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1 | INTRODUCTION

Abstract

Cryptococcosis is a common opportunistic infection associated with HIV/AIDS. The
present review systematically describes the clinical and biological aspects of crypto-
coccosis in the Democratic Republic of Congo (DRC) and estimates its 2020 burden
in people living with HIV (PLHIV). Following PRISMA guidelines, we searched online
databases for records of cryptococcosis/Cryptococcus spp. in the DRC. Meta-analysis
was then performed to estimate summary statistics and the corresponding 95% con-
fidence intervals (Cl). A total of 30 studies were included. These included 1,018 cryp-
tococcosis patients, including 80.8% with neuromeningeal cryptococcosis (NMC) and
predominantly immunocompromised due to HIV/AIDS (97.6%). The NMC mean prev-
alence was estimated at 9.63% (95% Cl: 5.99-14.07). More than one in two patients
(52.7%) under treatment died. Monotherapy with fluconazole was the main treatment
administered (80.6%). Furthermore, we estimate that about 9,265 (95% Cl: 5,763-
13,537) PLHIV had cryptococcosis in 2020, in DRC; of which about 4,883 (95% ClI:
3,037-7,134) would have died in the same year. Among isolates in all included studies,
74 strains have been characterised. Of these, 82.4% concerned Cryptococcus neofor-
mans sensu lato (s.l) (exclusively of serotype A and mostly of molecular types VNI and
VNII) and 17.6% concerned Cryptotoccus gattii s.I (belonging to serotype B/molecular
type VGI). Cryptococcosis remains common with an unacceptably high mortality rate.
A large number of PLHIV affected by and dying from cryptococcosis in 2020 demon-
strates its heavy burden among the Congolese PLHIV. To mitigate this burden, it is

important to improve the quality and accessibility of care for all PLHIV.
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syndrome (AIDS), profoundly altered the epidemiology of many

infectious diseases.! Cryptococcosis, one of these infectious dis-

In the 1980s, the global emergence of the human immunodefi- eases, is an opportunistic invasive mycosis caused by encapsu-

ciency virus (HIV) with its associated acquired immunodeficiency lated yeasts of the genus Cryptococcus, harbouring seven distinct
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haploid species (Cryptococcus neoformans, Cryptococcus deneofor-
mans, Cryptococcus gattii, Cryptococcus bacillisporus, Cryptococcus
deuterogattii, Cryptococcus tetragattii, and Cryptococcus decagattii) in
the Cryptococcus neoformans/Cryptococcus gattii species complexes,
and three non-pathogenic species (C. amylolentus, C. depauparatus
and C. luteus).>® Transmission occurs by inhalation of propagules,
after which the fungus may establish itself in the pulmonary tract.
In immunocompetent individuals, infection is often quickly resolved.
In immunosuppressed people, to the contrary, the yeast may dis-
seminate to the central nervous system, causing meningoencepha-
litis (the so-called neuromeningeal form of the disease).* HIV/AIDS
infection is considered to be the most important risk factor of cryp-
tococcosis. Other known risk factors include organ transplantation,
long-term corticosteroid therapy and some chronic ilinesses, such as
autoimmune diseases.® In 2014, the global incidence of cryptococcal
meningitis was estimated at 223,100, with a case-mortality rate of
over 80%, resulting in over 181,100 deaths. About three-fourths of
this burden falls on sub-Saharan Africa.®

According to the 2021 United Nations Programme on AIDS
(UNAIDS) in DRC, in 2020, 74.5% of the 510,000 people living
with HIV (PLHIV) were on antiretrovirals (ARV). Despite ARV treat-
ment, 4.5% (17,000) of PLHIV yet succumbed to HIV infection.”
Incomplete ARV coverage and the challenges of comprehensive HIV
management as routinely deplored in clinics, have favoured the oc-
currence of multiple opportunistic infections in the DRC. Thus, 63%
of PLHIV have suffered from at least one opportunistic infection.
Twelve per cent of PLHIV are in a bedridden state on their first visit
to a health facility. In Kinshasa, the capital city of the DRC, most
PLHIV (70%) admitted to the hospital have advanced HIV disease
with a low median CD, count of 84 cells/ul. The resulting immuno-
compromised state increases their risk of developing opportunistic
infections.®

