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ABSTRACT 

Objectives: To study the PPD-reactivity in 36-59 months old children in an urban population 

of Ludhiana.  

Methods: 572 eligible children were studied and information obtained regarding 

demographic characteristics, BCG vaccination status and anthropometric measurements. 

They were each given 0.1 ml of 5 TU/0.1 ml PPD intradermally on the left forearm, and the 

resultant induration measured between 48-72 hours thereafter. An induration of >10 mm 

was taken as “positive”, 5-9 mm as “suspicious” and <5 mm as “negative” response to the 

PPD. 

Results: Neonatal BCG vaccination coverage in the studied children was 94.5%, but 30.9% of 

those vaccinated had scar failure. PPD response was positive in only 6.4% of those 

vaccinated. PPD positivity was not significantly affected by sex, age, neonatal BCG scar or 

nutritional status, though the mean PPD induration size decreased significantly with 

deteriorating nutritional status.  

Conclusions: PPD reactivity was very low, indicating a marked loss of post vaccinial allergy in 

the 36-59 months old following neonatal BCG vaccination.  
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INTRODUCTION 

With 11.1 million prevalent and 9.4 million incident cases, and 1.3 million deaths due to the 

disease in the world (best estimate, 2008), tuberculosis (TB) is a major global public health 

problem. India and China alone account for an estimated 35% of TB cases worldwide. India 

ranks first in terms of total number of incident cases, 1.6 – 2.4 million (2008 estimates).
(1)

 

The easiest and most practical way to conduct an epidemiological investigation for the 

estimation of tuberculosis risk in the community is to use the pattern of tuberculin reaction 

in children. BCG vaccination in infants offers immunity against severe forms of tuberculosis 

in 50% - 80% cases, and against pulmonary tuberculosis in 50%.
(2)

 Since its inception, the 

efficacy of BCG vaccine has been controversial, a major issue affecting it being the duration 

of protection. Published data do not provide evidence of the protective effect of BCG 

beyond ten years after vaccination.
(3)

 The World Health Organisation (WHO) recommends 

one dose of BCG vaccine to be given during infancy. Some countries give BCG vaccination at 

birth and a repeat dose when the children reach primary school years if they show a 

negative reaction to tuberculin testing. The different practices of BCG vaccination largely 

relate to the epidemiology of tuberculosis in different localities.
(4)

 In August 1995, the WHO 

made the following recommendations regarding BCG vaccination
(5)

: 

• In countries where the prevalence and incidence of tuberculosis are high, BCG 

vaccination should be given to infants as soon after birth as possible, and in any case, 

within the first year of life. 

• Where tuberculin testing is used to make decisions on BCG re-vaccination, the 

practice should be discontinued. 

• For persons who have received BCG vaccination, repeat vaccination is not 

recommended, as scientific evidence does not support this practice. Multiple re-

vaccinations are not indicated. 

The National Immunisation Programme in India recommends the BCG vaccination to be 

given at birth. The Indian Association of Paediatrics recommended that BCG be repeated 

once in children less than 5 years of age in the absence of a scar following neonatal BCG 

vaccination, presuming that the neonatal BCG vaccination has not been taken up, and that 

tuberculin testing prior to administration of the second dose of BCG is not necessary.
(6)  

Chhatwal et al
(7)

 found that at 3 years of age, none of the 1000 children who received 

neonatal BCG vaccine had a Purified Protein Derivative (PPD) induration of >10 mm, 

concluding that post-vaccinial allergy waned significantly over 2-3 years, and recommended 

that a booster dose of BCG vaccination be given at 2-3 years of age.  

In view of the controversies surrounding BCG vaccination, the present study was undertaken 

to find out the PPD reactivity in 36-59 months old urban children in Ludhiana and to assess 

the presence of post-vaccinial allergy in this age-group following neonatal BCG vaccination. 
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MATERIALS AND METHOD 

The study was conducted in the 36-59 months old children in an urban population of 

approximately 20,000 in the field practice area of the Department of Community Medicine, 

Christian Medical College, Ludhiana, where BCG vaccine is given to all newborns.  

