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About the Health Information and Quality Authority

The Health Information and Quality Authority (HIQA) is the independent Authority
established to drive continuous improvement in Ireland’s health and personal social
care services, monitor the safety and quality of these services and promote person-
centred care for the benefit of the public.

The Authority’s mandate to date extends across the quality and safety of the public,
private (within its social care function) and voluntary sectors. Reporting to the
Minister for Health and the Minister for Children and Youth Affairs, the Health
Information and Quality Authority has statutory responsibility for:

= Setting Standards for Health and Social Services — Developing person-
centred standards, based on evidence and best international practice, for those
health and social care services in Ireland that by law are required to be regulated
by the Authority.

" Supporting Improvement — Supporting health and social care services to
implement standards by providing education in quality improvement tools and
methodologies.

® Social Services Inspectorate — Registering and inspecting residential centres
for dependent people and inspecting children detention schools, foster care
services and child protection services.

" Monitoring Healthcare Quality and Safety — Monitoring the quality and
safety of health and personal social care services and investigating as necessary
serious concerns about the health and welfare of people who use these services.

" Health Technology Assessment — Ensuring the best outcome for people who
use our health services and best use of resources by evaluating the clinical and
cost-effectiveness of drugs, equipment, diagnostic techniques and health
promotion activities.

" Health Information — Advising on the efficient and secure collection and
sharing of health information, evaluating information resources and publishing
information about the delivery and performance of Ireland’s health and social
care services.
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Executive Summary

Background

On 19" December 2013, the Chief Medical Officer of the Department of Health,
requested that the Health Information and Quality Authority (the Authority or HIQA)
undertake a health technology assessment (HTA) in relation to proposed changes to
the national neonatal BCG vaccination programme.

The request for a formal HTA was on foot of a recommendation from the National
Immunisation Advisory Committee and the National TB Advisory Committee. The
recommendation was formed based on International Union Against TB and Lung
Disease criteria for discontinuing universal BCG vaccination, epidemiological data on
tuberculosis (TB) incidence, incidence of BCG reactions, and a cost-effectiveness
evidence analysis by the National Centre for Pharmacoeconomics.

Terms of Reference

The Terms of Reference for this health technology assessment were to:
® describe the epidemiology of TB in Ireland

= examine the current evidence of efficacy and safety for BCG vaccination in
infants

®  review the international cost-effectiveness literature on BCG vaccination
strategies in infants

®  estimate the clinical implications, cost-effectiveness, resource implications and
budget impact of selective BCG vaccination of high-risk infants compared with a
programme of universal vaccination, and a strategy of no vaccination

® consider any wider implications that a change in vaccination strategy may have
for patients, the general public, or the healthcare system

® use the results of this assessment to advise on the optimal configuration of an
Irish BCG vaccination programme for infants.

Vii
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Technology description

Human tuberculosis (TB) is an infectious disease caused by bacteria of the
Mycobacterium tuberculosis complex of which M. Tuberculosis is the most common
and important agent causing human disease. While it may affect almost any part of
the body, pulmonary TB (lungs) is the most common form and accounts for almost
60% of all cases in Ireland. Transmission of the disease is most likely after
prolonged close contact with someone whose sputum is smear positive for the
bacillus on microscopy. TB is a treatable and curable disease with the majority of
non multi-drug resistant cases cured with a standard six-month treatment course.
Multidrug-resistant TB can also occur, requiring more complex treatment regimens
over periods of more than 18 months.

The BCG vaccine was first administered as an oral vaccine in France in 1921 to
prevent TB. Universal vaccination of newborns was first introduced in Ireland in the
1950s. A policy of universal vaccination was consistent with World Health
Organization (WHO) recommendations at the time that a single dose of BCG vaccine
be given to all infants as soon as possible after birth in countries with a high
incidence of TB (greater than or equal to 40 cases per 100,000 population). The
benefit of BCG vaccination appears to be that it protects young children against
disseminated and severe TB, for example TB meningitis and miliary TB. It is less
effective in preventing respiratory disease, which is the more common form in
adults.

The BCG vaccine is considered safe in healthy infants. Localised adverse reactions
are usually self-limiting. Allergic reactions and more severe local reactions are rare.

Policies on BCG vaccination differ internationally. This reflects variation in the
incidence of TB as well as differences in opinion concerning the relative benefit of
the vaccine, particularly where incidence rates are low. As TB incidence declines, the
benefit of universal vaccination also declines and the relative importance of adverse
events increases. Due to a decline in national TB incidence, many European
countries have ceased universal vaccination programmes, mostly switching to a
policy of selective vaccination of high-risk individuals. At present in Western Europe,
only Ireland and Portugal have universal vaccination programmes despite neither
being considered a high TB incidence country.

The International Union Against TB and Lung Disease set out criteria that should be
met before considering discontinuing universal BCG vaccination . These criteria
relate to how well the TB programme functions, the quality of TB reporting, and
recent trends in pulmonary TB and TB meningitis. In the context of the current
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universal BCG vaccination programme, Ireland is considered to have a well-
functioning TB programme with high quality reporting of TB notifications.

Among countries that operate a policy of selective vaccination, there is variation in
the definition and management of the high-risk population. Criteria include selective
vaccination of migrants, or children or grandchildren of migrants who have moved
from high incidence countries (=40/100,000 persons).

Burden of disease

Tuberculosis (TB) remains a global health challenge. An estimated 9.0 million people
developed TB in 2013 and there were 1.5 million deaths from the disease in 2013.
The incidence of TB in Ireland is similar to that of most other countries in the EU27
States, with the same incidence as Luxembourg, France, Belgium and Austria.

In line with global trends, TB incidence in Ireland has been in decline over the past
25 years. The crude national incidence rate per 100,000 has fallen from 18.2 in 1991
to 7.0 in 2014. The number of cases of TB in Ireland each year has dropped from
over 600 in the early 1990s to under 400 since 2012; 324 cases were reported in
2014. Between 2005 and 2014 the average annual nhumber of cases in children aged
less than 15 years was 20.9 cases, although the incidence has been in decline; the
average annual number of cases for 2012 to 2014 was 11.7 cases.

In 2007 there was an outbreak of TB in County Cork linked to two créches, and
during 2010 there were three general outbreaks that occurred in schools, which
impact on figures. Corresponding to the decline in TB cases in the general
population, the rate per 100,000 for 0-15 year olds has also been in decline over
time.

There is substantial regional variation in incidence rates in Ireland, but no area
would be considered high incidence based on the WHO metric of 40 cases per
100,000 persons.

The average annual notification rate of smear-positive pulmonary TB cases has been
less than or equal to five per 100,000 during the previous three years. The average
annual notification rate of TB meningitis in children aged under five years has been
less than one per 10 million general population during the previous five years.
Ireland therefore meets the International Union Against TB and Lung Disease TB
incidence criteria for discontinuing universal BCG vaccination.

TB may affect different parts of the human body, and different incidence rates apply
to each type. In 0 to 15 year olds, pulmonary TB accounts for 59% of TB cases,
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extrapulmonary TB for 36% of cases, TB meningitis for 4% and miliary TB is
associated with 1% of cases.

The recommended treatment schedule for new patients with pulmonary and
extrapulmonary TB lasts six months. Longer schedules of nine months and nine to
12 months have been recommended for TB of bones and joints and TB meningitis,
respectively.

As treatment is intended to cure, the main outcome is reduced health-related quality
of life in patients being treated for TB. Quality of life is lowest at diagnosis, and
improves substantially as symptoms of TB resolve during the initial intensive
treatment phase. Due to the lengthy treatment of six to 12 months, patients will
experience reductions in quality of life associated with treatment-related restrictions
and adverse events.

There is a lack of evidence regarding long-term impairment in those who had
pulmonary TB in childhood. TB meningitis is associated with a high-risk of long-term
neurological chronic complications including intellectual or behavioural deficits,
neurological deficits (including motor deficits, seizures), and hearing deficits.

The case fatality rate for TB in Ireland is approximately 1% to 3% of cases of all
ages, similar to Germany and Luxembourg. Between 2002 and 2014 there were no
TB deaths in children aged less than 15 years in Ireland.

Infants may be at high-risk of developing TB on the basis of a number of factors,
including: born in a high TB incidence country; parents from a high TB incidence
country; contact with cases with active respiratory tuberculosis; member of an at
risk group for which there may be difficulty in providing alternative control
measures.

For this study the high-risk population in Ireland comprises children born to parents
from a high TB incidence country and Irish Traveller children. These two groups
constitute approximately 13.4% of births in Ireland annually. High-risk infants were
estimated to have a risk of contracting TB three times higher than that of the
general population.

Clinical effectiveness and safety

A systematic review was carried out to identify relevant studies of the efficacy of
neonatal and infant BCG vaccination for the prevention of TB. Four randomised
controlled trials and 10 case-control studies were included in the review. Three of
the randomised controlled trials were published in the 1940s, and the most recent
was published in 1976. The sample sizes of included studies were generally small



Health technology assessment of a selective BCG vaccination programme. Draft for public
consultation

Health Information and Quality Authority

and may have been underpowered to detect differences for rarer outcomes such as
TB meningitis.

The data obtained from the published randomised controlled trials represent the best
available evidence and are likely to be broadly accurate for Ireland, given that they
were predominantly carried out in North America.

Based on the best available evidence, the following relative risks of TB in vaccinated
children were estimated (with a relative risk of less than 1 indicating a protective
effect against TB):

"  pulmonary TB: 0.40 (95% CI: 0.26 to 0.60)

® extrapulmonary TB: 0.14 (95% CI: 0.03 to 0.63)
® TB meningitis: 0.15 (95% CI: 0.01 to 2.87)

" miliary TB: 0.08 (95% CI: 0.01 to 0.42)

® TB mortality: 0.16 (95% CI: 0.05 to 0.51).

There is limited evidence available on how long BCG remains effective, although it is
estimated that the protective effect may last for up to 15 years.

Almost all BCG vaccinations result in mild ulcers at the injection site and scarring.
The rate of severe adverse reactions to BCG in Ireland is approximately one in 1,169
vaccinations. Severe reactions include lymphadenitis and suppuration, and may
require medical intervention. In Ireland there has been a relatively high rate of
disseminated BCG of approximately one in 83,000 vaccinated infants, compared with
one in 230,000 to 640,000 estimated by the WHO. Disseminated BCG is associated
with a high-risk of mortality and is more likely to occur in infants with a
compromised immune system. Despite the increased mortality risk there have been
no deaths from disseminated BCG in Ireland in the last ten years.

Economic evaluation

A systematic review was carried out to assess the available cost-effectiveness
evidence for neonatal BCG vaccination programmes and to inform the economic
analysis of BCG vaccination programmes in Ireland. Studies were included if they
compared the costs and consequences of selective BCG vaccination to either
universal vaccination or a programme of no vaccination. A total of five relevant
studies were identified. The identified studies were not considered applicable to the
Irish context due to differences in methodology and epidemiological data.
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A cost-effectiveness analysis was used to determine the costs and benefits
associated with BCG vaccination programmes in Ireland by modelling one years’
cohort from birth to life expectancy. Effectiveness was measured in terms of life
years gained and quality-adjusted life years. Costs and benefits were assessed from
the perspective of the publicly-funded health and social care system. Model
parameters were derived from Irish and international datasets, peer-reviewed
literature, and expert opinion. It was assumed that high-risk status would comprise
children with a parent from a high TB incidence country and Irish Traveller children.

With selective vaccination there would be an estimated 53,532 fewer vaccinations
per annum, with an associated reduction in adverse reactions to BCG. In the
absence of any other changes in TB control, the number of cases of TB in the single
birth cohort followed to age 15 years was estimated to be higher for strategies of no
vaccination (56 cases) and selective vaccination (44 cases) relative to universal
vaccination (24 cases). Relative to a policy of no vaccination, the number of
vaccinations per case prevented was 638 for selective vaccination and 1,993 for
universal vaccination.

Mortality was estimated as the combination of TB-related and disseminated BCG-
related mortality in the birth cohort followed to age 15 years. A policy of no
vaccination was estimated to result in the highest mortality (0.44 deaths), and
universal vaccination in the lowest mortality (0.30 deaths). Selective vaccination was
estimated to result in 0.37 deaths. Mortality in universal vaccination is primarily due
to very severe reactions to BCG, whereas for selective vaccination it is predominantly
due to TB-related mortality.

In terms of life years gained, selective vaccination was estimated to be more
effective and less costly than universal vaccination. The incremental cost-
effectiveness ratio for selective relative to no vaccination is €340,520 per life year
gained. For quality-adjusted life years, universal vaccination was more effective than
the alternatives. In terms of quality-adjusted life years (QALYs), the incremental
cost-effectiveness ratio was €2,549,822 per QALY for universal relative to selective
vaccination, and €139,557 per QALY for selective relative to no vaccination. Neither
universal nor selective vaccination would be considered cost-effective relative to no
vaccination under typical willingness-to-pay thresholds.

The model was used to predict the number of cases of childhood TB per annum. It
was estimated that TB cases under selective vaccination would reach a maximum of
10.7 cases three years after introduction, compared with 8.0 cases under universal
vaccination at the same point in time. It was predicted that after 16 years, selective
vaccination would, on average, result in an additional 3.6 cases of childhood TB per
annum relative to universal vaccination. At the same point, a programme of no
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vaccination would, on average, result in an additional 5.7 cases of childhood TB per
annum relative to universal vaccination.

The budget impact of universal vaccination was estimated to be €2,393,335 per
annum. The annual budget impact would be €1,339,364 for selective vaccination
and €1,125,787 for a programme of no vaccination. The annual budget impact of no
vaccination is €213,577 less than for the selective vaccination strategy. In a selective
programme, 34% of the budget impact arises from the vaccination programme and
27% is due specifically to the cost of administering the vaccine.

There was substantial uncertainty regarding a number of the key parameters, all of
which were allowed to vary within plausible ranges in the main analysis. Although
there was a clear hierarchy in terms of total costs, with universal being the most
costly option and no vaccination the least costly, there was greater uncertainty in
terms of benefits. The main analysis used a conservative estimate of TB risk based
on data from 2005 to 2014. However, if more recent childhood TB incidence rates
continue, then selective vaccination would be associated with lower overall mortality
than the universal vaccination programme.

Organisational and social implications

A change from a universal to a selective programme would have implications for the
organisation of services in Ireland. In terms of vaccination, the number of eligible
infants would decrease substantially. This would have a consequent impact on the
resources required to deliver that service. In light of ongoing shortages of BCG, a
selective vaccination policy would ensure that available resources are focused on
those who are most likely to benefit from vaccination. A selective vaccination
programme should be based on a set of clear and uniformly applied criteria that are
understandable to both health professionals and the general public.

Selective vaccination implies the need to identify high-risk infants, a practice which is
not currently necessary due to universal eligibility. A consistent approach to risk
classification should be adopted which will require staff training. Vaccination uptake
rates have been shown to be lower in high-risk populations in some studies.

TB screening and contact tracing are critical components of a TB control programme.
A selective vaccination strategy will entail that a large proportion of children will
have no protection against TB. An appropriately resourced and consistent approach
to screening and contact tracing will be required to reduce the spread of TB from
index cases to unprotected children. In the interest of public health, a change of
vaccination strategy should be supported by a clear commitment to systematic and
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comprehensive TB control. Changes to TB control should be introduced before a
change in vaccination policy to minimise the impact of reduced vaccine coverage.

In the absence of changes to other elements of the current TB control programme, a
strategy of selective vaccination has the potential to result in a small number of
additional cases of TB in children, placing an additional burden on health services.
However, this is counterbalanced by a likely reduction in the numbers of serious
adverse reactions to BCG.

From a social perspective, there is widespread acceptance of the existing universal
vaccination policy. There may be expectations about the benefits and harms of BCG
vaccination that are not supported by the available evidence. A change to a different
vaccination strategy should be supported by a public awareness campaign that
clearly states the rationale for change. For a selective strategy, awareness is also
required to ensure that high-risk families understand the need to seek vaccination
and to maintain a high uptake in eligible infants.

For a selective programme, it would be very important to consult with high-risk
groups to determine the most acceptable and efficient way to identify those eligible
for vaccination.

Ethical considerations

Public health programmes raise a range of ethical issues which require consideration
by policy makers. While governments have an obligation to protect the health and
wellbeing of citizens, this must be achieved in a way that is equitable, non-
discriminatory, transparent and, as far as possible, non-coercive. Refusal by parents
and guardians to have their child vaccinated must continue to be respected even in
the high-risk groups.

Even though the potential negative side effects of vaccination to low-risk individuals
through a universal vaccination programme are relatively minor for the majority of
infants, it is still of moral significance that thousands of infants in the low-risk
category experience such a burden for comparatively little benefit to themselves.

It is likely that there will be an increase in TB cases as a result of changing from
universal to selective vaccination in Ireland. Any decision to proceed with selective
vaccination arising from a consideration of the risks and benefits of universal versus
selective programmes should be communicated clearly so as to maintain public trust
in the vaccination programme.

The targeting of specific population groups for vaccination may be seen as
potentially discriminatory. In the context of health policy, selection of particular
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groups for public health interventions is justified on the basis of risk assessment and
targeting of those most likely to benefit. Moving to selective vaccination is therefore
justified as a specific protective measure for high-risk groups and an avoidance of
the burden of vaccination for those for whom it carries little or no benefit.

The process of seeking relevant information in relation to ethnicity or nationality
must be carried out in a way that is non-discriminatory and consistent with the
privacy of the infant and the family.

The constituent elements of valid informed consent are capacity, disclosure and
understanding of adequate information, and agreement. The giving of clear and
comprehensible information is crucial; the use of translation and adult literacy
services may be required. Other consent issues include identification of high-risk
groups, the perception that a visible scar at the injection site may stigmatise and
whether a parent is legally authorised to give consent as in the case of an unmarried
father. Appropriate training of staff in managing potentially difficult and sensitive
consent issues should be provided.

Conclusions

Health technology assessment supports evidence-based decision making in regard to
the optimum use of resources in healthcare services. Measured investment and
disinvestment decisions are essential to ensure that overall population health gain is
maximised, particularly given constrained healthcare budgets and increasing
demands for services provided.

Bearing in mind the estimates and assumptions that were used in this analysis, the
following conclusions may be drawn. All European countries with a TB incidence
similar to Ireland do not have programmes of universal BCG vaccination. Based on
recent patterns of TB incidence, Ireland meets the the International Union Against
TB and Lung Disease criteria for discontinuing universal BCG vaccination. Selective
vaccination will protect children most at risk of contracting TB while avoiding adverse
effects of the vaccine in children who are least likely to benefit from vaccination.
Selective vaccination delivers a programme that minimises adverse events while a
universal programme maximises benefits but at the expense of increased adverse
events.

Universal vaccination is not cost-effective. Selective vaccination was found to be not
cost-effective relative to a programme of no vaccination. Should selective
vaccination be adopted, the most efficient method of delivering the programme must
be determined. Comprehensive TB control measures must be in place before making
changes to the vaccination policy.
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1. Introduction

1.1 Background to the request

On 19" December 2013, the Chief Medical Officer of the Department of Health,
requested that the Health Information and Quality Authority (the Authority or HIQA)
undertake a health technology assessment (HTA) in relation to proposed changes to
the national neonatal BCG vaccination programme.

The request for a formal HTA was on foot of a recommendation from the National
Immunisation Advisory Committee and the National TB Advisory Committee. The
recommendation was formed based on International Union Against TB and Lung
Disease criteria for discontinuing universal BCG vaccination, epidemiological data on
TB incidence, incidence of TB reactions, and a cost-effectiveness evidence analysis
by the National Centre for Pharmacoeconomics.")

Tuberculosis (TB) is an infection caused by a bacterium called mycobacterium
tuberculosis. TB typically affects the lungs, but can also affect other parts of the
body such as the bones, joints and kidneys. It can also cause meningitis. Bacille
Calmette Guerin (BCG) is the currently licensed TB vaccine, and has been routinely
used in Ireland since the 1950s. The BCG vaccine is currently given as part of the
routine childhood vaccination schedule.

Policies on BCG vaccination differ both regionally within Ireland and internationally.
In countries with a low incidence of TB, often only those with a high risk of
contracting TB are given the BCG vaccination. High-risk groups include healthcare
workers and infants whose parents are from a country with high TB incidence. A
number of European countries, including the UK, France, Germany and Spain, have
ceased universal childhood BCG vaccination and now have programmes of selective
vaccination for high-risk groups.

The use of selective vaccination may reduce unnecessary vaccination and the
numbers of adverse reactions. Selective vaccination will also result in failure to
prevent some cases of TB.

1.2 Terms of reference

Based on the available evidence, the Minister for Health will decide on whether there
should be a change in policy from a universal to a selective neonatal BCG
vaccination programme. In consultation with the Department of Health, questions
were developed in relation to the critical information required to inform the decision.
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Answers to these questions, which underpinned the Terms of Reference of this HTA,
will inform the decision of the Minister.

The Terms of Reference were to:

® describe the epidemiology of TB in Ireland

® examine the current evidence of efficacy and safety for BCG vaccination in
infants

® review the international cost-effectiveness literature on BCG vaccination
strategies in infants

= estimate the clinical implications, cost-effectiveness, resource implications and
budget impact of selective BCG vaccination of high-risk infants compared with a
programme of universal vaccination, and a strategy of no vaccination

® consider any wider implications that a change in vaccination strategy may have
for patients, the general public, or the healthcare system

® based on this assessment, advise on the optimal configuration of an Irish BCG
vaccination programme for infants.

The specific remit of this HTA was to assess the impact of changing from a policy of
universal to selective neonatal BCG vaccination. Selective vaccination is directed at
those who are at high risk of TB infection. Although there is no universal definition
of high-risk, it most commonly includes infants born to parents from countries with a
high TB incidence. The World Health Organization (WHO) defines high incidence as
greater than or equal to 40 cases per 100,000 persons per annum. Other potential
indicators of high-risk can include: infants from communities or ethnic minorities
with high TB incidence or a family history of TB.

1.3 Overall approach

Following an initial scoping of the technology, the Terms of Reference of this
assessment were agreed between the Authority and the Department of Health.

The Authority convened an Expert Advisory Group comprising representation from
relevant stakeholders including the Department of Health, the Health Protection
Surveillance Centre, the National Immunisation Advisory Committee, clinicians with
specialist expertise, representatives of patients’ organisations, and an ethics expert.
The role of the Expert Advisory Group was to inform and guide the process, provide
expert advice and information and to provide access to data where appropriate. A
full list of the membership of the Expert Advisory Group is available in the
acknowledgements section of this report.
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The Terms of Reference of the Expert Advisory Group were to:

® Contribute to the provision of high quality and considered advice by the Authority
to the Minister for Health.

= Contribute fully to the work, debate and decision making processes of the group
by providing expert guidance, as appropriate.

® Be prepared to provide expert advice on relevant issues outside of group
meetings, as requested.

" Provide advice to the Authority regarding the scope of the analysis.

® Support the Evaluation Team led by the Authority during the assessment process
by providing expert opinion and access to pertinent data, as appropriate.

® Review the project plan outline and advise on priorities, as required.

® Review the draft report from the Evaluation Team and recommend amendments,
as appropriate.

® Contribute to the Authority’s development of its approach to HTA by participating
in an evaluation of the process on the conclusion of the assessment.

The Authority appointed an Evaluation Team comprised of internal staff from the
HTA Directorate to carry out the assessment. Dr Deirdre Madden, School of Law,
University College of Cork was contracted to evaluate the ethical implications of a
change in policy.

The Terms of Reference of the HTA were agreed by the Expert Advisory Group at
the initial meeting of the group. Draft findings regarding the clinical effectiveness
and safety of BCG vaccination programmes were also discussed at the initial
meeting. Draft findings from the assessment were also discussed at a subsequent
meeting. The draft report was reviewed by the Expert Advisory Group on two
occasions.The Authority is making the draft report available for public consultation to
provide an opportunity for all potential interested parties and members of the public
to provide comment and feedback prior to the report being finalised. Amendments
will subsequently be made, as appropriate before the final draft is submitted to the
Board of the Authority for approval. The completed report will be submitted to the
Minister for Health as advice and will be published on the Authority’s website.
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2. Description of the technology

The purpose of this chapter is to provide a brief description of the clinical course of
tuberculosis (TB), to describe vaccination interventions to reduce the risk of
acquiring TB, and to provide an overview of the current Irish and international
vaccination policies.

