
 

 

 

 

 

 

 

University of Southern Denmark

BCG scarring and improved child survival

a combined analysis of studies of BCG scarring
Benn, C. S.; Roth, A.; Garly, M. L.; Fisker, A. B.; Schaltz-Buchholzer, F.; Timmermann, A.;
Berendsen, M.; Aaby, P.

Published in:
Journal of Internal Medicine

DOI:
10.1111/joim.13084

Publication date:
2020

Document version:
Accepted manuscript

Citation for pulished version (APA):
Benn, C. S., Roth, A., Garly, M. L., Fisker, A. B., Schaltz-Buchholzer, F., Timmermann, A., Berendsen, M., &
Aaby, P. (2020). BCG scarring and improved child survival: a combined analysis of studies of BCG scarring.
Journal of Internal Medicine, 288(6), 614-624. https://doi.org/10.1111/joim.13084

Go to publication entry in University of Southern Denmark's Research Portal

Terms of use
This work is brought to you by the University of Southern Denmark.
Unless otherwise specified it has been shared according to the terms for self-archiving.
If no other license is stated, these terms apply:

            • You may download this work for personal use only.
            • You may not further distribute the material or use it for any profit-making activity or commercial gain
            • You may freely distribute the URL identifying this open access version
If you believe that this document breaches copyright please contact us providing details and we will investigate your claim.
Please direct all enquiries to puresupport@bib.sdu.dk

Download date: 23. May. 2023

https://doi.org/10.1111/joim.13084
https://doi.org/10.1111/joim.13084
https://portal.findresearcher.sdu.dk/en/publications/2d8f5ce3-cf5e-402b-80a0-2b7cbf1ab7d3


This article has been accepted for publication and undergone full peer review but has not been 
through the copyediting, typesetting, pagination and proofreading process, which may lead to 
differences between this version and the Version of Record. Please cite this article as doi: 
10.1111/JOIM.13084
 This article is protected by copyright. All rights reserved

DR. CHRISTINE STABELL  BENN (Orcid ID : 0000-0001-6102-3810)

Article type      : Review

BCG-scarring and improved child survival: A combined analysis of 
studies of BCG-scarring

Christine S Benn1,2,3, Adam Roth4,5, May-Lill Garly1, Ane B Fisker1,3, Frederik Schaltz-Buchholzer1,3, 

Amalie Timmermann6, Mike Berendsen1,3,7, Peter Aaby1,2

1) Bandim Health Project, Indepth Network, Apartado 861, Bissau, Guinea-Bissau 

2) Research Centre for Vitamins and Vaccines (CVIVA), Statens Serum Institut, Artillerivej 5, 2300 

Copenhagen S, Denmark 

3) OPEN, Institute of Clinical Research, University of Southern Denmark/Odense University Hospital 

4) Public Health Agency of Sweden, Nobels väg 18, 171 82 Solna, Sweden

5) Institution for Translational Medicine, Lund University, J Waldenströms g 35, CRC, hus 92, plan 11, 

Malmö, Sweden.

6) Research Unit of Environmental Medicine, University of Southern Denmark, J.B. Winsløws Vej 

17A, 5000 Odense C, Denmark

7) Department of Internal Medicine, Radboud Center for Infectious Diseases, Radboud University 

Medical Center, The NetherlandsA
cc

ep
te

d 
A

rt
ic

le

https://doi.org/10.1111/JOIM.13084
https://doi.org/10.1111/JOIM.13084
https://doi.org/10.1111/JOIM.13084
http://crossmark.crossref.org/dialog/?doi=10.1111%2Fjoim.13084&domain=pdf&date_stamp=2020-04-16


This article is protected by copyright. All rights reserved

Corresponding author: Christine S Benn, Bandim Health Project, Institute of Clinical Research, 

Studiestræde 6, 1455 Copenhagen K, Denmark. E-mail: cbenn@health.sdu.dk

A
cc

ep
te

d 
A

rt
ic

le

mailto:cbenn@health.sdu.dk


This article is protected by copyright. All rights reserved

Abstract

Introduction: Bacillus Calmette-Guérin (BCG) vaccine against tuberculosis (TB) is recommended 

given at birth in TB-endemic areas. Currently, BCG vaccination programs use “BCG vaccination 

coverage by 12 months of age” as the performance indicator. Previous studies suggest that BCG-

vaccinated children, who develop a scar, have better overall survival compared with BCG-vaccinated 

children, who do not develop a scar. We summarised the available studies of BCG-scarring and child 

survival.

