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Abstract

People living with HIV (PLHIV) admitted to hospital have a high risk of death. We systemati-
cally appraised evidence for interventions to reduce mortality among hospitalised PLHIV in
low- and middle-income countries (LMICs). Using a broad search strategy with terms for HIV,
hospitals, and clinical trials, we searched for reports published between 1 Jan 2003 and 23
August 2021. Studies of interventions among adult HIV positive inpatients in LMICs were
included if there was a comparator group and death was an outcome. We excluded studies
restricted only to inpatients with a specific diagnosis (e.g. cryptococcal meningitis). Of 19,970
unique studies identified in search, ten were eligible for inclusion with 7,531 participants in
total: nine randomised trials, and one before-after study. Three trials investigated systematic
screening for tuberculosis; two showed survival benefit for urine TB screening vs. no urine
screening, and one which compared Xpert MTB/RIF versus smear microscopy showed no
difference in survival. One before-after study implemented 2007 WHO guidelines to improve
management of smear negative tuberculosis in severely ill PLHIV, and showed survival ben-
efit but with high risk of bias. Two trials evaluated complex interventions aimed at overcoming
barriers to ART initiation in newly diagnosed PLHIV, one of which showed survival benefit
and the other no difference. Two small trials evaluated early inpatient ART start, with no dif-
ference in survival. Two trials investigated protocol-driven fluid resuscitation for emergency-
room attendees meeting case-definitions for sepsis, and showed increased mortality with
use of a protocol for fluid administration. In conclusion, ten studies published since 2003
investigated interventions that aimed to reduce mortality in hospitalised adults with HIV, and
weren’t restricted to people with a defined disease diagnosis. Inpatient trials of diagnostics,
therapeutics or a package of interventions to reduce mortality should be a research priority.

Trial registration: PROSPERO Number: https://www.crd.york.ac.uk/prospero/display_
record.php?ID=CRD42019150341.
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Introduction

Advanced HIV disease is a persistent public health challenge [1]. Expanded access to HIV test-
ing and antiretroviral therapy (ART) has saved millions of lives globally, and probably averted
many hospital admissions [2]. However, people living with HIV (PLHIV) continue to make up
a disproportionate number of inpatient admissions in many high-HIV-burden countries, and
of inpatients living with HIV many have advanced HIV disease (CD4 cells under 200 cells/
mm?®) [3-6]. Increasingly, inpatients admitted with advanced HIV disease have been previ-
ously diagnosed and started on ART, rather than being newly diagnosed with HIV, but have
either stopped taking ART or have treatment failure [7-10], often related to virological resis-
tance [3,11]. Under these circumstances, the causes and outcomes of hospital admissions may
be relatively unchanged by the availability of ART in communities, even if hospitalisation rates
and the proportion of admissions accounted for by PLHIV decline [4,12].

PLHIV who require admission to hospital are an important population who have a very
high risk of death [13] and whose care needs are likely to be different from ambulatory PLHIV
due to clinical acuity, high probability of opportunistic infections, and high risk of death.
Opverall in-hospital mortality risk for PLHIV was 20% in a systematic review [13]. For people
who survive initial hospital admission, death within 12 months of discharge from hospital was
14.1% in another review [10]. In 2017 WHO released the first guidelines for management of
advanced HIV [14] which were incorporated into consolidated ART guidelines in 2021 [15].
These guidelines acknowledged that the majority of available evidence informing interventions
for managing patients with advanced HIV relates to ambulatory ART-naive participants, and
that more research is required to evaluate the optimal interventions for PLHIV with treatment
failure and inpatient management [14].

To identify interventions with potential to reduce mortality in this group we systematically
reviewed the existing literature relating to interventions aiming to reduce mortality in adult
hospitalised PLHIV in low- and middle-income countries (LMICs). We aimed to review inter-
ventions broadly applicable to all or many hospitalised patients, rather than interventions
offered to a sub-group where a definite aetiological diagnosis was already made.

Methods
Search strategy

The protocol and search strategy are available online at PROSPERO (CRD42019150341). We
used a broad search strategy (S1 Appendix) to identify studies that recruited hospitalised HIV
positive participants [13,16]. We searched MEDLINE, EMBASE OVID, and Cochrane Central
databases and included papers published after 1 January 2003 as this was when ART became
available in low-income countries [17]. We also hand-searched abstracts from Conference on
Retroviruses and Opportunistic Infections (CROI) and International AIDS Society (IAS)
between 2015 and 2021. The initial search was on 9™ October 2019, with an updated search on
23" August 2021.

