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0.2. Abstract

0.2.1. Background and methods

Tuberculosis (TB) remains the leading reported cause of mortality among HIV-positive individuals in low- and middle-
income countries (LMIC), but disease prevalence and cause-specific mortality data are based on estimates; reliable data
are needed to track progress towards targets for reductions in TB and HIV-related deaths. The aim of this work was to
estimate disease prevalence and causes of death (CoD) among people dying after enrolment to three large studies of

TB and HIV in South Africa.

Literature was systematically reviewed for autopsy studies estimating disease prevalence in HIV-positive adults; studies
validating verbal autopsy (VA) for HIV and TB deaths; and studies directly estimating CoD in HIV-positive adults in LMIC.
Primary data were collected concerning HIV-positive decedents from three parent studies and HIV-negative controls.
Minimally-invasive autopsy (MIA), involving tissue biopsy, fluid aspiration, and bronchoalveolar lavage was conducted
in a subset of HIV-positive decedents. CoD were assigned, through structured review of clinical and research data
(“reference-standard”) and VA data, collected using the World Health Organization (WHO) 2012 instrument and
interpreted using physician-certified (PCVA) and computer-coded VA (CCVA) methods (InterVA-4 and SmartVA-
Analyze). VA-assigned and reference-standard CoD were compared; agreement was measured at individual- and

population-level.

0.2.2. Results

MIA was conducted for 34 HIV-positive adults: 16 (47%) had evidence of TB at autopsy, 14/16 (88%) had evidence of
extrapulmonary disease, and 6/16 (38%) had not been started on TB treatment; 23/34 (68%) had evidence of bacterial
pneumonia and 20/34 (59%) had evidence of two or more concomitant infections. Most (94%) individuals who
underwent MIA were assigned HIV-associated reference-standard CoD; this was underestimated by all three VA
methods (PCVA 74% [chance-corrected concordance {CCC} 0.71], InterVA-4 47% [CCC 0.42], and SmartVA-Analyze 41%

[CCC0.31]).

Reference-standard CoD were assigned, without MIA data, to 259 HIV-positive adults: 183 (71%) were assigned HIV-
associated causes. Only the PCVA estimate was similar, at 80% (CCC 0.78); InterVA-4 and SmartVA-Analyze

underestimated the HIV-associated mortality fraction (estimates 48% and 29%; CCC 0.48 and 0.20, respectively).
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Agreement between VA methods and the reference-standard was poor at individual level (overall CCC <0.22) and
slightly better at population level (cause-specific mortality fraction [CSMF] accuracy 0.43-0.79). Only PCVA could
estimate the HIV-associated TB mortality fraction, underestimating it when compared with a reference standard that
included autopsy data (reference 41% vs. PCVA 32%; CCC 0.23) and overestimating it when compared with a reference

standard without autopsy data (reference 27% vs. PCVA 42%; CCC 0.42).

Among 356 HIV-positive and 103 HIV-negative adults with confirmed HIV status, the VA instrument was sensitive
(84.3%) and specific (94.2%) in assigning HIV status; VA methods showed high specificity (all methods >89%) in
assigning HIV-associated CoD; and both CCVA methods underestimated the likely true HIV-associated mortality fraction

among confirmed HIV-positive decedents (InterVA-4 44.7% and SmartVA-Analyze 22.5%).

0.2.3. Conclusions

TB remains a leading CoD among HIV-positive adults in LMIC. Changes are needed to disease classification systems and
automated VA methods to allow for better estimation of HIV-associated mortality overall and mortality due to HIV-
associated TB. Structured guidelines for assigning CoD in HIV-positive people in clinical settings and the use of MIA at

sentinel surveillance sites may be useful additions to current methods.
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1.1. Background

1.1.1. Tuberculosis, HIV, and death

There were 10.4 million new cases of tuberculosis (TB) and 1.8 million TB deaths in 2016 [1]. Among human
immunodeficiency virus (HIV)-positive individuals, in whom TB is the leading cause of death, there were 1.2 million new
cases and an estimated 390,000 deaths. Mycobacterium tuberculosis (MTB) is an ancient organism; there is evidence to
suggest that it may have originated around 70,000 years ago [2] and signs of TB disease have been found in 9,000-year-
old human remains [3,4]. Effective chemotherapy against MTB first emerged in the 1940s, with additional agents and
various combinations trialled in the subsequent decades [5,6]. TB-related mortality, which had been in steady decline
for most of the 20™ century, likely due to improvements in hygiene & living conditions, reduced more sharply between
1950 and 1980 [7]. The emergence of the HIV epidemic in the mid-1980’s, however, created an enormous pool of
individuals with greatly increased susceptibility to TB disease, which led to higher numbers of TB cases and a dramatic
spike in TB-associated mortality [8—10]. The last 30 years have seen increasingly coordinated efforts by members of the
global health community working on TB; the establishment of specific funding streams, including the Global Fund to
Fight AIDS, Tuberculosis, and Malaria; and the establishment of national TB programmes in almost all high-burden
countries [1]. In the same period, the incidence of TB has fallen by almost 20% and mortality by almost 50%, and an
estimated 43 million deaths have been averted [11]. Regardless, in 2015, TB remained the world’s leading infectious

cause of death [1].

Any discussion of TB mortality in the 21 century must pay equal attention to HIV and the synergistic relationship
between the two diseases (see Chapter 1.2.2). Throughout the 1990s and early 2000s, HIV and the acquired immune
deficiency syndrome (AIDS) became increasingly prominent underlying causes of death in adults; in sub-Saharan Africa,

HIV was responsible for the reversal of some of the positive trends established over the previous decades, with life-

Chapter 1: Introduction Page 21 of 383



An autopsy study exploring the spectrum of disease in individuals with advanced HIV
in primary care clinics in South Africa

expectancy falling or remaining static from 1990 until the mid-2000s [12,13]. In 2001, the United Nations (UN) General
Assembly declared the HIV epidemic a ‘global crisis’ [14]; by 2003, HIV/AIDS was the leading cause of death in
individuals aged 15—49 years, worldwide [15]. In addition to the increased vulnerability to TB seen in HIV-positive
individuals, the conditions that allowed the rapid spread of the virus in low- and middle-income countries (LMIC) also
helped set the scene for a TB co-epidemic. People in LMIC of lower socio-economic status, with less access to food,
education, sanitation, and health services, are disproportionately affected by both diseases, TB in particular, and are at

higher risk of death [16,17].

In the early stages of the HIV epidemic, the absence of effective therapy for HIV itself meant that the treatment of an
opportunistic infection simply delayed the inevitable; patients invariably experienced a progressive decline in immune
function and eventually died. In LMIC, death was very often from TB [18,19]. The advent of antiretroviral therapy
(ART), together with sustained international efforts to improve access to treatment, has led to a dramatic reduction in
all-cause mortality among people living with HIV [20,21], although mortality remains high among those with advanced
disease in LMIC, particularly pre- and early on ART [22—25]. Assuming adherence to treatment, an individual living in a
high-income country who is today diagnosed as HIV-positive can expect a lifespan much the same as an HIV-negative
individual in the same context [26,27]. The same cannot be said for people living with HIV in LMIC, and the reasons for
the marked differences in outcomes are likely structural, rather than biological [28-31]; despite substantial progress in
providing access to care, a number of economic, societal, and political factors mean that many of those who need care
are unable to or do not access it, or do so when their disease is at an advanced stage, increasing their risk of morbidity

and death [32-34].

1.1.2. Ending the epidemics

The World Health Organization (WHO) has published a set of targets as part of the ‘End TB’ strategy, launched in 2015
[35]. A central aim is to reduce TB-related mortality to 75% and 95% of 2015 levels by 2025 and 2035, respectively.
Equally ambitious is the aim of the Joint United Nations Programme on HIV/AIDS (UNAIDS), to reduce the absolute
numbers of AIDS-related deaths from 1.1 million in 2015 to under 0.5 million by 2020 [36,37]. Both programmes have
aligned their targets with the UN Agenda for Sustainable Development, Goal 3.3 of which is to end the TB and AIDS

epidemics by 2030 [38].
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Aside from the considerable logistical and financial implications of trying to achieve these goals, measuring progress
towards them will be a critical part of the process, providing essential information on the success, or otherwise, of
specific activities, and determining the character, focus, and intensity of any subsequent actions. There is, therefore, a
need to establish robust methods that will accurately and consistently monitor the impact of interventions to reduce TB

and HIV deaths and track progress towards these ambitious targets [35,36].

This chapter will provide context for some of the issues discussed in this thesis, including a description of some of the
challenges faced in measuring disease-specific outcomes; the interactions between HIV and TB; the difficulties of
diagnosing TB disease in individuals with advanced HIV; the methods currently used to estimate global disease burden
and cause-specific mortality patterns, with a particular focus on HIV- and TB-associated mortality in LMIC; the current
situation with other methods that could be used to estimate cause-specific mortality; and the setting in which a
mortality study, the results of which make up the bulk of this thesis, was conducted. This last section will include a
description of the status of the TB and HIV epidemics in South Africa, the organisation of the South African health
system at the time of the study, and a brief overview of the parent studies within which the mortality-study was
nested. Finally, this chapter will list the overall aims and objectives of the thesis, outline how it intends to meet those

objectives, and give a detailed account of my contributions to the work presented here.

1.2. Context

1.2.1. Measuring cause-specific mortality

Most health outcomes are context-specific. They may be dependent on the perspective of the health professional or
patient involved, or specific to a single disease in a particular sub-group. Even supposedly standardised metrics, such as
disability-adjusted life-years (DALYs) and quality-adjusted life-years (QALYs), are complex, compound measures,
constructed by health economists; context and understanding shape the ways in which they are presented and
interpreted [39—41]. The occurrence of a death, in contrast, is easier to define and should be easy to quantify, hence
the frequency with which it is used as the base unit of measurement to estimate the effectiveness of health

interventions.

As this thesis will explore, counting deaths may appear easy, but it is often an imprecise and challenging process.

Similar difficulties are encountered when trying to estimate disease prevalence in a population, either among living
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individuals or at death. Importantly, the limitations of methods currently used to estimate morbidity and mortality are
often not well understood by many of those who depend on these estimates to make major health policy decisions

[42,43].

The simplest way to measure mortality is to count the overall number of deaths, a metric referred to as all-cause
mortality. Estimates of all-cause mortality, often stratified by age, gender, ethnicity, and socio-economic status, can be
extremely useful when used in a well-defined population, for example, within a clinical trial or epidemiological study,
where rigorous inclusion and exclusion criteria have already been applied. Outside of research settings, among diverse
groups of individuals in unpredictable environments, all-cause mortality is often too non-specific a method with which
to measure the effect of an intervention. Estimates of cause-specific mortality, in general, provide a better means for
impact evaluation: for better or worse, most interventions are disease-specific, as are the structures of many health
systems and governing bodies [44], and funding practices in the last two decades have led to a predominance of
vertical programmes [45]. Disease-specific estimates also play a central role in a number of decision-making processes,
including allocating funding, structuring health systems, and determining research frameworks [11,38,46,47]. As such,
reductions in cause-specific mortality are prominent on the agendas of governing bodies at global and national levels

[35,36,48] and success in global health is often measured by the ‘numbers of lives saved’ [49].

While efforts to unify funding streams and create holistic interventions are much needed, these changes will take time
to implement. In the meantime, estimates of disease burden and cause-specific mortality remain essential in

measuring the effect(s) of many targeted public health interventions aiming to reduce mortality.

1.2.2. HIV-associated tuberculosis

Immunosuppressed HIV-positive individuals are up to 20—30 times more susceptible to active TB disease compared with
HIV-negative, immunocompetent individuals [50]. Vulnerability to TB, and other infections, increases as immune
function decreases. TB disease often presents atypically in individuals with advanced HIV disease, and can be difficult
to differentiate from other HIV-associated infections or even from non-specific symptoms caused by severe
immunosuppression [51-53]. Microbiological investigations used to diagnose TB disease in immunocompetent
individuals are also less useful in those who are immunosuppressed: the sensitivity of sputum microscopy (‘smear’) is
markedly reduced and Xpert® MTB/RIF, which detects MTB deoxyribonucleic acid (DNA) and is more sensitive than

smear, performs less well in HIV-positive individuals with low CD4 counts or smear-negative disease or both [54,55].
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Liquid mycobacterial culture is the most sensitive and specific investigation in these patients, but MTB is a slow-growing
organism and culture may take several weeks to yield a positive result or to provide a negative result to help rule out TB
disease [56]. In individuals with advanced HIV disease, at very high risk of death, long delays in starting treatment
(either anti-TB treatment or ART) can be life-threatening [23—-25,57-59]. At present, there is not a cheap, sensitive,
point-of-care test that can be used to diagnose active TB disease in individuals with advanced HIV attending primary
care in resource-limited settings [60—62]. As a result, there is a paucity of data on the prevalence of TB disease in these
individuals. Studies investigating this have found missed opportunities for investigation [63]; a lack of adequate
investigation for individuals who initially test negative, even in the presence of persistent symptoms [64]; and a high

prevalence of undiagnosed TB disease, including among individuals who initially test negative for TB [65—67].

More reliable estimates of TB prevalence come from autopsy studies, though many of these involve only small numbers
of individuals dying in hospitals [68,69]. The burden of TB at autopsy is typically higher than in studies of living
individuals. This difference is likely to be artificially inflated, at least in part due to the increased difficulty of
ascertaining TB disease in the living, and because the higher risk of TB disease and mortality in those with advanced HIV
disease and higher risk of mortality in those with TB [23,70] may lead to the over-representation of TB among those
who die. However, as discussed above, the relative inadequacy of TB diagnostics in living individuals, particularly in
those who are HIV-positive, suggests that current methods do underestimate the prevalence of disease in living
patients; a systematic review of autopsy studies describing the autopsy prevalence of TB in HIV-positive adults dying in

LMIC found that almost half of the active TB prevalent at autopsy had not been diagnosed ante mortem [71].

As discussed further below, national and international estimates of TB prevalence are derived, in part, from numbers of
reported cases; these numbers are also used to generate estimates of TB mortality, particularly in HIV-positive

individuals. The potential underestimation of the true burden of TB and, by proxy, mortality due to TB, has implications
not just for individual patients in whom the diagnosis is missed, but for the at-risk populations in high-burden countries,
the healthcare workers treating them, and the surveillance and governing bodies that generate statistics and determine

resource allocation [72,73].
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1.2.3. Measuring mortality

1.2.3.1 Causes of death and the ICD

The processes that lead to the death of an individual are often multiple and complex, but their distillation to a single
‘underlying’ cause has been central to the approach taken to cause of death monitoring since its inception [74].
Considering that methods have been in development for over a century, it can be argued this reductive process has led

to data, at a national and international level, that are of poorer quality than are desirable.

Modern classification systems have their origins in the ‘International List of Causes of Death’, first collated in the late
19*" century [75]. There was a recognition, from its earliest days, that any such list was never going to be
comprehensive. The intention was for it to be functional, to allow for structured observation and quantification of
natural phenomena; rather than a list of “terminal causes”, it was intended to describe “the morbid condition that
initiated the train of events ultimately resulting in death” [75]. Regular revisions were built in to the process to
incorporate new evidence and knowledge to improve the accuracy of the list. Revisions were initially scheduled to
occur every 10 years; after the 9t revision in 1975, however, it was decided that cycles were too short, and the 10t
revision was delayed until 1989. The 10" revision of the International Statistical Classification of Diseases and Related
Health Problems (ICD-10) was endorsed by WHO in 1990 and has undergone several minor updates in the intervening

period [76], but the next major revision, ICD-11, is not due for release until 2018, a gap of almost thirty years [77].

In the early stages of the HIV epidemic there were few data available on its aetiology and clinical presentation. As more
knowledge emerged, a working case-definition was developed that allowed epidemiologists to identify and count cases
of HIV-associated illnesses at a time when confirmatory diagnostics were not necessarily available [78,79]. In 1993, the
Center for Disease Control (CDC) definitions of AIDS were developed and have been used, broadly, ever since [80].
Codes for HIV-associated diseases were incorporated into the ICD system in 1990 and have been changed only slightly

since then [81].

At present, all HIV-associated causes of death are classified under five, three-character codes: HIV disease resulting in
infectious and parasitic diseases (B20); resulting in malignant neoplasms (B21); resulting in other specified disease
(B22); resulting in other conditions (B23); and unspecified HIV disease (B24) [76]. More specific causes are specified
with a digit after a point, i.e., a five-character code. For example, B20.4, “HIV disease resulting in candidiasis” and

B21.1, “HIV disease resulting in Burkitt lymphoma”. Of particular relevance to this thesis is the way TB is classified by
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ICD-10. TB as an underlying cause of death is classified under ICD-10 codes A15, “respiratory TB, bacteriologically or
histologically confirmed”; A16, “respiratory TB, not confirmed bacteriologically or histologically”; A17, “TB of nervous
system”; A18, “TB of other organs”; and A19, “Miliary (or disseminated) TB”. However, these definitions all specifically
exclude “HIV disease resulting in tuberculosis”, which is included under HIV-associated conditions (ICD-10 code B20.0).
As described in more detail below, this may seem a straightforward division, and if the full five-character ICD codes
were used in all settings, it would be. In practice, however, many bodies, particularly in LMIC, use only three-character
codes (B20, B21, etc.) and deaths due to HIV-associated TB are indistinguishable from other infectious and parasitic

HIV-associated deaths, all of which are also included under the ‘B20’ umbrella [76].

1.2.3.2 Estimating cause-specific mortality in LMIC

Many countries rely on civil registration and vital statistics (CRVS) systems as their primary source of mortality data. In
many LMIC, however, these systems are weak or non-existent, and estimates of disease burden and mortality must be
compiled through other means [82,83]. For TB deaths, for example, WHO use a variety of sources to generate mortality
estimates, including case notification data, results from TB prevalence surveys, estimates of HIV prevalence, and
estimates of country-specific case-fatality rates [84]. Figures produced by WHO also depend heavily on mathematical

models, most importantly those included in the Spectrum software suite (http://www.avenirhealth.org/software-

spectrum.php), which is also used by UNAIDS and other groups [85].

Attempts to estimate mortality due to HIV-associated TB are doubly hampered, however, by the issues with ICD-10
described above. Even in countries with functional CRVS systems, such as South Africa, estimates of mortality must still
be derived through modelling, as cause-specific mortality figures are reported to WHO only in three-character format
(i.e., B20, rather than B20.0) [11,72]. As a result, there are few examples available of direct (non-modelled) estimations

of mortality attributable to HIV-associated TB.

1.2.4. Alternative methods to directly estimate disease burden and mortality

1.2.4.1 Pathological autopsy

Pathological autopsy remains the most accurate method for assessing disease prevalence at death and assigning causes
of death [68]. The procedure is usually conducted by a pathologist and involves exposure and visualisation of all the
organs, with samples sent, at a minimum, for histological examination. Pathological autopsies provide high quality data

and, as organs are directly visualised, can also provide accurate estimates of disease prevalence among the decedents
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examined. However, global autopsy rates, while always low, have been in decline for several years. This is thought to
be for a number of reasons, including improvements in diagnostic facilities (in high-income settings), increasing
reluctance on the part of family members to provide consent, and reluctance on the part of clinicians to request the
procedure or to go through the consent procedure with families [86]. Many of these reasons also apply to resource-
limited settings, although, arguably, autopsies are even more important in these settings, where vital registration data

are sparse and diagnostic facilities often limited [87-89].

Some of the technical strengths of pathological autopsy also count against it. A comprehensive and technically complex
procedure may produce high quality data, but also requires highly trained personnel and specialist facilities, both of
which increase the cost and limit the feasibility of the procedure to different contexts. As discussed in more detail in
Chapter 2.2, this, at least in part, may explain why the majority of autopsy studies in LMIC have been conducted among
hospitalised individuals. More recent studies have therefore used minimally-invasive techniques to circumvent some of

the issues encountered with complete autopsy.

1.2.4.2 Minimally-invasive techniques

Minimally-invasive autopsy (MIA), which entails post-mortem sampling of body fluids or solid organs through aspiration
or tissue core biopsy, respectively, has become increasingly popular in recent years [90]. In resource-limited settings, in
particular, it compares favourably to complete autopsy, as it is cheaper and faster to conduct, more acceptable to
families, does not require specialist training, and provides reasonable accuracy for estimating the prevalence of
communicable diseases [91-95]. Groups in LMIC have developed standardised protocols for the use of this technique
in resource-limited settings [96—99]. However, shortcomings and challenges exist, particularly in estimating the
prevalence of non-communicable diseases, and in assigning causes of death from MIA data, where protocols and

guidelines are not yet established.

1.2.4.3 Verbal autopsy

A verbal autopsy (VA), in its most basic form, is a conversation with the relatives or carers of a deceased individual
regarding the events leading up to death. VAs have been used since the 1970s, initially to investigate maternal and
child mortality [100]. The first paper describing the use of VA to quantify mortality among a more representative
sample was published in 1986, reporting on a study conducted in Senegal [101]. Since then, as the scope of VA has

expanded, considerable efforts have been made to refine both the interview and the methods used to assign causes of
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death based on VA data [102]. In 2007, WHO convened a panel of VA experts to establish the first international
standardised VA instrument [103]. Separate instruments are now used for the death of a child aged up to four weeks, a
child aged four weeks to 14 years, and an adult (aged 15 years and above). Unless otherwise specified, any references

to ‘VA instrument(s)’ in this thesis pertain only to the third, adult questionnaire.

The standard instrument consists, broadly, of four parts: first, basic details about the respondent (i.e., the person being
interviewed), including their relationship to the deceased and the extent of their interaction during the final illness;
second, basic details about the decedent, including demographic information, site of death, and cause(s) of death
recorded on the death certificate; third, an open narrative section, allowing the respondent to describe, in their own
words, the events leading up to death; and, finally, a set of closed, mostly yes/no, questions around diagnoses made by
health professionals, symptoms witnessed or reported (including duration thereof), and any treatment sought or
administered. The last section makes up the bulk of the questionnaire (~80% of questions in the WHO 2012 instrument
[104]). Within this last section are also contained several discrete modules on specific topics. The applicability of a
module to a particular decedent is often determined by a single ‘entry’ question; for example, section 6 of the 2012
WHO instrument is to be used only if the first question (“Did the deceased suffer from any injury or accident that led to
her/his death?”) is answered in the affirmative; section 7 only if the decedent was female; and section 8 only if a female
decedent was pregnant, had delivered, or had miscarried in the six weeks prior to death [104]. Various groups have
also added their own modules, based on particular interests or location-specific mortality patterns; the research group
at Agincourt health and demographic surveillance system (HDSS) site, in Mpumalanga Province, South Africa, for

example, added modules asking detailed questions about epilepsy, stroke, and a history of work underground [105].

1.2.4.3.1 Using VA data to assign causes of death

WHO VA instruments were updated in 2012, 2014, and 2016, though most changes made were relatively minor
[104,106,107]. More dramatic, however, have been the changes in interpretation methods made over the same
period. Physician-certified verbal autopsy (PCVA) has been the most widely used method and is still widely perceived
to be the most reliable in assessing cause-specific mortality fractions (CSMFs), to the extent that it is sometimes used as
a reference standard in validating newer, experimental methods [108,109]. The PCVA method is described in detail
later in this thesis (see Chapters 2, 5, and 6). Briefly, it involves the review of VA data by two or more physicians who

independently assign causes of death per ICD guidelines; causes assigned by reviewing physicians are then compared
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and, if there is disagreement, the case is either discussed by the reviewing physicians or sent to another, independent
physician for review (Figure 1:1). Agreement between any two physicians is considered the final cause of death; if all
three physicians are unable to agree, the deceased individual is assigned an ‘unknown’ or ‘indeterminate’ cause of

death.

Although the internal validity of the process is relatively high, with some care taken to account for interactions between
reviewers, the cost, logistical difficulties, and time required for the process make it an inefficient choice for use on a
larger scale. In addition, there are concerns that the pre-existing beliefs or knowledge of the physicians involved may

bias the assignment of certain causes of death, making it difficult to compare causes assigned in different contexts.
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Figure 1:1. lllustrative overview of the PCVA process, incorporating discussion stage, per Agincourt HDSS site

(adapted from upgrading appendix)
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In response to the sub-optimal reliability of PCVA and to overcome some of the logistical barriers to large-scale
implementation of VA, recent efforts have focused on the development of computer-coded VA (CCVA) methods to
achieve the same objectives [110,111]. Automated methods are easier to standardise; less expensive to run, especially
when dealing with very large numbers of deaths; and give quicker results, potentially allowing for data to be analysed
by several different methods in the same time it would take for physician review. CCVA methods are therefore viewed
as more suitable than PCVA for integration into civil registration systems, which is a major objective of some research

and implementation groups [112-115].

The most prominent and widely used CCVA method is InterVA (http://www.interva.net), a programme that

corresponds to the WHO 2012 VA instrument and interprets categorical VA data using a Bayesian algorithm. InterVA
assigns each decedent up to three causes of death, each with an associated probability [116,117]. Like most CCVA
methods, InterVA assigns causes of death using a truncated list of 34 causes, each of which is a collection of more
specific ICD-10 codes [118]. InterVA was first tested in the mid-2000s and has undergone a number of revisions [119];

the most recent version, issued in January 2016 and used in this thesis, is InterVA-4.03.

The next most prominent programme, more recently made available for general use, is SmartVA-Analyze

(http://www.healthdata.org/verbal-autopsy/tools). This was developed by the Institute of Health Metrics and

Evaluation (IHME) and uses the Tariff 2.0 method [120] to assign causes of death according to a list developed by the

Population Health Metrics Research Consortium [121].

InSilicoVA [122,123], a probabilistic method developed more recently, has only just been made available for public use

and is therefore not evaluated in this thesis (https://cran.r-project.org/web/packages/InSilicoVA/index.html). As

explored in more detail in Chapter 2.3, various other automated and algorithm-driven methods have been tested over

the last decade, though most have now been abandoned in favour of the methods described above.

1.2.5. South Africa

1.2.5.1 General overview

South Africa has one of the most unequal societies in the world. In 2010, 53.8% of the population was living in poverty
and, in 2011, the richest 10% of the population held 51% of the income share, compared with less than 1% held by the

poorest 10% (Gini index 63.4) [124]. The political environment is also complex and volatile: the World Bank assigned
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South Africa a ‘political stability’ score of -0.2 in 2015, placing it in the 38 percentile (90% confidence interval [CI]
29.4-53.1) worldwide, compared with the most and least stable (Greenland,1.9, and Syria, -2.9, respectively [125]).
With national unemployment at 26—36% (and consistently higher in those 15-34 years of age [126]), a minority tax base
[127], and a seemingly constant threat of political and civil unrest, South Africa’s financial situation in recent years has
been unsteady, as illustrated by the decline in the value of the Rand from 2012-2016 and the change in bond status to

‘junk’ in early 2017 [128].

Many of South Africa’s current issues have their roots in the country’s tumultuous, and well documented, racial and
political history, a detailed discussion of which is beyond the scope of this thesis. It is sometimes easy to forget, in
modern South Africa, that apartheid ended less than 25 years ago; the consequences of those policies continue to have
a tangible impact on the daily lives of South Africans and exert considerable influence over the way national

institutions, including health-related structures, are governed.

1.2.5.2 The health system, HIV, and TB

South Africa has the largest number of HIV-positive individuals of any country [129] and the second-highest number of
new TB cases per year [1]. Health in the country has changed dramatically over the last twenty years, particularly in
terms of HIV care: the dark days of AIDS denialism [130] are long past, in large part thanks to the tireless advocacy of
civil society groups such as the Treatment Action Campaign [131] and investments made by the Zuma administration.
The country now boasts the largest antiretroviral programme in the world, with an estimated 3.7 million individuals on
treatment in 2016 [129]; has purchased almost as many Xpert® MTB/RIF cartridges as the rest of the world combined
(over 10.5 million from 2010-2016) [132]; and, in 2013, health expenditure per-capita was among the highest in the
African region [12]. Great strides have been made in improving standardisation of care, monitoring and evaluation of

critical outcomes [133], and in establishing a transparent process for translating evidence to policy [134].

Since the late 1990’s, there has been a steady move towards the decentralisation of healthcare in South Africa [135].
Primary health clinics and community health centres are now a central pillar of the health system: among individuals
aged five years or older, there were over 120 million visits to the 3,427 facilities operating in 2015/16 [136]. Health
coverage of the population is varied, in part due to the wide variation in population density in different parts of the
country (for example, Rustenburg municipality has a density of 160 persons/km? and the City of Johannesburg 2,600

persons/km? [population 0.5 million and 4.4 million, respectively]) [137,138]. In 2013, WHO estimated that South
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Africa had 5.9 health posts and 0.1 provincial hospitals per 100,000 population [12]. All public health facilities are
served by a network of centrally coordinated laboratories (the National Health Laboratory Service [NHLS]) which allows
for standardisation of protocols and testing nationwide [139]. The NHLS has also developed a national database, with
online access available to practitioners and other healthcare professionals, allowing for greater accessibility of test

results [140].

ART and TB treatment are available free of charge at all public facilities, a programme now majority financed by the
South African government (79% of HIV spending and 91% of the national TB programme funding came from domestic
sources in 2014 and 2016, respectively [1,129]). Numbers of individuals on ART, in particular, have increased since the
adoption of the nurse-initiated management of ART (NIMART) programme in 2007 [141], allowing for most individuals
to receive their care in the community. Efforts to improve adherence were given a boost by the introduction of a fixed-
dose combination ART formulation in 2013 [142], reducing the pill-burden for HIV-positive people. Xpert® MTB/RIF is

now the first-line diagnostic test for TB and is used at over 200 laboratories across the country [139].

1.2.5.3 Current CRVS infrastructure

South Africa is one of only three countries in the WHO African region with >70% coverage of deaths through civil
registration [12]. Death certificates are completed by medical practitioners (or by tribal leaders in areas without
medical practitioners) and causes of death are broadly classified as ‘natural’ or ‘unnatural’ [143]. Autopsies are
generally conducted only for deaths due to unnatural causes, which include trauma, suicide, and deaths related to
medical procedures. Death certificates are collected by the Department of Home Affairs and collated by the Statistics
South Africa, which produces, every year, a report on cause-specific mortality [144]. To do this, Statistics South Africa
codes all causes of death listed on death certificates per ICD-10 and then uses two automated methods (the Medical
Mortality Data System [MMDS] [145] and Iris [146]) to generate a single, underlying cause of death, per ICD rules.
Death notification data are also collected by the South African Medical Research Council, who use the South African ID
(a unique identifier assigned to each citizen) to keep records of the date and location of each death and produce

periodic ‘Rapid Mortality Surveillance’ reports [147].

1.2.6. Lesedi Kamoso: “Light for the future”

The results of the Lesedi Kamoso (“Light for the future”) study, a mortality sub-study nested within three large studies

of TB and HIV in South Africa (described below), make up the bulk of this thesis. The study aimed to determine the
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autopsy prevalence of TB and other important infections among patients who died in the TB Fast Track, XPHACTOR, and
XTEND studies; to perform verbal autopsies among the same target population; and to compare causes of death
assigned by the two methods. Detailed methods and findings from this study are presented throughout the thesis and
are therefore not listed here. This section describes briefly the three parent studies within which Lesedi Kamoso was

nested.

1.2.6.1 Parent study 1: TB Fast Track

1.2.6.1.1 TB Fast Track: Background

TB Fast Track was a pragmatic, open-label, cluster-randomised controlled trial conducted in South Africa from late 2012
to mid-2015 [148] (Table 1:1; Appendix 2 [Chapter 8.2.1]). The premise behind the study was straightforward:
mortality among people with advanced HIV disease in LMIC is high, particularly pre- and early on ART; TB is thought to
be a leading cause of death in these individuals, but is also more difficult to diagnose, with patients often not started on
treatment due to delays in diagnosis, as described above. The hypothesis was that identifying individuals at the highest
risk of TB disease and starting them on TB treatment without waiting for microbiological confirmation (therefore
circumventing the delays associated with routine diagnostic algorithms), followed by ART as soon as possible, would
reduce all-cause mortality at six months. The trial set out to evaluate whether a novel algorithm that incorporated

point-of-care measurements would fulfil this purpose when implemented in a pragmatic way in a primary care setting.

1.2.6.1.2 TB Fast Track: Setting and population

The study was conducted at 24 primary health clinics in three provinces of South Africa: Gauteng, North West, and
Limpopo (Figure 1:2). Clinics were situated in diverse parts of the country, from Ekurhuleni Metropolitan municipality
(Gauteng), the fourth most populous municipality in South Africa and one of the most densely populated, at 1,609
persons/km?, to Moretele municipality in North West province (population density 136 persons/km?) and Greater
Tubatse, in Limpopo (73 persons/km?) [149—151]. HIV prevalence among individuals aged 15-49 years, in 2012, was
20.3% (95% Cl 17.5-23.4) in North West province, 17.8% (95% Cl 14.6-21.6) in Gauteng, and 13.9% (95% Cl 10.2-18.7)

in Limpopo [152]. All study sites were primary health clinics with no access to on-site Xpert® MTB/RIF.

Individuals were eligible for inclusion in the study if, at the time of enrolment, they were 218 years of age; HIV-positive
with a CD4 count of <150 cells/uL; not receiving ART or TB treatment and had not received them in the preceding six or

three months, respectively; and were well enough not to require referral to a secondary care facility. To evaluate this
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final criterion, all potential participants underwent a brief examination to decide if they were well enough for inclusion.
Individuals were excluded, per WHO recommendations [153], if they had a heart rate of more than 120 beats per
minute, respiratory rate of more than 30 breaths per minute, systolic blood pressure of less than 90 mmHg, evidence of
respiratory distress or jaundice, or were otherwise judged (by a health professional) as needing referral to a secondary
facility. Other exclusion criteria included a diagnosis of chronic hepatitis, a history of high alcohol intake (>112 or >84
units of alcohol per month for men and women, respectively), a previous reaction to efavirenz, and pregnancy,

although the last criterion was later removed due to changes in South African guidelines [154].

Figure 1:2. Map of South African provinces in which the TB Fast Track study was conducted

Limpopo province

Gauteng province

North West province

1.2.6.1.3 TB Fast Track: Study procedures

Each primary health clinic was treated as a cluster; 12 each in the intervention and control arms. At intervention sites,
the body mass index (BMI) of each participant was calculated; their haemoglobin measured, using a point-of-care assay;
and their urine tested, using a dipstick lateral-flow assay, for lipoarabinomannan (LAM), a marker of mycobacterial
disease. A participant with any of BMI <18.5 kg/m?, haemoglobin <10 g/dL, or positive (1+ or higher) urine LAM,
irrespective of symptoms, was considered to have a ‘high probability’ of active TB and was started on TB treatment as
soon as possible, followed by ART two weeks later (Figure 1:3). Participants who did not meet any of the above criteria

and had no TB symptoms were considered to have a ‘low probability’ of active TB and were initiated on ART as soon as
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possible. Those who did not meet high probability criteria but did have symptoms suggestive of TB were considered

‘medium probability’ and were investigated further and reassessed after a week.

Figure 1:3. The TB Fast Track study algorithm, reproduced with the kind permission of Prof Alison Grant

HIV-positive, low CD4
TB symptom screen;
TB triage tool
(urine LAM; BMI; Hb)

¢ w ¢

HIGH PROBABILITY TB MEDIUM PROBABILITY TB LOW PROBABILITY TB
Any/no TB symptoms; 21 TB symptom; No TB symptoms;
LAM positive LAM negative LAM negative
OR AND AND
Hb <10 g/dL Hb 210 g/dL Hb 210 g/dL
OR AND AND
BMI <18.5 BMI z18.5 BMI z18.5

v

Further investigation
Review within 1 week

Start TB treatment as Start ART as soon as
soon as possible, possible
then ART after 2 weeks

ART: antiretroviral therapy; BMI: body mass index; Hb: haemoglobin; LAM: lipoarabinomannan; TB: tuberculosis

1.2.6.1.4 TB Fast Track: Implementation

TB Fast Track completed enrolment in December 2014 and follow-up in June 2015. A total 3,053 participants were
recruited, 31 (1.0%) of whom were subsequently excluded, leaving 3,022 in the final analysis. Some 364 individuals
died after enrolment to the study, 285 (78.3%) within six months. The results of the study were presented at the 2016

Conference on Retroviruses and Opportunistic Infections (CROI) in Boston, USA [155].

1.2.6.2 Parent study 2: XPHACTOR

The XPHACTOR study ran from mid-2012 to mid-2014 in four out-patient clinics in the Johannesburg area and evaluated
a risk-based algorithm that prioritised investigation for TB (using Xpert® MTB/RIF) among HIV-positive adults attending
for routine care (Table 1:1). The study enrolled individuals established on ART as well as those with low CD4 counts
who had not yet initiated ART. All participants were followed up for at least three months after enrolment; a small

subset of individuals with continuing symptoms suggestive of TB but without a diagnosis of TB at three months were
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further investigated and followed up for an additional three months. The study enrolled 3,722 HIV-positive adults at
the four sites, 125 (3.4%) of whom died. Only data from a subset of the overall cohort have been published so far

[156], though other results were presented in 2015 [157].

1.2.6.3 Parent study 3: XTEND

In 2012, South Africa planned to roll-out Xpert® MTB/RIF to replace sputum smear at clinical sites across the country.
Embedded within this roll-out was the XTEND study [158], a pragmatic, cluster-randomised trial to assess the effect on
mortality of the implementation of Xpert® MTB/RIF in primary care facilities in South Africa (Table 1:1). The study was
conducted at 20 laboratories and 40 primary health clinics, with each cluster defined as one laboratory and two clinics.
Adults (218 years) were enrolled, irrespective of TB symptoms or HIV status, who were being investigated for TB by
clinic staff, i.e., had sputum sent to a laboratory for testing. Depending on cluster, sputum samples underwent either
immediate testing with Xpert® MTB/RIF or examination by smear microscopy. Laboratories using smear microscopy
during the study period implemented Xpert® MTB/RIF around six months after the end of enrolment. The primary

outcome was all-cause mortality at six months after enrolment.

Between June and November 2012, the study enrolled 4,656 adults, of whom 2,206 (47.4%) self-reported as HIV-
positive. Some 231 individuals died after enrolment, at least 97 (42.0%) of whom were HIV-positive. Results of the

study were published in 2015 [159].
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An autopsy study exploring the spectrum of disease in individuals with advanced HIV

in primary care clinics in South Africa

TB Fast Track

XPHACTOR

XTEND

Enrolment period
Minimum follow-up

Location

Population

Inclusion criteria

Exclusion criteria

Enrolled, n

Female, n (%)

Age (years), median (IQR)
Total deaths, n (%)

December 2012 to December 2014
Six months

24 primary health clinics in Gauteng; North
West; and Limpopo provinces.

HIV-positive adults (>18 years) attending
primary health clinics.

e (D4 count <150 cells/pL

e Receiving or had received ART in the
preceding 6 months

e Receiving or had received TB treatment in
the preceding 3 months

e Any contraindication to efavirenz (until Aug
2013)

e Pregnant (until Aug 2013)

e Unwell at enrolment (HR >120, RR 230, SBP
<90 mmHg, respiratory distress, jaundice,
or haemoptysis)

e High alcohol intake

e Diagnosis of chronic hepatitis

3,022
1,668 (55.2)
37 (32-44)

364 (12.0) (until the end of the study period;
285 occurred within 6 months of enrolment)

September 2012 to March 2014
Three months

Four out-patient clinics in Gauteng province (all
in the Johannesburg area).

HIV-positive adults (>18 years) attending out-
patient clinics for HIV care.

e Already receiving ART or pre-ART

e Receiving or had received TB treatment in
the preceding 3 months

3,722
2,625 (70.5)
39 (33-46)
125 (3.4)

June to November, 2012
Six months

40 primary health clinics in Eastern Cape, Free
State, Gauteng, and Mpumalanga provinces.

Adults (218 years) attending primary health
clinics

e Being investigated for TB by clinic staff

e Receiving TB treatment

e Not resident in the catchment area

e Planning to relocate within subsequent 8
months

4,656*
2,891 (62.1)
36 (28-47)
231 (5.0)

*2,206 (47.4%) self-reported HIV-positive at enrolment

ART: antiretroviral therapy; HR: heart rate; IQR: interquartile range; RR: respiratory rate; SBP: systolic blood pressure TB: tuberculosis
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1.3. Aims and objectives

1.3.1. Aims

This thesis aims to describe the burden of disease, particularly TB, in HIV-positive adults dying in resource-constrained
settings; causes of death in HIV-positive adults using clinical data, with and without pathological autopsy; and causes of
death in HIV-positive adults using verbal autopsies interpreted by different methods, with a particular focus on the

measurement of mortality attributable to HIV-associated TB.

1.3.2. Objectives

The objectives of this thesis are to:

1. Synthesize the literature describing, in HIV-positive adults dying in LMIC,
a) the use of pathological autopsy to estimate the burden of TB and other diseases,
b) the use of VA to estimate HIV- and TB-related mortality, and

c) direct estimations of causes of death using clinical and/or autopsy data;

2. Estimate the prevalence of TB and other infections, based on pathological autopsy, in adults with advanced

HIV dying after enrolment to a pragmatic trial of empirical TB treatment in South Africa;

3. Evaluate, among HIV-positive adults, the performance of different VA interpretation methods compared

with a clinical reference standard derived from research and autopsy data, in
a) assigning HIV-related causes of death at individual and population levels, and

b) differentiating HIV-associated TB from other HIV-associated causes of death; and

4. Evaluate, among adults with confirmed HIV status,

a) the sensitivity and specificity of the ‘HIV diagnosis’ question included in the WHO 2012 VA instrument

in assigning HIV status, and

b) the specificity of different VA interpretation methods in assigning HIV-associated causes of death.

1.4. Thesis structure

This thesis follows a ‘research paper’-style format. A review of the literature is presented in two parts in Chapter 2,

pertaining to (1) tissue autopsy estimates of disease burden in HIV-positive adults in LMIC and (2) the validation of VA
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methods in estimating HIV- and TB-associated causes of death. The first research paper makes up Chapter 3, a
systematic review of the literature around the direct estimation of causes of death in HIV-positive adults in LMIC.
Chapters 4, 5, and 6 report methods and results of fieldwork conducted in South Africa, presented as three further
research papers. Chapter 4 aims to address objective 2, describing the prevalence of TB and other infections at
autopsy, and chapters 5 and 6 address objectives 3 and 4, respectively, describing the performance of VA in estimating
TB and HIV-associated mortality, as well as the sensitivity and specificity of individual VA questions in detecting HIV
status and/or ART use. Finally, Chapter 7 summarises and discusses the various elements raised in the thesis, their

relation to one another and to wider policy and practice, and offers a list of recommendations and conclusions.

1.5. Contribution to the work presented in this thesis

1.5.1. Conception, study design, protocol development, and regulatory approvals

| was not involved in the conception of the idea for this study, which came from discussions between Prof Alison Grant
and colleagues at the Aurum Institute (including Dr Salome Charalambous and Dr Kerrigan McCarthy) and Johns
Hopkins University (Dr Chris Hoffmann). The managers of the three parent studies were also involved at an early stage
(Dr McCarthy [XTEND], Dr Yasmeen Hanifa [XPHACTOR, LSHTM], and Dr Mpho Tlali [TB Fast Track, the Aurum

Institute]). My first involvement was in helping develop the Lesedi Kamoso study protocol and applying for funding.

Once funding had been secured, | was closely involved in study design, including applications to regulatory bodies. |
developed standard operating procedures (SOPs), hired and trained staff, and established the study among the various
stakeholders (primarily mortuary owners, clinic staff, and hospital management). A particularly large undertaking was
the training of TB Fast Track study staff in obtaining written informed consent for MIA, something that was done at the
point of enrolment in TB Fast Track. | devised the training, led workshops, monitored progress, and worked closely with

individual researchers to improve consent rates.

Various minor aspects of the protocol were modified as the study was implemented, the majority of which were at my
direction, as the individual most familiar with study progress. The largest and most notable change to the study
protocol, to conduct VAs among HIV-negative individuals to assess the specificity of VA in assigning HIV-associated
causes of death, was suggested by Prof Daniel Chandramohan, who was not a study investigator, but is a member of my

PhD advisory panel, and whose advice was sought part-way through the study.
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1.5.2. Study management and data collection

1.5.2.1 Parent studies

The primary responsibilities for the management of the three parent studies were with the three trial managers. | was
closely involved, however, in the day-to-day running of TB Fast Track, including in the design and piloting of case
reports forms, data management, monitoring of study sites, and staff training. | was not involved in any study activities

for XPHACTOR or XTEND.

1.5.2.2 Lesedi Kamoso sub-study

| oversaw all study activities and line-managed the five individuals in the study team. | wrote SOPs for MIAs, VAs, data
collection from hospital files, and selection of HIV-negative deceased individuals from hospital mortuaries. | conducted
the majority of MIAs and oversaw VA data collection (the VA interviews themselves were conducted by research
assistants) and coordinated data collection from clinics, hospitals, and the National Health Laboratory Service (NHLS)
online database. In these last two tasks, | received some assistance from Dr Natalie Wood, a student from LSHTM who
volunteered to work with our team for a few months, and certain members of the TB Fast Track team. | also reviewed
registers at five hospital mortuaries and traced hospital files and lab results for several hundred deceased adults to find

HIV-negative individuals for whom a VA could be conducted.

The collection of VA data for decedents from the XTEND study was coordinated by a project manager at the Aurum
Institute, Ms Noriah Maraba, who also led the initial analysis and write-up of those data; this was published in 2016
[160]. | was closely involved in the analysis and writing process and am listed as the second author on the paper.
Although VA data from these individuals are included in this thesis (research paper 4 [Chapter 6]), | conducted all
analyses presented here. This thesis also presents interpretation of these VA data by SmartVA-Analyze, something not

done in the previous analysis.