Methods: A structured literature search for studies with original data and analysis of BCG-scarring 

and mortality. Combined analyses on effect of BCG-scarring on overall mortality.

Results: We identified six studies covering seven cohorts, all from Guinea-Bissau, West Africa, with 

evaluation of BCG-scarring among BCG-vaccinated children and follow-up for mortality. 

Determinants for BCG-scarring were BCG strain, intra-dermal injection route, size of injection wheal, 

and co-administered vaccines and micronutrients. In a combined analysis, having a BCG scar vs. no 

BCG scar was associated with a mortality rate ratio (MRR) of 0.61 (95% CI: 0.51-0.74). The 

proportion with a BCG scar varied from 52-93%; the estimated effect of a BCG scar was not 

associated with the scar prevalence. The effect was strongest in the first (MRR=0.48 (0.37-0.62)) and 

second (MRR=0.63 (0.44-0.92)) year of life, and in children BCG-vaccinated in the neonatal period 

(MRR=0.45 (0.36-0.55). The effect was not explained by protection against TB. 

Conclusion: Confounding and genetic factors are unlikely to explain the strong association between 

BCG-scarring and subsequent survival. Including “BCG scar prevalence” as a BCG vaccination 

program performance indicator should be considered. The effect of revaccinating scar-negative 

children should be studied. 

Keywords: Bacille Calmette-Guérin (BCG), BCG scar, child survival, non-specific effects of vaccines 

INTRODUCTION
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Correctly administered, Bacillus Calmette-Guérin (BCG) vaccine (the vaccine against tuberculosis 

(TB)) typically leaves a superficial scar (Figure). In the early 1980s, the common understanding in 

Guinea-Bissau was that many nurses could not correctly administer BCG; hence, BCG vaccinations 

were only carried out at special vaccination centres. It was also common practice that if a BCG 

vaccinated child did not develop a BCG scar it should be revaccinated. When the national Expanded 

Programme on Immunization (EPI) was launched with UNICEF support in the mid-1980s, the 

emphasis on special training and quality of BCG vaccinations and BCG-revaccination gradually 

disappeared; instead BCG was administered at all health centres. 

Both Albert Calmette, the inventor of BCG vaccine, and Carl Näslund, a Swedish doctor, who was 

responsible for the introduction of BCG as TB prevention in northern Sweden in the 1920s, reported 

that BCG reduced child mortality more than anticipated, affecting the risk of death also from non-TB 

causes (1,2). These findings were not pursued. During the 1990s, we independently observed that 

BCG vaccine reduced child mortality from non-TB infections and proposed that BCG, like other live 

vaccines, had beneficial non-specific effects (3,4). 

Since not all children developed a BCG scar, we decided to test whether potential beneficial non-

specific effects of BCG among BCG-vaccinated children were strongest for those, who had reacted 

with a BCG scar or a positive reaction to testing with Purified Protein Derivative of Mycobacterium 

Tuberculosis (PPD), i.e. a test of the delayed-type hypersensitivity response to BCG vaccination. 

The difference in child survival between BCG-vaccinated children, who had responded or not 

responded, turned out to be important. In the first study of BCG-scarring and child survival, the 

mortality rate ratios (MRRs) among BCG-vaccinated children were 0.41 (95% CI: 0.25-0.67) for those 

who had a BCG scar vs. those who did not, and 0.45 (0.24-0.85) for children with a positive PPD 

reaction vs. those without (5). 

BCG-scar screening is much easier and less costly than PPD testing in large community studies and 

we have therefore mostly focused on BCG scar screening as a public health measure. If the beneficial 

effects associated with having a BCG scar are not due to confounding or underlying genetic factors, A
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then screening for BCG scars should be part of the routine vaccination programme, and 

revaccination of scar-negative children could be considered. Due to the public health implications, 

we reviewed the literature on BCG-scarring and child mortality.

Methods

Literature search. We conducted a PubMed search for BCG scar/scarring and mortality/death 

(Supplementary Figure 1). Abstracts were reviewed and the papers read if potentially relevant. 

