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Risk-benefit analysis of altering BCG vaccination from birth to 6
weeks of age

As BCG vaccination at birth is the standard of care in Uganda, below we detail a risk-benefit
analysis for altering this standard and delaying BCG vaccination to 6 weeks of age in this

population.

Benefits of delaying BCG vaccination to 6 weeks of age

* Reduced risks of BCG induced complications

BCG vaccination can induce a number of complications including abscesses (1/100), supurative
lymphadenitis (1/1000) and osteomyelitis (1/3000) [1]. These risks are estimated to be reduced by
approximately one third if vaccination is delayed past the neonatal period [2].Thus if all 560 infants

in our study were vaccinated at birth we would expect approximately:
5.6 cases of BCG induced abscess formation
0.56 cases of supurative lymphadenitis
0.19 cases of BCG induced osteomyelitis

Thus if the risk of these complications is one-third less in the half of infants vaccinated at 6 weeks
we would expect to save 1 case of BCG abscess formation, 0.1 cases of supurative lymphadenitis
and 0.03 cases of osteomyelitis. Although small in real numbers, it should be noted that the
estimated reduction in BCG induced complications in our study is higher than the estimated risk of

acquiring latent or active TB (see below).

* Potentially enhanced long-term protection against TB

It is well documented that BCG immunisation has variable efficacy worldwide and clinical protection
remains sub-optimal in most areas where neonatal BCG immunisation is recommended [3]. The
recommendation for administration of BCG vaccination at birth is a historical one, based on the
findings of some benefit against TB compared to un-vaccinated children and for logistical reasons
as the majority of infants are reviewed by a health care professional soon after birth [4]. The optimal
timing for BCG administration with respect to best long-term protection against TB has never been
determined [5]. Several research groups have hypothesized that delaying BCG immunisation to a

time when the immune system is more mature may produce enhanced immune responses and
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therefore better clinical protection against TB [2, 6-10]. A variety of lines of immunological evidence
suggest that delaying BCG immunisation to between 1 and 3 months of age results in enhanced
anti-tuberculosis immune responses, including larger scar formation [2, 8] enhanced
tuberculin[8]/PPDI[2] reactivity in vivo and longer duration of PPD[9]/tuberculin[8] reactivity. One
study did not find significant differences in IFN-y secretion or proliferative response when BCG
vaccination was delayed past the neonatal period [11], however it is suggested that measurement of
IFN-y underestimates the complexity of the BCG-induced Th1 response [6]. A more comprehensive
study investigating other Th1 cytokines including TNF- a and IL-2, showed enhanced type 1
cytokine and memory T-cell responses when BCG vaccination was delayed to 10 weeks of age [6].
A further small study also showed a trend toward higher in vitro cytotoxicity and proliferative
immune responses when BCG vaccination was delayed to 10 weeks [7]. It is difficult to quantify the
degree of clinical TB protection that these enhanced immune responses might produce, as long-
term follow-up has not been conducted in any of the above studies, but on balance they suggest
that BCG vaccination efficacy may be improved if immunization is delayed. As an example, if the
improved immunological outcomes resulting from delaying BCG vaccination to 6 weeks of age
resulted in a reduction in the annual infection rate of infants by 10%, then 2860 infants per year
would be saved from infection. (Annual infection rate = 0.02, 10% of this = 0.002 x 1430000 (live
birth rate [12]) = 2860). This equates to a reduction in annual TB infection of 0.6 infants in the

delayed BCG arm of our study.

Risks of delaying BCG vaccination to 6 weeks of age
* 6 weeks of potential exposure to tuberculosis without BCG vaccination
The following evidence suggests that the actual risk to study subjects arising from 6 weeks

exposure to tuberculosis without BCG vaccination is small:

1) Perinatal TB (TB developing from birth to 8 weeks of age) is extremely rare, with less
than 300 cases worldwide described in the literature [13]. The vast majority of these
cases are more appropriately described as congenital TB because the source case is the
mother. In our study we will exclude infants born to mothers with known active TB or who
have any positive TB screening symptoms, to further reduce this risk.

2) A recent study using an Entebbe based birth-cohort showed a prevalence of latent- TB
infection of 9.7% in children under-5 years old [14]. This gives an annual risk of infection
of 1.94%, although previous studies argue that this risk is likely to be less in very young
infants [15]. In our 560 study infants this equates to a potential 10.9 children/year
infected (560 x 0.0194 annual risk of infection). During the 6 week period where half our

study infants will not be BCG vaccinated, the likely number of infants at risk of
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developing latent TB infection is thus 0.63 (10.9 children / year = 1.26 infants in 6 weeks
/2 as only half infants will be unvaccinated = 0.63 children). In the above study, the
strongest risk factor for latent TB infection was a known contact with a TB case (OR 2.62
(1.29-5.30), unpublished data). Thus, by our active exclusion of children with such an
exposure even this small risk will be reduced (more than halved).

