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Introduced into the organism, the haemagglutinins of the vaccinia 
virus release the production of specific antihaemagglutinins, i. e. haemag- 
glutination-inhibiting (HAI) antibodies (1). They appear in the serum 
7 to 14 days after the inoculation of the virus, reach their highest concen- 
tration between the 2nd and 4th week, and show a gradual diminution 
thereafter (2--12). These antibodies are extremely persistent so that,  in 
some cases, their titre in the serum is still considerably high even after the 
lapse of 60 years (13). Normal human and animal sera do not  inhibit 
haemagglutination in dilutions above 1 : 10 (14, 3) even if only one haemag- 
glutination (HA) unit of the virus is used for the inhibition test  (3). 

Also other substances than specific antibodies produce inhibition 
against vaecinia HA, e. g. crude calf lymph (15, 16), normal lung-tissue 
extract  (17) or mouse-tumor fluid (18). Non-specific inhibitors have been 
found in the serum collected from the umbilical cord of vaccinated mothers 
(19, 20). Szathmdry and Holik (21, 22, 23) succeeded in demonstrating 
non-specific inhibitors in the cerebrospinal fluid which was thermostablc at 
a temperature of 56~ and contained a pathologically high amount  of 
protein; they demonstrated them also in the fluids collected from the 
pleural and peritoneal cavities, from the joints, the hydrocele of testis and, 
in certain cases, in the fluid obtained from ovarian cysts. These authors 
found that  about 50 per cent of the examined ovarian cyst-fluids and all 
of the other examined body fluids inhibited vaccinia HA in dilutions over 
a range from 1 : 4 to 1 : 8000. Inhibition seemed to be independent of whether 
1 ) the body fluid proceeded from patients who had not yet been vaccinated 
and whether their blood contained passive maternal  HAI  antibodies or 
not;  2) it made no differellce if the body fluid (pleural exud~te in one of 
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the  eases) was ob t a ined  th ree  weeks af te r  vacc ina t ion  when the  blood of 
the  pa t i en t s  conta ined  a g rea t  a m o u n t  of specific ac t ive  H A I  an t ibodies ;  
3) inh ib i to ry  a c t i v i t y  was l ikewise uninf luenced b y  the  fact  t h a t - - a s  
p roved  b y  the i r  t yp i ca l  vacc ina t ion  s c a r - - s o m e  of the  pa t i en t s  from 
whom b o d y  fluids were collected had  undergone  bo th  p r i m a r y  vacc ina t ion  
and revacc ina t ion  and  t h a t  the i r  b lood conta ined  jus t  demons t rab le  01- 
higher  t i t res  of H A I  ant ibodies .  There  seems to be no close para l le l i sm 
between the  grade  of inhib i t ion  and  the  p ro te in  content  of the  body  fluids 
(0,7 to  6,6 pe r  cent);  as a rule, b o d y  fluids wi th  a higher  level  of p ro te in  
produce  inh ib i t ion  in  h igher  t i t res .  Of a lbumi n  and  globul in  f rac t ions  
s epa ra t ed  b y  means  of sa l t ing-out  wi th  a m m o n i u m  sulphate ,  only  the  l a t t e r  
possesses i nh ib i to ry  ac t iv i ty .  Specific H A I  ant ibodies  conta ined  in hyper-  
immune  r a b b i t  serum are  l ikewise in the  globul in  f rac t ion  (3). 

Non-specif ic  inhibi tors  in  h u m a n  ascites were de mons t r a t e d  b y  Ca, sset 
and Fater (24). 

The exper iments  descr ibed in th is  pape r  were concerned wi th  the  s t u d y  
of non-specif ic  inhib i tors  conta ined  in  the  above-men t ioned  body  fluids,  
viz. the  cerebrospina]  f luid wi th  pa tho log ica l ly  high p ro te in  level,  in the  
pleurM, pe r i tonea l  and  synoviM fluids as Mso in t he  hydroeele  of tes t is  
and  ovar ian  cysts.  