Papers with no data on mortality were excluded. Many papers dealt only with TB or leprosy, BCG 

coverage or BCGitis and were not relevant to the present analysis. Within the studies of BCG-

scarring and mortality, we also examined determinants of scarring and causes of death and 

(Supplementary Figure 1).

Statistical analyses. We conducted combined analyses of the identified studies using the “meta” 

command in Stata. We reported the fixed estimates rather than the random effects, as 

heterogeneity between studies was low. All studies presented both crude and adjusted estimates 

but not necessarily adjusting for the same factors (Table 1); we used the adjusted estimates in the 

combined analyses. Where the impact of age of vaccination or sex for child survival was not 

reported in the published papers, the principle investigator was asked to provide these estimates. 

RESULTS

Child mortality. Most studies of BCG-scarring dealt only with clinical aspects of TB or BCG-coverage 

issues (Supplementary Figure 1). We identified six studies describing seven cohorts of BCG-

vaccinated children that were screened for BCG scars and were followed for survival for the next 6 

months or longer (5-10). All seven cohorts were from Guinea-Bissau. The BCG scar status was 

assessed as a secondary outcome in two RCTs (9), documented at entry in two randomized 

controlled trials (RCTs)(5,10) and documented in community cohorts in three cohorts (6-8). The 

studies tested BCG scar status at different ages, mostly 2, 4 or 6 months of age (Table 1), and had 

variable lengths of follow-up (Table 1). The proportion of infants that had a BCG scar increased with A
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age at screening until 6 months of age and varied between 52% in a large study in the rural areas (8) 

and 93% in RCTs of early BCG vaccination in urban Guinea-Bissau (9).  

In the combined analysis of all seven cohorts, having a BCG scar versus no BCG scar was associated 

with an MRR of 0.61 (0.51-0.74) (Table 1). The beneficial effect tended to be stronger in infancy 

(MRR=0.48 (0.37-0.62)) in the six cohorts which reported the effect separately for infancy (Table 1). 

There was, however, still a significant beneficial effect in the second year of life in the three cohorts 

reporting data for this age group. In the two studies that reported the effect on survival of BCG scars 

screened at 2 or 6 months (9), the beneficial effect of BCG-scarring was strongest among infants 

screened at 2 months (Table 1).  Four of the seven cohorts (5,7,9) also tested delayed 

hypersensitivity reactions among BCG-vaccinated infants using PPD tests. These studies found a 

beneficial effect on survival of having a positive PPD test, the combined MRR being 0.57 (0.40-0.80) 

(data not shown). 

All seven studies tested whether the survival of BCG scar children versus no BCG scar children 

differed depending on the age of BCG vaccination. The beneficial effect only occurred among 

children vaccinated in the first month of life (Table 2); the MRR (BCG-scar/no-BCG-scar) was 0.49 

(0.35-0.68) for those vaccinated in the first week of life and 0.42 (0.31-0.55) for those vaccinated in 

weeks 2-4. Hence, the overall MRR (BCG-scar/no-BCG-scar) was 0.45 (0.36-0.55) for those 

vaccinated in the first month of life whereas it was 0.98 (0.73-1.32) for infants vaccinated after the 

first month of life (test of homogeneity, p<0.001). 

In five of the seven cohorts, the beneficial effect of BCG scar was more pronounced among boys 

than among girls (Table 1). In those studies, the follow-up period was limited to 6 months or 12 

months of age. In the two studies with longer follow-up (18 months, 36 months) the effect tended to 

be stronger for girls. 

If health interventions with beneficial effects, e.g. vaccination campaigns, are provided to all children 

with and without a BCG scar, then the benefit of BCG-scarring may become smaller. This possibility 

was only tested in the most recent cohort study (10) during which several OPV campaigns were A
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conducted. Before the OPV campaigns, the MRR (BCG-scar/no-BCG-scar) was 0.46 (0.23-0.95) 

whereas it was 0.69 (0.37-1.29) after the OPV campaigns (test for same effect, p=0.40).