Published studies describing episodes of potential nosocomial TB transmission to
neonates on neonatal intensive care units or maternity wards (from other congenitally
infected infants, or from active TB in a healthcare worker), showed only 2 cases of
infection out of 2603 exposed, BCG unvaccinated, infants who did not receive post-
exposure prophylaxis [16-19]. The remaining infants all had negative TST and no signs
of clinical disease when followed-up from 3-6 months [20]. This would suggest that if
every unvaccinated infant in our study was exposed to TB, we could expect 0.22 cases
of TB disease to result ((2/2603)x280). However, the infants described in these studies
are likely to be much more vulnerable to infection and disease than our study subjects
due to prematurity, low birth weight and existing medical conditions required their
admission. The duration of exposure to the infective contact is also likely to have been
much more prolonged in nosocomially infected infants that are nursed continuously in
the same room as the source case, than the infants in our study would be exposed to in
the community. Exclusion of infants born into families with a known case of active TB, or
for whom a member of the family has any positive TB screening symptoms, will reduce
the risks of similar prolonged exposures in our study. Thus the actual infection rate per
exposure to TB in the delayed vaccination group is likely to be negligible.

At least seven previous studies have been conducted in areas of high TB prevalence
that randomised infants to delayed BCG vaccination past 6 weeks of age [2, 6-10]. None
of these studies showed an increase in TB incidence in the delayed vaccination group,
either prior to vaccination or during follow-up (cumulative n for delayed BCG vaccination

= 849, median follow-up period 1 year).

Although we believe the risks of acquiring TB due to a 6-week delay in vaccination are negligible,
we have a number of measures in place to guard against any possible detriment. All infants will be
closely followed up for signs and symptoms of TB infection by weekly telephone interviews and
regular clinical reviews. Furthermore, any child with delayed BCG vaccination will have this flagged
up on their vaccination cards so that when seen by healthcare professionals after the study they are
alerted to the delay. Contact details for the study team will be included next to the alert, with a
request to be notified if the subject is treated for TB after exiting the study. Although not feasible
during the PhD period, we are actively seeking funds to include a longer-term follow-up point in this

study, e.g. at 1 year, which could involve assessment for latent TB and treatment of any cases
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found.

* Risk of infants in the delayed arm remaining unvaccinated if lost to follow-up

Ensuring minimal loss to follow-up is a priority in this study, particularly in the delayed BCG group.
All mothers and infants will be driven home from hospital to ensure correct documentation of
address and contact details. A field worker will be employed solely to contact non-attenders, by
telephone and/or in person, to request clinic attendance. This will be done on a weekly basis.
Transport costs for routine clinic attendance will be reimbursed (10,000 Ugandan Shillings per visit)
to reduce barriers to presentation. Any BCG naive infant who drops-out of the study will be offered
BCG immunisation immediately, either at the clinic or at their home. Lastly mothers will not be
blinded to vaccine administration status to avoid confusion if un-traceable subjects lost to follow-up
are seen in community immunisation clinics. The BCG vaccination status will also be clearly visible

in their study card and child health record.

* If the null hypothesis is incorrect and BCG vaccination does produce a difference in the innate
immune response to heterologous pathogens, then infants receiving BCG vaccination at 6

weeks of age might have a 6-week period of increased risk from all-cause infections.

We are proposing to conduct this study because there is equipoise in the literature as to whether
the non-specific effects of BCG vaccination exist, and no currently proposed biological mechanism.
The main evidence suggesting a beneficial effect on all-cause mortality comes from Guinea Bissau
(one randomised controlled trial in a selected population of low-birth weight infants [21] (delayed
BCG n= 1161), multiple observational studies[22-28]). All other published randomised controlled
trials delaying BCG vaccination past 6 weeks of age in high mortality areas have reported no
difference in rates of mortality, serious illness or TB (delayed BCG subjects combined n=849).
Three large cohort studies have in fact shown the reverse; that all-cause mortality is reduced when
BCG is given at the same time as DTP (as it would be in the delayed arm of our study) [29]. These
would suggest a benefit to all-cause mortality of delaying BCG administration. Thus, it is as yet
unclear whether delaying BCG from birth improves, has no effect on, or worsens all-cause mortality,

underlining the need for a large, well-conducted randomised controlled trial such as ours.

