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Abstract

South Africa has very high levels of HIV prevalence, with some provinces having
among the highest levels in the world. Within this context it is imperative to have a
clear understanding of how the epidemic is affecting infants and children in 'the
population and to what extent interventions are affecting mortality. However,
establishing accurate estimates of infant and child mortality levels is very difficult in
South Africa because thel data available is nearly a decade out of date.
Demographic modelling techniques and extrapolations from out of date data
provide the closest estimatfas but are less than ideal in the middle of an HiV
epidemic. What is needed is a surveillance method that can provide rapid, up to
date information on infant ahd child mortality, within an environment of high HIV

prevalence that can inform health policy for South Africa’s youngest citizens.

- This study utilized routinely collected national vital events data to describe trends in
infant and child mortality from 1990 to 2006. Mortality was examined by age of
death in months, a finer age resolution than has been previously published. Data
used in this study consistied of unpublished mortality statistics collected by
Statistics South Africa from {990 to 2002, and data extracted from the Population
Register database maintained by the Department of Home Affairs for the years
1998 to 2006. The Populatk')n Register database was investigated for use as a
potential mortality surveillance tool to rheasure current trends in infant and child
mortality and to measure any effects by HIV/AIDS interventions at a populatioh

level.



Several new énd unique findings were revealed in this study. First, a new and
increasing all-cause peak in mortality was discovered centring at 3 months of age —
a new, previously unpublished, demographic phenomenon. Second, a coding error
was found in causes of death of infants under 1 year of age in the data recorded by
Statistics South Africa (Stats SA) resu!tfng in the incorrect coding of the majority of
deaths in this age group. Despite the problems with coding of cause of death, the
peak in mortality at 3 months was shown to be due to HIV/AIDS mortality and was
the third finding in this study. The fourth finding was that the Population Register
data could further be used with the 3 month peak in mortality as a rapid
surveillance tool to measureit trends in infant mortality. By utilizing the up to date
data from the Population Register database and monitoring the peak in mortality at
3 months, this study was aé)le to show that HIV/AIDS interventions such as the
ARV rollout and PMTCT prbgrams are beginning to have a positive effect at a
population level. This metth of surveillance was able to examine changes in

- mortality at 3 months at both a national and provincial level.




Glossary of abbreviations and terms

AIDS
AIDS sick

ART

ARV

ASSA

DHA

DOH

External cause

HIV
HSRC
ICD-10
IMR

MRC

MSF

MTCT
Natural cause
Neonate
Neonatal

mortality rate

NIMSS

Non-natural cause

PMTCT
Post-neonate
PPIP

SA

SADHS
Stats SA
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USMR

UNICEF
USA
WHO

Acquired Immunodeficiency Syndrome

Number of people estimated to be living with AIDS defining
conditions.

Antiretroviral Therapy

Antiretroviral ’

Actuarial Society of South Africa

South Africa Department of Home Affairs
South Africa Department of Health

Cause of death due to unintentional and intentional injuries,
also called non-natural cause

Human Immunodeficiency Virus
South Africa Human Sciences Research Council
international Classification of Diseases

Infant mortality rate — the probability of infants dying before
reaching 1 year of age

South Africa Medical Research Council

Médeciff\s Sans Frontieres (Doctors without Borders)
Mother-to-Child Transmission

Cause of death as a result of a naturally occurring process
Infants aged from birth to 28 days

The probability of infants dying between birth and 28 days

National Injury Mortality Surveillance System

Cause of death due to unintentional and intentional injuries,
also called external cause

Prevention of Mother-to-Child Transmission
Iinfants éged 29 days to 11 months

The Perﬂnatal Problem ldentification Program
South Africa

South Africa Demographic and Health Survey
Statistics South Africa

’Tubercuiosis

Under 5 Emortality rate - the probability of a children dying
before 5 years of age

The United Nations Children's Fund
United States of America
World Health Organization
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1 introduction

Infant and child mortality levels are extremely high in sub-Saharan Africa,
especially when compared to developed countries. HIV/AIDS prevalence is also
very high in sub-Saharan Africa, and has had a particularly devastating effect on
mortality. By 2004 there were an estimated 1700 infants per day infected with HIV
through mother to child transmission (MTCT), most of which occurred in Africa.
This is compared to 1 infection per day in Europe and the USA combined (Mcintyre
2005). It is estimated that 60% of children who become }infected with the virus will
die before their 5™ birthday from HIV/AIDS (UNAIDS 2002). South Africa has not
been spared, having close to the highest levels of HIV prevalencé in the world.
Furthermore, estimated levels of infant and child mortality are high. Within this
context it is imperative to have a clear understanding of how the epidemic is
affecting infants and children in the population, and to what extent interventions are
affecting mortality. Accurate estimates of infant mortality rate (the probability of
infants dying before reachihg 1 year of age) and under 5 mortality rate (the

probability of a children dyirl}g before 5 years of age) cannot be made in South |
Africa because the data ava;ilable is nearly a decade out of date. Demographic
- modelling techniques and exiirapolations from data that is 10 years out of date data

provide the closest estimat$ but are less than ideal in the middle of a rapidly

changing HIV epidemic.
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This study utilizes routinely collected national vital events data to describe trends in
infant and child mortality at a finer age resolution than has been previously
published. Data extracted from the Population Register database maintained by
the Department of Home Affairs was used to describe the most current mortality
trends up to 2006. This data was examined here as a potential data source for a
rapid surveillance tool to monitor trends in infant and child mortality, monitor effects
of HIV interventions and to offer rapid and up to date information for informing

health policy.
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Aim and objectives

Aim

The aims of this research were twofold: a) to utilize national vital events data to
describe patterns of mortality in infants and children in South Africa from 1890 to
2006, a period of ever increasing HIV prevalence, and b) to determine if these data
can be accurately and effectively used as a rapid surveillance tool for identifying
changes in mortality trends overtime.

Objectives
Arising from the stated aims, four distinct objectives guide the project:

1. Describe the trends in the number of infant and child deaths from 1990 to
2002 by age in months using Statistics South Africa data.

2. Describe the trends in the leading cause of death in infants and children
from 1997 to 2002 Qsing Statistics South Africa data by both examining
cause of death by age in years, and examining cause of death by age in
months. |

3. Explore the association of the increased mortality in infants with the
prevalence of AIDS sick in the population using Statistics South Africa data.

4. Assess the utility of the Population Register database as a rapid
surveillance tool for tfends in infant mortality, and determine if it can be used
to measure any effects by HIV/AIDS interventions on trends in mortality
among infants. This will be done by describing both the current trends in the
number of infant deaiths from 2002 to 2006, and the trends in the number of
infant deaths from 2002 to 2006 by province.
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2 Literature review

A dramatic trend that saw great reductions in child mortality occurred during the
mid-1980s and throughout the 1990s in most middle and lower income countries.
However, this trend has since slowed in many countries énd child mortality is once
again on the rise (Ahmad, et al. 2000). This is particularly obvious in sub-Saharan
Africa, and is due largely to the spread éf HIV/IAIDS (Ahmad, et al. 2000). In 2000 it
was estimated that close to 99% of the world’s 10.9 million children who died undef
the age of 5 years were children from middle and lower income countries (WHO

2002).

On the 8" of September 2000, South Africa joined the world in signing the United
Nations Millennium Declaration, a commitment to improving the lives of the world’s
poorest citizens by 2015 (United Nations 2000). Number four of the Millennium
Development Goals set by the declaration calls for a two thirds reduction in the
under 5 mortality rate (USMR) from 1990 levels by 2015 (United Nations 2007). In
2004, as part of this intemational effort to meet this goal, the World Health
Organisation (WHO) and The United Nations Children's Fund (UNICEF) held a
joint meeting resulting in the interagency agreement determining minimum key
indicators required for monitoring child survival (UNICEF 2004).

These indicators include under 5 mortality rate (USMR) defined as the probability of
dying under the age of 5 years per 1000 live births, infant mortality rate (IMR)

defined as the probability of dying under the age of 1 year per 1000 live births, and
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neonatal mortality rate defined as the probability of dying after birth to age 28 days
per 1000 live births. The indicators chosen were based on the prevention and
treatment interventions outlined in the Lancet series on child survival published in

2003.

The latest UNICEF estimates of U5MR, IMR and neonatal mortality rate for
selected countries are shown in Table 1 (UNICEF 2007). In 2005 South Africa, a
middle income country, and had an estimated USMR of 68 deaths per 1000 live
births and an estimated IMR of 55 per 1000 live births. This is considerably lower
than the USMR in lower income countries such as Mozambique with a reported
USMR of 145 and Uganda with 136. Infant mortality rates and neonatal mortality
rates in Mozambique and Uganda were also very high. IMR in Movz;.ambique’was
100 and in Uganda, 79. Neonatal mortality rate in Mozambique was 48 and in
Uganda, 32. In compaﬁson, the USMR in Japan was 4 deaths per 1000 live births
in 2005, IMR was 3 and neonatal mortality rate was 2 deaths per 1000 live births.
Brazil, similar to South Africa in its level of economy activity, had an USMR in 2005
approximately half that of South Africa (33 deaths per 1000 live births). Infant
mortality in Brazil was 31 (South Africa’s IMR was 55) and neonatal mortality was

15 (South Africa’s was 21).
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Table 1. Under-five moriality rates, infant mortality rates and neonatal mortality rates.
Source: The State of the World's Children 2007, UNICEF 2007,

USMR ’ MR Neonatal mortality rate
{per 1000 live births) @ {per 1000 live births) {per 1000 live births)
Mozambique 145 100 48
Uganda 136 79 32
South Africa 68 . 85 21
Brazil 33 31 15
| United States 7 6 5
Unlted Kingdom 6 - 5 4
Japan 4 3 2

South Africa is ranked among the top third of countries for the highest under 5
mortality rate (UNICEF 2007). While South Africa has previously seen a decline in
the mortality rate in the 1980s and 1990s, the trends have since reversed and
infant and child mortality is\ now increasing (Nannan, ef al. 20086). it is estimated
that currently 1 infant under 1 year dies every 10 minutes in South Africa, many
from preventable conditions including HIV/AIDS (Jacobs, ef al. 2005; Bradshaw, et.
al. 2003a). Furthermore, 58% of child deaths in South African hospitals were due

to HIV/AIDS in 2004 (Krug and Pattinson 2005).

21 HIV/IAIDS in South Africa

The first cases of AIDS were reported in the United States in 1981 (CDC 1981;
Friedman-Kien 1981; Gottlieb, ef al. 1981; Masur, et al. 1981; Safai and Good
1981). Approximately 1 year later the first AIDS cases in South Africa appeared

(Ras, ef al. 1983). Although initially a disease seen in the population of
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homosexual men, it eventually spread to the heterosexual population. By 1988 the
number of HIV infected women in South Africa had begun to increase (Kustner

1994, Moodie 1994).

Several key factors, including poverty and government responses have resulted in
the acceleration of the epidemic in South Africa. It has been shown that poverty
and poor nutrition drive the pandemic throughout the world and the poor are the
worst affected by HIV/AIDS (Coovadia and Hadingham 2005). When South Africa
was ruled by the Apartheid government prior to 1994, migrant labour laws were in
place which prevented black males from moving their families with them to the
cities where they worked. This, and the sub-Saharan trucking routes, have also
contributed to the spread of HIV/AIDS (Lurie 2000). The epidemic was further
allowed to proceed by the Apartheid government's inaction to a disease it
considered a homosexual or black disease, while the immediate concern of the
. anti-Apartheid movement was for the liberation of the country (Karim and Karim
2002). It was within this political and social context that the disease took hold in
South Africa. By 1980, data cbl!ected from national sentinel surveys of public
sector antenatal clinic attendees conducted by the South African Department of
Health estimated that HIV sero-prevalence among woman attending antenatal
clinics was 0.7% (DOH 2007). By 1994 it was 7.6% and four years later in 1998 it
had risen as high as 22.8%. The latest National HIV and Syphilis Antenatal Sero-
Prevalence Survey in South Africa estimates that HIV prevalence rates among
anienatal clinic attendees in South Africa had risen to 30.2% by 2005. HIV
prevalence appears to have stabilized, with the 2006 figure at 28.1% (DOH 2007).