There exists notable experience in DRC with the various mi-
crobiological and clinical presentations of Cryptococcus spp. and
cryptococcal disease, both classical and atypical. Indeed, while the
Cryptococcus neoformans spherical shape by microscopy was con-
sidered as the only morphology reference, the first observations
of elongated cryptococcal yeasts in DRC led to a better description
of the Cryptococcus neoformans variety gattii species.9 This was fol-
lowed by the description of the Cryptococcus neoformans variety gat-
tii meningitis in Congolese PLHIV whilst this species had exclusively
infected only immunocompetent patients at that time.'%2

In many countries, data on the distribution of Cryptococcus spe-
cies and antifungal susceptibility profiles are available and regularly
updated, both in clinical and environmental settings. In the DRC,
epidemiological surveillance is still underdeveloped, despite the
growing magnitude of the HIV pandemic, the increasing number of
a socio-economically vulnerable population, and the precariousness
of the healthcare system.’® Therefore, this systematic review is con-
ducted to collect and analyse available clinical and biological data on
cryptococcosis in DRC, and to estimate its burden in the high-risk

HIV population. Doing so will help to understand the need, from a
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public health perspective, to raise awareness about this mycosis and

will serve as a reference for further research on the topic.

2 | MATERIALS AND METHODS

This review was conducted following the Preferred Reporting

Items for Systematic Reviews and Meta-Analysis guide-
lines (PRISMA) and analysed published papers on human
cryptococcosis/Cryptococcus spp. from 1953 to 2021 in DRC (previ-

ously called Zaire).**

2.1 | Search strategy

We searched Google Scholar, PubMed and African Online (from the
oldest paper to the last online search date, 30 September 2021) and
grey literature without any language restrictions using the terms
“Cryptococcus OR Cryptococcus neoformans OR Cryptococcus gat-
tii OR cryptococcosis OR torulopsis OR torulosis”; “Democratic
Republic of Congo OR Zaire OR Zairean OR Congolese OR Kinshasa
OR Lubumbashi OR Bukavu OR Kimpese.”

2.2 | Inclusion and exclusion criteria

Research articles and case reports were included if they involved
Congolese (Zairian) subjects or isolates. Reviews articles were not
included.

2.3 | Study selection and data extraction

Three authors (BZB,RNY and TTY) independently reviewed the stud-
ies and selected them for consideration in this review. The hierarchi-
cal approach based on title, abstract and full text was used to assess
the relevance of reports. Additional results were obtained from arti-
cle references identified during the searches. Cryptococcosis preva-
lence, epidemiological and clinical (demographic characteristics, sex,
age, marital status and clinical signs), biological and therapeutic data,
as well as isolates characterisation, were then extracted from each
study as available.

2.4 | Dataanalysis

Data were collated in a Microsoft Excel sheet (Microsoft, Redmond,
MA, USA). Meta-analysis was performed using SPSS 26.0 software
(IBM, Armonk, NY, USA), to estimate the pooled summary statistics
and the corresponding 95% confidence intervals (Cl). Descriptive
statistics, such as simple counts, ranges and percentages were used

to describe data.
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2.5 | Estimates of the 2020 annual burden of the
neuromeningeal cryptococcosis (NMC) among PLHIV
in the DRC

The category of PLHIV who are at high risk to develop NMC are
deduced from the UNAIDS 2020 DRC estimates and are adapted
to local data. More specifically this category includes adults (over
15 years of age) with HIV (430,000) who know their HIV status
(75%) and have an LT CD, count of fewer than 200 cells/ul (58.9%
average) and were not under ARV (25%).”81° In addition, we consid-
ered cohorts of those on ARV in treatment failure (21.6% average)
and the lost to follow-up patients proportion (12.6%).167¢