The study population consisted of 607 children aged 36-59 months. 572 eligible children 

who could be contacted and whose parents gave informed consent were included in the 

study. Information regarding demographic characteristics, anthropometric measurements 

and BCG vaccination status was obtained. The weight-for-age was used to determine the 

nutritional status, by means of the Road-to-Health chart recommended by the Indian 

Academy of Paediatrics and the Government of India.
(8)

 The children participating in the 

study were each given 0.1 ml of 5 TU/0.1 ml PPD (Span Diagnostics) intradermally on the 

volar aspect of the left fore-arm by a trained health worker and the area of the weal so 

raised was marked. The PPD response was read 48-72 hours thereafter, and the maximum 

diameter of the induration was measured. An induration of >10 mm was taken as a 

“positive” response to the PPD, 5-9 mm as “suspicious” and <5 mm as “negative” 

response.
(9)

 

 

RESULTS 

Tuberculin response was found to be “positive” in 38 (6.6%), “suspicious” in 110 (19.2%) and 

“negative” in 424 (74.1%) children under study. The positive response was slightly higher in 

girls (7.5%) than in boys (6.0 %); 7.3% in the 36-47 months old and 6.0% in the 48-59 months 

old. However, the differences were statistically not significant (Table I). 

Out of the 572 study participants, 543 (94.9%) had received neonatal BCG as per 

history/record. Amongst those who had received neonatal BCG (n=543), PPD was “negative” 

in 398 (73.3%), “suspicious” in 110 (20.3%) and “positive” in only 35 (6.4%). A “negative” 

PPD response was higher (89.7%) amongst the 29 who had not received neonatal BCG, and 

the differences were statistically significant (p=0.023). 

Of the 543 children who had received neonatal BCG according to history/record, neonatal 

BCG scar was present in 375 (69.1%), the magnitude of scar failure being 30.9%. PPD 

response was “positive” in 7.2% of those who had a neonatal BCG scar and in 4.8% of those 

who had scar failure, “suspicious” in 21.3 % of those who had a neonatal BCG scar and in 

17.8 % of those with scar failure, and “negative” in 71.5% and 77.4% of those who had and 

those who did not have a neonatal BCG scar. However, the differences were statistically not 

significant (p=0.314). 

414 (76.2%) of those who had received neonatal BCG were nutritionally on the “road-to-

health”, 81 (14.9%) in first degree, 36 (6.7%) in second degree and 12 (2.2%) in third degree 

malnutrition. PPD-negativity was observed to increase with deteriorating nutritional status, 

being the lowest (70.3%) in those on the “road-to-health”, 79.0% in those with first degree 

malnutrition, 88.9% in those with second degree malnutrition and highest (91.7%) in those 

with third degree malnutrition. Similarly, PPD-positivity was observed to improve with 

better nutritional status, being nil in those with third degree malnutrition, 2.8% in those 

with second degree, 6.2% in those with first degree malnutrition and 7.0% in those on the 

“road-to-health”. However, the differences were not statistically significant (p=0.119). 

(Table I) 
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Table I: PPD-reactivity in 36-59 months old children under study 

Parameter                                        PPD RESULT                                                      χ
2
 Test 

Positive 

(n=38) 

Suspicious 

(n=110) 

Negative 

(n=424) 

Total 

(n=572) 
 

 

p=0.106 
Sex 

Male  19 (6.0) 71 (22.2) 229 (71.8) 319 (100.0) 

(55.8) 

Female  19 (7.5) 39 (15.4) 195 (77.1) 253 (100.0) 

(44.2) 

Age group 

36-47 months 21 (7.3) 56 (19.4) 211 (73.3) 288 (100.0) 

(50.4) 
 

p=0.803 

48-59 months 17 (6.0) 54 (19.0) 213 (75.0) 284 (100.0) 

(49.6) 

BCG received (As per history/record) 

