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Background: Despite expanded access to antiretroviral therapy (ART) and the
rollout of the World Health Organization's (WHO) ‘test-and-treat’ strategy, the
proportion of people with HIV (PWH) presenting with advanced HIV disease
(AHD) remains unchanged at approximately 30%. Fifty percent of persons with
AHD report prior engagement to care. ART failure and insufficient retention
in HIV care are major causes of AHD. People living with AHD are at high risk
for opportunistic infections and death. In 2017, the WHO published guidelines
for the management of AHD that included a comprehensive package of care
for screening and prophylaxis of major opportunistic infections (OIs). In the
interim, ART regimens have evolved: integrase inhibitors are first-line therapy
globally, and the diagnostic landscape is evolving. The objective of this review
is to highlight novel point-of-care (POC) diagnostics and treatment strategies
that can facilitate OI screening and prophylaxis for persons with AHD.
Methods: We reviewed the WHO guidelines for recommendations for persons
with AHD. We summarized the scientific literature on current and emerging
diagnostics, along with emerging treatment strategies for persons with AHD.
We also highlight the key research and implementation gaps together with
potential solutions.

Results: While POC CD4 testing is being rolled out in order to identify per-
sons with AHD, this alone is insufficient; implementation of the Visitect CD4
platform has been challenging given operational and test interpretation issues.
Numerous non-sputum POC TB diagnostics are being evaluated, many with
limited sensitivity. Though imperfect, these tests are designed to provide rapid
results (within hours) and are relatively affordable for resource-poor settings.
While novel POC diagnostics are being developed for cryptococcal infection,
histoplasmosis and talaromycosis, implementation science studies are urgently
needed to understand the clinical benefit of these tests in the routine care.
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Conclusions: Despite progress with HIV treatment and prevention, a persis-
tent 20%-30% of PWH present to care with AHD. Unfortunately, these persons
with AHD continue to carry the burden of HIV-related morbidity and mortal-
ity. Investment in the development of additional POC or near-bedside CD4
platforms is urgently needed. Implementation of POC diagnostics theoretically
could improve HIV retention in care and thereby reduce mortality by overcom-
ing delays in laboratory testing and providing patients and healthcare workers
with timely same-day results. However, in real-world scenarios, people with
AHD have multiple comorbidities and imperfect follow-up. Pragmatic clinical
trials are needed to understand whether these POC diagnostics can facilitate
timely diagnosis and treatment, thereby improving clinical outcomes such as
HIV retention in care.
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INTRODUCTION

In 2016, the United Nations General Assembly set a goal
to end AIDS by 2030 with an interim goal to reduce
AIDS-related deaths to fewer than 500 000 by 2020; unfor-
tunately that goal has not been met [1]. An estimated
650 000 AIDS-related deaths occurred in 2021 [2], with
the majority occurring among people living with
advanced HIV disease (AHD). Despite expanded access to
antiretroviral therapy (ART) and the rollout of the World
Health Organization's (WHO) ‘test-and-treat’ strategy, the
proportion of people with HIV (PWH) presenting with
AHD remains unchanged at approximately 30% [3-6].
Fifty percent of persons with AHD report prior engage-
ment to care. ART failure and insufficient retention in
HIV care are major causes of AHD [7].

People living with AHD are at high risk for opportu-
nistic infections (OIs) which drive mortality. Common
OlIs include tuberculosis (TB), cryptococcal disease, severe
bacterial infection (SBI), toxoplasmosis, pneumocystis
pneumonia (PJP), and, in specific regions, histoplasmosis
and talaromycosis. In the REALITY trial, among ambula-
tory PWH with CD4 <100 cells/mm [3], 13% died within
48 weeks, with the highest mortality occurring during the
first 4 weeks on ART. [8] Similarly, in the REMSTART
trial, 16% of participants with AHD died by 28 weeks [9].
This likely represents a gross underestimate of routine
care mortality among persons with AHD outside of clini-
cal trials [10-12]. Studies of patients hospitalized with
AHD report >20% mortality, primarily due to TB [13-15].

