
A Comparison between the Paper Electrophoresis and 
the Widal-Agglutination in Chronic Alcoholics ~ 
By  Svc~ Dahl ~ 

312 male  chronic aleoholists  withouL 
clinical symptons  of  cirrhosis hepat is  are 
inocula ted  wi th  heat-ki l led ~yphus-para-  
g~2phus baeitli .  The  resulL of  the  inocula- 
t ions is compared  wi th  the  serum prote ins  
of  the  pa t ien ts .  A connec t ion  be tween  the  
()-antigens and  the  y-globulins is estab-  
lished, and also be tween  specific and 
unspecific H-ant igens  and t.he (~-) /~- 
~Iobulins. 

Zusammen]assung 

312 m~nnl iche ehronische Alkoholiker  ohne 
klinisehe Anzeichen einer Leberzirrhose 
~alrden mi t  du tch  Hi t ze  abge t6 te ten  Ty-  
phus -Para typ tms-Baz i l l en  geimpft .  Das t~e- 
su l ta t  der  Impfungen  x~lrde m i t  den Serum- 
Pro te inen  der P a t i e n t e n  in Beziehung ge- 
setzg. Es  ergab sieh eine Bezie tmng zwisehen 
den O-Ant igenen  und  den y-Globulinen so- 
wie zwisehen den spezifisehen und unspezi- 
fisehen H - A n t i g e n e n  u n d  den (e-) fl- 
Globulinen.  

It has been shown in earlier works that the production of anti-substances in 
chronic alcoholics is not affected by damages to the liver (parenchym-cells), 
and that patients with anaemia have fewer circulating anti-substances than 
patients with a normal haemoglobin percentage. Further, patients with a 
higher fasting blood sugar value than 130 rag% seem to have a reduction of 
anti-substances in the blood. 

Chronic alcoholics, who have not developed cirrhosis hepatis, show distinct 
changes in the protein fractions of the serum in the period of abstinence. 
Generally speaking, it can be seen a reduction of most of the globulin fractions. 
As the anti-substances mostly are "bound" to the y-globulins and to some of 
the fi-globulins, I have tried, in my investigations, to acquire a knowledge 
about, the relations between the serum globulins and the woduct ion of anti- 
substance after the inoculation with a mixed typhus-paratyphus vaccine. 
A deserlption of the procedure of the exa~ninations, the vaccine, and the patient 
material will be found h~ other works (1, 2). 

i t  should be ment ioned  here, t h a t  t he  vaccine  conta ins  abou t  2000 mill ion bacilli  
kil led b y  heat., and t h a t  500/o are  s . typhi ,  25~o s .para typhi  A,  12,5°/o s .para typhi  B, and 
12,5°.o s.Newloort. The  pa t i en t s  were typ ica l  alcoholics in the  ages be tween  20 and 70 
years,  and the  average  age was 4 4 ~  years.  Once a week t h e y  were g iven  inject ions in 
the  following doses:  0,25 ml, 0,25 ml,  and  0,50 ml.  ~Vidal and  se rum for pro te in  analyses  
were t aken  before the  inoculat ions and  10 days af ter  the  last  inject ion.  
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2 Chief physician, MD, i:f/illngs V~rdhem fSr l~'oniske Alkoholister, Fa,ck 16, Hgllnfi,s 2, 

Sweden. 
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Results 

The patients are divided into small groups according to the concentrations of 
globulin in the serum. ~1", ~2-, and the fl-globulins were put  together in a pool, 
which was again subdivided into '3 groups. The y-globulins were subdivided 
into 2 groups, where 1,0% was  the dividing line. 

