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Introduction
Tuberculosis is an important disease in the world especially in 

developing and undeveloped regions and PPD test is the standard test 
for diagnosis of this infectious disease.1–3 BCG vaccination has proven 
to be the most effective technique for controlling tuberculosis in the 
world especially in developing countries.1 The BCG vaccination is the 
most extensively used immunization worldwide, nevertheless it can 
effect in the correct interpretation of the PPD test.3 The rates of positive 
Tuberculin Test responses and BCG scar after BCG vaccination vary 
between surveys and different regions in the world.2–13 PPD test after 
vaccination can evaluate the immunogenic activity and protective 
efficacy of the, BCG immunization at birth is common in China. In 
a multi-site prospective cohort study, the immunological reactivity 
against BCG is evaluated in four prefectural cities in China.1 According 
to their results, not only the BCG vaccination among newborn infants 
in China causes satisfactory immune response, but also BCG scars 
provide a useful marker of immunization response in Chinese infants. 
BCG scarring and PPD reactivity possibly linked to better child 
survival in low-income countries. Therefore, in a study, determinants 
for Tuberculin test reaction and scarring was investigated in Guinea-
Bissau.2 In the multivariable analyses of BCG-vaccinated children 
evaluated at 6 months of age, monitoring of vaccination technique and 
type of BCG vaccine were important. It is concluded that vaccination 
technique and BCG strain are important for Tuberculin test reaction 
and scarring in response to BCG vaccination. Considering that these 
responses are associated with better infant survival, the importance of 

monitoring vaccination technique and of different BCG strains must 
be assessed with regard to infant mortality. PPD reactivity and BCG 
scarring have been argued as valid markers of BCG effectiveness for 
prevention of tuberculosis.2,8–16 We therefore aim to evaluate BCG 
scars and Tuberculin test  response after BCG vaccination in 4 year 
children in Birjand City, Iran (exactly 4 years old).

Materials and methods
In this cross sectional study, 120 children were recruited. 66 (55%) 

out of 120 children were female while 54 (45%) children were male. 
Mean age of children was 4 years. Written informed consent was 
obtained from all participating families. First, we measured BCG 
scars diameters with a ruler in children and then, we used a Tuberculin 
test with purified protein derivative (PPD) at 4 years age. PPD (0.1ml, 
institute of Pasteur, 0561) was used intradermaly in the ventral aspect 
of the left forearm. The readings of the Tuberculin Test reaction were 
done by measuring diameters with a ruler after 48-72h. Data were 
analyzed using SPSS package.

Results
54 cases out of a total of 120 cases were male while 66 cases were 

female. 38 cases (32%) had no BCG scar and PPD test was negative 
in this cases. Tuberculin Test indurations diameter were lesser than 3 
millimeters in 57 cases (48%) and BCG scars diameter were lesser than 
2 millimeters in 67cases (56%). The mean of BCG scars diameter were 
1.95 millimeters in male cases and 1.46 millimeters in female cases. 
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Abstract

Back ground: Tuberculosis is an important disorder in the world especially in developing 
and undeveloped regions, and the Bacille Calmette-Guérin (BCG) vaccination plays an 
important role in controlling this health problem. The rates of positive Purified protein 
derivative (PPD) test reactions and BCG scarring after BCG vaccination vary between 
surveys and different regions in the world.

Objective:  This study was done to evaluate BCG scars and PPD response after BCG 
vaccination in Birjand, Iran.

Materials and methods: In this cross sectional descriptive analytical study, 120 children 
were enrolled. First, we measured BCG scars diameters and then 0.1milliliter of standard 10 
unit Purified protein derivative (PPD) solution was injected intradermally. After 72 hours, 
biggest indurations diameters were measured. Data were analyzed by using SPSS package, 
Chi Square and logistic regression analysis tests.

Results: 54 cases out of a total 120 cases were male and 66 cases were female. 38 cases 
(32%) had no BCG scar and PPD test was negative in these cases. PPD test indurations 
diameters were lesser than 3 millimeters in 57 cases (48%) and BCG scars diameters were 
lesser than 2 millimeters in 67cases (56%). The mean of BCG scars diameters were 1.95 
millimeters in male cases and 1.46 millimeters in female cases. Mean of PPD SKIN test 
indurations diameters were 4.5 millimeters in male cases and 3.6 millimeters in female 
cases.