Causes of death. Five studies examined the effect of having a BCG scar among children with no 

known household exposure to TB. Including or excluding TB as a cause of death made no significant 

difference to the estimated beneficial effect of BCG-scarring (Table 3). In three cohorts, it was 

examined whether the BCG scar effect differed by the cause of death identified by verbal autopsy. In 

the first two cohorts (5,6), BCG-scarring was associated with reduced risk of most death causes, the 

effect estimates being strongest for malaria and meningitis. In the large rural study (8), the 

beneficial effect was particularly pronounced for respiratory infections (Table 3).

Determinants of BCG-scarring. Within the studies of BCG-scarring and child mortality, several 

technical aspects of vaccination and biological characteristics were linked to BCG-scarring. 

The amount of vaccine delivered intradermally, as measured by the size of the post-vaccination 

wheal, was strongly linked to the likelihood of developing a BCG scar (11). This link between wheal 

size and BCG-scarring was subsequently confirmed in a study of health centre vaccinations (12) and 

in prospective data from the rural area (13). 

Only one study examined whether the route of injection is important and reported that BCG-scarring 

was more likely to develop if the vaccination had been intradermal rather than subcutaneous (11). 

In a large study in rural Guinea-Bissau, the scarring rate was 98% (2115/2156) among children 

vaccinated by specially trained nurses whereas the scar rate was only 79% (622/785) among children 

with a documented BCG vaccination from local health centres (13). Consistent with these 

observations, several studies have reported that the institution where the vaccination was 

performed was important, hospitals being better than local health centres (8-13). 

Different strains of BCG may have different capacities to induce BCG-scarring. The available studies 

all found that the BCG-Denmark or BCG-Japan strains induce a higher proportion of BCG scars than 

BCG-Russia (11-14).A
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Immunological co-stimuli may also affect the likelihood of scarring. A dose of OPV is usually given 

together with the neonatal dose of BCG. Three studies have found that co-administration of OPV 

and BCG reduces BCG-scarring rates (8,9,13). Scarring prevalence was also linked to the field worker 

assessing the scars. Some studies reported a correlation with nutritional status, ethnicity, maternal 

schooling, and housing conditions but others did not. Adjustment for significant background factors 

or all background factors within the individual studies had limited effect on the overall effect 

estimates of having a BCG scar (Table 3). 

Adult mortality. Three studies of TB treatment or of smallpox vaccination scarring reported the 

effect of BCG scars in relation to adult mortality (Supplementary Table 1) (15-17). In these studies, 

BCG-scarring served as a marker of having been BCG-vaccinated, as there was no information on 

who had received BCG in childhood. Hence, the beneficial effect of a BCG scar in these adult studies 

may represent the effect of being BCG-vaccinated rather than the effect of developing a BCG scar 

versus not developing a BCG scar.  

DISCUSSION

Among BCG-vaccinated children, having a BCG scar was associated with markedly better survival 

compared with not having a scar. The effect on survival was particularly strong when BCG had been 

administered in the neonatal period. The effect was not explained by better protection against TB. 

Strengths and weaknesses 

All studies uniformly suggested beneficial effects on mortality of developing a scar after BCG 

vaccination. There was some variation in the estimated benefit of a BCG scar in the different studies, 

but this is not surprising since the age at BCG vaccination, the strain of BCG, the proportion 

vaccinated by trained nurses, and the age of screening for BCG scars varied across the studies. The 

effect seems to have been somewhat lower in the studies conducted after the turn of the century 

compared with the studies from the 1990s. This is potentially related to far more OPV campaigns 

being conducted in recent decades, since the OPV campaigns might have reduced the difference in A
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mortality between BCG-scar-positive and BCG-scar-negative children (10). Also, a nationwide long-

term trend of declining mortality can have reduced the burden of infectious disease deaths that can 

be prevented by BCG vaccination in the more recent cohorts. 

It is a weakness that studies of BCG-scarring and mortality among children have only been published 

from Guinea-Bissau. Studies of BCG strain and vaccination dose (post-vaccination wheal size) from 

other countries, including Uganda (14) and Australia (18), have found that these factors are 

determinants of BCG-scarring, as we found in Guinea-Bissau. It is essential that data from other 

settings is collected to test whether the results from Guinea-Bissau can be reproduced. Studies from 

many other countries (19) have shown that BCG vaccination is associated with enhanced child 

survival. Hence, it is likely that BCG-scarring will also be a marker for enanced child survival in other 

countries.

