymphocycearget cell - ratios ranging from 1:1 to 200:1
Concanavalin-A-induced suppressor function’ was measured in
vitro with Con A concentrations of 10 pg, 5 ug and 1 ug per welt.!
Al tests were done on freshly scparated peripheral-
mongnuclear cells or on samples that had been frozen. in tiquid
nitrogen within half an hour of sepasation (vhis freezing technique
has been shown not to influence &ither lymphoeyte populations of

- functional assays).

Liver function tests were done before the trial and then ﬁmmhl]

- after the onset of hepatitis for 8 total of 10 months. In the thret
patients who had 4 liver biopsy {Menghini needle) the samples vwert

sent for conventional histological examination and serial sections
were examined for hepatitis B surface antigen. Hepatitis B surfac
antigen was measured in the serum of all patients with a commercisl
gssay {Abbort). : : ’

patintl3 T
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" Results
Clinical Observations : o ,
Within two weeks of the first irifusion, one patient who had
previously been rec iving plasma experienced a “flwlike”
liness and two weeks later became jaundiced with greatly

N

- rpised transaminase concentrations. Hepatitis B surface

antigen was absenit from the blood and no virs particles were.
detected on electronmicroscopy of the stools: Non-A, non-B
hepatitis was provisionally diagnosed. The other recipientsof

the intravenous _jmmunoglobulin  preparations were - '

clinically well at this time and showed symptomatic benefit
from their higher serum immunoglobulin - concentrations.
Therefore it was assumed that the patient with non-A, non-B
hepatitis . had acquired the virus from ‘previous plasma
therapy. However, 3 months after the onset of the trial, the

tients were reassessed and ail proved to havea raised serum
aspartate aminotransferase. One  patient,  on close
guestioning, admitted to having been mildly jaundiced for

about a-week between infusions. Thiree patients then had a

 tiver blopsy.

D yha after diagnosis of hepaiitis all patients had
raised transaminase concentrations and were thus, by

. definition, at -the stage - of chronic - heputitis. The

(ransaminases have since returned to iormal in two. Onlytwo

i ofthe group ever became clinically jaundiced and most were

_ intravenous preparation. Where the T cell phenotype had

symptomless. One patient now has unexplained marrow
hypoplasia. - _ o

Laboratory Tests » . _ ‘
The baseline aspartate aminotransferase concentrations
were all normal (10-35 TU/ml), and at the first assessment

after treaument all were abnormal {mesn 132, range 39-545). -

Some patients had leige fluctuations in transaminases
{igure). S .

Hepatitis B surface antigen was never detected in any
patient. Tahle 1 shows T-cell helper/suppressor rarios in the
twelve patients who seceived intravenous gamm_aglobulin
and in four patients who were -on intrarnuscular
gammaglobulin originating from the same plasma pool asthe

TAWLE }-T CELL PHENOTYPE
Pan-T | Belper T | Suppressor T |
(ewd) | (Lewd) | (Lewd) '
Patiers - L. % % Ratio* | 1981 ratio*
Ingravenons
 gamma-’ :
globulin h
3 8. 2 58 05 037
2 83 59 35 164 ND
3 29 25 19 1-3 ND
L] 82 50 44 114 0-72
‘5 71 4 39 1-13 1-2
[ 26 19 5 3.8 48
7 s7 43 19 2-26 | 28
8 2 9 20 0-45 ND
Imramusenlar .
gammna:
globulin
.9 41, 33 15 - 22 1-24 .
10 58 4 26 1:7 1-77
1, 52 4] 3 1-3 183
-12 ‘ 7 | 28 . 29 0-96 0:76
* *Normal=1-1-3-1.

ND=not dooe.

s
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“TABLE HI-CON A SUPPRESSOR ACTIVITY -
Patients
- - 2 4 .18 NR2SD
Cond coneantration/oell .
10u8 o-61) 1-08 | 1-16 1+ 12013
Spg ) 1-15] 255} 1.53 1-320-41
1yg ] 0-63] 4-39] 1-64 29107
TABLE Ill-ﬂl( c;u, ACTIVITY (% CYTOTOXICITY)
o Parienits »
- 2 |4 8 NR:SD
Lymphocyte targer cill ratio B ‘
200 663 |23 {615 |  69-4x135
100 .1 575 | 17:5 | 49 © 741142761
S0 21-1 | 12-3 ] 89 62-5%17-6
10 12:7 ) 4-6 | 15:3 28-’6_:94
] 2.5 | 10| 29 5vis2+4
NR=normal range.

e p———tt e

been exemined previously, this is recorded. Overall there is
little or no change in subset ratios and no reversal of theratios,
Those patients who were kitown to have excess suppressor
cellg before the trial started contigued to shew such an excess.
Concanavalin-A-induced T suppressor activity, oeasured in

patients 2, 4,-and 8, was normal (table 11). NK cell activity,
* smeasured in the same three subjects, was low in patient 4 but

normal in patients 2 and 8 (table ).
All three biopsy specimens showed severe lobular hepatitis

with widespread mononuclear cell infiltfation of the hepatic.

sinusoids. There was reticulin condensation indicating some
liver cell loss, but in general the inflammatory infiltrate was
disproportionate to the amount of liver cell necrosis.

Discusston

All the hypogammaglobulinsemic ‘patients who received
intravenous gammaglobulin acquired: a short-incubation
non-A, non-B hepatitis which progressed to chronic hepatitis.

The tapidity of onset (2-4 weeks after infusion), the high -
" chronicity rate, and the prominent lobular hepatitis seen on

liver biopsy were reminiscent of the short-incubation non-A,
non-B hepatitis seen in haemophilic patients receiving factor

VI concentrate, Probably the same virus is responsible for

both conditions.
The fact that large-pool gammaglobulin preparations are

capable of transmitting this type of non-A, non-B hepatitis

implies that, in the community, virus-neutralising antibody
occurs rarely’or in extremely low titre, This has already been
suggested by the observarion - that pooled intravenous
immunoglobulin preparations do not prevent non-4, non-B
hepatitis infection transmitted by factor VIII concentrates to
haemophilic patients'! and experimentally to chimpanzees.”
Furthermore, the occurrence of severe non-A, non-B
hepatitis in agammaglobulinaemic patients Suggests that
humoral immune mechanisms are not involved in the tiver
cell damage; we presume that the mechanisms are cellular or
that the virus is directly cytopathic. Inour patients T celland

~ NK function were normal and the prominent cellular

nfiltrate in the liver suggests their participation in the
process. This notion is supported by the observation that the
mononuclear cells in the livers of haemophilic patients are

predominamly of the T8 phenotype (H. C. Thomss,
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unpublished) which include cytotoxic T cells. There were
also no significant:changes in T-cell subset ratios—ie, the
excess of circulating suppressor T8 Iysuphocytes in some
hypogammaglobulingemic patients is unlikely to be due to
subclinical non-A, non-B virus infection acquired . from
gammaglobulin treatment. . ,

" Bone-marrow aplasia developed in one patient. This is of
particutar interest in that anaemia has been reported in 2
chimpanzee with short-incubation non-A, non-B hepatitis
*“after injections of factor VI concentrate.? - Human
parvovirus, which causes a failure of erythropoiesis in sickle
Cell anaemia,'¥ can be tansmitted by factor VII
concentrates’® and can .cause hepatitis. Disgnosis of
parvovirus infections depends on detection of a specific IgM

response which in hypogemmaglobulinacmic patients is not -

‘possible. Parvovirus antigen was sought in the patient with
marrow aplasia and not detected, buta parvovirus-like agent
does remain a possible cause of this particular outbreak. |

The apparent absence of hepatitis in patients receiving

* intramuscular immunoglobulin from thesame poolofplasma

suggests that minor variations in the manufécturing process
allowed the non-A, non-B virus 19 remain infectious in the
intravenous preparation.'s The dose and route of
administration of the infected material, and the susceptibility
of the host, may also have influenced the infection rate and
severity of the disease. Other intravenous gammaglobulin
preparations currently available do not seem (0 have
transmitred  hepatitis, probably because viruses are
inactivated by the procedures used. Various other methods
have been suggested to eliminute’ hepatitis virus in blood
products. '8 .

Correspondence should be addressed ' A. M. L. L., Division of
Ismnmunological Medicine, Clinical ResearchCentre, Harrow, Middlesex HAL
3uJ. R
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. Propranolo} treatment was associated with a significant rise
"inbody weight after 9 months and significant fises in skinfold

_chronic liver disease.

duction ofhuman pb feact YoxSong* , A
normal on propranolol.* Shohat et al found that propranolol

_in Fve cirrhotic patients with ascites.’® This finding is

A
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INFLUENCE OF PROPRANOLOL ON WEIGHT
AND SALT AND WATER HOMOEOSTASIS IN
CHRONIC LIVER DISEASE

P.C.HAYES W. W. STEWART
1. A. D. BOUCHIER

University Depurtment of Medicine and Department of Medical
Physics, Ninenells Hospital and Medical School, Dundee

Summary  Sixteen patients with chronic liver disease
‘ were treated with propranolol or placeboin
a double-blind study. Skinfold thickness, total body water
and exchangeable sodium, and urinary sodium were
measured every 6 months for 3 yesr; body weight was
measured every 2 (later every 3) months. for 15 montbs.

thickness and body fat after 12 months. Propranolol-treated -
patients showed a fall in total body water at 6 months and a
rise in urinary sodium concentration at 12 months. They did
not show the rise in total body exchangeable sodium that
occurred -in placsbo-treated patients. Propranalol seems to
affect salt and water homoeostasis favourably in patients with

Introduction

SODIUM retention is a characteristic of advanced liver
disease, but the mechanism is unclear. Activation of the
renin-angiotensin-aldosterone  system, which occurs in:
patients with ascites,’* may be important. Plasma renin
levels correlate directly with the wedged hepatic venous
pressure.® Increased sympathetic activity has been implicated
in the impaired sodium and water excretion in cirrhotic
patients.® Animal models suggest that sodium retention

precedes ascites formation,”® although this view is not
universally supported.” Associated with the increase in body
sodium and water is 2 loss of body fat and cellular mass. 1

The effect of propranolo}, advocated by Lebrec et at'! for
prevention of rebleeding from oesophageal ‘varices in
citrhotic patients, on the repin-angiotensin system in patients
with cirrhosis and ascites has been studied. Wilkinson et a |
showed that propranolol protected against diuretic-induced
renal impairment in circhotic patients by blocking the rise in
plasma renin activity.”? Despite suppression of the plasma
renin gctivity in cirrbotic patiems with ascites treated with
p-adrenergic antagonisis, the renal excretion of aldosterone is
variable, suggesting the involvement of other factors.? Rens).
sodium excretion is inversely related to aldosterone excretion
before and after f-adrenergic blockade.? '

1In a study of four patients with cirrhosis and ascites,
Panirch and co-workers observed a rise inurinary sodiumina

patient whose renin and aldosterone fevels returned to

increased urinary sodium excretion after an acute saline Joad

—
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MORTALITY FROM CANGER AND LEUKAEMIA [N PERSONS UNDER THE
AGE OF 25 YEARS LN MILLOM AND DEPWADE RURAL DISTRICTS

DURING 1959-78

o ‘Millom RD - Depwodé RD

Swsewd "0 | B [SMR | O | B | SMR
All caner: o A

1959~67 3 | as | 6 - .. .