Mater ia l  and Methods 

We obtained our test  material  from various hospitals, most of i t  from the 
~Iunicipal Hospi tal  of Balassagyarmat .  The centrifuged mater ial  was first 
inactivated for 30 minutes at  56~ and then stored at  --12 to 15 ~ C. We 
performed the HAI- tes t  with Takdtsy's (25) micromethod by  means of a 
0,025 ml. spiral loop and instillator.  This method has already been described 
in detail  in an earlier communication (22). The phosphate-buffered saline 
suspension of confluent pocks developed on the chorio-allantoic membrane 
of chick embryos infected with the  usual bovine vaccine served as haem- 
agglutinin. 

We used 2 haemagglutinat ing units for the HAI  test, i. e. the double of 
tha t  virus concentration which completely agglutinated fowl erythrocytes 
sensitive to vaccinia. 

Having prepared serial twofold dilutions of the  test  material  and mixed 
it with the virus, we incubated this mixture for an hour at  37 ~ C and added 
then 1% fow]-erythrocyte suspension. Readings were taken after hMf an 
hour at  room temperature.  The highest dilution giving complete inhibition 
was regarded as the HAI-t i t re .  The reciprocMs of the initial dilutions of the 
body fluids are indicated as titres in our tables. 

Hyperimmune rabbi t  serum, obtained after repeated intraperi toneal  and 
subcutaneous immunization, served as reference. 

Crystalline trypsin,  prepared by the Chemical Depar tment  of our Inst i tute,  
was used for the t rea tment  of serum and body fluids. Trypsin solutions of 
1 and 2 per cen t - -made  with phosphate buffer of pH 7,6--were mixed 
with the test  fluid at  the ratio 1 : 1. Body fluids diluted at  the same ratio with 
phosphate buffer served as controls. The mixtures were incubated at  37 ~ C 
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for different lengths of time, 
and then heated at  56~ 
for 30 minutes with a view 
to inact ivat ing the trypsin. 

An amount  of 0.5 g. of 
commercial kaolin was ad- 
ded to each ml. of the 
test fluid. After shaking it 
during 15 minutes at  room 
temperature,  we centrifuged 
the suspension for 10 minu- 
tes at  2000 r. p. m., and per- 
formed the reaction with the 
clear supernate fluid. 

R e s u l t s  

Effect o/ the duration 
and temperature o/incuba- 
tion on inhibition. Chu's 
(3) exper imen ta l  results  
seem to prove  t h a t  i f - -  
before the  a d m i x t u r e  of 
the  e r y t h r o c y t e s - - t h e  mix- 
tu re  of haemagglu t in in  
and  specific serum, kep t  
a t  room t empera tu re ,  is 
i ncuba ted  for a longer 
t ime,  the  inh ib i to ry  t i t r e  
will become higher.  Wigand 
(26), on the  o ther  hand,  
observed bu t  an insignifi- 
cant  rise of t i t re  af ter  
lengthening the  t ime  of 
incuba t ion  a t  room tem- 
pera ture .  W e  per formed 
our tes ts  a t  var ious  tem- 
pera tu res  and  let  the  
mix tures  (haemagglut in in-  
specific serum or haemag-  
g lu t in in -body  fluid) s t and  
for f rom zero to 2 hours,  
somet imes even 4 hours,  
before adding  the  erythro-  
cy te  suspension. The re- 
sults of an ind iv idua l  tes t  
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in respect of each experiment  are assembled in Table 1. I t  shows 
tha t  reaction between specific inhibitors and virus sets in immediately  
at  the examined temperatures,  and t h a t - - w i t h  a f luctuat ion amount-  
ing to a single degree of d i lu t ion- - the  t ime of incubation is 
directly proport ional  to the height  of the serum's inhibi tory titre. 
Wi th  incubations of equal length, one generally obtains higher 
titres at  higher, and lower titres at  lower temperatures.  After an 
incubat ion of 4 hours, the t i tre either remains unchanged or rises by  one 
degree of dilution; in none of our experiments did we observe a diminut ion of 
the titre. Non-specific inhibitors contained in the body  fluids show a 

Table 2. E f f e c t  of  h a e m a g g l u t i n i n  c o n c e n t r a t i o n  on i n h i b i t o r y  
t i t r e  

I~AI titre 

Concentration Hyperimmunc Pletu.al cxudate 2~sci~s No. 219 Hydrocele of 
of virus rabbit serum No. 113 testis No. 288 

No. 998/999 

I 

2 

4 

8 

512 

256 

> 64 <128 

64 

2048 

>512 <1024 

512 

256 

1024 

512 

256 

128 

512 

256 

128 

~32  ~64  

similar behaviour,  with the difference tha t  an incubat ion of 10 to 
30 minutes is needed for the reaction to become demonstrable in the case 
of body  fluids with low H A I  titre. 

