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H e n r y Ford FHosp. M e d . j o u r n a l 
V o l . 2 1 , N o . 4 , 1973 

Efficacy of Betaprone with Ultraviolet 
Irradiation on Hepatitis B Antigen 
in Human Plasma Pools 

(A Retrospective Study) 

G e r a l d A . L o G r i p p o , M D a n d H a j i m e H a y a s h i , P h D * 

In a retrospective study, hepatitis B antigen 
(HB Ag) was found in 14 lots of human plasma 
pools (16-20 liters each) that had been treated 
by the combined Betaprone (BPL) with ul
traviolet (UV) irradiation procedure. No evi
dence of clinical hepatitis was found during a 
six-month follow-up after 185.2 liters of HB Ag 
positive plasma were Infused into 257patients. 
Since HBAg positive blood products treated by 
BPL with UV produced no clinical hepatitis, it is 
evident that our treatment is efficacious 
against hepatitis virus agents. 

'Division of Immunology and Virology, De
partment of Pathology 

Address reprint requests to authors at Henry 
Ford Hospital, 2799 West Grand Boulevard, 
Detroit Ml 48202 

OINCE1956, the " C O L D STERILIZATION 
PROCESS" u t i l i z i ng Betaprone (BPL) 
combined wi th ultraviolet (UV) irradia
t ion has remained unchanged for the 
treatment of plasma or serum for clinical 
use.^"' More than 4,000 units of human 
plasma*-' and 300,000 units of serum'-^" 
have been treated and safely transfused 
w i thout clinical evidence of toxicity, al-
lergenicity or clinical hepatit is. 

This presentation comments on 257 re
c ip ients w h o received mu l t i p le units 
(varying f rom 50 ml to 5,500 ml) of HB Ag 
positive material intravenously f rom 14 
lots of BPL wi th UV treated plasma pools 
(90-150 donors per lot). Results are com
pared wi th the incidence of overt clinical 
hepatitis wi th jaundice produced by vari
ous plasma pools reported by other in
vestigators dur ing and after Wor ld War I I . 

Materials and Methods 

Plasma Pools, Source and Preparation for 
Treatment 

From January 1956 to September 1966, 
63 separate lots of human plasma pools 
were prepared every 8-10 weeks f rom 
outdated blood f rom our hospital b lood 
bank. Each plasma pool was treated by 
the combined BPL wi th UV process and 
efficacy of the treatment was moni tored 
by Escherichia col i T-3 bacter iophage. 
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Plasma f rom single units of 21-day out
dated ACD-blood and plasma remaining 
after the use of packed erythrocyte trans
fusions were pooled in two-l i ter sterile 
glass bott les. The isoagglutinin titres of 
anti-A and anti-B were 1:8 or less. These 
pools were refrigerated unti l suff icient 
volume of plasma was accumulated for 
treatment. The plasma pools varied f rom 
16-20 liters each, wi th 90-150 donors con
t r i b u t i n g to each p o o l . The day the 
plasma was to be treated, the two liter 
pools were transferred to a 20-liter sterile 
bott le. In this transfer, the plasma was 
passed through sterile mi l l ipore filters 
(1.2 microns) to clear the plasma of cellu
lar e lements, aggregates and chylous 
mater ia l . M o r e donors were used in 
these pools than the total vo lume indi
cated, due to the loss of vo lume f rom 
fatty surface layer and sedimented red 
cell volume at the bot tom of each two-
liter bot t le. 

Methods of Treatment 
The synergistic virucidal potency of 

c o m b i n e d Betaprone* (BPL) w i t h u l 
traviolet (UV) irradiation has been elabo
rated upon in numerous publ icat ions."- ' 
The procedure wi th the Dil l UV apparatus 
and phys i ca l - chemica l c o n d i t i o n s 
described^' ' for BPL wi th UV have not 
changed since 1956. These procedures 
were rigidly fo l lowed in the preparation 
of treated plasma in this study. 

