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Investigations into the Immunoprophylaxis 
of Viral Hepatitis

By

J. C s a p ó , J. B u d a i , G. N y e r g e s , P. R i c h t e r  and I. T ó t h

C en tra l H o sp ita l for In fec tio u s D iseases,
In s t i tu te  fo r Serobacterio log ical P ro d u c tio n  and  

R esea rch  “ H U M A N ” , B u d a p e s t

(R eceived  March 9, 1970)

B ased o n  tr ia ls  in  m en ta lly  re ta rd e d  ch ild ren , th e  e ffec t o f  alcohol 
on  h e p a titis  v iru s  A is discussed. The v iru s  w hile k e p t in  a lcoho l g rad u a lly  
loses its  in fec tiv ity . T he loss is in d ire c t re la tio n  to  th e  alcohol co n cen tra tio n  
and  th e  period  o f  tre a tm e n t. F ir s t th e  o ra l in fec tiv ity  is lo s t an d  th is  is fol­
lowed b y  th e  loss o f  th e  p a ren te ra l in fec tiv ity . A s a  re su lt o f  a lcoho l t r e a t ­
m en t, v iru s  A  becom es sim ilar to  v iru s B . I n  v iru s ca rrie rs  a  s im ila r tra n s fo r­
m a tio n  o f  v iru s A  in to  v iru s  В  occurs. T here  m ig h t ex is t a  tr a n s ie n t  form  
(virus A B), w hich  h as re ta in ed  its  o ra l in fec tiv ity , b u t  th e  in c u b a tio n  period 
o f th e  illness is p ro longed . I t  is suggested  th a t  v iru s В  is a  d e r iv a tiv e  o f  v irus 
A. The in te s tin a l w all a s  a  ba rrie r h as  a  s ig n ifican t role in  th e  p re v e n tio n  of 
h ep a titis . T he co n tro l o f  p o sttran sfu sio n  h e p a ti tis  o f  v iru s  В  o rig in  is m ore 
d ifficu lt th a n  th a t  o f  in fectious h ep a titis . H ow ever, considering  t h a t  v iru s В 
is a  d e riv a tiv e  o f  v iru s A , a  successful co n tro l o f  in fec tious h e p a ti t is  m ay  
ind irec tly  reduce  th e  incidence o f th e  p o s ttran s fu s io n  cases, w h ich  m a y  be 
caused b y  a n y  o f  th e  v iruses A, A B  an d  B . T he possib ilities o f  a c tiv e  im m u ­
n iza tion  a g a in s t v ira l h e p a titis  a re  d iscussed .

Viral hepatitis is one of the most 
important problems of medicine. In 
Hungary, 16 000 cases are reported 
yearly, and a similar number of cases 
is thought to remain unregistered.

S t o k e s  et al. [11] were the first 
to stop hospital epidemics by ad­
ministering gamma globulin. The 
dose of 16% gamma globulin was 
initially 0.12 ml/kg, subsequently 
this dose was gradually reduced to
0.02 ml/kg. The protective effect of 
such low doses of gamma globulin 
proved to be strikingly lasting. Stokes 
et al. assumed that during the period 
of passive immunity children in

institutions may be infected subcli- 
nically and acquire active immunity.

We are sceptical about such an 
explanation. It has been shown with 
the prevention of measles that the 
passive immunity induced by gamma 
globulin is of short duration while 
hepatitis spreads in children commu­
nities slowly. Thus, assumed that 
commercial gamma globulin, having 
been prepared from blood samples 
collected from thousands of donors 
may contain small amounts of he­
patitis virus, thus may induce an 
active immunity without causing he­
patitis. Hepatitis is not induced as
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( i )  the amount of virus is not suffi­
cient; (ii) its hepatitogenic capacity 
is reduced by the alcohol treatment; 
(Hi)  the specific antibody in the 
gamma globulin may also reduce the 
viral effect (neutralization?).

