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Abstract
Objective  To examine the association between early 
Bacille Calmette-Guerin (BCG) vaccination and neonatal 
mortality in northern Ghana.
Methods  This ecological study used vaccination and 
mortality data from the Navrongo Health and Demographic 
Surveillance System. First, we assessed and compared 
changes in neonatal mortality rates (NMRs) and median 
BCG vaccination age from 1996 to 2012. Second, 
we compared the changes in NMR and median BCG 
vaccination age from 2002 to 2012 by delivery place when 
data on delivery place were available.
Results  Neonatal mortality rates declined from 46 to 12 
per 1000 live births between 1996 and 2012 (trend test: 
p<0.001). Within the same period, median BCG vaccination 
age declined from 46 to 4 days (trend test: p<0.001). Among 
home deliveries, BCG vaccination age declined from 39 days 
in 2002 to 7 days in 2012 (trend test: p<0.001) and neonatal 
mortality declined by 24/1000 (trend test: p<0.001). Among 
health facility deliveries, BCG vaccination age was stable 
around 3 days from 2002 to 2012 (trend test: p=0.49) and 
neonatal mortality declined by 9/1000 (trend test: p=0.04). 
In a small study of children whose vaccination cards were 
inspected within the first 28 days of life, the HR for BCG-
vaccinated compared with BCG-unvaccinated children was 
0.55 (95% CI 0.12 to 2.40).
Conclusion  The data support the hypothesis that early 
BCG vaccination may be associated with a decrease 
in neonatal mortality. However, as suggested by WHO, 
randomised control trials are required to address the 
question of whether there is indeed a causal association 
between early BCG vaccination and neonatal mortality.

Introduction 
Bacille Calmette-Guerin (BCG) for tubercu-
losis  (TB) control is one of the most widely 
used vaccines worldwide in low-income coun-
tries.1 The Expanded Programme on Immu-
nization (EPI) in Ghana recommends that 
BCG be given at birth.2 However, due to the 
cost of vaccines, implementation challenges 
by health authorities as well as individual and 
household level factors, BCG vaccination is 
often delayed.3 

Observational studies and randomised 
control trials (RCTs) suggest that BCG vacci-
nation may have non-specific survival bene-
fits for children.4–7 In three RCTs among 
low-birthweight neonates in Guinea-Bissau,4 7 
BCG vaccination was associated with a 38% 
(95% CI 17% to 54%)) reduction in neonatal 
mortality. The reduction in mortality was 
mainly due to fewer cases of neonatal sepsis 
and respiratory infections. Thus, BCG vacci-
nation might have beneficial effects on child 
health outcomes in the first month of life 
that are not explained by protection against 
TB. Immunological studies have recently 
shown that BCG vaccines can train the innate 
immune system via epigenetic modifications 
at the monocyte level.8 This could possibly 
provide a mechanism whereby early BCG 
administration could modulate a child’s 
ability to combat subsequent unrelated 
infections.

Even though child mortality is declining 
globally, millions of children still die every 

Strengths and limitations of this study

►► We used routine vaccination and survival data col-
lected over a 17-year period from a large Health and 
Demographic Surveillance System site in Ghana.

►► We assessed and compared changes in neonatal 
mortality rates and median Bacille Calmette-Guerin 
(BCG) vaccination age from 1996 to 2012 to assess 
the association between BCG vaccination age and 
neonatal mortality.

►► This was mainly an ecological population-based 
study where exposures and outcomes were not di-
rectly linked.

►► A small study using individual-level data to assess 
the association between BCG vaccination age and 
neonatal mortality was underpowered and un-
der-reporting of BCG vaccination status and other 
limitations may have affected the accuracy of our 
estimates.
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year before their fifth birthday and infections account for 
a large proportion of these deaths.9 More than 40% of 
these deaths occur within 28 days after birth (neonatal 
period), and this is a burden borne disproportionately by 
low-income and middle-income countries. While under-
five mortality is declining, neonatal mortality appears 
to be declining at a much slower rate.10 There is there-
fore reason to examine whether better use of BCG could 
contribute to lower neonatal mortality.