On a provincial level, surveys indicate that some provinces in South Africa now
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have close to fhe highest HIV prevalence rates in the world. For example, HIV
prevalence in KwaZulu-Natal was as high as 39.1% in 2005, but appears to have

stabilized at that rate in 2006 (DOH 2007).

For an infant, the greatest risk of becoming infected with HIV is through vertical
transmission of the virus from the mother. Mother to child transmission (MTCT) can
occur during pregnancy, during labour and delivery, or through transmission of the
virus through breast milk. MTCT occurs at a rate of between 25% and 45% in the
absence of prevention measures (The Working Group on MTCT of HIV 1985).
Recent studies in South Africa have also shown that, depending on whether a child
was breastfed or not, MTCT rates ranged from 19% to 36% without intervention
(Coutsoudis, et al. 2001). In addition, it is estimated that 60% of children Who‘do
become infected with the virus will die before their 5" birthday from HIV/AIDS in

the absence of treatment (UNAIDS 2002).

The number of deaths due to HIV/AIDS are vastly under reported in South Africa,
and many deaths are misclassified to the immediate cause’ of death rather than
death due to HIV/AIDS (Groenewald, et al. 2005). Groenewald and colieagues
investigated 22 specific causes of death for an underlying cause of death of
HIV/AIDS in adults and found 9 causes that were likely misclassified HIV/AIDS
deaths. In addition, they estimated that 64.3% of lower respiratory infections were
attributed to HIV/AIDS in children under 5. In a study carried out in 2000 at a
paediatric teaching hospital in Cape Town, South Africa, it was found that 11.4% of
HiV-related deaths were under reported and an additional 29.5% of HIV-related

deaths were not classified as such, but were described using non-specific terms
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(Westwood 2000). Concerns by doctors regarding confidentiality of details written
on deaths notification forms and their reluctance to state HIV/AIDS as the cause of
death, also contribute to the under reporting and misclassification of HIV/AIDS

deaths (Dhai, ef al. 2000).

2.2 Mortality data on infants and children in South Africa

Data on population mortality is typically collected through vital registration data
systems, census data or household surveys. Prior to 1994 the main sources of
data on infant and child mortality in South Africa were surveys carried out by the
Human Sciences Research Council (HSRC) (Roussouw and Hofmeyr 1990).
These surveys suggested a decline in child mortality during the 1980s, but
estimating trends in infant and child mortality based on this data is difficult (Nannan
1988). The first nationally répresentétive sources of quality data on infant and child
mortality, with the support of the new, post-Apartheid government, were the 1998
South Africa Demographic and Health Survey (SADHS) and the 1996 Census
(DOH 2002). Nannan and colleagues (2006) utilised these data sources and
identified a reversal of neonatal (refers to infants aged from birth to 28 days) and
post-neonatal (refers to infants aged 29 days to 11 months) mortality occurring
around 1993. Unfortunately the 1998 SADHS and the 1996 Census are still the
most current pé)pulation data sources available on infant and child mortality in
South Africa. They are still the most commonly quoted by international
organizations (UNICEF 2007; UNDP 2006; WHO 2006; The World Bank 2007),
including the estimates reported by UNICEF shown earlier in Table 1. In short it is

not possib!é to make accurate estimates on current infant or child mortality in
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South Africa based on data that is a decade old, especially when the HIV/AIDS
epidemic can change the demographics of a population so dramatically. In 2003,
the next scheduled SADHS survey was conducted but reported implausible levels
of child mortality (Dorrington, ef al. 2004). The survey ‘has been published in
summary only, and includes a release note acknowledging the problems with the
results (DOH 2003). The next survey is sChéduled for 2008. The next scheduled
national census was carried out in 2001 but was found to be unusable for
childhood mortality estimates (Dorrington, ef al. 2004). The next census is planned

for 2011.

- Recognising the lack of timely reporting of mortality statistics in light of an
increasing HIV/AIDS epidemic, the national statistics board of South Africa,
Statistics South Africa (Stats SA) published two short reports based on small
subsets of mortality data gained from vital registration records for the years 1997 to
2001 (Stats. SA 2001; Stats SA 2002a). Subsequent reports by Stats SA provide
mortality statistics from all available death notification forms, including information
on cause of death for the years 1997 to 2004 (Stats SA 2005; Stats SA 2006). A
‘recently published report contains mortality and cause of death data up to 2005
and, for the first time, province of registration of death is included (Stats SA 2007).
Exact dates of births and deaths, or ages of death under 1 year, are not provided in
any of these reports or the data sets provided with these reporis. Infants and
children were typically reported in age groups of 0 to 14 years, or further
disaggregated to infants under 1 year and children from 1 to 4 years.v Information
on the leading causes of death among neonates (infants from 0 to 28 days old) and

’ post-neonates (infants from 29 days to 11 months old) was added for 2003
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onwards. It is expected that these broader groupings may have been used

because data on children is typically scarce.

Based upon these reports, a limited amount of cause of death information is
available on infants and children. As reported by Statistics South Africa (Stats SA),
the most common cause of death of infants under 1 year of age for the years 1997
to 2005 was respiratory and cardiovascular disorders originating in the perinatal
period. The leading cause among children in the 1 to 4 year age group during this
period was intestinal infectious diseases. In 2005, the top cause of death among
neonates and post-neonates was respiratory and cardiovascular disorders

originating in the perinatal period.

Although the data in these reports were published two years after many of the data
were collected, the reports; are still remiss in giving detailed consideration to the
mortality trends of infants and children. Furthermore, because of the lag between
the occurrence of events and the time of publication of the data, the Stats SA

reports are not suitable for rapid mortality surveillance.

What empirical data remains on infant and child mortality in South Africa are small
studies usually conducted on hospital populations. For exarﬁple, The Perinatal
Problem ldentification Program (PPIP) of the South African Medical Research
Council originating in 1999,‘ now collects data on biﬁhs from over 164 public health
facilities (Pattinson 2000). Between 2003 and 2006 it collected data on
approximately 20% of all births occurring in South Africa over that time period. The

data collected provides insight into current trends in perinatal and neonatal
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mortality in public health facilities. The program has been extended to include
children up to age 5 years of age and older (Krug and Pattinson 2005). Yet while
the data from these efforts are extremely valuable, they are clinic based samples

and are not designed for calculating population estimates.

In the midst of an HIV/AIDS epidemic, and with the paucity of reliable empirical
data available on mortality, a modelling approach was used in the South Africa
Naﬁonal Burden of Disease Study of 2000 in an attempt to make reliable estimates
of mortality (Bradshaw, et al. 2004). The study used the ASSA2000 AlDS and
Demograpvhic model of the Actuarial Society of South Africa calibrated to available
empirical data (ASSA 2000). Estimates of USMR in 2000 was 95 deaths per 1000
live births and IMR was 59 per 1000 live births (Bradshaw, et al. 20035). Other
models have been used in other studies and have produced varying results (Rehle
and Shisana 2003; UNDP @2007). Deriving estimates of infant and child mortality
. from these models is difficult. The problem exists because, while the adult mortality
component of the models can be reliably calibrated with empirical data, the data for
children is slim and not reliable. (Bradshaw and Dorrington 2007). Therefore

current models can not provide accurate estimates on infants and children.

Although the exact levels of infant and .child mortality in South Africa are uncertain,
it is clear that HIV preva!énce is very high in South Africa and public health
interventions are needed._‘ The national government of South Africa began
providing antiretroviral therapy (ART) in public health facilities at late as 2004, after
a constitutional court ruling ‘ma'ndating that they provide antiretroviral drugs (ARVs)

to pregnant women for the prevention of mother to child transmission (PMTCT)
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(Friedman and Mottiar 2005; TAC 2003). Implementations of services of ART and
PMTCT have been very slow. Estimates of coverage of ART in South Africa in
2005 was between 7% and 14% (WHO 2005a; WHO 2005b). Furthermore, only
14% of women who need PMTCT services currently are estimated to be receiving

them (Shisana 2007).

The very high HIV prevalence rates in South Africa, the high risk of mother to child
| transmission (MTCT) and the high mortality estimates due to HIV/AIDS in infants
}and children creates an urgent need for an accurate measurement tool to evaluate
the effect of the epidemic on infants and children in the population. A unique
surveillance method for rapidly monitoring adult mortality using vital events data
from the Department of Home Affairs has been proposed by Dorrington and
colleagues (2001). This methodv utilised existing population mortality statistics
available just 2 months after the deaths occurred. No rapid surveillance method
exists, however, to monitor changes in infant and child mortality. Such a method,
possessing the ability to monitor infant and child mortality, would be of vital
importance in South Africa in the context of a very high HIV prevalence and high

infant and child mortality.
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3 Methods

This study utilises routinely collected national vital events data to describe trends in
infant and child mortality -in South Africa from 1990 to 2006. This is an ecological
study, examining trends in mortality on a population level. Mortality patterns for
males and females were similar at the ages covered in this study, therefore
differences between males and females are not part of this study and the data for

males and females were combined.

Part 1 of the results section of this paper utilised special tabulations of official
mortality statistics acquired through the South Africa Medical Research Council
(MRC) from Statistics Soutt; Africa (Stats SA), to describe trends in infant and child
‘mortality from 1990 to 20()2‘. Part 2 of the results section utilised data from the
Population Register database maintained by the Department of Home Affairs. This
data was used to describe current infant and child mortality from 1998 to 2006 and
the potential use of this source as a rapid shrvei!lance tool was explored. This data
was also acquired through the MRC. The following description of the death
registration process and the generation of mortality data is required to understand
what part of the South African population is represented in each data source

utilized in this study.
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3.1 Registration of deaths and collection of vital events data in South
Africa

Mortality data used in this study are based upon notification of death forms
collected by the Department of Home Affairs. In terms of the Birth and Death
Registration Act number 51 of 1992, each death in South Africa must be recorded
on a notification of death fofm} provided by the Department of Home Affairs. In
1998 a new form, number BI-1663, (Figure A-1a and A-1b in Appendix A) was
introduced replacing the BI-7 and BI-12 forms. It is required that notification of
death forms are filled out by a medical practitioner or professional nurse. lh rural
‘areas, where a medical practitioner may not be available, an alternate form
(number BI-1680) may be completed by a traditional headman (Figure A-1c in
Appendix A). In the case where a medical professional is unable to certify that a
death was the result of natﬁral causes, a post-mortem is required by law to
establish the cause of death (a natural cause of death is a cause of death as a
result of a naturally occurring process). After a post-mortem, a district surgeon or
forensic pathdiogist compiéfes thé noﬁﬁcation of déatf“\. 'fonn. Despiﬁé thése
guidelines, some medical officials still describe the non-natural cause of death on
death notification forms (a non-natural cause of death, also called an external

cause, is a cause of death due to unintentional and intentional injuries).

Four lines on the death notification form allow for recording of the immediate cause
of death, the muitiple conditions leading up to the immediate cause of death, and
the underlying cause of death. The underiyfhg cause of death is the cause for
which were it not present, death would not have occurred. The underlying cause of

death is the cause that should be targeted for public health intervention. All
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compieted notification of death forms are sent to the appropriate regional office of
Home Affairs and then on to the national office of Home Affairs where the forms
are processed and archived. Processing involves the creation of an official death
certificate (Figure A-1d in Appendix A) from the information recorded on the
notification of death form. There is only one line available for cause of death on the
death certificate. As a result, from the four lines describing the cause of death on
the notification of death form, clerks at the Department of Home Affairs typically
select the top line on the death notification form, which usually corresponds to the
immediate cause of death, and transfers this information to the death certificate.
There is no attempt by the clerks to record or determine the underlying cause of
death (Bourne 2007). The next step in the process of death registration involves
the transfer of informatidn onto a computerised database for purposes of
maintaining and updating the South African Population Register. Information from
completed death certiﬁcates is recorded onto the Population Register database for
- only those individuals for whom the birth was registered with sufficient information
for an ID number to be issued, in addition to the death being registered with an ID
number. Data from the Population Register database was provided to the Medical
Research Council and a de-identified data set was made available for this study. A

description of this data set follows this section.