1968-78 10 4-0 253 | 1 53 209
Lenksemia: i - . .

195967 1 1-6 6 . .

1968-78 | 6 14 | 4353 | 8. | 18 | 440
O ohoerved semmbty ofdesibs e cxpeced muber efdeath g, sexmd cawcspeifc

“sates in England and Wales during X SMR= 1005 (O/E)=srandardised
mottality ratta. ICD 7 (1959-67) and 1CD 8 (1968-78) code pumbers are tespectively
140-207 and 340~209 RF cancer, and 204 and 204-207 for leukaemba.
Significantly different from 100 ekt *p<0+05, Fp<0-0l.

although the standardised mortality ratio in Urquhbart and Cutler’s
1ablens is slightly different. The figure of 10 deaths which they give
from cancer in Depwade RD during 1968-78in under 25-year-olds
is ] short of the 11 which were coded as such. The correct figures
produced on 8 narionally comparable ‘basis are shown in the
accompanying teble. Data for 1959-67 for Depwade RD are not
available; although it is known that only 2 deaths from leukaemia
occurred in the age-group during those years. )

- T.strongly endorse their final comment, that in any investigation
all cases are recorded fof analysis, and this we gre aiming for by
vsing every source of information available in our current case-
control study in West Cumbria.

MRC Environments) Epidemislogy Unk
of Sout! .

Sosibhampion Gencral Hespival,
 SouthamptonSO9AXY

~

M. J. GARDNER

: 1. Gardoer M, Winter PD. Mortality in Cumberland during 1959~78 with veforencs 10

cancet I young people stound Windscale, Lonces 1984; iz 216172,

2. Repost of - the independent Advisory Gioup (chairman Sit Douglas Black).
Investigation of the possible increased incidence of cances in West Quambria,
Londun: HMSO, 1984, ,

KETOCONAZOLE IN ADVANCED PROSTATIC
- CANCER: DUAL PUBLICATION?

‘*¥We have received’the following comment Jrom a reader: “The
preliminary communication by Dr Trachienberg and Dr Pont(Avg
25, p 433) is vifivally the same paper rewritien as Ketoconazale
Therapy in Advanced Prostatic Cancer by Dr Trachienberg in the
Journal of Urology (1984; 132: 61-63). Both papers give the results.
of treating 13 patients presenting with stage D2 prostatic cancer
with high-dose ketoconazole. The paper in The Lancet searts offwith
15 patients, but after 2 dropouts it appears to deal with the same
patients. The data revealed in each paper are slightly different—for

exaniple, the time intervals for which information is given™.

We asked Dr Trachtenberg and Dr Pont to respond to this point and

their reply Jollows.—ED.L. o ,
SIR,~We feel that the Lancet paper is different from and adds to

the communication in the Yournol of Urology. Thercfore, both
articles merit publication. Our regsons include:

(2) The 15 patients in the Lancer paper include the first 10 from ‘

. the Toronto groupand 5 ncver previously published cases from San
’ Frznmco. The 13 patients in the ¥ Urol anticle are all Toronto

patients. _

{b) The J Urol paper gives results of three months® treatment; the
Lancer paper gives six months’ data. .

(c) There are added biochemical, endocrinological, and
radiological data in the Lances article including cholesterol values,
- lyteinising hormone levels, prostatic.acid phosphatase measured in
different potients by radiolmmunoassay and enzymatic assay, anda
fuller delineation of effects on bone scans. In addition, the Lancat
paper provides a comprehensive description of clinical and
. biochemical side effects of high-dose ketoconazole therapy. =

L

£
L
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In retrospect, we recognise that the articles appear similer upon ‘

rapid review, We regret any questions chis may have raised abour
the primacy of data published by The Lances. However, for the

reasons stoted, we feel that the Laneer report represems -

documentation of continuingstudies rather than duplication, Given

the relatively shore Jife expectancy .of patients with stage-D2 »

prostatic carcinoma, and the potential importance of the research,
we shall continue to attempt to publish combined data from our
studies at intervals of sm months.

Children’s Hospital of San Francieo,

$an Franclsco, Califorio 94119, USA ALLAN PONT

Division of Usology, . '

Toronto General Hospinal, -
Toronio, Ontario M5G 1L7, Canads JoHN TRACHTENBERG

*The need to seek this explanation from Dr Pont and Dr
Trachtenberg might have been avoided 3f Dr Trachtenberg had

informed The Lancer of his intention to place his separate paper in.

the Jonrnal of Urology.—ED.L.

NON-A, NON-B HEPATITIS AND INTRAVENOUS
. IMMUNOGLOBULIN

Str,—Immunoglobulin is one of the.safest biological products,

- availgble.! Since the development of the cold alcohol precipitation

technique; immunoglobutin from pooled plasma hs been given to
millions of individuals and hes become the cornerstone for
management of patients  with . humoral immunodeficlency.

Modified immunoglobulin. (EVIG) p’repamfons now permit

intravenous infusion of large smounts of IgG.>

Last year non-A, nonB (NANB) hepatitis was reported in 12
immunodeficient patients given IVIG™® prepared by the British
Blood Producis Laboratory from conventional Cohn fraction I
suspended in 2 maltose-containing medium; 12~28 days afies the

 first infusion serum transminase levels rose, compatible with

NANB hepatitis. We have had a similar owbreak in

immunodeficient patients aficr the introduction of a new IVIG
preparation. L :

16 paticnrs (11 with.common variable immunodeficiency, 4 with
X-linked agammaglobulinacmia, and 1 with immunodeficiency and
hyper-IgM; 3 females, 13 males) were cnrolled during 1982 and
1083 in a longitudinal safety and efficacy study. Thestarting dase of
100 mgfkg per infusion was rapidly jncreased to 400 mg/kg every 4

" weeks. In July 1984, 2 years after the stdy began, 1 patient had

oedema, ascites, and jaundice, and, although he had had normal
levels of alanine aminouansferase/aspartate aminotransferase
(ALT/AST or SGPT/SGOT)at the stast of the stugdy; transaminise
activities were high (ALT 100~230, AST 120-200 UA). Tests on
stored sera showed that alt but 1 pacient had had normal ALT and

AST levels before the study. All patients were free of hepatitisAand

hepatitis B antigen before and 5.months after the first infusion and
1gM antibody to hepatitis A or B virus could never be demonstrated.

In 6 of 7 affected patients ALT and AST levels sose 1-3 months.

after the first infusion of the new prepararion; } bad had elevated
tranaminase levels before the study. The index case has sinice died of
coronary artery disease and bad a grossly cirrhotic liver, Noneof the

other 6 patients has had any symptoms of hepatic disease todate but

moderately increased and fluctuating transaminase levels persist.
The 9 study patients who did not have raised AST/ALT levels bave
been followed up for wo years without AST/ALT increases or

* evidence of hepatitis.

The increase jn transaminase activity in the affected individuals
was closely related in time so the first administration of one of two

fots of TVIG prepared from a single lot of Cohn fraction 11 pasté. -

The differences besween the affectéd and non-affected groups were
that none of the 7 paticats with increased AST/ALT had received
immunoglobulin intravenously during the year before the study
began and that 6 of the other 9 patients had beea on high dose (400
mgfkg monthly) 1IVIG from a different source before the study.
Perhaps some of the patients who remained free of AST/ALT
increases were protected passively by the IVIG given earlier. The'
ASTIALT levels of these 9 patients remained normal during

...31..
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contioued use of several other lots of this ex;;erimental VIG

preparation,
Two outbreaks of NANB hepatitis in patients with

'1mmunodel‘mency receiving  modified  immunoglobulin

intravenonsly raises a number of questions. Does immunoglobutin
contaminated with low-dose NANB virus cause hepatitis more
readily if given intravenously than iniramusculerly? Could the
miodification procedures used 10 stabilise 1gG increase the
infectivity of the virus? The preparation causing NANB hepatitis in
Bﬁlain was stabilised by the addition of maltose and the material
used in our patiemts contained glucose, Could NANB viius-
antibody complexes formed in pooled plasme (inactivating
contaminating virus) dissociate during the modification and
stabilisation processes? Clearly, new methods must be explored 10
improve safety of immunoglobulin preparations, both medified and
non-modified. The detection of reverse transcriptase activity: in
secum and plasma contaminated with NANB hepatitis agent(s)’
und the isolation of a virus from sera containi “% NANB hepatitis.
agenl(s) using chimpanzee liver cell cultures’ may allow’ the
screening of each individuo! plasma unit and the final product.
Alernatively, it may be necessary to inactivate contaminating viral

agents by -methods such as pasleurisationt,’ cold sterilisation, Cor
the use of low concencrations of pepsin.'»
Department of Vediswrics, . HansD. Ocus
University of Washington, SusanNa H. FisCHER
Seatile, Washington 98195, USA FRARK S. VIRANT
Hyland Therapewtics Division, ’
‘Travenol Laboratories, Inc, MARTIN L. LEE
Glendole, Califorsiia Henry S. Kincoon
Depastment of Peditrics, ’
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Saunders, 1980,
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at Harvard Medical School under the suspices of the US
Government and involves the purification-of IgG exclusively by
fractional precipitation. In the late 1950s Kistler and Nitschmaon,
using a modification of Cohn and others, combined fractional
precipitation and extraction. This medification, which reduces the
working times, volumes, and alcohol consumpuon necessary to
isolate purified plasma fractions while increasing yields, was
developed at the central laboratory of the Swiss Red Cross Blood
‘Transfusion Scrvice. As noted! “careful attention o ioni¢ strength
isof great importance during the fractionation of [ precipitate A (the
IgG containing ﬁrncnon). Stight deviations in the ionic strength will
influence yield and purity of the gamma-globulin remarkably”. The
Cohn process uses re-precipitation and washing steps to control
jonic strength premsely As a result, it consistently-yields IgG of
higher quality and purity, but yields are lower than those of the
streamlined but less controlied Kistler proccss

Cohn methods 6 and 9 (with modifications®®) are used almost

- everywhere in the United States while the Kistler and Nitschmann

method or variations of it is preferred by Buropean manufacturers.
In the United States, this preference is in part due to the regulatory
constraints of the Food and Drug Administration, stemming froma
bad expenence with Cohn method 12, Method 12 mvolva
fractional precipitation and extraction with, pnmanly, zinc jons,’

and the 1gG was found 1o transmit hepatitis.” Immunoglobulins
produced by methods 6 and 9 have a proven record of safety with
respect to the transmission of viral diseases, especiatly hepatitis.?
The development of new methods for isolating 1gG has been

severely limited in the United States by the difficulries with lack of
success in proving cquivalent safety. Dr J. S. Fintayson, of the US"
Food and Drug Administration,. has stated” that fraction 11 (the -

IgG-containing fraction) isolated by Cohn methods 6 and 9 from
starting plasma of proven infectivity does not transmit hepatitis.