In 2014, the WHO’s Strategic Advisory Group of 
Experts on Immunization conducted a comprehensive 
review of the potential non-specific effects of vaccines 
and concluded that BCG may be associated with non-spe-
cific survival benefits.11 The WHO has been advocating 
for improved vaccination coverage levels. What is often 
not emphasised is the importance of timely adminis-
tration of vaccines. To assess whether early BCG vacci-
nation could be associated with a decrease in neonatal 
mortality, we examined the relationship between age at 
BCG vaccination and neonatal mortality using Health 
and Demographic Surveillance System (HDSS) data and 
routine vaccinations data of children from 1996 to 2012 
in a mainly rural community in northern Ghana. We also 
examined the factors that are associated with the timing 
of BCG vaccination.

Materials and methods
Study setting
The study was conducted in the Kassena-Nankana East 
municipal and Kassena-Nankana West district in the 
Upper East region of northern Ghana with an estimated 
population of about 160 000 under continuous demo-
graphic surveillance. The study area covers a land area 
of 1675 km2 and lies between latitude 10.30o and 11.10o 
north and longitude 1.10o west close to the Burkina Faso 
border. It has 1 main hospital (War Memorial Hospital) 
that serves as a referral hospital to nine clinics or health 
centres and 45 Community Health Compounds located 
mostly in rural communities and manned by trained 
nurses who provide basic healthcare as well as routine 
vaccinations. Previous analysis of causes of neonatal 
deaths in the study area showed that 32% of the causes 
were from infections, 21% from birth injury and asphyxia 
and 18% from prematurity, making these three the 
leading causes of neonatal deaths in the area.12

Vaccination data
Routine vaccination data from 1996 to 2012 collected 
by the Navrongo HDSS were used for the analyses.13 14 
Between 1996 and 2010, vaccination data were collected 
once annually from health cards of children <2 years 
of age, except in 2001 when the HDSS failed to collect 
vaccination data. From 2011 to 2012, vaccination data 
were updated every 4 months for children aged 3 years or 
younger. The HDSS field teams visited all households 3–4 
times a year during the period of the study from 1996 
to 2012 to document demographic events such as new 

births, deaths and migrations. Data on educational attain-
ment and household possessions are documented as part 
of the HDSS operations.

BCG vaccine strains used in Ghana
Even though Ghana introduced routine BCG vaccination 
into its EPI programme in 1978, accurate data on BCG 
strains used in Ghana from 1978 to 2006 are not avail-
able.15 The following BCG strains were used for vaccina-
tion in Ghana: 2007, BCG-Danish, produced by Danish 
Statens Serum Institute; 2008 to 2009, the BCG-Russia, 
produced by Bulbio; and from 2010 to 2012, BCG-Japan, 
produced by Japan BCG Laboratory.15

Statistical methods
Data were analysed using STATA V.12.1. To assess the 
association between median BCG vaccination age and 
neonatal mortality, we calculated yearly neonatal mortality 
rates (NMRs) per 1000 live births for children born in the 
study area from 1996 to 2012. We also calculated median 
BCG vaccination age by birth year from 1996 to 2012. 
Trends in NMR and median BCG vaccination age were 
assessed to identify any association for children delivered 
in health facilities and at home, respectively.

We carried out an individual-level analysis of children 
delivered at home and visited in the first 28 days of life 
using a Cox regression model to examine any association 
between their BCG vaccination status and subsequent 
neonatal mortality. We adjusted for socioeconomic status 
(wealth index), sex, maternal age, maternal education, 
interview year and season of birth. The wealth index 
was computed using principal component analysis from 
household assets as an estimate of household socioeco-
nomic status. The household assets included several sepa-
rate items, from large to medium assets (eg, land, car and 
motorbike ownership) to smaller household items (eg, 
radio, fan ownership). The children were categorised 
into BCG-vaccinated and BCG-unvaccinated based on 
BCG vaccination status in their health cards. Children 
with health cards and recorded BCG vaccination dates 
were classified as BCG-vaccinated. Those with no health 
card or no record of BCG vaccination on their vaccina-
tion card were categorised as BCG-unvaccinated. Chil-
dren whose vaccination cards were not seen or those we 
did not meet at the time of the home visit were excluded 
from the substudy analysis. There was no loss to follow-up 
in the individual-level study. The exposure data (vaccina-
tion status) were collected before the occurrence of the 
outcome for all participants. The criterion for inclusion 
was that a child should first be visited and be alive at the 
time of the visit in the first 28 days after birth. It was only 
in subsequent visits that an outcome could be assessed. 
The exposure data (vaccination) and the outcome data 
(survival) were independently collected, in most cases, by 
different fieldworkers.

