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On 7 June 2001 the New Englund Jowraad of Medicing bigh-
lighted the cases of Phewnocystis carinti pneumownia that
20 years before had Weralded the onset of the AIDS outbreak
with the publicaugn of a Special Article, an Bditorial and a
Setinding Board article. I suspect that it was not by chance tha
in the same issue the Journal also published the prefiminary
reslis of the first clinicsl il of gene tansfer o paticnts
with severe hemophilia A, together with an accompanying
Editorial and & Medical Progress review article. Perhaps this
chiice of the jogroal of featuring the dramatic improvemenis
brought aboue by DINA technology in the management of
hemophilia was dictated by the special sympathy of the scien-
tific community for a category of patiemss, be. persons with
hegnophitia and recipients of blood transfusion, whe comtracted
AIDS as a consequence of thelr unavoidable need for life-
saving dreatments.

Before the 1980s and the ravages of AIDS, the 19705 had
witnessed dramatic bpprovements in the management of he-
mophilia. Whereay before patients bad to endure 2 life-threa-
tening and crippling seourge, the increased availability of
plasma conceatrates of coagulation factors made from plasra
pooled from thousand of donors and the widespread adoption of
home care (‘wreatment at'the doorstep’) transformed hemophi-
hacs imto individuals able o take full advantage of their talents
and opportunitics. Hemophilia care becams one of the most
gratifying examples of successful secondary prevention of a
chronic disease. It was known that coagulation factor congen-
rrates were contaminated with the virts causing non-A, non-B
hepatitis (later identified 3s the hepatitis Crvirug). At that time,
however, the pecaliar epidemiology of hepatitis C, with the long
time interval between infection and the cocurrence of severe
consequences. such gs citthosis and hepatocellular carcinoma,
was not well established and chronic hepatitis appeared mild,
with listle negative offects on the weilﬂbeing and life style of
hemophilises.
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This optimistic perception of the infectious adverse effects of
hemaphilia treatment changed dramatically with the emergence
of ATDS. The scientific community reacted rapidly to the new
seourge, not only through progress in DNA techoologies, that
led avthe beginning of the 15905 to the availability for treatment
of recombinant factor (F)VII and IX and 1o the first studies on
gene wansfer, but alse with the development of methods meant
1o inactivate any blood-borne virus contained in concentrates.
These developments, which tovk place in the yvears betwesn
1983 and 1987, halted fivst the AIDS epideinic and subsequently
that of non-A, non-B hepatitis. This pace of progress towards
safer concentrates may look guite fast if one considers the
hurdles that are often encountered in the develapment of
innovative treatments. Yet, the communities of hemophilia
treaters aod of mannfacturers of cosgulation factors have been
blamed for not having taken action fast enough. Many collea-
guesof mine have been involved in dramatic judicial events that
devastated their professional and personal lives.

1 offer this Historical Sketeh on the critical years marked by
the onset of the AIDS epidemics and the development of virus
inactivation (virucidal) methods for large plasma pool factor
concertrates. 1 st discuss the issues related to hepatits and
then thade of human immunedeficiency virus (HIV) infection,
got only for reasons of chronology but dlso because an under-
stinding of the progress of our knowledge of hepatitiz in
persons with hemophilia, as well a3 the limited efficacy of
the early measures taken o tackle this problem, is essential
nnderstand how the problems of HIV infection and AIDS were
subseguently tackled.

Hepatitis

Emergence of the hepatitis problem

Through the 1970z, it was recognized that the e of concen-
trates of coagutativn factors made from plasmia pooled {tom
several thousands of blood donations was often assotiated with
hepatitis 1], However, the fiest harge study of liver function tests
was published in 1975 [21. Oure survey of 91 multdtransfused
Ttatian hemophifices found that 453% of tham had elevated
serin  transaminases. Although non-A, non-B  hepatiids
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virus{es) was suspeeted 1o be responsible for transaminase
abnormalities, & definite distinction between transfusion-gsso-
clated hepatits and "transaminitis’, e, enzyms elevations due
ta-nonu-vival factors (such as, for example, drugs used to control
pain, hypersensitivity reactions to allogeneic proteins present in
clotting factor concentrates and tissue damage following intra-
museular blesding) [31 could not be made at that time. Our
findings were subsequently coufirmed and extended by a joint
America/English study, that demonstrated that transaminase
abnormalities persisted, supporting the views that they were &
hallmark of chrogic vical hepatitis [4].