An examination of the numbers of positive and negative agglutinations for 
the specific H-antigen in Table 1 will show that  there is hardly any difference 

Table 1 

Globulin fract ions 
N u m b e r  

of  
t i t res  

Salmonella 
t yph l  

Salmonella 
pa ra typh i -A 

Salmonella 
pa ra typh i -B  

Salmonella 
Newpor t  

unsp .  unsp.  unsp .  unsp.  
I~ H O H H O H H O H H O 

a l - a  2-, and fl-globu- positive 28 0 3 7 0 0 14 1 2 4 14 0 
lins totalling be- 
t w e e n 0 , 1 a n d 0 , 5 g %  negative 15 43 40 36 43 43 29 42 41 39 29 43 

The same total l ing posit ive 109 2 12' 37 1 0 47 1 9 19 63 0 
between 0,6 and  
1 , 0 g %  negat ive 44 151 141 116 152 153 106 152 144 134 90 153 

The same total l ing posit ive 36 2 9 9 0 0 15 1 1 6 23 0 
above 1 , 1 g %  . . . negat ive 14 48 41 41 50 50 35 49 49 44 27 50 

~-globulins 1,0 g %  posit ive 132 2 14 48 1 0 57 2 8 21 71 0 
and under  negat ive 46 176 164 130 177 178 121 176 170 157 107 178 

y-globulins 1,1 g %  positive 38 2 11 9 0 0 21 1 4 7 25 0 
and  over negat ive 20 56 47 49 58 58 37 57 54 51 33 58 

between the 5 groups of patients for s.paratyphi B and s.paratyphi Newport. 
For s.paratyphi B there are about  twice as many negative titres as positive, 
whether there is a low concentration of the various globulins or a high concen- 
tration. For s.Newport the ratio between positive and negative titres is about  
1:7, although the number of negative agglutinations is increased if the a-fi- 
globulins have extremely low values (between 0,1 and 0,5 g~/o). For s.Newport 
many unspecific H-antigen agglutinations will be found. The ratio between the 
number of negative and positive titres seems here independent of the concen- 
tration of the y-globulins, but  dependent on the ¢-fi-globulin concentration. 
I f  this concentration is high, the ratio posit4ve:negative titre is 1:I, but  if  
the concentration is very low, the ratio is 1 : 2. This fact with regard to s. Newport 
might indicate that  the anti-substances against unspecific H-antigen are to 
be found among the fl-globulins, as for the time being I leave out of account 
the a-globtflins as carriers of anti-substances. 

I f  the negative Widal reactions are left out of account, and if only the 
positive titres against the H-antigens (specific as well as unspecific) are taken 
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Table 2 

table 
2A  

table 
2 B  

table 
2C 

table 
2D 

N u m b e r  o f  pos i t ive  
I-I-titres . . . .  

N u m b e r  o f  pos i t ive  
O-t i t res  . . . .  

N u m b e r  of  posi t ive 
unspecif ic  H - t i t r e s  

C o m p a r i s o n  b e t w e e n  t he  
W i d a l  a n d  t h e  

al- -t- a~- + f l-globulins 

Compar i son  b e t w e e n  
t h e  }Vidal a n d  

y-g lobul ins  

al +a2+fl  al +a~+fl  al +a2--~- ~ y-g lobu l ins  y -g lobu l ins  
to ta l  to ta l  t o t a l  1,0 g % a n d  1,1 g %  a n d  

0,1-0,5  g %  0,6-1 ,0  g %  1,1 g %  u n d e r  over  
a n d  over  

h u m -  pe r  rmm-  per  h u m -  pe r  h u m -  per  h u m -  pe r  
ber  c e n t  be r  c e n t  ber c en t  ber  c en t  b e r .  c en t  

212 70,8 

21 7,0 

67 22,2 

72 65,5 

10 9,1 

28 25,4 

53 72,6 

5 6,8 

15 20,6 

Tota l  . . . . . .  73 100,0 300 100,0 110 100,O 

11 25,6 
14 32,7 

6 13,9 
9 20,9 
3 6,9 

30 19,6 
53 35,8 
27 18,5 
20 12,1 
23 14,0 

3 6,0 
18 36,0 
12 24,0 
14 28,0 

3 6,0 

nega t ive  in  all 
4 " t y p e s "  . . . 

pos i t ive  in 1 t y p e  
posi t ive  in 2 t y p e s  
pos i t ive  in  3 t y p e s  
posi t ive  in 4 t y p e s  

