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Serious fungal infections continue
to devastate people living with HIV
and remain a leading cause of
infection-related deaths in this
population, second only to tubercu-
losis. The third AIDS-related myco-
ses workshop updated progress in
the field over the last 3 years and
highlighted six key action points
for the future.

Fungal Infections in Advanced HIV
Patients

AIDS-related mortality has rapidly declined
since 2003 owing to improved access to
HIV testing and antiretroviral therapy (ART)
[1]. However, this decline has slowed in
recent years, attributed to the challenges
of treating advanced HIV disease (defined
by the World Health Organization as a
CD4 count <200 cells/ul) [2]. Persons with
advanced HIV disease remain susceptible
to opportunistic infections and are at in-
creased risk of death in the first year
after starting ART. Although many people
diagnosed with advanced HIV disease
are ART-naive, an increasing proportion
are diagnosed after ART failure or follow-
ing prolonged disengagement from care
[8]. The risk of developing advanced
HIV disease may be compounded by
a surge in resistance to first-line ART
medicines [3].

Since our previous meeting, cryptococcal
meningitis and Pneumocystis  jirovecii
pneumonia (PCP) remain the leading AIDS-
related causes of mortality from fungal in-
fection. These infection-related deaths are
second only to tuberculosis, with the over-
whelming majority of cases occurring in
sub-Saharan Africa [4-6]. A recent system-
atic review estimated that the number of
deaths caused by histoplasmosis in Latin
America may be higher than tuberculosis
deaths among people living with HIV [7].
In Southern China, a retrospective cohort
study described the mortality caused by
Talaromyces marneffei as the highest
among all AIDS-associated complications
[8]. Oral candidiasis remains a common
cause of morbidity [9]. South Africa has
the highest global prevalence of HIV infec-
tion, and associated with this, identification
of emerging opportunistic fungi such as
Emergomyces africanus. Candida auris
now causes 14% of cases of candidaemia
in South Africa [10]. HIV also increases
the risk of death among patients with
candidaemia (personal communication,
N.P. Govender). Key action points from
the previous two AIDS-related mycoses
workshops were identified and sum-
marized by Arunaloke Chakrabarti, the
president of the International Society for
Human and Animal Mycology (ISHAM), in
his keynote address for the third workshop
(Table 1) [11,12]. Since the previous
workshops, significant progress has been
made in the field as summarized below.

Recent Progress in the Field

Fungal infections remain an undeniable
challenge for patients in resource-limited
settings with advanced HIV disease. To
address the issue of unacceptably high
morbidity and mortality, promote discus-
sion in the field, and to raise awareness
of the lack of resources available for us to
tackle these challenges, the first AIDS-
related Mycoses workshop was launched
in Cape Town in 2013. Considering the
success of the second workshop in
2016, which reiterated the challenges
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that remain but also showcased promising
progress in the field, we recently held the
third AIDS-related Mycoses workshop.
Fully subscribed for the first time, we
hosted 120 participants from five conti-
nents in Cape Town, South Africa, in
2019 (Figure 1, and see Table S1 in the
supplemental information online). While
the remarkable progress made since the
first workshop was presented, new and
emerging challenges faced by healthcare
professionals and researchers tackling
these devastating diseases were empha-
sized. Major topics combined cutting-
edge basic and clinical science, epide-
miology, and public health and included:
improving diagnosis of AIDS-related
mycoses, host—pathogen interactions,
immunology of fungal infections, treat-
ment strategies and drug resistance, and
new antifungal medicines and vaccines.
The meeting concluded with an open
discussion on future directions for the field.
Great progress has been made in the
diagnostics arena; this includes a highly
successful cryptococcal antigen lateral-
flow assay (CrAg LFA), a simple test that
can be used in low-resource settings with
minimal or no infrastructure. More recently,
a Histoplasma antigen enzyme-linked
immunosorbent assay (EIA) has been
commercialized, with many countries
now having access to this test [13].
Similarly, development of a new M1P1
antigen EIA for talaromycosis shows
considerable promise and will hopefully
be integrated into screening programmes
for talaromycosis. Furthermore, the inclu-
sion of some of the key diagnostics for
fungal infections on the World Health
Organization's Model List of Essential
in vitro Diagnostics (EDL-2) is a tremen-
dously encouraging step forward [14].