Eligibility criteria

Studies were eligible for inclusion if they reported results from a trial or study with a compara-
tor arm (i.e. both randomised and non-randomised designs) that recruited inpatient adults
(aged 15 years and older) living with HIV and where death was reported as an outcome (either
inpatient mortality or measured over any specified time period following enrolment). We
excluded studies solely in surgical or obstetric wards. This review was limited to adults, given
the substantially different causes of paediatric HIV related hospital admissions [13].
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We included studies with both inpatients and outpatients, both HIV positive and HIV-neg-
ative participants, and both adults and children, provided it was possible to disaggregate the
data for inpatient adults living with HIV. We restricted studies to those conducted in LMICs
as defined by the World Bank in 2019 [18]. Studies in sub-populations that required a specific
aetiological diagnosis to have been made by clinicians in addition to HIV were excluded (for
example, trials of participants with cryptococcal meningitis) as the aim here was to investigate
broadly applicable interventions aimed at improving all-cause mortality. This was a change
from original protocol which stated trials about interventions for some specific diagnosis
would be included. This change was reflected in an amendment to the PROSPERO protocol
on 20th March 2020.

Screening and data extraction

Two reviewers (RMB and HT) screened titles and abstracts against inclusion criteria using
Rayaan software [19]. For the October 2019 search both reviewers assessed all title-abstracts
and full text reviews independently in duplicate. For the August 2021 extension, 10% of title-
abstracts and all full text articles were reviewed in duplicate. Differences between reviewers
were resolved by discussion and consensus including a third reviewer (PM). Where studies
included participants who met our review inclusion criteria but results were not disaggregated
(most commonly, when both inpatients and outpatients were included), we contacted the
authors by email to ask for disaggregated results. We extracted data from eligible studies on
study year, location, trial design, intervention, comparator, median CD4 cell counts, propor-
tion of participants on ART, proportion with tuberculosis, mortality outcome definition and
deaths by trial arm.

Risk of bias assessment

We used the Cochrane Risk of Bias (ROB) 2 tool to assess study quality of individually rando-
mised studies [20]. For cluster randomised trials we used Cochrane Risk of Bias (2016) [21].
For non-randomised studies we used the Cochrane ROBINS-I tool (Risk Of Bias In Non-ran-
domised Studies of Interventions) [22].

Synthesis of results

Results are presented in narrative format, with summary measures as reported in the relevant
papers or by authors’ communication. We report adjusted estimates if these were performed by
authors. Where no summary measure was reported for the population and outcome of interest,
we calculated unadjusted absolute risk differences from grouped data. No meta-analysis was per-
formed as study interventions and populations were too diverse. We grouped trials by the popula-
tion recruited-whether all PLHIV in hospital, newly diagnosed PLHIV or PLHIV with additional
set of symptoms or other criteria (for example, PLHIV with tuberculosis [TB] symptoms).

Results

After removing duplicates, we identified 16,421 studies from our initial search, from which
262 articles were selected for full text screening. In an updated search in August 2021, we iden-
tified 3,549 further articles for title-abstract screening and 64 for full text review. Nine pub-
lished studies and one conference abstract were included in our qualitative synthesis (Fig 1).

Table 1 summarises the characteristics of included studies. Three studies were conducted in
Zambia, three in South Africa and one study each in Malawi, Uganda, Tanzania, Zimbabwe,
Brazil, China and Mexico (two of the ten studies were multi-country). There were 7531
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Search 1: 1* Jan 2003 — 19" Oct 2019
16,421 articles
Search 2: 1% Jan 2019 — 23" Aug 2021
3,549
_| Irrelevant articles removed
| (n=19,644)
v
Search 1: 261 articles for full text Excluded (n=314)
screening
Search 2: 65 articles for full text Reason for exclusion (one reason per study,
screening exclusion applied in order shown below):
Duplicate report (n=22)
Not a trial (n=113)
» Trial in outpatients (n=114)
Defined diagnosis in addition to HIV
(n=48)*
‘ High income country only (n=13)
No mortality data reported (n=4)
7 trials included on S trials identified that likely met
information available in full inclusion criteria, but results not
text disaggregated in paper. Authors
contacted.
‘ 1 | 3 trials excluded: authors unable to
\ 2 "| disaggregate inpatients and outpatients or did
10 included studies (8 published trials, 1 conference abstract not respond to request.

