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ABSTRACT

Introduction: To date, HIV and AIDS has claimed the lives of more than 34 million people
worldwide. Reports claim that HIV positive patients on antiretroviral therapy (ART) have
similar life expectancies to their HIV negative counterparts, but there is a lack of data
comparing causes of death between the two groups. This study aimed to describe the causes
of death, and more specifically HIV-associated deaths, as reported in a government public

tertiary hospital mortuary register.

Methods: A cross sectional study of adult deaths reported in the Helen Joseph Hospital
(HJH) mortuary register between 2014 and 2017 was performed. The recorded causes of
death during six winter and six summer months over the three year period are reported.
Causes of death were reported by HIV status (positive, negative and unknown) and CD4
count category (< 200 cells/ml, 200 - 500 cells/ml and > 500 cells/ml) within the 12 months
before death. A sub-analysis among HIV positive individuals known to have been on ART

was performed to examine factors associated with death from a respiratory illness.

Results: A total of 1766 adults (52% male; median age 53.2 years IQR 39.7 - 67.4; 43% HIV
positive) were included in the analysis. Overall, infections (n = 416, 23.5%) were the leading
cause of death followed by AIDS (n = 215, 14.2%). Similarly, among HIV positive
individuals infections (n = 194, 25.7%) and AIDS (n = 172, 22.8%) were the main causes of
death. Among HIV negative individuals, infections were the leading cause of death (n = 53,
21.3%), followed by malignancies (n = 31, 12.4%) and heart or vascular illnesses (n = 28,
11.2%). In those with an unknown HIV status, infections were the leading cause of death (n =
169, 22.8 %) followed by heart or vascular illnesses (n = 67, 8.8%) and AIDS (n = 62, 8.1%),
suggesting that these individuals were HIV positive. As expected, AIDS was the main cause
of death among HIV positive individuals with a low CD4 count (< 200 cells/ml) while heart
or vascular illness, bacterial infection, malignancy and renal failure were equally ranked after
AIDS among those with a high CD4 count (> 500 cells/ml).

Of the HIV positive individuals who could be linked to the electronic ART register and
known to be on ART (n = 339), 88% (n = 299) had a viral load reported within months before
death. Of these 55% were virally suppressed (n = 163). Individuals who had completed TB
treatment in less than a year had a two-fold risk of dying from a respiratory illness (aOR 2.03
95% CI 1.07, 3.83) compared to those who had completed TB treatment in more than one

year prior to their death.



Discussion: Consistent with other reports bacterial infections and AIDS-related infections, of
which TB is the biggest contributor, were the top causes of death between 2014 and 2017.
HIV prevalence was lower than other reports possibly due to underreporting of AIDS-related
deaths. Poor documentation of HIV status may result in misclassification and further
underestimation of AIDS-related deaths. Individuals who have recently completed TB
treatment have a high rate of respiratory infection including recurrent TB. It is therefore
important to allocate appropriate surveillance resources and monitor HIV positive TB

patients during and after TB treatment.
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NOMENCLATURE

Cause of death — any condition which leads or contributes to death.

Contributing causes — are other significant conditions contributing to death, but not part of

the direct causal sequence.

Death certificate — official records of individual deaths, containing information on the cause
of death certified by a physician, or other legally appointed official, and any other required

demographic information.

External causes of death — Deaths due to accidents and violence including environmental
events, circumstances and conditions as the cause of injury, poisoning and other adverse
effects. Broad categories include accidents, suicides, medical misadventures or abnormal

reactions, homicide, legal intervention and injury from war operations.

Garbage terms — Global Burden of Disease experts coined this term for mortality data which
do not signify an underlying cause of death. This includes ill-defined signs and symptoms,
intermediate causes of death (e.g. septicaemia), mechanisms of death (e.g. cardiac arrest) or
partially specified causes (e.g. cancer with unknown site).

Immediate cause of death — is the final disease, injury or complication directly causing the
death. It should be noted that the mechanism of death or terminal event (for example, heart
failure, cardiac arrest, respiratory arrest) is not considered to be a valid underlying cause of
death and should not be reported on the death certificate without stating the preceding disease

or injury.

Intermediate cause — any cause between the underlying cause and the immediate cause of

death or a complication of the underlying cause.

Manner of death — modality/intention surrounding the death e.g. natural, accident, intentional

self-harm (including suicide), assault, homicide and undetermined.

Mechanism of death — the physiological disturbance in the body at the time of death e.g.
metabolic acidosis, hypokalaemia, acute cardiac failure.

Multiple causes of death — all those diseases, morbid conditions or injuries which either
resulted in or contributed to death and the circumstances of the accident or violence which

produced any such injuries.

Xi



Primary cause of death — or underlying cause of death is the disease or injury which started
the sequence of events leading directly to death or the circumstances of the accident or
violence that produced the fatal injury. In the case of a violent death, the form of external
violence or accident is antecedent to the injury entered, although the two events may be

almost simultaneous.

Procedure-related death — the death of a person undergoing, or as a result of, a procedure of
therapeutic, diagnostic or palliative nature, or of which any aspect of such a procedure has

been a contributory cause and shall not be deemed to be a death from natural causes.

Vital statistics — data collected from continuous or periodic recording or registration of all

vital events such as births, deaths, marriages and divorces.
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ABBREVIATIONS

AIDS — Acquired Immunodeficiency Syndrome
ART — antiretroviral therapy

BMI — body mass index

CD4+ — cluster of differentiation 4

CDW - corporate data warehouse

CoDe — Coding Causes of Death in HIV Protocol
COPD - chronic obstructive pulmonary disease
CRVS — civil registration and vital statistics
CVD — cardiovascular disease

DHA — Department of Home Affairs

ELISA — enzyme linked immunosorbent assay
HAART - highly active antiretroviral therapy
HIV — human immunodeficiency virus

HJH — Helen Joseph Hospital

ICD-10 — International Classification of Diseases 10

NDoH — National Department of Health
NHLS — National Health Laboratory Service

NNRTI — non-nucleotide reverse transcriptase inibitor

PCP — pneumocystis pneumonia
PLHIV — people living with HIV
RNA — ribonucleic acid

SA — South Africa

StatsSA — Statistics South Africa
TB — tuberculosis

TE — Therapy-Edge HIV™

TLC — Themba Lethu Clinic
USA — United States of America
VL — Viral load

WHO — World Health Organisation
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CHAPTER 1: INTRODUCTION

This chapter begins with a background of the research problem, followed by a review of the
literature. Also presented in this chapter is a summary of the published literature on the
relatively new and uncommon research methods used in this study (i.e. probabilistic linkage
of patient records and the Coding Causes of Death in HIV protocol). Lastly, the aim and

specific objectives of the research project are stated.

1.1 BACKGROUND

Information about frequency and causes of death broken down by age, sex and year provide a
starting point for informed health policy debate. However, drawing meaningful conclusions
about mortality in a population involves addressing many data challenges, which include
reconciling marked discrepancies in cause of death classifications over time and across
populations and adjusting for vital registration system data with coverage and quality issues

appropriately.

The Department of Home Affairs (DHA) SA is responsible for mortality reporting under the
governance of the Births and Deaths registration Act 1992 [Act No. 51 of 1992] (1). DHA
works in collaboration with Statistics South Africa (StatsSA), which releases annual reports
on vital statistics (1). StatsSA is a reliable source of mortality data; however, causes of death
stratified by HIV status are not given in StatsSA reports. South Africa has one of the world’s
largest HIV treatment programs, with an estimated 2.6 million patients on treatment in 2016.
Key indicators used to measure the success of this program include an increase in life
expectancy and a reduction in HIV-related mortality for patients on antiretroviral therapy
(ART). Tracking changes in the contribution of HIV to overall mortality over time is thus an
important component of evaluating the national HIV treatment program. Much is known
about causes of death in HIV positive patients but very few studies have considered the
similarities and differences in causes of death among HIV positive and HIV negative patients
in the post-ART era.

People Living with HIV/AIDS (PLHIV) continue to have an increased frequency of
respiratory illness compared with the general population. There is evidence from multiple
sources of impaired lung function in people with long-standing HIV infection (2, 3).
Although most current evidence comes from cohorts in the United States of America (USA)
or Europe and less is known about populations in other settings. Higher rates of respiratory
pathology despite ART have been a consistent finding of studies among PLHIV. There are
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likely to be several reasons for this, including higher rates of smoking and recreational drug
use, lung injury occurring prior to ART and possible consequences of the ongoing immune
activation and disordered immune responses associated with HIV. We sought to provide a
comprehensive description of factors associated with death from a respiratory illness in HIV

positive patients on ART in an urban setting.

Understanding how the causes of mortality differ by HIV status will allow appropriate
implementation of preventative measures for mortality. The aim of this study was to describe
causes of mortality, and then more specifically trends in causes of death and HIV status over
time, among deceased individuals at the Helen Joseph Hospital (HJH) mortuary in

Johannesburg, SA.

1.2 LITERATURE REVIEW

1.2.1 Literature review methods

We searched PubMed and Google Scholar for recently published journal articles using the
search terms ‘“causes of death”, “all-cause mortality”, “mortality”, “HIV mortality”, and
“HIV deaths”. We also drew on policy documents on the ART programme released by the
South African National Department of Health (NDoH) and reports from relevant bodies such

as StatsSA and the World Health Organisation (WHO).

1.2.2 Mortality data sources
Mortality statistics, including causes of death, are the foundation of public health planning,

monitoring and evaluation of interventions (1). Globally, HIV/AIDS programmes have
developed strategic plans to scale up prevention, treatment and care. It is critical to know how
effective these programmes have been in reducing mortality. The overwhelming majority of
low- and middle-income countries do not have reliable mortality statistics (4). Out of 119
countries reporting causes of death to the World Health Organization (WHO), only 34
countries — representing 15% of the world population — produce high-quality cause-of-death
data, and almost all of these countries are in Europe and the Americas (4, 5). A further 85
countries — representing 65% of the world population — produce lower-quality cause-of-death
data, while 74 countries, mostly in sub-Saharan Africa, lack such data altogether (5). South
Africa and Egypt are the only countries in Africa who reported cause of death data to WHO
(5). This information paradox — where information is lacking where it is needed most —

hinders governments and country programmes to track progress of HIV programmes.



A well-functioning civil registration and vital statistics (CRVS) system is the best way to
monitor mortality and causes of death (6, 7). Civil registration systems aim to register all the
births, deaths with cause of death, and marriages. Many countries do not have civil
registration systems that produce reliable vital statistics, as coverage tends to be low,
especially for deaths, and information on causes are unreliable (8). Even though there is
increasing awareness and commitment to strengthening CRVS systems, it will take
considerable time before these systems can produce reliable mortality statistics (9).
Therefore, alternative methods to collect information on causes of death, including HIV, need
to be considered. Such methods include sample registration systems, household surveys,

burial systems, clinical autopsy, analytical methods and hospital data (7).

In the absence of quality CRVS data, global and regional estimation methods are used to
determine leading causes of death (7). In 2012, an estimated 1.6 million (range 1.4 to 1.9
million) people died from HIV-related causes, including 1.2 million (range 1.1 to 1.3 million)
in sub-Saharan Africa (4). These estimates are based on country data that have been analysed
in statistical models such as Spectrum which use standard methods developed to estimate the
course of the HIV/AIDS epidemic (4). Therefore, no direct HIV/AIDS mortality data are
used to obtain global, regional and country estimates of HIVV/AIDS mortality. In countries
with reliable mortality registration data, it is necessary to compare the plausibility of the
model-based mortality estimates with results from death registration (8).

South Africa is one of the few countries with a high HIV burden that have a well-functioning
national CRVS system (5). However, a national CRVS system does not automatically imply
that reliable information on HIV/AIDS as a cause of death is available. Incorrect application
of the standard principles and rules on death certification and coding may result in
underreporting of HIV/AIDS deaths, as is the case in South Africa, where the accuracy of
death certification and HIV coding is of questionable quality (10). Monitoring causes of death
in HIV-positive people enables the appropriate targeting of interventions to improve the

quality of inpatient care and reduce avoidable mortality.

1.2.3 Mortality reporting in South Africa

The DHA SA is responsible for mortality reporting under the governance of the Births and
Deaths registration Act 1992 [Act No. 51 of 1992]. DHA works in collaboration with
StatsSA, which releases annual reports on vital statistics. StatsSA is a reliable source of

mortality data; however, all-cause mortality stratified by HIV status is not given in StatsSA



reports (1). More descriptive sources of mortality data are needed to better understand the

causes of mortality in PLHIV in the post-ART era.