Possible explanations for the findings

If having a BCG scar is associated with huge reductions in child mortality, and having a scar is a 

marker of a well-applied BCG vaccination, the results are of major public health importance. It is of 

course important to rule out alternative explanations for the observed association between BCG scar 

and mortality. The association could be caused by confounding or it could be due to underlying 

genetic/inherent immunological differences in those who did or did not develop a scar. 

Potential confounding

As the effect estimates were large and robust to adjustments, data does not suggest that the 

benefits of having a BCG scar can be explained by confounding. As shown formally by Cornfield et al 

(20): If a confounding factor should explain the observed effect, then its difference in prevalence 

between groups should be at least of the same magnitude as the observed relative risk. Hence, in 

the present situation, it should be a factor that was 39% less frequent in the children with a scar 

than in children without a scar. In none of the seven cohorts were there any variables which differed 

to that extent between children with and without scar (5-10). A
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Furthermore, if the effect of BCG-scarring was due to uncontrolled confounding, then there would 

be no reason that the effect should be reduced after OPV campaigns or that it should disappear if 

BCG was administered after the neonatal period. It would also be very unlikely that BCG-scarring 

would have such a strong link to biological factors surrounding vaccination (BCG strain, post-

vaccination wheal size, vaccinator skill).

Potential genetic differences 

The proportion of children developing a scar varied greatly across studies in a homogeneous 

population like the Guinean, and the effect of a BCG scar on mortality did not depend on the 

proportion developing a scar. If the effect of BCG scar was due to some children having genetic 

defects preventing the development of a scar, then it is unlikely that the effect sizes across studies 

with substantial differences in BCG scar rates would be of equivalent proportions. Furthermore, the 

effect estimate for BCG scar versus no BCG scar should have increased over time as vaccination 

technique improved with the continuous studies of BCG, with the proportion of normal children with 

no scar declining and the frail children with higher mortality coming to represent a larger proportion 

of those without a scar after BCG vaccination. This did not happen, except for one cohort (9), the 

MRR (BCG-scar/no-BCG-scar) during infancy was very stable at 0.42-0.48.

Weighing the alternative explanation

Having a BCG scar depended strongly on the technical aspects of vaccination (21). The proportion 

with a BCG scar was highest where nurses were trained and there was supervision of the vaccination 

procedure, and among those vaccinated at hospitals. Furthermore, it was positively associated with 

the size of the post-vaccination wheal.

Also, we have found in studies from Guinea-Bissau that the beneficial effects of a child’s BCG scar for 

child survival is much more pronounced if the mother also has a BCG scar (10). Since the children of 

mothers with a BCG scar are not more likely to develop a scar after BCG vaccination than children of 
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mothers without a scar, it is unlikely that confounding or genetic factors would explain why BCG 

scars are associated with strong beneficial effects for child survival. 

Hence, triangulation (22) of all the data on BCG-scarring and child survival suggests that it is not 

confounding or underlying genetic differences between those who develop and do not develop a 

scar that explain the observed effects. Rather, scar is an indicator of a well-applied BCG vaccine and 

thus an important marker of a well-trained immune system.

Interpretation

A series of epidemiological studies have shown that BCG vaccination is associated with considerably 

lower child mortality; in a WHO-sponsored meta-analysis across 14 studies, BCG vaccination was 

linked to 42% (24-55%) lower mortality compared to no BCG vaccination (19). In three RCTs among 

low-birth-weight neonates in Guinea-Bissau testing early BCG-Denmark vs no BCG, early BCG was 

associated with a 38% (17-54%) reduction in neonatal mortality (23). In contrast, two Indian RCTs 

using BCG-Russia among newborns in intensive care units found no effect (24). It has been suggested 

that this lack of effect might be related to different strains of BCG, since there is increasing evidence 

that different BCG strains differ with respect to bacterial viability and the capacity to induce a scar 

(25-27). Hence, BCG vaccination may have major effects on child survival. 

Providing further support for important non-specific effects of BCG vaccination, several 

immunological studies have shown that BCG may induce epigenetic modifications in the human 

innate immune system, leading to enhanced responses against unrelated pathogens (28,29). For 

example, in a proof-of-principle study, adults randomised to receive BCG rather than saline before 

yellow fever vaccination had significantly lower yellow fever viral load, and this effect was mediated 

via epigenetic changes in the monocytes, leading among others to increased interleukin 1-beta 

production (30). 