trial and 1 before-after study)

Fig 1. PRISMA diagram. *Defined diagnoses were cryptococcal meningitis (29 studies), TB (including TB meningitis, TB pericarditis
and TB IRIS, 10 studies in total), bacterial meningitis (2 studies), Pneumocystis jirovecci pneumonia (2 studies), and bacterial
pneumonia, toxoplasmic encephalitis, visceral leishmaniasis, Kaposi-sarcoma IRIS, and progressive multifocal leukoencephalopathy (1
study each).

https://doi.org/10.1371/journal.pgph.0001557.9001

participants in total (range 58 to 2574 participants per study). Median CD4 count ranged from
40 cells/mm? in a Zambian trial that recruited patients with suspected severe sepsis during
2012, to 227 cells/mm? in a trial that recruited all PLHIV admitted to general medical wards in
Malawi and South Africa during 2015-2017. For six studies not restricted to newly diagnosed
HIV, the proportion of participants on ART ranged from 16% (in South Africa, recruitment
between 2008-2009) to 72% (in Malawi and South Africa, recruitment 2015-2017). Overall,
23% of participants had died by the end of study follow up: follow up duration ranged from
time of discharge from hospital to 12 months from enrolment.

Table 2 summarises the interventions assessed and their impact on mortality. Risk of bias
assessments are detailed in S1 Appendix.

Interventions relevant to all people living with HIV admitted to hospital

Only one study, the STAMP trial (2018), recruited all PLHIV admitted to adult medical wards
regardless of presenting signs or symptoms. Gupta-Wright and colleagues randomly allocated
HIV positive inpatient participants to receive systematic screening for tuberculosis with either
urine lipoarabinomannan (LAM) plus urine Xpert MTB/Rif (Xpert) plus sputum Xpert, or
with sputum Xpert alone [23]. Overall, the difference in mortality at 56 days post enrolment
between the two arms was consistent with survival benefit in the group with urine TB testing
(adjusted risk difference for death [aRD] -2.8%, 95% CI -5.8% to 0.3%, not statistically
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Table 2. Effect of interventions to reduce mortality among adult PLHIV inpatients.

Study

All PLHIV
Gupta-
Wright et al.
(STAMP)
(2018) [23]

Intervention

Systematic urine

LAM and sputum

Xpert MTB/rif
screening for TB.

Newly diagnosed PLHIV
Wanyenze Enhanced linkage
etal. (2013) | to care (see for
[24] description)
Wueet. al. One4All

(2017) [25] programme (see

Bonaiatti et.
al. (2020)

Peralto-
Prado et. al.
(2021)

text for
description)

Early ART start
(within 5 days)

Early ART

Comparison

Systematic
screening for TB
with sputum
MTB/rif alone.

Usual care

Usual care

ART start after
ICU discharge.

Deferred ART

Outcomes for adult PLHIV admitted to hospital,

LTFU (%)

disaggregated from main trial population where necessary.

Time-period | Mortality in

over which | comparison /
mortality control arm
was
ascertained
56 days 272/1287
(21%)
3 months 22/168
1 year (13%)
36/168 (21%)
1 year 98 /185
(53%)
In hospital 38 /57 (69%)
360 days 2/ 28 (7%)

PLHIV with signs and symptoms of TB or with presumptive TB.

Holtz et al.
(2011) [29]

Peter et al.
(LAM-RCT)
(2016)

PLHIV with signs of symptoms consistent with sepsis

Andrews
et al (2014)
(30]

“Implementation
of WHO 2007 TB
treatment
guidelines”

Systematic urine
LAM testing plus

routine diagnostic

TB tests.

Early Goal
Directed Therapy
for sepsis with
hypotension (see

Usual care prior
to institutional

implementation of

WHO 2007 TB
treatment
guidelines.

Routine
diagnostic TB
tests only.

