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ABSTRACT 
The present study was conducted to evaluate 

and compare the specific cellular responses of 
children vaccinated with three different strains of 
BCG. The study comprised of normal children 
with normal weight and normal general re-
sponses (PHA) to in vitro leukocyte migration 
inhibition test (LMIT). The three strains of BCG 
under study were Japan-BCG, Glaxo-BCG and 
Madras-BCG. One hundred children were se-
lected at random from each group. The mean ages 
of these infants were 9.9 ±9.5, 9.8 ±7.6 and 9.8 
±8.3 weeks, respectively. Six weeks after vaccina-
tion, the diameter (in mm) of induration at the 
vaccination site was measured. Three months af-
ter vaccination, in vitro LMIT was performed 
against PPD tuberculin antigen. This test was 
done again after 3 months in all the children who 
tested negative. 

The mean value of the diameter of the Glaxo-
BCG group (10.0 ± 13.5 mm) was significantly 
higher (p <0.05) than the mean values of Japan-
BCG (9.10 ± 3.9 mm) and Madras-BCG (8.38 ± 
4.1 mm). The mean LM1 values were similar in 
all the three groups. There was no correlation be-
tween the in vitro and in vivo parameters. The 
number of children positive to LMI (PPD) were 
59, 58 and 63, for the Madras, Japan and Glaxo-
BCG groups, respectively. A total number of 91, 
" 91 and 95 were positive to LMIT at the end of 6 

The Expanded Programme on Immu-
nization (EPI), now recommends BCG 
vaccination as part of routine childhood 
immunization. However, trials on BCG 
provided controversial results, with pro-
tective efficacy ranging from 0% to 
80%(l). One of the reasons offered to ex-
plain the discrepancy in results was that 
it reflects differences in the sub-strains of 
BCG used in different trials(2). The main 
objective, therefore, of the present study 
was to evaluate and compare the specific 
cellular responses of children vaccinated 
with different strains of BCG. 
Material and Methods 

Normal healthy infants who were 
brought for immunization to the State 
Tuberculosis Centre and Chest Clinic, 
Tuberculosis Association of A.P., 
Hyderabad, during the period 1990 to 
1992 were included in the study. After 
an 'informed' consent, a reference card 
was given to them and they were asked 
to visit the clinic 6 months after BCG 
vaccination. A detailed history of the 
child including date of birth, weight, 

months after BCG in the Madras, Japan and 
Glaxo-BCG groups, respectively. The observa-
tions suggested that there were no major differ-
ences between the three strains of BCG in their 
capacity to induce cellular responses. 
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skin-fold thickness and general health 
status was recorded. 

During the period of the study, vari-
ous strains of BCG (e.g., Madras, BCG, 
Glaxo-BCG, Pasteur BCG, Canada-BCG, 
Japan-BCG) were made available to this 
centre. Only the children vaccinated 
with Madras-BCG, Glaxo-BCG and Ja-
pan-BCG were included for analysis in 
the present report. 

The total number of children exam-
ined for induration were 150, 254 and 
179, and those investigated for LMI were 
237, 360 and 238 for the Madras, Japan 
and Glaxo groups, respectively. The first 
100 children from each group were se-
lected for analysis. The mean ages of the 
children selected from each group was 
9.9 ± 9.6; 7.8 ± 7.6; 9.8 ± 8.3 weeks, re-
spectively. The dosage of BCG adminis-
tered for infants below 3 months was 
0.05 ml and for children above 3 months 
was 0.1 ml. 

After 6 weeks of vaccination, the di-
ameter of induration at the site of vacci-
nation was measured. After 3 months of 
vaccination, blood was collected in a he-
parinized tube and leukocyte migration 
inhibition test (LMIT) was performed by 
the capillary method(3), using PHA and 
PPD as mitogen and antigen, respec-
tively. Children who had negative re-
sponses to PPD were retested 3 months 
later (6 months after BCG). 