In 2017, the WHO published guidelines for the man-
agement of AHD that included a comprehensive package
of care for screening and prophylaxis of major OIs

advanced HIV, cryptococcal meningitis, opportunistic infections, point-of-care diagnostics,

(Table 1) based on the above-mentioned trials among
AHD outpatients [3, 8, 9]. In the interim, ART regimens
have evolved: integrase inhibitors are first-line therapy
globally, and the diagnostic landscape has changed. In
this review, we discuss novel diagnostic and OI prophy-
laxis strategies for people with AHD and highlight key
research and implementation gaps together with potential
solutions. Given the breadth of AHD-related OI manage-
ment, we focus our discussion on emerging diagnostics,
prophylactic strategies, and new areas of investigation.

IDENTIFICATION OF PEOPLE WITH
AHD: CD4 TESTING AS THE
GATEWAY TO THE AHD PACKAGE
OF CARE

In this review, we define AHD as adults with a CD4 cell
count <200 cells/mm [3]. While children can have AHD,
their risk of OIs and death are different than adults. The
referenced clinical trials only include adults and, as a
result, the WHO recommendations for OI screening and
preemptive treatment are only applicable to adults. The
WHO recommends that all adults entering or re-entering
HIV care receive CD4 testing to identify AHD and thereaf-
ter screen for OIs (Table 1) [3]. However, due to resource
constraints and as CD4 counts are no longer used to guide
ART initiation, viral load testing is often preferentially per-
formed. [16] Thus, persons with AHD are not always iden-
tified and appropriately screened and treated for Ols.
Indeed, in an analysis of >500 000 patients in six countries
in southern Africa, CD4 testing at ART initiation occurred
in 78% in 2008 compared to only 38% in 2017 [17].
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TABLE 1 World Health Organization recommendations for opportunistic infection screening and prophylaxis, stratified by CD4 cell

count.

Always recommended CD4 <350 cells/pl

Rapid ART initiation® e

Xpert MTB/RIF (if TB symptoms present) e

TPT (without active TB)

Cotrimoxazole prophylaxis
Medication adherence support
CrAg screening

Fluconazole preemptive therapy if

CrAg-positive
TB LAM

*Deferred if clinical symptoms of TB or cryptococcal meningitis present.

CD4 <200 cells/ul  CD4 <100 cells/pl

Abbreviations: ART, antiretroviral; CrAg, cryptococcal antigen; LAM, lipoarabinomannan; MTB, Mycobacterium tuberculosis; RIF, rifampin; TB, tuberculosis;

TPT, tuberculosis preventive therapy.

Where CD4 testing is performed, due to laboratory-
based testing, results are typically reviewed at the next clinic
visit, often 2-4 weeks later. The opportunity to perform
real-time targeted OI screening with provision of OI treat-
ment/prevention prior to ART initiation or re-initiation is
thus missed. Among persons with untreated Ols, initiating
ART may lead to unmasking immune reconstitutions
inflammatory syndrome (IRIS), which can be fatal. [18]
Indeed, lack of pre-ART CD4 testing in persons with AHD
is associated with higher 90-day mortality [19].

Point-of-care CD4 testing

Near point-of-care (POC) CD4 testing using PIMA analy-
ser (Abbott) and BD FACS Presto (BD Biosciences) instru-
ments have been available for several years. These CD4
platforms provide accurate results in 20 min through bat-
tery or electricity run instruments, allowing for early
detection of AHD in outpatient settings [20]. Replacement
of cartridges is frequently a barrier to care. Furthermore,
production of these POC CD4 machines will be discontin-
ued in 2024 by both BD Biosciences and Abbott.

The Visitect CD4 test (AccuBio Ltd) is a heat-stable, elec-
tricity and instrument-free, POC CD4 test that yields visual
semiquantitative results (above or below 200 cells/mm [3]) in
40 min at a cost of US$4 per test. [21] A recent study among
1053 venous samples from Botswana demonstrated 94%
(112/119) sensitivity compared to flow cytometry but positive

predictive value for CD4 <200 cells/mm [3] was only 46%
[22]. If the goal is to identify and screen persons at highest risk
of undiagnosed Ols, false-positive results may be a reasonable
trade-off for a highly sensitive POC test that can allow for
rapid OI screening prior to ART initiation [23]. One additional
drawback is that healthcare workers often prefer a precise
CD4 value over a semiquantitative CD4 range [24, 21].