Virtually all deliveries in health facilities were vacci-
nated, and we did not have complete data on delivery 
place for the entire period of the study. Data on place of 
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delivery were only available from 2002. In addition, other 
background characteristics including access to health-
care of the children delivered in health facilities, which 
we could not measure in this study, may be different from 
those delivered at home. We therefore limited the anal-
ysis to home deliveries, which are likely to have the same 
background characteristics including health-seeking 
behaviour and access to healthcare. To reduce survival 
bias,16 neonatal mortality was assessed prospectively using 
the landmark approach from the date of visit until the 
child was 28 days of age. Survival bias leads to differen-
tial misclassification of vaccine status because children 
who survive have better information than those who died 
during follow-up because health cards for dead children 
were often not available for inspection. With incom-
plete vaccine information for dead children, vaccination 
becomes automatically associated with a strong beneficial 
effect. In the landmark approach, only vaccine informa-
tion collected on the date of visit is used, and the vaccine 
status becomes a time-fixed variable during follow-up in 
the analysis. This approach gives conservative estimates.16

Patient and public involvement
Patients were not involved in developing the hypothesis, 
the specific objectives or the research questions. They 
were also not involved in the design of the survey instru-
ments or conduct of the study. No patients were involved 
in the interpretation of study results or write up of the 
manuscript. There are no plans to disseminate the results 
of the research to study participants or the relevant study 
community.

Results
In all, we recorded 67 431 live births and 1753 neonatal 
deaths (2.6%) over the period from 1996 to 2012. Table 1 
describes the demographic characteristics of neonates 
and mothers included in the population-based study. 
Within the period of the analysis, median BCG vaccina-
tion age declined from 46 days in 1996 to 4 days in 2012 
(figure 1). The proportion of children vaccinated in day 
one after birth increased from 8% in 1996 to 33% in 
2012 (table 2). In the same period, NMR declined from 
46 per 1000 live births in 1996 to 12 per 1000 live births 
in 2012 (trend test: p<0.001) (figure 1). In the first week 
of life, mortality for days 2–7 declined from 16/1000 to 
7/1000 (trend test p<0.001); after the first week of life, 
the mortality declined to 1/8, from 16/1000 to 2/1000 
live births (trend test p<0.001) (table 2).

During the period of this study, no neonatal death was 
recorded from TB. An analysis of the trends in the causes 
of neonatal deaths and the cause-specific mortality rates 
during different periods of the study from 1996 to 2012 
showed that the decline in the cause-specific mortality 
rates for infections was stronger compared with prematu-
rity and birth injury, particularly after the first week of life 
(online supplementary table 1).

BCG vaccination age by place of delivery
Table 3 describes the decline in median BCG vaccination 
age by place of delivery from 2002 when this information 
was first collected. The decline in age of BCG vaccination 
was a dual process. First, the proportion of health facility 
deliveries increased from 28% in 2002 to 88% in 2012, 

Table 1  Demographic characteristics of neonates 
and mothers included in the population-based study in 
Navrongo Health and Demographic Surveillance System: 
1996–2012