Usual care

In hospital 30/ 338 (9%)

At 8 weeks 108/ 338
(32%)

56 days 317/ 1271
(25%)

In-hospital |29 /46 (63%)

Mortality in
intervention
arm

235/ 1287
(18%)

30/174
(17%)
471174
(27%)

54 /153
(35%)

37/ 58 (64%)

4/30 (13%)

12 /187 (6%)
31/187
(17%)

261/ 1257
(21%)

29/ 42 (69%)

Measure of
association
between
intervention
and mortality
outcome and
95% confidence
interval *

aRD -2.8%,
95% CI -5.8% -
0.3%).
Adjusted for
site only.

29 (1.1%)

RD +4% [-3%
to + 12%]
RD + 6% [-3%
to + 15%)]

87 (9%)A

RD -18% [-28%
to -7%]

34 (6.9%)"

RD +3% [-15%
to +20%]

5 (4.3%)

RD -6% [-22%
—+9%)]

Not stated

RR 0.57 (0.328- | No
1.14)

aRR 0.46 (0.30-
0.70)

Adjusted for
hospital and
baseline CD4

count.

aRR 0.83 (0.73-
0.96)

Adjusted for
country of
recruitment.

LTFU

117 (4.6%)

RR 1.10 (0.81-
1.48)

6 (5.5%) A

participants

Overall
risk of
bias *

Low

Some
concerns

Low

Some
concerns

Some
concerns

High

Some
concerns

Low

Source of
presented data
and effect
estimate.

Published study.

Disaggregated
mortality
outcome from
author. Effect
estimate
calculated from
grouped data.

Disaggregated
mortality
outcomes from
published paper.
Effect estimate
calculated from
grouped data,
ignoring
clustering (may be
falsely narrow).

Published study,
effect estimate
calculated.
Published study,
effect estimate
calculated.

Published study.

Published study.

Disaggregated
mortality
outcome and
effect estimate

text) from published
paper.
(Continued)
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Table 2. (Continued)

Study Intervention Comparison Outcomes for adult PLHIV admitted to hospital, LTFU (%) | Overall |Source of
disaggregated from main trial population where necessary. riskof | presented data
Time-period | Mortality in | Mortality in | Measure of bias * and effect
over which | comparison / |intervention |association estimate.
mortality controlarm |arm between
was intervention
ascertained and mortality
outcome and
95% confidence
interval *
Andrews Early Goal Usual care In hospital 29/93 (31%) | 46 /94 (49%) | RR1.57 (1.09- | 15(7.2%)~ | Low Disaggregated
etal (2017) Directed Therapy 2.26) mortality
[31] for sepsis with outcome and
hypotension (see effect estimate
text) from published
paper.
PLHIV who are mechanically ventilated
Calligaro Systematic TB Systematic TB 28 days 12/30 (40%) | 13/37(35%) | RD -5% (-28% | 11 (3.2%)" | Low Disaggregated
etal. (2015) | screening using screening using 90 days 12/ 30 (40%) | 16 /37 (43%) | to 18%) mortality data
[32] local Xpert MTB/ | central reference RD 3.2% (-20% from author,
rif testing. lab culture. to 27%) effect estimate
calculated.

* Measure of association is according the primary outcome for paper or main mortality outcome reported (where mortality is not a primary trial outcome). Were there

is no measure of association in the published paper (usually because PLHIV or inpatients were a subgroup) we calculate an estimated risk difference and 95% confidence

interval from grouped data, ignoring clustering if relevant.

# Risk of bias assessed using Cochrane ROB 2019 for randomised trials and Cochrane ROBINS-i for non-randomised studies.

A Applies to the whole trial population and not just inpatient adults with HIV (unable to disaggregate LTFU).
Abbreviations: a = adjusted, OR = Odds Ratio, RR = Risk Ratio, HR = Hazard Ratio, RD = Risk difference, LTFU = Lost to follow up.

https://doi.org/10.1371/journal.pgph.0001557.1002

significant). In three pre-specified sub-groups there was a survival advantage in the group
screened with urine diagnostics. These were in participants with CD4 cell counts <100 cells/
mm?® (aRD -7.1%, -13.7% to -0.4%), participants with haemoglobin < 8g/dL (aRD -9.0%, -
16.6% to —1.3%), and participants with tuberculosis in differential diagnosis (aRD -5.7% —
10.9% to —0.5%). Tuberculosis was microbiologically confirmed in 16% (210/1287) of partici-
pants randomised to the urine diagnostic arm, based on combined results from the admission
urine and sputum Xpert screen plus other usual care diagnostics on clinician request. This was
a blinded trial, with low risk of bias.