Health data for patients often exists in multiple sources and record linkage techniques have
proved to be useful in creating longitudinal databases with a single patient record from
multiple data sources (11). In a study to describe the persistent high burden of HIV disease
among patients seeking care in South Africa’s national HIV program, probabilistic matching
was used to link CD4 count and viral load monitoring tests in the National Health Laboratory
Services (NHLS) Corporate Data Warehouse (CDW) using patient name, surname and date
of birth (12). The sensitivity of the method was 75% (12).

1.2.4 All-cause mortality
All-cause mortality is defined as death from any cause and it is an important outcome in

epidemiological research. All-cause mortality is decreasing among adults in all world
regions. Between 1990 and 2015, Africa experienced a 23% decline in adult mortality while
its adult population doubled from 319 million to 640 million in the same time frame (13). In
2015, the percentage of deaths at ages 65 years and over reached 55% worldwide, up from
around 41% in 1990. In Africa, with lower life expectancy at birth and higher mortality risks
at all ages, the percentage of deaths at older ages (>65 years) remains low, from 16% in 1990
to 25% in 2015 (13). In Southern Africa, South Africa had the highest percentage of deaths
in the 25-65 and over 65 age groups at 53% and 33% in 2015 respectively (13).

In 2016, ischaemic heart disease, stroke and chronic obstructive pulmonary disease, lower
respiratory infections, Alzheimer’s disease, lung cancer, diabetes mellitus, road injury,
diarrhoeal disease and TB were the top ten causes of death worldwide (7). The top ten causes
of death in South Africa for the same year were TB, diabetes mellitus, heart disease,
cerebrovascular disease, HIV, hypertensive disease, pneumonia, other viral diseases, and
chronic lower respiratory diseases. The rise in rank of non-communicable diseases as causes
of death in SA reflects how rapid changes in social and economic development have resulted
in the adoption of lifestyle practices which expose people to risk factors for non-
communicable diseases (5). TB remained the number one cause of death in SA in the 2014-
2016 year period, while HIV moved from sixth position in 2014 to fifth position in 2016 (1).

1.2.4.1 HIV mortality
Globally HIV related mortality has declined by 33% since 2010, while SA estimates have
shown an unclear pattern over the years because of difficulties in accurately estimating HIV

attributable deaths (14). With the increases in survival rate among PLHIV associated with
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increased uptake of ART, the HIV positive population is growing older and facing new
challenges in the form of co-morbidities such as diabetes mellitus, hypertensive diseases and
cardiovascular diseases (CVD) (15). Studies have shown an increased risk of CVD among
HIV positive patients on ART compared to their HIVV negative counterparts (16, 17) and
certain ART regimens (Pl-based and stavudine-based) have been associated with increased
risk of CVD (17). There are known toxicities associated with certain ART regimens, but the
long-term effects of ART on mortality are not clear since it is barely 30 years since the
introduction of ART (18).

1.2.4.2 Mortality from respiratory illnesses
HIV-associated lung complications are frequent causes of illness and death in industrialized

nations (19). Previous epidemiologic analyses have demonstrated an increased risk of chronic
obstructive pulmonary disease, as well as a significant burden of respiratory symptoms in
HIV-infected patients (20). HIV infection causes alteration in several lines of host defences in
the lung and respiratory tract that contribute to an increased risk for lung complications.
These alterations include abnormalities in mucociliary function and soluble defence
molecules, such as defensins within respiratory secretions (21). Within the lung parenchyma,
innate and adaptive immune responses to pathogens may be impaired. For example, alveolar
macrophages from HIV-infected individuals have been shown to be deficient in pathogen
recognition (22). HIV also results in chronic stimulation and activation of inflammatory cells
within the alveolar space (21). Most low- and middle-income countries including SA still
show high rates of mortality from communicable respiratory diseases such as PCP and TB
among the HIV positive population. The HIV-TB co-infection rate is estimated at 72%, and is

proving to be a difficult challenge to solve as HIV infection is a risk factor for TB (23, 24).

1.2.5 Research methodology
1.2.5.1 Record Linkage

Record linkage is the process of identifying and merging records in different databases which
refer to the same individual (11, 25, 26). The practice is gaining popularity as routine data
sources are proving useful in supporting public health research (26). There are two types of
record linkage techniques, namely deterministic and probabilistic matching. In deterministic
record linkage, data in the different sources must be the same if it belongs to one individual
whereas in probabilistic linkage, a set of rules are set to determine the probability that
different records belong to the same individual (26). Probabilistic linkage is based on the

notion that some identifiers have more discriminatory power than others (11). For example,



matching on Sex does not carry the same weight as matching on last name (27). Matching
weights are a good indication of quality of matches, but statistical matching algorithms are
not perfect (25). Linkage decisions of match, non-match, or leave for clerical review must
still be made to complete the record linkage. This is done by setting threshold values to create
three regions for weights falling into each region to be classified according to the rule for that
region (26). Errors of this method are false linkages where records are matched when they
should not be and missed matches where records that should be matched are not matched
(27).

1.2.5.2 Cause of death classification systems

Surveillance of causes of death associated with HIV is critical for targeting interventions for
HIV patients at various stages of disease (15). However, the heterogeneity of cause of death
classification systems makes it difficult to compare results from different studies (28). The
WHO International Classification of Diseases (ICD-10) system is widely used but does not
cover some AIDS-defining diseases and adverse effects of ART (29). For example, some
central nervous system diseases have a different aetiology in HIV infected patients and are
therefore not covered by the ICD-10 and are at risk of misclassification (29). Following this
realisation, a group of medical experts launched the Coding Causes of Death in HIV Protocol
(CoDe), which is a standardised international coding and classification system for deaths
(30). The CoDe process involves use of a case report form to collect sociodemographic and
clinical data of the case followed by a matched review to determine the sequence of events
that led to death. The death is then classified as related or not to HIV. The CoDe method has

been used in Brazil and Europe (28).

1.3 PROBLEM STATEMENT

Cause of death statistics are essential for monitoring the health of populations and identifying
public health priorities. A review of the quality of cause of death data from 115 WHO
member countries in 2010 categorised South Africa as having low quality cause of death data
based on a combination of a more than 20% of deaths being ill-defined deaths and less than
70% of deaths being registered (31). HIV reporting in SA has been poor because health care
providers were reluctant to record HIV as cause of death due to confidentiality issues
regarding the death certificate and some life insurance policies included exclusion clauses for
HIV (32). The extensive misclassification of HIV as an underlying cause made it necessary

for the use of modelling approaches to estimate the extent of HIVV mortality (33). However,



data discrepancies between StatsSA and modelled estimates suggest that other sources of

information are needed to understand the role of HIV in mortality.

1.4 JUSTIFICATION
Causes of death can be used to inform prevention measures which reduce mortality and can

be indicators of major causes of death in the population. Studying causes of death by HIV
status or different CD4 cell count categories can help in public health planning including
design of interventions to help reduce mortality in those at risk (HIV positive individuals with
advanced disease). There has been evidence of ART inducing susceptibility to respiratory
infections (2, 19, 20, 22). Understanding risk factors of death from a respiratory illness will
allow public health planners to consider solutions such as ART adherence and TB treatment
completion among HIV patients on ART. The mortuary register is a reliable source of
complete mortality data from facilities with mortuaries which can be used to supplement

other sources.

1.5 AIMS AND OBJECTIVES

1.5.1 Aim
The aim of this study was to describe causes of mortality, and then more specifically trends in

causes of death and HIV status over time, among deceased individuals at the Helen Joseph
Hospital (HJH) mortuary in Johannesburg, SA.

1.5.2 Objectives

1. Describe the causes of death among patients who died of any cause at HJH between
May 2014 and July 2017.

2. Determine the HIV status of patients who died of any cause at HJH between May
2014 and July 2017, and in doing so assess the completeness of data and feasibility of
matching patients in the mortuary register to large HIV databases (e.g. TherapyEdge-
HIV™ (TE), NHLS database).

3. Compare the causes of death by
a) HIV status (i.e. HIV positive, negative and unknown status)

b) Most recent (+/-12 months) CD4+ cell count among patients known to be HIV
positive.

4. Identify demographic and clinical factors associated with deaths from a respiratory
illness: A sub-analysis among HIV positive patients on ART.



CHAPTER 2: METHODS

This chapter provides a detailed description of the study design and research techniques used
to answer the study question. Descriptions of sources of data and definitions of variables are
given. The chapter ends with an in-depth description of statistical methods employed to

analyse the data as per the objectives outlined in the previous chapter.

2.1 STUDY SITE

Gauteng is the smallest province in area in SA, yet richest and largest in population. While
Gauteng presents major economic opportunities (which attracts local immigrants from other
provinces in South Africa and international immigrants from the rest of Africa and the
world), the province has high crime rates including murder and fraud (34).

The province is divided into three metropolitan municipalities (City of Johannesburg, City of
Ekurhuleni and City of Tshwane) and two district municipalities (Sedibeng and Westrand).
The district municipalities are further divided into six local municipalities namely Emfuleni,
Lesedi, Midvaal, Merafong City, Mogale City and Rand West City (34). Gauteng province
has an estimated population of 14,700,000 of which 51% is female and median age is 27

years (34).
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Figure 1: Johannesburg administrative regions http://www.pikitup.co.za/contact-us/.
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The HJH is in a medium-density suburb called Westdene, which falls under the City of
Johannesburg Metropolitan Municipality in the Gauteng Province of South Africa. The
hospital serves the low to middle income residents of Regions B, C and D of the City of
Johannesburg Metropolitan Municipality (Fig. 1). HJH has two inpatient wards, six surgical
wards, a psychiatric unit, a ten bed ICU, a 12-bed high care/step down unit, a theatre complex
comprising of nine functional units, speciality clinics including stoma unit, renal dialysis unit,
pain clinic, endoscopy unit and breast clinic. At the back of the hospital is a mortuary where
deceased patients are kept for collection by their next of kin or family and friends.

HJH also houses the Themba Lethu HIV Clinic (TLC), the largest antiretroviral therapy
(ART) initiation and on-going treatment site in South Africa, with over 30 000 HIV-infected
patients in HIV care and over 21 000 on ART (35, 36). After treatment initiation, patients are
typically scheduled for medical follow-up visits at 1, 3, 6, and 12 months and then 6-monthly
thereafter (35). Since the implementation of the 2010 national treatment guidelines,
monitoring laboratory tests such as viral load tests are performed at 6 and 12 months post-
initiation, and annually thereafter (37-40). Additionally, CD4+ cell count tests are performed
12 months following ART initiation, and annually thereafter. Complete blood counts,
haemoglobin, creatinine clearance, and liver function tests are performed at least annually
(37-40).

2.2 STUDY DESIGN
This study was a cross sectional study (an observational study where the outcome and
exposures in the study participants are measured at the same time) of adult deaths reported in

the Helen Joseph Hospital (HJH) mortuary register between 2014 and 2017.

2.3 STUDY POPULATION

The study population comprised of included deceased patients (outlined in section 2.4.1:
Sampling method) at the HJH mortuary who died between May 2014 and July 2017. Study
data were extracted from the mortuary register in July 2018. HJH is an adult-oriented facility.
Children from around and within and around Regions B, C and D of the City of Johannesburg
Metropolitan Municipality are admitted to the Raheema Moosa Mother and Children Hospital
(RMMCH) and are sent to the RMMCH mortuary when they die. RMMCH is located within
a two-kilometre radius of the HJH, in the neighbouring suburb of Coronationville. As such,

we excluded participants in the study population whose age was below 18 years.



2.4 STUDY PERIODS
The HIJH mortuary register is kept for five year periods at a time, and at the time this study

was conducted the 2013-2017 register was available. We selected three winter (May, June
and July) and three summer months (October, November and December) between 2014 and
2017 to capture seasonal variations in deaths as there is increased mortality overall and due to

unnatural causes in winter compared to the summer season (Table 1).

Table 1: Winter and summer months from which study participants were drawn.

Month of death

Time period

Period 1 (2014)
Period 2 (2015)
Period 3 (2016)
Period 3 (2017)

Note: Shaded boxes represent the months and seasons from which study participants were selected within each
year of the study time period.

