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AbsTrACT
The BCG vaccine protects non- specifically against other 
diseases than tuberculosis. Three randomised controlled 
trials of early BCG in Guinea- Bissau found a 38% reduction 
in all- cause neonatal mortality. Little is known about the 
underlying mechanisms. In Guinea- Bissau, prevalent 
infectious diseases display distinct seasonality. Revisiting 
the three trials (>6500 infants) comparing early BCG 
versus no early BCG in low weight infants on all- cause 
neonatal mortality over 12 consecutive years, we explored 
the seasonal variation in BCG’s effect on mortality. In a 
subgroup of participants, adaptive and innate cytokine 
responses were measured 4 weeks after randomisation. 
Consistently over the course of the three trials and 12 
years, the effect of BCG on all- cause neonatal mortality 
was particularly beneficial when administered in November 
to January, coincident with peaking malaria infections. 
During these months, BCG was also associated with 
stronger proinflammatory responses to heterologous 
challenge. Recent studies have suggested a protective 
effect of BCG against malaria. BCG may also ameliorate 
immune- compromising fatal effects of placental malaria in 
the newborn.

InTroduCTIon
Besides protecting against disseminated 
tuberculosis (TB), the BCG vaccine has bene-
ficial non- specific effects (NSEs), reducing 
mortality to other infections.1 2 In Guinea- 
Bissau, it was customary not to provide BCG 
to low weight or preterm infants. We there-
fore had the opportunity to investigate the 
effect of providing early BCG to low weight 
infants in three randomised controlled trials 
(RCTs) from 2002 to 2013. The intervention 
group received BCG at the first possible vacci-
nation contact after birth; the control group 
received BCG according to local practice, 
usually around 6 weeks of age.2–4 The trials 
included a total of more than 6500 newborns.

All three trials found that early BCG 
reduced all- cause mortality; the combined 

meta- estimate showed a 16% reduction 
(mortality rate ratio (MRR) 0.84 (0.71–1.00)) 
in infant mortality (12 months) by early BCG 
and a very marked 38% reduction in neonatal 
mortality (28 days) (MRR 0.62 (0.46–0.83)).2 
Verbal autopsy data and hospital records 
suggest that BCG particularly reduced 
neonatal mortality due to septicaemia and 
respiratory infections.2 5

Recent immunological studies have 
suggested that the beneficial NSEs of BCG 

Key questions

What is already known?
 ► BCG vaccine non- specifically protects against oth-
er diseases than tuberculosis presumably via its 
immune- modulatory properties, training the innate 
immune system to enhance response potential.

 ► Malaria in pregnancy is associated with an immune- 
compromised phenotype in the newborn and a high-
er infant morbidity and mortality.

What are the new findings?
 ► Revisiting three randomised controlled trials of early 
BCG vaccination in low weight babies in Guinea- 
Bissau, we found that consistently over the course 
of the three trials spanning 12 years, the protective 
effect of BCG on neonatal mortality was particu-
larly observed when administered in November 
to January, with modest effects in the remaining 
months.

 ► This seasonality was coincident with the monthly 
malaria incidence pattern.

 ► The immunological effects of BCG on proinflamma-
tory adaptive and innate in vitro cytokine responses 
were stronger in the same months.

What do the new findings imply?
 ► We hypothesise that neonatal BCG vaccination 
ameliorates the detrimental immunological effects 
of malaria in pregnancy in the newborn, thereby in-
creasing resilience against infectious insults in early 
life.
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may be linked to epigenetic changes of the innate 
immune system.6

Tropical Guinea- Bissau in West Africa has two distinct 
seasons defined by precipitation patterns. Although 
there is some variation between different years, we have 
usually classified the rainy season from June to November 
and the dry season from December to May. A number 
of important infectious diseases endemic to children 
in Guinea- Bissau and neighbouring countries follow a 
seasonal pattern, including rotavirus,7 respiratory syncy-
tial virus (RSV),8 9 cryptosporidium10 and malaria.11 We 
speculated that if BCG non- specifically affects suscepti-
bility to infections with a seasonal prevalence pattern, the 
BCG effect on neonatal mortality might be dependent 
on season.

In an explorative analysis, we therefore investigated 
potential seasonal variation of the beneficial NSEs of 
BCG on neonatal mortality.

MeTHods
Trial site and design
The Bandim Health Project (BHP) has conducted three 
RCTs of early BCG vaccination of low birth infants (<2.50 
kg) in urban Bissau, Guinea- Bissau, in 2002–2004 (Trial 
I),3 2004–2008 (Trial II)4 and 2008–2013 (Trial III).2 In 
brief, recruitments took place at the maternity ward at 
the national hospital in capital Bissau, and three private 
hospitals in the capital, or for infants born at home when 
they came for their first vaccination at one of the three 
health centres in the BHP health and demographic 
surveillance site study area or at immunisation days at a 
private hospital. Infants weighing less than 2500 g at the 
time of assessment, without major malformations, who 
were not overtly sick, and had not received BCG, were 
eligible to participate in the trials.

randomisation
Boys and girls were randomised separately (1:1) in blocks 
of 24 to receive early BCG, that is, at discharge or first 
consultation, or delayed BCG. Infants allocated to the early 
BCG group were vaccinated intradermally in the upper 
deltoid region by trained nurses with 0.05 mL BCG 
vaccine SSI (also known as BCG- Denmark, strain 1331, 
Statens Serum Institut (SSI), Copenhagen, Denmark). 
The children who were allocated to delayed BCG were 
treated according to local practice, that is, their mothers 
were told to have their children BCG vaccinated at the 
local health centres when the child had obtained a weight 
>2500 g; in practical terms, the mothers typically waited 
until 6 weeks of age when the child was due to receive the 
first diphtheria- tetanus- pertussis- containing vaccine and 
second oral polio vaccine (OPV). All children received 
OPV at birth.

Follow-up
After enrolment, the children and their mothers and/or 
guardians were driven home.

Infants were visited at home by the field team 3 days 
and 2 months after enrolment in order to assess neonatal 
mortality, and again at 6 and 12 months of age. When a 
death was registered, the assistant asked for the child’s 
vaccination card. A verbal autopsy was conducted about 
3 months after the death by a trained assistant. A local 
doctor reviewed the autopsy and assigned a diagnosis.

Immunological study
Within Trial III, 467 infants randomised to early BCG or 
delayed BCG from March 2011 to December 2011 were 
included in an immunological subgroup study and had 
in vitro cytokine responses to innate agonists and recall 
antigens assessed 4 weeks after randomisation to assess 
the effect of early BCG on in vitro cytokine responses to 
purified protein derivative (PPD) and innate agonists.12 
In brief, for enrolment into the immunological subgroup 
study, infants were visited at home by the study team 4 
weeks after randomisation to early BCG or delayed 
BCG. Provided informed consent, blood was collected 
by heel puncture into a heparinised tube. The blood 
was diluted 1:9 with supplemented RPMI-1640 and 
stimulated for 24 hours in a 37°C humidified incubator 
with 5% CO2 with the following (final concentration 
in parenthesis): phorbol 12- myristate 13- acetate (PMA) 
(100 ng/mL; Sigma- Aldrich) and ionomycin (1 µg/
mL) (Sigma- Aldrich) as a positive control; PPD from 
Mycobacterium tuberculosis (Statens Serum Institut, Copen-
hagen, Denmark) (10 µg/mL) to assess the mycobacte-
rial specific response; lipopolysaccharide (LPS) (10 ng/
mL) (Sigma- Aldrich) (a Toll- like receptor (TLR) four 
agonist); (S)-(2,3- bis(palmitoyloxy)-(2- RS)- propyl)- N- 
palmitoyl- (R)- Cys- (S)- Ser- (S)- Lys4- OH,trihydrochloride 
(Pam3CSK4) (1 µg/mL) (a TLR2/1 agonist) (Invi-
voGen); thiazoloquinoline compound (CL075) (1 µg/
mL) (a TLR8/7 agonist) (InvivoGen). Supernatants 
were kept at −70°C until analysis at SSI, Copenhagen, by 
an immunobead- based multiplexed assay as previously 
described.13 The cytokines analysed were interleukin 
(IL)-1β, IL-5, IL-6, IL-10, IL-17, interferon (IFN)-γ and 
tumour necrosis factor (TNF)-α.

