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Objectives: There is conflicting evidence as to whether Bacillus Calmette–Guérin (BCG) vaccination offers 

protection against Mycobacterium tuberculosis infection ascertained by a positive tuberculin skin test (TST). 

We investigated the association between BCG vaccination status and TST results in a set of surveys at 

increasing TST cut-off values to take cross-reactions to BCG vaccination into account. 

Methods: Secondary analysis of data from three consecutive tuberculin surveys done among schoolchil- 

dren in Tanzania between 1990 and 2002. BCG vaccination status was ascertained by the presence of a 

typical scar. 

Results: We analyzed data of 277,588 children of whom 77.7% were BCG vaccinated and 8.5% had TST 

indurations ≥ 15 mm, 5.1% ≥ 17 mm and 2.8% ≥ 19 mm. In the combined analysis, odds ratios for a positive 

TST were > 1 for children with BCG up to TST cut-off values of 16 mm. For cut-off values > 17 mm crude 

and adjusted odds ratios were significantly < 1, and decreased with further increasing cut-off values. 

Conclusions: Using a methodology that makes use of the differences in TST reaction sizes between spe- 

cific and non-specific responses, we showed that BCG vaccination was associated with reduced prevalence 

of M. tuberculosis infection as measured by the tuberculin skin test, suggesting a protective effect. 

© 2018 The British Infection Association. Published by Elsevier Ltd. All rights reserved. 
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ntroduction 

Tuberculosis (TB) is an important cause of morbidity and mor-

ality worldwide. 1 The Bacillus Calmette–Guérin (BCG) vaccine is

nown to protect against TB disease, in particular meningitis and

isseminated TB, albeit to varying extent. 2 While BCG has for long

een considered to protect against progression from latent TB in-

ection to TB disease, there is emerging evidence that BCG vacci-

ation might additionally protect against infection with Mycobac-

erium tuberculosis ( Mtb ). 2–3 Recent studies found reduced risk for

nterferon gamma release assay (IGRA) conversion among BCG-

accinated compared to non-vaccinated children. 3–6 

Studies that assessed protection by BCG against TB infection

ased on tuberculin skin (TST) testing have yielded conflicting re-

ults, their interpretation hampered by non-specific TST reactions

s BCG vaccination leaves a transient TST response that can be

oosted upon exposure to non-tuberculous mycobacteria. 7 Studies

y Soysal et al. and Pulickal et al. showed a protective effect of BCG
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accination on TST responsiveness, 4,8 dealing with this dilemma

y applying differential cut-offs for a positive test by vaccination

tatus: ≥10 mm outcome for unvaccinated children and ≥15 mm for

CG vaccinated children. This however may have introduced bias,

s in the absence of any protective effect unvaccinated children

ould have a higher probability of being TST positive (i.e. with any

ST response of 10 mm or greater) than vaccinated children (any

ST response of 15 mm or greater). 

We explored a different method for answering this question.

tb infection generally raises a strong sensitization response

ith a Gaussian distribution; for the tuberculin RT23 (2TU) the

istribution mode is at 17–19 mm induration. 9 Non-specific TST

esponses tend to be smaller with distribution modes for the same

uberculin in the range of 10 mm or lower. 10–12 These distributions

artially overlap; although the exact point above which TST values

niquely identify responses to Mtb infection is unknown, the over-

ap between the two distributions becomes less as the TST value

ncreases. As a consequence, the higher the cut-off value for a

ositive TST, the better it will differentiate between TST responses

o Mtb and non-specific responses. 13 The same applies to TST

esponses to BCG given at birth when measured later in life: a

ystematic review estimated a weighted summary proportion of
eserved. 
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Fig. 1. Flow chart of inclusion/exclusion criteria by tuberculin survey in Tanzania 

1990, 1995, 20 0 0–20 03 BCG = Bacillus Calmette–Guérin. 
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false-positive TSTs due to BCG vaccination given at birth of 4.5%

at a cut-off of 10 mm, but of only 1.2% at a cut-off of 15 mm. 14 

Therefore, TST positive responses at increasing cut-offs should

reflect Mtb infection with increasing specificity, and can be used

to study the protective effect of BCG against Mtb infection. 

Over the period 1983–2002 the National Tuberculosis and Lep-

rosy Control Programme in Tanzania conducted four consecutive

nationwide TST surveys among primary school children to estimate

trends in annual risk of Mtb infection. 15 In these surveys BCG vac-

cination status was recorded. We re-analyzed the data from the

three most recent of these surveys to investigate whether BCG vac-

cination was associated with reduced prevalence of positive TST at

different cut-off values. 

