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Abstract

Despite impressive successes with the public health approach in scaling up HIV testing and ART access in the past
20 years, advanced HIV disease remains a persistent problem. People living with HIV (PLHIV) who require
admission to hospital are at extremely high risk of death. Tuberculosis (TB) remains the single biggest cause of
HIV-related deaths. This thesis considers adults living with HIV admitted to hospital, with the major focus being a

cluster randomised trial of enhanced TB diagnostics (CASTLE trial).

The thesis consists of the following chapters: first, a systematic review of interventions to reduce mortality among
adults living with HIV admitted to hospital in low- and middle-income countries. Ten studies were identified,

including two TB diagnostics intervention trials that showed mortality reductions.

Secondly, routine data from Queen Elizabeth Central Hospital in Blantyre, Malawi was used to estimate trends in
incidence of adult HIV-related admission to hospital and in-hospital deaths. The population incidence of HIV-
related hospital admissions declined substantially all age and sex groups from 2012 to 2019. In-hospital case-
fatality for admitted PLHIV remained unchanged, at 23.5%, with no significant reduction in any age-sex group,

and no association with ART use at admission.

Thirdly, a cluster-randomised trial (Computer Aided Screening for Tuberculosis in Low Resource Environments:
CASTLE) using admission day as the unit of randomisation was designed and conducted. Admission days were
randomly assigned to: 1) enhanced diagnostics for TB using urine lipoarabinomannan (LAM) (SILVAMP-LAM,
Fujicorp, Japan and LF-LAM, Alere/Abbot, USA), digital chest X-ray with computer aided diagnosis (dCXR-CAD)
using CAD4TBV6 (Delft, Netherlands) plus usual care; or 2) to usual care alone. The primary outcome was TB
treatment initiation during admission. Between 2 September 2020 and 15 February 2022, 415 adults were
recruited during 207 admission-days. TB treatment was initiated in 46/208 (22%) in the enhanced TB diagnostics
arm and 24/207 (12%) in the usual care arm (risk ratio [RR] 1.92, 95% Cl 1.20-3.08). Urine SILVAMP-LAM/LF-LAM
plus dCXR-CAD diagnostics identified more hospitalised PLHIV with TB than usual care, but with no evidence of
impact on survival, undiagnosed TB, or TB treatment initiation within 24 hours. Unanticipated findings in CASTLE

included poor concordance between SILVAMP-LAM and LF-LAM results.

The PhD highlights the ongoing high mortality of people living with HIV in hospital, the relative paucity of
evidence based interventions for this population, and the persistently high death rate. | show that an enhanced
TB diagnostic intervention is feasible and increases the number of people diagnosed with TB. To achieve goals to
get to zero AIDS deaths, people with advanced HIV disease particularly those in hospital, deserve greater

research attention.
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A note about organisation of thesis and nomenclature

This is a “papers style” thesis, consisting of three published papers, one unpublished manuscript and three
narrative chapters (background, challenges faced during trial, and discussion) which are not prepared as

manuscripts.

Reference lists are included within each paper / manuscript and at the end of each chapter. Pages are in
numerical order throughout thesis, although pages which are part of a published manuscript may have two page
numbers on them (the page in the journal, and the page in the thesis). Tables and figures in material unique to
this thesis have numbers which match their section. Tables and figures in published papers or manuscript for

publication are numbered according to their order within that paper / manuscript.

Where possible | have avoided using trade names or manufacturers names to refer to diagnostic tests in text.
This is in light of WHO Global TB Programme decision to move away from making recommendations for
individual tests, and focusing on diagnostic classes — with specific diagnostic tests within each class being
evaluated through the WHO prequalification process rather than by guideline recommendation. For avoidance
of doubt, “LF-LAM" refers to lateral flow lipoarabinomannan tests manufactured by Abbott

(Determine LF-LAM, Abbott, USA, previously manufactured by Alere). “SILVAMP-LAM" is the name of the
lipoarabinomannan test manufactured by Fujifilm (Japan). In preference to specifying a trade name, | have
usually referred to sputum Nucleic Acid Amplification Tests (NAATSs), meaning any WHO-approved molecular TB
test, unless it is relevant what specific NAAT test was used. In practice, in CASTLE trial and in most studies
referred to in this thesis, Xpert (Cephid, USA) was the specific type of TB NAAT test used - either MTB/rif or Ultra.
In CASTLE the specific digital chest Xray and Computer Aided Diagnosis (dCXR-CAD) product was CADATB
version 6 (Delft, Netherlands). Other studies have used a variety of different dCXR-CAD products and the specific

product is mentioned where relevant.
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Chapter 1: Introduction

1.1 Aims

The broad aim of this research is to better understand and to reduce mortality among adults living with
HIV admitted to hospital. Because tuberculosis is the most common cause of hospital admission and
death, the focus of the research is on improving tuberculosis diagnosis in this group of people. The
research was conducted in Malawi, which is a high HIV prevalence, high TB burden country, where
much HIV care is delivered through a public health approach *? and population coverage of ART is high
among people living with HIV.2 The findings are likely to be generally applicable to Southern Africa,

which is the region where most advanced HIV disease and most HIV related deaths occur.*

1.2 Objectives
The specific objectives were to:

e Systematically review and synthesise the literature about interventions to reduce all-cause
mortality among adults living with HIV admitted to hospital in low- and middle- income
countries.

e Assess and quantify trends in HIV related hospital admission and in-hospital deaths between
2012 and 2019 in Blantyre City. This time period is concurrent with substantial ART scale up in
Blantyre.

e Design,implement and conduct a cluster randomised trial of enhanced tuberculosis
diagnostics (using digital chest X-ray with computer aided diagnosis and urine LF-LAM and
SILVAMP-LAM testing) among adults living with HIV admitted to hospital.

e Analyse, present, and discuss the results of the cluster randomised trial of enhanced

tuberculosis diagnostics.

1.3 Structure of thesis

This thesis consists of eight chapters.

Chapter 1: This introduction chapter sets out the aims, objectives and my role in the research.
Chapter 2 gives scientific background firstly to advanced HIV disease, HIV-related deaths and HIV
related hospital admissions, with a focus on Southern Africa. Secondly chapter two provides the

scientific background about TB diagnostics in people living with HIV. This material is specific to the

thesis, and is not published or prepared for publication elsewhere.
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Chapter 3 is systematic review of interventions to reduce all-cause mortality among adults living with
HIV admitted to hospital in low- and middle- income countries. This review is of interventions that are
broadly applicable to all or most of the population of HIV positive adults admitted to hospital. Studies
which only include people who already have an aetiological diagnosis in addition to HIV at the time of
recruitment into the study (for example, studies of treatments for cryptococcal meningitis) are not
included. Thisis a published article in PLoS Global Public Health, reproduced under the terms of the

CC-BY 4.0 license. Chapter 3 also contains an introduction and appendices to the review.

Burke R.M., Twabi H.H., Johnston C., Nliwasa M., Gupta-Wright A., Fielding K., Ford, N.,
MacPherson, P., Corbett, E. L. (2023) Interventions to reduce deaths in people living with
HIV admitted to hospital in low- and middle-income countries: A systematic review. PLOS
Global Public Health 3(2): e0001557.

Chapter 4 is the author accepted manuscript of a paper where | analyse change in incidence of HIV-
related adult hospital admissions and in-hospital deaths in Queen Elizabeth Central Hospital, Blantyre
between 2012 and 2019, together with an introductory “linking” section. The paper is published in AIDS,
and the material reproduced for this thesis under a CC-BY license applied by authors (“rights retention”

route for Plan S Green Open Access).

Burke, R. M., Henrion, M. Y. R., Mallewa, J., Masamba, L., Kalua, T., Khundi, M., Gupta-
Wright, A., Rylance, J., Gordon, S. B., Masesa, C., Corbett, E. L., Mwandumba, H. C., &
Macpherson, P. (2021). Incidence of HIV-positive admission and inpatient mortality in
Malawi (2012-2019). AIDS (London, England), 35(13), 2191-2199.

Chapter 5 is the protocol paper, summarising the design and protocol for a cluster randomised trial of
the impact of dCXR-CAD plus SILVAMP-LAM plus LF-LAM plus usual care, compared to usual care alone
forincreasing TB treatment initiation among adults living with HIV admitted to hospital. Thisis the

CASTLE trial: Computer Aided Screening for Tuberculosis in Low Resource Environments.

Burke, R. M., Nyirenda, S., Twabi, H. H., Nliwasa, M., Joekes, E., Walker, N., Nyirenda,
R., Gupta-Wright, A., Fielding, K., MacPherson, P., & Corbett, E. L. (2022). Design and
protocol for a cluster randomised trial of enhanced diagnostics for tuberculosis
screening among people living with HIV in hospital in Malawi (CASTLE study). PloS
one, 17(1), e0261877. https://doi.org/10.1371/journal.pone.0261877

Chapter 6 is the CASTLE results manuscript as prepared for publication, reporting the trial results and

setting them in context. | show that the CASTLE intervention increased the number of people starting

TB treatment (trial primary outcome), but had no effect on secondary outcomes of 56 day mortality,
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same day TB treatment initiation or undiagnosed TB at discharge. This is an manuscript prepared for

publication in a journal.

Chapter 7 sets out some of the notable and unanticipated challenges faced during the implementation
of the CASTLE trial, mitigations adopted, and lessons learned. The major challenges with the CASTLE
trial were: lower than initially anticipated recruitment, which was addressed early in the study period;
the COVID-19 pandemic; the now well-documented lot-to-lot variation in performance with SILVAMP-
LAM; the less well documented issue of variable performance with LF-LAM; and the lack of clinical

action consequent to dCXR-CAD results.

Chapter 8 is a chapter of discussion, conclusions and future research needed. In this chapter |
summarise the thesis and discuss the remaining important research and implementation questions
about what might be effective to reduce inpatient mortality from advanced HIV disease and contribute

towards goals of ending AIDS as a public health problem.

1.4 My role
I led the all of the research that is contained within this thesis, including being Principal Investigator of
the CASTLE trial, although | am grateful for support and wisdom of many people especially my

supervisors Prof Corbett and Prof MacPHerson.

| conceived the question for the systematic review, wrote the protocol, executed the database searches,
reviewed papers for inclusion, extracted data and wrote the first draft of the paper. | worked with
colleagues / co-authors for help with conceiving the review (Dr Nathan Ford at WHO as well as my
supervisors) peer reviewing the search strategy (Russell Burke, LSHTM libraries), being a second
reviewer for papers (Dr Hussein Twabi, Kamuzu University of Health Sciences) and for input and review

of manuscript (all authors, particularly my supervisors).