Variable Number %

Sex

 � Female 33 606 49.8

 � Male 33 825 50.2

Season of birth

 � Dry 37 411 55.5

 � Rainy 30 020 44.5

Year of birth

 � 1996 4222 6.3

 � 1997 4277 6.3

 � 1998 3828 5.7

 � 1999 4103 6.1

 � 2000 4352 6.5

 � 2001 4011 5.9

 � 2002 3967 5.9

 � 2003 4060 6.0

 � 2004 3923 5.8

 � 2005 3732 5.5

 � 2006 3744 5.6

 � 2007 3960 5.9

 � 2008 3640 5.4

 � 2009 3782 5.6

 � 2010 3910 5.8

 � 2011 3957 5.9

 � 2012 3963 5.9

Maternal education

 � No education 27 175 40.3

 � Primary 21 263 31.5

 � Junior secondary school/
middle school 10 667 15.8

 � Secondary 4535 6.7

 � Tertiary 1711 2.5

 � Missing 2080 3.2

Maternal age

 � <20 8090 12.0

 � 20–34 42 971 63.7

 � 35– 15 743 23.4

 � Missing 627 0.9

https://dx.doi.org/10.1136/bmjopen-2018-023752
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and these children were vaccinated early; the median 
BCG vaccination age in health facilities was around 3 days 
throughout the period. Second, the age at BCG vaccina-
tion decreased also among home deliveries, the median 
BCG vaccination age for home deliveries declined from 39 
days in 2002 to 7 days in 2012 (table 3). Overall, the BCG 
coverage between children aged 2–23 months was high 
for both health facility and home deliveries throughout 
the period. BCG coverage for home deliveries increased 
from 89% in 2002 to 99% in 2012. Among health facility 
deliveries, BCG coverage was around 100% throughout 
the period from 2002 to 2012.

Decline in NMR among home and health facility deliveries
The decline in BCG vaccination age and in NMR among 
home deliveries was much faster than what was observed 
among health facility deliveries (figure 2). In the 2002–
2012 period, NMR among home deliveries declined 
by 24/1000, that  is, from 37/1000 in 2002 to 13/1000 
live  births in 2012 (table  3) (trend test: p<0.001). For 
health facility deliveries, the decline in NMR was 9/1000, 
that is, from 22/1000 in 2002 to 13/1000 live births in 2012 
(trend test: p=0.04). The decline in NMR among home 
deliveries was faster than among health facility deliveries, 
though the difference in their slopes was not statistically 
significant (−1.85 for home deliveries compared with 
−1.41 for facility deliveries, p=0.52).

Since previous studies have suggested that BCG may have 
stronger beneficial effects for girls than for boys,17 18 we 
examined the decline in NMR by sex (online supplementary 
table 2). Among home deliveries, the NMR for girls declined 
from 37/1000 in 2002 to 8/1000 live births in 2012 (trend 
test: p=0.007), whereas it declined from 37 per 1000 live 
births to 20 per 1000 live births for boys (trend test: p=0.26). 
However, though the trend was significant in its own right 
among girls, but not among boys, there was no statistically 
significant difference between the two sexes (slope: −1.21 for 
girls compared with −0.56 for boys, p=0.29). In the substudy 
with individual-level data, the HR for BCG-vaccinated boys 
versus BCG-unvaccinated boys was 0.92 (0.20–4.25), and for 
girls, the HR was zero due to no death among the BCG-vac-
cinated girls; test of interaction (p=1.00).

Figure 1  Trends in median Bacille Calmette-Guerin 
(BCG) vaccination age and neonatal mortality in Navrongo 
Health and Demographic Surveillance System: 1992–
2012. NMR, neonatal mortality rate.  

Table 2  Median Bacille Calmette-Guerin (BCG) vaccination age and neonatal mortality rates (NMRs) in Navrongo Health and 
Demographic Surveillance System (HDSS): 1996–2012