(1) To check the assumption that 
gamma globulin may contain hepa­
titis virus, we prepared gamma glo­
bulin from the pooled plasma of 
female patients with acute hepatitis. 
The donors had received no injection 
in the six preceding months. It was 
beyond doubt that the plasma pool 
must have contained large amounts 
of hepatitis virus. Then from the 
pool, gamma globulin was prepared 
by Cohn’s fractionation technique 
including exposure to 21 % alcohol 
for 40 hours at 5°C. With the pre­
paration thus obtained ten mentally 
and somatically retarded children 
were inoculated. Of these, two be­
came ill with hepatitis on the 56th 
and 76th day, respectively. It was 
therefore concluded that the gamma 
globulin prepared from highly infec­
tious plasma had in fact contained 
hepatitis virus. The inoculated chil­
dren remained in the community with­
out isolation until developing ill­
ness — in spite of this, no secondary 
cases occurred [3].

(2) To check the effect of alcohol 
treatment on the virus, the pooled 
serum obtained from 10 patients 
with acute hepatitis was exposed to 
21% alcohol for 40 hours or 60 hours, 
or to 40% for 14 days. The lowest 
number of those contracting the dis­
ease occurred in the group having 
received the last preparation, though

even in this, the virus was not killed 
completely. The incubation period 
ranged between 52 and 102 days, 
and the course of the illnesses was 
mild. No contact case occurred [6].

(3) That gamma globuhn acts 
against the hepatitis virus needs no 
confirmation.

We believe that the arguments in 
favour of our three suppositions are 
acceptable.

To obtain further evidence for the 
role of the quantitative factors, we 
reduced the dose of the gamma glo­
bulin preparation pretreated in 40% 
alcohol for 14 days. The dose was gra­
dually reduced from 0.1 g to 0.01 g 
protein [7]. This latter dose caused 
no hepatitis. Unfortunately, because 
of technical errors we could not prove 
whether the preparation actually con­
tained hepatitis virus.

For further experiments blood was 
collected from 50 children suffering 
from acute hepatitis. The pooled se­
rum was kept with 40% alcohol at

5°C for 14 days or, in another ex­
periment, for 12 days. Children were 
inoculated with each preparation. 
Neither of the children became ill. 
Since it would be unjustified to sup­
pose that this serum pool had con­
tained no hepatitis virus, we suppose 
that the resistance to alcohol of dif­
ferent virus strains may be variable [4].

As regards immunoprophylaxis, we 
recommended as early as 1961, to 
administer two doses of gamma glo­
bulin at an interval of four months. 
Our experiments in a small number 
of children supported this view. 
Subsequently, C e r v e n k a  [1] carried
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out a similar trial in Slovakia. He 
immunized school-children with 16% 
gamma globulin preparations, ad­
ministering 0.02 ml/kg, intramuscu­
larly. Group I including 5347 children 
was inoculated in June, group II 
including 5355 children in September, 
group III including 4606 children one 
in June and again in September, 
and group IV including 8267 children 
served as uninoculated control. In 
the autumn of the same year four 
cases cf hepatitis occurred in group I, 
five cases in group II, no case in 
group III and 70 cases occurred in 
the control group.

The question may arise whether 
the passive immunity due to the 
gamma globulin still jiersisted in 
October or November, i.e., four or 
five months after the immunization. 
Moreover, it is of interest that in 
group II three of the five children 
became ill as early as in the month 
of the immunization, i.e. in the 
period of incubation. It might be 
supposed that in group III the sec­
ond injection acted as a booster dose.

It is well-known that gamma glo­
bulin prevention of infectious hepa­
titis Í3 successful in children living 
in communities, but its beneficial 
effect in the family is doubtful. Pa­
tients shed the virus as early as 1 or 2 
weeks before the onset of jaundice, 
and the contacts are usually inocula­
ted several days thereafter, i.e., in 
an advanced state of the supposed 
incubation period.

Consequently, gamma globulin 
should be administered before the 
infection. We disbelieve that gamma

globulin prevention in the family is 
reasonable except for cases when 
the patient remains with the family. 
In such cases, however, large doses 
should be given.

We were somewhat surprised by 
the lack of virus dissemination in 
the environment. To obtain more in­
formation, we initiated further ex­
periments. For this purpose gamma 
globulin was prepared from pooled 
sera of six sportsmen. None of these 
had been given any injection within 
half a year before their arrival at a 
resort place on 6 February, 1966. 
Soon after their arrival one of the 
waitresses in the hotel’s restaurant 
became ill with hepatitis. On 15 and 
16 March, 6 of the sportsmen were 
admitted to our hospital with acute 
hepatitis. The incubation periods 
were not longer than 36 days. No 
doubt that these were cases of in­
fectious hepatitis.