1.5.3. Data management & analysis

VA data were entered directly into an online database by the interviewers; | conducted quality assurance of all VA data,
including review of open narratives. Results of tests conducted on pathological autopsy samples were recorded
centrally by the private laboratory at which the majority of tests were conducted. | wrote CRFs and built separate
databases for remaining pathological autopsy data, hospitalisation data, secondary data from clinics, and data from the

NHLS database. Data entry and management for the parent studies were coordinated by the data management

Chapter 1: Introduction Page 42 of 383



An autopsy study exploring the spectrum of disease in individuals with advanced HIV
in primary care clinics in South Africa

department at the Aurum Institute; | was involved in data management for TB Fast Track only in an advisory capacity

and had no involvement in data management for XPHACTOR or XTEND.

| designed and managed the all physician review of verbal autopsies and clinical data. To allow for easier review of
clinical cases, | collated information from several sources (clinic files, hospital files, research databases, and the NHLS
database) and produced a chronological summary for each decedent (see Appendix 4 [Chapters 8.4.2 and 8.4.3] for
examples). | also designed digital entry forms to allow for remote review and managed all secondary data created by

reviewers.

| conducted all analyses presented in this thesis. This included the development of two large Stata do-files: the first for
converting VA data from WHO 2012 format into a format suitable for SmartVA-Analyze, for which | received assistance
from Prof Chandramohan, Dr Nicholas Maire, and Mr Vinit Mishra, who provided me with ‘R’ code that could be
adapted for Stata (Appendix 5 [Chapter 8.5.4]); and the second for changing the causes of death assigned by physicians
reviewing VA or clinical data into a suitable format for the Mortality Medical Data System (MMDS) to convert into a

single ‘underlying’ cause (Appendix 5 [Chapter 8.5.5]).

1.5.4. Multi-authored papers

1.5.4.1 Research paper 1: Directly estimated causes of death among HIV-positive adults in low- and
middle-income countries. A systematic review and meta-analysis (Chapter 3)

This manuscript has not yet been submitted for publication and has not yet been reviewed by all co-authors. Prof
Katherine Fielding and Prof Chandramohan both provided advice regarding the systematic review protocol and Prof

Grant has critically reviewed the protocol and manuscript.

1.5.4.2 Research paper 2: Autopsy prevalence of tuberculosis and other potentially treatable infections
among adults with advanced HIV enrolled in out-patient care in South Africa (Chapter 4)

| carried out all analyses, wrote all drafts, and maintained overall control of the content of this paper. Dr Nicole Wolter
managed and collated the results of tests carried out at the National Institute for Communicable Diseases (NICD). Prof
Fielding and Drs Anne von Gottberg, McCarthy, Tanvier Omar, Wolter, and Emily Wong made important suggestions

regarding the presentation of results and Drs von Gottberg, Neil Martinson, McCarthy, and Wong suggested changes to

the structure and content of the discussion. All authors reviewed and approved the final manuscript prior to
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submission. The peer reviewer at PLoS One had several comments; the letter written in response to her/his remarks,

which also details the resultant changes made to the manuscript, is included in Appendix 6 (Chapter 8.6.1).

1.5.4.3 Research paper 3: Measuring mortality due to HIV-associated tuberculosis among adults in South
Africa: Comparing verbal autopsy, minimally-invasive autopsy, and research data (Chapter 5)

| conducted all analyses, wrote all drafts, created all the figures, and maintained overall control of the content of this
paper. Prof Chandramohan facilitated the development of code for converting WHO VA data into a format suitable for
SmartVA-Analyze; Prof Fielding offered guidance around statistical methods and presentation of results; and Profs
Chandramohan and Kathleen Kahn provided advice around the overall direction and tone of the manuscript. All
authors reviewed and approved the final manuscript prior to submission. Peer reviewers at PLoS One had only a few
comments, requesting minor changes to the discussion; the letter written in response, which also details resultant

changes made to the manuscript, is included in Appendix 6 (Chapter 8.6.2).

1.5.4.4 Research paper 4: Performance of verbal autopsy methods in estimating HIV-associated mortality
among adults in South Africa (Chapter 6)

| conducted all analyses, wrote all drafts, created all the figures, and maintained overall control of the content of this
paper. Prof Fielding made suggestions around presentation of results and table structure and Profs Chandramohan and
Kahn provided advice around the overall direction and tone of the manuscript as well as around the structure and
content of the discussion. All authors reviewed and approved the final manuscript prior to submission. This
manuscript was rejected from PLoS Medicine (prior to peer review) and is currently being prepared for resubmission to

another journal.

1.5.5. Other individuals who provided guidance and/or input

My upgrading committee, made up of Dr Corinne Merle and Profs Robin Bailey and Ron Behrens, provided advice and
suggestions around methods for comparing causes of death assigned by different methods and, importantly, around
structuring the review process to minimise physician learning. Prof Sebastian Lucas provided helpful advice around
some of the practicalities of the MIA procedure and Prof Stephen Lawn and Dr Stephen Morris-Jones gave input on

testing pathological autopsy samples for TB and other bacteria.
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Dr Ed Fottrell, at the very early stages of the study, provided input around some of the logistics involved in collecting
data for verbal autopsies. Dr Abraham Flaxman was very helpful in gaining access to the most recent version of

SmartVA-Analyze, which, at the time, was not available from the Institute of Health Metrics and Evaluation.

Several individuals offered useful perspectives and advice at various points during the study, all of which may have had
an impact on study implementation, data analysis, or ideas expressed in this thesis, though their precise effects are not
necessarily quantifiable. They include Dr Kevin Cain, Dr Janneke Cox, Dr Haileyesus Getahun, Prof Judith Glynn, Dr

Kobus Herbst, Dr Michael Kimerling, Dr Richard Lessells, Prof John Porter, Dr William Wells, and Prof Basia Zaba.

Prof Grant was involved at every stage of the development of this thesis and critically reviewed and provided input on

most or all of the material presented here.
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2.1. Introduction

This chapter includes two separate reviews of the literature. The first review (Part 1) describes the findings of studies
estimating the autopsy prevalence of TB and other infections in HIV-positive adults dying in LMIC. This does not include
discussion of causes of death assigned in autopsy studies, as this is discussed in detail in Chapter 3 (research paper 1).
The second review (Part 2) will describe findings from VA validation studies conducted in areas of high HIV prevalence,
with a particular focus on the types and quality of reference standards used for validation, and the accuracy of VA

interpretation methods in assigning HIV- and TB-associated causes of death.

2.2. Part 1: Pathological autopsy prevalence of TB and other infections
among HIV-positive adults dying in low- and middle-income countries

2.2.1. Introduction

Pathological autopsy studies have been a source of information on disease processes, interactions, and epidemiology in
many contexts for many decades [86]. Regarding HIV specifically, data from pathological autopsy studies conducted in
the late 1980’s and early 1990’s were critical in the development and refinement of AIDS case definitions [78,79] and,
through a better understanding of the spectrum of disease associated with HIV, allowed for more accurate estimation
of the burden of HIV-associated disease in developing countries [161]. Autopsy studies have been particularly useful in
better understanding the relationship between HIV and TB [68], the leading cause of death among PLHIV in LMIC. Due

to the difficulties involved in diagnosing TB in living individuals with advanced HIV (see Chapter 2), autopsies have been
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relied upon to provide estimates of the burden of undiagnosed TB among HIV-positive individuals dying in these

settings.

As the global rollout of ART continues, pathological autopsy data remain important in allowing us to monitor progress
and predict the evolution of the HIV epidemic. As they have in the past, autopsy data remain key to the maintenance
of up-to-date definitions that accurately reflect real-world phenomena and allow for reliable and meaningful estimates

of disease, morbidity, and mortality.

2.2.1.1 Aim

To estimate the prevalence of TB and other infections among HIV-positive adults included in pathological autopsy

studies conducted in LMIC.

2.2.2. Methods

2.2.2.1 Search strategy

MEDLINE® was searched (via PubMed®) using variations of the following terms: HIV/AIDS, autopsy, and a list of LMIC
(per the World Bank, 2015 [162] and the Cochrane Group, 2012 [163]; Table 2:1). Conference abstracts and
unpublished data were not searched. The reference section of the recent systematic review of studies reporting the

autopsy prevalence of TB in LMIC [71] was checked for additional articles.

Table 2:1. Terms used to search the MEDLINE® database (via PubMed®)

#1  (("hiv"[MeSH Terms])
OR (acquired immune deficiency syndrome[MeSH Terms])
OR (HIV) OR (human immunodef*)
OR (AIDS) OR (acquired immune def*)
OR (acquired immunodef*))

#2 (("autopsy"[MeSH Terms])
OR (post mortem examination[MeSH Terms])
OR (autops*)
OR ((postmortem) OR (post-mortem) OR (post mortem))
OR ((needle-autops*) OR (needle autops*))
OR ((minimally invasive autops*) OR (MIA))
OR (necropsy))

#3  Filters for low- and middle-income countries as described by the Cochrane Group, 2012 [163], updated as per
World Bank, 2016 [162]

Final search
#1 AND #2 AND #3

MEDLINE: US National Library of Medicine® (NLM) bibliographic database; MeSH: Medical subject headings;
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2.2.2.2 Screening and review

| conducted all screening and review of articles. Studies were excluded, based on titles and abstract, that included only
children, only individuals without confirmed HIV status, only HIV-negative adults, or only HIV-positive adults in
countries considered high-income at the time of data collection, or that assigned causes of death or measured only the
prevalence of non-communicable diseases without describing the prevalence of infections. The full text (where
available) of the remaining articles was reviewed and the same exclusion criteria applied. Where multiple articles
described the findings from a single study or single group of individuals, the article was included that best described

findings relevant to this review.

2.2.2.3 Data extraction and management

Using a standardised tool, data were extracted regarding study population, inclusion criteria, and autopsy and
laboratory methods in all included studies. The prevalence of TB and/or other infections found in each was recorded,
as were the site of disease, autopsy method, completeness of reporting (single organ/system vs. full autopsy report),
and ART status of decedents (where reported). Data were entered into EpiData v3.1 (The EpiData Association, Odense,
Denmark) and Microsoft Excel; all analyses were conducted using Stata v14 (StataCorp, College Station, TX, USA); and

figures were formatted using Inkscape™ software (https://inkscape.org/).

2.2.3. Results

2.2.3.1 Search results and screening

The search of Medline yielded 659 results, which included all but four of the studies included in the 2015 systematic
review [71]. After screening of titles and abstracts, 574/663 (86.6%) articles were excluded and 89 full-text articles,
where available, were reviewed. Thirty six articles were excluded: 18 (50%) because they duplicated findings from a
study already included (Table 2:2); six (17%) because they described only cause of death, not disease prevalence
[95,164-168]; four (11%) because they reported findings for only one disease, other than TB [169-172]; four (11%)
because they did not confirm the HIV status of decedents [97,173-175]; three (8%) because they did not report on the
prevalence of infectious diseases [176—178]; and one (3%) because it was conducted in a high-income country [179]. A

total 53 studies [19,87,93,94,180-228] were included in the review (Figure 2:1).

Table 2:2. Pathological autopsy studies with more than one published article; articles that were included in and

excluded from this review
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Study Data First/senior Included article(s) Excluded article(s)
location collected author(s)
Cote d’lvoire 1991 Lucas, SB AIDS, 1993 [19] BMJ, 1994 [229]
Int J Cancer, 1994 [230]
Tuber Lung Dis, 1994 [231]
Cote d’lvoire NS Domoua, K Revue de pneumologie Medecine tropicale: revue du Corps de
clinique, 1993 [202] sante colonial, 1995 [232]
India 1988-2007 Lanjewar, DN Path Res Int, 2011 [188] Clin Infect Dis, 1996 [233]
Indian Heart J, 1998 [234]
AIDS, 1998 [235]
Indian J Pathol Microbiol, 1999 [236]
HIV Med, 2001 [237]
HIV Med, 2004 [238]
Indian J Pathol Microbiol, 2016 [239]
Kenya 1996-1997 Rana, FS JAIDS, 2000 [197] J Acquir Immune Def Syndr Hum
Retrovirol, 1997 [240]
Mexico 1984-1989 Mohar, A AIDS, 1992 [205] J Acquir Immune Def Syndr, 1990 [241]
Mozambique 2002-2004 Menendez, C PLoS Med, 2008 [165] PLoS Med, 2009 [242]
South Africa 2008-2009 Cohen, T PLoS Med, 2010 [185] Nat Med, 2016 [243]
Tanzania 1997-1999 Ng'walali, P Forensic Sci Int, 2005 [228] Arch Pathol Lab Med, 1999 [244]
Uganda 2009; 2013 Cox, JA PLoS One, 2012 [183] J Clin Microbiol, 2015 [245]

JAIDS, 2014 [94]

PLoS One, 2015 [246]
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Figure 2:1. Flow diagram showing records found, screened, reviewed, and included in the analysis

Records from Records from
Medline other sources
n =659 n=4
h 4
Total
n =663

Removed after title
» and/or abstract screening
n=574

Full text articles reviewed
n=89

Full text excluded, with reasons (n = 36)
Duplication of other publication (n = 18)
Cause of death only (n = 6)

» One, non-TB disease reported (n=4)
HIV status not confirmed (n = 4)

Not infectious diseases (n = 3)

v High-income country (n=1)

Included in initial analysis
h=53

TB: tuberculosis

2.2.3.2 Overview of studies

Between 1984 and 2013, 53 pathological autopsy studies were conducted among HIV-positive adults in LMIC, including
5,086 autopsies on HIV-positive adults (Table 2:3). The majority were carried out in sub-Saharan Africa (23 [43.4%]
studies; 2,040 [40.1%] autopsies) and Latin America and the Caribbean (19 [35.9%)] studies; 2,249 [44.2%] autopsies).
Brazil was the country with the highest number of individual studies (n = 15), followed by South Africa (n = 6) and India
(n =5). Overall, low-income countries were under-represented, with most studies (32/53 [60.4%]) conducted in upper
middle-income countries (2015 income threshold USS 4,036-12,475 [162]). Some of the most influential work in this
area, conducted in Cote d’Ivoire and South Africa [19,211], was carried out in the 1990s, when ART was not available in

most LMIC. Though the subsequent decades have seen increasing numbers of autopsy studies in PLHIV, few have
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included individuals who died after initiating ART (n = 9 studies: 2/21 [9.5%)] published from 2000-2009; 7/15 [46.7%)]
published from 2010-2016). Even in these nine studies, only half (531/1,120 [47.4%)]) of the autopsies reported were

conducted on individuals who had initiated ART.

The majority of individuals undergoing autopsy were recruited and died in hospitals (40 [76%] and 36 [68%] studies and
3,961 [78%) and 3,224 [63%] autopsies, respectively). Even in studies which recruited individuals from the community
as well as hospitals, most recruitment and death occurred within facilities. Most studies used complete diagnostic
autopsy, though three studies presented findings from only one system or organ [191,202,227]. Ten studies used
partial autopsy or MIA, most (7/10) were conducted in sub-Saharan Africa. Eight studies
[19,87,93,184,185,195,197,212] used mycobacterial culture to estimate the prevalence of TB, and only three
[87,184,186] attempted to culture other pathogens; more recent studies used Xpert® MTB/RIF or other PCR methods
on various samples to estimate TB prevalence, but most relied only on histology (38/53 [72%] used only histology and

no other method).
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Table 2:3. Inclusion criteria and methods used for pathological autopsy studies estimating disease prevalence in HIV-
positive adults in LMIC (including deaths from 1984-2013) and stratified by geographic area (n = 53 studies; n = 5,086

autopsies)
Category Studies, n (%) Autopsies, n (%)
Region
Sub-Saharan Africa 23 (43.4) 2,040 (40.1)
Latin America & the Caribbean 19 (35.9) 2,249 (44.2)
South Asia 5(9.4) 409 (8.0)
East Asia & the Pacific 5(9.4) 359 (7.1)
Europe & Central Asia 1(1.9) 29 (0.6)
Country income category*
Low-income 7 (13.2) 549 (10.8)
Lower middle-income 14 (26.4) 1,312 (25.8)
Upper middle-income 32 (60.4) 3,225 (63.4)
Recruited at
Hospital only 40 (75.5) 3,961 (77.9)
Hospital + community 4 (7.6) 199 (3.9)
Not specified 9(17.0) 926 (18.2)
Died at
Hospital only 36 (67.9) 3,224 (63.4)
Hospital and community 6(11.3) 524 (10.3)
Not specified 11 (20.8) 1,338 (26.3)
Basic inclusion criteria
Adults only 29 (54.7) 2,568 (50.5)
Adults + children 14 (26.4) 1,422 (28.0)
Males and females 51 (96.2) 5,005 (98.4)
TB diagnosis required 5(9.4) 341 (6.7)
Other diagnosis required 4(7.6) 497 (9.8)
Included any individuals on ART 9(17.0) 1,120 (22.0)*
Autopsy & laboratory methods
Complete autopsy# 39 (73.6) 3,996 (78.6)
Partial autopsy/MIA 10 (18.9) 717 (14.1)
Histology 46 (86.8) 4,150 (81.6)
Mycobacterial culture 8(15.1) 937 (18.4)
Xpert® MTB/RIF or other TB PCR 2(3.8) 140 (2.8)
Other bacterial/fungal cultures/PCR 3(5.7) 172 (3.4)

* At time of study [247]

tTotal number of individuals included in these nine studies, not all initiated ART

$With or without examination of brain & spinal cord; some studies conducted complete autopsies but presented
limited findings

ART: antiretroviral therapy; LMIC: low- and middle-income countries; MIA: minimally invasive autopsy; PCR:

polymerase-chain reaction; TB: tuberculosis
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2.2.3.3 Prevalence of TB

2.2.3.3.1 Studies that attempted to recruit a representative sample and obtained pathological specimens from only
the lungs, or from the lungs and other anatomical sites

Thirty studies, conducted between 1984 and 2013, made attempts to recruit consecutive samples of HIV-positive adults
dying in LMIC (Table 2:4). Most (24/30 [80%]) studies were included in a systematic review by Gupta et al., published in
2015 [71], which included post-mortem studies of HIV-positive adult and/or child deaths in LMIC published before
December 2013 and used a random-effects model to generate pooled estimates of TB prevalence for each geographical
region. The review excluded studies that included less than 10 individuals; that recruited individuals with a specific
diagnosis (e.g., TB) or from a specific sub-group (e.g., miners); or that did not sample the lungs. Thirty-six studies were
included overall, 26 (72%) involving adults; each study was assessed for quality using a pre-determined checklist (scored
out of 10), which included evaluation of participant selection and autopsy methods used. Of the 26 studies, which
described 2,397 autopsies, 22 (85%) had the full manuscript included and four (15%) only the abstract; 12 (46%) were
from sub-Saharan Africa, seven (27%) from the Americas, four (15%) from South Asia, and three (12%) from South-East
Asia; and 18 (69%) involved full autopsy (with or without brain and spinal cord), four (15%) limited autopsy, and four
(15%) did not have autopsy methods specified. The median quality score for the 26 studies was 5.0 (interquartile range
[IQR] 3.5-6.9). (Two studies included in the Gupta review were excluded from this review: one that was conducted in
Taiwan, a high-income country [179,247] and another whose findings were replicated in a separate publication, which

was included instead [241].)

Based on random effects meta-analysis, the overall pooled prevalence of TB in adults included in the Gupta et al.
systematic review was 39.7% (95% Cl 32.4-47.0), with 45.8% (95% Cl 32.6-59.1) of those with TB at autopsy not
identified prior to death. In sub-Saharan Africa, the pooled prevalence of TB was 43.2%, (95% Cl 38.0-48.3; n =9
studies of adults) compared with 27.1% (95% Cl 16.0—38.1; n = 5 studies) in the Americas and 63.2% (95% CI 57.7-68.7;
n = 2 studies)) in South Asia. Meta-regression analyses showed an increase in prevalence of ~5% every 10 years from
1992-2002. Twelve studies included information on dissemination: of decedents with TB, 87.9% (95% Cl 82.2-93.7)
had disseminated disease, with the lungs, liver, and spleen involved in 75-85% of cases (when sampled); central

nervous system (CNS) involvement was seen only in ~20% of TB cases.

Two large studies of the pathological autopsy prevalence of TB among HIV-positive adults in LMIC have been published

since the 2015 systematic review was conducted (Table 2:4). The first [94], conducted in a tertiary hospital in Kampala,
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Uganda, recruited HIV-positive adults dying in hospital of non-maternal and non-traumatic causes in early-to-mid-2013.
Complete autopsy and MIA were conducted for those who consented, with only histological examination used to assess
for the presence of TB. Among the 96 adults included (57% female; median age 35 years; median CD4 count 47
cells/uL; 61% exposed to ART), complete autopsy found TB in 42 (44%), with the lungs (35/42 [83%)]), liver (30/42
[71%)]), and spleen (29/42 [69%]) most often involved. The authors did not report the proportion with disseminated
disease, but at least 70% of individuals had extrapulmonary disease, suggesting high levels of dissemination; TB

prevalence stratified by ART status was also not reported.

The second major study [180] was conducted in a teaching hospital in Lusaka, Zambia, and recruited HIV-positive and
HIV-negative individuals; aged >16 years; with next of kin; who were admitted for any reason; and who died in one of
the general medical wards from 2012-2013. Complete autopsy was conducted for those included, with histological
examination and Xpert® MTB/RIF used to assess for the presence of TB. A total 125 individuals were included (36%
female; median age 35 years; 65 [63%] receiving TB treatment), of whom 101 (81%) were HIV-positive (47 [48%)]
exposed to ART; other demographics not stratified by HIV status). TB was found in 66/101 (65%) HIV-positive adults; all
66 individuals had pulmonary TB and tested positive on Xpert® MTB/RIF and 33/66 (50%) had disseminated disease.
Data are not shown for TB prevalence stratified by TB treatment or ART status, but the authors reported no correlation

between exposure to or duration of ART and the presence of TB at autopsy.

A further four studies, conducted in China [187], Cote d’lvoire [202], Mexico [205], and Brazil [206], recruited HIV-
positive individuals dying in hospitals and presented either all findings from complete autopsy or findings only from the
lungs (Table 2:4). The Chinese and Brazilian studies were both small (n =7 and n = 15; TB prevalence 29% and 13%,
respectively). In the two larger studies, both of which were conducted in the pre-ART era, TB was found in 31/70 (44%;

Cote d’Ivoire; respiratory findings only) and 45/177 (25%; Mexico) individuals.

In the 30 studies, described in Table 2:4, that attempted to recruit representative samples of HIV-positive adults and
obtained pathological specimens from at least the lungs, the prevalence of TB at autopsy ranged from 5.8% to 65.3%.
Among the 2,999 individuals included, 1,111 had evidence of TB at autopsy, giving an overall crude prevalence of

37.0%.
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Table 2:4. Pathological autopsy studies that attempted to recruit a representative sample and obtained pathological specimens from only the lungs, or from the lungs and other

anatomical sites (n = 30 studies; n = 2,999 autopsies)

First author, Data Country Population
year published collected

Site of Autopsy TB lab
recruitment method method/s N (%

Among included HIV-positive adults Comments

On ART, Prevalence of

death
(death) female) n(%) 1B n crypto PCP, Bact. CMV T.
(%) ,n(%) n(%) PNM, ,n gondii,
n (%) (%) n(%)
Cox, 2014* [94] 2013 Uganda HIV+; died in Hosp (Hosp) CDA +  Histo. 96 (57) 59 (62) 42 13 (14) 12 Excluded deaths due to
medical ward MIA (44) (13) postpartum & trauma.
(prospective) Other bact. (6); KS (8);
other fungi (4)
Bates, 2015* 2012-  Zambia HIV+ or HIV-; Hosp (Hosp) CDA Histo.+ 101(36) 48(48) 66 3(3) 39 3(3) n =35 on ART for
[180] 2013 died in hospital PCR (65) (39) median 6 (IQR 2-35)
(prospective) weeks; KS (6);
meningitis (7)
Siika, 2012 2012 Kenya Receiving ART Hosp (Hosp) CDA NS 223 (68) 223 80 28 Abstract only; ‘sepsis’
[181] (100)  (36) (13) (19)
Carrilho, 2012 2010 Mozambique Medicali/p Hosp (Hosp) CDA NS 214(NS) O 64 19 (9) Abstract only; adults +
[182] deaths (30) children; bacterial
meningitis (15); KS (15)
Cox, 2012 [183] 2009 Uganda Consecutive Hosp (Hosp) CDA Histo. 35 (51) 10(29) 16 8(23) 1(3) 5(14) 1(3) KS (3); other bact. (4)
deaths, ID/gastro (46)
ward
Wong, 2012 2009 South Africa Consecutivei/p Hosp (Hosp) MIA Histo.+ 39 (49) 25(64) 25 4(10) 1(3) 6(15) 1(3) Other bact. (9); NTM
[184] receiving/eligible Culture + (64) (2); other fungal (2)
for ART PCR
Cohen, 2010 2008-  South Africa Consecutivei/p Hosp (Hosp) MIA Culture 226(56) 39(17) 106 Samples pooled before
[185] 2009 deaths (47) testing for TB
Garcia-Jardon, 2000—  South Africa Medical i/p Hosp (Hosp) CDA Histo. 86 (65) 0 33 6(7) 7(8) 17 1(1) Adults & children; KS
2010 [186] 2008 deaths (38) (20) (1); other bact. (12);
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First author, Data Country Population Site of Autopsy TB lab Among included HIV-positive adults Comments
year published collected recruitment method method/s (% On ART, Prevalence of
death
(death) female) n(%) 1B, n crypto PCP, Bact. CMV T.
(%) ,n(%) n(%) PNM, ,n gondii,
n (%) (%) n(%)
Li, 2009* [187] 2005- China AIDS; died in Hosp (Hosp) CDA Histo. 7 (0) 2(29) 2(29) 5 2 1(14) Other fungal (2); other
2007 hospital (71) (29) bact. (1); n =2 on ART
(retrospective) for less than one week
Lanjewar, 2011 1988- India Medical i/p Hosp (Hosp) CDA Histo. 236(23) O 152 18(8) 11 48 35 KS (2); other bact. (3)
[188] 2007 deaths (64) (5) (20) (15)
Eza, 2006 [189] 1999—-  Peru I/p deaths; Hosp (Hosp CDA Histo. 16 (38) 0 2(13) 3(19) 2 7 KS (1); other fungal (5)
2004 selected if + Comm) (13) (44)
unclear CoD
Souza, 2008 1996—  Brazil NS NS (NS) NS NS 129(26) O 36 7(5) 11 22 13 (10) Abstract only; adults &
[190] 2003 (28) 9) (17) children; other bact.
(6); histoplasmosis (17)
Amarapurkar, 1991- India Hosp i/p Hosp (Hosp) CDA Histo. 60 (20) 0 35 1(2) Only liver findings
2005 [191] 2003 (58) reported; HCV (6); HBV
(1)
Viriyavejakul, NS Thailand Medical i/p Hosp (Hosp) MIA Histo. 17 (NS) NS 1(6) 2(12) 1(6) 2(12) 2 Adults & children;
2002 [192] deaths (12) other bact. (2); other
fungal (3)
Deshmukh, 1993- NS NS (NS) CDA NS 60 (NS) 0 22 Adults & children
2003 [193] 2002 (37)
Cury, 2003 1993-  Brazil Hosp i/p Hosp (Hosp) CDA Histo. 92 (25) 0 25 4(4) 15 16 8(9) Otherfungal (12)
[194] 2000 (27) (16) (17)
Soeiro,2008 1990-  Brazil Deaths from Hosp (Hosp) CDA Histo.+ 250(21) O 36 9(4) 68 91 33 18(7) Adults & children;
[195] 2000 acute resp. Culture (14) (27) (36) (13) other bact. (10);
failure ‘sepsis’ (34); NTM (15)
Satyanarayana, 1998-  India NS NS (NS) MIA Histo.+ 44(NS) 0 18 12(27) Adults & children;
2003 [93] 1999 Culture (41) other bact. (12)
Ansari, 2002 1997-  Botswana Medical i/p Hosp (Hosp CDA Histo. 104(46) O 42 7(7) 11 24 16 1(1) KS(11); other bact. (7);
[196] 1998 deaths, inc. DOA + Comm) (40) (11) (23) (15) NTM (2)
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First author, Data Country Population Site of Autopsy TB lab Among included HIV-positive adults Comments
year published collected recruitment method method/s (% On ART, Prevalence of
death
(death) female) n(%) 1B n crypto PCP, Bact. CMV T.
(%) ,n(%) n(%) PNM, ,n gondii,
n (%) (%) n(%)

Rana, 2000 1996- Kenya Consecutive i/p  Hosp (Hosp) CDA Histo.+ 75(53) 0 38 4(5) 3(4) 22 3(4) 2(3) =217 withTB had non-TB

[197] 1997 deaths Culture (51) (29) 'final diagnosis'; KS (2);
other bact. (12)

Liu, 1996 [198] 1996 China NS NS (NS) NS Histo. 151(NS) O 14 (9) Abstract only; 25 cases
of mycobacteriosis also
had other infection or
malignancy; NTM (20)

Marques, 1996 1996 Brazil Medical i/p Hosp (Hosp) NS Histo. 40 (NS) 0 21

[199] deaths (53)

Borges, 1997 1989-  Brazil Medical i/p Hosp (Hosp) CDA +  Histo. 52(NS) O 9(17) 16

[200] 1996 deaths MIA (31)

Ayisi, 1997 1995 Ghana NS NS (NS) CDA NS 20 (NS) 0 7 (35) Adults & children

[201]

N'Dhatz, 1993* NS Cote d'lvoire HIV+; died in Hosp (Hosp) CDA Histo. 70 (NS) 0 31 21 Present respiratory

[202] respiratory ward (44) (30) findings only. Only

(prospective) abstract available

Lucas, 1993 1991 Cote d'lvoire Consecutivei/p Hosp (Hosp CDA Histo.+ 247(24) O 94 8(3) 7(3) 74 45 Other bact. (77); KS

[19] & community + Comm) Culture (38) (30) (18) (22); other fungal (17);

deaths NTM (7)
Nelson, 1993 1988-  Zaire Medical i/p Hosp (Hosp) CDA NS 64 (56) 0 26 19 (30) 2 (3) 13 11 (17) KS (16); other fungal
[203] 1991 deaths with AIDS (41) (20) (35)

+ unknown CoD
Abouya, 1992 1989 Cote d'lvoire Consecutive Hosp (Hosp) NS Histo. 53 (NS) 0 21 5(9) 18 Extrapolated from CoD;
[204] deaths, (40) (34) KS (3)
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First author, Data Country Population Site of Autopsy TB lab Among included HIV-positive adults Comments
year published collected recruitment method method/s (%

On ART, Prevalence of

(death) female) n(%) 1B n Crypto PCP, Bact. CMV T.
(%) ,n(%) n(%) PNM, ,n gondii,
n(%) (%) n(%)

Mohar, 1992* 1984-  Mexico AIDS; died in Hosp (Hosp) CDA Histo. 177 (7) 0 45 20(11) 43 20 122 30(17) Adults & children
+[205] 1989 hospital (25) (24) (11) (89) (range 1-64 years; not
(prospective) stratified); other fungal
(30); M. avium; KS (53)
Michalany, NS Brazil Young males; Hosp (Hosp) CDA Histo. 15 (0) 0 2 (13) 3(20) 9 Abstract only; TB not
1987* [206] AIDS; died in (60) fully reported, but at
hospital least two cases; KS (2)

(prospective)

*Not included in Gupta et al. 2015 systematic review [71]

tSubset of these data included in Gupta et al. 2015 systematic review (Jessurun et al., 1990 [241])

AIDS: acquired immune deficiency syndrome; AM: ante mortem; ART: antiretroviral therapy; bact.: bacterial; CDA: complete diagnostic autopsy; CMV: cytomegalovirus; CoD:
cause(s) of death; comm: community; crypto: cryptococcal disease; DOA: dead on arrival; i/p: in-patient; gastro.: gastroenterology; HBV: hepatitis B virus; HCV: hepatitis C virus;
HIV-: HIV-negative; HIV+: HIV-positive; Hosp: hospital; Histo.: histology; ID: infectious diseases; IQR: interquartile range; MIA: minimally-invasive autopsy; KS: Kaposi sarcoma; M.
avium: Mycobacterium avium; NS: not specified; NTM: non-tuberculous mycobacteria; PCP: Pneumocystis pneumonia; PCR: polymerase-chain reaction (including Xpert® MTB/RIF);

PM: post mortem; PNM: pneumonia; resp.: respiratory; T. gondii: Toxoplasma gondii; TB: tuberculosis
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2.2.3.3.2 Studies that reported TB prevalence in non-consecutive samples, in only non-pulmonary specimens, or had
other specific inclusion criteria

Seven studies had eligibility criteria that included diagnoses other than HIV (Table 2:5). Four of these, each of which
required a prior diagnosis of TB, either ante or post mortem [87,207-209], were conducted in the Russian Federation,
South Africa, Brazil, and Cote d’lvoire and reported on individuals not exposed to ART. TB was found in 29/29 (100%),
37/47 (79%), 100/100 (100%), and 6/14 (43%) decedents, respectively. A further two studies excluded individuals with
prior diagnoses of TB or known causes of death, but still found high prevalence of TB at autopsy (12/38 [32%)], lung and

lymph node biopsies, Tanzania [210] and 7/20 [35%], lung and liver biopsies, South Africa [211]).

Twelve studies reported only non-pulmonary findings (Table 2:6). Four of these, all of which made attempts to include
a representative sample of inpatient deaths, reported on entire organ systems: two CNS [213,217], one gastrointestinal
(Gl) tract (samples from several sites, from tongue to large bowel) [214], and one bone marrow (from three anatomical
sites) [215]. Prevalence of TB was low in CNS samples (4/284 [1%] and 2/138 [1%]); prevalence was higher in the GI
tract (9/92 [10%]; Brazil) and even higher in bone marrow (15/50 [36%)]; Uganda). Two studies conducted only liver
biopsies and found TB in 19/117 (16%; Thailand [219]) and 34/100 (34%; Nigeria [218]; Table 2:6) samples; one sampled
the kidneys (TB in 19/138 [14%]; Mexico [220]); and one the heart (TB in 3/32 [9%]; Puerto Rico [221]). Four further
studies [222-225], all from Brazil, included adults not exposed to ART (samples sizes 100-128), sampled only exo- or
endocrine glands (salivary, adrenals, thyroid, or pancreas) and reported TB prevalence from 5% (adrenals) to 23%

(thyroid).

In the 12 studies that reported only non-pulmonary findings, 180 of 1,645 individuals had evidence of TB at autopsy,
giving an overall crude prevalence of 10.9%. If, however, the three studies that reported only CNS findings were

excluded, the overall crude prevalence increased to 17.9% (174/971 with TB; n = 9 studies).

Finally, two retrospective reviews of forensic autopsies, from Thailand [226] and Tanzania [228], and one of deaths
among HIV-positive goldminers in South Africa [227] reported finding TB at autopsy in 19/67 (28%), 10/52 (19%), and
14/66 (21%) decedents, respectively (Table 2:7). Summary estimates of TB prevalence, stratified by geographic area,

are presented in Table 2:8.
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Table 2:5. Pathological autopsy studies that used specific diagnoses (other than HIV) as inclusion or exclusion criteria (n = 7 studies; n = 257 autopsies)

First author, Data Country Population Additional Site of Autopsy TBlab Among included HIV-positive adults Comments
year collec (study design) criteria recruit- method method | (% On Prevalence of
blished ti t
publishe fon ::;:2 of /s female) ART,n TB,n Crypto PCP,n Bact. CMV, T.
(%) (%) ,n(%) (%) PNM. n(%) gondii,
death)
n (%) n (%)
TB diagnosis
Balabanova, 2008 Russian HIV+; admitted Included onlyif H(H) CDA Histo. 29(31) NS 29 1(3) No CD4 data; no ART
2011 [207] Federati through ED PM TB CoD (100) data; Diss. TB (16);
on (retrospective) TBM (5); Candida
(7); Herpes (6)
Martinson, 2003- South HIV+ or HIV-;  Included only if H(H) CDA Histo.+ 47 (55) O 37(79) 2(4) 5(11) 13(28) 7(15) 1(2) KS(3); Salmonellosis
2007 [87] 2005 Africa  died in hospital TB diagnosis Culture (11)
(prospective)
Gutierrez, 1994- Brazil HIV+ or HIV-;  Included only if H(H) CDA Histo. 100(20) O 100 4(4) 14(14) 10(10) 4(4) KS (3); other fungal
2002 [208] 1996 died in hospital AM or PM TB (100) (4)
(retrospective) diagnosis
Greenberg, 1991- Cote HIV+; autopsy Included only if H+C (H) CDA Histo. 14(14) O 6 (43) 1(7) All patients received
1995 [209] 1992 d'lvoire in hospital TB diagnosis TB treatment; other
(retrospective) fungal (4); NTM (1);
KS (2); Nocardia spp.
(2)
No TB diagnosis
Kilale, 2013 NS Tanzania Died in hospital Excluded if TB H (H+C) Lung & Histo. 38 (47) NS 12 (32) Adults & children
[210] (prospective)  diagnosis/ CoD LN (range 15-44; not
or non- biopsies stratified)
pulmonary
diagnosis
Karstaedt, NS South  AIDS; diedin  Includedonlyif H(H) Lung& Histo. 20(NS) O 7(35) 2(10) 2(10) 4(20) Liver>lung for TB (n
1997 [211] Africa  hospital no CoD or no liver =7vs.n=2);
(prospective) documented biopsies Septicaemia (1)
KS/lymphoma
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First author, Data Country Population Additional Site of Autopsy TBlab Among included HIV-positive adults Comments
year collec (study design) criteria recruit- method method N (% On Prevalence of

ublished tion ment s

P / female) ART,n TB,n Crypto PCP,n Bact. CMV, T.

ite of
S;:t:) (%) (%) ,n(%) (%) PNM., n(%) gondi,
n (%) n (%)
Other
Santosh, 1989- India  HIV+; diedin  Included if H(H) CDA/ Histo.+ 9(22) 0 1(11) 5(56) 1(11) 2(22) n=5CDA;n=4CNS
1995 [212] 1994 mental health/ psychiatric/ CNS only Culture samples only. Other
neuroscience  neurological bact. (2)

hospital presentation
(prospective)

AIDS: acquired immune deficiency syndrome; AM: ante mortem; ART: antiretroviral therapy; bact.: bacterial; C: community; CDA: complete diagnostic autopsy; CMV:
cytomegalovirus; CNS: central nervous system; CoD: cause(s) of death; Crypto: cryptococcal disease; diss.: disseminated; ED: emergency department; i/p: in-patient; H: Hospital;
HIV-: HIV-negative; HIV+: HIV-positive; Histo.: histology; ID: infectious diseases; KS: Kaposi sarcoma; LN: lymph node(s); NTM: non-tuberculous mycobacteria; PCP: Pneumocystis

pneumonia; PM: post mortem; PNM: pneumonia; T. gondii: Toxoplasma gondii; TB: tuberculosis
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Table 2:6. Pathological autopsy studies sampling or reporting findings from a single non-pulmonary organ or system only (n = 13 studies; n = 1,645 autopsies)

First author, Data Country Population (study Site of Autopsy Findings TBlab  Among included HIV-positive adults Other results &
year collected design) recruit- method reported method/ (% oOn Prevalence of comments
blished t
publishe ::;:2 of s female) ART, TB,n Crypto P. Other CMV, T.
death) n(%) (%) ,n(%) jiroveci bact. n(%) gondii,
i,n (%) [fungi n (%)
Systems
Silva, 2012  1989-  Brazil  AIDS; autopsy at Hosp CDA  CNS Histo. 284 75  4(1) 45(16) 1(0.4) 11(4) 7(2) 85(30)
[213] 2008 hospital (NS) (28)  (26)
(prospective)
Guimaraes, 1989-  Brazil Consecutive HIV+ Hosp CDA Gl tract Histo. 92(17) O 9(10) 3(3) 52 27 (29) Protozoa (12);
2012 [214] 1996 autopsies at (Hosp) (57) worms (8); KS (2);
teaching hospital Three cases
(retrospective) excluded due to
poor samples
Nabadda, 2005—- Uganda HIV+; diedin Hosp Bone Bone Histo. 50 (48) NS 18 (36) 15 (30) 3 (6)
2011 [215] 2006 hospital from (Hosp) marrow marrow

'natural causes'
(prospective)

Chimelli, NS Brazil HIV+ deaths NS (NS) CDA CNS Histo. 252 0 NS 34 (13) 20 (8) 86 (34) Abstract only; TB
1992 [216] (retrospective) (NS) not reported;
encephalitis (17)
Wainstein, 1985-  Bratzil AIDS; autopsy in NS CDA CNS Histo. 138 0 2(1) 17(12) 2 (1) 29 (21) Abstract only
1992 [217] 1990 hospital (Hosp) (NS) (article in
(retrospective) Portuguese)

Solid organ(s)

Echejoh, 2006 2003—  Nigeria HIV+; died in Hosp Liver Liver Histo. 100 NS 34 (34) 17 KS (5)
[218] 2004 hospital (Hosp) biopsies (50) (27)
(prospective)
Viriyavejakul, NS Thailand HIV+ (prospective) Hosp  Liver Liver Histo. 117 NS 19 (16) 25 (21) 5(4) 6(5) Adults & children
2000 [219] (Hosp) biopsies (23) (range 2—74 years;

not stratified)
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First author, Data Country Population (study  Site of Autopsy Findings TBlab  Among included HIV-positive adults Other results &
year collected design) recruit- method reported method/ (% On Prevalence of comments
blished t
publishe ?::: . ® female) ART, 1p,n crypto P.  Other CMV, T.
[+)
death) n(%) (%) ,n(%) jiroveci bact. n(%) gondii,
i,n (%) [fungi n (%)
Soriano- 1986—  Mexico AIDS; autopsy in Hosp CDA Kidneys Histo. 138 0 19 (14) 10 (7) 4(3) 8(6) Adults & children
Rosas, 1998 1991 hospital (NS) (14) (not stratified)
[220] (prospective)
Altieri, 1992 NS Puerto  “Consecutive AIDS NS (NS) CDA Heart Histo. 32(16) O 3(9) 2(6) 5(16) 2(6) Abstract only; NTM
[221] Rico deaths" (2)
(prospective)
Endo- / exocrine
Leon, 2009 1996-  Bratzil AIDS; died in hospital Hosp  CDA Salivary Histo. 105 NS 18 (17) 7 (7) 16 (15) Adults & children
[222] 1999 (retrospective) (Hosp) glands (31)
Rodrigues, 1989- Brazil AIDS; autopsy in Hosp CDA Adrenals Histo. 128 NS 7(5) 7(5) 8(6) 62(48) HSV (2); protozoa
2002 [223] 1998 hospital (NS) (23) 7)
(retrospective)
Basilio-de- NS Brazil HIV+; pre-ART; 'died NS (NS) CDA Thyroid Histo. 100 0 23(23)5(5) 4(4) 7(7) 17(17) M. avium (5)
Oliveira, 2000 from AIDS (NS)
[224] complications'
Chehter, 2000 1995 Brazil AIDS and HIV-;i/p  Hosp CDA Pancreas Histo. 109 50 24 (22) 10 (9) 14 Immunohistochemis
[225] deaths; consecutive (Hosp) (27) (46) (12.8) try used for CMV, T.

autopsies
(prospective)

gondii, P. jirovecii,
and mycobacteria

AIDS: acquired immune deficiency syndrome; ART: antiretroviral therapy; bact.: bacterial; C: community; CDA: complete diagnostic autopsy; CMV: cytomegalovirus; CNS: central

nervous system; CoD: cause(s) of death; Crypto: cryptococcal disease; Gl: gastrointestinal; Hosp: Hospital; HIV-: HIV-negative; HIV+: HIV-positive; Histo.: histology; HSV: herpes

simplex virus; i/p: in-patient; ID: infectious diseases; KS: Kaposi sarcoma; LN: lymph node(s); NTM: non-tuberculous mycobacteria; neuro: neurological; NS: not specified; P. jirovecii:

Pneumocystis jirovecii; PCP: Pneumocystis pneumonia; PM: post mortem; PNM: pneumonia; T. gondii: Toxoplasma gondii; TB: tuberculosis
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Table 2:7. Pathological autopsy studies including only forensic cases or special populations (n = 3 studies; n = 185 autopsies)

First Data Country Population (study Site of Autopsy TBlab Among included HIV-positive adults Comments
author, collected design) recruitment method method/ (% On Prevalence of
ite of
:oi:;ished f:lselai:) s female) ART, n TB,n Crypto, PCP,n Bact. CMV,n T.
(%) (%) n(%) (%) PNM. (%)  gondii,

n (%) n (%)
Peonim, 2000- Thailand Forensic autopsies H+C (H+C) CDA Histo. 67 (NS) NS 19 (28) 3(4) 8(12) Salmonellosis (1); other
2012 [226] 2010 (retrospective) bact. (6); meningitis (4)
Murray, 1990-  South Miners, HIV+ and H+C (H) Cardio- Histo. 66(0) O 14 (21) 12 (18) 9(14) Only respiratory findings
2007 [227] 2002 Africa HIV- (retrospective) pulmona reported

ry
Ng'walali, 1997—  Tanzania Forensic autopsies - H+C (H+C) CDA Histo. 52 (25) NS 10(19) 3(6) 7 (13) 1(2)
2005 [228] 1999 'unusual' deaths;
adults only

(retrospective)

ART: antiretroviral therapy; bact.: bacterial; C: community; CDA: complete diagnostic autopsy; CMV: cytomegalovirus; Crypto: cryptococcal disease; H: Hospital; HIV-: HIV-negative;

HIV+: HIV-positive; Histo.: histology; PCP: Pneumocystis pneumonia; PNM: pneumonia; T. gondii: Toxoplasma gondii; TB: tuberculosis

Table 2:8. Crude summary estimates of the autopsy prevalence of TB in studies that sampled the lungs (n = 30) and studies that sampled only extrapulmonary sites, excluding

the central nervous system (n = 9 studies), stratified by geographic area

Type of study Crude prevalence, % (number of autopsies in which evidence of disease was sought)
Overall Sub-Saharan Africa  Latin America & the South Asia East Asia & the
Caribbean Pacific
Studies sampling the lungs (n = 30) 37.0 41.8 22.8 56.8 9.7
(2,999) (1,653) (771) (400) (175)
Studies sampling only extrapulmonary organs, excluding CNS (n 17.9 34.7 14.6 - 16.2
=9) (971) (150) (704) (0) (117)

CNS: central nervous system; TB: tuberculosis
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2.2.3.4 Prevalence of other infections

2.2.3.4.1 Cryptococcal disease

Thirty-eight studies reported on the autopsy prevalence of cryptococcal disease in 3,789 autopsies: 17 (45%) were
conducted in the Americas; 14 (37%) in sub-Saharan Africa; four (11%) in South Asia; and three (8%) in East Asia & the
Pacific. Prevalence ranged from 2% [191] to 30% [203] in studies of consecutive HIV deaths; the highest prevalence
(56%) was seen in a study of nine individuals in India who presented with neurological symptoms [212]. Overall,
evidence of disease was found in 346 individuals (crude prevalence 9.1%); disseminated disease was a common finding

[184]. Crude estimates of the overall prevalence of TB and other infections are summarised in Figure 2:2.
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Figure 2:2. Numbers of autopsies, number of individuals with evidence of disease, and overall crude autopsy prevalence of TB and other infections among pathological autopsy

studies included in this review (n = 53 studies; n = 5,086 autopsies)
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(number of studies in which evidence of disease was sought)

*Excludes studies that selected for individuals with additional diagnoses (n = 7 [87,207-212]), forensic studies (n = 2 [226,228]), and studies in special groups (n =1 [227])
tExcludes studies that sampled only the central nervous system (n =3 [213,216,217])
Bact.: bacterial; Crypto.: cryptococcal disease; CMV: cytomegalovirus; EP: extrapulmonary; PCP: Pneumocystis pneumonia; PNM: pneumonia; NTM: non-tuberculous mycobacteria;

TB: tuberculosis
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2.2.3.4.2 Other infections

Bacterial pneumonia was reported by fewer studies, but those that did found high proportions of decedents with
evidence of disease. Of 2,677 autopsies from 26 studies (majority [58%] in sub-Saharan Africa) evidence of bacterial
pneumonia was found in 513 individuals, giving an overall crude prevalence of 19.2%. Other bacterial infections,
including non-specific sepsis and bacterial meningitis were reported in at least 324 individuals in 28 studies (3189
autopsies; crude prevalence 10.2%). Evidence of Nocardia spp. and Salmonella spp. were reported less often (n =2 and

n =12 autopsies, respectively).

