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Abstract

Congenital disorders (CD) remain an unprioritized health care issue in South Africa with national surveillance underreporting by >
95%. This lack of empiric data contributes to an underestimation of the CD disease burden, resulting in a lack of services for those
affected. Modelling offers estimated figures for policymakers to plan services until surveillance is improved. This study applied
the Modell Global Database (MGDb) method to quantify the South African CD disease burden in 2012. The MGDb combines
birth prevalence data from well-established registries with local demographic data to generate national baseline estimates (birth
prevalence and outcomes) for specific early-onset, endogenous CDs. The MGBd was adapted with local South African demo-
graphic data to generate baseline (no care) and current care national and provincial estimates for a sub-set of early-onset
endogenous CDs. Access to care/impact of interventions was quantified using the infant mortality rate as proxy. With available
care in 2012, baseline birth prevalence (27.56 per 1000 live births, z = 32,190) decreased by 7% with 2130 less affected births,
with 5400 (17%) less under-5 CD-related deaths and 3530 (11%) more survivors at 5 years, including 4720 (15%) effectively
cured and 1190 (4%) less living with disability. Results indicate a higher proportion of CD-affected births than currently indicated
by national surveillance. By offering evidence-based estimates, the MGDb may be considered a tool for policymakers until
accurate empiric data becomes available. Further work is needed on key CD groups and costing of specific interventions.

Keywords Community genetics - Congenital disorders - Congenital anomalies - Birth defects - Rare diseases - Infant mortality
rate - Modell Global Database - South Africa

Introduction

Surveillance is crucial to enable timely and appropriate public
health interventions and is an integral part of health needs as-
sessment (HNA) (Christianson et al. 2013). Public health sur-
veillance includes the monitoring of communicable and non-
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communicable diseases (NCDs), health interventions, injuries,
child growth and nutrition, and occupational health (Centers for
Disease Control 1986; Declich and Carter 1994; Center for
Disease Control and Prevention 2012). Even where no treatment
interventions are available, surveillance helps prioritize and
guide research (Hall et al. 2012). Public health surveillance also
includes surveillance of congenital disorders (CDs), the first
NCDs experienced by people (Christianson et al. 2013).

CDs, also known as birth defects, are a critical, common and
costly health issue affecting all countries globally. CDs are de-
fined as “abnormalities in structure or function present from birth,
whether evident at birth or manifesting later in life” (World
Health Organization 2006). They fall into two broad groups:

(1) disorders with mainly endogenous causes (e.g. chromo-
somal and single-gene disorders, congenital malformations,
and disorders with multifactorial inheritance), and

(2) disorders caused by an abnormal foetal environment, such as
the thalidomide tragedy of the late 1960s or the more recent
Zika outbreak. Congenital anomaly registries were
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established following the thalidomide tragedy to identify
clusters and offer early warning of specific teratogens: their
surveillance function has subsequently expanded to estab-
lishing the prevalence of congenital anomalies, monitor
trends and evaluate ongoing programmes (Christianson
et al. 2013).

In high-income countries where the epidemiologic transition
was completed decades ago, CDs are recognized as a leading
cause of death in childhood (Malherbe et al. 2015; Matthews
et al. 2015; World Health Organization 2015). Although robust
CD monitoring and surveillance systems have developed in
many countries over the past 40 years, obtaining comprehen-
sive, standardized data remains a challenge (Luquetti and
Koifman 2011). In middle and low-income countries (MLICs)
the primary focus has hitherto been upon communicable dis-
eases, resulting in a scarcity of reliable epidemiological data on
CDs, due to insufficient diagnostic capacity and resources for
accurate diagnosis, and inadequate or absent surveillance sys-
tems (World Health Organization 1999; Christianson and
Modell 2004; Christianson et al. 2006). The resulting data short-
fall skews national and global estimates of CDs and results in a
serious underestimation of their significance as a health care
issue (World Health Organization 1999; Nippert et al. 2013).
Without an evidence base to highlight CDs as a health care
priority, policy development is impeded, preventing those af-
fected by or at risk of CDs from receiving the care they require.

In 2006, the March of Dimes estimated the minimum glob-
al birth prevalence of endogenous CDs in the absence of in-
tervention as approximately 40 per 1000 live births, with
around half of these due to congenital anomalies (obvious
structural abnormalities)' (Czeizel and Sankaranarayanan
1984, World Health Organization 1985, Baird et al. 1988,
World Health Organization 1992, Christianson et al. 2006,
Moorthie et al. 2018). Updated country-specific estimates
for South Africa indicate a baseline birth prevalence of 32.5
per 1000 births for endogenous, early-onset CDs (Modell
et al. 2016)>. When combined with an estimate for CDs due
to adverse foetal environment of 1415 per 1000 live births in
20102014 (Christianson 2012), this indicates a minimum
expected birth prevalence of around 49 per 1000 or one in
20 births. This translates to 55,000 births affected annually
in South Africa by a serious CD? (Christianson 2012).

Data collected via national surveillance in South Africa do
not reflect these expected figures. Only 13,252 CD cases were

! Congenital anomalies are defined as macroscopic morphological anomalies
present at birth and represented by chapter XVII Congenital malformations,
deformations and chromosomal abnormalities of the International Statistical
Classification of Diseases and Related Health Problems 10™ Revision ICD-
10)(World Health Organization 1992, 2006).

2 Supplementary file TAO1-Bottom-Line-WHO-2017-04.xlsx at https://
discovery.ucl.ac.uk/id/eprint/1532179/

? Serious birth defects cause death or disability in the absence of intervention
(Christianson et al. 2006).
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reported between 2006 and 2014, an average of only 1472 per
year, suggesting under-reporting of over 95% of annually ex-
pected cases (Malherbe et al. 2015; Lebese et al. 2016).
According to the Perinatal Problem Identification
Programme (PPIP), a neonatal death audit database, 2151
(12.6%) neonatal deaths for babies weighing over 1000 g
were attributed to congenital anomalies from 2014 to 2016
in South Africa (National Perinatal Morbidity and Mortality
Committee 2017). By including only congenital anomalies in
this audit, the contribution of total CDs is underestimated, and
many deaths due to invisible anomalies and functional disor-
ders remain undiagnosed and uncounted and are misallocated
to other causes of death, such as prematurity (Malherbe et al.
2018a, b). The total, as yet, undocumented, accurate burden of
all CDs is likely much higher (Malherbe et al. 2018a, b).
Widespread under-reporting of CDs in South Africa is attrib-
uted to failure to diagnose, misdiagnosis, inadequate surveil-
lance systems, and the persisting parallel burden of infectious
disease masking the CD burden as the country continues to
transition epidemiologically (Christianson and Modell 2004;
Kahn et al. 2007; Debas et al. 2015; Malherbe et al. 2015).
Observed empiric data in South Africa currently provides
an insufficient basis for the development of appropriate policy
and services for the diagnosis, care and prevention of CDs.
Given this, evidence-based estimates may be used provision-
ally to quantify and communicate the represented CD health
burden to policymakers - and enable appropriate services and
resources to be developed and allocated in response. This
study was undertaken to explore this option for South Africa.

The role of modelled epidemiologic data
for public health policy

Continuous surveillance is required to follow the epidemiology
of CDs with environmental causes. By contrast, it is feasible to
generate evidence-based estimates for endogenous CDs since
their baseline birth prevalence (i.e. prevalence in the absence of
intervention) can usually be calculated from biological first
principles (Malherbe et al. 2018a, b). The birth prevalence of
most congenital malformations is similar in most populations;
that of chromosomal disorders is related to maternal age distri-
bution; the minimum birth prevalence of rare single-gene dis-
orders is determined by the balance of new mutation and nat-
ural selection and so is similar globally, while that of recessive
disorders is related to parental consanguinity (Moorthie et al.
2018c). Country-specific estimates are also available for
haemoglobin disorders, rhesus haemolytic disease of newborns
and G6PD deficiency. These rates may be combined with key
demographic data to model the baseline birth prevalence of
endogenous CDs for any country or population.