As of June 2022, a total of 44 countries are implement-
ing or evaluating Visitect CD4 tests in facilities (Clinton
Health Access Initiative, personal communication, Janu-
ary 2023). The Visitect CD4 test has been included in the
PEPFAR Country Operational Plan (COP) Guidance for
2022 and listed as a priority diagnostic for 2023-2025 by
the Global Fund. Operational challenges include numer-
ous steps must be performed within 40 min; buffer needs
to be added after 3 min, and again after an additional
17 min. The practicalities of performing multiple tests in a
busy clinical laboratory have not yet been established.
Interpreting the results of the test remains challenging in
real-world settings (unpublished data).

AHD-ASSOCIATED
OPPORTUNISTIC INFECTIONS

Tuberculosis

Tuberculosis (TB) is the leading cause of mortality among
PWH, contributing to up to one-third of AIDS-related
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deaths [25]. Sputum-based diagnostics are the
WHO-recommended initial test for TB diagnosis. How-
ever, fewer than 60% of persons initiate TB treatment
with a confirmed microbiological diagnosis [26]. In peo-
ple with AHD, diagnosis of TB is challenging due to atypi-
cal clinical presentation and difficulty producing sputum.
In a meta-analysis of autopsy studies among PWH in
resource-limited settings, approximately 45% of TB cases
remained undiagnosed and untreated at the time of death
[27]. Furthermore, subclinical TB, where patients may be
asymptomatic for 6 months prior to symptom onset, may
occur in ~50% of microbiologically confirmed TB cases
and drives transmission [28] [29]. Thus, in persons with
AHD, TB screening is essential, and more sensitive, non-
sputum POC diagnostics are required to reduce TB trans-
mission and deaths.

Point-of-care TB diagnostics

TB-lipoarabinomannan testing
Liporabinomannan (LAM) is a lipopolysaccharide com-
ponent of the Mycobacterium tuberculosis (MTB) cell wall
that is detectable in the urine of PWH with active TB dis-
ease. The Alere Determine TB-LAM Antigen test
(TB-LAM; Alere) is a cheap, rapid, POC lateral flow test
that requires no electricity or laboratory infrastructure
(Table 2) [30]. The diagnostic sensitivity of the Alere TB-
LAM is highest in inpatients with low CD4 cell counts.
The STAMP trial examined systematic urine
TB-screening with Alere TB-LAM and Xpert MTB/RIF
assay (Xpert; Cepheid) among hospitalized adult PWH
and found an increase in TB diagnoses and treatment fre-
quency (adjusted hazard ratio 1.56, 95% CI 1.29 to 1.88;
p < 0.0001) [14]. Among adults with CD4 <100 cells/mm
[3] there was a survival benefit at day 56 [14]. Accordingly,
WHO 2021 guidelines recommend urine TB-LAM testing
in all persons with CD4 <100 cells/mm [3] regardless of
symptoms, and in PWH with signs/symptoms of TB [31].
The Fujifilm SILVAMP TB LAM (FujiLAM; Fujifilm)
combines a pair of high-affinity monoclonal antibodies
directed toward MTB-specific LAM epitopes and a silver-
amplification step. This design enables the detection of
urinary LAM concentrations that are approximately
30 times lower than that detected by the Alere TB-LAM
assay. While the FujiLAM performance appears promis-
ing (Table 2) it is not yet commercially available.

Molecular TB tests

Xpert MTB/RIF Ultra is a cartridge-based, automated,
real-time polymerase chain reaction (PCR) assay that
provides results (including rifampin resistance) in under
2 h. This test is a re-engineered version of the original

Xpert MTB/RIF assay and is recommended by the WHO
as the first diagnostic test for TB [32]. Xpert Ultra has
been tested extensively on non-sputum samples; how-
ever, interpretation of sensitivity remains challenging
(Table 2). For example, among 264 hospitalized adults
with AHD and suspected meningitis who were systemati-
cally screened for TB, 11% (29/264) had evidence of dis-
seminated TB disease by urine Xpert Ultra and 23%
(75/327) by urine Alere TB-LAM, with poor concordance
between the two tests [33]. Blood Xpert Ultra results have
also been closely associated with mortality (odds ratio
2.39, 95% CI 1.5-3.9) adding prognostic utility [34]. Xpert
testing of multiple tongue swabs appears promising and
may be an option for those with suspected pulmonary TB
who cannot produce sputum [35, 36].

Implementation of Xpert and Xpert Ultra are limited
by cost and requirements for a stable electrical supply. In
contrast, the WHO-endorsed sputum Truenat assay
(Molbio Diagnostics) is a chip-based, real-time PCR that
is battery powered and heat stable up to 40°C with com-
parable accuracy to Xpert Ultra in sputum and non-
sputum samples (Table 2) [37-39].

