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L. F. Barker. The administration of a single 
small pool, i.e. from 5 to 1.0 donors, of cryoprecip-
itate containing antihemophilic factor (AHF) and 
fibrinogen (fraction I) would clearly carry a lower 
risk of transmitting hepatitis than the administra-
tion of AHF concentrate or fibrinogen prepared 
from a large pool of plasma collected from several 
thousand donors. On the other hand, the `small 
pool concept' is less important with regard to 
prevention of posttransfusion hepatitis for chronic 
recipients, such as severe hemophilics, than for 
one-time fibrinogen recipients, since the number 
of donors to which the severe hemophilic will be 
exposed will eventually approach the number of 
donors contributing to large pools. 

Therefore, the `small pool concept' would 
seem to be most important for the patient with 
mild hemophilia who requires only infrequent 
treatments for special situations such as surgical 
or dental procedures. Although the medical in-
dications for fibrinogen are limited [1], small 
pools of cryoprecipitate as a source of fibrinogen 
would be preferred on the same basis, that is, 
when the use is expected to be infrequent or one 
time only. In either situation, small pools would 
be expected to carry the same risk of transmitting 
hepatitis as the same number of units of whole 
blood or any other blood component. 

There are no prospective studies establishing 
the comparative hepatitis risks following the trans-
fusion of small pools of cryoprecipitate versus the 
transfusion of AHF concentrates or fibrinogen 
derived from large plasma pools. However, a retro-
spective analysis of patients with severe hemophilia 

treated with small pools of cryoprecipitate showed 
a similar prevalence of hepatitis B markers and 
elevated levels of SGPT when compared with pa-
tients treated with AHF concentrate [2]. As pre-
dicted, then, prevention of posttransfusion hepatitis 
does not appear to be feasible by use of the `small 
pool concept' for severe hemophilics requiring 
multiple treatments over many years. 
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Joseph R. Bove. Recent trends in the therapy 
of hemophilia, especially prophylactic treatment 
and the use of Factor VIII concentrate, appear to 
be associated with an increased incidence of liver 
disease [1, 2]. After long-term therapy the incidence 
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of abnormal liver function in such patients is ap-
proximately 50%n and liver disease has become 
an important cause of death in them, Because of 
the belief that the incidence of liver disease is 
directly related to the number of donor exposures 
at least one group has suggested that `single donor 
products should be the preferred mode of treat-
ment for mild hemophiliacs who require only in-
frequent therapy' [2]. An extension of this reason-
ing suggests that Factor VIII concentrates prepared 
from pool sizes smaller than that currently used 
(approximately 5,000 donors) might have a lower 
hepatitis risk. The importance of this `small pool 
concept' in the prevention of posttransfusion hep-
atitis depends upon, (1) a realistic definition of a 
small pool, (2) an accurate knowledge of the in-
cidence of hepatitis in patients treated exclusively 
with material from small or large pools, (3) the 
pool size that one HBsAg-negative but infectious 
donor will render infectious, and (4) an estimate 

of the acceptable benefit to risk ratio. Since neither 
the data nor the definitions are available I will at-
tempt to answer the question with some specula-

tion. 
Tests for HBsAg have reduced, but not elimi-

nated, the risk of posttransfusion hepatitis. Data 

from blood transfusion studies suggest that the 

infectivity rate for HBsAg-negative commercial 

donors may be as high as 108 per 1,000 [3]. It is 

well known that risk of hepatitis is related to the 

concentration of HBsAg in the pool and that some 

serums maintain infectivity (for HB) at dilutions 
of 10-5 to 10.7 [4]. If similar considerations apply to 
the agent or agents associated with non-A, non-B 

disease it is obvious that one donor can easily infect 
a pool. Furthermore, if about 10% of donors are 
carriers [3], pool sizes of as few as 100 donors 

will be infectious. It is possible that some inter-
mediate size will be large enough to dilute all but 

the most infectious starting plasma but small 

enough to limit the remaining high titer donors to 
relatively few pools, The experiments to test this 

hypothesis are almost impossible since infectivity 
in primates is the only suitable test system. In my 

view, attempts to limit infectivity by restricting 

pool size will be impractical until there is a sensi-

tive in vitro test for infectivity. 

The benefits of modern therapy have worked 

a minor miracle in the lives of many hemophiliacs. 

One price, unfortunately, seems to be an increase 
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in the incidence of liver disease. Smaller pool 
sizes, although an attractive possibility, will prob-
ably not be the solution. 
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R. Biitler. Everybody will agree that all pro-
phylactic measures should be applied which con-
tribute efficiently to prevent viral hepatitis due to 
the administration of blood or blood products. 
The question raised by the Editor of the Interna-
tional Forum refers to fibrinogen (Cohn Frac-
tion I) and AHF. The hepatitis risk of these two 
products will be considered separately. 