Recent clinical trials have provided impor-
tant shifts in policy and guidelines. For
example, the Advancing Cryptococcal
Meningitis Treatment for Africa (ACTA) trial
has already influenced a change in policy
for the treatment of cryptococcal meningitis
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Table 1. Summary of Action Points from Previous Meetings®

2013

Better laboratory and
point-of-care testing and
access to current diagnostics

Better epidemiological
surveillance for HIV-related
invasive fungal diseases

Improved access to existing
drugs

Expansion of training for medical
mycology in endemic areas

Consolidation and
extension of consortia for
the delivery of multicentre

clinical trials

Increased funding for
development of diagnosis,
treatment, and implementation
programmes

Extension of current
advocacy groups and
public engagement

2016

Better diagnostics and
improved surveillance

Access to medicines, and
development of new
medicines and vaccines

Progress

Cryptococcus — CrAg test used in
screening programmes and
cross-sectional studies across
sub-Saharan Africa has improved
global estimates of disease burden [6]

PCP — very little progress in simple
rapid diagnostics, prevalence
estimated in a systematic review of
published studies [5]

Endemics — Histoplasma EIA in Latin
America will improve future burden of
disease estimates. Very limited focus
on Africa and histoplasmosis

GAFFI has provided country-level
estimates for many invasive mycoses

Some improvement as mentioned
below — largely driven through
UNITAID/CHAI programme

Through trials consortia,
LIFE/GAFFI, PEPFAR

Various Cryptococcus trials have
been run through consortia. This
infrastructure should be extended to
other AIDS mycoses

Better collaborative working
structures to accelerate
translational medicine

CryptoMAG has expanded over the
last decade and AHD consortium now
advocates for broader population of
people with AIDS

@Abbreviations: AHD, Advanced HIV Disease Consortium; CrAg, cryptococcal antigen; CHAI, Clinton Health
Access Initiative; CryptoMAG, Cryptococcal Meningitis Action Group; GAFFI, Global Action Fund for Fungal In-
fections; LIFE, Leading International Fungal Education; PEPFAR, President's Emergency Plan For AIDS Relief.

[15]. In this trial, 1 week of amphotericin B
plus flucytosine, and 2 weeks of flucona-
zole plus flucytosine, were found to be effi-
cacious induction treatment regimens in
resource-limited settings. An overview of
the AMBITION-CM trial, which will extend
the work of the ACTA trial, was presented
at the workshop [16]. This trial compares
the efficacy of single high-dose liposomal-
amphotericin B plus high-dose fluconazole
and flucytosine compared with the current
World Health Organization-recommended
regimen, based on ACTA, of a 7-day
course of amphotericin B deoxycholate
plus flucytosine. David Boulware presented
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the proposed use of fosmanogepix
(APX001) or oral amphotericin B for the
treatment of cryptococcosis in a novel
design and the ongoing ACACIA trial
which is currently randomizing participants
with cryptococcal antigenaemia to receive
either liposomal amphotericin B plus
fluconazole or fluconazole alone. There is
a clear need for trials to optimize treatment
for persons with cryptococcal anti-
genaemia who are now identified through
large screening programmes in many
more countries. Evidence for failures on
fluconazole in this patient group was pre-
sented, and the need for a trial comparing
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the oral combination of fluconazole and
flucytosine vs the current standard of
fluconazole alone was highlighted. The
meeting attendees noted that trials fo-
cused on Talaromyces infection are lacking
and therefore require attention in the future.