The study that reported bacteriology most systematically was conducted by Wong et al. in Johannesburg, South Africa
[184], where antigen testing and aerobic, anaerobic, and fungal cultures were performed for a range of specimens, with
additional drug sensitivity testing as needed. The authors also had pre-defined criteria that allowed them to separate
‘pathologic’ organisms from probable contaminants. Most decedents included in this study had several positive
bacterial cultures; in 13/39 (33%), bacterial infections, most often due to Klebsiella spp. or multiple organisms, were

considered severe enough to have been the main cause of death.

Evidence of Pneumocystis pneumonia was found in 243 of 2,350 autopsied individuals (crude prevalence 10.3%; n = 27
studies); non-tuberculous mycobacteria in 63 of 1,114 (5.7%; n = 9 studies); toxoplasmosis in 317 of 1,989 (15.9%; n =
18 studies); cytomegalovirus in 501 of 2,951 (17.0%; n = 28 studies); and other fungal infections in 221 of 1,907 (11.6%;

n = 22 studies; Figure 2:2).

2.2.4. Discussion

2.2.4.1 Overview

Fifty-three pathological autopsy studies were included in this review, describing over 5,000 autopsies in HIV-positive
adults. There was variation in methods used to obtain samples and laboratory methods used to detect TB; almost all
studies used histological examination, with only a few using mycobacterial culture and even fewer using Xpert®
MTB/RIF or other PCR. In the 30 studies that presented finds from lung specimens (with or without other specimens),
TB was found in 1,111 of 2,999 decedents, giving a crude overall prevalence of 37%. Prevalence was also high in
individual studies examining specific extrapulmonary organs, for example, bone marrow (36%) and liver (16% and 34%).
Two studies that recruited only HIV-positive individuals without a diagnosis of TB still found a high autopsy prevalence

of TB, at 32% and 35%.
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2.2.4.1.1 Prevalence of TB

The crude estimate of TB prevalence based on the 30 studies with lung samples corresponds with the pooled estimate
of 39.7% generated by random-effects meta-analysis in the 2015 review by Gupta et al. [71], which included 25 of the
studies included here. The similar findings from more recent studies [94,180], including those involving individuals on

ART, suggest that TB remains a major cause of morbidity, and likely mortality, in HIV-positive adults in LMIC.

A striking finding of the Gupta systematic review was the high proportion of individuals with TB who had disseminated
disease (88%). However, the exclusion from the systematic review of studies that did not sample the lungs may have
led to an overall underestimation of disease burden, as individuals may present with only extrapulmonary disease. For
example, in the study by Wong et al. [184] (South Africa, 2009), individuals with TB were more likely to have positive
histology from liver (80%) and spleen (72%) than from lung (60%) samples. This is supported by findings from the two
subsequent large studies in Uganda and Zambia (70% [94] and 50% [180] extrapulmonary disease in those with TB) and
from the studies assessing liver histology conducted in Uganda [218] (TB in 34% of liver samples) and South Africa (TB

found in 7/20 [35%)] of liver samples and not found in the lungs of 5/7 [71%)] of these individuals).

2.2.4.1.2 Co-prevalent disease

The prevalence of multiple, concomitant infections was often not reported systematically in the studies included in this
review, but in those studies where this was reported, it was a common finding. For example, in the study by Cox et al.
[94], 26/96 (27%) decedents had autopsy evidence more than one infection; this was seen in a similar proportion of
decedents in the study by Soeiro et al. (67/250 [27%]) [195]. Few studies conducted culture for organisms other than
TB, but in those that did, the proportions of decedents with multiple infections were higher (Wong et al. 17/39 [44%)]
decedents had more than one infection and in Martinson et al. 14/37 [38%)] [87] decedents with TB also had another

infection).

2.2.4.1.3 Antiretroviral therapy

Only nine studies included individuals who had initiated ART, who made up less than half of all decedents included in
the studies. Of these nine studies, only two presented their findings stratified by ART status. Wong et al. (South Africa
[184]) found evidence of TB in 87% of individuals with less than 90 days of ART (median 32 days) and 60% of individuals
with more than 90 days ART (median 326 days). Silva et al. (Brazil [213]) presented only neuropathological findings and

found very low prevalence of TB overall. However, the prevalence of all infections reduced slightly in individuals who

Chapter 2: Literature review Page 69 of 383



An autopsy study exploring the spectrum of disease in individuals with advanced HIV
in primary care clinics in South Africa

had received ART (no exposure to ART, 59.5% [n = 163]; <3 months of ART, 46.0% [n = 76]; and >3 months of ART,
48.9% [n = 24]). Neither study attempted to estimate adherence among decedents to ART; notably, none of the studies
included in this review used data from VA or other sources (other than healthcare records), making it difficult to assess
if adherence to treatment, or other behavioural or non-biomedical factors, had an impact on the prevalence of TB or

other diseases in the individuals examined.

2.2.4.2 Possible sources of bias

2.2.4.2.1 Publication bias

This review did not use formal systematic review methodologies and, as such, only one electronic database was
searched, which may have led to the exclusion of relevant studies. Studies were also included only if they were
published in English or had a detailed abstract published in English, which may have led to studies published in other
languages not being represented. Finally, the grey literature was not searched, which will have biased the review
towards articles published in peer-reviewed journals. This review did, however, include some conference abstracts,

sourced from the Gupta 2015 systematic review.

2.2.4.2.2 Selection bias

At least 78% and 63% of decedents were recruited and died in hospitals. Hospitalised individuals are grossly over-
represented among these data, reducing their generalisability; many people in LMIC receive their care and may die out
of hospital, so disease patterns described in these studies may not necessarily represent those in many countries most
heavily affected by the HIV and TB epidemics. This issue arises repeatedly among mortality studies in LMIC and is

discussed in greater detail later in this chapter (Chapter 2.3.4.5.1).

2.2.4.2.3 Autopsy and laboratory methods

Although MIA has been shown to be very sensitive for many diseases, particularly infections [99], complete autopsy is
still the most sensitive and remains the gold standard. Studies that used MIA, therefore, may have not detected TB, or
other diseases, that would have been detected by complete autopsy. Estimates of disease prevalence at autopsy from

studies that used MIA may therefore be lower than the true prevalence.

Variations in laboratory methods, too, may account for differences in estimates. The two studies that used PCR

methods to estimate the prevalence of TB, conducted in South Africa [184] and Zambia [180], both reported very high
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prevalence, at 64% and 65%, respectively. Xpert® MTB/RIF has been shown to be sensitive and specific when used
with pulmonary and extrapulmonary post mortem samples [248]. However, the interpretation of a positive PCR result
from an autopsy sample will vary based on the history and context of the individual decedent, particularly in the
absence of confirmatory culture or histological findings. The development of a standardised protocol for the use of
PCR-based diagnostics on autopsy samples in resource-limited settings, including for the interpretation of results,

would facilitate comparisons between studies and allow for more accurate monitoring of the disease burden over time.

2.2.4.3 Other limitations of this review

This review has a number of other limitations. Screening of titles and abstracts and review of full text articles, as well as
data extraction from included articles were conducted only by me. Although clear inclusion and exclusion criteria were
defined prior to conducting the review, this may have led to systematic misapplication of these criteria, or
misinterpretation of certain data. Meta-analysis was not attempted as part of this exercise, meaning that the summary
estimates of disease prevalence at autopsy do not take account of differences in sample size or population and should

be interpreted with caution.

2.2.5. Summary

This review of pathological autopsy studies conducted among HIV-positive adults in LMIC, most of whom were
recruited and died in hospitals, found that the prevalence of TB was consistently high, particularly in studies that
included pulmonary samples. A high proportion of individuals had bacterial infections, particularly pneumonia. More
data are needed on the autopsy prevalence of diseases in HIV-positive individuals who receive care and may die outside
of hospitals and in individuals who die after long periods on ART. There is also a need to standardise the methods used
to estimate the autopsy prevalence of TB and other diseases; to obtain pathological samples; in the laboratory; and in
the interpretation of results, to allow for comparison across different contexts and to adequately monitor progress

towards international goals.

Chapter 2: Literature review Page 71 of 383



An autopsy study exploring the spectrum of disease in individuals with advanced HIV
in primary care clinics in South Africa

2.3. Part 2: Studies that have used verbal autopsy to estimate HIV-
associated mortality and compared findings to reference causes of death
and/or HIV serostatus

2.3.1. Introduction

VA is the primary method used to estimate cause-specific mortality at HDSS sites [102,249,250]. VA data are also used
to supplement mortality statistics, particularly in countries without robust CRVS systems [251]. Many of these
countries have a high prevalence of HIV and TB, but VA has not been thoroughly validated for HIV- and TB-associated
deaths. At least in part, this is due to the absence of a consistent gold standard against which VA-assigned causes of

death can be compared.

Several validation studies have been conducted since the early 1990s, mostly in LMIC and often in areas of high HIV
prevalence, but many have used, as reference standard, causes of death assigned by unstructured review of hospital
files and/or death certificates. The quality of record-keeping in health facilities is variable [252] and death certificates
have consistently been shown to misclassify causes of death in LMIC [253—-255]. Many studies have also assessed the
accuracy of VA in assigning HIV-associated causes of death without necessarily confirming, as HIV-positive, all
individuals assigned a reference HIV-associated cause. Although it may be tempting simply to exclude these studies as
being of insufficient rigour, they make up a sizeable proportion of validation attempts conducted to date, and many

were designed with care, with efforts taken to ensure internal validity.

Even in situations where HIV serostatus data were available, there have been few formal attempts to assess the
accuracy of VA questions in detecting HIV status. The sensitivity and specificity of individual questions are important in
calibrating algorithms that may be used to assign causes of death from VA data, but some questions, particularly those
regarding sensitive topics such as HIV, need to be tested in a variety of settings, to allow for differences in cultural
norms. Variability exists not only in the quality of data used to compile reference datasets, but also in the methods.
For example, HIV-associated TB is likely responsible for a large proportion of mortality in the areas where many VA
validation studies have been conducted, but few studies have made it a focus, often grouping together all HIV-

associated mortality, per ICD-10.

The issues described above mean that there is uncertainty about the accuracy of VA methods in quantifying overall HIV-

associated mortality and, specifically, mortality due to HIV-associated TB. The last decade has seen the development of
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several automated VA interpretation methods, all of which require testing and validation using real-world data.
Without consistency in the process and reference standards used, however, it is difficult to compare the performance

of different methods.

2.3.1.1 Aims

To estimate the accuracy and precision of VA interpretation methods in estimating mortality due to HIV/AIDS, TB, or

HIV-associated TB compared with clinical reference standards in settings of high HIV prevalence.

2.3.1.2 Objectives

Through review of the literature, to:

5. Estimate the accuracy of various VA methods to estimate mortality due to HIV/AIDS, TB, or HIV-associated

TB when compared with

a) Individually assigned reference standard causes of death based on data from individuals with all or

mostly confirmed HIV status,

b) Individually assigned reference standard causes of death based on data from individuals without

confirmed HIV status, and

¢) Population-level estimates of cause of death for individuals with confirmed HIV status;

6. Estimate the specificity of various VA methods in estimating HIV-associated mortality in individuals with

confirmed HIV status; and

7. Estimate the sensitivity and specificity of the VA question, “Was there a diagnosis of HIV/AIDS?”, in

individuals with confirmed HIV status.

2.3.2. Methods

2.3.2.1 Search strategy

The MEDLINE® database was searched using variations of the following terms in various combinations: ‘verbal
autopsy’; ‘HIV’; and a list of LMIC, as defined by the World Bank and as published by the Cochrane Group [163] (Table
2:9). Additionally, reference sections of other VA articles, including a systematic review by Leitao et al., published in

2014 [109], were searched for relevant titles.

Table 2:9. Terms used to search the MEDLINE database (via PubMed)

#1  (("hiv"[MeSH Terms])
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OR (acquired immune deficiency syndrome[MeSH Terms])
OR (HIV) OR (human immunodef*)

OR (AIDS) OR (acquired immune def*)

OR (acquired immunodef*))

#2 | ((“Verbal autopsy”[MeSH Terms])
OR (verbal autopsy)
OR (VA)
OR (PCVA)
OR (physician-certified verbal autopsy)
OR (InterVA))

#3  Filters for low- and middle-income countries as described by the Cochrane Group, 2012 [163], updated per The
World Bank, 2016 [162]

Final search
#1 AND #2 AND #3

AIDS: acquired immune deficiency syndrome; MeSH: Medical Subject Headings; PCVA: physician-certified verbal
autopsy; VA: verbal autopsy

2.3.2.2 Inclusion and exclusion criteria

Studies of adults from LMIC, published before the end of 2016, were included that used VA data to assign causes of
death and compared them with any of three types of reference standard: individually-assigned causes of death, all or
mostly (266%) with confirmed HIV status; individually-assigned reference causes of death without confirmed HIV status;
or causes of death assigned at population level based on confirmed HIV status for all included individuals. Studies were
also included that did not assign causes of death but used only HIV status to compare with VA findings, allowing for
estimation of the specificity of various VA interpretation methods in assigning HIV-associated causes of death and the

sensitivity and specificity of VA questions in assigning HIV status.

Studies were excluded that reported only on child or maternal deaths; that required decedents to have a specific
diagnosis (other than HIV); that reported only on deaths in high-income countries; that reported only VA findings,
without any attempts at validation against a reference standard; or used, as a reference standard, causes of death
assigned by another VA method (for example, comparing InterVA-assigned causes of death with PCVA-assigned causes
of death as reference standard). Studies were further excluded that used confirmed HIV status as reference but did not
present their findings separately for HIV-positive and HIV-negative individuals, therefore not allowing for estimation of

VA specificity.
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2.3.2.3 Data extraction and management

A standardised form was used to extract data on study setting; population size and characteristics; numbers of
decedents confirmed HIV-positive; inclusion and exclusion criteria; data available to those assigning reference causes of
death; methods used to assign reference causes of death; definitions of HIV/AIDS causes of death; HIV-associated
mortality fraction; VA instrument used; time from death to VA; VA interpretation method(s) used; comparison methods
used; and measures of agreement reported. Data entry, screening, and organisation were conducted per methods

described in Part 1 of this chapter (section 2.2.2.3).

2.3.2.4 Analysis

2.3.2.4.1 Rationale

There are broadly two ways of estimating agreement between methods assigning causes of death: (1) at an individual
level, i.e., comparing causes of death assigned to individuals by different methods; and (2) at a population level, i.e.,
comparing proportions of deaths in the entire population assigned to each cause (CSMFs) by different methods. To
measure individual agreement, older studies predominantly used Cohen’s kappa [256], a measure of chance-corrected
agreement between two testing modalities across all causes of death (values range from 0 to 1, where 0 represents
agreement no greater than chance and 1 represents perfect agreement). Kappa, however, can vary depending on the
CSMF composition of the reference dataset, which has led to questions regarding its suitability for use across different
validation studies. As a result, the Institute of Health Metrics and Evaluations (IHME) published recommendations on
metrics for use in measuring the performance of different VA interpretation methods in validation studies [257]. For
estimating individual-level agreement, they proposed that chance-corrected concordance (Equation 1) be used for each
cause of death, and overall chance-corrected concordance (Equation 2) used for comparisons across several causes.

These measures correct for the variability, based on CSMF distribution, seen in Cohen’s kappa.

Equation 1: Cause-specific chance-corrected concordance

c;—1/]
CCC} = 1]_—1/]

C;: cause-specific concordance for cause j; CCC: chance-corrected concordance; J: all possible causes

Equation 2: Overall chance-corrected concordance
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j
1
Overall CCC = jz CCG

j=1

CCC;: cause-specific concordance for cause j; CCC: chance-corrected concordance; J: all possible causes

For estimating population-level agreement, older studies used Lin’s concordance correlation coefficient [258] or intra-
class correlation to quantify agreement, but the IHME team recommend CSMF accuracy (equation 3), more recently

updated to chance-corrected CSMF accuracy (equation 4), which is now widely accepted as the standard method [259].

Equation 3: Cause-specific mortality fraction accuracy

Y)_J|CSMFfTve — cSMFPeY|
2(1 — min;(CSMF{™°)

CSMF accuracy =1 —

CSMF: cause-specific mortality fraction; J: all possible causes; pred: predicted

Equation 4: Chance-corrected cause-specific mortality fraction accuracy

(CSMFa — 0.632)
(1-10.632)

CCCSMF accuracy =

CCCSMF: chance-corrected CSMF; CSMFa: Cause-specific mortality fraction accuracy

Basic measures of sensitivity and specificity are still useful if considering specific causes of death or the performance of

specific questions in the VA instrument.

2.3.2.4.2 Analysis activities

Sensitivity, specificity, chance-corrected concordance, and chance-corrected CSMF accuracies were summarised for
HIV/AIDS causes of death, where available; when possible, measures were derived from the data presented using the
formulae listed above. To estimate overall performance of each VA method against reference standards, crude
summary measures (median and IQR) were calculated with exact binomial 95% Cl using measures from each study or
comparison, as applicable, and stratified by type of VA interpretation method (using the -diagt- Stata command).

Summary measures were visualised using ‘box and whiskers’ plots. All analyses were conducted using Microsoft® Excel
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and Stata v14 (Statacorp, College Station, TX, USA); figures were formatted using Inkscape™ software

(https://inkscape.org).

2.3.3. Results

2.3.3.1 Search results, screening, and review

The electronic search of the Medline database yielded 497 articles; nine further records, including two PhD theses,
were obtained from other sources (Figure 2:3). Of the 506 titles and/or abstracts screened, 453 (89.5%) were excluded
based on the criteria described above. Fifty-three full-text articles were obtained for review, of which 23 (43.4%) were
excluded: seven did not compare VA to a reference standard [260-266]; seven did not include data on HIV status [267-
273]; five included HIV data, but did not show results stratified by HIV status [274-278]; two reported on sub-analyses
[279,280] of data already included; and one, each, compared VA to a reference standard derived from VA data [281] or
included only individuals who had received treatment for TB [282]. Several studies met more than one exclusion

criterion; 30 articles were included in the analysis [120,123,283-309].

Figure 2:3. Flow diagram illustrating numbers of records found through electronic search and other sources, screened

out by title or abstract, underwent full text review, and included in the analysis
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Records from Records from
Medline other sources
n=497 n=9

Total
n =506

Removed after title and/or abstract screening
n =453 (90%)

h 4

Full text articles reviewed
n =53 (10%)

Full text excluded, with reasons* (n = 23 [43%])
Not validation (n = 7)

No HIV data (n=7)

» CoD not stratified by HIV status(n=15)
Sub-analysis of data already published (n = 2)
Compared to other VA method (n= 1)

All decedents on TB treatment (n = 1)

Included in analysis
n =30 (57%)

*Some studies excluded for more than one reason

CoD: cause(s) of death; TB: tuberculosis; VA: verbal autopsy

2.3.3.2 Description of studies included

The 30 studies included in this review involved analysis of 22 different reference datasets and describe a total 26,890
adult deaths assessed by VA, at least 6,030 (22.4%) of which were in confirmed HIV-positive individuals (Table 2:10).
Almost all datasets (20/22 [90.1%]) included adults from sub-Saharan Africa, where 61% of deaths occurred. Reference
standards used for comparison were broadly divided into four categories: individual causes of death assigned where
most or all individuals assigned HIV/AIDS causes of death were confirmed HIV-positive (3/22 [13.6%)] datasets; 8,825

[32.8%] deaths; Table 2:11); individual causes of death assigned without confirmed HIV status (7/22 [31.8%] datasets;
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7,248 [27.0%] deaths; Table 2:12); population-level estimates of causes of death in individuals with confirmed HIV

status (3/22 [13.6%] datasets; 2,344 [8.7%] deaths; Table 2:13); and populations of individuals with confirmed HIV

status, without attempts to estimate causes of death by means other than VA (9/22 [40.9%] datasets; 8,473 [31.5%]

deaths; Table 2:14). Several studies used different VA methods to compare VA and reference causes of death: a total

41 comparisons were conducted in the 30 studies included; PCVA was used most often (15/41 [36.6%]) times), followed

by InterVA software (10/41 [24.4%] times).

Table 2:10. Description of studies included, datasets analysed, and adult deaths with VA, stratified by location,

population, reference standard, and analysis methods (N = 30 studies; N = 22 reference datasets; N = 26,890 deaths)

Characteristic

Studies*,
n (%) (N = 30)

Reference standard

datasets*,
n (%) (N = 22)

Adults included in
analysis,
n (%) (N = 26,890)

Region
Sub-Saharan Africa
East Asia & The Pacific
South Asia

Latin America & The Caribbean

Income category
Low
Lower middle

Upper middle

Recruited at
Hospital
HDSS site
Population-based cohort

Not specified

Died at
Hospital only

Hospital and community

Reference standard used

Individual CoD with confirmed HIV status
Individual CoD without confirmed HIV status

Population CoD with confirmed HIV status
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27 (90.0)
11 (36.7)
8(26.7)
8(26.7)

24 (80.)
11 (36.7)
14 (46.7)

16 (53.3)
6 (20.0)
7(23.3)
1(3.3)

17 (56.7)
13 (43.3)

11 (36.7)
8 (26.7)
3(10.0)

20 (90.9)
3(13.6)
1(4.5)
1(4.5)

17 (77.3)
3(13.6)
6(27.3)

8 (36.4)
14 (63.6)

3(13.6)
7 (31.8)
3(13.6)

16,411 (61.0)
5,918 (22.0)
2,973 (11.1)
1,588 (5.9)

13,828 (51.4)
4,610 (17.1)
8,452 (31.4)

13,927 (51.8)
8,026 (29.8)
3,025 (11.2)
191 (0.7)

13,968 (51.9)
12,922 (48.1)

8,825 (32.8)
7,248 (27.0)
2,344 (8.7)
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Characteristic Studies*, Reference standard Adults included in
n (%) (N = 30) datasets®, analysis,
n (%) (N = 22) n (%) (N = 26,890)
HIV status only 8(26.7) 9 (40.9) 8,473 (31.5)

*Studies and datasets may have spanned more than one county and evaluated/been evaluated by more than one VA
method. Section row totals may therefore be higher than 30 or 22, respectively, and percentages may total more than
100.

CCVA: computer-coded VA; CoD: cause of death; HDSS: health and demographic surveillance system; PCVA: physician-

certified verbal autopsy; VA: verbal autopsy

2.3.3.2.1 Definitions used

All studies, except one [290], combined HIV-associated TB with other HIV-associated causes, per ICD guidelines. The
most systematic and structured reference dataset, with published criteria for each diagnostic category, is the
Population Health Metrics Research Consortium (PHMRC) dataset (Table 2:11), discussed in more detail below: for an
individual to be assigned a ‘Level 1’ diagnosis of ‘AIDS’, they were required to be confirmed HIV-positive and have a
diagnosis of an AIDS-defining condition. There was also potential for misclassification of causes of death in some
studies. For example, in the study by Tensou et al. [288] (Table 2:11), some decedents with absent HIV data were
diagnosed with pulmonary or disseminated TB (ICD-10 codes A16 or A19) and counted as ‘AIDS’ deaths, whereas others
were not; the authors do not specify the criteria used to classify individuals one way or the other and, as HIV status was

not confirmed, data from these individuals were not included in this review.

In the eight studies that assigned individual causes of death without HIV data (Table 2:12), there was considerable
heterogeneity in the methods used to assign causes of death, from structured review by multiple physicians in at least
two studies [293,296], to one that simply described the process as ‘expert review’ [294]. Three studies took a
population approach to assigning causes of death (Table 2:13): Lopman et al., in two studies [298,300], counted as
‘AIDS’ all deaths among HIV-positive individuals that were not from trauma or maternal causes; and Kanjala et al. [299]
used HIV prevalence data from the entire HDSS site at which the study was conducted to calculate an HIV-associated

mortality rate, which they then applied to the individuals who had died.

2.3.3.3 Studies that compared VA-assigned causes of death to individually-assigned reference causes of
death where most or all individuals assigned an HIV-associated cause were confirmed HIV-positive

Eleven studies, evaluating three datasets, were included that assigned individual causes of death to adults with

confirmed HIV status (Table 2:11). The largest dataset, used in eight studies, which included 16 evaluations of VA
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methods, is the PHMRC gold standard dataset, the compilation of which has been reported in detail [121]. In brief, VAs,
using the PHMRC VA instrument, and clinical information were collected for over 12,000 hospital deaths at six sites in
India, Mexico, the Philippines, and Tanzania. Clinical data were reviewed by physicians and each individual assigned
one of 53 mutually exclusive reference causes of death using pre-defined criteria. Reference causes of death were also
graded (as Level 1, 2A, 2B, or 3) based on the quality of the evidence available. HIV and TB deaths were initially divided
into three groups: ‘AIDS’, ‘AIDS with TB’, and ‘Pulmonary TB’. For an individual to be assigned a Level 1 ‘AIDS’ cause of
death, s/he was required to have a positive HIV test and an AIDS-defining illness (other than TB); for a Level 1 ‘AIDS with
TB’ cause of death, a positive HIV test and a positive culture for MTB; and for a Level 1 ‘Pulmonary TB’ cause of death, a
history consistent with pulmonary TB, a negative HIV test, and either a positive smear for acid-fast bacilli (AFB) or
positive culture for MTB. As discussed in Chapter 1.2.3.1, these categories are consistent with ICD-10, where codes for

TB (A15-A19) specifically exclude ‘HIV disease resulting in tuberculosis’ [76].

Of the 7,839 adults included, 353 (4.4%) were assigned an ‘AIDS’ cause of death (345/353 [97.7%] Level 1); 148 (1.9%)
an ‘AIDS with TB’ cause of death (all Level 1); and 275 (3.5%) a ‘Pulmonary TB’ cause of death (196/275 [71.3%] Level 1).
For all comparisons with VA, however, the authors combined some of the 53 cause of death categories to give a final
list of 34 causes; among these were the ‘AIDS’ and ‘AIDS with TB’ categories, which, when combined, left 501

individuals with a broad ‘AIDS’ cause of death (493/501 [98.4%)] Level 1).

The PHMRC dataset has been made publicly available [310], but comparisons with VA have been conducted mainly by
IHME, the team partially responsible for compiling the dataset. In 2011, the IHME group published a series of articles
comparing causes of death assigned by various VA methods with the PHMRC dataset. Established methods, such as
PCVA [311] and InterVA [284], and more experimental methods, such as Tariff [120,285], Random Forests [287], and
Simplified Symptom Pattern [286], were evaluated. In 2014, the team published a further comparison between all
methods, using updated versions of Tariff and InterVA software [283], and reported that all CCVA methods, apart from
InterVA-4, performed better than PCVA across all causes and ages. However, when narrowed to adult ‘AIDS’ and ‘TB’
deaths only, none of the CCVA methods performed better than PCVA in assigning individual or population an HIV/AIDS
cause of death (PCVA chance-corrected concordance 67.5% and chance-corrected CSMF accuracy 96.6%) and only
InterVA-4 performed better in assigning a TB cause of death (chance-corrected concordance 53.2% vs. 48.5% and

chance-corrected CSMF accuracy 97.4% vs. 96.4% for InterVA-4 vs. PCVA).

Chapter 2: Literature review Page 81 of 383



An autopsy study exploring the spectrum of disease in individuals with advanced HIV
in primary care clinics in South Africa

Further evaluations of some of the CCVA methods, as well as more recent software that uses probabilistic methods
(InSilicoVA), were conducted by McCormick et al. [123], who found that the simplified symptom pattern method was
the most sensitive in assigning AIDS deaths (60.1%) and InSilicoVA most sensitive for TB (52.7%). InSilicoVA, however,
was very insensitive for AIDS deaths (16.7%). The Murray 2014 and McCormick publications, both of which used the
same reference dataset and very similar VA interpretation methods to assign causes of death, have some notable
discrepancies in results: although most of the differences are minor, the estimates of specificity of InterVA-4 in
assigning an HIV/AIDS cause of death vary quite dramatically; Murray et al. estimate specificity at 19.5% and

McCormick et al. at 46.7% [123,283].

Two other reference datasets included individually-assigned causes of death in adults with confirmed HIV status. Data
in the first [290], published in 1998, were collected in Ethiopia, Ghana, and Tanzania and involved 796 individuals, 72
(9.0%) of whom were confirmed HIV-positive. Deaths related to HIV and/or TB were categorised as ‘AIDS’, ‘AIDS with
TB’, or ‘TB’, though specific criteria were not described for each category. In the primary analysis, sensitivity and
specificity of PCVA were 58% and 94% for ‘AIDS’ deaths (n = 55 deaths); 8% and 99% for ‘TB + AIDS’ deaths (n =37
deaths); and 59% and 96% for ‘TB’ deaths (n = 56 deaths). When all TB and AIDS deaths were combined (n = 148

deaths), the sensitivity and specificity of PCVA were 76% (95% Cl 68—82) and 94% (95% Cl 92-96), respectively.

The third study in this category is also the smallest [288]. Conducted in Ethiopia in 2003, it involved 193 adults
recruited in hospital, who died either in hospital or in the community; 101 (52.3%) were confirmed HIV positive and 108
(64.7%) were assigned a reference ‘AIDS’ cause of death. InterVA was 81% sensitive and 80% specific, with a chance-
corrected CSMF accuracy of 74.8% in assigning deaths due to ‘AIDS’ (estimate derived from data presented). It should
be noted that the procedures for assigning references causes of death in this study were not robust: reviewers used
clinical data (available for only 38% of decedents) as well as the admission or discharge diagnosis to assign the cause of
death. A high proportion of individuals died outside of hospital and there is no indication as to the time between

hospitalisation and death; it is therefore not clear how these diagnoses relate to the final cause of death.

A total 8,825 adult deaths were included in the three datasets described in Table 2:11, at least 666 (7.5%) were
confirmed HIV-positive, and 701 (7.9%) were thought to have died from HIV/AIDS. All ‘AIDS’ definitions included HIV-
associated TB, per ICD-10. Crude estimates of median sensitivity, specificity, chance-corrected concordance, and

chance-corrected CSMF accuracy of all VA methods in assigning an HIV/AIDS cause of death compared with these data
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were 57.1% (95% Cl 47-67; n = 13 comparisons), 96.9% (95% Cl 94-98; n = 13), 54.0% (95% CI 51-57; n = 6), and 92.6%
(95% Cl 86.2-94; n = 15), respectively (Figure 2:4). PCVA performed best overall: median estimates of the above
measures were 71.4% (95% Cl 67-76; n = 2 comparisons), 95.7% (95% Cl 94-97; n = 2), 67.5% (n = 1) and 96.6% (95% Cl
75-97; n = 3), respectively. Median sensitivities of InterVA and Tariff in assigning an HIV/AIDS cause, when compared
with these three datasets, were lower, at 46.7% (95% Cl 20-81; n = 3) and 48.3% (95% Cl 44-53; n = 2), respectively,
though median chance-corrected CSMF accuracies were comparable, at 85.8% (95% Cl 75-90; n = 3) and 92.3% (95% ClI

92-93; n = 2), respectively.
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Table 2:11. Studies in adults in LMIC that compared VA-assigned causes of death with individually-assigned reference causes of death with data on HIV status for most/all

individuals, listed by year of first death (n = 11 studies; n = 8,825 deaths; n = 666 confirmed HIV-positive)

First Dates Country Adults Reference standard VA Verbal autopsy CoD
author, of [ies with VA, N Data AIDS, n (%) interpret
year death (n, [%] source(s) ation ‘AIDS’ or HIV-associated T8
ublished confirmed method
P Population n (%) Sens.,% Spec.,% CCC,% CCCSMFa n (%) Sens.% Spec.,% CCC,% CCCSMF
HIV+) Process TB,n (%)
(95% CI) (95%Cl) (95%Cl) * (95% Cl) (95%Cl) (95%Cl)  a*
Mc- 2007 India, 7,836 Hospital files, 501 IVA-4 NS 46.7 96.7 NS 35.3 97.6
Cormick, - Mexico, (=493 lab results, (6.4)
Tanzania autopsies
In-hospital Graded; pre- 275 sSSP NS 60.1 96.3 NS 4838 96.9
deaths defined (3.5)
(PHMRC criteria ISVA NS 167 99.5 NS 527 958
dataset
[121])
Serina, PHMRC dataset Tariff 2.0 NS 51.0 NS 43,5
2015 [120] (50.5-51.8) (43.1-44.3)
Murray, PHMRC dataset PCVA 418 66.7 97.3 96.9 169 48.7 97.7 96.2
2014 [283] (5.3) (1.5)
IVA-4 118 19.5 96.9 85.8 187 55.2 95.8 96.8
(1.5) (2.4)
Tariff 295 525 97.8 92.4 147 45.2 98.1 95.4
(3.8) (1.9)
sSSP 300 57.1 98.5 92.6 148 48.4 98.1 95.4
(4.8) (1.9)
RF 302 55.3 97.9 97.3 143 469 98.2 95.3
(3.9) (1.8)
KL 268 91.4 116 94.3
(3.4) (1.5)
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First Dates Country Adults Reference standard VA Verbal autopsy CoD
author, of [ies with VA, N Data AIDS, n (%) interpret
year death (n, [%] source(s) ation ‘AIDS’ or HIV-associated B
ublished confirmed method
P Population n (%) Sens.,% Spec.,% CCC,% CCCSMFa n (%) Sens.% Spec.,% CCC, % CCCSMF
HIV+) Process TB,n (%)
(95% Cl) (95%Cl) (95%Cl) * (95% Cl) (95%Cl) (95%Cl)  a*

Lozano, PHMRC dataset PCVA 410 67.5 96.6 175 48.5 96.4
2011+ (5.2) (66.6-68.6) (2.2) (47.5-49.8)
[311]
Lozano, PHMRC dataset IVA-3.2 243 39.0 90.4 204 53.2 97.4
2011t (3.1) (38.7-39.4) (2.6) (52.8-53.5)
[284]
James, PHMRC dataset Tariff 305 52.4 92.7 162 46.4 95.9
2011t (3.9) (51.6-53.3) (2.1) (44.9-47.4)
[285]
Murray, PHMRC dataset sSSP 328 55.6 93.6 163 46.9 96.0
2011t (4.2) (54.9-56.4) (2.1) (46.0-47.8)
[286]
Flaxman, PHMRC dataset RF 333 56.5 93.7 159 46.2 95.8
2011t (4.3) (55.7-57.1) (2.0) (45.1-47.0)
[287]
Tensou, 2003 Ethiopia 193 (101 Hospital dx + 108% IVA 103+ 81§ 80§ 74.88 NS
2010+ [52.3]) patient card (64.7) (61.7) (73-88) (67-89)
[288] Recruited AIDS vs. non- NS

in hosp.; AIDS vs.

died in/out unknown

of hosp.
Quigley, 1993 Ethiopia, 796 (72  Hospital files, 92 (11.6) Data 78! 65 90 94.0 NS
1999 - Ghana, [9.0]) death algorithm (20.2)
[289] 1995 Tanzania certificates
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First Dates Country Adults Reference standard VA Verbal autopsy CoD
author, of [ies with VA, N Data AIDS, n (%) interpret
year death (n, [%] source(s) ation ‘AIDS’ or HIV-associated B
ublished confirmed method
P Population n (%) Sens.,% Spec.,% CCC,% CCCSMFa n (%) Sens.% Spec.,% CCC, % CCCSMF
HIV+) Process TB,n (%)
(95% Cl) (95%Cl) (95%Cl) * (95% Cl) (95%Cl) (95%Cl)  a*
In-hospital Two 56 (7.0)
deaths physicians;
pre-defined,
graded
criteria
Chandra- Per Quigley et al., 1999 PCVA 88 76** 94** 98.5 63 59 96 97.4
mohan, (11.1) (68-82) (92-96) (7.9) (45-72) (94-97)
19987 Expert 115 68** 89** 91.1 53 35 95 98.9
(290] algorithm (14.4) (60-76) (86-91) (6.7) (20-53) (93-96)

*When calculation possible, all chance-corrected CSMF accuracies derived for two causes of death (AIDS vs. not AIDS; TB vs not TB) using formulae described by Murray et al. [259]
and Flaxman et al. [312]

TIncluded in Leitao et al. 2014 systematic review [109]

FAIDS deaths as proportion of those confirmed ‘AIDS’ or ‘not AIDS’ (n = 167)

§Sensitivity, specificity, and chance-corrected CSMF accuracy calculated across all 193 deaths

[IAll AIDS and TB deaths grouped together for analysis; measures of accuracy using only test dataset; n = 386 (71 [18.4%)] with AIDS and/or TB)

9‘AIDS’ deaths include ‘AIDS + TB’ (reference 37/796 [4.6%]; PCVA 11/796 [1.4%], sensitivity 8% [95% CI 2—21], specificity 99% [95% Cl 98—100]; algorithm 53/796 [6.7%], sensitivity
35% [95% CI 20-53], specificity 95% [95% Cl 93-96])

**As reported for any AIDS or TB cause of death

AIDS: acquired immune deficiency syndrome; CCC: chance-corrected concordance; CCCSMFa: chance-corrected CSMF accuracy; certs: certificates; Cl: confidence interval; CoD:
cause of death; CSMF: cause-specific mortality fraction; dx: diagnosis; HIV: human immunodeficiency virus; HIV+: HIV-positive; ISVA: InSilicoVA; IVA: InterVA; KL: King-Lu; LMIC: low-
and middle-income countries; N/A: not applicable; NS: not specified; PCVA: physician-certified verbal autopsy; RF: Random Forests; sens.: sensitivity; spec: specificity; SSP:

Simplified Symptom Pattern; TB: tuberculosis; VA: verbal autopsy; WHO: World Health Organization
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Figure 2:4. Box plots illustrating crude summary measures of agreement between VA-assigned and reference
HIV/AIDS causes of death from studies where most or all individuals assigned an HIV-associated cause of death were

confirmed HIV-positive (n = 11 studies; n =666 confirmed HIV-positive)
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Measures of agreement for individual deaths (sensitivity, specificity, and chance-corrected concordance) and at a
population-level (chance-corrected CSMF accuracy) for VA methods in assigning an HIV/AIDS cause of death (per
individual study definition), stratified by type of VA interpretation method used. Central horizontal line represents
median; boxes represent interquartile range (IQR); and whiskers represent largest and smallest values within 1.5 IQR of
the upper and lower quartiles, respectively

AIDS: acquired immune deficiency syndrome CCC: chance-corrected concordance; CCCSMFa: chance-corrected cause-
specific mortality fraction accuracy; CoD: cause of death; CSMF: cause-specific mortality fraction; Ind: individual; PCVA:

physician-certified verbal autopsy; Pop: population; VA: verbal autopsy

2.3.3.4 Studies that compared VA-assigned causes of death to individually-assigned reference causes of
death in individuals without confirmed HIV status

Eight studies were included in this analysis, consisting of seven reference datasets and 7,248 deaths (Table 2:12). Six
(75%) studies were conducted in sub-Saharan Africa (n = 2,590 deaths) and the remaining two (25%) in South-East Asia
(China and Thailand, respectively; n = 4,658 deaths). All deaths occurred in hospitals. The study conducted in China, by
Yang et al. [294], reported only estimates of deaths due to TB, not HIV, so was not included in estimates of mortality

due to HIV/AIDS, leaving 5,148 deaths for the primary analysis. No study tried to differentiate between HIV and HIV-
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associated TB, classifying all HIV-associated TB deaths as ‘HIV/AIDS’. All studies, except one, used PCVA to interpret VA

data.

Proportions of overall deaths attributed to HIV/AIDS varied widely, from 4.5% in South Africa (n = 102 [301]) to 33% in
Tanzania (n = 1,912 [296]). Of a total 5,148 adult deaths included, at least 931 (18.1%) were assigned an HIV/AIDS
cause of death. Crude summary estimates of VA sensitivity and specificity in assigning an HIV/AIDS cause of death were
69% (95% Cl 63—-82; n = 8) and 84% (95% Cl 79-91; n = 8), respectively (Figure 2:5 shows crude estimates from studies
included in Tables 2:12 and 2:13). Crude overall chance-corrected concordance was 36% (95% Cl 33—-39; n =5) and

chance-corrected CSMF accuracy 85% (95% Cl 64-92; n = 7).
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Table 2:12. Studies in adults in LMIC that compared VA-assigned causes of death with individually-assigned reference causes of death without confirmed HIV status; listed by

year of first death (n = 8 studies; n = 7,248 deaths)

First author, Dates of Country/ies Adults with  Reference standard VA Verbal autopsy CoD
year death VA, N Basis of CoD AIDS,n  interpret Aipg or Hv-associated B
published (confirmed assignment (%) ation
HIV+, n [%]) method
Data source/s
Population TB, n (%) n (%) Sens.,% Spec.,% CCC, CCCS n(%) Sens.,% Spec.,% CCC, CCCS
Process (95%Cl) (95%Cl) %  MFa* (95% Cl) (95%Cl) %  MFa*
Individual 38 70 87 18 83 91
. .31 87. .7t 76.
Kenya 33(22.7) VA (26.2) (5-84) (79-92) > ¥ (12.4) (36-100) (85-95) °°7" 762
Bauni, 2011 2007- 145 Clinical & lab data
[291] 2010 Hpss: hosp. (NS)
; p. 36 88 94 11 100 96
i . .8t 92, t .
deaths Best judgement of 6(41) - PCVA  548) (72-97) (s8-08) ">%" 927 (7.6) (s4-100) (92-99) '*°" %0
physician
Individual
Ethiopia 69 (21)
Misganaw, 2007- 335 Hospital records 97 68 78 77 63 84
361 71. .0t 72.
2012 [292] 2010 (NS) PVA " 29) (57-79) (72-83) %" M (23) (a9-76) (79-88) > 72
Hosp. deaths Hospital clerks 48 (14)
blinded to VA
Individual
Thailand 191 (7.5)
Medical & lab
Polprasert, 2,558 records 123 60.7 99.7 46 32.3 98.6 -35.5
1.
20101 [293] 2°0%° (NS) Multiole PCVA " (a8) (53-68) (99-99)t 217 922 (18) (17-51) (98-09)t + o4
Hosp. deaths ) P 31 (1.2)
reviewers; graded
evidence [279]
Individual
China NS
Yang, 2006+ 2,100 . 39 62.2
.'.
[294] 2002 (NS) Medical records PCVA NS (1.9) (48-77) 99.3 2447 99.2
Hosp. deaths i 45 (2.1)
‘Expert review’
Murray,
2007 [295] Per Yang et al., 2006 SP NS NS 888§
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First author, Dates of Country/ies Adults with Reference standard VA Verbal autopsy CoD
year death VAN Basis of CoD AIDS,n  interpret a;pg or Hiv-associated B
published (confirmed assignment (%) ation
HIV+, n [%]) method
Data source/s
Population TB, n (%) n (%) Sens.,% Spec.,% CCC, CCCS n(%) Sens.,% Spec.,% CCC, CCCS
Process (95% Cl) (95%Cl) % MFa* (95% Cl) (95%Cl) %  MFa*
) Individual 634
Tanzania
Medical records & (33-2)
Setel, 2000- 1,912 death certificates PCVA 563 60 86 84.9 188 51 94 96.1
2006+ [296] 2003 pacilityor  (NS) Two physicians; 13 (g.5) (29.4) (55-65) (84-88) (9.8) (43-58) (93-95)
home deaths graded based on
evidence quality
Individual
South Africa NS
Hosegood, 109 e
2004 [297] 2000 (NS) Hospital files PCVA NS 80 82 NS
Hosp. deaths NS
NS
. Individual
South Africa 4 (4.5)88
Kahn, 2000 1992- 89 Hospital records
(301] 1995 HDSS (NS) PCVA NS NS 92 99
hospital One reviewer, NS
deaths blinded to VA

*When calculation possible, chance-corrected CSMF accuracies derived for two causes of death (AIDS vs. not AIDS; TB vs not TB) using formulae described by Murray et al. [259] and

Flaxman et al. [312]

tCalculated from data provided; chance-corrected concordance derived using formula described by Murray et al. [259]

fIncluded in Leitao et al. 2014 systematic review [109]

§Reports only ‘concordance’ of 88% for tuberculosis

[lIncludes all deaths in individuals >5 years of age; HIV-associated deaths include HIV-associated TB

91AIDS-specific mortality fractions shown for n = 102 deaths used as ‘test’ dataset

**Number confirmed HIV-positive only reported for entire cohort (n = 1573), not specifically for those with VA (n = 1171)
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t+AIDS-specific mortality fractions shown for n = 555 deaths used as ‘test’ dataset
ftRange, based on variations to the algorithm

§§Reference CoD: ~23% ‘infectious/parasitic’ causes

AIDS: acquired immune deficiency syndrome; CCC: chance-corrected concordance; CCCSMFa: chance-corrected CSMF accuracy; Cl: confidence interval; CoD: cause of death; CSMF:
cause-specific mortality fraction; CSMFa: CSMF accuracy; HDSS: health and demographic surveillance system; HIV: human immunodeficiency virus; HIV+: HIV-positive; IVA: InterVA;
KL: King-Lu; LMIC: low- and middle-income countries; N/A: not applicable; NS: not specified; PCVA: physician-certified verbal autopsy; popn: population; RF: Random Forests; sens.:

sensitivity; spec.: specificity; SSP: Simplified Symptom Pattern; TB: tuberculosis; VA: verbal autopsy; WHO: World Health Organization
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2.3.3.5 Studies that compared VA-assigned causes of death to population estimates of HIV-associated
among individuals with confirmed HIV status

Three studies were included that used a reference standard derived from population estimates of HIV-associated
mortality in individuals with known HIV status; these studies included three separate datasets reporting 2,065 deaths
from Tanzania and Zimbabwe (Table 2:13). All data were from longitudinal community studies conducted within HDSS
sites; investigators had access to HIV test data for all decedents described, but did not attempt to assign individual
cause of death. In the two studies by Lopman et al., analysing deaths that occurred from 1998-2003 [300] and 1994—
2005 [298], all deaths among HIV-positive adults from causes that were not traumatic or maternal were considered
‘AIDS’ deaths. These studies, unsurprisingly, report relatively high proportions of ‘AIDS’ deaths (65-76%) in populations

with high HIV prevalence.