Thus, the number of PLHIV at cryptococcosis risk was esti-
mated as follows: [Adults living with HIV (430,000) X proportion
with known serostatus (0.75) X proportion with CD4 < 200 cells/
ul (0.589) X proportion of untreated patients (0.25)] + proportion of
patients on ARV who are in treatment failure (0.216) + proportion of
patients lost to follow-up (0.126)]. This procedure for estimating the
at-risk HIV population and the cryptococcosis burden was adapted
from earlier literature.>*

Moreover, mean NMC prevalence and the mortality rate as es-
timated in this manuscript were considered to estimate the crypto-

coccosis burden among PLHIV in DRC.

3 | RESULTS

A total of 57 papers were retrieved (46 from database search and
11 from grey literature). After deduplication, 54 were retained for
abstract review. Twenty-three studies were excluded due to the
lack of specific data on cryptococcosis in DRC (Zaire). Out of 31
full-text articles examined, one additional study was excluded as it
was a review article. Of 30 studies that were included in the pre-
sent systematic review (Figure 1), 25 studies were conducted in the

9.111215,20-40 56 was an environmental study,’® and

clinical setting,
four studies specifically focused on the laboratory characterisation
of Congolese isolates.*™** The basic characteristics of the clinical
studies are summarised in Table 1.

From 1953 to 2021, 1,018 cryptococcosis patients have been
reported from DRC (Zaire), including 823 (80.84%) with neurome-
ningeal forms, 125 (12.28%) with bloodstream forms, 47 (4.62%)
with ocular forms, 19 (1.87%) with neuromeningeal and cutaneous-
associated forms, three (0.29%) with neuromeningeal and bone-
associated forms and one (0.09%) with the digestive form. HIV
infection was the underlying risk factor in 97.6% of the cases (994
of 1,018 included patients). The remaining cases concerned pa-
tients whose HIV status was undetermined (because these cryp-
tococcal infection occurred before the first characterisation of
HIV/AIDS in the 1980s; this concerned 23 of 1,018 patients) and
one HIV-negative and apparently immunocompetent patient (1
of 1,018). Based on the included prevalence studies, mean neu-
romeningeal cryptococcosis (NMC) prevalence was found to be
9.63% (95% Cl: 5.99-14.07) among PLHIV, while the bloodstream

Records identified
through database
searching (n = 46)

Additional studies

< from grey literature
v (n=11)
All records identified
(n=57)

A 4

Records after deduplication
(n=54)

|

Records screened
(n=54)

Records excluded
due to the lack of
specific data (n=23)

\ 4

v
Full-text articles Full-text article

assessed for —»| excluded due to be
eligibility (n=31) review article (n=1)

v
Articles included in the

systematic review
(n=30)

FIGURE 1 Flowchart of the article selection process

cryptococcosis mean prevalence was 14.75% (95% Cl: 12.2-17.3)
in the same population.

All published data on cryptococcosis originated from medical
centres in DRC provinces sharing borders with neighbouring coun-
tries (hence having higher border trade activities). The provincial
cities concerned are as follows: (1) Kinshasa (10.47% prevalence,
95% Cl: 6.27-16.17), (2) Lubumbashi (7.65% prevalence, 95% ClI:
2.5-17.29), (3) Bukavu (10.9% prevalence) and (4) Kimpese (11.3%
prevalence) as illustrated in Figure 2.

The patients included in this review were mostly women (51.7%,
213 out of 412), with a median age of 35 (28-41) years old and
married (52%, 13 out of 25). Overall, the clinical presentation was
mainly marked by headache (71.5%, 261 of 365), fever (69.9%, 255
of 365) and meningeal signs (36.9%, 135 of 365; Table 2). The intes-
tinal cryptococcosis was characterised by chronic diarrhoea. Ocular
involvement caused by Cryptococcus spp. was characterised by vi-
sual field defects, abnormal saccades, abnormal eye pursuits, ocular
motor paralysis, papilledema and optic atrophy.*?