Also encouraging is the progress made in
country-level access to new diagnostics
and medicines. Since our previous work-
shops, there has been an injection of
funding from UNITAID, managed by the
Clinton Health Access Initiative (CHAI), for
an access programme for diagnostics
and medicines in seven countries in sub-
Saharan Africa. This access programme
is focused on advanced HIV disease and
related infections. Access to medicines
includes established medicines where
clinical trials have shown clear efficacy,
for example, flucytosine. Here, new FDA
approvals are decreasing generic flucytosine
costs [17] but this is happening very slowly
and needs continued pressure from advo-
cacy groups. Many countries where anti-
fungals are not widely available would use
oral fluconazole monotherapy for crypto-
coccal meningitis which is far from optimal.
Pfizer’s Diflucan Partnership Program do-
nates fluconazole for the treatment of cryp-
tococcal disease in developing countries
where HIV/AIDS is endemic. However,
work needs to be done to ensure that ge-
neric fluconazole becomes more readily
available to replace donated fluconazole.
Liposomal amphotericin B will also be
made more widely available through a
Gilead access programme for crypto-
coccal meningitis. There is also a need
to prioritize access to new agents, such
as SUBA-itraconazole, as they become
available.

Key Priorities for the Future

At the third AIDS-related Mycoses work-
shop the following six priorities were
highlighted for the immediate future:

i. Increased human resource capacity for
AIDS-related mycoses at both the
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Figure 1. Participants of the Third AIDS-Related Mycoses Workshop Held at the AFGrica Medical Mycology Research Unit at the Institute of Infectious
Disease and Molecular Medicine, University of Cape Town, South Africa, in July 2019.

clinical and basic science levels. There
are two aspects to consider here:

e Training courses for clinicians and
scientists in  high-burden and
resource-limited areas to provide
updates on current knowledge,
research, and clinical trials.

e Advanced training and support for
postdoctoral and early career re-
searchers interested in pursuing a ca-
reer in medical mycology. Increasing
the capacity of research groups in
high-disease burden settings will en-
hance support provided for inter-
ested graduate students attending
courses described above. Further-
more, these efforts could include
promoting interest in pharmacoki-
netics, an area in medical mycology
with exceptionally limited expertise.

Improved access to diagnostic tests and
antifungal medicines for AIDS-related
mycoses. Many new and improved
diagnostic tests and medicines have
been developed, but access to these is
still severely lacking in low- and middle-
income countries. For example, Nigeria
and other African countries have no

access to CrAg screening tests for
cryptococcal disease. Similarly, access
to a new commercial Histoplasma
EIA should be expanded. Furthermore,
translating work from clinical trials
through implementation science and
investigating ways to ensure access to
new medicines for a large population
inrural areas is a priority. Better manage-
ment and distribution of available diag-
nostics and medicines are an urgent
need.

Screening of AIDS-related fungal patho-
gens beyond Cryptococcus. Lessons
learnt from CrAg screening could be
applied to other mycoses, including
those caused by Histoplasma and
Talaromyces. The evidence provided
by clinical trials should lead to imple-
mentation of real-world screen-and-
treat programmes. This has been
demonstrated by the success of
CrAg screening programmes. There-
fore, clinical trials should be planned
both to optimize treatment for CrAg-
positive patients and for other fungal
diseases to provide evidence for
mortality reduction with screening.

iv. A better understanding of personalized

Vi.

medicine with the use of host-directed
therapy. There are two aspects here:
firstly, the host response, and secondly,
drug interactions. There is a need to un-
derstand the host response to infection
to identify and target specific host com-
ponents that could be used to treat
infection. Furthermore, understanding
drug interactions and pharmacokinetics
in specific patients willimprove treatment
strategies in patients receiving ART.
Consolidation and extension of consor-
tia for the delivery of multicentre clinical
trials. This point remains a key priority
identified in 2016. While there are major
groups working in the area of crypto-
coccal meningitis, better cohesion and
extension to other AIDS-related myco-
ses will enable more rapid progress in
this area. Coordinated multicentre clini-
cal trials will provide a pipeline to patient
populations for easier distribution of new
drugs and diagnostic tests.