The third study, conducted in Tanzania [299], used HIV prevalence among individuals in the entire HDSS site (6% in
1994-1995, 8.3% in 2000-2001, and 6% in 2011), the estimated age-specific mortality rate due to HIV in the studied
population, and the overall mortality rate in the population to estimate the proportion of HIV-attributable deaths
among those that died. Among 1,573 (339 [21.6%)] confirmed HIV-positive) deaths, 1,171 individuals also had VA data
available. The authors estimated that around 20% of deaths were HIV-associated, though the estimate generated by
InterVA-4 was higher, at 30.8%. The authors also attempted to assess mortality trends in relation to ART coverage;
because of the absence of individual data, however, ART ‘availability’ was used as a proxy for ART use. They report an
overall reduction in HIV-associated mortality among males aged 15—44 from over 40% in the pre-ART periods to under
40% after ART was widely available, but no similar changes among females. In addition, proportions of mortality
attributable to HIV among HIV-positive individuals did not undergo any substantial change after ART became widely

available, staying at around 90%.
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Table 2:13. Studies in adults in LMIC that compared VA-assigned causes of death to population estimates of HIV-associated mortality among individuals with confirmed HIV
status (n = 3 studies; n = 2,344 deaths; 2631 confirmed HIV-positive)

First author, Dates of Adults with  Reference standard VA Verbal autopsy CoD
year death  coyntryfies VAN CoD basis AIDS, n (%) INterPr Aips or HIV-associated B
published (confirmed Dat / etation
HIV+, n [%]) ata source/s metho
Population TB,n(%) ¢ n (%) Sens.,% Spec.,% CCC, CCCS n (%) Sens.,% Spec.,% CCC, CCCS
Process (95% Cl) (95%Cl) %  MFa* (95% Cl) (95%Cl) %  MFa*
Lopman, 1998- Zimbabwe 381 (292 [77]) Population 77 (75.5)t Algo- 57 66 76 32,5 29.4 NS
2006 [298] 2003 Serostatus rithm  (55.8) (56-77) (59-93)
1.
Population NS
StUdY' All HIV+ assigned
confirmed ‘AIDS’ CoD unless
HIV status trauma/maternal
Kanjala, 1994 Tanzania 1,171 Population (20.3) IVA-4 361 64.1 NS
2014 [299] 2010 (339 [21.6])f  serostatus (30.8)
Population- NS
based cohort Mortality
estimated based
on HIV prevalence
Lopman, 1994 Tanzania, 792 Population 363 (65.4)§ Algo- NS 54-83|| 62-80| NS
2010 [300] 2005 Zimbabwe  (NS) Serostatus rithm
Population NS
StUdY; All HIV+ assigned
confirmed ‘AIDS’ CoD unless
HIV status

trauma/maternal

*When calculation possible, all chance-corrected CSMF accuracies derived for two causes of death (AIDS vs. not AIDS; TB vs not TB) using formulae described by Murray et al. [259]

and Flaxman et al. [312]

tTAIDS-specific mortality fraction shown for n = 102 deaths used as ‘test’ dataset (n = 81 HIV-positive)

FNumber confirmed HIV-positive only reported for entire cohort (n = 1573), not specifically for those with VA (n =1171)
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§AIDS-specific mortality fraction shown for n = 555 deaths used as ‘test’ dataset

[[Range, based on variations to the algorithm, i.e., variations in weight given to answers of specific questions (weight loss, jaundice, etc.) and age groups

AIDS: acquired immune deficiency syndrome; CCC: chance-corrected concordance; CCCSMFa: chance-corrected CSMF accuracy; Cl: confidence interval; CoD: cause of death; CSMF:
cause-specific mortality fraction; CSMFa: CSMF accuracy; HDSS: health and demographic surveillance system; HIV: human immunodeficiency virus; HIV+: HIV-positive; IVA: InterVA;
KL: King-Lu; LMIC: low- and middle-income countries; N/A: not applicable; NS: not specified; PCVA: physician-certified verbal autopsy; popn: population; RF: Random Forests; sens.:

sensitivity; spec.: specificity; SSP: Simplified Symptom Pattern; TB: tuberculosis; VA: verbal autopsy; WHO: World Health Organization
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Figure 2:5. Box plots illustrating crude summary measures of agreement between VA-assigned and reference

HIV/AIDS causes of death in studies that used, as reference, individually-assigned causes of death without confirmed

HIV status or population-assigned causes of death with confirmed HIV status (n = 10 studies; n = 9,592 deaths)
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Measures of agreement for individual deaths (sensitivity, specificity, and chance-corrected concordance) and at a
population-level (chance-corrected CSMF accuracy) for VA methods in assigning HIV/AIDS CoD (per individual study
definition), stratified by type of VA interpretation method used. The central horizontal line represents the median
value; boxes represent the interquartile range (IQR); and whiskers represent the largest and smallest values within 1.5
IQR of the upper and lower quartiles, respectively.

AIDS: acquired immune deficiency syndrome; CCC: chance-corrected concordance; CCCSMFa: chance-corrected cause-
specific mortality fraction accuracy; CoD: cause of death; CSMF: cause-specific mortality fraction; IQR: interquartile

range; PCVA: physician-certified verbal autopsy; VA: verbal autopsy

2.3.3.6 Studies conducted in adults with confirmed HIV status that assessed the specificity of VA methods
in assigning HIV-associated causes of death and/or the performance of VA questions in assigning HIV
status

The final group of studies is those that compared VA findings to a reference standard composed only from confirmed
HIV status and did not attempt to assign reference causes of death. As HIV-positive individuals can die from a range of
causes, including non-HIV-associated, these studies estimated only the specificity of VA methods in assigning an
individual an HIV-associated cause of death and the sensitivity and specificity of individual questions in the VA

instrument.
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Eight studies were included in this group, including one PhD thesis [306]; 8,473 (4,819 [56.9%] confirmed HIV-positive)
deaths from six countries, all in sub-Saharan Africa, were reported (Table 2:14). Some 7,792 (92.0%) deaths were in
individuals from HDSS sites, with the remainder (n = 681 [8.0%]) in individuals from population-based cohort studies
conducted in Uganda [302,309], Guinea-Bassau [305], and Tanzania [307]. All studies, except one, evaluated the
specificity of VA methods in assigning HIV-associated deaths; two studies [303,308] evaluated the sensitivity and
specificity of the VA HIV question (written as “Was there any diagnosis of HIV/AIDS?” in the WHO 2012 instrument
[104]) in assigning HIV status. In the 10 comparisons conducted, PCVA was used five times to interpret VA data, InterVA
four times, and a WHO checklist once. In two studies [304,306], more than one VA method was used to analyse deaths
from the same dataset, meaning the effective number of deaths used to evaluate the specificity of VA methods was

8,307 (4,900 [59.0%] confirmed HIV-positive).

The specificity of VA methods in assigning an HIV-associated cause of death varied widely, from 60.2% (95% Cl 53—-67
[306]) to 100% (95% Cl 83.2—100 [305]), depending on the VA interpretation method used. One study, conducted in
Malawi [304], used PCVA and InterVA-4 and found both methods to be highly specific (PCVA 99.4%; InterVA-4 90.7%; n
=417 deaths). Reviewing physicians and InterVA software in this study, however, were not blinded to decedents’ HIV
status. These data (n = 417 deaths, evaluated twice) were therefore excluded from the summary estimates described
below, leaving 7,473 (4390 [58.7%] confirmed HIV-positive) deaths. A total 432/3,083 (14.0%) confirmed HIV-negative
individuals were assigned an HIV/AIDS cause of death, giving an overall specificity of 86.0% (95% CI 84.7—87.2).
Stratified by VA method, specificity was 90.4% (95% Cl 87.3-92.9; n = 762 deaths) for PCVA and 85.1% (95% Cl 83.6—
86.4; n = 6,533 deaths) for InterVA (Figure 2:6). The WHO checklist used in one study [307] was 88.6% (95% Cl 81-94)

specific (n = 178 deaths).

Two studies, examining 5,871 deaths occurring in five sub-Saharan countries between 1990 and 2014, assessed the
sensitivity and specificity of the VA HIV question in assigning HIV status [303,308] (Table 2:14). The VA HIV question
was answered ‘Yes’ for 1,242/3,272 (38.0%) HIV-positive individuals and 144/2,599 (5.6%) HIV-negative individuals,
giving an overall sensitivity of 38.0% (95% Cl 36.3—39.6) and specificity of 94.5% (95% Cl 93.5-95.3). Only one study
[303] assessed the sensitivity and specificity of a VA question asking about use of ART, reporting a sensitivity and

specificity of 92.1% and 46.4%, respectively (n = 154 deaths).
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Table 2:14. Studies that compared VA (VA-assigned cause of death or specific VA questions) to HIV serostatus data without estimation of reference causes of death; listed by

year of first death (n = 8 studies; n = 8,473 decedents; n = 4,819 confirmed HIV-positive)

First Dates of Adults with VA Verbal autopsy
author, deaths Country/ies and confirmed Interpretatio AIDS CoD assigned Specificity, % VA HIV question
year HIV status, N n method (95% CI)*
published (HIV+, n [%]) Overall, n In HIV- ? Answered Yes Sens., % Spec., %
0, H 0, * () *
Population (e/all) ?;i:tl'\‘,'j’ n All, n InHIV+, n InHIV-, n o C* (95%Cl)
> (%/all)  (%/HIV+) (%/HIV-)
Mayanja, 2006-2008 Uganda 264 (59 [22.3]) PCVA 68 (25.8) 20 (9.8) 90.2 (85.3-93.9) NS
2011t .
302] Population-
based cohort
McLean, 2003-2014 Malawi 842 (279 [33.1]) N/A NS 246 (29.2) 232 82.3(78.2— 97.5(95.9-
2016 [303] HDSS site (83.2) 87.4) 98.6)
Glynn, 2002-2012 Malawi 417 (255 [61.2]) PCVA 204 (48.9) 1(0.6) 99.4 (96.6—-100) NS
[2:01:; HDSS site IVA-4 136 (32.6) 15(9.3) 90.7 (85.2-94.7) NS
Cooper, 1999-2004 Guinea-Bassau 84 (64 [76.2]) PCVA 23(27.3)§ O 100 (83.2-100) NS
2010 [305] Population-
based cohort
Grollman, 1994-2011 Tanzania 259 (105 [40.5])]] PCVA 137 (52.9) 18(11.7)9 88.3(82.2-92.9) NS
2014 [306] HDSS site 541 (250 [46.2])]| IVA 203(37.5) 56(19.2)Y 80.8(75.7-85.1) NS
1998-2011 Zimbabwe 963 (777 [80.7]) IVA 574 (74.5) 74(29.8)Y 60.2 (52.8-67.3) NS
HDSS site
Todd, 1997 1991-1993 Tanzania 178 (64 [36.0]) WHO / 40 (22.5) 13 (11.4) 88.6(81.3-93.8) NS
[307] Population- S|mpllf|ed
checklist
based rural
cohort
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First Dates of Adults with VA Verbal autopsy
author, deaths Country/ies and confirmed Interpretatio AIDS CoD assigned Specificity, % VA HIV question
year HIV status, N n method (95% CI)*
published (HIV+, n [%]) Overall, n In HIV- ? Answered Yes Sens., % Spec., %
0, H 0, * (+) *
Population (%/all) ?;?::I\‘/’j' n ALn  InHIV+n InHIv- n 0% CN"  (95%C)
> (%/all)  (%/HIV+) (%/HIV-)
Byass, 1990-2011 Malawi, South 5,029 (2,993 IVA-4 1,436 (28.6) 245 (12.0)** 88.0 (86.5— 1,140 1,010 130 (6.4) 33.7(32.1- 93.6(92.5-
2013 [308] Africa, [59.5]) 89.3)** (22.7) (33.7) 35.5) 94.6)
Tanzania,
Uganda, &
Zimbabwe
HDSS sites
Kamali, 1990-1993 Uganda 155 (78 [50.3]) PCVA 73 (47.1) 6 (7.8) 92.2 (83.8-97.1) NS
1996 [309] .
Population-

based cohort

*Derived after excluding individuals with unknown HIV status

tStudy discusses ‘HIV status’, but this was actually HIV-associated cause of death

$VA cause of death estimates for ‘AIDS’ and ‘TB/AIDS’ combined; specificity derived based on 417 deaths with confirmed status; VA methods not blinded to HIV status

§Study reported a high proportion (35/84 [41.7%]) of indeterminate causes of death; 25/35 (71.4%) of these individuals were HIV-positive

[[Total n = 541 deaths at Tanzania site, but only n = 259 assessed by PCVA; all 541 assessed by InterVA-4

flindividuals considered HIV-negative if negative test <5 years prior to death

**The study reports specificity of 90.1, but the authors did not include as HIV-negative the 130 individuals who tested HIV-negative but were reported HIV-positive by VA, 43% (n =
56) of whom were assigned an HIV/AIDS cause of death, bringing the total number of HIV-negative individuals assigned an HIV/AIDS cause of death to 245

AIDS: acquired immune deficiency syndrome; CCC: chance-corrected concordance; CCCSMFa: chance-corrected CSMF accuracy; Cl: confidence interval; CoD: cause of death; CSMF:
cause-specific mortality fraction; CSMFa: CSMF accuracy; HDSS: health and demographic surveillance system; HIV: human immunodeficiency virus; HIV+: HIV-positive; IVA: InterVA,;
KL: King-Lu; LMIC: low- and middle-income countries; N/A: not applicable; NS: not specified; PCVA: physician-certified verbal autopsy; popn: population; RF: Random Forests; sens.:

sensitivity; spec.: specificity; SSP: Simplified Symptom Pattern; TB: tuberculosis; VA: verbal autopsy; WHO: World Health Organization
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Figure 2:6. Box plots illustrating crude summary measures of specificity of VA methods in assigning an HIV/AIDS
cause of death (n = 7 studies; n = 7,631 deaths)
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The central horizontal line represents the median value; boxes represent the interquartile range (IQR); and whiskers
represent largest and smallest values within 1.5 IQR of the upper and lower quartiles, respectively.

AIDS: acquired immune deficiency syndrome; CoD: cause of death; PCVA: physician-certified verbal autopsy

2.3.4. Discussion

2.3.4.1 Summary of findings

The literature describing the validation of VA for HIV-associated deaths is extensive and diverse. Reference standards
vary widely in the data and methods used in their development, with a general absence of standardisation between
and within studies. ICD-10 coding rules were widely used, but were sometimes applied incorrectly; for example, in the
grouping together of all HIV-associated and TB deaths (regardless of HIV status). PCVA has been evaluated more than
other methods and was overall the most consistent and accurate. Despite the number of validation studies, however,
there does not as yet appear to be an automated method that is sensitive, specific, and consistent in assigning HIV-

associated causes of death.
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2.3.4.2 Reference standards

The number of automated methods developed and tested has greatly increased in recent years, though the newest
methods, such as Naive Bayes [313], open-source Random Forests, and open-source Tariff [108] have only been tested,
so far, using PCVA-assigned causes of death as a reference standard. There remains considerable heterogeneity
between reference standards used for HIV and TB causes of death in these studies; this is a major obstacle to isolating
the best method for use in high HIV prevalence settings. In addition, very few individuals had data available from
pathological autopsy, other than a few cases in the PHMRC [121] dataset and in the study by Polprasert et al. (Thailand)

[293].

The development of the PHMRC gold standard dataset [121] was a major step in establishing global VA standards [314],
but, in addition to the issues discussed above, it does have some important limitations when used to estimate HIV-
associated mortality. Data were collected from four countries, only one (Tanzania) with relatively high HIV prevalence
(4.2% [95% Cl 4.2-5.3] in 2015) [129]. As a result, the HIV-associated mortality fraction among the overall population is
low, at 6.4%. The most recent global burden of disease study estimated that, in 2015, in countries with very high HIV
prevalence, such as South Africa and Zimbabwe, 53.7% (95% Cl 49-59) and 59.0% (95% Cl 32-75), respectively, of
mortality among individuals aged 15-49 years was due to HIV/AIDS [315]. Despite the precautions taken by various
teams developing VA methods (i.e., repeated random sampling of the PHMRC dataset to generate CSMFs of varying
distributions [283]), it is unlikely that test CSMFs generated will have reflected the extremely high HIV/AIDS-associated
mortality fractions seen in populations such as these. Therefore, despite the rigour with which the dataset was
constructed, the low proportion of HIV-associated deaths included means that it is of limited use in evaluating a VA
method’s accuracy in estimating HIV-associated mortality. Estimates of HIV-associated mortality generated by VA
interpretation methods that have, in the published literature, been compared only with reference causes of death from
the PHMRC dataset (Tariff, Tariff 2.0, simplified symptom pattern, random forests, and InSilicoVA) should be

interpreted with caution.

2.3.4.3 HIV-associated TB

Only one study, conducted in 1998, attempted to differentiate between HIV-associated TB and other HIV-associated
causes [290]. Although the team that compiled the PHMRC dataset did initially include this distinction, the two

categories have been combined for all comparisons to VA to date. Several other studies, conducted in areas of high HIV
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prevalence, combined all TB and HIV/AIDS deaths, which is not in accordance with ICD-10 and makes it difficult to

assess VA specificity [270,271,304,316]

2.3.4.4 Previous reviews

Published in 2014, a review by Leitao et al. [109] compared causes of death assigned by CCVA methods to both clinical
and PCVA reference standard causes of death. The review included 19 studies, conducted between 1992 and 2012 and
reported on over 116,000 adult and child deaths. Due to the marked heterogeneity of the studies included, the authors
did not attempt meta-analysis, describing instead mean sensitivities and specificities, with associated ranges, of
different VA methods in assigning causes of death. As such, the estimates of mean VA sensitivity and specificity for
deaths due to HIV/AIDS are of limited use, at 59% (range 0—-61) and 90% (range 0-96), respectively (n = 3 studies).
Estimates for deaths due to TB are more precise (mean sensitivity 39% [range 18—62] and mean specificity 97% [range
93-99]; n = 3 studies). The authors report that no single method performed better overall; this is also true for deaths
due to HIV/AIDS (median chance-corrected concordance 0.58—0.64 for all of PCVA, InterVA, Tariff, and SSP) and TB

(median chance-corrected concordance 0.46-0.49 for the four methods).

Of the 19 studies included in the Leitao 2014 systematic review, only 10 were included in this thesis: nine for
comparison of causes of death [279,284-288,294,296,311], and one for comparison based on HIV status alone [302].
Five studies were excluded because they used PCVA-assigned (n =4 [271,317-319]) or InterVA-assigned (n =1 [119])
causes of death as the reference standard, leading to circular comparisons, and two because they used only partially
verified death certificates as reference standard [320,321]. A further two studies were excluded because they reported
only on child deaths (n = 1 [322]) or described only overall CSMFs for the population studied, which did not allow for

separation of mortality due to HIV/AIDS or TB (n = 1 [323]).

2.3.4.5 Potential sources of bias

2.3.4.5.1 Publication and selection bias

This review did not use formal systematic review methodology; only one electronic database was searched, which may
have led to potentially important publications being excluded. However, attempts were made to mitigate this, through
inspection of the reference sections of the 2014 systematic review discussed above [109] and other included
publications, as well as the inclusion of known relevant articles. The grey literature was also not searched, which will

have biased selection towards data published in peer-reviewed journals. Articles were included only if they were
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written in English, or had a detailed abstract in English, which may have led to the exclusion of important data from

non-English-speaking countries.

Most individuals included in studies in this review died in hospitals, as seen in pathological autopsy studies (see Chapter
2.2). At least 53% of deaths were in hospitals, though the true figure is almost certainly much higher, as most studies
conducted at HDSS sites did not specify the proportions of deaths occurring in hospitals vs. the community. This
proportion is unlikely to reflect overall mortality patterns in resource-limited settings, although this is not verifiable, as

reliable CRVS data are not available for many LMIC, particularly in sub-Saharan Africa.

Individuals who die out of hospitals are less likely to have access to facilities, are likely to fall into different socio-
economic categories, and may be exposed to different risk factors than those in urban areas or with access to
healthcare. Unfortunately, there are few reliable data on mortality patterns in rural populations, other than those
collected through verbal autopsy. In sub-Saharan Africa, only ~¥38% of the population live in urban areas, compared
with 80% in the Americas and 71% in Europe. Health services, too, are less accessible in these countries, with few
clinics and fewer hospitals per 100,000 population [12]. South Africa, for example, has a population of 54.5 million; in
2013, 64% of the population lived in urban areas and there were 0.53 district or rural hospitals per 100,000 population
[12,324]. South Africa also has some of the best CRVS data of countries in sub-Saharan Africa; Statistics South Africa
estimated that at least 22% of deaths in 2015 occurred at home, with 6% occurring outside of facilities, and a further
22% in ‘unknown’ locations [144]. These proportions are likely to be much larger in countries with larger rural
populations, poorer infrastructure, and reduced access to care; for example, Malawi (population of 17.2 million, only
15% of whom lived in urban areas in 2013; 0.45 health posts per 100,000 population in 2013; and HIV prevalence was
10.0% in 2014) and Zimbabwe (population of 15.6 million, 34% lived in urban areas in 2013; <0.01 health posts per
100,000 population in 2013; and HIV prevalence was 16.7% in 2014) [12,324]. The assumption is, therefore, that a
sizeable proportion of deaths occur in the community, but few data are available to corroborate this. As VAs are used
primarily in areas without adequate CRVS data, it follows that they should be tested in populations in whom they are
going to be used; at present, the over-representation of individuals dying in hospitals may not allow for accurate

estimations of CSMFs in the target populations.

The majority of individuals included in this review had confirmed HIV status or were assigned individual causes of death

with or without HIV status. This may have led to the exclusion of groups with high proportions of HIV-associated deaths
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but without HIV status data or sufficient data with which to estimate cause of death, which may have inflated or
deflated the summary estimates of sensitivity or specificity. Additionally, all individuals included in this review had VA
data available, which itself may be a source of bias. Individuals without families or carers, or whose family did not
agree to be interviewed, may be at higher risk of certain causes of death and are not represented in these studies.
Finally, a few studies selected specifically for HIV-positive individuals, which will have affected the constituent CSMFs

and summary estimates of CSMF accuracy.

2.3.4.5.2 Bias inherent in measures of agreement

For individual-level agreement, the use of a purpose-developed metric, chance-corrected concordance, will have
mitigated some of the issues with older measures such as Cohen’s kappa, which is known to vary based on the CSMF
distribution of the evaluated dataset [259]. Similarly, for estimation of population-level agreement, the use of chance-
corrected CSMF accuracy, as opposed to CSMF accuracy or Lin’s concordance correlation coefficient, corrects for

random guessing and allows for fairer comparisons between studies and populations [312].

2.3.4.5.3 Bias inherent in verbal autopsy

VA is, by definition, a ‘blunt instrument’, involving a second-hand account of events collected by a non-technical
interviewer. The way VAs are conducted, however, can bias the way data are collected and the causes of death
assigned. A concern frequently cited is that of recall bias on the part of the respondent, where it is thought that a
longer interval between death and the interview will lead to changes in information reported, with respondents
perhaps able to remember some symptoms better than others [325,326]. WHO recommends a maximum 12 months
between death and interview [104]; most studies included in this review were comfortably within this, with a few
exceptions. Recent evidence, however, suggests that this may actually have little effect on the CSMFs assigned from
data collected. Two studies, one using the WHO 2012 VA instrument (n = 10,822) [327], and another using the PHMRC
VA instrument (n = 1,394) [328], found only minor changes in CSMFs or CSMF accuracy between VAs conducted 0-5

and 0-3 months, and 6—-12 and 4-11 months after death, respectively.

Further sources of heterogeneity and possible systematic bias within VA studies include the amount and nature of
training and support provided to lay interviewers; the beliefs and attitudes of the interviewers and respondents, which

will relate to societal beliefs and norms (e.g., stigma or perceived stigma that may reduce the likelihood of specific
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diagnoses, such as HIV, being reported); and the questionnaires used for interview, which were not standardised prior

to 2007.

2.3.4.6 Gaps in the literature and remaining questions

Fundamentally, there remains a need for better quality reference standards and greater standardisation among VA
validation studies. A major focus of this process should be in the development of large, shared, reference standard
datasets that, ideally, use high quality diagnostic data and include findings from pathological autopsy. The PHMRC
dataset shows that the process can be conducted with a degree of rigour, although it is itself problematic with respect
to HIV and TB-related deaths, as discussed above. Shared reference datasets are therefore also needed that are more
representative of mortality patterns in areas with high proportions of deaths due to HIV and TB, including
representation of individuals who receive care and die in the community. The development and use of guidelines for
assigning causes of death, particularly in HIV-positive individuals, similar to the Coding Causes of Death in HIV (CoDe)
project [329], would make the validation process easier and allow for clearer comparisons between different VA

validation studies and between research and routine data.

Another important aspect of standardisation is the way in which agreement, or VA performance, is measured. The
IHME recommendations for metrics are very useful [330] and have been adopted by more recent studies [108,109,313].
In addition, the development of reporting guidelines for VA validation studies, such as those currently recommended
for randomised controlled trials [331] and systematic reviews [332] would allow for greater reproducibility of results

across studies.

Finally, there is a need for studies conducted in areas of high HIV and TB prevalence to separate deaths due to HIV-
associated TB from deaths due to other HIV-associated causes. Although this may be very difficult in practice, both in
the development of reference datasets and in the interpretation of VA data, the potential benefits of having better data
on mortality due to HIV-associated TB, as discussed in Chapter 1, outweigh the time and cost risks involved in the
exercise. More accurate estimates of mortality due to HIV-associated TB are essential if we are to adequately track
progress towards the mortality reduction goals set by governing bodies [35,36]. Pathological autopsy, in research or
routine practice, can only realistically be used for a small proportion of deaths. Despite indications that VA may not be

the ideal method with which to estimate this mortality fraction, it is, at present, and in the absence of robust and
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validated CRVS data, the most feasible and cost-effective method available [333,334]. The use of VA to measure

mortality due to HIV-associated TB should not be dismissed when its ability to do so has not really been evaluated.

2.3.5. Summary and conclusions

The literature around the validation of VA in areas of high HIV prevalence is diverse. There is considerable
heterogeneity in the quality of reference standards used for comparison, the methods used to interpret VA, and the
metrics by which VA performance is measured. At present, PCVA remains the most accurate and consistent method in
assigning HIV-associated causes of death in areas of high HIV prevalence. Very few attempts have been made to
distinguish between HIV-associated TB and other HIV-associated causes of death; ICD-10 coding makes this difficult,
although there is also variability in how ICD rules are interpreted. There is a need for higher quality reference
standards that, ideally, include data from pathological autopsy, and greater standardisation of VA procedures; this will
be made easier through the development of shared reference standard datasets which are representative of mortality
patterns in different settings. Future studies should also attempt to differentiate between HIV-associated TB and other

HIV-associated causes.
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3.2.1. Abstract

3.2.1.1 Background

To track progress towards targets set by governing bodies for reductions in HIV- and tuberculosis (TB)-related mortality,
it is important to know how many HIV-positive people die and from which causes. In studies of HIV-positive adults
dying in low- and middle-income countries (LMIC) in whom causes of death (CoD) were directly estimated (from
autopsy or clinical records), this systematic review and meta-analysis aimed to estimate the proportions assigned HIV-

associated and TB CoD and to estimate these same proportions in individuals initiated on antiretroviral therapy (ART).

3.2.1.2 Methods

Three electronic databases were searched; studies were included that used autopsy or other clinical data to assign CoD
in confirmed HIV-positive adults and excluded that required an additional diagnosis for participant inclusion, used non-
clinical data (without validation) to assign CoD, or were published in a language other than English without an English

abstract. The primary outcome was the proportion of decedents assigned HIV-associated CoD (defined as AIDS, other
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infection, or ART toxicity). Pooled proportions were generated using random-effects meta-analysis; relationships

between CoD proportions and other variables were assessed using meta-regression.

3.2.1.3 Results

A total 3,818 unique records were identified from electronic databases and other sources; 3,701 were excluded based
on titles and/or abstracts; 117 full text articles were reviewed, 56 (47.9%) of which were included in the meta-analysis,
reporting on 10,291 deaths in HIV-positive adults, 4,009 of whom had initiated ART. Heterogeneity between studies
was very high (12>94%; p <0.01). The pooled proportion of decedents assigned HIV-associated CoD was 79% (95%
confidence interval [CI] 74—83) and, among studies reporting TB as a specific CoD, the pooled proportion assigned a TB
CoD was 29% (95% Cl 24—34; n = 47 studies). TB accounted for 39% of all HIV-associated CoD. Studies with higher
proportions of decedents who initiated ART assigned fewer HIV-associated CoD (assigned to 86%, 76%, and 70% if
<33%, 33%—65%, or 266% of decedents initiated, respectively; p = 0.01) but no changes were seen in proportions of TB
CoD assigned (to 28%, 24%, and 26%, respectively; p = 0.52). Among decedents who initiated ART, a pooled 72% (95%
Cl 66—79) were assigned an HIV-associated CoD and 26% (95% Cl 18—34) a TB cause of death. In general, studies that
used autopsy data assigned higher proportions of HIV-associated and TB CoD than those that did not (all HIV-associated

87% vs. 73%, p = 0.02; TB 37% vs. 24%, p = 0.04).

3.2.1.4 Conclusions

HIV-associated causes, specifically TB, accounted for a high proportion of deaths in studies in LMIC, including in adults
who initiated ART. More recent studies and those that included higher proportions of individuals on ART had fewer
HIV-associated CoD assigned, but there was no reduction seen in proportions of TB CoD assigned. To track progress
towards global targets for reducing HIV and TB mortality, standardised methods are needed to assign CoD in HIV-
positive people who die in LMIC that are feasible for use at a programmatic level, allow for the quantification of all
deaths in HIV-positive individuals, and correspond to the coding systems used to collate national, regional, and global

estimates.
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3.2.2. Introduction

An estimated 1.2 million individuals died in 2015 due to HIV-associated causes [1], but accurate estimates of causes of
death in HIV-positive individuals dying in low- and middle-income countries (LMIC) remain elusive, with cause-specific
mortality estimates generated indirectly through mathematical modelling [2]. Often, this is because many countries
with high HIV prevalence do not have functional civil registration and vital statistics (CRVS) systems and information on
causes of death must be obtained from other sources: between 2009 and 2013 over 80% of countries in the African

region had incomplete or no CRVS death data available [3-5].

Complete diagnostic (pathological) autopsy is the gold standard in assigning causes of death. Even when pathological
autopsy data are available, however, the process of cause of death assignment is often not precise [6,7]. Other than
pathological autopsy studies, nearly all of which have been conducted among small numbers of individuals admitted to
hospital, the next best direct estimates of cause-specific mortality in these populations are obtained from individual
studies of in-hospital deaths, sub-studies of deaths after recruitment to a cohort study, or retrospective reviews of
medical records with post hoc assignment of cause of death. The types and quality of data available to these studies
are extremely variable, as are the methods used to assign causes of death. To remedy this, in 2004, the Coding Causes
of Death in HIV (CoDe) project aimed to develop a standardised, validated method for assigning causes of death in HIV-
positive individuals [8,9]. In this aim the project was relatively successful, but two major obstacles to the wider uptake
of the method have not yet been overcome: (1) the relative complexity and time requirements of the protocol mean
that it is not feasible for use outside of research settings, making it difficult to compare estimates obtained through
research and those obtained through routine data collection; and (2) the causes of death assigned do not readily
translate into International Statistical Classification of Diseases and Related Health Problems (ICD) codes, which further
increases the difficulties in relating results to routinely collected data. In addition, the CoDe list of causes of death
refers only to ‘AIDS’ or ‘Other infections’ and does not specifically mention tuberculosis (TB), the impact of which is

already difficult to estimate.

TB is the most important cause of death in HIV-positive individuals, causing an estimated 390,000 deaths in 2015 [10].
In individuals with advanced HIV disease, however, TB disease is difficult to diagnose: a systematic review of
pathological autopsy studies among HIV-positive adults in LMIC reported that almost half of those with evidence of

active TB at autopsy had not been diagnosed before death [11]. The under-recognition of TB in people living with HIV
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(PLHIV) suggests that we may underestimate the true burden of TB mortality in these populations. This is compounded
by the way ICD-10 classifies HIV deaths [12], where all HIV-associated deaths, whether due to TB or other cause, are
counted together under five broad ‘HIV’ codes (B20—-B24) [13,14]. This, in addition to the absence of a system that
records the death of an HIV-positive individual from a non-HIV-associated cause, makes it difficult to differentiate
between those dying from HIV and those dying with HIV, a distinction that is likely to become increasingly important to

make.

The global rollout of antiretroviral therapy (ART) has dramatically reduced the risk of mortality for many PLHIV [15,16],
though those in lower-income settings are still at high risk of death early on treatment [17-19]. PLHIV on ART have
greater life expectancies and reduced vulnerability to diseases associated with immunosuppression; changes in cause of
death patterns among these individuals are inevitable [7,20] and the way that HIV-associated deaths are defined may
need to change to mirror the evolving epidemic [21]. As seen in high-income countries, it is likely that causes of death
in HIV-positive individuals will align more closely with those seen in the HIV-negative population, with non-
communicable diseases such as diabetes mellitus, hypertension, and cardiovascular disease becoming increasingly
prominent [22—-24]. Systems currently used to collate cause of death statistics, however, are designed to estimate only
mortality due to HIV and do not provide estimates of all-cause mortality among HIV-positive individuals [21]. As we
seek to track progress towards reductions in absolute numbers of HIV-associated deaths, as set out by the Joint United
Nations Committee on HIV and AIDS (UNAIDS) [25], it will be critical to distinguish between individuals dying from HIV
and with HIV. To allow for estimation of trends and to measure the impact of interventions, however, it is important

first to establish a baseline as regards the HIV-associated mortality fraction among HIV-positive individuals.

The aims of this systematic review were to assess, among studies that directly estimated causes of death in HIV-positive
adults in LMIC (through pathological autopsy, other post-mortem examination, or review of clinical data), (1) the
proportions of deaths attributed to HIV-associated causes and, specifically, HIV-associated TB; and (2) to estimate these

same proportions among individuals who died after initiating ART.

3.2.3. Methods

3.2.3.1 Search strategy

MEDLINE®, EMBASE, and Web of Science searched for variations of the following terms, combined by AND parameters:

HIV, cause of death, and low- and middle-income countries (LMIC, as defined by the World Bank and the Cochrane
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group [26,27]). Articles published on or before 31 October 2016 were included. Full details of the electronic search
strategy are provided in Supplementary table 3:1. Additional titles were obtained from the references of reviewed
articles, including a 2015 systematic review of autopsy studies in sub-Saharan Africa [11] and three other recent

reviews [23,28,29].

3.2.3.2 Screening and exclusion criteria

After removal of duplicates, titles and abstracts were screened independently by two reviewers (ASK and AD). Studies
were excluded that were conducted in high-income countries only; involved only pregnant women and/or children;
included only individuals with a certain risk factor, such as mine-workers, or diagnosis, such as TB; or were written in a
language other than English without an English abstract. Full-text articles were reviewed, where available; studies were
excluded if they had recruited only individuals with an HIV-associated or ‘AIDS’ cause of death, if they involved only
estimates through indirect methods (such as verbal autopsy) without clinical correlation, or if they described only

population-level causes of death.

3.2.3.3 Data extraction

Data were extracted from each manuscript using a standardised case report form; data collected included population
size, study design, recruitment criteria, site of recruitment, site of death, numbers on ART and/or TB treatment, clinical
data available, methods used to assign causes of death, and causes of death assigned. Causes of death counted as ‘HIV-
associated’ were AIDS (per the 1993 revised Center for Disease Control [CDC] definition [30]), other infections thought
to have caused death, and adverse effects of ART thought to have caused death. This was implemented regardless of
how individual studies had classified AlDS-associated or HIV-associated causes of death (for example, if studies
classified deaths due to ART toxicity as ‘non-AIDS’, these were re-classified as ‘HIV-associated’ for the purposes of this
review). For other, more specific causes of death (e.g., TB), numbers of deaths were reported per the study

publication.

3.2.3.4 Assessment of quality, bias, and methods

The quality of studies, including risk of bias, was assessed using the National Heart, Lung, and Blood Institute (NHLBI)
quality assessment tool for observation cohort and cross-sectional studies (Supplementary table 3:2 [31]). Based on
the 14 variables included, each study was assigned a rating of ‘Good’, ‘Fair’, or ‘Poor’, in accordance with guidance

provided. In addition, a separate assessment of methodological rigour was carried out using a purpose-built scale
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(Supplementary table 3:3). Measures assessed were: the types of data available per participant per study; the
numbers, roles, and independence of individuals assigning causes of death; the structure of the overall assignment
process; the methods used to resolve discrepancies; and the standard of the case definitions used to assign each cause
of death. Each element was scored individually and the scores aggregated to give each study a total score between

zero and six.

3.2.3.5 Data management and statistical analyses

Manuscripts were organised using Mendeley software; data were entered into an EpiData (The EpiData Association,
Odense, Denmark) database and managed in a Microsoft® Excel spreadsheet. Pooled estimates of HIV-associated
mortality and mortality due to HIV-associated TB with 95% confidence intervals (Cl) were generated using a random-
effects model, incorporating the Freeman-Tukey double arcsine transformation of proportions, with the percentage of
total variation due to heterogeneity (12) measured between studies [32]. Estimates were further stratified by
geographic region, economic group, calendar period (three periods, based on ART availability in LMIC: pre-2005 [very
limited availability]; 2005—2010 [increasing availability]; and 2011-2015 [widespread availability]), proportions of
decedents initiated on ART, and study quality, with heterogeneity measured between groups. Forest plots were used
to graphically represent mortality fractions in individual studies and pooled estimates. Meta-regression was used to
examine for relationships between mortality fractions and other key variables, including the year of data collection, the
proportion of individuals in each study initiated on ART, the data & methods score assigned to each study, and the use

of pathological autopsy data to assign causes of death.

Further analysis was conducted to compare, where reported, causes of death assigned to individuals who had initiated
ART with causes assigned with those who had not. Pooled proportions of HIV-associated and TB causes of death
assigned were generated using random-effects meta-analysis, as previously, although stratification and meta-
regression were conducted based only on geographic location, income group, and years of data collection, as quality
and methods scores were assigned at study level. All analyses were carried out using Stata v14 (StataCorp, College

Station, TX, USA); figures were edited and formatted using Inkscape™ software (https://inkscape.org).

3.2.3.6 Ethical considerations

No participants or individual data were involved in this study; ethical approvals were not required.
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3.2.4. Results

3.2.4.1 Search results

A total 3,818 unique records were identified from electronic databases and other sources; 3,701 were excluded after
review of title and abstracts; 117 full text articles were reviewed, 56 (47.9%) of which were included in the meta-
analysis (Figure 3:1). Details of individual studies are described in Table 3:1 and summarised in Table 3:2. Of the 56
studies included, 32 (57.1%) were conducted in sub-Saharan Africa, eight (14.3%) in South Asia, seven (12.5%) in Latin
America and the Caribbean, and four (7.1%) in East Asia and the Pacific. Studies were divided into three periods based
on the last year of data collection: 15 (26.8%) studies completed data collection prior to 2005; 30 (53.6%) between
2005 and 2010; and 11 (19.6%) between 2011 and 2015. At least 34/56 (60.7%) studies reported causes of death in
individuals who had initiated ART (11 studies did not specify): 1%— 66% of decedents initiated ART in 14/34 (41%)
studies; 100% of decedents initiated ART in 17/34 (50%) studies. Only one study completed before 2005 included

adults who had initiated ART.

Some 105,992 individuals were studied, 57,001 (53.8%) of them HIV-positive; 35,127 (61.6%) of these individuals had
initiated ART. There were 11,791 deaths among HIV-positive adults, 4,128 [35.0%] of whom had initiated ART;
attempts were made to assign individual causes of death to 10,291 (87.3%) HIV-positive individuals, of whom 4,009

(40.0%) had initiated ART.
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Figure 3:1. PRISMA flow diagram showing records found, screened, reviewed, and included in analysis
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Table 3:1. Studies that directly estimated causes of death in HIV-positive individuals in LMIC: population, selection criteria, study quality, overall methods score*, and

proportion of decedents on ART for each study; listed by period of data collection and geographic area (n = 56 studies)

Calendar period, Data available from Overall .
. . . Income Study . . NHLBI Proportion

region, period of  Country/ies . Population and selection methods o

data collection group  design grade  Autopsy (%) Hospital (%) score on ART (%)

Pre-2005

[33] LAm+ Car 01 Brazil um R Hospital in-patients 'submitted to autopsy' Good 100 73.9 2.7 NS
(1993-2000)

[34] LAm + Car 02 Brazil um R ‘AIDS’ patients undergoing autopsy Poor 100 0 1.0 NS
(1996-2003)

[35] LAm+Car 03 Peru UM R In-patient deaths, HIV+ or CDC AIDS; unclear CoD preferred Good 100 100 2.0 0
(1999-2004)

[36] SAsia 01 India LM R Hospital in-patients Poor 100 100 2.5 0
(1991-2003)

[37] SAsia 02 India LM P Consecutive HIV+ admissions to hospital; report only on in- Poor O 100 2.0 NS
(2000-2003) patient deaths

[38] SAsia 03 India LM R HIV+ admitted to medical wards of a large public hospital; Fair 0 100 2.0 NS
(2002-2003) report only on in-patient deaths

[39] SSAfro01 Rwanda L P Consecutive sample of HIV+ and HIV- women of childbearing  Good 0 NS 2.3 0
(1986-1987) age

[40] SSAfr 02 Cote d'lvoire LM P Consecutive cadavers admitted to two mortuaries; deaths in Good 100 0 3.0 0
(1988-1989) hosp. or community (forensic deaths)

[41] SSAfro03 Cote d'lvoire LM P Consecutive deaths on pulmonary ward Poor 100 100 2.0 0
(1989)

[42] SSAfr 04 Cote d'lvoire LM P Consecutive in-patient & community deaths brought into Good 100 88.8 3.9 0
(1991) hospital

[43] SSAfr05 Uganda L P Deaths after enrolment to population-based cohort Good O 0 3.5 0

(1990-1996)
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Calendar period, Data available from Overall .
. . . Income Study . . NHLBI Proportion
region, period of  Country/ies . Population and selection methods o
data collection group  design grade  Autopsy (%) Hospital (%) score on ART (%)
[44] SSAfr 06 Kenya LM P Consecutive in-patient deaths on medical wards; excluded Good 100 100 4.5 0
(1996-1997) patients referred for specialist care
[45] SSAfr 07 Botswana UM P Medical in-patient deaths, including DOA; favoured those Good 100 100 4.0 0
(1997-1998) without diagnosis/unexpected death, with pulmonary>gastro
symptoms, or possible PCP; excluded forensic cases and DOA
with trauma
[46] SSAfr 08 Congo, Rep. LM P Bodies of all individuals >14 years registered at morgue Poor O 91.4 2.4 0
(2001)
[47] SSAfr 09 Senegal L P >15 years, ART-naive, CD4 <350 cells/uL, VL >30,000 copies/ml, Good 0 64.5 4.2 100
(1998-2002) enrolled in observational cohort; consecutive starting ART in
ISAARV
2005-2010
[48] EAsia + Pac01 TAHODT LM P Enrolled to observational cohort, started ART and had atleast Good 0 NS 4.3 100
(2003-2007) one f/up visit; community & hospital deaths
[49] EAsia + Pac 02 Vietnam LM P Deaths after enrolment to RCT to assess the effect of peer Fair 0 76.7 0.8 100
(2007-2010) support on tx failure & drug resistance; 218 years, ART-naive,
willing to receive adherence support at home, eligible for ART
[50] Eur + CAsia 01 Russian UM R HIV-positive adults who died in hospital in the Smolensk region Poor 100 0 1.0 NS
(2003-2008) Federation
[51] Eur + CAsia 02 Turkey UM R Unclear Poor O 0 0.0 NS
(1996-2009)
[52] LAm + Car 04 Brazil UM P >16 years, at least one f/up visit after enrolment to cohort Good O 100 5.0 67.7
(1997-2006) study
[53] LAm + Car 05 Brazil UM P >18 years, enrolled into IPEC cohort with minimum f/up of 60  Poor 0 NS 4.3 34.4
(1986—-2009) days
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Calendar period, Data available from Overall i
. . . Income Study . . NHLBI Proportion
region, period of  Country/ies . Population and selection methods o
data collection group  design grade  Autopsy (%) Hospital (%) score on ART (%)
[54] MEast + NAfr Morocco LM R Adults attending ID unit of hospital, started ART and died in Fair 0 100 2.5 100
01 (1999- the ID unit; excluded if on ART for <1 month
2009)
[55] SAsia 04 India LM R HIV+ deaths after admissions to hospital; report only on in- Poor O 100 2.0 34
(1992-2005) patient deaths
[56] SAsia 05 India LM P Medical in-patient deaths among consecutive admissions to Fair 100 100 2.0 0.8
(1988-2007) medical wards; excluded if admitted to neurology or
neurosurgery wards
[57] SAsia 06 India LM P >18 years, ART-naive prior to initiation; report only on in- Fair 0 100 3.0 100
(1996-2008) patient deaths
[58] SAsia 07 India LM P Adults initiating ART who died in hospital after enrolment to Fair 0 100 1.5 100
(2000-2008) prospective cohort; report only on in-patient deaths
[59] SAsia 08 India LM R Deaths among consecutive ART-naive patients, aged >15 years, Poor 0 100 1.0 100
(2009-2010) initiating first-line ART at tertiary hospital; excluded pregnant
women
[60] SSAfr10 Togo L R In-patient deaths on neurology ward Fair 0 100 1.0 0
(1996-2005)
[61] SSAfr 11 South Africa UM P Adults (218 years) dying after referral for ART; excluded if Good 8.8 100 2.6 54.4
(2002-2005) previously initiated ART at other clinic
[62] SSAfr12 Uganda & L P Deaths among adults with CD4 <200 cells/uL and no previous Good 0 NS 2.3 100
(2003-2005) Zimbabwe ART enrolled to large pragmatic trial of ART monitoring (DART);
excluded if death >12 months after enrolment
[63] SSAfr 13 Uganda L P Adults living within 20 km of Kampala dying after recruitment Good 0 NS 13 100
(2004-2005) to a cohort study; included if eligible for ART and willing to
f/up for two years
[64] SSAfr 14 Cameroon LM R In-patient deaths, HIV-positive and HIV-negative Fair 0 100 1.5 27.4

(2000-2007)
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Calendar period, Data available from Overall i
. . . Income Study . . NHLBI Proportion
region, period of  Country/ies . Population and selection methods o
data collection group  design grade  Autopsy (%) Hospital (%) score on ART (%)
[65] SSAfr 15 South Africa UM R Initiated on ART and died in hospital Good O 74.2 4.2 100
(2005-2007)
[66] SSAfr 16 Ghana LM R Consecutive HIV-positive deaths within fevers unit in teaching  Fair 61.1 100 5.6 14.5
(2007) hospital
[67] SSAfr17 South Africa UM P+R  Medical in-patient deaths among HIV-positive adults Poor 100 100 4.5 NS
(2000-2008)
[68] SSAfr 18 Burkina Faso L R Death among adults 215 years who started ART for first time Good O 60.9 4.6 100
(2003-2008) >6 months before start of study; excluded if started ART at
different facility or before January 2003
[69] SSAfr19 South Africa UM R Deaths (at home or in hospital) among adults (218 years) who Good 0 75.4 3.8 100
(2004-2009) initiated ART at hospital ART clinic
[70] SSAfr 20 Nigeria LM R Died 26 months after enrolment in ART programme; died while Poor 0 49.5 2.0 100
(2006-2009) on home-based or in-patient care
[71] SSAfr21 Nigeria LM R Deaths among those aged >13 years, non-pregnant, and Good O 100 4.0 83.3
(2006-2009) admitted to medical wards; included only those with ‘complete
clinical details’
[72] SSAfr 22 Uganda L P Consecutive deaths on ID/gastro ward; excluded if no next-of-  Fair 100 100 5.5 28.6
(2009) kin available
[73] SSAfr23 South Africa UM P Consecutive deaths on medical wards among adults Good 100 100 6.0 69.2
(2009) receiving/eligible for ART; excluded if pregnant or had a history
of defaulting/restarting ART
[74] SSAfr 24 South Africa UM R ART-naive adults (=18 years) with CD4 <50 cells/ul attending a Fair 0 34.9 0.9 100
(2004-2010) clinic for screening
[75] SSAfr 25 Togo L P Adults and children dying after admission to 16 hospitals; Poor 0 100 1.0 51.8
(2010) excluded if died at home or in ambulatory care
[76] SSAfr 26 Mozambique L R In-patient deaths among HIV-positive individuals undergoing Good 100 100 2.0 NS
(2010) autopsy

Chapter 3: Research paper 1:
Directly estimated causes of death among HIV-positive adults in low- and middle-income countries. A systematic

review and meta-analysis.