2.5 STUDY SAMPLE
At the time the study was conducted, HJH had approximately 2200 medical admissions per
month and between 150-180 deaths per month. According to StatsSA, 30% of all deaths in

2014 were HIV deaths (1). A sample size table for two proportions (available

from http://www.statstodo.com/SSiz2Means_Tab.php, accessed on 04/02/2018) was used to
calculate the sample size required to detect at least a 10% change in proportions of AIDS
deaths with 80% power between any two time periods. Given that previous probabilistic
linkage methods in SA indicated at least 75% sensitivity (41), the sample size was inflated to
account for 25% missing data due to possible unsuccessful linkage leading to a final sample
size of 1780 deaths.

2.5.1 Sampling method

Study participants were sampled from the HJH mortuary register. Deaths in the register are
numbered chronologically, beginning on the 1% of January of each year and ending on the 31%
of December. The first corpse received on the 1% of January of each year is assigned the
number 1 up to number x for the last corpse received in that year on the 31* of December. A
random sample of 1780 deaths over the study periods was required. There was a total of 18
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months over the three study periods to draw study participants from, translating to at least 99
deaths from each month of the study periods. A set of 99 random numbers were generated
using the gen double x = (B - A) * runiform () + A formula in STATA 14 to select the study
participants per selected month, where A = number assigned to the first corpse received at the
mortuary in that month and B = number assigned to the last corpse received at the mortuary
in that month. The list of 99 random numbers was used to select 99 deaths from the register

per selected month.

2.6 DATA SOURCES
2.6.1 The HJH Mortuary Register

The primary data source was the standard paper-based mortuary register, provided by the
NDoH and kept at the HIH mortuary. Records of the register are only kept for five years.
Entries are numbered according to the date of death, with the number “01” assigned to the
first patient received at the mortuary on the 1st of January in that year to the last deceased
patient received on the 31st of December. For each deceased patient, demographic details
(i.e. name or initial, surname, Sex, date of birth, date and time of death, next of kin),
admission details (such as ward and attending practitioner) and cause of death details are
entered by the attending health practitioner. Ideally the primary cause of death, which is the
disease or injury which started the sequence of events leading directly to death or the
circumstances of the accident or violence that produced the fatal injury, should be recorded in
the mortuary register, but in some cases the immediate cause of death (the final disease,
injury or complication directly causing the death) is reported.

2.6.2 TherapyEdge HIV™

TE is an electronic patient management system in which data on patients receiving HIV care
is maintained in a longitudinal observational clinical database. Data are updated regularly
with outpatient and inpatient clinical documentation (the clinician enters admission data such
as date of admission and reason for admission if they know of a patient’s admission,
otherwise admission details are self-reported by the patient) and laboratory test results
(results of laboratory tests done at the NHLS are automatically downloaded into TE daily).
Demographics, laboratory test results, ART regimens and conditions are collected in the
clinical records by the medical provider and support staff and data capturers enter data into
TE.
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TE often relies on family reports of vital status of patients (35), so the dates of death may not
be accurate (in some cases only the month and year is given and data capturer enters “01” or
“15” for the day because it is not known). Previous attempts to link TE to the national vital
statistics showed that only about 70% of patients had a valid national ID which limited the
linkage and ability to verify their vital status (42). If deaths were not reported by families,
death status or death date could not be updated on TE- potentially underestimating death
status. For these reasons it seemed more reasonable to use the death date in the mortuary

register.

2.6.3 NHLS Corporate Data Warehouse

The NHLS is a national government institution which comprises of a network of 265
laboratories which provide diagnostic pathology services for the public sector in SA. NHLS
diagnostic laboratories are found in provincial and district hospitals where they play a major
role in the national HIV and AIDS treatment programme through HIV testing, CD4+ cell
testing and viral load reporting to monitor the HIV treatment programme. Patients
undergoing HIV treatment at public health centres in SA have routine blood samples sent to a
NHLS laboratory for testing. Healthcare workers at public health facilities complete
laboratory requisition forms which accompany each sample submitted to the NHLS
Corporate Data Warehouse (CDW). All data captured on the requisition forms, including
patient identifiers, name of facility, date of sample and tests requested, are sent to the CDW

and are captured electronically in the NHLS information system in real time.

2.7 DATA COLLECTION

A random sample of 1780 deaths was selected from the mortuary register as described under
sub-section 2.4.1: Sampling methods. Patient demographics and cause of death data were
captured from the mortuary register using a REDCap (43) electronic case report form (eCRF)
hosted at University of the Witwatersrand on a mobile tablet (Figure S1). The eCRF was
designed after performing a site evaluation visit at the mortuary to assess the variables
collected in the mortuary register and plan data collection activities. Range checks on key
variables where enabled to ensure good data quality on entry. For example, identifying
variables such as name, surname and date of birth were set as mandatory required fields.

Other quality checks included an alert to flag date of births occurring after date of death.
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2.8 STUDY PROCEDURES

2.8.1 Probabilistic linkage
Prior to carrying out the matching exercise, the demographic data from the mortuary register

was cleaned to improve the efficiency of the matching. We then created variables containing
the first initial of the first name; first three letters of name and first three letters of surname
from sub-stringing the name and surname respectively. Dates of birth were split into separate
columns of day, month and year of birth and variables containing the month and year of birth
only, month and year of birth swapped around were created.

2.8.1.1 Matching criteria used for linkage between the mortuary register and TE
Patients were matched to TE records using their full first name, full surname, full date of

birth and sex (Fig. 5). For patients who still remained unmatched, we (i) used first three
letters of the name and first three letters of the surname, full date of birth and sex, (ii) used
first letter of name and first three letters of surname, month and year of birth only and sex
(iii) full date of birth, sex and swapped first name with surname and vice versa (since it is
common for people to have names which could be surnames and vice versa e.g. Lee Thomas)
(25). During these iterations, low scoring matches (scoring between 0.6 and 0.7) were
discarded and high scoring matches (scoring above 0.9) were considered exact matches. A
thorough manual review of the matched records was performed and records where sex was
the same and first name and surname were similar (allowing for spelling differences but
similar phonetically) were considered as matches. Where dates of birth were not the same, we
considered switching around the month of birth and day of birth. If the dates of birth were

still not similar, it was considered a non-match.

2.8.1.2 Matching criteria used for linkage between the mortuary register and NHLS
A list of all 1780 deceased HJH patients with corresponding patient identifiers (first name,

surname, date of birth, sex) was sent to the NHLS for matching of laboratory test records. We
specified the criteria for matching and the matching was performed by the data analyst at
NHLS CDW. An internal participant ID to identify each patient was included so that the data
analyst could determine which records matched those we requested. The NHLS extracted
data in August 2018.

2.8.1.3 Resolution of data discrepancies between data sources

For patients who were matched to both NHLS and TE, it was not uncommon to have
disagreeing information with respect to sex and race. For example a patient could be recorded
as male in NHLS, but female in TE. Such discrepancies in sex and race were settled using

mortuary register data. Mortuary register variables are more accurate as they are entered
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directly from the admission forms. Where sex or race were missing in the mortuary register,
TE data took precedence as it is updated regularly from patient files and NHLS test results

are uploaded into the TE database daily.

2.9 STUDY VARIABLES

The primary data source was the mortuary register from which demographic variables and
cause of death data were obtained. Other variables i.e. clinical variables were obtained from
the supplementary data sources TE and NHLS (Table 2). Individuals with positive HIV
enzyme linked immunosorbent assay (ELISA) screening and confirmatory test results in
NHLS were classified as HIV positive. Those with negative ELISA screening and
confirmatory test results were classified as HIV negative. Where there were disparities
between screening and confirmatory test results, the confirmatory result was used.
Individuals were also classified as HIV positive if there was a record of any CD4 and viral
load test results. Individuals who were linked to TE were classified as HIV positive because
TE is an ART monitoring register, presence of an ART start date further confirmed the HIV
positive status.

HIV viral load and CD4+ cell count test results were also used to confirm a positive HIV
status.

HJH is an adult-oriented facility. Children from around and within and around Regions B, C
and D of the City of Johannesburg Metropolitan Municipality are admitted to the Raheema
Moosa Mother and Children Hospital (RMMCH) and are sent to the RMMCH mortuary
when they die. RMMCH is located within a two-kilometre radius of the HJH, in the
neighbouring suburb of Coronationville. As such, we excluded participants in the study

population whose age was below 18 years.
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Table 2: Sources of data for the variables used in this study.

Variable Available in mortuary Available in NHLS data  Available in TE data
register
Sex Yes Yes Yes
Race Yes No Yes
Hospital ward Yes No No
Date of birth Yes Yes; used to supplement Yes; used to supplement
mortuary register data mortuary register data
where missing where missing
Date of death Yes No Yes; family reported date
of death
Time period of death  Calculated variable-sorting No No
of dates of death into the
time periods
Age Yes No Calculated from date of
birth and family reported
date of death
Cause of death Yes No No
HIV status No Yes Yes
CD4+ cell count No Yes Yes
Viral load count No Yes Yes
WHO stage (most No No Yes
recent +/- 12 months)
Regimen type No No Yes
Completed TB No No Yes; calculated from date
treatment in the last of TB treatment end date
12 months and date of death
Haemoglobin counts  No No Yes
(most recent +/- 12
months)
BMI (most recent +/-  No No Yes

12 months)

Note: HIV — Human Immunideficiency virus; TB — tuberculosis; ART — antiretroviral treatment; WHO — World
Health Organisation

Demographic variables and death details collected from the mortuary register are shown in
Table 3. Name and surname were collected solely for the purposes of matching patients
between data sources, after the matching process was complete these identifiers were

removed from the dataset and kept in a separate, password protected linking file.
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Table 3: Description of demographic variables collected from the mortuary register.

Variable Variable source Description

Death ID mortuary register A unique numeric identifier assigned on data entry
and derived from a combination of the patient’s
allocated number in the mortuary register and their
month and year of birth.

Sex mortuary register sex of patient, either male or female; categorical

Date of birth
Date of death
Time period of death

Age

Age category

Race

mortuary register
mortuary register
mortuary register

mortuary register

mortuary register

mortuary register

variable.

The date on which the patient was born; date
variable.

The date on which the patient died; date variable.
Created by grouping deaths which fell in each of the
three time periods.

age of patient at death, calculated from date of death
and date of birth; continuous variable.

Age was categorised into 5-year age groups (except
for the 18-19-year age band) since mortality data are
often categorised into 5-year age groups with an
open-ended interval for the elderly (65+) (44);
categorical variable.

Ethnicity of the patient black, white, coloured or
Indian. Patients whose race had been

recorded as “Muslim” or “Hindu” in the mortuary
register were classified as “Indian” as the Islam and
Hinduism religions are common among Indians in

SA (45); categorical variable.

Note: ID — identification number; SA — South Africa

Clinical variables such as HIV status, viral load and CD4 count to supplement mortuary

register data were obtained from TE and NHLS (Table 4) for individuals who had been

successfully matched through record linkage. Availability of ART regimen and ART start

date in TE was used to confirm that matched HIV positive individuals had been receiving

treatment.

16



Table 4: Description of the clinical variables from TE and NHLS data which were used to

supplement mortuary register data.

Variable

Source

Description

Ward

HIV status

Completed TB
treatment in the last 12

months?

CDA4+ cell count

CDA4+ category

Viral load

Viral load category

ART regimen type

Haemoglobin counts

Haemoglobin category

Mortuary

register

NHLS, TE

TE

NHLS, TE

NHLS, TE

NHLS, TE

NHLS, TE

TE

TE

TE

If a patient had been admitted in HJH, the ward was recorded;
categorical variable (medical, emergency, intensive care unit
(ICU), psychiatry, surgical, theatre, orthopaedic).

categorical variable for HIV negative, positive or unknown;

For patients matched to TE: Patients were classified as HIV
positive if they had a start date for triple combination ART in
TE. For patients matched to NHLS: Patients were classified as
HIV positive if they had either a positive HIV_1/ 2
antibody/antigen confirmatory test result or a positive
HIV_1/ 2 rapid test result or they had CD4 or viral load test
results indicative of HIV infection monitoring.

Binary variable (yes/no); calculated time from date of death and
date of TB treatment completion then grouped patients who had
completed TB treatment within one year from death under
“yes” and “no” for those who had completed treatment in more
than one year from death.