Interventions relevant to newly diagnosed PLHIV hospital inpatients

Four studies evaluated interventions relevant to people newly diagnosed with HIV at the time
of admission.

Wanyenze and colleagues (2013) randomised participants who tested HIV positive at a ter-
tiary referral hospital in Uganda to standard vs. enhanced linkage to care [24]. Enhanced link-
age to care involved counselling to reduce barriers to linkage to care, optional assisted
disclosure to people who could provide social support, in-person introduction to clinic loca-
tion and clinic staff and a reminder by phone call or home visit about their scheduled ART
clinic visit, which for inpatients was following discharge. Approximately one-third of patients
were inpatients at the time of randomisation. For all participants (outpatients and inpatients)
there was no difference between standard linkage to care and enhanced linked to care (aHR
0.97, 95% CI 0.70-1.36). The authors provided data for participants recruited as inpatients or
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from emergency departments at our request. Compared to standard linkage to care, enhanced
linkage to care did not alter mortality at one year, although the confidence interval was wide
(unadjusted risk difference [RD] +6%, 95% CI -3% to +15%). There were some concerns of
bias due to completeness of follow up (9% of participants were lost to follow up).

Wu and colleagues (2017) evaluated an intervention package that removed laboratory test
barriers to timely ART initiation [25]. Twelve hospitals in China were randomised to either
usual care or to implementation of the “One4All” intervention. All people (inpatients and out-
patients) newly diagnosed with HIV on the basis of a single screening lateral flow HIV test in
each hospital were recruited to the study. The intervention involved parallel rapid HIV anti-
body confirmatory testing, point of care CD4 count and viral load measurement at baseline.
Usual care involved sequential testing for these three tests, with long turnaround times and
requiring multiple clinic visits for blood tests, as was standard of care at the time. The hospital
policies were that results of these tests were required before ART could be commenced. In the
intervention arm required tests were complete in a median of 12 days from enrolment, com-
pared with 58 days in usual care arm, meaning that the intervention reduced the time before
ART was started. By 12 months 35% (54/153) of inpatient participants in the One4All group
had died, compared to 53% (98/185) in the control group; this corresponded to an unadjusted
RD for mortality of -18% (95% CI, -28% to -7%). This confidence interval was calculated from
grouped data and ignores effects of clustering. This trial had a low risk of bias.

Boniatti and colleagues (2020) investigated early (within five days from enrolment) com-
pared to late (after ICU discharge) ART start among ART-naive HIV positive participants
admitted to ICU in Brazil with low CD4 count or a AIDS-defining illness [26]. Timing of ART
initiation made no difference to death by six months, RD +3% [-15% to +20%] for early ART
compared to late ART. Forty-three percent (51/118) of people had diagnosed tuberculosis,
including microbiologically confirmed and clinically diagnosed TB. There were some concerns
of bias due to loss to follow up. In a conference abstract, Peralta-Prado and colleagues report
results of a trial which randomly allocated 58 adult PLHIV with opportunistic infections not
on ART to immediate vs. delayed ART in hospital (median 2 days to ART initiation in imme-
diate arm and 11 days in deferred arm) [27]. There was no difference in survival at one year
from enrolment.

Interventions relevant to people based on defined symptoms and signs

We identified five studies that evaluated interventions targeted towards patients with specific
constellations of clinical symptoms and signs.

Two studies were conducted among PLHIV with signs or symptoms of TB. In the
LAM-RCT study, Peter and colleagues (2016) randomised participants with any WHO TB
symptom (cough, fever, weight loss or night sweats) in ten hospitals in four countries (Zambia,
Zimbabwe, South Africa and Tanzania) to either urine LAM screening or routine non-LAM
diagnostic tests for TB [28]. Urine LAM screening reduced all-cause mortality at eight weeks
(RD -4%, 95% CI -7 to -1%). TB was microbiologically confirmed in 26% (664/2528) of all par-
ticipants by TB culture or Xpert (corresponding to 29% (664/2333) of all participants who had
at least one Xpert or culture sample taken). There were some concerns of bias due to the
unblinded design.