Safety and Stenlity Tests 
Each lot of plasma processed was moni 

to red , using at least 10^ PFU of T-3 bac
teriophage (Eschehchia coli) per ml of 
plasma. A quanti ty of 1,000 ml of phage-
seeded plasma was treated under condi
t ions parallel to those under which the 
total vo lume of plasma was treated for 
c l i n i ca l use. This m e t h o d has been 

•Betaprone - a specially purified grade of 
beta-propiolactone (BPL) available from Fel
lows Medical Mfg. Co., Inc., Oak Park, Mich
igan (U.S.A.), Zip 48237. 

r e p o r t e d . ' / ' ' ^ ^ S tandard tests fo r 
pyrogens and sterility were completed 
before plasma was released for clinical 
use. 

Storage and Distribution of Treated 
Plasma 

After the tests for safety and sterility 
were proven satisfactory, the packaged 
units (250 ml) of plasma were stored in 
the hospital b lood bank and handled 
under standard b lood bank procedures. 
The requisi t ioning and use of the treated 
plasma was left entirely to the discretion 
of the hospital staff. 

Clinical Evaluation of Hepatitis among 
Plasma Recipients 

The 1956-1966 study was evaluated on 
the basis of clinical hepatitis alone inas
much as the 1951-1956 investigation in
cluded detailed procedures then availa
ble for invest igat ion of l iver disease. 
These inc luded hemato log ic p ro f i l e , 
urinalysis, serum thymol turbid i ty and 
cephalin f locculation tests, serum bi l i ru
bin values, and any evidence of allergic 
sens i t i za t i on f r o m a l te red p lasma 
p ro te ins . " The data for the present re
por t does not inc lude any laboratory 
evaluation. The hospital staff members 
using the plasma were aware of report ing 
any jaundice or suspected hepatitis cases 
to the investigators. A six-month fol low-
up by the authors consisted of examina
t ion of all hospi ta l records f r o m the 
laboratory and patients' histories and , 
when necessary, by communicat ion wi th 
patients and their physicians. 

Retrospective Assays of Hepatitis B An
tigen 

Of the 63 plasma lots treated and ad
ministered to man, aliquots f rom 30 lots 
were available in frozen storage (minus 
20°C) for HB Ag radioimmunoassay. 
Agar gel d i f f u s i o n " and immunoelec-
trophoresis were employed for prel imi
nary assay. In November 1972, the Abbot t 
AusRlA-125 kit^" was made available for 
radioimmunoassay of HB Ag. The latter 

182 



Efficacy of BPL/UV in Plasma 

was the most sensitive method available. 
All plasma lots found to be HB Ag positive 
were repeated and also verif ied by the 
adsorpt ion tests, as recommended in the 
Progress Report of American Association 
of Blood Banks." 

Results 

Six hundred and ninety-seven and five 
tenths (697.5) liters of plasma were ad
ministered to 977 recipients wi th 2,893 
intravenous infusions. Dur ing the ten-
year p e r i o d , no t a s ing le case of 
homologous serum jaundice occurred 
among the recipients receiving plasma. 
No clinical manifestations of liver disease 
we re e n c o u n t e r e d over a s i x -mon th 
per iod of study. 

Table I gives the results on the 30 lots of 
pooled plasma evaluated. These are in 
the order they were pooled and treated 
dur ing the respective years. The HB Ag 
positive pools are indicated by the (-I-) 
sign preceding the radioactive count per 
minute (CPM) shown f o r t h e AusRIAtest. 
The th i rd co lumn gives the number of 
s tandard dev ia t i ons (SD) ca lcu la ted 
above the negative mean (349 CPM wi th 
SD 32) o f t h e negative controls furnished 
wi th the Abbot t kit. Fourteen of 30 plasma 
lots availablefor radioimmunoassay were 
found positive for HB Ag. Repeat assays 
and adsorpt ion tests conf i rmed all posi
tive f indingsfor HB Ag in the 14 lots. All 30 
lots of plasma were negative for HB Ag by 
the less sensitive techniques, including 
d o u b l e d i f f u s i o n and c o u n t e r i m -
munoelectrophoresis. 

