
STUDIES on plasma protein. 
I. KALA-AZAR \ 

By H.| CHAKRAVARTI," m.d. (Cal.) 

School^of Tropical Medicine, Calcutta 
. the changes in the pattern of plasma proteins ln kala-azar are remarkable and have been 

Recognized for a long time. Sia and Wu (1921) 
hrst studied the changes and subsequently it was 
Reported by many other workers in this country 
(Rav, 1924, 1927; Brahmachari, 1928; Llovd 

Paul> 1928; Chopra and Choudhury, 1929; 
Mudaliyar et al, 1933; Pai, 1941; Chakravarty 

al-, 1949). The usual changes consist in 
elevation of globulin fraction (euglobulin), 
depression in albumin and total protein remain- 
lng. normal or raised. The albumin-globulin 
1-^io js altered and even sometimes reversed. 

However, on many occasions, the number of 
eases studied were so small as to preclude 
?ny generalization, and there were considerable 
individual variations probably due to different 
Methods applied (colorimetric, refractometric 
and Kjeldahl). The present observation has 
been made on a much larger group of cases at 
Various stages of the disease to note the clinical 
Significance of the plasma protein changes. 

Methods and material 

Estimations of plasma proteins and their 
fractions were done by copper sulphate specific 

gravity method and biuret method. Details of 
these methods appeared in a previous publica- 
tion (Lowe and Chakravarti, 1945). Subjects 
were 57 unselected cases of kala-azar admitted 
to the hospital of the School, the diagnosis being 
confirmed by demonstration of L.D. bodies 
in sternal and/or spleen puncture in 53 cases 

and in the rest from positive complement 
fixation test. The estimations were done before 
any specific treatment was given. 

Result 

Distribution, in detail, of the plasma proteins 
in these cases appears in figure 1. The results 
are compared with the normal values obtained 
by the author in 75 individuals. 

Total protein.?Hypoproteinsemia was observed 
in 9 cases (16 per cent) and hyperproteimemia 
in 20 cases (35 per cent). In the rest it was 
within normal range. Range 4.8 to 10.7 gm. 

per cent, mean 7.66 ? 1.17. 

Albumin.?This was lowered in 52 cases (92 
per cent); only in 5 cases (8 per cent) it was 
within normal range. Range 1.3 to 4.4 gm. pel- 
cent, mean 2.79 ? 0.71. 

Globulin.?Hyperglobulinsemia was observed 
in 48 cases (84 per cent) and in the rest (16 per 
cent) it was within normal limit. Range 2.6 
to 8.6 gm. per cent, mean 4.87 ? 1.16. 

A/G ratio.?The ratio was lowered in 54 
cases (95 per cent) and in 3 cases it was within 
normal range. Range 0.2 to 1.7, mean 0.66 ? 
0.34. 

Relation with the stage of the disease 

For obvious clinical reasons it is difficult to 
ascertain accurately the duration of illness in 
kala-azar patients except in early cases with 
acute enteric-like onset. For this reason they 
are generally grouped according to the size of 
the spleen. 
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Fig. 1.?The plasma proteins of 57 patients with kala- 
azar. Normal limits lie under the broken horizontal 

lines. 

Fig. 1.?The plasma proteins of 57 patients with kala- 
azar. Normal limits lie under the broken horizontal 

lines. 
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1. Early kala-azar, who were admitted in the 
hospital as typhoid cases but were subsequently 
diagnosed to be kala-azar (4 cases). 

2. Spleen enlarged up to 2 inches below costal 
margin (8 cases). 

3. Spleen enlarged under 4 inches below costal 
margin (21 cases). 

4. Spleen enlarged 4 inches above or below 
the costal margin (24 cases). 

Sizes of the spleen mentioned above are 

applicable to an adult only and due considera- 
tion was given in cases of children. Cases witli 
cancrum oris were included in group 4 irrespective 
of the size of the spleen. Comparative picture of 
the plasma protein changes in these different 

groups appears in figure 2; the range, mean and 

standard variation being given in table I. It 
will appear that although there are individual 
variations, there is also a group characteristic in 
each of them. The hyperproteinsemia with 

hyperglobulinsemia tends to be more intensified 
as the disease progresses. The group of early 
cases of kala-azar deserves special consideration. 