Page 119 of 383



An autopsy study exploring the spectrum of disease in individuals with advanced HIV
in primary care clinics in South Africa

Calendar period, Data available from Overall .
. . . Income Study . . NHLBI Proportion
region, period of  Country/ies . Population and selection methods o
data collection group  design grade  Autopsy (%) Hospital (%) score on ART (%)
[77] SSAfr 27 Cote d'lvoire, LM P Newly hospitalised HIV-positive adults; death after admission  Fair 0 100 5.0 42.5
(2010) Burkina Faso,
Benin, Mali, &
Senegal
2011-2016
[78] EAsia + Pac 03 China um P In-patient deaths among HIV-positive adults; deaths within6  Good 0 NS 0.3 34.3
(2009-2012) months of admission
[79] EAsia + Pac 04 Vietnam LM P Adults in first year of ART attending HIV clinics in two large Fair 0 0 1.5 100
(2007-2014) hospitals in Hanoi; excluded if never on ART or on ART for >1
year
[80] Eur + CAsia 03 Georgia um R HIV+ adults registered in Georgia HIV/AIDS database; died Good O NS 4.3 NS
(1989-2012) between 1989 and 2012
[81] LAm + Car 06 Brazil um P Adults (218 years) in longitudinal database receiving HIV care  Fair 0 NS 4.3 NS
(2000-2011) with a minimum 60 days follow up; excluded if heavy cocaine
use, IVDU, unknown route of HIV acquisition, or no CD4 count
during f/up
[82] LAm + Car 07 Mexico UM R Death in one of three hospitals; excluded if records not Fair 0 100 3.5 18.8
(2010-2013) available
[83] MEast + NAfr Tunisia LM R Adults (215 years) followed up by hospital ID department Good O NS 2.3 68.5
02
(2000-2014)
[84] SSAfr 28 Congo, Rep. LM R Adults (>15 years) dying during follow up at outpatient ART Poor O NS 0.3 100
(2002-2011) centre
[85] SSAfr 29 Uganda L R Deaths among adults (218 years) receiving care at community Good 0 NS 3.9 38.4

(2002-2012)
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Calendar period, Data available from Overall i
. . . Income Study . . NHLBI Proportion

region, period of  Country/ies . Population and selection methods o
data collection group  design grade  Autopsy (%) Hospital (%) score on ART (%)
[86] SSAfr 30 Kenya LM P Deaths among patients receiving ART at a hospital Poor 100 6.0 100

(2012)
[87] SSAfr31 Uganda L P Consecutive HIV+ adult deaths on medical wards + patients Fair 100 4.5 61.5

(2013) with autopsy requests from non-medical wards; excluded

postpartum & traumatic deaths

[88] SSAfr 32 Mozambique L P In-patient deaths with autopsy requested by clinician; Good 100 6.0 NS

(2013-2015)

excluded traumatic and maternal deaths

*Based on assessment of data available to reviewers, reviewers and process of assigning causes of death, and criteria defined for each cause (Supplementary table 3:3)

TTAHOD lower middle-income countries: Cambodia, India, Indonesia, Philippines, and Vietnam; TAHOD upper middle-income countries: China, Indonesia, Malaysia, and Thailand

ART: antiretroviral therapy; CDC: Center for Disease Control; CoD: cause of death; DART: Development of Antiretroviral Therapy in Africa; DOA: dead on arrival; EAsia + Pac: East

Asia & the Pacific; Eur + CAsia: Europe & Central Asia; f/up: follow-up; gastro: gastroenterology; HIV+: HIV-positive; ID: infectious diseases; IPEC: Evandro Chagas Institute of Clinical

Research (Brazil); ISAARV: Senegalese ART drug access initiative; IVDU: intravenous drug user; km: kilometres; L: low; Lam + Car: Latin America & the Caribbean; LM: lower middle;

MEast + NAfr: Middle East & North Africa; NHLBI: National Heart, Lung, and Blood Institute; NS: not specified; P: prospective; R: retrospective; RCT: randomised controlled trial;
SAsia: South Asia; SSAfr: sub-Saharan Africa; TAHOD: TREAT Asia HIV Observational Database; tx: treatment; UM: upper middle
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Table 3:2. Characteristics of studies included in analysis (n = 56 studies; n = 10,291 HIV-positive adult deaths; n =
4,009 deaths after initiation of ART)

Included HIV-positive adults with CoD assigned

Studies, n (%)

Characteristic (N = 56) Overall, n (%) Initiated ART,
(N =10,291) n (row %)
Region*
Sub-Saharan Africa 32 (57.1) 6,572 (63.9) 3,045 (46.3)
South Asia 8 (14.3) 791 (7.7) 164 (20.7)
Latin America & the Caribbean 7 (12.5) 1,562 (15.2) 476 (30.5)
East Asia & the Pacific 4(7.1) 374 (3.6) 232 (62.0)
Europe & Central Asia 3(5.4) 847 (8.2) 0
Middle East & North Africa 2(3.6) 145 (1.4) 128 (88.3)
Income category*
Low 13 (23.2) 3,065 (29.8) 1,685 (55.0)
Lower middle 25 (44.6) 3,812 (37.0) 1,254 (32.9)
Upper middle 18 (32.1) 3,414 (33.2) 1,106 (32.4)
Calendar periodt
Pre-2005 15 (26.8) 2,118 (20.6) 93 (4.4)
2005-2010 30 (53.6) 5,249 (51.0) 2,916 (55.6)
2011-2015 11 (19.6) 2,924 (28.4) 1,036 (35.4)
Site of recruitment
Hospital only 32(57.1) 4,339 (42.2) 1,117 (25.7)
Community only 14 (25.0) 4,250 (41.3) 2,136 (50.3)
Hospital + community 9(16.1) 1,666 (16.2) 756 (45.4)
Site of death
Hospital only 7 (48.2) 3,080 (29.9) 927 (30.1)
Hospital + community 4 (42.9) 6,849 (66.6) 3,040 (44.4)
NHLBI quality rating
Good 25 (44.6) 5,258 (51.1) 2,288 (43.5)
Fair 16 (28.6) 2,091 (20.3) 695 (33.2)
Poor 15 (26.8) 2,942 (28.6) 1026 (34.9)
Data & methods
Data available
Pathological autopsy# 0(35.7) 2,442 (23.7) 420 (17.2)
Hospital recordst 49 (87.5) 9,627 (93.5) 3,994 (41.5)
Assignment process
At least two reviewers 6 (64.3) 7,519 (73.1) 3,399 (45.2)
Structured process 3(58.9) 7,541 (73.3) 3,136 (41.6)
System for resolving disagreements 5 (44.6) 6,123 (59.5) 3,179 (51.9)
Criteria for individual CoD 4 (60.7) 7,601 (73.9) 2,894 (38.1)
Data & methods score§, median (IQR) 2.5 (1.7-4.3) 2.5(1.7-4.3) 2.5(2.0-4.0)

*Per World Bank classification [27]

TBased on last year of data collection
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FAll participants from each study did not necessarily have these data available; numbers shown are maximum possible
with data available

§Based on data available and methods used to assign causes of death (Supplementary table 3)

ART: antiretroviral therapy; CoD: cause of death; IQR: interquartile range; NHLBI: National Heart, Lung, and Blood

Institute

3.2.4.2 Proportions assigned HIV-associated causes of death

The pooled proportion of HIV-positive adult decedents assigned any HIV-associated cause of death was 79% (95% Cl
74-83; Tables 3:3 and 3:4; Figure 3:2). There was a high degree of heterogeneity between studies, (12 96.8%, p <0.01),
with proportions of decedents assigned HIV-associated causes ranging from 30% to 100%. There were fewer
differences between studies based on geographical regions (p = 0.79, based on meta-regression); income groups (p =
0.85); and study quality, based on NHLBI grade (p = 0.25). The 11 studies conducted from 2011-2015 assigned a slightly
lower proportion of HIV-associated causes of death than those conducted in earlier periods (70% in 2011-2015 vs. 77%
in 2005-2010 [n = 30 studies] vs. 87% pre-2005 [n = 15 studies]; p = 0.14; Figure 3:2). Similarly, studies where larger
proportions of decedents initiated ART assigned lower proportions of HIV-associated causes of death (85% if <33% on
ART [n = 11 studies] vs. 76% if 33—-65% on ART [n = 7 studies] vs. 71% if >66% initiated on ART [n = 21 studies]; p = 0.02;

Figure 3:3).

Meta-regression of the proportion of individuals on ART per study against middle year of data collection showed that
proportions on ART were markedly higher in studies conducted more recently (p <0.001; Supplementary figure 3:1).
The 20 studies that used autopsy data assigned more HlV-associated causes of death than the 36 studies that did not
(87% vs 73%; p = 0.02; Figure 3:4). Heterogeneity was high within groups (1> >93%; p <0.01) but was variable between
groups (p 0.53—-1.0 between regions, income groups, and NHLBI grades; p = 0.06 and p = 0.01 between calendar periods

and proportions on ART, respectively).

3.2.4.3 Proportions assigned TB causes of death

Of the 56 studies included, 47 (83.9%) reported the proportion of individuals assigned HIV-associated TB as a cause of
death: 29/47 (61.7%) studies were conducted in sub-Saharan Africa, seven (14.9%) in South Asia, and four (8.5%) in
Latin America; 12 (25.5%), 22 (46.8%), and 13 (27.7%) studies were conducted in low-, lower middle-, and upper

middle-income countries, respectively; 21 (44.7%), 14 (30.0%), and 12 (25.5%) studies were assigned a grade of ‘good’,
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‘fair’, and ‘poor’, respectively, using the NHLBI grading tool; 18 (38.3%) and 40 (85.1%) studies used autopsy data and

hospital data, respectively to assign causes of death; and the overall median methods score was 2.5 (IQR 1.5-4.0).

Among the 7,990 HIV-positive adult decedents included in studies where TB causes of death were reported, a pooled
29% (95% Cl 24-34; Table 3:4) were assigned a TB cause of death. Heterogeneity between studies was high (12 96.0%; p
<0.01); proportions ranged from 0% to 76%. Meta-regression revealed differences between groups based on
geographical region (higher in South Asia [51%] than sub-Saharan Africa [25%] or Latin America [22%]; p = 0.01; Figure
3:5) and income group (highest in lower-middle income countries [36%]; p <0.01). In contrast to overall HIV-associated
causes of death, no difference was seen in proportions of TB causes assigned based on calendar period of data
collection (p = 0.37) or the proportions of decedents initiated on ART (p = 0.61; Figure 3:3). In the 18 studies where
autopsy data were used, a pooled 37% (95% ClI 30—-45) of decedents were assigned a TB cause of death, compared with

a pooled 24% (95% CI 18—30) of decedents in the 29 studies without autopsy data (p = 0.04).

When the analysis was restricted to studies conducted in sub-Saharan Africa (n = 29 studies, n = 5,722 deaths),
differences were observed between income groups (15% low vs. 32% lower middle vs. 33% upper middle; p = 0.05;
Table 3:4) and based on use of autopsy data (34% with autopsy data vs. 19% without; p = 0.07). As in the overall
analysis, the proportion of individuals initiated on ART in each study appeared to have no effect on the proportions of
TB causes of death assigned, despite a decline in the proportions of overall HIV-associated causes of death assigned
(meta-regression against proportion on ART: any HIV-associated cause, p = 0.02; TB cause of death in all decedents, p =

0.85; Figure 3:3).

3.2.4.3.1 TB as a proportion of HIV-associated causes of death

Among decedents assigned an HIV-associated cause of death (n = 5,688 in the 47 studies where TB was reported), a
pooled 39% (95% Cl 33—46) were assigned a TB cause of death (heterogeneity 95.6%; p <0.01; Table 3:4). This was
much higher in studies conducted in South Asia (72%) compared with sub-Saharan Africa (34%), Latin America (24%),
and other regions (38%; p <0.01). Differences were also seen between income groups (lower middle 51% vs. upper
middle 38% vs. low 21%; p <0.01) but not in relation to the proportion of decedents initiated on ART in each study (p =

0.98).
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Table 3:3. Summary of findings of studies that directly estimated causes of death in HIV-positive adults dying in low- and middle-income countries, listed by calendar period of

data collection (n = 56 studies; n = 10,291 HIV-positive adult decedents)

Reference, Country Enrolled, Fe- Age, CD4 count  All HIV-positive adults (n = 10,291)* Adults who initiated ART (n = 4,009)
calt.endar period, fies N male median (ceIIs:/uL), All Assd. Assd. Assd. TB Deaths Timeon Assd. Assd. Assd. TB
region, (%) (IQR), mean median
deaths, n CoD* (%/ HIV- CoD (%/ onART, ART CoD*+ HIV- CoD (%/
study number, (SD), or (IQR), mean
ears data collected range (SD), or (%/ all assoc. assd. n (%/ (days), (%/ assoc. assd.
¥ g ran ’e enrolled) deaths) CoD (%/ CoD) enrolled) median deaths CoD (%/ CoD)
g assd. (1IQR) on ART) assd.
CoD) CoD)
Pre-2005
[33] LAm+Car 01 Brazil 1,478 25 Mean 34.8 NS 92 (6.2) 92(100) 86(93.5) 22(23.9) NS
(1993-2000) (range 19—
68)
[34] LAm+Car 02 Brazil 129 25.6 32(range NS 129 (100) 129 (100) 107 36 (27.9) NS
(1996-2003) 13-64) (82.9)
[35] LAm+Car 03 Peru 281 37.5 32 (range NS 16(5.7) 16(100) 16(100) 5(31.3) O - - - -
(1999-2004) 19-62)
[36] SAsia 01 India 60 20 Mean 32.1 NS 60 (100) 60(100) 35(58.3) 35(58.3) O - - - -
(1991-2003) (range 19—
55)
[37] SAsia 02 India 135 17 Mean 34 Mean 121 (+ 21 (15.6) 21(100) 21(100) 16(76.2) NS
(2000-2003) (x10) 205)
[38] SAsia 03 India 655 253 Mean35.2 66(ranged4— 172 172 (100) 112 91 (52.9) NS
(2002-2003) (£9) 446) (26.3) (65.1)
[39] SSAfro01 Rwanda 3,702 100 Mean 28 NS 39(1.1) 39(100) 38(97.4) 4(103) O - - - -
(1986—-1987)
[40] SSAfr 02 C.dlv. 698 259 Range 15-? NS 266 266 (100) 130 32(12.0) 0 - - - -
(1988-1989) (38.1) (48.9)
[41] SSAfr03(1989) C.d'lv. 473 NS NS NS NS 53 47 (88.7) 22(41.5) 0O - - - -
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Reference, Country Enrolled, Fe- Age, CD4 count  All HIV-positive adults (n = 10,291)* Adults who initiated ART (n = 4,009)
calt.endar period, fies N male median (ceIIs:/uL), All Assd. Assd. Assd. TB Deaths Timeon Assd. Assd. Assd. TB
region, (%) (IQR), mean median
deaths, n CoD* (%/ HIV- CoD (%/ onART, ART CoD+ HIV- CoD (%/
study number, (SD), or (IQR), mean
cars data collected range (SD), or (%/ all assoc. assd. n (%/ (days), (%/ assoc. assd.
¥ & ran 'e enrolled) deaths) CoD (%/ CoD) enrolled) median deaths CoD (%/ CoD)
& assd. (IQR) on ART) assd.
CoD) CoD)
[42] SSAfr04(1991) C.d'Iv. 6,752 24.1 34 80 (range 1- 1080 294 271 92(31.3) O - - - -
166) (16.0) (27.2)  (92.2)
[43] SSAfr 05 Uganda 440 48.7 Range 22— NS 63 (14.3) 63 (100) 52(82.5) 3(4.8) 0 - - - -
(1990-1996) 80
[44] SSAfr 06 Kenya 1,804 53.3 33(29-42) 55(10-230) 155 (8.6) 75(48.4) 74(98.7) 35(46.7) O - - - -
(1996-1997)
[45] SSAfr 07 Botswana 5,055 46.2 35 (range NS 565 104 86 (82.7) 38(36.5) NS
(1997-1998) 14-87) (11.2) (18.4)
[46] SSAfr08 (2001) Congo, 1,309 48.7 NS NS 641 641 (100) 586 0 - - - -
Rep. (49.0) (91.4)
[47] SSAfr 09 Senegal 404 54,7 37(31-43) 128(54-217) 93(23.0) 93 (100) 77(82.8) 17(18.3) 93(23.0) NSY 93 (100) 77 (82.8) 17 (18.3)
(1998-2002)
2005-2010
[48] EAsiatPac01  TAHOD%# 1,557 21.4 39(32-46) 66(23-218) 56(3.6) 56(100) 22(39.3) 56 (3.6) NS 56 (100) 22 (39.3)
(2003-2007)
[49] EAsia+Pac02  Vietnam 640 10 34.2(29-  41(17-104) 60(9.4) 60(100) 49 (81.7) 24(40.0) 60(9.4) 79(29- 60 (100) 49 (81.7) 24 (40.0)
(2007-2010) 38) 185)
[50] Eur+CAsia 01 Russian 32 15,6 NS NS 32(100) 32(100) 32(100) 24(75.0) 32(100) NS NS
(2003-2008) Fed.
[51] Eur+CAsia 02 Turkey 128 18 Mean 38.5 Mean 454 36 (28.1) 36(100) 25(69.4) 7(19.4) NS
(1996-2009) (range 23—  (range 10—
67) 1480)
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Reference, Country Enrolled, Fe- Age, CD4 count  All HIV-positive adults (n = 10,291)* Adults who initiated ART (n = 4,009)
calt.endar period, fies N male median (ceIIs:/uL), All Assd. Assd. Assd. TB Deaths Timeon Assd. Assd. Assd. TB
region, (%) (IQR), mean median
deaths, n CoD* (%/ HIV- CoD (%/ onART, ART CoD+ HIV- CoD (%/
study number, (SD), or (IQR), mean
cars data collected range (SD), or (%/ all assoc. assd. n (%/ (days), (%/ assoc. assd.
¥ & ran 'e enrolled) deaths) CoD (%/ CoD) enrolled) median deaths CoD (%/ CoD)
& assd. (IQR) on ART) assd.
CoD) CoD)
[52] LAm+Car 04 Brazil 1,538 50.2 39(24-53) 250 226 226 (100) 130 153 (9.9) NS 153 75 (49.0)
(1997-2006) (14.7) (57.5) (100)
[53] LAm+Car 05 Brazil 3,530 264 35 265 (90-430) 868 868 (100) 639 299 (8.5) NS 299 181
(1986-2009) (24.6) (73.6) (100) (60.5)
[54] MEast+NAfr01 Morocco 1,243 495 Mean 36 Mean 96 91(7.3) 91(100) 86(94.5) 35(38.5) 91(7.3) 270 91 (100) 86 (94.5) 35 (38.5)
(1999-2009) (range 24—  (range 1-626)
56)
[55] SAsia 04 India 2,050 24.1 43 (range NS 145(7.1) 145 (100) 90 (62.1) 66 (45.5) 5(0.2) NS 5(100) NS NS
(1992-2005) 16-69)
[56] SAsia 05 India 236 22.9 Range18-? NS 236 (100) 236 (100) 223 129 2(0.8) NS 2(100) NS NS
(1988-2007) (94.5)  (54.7)
[57] SAsia 06 India 4,848 246 34(29-39) 58(31-67) 155(3.2) 69(44.5) 56(81.2) 20(29.0) 155(3.2) 150 69 (44.5) 56(81.2) 20(29.0)
(1996-2008)
[58] SAsia 07 India 822 18.8 NS 80 56 (6.8) 32(57.1) 23(71.9) 56 (6.8) NS 32(57.1) 23(71.9)
(2000-2008)
[59] SAsia 08 India 1,182 23.2 35(-) NS 56 (4.7) 56 (100) 45(80.4) 27(48.2) 56(4.7) 73 56 (100) 45 (80.4) 27 (48.2)
(2009-2010)
[60] SSAfr 10 Togo 5,347 469 Mean38.9 NS 147 (2.7) 147 (100) 104 0 NS
(1996-2005) (+13.4) (70.7)
[61] SSAfr11 S. Africa 712 74 33(29-38) 94 68 (9.6) 68(100) 53(77.9) 10(14.7) 37(5.2) NS§ 37 (100) 28(75.7) 5(13.5)
(2002-2005)
[62] SSAfr12 Uganda & 3,316 65 36 (31-42) 86(31-139) 179 (5.4) 179 (100) 124 14 (7.8) 179 (5.4) NS§ 179 124 14 (7.8)
(2003-2005) Zimbwe (69.3) (100) (69.3)
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Reference, Country Enrolled, Fe- Age, CD4 count  All HIV-positive adults (n = 10,291)* Adults who initiated ART (n = 4,009)
calt.endar period, fies N male median (ceIIs:/uL), All Assd. Assd. Assd. TB Deaths Timeon Assd. Assd. Assd. TB
region, (%) (IQR), mean median
deaths, n CoD* (%/ HIV- CoD (%/ onART, ART CoD+ HIV- CoD (%/
study number, (SD), or (IQR), mean
cars data collected range (SD), or (%/ all assoc. assd. n (%/ (days), (%/ assoc. assd.
¥ & ran 'e enrolled) deaths) CoD (%/ CoD) enrolled) median deaths CoD (%/ CoD)
& assd. (IQR) on ART) assd.
CoD) CoD)
[63] SSAfr13 Uganda 559 NS  38(33-44) 98(21-163) 99(17.7) 99(100) 83(83.8) 13(13.1) 99(17.7) NS§ 99 (100) 83(83.8) 13 (13.1)
(2004-2005)
[64] SSAfr 14 Came- 362 519 Mean40.2 NS 281 281 (100) 226 96 (34.2) 77(21.3) 30(13— 77(100) NS NS
(2000-2007) roon (x11.6) (77.6) (80.4) 60)
[65] SSAfr15 S. Africa 1,353 67 37(31-45) 93(37-148)  124(9.2) 124(100) 93 (75.0) 47(37.9) 124(9.2) 57 (28— 124 93 (75.0) 47 (37.9)
(2005-2007) 169) (100)
[66] SSAfr16(2007) Ghana 716 52 39.7 (£ 9) NS 221 221 (100) 215 69 (31.2) 32(4.5) NS 32 (100) 32(100)
(30.9) (97.3)
[67] SSAfr17 South 86 NS  Range18- NS 86 (100) 86 (100) 80 (93.0) NS
(2000-2008)  Africa 70
[68] SSAfr 18 B. Faso 5,608 70 35(30-41) NS 690 690 (100) 341 67 (9.7) 690 82 (30— 690 341 67 (9.7)
(2003-2008) (12.3) (49.4) (12.3) 270) (100) (49.4)
[69] SSAfr 19 S. Africa 2,943 40.1 36(range  26(rangel- 305 305 (100) 208 55(18.) 305 NS§ 305 208 55 (18.0)
(2004-2009) 19-69) 479) (10.4) (68.2) (10.4) (100) (68.2)
[70] SSAfr 20 Nigeria 110 46.5 39.5(range 75(range6- 110 (100) 101 64 (63.4) 64(63.4) 110(100) NS 101 64 (63.4) 64 (63.4)
(2006-2009) 14-64) 1003) (91.8) (91.8)
[71] SSAfr21 Nigeria 3,464 47.3 36(30-45) 136(56-199) 66(1.9) 66(100) 58(87.9) 27(40.9) 19(0.5) 91(62— 19(100) 16 (84.2) 7 (36.8)
(2006-2009) 1095)
[72] SSAfr22(2009) Uganda 290 51.4 Mean38  Mean50(IQR NS 35 32(91.4) 13(37.1) NS 10 10 (100) 5 (50.0)
14-87)
[73] SSAfr23(2009) S.Africa 39 48.7 36(32-40) 50(27-154) 39(100) 39 (100) 38(97.4) 26(66.7) 27(69.2) 32 (16— 27(100) 25(92.6) 25 (92.6)
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Reference,
calendar period,
region,

study number,
years data collected

Fe-

male

(%)

Age,
median

(IQR), mean

(SD), or
range

All HIV-positive adults (n = 10,291)*

Adults who initiated ART (n = 4,009)

(IQR), mean

All

deaths, n

(%/

enrolled)

Assd. Assd. TB
HIV- CoD (%/
assoc. assd.

CoD (%/ CoD)
assd.
CoD)

Timeon Assd.

Assd. Assd. TB
HIV- CoD (%/
assoc. assd.
CoD (%/ CoD)
assd.

CoD)

[74] SSAfr 24
(2004-2010)

[75] SSAfr 25 (2010)

[76] SSAfr 26 (2010)

[77] SSAfr 27 (2010)

2011-2016

[78] EAsia+Pac 03
(2009-2012)

[79] EAsia+Pac 04
(2007-2014)

[80] Eur+CAsia 03
(1989-2012)

[81] LAm+Car 06
(2000-2011)

[82] LAm+Car 07
(2010-2013)
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66.1

55.7

NS

58

20.2

37.3

26.5

36.7

103

34.4 (29-
40)

Mean 32.2

NS

40 (33-48)

Mean 43
(x11.7)

32 (18-73)

36 (30-42)

35.6 (29—
43)

38 (range
15-70)

110 (range 1-

238 (106-408)

63 (15.9)

309 (1.3)

214
(28.8)

315
(38.3)

216
(19.4)

42 (3.5)

779
(21.9)

103 (4.6)

145 (100)

43 (68.3) 23 (36.5)

113 12 (3.9)
(36.6)

113 64 (29.9)
(52.8)

280 113

(88.9) (35.9)

154
(71.3)

20 (47.6) 7(16.7)

426 166
(54.7)  (21.3)
64 (62.1)

118 15 (11.7)
(92.2)

43 (68.3) 23 (36.5)

55 (34.4) 6(3.8)

NS NS

51 (68.9)

20 (47.6) 7 (16.7)

24(39.3) 24(100) 0
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Reference, Country Enrolled, Fe- Age, CD4 count  All HIV-positive adults (n = 10,291)* Adults who initiated ART (n = 4,009)
calt.endar period, fies N male median (ceIIs:/uL), All Assd. Assd. Assd. TB Deaths Timeon Assd. Assd. Assd. TB
region, (%) (IQR), mean median
deaths, n CoD* (%/ HIV- CoD (%/ onART, ART CoD+ HIV- CoD (%/
study number, (SD), or (IQR), mean
cars data collected range (SD), or (%/ all assoc. assd. n (%/ (days), (%/ assoc. assd.
¥ & ran 'e enrolled) deaths) CoD (%/ CoD) enrolled) median deaths CoD (%/ CoD)
& assd. (IQR) on ART) assd.
CoD) CoD)
[83] MEast+NAfr02 Tunisia 260 352 Mean44 NS 54(20.8) 54(100) 38(70.4) 2(3.7) 37(14.2) NS 37 (100) NS NS
(2000-2014) (£11)
[84] SSAfr28 Congo, 152 48.7 37(16-71) 170(1-772) 152 (100) 152 (100) 45(29.6) 7(4.6) 152 (100) NS 152 45 (29.6) 7 (4.6)
(2002-2011) Rep. (100)
[85] SSAfr 29 Uganda 4,784 58.1 36(30-42) 90(22-237) 1,249 1,028 848 347 395(8.3) NS 395 312 103
(2002-2012) (26.1)  (82.3)  (82.5)  (33.8) (100) (79.0)  (26.1)
[86] SSAfr30(2012) Kenya 253 60.1 40(34-47) 87(33-209) 253 (100) 253 (100) 160 80(31.6) 253 (100) 330 (60— 253 160 80 (31.6)
(63.2) 930) (100) (63.2)
[87] SSAfr31(2013) Uganda 99 57.3 35(29-40) 47(17-165) 96(97.0) 96(100) 87(90.6) 42 (43.8) NS
[88] SSAfr 32 Mozbque 112 49.1 37 (range NS 73 (65.2) 73 (100) 67 (91.8) NS
(2013-2015) 16-76)

*Includes the 4,009 individuals who initiated ART

tIncludes those assigned ‘unknown’ or ‘indeterminate’ cause of death

$TAHOD lower middle-income countries: Cambodia, India, Indonesia, Philippines, and Vietnam; TAHOD upper middle-income countries: China, Indonesia, Malaysia, and Thailand
§At least 50% of deaths in those who initiated ART occurred within 3 months of initiation

||At least 50% of deaths in those who initiated ART occurred within 6 months of initiation (3-month mortality not reported)

91At least 50% of deaths in those who initiated ART occurred within 12 months of initiation

**Median time listed for ‘Early-ART’ group, died <90 days post-initiation (n = 15); for ‘Late-ART’ group (>90 days post-initiation; n = 10), median time on ART 326 (IQR 148-531) days
Assd.: assigned; assoc.: associated; ART: antiretroviral therapy; B. Faso: Burkina Faso; C. d’lv.: Cote d’lvoire; CoD: cause of death; EAsia + Pac: East Asia & the Pacific; Eur + CAsia:
Europe & Central Asia; IQR: interquartile range; L: low; Lam + Car: Latin America & the Caribbean; LM: lower middle; MEast + NAfr: Middle East & North Africa; Mozbque:
Mozambique; NS: not specified; Rep.: republic; Russian Fed.: Russian Federation; S. Africa: South Africa; SAsia: South Asia; SD: standard deviation; SSAfr: sub-Saharan Africa;
TAHOD: TREAT Asia HIV Observational Database; TB: tuberculosis; UM: upper middle; Zimbwe: Zimbabwe
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Table 3:4. Pooled prevalence of decedents assigned any HIV-associated and TB causes of death in studies of HIV-positive adults dying in low- and middle-income countries (n =

56 studies) and restricted to studies conducted in sub-Saharan Africa (n = 32 studies)

Group & sub-group

All regions

Sub-Saharan Africa only

Proportion of decedents
assigned any HIV-
associated CoD

(N = 56 studies)

Pooled proportion of decedents assigned TB CoD

(N = 47 studies)

Proportion of decedents

assigned any HIV-
associated CoD (n =32
studies)

Proportion of decedents assigned TB CoD
(n = 29 studies)

Among all HIV-positive
adults
(N = 10,290 deaths)

Among all HIV-positive
adults
(n =7,990 deaths)

Among adults with

HIV-associated CoD

(n = 5,688 deaths)

Among all HIV-positive
adults
(n = 6,572 deaths)

Among all HIV-positive adults Among adults with
(n =5,772 deaths)

HIV-associated CoD
(n = 4,103 deaths)

Studies, PP, p* Studies, PP, p* PP, p* Studies, PP, p* Studies, PP, p* PP, p*
n(%) % (95% Cl) n(%) % (95% Cl) % (95% Cl) n(%) % (95% Cl) n (%) % (95% Cl) % (95% Cl)
Overall 56 79 (74-83) - 47 29 (24-34) - 39(33-46) - 32 79 (73-85) - 29 25(19-31) - 34 (27-42) -
Region
Sub-Saharan 32 79 (73-85) 29 25 (19-31) 34 (27-42) - -
Africa
South Asia 8 79 (65-90) 7 51 (43-58) 72 (56-85) <0.01 - -
Latin America & 7 82 (71-90) 4 22 (13-32) 24 (14-37) - -
The Caribbean
Other 9 73 (59-85) 7 28 (16-42) 38 (25-51) - -
Country income group
Low 13 77 (66—-86) 12 15 (7-25) 21 (11-32) 13 77 (66-86) 12 15 (7-25) 21 (11-32)
Lower middle 25 78 (70-85) 0.85 22 36 (29-44) <0.01 51 (41-61) <0.01 12 81(68-90) 0.77 11 32(23-42) 0.05 45(33-57) 0.05
Upper middle 18 80 (74-86) 13 30 (23-38) 38 (29-47) 7 81 (72-89) 6 33 (21-47) 43 (29-57)
Calendar period
Pre-2005 15 87 (78-93) 14 32 (22-42) 42 (28-56) 9 87 (76-95) 8 24 (14-35) 28 (19-39)
2005-2010 30 77 (70-83) 0.14t1 25 31(23-39) 0.37t 41(31-51) O0.467 18 77 (67-85) 0.38 17 25(17-35) 0.25 36(24-48) 0.10
2011-2015 11 70 (59-81) 8 19 (12-28) 30 (21-40) 5 74 (53-90) 4 26 (13-43) 40 (29-50)

Proportion on ART**
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Group & sub-group All regions Sub-Saharan Africa only
Proportion of decedents Pooled proportion of decedents assigned TB CoD Proportion of decedents Proportion of decedents assigned TB CoD
assigned any HIV- (N = 47 studies) assigned any HIV- (n = 29 studies)
associated CoD associated CoD (n =32
(N = 56 studies) studies)
Among all HIV-positive =~ Among all HIV-positive =~ Among adults with Among all HIV-positive =~ Among all HIV-positive adults Among adults with
adults adults HIV-associated CoD  adults (n =5,772 deaths) HIV-associated CoD
(N = 10,290 deaths) (n =7,990 deaths) (n = 5,688 deaths) (n = 6,572 deaths) (n = 4,103 deaths)
Studies, PP, p* Studies, PP, p* PP, p* Studies, PP, p* Studies, PP, p* PP, p*
n(%) % (95% Cl) n(%) % (95% Cl) % (95% Cl) n(%) % (95% Cl) n (%) % (95% Cl) % (95% Cl)
<33% 18 86 (79-92) 17 28 (19-39) 37 (25-49) 13 87 (79-94) 12 24 (15-35) 29 (18-40)
33-65% 7 76 (63—-86) 0.01%f 5 24 (10-42) 0.52% 31 (20-44) 0.98% 5 77 (56-93) 0.02 5 24 (10-42) 0.85 31(20-44) 0.47
>66% 20 70 (62-77) 17 26 (18-35) 39 (26-51) 11 69 (59-78) 11 25 (15-36) 40 (24-57)
Study quality
Good 25 78 (71-84) 21 22 (17-28) 29 (24-36) 18 81 (72-88) 17 24 (17-31) 31 (24-38)
Fair 16 82 (75-88) 0.25 14 31(21-42) 0.09 39(27-52) 0.02 7 85(76-93) 0.17 7 28 (14-44) 0.74 33(18-50) 0.52
Poor 15 75 (64-85) 12 39 (23-55) 59 (38-78) 7 69 (45-88) 5 25 (6-50) 47 (13-83)
Data availability
Autopsy data 20 87 (79-94) 18 37 (30-45) 47 (38-55) 14 86 (75-94) 12 34 (27-41) 42 (35-49)
. 0.04 0.17 .15 0.07 0.13
No autopsy data 36 73 (67-79) 29 24 (18-30) 34 (26-43) 18 74 (65-82) 17 19 (12-28) 29 (19-40)
Hospital data 49 79 (74-83) 0 40 29 (24-35) 40 (33-47) - 29 80 (72-86) 26 26 (19-33) 0,52 35 (27-43) 051
No hospital data 7 78 (60-92) 7 26 (13-42) 34 (20-50) 3 76 (44-97) 3 18 (3-41) ' 24 (6-49) '
Methods score
<2.0 15 71 (60-81) 13 26 (13-40) 39 (20-59) 7 62 (44-79) 7 17 (4-37) 32 (7-64)
2.0-3.9 22 82 (75-88) 0.13 21 28 (21-35) 0.51 38(28-48) 0.95 11 79 (69-87) <0.01 10 19 (13-27) 0.02 27 (18-36) 0.16
>4.0 19 80 (72-87) 13 34 (26-42) 41 (23-48) 14 87 (76-95) 12 35 (25-45) 42 (34-50)

*Based on meta-regression | tTMeta-regression conducted using last year of data collection | ¥Meta-regression conducted using proportion on ART (continuous)

ART: antiretroviral therapy; Cl: confidence interval; CoD: cause(s) of death; PP: pooled proportion; TB: tuberculosis
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Figure 3:2. Forest plot showing the proportions of decedents assigned any HIV-associated cause of death in studies

conducted in low- and middle-income countries, stratified by calendar period of data collection (n = 56 studies)

Period data collected,

Region, study (years data collected)

Pre-2005 :
SSAfr 02 (1988-1989) —— '
Shsia 01 (1991-2003) —_—— i
SAsia 03 (2002-2003) —_—

SSAfr 05 (1990-1996) —_——

SSAfr 07 (1997-1998) e o

S5Afr 09 (1998-2002) —_—

LAm+Car 02 {1996-2003) —_—

sSAfr 03 (1983-1989) :—-t—

SSAfr 08 (2001-2001) I -

SSAfr 04 (1991-1991) I -

LAm+Car 01 (1993-2000) I —

ssafr 01 (1986-1987) 1 —

SSAfr 06 (1996-1997) I —

LAm+Car D3 (1999-2004) | —
e
]

Shsia 02 (2000-2003)
Subtotal (%2 =95.57%, p=0.00) -:::-

1
2005-2010 .
SSAfr 25 (2010-2010) —— 1
EAsia+Pac 01 (2003-2007) —— e 1
s5Afr 18 (2003-2008) - I
S5Afr 26 (2010-2010) —_— !
LAm+Car 04 (1997-2006) —_— :
Shsia 04 (1992-2005) —— '
S5Afr 20 (2006-2009) — I
SSAfr 19 (2004-2003) —_—r—
SSAfr 24 (2004-2010) ——
ssafr 12 (2003-2005) —_—
Eur+CAsia 02 {1996-2009) ———
SSAfr 10 (1996-2005) —— !
SAsia 07 (2000-2008) —o:—
LAm+Car 05 (1986-2009) -,
SsAfr 15 (2005-2007) —_—
SSAfr 11 (2002-2005) —_——
Shsia 08 (2009-2010) —
SSAfr 14 (2000-2007) ——
Shsia 06 (1996-2008) B — - —
EAsia+Pac 02 (2007-2010) —_—l—
SSAfr 13 (2004-2005) —_
S5Afr 21 (2006-2009) ——
S5Afr 27 (2010-2010) . =
ssafr 22 (2009-2009) [
S5Afr 17 (2000-2008) | ——
SAsia 05 (1988-2007) 1 —
MEast+NAfr 01 (1399-2003) 1 —_—
SSAfr 16 (2007-2007) : -
SsAfr 23 (2009-2009) . —
Eur+CAsia 01 (2003-2008) —_—
Subtotal (12 =96.60%, p = 0.00) -::b

1
2011-2015 |
SsAfr 28 (2002-2011) —— [
EAsia+Pac 04 (2007-2014) —_— 1
Eur+Chsia 03 (1989-2012) —— :
LAm+Car 06 (2000-2011) —_— .
ssafr 30 (2012-2012) —— I
MEast+NAfr 02 (2000-2014) ———
EAsia+Pac 03 (2009-2012) ——
SSAfr 29 (2002-2012) | =
SSAfr 31 (2013-2013) | i
ssafr 32 (2013-2015) : .
LAm+Car 07 (2010-2013) . —_—
Subtotal (12 =97.39%, p =0.00) —_

I
H geneity k groups: p = 0.058 1
Overall (12 =96.79%, p = 0.00); -{j}-

ES (95% CI)

0.49 (0.43, 0.55)
0.58 (0.46, 0.70)
0.65 (0.58, 0.72)
0.83 (0.71, 0.90)
0.83 (0.74, 0.89)
0.83 (0.74, 0.89)
0.83 (0.76, 0.88)
0.8 (0.77, 0.95)
0.91 (0.89, 0.93)
0.92 (0.89, 0.95)
0.93 (0.86, 0.97)
0.97 (0.87, 1.00)
0.99 (0.93, 1.00)
1.00 (0.81, 1.00)
1.00 (0.85, 1.00)
0.87 (0.78, 0.93)

0.37 (0.31, 0.42)
0.39(0.28, 0.52)
0.49 (0.46, 0.53)
0.53 (0.46, 0.59)
0.58 (0,51, 0.64)
0.62 (0.54, 0.70)
0.63(0.54, 0.72)
0.68 (0.63, 0.73)
0.68 (0.56, 0.78)
0.69 (0.62, 0.76)
0.69 (0.53, 0.82)
0.71(0.63, 0.77)
0.72 (0.55, 0.84)
0.74 (0.71, 0.76)
0.75 (0.67, 0.82)
0.78 (0.67, 0.86)
0.80 (0.68, 0.89)
0.80 (0.75, 0.85)
0.81(0.70, 0.89)
0.82 (0.70, 0.89)
0.84 (0.75, 0.90)
0.88 (0.78, 0.94)
0.89 (0.85, 0.92)
0.91 (0.78, 0.97)
0.93 (0.86, 0.97)
0.94 (0,91, 0.57)
0.95 (0.88, 0.98)
0.97 (0.94, 0.99)
0.97 (0.87, 1.00)
1.00 (0.89, 1.00)
0.77 (0.70, 0.83)

0.30(0.23, 0.37)
0.48 (0.33, 0.62)
0.55(0.51, 0.58)
0.62 (052, 0.71)
0.63 (0.57, 0.69)
0.70 (0.57, 0.81)
0.71 (0,65, 0.77)
0.82 (0.80, 0.85)
0.91(0.83, 0.95)
0.92 (0.83, 0.96)
0.92 (0.86, 0.96)
0.70(0.59, 0.81)

0.79(0.74, 0.83)

%
Weight

1.87
1.74
185
1.75
181
1.80
1.83
172
1.90
188
1.80
1.66
1.77
1.41
150
26.28

1.88
1.73
1.90
1.86
1.86

1.81
1.88
1.75
1.85

1.80
177
183
19,99

100.00

1 | | | | 1 | | | | 1

0.0 0.1 0.2 03 0.4 0.5 0.6 0.7 08 (k] 1.0

Proportion of all deaths assigned HIV-associated causes

Car: Caribbean; Cl: confidence interval; EAsia: East Asia; ES: estimated proportion/prevalence; Lam: Latin America;

MEast: Middle East; NAFr: North Africa; Pac: Pacific; SAsia: South Asia; SSAfr: Sub-Saharan Africa
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Figure 3:3. Bubble plots showing relationships, based on meta-regression, between proportions of decedents initiated on ART per study (x axis) and proportions of decedents

assigned any HIV-associated cause of death (y axis, top row) and proportions of decedents assigned a TB cause of death (y axis, bottom row)
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Figure 3:4. Forest plot showing the proportions of decedents assigned any HIV-associated cause of death, stratified

by use of autopsy data (n = 56 studies)

Use of autopsy data, %
Region, study (years data collected) ES (95% Cl) Weight
Autopsy data used :
SSAfr 02 (1988-1989) —_—— 1 0.49 (0.43, 0.55) 1.87
SSAfr 26 (2010-2010) —— ] 0.53 (0.46, 0.59) 1.86
Shsia 01 (1991-2003) —— ! 0.58 (0.46, 0.70) 1.74
SSAfr 30 (2012-2012) —_— ! 0.63 (0.57, 0.69) 1.87
SSAfr 11 (2002-2005) —-t'— 0.78 (0.67, 0.86) 1.76
SSAfr 07 (1997-1998) —_— 0.83 (0.74, 0.89) 1.81
LAm+Car 02 (1996-2003) —— 0.83 (0.76, 0.88) 1.83
SSAfr 03 (1989-1989) — 0.89 (0.77,0.95) 1.72
SSAfr 31 (2013-2013) | —— 0.91 (0.83, 0.95) 1.80
SSAfr 22 (2009-2009) —— 0.91(0.78,0.97) 1.64
SSAfr 32 (2013-2015) | — 0.92 (0.83, 0.95) 1.77
SSAfr 04 (1991-1991) : — 0.92 (0.89, 0.95) 1.88
SSAfr 17 (2000-2008) ' —_— 0.93 (0.86, 0.97) 1.79
LAm+Car 01 (1993-2000) 1 —— 0.93 (0.86, 0.97) 1.80
Shsia 05 (1988-2007) 1 -4  0.94(091,0.97) 1.87
S5Afr 16 (2007-2007) 1 =+ 0.97(0.94,0.99) 1.86
ssAfr 23 (2009-2009) I —= 0.97 (0.87, 1.00) 1.66
SSAfr 06 (1996-1997) ! —% 0.29(0.93,1.00) 1.77
Eur+CAsia 01 {2003-2008) : — 1.00 (0.89, 1.00) 1.62
LAm+Car 03 (1999-2004) | =% 1.00(0.81, 1.00) 1.41
Subtotal ("2 =96.26%, p =0.00) —_— 0.87 (0.79, 0.94) 35.33
]
No autopsy data 1
SSAfr 28 (2002-2011) — ! 0.30 (0.23, 0.37) 1.84
SSAfr 25 (2010-2010) — : 0.37 (031, 0.42) 1.88
EAsia+Pac 01 (2003-2007) —_—— i 0,39 (0.25, 0.52) 1.73
EAsia+Pac 04 (2007-2014) —_———— i 0.48 (0.33, 0.62) 1.68
SSAfr 18 (2003-2008) —— i 0.49 (0.46, 0.53) 1.90
Eur+CAsia 03 (1989-2012) —— 1 0.55 (0.51, 0.58) 1.90
LAm+Car 04 (1997-2006) —— 1 0.58 (0.51, 0.64) 1.86
Shsia 04 (1992-2005) —— ! 0.62 (0.54,0.70) 1.84
LAm+Car 06 (2000-2011) —_—— : 0.62 (0.52,0.71) 1.81
SSAfr 20 (2006-2009) _— 0.63 (0.54, 0.72) 1.81
Shsia 03 (2002-2003) —— 0.65 (0.58, 0.72) 1.85
S5Afr 19 (2004-2009) —_—— 0.68 (0.63, 0.73) 1.88
SSAfr 24 (2004-2010) —— 0.68 (0.56, 0.78) 1.75
SSAfr 12 (2003-2005) —— | 0.69 (0.62, 0.78) 1.85
Eur+CAsia 02 (1996-2003) —_— 0.69 (0.53, 0.82) 1.64
MEast+NAfr 02 (2000-2014) —0—!— 0.70 (0.57, 0.81) 1.72
SSAfr 10 (1996-2005) —i—, 0.71 (063, 0.77) 1.84
EAsia+Pac 03 (2009-2012) —— 0.71 (0.65, 0.77) 1.86
SAsia 07 (2000-2008) —— 0.72 (0.55, 0.84) 162
LAm+Car 05 (1986-2009) - | 0.74 (0.71, 0.76) 1.90
SSAfr 15 (2005-2007) ——— 0.75 (0.67, 0.82) 1.83
Shsia 08 (2009-2010) —_—l 0.80 (0.68, 0.89) 1.73
|
SSAfr 14 (2000-2007) - 0.80 (0.75, 0.85) 1.87
Shsia 06 (1996-2008) —— 0.81 (0.70, 0.89) 1.76
EAsia+Pac 02 (2007-2010) — T 0.82 (0.70, 0.89) 1.74
SSAfr 29 (2002-2012) 1 == 0.82 (0.80, 0.85) 1.90
SSAfr 05 (1990-1996) —— 0.83 (0.71, 0.90) 1.75
SSAfr 09 (1998-2002) ——— 0.83 (0.74, 0.89) 1.80
SSAfr 13 (2004-2005) —_— 0.84 (0.75, 0.90) 1.81
SSAfr 21 (2006-2009) :—0— 0.88 (0.78, 0.94) 1.76
sSAfr 27 (2010-2010) | = 0.89 (0.85, 0.92) 1.88
SsAfr 08 (2001-2001) 1 - 0.91 (0.89, 0.93) 1.90
LAm+Car 07 (2010-2013) 1 —_— 0.92 (0.86, 0.96) 1.83
MEast+NAfr 01 (1999-2009) 1 ——  0.95(0.88 0.98) 1.80
S5Afr 01 (1986-1987) ' — 097 (0.87,1.00) 1.66
SAsia 02 (2000-2003) ! e 1.00(0.85, 1.00) 150
Subtotal ("2 =96.71%, p=0.00) -c:b-: 0.73 (0.67, 0.79) 64.67
1
Heterogeneity between groups: p = 0.005 1
Overall (142 = 96.79%, p = 0.00); <> 0.79 (0.74, 0.83) 100.00
1
L

| | I | | | | | | | I
00 01 02 03 04 05 06 07 08 08 10

Proportion of all deaths assigned HIV-associated causes

Car: Caribbean; Cl: confidence interval; EAsia: East Asia; ES: estimated proportion/prevalence; Lam: Latin America;
MEast: Middle East; NAFr: North Africa; Pac: Pacific; SAsia: South Asia; SSAfr: Sub-Saharan Africa

Chapter 3: Research paper 1: Page 135 of 383
Directly estimated causes of death among HIV-positive adults in low- and middle-income countries. A systematic
review and meta-analysis.



