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Background. The Rapid Mortality Surveillance System has reported reductions in child mortality rates in recent years in South Africa (SA).
In this article, we present information about levels of mortality and causes of death from the second SA National Burden of Disease Study
(SA NBD) to inform the response required to reduce child mortality further.

Objectives. To estimate trends in and causes of childhood mortality at national and provincial levels for the period 1997 - 2012, to highlight
the importance of the SA NBD.

Methods. Numbers of registered child deaths were adjusted for under-reporting. Adjustments were made for the misclassification of
AIDS deaths and the proportion of ill-defined natural causes. Non-natural causes were estimated using results from the National Injury
Mortality Surveillance System for 2000 and the National Injury Mortality Survey for 2009. Six neonatal conditions and 11 other causes were
consolidated from the SA NBD and the Child Health Epidemiological Reference Group lists of causes of death for the analysis. The NBD
cause-fractions were compared with those from Statistics South Africa, the United Nations Children’s Fund (UNICEF) and the Institute for
Health Metrics and Evaluation (IHME).

Results. Under-5 mortality per 1 000 live births increased from 65 in 1997 to 79 in 2004 as a result of HIV/AIDS, before dropping to 40
by 2012. The neonatal mortality rate declined from 1997 to 2001, followed by small variations. The death rate from diarrhoeal diseases
began to decrease in 2008 and the death rate from pneumonia from 2010. By 2012, neonatal deaths accounted for 27% of child deaths, with
conditions associated with prematurity, birth asphyxia and severe infections being the main contributors. In 1997, KwaZulu-Natal, Free
State, Mpumalanga and Eastern Cape provinces had the highest under-5 mortality, close to 80 per 1 000 live births. Mortality rates in North
West were in the mid-range and then increased, placing this province in the highest group in the later years. The Western Cape had the
lowest mortality rate, declining throughout the period apart from a slight increase in the early 2000s.

Conclusions. The SA NBD identified the causes driving the trends, making it clear that prevention of mother-to-child transmission of
HIV, the Expanded Programme on Immunisation and programmes aimed at preventing neonatal deaths need to be equitably implemented
throughout the country to address persistent provincial inequalities in child deaths. The rapid reduction of childhood mortality since 2005
suggests that the 2030 Sustainable Development Goal target of 25 per 1 000 for under-5 mortality is achievable for SA. Comparison with
alternative estimates highlights the need for cause-of-death data from civil registration to be adjusted using a burden-of-disease approach.
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Tracking child mortality and identifying its causes received promin-
ence through the global initiative of the Millennium Development
Goals (MDGs),!"! which has continued with the Sustainable
Development Goals (SDGs).”) In South Africa (SA), the 1996
census and the 1998 Demographic and Health Survey recorded a
reversal of childhood mortality rates at the beginning of the 1990s,
coinciding with an expected increase due to HIV/AIDS.*! However,
since then the paucity of sources of reliable estimates of child
mortality and incomplete vital registration have made it difficult for
the country to track this key indicator, leaving policymakers with
limited information to guide interventions.) An investigation into
the available data sources for measuring child mortality,* as well as a
demographic analysis,* highlighted substantial improvements in the
completeness of registration of child deaths between the mid-1990s
and mid-2000s.

While the Rapid Mortality Surveillance System!” provides
empirical estimates of childhood mortality to monitor trends in

the level of childhood mortality, extensive misclassification of HIV/
AIDS as a cause of death,”® together with other challenges with
medical certification of cause,””’ make it impossible to use the cause-
of-death information at face value. Recently, Bamford et al.'” called
for improved data on child deaths in SA. In addition, the second
SA National Burden of Disease Study (SA NBD) has confronted
the data issues and provides estimates of the levels and causes of
mortality for all ages for the period 1997 - 2012.

Objectives

In this article, we present the trends and causes of childhood mortality
in SA and the differences between provinces, demonstrating the value
of an NBD study in informing health policy.