New horizons for TB diagnostics

A strategy using a combination of multiple TB diagnostic
tests in persons with AHD may be valuable. Prospective
data from Tanzania and South Africa in PWH clearly
show the incremental diagnostic yield when urine Alere
TB-LAM testing is added to Xpert testing on sputum [40,
41]. Further promising approaches under development
focused on bacilli component detection include plasma
or urine cell-free MTB DNA, next-generation sequencing
and CRISPR-mediated technologies (Table 2) [42, 43].
Additionally, the Xpert MTB/XDR assay uses the GeneX-
pert instrument to rapidly detect MTB and resistance to
first- and second-line in sputum specimens [44].

An alternative approach is to use the body's immune
response as a TB diagnostic test. The Xpert MTB Host
Response (Xpert MTB-HR; Cepheid) generates a TB score
based on messenger RNA expression of three genes using
the GeneXpert platform. [45] Compared to Xpert Ultra,
Xpert MTB-HR had 87% sensitivity and 94% specificity
for persons with pulmonary TB, although only 10% of
the study population had HIV infection. Although the
MTB-HR test has potential as a POC triage test, perfor-
mance data are needed in combination with microbio-
logic or molecular tests among persons with AHD.

TB preventive therapy

In PWH, if active TB disease has been excluded, TB pre-
ventive therapy (TPT) is indicated to prevent progression
of latent TB infection to active TB disease [3]. The risk of
developing active TB within 6 months of ART initiation
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(Continued)

TABLE 2

Time to
result

Cost (US$) Comments

WHO recommendations [8]

Sensitivity/specificity

Specimen

Test name

« Sensitive for

+ Urine: sensitivity 83.7%

pulmonary and extra-
pulmonary TB in

(71%-91%), specificity

100% (86%-100%) [43]

children with HIV

Abbreviations: AFB, acid-fast bacilli; AHD, advanced HIV disease; CI, confidence interval; CSF, cerebrospinal fluid; LAM, lipoarabinomannan; LF, lateral flow; MTB, Mycobacterium tuberculosis; NA, not available;

PWH, people with HIV; RIF, rifampin; TB, tuberculosis; WHO, World Health Organization.

in people with AHD is as high as 20% [46]. Short-course
TPT regimens (1 or 3 months of rifapentine-based ther-
apy) are non-inferior to 9 months with improved adher-
ence and fewer adverse events, though these studies
included very few persons with AHD [47]. Preliminary
data from an ongoing pharmacokinetic clinical trial of
doubling the dose of dolutegravir while on 1HP demon-
strated no serious adverse effects (ACTG A5372), though
final trial results are pending [48]. WHO recommenda-
tions for TPT are summarized in Table 3.

Cryptococcal infection

Cryptococcosis causes 19% of AIDS-related mortality glob-
ally, with approximately 152 000 (IQR 111 000-185 000)
cases of cryptococcal meningitis and 112 000 (IQR 79 000-
134 000) HIV-associated cryptococcal deaths annually
[49]. Cryptococcal meningitis is preceded by asymptomatic
cryptococcal antigenemia, where patients are without
meningitis symptoms, but have cryptococcal antigen
(CrAg) in their blood. Among persons with AHD, mean
prevalence of cryptococcal antigenemia is 4.4% (95% CI
1.6% to 7.4%) [49]. This period of antigenemia prior to
onset of meningitis symptoms provides a crucial window
for screening and prevention of invasive cryptococcal dis-
ease. CrAg-positive persons are at high risk for meningitis
and death within weeks to months [50]. Screening and
identification of CrAg-positive persons and effective pre-
emptive antifungal therapy as recommended by WHO is a
key strategy in reducing cryptococcosis-related morbidity
and mortality [3].