Baseline birth prevalence is relatively constant over time. It
provides a measure of the scale of the problem, and a
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benchmark against which to evaluate the likely quality of
available surveillance data and the impact of current interven-
tions. Once baseline birth prevalence is known, associated
mortality, disability and the effects of current interventions
(care) can be modelled using (a) historical reports of outcomes
with no or minimal care, (b) observed outcomes with current
care in high resource settings (optimal care) and (c) a country-
specific estimate of access to services (Modell et al. 2018a, b,
¢, Moorthie et al. 2018a, b, ¢, Blencowe et al. 2018a).

This “biological first principles” approach was first applied
in the March of Dimes Global Report on Birth Defects
(Christianson et al. 2006). This combined birth prevalence data
from classical surveillance systems and demographic data to
generate provisional country-specific estimates for the baseline
birth prevalence of early-onset CDs with endogenous causes,
and their outcomes” in the absence of care. An updated model,
the Modell Global Database of Congenital Disorders (MGDD),
now also includes estimates for outcomes with optimal care®,
actual outcomes, and the impact of available interventions (re-
duction of affected pregnancies and births through folic acid
food fortification, anti-D for Rh-negative mothers, genetic risk
detection and counselling, prenatal diagnosis with the option of
termination of pregnancy (TOP) and early diagnosis and care)
(Modell et al. 2018a, b, ¢; Moorthie et al. 2018a, b, ¢). The
MGDb model shows that with full access to these interventions
at least 50-70% of CDs can be prevented or effectively treated
depending on the specific category of CD, confirming
Czeizel’s earlier estimate (Czeizel et al. 1993; World Health
Organization 1996; Alwan and Modell 2003).

The MGDDb national estimates use whole-country demo-
graphic data published by United Nations World Population
Prospects (WPP) (United Nations Department of Economic
and Social Affairs 2019). However, using WPP data is clearly
unsatisfactory for large countries with culturally and econom-
ically diverse populations and inequitable access to services
such as South Africa. Therefore, a long-term intention has
been to develop sub-national estimates by applying the
MGDb Method to locally sourced demographic data to gen-
erate a refined national picture of annual affected births and
their outcomes. Accordingly, in MGDb South Africa (MGDb-
ZA) we have applied the MGDb Method to model baseline
and actual birth prevalence and outcomes for early-onset, en-
dogenous CDs at national and provincial levels for South
Africa in 2012, and to assess the present effect of available
interventions. We consider that these modelled estimates con-
stitute an evidence-based tool for public health policy- and

“ Baseline outcomes include fetal deaths/still births; live births; neonatal, in-
fant and under-5 deaths (CD related); deaths from other causes; survivors with
disability at age 5; and mean life expectancy.

5 In the MGDb context, optimal care is defined as the standard of care avail-
able in high-income settings with equitable access to services, at any given
point in time.

decision-makers to use in service planning, and a comparator
for emerging and future empiric data.

Method

This desktop, data analysis study was conceptualized in
October 2014 at a consultative meeting at the Centre for
Health Informatics and Multiprofessional Education
(CHIME), University College London (UCL), and was con-
ducted in South Africa under the auspices of the University of
KwaZulu Natal®. MGDb-ZA was adapted from MGDDb version
2017/18 (Modell 2017) provided in Microsoft Excel spread-
sheets. Integrated formulae updated automatically in the
spreadsheets as South African demographic data relevant for
2012 were added, generating national and provincial estimates.
Demographic data for 2012 was used in this study to generate
estimates for 2012, the most recent year for which relevant data
were available at study initiation, and offering an appropriate
baseline for future work following the stagnation of child mor-
tality rates in the country since 2011 (Dorrington et al. 2020).
The MGDb Method involves the following main steps:

(1) Selection of disorders for inclusion, with estimated base-
line birth prevalence;

(2) Estimation of outcomes in the absence of care and with
optimal care;

(3) Identification of local demographic data;

(4) Estimation of local access to services;

(5) Calculation of actual birth prevalence and outcomes in
the selected year;

(6) Estimation of years of life lost (YLL) or years lived with
disability (YLD), due to CDs.

The Guidelines for Accurate and Transparent Health
Estimates Reporting were followed as far as possible
(Stevens et al. 2016).

Conditions included and baseline birth prevalence

MGDb includes early-onset endogenous CDs present before
the age of 20 and which cause death or disability in the ab-
sence of intervention (Moorthie et al. 2018a, b, ¢). Table 1
shows the disorder groups included in MGDb-ZA, their esti-
mated baseline birth prevalence and relevant sources. The
South African selection of CDs takes into account the local
situation and differs somewhat from that in the original
MGDb (Modell et al. 2016; Moorthie et al. 2018a, b, ¢). The
MGDb-ZA common single-gene disorders category does not

© Within the School of Clinical Medicine 2013-2019 and with the KwaZulu
Natal Research Innovation and Sequencing Platform (KRISP), School of
Laboratory Medicine and Medical Sciences from 2019 to 2020.
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Table 1 Endogenous congenital disorders included in MGDb-ZA, estimated baseline live birth prevalence, characteristics, proportion of
disorder group and total, South Africa 2012

Congenital disorder group Prevalence Source of estimated Affected per1000 live % of total in % of disorder
characteristics birth prevalence births (SA) MGDb-ZA group

Rare single-gene disorders

Baseline rare Constant (Stevenson 1959, Trimble and 4.27 16.3 91.0
single-gene disorders Doughty 1974, Carter
1977, Baird et al. 1988)
Consanguinity-associated Population-specific® (Bundey and Alam 1993, 0.17 0.6 3.6

Bittles and Neel 1994,
Blencowe et al. 2018b)
Common single-gene

disorders

Oculocutaneous Albinism Population-specific  (Kromberg and Jenkins 1982) 0.25 1.0 53
Total single-gene disorders 4.69 17.9 100
Chromosomal disorders

Down syndrome Population-specific® (Moorthie et al. 2018a, b, ¢)  1.73 6.6 45.8

Other trisomies® Population-specific! (Moorthie et al. 2018a, b, ¢)  0.33 1.3 8.7

Rare chromosomal Constant (Wellesley et al. 2012) 0.67 2.6 17.7

Turner syndrome Constant (EUROCAT 2015) 0.18 0.7 4.8

Klinefelter syndrome Constant (Visootsak and Graham 2006, 0.87 33 23.0

Morris et al. 2008)
Total chromosomal disorders 3.78 14.4 100
Isolated malformations®
Congenital heart disease’ Constant (EUROCAT 2009, 3.30 12.6 18.7
Tennant et al. 2010,
Wren et al. 2012)
Neural tube defects Population-specific  (Sayed et al. 2008) 0.90 34 5.1
Oral facial clefts Population-specific  (Mossey and Little 2002, 0.24 0.9 14
EUROCAT 2015)

Very severe other Constant (EUROCAT 2015, 7.00 26.8 39.6

malformations® Moorthie et al. 2018a, b, ¢)

Less severe other Constant (EUROCAT 2015, Moorthie  5.15 19.7 29.1

malformations® » etal. 2018a, b, ¢)

Three additional conditions'  Population-specific  (Modell and Modell 1992) 1.10 42 6.2
Total isolated malformations 17.69 67.6 100
Total disorders included in 26.19 100 100

MGDb ZA

*Equation: Consanguinity associated/1,000 = Population F x 100 x 6.5 (Blencowe et al. 2018b).

b Equation: (0.834 + (% mothers 35plus x 0.067)) x 1.053 (Moorthie et al. 2018a).