Table II gives the year, plasma lot 
number and liters of plasma adminis
tered intravenously. These were all HB Ag 
positive and were potential ly contami
nated wi th hepatitis B virus which was 
treated by the BPL-UV method. It also 
gives the number of recipients transfused 
wi th the number of units of plasma from 
the respective lots. One hundred and 
eighty-five and two tenths (185.2) liters of 
treated plasma containing HB Ag were 

T A B L E 1 
R E T R O S P E C T I V E STUDY FOR 

HEPATITIS B ANTIGEN IN 
30 LOTS O F HUMAN PLASMA P O O L S 

T R E A T E D WITH B E T A P R O N E AND 
ULTRAVIOLET IRRADIATION 

Lot No. 
(Year) 

Hepatitis B antigen* 
by AusRIA (CPM) 

S.D. above 
negative mean** 

(1961) 
28 + 3767 106.8 
29 506 4.9 
30 435 2.7 
31 + 2585 69.9 
32 357 0.3 

(1962) 
33 360 0.3 
34 + 1542 37.3 
35 339 -0.3 
37 376 0.8 
38 + 2673 72.6 
39 461 3.5 

(1963) 
40 + 2054 53.3 
42 + 2070 53.8 
43 + 3206 89.3 
44 + 1664 41.1 
45 300 -1.5 
46 + 1372 32.0 

(1964) 
47 550 6.3 
48 + 8825 264.9 
49 324 -0.8 
50 + 4203 120.4 
51 371 0.7 
52 513 5.1 
53 + 6592 195.1 

(1965) 
54 + 3965 113.0 
55 513 5.1 
56 472 3.8 
6C 380 1.0 
61 528 5.6 

(1966) 
63 + 1738 43.4 

14 lots with Hepatitis B antigen positive/ 30 lots v/ere 
tested. 

*AII pools negative for HB Ag by immunoprecipitation tech
niques (double immunodi f fusion and counter elec
trophoresis). 

•*Negative mean = 349 CPM with S.D. 32 of Abbott-AusRIA 
negative controls. Positive cutoff = 733 CPM (12.0 S.D. from 
negative mean). 

t ransfused in to 257 pat ients w i th 739 
transfusions. Eighty-five (85) patients re
ceived single units (50 ml/pediatric unit 
and 250 ml/adult unit) of treated plasma 
and 18 patients received 9 units or more 
(ranging f rom 2,250 to 5,500 ml). There 
was no evidence of clinical hepatitis to 
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T A B L E ii 
NO OVERT HEPATITIS WITH JAUNDICE AMONG R E C I P I E N T S OF 14 PLASMA LOTS 
WITH HEPATITIS B ANTIGEN A F T E R COMBINED B E T A P R O N E WITH ULTRAVIOLET 

IRRADIATION TREATMENT 

Number of Recipients 

Lot No.* 
(Year) 

Liters 
Administered (1 u . ) - (2-5 u.) (6-9 u.) (>10 u.) Total 

Overt 
Hepatitis 

(1961) 
28 7 1 10 7 1 18 0 
31 9.4 3 7 1 11 0 

(1962) 
34 13.0 3 4 2 1 16 0 
38 15.6 4 12 5 21 0 

(1963) 
40 15.5 5 5 4 1 16 0 
42 16.0 6 6 5 17 0 
43 15.9 4 10 3 1 18 0 
44 12.6 9 9 4 22 0 
46 18.0 4 6 3 2 15 0 

(1964) 
48 7.4 4 7 1 12 0 
50 12.7 7 9 3 19 0 
53 14.1 9 19 28 0 

(1965) 
54 16.4 7 16 2 1 26 0 

(1966) 
63 11.5 4 13 1 18 0 

14 lots 185.2 liters (739 infusions) 257 0 

* Each lot varied from 16-20 liters and consisted of from 90-120 donors per pool. 

** 50-250 ml/unit (pediatric and adult volumes respectively) 

warrant liver funct ion tests by the physi
cian. Neither did the physician record 
any cases of jaundice in the history o f t h e 
plasma recipients. 