The present study takes the findings on BCG a step further by showing that not only is BCG 

vaccination linked to improved overall survival; it is much stronger linked in those who developed a A
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BCG-scar. This finding at one and the same time supports that BCG vaccination has strong beneficial 

non-specific effects, and points towards BCG scar as an important indicator of a well-applied BCG 

vaccination, which is closely linked to survival. 

Implications and conclusions

There are several major implications from the effect of having a BCG scar versus not having a BCG 

scar being around 40% lower infant mortality, and from this effect being particularly marked in 

children vaccinated early. 

First, vaccination programmes should assure that BCG is administered early as already 

recommended. Currently less than 50% of infants in Africa receive BCG in the first month of life 

(31,32). It would be appropriate for the vaccination programmes to develop more ambitious targets 

for the proportion of children who should receive BCG in the first month or even the first week of 

life. 

Second, well-functioning vaccination programmes need to monitor continuously the proportion of 

children having a scar after BCG- vaccination; if the proportion is low, vaccination practices and 

techniques should be reviewed and improved. It remains to be tested among infants that have a 

BCG scar whether the size of the BCG scar affects overall survival.

Third, it should be considered to revaccinate scar-negative BCG-vaccinated children. The effect may 

be limited since scarring from BCG vaccination after the first month of life had limited effect on 

survival. However, we still think it should be tested in RCTs whether BCG revaccination have a 

beneficial effect on child survival among scar-negative children. Revaccination with BCG has been 

found in earlier studies to be associated with better survival (33,34). 

In conclusion, BCG-scarring is an important marker of a well-functioning immune system. Simple and 

cheap initiatives like early BCG vaccinations, monitoring BCG-scarring and revaccinating scar-

negative children could have enormous immediate impact on child survival globally. 
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Figure legends:

Figure 1. Typical BCG vaccination scar
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Table 1. Studies evaluating child BCG-scarring and subsequent mortality

Mortality rate or risk 

(deaths/100 person-

years or N)

Study design (ref) Adjustments Proportion scar-

positive; length of 

follow-up

Scar + Scar -

Overall MRR 

(scar +/scar -)

Male Female Infancy 2nd year of life 3rd-5th year of life

RCT of MV at 6 mo of 

age (5)

Height-for-

age  Z-scores

92% (1676/1813); 

Follow-up for 2 yrs

6.1 

(102/1676)

13.9 

(19/137)

0.43 (0.26-0.70) 0.32 (0.16-0.66) 0.51 (0.26-1.01)

Household-based 

survey of children 

aged 3-60 mo (6)

Sex, ethnic 

group

72% (1159/1617)

Follow-up for 12 mo

2.0 

(14/719)

3.8 

(13/373)

0.45 (0.21-0.96) 0.24 (0.06-0.96) 0.61 (0.23-1.59) 0.43 (0.28-0.65)

(4)

0.47 (0.21-1.04)

(4)
NA

Birth cohort  

assessed at 2 and 6 

mo (7)

Background 

factors&

80% at 2 mo, 91% at 

6 mo

Follow-up to 18 mo

3.6 

(66/1838)

5.3 

(19/362)

0.57 (0.33-1.01) 0.88 (0.34-2.30) 0.41 (0.21-0.82) 0.44 (0.23-0.81) NA NA

Surveillance system 

of children <5 yrs in 

rural areas (8)

None – no 

effect of 

adjustment

52 % (18535/35416)

Follow-up for 6 mo

1.3 

(106/8143)

1.9 

(137/7391)

0.74 (0.56-0.96) 0.66 (0.45-0.97) 0.82 (0.56-1.20) 0.48 (0.26-0.90) 0.69 (0.45-1.05) 0.89 (0.61-1.31)

RCT of BCG to 

neonates (9)

Background 

factors&&

91% at 2 mo, 

93% at 6 mo

Follow-up to 12 mo

5.3 

(34/646)

13.2 

(8/61)

2 mo scar: 

0.42 (0.19-0.93)

6 mo scar: 

1.18 (0.15-9.36)