Despite the fact that there are very few indica-
tions for the administration of fibrinogen, this 
product is still often used in the clinic. Since these 
cases concern regularly episodic bleeding events, 
it is obvious that the risk of transmitting hepatitis 
is much less if small pool instead of large pool 
products are used. For this reason our institute 
has produced fraction I units of only two dona-
tions from the beginning of its activity. It appears 
that this concept has now been adopted world-
wide. 
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The hepatitis problem is more complex regard-
ing patients treated with AHF products. It must 
be kept in mind that the main prophylactic mea-
sure concerning posttransfusion hepatitis in these 
patients is presently the systematic screening for 
hepatitis B. antigen (with RIA or similarly sensi-
tive methods) in blood donations used for the 
production of Al3F preparations. Numerous stud-
ies have clearly shown that about 20% of the 
hemophiliacs develop an acute clinical hepatitis in 
the course of their lives, in spite of this procedure. 
Furthermore, at least 80% of the patients show 
signs of hepatitis B virus exposure. Finally, a not 
yet well-defined proportion of the hemophiliacs — 
estimations go from 20 to 50% — appear to suffer 
from (mostly asymptomatic) chronic liver disease 
[3, 4]. The question is now, whether a strict adop-
tion of the so-called `small pool concept' would 
lead to a notable change of this situation. Since 
no comprehensive comparative studies of the hep-
atitis incidence in patients receiving exclusively 
small pool or large pool AHF products respective-
ly, have been performed to my knowledge, the 
problem can again only be considered from a 
theoretical point of view. 

Since the exposure rate to hepatitis viruses in-
creases with the number of infectious blood units 
used (whether for the preparation of small or large 
pool AHF products), the hepatitis risk for hemo-
philiacs will depend upon the frequency of treat-
ments and the total amount of administrated AHF 
preparations. In analogy to the conclusion drawn 
for the application of fibrinogen, it appears rea-
sonable to use small pool ARE preparations 
for the occasional substitution of patients with 
mild hemophilia A as well as for the majority of 
the von Willebrand patients. The argumentation 
is different for patients with severe hemophilia A 
who frequently receive AHF preparations. It also 
appears that a growing number of patients with 
hemophilia A of so-called intermediate severity 
receive more and more often AHF substitution 
due to the increasing medical care which is offered 
to these patients. Whether this practice is adequate 
is another question, but it seems unrealistic that 
it could be influenced by the producers of AHF 
preparations, All these patients will almost in-
evitably be exposed to the hepatitis B virus (prob-
ably also to the viruses of non-Anon-B-hepatitis) 
and a relatively high proportion will develop 
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either acute or chronic hepatitis as confirmed by 
the epidemiological data outlined above. It cannot 
be denied that AHF concentrates have some ad-
vantages (standardized AHF content, small vol-
ume to be infused, easy handling, etc.) in frequent 
AHF substitution therapy and especially in home 
treatment. Therefore, AHF concentrates are fre-
quently asked for by clinicians. From the stand-
point of the hepatitis risk, there is no convincing 
reason to renounce to use AHF concentrates of 
large pool origin for the treatment of these pa-
tients. 

If we accept that the pool size per se of AHF 
preparations is of minor importance for the pro-
phylaxis of posttransfusion hepatitis in frequently 
substituted hemophiliacs, this is probably not true 
for the source of plasma. In fact, a number of 
studies performed in the USA have shown that the 
hepatitis risk of commercial blood is markedly 
higher as compared to that of blood from unpaid 
donors [1, 2, 5, 6]. This is mainly due to the ele-
vated hepatitis prevalence in this donor population 
which is often composed of persons from lower 
social classes, drug addicts, etc. One can assume 
that AHF products prepared from blood of such 
origin which is supposed to contain higher virus 
quantities will induce more frequently and more 
severe posttransfusion hepatitis in the recipients 
of such AHF preparations, whereby even the pre-
existing immunological barrier might be broken 
through. Consequently, one can expect some pro-
phylactic effect when AHF from all volunteer 
blood donors is used instead of AHF from blood 
of commercial origin or from blood of donors liv-
ing in countries with a high hepatitis incidence. In 
addition to this, efforts should be focussed on 
more efficient blood donor screenings for serolog-
ical hepatitis virus markers which correlate with 
the infectiousity of hepatitis B virus as well as that 
of the non-A/non-B agents. 

The main lines of the standpoint outlined in 
this paper are in accordance with the recommen-
dations issued in January 1978 by the Medical 
Council of the Swiss Society of Hemophilia [7]. 
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P. M. Mannucci. This commentary is written 
from the viewpoint of a hemophilia center di-
rector who follows, on a regular basis, more than 
300 patients with hemophilia and allied coagula-
tion disorders. Hemophiliacs are the group of mul-
titransfused patients exposed most frequently and 
for the longest period of time to agents implicated 
in posttransfusion hepatitis. This risk has most 
probably increased since the adoption of intensive 
home and hospital replacement therapy in the at-
tempt to prevent disability related to joint and 
muscle bleeding; and since such treatment is car-
ried out in many countries with freeze-dried con-
centrates prepared from large plasma pools. De-
spite these premises, the incidence of clinical ill-
ness associated with jaundice is surprisingly low in 
hemophiliacs [1-4] and the problem of liver dis-
ease was overlooked until 1975, when a study of 
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91 patients with severe hemophilia A and B re-
ported a high incidence of abnormal function tests 
unaccompanied by over liver disease [4]. Follow-
ing confirmation of these results in other series of 
patients [5, 6], an important step forward in under-
standing the significance of such abnormalities has 
recently beer made through the availability of 
liver biopsies, carried out by four groups of inves-
tigators in hemophiliacs presenting with persistent-
ly abnormal transaminases [7-10].The great major-
ity of biopsies provided histological evidence of 
active liver disease, ranging from chronic hepatitis 
to cirrhosis. These data suggest that function test 
abnormalities frequently encountered in hemophil-
iacs are not an aspecific and benign consequence 
of repeated exposure to plasma derivatives, but the 
serological expression of chronic liver disease. 

