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ABSTRACT

Background: Bacillus Calmette-Guérin (BCG) vaccination may have beneficial non-specific effects on child
survival, the effects being stronger for children developing a scar. In a prospective cohort study, we
examined determinants for not developing a BCG scar within 6 months of vaccination.

Methods: Bandim Health Project (BHP) runs a Health and Demographic Surveillance System site in rural
Guinea-Bissau. BHP provides BCG at monthly visits. We studied determinants for not developing a BCG
scar using binomial regression models to obtain relative risks (RR).

Results: From May 2012 until October 2014, BHP nurses vaccinated 2415 infants with BCG. We assessed
BCG scar between 6 and 12 months of age for 2156 (89%) of these children and 2115 (98%) had
developed a scar. In comparison, among 785 children BCG vaccinated elsewhere, 622 (79%) had a scar, the
RR of not having a scar being 10.91 (7.52-15.85) compared with children vaccinated by BHP.

Among children vaccinated by BHP, those receiving the Russian BCG strain were more likely not to
develop a scar (RR = 2.98 (1.52-5.81)) compared with children receiving Danish BCG strain. Children with
no post-injection wheal or a wheal <3 mm were more likely to not develop a scar (RR = 9.05 (3.69-22.20)
and RR = 4.74 (1.96-11.45), respectively). Nutritional status and socioeconomic status were not associated
with scarification.

Conclusion: Vaccination technique and vaccine strain were associated with BCG scar development
while nutritional status and socioeconomic status were not. Scarring rate may therefore be a better
indicator of vaccination programme performance than coverage.
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Background

Bacillus Calmette Guérin (BCG) vaccine is recommended at
birth in low-income countries to prevent tuberculosis. Observa-
tional studies have indicated that the vaccine has broader
effects: In addition to protection against tuberculosis, the vac-
cine seems to have beneficial non-specific effects on child mor-
tality.'® In a combined analysis of three recent randomised
trials among low-birth-weight infants in Guinea-Bissau, BCG
vaccination at birth compared with the usual delayed BCG was
associated with 38% (17%-54%) lower neonatal mortality.7’9 A
recent WHO review concluded that BCG vaccine is associated
with nearly a halving of all-cause mortality, which was not fully
explained by prevention of tuberculosis."’

Correct intradermal administration of BCG, usually causes
scarification at the vaccination site. Development of a BCG scar
is associated with improved survival.''"*> The survival advan-
tage is unlikely to be explained by underlying health status:
among cohorts resembling the general population of children
in Guinea-Bissau, scarring rates in different cohorts have varied

from 52% to 92%.'"'”> Regardless of the scarring frequency,
having a scar is associated with a 45-55% lower mortality dur-
ing the first 1'/; year of life."" "

Vaccination technique is important for scarring after BCG
vaccination'® and an intradermal vaccine is difficult to admin-
ister; BCG vaccine is administered subcutaneously in 5% of the
cases, even in closely monitored settings.'® Vaccination tech-
nique may explain the difference in scarring rates in the
cohorts: In a setting with trained staff in urban Guinea-Bissau,
more than 90% developed a BCG scar'” whereas in the rural
areas, where less specialised health centre staff administered
the vaccine, only 52% of BCG-vaccinated children had devel-
oped a scar."®

Since BCG scarification is associated with lower mortality, it
is important to investigate factors related to scar development
after BCG. If these factors can be modified, there is potential
for further enhancing the survival benefits of BCG vaccination.
In the present study, we assessed determinants for BCG scarifi-
cation 6 months after vaccination.
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Results

Between 28 May 2012 and 1 October 2014, 4047 children regis-
tered during pregnancy were born in the study villages and
were therefore eligible for the study (Figure 1). Of these, 3116
(77%) were present at first visit after birth and 2415 (78%) of
these children received BCG by nurses from Bandim Health
Project (BHP). Of the 701 children who did not receive BCG,
658 (94%) had already received BCG at government health
centres or hospitals before being seen by the BHP assistant. Six
children (1%) were sick at the time of vaccination and 37 chil-
dren (5%) did not receive BCG vaccination for unspecified
reasons.

Scar prevalence and determinants among children vaccinated
by BHP

Among the 2415 children vaccinated by the BHP, 2161 chil-
dren (89%) had their scar status assessed at a visit at least 6

HUMAN VACCINES & IMMUNOTHERAPEUTICS e 2435

months after vaccination. The median time between BCG vac-
cination and scar assessment was 201 days (inter-quartile
range: 190-219 days). Scars were registered for 2115 (98%)
children and no scars were registered for 41 (2%) children. Scar
information was missing for 5 (0.2%) children (Figure 1).