Birth year
Median BCG age
(days) Births Deaths NMR

BCG
Days
0–28

BCG
Day 1

MR
Day 1

BCG
Days
2– 7

MR
Days
2–7

BCG
Day
8–28

MR
Days 8–28

1996 46 4222 195 46 34 8 15 11 16 16 16

1997 46 4277 144 34 37 8 13 11 9 18 12

1998 45 3828 141 37 36 9 14 8 10 19 13

1999 34 4103 103 25 45 11 8 11 9 23 9

2000 30 4352 148 34 47 12 14 12 10 23 10

2001 34 4011 138 34 45 10 15 11 9 24 10

2002 30 3967 134 34 49 12 11 12 11 24 12

2003 23 4060 116 29 57 15 10 17 10 25 8

2004 16 3923 81 21 66 18 7 17 6 31 8

2005 18 3732 97 26 61 15 10 18 7 28 9

2006 11 3744 83 22 73 18 8 24 4 31 10

2007 12 3960 78 20 71 16 10 23 5 31 5

2008 10 3640 91 25 76 17 7 27 11 32 6

2009 5 3782 60 16 91 27 6 37 5 26 5

2010 3 3910 43 11 93 39 4 31 3 23 4

2011 3 3957 52 13 94 38 5 34 5 21 3

2012 4 3963 49 12 94 33 4 38 7 23 2

BCG, proportion BCG vaccinated; MR, mortality rates.

https://dx.doi.org/10.1136/bmjopen-2018-023752
https://dx.doi.org/10.1136/bmjopen-2018-023752
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BCG vaccination status and subsequent neonatal mortality
For the substudy of children seen in the first month of life, 
we examined whether BCG vaccination status was associ-
ated with subsequent neonatal mortality; 4910 children 
delivered at home and visited within the first 28 days after 
delivery were included in the analysis. There was under-re-
porting of BCG vaccination at the neonatal visits and the 
comparison was therefore not very precise; nearly 20% 
of the children classified as ‘BCG-unvaccinated’ at the 
first home visit were found to have been BCG-vaccinated 
before the first survey date using data from later follow-up 
visits (online supplementary table 3). This inconsistency 
in reporting is probably due to the cultural tradition of 
secluding the mother and newborn child during the first 
months after delivery. The neonatal mortality rate among 
BCG-unvaccinated children was 147/1000 compared with 
81/1000 person-years for BCG-vaccinated children, the 

adjusted HR being 0.55 (0.12–2.40) for BCG-vaccinated 
compared with BCG-unvaccinated (table 4).

Effect of the health system on time to BCG vaccination
Community-based Health Planning and Services
The Community-based Health Planning and Services 
(CHPS) became a national healthcare delivery policy in 
Ghana in the beginning of the new century.19 CHPS was 
originally tested in Navrongo from 1994 to 2003. The 
study was a quasi-experimental trial designed to test the 
relative impact of different strategies for introducing 
community health services in the communities.20 Trained 
nurses were relocated into rural communities to provide 
basic healthcare including routine vaccinations to chil-
dren. The study area was divided into four experimental 
cells. Cell 1 had community health volunteers (CHVs) 
only, cell 2 had trained nurses called community health 

Table 3  Median Bacille Calmette-Guerin (BCG) vaccination age and neonatal mortality rates (NMRs) by place of delivery

Birth 
year

Proportion 
delivered 
in health 
facility

Home delivery Health facility delivery

Median 
BCG age

NMR

Proportion 
BCG 
vaccinated MR

Median BCG 
age NMR

Proportion 
BCG 
vaccinated MR

0–28 days 0–7 days 8–28 days 0–28 days 0–7 days 8–28 days

2002 28 39 37 9 14 3 22 64 6

2003 31 34 27 13 9 3 29 72 8

2004 34 25 22 17 9 2 17 71 4

2005 38 25 24 21 6 6 28 54 14

2006 36 17 20 27 9 3 27 67 12

2007 42 20 20 22 5 4 18 63 3

2008 50 20 22 23 5 4 29 64 9

2009 64 9 14 43 4 3 17 79 5

2010 74 8 15 49 7 2 8 79 2

2011 84 7 16 54 2 2 13 78 3

2012 88 7 13 51 4 3 13 75 2

MR, mortality rates.

Figure 2  Trends in median Bacille Calmette-Guerin (BCG) vaccination age and neonatal mortality rates (NMRs) by home and 
health facility deliveries in Navrongo Health and Demographic Surveillance System: 2002–2012.

https://dx.doi.org/10.1136/bmjopen-2018-023752
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officers (CHOs) only, cell 3 had both CHOs and CHVs, 
and cell 4 had no interventions.

As seen in table 5, the decline in BCG vaccination age and 
the increase in the proportion of health facility delivery 
happened more quickly in the intervention communities 
compared with the non-intervention communities.