Since the importance and magnitude of the 
problem has become apparent, hematologists and 
manufacturers of clotting factor concentrates have 
been faced with searching for an acceptable solu-
tion. Needless to say, withdrawal or limitation of 
the present strategy of aggressive replacement 
therapy is not justified, Not only because this 
change would be accompanied by a consistent de-
terioration in the present pattern of life of hemo-
philiacs, but also because it would not give the ex-
pected results. These views are supported by the 
findings of Hilgartner and Giardina [6], who have 
related the incidence of abnormal liver function 
tests to the amount of concentrates given to their 
patients. Elevation of serum enzymes and the oc-
currence of HB.Ag and/or Ab were not remark-
ably different in patients on prophylactic or epi-
sodic treatment, although the amounts of concen-
trates transfused in the latter group was signifi-
cantly lower [6]. 

The observation of Hasiba et at. [5] that abnor-
mal liver function was more frequent in patients 
treated with commercial concentrates, prepared 
from large pools rather than in those given only 
blood bank cryoprecipitate clearly shows a way by 
which prevention could be attempted. Cryoprecip-
itate, however, is a difficult material to handle, it 
shows variable potency from bag to bag and needs 
to be stored at —20 °C. In contrast, freeze-dried 
concentrates are characterized by known potency, 
stability at 4°C, ease in reconstitution and low 
risk of allergic reactions. These advantages make 
them essential in home treatment which is now 
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considered by hemophiliacs and their doctors the 
most effective form of management of which the 
withdrawal would not be acceptable. The adoption 
of the `small pool concept' in the preparation of 
such freeze-dried concentrates would be undoubt-
edly a significant step forward in the prevention of 
posttransfusion hepatitis and liver disease in hemo-
philiacs. This approach appears realistic also for 
commercial manufacturers, as demonstrated by the 
experience gained in Sweden. In this country, the 
fraction most widely used in the management of 
hemophilia A and von Willebrand's disease is a 
commercially available fraction 1-0, whereas the 
management of hemophilia B is carried out with 
a prothrombin complex concentrate made from a. 
small pool of donors from Scandinavian countries 
characterized by a low incidence of hepatitis [11-
13]. Since the factor VIII concentrate is not suf-
ficient to cope entirely with the national demand, 
a commercial freeze-dried concentrate made from 
a large pool of donors is being used for surgical 
cases or patients with hemophilia A needing large 
doses of factor VIII [141. Strict adherence to the 
`small pool concept' in the treatment of patients 
with hemophilia B has resulted in a very low inci-
dence of posttransfusion hepatitis [15], supporting 
the usefulness of this approach in the prevention 
of liver disease. 

It must be realized, however, that in many 
countries hemophilia care is almost exclusively 
based on commercial concentrates from large plas-
ma pools. Leaving aside the complex ethical prob-

lem involved in this situation and the responsibili-
ties of those countries who have not even attempted 
to organize a national blood program, any solution 
to the prevention of posttransfusion liver disease 
in hemophiliacs should take into account this re-
ality, as well as the fact that a deterioration of the 
present pattern of life now assured by commercial 
concentrates would be unacceptable to hemophili-
acs. Therefore, any chauvinistic attitude to ban 
commercial concentrates from these countries 
would be unjustified, unless a national program of 
blood transfusion capable of meeting the demand 
is soon developed. Health authorities, however, 
have the right and the duty to establish guidelines 

for blood products used in their countries. They 
should encourage manufacturers to make available 
as part of the imported concentrates also a num-

ber of preparations made from small pool of do-
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nors at low risk of transmitting hepatitis. These 
might be used electively in children or in patients 
who, having received a small number of transfu-
sions, are not actively immunized against the agents 
of posttransfusion hepatitis and hence at higher 
risk of developing this complication [1-3]. After 
multiple transfusions, such risk is likely to be 
much lower [1-3], and patients could be switched 
to treatment with concentrates made from larger 
donor pools. National health authorities should of 
course be prepared to meet the additional cost of 
these special fractions since the additional cost is 
certainly outweighed by benefits. 
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John E. Mercer, The continued relevance of the 
`small pool concept' (pools of 10 donor units or 
less) for the preparation of Fraction I and cryo-
precipitates has been reaffirmed by the action of 
the Bureau of Biologics of FDA in the form of a 
ban on the production, distribution, and use of 
Dried Fibrinogen (Human) in the United States as 
well as the production of said product for export. 
This action by FDA has forced clinicians in the 
United States to use single unit cryoprecipitate 
preparations in place of Dried Fibrinogen (Human) 
normally prepared from large donor pools. The 
full impact of this change will only be measured 
with time and experience with this change in medi-
cal practice. This decision was based on the risk: 
benefit ratio of the continued use of this product 
favoring the apparent risk. The basis for this de-
cision has been reviewed in a recent article by 
Bove [2]. 
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The real question is not the risk:benefit ratio of 
this one banished product; it is in fact a question 
of the availability of relatively safe therapy for a 
group of individuals at risk of repeated exposure 
to products that may contain HBV (hepatitis B vi-
rus) infectivity. 

The initiation of screening all donor blood for 
HB.Ag (hepatitis B surface antigen) has reduced 
the risk of posttransfusion hepatitis in the majority 
of the patient population receiving whole blood, 
components and derivatives. This risk is markedly 
lower for recipients of volunteer blood as com-
pared to commercial blood [1, 3]. 