Biologically, the median LT CD4 count was 161.8 (98.0-499.6)
cells/ulL, with a wide distribution ranging from 79 to 610 cells/ul. The
cerebral spinal fluid (CSF) was mostly clear (18/30), exhibiting ele-
vated protein levels and lowered glucose levels in 96.5% (111/115)
and 93% (107/115) of cases, respectively. The median CSF white cell



583

Juaijed EBanSOc:EE_n
‘PaUl}SP JION,

WILEY

o
A

ZONO ET AL.

ycoses

Diagnosis,Therapy and Prophylaxis of Fungal Diseases

- DN v6 AIH eseysuly| 3213 ydlessay | 14014 610¢ |e 32 e3ue|y asoy 14

° JWN T T ¢l lysequingn 3iodau ase) 020t 6T0Z  IqWNN equNA $981099 44
8'1¢C DN 60Y £/87 AIH lysequingnT 3d13e Yydleasay Tcoc 810¢ |e 39 A03N ") sweq@ €C

le3e
SC DN 80T €8¢ AIH lysequingnT 32131 ydleasay Tcoc LT0C emaejey| osuoqgey| sor @@
9°S JOINN ST (0744 AIH BSeysuny S[21}JE Ydieasay 1c0¢ ¥10¢ 1832 MININ BeINgIN 174
LT weaJispoo|g (074 (04 AIH lysequingn’ 32131 Yydleasay ¥10C ¥10C  9S3Y3 ‘Opne|D equemin (04
S'C JN Zs 00T¢ AIH lysequingnT 32111 ydleasay 910C ¥10¢ |e 32 nsexn oAeqin 61
8'8 DN €C 19¢ AIH eseysuly| 32131 ydlessay 0c0oC ¥10¢ |€ 32 3AIg ouoz 8T
|eis
60T JONN 9S 145 AIH nae3ng 9[213JE Ydieasay €10¢ 110¢C E[apuain|N O3MINALY °f LT
€8¢ Je|N20 Ly 991 AIH eseysuly| 32131 Yydleasay 00T c00T |32 D BZUBMIN 9T
R JONN 8 9 AIH Eseysuny 9[213JE Ydieasay 9661 9661 |e 39 H ezueqpjeniis ST
el DN 6T 66T AN asadwiy| 3213e Yyd.essay G661 G661 [e39°S [ YSnoigsaayd 14’
9'G DN 9 ¥0T AIH eseysury 3]2131e Yoleasay T661 - [B 39 H suglliad €T
- DN T T AIH eseysuly| }lodau ase) 661 0661 [e3° [ aquisAniy (4"
[AA weaJ3spoo|g s 0S¥ AIH eseysuly| CTRIRBLRTRICEREYY 6861 8861 |e 39 39Wsaq ¥olied 17
8¢ JN T 9¢ AIH lysequingnT 32131 Yydleasay 8861 £86T  |e3° eSuemg-o3uaseln (0)9
- DN T T AIH lysequingn }lodal ase) /86T 986T |€ 32 3 puadey| 6
9'¢ aAsasiq T 8¢ AIH eseysuly| 32131e Yydleasay 8861 9861 |€ 39 Y s19pungs|od 8
09 DN 1T 181 AIH eseysury 3d13.e Y2.easay G861 G867 [e 32 M OIPO L
sShoaueind

eve +DJAN 61 8L AIH eseysuly| 9|2134e Yyoieasay 9861 ¥861 [B 32 M\ DiSmazseuloy| 9
- DN ST - AIH eseysuly| 3213l Yydlessay 7861 z861 g Aswen S

- JONN T T AIH ESEYsuny 310dau ase) €861 LL61 |e 33 [ 9131dapuep 14

- DN T T AN eseysuly| }iodai ase) 0L61 9961 |32 4 11369 €

- auoq + NN € € <N eseysuly| }iodal sase) €961 2961 [€ 39 71 Xneyd1in &

- DN T T AIH eseysuly| 1lodai ase) €661 1561 |3 rsuliis T

(%) uopjejuasaad (u) uonejndod (u) uonejndod aseasip A Apnis jo adA) Jeak JedA sioyny oN