¢ Edwards and Patau syndromes (Trisomy 18 and 13) are grouped together due to similar outcomes.

4 Equation: equivalent to 41% of Down syndrome /1,000 (Moorthie et al. 2018a).

¢ Isolated malformations i.e. not associated with a chromosomal disorder or genetic syndrome or a malformation in another system group.

f Congenital heart defects that present before 20 years of age and would cause premature death or disability in the absence of intervention (Moorthie et al.
2018c).

€ Potentially fatal other malformations in absence of care: CNS not NTD, eye, ear, face and neck, respiratory, digestive, abdominal wall defects, urinary
system, multiple malformations.

" Potentially non-fatal malformations in the absence of care: genital and limb.

I Three potentially lethal isolated malformations not included in most congenital anomaly registries but that are preventable or curable (thyroid aplasia/
hypoplasia, prematurity-related persistent patent ductus arteriosus, pyloric stenosis) are combined as a single category due to relatively weak evidence for
local birth prevalence
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include haemoglobin disorders which are uncommon locally
but does include oculocutaneous albinism, the most common
single-gene disorder in South Africa (Kromberg and Jenkins
1982). Two early-onset disorders due to common risk factors
are also not included: GPD6 deficiency because of low local
prevalence, and rhesus haemolytic disease because of lack of
adequate data available at the time of this study.

The CD groups not included in MGDb-ZA are largely re-
sponsible for differences between populations. Therefore, in
the case of South Africa, there is little difference in baseline
affected birth prevalence between provinces.

Estimation of outcomes with no care and with optimal
care

Table 2 shows the birth prevalence of the selected disorders in
South Africa, with MGDb-ZA estimates of the distribution of
outcomes and mean life expectancy for each disorder group in
the absence of care and with 100% optimal care. These out-
come rates can be used together with estimated access to ser-
vices to estimate actual outcomes in any given year.

Acquisition of local demographic data

Table 3 outlines the demographic data used. Identifying opti-
mal sources of local data in South Africa required consider-
able effort due to incomplete vital registration data at the
District level. Provincial-level data adjusted for incomplete-
ness was therefore sourced from the CARe projection model
developed by the Centre for Actuarial Research, University of
Cape Town (Personal Communication (email), Prof R
Dorrington, August 2016). These locally sourced country in-
dicators used in MGDb-ZA are compared with equivalent
WPP country indicators in Table 3. Though there is generally
good correspondence between these data, WPP estimates for
infant and under-5 mortality are significantly higher than local
estimates. This is an important difference since infant mortal-
ity is used to estimate access to services’. Table 4 details
locally sourced demographic input data by province. All births
and under-5 deaths occurring in all nine South African prov-
inces were included for the 2012 vital registration year.

Estimation of access to services

MGDb uses the infant mortality rate (IMR) as a proxy for
access to relevant health services (Blencowe et al. 2018a)®.
Access is estimated according to the following equation using
the BETA.DIST function in Microsoft Excel:

7 A wider review suggested that major differences are uncommon but the
possibility should be considered.
# For details on this calculation see Blencowe et al. 2018a.

@ Springer

Proportion with access
= (I-BETADIST(LN(IMR-10)2.5,5.5,0,LN(1000)))

To improve the estimate of access to care—the MDGb sub-
tracts infant deaths due to known, unrelated additional factors
such as HIV/AIDS or parental consanguinity from total infant
mortality, to obtain an adjusted IMR for use in the above equation
(Johnson et al. 2016; Blencowe et al. 2018a). In South Aftica, the
HIV/AIDS epidemic has caused significant infant mortality.
Therefore, MGDb-ZA made use of HIV/AIDS-adjusted IMRs
provided locally by the CARe projection model, resulting in a
deduction from total IMR of an average of 2.68 per 1000 births,
ranging provincially from 4.23 per 1000 (Mpumalanga) to 1.45
per 1000 (Western Cape). Due to the limited consanguinity data
available, consanguinity-associated infant mortality was calculat-
ed using a national consanguinity coefficient of 0.0003: this re-
sulted in a relatively minor deduction of 0.06 per 1000 live births
from all IMR. Resulting provincial estimates of access to services
for South Afiica in 2012 are included in Table 4.

Calculation of actual birth prevalence and outcomes

MGDb-ZA combines estimated access to care in 2012, and
estimated outcomes with no care and with optimal care to
generate actual outcomes at the national level and as far as
possible, at provincial levels. The difference between actual
estimates and estimates for the no-care situation constitutes an
assessment of the current effects of available interventions.

Calculation of years of life lost or lived with disability

Health burden is classically described in terms of years of
Disability Adjusted Life Years (DALYS) which are the sum
of the number of YLL due to a specific disorder plus YLD as a
result of the disorder (Czeizel et al. 1990; Lopez and Mathers
2006). In MGDb-ZA, disorder-specific mean local life expec-
tancy with no care and optimal care can be used to estimate
actual YLL and YLD (Table 2) (Modell et al. 2016; Moorthie
etal. 2018a, b, ¢).

For comparison between populations, YLL and YLD are
usually expressed as rates per 100 000 population. However,
use of the whole population as a denominator for disorders that
are present at birth has the limitation that the result is affected
by population age-distribution, so that the same affected birth
prevalence results in higher rates with a young than with a
mature population age distribution—i.e. leads to higher YLL
and YLD per 100,000 in low resource settings. The MGDb-
ZA, therefore, uses annual births as a denominator and ex-
presses the result in terms of YLL or YLD in the relevant birth
cohort. This produces a more consistent measure of the health
burden of this disorder group. It may also assist the reader in
grasping the implications when results are expressed in terms
of the average effect on all members of the population.
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Table 3 Demographic data indicators required for the MGDb Method and comparison of local data with United Nations World Population
Prospects (UN WPP) data indicators

Demographic indicator Data source Civil division National =~ WPP 20102014 WPP /MGDb-ZA
total/rate
Population (1000s) CARe projection mode? Provincial 52,261 52,837 1.01
Annual live births (1000s) CARe projection mode? Provincial 1169 1115 0.95
Infant mortality rate (per 1000 LB) CARe projection mode? Provincial 28.3 383 1.35
Under-5 mortality rate (per 1000 LB)  CARe projection model Provincial 46 50.8 1.10
Mean life expectancy: CARe projection model Provincial 62 57.1 0.92
male & female (years)
Total fertility rate (Dorrington and Moultrie 2015) Provincial 2.5 24 0.96
Sex ratio at birth CARe projection model Provincial 1.02 1.03 1.01
Stillbirth rate (per 1000 total births) (Cousens et al. 2011) National 20.4 - -
Neonatal mortality rate Estimated at 40% of IMR Provincial 113 113 1.00
(per 1000 LB) )
Crude birth rate CARe projection model Provincial 21.9 21.1 0.96
Percentage urbanized CARe projection modet Provincial 63.0% 62.2% 0.99
Percentage mothers aged 35 plus® CARe projection modef Provincial 13.3% 11.6% 0.87
Coefficient of consanguinity (1‘7)1 (Stevenson et al. 1966, Bundey and National 0.00033 — -

Alam 1993, Bittles and Black 2015,
Blencowe et al. 2018a)

J Personal Communication (email), Prof R Dorrington, Centre for Actuarial Research, University of Cape Town, August 2016

X Percentage of mothers aged 35+ is required for calculating estimates for chromosomal disorders

! Coefficient of consanguinity and HIV/AIDS-related mortality are used to adjust the IMR for calculating access to services (Modell et al. 2016)

Results

an estimated 32,190 CD-affected births in South Africa
2012 (Tables 5 and 6).