Screening for HB.Ag or other markers of 
HBV will not, however, assure elimination of post-
transfusion hepatitis in that it does not address the 
problem of possible transmission of nonspecific 
hepatitis (non-A non-B hepatitis). Developing 
technology on the identification and characteriza-
tion of the non-A non-B virion(s) may be helpful 
in solution of this problem. Based on present 
knowledge, it would appear that hepatitis A virus 
is not a significant contributor to posttransfusion 
hepatitis and as such will probably not require a 
screening test [3]. 

Current evidence indicates that, as a group, 
patients suffering from coagulation disorders and 
primarily those with deficiencies of either anti-
hemophilic factor (AHF, Factor VIII) or Factor 
IX are stilt at high risk of developing hepatitis in 
spite of HB,Ag screening of the donor population 
15]. This risk is the result of several contributing 
factors, including: (1) the increased use of concen-
trates prepared from large donor pools increases 
the potential of including infective plasma in the 
pool: (2) hepatitis infectivity may be selectively 
concentrated in coagulation factor concentrates [6]; 
(3) screening of donors of HBBAg alone may not 
detect and eliminate all HBV infective plasma [3, 
4]; (4) the major supplies of AHF and Factor IX 
concentrates are derived from the commercial do-
nor population and this may contribute to chronic 
HBV infection and asymptomatic structural liver 
disease [5]. 

In the face of this evidence it would appear 
that there is still a role for the `small pool con-
cept' in the treatment of these patients. This con-
cept may be of value in the treatment of individual 
cases depending on local circumstances. It would 
be, however, naive to expect that we should return 
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to the exclusive use of the `small pool concept' to 
meet the ongoing therapeutic needs of the hemo-
philiac population in lieu of the more effective 
concentrates. Such a move would indeed be regres-
sive. An effort to improve the relative safety of 
the existing concentrates would be more meaning-
ful. To improve on the rapid gains made in recent 
years to identify and effectively screen out infec-
tive blood from the donor population would be 
the more reasonable approach. Hoofnagle et al. 
[4] have suggested the use of anti-HBc (antibody 
to hepatitis B core antigen) as a possible additional 
indicator of HBV infectivity. Should further stud-
ies substantiate the efficacy of anti-HBc as a re-
liable indicator of infectivity, it would appear to 
be the next logical step to more effective screening 
of donor population. 

Grady [3] has suggested that even with more 
extensive screening of commercial blood, the in-
fectivity of this source could not be reduced to 
the level extant in volunteer blood. If such is in 
fact the case, it would appear that reduction of 
dependence on commercial blood as a source for 
the preparation of coagulation factor concentrates 
would significantly reduce the infectivity of these 
products. This approach to the altruistic all-volun-
teer donor base has been espoused by and is the 
ultimate goal of the American Blood Commission. 
This ultimate move to volunteerism does not, 
however, solve the immediate problem of the high 
hepatitis risk of the hemophiliac receiving con-
centrates. 

Several alternatives could be suggested that 
may improve the relative safety of these products 
including: (1) in addition to testing the products 
for the absence of HBsAg, the products could be 
tested for the presence or absence of other markers 
of HBV infectivity including anti-HBc and eAg 
(soluble antigen associated with the virus core) to 
screen out products that would be potentially in-
fective; (2) equally important would be the elim-
ination of the use of Cohn Fr. III as a source 
for the preparation of prothrombin complex (Fac-
tor IX) concentrates. This particular Cohn frac-
tion has been shown to be a rich source of most 
of the presently known markers of HBV infectivity 
including HBsAg, eAg, DNA polymerise and 
Dane particles [6]. The elimination of this poten-
tially infective source would have a beneficial ef-
fect on reducing the risk of hepatitis for both 
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Factor IX and AHF deficient patients as well as 
other patients in which prothrombin complex 
preparations are used as part of the therapeutic 
regimen. 

In conclusion, it appears that the small pool 
concept will still play a role, albeit a minor role, 
in replacement therapy. The role of this concept 
in the United States will be major in the case of 
therapy requiring fibrinogen. However, it has al-
ready been relegated to only minor importance 
in the treatment of the major coagulation defects 
so dependent on the source of available coagula-
tion factor concentrates for effective long-term 
management in home care programs. 
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J. P. Soupier. To discuss usefully if Factor VIII 
concentrates and eventually fibrinogen may be 
prepared in large pools or should be prepared in 
small pools, we need to take into account objec-
tive considerations which are focussed on the trans-
mission of viral hepatitis. 

(1) The risk of hepatitis B transmission must 
be distinguished from that of transmission of 
non-A, non-B hepatitis, since the detection of 
dangerous donors by serological means can only, 
for the time being, be made on HB. If the detec-
tion is done by sensitive methods (Third Genera-
tion Test) on each blood donation and on the 
final product, the risk of transmitting hepatitis is 
extremely slight. 

(2) The epidemiologic state of the recipients 
has also to be considered. Most of the hemophiliac 
recipients are already immunized against HBV: in 
a recent study done by Mme Courouce in the 
Medical Boarding School at La Queue-les-Yvelines, 
92% of the 80 hemophiliacs already had contact 
with HBV, possessing a marker of infection such 
as anti-HBc or anti-HBs. Of course this data may 
vary in the future through the better selection of 
nondangerous donors. 