Patient and public involvement
Participating mothers were not individually involved in 
the design or conduct of the study during the course of 
the study. The results of the three clinical trials have been 
reported to the Ministry of Health in Guinea- Bissau, who 
has since adopted BCG vaccination at birth to low birth 
weight infants as official national policy.

statistical analysis
Neonatal mortality rates were compared for infants 
randomised to early or delayed BCG in a Cox propor-
tional hazard model, with age as the underlying time. 
We adjusted the SE for the dependence of twins by using 
robust SE. In the analysis combining trials, we allowed 
separate baseline hazards for each trial. Season or month 
of enrolment was defined by the date of randomisation.
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Figure 1 HR for neonatal death comparing early BCG with 
delayed BCG, per calendar month and by trial. For Trial II, 
no HR estimate for January and July due to no deaths in 
the early BCG group in January and delayed group in July, 
respectively. HR<1 indicates lower mortality in the BCG 
group; HR>1 indicates lower mortality in the delayed BCG 
group.

Cytokine data were log transformed. For several of 
the cytokines, a proportion of the measurements was 
below the lower limit of detection or above the upper 
limit of detection of the assay, and therefore denoted as 
non- detectable (ND) measurements. ND measurements 
were handled by multiple imputations based on Tobit 
regression.14 15 The parameters of the underlying normal 
distribution are estimated by Tobit regression and values 
below or above the detection limit are drawn multiple 
times from a truncated normal distribution. Geometric 
mean ratios (GMRs) were obtained as anti- logged coef-
ficients. For distributions with >50% ND measurements, 
the proportion of detectable samples was analysed by 
Poisson regression giving proportion ratios (PRs).

Statistical analyses were performed using Stata V.12 
software.

resulTs
Combining the three RCTs, in total 6525 infants and 189 
neonatal deaths were included in the neonatal mortality 
analysis as previously published.2 Cohort characteristics 
have previously been described; background parameters 
were evenly distributed between the two randomisation 
arms2–4; age at randomisation and distribution of sex 
did not vary by month of enrolment in the two study 
arms; and distribution of age of reception of BCG in the 
delayed group did not vary by month (data not shown).

The overall neonatal mortality rates declined from 
Trial I over Trial II to Trial III.2 The number of deaths in 
Trial I was too small to be analysed separately by calendar 
month (online supplementary table 1). The monthly 
fluctuations in the crude neonatal mortality rates (by 
month of randomisation) were larger in Trial II than 
Trial III, which may be partly explained by the latter trial 
comprising a larger number of individuals (normalisa-
tion effect). Nonetheless, in both Trial II and Trial III, 
there were marked drops in the delayed BCG group 
mortality in July and October, and surges in August and 

December (online supplementary figure 1), whereas for 
the early BCG group in both trials, mortality rates were 
relatively high in July, and low in November, December, 
January and April (online supplementary figure 2).

Comparing the neonatal mortality rates in the early 
BCG group with the delayed BCG group (online supple-
mentary figure 3), we estimated HR by calendar month 
of randomisation for Trial II, Trial III and the three trials 
combined (online supplementary table 1; figure 1). 
Across all three trials and 12 years, there was a consistent 
pattern of a protective effect of BCG particularly during 
November to January. In contrast, there seemed to be an 
increased relative hazard after BCG in July. The effect 
estimate of early BCG seemed to covary inversely with the 
proportion of low birthweight children born in the BHP 
study area (the main catchment area and recruitment 
sites of the trials), with a nadir in July and more deliveries 
in October to March (online supplementary figure 4).

The monthly combined effect estimates (online supple-
mentary table 1) differed significantly (test of hetero-
geneity, p=0.05). Applying the conventional seasonal 
dichotomy defined by precipitation (rainy season June 
to November; dry season December to May), the BCG 
effect estimates were not significantly different (test of 
heterogeneity, p=0.15) between the dry season (HR=0.50 
(0.33–0.76)) and the rainy season (HR=0.78 (0.51–1.20)) 
(figure 2; online supplementary table 2).

In public health, the seasonal definition has often 
been a proxy for a high burden of malaria infection. In 
Guinea- Bissau, malaria is now a late rain- early dry season 
epidemic.11 Data from Bissau show that the malaria trans-
mission in <15- year- old children mainly takes place from 
September to January (online supplementary figure 5). 
Comparing BCG effects in the period with high malaria 
transmission (September–January) with low malaria 
transmission (February–August) yielded significant effect 
modification, with a HR=0.41 (0.25–0.66) for September–
January and a HR=0.83 (0.56–1.23) for February–August, 
p=0.02 for interaction between season and BCG (online 
supplementary table 3).

Letting the data define the annual stratification as 
November to January versus February to October, we 
found highly significantly different estimates of the effect 
of BCG on all- cause neonatal mortality (p=0.001), with 
a HR=0.22 (0.11–0.45) for November to January and 
HR=0.86 (0.61–1.21) for February to October (table 1; 
figure 2). This pattern was comparable in boys and girls. 
The stronger beneficial effect of BCG in November–Jan-
uary versus February–October was seen across all the 
study years (online supplementary figure 6).

Triangulation
The observed pattern could indicate that BCG amelio-
rated the negative effects of maternal malaria infection 
late in pregnancy. To test this hypothesis, we performed 
several analyses to test the derived deductions.

Deduction 1: If maternal malaria late in pregnancy is 
harmful to the child, then there should be a negative 
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Figure 2 HR for neonatal death comparing early BCG with 
delayed BCG, stratified by sex, trial and season. Estimated 
HR (with 95% CI) comparing early BCG to delayed BCG, 
stratified by season and trial. Season of BCG administration 
is defined as November to January versus February to 
October or dry (December to May) versus rainy (June to 
November). A HR of 1 is indicated with a vertical hatched 
line. Δp<0.05; ΔΔp<0.01; ΔΔΔp<0.001 for interaction 
between season and BCG.
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association between being born by a mother exposed to 
high malaria transmission months and neonatal mortality 
in the control group, which should be abrogated in the 
BCG group. Indeed, malaria incidences in the month 
prior to randomisation was associated with a significant 
increasing risk of neonatal death in the delayed BCG 
group (HR=1.11 (1.00–1.22)), but a trend for an oppo-
site effect in the early BCG group, resulting in an inter-
action between malaria incidences and BCG (p=0.03) 
(online supplementary table 3).