For the analysis of time trends in HIV related hospital admission and deaths, | obtained data from
Malawi Liverpool Wellcome data team. | cleaned the data, led the design of the statistical analysis,
wrote all code and figures, and wrote the first draft of the manuscript. | had input from Prof
MacPherson for help with correctly coding the statistical analysis, and from Dr Marc Henrion (Malawi

Liverpool Wellcome Trust) about statistical methods, particularly about missing data handling.
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| designed the CASTLE trial, initially as part of my (successful) funding proposal for this PhD. Whilst I led
the design process, | am particularly grateful for the wisdom and input of my supervisors and Prof
Katherine Fielding. My other co-authors provided valuable input to design - including Dr Marriott
Nliwasa, Dr Saulous Nyriendra and Dr Liz Joekes. Prof Fielding provided input about statistical
methods to ensure trial integrity. | wrote the trial protocol, the Standard Operating Procedures, the
Statistical Analysis Plan and all the content for ethical approval from LSHTM and Kamuzu University of
Health Sciences Research Ethics Committee - with review and input from Prof Corbett, Prof
MacPherson and Prof Fielding. | designed all the trial Case Report Forms using Open Data Kit, and was
assisted in back-up servers, archving and web hosting by data team at Malawi Liverpool Wellcome. With
the help of Malawi Liverpool Wellcome Human Resources team, | recruited, training and provided
directed supervision to the CASTLE trial research clinical officer (Timeo Mtenga) and research assistants
(Ivy Missi and Gift Kazembe). | led the CASTLE trial team day to day, with advice and input as needed
from my supervisors (which was particularly invaluable when navigating COVID impact on the trial). |
managed data - blinded to trial arm allocation - and conducted interim data reports for the Data Safety
Monitoring Committee (interim data reports did not split data by trial arm and did not do formal interim
analyses). | worked with MLW Clinical Research Support Unit who provided trial monitoring to ensure
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2.3 References

2.1 Advanced HIV and outcomes for adults living with HIV admitted to hospital in Africa
2.1.1 Setting the scene: the HIV epidemic in Southern and Eastern Africa, and Malawi

Of the 38.4 million people worldwide living with HIV in 2021, 20.6 million live in Southern and Eastern
Africa. In 2021 in Southern and Eastern Africa, 85% of people living with HIV knew their status, 88% of
people who knew their status were on anti-retroviral therapy (ART) and 92% of those on ART were
virally suppressed.! This coverage was made possible by development of low cost service delivery
models taking a “public health approach” to ART scale-up.2® The public health approach to ART uses a
limited number of highly standardised (not individualised) diagnostic tests, ART regimens, and follow-
up schedules, minimising the cost and level of skill needed to manage patients and thereby facilitating
decentralisation of HIV care from a small number of hospital hubs (as was the case in the early 2000s)
to a large number of primary care clinics, opening up access to ART for millions of people. The public
health approach includes task shifting so that HIV testing and ART related tasks are performed by

cadres of staff following protocols with shorter training.

UNAIDS HIV epidemic estimates start from 1990, with an estimate of 4% adults age 15-49 in Southern
and Eastern Africa living with HIV at that time;* HIV was prevalent in Southern and Eastern Africa before

1990 and reports of people with AIDS in Uganda and Democratic Republic of the Congo were
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documented in scientific literature in 1980s.** Effective combination therapy for HIV was discovered in
mid-1990s,*’ but it was not made available in the parts of the world most affected by HIV until much
later.® Decades of increasingly concerted and coordinated effort from health providers, activists,
funders, academics and people living with HIV were required to make ART available to people who
needed it.° Notable dates include founding of Global Fund and the UN Declaration of Commitment on
HIV/AIDS, both in 2001,*% the“3 by 5” initiative to start three million people on ART by 2005,2
launched in 2003 (at which time there were 14 million people living with HIV in Southern and Eastern
Africa), and the Millennium Development Goals in 2005 to combat HIV/AIDS.'* More recently, in 2016,
WHO recommended ART should be offered to everyone living with HIV (“treat all”)** and UNAIDS
established goals for 90% of people living with HIV to know their status, 90% of those people to be on
ART and 90% of those people to achieve viral load suppression (90-90-90 goals, revised to 95-95-95 in
2020).** In 2021 a UN adopted a high level resolution to “get back on track” to end AIDS by 2030.1¢

Malawi was one of the first countries to innovate and scale up the public health approach to ART. In
Malawi the peak of new HIV infections occurred in 1994 (with 130,000 estimated new HIV infections that
year) and HIV related deaths peaked in 2004 (estimated 81,000 AIDS-related deaths), with both peak
infections and peak deaths preceding other Southern and Eastern Africa countries by several years.* In
Malawi, a very limited amount of paid-for ART (using stavudine-based regimens) was available from
2001 onwards.” However the real change in Malawi was when ART began to be available free of charge
in 2004 for people with low CD4 cell counts (e.g. adults with CD4 <200 cells/mm?3, later for everyone
with CD4 < 350 cells/mm?3) or with WHO Stage 3 or Stage 4 opportunistic infections.!® Lifelong ART for
all pregnant and breastfeeding women (Option B+) was started in 2013, and ART for all people living
with HIV regardless of CD4 cell count (“treat all”) has been available since 2016. From 2018, Malawi
introduced doltutegravir (DTG, an integrase strand reverse transcriptase inhibitor [INSTI] class ART
drug) asits first line ART, in combination with tenofovir and lamivudine, and transitioned all people
(including those stable on older ART regimens) to DTG-based ART. This pattern of ART timing,
eligibility, availability and types of regimens in Malawi is similar to or slightly earlier to other countries

in Southern and Eastern Africa region.®

In 2021, there were nearly one million people living with HIV in Malawi, with an estimated HIV
prevalence among adults age 15-49 years of 7.7% (95% confidence interval [CI] 7.1 - 8.0%).! In
Blantyre City and Zomba City where research for this thesis is based, HIV prevalence in 2020 was 17.0%

(95% Cl 15.9-18.1%) and 18.3% (15.7-21.3%) respectively.!® Overall, in Malawi in 2021, 93% of people
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living with HIV know their status, 97% of those are on ART and 83% of people on ART are virally

suppressed. There are no sub-national estimates for the HIV treatment cascade.!

2.1.2 The persistent problem of advanced HIV

Despite the successes and the millions of years of life saved from the scale up of ART, advanced HIV
disease (defined as CD4 cell count <200 cells/mm?3) remains a persistent problem. People with
advanced HIV disease have a much higher risk than people with controlled HIV of opportunistic

infections, HIV-associated cancers, other AIDS-related diseases, hospital admission and death.20-22

Worldwide, an estimated 4.3 million people have advanced HIV disease, of whom 2.5 million live in
Africa. The persistence of advanced HIV disease, despite well-developed ART programmes, is a major
contributor to the 650,000 deaths (lower estimate 510,000 - upper estimate 860,000) from HIV
worldwide, and 280,000 (lower estimate 230,000 - upper estimate 360,000) deaths in Southern and
Eastern Africa in 2021.! Modelling of AIDS-related deaths is challenging due to lack of vital registration
in many HIV-affected countries, lack of cause-of-death reporting,?*?* and the need to extrapolate death
rates from relatively small datasets % (which themselves has lost to follow up and missing data
challenges?"?) to entire countries and regions. There is a large uncertainty around numbers with
advanced HIV disease and death.?62:% Spectrum - supported by UNAIDS - is the major model used to
combine data on HIV prevalence surveys, sentinel surveillance, ART programme data and vital
registration (were available) to model HIV incidence, prevalence and deaths - data related to AIDS

deaths are particularly sparse.?>*

Several studies illustrate this problem of advanced HIV: One quarter of all people starting ART in
Gabarone, Botswana, between 2015 and 2017 had CD4 <200 cells/mm? at ART initiation ** and 17% of
people newly entering HIV care as part of a large community based HIV study in rural Botswana
between 2013 and 2018 had advanced HIV.32 In the South African National Health Laboratory Service
database of 3.99 million people entering HIV care between 2011 and 2016, 33% had advanced HIV
disease.®® Data from the leDEA / COHERE collaborations show that in the 16 low income countries
contributing data (all of which are in Africa), 31% of all participants starting ART in 2015 did so with CD4
<200 cells/mm3.3* In Malawi, data from first quarter of 2022 showed that 27% (3,039 / 11,091) of all CD4
counts reported to the Department of HIV / AIDS in Malawi were <200 cells/mm?3 (personal
communication), although this may be biased due to indication for doing CD4 tests being based on

clinical suspicion of treatment failure.
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While many studies focus on CD4 counts at ART initiation, increasingly people with advanced HIV are
not ART-naive but have either stopped taking ART, are taking ART intermittently, or are taking
ineffective ART. HIV virologic failure is defined as HIV-1 viral load > 1000 copies/mL whilst taking ART for
at least six months;* persistent low CD4 counts in people taking ART are usually, but not always, found
in conjunction with virologic failure. As an example, in the Western Cape, South Africa, 51.8% of people
with CD4 < 50 cells/mm?3recorded in National Health Laboratory Systems database were ART
experienced - although there may be biases in eligibility for CD4 count measurement.*® In a large,
representative Zimbabwe Population Survey, 17% of all adults living with HIV had CD4 < 200 cells/mm?3,
and 49.4% of those had been on ART for 6 months or more.>” The hospital data (summarised below)
also shows increases in the number and proportion of ART-experienced people (both people currently
using ART, and people who previously started ART and then disengaged from care) with advanced HIV

disease, in parallel with increased numbers of people starting ART in the population.

2.1.3 Advanced HIV, hospitalisations and in-hospital mortality of adults living with HIV in Africa

Hospital epidemiology related to HIV from Africa is relatively sparse. However, from the few cohorts
available, the number of PLHIV becoming unwell and attending hospital has remained high in several
countries in Southern and Eastern Africa, consistent with advanced HIV being an ongoing public health
problem, even as ART has been successfully scaled up. This thesis focuses on adult admissions, and
cannot be generalised to children, as the causes of admission, outcomes and - critically - prevalence
and diagnostics for tuberculosis differ substantially between adults and children.®® Accordingly, this
introduction focuses on hospital epidemiology for adults. Table 2.1 gives an overview of relevant

studies conducted in hospitals in Southern and Eastern Africa that recruited adult inpatients.

Sixty percent of adult hospital admissions to a general hospital in South Africa (GF Jooste, in Western
Cape) were related to HIVin 2012-13, despite widespread ART availability in the community at that
time.* Similarly, 50% and 42% of admissions to hospital in Lilongwe, Malawi between 2011 and 2012
and Kweneng East District, Botswana between 2015 and 2016, respectively, were related to HIV.#0:4
Ninety percent of adults admitted with suspected sepsis to emergency department of University
Teaching Hospital, Lusaka in 2021 and 2013 were living with HIV in 2012-13,%? and 41% of adults
admitted with fever to seven hospitals in Malawi, Mozambique and Zimbabwe in 2018 to 2020 were HIV

positive.*®
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Hospital, Country, and Population Proportion ART use CDA4 cell count Virological suppression
year living with HIV among PLHIV  comments

among all

admissions
Studies that recruited adults irrespective of HIV status
G.F. Jooste, Cape Town, People admitted 60% (609/1013) Current ART CD4 < 200 cells/mm365% VL suppression: 55%
South Africa. 2012- adult medical wards 45% (383/585) (142/263) of those on
2013.3° (263/585), ART.
Kamuzu Central People admitted 50% (1174/2364  Current ART Not reported Not reported
Hospital, Lilongwe, adult medical wards with known HIV 58%
Malawi, 2011-2012.40 status) (689/1174)
Scottish Livingstone People admitted to 48% (983/2024 Current ART CD4 < 200 cells/mm342%  Not reported
Hospital, Kweneng East, adult medical wards with known HIV 66% (377/898)
Botswana, 2015-2017.44 status) (653/983)

Kamuzu Central
Hospital, Lilongwe,
Malawi, 201345

Tertiary hospital, North
West Province, South
Africa, 2014.46

People admitted to
adult medical wards
who survived their
admission.

People admitted to
adult medical wards
who survived
admission.