BCG phial open policy
Children in Ghana should receive BCG vaccination at 
birth. Even though health workers are expected to open 
a BCG phial if only one child is qualified to be vacci-
nated, this is often not done to reduce wastage. In the 
region where this study was conducted, in early 2009 the 
health authorities insisted on health workers to open a 
BCG phial even if only one child was present for vaccina-
tion. As seen in figure 3, there was a sharp increase in the 
proportion of children vaccinated in the first 7 days of life 
from 44% in 2008 to 65% in 2009. Neonatal mortality also 
declined further in the same period.

Discussion
BCG vaccination age declined remarkably from a median 
age of 46 days in 1996 to 4 days in 2012. In the same 
period, neonatal mortality rates also declined from 46 to 
12 per 1000 live births. The decline in BCG vaccination 
age among home deliveries was much faster than health 
facility deliveries where BCG vaccination age remained 
fairly constant over the period. In parallel, the neonatal 
mortality decline was much faster for home deliveries 
compared with health facility deliveries. Though the indi-
vidual-level analysis was of limited quality and provided 
a conservative estimate, because some children classi-
fied as ‘unvaccinated’ had received BCG already and 
more received BCG during follow-up, it also pointed 
to a reduced risk of neonatal death in BCG-vaccinated 
compared with BCG-unvaccinated children.

The decline in BCG vaccination age could be attributed 
to two processes; increasing proportions of women deliv-
ering at health institutions and the age at BCG vaccination 
decreasing among home deliveries. Children delivered 

Table 4  Mortality rates (MRs) and HRs from time of home visit up to 28 days of life among home deliveries

Variable Number (%)
MR/1000 person-years 
(death/total) HR (year adjusted) HR (fully adjusted)*

BCG status at time of home visit

 � BCG-unvaccinated 4049 (82.5) 147 (26/177) Ref Ref

 � BCG-vaccinated 861 (17.5) 81 (2/25) 0.54 (0.12–2.33) 0.55 (0.12–2.40)

Maternal education

 � No education 4147 (84.5) 135 (23/170) Ref Ref

 � Primary/JSS 590 (12.0) 159 (4/25) 1.20 (0.42–3.48) 1.00 (0.34–2.98)

 � Secondary/tertiary 154 (3.1) 174 (1/6) 1.12 (0.15–8.31) 1.41 (0.19–10.55)

 � Missing 4 (0.4) 0 (0/1)

Sex of child

 � Male 2440 (49.7) 170 (17/100) Ref Ref

 � Female 2470 (50.3) 109 (11/101) 0.65 (0.30–1.38) 0.64 (0.30–1.37)

Wealth index

 � Poorest 1718 (35.0) 155 (11/71) Ref Ref

 � Poorer 1323 (27.0) 201 (11/55) 1.27 (0.55–2.93) 1.23 (0.53–2.85)

 � Poor 1066 (21.7) 91 (4/44) 0.57 (0.18–1.8) 0.55 (0.18–1.74)

 � Less poor 709 (14.4) 71 (2/28) 0.42 (0.09–1.91) 0.42 (0.09–1.92)

 � Least poor 73 (1.5) 0 (0/3) – – 

 � Missing 21 (0.4) 0 (0/1) – – 

Season of birth

 � Dry 2643 (53.8) 120 (13/108) Ref Ref

 � Rainy 2267 (46.2) 161 (15/93) 1.18 (0.56–2.50) 1.20 (0.57–2.54)

Maternal age

 � <20 459 (9.4) 322 (6/19) 3.38 (1.09–10.53) 3.38 (1.06–10.76)

 � 20–34 2989 (60.8) 130 (16/123) Ref Ref

 � 37+ 1464 (29.8) 100 (6/60) 1.33 (0.52–3.40) 1.32 (0.51–3.40)