Deduction 2: If maternal malaria late in pregnancy is 
harmful to the child and primigravidae are more suscep-
tible to malaria in pregnancy, then the protective effect 
of BCG should be strongest in primigravidae. We could 
confirm this deduction, as the seasonal differences in the 
effect of BCG was larger among newborns from primi-
gravidae pregnancies (November–January: HR=0.05 
(0.01–0.34) and February–October: HR=1.15 (0.68–
1.94), p=0.002 for an interaction between season and 
BCG for the primigravidae), whereas the BCG effect esti-
mates were not different between seasons for the multi-
gravidae (p=0.26) (online supplementary table 3).

Cytokine responses
Within Trial III we had found that BCG overall increased 
innate cytokine responses of particularly IL-1β, IL-6, 
TNF-α and IFN-γ.12 Reanalysing the cytokine responses 
according to the seasonal dichotomy defined by the 
mortality patterns, comparing early BCG with control 
infants, the enhancing effect of BCG was stronger when 
administered in November to January compared with 
March to October (online supplementary table 4). This 
was seen for both specific responses of IFN-γ response to 
PPD stimulation (figure 3) and non- specific responses 
(online supplementary table 4). In a collective analysis 
combining the non- specific cytokine responses in a single 
estimate, BCG was associated with significantly larger 
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Figure 3 Interferon (IFN)-γ responses to purified protein 
derivative (PPD) and medium alone. Geometric means of 
IFN-γ concentrations in whole blood in vitro stimulated 
with PPD (10 μg/mL) 4 weeks after randomisation to early 
BCG or nothing (control), stratified by season (November to 
December vs March to October). Error bar is 95% CI.

Figure 4 The immunological effects of BCG on in vitro 
cytokine responses (collective test). Whole blood from 
infants randomised to early BCG or nothing was collected 
4 weeks after randomisation and stimulated with a panel of 
innate agonists and recall antigens (Jensen et al, J Infect Dis 
2015 211: 956–967), stratified by time (calendar month) of 
enrolment. The geometric mean ratios (GMRs) comparing 
early BCG vaccinated with non- vaccinated infants were 
analysed collectively for the non- specific responses to 
LPS, Pam3CSK4, PMA/ionomycin, CL075 and medium 
alone using Tobit regression. The study included infants 
randomised from March to December 2011. Season defined 
by the month of randomisation as November–December, 
n=101 versus March–October, n=366. *p<0.05; ***p<0.001 
for test of BCG; ΔΔp<0.01 for interaction between season 
and BCG.

IL-1β, IL-6, TNF-α, IFN-γ and IL-17 responses to heter-
ologous challenge in November to December compared 
with the other months (figure 4).

dIsCussIon
Reanalysing three RCTs with similar design covering a 
period of 12 years, we found that the protective NSE of 
early BCG vaccination on all- cause neonatal mortality 
in a tropical low- income setting was season- dependent, 
showing a consistent pattern of the most pronounced 
beneficial effects in November to January, corresponding 
to the late rainy and early dry season, coinciding with the 
months when most expecting mothers would be exposed 
to malaria. This effect was seen across all three trials and 
across all study years.

strengths and weaknesses
The present analysis was not preplanned. As the immu-
nological study was conducted over less than a year, span-
ning from April 2011 to February 2012, it does not in its 
own right support conclusions on seasonal effects. Never-
theless, it is noteworthy that the findings on the effect 
of BCG on mortality are reflected in the immunological 
effects on cytokine responses in the subcohort.

seasonal variation in mortality
A number of child health studies in Guinea- Bissau have 
investigated mortality risk by season, applying the conven-
tional seasonal definition based on rain patterns. Accu-
mulated data from repeated population surveys in rural 
Guinea- Bissau covering the period from 1990 to 2013 
show that while the overall mortality steadily declined, the 
under- five child mortality remained considerably higher 
in the rainy season than in the dry season throughout 
the study period, averaging 51% higher (95% CI 45% to 
58%).16

In urban Bissau, the seasonal difference was also 
evident although less pronounced in 1991 to 1996 with 
15% (95% CI 4% to 28%) higher under- five mortality in 
the rainy season versus the dry season.17 Also, hospitalisa-
tion rates and in- hospital deaths were higher in the rainy 
season.

seasonal variation in pathogen exposure
A number of important pathogens infecting children 
display seasonal variation. In a community- based study 
in Bissau, all- cause diarrhoea in <4- year- old children 
was considerably higher in the rainy season. The para-
site Cryptosporidium parvum is one organism causing diar-
rhoea. In Guinea- Bissau, it was most prevalent in the early 
rainy season and an important cause of death in children 
less than 1 year.10 Another diarrhoea- causing enteropath-
ogen, rotavirus, with importance to young infants,18 also 
exhibits a seasonal pattern, with annual epidemics occur-
ring during the relatively dry and cooler months, from 
January to April.7

Studies of the aetiology of respiratory infections in 
young children from Senegal19 and Cameroon20 identify 
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adenovirus and RSV as the most common pathogens in 
infants, whereas a case–control study of severe acute respi-
ratory infections in Kenyan children found that influenza 
and RSV were the largest risk factors for being a respira-
tory infectious case.21 Recently, a large multicentre survey 
in under- five hospital admissions for severe pneumonia 
in seven African and Asian countries found that RSV was 
the leading cause of respiratory hospitalisation across all 
study sites, partaking 31% of the infectious fraction.22

A previous study found that BCG vaccination was asso-
ciated with reduced RSV hospitalisation in children.23 
Although there is a paucity in data on RSV from Guinea- 
Bissau, a study from neighbouring The Gambia found 
that RSV diagnosed hospitalised cases peaked in August 
to October,8 whereas in Senegal, the RSV season in chil-
dren was mostly in July to November.9

In conclusion, the seasonal variation observed in the 
above pathogens does not seem to explain the seasonal 
variation in the BGC effect; most of the pathogens 
known to fluctuate with season would not cause neonatal 
mortality and the RSV epidemic seems to peak before the 
period where we see the strongest beneficial BCG effect.

In Guinea- Bissau, malaria has gradually shifted from 
being endemic to epidemic particularly in October to 
December. BCG has been reported to protect against 
malaria. A murine study found that BCG 2 months prior 
to challenge with Plasmodium yoelii lowered the ensuing 
parasitaemia.24 In Guinea- Bissau, Roth et al found a 
reduction in malaria mortality for children with a BCG 
scar.25 Recently an observational study in under- five chil-
dren using data from several sub- Saharan African coun-
tries found that BCG- vaccinated children had a lower risk 
of having a positive rapid diagnostic test (Berendsen et al, 
submitted).

In a recent human experiment, using a controlled 
human malaria infection model, malaria parasitaemia 
and clinical symptoms were compared in BCG- vaccinated 
and non- vaccinated adults. In half of the BCG- vaccinated 
volunteers, malaria parasitaemia was reduced, concomi-
tant with more pronounced clinical symptoms, increased 
early innate responses to the malaria challenge, increased 
plasma inflammatory IFN-γ, granzyme B and C reac-
tive protein, and increased cytolytic activity of natural 
killer (NK) cells in response to Plasmodium falciparum, 
compared with non- vaccinated control subjects.26 The 
study hence indicated that BCG vaccination via mecha-
nisms reminiscent of trained immunity6 could alter the 
clinical and immunological response to malaria infec-
tion. Of note, most of the traits of trained immunity asso-
ciated with BCG were only observed after the malaria 
challenge, not in the vaccinated but homeostatic phase 
prior to malaria.