The use of alcohol in‘the fractionation of immunogtobulins does
not itself guarantee that the preparation will not transmit disease. If
departures from proven methods are used the researcher must provc
thar his method produces a safe preparation.

RoNaALD H, HEIN

non-B vitus hepathifs. Lancer 1984; 1 107175,

9. Welch AG, Cuthberison B, Mclntosh RV, Foster PR, Non-A, non-B hepatitis from
imravenous immunogiobulin, Lancer 1983; 1198-99,

10. Sicphan W, Dichictmbiler H. Non-A, non-B hepatiis from  intiavenous

. unmnnogldwhm. Luncet 1983; ii: 1488,

‘11, Bacandun S, Kisler P, Jeéunat F, Isliker B. Intravenous administyation of human
-globulin, ax Sung 1962; 7: 157-04,

12, Welch AG, McIntosh RV, Fomr PR. Human lmmno;lobulm forclinicsl use. Lancer
1983; i: 357-58.

Sir,—There has been o tendency of lacc to refer to all plesma -

fractionation methods which invelve the use of alcohol as “Cohn
fractionation”. Dr Lever and colleagues (Nov 10, p 1062) describe
the transmission of non-A, non-B hepatitis by an intravenous
immunoglobulin preparation and incorrecily refer to the primary
method of isolation as “Cohn l‘racnonauon”, but with a reference to

. the method of Kistler and Nitschmann.! The method of 1gG

isolation is critically important to reports of transmission of disease
with this plasma fraction,

Most manufacturers use one of two methods to isolate from
plasma the IgG-rich fraction used to prepare purified

immunoglobulin suitable for intravenous use—namely, those of -

Cohn and Oncley®? (methods 6 and 9) or Kistler and Nitschmann.!
Both involve the purification of IgG by fractional precipitation or
extraction with alcohol. Cohn’s method was developed in the 1940s
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HEPATITIS B IMMUNE GLOBULIN TO PREVENT
NON-A, NON-B POST-TRANSFUSION HEPATITIS

" StR,—~While Lane and Lever et al™? have described cases of

' non~A, non-B (NANB) hepatitis after intravenous immunoglobulin,

Simon® found that hepetitis B immune globulin {HBIG) conld
prevent NANB hepatiris in haemodmlyns patients, Like Simon we

" have done a study of HBIG in the prevention of NANB hepatiris, .

this time in the context of heart surgery. .

Patientsaged 15-65 scheduled for open hearc surgery and with no
history of hepatitis, alcohol or drug abuse, or hypersensitivity to
blood products were randomly assigned to a control or HBIG
group. Patients in the treated group received 10 mi HBIG
intravenously (anti-HBs titre 250 1U/ml; ‘Hepatect’, Biotest
Pharma, Frankfurt), 5 ml being given immediately after admission
to hospital and 5 mi on the day after surgery. Further infusions were
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Intravenous immunogIObUIin Prophylaxis Causing Liver Damage in |
16 of 77 Patients with Hypogammaglobulmemla or
IgG Subclass Deficiency

. Sixteen of 77 patients (21 percent) with common variable immmunode-

ficlency or lgG subclass gdeficlency contracted non-A, non-B hepatitis
hassodaﬂonwlthhuavmlnmsmolhmmnolob\mmmpa
1itis seemed torun a more severe course in these patlents than in non-
Immunodeficient patients. Twelve patients had clinical symploms, and

. five died with hepatills being the cause of death in two and a contribut-
ing factor In three, Liver biopsy specimens showed early chronlc actlve - -
- hepalitls and clnhosls In addition to Increases In liver’ enzymes, 13

palients had increases in alkaline phosphatase levels. Al but two
patients who coniracted hepalitis had been given 50 mg/lkg per week
or more of intravenous immunioglobulin. Lymphocyte counis, T/B cell
rafios, and T-lymphocyte function did not ditfer between those in whom

hepatitis developed and those In whorn it did not develop The hepatitis

was ‘assoclaled with more than one batch of a Swedish intravenous
lmmunoglobulln, the Immunoglobulln belng derived from United Stales

~ sources as well as from European plasma. Three prevlous brlef reports
in the Kterature have also associated non-A, non-B hepamis with the -
intravenous Infusion of varlous lmmunoglobulms Biologlc materlals
~plven to patients, inchiding Immunoglobulin, should, whenever possi-
"“ble, be prepared so as fo ensure absence of viruges.

- Immunoglobulin prophylaxis is vital for patients with hypogammagiobutin-
emia. After years of use, Intramuscular immunoglobulin has been shown

to be safe, with no reports of ransmission of hepatitis virus. Recently,
howsver, a few reports have suggested the transfer of non-A, non-B

‘hepalitis with some of the new-generation immunogiobutin preparations

made for intravenous use [1-7]. At present, the mechanism whereby
these infravenous preparations can be infectious is unknown, since the

‘same source materials are used for the intravenous and Intramuscular
' preparatlons To fllustrate this prob!em further, we describe our experi-

ence with several patients with hypogamaglobullnemla or IgG subclass

deficiency in-whom liver damage developed after infravenous lniuslons of
_immunoglobulin prophylaxis were adminisiered. g

' PATIENTS AND METHODS

Patlents. The patlents with common varlable lmmunwellciency (CViD)yor

" lg@ subclass deficiency Included in this study and the doses and type of

immunoglobulln they received appear in Table |. Nineteen patients with
cviD pmlclpatsd in a two-dose study with 25 or 100 mg/kg per week of
intravenous immunoglobulin, and 17 other patients with 19G subclass defi-
clencies while recelving intravenous immunoglobullr were followed in
separate ciinical trials. Several of these patients have been-described

‘earller [8-10]. The other 120 patients were recelving regular Immunoglob-
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. TABLE |

Hepatitls ln 16 of 156 Patlents with lmmunodeﬂcl'ency after lnlnmnscular (n 79) and Intravenous
{n=177) lmmunoglobulln Prophylaxls _
Number . Dose: Modo of Hepatitis Co
Diagnosis of Pallents Location {mg/ka/week) infoclion -~ Sourco of Plasma Developed - -
cvID o 76. : : : o , g
» 13 NYG . 25-150 v American 3
10 Gbg 25-100 TN American 6
2 Gbg 25-50 V- Nordc 4
| - Gbg 100 v Nordic -0
1 Gbg 1000 v Nordic 0
_ o SRR | Gbg 26 ™M Nordic-irish 0
lgG subclass deficlency 80 '
i 7 NYC - 50 v American- 1
-21 Gbg 50 (Y Nordic 2
62 Gbg 25 M Nordio-Irish 0

NYc = New York City; Gbg = Goteborg. Sweden; IV = lmravenous. M = InIramuscuar, Nordie = from Sweden and Ftnland

ulin prophylaxis, but one patient with polymyosms recewed
- 4,000 img/kg during one wepk (Table I).
. hmmunogiobulin Preparations, In this study, we used a
Swedish albumin-stablliized Immunoglobulin preparation
(Gammonativ, KabiVitrum, Stockholm, Sweden) given in-
travenously or an Immunoglobulin preparation given intre-
muscularly (Gammagiobuiln 16.5 percent, KabiVitrum). The
Immunoglobulin preparations are prepared using the Cohn
cold ethanot fractionation procedura with 25 percent ethy-
Ialcohol The fraction Il paste for intravenous use Is not
freeze-dried, byt dissolved and treated with DEAE-Sepha-
dex, stabllized with glyclne, albumin, and giucose, and
lyophilized. The intramuscular preparation, after freeze dry~
Ing of fraction Il paste, Is dissolved, stored, and bottied.
immunologic Tests. - Tolal lymphocyte counts, percent-
ages of T and B lymphocytes, responslvaness to phytohe-

magglutinin and concanavalin A mitogens, and delayed-

type hypersensitivity reactions to purified protein derivative
of tuberculosis, Candida, Varidase, mumps virus, and Trl-
choph{ton antigens were measured as described prevlous-

[11

The sera of the immunodeficient patients were analyzed
on two to three occasions for hepatitis B surface antigen
and for antibodies against human immunodeficlency virus,
Epstein-Barr virus, and cytomegalovirus,

Liver Tests, The activity of aspargte aminotransferase,

alanine aminotransferase, and alkaline phosphatase was
determined In Gdteborg as recommended by the Scandina-
vian Gommittep on Enzymes [12] and in New York as
described [13,14]. Hepatitls was diagnosed if aminotrans-
© ferase levels were 2.5 times above the normal level (1.75
- u/iiter or 62.5 U/m, respectively) in at least two consecu-

tive samples taken at a six-week interval or longer, without -

any other reason for thése elevations [16]. Liver biopsy
speclinens were obtained In eight patients using a Menghlnl
needle. .

RESULTS

Ciinical Dala. Sixteen of the 77 (21 percent) patimts
had levels of serum aminotransferases 2.5 or more times
the normal level after the initlation of intravenous immuno-

globulin prophyl_axls (Table ). All patients had normal
levels before the study. Fourteen of these patients had

bemgivensomglkgperweekormoreoflntmvenws o

immunoglobulin of which five patients had- 100 and one
150 mg/kg per week, and two others had recelved 25
mg/kg per week, also intravenously. Hepatitis developed
in reciplents of infravenous immunoglobulin made of plas-
ma obtained from-both United States and European
sources (Table 1). Increased serum alkafine phosphatase

levels were present in 13 of the patlents, with extremely

high levels in two (Table ). Hyperbilkubinemia developed

in four patients. In confrast, 27 ofher patients with CVID

recelving 25 mg/kg per week-of intramuscular immuno-
globulin for one-half to three years, with a mean of 1.5

years, did not show any increased aminotransferase lev-

els.

intwo IgG subclass-deficient patients (Patients 14and -

15}, increased enzyme levels developed after only two
infusions at 50 mg/kg per week three weeks apast. One
of these patients (Patient 15) had a sharp and brief rise

initially, followed by four months with normal levels of

aminolransterases and then had another sharp increase
of three enzymes. TheenzymelevelsoHZpaﬂentshave
not returned to normal; five of these 12havedied

Four paifents with-increased transaminase levels had

no symptoms of liver disease. Eleven had sympioms .
within zero 1o 41 months, {mean: 11 months) after the -

enzyme elevation was firstnoted. Five patients (Patients 1
to 4 and 6 in Table )t) had signs of severe liver disease,
8.g., ascltes and edema.