Uneguivocal evidence of the exisienge of stctural lver
disease in patients with hemophilia and elevated transamninases
first came in 1977, Presenting the results of their liver biopsy
investigations of six patients with bemophilia A and elevated
serum transarninases, Lesesne e ol [5] diagnosed maild forms of
chromic active hepafitis int three pasients and chranic persistent
hepatitis in the remaining three, bul no case of cirthosis. &
prospective biopsy study [6] was underisken by me with the
hepatologists Colombe and Rizzetto in 10 hemophiliacs with
nor-A, non-B chronie hepatins followed up for more than
6 years. The stady, published in 1982, demonstrated 1o case
of progression towards cirrhosis or hepatocellular carcinoma.

The relatively benign picture of nom-A, nonB hepatitis
iniially smerging from these studies was questioned by three
subseguent studies published in 1985 and 1986. A large retro-
spective survey of liver biopsies collected by Aledort et ol from
hemophilia centers worldwide provided histalogical evidence
of ciithosis in 15% of cases [7]. In an $-year prospective study
conducted in Sheffield, histological signs of eirrhosis were
found in nine of 79 hemophiliacs (12%) with chronic non-A,
non-B infection [8). Ina retrospective biopsy study published in
1986 19] Schimpf et ol found that cirrhosis developedin 13% of
multitransfused German hemophiliacs during a follow-up of
13 years,

Henice, it was only in the mid [970s that it becatme clear that
hepatitis was frequent in hemophilices and it was oaly in the
mwid 19808 that it was shown to be progressive and severe in
approximately one-sixth of patienss. Beforchand, the view at the
time held by me and, as far a5 T am aware, the great majority of
hemephilia treaters was that the problem of hepatitis was a
tolerable one, because the Benefits of concentrates seemed to
outweligh rigks. In the 1960s and 19705 severe Hiver discase was
noL A prominent cavse of death in bemophilis [10]. The most
significant caase of death remained bleeding, particularly intra-
cranial bleeding [10]. Hence, for severe hemophiliacs. there
was no alternative but to continue the Hfe-saving concentrate
treatment despite the risks, of hepatitis.

DDAVF amid cryoprecipiiale as alternative to concentrates

Tt was in weating mild hemophiliscs (who bleed enly after
spontanseus or surgical tratima and have litile visk of death and

disability from bleeding) that the risk of chronic heparitis was.

less acceptable: and it was with a view to find alternative
treatments for the mild bemophiliacs that T underfook a clinical

trial of desmopressin (DDAVP), & synthetic drag devived from
the antidivretic hormone vasopressin which carrics né risk of
transmission of hepatitis and other blood-borne infections {111,
In April 1977 my colleagues and § demonstrated that DDAVP
caused an increase in FVIT and was therefore an effective form
of treatment for dental or general surgery in these infrequently
treated patients [11]. The advantages of DDAVP in decreasing
the risk of blood-bome nfections in mild hemophilia were
tmmediately appreciated in my country. The sarly fise of
DDAVP eventually led to a significantly lower rate of inféction
with HIV in Tralian patients with mild hemophilia A compared
with those with mild hemophilia B (who are onresponsive to
DDAVP and can only use bloed products) and with US patients
with mild hemophitia A (who started using DDAVP much later
thas in ltaly, in the mid 1980s) {12]. Plainly, the scientific
eomnunity outside Italy seeded some time 1o seek confirmation
of the value of the treatment, so that DDAVEP was not used on 4
targe scale before the mid 1980s.