Diagnostics

The CrAg lateral flow assay (CrAg LFA; IMMY) is an
inexpensive, rapid, simple, heat-stable test that is ideal
for resource-limited settings where disease burden is
highest. The CrAg LFA is highly sensitive (>98%) and
specific (>94%) in both cerebrospinal fluid (CSF) and blood
[51, 52]. The recently developed IMMY CrAg semi-
quantitative LFA provides CrAg titres in real time [53]. As
high blood CrAg titres (>1:160) predict meningitis and
death, a rapid test with titre information may assist in key
management decisions such as triage to hospital for lumbar
puncture [51]. Implementation of the CrAg semiquantita-
tive test in clinical practice including acceptability, feasibil-
ity assessments by laboratory versus clinical staff, and
measurement of clinical outcomes has not been evaluated.
Molecular cryptococcal nucleic amplification through
PCR within CSF is highly sensitive and specific, with the
capability to detect a low level of fungal burden.
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Cryptococcal PCR is only commercially available through
a multiplex meningitis panel. [54] Such a panel may be
useful for meningitis that is difficult to diagnose. How-
ever, with widespread availability of the CrAg LFA, along
with its cost of US$3 to US$5 per test, makes the LFA the
ideal first test in meningitis diagnosis among people
with AHD.

Preemptive therapy for CrAg-positive persons

In asymptomatic CrAg-positive patients, preemptive flu-
conazole (800-1200 mg/day) reduces incidence of cry-
ptococcal meningitis and death in combination with
measures to improve ART adherence [9]. Despite this
WHO-recommended preemptive therapy, 25% of asymp-
tomatic CrAg-positive persons develop meningitis or die
within 6 months of screening [55]. Risk factors for mor-
tality are low CD4 count and high blood CrAg titres [56,
57]. Specifically, CrAg titres >1:640 in blood are associated
with 10 times the risk of death compared with titres <1:80
[56]. Though preemptive antifungal fluconazole therapy is
effective in participants with a CrAg titre <1:80, flucona-
zole is inadequate for persons with high CrAg titres.

Histoplasmosis

Histoplasmosis has recently been identified globally and is
not just endemic in certain parts of the Americas (Figure 1)
[58]. The burden of histoplasmosis among people with AHD
is unknown, though a recent study from Nigeria identified
Histoplasma antigen prevalence in the urine of 7.7%
(76/998) among persons with AHD [59]. Mathematical
models suggest that among PWH in Latin America, mortal-
ity from histoplasmosis may be higher than from TB [60]. In
persons with AHD, histoplasmosis is frequently dissemi-
nated, presenting as a multisystem febrile illness (similar to
TB), and carries >20% mortality [61]. Unfortunately, histo-
plasmosis is often not diagnosed until autopsy, as it is either:
(1) not considered outside of traditionally endemic areas,
(2) considered less likely than TB or (3) not considered due
to lack of diagnostics or antifungal therapeutics [62].
Diagnosis of disseminated histoplasmosis remains
challenging. Histopathology reveals yeast in tissue samples
but sensitivity is variable [63]. Fungal culture from blood
or bronchoalveolar lavage is the gold standard; however,
the fastidious organism requires a biosafety level (BSL)-3
laboratory, thus limiting widespread implementation [64].
Serologic testing, while easier to perform in the laboratory,
has inadequate sensitivity (58%) compared to culture [65].
However, recent advances include the Histoplasma
galactomannan enzyme immunoassay (EIA) (IMMY),

which is commercially available and can be performed
without laboratory infrastructure, although refrigeration
is required. This assay has 91% sensitivity and specificity
when compared to culture or histopathology [66]. A LFA
to detect Histoplasma galactomannan (Miravista) has the
advantage of requiring minimal laboratory infrastructure
but is not yet commercially available. The assay has 90%
(95% CI 83%-95%) sensitivity and 92% (95% CI 89%—-95%)
specificity compared to culture or histopathology [66].
There are insufficient data to know whether these mea-
sures are maintained for H. duboisii (the only reported
testing is two samples from patients with H. duboisii,
both had positive results), although MiraVista believes its
likely performance would be similar [67]. In addition, the
Miravista LFA compared well to the current standard-of-
care Miravista EIA antigen test in the United States in
two studies (kappa 0.656-0.84) [68, 69]. Cross-reaction
with other fungi (Blastomyces, Talaromyces, Paracocci-
diodes, Coccidioides) is common with these assays [69].
The Infectious Diseases Society of America guidelines
recommend itraconazole prophylaxis for CD4 <150 cells/
mm [3] where disease incidence is >10 cases/100 patient-
years [70]. In a prospective randomized trial among
adults with AHD, itraconazole prophylaxis (200 mg daily)
reduced the incidence of histoplasmosis but did not
improve survival. [71] Pan American Health Organiza-
tion (PAHO)/WHO guidance for histoplasmosis recom-
mends (1) Histoplasma antigen as the preferred
diagnostic and (2) early ART initiation but makes no rec-
ommendation on screening or prevention [72].