In a non-randomised before-and-after study conducted in 2008-2009, Holtz and colleagues
(2011) investigated the effect of implementing the WHO 2007 smear-negative and extrapul-
monary TB diagnosis and treatment guidelines for PLHIV at three hospitals in South Africa
[29]. Hospitalised PLHIV were recruited if they were seriously ill (one or more WHO “danger
signs”), had TB symptoms or a chest X-ray consistent with TB and negative sputum smear
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microscopy (the authors refer to this as meeting definition for smear negative TB, although in
the pre-intervention part of the study less than half of participants actually received a TB diag-
nosis). In the pre-intervention group (August 2008 to February 2009), usual care varied and
was not guided by any protocol; in the intervention period (March to December 2009) clini-
cians were trained and asked to manage patients according to the WHO 2007 algorithm which
recommended empirical initiation of TB treatment. The percentage of participants initiating
TB treatment was 46% (157/338) in the pre-intervention cohort and 100% (187/187) in the
intervention cohort. Mortality was much lower in the post-intervention cohort compared to
pre-intervention, with an adjusted hazard ratio (aHR) for death up to 56 days from enrolment
0f 0.46 (95% CI: 0.30-0.70) after adjustment for baseline CD4 count and hospital. This was an
unblinded before-and-after study with serious risk of bias.

Two studies recruited patients with signs and symptoms consistent with sepsis and hypo-
tension; both were RCTs conducted in one hospital in Zambia that evaluated the use of early
goal-directed therapy in the emergency department. In both trials, adults attending the hospi-
tal emergency department were eligible regardless of HIV status, but the majority were HIV
positive. In their first trial Andrews and colleagues (2014) recruited participants with signs and
symptoms consistent with sepsis and organ dysfunction between February and July 2012 [30].
In the second trial (Andrews et al, 2017) [31] recruitment was restricted to people attending
the emergency department between October and December 2013 with hypotension, but with-
out hypoxia or tachypnoea. The intervention protocol mandated up to four litres intravenous
fluid, and vasopressors or blood transfusion in participants with refractory hypotension and
anaemia respectively. In both trials, a higher proportion of participants in the intervention
groups died compared to those in the control groups: risk ratio (RR) 1.05, 95%CI 0.79-1.41 for
the first trial (not statistically significant), and RR 1.46, 95% CI 1.04-2.05 for second trial. The
authors note that limited access to intensive care unit level monitoring or mechanical ventila-
tion for patients may have contributed to harm from aggressive fluid resuscitation. Among all
participants in both trials (including a small proportion HIV-negative), 27% (81/297) had
microbiologically confirmed TB. These trials both had some concerns of bias due to the
unblinded design, although this would have likely had the effect of bias towards the null.

One trial (Calligaro et al, 2015) investigated a TB screening intervention comprising Xpert
MTB/RIf testing compared to smear microscopy done in a centralised laboratory among venti-
lated patients in ICU in South Africa, regardless of symptoms or reason for ICU admission
[32]. The prevalence of microbiologially confirmed TB was high (15%, 13/86 participants over-
all across both trial arms). Use of Xpert compared to smear was not associated with a differ-
ence in mortality between groups at 90 days (RD +3%, 95% CI -20% to 27%), and this trial was
terminated early due to Xpert becoming standard of care in South Africa. This trial was at a
low risk of bias.

Discussion

People living with HIV who are unwell enough to require hospital admission likely have
healthcare needs that are substantially different to people attending outpatient services, due to
clinical acuity, extremely high probability of opportunistic infections and high risk of poor
outcomes [10,13]. Whilst the numbers of people living with HIV being admitted to hospital
are likely decreasing due to community availability of ART, and newer ART regimens [12],
people in hospital contribute disproportionately to AIDS deaths. For example, about one quar-
ter of all AIDS related deaths in Blantyre, Malawi in 2018 occurred in a government hospital
[12]. There is no evidence of improvement in outcomes for PLHIV admitted to hospital over
time [10,12,13]. While the WHO 2017 guidelines for advanced HIV disease and 2021
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consolidated guidelines [14,15] apply to both inpatients and outpatients, most of the evidence
considered for those guidelines was from outpatient studies, and there are currently no differ-
entiated recommendations to reflect the particular needs of inpatients. We identified ten pub-
lications from 2003 (nine randomised trials and one before-and-after study) that investigated
interventions aimed broadly at reducing mortality among PLHIV admitted to hospital in
LMICs, although several of these were interventions that are superseded by more recent ART
guidelines. Four consistent findings in studies in review were: high risk of death, with early
mortality ranging from 20% (at 56 days, all PLHIV admitted to medical wards in South Africa
and Malawi) [23] to 70% (by six months, PLHIV in intensive care in Brazil) [26]; a high preva-
lence of microbiologically confirmed TB; high prevalence of signs of critical illness; and low
CD4 counts even in studies where many participants are on ART. The finding of low CD4
counts persisted in more recent studies even though many participants in more recent studies
[23,28,31] reported already knowing their HIV status and taking ART (Table 2). Interventions
were aimed at intensified TB diagnosis or treatment (four studies), reducing perceived or
actual barriers to initiation of ART (two studies), rapid inpatient ART start (Two studies), and
fluid-based management of sepsis (two studies).