Tota l  . . . . . .  43 100,0 153 10O,0 50 100,0 

O posi t ive  t{tres . . 
1 pos i t ive  t i t r e  
2 pos i t ive  t i t res  
3 pos i t ive  t i t res  
4 pos i t ive  t i t r e s  
5 pos i t ive  t i t res  
6 pos i t ive  t i t res  
7 posi t ive  t i t r e s  

30 19,6 
51 33,5 
20 13,1 
21 13,7 
16 10,4 
11 7,2 

1 0,6 
3 1,9 

11 25,6 
13 30,3 

5 11,6 
8 ]8,6 
5 11,6 

3 6,0 
18 36,0 

7 14,0 
13 26,0 

6 12,0 
3 6,0 

1 2,3 

To ta l  . . . . . .  43 100,0 153 10O,0 50 100,0 

83 27,7 

78 26,0 

48 16,0 

38 12,7 

17 23,3 

22 30,1 

14 19,2 

14 19,2 

N u m b e r  o f  t i t res  
o f  I / ,  o . . . . .  

N u m b e r  o f  t i t r e s  
o f  1 / 8  0 . . . . .  

N u m b e r  o f  t i t r e s  
o f  1/180 . . . . .  

N u m b e r  o f  t i t r e s  
o f  i /~o . . . . .  

N u m b e r  o f  t i t r e s  
o f  1/6,~ . . . . .  

N u m b e r  o f  t i t r e s  
o f  ~/1~8o . . . . .  

N u m b e r  of  t i t res  
o f  1]16e o . . . . .  

N u m b e r  of  t i t res  
o f  1]~12 o . . . . .  

N u m b e r  of  t i t res  
o f  1/lo~,o . . . .  

26 23,6 

31 28,2 

18 16,4 

20 18,2 

Tota l  . . . . . .  

258 72,5 75 63,5 

22 6,2 15 12,7 

76 21,3 28 23,8 

356 100,0 118 100,0 

32 17,9 8 13,8 
60 33,7 21 36,2 
30 16,8 14 24,1 
30 16,8 11 19,0 
26 14,8 4 6,9 

178 100,0 58 100,0 

32 17,9 8 13,8 
59 38,9 19 32,7 
23 11,2 8 13,8 
28 13,5 11 19,0 
21 10,1 8 13,8 
10 5,6 4 6,9 

2 1,1 
3 1,7 

178 100,0 58 100,0 

96 26,9 26 [ 22,0 

96 26,9 34 . 29,0 

60 17,8 19 16,1 

53 13,1 16 13,5 

4 5,5 

2 2,7 

73 100,0 

29 9,7 

12 4,0 

7 2,3 

4 1,3 

1 0,3 

300 100,O 

4 3,6 

6 5,5 

3 2,7 

1 0,9 

1 0,9 

110 100,0 

25 8,0 

15 4,2 

6 1,7 

4 1,1 

1 0,3 
_ _ i  

356 100,0 

12 10,2 

5 4,2 

4 3,4 

1 0,8 

1 0,8 

1181100,0 

3 1 3  



into consideration it will be seen that  there is no significant difference between 
the patients who have low globulin titres, and those who have high ones. 
I t  seems as if the patients with low globulin concentrations have larger amounts 
of circulating anti-substances against the H-antigens (Table 2A). 

The same tendency is seen for s.t)q~hi and s.paratyphi A, that  is that  the 
~-fl-globulin concentration is of importance for the amount of anti-substances 
against the H-antigens, while it is doubtful whether the y-globulins have any 
importance as carriers of anti-substauces against these antigens. 

I t  is rather difficult to form an opini(m about the place among the globulins 
where the anti-substances against tl~e O-antigens are to be found. An examina- 
tion of s.typhi would make it possible that  both the fl- and the y-globulins could 
come into consideration here, as high concentrations of these proteins give 
slightly fewer negative titres (Table 1). If, however, the positive agglutinations 
against the O-antigens are considered by themselves (Table 2A), it is not 
possible to see any certain connection with the fl-globulins, while the connection 
between the O-antigens and y-globulins is significant. 