The BPL wi th UV treatment did not sig
nificantly alter the serologic specificity of 
the HB Ag as measured by rad io im
munoassay, hemagglut inat ion, agar-gel 
d i f fus ion and Immunoelec t rophores is 
techniques. 

Discussion 

A number of studies dur ing Wor ld War 
11 estimated the jaundice attack rate f rom 
unirradiated poo led human plasma to be 
f rom 4.5% to '\^.9%."-"> Brightman and 
Korns^' found the overall incidence f rom 
all lots of plasma released by the Ameri 

can National Red Cross to be 4.5% and 
the attack rate f rom one lot to be 22% and 
that at least 18 of 385 lots of plasma were 
icterogenic.^" Homologous serum jaun
d ice assoc ia ted w i t h UV i r rad ia ted 
pooled human plasma^^"" varied f rom 3% 
to 60%. The 60% attack rate reported by 
James and Associates' ' consists of 12 cl in
ically typical icteric cases among 20 per
sons w h o received i r rad iated human 
pooled plasma from a single commercial 
lot. 

In the human volunteer studies con
ducted f rom 1951-1954, Mur ray " " ' " re
ported that the parenteral administration 
of 1-4 ml of the icterogenic plasma was 
sufficient to produce 40% hepatitis wi th 
jaundice among the volunteer subjects. 
The number of hepatitis cases wi th jaun-
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dice was high among the volunteers re
ceiving plasma treated by three types of 
UV equipment . In these UV irradiation 
studies, evaluated for inactivation o f t h e 
hepatitis agent, 11 of 30 volunteers de
ve loped hepat i t is w i th jaund ice i r o m 
plasma treated by the Dill irradiator. Eour 
of 30 volunteers developed hepatitis with 
jaund ice f rom plasma treated by the 
Habel-Sochrider irradiator and five of 16 
vo lun tee rs d e v e l o p e d hepat i t i s w i t h 
jaund ice f rom plasma t reated by the 
O p p e n h e i m e r - L e v i n s o n C e n t r i f u g a l 
Eilmer. In the contro l g roup, 12 of 25 
cases showed hepatit is wi th jaundice. 
Infectivity wi th the icterogenic plasma 
pool used in these volunteers showed a 
hepatitis rate of 52.7% (40% wi th jaundice 
and 12.7% wi thout jaundice). 

Dur ing a 12-year per iod (1956-1967), 
plasma treated wi th BPL combined wi th 
UV in this hospital should have produced 
an increase in hepatitis such as was re
ported in Michigan and throughout the 
U.S.A. in the epidemic years of 1960-62." 
However, no hepatitis was reported in 
patients receiving treated pooled plasma 
in this hospital dur ing this per iod. 

The association between HB Ag and 
hepatitis B virus(es) in blood and b lood 
products is generally accepted to carry a 
h igh r isk of c l i n i ca l hepa t i t i s w i t h 

jaundice.^"'^^ The 14 plasma pools that 
were HB Ag positive and treated wi th 
combined BPLwith UV irradiation should 
have produced f rom 3% to 60% jaundiced 
cases among the 257 recip ients. Of the 14 
HB Ag positive plasma pools treated, no 
cases of jaundice were reported. 

Since November 1966, Biotest Serum 
Insti tute, Erankfurt, Germany, has been 
treating pooled human serum (1,000 do
nors per pool) by our BPL wi th UV proc
ess. The treated serum has been distr ib
uted and used throughout the German 
hospitals. More than 300,000 units were 
administered intravenously w i thout re
ported hepatitis. In contrast, the use of 
the i r unt reated serum produc t (1960-
1966) b rough t 49 reports of hepati t is 
to the Biotest Serum Institute. 

Erom the data presented, it seems logi
cal to conclude that human plasma and 
serum pools treated by the BPL wi th UV 
process is safe f rom clinical hepati t is. 
Human plasma and sera have been ad
ministered in adequate volumes to man 
and evaluated by a suff icient number of 
physicians in numerous hospitals to war
rant acceptance of the BPL wi th UV proc
ess as an effective method of steri l izing 
plasma and plasma produc ts against 
hepatitis B and hepatitis A virus infec
t ions. 
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