TB is a major cause of death in PLHIV admitted to hospital, as shown in previous reviews
of hospitalised HIV cohorts [13,33] and autopsy series [34]. Consistent with this: M. tuberculo-
sis was the single most common blood culture pathogen in the sepsis trials in Zambia (isolated
from 35% of positive blood cultures); microbiologically confirmed tuberculosis was diagnosed
in 16% of urine-screening-arm STAMP trial participants (unselected PLHIV admitted to med-
ical wards in Malawi and South Africa) [23]; 27% of urine screening arm LAM-RCT partici-
pants (PLHIV inpatients with TB symptoms in Tanzania, South Africa, Zambia and
Zimbabwe); and 15% of PLHIV ventilated in Intensive Treatment Unit (ITU) in South Africa
(regardless of reason for ITU admission). Four of the ten studies investigated TB-related inter-
ventions [23,28,29,32]. Two multi-country randomised trials [23,28] investigated TB urine
diagnostic interventions and reported substantially increased proportions of inpatients treated
for TB as well as modest mortality reductions. These results led to a strong recommendation
from WHO in 2019 [35] that urine LAM testing should be used to test all inpatients with CD4
<200 cells/mm”, signs and symptoms of TB or who are seriously unwell [35-37]. Although we
did not identify any trials investigating empirical TB treatment specifically for inpatients, one
non-randomised study in South Africa [29] reported large survival gains from implementing
the 2007 WHO algorithm for critically ill PLHIV with TB symptoms; which in effect substan-
tially increased the number of people starting TB treatment without clinical confirmation of
TB. However, this study was before widespread availability of sputum Xpert and urine LAM
testing for TB. Both TB prevalence and risk of death from TB vary considerably by level of
health service for PLHIV [38], thus these results support the need for randomised trials investi-
gating inpatient empirical TB treatment, despite the lack of benefit shown for outpatients [39-
41]. Such studies could be combined with investigation of more intensive TB regimens, for
instance high dose rifampicin, and would ideally use pragmatic eligibility criteria aiming to
recruit large numbers of inpatients, as for LAM-RCT and STAMP, rather than aiming for
highly pre-screened and/or immunosuppressed participants that can cause critical recruitment
problems [42] and applicability concerns.

A high proportion of participants in all trials had clinical signs of critical illness. Nearly half
of all emergency department attendees in the Zambian trials met the case definition for sepsis
[30,31] The definitions of sepsis used for these studies are similar to WHO danger signs used
to identify need for hospitalisation. In the STAMP trial, 21% of all participants (all PLHIV in
medical wards) had one or more WHO ‘danger signs’ at the time of recruitment [23].
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Of the six studies that included people regardless of ART status, there was a pronounced
increase from the earlier to the later trials in the proportion of participants already being on
ART, reflecting global efforts to scale-up diagnosis and treatment as part of UNAIDS Fast-
track HIV elimination strategy. Most trials reported median CD4 count and proportion of par-
ticipants on ART, but without disaggregating CD4 counts by ART status. Median CD4 counts
were low, ranging from 40 cells/mm” for a 2012 study with ART at admission in 38% of partic-
ipants [32] to 227 cells/ mm? for a 2015-2017 study with ART at admission in 72%. [23] Low
median CD4 count despite high ART coverage suggests a high prevalence of underlying ART
treatment failure, confirmed for patients admitted to the Malawi site of the STAMP trial [11].
Given the high mortality for admitted PLHIV, we recommend that investigation and manage-
ment of potential ART treatment failure should be considered as a matter of urgency for inpa-
tients, ideally informed by trials investigating health outcomes from diagnostic interventions
providing early data on viral load, genotyping, and investigating optimal timing of ART regi-
men change following inpatient admission. Such trials could inform current WHO HIV treat-
ment failure guidelines that are mainly based on data from ambulant outpatients.