2ouajenald |eaund Apnis [FENED) Suikjepun uoneslqnd uoI323]|0d
1se

M3IARJ BY} Ul papn|dul Salpn3s Jo Adlewwns T 374dVL



TABLE 2 Clinical data

Parameter®

Demographic characteristics
Female sex,n =412
Median age (P25-P75) (year)

Marital status, n = 25
Single
Married
Divorced
Widower

Clinical signs, n = 365
Headaches
Fever
Coma
Weight loss
Cough
Convulsions
Confusions
Dizziness
Vomiting
Meningeal signs
Balance disorder
Facial paralysis
Visual disorders
Skin abscess
Bone pain
Motor deficit
Clear CSF appearance, n = 30

?Based on available data for each parameter.

ZONO ET AL.

n (%)

213 (51.7)
35(28-41)

6 (24)
13(52)
3(12)
3(12)

261(71.5)
255 (69.8)
52(14.2)
47 (12.8)
22(6.0)
32(8.7)
42 (11.5)
2(0.5)
54 (14.8)
135(36.9)
16 (4.4)
3(0.8)
11 (3.0)
2(0.5)
3(0.8)
37(10.1)
18 (60)

FIGURE 2 Map focusing on DRC and
its neighbouring countries, displaying the
average prevalence of neuromeningeal
cryptococcosis in provinces coloured
orange and neighbouring countries where
similar isolates to those isolated in DRC
have been reported (in blue)

count was 80 cells/uL (range 42.5-291.9) with neutrophil predomi-
nance in 67.9% of cases (19/28).

Although more than one diagnostic test was used for NMC di-
agnosis, direct India ink staining was the reference test used in
most studies (264/357), followed by the cryptococcal antigen test
(210/357) and culture (116/357).

Among the patients with severe cryptococcosis (including
the neuromeningeal form, the ocular form, the neuromeningeal
and cutaneous-associated form, the neuromeningeal and bone-
associated form and the digestive form), 319 (out of 893) were re-
ported to have been treated with antifungal drugs. This consisted of
fluconazole monotherapy in 80.6% (257/319) of cases. Overall, the
death rate in this category of patients was close to half the number
of cases (49.3%). Of note, in the cohort with neuromeningeal crypto-
coccosis death rate was slightly higher (52.7%).

Furthermore, 74 Cryptococcus neoformans sensu lato (s.l) and
C gattii s.l isolates were identified and reported in the DRC over
the period covered by this systematic review. Among these iso-
lates, 20.3% were recovered from environmental surveys, poten-
tially implying that the DRC environment contains Cryptococcus
spp.10 In clinical and environmental samples, biovar characterisa-
tion allowed identification of 13 isolates of C gattii s.| isolates (out
of 74; 17.6%) and 61 isolates of C neoformans s.| (of 74; 82.4%).
These isolates were serotyped as follows: 11 of serotype A (out
of 15; 73.3%) and 4 of serotype B (out of 15; 26.7%). In all reports
included in this review, only 16 isolates underwent molecular
characterisation. Among these isolates, eight were characterised
as molecular type VNI (50.0%), one as VNII (6.25%), and four of
VGI (25.0%). In each study, molecular characterisation was per-
formed according to molecular typing methods established by the
International Society of Human and Animal Mycology (ISHAM)
Cryptococcus neoformans/C gattii complexes working group. On
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the contrary, one of each of the recognised DNA fingerprints pat-
terns were identified using the DNA probe UT-4p: patternIl, V and
VI (6.25% for each; Figure 3).47*4

Based on available published data meeting our inclusion crite-
ria, and considering the DRC mean NMC prevalence as calculated
and previously presented in this manuscript (9.63%), as well as the
number of PLHIV at greatest risk of NMC (approximately calculated
at 96,211), we estimate that 9,265 (95% Cl: 5,763-13,537) PLHIV
suffered from cryptococcosis in 2020. We also estimate that 4,883
(95% Cl: 3037-7134) of these patients died the same year.