Of the five patients who diad, one (Patient 1) had slowly -
progressive deterioration of liver function for 23 months
but died of an erysipelas infection. The second {Patient 2)-

had increased levels of fransaminases for 46 months, He

‘had both hips replaced because of aseptic osteonecrosis,

but poor clinical condition due to liver disease was present
only during the last five months of his life. He dled of
hepatio fallure. The third patient (Patient 4) had a more

108 . January 1988 The Amerlcan Joumal of Medicine Volume 84
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rapid progression of liver diseass with edemaandascites.
He died suddenly and unexpectedly at home. Autopsy

suggested vascular collapse as the cause of death. The
fourth patient who died (Patient 3) showed a very severe

and rapid course with profound fatigue, hypotension, diar- -

thea, jaundice, ascites, and intermittent fever. During the

last nine days of his life, he was treated with 5 X 108 jU -
units of alpha interferon per day (introne-A, Schering

‘Corp., Kenliworth, New Jersey). Results of his liver func-
tion tests improved dramatically, but he dled of bilateral

pneumonia. One additional patient (Patient 5) recelved
alpha interferon for four months. He showed clinical im-.

provement and the liver enzyme levels decreased. When
the alpha Interferon treatment was stopped, his amino-
transferase levels increased rapidly and the patient’s con-
dition deteriorated. A second course of alpha interferon
therapy hed no effect and the patient died.

TWoaddiﬁonalpwenwhavehadlncreasedﬁvererr

zyme levels, but not 2,5 or more times the upper normal

“Nmit, Enzyme lovels for one of these patlents have nor-
malized and resulis of a subsequent liver biopsy were -
_normal. One additional patient with CVID, who had poly-
. myosiis and received 1,000 mg/kg of immunogiobulin

diving one week, later had increased aminolransferase
levels (data not shown). However, resulls of the liver
blopsy was normal.

Histopathologlc Evaluation. A lver blopsy was per-
formed In eight patients. in four, the histology showed

_chronic active hepatitis with varying degrees of Inflamma-

tion and aggressivity; in one of these patients, earty cir-

. rhosis developed (Patient 3, Table ). Another patient who
‘ also had micronodular clithosis at autopsy had a few

months earlier only some fibrosis on biopsy (Patient 4).
Patient 5 had ipitially had a mild acute hepatitls, but died
six months later with cirrhosis.

Liver samples from four patients showed acute hepati-
tis. One originally had a clinical picture of acute visal
hepatitis with necrosis of single hepatocyles and a moder-
ate inflammatory reaction. One year later, a foew necrotic
hepatocytes could still be seen, but the inflammatory
process had changed to more chronic active hepatitls of

" the early aggressive type (Patient 6). One patient had an
- acute hepatilis (Patient 15). Patient 8 was classified as

having mild acute hepatitls with very discrete inflamma-
tory reactions cons!stent with unspecific reactive pro-
cesses.

The microscoplc examination showed the ‘common
features of active hepatitis as seen In non-immunodefl-
cient patients. No plasma celis could be seen and no
lymph follicles were observed In the chronic cases. A
pronounced Kupffer cell proliferation seemed to occur
withy an increased number of lymphocytes within the
lobules.

‘immunologic Investigations. No differences were noted

between the hepatitis diseased and heatthy patients in

regard to fotal leukocyte and lymphocyte counts, B cell, T

cefl, CD3-, CD4-, or CD8-positive cell percentages, mito-

gen responsiveness 1o phylohemagglutinin and conca-
navalin A, or in delayed-type hypersensitivity reactions.-

Al patients tested negative against hepatitis B surface
antigen and no thanges In antibody titers against human

immunodeficiency virus, Epstein-Barr virus, orcytomega :
_lovirus were noted

This study shows thet severe and sometimes lethal hepa-
titis developed after prophylaxis with an immunoglobulin

preparation for infravenous use In antibody-deficient pa-

tients. The increased aminotransferase concentrations
and the histopathologic picture in our patients are consis-
tent with a drug- or vius-induced hepatitis; which 'is
supported by studies in chimpanzees [15]. However, in-
creased serum levels of akaline phosphatase are not
usuallypartofthepattemofﬂnatdiseaee[ﬁ] but other or

* additional forms of viral hepatitis cannot be excluded

serologically in patients with hypogammaglobulinemia.

in patients with antibody deficiency, severe forms of -

viral hepatitis may develop when infection with hepatitis B
virus ocours [ 17]. Chwonlc active disease, with or without

_ cirthosis, has been reporied after acute hepatitis in pa- |

tlents with agammagiobulinemia or hypogammiaglobuline-
mia [18], but there is also a report of an asymptomatic

-camerstatemapaﬂemwimx—llnkedhypoganmaglobw

linemia [19]. In three of our patients, hepatitis contributed
to death. One- patient died of hepatic failure and chronic

active liver disease verified by microscopy developed in -

four patients. in four of the 18 patients, however, the fiver

. disease was asymplomatic.

ltwasrbtableMMpam(soownedeeepaﬂents
aﬂeronlytwohhavaslonsofkwmxwglobuunof
50 mg/kg per week, three weeks apart. Two of these

- patients were IgG subclass deficlent (Patients 14 and 15).

in other patients, higher doses and a larger number of
Infuslonshadbeenglvenforamuchlongerﬂmebsfore
the liver damage appeared. Themean initial period with-

out clinical symptoms was at least 11 months. Hepatitis

developed in reciplents of ditferent batches of Intravenous
preparations made from United States sources as well as
from European plasma. .

Nocaseolhepatniswasobservedam‘gmepatlems‘

given intramuscular immunoglobulin, although this prepa-

=;ratimwasmadefrommesameplasmapoo(sasﬂwe
intravenous immunoglobulin. It Is not clear whether the

absence of hepatills in patients receiving intramuscular
immunoglobulin prophylaxis is tue to the different final
steps used in the production procedures for the intrave-
nous as compared with the Intramuscular form or to the
different routes of administration [20]. &t could also be a
matter of the dose; intravenous immunoglobulin was giv-
en In larger doses than was intramuscular immunoglobu-

- 110 January 1888  The American Journal of Medicine Volume 84
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fin. It could also be that the hypogammaglobulinemia and
the oftenimpaired T-lymphocyte functionin these patients

[21,22] made them an easier target for a drug-canied

virus. However, hepatitis developed in three patlents with
only 1gG subclass deficlency and nonmal T-cell function,
and no differences in immunologlc parameters were not-
od among hepatitis diseased and healthy patients with

. CVID. Two patients were treated with alpha interferon

with some success [28], in agreement with a recent
report [24]. . '

The Intravenous immunoglobulin preparation used here
has been successful in_preventing infections in CVID
patients, has been easy to administer, and has caused

useful drug has caused hepatitis. It is urgent to determine
the mechanisms Involved since owr experience is not
unique [1-7]. To avold simllar incidents In the future, it

‘seems necessary 10 inciude a step In the production of

immunoglobulin ~preparations that eliminates viruses.

Such procedures have been appiied to a few intravenous
~ immunoglobulin preparations, one of which we are cur-

rently testing.
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Immunoglobuilin Tré'rnsmits Hepatitis C. True or False?

To the Editor:

In their intéreSUng review, Heintges and Wands' .wrote:

. HCV-RNA was detectable in more than one-half of the

* intramuscular preparations of immunoglobulins. Thus, pa- .

tients with immunoglobulin deficiency and who received
such - prophylactic ‘antibody preparations frequently devel-
oped chronic HCV infection.”

However, Heintges and Wands cited a study by Bjeroet al.,2

rted that patients with - :
who repo at patlents with primary hypogammaglobu- . received 4 mL of unscreened intramuscular immunoglobulin

linemia who received intramuscular immunoglobulins for
long periods of time never acquired hepatitis C virus (HCV)
infection. Only a group of patients who received a batch of
intravenous immunoglobulin contaminated with non A, non
B hepatitis virus acquired the infection.

Clearly, there is a need to clarify the topic of immunoglobu-
lin administration and HCV transmission also ln view of the
medical, scientific, and legal aspects.

lMMUNOGI.OBULlN PREPARA’I'(ONS

Standard or “polyvalent” immunoglobutlin is prepared from
blood pooled from at least 1,000 donors. Immunoglobulin
preparations contain a wide range of antibodies resulting
from infections widely spread in the population or from
vaccinations. Hyperimmune globulin is prepared from the
blood of a smaller number of donors appropriately vaccinated
or convalescent from a given disease; hence hyperimmune
globulin contains the same range of antibodies as standard
immunoglobulin, but one antibody is much more concen-

trated than the others (at least 5-fold). After injection, the ’

antibodies are present in the bloodstream and in interstitial
fluids where they bind specifically to the various infectious
agents (antigens) to form immune complexes that then are
elirninated via the reticular-endothelium cell system. Antibod-

g)

Recently, concern was aroused when 50% of batches of

unscreened intramuscular immunoglobulin, both standard’
and hyperimmune,’® tested positive for HCV-RNA. This led
to the suggestion that patients with chronic hepatitis C
infection could have been infected by a previous inoculation-
of intramuscular immunoglobulin, We were able to provide
the first direct evidence that HCV infection is not transmitted
by intramuscular immunoglobulin containing HCV-RNA. In
fact, in a randomized controlled trial 450 at-risk sexual

partners (mean age: 43.8 years) of HCV-infected individuals

“every 2 months for a mean of 13.5 months. A total of 3,260 -

doses of immunoglobulin were administered, about 50% of
which were HCV-RNA positive, and none of the immuno-
globulin recipients monitored at 4-month intervals became
HCV infected 810 .

‘Similarly, in an uncontrolled trial that started at the end of
1989, we treated 78 at-risk sexual partners (mean age: 28
years) of HCV-infected subjects for about 6 years according to
the same protocol.? The partners received unscreened intra-
muscular immunoglobulin (about 50% were HCV-RNA posi-

tive) until March 1993, when testing of blood units for
- anti-HCV became mandatory in Italy. Thenceforth, the sexual

partners received screened immunoglobulin preparations.
The study was stopped in July 1995, when it was first demon-
strated that the “new” screened commercial intramuscular
immunoglobulin lacked anti-gpE1/E2 neutralizing antibod-
ies, whereas the “old” unscreened commercial intramuscular
immunoglobulin contained high titers of these antibodies. %12

‘No sexual partner of this study became HCV-RNA positive.

The safety of HCV-RNA~pesitive intramuscular immuno-

- globulin preparations can be attributed to several factors: (1)

ies do not enter the cells, and they have a half-life of 21 to 25

days. Thus, their protective effect can last 2 to 3 months.
Since 1971, hepatitis B surface antigen—positive blood
units have not been included in immunoglobulin starting
material. Since 1985 and 1992, also anti-human immunodefi-
ciency virus-1- and anti-human immunodeficiency virus-2-
positive units, respectively, have been discarded. In the early
1990s, most developed countries forbade the use of anti-HCV-
positive blood for immunoglobulin products (e.g., 1990 in
-France, 1991 in the United States, and 1993 in Italy).

INTRAMUSCULAR IMMUNOGLOBULIN

Intramuscular immunoglobulin preparations are prepared
according to the Cohn fractionation process, which separates
the fraction containing antibodies that rieutralize various
" infectious agents. The resulting preparations are highly
concentrated (16% in .solution and containing 160 mg of
protein/mL). Other manufacturing procedures do not ensure
the same safety.?