2.1 Tuberculosis

Human tuberculosis (TB) is an infectious disease caused by bacteria of the
Mycobacterium tuberculosis complex of which M. Tuberculosis is the most common
and important agent causing human disease. While it may affect almost any part of
the body, pulmonary TB (lungs) is the most common form and accounts for almost
60% of all cases in Ireland.”® TB in Ireland is typically acquired through the
respiratory route, due to inhalation of infected respiratory droplets from a person
with infectious pulmonary TB. Transmission is most likely after prolonged close
contact, such as sharing a home, with someone whose sputum is smear positive for
the bacillus on microscopy. The risk of extrapulmonary TB is disproportionately
higher in individuals with impaired immunity and young children in communities with
connections to countries with a high TB prevalence.® The WHO estimated that
approximately 13% of new cases of TB in 2013 were in HIV-positive individuals.®

Infection with TB does not always lead to TB disease. Following infection, the
bacterium may be eliminated; remain latent (that is, the person has no symptoms,
but the TB bacteria remain in the body); or progress to active TB over the following
weeks or months. The risk of developing active disease is highest one to two years
after a new infection, and decreases as time passes. Latent TB infection may
reactivate in later life. Risk factors for reactivation include weakening of the immune
system due to disease (for example, HIV) or medical treatment (such as
corticosteroids) and old age.®

General symptoms of TB may include fever, loss of appetite, shortness of breath,
unexplained weight loss, night sweats and fatigue. However, symptoms are varied
and depend on the site of infection. Pulmonary TB typically causes a persistent
productive cough; this may be accompanied by blood-streaked sputum or, more
rarely, frank haemoptysis. If left untreated, TB in otherwise healthy adults is
typically a slowly progressive disease that may eventually be fatal. TB is however a
treatable and curable disease with the majority of non multi-drug resistant cases
cured with a standard six-month treatment course.® Multidrug-resistant tuberculosis
(MDR-TB) is defined as a form of TB infection caused by a strain of the bacteria that
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is resistant to treatment with isoniazid and rifampin, the two most potent TB drugs.
Treatment options for MDR-TB are limited and expensive.

Laboratory confirmation of a diagnosis of TB in a person that meets the clinical
criteria (for example, signs, symptoms and or radiological findings consistent with
active TB in any site) is through isolation of M. tuberculosis complex from a clinical
specimen, or detection of M tuberculosis nucleic acid in a clinical specimen plus
positive microscopy for acid-fast bacillus.®

The WHO declared TB a global emergency in 1993 in recognition of its significant
and increasing contribution to major causes of morbidity and mortality due to
infectious disease. Approximately one-third of the world’s population is estimated to
be infected with M. Tuberculosis. In 2013 there were approximately 1.5 million
attributable deaths and 9.0 million new cases of TB disease, although this figure
represents a decline since 2000 due to improved access to effective diagnosis and
treatment.*”) The disease disproportionately affects the developing world: over 95%
of cases occur in low and middle income countries, with approximately 80% of cases
occurring in 22 high-burden countries.® In Ireland, improvements in socioeconomic
conditions (through better housing and reduced overcrowding) and nutrition as well
as introduction of effective treatment in the 1940s led to a rapid decrease in the
incidence and mortality rate from TB.®) BCG vaccination programmes were
introduced in Ireland in the 1950s. The burden of TB is discussed in detail in Chapter
3.

TB is a notifiable disease. Suspected and confirmed cases must be notified to the
local Medical Officer of Health (in practice the Director of Public Health) by the
clinician or the clinical director of the laboratory. Notification should be as soon as
possible after diagnosis, ideally within three working days. Detailed surveillance
information is subsequently forwarded by the regional Departments of Public Health
to the Health Protection Surveillance Centre. Since 2011, TB data has been collated
using the Computerised Infectious Disease Reporting, the national infectious disease
reporting system used by the Health Protection Surveillance Centre integrating
laboratory and clinical data. Left untreated, a patient with infectious TB can infect 10
to 15 other close contacts over the course of a year. Data collected by the regional
Departments of Public Health is used to investigate cases in order to prevent the
spread of infection and further cases. The information also facilitates the early
identification of outbreaks, and is also used to monitor the burden and changing
levels of disease.®
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2.1 Bacillus Calmette Guerin (BCG) vaccine

The BCG vaccine was derived from an isolate of M. Bovis, a closely related organism
of M. Tuberculosis, and first administered as an oral vaccine in France in 1921 to
prevent TB. Percutaneous or intradermal administration began in the 1940s following
the completion of trials demonstrating the vaccine’s efficacy. The current BCG
vaccine contains a live attenuated (modified) strain derived from M. Bovis. Daughter
strains of BCG have been distributed around the world for vaccine manufacture,
leading to the emergence of genetic and antigenic differences between available
vaccine strains. This gives rise to concerns about their relative safety and efficacy.
There is one licensed product available for immunisation against TB in Ireland, the
BCG Vaccine Statens Serum Institut (SSI), which contains the Danish strain 1331. It
was authorised for use in Ireland in 2001 and has been used in the immunisation
programme since the withdrawal of the Evans BCG vaccine from the Irish market in
July 2002.©®

The BCG vaccine is administered strictly as an intra-dermal injection, normally over
the middle of the deltoid muscle of the left arm as recommended by the WHO. To
minimise adverse events, the vaccine should be administered by experienced
healthcare professionals that are trained in the use of this technique.”

BCG vaccination is considered a safe vaccine in healthy infants. Localised adverse
reactions, including regional adenitis are usually self-limiting: the expected reaction
to successful BCG vaccination, seen in 90% to 95% of recipients, is induration
(hardening) at the injection site followed by development of a local lesion starting as
a papule two or more weeks after vaccination. The papule may ulcerate and then
slowly subside over several weeks or months to heal, leaving a small, flat scar. It
may also include enlargement of a regional lymph node to less than one centimetre.
Contributing factors to severe injection site reactions include excessive dosage,
vaccinating individuals who are tuberculin positive, faulty injection technique, and
the potency of the vaccine strain used.

Allergic reactions (including anaphylaxis reactions), more severe local reactions such
as large local discharging ulcers, abscesses, keloid scarring, lymphadenitits,
suppurative lymphadenitis, and disseminated BCG complications are rare.
Development of disseminated disease (BCG-osis) is more common in patients with
immune systems that are compromised by disease (including some primary
immunodeficiency syndromes and chronic granulomatous disease) or treatment. Due
to the increased risk of disseminated disease in HIV-infected children, the WHO
Global Advisory Committee on Vaccine Safety recommends that BCG should not be
administered to HIV-positive individuals, even if asymptomatic at the time of
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vaccination. Healthcare professionals are requested to report any suspected adverse
reactions associated with BCG vaccines to the Health Products Regulatory Agency.
Patients and carers are also encouraged to report any adverse reactions experienced
to the Health Products Regulatory Agency. The safety of BCG vaccines is reviewed in
detail in Chapter 4.4.2.

Before receiving the BCG vaccination, a tuberculin skin test is necessary for certain
patient groups:®

® all individuals aged six years or over

® children from three months to six years of age:

o who have ever lived or stayed more than three months in a country of
high endemicity

o whose parents are from a country of high endemicity (notification rate
>40 cases of TB per 100,000 population per annum)

o who are contacts of a pulmonary TB case

® children under three months of age in whom TB disease is suspected.

The tuberculin skin test (Mantoux test) which is based on intra-dermal injection of
tuberculin purified protein derivative is used to assess sensitivity to tuberculin
protein. A positive reaction likely indicates that an individual is infected or has active
TB disease or has been previously vaccinated with BCG. Those with a positive
tuberculin skin test should not be vaccinated as it is unnecessary and may cause a
more severe local reaction. Young children and those with strongly positive tests
should have specialist paediatric or physician assessment.

The benefit of BCG vaccination appears to be that it protects young children against
disseminated and severe TB, for example TB meningitis and miliary TB. It is less
effective in preventing respiratory disease, which is the more common form of TB in
adults. There is limited data on the protection afforded by the BCG vaccine when it is
given to adults (aged 16 years or over), and virtually no data for persons aged 35
years or over. BCG vaccination is not usually recommended for people aged over 16
years, unless the risk of exposure is great (for example, healthcare or laboratory
workers at occupational risk).®) The efficacy of BCG vaccination in infants is
assessed in detail in Chapter 4.

2.1.1 Developments in TB vaccination

Due to the limitations of the current BCG vaccine, several new vaccines have been
developed and are being trialled. Targeting the infant population are pre-exposure
vaccines that could replace BCG, and pre-exposure booster vaccines given in
addition to BCG vaccination. Several post-exposure vaccines for administration to
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adolescents or adults who have been previously vaccinated with BCG as infants have
also been developed. Finally, also in development are BCG therapeutic vaccines
which are killed mycobacteria preparations that aim to cure active TB as an adjunct
to chemotherapy.®'% Currently however, only the BCG vaccine is available as a
licensed product to prevent TB.

2.2 Irish BCG vaccination policy

Universal vaccination of neonates was first introduced in Ireland in the 1950s.
Current national policy is to vaccinate all nhewborns, with the exception of County
Galway where there is a school-age vaccination programme. A policy of universal
vaccination was consistent with World Health Organization (WHO) recommendations
that a single dose of BCG vaccine be given to all infants as soon as possible after
birth in countries with a high incidence of TB (greater than or equal to 40 cases per
100,000 population). A policy of providing a booster dose of the vaccine to 11 to 12
year olds was discontinued in 1996. This is consistent with the evidence from several
studies demonstrating that a booster dose of BCG does not improve protection
against TB.!Y) The only other significant change to the vaccination policy in recent
years has been the switch to use of the Danish 1331 strain by SSI in 2002, due to
the withdrawal of the Glaxo-Evans 1077 BCG vaccine from the market.

Given the decline in TB incidence rates in Ireland in the preceding 10 years, in 2013
the National Immunisation Advisory Committee and the National TB Advisory
Committee recommended a change from universal BCG vaccination to a selective
BCG vaccination programme to the Department of Health. This recommendation
took consideration of the International Union Against TB and Lung Disease criteria
for discontinuing universal BCG vaccination (Table 2.1) as well as the burden of
vaccine-related adverse events in infants at low risk of developing TB.

Table 2.1 International Union Against TB and Lung Disease criteria for
discontinuation of universal BCG vaccination?

Criteria
® There must be a well functioning TB programme.

® (riteria include having:
o the structures and processes in place to ensure early
detection of cases
o institution of appropriate treatment in a timely manner
o early identification of non-compliers, and
o the capacity and facilities to institute supervised therapy,
where appropriate.

" There has been a reliable reporting system over the previous five
or more years that enables estimation of the annual incidence of
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active TB by age and risk group and in particular the incidence of
TB meningitis and sputum smear-positive pulmonary TB.

® Due consideration has been given to the possibility of an increase
in the incidence of TB resulting from the burden of HIV in that
country

With one of the following:

® Average annual notification rate of smear-positive pulmonary TB
cases < 5 per 100,000 during the previous three years;

or

® Average annual notification rate of TB meningitis in children aged
under five years < 1 per 10 million general population during the
previous five years;

or

® Average annual risk of TB infection < 0.1%

With regard to the International Union Against TB and Lung Disease criteria, Ireland
is considered as having a well-functioning TB programme and a well-established and
reliable reporting system in place. The adequacy of the TB control programme is in
the context of the existing universal BCG vaccination policy. Furthermore, an
increase in the incidence of TB resulting from the burden of HIV in Ireland is
unlikely. The annual average notification rate of smear-positive pulmonary TB cases
in Ireland was 2.5 per 100,000 in the period 2012 to 2014, and has been less than
five per 100,000 since 2000. The average annual notification rate in Ireland of TB
meningitis in children aged less than five years has been less than one per 10 million
population during the previous five years since 2011. The criterion regarding
average annual risk of TB infection is not applicable to Ireland.® It may therefore be
considered that Ireland meets the International Union Against TB and Lung Disease
criteria for discontinuing the universal BCG vaccination programme.

2.3 International BCG vaccination policies

Policies on BCG vaccination differ internationally reflecting differences in the
incidence of TB as well as differences in opinion as to the relative benefit of the
vaccine, particularly where incidence rates are low. A database of 180 global BCG
vaccination policies and practices noted that of the 180 countries that data is
available for, 157 currently recommend universal vaccination. The remaining 23
countries operate a policy of selective vaccination of at-risk groups having either
stopped universal vaccination (due to a reduction in the incidence of TB) or never
recommended it in the first instance. Figure 2.1 illustrates current vaccination
policies in European countries.

Due to a decline in national TB incidence, 12 European countries have ceased
universal BCG vaccination programmes: Sweden (1975); Spain (1981); Denmark
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(1986); Austria (1990), Germany (1998), Switzerland (1998), Slovenia (2005), UK
(2005), Finland (2006), France (2007), Norway (2009), and the Czech Republic
(2010). However, many switched to a policy of selective vaccination of high-risk
individuals, comprising those at high risk due to occupation or travel, and infants
born into high-risk environments.®

In Western Europe, only Ireland and Portugal currently have universal BCG
vaccination programmes despite not being considered as high TB incidence countries
using the WHO metric (240/100,000 persons).(*

Figure 2.1 BCG vaccination policy by country

BCG Recommendation type

A
Il B
N ¢

Key: A - The country currently has a universal BCG vaccination programme;

B - The country used to recommend BCG vaccination for everyone, but currently does not;
C - The country never had a universal BCG vaccination programme.

Data courtesy of the BCG World Atlas.®**

Among countries that operate a policy of selective vaccination, there is variation in
the definition and management of the high-risk population. Criteria include selective
vaccination of migrants or children or grandchildren of migrants who have moved
from high incidence countries (=40/100,000 persons).™® It is noted that in many
low-incidence countries, risk of TB is greatest in migrant populations. In 2014,
40.9% of all TB cases in Ireland, or 134 cases, were born outside the country.(z) This
risk persists for many years after migration to the country of low incidence. In the
UK, surveillance programmes report that 50% of TB in migrant groups occurs more
than five years after entry to the UK. Of those diagnosed with TB whose date of
entry to the UK was known, 15% (738) were diagnosed within two years and 44%
(2,213) within five years of entering the UK.®® The aim of the current selective UK
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vaccination programme is to immunise those who are at increased risk of developing
severe disease and, or of, exposure to TB infection. The current UK vaccination
programme offers selective neonatal vaccination to:

= all infants (aged 0 to 12 months) living in areas of the UK where the annual
incidence of TB is > 40/100,000 or greater

= all infants (aged 0 to 12 months) with a parent or grandparent who was born in a
country where the annual incidence of TB is > 40/100,000

There are additional criteria for previously unvaccinated children aged between one
and 16 years based on the country of birth of the child’s parents and grandparents,
area of residence, and exposure history.®

2.4 Key messages

® Human tuberculosis (TB) is an infectious disease caused by bacteria of the
Mycobacterium tuberculosis complex of which M. Tuberculosis is the most and
important agent causing human disease.

" TBis a treatable and curable disease with the majority of non multi-drug
resistant cases cured with a standard six-month treatment course.

® There is one licensed product available for immunisation against TB in Ireland,
the BCG Vaccine Statens Serum Institut (SSI), which contains the Danish strain
1331. It has been used in the immunisation programme since July 2002 and is
administered by intradermal injection.

® Current national policy is to vaccinate all newborns (universal vaccination), with
the exception of County Galway where a programme of school-age vaccination
has continued.

" A recommendation to switch to a policy of selective neonatal vaccination has
been made based on epidemiological data on TB incidence, International Union
Against TB and Lung Disease criteria for discontinuing BCG vaccination, and the
incidence of BCG reactions.

® TIreland is one of only two Western European countries that have a policy of
universal neonatal vaccination despite not being considered a high TB incidence
country using the WHO metric (greater than or equal to 40 cases per 100,000
population).

11
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3. Burden of disease

BCG vaccination is used in Ireland for the prevention of tuberculosis (TB). The use of
selective rather than universal neonatal vaccination is partly driven by TB incidence
rates. When incidence is low, a universal programme may not be justified. This
chapter examines the epidemiology of TB in Ireland. Although the current and
proposed programmes of BCG vaccination relate to neonates and infants, TB is a
communicable disease and the incidence in adolescents and adults is also relevant.

3.1 Incidence of TB in Ireland

Tuberculosis (TB) remains a global health challenge - an estimated 9.0 million
people developed TB in 2013 and there were 1.5 million deaths from the disease.¥
The highest burden of disease is in low- and middle-income countries. Due to the
disparities in TB incidence globally, the incidence in Ireland should be viewed in the
context of other European countries (Figure 3.1). The incidence in Ireland is similar
to most other countries in the EU27 states, with the same incidence as Luxembourg,
France, Belgium and Austria.

Figure 3.1 TB incidence rates per 100,000 in the EU27 states, 20135

120

Incidence per 100,000 persons

* Data courtesy of the WHO

It is estimated that a third of the world’s population is infected with latent TB, which
means they are infected with TB bacteria, but cannot transmit the disease.*® People
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with latent TB infection do not feel ill and do not have any symptoms. Without
treatment, approximately 5% to 10% of people with latent TB will go on to develop
active TB at some point.{!”) People with latent TB infection are considered at high
risk of developing active TB if they have been recently infected or they have an
underlying medical condition, such as HIV, that substantially increases their risk of
developing active TB.*

The WHO data is age-sex standardised to allow valid cross-country comparisons.
The Ireland specific figures in the remainder of this chapter are crude incidence per
100,000 persons.

3.1.1 Trend over time

In line with global trends, TB incidence in Ireland has been in decline over the last
25 years. The crude national incidence rate per 100,000 has fallen from 18.2 in 1991
to 7.0 in 2014 (see Figure 3.2). The number of cases of TB in Ireland each year has
dropped from over 600 in the early 1990s to under 400 since 2012; 324 cases were
reported in 2014. The rate has consistently remained below 10 per 100,000 since
2010. Between 1991 and 2014, TB incidence fell by 41% globally.®

Figure 3.2 Crude national tuberculosis incidence rates, 1991-2014
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Data courtesy of the Health Protection Surveillance Centre. Data for 2013 and 2014 are provisional.

The three year annual average rate of sputum smear positive pulmonary TB cases
was stable at approximately 3.5 per 100,000 from 2000 to 2008. The rate decreased
from 2008 to 2012 and has been approximately 2.5 per 100,000 from 2012 to 2014.
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The rate has therefore been consistently less than the criterion of 5 per 100,000
suggested by the International Union Against TB and Lung Disease for considering
discontinuation of universal BCG vaccination.

3.1.2 Incidence by age and sex

The rate of TB varies by age and sex. In the period 2007 to 2011, incidence rates
were higher in men (12.3 per 100,000) than in women (7.8 per 100,000). However,
there was no difference in incidence rates for males and females aged 0 to 14 years
(see Figure 3.3).

Figure 3.3 Tuberculosis incidence rates per 100,000 by age and sex,
2007-2011
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Data courtesy of the Health Protection Surveillance Centre.

In terms of burden of illness, the incidence rate in children aged less than 15 years
is relatively low. Based on the proportion of all cases, children aged less than 15
years contributed between 2.2% and 8.5% of all TB cases by year (Figure 3.4).
Between 2005 and 2014 the average annual number of cases in children aged less
than 15 years was 20.9 cases, although the incidence has been in decline. The
average annual number of cases for 2012 to 2014 was 11.7 cases.
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Figure 3.4 Proportion of tuberculosis cases occurring in children aged
less than 16 years, 2005 to 2014
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Data courtesy of the Health Protection Surveillance Centre. Data for 2013 and 2014 are provisional.

3.1.3 Incidence by area

As with any disease, rates can be expected to vary regionally due to demographics,
geography, and random variation. TB incidence figures are available by county and
local health office area. With exception of counties Dublin and Cork, local health
office areas comprise one or more counties. The finest level of spatial detail was
achieved by using local health office data in Dublin and Cork and county data
elsewhere.

To account for the small numbers of cases, Bayesian methods for estimating disease
rates were used. Incidence is expressed as smoothed incidence rates estimated
using conditional autoregressive models based on a spatial Poisson model with two
random effects.!®) As in any regression model, available area-level covariates may
be included. For this analysis, three covariates were considered: proportion total
population born in the rest of the world (based on any country outside the EU27);
population density (persons per km?); and material deprivation.*®> Models were
fitted using Markov Chain Monte Carlo (MCMC) algorithms with WinBUGS
software.®” Estimates were checked to ensure convergence had been reached. A
burn-in of 10,000 iterations was performed for each model and the posterior
distributions were derived from the subsequent 80,000 iterations.

15




Health technology assessment of a selective BCG vaccination programme. Draft for public
consultation

Health Information and Quality Authority

The analysis was based on data for the years 2012 to 2014 (see Figure 3.5). Six
local health office areas had elevated SIRs for which the difference from the national
average was statistically significant: Dublin North Central, Dublin North West, Dublin
South City, North Lee, Dublin West, and South Lee. All six areas had smoothed
annual incidence rates of between 10 and 20 cases per 100,000. Eight counties and
one community care area had low SIRs for which the difference from the national
average was statistically significant: Monaghan, Wexford, Roscommon, Tipperary
North, Leitrim, Wicklow, Meath, Offaly, and North Dublin.

No area had a smoothed average annual incidence rate in excess of 16 cases per
100,000, and hence all areas were well below the figure of 40 per 100,000 used by
the WHO to define high TB incidence areas.

Incidence is positively correlated with the proportion population born outside
Europe, population density and material deprivation. When all three covariates are
included, only the foreign-born population has a statistically significant coefficient. In
this case, foreign-born refers to all countries outside the EU27 and includes countries
that would not be considered high TB incidence, such as the US and Australia.
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Figure 3.5 Standardised average annual tuberculosis incidence rates by
county and community care area 2012-2014
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Data courtesy of the Health Protection Surveillance Centre. Data for 2013 and 2014 are provisional.
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3.1.4 Incidence by type of TB in children aged less than 15 years

TB may affect different parts of the human body, and different incidence rates apply
to each type. Extrapulmonary TB refers to the situation where TB affects organs
other than the lungs, and typically accounts for 20% to 25% of TB cases.?"
Individuals may have a dual diagnosis of pulmonary and extrapulmonary TB. TB
meningitis and miliary TB are forms of extrapulmonary TB, but are considered more
severe forms of TB and will be considered separately for the remainder of this
report. Miliary TB is characterised by the small size of lesions and wide dissemination
into the body, potentially affecting numerous organs. Although rare, TB meningitis
and miliary TB are considered severe forms of TB, particularly for infants.?

As previously noted, children represent a small proportion of all TB cases, and peaks
in individual ages in children may go unnoticed in national data due to the low
incidence in children (Figure 3.6). Pulmonary TB accounts for 59% of cases in 0 to
15 year olds, extrapulmonary TB for 36% of cases, TB meningitis for 4% of cases,
and miliary TB for 1% of cases.

Figure 3.6 Tuberculosis cases per 100,000 in 0-15 year olds by single year
of age and type of tuberculosis, 2005-2014
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Data courtesy of the Health Protection Surveillance Centre. Data for 2013 and 2014 are provisional.
Cases with both pulmonary and extrapulmonary TB are classified as extrapulmonary.
* TB meningitis and miliary TB are not included in the figures for extrapulmonary TB.
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In the period 2005 to 2014 there were three cases of TB meningitis in children aged
less than five years. Corresponding to the International Union Against TB and Lung
Disease criteria, the five year annual average rate of TB meningitis in children less
than five years of age has been less than 1 per 10 million general population since
2011.

In 2007 there was an outbreak of TB in County Cork linked to two créches.®® The
outbreaks were linked to a single adult index case, and resulted in 20 other TB cases
(18 children and two adults). None of the 18 children had been BCG-vaccinated. This
outbreak is noticeable as the observed peak in pulmonary TB cases in two and
three-year-olds in Figure 3.6. During 2010 there were three general outbreaks that
occurred in schools, which also impact on figures.¥

Corresponding to the decline in TB cases in the general population, the incidence
rate and absolute numbers of cases for 0-15 year olds has also been in decline over
time. Based on provisional data, the rate in 2014 is an estimated 0.74 cases per
100,000 children. The impact of the creche-related outbreak in 2007 is evident in
Figure 3.7.

Figure 3.7 Tuberculosis cases in 0-15 year olds by year, 2005-2014
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Data courtesy of the Health Protection Surveillance Centre. Data for 2013 and 2014 are provisional.
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3.2 Treatment

Treatment for TB is intended to be curative, to prevent relapse of TB and
transmission of the disease to others.®?) Treatment regimens may be daily or three
times per week. Due to the importance of completing the treatment correctly,
directly observed therapy (DOT) by a healthcare professional may be required for
certain individuals identified as being at risk of non-compliance. DOT treatment is
administered daily or on a reduced frequency regimen of three or five times a week
using a modified dose regimen, as directed by the treating physician.

Tuberculosis is treated in two phases — an initial phase using four drugs (which is
designed to reduce the bacterial population as rapidly as possible and prevent the
emergence of drug-resistant bacteria) and a continuation phase that comprises two
drugs in fully sensitive cases. The treatment of choice for the initial phase is the
daily use of rifampicin, isoniazid, pyrazinamide and ethambutol; the continuation
phase typically comprises daily treatment with rifampicin and isoniazid (Table 3.2).
Proprietary combination products that combine two or three of these drugs are
available for adults, and their use is recommended to maximise adherence. Based on
the WHO TB treatment guidelines, new patients with pulmonary TB should receive a
regimen containing six months of rifampicin.** Extrapulmonary TB should be
treated using the same regimens, although longer schedules of nine months and
nine to 12 months have been recommended for TB of bones and joints and TB
meningitis, respectively. In TB meningitis, adjuvant corticosteroid treatment is
recommended. Modification of these treatment regimens may be required due to
resistance or intolerance.