4 | DISCUSSION

About 1,018 cryptococcosis cases have been reported in the DRC
from 1953 to 2021. The neuromeningeal form was the main clini-
cal presentation. About half of the patients died from this infection.
Although the global number of patients newly infected with HIV has
decreased from 2.1 million PLHIV in 2015 to 1.5 million in 2020,

(A)

Cryptococcus gattii (17.6%)

Cryptococcus neoformans (82.4%)

(8)

u C. neoformans-VNI (50.0%)

m C. neoformans-VNII (6.25%)

u C. neoformans-DNA probe UT-4p- pattern Il (6.25%)
C. neoformans-DNA probe UT-4p- pattern V (6.25%)

u C. neoformans-DNA probe UT-4p- pattern VI (6.25%)

u C. gattii-VGl (25.0%)

FIGURE 3 Percentage of Cryptococcus neoformans s.l and C gattii
s.l isolates (n = 74) identified in the DRC at species or biovar (a) and
molecular type level (b)

lagnosis, Therapy and Prophylaxis of Fungal Diseases.

and the access to ARV has significantly improved from 23.3 mil-
lion PLHIV in 2018 to 27.5 million in 2020, the HIV epidemiological
situation in the clinics remains worrisome, mainly in the advanced
HIV management clinics.*>* In Kinshasa (DRC), at the Centre
Hospitalier Kabinda (CHK), about 70% of PLHIV hospitalised for
the first time for AIDS complications exhibit a CD, counts below
200 cells/ul. Among these hospitalised PLHIV, a monthly average of
12% suffer from the cryptococcal disease.® Although these are data
from a single hospital, it is likely that other institutions hospitalising
PLHIV for AIDS-associated complications are dealing with similar or
even higher figures. This suggests that the incidence data obtained
in this study may yet be underestimated. Nevertheless, this review
can serve as a starting point for larger epidemiological studies and
development of a much-needed surveillance system.

Overall, cryptococcosis was mainly detected in females with an
average of 32.6 + 10.6 years old. Without being too disproportion-
ate to the men infected proportion, the predominantly female distri-
bution was in line with the general HIV sex distribution in the word
as well as in the DRC (310,000 versus 120,000, HIV-positive women
and men, respectively). Also in DRC, it appears that the HIV-positive
men proportion who die each year (5.4%, 6500/120,000) is currently
higher than the HIV-positive women proportion who succumb (3.1%,
9800/310,000), further increasing the HIV-positive women number
at high risk of cryptococcosis.”*¢ Paradoxically, in vitro studies sug-
gest that macrophages offer better protection against Cryptococcus
species in the presence of oestrogen, potentially explaining a de-
creased susceptibility for cryptococcal infections in females.*® On
the contrary, in the mouse model of disseminated cryptococcosis,
describes by Lortholary et al, it is shown that the expression of all cy-
tokines in plasma and of tumour necrosis factor-a and interferon-y in
the spleen are significantly increased in female mice compared with
male mice, but survival and fungal load were quite similar in both sex-
groups.*? Interestingly, exposure to Cryptococcus ecological niches,
once thought to be more pronounced in males than females, is out-
dated in the African context, especially in rural areas where field
and other activities are no longer considered the preserve of males.
Here, we observed that females living with HIV could still be the
main group affected by cryptococcosis. This warrants further epide-
miological and biological investigations. For example, a comparative
study of the occurrence of cryptococcosis in each sex-proportion,
in a single population controlled for confounding factors, could im-
prove knowledge about the clinical presentation of this deadly dis-
ease. The interplay of possible oestrogen-mediated protection, with
immunological aspects of HIV infection, would also need to be taken
into consideration; especially since most of the above-mentioned
experiments were not conducted in an environment of permanent
HIV-Cryptococcus co-infection.