(3) For non-A, non-B hepatitis we have no 
immunological markers, but we know from Amer-
ican statistics that paid donors in the USA are ten 
times more prone to transmitting hepatitis than 
unpaid donors. Thus, discussion on whether to 
choose small or large pools has to take into ac-
count the fact that fractionated plasma comes 
from remunerated or unremunerated donors. 

(4) It is obvious that standardization is only 
possible with large batches of Factor VIII-contain-
ing fractions and is not applicable to small pools. 

Considering these four points, in France we 
use large pools for the preparation of cryoprecipi-
tates, fibrinogen and factor VIII concentrates, 
since more than 9 out of 10 French hemophiliac 
recipients are already infected or immunized by 
HBV, and we feel that it is important to give the 
utilizer a well-defined fraction, having a constant 
amount of antihemophilic activity (5 units ml for 
cryo, and 25 units ml for the concentrates with a 
relatively low fibrinogen content). Also, the level 
of isohemagglutinins can only be checked on large 
pools, allowing the injection of products not con-
taining an excess of anti-A hemagglutinin to blood 
group A hemophiliacs. 
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Of course, we are fully aware of the fact that 
we do not control the risk of transmitting non-A, 
non-B hepatitis, which is increased by the large 
pools. In France, we lack statistics which would 
let us appreciate the frequency of non-A, non-B 
virus carriers. We believe it is much less than in 
some other countries, due to the fact that we only 
use unpaid donors, but this situation could evolve 
in the future, as it is hoped that non-A, non-B 
virus will become detectable by nonimmunological 
means and of course it would be a great progress 
to be able to exclude healthy carriers of such a 
virus. 

Prof, J. P. Soupier, 
Centre National de Transfusion Sanguine, 
53, Boulevard Diderot, 
F-75571 Paris Cedex 12 (France) 

Kenneth R. Woods and Bernard Horowitz. De-
spite the advent of highly sensitive tests for anti-
genic markers of hepatitis B virus, a small though 
significant number of infectious blood donations 
and plasma products derived from them are trans-
fused. Tests for non-A/non-B hepatitis virus mark-
ers are not generally available nor applicable to 
testing donor blood, and the risk of transmission 
of this form of hepatitis by transfusion of blood or 
blood products continues to be a complication in 
antihemophilic factor replacement therapy. 

It is apparent that if patients receive plasma 
coagulation factor concentrates from a sufficient 
number of potentially infectious sources, they 
will inevitably be exposed to hepatitis virus no 
matter how low the infectivity rate of the donor 
source. Incident and cumulative risks can he es-
timated over the course of several years of treat-
ment by simple probability calculations from 
knowledge about therapeutic requirements and 
hepatitis transmission rates from randomly se-
lected donors. Models of revised strategies de-
signed to provide equivalent replacement therapy 
while reducing the incidence of posttransfusion 
hepatitis can then be evaluated and compared to 
current practice with regard to reduction in risk 
expected in relation to the effort required and 
feasibility of modifying practice to conform to 
proposed models. 
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Two schools of practice now exist; advocates 
of the `small pool' concept prefer the use of single 
donor cryoprecipitates or AHF concentrates made 
from the plasma of not more than eight donors in 
order to reduce the risk of posttransfusion hepa-
titis, while advocates of the `large pool' concept 
prefer the use of AHF concentrates made from 
fresh frozen plasma pooled from large numbers 
of donors to permit increased process and quality 
control of purity, potency, sterility and safety and 
other efficiencies related to scale. 

It is difficult to estimate the probability of 
hepatitis virus inclusion in commercial coagula-
tion products prepared from large volumes of 
plasma obtained by plasmapheresis, though it has 
been shown in the past that such products carry a 
high risk of hepatitis transmission [1-31. Each lot 
would be likely to consist of plasma from con-
siderably fewer individual donors than would be 
apparent from the batch volume (one US rnanu-
facturer has indicated that a given lot of its fac-
tor VITT concentrate is derived from not more 
than 1,200 donors); a given manufacturer's suc-
cessive production lots would engender additional 
exposure risk only to the extent of the added risk 
due to indroduction of new plasmapheresis partic-
ipants and also new infections among them; and 
estimates of hepatitis risk from commercial plasma 
pools are complicated by the effect of dilution of 
the virus on its infectivity. 

The risk of the large donor pool, whatever it 
may be, must be compared to the aggregate risk 
of infection from administration of single-unit 
cryoprecipitates or concentrates prepared from 
serial, small donor pools, keeping in mind that 
replacement of a congenitally deficient coagula-
tion factor at frequent intervals becomes a life-
time regimen. Given a typical voluntary donor 
base the following assumptions would appear to 
be a valid basis for probability estimates of hepa-
titis transmission on transfusion of single-donor 
cryoprecipitates: (1) a person treated for severe 
hemophilia A uses 20,000 IU AHF/year; (2) the 
infection rate per blood donation for hepatitis B is 
0.05% and for hepatitis non-Anon-B is 3.3% [4]; 
(3) 100 IU AHF are recovered in the cryoprecipi-
tate from each donor; (4) probability of infection 

1-[(1-risk per donor) number of donors], 

Calculations based on the above assumptions 
indicate that transmission of type B hepatitis to 
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Table I. Probability of transfusion-related hepatitis: 
1. donors randomly assigned to recipient 