Methods 

Study population 

The TST surveys were conducted in 1990 (Survey 2), 1995

(Survey 3) and 20 0 0–20 02 (Survey 4) among 97,338; 120,187

and 135,410 healthy school children, respectively. 15–16 We did not

include data from Survey 1 (1985) as in several districts this survey

coincided with a BCG vaccination campaign of primary school chil-

dren, resulting in many children being tested within 12 months of

their BCG vaccination, which likely produces high levels of cross-

reactivity. 14 No such campaigns were reported for Surveys 2–4.

Children were aged 5–19 and selected randomly by cluster sam-

pling in 59 districts throughout Tanzania. Tanzania in 20 0 0 had a

high incidence of TB estimated at 503 new cases and relapses per

10 0,0 0 0 inhabitants. 17 BCG has been routinely given at birth with

increasing coverage over time; the proportion of vaccinated chil-

dren in Tanzania was 79% in 20 0 0. 18 

Inclusion criteria for the survey were boys and girls living in

Tanzania, informed consent by parent or caregiver, and attending

grade one, two or three of the sampled school. Exclusion criteria

for the present analyses were: unknown or missing BCG status and

missing TST induration values. 

Survey procedures 

Further details of the survey methodology have been published

elsewhere. 15 In brief, tuberculin skin testing was carried out us-

ing the Mantoux method following international guidelines: 2TU

RT23 in Tween-80, administered with 1 ml disposable syringes and

26 gauge needles on the dorsal side of the left forearm. 12 The re-

actions were administered and read by two teams trained by the

same nurse, measured after 48–96 h by caliper and noted as in-

duration size in millimeter (mm). BCG vaccination status was de-

termined by observed presence of a distinctive scar before admin-

istering the TST. TST reading was blinded to BCG status by hav-

ing it recorded on paper by a different field worker. Age (in years)

was derived from the school register. In Survey 4 additional data

were collected. A history of TB among household members was

ascertained by asking the child, parent or caregiver whether they

had a family member with TB. This was then verified from treat-

ment records from the corresponding clinic. In addition, we de-

termined living area and socio-economic position for each district

based on the 2002 Tanzania Population and Housing Census and

the percentage of the population in 2001 below the basic needs

poverty line. 19–20 Living area was included as a continues variable,

the percentage of people living urban per district. The categories of

poverty per district were: less than 20%, 20–30%, 30–40%, 40–50%

and greater than 50%. 
nalyses 

Data were recorded on standard forms and double entered in

piInfo version 6.0; discrepancies were checked against the raw

ata. Analyses were conducted in Stata v14. 

In the primary analysis we combined the datasets for Surveys

–4. In order to take cross-reactivity from BCG into account we an-

lyzed the association between BCG status and Mtb infection over

 range of cut-off values for a positive TST from 10 to 25 mm. For

ach of these cut-offs we adjusted this association for age and sex

sing multivariable logistic regression. In secondary analyses we

epeated these for each survey separately, for survey 4 we further

djusted the association between BCG status and TST response for

istory of TB in the household, living area and socio-economic po-

ition. We adjusted all p -values and confidence intervals for the

luster design (school and district) by calculating robust standard

rrors using Stata’s svy commands. p -values < 0.05 were consid-

red statistically significant. 

esults 

Of the 352,935 children enrolled in Surveys 2–4, 75,347 were

xcluded due to unknown or missing BCG status and missing TST

nduration values, leaving 277,588 (78.7%) children for the analyses

s seen in Fig. 1 . There were no notable differences between the

ncluded and excluded children except for BCG vaccination status,

ST result and TB in the household for which there were differ-

nces in missing values (Data not shown). The proportion of chil-

ren with a BCG scar was 61% in Survey 2, 79 % in Survey 3, 90% in

urvey 4 and 77.7% (215,739/277,588) for the three surveys com-

ined (Supplementary Table 1; Table 1 ). 