Determinants for scar development

Children vaccinated with the Russian strain had a higher risk of
being scar-negative (Relative Risk (RR) 2.98 (1.52-5.81)) com-
pared with children vaccinated with the Danish strain (Table 1).
Children with no post-injection wheal or with a post-injection
wheal of less than 3 mm had a higher risk of being scar-nega-
tive than children with a post-injection wheal above 3 mm (RR
9.05 (3.69-22.20) and RR 4.74 (1.96-11.45), respectively).
Changing the cut-off for the post-injection wheal size to 2, 2.5,
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Figure 1. Flowchart for children who entered the analysis.
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Table 1. Determinants of scar prevalence 6 months after vaccination among children vaccinated by the Bandim Health Project nurses. Guinea-Bissau, 2012-2014.

Background variables [N]' Number of children Scar-negative [P-value]>?
N (%) Relative Risk (95% Cl)
Factors related to the child:
Sex [2156] [P =0.14]
Boys 1,064 15(1) 1
Girls 1,092 26 (2) 1.69 (0.84-3.40)
Twin [2156]* [P = 0.07]
No 2,095 38(2) 1
Yes 61 3(5) 2.71 (0.92-7.99)
Region [2156] [P =0.003]
Oio 731 10 (1) 1
Biombo 617 22 (4) 2.61(1.29-5.28)
Cacheu 808 9(1) 0.81 (0.32-2.07)
Arm circumference at vaccination (mm) [2141] [P = 0.39]
1st quartile (<101) 716 18 (3) 1
2nd quartile (101-106) 473 10(2) 0.84 (0.39-1.79)
3rd quartile (107 - 112) 422 5(1) 0.47 (0.16-1.35)
4th quartile (> 112) 530 8(2) 0.60 (0.25-1.44)
Weight for age at vaccination (z-score) [2151] [P =0.91]
1st quartile (—5.52 — (—1.33)) 557 12(2) 1
2nd quartile (—1.32 - (—0.67)) 528 11(2) 0.97 (0.43-2.15)
3rd quartile (—0.66 — (—0.06)) 540 9(2) 0.77 (0.35-1.71)
4th quartile (—0.05 — 3.85) 526 9(2) 0.79 (0.31-2.02)
Season of birth [2156] [P = 0.49]
Rainy season 998 21 (2 1
Dry season 1,158 20(2) 0.82 (0.47-1.43)
Socioeconomic factors
Type of roof [2147] [P =0.10]
Hard roof 1,337 20(2) 1
Straw roof 810 21 (3) 1.73 (0.90-3.34)
Toilet facilities [2141] [P =0.01]
Toilet 1,334 19(1 1
No toilet 807 22 1.91 (1.21-3.04)
Telephone [2103] [P=10.34]
Yes 1,062 16 (2) 1
No 1,041 23(2) 1.47 (0.66-3.24)
Radio [2120] [P =0.36]
Yes 1,638 28 (2) 1
No 482 11(2) 1.34(0.72-2.47)
Generator [2141] [P = 0.45]
No 1,807 33(2) 1
Yes 334 8(2) 1.31 (0.65-2.66)
Factors related to the mother
Ethnicity [2155] [P<0.0001]
Balanta 795 17 (2)
Pepel 499 20 (4)
Mandinga/Fula 473 4(1)
Manjaco 164 0 (N/A)
Other 224 0 (N/A)
Years of schooling [1980] [P =0.09]
0 1,113 18 (2) 1
1-4 years 517 15 (3) 1.79 (1.04-3.09)
>4 years 350 5(1) 0.88 (0.36-2.17)
Age when child was born [2145] [P =0.95]
<22 years 654 13(2) 1
22-25 years 447 8(2) 0.90 (0.36-2.23)
26-31 years 571 10 (2) 0.88 (0.45-1.73)
>31 years 473 10(2) 1.06 (0.49-2.31)
Mother has a vaccination scar [1865] [P =0.44]
BCG scar 957 22(2) 1
Smallpox scar 18 1(6) 2.42 (0.33-17.50)
No scar 890 16 (2) 0.78 (0.42-1.46)
Mothers MUAC measured during pregnancy (mm) [1487] [P = 0.99]
<250 416 7(2) 1
250-262 337 6(2) 1.06 (0.32-3.45)
263-282 385 7(2) 1.08 (0.44-2.66)
283-342 349 7(2) 1.19 (0.41-3.45)
Antenatal consultations [2024] [P =10.01]
Yes 1,689 26 (2) 1
No 335 12 (4) 2.33(1.27-4.27)
Vaccination related factors
Strain [2156] [P =0.001]
Danish strain “SSI dk” 1,836 27 (1) 1
Russian strain “Sll India” 320 14 (4) 2.98 (1.52-5.81)