Simultaneously, copies of death notification forms are sent from the national office
of the Department of Home Affairs to Statistics South Africa (Stats SA) for
statistical analysis and the creation of reports on death as is customary for a
national statistics office. At Stats SA, notification of death forms are processed and

the underlying cause of death is determined. Processing involves a coder at Stats
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SA assigning a code to each cause of deatﬁ that has been recorded on the four
cause of death lines on the forms using the International Classification of Diseases
(ICD-10) developed by the World Health Organisation (WHO 1992). Coders follow
guidelines contained in the Statistics South Africa (Stats SA) manual, Guidelinés
for coders using ICD-10 (Stats SA 2002b). Underlying cause of death is then
derived using the Automated Classification of Medical Entities (ACME) software
programme developed by the United States National Center for Health Statistics
(NCHS 2007). Stats SA records deaths and determines underlying cause of death |
for both those individuals who possessed a South Africa ID number and those
individuals who do not. Data from the Stats SA was provided to the Medical
Research Council and a de-identified data set was made available for this study. A

description of this data set follows.

.3.2 Vital events data sets analysed in this study

The vital events data sets used in this study were obtained from the results of the
death registration process described previously. The three specific data sets used
are described below. The difficulty in obtaining the data, along with confidentiality

issues and the completeness of the data contained in the data sets are discussed.

3.2.1 Availability of data sets and confidentiality
Availability of data for this study was problematic, both in timeliness and with
regard to issues around confidentiality. While all data made available for this study

was de-identified data acquired through the South African Medical Research
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Council (MRC), major constrainté hampered access of data from Statistics South
| Africa in particular. Stats SA had in the past (up to and including the 1996 mortality
-records) supplied full de-identified unit records for scientific study, but a change in |

policy meant that Stats SA felt that release of mortality data containing exact date

of birth and death might compromise the confidentiality it was obliged to maintain
under the Statistics Act of 1999 section 17 (1)(a). The result was that Stats SA was

not able to provide data by age of death in days; rather data was limited to a

special data tabulation of mortality statistics consisting of an extensive set of tables

where age of déath was caylcu!ated in months of 30.5 average days. The fact that
data in this study was not available by age of death in days created a slight artefact
when calculating age in months, slightly affecting comparisons between Stats SA
data and data from the Population Register. This did not affect the final results and

is further explored in sectioh 4.2.1 of the results.

3.2.2 Description of data sets analysed in this study
The data sets used in this study are listed in Table 2. They are described in detail

in the sections below.
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Table 2. Data sets used in this study.

Code Source of data Dates Details
‘ Total number of deaths of
1 Stats SA 1990 t0 1996 | jnfants under 5 years of age

Total number of deaths of
) infants under 5 year of age

2 Stats SA 1697 to 2002

Underlying cause of death by

{CD-10 chapter

Total number of deaths of
infants under 1 year of age
by province

3 Population Register from DHA 1998 to 2006 yp
‘ Cause of death by
natural/non-natural cause

3.2.2.1 Data from Statistics South Africa

The first data set used in this study was a special request tabulation of de-identified
unit records produced by Statistics South Africa for registered deaths occurring
between 1997 and 2002 for which an exact date‘ of birth and date of death Was
recorded. This data set included deaths of both those individuals with a South
African ID number and those without an ID number. Data was presented in the
form of multiple tables containing deaths of infants and children who died under 5
years of age. Data was tabulated by age of death in months of 30.5 days, by sex,
and by underlying cause of death coded to ICD-10 chapter category (WHO 1992).

Stillbirths were not included in this data set.

The second data set used in this study was an additional tabulation prepared by

- the MRC from data acquired from Statistics South Africa for deaths occurring
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between 1990 and 1996. It also contai"ned deaths of those individuals with a .
registered South African ID number and those without an ID number where an
exact date of birth and date of death were recorded. It included total numbers of
deaths under 5 years of age tabulated by age of death in months of 30.5 days, but
contained no cause of death information. Stillbirths were not included in this data

setl.

3.2.2.2 Data from the Population Register of Department of Home Affairs

In order to obtain more up to date data for this study, a de-identified mortality data
set from the Department of Home Affairs containing deaths occurring between
1998 and 2006 was supplied by the MRC. This data set was the third data set used
in this study and was baéed on a computerised database maintained by the
Department of Home Affairs for the purposes of updating the South African
Population Register. This database contained registered deaths of only those
individua!s for whom the birth was registered wifh sufficient information for an ID
number to be issued, in addition to the death being registered with an ID number. It
does not include deaths of those individuals without a South Africa ID number.
From the Pqpulation Register database, the MRC produced a secondary de-
identified data set for use in this study. The data set supplied contained deaths of
infants and children who died before the age of 12 months tabulated by age of
death in weeks and by the province where the death was registered. In addition,
cause of death was separated into the two categories of natural and non-natural
deaths. Stillbirths were not included in this data set. Mortality data extracted from

the Population Register of the Department of Home Affairs was received by the
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MRC in terms of section 29 of the birth and deaths registration act of 1992, which
gives discretionary powers to the director general of Home Affairs. As a result the
Department of Home Affairs is under much less rigid constraints as far as making
population data available for scientific study than is the case for Statistics South
Africa. Furthermore, this data is availab!_e from the Department of Home Affairs just

two months after the deaths were registered.

3.3 Completeness of data sets

The completeness of death registration has an effect on both the Stats SA data
sets and the Population Register data set. The completeness of birth registrétion
and the assignment of South Africa ID numbers have an additional effect on the

Population Register data set.

3.3.1 Completéness of death registration

Completeness of death registration affects the quality of both the Stats SA data
sets and the Population Register data set. Registration of deaths in South Africa
has improved, particularly with the introduction of the new death notification forms
in 1998. South Africa has made extensive efforts to improve vital registration
(Bradshaw; et al. 1998; Bradshaw, ef al. 2004). The completeness of adult
registration in 1990 was estimated at 54%, increasing to 89% in 2000 (Dorrington,
et al. 2001). Completeness of death registration of infants and children remains a
limitation of the mortality data in this study because the completeness of

registration of these younger age groups is very poor and difficult to estimate
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(Dorrington, et al. 2001; Timaeus, ef al. 2002). One recent study in a rural area
outside of the city of Johannesburg showed that completeness of registration of

child deaths was increasing but was still currently below 30% (Kahn 2006).

3.3.2 Completeness of bi&h registration and assignment of ID number

The Population Register data set is a subset of the Stats SA data set containing
only those deaths where both the birth and the death are registered and linked by
an ID number. The completeness of birth régistration and the assignment of a
South Africa ID number affect the quality of the Population Register data set, in
addition to the completenéss of death registration. The completeness of birth
registration increased from less than 25% in 1998 to 72% in 2005 (Dobbie, et al.
2007). The age specific completeness of ID registration was investigated by
Laubscher and colleagues (2007). The study found that the percent completeness
of IDs for children under 1 year of age in 1998 was only 9%, but had increased to

36.2% by 2004.

In the Population Register data set deaths of infants under the age of 1 month are
grossly under reported. If a child is born alive but dies before the birth is registered,
the death is not registered on the Pdpulation Register (Dobbie, et al. 2007).
Furthermore, both a first name and a surname are required before a birth can be
registered. Therefore this age group of children is largely underrepresented in the

Population Register data set.
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3.4 Statistical methods

- This is an ecological population study based on routinely coliected vital events data
consisting of total numbers of deaths and cause of death information. A large part
of the work here is an exploratory examination of empirical data using graphical
techniques to describe trends in infant and child mortality. Where appropriate in
selected sections, statistical analysis was conducted. Total numbers of deaths and
| age specific mortality are examined on a national and provincial level. Causes of
death are examined by calculating the leading underlying causes among selected
age groups under 5 years of age on a national level. Causes of death are also

presented by age of death in months.

This study is based on numerator data only, describing trends rather than
attempting to calculate rateg. Although it would be ideal to be able to determine
infant mortality rates and ur;der 5 mortality rates, there is great uncertainty around
finding an -accurate denominator, or the population at risk. Questions regarding
completeness of birth registration and the inability of the latest national census,
and latest demographic and health survey to provide accurate data on births, make
the calculation of a denominator problematic. The issues around the determination
a reliable denominator are complex in themselves, and beyond the scope of this
study. This does not distract from the main issue of examining trends in mortality.
Births were estimated to be fairly stable from 1997 to 2005 at around 1.1 million
per annum (Moultrie and Timaeus 2003; Moultrie and Dorrington 2004; Mouiltrie
2006). It follows that variations among births are much less than variations among

deaths over the period studied here. Conversely, as shown in this study, mortality




is changing rapidly, so numerator data (death counts) is an appropriate prbxy for

mortality rates.

The entire data contained in the data sets acquired for this study were used in the
analysis and no form of sampling was required, therefore the study samples are
the populations of registered deaths represented by the recorded deaths contained

in the data sets described previously in section 3.2.2.

3.4.1 Correlations using the area of the peak

Correlations between the increasing peak in mortality at 2 to 3 months and the HIV
epidemic were made using an approximation of the excess deaths at 2 to 3
months. The total number of deaths was plotted by age of death in months for
1990 to 2002. Excess deaths were approximated by calculating the area bf the
peak at 2 to 3 months for each calendar year. The area of the peak at 2 to 3
months represents the excess deaths at the age of 2 to 3 months beyond the
approximate, classical exponentially decreasing curve of mortality (Figure 1). The
area of the peak was defined for each calendar year plotted as the polygonal

approximation at the scale of 1 month of age using the following formula:

(D(1)+0.5%(D(2)-D(1))*D(2)+0.5(D(3)-D(2))+D(3)+0.5*(D(4)-D(3))+D(4)+0.5*(D(5)-D(4))

-4*D{1y+{0.5*(D(1)-D(5))"4), where D(n) is the number of deaths at month n exaclly.

This formula gives a numerical value for the area of the peak at 2 to 3 months for

each calendar year which was then regressed against the proportion of AIDS sick
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in the population far the same calendar years. AIDS sick is defined as the number
of peaple living with AIDS defining conditions in & given calendar year estimated by
the ASSA2003 model, the AIDS and Demographic medel of the Actuarial Society

of Scuth Africa (ASSA 2003).

Calculating area of the Peak (AOP)
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Figure 1. Calculation of excess deaths at 2 to 3 months using the area of the peak [AGP).

3.4.2 Adjustments for combined registration effects in the Population
Register data

The Pepulation Register data set is affected by a combination of efficacy of birth
registration and ID number assignment, and the efficacy of death registration in

addition 1o efforis aimed at improving these processes, Changaes in registration
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completeness can make comparisons of death over time difficult, therefare it is
necessary to find a method to accommodate these changes. The results from this
study suggest that deaths due to non-natural {external} causes was flat or
decreasing slightly in infants and children under the age of 5 years from 1997 to
2006 as shown in the resulis section of this paper in Figure 7 and Figure 9.
Ancther independent study conducted by the National Injury Mortality Surveillance
aystem (NIMSS) (Matzopoulos 2004) found that the number of non-natural
{external) deaths in children under 1 year of age did not change in the Cape
Metropole region of the Waestern Cape from 2001 to 2004. The data in this study
was collected from  participating mortuaries and  the population is  fairly
representative of the Western Cape as a whale (Matzopoulos 2007}, Based on this
avidence and the results found in this study, it is a reasonable assumption that the
true rate of non-natural {external) deaths in South Africa is constant over the period
under sfudy and that the underlying force of morality of non-natural deaths is
constant over the pericd. Assuming also that the efficacy of registration of deaths
from natural causes and non-natural {external) causes is the same, the total
number of nan-natural deaths can be used as a reasonable adjustment factor for
potential unmeasured changes in natural deaths. The number of natural deaths
was adjusted by dividing the number of natural deaths at each month from Cto 11
months. by the total number of nan-natural deaths from 0 through 11 months for
the corresponding year and province, This then expresses the mortality data as the
risk of dying from natural causes relative ta that of dying from non-natural causes
in a given calendar year. This method was considered the best form of

standardisation or correction that could be applied with the data that was available.