Table 1 shows characteristics of the children included in the

rimary analysis, by BCG scar status. Table 2 and Fig. 2 show

he crude and age-sex-adjusted odds ratios (ORs) for each cut-off

oint along the range of 10–25 mm. In the combined analysis, ORs

ere > 1 for children with BCG up to cut-off value 16 mm ( Fig. 2 ,

anel A). For cut-off values > 17 mm the ORs were significantly < 1,

nd decreasing for increasing cut-off values, indicating a protec-

ive effect. The three surveys separately showed consistent patterns

 Fig. 2 ). The threshold cut-off value above which the ORs became
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Table 1 

Characteristics of schoolchildren by Bacillus Calmette–Guérin (BCG) vaccination scar, tuber- 

culin survey Tanzania 1990, 1995, 20 0 0–20 03. 

Category Total BCG scar N = (%) No BCG scar N = (%) 

Girls 140,991 110,301 (51.2%) 30,690 (49.6%) 

TST response, cut-off ≥15 mm 

a 22,841 18,290 (8.5%) 4551 (7.4%) 

TST response, cut-off ≥16 mm 

a 17,662 13,869 (6.4%) 3793 (6.1%) 

TST response, cut-off ≥17 mm 

a 14,227 10,965 (5.1%) 3262 (5.3%) 

TST response, cut-off ≥18 mm 

a 11,001 8305 (3.9%) 2696 (4.4%) 

TST response, cut-off ≥19 mm 

a 8106 6012 (2.8%) 2094 (3.4%) 

TST response, cut-off ≥20 mm 

a 6291 4589 (2.1%) 1702 (2.8%) 

TST response, cut-off ≥21 mm 

a 4136 2971 (1.4%) 1165 (1.9%) 

TST response, cut-off ≥22 mm 

a 3134 2225 (1.0%) 909 (1.5%) 

TST response, cut-off ≥23 mm 

a 2219 1551 (0.7%) 668 (1.1%) 

TST response, cut-off ≥24 mm 

a 1687 1163 (0.5%) 524 (0.9%) 

TST response, cut-off ≥25 mm 

a 1344 914 (0.4%) 430 (0.7%) 

Age median (IQR) 10 (8,11) 10 (8,11) 10 (9,12) 

Total 277,588 215,739 (77.7%) 61,849 (22.3%) 

a Frequency of positive test based on induration size greater than indicated mm. 

BCG = Bacillus Calmette-Guérin; TST = tuberculin skin test; ∗ Numbers don’t add up due to 

missing values. 

Table 2 

Association of tuberculin skin test result, at different cut-off points, with presence of Bacillus 

Calmette–Guérin (BCG) vaccination scar, tuberculin surveys Tanzania 1990, 1995, 20 0 0–20 03. 

Tuberculin skin test result Unadjusted odds ratio (95% CI) Adjusted odds ratio (95% CI) 

Cut-off ≥10 1.53 (1.49–1.56) 1.66 (1.62–1.70) 

Cut-off ≥11 1.47 (1.43–1.51) 1.60 (1.56–1.65) 

Cut-off ≥12 1.41 (1.37–1.45) 1.54 (1.50–1.58) 

Cut-off ≥13 1.34 (1.30–1.38) 1.47 (1.42–1.51) 

Cut-off ≥14 1.26 (1.22–1.30) 1.37 (1.33–1.42) 

Cut-off ≥15 1.17 (1.13–1.21) 1.27 (1.23–1.32) 

Cut-off ≥16 1.05 (1.01–1.09) 1.14 (1.10–1.19) 

Cut-off ≥17 0.96 (0.92–1.00) 1.05 (1.01–1.09) 

Cut-off ≥18 0.88 (0.84–0.92) 0.96 (0.92–1.00) 

Cut-off ≥19 0.82 (0.78–0.86) 0.89 (0.85–0.94) 

Cut-off ≥20 0.77 (0.73–0.81) 0.84 (0.79–0.89) 

Cut-off ≥21 0.73 (0.68–0.78) 0.80 (0.74–0.85) 

Cut-off ≥22 0.70 (0.65–0.76) 0.76 (0.71–0.83) 

Cut-off ≥23 0.66 (0.61–0.73) 0.73 (0.66–0.80) 

Cut-off ≥24 0.63 (0.57–0.70) 0.63 (0.57–0.70) 

Cut-off ≥25 0.61 (0.54–0.68) 0.66 (0.59–0.74) 

Adjusted odds ratio: adjusted for district, school, age (by year) and sex. 95% CI = 95% confidence 

interval. All 95% CIs corrected for design effect due to cluster sampling. 
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ignificantly negative was 24 mm in survey 2 and 20 mm in sur-

ey 3; in survey 4 the ORs became negative for cut-off values of

8 mm and above but never reached statistical significance ( Fig. 2 ,

anel B–D). 