EJJect o/haemagglutinin concentration on inhibition. According to lite- 
ra ture  (1, l t ,  3, 26), the t i tre of specific serum is inversely proport ional  to 
the dose of haemagglutinin.  The s i tuat ion is similar in regard of body 
fluids: apar t  f rom a f luctuat ion amount ing  to half a degree of dilution, 
a doubling of haemagglut inin concentrat ion reduces the H A I  t i tre by  
50 per cent (Table 2). Also the non-specific inhibitors of the body fluids 
combine with haemagglutinins according to t he l aw  of multiple proportions. 

Sensitization o/erythrocytes by inhibitors. With  a view to  ascertaining 
whether  the  erythrocytes  or the  haemagglutinins are affected by  non- 
specific inhibitors, we designed the  following~xperim'~ent : the  body  fluids 
and hyper immune  rabbi t  serum were kept  at  6 ~ C and at  room tempera- 
ture with fowl erythrocytes ,  in each case for an hour  ; \after washing them 
three times with saline, a 1 ~ e ry throcyte  suspension )~as made and added 
to the virus dilutions, t taemagglut ina t ion  did not  dif'f6r in  any  case from 
tha t  reached with non-sensitized red corpuscles. Like specific H A I  anti- 
bodies, non-specific inhibitors are not  adsorbed to erythrocytes .  

Archly f. u Bd. X, H. 4 36 
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Inhibition against the thermostable haemagglutinin o/the virus. The vac- 
cinia virus has two different haemagglutinins: a thermolabile, which is 
destroyed by being kept at 56 ~ C for 30 to 45 minutes, and a more thermo- 
stable component which can be exposed to higher temperatures with no 
or but a slight loss of potency; the latter is completely destroyed only by 
being autoclaved or kept at 100 ~ C during 90 minutes (3, 27, 28). Therefore, 
we instituted comparative tests: we examined the inhibitory effect of 
body fluids and immune rabit  serum on thermostable haemagglutinins 
that  had been exposed to temperatures of 56 ~ C and 80 ~ C for 30 minutes. 
The HA titre of the virus suspension used in the experiments was 1:256 
without heating, while the titre was 1 : 128 and 1 : 32 after heat treatment.  
The inhibitory effect of non-specific substances upon thermostable haemag- 
glutinins, tested against 2 HA units, was not significantly different from 
the inhibition observed against untreated haemagglutinins which com- 
prise both thermolabile and thermostable components. Tests with immune 
rabbit  serum yielded similar results. 

Elution o/ haemagglutinins bound by inhibitors. I t  was demonstrated 
by Chu (3) that  it is possible to utilize the different heat sensitivity of 
haemagglutinins and antihaemagglutinins for their separation. The thermo- 
stable component of haemagglutinins is not or is hardly destroyed by ex- 
posure to a temperature of 100 ~ C, whereas H A I  antibodies undergo com- 
plete destruction long before such temperature is reached. I f  a mixture of 
virus and immune serum which contains all haemagglutinins in the adsorbed 
state is boiled for a short time, the antihaemagglutinins suffer complete 
destruction, and fowl erythrocytes added to the system will be agglutinated 
by the eluted haemagglutinins. We utilized this reaction for the diffe- 
rentiation of specific and non-specific inhibition but failed to observe any 
significant difference between the amount  of haemagglutinins eluted 
from non-specific substances and tha t  of haemagglutinins eluted from 
specific inhibitors. 