Over the last 50 years, many millions of individuals
worldwide have received intramuscular immunoglobulin

. without contracting infections. Intramuscular immunoglobu- -

lin prepared according to the Cohn process has been pro-
claimed safe by the Centers for Disease Control*S and by the
World Health Organization. ‘

partitioning of viruses away from immunoglobulin, (2)
inactivation of viruses by the fractionation process, and (3) a
high concentration of neutralizing antibodies.?212 -

Since 1995, it has been recommended to perform HCV-
RNA testing on the final product'®! or on the starting plasma
pools® with respect to intramuscular immunoglobulins that
have not undergone any HCV inactivation process following
Cohn fractionation process.

INTRAVENOUS IMMUNOGLOBULIN

Intravenous immunoglobulin is 5% solution of normal or
specific immunoglobulin (the concentration of the latter can
be even higher) that undergoes an additional preparation

" process to be administered by the intravenous route.

Although intramuscular immunoglobulin has never been
associated with HCV transmission, from 1983 to 1994 at least
8 outbreaks of non A, non B/HCV infections accurred, 7
outside the United States and 1 inside the United States, in
subjects who received intravenous immunoglobulin. During
each outbreak, the number of HCV-infected patients varied
from 1 to 28.'5 In 1994 an outbreak of HCV infection was
associated with intravenous immunoglobulin: (Gammagard)
produced by Baxter Healthcare Corporation (BHC), Deer-
f“eld IL.!3 The first cases occurred in the United Kingdom,

, and Sweden, Successively, 110 cases were reported in the
United States.”? It is noteworthy that, 3t that time, Gamma-
gard was produced without any of the additional HCV-
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inactivation processes that later came into use. 138 To explain

‘this outbreak, it was suggested that, after the introduction of
blood screening for anti-HCV and consequently the exclusion of
anti-HCV-positive blood units, the starting blood pool could
have contained blood from donors in an early stage of disease,

i.¢., before the patients became anti-HCV positive. It was also

speculated that a hypothetical neutralizing antibody could

have been removed with the anti-HCV-positive blood '

units. 192

In this context, it is interesting to recall a recent study in
" which plasma containing infectious HCV incubated ‘with
experimental intravenous immunoglobulin prepared from

about 200 anti-HCV-positive blood  donors did not cause.

- infection in the chimpanzee, whereas the same infectious
plasma incubated with commercial intravenous immuno-
globulini prepared from over 1,000 anti-HCV-negative do-
nors caused infection in the animal.2? These results are

*consistent with the presence of neutralizing antibodies in the
intravenous immunoglobulin from anti-HCV-positive blood

and their absence from intravenous immunoglobulin from

anti-HCV-negative blood. L
" Since 1994, most intravenous immunoglobulin prod-
ucts—in addition to the Cohn method—undergo stringent
procedures to inactivate HCV and other infectious agents.18.22
Although many millions of grams of intravenous immunc-
globulin are used. each year, and their use is continuously
increasing, no cases of HCV infection have been reported in
treated subjects after the advent of new viral-inactivation
procedures. ,
There are several possibilities to explain why pre-1994
‘intravenous immunoglobulin resulted in some cases of HCV
infection, whereas. intramuscular immunoglobulin did not.
(1) Intramuscular immunoglobulin is more concentrated
than intravenous immunoglobulin, so that immune. com-
plexes form more easily in the former; when these complexes
enter the bloodstream they are eliminated by the reticular-
endothelium cells system. (2) Intramuscular immunoglobu-
lin is adsorbed more stowly; in fact, the highest antibody titer
in the blood is reached about 48 hours after injection. (3) A
higher amount of immunoglobulin is injected intravenously
than intramuscularly. (4) Although both types of immuno-

globulin were produced with the Cohn method, the subse- -

quent production steps differ.
" In conclusion, (1) intramuscular immunoglobulin has
never transmitted HCV infection; and (2) some intravenous
immunoglobulin products used before 1994 caused a few
_cases of HCV infection, whereas intravenous immunoglobu-
lin prepared after 1994 Is totally safe. :

MARCELLO Piazza, M.D.
Istituto di Malattie Infettive
Secondo Policlinico

Universita "Federico II" Napoli
Napoli, Italy ‘
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The role of humoral immuhity in hepatitis C virus (HCV) infections '

i$ uncertain. Nevertheless, there is increasing evidence for. neutral-
izing antibodies to HCV in the serum or plasma of chronically
infected individuals. Immune globulins prepared by ethanol frac-
tionation of plasma had long been considered safe until a com-
mercial immune globulin product, Gammagard, prepared from
plasma from which units containing anti-HCV had been excluded,
transmitted HCV to recipients. Studies suggested that the exclusion
- might have removed neutralizing antibodies from the plasma and
hence compromised the safety of the resuiting immune globulins.
In the present study, by using chimpanzees and a recently vali-
dated /n vitro system based on neutralization of infectious HCV
pseudoparticles, we found broadly reactive neutralizing and pro-
tective antibodies in experimental immune globulin preparations
made from anti-HCV-positive donations. Neutralizing antibodies
were also found in Gammagard lots made from unscreened plasma
that did not transmit hepatitis C but not in Gammagard lots, which
were prepared from anti-HCV-screened plasma, that did transmit
hepatitis C. The results provide an explanation for the mechanism

by which the safety of this product was compromised. Immune -
globulins made from anti-HCV-positive plasma and containing -

broadly reactive neutralizing antibodies may provide a method of
preventing HCV infection.

H epatitis C virus (HCVY) is an enveloped virus containing a
single-stranded, positive-sense RNA. Tt infects up to 170
million people worldwide. Although acute HCV infections are
g(,n(.rdlly asymptomatic, the rate of persistence is remarkably high
. (80%), lt.(ldln}_, to chronic liver disease, cirrhosis, and hepatocellular
carcinoma in some patients.

The role of the humoral immune responsé in preventing and/or
controlling HCV infection has not been well defined, which may be
due chiefly to the lack of a reliable cell culture system useful for in
vitro. neutralization assays. the genetically heterogeneous nature of

HCV, and the limited resources for studying HCV infection in”

chimpanzees, the only species susceptible to HCV infection other
than man. In addition, it is a general perception that humoral

immunity is Jargely ineffective in resolving HCV infection or -

prcvx,ntmg reinfection, perhaps because of emergence of neutral-
ization-resistant variants (1, 2) and/or the “masking” of HCV hy
serum lipoproteins (3). i

Previously, Shimizu er al. (2,4) and Farci ¢r al. (1. 5) identified
neutralizing antibodies (Nt Abs) to HCV by their ability to prevent
replication of the virus in a lymphoid cell line and 1o prevent
hepatitis C in chimpanzecs, respectively. By using a recently estab-
lished in vitro neutralization assay system based on the newtraliza-
tion of infectious retroviral pseudopanrticles bearing HCV envelope
glycoproteins, Bartosch et al. (6) were able to confirm the existence
of Nt Abs shown previously in both systems. Relatively high titers
of Nt Abs were present in plasma or serum from chimpanzees and
humans who were chronically infected with HCV (7).

www.pnas.org/cgi/doi/10.1073/pnas.0402458101

Several lines of evidence also suggest.the presence of Nt Abs in
immune globulins, U.S.-licensed immune globulin products werce
historically considered safe with respect to hcpalitis transmission
untii the “Cmmmagard incident.” which began in late 1993 (8-12):
one commercial i.v. immune globulin (1G1V) product prepared

from pooled plasma from which anti-HCV-positive plasma dona-

tions were excluded transmitted HCV to recipients. Epidemiologic
and laboratory studies suggested that such screening might have
removed complexing and/or Nt Abs from plasma and hence
compromised the safety of the immune globulins (9, 11--16).

In this study, we correlated the presence of Nt Abs in several

~ experimental IGHV preparations (HCIGHV) made solely from

anti-HCV-positive plasma donations with their ability to prevent

HCV infection in chimpanzees. Preliminary data indicating that an '
experimental HCIGIV product could neutralize a low-dose HCV -

inoculum administeréd to.a chimpanzee were reported (17). In
addition, we measured Nt Abs in commercial Gammagaurd lots
manufactured before or after the screening of plasma for anti-HCV
was instituted. We demonstrated the presence of high-titer and
broadly reactive Nt Abs to HCV in a pool of anti-HCV-positive

.plasm.] donations in three HCIGIV préparations made from

anti-HCV-positive pools and in Gammagard lots prepared from
unscreened plasma. In contrast, we did not find Nt Abs (o HCV-in
a plasma pool from which anti-HCV-positive plasma donations had

‘been excluded, in immune globulins prepared from such plasma

pools, or in lots of Gammagard prepared from screened plasma.
Thus, our data indicate that anti-HCV contribuies to the historic

‘safety of immune globulins and that ami-HCV screening of donors

removes Nt Abs from plasma and could therefore compromise the
safety of immunc globulins unless their manufacturing procedures
include onc or more viral inactivation steps.

Materials and Methods

Anti-HCV Testing. Antibodics to HCV core and nonstructural pro-
teins (anti-HCV) in immune globulins and chimpanzee sera were
determined by a second-generation enzyme immunoassay (E1A)-2
or a third-gencration EIA-3 kit (both from Ortho Diagnostics)
according to the manufacturer’s instructions. Immune globulin
preparations were serially 2-fold-diluted with a specimen diluent
provided, and the reported titer represented the highest dilution
that gave a reading above the cutoff value specified for the kit. The
presence of anti-HCV in immune globulins was confirmed by a
second-generation strip recombinant immunoblot assay (RIBA-II.

Abbreviations: HCV, hepatitis C virus; Nt Abs, neutralizing antibodies; IGIV, intravenous
immune globulin; HCIGIV, experimental IGIV made from anti-HCV-positive plasma; CID.
chimpanzee infectious doge; ClDss, CID at 50%; EIA, enzyme immunoassay; ALT, alanine
aminotransferase. .
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Tablé 1. Samples tested under code

Anti-HCV plasma  Anti-HCV

(a
Q
Q.
[C]

Virus )
19G, %

Sample screening RIBAN  'Anti-Ei*  Anti-E2* HCVRNA  inactivation

1 Controt IGIV £1A-2 neg Neg Neg ‘Neg Neg Yes 5
2 HCIGIV EIA-2 pos Pos Pos Pos Neg Yes. 5

3 HCIGIV EIA-1 pos ) Pos Pos Pos Pos No 5

4 - HCIGIV EtA-1 pos Pos ND ND Neg Yes B

5- Human albumin EIA-2 neg N/A N/A N/A . Neg Yes (5% prot)

6 Plasma pool EIA-1 pos Pos Pos. Pos Pos No 1t
7 Plasma pool EIA-2 neg ‘ " Neg Neg Neg . Neg " No L LI
'8 . Gammagard .. EIA-2 neg Neg Neg Neg Neg No © 10,
"9 Gammagard £IA-2 neg Neg ~ Neg Neg Pos No 10

10 Gammagard EIA-2 neg Neg Neg Neg Pos No. - .10

1" Gammagard EIA-2neg - Neg " Neg - Neg Pos . No 10'

12 Gammagard ElA-2neg Neg Neg . Neg Pos . No 10

13 . Gammagard Unscreened Pos Pos Pos Neg No. 10

14 °  Gammagard Unscreened - Pos, Pos Pos i Neg ‘No 10

15 Gammagard Unscreened Pos ND ND . Neg © No . .10

16 Gammagard Unscreened Pos ND ND . Neg No 10
17 1GIV ElA-3 neg ND ND ND Neg - . Yes 10

18 Gammagard Unscreened Pos ND ND Neg No 10
19 " Gammagard Unscreened Pos ND ND Neg . ~ No B A

‘pos, positive; neg, negative; ND, not determined; N/A, not-appli(able. ’ . .
*In-house EIA procedures for anti-E1 and anti:E2 (see Materials and Methods for details).