Early kala-azar.?These four cases were 

admitted as typhoid fever and the plasma protein 
changes were observed for that disease; but sub- 
sequently they proved to be kala-azar and again 
plasma proteins were estimated after the 

diagnosis. The results are interesting and 

appear in table II. It will be evident that the 

changes are not so remarkable in these cases in 
the beginning but as the disease progresses the 
usual changes of kala-azar become apparent. 

Variations from the usual pattern 
1. Malnutrition.?It is well known that 

malnutrition vitiates the usual picture observed 
in various diseases and this is true in kala-azar 
cases as well. In a case which has been included 
under group 4 there were marked clinical signs 
of malnutrition including angular stomatitis, 
sore tongue, rough skin, oedema and moderate 
ansemia (8.7 gm. per cent of Hb.). Plasma 

protein was 4.8 gm. per cent, albumin 2.0 and 
globulin 2.8 gm. per cent. This is contrary to 
the usual finding observed in this group and 
seems to be the direct result of malnutrition and 
the underlying kala-azar having little influence 
in producing the usual change. 

2. Ancemia.?Varying degree of ansemia is 

associated always with kala-azar and no relation 
however exists with the plasma protein changes; 
but in presence of grave anaemia the usual 
picture of plasma protein changes is very much 
altered as will be evident from table III. 

The albumin and total protein tend to be low 
whereas the globulin may or may not rise at all- 

3. (Edema and/or ascites.?This is fre- 

quently found in late kala-azar cases. In the 

present series this was noticed in a number of 
them and the plasma proteins are tabulated in 
table IV. 

Except in the third case (table IV) where there 
was marked malnutrition no significant difference 
can be observed in these cases as distinct from 
the others in the same group. Marked albumin 
depression was found in all of them but the 
colloidal osmotic pressure is not very much 
lowered as will be evident from the figures 
calculated by Govaert's formula. This is due to 

compensatory rise in the globulin fraction. In 
one case only the oedema may be explained by 
the associated severe ansemia and in two cases 

there were signs suggesting cirrhotic changes in 
the liver which may explain the ascites. 

Discussion 

In general, the present observations agree 
fairly well with those of previous workers with 
only a few notable variations. Thus in early 
kala-azar the changes observed are more like 
those of enteric fever. As the disease progresses 
the hyperglobulinsemia develops and, broadly 
speaking, splenic enlargement was found to be an 
index of such changes but in presence of 
malnutrition or severe ansemia they do not 

develop. In kala-azar voracious appetite is 

probably responsible for absence of any signs of 
chronic malnutrition but for any reason if there 
is any deficiency of food intake, particularly 
proteins, hypoproteinajmia may manifest itself- 
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Table I 

Group i 

acu/? kala-azar 
cases). 

Group 2 
'8 cases). 

Group 3 
U1 cases). 

r?/0l'P 4 
(24 cases). 
,kV 0rmal 

cases). 

Range 
Mean 
S.D. ? 
Range 
Mean 
S.D. ? 
Range 
Moan 
S.D. it 
Range 
Moan 
S.D. ? 
Range 
Mean 
S.D. ? 

Total gin. 
per cent 

5.8-7.2 
6.03 
0.4G 

4.8-9.6 
7.35 
1.11 

5.5-10.6 
9.32 
1.19 
5.5-6.8 
6.0S 

0.42 
6.2-S.O 
7.1 
0.52 

Albumin, 
gm. ppr cent 

Globulin, 
gm. per cent 

2.8-4.1 
3.27 
0.44 
1.7-4.4 
2.94 
0.66 
1.4-4.0 
2.34 
0.62 
3.1-4.2 
3.45 
0.45 
3.9-5.5 
4.5 
0.37 

2.7-3.9 
3.36 
0.39 
2.8-5.3 
4.41 
1.08 
3.6-8.7 
5.97 
1.24 
2.2-3.0 
2.62 
0.33 
2.0-3.3 
2.6 
0.29 

A/G X : 1 

0.8-1.4 
1.0 
0.20 
0.2-1.0 
0.69 
0.20 
0.2-0.9 
0.42 
0.17 
1.1-1.6 
1.35 
0.20 
1.5-2.4 
1.8 
0.23 

Table II 

-Uses Days 

22 

30 
21 

M4 cases) 

Plasma pkoteins in gm. per cent 

Total 

Before After 

6.2 6.7 
6.8 
5.5 6.4 
5.8 6.8 

6.8 
0.41 

Albumin 

Before 

3.2 
4.2 
3.3 
3.1 

3.45 
0.45 

After 

3.0 

3.2 
2.9 

Globulin 

A/G X : 1 

.Before 

3.0 
2.6 
2.2 
2.7 

2.62 
0.33 

After 

3.7 

3.2 
3.9 

Before 

1.1 
1.6 
1.5 
1.2 

1.35 
0.20 

After 

0.8 

1.0 
0.7 

^ B. Before = On admission. 
After =r After diagnosis of kala-azar. 
Daj's indicate difference between first and second observation. 