Methods
Full details of the methods of the second SA NBD are outlined
elsewhere.!'"1?l Briefly, the study used Statistics South Africa (Stats
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SA) cause-of-death data for 1997 - 2012,
adjusted for under-reporting of deaths.
These adjustments were derived from a
comparison of registered deaths with those
expected based on rates of infant and under-
5 mortality estimated from various surveys
and censuses. The SA NBD list of cause
categories, comprising 140 specific causes of
death within 24 disease categories and four
broad-cause groups, was created using lists
from the 2000 SA NBD™! and the Global
Burden of Disease studies!"*'*! to reflect local
cause-of-death patterns.

Misclassified HIV/AIDS deaths were
identified by regressing excess mortality on
a lagged indicator of HIV prevalence of
pregnant women attending public antenatal
clinics.® Specific causes for non-natural
deaths were derived using results of a national
mortuary survey!' and a national injury
surveillance system!"” with multivariate
analysis. Garbage codes and ill-defined
deaths were redistributed proportionally by
age, sex and population/racial group.

The causes of death for children aged
<5 years were then aggregated into a cause
list adapted from one proposed by the Child
Health Epidemiological Reference Group,®
comprising six neonatal conditions and 11
other causes of death common in children.
Age-specific mortality rates were calculated
from the adjusted number of deaths and
estimates of the mid-year population,™
using life-table methods™® and an estimate
of the years of life lived by babies who died
in infancy of 0.157 years. The probabilities
of death due to neonatal and post-
neonatal causes were estimated using the
same denominator as used to estimate the
probability of dying in the first year of life,
equivalent to the infant mortality rate.

Cause-specific mortality of children aged
<5 years was analysed using mortality rates,
calculated by dividing the number of deaths
for each cause by the under-5 population.

Bamford et al' contrasted the cause-
of-death fractions for 2015 from the
registered deaths reported by Stats SAR!
with estimates produced by the United
Nations Children’s Fund (UNICEF).?? We
compared the SA NBD estimates for 2012
with these profiles as well as estimates for
SA in the 2015 Global Burden of Disease
Study produced by the Institute for Health
Metrics and Evaluation (IHME).?®) Cause
groupings are broadly consistent across the
studies, but nomenclature differs. In the
SA NBD, the term ‘injuries’ is used for
‘non-natural, ‘diarrhoeal diseases’ is used
for ‘intestinal infections” and ‘gastroenteritis,
‘HIV/AIDS is used for ‘HIV’ and ‘AIDS,

and ‘lower respiratory infections’ is used for
‘pneumonia’ and ‘influenza and pneumonia.

Results

Age-specific mortality rates

Under-5 mortality per 1 000 live births
increased between 1997 and 2004 from 65
to 79 before dropping to 40 by 2012 (Fig. 1).
Corresponding increases occurred in post-
neonatal and infant mortality, peaking 1 year
earlier, and in child mortality. The neonatal
mortality rate is estimated to have declined
from 1997 to 2001, followed by an increase
in 2002 and then a gradual decrease in the
following years.

Cause-of-death profile

The cause-of-death profile is shown in
Fig. 2 for selected years. The increase in the
under-5 mortality rate was accompanied by
a corresponding increase in the proportion
of HIV/AIDS deaths (35% in 2000 to 47%
in 2005), while the decrease in the rate was
accompanied by a substantial drop of this
proportion to 19% in 2012. By the end of
the period, the proportion of deaths that
were neonatal, with conditions associated
with prematurity, birth asphyxia and severe
infections being the main contributors, had
risen from 21% to 27%.