Years HB Non-Al 
treatment non-B 

1 0.10 1.00 
5 0.39 1.00 

10 0.63 1.00 
15 0.78 1.00 
20 0.86 1.00 
30 0.95 1.00 

hemophiliacs would appear to be delayed signifi-
cantly by adoption of a small pool strategy as 
contrasted with the use of concentrates prepared 
from large pools of plasma (table I). However, 
substantial risk remains; after only 10 years of 
treatment 63% of those treated would be expected 
to become infected with hepatitis B. Delay of in-
fection with hepatitis is not altogether satisfying 
when one considers that hepatitis B could be a 
more fulminating and disabling disease if contract-
ed later rather than earlier in life [5]. Episodes of 
traumatic injury, dental extractions, or surgical 
intervention, requiring very high dosages of Fac-
tor VIII during this interval, or dependence on a 
blood donor population having a higher prevalence 
of hepatitis carriers would further increase the 
probability of infection. The transmission of type 
non-A/non-B hepatitis to hemophiliacs appears to 
be highly probable even after only 1 year of treat-
ment. 

The relatively high risk of hepatitis B transmis-
sion which would appear to remain despite ex-
clusive use of single donor cryoprecipitates is a 
consequence of exposure to donors whose number 
increases linearly with time (table II, column 1). 
In a typical voluntary blood donor system the 
transmission rate could probably be reduced if 
the plasma for Factor VIII were derived from a 
restricted number of sets of repeat whole blood 
or plasmapheresis donors, each set dedicated to the 
needs of an individual patient. The following as-
sumptions seem reasonable for the operation of 
such a system: (1) assigned blood donors contribute 
2 U of whole blood per year; (2) assigned plas-
mapheresis donors contribute 2 liters of plasma 
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Table II. Number of donors to which hemophiliac 
is exposed 

Years Donor: Whole Whole Plasma-
treat- Assign- blood blood pheresis 
ment ment: Random Assigned Assigned 

1 200 100 25 
5 1,000 180 45 

10 2,000 280 70 
15 3,000 380 95 
20 4,000 480 120 
30 6,000 680 170 

Table III. Probability of transfusion-related hepa-
titis type B 

Years Donor: Whole Whole Plasma-
treat- Assign- blood blood pheresis 
ment ment: Random Assigned Assigned 

1 0.10 0.05 0.01 
5 0.39 0.09 0.02 

10 0.63 0.13 0.03 
15 0.78 0.17 0.05 
20 0.86 0.21 0.06 
30 0.95 0.29 0.08 

per year; (3) the yearly turnover rate in the as-
signed donor population is 20%. 

Successful implementation of this strategy 
would result in a sharp reduction in the number of 
donors to which an individual hemophiliac is ex-
posed, for donors contributing whole blood or 
plasma only (table II). Reduced exposure to in-
dividual donors would be predicted to cause a 
substantial decline in the probability of transmis-
sion of type B (table III), but not non-Anon-B, 
hepatitis. 

The validity of the foregoing estimates of hep-
atitis transmission rests principally on the accuracy 
and practicality of the assumptions. A brief exam-
ination of the impact of alternate assumptions on 
the probability of transmission of hepatitis B dur-
ing 10 years treatment is provided. On the one 
hand, all strategies of donor organization benefit 
from reduced annual usage of AHF, from reduced 
estimates of the per donor risk, and less so from 
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improved process yields of AHF (table IV A). Of 
these three factors the one with largest impact 
and the one most amenable to change and subject 
to challenge is the per donor risk rate. The best 
information available today suggests that 0.05% 
accurately reflects the current escape rate of vol-
unteer blood infectious for hepatitis B in the 
United States when whole blood or components 
are infused [4]. As hepatitis B virus appears to be 
concentrated by cryoprecipitation, it seems reason-
able to assume that AHF carries a similar risk of 
infection. Improved screening techniques might 
be expected to cause a reduction in the escape 
rate, though it is not currently known how great 
an increase in sensitivity would be needed to sub-
stantially reduce the rate of transmission. Since 
dilution studies suggest that as few as 105 particles 
can transmit hepatitis B, and routine screening 
methods detect HBsAg only when its concentra-
tion is greater than 108 particles/ml, and the num-
ber of particles in a single cryoprecipitate prob-
ably reflects the number in more than 100 ml of 
plasma, it seems unlikely that improved routine 
screening methods would reduce the transmission 
rate substantially. 

On the other hand, the apparently large im-
pact of assigning donors to recipients on the trans-
mission of hepatitis B relies on a reliable donor 
source and good management techniques. The 
transmission of hepatitis B to hemophilics would 
appear to remain substantially reduced even when 
only a single donation is given per year, or when 
the annual turnover in the donor group is as high 
as 50%, or both (table IV B). Use of AHF from 
other than the assigned donor group or assignment 
of a donor group to more than 2 or 3 hemophiliacs 
would cause a substantial increase in transmission 
of hepatitis B. In contrast, as few as 4 donors 
giving 15 liters of plasma per year could provide 
the average requisite plasma for treatment of 
1 patient with cryoprecipitate. 