Table 3.2 Treatment options for TB(®

First line treatment Second line treatment
Isoniazid Amikacin
Rifampicin Capreomycin
Ethambutol Ciprofloxacin
Pyrazinamide Ethionamide
Kanamycin
Moxifloxacin
Ofloxacin
Para-amino salicylic acid (PAS)
Prothionamide
Rifabutin
Streptomycin

Internationally, drug-resistant TB strains are becoming more common. This gives
rise to the need for alternative multi-drug treatment regimens. The multi-drug
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groups recommended by the WHO include: first-line oral agents; injectable agents;
fluoroquinolones; and oral bacteriostatic second-line agents (Table 3.2).%") Multidrug
resistant TB remains very uncommon in Ireland, with between one and three cases
reported per annum since 2008,® and only two reported cases of extensively drug
resistant TB. The WHO recommend that treatment for multidrug-resistant TB should
continue for a minimum of 18 months after the patient first becomes smear- or
culture-negative.® Treatment options for MDR-TB are limited and expensive.

3.3 Outcomes

As treatment is intended to be curative, the main outcome should be return to the
health status experienced before infection.

Pulmonary TB can give rise to long-term impairment after resolution of the TB
infection.®*?®) TB may lead to the formation of anatomical changes that remain after
microbiological cure, including bronchovascular distortion, bronchiectasis,
emphysematous changes, and fibrotic bands.*® A study examining pulmonary
function tests (including forced vital capacity (FVC) and forced expiratory volume in
one second (FEV1)) found lower values for patients recently treated for TB
compared with those treated for latent TB infection.®> However, whether these
differences are sustained over the longer-term, and the extent to which they apply
to a paediatric population, is not known. Furthermore, where data is derived from
developing countries, these differences may reflect inadequate access to appropriate
treatment and may increase the potential for long-term sequelae (that is, chronic
conditions that are complications of an acute condition and can occur decades after
the resolution of the initial acute condition).

Depending on its form, meningitis is associated with increased mortality and a
variety of major long-term chronic conditions.(?’?® A systematic review of treatment
outcomes relating specifically to childhood TB meningitis found that risk of death
was 19.3%, risk of neurological sequelae was 53.9% and probability of survival with
no neurological impairment was 36.7%./* The most common sequelae include
intellectual or behavioural deficits, neurological deficits (including motor deficits and
seizures), and hearing deficits.®® Although TB meningitis is rare with nine cases
observed in 0 to 15 years olds between 2005 and 2014, it has a high potential for
resulting in negative outcomes that may impact on quality of life over a survivor’s
lifetime.

Health-related quality of life is lower in patients being treated for TB compared with
those being treated for latent TB infection.®” Quality of life is lowest at diagnosis,
and improves substantially as symptoms of TB resolve during the initial intensive
treatment phase.®" Improvements in quality of life are seen throughout
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treatment,®? although in the absence of high quality information on prior quality of
life it is not possible to determine if a full return to pre-TB quality of life is normally
achieved. Reductions in quality of life associated with treatment-related restrictions
and adverse events will have an impact on patients given the lengthy treatment
duration of six to 12 months.

The case fatality rate for TB in Ireland is approximately 0.01 to 0.03 (see Figure
3.8). Mortality is predominantly in older age groups. Between 2002 and 2014 there
were no TB deaths in children aged less than 15 years.

Figure 3.8 Tuberculosis case-fatality rate by year
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Data courtesy of the Health Protection Surveillance Centre. Data for 2013 are provisional

The mortality rate in Ireland is 0.39 per 100,000 persons, similar to that of Germany
and Luxembourg (see Figure 3.9).

22




Health technology assessment of a selective BCG vaccination programme. Draft for public
consultation

Health Information and Quality Authority

Figure 3.9 Tuberculosis mortality rates per 100,000 in the EU27 states,
20131
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* Data courtesy of the WHO

The mortality data described above relates to death associated with the primary TB
infection. However, there is also a burden of mortality associated with sequelae of
tuberculosis (recorded as ICD10 code B90). In recent years the mortality burden
associated with sequelae of TB is similar or higher than that associated with primary
infections. Mortality from sequelae of TB is unusual in those aged less than 70 years.
Sequelae could be a reflection of delay in diagnosis, delay in timely initiation of
treatment, inadequate treatment, or coming from a high TB incidence country.
Increased sequelae may also be a function of relapsed or repeated TB infections.

3.4 High-risk population

Although various population sub-groups may be considered at high risk of exposure
to TB (for example, healthcare workers), this study is concerned with neonatal
vaccination. As such, high-risk groups are defined for newborns on the basis of a
number of factors including: birth in a high TB endemicity country; parents from a
high TB endemicity country; contact with cases with active respiratory tuberculosis;
member of an at risk group for which there may be difficulty in providing alternative
control measures (for example, the Traveller community).® Risk status may also be
defined by ethnicity or country of birth of grandparents, as has been implemented in
the UK.?
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Regarding ethnicity, the Irish Traveller ethnic minority is an indigenous population
group that is considered high-risk. The incidence of TB in Irish Travellers is
approximately three times that of the general Irish population, although the small
numbers involved mean that estimates are subject to considerable uncertainty.®>
Irish Travellers tend to have a higher occupant density and household size, which
increase the risk of TB transmission. Irish Travellers constitute 0.64% of the
population and approximately 1.3% of births annually.%

In terms of parental nationality, the National Perinatal Reporting System maintained
by the Healthcare Pricing Office records the nationality of mothers and, where
available, fathers.®® High incidence countries were identified from the WHO TB
incidence data as countries with an incidence of greater than or equal to 40 cases
per 100,000 persons. All births where at least one parent came from a high
incidence country were labelled as high TB risk births. Based on national births data
from 2008 to 2013, 12.0% of births can be classified as high-risk based on parental
nationality, although the percentage by county varies from 5.3% in Wexford to
20.1% in Dublin city. Data on the country of birth of grandparents is not captured by
the National Perinatal Reporting System.

When the data on Irish Travellers and children born to parents from a high TB
incidence country is combined, the proportion of newborns classified as high-risk is
13.4%.

TB notifications include data on ethnicity and country of birth, allowing for an
estimate of the proportion of cases in high-risk individuals. Using data from 2005 to
2014, approximately 40% of cases in 0 to 15 year olds occurred in children who
would be classified as high-risk. Based on the assumption that 13.4% of births are
considered high-risk, the relative risk of TB in high-risk children is approximately
4.38 times that of children who are not classified as high-risk. However, this may be
an overestimate as the figure of 13.4% relates to births that take place in the state,
and the proportion of children who are high-risk may be higher when migrants born
outside the state are taken into account.

Some countries, such as the UK, also consider births as high-risk if they are resident
in a high incidence area (defined as an area with TB incidence >40 per 100,000
population). As TB data in Ireland are only available for large areas such as county
or local health office areas, classifying an area as high incidence could greatly
increase the number of births considered to be high-risk. The TB incidence rates in
all Irish local health office areas are well below 40 per 100,000 and none would be
considered as high incidence areas.
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3.5 Discussion

Although TB poses a significant challenge to health globally, Ireland is considered a
low incidence country. Compared with other countries in the EU, Ireland is mid-table
in terms of incidence and mortality. There are approximately 400 cases of TB
annually in Ireland, of which approximately 10 (2.5%) are in children aged less than
15 years.

Within Ireland there is regional variation in the incidence of TB, with some areas in
Cork and Dublin experiencing statistically significant elevated incidence. There are
also a number of areas with an incidence rate statistically significantly lower than the
national average.

In children aged less than 15 years, almost all cases of TB are pulmonary or
extrapulmonary in nature, with cases of miliary TB (two cases from 2005 to 2014) or
TB meningitis (nine cases from 2005 to 2014) being very rare. No deaths relating to
TB have been recorded in children in Ireland in the last 13 years.

TB disease and TB treatment are associated with reduced quality of life, which
improves during treatment as the intensity of the schedule decreases. Quality of life
is lower in those being treated for active TB than in those treated for latent TB. TB
can give rise to longer-term impairment, although there is limited evidence relating
to outcomes in children, particularly for those receiving timely access to adequate
treatment in developed countries. TB meningitis is associated with a high probability
of neurological deficits which could lead to significant reductions in quality of life
across a survivor’s lifetime.

The high-risk population in Ireland comprises children born to parents from a high
TB incidence country and Irish Traveller children. These two groups constitute
approximately 13.4% of births in Ireland annually.

3.6 Key messages

" TB incidence has been in decline in Ireland over the last 25 years. In 2014 there
were 324 cases of TB, equivalent to 7.0 cases per 100,000 persons. Incidence in
Ireland is similar to that in most Western European countries.

® TB incidence is lowest in 0-14 year olds and highest in those aged over 65 years.
Those aged less than 15 years account for approximately 2% of TB cases in
Ireland. Between 2005 and 2014 the average annual number of cases in children
aged less than 15 years was 20.9 cases, although the incidence has been in
decline. The average annual number of cases for 2012 to 2014 was 11.7 cases.
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There is substantial regional variation in Ireland, but no local health office area
would be considered high incidence based on the WHO metric of >40 cases per
100,000 persons.

Treatment for TB is curative and based on antibiotics. Treatment typically lasts
six to 12 months for non-multi-drug resistant forms of TB.

Between 2002 and 2014 there were no recorded TB-related deaths in 0 to 15
year olds in Ireland.

Between 2005 and 2014 there were nine cases of TB meningitis in 0 to 15 year
olds. TB meningitis is associated with a high probability of permanent effects
such as hearing or neurological deficits.

An estimated 13.4% of children born in Ireland each year may be classified as
high-risk based on the ethnicity or country of origin of their parents.

The risk of TB in high-risk children is approximately 4.4 times that of children not
at high-risk.
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4. Clinical effectiveness and safety

BCG vaccination is used primarily for the prevention of tuberculosis, although it has
also been used for the prevention of other conditions, such as leprosy. Vaccination
programmes may be directed at specific age groups (for example, neonatal), or may
target individuals who have a higher likelihood of exposure to TB, for example health
professionals. In line with the agreed scope of the health technology assessment
(HTA), this chapter will examine the current evidence of efficacy and safety for BCG
vaccination in infants. As the current and proposed programmes of BCG vaccination
relate to neonates and infants, evidence regarding older children, adolescents, and
revaccinations will not be considered.

4.1 Search strategy

The efficacy of BCG vaccination to prevent TB has been the subject of a number of
systematic reviews.*®*) Some reviews have focussed specifically on vaccination of
neonates and infants, while others have included individuals vaccinated at any age.
As it is not clear that efficacy estimated based on vaccination of older children or
adults is applicable to vaccination programmes involving neonates and infants, we
have restricted our review to evidence regarding vaccination of neonates and infants
aged less than one year.

This assessment used the recent systematic review of Abubakar et a/. as a basis for
our estimates.®® Their review was not restricted to neonates and infants, and the
search was completed in May 2009. A long list of search terms was used and studies
that appeared in previous systematic reviews were all identified. We updated their
search to the end of January 2015 using the same search criteria.

A search for studies comparing BCG vaccination with no vaccination was carried out
in MEDLINE, EMBASE, CINAHL, Cochrane Central Register of Controlled Trials, the
Clinical Trials Register and ClinicalTrials.gov. The Cochrane Database of Systematic
Reviews, Database of Abstracts of Reviews of Effects and the Health Technology
Assessment Database were also searched for relevant secondary studies. Reference
lists from reviews were searched to identify primary studies. Full details of the
search are provided in Appendix 1 of this document. The PICOS (Population,
Intervention, Comparator, Outcomes, Study design) analysis used to formulate the
search is presented in Table 4.1 below.

The review is restricted to TB-related outcomes: pulmonary and extrapulmonary TB;
TB meningitis; miliary TB; and TB-related mortality. The effect of BCG vaccination on
tuberculin reactivity is reported in some trials, but as there is no clear link to the
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protective efficacy of the vaccine against the development of active tuberculosis we
have excluded the outcome from our analysis.*?

Table 4.1 PICOS analysis for identification of relevant studies

Population ‘ All children and adults
Intervention | BCG vaccination before the age of one year

Comparator | No BCG vaccination

Outcomes Pulmonary TB, extrapulmonary TB, TB meningitis, miliary
TB, TB mortality

Study design | Randomised controlled trials, case-control studies

By reviewing studies included in previous systematic reviews, it was apparent that
adverse events and reactions are not routinely collected or reported. This may be
due to inconsistent or incomplete reporting. Due to the high frequency of mild
adverse reactions associated with BCG vaccination,*® and different interventional
approaches, any reported data may lack external validity. There is also evidence
regarding different adverse reaction rates being associated with different BCG
vaccine strains which also impact on the potential applicability to different
settings.(*?

The following study types were excluded:

® trials of vaccines other than BCG

® studies of TB prevalence

® investigations of TB control programmes

" reviews of studies

® trials of booster vaccinations or vaccinations in older children or adults
® trials of tuberculin reactions

® case-control studies if controls are from a tuberculin-screened population and
cases are not

®  case-control studies with non-concurrent controls

® studies in which some or all vaccinated participants were vaccinated more than a
year after birth.

Results were reviewed according to the inclusion and exclusion criteria by two
researchers independently, and any disagreements were resolved through
discussion.
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The systematic review of Abubakar et a/. assessed study bias in randomised
controlled trials (RCTs) and quasi-randomised trials using the Cochrane Risk of Bias
Tool.®% The same review also quality assessed case-control studies based on three
criteria: equivalence of vaccination definitions for cases and controls; blinding of BCG
assessors regarding disease status; and whether cases were diagnosed independent
of vaccination status.®*

4.2 Results

Four RCTs*>*® and 10 case-control studies*>® included in the systematic review of
Abubakar et al. met the inclusion criteria for this review. The extension of the
systematic review from May 2009 to January 2015 did not identify any additional
relevant studies. The characteristics of the included studies are given in Table 4.2.

As all identified studies were included in the review of Abubakar et al.,*® the study
quality findings were extracted from that systematic review. One of the four RCTs
comprised two sub studies (one based in TB households and one hospital based),
giving a total of five RCT datasets. Of the four RCTs included in this review, all were
considered at lower risk of bias regarding selective reporting, case ascertainment
and diagnosis detection bias. All RCTs were at higher risk of bias regarding
generation of allocation sequence and knowledge of allocated intervention. Only the
Rosenthal et a/“* sub-study of TB households was at lower risk of bias for
treatment allocation concealment. Other than Mehta et a/,*® all studies were at
lower risk of bias in terms of addressing incomplete outcome data. All of the case-
control studies were at higher risk of bias in at least one of the specified criteria. The
studies of Kwong et a/.“*) and Putrali et a/.®® were at highest risk of bias, while the
study of Awasthi et a/.®*® was at lowest risk of bias. In general, more recent studies
were at lower risk of bias, possibly reflecting both improved methodology and
reporting.

(45)

A number of studies identified in previous systematic reviews were excluded because
they were not restricted to vaccinations given to infants under one year of age, or
because they did not report one of the four specified outcomes. Some studies that
were included in a previously published systematic review reported an outcome that
amalgamated pulmonary and extra-pulmonary TB data.C®

Of the included studies, three of the four RCTs were conducted in North America
and published in the 1940s.“**”) The remaining RCT was carried out in India and
published in 1976.1*® Length of follow up ranged from 2.5 years*® to 23 years.(*”
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All of the included case-control studies were published after the four RCTs, with
three conducted in India,®>°%°® and one study from each of Indonesia,®%
Thailand,®Y Argentina,®® Myanmar,®® Brazil,** and Mexico.®”
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Table 4.2 Characteristics of included studies

Country Participants Outcomes reported

Vaccinated | Unvaccinated | Pulmonary Extra- TB TB
TB pulmonary | meningitis TB mortality
TB
Rosenthal (1945)“® USA RCT 5,737* 4,378* X X X X
Aronson (1948)“® USA RCT 123 139 X X X
Ferguson (1949)“” Canada RCT 306 303 X X X X
Mehta (1976)“® India RCT 396 300 X
Kwong Chan (1980)“9 Republic of Korea | CC 76 62 X
Putrali (1983)©% Indonesia cC 103 412 X X
Chavalittamrong (1986)*Y | Thailand cC 330 1,106 X X X
Miceli (1986)¢? Argentina cC 51 256 X X X
Myint (1987)C% Myanmar cC 311 1,536 X X X
Camargos (1988)¢% Brazil cC 45 90 X
Bhattacharjee (1993)¢> India cC 21 42 X
Awasthi (1999)*®) India cC 192 70 X
Martinez-Gonzalez (2002)®”) | Mexico cC 42 84 X
Zodpey (2007)¢® India cC 877 877 X X X

Notes:
* Study conducted in two settings with outcomes reported separately. Figures reported here correspond to combined participants numbers.

Abbreviations: TB, tuberculosis; RCT, randomised controlled trial; CC, case-control study.
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No study recorded all five of the outcomes of interest. The most commonly recorded
outcome was pulmonary TB, reported in nine studies. Data on mortality was only
provided in three of the RCTs (see Table 4.2).

4.3 Evidence synthesis

For RCTs, relative risks were computed using the outcomes data. As person-years
were provided, these were used in the calculations. For case-control studies, the
odds ratio was used to summarise study findings. It was assumed that the odds
ratio would approximate the relative risk in the general population. Where sufficient
studies were available, random-effects meta-analysis was used. RCTs and case-
controls studies were pooled separately. When relevant, a continuity correction of
0.5 was added to all cells with 0 cases.

There is evidence to suggest that the efficacy of BCG vaccination differs by distance
from the equator.®® Where sufficient data was available, meta-regression combining
RCT and case-control study data was used to estimate the impact of latitude. The
results of the meta-regression were used to predict what the efficacy of BCG might
be at the latitude of Ireland. All meta-analyses were carried out in the statistical
software R®? using the metaphor package.®? Latitude data was extracted using the
RgoogleMaps package (Figure 4.1).(62) Where sufficient studies were available,
funnel plots and Egger’s test were used to evaluate the possibility of publication
bias.

Figure 4.1 Latitude and sample size of included studies
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4.3.1 Pulmonary TB

There were five RCT datasets and six case-control study datasets available for
inclusion in this analysis. The analysis of RCT studies showed limited heterogeneity
(I=20.3%), and a pooled relative risk estimate of 0.40 (95% CI: 0.26 to 0.60). The
forest plot for the RCT analysis is shown in Figure 4.2.

Figure 4.2 Relative risk of pulmonary TB in RCTs (sorted by increasing
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Abbreviations: CCH, Cook County Hospital; TB HH, tuberculosis households; RE, random effects.

The analysis of case-control studies showed substantial heterogeneity (I1°=76.1%).
The study of Chavalittamrong et a/.®¥ has an unusually low odds ratio compared
with studies at similar latitudes (see Figure 4.3). An analysis of influence metrics,
however, suggests that the results of Myint et a/*® have the most impact on the
pooled estimate. The summary estimate of odds ratio was 0.47 (95% CI: 0.34 to
0.63).
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Figure 4.3 Odds ratio of pulmonary TB in case-control studies (sorted by

increasing latitude)

Putrali (1983) . 0.73[0.45,1.19]
Chavalittamrong (1986) —.— 0.30[0.23,0.40]
Myint (1987) — 0.74[0.53,1.05]
Zodpey (2007) — . 0.47[0.35, 0.63]
Zodpey (2007) —_— 0.39[0.23,0.68]
Miceli (1986) —. 0.35[0.23,0.52]
RE Model e ———r e senes | 0.47[0.34, 0.63]
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Abbreviations: RE, random effects.

When both RCTs and case-control studies are combined, there is substantial
heterogeneity (I°=60.6%). The pooled estimate lies between those estimated for

RCTs alone and case-control studies alone Figure 4.4).

Figure 4.4 Relative risk of pulmonary TB using all studies (sorted by

increasing latitude)

Putrali (1983) : 073[045,119]
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Mehta (1976) oom 0.62[0.35,1.07]
Zodpey (2007) — 0.47[0.35,0.63]
Zodpey (2007) —. 0.39[0.23,068]
Miceli (1986) —.— 0.35[0.23,052]
Rosenthal, CCH (1945) —. 0.34[0.19,0.60]
Rosenthal, TB HH (1945) j 0.25[0.08,1.02]
Aronson (1948) j 0.40[0.13,125]
Ferguson (1948} —_— 0.20[0.06,0.69]
RE Model e r— | 0.44[0.35,056]

0.00 0.50 1.00 1.50

Relative risk

Abbreviations: CCH, Cook County Hospital; TB HH, tuberculosis households; RE, random effects.

A meta-regression of all studies was carried out using latitude as a covariate. The
relative risk decreased with increasing latitude. Although the association was not
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statistically significant at the 0.05 level, the confidence bounds for the coefficient
only just embraced 0. Latitude explained only a small amount of between-study
variation (t°=0.070, compared with t?=0.085 without the covariate). However, the
between-study variation reduced substantially when the study of Chavalittamrong et
al. was omitted. Using the meta-regression model including all studies to predict
efficacy in Ireland, the estimated relative risk was 0.26 (95% credible interval: 0.12
to 0.58).

4.3.2 Extrapulmonary TB

Only a single RCT reported outcomes for extrapulmonary TB.*”) The relative risk
reported in that study was 0.14 (95% CI: 0.03 to 0.63).

Six case-control studies reported data on extrapulmonary TB outcomes. There was
substantial heterogeneity (1>=72.1%). As for the analysis of pulmonary TB, the
study of Myint et a/.®*® was considered influential. Removal of this study from the
analysis resulted in I=0. Including all case-control studies in the analysis resulted in
a pooled odds ratio of 0.23 (95% CI: 0.14 to 0.36) (Figure 4.5).

Figure 4.5 Odds ratio of extrapulmonary TB in case-control studies
(sorted by increasing latitude)

Putrali (1983) 0.25[0.08,6083]
Chavalittamrong (1986) —— 018[0.12,029]
Myint (1987) — 051[0.36,073]
Martinez-Gonzalez (2002) ——— 0.22[0.09, 054]
Zodpey (2007) —— 018[0.11,0.28]
Miceli (1988) —— 0.12[0.05,0.28]
RE Madel b —— e I 0.23[014 0.36]
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Odds Ratio

Abbreviations: RE, random effects.

The addition of the RCT evidence to the case-control study data has a negligible
impact on the pooled estimate. The additional data had a minor impact on
heterogeneity (I°=67.8%), and the study of Myint et a/.®® was still considered
influential, and may represent an outlier. The pooled estimate of relative risk was
0.22 (95% CI: 0.14 to 0.34) (Figure 4.6).
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Figure 4.6 Relative risk of extrapulmonary TB using all studies (sorted by
increasing latitude)

Putrali (1983) 0.25[0.08,083]
Chavalittamrong (1986) —— 018[0.12,0.29]
Myint (1987) —.— 0.51[0.36,073]
Martinez-Gonzalez (2002) ——— 0.22[0.09,054]
Zodpey (2007) ——— 0.18[0.11,0.28]
Miceli (1986) —— 0.12[0.05,028]
Ferguson (1949} 0.14[0.03,063]
RE Model oo e - 0.22[0.14,0.34]
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Relative risk

Abbreviations: RE, random effects.

A meta-regression of all studies including latitude as a covariate had a minor impact
on between-study variation (1°=0.202, compared with t?=0.181 without the
covariate). The results of the meta-regression are unaffected by the inclusion of the
study by Myint et al. This analysis does not support the notion of latitude being
associated with extrapulmonary TB.

4.3.3 TB meningitis

The sub-study of TB households by Rosenthal et a/. was the only RCT to report
outcomes for TB meningitis.*) The relative risk reported in that study was 0.15
(95% CI: 0.01 to 2.87).

There were seven case-control studies that reported outcomes for TB meningitis.
There was substantial heterogeneity (I°=63.8%). The pooled odds ratio was 0.27
(95% CI: 0.17 to 0.42) (Figure 4.7). One study, by Zodpey et al/.,*® was considered
influential. However, this study had a low estimate of the odds ratio, unlike the study
by Myint et al. which tended to have a high estimate of effectiveness regarding
extrapulmonary TB. Removal of the Zodpey et al. study increased the estimate of
the odds ratio to 0.315, indicating a relatively minor impact.
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Figure 4.7 Odds ratio of TB meningitis in case-control studies (sorted by

increasing latitude)

Chavalittamrong (1988) —— H 0.14[0.06,033]
Myint (1987) — . 0.52[0.30,081]
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Kwang Chan (1920) —— 0.21[0.08,045]
RE Maodel o —— 027[017,042]
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COdds Ratio

Abbreviations: RE, random effects.