Yes 35 (6.4) 110 (20.3) 398 (73.3) 543 (100.0) 

(94.9) 
 

p=0.023 

No 03 (10.3) 0 (-) 26 (89.7) 29 (100.0) 

(5.1) 

BCG scar (in those who had received neonatal BCG as per history/record, n=543) 

Present 27 (7.2) 80 (21.3)    268 (71.5) 375 (100.0) 

(69.1) 
 

p= 0.314 

Absent 08 (4.8) 30 (17.8)    130 (77.4) 168 (100.0) 

(30.9) 

Total 35 (6.4) 110 (20.3)    398 (73.3) 543 (100.0) 

Nutritional status (in those who had received neonatal BCG, n=543) 

RTH 29 (7.0) 94 (22.7) 291 (70.3) 414 (100.0) 

(76.2)) 

p=0.119 

1
0 

MN 5 (6.2) 12 (14.8)    64 (79.0) 81 (100.0) 

(14.9) 

2
0 

MN 1 (2.8) 3 (8.3) 32 (88.9) 36 (100.0) 

(6.7) 

3
0 

MN 0 (-) 1 (8.3) 11 (91.7) 12 (100.0) 

(2.2) 

Total 35 (6.4) 110 (20.3)    398 (73.3) 543 (100.0) 
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(Figures in parenthesis indicate percentages) 

 

Amongst those who had received neonatal BCG (n=543), no statistical difference was 

observed in the mean PPD induration size in the different sexes (2.75 mm in females, 2.71 

mm in males, p=0.905) and age-groups (2.79 mm in the 36-47 months old and 2.68 mm in 

the 48-59 months old, p=0.726). However, nutritional status was observed to be a very 

significant determinant of PPD-response, with the mean PPD induration size of 2.92 mm in 

those on the “road-to-health”, reducing in size to 2.49 mm, 1.72 mm and 0.75 mm in those 

with first, second and third degree malnutrition, respectively (p=0.007). (Table II) 

 

Table II: Mean PPD Induration size (in mm) according to sex, age and nutritional status in 

those who received neonatal BCG (n = 543) 

Mean PPD Induration (in mm) SD ANOVA (p-value) 

Sex  

0.905 
Male 

Female 

2.71 

2.75 

3.80 

3.50 

Age-group  

 

0.726 
36-47 months 

47-59 months 

2.79 

2.68 

3.62 

3.65 

Nutritional status  

 

 

0.007 

(Kruskal-Wallis) 

Road-to-Health 

1
o
 Malnutrition 

2
o
 Malnutrition 

3
o
 Malnutrition 

2.92 

2.49 

1.72 

0.75 

3.66 

3.61 

3.51 

1.54 

 

Table III shows the PPD induration size in relation to the neonatal BCG scar size. Of the 543 

children who had received neonatal BCG, 47.7% showed no PPD response, while the PPD 

induration size was 1-4 mm in 25.6%, 5-9 mm in 20.3% and >10 mm in 6.4%. Of the 168 

children who had received neonatal BCG but had no scar, 54.2% did not show any response 

to PPD, while the induration size was 1-4 mm in 23.2%, 5-9 mm in 17.8%, and >10 mm in 

4.8%. While most showed no response to PPD irrespective of the neonatal BCG scar size, of 

those who did show a PPD response the induration size was 1-4 mm in 31.4% of those who 

had a BCG scar size 1-3 mm, followed by 5-9 mm PPD induration size in 26.5% and 17.2% of 

those with neonatal BCG size of 4-6 mm and 7-9 mm, respectively. Hence, the PPD 

induration size was observed to increase with increasing neonatal BCG scar size, and the 

differences were statistically highly significant (p=0.0016). The positive correlation between 

neonatal BCG scar size and PPD induration size in the children under study is shown in 

Figure-1 (r-value=0.09, r
2
 linear=0.008). 
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Table III: PPD induration according to neonatal BCG scar size in those who received 

(Figures in brackets indicate percentages)   