*Adjusted for socioeconomic status (wealth index), sex, season of birth, maternal age, maternal education and interview year.
BCG, Bacille Calmette-Guerin; JSS, Junior Secondary School.
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in health facilities are expected to be vaccinated with 
BCG before being discharged. However, health workers 
sometimes refuse to open the BCG phial if there are few 
children in the facility for BCG vaccination. Instead, they 
rather recommend that mothers and children return on 
a scheduled date; on such dates, several children would 
then be present, and vaccine wastage would be reduced. 
In early 2009, the health authorities in the region insti-
tuted a policy to open the BCG phial even if it involved 
just one child (figure  3). This might have contributed 
to the decline in BCG vaccination age as children who 
were not even born in health facilities would have the 
opportunity to be vaccinated on first contact with a health 
facility. The CHPS programme, which was tested in the 
study area, also contributed to the decline in age at BCG 
vaccination. Community health officers and commu-
nity health nurses resident in the community were able 
to visit mothers at home to deliver vaccines. Getting the 

vaccination programme to function efficiently to ensure 
that BCG vaccines are administered early after birth could 
possibly help to reduce neonatal mortality.

Interpretation
The parallel decline in mortality rates and BCG vacci-
nation age could be a coincidence. However, there are 
several reasons why the results suggest that the decline in 
mortality rates over the period may be associated with the 
decline in BCG vaccination age.

First, neonatal mortality declined to almost 1/4 from 
46 to 12 per 1000 live births over the period of the anal-
ysis. The strongest decline occurred after the first week 
of life when the children might have received BCG. The 
decline was stronger for infections than for other causes 
of neonatal death.

Second, the decline was much faster among home deliv-
eries, where the BCG vaccination age declined rapidly, 
compared with health facility deliveries, where BCG vacci-
nation age remained the same around 3 days of life.

Third, the neonatal mortality rates showed some major 
declines from 1998 to 1999, 2002–2004; 2005–2006 and 
2008–2010 (table  2). Notably, similar declines in BCG 
vaccination age were observed within the same periods.

Fourth, though based on small numbers, the individ-
ual-level analysis involving the small number of home 
deliveries seen alive and visited before they were 28 days 
supported that BCG vaccinated had a possible reduced 
risk of neonatal death compared with BCG-unvaccinated 
children. The individual-level analysis provided a direct 
measure of exposure and outcome, and the findings 
support what we observed at the population level. The 
survival analysis was done using a landmark approach to 
reduce survival bias. About 43% of the children classified 
as BCG-unvaccinated received BCG during the neonatal 
period using data from follow-up visits. Furthermore, we 

Table 5  Age at Bacille Calmette-Guerin (BCG) vaccination and neonatal mortality rates (NMRs) comparing villages with 
community nurses and control villages with no intervention

Birth year

Volunteers only
(cell 1)

Community nurses
(cells 2 and 3)

No intervention
(cell 4)

Median BCG 
age

Health 
facility 
delivery (%) NMR

Median BCG 
age

Health 
facility 
delivery (%) NMR

Median BCG 
age

Health 
facility 
delivery (%) NMR

1996 27 41 38 47 81 48

1997 24 28 34 34 87 36

1998 30 45 36 34 74 38

1999 18 13 25 27 65 28

2000 18 36 26 30 65 40

2001 14 34 27 31 70 41

2002 11 39 26 19 36 31 68 12 42

2003 7 43 20 14 38 27 51 14 35

2004* 7 49 13 10 41 16 40 16 32

*From 2004 to 2005, the intervention (cell 3) of placing nurses in communities was extended to all the cells in the study area. Information 
place of delivery is only available from 2002.

Figure 3  Proportion Bacille Calmette-Guerin (BCG) 
vaccinated at 0–7 days and neonatal mortality rates (NMRs) 
in Navrongo Health and Demographic Surveillance System: 
1996–2012.
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noted that there was under-reporting of BCG vaccination 
at home visits in the neonatal period. Culturally, mothers 
and their newborns in this study area are often kept away 
from the public and are most of the time indoors during 
the first month after delivery. We suspect fieldworkers 
who visited these households so early after delivery were 
most likely given convenient answers to prevent them 
from having access to the mother and the baby. We think 
this is most likely the reason for under-reporting of BCG 
vaccination in the first month of life.