The probability of hepatitis transmission on 
single exposure to a blood derivative made from 
plasma pools of different sizes can be predicted 
by similar analytical methods, assuming that in-
clusion of a single infectious unit makes the pool 
infective. The probability of transmission of type B 
hepatitis remains relatively low (<5%) when 
fewer than 100 donors contribute to the pool; 
however, with products made from large pools, the 
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Table IV. Probability of MB infection with 10 years usage modified assumptions 

Change Donor: Whole blood Whole blood Plasmapheresis 
Assignment: Random Assigned Assigned 

Initial P: 0.63 0.13 0.03 

A I Reducing annual usage of AHF to 
10,000 IU 0.39 0.07 0.02 

5,000 IU 0.22 0.03 0.01 

2 Reducing the per donor risk to 
0.0250% 0.39 0.07 0.02 
0.0125% 0.22 0.03 0.01 
0.0050% 0.10 0.01 0.00 

3 Reducing annual usage of AHF to 
10,000 IU and reducing per donor risk to 

0.0250% 0.22 0.03 0.01 
0.0125% 0.12 0.02 0.00 

4 Yield of AHF from each donor increased to 
120 IU 0.57 0.11 0.03 
135 IU 0.53 0.10 0.03 
150 IU 0.49 0.07 0.02 

B 5 Decrease in frequency of donation by an 
individual donor to once per year - 0.24 0.13 

6 Increase in annual turnover in assigned 
donor population to 

30% turnover - 0.17 0.05 
40% turnover - 0.21 0.06 
50% turnover - 0.24 0.07 

7 Decrease in frequency of donation by an 
individual donor to once per year and 
increase in annual turnover in assigned 
donor population to 

30% turnover - 0.31 0.17 
40% turnover - 0.37 0.21 
50% turnover - 0.42 0.24 

8 Instead of linkage of donor group to 
one hemophiliac linkage to 

2 hemophiliacs - 0.24 0.07 
3 hemophiliacs - 0.34 0.10 
5 hemophiliacs - 0.50 0.16 
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Table V. Probability of hepatitis infection with a 
single administration of a blood derivative 

Number of donors 
contributing to pool 

Probability 

HB Non-A/ 
non-B 

1 5x10-' 0.03 
4 2 x 10-3 0.13 
8 4x10-3 0.24 

10 5 x 10-3 0.29 
15 0.01 0.40 
20 0.01 0.49 
40 0.02 0.74 

100 0.05 0.97 
500 0.22 1.00 

1,200 0.45 1.00 
2,000 0.63 1.00 
5,000 0.92 1.00 

probability of hepatitis B infection is quite high 
(table V). The risk of transmission of type non-A/ 
non-B hepatitis on single exposure to a blood 
derivative would appear to be sufficiently high to 
suggest the use of derivatives made from a single 
donor whenever possible. 

Active elimination of viral infectivity of plasma 
pools, whatever the size, would appear to be a 
promising alternative approach toward assurance 
that recipients of plasma products will be pro-
tected from exposure to virulent agents. Fortu-
nately, it was recognized years ago that this could 
be accomplished by thermal inactivation of viral 
agents in albumin solutions, but the clinically 
important coagulation factors tend to lose biologi-
cal activity when solutions are subjected to ele-
vated temperatures. Other means of virus inactiva-
tion should be critically evaluated [6, 7), or new 
means must be devised if the complications of 
viral diseases are to be avoided in the treatment of 
hemophilia with transfusions of human plasma 
derivatives. 

Implementation of the practices suggested by 
the above calculations will require considerable 
planning and modified fractionation and donor 
management techniques. Nonetheless, the potential 
benefits in reducing the transmission of hepatitis 
would appear to justify the effort. 

117 

References 

1 Craske, 7.; Dilling, N., and Stern, D.: An out-
break of hepatitis associated with intravenous 
injection of factor VIII concentrate. Lancet ii: 
221-223 (1975). 

2 Dane, D. S. and Cameron, C. H.: Factor VIII 
concentrate and hepatitis. Lancet ii: 328-329 
(1975). 

3 Aronson, D. L.: Factor IX concentrates; in 
Sandberg, Proc. Int. Wkshop on Technology 
for Protein Separation and Improvement of 
Blood Plasma Fractionation, DHEW Pubi. 
No, NIH 78-1422, 1978, pp. 345-357. 

4 Aach, R. D.; Lander, J. J.; Sherman, L. A., 
et al.: Transfusion-transmitted viruses: interim 
analysis of hepatitis among transfused and non-
transfused patients; in Girish, Vyas, Cohen 
and Schmid, Viral hepatitis, pp. 383-396 
(Franklin Inst. Press, Philadelphia 1978). 

5 Bryan, J. A. and Gregg, M. B.: Viral hepatitis 
in the United States, 1970-1973: viral hepatitis 
in the United States, 1970-1973. An analysis of 
morbidity trends and the impact of HBsAg 
testing on surveillance and epidemiology. Am. 
J. med. Sci. 270: 271 (1975). 

6 Lo Grippo, G. A. and Hayaski, H.: Efficacy 
of betaprone with ultraviolet irradiation on 
hepatitis antigen in human plasma pools. Henry 
Ford Hosp. med. J. 21: No. 2 (1973). 

7 Stephan, W. U. and Kotitschke, R.: Prothombin-
komplex (PPSB) aus kaltsterilisiertem Plasma. 
Forsch. Transfusion Immunoham. 4: 72 (1977). 