If the alternative hypothesis is correct, that neonatal BCG vaccination enhances the innate immune
response to heterologous pathogens, this beneficial effect would not be present in the 6 weeks prior
to BCG vaccination for half the study group. If this leads to clinical findings similar to those found in

the Guinea-Bissau data, we would predict that this loss of beneficial effect would result in a 45%
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increased all-cause mortality rate in the infants vaccinated at 6 weeks of age compared to those
BCG vaccinated at birth. However, we feel it is extremely unlikely that the clinical impact of BCG
vaccination at birth in Uganda would be as pronounced as in Guinea Bissau due to differences in
the study populations. If BCG vaccination does enhance the innate immune response to
heterologous pathogens then we would predict that infants with the highest exposure and
susceptibility to infectious disease, and with the poorest access to treatment when unwell, would
derive the greatest benefit from vaccination at birth. There are multiple reasons why these factors
are more likely for the infants recruited to the Guinea Bissau study. Firstly, the baseline health
status of infants in Guinea Bissau is significantly poorer than in Uganda with neonatal mortality rates
nearly twice as high (NMR 44/1000 [12] compared to 28/1000 [12]). A combination of lower GDP,
poorer living conditions and more limited access to health care are likely to contribute strongly to
these differences. Secondly, the infants recruited into the Guinea Bissau study were all low birth
weight/premature. This group is significantly more susceptible to serious infectious disease and
death than the term, normal birth weight infants that we would recruit in this study. Lastly, the
Guinea Bissau study had no enhanced clinical follow-up or improved access to health care facilities
for its study participants. Information regarding mortality was collected during home visits at 3 days
and 2, 6 and 12 months, with no contact in between. Unwell study children therefore utilised normal
local health care facilities, which in Guinea Bissau are often of poor quality or difficult to access. In
our study we will be conducting intensive and active follow-up of all participants with weekly
telephone reviews to check the well-being of the child, review at home if unable to be contacted at
weekly telephone review and 4 routine clinic visits before the age of 10 weeks. Transport costs will
be reimbursed (10,000 Ugandan Shillings per visit) to reduce barriers to presentation. Subjects will
have open access to free assessment by paediatric doctors and treatment at the research clinic
throughout the study period. Lastly, the safety monitoring committee will conduct regular
comparison of illness outcomes between the two groups, and the study stopped early if one group
appears to be significantly more at risk of illness or death than the other. Thus, with these
contingencies in place we strongly believe that we will be able to negate any increased mortality risk
from invasive infectious disease that might potentially arise from altered BCG vaccination timing if

the null hypothesis is incorrect.

Benefits of participation in the study for all study participants
* All participants will have regular medical follow-up with four routine clinical reviews by a

paediatrician in the first 10 weeks of life. The health of study subjects is therefore likely to be
improved due to early recognition and treatment of congenital conditions and serious illnesses.
» All participants will have rapid access to extra medical review and treatment if unwell

* All participants will receive primary vaccinations at the correct time. The most recent study
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looking at vaccination rates in Uganda showed that 56% of infants have not received their first
set of primary immunisations (diphtheria/tetanus/pertussis/hepatitis = B/Haemophilus
influenza/polio) by 12 weeks of age, with 26% still not having received it by 1 year of age. This
produces a substantial risk for those children of contracting these preventable illnesses that are
extremely dangerous in infants. Thus, by ensuring all subjects in our study receive primary
immunisations at the correct time we would estimate that we would provide considerable
benefits by reducing the risk of these infectious diseases in approximately 314 infants. These
benefits alone are likely to outweigh the extremely low increased risk of TB infection in the
delayed vaccination group.

* All costs of transport to attend the clinic and receive vaccinations will be reimbursed. This is
likely to improve healthcare utilisation.

* All mothers will receive education about the importance of vaccinations and other basic infant

and child health messages.

Potential benefits of the research for child health in Uganda and globally
* |If BCG vaccination does provide heterologous protection against non-mycobacterial invasive

infectious disease, ensuring that every child is immunised with BCG vaccination as soon as
possible after birth could save many lives. In Uganda, for example, although it is recommended
that BCG should be received at birth, a recent survey showed that approximately 50% of infants
had not received it by 12 weeks of age [30]. The only currently published estimate of the
heterologous protection provided by BCG vaccination at birth compared to delayed is a 45%
reduction in mortality rate in the first 4 weeks of life (Guinea-Bissau data) [21]. Thus, if we
assume that infants in Uganda would have the same mortality reduction, then ensuring that the
50% of infants not currently vaccinated by 12 weeks are vaccinated at birth would prevent
22,800 neonatal deaths per year in Uganda alone. (Current neonatal mortality rate in Uganda =
28/1000. If a 45% higher mortality rate in unvaccinated neonates is assumed then the
differential neonatal mortality rates would be 36/1000 for unvaccinated infants and 20/1000 for
vaccinated infants. Thus, ensuring all unvaccinated infants are vaccinated would save 16/1000
deaths per year. With an annual birth rate of 1.43 million, this gives a saving of 22880 neonatal
deaths per year). A study comparing 45 low and middle income countries showed that on
average 50% of children will not have received BCG vaccination by 4 weeks of age. BCG
vaccination is also being phased out in many countries with low TB incidence. As the average
global neonatal mortality rate is 36/1000, applying the same logic as before and assuming 50%
of children globally will not have received BCG vaccination by 4 weeks of age, this would give a
differential global neonatal mortality rate of 26/1000 for BCG vaccinated and 46/1000 for BCG
unvaccinated infants. Thus, ensuring all 141 million infants born globally each year are