The majority of the patients inoculated give positive reactions against only 
one type of salmonella, while relatively few give positive Widal to all 4 types 
(Table 2B). The number of negative reactions to all 4 types is 25%, when the 
concentration of ~-fl-globulins is extremely low, while the number of negative 
reactions is reduced to 6% when the concentration of ~-fl-globulins is more 
than 1,1%. The numbers of negative Widal reactions to all 4 tyTes by low and 
high concentration of the y-globul'm are respectively 17,9 and 13,8%, that  is, 
on the border of what is certain. A glance at the positive Widai reactions to the 
individual types of salmonella will show that  the difference in the number at 
low and high concentrations of y-globulins is on the border of the sign~cant,  
while there is a clear difference whether the concentration of the ~-fl-globulins 
is low or high (Table 2B). 

If  a patient has a positive titre with one of the 4 types of salmonella, he 
reacts in most cases only against the H-antigen. In  theory it should be possible 
to obtain 12 antigen-reactions when inoculating with 4 salmonella bacilli, 
but in practice it is very few of them who get 6 or 7 positive agglutinations. 
Among the nearly 600 patients I have been able to follow, the maximum positive 
agglutinations in one patient have not exceeded 6 or 7. 

A study of the material given here after a division of the number of positive 
titres will show that  the anti-substances are rather to be found among the 
~-fl-globulins than among the y-globulins (Table 2C). The material is further 
subdivided according to the dilutions of the anti-substances which gave 
positive deposits (Table 2D). An increase of the titres from 1/320 to 1/102a0 
will be found at higher concentrations of the ~- and fl-globulins, and of the 
y-globulins, which indicates an increase of the circulating anti-substances. 
This leads to the supposition that  the production of anti-substances is some- 
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what more "vigorous" than in patients with lower globulin concentrations in 
the serum. 

Ti le  i n v e s t i g a t i o n s  o f  s e r u m - p r o t e i n  in  t h e  c h r o n i c  a l c o h o l i c s  o f f e red  s e v e r a l  s u r p r i s e s  
(also d e s c r i b e d  in  o t h e r  w o r k s  [4, 5, 6]), a s  t h e r e  w e r e  f o u n d  e o n s i d e r a b l e  c h a n g e s  b o t h  
i n  t h e  a l b u m i n s  a n d  in  t h e  g l o b u l i n s .  F o r  t h i s  r e a s o n  I h a v e  t h o u g h t  t h a t  t h a d  t o  c o m p a r e  
t h e  regal t .s  o f  t h e  i n o c u l a t i o n s  w i t h  t h e  r a t i o  a l b u m i n / g l o b u l i n  ( in  t h e  f o l l o w i n g  w r i t t e n  
M b / g l o b ) .  T h i s  i n d e x  is  n o r m a l l y  b e t w e e n  1,5 a n d  2,0  ( H a m m e r s t e n ) ,  b u t  i t  wi l l  b e  s e e n  
f r o m  T a b l e  3 t h a t  v e r y  t~w o f  t h e  a l c o h o l i c s  I e x a m i n e d  h a d  a n  i n d e x  u n d e r  2,0. O u t  o f  
t h e  360 p a t i e n t s  in  t h e  a g e  b e t w e e n  20 a n d  70 y e a r s  t h e r e  w e r e  27 p a t i e n t s  w h o  h a d  so  
tow v a l u e s .  T h i s  is d u e  t o  t h e  f a e t  t h a t  ~.he a m o u n t  o f  g l o b u l i n  h a d  d e c r e a s e d  a t  t h e  s a m e  
t i m e  a s  t h e  a l b l m ~ i n  v a h m s  w e r e  r a t h e r  h i g h .  I n  m y  ma.~eriM I h a v e  t . a k e n  fo r  g r a n t e d  
tha t ,  t .he M b / g l o b  i n d e x  m a y  b e  3 ,0  w i t h o u t  h a v i n g  t o  be  c o n s i d e r e d  a s  a b n o r m M ,  w h i c h  
a g a i n  m e a n s  t h a t  104 p a t i e n t s  o u t  o f  360 h a d  n o r m a l  r e l a t i o n s  b e t w e e n  t h e  s e r u m  p r o t e i n  
f r a c t i o n s .  