Conclusion:  Consistent with these results, there is a significant positive relationship 
between tuberculin test indurations and BCG scar diameter. According to this formula 
(PPD test indurations diameter = 1.5 + 1.5 × BCG scar diameter), we can predict PPD test 
indurations in accordance with BCG scar diameter in 4 year children.
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Mean of Tuberculin Test indurations diameter were 4.5 millimeters in 
male cases and 3.6 millimeters in female cases. Consistent with these 
results, there is a significant positive relationship between tuberculin 
test indurations and BCG scar diameter. According to this formula 
(PPD test indurations diameter = 1.5 + 1.5 × BCG scar diameter), 
we can predict PPD test indurations in accordance with BCG scar 
diameter in 4 year children.

Discussion
BCG vaccination is the most effective technique to control 

tuberculosis in childhood.1 To prevent tuberculosis, BCG vaccination 
is prescribed at birth in Iran and many other countries.2,7–10 PPD testing 
after immunization is often used to assess the protective efficiency of 
the BCG.1,2,4 The rates of positive PPD responses and BCG scarring 
after BCG vaccination vary between surveys and different regions in 
the world2,5–14 and a BCG vaccination n does not constantly result in 
a BCG scarring.2,15 On the other hand, there has not been a global 
concordance between the PPD test and the QuantiFERON-TB-Gold 
test in the diagnosis of tuberculosis.12,13 Recently a study showed 
that general concordance between PPD test and QuantiFERON-TB-
Gold test in the diagnosis of latent tuberculosis in a group of health 
care workers was poor. The use of each of these tests is related to the 
outbreak of tuberculosis and the BCG vaccination basis.12 The extent 
of the PPD test and BCG scarring changes with the content of live 
bacilli of BCG.2 Another study investigated about relationship between 
diameter of BCG scars and effect of PPD response and also determined 
whether vitamin A combined vitamin D supplementation influences 
the immune reaction to BCG revaccinated in Chinese infants.3 As 
a result, there was a prominent correlation between the BCG scars 
diameter and the tuberculin test response, which shows BCG scar 
formation, may come useful in assessment of the effect of tuberculosis 
prevention. Vitamin A combined Vitamin D supplementation may 
modulate immune reaction in BCG revaccination. This may make a 
positive contribution to the prevention of childhood tuberculosis.3 The 
PPD test is extensively used to diagnosis Mycobacterium tuberculosis 
and evaluates latent tuberculosis cases, but the definition and the 
significance of a positive test in very young children is not still clear.4

In a study  investigated the role of BCG vaccination and/or 
exposure to environmental Mycobacteria in PPD test reactivity. To 
achieve this goal, the PPD test was compared in children who either 
received BCG vaccination at birth or were BCG naïve at 4(1/2) 
months of age. Nearly half of the BCG vaccinated children had a 
positive PPD test (>or=5 mm) whereas all the BCG naïve children 
were non-reactive, proving that recent BCG vaccination influences 
PPD test reactivity. Naïve children were then vaccinated at 4(1/2) 
months of age and a PPD test was repeated at 20-28 months of age. 
The results suggested that the timing of BCG vaccination had little 
effect by this age. “Mycobacterial specific IFNgamma responses were 
greater in PPD test responders than in non-responders”. The size of 
indurations did not associate with IFNgamma, but the IFNgamma: 
IL-10 ratio positively correlated with PPD test indurations declaring 
that the relationship between PPD induced IFNgamma and IL-10 in 
the peripheral blood may be an important tool in controlling PPD test 
reactivity. Collectively these data make more information available 
about the interpretation of a positive response and the regulation of 
PPD test in early life.4 PPD test is an easily performed, reproducible 
and low cost test.6 A cross-sectional epidemiological study was 
done to distinguish the PPD reactivity in both BCG vaccinated and 
unvaccinated population and to find the variables (BCG vaccination, 
the number of BCG scars, age, sex) influencing PPD reactivity. Its 
purpose was also to find out the annual risk of tuberculosis infection 

(ARTI). As a conclusion, most of the cases (83.5%) were vaccinated 
with BCG and the PPD test diameter increased significantly in the 
vaccinated group comparing to the unvaccinated group. It was also 
observed that as the PPD test diameters became higher, the number 
of BCG scars increased and there was no difference in sex dependent 
PPD test reactivity As another result of this study, annual variation 
in the ratio of ARTI is necessary to be determined by nationwide 
assessment of PPD test to determine the risk of tuberculosis.6