2 mo scar: 

0.29 (0.10-0.80)

6 mo scar:  

0.77 (0.07-8.01)

2 mo scar: 

0.57 (0.16-2.05)

6 mo scar: NA

0.42 (0.19-0.93) NA NA

RCT of vitamin A 

supplementation to 

neonates (9)

Background 

factors&&

88% at 2 mo, 93% at 

6 mo

Follow-up to 12 mo

3.5 

(49/1413)

4.4 

(9/206)

2 mo scar: 

0.80 (0.39-1.68)

6 mo scar: 

1.07 (0.26-4.42)

2 mo scar: 0.49 

(0.21-1.16)

6 mo scar: NA

2 mo scar: 2.01 

(0.46-8.75)

6 mo scar: 0.52 

(0.12-2.25)

0.80 (0.39-1.68) NA NA

RCT of MV at 4.5 

months of age (10)

Background 

factors&&&

83% (373/2213)

Follow-up to 36 mo

1.7 

(69/4180)

3.1 

(26/828)

0.58 (0.35-0.96) 0.75 (0.35-1.62) 0.49 (0.26-0.91)
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Combined 0.61 (0.51-0.74) 0.60 (0.45-0.80) 0.66 (0.51-0.87) 0.48 (0.37-0.62) 0.63 (0.44-0.92)

Notes: All studies screened for scar more than 30 days after vaccination.

& Adjusted for low birth weight, season of assessment, BCG strain, monitoring of BCG technique, age at BCG vaccination, sex, vaccination centre, birthplace, ethnic group, place of residence, electricity in 

house, schooling of mother, marital status of mother

&& Adjusted for sex, centre of enrolment, age at BCG vaccination, OPV at birth, parity, cohabitation with father, place of residence, age at visit, and field worker 

&&& Adjusted for district, centre of vaccination, chloroquine in house, in-door toilet, electricity 
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Table 2. Age of BCG vaccination and mortality rate ratio (MRR) (BCG-scar/no-BCG-scar) 

Age of BCG 

vaccination 

RCT of MV at 6 

mo of age

(5)

Household-based 

survey of children 

aged 3-60 mo (6)

Birth cohort 

assessed at 2 and 

6 mo (7)

Surveillance system 

of children <5 yrs in 

rural areas (8)

RCT of BCG to 

neonates

(9)

RCT of vitamin A 

supplementation to 

neonates (9)

RCT of MV at 4.5 

mo of age (10)

Combined

MRR (BCG-

scar/no-scar)

MRR (BCG-

scar/no-scar)

MRR (BCG-

scar/no-scar)

MRR (BCG-scar/no-

scar)

MRR (BCG-scar/no-

scar)

MRR (BCG-scar/no-scar) MRR (BCG-

scar/no-scar)

1st week 0.41 (0.14-1.16) 0.53 (0.22-1.26) 1.21 (0.35-4.21) 0.40 (0.20-0.80) 2 mo scar: 

0.38 (0.14-1.01)

6 mo scar: 

0.74 (0.10-5.56)

2 mo scar: 

1.07 (0.42-2.75)

6 mo scar: 

1.64 (0.22-12.25)

0.35 (0.18-0.68) 0.49 (0.35-0.68)

2nd-4th week 0.29 (0.16-0.55) 0.32 (0.18-0.56) 0.35 (0.16-0.75) 0.47 (0.26-0.87) 2 mo scar: 

0.79 (0.16-3.88)

6 mo scar: NA

2 mo scar: 

0.96 (0.22-4.22)

6 mo scar: 

0.32 (0.03-3.00)

0.96 (0.40-2.30) 0.42 (0.31-0.55)

>4weeks 1.89 (0.45-7.95) 0.80 (0.34-1.88) 0.92 (0.25-3.47) 0.98 (0.70-1.38) NA NA 0.89 (0.28-2.88) 0.98 (0.73-1.32)
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Table 3. Causes of death, TB exposure and determinants of BCG-scarring. 