I f  the alb/glob ratio is normal, positive Widals are more oftell found for 
s.typhi and for s.paratyphi (Table 4). I f  the number of negative aggIutinations 

Table 3 ( M a x i m u m  a lbumins /g lobu l in s  was  12,8; m i n i m u m  1,0) 

I n d e x :  a l b m n i n s  / g lobul ins  

Age  1,0-1,9 2 ,0-2 ,9  3 ,0-4,9  5 ,0-9 ,9  I0,0 a n d  over  to t a l  

n u m -  pe r  h u m -  pe r  n u m -  pe r  h u m -  pe r  n u m -  pe r  
her  c e n t  be t  cen t  ber  c en t  be t  cen t  ber  cen t  

20-30 3 773 7 17,1 2"2 53,6 9 22,0 41 
31--40 6 5,6 24 22,4 48 44,6 27 25,5 2 1,9 107 
41----50 1t 10,2 22 20,4 53 49,0 19 17,6 3 2,8 t08  
51-60  5 6,6 13 17,1 48 63,2 7 9,2 3 3,9 76 
61-70. 2 772 11 39,4 10 35,8 4 1471 1 3,5 28 

to ta l  27 77 181 66 9 360 

Tabb" 4 

A l b u m i n  / 
g lobul in  

1,0-1 ,9  

'~0 ")9 

3 .0-4  9 

5 ,0-9,9  

t0 ,0  a n d  over  

N u m b e r  
of  

Sa lmonel la  
t y p h i  

unsp .  
t{  t t  O 

Salmonel la  Sa lmonel la  
p a r a t y p h i - A  p a r a t y p h i - B  

unsp .  unsp .  
H H O H I-I O 

Sa lmonel la  
N e w p o r t  

unsp.  
H H O 

pos i t ive  
n e g a t i v e  

pos i t ive  
nega t ive  

posi t ive  
n e g a t i v e  

pos i t ive  
n e g a t i v e  

pos i t ive  
n e g a t i v e  

17 t 5 
l0  26 22 

31 1 7 
27 57 51 

107 2 13 
50 155 144 

30 0 2 
31 61 59 

4 0 1 
5 9 8 

5 0 0 
22 27 27 

10 0 1 
48 58 57 

36 1 0 
121 156 157 

9 1 0 
52 60 61 

2 O 0 
7 9 9 

8 l 
19 26 

15 0 
43 58 

46 1 
111 156 

14 1 
47 60 

0 0 
9 9 

1 3 13 0 
26 24 14 27 

3 8 27 0 
55 50 31 58 

8 16 50 0 
149 141 107 157 

1 3 15 0 
60 58 46 61 

0 0 4 0 
9 9 5 9 

3 1 5  
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is t a k e n  into considerat ion i t  will be  found t h a t  the  n u m b e r  rises the  more  the  
index devia tes  f rom the  no rma l  (Tables 5A and 5C). A t  the  same t ime  it  will 
be found t h a t  the  n u m b e r  of  posi t ive t i t res  against  the  O-ant igen and  the  
unspecific I t - an t igen  are reduced,  and  t h a t  the  n u m b e r  of  posi t ive t i t res  
agains t  a specific H-an t igen  is increased (Tables 5B and  5C). This seems to 
indicate  t h a t  the  pro te in  f ract ions  which are carriers of  an t i - subs tances  agains t  
unspecific H-ant igens ,  and  agains t  O-antigens,  are  decreased in chronic 
alcoholics, while the  pro te in  f rac t ion  which carries the  an t i - subs tance  agains t  
specific H-an t igen ,  shows a t endency  to  increase. 

The  t i t re -values  are not  affected b y  the  changes in the  pro te in  fractions,  as 
the  n u m b e r  of t i t res  1/40 - 1/s 0 - 1/lS0 is exac t ly  the  same in pa t ien ts  wi th  a 
no rma l  alb/glob index,  and  in those who have  pathological  high index values 
(Table 5D). 