51% (1001/1962
with known HIV
status)

168/293 (57%)

Not reported

Current ART
52% (88/168)

Not reported

Median CD4 56
cells/mm3 in people
newly diagnosed HIV, 182
in people already knew
status

Not reported

Not reported

University Teaching Adults admitted to 67% (762/1183 Current ART CD4 <200 cellsymm359%  Not reported
Hospital, Lusaka, internal medicine with known HIV 86% (among those with CD4
Zambia, 2017-2018.47 who weren’t critically ~ status) (206/239) measured, denominator
ill. not stated)
Studies which recruited adults with sepsis / fever
University Teaching Adults in emergency 187/209 (90%) 107 /209 Median: 72 cells/mm3  Not reported
Hospital, Lusaka, department with (51%) and 65 cells/mm3in
Zambia, 2012-2013.42 fever syndrome each arm trial.
Seven hospitals in Adults admitted to 383/926 (41%) Not reported Not reported Not reported

Malawi, Mozambique,
Kenya (FIEBRE study).
Approx. 2018.43

hospital with fever

Queen Elizabeth Central  Adults in emergency 143/213 (67%) Current ART 52/84 (62%) people Not reported
Hospital, Malawi, 2017-  department meeting 117/143 on ART >60months
2018.48 sepsis case definition (82%) had CD4 <200
cells/mm3
Studies that recruited all inpatient adults living with HIV
Homa Bay County Adults admitted to NA ART > 6 months: CD4 < 200 cells/mm3: VL suppression among
Hosptial, Kenya, 2015 MSF-supported medical Kenya 46% Kenya 63% (210/331)  those on ART >6 months
Centre Hospitalier de wards, living with HIV. (155/331) DRC 56% (211/376) who had VL measured:

Kabinda, DRC, 20174°

Chiradzulu District
Hospital, Southern
Region, Malawi, 2015-
2017.50

Zomba Central Hospital
Malawi & Edendale
hospital South Africa
2015-2017 (STAMP
trial)51-55

University Teaching
Hospital, Lusaka,
Zambia, 2018-2019.5¢

Adults (>15 years)
admitted to medical
wards, living with HIV
and not taking TB

treatment at admission.

Adults admitted to
medical wards, living
with HIV and not taking
TB treatment at
admission.

Adults living with HIV
admitted to medical
wards.

DRC 57% (212/376)

NA Current ART
305/287 (81%)

NA Current ART:
92% (1021/1316)
Malawi;
79% (840/1258)
South Africa.

NA 184/200 (92%)

Kenya 37% (20/54)
DRC 38% (65/171)

CD4<200 cells/mm3:
204/380 (54%)

Median CD4 cell
count:

Malawi 219
cells/mm3

South Africa 236
cells/mm3

Only 39% had result
documented. 75%
(58/77) tests done
were <350 cells/mm3.

Not reported

VL suppression among
those on ART >6 months:
68% (534/786). Only
measured in Malawi.

VL testing uncommon,
13/24 results showed
viral suppression.

Table 2.1 Selection of studies relevant to either proportion of inpatients living with HIV, or advanced HIV disease
among inpatients. VL =Viral load, DRC = Democratic Republic of Congo
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Outcomes for adults and children living with HIV who are admitted to hospital are poor. In a systematic
review and meta-analysis by Ford et. al., of 19 published cohorts among adult PLHIV admitted to
hospital in Africa between 2007 and 2015 (2007 was chosen as cut-off due to availability of ART), overall
adult in-hospital mortality was estimated at 31% (95% CI 7% - 37).%% The causes of admission and
causes and death in that systematic review were overwhelmingly adjudicated to be AIDS-related
causes - ascertainment of diagnoses varied by cohort, but mostly based on routinely available
diagnostic tests and clinician diagnosis - suggesting that HIV status was not incidental to reason for
hospital admission.®® Not only was there a high risk of in-hospital death, but a further systematic review
showed that even PLHIV who survived to discharge from hospital had a high risk of readmission (19%,
95% Cl 15-22%) and death (23%, 95% Cl 16-30%) within the subsequent year.5” This same pattern of
high in-hospital mortality and high mortality risk persisting even after discharge from hospital can be
seen in participants of randomised trials recruiting the same cohorts of otherwise unselected adult
hospitalised PLHIV, such as in the STAMP trial of urine TB diagnostics,* or trials recruiting people living

with HIV and sepsis syndromes*>*® or TB symptoms.*®

Unsurprisingly, given the potent impact of viral load suppression on risk of death, advanced HIV
disease and virologic failure are over-represented among people living with HIV who require hospital
admission, as summarised in Table 2.1. Median CD4 counts are low even in recent hospital cohorts
where ART use at hospital admission is more common - indicating that the issue of poor outcomes and
high in-hospital mortality has not been solved simply by greater community availability of ART. For
example, among adults taking ART for more than six months admitted to two hospitals in Kenya and
Democratic Republic of Congo, the prevalence of virological failure among those with a viral load test
was 63% and 62%, respectively - although not all participants had viral load measurement
completed.” The high prevalence of virologic failure on ART is a particular challenge which adds extra
complexity to hospital care. The group with virologic failure on ART probably represents a mix of
people who are intermittently taking ART, who are taking ineffective ART (due to drug resistance or
malabsorption) or who have persistent immunosuppression despite ART. In a study to develop and
validate a risk score for mortality among people hospitalised with HIV associated TB, being ART
experienced at admission to hospital was a risk factor for death? - i.e. conditional on being unwell
enough to require hospital admission, reported ART use does not reduce risk of death. Although, in
another large meta-analysis of people seriously ill with HIV-associated disseminated TB being ART
experienced was neutral (neither predictive, nor protective) for risk of death.>*° In one study HIV-1 viral

sequencing for predicted drug resistance among people with virological failure admitted to hospital in
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Malawi showed that HIV drug resistance was common (resistance to at least two ART drugs in 83% of
people taking ART with virologic failure), and associated with a risk of death.>® That study was among
people predominantly taking efavirenz-based ART; whether the finding of high levels of drug resistance
and risk of death if resistance will hold in a population predominantly taking INSTI-based ART (which

has a higher resistance bar) is uncertain.®

2.1.4 Tuberculosis/HIV co-infection

Since the beginning of the HIV epidemic, a strong association between HIV and incidence active
tuberculosis disease has been noted.®? For example, researchers noticed a 160% increase in
tuberculosis admissions between 1983/84 and 1987/88 in a hospital in Thyolo, a rural area of Southern
Malawi.®® High HIV prevalence among people admitted to hospital with tuberculosis, particularly
extrapulmonary tuberculosis, was reported as part of raising the alarm about HIV epidemic in Southern

Africa in late 1980s.54-5¢

People living with HIV are substantially more suspectable to TB disease than HIV negative people.®
The immunopathogenesis of HIV associated TB disease is incompletely understood. Unlike many other
opportunistic infections, whilst people with low CD4 counts and advanced HIV disease are at highest
likelihood of developing TB, the risk of developing TB disease increases shortly after HIV acquisition
while CD4 counts remain high and the risk incompletely reduced by effective ART.% HIV infection
clearly affects cell mediated immunity through depletion of CD4+ T cells, which impacts the ability of
immune system to control TB.5%" HIV infection also effects other aspects of cell mediate immunity
relevant to controlling TB - macrophage and dendritic cell antigen presenting activity, granuloma
formation and neutrophil activation are all effected in HIV positive vs. HIV negative people with TB
infection.®®™ There may also be differences in innate immune responses to TB exposure, cytokine
production and in B cell responses to TB infection in HIV positive compared to HIV negative people,
although these are incompletely understood. In addition to having a higher incidence of pulmonary TB
than HIV negative people, people living with HIV are at very substantially increased risk of
extrapulmonary and disseminated TB disease than HIV negative people - probably due to immune
dysfunction in granuloma formation and therefore failure of containment of initial TB bacilli leading to
risk of haematogenous spread of TB. ART initiation leads to suppression of HIV viral replication and a
subsequent increase in CD4 T cells - initially memory T cells (i.e. T cells specific to a particular antigen)
and the pool of naive CD4 cells.®® This leads to an improved ability to control TB infection and people
started on ART have a much lower risk of TB disease than people without ART. However, ART doesn’t

completely reverse the risk of TB disease in people living with HIV - this might be because CD4 T cell
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responses remain persistently altered in people living with HIV or because ART doesn’t fully restore all

aspects of innate and cell mediated immune pathways.5""

2.1.5 Tuberculosis is a major cause of in-hospital death

HIV associated tuberculosis remains a major cause of in-hospital death among adults living with HIV.
Evidence for this claim is from meta-analysis of routine data, autopsy data and prospective cohort

studies with diagnostic components, as discussed below.

In a systematic review and meta-analysis of published cohorts of adults living with HIV admitted to
hospital between 2007 and 2015 by Ford et. al., tuberculosis was estimated to be the reason for
admission in 17% hospital admissions and the main cause of death in 27% of in-hospital deaths
worldwide.™ That review was of published cohorts using routinely available tuberculosis diagnostics,
including clinical diagnosis (i.e. tuberculosis diagnosis made in the absence of microbiological

confirmation).™

In a meta-analysis of nine autopsy series reports in adults living with HIV from Africa from 1988 to 2012,
43.2% of all autopsies showed tuberculosis to be present at death.”? Most people who died in those
autopsy series were in hospital at the time of their death and 91% of deaths with TB the pathologists
concluded tuberculosis was the cause of death (rather than a co-morbid condition). The proportion of
deaths due to tuberculosis in this autopsy series meta-analysis increased between 1992 to 2012 by
approximately 5% every ten years. Five further autopsy papers published after this meta-analysis show

similar results: see table 2.2
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First author (year) Summary of participants and methods

TB prevalence

Systematic review & meta-analysis

Gupta et. al. 2015 72 Nine autopsy case series reports; papers from
adults in Africa, between 1988 and 2012.

Autopsy and TB diagnostic methods varied.

43.2% pooled prevalence of TB at death.
In 88% of people with TB, TB was disseminated.
91% TB was cause of death.
50% undiagnosed at time of death.
Increasing prevalence 1992 —2012.

Relevant autopsy studies published post 2012

Wong et. al. 201273 39 adults who died at Charlotte Makexe Hospital
Johannesburg (South Africa). 2009.

Minimally invasive autopsy (needle biopsy) notea

Karat et. al. 2016 74 34 adults initially enrolled in TB Fast Track trial
(South Africa) 2012-2014. Participants were
ambulant adults with CD4 <150 cells/mm?3 at
time of trial enrolment, but 74% were in hospital

at time of death.

Minimally invasive autopsies notea

Bates et. al. 2015 7> 101 HIV positive adults who died at Lusaka

Teaching Hospital (Zambia) 2012-2013.
A further 24 autopsies on HIV negative adults.

Full post mortem.

Garcia-Basteiro et. al.
201976

73 HIV positive adults who died at Maputo
Central Hospital (Mozambique) 2013-2015.

Full study also includes children, pregnant
women (maternal deaths) and HIV negative non-
pregnant adults.

Full post mortem.

Costales et. al. 2022 77 48 HIV positive adults and children who died in

hospital in Moshi (Tanzania) 2016-2019.

Full study also includes HIV negative adults and
children.

Mix of full post mortem and minimally invasive
autopsy.

26/39 (66%) had TB disease and 1 person disseminated
Mycobacterium avium infection.
All had extrapulmonary disease
17/27 (62%) had at least one other infectious or
neoplastic cause of death (bacterial co-infection
most common).
8 had Immune Reconstitution Inflammatory
Syndrome in conjunction with tuberculosis

16/34 (47%) had TB disease.
14 has extrapulmonary disease
6 not on TB treatment at death
11 had concurrent cryptococcal or bacterial
infection.