The addition of the RCT evidence to the analysis has a minor impact on

heterogeneity (I°=59.6%) and the pooled estimate of effectiveness, with a relative
risk of 0.26 (95% CI: 0.17 to 0.41) (Figure 4.8). The study by Zodpey et al.
continues to register as an influential study, although its exclusion has a minor

impact on the pooled estimate.

Figure 4.8 Relative risk of TB meningitis in all studies (sorted by

increasing latitude)

Chavalittamrong (1986) - : 0147006 ,033]
Myint (1987) - 052[0.30,081]
Camargos (1988) —— : 026[012 057]
Zodpey (2007) | 3] ; 012[006,023]
Bhattacharjee (1993) -—I—— 0.44[015,1.30]
Awasthi (1999) - 0.44[024 081]
Kwang Chan (1980} - 021[009, 045]
Rosenthal, TB HH (1945) 015[0.01,287]
RE Model o 026[017,041]
| i | |
0.00 1.00 2.00 3.00
Felative risk

Abbreviations: TB HH, tuberculosis households; RE, random effects.

The inclusion of latitude as a covariate increases the between-study variation, and

hence the results are not reported here.
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4.3.4 Miliary TB

Data on miliary TB was available for three RCTs and one case-control study. A
number of studies combined data on miliary TB and TB meningitis so that the data
could not be disaggregated. Miliary TB is relatively rare so estimates of efficacy are
based on small numbers.

The pooled estimate of relative risk based on RCTs alone was 0.08 (95% CI: 0.01 to
0.42), suggesting that BCG vaccination is highly efficacious in preventing miliary TB
(Figure 4.9).

Figure 4.9 Relative risk of miliary TB in RCT studies (sorted by increasing

latitude)
Roszenthal, TB HH (1945} 0.357001,848]
Aronson (1948) - 0.02[0.00,036]
Ferguson (1949) —— 0.08[0.00,151]
RE Model - 0.0870.01,042]

T I I I |
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Relative Risk

The single case-control study available provided an estimated relative risk of 0.02
(95% CI: 0.00 to 0.30). By pooling the RCT and case-control evidence, a summary
relative risk of 0.05 (95% CI: 0.01 to 0.22) is obtained (Figure 4.10).

Figure 4.10 Relative risk of miliary TB in all studies (sorted by increasing

latitude)
Miceli (1986) (N 0.02[0.00,0.30]
Rosenthal, TB HH (1945) — 0.35[0.01,848]
Aronson (1948) [ 0.02[0.00,0.36]
Ferguson (1949) — 0.08[0.00,151]
RE Model . 0.05[0.01,022]

I | | | |
000 200 400 600 8.00

Relative risk

Due to the small number of included studies, a meta-regression including latitude as
a covariate was considered inappropriate.
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4.3.5 TB mortality

Mortality outcomes were only reported in RCTs, giving four estimates of efficacy.
Given the relatively low occurrence of death, individual study estimates were subject
to substantial imprecision. The pooled estimate of relative risk was 0.16 (95% CI:
0.05 to 0.50). This result contrasts with the systematic review of Colditz et a/.®® The
difference arises as the analysis here does not incorporate one study that included
children vaccinated up to the age of three. That study estimated the relative risk of
TB death as 0.93 (95% CI: 0.35 to 2.48) and clearly impacted on the summary
estimate of vaccine efficacy (Figure 4.11).

Figure 4.11 Relative risk of TB mortality in RCT studies (sorted by
increasing latitude)

Rosenthal, CCH (1945) 0.11[0.01,2.09]

Rosenthal, TB HH (1945) = 0157001, 2.87]
Aronson (1948) : 0127001, 2.27]
Ferguson (1949) - 020004, 094]
RE Model — 016005, 051]
| i T |
0.00 1.00 2.00 2.00
Relative Risk

Abbreviations: CCH, Cook County Hospital; TB HH, tuberculosis households; RE, random effects.

Due to the small number of included studies, and the fact that the studies were
conducted at similar latitudes, a meta-regression including latitude as a covariate
was considered inappropriate.

4.4 Other outcomes

4.4.1 Duration of protective effect

Abubakar et al. investigated the duration of the protective effect of BCG
vaccination.®® They found that efficacy declines over time, but some studies have
shown a continued protective effect 15 years after vaccination.®® A faster rate of
decline was observed in studies further from the equator and in studies where BCG
vaccination was restricted to infants or children after strict tuberculin sensitivity
screening.

A study of a TB outbreak in a UK college screened 2,284 students aged over 16
years (mean age 17.8 years) and found no association between TB infection and
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history of BCG vaccination.(®® The evidence suggested that the protective effect of
BCG may no longer be present at age 18.

4.4.2 Safety

BCG is the most widely used vaccine in humans, but also among the most
reactogenic vaccines in use.* Reactions vary depending on the BCG strain used
and on the immune status of the child receiving the vaccine.** The majority of
vaccine recipients develop a papule at the injection site, followed by mild ulceration
and a scar. However, other more severe side effects include lymphadenitis and
osteitis (Table 4.3). Suppurative lymphadenitis is most commonly associated with
the BCG-Pasteur and BCG-Danish strains, while BCG-Russia is associated with
osteitis cases.*

Table 4.3 Summary of mild and severe adverse events associated with
BCG vaccination*¥

Nature of adverse Description Rate
event
Mild Injection site papule (onset 2—4 weeks)
Mild ulceration (1—-2 months) Almost all vaccinees
Scar (2-5 months)
Severe Local abscess
Keloid
Lymphadenitis 1 per 1,000-10,000

Suppuration (onset 2—-6 months)
Systemic (onset 1-12 months)
Cutaneous skin lesions

Case reports only

Osteitis 1 per 3,333-10%
Disseminated BCG 1 per 230,000-640,000
Immune reconstitution syndrome 1 per 640,000

Among infants and children with a compromised immune system, such as those
infected with HIV, the risk of severe adverse events from BCG vaccination occurring
is substantially higher than for children with healthy immune systems.*®

Mild adverse reactions do not require medical intervention. Of the more common
severe reactions, antibiotics may be used for suppurative lymphadenitis, although
there is little evidence of efficacy.®® Needle aspiration may prevent discharge and
associated complications such as fistulation, and is recommended in some
countries.“*¥ Surgical drainage of suppurative lymphadenitis is also used but there is
little evidence supporting its benefit, and it also creates risks in terms of
anaesthesia.*%%%
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Disseminated BCG is a particularly severe adverse reaction most typically occurring
in infants born with immunodeficiency syndromes.®* There were eight confirmed
cases of disseminated BCG in Ireland between 2005 and 2014, which equates to
approximately 1 in 83,000 vaccinated infants.(®® This rate is in contrast to the WHO
estimate of one in 230,000 to 640,000 given in Table 4.3 previously. The reported
mortality rate associated with disseminated BCG varies from 13% to 73%.®”71)
Ireland has a relatively high reported proportion of population affected by primary
immunodeficiency syndromes, second only to France in a review of 17 European
countries.”® Based on limited data, a high rate of primary immunodeficiency
syndromes has been noted in the Irish Traveller population.t’® One of the eight
cases was in an Irish Traveller, representing a risk ratio of approximately 11.4 in
Irish Traveller infants. Due to the small numbers of cases, the risk ratio is subject to
wide confidence bounds.

Disseminated BCG in Ireland was most commonly seen in infants with severe
combined immunodeficiency (SCID). The risk of very severe adverse reactions to
BCG may therefore be higher in Ireland than most other European countries, and
the associated risk of mortality must also be considered. There were no deaths
among the eight confirmed cases of disseminated BCG in Ireland. The mortality rate
in Ireland may be lower than some reported estimates due to early recognition and
aggressive treatment of BCG-osis and of the underlying primary immunodeficiency
syndrome. Although BCG vaccination is contraindicated in infants with a family
history of primary immunodeficiency,® the presence of a primary immunodeficiency
is not always known at the time of vaccination.

The BCG vaccine SSI was authorised for use in Ireland by the Irish Medicines Board
in 2001, and has been used in the vaccination programme from July 2002.” This
vaccine is based on the BCG Danish strain 1331. In the 12 months after its
introduction, the vaccine was associated with 41 suspected adverse reactions, all of
which involved local reactions. Some cases required surgical intervention, with a
suggestion that some of the reactions may have been caused by the vaccine
inadvertently being administered subcutaneously or intramuscularly, rather than
intradermally.” The rate of adverse reactions was seen to be consistent with the
frequency expected for the particular strain of BCG.”>

The adverse reactions reported to the Health Products Regulatory Authority include
reactions in adults and children. Details on the age of the vaccine recipient are
available in approximately two thirds of reports. Where age is provided, only 1% of
reported cases relate to adults. For this analysis, it was assumed that all case reports
with no age data related to children.
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Figure 4.12 Numbers of annual adverse reaction reports in Ireland relating
to BCG-SSI, 2003 to 2014
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Based on the estimated number of children vaccinated each year, the rate of
reported adverse reactions from 2003 to 2014 is approximately 1 in 1,169
vaccinations. The rate has varied annually between 1 in 502 in 2004 and 1 in 3,766
in 2013 (Figure 4.12).

A study conducted at two Dublin paediatric hospitals between 2002 and 2004
estimated a complication rate of 1 in 931 vaccinees, and 1 in 1,543 developing
suppurative lymphadenitis.”®) The rate of suppurative lymphadenitis is consistent
with the summary of product characteristics for the vaccine, which suggests a rate
of less than 1 in 1,000. Of the 58 cases identified in the study, 12 infants received
antibiotic treatment (1 in 4,500) and 26 received surgical intervention (equivalent to
1in 2,077).

4.5 Applicability of evidence

The meta-analysis of trials showed substantial heterogeneity across studies. Many of
the trials have been conducted in high TB incidence countries. As was already noted,
distance from the equator is hypothesised as a possible explanation for BCG vaccine
efficacy, although a meta-regression showed limited evidence for this. Different BCG
strains may also have different efficacy in preventing TB, impacting on the
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generalisability of study findings."””) For these reasons, it is difficult to determine the
applicability of the data to settings other than those of the trials.

Universal infant BCG vaccination is recommended in Ireland, although there is
regional variation. Universal vaccination was discontinued in Cork in 1972. Between
1972 and 2008, BCG vaccination was provided in Cork city and county on parental
request and to those with a history of direct TB contact. West Cork also provided
BCG vaccination to primary school leavers. Universal BCG vaccination was
reintroduced in County Cork in 2008 following the 2007 TB outbreak involving two
créches.”® Universal neonatal vaccination was also not provided in the Western
Health Board, which had a policy of universal vaccination at 12 years of age.
Universal vaccination was introduced to Mayo in 2009 and Roscommon in 2012; a
policy of vaccination at age 12 years continues in County Galway.

Vaccine uptake rates vary regionally but can be used to determine the approximate
vaccinated and non-vaccinated populations. The vaccination status of TB cases is
recorded in notification documents and can be used to determine the number of
cases in the vaccinated and non-vaccinated cohorts. The risk ratio for four TB
outcomes for the Irish vaccinated and unvaccinated cohorts are provided in Table
4.4 below. The effectiveness of vaccination against pulmonary TB (RR=0.25) is
better than estimated from the international RCT data (RR=0.40) and similar to that
predicted using the meta-regression incorporating latitude (RR=0.26). The risk ratios
are similar for the other three outcomes. The risk ratio for any TB cases is 0.26
(95% CI: 0.22 to 0.32).

Table 4.4 Risk ratio of TB in vaccinated versus non-vaccinated 0-15 year
olds in Ireland between 2005 and 2014 (Health Protection
Surveillance Centre)

Outcome Non- Vaccinated Risk ratio
vaccinated cohort
cohort

Pulmonary TB 67.2 57.8 0.25 (0.19 - 0.31)
Extrapulmonary TB 37.3 35.7 0.28 (0.20 — 0.38)
TB meningitis 3.6 5.4 0.43 (0.15-1.22)
Miliary TB 1 1 0.29 (0.04 - 2.04)
Person years (0-15 2,152,543 7,505,253

year olds)

Note: cases with unknown BCG vaccination status were allocated to the vaccinated and non-vaccinated cohorts in proportion to
the cases with known vaccination status.
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An 1997 Irish study used data from the 1991 National Tuberculosis Survey to
estimate the efficacy of BCG for preventing TB in Ireland.”® The data specific to
children aged less than 15 years suggests a risk ratio of 0.25, which is very similar to
the more recent Irish data shown above. A more recent report based on the Cork
outbreak of 2007 found 24% of the exposed children had been previously vaccinated
with BCG, and no case of active disease was found in this group.®® Due to the lack
of numerator in the vaccinated group, a risk ratio could not be computed. Similarly,
a report of a 1999 cluster of TB cases in secondary school children found no TB
cases in the exposed children who had been vaccinated.®"

The relevance of this data depends on whether they are representative of the
population generally. TB cases in non-vaccinated individuals are dominated by Cork
cases due to the large number of births and the long period with no universal
vaccination programme in that county. An analysis of regional standardised
incidence ratios found that the Cork City local health office areas had high rates of
TB (see Chapter 3.1.3). This may bias the estimate towards greater vaccine efficacy.

The analysis presented here is intended to show that there is a risk of bias in the
Irish data which is difficult to ascertain, and hence it may not provide an accurate
estimate of the effectiveness of BCG vaccine.

4.6 Discussion

This chapter reviewed the evidence around the clinical effectiveness and safety of
neonatal and infant BCG vaccination. In updating a recent systematic review no
additional evidence was found. The review was restricted to randomised controlled
trials (RCTs) and case-control studies in which vaccination was given to infants less
than one year old.

BCG vaccination is associated with substantial reductions in the risk of TB and TB
mortality. The pooled estimates of RCT and case-control evidence suggest relative
risks of 0.44 for pulmonary TB, 0.22 for extrapulmonary TB, 0.26 for TB meningitis,
and 0.16 for TB mortality.

Data on the vaccinated and unvaccinated cohorts in Ireland gives indicative figures
for vaccine effectiveness in Ireland. With the exception of pulmonary TB, the relative
risks are similar to those estimated from the RCT evidence.

The RCT evidence corresponded to greater estimates of efficacy than the case-
control studies. There is an association between vaccine efficacy and distance from
the equator, and three of the four RCTs were conducted in North America, the
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furthest from the equator of any of the studies. It is possible that this may partially
explain the greater estimates of efficacy observed.

In terms of hierarchies of data sources, the highest ranked data on clinical effect
should come from an appropriately conducted meta-analysis of RCTs with direct
comparison between comparator therapies, measuring final outcomes.®? Case-
control and cohort studies are lower ranked and less preferable due to the greater
risk of bias. The context of BCG vaccination is unusual in that the RCT evidence was
largely published in the 1940s. Since then, methods for conducting RCTs have
become more standardised with a greater recognition of best practice, and reporting
has also improved. We cannot exclude the fact that the RCTs included in our study
may be subject to a risk of bias. In the absence of clear evidence suggesting a
change in vaccine efficacy over time, it is assumed that the efficacy estimated in the
trials still holds, subject to the risk of bias. It is likely that the RCT data provides the
best evidence regarding the efficacy of BCG in the Irish setting. The data on the
vaccinated and unvaccinated cohorts in Ireland provides supplementary information
that may inform a sensitivity analysis, but are also subject to a high risk of bias.

Although reactions to BCG vaccination are common, they tend to be mild. More
severe reactions do occur and sometimes require surgical intervention. Different BCG
vaccine strains may be associated with different rates of adverse reactions. The
introduction of BCG-SSI for vaccination in Ireland was associated with an increase in
adverse reactions. However, more virulent strains may also confer greater
protection.

4.7 Key messages

" A systematic review was carried out to identify relevant studies of the efficacy of
neonatal and infant BCG vaccination for the prevention of TB.

" Four randomised controlled trials (RCTs) and 10 case-control studies were
included in the review. Three of the RCTs were published in the 1940s, and the
most recent was published in 1976.

" The sample sizes of included studies were generally small and may have been
underpowered to detect differences for rarer outcomes such as TB meningitis.

® Based on the RCT evidence, the relative risk of pulmonary TB in the vaccinated
population is 0.40 (95% CI: 0.26 to 0.60). Inclusion of case-control data
increases the relative risk to 0.44 (95% CI: 0.35 to 0.56).

" The relative risk of extrapulmonary TB in the vaccinated population is 0.14 (95%
CI: 0.03 to 0.63) based on a single RCT study. The addition of six case-control
studies increases the estimated relative risk to 0.22 (95% CI: 0.14 to 0.34).
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® Asingle RCT estimated the relative risk of TB meningitis in the vaccinated
population as 0.15 (95% CI: 0.01 to 2.87). The inclusion of data from seven
case-control studies results in an increased relative risk estimate of 0.26 (95%
CI: 0.17 to 0.41).

® Based on three RCTs, the relative risk of miliary TB in the vaccinated population
is 0.08 (95% CI: 0.01 to 0.42). The addition of data from a case-control study
resulted in a reduced relative risk estimate of 0.05 (95% CI: 0.01 to 0.22).

= Data on TB mortality was only available from four RCT studies. The estimated
relative risk of TB mortality in the vaccinated population was 0.16 (95% CI: 0.05
to 0.51).

® There is limited evidence on the duration of effect, although it is estimated that
the protective effect may last for up to 15 years.

® The rate of severe adverse reactions to BCG in Ireland is approximately 1 in
1,169 vaccinations. Severe reactions include lymphadenitis and suppuration, and
may require medical intervention. In Ireland there has been a relatively high rate
of disseminated BCG, with eight cases between 2005 and 2014. Disseminated
BCG is associated with a very high mortality rate, although all eight cases
between 2005 and 2014 survived.

= Itis difficult to determine the applicability to Ireland of the BCG efficacy
estimates. Available Irish data supports the estimates presented here although
may point to a greater efficacy against pulmonary TB. The data obtained from
the published RCTs represents the best available evidence and are likely to be
broadly accurate for Ireland, given that they were predominantly carried out in
North America.
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5. Economic evaluation

This chapter reviews the existing evidence on the cost-effectiveness of BCG
vaccination programmes and describes an economic model assessing the cost-
effectiveness of a selective BCG vaccination programme in Ireland.

5.1 Review of published literature

A systematic review was carried out to assess the available evidence on cost-
effectiveness for neonatal BCG vaccination programmes and to inform the economic
analysis of BCG vaccination programmes in Ireland. Studies were included if they
compared the costs and consequences of selective BCG vaccination to either
universal vaccination or a programme of no vaccination. The review was carried out
in accordance with national guidelines on the retrieval and interpretation of
economic evaluations of health technologies.®

5.1.1 Search strategy

A search was carried out to identify published economic analyses of BCG vaccination
programmes. In tandem with the systematic review of clinical effectiveness, the
search for economic evaluations was carried out in MEDLINE, EMBASE, CINAHL, and
the health technology assessment (HTA) database maintained by the National Health
Service (NHS) Centre for Reviews and Dissemination.

A systematic review of economic evaluations of vaccination against TB was
identified.®® As the methodology used was acceptable it was considered appropriate
to conduct an update of this review. The search strategy for more recent studies
was therefore applied from August 2011 to the end of March 2015.

Studies were included if they evaluated either universal or selective infant BCG
vaccination programmes for the prevention of TB. The BCG programme had to be
compared either with another BCG programme or with no vaccination. Studies
assessing revaccination, later childhood, adolescent or adult vaccination programmes
were excluded. Studies investigating new vaccines were excluded unless they
included two BCG programmes or a BCG programme and a no vaccination strategy.

5.1.2 Results

A total of five relevant studies were identified (see Table 5.1), four from the
previously published systematic review®85%”) and one additional study from
2012.®) The additional study has been separately published as an abstract, in
Slovakian and in English. We have used the English language publication in this
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review along with additional information available in the abstract. In the following
section, costs reflect those quoted in the original studies with 2014 Irish Euro
equivalent prices reported in parentheses.

Table 5.1 Economic evaluations of infant BCG vaccination programmes

Author (year) Country Technology Comparator Evaluation
type
Rahman (2001)®%  Japan Universal infant ~ No vaccination ~ CEA
vaccination
Hersch (2003)¢® Finland Universal BCG Selective and no CEA
vaccination
Trunz (2006)¢® Global Vaccination No vaccination ~ CEA
Altes (2009)®7 The Netherlands Selective Vaccination of ~ CEA
vaccination of broader high-
high-risk infants risk group
Marusakova Slovakia Universal infant Selective and no CEA

(2012)® vaccination vaccination

Abbreviations: BCG - Bacille Calmette Guerin; CEA, cost-effectiveness analysis.
5.1.3 Overview of studies

The study by Rahman et a/. evaluated universal infant vaccination compared with no
vaccination in Japan.® The study estimated the cost and number of vaccinations
required to prevent one case of TB. It was assumed that vaccination gave 10 years
of protection and a wide range of vaccine efficacy values were used. Incidence of TB
was known for vaccinated children and incidence for unvaccinated cases was
determined by applying values for vaccine efficacy. Uptake was assumed to be 95%.
There was no evidence of TB mortality; hence there was no estimation of life years
gained. A discount rate of 5% was applied and the analysis was from the payer
perspective. The cost per vaccination was approximately US$15 (€13.07) including
both vaccine and administration. Treatment costs were not incorporated into the
analysis, as the purpose was to derive a cost per case averted. It was calculated that
between 2,125 and 10,399 vaccinations would be required to prevent one child from
developing TB. The cost of preventing a case of TB ranged from US$35,950
(€31,317) to US$175,862 (€153,199). Although TB incidence in Japan is relatively
high (18 per 100,000 in 2013), the figure is biased by the substantial elderly
population; paediatric TB incidence in Japan is similar to other low incidence
countries. The authors concluded that universal infant vaccination was not cost-
effective. As of 2015, Japan continues to have a programme of universal infant
vaccination.
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A Finnish study compared universal vaccination with strategies of selective and no
vaccination.® They developed a three state Markov model (healthy, infected with
TB, infected with non-tuberculous mycobacteria), following a birth cohort for 15
years. The model was used to estimate the cost per case prevented. A discount rate
of 3% was applied to costs and benefits and the study was undertaken from the
perspective of the healthcare system. The cost of a vaccination was $2.45 (€2.73),
including the cost of administration. A variety of selective vaccination strategies were
evaluated based on subpopulations of increasing risk (ranging from twice to 50
times the risk experienced by the low risk group). BCG vaccination for those with at
least twice the risk of the low risk population resulted in a cost of $7,146 (€7,969)
per case averted. When BCG vaccination was restricted to those with at least a 25
times higher risk than the low risk population, it was cost saving compared with no
vaccination. Selective vaccination was found to be less costly per case averted in all
instances. The authors highlighted the challenges in identifying high-risk
populations. Finland is considered a low TB incidence country, with 5.7 cases per
100,000 in 2013 and no recorded mortality. In 2006, Finland ceased universal
vaccination and switched to a programme of selective vaccination.

Trunz et al. carried out an evaluation of BCG vaccination for the prevention of TB
meningitis and miliary TB in children.®® The study used estimated efficacy from
meta-analyses and used different estimates for different regions of the world. Cost
data was obtained from a small number of countries and then applied to all regions.
Vaccine coverage was based on local country-specific data, and hence represented a
mix of universal and selective strategies. The outcomes were expressed in terms of
number of vaccinations per case prevented, cost per death prevented, and cost per
disability-adjusted life years (DALY) gained. Vaccination was found to be most
effective in Southeast Asia, Africa and the Western Pacific region. Vaccination was
least effective in the established market economies, with 40,605 vaccinations per
case of TB meningitis and 110,161 vaccinations per case of miliary TB averted. The
costs per case or death prevented were US$101,628 (€103,822) for TB meningitis
and US$275,646 (€281,597) for miliary TB averted in the established market
economies. However, it was highlighted that the cost per DALY was less than the
per-capita gross domestic product (GDP) in all regions, making BCG vaccination cost-
effective.

A selective vaccination programme was in place in The Netherlands when Altes et a/.
evaluated the cost-effectiveness of expanding the definition of ‘high-risk’ to qualify
for vaccination.®” The definition had been based on first- and second-generation
immigrant children from non-EU countries with a TB incidence of at least 50 per
100,000. The alternative policy was to extend the definition to include first- and
second-generation immigrant children from Turkey, the former Yugoslavia and

49



Health technology assessment of a selective BCG vaccination programme. Draft for public
consultation

Health Information and Quality Authority

Surinam. The analysis used a static model to estimate vaccine efficacy and disease
risk, and focussed on severe TB (defined as TB meningitis and miliary TB) in 0 to 5
year old children. The study was conducted from the perspective of the publicly
funded healthcare system and a discount rate of 1.5% was used for both costs and
outcomes. Vaccination cost €5.86 (€6.81) per dose, including the cost of
administration. The numbers needed to vaccinate to prevent one case of severe TB
were 8,853 for the existing selective programme and 10,779 for the alternative
expanded programme. The cost per case prevented was €69,496 (€80,788) and
€84,615 (€98,363) for the existing and alternative programmes, respectively. The
cost per DALY averted was €4,477 (€5,204) for the existing programme and €5,527
(€6,425) for the alternative programme. The authors concluded that the alternative
programme would be considered cost-effective given a willingness-to-pay threshold
of €20,000 per DALY. The Netherlands had a TB incidence of 6.1 per 100,000 in
2013, and an associated mortality rate of 0.03 per 100,000.