Estimated annual affected births and outcomes with

no care and with current care

The baseline (no care) national birth prevalence of
27.56 per 1000 total births (Table 2) corresponds to

Outcomes with no care (baseline)

In the absence of care (Table 5), 1615 or 5% of total affected
births would be stillborn, the majority due to chromosomal

Table4 Demographic input data for South African Provinces ranked in ascending order of infant mortality rate (IMR) and estimated access to services

Province Population Births % of Crude IMR U5MR Total  Urbanized % Mean  IMR adjusted Estimated
(1000s) (1000s) total birth  per per fertility (%) mothers life for HIV & % access
national rate 1000 1000  rate 35 plus expect. consanguinity to services
Births live live male &
births  births female
Western Cape™ 5848 125.0 10.7 20.1 14.8 240 23 92.0 13.6%  68.9 133 79%
Limpopo 5533 1383  11.8 253 21.5 360 3.0 18.0 134%  67.0 19.3 44%
Gauteng 12,500 281.8 24.1 21.0 222 360 23 97.0 14.0%  63.9 19.3 44%
Northern Cape 1121 22.8 2.0 206 254 370 25 76.0 13.0% 64.6 23.6 32%
North West 3595 80.0 6.8 219 255 40.0 2.7 44.0 13.7%  61.9 22.7 34%
Mpumalanga 4001 93.5 8.0 219 329 570 2.6 43.0 127%  59.6 28.6 24%
Eastern Cape 6598 131.1 112 203 348 550 25 46.0 13.4% 579 315 20%
KwaZulu Natal 10,323 2359 202 225 383  60.0 2.5 48.0 122% 577 343 18%
Free State 2742 60.7 52 215 383 590 2.5 84.0 139% 592 353 17%
South Africa 52,261 1169.1 100.0 219 283 460 2.5 63.0 133%  62.0 253 29%

™ Western Cape is a reference province for what could be achieved with universal equitable access to health services because of high level of access to
services in the province — thus all province-specific tables are ranked in descending order of IMR, the indicator used as the basis for the access to care
calculation in MGDb

@ Springer



J Community Genet (2021) 12:357-376

364

WY — BST DL — %1 — WL — BbTE DS BOY WY BbE6 WS BT %9¢ BLS WS %001 (%) uonodoiq
0611 — 0CLY 00F S — 0£e—  0€IT— 0Z€01 0TLF  0€8°CT S8TI 090°0€ 0991 S8 OIS'TT  0€T'8T SI91 061°C¢ sSdD el
SL6T — 0cLy  S€6€— OF1 —  S9TI — §S6S 0cLY 06T8  S8F 0V0°'0T S8L S8y 0€6L STTTI ST S0E1T SUOBULIOJeW [€J0],

001 — oy 0be — 0 S 081 ot 0€9 0 0671 0 0 08¢ 0L6 0 e8¢l SUORIPUOD [eUOBIPPY
0L8T — SP81 SS — 0 08 — S09¢ SP81 0€C 0oy 0865 08 0 SLYS S8¢ (014 0909 JOU}O SISASS SSIT

Sl — osvl  Sc6l — SI— SO — 08¢l (S 4¢ SCLy  STT  S96L SS9 0 gocl 0S99 otC 0€r8 JoY)0 19A3S AIDA
o1 — SL 06 — 0 0C - (014 SL Sel S 09¢ 0 ST 0s Sr44 S 08¢ SYI[ [e1oe) [BIO
06 0 Sev— STl — 0Ly — 0gl 0 S9¢ 081 688 00T 0LT (014 0001  SO€ geel S109J9p 2qm} [eINAN
0L — 016 0601 — 0 SeC— 079 016 $00T ge  099¢  OF 061 069 S60€ S¢ S68¢  ASEasIp Hesy [eIuasuo)
(pa1e[OST) SUONBULIOJ[RIA!
orl 0  0.L9— 08I — 01L— S0¢€T 0 SSvI 09§ Sy v 0CL 0 S91¢C STI'T  OvL 9989 [eWOSOWOIYD [€j0,
0 0 0 0 0 $96 0 0l 0€  0s0T 0 0 $96 01 0¢ 0501 SWOIPUAS IOJ[AFUIS
0s — 0 0 SI-— 9 — 941 0 S (4 g6l 0L 0 S61 S 99 09¢ SwoIpuAs spuIng,
S 0 Svl—- SI-— S §9¢ 0 09¢ 09 00L SS1 0 09¢ S0S SL Ge8 [EWOSOWOIYD 21y
0 0 SIT— 0ovl— Sy 0 0 0LC  sgg 019 09¢ 0 0 ¢8¢ SL¥ S98 SOIWOSLY _PO
S81 0 O0Iv— 0I— €T — 0€6 0 018 S6 0681 S¢€T 0 ShL 0ccr - sot SCIT SWOIPUAS UMO(]
SIOPIOSIP [BWOSOWOIY))
S¥9 0 S6L— 0I-— ST — 090T 0 680¢ O¥CT  SLSS SSI 0 Siyl 088¢  0SCT 0€LS Sud3 J[3uIs [ej0],
0 0 0 0 0 SLT 0 0 0 06T 0 0 SLT 0 0 06¢ WSIUIq[e SNOUEMd0[NOdQ
0¢ 0 oy — 0 o1 — 09 0 0ocl 93 0cc 01 0 0¢ 091 93 0€¢ JudwaIUI AJumsuesuo)
SI9 0 SSL— 0I-— Syl — STLY 0 §96C  SOT S90S SvI 0 OITI ocLe  SIT 01¢s SUd3-o[3uls dulfoseq
SIOpIOSIP QUaS-9[SuIg
(pa1qesip) (pamo)  (s@d) (parqesip) (pamd)  (s@D) pajuaaaxd (paqesip)  (sAD)
SIBok SIBOA G SUIBdp SyMIq syMIq SIBOA G SIBOA G Syped  SYMIq  SYMIq SyMIq SIBOA  Ssyped SyMIq
S®@ SIOAIAINS @ SIOAIAINS SN -MBS PRRPY @ SIOAIAINS @ SIOAIAING SN -IBS eV dOL PAVJPY ¢ @ SI0AIAING SOEILEN 10T

syuIg dnoi3
QIBd JUOLIND YIM dZuey) 10T 91ed JUILIND [JIAM SIWOIINO PAJRWSH AIBD OU JIM SoWooNQ)  duIfeseq IOpIOSIp [eNud3u0)

op suonodoxd oy Jo 8303 9y, *( JO So[dnnuu }sa189U 0) PIPUNOI SIIQUIN) 7 (07 BOLYY YINOS 10J UOTEMIS dIBd OU WO 9JUIJIP PUL I8 0} SSOI0L [JIM SOWONO [BNJO. PUL SUI[OSEq PJRWSH

9[qe} SIY) UI SISNED JOYHO WOIJ SYJEdP G() JO UOISNIXd Oy} 0} aNp 900 [enba jou

salqel

pringer

Qs



365

J Community Genet (2021) 12:357-376

Surpunoi o} anp ¢ 9[qe ], WO [eJ0} Ul SOUIKI(T ,,

%S1 %TE %E %0Y %Y %S %T %9¢ %E %LS %S %001 uonodoig
%YT %Y SCLy 0T€01 S06 0T8Tl SLTI  SS91 S8y SIS 0S8 SIT8T  SI9  S61°TE BOLY {nog
%Y1 %TC 8! 09¢ 09 008 SL oy 94 06S 09 0v6 S8 SL91 e)S ]
BN