(Continued on next page)
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Background variables [N]’ Number of children Scar-negative [P-value]??

Age at BCG vaccination [2156] [P =0.19]
<8 days 531 15(3) 1.69 (0.87-3.28)
8-28 days 1,316 22 (2) 1
>28 days 309 4(1) 0.77 (0.25-2.43)

Season of vaccination [2156] [P =0.35]
Rainy season 1,000 22 (2) 1
Dry season 1,156 19 (2) 0.75 (0.41-1.37)

Period of administering BCG vaccine [2156] [P =042]
First three months of study period 149 4 (3) 1.46 (0.59-3.61)
Remaining months of study period 2,007 37(2) 1

Nurse administering BCG vaccine [2156] [P=0.18]

B 556 7(1) 1

A 420 10 (2) 1.89 (0.83-4.31)
C 192 1(1) 0.41 (0.05-3.17)
D 139 5(4) 2.86 (0.97-8.39)
E 304 9(3) 2.35(0.84-6.62)
F 545 9(2) 1.31(0.54-3.19)

Co-administered OPV [2156] [P=0.32]
Co-administered OPV 2,044 38(2)

OPV before BCG 88 3(3)
Missing OPV at time of vaccination 64 0 (N/A)

Co-administered Pentavalent [2156] [P =0.56]
No Pentavalent vaccine received at the time of BCG vaccination 2,097 41 (2)

Co-administered Pentavalent 49 0 (N/A)
Received Pentavalent before BCG 10 0 (N/A)

Minutes between vaccine dilution and vaccination [2039] [P=0.71]
<60 1,299 21(2) 1
60-180 589 13(2) 1.37 (0.65-2.85)
>180 151 3(2) 1.23 (0.36-4.17)

Size of post-injection wheal® [2017] [P<0.0001]
<3mm 86 6(7) 4.74 (1.96-11.45)
> =3mm 1,901 28 (1) 1
No wheal present 30 4(13) 9.05 (3.69-22.20)

Age at scar assessment [2156] [P =0.18]
1st tertile (183-210 days) 733 8 (1) 1
2nd tertile (211-231 days) 717 15 (2) 1.92 (0.81-4.55)
3rd tertile (>231 days) 706 18 (3) 2.34 (0.94-5.81)

"Number of participants with information for each variable in brackets [].

*Test for no effect of background variable on prevalence of scar-negative children.
3Excluding missing category. Adjusted for clustering.

“Twin also including triplets etc.

*Analysis limited to vaccination sessions where researchers supervising the study were not present during the vaccination. This is due to few supervised sessions.

3.5, 4 or 5 mm revealed the same pattern, and they were all sta-
tistically significant.

Children vaccinated during the first 3 months of the study
when the nurses were still inexperienced tended to have a
higher risk of being scar-negative (Table 1). Children from the
Biombo region, where we first started the monthly visits and
the nurses were thus more inexperienced, had a higher risk of
being scar-negative (RR 2.61 (1.29-5.28)).

Maternal schooling was associated with being scar-negative;
however, there was no consistent pattern as mothers with some
schooling had higher risk of being scar-negative than mothers
without schooling, whereas the opposite tendency was seen for
women with most schooling (Table 1). There was an increased
risk of being scar-negative for children who did not have a toi-
let in their household (RR 1.91 (1.21-3.04)), but we did not see
a difference for any of the other socioeconomic factors.

Children of women who did not attend antenatal consulta-
tions had a higher risk of not developing a scar (RR 2.33 (1.27-
4.27)). Mid-upper-arm-circumference (MUAC), age of the
mother, and whether or not the mother had a scar (BCG, small-
pox or no scar) were not associated with the risk of being scar-
negative. Weight-for-age of the child, MUAC of the child and
age at scar assessment were not associated with scarring.