Thermoresistance o/ speci/ic and non-speci/ic inhibitors. In  addition to 
studying the stability of non-specific inhibitors, we examined--for  pur- 
poses of comparison--also that  of undoubtedly specific t t A I  antibodies 
of various origins. The results of our experiments are assembled in Table 3. 

Specific inhibitors contained in hyperimmune rabbit  sera remain 
stable up to a temperature of 70 ~ C, an observation which agrees with 
literary data (29, 3). The titre is reduced about  2 degrees of dilution at  75 ~ C. 
The antibodies of human sera collected 3 to 4 weeks after both pr imary 
vaccination and revaccination are somewhat less heat resisting than those 
contained in hyperimmune rabbit  serum. A temperature of 70 ~ C reduces 
the titre of the sera by 1 to 2 degrees of dilution. One of our cases gave us 
the possibility of examining the stability of a serum obtained from a 
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p a t i e n t  who  h a d  been  v a c c i n a t e d  40 years  before .  R e p e a t e d  t es t s  p r o v e d  

th is  s e r u m  to  p r o d u c e - - p r e s u m a b l y  n o n - s p e c i f i c - - i n h i b i t i o n  in  a t i t r e  

exceed ing  t h e  n o r m a l  va lue ,  e v e n  in  a d i l u t i on  of 1 : 128. I n h i b i t o r s  con- 

t a i n e d  in th i s  s e r u m  were  se r ious ly  d a m a g e d  b y  exposu re  to  a t e m p e r a t u r e  

of 70 ~ C : t h e  t i t r e  w e n t  d o w n  fou r  degrees  of d i lu t ion .  T h e  i n h i b i t o r y  t i t r e  

Table  3. T h e r m o r e s i s t a n c e  o f  s p e c i f i c  a n d  n o n - s p e c i f i c  v a c c i n i a  
h a e m a g g l u t i n a t i o n  i n h i b i t o r s  

M a t e r i a l  t e s t e d  

H y p e r i m m u n e  rabbi t  sera . .  

H u m a n  sera af ter  p r ima ry  
vacc ina t ion  . . . . . . . . . . . . . . .  

H u m a n  sera af ter  
revace ina t ion  . . . . . . . . . . . . .  

H u m a n  serum about  40years  
af ter  vacc ina t ion  . . . . . . . . . .  

H u m a n  placenta l  sera . . . . .  

P leura l  fluid, 21 days af ter  
p r imary  vaccinat ion .  T i t re  
of serum : 2 -9 . . . . . . . . . . . . .  

P leural  fluids obta ined  
m a n y  years  af ter  vaccinat ion.  
Ti t res  of sera : 2-3--  2-4 . . . .  

P leura l  fluid. Non  vacci-  
na t ed  baby.  No an t ibody  
in serum . . . . . . . . . . . . . . . . .  

Asci t ic  fluids. Ti t res  of sera:  
2 -~ --  2-5 . . . . . . . . . . . . . . . . .  

Cerebrospinal  fluids. Ti t res  
of sera:  2 - 8 -  2-5 . . . . . . . . . .  

Mean  
t i t r e  

8.6 

8.2 

6.2 

7 

8.5 

10 

9.7 

D i m i n u t i o n  of m e a n  H A I  t i t r e s  
a f t e r  a h e a t i n g  of 30 m i n u t e s  a t  

600 C 

0.2 

0.2 

0 

0 

1.7 

1.2 

65 ~ C 

0.2 

1.0 

0.6 

2 

3.0 

1.9 

3 

1.7 

1.7 

No.  of 
e ~ e s  

12 

7 

5.7 

560 C 700 C 750 C 

0.8 2.2 

2.0 3.0 

1.0 2.6 

4 > 4  

3.2 4.2 

2 " 3 

2.5 3.9 

4 4 

2 2.2 

2 3.7 

The t i t res  are expressed as neg. log. of dilutions.  Hea t ing  was per formed in 
a di lut ion of 1 : 8, excepted  the  cerebrospinal  fluids, which were di luted in 1 : 2. 