- tAssumed value.

Chiron). Determination of antibodies to HCV envelope. glycopro-
tein E1 and B2 has been described 14Y. Briefly. the antibodies were
determined by in-house EIA methods by using artially purificd
fusion proteins expressed in baculovirus. Immune globuling were
first diluted to 4 5% IgG solation and then dituted with PBS, pH
7.4, containing 0.05% Tween 20 before being incubated in-wells
coated with either the expressed E1 (7.2 pg/ml) or expressed E2
antigen (38 pg/mi) at 4°C overnight. Subsequently, standard ETA

procedures were followed. The absorbance at 490 nm was mea-

" sured, and cutoff values for anti-E1 and anti-E2 were set at (1.5 and
0.6, respectively.

immune Globulins and Plasma Pools. Ninctcen coded samples were

tested in this study (Table 1). The code was not broken until after

" esting was completed. Samples 1, 2, and 3 were previously de-
scribed in a preliminary report (17). Briefly, sample 1 was a
commercial 5% 1G1V solution ( Venoglobulin-S, Alpha Therapeu-
tic, Los Angeles) preparcd from >43,000 plasma donations
sereened for anti-HCV (E1A-2) and virally inactivated by a solvent—
detergent treatment (18). Sample 1 hiad ne detectable antibadics to
HCV, including antibodies to envelope glycoproteins EL and E2,
and, hence, was used as a control IGIV. Sample 2 (HCIGLV) was
an experimental 5% IGIV that had been solvent—detergent treated

(kindly provided by Nabi Biopharmaceuticals, Boca Raton. FL).-

Sample 2 was made from pooled plasma of 198 anti-HCV (E1A-
2)-positive donors who otherwise met the requirements for normal
plasma donor, ie.. negative for both anti-HIV and hepatitis B
surface antigen and without elevated levels of alanine aminotrans-
ferase (ALT). This HCIGIV contained the highest levels of anti-E1
‘and anti-E2 among all experimental and commeicial IGI'Vs exam-
ined (14) and. had an anti-HCV (EIA-3) titer of 1:2048. Sample 5
(albumin) was derived from commercial 25% albumin (human)

that had been virally inactivated by heating at 60°C for 10-11 hand

was diluted to 5% with PBS before its use as a control. Sample 3
. (HCIGIV), a 5% 1gG solution prepared by the Food and Drug
Administration from 4 liters of pooled plasma from 186 anti-HCV
(EIA-1)-positive plasma donations as described (19). was not virally
inactivated and contained HCV RNA. This HCIGIV also had high
levels of anti-El and anti-E2 (14). Sample 4 (HCIGIV), also
prepared by the Food and Drug Administration. was similar to
sample 3, except that the former was prepared from portions of 23

7706 | www.pnas.oré/tgi/doi,"10.10,73/pnas.0402458101 '

plasma - donations sclected from among the 186 donations for
sumple 3, was virally inactivated at fow pH, and was used previously
in a chimpanzec study by Krawczynski ef al. (20). In that study, a
chimpanzee was inoculated with 30 chimpanzee infectious doses
(CID) of HCV, strain HCV-1 (closely related to the strain H77 used
‘herein), and infused with:the HCIGIV L h later.

Sample 6 was a plasma pool consisting of the 186 donations (19)
that formed the starting pool for the HCIGIV designated sample
3. Sample 7 was a plasma pool from anti-HCV (EIA-2)-screened
donors provided by a manufacturer. Samples 8~12, i.e., Gamma-
gard-lots implicated in transmission of HCV to recipients, were
made solely from anti-HCV (E1A-2)-sergened plasma donations in
1993, whereas samples 13-16 and 18-19were different Gammagard
lots from plasma unscreened for anti-HCV and manufactured

Between 1988 and 1990. Sample 17 was a current, virally inactivated

IGIV product made by another manufacturer from anti-HCV
(EIA-3)-negative plasma donations. Many of the lots of IG1V and

~the human albumin were from product lots submitted by manu-
facturers for release by the Food and Drug Administration. Ly-

ophilized Gammagard lots were reconstituted to 105 1gG solutions
with PBS before use. ) -

HCV. Inoculum, Chimpanzee inoculation, and Monitoring. An inocu- -

lum diluted to contain ~64 CIDsy (50% chimpanzec: infectious
doses) of HCV was prepared from’ the acute phasc plasma of
patient H as described (1, 5). By limiting dilution, the inoculum was
found.to contain 630 copies of HCV RNA per milliliter based on

our saraple extraction and subsequent RT-PCR procedures. This’

ratio of infectious doses to genome equivalents was similar to that
found for the H strain inoculum described {ref. 21 and unpublished
data). One-milliliter portions of the inoculum were incubated with
5() ml of the test substance dvernight at 4°C betore administering to
chimpanzees. Sample 3, HCIGLV that had not been virally inacti-
vated, was infused into a chimpanzee at a dose of 1.0 g of 1gG per
kg of body weight, divided into two daily doses. Serum samples were
obtlained weekly from the chimpanzees and tested for anti-HCV by

" EIA-2 or EIA-3. Serum ALT levels were measured weekly by

standard methods (Antech Diagnostics, Baltimore, MD). ALT was
considered clevated when it reached Tevels twice the upper limit of
normal. Sera were also tested weekly for HCV RNA. Fhe housing,

Yu et al.
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maintenance, and care of the chimpanzees met or exceeded all
relevant guidelines and requirements.

Detection and Quantitation of HCV RNA by RT-PCR. Procedures were
performed as described previously with some' modifications. (11,
15). To detect low levels of HCV RNA'in some immune globulin
samples, 4-ml aliquots were used for RNA extraction. For plasma
pools, chimpanzee sera, and HCV inocula, sample aliquots ranging
from 0.05 to 0.2 mi were used. The extracted RNA was dissolved in
100 g, and 25-pd serially diluted (0.5 or 1log) aliquots were assayed

by RT-PCR in a total reaction mixture of 50 ul that contained 5
units of rTth DNA polymerase, 1X EZ butfer, 2.5 mM Mn(OAc),, -

300 mM each of the 4 deoxyribonucleotides, and 0.4 mM each of
the outer primer pair [nucleotides 39-59, 5'-ACTCCCCTGT-

GAGGAACTACT and nucleotides 329-310,5'-ACGAGACCTC:
CCGGGGCACT]. All RT-PCR reagents weic from Applied Bio- .
systems except the primers, which were prepared by GIBCO/BRL.

The RT reaction was carried out for 30 min at 60°C followed by
heating for 1 min-at 94°C to denature the RNA:DNA hybrid. The
first PCR step was performed in the same tube for 30 cycles, each

cycle consisting of 15 s at 94°C and 30 s at.60°C, followed by one,

cycle of 7 min at 60°C. The second PCR step was performed by
adding 5-ul aliquots of the first PCR product to the same’ ingredi-
ents and incubating them under the same conditions as described
for the first PCR step but with-the inner primer pair (nucleotides

57-76.5'-ACTGTCTTCACGCAGAAAGC, and nucleotides 312- -

293, 5'-ACTCGCAAGCACCCTATCAG). The amount of HCV
| - RNA, expressed as copies per ml, was determined by limiting
dilution analysis as described (13). In the RT-PCR ussays, two (o
four copies of HCV RNA were cquivalent to | international unit

when compared to the established international standard for HCV

RNA (22).

Production and Neutralization of Pseudoparticles. Pscudoparticles
were generated as described (6). Bricfly, 203T cells were transfected
with expression’ vectors encoding HCV envelope glycoproteins, a
retroviral core/packaging component, and the GFP gene with
integration signal. Expression plasmids ¢ncoding both El and E2
glycoproteins of either HCV genotype fa strain H77 or genotype 2a

were used. The medium was replaced 16 h after transfection.

Supernatants containing the pseudoparticles were harvested 24 h
Jater, filtered through 0.45-um-pore membranes, and used to infecl

Huh-7 cells that had been seeded the day before at a density of 8 X
10 cells per welk in 12-well plates. Coded samples were diluted and .

tested for neutralization of HCV pseudoparticles of both genotypes
by preincubating the mixture at room temperature for 1 h before
adding it to the target cells. After 3 h, the supernatanis were
removed and the cells were incubated in regular medium for 96 h
at 37°C. Input pscudoparticles infected 2-4% of the cells in the

absence of antibody. The infectivity of pscudoparticles exposed to

sera from two healthy seronegative human donors from France wus
standardized to 100%% for comparison with the two plasma pool

samples (samples 6 and. 7), whereas that exposed to albumin

(sample 5) was used as a negative control for all immune globulin
samples. AH dilutions of test samples were compared with the same
dilutions of these negative control samples. A diminished number
of infected cells that was =50% of the negative controls -was
considered to be evidence of significant neutralization. The pusitive
control sample was from a French patient (Vu) who was chronically
infected with HCV, genotype 1b. Control neutralization experi-
' -ments were also performed with-an irrelevant target by, using
pscudoparticles bearing glycoproteins derived from the feline en-
dogenous retrovirus RD114 as described because antibodies to this
virus are not found in human sera (6).

Results

Prevention of HCV Infection in Chimpanzees by Experimental 1GIV
Preparations Made from Anti-HCV-Positive Plasma. To investigate
whether withholding anti-HCV-positive plasma units from a
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plasma pool and, hence, the resulting IGIV product, depleted Nt
Abs, we assessed the capabilities of two IGIV preparations to
neutralize 64 CIDsg of HCV, strain H77. One IGIV was an
experimental globulin preparation (HCIGIV) made solely from
plasma of anti-HCV-positive donors. The preparation had high
levels of both anti-E1 and anti-E2 (14). The other was 2 commercial
globulin. preparation made from anti-HCV (EIA-2)-negative
plasma’ donations; it was devoid of detcctable anti-El and anti-E2
(14). To confirm the viability of the inoculum, a 5% human albumin

solution was used as a control. All three preparations had been.

virally inactivated; and each was incubated with the inoculum as

described above before infusing the globulin-virus (or albumin-

virus) mixtures iv. into individual chimpanzees.