Diarrhoea and pneumonia were persistent
major causes of death among young children,
but, as shown in Fig. 3, the death rate from
diarrhoeal diseases began decreasing from
2008 and the death rate from pneumonia
from 2011. The trend in the HIV/AIDS
mortality rate was very similar in shape to
that of the infant and under-5 mortality
rate, peaking in 2004 and declining sharply

thereafter. The rate of the combined category
of other causes of death declined slightly after
2006, whereas the death rates from injuries,
congenital abnormalities and tuberculosis
were much lower, exhibiting little change
over the period.

Comparison of the cause-of-death
profile

The SA NBD cause-of-death profile is
compared with registered deaths (Stats SA)
and estimates produced by UNICEF and the
IHME in Table 1. The SA NBD estimate of
the total number of deaths of children aged
<5 years in 2012 is considerably higher than
the Stats SA number of registered deaths 3
years later. The SA NBD estimate of the total
number is 12% and 11% higher than the
UNICEF and IHME, respectively, 3 years
later. In terms of the cause profile, apart
from the 15% of Stats SAs deaths which the
other studies have reallocated, there appears
to be little agreement on TB and HIV/AIDS
(even in combination), diarrhoeal diseases
and pneumonia. While there is reasonable
agreement, particularly between the two
burden of disease studies (SA NBD and
IHME), there are differences in the estimates
of congenital, injuries and deaths combined
in the group ‘other’

Provincial differences in trends

and causes

The under-5 mortality rate differs for the
nine provinces (Fig. 4). KwaZulu-Natal, Free
State, Mpumalanga and Eastern Cape had
the highest rates at the beginning of the
period, with levels close to 80 per 1 000 live
births. These increased to levels >100 per
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Fig. 1. Trends in age-specific mortality rates for children, South Africa, 1997 - 2012.
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Fig. 2. Causes of death in children aged <5 years in South Africa by period.

Table 1. SA NBD estimates of causes of death in children aged <5 years in 2012 with numbers reported by Stats SA and estimated by
UNICEF and IHME for 2015

SA NBD, 2012 Stats SA, 2015 UNICEE 2015 IHME, 2015
Underlying cause of death (N=47 759), % (N=31938), % (N=41930), % (N=42 540), %
Tuberculosis 1.6 9.9 - 0.7
HIV/AIDS 19.5 1.2 8.7 38.6
Diarrhoeal diseases 16.0 10.2* 8.7 5.9
Pneumonia 12.3 9.9 16.9 11.8
Neonatal causes 27.5 29.6 19.3 29.7
Congenital 2.8 5.9 8.6 3.4
Injuries 5.5 79 9.0 35
Other 14.8 10.7 28.8 6.5
Tll-defined - 14.7 - -
Total 100 100 100 100

SA NBD = Second National Burden of Disease Study; Stats SA = Statistics South Africa; UNICEF = United Nations Children’s Fund; ITHME = Institute for Health Metrics and Evaluation.
*Bamford et al."” report the proportion for gastroenteritis as 10.1%.
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Fig. 4. Trends in under-5 mortality rates by province, South Africa, 1997 - 2012.

1 000 live births in 2004, after which the
rates fell to close to half that level by 2012.
Under-5 mortality rates in North West were
in the mid-range in 1997 and then increased
rapidly, placing this province in the highest
group in the later years. Gauteng, Northern
Cape and Limpopo provinces increased
slightly over the period, but also declined
from 2008 (2006 in the case of Limpopo).
The Western Cape had the lowest under-5
mortality rate throughout the period, with
only a slight increase from 2001 to 2002,
after which it declined gradually.

The provincial profiles of the causes
of deaths of children aged <5 years show
considerable variation between provinces

(Fig. 5). The proportion of deaths due to
HIV/AIDS in 2012 ranged from <15% in
the Western Cape, Gauteng, Free State and
Mpumalanga to 25% in KwaZulu-Natal and
Limpopo. Deaths from diarrhoeal disease
accounted for a high proportion of the child
deaths in Mpumalanga (24%). Deaths in the
neonatal period ranged from 20 - 21% in the
Eastern Cape and Limpopo to 36% in the
Northern Cape and Western Cape, in both of
which prematurity accounted for relatively
high proportions.