66/101 (65%) had TB disease
33 had extrapulmonary disease
46 had a concurrent comorbid condition noteb
13 had rifampicin-resistant TB (presumed MDR)
on NAAT. None were on MDR-TB treatment.

78 people in total had TB disease (including autopsies in
HIV negative adults)
20 /78 not on TB treatment at death

37/73 (50%) had TB diseasencte
28 with disseminated TB
11 had a concurrent condition

In all adults in study (including HIV negative), 41 people
had proven histopathological and microbiological TB
disease.

31/41 not were taking TB treatment at death.

15/48 (31%) had TB disease.
Among all adults and children (including HIV negative), 27

people had TB.
22 / 27 were not on TB treatment at death.

Table 2.2 Published studies reporting autopsy findings from adults living with HIV who died in hospital in

Africa

BAL = Bronchoalveolar lavage, CSF = Cerebrospinal fluid. NAAT = Nucleic Acid Amplification Testing. MDR = Multi-drug resistance. In
all studies, extrapulmonary disease category includes people who had both pulmonary disease and extrapulmonary disease.
(a) Minimally invasive autopsy involves taking samples from deceased people using needles and without removing or examining

whole organs.

(b) The most common comorbid conditions were pyogenic pneumonia (21 people) and anaemia (12 people). Uncertain whether

anaemia related to TB disease or a truly separate diagnosis.’8

(c) Includes six people with TB detected on NAAT from post-mortem samples, but no histopathological features to support TB.
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In a study conducted between 2012 and 2013 at GF Jooste hospital in Cape Town, South Africa, adult

PLHIV admitted to medical wards for any reason were prospectively enrolled into a diagnostic study and

had multiple samples taken for mycobacterial culture, including urine and induced sputum (mean of 5.6

tests per participant). Overall, 36% of participants had confirmed tuberculosis (this study did not include

urine lipoarabinomannan diagnostic when reporting the initial cohort).”® This study merits special

mention because of the unusually rigorous microbiological testing done for tuberculosis. This study is

discussed in more detail in the section about TB diagnostics for inpatient adults.

Further evidence from studies with well described TB testing (albeit a less comprehensive

microbiological tuberculosis assessment than Lawn et. al.) which recruited a broad subset of hospitalised

people, or are among high-risk outpatients also show high burdens of HIV-associated tuberculosis (Table

2.3). STAMP was a trial of urine TB screening in HIV positive hospital inpatients, which recruited

participants between 2015 to 2017 in Malawi and South Africa; 16% of all participants in the trial arm with

urine TB tests had microbiologically confirmed TB.>* Several other hospital observational cohorts or

studies that enrol a subset of all adults admitted to hospitals (e.g. adults with fever, adults with cough,

adults with sepsis syndrome) have also shown very high burdens of microbiological confirmed

tuberculosis.*>**5881 Two major outpatient advanced HIV disease studies report systematic tuberculosis

testing results: in the REALITY trial 5% of the entire cohort had died of tuberculosis within a year (based

on expert panel review of adverse events), making tuberculosis the leading cause of death.® In the

STATIS trial, 17% of participants in the test-guided TB treatment arm had either prevalent TB at

enrolment or incident TB within one year of starting ART.%

Study

Population

TB diagnostic testing details

Proportion with TB

Extensive microbiological sampling, all adults with HIV

Cape Town
Study?0

427 adults living with HIV, admitted

to GF Jooste hospital 2012-2013.
Recruited regardless of symptoms.

Mean 5.6 tests per person, included
(induced) sputum for NAATs and
culture, mycobacterial blood culture,
urine NAAT.

This paper does not include urine LF-
LAM testing.

139 (32.6%) microbiologically
confirmed TB.

115 (83%) had extrapulmonary
TB.

Clinical TB diagnoses not
reported.

Malawi hospital cohorts which recruited all adults with HIV

STAMP >1

Heurga et. al.
202030

1287 adults living with HIV
admitted to Zomba Central
Hospital (Malawi) or Edendale
hospital (South Africa) 2015-2017.
Recruited regardless of symptoms.

Table only includes people in the
TB diagnostic intervention arm.

387 adults living with HIV admitted
to Chiradzulu District Hospital,
Malawi. 2015-2017.

Recruited regardless of symptoms.

Sputum NAAT, urine NAAT, urine LF-
LAM (by trial team) plus any other TB
tests requested by usual care.

Sputum NAAT, sputum smear
microscopy, urine LF-LAM, CxR.

210 (16.3%) microbiologically
confirmed TB
72 (5.6%) clinically diagnosed TB.

119 (31%) microbiologically
confirmed TB (80 had LF-LAM as
only positive test).
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Kanyama et. al.
2022 84

438 adults living with HIV admitted
to Kamuzu Central Hospital,
regardless of symptoms. 2016-
2017.

Urine NAATSs, urine LAM done by
study. Sputum NAATSs according to
usual care.

Clinical TB diagnoses not
reported as distinct from
microbiologically confirmed.notea
82/363 (22%) LF-LAM tests done
were positive.

14/292 (5%) urine Xpert positive.
97 people started TB treatment
(unable to determine confirmed
vs. presumed).

Large hospital cohorts with well documented microbiological testing, selected adults with HIV

LAM-RCT >8

Griesel et. al.
201881

Lewis et. al.
2022 48

Andrews et. al.
2017 42

1257 adults living with HIV
admitted to one of ten hospitals in
South Africa, Zimbabwe, Tanzania,
or Zambia, in TB diagnostic
intervention arm. 2013-2014.
Recruited people with one or more
TB symptoms.

Table only includes people in the
TB diagnostic intervention arm

484 adults admitted to GF Jooste or
Khayelitsha hospital 2013-2014
who were seriously unwell, HIV
positive and with a cough.

143 adults living with HIV admitted
to QECH in Blantyre, Malawi with a
sepsis syndrome 2017-2018.

187 adults living with HIV admitted
to Lusaka Teaching hospital 2012-
2013 with possible sepsis.

Urine LF-LAM.

Plus all routine TB diagnostics,
including NAATSs, liquid culture, CxR
and other radiological tests (varied
from hospital to hospital)

All received CxR, three sputum
samples (induced if necessary). Extra-
pulmonary samples sent for
mycobacterial culture “when
appropriate”

Mycobacterial blood culture, urine
LF-LAM. Sputum NAAT “when there
was a suspicion of pulmonary TB”.

Mycobacterial blood culture provided
by study, plus usual care tests (not
described in detail.)

648 (52%) started TB treatment.

342 (27%) confirmed not
including urine LAM results, plus
at least 94 (7.3%) further people
with TB based on LF-LAM
resultnoteb

255 (53%) had culture positive
TB.

34 further people (7%) started TB
treatment clinically.

71 (50%) had microbiologically
confirmed TB.

43 (23%) had mycobacteraemia.
7 (4%) had sputum culture
positive for TB, without
mycobacteraemia.

Large outpatient advanced HIV studies with well documented microbiological testing,

STATIS 83

REALITY 82

527 adults starting ART with CD4
<100 cells/mm3 in the TB-test-
guided treatment arm.notec

Ivory Coast, Cambodia, Vietnam,
Uganda. 2014-2017.

Table only includes people in the
test-guided TB arm.

1805 adults and children starting
ART with CD4 cell count <100
cells/mm3. [NB. 96% are adults.]

Uganda, Zimbabwe, Malawi, Kenya.
2013-2015

Sputum NAAT, urine LF-LAM and CxR
at baseline visit (regardless of
symptoms).

At visits throughout study,
participants asked about TB
symptoms and if any symptoms had
sputum NAAT, urine LF-LAM, CxR and
“other appropriate symptom driven
investigations”.

At baseline, participants evaluated
for TB using a symptom checklist
followed by investigation “following
national guidelines”.

During study participation, deaths
and adverse events ascertained by
study team and causes reviewed by
endpoint review committee based on
available information / clinical
narratives.

99 (19%) had confirmed TB,
includes prevalent TB at baseline
or incident TB up to 48 weeks
from enrolment.

271 (15%) participants had
prevalent TB at baseline.

80 participants (5% of total) died
of tuberculosis by 48 weeks from
trial enrolment.

Table 2.3 Selected studies which included systematic microbiological TB testing among adults living
with HIV admitted to hospital or major outpatient advanced HIV disease studies.

NAAT = Nucleic Acid Amplification Test for TB, CxR = Chest Xray, LF-LAM = Lateral Flow LAM.

(a) Inthis study, during the first nine months of study LF-LAM results weren’t reported back to clinical teams and in the
second nine months results were reported (as national guidelines changed). Thus a substantial proportion of
microbiologically confirmed TB (based on LF-LAM in first nine months) weren’t treated for TB. Unable to determine
number of clinical TB diagnoses as distinct from microbiologically confirmed.
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(b) Specificity of LAM reported at 736/830 (i.e. 736 negative LF-LAM tests in 830 people with negative reference standard
tests), see Table 2 in reference 58. Implies 94 people had positive LF-LAM in absence of other positive TB tests. Unknown
about positive LF-LAM tests in people without reference standard tests completed.

(c) Only considering the test-guided TB treatment arm, in the other trial arm everyone received TB treatment and had fewer
TB diagnostic tests.

In summary, based on evidence from systematic review of hospital cohorts, autopsy studies, studies with
extensive microbiological sampling in unselected hospitalised adults living with HIV, and other studies
with well documented TB testing, tuberculosis has persistently been identified as the most common

disease and the most common cause of death among adults living with HIV in hospital in Africa.

2.1.6 Health needs of adults with HIV admitted to hospital in Africa

Whilst tuberculosis is the major cause of death among adults with HIV admitted to hospital, it is not the
only cause of death. Inthe Ford et. al. systematic review, AIDS-related illnesses (which included
tuberculosis, as well as toxoplasmic encephalitis, cryptococcal meningitis, pneumocystis pneumonia and
AIDS malignancies) were the leading cause of adult HIV positive hospital admission (63% of all
admissions), with bacterial infections next most common (36% of admissions).® In that review, 43% of
all people were on ART at the time of admission to hospital although some of these cohorts date back to
a time when population ART coverage was much lower than present.*® However, the more recent
inpatients studies from Southern Africa*’-*% suggest that AIDS-related conditions associated with
immunosuppression are still the major causes of admission for people living with HIV, even in the context
of high ART coverage in the population. The high prevalence of AIDS-related admissions and deaths
reflects a complex of mix of people who never started ART (undiagnosed HIV or diagnosed but never
linked to care), people who started ART and then disengaged from care for whatever reason, who are
intermittently taking ART, who are taking ineffective ART (due to drug resistance or malabsorption) or
who have persistent immunosuppression despite ART. From 2018 onwards, many countries, including
Malawi have switched large numbers of people to DTG-based ART (from efavirenz-based), the public
health impact of widespread use of DTG on population-level viral suppression, drug resistance, incidence

of hospital admission and HIV-related deaths remain unclear.

There are several interlinked areas of research priorities related to hospital care for adults living with HIV

in Southern Africa.

1. Inthe era of well-established “treat all” ART programmes, what is the incidence of HIV positive
hospital admission and in-hospital death?

2. Among adults living with HIV admitted to hospital, what are the most common causes for
admission and death? Are they still mostly AIDS-related? And what proportion are incidental to

HIV status?
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3. Arethere any interventions that can be broadly applied to all or most adults living with HIV
admitted to hospital to reduce death? This could include diagnostic interventions.

4. Are there disease-specific interventions or ways to improve management of major opportunistic
infections, such as disseminated TB, cryptococcal meningitis and severe bacterial infections?