The chotce 1 use single-donor eryoprecipitate, as opposed o
large pool concentrates, was really only pertinent when con-
sidering Biild bemophiliacs who ate infrequently treated, In
severe hemophiliacs, who receive frequent wansfusions, pers
haps three or miors times a month, even small-poot or single-
danor eryoprecipitate eventually results in exposure to the risk
of contracting hepatitis, because of the ultimate patient’s con-
tact with plasma from a hugs nember of donors, Single-donor or
smalt-poo cryoprecipitate vr even fresh-frozen plasma can only
delay the development of hepatitis, not certainly veduce or
abolish it {13},

Heat treatment and other virucidal methods

The first atternpt to treat large-pos] concentrates with methods
meant (0 decrease or shelish the risk of tansmission of the
hepatiny viruses was made by a German manufacturer that as
eardy as in 1982 reported that no hepatits ensued in & small
group of normal voluntesrs infused with & prothrombin come
plex concentrate in which viras inactivation was atempted By
adding the chemical B-propiclactone and ultraviolet fight [14].
This report raised a nuimber of efhical questions, not anby for the
fact that volonteers had been recruited among corporate staff
but alse because B-propiolactone was viewed us a potentially
carcinogenic compound.

Subsequently another German manufactirer produced 2
FVIIL concentrate which was pastewrized to inaciivate the
hepatitis viruses. The first information appearsd in 1980 in a
house joumal of the company. I, like other clinicians, was
upimpressed with the claim, because clinieal evidence was
meager and the design of the study retrospective and poor,
In. addition, the pasteurized concentrate was net available
commercially in most European countries, and indeed there
was insufficient concentrate to mest Germany’s demands. Even
German authorities resisted its use, because the concentrate was

TWoor three times more expensive than unbesated produgss and

the evidence that there was any advantage in it wasg sparse.
Indeed, it was not until 1987 and 1989 that studies by Schimpf
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et o, scientifically established that the product did not transmit
hepatitis and HIV [15,16]

T the early 1980% an American manufacturer developed &
FYHI concentiate heated in the dyophilized state ar 60°C for
72 4. Bxperiments conducted in susceptible chimpanzees de-
monstrated that nos- A, noh-B hepatitis was not transmitted, but
that hepatitis B was transmitted. The study reporting these data
was published o fullonly in 1885 (17, even though many of ug
kenew about the results beforchand.

It was only at the heginning of the 1980s that aitempts to
validats chinically methods capable of ingctivating or removiag
the hepatitis virdses and applicable to coagulation factor con-
cenirates started on a scigntific basis. To provide recommisnda-
tions for the design of wmeaningful clinical studies, the
International Comumittee on Thrombosis and Haemostasis
(CTH) at a conference held in Miami, concluded that only
highly suseeptible patients should be studied, 1z, previously
antreated patients (PUF). This recommendation was based on
evidence indicating that previously untreated bemophiliscs
developed hepatitis at a rate close to 100% upon their first
exposure o large-pool coneentrates, alse those made from
unpaid dowors {13,191

Adopting the ICTH recommendations, prospective smdies
were indtisted using heat-treated products. In June 1983, during
the Stockholm Congress of the Werld Federation of Hemophi-
g, the manufacturer of ceagulation factor concentrate pre-
vicusly evaluated only 1n ehimpanzees {17] summoned a group
aof hemophilia treaters and proposed a study 1o evaluate whether
or not the FVII concentrate, heated in the Wophilized state at

600 for 724, wansmined hepatitis, 1 enrolled in the study

relatively large number of patients 1a Taly as soon as T was back
from Steckbolot. From the follow-up of the first fow cnrolled
patients {was clear that the virucidal procedure wasineffective,
because praciically all patisnts developed non-A, now-B hepa-
titis after the st infugion. The study centinued 1o snroll more
patients, 30 that it was only in July 1985 that with Colowibo we
published the data of the firstsmdy carfied oot underthe tules of
the International Committee [20). The resulis showed that the
concentrate ransmitted non~A, non-B hepatitis 10 as manyas 11
of the 13 patients, During the pext few mouths, other stdies
evaluated congentrates heated in the lyophilized state at tem-
peratures betwesn B0 "Coand 68 “C for different period of dimes
{hetween 24 and 72R) and similarly high rates of hepatitis virus
wansmission were found (references in a review) 241