Continuous variable; we collected CD4+ cell count per
millilitre of blood results done +/- 12 months from date of
death. Where data was missing for the specified time range, we
took the last result available.

Categorical variable; CD4 counts were grouped into CD4+ <
200 cells/ml, 200 > CD4+ cells/ml < 500 cells/ml and CD4+ >
500 cells/ml for advanced HIV disease, moderate and healthy
respectively (12).

Continuous variable, in units of copies per ml. We were
interested in tests done +/- 12 months from death and where
data was missing, we extended the time range to include the
latest viral load result available.

Most recent +/- 12 months; categorical variable; suppressed VL
< 1000 copies/ml, unsuppressed VL > 1000 copies/ ml (12).
Categorical variable of the type of ART regimen which study
patients were taking at time of death, whether standard first line
ART or second line ART.

Haemoglobin cell counts (continuous variable; most recent +/-
12 months).

The continuous haemoglobin counts were categorised into

normal, mild and severe anaemia
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For females: normal Hb >120g/I; mild anaemia 110 - 119 g/I
severe anaemia Hb <80 g/l
For males: normal Hb >130 g/I; mild anaemia 110 — 129 g/I
severe anaemia Hb <80 g/I.

BMI TE BMI (continuous variable; most recent +/- 12 months).
The continuous BMI values were categorised underweight
(BMI < 18.5 kg/m?, normal weight (18.5 - 25 kg/m?,

BMI category TE overweight (25 - 30 kg/m?) and obese (BMI > 30 kg/m?).

Note: HJH — Helen Joseph Hospital; HIV — Human Immunodeficiency virus; NHLS — National Health
Laboratory Service; TE — TherapyEdge-HIVTM; TB — tuberculosis; ART — antiretroviral treatment; VL — viral
load; WHO — World Health Organisation; Hb — haemoglobin; BMI — body mass index

2.9.1 Primary outcome
The primary outcome of interest in this study is the cause of death recorded in the HJH
mortuary register. In cases were more than one cause of death was recorded, the other causes

were entered in separate columns.

Since causes of death were assigned by attending medical practitioners at death, we
categorized the causes of death recorded in the mortuary register according to the CoDe
classification system (Fig. S2) which is a standardised international coding and classification
system for deaths (30, 46). The classification was performed by two independent reviewers,
including a clinician. Where there was disagreement between the two reviewers, the justified

opinion of the clinician was favoured.

Where there was more than one cause of death, we relied on the clinical expertise of the
clinician to decipher the chronological sequence of illnesses and select the most appropriate
underlying cause. Causes of death which occurred frequently within the broad categories of
bacterial infections (other than 01.1 AIDS infection), AIDS infections and AIDS

malignancies frequently were described in detail in the Results section (Figs. 2-4)

We defined AIDS related illnesses according to the Centre for Disease Control (CDC) case
definition (47) which describes AIDS defining illnesses as serious, life threatening diseases
which occur in advanced HIV infection (Table 5). Any other bacterial infections not
mentioned in Table 5 below were classified as Bacterial infections (other than 01.1: AIDS

infection).
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Table 5: Case definitions and clinical presentations of illnesses which are considered AIDS-

related.

llIness/ Infection

Characteristics

Candidiasis

Oesophageal, bronchi, trachea, or lungs

Cervical cancer

Invasive

Coccidioidomycosis

Disseminated or extrapulmonary

Cryptococcosis

Extrapulmonary

Cryptosporidiosis

Chronic intestinal (>1 month’s duration)

Cytomegalovirus disease/ retinitis

Other than liver, spleen or lymph nodes

Lymphoma

Burkitt’s, immunoblastic, primary of brain

Mycobacterium avium complex or Mycobacterium

kansasii, Mycobacterium tuberculosis,

Mycobacterium other species

any site (pulmonary or extrapulmonary)

Pneumocystis jiroveci pneumonia; Pneumocystis

carinii pneumonia

disseminated or extrapulmonary,

Encephalopathy

HIV-related (including AIDS Dementia complex)

Herpes simplex virus

Chronic ulcers (>1 month’s duration) bronchitis;

pneumonitis or esophagitis

Histoplasmosis

At a site other than exclusively pulmonary or

cervical lymph nodes

Isosporiasis

Chronic intestinal, persisting for >1 month

Kaposi’s sarcoma

Human herpes virus 8-related; (mucocutaneous or

visceral)

Leukoencephalopathy Progressive multifocal

Pneumonia Recurrent bacterial (2 documented episodes within
one year of each other)

Salmonella Septicemia, recurrent (2 documented episodes within

one year of each other) and non-typhoid

Toxoplasmosis of brain

Encephalitis onset at age > 1 month

Wasting syndrome

HIV-related; weight loss (over 10% of baseline) with
no other cause and 30 days or more of either

diarrhoea or weakness with fever

Source: Centers for Disease Control and Prevention. Revised surveillance case definition for HIV infection—

United States, 2014. MMWR Recomm Rep. 2014;63(RR-03):1-10

2.10 STATISTICAL METHODS

Descriptive statistics were used to describe the demographic characteristics of the study

participants. We used the mean and standard deviation for continuous normally distributed
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data. The probability-probability plot (P-P plot) was used to check for normality of data. For
continuous data which was not normally distributed the median and interquartile range were
used. We calculated proportions and percentages for categorical data. Continuous variables
such as age, CD4+ cell counts, viral load counts, BMI and haemoglobin counts were
categorised to examine possible non-linear associations and to group participants according

to clinically acceptable categories.

2.10.1 Accuracy of the matching algorithm
A ten percent sample of patients in the mortuary register was manually matched to the TE

dataset in Microsoft Excel. Variables used for matching were name, surname and date of
birth, and matches had to agree on all three variables otherwise they would be classified as
non-matches. Two-by-two tables were used to calculate sensitivity, specificity, positive
predictive and negative predictive values of the probabilistic matching algorithm using the

manual matching as the gold standard.

For records matched to NHLS only, we manually reviewed a ten percent sample checking
whether name, surname and date of birth truly matched. The proportion of matches that were

indeed true matches on all three variables was reported.

2.10.2 Comparison of causes of death by HIV status
Proportions of deaths in each category of cause of death were calculated for the overall study

sample and then by HIV status. The numerator was count of deaths for each category on the

CoDe classification and the denominator was the total number of eligible participants.

2.10.3 Comparison of causes of death by latest CD4 count category at time of death
We grouped the latest available CD4+ cell counts into the following categories: CD4+ cell

count < 200 cells per ml, CD4+ cell count 200 - 500 cells per ml and CD4+ cell count > 500
cells per ml to examine the association between low or high CD4+ cell counts and causes of
death, since CD4+ cell count has previously been used as an indicator of immune function
(12). We calculated proportions of deaths per cause and ranked the causes according to
frequency of deaths on a scale of one to ten.

2.10.4 Demographic and clinical factors associated with death from a respiratory illness: A

sub-analysis of known HIV positive individuals on ART in TE
HIV-positive people appear to continue to have an increased frequency of respiratory illness

compared with the general population (19). We performed a sub-analysis restricted to HIV
positive individuals on ART in TE to examine factors associated with death from a

respiratory illness. Individuals were included in the analysis if they had been successfully
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matched between the mortuary register and TE and had an ART start date in TE. We created
a binary outcome variable for whether a participant had died from a respiratory illness.
Respiratory illnesses included lung embolus, TB, PCP, chronic obstructive pulmonary
disease (COPD), lung cancer or bronchogenic malignancy.

2.10.5 The logistic regression model

We used logistic regression to identify demographic and clinical factors associated with
deaths from respiratory illnesses. Logistic regression uses a logit function to find the best
fitting, parsimonious yet biologically plausible model to describe the relationship between a

binary outcome and explanatory variables.

Variable selection

Continuous variables were categorised to examine possible non-linear associations. We
considered known risk factors of respiratory illness which were available in the data
including Sex, age, viral load and TB treatment completion as a priori variables. We could
not use smoking status or alcohol use variables although they were available in TE because
there is no indication of the extent to which the individual smoked or used alcohol in terms of
quantity, frequency and duration, all of which are necessary to evaluate the risk of respiratory
illness. We analysed associations between individual explanatory variables and the outcome
(death from a respiratory illness) using the Chi-square test of association. Variables that were
associated with the outcome after univariable analysis (p-value < 0.2) and a priori variables
were added to the multivariable/adjusted model. We used the highest frequency categories as
reference groups.

The Pearson’s goodness of fit test was conducted to measure the degree of fit of the data. A
model to which the variables fit the data is expected to have a p-value greater than 0.05. All
tests of hypothesis were two-tailed and statistically significant association was set at 95%
confidence interval (p-value < 0.2 for the univariable analysis and p-value < 0.05 for the

adjusted analysis).

2.10.6 Missing data
Missing data is unavoidable particularly when using retrospective data and has the potential

to undermine the validity of research results (48). Complete case analysis was used in the
data analysis to avoid biases resulting from missing data. In the descriptive analysis, a
category within all categorical variables for those observations which had missing data was

added. In the results of the regression model, we presented proportions of the total sample
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with available data. The denominator was the total number of participants with data for the
respective variable and the enumerator was the number of participants with the characteristic
of interest (e.g. for the categorical variable viral load the proportion would be presented as
follows: n with viral load <1000/total n with a viral load test result).

2.11 ETHICAL CONSIDERATIONS

This study was reviewed and approved by the University of the Witwatersrand Human Ethics
Research Committee (Medical) under protocol number M180349 (Appendix 2). Written
approvals to access the mortuary register, NHLS data and identified TE data were obtained
from the HJH Ethics Committee, NHLS research committee and Right to Care, data
gatekeeper of TE (Appendices 3-5) respectively. This was a cross sectional study of
programmatic data and a waiver of informed consent was granted to review these records

post-humously.
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CHAPTER 3: RESULTS
This chapter presents tables and figures to describe the results of the descriptive and

statistical analyses. The results follow the order of the study objectives stated in the
Introduction chapter.

3.1 Demographic characteristics of the study sample by time period of death
The total sample size was 1780 and we excluded 14 individuals who were below the age of

18. The final analytic sample size was 1766 consisting of 910 (51.5%) males. The median age
was 53.2 (IQR 39.7- 67.4) and most of the individuals were black (n = 1086, 61.5%). The

three time periods were equally represented.

Equal numbers of participants were included for each of time period one, two and three
(Table 6). The proportion of individuals who died from the emergency ward increased from
9.8% (n =56) in time Period 1 to 12.2% (n = 69) in Period 3. Deaths from the medical ward
decreased from 78.6% (n = 445) in Period 2 to 71.7% (n = 406) in Period 3.
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Table 6: Demographic characteristics of the study sample collected from the HJH mortuary

register.
Overall
n=1766 Period 1 (2014)  Period 2 (2015)  Period 3 (2016/2017)
Characteristic  Level n, % n =590 n = 587 n =589
Sex Male 909 (51.5) 294 (49.8) 283 (48.2) 279 (47.4)
Female 856 (48.4) 295 (50.0) 304 (51.8) 310 (52.6)
Age (years) median (IQR) 53.2 (39.7-67.4) 52.1(39.8-67.8)  54.2(39.7-68.4)  53.0 (39.6- 66.1)
Age group 18-29 124 (7.0) 47 (8.1) 43 (7.5) 36 (6.2)
30-49 635 (36.0) 220 (37.7) 198 (34.3) 217 (37.2)
50+ 1007 (57.0) 317 (54.3) 336 (58.2) 330 (56.6)
Race Black 1057 (59.8) 369 (64.5) 352 (64.2) 368 (65.5)
White 369 (20.9) 106 (18.7) 153 (27.9) 110 (19.6)
Coloured 182 (10.3) 72 (12.7) 36 (6.4) 75 (13.4)
Indian 40 (2.3) 23 (4.0) 8 (1.5) 9 (1.6)
Missing 118 (6.7) 20 (1.2) 38 (6.5) 27 (4.6)
Ward Emergency 156 (8.8) 56 (9.8) 31 (5.5) 69 (12.2)
ICU 56 (3.7) 19 (3.3) 12 (2.1) 24 (4.1)
Medical 1291 (73.1) 440 (74.6) 445 (78.6) 406 (71.7)
Orthopaedic 12 (0.7) 4(0.7) 5(0.9) 3(0.5)
Psychiatry 3(0.2) 0(0.0) 1(0.2) 2(0.4)
Surgical 168 (9.5) 50 (8.8) 70 (12.4) 48 (8.5)
Theatre 8 (0.5) 4(0.7) 2(0.4) 2(0.3)
Missing 71 (4.0) 17 (2.9) 21 (3.6) 33 (5.6)

Note: IQR — interquartile range; ICU — intensive care unit

3.2 Causes of death by study period
Bacterial infections, AIDS infections, heart or vascular diseases, malignancies other than

AIDS malignancies, stroke, renal failure, other causes, unclassifiable causes, accident or

other violent death and unknown causes were the top ten causes of death in the whole study

sample (Table 7). Bacterial infections and AIDS infections ranked first and second top causes

of death consistently across all study periods. There was no difference in the total number of

deaths by sex (Table S2) however accidents or other violent deaths were 70% higher among

males than females. Most deaths occurred in the 50+ age group (Table S3) however accidents
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or other violent deaths were five percent higher among the 18-29 year age group than the 50+

age group.
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Table 7: Causes of death among individuals who died of any cause at HJH between May
2014 and July 2017.