5. How can hospitals be better linked to communities and primary care clinics? This to facilitate
early intervention in people with advanced HIV disease to reduce risk of serious illness, facilitate
timely referral to hospital if needed and quality care post discharge?

6. How should ART be managed in seriously unwell inpatients, what is the role for viral load testing

and how should virological failure in context of serious illness be managed?

This thesis addresses the first three of these questions. Research and implementation related to
improving in-hospital care for people living with HIV should occur against a background of tackling social
determinants of HIV and advanced HIV disease, HIV testing and ART services and progress towards

universal healthcare (see discussion chapter 8).
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2.2 Diagnosis of HIV-associated tuberculosis

The second part of this introductory chapter focuses on the diagnosis of HIV-associated TB, with a

particular emphasis on hospital inpatient adults.

HIV associated tuberculosis can be difficult to diagnose and is particularly challenging in settings with
relatively limited laboratory and radiology capacity, such as Malawi. The most common form of
tuberculosis is pulmonary tuberculosis, defined as tuberculosis affecting lung parenchyma or
tracheobronchial tree. Extrapulmonary tuberculosis is tuberculosis anywhere other than lungs; including
lymph node tuberculosis, pleural or pericardial tuberculosis, tuberculosis meningitis, spinal tuberculosis,
and tuberculosis affecting other organs. Disseminated tuberculosis is tuberculosis occurring in two or
more non-contiguous body sites, with presumed haematogenous spread. Pulmonary tuberculosis can -
and frequently does - coexist with extrapulmonary or disseminated tuberculosis.” Whilst all forms of
tuberculosis are more common in people living with HIV, and in people with low CD4 counts compared to
those with higher CD4 counts, disseminated tuberculosis is particularly common in people with advanced
HIV. For example, in the autopsy series meta-analysis from 1988 and 2012, TB was disseminated in 88% of
people with TB disease at autopsy.” Unlike pulmonary tuberculosis, which has a variety of clinical

manifestations including relatively indolent forms, disseminated tuberculosis can be rapidly fatal even

with prompt recognition, high quality care, and anti-tuberculosis treatment.>#

Broadly speaking, HIV-associated tuberculosis can be diagnosed through two pathways - systematic

protocol-guided screening, or individualised clinically-guided diagnostic investigation, although lines

between the two pathways are often blurred. Table 2.4 illustrates features of the two pathways.

Systematic protocol-guided screening

Clinically guided diagnostic investigations

Tests systematically offered to everyone who meets criteria.
Heterogeneity (of symptoms or risk of TB) within those who
have meet criteria for screening usually not considered.

Usually starts with a “triage test” or screen and proceeds to a
“diagnostic test” if initial screen positive. 8 Tests offered and
sequence of tests standardised.

Triage test should ideally be highly sensitive, and diagnostic
test highly specific.(note )

Relatively clear paths to enter and exit screening. If prescribed
tests are positive, start treatment and, if negative, exit
screening.(noteb) Alternative diagnoses not usually relevant or
considered.

Not individualised. Highly suitable for task-shifting and
delivery at scale.

Heterogeneous group may present for care and different
people may have individualised testing strategies.

The tests and testing sequencing offered are not standardised
and number and types of tests offered will depend on
individual need.

Information from highly specific tests integrated with non-
specific tests and other clinical / radiological features.
Decisions made after weighing up all available laboratory,
radiology and clinical information.

Can be difficult to decide when to stop testing. If tests are
positive: start treatment. If tests are negative a decision has
to be made about starting clinical treatment (i.e. making an
empiric diagnosis), stopping testing and refuting diagnosis, or
continuing to do more tests. Whether an alternative diagnosis
has been or can be made is highly relevant.

Highly individualised, needs trained and experienced
clinicians and ideally should usually take into account
individual values and preferences of patient.

Table 2.4 Features of diagnostic testing comparing systematic protocol-guided screening ® and
clinically-guided diagnostic investigation. See footnotes (overleaf) .
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Footnotes to table 2.4 (previous page):

The distinctions between the two groups are not absolute.

(@ Urine LAM testing for all inpatients fits most of my description as a “systematic protocol-guided screening” test, but it is a
not particularly sensitive and is not described by WHO Global TB programme as a “screening” test.

(b) Usually if tests are negative a person exits the screening pathway and is considered not to have the disease. In some
situations, if symptoms persist someone who initially starts in a systematic protocol-guided screening pathway might be
referred to clinically guided testing and diagnostic work-up.

WHO recommends systematic screening for tuberculosis for all PLHIV at every healthcare encounter,
regardless of the reason for seeking care.®® This initial screening step can use either symptom screening
(recommended since 2011%) or C-reactive protein (CRP) measurement or chest X-ray (CxR) - with CRP
and CXR being new recommendations from the 2021 WHO consolidated TB screening guidelines.®
Symptom screening means asking for presence of one or more of cough of any duration, night sweats,
weight loss or fever (WHO four symptom screen [WHO4SS]). CxR can be read by either human interpreter
or by computer aided diagnosis (CAD) software. If a person has a positive screening test (i.e. presence of
symptoms, high C-reactive protein or abnormal X-ray depending on which screening modality is being

used) then they should proceed to a specific diagnostic test such as sputum NAAT.

WHO also recommend systematic use of urine lipoarabinomannan (LAM) testing of people living with HIV
who have one more of; any TB symptom, low CD4 cell count (<100 cells/mm?3), or who are admitted to
hospital and have CD4 cell count <200 cells/mm?3.%° A recent individual patient data meta-analysis
considered diagnostic accuracy of WHO4SS and CD4 cut-offs to guide use of urine LF-LAM among
inpatients, highlighting relatively poor performance of WHO4SS and suggested recommending urine LF-
LAM for all inpatients living with HIV would be more logical.®! The LF-LAM recommendation describes a
similar use case as the systemic protocol-guided screening as outlined in table 2.4, insofar as the
recommendation is for urine LAM testing to be done systematically to everyone who meets the criteria
without further clinician input. However, urine LAM testing differs from typical screening tests because
the urine LAM test is much less sensitive than a typical screening test and thus a negative test does not
rule out tuberculosis. To illustrate this point, the WHO Global TB Programme do not refer to urine LAM
testing as “screening”, and instead describe the use of urine LF-LAM as “assisting diagnosis” of

tuberculosis.?®%?

The other pathway for people living with HIV receiving a tuberculosis diagnosis is through clinically-
guided diagnostic investigations. This is where a person presents to a healthcare setting because they
are unwell or have symptoms and a clinician considers tuberculosis as a possible diagnosis. Typically,

the pre-test probability in this pathway of tuberculosis is higher than in the screening pathway and the
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challenge is identifying tuberculosis vs. another disease-causing symptoms, rather than tuberculosis vs.
no illness (as in the systematic protocol-guided pathway). In this setting a variety of tuberculosis tests
should be done (at minimum, a sputum NAAT would be usual), but tuberculosis diagnostic tests might be
performed on multiple different specimens, depending on symptoms, radiological findings, ability to
collect invasive samples and laboratory capacity. Information from non-specific laboratory tests such as
presence or absence of anaemia, or cerebrospinal fluid biochemistry (in possible TB meningitis) might be
combined with radiological tests, including CxR. In this clinical care setting, a clinician (ideally in
conjunction with patient) will make decisions about how many and what types of TB diagnostics tests to
do, will interpret test results considering all available evidence, and will decide about the risks and
benefits of starting TB treatment in the absence of a positive diagnostic test (empiric TB treatment). In
practice, the line between a systematic protocol-guided pathway and a clinician-directed pathway can
become blurred, particularly in settings where there are insufficient clinicians to guide a clinician-guided

pathway even among people who seek care because of their symptoms.®%

Inpatients living with HIV in high tuberculosis burden settings are likely to benefit from tuberculosis
diagnostics being delivered through both systematic protocol-guided screening and clinically-guided
diagnostic investigation pathways. As discussed above, tuberculosis is extremely common in this setting
and is often missed as a diagnosis (as shown in autopsy studies). Therefore, there should be systematic
screening for tuberculosis for everyone, regardless of symptoms, similar to a screening pathway, but with
a pre-test probability of disease that is unusually high for a typical screening programme. However,
because everyone admitted to hospital has some illness that needs differentiated and ruling out
tuberculosis is difficult, most adults admitted to hospital will benefit from additional clinician-directed

tuberculosis testing and consideration of clinical tuberculosis treatment initiation.

2.2.1 Brief overview microbiological tests for HIV-associated tuberculosis

Broadly speaking, there are four types of microbiological tests currently available for detecting presence
of Mycobacterium tuberculosis in patient samples: smear microscopy, mycobacterial culture, NAATs, and

LAM testing.

Smear microscopy of sputum has been the mainstay of tuberculosis diagnosis for over a century, and is
still the most widely used test globally, although no longer recommended by WHO as initial diagnostic
test of choice.®? Sputum (or other pathology specimens) are “smeared” onto a glass slide, with or

without a prior concentration step, and stained with either Ziehl-Neelsen reagents or auramine. Slides
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are examined under a microscopy for presence of absence of acid fast bacilli - using conventional light
microscope for Ziehl-Neelsen stained slides, or Light Emitting Diode fluorescent microscope for auramine
stained slides. It is not possible to distinguish Mycobacterium tuberculosis complex species from other
non-tuberculous mycobacteria on smear microscopy. Smear microscopy has low sensitivity, notably for
children and people living with HIV, and requires collection of sputum, which not all patients can
produce. Fluorescent microscopy is more sensitive than Ziehl-Neelsen microscopy - the sensitivity of

fluorescent microscopy compared to culture ranged from 52% to 97% in a systematic review.%>%

Mycobacterial culture and speciation is usually considered the reference standard for Mycobacterium
tuberculosis. Culture can be highly sensitive and specific, with a single liquid culture having a sensitivity
of 95% compared to a reference standard of four cultures in total, from two sputum samples collected at
the same time.’” However culture is technically complex and demanding, with turn around times that are
too slow to be clinically useful for seriously ill patients. Processing is complex, requiring a Biolevel safety
3 laboratory, and presenting a potential biohazard to lab staff. Samples can easily be contaminated or
overdecontaminated, leading to false negative results. Traditional methods of mycobacterial culture
used solid Lowenstein-Jensen media which took up to eight weeks for a result. Newer semi-automated
culture methods using liquid media Mycobacterium Growth Indicator Tubes (MGIT) produce faster
results, with positive results in about three weeks and negative results at six weeks.?® Culture is required
for phenotypic drug sensitivity testing, although not all mycobacterial culture laboratories have drug
sensitivity testing capacity, and for whole genome sequencing and non-automated genotyping. Even in
high income countries, mycobacterial culture capacity is usually centralised in a small number of

laboratories due to cost and quality control requirements.*

NAATSs are polymerase chain reaction-based diagnostics that test for the presence of M. tb DNA in clinical
samples. There are two automated NAAT platforms pre-qualified by WHO: Xpert (Cephid, USA); and
Truenat (Molbio diagnostics, India). Both are contained systems where specimens are loaded into single-
use cartridges following minimal processing, which are then inserted into a machine for analysis.
Automated NAAT testing requires electricity and a lab infrastructure, but is much less complex than
mycobacterial culture and much more sensitive than AFB microscopy.®*'%° Automated NAAT platforms
can provide information about genotypic drug resistance - Xpert Ultra, Xpert MTB/rif and Truenat MTB-
RIF test for presence of predicted rifampicin resistance. Compared to culture, Xpert MTB/rif has an
estimated sensitivity for detecting M.tb of 85% and Xpert Ultra 91%.% Xpert Ultra has slightly lower
specificity than Xpert MTB/Rif (specificity MTB/Rif 98% and Ultra 96% overall), particularly in people who

have a history of previously treated tuberculosis (specificity MTB/rif 97% and Ultra 88%).% NAATs are now
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recommended as initial tuberculosis diagnostic tests for everyone.> WHO also recommend using NAAT

tests on non-sputum samples when extra-pulmonary tuberculosis is possible.®?