Blood was taken from the patients 
on the day of their admission. The 
pooled serum was kept in 21% alco­
hol for 70 hours at — 5°C and then 
lyophilized. The lyophilized speci­
men was halved, and from one half 
a 1% solution was made. With this 
solution 15 children were inoculated 
intramuscularly, with 4.0 ml (=  0.04 
g protein) each.

Two of the children became ill. 
One had anicteric hepatitis with an 
incubation period of 90 days, the 
other developed jaundice and in 
this case the incubation period lasted 
99 days. There is no doubt that the 
lyophilized serum contained virus.

After careful preliminary experi-
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Ta b le  I

E x p e r im e n ts  w ith  an  in fec tio u s  h ep a titis  se rum  p o o l p re tre a te d  w ith  21%  a lcoho l fo r
70 hours

Experim ent
No. of 

inocula­
ted

subjects

The preparation Occurrence of

Incu­
bation
period
days

Date of 
inoculation Protein

concentration
Dose Route of 

inoculation

h e p a t i t i s

icteric
anic­
teric

N o . I . 15 16 S e p ,1966 1°/ 1 /0 4  m l in tra - 1 99
m uscular 1 90

N o. I I .

a )  f i r s t 23 1 S e p , 1966 L yophilized 0.1 g oral — — —

in o cu la tio n serum

b )  seco n d 19 1 A p r., 1967 1°/ 1 /0 4 m l in tram uscu- 1 88
in o cu la tio n lar 1 88

ments [4] 23 children were given of 
the lyophilized serum, orally. The 
individual dose was 0.1 g, which 
corresponded to 1.5 ml serum.

The children remained in their 
environment, and their serum bili­
rubin, SGPT, SGOT, thymol turbidity 
and gold sol values were followed. 
Within the following 100 days no 
case of hepatitis occurred either in 
the inoculated children or in their 
environment.

Nineteen of the 23 children fed 
with the serum containing virus were 
subsequently given of the same lyo­
philized serum, intramuscularly. Two 
children became ill, the one with 
icteric, the other with anicteric, he­
patitis. The incubation period lasted 
88 days in both cases. Obviously, 
active virus was present in the pre­
paration even after the oral experi­
ment.

We attribute the prolongation of 
the incubation period and the loss 
of oral infectivity to the alcohol treat­

ment. Supposedly, as a result of 
this treatment, the virus became 
similar to hepatitis virus B. The 
lack of contact cases is consistent 
with this assumption. The change of 
the virus was both quantitative and 
qualitative.

Furthermore, the defence of the 
organism against this virus was sue- 
cessful when the virus was adminis­
tered orally, whereas it was unsuc­
cessful after parenteral administra­
tion. In the latter case a barrier, the 
intestinal w a l l ,  was lacking.

Similar experiments were published 
l ' y K e u g m a n  et a l .  [ 8 ] .  These au­
thors obtained blood from 27 children 
with acute hepatitis three to seven 
days before the onset of jaundice. 
The pooled serum was fed to 11 newly 
admitted mentally retarded chil­
dren, in a dose of 1.0 ml. Feeding of 
the serum was followed by hepatitis 
in ten of the 11 subjects. The incu­
bation period was in the range of 
40 days. Jaundice was observed in
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six of the ten subjects with hepatitis. 
Six months later 10 children who had 
participated in the previous trial 
were given of the same pool a dose 
of 0.25 ml, intramuscularly. Hepatitis 
was observed in four of the inoculat­
ed children, and two of these de­
veloped jaundice. The occurrence of 
hepatitis in four children represented 
a second attack. In this trial the in­
cubation period ranged between 66 
and 82 days. Thus, the first attack 
had left behind no protection against 
the intramuscular infection with the 
same pool of serum. Nevertheless, 
in our opinion this observation does 
not indicate that these children had 
no intestinal immunity.