Malaria in pregnancy is a risk factor of congenital 
malaria, the result of transplacental transmission of para-
sites. Epidemiological studies in sub- Saharan Africa have 
produced variable estimates of the rate of congenital 
malaria.27 An observational study from Nigeria found that 
of 546 newborns admitted to a local neonatal intensive 

care unit for suspicion of sepsis, 13% had congenital 
malaria.28 However, in a large cohort study among all 
neonates living in a malaria endemic region and admitted 
to a district hospital in Kenya during 2002–2009, only 1% 
had P. falciparum malaria parasitaemia; the case fatality 
rate of those with parasitaemia was slightly but non- 
significantly higher than non- parasitemic newborns.29 In 
the immunological study during 2011–2012, no malaria 
was found by microscopic examination in infants 4 weeks 
after randomisation,12 indicating that neonatal malaria 
was rare.

Malaria in pregnancy, irrespective of congenital 
malaria, is a risk factor for low birth weight, neonatal 
mortality30 and reduced infant growth,31 and placental 
malaria has been associated with an increased suscepti-
bility to malaria during infancy.32 33 Moreover, a commu-
nity study in Benin with a prevalence of placental malaria 
of 11% found an association with increased incidences 
of non- malaria febrile episodes (including both gastro-
intestinal and respiratory symptoms) during the first 18 
months of life (adjusted incidence rate ratio 1.4 (1.1–
1.8),34 indicating a generalised long- lasting immune- 
compromising effect of placental malaria in the infant, 
even though the infant may not be infected.

Interpretation of the epidemiological evidence
Triangulating on the evidence of BCG vaccination 
providing health benefit to infants exposed to malaria 
in pregnancy, the following can be deducted from the 
present data and circumstantial evidence: (1) We found 
a strong variation in BCG effect on neonatal mortality 
by calendar months, with most beneficial effects during 
November–January, months during which mothers were 
most likely to be exposed to malaria. (2) Whereas the 
monthly estimated malaria incidences in <15- year- old 
children in Bissau during the study period ranged from 
0 to 8.3 per 1000 persons/month,11 the epidemiology of 
pregnancy malaria in our BCG trial cohorts was unknown. 
A survey using microscopic examination of peripheral 
blood from pregnant women in the study area in 2001–
2002, leading up to the initiation of Trial I, found that 
the malaria parasitaemia prevalence was 57%.35 Hence, 
although the survey was not contemporary to our BCG 
trial, and the malaria epidemic has changed over the 
course of the BCG trials,11 the findings indicate relevance 
of malaria in pregnancy to the present cohorts. A study 
in the neighbouring country The Gambia in 2010–2011 
among pregnant women attending antenatal care found 
a malaria prevalence of 9%.36 (3) Malaria in pregnancy 
is a risk factor for low birth weight,37 which increases the 
probability of the exposure in our low birthweight cohort. 
(4) Compiling data from four African sites, the preva-
lence of pregnancy malaria increased with the number 
of months of the pregnancy taking place in the high 
malaria transmission season.36 Malaria in pregnancy is a 
risk factor for neonatal death.37 We found indication that 
malaria transmission rates in the month prior to enrol-
ment was associated with increased neonatal mortality in 
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the delayed BCG group, whereas this was not seen in the 
early BCG group. (5) Primigravidae women experience a 
higher risk of pregnancy malaria than multigravidae, and 
the association between placental malaria and low birth 
weight or neonatal death is stronger in primigravidae 
(reviewed in previous work37). Indeed, we found that the 
seasonal effect modification was particularly evident in 
infants born to primigravidae women.

The beneficial NSEs of BCG are of variable magni-
tude.4 38 A number of potential explanations are in play, 
including differences in BCG strain,39–41 batch variation 
strains,42 the enhancing effect of parental priming with 
BCG,43 44 genetic polymorphisms45 46 and different under-
lying aetiologies of neonatal disease and death. The 
epidemiological data presented here suggest that season 
could be a potential effect modifier, probably driven by 
underlying temporal dynamics of the pathogen burden.

Studies from some low- income countries have suggested 
that changes in nutritional status could contribute to 
the seasonality in morbidity and mortality47 or differen-
tial vaccine responses.48 However, in the present setting 
urban districts of the capital Bissau, there is limited 
seasonal difference in overall food availability. While we 
cannot exclude that there could be interaction between 
BCG and certain micronutrients, which may differ in 
availability by season, we find it unlikely that such inter-
action would explain the observed seasonal variation of 
BCG effects.

Immunological effects on the newborn of malaria exposure in 
pregnancy
Immunological studies have indicated that malaria in 
pregnancy alters the immunological phenotype in the 
newborn. Particularly, decreased inflammatory responses 
and increased frequencies of regulatory T cells have been 
observed. Infants born with placental malaria had a lower 
frequency of IFN-γ producing CD4+ T cell in response to 
PPD 12 months after BCG at birth compared with infants 
with no placental malaria.49

Cord blood from Gabonese babies born with placental 
malaria (parasitemic placental blood) produced more 
IL-10 in response to non- specific CD3/CD28 polyclonal 
stimulation compared with placental malaria- negative 
newborns,50 although the IFN-γ response of cord blood 
to phytohaemagglutinin (PHA) stimulation did not differ 
significantly by malaria exposure.51 In The Gambia, cord 
blood mononuclear cells from babies born with para-
sitemic placentas produced less IFN-γ and more IL-10 to 
PHA stimulation,52 less IL- 12p40 to LPS53 compared with 
cord blood from births with non- parasitemic placentas. 
Moreover, acute placental malaria or histological 
evidence of past placental malaria was associated with an 
increased frequency of IL-10+CD4+ T cells in cord blood 
in response to Staphylococcal enterotoxin B (SEB).54 
Also, specific responses to P. falciparum were reduced for 
IFN-γ and increased for IL-10, respectively, in placental 
malaria- positive infants’ cord blood.52 Depletion of 
CD4+CD25+FoxP3+ cells52 or addition of LPS53 partly 

restored the reduced IFN-γ responses to PHA, as well the 
reduced specific responses to P. falciparum.51 52 Further-
more, in the cord blood from the above Gabonese study, 
a subset of CD4+CD25+ T cells exerted repressive effects 
on monocyte MHC class I and II expression.50

Kenyan infants born to mothers malaria positive at 
delivery could be segregated into responders versus 
non- responders to malaria blood stage antigens by 
IFN-γ, IL-2, IL-13 and/or IL-5 production by cord blood 
mononuclear cells. Non- responders nevertheless had 
an increased IL-10 response to malarial antigen stim-
ulation (hence evidence for prenatal malaria immune 
experience) compared with both the responding infants 
and (control) infants born to malaria- negative mothers. 
The malaria antigen- specific hyporesponsiveness could 
be partly reversed by co- culturing with the clonal stim-
ulating cytokines IL-2 +IL-15, indicative of the exposed 
non- responders had adopted an immune tolerant pheno-
type. The phenotype of the malaria exposed but non- 
responding infants characterised by a lower frequency 
of malaria antigen- driven IFN-γ and/or IL-2 production 
and higher IL-10 release persisted at 6- month follow- ups, 
and in turn, these infants also had an increased risk of 
malaria infection compared with unexposed controls 
and exposed responders.55

Cord blood from Cameroonian infants born with 
placental P. falciparum malaria had a reduced frequency 
of Vδ2 (γδ) lymphocytes, a shift towards a central memory 
phenotype of Vγ2Vδ2 lymphocytes and a reduced prolif-
erative capacity of certain common γδ T cell clones 
compared with unexposed infants, indicative of placental 
malaria selectively exhausting the γδ repertoire.56 Note-
worthy, BCG vaccination of human newborns was found 
to expand the γδ T cell population,57 and the γδ T cells 
together with NK cells are the most vivid producers of 
anti- mycobacterial IFN-γ in vitro in BCG- vaccinated 
infants.58

A few studies have investigated whether the immune- 
modulating effect of malaria in pregnancy depends on 
the timing of exposure during pregnancy and whether 
the placental malaria (as determined by histolog-
ical examination of the placenta) is resolved (past), 
acute (ongoing) or chronic. The evidence is somewhat 
conflicting.