These ineffective early methods were abandoned and anore
efficacious methods were looked for and developed., In the pext
2-3 years (19861988} there were several publications indicat-
g that second-generation viricidal methods {pasteurization,
dry-heating at higher temperatures such a8 80°C or mare,
vapor-hesting, solvent-deterpent) were betfer than the éarly
heating methods and that they substantially reduced or abol-
ished the occurenice of hepatitis after administration of large-
pool concentrales [21]. Hepee, the epidemics of hepatitis C
were gifectively halted in hemophiliacs in 19871988, Success
was related not only to the continuous improvement of methods
used by concentrate manufactirers to inactivate or remove
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viruses (see above), butalss to finprovements in donorselection
and screeming. Iu this context, a majof role was played by the
isolation in 1989 of the virms causing non-A, non-B hepatitis
ealled the hepatitis C viris), the development of a serclogieal
test to screen donors and its adoption in 1991 1o screen plasma
nsed for fractionation.

HIV infection and AIDS

Evervbody was in doubtin the eatly 19805 about the cause of
AIDS, how it spread, how many persons with hemophilia
actzally got 4 and ghowr the omicome of the disease In
1982, worldwids, there was only a report of wo hemophiliacs
who had developed AIDS 1221, In 1983 there were iomore than
10-15full-blown cases, and many of 03 had notseen a ¢ase yntil
1984, v also must be borne in mind thatalthough by 1983 many
of us had the view of a possibility that the cavse of AIDS might
be a virus, there were alicroative theories. The idea of the
immune system being compromised by the constant use of
copcentrates was well supported [23,241

It was around the end of 1983 1o beginning of 1984 tha:
lymphotropic retroviruses were isolated from patients with
AIDS by Montagnier [25] and Galle {26]. Tt must be empha-
sized. though, that there was af that timee ne demonstration that
these wirases were the cause of AIDS rather than casusl
associations. Having heard in September 1984 that moose
retrovirases {271 and the buman retrovires pitative agent of
AIDS isolated by Montagnier {ymphadenopathy-associated
virus (LAV)] could be activated by heating (hut the later
data were fully published ounly in Januaery 1983) [28]. T met
Meontagnier in Parts in October 1984 and we chose to evaluate,
with 2 preliminary serplogical test developed by him, some of
the serum samples that Colembo and I had previsusty collested
from hemophitiaes curolled in the study on the effect on
hepatitis of heat treatment af 60°C for 72 b [20]. In 4 February
1983 issue of the Lanced, we reported in a letter to the Editor an
sbsence of antibodies to LAV In patients teeated eiclusively
with & concentrate heated at 60°C Tor 72h [29]. This was the
first demonstration that dry-heating could inactivaté the AIDS
virus contaminating clotting factor coicentrates used for he-
mophilia reatment.

Although there were sarlier proponents of the theory that
heat-treating the concentrates would be effective against AIDS
as ity causative agent might be @ virus, the evidence was not
available before the February 1985 teport. It must be pointed
out that the study carried out by Colombo ez af. [20] to avoidthe
transmission of hepatitis kad led to unsatisfactory sesults with
regard to dry heating. This knowledge, albeit only published in
July 1985, was slready made svailable to the scientific com-
munity in 1983, because 35 [ said before it was evident from the
follow-up of the first few patients envelled in our study that a
large nurber of them had devéloped hépatiis. Such informa-
tion was verbally communicated by me o a lage nmber of
hemophilia treaters who met in Barcelona on the occasion of
the Congress of the Buropean Society of Haematology in
September 1983, Ivwas also provided by an snonymous leading
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Table1 Chronntogy of the maln svents in the hepatitis and AIDE epidernics in persons with bemaphiliz