Increased focus on advocacy for AIDS-
related mycoses. The extension of
current advocacy groups and public
engagement is maintained as a key
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priority for the field. Areas that have a
proven track record can be utilized
and implemented into rural areas. An
AIDS-related mycoses twitter feed
(twitter: @AIDSMycoses) will provide
a platform to help coordinate these ef-
forts and keep the community con-
nected between meetings.

Concluding Remarks

Fungal infections continue to cause signifi-
cant mortality and morbidity in people with
advanced HIV disease. A concerted effort
has been made to improve the availability
of current medicines and diagnostics.
Together with new antifungal medicines,
promising clinical trial results, new diagnostic
tests for neglected pathogens, and im-
proved advocacy at an international level,
the outlook for saving lives is encouraging.
Despite this progress, many areas need im-
provement such as the consolidation of clin-
ical trial networks and expanding the
availability of important diagnostics and
new treatments. Screening and pre-
emptive treatment of patients most at risk
for fungal infection would not only save
lives but also have an overall cost benefit
by preventing serious illness. Finally, and of
high importance, is the need to build
human capacity in the field. This has been
highlighted in both previous workshops
and again in this workshop. Building
capacity requires training programmes
to create awareness, advanced training
programmes to improve skills, and pro-
grammes that support basic scientists and
clinical researchers interested in pursuing a
research career in medical mycology.

Acknowledgments

We thank Davies Diagnostics, Fungal Infection
trust, IMMY, International Society for Human and
Animal Mycology, KEY Oncologics, Mycoses Study
Group-European Research Consortium, US Na-
tional Institutes of Health, National Research Foun-
dation of South Africa, The Scientific Group,
University of Aberdeen, and the Wellcome Trust
for supporting the third AIDS-related Mycoses
workshop held in Cape Town, South Africa, in July
2019. We also thank David Boulware, Thomas

428  Trends in Microbiology, June 2020, Vol. 28, No. 6

Harrison, and Graeme Meintjes for providing valu-
able feedback for this manuscript.

Supplemental Information

Supplemental information associated with this article
can be found online at https://doi.org/10.1016/j.tim.
2020.01.009.

" AFGrica Medical Mycology Research Unit, Institute of
Infectious Diseases and Molecular Medicine, University of Cape
Town, South Africa

2Wellcome Centre for Infectious Diseases Research in Africa,
Institute of Infectious Diseases and Molecular Medicine,
University of Cape Town, South Africa

33chool of Medicine and Health Sciences, Translational
Microbiology and Emerging Diseases Research Group,
Universidad del Rosario, Bogota, Colombia

“National Institute for Communicable Diseases, a Division of the
National Health Laboratory Service, and Department of Clinical
Microbiology and Infectious Diseases, University of the
Witwatersrand, Johannesburg, Gauteng, South Africa
SThoracic Diseases Research Unit, Departments of Medicine
and Biochemistry, Mayo Clinic College of Medicine, Rochester,
Minnesota, USA

SInstitute of Microbiology and Infection, School of Biosciences,
University of Birmingham, UK

7Infectious Diseases Institute and Department of Medicine,
School of Medicine, College of Health Sciences, Makerere
University, Kampala, Uganda

EDivision of Infectious Diseases and International Medicine,
Department of Medicine, University of Minnesota,
Minneapolis, USA

SMRC Centre for Medical Mycology at the University of Exeter,
Geoffrey Pope Building, Stocker Road, Exeter, UK

*Correspondence:
jennifer.hoving@uct.ac.za (J.C. Hoving).
@Twitter: @AIDSMycoses

https://doi.org/10.1016/.tim.2020.01.009

© 2020 The Authors. Published by Elsevier Ltd. This is an open
access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).