Lipoarabinomannan (LAM) is a component of the mycobacterial cell wall and can be detected in urine of
some people with tuberculosis, particularly those with disseminated TB.7#%10L102 nlike other
microbiological methods, detecting LAM antigen doesn’t necessarily require either viable mycobacteria
(as for culture), intact mycobacteria (as for acid fast bacilli microscopy) or significant quantities of
mycobacterial DNA to be a present in a sample (as for NAATSs). Urinary LAM antigens can be detected
using lateral flow tests, based on single use cardboard strips or in simple self-contained plastic cassettes.
Currently one LAM test is recommended by WHO (Determine TB LAM, Alere/Abbot USA, referred to by
WHO and in this thesis as LF-LAM)®° although several other high-sensitivity LAM tests are in development
and at least one product is developed to the point of having a CE mark approved and being distributed
for use in multiple research studies - although not yet commercially available (SILVAMP LAM, Fuijifilm,
Japan).’® The Alere/Abbot LF-LAM product has to be read with reference to a “reference card”, and a
band has to be at least as intense as the lowest positive band to be considered positive (i.e. very faint
lines on the test strip are not positive tests).1*1% Urine LAM is not suitable for use in HIV-negative people
because of low sensitivity.*® Sensitivity in PLHIV improves markedly in people with lower CD4 cell counts,
likely to reflect greater sensitivity for detecting disseminated than pulmonary TB.1% The diagnostic

strengths and limitations of urine LAM are discussed in detail below.

2.2.2 Diagnosing or refuting a diagnosis of HIV-associated tuberculosis

None of the currently available diagnostic tests for TB have perfect accuracy, and test accuracy tends to
be lower in people living with HIV (compared to HIV negative people) and in extrapulmonary TB
(compared to pulmonary TB). This means that defining a reference standard to divide a population into
confirmed TB vs. not TB is challenging. The measured diagnostic accuracy (sensitivity, specificity,
negative predictive value, and positive predictive value - see table 2.5) of novel diagnostic tests will
depend on the comprehensiveness of the reference standard used to divide a population into TB

negative and TB positive, and thus define false negative and false positives of the index test.
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Term

Definition

Reference standard

Index text

True positive (TP)
False positive (FP)
True negative (TN)
False negative (FN)
Sensitivity
Specificity

Negative predictive value
(NPV)

Positive predictive value
(PPV)

Pre-test probability

The best available test or set of tests, used to define who truly does and truly doesn’t have TB.
May be a composite standard (involving several tests), and may include a clinician component. In
TB diagnostic evaluation (particularly for extra-pulmonary TB) it is common to use both a
“microbiological reference standard” and a “clinical reference standard”.

The test being evaluated.

Reference standard positive, index test positive

Reference standard negative, index test positive

Reference standard negative, index test negative

Reference standard positive, index test negative

Proportion of index tests positive in people who truly have disease. i.e. TP / (TP + FN)
Proportion of index tests negative in people who truly do not have disease. i.e. TN / (TN + FP)

Proportion of people with a negative index test who truly do not have disease i.e. TN / (TN + FN)
Proportion of people with a positive index test who truly do have disease i.e. TP / (TP + FP)
Chance that a person being evaluated using index test has the disease. For diagnostic evaluations

applied to a group of people, the average pre-test probability within the group is equivalent to
the prevalence of disease in that group.

Table 2.5 Glossary of terms used in diagnostic evaluation.’

Appropriate reference standards depend on the use and setting of a new diagnostic tool - particularly the

pre-test probability of TB and the likelihood of pulmonary vs. extrapulmonary TB. Many studies of tests

intended to screen large numbers of people for pulmonary TB use a reference standard of a single

sputum culture, and sputum culture has been recommended as a reference standard for smear-

replacement TB tests (ideally more than one sputum culture, but one is considered acceptable).®®1% Most

of the chest Xray evaluations discussed below use results of a single sputum culture to define TB positive

vs. TB negative. While a single sputum culture might be an appropriate reference standard in a setting

with a low pre-test probability of TB, a single sputum culture is not perfectly sensitive at defining

pulmonary TB. For example, in a study of 1462 participants a single sputum MGIT culture has a 95%

sensitivity compared to a reference standard of four cultures total from two specimens, dropping to 85%

sensitive among participants with negative sputum smears.%’

In settings with a very high pre-test probability of TB and a high probability of extrapulmonary TB - such

as inpatients living with HIV - defining a reference standard for TB is challenging. In this setting a

reference standard should have multiple diagnostic tests, from multiple anatomical sites.®1%1° Even in a

setting with a well functioning culture laboratory and the ability to collect invasive samples (such as via

bronchoscopy or lymph node biopsy) refuting a TB diagnosis is difficult in inpatients living with HIV.

Recommendations for research studies evaluating diagnostic accuracy are that both a “microbiological

reference standard” and a “clinical reference standard” should be used.}®!1° Even then, diagnostic test

accuracy studies should anticipate a substantial proportion of participants where TB disease status
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cannot be determined (due to missing laboratory results, lost to follow up or clinical uncertainty).X®® A
single sputum culture is an insufficient reference standard among people living with HIV in hospital.
Several studies have shown that, unsurprisingly, doing more TB tests usually results in a greater yield of
microbiologically confirmed TB.8099411L112 The implication is that an insufficient reference standard
could lead to falsely defining someone as TB reference standard negative, which could have subsequent
effects on whether a positive index test is considered a false positive or a true positive and consequently
reported diagnostic accuracy of the index test.}* See below for detailed discussion of the Cape Town

study which has one of the most through microbiological reference standards.

In most non-research settings TB is diagnosed (or excluded) on a combination of clinical suspicion and a
limited number of microbiological tests, following a clinician-guided diagnostic investigations. For
people in hospital, as outlined above, this can be especially challenging because of the poor sensitivity
and specificity of “typical” symptoms®88114115 noor availability and long turn-around times of
mycobacterial culture based tests, the wide array of different anatomical sites where Mycobacterium
tuberculosis could be present to sample from, and low sensitivity from any single microbiological

teSt 93,116

The Cape Town study (parent paper reference Lawn et. al 2015,%° samples or data used in several other
reports’®8>11118 table 2.6) used extensive mycobacterial culture sampling from otherwise unselected
population of adults living with HIV admitted to hospital. The researchers recruited 427 adults living with
HIV admitted to GF Jooste Hospital, irrespective of symptoms or reason for admission. From those 427
people, 1,745 samples were taken and 2,391 microbiological tests for tuberculosis were done (a single
sample could be tested more than once, for example by culture and NAAT). Samples included sputum
(spontaneously expectorated or inducted), blood, urine, and other body fluids, such as pleural fluid or
lymph node aspirate, depending on clinical presentation. In total, 139 people (32%) had

microbiologically confirmed tuberculosis.
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Study

Rationale and relationship to Cape Town Study

Lawn et. al. 2015
80

Lawn et. al. 2017
79

Kerkhoff et. al.
201785

Broger et. al.
2019 17

Kerkhoff et. al.
2020 119

Broger et. al.
2020 103

Barr et. al. 2020 60

This is the parent study. Conducted between 2012-2013 in G.F. Jooste hospital in Cape Town.

427 people recruited adults living with HIV not currently on TB treatment. Recruited irrespective of
symptoms. 139 people had confirmed TB.

Multiple samples (mean 5.6 per person) taken for mycobacterial culture and NAATs, including blood
culture, urine NAATs, multiple sputum samples, induced sputum and other samples as clinically indicated.
Urine samples stored for future work.

Study about yield of urine LAM testing, LF-LAM tests done retrospectively from frozen samples.

Many reported results are on 413 people who had reference standard TB microbiological results from
samples from two of more anatomic sites and available LF-LAM urine results (i.e. excluding 14 people who
couldn’t have TB status classified). 136 of these 413 people had confirmed TB.

Uses the pre-2014 Alere LF-LAM reference card, positive LAM results are Grade 2 or higher intensity.(note 2)

Assesses prevalence of TB mycobacteriaemia (as proxy for disseminated TB) and diagnostic performance of
LF-LAM to detect mycobacteraemia..

Restricted to 410 participants from original cohort, excludes 17 people who did not have a mycobacterial
blood culture taken.

Analysis of biobanked samples with LF-LAM and SILVAMP-LAM, using samples from three biobank cohorts.
(“Cohort 2” in the paper is the Cape Town study).

Frozen urine samples re-tested with LF-LAM specifically for this study, and with SILVAMP-LAM. Uses the
current (post-2014) Alere LF-LAM where a grade 1 or band or higher are positive results.2> Concordance
with this set of LF-LAM results from earlier set of LF-LAM results in Lawn et. al. 2017 not reported.

The main number of participants in “cohort 2” in tables published paper is 362. However there is data in
the appendix results for a further 46 people with “unclassifiable” TB status and 10 people with missing
urine sample, giving data for 420 people. See figure 2.2.

| assume the reason for their being 420 people in this analysis and 427 in the parent paper is that seven
people are excluded for having TB diagnosed but treatment not started before admission. Parent paper
only excludes people already taking TB treatment, Broger et. al. excludes people with any diagnosis of TB.

Cohort “A” in this letter is the Cape Town study. This is analysis of SILVAMP LAM tests preformed in Broger
et. al 2019.

This letter focuses on extra-pulmonary vs. pulmonary TB, concluding SILVAMP-LAM especially useful in
extra-pulmonary TB.

This is an individual patient data meta-analysis of diagnostic performance of SILVAMP-LAM which includes
data from Broger et. al. 2019.

This is an individual patient data meta-analysis of prevalence of mycobacteraemia, which includes data
from Cape Town studly.

Table 2.6 Overview of studies which have used samples or data from the Cape Town parent study

in chronological order of publication.

a: lllustration of the pre-2014 and post-2014 reference cards for LF-LAM is in figure 2 in Pandie et. al. (reference 105, publisher license
doesn’t include permission to reproduce in thesis). Grade 1 on post-2014 reference card reportedly corresponds to Grade 2 on pre-2014

reference card.105

The researchers then looked at the performance of an admission screen for tuberculosis, using urine LF-

LAM samples and sputum samples collected in first 24 hours of admission.” They showed that only

73/139 (53%) of people who were truly positive for tuberculosis would have had their tuberculosis

diagnosed on the basis of admission urine LF-LAM plus sputum NAAT - figure 2.1.
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Figure 2.1 LF-LAM and sputum NAAT results in Cape Town Study

Data from Lawn et. al.”® Tuberculosis reference results (grey circle, confirmed tuberculosis if any one or more samples taken
across whole of hospital admission positive not including LF-LAM results). Positive sputum NAAT (red circle) and positive urine
LAM (blue circle) results taken in first 24 hours for 427 adults living with HIV admitted to hospital.

This study illustrates two points; firstly that defining a reference standard for diagnostic accuracy for
index tuberculosis tests in inpatients is difficult. For instance, if the reference standard for urine LAM had
been based on a single sputum NAAT gathered at admission, most (36/53) of the true-positive urine LAM
tests would have been misclassified as false-positive or removed from analysis for not having a reference
standard result. The second point is more important for public health: even a “good” admission screen
for tuberculosis using the best currently available tests and combining a urine test for disseminated
tuberculosis and a sputum test for pulmonary tuberculosis would still miss nearly half of all people with

microbiologically confirmed tuberculosis (66/139 missed).