Six children out of 300 had positive 
histories of contact and 40 children had 
negative LMI responses to PHA and 
were excluded from analysis. None of 
the vaccinated children had BCG 
lymphadenitis. For statistical analysis, 
the mean values (± 1 SD) were calcu-
lated in each group, and were compared 
by the t-test at p<0.05 and also by analy-
sis of variance. 
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Results 

The mean diameter (in mm) of indu-
ration of the children vaccinated with 
the Glaxo strain was 10.0 (±13.5) and 
significantly higher (p <0.05) than the 
mean values of the Japan-BCG group 
(9.10 ± 3.0) and the Madras BCG group 
(8.38 ± 4.1); the differences between the 
values in the latter groups were not sta-
tistically significant. Table I depicts the 
mean values (±SD) of % LMI (PPD) at 
three months after vaccination. Amongst 
the negative responders at 3 months, 32/ 
41, 33/42 and 32/37 converted to LMI-
positive in the Madras, Japan and Glaxo 
groups, respectively (Table II) at 6 
months. The total number of children 
with positive LMI values at the end of 
six months were 91, 91 and 95, respec-
tively. There were no significant differ-
ences amongst the strains, within the 
strains amongst" the children and within 
the children by analysis of variance. 

Discussion 

Although the origin of the BCG vac-
cines presently being used is from a 
single strain, these bacilli may have un-
dergone changes as a result of being pre-
pared at several centres following differ-
ent methodologies leading to various 
sub-strains of BCG(4,5). There are many 
reports on these differences. Biochemical 
differences were reported by Bonicke in 
1957(6), and others reported differences 
in their immunogeniciry(7), skin test sen-
sitivity(8), the ability to protect against 
challenge with tubercle bacilli and viru-
lence in animals(9). The precise relation-
ship between these properties and the 
vaccine's efficacy in humans was ques-
tioned by some authors(10,ll). The rel-
evant in vitro cell-mediated immune re- 



 

 

sponse evoked by different strains in 
normal children were, therefore, tested 
in the present study. In vivo tuberculin 
testing was not carried out since this test 
is not useful as a post-vaccination 
check(12,13). Variations were observed 
in the indurations which developed six 
weeks after vaccination in different 
groups of children, the largest indura-
tion being observed in the children vac-
cinated with the Glaxo strain of BCG. 
This observation was similar to that of 
an earlier report wherein variations in 
the size and character of local lesions 

due to BCG strain differences were ob-
served(ll). However, it is still not clear, 
whether this parameter in any way cor-
relates with protection. No such correla-
tion was observed in the present study. 

It has been reported that tuberculin 
conversion is similar in all children irre-
spective of the formation of abscess after 
vaccination(14). Apparently, more or 
less equal number of children had posi-
tive in vitro responses in the three 
groups when evaluated three months af-
ter vaccination. The mean values of the 
test results were also similar. A majority 
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  TABLE I-Per cent LMI (PPD) Values in Children Three Months post-vaccination 

   No. of Children 

 BCG  Total With (+) ve With (-) ve 
 Strain   values  values 
  No. 100 59  41 

 Madras Mean (SD) 22.8 (10.3) 29.5 (7.2)  12.7 (4.4) 
  No. 100 58  42 

 Japan Mean (SD) 22.5 (9.8) 29.5 (6.5)  13.2 (4.2) 
  No. 100 63  37 

Glaxo Mean (SD) 22.5 (10.4) 29.6 (5.5)  10.6 (4.8) 

  
TABLE 11- % LMI (PPD) Values in Children Vaccinated with Either One of Three Strains of BCG 
  (Madras, Japan, Glaxo) who had Negative «20%) Values at 3 Months, Rtested, 6 months 
  After BCG Vaccination.    