3.4.3 Logistic regression analysis
Logistic medelling technigues were used to confirm changes in mortality seen over

time when pletting the ratio of natural deaths to non-natural deaths {Thompson

2007). Details of this analysis can be found in Appendix D.
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4 Results

The results section of this paper 15 presented in two parts Part one of the results
section presents the analysis of data from Statistice South Africa {Stats SA) for
deaths of infants ang children up to & years of age occurring from 1980 to 2002,
Trends in mortality and cause of death were analysed, and an associagtion with

increased mortality and the HIV epidemic was explorad.

In order to examine current trends in modality, data extracted from the Population
Register database maintained by the Depariment of Home Affairs was ussd to
allow analysis up to 2008, Part two of the resulte section presents the analysis of
this data set, exploring mortality trends in infants up to 1 yvear of age on a national
and a provincial level. The Population Registar data set was also examined as a
potential data source for use as a rapid morality surveillance tool to monitor trends
in infant morality and to measure any effects by HIW/AIDS interventions on nfant

morta ity from 19598 to 20086



Results Part 1

4.1  Mortality trends using Statistics South Africa data, 1990-2002

Part 1 of the results utihzed the data sets from Statistics South Africa (Stats SA) to
describe maortality trends of infants and children under age 5 from 1990 1o 2002,
Age distribution of deaths by age of death in months is explored. as well as trends
in cause of death. The association with increasas in mortality and the HIV epidemic

were also investigated.

4.1.1 Numbers of infant and child deaths, 1990-2002

The total number of registered deaths of infants under 1 year of age and children
aged from 1 to 4 years recorded by Statistics South Africa (Stats SA) from 1890 to
2002 is shown in Tablz 3 and Figure 2. In 1980 the number of infants in South
Africa dying before their 1st birthday was 15,844, The number increased steadily to
31,060 deaths in 1999, remained fairly flat through 2001, increasing to 36.476
deaths by 2002. Deaths of children aged 1 vear to 4 yedars was much lower but

increased steadily from 4490 in 1590 to 11,917 deaths in 2002,
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Table 3. Total number of deaths of infants under 1 year and children aged 1 to 4 years, 1990-

2002, Statistics South Africa data.

Age <1 year Age 1-4 years
1990 15844 adg0 |
1991 | 17384 5956
e 18346 4861
1993 17243 5015
1994 19784 1583 |
1995 21707 8420
100 22525 TILT
1997 25155 7322
1888 RRLCT 5047
1998 30051 9500
2000 30278 10251
2001 30544 11082
2002 35476 11917
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Figure 2. Total number of deaths of infants under 1 year and children aged 1 to 4 years,

Statistics South Africa data.
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4.1.2 Age distribution of deaths frem Statistics South Africa report, 1997-
2004

In order to put in perspective the results obtained in this study, the latest published
results on the age distribution of all-cause deaths by Statistics South Africa {Stats
54 are given here for comparison {Figure 3). The classic age specific pattern of
mortality due to a high HIV prevalence and high HWVAIDS mortality is evident with
an increasing peak in morality at its highest among the 25 to 34 year age groups
{Dorrington, ef af. 2001), Although it appears that during the same time period of
1997 to 2004, mortality in infants and children aged 0 to 4 years increased, the age
grouping makes it impossible to assess mortality patterns within this group at a

finer age detail.
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Figure 3. Age specific all causes mortality in South Africa, all ages, 1997-2004, Statistics
South Africa.

Courtousy of Statistics South Africa repot Moraiity and causes of death in Sowlh Africa,

2003 and 2004 Findings from death notification, 2005,
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In this study infant and child merality was examined at a finer age resclution than
is typically reported in the official reports on mortality statistics. Rather than age
groups ar age at death in years, deaths of infants and children are examined by

age at death in menths.

4.1.3 Age distribution in months of infant and child deaths, 1920-2002

The Stats SA data set (data set numiber 1) provided for this study was used here to
show the distribution of tetal deaths of infants and children who died between the
ages of 0 to 59 manths in 1897 to 2002 (Figure 4). Examination at this fine age
resolution revealed a striking mortality pattern not previously described. VWhen the
distribution of deaths is examined by age of death in manths, a very sharp locai
peak in mortality is evident. This peak, centring around the ages of 2 to 3 maonths,
increases in magnitude each year from 1997 to 2002, The numbers of deaths at 1
month are high, but no cther peak in mortality is evident through the age of 58
menths, or & years. In order to determine at what year the peak at 2 to 3 months
began to emerge, data set number twe. the Stats SA data set containing tetal
deaths from 1980 te 1996. was used. The total number of deaths by age of death
in months for the years 1990 to 2002 up to the age of 11 manths is shawn in Figure
4. Frem 1990 to 1993 there appears to be no peak in mortality at 2 ar 3 months. By
appreximately 1984, however, the peak in mortality at 2 to 3 months begins to

emerge, and increases steadily through 2002
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Figure 4. Age distribution of deaths of infants and children under 5 years, 1227-2002 (top) and

infants under 1 year, 1990-2002, Statistics South Africa data (bottom),
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To estimate the number of deaths contained in the peak at 2 to 3 months, a
polygonal approximation was calculated at the scale of 1 month of age for each
calendar year. The area of the peak at 2 to 3 months represents the excess deaths
at the age of 2 to 3 months beyond the approximate, classical exponentially
decreasing curve of mortality for each year (Figure 5). In 1930 the excess deaths
at 2 to 3 months contributed just 0.9% to post-neocnatal mortality {age 1 to 11
months). By 1894 it had contributed 3.4% and by 2002, 16% of death in the post-
neonatal period was due to the excess deaths at 2 to 3 months. Compared to all
deaths under 1 year. the excess deaths, or peak at 2 to 3 months contributes less
than 1% to total mortality due to the large number of deaths in the neonatal period
(birth to 28 days). However, the number of deaths in the age group of 2 to 3
months increased 16 fold from 1990 to 2002 and is a sharp local phehomenon.
Age specific mortality patterns of infants and children under 5 years of age were
similar for males and females {Figure B-1 in Appendix B) therefore the data were

combined throughout this study.
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Figure 5. Calculation of excess deaths at 2 to 3 months using the area of the peak (AOP).

4.1.4 Comparison of trends in cause of death among infants and children in
1997 and 2002

To determine which causes of death might be contributing to the 2 to 3 month
increasing peak in morality, trends in the leading underlying causes of death in
1897 were compared to those in 2002 Infants and children were grouped here by
aqge of death in years. Cause of death was recorded by Stats SA in data set one as
the single underlying cause of death by ICD-10 chapter category. Figure & shows
the comparison between the leading causes of death among infants and children

for 1997 and 2002.
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Durng the process of analysing this data it was discovered that an incorrect
algorithm had been used by Stats SA when causes of death were caded for infants
under the age of 1 year. The result is an under reporting of the correct cause of
deaths among infants under 1 year and an inflation of the numbers coded into
perinatal codes, especially the category called certair condilions originating in the
perinatal period. This errar is limited to infants under 1 year of age and has little, if
any, effect on other age groups. However, this error must be considered when
examining the leading causes of death in this age group. The coding error is

examined in detail in section 4.1.6 of the results section.

Infants aged under T year (0 to 11 months)

The cause of death category called cerfain conditions originating in the perinaltal
petiod was the leading cause of death in infants under 1 year of age in 18497 and in
2002 (Figure B). This category consists of such conditions as neonatal infections,
other perinatal infections, cot death and low birth weight. In 1887, 75% of the total
number of deaths in under ones. and 76.1% of the deaths in 2002, was due to

deaths from conditions within this cause of death categary.

The 2nd leading cause of death among infants under 1 year was deaths described
as symptoms, signs and abnonmal chinical and laboratory findings. not elsewhere
classificd. Deaths due to the category called cerfain infocfious and parasitic
discases moved up the ranking to the 3rd leading cause of death in 2002 from the
5th leading cause in 1997 This category includes tuberculosis. HIVIAIDS,
diarrhoeal diseases and malaria. Deaths due to diseases of biood and blood-

forrming organs and cortain disordors involving the fmmunée mechanisims also
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moved up In ranking from 7th in 1997 te Sth in 2002. This category contains
conditions such as immunodeficiencies and anaemias. The cause of death
category called extermal causes of marhidity and mortafity {or non-natural causes).
defined as all unintentional and intentional injunes were ranked ameong the leading
ten causes of death but did net increase in ranking. Deaths due to the category
called endocrine, nulritional and metabolic diseases and congenifal conditions also

didd not increase from 1997 to 2002,

Children aged 1 year (12 to 23 months)

The leading cause of death at 1 year of age in both 1987 and in 2002 was certain
infectious and parasitic diseases. This category accaunted for 35.7% of the total
deaths among this age group in 1397 and 38.8% in 2002, Deaths due to dizseases
of the respiratory sysfem increased fram a ranking of 5th in 1997 and 11.3% of the
total deaths tao 2nd in 2002 with 17.5% of the total deaths. This category contains
conditions such as influenza and pneurmcnia. Bloocd!immune diseases also
increased frem a ranking of 8th to 6th which is an increase from 2.0% to 4.8% of

the total number of deaths in this age group.

Children aged 2 years (24 to 35 months)

The leading cause of death in children aged 2 years in 1957 and in 2002 was
cartain infectious and parasitic diseases. The proportions increased from 26.8% to
34.7%. The category. diseases of the respirafory system increased from the 4th to
the 2nd leading cause of death among children aged 24 to 35 months of age by

2002, Blood/immune diseases increased from a ranking of ath to 6th in this age

group.
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Chifdren age 3 years {36 to 47 months) and 4 years (48 to 59 months)

Deaths due to certain infectious and parasitic diseases increased from the second.
to the leading cause of death in children aged 3 years with proportions mncreasing
from 18.5% in 189597 to 30.1% in 2002. Deaths due to diseases of the respiratory
system increasad from 2.7% to 16.2%, and blood/immiune diseases increased from

2% 10 4.2% in this age group.

Among children ages 4 years of age, the patterns and levels of deaths due to
cerlain infectious and parasific diseases, diseases of the respiratory system, and
diseases of blood and blood-formmng organs and cerfain disarders mvaiving the

e mechamsms were similar to those of children aged 3 years.

External causes and trends

External causes of morbidity and motality {or non-natural causes). contribute a
large proportion to the total number of deaths in children cspacially at ages over 11
months, External causes include accidental injuries, homicides, automobile
accidents, deaths from burns and other accidental or intentional deaths. Among
children in 1987 at age 3 years, external causes contributed 34 8%, and 37 1% to
the 4 year age group. The category. external causes was the leading cause of
death in 1987 for both age groups. By 2002 external causes was the 2nd leading
cause of death (replaced by infectious/parasitic) in both age groups and the
proportions had decreased, But this relative decrease was mare than likely a result

of the increase in other causas.

4



Owerall, deaths due fo three cause of death categories increased from 1997 to

2002 in every age group examined. These categories were:

o certam infectious and parasitic diseases

o diseases of the respiratory system

s diseases of blood and blood-forming organs and certain disorders involving

e immune mechanisms

The three cause of death categories listed above ranked among the leading ten
causes of death in every age group under 5 years of age, These three categories

also increased from 1837 to 2002,

It must be noted that the ranking of causes of death should he interpreted with
caution and in combination with other evidence. Ranking is dependent upan the
aggregation used. For example death due to Streptococcal septicaemia would rank
much lower than the category, cerfain infectious and parasitic diseases.
Neverheless, ranking cause of death is a valuable tool for describing a maortality

profile and comparison bhetween different time perieds and ages.
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Figure 6. Leading causes of death of infants and children under 5 ycars in 1997 and in 2002, Statistics South Africa data.