In Gambian cord blood, chronic and resolved placental 
malaria cases but not for acute malaria (placental para-
sitaemia at delivery) had increased IFN-γ, TNF-α secre-
tion and IFN-γ:IL-10 ratio after SEB stimulation, as well 
as an increased frequency of regulatory T cells (CD4+C-
D25+FoxP3+) compared with placental malaria- negative 
cases.54

Likewise, in a study of Ugandan mother–infant pairs, 
cord blood FoxP3 +T regulatory cell counts were higher 
in infants born to mothers with Plasmodium parasitaemia 
early in pregnancy, but not in infants with placental parasi-
taemia at the time of delivery.59 The effect was particularly 
seen in males.60 In contrast, there was a higher frequency 
of activated CD4+ T cells (CD25+FoxP3-CD127+) in the 
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cord blood of neonates with active placental Plasmodium 
infection at the time of delivery but not earlier during 
the pregnancy.59 Compared with infants born to mothers 
with at least one episode of treated malaria during the 
pregnancy, but non- parasitemic at delivery, cord blood 
from infants born with parasitemic placentas produced 
less IL-2 in response to CD3/CD28 stimulation.50 In 
Burkina Faso, evidence of malaria in pregnancy, irrespec-
tive of whether the malaria exposure was acute, chronic 
or resolved, was associated with decreased innate spon-
taneous (non- stimulated) proinflammatory as well as 
anti- inflammatory cytokine and chemokine production 
in cord blood.61

Interestingly, in Tanzanian newborns, increased TLR3- 
mediated and TLR7/8- mediated anti- inflammatory IL-10 
responses in cord blood were associated with a signifi-
cantly higher risk of subsequent P. falciparum infection 
in infancy.62

In summary, the above studies indicate that malaria 
exposure in pregnancy may drive a more tolerant and 
less responsive immune phenotype in the newborn, 
which may persist throughout infancy and pose the 
infant of infectious risk. To that end, BCG has potent 
immune- stimulatory properties, including adjuvant- like 
functions potentially enhancing immune responses to 
other concomitant vaccinations in adults as well as infants 
(reviewed in previous work63); BCG is capable of inducing 
Th1 directed responses in the newborn,64 including poly-
functional vaccine- specific T cells responses.65 Studies of 
the general non- specific immunological profile induced 
by BCG in newborns find indication of increased innate 
responses after BCG in non- stimulated whole blood, 
including the present cohort from Guinea- Bissau,12 66 
whereas analyses of the responses to innate stimulation 
has produced more mixed results, indicating reduced 
responses of IL-6, macrophage inflammatory protein 
(MIP)-1α and MIP-1β to TLR2 and TLR7/8 stimulation, 
but also reduced anti- inflammatory responses of IL-10 
and IL-1 receptor agonist in Australian newborns 1 week 
after BCG,66 whereas there was no or negligible effects 
of BCG in Danish newborn babies evaluated at 4 days 
and 3 months after BCG.67 In the present cohort from 
Guinea- Bissau, BCG was associated with increased proin-
flammatory responses in PMA- ionomycin and TLR2 
stimulated whole blood and reduced IL-10 responses to 
TLR7 agonists at 1 month of age.12 On a functional level, 
observational studies from Guinea- Bissau using skin 
prick tests in infants and young children have indicated a 
protective effect of BCG vaccination against anergy (non- 
responsiveness) to common (heterologous) vaccine 
antigens.68 Interestingly, anergy in infants seemed more 
prevalent in the rainy season,68 69 concomitant with 
supposedly increased malaria exposure. It could there-
fore be speculated if BCG also after the neonatal period 
(perhaps administered as a booster vaccine) may reverse 
malaria- induced anergy and associated mortality in the 
rainy season.

ConClusIon
The enhanced proinflammatory effects of BCG on 
cytokine levels in Guinean infants born during the 
peaking malaria season, the enhanced beneficial effect 
on mortality in the same season, and the well- known 
reduced inflammatory potential as well as increased regu-
latory immune phenotype of babies exposed to malaria 
in pregnancy converge to a coherent hypothesis. We 
propose that BCG may ameliorate the detrimental effect 
of malaria exposure, thereby strengthening the ability of 
the newborn to respond to infectious challenges in early 
life. These observations should be tested for reproduci-
bility in other relevant settings.

Author affiliations
1Bandim Health Project, University of Southern Denmark, Copenhagen, Denmark
2Department of Health Technology, Technical University of Denmark, Lyngby, 
Denmark
3Department of Infectious Diseases, Danderyd University Hospital, Stockholm, 
Sweden
4Department of Clinical Sciences, Karolinska Institute, Stockholm, Sweden
5Department of Pediatrics, Kolding Hospital, Kolding, Denmark
6Bandim Health Project, INDEPTH Network, Bissau, Guinea- Bissau
7OPEN, Institute of Clinical Research, University of Southern Denmark, Odense, 
Denmark

Acknowledgements We thank the mothers and infants who participated in the 
study.

Contributors KJJ, SB- S, PA and CSB conceived and designed the BCG- related 
studies. JU and P- ELK carried out the malaria surveys. KJJ and SB- S analysed the 
data. KJJ wrote the first draft of the manuscript. All authors contributed to the final 
version of the manuscript.

Funding The randomised controlled trials of early BCG were supported by 
The European Research Council (starting grant ERC-2009- StG-243149); the 
Novo Nordisk Foundation (research professorship grant to PA); the Danish 
National Research Foundation (grant DNRF108 to the Research CenterCentre for 
Vitamins & Vaccines); and DANIDA, European Union FP7, and OPTIMUNISE (grant 
Health- F3-2011-261 375 to the Bandim Health Project). The immunological 
subgroup study was supported by Novo Nordisk Foundation and University of 
Southern Denmark; KJJ is supported by a grant from Novo Nordisk Foundation 
(grant NNF14OC0012169).

Competing interests None declared.

Patient consent for publication Not required.

ethics approval The BCG RCTs and the immunological substudy were approved 
by the National Committee on Health Ethics of the Ministry of Health in Guinea- 
Bissau; a consultative approval was obtained from the Danish National Committee 
on Biomedical Research Ethics. The BCG trials were registered with  clinicaltrials. gov, 
numbers NCT00146302 (Trials I+II), NCT00625482 (Trial III).

Provenance and peer review Not commissioned; externally peer reviewed.

data availability statement Data are available on reasonable request.

open access This is an open access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY- NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non- commercially, 
and license their derivative works on different terms, provided the original work is 
properly cited, appropriate credit is given, any changes made indicated, and the 
use is non- commercial. See: http:// creativecommons. org/ licenses/ by- nc/ 4. 0/.