Overall Period 1 (2014) Period 2 (2015) Period 3 (2016/2017)
Code n, % Rank n=590 Rank n =587 Rank n =589 Rank
1. AIDS
1.1 Infection 237 (13.4) 2 95 (16.1) 2 72 (12.2) 2 70 (11.9) 2
1.2 Malignancy 18 (1.0) 4(0.7) 6 (1.0) 4 (0.7)
2.Infection
2.1 Bacterial 302 (17.1) 1 98 (16.6) 1 93 (15.8) 1 110 (18.7) 1
2.2 Others 55 (3.1) 20 (3.4) 10 15 (2.6) 18 (3.1)
2.3 Unknown
aetiology 59 (3.3) 14 (2.4) 21 (3.6) 25 (4.3)
4.Malignancy (other
than 1.2) 127 (7.2) 4 42 (7.1) 4 53 (9.0) 3 36 (6.1) 5
5.Diabetes mellitus 35 (2.0) 17 (2.9) 10 (1.7) 8(1.4)
8. Ml or other
ischemic heart
disease 29 (1.6) 8(1.4) 11 (1.9) 10 (1.7)
9. Stroke 102 (5.8) 5 29 (4.9) 7 40 (6.8) 5 33 (5.6) 6
10. Gastro-intestinal
haemorrhage 21 (1.2) 8(1.4) 7(1.2) 6 (1.0)
13. Chronic
obstructive lung
disease 57 (3.2) 23 (3.9) 9 23 (3.9) 10 11 (1.9)
14. Liver failure 42 (2.4) 15 (2.5) 9 (1.5) 18 (3.1)
15. Renal failure 99 (5.6) 6 40 (6.8) 5 26 (4.4) 9 33 (5.6) 6
16. Accident or other
violent death 80 (4.5) 9 15 (2.5) 28 (4.8) 8 37 (6.3) 4
20. Haematological
disease 30 (1.7) 13 (2.2) 7(1.2) 10 (1.7)
24. Heart or vascular 141 (8.0) 3 51 (8.6) 3 40 (6.8) 5 50 (8.5) 3
25. Respiratory
disease 22(1.2) 7(1.2) 10 (1.7) 5(0.9)
26. Digestive system
disease 57 (3.2) 14 (2.4) 20 (3.4) 23 (3.9) 10
90. Other causes 91 (5.2) 7 24 (4.1) 8 41 (7.0) 4 26 (4.4) 9
91. Unclassifiable
causes 90 (5.1) 8 30 (5.1) 6 30 (5.1) 7 32 (5.4) 8
92. Unknown 72 (4.1) 10 23 (3.9) 26 (4.4) 23 (3.9) 10

Note: Causes of death in each study period are ranked on a scale of one to ten according to frequency of deaths

per cause. MI - myocardial infarction

Bacterial infections other than AIDS-related infections were the top cause of death in all
study periods. Pneumonia (n=164, 62%) was the most common bacterial infection in the
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bacterial infections other than 1.1 AIDS category (Fig. 2), followed by meningitis (n=43,

16%).

infection)

= Sepsis; 13;5% = Other; 6;2%

Pneumonia; 164;
62%

Figure 2: Distribution of bacterial infections other than AIDS-related infections in the study

population.

Note: LRTI - lower respiratory tract infection

"

m LRTI = Meningitis Other Pneumonia

Bacterial infections (other than 01.1:AIDS
= |RTI: 26; 10%

= Meningitis; 43;

16%

Other; 12;5%

m Sepsis  m Other

Of all AIDS related infections, TB was the most common at 73% (n = 172) followed by PCP
at 16% (Fig. 3). TB-PCP co-infection accounted for only four percent of the AIDS-related

infections whereas CCM accounted for seven percent.

AIDS infections

CCM; 16; 7%

TB & PCP;
10; 4%

= PCP; 37; 16%

] TB = PCP TB & PCP CCM

u Other

infection; 3; 1%

n Other infection

Figure 3: Proportions of AIDS infections in the study population.

Note: TB — tuberculosis; PCP - pneumocystis pneumonia; CCM - cryptococcal meningitis; AIDS — Acquired

Immunodeficiency Syndrome
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Overall, AIDS defining cancers or AIDS malignancies were not very common in the sample
(n =18). However, 50% of all AIDS malignancies were due to Kaposi’s sarcoma (Fig. 4) and
22% were due to cervical cancer.

AIDS malignancies

Other
malignancy; 5;
28%

- 50%

Cervical
cancer; 4; 22%

] Kaposi sarcoma n Cervical cancer Other malignancy

Figure 4: Proportions of AIDS malignancies in the study sample.

3.3 Feasibility and accuracy of matching mortuary register data to large HIV databases
Matching of the mortuary register patients to the NHLS database was done by the data

analyst at the NHLS-CDW and a total of 686 matches were found. Matching of records
between the mortuary register and TE database was done by the investigator using the -
reclink- package in STATA Statistical Software: Release 14 and a total of 339 matches were
found (Fig. 5). Missingness for sex and race dropped by 0.1% and 1.7% respectively after
matching (Table S1). For the clinical variables which supplemented mortuary register data,
reduction in missingness ranged from seven to twenty percent while HIV status was

confirmed for 43% of the individuals.
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N=1780 patients selected from

mortuary register

A

Excluded 14 patients below 18 years

Matching mortuary
register patients to
NHLS

y

n=1766 patients used to match

to NHLS & TE

v

n=89 matched on full name AND full
surname AND full date of birth and sex

n=1766-89=1767

y

A

n=97 matched on first three letters of
name AND first three letters of surname
AND full date of birth AND sex

n=1767-97=1580

y

A4

n=113 matched on first letter of name
AND first three letters of surname AND
month and year of birth AND sex

n=1380-113=1467

y

v

n=40 swapped first name and surmame
AND full date of birth AND sex

n=1467-40=1427
unmatched to TE

remained

n=686/1766 matched to NHLS

h 4

n=339/1766 matched to TE

Figure 5: Record linkage process of mortuary register individuals to NHLS and TE records.

Note: NHLS — National Health Laboratory Service; TE - TherapyEdge-HIV™

The record linkage algorithm “reclink” in Stata had a sensitivity of 92.9% and specificity of

50%. Table 8 below shows the sensitivity, specificity, positive predictive value (PPV) and

negative predictive value (NPV) of the algorithm.

29




Table 8: Sensitivity and specificity of the matching algorithm.

Algorithm output
Match Non-match Total
True match status (manually Match 26 3 29
verified)
Non-match 2 3 5
Total 27 6 33

Note: Sensitivity = 26/27 = 92.86%; Specificity = 3/6 = 50%; Positive predictive value (PPV) = 26/29 = 89.7%
and Negative predictive value (NPV) = 3/5 = 60%

The NHLS matches were manually reviewed for accuracy (through reading through matched
records to check if identifying variables truly matched), and the results were satisfactory.
There was no significant difference in the sex of participants that were matched to TE, NHLS
or those that were unmatched (Table 9). Unmatched individuals were older (median age 59.6
IQR: 42.2-72.6) compared to those matched to TE (median age 47.5 IQR: 38.7-64.1) and
NHLS (median age 46.7 1QR: 38.4-59.5). Higher proportions of unmatched individuals had
been admitted to the emergency and surgical wards before they died compared to those
matched to TE and NHLS.
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Table 9: Demographic characteristics of mortuary register individuals matched to NHLS, TE

and those that were unmatched

Mortuary register

NHLS TE Unmatched
Characteristic n =686 n =339 n=762 p- value
Sex 0.50
Male 357 (52.0) 179 (52.8) 351 (46.1)
Female 329 (48.0) 160 (47.2) 410 (53.9)
Age (years) (median, IQR) 46.7 (38.4,59.5) 47.5(38.7,64.1) 59.6 (42.2,72.6) <0.001
Age group <0.001
18-29 47 (6.9) 21(6.2) 52 (7.0)
30-49 331 (48.3) 169 (49.9) 190 (25.7)
50+ 308 (44.5) 149 (44.0) 498 (67.3)
Race <0.001
Black 533 (77.7) 271 (80.0) 343 (45.0)
White 77 (11.2) 44 (13) 221 (29.0)
Coloured 59 (8.6) 23 (6.8) 94 (12.3)
Indian 9(1.3) 1(0.3) 23(3.0)
Missing 8(1.2) 0 81 (10.6)
Time period of death 0.31
Period 1 (2014) 243 (35.4) 125 (36.9) 226 (29.7)
Period 2 (2015) 201 (29.3) 110 (32.5) 222 (29.2)
Period 3 (2016/2017) 242 (35.3) 104 (30.7) 313 (41.1)
Admission ward before death <0.001
Emergency 25 (3.6) 22 (6.6) 98 (13.5)
ICU 19 (32.8) 15 (4.5) 37 (5.1)
Medical 579 (84.4) 268 (80.7) 495 (68.1)
Orthopaedic 5(0.7) 0 6 (0.8)
Surgical 43 (6.3) 27 (8.1) 83 (11.4)
Theatre 3(0.4) 0 5(0.7)
Missing 12 (1.7) 0 59 (7.7)

Note: NHLS — National Health Laboratory Service, TE — TherapyEdge™™; IQR — interquartile range; ICU —

intensive care unit

3.4 Demographic characteristics of the study sample by HIV status

In the study sample, 43.1% (n = 762) had an unknown HIV status, 42.8% (n = 755) were HIV
positive and 14.1% (n = 249) were HIV negative (Table 10). Ten percent more males were
HIV negative than females and the HIV negative participants were much older (61.3 years
IQR 50.7-70.1). Medical admissions were most common across the strata than any other

ward. HIV deaths were highest in period two (41.1%) and lowest in period three (26.0%).
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Table 10: Demographic characteristics of the overall study sample and by HIV status.

HIV status
Overall Positive Negative Unknown
n=1766 n=755 n =249 n=762
Characteristic Level n (%) n (%) n (%) n (%)
Sex Male 910 (51.5) 361 (47.8) 138 (55.4) 410 (53.8)
Female 856 (48.4) 394 (52.2) 110 (44.2) 351 (46.1)
Age (years) median (IQR) 53.2(39.7-67.4) 45.6 (37.2-58.5)  61.3(50.7-70.1) 59.6 (42.2-72.6)
Age group 18-29 124 (7.0) 60 (7.9) 14 (5.6) 50 (6.6)
30-49 635 (36.0) 398 (52.7) 127 (51.0) 190 (24.9)
50+ 1007 (57.0) 297 (39.3) 108 (43.4) 498 (65.4)
Race Black 1086 (61.5) 597 (79.1) 130 (52.2) 359 (47.1)
White 369 (20.9) 87 (11.5) 61 (24.5) 221 (29.0)
Coloured 182 (10.3) 41 (5.4) 47 (18.9) 94 (12.3)
Indian 40 (2.3) 9(1.2) 8(3.2) 23 (3.0)
Missing 89 (5.0)
Time period of
death Period 1 (2014) 590 (33.4) 249 (33.0) 115 (46.2) 226 (29.7)
Period 2 (2015) 587 (33.2) 310 (41.1) 55 (22.1) 222 (29.1)
Period 3 (2016-17) 589 (33.2) 196 (26.0) 78 (31.7) 313 (41.1)
Ward Emergency 156 (8.8) 47 (6.2) 11 (4.4) 98 (12.9)
ICU 56 (3.7) 23(3.0) 6(2.4) 37(4.9)
Medical 1291 (73.1) 604 (80) 192 (77.1) 495 (65.0)
Orthopaedic 12 (0.7) 3(0.4) 3(1.2) 6 (0.8)
Psychiatry 3(0.2) 0 0 3(0.4)
Surgical 168 (9.5) 57 (7.5) 28 (11.2) 83 (10.9)
Theatre 9 (0.5) 2(0.3) 2(0.8) 5(0.7)
Missing 61 (3.5)

Note: IQR — interquartile range; ICU — intensive care unit

3.5 Causes of death stratified by HIV status
AIDS infections (n = 162, 21.5%), bacterial infections (n = 149, 19.7%), malignancies (n =

48, 6.4%), heart or vascular illnesses (n = 46, 6.1%) and renal failure (n = 38, 5.0%) were the

top five causes of death in the HIV positive sample. Among HIV negative individuals,
43, 17.3%), followed by

bacterial infections were the leading cause of death (n
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malignancies (n = 31, 12.4%) and heart or vascular illnesses (n = 28, 11.2%). In the unknown
HIV status group, bacterial infections were the leading cause of death (n = 110, 14.4%)
followed by heart or vascular illnesses (n = 67, 8.8%) and AIDS (n = 58, 7.6%) as shown in

Table 11 below.