Nonetheless, the effect size was similar to that observed 
in three RCTs in Bissau, where BCG vaccination was asso-
ciated with a 38% reduction in neonatal mortality.4 7

The RCTs of BCG on neonatal mortality were done 
in low birthweight infants. Our population-based study 
supports a possible beneficial non-specific effect of BCG 
vaccination in normal-birthweight children in Africa. 
Kleinnijenhuis et al offered an immunological expla-
nation for the beneficial non-specific effects of BCG 
by showing that BCG induces heterologous protection 
against unrelated pathogens via epigenetic reprogram-
ming of monocytes.8

Our results should be interpreted with caution because 
exposures and outcomes were not directly linked, and 
it is difficult to separate BCG vaccination-related effects 
from other potential confounders and interventions. 
However, the findings are important in explaining the 
declining mortality patterns and for further investigation 
and intervention.

Other factors might have accounted for the decline 
in neonatal mortality rates over the period. Some of 
these factors include improvement in the healthcare 
delivery system (availability of better obstetric care, 
better primary healthcare services), demographic 
changes (fewer number of children per household), 
general improvement in the economy of the area 
(improved income levels, infrastructure, maternal 
education, employment), improvement in the nutri-
tional status of neonates, etc.

This was largely an ecological study, and ecological 
fallacy may be a major challenge in making causal infer-
ence on the individual level in this study. In the small 
observational study of individual-level data, we were 
limited with respect to the number of confounders 
that we could adjust for due to lack of data. There are 
likely many unmeasured differences between the BCG 
vaccinated and unvaccinated children. For example, 
it is possible that BCG vaccinated children could have 
benefited from some form of care or counselling 
from health workers at the time of vaccination that 
this study could not document. We were also limited 
on the number of children included at the individu-
al-level analysis due to the strict inclusion criteria of 
first visiting the child in the first 28 days of life. The 
likely uncontrolled confounders and low statistical 
power could have affected our risk estimates. In addi-
tion, the study included neonates from largely a rural 
population in Northern Ghana, which may limit the 

generalisability of the study results to other settings. It 
is unclear whether similar results would be observed in 
different settings.

There has not been any recorded policy to delay or with-
hold BCG vaccination from severely ill young neonates in 
the period of this study in the study area. Even though 
we could not assess the degree to which BCG vaccination 
was delayed or withheld, it was possible that some health 
workers or mothers could have decided to delay or with-
hold BCG vaccination due to severe illness, even though 
this is not an official policy. Therefore, the possibility of 
reverse causality as a possible partial explanation for the 
observed association between early BCG vaccination and 
neonatal mortality cannot be ruled out. However, the 
unvaccinated group should have become an increasingly 
select frail group as the vaccination coverage increased 
and the mortality rate among unvaccinated children 
should therefore have increased over time. This did not 
happen (online  supplementary table 4), and we there-
fore do not think that reverse causality is the predomi-
nant explanation.

To address the question on whether BCG has non-spe-
cific beneficial effects on infant survival, SAGE estab-
lished a working group on non-specific effects of BCG, 
DTP and measles vaccine. The WHO immunisation 
and vaccines-related implementation research advisory 
committee (IVIR-AC) concluded that RCTs were indeed 
required to resolve the question.21 WHO recently circu-
lated a call for public comments on draft protocols of 
clinical trials to assess any non-specific effects of BCG and 
measles vaccine.21 22

The WHO recommends BCG vaccination at birth. 
Funders should consider monitoring local implemen-
tation practices to ensure that wastage management 
of vaccines does not delay BCG vaccination. Individual 
health facilities may consider constructing a process map 
or use of continuous quality improvement methodology 
to learn about the barriers to timely administration of 
BCG to all eligible infants. BCG programmes are usually 
evaluated by vaccination coverage in children aged 
12–23 months. Importantly, it is clear from the present 
study this evaluation would not capture the striking differ-
ences in the timing of BCG vaccination between health 
facility and home deliveries.

In conclusion, the present study supports a possible 
beneficial non-specific effect of early BCG vaccination 
on neonates and suggests that the tremendous reduc-
tion in neonatal mortality in northern Ghana during 
the last decades may partly be explained by efforts to 
decrease BCG vaccination age. However, as suggested 
by WHO, further RCTs may be required to address the 
question of whether there is indeed a causal association 
between early BCG vaccination and neonatal mortality.
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