%S 1 %TT 097 091¢ 1S54 0L0€ 08¢ 91 001 08¢T 0€T 0v9¢ 0ce 0LV nmnzem3|
%91 %ET S6¢ 00¢I 0cl1 0891 SS1 SOI 99 08¢l SI1 §e0T 081  019¢ ode) uraisey
%81 %TT s¥e Sv8 06 seir 011 S8 U2 506 s8 0S¥l 0€l  0LST egueewndjy
%TT %lE 08 S0¢ Sl 09¢ ¥4 0¢ 0l §ee Sl 993 0¢ §e9 ade) uryioN
%ET %8T S0€ SIL 99 006 06 (8! 33 S6L 0s 0S¢l OIr  <oce 1S9 M\ YHON
%8¢ %8T 00¥1 09v¢ 081 0v8¢ S6¢ S8 SIT S08¢ S91 Sy S6¢  08LL Suenen
%8¢ %8T $89 002l 06 06¢1 94! 944 99 SLET 08 $91¢T 06l  0I8¢ ododuury
%8y %vC ovll SL6 09 SCL 001 06¢ 0¢ 09¢1 0s §961 SLT  0S¥E ade) weIsom

(sesneo  (s@D) (paiqestp) (sesned  (s@d)

(pamo) s1eak (pa[qesip) s1eak 0UYJ0)  Syedp pajuaaaxd SI1B9A § 10Gp0)  Syredp

(poAd10d)  YINGN § ® SIOAIAING G @ SIOAIAING  syiea $N SN SYMIBS dOL SYMIq paiod)jy @ SIOAIAINS  SUesp 6N SN SYqILS
SOWOINO ISIOAPE Jo SUMIQ PAddjJe

UL uononpar o, 9 ‘s SIoqUINU (318D IM) SWOINO [BNOY sIqUINU (218D OU) SWIOINNO JUI[dse durpseq ouIA0I]

(g Jo sordyynuu jsaresu

0} popunoI sIqUINU) Z1(g ‘seourrod uedLyy ynos (ANIqesip ‘Syjeap G ‘SYHIQINS) SSWOIIN0 ISIOAPE PAAISdId UI UOHONPAI PUE SSWOIINO (LD JUSLIND YJIM) [ENJOR PUE (2IBD OU) durdseqg 9 d|qe]

pringer

Qs



366 J Community Genet (2021) 12:357-376

v
disorders, particularly trisomy 13 and 18. Of affected live Che)
. . v =
births, 18,230 (57%) would die under-5 from CD-related ‘é 3
causes, of which two-thirds would be from congenital £ g ® oSy v o
. . . ~ > 0 o % 00 <+ N S IS
malformations. All 11,510 survivors at 5 years would live ®| 2 Mmoo TR B
with some form of disability. 2 “ o
& < 8
: 2588 | g8 sg8 s
Outcomes with current care (actual) . =~
v
Access to care in South Africa 2012 was estimated at 29%. 2 =
This level of care is estimated to have the following effects on 2 ” E
. z 28 IR /88 ¥R
baseline outcomes: Z88 % TYTO Qo Q¥
e A decrease of 2 130 (7%) affected births, wi.th an estimat- _::: g § § § § % § § g s §
ed 485 converted to unaffected pregnancies and 1660 L5380 | AR LT D
avoided through pre-pregnancy interventions, prenatal di- < 2
. . . . £x
agnosis '(PND), genetic counselling gnd choice of TOP. g z £ osEsE sss 88
Proportionately, the greatest reductions are for NTDs < E | L L L
(35%) and other trisomies (30%). S
* A decrease of 330 (1%) stillbirths, with the greatest reduc- 8 3 B
tions estimated for other trisomies and NTDs. 2| 32 S Y csgs sog 88
. o = 1] — 0 0 O O v <t < < ©~
e A decrease of 5 400 (17%) in CD-related under-5 deaths, a2l <58 oo Lo Lo
including a 30% reduction in deaths due to NTDs, OFCs 5
and CHDs. g w 2
* Approximately 15,040 survivors at age 5, an increase of § % g
3530 (11%) compared with baseline (no care) estimates. E- 22
. . 2 o =) = 78]
Ofthese, around 4720 would be effectively cured (isolated E mg § % Er % § § 2 ﬁ § § Z §
malformations only) and 10,320 would be living with a <
disability. E s
* A 1190 (4%) reduction in survivors with disability. 2 2 £z
R= o = “
. E EEZ|8 B335 828 g2
With access to current care, total adverse outcomes § a 232 | | Lo Lo Lo
(stillbirth, disability and death under-5) are reduced by 24%, §. 5
including a decrease of around 4% in survivors with a disabil- _Sv- E T -
. . . . =) - A
ity at age 5 compared with the no-care situation (Table 6). The g % ﬁ 22
increase in survivorship is largely due to improved survival § é PS8 | = Efwo wun o@
for isolated malformations: the proportion of single-gene and | 3 o — | o “ “
. .. . . P . jodl < v~ O v v o S N
chromosomal disorders surviving with disability either re- é 2| w '?5 812 FEz2ag aah IR
.. . . . . . g1 8 S
maining unchanged or increasing in comparison with baseline gl e i Loor
estimates (Table 6). g % 3 'é)
o | g 3 é v “w S o on o g
= 5 E = o~ <+ = Qwn QT —
Provincial outcomes g2 z oo r
s| E| oA
=] o) s ©n
Provincial baseline (no care) and actual (with care) estimates g E &3 g
are detailed in Tables 6 and 7. Little difference was observed 3| 8 =2 ~
. : : slL2| 22 § 88%x 838 X
between the provinces for baseline birth outcomes, and the '2 E g k= I SISIY 28 88
provincial distribution of affected births is proportional to an- g “ e n
nual births in each province, with most occurring in Gauteng 3 oo
Province (GP) and least in Northern Cape (NC). g TE) 22lo cowm coo w&
. . . . O 28 F el — 0 O 0N = == o~ T
Estimated access to care in the nine provinces ranged from & FEE| X 223g weyg od
79% in the Western Cape (WC) to 17% in the Free State (FS) A y 52 5
(Table 4), resulting in unique birth outcomes in each province ~| 8 £g R %Dg £ &é C); . ﬁ
for the current care (actual) scenario (Tables 6 and 7). The 2% «% S éﬂg €8 ag § § “ 5
a O
impact of current interventions was greatest in the WC, with Sl & z 538272 8% £38

@ Springer



J Community Genet (2021) 12:357-376

367

Table 8  Total proportional changes in survival (YLL) and disability (YLD) for baseline and actual MGDb-ZA estimate, South Africa 2012

Baseline (no care)

Current care (actual)

Total years of life ~ Total years Total YLL  Total YLD  Total affected Total YLL  Total YLD  Total years |

(all births) life affected years prevented ived cured
Number/percent 72,437 436 1,983,432 3%) 70% 30% 2% 58% 26% 15%
Change 2% - 13% - 4% 15%

a 48% reduction in total adverse outcomes. In WC, 13% of
affected births were converted to healthy births or avoided
through pre-pregnancy care (affected pregnancies converted to
healthy pregnancies), PND, genetic counselling and option of
TOP. Of affected live births in WC, there was a decrease of 36%
in CD-related under-5 deaths, survivors at 5 years with disability
decreased by 8%, and 33% were effectively cured (Table 7).

The least impact was estimated for the FS with only a 14%
decrease in adverse outcomes (Table 6). This included 4% of
affected births prevented or avoided; 1% fewer stillbirths; 8%
less CD-related under-5 deaths, and 7% effectively cured
(Table 7).

Estimates in Table 6 indicate that in 2012, CD-related un-
der-5 mortality accounted for 24% of total under-5 mortality
in South Africa, ranging from 31% in NC to 22% in the FS,
Kwa-Zulu Natal (KZN) and the Eastern Cape (EC).