An autopsy study exploring the spectrum of disease in individuals with advanced HIV
in primary care clinics in South Africa

Figure 3:5. Forest plot showing the proportions of decedents assigned a tuberculosis cause of death, stratified by

geographic region (n = 47 studies)

Region %
Study (years data collected) ES (95% CI) Weight
Sub-Saharan Africa 1
S5Afr 10 (1996-2005) L 1 0.00 (0.00, 0.03) 221
SSAfr 25 (2010-2010) -~ ! 0.04 (0.02, 0.07) 2.26
SSAfr 28 (2002-2011) - : 0.05 (0.02, 0.09) 221
SSAfr 05 (1990-1996) —— | 0.05 (0.02, 0.13) 2.08
SSAfr 12 (2003-2005) —— | 0.08 (0.05,0.13) 222
SSAfr 18 (2003-2008) - 1 0.10 (0.08, 0.12) 229
SSAfr 01 (1986-1987) —_—— 0.10 (0.04, 0.24) 1.96
SSAfr 02 (1988-1989) —— | 0.12 (0.09, 0.16) 2,25
SSAfr 13 (2004-2005) —— : 0.13 (0.08,0.21) 216
SSAfr 11 (2002-2005) —_—— 0.15 (0.08, 0.25) 2,10
SSAfr 19 (2004-2009) —_ 0.18 (0.14, 0.23) 2.26
SSAfr 09 (1998-2002) —— | 0.18 (0.12,0.27) 215
SSAfr 26 (2010-2010) — 0.30 (0.24, 0.36) 2.24
SS5AFr 16 (2007-2007) —_—— 0.31 (0.25, 0.38) 2.24
SSAfr 04 (1991-1991) —:O-— 0.31(0.26,0.37) 226
SSAfr 30 (2012-2012) - 0.32 (0.26, 0.38) 2.25
SSAfr 29 (2002-2012) | - 0.34 (0.31,0.37) 2.29
SSAfr 14 (2000-2007) | . oo 0.34 (0.29, 0.40) 2.25
SSAfr 27 (2010-2010) | —— 0.36 (0.31, 0.41) 2.26
SSAfr 24 (2004-2010) —t—— 0.37 (0.26, 0.49) 2,08
SSAfr 07 (1997-1998) :—0— 0.37 (0.28, 0.46) 217
SSAfr 22 (2009-2009) . + 0.37 (0.23, 0.54) 193
SSAfr 15 (2005-2007) | —— 0.38 (0.30, 0.47) 219
SSAfr 21 (2006-2009) | m—— 0.41 (0.30, 0.53) 2.09
SSAfr 03 (1989-1989) | 0.42 (0.29, 0.55) 2.04
SSAfr 31 (2013-2013) N —— 0.44 (0.34, 0.54) 215
SSAfr 06 (1996-1897) : —_— 0.47 (0.36, 0.58) 211
SSAfr 20 (2006-2009) | S B 0.63 (0.54,0.72) 2.16
SSAfr 23 (2009-2009) | —— 0.67 (0.51, 0.79) 196
Subtotal (12 = 96.46%, p = 0.00) - 0.25 (0.19, 0.31) 62.82

1
South Asia !
SAsia 06 (1996-2008) —Io— 0.29 (0.20, 0.41) 2.10
Shsia 04 (1992-2005) | —— 0.46 (0.38, 0.54) 220
SAsia 08 (2009-2010) | —_— 0.48 (0.36, 0.61) 2.06
SAsia 03 (2002-2003) | —— 0.53 (0.45, 0.60) 222
SAsia 05 (1988-2007) 1 —— 0.55 (0.48, 0.61) 224
Shsia 01 (1991-2003) ! —_— 0.58 (0.46, 0.70) 2,07
SAsia 02 (2000-2003) : -+ 0.76 (0.55, 0.89) 174
Subtotal {172 = 74.99%, p = 0.00) | -:::‘_:::— 0.51 (0.43, 0.58) 14.64

1
Latin America & The Caribbean 1
LAm+Car 07 (2010-2013) —_—— | 0.12 (0.07,0.18) 219
LAm+Car 01 (1993-2000) —_—— 0.24 (0.16, 0.34) 215
LAm+Car 02 (1996-2003) —_— 0.28 (0.21, 0.36) 219
LAm+Car 03 (1999-2004) — 0.31(0.14, 0.56) 1.62
Subtotal (112 = 76.58%, p=0.01) _ 0.22 (0.13,0.32) 8.15

1
Other I
MEast+NAfr 02 (2000-2014) —-_-— ! 0.04 (0.01,0.13) 2.05
EAsia+Pac 04 (2007-2014) —0—: 0.17 (0.08, 0.31) 1.98
Eur+CAsia 02 (1996-2009) —— 0.19 (0.10, 0.35) 1.94
Eur+CAsia 03 (1985-2012) - 0.21(0.19, 0.24) 229
MEast+NAfr 01 (1999-2009) e 0.38 (0.29, 0.49) 215
EAsia+Pac 02 (2007-2010) —_—— 0.40 (0.29, 0.53) 2.07
Eur+CAsia 01 (2003-2008) ! —_—— 0.75(0.58,0.87) 1.90
Subtotal (12 = 92.15%, p = 0.00) —-:'_‘__‘:> 0.28 (0.16, 0.42) 14.38
Heterogeneity between groups: p = 0.000 :
Overall ("2 =95,96%, p =0.00); "-".:L-b' 0.29 (0.24, 0.34) 100.00

1

1

| | | | | | | | | | |
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

Proportion of all deaths assigned a TB cause
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3.2.4.4 Sub-analysis: causes of death in individuals who initiated ART vs. individuals who did not

In the 28 studies describing causes of death in those who had initiated ART (n = 3,695 deaths), 17 (60.7%) included only
individuals on ART; proportions of decedents on ART in the remaining 11 studies ranged from 15% to 69%. The
majority of studies were conducted in sub-Saharan Africa (17/28 [60.7%]); 21 (75.0%) studies had completed data
collection between 2005 and 2010; and 11 (39.2%) studies only recruited individuals after admission to hospital,
compared with 11 (39.2%) that recruited from the community, and six (21.4%) that recruited from both sites. Five

(17.9%) studies used data from pathological autopsies to assign causes of death.

The pooled proportions of decedents assigned HIV-associated and TB causes of death were 84% (95% Cl 78—90) and
22% (95% Cl 13-33) in decedents who had not initiated ART (n = 23 studies, n = 3,968 deaths) and 72% (95% Cl 66—79)
and 26% (95% Cl 18—34), respectively, in those who had (Table 3:5). Heterogeneity between studies was high in both
groups (1295.71 and 96.79, p <0.01). There were very slight differences between proportions of causes of death
assigned based on geographic or income group in either those who did not initiate ART or those who did (p 0.1-0.95 for
HIV-associated and TB causes of death in both groups). Fewer HIV-associated and TB causes were assigned to
individuals who initiated ART in studies that completed data collection after 2010 (67% any HIV associated, 14% TB)
compared with earlier periods (73—83% any HIV associated; 18-31% TB), but this may have been due to chance (p =
0.94 and p = 0.41 for any HIV-associated and TB causes of death, respectively); this relationship was not seen in

individuals who did not initiate ART.

Similar patterns were seen when the analysis was restricted to only studies that included either 0% or 100% of
decedents who initiated ART (n = 11 studies, n = 1,758 deaths if 0% initiated ART; n = 17 studies, n = 2,465 deaths if
100% initiated ART). Studies with 0% ART initiation assigned 85% (95% Cl 74—94) of decedents an HIV-associated cause,
compared with 69% (95% Cl 68—83) assigned in studies where all decedents initiated ART (p = 0.05). Almost no
difference was seen, however, in the proportions of TB causes of death assigned (24% vs 26% in all decedents, 33% vs.

39% in decedents with HIV-associated causes of death, 0% ART vs. 100% ART, respectively; p = 0.99 and p = 0.64).

3.2.4.4.1 Duration of ART
Only 12 studies reported the median time from ART initiation to death, which ranged from 30 days (n = 77; Cameroon
[64]) to over one year (n = 42; Vietnam [79]). The largest study that reported time on ART was a retrospective analysis

of patient records across 13 districts of Burkina Faso [68], which included 690 decedents who initiated ART and died a
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median 82 (IQR 30-270) days after initiation. A number of studies did not report time on ART, but instead reported the
numbers of individuals who died after specific intervals of time. Seven studies [49,57,61-63,69,74], two of which also
reported median time on ART, reported that at least 50% of the deaths among individuals who had initiated ART had
occurred in the three months after initiation; a further three [58,78,82] reported that 54%—68% of deaths among those
initiating ART had taken place in the six months after initiation (Table 3:3). Only three studies [58,63,79], conducted in
Uganda, India, and Vietnam, presented causes of death stratified by duration of ART (n =99, n =32, and n = 42 on ART,
respectively). Although all three studies found that overall mortality decreased with time on ART, the proportions of

HIV-associated causes of death assigned were similar, regardless of duration of ART (Table 3:6).
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Table 3:5. Pooled prevalence of deaths assigned any HIV-associated cause or TB cause in HIV-positive adult decedents who initiated ART (n = 28 studies) and in those who did

not (n = 23 studies)

Group & In HIV-positive adults who initiated ART (n = 28 studies), the proportion of

sub-group decedents assigned

In HIV-positive adults who did not initiate ART (n = 23 studies), the
proportion of decedents assigned

Any HIV-associated cause of death A TB cause of death (n = 3,049 deaths)

Any HIV-associated cause of death A TB cause of death (n = 2,120

(n = 3,695 deaths) (n = 3,968 deaths) deaths)
Studies, PP, % (95% ClI) p* Studies, PP, % (95% Cl) p* Studies, PP, % (95% Cl) p* Studies, PP, % (95% Cl) p*
n (%) n (%) n (%) n (%)
Overall 28 72 (66—79) - 22 26 (18-34) - 23 84 (78-90) - 17 22 (13-33) -
Region
Sub-Saharan Africa 17 72 (63-81) 16 25 (17-35) 16 85 (76-92) 14 20 (11-31)
South Asia 79 (72-85) 2 37 (29-46) 2 89 (86-93) 2 16 (9-23)
Latin America & The 3 73 (50-91) 0.83 1 0(0-14) 0.61 4 86 (77-93) 0.95 1 58 (46-70) 0.21
Caribbean
Other 5 69 (45—-88) 3 32 (19-46) 1 73 (65-79) 0 -
Country income groupt
Low 7 72 (56-85) 14 (7-22) 79 (61-92) 11 (0-33)
Lower middle 12 72 (58-84) 0.95 33 (20-48) 0.10 87 (76-95) 0.54 6 37 (23-53) 0.15
Upper middle 9 73 (64-81) 30 (13-51) 83 (78-88) 21 (10-34)
Calendar period
Pre-2005 1 83 (74-89) 1 18 (12-27) 10 87 (75-95) 28 (17-41)
2005-2010 21 73 (66—-81) 0.94% 16 31(21-42) 0.41% 10 82 (70-92) 0.87¢+ 6 13 (1-31) 0.81%
2011-2015 6 67 (48-84) 5 14 (5-27) 3 83 (74-91) 35 (31-38)

*Based on meta-regression

TBased on World Bank classification [27]

FMeta-regression conducted using middle year of data collection

ART: antiretroviral therapy; Cl: confidence interval; CoD: cause of death; PP: pooled proportion; TB: tuberculosis
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Table 3:6. Causes of death assigned to individuals who initiated ART in studies that reported causes by duration on
ART (n = 3 studies; n = 173 deaths)

Reference, region, Country Deaths Causes of death by time on ART

period of data after ART

collection initiation, n

[58] SAsia 07 India 32 15/18 (83%) deaths in the first 6 months were assigned HIV-associated
(2000-2008) CoD vs. 8/14 (57%) deaths >6 months post-initiation.

[63] SSAfr13 Uganda 99 72/80 (90%) deaths in the first 12 months were assigned HIV-
(2004-2005) associated CoD, vs. 8/15 (53%) in months 13-24, and 3/4 (75%) in

months 25-36.

[79] EAsia+Pac04 Vietnam 42 Report ‘no significant differences’ in survival time between the 19

(2007-2014) individuals who were assigned ‘AIDS-related’ CoD (median 1.05 years

from ART initiation to death) and the 14 individuals assigned a ‘non-
AIDS’ CoD (median 1.61 years from ART initiation to death).

AIDS: acquired immune deficiency syndrome; ART: antiretroviral therapy; CoD: cause(s) of death; EAsia+Pac: East Asia
and the Pacific; SAsia: South Asia; SSAfr: sub-Saharan Africa

3.2.5. Discussion

Over 10,000 deaths among HIV-positive adults, occurring between 1986 and 2015, were included in this review: a
pooled 79% of decedents were assigned an HIV-associated cause of death; almost 40% of these were thought to be due
to HIV-associated TB (29% of all deaths). Proportions of decedents assigned HIV-associated causes of death declined
over the 30 years analysed, a reduction very likely driven by the higher numbers of individuals initiated on ART in more
recent studies. No differences were seen in the proportions of deaths attributed to TB, either by date of study or by
the proportion of decedents in each study who initiated ART. The same patterns were evident when the analysis was
restricted only to ‘fair’ or ‘good’ studies (per the NHLBI scale) and only to studies conducted in sub-Saharan Africa.
Causes of death were reported in 3,900 individuals who died before and over 4,000 who died after initiating ART; HIV-
associated causes of death were assigned to 84% and 71% and TB causes of death assigned to 22% and 25% of

decedents in each group, respectively.

A recent systematic review of ‘non-AIDS’ deaths in individuals on ART by Farahani et al. [23] estimated that 18.5% (95%
Cl 14-24) and 28.1% (95% Cl 16—42) of deaths in sub-Saharan Africa and other LMIC, respectively, were due to non-
AIDS causes [23] (i.e., 76—86% and 58—-84% of deaths, respectively, were due to AIDS). However, this review counted
deaths due to ART toxicity and deaths from non-AIDS infections as ‘non-AIDS’, suggesting that it may have

underestimated overall HIV-associated mortality. Additionally, the review included only studies in which all, or at least
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66% of, participants were on ART, did not include any pathological autopsy studies, and included at least two studies

that used only death certificates to report causes of death [89,90].

Other reviews examining causes of death in PLHIV include a 2015 study of causes of hospital admission in PLHIV by Ford
et al. [29], which reported that around 80% of in-hospital mortality was due to HIV-associated causes (57% [95% Cl 46—
68] AIDS and 23% [95% Cl 17—30] bacterial infections). Although these estimates are similar to those generated by our

analysis, they do include deaths in high-income countries; the proportions of decedents assigned HIV-associated causes
of death would likely be higher if the analysis was restricted to LMIC only. The Ford review also did not differentiate by
the methods used to assign causes of death; the inclusion of mortality estimates generated by death certification

and/or verbal autopsy will likely have led to reduced accuracy in the causes assigned.

3.2.5.1 TB and the potential effects of ART

ART has consistently been shown to reduce, substantially, all-cause mortality [16] and the incidence of TB in PLHIV
[91,92]. The pattern observed in our review, of lower proportions of HIV-associated causes of death assigned in studies
that included higher proportions of decedents initiating ART, is consistent with this, but the apparent absence of a
similar reduction in TB deaths is surprising. As the leading cause of death in PLHIV in LMIC, one would expect a
reduction in overall mortality to also result in a reduction in TB mortality. This may be partially explained by the under-
recognition, in older studies, of TB as a cause of death, due to limitations in diagnostics. However, older studies were
also more likely to use pathological autopsy data to assign causes of death and were therefore more likely to detect TB
that was not diagnosed prior to death. The two pathological autopsy studies that included individuals who had initiated
ART both assigned a high proportion of decedents a TB cause of death (Wong et al. [South Africa [73]], 93% overall and

100% of HIV-associated; Siika et al. [Kenya [86]], 32% overall and 50% of HIV-associated).

A crude analysis of global estimates of mortality due to AIDS and HIV-associated TB shows a similar trend to that
described above. Based on estimates from UNAIDS, numbers of deaths due to all AIDS causes have dropped from ~2
million in 2005 to ~1.2 million in 2015, an absolute reduction of 40% [93]. Per WHO figures, however, deaths
attributable to HIV-associated TB have gone from ~480,000 in 2005 to ~320,000 in 2012 and ~390,000 in 2015 [10,94],
a reduction of approximately 90,000 deaths per year over 10 years. There are currently no estimates of all-cause
mortality among HIV-positive individuals; we are therefore unable to compare these figures with the estimates of TB

causes as a proportion of all causes of death generated by our analysis. TB deaths as a proportion of all AIDS deaths,
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however, appear to have increased steadily over the last few years, from 22.9% in 2012 to 35.5% in 2015 (Figure 3:6),
which is to be expected, given the much steeper decline in overall AIDS deaths. However, even the highest estimate
from these data is below the overall pooled proportion generated by our analysis (39% overall; 38% if initiated ART) and
much lower than the estimates from pathological autopsy studies (pooled 47%), including the two studies that used
autopsy data to assign causes of death in individuals on ART. The 2015 systematic review of pathological autopsy
studies by Gupta et al. [11] also reported that a pooled 37.2% (95% Cl 26—49) of ‘HIV/AIDS-related deaths’ were due to

TB, based on findings from 10 studies.

In summary, our findings suggest that although ART may be reducing overall mortality due to HIV-associated causes, it
may be having less of an impact on mortality due to HIV-associated TB. Our analysis also suggests, with the caveats
mentioned above, that the numbers published by WHO and UNAIDS may be underestimates of the true mortality
attributable to HIV-associated TB. It should be noted that estimates from mortality studies, and autopsy studies in
particular, are vulnerable to several possible sources of bias, and that the margins of error for global estimates are very
large, because of well-documented issues with methods used to estimate and code causes of death [2,3,13]. Caution,

therefore, should be exercised in interpreting any comparisons of global surveillance data to research findings.

Chapter 3: Research paper 1: Page 142 of 383
Directly estimated causes of death among HIV-positive adults in low- and middle-income countries. A systematic
review and meta-analysis.



An autopsy study exploring the spectrum of disease in individuals with advanced HIV
in primary care clinics in South Africa

Figure 3:6. Crude estimate of the proportions of AIDS deaths due to HIV-associated TB per year (line), based on
estimates of absolute numbers (vertical bars) published by UNAIDS [93] and WHO, 2005-2015 [10,94]

2,250,000 40%
35.5%
2,000,000 35%
750,000

L 30%
)
a o
£ 1,500,000 S
© 24.0% %% ©
S 3
w— 1,250,000 )
o =1
v 0%
@ 1,000,000 =3
— a
£ % 3
= 750,000 =]
w

10%

500,000

8

0 174
2010 2011 2012 2013 2014 2015

2005  2006* 2007  2008* 2009
Year

AIDS deaths (UNAIDS, all ages) mmm HIV-associated TB deaths (WHO, all ages) = Proportion of HIV-associated deaths due to TB (%)

*Estimates of number of deaths due to HIV-associated TB not published for 2006 or 2008
AIDS: acquired immune deficiency syndrome; TB: tuberculosis; UNAIDS: Joint United Nations Programme on HIV/AIDS;
WHO: World Health Organization

3.2.5.2 Methods for assigning causes of death

There is wide variation in the methods and data used to assign causes of death, which makes it difficult to compare
estimates across different studies. This is illustrated by the high degree of heterogeneity seen in studies included in this
review, despite the exclusion of studies that did not describe the methods used to assign causes of death or that used
death certificates without validation (which have consistently been shown to correlate poorly with clinically-assigned

causes of death [95,96]).

As discussed above, previous attempts have been made at creating a standardised method for assigning causes of
death in PLHIV [8]; for any such system to succeed, however, it must be simple enough for routine use in resource-
limited settings. Although using such a system to certify all deaths is unlikely to be feasible, it may be possible to use it
to validate a sample of death certificates in a structured manner, particularly in countries without robust CRVS systems.

This would also allow for ready comparison between research findings and routinely collected data. Crucially, any such
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system would need to be compatible with the standard classification system for all deaths, in this case ICD-10, to allow

for comparison with national, regional, and global estimates of disease and mortality.

3.2.5.3 Distinguishing between deaths from HIV and deaths with HIV

In addition to changes needed to ICD codes to better distinguish deaths from HIV-associated TB and other HIV-
associated causes, it would be ideal to be able to track all deaths in HIV-positive individuals, from any cause, to allow
for the estimation of deaths with HIV and from HIV. This could be done through the addition, to the standard death
certification process, of a short list of yes/no questions regarding key comorbidities, including HIV, TB, and other non-
communicable and mental health conditions. This may also allow for recording of non-biomedical factors, including
socio-economic, education, and residential or migration status, all of which may improve the quality of cause-specific

mortality data and could provide valuable insights into disease processes and risk profiles.

3.2.5.4 Limitations and strengths

This study had several limitations. The high heterogeneity of sample sizes, methods used, and populations studied
reduce the generalisability of our findings. A few studies reported using the CoDe system, but some did not follow the
full protocol and only used the cause classifications recommended by CoDe. As previously discussed, the disconnect
between the CoDe and ICD-10 classification systems does not facilitate easy comparison between studies. Included
studies were also predominantly conducted in sub-Saharan Africa, with North Africa, Central Asia, and East Asia poorly

represented.

Pathological autopsy studies provided the best estimates of causes of death but have only been conducted among a
small number of individuals who had initiated ART. There were also no reliable measures or real estimates of
adherence to ART. Individuals who were poorly adherent during the study period may have been more susceptible to
diseases (and causes of death) associated with immunosuppression. In addition, individuals whose adherence to ART
during the study was good, but who had a history of poor adherence, will have been at increased risk of resistance to
first-line therapy, which may not have been detected without viral load monitoring. This shortcoming therefore

allowed for analysis based only on individuals who had ‘initiated’ ART, rather than those ‘receiving’ ART.

This study also had strengths. It represents the first attempt to systematically review the literature around studies that

have directly estimated causes of death in HIV-positive adults in LMIC, providing a baseline reference for future
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mortality studies and estimates made through less direct means, such as verbal autopsy. This study also provides
additional evidence of the important contribution of TB to HIV-associated mortality, including in individuals who had

initiated ART.

3.2.6. Conclusions

HIV-associated causes accounted for the majority of mortality among HIV-positive adults in LMIC, including in those
who had initiated ART. TB accounted for 30% of overall mortality and 40% of HIV-associated mortality; these
proportions were similar in individuals who had initiated ART. Studies that used pathological autopsy data assigned
higher proportions of HIV-associated causes of death, suggesting that non-autopsy studies likely underestimate the true
HIV-associated mortality fraction. Heterogeneity between studies was very high; a standardised approach to the direct
estimation of causes of death in clinical settings that aligns with global classification systems (i.e., ICD-10) would be
useful in more closely monitoring HIV-associated mortality and for validating death certificates and instruments such as
verbal autopsy. A way for key diagnoses (including, but not limited to HIV and TB) to be recorded as part of an
individual’s death notification, regardless of cause of death, would improve the quality of mortality surveillance data

and allow for long-term, large-scale monitoring of the effects of multiple, concurrent epidemics on population health.
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3.3. Supplementary material

Supplementary table 3:1. Details of search strategies used and records found in three electronic databases

PubMed Embase® Web of Science™

#1 HIV [MeSH] #1  TITLE-ABS-KEY #1 Tl (title) and TS (topic) fields searched for:
OR human immunodef* (("human immunodef*") ((human immunodef*)

OR human immune def* OR ("human immune def*") OR (human immune def*)
OR HIV OR ("HIV") OR (HIV)

OR AIDS OR ("AIDS") OR (AIDS)

OR HIV/AIDS OR ("HIV/AIDS")) OR (HIV/AIDS

OR acquired immune def* OR ("acquired immune def*") OR (acquired immune def*)
OR acquired immunodef* OR ("acquired immunodef*")) OR (acquired immunodef*))

#2 Cause of death [Mesh] #2  TITLE-ABS-KEY #2 T (title) and TS (topic) fields searched for:
OR cause of death (("cause* of death") ((cause of death)

OR cause-specific mortality OR ("cause-specific mortality") OR (cause-specific mortality)
OR CSMF OR ("CSMF")) OR (CSMF))

#3 Filters for low- and middle-income countries as #3 Filters for low- and middle-income countries as described by #3  CU (country), Tl (title) and TS (topic) fields searched for list
described by the Cochrane Group, 2012 [26], the Cochrane Group 2012 [26], updated as per the World of low- and middle-income countries as per the World
updated as per the World Bank, 2016 [27] Bank, 2016 [27] Bank, 2016 [27]

#4 (LIMIT-TO(DOCTYPE,"ar") #4  CU (country), Tl (title) and TS (topic) fields searched for:
OR LIMIT-TO(DOCTYPE,"re") ((low-income countr*)
OR LIMIT-TO(DOCTYPE,"cp" )) OR (middle-income countr*)

OR (low- and middle-income countr*)

#5  (LIMIT-TO(SUBJAREA,"MEDI") OR (developing countr*))

OR LIMIT-TO(SUBJAREA,"IMMU")
OR LIMIT-TO(SUBJAREA,"MULT"))

#6  (LIMIT-TO(SRCTYPE,"}")
OR LIMIT-TO(SRCTYPE,"p"))

Final search Final search Final search
#1 AND #2 AND #3 #1 AND #2 AND #3 AND #4 AND #5 AND #6 #1 AND #2 AND (#3 OR #4)
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= 1527 records = 1621 records = 2352 records
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Supplementary table 3:2. National Heart, Lung, and Blood Institute Quality Assessment Tool for Observational

Cohort and Cross-Sectional Studies

Other

o Y N
Criteria es o (CD, NR, NA)

1. Was the research question or objective in this paper clearly stated?
2. Was the study population clearly specified and defined?
3. Was the participation rate of eligible persons at least 50%?

4. Were all the subjects selected or recruited from the same or similar populations
(including the same time period)? Were inclusion and exclusion criteria for being in
the study prespecified and applied uniformly to all participants?

5. Was a sample size justification, power description, or variance and effect
estimates provided?

6. For the analyses in this paper, were the exposure(s) of interest measured prior to
the outcome(s) being measured?

7. Was the timeframe sufficient so that one could reasonably expect to see an
association between exposure and outcome if it existed?

8. For exposures that can vary in amount or level, did the study examine different
levels of the exposure as related to the outcome (e.g., categories of exposure, or
exposure measured as continuous variable)?

9. Were the exposure measures (independent variables) clearly defined, valid,
reliable, and implemented consistently across all study participants?

10. Was the exposure(s) assessed more than once over time?

11. Were the outcome measures (dependent variables) clearly defined, valid,
reliable, and implemented consistently across all study participants?

12. Were the outcome assessors blinded to the exposure status of participants?
13. Was loss to follow-up after baseline 20% or less?

14. Were key potential confounding variables measured and adjusted statistically for
their impact on the relationship between exposure(s) and outcome(s)?

Quality Rating (Good, Fair, or Poor; see guidance [31])

Rater #1 initials:
Rater #2 initials:

Additional Comments (If POOR, please state why):

CD: cannot determine; NA: not applicable; NR: not reported
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Supplementary figure 3:1. Bubble plot showing results of meta-regression between the proportion of decedents per

study who initiated ART and the middle year of data collection for that study (n = 45 studies)

Pooled proportions of decedents in each
1.0 study initiated on ART, % (95% ClI) o o 0000000 0 0 O O
Overall 55(38-71)
0.9 Pre-2005 3(0-16)
e 2005-2010 75 (55-90)
ﬁ 0.8 50112015 73 (42-95)
o
b 0.77 n =45 studies @] O
.§ 0.6 p<0-001 o}
£
g 0.5 O
o O
g 04- o
° o
s 037 o o
S
£ 0.2- o
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Middle year of data collection

ART: antiretroviral therapy; Cl: confidence interval
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Abstract

Background

Early mortality among HIV-positive adults starting antiretroviral therapy (ART) remnains high
in resource-limited settings, with tuberculosis (TB) the leading cause of death. However,
current methods to estimate TB-related deaths are inadequate and most autopsy studies
do not adequately represent those attending primary health clinics (PHCs). This study
aimed to determine the autopsy prevalence of TE and other infections in adults enrclled at
South African PHCs in the context of a pragmatic trial of empiric TB treatment (“TB Fast
Track™.

Methods and Findings

Adults with CD4 <150 cells/pL, noton ART or TB treatment, were enrolled to TB Fast
Track and followed up for at least six months. Minimally invasive autopsy (MIA) was con-
ducted as soon as possible after death. Lungs, liver, and spleen were bicpsied: bloed,
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thatna campetinginterests exst. mycobacterial, bacterial, and fungal culture; molecular testing (including Xpern® MTB/RIF);
and histological examination. 34 MIAs were conducted: 18 (53%) decedents were female;
median age was 39 (interquartile range 33—44) years; 25 (74%) deaths occurred in hospi-
tals; median time from death to MIA was five (IQR 3-6) days. 16/34 (47%) had evidence of
TB (14/16 [BB%] with extrapulmonary disease; 6/16 [38%) not started on treatment ante-
mortermn); 23 (68%) had clinically important bacterial infections; four (12%) cryptococcal dis-
ease; three (9%) non-tuberculous mycobacterial disease; and two (6%) Pneumocystis
pneumonia. Twenty decedents (59%) had evidence of two or more concurrent infections; 9/
16 (56%) individuals with TBE had evidence of bacterial disease and two (13%) cryptococcal
disease.

Conclusions

TB, followed by bacterial infections, were the leading findings at autopsy among adults with
advanced HIV enrolled from primary care clinics. To reduce mortality, strategies are
needed to identify and direct those at highest risk into a structured pathway that includes
expedited investigation and/or treatment of TB and other infections.

Background

Mortality among HIV-positive adults prior to starting and in the first year of antiretroviral
therapy { ART) remains high, particularly among those with advanced disease in resource-con-
strained settings [ 1-3]. Pathological autopsy studies involving HIV-positive individuals have
consistently found tuberculosis (TB) to be the leading cause of death and the overall prevalence
of active TB to be extremely high, much of it undiagnosed antemortem [4-7]. The World
Health Organization (WHO) aims to reduce TB deaths by 95% by 2035 [&], but questions
remain around current estimates of TB deaths and the methods used to obtain them [9]. Death
certificationin many parts of sub-Saharan Africa remains sub-optimal [10,11] and the short-
comings of verbal autopsy, a structured interviewwith the family or carers of the deceased, in
classitying HIV-related deaths are well documented [12-14]. Pathological autopsy studies pro-
vide the most accurate estimates, but almaost all have only included individuals recruited after
admission to hospital and do not necessarily represent the broader population who receive the
majority of their care from primary health clinics and may die outside of hospitals [15]. Robust
data on the prevalence of TB in deceased HIV-positive individuals and more accurate cause of
death estimates are essential in measuring progress towards the reduction and eventual elimi-
nation of TB -related deaths and in the design of interventions to reduce mortality in this popu-
lation [16].

Full pathological autopsy with visualisation and sampling of all organs remains the gold
standard for assigning cause of death [17,18], but it is expensive, time consuming, and not well
accepted by families, who are often required to provide consent [19]. There is growing evidence
that minimally invasive autopsy (MIA) can provide useful information relevant to canse of
death, particularly with regards to TB and other infectious diseases [20,21]; one study, involy-
ing 96 HIV-paositive adults in Uganda, compared histology from MIA to that from full autopsy
and found that MIA was 71% sensitive and 100% specificin detecting TB [18]. Adding culture
and /or other bacteriological modalities to MIA would likely improve its sensitivity in this
regard. The acceptance of MIA among recently bereaved families is considerably higher than
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for full autopsy [5,22]; it is safer, cheaper, and procedurescan be conducted outside of hospi-
tals, in private mortuaries or other locations [23]. This study aimed to determine the autopsy
prevalence of TB and other treatable infections in adults with advanced HIV disease recruited
in public sector primary health care facilities who died after enrolment to a pragmatic trial of
empiric TB treatment (“TB Fast Track”) [24].

Methods
Study population

The TB Fast Track study, describedin detail elsewhere [24], was a cluster-randomised trial of
targeted empirical TB treatment enrolling adults with CD4 <150 cells/pL, not on TB treatment
or ART at the point of enrolment, attending one of twenty-four public sector primary health
clinics in three provinces of South Africa. At intervention sites, individuals were assessed for
their probability of active TB disease using an experimental algorithm that induded the results
of point-of-care tests. Those considered high' probability were started on TB treatment imme-
diately, followed by ART within two weeks; those considered ‘medium’ probability were further
investigated; and those considered ‘low” probability initiated ART immediately. Participants at
control sites followed standard dinic procedures. All participants were followed up for at least
six months, If the study team became aware of a participant’s death before the funeral had
taken place, the family’s permission was sought to undertake MIA. Efforts were made to con-
duct autopsies as soon as possible after death, but no limits were placed on the time that could
elapse between death and autopsy.

Autopsy procedures

Four organs were targeted for tissue biopsy: liver, spleen, and right and left lungs. Where possi-
ble, ultrasound was used to check for liver lesions and pleural effusions and to locate the spleen.
Any lesions or effusions found were targeted during sampling. The skin overlying all sampling
sites was cleaned using 70% isopropyl alcohol and 10% povidone iodine. Using 18 gauge core-
biopsy needles, a minimum of five samples, each approximately 2cm in length, were taken
from each site for each of bacterialand fungal microscopy and culture; mycobacterial culture;
and histology. Cerebrospinal fluid (CSF) was extracted by insertion of a 22 gauge spinal needle
inferior to the occipital base in the direction of the eyes to access the cerebellomedullary cistern.
Flocked swabs were inserted into the oro- and naso-pharyngeal cavities and then immersed in
PrimeStore media (Longhorn Vaccines and Diagnostics, Bethesda, MD, USA). Blood was aspi-
rated from the right subclavian or internal jugular vein and a urinary catheter was used to col-
lect residual urine. Modified bronchoalveolar lavage (BAL) was conducted by instilling 80-
120ml of 0.9% saline through a horizontal incision of the cricothyroid membrane using a 16
gauge nasogastric tube insertedinto the tracheain the direction of the lungs. Enlarged lymph
nodes and skin lesions in areas other than the face were sampled by needle biopsy or scalpel
excision, respectively.

As far as possible, MIA was conducted by a single, clinically-trained operator. If the primary
operator was unavailable, limited MIA, without ultrasound or any attempt to obtain blood,

urine, or BAL, was conducted by a non-clinical operator.

Laboratory procedures

All tissue samples, as well as CSF, urine, and BAL were cultured for mycobacteria using Myco-
bacterial Growth Indicator Tube (MGIT) culture {Becton Dickinson Microbiology Systems,
Cockeysville, MD, USA). Culture-positive samples underwent microscopy with Ziehl-Neelsen
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(ZN) staining and polymerase chain reaction (PCR) testing for speciation and drug resistance
(Hain Lifescience GmbH, Germany ). Xpert it MTB/RIF (Cepheid, Sunnyvale, CA, USA) and
microscopy of immunofluorescence-stained slides for Pnewmaocystis jirovecii were performed
on BAL samples. Tissue samples, as well as CSF, blood, and BAL, underwent microscopy,
Gram staining, and aerobic culture for bacteria and fungi. Real-time PCR assays were used to
detect Streptococcus pnewmoniae, Neisseria meningitidis, and Haemophilus influenzae in CSF
and blood [25,26]; and Legionella spp., Mycoplasma pnewmoniae, Chlamydia pnewmoniae [27],
and Bordetella spp. [28] in naso-/oro-pharyngeal and BAL spedmens. Naso-foro-pharyngeal
and BAL specimens were further tested by multiplex real-time reverse transcription PCR for
parainfluenza viruses 1-3, adenovirus, enterovirus, human metapneumovirus, respiratory
syncytial virus, rhinovirus, influenza A virus, and influenza B virus [29]. CSF was tested for

the presence of parvovirus B19, cytomegalovirus (CM V), Epstein Barr virus (EBV), herpessim-
plex virus 1 -2, human herpes viruses 6 and 7, and parechoviruses (FTD Neuro 9 assay, Fast-
track diagnostics Ltd., Malta). Urine was tested for Legionella prewmophila serogroup 1 and S,
preumoniae antigen (BinaxNOW, Alere, Waltham, MA, USA). Histological examination was
carried out on all tissue samples, using ZN and Grocott stains for the identification of myco-
bacteriaand fungi, respectively. Other stains and PCR procedures were performed as necessary,
based on pathologist assessment.

Ethics

Separate approvals for the autopsy sub-study were obtained from the Research Ethics Commit-
tees of the London School of Hygiene & Tropical Medicine and The University of the Witwa-
tersrand. Beginningin August 2013, participants in TB Fast Track were asked to give written
informed consent for MIA if they should die during the parent study. Diedining permission to
take part in the autopsy sub-study did not affect their participation in TB Fast Track or their
routine health care. If a participant who had given their written consent died during follow -up,
verbal agreement from the next of kin was obtained to proceed with MIA. For participants who
were enrolled to TB Fast Track prior to August 2013 and died during follow-up, formal written
consent to undertake MIA was sought from the next of kin.

Datainterpretation and statistical analysis

Data were entered into EpiData v3.1 (The FpiData Association, Odense, Denmark) and ana-
lysed using Stata v14 (StataCorp, College Station, TX, USA). Baseline demographics were com-
pared using chi-square or Kruskal-Wallis tests, as appropriate. Analysis was conducted in
order to estimate the autopsy prevalence of identified pathogens only; no inference was made
as to possible cause(s) of death, which will be reported elsewhere. Microscopy and culture
results were interpreted by experienced microbiologists who reviewed the data and designated,
for each decedent, which organisms were considered ‘artefact’ and which ‘pathogenic. For all
decedents, Enferococcus spp., Enterobacter spp., E. coli, Proteus spp., Bacillus spp., coagulase
negative staphylococci, and Viridans streptococci were considered artefact. Additionally,
Gram-negative organisms isolated only from the spleen of a decedentwere considered artefact
due to the high likelihood of contamination from abdominal viscera.

Results
Consent, demographics, and samples obtained

From December 2012 to December 2014, a total of 3022 individuals were enrolled into the TB
Fast Track study: 626 {20.7%) were enrolled prior to autopsy sub-study initiation and were not
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asked to consent at the point of enrolment. Ofthe remaining 2396 individuals, 1675 (69.9%)
consented to autopsy at enrolment. A total of 364 TB Fast Track participants died after enrol-
ment to the study, 285 (78%) within six months. Seventy-five of 364 (21%) deaths occurred
prior to sub-study initiation and 229 (63% ) were ascertained after burial, leaving 60 (16%) indi-
viduals for whom death was ascertained in time for MIA. Of these 60, 14 (23%) had already
declined to participate and for three (5% ) no family member could be contacted. Between
October 2013 and June 2015, 43 families were approached in person for permission to conduct
an autopsy: 36 (84%) gave their consent. Two autopsies did not proceed due to refusal by the
mortuary; 34 antopsies were therefore conducted.

Decedents included in the MIA study are describedin Table 1. Just over half the decedents
(18/34 [53%]) were female; median age was 39 (interquartile range [IQR] 33-44) years; all
were Black African; 32 (94%) were South African, with one (3%) from each of Lesothoand
Mozambique; 13 (38%) individuals had completed South African grade 12 (high school) or
equivalent; 17 (50%) were in some form of employment at the point of enrolment; and, of the
24 individuals able to estimate their household income at enrolment, 15 (63%) reported it to be
less than R2000 (~USD150) per month. The majority of individuals died in hospitals (25/34
[74%]), the remainder died in the community; median time from enrolment to death was 60
(IQR 21-175) days; and 28 (82%) individuals died within six months of enrolment. The
median CD4 count at enrolment was 34 (IQR 17-66) cells/pL. Twenty (59%) decedents were
started on TB treatment a median 60 (IQR 26-175) days prior to death: 15/20 (75%) were
enrolled to the intervention arm of the TB Fast Track study and 12 (80%) of these were started
on TB treatment based on the study algorithm. Twenty-five (74%) decedents were initiated on
ART a median 74 (IQR 30-126) days before death; 28 (82%) started co-trimoxazole prophy-
laxis at least one week before death; and one (3%) isoniazid preventative therapy at least one
week before death. A comparison of baseline characteristics between individuals who had an
MIA conducted (n = 34) and those who died within six months of enrolment but did not have
an MIA (n = 259) showed only one important difference, in the proportion who started TB
treatment between enrolment and death (59% in MIA group and 31% in group with no MIA;
p=0.001).