REFERENCES
 1 Higgins JPT, Soares- Weiser K, López- López JA, et al. Association 

of BCG, DTP, and measles containing vaccines with childhood 
mortality: systematic review. BMJ 2016;355:i5170.

 2 Biering- Sorensen S, Aaby P, Lund N, et al. Early BCG- Denmark 
and neonatal mortality among infants weighing. Clin Infect Dis 
2017;65:1183–90.

 on M
arch 19, 2020 by guest. P

rotected by copyright.
http://gh.bm

j.com
/

B
M

J G
lob H

ealth: first published as 10.1136/bm
jgh-2019-001873 on 5 M

arch 2020. D
ow

nloaded from
 

http://creativecommons.org/licenses/by-nc/4.0/
http://dx.doi.org/10.1136/bmj.i5170
http://gh.bmj.com/


Jensen KJ, et al. BMJ Global Health 2020;5:e001873. doi:10.1136/bmjgh-2019-001873 9

BMJ Global Health

 3 Biering- Sørensen S, Aaby P, Napirna BM, et al. Small randomized 
trial among low- birth- weight children receiving Bacillus Calmette- 
Guérin vaccination at first health center contact. Pediatr Infect Dis J 
2012;31:306–8.

 4 Aaby P, Roth A, Ravn H, et al. Randomized trial of BCG vaccination 
at birth to low- birth- weight children: beneficial nonspecific effects in 
the neonatal period? J Infect Dis 2011;204:245–52.

 5 Schaltz- Buchholzer F, Biering- Sørensen S, Lund N, et al. Early BCG 
vaccination, hospitalizations, and hospital deaths: analysis of a 
secondary outcome in 3 randomized trials from Guinea- Bissau. J 
Infect Dis 2019;219:624–32.

 6 Netea MG, Joosten LAB, Latz E, et al. Trained immunity: a 
program of innate immune memory in health and disease. Science 
2016;352:aaf1098.

 7 Fischer TK, Aaby P, Mølbak K, et al. Rotavirus disease in Guinea- 
Bissau, West Africa: a review of longitudinal community and hospital 
studies. J Infect Dis 2010;202:S239–42.

 8 Weber MW, Milligan P, Sanneh M, et al. An epidemiological 
study of RSV infection in the Gambia. Bull World Health Organ 
2002;80:562–8.

 9 Fall A, Dia N, Cisse el HA, et al. Epidemiology and molecular 
characterization of human respiratory syncytial virus in Senegal 
after four consecutive years of surveillance, 2012-2015. PloS one 
2016;11:e0157163.

 10 Mølbak K, Højlyng N, Gottschau A, et al. Cryptosporidiosis in 
infancy and childhood mortality in guinea Bissau, West Africa. BMJ 
1993;307:417–20.

 11 Ursing J, Rombo L, Rodrigues A, et al. Malaria transmission in 
Bissau, Guinea- Bissau between 1995 and 2012: malaria resurgence 
did not negatively affect mortality. PLoS One 2014;9:e101167.

 12 Jensen KJ, Larsen N, Biering- Sørensen S, et al. Heterologous 
immunological effects of early BCG vaccination in low- birth- weight 
infants in Guinea- Bissau: a randomized- controlled trial. J Infect Dis 
2015;211:956–67.

 13 Skogstrand K, Thorsen P, Nørgaard- Pedersen B, et al. Simultaneous 
measurement of 25 inflammatory markers and neurotrophins in 
neonatal dried blood spots by immunoassay with xMAP technology. 
Clin Chem 2005;51:1854–66.

 14 Uh H- W, Hartgers FC, Yazdanbakhsh M, et al. Evaluation of 
regression methods when immunological measurements are 
constrained by detection limits. BMC Immunol 2008;9:59.

 15 Andersen A, Benn CS, Jørgensen MJ, et al. Censored correlated 
cytokine concentrations: multivariate Tobit regression using 
clustered variance estimation. Stat Med 2013;32:2859–74.

 16 Nielsen BU, Byberg S, Aaby P, et al. Seasonal variation in 
child mortality in rural Guinea- Bissau. Trop Med Int Health 
2017;22:846–56.

 17 Veirum JE, Biai S, Jakobsen M, et al. Persisting high hospital and 
community childhood mortality in an urban setting in Guinea- Bissau. 
Acta Paediatr 2007;96:1526–30.

 18 Fischer TK, Valentiner- Branth P, Steinsland H, et al. Protective 
immunity after natural rotavirus infection: a community cohort study 
of newborn children in Guinea- Bissau, West Africa. J Infect Dis 
2002;186:593–7.

 19 Assane D, Makhtar C, Abdoulaye D, et al. Viral and Bacterial 
Etiologies of Acute Respiratory Infections Among Children Under 
5 Years in Senegal. Microbiol Insights 2018;11:117863611875865.

 20 Kenmoe S, Tchendjou P, Vernet M- A, et al. Viral etiology of severe 
acute respiratory infections in hospitalized children in Cameroon, 
2011-2013. Influenza Other Respir Viruses 2016;10:386–93.

 21 Feikin DR, Njenga MK, Bigogo G, et al. Viral and bacterial causes 
of severe acute respiratory illness among children aged less than 5 
years in a high malaria prevalence area of Western Kenya, 2007-
2010. Pediatr Infect Dis J 2013;32:e14–19.

 22 Pneumonia Etiology Research for Child Health (PERCH) Study 
Group. Causes of severe pneumonia requiring hospital admission 
in children without HIV infection from Africa and Asia: the PERCH 
multi- country case- control study. Lancet 2019;394:30721–4.

 23 Stensballe LG, Nante E, Jensen IP, et al. Acute lower respiratory 
tract infections and respiratory syncytial virus in infants in Guinea- 
Bissau: a beneficial effect of BCG vaccination for girls community 
based case- control study. Vaccine 2005;23:1251–7.

 24 Parra M, Liu X, Derrick SC, et al. Molecular analysis of non- specific 
protection against murine malaria induced by BCG vaccination. 
PLoS One 2013;8:e66115.

 25 Roth A, Gustafson P, Nhaga A, et al. Bcg vaccination scar 
associated with better childhood survival in Guinea- Bissau. Int J 
Epidemiol 2005;34:540–7.

 26 Walk J, de Bree LCJ, Graumans W, et al. Outcomes of controlled 
human malaria infection after BCG vaccination. Nat Commun 
2019;10:874.

 27 Moya- Alvarez V, Abellana R, Cot M. Pregnancy- Associated malaria 
and malaria in infants: an old problem with present consequences. 
Malar J 2014;13:271.

 28 Ekanem AD, Anah MU, Udo JJ. The prevalence of congenital malaria 
among neonates with suspected sepsis in calabar, Nigeria. Trop 
Doct 2008;38:73–6.

 29 Mwaniki MK, Talbert AW, Mturi FN, et al. Congenital and neonatal 
malaria in a rural Kenyan district Hospital: an eight- year analysis. 
Malar J 2010;9:313.

 30 Moore KA, Fowkes FJI, Wiladphaingern J, et al. Mediation of the 
effect of malaria in pregnancy on stillbirth and neonatal death in an 
area of low transmission: observational data analysis. BMC Med 
2017;15:98.

 31 Walther B, Miles DJC, Crozier S, et al. Placental malaria is 
associated with reduced early life weight development of affected 
children independent of low birth weight. Malar J 2010;9:16.