Two of the included trials [24,25] addressed real or perceived barriers to starting ART; one
showed a mortality benefit and one didn’t. These were all before 2016 “treat all” recommenda-
tions and some of the barriers that were being overcome (such as availability of CD4 counts to
determine ART eligibility) are no longer standard of care [15]. Two small studies of very early
vs. slightly delayed ART showed no difference in mortality (with wide confidence intervals).

Limitations to our present study include trials for which our population of interest (hospi-
talised PLHIV) represented only a proportion of the entire trial population, leaving trials
underpowered for inpatient mortality. In two papers, authors were unable to disaggregate the
inpatients and outpatients thus these were not included [43]. We did not include trials that
were restricted to people in hospital who already had a specific diagnosed opportunistic infec-
tion (for example cryptococcal meningitis). We had initially intended to include interventions
for people with certain diagnosed opportunistic infections but after starting the search we
amended the inclusion criteria (reflected in changes at PROSPERO registration) for three rea-
sons. First, we were initially including several small drug trials of varying quality and were
thereby duplicating work of other reviews (for example, cryptococcal meningitis, where clear
guidelines based on a systematic review about appropriate management already exist). Second,
because, microbiologically or pharmacologically, treatment for diagnosed opportunistic infec-
tions isn’t likely to substantially vary between inpatients and outpatients and inpatients aren’t
necessarily a distinct population-although they have a higher risk of death. Finally, interven-
tions delivered to a small subset of inpatients are unlikely to have large public health benefits,
and our focus was on interventions or a package of interventions that could be recommended
generally for hospitalised adults to broadly reduce risk of death.

In summary, we found relatively few trials to inform recommendations for interventions or
a package of interventions to offer as part of a package of care to adults living with HIV admit-
ted to hospital. There were two studies of urine TB diagnostics which showed mortality reduc-
tions in people with TB symptoms, but no studies of other diagnostic interventions.
Understanding the likely impact of combined diagnostic interventions such as urine LAM,
cryptococcal antigen tests, rapid CD4 count and viral load measurements would help to guide
investment in inpatient management. This could be similar to studies such as REMSTART
[44] and REALITY [45] which informed the 2017 WHO recommended package of care for
advanced HIV [14] while the package could be delivered to both inpatients and outpatients
with advanced HIV, the evidence is from trials in outpatients. There is a need for evidence to
optimise the timely diagnosis and management of potential ART treatment failure in inpa-
tients—people who are unwell enough to be admitted to hospital and who are currently taking

PLOS Global Public Health | https://doi.org/10.1371/journal.pgph.0001557  February 22, 2023 12/16


https://doi.org/10.1371/journal.pgph.0001557

PLOS GLOBAL PUBLIC HEALTH Interventions to reduce deaths in PLHIV admitted to hospital: A systematic review

ART might have worse outcomes than those not on ART, so this is a priority [46]. Whilst a
trial in Uganda over a decade ago didn’t show a difference in survival for people offered a link-
age to care package (many of whom weren’t eligible for ART at the time) vs. no linkage to care,
more evidence in the “treat all” era about the best strategies to start, restart or change ART, or
otherwise address ART treatment failure, and effectively link people from hospitals to primary
care should be another priority. Given the high prevalence of TB among inpatient PLHIV and
sub-optimal sensitivity of urine LAM tests, trials of empirical anti-infective treatment of criti-
cally ill PLHIV would be helpful, for instance empirical TB treatment with or without addi-
tional antibiotics for severe bacterial infection.

Conclusion

Overall mortality was 23% (range 15% to 66%) for participants in this heterogeneous group of
inpatient studies from different continents, with different recruitment criteria and different
follow up durations. TB screening using urine-based diagnostics reduced mortality, and there
was a suggestion of benefit from empirical TB treatment among inpatients that should be
investigated further despite the lack of benefit shown for outpatients. Aggressive fluid adminis-
tration for people who are critically ill should generally be avoided especially where intensive
care facilities are not readily available. PLHIV who require hospitalisation should be managed
with urgency, with results from trials specific to inpatients ideally used to guide optimal man-
agement and improve patient outcomes.
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