Survival and disability

Proportional changes in disability and survival for actual (cur-
rent care) estimates are compared with baseline estimates in
Table 8. Total years of life affected by the CDs included in
MGDb-ZA accounted for 3% of total years of life for all births
in South Africa in 2012. With 29% access to care, total YLL
for affected births decreased by 13% compared with baseline
estimates. A small reduction of 4% was seen in YLD and an
increase of 15% of years of life lived cured. Table 9 shows the
impact of specific interventions included in MGDb-ZA on
YLL and YLD. Access to folate fortification (pre-conception
care) reduced YLL by 2% and PND, genetic counselling and
access to medical TOP resulted in a further 5% reduction in
YLL. Tertiary prevention or care, specifically surgical

intervention after birth, resulted in a 15% decrease in YLL
through lives effectively cured.

Comparison of baseline, actual and optimal
outcomes

A characteristic feature of MGDD is the recognition that base-
line affected births provide an “envelope” or closed system
into which all birth outcomes must fit in each scenario.
Figure 1 graphically summarizes outcomes for MGDb-ZA
CDs in the baseline, current care (actual) and optimal care
scenarios (using Table 2 rates).

While accounting for all birth outcomes is essential, it is
also necessary to identify data of most relevance to
policymakers for use in decision-making around service plan-
ning. Figure 2 highlights the decrease in adverse outcomes
only (stillbirths, US death, disability) in the different care sce-
narios. Births prevented, avoided and effectively cured are
omitted as these will not be apparent to policymakers in vital
registration mortality data or morbidity indicators and are no
longer considered a component of the disease burden.

Figure 2 highlights the potential contribution of care in
reducing adverse birth outcomes (most notably under-5
deaths) possible if all South Africans had access to optimal
care. There is an ostensibly smaller reduction in survivors with
a disability at 5 years. However, as their life expectancy is
substantially increased there is a cumulative increase in num-
bers with CD-related disability. Thus, as access to care in-
creases and outcomes improve, the need to provide care for
those living with disability increases rather than diminishes
(Modell et al. 2018a, b, c; Moorthie et al. 2018a, b, ¢).

Table 9  Estimated improved survival (proportion) due to specific primary, secondary and tertiary prevention interventions included with 29% access
to care, South Africa 2012. The change in years lived due to pre-natal care (PND) and medical TOP are accounted for as years of life lost (YLL)

Primary prevention

Secondary prevention Tertiary prevention

(pre-conception) (PND & TOP) (post-natal care)
Change in years life lost (YLL) —30 145 106,171 —299,734
Proportional change (YLL) - 2% 5% - 15%
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Fig. 1 Comparison of birth "
outcomes for baseline (no care),
actual (current care) and optimal
care (100% access) scenarios for 25
CDs included in MGDb-ZA, rates
per 1000 births, South Africa
2012 2
g U Death (other causes)
z w Disability @ yrs
% 15  Effective Cure @5 yrs
B US death (CDs)
2 ® Fetal death /stillbirth
o~
= TOP
10  Affected births prevented
5
]
\ [I— I
No care Care 2012 Optimal care
Care Scenario
Discussion estimates to date which are limited to congenital anomalies

The aims of this study were to apply the MGDb Method to
assess the birth prevalence and outcomes of specific early-
onset, endogenous CDs in South Africa in 2012 at a national
and sub-national level; and to estimate the effect of different
interventions in reducing attributable stillbirth, early death and
disability.

The MGDb premise is that in the absence of any interven-
tion, the baseline birth prevalence and outcomes of births af-
fected by endogenous CDs are relatively constant in any given
population. However, actual (with care) outcomes depend on
access to available interventions, and this can be estimated
using IMR as an indicator. Thus, it is possible to make
country-specific estimates of outcomes in the absence of care,
with full access to available interventions, and with estimated
current (actual) access. While MGDb-ZA cannot claim to be
fully comprehensive, the inclusion of collective estimates for
rare single-gene disorders makes it more complete than other

only (Christianson et al. 2006; Global Burden of Disease
Collaborative Network 2018).

The pioneering development of the MGDb-ZA in collabo-
ration with the MGDDb creators has provided a unique oppor-
tunity to identify and solve challenges in applying the Method
at the sub-population level (Modell et al. 2018a, b, c). One
outcome is the creation of a simple, provisional starting meth-
odology for application by other countries wishing to develop
in-country estimates. This study highlights the simplicity of
the MGDb approach and how, through combining relevant
demographic indicators and prevalence rates in a prescribed
template, estimates may be generated by any country or pop-
ulation without requiring specialist input.

Several MGDD conditions are excluded from MGDB-ZA
due to their lack of applicability in South Africa, but both
structural and functional early-onset CDS are included within
key groupings of chromosomal disorders, single-gene disor-
ders and isolated malformations (Czeizel and

Fig. 2 Comparison of perceived 30
adverse birth outcomes for
baseline (no care), actual current
care (29% access) and optimal 2
care (100% access) scenarios for
CDs included in MGDb-ZA.
Rates per 1000 births, South 0
Africa 2012

Rate (per 1000 births)

. I

No care

= Disability @5 yrs
US death (CDs)
= Fetal death /stillbirth

Care 2012
Care Scenario

I
Optimal care
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Sankaranarayanan 1984; World Health Organization 1985;
Baird et al. 1988; Czeizel et al. 1993; Modell et al. 2018a, b,
¢; Moorthie et al. 2018a, b, ¢). The inclusion of
oculocutaneous albinism as a placeholder single-gene disorder
demonstrates how the MGDDb approach may be tailored to
include conditions of most relevance to a specific population.

MGDb-ZA result highlights

Collectively, with an estimated 29% access to care nationally in
2012, the MGDb-ZA outputs demonstrate the impact of relevant
genetic services on reducing adverse birth outcomes for the in-
cluded CDs. Primary” and secondary'® preventative interventions
have the greatest impact on life-limiting CDs with severe progno-
ses, unlikely to benefit from interventions after birth. The 485 CD-
affected births converted to healthy births (through pre-pregnancy
interventions) is due to the countrywide implementation of folic
acid food fortification—preventing many NTD affected births
and positively impacting families and the economy with a cost-
benefit ratio of 30:1 (Sayed et al. 2008). The majority of the 1660
CD-affected births avoided through PND, counselling and option
of TOP—are severe CDs likely to result in miscarriage, stillbirth
or early neonatal death—confirmed by the 1% reduction in still-
births. The 5% decrease in CDaffected births in MGDb-ZA due to
TOP also accounted for a reciprocal 5% decrease in YLL. Further
work is required to identify how best to quantify the impact of
TOP in MGDb. Comparison with empirical reported data on
TOPs undertaken due to severe physical foetal abnormality/
malformations is not yet possible as this TOP burden of disease
remains unquantified (Republic of South Africa 1996).

Early diagnosis and access to care at birth (tertiary preven-
tion)'!" substantially improve birth outcomes, including sur-
vival and the quality of life for those affected by CDs. The
MGDb-ZA estimated reduction of 17% of CD-related under-5
deaths and a third of survivors effectively cured demonstrates
the effect of surgical intervention, particularly for potentially
lethal isolated malformations (NTDs, OFCs and additional
conditions). These extremely poor birth outcomes are convert-
ed to healthy survivors (Walani and Biermann 2017). While
paediatric surgery has been historically perceived as prohibi-
tively expensive and of little relevance for MLICs, the evi-
dence is emerging to the contrary—offering considerable so-
cioeconomic benefits while averting suffering (Mocumbi et al.
2011; Sitkin et al. 2015; Ozgediz et al. 2016; Sitkin and

° Primary prevention, e.g. folate fortification, genetic counselling etc. resulting
in the prevention of affected conceptions.