The age-sex adjusted ORs (aORs) for the association between

CG scar and TST positivity showed a similar pattern but with

lightly higher thresholds for the cut-off value above which these

ecame negative ( Fig. 2 ). Separately for survey 4, multivariable ad-

ustment for age, sex, history of TB in the household, living area

nd socio-economic position did not alter the association between

CG status and Mtb infection ( Table 3 ). 

iscussion 

In this large population-representative dataset of school chil-

ren in Tanzania we found a significant protective effect of BCG

accination for Mtb infection as ascertained by tuberculin skin test-

ng. Our method took a different approach from previously pub-

ished work by assessing the association between BCG status and

ST positivity at varying cut-off values, showing an increasingly

egative association (i.e. a protective effect) with increasing cut-

ff levels above values where non-specific tuberculin reactions are

xpected to occur much less than reactions due to infection with

. tuberculosis . 10–12 Across the three surveys, the age-sex adjusted

R for the highest cut-off assessed (25 mm) was 0.66 (95% CI 0.59–
.74), translating into a 95% confidence range for the protective ef-

cacy of 26–41%. These findings were consistent across the three

urveys and the pattern was not affected by potential confound-

ng by exposure to infectious TB and geographic or socio-economic

ariation. Our findings thereby confirm those from other studies

hat used pre-specified but differential (between BCG-vaccinated

nd unvaccinated children) cut-offs for the TST. 4,8 

We believe that our approach based on high and increasing cut-

ffs that are similar for both groups yields an unbiased result, in

ine with statistical theory that with non-differential misclassifica-

ion of outcome maximized specificity results in unbiased estima-

ion of the true association between exposure and outcome. 21 This

pproach does limit the statistical power to observe such associa-

ion as statistically significant, as is shown by the larger confidence

ntervals around OR estimates for the individual surveys, which re-

ained including the value of 1 (i.e. non-significant) across the

ntire range of TST cut-off values for survey 4. Our method also

akes no assumptions about the longevity of the non-specific,

ross-reactive influence of BCG on TST. It is nonetheless worth not-

ng that a meta-analysis by Farhat et al . concluded there is de-

reased cross-reactivity due to BCG with increasing age, especially

fter the age of 10 years. 14 The cut-off of age 10 years used in

his review was arbitrary and based on the median age across the

ncluded studies. In the five reviewed studies conducted in chil-

ren aged < 10 years the range of TST > = 10 mm due to BCG was
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Fig. 2. Unadjusted odds ratios and adjusted odds ratios (OR, logarithmic scale) with 95% confidence intervals for the association between Bacillus Calmette-Guérin (BCG) 

vaccination scar and tuberculin skin test (TST) positivity over a cut-off range for a positive test of 10–25 mm, tuberculin survey Tanzania 1990, 1995, 20 0 0-20 03. 
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only 0.3–8.8%, so the inclusion in our analyses of children aged 6–9

years should not have introduced bias to a relevant extent. 

The protective effect of BCG vaccination has also been con-

sistently shown for responsiveness to IGRA. Of 14 studies done

among children published through 2013, 11 showed a protective

effect, for a summary protective effect of 19%, for which the confi-

dence range (8–29%) overlapped with that for the maximum pro-

tection observed in our analyses (21–46%). 3 The risk of bias in

these studies was less as BCG has no direct cross-reactive effect on

IGRA responses. Together these findings suggest that both TST and

IGRA responses reflect establishment of Mtb infection that can be

prevented by BCG vaccination. Alternatively, it may be that individ-
als who do not respond to BCG by scar formation (by which BCG

tatus was ascertained in these surveys) also have reduced respon-

iveness to TST and IGRA when infected. IGRA were not performed

n Tanzania at time of the surveys. 

Of note, our study suggests that BCG vaccination provides some

rotection against TB infection even at equatorial latitudes where

rials have shown that vaccination provides limited protection

gainst TB disease. In a meta-analysis the summary protective ef-

cacy for TB disease was 22% (95% CI −5 to 42%) for trials done

t latitudes within 20 ° of the equator where Tanzania is located. 22 

hile not statistically significant this summary estimate was not

issimilar from the protective effect for TB infection observed in
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Table 3 

Association of tuberculin skin test result, at different cut-off points, with presence of Bacillus Calmette–Guérin (BCG) vaccination scar, tuberculin survey 

Tanzania 20 0 0–20 03. 