Discussion 

The inves t iga t ion  has  shown t h a t  the  ant i -substances ,  which are produced  b y  
the  inoculat ion against  t y p h u s - p a r a t y p h u s  of  chronic alcoholics mus t  be  bound  
to  different f ract ions of  the  se rum proteins.  There  are m a n y  indicat ions t h a t  
the  an t i - subs tances  agains t  the  O-ant igens are to  be found  among  the  y- 
globulins. Other  of  m y  series of  invest igat ions  have  made  i t  p robable  t ha t  i t  is 
a f rac t ion  among  the  /~2~-globulins t h a t  is the  carrier of  the  ant i -subs tances  
against  the  specific H-ant igen.  Dr.  t ). Graba r  has to ld  me  t h a t  he has found  
t h a t  fi2.~-globulin was the  specific ant i -substance,  which agreed well wi th  m y  
immuno-e lec t rophores is  invest igat ions,  which of ten  showed an  increase of  jus t  
this  f -g lobul in  fract ion,  where  the  other  f ract ions had  decreased in quan t i ty .  
All th ings  t aken  into  considerat ion,  there  is much  t h a t  indicates  t h a t  the  chief 
pa r t  of  the  an t i - subs tances  p roduced  b y  means  of an  inoculat ion wi th  heat -  
killed t y p h u s - p a r a t y p h u s  bacilli, is to be found among  the  ~-fi-globulins, and  
t h a t  only  the  an t i - subs tances  against  the  O-ant igens are to be found a m o n g  
the  y-globulins. 

The question is whether the ~-globulins can at all be carriers of anti-substances. 
In this connection I have started a series of investigations where I try to absorb the anti- 
substances from the serum, after which the remaining proteins in the "serum" exposed 
to an electrophoresis. These investigations are as yet only in their e~rly beginning, but 
there are things that indicate that parts of the ~-globulins ~re removed ~t the absorption. 
This may be due to faulty analysis, but it may also mean that there are specific anti- 
substances in this globulin fr~ction. 

The  invest igat ions  has  shown t h a t  the  a m o u n t  of circulat ing ant i -subs tances  
is not  diminished because of alcoholism. On the  cont rary ,  series of  invest igat ions 
as ye t  unfinished, show tha t  the  a m o u n t  of  circulat ing ant i -subs tances  agains t  
the  H-an t igens  is increased in these pat ients ,  compared  with  a group of people  
who never  " t o u c h "  alcohol. I have  had  occasion to examine  ve ry  few alcoholics 
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with  cirrhosis hepat is .  Here  the  a m o u n t  of  a lbumin  in the  se rum is r a the r  low, 
abou t  2,5-3,5 g % .  These pa t i en t s  do no t  seem to  differ f rom the  o ther  alcoholics 
wi th  regard  to  circulat ing ant i -subs tances .  E v e r y t h i n g  thus  indicates  t h a t  the  
funct ion of the  l ive r -pa renchym plays  no  pa r t  for the  capac i ty  of  an  organism 
to ave r t  infections. In  a way,  this was to  be expected,  because the  p roduc t ion  
of  the  an t i - subs tances  takes  place, first and  tbremost ,  i f  no t  completely ,  in 
the  cells which are g rouped  lmder  the  nomenc la tu re  of  R E S  (the reticuto- 

endothel ial  sys tem).  
As the  a m o u n t  of  macroglobul ins  is of ten  increased in the  se rum of alcoholics, 

a t  the  same t ime  as the  o ther  globulin f ract ions on the  whole show a diminished 
'concentra t ion  (with cer ta in  reservat ions ,  however ;  for instance,  the  glyco- 
prote ins  show m o v e m e n t s  in b o t h  directions),  i t  is permissible  to  t h ink  ~hat  the  
R E S  is d i rect ly  affected b y  the  abuse of  alcohol. The  increase of  f12~ in par t icu la r  
migh t  indicate  a change of  the  pe rmeab i l i t y  of  the  cells. Here  it  is possible to 
m a k e  cer ta in  paral lel  compar isons  wi th  the  t ransaminases .  

I cannot yet decide wheSher it. is permissible to reason as Dr. Grabar does - that the 
increase of fl2]~i (~ha~ is, an increase of the H-agglutination) - is a measure for the alcoholism 
of the patient - but it is not impossible. 
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