Slovakia is a low TB incidence country (7.7 cases per 100,000 in 2013) with a history
of universal infant BCG vaccination until 2012, when obligatory vaccination was
ceased. The evaluation compared universal vaccination with a policy of no
vaccination. The analysis followed that of Rahman et a/,,®* but modelled the birth
cohort to age 14 years rather than age 10 years. A discount rate of 5% was applied
to costs and benefits. The cost of vaccination, €0.30 (€0.54) included only the cost
of the vaccine itself with no administration cost. Vaccine efficacy was assumed to be
63.3%. The cost of preventing one case of TB was €784 (€1,403) less for universal
vaccination than that for no vaccination. From the published abstract, an analysis of
a selective programme was also evaluated, which would cost €440 (€787) less per
case prevented than the no vaccination programme.® However, the criteria for
high-risk were not defined and hence it is not clear what that selective programme
described.

5.1.4 Quality of included studies

Modelled cost-effectiveness studies were assessed using the International Society
For Pharmacoeconomics and Outcomes Research questionnaire to assess the
relevance and credibility of modelling studies.®® Relevance was assessed on the
grounds of the study population, characteristics of the intervention, outcomes
measured and the overall study context. The credibility of the results was considered
using criteria related to the design, validation and analysis methods, the quality of
the data used, as well as how the results were reported and interpreted and whether
the authors had any conflicts of interest.

5.1.3 Applicability of the evidence
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With the exception of the study by Trunz et a/,,*® which sought to determine the
cost-effectiveness of BCG vaccination worldwide, the other studies evaluated
national programmes of infant BCG vaccination. Three of the four national studies
report outcomes in terms of cost per case averted, with the Dutch study also
reporting cost per DALY averted. In presenting the cost per case prevented, it is
difficult to compare the cost-effectiveness of the modelled interventions with
interventions for other diseases.

In evaluating the applicability of the studies to the Irish context, this document will
focus on the four national studies, disregarding the global study as it does not model
a tangible programme.

The Japanese study assumed a 10 year duration of vaccine effect, potentially
underestimating the length of protective effect and benefits.® Results were
presented as the cost of preventing one case of TB and the immunisations required
to prevent one case of TB, but given for a range of vaccine efficacy estimates.
Although treatment costs were not included, they did report an estimated average
cost of treatment of €10,500 per case, well below the estimated cost of preventing
one case. The absence of a selective programme to compare these figures with
makes it difficult to determine if that would have represented a cost-effective
alternative.

The study from Finland used a 15 year time horizon and a similar number of annual
births to Ireland (60,000 compared with 68,000 in Ireland).®® The reported
incidence of TB in the 0-15 year old population was 0.56 per 100,000, compared
with 0.74 per 100,000 in Ireland in 2014, the first time it was less than 1 per
100,000 in the paediatric population. There is no evidence to suggest that the
childhood TB burden in Ireland is high in relation to other European countries.

The Dutch study focused on TB meningitis and miliary TB on the grounds that these
are the most severe forms of TB.®”) The time horizon of the study was also very
restricted, only following the cohort to age five. By excluding the most common
forms of TB and ages at which the vaccine may still be efficacious, the study did not
capture the full impact of BCG vaccination. However, the study did report a cost per
DALY as an outcome and showed selective vaccination to be cost-effective in
comparison with no vaccination. Interpretation of the outcome is difficult because of
the aforementioned focus on TB meningitis and miliary TB. The costs of treating
pulmonary and extrapulmonary TB were excluded from the analysis. Given that
these forms of TB account for approximately 95% of cases, this significantly
influences total costs. Inclusion of all vaccine costs, but not all of the benefits means
that this study may have underestimated the cost-effectiveness of vaccination.
Vaccination costs are incurred at the outset and are not affected by the discount
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rate, whereas benefits can occur many years in the future and so are sensitive to the
discount rate. The study used a discount rate of 1.5%, well below the current Irish
rate of 5%. To illustrate the difference, preventing mortality in a newborn would
result in 79 life years gained. When discounted at 1.5%, the New Zealand rate, 79
years reduces to 46.1 years. In comparison, a discount of 5%, the current discount
rate in Ireland, 79 years reduces to 19.6 years. As such, the study findings will have
overestimated the benefits relative to the discount rate that applied in Ireland.
However, even if the benefits were halved, the cost per DALY would still be
considered cost-effective.

The Slovakian study used a 15 year time horizon and did not include administration
costs. It is probable that the study substantially underestimated the cost of
delivering a BCG vaccination programme.

The national studies had varying estimates of costs. The Japanese study used costs
of $15 (€13.07) for vaccination and $10,500 (€9,147) for treatment. In the Dutch
study, vaccination costs were €5.86 (€6.81) and treatment costs were €5,033
(€5,851). The costs in the Finnish study were $2.45 (€2.73) for universal vaccination
and $5.71 (€6.37) for selective vaccination, and $3,000 (€3,345) for TB treatment.
The Finnish and Dutch studies used lower discount rates, although this is likely to
have a greater impact in the Dutch study due to their reporting of benefits as DALYs.

The extent to which the findings are applicable to the Irish setting depends on
whether the vaccination costs are similar to Ireland and the impact of using a
different discount rate.

5.1.4 Conclusions

Few economic evaluations of neonatal BCG vaccination strategies have been carried
out. The identified economic evaluations are quite heterogeneous in terms of the
costs, time horizons, forms of TB included, and discount rates used. The latter is
important as discounting can have a large impact on vaccination programmes,
particularly those applied in early childhood that are expected to result in morbidity
or mortality reductions over a person’s lifetime.

The economic evaluations presented results in the form of cost or number of
vaccinations per case averted. Treatment costs were not always included and only
one presented a cost per disability-adjusted life year.

Given differences in healthcare delivery costs, baseline TB risk and discount rate, it is
probable that the identified studies are not readily applicable to the Irish context.

5.2 Economic analysis
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In the absence of applicable published cost-effectiveness evidence from another
setting, an economic model was developed specific to the Irish setting. The analysis
presented here expands on the work originally carried out by the National Centre for
Pharmacoeconomics and the National Immunisation Advisory Committee. ")

5.2.1 Description of the economic model

A decision analysis model was built to compare the costs and benefits associated
with a selective BCG vaccination programme with the current universal BCG
vaccination programme in Ireland. The objective of the economic evaluation was to
aid decision making by estimating the incremental costs and benefits of selective
BCG vaccination compared with those of the current situation and an alternative
programme of no vaccination.

5.2.2 Study question

The study objective was to determine the cost-effectiveness and budget impact of a
programme of selective neonatal BCG vaccination in Ireland, targeting high-risk
infants.

5.2.3 Type of economic evaluation

A cost-effectiveness analysis was undertaken in which effectiveness was measured
in terms of life years gained (LYG). A secondary cost-utility analysis was also used,
with benefits measured as quality-adjusted life years (QALYs) gained for selective
vaccination and compared across competing alternatives. A cost-utility analysis was
specified as a secondary analysis due to the limited evidence available regarding
quality of life in the context of this study.

5.2.4 Study perspective

Costs and benefits were assessed from the perspective of the publicly-funded health
and social care system. Only direct costs were included. Indirect costs such as
productivity losses associated with mortality and morbidity as a result of a TB
infection were excluded.

National guidelines for the economic evaluation of health technologies in Ireland
recommend that the perspective of the publicly-funded health and social care system
in Ireland should be adopted when assessing costs.®® For this intervention the
majority of costs accrue to the health service, and hence it is appropriate to examine
cost-effectiveness from the perspective of the publicly-funded health service only.
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5.2.5 Technology

The technology being assessed is a selective neonatal BCG vaccination programme.
The aim of the intervention is to reduce unnecessary vaccination of low risk infants
who are unlikely to benefit from vaccination. See Chapter 2 for a more detailed
description of the technology.

5.2.6 Choice of comparators

Two comparators were included in the evaluation: the current universal vaccination
programme, and a programme of no vaccination. The current programme is referred
to as universal, although it is acknowledged that there is regional variation in how
the programme is implemented. The alternative of no vaccination was modelled to
provide information of the relative benefit of selective vaccination. Although included
in the analysis, a policy of no BCG vaccination is not considered a viable option as it
affords no protection to infants at elevated risk of TB.

5.2.7 Target population

The target population of a universal vaccination strategy is all births in Ireland. For
selective vaccination, BCG is only given to infants that are considered high-risk. For
this evaluation, an infant is considered high-risk if the nationality of at least one of
the parents is that of a high TB incidence country, or if the infant is from the Irish
Traveller community. The target population constitutes approximately 13.4% of the
annual birth cohort.

5.2.8 Time horizon

The total cost and clinical benefit for each of the BCG vaccination programmes was
estimated by modelling one years’ birth cohort from birth to life expectancy. The
efficacy of BCG vaccination is assumed to last to age 15, after which there is no
protective effect. The risk of TB is modelled to age 15 after which all survivors are
assumed to live to life expectancy.

5.2.9 Outline of the model structure

A cost-effectiveness analysis of BCG vaccination strategies in Ireland was carried out
previously by the National Centre for Pharmacoeconomics.”) The model simulated a
cohort from birth to age 15 and incorporated the risk of pulmonary TB,
extrapulmonary TB and TB meningitis. The model structure was replicated and
extended to include miliary TB. Parameter values were updated to reflect the latest
available data and changes to the discount rate.
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A Markov model structure with annual cycles was used with states for healthy
individuals, those with TB, those with disability due to TB meningitis, and mortality
(including TB deaths and all-cause mortality) (see Figure 5.1).

Figure 5.1 Model structure
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The cohort was modelled from birth to life expectancy. TB risk and vaccine efficacy
were modelled to age 15 years, after which all those alive were presumed to live to
life expectancy. Quality-adjusted life years (QALYs) from age 16 to death were
based on age-specific quality of life for a healthy population except for those with
long-term sequelae of TB meningitis, who had an additional disutility applied to
reflect the impact of disability.

The full model was developed in R 3.1.3%% and validated using a basic model
developed in Microsoft Excel 2010.

5.2.10 Model outputs

The outputs of the model included the number of TB cases, total costs, life years
gained and QALYs for each of the three strategies modelled. Summary measures
included the incremental cost-effectiveness ratio, and plots of the cost-effectiveness
plane, cost-effectiveness acceptability curve, and the expected value of perfect
information.

The incremental cost-effectiveness ratio (ICER) presents the additional costs divided
by the additional benefits of one intervention relative to another. The ICER is
typically considered in the context of a willingness-to-pay threshold, which
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represents the maximum a decision maker is willing to pay for a unit benefit, such as
a life year gained or a quality-adjusted life year.

Cost-effectiveness acceptability curves (CEACs) are used as a method for
summarising information on uncertainty in cost-effectiveness. A CEAC shows the
probability that an intervention is cost-effective compared with the modelled
alternatives for a range of willingness-to-pay thresholds.®

The expected value of perfect information (EVPI) represents the amount a decision
maker should be willing to pay to eliminate uncertainty about which intervention is
the best option.®? As with the CEAC, the EVPI is calculated for a range of
willingness-to-pay thresholds. The EVPI is an evaluation of how much the decision
maker should be prepared to pay for perfect information.

In previous evaluations, willingness-to-pay thresholds of between €20,000 and
€45,000 per QALY have typically been used as reference points. Willingness-to-pay
thresholds above €250,000 per life year gained were not evaluated in this study.

5.2.11 Sensitivity analysis

A probabilistic model was used that explicitly takes into account the uncertainty in
the model parameters. All of the key parameters were varied within plausible ranges
of values. Where possible, ranges were derived from published evidence. If
published evidence was limited or unavailable, plausible ranges were derived with
the support of the Expert Advisory Group. As the structure of the economic model
presented here is inherently stochastic, the outputs are equivalent to a multivariate
probabilistic sensitivity analysis.

Univariate, or one-way, sensitivity analysis facilitates examination of the impact of
each variable in the study by varying it across a plausible range of values while
holding all other variables constant at their ‘best estimate’ or baseline value. The
resulting difference provides some indication of how sensitive the results might be to
plausible changes in that parameter. Deterministic sensitivity analysis was used to
examine this, where each parameter in turn was fixed at its upper and lower
confidence bounds while all the other parameters are held at their average value.
Any correlations between parameters were taken into account in the sensitivity
analysis.

Scenario analyses were also used to look specifically at the impact of a number of
key assumptions in relation to parameter values. In each analysis, one or more
parameters were set at alternative and potentially justifiable point estimates.
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5.2.13 Budget impact analysis

The budget impact analysis was conducted from the perspective of the publicly-
funded health and social care system. The analysis reports the annual cost of the
modelled BCG vaccination programmes. As with the cost-effectiveness analysis,
indirect costs due to productivity losses associated with primary TB cases were not
included. Costs used in the budget impact analysis were the same as those used in
the economic analysis. A budget impact analysis is inclusive of value-added tax
(VAT) where applicable.®> VAT applies to non-oral medications and to equipment
when calculating amortised capital costs. In this study, the standard VAT rate was
applied to the BCG vaccine. No other significant costs that would be subject to VAT
were identified.

5.3 Model parameters

The economic model required a range of input parameters that describe the cost of
BCG vaccination programmes, risk of contracting TB, the efficacy of BCG vaccination,
outcomes in terms of survival and disability, treatment costs, and ongoing costs
associated with disability.

The overall benefits and costs of competing BCG vaccination programmes were
calculated by performing 10,000 model simulations. Randomly sampled individual
parameter values were used in each simulation. Summarising across iterations
provides an estimate of overall average costs and benefits, as well as the uncertainty
associated with these values.

5.3.1 Discount rate

Discounting reflects a societal preference for benefits to be realised in the present
and costs to be experienced in the future. Discounting facilitates comparison
between costs and benefits that occur at different times. Costs and benefits were
discounted at the rate of 5% as set out by the Department of Finance.®Y The
discount rate was fixed in the main analysis and varied from 1.5% to 6% in a
univariate sensitivity analysis to illustrate the impact of discounting.

5.3.2 Epidemiological measures

A variety of epidemiological parameters were required to model the incidence of TB,
efficacy of BCG vaccination, and outcomes for those with TB.

The incidence of TB in the unvaccinated population was determined using TB
notification data from 2005 to 2014 (inclusive) for individuals aged less than 16
years. The denominator population was estimated using data on BCG vaccine uptake
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by region.®®® Three of the 31 local health office areas had not provided BCG uptake
data; in these cases uptake was estimated by expert opinion. TB incidence is highest
for pulmonary TB and lowest for miliary TB (see Table 5.2). Given that the incidence
of TB has been in decline over the period 2005 to 2014, it is likely that the rates
overestimate the current incidence of TB. However, multiple years of data were
required due to the rare nature of TB meningitis and miliary TB and the fact that this
data were based on the unvaccinated population only.

Table 5.2 Annual rate of TB per 100,000 in the unvaccinated population
(2005 - 2014)

Age _I;;Imonary -IIE_)I;trapuImonary TB meningitis Miliary TB
0 2.3474 0.7825 0.0008 0.0008
1 1.4900 0.7450 0.7425 0.0007
2 14.0714 3.5612 0.0007 0.0007
3 7.7232 1.3780 0.0007 0.0007
4 1.1847 2.0230 0.0007 0.0007
5 0.6650 1.3301 0.0007 0.0007
6 2.0872 1.1516 0.0007 0.0007
7 0.7089 1.5950 0.7065 0.0007
8 0.9125 1.1231 0.0007 0.0007
9 0.7479 0.1870 0.0007 0.0007

10 0.9403 3.0560 0.0008 0.0008
11 1.5363 1.5680 0.0008 0.7722
12 3.4156 1.6382 0.8010 0.0008
13 2.2499 0.4823 0.0008 0.0008
14 4.2147 4.8494 0.0008 0.0008
15 5.6547 2.4654 0.4840 0.0008

Abbreviations: TB - tuberculosis.

TB incidence in the vaccinated population is calculated by applying the relative risk
of TB as determined from the meta-analysis of published trials of BCG vaccine
efficacy (see Chapter 4.3). The data on TB incidence in unvaccinated children
includes a number of outbreaks (as can be seen from the elevated rates for
pulmonary and extrapulmonary TB at two years of age). By applying the same
relative risk to all ages, elevated rates in certain age bands will be replicated in the
vaccinated group, albeit as a reduced rate. An alternative approach to estimate TB
incidence, as used in the Japanese economic evaluation, would be to estimate the
incidence in the vaccinated population and then apply the relative risk of TB in
unvaccinated children.® However, that approach may fail to generate the spikes in
cases at specific ages that are a feature of the unvaccinated population.
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The size of the birth cohort was based on the number of live births in 2013 which
presents the best estimate of the eligible population for a universal vaccination
programme.®> The proportion of births classified as high-risk was estimated in
Chapter 3.4, combining data on parental nationality recorded in the National
Perinatal Reporting System and data from the 2011 Census on the number of Irish
Travellers under the age of one year.

National vaccine uptake by local health office was obtained from the Health
Protection Surveillance Centre.®® It was assumed that the uptake in the high-risk
population would be lower than in the general population. Although some studies
have reported similar or higher uptake after switching from universal to selective
vaccination,®’**® lower uptake figures in the region of 50% have been reported in
single institution studies.®®® Data from six studies was combined to generate a
summary estimate of uptake of 76% in the high-risk population.®®”"1%2 To
acknowledge the uncertainty regarding the evidence, the distribution around the
uptake in high-risk infants was wide to allow for the possibility of a low uptake and
to explore the impact this would have on cost-effectiveness. To ensure consistency
with the overall uptake rate, a lower uptake rate in the high-risk population implies a
higher uptake in the low risk population, and vice versa.

The rate of adverse events receiving medical or surgical follow-up was determined
using Health Products Regulatory Authority data on reported events as described in
Chapter 4.4.2 on vaccine safety. The adverse event rate (excluding disseminated
BCG) was estimated at 1 in every 1,363 infants vaccinated. The rate of disseminated
BCG was 1 in 82,779 infants vaccinated, reflecting the eight confirmed cases in 10
years. The mortality rate for disseminated BCG was estimated at 28.8% based on a
study across 17 countries of BCG vaccination in people with severe combined
immunodeficiency disease (SCID).®” Recorded cases of confirmed disseminated
BCG in Ireland have mainly occurred in infants with SCID, and so the mortality rate
in those with SCID was assumed to be representative.®® The mortality rate was
estimated from a study that collected data from 17 countries. Thirty four percent of
the cases in the study came from developed nations with similar health care systems
to Ireland.

One of the eight confirmed cases of disseminated BCG was in an Irish Traveller.
Given that travellers represent approximately 1.3% of births, it was estimated that
the risk ratio for disseminated BCG in Irish Travellers was 11.45, possibly reflecting a
higher rate of primary immunedeficiency syndromes in Irish Travellers. There have
been no deaths among children in Ireland with disseminated BCG in the last 10
years, and hence the figure used in this study may over-estimate mortality due to
disseminated BCG.
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The high-risk population has an higher risk of TB than the general population. Using
TB notification data from 2005 to 2014 it was determined that the high-risk
population has a relative risk of 4.38 compared with the low risk population, or 3.02
relative to the population as a whole (95% CI: 2.35 to 3.89). The confidence bounds
are relatively narrow which reflects the large size of the denominator data: the
figures were estimated using 10 years’ of notification data and hence incorporated
multiple birth cohorts. Risk status was determined using the reported nationality or
ethnicity of cases.

The efficacy of BCG vaccine in reducing the incidence of TB was estimated using a
meta-analysis of clinical trials as described in Chapter 4.3. The evidence from the
randomised controlled trials was determined to be at least risk of bias, and was used
in the model. It was assumed that vaccine efficacy would not extend beyond age 15
years for a cohort vaccinated at birth.®%%%) A meta-regression as part of the meta-
analysis that incorporated study latitude predicted that the relative risk of pulmonary
TB might be lower than estimated in the unadjusted meta-analysis. The figures
reported differ from the meta-analysis results as they reflect the average of the log
normal distribution rather than the point estimate. A scenario analysis was used to
explore the impact of using an alternative relative risk.

TB incidence data was based on TB notifications from 2005 to 2014. During that
period there were no recorded TB-related deaths in children aged less than 16 years
in Ireland. Data from the UK suggests a case-fatality rate of 0.8% in children aged
less than 15 years.!® However, based on WHO data the TB mortality rate for all
ages in the UK is approximately 1.43 times that in Ireland.*® In the absence of Irish
specific data, the UK data was determined to be applicable. As the UK data may
overestimate the case-fatality rate, a scenario analysis was used to evaluate the
impact of a reduced rate.

TB meningitis is associated with an increased risk of long-term sequelae, or chronic
complications, such as hearing and focal deficits, and learning difficulties. Most
studies of meningitis outcomes are not specific to TB meningitis, and may therefore
not be representative of outcomes of TB meningitis.*> Improvements to TB
meningitis therapy also mean that the results of older studies may no longer be
applicable.!%) A recent systematic review of outcomes of childhood tuberculous
meningitis estimated the proportion of survivors with neurological sequelae as
53.9%.% Analysis of the studies included in this meta-analysis by Chiang et 4.
made it possible to differentiate between moderate and severe sequelae.(196108)
Moderate sequelae typically included hemiparesis, mild intellectual impairment,
impaired vision, and impaired hearing. The term ‘moderate’ must be understood in
the context of a condition with a high probability of mortality. Severe sequelae
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included quadriparesis, severe intellectual impairment, blindness, and deafness. No
good quality evidence could be found regarding long-term sequelae associated with
other forms of TB. The estimates come from a range of countries where case
identification and appropriate treatment may be less timely than would be the case
in Ireland. The estimate of the proportion of survivors with severe sequelae may
therefore be an overestimate.

Life expectancy and all cause mortality rates were derived by single year of age and
sex from the Irish life tables.®® The proportion of cases that were male was
estimated from TB notification data. This data was used to weight the life
expectancy that was applied to deaths in order to calculate life years lost.

Utilities were estimated for healthy individuals, vaccine-related adverse events, TB
treatment, and for long-term sequelae associated with TB meningitis. Utilities by
single year of age for a healthy population were derived from the Health Survey for
England data.*'? It is assumed that this data is applicable to the Irish population.

It was assumed that vaccination-related adverse events resulting in hospital
treatment would incur, on average, a disutility for affected infants. In the absence of
direct evidence, it was assumed that for infants with severe adverse events their
quality of life would be 0.95 of its normal value. This is equivalent to five weeks with
a disutility of 0.5 and the remainder of the year with no disutility. While most
reported adverse reactions may be resolved relatively quickly, the estimate takes
into account that some reactions may be very severe. The disutility of TB treatment
was evaluated in two studies, one of which was a systematic review.!11/112) The
disutility is greatest during the initial treatment phase and it is assumed that the
patients return to a normal healthy quality of life on completion of treatment. It was
assumed that an average disutility of 0.1 would apply for the year during which the
patient was in treatment for TB. The disutility was adjusted to account for treatment
lasting less than one year on average. The same treatment disutility was applied to
all forms of TB.

Due to the heterogeneous nature of long-term sequelae associated with TB
meningitis, some studies have determined utilities associated with each outcome.***
Due to the lack of data on specific sequelae, a simple dichotomy between moderate
and severe sequelae was used. The disutility used in a Swiss evaluation of
vaccination strategies against meningococcal and pneumococcal diseases were
based on expert opinion.*** Comparison of the mean disutility from the Swiss
study®? with the weighted mean disutility from the Belgian HTA®!® of
meningococcal serogroup B childhood vaccination produce similar estimates of
disutility. It was therefore assumed that the disutilities for moderate and severe
sequelae of meningitis were applicable to TB meningitis.
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Full details of the distributions used for the parameter values are provided in

Appendix 3.