 32 Le Hesran JY, Cot M, Personne P, et al. Maternal placental infection 
with Plasmodium falciparum and malaria morbidity during the first 2 
years of life. Am J Epidemiol 1997;146:826–31.

 33 Le Port A, Watier L, Cottrell G, et al. Infections in infants during the 
first 12 months of life: role of placental malaria and environmental 
factors. PLoS One 2011;6:e27516.

 34 Rachas A, Le Port A, Cottrell G, et al. Placental malaria is associated 
with increased risk of nonmalaria infection during the first 18 months 
of life in a Beninese population. Clin Infect Dis 2012;55:672–8.

 35 Kaestel P, Michaelsen KF, Aaby P, et al. Effects of prenatal 
multimicronutrient supplements on birth weight and perinatal 
mortality: a randomised, controlled trial in Guinea- Bissau. Eur J Clin 
Nutr 2005;59:1081–9.

 36 Berry I, Walker P, Tagbor H, et al. Seasonal dynamics of malaria 
in pregnancy in West Africa: evidence for carriage of infections 
acquired before pregnancy until first contact with antenatal care. Am 
J Trop Med Hyg 2018;98:534–42.

 37 Desai M, ter Kuile FO, Nosten F, et al. Epidemiology and burden of 
malaria in pregnancy. Lancet Infect Dis 2007;7:93–104.

 38 Jayaraman K, Adhisivam B, Nallasivan S, et al. Two Randomized 
Trials of the Effect of the Russian Strain of Bacillus Calmette- 
Guérin Alone or With Oral Polio Vaccine on Neonatal Mortality 
in Infants Weighing <2000 g in India. Pediatr Infect Dis J 
2019;38:198–202.

 39 Ritz N, Hanekom WA, Robins- Browne R, et al. Influence of BCG 
vaccine strain on the immune response and protection against 
tuberculosis. FEMS Microbiol Rev 2008;32:821–41.

 40 Ritz N, Dutta B, Donath S, et al. The influence of Bacille Calmette- 
Guerin vaccine strain on the immune response against tuberculosis: 
a randomized trial. Am J Respir Crit Care Med 2012;185:213–22.

 41 Funch KM, Thysen SM, Rodrigues A, et al. Determinants of BCG 
scarification among children in rural Guinea- Bissau: a prospective 
cohort study. Hum Vaccin Immunother 2018;14:2434–42.

 42 Biering- Sørensen S, Jensen KJ, Aamand SH, et al. Variation of 
growth in the production of the BCG vaccine and the association 
with the immune response. An observational study within a 
randomised trial. Vaccine 2015;33:2056–65.

 43 Berendsen MLT, Øland CB, Bles P, et al. Maternal priming: Bacillus 
Calmette- Guérin (BCG) vaccine scarring in mothers enhances the 
survival of their child with a BCG vaccine scar. J Pediatric Infect Dis 
Soc 2019;341.

 44 Stensballe LG, Ravn H, Birk NM, et al. Bcg vaccination at birth and 
rate of hospitalization for infection until 15 months of age in Danish 
children: a randomized clinical multicenter trial. J Pediatric Infect Dis 
Soc 2018.

 45 Buffen K, Oosting M, Quintin J, et al. Autophagy controls BCG- 
induced trained immunity and the response to intravesical BCG 
therapy for bladder cancer. PLoS Pathog 2014;10:e1004485.

 46 Arts RJW, Carvalho A, La Rocca C, et al. Immunometabolic 
pathways in BCG- induced trained immunity. Cell Rep 
2016;17:2562–71.

 47 Moore SE. Early- Life nutritional programming of health and disease 
in the Gambia. Ann Nutr Metab 2017;70:179–83.

 48 Moore SE, Goldblatt D, Bates CJ, et al. Impact of nutritional status 
on antibody responses to different vaccines in undernourished 
Gambian children. Acta Paediatr 2003;92:170–6.

 49 Walther B, Miles DJC, Waight P, et al. Placental malaria is associated 
with attenuated CD4 T- cell responses to tuberculin PPD 12 months 
after BCG vaccination. BMC Infect Dis 2012;12:6.

 50 Brustoski K, Moller U, Kramer M, et al. Reduced cord blood immune 
effector- cell responsiveness mediated by CD4+ cells induced 
in utero as a consequence of placental Plasmodium falciparum 
infection. J Infect Dis 2006;193:146–54.

 51 Brustoski K, Möller U, Kramer M, et al. Ifn- Gamma and IL-10 
mediate parasite- specific immune responses of cord blood cells 

 on M
arch 19, 2020 by guest. P

rotected by copyright.
http://gh.bm

j.com
/

B
M

J G
lob H

ealth: first published as 10.1136/bm
jgh-2019-001873 on 5 M

arch 2020. D
ow

nloaded from
 

http://dx.doi.org/10.1097/INF.0b013e3182458289
http://dx.doi.org/10.1093/infdis/jir240
http://dx.doi.org/10.1093/infdis/jiy544
http://dx.doi.org/10.1093/infdis/jiy544
http://dx.doi.org/10.1126/science.aaf1098
http://dx.doi.org/10.1086/653568
http://www.ncbi.nlm.nih.gov/pubmed/12163920
http://dx.doi.org/10.1136/bmj.307.6901.417
http://dx.doi.org/10.1371/journal.pone.0101167
http://dx.doi.org/10.1093/infdis/jiu508
http://dx.doi.org/10.1373/clinchem.2005.052241
http://dx.doi.org/10.1186/1471-2172-9-59
http://dx.doi.org/10.1002/sim.5696
http://dx.doi.org/10.1111/tmi.12889
http://dx.doi.org/10.1111/j.1651-2227.2007.00467.x
http://dx.doi.org/10.1086/342294
http://dx.doi.org/10.1177/1178636118758651
http://dx.doi.org/10.1111/irv.12391
http://dx.doi.org/10.1097/INF.0b013e31826fd39b
http://dx.doi.org/10.1016/S0140-6736(19)30721-4
http://dx.doi.org/10.1016/j.vaccine.2004.09.006
http://dx.doi.org/10.1371/journal.pone.0066115
http://dx.doi.org/10.1093/ije/dyh392
http://dx.doi.org/10.1093/ije/dyh392
http://dx.doi.org/10.1038/s41467-019-08659-3
http://dx.doi.org/10.1186/1475-2875-13-271
http://dx.doi.org/10.1258/td.2007.005274
http://dx.doi.org/10.1258/td.2007.005274
http://dx.doi.org/10.1186/1475-2875-9-313
http://dx.doi.org/10.1186/s12916-017-0863-z
http://dx.doi.org/10.1186/1475-2875-9-16
http://dx.doi.org/10.1093/oxfordjournals.aje.a009200
http://dx.doi.org/10.1371/journal.pone.0027516
http://dx.doi.org/10.1093/cid/cis490
http://dx.doi.org/10.1038/sj.ejcn.1602215
http://dx.doi.org/10.1038/sj.ejcn.1602215
http://dx.doi.org/10.4269/ajtmh.17-0620
http://dx.doi.org/10.4269/ajtmh.17-0620
http://dx.doi.org/10.1016/S1473-3099(07)70021-X
http://dx.doi.org/10.1097/INF.0000000000002198
http://dx.doi.org/10.1111/j.1574-6976.2008.00118.x
http://dx.doi.org/10.1164/rccm.201104-0714OC
http://dx.doi.org/10.1080/21645515.2017.1421879
http://dx.doi.org/10.1016/j.vaccine.2015.02.056
http://dx.doi.org/10.1093/jpids/piy142
http://dx.doi.org/10.1093/jpids/piy142
http://dx.doi.org/10.1371/journal.ppat.1004485
http://dx.doi.org/10.1016/j.celrep.2016.11.011
http://dx.doi.org/10.1159/000456555
http://dx.doi.org/10.1111/j.1651-2227.2003.tb00522.x
http://dx.doi.org/10.1186/1471-2334-12-6
http://dx.doi.org/10.1086/498578
http://gh.bmj.com/


10 Jensen KJ, et al. BMJ Global Health 2020;5:e001873. doi:10.1136/bmjgh-2019-001873

BMJ Global Health

induced by pregnancy- associated Plasmodium falciparum malaria. J 
Immunol 2005;174:1738–45.