χ
2
=26.66, df = 9, p = 0.0016 (Rows 7-9 mm and >10 mm have been joined together 

for the Chi-square test) 

 

Fig I: Correlation of PPD induration size with BCG scar size (n = 

543)

 

Neonatal 
BCG Scar 
Size (mm) 

PPD induration size (mm) 

 

0 1-4 5-9 >10 Total 

0 91 (54.2) 39 (23.2) 30 (17.8) 08 (4.8) 168 (100.0) 

(30.9) 

1-3 54 (51.4) 33 (31.4) 12 (11.4) 06 (5.7) 105 (100.0) 

(19.3) 

4-6 92 (38.6) 65 (27.3) 63 (26.5) 18 (7.6) 238 (100.0) 

(43.8) 

7-9 19 (65.5) 2 (6.9) 5 (17.2) 3 (10.3) 29 (100.0) 

(5.3) 

>10 3 (100.0) 0 0 0 03 (100.0) 

(0.6) 

Total 259 (47.7) 139 (25.6) 110 (20.3) 35 (6.4) 543 (100.0) 

(100.0) 

P
P

D
 I

n
d

u
ra

ti
o

n
 

BCG Scar Size 
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DISCUSSION 

In our study the neonatal BCG coverage was 94.9% in the 36-59 months, and scar failure 

was observed 30.9% of those vaccinated. Similar findings were reported in under-6 year olds 

in Iran, where 71.5% of the children vaccinated at birth had retained a scar.
(10)

 In another 

study on 149 Asian children, 25% of children who received BCG at birth did not develop a 

scar, and half of the children with a scar had a negative response to 10 TU.
(11)

 It has been 

suggested that an appreciable proportion of infant BCG vaccinations probably do not leave a 

permanent scar.
(12)

 Scar-failure has been reported to be significantly higher with BCG 

vaccination given at birth.
(13)

 

Slightly more girls (7.5%) than boys (6.0%) had a positive PPD reaction, as also the mean PPD 

induration, 2.75 mm in girls and 2.71 mm in boys. Shaaban et al
(14)

 and Leung et al
(15)

 also 

found significantly higher tuberculin response rate in girls. 

The proportion of those with a positive PPD reaction as well as the mean PPD induration 

size was also found to decrease with age, 7.3% and 2.79 mm in the 36-47 months old, 6.0% 

and 2.68 mm in the 48-59 months old. A study on 2588 randomly selected Saudi children 

aged 5-13 years, 1945 of whom had received BCG at birth and 643 unvaccinated, also found 

only 7.8% of the BCG vaccinated children to be Mantoux positive (>10 mm induration) at the 

age of 5 years, and not significantly different from the unvaccinated children.
(16)

 Other 

studies on tuberculin sensitivity after neonatal BCG vaccination have also shown a rapid 

reduction in the tuberculin response with time.
(17,18)   

The increase in PPD-positivity rate with better nutritional status observed in the present 

study, though not statistically significant, when viewed in conjunction with the highly 

significant increase in the mean PPD induration with improving nutritional status (p = 0.007), 

may indicate a depressed immune response in the malnourished.  

 

CONCLUSIONS 

Our study shows a high neonatal BCG vaccination coverage (94.9%) in the population under 

study, but absence of scar formation in 30.9% of those vaccinated. The post-vaccinial allergy 

as evidenced by PPD-reactivity was observed to have waned considerably over time, and 

was uniformly low by the age of 3 years. BCG induced tuberculin hypersensitivity may be 

associated with a loss of protection against tuberculosis.
(19) 

The present policy and 

guidelines do not recommend BCG revaccination. Shaaban et al
(14)

 noted that while it is 

impossible to be sure that BCG revaccination improved protective immunity against 

tuberculosis, but the resultant increase in tuberculin responsiveness, and recognition of 

environmental mycobacterial species may be indirect evidence supporting this conclusion. 

The authors are in agreement with Chhatwal et al
(7)

 who recommend BCG revaccination at 

2-3 years of age.  
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