Table 5.3 Epidemiological parameters

Point

Parameter estimate 95% bounds
Size of birth cohort 68,990 (67,030 to 70,950)
Proportion births classified as high-risk 0.134 (0.131 to0 0.136)
Vaccine uptake in all births (proportion) 0.878 (0.875 to 0.880)
Vaccine uptake in high-risk births (proportion) 0.762 (0.591 to 0.897)
Rate of severe vaccination-related adverse events 0.0007 (0.0005 to 0.0010)
Rate of disseminated BCG 1.2x10° (7.8x10°® to 5.2x10™)
Mortality rate for disseminated BCG 0.288 (0.220 to 0.360)
Proportion births that are Irish Travellers 0.0134 (0.0126 to 0.0144)
Risk ratio of disseminated BCG in Irish Travellers 11.45 (5.81 to 18.99)
TB risk for high-risk individuals (relative to average 3.04 (2.34 to 3.89)
risk)
Efficacy of BCG vaccination

Pulmonary TB (relative risk) 0.406 (0.263 to 0.600)

Extrapulmonary TB (relative risk) 0.189 (0.032 to 0.626)

TB meningitis (relative risk) 0.465 (0.008 to 2.872)

Miliary TB (relative risk) 0.111 (0.014 to 0.420)

Mortality associated with TB (relative risk) 0.195 (0.053 to 0.512)
Case-fatality rate 0.008 (0.005 to 0.011)
Proportion of TB cases in males 0.48 (0.397 to 0.572)
Proportion meningitis cases with sequelae 0.539 (0.479 to 0.790)
Proportion meningitis sequelae classified as severe 0.394 (0.202 to 0.606)
Disutility for vaccine-related adverse events 0.95 (0.900 to 0.983)
Disutility associated with treatment 0.90 (0.834 to 0.950)
Disutility for moderate sequelae of TB meningitis 0.80 (0.717 to0 0.872)
Disutility of severe sequelae of TB meningitis 0.60 (0.503 to 0.693)

Abbreviations: TB, tuberculosis; BCG, Bacille-Calmette Guerin.

5.3.3 Estimates of cost

Costs were associated with delivery of the vaccination programme, treatments costs,

and follow-up costs.

The delivery of the vaccination programme includes the cost of both the vaccine and
its administration. The vaccine cost for universal neonatal vaccination was taken as a
percentage of the total cost of BCG vaccine in Ireland. Based on national data, it was
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assumed that between 80 and 90% of vaccinations delivered per annum are given
as part of the neonatal vaccination programme.!> Based on a mean value of 85%,
the current cost of BCG vaccine for universal vaccination is approximately €166,000
per annum. BCG vaccine is provided in vials of 20 doses, although in practice there
is substantial wastage. Once open, the vial must be used in one session. If only a
small number of infants present at a session then most of the vial contents may go
unused. Even with large clinics, it is estimated that the rate of use for a 20-dose vial
will not exceed 80%.® Moving from universal to selective vaccination will reduce
the target population for vaccination and could potentially increase vial wastage.
This would increase the cost of vaccination per-infant. It was assumed that the vial
utilisation would be approximately 35% of the value for universal vaccination. This
assumption was based on an analysis of the data published in a US study.®
Assuming that Irish clinics for selective vaccination would typically have an
attendance rate 13.4% of universal vaccination, the vaccine cost per vaccinated
infant would increase from an average of €2.74 to €7.77.

Aside from the vaccine cost, there is also the cost associated with the staff required
to deliver the vaccination programme. The neonatal BCG vaccination programme is
primarily delivered through dedicated BCG clinics, with approximately 30% of
vaccinations in 2012 administered in a hospital setting.*'> National data on the staff
resources required for delivering the current universal BCG vaccination programme
was collected by the Health Protection division of the HSE.(*!* Data was collected by
staff in local health offices and provided an estimate of whole time equivalents for
medical (senior area medical officer), nursing (public health nurse) and
administrative staff (clerical officer grade). Two local health offices reported values
that were approximately three standard deviations greater than the average. These
were considered outliers and were therefore omitted from the analysis. The delivery
of 60,919 BCG vaccinations required 7.2, 7.0 and 6.3 whole time equivalents for
medical, nursing and administrative staff, respectively. The estimated average staff
cost was €26.02 per vaccination. Staff costs included adjustments for pay related
social insurance (PRSI), pension contributions and overheads, in accordance with
national guidelines.®®

Although a selective programme would have a target population of only 13.4% of
the universal cohort, in order to achieve a similar coverage the new programme
would not result in a corresponding reduction in clinics. It was assumed that a
selective programme would, on average, incur approximately double the cost due to
reduced efficiency.
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No costs associated with identification of high-risk infants were included in the
analysis. It was assumed that risk status could be determined from existing
resources, such as maternity hospital records.

The costs of treatment, contact tracing, and treatment for latent TB infection were
all adapted from costs used in the study by the National Centre for
Pharmacoeconomics.> Where relevant, costs were updated either using the most
recent data available or by applying the consumer price index for health to reflect
inflation (see Appendix D).

The costs associated with moderate and severe long-term sequelae of TB meningitis
were derived from a Canadian economic evaluation.®!”’ The weighted summary
annual cost across all sequelae was similar to the cost across all sequelae in an
Italian study.!*®) Both studies evaluated the meningococcal serogroup B childhood
vaccine MenB. Costs were applied annually and assumed to continue to life
expectancy for survivors with long-term sequelae.

All costs were varied by £20% to reflect uncertainty in the point estimates. Full
details of the costs and distributions used are provided in Appendix D

Table 5.4 Cost parameters

Parameter eP:tI?n:ate © (95% bounds)
Vaccination programme:
Annual vaccine cost (selective programme) 55,060 (28,849 to 101,395)
Annual vaccine cost (universal programme) 164,604 (151,705 to 178,327)
Selective vaccine administration (per child) 52.04 (40.58 to 65.53)
Universal vaccine administration (per child) 26.02 (21.28 to 31.50)
Average treatment cost for vaccination-related 2,895 (2,380 to 3,522)
adverse events (per case)
Treatment costs (per case):
Pulmonary TB 8,354 (6,833 t0 10,112)
Extrapulmonary TB 12,606 (10,310 to 15,259)
TB meningitis 18,736 (15,324 to 22,679)
Miliary TB 12,922 (10,569 to 15,642)
Follow-up costs (per case):
Contact tracing 5,124 (4,192 to 6,203)
Diagnosis and treatment of latent TB 4,691 (3,837 to 5,679)
Annual cost of moderate TB meningitis sequelae 1,881 (1,539 to 2,277)
Annual cost of severe TB meningitis sequelae 12,599 (10,305 to 15,250)

Abbreviations: TB, tuberculosis. Data based on 2015 prices.
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5.4 Results of the economic analysis

Stable estimates were obtained within 2,000 simulations, although the results
presented here are based on the full 10,000 simulations.

5.4.1 Vaccination programme

Under the current programme of universal vaccination there are an estimated
60,580 vaccinations in a birth cohort of 68,990 infants (Table 5.5). The introduction
of a selective vaccination programme would result in 7,048 vaccinations in the birth
cohort (95% CI: 5,446 to 8,324). The confidence bounds reflect uncertainty in both
the size of the target population and the likely uptake rate for vaccination.

Table 5.5 Number of vaccinations in birth cohort by strategy

Number of vaccinations

Strategy Mean  (95% CI)

No vaccination - -
Selective vaccination 7,048 (5,446 — 8,324)
Universal vaccination 60,580 (58,836 — 62,296)

Abbreviations: CI, confidence interval.
5.4.2 Incidence of TB

In the absence of any other changes to TB control, the number of cases of TB in 0
to 15 year olds was estimated to be higher for strategies of no vaccination and
selective vaccination when compared to universal vaccination (Table 5.6). The
largest proportionate increase would be in cases of miliary TB, and the lowest
increase in pulmonary TB. However, in absolute terms, the largest increase was
predicted to occur in cases of pulmonary TB. Strategies of selective and no
vaccination would lead to an increase in cases of TB in the birth cohort compared
with universal vaccination. A strategy of selective vaccination would see an
additional 19.9 cases in the birth cohort and no vaccination an additional 31.5 cases
compared with universal vaccination (24.4 cases).

A policy of no vaccination was estimated to result in the highest mortality. Universal
vaccination will result in the lowest mortality. Mortality in universal vaccination is
primarily due to very severe reactions to BCG, whereas for selective vaccination it is
predominantly due to TB-related mortality. There is a probability of 0.58 that
universal vaccination results in greater mortality from BCG complications than from
TB. The equivalent probability for selective vaccination is 0.016.
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Table 5.6 TB cases in single birth cohort by vaccination strategy

No vaccination Selective Universal
Type of TB

Cases 95% CI Cases 95% CI Cases 95% CI
Pulmonary 34.3 (26.4-43.2) 28.0 (21.1-35.8) 17.2 (11.6 - 24.5)
Extrapulmonary 19.2 (13.4-25.9) 14.3 (9.6 -20.2) 6.0 (2.9-13.2)
TB meningitis 1.9 (0.5-4.2) 1.6 (0.3-3.9) 1.0 (0.1-5.1)
Miliary 0.5 (0.0-1.9) 0.4 (0.0-1.4) 0.1 (0-0.5
Total cases 55.9 (45.8-67.1) 44.3 (35.1 -54.8) 24.4 (16.7 — 35.5)
TB deaths 0.44 (0.28 -0.64) 0.31 (0.19-0.46) 0.09 (0.05-0.16)
BCG deaths - - 0.05 (0.00-0.25) 0.21 (0.00-0.91)
Total deaths 0.44 (0.28 -0.64) 0.37 (0.22-10.59) 0.30 (0.07-1.01)

Note: discounting not applied. Abbreviations: TB, tuberculosis; CI, confidence interval. Extrapulmonary TB does not include TB
meningitis and miliary TB.

The mortality from TB for the vaccination strategies should be viewed in relation to
deaths avoided relative to having no vaccination programme. In other words,
universal vaccination was estimated to reduce TB mortality by 0.35 but result in 0.21
deaths from BCG-related adverse reactions (Table 5.7). There was a probability of
0.21 that universal vaccination will result in more BCG-related deaths than the
number of TB deaths it prevented. Selective vaccination had a smaller impact on
reducing TB mortality but also had lower BCG-related mortality than universal
vaccination. For selective vaccination, there was a probability of 0.128 that BCG-
related mortality exceeds TB-related mortality.

Table 5.7 Mortality differences by vaccination strategy

Vaccination TB deaths Deaths Probability BCG
strategy avoided associated mortality exceeds
with BCG TB mortality
No vaccination 0 0 0
Selective 0.127 0.055 0.128
Universal 0.345 0.212 0.211

Abbreviations: TB, tuberculosis.
5.4.2 Cases prevented by vaccination

Relative to a policy of no vaccination, the number of vaccinations per case prevented
was 638 for selective vaccination and 1,993 for universal vaccination.

The mean cost of the vaccination programmes (including vaccine, administration,
and cost of treating adverse reactions) was €437,907 for selective and €1,872,208
for universal vaccination. Relative to no vaccination, the mean number of cases
avoided per birth cohort was 11.6 for selective and 31.5 for universal vaccination.
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The undiscounted cost per case prevented excluding any TB treatment costs was
€37,653 for selective vaccination, and €59,379 for universal vaccination.

5.4.3 Life years gained (LYG)

The strategies of selective and no vaccination have lower total costs than universal
vaccination, and selective vaccination had a greater number of life years gained.
Universal vaccination is therefore dominated by (is more expensive and less effective
than) strategies of selective and no vaccination. The incremental cost-effectiveness
ratio (ICER) for selective relative to no vaccination is €340,520 per life year gained
(LYG). Selective vaccination would not be considered cost-effective relative to no
vaccination under willingness-to-pay thresholds in the range of €20,000 to €45,000
per LYG.

Universal vaccination results in fewer LYG than selective vaccination despite
generating less overall mortality. This is due to the combination of when mortality
occurs in each strategy and the effect of discounting. Selective vaccination results in
less mortality from disseminated BCG which occurs in the first year of life, whereas
TB mortality can occur up to age 15 years. Mortality in younger children results in
greater life years lost than mortality in older children.

Table 5.8 Cost-effectiveness results based on life years gained

Vaccination Cost Life years ICER
strategy Total Incremental Total Incremental (€/LYG)

No vaccination €890,319 1,418,213.5

Selective €1,145,709 €255,390 1,418,214.3 0.75 340,520
Universal €2,267,631 €1,121,922  1,418,214.3 -0.03 Dominated

Abbreviations: LYG, life years gained; ICER, incremental cost-effectiveness ratio.

Selective vaccination was, on average, estimated to be more effective than universal
vaccination. However, due to the skewed distribution of effectiveness, selective
vaccination resulted in more life years gained than universal vaccination in only 35%
of simulations. The difference in effect between universal and selective vaccination
had a strong negative correlation with the rate of disseminated BCG. In other words,
if the rate of disseminated BCG was assumed to be less than what was observed
between 2005 and 2014, then universal vaccination was highly likely to be more
effective than selective vaccination in terms of life years gained. Universal
vaccination was the most costly and no vaccination the least costly strategy in all
simulations.
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Figure 5.2 Cost-effectiveness plane (life years gained, universal

vaccination relative to selective vaccination)
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Selective vaccination was estimated to result in more life years gained than no
vaccination in 79% of simulations (Figure 5.3).
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Figure 5.3 Cost-effectiveness plane (life years gained, selective
vaccination relative to no vaccination)
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Up to a willingness-to-pay threshold of €245,000 per life year gained, a strategy of
no vaccination has the highest probability of being the most cost-effective option
(Figure 5.4). The probability of selective vaccination being the most cost-effective

option at thresholds of €20,000 and €45,000 per life year gained was 0.001 and
0.007, respectively. It is highly unlikely that selective vaccination would be

considered cost-effective compared with no vaccination. The equivalent probabilities
for universal vaccination were both zero.
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Figure 5.4 Cost-effectiveness acceptability curve (life years gained)
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250,000

Corresponding to the cost-effectiveness acceptability curve, the expected value of
perfect information is low for willingness-to-pay thresholds below €100,000 per LYG,
and then rises gradually to a value of €99,506 at a willingness-to-pay threshold of
€250,000 per LYG (Figure 5.5). At lower willingness-to-pay thresholds, the expected
value of perfect information is low because of the very high probability that no

vaccination is the most cost-effective strategy.
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Figure 5.5 Expected value of perfect information (life years gained)
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5.4.3 Quality-adjusted life years gained (QALYS)

The strategy of universal vaccination was the most effective and no vaccination the
least effective option in terms of QALYs (Table 5.9). The ICER for selective relative
to no vaccination was €139,557 per QALY and the ICER for universal relative to
selective vaccination was €2,549,822 per QALY. Universal and selective vaccination
programmes would therefore not be considered cost-effective.

Table 5.9 Cost-effectiveness results based on QALYs

Vaccination  Cost QALYs ICER
strategy Total Incremental Total Incremental (€/QALY)
No vaccination €890,319 1,340,381.9

Selective €1,145,709 €255,390 1,340,383.7 1.83 139,557
Universal €2,267,631 €1,121,922  1,340,384.2 0.44 2,549,822

Abbreviations: QALY, quality adjusted life year; ICER, incremental cost-effectiveness ratio.

Based on the model, universal vaccination resulted in more QALYs than selective
vaccination in 66% of simulations, although the mean incremental difference was
only 0.44 QALYs (Figure 5.6). A programme of no vaccination was more effective
than universal vaccination in 25% of simulations.
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Figure 5.6 Cost-effectiveness plane (quality-adjusted life years, universal
vaccination relative to selective vaccination)
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Selective vaccination was estimated to result in more QALYs than no vaccination in

88% of simulations (Figure 5.7).
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Figure 5.7 Cost-effectiveness plane (quality-adjusted life years, selective
relative to no vaccination)
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Up to a willingness-to-pay threshold of €120,000 per QALY, a strategy of no
vaccination has the highest probability of being the most cost-effective option
(Figure 5.8). The probability of selective vaccination being the most cost-effective
option at thresholds of €20,000 and €45,000 per life year gained was 0.008 and
0.07, respectively. At both thresholds the probability of universal vaccination being
the most cost-effective option was zero.
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Figure 5.8 Cost-effectiveness acceptability curve (quality-adjusted life

years)
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The expected value of perfect information is low for willingness-to-pay thresholds
below €50,000 per QALY, and then rises to peak of €114,114 corresponding to a
willingness-to-pay threshold of €139,250 per QALY (Figure 5.9). At a willingness-to-
pay threshold of €45,000 per QALY, the expected value of perfect information is

€3,997.
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Figure 5.9 Expected value of perfect information (quality-adjusted life
years)

200,000
180,000

160,000 /

140,000 /
120,000 /
100,000 //

80,000 /

60,000 /

40,000 //

20,000

’ /

0 50,000 100,000 150,000 200,000 250,000

Expected value of perfect information
©

0

Willingness-to-pay threshold (€ per QALY)

Abbreviation: QALY, quality-adjusted life year.

5.4.4 Prediction of future TB cases and TB mortality in 0 to 15 year olds

The results of the cost-effectiveness analysis estimate the impact of different BCG
vaccination strategies on a birth cohort using the average TB risk calculated from
2005 to 2014 data. If the vaccination programme is changed then the impact will be
more gradual as the unvaccinated proportion of the child population increases over
time. For example, in the first year after discontinuing universal vaccination, reduced
vaccine coverage will only affect infants aged less than one year. The humber of TB
cases per annum was predicted relative to the expected number of cases per annum
under universal vaccination. This also took into account the trend for decreasing
numbers of childhood TB cases (Figure 5.10).

It was assumed that TB incidence will be similar to 2015 levels when a change in
vaccination programme is implemented. It is estimated that TB cases under selective
vaccination would reach a maximum of 10.7 cases three years after introduction,
relative to 8.0 cases under universal vaccination at the same point in time. It is
predicted that after 16 years, selective vaccination would result in an additional 3.6
cases (95% CI: 0.3 to 4.2) of childhood TB per annum relative to universal
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vaccination. At the same point, a programme of no vaccination would result in an
additional 5.7 cases (95% CI: 0.5 to 6.7) of childhood TB per annum.

Figure 5.10 Predicted number of TB cases in 0 to 15 year olds per annum
by vaccination strategy
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Abbreviations: TB, tuberculosis.

The predicted mortality would be lowest for no vaccination and highest for universal
vaccination, as most children would still be protected against TB but vaccinated
children would still be exposed to the risk of very severe adverse reactions. Average
mortality would be relatively stable for universal (0.25 cases per annum in year one
to 0.23 cases in year 16) and selective (0.10 cases per annum in year one to 0.11
cases per annum in year 16). Annual mortality for a policy of no vaccination would
increase from 0.04 cases in year one to 0.08 cases by year three, and remain stable
thereafter. The analysis is based on estimated cases taking the current rate of TB
into account, so the effectiveness (and balance of benefits to harms) of vaccination
is lower than estimated in the base-case analysis.
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5.4.5 Budget impact analysis

The annual budget impact was estimated based on the cost of vaccination,
treatment for TB and costs associated with long-term sequelae of TB meningitis
(Table 5.10). The annual budget impact of selective and no vaccination strategies
will be €1,053,971 and €1,267,548 less, respectively, than the current policy of
universal vaccination. The annual budget impact of no vaccination is €213,577 less
than for the selective vaccination strategy.

Eighty percent of the cost of universal vaccination is due to the vaccination
programme, with the remaining 20% associated with the treatment of TB and long-
term sequelae of TB meningitis. More significantly, 66% of the budget impact of the
universal programme is the cost of administering the vaccine. In a selective
programme, 34% of the budget impact arises from the vaccination programme and
27% is due specifically to the cost of administering the vaccine. In a programme of
no vaccination, all of the budget impact is due to the treatment of TB and long-term
sequelae. Treatment of TB includes the cost of contact tracing and treatment for
latent TB.

Table 5.10 Annual budget impact of vaccination strategies

Vaccination strategy
T No Selective Universal
vaccination

Vaccine (€) 0 67,826 202,518
Administering the vaccine* (€) 0 367,820 1,579,129
Vaccine-related adverse events (€) 0 14,941 128,424
Treatment of TB (€) 1,119,638 883,645 479,881
Treatment of long-term sequelae of TB 6,149 5,132 3,383
meningitis (€)

Total (€) 1,125,787 1,339,364 2,393,335
Incremental (relative to universal) (€) -1,267,548 -1,053,971 -

* The cost of administering is based on staff resources and does not include identification of high-risk infants.
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The staffing requirements vary by vaccination strategy. Contact tracing is on the
basis of an average of 9.4 contacts being screened per index case.

Table 5.11 Staffing requirements (whole time equivalents) for different

vaccination strategies

No vaccination Selective Universal

Grade Administer Contact Administer Contact Administer Contact

vaccine  tracing vaccine tracing vaccine  tracing |
Director of Public ) 0.07 - 0.06 - 0.03
Health
Specialist in Public ) 0.28 - 0.22 - 0.12
Health Medicine
Area medical ) 1.05 1.66 0.83 7.14 0.46
officer (senior)
Medical scientist ) 0.03 - 0.03 - 0.02
(senior)
Public health ) 0.28 1.62 0.22 6.98 0.12
nurse
Clerical officer ) 0.56 1.45 0.44 6.25 0.24
grade
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5.5 Sensitivity analysis

A univariate sensitivity analysis was used to assess how sensitive the results were to
fluctuations in each parameter. Given the uncertainty around the parameters
themselves, the sensitivity analysis shows how that translates into uncertainty about
the results.

5.5.1 Life years gained

Universal vaccination was, on average, less effective than selective vaccination in
terms of LYG. However, the mean difference in effect was small and varying a
number of parameters resulted in universal vaccination being more effective than a
selective programme (Figure 5.12). The most marked effect was associated with the
rate of disseminated BCG, followed by the case-fatality rate, the mortality rate in
disseminated BCG, and the discount rate. The analysis underlines the substantial
uncertainty regarding the difference in effect between universal and selective
vaccination programmes.

Figure 5.12 Tornado plot of incremental life years gained for universal
relative to selective vaccination

Rate of disseminated BCG

Case fatality rate

Mortality rate in cases of disseminated BCG
Discount rate

Relative risk of TB in high risk births

Relative risk of SCIDs in high risk population

Risk of pulmonary TB in unvaccinated 2 year olds
Vaccine efficacy (TB mortality)
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Incremental life years gained, universal vaccination relative to selective
Note: All parameters were varied in the analysis. For legibility, only parameters that, when varied, resulted in a fluctuation of at
least 0.2 in the incremental life years gained are included in the tornado plot. Red bars correspond to a parameter set at its

upper bound, blues bars to the lower bound.

Abbreviations: BCG, Bacillus Calmette-Guérin; TB, tuberculosis.

Varying the rate of disseminated BCG in vaccinated infants had a substantial impact
on the estimated life years gained. When the rate was set at its upper bound,
selective vaccination generated fewer life years gained than a programme of no
vaccination. Although not varied in the main analysis, setting the discount rate at
1.5% and 6% had the largest impact on estimates of the incremental life years
gained (Figure 5.13). The next most important parameter was the case-fatality rate,
followed by the relative risk of TB in high-risk births. In both cases, an increase in
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the parameter value resulted in an increase in the incremental benefit of selective
vaccination.

The rate of disseminated BCG was the only parameter for which setting parameter
estimates at the bounds resulted in selective vaccination generating fewer life years
gained than no vaccination.

Figure 5.13 Tornado plot of incremental life years gained for selective
relative to no vaccination
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Note: All parameters were varied in the analysis. For legibility, only parameters that, when varied, resulted in a fluctuation of at
least 0.1 in the incremental life years gained are included in the tornado plot. Red bars correspond to a parameter set at its
upper bound, blues bars to the lower bound.

Abbreviations: BCG, Bacillus Calmette-Guérin; TB, tuberculosis.

5.5.2 Quality-adjusted life years

The incremental QALYs in the comparison of universal and selective vaccination
were sensitive to changes in a number of parameters. Eight of the parameters, when
set at their bounds, could result in selective vaccination being considered more
effective than universal vaccination (Figure 5.14). The most significant parameter
was the rate of disseminated BCG which, when set at its upper bound, resulted in a
substantial shift in the incremental QALYs. A high rate of disseminated BCG has a
greater impact in universal vaccination because of the much larger number of
children exposed to BCG. The parameters with most influence were generally
estimated based on limited data, resulting in wide distributions which contribute to
uncertainty in the estimated benefits of vaccination.
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Figure 5.14Tornado plot of incremental QALYs for universal relative to
selective vaccination
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Note: All parameters were varied in the analysis. For legibility, only parameters that, when varied, resulted in a fluctuation of
greater than £0.2 QALYs are included in the tornado plot. Red bars correspond to a parameter set at its upper bound, blues
bars to the lower bound.

Abbreviations: QALY, quality-adjusted life year; BCG, Bacillus Calmette-Guérin; TB, tuberculosis.

Vaccine efficacy for TB meningitis was also very important, although the credibility of
the upper bound is questionable and hence it is of limited relevance. This is due to
the very wide confidence bounds for this parameter, which embrace 1.0, as
determined by RCT evidence. The wide confidence bounds imply that the reduction
in TB meningitis risk is not statistically significant. This parameter impacts on QALYs
as the long-term sequelae of TB meningitis have a significant effect on quality of life.
In this context, the effect of setting the relative risk of TB meningitis at the upper
bound has an artificial effect, as it is unlikely that vaccination will increase the risk of
TB meningitis.

Setting the rate of disseminated BCG or vaccine efficacy against TB meningitis at
their respective upper bounds resulted in selective vaccination being considered less
effective than no vaccination (Figure 5.15). The rate of disseminated BCG was
estimated from very limited data and yet has an important impact on the
incremental benefits of selective vaccination.
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As for incremental life years gained, the discount rate, the relative risk of TB in high-
risk births, and the case-fatality rate were the main epidemiological parameters for
which parameter uncertainty contributed to substantial uncertainty in the
incremental QALYs for selective relative to no vaccination.