The control chimpanzee, CH 1560, infused with an incubation
mixture of the inoculum and a 3% human albumin solution (sample.
5), was infected and HCV RNA was detected in the serum within
one week (Fig. 14, which is published as supporting information on

the PNAS web site). The other control chimpanzee, CH 1587, which )

was infused with » mixture-of the same inoculum and the control
IGHV (sample 1), was similarly infected (Fig. 18). Both CH 1560
and CH 1587 had serum ALT elevations, and both seroconverted
(ELA-3) at weeks 9 and 11, respectively. In contrast, the HCIGIV
(sample 2) neutralized the HCV inoculum: CH 1588 exhibited

neither elevatéd ALT nor detectable HCV RNA over a period of

58 weeks (Fig. 1C). Passively acquired anti-HCV (EIA-3) fromthe
HCIGIV was present in CH 1588 from weck 1 through week 22.

To determine whether CH 1588 had remained fully susceptible
to infection with HCV, it was challenged at week 59, after all
passively. acquired anti-HCV "had disappeared, with 1 ml of the
same inoculum containing 64 CIDsy of HCV. As expected, HCV
RNA was detected within | week after challenge. and serum ALT

levels became elevated 11 weeks after challenge, thereby demon-.
strating susceptibility of the chimpanzee to HCV infection. Inter-:

estingly, anti-HCV (ETA-3) was again found 1 week after challenge,
at week 60. Given that the challenge. inoculum . did not have
anti-HCV, such a rapid appearance of HCV antibodies in the
chimpanzee suggests priming of the immunc system by HCV-
specific antigens associated with the first challenge, as described

{23). Our data sirongly suggest that the HCIGHV designated sample

2. prepared from anti-HC V-positive donor units, contained specific
Nt Abs to HCV.

To deterimine whether the presence of anti-HCV correlated with
the apparent safety of immune globulins (which often contained
HCV RNA) (13), we infuscd CH 1430 with sample 3, which
contained not only high levels of anti-HCV, including both unti-E1
and anti<E2 (14), but also HCV RNA (Fig. 1D). Furthermore, this
HCIGIV had not been subjected to viral inactivation. The chim-
panzee was infused intravenously with 20 g of sample 3 and hence
received a total of 3 X 10% copies of HCV RNA. After the infusion,
the: chimpunzee had neither elevated ALT nor detectable HCV

RNA in serum samples examined weekly for a period of 50 weeks.

Passively .acquired anti-HCV was detected until week 17, The

chimpanzee was proven to be fully susceptible to HCV by subse-

quently rechallenging it with 1’ mlof plasma from patient H, diluted
to contain 1035 ClDsy of HCV, strain H-77, ai week 51, The
chimpanzce became infected and developed ALT elevation atweck

56 and anti-HCV at week 60. Thus, the lack of infectivity for HCV .
. of an immune globulin pesitive both for anti-HCV and for HCV

RNA suggesied that the antibody in the globulin neutralized the
Jarge dose of potentially infectious virus that was also present.

As noted, the two chimpanzees that were protected from HCV'

infection by HCIGIV were rechallenged to ascertain their suscep-
tibility to infection. Both animals not only became infected with
HCV but also developed hepatitis. Although reinfection of previ-
vusly infected chimpanzees with HCV is widely recognized, such
infections seldom result in hepatitis (24). Thus, the demonstration
of hepatitis'in these two rechalienged chimpanzees is strong evi-

.dence that they were not infected previously.
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pseudoparticle assays

Table 2. Comparison of neutralizing activities detected in chimpanzee and

values of consecutive 4-fold dilutions.

" (see text), : o .

In, Vitro Assay for.Nt Abs to HCV in-Selected immune Globulins and
Plasma Pools. We measured the Nt Abs of those preparations tested
in chimpanzees along with the other selected IGIV lots and plasma
_ pools listed in Table 1 by using the recently established in vitro
neutralization assay (7), bused on neutralization of infectious HCV
_pseudoparticles. The coded samples were diluted 1:20, 1:80, and
1:320 and tested against pseudoparticles bearing HCV envelope
glycoproteins of genotype 1a or 2a. The Nt Ab titer of the globulin

_samples was calculated as described in Materials and Methods.
All immune globulins prepared from known or presumed anti-

18-19) and sample 6 (plasma pool for globulin sample 3) neutral-
ized the pscudoparticles of HCV gernotype 1a, i.c., exhibited =509%
reduction in percent of GFP-positive cells. (Tables 2 and 3 and Fig.
2.4, which is published as supporting information on the PNAS web
site). The titers of Nt Abs in all these samples were very high,

estimate the breadth of neutralization against different genotypes.
the samples were also tested against pscudoparticles of genotype 2a,
the genotype most divergent from genotype la. Al three HCIGIY
_ preparations (samples 2-4, Table 2) and sample 6 (unti-HCV-
positive: plasma _pool, Fig. 2B) also exhibited significant but less
- potent neutralization than thatagainst genotype la pseudoparticles.
Samples 13-16 and 1819, Gammagard lots manufactured from
unscreenéd plasma, were more variable in their ability to neutralize
the genotype 2a pseudoparticles: only samples. 16 and 19 were
positive for such Nt Abs and'only at adilution of 1:20. However, all
diminished the titer of pseudoparticles when compared with the
control. but with the. two exceptions, by <50% (Table 3 and Fig.
2B). The EIA-2-screened. plasma pool (coded sample 7) and
immune globulins prepared from anti-HCV-screened plasma

HCV-positive: plasma -donations {coded sumples 2--4. 13-16, and '

=1:320, whén assayed with HCV genotype la pscudoparticies. To.

*Highest dilution that neutralized indicated genotype'of p

. (coded samples 1, 8-12, and 17) did not demonstrate ne;ilralizzliic)n
against HCV pseudoparticles of either genotype (Tables 2 and 3

. " Pseudoparticle?

Coded . Anti-HCV status . i par
sample Composition of plasma Chimpanzee 1a* 1a 2a
5 Albumin. Neg Not protected <1:20 <120

-1 Control IGIV Neg Not protected <120 <1:20
2 HCIGIV Pos Prote(ted =1:320 1:160
3 "HAGIV Pos Protected =1:320 =1:320

.4 HCIGIV Pos Modified infection® =1:320 1:80

*Genotype of HCV inocutum. -

seudoparticle. Some values are extrapolated, based on

postexposure passive immunoprophylaxis: prolonged' incubation period relative to negative control globutin. :

and Fig. 2). Neutralization observed with the plasma pool and the
various globuling prepared from unscreened plasma was specitic
because none of the samples neutralized the pseudoparticles with
an irrclevant envelope glycoprotein derived from the {eline endog-
enous virus RD 114 (data not shown). ’ .

Comparison of Neutralizing Activities Detected with Chimpanzees and

Pseudoparticles. As seen in Table 2, neutralizing activity detected
with pseudoparticles bearing HCV glycoproteins of genotype Ja
agreed well with that observed with chimpanzees (Fig. 1). The
results thus provided a possible explanation for the Tack of infec-

~tivity as shown in a chimpanzee infused with sample 3, the HCIGIV

that was positive for both HCV RNA and anti-HCV, Sample 4,
which. was prepared from a subsct of plasma donations uscd to

. prepare sample 3, also contained a. high titer of Nt Ab. This

preparation. administered to a chimpanzee after exposure toHCV,
had been shown previously 1o prolong the.incubation period to
hepatitis (120 days versus 30 days) but not 1o viremia (20).

Correlation Between the Number of Reported Human Cases of Hep-
atitis C Associated with Gammagard Lots and Titers of Nt Abs. We
assessed the presence of Nt Abs in Gammagard lots prepared
before and after anti-HCV screening of plasma. As shown in Table
3. none of the five tested Gammagard lots preparcd from screcncd

plasma had detectable Nt Abs, and four of the lots were associated -

with reported hepatitis cases (the fifth did not contain detectable
HCV.RNA). In contrast, all’ six Gammagard lots made from
unscreened plasma had Nt Ab titers of =1:320 against pseudopar-

Table 3. Correlation between number of reported human cases of hepatitis C associated with
Gammagard lots and the titer of Nt Abs detected with pseudoparticles: c

. H t
Sample Date of Plasma screening by Hepatitis - w'
number manufacture anti-HCV EIA-2 HCV RNA cases* la 2a
8 1993 Screened Neg 0 <1:20 <1:20
9 1993 Screened " Pos 4 <1:20 “11:20
10 ' 1993 Screened Pos 2 < 1:20 «1:20
11 . 1993 Screened . Pos 60 <1:20 «<1:20
12 1993 Sereened Pos 18 - <1:20 <1:20
i3 1950 Unscreened Neg 0 =1:320 <1:20
14 ’ 1990 Unscreened Neg . 0 =4320 <1:20
15 - 1989 Unscreened Neg 1] =1:320. <1:20
16 1989 Unscreened Neg 0 =1:320 1:20
18 1989 Unscreened Neg 1] =1:320 1:20
19 ' 1989 Unscreened Neg 0 =1:320 1:20

“From case reportsreceived by the manufacturer; patients often received either multiple or unidentified lots.

'Same as described in Table 2.
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ticles of genotype 1a. Among these six lots, two were found to have
Nt Abs against the 2a particles, albeit at a low titer of 1:20.

Discussion

Evidence that normal immune globulm could protect against
hepatitis C (previously designated non-A non-B hepatitis) dates

back at ‘leasf to -1967, when U.S. soldiers stationed in Korea’

participated in a randomized, double-blind clinical trisl of the
protective effect of globulin against viral hepatitis (25). Other
clinjcal trials of immune globulin for the prevention of transfusion-
associated non-A/non-B hepatitis (virtually all of which was hep-
atitis C) revealed that such globulin was protective if administered
before exposure to the.virus (26, 27) but not after (28, 29).
"When chimpanzees were vaccinated with recombinant HCV
glycoproteins E1 and E2, they were partially protected against a
subsequent low-lose homologous HCV challenge (30). Thns finding
suggests that antibodies to El and/or.E2 may have protected
against HCV. The existence of Nt Abs against HCV was first
* directly demonstrated by in vitro and in vivo test systems in a patient
who was chronically mtu.tcd with HCV (1, 2). Hewever, such
antibodics appeared to be isolate-specific and not protective over
time, possibly because of the emergence of ncutralization-resistant
variants of HCV or limitations in the tests. Even though the
principal neutralization epitopes were not identified in those eartier
studies, antibodies to the. put'mw. envelope proteins of HCV.
especially to the hypervariable region of the E2 envelope protein,

were suspected. With the newly available in vitro neutralization:
“system, based vn neutralizing the infectivity of pseudoparticles

bearing HCV envelope glycoproteins (6), the presence of Nt Abs in
plasma or serum of chronically infected hepatitis’ C patients was
confirmed (7). Furthermore, in addition’ to the neutralization

epitope(s) previously found in the hypervariable region of the E2
envelope protein, one or more additional epitopes have been
tentatively localized to other regions of E2 (31).