Talaromycosis

Talaromycosis (previously penicilliosis) is the leading
cause of HIV-associated mortality in persons with AHD
in Southeast Asia, specifically in Thailand, Vietnam,
Hong Kong and southern China [3]. Mortality rates
despite antifungal therapy with amphotericin B are as
high as 30%, with up to 100% mortality with delayed diag-
nosis and treatment [73].

Lack of diagnostics remains a critical barrier to reduc-
ing talaromycosis mortality. Culture of blood or tissue
specimen is the gold standard diagnostic, but results may
take up to 14 days [74]. Additionally, blood culture is esti-
mated to miss infection in 30% of PWH [75]. Microscopy
of lymph nodes and skin lesions can yield diagnosis when
these lesions are present [75]. A TagMan real-time PCR
assay targeting the MP1 gene encoding a cell wall protein
specific to Talaromyces marneffei has 70% sensitivity, and
100% specificity compared to blood culture [74]. Given
the rapid turnaround (<6 h) and high specificity, this test
could be a rapid rule-in test to reduce time to antifungal
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FIGURE 1 World map estimating regions most likely to have histoplasmosis based on literature review [58].

therapy initiation, although it requires significant labora-
tory infrastructure [74]. A recent advance in diagnostics
for talaromycosis is the Mplp (cell wall mannoprotein)
antigen EIA, which is highly specific and more sensitive
than blood culture (86% vs. 72%) [76]. This novel diagnos-
tic test gives results in 6 h and could improve early detec-
tion of talaromycosis, though implementation studies to
determine whether the Mplp antigen EIA can reduce
mortality are lacking.

Regarding prevention, a retrospective study from
China examined cotrimoxazole use and incidence of
Talaromyces and found that persons with AHD who
started cotrimoxazole within 6 months of ART initiation
had significantly lower incidence of Talaromyces infec-
tion than those not taking cotrimoxazole (4.1% vs. 7.5%;
adjusted hazard ratio 0.50, 95% CI 0.35-0.73) [77]. This
effect was most pronounced in patients with CD4
<50 cells/mm [3], suggesting that cotrimoxazole could be
used as potential prophylaxis in persons with AHD in
Southeast Asia.

Severe bacterial infections

HIV infection increases susceptibility to SBI by preexist-
ing activation and exhaustion of the immune system,
thereby leading to an unbalanced immune response to
sepsis [78]. Incidence of and mortality from SBI is

higher among PWH, with the highest relative risk of
mortality among PWH in low-income settings [79, 80].
Differences in HIV prevalence, ART access and medical
resources leads to significant variation in recorded SBI
mortality across settings in PWH, with mortality rates
as low as 16% in high-income settings, and as high as
43% in Asia and 46% in Africa [81]. The aetiology of
SBI is poorly characterized in persons with AHD due to
lack of diagnostics. However, a systematic review of
bloodstream infections among adults admitted to hospi-
tal in Africa noted the most common etiologies were
Salmonella enterica (42%), followed by Brucella (13%),
Streptococcus pneumonia (10%) and other non-Salmo-
nella (7%) [82].

Bacterial sepsis diagnostics

Blood culture is the gold standard for diagnosis of SBI
but requires substantial laboratory capacity, therefore
limiting use in low- and middle-income countries. In the
absence of cultures, the use of extended differential
parameters (generated routinely on automated haematol-
ogy analysers) are of interest but negative predictive
value is inadequate to rule out bacterial infection [83].
Molecular diagnostics for sepsis carry the potential to
increase yield and decrease time to result. The TagMan
Array Card allows for simultaneous, single-plex
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quantitative polymerase chain reaction (qPCR)-based
amplification of multiple targets including bacteria [84].
In 336 samples from persons with SBI in Uganda, the
TagMan gPCR sensitivity was 61% and specificity was
98% compared to culture [85]. Plasma metagenomic next-
generation sequencing platforms can detect >2000 DNA
pathogen targets directly from blood samples thus avoid-
ing cultures [86]. The cost, maintenance and work force
to support sequencing technology limits widespread
adoption of molecular diagnostics. However, with WHO
support of increased genomic surveillance and innovative
sequencing technologies such as the pocket-sized, porta-
ble MinION (Oxford Nanopore), targeted molecular SBI
diagnostics may be an emerging tool that can be region-
ally adapted [87, 88].