81



4.1.5 Trends in the causes of death among infants and children from 1987 to
2002

In the previous section, trends in the leading causes of death in infants and
children were compared between 1957 and 2002, In this section ifrends were
examined throughout the perod between 1997 to 2002 This is graphically

represented in Figure 7.

Total numbers of deaths are shown on a log scale where an equal propertional
change translates to an equal separation between the lines in the graphs. As
described previously, deaths among infants under 1 year are dominated by the
IC0-10 cause of death category called centain condifions onginalion in the perinatal
perod. The number of deaths in this category increased from 19,606 deaths n
1897 to 27.754 deaths in 2002, Howovear, the number of deaths from ecaram
infectious and parasitic diseases more than doubled in this age group, from 714
deaths in 1997 to 1658 in 2002, Deaths due to the category called disgases of
bload and blood-forming organs and ceriain disorders involving the numung
rmechanisms also increased during this time period from 381 to 1087, Deaths from
diseases of the respirafory systom increased slightly. while deaths from endoctine.
rititrttional and metabolic discascs and congenital conditions remained stable
during the time period. The number of deaths due to extermal causes of morbicity
and morfality {or non-natural causes) decreased from a total of 984 in 1997 to G4

in 2002 among infants under 1 year of age.

Among children aged 1 year (12 to 23 months) deaths due to cerlam infectious and

parasilic diseases contributed the largest numbers, increasing from 14871 deaths in



1897 to 2403 deaths in 2002, Deaths due to discases of the respiratory system
also increased from 470 deaths to 1086, Deaths from blood/immune diseases
increased from 69 deaths in 1997 to 289 in 2002 Deaths due to endocring
conditions increased slightly during the time period and deaths from external
causes decreased, Trends among children aged 2 years (24 to 35 months) were
similar to those at aged 1. Total numbers of deaths were much lower in children
aged 2 and 4 years and interpretation becomes more difficult. Nonetheless, the
trends are similar, with deaths increasing due to the three cause of death
categories highlighted previously: cerfain infectious and parasitic diseases.
diseases of the respiratory system, and diseases of biood and blood-forming
argans and certain disorders involving the immune mechanisms. Deaths due 1o
external causes were flat during the time period among children aged 3 and 4

years.

The fact that deaths increased in every age group examined due to the three
disease categories. cerfain infectous and parasific diseases, diseases of fhe
respiratory system. and diseases of blocd and blood-forming organs and cerain
disarders involving the immune mechanisms between 1997 and 2002 is quite an
important observation. Each of these three cause of death categories includes
specific causes that are considered AIDS -related conditions (Greenewald, ef af.
2005). Cause of death data in South Africa is plagued by the misclassification of
HIV/AIDS deaths. This is due in part by the associated stigma surrounding the
disease. Deaths due to HNV/AIDS are also misclassified because the opporfunistic
condition that is typically the final cause of death is very often recorded rather than

the underdving cause of death, HIWVAIDS. An increase in the cause of death
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categones mentioned above suggests an increase in deaths due to HIV/AIDS
because they each include specific causes considered to be AlDS-related. Similar
findings were reported in a recent report on mortality in the Western Cape, where
cause of death categortes that included specific AlDS-related conditions increased
from 1997 to 2002, while causes that did not include those conditions did not

increase over the period {Brody. &f al. 2007).
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4.1.6 Causes by age of death in months

Selected leading causes of death of infants and children were then investigated at
the fine age resclution of age of death in menths (Figures 8a, b and ¢}. This lavel of
age detail for population data in South Africa has not been published befors this
study. and would net be pessible without the data sets acquired for this study. At
the age resolution of 1 month and the disaggregation of data by ICD-10 cause of
death chapter category, an antefact at 12 months of age was revealed, This
artefact of miscoding of cause of death by Statistics South Africa (Stats SA) is the

second major finding in this study.

A discontinuity in the data consisting of an unnaturally sharp increase at the age of
12 months became evident when deaths due to diseases of the respirafory system.
and deaths due to cerfain infectious and parasitic disenses were plotted (Figure
8a). The graph of endocring, milrtional and meatabolic diseases and congenital
conditions showed a slight discontinuity at 12 months (Figure 8a). A slight
discontinuity at 12 months can also be seen in graphs of diseases of fhe digesfive
systern, in dissases of he circilatory system, and in the category of symplons,
signs and abnormal cfinical and inboratory findings. not elsewhere classified. or
unclasgsified conditions (Figure &b). However, the numbers in these categories are
very low. The artefact does not exist in the graph of diseases of blood and blood-
forming organs and cerain disorders involving the imrnune mechamnsms (Figure
8c). This arlefact is also not seen in the graph of external causes (Figure 8c¢).
When deaths due to cerdain condilions orginating in the perinatal period was
plotted the artefact at 12 months consisting of a sharp decrease, rather than

increase at 12 months, and this is where the problem lies {(Figure 8c). Discussions
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with Stats 5S4 revealed that underlying causes of death were preferentially given
parinatal codes iIf the death occurred bafare an infant’s first birthday, and that these
codes were not restricted to causes aomgmating i the first week of lfe in
accordance with the |CD defimtions. This coding practice has resulted in a
substantial inflation of perinatal conditions and a corresponding  under
representation of the actual underlying causes of death for infants who died prior to
12 months of age. This makes a literal acceptance of the numbers of deaths in any
cause category erronsous for infants under 12 months. In spite of the mcorrect
coding practice, some causes of death appear to be correctly coded. leading to
non-zero (but highly under reported) numbers i the other cause of death

categories for infants undear 12 months.

Another imperant finding was revealed when cause of death categories were
plotted at the age resolution of 1 month, The increasing peak in morality at 2 to 3
manths which was cbserved previously in all-cause morality (Figure 4) was
replicated in some cause of death categorias and not in others. Of the three cause
of death categories shown to increase from 1997 te 2000 in infants and children
under 5 years of age in this study, cerdain irfectious and parasitic diseases (Figure
8a) and diseases of blood and blood-farming organs and certain disorders
involving the fmmune mechanisms (Figure 8c), showed a clear peak in morality at
2 to 3 months. Diseases of the respiratory systern showed a small peak at 2to 3
maonths (Figure 8a). In addition, endocane, nutrtional and metabolic diseases and

congerital conditions showed a small peak (Figure 8a).
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For reasens of further analysis of the increasing peak at 2 to 3 months, and 1o
confirm that the numbers of non-natural {external) deaths did not vary from year o
year, deaths due to all nen-natural causes, and deaths due to all natural causes
were plotted for infants up to 1 year by age in months for 1998 to 2002 (Figure 9).
Poisson Confidence intervals were calculated for each point. The annual data
revealed a lack of temporal coherence for non-natural deaths, and also, a peak
which may be perceived by eye, is well within Poisson noise. Poisson Confidence
intervals calculated for deaths due to natural causes shows that the emerging peak

in deaths due to natural causes is unlikely due o chance during the period under

study.
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children under 5 years, 1997-2002, Statistics South Africa data,



4.1.7 The association between the increased mortality in infants and the
prevalence of AIDS sick, 1980-2002

As mentioned previously. HIV/AIDS as a cause of death is largely under reported
in South Africa. The result is a vast majonty of deaths due to HW/AIDS are
recorded as deaths due fo other causes In order to explore an association
between the increase in all-cause morality of infants at 2 to 2 months and the
HIVIAIDS epidemic, the excess deaths at the age of 2 to 3 months beyond the
approximate, classical exponentially decreasing curve of mortality was estimated
and compared to the proportion of AIDS sick in the population. The proportion of
AlDS sick in the population is an estimate of the prevalence of people who are
living with AIDS defining conditions in a given year derived from the ASSAZ2003
AlDS and demographic model. The estimation of the excess deaths at 2 to 3
maonths was determined by calculating the area of the peak at 2 to 3 months for
cach calendar year fromy 1990 to 2002 {Figure 5). The value for the area of the
peak for each calendar year was then regressed against the proportion of AIDS
sick in the population for those same years (Figure 10). A strong association was
shown (R” = 01.9923) between the excess number of all-cause deaths at the age of

2 to 3 months and the proportion of AIDS sick in the population,

Causes of death categories were then separated into two groups and each was
regressed against the estimated AIDS sick in the population. The first group. called
"AllDs-related”, contained those deaths coded to cause of death categories that
were likely to contain deaths related to HIWV/AIDS, The second group called the
“Non AlDS-related” group, contained those categories that were not likely to
centain deaths related to HIV/AIDS. The cause of death categaries in each group

are shown in Table 4.




Table 4. “AlDS-related” and “Nan AIDS-related” causes of death.
Causes n thiz table are ICD-0 chapter categories.

“Al0S-related” causes “MNan AID S-related” causes
infecrtioLs/parasiiic neoplasms
blacdfimmune sxternal causes {nom-naturall
aqdacrefnutriiznalimetabalic . congenital
crnulatary genitaurinary
respiratory K
digestive mUsClL lofcenective
perinatal conditions mental .
aonzlassified R ETRINES

ear

The total number of deaths in the "AlDS-related” group was plotted by age of death
by month for 1997 to 2002, This was also carried out for the *Non AlDS-related”
group (data not shown). The estimation of the excess deaths at 2 to 3 months for
each group was created by calculating the area of the peak at 2 to 3 months for
each calendar year from 1880 to 2002, The values for the excess deaths at Z lo 3
months of the "AlDS-related” group for 1897 to 2002 were regressed against the
proportion of AIDS sick in the population for those same years (Figure 11) The
values for the excess deaths at 2 to 3 months of the "Non AlDS-related” group

were also regressed against the proportion of AIDS sick in the population,



A very strong corrélation was found between the excess deaths at 2 to 3 months in
the "AlDS-related” graup and the proportion of AIDS sick iy for 1987 to 2002 {R:} =
0.9774). No correlation was found betwean the "Non AlDS-related” group and the
proportion of AlDS sick (R = 0.2527), Carrelations were fitted to the polynomial
model which was found to be the best fit. In addition to the high correlations, it
should be noted that the correlations were not constrained to go through the erigin,
However, both the correlations between the all-cause peak versus AIDS sick, and
the “AlDS-related” peak versus AIDS sick pass very close to the origin, within the

expected error of the data._This infers that when there is no AIDS, there is no peak

in mariality.
Excess deaths in all-cause peak ve AIDS sick
1990 to 2002 Stats SA data R
R? = D0.9022
500 2002
2001

3500

Excess deaths at 2-3 manths

a LH 02 C.3 [HE) 0.5 o6 oz 0.8
AlDS sick (% of populatian)

Figure 10. Carrelation between the excess deaths in the all-cause peak and proportian of
AIDS sick in the population, 1920 to 2002,
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This study has shown that the increasing mortality in infants and children is
characterised by the emergence of an all-cause peak in morality at 2 to 3 months
which was shown to increase from 1290 to 2002, Despite the finding here of &
major coding error in cause of death data for infants under 1 year, examination of
cause of death data revealed that the increase in moralty is likely due to the
HIWV/AIDS epidemic. Thiss strongly supported by the fact that the all-cause paak in
mortality highly correlates with the HW/AIDS epidemic. This makes the all-cause
peak a potentially valuable and useful surveilllance tool to monitor infant maortality.
However, using this peak in conjunction with the data from Statistics South Africa
(Stats 54} will not work for rapid surveillance, as this data is not up to date. in part
2 of the results, the more up to date data set from the Population Register of the
Department of Home Affairs was examined as a polential data source for rapid
mortality surveillance to measure current trends in infant and child mortality. This

data source was also used to extend this study beyond 2002 to more recent years,
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Results Part 2

4.2  Mortality trends using the Population Register data, 1998-2006

In the midst of an HIV/AIDS pandemic it is necessary to extend the results
cbtained sc far in this study beyond 2002 te more recent years, T date, the only
current data available is the population data extracted from the Population Register
of the Department of Home Affairs. However this data set. while up to date and
available at just a two month delay, has its own set of biases and limitations which
will be considered in the following sections. In addition, the Population Register
data set will be examined as a potential rapid surveillance source for measuring
current trends in infant morality during a pericd of high HIV prevalence and any

effects HIWVIAIDS interventions may have on infant mortality in the population.