of p l a c e n t a l  sera  co l lec ted  f r o m  v a c c i n a t e d  m o t h e r s  is m u c h  m o r e  sens i t i ve  

to  h e a t  t h a n  t h a t  of i m m u n e  sera,  p r o v i d e d  t h e  i n h i b i t o r y  t i t r e  of t h e  

p l a c e n t a l  s e r u m  exceeds  t h a t  of t h e  m a t e r n a l  one.  
T h e  t h e r m o r e s i s t a n c e  of u n d o u b t e d l y  non-spec i f i c  i nh ib i t o r s  c o n t a i n e d  

in  b o d y  f lu ids  is w e a k e r  t h a n  t h a t  of specif ic  an t ibod ies .  A p a r t  f r o m  occa-  

s iona l  f l u c t u a t i o n s  w i t h i n  t h e  l im i t s  of one  degree  of d i lu t ion ,  t h e y  a re  
t h e r m o s t a b l e  up  to  56 ~ C, b u t  t h e i r  t i t r e  goes d o w n  1 to  2 degrees  a t  60 ~ C, 

36* 



while the reduct ion of the t i t re  amounts  to 2 to 3, in one case even to 4 de- 
grees of di lut ion if the tempera ture  rises to 70 ~ C. 

At 80 ~ C the specific HA inhib i t ing  antibodies contained in hyperim- 
mune  rabbi t  and  in h u m a n  sera are destroyed in  ~ of the sera, the non- 
specific inhibi tors  in  the body fluids about  in  half of the cases. A tempera-  

Table 4. E f f e c t  of t r e a t m e n t  w i t h  t r y p s i n  a n d  k a o l i n  on t h e  
H A I  t i t r e  of i m m u n e  r a b b i t  s e r u m  a n d  v a r i o u s  b o d y  f l u i d s  

Test fluid 
Diluent 1 : 1 

Immune rabbit  
serum No. 306 

Pleural fluid 
No. 279 

Pleural fluid 
No. 310 

Trypsin treatment 

0' 60' 120" 

Phosphate buffer 
1 ~o trypsin solution 
2~o trypsin solution 

Phosphate buffer 
1 o/o trypsin solution 
2% trypsin solution 

Kept at 37 ~ for 

Before 

512 512 512 
512 512 512 
512 512 512 

512 512 256 
512 256 512 
512 512 256 

64 32 64 
64 16 < 2 

Ascites No. 311 

Cerebrospinal 
fluid No. 317 

Fluid of ovarian 
cyst No. 295 

Phosphate buf- 
fer (Control) 

Phosphate buffer 
1 o/o trypsin solution 
2% trypsin solution 

Phosphate buffer 
1 o/o trypsin solution 
2% trypsin solution 

Phosphate buffer 
1 ~o trypsin solution 
2~o trypsin solution 

4 4 2 

32 16 32 
2 2 2 
4 4 2 

16 16 16 
2 < 2  2 
4 4 4 

32 64 32 
32 16 16 

4 4 2 

Phosphate buffer 
1 ~o trypsin solution 
2~o trypsin solution 

<2  <2  <2  
4 4 2 

Kaolin 
treatment 

1024 

1024 

128 

64 

32 

64 

1% trypsin solution 
2% trypsin solution 
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After 

1024 

1024 

< 2  

< 2  

< 2  

< 2  

ture  of 85 ~ C completely destroys both  specific and  non-specific inhibitors.  
Da ta  collected in Table 3 are showing no correlation between the ther- 