Prophylaxis

Antimicrobial prophylaxis among people with AHD to
prevent SBI is not recommended due to concerns relating
to antimicrobial resistance. In PWH, trimethoprim-
sulfamethoxazole prophylaxis is widely used to prevent
PJP but may also prevent bacterial infection. The REAL-
ITY trial randomized 1805 persons with HIV and CD4
<100 cells/mm [3] in sub-Saharan Africa to standard of
care (trimethoprim-sulfamethoxazole alone) plus or
minus additional preventive agents including azithromy-
cin. While there was no change in documented SBIs
between groups nor attributable mortality from SBI
reported, there was an overall 27% relative reduction in
6-month mortality. Given the major challenges in diag-
nosing SBIs in resource-limited settings and the high pro-
portion of deaths due to unknown causes (39%, 88/225),
it is possible that a proportion of averted deaths were due
to azithromycin [8]. Vaccination in PWH also decreases
the incidence of vaccine-preventable diseases such as
S. pneumoniae [89, 90].

AREAS FOR FUTURE RESEARCH

Burden of disease studies requires access to
POC diagnostics

While the Joint United Nations Programme on HIV and
AIDS (UNAIDS) publishes number of PWH by country
and region, numbers with CD4 <200 cells/mm [3] are no
longer consistently recorded. Collecting and reporting
number of people with AHD by country and region,
which requires widespread CD4 testing, would be a first
step to allow stakeholders and ministries of health to
plan and budget for the required OI screening and

prophylaxis treatments. Additionally, POC CD4 imple-
mentation studies and evaluation of subsequent
retention-in-care, survival and cost-effectiveness are
essential to improve access to such diagnostics. The
ENCORE trial (clinicaltrials.gov NCT05085171) seeks to
randomize 24 clinics to Visitect CD4 testing versus tradi-
tional CD4 testing to evaluate 6-month retention-in-care.
Without POC CD4 testing, patients may get CD4 testing
but never present for follow-up for the result. Thus, they
may have AHD but never be screened for OIs. Such per-
sons are not counted in HIV programmes because they
have not yet fully engaged with clinic. Thus, a clinic may
report high retention in care (of PWH who are engaged
in clinic), while simultaneously not engaging PWH who
present for laboratory testing. Not accounting for PWH
who present for initial CD4 testing in the laboratory
without further engagement in the clinic for ART, OI
screening and follow-up is a failure of the HIV care sys-
tem; POC CD4 testing with same-day results is an
attempt to bridge that gap.

We have highlighted the operational challenges with
the Visitect POC CD4 test platform including difficulty
with test interpretation, and an intensive 40-min test
requiring multiple intermittent steps, which is difficult to
carry out accurately in a busy laboratory. In 2024, both
Abbott and BD Biosciences will discontinue production
of their POC CD4 platforms. Thus, PIMA and BD Fac-
sPresto will no longer be available, leaving only the Visi-
tect to fill the role of POC CD4 testing. Development of
POC (or near-bedside) CD4 platforms that are rapid
(<30 min), without requiring electricity or laboratory
infrastructure, that are highly accurate and easy to inter-
pret is a critical gap that needs to be filled.

Quantification of the burden of histoplasmosis is
needed, especially in African low- and middle-income
countries where the burden of AHD is greatest. However,
estimating the burden of histoplasmosis and talaromyco-
sis is reliant on access to and implementation of POC
antigen testing for screening and early detection.

Clinical trials studying novel screening and
preventive strategies

Additional predictors of mortality are needed among
asymptomatic CrAg-positive persons. While high titre
and low CD4 cell count both predict meningitis and
death, are there other biomarkers such as C-reactive pro-
tein (CRP) that could predict who will progress to menin-
gitis? In addition, more effective preemptive therapy for
CrAg-positive persons is needed to reduce mortality in
persons with high serum CrAg titres. Clinical trials are
underway evaluating single-dose liposomal amphotericin
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in combination with standard fluconazole to prevent
cryptococcal meningitis in CrAg-positive persons [91],
and another trial is evaluating fluconazole with flucyto-
sine for preemptive treatment [92]. Should either of these
strategies improve survival, global equitable access to flu-
cytosine and/or liposomal amphotericin will need to be
expanded. CrAg screening and preemptive treatment is a
success story among AIDS-related mycoses, and a model
for OI screening and prevention for histoplasmosis and
talaromycosis. Whether similar screening and preemptive
treatment strategies could reduce mortality in Talaro-
myces or Histoplasma infection is an area of much needed
research. Finally, the role of azithromycin or other anti-
bacterial agents to prevent SBI and thereby improve sur-
vival is a promising area of future study. Whether such
antibacterial agents for prophylaxis promote antimicro-
bial resistance will need to be investigated in tandem.