The Population Register data set provided for this study covers 1998 to 2006 and
was provided by age at death in weeks. Causes of death were separated by
natural and non-natural causes. The data was also provided by province, a
variable not available in the Statistics South Africa {Stats SA) data sets. The total
number of registered deaths recorded in the Population Register data set are
shown in Table 5 and Figure 12, The total number of infants who died under 1
year of age recorded in this database was 2489 in 1998 Recorded deaths

increased steadily to 19,748 in 2006

T
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Table 5. Total number of deaths of infants under 1 year, Population Register data

number of deaths

Figure 12. Total number of deaths of infants under 1 year, 1998-2006, Population Register

data.
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4.2.1 Age distribution in months of infant deaths, 1998-2006

The age distribution of deaths in months for infants under 12 months from the
Fopulation Register data set is comparcd graphically to the data contained in the
Stats 5A data scts (Figure 13). The increasing all-cause peak in mortality in infants
which was cbserved in the Stats SA data is roplicated clearly in the Population
Register data. The peak in the Population Register data is centred more around
three menths, rather than encompassing 2 and 3 months as in the Stats SA data
due ta the different methods used to caleulale months. Because of the difficulty in
obtaining the data for this study and the fact that the data was not available by age
of death in days, Stats SA data was provided by age of death in menths which had
been calculated as 1 month corresponding to an average of 30.5 days. Populalion
Reqgister data was provided by age of deatn in wecks. To calculate age of death in
muaonths fraom the Population Register data required using & 28 day month, or a 4
week period for 1 maonth. Therofore when cemparing the twe data sources, the
increasing peak in mortality is spread over 2 and 3 months in data from Stats S5A
In order to define the exact shape of the peak without the artefact introduced using
the different discreet time periods for months, a special tabulation of the national
data for the year 2005 was propared by the MRC from Population Registoer
database from the DHA where age of death was given in days. This data is plotted
in Figure 14 and the peak is confirmed with its highest point at approximately 20

days, or 3 months.

Although the peak is replicated in the Population Register data set and this data
set may be suitable for rapid surveillance. it has some dcficiencics. Deaths of

infants under the age of 1 manth arc very poorly recorded in the Pepulation



Register, making this data unreliable for this age group (Dobbie, of al 2007}
Furthermore, the Population Register data set contains fewer deaths per year than
the data sets provided by Stals SA. The Stats SA data contains deaths of
individuals with a South Africa I} number and those individuals without an 1D, An
individual must have an |D to be included on the Fopulation Register data set.
Improvements in birth registration and the assignment of ID numbers, in addition to
improvements in death registration have an effect on the Population Register data
set. The combined improvements in registration efficacy are evident when
comparing the two data sources. The total number of deaths recorded in the
FPopulation Register was 8% of those deaths recorded by Stats SA in 1598,

nereasing 1o 23 2% in 2002,
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Figure 13. Age distribution of deaths of infants under 1 year, Population Register data {top)
and age distribution of deaths of infants under 1 year, Statistics South Africa data (bottom),
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4.2.2 Age distribution in months of infant deaths by province, 1958-2006

The Population Register dafa set was provided by natural and non-natural
{external) causes of death, and by province, Deaths due to natural causes are
plotted for each pravince by death by age in months in Figures 15 a, b and c. A
map of the provinces in South Africa 15 provided in Figure C-1 of Appendix C.
Although the number of deaths in the VWestern Cape and the Northern Cape are
much lower than in other provinces, all provinces show an increase in mortality
around 3 months of age which is consistent with the national data from Statistics
South Africa. All provinces show an increase around 3 months of age during the
period of 1988 to 2006, although the morality patterns vary slightly between

provinces,

In most pravinces the peak in mortality at 3 months in not visible in 1998 but may
be visible in 1998 In the Free State Province a peak is evident in 1888. In
Gauteng, KwaZulu-Natal and the North West Province there is a suggestion of tha
very heginning of a peak in 1988. By 1899 there is a sharp increase in deaths at
age 3 months in the Free State, Guateng, KwaZulu-Natal and the North West
Province. In the Fastern Cape, a peak is suggested by 1589 and evident at 2000,
In Mpumalanga the peak may begin in 1859 or 2000 In the Western Cape a peak
there may be an increase in mortality by 1989 or 2000 but there is a prominent
peak by 2001, After the emergence of the peak, monality increases every year up
to 2008 in the Eastern Cape. the Notthern Cape, KwaZulu-Natal and in the
Limpopao Province. The increase appears to have slowed down after 2005 in the

Free State, Gauteng, the Northwest Province and in Mpumalanga.



Natural deaths for South Africa as a whole are plotted in Figure 15d showing an

increase over fime around 3 months of age during the period of 19498 to 2006,

The interpretations here must be viewed with caution as the numbers of deaths are
low in many provinces, especially during the earlier years. Furthermore, as the
Population Register data are affected by changes in beth bith and death
registration, it is not possible to separate owt what proportion of the increases in
mortality seen in this data set are due 1o real increases in mortality or increases in
birth ar death registration. However, it is very promising 1o note that the age
specific pattern of mortality and the peak at 3 months is replicated down to the

provincial level
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Figure 15a. Age distribution of natural deaths in the Western Cape, Eastern Cape and
Morthern Cape, 1938-2006, Population Register data.
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Figure 15d. Age distribution of natural deaths in South Africa, 1988-2006, Population
Register data.

In an attermpt to adjust for the changes in birth and death registration affecting the
Fopulation Register data, an adjustment factor was introduced. As this study (see
Figure 7) and others have suggested, deaths due to non-natural {external) causes
in South Africa have remained fairly flat from 1997 to 2006, Therefore. the number
of natural deaths at each month for infants from 0 to 11 months was divided by the
total number of non-natural deathé from age O to 11 months for the corresponding
year and province. These death ratios are plotted in Figures 16a, b and c. What is
evident in all provinces is that after the adjustment using the death ratios, the

mortality patterns, including the 3 menth peak, are still robust.

The mortality pattern in the Western Cape is different from all other provinces. It
appears that mortality at 3 months in the Western Cape turmed around after 2003,

decreasing to the point where levels i 2006 were below 1998 levels. If should be

Fil:



noted here that the HIV prevalence in the Westermn Cape is lower and has always
been lower than in other provinces. In contrast. mortality at 3 months increased
steadily each year from 18498 to 2006 in the Free State. No turnaround in martality
levels was observed. Other provinces appear to show promising signs of a
turnaround or stow down in mortality. in Mpumalanga deaths around 3 months
increased from 1998 up to 2004 Thereafter, in 2005 and 2006, levels remained at
2004 levels, In Limpopo the turnaround appears to be in 2005 with 2006 levels
remaining at 2005 levels. In the Eastern Cape, Kwaulu-Natal, the North West
province and in Gauteng the peak in martality at 3 manths appears to have
decreased to 2003 levels. However. each of these provinces shows a slightly
different pattern of turnaround. In the Fastern Cape the peak increased from 1988
ta 2005, only turmning around in 2006. In Kwalulu Natal the increase in mortality at
3 months appcars to have slowed in 2004 and 2005, turning around in 2006. In the
North West province this slow down appears to have begun in 2003, while in

Gauteng the turnaround may have occurred in 2004,

MNatural deaths for South Africa as a whole. adjusted for registration effects by
using the ratic of natural deaths to non-natural deaths are plotted in Figure 164d.
On a national level, it appears that morality at 3 months may have begun to turn

after 2003, and that the HIV epidemic may be slowing.
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Figure 16a. Death ratios in the Western Cape, Eastern Cape and Northern Cape, 12588-2006,
Population Register data.

Thne deatn ratio in the number of natural deaths at a spec fic menth divided by the toal nor-natural
deaths at ages 0-11 morths for the same year.
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Figure 16b. Death ratios in the Free State, KwaZulu-Natal and the North West, 1998-2006,
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The death ratio in the number of natural deaths at a specific month divided by the total non-natural
deaths at ages 0-11 months for the =ame year.
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Figure 16¢. Death ratios in Gauteng, Mpumalanga and Limpopo, 1938-2008, Population
Register data.

Tne deatn ratio in the tumber of natural deaths at a specitic monta divided by the tolal non-1atura,
deaths at ages 0-1° montns far the same year
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Figure 16d. Death ratms in Snuth Afrll:a 1988- EUDE Population Reglster data.
The death raticin the number of natural deaths at a specific menth divided by the total non- natural
daeaths at ages 0-11 menths far the same year,

Logistic modelling technigues were used to confirm the decrease in mortality seen
over time when pln;rtting the ratio of natural deaths to nan-natL-JraF deaths
(Thompson 20073, These results are shown in Appendix D Age at death was
grouped into & categories: 0 to 1 month; 2 to 4 months; 5 to 7 months; 8 to 10
manths; 11 1o 12 months.  In the Western Cape the nsk in death at all ages
(re'iative to non-natural deaths) dropped from 2003 to 2004, and dropped from
2004 to 2005 (Figure D-1 in Appendix D). The drop in both years was statistically
significant at most age groups. At the 2 to 4 month age group the ratio from 2004

compared to 2003 was 0.71 {p-vaiue = 0.08, ailthough the confidence interval

included 1} and for 2005 compared to 2004 the ratio was 0.67 (p-vatus = 0.01}).

A logistic model was fitted to the data in the Population Register data set, ignoring

age at death. This estimates the odds of 2 natural death {relative to a non-naturai
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death), see Figure D-2 in Appendix D. The odds ratio far 2004 compared to 2003
was 0.7 with confidence intervals of 0.48 and 1.04 (p-valug = 0.09} and for 2005
compared to 2004 the odds ratio was 0.60 (p-value = 0.001). Both regression
methods did not show a drop when 2005 was compared to 2006. In addition, no
drop was shown during the earlier years. Both regression modelling technigues
were applied to the data for the Gauteng province and no drop was shown in any

year at any age (Figure D-3 and D-4 in Appendix L)
These results support the observation that in the Western Cape. the increasing

mortality in infants around the age of 90 days began to turn around in 2004 In

Gauteng no turnaround was seen in the years from 19498 to 2006
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5 Discussion

Here for the first time, a critical analysis of national vital events data examined
trends in infant and child mortality at a finer age resolution than has been
previously reported. This study utilized unpublished data from Statistics South

Africa (Stats SA) and data extracted from the Population Register database

maintained by the Department of Home Affairs. Several new and unique findings

with respect to infant and child mortality in South Africa were revealed in the

course of this study.

The first and most striking new finding was the discovery of an age specific peak in
mortality centred at 3 months of age that increased over the time of the study. This
is a new demographic phenomenon that has never been published before. The
second finding was a major coding error in the coding of underlying cause of death
of infants dying before the age of 1 year in the data recorded by Stats SA.
However, despite the miscoding of cause of death in infants under one year of age,
a third key finding was that thié study was able to show that the peak in mortaﬁty at

3 months was sfrongiy correlatgad with measures of the HIV/AIDS epidemic. Correct
coding of cause of death waf:s'not required to show this correlation. The fourth
finding in this study was that this all-cause peak, in conjunction with current
Population Register data, wa;; shown to be an effective ahd ‘rapid surveillance
method to measure infant mortality and the effects HIV/AIDS interventions have on

infant mortality both nationally and on a provincial level.
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5.1 Caoses of death of infants and children - a coding error

One new finding in this study was the incorrect coding procedures used when
Statistics South Africa (Stats SA) coded the underlying cause of death of infants
who died under 1 year of age. This was clearly obvious when the leading causes of
death of infants and children under 5 years were plotted separately by age of death
in months, revealing a considerable discontinuity at the age of 12 months. The
error was the result of Stats SA preferentially giving perinatal cause of death codes
to infants who died before 1 year of age rather than restricting perinatal codes to
couses of death originating in the first week of life in accordance with the ICD
definitions. The result is an inflation of perinatal causes and an under reporting of
the true cause of death in infants under 1 year, and care must be taken when
examining cause of death of infants under 1 in this data. As a result of this finding,
Statistics South Africa has agreed to change this practice from the next prooessing
phase covering 2006 deaths. In addition to the coding error in infants, it has been
- well established that. HIVIA!DS deaths are-vastly under reported in South Africa
and often mioclassiﬁed to other causes. }Des'pite the numerous problems with
misclassification of HIV/AIDS deaths and miscoding of deaths of infants under 1
yéar, this study was able to show that the mortality pattern of infants under 1 year,
consisting of an increasing oeak in mortality centred at 90 days of age, is
- consistent with the massive HIV epidemic occurring in South Africa. ‘Furthermore,
fhis study has shown that the iIeading causes,of death in infants under 1 year is
consistent with being largely diue to HIV/AIDS. This result is in line with current
étudies of leading causes of cjeath in children in South Africa (Bradshaw, ef al.