The primary operator conducted 31/34 (91%) MIA; median time from death to MIA was
five (IQR 3-6) days; and 33/34 (97%) MIA were conducted within 10 days of death. Measured
by histological examination, overall success rates in obtaining samples varied by site: 33/34
(97%) attempted lung biopsies were successful, compared to 30/34 (88% ) liver and 21/34
(62%) splenic biopsies; 30/31 (97%), and 30/32 (94%) attempts to obtain BAL and CSE respec-
tively, were successful (51 Table).

Tuberculosis

Evidence of TB disease was found in 16/34 (47%) decedents (Table 2), of whom 12 (75%) had
evidence on histology (Fig 1); 11 (69%) on culture; five (31%) on testing with Xpertit MTB/
RIF; and eight (50%) on histology plus bacteriology. Almost all (14/16 [88%]) decedents with
evidence of TB had extrapulmonary disease; 3/14 (21%) had no evidence of pulmonary disease.
BAL specimens provided the highest yield for culture (seven positive), followed by CSF and
splenic tissue (five each), and lung and liver tissue (four each; 51 Table). Twelve decedentshad
histological evidence of TB: four (33%) in all of lungs, liver, and spleen; two (17%) in lungs and
liver only; two (17%) in liver and spleen only; and two (17%) in lungs alone. A total of 164 sam-
ples underwent mycobacterial culture: 37 (23% ) were positive and 13 (8%) could not be inter-
preted due to bacterial contamination. Of the 16 individuals with autopsy evidence of TB, 10
(63%) were started on TB treatment a median 56 (IQR 40-173) days before death; 14 (88%)
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Table 1. Baseline characteristics of deceased TB Fast Track participants: MIA conducted (n = 34) vs no MIA (n = 259).

Characteristics MIA conducted (n = 34) n (%) or No MIA conducted (n = 259) n (%) or pvalue (Chi® or Kruskal-

median (IQR) median (IQR) Wallis)
Demographics and past medical
history
Female 18(53) 133 (51) 0.86
Age (years) 39 (33-44) 39 (34-48) 0.57
CO4 count at enrclment (cells/pl) 34 (17-66) 45 (21-88) 0.21
Black African 34(100) 257 (99) 0.61
South African 32 (84) 242(93) 0.88
Enmlled in a peri-urban area 23 (68) 187 (72) 0.58
Completed grade 12 13(38) 82(32) 0.44
Employed attime of enrolment 17 (50) 106 (41) 0.31
Household income of < R2000 per 15 1(63) (n=24) G0 (47) (n=190) 016
month*®
Previously diagnosed with chronic 5(15) 34013 0.80
iliness**
Smoking history 7(21) (n=233) 51(20) (n=257) 0.B5
Previous treatment for TB 6(18) 27(10) 0.21
Symptoms at e nrolment
Cough 14 (41) 127 (49) 0.39
Night sweats 11(32) 85(33) 0.96
Fever 11(32) 73(28) 0.61
Weight loss 28 (BB) (n = 32) 205 (84) (n=244) 0.61
Assessment at enrolment
Body-mass index (kg/m®) 20.2 (18.7-23.2) 20.2 (17.7-23.8) 0.48
Positive urine LAM (point of care) T 10 (29) 74(29) 0.492
Between enrclment and death
Started TB treatment 20 (59) 79(31) 0.001
Stated ART 25(74) 153 (59) 010
Time from enrciment to death 60(21-175) 60131-113) 072
(days)

*Ten decedents in the MIA group and 69 in the no MIA group did not know their average household monthly income.
**Chronic illness included hypertension, diabetes, asthma, epilepsy, cancer, and cardiac, renal, and chronic lung disease.
tSamples that elicited one or more visible lines onthe LAM test strip were considered positive.

ART: antiretroviral therapy, IQR: interguartile range; LAM: lipoa rabinomannan; MIA: minimally-invasive autopsy; TB: tube rculosis

doi:1 0137 joumal. pone. 0166158 1001

received ART, initiated a median 65 (IQR 30-126) days before death; and nine (56%) were ini-
tiated on both TB treatment and ART. Six (38%) individuals with autopsy evidence of TB were
not started on TB treatment antemortem, five of whom were enrolled to the control arm of TB

Fast Track.

Infections with non-tuberculous mycobacteria and other bacteria

Of the 34 decedents, three (9%) had evidence of disease caused by non-tuberculous mycobacte-

ria (NTM: two grew Mycobacterium aviwm and one grew Mycobacterium intracellulare from

multiple sites. Excluding mycobacteria and organisms considered artefact, 23/34 (68%) dece-
dents had culture evidence of pathogenic bacterial infections: 14/23 (61% ) grew Klebsiella spp.
from non-splenic samples; four (17%) grew S. aureus; two (9%) grew Pseudomonas spp.; and 8.

preumoniae, Salmonella sp., Nocardia sp., and Haemophilus sp. were cultured from one (4%)
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Table2. Combined histepathological and microbiclegical findings; participants with evidence of each at autopsy; and demegraphics for select

groups (n=34).

Pathogen Decedents with autopsy evidenceof Ageat death (years) CD4 count atenrolment Time from enrolment to
Major disease Major disease Dissase sub- Median (IQR or (cells/pl) Median (IQR or  death (days) Median (IQR or
category category n (%/34) category n(row range*) range*) range*)

Disease sub- %)
category

All decedents - - 39(33-44) 34(17-66) &0 (21-175)

Mycobacteria
Tuberculosis 16 (47) -

Pulmonary only 2(13)

Extrapulmonary only 318

Pulmonary & 11 (69)

extrapulmonary

Rifampicin-resistant 2(13)
Non-tuberculous 3(9) 45 (27-56) 2(2-T) 33 (21-324)
mycobacteria

Disseminated 3(100)

Bacteriat
Any bacterial 23 (68) 40 (34-45) 33(10-75) 57 (21-184)
infection
Pneumenia 11(32) 41 (38-54) 33(17-28) 33 (14-285)

Gram-negative 6
Gram-positive 5

38 (33-43) 44(21-60) B3 (40-152)

Organism unclear 1
Bacteria in CSF 4(12) 40 (31-54) 106 (66-132) 82 (B—285)
5. pneumoniag 3
5. aureus 1
Salmonefa sp. 1
Bacteraemia 3(9) 33 (31-36) 106 (29-132) 100 (B-184)
H. influanzae
K. pneumoniae
Salmonefasp.
5. aureus
5. pneumoniag
Fungi & virusest
Pneumenitis 4(12) 38 (20-44) BE(17-108) 67 (14-304)
Cryptococcal disease 4(12) 40 (28-46) 8(1-56) 53 (10-373)
Disseminated 2(50)

Pneumocystis 2(6) 40 (39-41) 41(3-78) 133 (B4-182)
pheumonia

CMV disease 2(6) 33(33-34) 20(10-29) 106 (28-184)

Disseminated 2(100)
Other/non-infectious

Hepatic 18 (53) 40 (34-45) 29(17-58) 91 (33-184)
Steatosis 12 (67)
MNon-specific portal 6(33)
triaditis
Chronic hepatitis? 4(22)
viral
Acute hepatitis 3(28)

PR PR PR U Y

| Continued)
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Table 2. | Continued)

Pathogen Decedents with autopsy evidence of Ageat death (years) CD4 count atenrolment Time from enrolment to
Major disease Major disease Disease sub- Median (IQR or (cells/pl) Median (IQR or ~ death (days) Median (IQR or
category category n (%/34) category n(row range*) range*) range*)

Disease sub- %)
category
Renal 6 (18) 42 (23-82) 18(1-107) 48 (8-324)
Acute tubular 3(50)
NEecrosis
Interstitial nephritis 5(83)

*IQR shown if n> 10, range shown if n<10

tSome decedents had more than one pathogenic organism identified

fPositive viral PCR was not considered sufficient evidence of disease

CMV: cytomegalovirus, CSF: cerebrospinal fluid; IQR: interquartile range; MIA: minimally-invasive autopsy

doi:1 01371 journal.pone. 0166158 1002

decedent each. Pathogenic bacteria were most frequently isolated from BAL samples ( 18 posi-
tive cultures) and lung tissue (12 positive; 51 Table). Of the 33 decedents with lung tissue avail -
able for histological examination, 11 (33%) had microscopic evidence of bacterial pneumonia
(Table 2}, nine (82%) of whom also grew pathogenic bacteria from BAL and/or lung tissue,
most frequently Klebsiella spp.. Of the 30 decedents with CSF samples, two (7% ) were calture
positive, one growing Salmonella sp. and the other 5. qureus and 8. pnewmoniae.

Bacterial PCR was conducted on 13 CSF samples and 10 blood samples: 8. prewmoniae was
detected in 3/13 (23%) CSF samples and 1/10 (10%) blood sample; and H. influenzae was
detected in 1/10 {10%) blood sample. PCRof 11 BAL specimens and 13 naso-/oropharyngeal
swabs for atypical pneumonia-causing pathogens and Bordetella spp. and testing of seven urine
samples for Legionella pnewnophila and pneumococcal antigen yielded no positive results (51
Tahble).

Cryptococcal disease

Evidence of cryptococcal disease was found in 4/34 (12%) decedents with enrolment CD4
counts ranging from 1-56 cells/uL and time from enrolment to death 10-373 days. Three
(75%) decedents had histological evidence of cryptococcal disease (Fig 1), two in more than
one organ, and Cryptococcus neoformans was grown from two (50% ) decedents, one from
lungs and the other from liver and CSF. Two decedents were treated for cryptococcosis prior to
death, receiving 800mg oral fluconazole for four days and 800mg intravenous fluconazole for
one day, respectively (decedents 02 and 05; 52 Table).

Other fungal and viral infections

Two of 34 (6%) decedents had evidence of cytomegalovirus (CMV) disease on histological
examination, both with disseminated disease, and a further two (6%) had evidence of Prewmo-
cystis pneumonia (PCP; Table 2; Fig 1). Viral PCR assays were conducted on specimens from
14/34 {41%) decedents (51 Table). Of the 13 with BAL specimens and/or naso-/oropharyngeal
swabs available for viral testing, rhinovirus was detected four (31%) times and influenza virus
and respiratory syncytial virus detected once each (8% ). CSF samples from 11 decedents were
available for viral testing, EBV was detected eight times (73%), CMV seven times (64%); parvo-
virus B19 twice (18%); and influenza A virus, human-Herpes virus 7, and varicella zoster virus
once each (9%).
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Fig 1. Sixexamples of histological changes observed in MIA tissue samples (n = 4). Panels (A), (B), and (C)
demonstrate mycobacterialand CMV disease in the lung and liver of decedent 08: (A) necrotising, intra-alveolar
granuloma with superadded CMV nuclear inclusions (lung; H&E x40); (B) nume rous acid-fast bacilli (lung; ZN
x40); and (C) mycobacterial granuloma (liver; H&E x20). Panel (D) demonstrates polymomphous cryptococcal
yeasts in alveolar spaces (decedent 19; lung; Grocott's methenamine silver x40). Panel (E) illustratesthe
characteristic small, crescenteric, yeast-like fungiof Pneumocystis jirovecii pneumonia (decedent 11; lung;
Grocott's methe namine silver x40). Panel (F) shows active hepatitis B virus infection (decedent 34, liver; H&E
x40). CMV: cytomegalovirus; H&E: haematoxylin and eosin; MIA: minimally invasive autopsy; ZN: Ziehl-Neelsen

doi:10.1371/joumal.pone.0166158 9001

Decedents with multiple pathogens identified

Twenty (59%) decedents had either histological or culture evidence of at least two infections
present at the same or different sites (Fig 2). Of the 16 decedents with evidence of TB, nine
(56%) had evidence of bacterial disease at one or more sites; two (13%) had evidence of crypto-
coccal disease; and one (6%) each had evidence of CMV disease (Fig 1), PCP, and disease due
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Fig 2. Venn diagram illustrating overlap between diagnoses made at autopsy: any active TB; extrapulmonary TB: any bacterial infection;
bacterial pneumonia; disease due to mon-tuberculous mycobacteria; cryptococcal disease: and Pneumocy stis pneumonia (n =31%).
* Figure only includes decedents with autopsy evidence of disease due to specified pathogens

doi: 10,137 1/journal pone 0 1661 58,0002

to NTM. Of the 23 decedents with evidence of bacterial infections, three (13%) also had evi-
dence of cryptococcal disease; two (9% ) disease due to CMV; two (9% ) disease due to non-
tuberculous mycobacteria; one (4%) due to PCP; and four (17%) due to diseases caused by
other viruses.

Additional findings

Liver tissue from 30 decedents underwent histological examination, 18 (60%) showed evidence
of inflammeation: 5/ 18 (28%) had acute or chronic hepatitis, four of which were thought likely
to be viral in origin (Fig 1); 12/18 (67%) had evidence of steatosis, one with non-alcoholic
steato-hepatitis; and 6/18 (33%) had evidence of non-specific portal triaditis. Renal samples
were also collected incidentally (nine from the right kidney, thirteen from the left): 6/13 (46%)
decedents showed evidence of interstitial nephritis (n = 5) and/or acute tubular necrosis (n = 3)
in one or both kidneys (Table 2).

Discussion

To our knowledge this is the first study that has followed up a prospective cohort of HIV-posi-
tive outpatients conducting minimally invasive autopsies on those who died. This study is also
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unusual in that it includes a number of deaths that occurred outside hospitals, thereby indud-
ing individuals not well represented in previous autopsy studies of HIV-positive individuals.

Disease prevalence and overlap

We conducted MIA on as many TB Fast Track decedents as possible, all of whom were not tak-
ing ART or TB treatment at the time of enrolment. Those who had MIA and those who did not
were largely similar with regard to characteristics at enrolment and during follow up, although
those with MIA were more likely to have been treated for TB between enrolment and death.
This, together with the likelihood that MIA will miss some cases that may be identified by full
autopsy [18], suggeststhat the prevalence of TB at death among the entire population of dece-
dents in TB Fast Track may have been even higher than the almost 50% found in this sample.
Nearly 90% of those with evidence of TB had disease in at least one extrapulmonary site and
38% were not on TB treatment at the time of death. These findings, in line with data published
by O'mar et al. [5], suggest that T is as frequent a pathogen among those attending primary
care dinicsas it is among the in-patients previously investigated in autopsy studies. Our find-
ings are consistent with most antopsy studies done in sub-Saharan Africa over the last 20 years
[4-6]. A recent systematic review [6] found the pooled prevalence of TB at autopsy in HIV-
positive adults to be 39.7%, of which 87.9% was extrapulmonary and/or disseminated and
45.8% was not diagnosed before death. The review included four studies conducted during the
ART eraand, though overall ART coverage was not included, TB prevalence in these four stud-
ies was equal to or greater than in studies conducted prior to ART rollout, suggesting that indi-
viduals are initiating ART too late or are not linked to treatment at all. Studies conducted in
clinics in South Africa have previously highlighted the large burden of undiagnosed TB among
the ambulatory HIV-positive population [20,31], but investigation for TB is largely based on
reporting respiratory symptoms, using sputum-based diagnostic tests [32,33]. A recent study
conducted in Cape Town found that, of 139 HIV-positive individuals diagnosed with TB dur-
ing admission to hospital (median CD4 count 80 cells/uL; 35% on ART for a median 1.3 years),
115 (83%) had at least one non-respiratory sample that was positive on testing with Xpert it
MTEB/RIF, or culture positive for M. fuberculosis [34]. Non-respiratory samples included
blood, urine, and CSE. WHO recommends Xpertit MTB/RIF for use on extrapulmonary sam-
ples [35]. However, there are formidable practical and financial challengesin establishing alter-
native diagnostic algorithms and care pathways in primary care in resource-limited settings, in
particular, the lack of a sensitive, cost-effective, point-of-care diagnostic test, and the difficulties
in obtaining suitable specimens samples in individuals who cannot produce sputum. Regard-
less, the data suggest that these are obstacles that must be overcome in order to achieve any
meaningful reduction in TB mortality.

A striking finding in our study was the high proportion of decedents with evidence of two
or more infectionsat autopsy, sometimes at different sites, or concurrent at the same site.
These are similar to results from a study conductedin 2009 among 39 HIV-positive ART-eligi-
ble adults in a hospital in South Africa [36], which attributed a third of deaths to bacterial
infections, with several decedents showing evidence of multiple infections. Another study,
involving full autopsy on adults (> 16 years) ina tertiary hospital in Zambia, 101 of whom were
HIV-positive, found that 39/101 (39%) had autopsy evidence of ‘pyogenic pneumonia, with
21/39 (54%) also showing evidence of active TB disease [4]. Among decedents in our study,
maost bacterial infections were due to common pathogens, such as Klebsiella spp., Salmonella
spp., H. influenzae, and §. aureus. More needsto be done, through increased awareness among
clinicians and in the design of clinical guidelines, to target and treat other opportunistic infec-
tions in those with advanced disease, even those already receiving prophylaxis, TB treatment,
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or ART. Longer term, initiating ART at higher CD4 counts will help reduce the likelihood of
progression to this stage of advanced disease; recent guidelines advocating ART in all people
living with HIV are an important step towards making this a reality [37].

Interpretation of autopsy findings

M. tuberculosis can survive for years after the death of an infected individual and after preserva-
tion in formalin [38,39]. In our cohort, seven (64%) of the 11 individuals with M. fuberculosis
culture-positive samples had received TB treatment for a median 122 (IQR 48-176) days. The
interpretation of culture results from autopsy specimens is not straightforward and may be
complicated further when the procedure is conducted many days after death, potentially pro-
viding greater opportunity for tissue autolysis and translocation of organisms to compartments
they did not occupy in life [40-42]. However, there is evidence to show that the time from
death to autopsy does not have a major effect on false-positive bacterial results if the body is
kept refrigerated [43,44]. One study, conducted among 507 infants with sudden and unex-
pected deaths, even suggests that a longer interval may allow for fewer false-positive results
[45]; and there are reports of pathogens recovered from bodies in states of advanced decompo-
sition [46,47]. In our study, samples from all sites, except CSF, grew some organisms that were
likely artefact (51 Table); data from each decedent were reviewed individually by a microbiolo-
gist to decide on likely contaminants. This further highlights the challenges faced in assigning
causes of death in these individuals, in whom many pathogens may cause disease at one time.
Results of any microbiological tests, including mycobacterial, must be reviewed with clinical
history and, ideally, histology in order to more accurately estimate prevalence of active disease
and/or cause of death. The development of standardised guidelines to this end is suggested.

MIA in surveillance

The consistent under-diagnosis of TB ante mortem [6] suggests that MIA may have a mle in
routine surveillance to estimate TB prevalence at death more accurately. If MIA was to be sim-
plified for this purpose, our data suggest that respiratory samples (BAL and lung tissue) would
provide the highest yield for TB diagnosis. Combining BAL Xpertit MTB/RIF with BAL
mycobacterial culture would have detected nine of our TB cases; adding mycobacterial culture
of lung tissue would add a further two; and histological examination of lung tissue a further
three; accounting for 88% of the TB seen in our decedents. The role of Xpertit MTB/RIF as
part of the autopsy process is not established: a recent study testing post mortem liver, lung,
and brain tissue found that it detected TB in 7/8 (87.5%) cases, although the gold standard
used was another PCR technique, rather than liquid culture [21]. In our study, only 5/14
(35.7%) decedents with BAL specimens and evidence of TB had a positive Xpertit) MTB/RIE,
though this test was done only on BAL specimens, whereas culture and histology were con-
ducted on specimens from many other anatomical sites, many of them extrapulmonary. There
were three decedents whose BAL specimens were Xpert ) MTB/RIF negative, but culture posi-
tive for MTB (decedents 2, 4, and 33; 52 Table). More work is needed to establish the optimum
use of this and other molecular techniques in post mortem specimens.

This study has limitations: autopsy coverage of deaths occurring among participants in TB
Fast Track was low, at around 10%, but those included ap pear largely representative of all
those who died. Although MIA provides less information than complete autopsy, particularly
with regards to non-infectious diagnoses, its greater acceptability to families and participants is
a major advantage; and it was not possible for one operator to conduct all 34 MIAs, leading to
some variability in tissue sampling, Strengths of the study include being nested within a trial
that recruited a widely representative sample of adults with advanced HIV disease at high risk

PLOS ONE| DOI:10.1371/journal. pone.01 66158 November 9, 2016 12016

Chapter 4: Research paper 2: Page 170 of 383
Autopsy prevalence of tuberculosis and other potentially treatable infections among adults with advanced HIV enrolled
in out-patient care in South Africa



An autopsy study exploring the spectrum of disease in individuals with advanced HIV
in primary care clinics in South Africa

- L] L]
*@ : PLos | ONE Autopsy Prevalence of TB in HIV-Positive Adultsin South Africa

of active TB; mycobacterial culture and histology being conducted on all decedents; and sam-
ples from different anatomical sites being individually tested, which may provide guidance for
future MIA-based surveillance programmes.

Conclusions

The autopsy prevalence of tuberculosisamong adults with advanced HIV disease who die
before initiating ART or early on ART is high and is likely a major contributor to mortality.
The large proportion of individuals with autopsy evidence of potentially treatable bacterial
and for fungal infections, often in addition to TB, should be considered when assessing these
high -risk patients in primary or secondary care. Evidence-based interventions are urgently
needed that prioritise timely and thorough investigation for those with advanced HIV disease;
allow for empiric treatment when indicated; and promote early initiation of ART.
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4.4. Material provided as supplementary online appendices

Supplementary table 4:1. Samples targeted, success rates, and yield from culture and molecular tests for each specimen (n=34)

An autopsy study exploring the spectrum of disease in individuals with advanced HIV
in primary care clinics in South Africa

Site/sample ALL BAL Blood CSF Liver Lungs NP/OP Spleen Urine
P n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%)
Decedents where attempts made - 31 13 32 34 34 13 34 12
Successful attempts (based on histology for tissue) - 30 (97) 10 (77) 30 (94) 30 (88) 33(97) 13 (100) 21(62) 7 (58)
Tested 164 30 - 28 33 32 - 34 7
g Positive (MTB) 26 (16) 7 (23) 5(18) 4(12) 5(16) 5(15) 0
E Mycobacterial culture Positive (NTM) 11 (7) 1(3) 1(4) 3(9) 2 (6) 3(9) 1(14)
g Negative 113 (69) |16 (53) 20 (71) 24 (73) 23 (72) 25 (74) 5(71)
8 Contaminated 14 (9) 6 (20) 2(7) 2(7) 2 (6) 1(3) 1(14)
= Xpert® MTB/RIF Tested 29 29 - - - - - - -
er
P Positive 5(17) 5(17)
Tested 131 29 7 14 16 33 - 32 -
. Positive 37 (28) 18(62) 2(29) 2(14) 1(6) 12 (36) 2 (6)
Bacterial culturet .
Negative 45 (34) 2(7) 2 (29) 12 (86) 9 (56) 11(33) 9 (28)
Contaminated 49 (37) 9 (31) 3 (43) 0 6 (38) 10 (30) 21 (66)
Tested 23 - 10 13 - - - - -
. L H. influenzae 1(4) 1(10) 0
Multiplex PCR (meningitis) .
S. pneumoniae 3(13) 1(10) 2 (23)
E N. meningitidis 0 0
5 Tested 24 11 - - - - 13 - -
g Multiplex PCR (atypical M. pneumoniae 0 0 0
pneumonias) C. pneumoniae 0 0 0
Legionella spp. 0 0 0
Tested 24 11 13
Bordetella spp. —
Positive 0 0 0
Tested 7 - - - - - - - 7
Urinary antigen S. pneumoniae 0 0
L. pneumophila 0 0
Y 3 ‘Fungal culture Tested 131 29 7 14 16 33 - 32 -
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. ALL BAL Blood CSF Liver Lungs NP/OP Spleen Urine
SItelsampIe 0, 0, 0, [+) [+) 0, 0, 0, V)
n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%)
Positive 28 (21) 7 (24) 0 1(7) 2 (13) 13 (40) 5(16)
] Tested 33 - 7 26 - - - - -
Cryptococcal antigen —
Positive 2 (6) 0 2 (8)
Pneumocystis IFA TesFe.d 26 26 - - - - - - -
Positive 2 (8) 2 (8)
Tested 24 11 - - - - 13 - -
Para-influenza viruses 1-3 |0 0 0
Adenovirus 0 0 0
Enterovirus 0 0 0
Multiplex PCR (respiratory) Human metapneumovirus |0 0 0
Respiratory syncytial virus |1 (4) 0 1(8)
Rhinovirus 8(33) 4 (36) 4(31)
” Influenza A virus 1(4) 0 1(8)
73 Influenza B virus 0 0 0
E Tested 11 - - 11 - - - - -
> Cytomegalovirus 7 (64) 7 (64)
Epstein-Barr virus 8(73) 8(73)
Herpes simplex virus 1 & 2 |0 0
Multiplex PCR (neurological) Human herpes virus 6 0 0
Human herpes virus 7 1(9) 1(9)
Parechoviruses 0
Parvovirus B19 2 (18) 2 (18)
Varicella zoster virus 1(9) 1(9)

TA non-splenic sample growing only Enterococcus spp., and/or Enterobacter spp., and/or E. coli, and/or Proteus spp., and/or Bacillus spp., and/or coagulase negative staphylococci,
and/or Viridans streptococci was considered contaminated, as was a splenic sample growing only one of the above, or growing only Gram-negative organisms in the absence of the

growth of the same organism from another site.

BAL: bronchoalveolar lavage; CSF: cerebrospinal fluid; IFA: indirect fluorescent antibody; MTB: M. tuberculosis; NP/OP: naso-/oro-pharyngeal swabs; NTM: non-tuberculous

mycobacteria; PCR: polymerase-chain reaction
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Supplementary table 4:2. Autopsy findings for each participant: histological, microbiological, DNA, and immunological evidence of tuberculosis, bacterial disease, and other

diseases, listed by time from death to MIA (n=34)

Time in days Evidence of tuberculosis Evidence of NTM and/or other bacterial disease Other histological, microbiological,
£ Histological Positive  Xpert® If MTB Histological ~Organism(s) grown DNA, and immunological findings
qé - evidence culture MTB/RIF found, evidence or detected by PCR and site(s)
ID* o - = x and and positive INH/RIF and site(s) and site(s)
S = 3« 'a_: £ site(s) site(s) (BAL only) sensitive?
EL ES F <«
o o c c
el £8 0o o
CSF, LIV, . .
07 48 1 48 - - SPL - v - Klebsiella spp. (BAL) CrAg positive (CSF)
30 1 2 - - - - - - LL, RL H. parainfluenzae (lungs) -
06 21 - 15 - - - - RL Pseudomonas spp. (BAL, lungs) Histology: Extensive autolysis (LK, RK)
Histology: Pneumonitis, ?viral + organising
1534 2 - 30 - - - - - - . .
hyaline membrane disease (LL, RL)
. Histology: Extramedullary haematopoiesis (RL;
RIF
3163 2 - 56 LIV,LLRLSPL- v ® A[)es'smnt . . LL)
PCR: EBV (CSF); PVB19 (CSF)
BAL, LIV . Histology: Florid superadded CMV infection
_ _ ] ’ ‘/ ‘/ .
08 28 3 LIV, LL, RL lungs RL K. pneumoniae (BAL; lungs) (LIV; LL; RL)
2433 3 33 13 LIV, SPL - - - LL, RL M. avium (LIV, SPL) PCR: CMV (CSF); EBV (CSF)
Histology: Acute tubular necrosis with
09 38 3 - 29 LL LK - - - - K. pneumoniae (BAL; lungs) underlying acute suppurative pyelonephritis
(RK; LK)
10 41 3 48 32 RL - - - RL Klebsiella spp. (BAL) Histology: Acute tubular injury (RK; LK)
BAL, LIV RIF resistant
18 49 3 - 50 LIV, LL, RL, SPL P - - -
T lungs, SPL (BAL)
Histology: Severe PCP (LL; RL)
33 182 3 182 148 - BAL, CSF - v - - PCR: H. influenzae (BLD); Rhinovirus (BAL;
NP/OP)
12 9 4 9 - - - - - RL - -
02 10 4 i 10 - BAL CSF - v i i Histology: Disseminated cryptococcosis (LIV;

LL; RL)
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Time in days Evidence of tuberculosis Evidence of NTM and/or other bacterial disease Other histological, microbiological,
e Histological Positive  Xpert® If MTB Histological Organism(s) grown DNA, and immunological findings
aé < evidence culture MTB/RIF found, evidence or detected by PCR and site(s)
ID* 5 - = < and and positive INH/RIF and site(s) and site(s)
§E 3 < o & site(s) site(s) (BAL only) sensitive?
EY ES - <«
o o c c
8 88 o o
Culture: C. neoformans (lungs)
CrAg positive (CSF)
Histology: Disseminated CMV infection (LIV;
34 184 4 195 74 - - - - K. pneumoniae (BAL, BLD, lungs) LL; RL); Chronic active hepatitis B infection
(LIV)
N jia sp. (I ;
29359 4 40 88 LL,RL ; ; - LL, RL ocardia sp. (lungs); PCR: CMV (CSF); Rhinovirus (BAL; NP/OP)
K. pneumoniae (BAL; lungs)
13 14 5 14 - - - - - RL P. aeruginosa (BAL); Histology: Interstitial pneumonitis, ?viral (LL)
K pneumoniae (BAL) BY: P T
BAL, CSF
LIV, LL, P S. pneumoniae 15A/F (CSF); . o
- v v - .
20 62 5 28 RL, SPL LIV, Kiebsiella spp. (BAL) PCR: Respiratory syncytial virus (NP/OP)
lungs, SPL
Salmonella spp. (BAL, BLD, CSF, LIV,
. lungs, SPL) Histology: Pneumonitis, ?viral (LL; RL)
21 - 100 - - - - f
32 100 5 00 Softtissue o reus (BAL, BLD) PCR: CMV (CSF); EBV (CSF); PVB19 (CSF)
H. influenzae (BLD)
Histology: Disseminated cryptococcosis (LIV,
LL, RL, SPL)
S. aureus (BAL); Culture: C. neoformans (CSF, LIV)
1 2 2 - - - -
9373 5 329 90 K. pneumoniae (BAL) CrAg positive (CSF)
PCR: Rhinovirus (BAL, NP/OP); CMV (CSF); EBV
(CSF)
16 4 6 4 - - - - - - - -
26 8 6 7 - - - - - - S. pneumoniae 19F (BLD; CSF) PCR: EBV (CSF)
03 82 6 19 66 LIV, SPL SPL 4 4 - - Histology: Significant steatosis (LIV)
14 128 6 63 126 LIV, RL BAL, CSF - v LL K. pneumoniae (BAL, lungs) -
27 324 6 - 317 - - - - LIV M. intracellulare (LIV; lungs; SPL) Histology: Acute tubular necrosis (LK)
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Time in days Evidence of tuberculosis Evidence of NTM and/or other bacterial disease Other histological, microbiological,
e Histological Positive  Xpert® If MTB Histological Organism(s) grown DNA, and immunological findings
aé < evidence culture MTB/RIF found, evidence or detected by PCR and site(s)
ID* 5 - = < and and positive INH/RIF and site(s) and site(s)
§E 3 < o & site(s) site(s) (BAL only) sensitive?
EY ES - <«
o ° o o £ £
K. pneumoniae (lungs)
28 450 6 71 422 LIV, LL, RL, SPL Lungs - v - - PCR: EBV (CSF)
Histology: Severe cryptococcal pneumonia (LL,
05 57 7 57 - - - - - - K. pneumoniae (lungs) RL)
Culture: Aspergillus fumigatus (lungs)
S. aureus (BAL; CSF; lungs; SPL); PCR: Influenza A virus H32N (CSF, NP/OP);
22 285 7 - 284 - - - - LL, RL .
! S. pneumoniae 9A/V, 1 (CSF) CMV (CSF) EBV (CSF); HHV-7 (CSF)
17 14 8 oL i i i i S. aureus (lungs); Histology: Profound non-alcoholic steato-
P. aeruginosa (BAL); hepatitis
LIV, LL, RL, M. avium . )
23 21 8 - 2 i i i SPL (BAL; CSF; LIV; lungs; SPL; urine) PCR: CMV (CSF); V2V (CSF)
04 122 8 120 108 rLzltl' LL, pleura, g - v - - -
251122 8 126 46 - - - - - - Histology: mild autolytic changes (SPL)
Histology: Chronic hepatitis
21 304 8 304 276 - - - - LL Klebsiella spp. (BAL, lungs) PCR: Rhinovirus (BAL, NP/OP); CMV (CSF); EBV
(CSF)
01175 9 173 153 - SPL - v - Klebsiella spp. (BAL) Histology: Non-specific portal triaditis (LIV)
11 82 11 82 67 - i i i i K. pneumoniae (BAL) Histology: Severe bilateral PCP

PCP immunofluorescence positive (BAL)

*ID denotes chronological order in which MIA was conducted (first October 2013, last June 2015)

tSamples obtained as part of complete autopsy — heavily contaminated

BAL: broncheo-alveolar lavage; BLD: blood; CMV: Cytomegalovirus; CSF: cerebrospinal fluid; EBV: Epstein-Barr virus; HHV: Human Herpes virus; INH: Isoniazid; LIV: liver; LK: left

kidney; LL: left lung; MIA: minimally-invasive autopsy; MTB: M. tuberculosis; NP/OP: nasopharyngeal/oropharyngeal swab; NTM: non-tuberculous mycobacteria; PCP: Pneumocystis

pneumonia; PCR: polymerase chain reaction; PVB19: Parvovirus B19; RIF: Rifampicin; RK: right kidney; RL: right lung; SPL: spleen; TB: tuberculosis; Tx: treatment; VZV: Varicella

zoster virus
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Abstract

Background

The World Health Organization (WHQO) aims to reduce tuberculosis (TB) deaths by 95% by
2035; tracking progress requires accurate measurement of TB mortality. International Clas-
sification of Diseases (ICD) codes do not differentiate between HIV-associated TB and HIV
more generally. Verbal autopsy (VA) is used to estimate cause of death (CoD) patterns but
has mostly been validated against a suboptimal gold standard for HIV and TB. This study,
conducted among HIV-positive adults, aimed to estimate the accuracy of VA in ascertaining
TE and HIV CeD when compared to a reference standard derived from a variety of clinical
sources including, in some, minimally-invasive autopsy (MIA).

Methods and findings

Decedents were enrolled into a trial of empirical TB treatment or a cohort exploring diagnos-
tic algorithms for TB in South Africa. The WHO 2012 instrument was used; VA CoD were

PLOS OME | https://doi.ong/10.1371/joumal pone.0174007  March 23, 2017
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Competing interests: The authors have declared assigned using physician-certified VA (PCVA), InterVA-4, and SmartVA-Analyze. Refer-

thatna campetinginterests exst. ence CoD were assigned using MIA, research, and health facility data, as available. 259
VAs were completed: 147 (57%) decedents were female; median age was 39 (interquartile
range [IQR] 33—47) years and CD4 count 51 (IQR 22-102) cells/pL. Compared to reference
CoD thatincluded MIA (n = 34), VA underestimated mortality due to HIVVAIDS (94% refer-
ence, 74% PCVA, 47% InterVA-4, and 41% SmartVA-Analyze; chance-corrected concor-
dance [CCC] 0.71, 0.42, and 0.31, respectively) and HIV-associated TB (41% reference,
32% PCVA; CCC 0.23). For individual decedents, all VA methods agreed poorly with refer-
ence CoD that did not include MIA (n=259; overall CCC 0.14, 0.06, and 0.15 for PCVA,
Inter\VVA-4, and SmartV A-Analyze); agreement was better at population level (cause-specific
mortality fraction accuracy 0.78, 0.61, and 0.57, for the three methods, respectively).

Conclusions

Current VA methods underestimate mortality due to HIV-associated TB. ICD and VA meth-
ods need modifications that allow for more specific evaluation of HIV-related deaths and
direct estimation of mortality due to HIV-associated TB.

Introduction

Data on causes of death {CoD) are essential in guiding public health strategy and research agen-
das. In South Africain 2014, HIV prevalence was 18.9% among individuals aged 15-49 years [1]
and there were an estimated 72,000 deaths due to HIV-associated tuberculosis (TB) [2]. However,
methods to measure CoD), particularly HIV-associated TB, do not provide sufficiently accurate
estimates [3]. Autopsy studies have typically investigated small numbers of deaths and mostly
induded individuals dying in hospitals [4-6]; death certification has consistently been shown to
correspond poorly with retrospective dinical and autopsy diagnoses [7-9]; and verbal autopsy
(VA), used to estimate CoD at a population level in many areas with poor dvil registration sys-
tems, differentiates poorly between deaths due to HIV-associated TB and other HIV-associated
causes [10-12]. These difficulties are compounded by the way deaths due to HIV -associated TB
are coded by the Intemational Classification of Diseases (ICD), which counts them as "HIV-
related’ [13]. The World Health Organization (WHO) presents TB mortality data separately for
HIV-negative and HIV -positive individuals. However, due to the coding issues described above,
all estimates of mortality due to HIV -assodated TB are generated indirectly through mathemati-
cal modelling that uses country-level data on TB incidence and case-fatality ratios [14,15]; WHO
itself states the “urgent need’ for direct measurement of HIV-associated TB mortality [14]. An
aim of the WHO ‘End TE strategy is to reduce TB deaths by 95% by 2035 [16].

WVerbal autopsy is a structured interview with the family or carer of a deceased individual,
carried out by a lay-interviewer. A standardised VA instrument has been available from WHO
since 2007 [17] and is now used globally at health and socio-demographic surveillance system
(HDSS) sites. In areas with poor civil registration systems, VA data are used to generate esti-
mates of national and regional mortality [18] which may then be used to influence health pol-
icy. The last 10 years have seen the development of several automated methods (computer-
coded VA [CCVA]) which, it is hoped, will eventually replace the expensive and time-consum-
ing physician-certified VA (PCVA) [19,20]. Numerous studies have attempted to validate VA,
but the vast majority compare VA CoD to clinical CoD) derived from physician review of
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hospital or clinic records, a gold standard of variable quality and consistency [21-24]. There
have been few attempts to compare VA CoD to CoD derived from research-quality data or
from pathological autopsy, which remains the highest standard for assigning CoD.

More accurate estimates of HIV-assodated mortality are particularly needed in areas of
high HIV prevalence, where civil registration systems are often weak [ 14]. This study, nested
within two large studies of HIV -positive adults in South Africa ('TB Fast Track’ [25] and
KPHACTOR'), aimed to compare VA CoD to reference-standard CoD derived from clinical,
research, and minimally-invasive autopsy (MIA) data.

Methods
Setting

HIV -positive adults (aged =18 years) were recruited to one of two studies of TB/HIV con-
ducted in South Africa. The first, “TB Fast Track’, was a pragmatic trial of empirical TB treat-
ment in ambulant HIV-positive adults enrolled in primary care with CD4 count <150 cells/
plL. Participants were eligible if not on antiretroviral therapy (ART) or TB treatment at the
point of enrolment and were followed up for a minimum of six months [25]; MIA and VAs
were conducted for as many decedents as possible. The second, XPHACTOR, was an inter-
ventional cohort study investigating the use of Xpert " MTB/RIF in a systematic sample of
HIV -positive adults attending out-patient clinics for HIV care; participants were followed up
for at least three months and V As were conducted for as many decedents as possible, begin-
ning about half-way through the study's follow-up.

Data collection

Verbal autopsy. All VA interviews were conducted by trained lay researchers at the home
of the family/carers, or at another location of their choosing, one to twelve months after the
death of the study participant, as recommended by WHO. Written informed consent for VA
was obtained from respondents; all interviews were conducted using the WHO 2012 VA
instrument, with additional questions around treatment for TB and HIV, health beliefs, and
health service use added by the study team.

Clinical. Data used to inform reference-standard CoD were separated into three catego-
ries: those collected from routine clinic and/or hospital records by a trained lay researcher,
research nurse, or physician using standardised paper forms, labelled operational: those col-
lected by members of a clinical research team due to involvement in a parent study, including
results of investigations retrieved from the national health laboratory service (NHLS) database,
labelled research; and those collected through MIA, carried out on TB Fast Track decedents as
soon as possible after death, labelled autopsy (51 Fig). Detailed MIA methods and a description
of the consent process have previously been described [26]. The procedure involved core biop-
sies of liver, spleen, and lungs; aspiration of cerebrospinal fluid (C5F), blood, and urine; sam-
pling of naso- and oro-pharyngeal secretions; and broncho-alveolar lavage (BAL) by insertion
of a nasogastric tube into the trachea directed toward the lungs through a cricothyroid inci-
sion. Laboratory testing of post-mortem specimens included liquid culture for mycobacteria;
Xpert" MTB/RIF; microscopy and aerobic culture; molecular testing for a range of bacteria
and viruses; and histological examination.

Data interpretation

Verbal autopsy. VA datainduded in the WHO 2012 VA instrument (ie., excluding data
from study-specific added questions around ART use, treatment for TB, health beliefs, or
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health service use) were interpreted using hoth physician-certified verbal autopsy (PCVA) and
computer-coded verbal autopsy (CCVA) methods. Using a PCVA method based on WHO
recommendations, similar to that used at the Medical Research Council/Wits- Agincourt
HDSS site, South Africa [21], two physicians, blinded to all other clinical information, inde-
pendently reviewed all available VA data, including the free narratives, and separately assigned
CoD using ICD-10 and study-defined codes (detailed below). Assigned CoD were compared
and, where there were discrepancies in either immediate, underlying, or study-defined CoD,
the cases were discussed by the two physicians, aiming for consensus. If a consensus could not
be reached, the data were provided to a third physician who reviewed them independently. If
the CoD assigned by physician 3 matched that assigned by physidans 1 or 2, it was considered
the final CoD; if no consensus was reached after review by three physicians, the individual was
agsigned an ‘indeterminate’ CoD.

VA data were also processed by two CCVA methods. The first, InterVA-4 (www.interva.
net), uses Bayesian probabilities to assign each decedent up to three CoD, each with an asso-
ciated ‘likelihood’ expressed as a percentage probability; cause-specific mortality fractions
(CSMFs) can be generated that combine all individual causes and likelihoods [27,28]. The
maodel allows for user modification of two baseline variables: prevalence of malaria and
HIV, each of which can be set to ‘verylow’, ‘low’, or *high’. The second method, Smart-
VA-Analyze (hitp:/ fwww. healthdata.org/verbal-autopsy/tools), uses the Tariff 2.0 system to
assign each decedent one of 34 CoD [29,30]. SmartVA-Analyze also allows for the inclusion
of data from the narrative section of the VA instrument and from healthcare records exam-
ined during the interview. Data were mapped from the WHO 2012 instrument to the 2014
framework for Inter VA-4 and to the Population Health Metrics Research Consortium
(PHMRC) full instrument for SmartV A-Analyze; free narrative and healthcare data were
not provided to either software. Both CCV A methods assign CoD to lists of grouped ICD-
10 codes [31,32]; these were further grouped into seven major categories for analysis (51
Table).

Clinical. In order to meaningfully compare results with other VA validation studies, at
least two sets of reference CoD) were assigned to each participant. Operational data were used
to generate level one (L1) CoD, comparable to the gold standard used in the majority of VA
validation studies (51 Fig). Both operational and research data were used to generate level two
(L2) CoD for all decedents, representing a higher gold standard than would normally be avail -
able for comparison to VA, Finally, operational, research, and antopsy data were used to gen-
erate level three (L3) CoD for decedents for whom these data were available. All parties
involved in the assignment of reference CoD) were blinded to VA data, parent study arm, and
any narratives around death obtained from family members as part of the research process,
which were considered too similar to VA. L1 and L2 CoD were assigned using the same
method as PCV A but involved different physicians; cases were processed in batches of 40-50.
For each batch, all decedents were required to have finalised L1 CoD) before the physicians
were exposed to any higher level data.

L3 CoD were assigned in a different manner. Once all decedents with autopsy data had
been assigned L1 and L2 CoD, a panel was convened to assign L3 CoD). The panel was made
up of two infectious disease physicians, a microbiologist, and a pathologist, all of whom had
extensive knowledge of local epidemiology; it was blinded to VA data, TB Fast Track study
arm, and narratives from family members. The panel reviewed all available clinical data and
attempted to reach consensus on CoD. In cases where full consensus could not be reached,
consensus among three panel members was considered sufficient; if opinion was evenly split,
the decedent was assigned an ‘indeterminate’ CoD.
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Study-defined CoD

To differentiate HIV -associated TB from other HIV-associated causes, six broad study-
defined CoD categories were constructed: TB in an HIV-positive individual; an HIV/AIDS-
related cause, excluding TB; a cause unrelated to HIV in an HIV -positive individual; TB

in an HIV-negative individual; a cause other than TB in an HIV -negative individual; and
an indeterminate cause. As part of both PCVA and reference CoD processes, reviewers
assigned each decedent ICD- 10 and study-defined CoD, along with a probability of ‘defi-
nite’, ‘probable’, or ‘possible’. For reference CoD) only, probabilities were based on pre-
defined criteria (52 Table). CCVA outputs were not reclassified into study-defined catego-
ries as they do not allow HIV-associated TB to be distinguished from other HIV/AIDS-
related CoDD.