Figure 5.15 Tornado plot of incremental QALYs for selective relative to no
vaccination
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Note: All parameters were varied in the analysis. For legibility, only parameters that, when varied, resulted in a fluctuation of
greater than a £0.2 QALYS are included in the tornado plot. Red bars correspond to a parameter set at its upper bound, blues
bars to the lower bound.

Abbreviations: QALY, quality-adjusted life year; BCG, Bacillus Calmette-Guérin; TB, tuberculosis.

5.5.3 Total cost

Two parameters were found to have a major impact on the incremental costs of
universal relative to selective vaccination: the cost of administering vaccine in the
two strategies (Figure 5.16). As the estimated cost of administering vaccine in the
selective programme is correlated with the cost in a universal programme, setting
either at a low value results in a lower estimate of incremental cost.
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Figure 5.16 Tornado plot of total cost for universal relative to selective
vaccination
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Note: All parameters were varied in the analysis. For legibility, only parameters that, when varied, resulted in greater than a
+5% fluctuation in the incremental cost are included in the tornado plot. Red bars correspond to a parameter set at its upper
bound, blues bars to the lower bound.

Abbreviations: TB, tuberculosis.

Varying the cost of administering the BCG vaccine had the largest impact on the
incremental costs of selective vaccination relative to no vaccination. As for
incremental QALYs, varying the vaccine efficacy against TB meningitis also caused
large fluctuations in the incremental cost. Due to the high rate of long-term sequelae
of TB meningitis and the lifetime costs associated with those complications, they can
have a marked impact on total costs. Varying the relative risk of TB in high-risk
births and the discount rate also had substantial impacts on the incremental costs.
There was no parameter for which the upper or lower bound resulted in selective
vaccination costing less than a programme of no vaccination.
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Figure 5.17 Tornado plot of total cost for selective relative to no
vaccination
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Note: All parameters were varied in the analysis. For legibility, only parameters that, when varied, resulted in greater than a
+5% fluctuation in the incremental cost are included in the tornado plot. Red bars correspond to a parameter set at its upper
bound, blues bars to the lower bound.

Abbreviations: TB, tuberculosis.

5.5.1 Incremental cost-effectiveness ratios (ICERSs)

The ICERs were calculated on the basis of both life years gained (LYG) and quality-
adjusted life years (QALYs). In terms of life years gained, there was no parameter
for which the upper or lower bounds resulted in universal vaccination being cost-
effective relative to selective vaccination at thresholds of up to €45,000 per LYG.
Equally for selective vaccination in comparison with no vaccination, there were no
parameters that, when set at their lower or upper bounds, resulted in selective
vaccination being considered cost-effective.

For ICERs based on quality-adjusted life years, there was no parameter for which
the upper or lower bounds resulted in universal vaccination being cost-effective
relative to selective vaccination at thresholds of up to €45,000 per QALY. The only
parameter variation that resulted in selective vaccination being considered
potentially cost-effective relative to no vaccination was the discount rate. When the
discount rate was set at 1.5% and all other parameters were set at their average
values, the ICER for selective vaccination compared with no vaccination was €39,661
per QALY.
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5.5.2 Budget impact

Discounting is not applied in the budget impact analysis, and hence the discount rate
is not included in the univariate sensitivity analysis.

The annual budget impact of selective vaccination is €1,053,971 less than for the
universal vaccination strategy. Uncertainty in the administration costs of the two
programmes was a major contributor to uncertainty in the incremental budget
impact (Figure 5.18). Increasing the cost of administering vaccine in the universal
programme by €5.57 results in an approximate €259,000 increase in the incremental
budget impact.

The administration cost per patient for the selective programme was estimated as
the administration cost for the universal programme multiplied by a scaling factor
which had an average value of two. The multiplier reflects that administering vaccine
in a selective programme is likely to be less efficient than in the current universal
BCG vaccination programme. Because of this multiplier, the administration costs for
the two programmes are correlated. Due to the correlation, decreases in both costs
are associated with a reduction in the incremental budget impact. The next most
important parameters were the relative risk of TB in high-risk births and the uptake
rates for low- and high-risk births, respectively.

Figure 5.18 Tornado plot of annual budget impact for universal vaccination
relative to selective vaccination
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Note: All parameters were varied in the analysis. For legibility, only parameters that, when varied, resulted in greater than a
+5% fluctuation in the incremental budget impact are included in the tornado plot. Red bars correspond to a parameter set at
its upper bound, blues bars to the lower bound.

Abbreviations: TB, tuberculosis; VAT, value added tax.

The univariate analysis was also applied to the annual incremental budget impact
(Figure 5.19). The annual budget impact of no vaccination is €213,577 less than that
for the selective vaccination strategy. Uncertainty in the administration cost of a
selective programme is @ major contributor to uncertainty in the incremental budget
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impact. A reduction in the administration cost corresponds to a reduction in the
incremental budget impact. The next most important parameter was the relative risk
of TB in high-risk births, followed by the vaccine cost for the selective programme.

Figure 5.19 Tornado plot of annual budget impact for selective relative to
no vaccination
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+5% fluctuation in the incremental budget impact are included in the tornado plot. Red bars correspond to a parameter set at

its upper bound, blues bars to the lower bound.

Abbreviations: TB, tuberculosis.

5.6 Scenario analyses

Four scenario analyses were defined, three relating to the choice of parameter
values and a fourth to explore the relationship between vaccine and administration
cost and the ICER.

5.6.1 Vaccine efficacy for pulmonary TB

In the systematic review of clinical effectiveness, the relative risk of pulmonary TB
was estimated using data from randomised controlled trials (RCTs) and observational
studies. A meta-regression including study latitude found that the distance of the
studies from the equator was a potentially useful explanatory variable, as vaccine
efficacy increases further from the equator. It was possible to predict the relative
risk of pulmonary TB in Ireland by using the latitude of Ireland in the model. Rather
than the relative risk of 0.41 that was used in the main model, a value of 0.29 (95%
CI: 0.12 to 0.58) was used in a scenario analysis.
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Changing the relative risk value increased the estimated effectiveness of vaccination
programmes. The improved effectiveness resulted in a modest reduction in the
ICERs (that is, it became more cost-effective) relating to LYG and QALYs (Tables
5.12 and 5.13).

The probability that selective vaccination is the most cost-effective option at
willingness-to-pay thresholds of €20,000 and €45,000 per LYG was 0.003 and 0.014,
respectively.

Table 5.12 Outcomes (in life years gained) based on increased efficacy for
preventing pulmonary TB

Vaccination Cost Life years ICER
strategy Total Incremental Total Incremental (€/LYG)
No vaccination €890,232 1,418,151.7

Selective €1,127,240 €237,008 1,418,152.5 0.78 303,857
Universal €2,219,636 €1,092,396  1,418,152.5 -0.03  Dominated

Abbreviations: LYG, life years gained; ICER, incremental cost-effectiveness ratio.

The probability that selective vaccination is the most cost-effective option at
willingness-to-pay thresholds of €20,000 and €45,000 per QALY was 0.014 and
0.113, respectively.

Table 5.13 Outcomes (in quality-adjusted life years) based on increased
efficacy for preventing pulmonary TB

Vaccination Cost Life years ICER
strategy Total Incremental Total Incremental (€/QALY)
No vaccination €890,232 1,340,322.1

Selective €1,127,240 €237,008 1,340,324.1 1.97 120,309
Universal €2,219,636 €1,092,396 1,340,324.7 0.61 1,790,813

Abbreviations: QALY, quality adjusted life year; ICER, incremental cost-effectiveness ratio.

This scenario analysis generates estimates similar to what would be found using the
Irish observational data on BCG effectiveness (Table 4.4).

5.6.2 Lower case-fatality rate

The case-fatality rate for children aged less than 16 years with TB was derived from
UK data. Although there have been no TB-related deaths in children aged less than
16 years in Ireland in the last 15 years, this must be considered in the context of the
small numbers available. With a much larger population, from a statistical
perspective there is greater power to estimate a reliable case-fatality rate using the
UK data. However, a case-fatality rate for Ireland is available for all ages, and the
reported value is less than that for all ages in the UK. It is therefore possible that the
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UK estimate of the case-fatality rate in children may be an over-estimate of the rate
in Ireland.

A scenario analysis was used to examine the impact of adjusting the childhood case-
fatality rate based on the relative difference in the all-ages case-fatality rates
between the UK and Ireland. Rather than the value of 0.0078 used in the main
analysis, a mean case-fatality rate of 0.0054 was applied.

The benefits of vaccination in terms of life years gained are dependent on
vaccination reducing the risk of mortality. A reduction in the case-fatality rate limits
the ability of vaccination to generate benefits and thereby results in increased ICERs
with respect to life years gained (Table 5.14). The ICERs for both the selective and
universal strategies increase substantially, becoming less cost-effective, relative to
the main analysis. The probability that selective vaccination is the most cost-
effective option at willingness-to-pay thresholds of €20,000 and €45,000 per LYG
was 0.0005 and 0.002, respectively.

Table 5.14 Outcomes (in life years gained) based on a reduced case-
fatality rate

Vaccination Cost Life years ICER
strategy Total Incremental Total Incremental (€/LYG)

No vaccination €889,558 1,417,853.8

Selective €1,142,883 €253,326 1,417,854.0 0.16 1,583,285
Universal €2,265,648 €1,122,765 1,417,852.9 -1.08  Dominated

Abbreviations: LYG, life yeard gained; ICER, incremental cost-effectiveness ratio.

A similar situation is noted for benefits of vaccination in terms of QALYs where some
of the gain in quality of life can be attributed to reductions in mortality. A lower
case-fatality rate results in modest increases in the ICERs based on QALYs (Table
5.15). The probability that selective vaccination is the most cost-effective option at
willingness-to-pay thresholds of €20,000 and €45,000 per QALY was 0.005 and
0.044, respectively.

Table 5.15 Outcomes (in quality-adjusted life years) based on a reduced
case-fatality rate

Vaccination Cost Life years ICER
strategy Total Incremental Total Incremental (€/QALY)
No vaccination €889,558 1,340,039.6

Selective €1,142,883 €253,326 1,340,040.9 1.30 194,886
Universal €2,265,648 €1,122,765 1,340,040.4 -0.54 Dominated

Abbreviations: QALY, quality adjusted life year; ICER, incremental cost-effectiveness ratio.
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Reducing the case-fatality rate has implications for the estimated reductions in TB
mortality due to vaccination programmes, and therefore for the ratio of risks to
benefits. For universal vaccination, with a reduced case-fatality rate there would be
a probability of 0.31 that BCG-related mortality would exceed TB mortality avoided.
In terms of selective vaccination, a reduced case-fatality rate would result in a
probability of 0.21 that BCG-related mortality would exceed TB mortality avoided.

5.6.3 Lower risk of TB

The data on risk of TB in unvaccinated children aged 0 to 15 years was obtained
from Irish TB notification data from 2005 to 2014. During that time, the rate of TB
infection had been in decline. The average annual number of cases in children aged
less than 16 years has been 15.6 per annum over the last five years, and 11.7 per
annum over the last three years. The model estimated 24.4 cases in the birth cohort
to age 15 years based on universal vaccination. Thus the model estimates, when
converted into annual figures, are approximately double the average observed over
the last three years.

A scenario analysis was carried out with the risk of TB halved for all ages to reflect
the more recent observed risk of contracting TB. The risk of TB was halved for the
entire cohort, although the high-risk population continued to have a relative risk of
3.02 of developing TB compared with the general population. For the comparison of
selective and no vaccination, the use of a lower risk of TB resulted in a substantially
increased ICER (that is, became less cost-effective) for both life years gained and
quality-adjusted life years (Tables 5.16 and 5.17).

Table 5.16 Outcomes (in life years gained) based on a reduced risk of TB

Vaccination Cost Life years ICER
strategy Total Incremental Total Incremental (€/LYG)

No vaccination €445,717 1,418,089.2

Selective €789,793 €344,076 1,418,089.0 -0.17 Dominated
Universal €2,064,452 €1,274,659 1,418,087.4 -1.59 Dominated

Abbreviations: LYG, life yeard gained; ICER, incremental cost-effectiveness ratio.

There is a probability of zero that selective or universal vaccination are the most
cost-effective option at thresholds of €20,000 and €45,000 based either on life years
gained or quality-adjusted life years.
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Table 5.17 Outcomes (in quality-adjusted life years) based on a reduced

risk of TB
Vaccination Cost Life years ICER
strategy Total Incremental Total Incremental (€/QALY)
No vaccination €445,717 1,340,265.0
Selective €789,793 €344,076 1,340,265.3 0.31 1,109,921
Universal €2,064,452 €1,274,659 1,340,263.1 -2.20 Dominated

Abbreviations: QALY, quality adjusted life year; ICER, incremental cost-effectiveness ratio.

Reducing the risk of TB has a marked impact on estimated mortality. The estimated
total mortality in the single birth cohort was 0.26 for universal vaccination, 0.21 for

selective vaccination, and 0.22 for a programme of no vaccination. Therefore based
on recent rates of TB incidence, both selective vaccination and no vaccination would
be associated with lower total mortality than universal vaccination.

5.6.4 Varying risk of TB by vaccine strategy

The data used to inform the risk of TB was based on notified cases of TB in
unvaccinated children. The majority of counties in Ireland have had programmes of
universal vaccination but a small number have not, although some level of
vaccination has been in place in those counties (Cork, Mayo and Roscommon). The
risk of TB is therefore largely based on unvaccinated children in the context of a
universal programme, which may be an underestimate of the risk of TB in
programmes of selective or no vaccination. The differences may depend on a variety
of factors, such as the extent to which herd immunity applies to childhood TB risk.

A scenario analysis was used where TB risk in a universal vaccination programme
was based on data for counties with universal vaccination implemented. The TB risk
for selective vaccination was based on data during periods of non-universal
vaccination in counties Cork, Mayo and Roscommon. It was assumed that the
vaccinated cohort in those counties was similar to the high-risk cohort as identified
in this report. For the no vaccination alternative, it was assumed that the data for
selective vaccination represented the TB risk for infants not considered at high risk.
The relative risk of TB in high-risk infants was used to adjust the data to account for
the increased risk in the 13.4% of the population not represented in the data.

In this scenario analysis, the number of TB cases in a single birth cohort is estimated
to be 28.1 for universal, 51.1 for selective and 94.0 for no vaccination. This is
compared with 24.4, 44.3 and 55.9 for the equivalent figures in the base-case
analysis. In terms of both life years gained and QALYSs, selective is more effective
and less costly than both of the alternatives (Table 5.19 and Table 5.20). In other
words, both universal and no vaccination are dominated by selective vaccination.
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Table 5.19 Outcomes (in life years gained) based on a reduced risk of TB

Vaccination Cost Life years ICER
strategy Total Incremental Total Incremental (€/LYG)
No vaccination €1,523,072 1,417,764.1

Selective €1,266,550 -€256,522  1,417,768.7 4.68 Dominates
Universal €2,327,308 €1,060,758 1,417,769.4 0.61 1,738,947

Abbreviations: LYG, life yeard gained; ICER, incremental cost-effectiveness ratio.

There is a probability in excess of 0.92 and 0.95 that selective is the most cost-
effective option at thresholds of €20,000 and €45,000 based either on life years
gained or quality-adjusted life years.

Table 5.20 Outcomes (in quality-adjusted life years) based on a reduced

risk of TB
Vaccination Cost Life years ICER
strategy Total Incremental Total Incremental (€/QALY)
No vaccination €1,523,072 1,339,951.0
Selective €1,266,550 -€256,522 1,339,960.3 9.27 Dominates
Universal €2,327,308 €1,060,758 1,339,961.5 1.26 841,871

Abbreviations: QALY, quality adjusted life year; ICER, incremental cost-effectiveness ratio.

5.6.5 Varying cost of administration and vaccine

It was shown in the univariate sensitivity analyses that uncertainty in the cost of
administering the vaccine has a substantial impact on uncertainty in the ICERs and
the budget impact. Unlike the epidemiological parameters, costs can, to a greater or
lesser extent, be modified through changes to practice. It is apparent that the
estimated cost of vaccine administration in Ireland is far in excess of the values
reported in economic evaluations from other countries.

The purpose of this scenario analysis was to determine the extent to which changes
to the vaccine administration cost would impact on the ICER for selective vaccination
when compared with a policy of no vaccination. Keeping all other parameters fixed
at their mean values, the administration and vaccine costs were varied across a
range of values. The impact on the ICER (€ per QALY) of varying these costs is
shown in Figure 5.20.
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Figure 5.20 Impact on ICER (€ per QALY) for selective relative to no
vaccination of varying administration and vaccine costs
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Abbreviations: ICER, incremental cost-effectiveness ratio.

Changes to the vaccine cost per person have only a modest impact on the ICER.
Vaccine cost can be reduced by improving the number of vaccinations achieved per
vial. It is apparent that large improvements to efficiency are unlikely to render a
programme of vaccination cost-effective.

Reducing the cost of administration however can reduce the ICER. To achieve an
ICER of €45,000 per QALY, the administration cost for a selective vaccination
programme would have to be reduced to €27.50 per child. To achieve an ICER of
€20,000 per QALY, the administration cost would have to be reduced to €21.00 per
child. The estimated administration cost for the current programme of universal
vaccination is €26 per child and in the main model it was assumed that for a
selective vaccination programme the administration cost would double. That
assumption was based on the fact that the reduction in BCG clinics required would
not be in proportion to the reduction in the target population.
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5.7 Discussion

An economic model was presented in this chapter that was used to estimate the
cost-effectiveness of three neonatal BCG vaccination strategies: universal, selective,
and no vaccination. The parameters used in the model were derived from a wide
variety of sources, some of which were used as proxies in the absence of relevant
data.

A review of economic evaluations of BCG vaccination programmes from other
countries found mixed evidence. Universal vaccination programmes were evaluated
for Slovakia and Japan, and found to be cost-effective and not cost-effective,
respectively. Selective strategies were modelled for Finland and the Netherlands.
The Finnish study found the cost-effectiveness of a selective strategy to be
dependent on the increased risk in the vaccinated population. The Dutch study
focussed on the extension of an existing selective vaccination programme. The
heterogeneity in risk, types of TB considered, costs included, estimated vaccine
efficacy, vaccination strategy modelled, and the discount rate used meant that it was
difficult to compare results. The applicability of the international studies to Ireland
was questionable.

A Markov model that simulated a cohort from birth to age 15 years was used to
determine the impact of different vaccination strategies. Benefits were measured in
terms of both life years gained and quality-adjusted life years.

5.7.1 Main findings

In the absence of any other changes to TB control measures, a change from
universal to selective or no vaccination is likely to lead to increased numbers of
childhood TB cases. However, selective vaccination was estimated to lead to lower
overall mortality than programmes of universal or no vaccination.

Switching from universal to selective vaccination was estimated to lead to 19.9
additional cases of TB in the modelled birth cohort. When the impact was modelled
relative to current and projected incidence of TB, selective vaccination would result
in an additional three to four cases per annum, on average, compared with a
universal programme. Mortality in the single birth cohort to age 15 years was 0.30
for universal vaccination, 0.37 for selective vaccination, and 0.44 for no vaccination.
If recent trends in TB incidence continue, then selective vaccination was estimated
to result in lower mortality than universal vaccination.

In terms of life years gained, universal vaccination was more costly and less
effective than the alternative of selective vaccination. The ICER for selective
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vaccination was €340,520 per LYG compared with no vaccination. At traditional
willingness-to-pay thresholds it was almost certain that a programme of no
vaccination would be the most cost-effective option. The expected value of perfect
information at a willingness-to-pay threshold of €45,000 per LYG was negligible.

Based on quality-adjusted life years, universal vaccination was the most effective
option, with an ICER of €2,549,822 per QALY relative to selective vaccination. The
ICER was €139,557 per QALY for selective compared with no vaccination. The
probability of selective vaccination being the most cost-effective option at thresholds
of €20,000 and €45,000 per life year gained was 0.008 and 0.07, respectively. The
expected value of perfect information at a willingness-to-pay threshold of €45,000
per QALY was €3,997.

With selective vaccination there would be an estimated 53,532 fewer vaccinations
per annum, with an associated reduction in adverse reactions to BCG. The annual
budget impact of strategies of universal, selective and no vaccination was estimated
at €2,393,335, €1,339,364, and €1,125,787, respectively. Sixty six percent of the
budget impact of universal vaccination relates to the cost of administering the
vaccine. The equivalent figure for selective vaccination, not including any cost for
identifying high-risk infants, is 27%. Policies of selective or no vaccination will result
in the need for more resources for contact tracing, but fewer staff resources for
administering vaccinations.

5.7.2 Sensitivity and scenario analyses

The univariate sensitivity analyses showed that varying certain parameters had
impacts on the estimated incremental costs and benefits of selective vaccination
relative to no vaccination. Parameters for which variation led to marked changes in
the estimates of costs and benefits included the discount rate, the rate of
disseminated BCG, relative risk of TB in high-risk births, the case-fatality rate, and
the cost of administering the vaccine.

® Discounting

Discounting can be expected to have a major impact for a vaccination
programme where the cost of vaccination occurs at the outset and is therefore
undiscounted whereas the benefits occur over the lifetime of the cohort, and
hence are heavily discounted. Some countries apply differential discounting
(whereby different discount rates are applied to benefits and costs) or reduce the
discount rate for costs and benefits beyond a certain time horizon, for example
after 30 years. Both of these approaches are controversial for different
reasons,™? and have not been adopted in Ireland. The discount rate used in the
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main analysis has been set out by the Department of Finance and must be
applied to both costs and benefits.

® Risk of developing TB

The data on risk of developing TB is based on a ten year period (2005 to 2014)
during which there was a substantial decline in TB incidence. This can be seen in
the results of the main analysis where the predicted number of cases in the birth
cohort was 24.4, approximately double the number of cases expected based on
the most recent data. A scenario analysis was used to test the impact of halving
the risk of TB to reflect more recent figures. The impact of the reduced risk was
to decrease the incremental benefit of selective relative to no vaccination.
Universal vaccination was dominated in terms of both life years gained and
QALYs, while selective vaccination was dominated in terms of life years gained.
However, due to the small numbers of cases per annum, it is possible that the
low incidence observed in recent years will not be sustained. As such, the
average annual risk from 2005 to 2010 by year of age used in the model (Table
5.2) is considered a pragmatic if conservative estimate.

The applicability of the TB risk data to the scenario of no vaccination is also
questionable. The TB risk data represents unvaccinated children in areas that had
universal or selective vaccination policies. The data must therefore be considered
in that context. The Irish data represents a situation where the majority of high-
risk infants are assumed to be vaccinated. Hence the TB risk data may be more
representative of the non-high-risk population rather than the average risk
population. For this reason, the model may have underestimated the number of
TB cases that would occur in a scenario of no vaccination. A scenario analysis
was run using separate risk data for universal, selective and no vaccination. This
resulted in considerably higher estimates of total cases under a policy of no
vaccination. Selective vaccination was both more effective and less costly than no
vaccination in terms of both life years gained and QALYs. Universal vaccination
was more effective and more costly than selective vaccination but would not be
considered cost-effective. Due to the limited data to support this analysis, the
results should not be over-interpreted, although they support the general finding
that universal and selective vaccination are similarly effective in terms of life
years gained and quality-adjusted life years.
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Relative risk of TB in high-risk births

The cost-effectiveness of selective vaccination is affected by the level of elevated
TB risk in the high-risk population. The Finnish economic evaluation highlighted
this by considering a variety of elevated risk levels and demonstrated improved
cost-effectiveness with increased risk in the target population.®® The data used
in this evaluation was derived from ten years of TB notification data. The quality
of the coding will impact on the accuracy of the estimate, although a
conservative approach was adopted whereby cases with no recorded nationality
or ethnicity were assumed to be high-risk cases.

The denominator population was assumed to be represented by high-risk births,
which was estimated at 13.4% of births. However, the TB notifications include
cases not born in Ireland. If immigrants were included in the denominator
population, the high-risk population might in fact be greater than estimated here.
An underestimate of the high-risk population implies an overestimate of the
relative risk.

The narrow confidence bounds around the estimate of relative risk of TB reflect
the fact that it is derived from 10 years’ data on TB cases. For the estimate to be
biased, one would have to assume that nationality and ethnicity are poorly
recorded or coded, or that case ascertainment in high-risk cases is less than
100%, but there is no evidence for these sources of bias.

Case-fatality rate

The case-fatality rate was estimated using data from the UK due to an absence
of evidence regarding TB deaths in children aged less than 16 years in Ireland.
Previous economic evaluations did not include TB mortality as an outcome when
there was no evidence of occurrence.®® Dye to the rare nature of TB and TB
mortality, the fact that no deaths were observed in the Irish data does not imply
a case-fatality rate of zero. Due to the much larger population in the UK, there
was greater statistical power to detect a low case-fatality rate. However, the UK
TB case-fatality rate for all ages is higher than the corresponding figure for
Ireland.