2003b; Krug and Pattinson 2005).
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In light of the coding error in infants under 1 year and the considerable
misclassification of HIV/AIDS deaths coupled with the extremely high prevalence
rates of HIV infection ink this country, it is imperative that a technique be developed
to monitor paediatric AIDS in the populatidn without the need for accurate caﬁse of
- death information. A surveillance method, which does not rely on an accurate
recording of underlying cause of deafh, is developed here in the following section.
This method utilizes an all-cause indicator, the peak in infant mortality at 90 days,
similar to the young adult peak used to monitor the HIV/AIDS epidemic in adults

(see Figure 3).

5.2 Age specific peak in mortality — and HIV/AIDS

This study examined all-cause mortality data at a fine age resolution and found a
new age specific pattern of mortality among infants under 1 year of age. This
w.pattern -consists of a peak in mortality centred at an- age of .death .of 90 days,
emerging approxumateiy in 1994 and steadily increasing through 2003 on a

national level. This is a new demographic phenomenon, revealed because South

Africa is one of very few countries with a high HIV prevalence in addition to.

statistics on population mortality of relatively high‘quality. This peak in mortality at
90 days has not been shown}expticitly_ before, although Newell and colleagues
reported that the cumulative prpbability of dying from birth‘ to 2.5 years éhowed a
. sharp rise at an age of approxirg'\ateiy 90 days (Newell, ef al. 2004). A recalculation
of this cohort data into age spe{eciﬁc mortality rates gives a correspdnding peak‘ in

mortality at approximately 90 déys (data not shown).

87




=

This study showéd that the leading causes of ‘déath ’of infants under 1 year and
children under 5 years of age during the period under study were causes reléted to
HIV/AIDS. This study also showed that the excess deaths represented by the area
of the peak in mortality at 90 days strongly correlated with the prevalence of AIDS
sick in the population. In addition, the polynomial model which was found to be the
best fit when the all-cause peak was regressed againsti the prevalence of AIDS
sick in the population passed very close to the origin. This implies that when there
is no AIDS sick in the population, there is no peak in mortality at 90 days.
Conversely, the “non AIDS-related” causes at the same agé showed no correlation

with the prevalence of AIDS sick in the population.

5.3 Clinical mechanisms for the peak in mortality

This study has thus far shown an empirical relationship between HIV/AIDS and the

- .peak in mortality in. infants at .age 90 days. A number -of clinical studies. on the

immunological status of both mother and infant support this relationship.

A healthy mother provides maternal immunity to her infant through placental
transfer and through breast milk. At approximately 3 months after birth an infant's
maternally acquired immunity naturally begins to decline while the infants own
immunity, which begins devélopment in the womb, is still very immature

(Zinkernagel 2001). Studies hai)e shown that infants born to mothers who are HIV
|

positive receive deficient matémal immunity as a result of deficient placental .

transfer of maternal ahtibodiési or because an HIV positive mother may simply

have levels of antibodies too iow for sufﬁcient transfer (de Moraes-Pinto, ef al.
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1993; de Moraes-Pinto, et al.1996; Kuhn, ef al. 2005). Two studies suggest that an
HiV-induced deﬁciént maternal immune system fails to adequately support the
development of a competent immune system in infants (Choughnet, et al. 2000;
Clerici, ef al. 2000). In addition, one study showed an increase in mortality in
infants born to HIV positive mothers without vertical transmission lio the infant
(Graham and Gibb 2002). Infants at 3 months are naturally losing maternal
immunity and their own immunity is just beginning to develop. However, when an
infant is infected with HIV through vertical transmission or simply born to an HIV
positive mother, ihis age is a particularly vulnerable period. Further evidence for
immunological vulnerability leading to death from HIV/AIDS at an early age is
provided in studies of the bimodal expression of clinical symptoms due to AIDS in
children HIV infected infants in a study by Blanche and colieagues (1990)
presented with early and’severe disease with a poor rate of survival at 3 years,

while the majority of infants had less severe disease and a high probability of

.. surviving at -3 years. The earlier.group are thought to have become.infected inthe. . ... ... ... .

womb or during delivery, while the latter are thought to become infected through
breastfeeding (Spira, ef al.1999). However, the earlier group may also present
severe disease as a result of a deficient immune system causing rapid progression

to death due to HIV infection at this early age.

- The increase in mortality seené at 3 months in this study may be a result of the
particular immunological vulneriability at this young age and exposure to the HIV
virus. This peak in mortality Was shown here to be strongly correlated with ‘the
increase in AIDS sick in the p;)pulaﬁon. As interventions aimed at reducing HIV

prevalence in the population are implemented, the infection rate in the populaﬁon
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will begin to decline, including the infection’ rate in mothers. it follows tﬁen, that as
" infection rate in mothers decreases, fewer infants in the population will be exposed
to the virus and mortality at 3 months will decrease. This is evident when observing
infant mortality in the province of the Western Cape, where the HIV/AIDS
interventions of ART and PMTCT were successfu!ly smplemented early in the

epidemic and HIV prevalence was drastlcally reduced.

5.4 The Population Register as a data source for using the peak in
mortality as a surveillance tool

!n‘ this study a method for surveillance of paediatric AIDS as measured by an
increasing peak in mortality at 3 months of age has been presented that does not
depend upon accurate cause of death data. The data from Stats SA is several
years out of date and not suitable for rapid surveillance. The Population Register
database maintained by the Department of Home Affairs has the potential to be
.- used. for-rapid- surveillance. This-data can be accessed with just a-two month delay
and is the most current population based mortality data available. It is also
available by province. The data has some }Iimitations, however. The Population
Register data consists of | data on deaths of individuals where the birth was
registered with sufficient inforrﬁation for an ID number to be issued, and the death
was registered with an 1D ntjmbér recorded. South Africa has made extensive
efforts to improve vital registraftion‘ and efforts are showing success as registration
of both births and deaths is iri[1proving. The combination of improvements fo vital

registration substantially affects the number of deaths recorded on the Population

Register.
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- A form of standardisation was applied to the data in the Population registration
data set to adjust for the effects of increased registration. The choice of the ratio of
natural to non-natural deaths, denoted here as a death ratio, was based upon a

number of assumptions. First, deaths due to non-natural causes (external) were

shown to be fairly flat during the time period under study. It is a reasonable -

assumption that the underlying force of mortality of non-natural deaths is constant
over the peribd under study; no major disasters or wars took place during the
period. It is also reasonable to assume that the efficacies of registration of natural
and non-natural deaths are similar and also that‘ iﬁcreases in registration are
uniform across all ages from 0 to 1 year of age. It was also assumed that efficacies
of registration are similar throughout the provinces, although this may not be so.
Based on these assumptions, the total number of non-natural deaths was used as
an adjustment factor for poténtial unmeasured registration- chahges in natural

deaths recorded in the Population Register.

When the number of natural deaths at a specific age in months was divided by the
total non-natural deaths at ages 0-11 months for the same year and plottéd by age
of death in months, all provinces in South Africa showed a peak in mortality at 90
| days. Although there are slight differences in the patterns of mortality between
pro\rinces, it appears that in éeneml thé HIV/IAIDS epidemic is fuming in South
Africa. This is illustrated by thé decrease in the infant mortality peak centred at 90
days. The Western Cape shéwed the most dramatic. changes in mortality. The
peak increased from 1998 to 2003 then turned around in 2004, decreasing to 1998
Ievel_s by 2006. The Free State did npt show a turn around, with mortality at 90

days - increasing steadily from 1998 to 2006. In Gauteng it appears that the
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epidemic may be beginning to slow with 2004 and 2005 levels similar, but 2006
levels are higher than these years. In other provinces, and in South Africa as a
whole, the HIV epidemic appears to be tuming around or slowing around 2004 or

2005.

5.5 Monitoring HIV/AIDS interventions

The surveillance method presented here has shown that the HIV epidemic in the
kWestem Cape has been going through the most dramatic changes as reflected by
dramatic decreases in infant mortality. Of all provinces in South Africa the provision
of antiretroviral therapy (ART) and the implementation of drug regimens for the
prevention for mother to child transmission (PMTCT) programs began earliest in
the province of the Western Cape. The Western Cape Provincial Health

Department, in partnership with Médecins Sans Frontiéres (MSF), began a pilot

-programme offering ART in May of 2001 at three -community health. centres in-

Khayelitsha, a township near Cape Town (Coetzee, ef al. 2004). As late as April of
2004 the South African government, after a constitutional court rﬁandaté, began
rollout of the antiretroviral treatment program in public health facilities throughout
the country. PMTCT services in the Western Cape were first offered by the
Provinbial Health Department in 1999. By 2003 services were fully in place and
included dual therapy for both{mothers and their infants (Draper 2006). Roliout of
PMTCT services in publié heajpth facilities throughout the rest of the country have

been extremely slow. Uptake bf PMTCT services on a national scale is currently

estimated at only 14%
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Although HIV/AIDS intervenﬁons such as ART and PMTCT services héve not
reached other proVinces to the extent they have in the Western Cape, the slight
decreases in ‘mortality at 90 days seen in some provinces suggests that these
‘services éct&aﬂy are having some effect, or possibly the epidemic is reaching
natural stabilisation. Provinoes_ with high HIV prevalence such as KwaZulu-Natal
afe showing a promising decrease in mortality. It may be that one or more of the
interventions put in place to stem the tide of the epidemic is having a positive effect

on infant mortality.

5.5 Limitations

The major limitation in this study was the accessibility of the data. South Africa has
a wealth of existing, potentially available micro data, yet’fails to provide timely
analysis of this data in detail in its official publications. Data from Statistics South
--Africa -was only-available-through 2002. . Furthermore, as-with all vital registration. - -
data, these data are a slightly biased subset of the population. Data from Stats SA
contains only those deaths that were recorded on official death notifications and
contained an exact date of birth and date of death. This might exclude sections of
the population who died in rerﬁote rural areas and who might be less likely to have
the death officially recorded. Also, children living in remoté areas may be less likely
to have réceived. Sduth Africab ID numbers. Thése two facts could bias the data
sets so that the very poorest ;n thé population are under represented. This same

group might also have less adcess to health care. Therefore the sicker individuals

in the population might be under represented in the data sets anaiysed here. If this
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Were the case the extent of the epidemic and it's effect on infant mortality would be

~ under estimated in this study.

. The Population Register data set contains fewer deaths than the Stats SA data
sets, especially in eariier years. In addition, infants who died under the age of 1
: month\we’re not recorded on the Population Register data set and this section of
the population is grossly under reported as can be seen when compared to the
STATS SA data set (Figure 13). The lower numbers in the Population Register
data set, eSpeciaHy in earlier years makes estimatirig the year of the emergence of
the 3 month peak difficult. The emergence of the peak corresponds well with the
increase in HIV prevalence in South Africa when viewing the data from Statistics
South Africa. The peak begins to appear in around 1994 (Figure 13b) and HIV
prevalence in South Africa was beginningv to increase at the same time. When

viewing the emergence of the peak in the Population Register data set, the peak is

- not evident-until 1999 (Figure 13a). Therefore, due to-the lower-numbers recorded - - . ..

in earlier years and the increasing registration from 1898 to 2006, the Population

Register data set is less accurate at monitoring mortality at earlier years.