Difficultly in producing sputum a major issue in inpatient settings, particularly when sputum induction is
not available.!® In that Cape Town study, only 158/427 (37%) of participants produced sputum within 24
hours even with sputum induction facilities and research nurse time being available. Sputum scarcity

has also been shown in other studies.>1%°

2.2.3 Use of chest Xray (CxR) for tuberculosis diagnosis, including Computer Aided Diagnosis (CAD)

Chest X-ray has been used a diagnostic tool for TB for decades and is recommended by WHO for TB
diagnosis, including for clinical diagnosis of TB if microbiological tests are unavailable or negative.4812

Chest X-ray can have high sensitivity for pulmonary tuberculosis, including in HIV co-infection 8122124
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particularly if an experienced radiologist is interpreting the films. Chest x-ray continues to play an
important role in TB diagnosis in high-income settings in combination with other radiological examination
(such as computed tomography) and microbiological tests. Although chest x-ray has been used for many
years as a diagnostic tool, widespread implementation in low-resource / high tuberculosis prevalence
settings has been limited by poor access to high quality equipment and expert radiologists, low specificity
(leading to over-diagnosis of TB if chest x-ray alone is used) and high inter-reader variability.*** Currently,
many countries, including Malawi, have low coverage of radiology services, including lack of trained
radiologists.'?® For example, in the Malawi arm of the STAMP TB tuberculosis diagnostic trial in 2015 - 2017
only 23% of PLHIV admitted to hospital had a chest X-ray.! Chest X-ray can be used either in a tuberculosis
systematic protocol-guided screening pathway, to determine who should have a specific microbiological
diagnostic test or in a tuberculosis clinician-guided diagnostic pathway setting, to provide a piece of
evidence to be considered in light of clinical setting and other tests to help confirm or refute a tuberculosis

diagnosis.

Computer-assisted diagnosis (CAD) software for chest x-ray interpretation - artificial intelligence
algorithms used to classify digital images - are available, and can be integrated within digital x-ray units to
provide immediate interpretation.!?*-13¢ Systematic review and individual patient data meta-analysis of
available evidence and two large multi-center evaluations (not included in meta-analysis) studies showed
that Computer Aided Diagnosis and human readers can achieve similar sensitivity and specificity!2®1*
Table 2.7. According to meta-analysis for WHO guidelines, pooled sensitivity for digital chest Xray with
Computer Aided Diagnosis (dCXR-CAD) for use as a TB triage test in people attending outpatient medical
care was 0.90 to 0.91 and specificity 0.25 to 0.79. For CxR with a human reader flagging “any abnormality”
(a sensitivity-maximizing approach, as opposed to asking human readers to flag only “abnormality likely
due to TB”) the equivalent sensitivity was 0.89 to 0.96 and specificity 0.36 to 0.63.% Table 2.5 summarizes
individual patient data metanalyses and large studies, and Figure 2.2 illustrates area under curve (AUC) for
test performance of five human radiographers and CAD4TBv6 compared to sputum NAAT reference

standard in one study.
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Meta-analyses or large studies of CXR-CAD

Study Participant characteristics Threshold and point estimates of diagnostic accuracy.
Tavaziva et. al. Individual patient data meta-analysis of four source  With threshold set to be 90% sensitive, equivalent specificity (%):
2022 137 studies.128-130,133,140 AJ| were studies in symptomatic CADA4TBvV6: 56.9
people referred or self-referred for TB testing. Lunit: 54.1
Reference standard sputum culture or NAAT. gXR: 60.5
. Using the same threshold as needed to be 90% sensitive in
3727 radiographs. . . L .
17% people living with HIV. whc.)le population, applied to people living with HIV only (618
17% people had proven TB. radiographs):
CADATB: Sens 80.4, Spec 52.0
Lunit: Sens 86.4, Spec 45.2
gXR: Sens 78.9, Spec 51.6
Kik et. al. 2022 Individual patient data metanalysis of six source With threshold set to be 90% sensitive, equivalent specificity (%):

(pre-print) (2136

Qin et. al. 2019 ©©
126

Qin et. al. 2021 144

studies (references 141-143 the other three studies
have no references cited and presumably are
unpublished sources).

All screening studies, including HIV-risk screening
and national prevalence surveys. Reference
standard sputum culture or NAAT.

1753 radiographs

30% people had confirmed TB (b)

8% participants living with HIV. 55% had TB
symptoms.

1196 Outpatients in Nepal and Cameroon,
presenting to clinics with symptoms. Reference
standard sputum NAAT.

3.2% HIV positive (4.6% in Cameroon, 1.4% in
Nepal).

9.2% sputum NAAT positive (2% in Cameroon, 18%
in Nepal)

23,854 participants at three TB screening centres in

Bangladesh.
15.3% sputum NAAT positive
HIV testing not done.

CADATBv6: 34.9
Lunit 54.5
gXR 47.7

At same-sensitivity as radiologist determined “active TB likely”
(which was 94% sensitive), equivalent specificity (%):
Radiologist: 45.6
CAD4TBv6: 22.4
Lunit: 41.0
aXR: 34.6

At ROCO01), sensitivity and specificity (%):
CADA4TB: Sens 0.91, Spec 0.84
Lunit: Sens 0.87, Spec 0.89
gXR: Sens 0.88 , Spec 0.89

Nepal: At same-sensitivity as radiologist determined “any
abnormality” (which was 96% sensitive), equivalent specificity:
Radiologist: 0.48
CADATB: 0.69
Lunit: 0.60
gXR: 0.65

Cameroon: At same-sensitivity as radiologist determined “any
abnormality” (which was 80% sensitive), equivalent specificity:
Radiologist:0.74
CADATB: 0.9
Lunit: 0.94
gXR: 0.95

At same-sensitivity as radiologist determined “any abnormality”
(which was 89% sensitive), equivalent specificity:

Radiologist: 0.63

CADATBv7: 0.76

Lunit 0.70

aXR: 0.77

Inferred DR: 0.65

JF CxR: 0.64

Table 2.7 Evaluations of dCXR-CAD for tuberculosis screening

CADA4TB = CAD4TB manufactured by Delft Imaging Systems, Netherlands. Inferread DR by Infervision (China), Lunit = Lunit
INSIGHT CxR for Chest Radiography (South Korea), gXR by Qure.Al (India), JF CXR-1 by JF Healthcare (China). NAAT =
Nucleic Acid Amplification Test for TB.

(a) Pre-print, not currently peer reviewed.
(b) This IPD meta-analysis included all TB positive radiographs in source studies, and negative radiographs selected at
random from source studies. TB prevalence was 30% among radiographs evaluated, not 30% in populations

screened.
(c) Published after data gathered for Tavaziva IPD, referenced in Tavaziva, but not included in meta-analysis.
(d) “ROCO1 is the main of the ROC that was closest to coordinates (0,1), the perfect classification

39 of 284




Figure 2.2: Performance of CAD4ATBv6 vs. human radiologists

Blue line is sensitivity and specificity at different thresholds from all 5,665 radiographs interpreted by CAD and
pink line is from the same 500 radiographs that humans read. Points show sensitivity and specificity for five
human readers. There are two points for each human reader, one showing sensitivity and specific when the
human reader was asked to flag “any abnormality” and one with sensitivity and specificity where the human
reader to asked to flag “likely TB” CxRs Reference standard is sputum NAAT.

From Murphy et. al., which was a study in Pakistan of people with presumptive referred or who self-referred to
a Chest Xray diagnostic center.13>

Reproduced without changes according to terms of CC-BY license
(http://creativecommons.org/licenses/by/4.0/).

As discussed above, the reference standard of a single NAAT test might under-estimate the true
prevalence of tuberculosis and therefore increase the apparent false positive proportion of chest X-ray
(asinterpreted by both CAD and human radiologists). Almost all available studies evaluate CAD in a
systematic protocol-guided screening setting, comparing to a microbiologic reference standard
(usually one sputum test). To my knowledge, only one large study has evaluated dCxR-CAD for
screening comparison to clinical reference standard, using CAD4TBv5. In that study true TB was
determined by a specialist physician teams, and of the 87 people with true TB, 61 had TB
microbiologically confirmed.!* This means that had a microbiological reference standard been used,

26 people with high CAD scores would have been treated as false positive rather than true positive.

WHO currently recommends that CAD systems can be used in place of human readers for tuberculosis

screening.® To date, one published randomised trial has investigated the impact of dCXR-CAD
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screening on patient outcomes, rather than diagnostic accuracy. The PROSPECT study wasin a
primary healthcare centre in Blantyre, Malawi, and showed that tuberculosis screening using CXR-CAD
to triage to sputum Xpert testing plus provider-initiated HIV testing reduced time to tuberculosis

diagnosis.'*

There is less evidence about utility of CxR in a clinician-guided diagnostic workup setting or hospital
inpatient setting, partly because the difficulties of defining a reference standard. One relevant study
recruited 484 sequential HIV positive adults patients admitted to two hospitals in Western Cape,
South Africa with cough of any duration and WHO “danger signs” (i.e. any one or more of tachycardia,
tachypnoea, fever or unable to walk).®* Every participant had three sputum samples and one blood
culture for mycobacterial culture and NAAT, plus other extrapulmonary samples for mycobacterial
culture as appropriate. Fifty three percent of participants (255 people) had culture positive
tuberculosis, and a further seven percent (34 people) were treated for tuberculosis but had no positive
cultures. An expert radiologist assessed the chest X-rays and considered that 36% were “likely
tuberculosis”, 54% were “possible tuberculosis” and 10% were “tuberculosis unlikely”. Out of a series
of signs, symptoms and laboratory findings, a chest Xray which was “likely tuberculosis” had the
strongest association with culture-proven TB (odds ratio of 11.1 for culture-proven tuberculosis
compared to a chest X-ray with “tuberculosis unlikely”). A medical officer’s chest Xray interpretation
of “likely tuberculosis” remained a strong predictor of culture-proven tuberculosis but this was less
accurate than the expert radiologist (OR 9.4 for a medical officer “tuberculosis likely” vs. “tuberculosis
unlikely” for association with culture-proven tuberculosis).®! A second relevant study assessed the
use of CAD for tuberculosis (using QureAl) in a case-control design among a predominantly HIV-
negative hospital population of inpatients who had a chest X-ray and at least one microbiological
sputum test for tuberculosis during their hospital admission at a tertiary hospital in India.*** Thirty
four percent of the participants had microbiologically confirmed tuberculosis. The CAD software had
a sensitivity of 71% and a specificity of 80% using a threshold cut-off score of 0.81 (designed to
maximise sensitivity and specificity), while human radiologist readers had a sensitivity of 56% for a
specificity of 80%, for an interpretation of “TB screen positive”. Both these studies have the limitation
that people who did not produce sputum were excluded, and the India study has the limitation that
the reference standard was a single sputum only (such that person with one out of one sputum

sample being NAAT negative was considered “not tuberculosis” for the purpose of Xray scoring).

These studies illustrate that even among a group of patients with a high likelihood of chest X-ray

abnormalities (both tuberculosis and non-tuberculosis abnormalities), that chest Xray continues to
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have an important role in distinguishing people with tuberculosis from people without tuberculosis.
Because everyone admitted to hospital is unwell, tuberculosis diagnosis in this setting is likely to be
more difficult as for the most part the challenge is not to distinguish tuberculosis from no pathology,
but to distinguish tuberculosis from other causes of illness, many of which may also cause abnormal

chest X-rays.