Cryptococcosis develops mainly in the T-cell immunosuppres-
sion context, which may be caused by HIV/AIDS or other risk factors
such as solid organ transplantation, long-term corticosteroid ther-
apy, malignancy, diabetes and cirrhosis. It can also occur in patients
without identified immunosuppression, whose confirmation is highly

dependent on the capacity of the available diagnostic equipment‘50
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Nineteen of the 23 cases described in this manuscript without any
specification of underlying risk factors occurred in the HIV/AIDS
era (1995s). We assume that they would have been developed in
HIV patients but this would just not have been mentioned in the
paper. The remaining four cases were described before the 1980s.
Interestingly, Numbi et al described a seemingly immunocompetent
patient (610 CD,, cells per ul) who developed Cryptococcus neofor-
mans s.I meningitis, based on the diagnostic tools available in the
region.35 However, it cannot be excluded that in similar cases there
may be other underlying factors, not necessarily related to HIV/
AIDS, which may similarly undermine immunity against infection by
these yeasts. For example, the presence of auto-antibodies against
GM-CSF (granulocyte-macrophage colony-stimulating factor) was
reported to predispose otherwise immunocompetent patients to
infections caused by certain species of Cryptococcus spp.51’52 These
observations invite further research in factors that may predispose
to infection by each of the various Cryptococcus species. Within
the Cryptococcus gattii species complex, for example, C. gattii sensu
stricto and C. deuterogattii are major cause of infections encoun-
tered among immunocompetent patients, whereas C. bacillisporus,
C. tetragattii and C. decagattii are commonly associated with immu-
nocompromised subjects. This tropism is also described for the C.
neoformans species complex.’>>* To clear it up, some studies have
compared virulence factors of C. gattii species complex to those
found in other cryptococcal species, such as C. neoformans s.l.
Indeed, while C. neoformans s.| mutants who lack the calcineurin
gene (a gene involved in yeast resistance to high-temperatures con-
ditions) become avirulent, Cryptococcus deuterogattii (VGlla) strains
remain viable at high temperatures, suggesting the involvement of
other important thermal regulatory gene factors.> In addition, the
enzymatic activity of laccases in melanin production was found to be
higher in serotype AD hybrids, followed by C. neoformans, C. bacillis-
porus, C. deuterogattii, C. deneoformans and C. gattii. On the contrary,
isolates of serotype AD hybrids had the thinnest capsules compared
with C. gattii, followed by C. neoformans, C. deneoformans, C. bacillis-
porus and C. deuterogattii which were thicker.2 The aforementioned
case report of an immunocompetent individual infection could har-
bour features that have not been elucidated.

The occurrence of CSF increased leukocyte counts with neutro-
phil predominance is another interesting observation that calls for
further studies. A bacterial aetiology of meningitis may be part of the
differential diagnosis of meningitis in PLHIV. Therefore, to under-
stand the phenomenon of neutrophil predominance in cryptococ-
cal meningitis, studies would be needed that systematically exclude
a probable bacterial aetiology or co-infection.”® Moussa Togola
et al described a similar profile in the hospital setting in Togo.>’

In the DRC context, the diagnosis of cryptococcal meningitis was
mainly based on direct microscopic analysis of CSF after India ink
staining. However, CSF direct microscopic analysis has been poorly
rated than cryptococcal antigen tests and culture.”® Treatment regi-
mens consisted mainly of monotherapy with fluconazole. Worryingly,
in recent years, the efficacy of this azole has been decreasing due
to rising drug resistance.’’ This may have contributed to the stark

case-fatality ratio of cryptococcal infections observed in this study,
which approximates 50%.