10 Secondary preventions, e.g. PND, genetic counselling, option of TOP
resulting in the avoidance of affected births.

1 Tertiary prevention (care) includes newborn screening, diagnosis, therapeu-
tic and surgical interventions, rehabilitation and palliative care, mitigating the
impact of affected births and improving outcomes.

Farmer 2016). This highlights the need for investment in de-
veloping local paediatric surgical capacity in South Africa.
Within MGDb-ZA estimates for 2012, the persisting propor-
tion of affected births surviving at 5 years with disability that
cannot be effectively cured are demonstrated. “Care is an abso-
lute, prevention the ideal” highlights the need for increased
commitment, capacity and resource allocation to first care for
those affected by CDs, balanced with preventative interventions
to ensure the sustainability of services (Christianson et al. 2000;
Christianson et al. 2006; Walani and Biermann 2017).
Estimated access to care by MGDb-ZA at the sub-national
level in South Africa showed a varying impact on birth out-
comes for the different CD categories. The varying access to
care estimated for the nine provinces points to a relationship
between access to care in the nine provinces and a decrease in
perceived adverse outcomes for CD-affected births, and coun-
ters the widely-held belief that “little can be done to treat
CDs”. A comparison between WC: the province with the
greatest estimated access to care (79%) and the province with
the least access—FS (17%) establishes the WC as a reference
province for health care services in the country. Yet, while
significant numbers of lives are saved through accessing cur-
rently available services and this reduces the perceived burden
of disease, many additional lives of children might also be
saved if optimum (100%) services were accessible to all.

Challenges
Sourcing local data

The quality of data sources used by MGDb are addressed
elsewhere (Moorthie et al. 2018a, b, c.; Blencowe et al.
2018b). In MGDb-ZA the greatest source of uncertainty is
the calculation of access to care based on the IMR
(Blencowe et al. 2018a). Locally sourced IMR and USMR
data were used in preference to UN WPP (see “Method”)
but identifying robust sources of local data was unexpectedly
challenging. While vital registration (VR) reporting has im-
proved significantly in South Africa over the past two decades
with the introduction of legislated compulsory birth registra-
tion, low reporting levels persist for infants and children
under-5 (Republic of South Africa 1992; Dobbie et al. 2007;
Republic of South Africa 2010; Joubert et al. 2012; Garenne
et al. 2016; Nannan et al. 2019). Families of poor economic
status in rural areas cannot afford the expense or time away
from work to transport children to hospital to die, resulting in
traditional burials at home and unregistered infant deaths out-
side health facilities (Kabudula et al. 2014; Garenne et al.
2016). Adjusted infant and under-5 mortality rates developed
locally were available at a provincial level only and not for
South African Districts. Identifying relevant local data may
also be a challenge for other countries applying the MGDb
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Method nationally, and appropriate time and effort should be
allocated accordingly.

Underestimation

MGDb-ZA estimates are conservative, and likely an underes-
timate due to challenges in diagnosis (i.e. invisible disorders
and lack of capacity and infrastructure) and misallocation of
CDs to other causes of death and disability (Debas et al. 2015.
Moorthie et al. 2018a, b, c¢). Limited coverage of single-gene
conditions makes these MGDb-ZA estimates a minimum
starting point as literature on this large, heterogeneous group
of disorders expands (Moorthie et al. 2018a, b, c). Elsewhere,
single-gene disorders are being modelled individually, and
with over 7000 rare diseases already described, providing a
timely estimate of the disease burden represented to inform
policymakers for service planning is an implausible task.

Strengths
Sub-national estimates

The development of sub-national estimates through MGDb-
ZA 1is particularly beneficial for informing provincial
policymakers in a country as large and diverse as South
Africa, where provincial IMRs range from 14 per 1000 to 38
per 1000 births. Since IMR is used to calculate access to care,
the result is a unique ratio of outcomes for each province.

Evaluation of specific interventions

The MGDb-ZA method enables the specific impact of indi-
vidual interventions to be determined (Table 9). The return on
investment (reduced mortality and morbidity versus cost) of
each care intervention, e.g. genetic counselling, TOP, paedi-
atric surgery etc. may be evaluated individually by
policymakers to enable their prioritization and progressive
integration into packages of health care services. This is par-
ticularly relevant in a MLIC country such as South Africa,
where implementing universal health coverage via the
National Health Initiative (NHI) requires packages of services
across the life course (Department of Health 2015).

Closed system approach

The founding “envelope” principle of MGDb—that the sum of all
outcomes must equal the baseline prevalence—differs from other
modelling approaches. Each disorder in MGDb-ZA is handled as
a closed system, and each birth is accounted for by an outcome, as
opposed to other approaches that account only for specific out-
comes only, e.g. deaths, which may exclude a considerable

@ Springer

portion of the burden of disease by unaccounted affected births
(Modell et al. 2018a, b, ¢; Moorthie et al. 2018a, b, ¢).

Extensive peer review

The MGDb approach has undergone extensive critique by com-
munity genetic experts. Rooted in early work on haemoglobin
disorders and work originating in Hungary in the early 1990s,
the MGDb was initially only implemented for the Hungarian
population (World Health Organization 1985; Czeizel et al.
1993; Czeizel 1997). Global applicability became clear follow-
ing publication in the British Medical Journal (BMJ) in 1993
(Czeizel et al. 1993). Endorsement by the World Health
Organization (WHO) of the MGDb estimates published in the
2006 Global Report on Birth Defects (Christianson et al. 2006)
added to the credibility of this Method. More recently, the
MGDb Method has undergone extensive peer review via pub-
lication in a special edition of the Journal of Community
Genetics (Modell et al. 2018a, b, ¢; Moorthie et al. 2018a, b,
¢; Blencowe et al. 2018a; Blencowe et al. 2018b), available
online via MGDB.info (Modell et al. 2016).

Limitations
Quantification of disability

In its current form, the MGDb-ZA does not quantify or qualify
physical disability other than estimating the proportion of sur-
vivors at age 5 living with severe or less severe disability
(Moorthie et al. 2018a, b, ¢). Due to the extensive variation
in disability categories and scale for the CDs included
(Moorthie et al. 2018a, b, ¢), further consideration is needed
to develop this component. Several conditions included in
MGDb-ZA (e.g. oculocutaneous albinism, Klinefelter and
Turner syndromes, less severe other malformations) are not
life-limiting under-5 in the absence of care, and further anal-
ysis solely on the quality of life is required.

Theory versus practice

The use of the IMR as a blanket health indicator in MGDb-ZA
to calculate access to available care does not account for actual
services available in-country, factors influencing the IMR, or
IMR variation (rural/urban) within provinces. In South Africa,
genetic services are not equally distributed between the nine
provinces and function via a hierarchical referral network.
Five tertiary clinical genetic units'? are based at academic

12 University of Cape Town/Groote Schuur Hospital/Red Cross War
Memorial Children’s Hospital; Stellenbosch University/Tygerburg Hospital;
University of the Free State/Universitas Hospital; University of KwaZulu-
Natal/Inkhosi Albert Luthuli Central Hospital (pending registration);
National Health Laboratory Service/University of the Witwatersrand
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centres in four provinces only. Specialist services for specific
disorders are implemented at different centres countrywide,
e.g. OFC clinics operating at 11 sites countrywide at academic
centres in six provinces (Hlongwa et al. 2019). Poor health
service delivery across provinces, e.g. in the Free State, is
exacerbated by incomplete District-level IMR data, transpor-
tation challenges, poor service delivery in peripheral areas,
over-referral to tertiary services, late presentation and other
social determinants of health (Pers. Comm. Bertram
Henderson) (Dobbie et al. 2007; Sartorius et al. 2011;
Joubert et al. 2012; Garenne et al. 2016). This disparity be-
tween theory and practice needs to be considered when using
these estimates for service planning, and further work to en-
hance the applicability towards practical implementation is
required.