For PLHIV who are unwell and require hospital admission WHO recommends chest x-ray (if available)
as part of the initial diagnostic work up. Chest x-ray is further recommended for people who are Xpert
MTB/Rif negative or where Xpert MTB/Rif is unavailable as part of further investigations for TB, in

conjunction with empiric tuberculosis treatment.**

2.2.4 Use of urine LAM for tuberculosis diagnosis

Urine LAM testing is recommended by WHO for certain people living with HIV: everyone with TB
symptoms, everyone seriously unwell, all inpatients with CD4 cell count <200 cells/mm?3 and all
outpatients with CD4 cell count < 100 cells/mm?3.*° There is one commercially available LAM test and it

is recommended by WHO Global TB Programme, LF-LAM, manufactured by Alere/Abott (USA).

Several diagnostic accuracy studies have shown that among people living with HIV with advanced
immunodeficiency, urine LAM testing with AlereLAM is quite specific, but not particularly sensitive -
suitable to “rule in” but not “rule out” tuberculosis. Among inpatients with HIV, a 2019 Cochrane
review estimated overall sensitivity of urine LAM as 62% and specificity 84%.1% Specificity was higher
(95%) but sensitivity was lower (35%) among studies which recruited all people living with HIV
(regardless of TB symptoms, and including ambulant outpatient participants). Sensitivity is higher in
people with lower CD4 cell counts, compared to higher CD4 cell counts. The relatively low specificity is
probably related to a combination of shortcomings in sensitivity of the reference standard, meaning
that a true positive LAM gets misclassified as a false positive because the reference standard is
insufficiently sensitive and “real” false positive results. Regarding the possibility of “real” false
positive results, we know that urine LF-LAM and urine NAATs have poor concordance despite both
tests detecting parts of M. tb in urine and that cross-reactivity of LAM antibodies with bacteria other
than M. tb is possible. A recent study of people with advanced HIV and signs and symptoms of
meningitis admitted to hospital in Uganda showed poor concordance between urine Xpert Ultra
testing and urine LF-LAM; 20% (48 of 243 people) had a positive urine LF-LAM test, 12% (29 people)

had M. tuberculosis detected by Xpert Ultra in urine, but only 6% (14 people) were positive by both
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tests.!*® In an older study, LAM tests in sputum (rather than urine) using an older ELISA assay that is
no longer commercially available (Clearview-TB-ELISA, Inverness Medical Innovations, USA), showed
that there was cross-reactivity between LAM and some mouth flora bacterial organisms such as
Nocardia and Actinomyces species.*®*" Findings from two newer studies incorporating LF-LAM
alongside SILVAMP-LAM that were conducted concurrently with the trial reported in this thesis
(CASTLE) - with results not available as CASTLE was being designed and conducted - are discussed in

chapter 7 alongside discussion of CASTLE results. 14

Unlike for most tuberculosis diagnostic tests, in addition to diagnostic accuracy studies,*** there is
evidence from two randomised trials that screening using LF-LAM reduces deaths in inpatients living
with HIV. LAM-RCT was a unblinded multi-country trial in South Africa, Tanzania, Zambia and
Zimbabwe between 2013 and 2014.%8 Adults living with HIV who had tuberculosis symptoms and were
admitted to hospital were randomly assigned to screening using urine LAM plus routine tests vs.
routine tests only. This showed an absolute risk reduction of 4% in 56 day mortality (95% CI -7% to -
1%) - from 25% mortality in no-LAM group to 21% mortality in LAM group.%® STAMP was a double-
blind randomised trial in Malawi and South Africa from 2015 to 2017. Adults living with HIV admitted
to medical wards were enrolled irrespective of tuberculosis symptoms and were randomly assigned to
tuberculosis screening using sputum Xpert only, or to screening with sputum Xpert plus urine Xpert
plus urine LAM. Results were reported back to clinicians as “TB screen positive”, “TB screen negative”
or “no TB samples received”, without reporting whether urine plus sputum or sputum alone was
tested. Overall, STAMP was consistent with a mortality reduction from urine screening, absolute risk
difference -2.8% (95% Cl -5.8% to +0.3%). This difference was statistically significant in people with

tuberculosis symptoms, anaemia or CD4 cell count < 100cells/mm3.5!

2.2.5 High sensitivity urine LAM tests

Urine LF-LAM can improve diagnosis of disseminated tuberculosis and it has been shown to be
clinically effective at reducing deaths. However, we also know LF-LAM is imperfectly sensitive and will
be negative for a lot of people with true positive TB diagnoses. Accordingly, research in improving
sensitivity of urine LAM testing and developing second generation urine LAM tests has been a priority.
There are several high-sensitivity urine LAM tests in development, but SILVAMP-LAM (Fujifilm
Corporation, Japan) is the most well developed. It has been used in several research studies and has
a CE mark, although is not commercially available yet. At the time of designing and conducting this

thesis research, several other prospective SILVAMP-LAM studies were ongoing, and have now reported
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results.}®9 This introduction section sets out knowledge when CASTLE was designed - the results of

the two other studies are discussed in chapter 7 (CASTLE challenges) and chapter 8 (Discussion).

SILVAMP-LAM uses a pair of monoclonal antibodies to LAM and a silver amplification step to make
band visible. Like LF-LAM, SILVAMP-LAM comes in a single-use self-contained lateral flow kit that
requires no electricity.'*” While LF-LAM is small cardboard strips, the SILVAMP-LAM kits are slightly
larger plastic cassettes and require two extra steps - taking 60 minutes from sample to result

(compared to 25 minutes for LF-LAM).

Figure 2.3: SILVAMP-LAM test device procedure and principle.

Reproduced from Broger et. al. 117 under terms of CC BY 4.0 license
(http://creativecommons.org/licenses/by/4.0/).

SILVAMP-LAM accuracy was estimated using bio-banked urine from three South African cohorts of
hospitalised adults living with HIV (including the Cape Town study® which has already been
discussed).’*” Compared to a microbiological reference standard, SILVAMP-LAM was 70.4% sensitive
and 90.8% specific (by contrast LF-LAM was 42.3% sensitive and 95.0% specific). Compared to a

composite clinical / microbiological reference standard, SILVAMP-LAM was 64.9% sensitive and 95.7%
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specific. The authors of that paper include an figure showing the relative yields of LF-LAM, SILVAMP-

LAM and sputum Xpert in the biobanked samples from the Cape Town study - recreated below. 1’

Figure 2.4: Yield of urine SILVAMP-LAM, urine AlereLAM, sputum Xpert from frozen biobanked urine, among

adult inpatients living with HIV (recruited regardless of symptoms or CD4 count).

Notes on data for this figure:72.117

Cape Town parent study reported data for 427 people, this study reports on 420 people. Seven people were excluded
from Broger’s analysis, presumably for having TB diagnosed pre-admission but treatment not started.

| could not find information in Broger manuscript about why there were 139 people with confirmed TB in parent study,
and 141 in Broger study.

Neither LF-LAM not SILVAMP-LAM tests are included in the microbiological reference standard.

LF-LAM tests reported here tests performed by Broger and colleagues (i.e. the LF-LAM results are a new test on the same
sample, from an aliquot thawed years after LF-LAM tests done in the parent study). Concordance between original LF-LAM
results from the Lawn et. al. paper and these tests from different aliquots of the same original sample are not reported.
Broger et. al. paper states that there were 7 false positive LF-LAM tests and 18 false positive SILVAMP-LAM tests but not
whether any of those were the same people, | have assumed they are different people for reconstructing this diagram.
Note that the Euler diagram in the original paper (Figure 4) only includes overlap of test results in people with TB
confirmed by microbiological reference standard, not false positive results. These are included in this diagram on basis of
tables in manuscript.

SILVAMP-LAM has been shown to be accurate in other studies in South Africa,**” Ghana,**! Zambia,'*?

and Vietnam (Vietnam study unpublished but data included in meta-analysis®®). A meta-analysis of

the three South Africa cohorts plus Ghana and Vietnam studies showed SILVAMP-LAM sensitivity of

70.7% (95% CI 59.0 - 80.8%) and specificity of 90.9% (95% Cl 87.2-93.7%) compared to a

microbiological reference standard.!®
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2.2.6 The need for studies of clinical impact and utility

From the above discussion, it is clear that tuberculosis has remained a leading cause of death among
adults living with HIV admitted to hospital in Africa from the 1990s onwards. Tuberculosis is often
difficult to diagnose and can also be difficult to exclude as a diagnosis. Diagnosis is particularly
challenging in inpatient settings due to suboptimal diagnostic tests, high pre-test probability, patients
who often can’t produce sputum, the high proportion of disseminated and extrapulmonary
tuberculosis meaning that clinical samples can be difficult to obtain or paucibacterial when obtained,
and high early mortality meaning that waiting for response to other non-tuberculosis treatments may
not be appropriate. An admission screen with sputum NAAT and urine LF-LAM is recommended by
WHO, and tuberculosis screening using LF-LAM has been shown to reduce mortality in subgroups in
two randomised trials. However, as shown in the Cape Town study (Figure 2.1) an admission
screening with sputum NAAT and urine LF-LAM will still miss a substantial proportion of people with

microbiologically-confirmed tuberculosis.

Chest Xray - particularly with expert radiologist interpretation - can achieve good sensitivity for
identifying likely pulmonary tuberculosis and may be useful to help guide empiric tuberculosis
treatment. Computer aided diagnosis achieves accuracy similar to that of expert radiologists in a
systematic protocol-guided screening approach in primary care; however, data from inpatient
settings is very limited. SILVAMP-LAM is a high sensitivity urine LAM test that may identify more people
with tuberculosis than LF-LAM. The combination of dCXR-CAD plus SILVAMP-LAM is an attractive
combination to rapidly and sensitively identify both pulmonary tuberculosis and disseminated
tuberculosis. Whilst diagnostic accuracy studies using extensive microbiological sampling are
necessary to estimate the extent to which true burden of active tuberculosis is under ascertained by
routine systems, studies of clinical utility and diagnostic impact based on improving patient-
important outcomes (notably: TB diagnoses made, time to TB treatment and death) are very

important to generate evidence needed to inform policy and cost-effectiveness.

The overall aim of this thesis is therefore to contribute to the research evidence base to reduce
mortality among adults living with HIV admitted to hospital, with a focus on improving tuberculosis
diagnostics. In Chapter 3, | systematically review the literature to investigations interventions that
have been shown to reduce mortality among adults living with HIV admitted to hospital. Secondly, in

Chapter 4, | review patterns of incidence of HIV related hospital admission and death in Blantyre,
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Malawi, between 2012-2018, during a time of substantial ART provision scale up. Thirdly, in Chapters
5and 6, | conceived, designed, conducted, and analysed the CASTLE trial - Computer Aided Screening
for Tuberculosis in Low Resource Environments. CASTLE is a randomised trial to assess whether
enhanced tuberculosis diagnostics using SILVAMP-LAM plus LF-LAM plus dCXR-CAD can increase the
number of people started on tuberculosis treatment (primary outcome) and reduce mortality, reduce
undiagnosed tuberculosis, and increase same-day tuberculosis treatment initiation. Chapter 7
discusses unanticipated challenges faced during CASTLE trial, including diagnostic test limitations
and Chapter 8 summarises conclusions and the next research steps needed to reduce AIDS deaths

among people living with HIV admitted to hospital.
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