Scar prevalence among children not vaccinated by the BHP A
total of 892 children were vaccinated at government health
centres or hospitals and 792 (89%) children had their scar
assessed 6 months after vaccination. Among these, 622 (79%)
were registered as scar-positive and 163 (21%) were registered
as scar-negative. Scar information was missing for 7 children
(0.9%). Children vaccinated at government health centres or
hospitals had a significantly higher risk of being scar-negative
compared with children vaccinated by the BHP nurses (RR
10.91 (7.52-15.85)).

Children vaccinated elsewhere were younger at the time of
BCG vaccination (P<0.0001), and more likely not to receive
and oral polio vaccine (OPV) at the time of BCG vaccination
(Supplementary Table 1). Among those vaccinated elsewhere,
more mothers had attended antenatal consultations, and the
mothers had higher levels of education (P<0.001). We saw a
consistent pattern that those vaccinated elsewhere had higher
socioeconomic status compared with those vaccinated by BHP
(Supplementary Table 1).

Among children vaccinated at government health centres or
hospitals, children vaccinated in the dry season had a higher
risk of being scar-negative, as did children who had OPV co-
administered with BCG (Table 2). Socioeconomic status and
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Table 2. Determinants of scar prevalence 6 months after BCG vaccination among children vaccinated at health centres and hospitals. Guinea-Bissau, 2012-2014.

Background variables [N]' Number of children Scar-negative [P-value]*3
N (%) Relative Risk (95% ClI)
Factors related to the child
Sex [785] [P=10.17]
Boys 406 77 (19) 1
Girls 379 86 (23) 1.20 (0.93-1.54)
Twin [785]* [P=062]
No 753 155 (*21) 1
Yes 32 8(25) 1.21 (0.56-2.64)
Region [785] [P =0.25]
Oio 127 31 (24) 1
Biombo 253 58 (23) 0.94 (0.63-1.40)
Cacheu 405 74 (18) 0.75 (0.51-1.10)
Season of birth [785] [P = 0.09]
Rainy season 454 84 (19) 1
Dry season 331 79 (24) 1.29 (0.96-1.74)
Socioeconomic factors
Type of roof [779] [P =0.50]
Hard roof 544 110 (20) 1
Straw roof 235 52(22) 1.09 (0.84-1.43)
Toilet facilities [778] [P =0.69]
Toilet 557 118 (21) 1
No toilet 221 44 (20) 0.94 (0.69-1.28)
Telephone [761] [P =0.51]
Yes 465 99 (21) 1
No 296 57 (19) 0.90 (0.67-1.22)
Radio [765] [P =0.47]
Yes 629 133 (21) 1
No 136 25(18) 0.87 (0.60-1.27)
Generator [774] [P =0.53]
No 647 131 (20) 1
Yes 127 29 (23) 1.13 (0.78-1.64)
Factors related to the mother
Ethnicity [773] [P=10.12]
Balanta 249 46 (18) 1
Pepel 205 53 (26) 1.40 (1.00-1.96)
Mandinga/Fula 82 20 (24) 1.32 (0.85-2.05)
Manjaco 136 28 (21) 1.11(0.70-1.77)
Other 101 14 (14) 0.75 (0.42-1.35)
Years of schooling [782] [P=0.12]
0 294 62 (21) 1
1-4 230 56 (24) 1.15(0.82-1.63)
>4 258 44 (17) 0.81 (0.54-1.21)
Age when child was born [776] [P =0.20]
<22 years 233 49 (21) 1
22-25 years 165 42 (25) 1.21 (0.88-1.67)
26-31 years 206 34 (17) 0.78 (0.53-1.15)
>31 years 172 37 (22) 1.02 (0.67-1.55)
Mother has a vaccination scar [672] [P=0.33]
BCG scar 340 62 (18) 1
Smallpox scar 7 1(14) 0.78 (0.12-5.32)
No scar 325 74 (23) 1.25(0.91-1.71)
Mothers MUAC measured during pregnancy (mm) [7821° [P = 0.60]
<250 142 28 (20) 1
250-262 97 23 (24) 1.20 (0.75-1.93)
263-282 145 25(17) 0.87 (0.60-1.28)
283-342 398 86 (22) 1.10 (0.77-1.56)
Antenatal consultations [739] [P =0.41]
Yes 682 141 (21) 1
No 57 14 (25) 1.19 (0.79-1.80)
Vaccination related factors
Age at vaccination [774] [P=0.91]
<8 days 311 63 (20) 1.00 (0.73-1.35)
8-28 days 406 82 (20) 1
>28 days 57 10 (18) 0.87 (0.43-1.73)
Season of vaccination [785] [P =0.01]
Rainy season 448 77 (17) 1
Dry season 337 86 (26) 1.48 (1.10-2.00)
Co-administered OPV [785] [P =0.02]
Co-administered OPV 601 139 (23) 1
OPV before BCG 35 4(11) 0.49 (0.19-1.32)
Missing OPV at time of vaccination 149 20 (13) 0.58 (0.36-0.94)