References

1. Ford, N. et al. (2018) Managing advanced HIV disease in a
public health approach. Clin. Infect. Dis. 66, S106-S110

2. Limper, A.H. (2017) Fungal infections in HIV/AIDS. Lancet
Infect. Dis. 17, e334-e343

3. World Health Organization HIV Drug Resistance Report
2019, WHO; Published online July 2019, https://www.
who.int/hiv/pub/drugresistance/hivdr-report-2019/en/

4. Armstrong-James, D. et al. (2014) A neglected epidemic:
fungal infections in HIV/AIDS. Trends Microbiol. 22,
120-127

5. Wasserman, S. et al. (2016) Burden of pneumocystis pneu-
monia in HIV-infected adults in sub-Saharan Africa: a sys-
tematic review and meta-analysis. BMC Infect. Dis. 9, 482

6. Rajasingham, R. et al. (2017) Global burden of disease of HIV-
associated cryptococcal meningitis: an updated analysis.
Lancet Infect. Dis. 17, 873-881

7. Adenis, A. et al. (2018) Burden of HIV-associated histo-
plasmosis compared with tuberculosis in Latin America:
a modelling study. Lancet Infect. Dis. 18, 1150-1159

8. Jiang, J. et al. (2019) Effects of Talaromyces marneffei
infection on mortality of HIV/AIDS patients in southern
China: a retrospective cohort study. Clin. Microbiol. Infect.
25, 233-241

9. Brown, G.D. et al. (2012) Hidden killers: human fungal
infections. Sci. Transl. Med. 19, 165rv13

CellPress

REVIEWS

10. van Schalkwyk, E. et al. (2019) Epidemiologic shift in
candidemia driven by Candida auris, South Africa,
2016-2017. Emerg. Infect. Dis. 25, 1698-1707

11. Brown, G.D. et al. (2014) AIDS-related mycoses: The way
forward. Trends Microbiol. 22, 107-109

12. Armstrong-James, D. et al. (2017) AIDS-related mycoses:
Current progress in the field and future priorities. Trends
Microbiol. 25, 428-430

13. Nacher, M. et al. (2019) The fight against HIV-associated
disseminated histoplasmosis in the Americas: unfolding
the different stories of four centers. J. Fungi (Basel) 5, 51

14. World Health Organization (2018) WHO Model List of
Essential in vitro Diagnostics, WHO Published online May 15,
2019, https://www.who.int/medical_devices/diagnostics/
EDL_ExecutiveSummary_15may.pdf

15. Molloy, S.F. et al. (2018) Antifungal combinations for treat-
ment of cryptococcal meningitis in Africa. N. Engl. J. Med.
378, 1004-1017

16. Lawrence, D.S. et al. (2018) AMBIsome Therapy Induction
OptimisatioN (AMBITION): high dose AmBisome for cryp-
tococcal meningitis induction therapy in sub-Saharan
Africa: study protocol for a phase 3 randomised controlled
noninferiority trial. Trials 19, 649

17. Rajasingham, R. et al. (2019) New US Food and Drug
Administration approvals decrease generic flucytosine
costs. Clin. Infect. Dis. 69, 732

Phagocytosis in a
Shape-shifting
Bacterium

Lucie Gallot-Lavallée' and )
John M. Archibald™* i

Phagocytosis - cell ingestion - is an
important process confined to eu-
karyotes. Or is it? Shiratori et al.
have discovered the existence of
phagocytosis in a planctomycete
bacterium, raising new questions
about the significance of
phagotrophy beyond the realm of eu-
karyotic life.

The ability to engulf large particles, including
entire cells, by phagocytosis is thought
to be restricted to eukaryotic organisms.
Phagocytosis is in fact often considered to
have played a role in the evolution of
eukaryotic cellular complexity by providing
the means with which to ingest bacteria
(and thus give rise to mitochondria and
chloroplasts by endosymbiosis). In a recent
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