vaccinated at birth could potentially save 2.82 million deaths per year.
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* This study aims to improve our knowledge of the developing infant immune system up to 10
weeks of age. The current understanding of the developing infant immune system is limited.
Increasing our understanding may have broad reaching implications for global child health which

are currently difficult to quantify.

e This study aims to improve our understanding of the potential non-specific effects of
vaccinations. If our hypothesis proves correct it would suggest the need for all vaccinations to be
evaluated on the basis of impacts on all-cause mortality/morbidity rather than just disease-
specific outcomes. Again this has the potential to have substantial, and as yet unquantifiable,

impacts on the global health of children.

Thus, in summary, we believe that delaying BCG vaccination in this study poses negligible risks of
increased TB infection. Although if the null-hypothesis is not correct it could pose a risk from non-TB
infectious disease in the delayed vaccination group, we believe this risk would be slight and negated
by our active and intensive clinical follow-up. If BCG vaccination at birth does protect against
heterologous invasive infectious disease it would have profound impacts on global child health,

which we believe outweigh these small risks.

Page 7 of 12



Evaluation of alternative study designs
During the development of this proposal, other study designs were considered. However, there are

several reasons why we have concluded that a randomized controlled trial design, as described, is

imperative for this work.
a) Observational studies, particularly involving vaccinations, are highly susceptible to selection bias.

It is argued in the literature that children who have delayed vaccinations are likely to be fundamentally
different to those that receive their vaccinations at the recommended times, confounding the

interpretation of the results of this study [31]. Such differences include:

- Lower socioeconomic status [32]

- Lower educational status of parents [32]

- Poorer nutritional status [23]

- Parents less pro-active about the health of their infants, or less able to access healthcare
facilities [32]

- More likely to be born at home with unskilled birth attendants rather than in hospital [33]

It is also recognized that observational studies comparing children vaccinated at the recommended
time with those where vaccination has been delayed are subject to frailty bias, as vaccinations tend to

be delayed in acutely unwell or chronically sick children and those of low birth weight [31].

All of the above factors are likely to impact on the immunological status of the child and increase their
risk of clinical illness episodes, due to factors such as increased exposure to infectious pathogens from
less hygienic living conditions and overcrowding, as well as altered healthcare seeking behavior/access

negatively influencing illness episode outcomes.

Thus, the likely predominance of healthier neonates in the vaccinated group may bias both the primary
immunological outcome measures and our clinical illness data toward making BCG vaccination at birth

appear more beneficial against all-cause morbidity and mortality than it really is.

Although it is possible to document and adjust for the recognized variables associated with delayed
vaccine receipt, it is strongly argued in the literature that it is impossible to anticipate all confounding
variables separating the two groups. Multiple observational studies have been conducted, including

case-control studies and prospective/retrospective cohort analyses, investigating the potential non-
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specific effects of a range of vaccinations (reviewed in [34]) These have had minimal acceptance by the
research community and public health policy makers for the above reasons. In a review of the potential
non-specific effects of vaccinations, the Global Advisory Committee on Vaccines has stated that
‘conclusive evidence for or against non-specific effects of vaccines on mortality is unlikely to be

obtained from observational studies’ [35].

Thus, we believe that the information gained from an observational study would be insufficient to accept
or refute our hypothesis, would not significantly add to what is already known in this field, and would
have little impact on public healthcare policy in Uganda and worldwide. We therefore argue that it may
be less ethically justifiable to subject infants to blood draws and commit research funds and resources
to an observational study, when we believe a randomized controlled trial delaying BCG vaccination may

be safely carried out [4].

b) Inability to collect baseline cord blood, early neonatal blood samples and early clinical outcome data

if we passively recruit infants attending vaccination clinics who have missed vaccination at birth.

The evidence from Guinea-Bissau suggests that the major benefit from BCG vaccination at birth is
derived within the first week of life [36]. It would be impossible in an observational study that recruits
non-BCG vaccinated infants that are attending community vaccination clinics (with attendance normally
at 6 weeks of age for their first primary immunisations) to compare immunological and clinical data

between the two groups at these vital early time-points.
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