Kenneth R. Woods, PhD, and B. Horowitz, 
The New York Blood Center, 
310 East 67th Street, 
New York, NY 10021 (USA) 

A. J. Zuckerman. The classification in 1965 by 
Mosley [1] of blood and blood derivatives accord-
ing to the risk of post-transfusion hepatitis in 
recipients as `average-risk' materials, which include 
fresh blood and single donor plasma; `high-risk' 
products, which include pooled plasma; fibrinogen 
and antihaemophilic factors and `safe' derivatives 
such as immunoglobulin, has withstood the test of 
time. At first sight, this may appear as a some-
what rash statement. However, while the applica-
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tion of sensitive techniques such as radioimmuno-
assay and enzyme immunoassay for the detection 
of hepatitis B surface antigen in individual units 
of blood has reduced dramatically the risk of 
hepatitis B following transfusion, infectious units 
of blood have not been completely eliminated [2]. 
Inevitably, therefore, the pooling of a large num-
ber of units of plasma for the preparation of plas-
ma derivatives will increase the risk of introducing 
an infectious unit into the pool, even though an 
additional measure of safety is introduced if every 
single unit of plasma is pretested for hepatitis B 
surface antigen by a very sensitive technique and 
only non-reactive plasma enters the pool [2]. In 
addition, the problem of non-A:non-B hepatitis 
emerged when hepatitis A, hepatitis B and other 
viruses such as cytomegalovirus and Epstein-Barr 
virus which may infect the liver, have been ex-
cluded from donor blood. 

Although many well-documented reports have 
been published on hepatitis B caused by high-risk 
plasma components, it was not clear until recently 
whether these products can also induce the new 
form(s) of non-A:non-B hepatitis. A retrospective 
survey of transfusion hepatitis associated with a 
brand of commercially prepared factor VIII car-
ried out in 1974-1975 in 24 centres for the treat-
ment of haemophilia in the United Kingdom 
revealed two types of hepatitis [3]. One type of 
infection was a short incubation non-B hepatitis 
with an incubation period of 8-60 days, clinically 
identical with hepatitis A but not associated with 
secondary cases and unlikely to be caused by this 
virus, and hepatitis B, with incubation periods of 
50-185 days. 78 episodes of hepatitis affecting 66 
out of 371 patients transfused with one brand of 
factor VIII were identified. Of these, 48 were non-
B hepatitis and 30 were hepatitis B. 12 patients 
contracted two attacks of hepatitis, non-B hepatitis 
followed by hepatitis B. Of the 48 cases of non-B 
hepatitis, 7 were anicteric and most were clinically 
mild. 11 of the 30 cases of hepatitis B were asymp-

tomatic. I patient died and 5 out of the 30 patients 
became persistent carriers of the surface antigen 
for at least 1 year. The original concentrates of 
4 of the 6 batches associated with cases of hepa-
titis B were found to contain hepatitis B surface 
antigen by radioimmunoassay. It was noted that 
the reported incidence of hepatitis in patients with 
haemophilia in the United Kingdom before the 
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introduction of commercial factor Vlll prepared 
from large plasma pools obtained by plasmapher-
esis from paid donors was about 1.8%®, whereas 
treatment of such patients with commercial fac-
tor VIII was associated with one or more attacks 
of hepatitis in 66 (17.7% out of a total of 371 pa-
tients transfused. In 1978, Craske et at. [4, tabulated 
the evidence for the existence of at least two types 
of factor VIII-associated non-B transfusion hepa-
titis in the United Kingdom. Direct evidence of a 
transmissible agent in a plasma component now 
comes from the experimental transmission of non-
A:non-B hepatitis by factor IX concentrates to 
2 chimpanzees [5]. Wyke et al. [5] described 
6 cases of non-A:non-B hepatitis in London which 
followed the administration of 4 different batches 
of factor IX from commercial and non-commercial 
sources. Of 17 patients who received factor IX on 
account of chronic liver disease, 4 developed hep-
atitis, and in 3 of these the illness proved fatal. 
The incubation periods ranged from 42 to 103 days 
with a mean of 65 days. 3 young male chimpanzees 
were inoculated, one with the same batch of fac-
tor IX used for the treatment of the above patients, 
a second chimpanzee with another commercially 
prepared batch of factor IX upon which there 
were no reported adverse reactions, and the third 
chimpanzee received a documented infective non-
A:non-B plasma. All 3 chimpanzees developed 
acute hepatitis after 10 weeks incubation. As in 
the patients, viral markers for hepatitis A and B, 
cytomegalovirus and Epstein-Barr virus were un-
changed. Bradley et al. [61 transmitted non-A:non-
B hepatitis to 4 chimpanzees by the infusion of 3 
batches of factor VIII implicated in hepatitis in 
2 human recipients. Acute phase plasma from 1 of 
the infected chimpanzees induced hepatitis in 2 
other chimpanzees after a relatively short incuba-
tion period of 3 weeks. Inoculation of a purified 
preparation of virus particles obtained from an 
open liver wedge biopsy resulted in hepatitis in 
2 other chimpanzees after a shorter incubation 
period of about 15 days. Cross-challenge experi-
ments in chimpanzees with other implicated blood 
products should indicate whether one or more 
viruses are responsible for non-A:non-B hepatitis, 

Since the accumulated evidence [7] concerning 
non-A:non-B hepatitis suggests firstly, a carrier 
state in apparently healthy donors, and secondly 
that the infection must be common, the prepara-
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lion of plasma components from large pools of 
plasma must carry a higher risk than products 
fractionated from small pools. The highest priority 
for the prevention of post-transfusion hepatitis 
must now be directed to the development of spe-
cific detection techniques for the virus(s) of non-A: 
non-B hepatitis or developing methods for inactiva-
tion of these agents or their effective removal 
from blood or plasma. 
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