Data management and statistical analyses

WA quantitative data were entered directly into an online database (Mobenzi Technologies,
Durban, South Africa) through a cell phone interface; narrative data were captured on paper.
Data collected for reference CoD) assignment were entered into EpiData v3.1 (The EpiData
Association, Odense, Denmark) and data from the parent studies into a SQL database (Bytes
Technology Group, Johannesburg, South Africa). InterVA-4.03 was used, with malaria prev-
alence set to ‘Low” and HIV/AIDS to ‘High'; InterVA-4 CSMFs were generated by dividing
the sum of the likelihoods of each cause category by the sum of likelihoods for all causes [27].
SmartVA-Analyze v1.1.1 was used, with *Malaria region’, ‘Health Care Experience’, and
‘Free text’ options deselected; CSMFs, including deaths with “Undetermined’ cause, were cal-
culated after outputs were grouped further (51 Table). The Mortality Medical Data System
(MMDS) 2011 software package [33] was used to generate a single ‘underlying’ CoD) from
ICD-10 codes assigned by PCVA and clinical panels; CSMFs were calculated using ACME/
TRANSAX output. All analyses were conducted using Stata v14 (StataCorp, College Station,
TX, USA).

Two forms of agreement were measured: between CoD assigned to individual decedents;
and between the proportion of deaths assigned to each cause category across the study popula-
tion. Cohen’s kappa (K) was used to measure agreement between individual decedents and
overall chance-corrected concordance (CCC) used for agreement between cause categories; 1
equated to perfect agreement and 0 to agreement no greater than chance. Lin's concordance
correlation coefficient () and CSMF accuracy were calculated for population-level compari-
sons [34]. In line with previous uses of pr-, a value of less than 0.90 was considered “poor” agree-
ment [35].

Ethical considerations

Separate approvals were obtained for the parent studies and the sub-study from the human
research ethics committees of the London School of Hygiene & Tropical Medidne and the
University of the Witwatersrand. Beginning in August 2013, participants in TB Fast Track
were asked to give written informed consent for MIA in the event of their death while under-
going follow-up as part of the parent study. If a partidpant who had given written consent
died during follow-up, verbal agreement from the next of kin was obtained to proceed with
MIA. For participants who were enrolled to TB Fast Track prior to August 2013 and died dur-
ing follow-up, formal written consent to undertake MIA was sought from the next of kin. All
WA respondents gave written informed consent for interview.
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Table 1. Demographics for all decedents for whem a VA was conducted, siratified by parent study (n = 259).

Characteristic All, n (%) ormedian (IQR) | TB Fast Track, n (%) ormedian (IQR) = XPHACTOR, n (%) or median (IQR)
N 259 212 47

Female 147 (57) 115 (54) 32 (68)
Age at death a0 (3347) 30 (33-48) 43 (37-51)
CD4 count at enrciment® (cells/pl) 51 (22-102) (n = 257) 44 |19-88) 161 (42-335) (n = 45)
Black African 258 (99.6) 211(99.5) 47 (100)
South African 248 (B6) 203 (96) 45 (98)
Enrolled in a peri-urban area 203 (T8) 156 (74) A7 (100)
Completed grade 12 85 (33) 69 (33) 16 (34)
Household income of < R2000 per montht 498 (48) (n = 202) 78 (49) (n=159) 20 (47) (n=43)
On ART at enrclment® 32112) 1] 32 |68)
Previous treatment for TB 48 (18) 32 (15) 14 (20)

Time frem enrclment® todeath (days) B4 (30-184) 76 (33-168) 108 (70-344)
Time from death to VA (days) 146 (B2-290) 142 (78-2BB) 170 (95-316)
Parent as VA respondent 75 (29) &1 (28) 14 (30)

* Refers to enrclment inthe parent study | TB Fast Track or XPHACTOR)
1202259 (B0%) individuals were able to estimate household income
ART: antiretroviral therapy, IQR: interguartile range, A: South African Rand; TE: tuberculosis, VA verbal autopsy

https/'doi.org/10 1371/ joumal. pone 01740971001

Resulis

Demographics

A total 3022 individuals were recruited to the TB Fast Track study between December 2012
and December 2014; 364 died after enrolment. XPHACTOR enrolled a total 3722 individuals
between September 2012 and March 2014; 125 died after enrolment. Attempts were made to
contact the families of all deceased individuals between August 2013 and October 2015: con-
tact could not be made in 218/489 (44.6%) cases and respondents declined to participate in 12
(2.4%) cases; 212/364 (58.2%) TB Fast Track decedents and 47/125 (37.6% ) XPHACTOR dece-
dents had a VA completed; a total 259 V As were conducted (51 Fig).

Amaong the 259 decedents (Table 1), 147 (57%) were female; the median age was 39 (inter-
quartile range [IQR] 33-47) years; the median CD4 count at enrolment into the parent study
was 51 (IQR 22-102) cells/uL; 258 (99.6%) were black African; 248 (96%) were South African;
and 203 (78%) were enrolled in a peri-urban area, as opposed to semi-rural. The median time
from enrolment to death was 84 (IQR 39-184) days and from death to VA was 146 (IQR 82-
290) days.

Data availability and consistency in physician assignment

Of the 212 TB Fast Track decedents, 196 (92%) had clinic files available; 122 (58% ) had hospi-
tal files available; all had research data available; 207 (98%) had data from the NHLS database
available; and 34 (26%) had MIA conducted, a median five (IQR 3-6) days after death. Of the
47 XPHACTOR decedents, all had clinic files available; none had hospital files available; all
had research data available; and 33 (70%) had data from the NHLS database available (51 Fig).
In assigning L1 CoD, physicians were in agreement on all three of immediate, underlying,
and study-defined causes for 129/259 (49.8% ) decedents; in assigning 12, they agreed 138/259
(53.3%) times. Physicians assigning VA CoD agreed on all three causes for 90/259 (34.7%)
decedents. If agreement was measured based only on study-defined causes, it improved to
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146/259 (56.4%), 162 (62.5%), and 141 (54.4%) times for L1, 12, and PCVA CoD, respectively.

All disagreements were resolved through discussion; arbitrating physicians were not required.

Performance of VA against L3 reference standard

Thirty-four decedents underwent MIA, detailed results of which have previously been
reported [26]: 18 (53%) were female; median age at death was 39 (IQR 33-44) years, and
median CD4 count at enrolment to TB Fast Track was 34 (IQR 17-66) cells/uL. Using ICD-10
codes, 32/34 (94.1%) individuals were assigned an "HIV/AIDS-related’ reference CoD by the
clinicopathological panel, compared to 25 (73.5%) assigned by PCVA, 47.1% assigned by
InterVA-4, and 14 (41.2%) assigned by SmartVA-Analyze (Table 2). A ‘pulmonary TB' CoD
was assigned to 20.6% by InterVA-4 and to one (2.9%) decedent by SmartVA-Analyze; this
was not assigned to any decedents by either PCV A or the clinical panel. All VA methods per-
formed poorly when CoD assigned to individual decedents were compared to L3 (Figs | and
23 PCVA (K 0.13; CCC0.22) performed better than the CCVA methods (K 0.05 and 0.03;
overall CCC 0.01 and 0.16; for InterVA-4 and SmartVA-Analyze, respectively; Table 3). When
compared at a population level, PCVA performed better (p 0.95 CSMF accuracy 0.79), but
both CCVA methods were still sub-optimal (p.- 0.67 and 0.58; CSMF accuracy 0.49 and 0.43;
for InterVA -4 and SmartVA-Analyze, respectively).

Using study-defined codes, the clinicopathological panel assigned 14/34 (41.2%) individuals
a ‘TP in an HIV-positive individual’ CoD and 15 (44.1%) an "HIV/AIDS-related, excluding
TB' CoD (Table 2; 53 Table); PCVA assigned these CoD to 11 (32.4%) and 17 (50%) individu-
als, respectively. Agreement between PCVA and L3, at an individual level, was very poor
(K 0.04; overall CCC 0.04; Table 3); agreement was better at a population level (p- 0.91; CSMF
accuracy 0.79).

Table 2. Numbers and resultant CSMFs generated for grouped ICD-10 and study-defined CoD categories in those with autopsy data available, as
assigned by the clinicopathological panel, PCVA, InterVA-4, and SmartVA-Analyze (n = 34).
CoD category L3reference standard, n (%) VA method

PCVA,n (%) | InterVA-4, % (CSMF)* | SmartVA-Analyze,n (%)
Grouped ICD-10

HIV/AIDS 32(94.1) 25(73.5) 471 14(41.2)

PTB 0 0 206 1(2.9)

Other infectious 112.9) 5114.7) 8.8 5(14.7)

Malignancy 0 0 11.8 2(5.9)

Other NCD 0 3(8.8) 11.8 5(14.7)

External/traumatic or pregnancy-related 1(2.9) 112.9) [1] [1]

Indeterminate 0 0 0 7120.8)
Study-defined

TB in an HIV-positive individual 14(41.2) 11(32.4)

HIV-related cause otherthan TB 15(44.1) 17(50.0)

Other cause in an HIV-positive individual 1 (2.9) 3(8.8)

TB in an HIV-negative individual 0 0

Other cause in an HIV-negative individual 1] 3(8.8)

Indetemninate cause 4(11.8) 1]

* IntervA-4 CSMFs generated from all assigned CoD and associated likelihoods

AlDS: acguired immune deficiency syndrome; Coly: cause of death; CSMF: cause-specific mortality fraction; HIV: human immuncedeficiency virus; ICD:
Inte mational Classification of Diseases; L3: level three (operational, research, and autopsy data); NCD: nen-communicable disease, PCVA: physician-
certified verbal autopsy; PTB: pulmonary tuberculosis; TB: tuberculosis

https/doi.org/ 101371/ joumal. pone 0174097 1002
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L3 reference CoD PCVA CoD

HiV-associated TB: disseminated

HIV-associated T8: extrapulmonary

_Hiv-associated T8: dissemin

Advanced HIV: meningitis

V-

l Road-traffic accident; HIV-positive

L3 vs. PCVA
K=0.04
Overall CCC = 0.04
Fig 1. Alluvial * diagram showing CoDt as assigned by the clinicopathological panel (left) and PCVA (right); n = 34 [36]. *Each
horizontal band represents one decedent. {Combined ‘immediate’ and ‘underlying’ ICD-10 CoD. $Comparison based on study-defined
codes. AIDS: acquired immune deficiency syndrome; CCC: chance-corrected concordance; CMV: cytomegalovirus; CNS: central nervous
system; CoD: cause of death; HIV: human immunodeficiency virus; K: Cohen’s kappa; L3: level three (using operational, research, and
autopsy data); NCD: non-communicable diseases; NTM: non-tube rculous mycobacteria; PCP: Pneumocystis pneumonia; PCVA:
physician-certified verbal autopsy; TB: tuberculosis.

hitps//doi.org/10.137 1/journal pone 01740979001
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L3 clinical CoD

InterVA-4 CoD SmartVA-Analyze CoD

- [ Road-traffic accident; HIV-positive
L3 vs. InterVA-4 L3 vs. SmartVA-Analyze
K=0.05 K=0.03
Overall CCC=0.03 Overall CCC=0.16

Fig 2. Alluvial* diagram showing CoD as assigned by clinicopathological panelt (centre), InterVA-4% (left)
and SmartVA-Analyze (right); n = 34 [36]. *Each horizontal band represents one decedent. f{Combined 'immediate’
and ‘underlying’ICD-10 CoD. $interVA-4 CoD with highest associated likelihood. AIDS: acquired immune deficiency
syndrome; CCC: chance-comected concordance; CMV: cytomegalovirus; CNS: central nervous system; CoD: cause
of death; HIV: humanimmunodeficiency virus; K: Cohen’s kappa; L3: level three (using operational, research, and
autopsy data); NCD: non-communicable diseases; NTM: non-tuberculous mycob ia; PCP: Pr cystis
pneumonia; PCVA: physician-certified verbal autopsy; TB: tube rculosis.

https:/doi.org/10.1371 jounal. pone.017 4097 g 002
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Table 3. Summary of measures of performance of PCVA, InterVA-4, and SmariV A-Analyze in assigning CoD in ICD-10 or study-defined categories,
compared to L3 {n = 34) and L2 (n = 259) reference standards.

CoD category and VA Compared to L3 reference standard (n = 34) Compared to L2 reference standard (n = 259)
method Individual measurest Population measures Individual measures$ Population measures
Cohen's kappa Owerall P (95% C1) CSMF Cohen's kappa Overall Pc(95% Cl) CSMF
(952 CI) ccec accuracy {95% Cl) ccc accuracy
Grouped ICD-10*
PCWVA 0.13 (0-0.47) 022 0.95 (0.86— 079 0.06 (0-0.13) 0.14 0.93 (0.69- 0.78
0.98) 0.99)
IntervA-4 0.05 (0-0.08) 0.0 067 (0.38— 049 0.08 (0.03-0.11) 0.06 0.78 (0.44- 0.61
0.84) 0.93)
SmartVA-Analyze 0.03 (0-0.11) 0.18 0.58 (0.26— 043 0.05 (0.04-0.08) 0.15 0.52 (0.06— 0.57
0.78) 0.79)
Study-definedt
PCWA 0.04 (0-0.20) 0.04 091 (0.51- 079 0.06 (0.04-0.08) 0.08 0.70 {0— .71
0.99) 0.95)

* Overall CCC for grouped ICD-10 calculated across seven possible CoD categories

T Overall CCC for study-defined calculated across six possible CoD categories

* For InterVA-4, measures of individual agreement calculated using assigned CoD with highest associated likeihood

CCC: chance-comrected concordance; Cl: confidence interval; CoD: cause of death; CSMF: cause-specific morality fraction; | CD: Inte mational
Classification of Diseases, L2: level two (operational and research data), L3: level three (operational, research, and autopsy data); PCVA: physician-
certified verbal autopsy; pe: Lin's concordance correlation coefficient

httpsdoi.org10 1371/ joumal. pone 0174007 1003

Performance of VA against L2 reference standard

Using ICD-10 codes, an HIV/AIDS reference CoD) was assigned to 183/259 (70.7%) individu-
als, to 206 (79.5% ) by PCVA, to 48.1% by InterVA-4, and to 75 (29%) by SmartV A- Analyze
(Table 4). One (0.4%), 14.3%, and five {1.9%) individuals were assigned a ‘pulmonary TB' CoD}
by PCVA, InterVA-4, and SmartVA- Analyze, respectively. All VA methods performed poorly
when individual agreement was measured: K 0.06, 0.08, and 0.05; overall CCC 0,14, 0.06, and
0.15, for PCVA, InterVA-4, and SmartV A- Analyze, respectively (Table 3). PCVA performed
best at population level (pe 0.93; CSMF accuracy 0.78), Inter VA -4 second-best (o 0.78; CSMF
accuracy 0.61), and Smart VA -Analyze least well (p- 0.52; CSMF accuracy 0.57). Using study-
defined codes, physicians assigned 69/259 (26.6% ) individuals a reference CoD of “TB inan
HIV -positive individual’ and 103 (39.8%) individuals an “HIV/AIDS -related, excluding TH'
CoD (Table 4). PCVA agreement with L2 was poor at an individual level (K 0.03; overall CCC
0.08) but better at population level {pe- 0.70; CSMF accuracy 0.71).

Cause-specific comparisons

Compared to L3 and L2, PCV A was more sensitive, but less specific, than both CCVA methods
in assigning ICD-10 HIV/AIDS-related CoD) (sensitivity against L3 75.0%, 50.0%, and 40.6%;
sensitivity against L2 80.9%, 55.7%, and 31.7%; and specificity against L2 23.7%, 64.5% and

77 6% for PCVA, InterVA-4, and Smart VA -Analyze, respectively; Table 5). Compared to L2,
PCVA was only 44.9% sensitive and 58.9% specific for a study-defined CoD of “TB in an HIV-
positive individual’, with CCC measured at 0.42; sensitivity and CCC were lower when com-
pared to L3, at 35.7% and 0.23, respectively.

Discussion

This study, conducted among HIV -positive adults in a setting of high TB prevalence, compared
CoD assigned by VA to a robust gold standard, including MIA, and found the proportion of
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Table 4. Numbers and resultant CSMFs generated for grouped ICD-10 and study-defined CoD categories, as assigned by L2 and L1 clinical panels,
PCVA, InterVA-4, and SmariV A-Analyze (n =259).

CoD category Clinical panel VA method
L2, n (%) L1,n (%) PCVA, n (%) InterVA-4, % (CSMF)* SmartV A-Analyze, n (%)
Grouped ICD-10
HIVIAIDS 183 (70.7) 143(55.2) 206 (79.5) 481 75(28.0)
PTB 0 0 110.4) 14.3 5(1.9)
Other infectious 210.8) 4(1.5) 17 (6.6) 9.7 26(10.0)
Malignancy B3.1) 8(3.1) 727 13.7 58(22.4)
Other NCD 727 9(3.5) 2118.1) 7.9 34(13.1)
External/traumatic or pregnancy-related 301.2) 3(1.2) Ti2T 1.2 1(0.4)
Indeterminate 5621.7) 82 (35.5) 0 5.1 60(23.2)
Study-defined
TB in an HIV-positive individual 69 (26 .6) 56 (21.8) 100 (42.1)
HIV-related cause ctherthan TB 103 (39.8) B2(31.7) 110 (42.5)
Other cause inan HIV-positive individual 18 (6.9) 16 (6.2) 2007.7)
TB in an HIV-negative individual 0 0 110.4)
Other cause in an HIV-negative individual 1] /] 19 (7.3)
Indetemminate cause 69 (26.6) 105 (40.5) 1]

* InterVA~4 CSMFs generated from all assigned CoD and associated likelihoods

AIDS: acquired immune deficiency syndrome,; CoD: cause of death; CSMF: cause-specific mortality fraction; HIV: human immunedeficiency virus, 1ICD:
Inte mational Classification of Diseases; L1: level one (opemtional data only), L2: level two (opertional and research data); NCD: non-communicable
disease; PCVA: physician-certified verbal autopsy; PTB: pulmonary tuberculosis; TB: tuberculosis

httpsdoi.org10. 1371/ joumal. pone 0174007 1004

deaths attributable to TB was underestimated by methods that did not include data from patho-
logical autopsy. Overall HIV -associated mortality was also underestimated by all VA methods
when compared to the L3 (autopsy) reference standard, with poor agreement at an individual
level; all methods performed better at a population level.

Table 5. Sensitivity, specificity, and chance-corrected concordance of PCVA, InterVA-4, and SmartVA-Analyze in the detection of specific CeD
compared to L3 (n = 34) and L2 (n = 259) clinical reference standards.

CoD category and VA method Compared to L3 (n = 34) Compared to L2 (n = 259)
Sensitivity, % Specificity, % cCcc Sensitivity, % Specificity, % ccc
(95% CI) (95% CI) (95% C1) (95% CI)
HIV/AIDS (ICD-defined)
PCWA 75.0 (56.6-88.5) 50.0 (1.3-98.7) 0.7 B80.9(74.4-86.3) 23.7 (14.7-34.8) 0.78
Inte v A-4% 50.0 (31.9-68.1) 100.0 (15.8-100.0) 042 55.7(48.2-63.1) 64.5 (52.7-75.1) 0.48
SmartVA-Analyze 40.6 (23.7-59.4) 50.0 (1.2-98.7) 0.31 31.7(25.0-39.0) 77.6 (B6.6-86.4) 0.20
TBin an HIV-positive individual (study-
defined)
PCVA 357 (12.8-6849) 70.0 (45.7-88.1) 0.23 44.9(32.9-57.4) 58.9 (51.6-66.0) 0.42
HIV-relate d cause other than TB (study-
defined)
PCVA 53.3 (26.6-78.7) 52.6 (28.9-75.6) 0.44 26.2(17.2-36.9) 771 (70.2-83.1) 0.36

* Measures of InterVA-4 sensitivity and specificity calculated using individuals assigned HIV/AIDS as ‘most likely’ CoD (n = 129 overall, n= 16 with L3 CoD)
AIDS: acquired immune deficiency syndrome; CCC: chance-corrected concordance; Cl: confidence interval;, CoD: cause of death; HI'V: human

immunode ficiency virus; ICD: International Classification of Diseases; L2: level two cause of death (operationaland research data); L3 level three cause of
death (operational, research, and autopsy data); PCVA: physician-ce ttified verbal autopsy; TB: tuberculosis; VA: verbal autopsy

https/doi.org/ 101371/ joumal. pone 0174097 1005
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HIV-associated TB

Arecent systematic review of autopsy studies in HIV -positive individuals found that 46% of
TB diagnosed at autopsy had not been diagnosed ante-mortem and that almost 90% of HIV-
positive individuals with evidence of TB at autopsy had disseminated disease [4]. In our study,
every individual with MIA data assigned a reference-standard CoD of HIV -assodated TB had
evidence of extrapulmonary and/or disseminated disease at post-mortem (53 Table) 6/16
(38%) individuals with evidence of active TB at autopsy had not been started on TB treatment
between enrolment and death. The under-diagnosis of TB in the absence of autopsy data sug-
gests that the long-standing emphasis on respiratory symptoms and sputum-based investiga-
tion make it less likely for physicians to consider a TB diagnosis in patients who do not report
a cough. This has important implications for the development of TB diagnostics, the design of
guidelines, and in the training of clinicians operating in areas of high HIV prevalence. It may
also mean that current CCVA algorithms used to generate VA CoD need recalibration to
account for those with advanced HIV and extrapulmonary or disseminated TB, who may have
few or no respiratory symptoms,

ICD-10 coding of HIV-deaths

ICD-10 coding does not differentiate HIV -associated TB death from other HIV -associated
causes, therefore deaths due to HIV-associated TB are effectively ‘hidden’ within HIV -related
deaths a whole. TB is the leading cause of death in HIV-positive individuals and being unable
to directly measure mortality attributable to it is an enormous disadvantage. As the global
ART rollout continues and the HIV epidemic evolves, it is no longer sufficient to talk simply
about deaths due to HIV; a more nuanced approach to disease and mortality measurement is
needed [10,37] and central to this approach must be modifications to the ICD system to allow
for differentiation of HIV-associated TB deaths from other HIV -related deaths. The current
draft of ICD-11, due for release in 2018 [38,39], allows for the separation of HIV disease by
clinical stage and for the inclusion of certain co-morbidities, such as TB and malaria. A sepa-
rate three-character code denoting HIV -associated TB would be a welcome addition to these
developments.

Comparison to previous studies

To our knowledge, only one other study, conducted in Kenya, has attempted to compare VA
CoD to CoD derived from pathological autopsy. In this study both PCVA and InterVA -4,
when compared to MIA, overestimated mortality due to TB in an area of high HIV prevalence
[11]. However, in addition to HIV -positive adults, this study included children and HIV -nega-
tive individuals and selected only individuals who reported respiratory symptoms. This may
have led to the exclusion of those with extrapulmonary TB and no respiratory symptoms and
may account for the relatively low prevalence of TB seen at pathological autopsy. Our findings
suggest the opposite, that VA underestimates deaths due to TB, but we would nevertheless
agree with the authors of the Kenyan study that, at present, VA is not a suitable tool for assign-
ing individual CoD in areas of high HIV prevalence and would be cautious about its use in reg-
istering individual deaths [40-42].

A number of studies have attempted to use VA to estimate CSMFs in areas of high HIV
prevalence using a variety of gold standards. Most studies grouped HIV -associated TB deaths
with other HIV/AIDS deaths, as per ICD-10[10,22,43-51], or did not clearly differentiate
between “TB" and ‘HIV/AIDS' categories [52-56]. At least some of this inconsistency is due
to the issues with ICD coding discussed above. For example, one of the largest studies, an
analysis of 54,000 deaths from the International Network for the Demographic Evaluation of
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Populations and Their Health (INDEPTH) HDSS sites in Africa and Asia, compared InterVA-
4 toa PCVA gold standard; pc was 0.831 overall and increased to 0.974 when HIV/AIDS and
pulmonary TB CoD} were combined for deaths from sub-Saharan Africa [57]. This high figure
is misleading, however, as the two categories are intended to be mutually exclusive [58]; classi-
fying HIV -associated TB deaths as “pulmonary TB' will lead to the overall underestimation of
HIV -associated deaths if current ICD rules are correctly applied. In our study, 35/41 (85.4%)
individuals assigned a ‘FTB’ CoD by InterVA -4 were reported HIV-positive during the VA
interview, but 32/35 (91%) did not have HIV/AIDS mentioned as a second or third CoD.
Another important issue is that of extrapulmonary and disseminated disease: the WHO trun-
cated CoDD list classifies extrapulmonary and disseminated TB (ICD-10 codes A17-A19) under
‘Other or unspecified infectious diseases’ [59]; even if PTB and HIV/AIDS categories were
combined for analysis purposes, the exclusion of these forms of TB would still result in the
underestimation of TB-related deaths.

Only one previous study, conducted in 1998 across sites in Tanzania, Ethiopia, and Ghana,
attempted to use VA to differentiate HIV-associated TB from other HIV-associated CoD,
comparing CoD from PCVA and an early CCVA algorithm to CoD derived from hospital
diagnoses [24]. Similar to our findings, both VA analysis methods showed low sensitivity and
high specificity for “TB + AIDS diagnoses (respectively, 8% and 99% for PCVA and 35% and
95% for the CCVA algorithm), with PCVA detecting only 11/35 (31%) cases of 'TB + AIDS".
More recently, in the construction of the PHMRC gold standard dataset, CoD) were initially
classified as "AIDS’; ‘AIDS with TB’; or ‘Pulmonary TE', with criteria explicitly stated for each
[32]. The categories were consistent with ICD-10: inclusion in the ‘Pulmonary TB' category
required the individual to have tested HIV -negative. However, to be included in the "ATDS
with TB' category, an individual was required to have both a positive HIV test and a positive
culture for M. tuberculosis, which likely led to the exclusion of individuals with disseminated
TB and limited or no respiratory symptoms. To date, all comparisons of VA to the PHMRC
dataset, including those conducted by the PHMRC team, have combined the ‘AIDS" and
‘AIDS with TB' categories, and have therefore not attempted to assess VA's ability to detect
HIV -associated TB [19,20,30,60-64]. The PHMRC gold standard dataset nevertheless remains
a valuable resource; we would suggest that any future validation exercises use the differenti-
ated, "AIDS with TB' and ‘AIDS’ categories, rather than the combined "AIDS’ category, for
comparison to VA

Moving forward

In the absence of robust, validated CRVS data, there are few alternatives to VA that are both
feasible and cost-effective in generating estimates of cause-specific mortality in countries with
high HIV and TB prevalence [65,66]. Although, in this study, VA methods performed poorly
in assigning individual CoD, it should be noted that VA is primarily intended to generate pop-
ulation-level estimates [ 18], and that performance in this regard was better. However, when
using study-defined codes, which were designed to allow for the differentiation of HIV-associ-
ated TB from other HIV -associated causes, the population-level accuracy of PCVA was still
sub-optimal (g 0.70 and CSMF accuracy 0.71 compared to L2 standard [n = 259]; Table 2),
confirming the difficulty of making this distinction.

The challenges of diagnosing HIV-associated TB disease are well documented [67,68] and,
as found in the systematic review of autopsy studies [4], in the absence of new diagnostics it is
likely that clinicians will continue to underdiagnose TB, which will have important implica-
tions for measuring progress towards the WHO targets described above [16]. Improvements
are needed to TB surveillance methods, which, at present, consist mostly of enumerating
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individuals already diagnosed and started on treatment [69-71]. MIA is a useful technique for
estimating the prevalence of infectious diseases [72,73], is acceptable to a high proportion of
families [26,74], and could be used periodically for surveillance at sentinel sites [75], allowing
for more accurate evaluation of the impact of disease-focused interventions.

Population-level estimates of cause-specific mortality are extremely valuable and improving
the accuracy of VA-generated estimates would be of benefit, regardless of whether or not VA
is used to assign individual CoD. The continued development and sharing of gold standard
datasets that include pathological autopsy data, better reflecting the high proportions of
HIV -associated mortality seen in high-burden countries and including both hospital and
community deaths in different populations, would allow for greater standardisation in future
validation studies. The parallel development of a structured, standardised process for CoD
assignment, similar to that described in the Coding Causes of Death in HIV (CoDe) project
[76], but assigning CoD matched to ICD codes [77], would increase the value of this exercise.

Limitations and strengths

This study had limitations: the median time from death to VA was slightly longer than the
ideal three months that some recommend, but was well within the maximum 12 months rec-
ommended by WHO and was therefore considered unlikely to have had a substantial effect on
WVA-generated estimates [78,79]; physicians who reviewed clinical and VA data were aware
that most decedents were likely HIV-positive and had been enrolled into TB-focused studies,
which may have led to greater assignment of HIV- and TB-related CoD; missing operational
and research data may have affected consistency of the reference standard; pathological
autopsy data were available for a small number of decedents; and, although the reference CoD
assigned represent our best estimates using the data available, the true CoDd may still differ.
Questions on ART and TB treatment, added to the VA instrument by the study team, may
have led to changes in how events were reported in the free narrative section; the answers to
the questions themselves, however, were not provided to reviewing physicians or to either
software. InterVA-4 and SmartVA- Analyze are designed for use with the WHO 2014 and
PHMRC VA instruments, respectively, therefore using the WHO 2012 instrument may have
resulted in some missing variables; healthcare and narrative data were not provided to Smart-
WVA-Analyze, which may have affected its assignment of CoD. Individuals included in this
analysis are likely representative of those with advanced HIV disease in resource-scarce set-
tings, but may not necessarily represent the patterns of mortality seen in the wider community.
This may have affected measures of agreement that are dependent on the composition of the
gold standard CSMF and may, in turn, limit the generalisability of our findings. This study’s
strengths include: having recent, reliable information regarding CD'4 count, ART status, and
investigation and treatment of TB; using the same physicians to assign PCVA CoD for all dece-
dents; using robust methods to assign reference CoD); comparing VA-assigned CoD to a refer-
ence standard that included MIA findings; comparing between CoD using a range of metrics,
allowing for evaluation of different potential applications of VA; and classifying HIV -assod-
ated TB separately from other HIV-associated CoD), something made difficult by ICD-10 and
generally neglected by previous VA studies.

Conclusions

Current VA methods underestimate mortality due to HIV -associated TB. At present, VA does
not assign individual CoD in areas of high HIV prevalence with sufficient accuracy and, in
part due to the limitations of ICD-10, does not distinguish between deaths due to HIV-associ-
ated TB and advanced HIV disease. More accurate methods are needed that allow for direct
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estimation of deaths due to HIV-associated TB; unless TB mortality is more accurately mea-
sured, it will be extremely difficult to track progress towards the goals set by the post-2015
global strategy.
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5.4. Material provided as supplementary online appendices

Supplementary table 5:1. Grouped ICD-10 CoD categories and corresponding WHO 2014 CoD codes

Grouped ICD-10 category*

Corresponding WHO 2014 CoD codes [106]

HIV/AIDS-related

01.03 HIV/AIDS-related death

Pulmonary TB

01.09 Pulmonary tuberculosis

Other infections

01.01 Sepsis (non-obstetric)

01.02 Acute resp. infection, incl. pneumonia
01.04 Diarrhoeal illness

01.05 Malaria

01.06 Measles

01.07 Meningitis and encephalitis

01.08, 10.05 Tetanus

01.10 Pertussis

01.11 Haemorrhagic fever

01.99 Other and unspecified infectious diseases

Non-HIV malignancy

02.01 Oral neoplasms

02.02 Digestive neoplasms

02.03 Respiratory neoplasms

02.04 Breast neoplasms

02.05, 02.06 Reproductive neoplasms M, F

02.99 Other and unspecified neoplasms

Other non-communicable
diseases

03.01 Severe anaemia

03.02 Severe malnutrition

03.03 Diabetes mellitus

04.01 Acute cardiac disease

04.02 Stroke

04.03 Sickle cell with crisis

04.99 Other and unspecified cardiac disease
05.01 Chronic obstructive pulmonary disease
05.02 Asthma

06.01 Acute abdomen

06.02 Liver cirrhosis

07.01 Renal failure

08.01 Epilepsy

98 Other and unspecified NCD

External / Traumatic / Pregnancy
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Grouped ICD-10 category* Corresponding WHO 2014 CoD codes [106]

09.02 Abortion-related death

09.03 Pregnancy-induced hypertension

09.04 Obstetric haemorrhage

09.05 Obstructed labour

09.06 Pregnancy-related sepsis

09.07 Anaemia of pregnancy

09.08 Ruptured uterus

09.99 Other and unspecified maternal CoD

12.01 Road traffic accident

12.02 Other transport accident

12.03 Accidental fall

12.04 Accidental drowning and submersion

12.05 Accidental exposure to smoke, fire, & flame
12.06 Contact with venomous plant/animal

12.07 Accidental poisoning and noxious substances
12.08 Intentional self-harm

12.09 Assault

12.10 Exposure to force of nature

12.99 Other and unspecified external CoD

Indeterminate Cause of death unknown

*Categories used for analysis purposes

AIDS: Acquired immune deficiency syndrome; CoD: cause of death; F: Female; HIV: Human immunodeficiency virus;
ICD: International Classification of Diseases; M: Male; NCD: Non-communicable disease; TB: tuberculosis; WHO: World

Health Organization
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Supplementary table 5:2. Criteria used by clinical panels to assign study-defined CoD and associated certainty

in primary care clinics in South Africa

Study-defined
category

Certainty

‘Definite’

‘Probable’

‘Possible’

Death due to TB in an
HIV positive individual

Documented evidence of positive HIV point-of-
care test or ELISA OR patient on ART

AND

History and clinicopathological features consistent
with active TB disease

AND

Microbiological evidence of TB
(culture positive or Xpert® MTB/RIF positive)

Documented evidence of positive HIV point-of-care
test or ELISA OR patient on ART

AND
History suggestive of active TB disease
AND

Positive sputum smear, urine LAM or chest x-ray

History suggestive of HIV and active TB, but
no clear evidence available

Death due to other
HIV/AIDS-associated
cause (excluding TB)

Documented evidence of positive HIV point-of-
care test or ELISA OR patient on ART

AND
History and clinicopathological findings consistent
with an AIDS-defining or HIV-associated condition

(other than TB), or a condition due to ART (only
applicable if ART use documented)

AND

Microbiological/histological/cytological evidence
for one of the above

Documented evidence of positive HIV point-of-care
test or ELISA OR patient on ART

AND
History consistent with an AIDS-defining or HIV-
associated condition (other than TB), or a condition

likely due to ART (only applicable if ART use
suggested)

AND

Documentation of one of the above conditions by a
senior clinician

History suggestive of an AIDS-defining or HIV-
associated condition (other than TB) in a
person thought to be HIV-positive or a
condition thought to be due to ART

Death due to cause
unrelated to HIV in an
HIV-positive adult

Documented evidence of positive HIV point-of-
care test or ELISA OR patient on ART

AND

History and clinicopathological findings consistent
with a condition unrelated to HIV

Documented evidence of positive HIV point-of-care
test or ELISA OR patient on ART

AND

History consistent with a condition unlikely to be
related to HIV

Documented evidence of positive HIV point-
of-care test or ELISA OR patient on ART

AND

History suggestive of a condition unlikely to
be related to HIV

Death due to TB in an
HIV-negative adult
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Documented evidence of negative HIV point-of-
care test or ELISA in the 90 days prior to death

AND

History consistent with active TB disease of a
severity sufficient to cause death

Documented HIV-negative point-of-care test or ELISA

over 90 days but less than 180 days prior to death)
AND

History suggestive of active TB disease of a severity
sufficient to cause death

Measuring mortality due to HIV-associated tuberculosis among adults in South Africa: Comparing verbal autopsy,
minimally-invasive autopsy, and research data

Patient self-reports HIV negative

AND

No other evidence of HIV disease or an HIV
test
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Study-defined
category

Certainty

‘Definite’

‘Probable’

‘Possible’

AND

Microbiological evidence of TB (culture positive,
Xpert® MTB/RIF positive)

AND

Positive sputum smear or urine LAM or chest x-ray

AND

History suggestive of active TB disease (of a
severity sufficient to cause death)

Death due to cause
other than TB in an
HIV-negative adult

Documented evidence of negative HIV point-of-
care test or ELISA in the 90 days prior to death

AND

No evidence (history or investigations) of TB

Documented HIV-negative point-of-care test or ELISA
over 90 days but less than 180 days prior to death)

AND

No evidence (history or investigations) of TB

OR

Possible evidence of TB disease (e.g.: suggestive
symptoms) but clinical history not consistent

Patient self-reports HIV negative

AND

No other evidence of HIV disease or HIV test
AND

No evidence (history or investigations) of TB
OR

Possible evidence of TB infection/previous
exposure but clinical history not consistent

Death due to
indeterminate cause

Cause of death unclear

AIDS: Acquired immune deficiency syndrome; ART: antiretroviral therapy; CoD: cause of death; ELISA: Enzyme-linked immunosorbent assay; HIV: human immunodeficiency virus;

LAM: lipoarabinomannan; TB: tuberculosis
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Supplementary table 5:3. CoD for decedents with 'Autopsy’ data: ICD-10 immediate and underlying CoD, as assigned by reviewers; grouped ICD-10 category; and study-specific

categories as assigned by clinicopathological panel (L3), PCVA, InterVA-4, and SmartVA-Analyze (n=34)

ID+ Level three CoD Physician-certified VA CoD InterVA-4 CoD SmartVA-
Analyze CoD
‘Immediate’ ‘Underlying’ Grouped ICD-10  Study-defined ‘Immediate’ ‘Underlying’  Grouped ICD-10 Study-defined Grouped ICD-10
1 HIV disease HIV/AIDS-related Indeterminate PTB HIV disease  HIV/AIDS-related TB in HIV- HIV/AIDS- HIV/AIDS-
positive related related
2 | Disseminated HIV disease HIV/AIDS-related TBin HIV- PTB HIV disease HIV/AIDS-related TB in HIV- Pulmonary TB HIV/AIDS-
B positive positive related
3 Disseminated HIV disease HIV/AIDS-related TBin HIV- PTB HIV disease HIV/AIDS-related TBin HIV- HIV/AIDS- Other NCD
TB positive positive related
4 Cryptococcal HIV disease HIV/AIDS-related HIV/AIDS, excl. PTB HIV disease HIV/AIDS-related TBin HIV- HIV/AIDS- HIV/AIDS-
disease TB positive related related
5 | Gastroenteritis HIV disease Other infectious  HIV/AIDS, excl. Stroke HIV disease HIV/AIDS-related HIV/AIDS, excl. | Other NCD | Other infectious
TB TB
6 | Disseminated HIV disease  HIV/AIDS-related TBin HIV- Bacterial HIV disease  HIV/AIDS-related HIV/AIDS, excl. Non-HIV HIV/AIDS-
B positive meningitis TB malignancy related
7 | Disseminated HIV disease  HIV/AIDS-related TB in HIV- Bacterial HIV disease  HIV/AIDS-related HIV/AIDS, excl. HIV/AIDS- Other NCD
TB positive infection TB related
8 | Disseminated HIV disease  HIV/AIDS-related TBin HIV- Disseminated HIV disease  HIV/AIDS-related TB in HIV- HIV/AIDS- HIV/AIDS-
B positive TB positive related related
9 Bacterial HIV disease HIV/AIDS-related TBin HIV- PTB HIV disease HIV/AIDS-related TB in HIV- Pulmonary TB HIV/AIDS-
pneumonia positive positive related
10 | Salmonellosis HIV disease  HIV/AIDS-related HIV/AIDS, excl. HIV disease HIV/AIDS-related HIV/AIDS, excl. Other Non-HIV
TB TB infectious malignancy
11 PCP HIV disease  HIV/AIDS-related HIV/AIDS, excl. | Gastroenteritis HIV disease Other infectious HIV/AIDS, excl. HIV/AIDS- HIV/AIDS-
B B related related
12 | CNS disorder HIV disease HIV/AIDS-related Indeterminate Stroke HIV disease HIV/AIDS-related Non-HIV in Other NCD Indeterminate
HIV-positive
13 Bacterial HIV disease  HIV/AIDS-related HIV/AIDS, excl. PTB HIV disease  HIV/AIDS-related TB in HIV- Pulmonary TB HIV/AIDS-
pneumonia TB positive related
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ID+ Level three CoD Physician-certified VA CoD InterVA-4 CoD SmartVA-
Analyze CoD
‘Immediate’ ‘Underlying’ Grouped ICD-10  Study-defined ‘Immediate’ ‘Underlying’  Grouped ICD-10 Study-defined Grouped ICD-10
14 | Disseminated HIV disease HIV/AIDS-related TBin HIV- Gastroenteritis HIV disease Other infectious HIV/AIDS, excl. Other Other infectious
TB positive TB infectious
15 LRTI HIV disease  HIV/AIDS-related Indeterminate HIV disease HIV/AIDS-related HIV/AIDS, excl. HIV/AIDS- Other NCD
B related
16 | Disseminated HIV disease HIV/AIDS-related TB in HIV- Peptic ulcer EPTB Other NCD TBin HIV- Non-HIV Non-HIV
TB positive positive malignancy malignancy
17 | Indeterminate HIV disease HIV/AIDS-related Indeterminate PTB HIV disease HIV/AIDS-related TBin HIV- Other NCD HIV/AIDS-
positive related
18 | Disseminated HIV disease  HIV/AIDS-related TBin HIV- HIV disease HIV/AIDS-related HIV/AIDS, excl. HIV/AIDS- HIV/AIDS-
TB positive B related related
19 | Cryptococcal HIV disease HIV/AIDS-related HIV/AIDS, excl. PE HIV disease HIV/AIDS-related  Non-HIV in Non-HIV Indeterminate
disease TB HIV-positive malignancy
20 | Disseminated HIV disease  HIV/AIDS-related TB in HIV- Liver disease HIV disease  HIV/AIDS-related HIV/AIDS, excl. HIV/AIDS- Indeterminate
TB positive TB related
21 Bacterial HIV disease HIV/AIDS-related HIV/AIDS, excl. Pneumonia Type two Other infectious Non-TB in HIV- Other Other NCD
pneumonia B diabetes negative infectious
22 Bacterial HIV disease HIV/AIDS-related HIV/AIDS, excl. | Gas gangrene HIV disease HIV/AIDS-related Non-HIV in Non-HIV Other NCD
pneumonia B HIV-positive malignancy
23 | NTM disease HIV disease  HIV/AIDS-related HIV/AIDS, excl. | Chronic renal HIV disease  HIV/AIDS-related HIV/AIDS, excl. HIV/AIDS- Other infectious
TB failure TB related
24 | NTM disease HIV disease HIV/AIDS-related HIV/AIDS, excl. PTB HIV disease HIV/AIDS-related TB in HIV- Pulmonary TB | Indeterminate
B positive
25 Transport External/trauma Non-HIV in HIV- Injuries to Transport External/trauma Non-TBin HIV- | Pulmonary TB HIV/AIDS-
accident positive spine and trunk accident negative related
26 EPTB HIV disease HIV/AIDS-related TBin HIV- Gl obstruction Other NCD Non-TB in HIV-| Other NCD Indeterminate
positive negative
27 | NTM disease HIV disease  HIV/AIDS-related HIV/AIDS, excl. HIV disease HIV/AIDS-related HIV/AIDS, excl. HIV/AIDS- Other infectious
TB B related
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ID+ Level three CoD Physician-certified VA CoD InterVA-4 CoD SmartVA-
Analyze CoD
‘Immediate’ ‘Underlying’ Grouped ICD-10  Study-defined ‘Immediate’ ‘Underlying’  Grouped ICD-10 Study-defined Grouped ICD-10
28 | Disseminated HIV disease  HIV/AIDS-related TBin HIV- HIV disease HIV/AIDS-related HIV/AIDS, excl. HIV/AIDS- HIV/AIDS-
TB positive TB related related
29 Nocardiosis HIV disease  HIV/AIDS-related HIV/AIDS, excl. HIV disease HIV/AIDS-related HIV/AIDS, excl. HIV/AIDS- HIV/AIDS-
TB B related related
30 Pneumonia HIV disease  HIV/AIDS-related HIV/AIDS, excl. HIV disease HIV/AIDS-related HIV/AIDS, excl. HIV/AIDS- 4.
TB B related Indeterminate
31 | Disseminated HIV disease HIV/AIDS-related TB in HIV- Gastroenteritis HIV disease Other infectious HIV/AIDS, excl. HIV/AIDS- Other infectious
B positive TB related
32 | Disseminated HIV disease HIV/AIDS-related TBin HIV- Bacterial HIV disease HIV/AIDS-related HIV/AIDS, excl. | Pulmonary TB 4,
TB positive pneumonia B Indeterminate
33 cMmv HIV disease  HIV/AIDS-related HIV/AIDS, excl. | Hepatic failure PTB Other NCD TB in HIV- HIV/AIDS- HIV/AIDS-
TB positive related related
34 PCP HIV disease  HIV/AIDS-related HIV/AIDS, excl. | Hepatic failure PTB Other NCD HIV/AIDS, excl. | Pulmonary TB PTB
TB TB

TID denotes chronological order in which participants died

AIDS: Acquired immune deficiency syndrome; CMV: cytomegalovirus; CNS: central nervous system; CoD: cause of death; excl.: excluding; EPTB: Extrapulmonary tuberculosis; Gl:

gastrointestinal; HIV: Human immunodeficiency virus; ICD: International Classification of Diseases; L3: level three reference cause of death (‘operational’, ‘research’, and ‘autopsy’

data); LRTI: lower respiratory tract infection; NCD: non-communicable disease; NTM: Non-tuberculous mycobacteria; PCP: Pneumocystis pneumonia; PCVA: physician-certified

verbal autopsy; PE: pulmonary embolism; PTB: pulmonary tuberculosis; TB: tuberculosis; VA: verbal autopsy
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Supplementary figure 5:1. Numbers of individuals enrolled to each of the parent studies, number of deaths, number of VAs conducted, data sources for clinical cause of death

assignment, data availability by parent study, and which data contributed to different CoD levels

Parent study

TB Fast Track

3022
enrolled

Availability of clinical data

. /

A
364 deaths

Level 3 CoD
Level 2 CoD
Level 1 CoD
Clinic file Clinic file
196/212 (92%) 47 (100%)
Operational
Data

Hospital file Hospital file

' 212/364

B 122/212 (58%)

TB Fast Track data XPHACTOR data

(58.2%)
VA

212 (100%) 47 (100%)

Research

Data
NHLS database NHLS database
207/212 (98%) 33/47 (70%)
MIA Autopsy
34/212 (16%) Data

Parent study

XPHACTOR

3722
enrolled

| .
125 deaths ’

=

- T

- 47/125 |

(37.6%)
VA

CoD: cause of death; MIA: minimally-invasive autopsy; NHLS: National Health Laboratory Services; TB: tuberculosis; VA: verbal autopsy
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