From a child who had developed 
two attacks, a serum specimen was 
obtained prior to each attack. With 
the pool obtained before the second 
attack (MS-2), children were infected 
intramuscularly and serum from one 
of the infected children (second-pas­
sage virus) was fed to six further 
children. Hepatitis with a prolonged 
incubation period was observed in 
five of the orally infected children. 
Consequently, the length of the in­
cubation period was independent of 
the route of infection.

K rug m a n  et al. [8] suggested that 
the original serum pool contained 
two different viruses: a short-incu­
bation virus (MS-1) and a long-in­
cubation virus (MS-2); during the 
attack following parenteral infection 
MS-2 virus appeared in the serum 
of the same patient whose first attack 
had been due to the MS-1 virus. In 
the experiment with the seeond-

-passage MS-2 virus the children 
were infected with this virus only.

We prefer another explanation. 
The virus, which had been exposed to 
immunobiological effects in the first 
infected subject might have under­
gone changes which supposedly shift­
ed its properties toward the proper­
ties of hepatitis virus B; the incuba­
tion period became longer, but the 
virus did not lose its oral infectivity. 
This is a change similar to that ob­
served with our alcohol-treated virus. 
We therefore suppose that there exists 
a single basic hepatitis virus, and 
this is virus A. Virus В is its deriv­
ative.

Su g g estio n s

(i)  Gamma globulin prepared by 
Cohn’s alcoholic method from sera 
obtained from patients with acute 
hepatitis can cause hepatitis if  given 
intramuscularly.

(ii) The pathogenicity of the re­
sidual virus is low even after a short 
treatment with alcohol and inversely 
related to the alcohol concentration 
and to the duration of treatment. 
There may be some variability in 
the alcohol tolerance of different 
strains of virus.

(in )  Ce r v e n k a ’s experiments sup­
port our view that even commercial 
gamma globulin preparations may 
exert an active immunizing effect. 
Mostly those children remained un­
protected who had received the 
gamma globulin in the incubation 
period. Consequently, gamma glo-
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bulin should be administered prior 
to exposure.

(iv)  Oral infection is not followed 
by massive immunity against pa­
renteral infection.

(v)  If a subject orally infected 
with virus A develops hepatitis and 
is excreting the virus, the virus in 
his faeces may infect contact subjects 
[9]. Our alcohol-treated virus A, 
on the other hand, had lost its oral 
pathogenicity as shown by the lack 
of dissemination in the environment. 
However, when administered paren­
teral ly, it caused hepatitis with a 
long incubation period.

(vi)  The intestinal wall is of great 
importance in the immunity against 
infectious hepatitis. A protection sa­
tisfactory against oral infection may 
be unsatisfactory against parenteral 
infection.

(vii) We have shown that post­
transfusion hepatitis can be preven­
ted by administering giant doses 
of gamma globulin [2, 10]. This is 
only of theoretical importance. It is 
difficult to prevent posttransfusion 
hepatitis, as in this case the virus 
escapes an important barrier, the

intestinal wall. Besides, according 
to theoretical consideration, commer­
cial gamma globulin must be richer 
in anti-A than in anti-B antibodies.

(viii) We suppose that there is 
only one basic hepatitis virus; this 
is virus A, and virus В is its deriva­
tive, continuously arising from the 
former. This is the most plausible 
explanation why virus В did not die 
out long ago, when there were hepa­
titis epidemics, but injections had 
not yet been given by the physicians.

(ix)  The transformation of virus 
A into virus В appears to be gradual; 
first the incubation becomes pro­
longed, and this is followed by the 
loss of oral infectivity. The virus with 
a prolonged incubation period and 
retained oral infectivity might be 
called virus AB.

(X)  Posttransfusion hepatitis may 
be caused by virus A, the tentative 
virus AB, or virus B. In the first 
case (which may occur after the trans­
fusion of blood obtained from donors 
who were in the incubation period 
of infectious hepatitis or had subcli- 
nical infection) the incubation period 
is short and the faecal communicabi-

T a b l e  I I

C h arac te ris tic s  o f v iruses A , A B  an d  В

V irus A Virus AB V irus В

Transm issibility of virus in  blood by injection + + +
orally + + —

Incubation  period of secondary  cases 35 days 90 days 90 days
Transm issibility of virus in  faeces by injection + + ?

orally + + —

Incubation  period of secondary  cases 35 days 90 days
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B=b!ood , F =taeces , o+= infective by the oral route , 
о- =noninfective by the oral route , p + = infective parenterally