(Continued on next page)
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Background variables [N]’ Number of children Scar-negative [P-value]??

Co-administered pentavalent [779] [P =0.15]
No Pentavalent vaccine received at the time of BCG vaccination 759 161 (21) 1
Co-administered Pentavalent 20 1(5) 4.24 (0.59-30.45)

Age at scar assessment [785]° [P =10.93]
183-210 days 439 93 (21) 1
211-231 days 163 34(21) 0.98 (0.71-1.37)
>231 days 183 36 (20) 0.93 (0.64-1.35)

"Number of participants with information for each variable in brackets [].

?Test for no effect of background variable on prevalence of scar-negative children.
3Excluding missing category. Adjusted for clustering.

*Twin also including triplets etc.

>Categories based on quartiles maternal MUAC in the cohort BCG vaccinated by BHP (Table 1).
SCategories based on tertiles of age at scar assessment in the cohort BCG vaccinated by BHP (Table 1).

maternal health seeking behaviour was not associated with
scaring.

Children lost to follow-up before age 6 months The MUAC
and weight-for-age (z-score) at the time of vaccination were
lower for children who died or migrated before 6 months after
vaccination compared with children who remained in the
study, otherwise there were no associations between back-
ground factors and death or migration before 6 months after
vaccination (Supplementary Table 2).

Discussion
Main results

We found an almost 11-fold higher risk of being scar-negative
for children who received BCG vaccination at government
health centres or hospitals compared with children vaccinated
by the BHP. Among children vaccinated by the trained BHP
nurses, children vaccinated with the Russian strain had an
almost 3-fold higher risk of being scar-negative compared with
children vaccinated with the Danish strain. Child nutritional
and socioeconomic factors were not associated with the risk of
not developing a scar.

Strengths and weaknesses

The data originate from a Health and Demographic Surveil-
lance System (HDSS) and were collected by experienced field
workers at monthly visits. For each child a detailed question-
naire was completed at the time of BCG vaccination, which
gave us the possibility to study the vaccination-related determi-
nants. Contrary to our expectations, based on a study from
rural Guinea-Bissau in 2009-2011"%, very few children were
classified as scar-negative, which lowered the power of the
study. Scar classification was subject to the judgement of our
field assistants and not detecting small scars may have caused
some children to be misclassified. We sought to minimize clas-
sification errors through frequent supervision during the study
period, and it is therefore not likely that the high scar preva-
lence is due to overestimation of scarring frequency. It is more
likely due to intensive training of the nurses in administration
of BCG, an interpretation, which is supported by the that the
scar frequency became higher after the first 3 months.

Another weakness is that the nurses classified the post-injec-
tion wheal themselves. They were aware that a large and visible

wheal reflects good vaccination technique. However, this type
of misclassification would tend to conceal an association
between post-injection wheal size and BCG scars. Hence, this
misclassification cannot explain the observed association
between wheal size and BCG scar. Our classification of underly-
ing health status is crude, and we cannot rule out that underly-
ing health status, which was not reflected in weight- or MUAC-
for-age of the child may have played a role in the formation of
a scar.

A BCG vaccine should be stored between 2°C and 8°C."* At
the BHP, the vaccines are stored in temperature-monitored
refrigerators. The cold chain in the national vaccination pro-
gramme is also monitored. However, we cannot rule out that
some vaccines may have been exposed to temperatures outside
the recommended range, which could lead to lower Viability19
and possibly a lower scarring rate among children vaccinated at
health centres/hospitals.