Study design (ref) Overall MRR 

(scar+/scar-)

MRR

TB exposure excluded

Causes of death and MRR Determinants of scarring and MRRs (BCG-scar/no-BCG-

scar)

RCT of MV at 6 months of 

age (5)

0.43 (0.26-0.70) 12 months:

0.46 (0.27-0.79)

Total follow-up:

0.50 (0.31-0.81)

Vaccinated < 1 month (93%); vaccinated >1 mon (88%)

Boys (94%) more likely than girls (91%)

Normal MUAC

W/A-Z-score>=-2

Maternal schooling > 4 years

MRR (scar+/scar-) estimate with control for all 

background factors: 0.38 (0.18-0.80)

Household-based survey 

of children aged 3-60 mo 

(6)

0.45 (0.21-0.96) 0.37 (0.15-0.92)

Pneumonia: 0.50  (0.09-2.67)

Malaria: 0.32 (0.13-0.76)

Meningitis: 0.32 (0.07-1.48)

Acute diarrhoea: 0.55 (0.12-2.59)

Chronic diarrhoea: 0.49 (0.10-2.33)

Fever unclassified: 0.59 (0.20-1.77)

Other disease: 0.49 (0.13-1.84)

No verbal autopsy: 0.40 (0.17-0.93)

Birth cohort assessed at 2 

and 6 mo (7)

0.57 (0.33-1.01) 0.55 (0.31-0.96) NA Adjusted for low birth weight, season of assessment, BCG 

strain, monitoring of BCG technique, age at BCG 

vaccination, sex, vaccination centre, birthplace, ethnic 

group, place of residence, electricity in house, schooling of 

mother, marital status of mother.

Crude MRR (scar+/scar-) estimate: 0.66 (0.39-1.11)

Adjusted MRR (scar+/scar-) estimate: 0.57 (0.33-1.01)

Surveillance system of 

children <5 yrs in rural 

0.74 (0.56-0.96) Respiratory inf. 0.20 (0.07-0.55)

Fever: 0.81 (0.57-1.16)

M/F : 1.04 (1.01-1.08)

Rainy/dry season: 1.05 (1.01-1.09)
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areas (8) Diarrhoea/vomiting: 0.88 (0.53-1.45) BCG+OPV/BCG-only 0.95 (0.91-.99)

Place of birth: Hospital 1.20 (1.07-1.55)

Scar rates varied by Region; Fieldworker;

Ethnicity – but did not depend on nutritional status

Adjustment did not change the estimate

RCT of BCG to neonates

(9)

2 mo scar: 

0.42 (0.19-0.93)

6 mo scar: 

1.18 (0.15-9.36)

2 mo scar: 

0.47 (0.20-1.10)

6 mo scar: 

1.19 (0.15-9.47) 

RCT of vitamin A 

supplementation to 

neonates (9)

2 mo scar: 

0.80 (0.39-1.68)

6 mo scar: 

1.07 (0.26-4.42)

2 mo scar: 

0.81 (0.39-1.68)

6 mo scar: 

1.07 (0.26-4.42)

Health centre/hospital OR=0.57 (0.42-0.77)

BCG+OPV/BCG-only: OR 0.56 (0.38-0.82)

Place of residence 

Child age when assessing scar 2 months (+/-7 days) / early 

assessment: 1.77 (1.23-2.54), 

late (2months + >7 days)/early assessment: 2.53 (1.66-

3.85)

RCT of MV at 4.5 months 

of age (10)

0.58 (0.35-0.96) Time trend: more scarring later in trial

BCG vaccination at maternity ward versus health centres

Better housing (electricity, indoor toilet, bed crowding)

Having antimalarial at home

Other ethnic group than Pepel

Crude MRR (scar+/scar-) estimate: 0.59 (0.36-0.95); 

MRR (scar+/scar-) controlled for confounders 0.58 (0.35-

0.96)

Combined 0.61 (0.51-0.74) 0.52 (0.39 0.70)

& Adjusted for low birth weight, season of assessment, BCG strain, monitoring of BCG technique, age at BCG vaccination, sex, vaccination centre, birthplace, ethnic group, place of residence, electricity in 

house, schooling of mother, marital status of mother

&& Adjusted for sex, centre of enrolment, age at BCG vaccination, OPV at birth, parity, cohabitation with father, place of residence, age at visit, and field worker
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&&& Adjusted for district, centre of vaccination, chloroquine in house, in-door toilet, electricity
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Figure 1. 

Typical BCG vaccination scar
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