   3 months  6 months  

 BCG  Total With (+) ve With (-) ve 
 Strain   values  values 

  No. 41 32  9 

 Madras Mean (SD) 12.7(4.7) 28.2(5.3)  13.6(4.8) 
  No. 42 33  9 

 Japan Mean (SD) 13.2 (4.2) 25.8(7.4)  11.3(6.0) 
  No. 37 32  5 

Glaxo Mean (SD) 10.6(4.8) 32.6(6.6)  9.0(13.6) 
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of the LMIT negative children, when re-
tested after three months were positive 
in all the three groups. Although the to-
tal number of children with positive re-
sponses, the average values of the LMIT 
tests and the size of the local lesions ap-
peared to be consistently higher in the 
group vaccinated with the Glaxo strain, 
the differences were negligible. It 
remains to be established by applying 
more sensitive methods whether these 
differences have any clinical 
significance. Some studies have 
suggested that Glaxo-BCG protects 
Asians living in Britain, better than 
Paris or Copenhagen BCG does in South 
India(14). 

On the basis of the present study, it is 
concluded that the three strains of BCG 
vaccine, Madras, Japan and Glaxo, elicit 
more or less similar in vitro responses in 
children. 

REFERENCES 
1. Tuberculosis Prevention Trial, Madras. 

Trial of BCG vaccine in Sotith India for 
tuberculosis prevention. Indian J Med 
Res 1979, 70: 349-363.' 

2. Fine PEM, Rodrigues LC. In: Lancet 
Review:    Modern   Vaccine,    Current 
Practice   and   New   Approaches.   Ed. 
Moxon R. London, Edward Arnold, 
1990, pp 67-74. 

3. Mustafa AS. In vitro correlates of cell 
mediated immunity, capillary tube mi-
gration assay. In: Handbood of Practi-
cal Immunology: Ed. Talwar GP. New 
Delhi, Vikas Publishing House, 1989, 
pp 318-327. 

4. Fine PEM. BCG vaccination against tu-
berculosis and leprosy. Br Med Bull 
1988, 44: 691-703. 

5. Mackaness GB, Auclair DJ, Lagrange 
PH. Immunopotentiation with BCG: I. 
Immune response to different strains 
and preparations. J Natl Cancer Inst 

 
 
982 

IMMUNE RESPONSES TO BCG VACCINE 

1973, 51:1655-1667. 
6. Bonicke R. The classification of Myco- 

bacteria   with   the   help   of   different 
chemical tests. Bull Int Union Tuberc 
1957, 27:151-154. 

7. Lind A. Serological studies of Mycobac- 
teria by means of diffusion gel tech-
niques      III.       A      difference       in 
precipitogenic     content     found     in 
substrains of BCG. Arch Allergy 1960, 
17:1-4. 

8. WHO Expert Committee on Biological 
Standardization.     Requirements     for 
dried BCG vaccine. WHO Tech Rep 
Ser 1966, pp 25-51. 

9. Jespersen   A,   Benton   MW.   The   ac-
quired resistance to tuberculosis in-
duced by BCG vaccine assayed by a 
quantitative method on mice II. Vacci-
nation effect of BCG strains strongly or 
moderately virulent for hamsters. Acta 
Tuherc Premonol Scand 1960, 44: 276- 
289. 

 

10. Smith DW, Wiegeshays EH, Stark RH, 
Harding GE. Models for potency assay 
of tuberculosis vaccines; State of im-
munization  in  tuberculosis  in  1971. 
DHEW Publication No'. (NIH) 1972, pp 
72-68, 205-218. 

11. Rosenthal SR. Host response. In: BCG 
Vaccination     Against     Tuberculosis, 
Cancer. Boston, Little Brown and Co, 
1980, pp 76-98. 

12. Vijayalakshmi   V,   Rao   DV,   Murthy 
KJR, Jain SN. A study of the tuberculin 
test and its correlation with in vitro re-
sponses. Lung India 1989, 7: 63-66. 

13. Vijayalakshmi  V,   Devi   PS,   Murthy 
KJR, Rao DV, Jain SN. Cell mediated 
immune responses in BCG vaccinated 
children. Indian Pediatr 1993, 30: 899- 
903. 

14. Packe GE, Innes JA. Protective effects 
of BCG vaccination in infant Asians: A 
case  control  study.  Arch  Dis  Child 
1988,63:277-281. 