Consistency with previous studies

An accumulating volume of both animal and human studies
indicates that the virulence and immunologic response differ
by BCG strain.’”*' The finding that BCG strain is also associ-
ated with scar development is consistent with two observational
studies where different strains were used for sequential cohorts:
An observational study in urban Guinea-Bissau found that the
Danish strain was associated with higher rates of scar develop-
ment (99%) than BCG Merieux and BCG Connaught with rates
around 90%.'° A prospective cohort study from Uganda found
a significant association between the Danish strain and higher
prevalence of scar (93%) at 12 months of age compared with
the Russian (52%) or the Bulgarian (64%) BCG strain.** In a
recent study from urban Guinea-Bissau with different strains in
use at the same time, we also found that the Danish strain was
associated with higher scarring rates (97%) than the Russian
strain (87%).%

Children with small or no post-injection wheal developed
fewer scars in our study. Results from prior studies were in line
with this with larger post-injection wheals being associated
with BCG scar development.'®**2*

Only 2% of the children vaccinated by the BHP were classi-
fied as scar-negative. Previous studies conducted in urban
Guinea-Bissau have found that 10-15% of the children vacci-
nated by trained nurses did not develop a scar,'*** while in
rural Guinea-Bissau 48% of children vaccinated with BCG
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Russia at government health centres or hospitals between
2004-2011 were scar-negative."” The higher prevalence of scar-
failure among children vaccinated at government health centres
or hospitals was also seen in our data, albeit somewhat weaker
with 21% not developing a scar.

Interpretation

The marked difference in scar prevalence among children vac-
cinated by the BHP and children vaccinated at government
health centres or hospitals cannot be explained by the assessed
background factors. The slightly higher socioeconomic status
of children vaccinated elsewhere does not explain the differ-
ence, since socioeconomic status was not associated with scar
prevalence neither in the cohort of children vaccinated by BHP
nurses nor in the cohort of children vaccinated elsewhere. It is
noteworthy that weight-for-age and MUAC of the child was
not associated with scar development, nor was nutritional sta-
tus of the mother during pregnancy. Thus, none of the underly-
ing health markers investigated predicted which children would
develop a scar.

Instead, development of a BCG scar is likely a result of both
vaccination technique and BCG strain for several reasons: First,
scarring frequencies improved over the duration of the study as
the nurses gained experience. Second, post-injection wheal size
was associated with scar development, the children with no
post-injection wheal or a post-injection wheal below 3 mm all
had a higher risk of not developing a scar. Third, among chil-
dren vaccinated by BHP nurses, the children who had received
the BCG Russia had lower rates of scarring and the national
programme only used BCG Russia.

Implications

As scar development after BCG vaccination is associated with bet-
ter child survival, strategies to optimise scarring rates should be
considered. The present study shows that strain and vaccination
technique is associated with scar development. These are factors
that can be targeted and scar development could easily be improved
by better training of nurses. Our findings support, that using BCG
scar rate as a marker for a good vaccination programme should be
considered. Further studies should assess whether re-vaccination
of scar-negative children should be recommended and randomised
studies of BCG strain are warranted.

Conclusion

BCG scarring rates depend on vaccination technique and vac-
cine strain and are not associated with the underlying health
and socioeconomic status indicators. High scarring frequencies
may therefore better reflect a well-performing BCG vaccination
programme than BCG coverage.

Participants and methods
Setting

The study was conducted in the rural study area of the BHP in
Guinea-Bissau where BHP established an HDSS in 1990.

Women of fertile age and their children below the age of 5 years
are followed through home visits by mobile data-collection
teams. Since 2012, monthly visits have been conducted in 75
village clusters in three regions (Biombo, Cacheu and Oio). The
present study was conducted in these regions.

As part of the BHP routine all women are registered with
information on their age, past obstetric history, ethnicity, scar
status (smallpox vaccination scar yes/no, BCG scar yes/no, or
no scar) and whether they have attended school. When a preg-
nancy is registered, the woman’s nutritional status is assessed
by measurement of the MUAC and socio-economic factors
(type of roof, type of toilet, possession of a mobile phone, radio
and generator) are registered. Information on antenatal care is
collected prior to giving birth, and at the first visit after delivery.
After delivery, the place of delivery (home, health facility) and
who assisted the birth are also registered.

The mobile data-collection teams are accompanied by a
nurse, who administers routine vaccinations according to the
Guinean vaccination schedule: BCG and OPV at birth, penta-
valent (diphtheria-tetanus-pertussis, Haemophilus-influenza
type B and Hepatitis B) vaccine and OPV at 6, 10 and 14 weeks
of age, and measles and yellow fever vaccines at 9 months of
age.