 52 Bisseye C, van der Sande M, Morgan WD, et al. Plasmodium 
falciparum infection of the placenta impacts on the T helper type 
1 (Th1)/Th2 balance of neonatal T cells through CD4 + CD25 + 
forkhead box P3 + regulatory T cells and interleukin-10. Clin Exp 
Immunol 2009;158:287–93.

 53 Ismaili J, van der Sande M, Holland MJ, et al. Plasmodium 
falciparum infection of the placenta affects newborn immune 
responses. Clin Exp Immunol 2003;133:414–21.

 54 Flanagan KL, Halliday A, Burl S, et al. The effect of placental malaria 
infection on cord blood and maternal immunoregulatory responses 
at birth. Eur J Immunol 2010;40:1062–72.

 55 Malhotra I, Dent A, Mungai P, et al. Can prenatal malaria exposure 
produce an immune tolerant phenotype? A prospective birth cohort 
study in Kenya. PLoS Med 2009;6:e1000116.

 56 Cairo C, Longinaker N, Cappelli G, et al. Cord blood Vγ2Vδ2 
T cells provide a molecular marker for the influence of 
pregnancy- associated malaria on neonatal immunity. J Infect Dis 
2014;209:1653–62.

 57 Mazzola TN, Da Silva MTN, Moreno YMF, et al. Robust gammadelta+ 
T cell expansion in infants immunized at birth with BCG vaccine. 
Vaccine 2007;25:6313–20.

 58 Zufferey C, Germano S, Dutta B, et al. The contribution of non- 
conventional T cells and NK cells in the mycobacterial- specific IFNγ 
response in Bacille Calmette- Guérin (BCG)- immunized infants. PLoS 
One 2013;8:e77334.

 59 Prahl M, Jagannathan P, McIntyre TI, et al. Timing of in utero malaria 
exposure influences fetal CD4 T cell regulatory versus effector 
differentiation. Malar J 2016;15:497.

 60 Prahl M, Jagannathan P, McIntyre TI, et al. Sex Disparity in Cord 
Blood FoxP3+ CD4 T Regulatory Cells in Infants Exposed to Malaria 
In Utero. Open Forum Infect Dis 2017;4:ofx022.

 61 Natama HM, Moncunill G, Rovira- Vallbona E, et al. Modulation of 
innate immune responses at birth by prenatal malaria exposure and 
association with malaria risk during the first year of life. BMC Med 
2018;16:198.

 62 Gbédandé K, Varani S, Ibitokou S, et al. Malaria modifies neonatal 
and early- life Toll- like receptor cytokine responses. Infect Immun 
2013;81:2686–96.

 63 Zimmermann P, Curtis N. The influence of BCG on vaccine 
responses - a systematic review. Expert Rev Vaccines 
2018;17:547–54.

 64 Marchant A, Goetghebuer T, Ota MO, et al. Newborns develop 
a Th1- type immune response to Mycobacterium bovis Bacillus 
Calmette- Guérin vaccination. J Immunol 1999;163:2249–55.

 65 Smith SG, Zelmer A, Blitz R, et al. Polyfunctional CD4 T- cells 
correlate with in vitro mycobacterial growth inhibition following 
Mycobacterium bovis BCG- vaccination of infants. Vaccine 
2016;34:5298–305.

 66 Freyne B, Donath S, Germano S, et al. Neonatal BCG vaccination 
influences cytokine responses to Toll- like receptor ligands and 
heterologous antigens. J Infect Dis 2018;217:1798–808.

 67 Nissen TN, Birk NM, Blok BA, et al. Bacillus Calmette- Guérin 
vaccination at birth and in vitro cytokine responses to non- specific 
stimulation. A randomized clinical trial. Eur J Clin Microbiol Infect Dis 
2018;37:29–41.

 68 Garly ML, Balé C, Martins CL, et al. Bcg vaccination among West 
African infants is associated with less anergy to tuberculin and 
diphtheria- tetanus antigens. Vaccine 2001;20:468–74.

 69 Shaheen SO, Aaby P, Hall AJ, et al. Cell mediated immunity 
after measles in Guinea- Bissau: historical cohort study. BMJ 
1996;313:969–74.

 on M
arch 19, 2020 by guest. P

rotected by copyright.
http://gh.bm

j.com
/

B
M

J G
lob H

ealth: first published as 10.1136/bm
jgh-2019-001873 on 5 M

arch 2020. D
ow

nloaded from
 

http://dx.doi.org/10.4049/jimmunol.174.3.1738
http://dx.doi.org/10.4049/jimmunol.174.3.1738
http://dx.doi.org/10.1111/j.1365-2249.2009.04014.x
http://dx.doi.org/10.1111/j.1365-2249.2009.04014.x
http://dx.doi.org/10.1046/j.1365-2249.2003.02243.x
http://dx.doi.org/10.1002/eji.200939638
http://dx.doi.org/10.1371/journal.pmed.1000116
http://dx.doi.org/10.1093/infdis/jit802
http://dx.doi.org/10.1016/j.vaccine.2007.06.039
http://dx.doi.org/10.1371/journal.pone.0077334
http://dx.doi.org/10.1371/journal.pone.0077334
http://dx.doi.org/10.1186/s12936-016-1545-6
http://dx.doi.org/10.1093/ofid/ofx022
http://dx.doi.org/10.1186/s12916-018-1187-3
http://dx.doi.org/10.1128/IAI.00237-13
http://dx.doi.org/10.1080/14760584.2018.1483727
http://www.ncbi.nlm.nih.gov/pubmed/10438968
http://dx.doi.org/10.1016/j.vaccine.2016.09.002
http://dx.doi.org/10.1093/infdis/jiy069
http://dx.doi.org/10.1007/s10096-017-3097-2
http://dx.doi.org/10.1016/S0264-410X(01)00339-5
http://dx.doi.org/10.1136/bmj.313.7063.969
http://gh.bmj.com/

	Seasonal variation in the non-specific effects of BCG vaccination on neonatal mortality: three randomised controlled trials in Guinea-Bissau
	Abstract
	Introduction
	Methods
	Trial site and design
	Randomisation
	Follow-up
	Immunological study
	Patient and public involvement
	Statistical analysis

	Results
	Triangulation
	Cytokine responses

	Discussion
	Strengths and weaknesses
	Seasonal variation in mortality
	Seasonal variation in pathogen exposure
	Interpretation of the epidemiological evidence
	Immunological effects on the newborn of malaria exposure in pregnancy

	Conclusion
	References