moresistance of the non-specific inhibi tors  found in  the body fluids and the 
content  of HA inhibi t ing  an t ibody  of pat ients  serum. This f inding agrees 
with the results of our earlier experiments.  We found tha t  the t i ter  of non- 
specific inhibi tors  in body fluids is independent  of the t i ter  of H A  inhi- 
b i t ing antibodies in serum (21, 22, 23). 
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I t  is known that  non-specific inhibitors against influenza haemagglu- 
tination, contained in normal and immune sera, can be removed by  means 
of various chemical and physical treatments.  Digestion by  trypsin, for 
instance, destroys these substances completely or almost completely, while 
the specific antibodies are not, or hardly, affected (30--33). Kaolin, too, is 
well suited for the adsorption of non-specific inhibitors (30, 32). Led by  
these considerations, we studied the effect of trypsin and kaolin on non- 
specific inhibitors and specific antibodies affecting vaccinia haemaggluti- 
nation. I t  is evident from Table 4 tha t  neither a t reatment  with trypsin nor 
tha t  with kaolin produce any effect on the HAI  titre of hyperimmnne 
rabbit  sera. The level of specific antibodies seemed to be unchanged even 
after a digestion of 6 hours. Non-specific inhibitors, on the other hand, can 
be eliminated in most cases by means of both trypsin and kaolin, although 
these treatments proved sometimes ineffective in the case of fluids drawn 
from the pleural cavity of ovarian cysts. When t rea tment  by trypsin or 
kaolin was ineffective, in some eases higher titres in others lower titres of 
HA inhibiting antibodies were found in the corresponding sera. The addi- 
tion of 2 per cent trypsin produced immediate maximum effect without 
being kept at 37 ~ C. In  this concentration, trypsin itself sufficed to inhibit 
the haemagglutination of vaccini~ virus in the two lowest dilutions. 

Discussion 
Apart  from a lower resistance to heat, the examined properties of 

non-specific inhibitors contained in the various body fluids are- - i f  an- 
t rea ted--qui te  similar to those of specific H A I  antibodies. All haemag- 
glutination inhibiting body fluids contain protein but there is no close 
parallelism between the grade of inhibition and the total  protein content. 
As a rule, higher titres are associated with body fluids of higher protein 
content, save in the case of the fluid proceeding from ovarian cysts. Since 
our last publication (23), we have repeatedly had occasion to analyse 
fluids drawn from ovarian cysts and found striking discrepancies between 
inhibitory titre and the amount  of total  protein. While one sample of such 
fluids, containing 0,7 per cent of protein, produced inhibition at  a ti tre of 
1:32, another sample- -wi th  a protein level of 2.7 per cent--al together  
failed to inhibit vaccinia haemagglntination. The body fluids arise in the 
course of pathological processes either owing to inflammation or congestion. 
Their property of non-specifically inhibiting vaccinia haemagglutination 
has presumably to be ascribed to proteins formed during the pathological 
process or to those protein-like substances which are precipitated with the 
globulins. The amount  of these pathologically produced substances is 
variable, and the titre in which they are able to act as inhibitors depends 
on their amount.  Most of these substances can be eliminated from the 
body fluids by means of a t reatment  with trypsin or kaolin, and it is only 
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exceptionally tha t  they fail to be digested by trypsin or adsorbed to 
kaolin. 

I t  sometimes happens tha t  the serum has an unusually high H A I  titre 
even a long t ime after vaccination (13). Presumably not only specific HAI  
antibodies but  also non-specific inhibitors are involved in this phenomenon. 
This theory seems to be confirmed by  a case (we had, unfortunately, but  
a single case of this kind) in which the serum of such a patient displayed 
a considerably lower thermoresistance than that  obtained shortly after 
vaccination. I t  is, therefore, expedient to test  the heat resistance of sera 
which are collected long after vaccination and show a conspicuously high 
I I A I  titre. 

Summary 
The properties of non-specific vaccinia-haemagglutination inhibitors 

are compared with those of specific haemagglutination-inhibiting antibo- 
dies. Non-specific inhibitors are contained in various human body fluids, 
viz. in cerebrospinal fluids with pathologically high protein contents, 
further in pleurM, peritoneM and synovial fluids as also in the hydrocele 
of testis and sometimes in fluids drawn from ovarian cysts. As regards 
prompt  onset of the reaction with haemagglutinins at  different temperatu- 
res, there seems to be no difference between non-specific inhibitiors and 
specific H A I  antibodies. Also non-specific inhibitors combine proportio- 
nately with haemagglutinins and are not adsorbed to the erythrocytes. 
They are less heat-resistant than, but  require the same temperature for 
complete destruction as, specific inhibitors. Digestion by trypsin and adsorp- 
tion to kaolin do not affect specific HAI  antibodies, while non-specific 
inhibitors can in most cases be removed from the body fluids by these 
treatments.  

Acknowledgment. The author wishes to acknowledge the excellent technical 
assistance of Mrs. Aranka Angyal. 
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