33



Table 11: Causes of death in the study sample stratified by HIV status (positive, negative and

unknown).
Overall Positive Negative Unknown
n=1766 n =755 n =249 n=762

Code n (%) Rank n (%) Rank n (%) Rank n (%) Rank
1. AIDS
1.1 Infection 237 (13.4) 2 162 (21.5) 1 17 (6.8) 4 58 (7.6) 3
1.2 Malignancy 18 (1.0) 14 (1.3) 0 4 (0.5)
2. Infection
2.1 Bacterial 302 (17.1) 1 149 (19.7) 2 43(17.3) 1 110 (14.4) 1
2.2 Others 55 (3.1) 28 (1.6) 1(0.4) 26 (3.4)
2.3 Unknown aetiology 59 (3.3) 17 (1.0) 9 (3.6) 33 (4.3)
4. Malignancy (other than 1.2) 127 (7.2) 4 48 (6.4) 3 31(124) 2 48 (6.3) 6
5. Diabetes mellitus 35 (2.0) 7(0.9) 8(3.2) 20 (2.6)
8. M1 or other ischemic heart
disease 29 (1.6) 9(1.2) 4 (1.6) 16 (2.1)
9. Stroke 102 (5.8) 5 31(41) 9 16 (6.4) 6 55(7.2) 4
10. Gastro-intestinal haemorrhage 21 (1.2) 6 (0.8) 3(1.2) 12 (1.6)
13. Chronic obstructive lung
disease 57 (3.2) 9(1.2) 15 (6.0) 7 33 (4.3)
14. Liver failure 42 (2.4) 22 (2.9) 5 (2.0) 15 (2.0)
15. Renal failure 99 (56) 6 38(.0) 5 17 (6.8) 4 44(58) 7
16. Accident or other violent death 80 (4.5) 9 20 (2.6) 9(3.6) 9 51 (6.7) 5
20. Haematological disease 30 (1.7) 21 (2.7) 10 1(0.4) 8 (1.0)
24. Heart or vascular 141 (8.0) 3 46 (6.1) 4 28(11.2) 3 67 (8.8) 2
25. Respiratory disease 22 (1.2) 12 (1.6) 5(2.0) 5(0.7)
26. Digestive system disease 57 (3.2) 15 (2.0) 8(3.2) 34 (4.5) 10
90. Other causes 91 (5.2) 7 36 (4.8) 6 13 (5.2) 8 42 (5.5) 9
91. Unclassifiable causes 90 (5.1) 8 36 (4.8) 6 11 (4.4) 10 43 (5.6) 8
92. Unknown 72(41) 10 33(44) 8 5(2.0) 34(45) 10

Note: MI — myocardial infarction; HIV — Human Immunodeficiency Virus; AIDS - Acquired

Immunodeficiency Virus. Codes with less than 20 observations were added to the 90. Other causes, and these
included codes 3. Chronic viral hepatitis, 6. Pancreatitis, 7. Lactic acidosis, 11. Primary pulmonary
hypertension, 12. Lung embolus, 17. Suicide, 18. Euthanasia, 19. Substance abuse (active), 21. Endocrine
diseases, 22. Psychiatric diseases, 23. CNS disease, 27. Skin and motor system disease, 28. Urogenital disease,
29. Obstetric complications and 30. Congenital disorders

3.6 Causes of death by CD4+ cell category within 12 months before death among HIV
positive individuals

AIDS infections were the top cause of death among individuals who had a CD4+ cell < 200
cells/ml (n = 64, 28.7%) followed by bacterial infections (n = 47, 21.1%), other infections (n

= 12, 5.4%), malignancies (n = 12, 5.4%) and heart or vascular illnesses (n = 12, 5.4%).
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Malignancies (n = 9, 6.8%), stroke (n = 8, 6.0%) and renal failure (n = 8, 6.0%) were the
most common causes of death after bacterial infections (n = 30, 22.6%) and AIDS infections
(n =25, 18.8%) among individuals who had a CD4+ cell count between 200 and 500 cells/ml
within 12 months before death. As expected, AIDS was the main cause of death among
individuals with a low CD4 count (< 200 cells/ml) while heart or vascular illness, bacterial
infection, malignancy and renal failure were equally ranked after AIDS among those with a
high CD4 count (> 500 cells/ml).The ranking or ordering of cause of death for those who had
a missing CD4+ cell result followed a similar trend to that of individuals who were in the
200-500 cells/ml category (Table 12).
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Table 12: Causes of death by most recent CD4 count category +/- 12 months before death
among individuals known to be HIV positive

Code <200 cellssml  Rank 200 - 500 Rank >500 cellssml Rank Missing Rank
cells/ml

n=223n (%) n=133 n (%) n=52 n (%) n=347 n (%)
1.AIDS
1.1 Infection 64 (28.7) 1 25 (18.8) 2 19 (36.5) 1 54 (15.6) 2
1.2 Malignancy 4 (1.8) 3(2.3) 0 3(0.9)
2.Infection
2.1 Bacterial 47 (21.1) 2 30 (22.6) 1 4(7.7) 2 68 (20.0) 1
2.2 Others 12 (5.4) 3 5(3.8) 10 1(1.9) 10 10 (2.9)
2.3 Unknown aetiology 3(1.3) 3(2.3) 2(3.8) 8 9 (2.6)
4. Malignancy (other than 12 (5.4) 3 9 (6.8) 3 4(7.7) 2 23 (6.6) 3
1.2)
5. Diabetes mellitus 1(0.4) 3(2.3) 0 3(0.9)
8. M1 or other ischemic heart 2 (0.8) 2 (1.5) 0 5(1.4)
disease
9. Stroke 10 (4.5) 7 8 (6.0) 4 0 13 (3.7) 9
10. Gastro-intestinal 1(0.4) 1(0.8) 0 4(1.2)
haemorrhage
13. Chronic obstructive lung 1 (0.4) 0 0 8(2.3)
disease
14. Liver failure 4(1.8) 7(5.3) 6 1(1.9) 10 (2.9)
15. Renal failure 11 (4.9) 6 8 (6.0) 4 4(7.7) 2 15 (4.3)
16. Accident or other violent 2 (0.9) 4(3.0) 0 14 (4.0)
death
20. Haematological disease 9 (4.0) 9 2 (1.5) 1(1.9) 10 9 (2.6)
24. Heart or vascular 12 (5.4) 3 6 (4.5) 8 4(7.7) 2 20 (5.8) 5
25. Respiratory disease 6 (2.7) 0 3(5.8) 6 3(0.9)
26. Digestive system disease 1 (0.4) 3(2.3) 0 11 (3.2) 10
90. Other causes 8 (3.6) 10 6 (4.5) 8 2(3.8) 8 21 (6.1) 4
91. Unclassifiable causes 10 (4.5) 7 7(5.3) 6 3(5.8) 6 16 (4.6) 6
92. Unknown 3(1.4) 1(0.8) 4(7.7) 25(7.2)

Note: Code 90. Other causes included codes 3. Chronic viral hepatitis, 6. Pancreatitis, 7. Lactic acidosis, 11.
Primary pulmonary hypertension, 12. Lung embolus, 17. Suicide, 18. Euthanasia, 19. Substance abuse (active),
21. Endocrine diseases, 22. Psychiatric diseases, 23. CNS disease, 27. Skin and motor system disease, 28.
Urogenital disease, 29. Obstetric complications and 30. Congenital disorders. Myocardial infarction (MI)

3.7 Death from a respiratory illness: A sub-analysis of known HIV positive individuals on

ART

We did a sub-analysis of deaths from a respiratory illness among known HIV positive
individuals on ART because research shows an increased risk of respiratory illnesses in this
population, possibly due to complications of ART. A total of 339 HIV positive individuals
were known to be on ART in this sample, these are the individuals who were matched to TE
and had reliable records of receiving ART. Fifty three percent of the sample was female (n =
179) and just over a third of the sample were in the 30 - 49 year age group (n = 169, 33.7%).

Of those who had a viral load result within 12 months before death (n = 299), 55% were
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virally suppressed (n = 163). For those who had TB data, 80.7% had completed TB treatment
within 12 months before death (n = 92). Table 13 summarises the demographic and clinical
characteristics of the known HIV positive individuals on ART. The majority of the sample
had a CD4+ cell count below 200 cells/ml (n = 204/315, 64.7%).

3.7.1 Factors associated with death from a respiratory illness

In the adjusted model, those in the 50+ age group were less likely to die from a respiratory
illness compared to those in the 30 - 49 year age group (aOR 0.36 95% CI 0.20, 0.65). In the
unadjusted model, individuals who died between 2016/2017 (Period 3) were less likely to die
from a respiratory illness (UOR 0.48 95% ClI 0.25, 0.92) than those who died during an early
period ( Period 1, 2014) (Table 13). Individuals who recently completed TB treatment (within
12 months before death) were more likely to die from a respiratory illness (aOR 2.03 95% ClI
1.07, 3.83) when compared to those who had completed TB treatment more than 12 months
before death.
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Table 13: Demographic and clinical factors associated with death from a respiratory illness
among known HIV positive individuals on ART.

Characteristic n =339 n (%) UOR (95% ClI) p-value aOR (95% CI)
Sex Male 46/160 (28.9) 1.00 1.00

Female 37/179 (20.7) 0.65 (0.39, 1.06) 0.09 0.76 (0.43, 1.32)
Age group at death 20-29 4/21 (19.1) 0.46 (0.15, 1.44) 0.18 0.56 (0.17, 1.82)

30-49 57/169 (33.7) 1.00 1.00

50+ 22/149 (14.8) 0.34 (0.19, 0.59) <0.01 0.36(0.20, 0.65)
Race Black 65/271 (24.0) 1.00

White 13/44 (29.6) 1.33(0.66, 2.69) 0.43

Coloured 5/23 (21.7) 0.88 (0.31, 2.46) 0.81

Indian 1/1 (100) -
Study period Period 1 (2014) 36/125 (28.8) 1.00 1.00

Period 2 (2015) 30/110 (27.3) 0.93 (0.52, 1.64) 0.80 0.86 (0.44, 1.66)

Period 3 (2016/2017)  17/104 (16.4) 0.48 (0.25, 0.92) 0.03 0.72 (0.36, 1.48)
TB history Completed TB 30/92 (32.6) 0.47 (0.28, 0.78) <0.01 2.03(1.07,3.83)

treatment in the last

12 months

Completed TB 9/22 (40.9) 1.00 1.00

treatment more than

12 months before

death

No history of TB 44/225 (19.6) 0.28 (0.25, 1.33) 0.19 0.72, (0.54,

1.12)

CD4 count (most recent < 200 cells/ml 48/204 (23.5) 0.52 (0.22, 1.22) 0.13 0.51 (0.21,1.25)
in+/- 12 months)

200 - 500 cells/ml 19/84 (22.6) 0.49 (0.19, 1.26) 0.14 0.47 (0.17, 1.24)

> 500 cells/ml 10/27 (37.0) 1.00 1.00
Viral load (most recent <1000 copies/ml 38/163 (23.3) 1.00 1.00
+/- 12 months)