Study population

Children who were registered by our HDSS before birth and
born between 28 May 2012 and 1 October 2014 in the three
rural regions were eligible for the present study. The monthly
visits started at 28 May 2012 and 1 October 2014 was chosen as
cut off, to ensure that data were complete within the project
period of the first author (KMEF).

BCG vaccination procedure and assessment of outcomes

The nurse accompanying the mobile team provides routine
vaccinations at the monthly visits.

Before the initiation of the monthly visits in May 2012, all
the BHP nurses received intensive training in correct adminis-
tration of the intradermal BCG vaccine. The monthly visits
were first implemented in Biombo region, and subsequently in
Oio and Cacheu.

During the present study, all children were offered BCG vac-
cination by BHP nurses on the first day the village was visited
after the birth of the child. BCG was given as a 0.05 mL intra-
dermal injection in the left, upper deltoid area. Two different
BCG strains were used by the BHP; the Danish BCG strain
from Statens Serum Institut, Denmark (batch numbers:
112032A, 111005A, 1130108, 110050B, 111013B, 1100168,
111023B, 113042B, 113033C) and the Russian BCG strain from
the Serum Institute of India (batch numbers: 004M2138,
034G2047, 034G2074, 037G1072, 037GI1119, 037G1145,
037G2074). The Russian strain vaccines were supplied by the
national vaccination programme. According to the national
vaccination practice, BCG vaccine is only administered if there
are more than 10 children present for BCG vaccination.*” How-
ever, BHP nurses would administer BCG vaccines to all unvac-
cinated infants regardless of the number of children present.



Hence, the supply had to be supplemented with BCG vaccines
purchased from Statens Serum Institut, Denmark by BHP.

At the time of BCG vaccination by the BHP, information on
child weight, temperature, symptoms and use of medicine on
the day of vaccination, prior vaccinations, BCG strain, time
since reconstitution of the vaccine, type of syringe and post-
injection wheal size were registered. At all visits during the first
year of life the upper arms of the child were inspected for the
presence of a BCG scar; if a BCG scar was found, two perpen-
dicular diameters were measured. Scar prevalence increased
over the first 6 months after vaccination (Supplementary
Figure 1). To ensure that we did not classify children who
would later develop a scar as scar-negative, we used a time
interval of 6 months between vaccination and scar reading.

Statistical analyses

The main analysis focused on determinants for BCG scarring
among children vaccinated by the BHP. We studied determi-
nants for being classified as BCG scar-negative 6 months after
vaccination among children BCG-vaccinated by the BHP at the
first visit after birth. If there were signs of infection at the vacci-
nation site at the first visit after 6 months where the child was
present (scar still developing (N = 24; 1%)), we used the scar
assessment from the subsequent visit. This was also done if
information on scar status was missing (N = 22; 1%).

Vaccination-related determinants and underlying determi-
nants of BCG scarification were studied in univariate binominal
regression models to obtain RR of being BCG scar-negative.

We considered the following potential vaccination-related
determinants; monitored injection of BCG vaccine, post-injec-
tion wheal size, time since reconstitution of the vaccine, BCG
strain and who vaccinated the child. We considered the follow-
ing underlying determinants: sex, age at vaccination, weight at
vaccination transformed to Z-score for weight-for-age using
the WHO growth reference (version 3.2.2, January 2011),%° sea-
son of birth, season of vaccination, region and socioeconomic
factors (type of roof, possession of a toilet, telephone, radio or
generator).

We also compared scar prevalence among children, who had
received BCG at a health centre or hospital, with the scar preva-
lence among children vaccinated by the BHP nurses and
assessed determinants for scar development among children
vaccinated elsewhere. Furthermore, to assess whether those
having their scar assessed was a selected group, we analysed
determinants for leaving the study (migration or death) within
6 months after vaccination.

To examine whether an association between strain and scar
prevalence was confounded by the other factors assessed, we
included them one-by-one as explaining factors in the regres-
sion model with scar and strain. None of the factors changed
the RR estimate by more than 10% and adjusted estimates are
therefore not presented.

Ethics approval and consent to participate

The health and demographic surveillance of BHP has been in
place in rural Guinea-Bissau since 1990 and is conducted on
request from the Guinean Ministry of Health. Women of fertile
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age provide oral consent for themselves and their children at
the time of registration. No written consent was sought. The
observational study of BCG was approved by the Guinean
Ethics committee (Ref. 044/CNES/INASA/2012). No separate
consent was sought for the present study.
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