Discussion

The impact of HIV/AIDS on childhood
mortality in SA has been profound,
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accounting for a rapid increase in the level
of mortality at a time during which there
might have been a decreasing trend had
there not been an HIV/AIDS epidemic.
However, the present study shows that
this trend of increasing mortality reversed
from 2003 among post-neonatal infants
and from 2004 among the 1 - 4-year-olds.
Despite this devastating effect of the HIV/
AIDS epidemic in SA, child mortality has
declined to levels below those in the early
stages of the epidemic, largely owing to
the provision of prevention of mother-to-
child transmission (PMTCT) and ARVs to
women. Nevertheless, the study suggests
that by 2012, there were still young children
dying from AIDS. PMTCT programmes
would need to be strengthened further
to reduce the incidence of HIV/AIDS in
children. The issue of non-adherence to
treatment by pregnant women living with
HIV has been reported in various settings. !l
In a qualitative review of the notes from
provincial stock-taking workshops, Goga
et al.® identified several potential game-
changers that could contribute to the
elimination of mother-to-child transmission
of HIV. These include preconception
counselling to optimise maternal-partner
health, improved follow-up and response to
abnormal laboratory results, use of ward-
based outreach teams and community
caregivers to trace HIV-infected mothers
and their infants to link them into care,
inclusion of a unique identifier in patient-
held infant Road to Health booklets to
facilitate infant tracing, and continuous
quality improvement processes in facilities
and districts.

Neonatal problems have become the
leading cause of death, and future efforts
to reduce childhood mortality further will
need to strengthen programmes to address
the emerging relative importance of neonatal
mortality. Conditions related to prematurity
and birth asphyxia together with infections
account for a large proportion of the
neonatal deaths. The National Perinatal
Morbidity and Mortality Committee has
advocated several initiatives to improve
maternal healthcare services.*!

Interventions to address the persistence
of diarrhoeal disease and lower respiratory
infections as major contributors to child
mortality have shown some encouraging
results from about 2010, coinciding with the
inclusion of the pneumococcal and rotavirus
vaccines in the Expanded Programme on
Immunisation. Evaluation of the impact
of the pneumococcal conjugate vaccine
in Soweto suggests that as a result of the
introduction of the vaccine there were 39%
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Fig. 5. Provincial cause-of-death profiles for children aged <5 years, South Africa, 2012.

fewer hospitalisations in 2014.” Similarly, in
Soweto, introduction of the rotavirus vaccine
into the SA immunisation programme
was temporally associated with a decrease
of between 34% and 57% in the overall
incidence of all-cause hospitalisations for
diarrhoea of children aged <5 years of age. !
Estimates from the 2016 Rapid Mortality
Surveillance Report,?” however, suggest that
there had been only a slight improvement
in under-5 mortality after 2012, indicating
that the impact of the interventions to
reduce diarrhoeal disease and pneumonia in
children together with PMTCT of HIV may
have reached a limit. However, based on the
modelled impact of known cost-effective
interventions, Chola et al.*® demonstrated
that further investment in 15 interventions,
including labour and delivery management,
early HIV treatment in pregnancy, PMTCT
and handwashing with soap, will enable SA
to reduce child mortality considerably.

Our study highlights
inequities in health in SA, indicating the
underlying effect of socioeconomic factors
on health. The risk of a 5-year-old child
dying in KwaZulu-Natal, a relatively poor,

considerable

rural province experiencing the highest
levels of HIV prevalence, was in 2012 still
2.8 times higher than the risk of death for a
child living in the Western Cape, one of the
wealthiest provinces, experiencing the lowest
levels of HIV (Fig. 4). The level of mortality
is strongly associated with the cause-of-death

profile (Figs 4 and 5). The high-mortality
provinces, KwaZulu-Natal, Mpumalanga,
Free State and the Eastern Cape, display a
predominance of pretransitional infections
and HIV. In contrast, the provinces with
the lowest mortality, the Western Cape and
Gauteng, experience proportionally more
deaths due to neonatal causes than deaths
due to infections.