> 1000 copies/ml 32/136 (23.5) 1.00 (0.61, 1.66) 0.99 0.83 (0.48, 1.45)

Missing 13/40 (32.5) 1.12 (1.00, 1.23) 0.87 1.05 (1.00, 1.36)
Regimen type at death First line regimen 74/284 (26.1) 1.00 1.00

Second line regimen  9/55 (16.4) 0.93 (0.45, 1.93) 0.85 0.98 (0.95, 2.05)
Time on ART category < 6 months 15/39 (38.5) 1.00 1.00

6 — 24 months 9/38 (23.7) 0.62 (0.31, 1.24) 0.17 0.36 (0.07, 1.73)

> 24 months 59/207 (28.5) 0.59 (0.37,0.92) 0.02 0.34 (0.12,0.94)
BMI category (most Underweight 21/78 (26.9) 1.00
recent +/- 12 months)

Normal weight 26/121 (21.5) 0.74 (0.38, 1.44) 0.38

Overweight 10/55 (18.2) 0.60 (0.26, 1.41) 0.24

Obese 7127 (25.9) 0.95 (0.35, 2.57) 0.92

Missing 40/136 (29.4) 0.99 (0.96, 1.46) 0.95
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Haemoglobin category Normal 27/108 (25.0) 0.79 (0.36, 1.73) 0.56
(most recent +/- 12

months)
Mild & Moderate 13/44 (29.6) 1.00
Severe anaemia 4/23 (17.4) 0.50 (0.14, 1.77) 0.28
Missing 39/164 (23.8) 0.72 (0.21, 1.95) 0.56

Note: adjusted for sex, age group, time period, completed TB treatment in the last 12 months, CD4+ cell category & viral
load category +/- 12 months from death (a priori variables). aOR — adjusted odds ratio; UOR — unadjusted odds ratio; CI —
confidence interval
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CHAPTER 4: DISCUSSION
This chapter delves into the meaning, importance and relevance of the results of the study. It

is focused on explaining and evaluating study findings in relation to the literature review and
research questions. This chapter ends with an argument in support of the overall conclusion

of the study.

4.1 Study findings

4.1.1 Summary of study findings
Bacterial infections, AIDS infections and heart or vascular diseases, were the top causes of

death in the study sample. AIDS infections, bacterial infections, malignancies, heart or
vascular illnesses and renal failure were the top five causes of death in the HIV positive
sample. Among HIV negative individuals, bacterial infections were the leading cause of
death, followed by malignancies and heart or vascular illnesses. In the unknown HIV status
group, bacterial infections were the leading cause of death followed by heart or vascular
illnesses and AIDS. AIDS was the main cause of death among individuals with a low CD4
count (< 200 cells/ml) while heart or vascular illness, bacterial infection, malignancy and
renal failure were equally ranked after AIDS among those with a high CD4 count (> 500
cells/ml). Individuals who had completed TB treatment within 12 months before death were
more likely to die from a respiratory illness when compared to those who had completed TB

treatment more than 12 months before death.

4.1.2 Distribution of causes of death
In terms of sex and age distribution, our sample is representative of the adult population of

SA. Approximately 50% of the study sample was female which is in line with StatsSA mid-
year estimates showing that 51.2% of the SA population is female (49). The percentage of
black Africans in this study is lower (61%) than the national proportion (81%) (49). We
found a 43% HIV prevalence in this sample which is much lower than the 58% HIV
prevalence reported in a recent study of mortality at an urban hospital in Gauteng (14). The
same study reported that infections and parasites, respiratory and circulatory conditions were
the top causes of death which is similar to the top causes of death in our overall sample (14).
The ranks of causes of death reported in our present study differ with ranks at the national
level (Table 7 vs Table S4). Diabetes mellitus does not feature in the top ten causes of death
across all of our study periods whereas according to StatsSA national estimates it was in the
top three in 2014, 2015 and 2016. Use of different cause of death classification systems and
data sources may account for these differences. StatsSA mortality reports are generated using
data from death notification forms with ICD-10 coded causes of death.
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After infections and AIDS, heart or vascular conditions and malignancies came in as the third
and fourth most common causes of death in the sample. National mortality statistics show
that TB is the leading cause of death, which in this study made a large proportion of the
infections (1). National data is also indicating the rise of non-communicable diseases such as
CVD, diabetes and cancers (1).

When compared to global estimates for top causes of death, results of this study reflect some
similarities with results of both low and high income countries. UN reports indicate that
diarrhoeal diseases, HIV/AIDS and TB were among the top causes of death in low income
countries in the year 2016 (13). In the high income countries, non-communicable diseases
like ischaemic heart disease, stroke, Alzheimer’s disease, colon and rectum cancers occupy
positions in the top ten causes of death (13). In this study, AIDS and infections ranked
highest with non-communicable diseases such as malignancies and vascular conditions

ranking lower, but still in the top ten.

4.1.3 Causes of death by HIV status
Deaths attributed to AIDS accounted for 14% of all deaths and 23% of deaths among HIV

positive individuals. A recent study in a medical ward at a large public sector hospital in
Johannesburg similar to HJH reported an HIV-attributable fraction of 36% in the whole
sample and 60% in those that were HIV-positive (50). StatsSA estimates the number of
deaths attributable to AIDS in 2017 as 25% of all deaths in SA. Deaths from AIDS infections
seemingly decreased from 16.1% in time period one to 11.9% in time period three (Table 7).
It is apparent that AIDS deaths are underestimated in this study primarily because of the
underreporting of AIDS as a cause of death in the mortuary register. The documented
reluctance to report AIDS as a cause of death by medical practitioners because of concerns
about the privacy of the death certificate during study time periods (10, 51) and previously
life insurance policies included exclusion clauses for HIV (51) are factors that contributed to
the underreporting of AIDS deaths. Studies on the quality of death notification in SA have
reported up to 93% of AIDS death misattributed to other causes (32,52, 53). In this study,
AIDS deaths were mostly misreported as TB, PCP, cryptococcal meningitis and retroviral
disease (RVD) as these are the conditions which were common among the HIV positive
individuals. We hypothesized that there would be a decrease in AIDS deaths over the study
time periods due to the availability of ART. Our results reflect a decrease in AIDS deaths as

we expected but there was misclassification of AIDS deaths as bacterial infection (a
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proportion of individuals who had an AIDS death were HIV negative or had and unknown
HIV status).

Accident or other violent deaths were much higher in the unknown HIV status group (6.7%)
compared to the HIV positive (2.6%) or HIV negative (3.6%) groups. Additionally, accident
or other violent deaths were five times higher in males than in females (Table S2). Current
mortality trends show increasing rates of road traffic accidents and suicides among young
adult males (1). StatsSA reports that assault is the second most common unnatural cause of

death and young males are more likely to be victims of assault (1).

4.1.4 Feasibility of matching and accuracy of the probabilistic algorithm
The performance of our probabilistic record linkage was satisfactory in terms of the

probability that a true match was correctly identified by our algorithm (sensitivity 92%) and
the probability that a match identified by our algorithm was truly a match (PPV 90%). These
values are similar to those reported in a study where national HIV cohort was created from
NHLS data using similar probabilistic linkage methods (42). Only 57% of the sample (from
the mortuary register) was matched to at least one of the electronic databases NHLS and TE.
This means that HIV prevalence could be underestimated because HIV status is ascertained
from NHLS and an electronic ART register from a single site. Over half of whites in this
study (65%) were unmatched because the prevalence of HIV in this group was very low
(Table 10). In addition, the majority of the white population use private sector facilities

therefore would not have records in the NHLS which caters for public sector facilities (63).

In a cross-sectional study to assess the accuracy and completeness of SA national laboratory
CD4+ cell and viral load data, 90% of adults on ART who visited a hospital-based HIV clinic
in Durban were matched to NHLS records (55). The huge disparity in proportions of records
matched is because they matched individuals receiving ART at the facility, who would have
had routine CD4+ cell count and viral load counts done at the NHLS and recorded under
uniform identifiers i.e. name, surname and sex since all individuals where from the same
facility (55).

Typographical errors and patient mobility between facilities may result in patient specimens
being associated with different sets of identifying data, which impacted the results of our
matching exercise (42). We used handwritten and electronic data sources and it is known that
where records are hand-written, implementation and maintenance of electronic records is not

impervious to error (56). Incomplete demographic fields, variability in names arising from
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hearing errors, use of nicknames, translations (e.g. Mpho vs Gift), first name/surname
inversions, use of middle names and abbreviations also add to complications in record
linkage (42). Variation in dates of birth can arise from typographical and hearing errors, from
month-day inversions, from false reports or misremembering, or through provision of an age
rather than an exact date of birth. Sex may be listed incorrectly due to typographical error,
due to the large proportion of androgynous names in this setting and may also change if some

individuals transition to a different sex (42).

4.1.5 Factors associated with death from a respiratory illness
The 339 individuals matched to TE and subsequently used in the sub-analysis of factors

associated with death from a respiratory illness are not a fair representation of the TLC
patient population. This subset of individuals is those who had fallen very ill to the point that
warranted hospital admission. Since 2009, TLC has been ‘down-referring’ stable patients (i.e.
those on ART for at least 11 months, with an undetectable viral load in the previous 10
months, stable weight, a CD4 count > 200 cells per ml, < 5% weight loss over the last three
visits and no opportunistic infections) to Crosby and Rex clinics for monitoring and treatment
(57). Patients who deteriorate and fail to respond to treatment at the down-referral site are
‘up-referred’ back to TLC for care and continued treatment until they are eligible to be down-
referred again (57). In addition, HJH is a public healthcare facility in a region with many
other well-equipped public healthcare facilities which ill patients may opt for. Many HIV
patients receive ART in public sector facilities but also receive treatment for other conditions
in the private sector facilities (58). Individuals who died outside of hospital admission (mild
to moderate illness) and those who were admitted in private sector facilities at death are not

represented in this study.

Indeed, ART is known to reduce the risk of TB infection by 65% across all CD4 strata (59)
and already ART has been made easily accessible through the public health sector but there is
still incidence of TB among HIV positive individuals on ART (60). Individuals who had
completed TB treatment within 12 months before death had two-fold higher odds of dying
from a respiratory illness (aOR 2.03 95% CI 1.07, 3.83) than individuals who had completed
TB treatment in more than 12 months before death. These estimates show that HIV positive
people are at higher risk of death within 12 months of completing TB treatment. These
findings support the importance of monitoring HIV positive TB patients receiving TB
treatment and also close follow-up of persons with prior TB episodes (64). Surveillance

resources should be devoted to these individuals because, despite successful treatment, they
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have a high risk of recurrent disease. This is because people who have already experienced a
TB episode may still live in a high risk environment (crowded living space, place of work,
school, or transport situation) where other infectious cases continue to be present. Lung
damage or immunological deficiency caused by the previous episode, smoking and drug

abuse may also contribute to increased risk of re-infection (64).

4.2 Limitations
In interpreting the results of this study, certain limitations must be taken into account.

Underestimation of AIDS infections in this study is likely because of two reasons. Firstly,
HIV status is based on linkage to NHLS and TE for a single ART site of which the matching
to clinical data sources did not yield perfect results due to lack of a unique identifier common
in all three data sources. We tried to mitigate this by using multiple pieces of identifying data
(i.e. name, surname and date of birth) and examining possible combinations of date of birth
that could have arisen from typographical errors. We developed a simple algorithm using
conventional patient identifiers which may be useful in record linkage in similar settings,
where patient data lacks a unique identifier such as national ID number due to confidentiality

issues.

Secondly, there was no record of whether an infection was recurrent or not in the mortuary
register, which is a key characteristic in the case definition of most AIDS-related infections.
We relied on expert knowledge to classify conditions as accurately as possible, taking into
account all causes of death recorded for each individual and arriving to a medically plausible

final cause of death.

Drug resistant TB is an important current topic however it is beyond the scope of this report.
While we knew which patients had died from TB, we had no further information indicating

the nature of the TB infection.

Missing data are common in retrospective studies such as the present study, wherein routinely
collected data are subsequently used for a different purpose. We used complete case analysis
(i.e. exclusion of those participants who have missing data in the variables of interest from
the analysis). While complete case analysis reduces sample size and subsequently reduced
statistical power, it is unbiased if the data are missing at random as was the case in this study
(62).