F ig . 1. N . J . ,  a  fic tive  blood donor, w as infected  o ra lly  w ith  v iru s  A on  J a n u a ry  1, 1967. 
H e  developed  an  in a p p a re n t h e p a ti tis  w ith  v iraem ia  B lood o b ta in ed  from  N . J .  on  J a ­
n u a ry  90 w as tran sfu sed  to  К .  I .  w ho su b seq u en tly  developed virus-A  h e p a ti tis  w ith  an  
in cu b a tio n  period  o f  35 days. H is  b lood  and  faeces becam e in fec tive  a n d  th e  v iru s  w as 
tran sm issib le  b o th  o ra lly  an d  p a re n te ra lly  (v irus A). A n o th e r b lood specim en  from  N . J . ,  
o b ta in ed  la te r  in Ju ly , w as tra n sfu se d  to  К . P .. w ho developed h e p a ti tis  w ith  a n  in cu b a ­
tio n  period  o f  90 d ays. T he b lood  a n d  faeces o f  К . P . w ere in fec tiv e  an d  th e  v iru s  w as 
tran sm issib le  p a ren te ra lly , to  som e e x te n t also o ra lly . T he in cu b a tio n  periods o f  th e  sec­
o n d a ry  cases w ere prolonged , irre sp ec tiv e  o f th e  ro u te  o f in fec tion . T h is  is ch a rac te ris tic  
o f  v irus-A B  infection . A th ird  specim en, o b ta ined  from  N. J .  in  J a n u a ry  1968 w as t r a n s ­
fu sed  to  В . P ., w ho su b seq u en tly  developed h e p a ti tis  w ith  an  in cu b a tio n  perio d  o f  90 
d ays. T he  v irus w hich ap p ea red  in  h is  blood, and  to  som e e x te n t in h is faeces, d id  n o t 
sp read  b y  th e  o ra l ro u te  b u t  w as tran sm issib le  p a ren te ra lly . I n  th is  case th e  cau sa tiv e

a g e n t w as v iru s В

lity is of high degree; in the second 
case the incubation period is prolong­
ed, but some faecal communicabi­
lity is still retained; in the third case 
the incubation period is prolonged 
and faecal communicability has been 
lost.

(xi) If virus В is indeed a deriva­
tive of virus A, the control of infec­
tious hepatitis must be indirectly

effective against posttransfusion he­
patitis.

(xii)  The natural virus В and our 
alcohol-treated virus are similar in 
the prolonged incubation period and 
in the lack of oral infectivity. How­
ever, the natural virus В is highly 
virulent, whereas our virus showe 
low virulence (low morbidity, mild 
cases) when injected parenterally.
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P o s s ib l e  W ays o f  t h e  Co n tr o l  of 
H e p a t it is

(i) It would be justified to carry 
out trials in schools, kindergartens, 
and in hospital staff. Subjects should 
be injected with gamma globulin 
three times: the first injection might 
be administered in June, or Septem­
ber when the epidemic curve begins 
to rise, the second injection 4 months 
after the first and the third one after 
8 further months.

(ii) The second schedule is based 
on our own experiments. Serum con­
taining hepatitis A virus should be 
treated with 21% alcohol for 40 — 48 
hours at —5°Candlyophilized. In such 
preparations the virus is still living, but 
has lost its oral pathogenicity. Sub­
jects to be immunized should be given
0 .0 5 -0 .1  g of the lyophilized mate­
rial, orally, alone or combined with 
gamma globulin injection.

The protection might be checked 
by epidemiological methods or by 
feeding native virus to experimental 
subjects several months after oral 
administration of the alcohol-treated 
virus. Such a challenge carries some 
risk but, as shown by our oral ex­
periments adequate care can reduce 
the risk to very low levels.

It is questionable whether humoral 
immunity develops after feeding the 
alcohol-treated virus. However, a 
local intestinal immunity prevent­
ing the implantation of wild hepati­
tis virus would be a significant prog­
ress toward the control of hepatitis.

Prof. J. Csapó

Gyáli út 5 Budapest IX ., Hungary

In preparing serum for immuniza­
tion purposes, overtreatment with 
alcohol should be avoided.
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