Another study was performed to investigate the relationship 
between age and previous BCG vaccination with PPD test reactivity to 
recognize the interpretation of PPD test results in the adult population 
of Turkey, where the prevalence of tuberculosis is high and a routine 
BCG vaccination program is performed.11 It was also aimed to assess 
the effect of age and BCG vaccine status on booster reaction. PPD 
test was used to two healthy adult groups, concluded medical students 
and elderly people in a retirement home. The students were not 
significantly different from elderly people concerning positive PPD test 
response. There was no influence of BCG scars on PPD test reactivity 
in either group. “The booster effect was observed more commonly 
in the elderly, but the presence of a BCG scar did not influence the 
booster effect in either group”. This evidence leads to the conclusion 
that a positive PPD test response and booster reaction in adults in 
high-prevalence countries may be caused by latent tuberculosis rather 
than previous vaccination.11 A cohort study was performed on some 
normal-birthweight and low-birthweight infants in Guinea-Bissau.14 
It was aimed to test the hypothesis that having a scar and a positive 
PPD test response after vaccination with BCG is related with reduced 
infant mortality. Children were recruited in randomised trials and BCG 
scars and PPD test responses were evaluated at 2 and 6 months of age. 
The evidence which was gained supported previous observations that 
having a scar and a PPD test response after BCG vaccination is linked 
with lower mortality risk. It is necessary to consider the possibility 
of revaccinating scar-negative children.14 On the other hand, the 
Tuberculin skin test cannot differentiate tuberculosis infection from 
BCG vaccination, and the detection of latent tuberculosis infection 
does not an approved typical approach. A study in China showed that 
the new whole-blood interferon γ release assay may be a better marker 
of latent tuberculosis infection than the Tuberculin skin test.17

A study in Iran also showed that the recombinant early secretory 
antigenic target 6 is more specific marker to detect of Mycobacterium 
tuberculosis infection than Tuberculin skin test.18 In our study 38 
cases (32%) did not have a BCG scar and PPD test was negative 
in these cases. PPD test indurations diameters were lesser than 3 
millimeters in 57 cases (48%) and BCG scars diameters were lesser 
than 2 millimeters in 67cases (56%). There was a significant positive 
relationship between tuberculin test indurations and BCG scar 
diameter. Intradermal injection is standard technique for the PPD test.19 
Nevertheless, this method using a traditional needle is frequently hard 
to accomplish truly and modify testing outcomes. Recently a study 
showed that the new micro needle MicronJet600™ applied for the 
PPD skin test was safe, efficient and lesser painful in healthful adults. A 
recent study showed that plasma tissue inhibitor of metalloproteinase’s 
1 might be a new biomarker for the detection of tuberculosis infection 
[20]. C-Tb (States Serum Institute, Copenhagen, Denmark) is a new 
special skin test based on CFP10 and ESAT-6 antigens. Ruhwald 
et al.,21 investigated the diagnostic potential and safety of C-Tb 
compared with established tests in the contact-tracing setting. They 
found being unaffected by BCG vaccination status, the C-Tb skin test 
could supply more accurate treatment guidance in settings where the 
PPD test is widely applied.21 Diagnosis of childhood Tuberculosis is 
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difficult. Recently a study showed that urinary Lipoarabinomannan 
(a non-invasive  antigen  detection  test) has good diagnostic value 
for diagnosis of  Tuberculosis in children. Lipoarabinomannan is 
the chief ingredient of  Mycobacterium tuberculosis  cell wall.22 
Singular properties of nanoparticles have permitted their application 
in diagnosis of  tuberculosis  using targeting disease biomarkers. 
Recently in an article El-Samadony et al [23] reviewed state-of-the-
art knowledge of  tuberculosis nanodiagnostics for the last 10 years. 
They commented  tuberculosisnanodiagnostics show promise to be 
perfect diagnostic tools that can meet the meticulous needs to end 
the tuberculosis epidemic by 2030.23

Conclusion
Consistent with the results, there is a significant positive 

relationship between tuberculin test indurations and BCG scar 
diameter. According to this formula (PPD test indurations diameter = 
1.5 + 1.5 × BCG scar diameter), PPD test indurations is predictable in 
accordance with BCG scar diameter in 4 year children.
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