Other forms ef bias ‘that must be considered when viewing the results in this study
are the potentiel‘ biases in efﬁcacy of birth and death registration between
provinces and must be consid;ered wheh any comparisons be’tween‘ prbvinces are
made. In addition, the epiderj'nic is different in different provinces. HIV arrived
relatively late in the Western C,ape and the province has had a much lower the HIV
prevalence rate than other pfovinces }even before interventions began to take

effect.
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It should also be noted here that the method of adjustment for registration effects in
the Population Register is conservative when measuring a decline in rate.
Therefore the declines may be larger than observed. it follows that in the case of

rising rates over time, this adjustment could exaggerate the increases.

5.6 Requirements for a good surveillance system
This study has shown the ihcrease in mortality due to HIV/AIDS at 3 months can
be monitored in an extremely timely fashion by utilisihg the Population Register
data maintained by the Department of Home Affairs. The timeliness in surveillance
‘is described by Klauke and colleagues (1998) as one of the requirements for a
gdod surveillance system. The fact that the surveillance system described in this

paper does not require the development of additional data collection methods, and

- -relies -entirely-on- a data collection. system -that is already in-place, makes this ... ... . .-

surveillance method both simple and sustaihable, two major requirements for a
good surveillance system. Relying on a data system already in placé makes this
aspect of the method less flexible in that changes to data collection methods are
not very feasible. The system‘does show some flexibility in application as this
Surveiliance system could be qsed in other countries with a high HIV prevalence
and good vital events daté. B;Jtswana is a possibie example. The reliability and
utility required for a good surveillance system are at the centre of the conclusions
made in this study and are fevident in ‘the ability of the surveillance system
presented here to accurately identify an increasihg peak in mortality in infants and

show that the peak is due to the HIV epidemic. This, and the fact that no additional
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data collection methods need to be implemented, make this method for a rapid
surveillance tool for monitoring infant mortality in South Africa extremely valuable in

a time of high HIV prevalence and high infant mortality.




6 Conclusion

This study utilized routinely collected national vital events data to describe trends in
infant and child mortality from 1990 to 20086. Increases in mortality were found to
be characterized by an HIV/AIDS related.peak in mortality among infants — a new
demographic phenomenon. The association with the HIV/AIDS epidemic came
from a triangulation of analysis by fine age group showing a changing age pattemn,
the cause of death profiles, the strong‘correlation with the prevalence of AIDS sick
and the biological plausibility based on maternal and infant immune protection.

Despite probiems with the data in this analysis, including problems with coding of |
cause of death and changes in birth and death registration, a rapid method of

surveillance for infant mortality and the HIV/AIDS signature peak has been

presented here. This surveillance method has the advantage of not relying on~

accurate cause of death coding. By utilizing available vital events data this method
can be very current and show the effects of H!V/AIDS intervention methodé at a
provincial as well as a nationél level. Results from this rapid survei.llanoe method
can be very useful in informing policy on the health issues concerning South
Africa’s youngest and most vulnerable cit_izens in an environment of high HIV

prevalence.
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Figure A-1a. Notification of death form, page one.
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Figure A-3. Death Report.
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Appendix B Age distribution of deaths, males and females
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Figure B-1. Age distribution of deaths of male and females infants and children under § years,

1897-2002, Statistics South Africa data.
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Appendix C Map of provinces, South Africa

Figure C-1. Map of provinces in South Africa.
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| ~ Appendix D Logistic regression analysis

Logistic modelling techniques were used to confirm changes in mortality seen over
time when plotting the ratio of natural deaths to non-natural deaths. Techniques
used here were devised and the calculations by were performed by Thompson

(2007).

At each age of death in months, a significant reduction in the ratio from 1 calendar
year to another suggests a significant decrease in moftality at that age of death.
For natural deaths, age at death was grouped into 5 categories: 0-1 month; 2-4

months; 5-7 months; 8-10 months; 11-12 months.

Conditional on a child having died, a logistic multinomial model was fitted to the
probability of death, with unnatural death in each year as the reference category for
- that year, i.e. . | o , | , ‘
P(child dies natural death at age i | Year j)
P(child dies unnatural death| Year j)

Log(RR)= log( )= Bo; + Big-

Hence exp(ﬂw- — Byix) reflects the ratio of the risk of dying at age i in year j

(relative to an unnatural death in year j) to the risk of dying at age 7 in year k
(relative to an unnatural death in year k). Comparing these risks from year to year
allows one to track trends in the risk of death at that age (relative to unnatural

death) over time.

- A logistic model was also fitted to this data ignoring age at death which estimated
the odds of a natural death (relative to an un-natural death) from year to year.
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Table D-1. Multinomial logistic regression for Western Cape. .

(Thompson 2007).
Age at death Year RRR | SE | p-value| 95% Cl
0-1 month 1999 va 1998 91 .29 A7 (46,1.71)
2000 vs 1989 91 23 73 (.55,1.52)
2001 vs 2000 1.02 | .25 e (.62,1.68)
2002 vs 2001 1.08 | .25 .83 {.866,1.69)
2003 vs 2002 111 | .25 .64 (.71,1.74)
2004 vs 2003 063 | .14 .04 (.41,.97)
2005 vs 2004 066 | .13 .03 {.46,.97)
2006v8 20056 | 140 | 24 05 {1.00,1.96)
2-4 months 1960vs 1098 . | 1.44 | 45 25 (.78,2.66)
2000 vs 1999 .80 20 37 (.50,1.30)
2001 vs 2000 1.60 | .37 .05 (1.01,2.52)
2002 vs 2001 1.02 | .22 4 (.66,1.56)
2003 vs 2002 112 | .23 .59 (.74,1.69)
12004 vs 2003 NA 14 .08 (.48,1.04)
2005 vs 2004 .67 A1 .01 {.48,.93)
2008 vs 2005 .93 4 .62 (.69,1.25)
5-7 months 1899 vs 1998 119 | 40 .60 (.62,2.30)
2000vs 1989 | 0.85 | .25 .83 (.57,1.58)
2001 vs 2000 1.38 | .34 .19 (.85,2.23)
2002 vs 2001 1.23 | .28 .38 (.78,1.93)
2003 vs 2002 1.16 | .25 49 (.76,1.78)
2004 vs 2003 J7 .16 .21 (.52,1.15)
2005 vs 2004 .51 09 | <.0005 (.37,.73)
20086 vs 2005 1.04 | .17 83 (.75,1.42)
8-10 months 1900 vs 1008 2.33 | .96 04 {1.04,5.23)
2000 vs 1898 .91 .26 74 (.52,1.59)
|2001vs2000 | 146 | 39 | .15 | (.87,2.45)
2002 vs 2001 1.26 | .31 .34 (.78,2.03)
2003 vs 2002 1.03 | .23 .89 (.66,1.61)
2004 vs 2003 76 | .16 .20 (.50,1.16)
2005 vs 2004 55 .10 .002 (.38,.80)
2006 vs 2005 91 .16 82 (.64,1.30)
11-12months | 1999 vs 1908 | 2.43 | 1.38 A2 (.80,7.36)
2000 vs 1999 g3 27 .39 {.35,1.51)
2001 vs 2000 1.30 | .47 47 (.64,2.65)
2002 vs 2001 ! 1.64 | .52 A2 (.88,3.06)
2003 vs 2002 95 27 84 (.54,1.64)
2004 vs 2003 - 81 22 A3 {.48,1.37)
2005 vs 2004 B0 | .15 04 {.37,.87)
2006 vs 2005 .96 23 .85 (.60,1.52)
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Table D-2. Loglstic regression for Western Cape : R
All ages (0-11 months) of natural relative to all ages of unnatural death (Thompson 2007). Co

Year OR | SE | p-value | 95% Cl
1999 vs 1998 131 ] .38 | - .35 (.75,2.30)
2000 vs 1999 .87 | .20 .53 (.56,1.35)
2001 vs 2000 1.38 | .30 14 (.80,2.10)
2002 vs 2001 114 | .24 54 (.76,1.71)
2003 vs 2002 1.10 | .22 62 (.75,1.63)
2004 vs 2003 73 | .13 .09 (.51,1.05)
2005 vs 2004 60 | .08 .001 (45,81)
20086 vs 2005 1.02 | .14 B4 | (79,1.34)
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Table D-3. Muitinomial logistic regression for Gauteng.

(Thompson 2007).
Age at death Year RRR | SE | p-value | 95% Cl
0-1 month 1999 vs 1968 1.38 | 46 31 (.73,2.65)
2000 vs 1999 1.14 | .29 .61 (.69,1.86)
2001 vs 2000 .98 | .24 .93 (.61,1.58)
2002 vs 2001 1.09 | .25 72 {(.70,1.69)
2003 vs 2002 1.56 | .34 04 (1.02,2.38)
2004 vs 2003 87 .20 - .87 (.65,1.45)
2005 vs 2004 1.03 | .18 .88 (.73,1.45)
' 2006 vs 2005 | 1.35 | 22 07 (.98,1.86)
2-4 months 1999 vs 1998 2.01 | 60 02 (1.12,3.61)
' 2000 vs 1998 1.39 | .32 A5 (.89,2.18)
2001 vs 2000 144 | 31 .09 (.84,2.21)
2002 vs 2001 1.07 | 22 75 (.71,1.58)
2003 vs 2002 142 | .28 .08 (.96,2.09)
2004 vs 2003 86 | .17 A (.59,1.26)
2005 vs 2004 96 | .16 .80 (.69,1.33)
2006 vs 2005 1.15 | .18 .37 (.85,1.56)
5-7 months 1969 vs 1998 1.41 | 43 .25 (.78,2.57)
2000 vs 1999 1.39 | .33 .16 (.87,2.20)
2001 vs 2000 1.33 | .30 .20 (.86,2.07)
2002 vs 2001 1.09 | .23 .66 (.73,1.64)
2003 vs 2002 148 | 30| .05 (1.0,2.18)
2004 vs 2003 84 | .16 37 (.57,1.23)
2005 vs 2004 97 .16 .85 (.70,1.35)
2006 vs 2005 111 | .18 51 (.81,1.51)
8-10 months 1999 vs 1998 2.38 | 80 .01 (1.23,4.60)
2000 vs 1999 1.20 | .28 A4 (.75,1.94)
2001 vs 2000 1.36 | .31 .18 (.87,2.14)
2002 vs 2001 1.15 | .24 .50 (.76,1.74)
2003 vs 2002 141 | 29 .09 (.95,2.11)
2004 vs 2003 87 | .17 .50 (.59,1.29)
2005 vs 2004 80 | .15 .54 (.64,1.26)
_ 2006 vs 2005 111 | .18 .52 (.81,1.52)
11-12 months 1999 vs 1998 1.58 | .60 .23 (75,3.34)
2000 vs 1989 .92 | .26 16 (.52,1.60)
2001vs 2000 . | 1.73 | 46 .04 (1.02,2.91)
2002 vs 2001 1.19 | .28 .46 (.75,1.87)
2003vs 2002 | 1.19 | .27 43 (.77,1.85)
2004 vs 2003 82 | .18 35 (.53,1.250
2005vs 2004 & | 1.01 | .19 .94 (.70,1.47)
2006 vs 2005 1.12 | .20 .53 (.79,1.59)
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Table D-4. Logistic regression for Gauteng .

All ages (0-11 months) of natural relative to all ages of unnatural death (Thompson 2007).

Year OR | SE | p-value | 95% CIi
1999 vs 1908 1.74 | .48 .05 (1.01,3.00)
2000 vs 1999 120 | .28 .25 (.84,1.98)
2001 vs 2000 1.36 | .29 15 (.90,2.08)
2002 vs 2001 1.10 | .22 .64 (.75,1.62)
2003 vs 2002 143 | .28 07 (.98,2.09)
2004 vs 2003 .87 .16 .45 (.60,1.25)
- 2005 ve 2004 .86 .16 .81 (.70,1.32)
2006 vs 2005 1.16 | .18 .35 (.85,1.56)
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