Comparison of the NBD estimates of child
deaths with other sources, and allowing
for the fact that the number in 2012 would
be higher than the number experienced in
2015, highlights the fact that the Stats SA
figures under-represent total deaths as a
result of under-registration. While there are
differences in the cause-fractions between
the different estimates, the Stats SA profile
differs considerably from the cause-fractions
of the other estimates. In part, this arises
from the relatively high proportion of ill-
defined causes that have been redistributed
across other causes, but the low proportion
of HIV/AIDS in the Stats SA data also
stands out. It is clear that the Stats SA data
do not yet provide an accurate profile of
causes of death and that urgent intervention
is required to improve registration and the
quality of medical certification.

There are also differences in the cause-
fractions between the estimates, which are
largely a consequence of different approaches
used in global estimation by United Nations
agencies as opposed to academic groups.®! The
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IHME uses a ‘methodologically complex’®!
ensemble modelling approach. On the other
hand, UNICEF’s estimates are based on vital
registration data for early and late neonatal
deaths, with the post-neonatal causes being
derived from a multinomial model based on
verbal autopsy data used for high-mortality
countries, with an average under-5 mortality
rate >35 for 2000 - 2010.5%

The distribution of all-cause mortality
fractions is strongly influenced by the
proportion of deaths that are due to HIV/
AIDS, because it is relatively large. The NBD
estimate of 19.5%, 3 years earlier than the
other estimates based on deaths in 2015, lies
between UNICEF’s 8.7% and ITHME’s 38.6%.
UNICEEF relies on the Joint United Nations
Programme on HIV and AIDS (UNAIDS)
estimates of HIV/AIDS mortality,* while
the IHME®! modifies the UNAIDS estimate
through its use of ensemble modelling.
In contrast, the NBD used a regression
approach to estimate misclassified HIV/
AIDS deaths.”’ Thembisa is a mathematical
model of the HIV epidemic in SA. The most
recent version, Thembisa 4.1, estimates the
proportion of deaths due to HIV/AIDS in
2012 to be 17.9% v. the NBD’s 19.5%, and
that in 2015 HIV/AIDS accounted for 10.4%
of deaths,® which are roughly consistent
with the NBD and the UNICEF estimates,
respectively.

In the face of less than perfect cause-
of-death data, an NBD study makes an
important contribution to describing causes
of death, ensuring internal consistency
across causes and geographical regions.
However, it is important to keep in mind
that there remains some uncertainty around
the estimates and that there have been
substantive changes over time.

Conclusions

Consistent with estimates of childhood
mortality from the Rapid Mortality
Surveillance System, the present study
highlights that SA was not on track to
meet its 2015 MDG goal. Furthermore, the
study highlights the persistent provincial
inequalities in childhood deaths and points
to the major disease burdens that need to
be addressed. By 2011, neonatal causes had
taken over from HIV/AIDS as leading causes
of death among children aged <5 years.
While poverty and social determinants
need to be addressed, access to basic health
services aimed at preventing neonatal deaths
and mother-to-child transmission of HIV
and provision of the Expanded Programme
on Immunisation need to be equitably
implemented across districts throughout the
country. Ward-based outreach programmes



need to be expanded to support the delivery of these services®™ as
well as health promotion activities.

The rapid reduction of childhood mortality since 2005, to a level
where under-5 mortality is 40 per 1 000 live births, suggests that the
2030 SDG target of 25 per 1 000 is achievable for SA, but attention
needs to focus on reducing deaths in high-mortality provinces. In this
regard the NBD is an important resource for monitoring progress in
the provinces. It is therefore important to update the NBD study in
order to continue monitoring progress towards the SDG.
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