Table III 

Gr?"P of the 
case 

Hb"' million 
Total protein> 

gm. per cent j per cmm 
gm. per cent 

3.2 1.15 5.8 
2.95 1.3 6.1 
3.7 1.5 5.1 
3.85 1.1 I' 5.5 

Albumin, 
gm. per cent 

3.1 
2.9 
2.0 
1.9 

Globulin, 
gm. per cent 

2.7 
3.2 
3.1 
3.6 

A/G X : 1 

1.2 
0.9 
0.7 
0.5 

Table IV 

Group of 
ttle case Ascites 

: 

(Edema Total protein 
gm. per cent 

0 + 7.5 
+ + 9.8 

+ + 4.8 

+ + 7.9 
0 + 6.8 
-4- + 6.1 

Albumin, 
gm. per cent 

Globulin, A/G 
gm. per cent 

, 

' ' 

1.9 5.6 0.34 18.4 
1.8 8.0 0.2 21.2 
2.0 2.8 0.7 15.0 
1.7 6.2 v. 18.0 
2.6 4.2 0.6 

2.9 i 3.2 0.9 19.5 

Osmotic pressure 
(Hg. of mm.) 
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Many of the serological tests of kala-azar like 
aldehyde test, antimony test and globulin pre- 
cipitation test are due to quantitative or 

qualitative changes in the globulin fraction found 
in this disease and this explains why such tests 
are not so specific as they are frequently positive 
in other diseases like leprosy, chronic malaria, 
etc., where hyperglobulinsemia is also en- 

countered. Increased rate of sedimentation of 

erythrocyte observed in kala-azar cases are also 
supposed to be due to increased globulin 
fraction (Newham and Martin, 1928). Higher 
incidcnce of positive Wassermann reaction in 
kala-azar is thought to be due to changes in 
the plasma protein pattern (Greval et al., 1938). 

The cause of such profound plasma protein 
changes is not clearly understood. Undoubtedly 
raised globulin is observed in most of the chronic 
infections but its degree in kala-azar is so great 
that it can only be paralleled by similar changes 
in a few chronic infections like tuberculosis and 

leprosy. This cannot be adequately explained 
by the 

' host reaction ' towards chronic infections 

only, nor is there any evidence that this is due to 
formation of antibodies alone. Ray (1927) 
suggested that the products of tissue degeneration 
are the source of increased globulin without any 
authentic proof however. In leprosy it has been 
suggested by Ross (1943) that the plasma 
protein changes observed can partly be explained 
by associated liver damage. Suggestion of 

hepatic dysfunction in kala-azar is also found 
from the study of morbid anatomy and other 
functional tests (Pai, 1941; Chakravarty et al., 
1949; Chaudhuri and Rai Chaudhuri, 1943; 
Napier and Sharma, 1933). It, therefore, seems 
probable that the extreme changes in the plasma 
protein may partly be due to concomitant 

hepatic dysfunction found in kala-azar. How- 

ever, it must be emphasized that in any liver 
diseases such remarkable changes have not been 
observed. Moreover, changes are observed even 
in the early stages of the disease much before 

any remarkable variation in the liver function 
occurs. 

Summary 

1. In 57 unselected cases of kala-azar changes 
in the plasma protein pattern have been observed. 
In the early cases the changes are minimal but 
as the disease progresses the usual picture 
of hyperproteingemia and hyperglobulinsemia 
appears and the degree of such change is pro- 
portional to the stage of the disease as judged 
by enlarged spleen. 

2. In presence of malnutrition and severe 

ansemia the usual rise in globulin fraction does 
not occur. (Edema in kala-azar is not so much 
related to the lowered osmotic pressure of the 

plasma proteins. 

3. It has been suggested that changes in the 
plasma protein pattern are due to both chronic 
infection and associated liver dysfunction in 
kala-azar. 

My thanks are due to Professor R. N. Chaudhuri for 
his valuable guidance. 
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