Strengths of this study include a large sample size and availability of supplementary data
sources. In addition, we propose a novel method for confirming the HIV status of deceased
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individuals in mortuary registers using routine HIV monitoring data from a facility-level

longitudinal database and a national-level data source.

4.3 Conclusion and Recommendations
Infectious diseases such as pneumonia and TB remain the major causes of mortality among

HIV positive individuals in the post-ART era. This indicates that the current TB treatment
programs need to be strengthened, with a particular focus on prevention among the HIV
positive population, to address mortality associated with HIV-TB co-infection. Prevention
programs for opportunistic infections among HIV positive individuals should be expanded.
Efforts must be made to improve the cause of death reporting by medical practitioners so that

good quality mortality data is available for use to reliably inform health policy.
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APPENDICES

This section is a collection of all the documents pertaining to the administrative processes
concerned with this project. Approvals from various bodies were required and the
documentation is presented here.
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SUPPLEMENTARY MATERIAL

This section presents information relevant to this study, but due to space constraints could not
be presented in the main body of the research report.

Data was collected using a REDCap eCRF on a mobile tablet. The fields collected are shown
in the Fig. S1 below. The name and surname fields were deleted after matching was
completed and kept in a separate password protected linking file.

Canfidandial

Basic Demographics

Rereed ID

Mamel

Summame
Dt of Birkh
{1
Do of deasdh
Gerdar 0 Hak
) Fempks
Race Alack White iy Caleurad
el Othezr
Caume of denth
Caume of denth 2
Caume of denth 5
ey couse of death
Dhasth cabegury ) Mabhursl cagses
Q) Uninatuiral cosss

Figure S1: REDCap data collection electronic case report form
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The Coding Causes of Death in HIV protocol was used to classify causes of death. The cause
of death categories are shown in Fig. S2 below.

The CoDe system: All of the czuses skeuld be coded by using the CoDe code: provided in the below listinz. Mote that the
syatem i3 separated in thres sections, whers the frst zecton moluding mors specific causes takes priority over the second, which
azain takes priority ever the third section:

Code Description Code Dezcription
01 ATDYE (ongeizg active discase 13 Chronic obstuctive lang dizeaze
1.1 Infection 14 Livar failars gobier thas 03, 081, 03 7
01.2 hlalismancy 15 Fienal failure
02 Infection other than 1.1} 16 Accidant ar ather violent death (s suicide
02.1 Bacterial 17 Suicide
G201 | Bacterial with zepsls 18 Euthana:ia
02.2 Crthars 19 Substance abuse (i)
(0221 | Other with zepsis 121 | Chronic Alcohol sbuse
02.3 Unknowm astiology 182 | Chronic inravenous drug-nze
0231 | Unkpowm with sepsis 183 | Acote Dntosication (ndine ageit
03 Chronic viral hepatitis «peegresion of If the cauze of death can™ be specifically clazzified,
plicaiion io) zeneral claszification canm be uzed:
03.1 BHCW 20 Hasrnatological dizease joohe cases)
0211 | HCV with corrhosis 21 Endocrine disesse o canses
0202 | HCV with liver failure 12 Paychiztric dizease jothe cawaes|
03.2 HBV 23 CHE dizease jmhe s
f02.2.1 | HBV with cirrhosis 24 Heart or vasoular foihis cams)
03.2.2 | HBV with liver failure 25 Feespivatory dizegse other cause
04 DlaliEnancy jocher than (1.2 amd OF 0F0 032 26 Diigastive system dizsgse (mher couses
(13 Diabetes Mlellitus |comgplicatio o 7 Skdn and motor systam diseass (odher causes
[if3 Bancraatitiz 15 Urogenital dizeszs (e couses
o7 Lactic acidosiz 0 Ohstetric complications
g I or other tzchemic heart dizease an Congzenital disorders
081 AnO
0510 | Definitive ARO (Dandes 1)
2512 | Posaible AR (Dundes 290
08.2 Cither ischemic heart dizeaze
08 Stroke If the cause of death is unclazsifiable, nze:
10 Gazwo-intesting] hasmaorhage (if chozen, a0 Cribar causes (provide details in Section 13
gpacify underlving cauza)
11 Brimary pulmonary hypertansion 91 Unclaszifisble canses
12 Lung embalosz a2 Unknown

» fmmediore cause o deach: The diseass(s) or mjury direcily leading to death.

» Cortoibutdng couse gf deceh: The dizeasaz) or mury, whech contrivuted to a fatal ovicoms

a Underiving canse af death: The dizeaszs or injury, whick initiated the main of morkid events leaadms directly or indizectly to death, ar the
coroumstance of the accident or vislence, which produced the fatal mury,

Flzaze note:

Hodelde s Lymphome iz now clezsified 23 8 Non-AIDS defining malipnescy.

Dieath reazon § (MI or other ischemic beart disease) has been subdivided based on uze of the WHO Monics Dundee score, and &
sudden cardiac death category hes been incloded and an externsl cardiologist will be supervizing the coding of such events.

Figure S2: Classification of deaths according to the Coding Causes of Death in HIV protocol

Source: Copenhagen HIV Progamme. Coding Causes of Death in HIV Protocol. 2015. Accessed 23 February
2019 https://www.chip.dk/Portals/0/files/Code%20Protocol%202.3.pdf
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Table S1: Percentages of missing data per variable before and after matching mortuary
register data to NHLS and TE.

Variable Primary data Missing data before Missing data after matching

source matching n %

n %

Sex Mortuary register 1 (0.1) 0
Race Mortuary register 118 (6.7) 89 (5.0)
Ward Mortuary register 61 (3.5) 61 (3.5)
Date of birth Mortuary register 0 0
Date of death Mortuary register 0 0
Age Mortuary register 0 0
Cause of death Mortuary register 17 (1.0) 17 (1.0)
HIV status NHLS or TE 1766 (100) 762 (43.1)
CD4+ cell count NHLS or TE 1766 (100) 1419 (80.4)
Viral load count NHLS or TE 1766 (100) 1530 (86.6)
WHO stage TE 1766 (100) 1587 (89.9)
ART regimens TE 1766 (100) 1491 (84.4)
Completed TB treatment TE 1766 (100) 1652 (93.5)
in the last 12 months
Haemoglobin counts TE 1766 (100) 1481 (83.8)
BMI TE 1766 (100) 1485 (84.1)

Note: Missingness of data reduced after records had been matched between the mortuary register and TE and
NHLS. Where mortuary register records had a match in both NHLS and TE, clinical data (viral loads, CD4
counts etc.) from TE took precedence over NHLS data because TE data is updated daily. N=1766 mortuary
register sample. HIVV — Human Immunodeficiency Virus; WHO — World Health Organisation; ART —
antiretroviral treatment; TB — tuberculosis; BMI — body mass index; TE — TherapyEdge-HIV™

64



Table S2: Causes of death by sex.

Sex
Code Male Female Total
1. AIDS
1.1 Infection 130 (54.9) 107 (45.1) 237
1.2 Malignancy 12 (66.7) 6 (33.3) 18
2.Infection
2.1 Bacterial 147 (48.7)  155(51.3) 302
2.2 Others 26 (47.3) 29 (52.7) 55
2.3 Unknown aetiology 22 (37.3) 37 (62.7) 59
4.Malignancy (other than 1.2) 68 (53.5) 59 (46.4) 127
5.Diabetes mellitus 18 (51.4) 17 (48.6) 35
8. MI or other ischemic heart disease 17 (58.6) 12 (41.4) 29
9. Stroke 48 (47.1)  54(52.9) 102
10. Gastro-intestinal haemorrhage 6 (28.6) 15 (71.4) 21
13. Chronic obstructive lung disease 31 (54.4) 26 (45.6) 57
14. Liver failure 21 (50.0) 21 (50.0) 42
15. Renal failure 50 (50.5) 49 (49.5) 99
16. Accident or other violent death 68 (85.0) 12 (15.0) 80
20. Haematological disease 14 (46.7) 16 (53.3) 30
24. Heart or vascular 68 (48.2) 73 (51.8) 141
25. Respiratory disease 8 (36.4) 14 (63.6) 22
26. Digestive system disease 33 (57.9) 24 (42.1) 57
90. Other causes 42 (46.2) 55 (53.8) 91
91. Unclassifiable causes 43 (47.8) 47 (52.2) 90
92. Unknown 38(52.8) 34 (47.2) 72
Total 910 (51.5) 856 (48.5) 1766

Note: AIDS — Acquired Immunodeficiency Syndrome; MI — myocardial infarction
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Table S3: Causes of death by age group.

Age group
Code 18-29 30-49 50+ Total
1. AIDS
1.1 Infection 29 (12.2) 162 (8.4) 46 (19.4) 237
1.2 Malignancy 0 14 (77.8) 4(22.2) 18
2.Infection
2.1 Bacterial 18 (5.9) 132 (43.7) 152 (50.3) 302
2.2 Others 7 (12.7) 26 (47.3) 22 (40.0) 55
2.3 Unknown aetiology 6 (10.2) 24 (40.7) 29 (49.2) 59
4.Malignancy (other than 1.2) 2 (1.6) 22 (17.3) 103 (81.1) 127
5.Diabetes mellitus 1(2.9) 6 (17.1) 28 (80.0) 35
8. M1 or other ischemic heart disease 0 7 (24.1) 22 (75.9) 29
9. Stroke 3(2.9) 24 (23.5) 75 (73.5) 102
10. Gastro-intestinal haemorrhage 2 (9.5) 4 (19.0) 15 (71.4) 21
13. Chronic obstructive lung disease 0 4 (7.0) 53 (93.0) 57
14. Liver failure 3(7.1) 21 (50.0) 18 (42.9) 42
15. Renal failure 8 (8.1) 28 (28.3) 63 (63.6) 99
16. Accident or other violent death 29 (35.3) 26 (32.5) 25 (31.3) 80
20. Haematological disease 3 (10.0) 17 (56.7) 10 (33.3) 30
24. Heart or vascular 4 (2.8) 25 (17.7) 112 (79.4) 141
25. Respiratory disease 2(9.1) 5 (22.7) 15 (68.2) 22
26. Digestive system disease 3(5.3) 10 (17.5) 44 (77.2) 57
90. Other causes 5 (5.5) 20 (22.0) 46 (50.5) 91
91. Unclassifiable causes 4 (4.9) 35 (38.9) 51 (57.7) 90
92. Unknown 7(9.7) 22 (30.6) 43 (59.7) 72
Total 124 (7.0) 635 (36.0) 1007 (57.0) 1766

Note: AIDS — Acquired Immunodeficiency Syndrome; MI — myocardial infarction
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Table S4: The ten leading underlying natural causes of death in South Africa 2014-2016.

2014 2013 2018

Causes of death [based on ICD-10)

Rank Numbar % Rank Number k] Rank Number %
Tuberculosis (A13-A18) 1 30 605 83 1 34042 7.2 1 28 513 3.3
Diabetes maliitus (E10-E14) 3 24 pp2 5.1 2 25 774 5.4 2 25 255 5.5
Qther forms of heart disesse (130-152) 4 23 008 4.2 4 23 288 48 3 23 515 51
Cerebrovascular diseases (180-158) Z 24 2538 51 3 23 505 5.0 4 231137 51
Hurman immunadsficiency wirus [HIY] disease
(820-624) ] 22 B66 4.8 ] 22 557 4.8 ] 21 830 448
Hypertznzive diseases (110-118) T 18 416 38 T 19 345 12 g 18 880 4.4
rfluenza and pneumania (JO2-J18) ] 22 878 4.2 & 21 001 14 T 18838 43
Other viral dizzazes (825-B34) ] 14 674 3,1 g 18 475 35 g 18 877 38
schasmic hear dizeases (120-125) 10 12 714 2.7 g 12 883 23
Chroniz lower respiratory disessss (J40-J47) 10 12 783 2,7 g 13 008 2.7 10 12 880 23
nt=stinal infectious diseases (A00-A008) g 14 B34 31
Cther naturs! causes 208 837 437 207 820 438 200 403 438
Mon-nstural causes 50 838 o7 43 228 1.2 51347 11.2
All causes 476 851 100.0 473 266 1000 4356 612 100.,0

** Including d=aths dus to MWDR-TE and XDR-TE.

Source: Statistics South Africa. Mortality and causes of death in South Africa, 2016: Findings from death

notification. http://www.statssa.gov.za/publications/P03093/P030932016.pdf accessed on 25 February 2020
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