Historically, U.S.-licensed immune globulins prepared by ethanol
fractionation of plasma had a remarkable safcty record until one
commercial IGI'V product, Gammagard, prepared from anti-HCV
(E1A-2)-screencd plasma was withdrawn worldwide in February
1994 because of HCV transmission to recipients (8-12). Before
1993, globulin-related transmission of hepatitis C by licensed prod-
ucts had not been reported in the U.S. The mechanism of this
apparent safety of immune globulins, before the Gammagard inci-
dent was unknown, although the possible neutralization of HCV by
_antibodies in products not screened for such antibodies had lnng
been suspected (13, 32). Epidemiological and laboratory follow-up
studies of the Gammagard incident revealed the following: -

" (i} Anti-HCV screening with the EIA-2 test resulted in the
presence of HCV RNA in lots prepared from such screened
plasma. In contrast, HCV RNA was rarely detected in
Gammagard lots made from either unscreened plasma or
plasma screened with the relatively insensitive ETIA-1 test (9;
15). The lots derived from plasma screened with the more

" sensitive EIA-2 test were associated with nany reported
cases of hepatitis C transmission.

(if) Gammagard was the only IGLV product lmpllcmed (8-

2,15). All other 1GIV pmducts were not similarly affected
b«,cause of deliberately incorporated viral inactivation steps
or other manufacturing (e.g., purification) proccdures that
fortuitously inactivated or removed virus.

(ifi) Anti-HCV screening greatly veduced levels of antibodies to

HCV E1l and E2 envelope proteins in plasma and the
resulting immune globulin produus (14).

(iv) The presence of anti-HCV in phsma had a substantial effect

on the partitioning of HCV away from the resultant immune

globulin. Overall, ethanol fractionation of anti-HCV-nega-

tive plasma resulted in a 3.5 log reduction in HCV RNA (16),
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whereas a 4.7 Iog reduction was achieved with ann-HCV-
pusitive plasma (19).
(v) The lot of Gammagard associated with the most reported
cases of hepatitis C (sample 11 in Table 3) (9, 12, 15) had the
" highest level of HCV RNA found among the commercial
lots tested, ~7,000 copies of HCV RNA per g of 1gG. This
anti-HCV-negative lot exhibited poor ultracentrifugal recov-
ery-of HCV RNA: only 10% was recovered in ‘the pellet
when compared with that from anti-HCV-positive immune
globulins (15). Furthermore, the HCV in this lot had a low
buoyant density, 1.08 g/ml (15) (determined by sucrose

gradient ultracentrifugation). suggesting that the virus was . '

not complexed with -antibody (3, 21). This finding was in
contrast 1o the buoyant density of HCV. recovered from
anti-HCV-positive immune globulin. 1.16 g/ml, as found in
intramuscular globulin derived from plasma that was not

screened for anti-HCV (13) or found in plasma -from pa-

tients chronically infected with HCV (21).

In line with these findings, a retrospective cohort study conducted
by Feray et al. (33) clearly showed that the prevalence of HCV
viremia was lower in liver transplant pdtlents who received h\,pdlltls
Bimmune globulin made before the time when anti-HCV sereening

_of plasma began, sugg(.stmg that the hepatitis B immiine globulin

also contained Nt Abs against-HCV. All these studies, therefore,
provided evidence that globulins prepared from anti-HCV-positive
plasma’ contained antibodies that complo(ud wnh HCV and that
these antibodies neutralized the virus.

In the present study we found that HC IGIV (sample 2), prepared

from healthy anti-HCV-positive donors, contained specific Nt Abs.

to HCV. as evidenced by protection of a chimpanzce .and by
neutralization of HCV pseudoparticles bearing HCV envelope
glycoproteins. In contrast,
screened plasma did not have any detectable Nt Abs as measured
by cither system.

Similarly, we showed that HCIGIV (sample 3) preparcd from
anti-HCV-positive donors and containing high levels of both anti-
HCV and HCV did not transmit HCV to a chimpanzee, although
the preparation was not virally inactivated. This preparation also
contained high levels of Nt Abs, as measured by neutralization of
HCV psc,ud()p.nmlcs Thus, our data confirm that globulins made
from. anti-HCV-positive plasma contain Nt Abs to HCV and that
these antibodies are capable of neutralizing both endogenous and
exogenous HCV.

‘The presence of HCV RNA in plasma or its derived product docs
not neeessarily equate with infectivity, cspecmlly when anti-HCV
antibodies are present as immune complexes (13, ]')) It has been
suggested that when HCV is present as circulating immune com-
plexes, its infectivity is lower.(21). In addition, density heteroge-
neities of HCV measured in human sera have been attributed to
binding with-IgG (3, 21). An carly finding that mutations within the
hypervariable region of E2 led to the accumulation of I1gG-free
virus particles in the sera of patients with chronic HCV infection
strongly implied that anti-E2 was involved (34). When 180 of the 186

E1A-1 reactive plasma units making up sample 6 were tested, 73%

of them were positive for anti-E2, 63% contained anti-El, and 58%
had both antibodies (14). Neutralizing antibodics would be directed

against E1. E2, or both envelope glycoproteins. In contrast, the

antibodics measured by the EIA tests (E1A-1. EIA-2, and EIA-3)
are directed against the nonstructural proteins and core protein of
HCV and would not be neutralizing.

Direct asscssment of neutralizing .mtlhndles in various Gamma- -

gard lots by tests in chimpanzees would not be feasible. However,
by means of the in vitro assay systein. we demonstrated that all six
tested Gammagard lots prepared from unscreened plasma con-

" tained high titers {21:320) of Nt Abs against the HCV pseudopar-
licles of genotype 1a-but only 2 lots had titers as high as 1:20 of Nt
" Abs against genotype 2a pseudopdnulcs We did not perform end
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point titrations of Nt Abs in the Gammagard lots and HCIGIV
preparations. However, because levels of both anti-E1 and anti-E2
were previously found to be lower in all unscreened: Gammagard
lots when compared with those obtained with HCIGIV (14), levels
of Nt Abs in Gammagard lots from unscreened plasma would be
expected to be lower than in HCIGIV. By contrast, implicated
Gammagard lots derived from anti-HCV-screened plasma -had
neither detectable antibodies to E1 or E2 glycoproteins (14) nor Nt
Abs to HCV pseudoparticles. The results agreed well with the
results of retrospective studies of the safety of Gammagard sum-
marized in Table 3. Therefore, our data clearly demonstrate that the
- apparent safety of immune globulins before the Gammagard inci-
dent can be attributed to the presence of Nt Abs to HCV. The lack
of Nt Abs in Gammagard lots manufactured after the implemen-
_tation of anti-HCV screening of plasma by EIA-2 provides a
- mechanism by which the safety of this noninactivated product was
compromised. This conclusion is consistent with the concept that
infectivity, depends on the balance between the virus and the Nt
Abs. In addition, anti-HCV screening would not result in the
.~ exclusion of units with high levels of HCV RNA associated with the
window period of HCV infection, i.c., before anti-HCV serocon-
version. Similarly, we observed in chimpanzees (Fig. 1) that the
Jevels of HCV RNA before anti-HCV seroconversion were always
higher . than after seroconversion. Plasma ‘units obtained from
donors. during the incubation period of hepatitis C. when HCV
titers are the highest, would be exactly the units that would escape
screening for. anti-HCV in the absence of a nucleic acid serecning
test for HCV-RNA. :

It is desirable to have HCIGv]V containing Nt Abs against all

-genotypes of HCV. In the present study, all three HCIGIV prep-
- arations could heutralize’HCV pseudoparticles bearing HCV en-

velopes derived from two different genotypes, 1a and 2a, the two -

most genetically divergent genotypes of HCV. It is not known
whether Nf Abs against other genotypes are present in these
samples. However, gehotype analysis of HCV in sample 6, the
186-donor plasma pool, reveated that all genotypes (i.e., 1 0)were
" present (data not shown). All six Gammagard: lots derived from
unscreencd plasma had high levels of Nt Abs to genotype fabut less
Nt.Abs against genotype 2a. Genotype analysis of HCV RNA-
" positive Gammagard lots made from sereened plasma revealed that
~ some lots contained only one HCV genotype, ¢.g., genotype 1a for
" sample 9 (12) and genotype 1b for sample 12 (15). Genotypes 1a

and 1b are the most compion genotypes in the U.S. (35). However, '
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some Gammagard lots (not included in this study) contained mixed
genotypes. ¢.g., 1a/2b, 1a/2a-c, 1a/3b (data not shown). Such a
finding is not surprising given that every lot of Gammagard and of
other IGIV products is prepared from plasma of at least 10,000
donors. Whether the extended profiles of HCV genotypes in the
starting plasma pools can corrclate with the broad neutralizing
capabilitiesin the resulting immune globulins is currently unknown.
Nevertheless, in view of the genetic diversity of HCV, the ncutral-
izing capabilitics and. hence, the therapeutic utility of HCIGIV may
be enhanced by incorporating plasma from a greater number of
anti-HCV-positive plasma donors or by selecting donors who are

infected with diverse HCV genotypes. Further studics arc required

to address this issue. ]
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products to prevent hepatitis C infection. i protective levels of

antibody and schedules of administration can be developed.
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A TRIAL FOR PREVENTION OF SERUM HEPATITIS WITH INTRAVENOUS
HUMAN y—GLOBULIN (VENOGLOBULIN).

Venoglobulin Research Group
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(Surgery Dept; , Sendatl National Hospital)

The hepatic disturbance appears about 15%
after blood transfusion even when HBs antigen

* screening is performed on donors. For preventing

hepatitis after blood transfusion as utilizing the
strong antibody activity of Venoglobulin (VG)
against hepatitis - viruses which might be in the
transfused blood, VG
organized under the leadership of Prof. Yamamura
at Tokyo University, including eleven facilities. On

" blood transfusion, 2560mg VG was added to each

one unit of the blood, and after more than one hour,

~ the blood was transfused. Before transfusion and

every or every other week after transfusion, the liver

functions, HBs antxgen, and antibody were ob- -

served. The course was also observed for more than
12 weeks. The subjects consisted of 380 cases in the
VG group and 378 cases in the control group. The

data of the cases in all the facilities were collec;ed o

Research  Group was -

‘ and researched statlstlcally to get the following

results.

1) The appearance of hepatic disturbance after
blood transfusion was 5% in the VG group and
18.7% in the control (p<0.01). The difference was
not consistent with the original disease, the quantity
of the transfused blood, and sex, and any consistent

" tendency was not recognized. 2) The appearance of
jaundice was 1.8% in the VG group and 5.5% in the
control (p<0.01) 3) The appearance of HBs positive
hepatitis was not different between the both groups,
while the appearance of negative hepatitis was 4.8%
in the VG group and 14% in the control group
(p<0.05). 4) According to the above described
results, addition of VG to the transfusion blood is
very effective on prevention on non-A, non-B

_hepatitis, especially prevention of jaundice.
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