A scenario analysis was used to test the impact of a lower case fatality rate in
Ireland. Reduced estimates of TB mortality results in increased ICERs, making it
even less cost-effective. The case-fatality rate in the main analysis can be viewed
as a conservative figure that is more likely to overestimate rather than
underestimate the case-fatality rate. However, the impact on the ICERs of
reducing the case fatality rate was modest.
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" The rate of disseminated BCG and associated mortality rate

Disseminated BCG represents what is perhaps the most severe form of adverse
reaction to BCG vaccination. The high mortality rate associated with disseminated
BCG results in a marked impact on life years gained and the risk:benefit ratio of
vaccination. Cases of disseminated BCG are primarily observed in children with
primary immunodeficiency syndromes. The estimate of incidence of disseminated
BCG used in the model, is based on 10 years of national data combined with data
on the number of BCG vaccinations in that period. Both of these estimates are
considered reliable.

The mortality rate associated with disseminated BCG used in the model was
based on an international survey and was lower than many of the published
estimates, which have included figures as high as 81%. No deaths in cases of
confirmed disseminated BCG have been reported in Ireland between 2005 and
2014. However, due to the small number of cases a mortality rate of 29% cannot
be ruled out. Due to early recognition and aggressive treatment of BCG-osis and
of the underlying primary immunodeficiency syndrome in Ireland, the mortality
estimate used in the model may be conservative. However, it is unlikely to
substantially over-estimate the risk of mortality.

Due to the reported higher incidence of primary immunodeficiency syndromes in
Irish Travellers, it is likely that a selective vaccination programme that includes
Irish Travellers may not achieve a reduction in disseminated BCG in proportion to
the reduction in exposed infants. The model incorporated an increased risk of
disseminated BCG in the Irish Traveller population based on national data.

® Cost of administering the vaccine

The cost of administering the BCG vaccine was an important parameter in all of
the sensitivity analyses and makes a very substantial contribution to the overall
cost of delivering selective and universal vaccination programmes. The combined
per infant cost of vaccine and administering was reported in three international
economic evaluations. Two studies reported costs of €13.37 and €2.97 for
universal vaccination. Costs of €7.27 and €6.93 were also reported for selective
vaccination. The estimated equivalent cost per vaccination in Ireland was €28.76
for the universal programme and €59.81 for the selective programme. This study
estimated an approximate doubling of cost of vaccination in moving from a
universal to a selective programme. The Finnish study reported a similar relative
increase in cost, albeit from a much lower base cost. In the Finnish study, the
increase in cost was entirely due to less efficient use of vaccine vials; the cost of
administration remained static. It is unclear whether the estimated cost in Ireland
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is high or whether studies from other countries have under-estimated the true
costs of delivering a BCG vaccination programme. The evaluations did not give
detailed breakdowns of the included costs and as such the applicability cannot be
fully appraised.

The cost of administration in Ireland for the universal programme is more than
twice that reported in other studies and has a major impact on the estimate of
cost-effectiveness. The extent to which a selective programme may be cost-
effective compared with no vaccination is significantly impacted by the ability to
reduce the administration cost. It should be noted that no cost was included for
the identification of high-risk infants, which could increase the cost associated
with administering the vaccine. However, it may be interpreted that the reduced
efficiency of administering vaccine in a selective programme may partly
incorporate the resources required for identifying high-risk infants.

A scenario analysis showed that for a selective vaccination programme to be
considered cost-effective at willingness-to-pay thresholds of €20,000 and
€45,000 per QALY, the cost of administering the vaccine would have to be
lowered to €21.00 and €27.50 per infant, respectively. A thorough review of the
operational features of the existing programme (which is largely based on
delivery of the vaccine in dedicated community care clinics) would be required to
determine whether such a reduced cost is feasible. The fact that lower costs
have been reported in other countries suggests that it may be achievable in
Ireland.

5.7.3 Limitations

The present study was subject to a number of limitations. As with any economic
modelling exercise, the applicability of the findings is dependent on the quality of the
parameter values used and the assumptions underpinning the model structure.

Some of the key parameters, such as vaccine efficacy and case fatality rate, were
not based on Irish data. Vaccine efficacy was derived from a systematic review of
the evidence, but there is a lack of consensus on how to interpret the findings. It is
understood that efficacy varies by distance from the equator, but there are few high
quality studies to support a clear understanding of efficacy in the Irish context. We
used sensitivity and scenario analyses to test some of these assumptions, but found
a low risk of the ICERs having been overestimated.

Some of the epidemiological parameters, specifically the case-fatality rate and
annual risk of developing TB, were possibly overestimates. Both were tested in
scenario analyses and it was found that should the values be lower than estimated
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in the main analysis, the universal and selective vaccination programmes would be
considered less effective than reported in the main analysis. The case-fatality rate
was uniformly applied to all forms of TB. It is likely that the case-fatality rate would
be higher for TB meningitis and miliary TB.*®”) However, this would have to be
associated with a decreased case-fatality rate in pulmonary and extrapulmonary TB.
As such, the average mortality would not change. Increased mortality in TB
meningitis cases would reduce the number of survivors with long-term sequelae, but
given that this represented a very small portion of survivors it is unlikely that such a
change would impact on results. The values used for mortality associated with
disseminated BCG were also possibly a conservative estimate. However, as was
evident in the univariate sensitivity analysis varying the mortality rate had limited
impact on results. Of greater relevance was the rate of disseminated BCG, which
was based on observed data of Irish children.

Data on utilities associated with treatment, adverse reactions and long-term
sequelae came from a variety of sources. In some cases the data will have been
derived from adults, particularly for treatment. The applicability to children of utility
data generated from adults is questionable.(lzo) However, the values used were
pragmatic and the cost-utility analysis is presented as an adjunct to the primary
analysis of life years gained.

The analysis did not directly include a cost associated with identifying high-risk
infants in a selective vaccination strategy. It is not clear how this process would
work in practice, although it may be possible to capitalise on existing resources to
some extent. It could be inferred that the increased cost of administering the
vaccine may incorporate the administrative role of identifying eligible infants. The
cost of administering the vaccine for a selective programme was on average double
the cost of that estimated for a universal vaccination programme. This was despite
eligibility being only 13.4% of the population. The cost of administering the vaccine
incorporated medical and administrative staff time. It may be reasonable to assume
that part of the additional time could be allocated towards the identification of high-
risk infants.

As part of a policy to reduce vaccine coverage, additional TB control measures will
be advisable to account for the reduced protection against TB in the child

population. The cost of contact tracing in relation to TB cases and treatment of
latent TB infections were included in the analysis. As the analysis was on the basis of
the existing approach to TB control, the cost of a formal TB screening programme
was not incorporated into the analysis and, if implemented, would increase the
budget impact of the selective and no vaccination strategies. The operational
features and likely budget impact should be considered.
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The analysis of expected value of perfect information indicated very low values at
traditional willingness-to-pay thresholds. This means that there is very little decision
uncertainty at thresholds below €45,000 per QALY and therefore little value in doing
additional research to reduce uncertainty. However, it does suggest that there may
be some value in research which could be directed at determining whether the cost
of administering the vaccine is as high as estimated, or if it could be substantially
reduced. It is important to appreciate that the decision uncertainty is a function of
the specified parameter uncertainty.

5.7.4 Interpretation of findings

A programme of BCG vaccination is effective at reducing the incidence of TB. A
selective programme that targets high-risk infants is more effective and less costly
than a universal vaccination strategy in terms of life years gained. Based on quality-
adjusted life years, universal vaccination is the most effective strategy. However,
based on the parameter values used in this evaluation and willingness-to-pay
thresholds of up to €45,000 per QALY, strategies of universal and selective
vaccination are not cost-effective. In the absence of any other changes to TB control
measures, a switch to selective vaccination would reduce the annual budget impact
by €1,053,971 per annum relative to the current universal vaccination programme.

The risk of TB used in the primary analysis was based on data from 2005 to 2014 —
a period during which there was a large decrease in the incidence of childhood TB.
Based on the average risk over that period, the benefits associated with universal
vaccination outweigh the harms in terms of mortality. However, when a lower risk of
TB was applied, similar to what has been seen in the period 2011 to 2014, it was
estimated that selective vaccination would be associated with lower overall mortality
than the universal vaccination programme. These findings must be interpreted in the
context of existing TB control measures.

There was substantial uncertainty regarding a number of the key parameters, all of
which were allowed to vary within plausible ranges in the main analysis. Although
there was a clear hierarchy in terms of total costs, with universal being the most
costly option and no vaccination the least costly, there was greater uncertainty in
terms of benefits. Regarding life years gained selective vaccination was, on average,
the most effective strategy. However, there was also a high probability that universal
vaccination could be the most effective, which was almost entirely dependent on a
low rate of disseminated BCG in vaccinated infants.

The rate of disseminated BCG was based on eight confirmed cases in Ireland
between 2005 and 2014. Disseminated BCG is most common in infants with primary
immunodeficiency syndromes. A family history of primary immunodeficiency is a
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contraindication for BCG vaccination until evaluation of the infant is complete. A
formal neonatal screening programme to identify infants with severe combined
immunodeficiencies prior to vaccination may be advisable to limit the risk of
disseminated BCG. Such a screening programme should be considered for evaluation
irrespective of a change to the vaccination policy to ensure the risk of disseminated
BCG is minimised.

When interpreting the results it should be noted that among 0 to 15 year olds in
Ireland there were no deaths from either TB or severe adverse reactions to BCG
vaccination in the years 2005 and 2014. The estimates of mortality presented here
are based on international evidence that overestimates what has been observed in
Ireland.

Economic evaluations in other jurisdictions have shown policies of selective
vaccination to potentially be cost-effective. While a programme of selective
vaccination has been shown to be not cost-effective in Ireland relative to no
vaccination, it is possible that substantial reductions in the cost of administration
could render a selective vaccination programme cost-effective.

5.8 Key messages

® A systematic review of published economic evaluations of neonatal BCG
vaccination programmes identified five studies. There was evidence to suggest
that a selective vaccination programme may be cost-effective relative to universal
or no vaccination, although the relevance to the Irish healthcare setting was
questionable.

= A Markov model was developed to simulate a cohort from birth to life expectancy
and determine the costs and benefits associated with programmes of universal,
selective and no vaccination.

® Mortality in the single birth cohort to age 15 years was 0.30 for universal
vaccination, 0.37 for selective vaccination, and 0.44 for no vaccination.

® The strategy of selective vaccination will result in 19.9 additional cases of
paediatric TB in the birth cohort and a no vaccination strategy will result in 31.5
when compared with the current universal vaccination programme.

® Assuming that childhood TB incidence in Ireland is at 10 cases per annum and
continuing to decline, a programme of selective vaccination would be likely to
result in between three and four additional cases of TB each year relative to
universal vaccination.

= In terms of life years gained, universal vaccination is marginally less effective and
substantially more costly than an alternative of selective vaccination. Based on
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quality-adjusted life years, universal vaccination is marginally more effective and
substantially more costly than selective vaccination, with and ICER of €2,549,822
per QALY.

® Compared with no vaccination, a strategy of selective vaccination generates
ICERSs of €340,520/LYG and €139,557/QALY. Compared with no vaccination,
selective vaccination is not cost-effective at willingness-to-pay thresholds of up
€45,000 per life year gained or per QALY.

® The annual budget impact of the universal vaccination programme is an
estimated €2,393,335. The annual budget impact of a selective vaccination
programme would be €1,053,971 less than the current universal vaccination
strategy. A policy of no vaccination would have an annual budget impact of
€1,267,548 less than universal vaccination.

= Among 0 to 15 year olds in Ireland there were no deaths from either TB or
severe adverse reactions to BCG vaccination in the years 2005 and 2014. The
estimates of mortality presented here are based on international evidence that
overestimates what has been observed in Ireland.

® A number of the parameters were specified with values that may overestimate
the benefits of a vaccination programme. Sensitivity and scenario analyses
indicate that a selective programme may be less cost-effective (relative to no
vaccination) than estimated in the main analysis. The selective vaccination
strategy modelled here did not include a specific cost for identifying high-risk
infants, which may increase the budget impact of such a programme and reduce
the estimated cost-effectiveness.

® The main analysis used a conservative estimate of TB risk based on data from
2005 to 2014. However, if more recent childhood TB incidence rates continue,
then selective vaccination would be associated with lower overall mortality than
the universal vaccination programme.

® A significant contributor to the cost of the modelled BCG vaccination programmes
is the cost of administering the vaccine. The cost in Ireland is far in excess of
that reported in other economic evaluations. Substantial reductions in the cost of
administration could render a programme of vaccination cost-effective.
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6. Organisational and social aspects

This chapter provides a review of the potential implications of changes to the
neonatal BCG vaccination programme for the delivery of services within the health
system and for society as a whole. The purpose of this review is to identify and
discuss any broader issues relevant to the decision-making process, and to highlight
potential changes to the organisation or delivery of services required to support
changes to the BCG vaccination programme. This chapter was developed broadly in
line with the structure described in the EUnetHTA Core Model.(*?!)

6.1 Organisational aspects

The analysis of organisational aspects focuses on the implications for patient
pathways, staffing, changes to work processes, equipment, and the organisation of
activities across different sections of the health services. The neonatal BCG
vaccination programme is intended to reduce the risk of infants and children
contracting TB. It is therefore a preventive intervention, and a change to a
programme of selective vaccination will likely lead to an increase in the number of
cases of TB. This section will consider issues relating to the provision of a BCG
vaccination programme and also relating to the treatment and management of
additional TB cases.

Childhood TB control involves a variety of approaches including active case-finding,
contact tracing, treatment for latent TB infection, and BCG vaccination.?? If offered
at a young age, BCG vaccination offers the best protection against TB infection.?

6.1.1 Vaccination

Within Western Europe, most countries at one time implemented universal
vaccination but subsequently moved to selective vaccination (for example, Austria,
France, Germany, Spain, Sweden, Switzerland, UK).**» Some countries, such as
Belgium, Italy, and the Netherlands, never implemented universal vaccination. The
World Health Organization (WHO) recommendation is that a single dose of BCG
vaccine should be given to all infants as soon as possible after birth in countries with
a high incidence of TB (greater than or equal to 40 cases per 100,000
population).*? Ireland and Portugal remain as the only Western European countries
with universal vaccination programmes despite not being considered as high TB
incidence countries using the WHO measure.

A universal vaccination programme has benefits in terms of clarity as all infants are
eligible. A selective programme can cause confusion over who is eligible for both
parents and clinicians.(12312¥) Regional variation in policies and practice can also give
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rise to misunderstandings, placing an additional burden on service providers to
identify, contact and vaccinate eligible infants. In the UK, for example, BCG
vaccination policies varied by Primary Care Trust, and areas with high levels of
population movement were more likely to adopt universal vaccination given the
difficulties in monitoring the high-risk population.?>

Changes to the BCG vaccination policy will greatly reduce the number of annual
vaccinations. There is a concern that a selective vaccination policy may cause issues
in the availability of sufficient numbers of medical practitioners who are trained and
experienced in administering BCG vaccinations.!?® Inadequate training and poor
technique can lead to substantially higher rates of adverse reactions to
vaccination.!?”)

The BCG vaccination policy in Ireland at present is not consistent, with one county
adopting a school-age vaccination policy. Given the relatively small population of
Ireland, adoption of the same policy across all areas may be more efficient and,
coupled with adequate training of clinicians and increased public awareness, may
ensure greater coverage of the eligible population than the current approach.

6.1.2 BCG supply

The BCG vaccine licensed for use in Europe is the BCG Denmark strain,
manufactured by Statens Serum Institut (SSI, Denmark). This strain is also used
outside Europe in countries such as Libya, Saudi Arabia, South Africa, Tunisia, and
Venezuela.®?® Shortages of the BCG vaccine have been noted in Europe and
elsewhere affecting not only BCG vaccination programmes, but also other therapies,
such as immunotherapy to treat bladder cancer.1?*12%139) On 3 humber of
occasions, BCG vaccination has had to be temporarily suspended in Ireland due to
an inability to secure sufficient supply of vaccine. Issues with shortages extend to
antigens required for tuberculin skin tests, and hence shortages have implications for
other aspects of TB control.*3) Compounding the supply difficulties, was the limited
shelf-life of the multi-dose vial. The current shelf life of the vaccine is 18 months,
having being extended by the Health Products Regulatory Authority from 12 months
in March 2015.

In light of the ongoing issues with the supply of BCG vaccine, it is imperative that
the available vaccine is used as efficiently as possible and for maximum benefit. Best
use of vaccine points to the need to minimise wastage and to target those most
likely to benefit from vaccination. A move from universal to selective vaccination
would greatly reduce the number of vaccinated infants from approximately 60,559 to
8,110 per annum. Should vaccination continue, selective vaccination would reduce
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demand for the vaccine and ensure that it is directed at those at highest risk of TB
infection.

6.1.3 Identification of a high-risk cohort

Under the current universal vaccination programme, the target population is all
births. This facilitates identification of infants as it can form part of the general
vaccination and immunisation programme. A selective vaccination programme
requires the identification of a sub-population that may be specific to BCG
vaccination. High-risk status is likely to be based on a variety of criteria, including
country of birth or ethnicity of an infant’s parents and potentially grandparents. This
report has used the criteria of at least one parent from a high TB incidence country
or being from the Irish Traveller community to identify high-risk status. The criteria
used to define ‘high risk’ must be clearly set out to facilitate training of healthcare
professionals and for informing the public.

A Welsh study described the identification of TB risk in antenatal clinics, using a
single tick box in the administrative form.1%? Criteria for high-risk status were clearly
stated and provided to all midwifery staff. Referral to a BCG clinic was by midwifery
staff and was organised following the birth of the infant.

In Finland, it was proposed that identification of high-risk infants should be through
midwife-administered questionnaires at maternity clinics.(** It was recommended
that vaccination would be carried out by paediatricians.

Barriers to the identification of high-risk infants include language, the staff resources
required to assess risk status, and difficulties in applying the criteria in some
circumstances, for example children of mixed ethnicity.*® Healthcare professionals
must be educated in how to identify high-risk infants.** As risk status is tied to
countries with high TB incidence; an up to date list of relevant countries as defined
by the WHO should be used as part of the criteria.**>

The NHS has BCG vaccination service specifications that require providers to
implement systems for the identification of eligible individuals, and for the
assessment of individuals’ suitability for immunisation.**® However, the
specifications do not state how individuals might be identified, or in what setting. A
review of practice across Primary Care Trusts found the majority of trusts with
selective vaccination policies used risk identification primarily carried out by
midwives.!?> Alternatives reported included identification by GPs, health visitors or
paediatricians. Close coordination between antenatal services and childhood
vaccination services is required to deliver a selective vaccination programme. %
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The experience in other countries suggests a preference for identification of high-risk
infants before birth in antenatal clinics. The extent to which this approach may be a
viable option in Ireland should be explored. High-risk status may be more accurately
determined in conjunction with the parents of the child, particularly if criteria other
than ethnicity or nationality are included in the definition of risk.

6.1.4 Delivery and setting

BCG vaccination in Ireland is, at present, predominantly delivered in a community
setting (approximately 70% in 2012).'> The balance of vaccinations is carried out
in a limited number of hospitals providing maternity services and is delivered in
postnatal wards by community care staff. It should be noted that although
community BCG clinics are explicitly for the purpose of delivering the vaccination
programme, they also provide an opportunity for health care professionals to
interact with mothers and newborns. Clinics therefore provide an important
opportunity to monitor child welfare.

As part of the economic evaluation, the number of staff required to administer the
vaccination programme was considered. The current universal vaccination
programme was estimated to require 7.1 medical (senior area medical officer), 7.0
nursing (public health nurse), and 6.3 administrative (clerical officer grade) whole
time equivalent staff. The equivalent staff requirements for administering vaccine in
a selective programme would be 1.7 medical, 1.6 nursing, and 1.5 administrative
whole time equivalent staff. These figures do not include time spent identifying high-
risk infants.

The introduction of a selective BCG vaccination policy in England has been
associated with substantial regional variation in implementation.*?* As criteria
include the TB incidence of the area, some areas have continued universal
vaccination where appropriate. The most common setting for universal vaccination
was in community clinics (69%) followed by postnatal wards (31%). For selective
vaccination it was in postnatal wards (50%) followed by community clinics
(23%).1%) Other settings included hospital paediatric clinics and chest clinics. A
Welsh study reported that the BCG vaccination service was run by TB clinical nurse
specialists.1%?

A Scottish maternity hospital successfully implemented a monthly outpatient clinic to
administer BCG vaccine to high-risk infants.*> The clinic involved a staff grade
paediatrician, a community nurse trained to administer BCG, and an auxiliary nurse.
While a maternity hospital-based approach may be convenient for a local population,
this may be less successful for hospitals with larger catchment areas.
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In 2006, a multi-puncture device was removed from the market in France and
replaced with an intradermal BCG device.®*”) Due to a lack of staff training regarding
the use of the intradermal technique and a differing safety profile, there was a
decrease in BCG uptake. A year later, universal neonatal BCG vaccination ceased in
France in favour of a policy of selective vaccination. BCG vaccination is available in
both hospital and community settings, with GPs acting as a provider of
vaccinations.(!3®)

A selective strategy would target high-risk groups which largely comprise ethnic
minorities. There may be language and information barriers to obtaining informed
consent. Staff administering the vaccine would require adequate training and access
to translation services to ensure informed consent is obtained.

The economic evaluation and associated review of international studies in Chapter
5.1 highlighted the disparity between the cost of administration in Ireland and other
countries. From the limited cost data available, the mode of delivery in Ireland
appears to be substantially more expensive than reported costs from Finland, Japan
and the Netherlands. This may be due to the setting or the number of staff used to
deliver the vaccination programme. Although a selective programme is predicted to
reduce the absolute cost of administering BCG vaccination relative to a universal
programme, the cost per vaccination is likely to increase. Consideration should be
given to identifying alternative approaches to delivering the service that enhance the
efficiency of service delivery, irrespective of whether the vaccination policy is
changed.

The feasibility and costs of a predominantly postnatal ward-based vaccination
programme should be considered. There are 19 public hospitals in Ireland providing
maternity care services. For live births, 78.1% have a length of stay of at least two
days and 47.5% have a length of stay of at least three days.*> Vaccination of
infants who are discharged within one day may be problematic and would require
daily rounds of vaccination. This practice could lead to substantial wastage of
vaccine if only small numbers of eligible infants are present. It may not present a
practical alternative in all areas, but may be more efficient in high volume maternity
hospitals.

6.1.5 Uptake

The uptake of BCG vaccination in the current universal programme is an estimated
87.8%. There is no available data in Ireland for the uptake in the high-risk
population. For this study it was assumed that the uptake would be lower in the
high-risk population. A number of studies have reported on vaccination uptake after
changes from universal to selective vaccination policies.
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Vaccine uptake for high-risk infants in France was reported separately for the Ile-de-
France as 89.8% and outside ile-de-France as 61.7%.3* fle-de-France has the
highest TB incidence in mainland France and has a universal vaccination policy.
However, it should be noted that vaccine uptake dropped 54% in the year before
the move to selective vaccination after the mode of administration was changed.*?
For this reason the introduction of selective vaccination coincided with a period of
poor uptake in the general population.

A study from a French maternity hospital found increased uptake in the high-risk
population after universal vaccination was ceased (increasing from 66% to 81%).®
This may to some extent have been related to changes in the setting for delivering
vaccinations.

A study of neonatal BCG uptake in England reported lower uptake in Primary Care
Trusts with selective vaccination (65.6%) compared with those with universal
vaccination (71.6%), although the difference was not statistically significant.(:°®)
However, uptake was statistically significantly higher where the primary place of
vaccination was the post-natal ward (72.6%) rather than community settings
(63.5%). Uptake was also found to be significantly higher in areas with a high TB
incidence and where there had been a previous policy of universal BCG vaccination.

An audit of a hospital-based BCG clinic targeting high-risk infants found a low uptake
of 51%, with substantial variation in uptake across different ethnic groups.©®®
Variation occurred in both the proportion referred for vaccination and the proportion
receiving vaccination. Referral was made by midwives who identified risk status by
reviewing ethnicity of parents in the maternity records. A review of activity at a
Welsh maternity hospital implementing selective BCG vaccination found uptake to
vary between 36.5% and 85.3% across ethnic groups, with an average uptake of
76.0%.1192 As with the above audit, the highest uptake was in infants whose ethnic
origin was the Indian subcontinent. Although single-hospital studies may not
represent national uptake, they highlight some of the issues encountered in
delivering a selective vaccination programme.

It is apparent that high uptake is possible in a selective vaccination programme, but
this should be supported by antenatal identification of eligible infants and follow-up
to ensure vaccination is completed. The evidence also suggests that uptake may be
higher where vaccination is carried out in a postnatal ward rather than in a
community setting.
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