Yeur Hepatitis
Bvend

A
Year Event

1970-1972 Tarly weparts of hepatitis in persons with hemophilia

treated with Jarge-pont plismia concentrates {1

1975 Fiyst repont of high prevalence of “wunsaminiis”
in persons with hemophilin (2]

1977 First repurt of liver biopsy in hemophiliscs [#]

1977 Dissavery of desmopressin (DDAVEY {11}

Drevelopment of a dry-hsated concentrate and first
sxpesiments in chimpanzees [17}

1983 Kawiedee of transmission of non-A, nwe-B hepatili¢ by 2

heated factor VI contenmates (Barcelona mesting)
{985 Publicaiion of the corresponding papers {20,2)
1987 No transirission of lepatitis by a pasteurized facior VIT
consentrate (157

1982, July Prgrmacystis cavinil paeumonicin 3
temophilizcs {22]

1982, December First wansfosten-related case in an infant
1983, May Isolotion of mphatophic retroviras from

1 patient & sk of AJDS {23}

Report of detestion of HTLNV-I in patients
with AMDS or of tigk of ARG {25]

Evidenos that beating tnustivates the putative
ATDS vitus [27]

Wa transmission of AIDS vires by 3 factor VI
concetfias heated at 60 7C for 72 h [29]

1984, May
1985, Javwary

1985, Febraary

article publishied in the last Decomber 1984 issue of the Lancer
that, referting o' heat-treated concentrates, wrote their elinical
efficacy vis-4-vis. AIDS and seroconversions romaing o be
stadied in proviousty unexposed patients’ 361 1o 1983 and
early 1984 thers was littfe reason to believe that a heaing
procedurs that was incapable of inactivating fthe hepating
virases, in particalar the virus causing non-A, non-B hepatitis
{207, should be more efficacious against the putagve viral agent
causing AIDS. Moreover, there were concerns about the po-
tential tisk of denatoration induced By heating on a labile
proteiit such zs FVII and about the possibility of mereased
production of antibodies (inhibitors) o FVHIL [31], with the
view that drastic changes in the manufacturing process, such as
those induced by heating, conld affect the shaps of the molecule
and vesult in densturation and neoantigenicity [31}

Althiongh some extreme views were held that hemophiliacs
should not receive concentrates, there was i my view litle
alternative during that period bt to continuetreating. Loertainly
1old bemephiliacs under my care of the xisk of AIDS from the
early stages, bot if one balances the risks that were Known at that
time againstthe substantial, well-perceived benefits of concens
trate treatment, it is not surpsising that very few of them elected
1o discontinge the use of factor eoncentrates.

The fallacy of retrospective knowledge

Table | summarizes the chronology of the development of
knowledge about hepatitis and AIDS in hemophiliacs. To
stim up, even though the problem of hepatitis was known since
the 1970s, there was no reason to believe that this adverse effect
of hemophilia care was heralding the wich more ominous
AIDS, On the whole, evorybedy was muddled in the petiod
between the early 1980%, when the cases of the first two persons
with hemophilia and ATDS were teported [22}, and February
1985, when Montagnier and I showed for the first time that
hemophiliacs treated with heated concentrates did not become
infected with the retrovirtis that in the same year was convig-
cingly showi to be the canse of AIDS {29). The failure of early

virncidal methods based on heating to inactivate the hepatitis
virus was misleading, because it did convince many of as that
the method had Hide virmeidal activity, not only against the non-
A, non-B viras but also, by implication, sgainst other blaod-

borne agents.

The. view and arguments prosented heve are certainly oot
exciting for the media, which prefer stories about preventable
dizasters with their related blame on the medical community,
nor perhaps for governmental health authorities that tend
avoid any type of criticism that may be mrned against sthent.
Perhaps they will not even be popular among patients and theie
famnilies, who do st forgive owr fallure to predict (and prevent)
the devastating tragedy that befell them. With this Historical
Skesch my titent was merely to recalloct my hopelully objec-
tive but yet unconsciously biased memoirs on events that have
dramatically affectéd so many lives,
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