Tuberculin skin test result Unadjusted odds ratio (95% CI) Age-sex adjusted odds ratio (95% CI) Multivariable adjusted odds ratio (95% CI) 

Cut-off ≥10 1.40 (1.32–1.48) 1.41 (1.33–1.50) 1.43 (1.35–1.51) 

Cut-off ≥11 1.36 (1.28–1.45) 1.37 (1.29–1.46) 1.38 (1.30–1.47) 

Cut-off ≥12 1.32 (1.23–1.41) 1.33 (1.24–1.42) 1.33 (1.24–1.42) 

Cut-off ≥13 1.30 (1.21–1.40) 1.31 (1.21–1.41) 1.31 (1.22–1.41) 

Cut-off ≥14 1.21 (1.12–1.31) 1.22 (1.13–1.32) 1.22 (1.12–1.32) 

Cut-off ≥15 1.17 (1.07–1.28) 1.18 (1.08–1.29) 1.17 (1.07–1.28) 

Cut-off ≥16 1.09 (0.99–1.20) 1.09 (0.99–1.21) 1.09 (0.99–1.20) 

Cut-off ≥17 1.01 (0.91–1.13) 1.02 (0.91–1.14) 1.01 (0.91–1.13) 

Cut-off ≥18 0.96 (0.84–1.09) 0.96 (0.85–1.09) 0.96 (0.84–1.09) 

Cut-off ≥19 0.91 (0.78–1.06) 0.91 (0.78–1.06) 0.91 (0.79–1.06) 

Cut-off ≥20 0.92 (0.77–1.10) 0.92 (0.77–1.11) 0.93 (0.78–1.12) 

Cut-off ≥21 0.94 (0.75–1.19) 0.95 (0.75–1.19) 0.96 (0.76–1.20) 

Cut-off ≥22 0.95 (0.72–1.27) 0.96 (0.72–1.27) 0.96 (0.72–1.28) 

Cut-off ≥23 0.91 (0.64–1.29) 0.91 (0.64–1.29) 0.93 (0.66–1.32) 

Cut-off ≥24 0.83 (0.56–1.24) 0.84 (0.56–1.24) 0.85 (0.57–1.27) 

Cut-off ≥25 0.78 (0.51–1.22) 0.79 (0.51–1.22) 0.81 (0.57–1.25) 

Multivariable adjusted OR: adjusted for age, sex, percentage of population living in urban living area per district and poverty per district (less than 20%, 

20–30%, 30–40%, 40–50% and greater than 50%). 95% CI = 95% confidence interval. All 95% CIs corrected for design effect due to cluster sampling. 
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ur analyses. This poses the question whether protection offered

y BCG against disease might be mediated by, or in fact reflect,

rotection against infection. 

Our study had limitations. Although entries for BCG status and

ST values were checked daily for completeness and consistency

y the survey team leader, reporting errors cannot be completely

uled out. The effect of BCG vaccination on TST responses may vary

n different settings depending on e.g. the prevalence of infections

ith non-tuberculous mycobacteria. 14,23 For lack of a gold standard

or TB infection we were unable to assess the true sensitivity and

pecificity of the TST, therefore the available data can only suggest

hat different cutoffs may reflect different probability that reactiv-

ty is due to Mtb infection. Although adjustment of our analysis

f survey 4 for potential confounding factors related to this vari-

tion did not suggest relevant confounding, this adjustment may

ave been incomplete since some information (e.g. socio-economic

osition and living area) was available at district level only. Our

tudy relied on scar formation as indicator of BCG vaccination. As

here were different observers for determining the BCG scar, the

alidity may be compromised by inter-observer variation. Addi-

ionally, there could have been misclassification due to children

ot developing a typical scar after BCG vaccination, resulting in

nderestimation of the protective effect. However, scar formation

ccurs in around 90% of vaccinated children, limiting the poten-

ial for bias. 24 Many other factors, e.g. malnutrition, HIV, housing,

iabetes and individual-level socio-economic status were not ac-

ounted for. 25 The probability that HIV-infected children were in-

luded in this survey was low because they would have died be-

ore primary school age, as no antiretroviral therapy was available

t the time of the survey. 

onclusion 

Using a methodology that makes use of the differences in TST

eaction sizes between specific and non-specific responses, we

howed that BCG vaccination was associated with reduced preva-

ence of M. tuberculosis infection as measured by the tuberculin

kin test, suggesting a protective effect. 
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