Despite the many diagnostic advances and prophylac-
tic strategies for AIDS-related OIs, implementation strate-
gies that facilitate the uptake of these diagnostics and
integration of prophylactic treatments into routine HIV
care remains a major challenge. A major barrier is inade-
quate availability of diagnostic and treatment commodi-
ties. The national supplies of diagnostics and preemptive
therapy are not only inadequate but only intermittently
available. Furthermore, national programmes have com-
peting priorities as other diseases are prioritized and
resources allocated to health areas that are considered
more crucial.

Implementation studies in ambulatory and hospital
settings are needed to translate clinical trial findings into
real-world context of multiple co-infections and diagnos-
tic uncertainty. Hospital management of AHD in particu-
lar remains largely neglected despite advances in TB and
cryptococcal meningitis treatment regimens. As a result,
mortality among hospitalized persons with AHD remains
high [10]. Diagnostic combination strategy studies utiliz-
ing emerging TB devices in conjunction with other POC
diagnostics in hospitalized patients are needed. In
community-based laboratory settings, implementation
studies assessing the feasibility of POC tests such as the
semiquantitative CrAg LFA in community-based labora-
tory settings will determine the true impact of such a test
of clinical management. Real-world pragmatic clinical
trials to measure the effectiveness and cost-effectiveness
of packages of novel diagnostics and prophylactic regi-
mens will be essential for the development of policies
and funding mechanisms to improve mortality. Advocacy
and investment from global health stakeholders in health
care systems, including training of frontline healthcare
workers and laboratory technicians, and health system
strengthening, is critical alongside equitable access to
essential tests and medicines for AHD.

CONCLUSIONS

Despite progress with HIV treatment and prevention, a
persistent 20%-30% of PWH present to care with AHD.
Unfortunately, these persons with AHD continue to carry
the burden of HIV-related morbidity and mortality.
Implementation of existing WHO-recommended guide-
lines for AHD need to be scaled up urgently in low- and
middle-income countries where disease burden is great-
est. However, access to existing tests and medicines for
diagnosis and prophylaxis of strategies for AHD remains
a significant barrier to roll out of WHO-recommended
AHD packages of care in resource-limited settings. In
addition, implementation science studies are needed to
assess the acceptability, feasibility, generalizability and
cost-effectiveness of AHD packages of care. Feasibility
studies of diagnostic tests such as semiquantitative CrAg
LFAs are also needed to determine the appropriate set-
ting for effective testing in routine care settings. Burden
of disease studies are also urgently needed to assess
whether the current WHO-recommended AHD package
of care requires regional adaptation to include, for exam-
ple, screening for histoplasmosis in Latin America or if
widespread geographical screening is needed. Lastly, tri-
als are required to determine prophylactic strategies for
OIs including talaromyces and histoplasmosis in line
with CrAg screening studies for cryptococcal disease.

Over the last decade there has been much needed
progress toward development of POC diagnostics for CD4
testing and OI screening. Development and implementa-
tion of POC diagnostics have the potential to facilitate
rapid diagnosis of AHD at the time of entry or reentry
into HIV care, and screening for OIs. POC diagnostics
theoretically could improve HIV retention-in-care and
thereby reduce mortality by overcoming delays in labora-
tory testing and providing patients and healthcare
workers with timely same-day results. Investment in the
development of additional CD4 platforms is critically
needed including advocacy for retention of existing plat-
forms within routine care laboratory health systems.
Additional clinical trials and implementation science
studies are essential to evaluate the effectiveness of such
diagnostics in combination and in real-world scenarios,
where patients with AHD have multiple comorbidities
and imperfect follow-up. The combination of expanded
ART, timely OI diagnosis with short, tolerable prophy-
laxis is fundamental to reduce mortality among persons
with AHD.
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