Value of the results for South Africa
Comparison with other sources

The MGDb-ZA estimates are well above those documented
by national surveillance, with only 2174 (7%) of CD cases
notified in 2012 compared with the 30,060 affected births
estimated with access to available care, suggesting a large
proportion of CD-affected births remained undiagnosed and/
or unreported in 2012 (Lebese et al. 2016).

Table 10 compares MGDb-ZA under-5 death data
with equivalent data sourced from South African Vital
Registration (VR) and Global Burden of Disease (GBD)
2017 estimates. Comparison is only possible for con-
genital anomalies since GBD does not include estimates
for all CDs (World Health Organization 1992, 1993,
2006; Modell et al. 2016). Proportionally, both VR
and GBD 2017 under-5 death estimates for congenital
anomalies are around a fifth (21% and 22% respective-
ly) of those estimated by MGDb-ZA. Disparities be-
tween GBD and MGDb estimates have been previously
noted, and as reported by Boyle et al. (2018), GBD
estimates are based on the WHO Mortality Database
which mainly sources death certification (VR) data and
may result in significant underestimates, especially for
MLIC due to inaccurate causes of death data
(Christianson and Modell 2004; Liu et al. 2012;
Modell et al. 2012; Boyle et al. 2018; Modell et al.
2018a, b, c; Moorthie et al. 2018a, b, ¢; World Health
Organization 2020). This also accounts for the similarity
between the VR and GBD estimates. Unlike MGDb-ZA,
GBD does not include stillbirths and TOP for foetal
impairment in their estimates, so excluding a substantial
component of the total CD burden of disease (Boyle
et al. 2018).

Contribution to total under-5 mortality and disability
Under-5 mortality

The MGDb-ZA estimate of 24% of total under-5 deaths
attributed to CDs is almost an order of magnitude greater
than the 3% of congenital anomalies reported through
vital registration in 2012, and four times higher than the
5.9% of congenital abnormalities"® reported nationally in
2015 (Bamford et al. 2018; Nannan et al. 2019). Key
reasons for this disparity include a high proportion of
undiagnosed and misdiagnosed CDs due to inadequate
diagnostic capacity, the masking of CDs, particularly in-
visible anomalies, by the persisting burden of infectious
disease, and the exclusion of functional and environmen-
tal CDs, accounting for almost 50% of total CDs (Debas
et al. 2015; Modell et al. 2016; Malherbe et al. 2018a, b).
Globally, the proportion of under-5 deaths due to congen-
ital anomalies alone ranges from 9-14% for upper-
middle-income countries such as South Africa, and up to
30% for high-income countries (World Health
Organization 2015). Figure 3 graphically compares GBD
2017 under-5 deaths attributed to congenital anomalies
for the five BRICS countries (Brazil, Russia, India,
China and South Africa), with Western Europe included
as a reference. Under-5 deaths due to congenital anoma-
lies have proportionally increased for all BRICS over the
past 30 years due to epidemiological transition, with
Brazil, Russia and China now proportionally comparable
with Western Europe, India and South Africa lag signifi-
cantly behind, with minimal increases in the proportion of
these deaths for South Africa. This suggests that cases of
even obvious congenital anomalies continue to go undi-
agnosed and uncounted in South Africa, and death data
does not reflect the underlying (ICD-10) cause of death
due to inaccurate death reporting. For South Africa to
attain the Sustainable Development Goal (SDG) 3 target
of USMR of 25 per 1000 live births by 2030 (United
Nations), child deaths must be significantly further re-
duced. In accordance with the World Health Assembly
Resolution 63.17, this requires CDs to be prioritized as
a health care issue (World Health Assembly 2010).

Disability

Unresolved issues around definitions, measurements and
methods to quantify disability, particularly for children un-
der-5, make it challenging to compare MGDb-ZA estimates
for survivors with disability and YLD with other data sources
(African Children Policy Forum 2011; Statistics South Africa

B3 Congenital abnormalities are considered equivalent to congenital anomalies
(Pillay-Van Wyk et al. 2014).
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Table 10  Comparison of estimated under-5 deaths per 1000 in South Africa 2012 for congenital anomalies, Global Burden of Disease (GBD) (Global
Burden of Disease Collaborative Network 2018), Vital Registration (VR) data (Statistics South Africa 2012) and MGBb-ZA

2012 source Under-5 deaths/1000

Down Unbal chrom NTD OFC CHD Other CM Total chrom Total Total cong

cong malfns anomalies
SA VR Data 0.13 0.11 0.10 0.02 0.48 0.88 0.24 1.47 1.71
GBD 2017 0.12 0.09 0.14 0.01 0.55 0.90 0.21 1.61 1.82
MGDb-ZA 0.69 0.54 0.48 0.12 1.72 4.78 1.23 7.09 8.32
VR % of MGDB-ZA 18% 20% 20% 14% 28% 18% 19% 21% 21%
GBD % of MGDb-ZA 17% 17% 30% 11% 32% 19% 17% 23% 22%

2014; Maart et al. 2019). Further work is required to address
these issues.

Applicability and usefulness of MGDb-ZA
estimates

The MGDb-ZA is a tool that offers evidence-based estimates
of births and predicted outcomes affected by selected CDs for
use by health policymakers to develop a relevant health care
response (Moorthie et al. 2018a, b, ¢). These estimates offer
(1) An approximation of the actual CD burden in South
Africa, and (2) An opportunity to compare these estimates
with observed data using the difference between these as a
measure of the shortfall in current services. This service
“gap” highlights the under-estimation of CDs in the country,
due to inadequate diagnostic capacity and infrastructure,
preventing those affected from accessing relevant care.
These estimates also provide a starting point for improving

service provision for CDs by enabling cost estimation of the
specific interventions included. A particularly important
achievement in undertaking this study has been the develop-
ment of a collaborative network, both in South Africa and
further afield, required for the further improvement of this
modelling method and to advocate for change.

Conclusion and recommendations
The findings of this study have

1) Validated the MGDb Method for generating information
relevant for policymakers;

2) Generated and assessed the national and provincial prev-
alence and outcome estimates for specific early-onset,
endogenous CD; and

3) Evaluated the impact of different interventions on birth
outcomes.

Fig. 3 A comparison of the
proportion of GBD 2017 under-5 30
deaths due to congenital anoma-
lies in the BRICS countries, with
Western Europe as an indicator,
1990-2017 (Global Burden of
Disease Collaborative Network
2018)

Percentage (%) of under-5 deaths
5
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China India Russian Federation South Africa

Western Europe

—_——— T
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Areas for further research include:

* Developing estimates for early-onset examples of ge-
netic risk disorders for South Africa, e.g. GPD6 defi-
ciency and rhesus haemolytic disease.

* Undertaking in-depth analyses of modelled estimates for
specific CDs included in MGDb-ZA for South Africa
2012 and comparison with observed data where available.

* Developing updated MGDb-ZA for included CDs for rel-
evant interval years since 2012.

* Clarifying the use of accurate and consistent terminology
for CDs and sub-sets of CDs. Current confusion with sub-
sets of CDs being reported as the total disease burden is
resulting in underreporting, preventing appropriate priori-
tization and development of relevant genetic services,
costing lives as a result (World Health Organization
1999; Christianson and Modell 2004; Christianson et al.
2006; World Health Organization 2006; Malherbe et al.
2016).

» Further consideration is needed around quantifying TOP
as an outcome, particularly when parents plan to conceive
another, unaffected child who may not be born otherwise,
thus reducing YLL overall. While the choice of medical
TOP following PND and genetic counselling is currently
accounted for as YLL in the MGDb-ZA, this intervention
ultimately reduces the number of births affected by CDs.

* Further investigating the quantification and qualification
of disability within the MGDb Method.
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