Of the 30 included studies, only 4 were conducted before 1980,
which is considered the year marking the dramatic worldwide spread
of HIV/AIDS to reach pandemic status or the quick rise of identi-
fied cases in the world. Although PLHIV already existed as early as
1920 in DRC, the later rise of AIDS cases in the world, particularly
in western parts of the world, certainly raised the attention toward
opportunistic infections in PLHIV such as cryptococcosis, which has
already been described in DRC. We believe that this may explain the
quick post-1980 rise of reports and data related to this opportunistic
fungal disease in the world, particularly in the DRC where HIV is
believed to have originated.®°

Additionally, it is believed that an increase in the vulnerable pop-
ulation, due to the HIV/AIDS pandemic in the 1980s, had a major in-
fluence on epidemiological changes in the prevalence of Cryptococcus
species globally. Before 1969, most isolates in DRC were of the gattii
biovar, known to thrive in immunocompetent hosts. The post-1970s
period, which saw the dramatic spread of HIV/AIDS, also saw the
emergence of the neoformans biovar.**! Evidence suggests that the
emergence of the neoformans biovar was the result of the HIV/AIDS
pandemic.*! Although other immunocompromising factors, not nec-
essarily related to HIV, could be influencing host susceptibility to
C. gattii, epidemiological evidence supports the existence of a link
between AIDS-related immune status and Cryptococcus species in
patients.”>2 Despite the heterogeneity in cryptococcal species
distribution in DRC at that time, molecular characterisation of iso-
lates has not been completed with new characterisation methods,
let alone for newly isolated strains.

Such characterisation could, for example, provide a better un-
derstanding of the epidemiological, clinical and biological situation,
while measuring the impact of circulating cryptococcal species in the
burden of this deadly disease, as well as the link with environmental
strains.

Whether a biological and epidemiological link between envi-
ronmental and clinical isolates exist remains speculative. Indeed,
Cryptococcus spp. in the Congolese environments have been re-
ported both in the PLHIV homes, domestic cockroaches, pigeon and
chicken droppings, as well as in the air and dust.

In order to determine the significance of environmental res-
ervoirs, Zairian isolates from PLHIV were subject to DNA finger-
printing. Surprisingly, environmental isolates were shown to have
different DNA fingerprints compared with isolates recovered from
patients.? Large-scale causality studies will be of great importance
for clarifying the relationship between environmental reservoirs and
strains involved in clinical infections.

In DRC, the majority (82.4%) of strains are C. neoformans s.|, ex-
clusively from serotype A, and most of the molecular types VNI and
VNII. The remaining 17.6% are C. gattii s.l, serotype B, only molec-
ular type VGI. Notably, C. neoformans type VNI and VNII have also
been isolated in the DRC neighbouring countries such as Rwanda,
Burundi, Tanzania and Uganda, hence raising questions on the pos-
sibility of fungal spread through birds and wind.*?3 Similarly, using
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multilocus sequence typing (MLST), characterisation of strains of
the C. neoformans/C. gattii complexes, the only sequence type ST32
strain previously isolated in Zaire (DRC) and recorded in the MLST
ISHAM Fungal Database, was also identified in Tanzania and Uganda
(https://mlist.mycologylab.org/).

We estimate that 9,265 (95% Cl: 5,763-13,537) PLHIV suffered
from cryptococcosis and 4,883 (95% Cl: 3,037-7,134) died in 2020,
in DRC. The number of deaths among PLHIV due to cryptococcosis
approximately represents 28.7% of all PLHIV who died in the same
year (17,000).” While this annual incidence is not statistically differ-
ent to the DRC incident numbers previously reported,’® these data
are slightly higher than the incident cases reported across the bor-
ders in the Republic of Congo®* and Uganda.®®> These numbers are
much higher than those reported in Europe®®®” and Asia.®® Apart
from differences in HIV prevalence in different countries, dispro-
portionate results could perhaps also be attributed to differences
in the HIV population at high risk of cryptococcosis considered in
each study.

To relieve this humanitarian and public health burden, a
Congolese national mycosis control programme should (1) consider
the identification of high-risk people to develop mycosis, (2) focus on
active screening of fungal diseases among this high-risk population,
(3) improve the capacity and conditions of the diagnostic and thera-
peutic technical platform by increasing availability of adequate tests
and therapeutic resources, (4) incite local research and (5) encourage

continuous training of service providers.

5 | CONCLUSIONS

Data on cryptococcosis/Cryptococcus spp. in the DRC are historically
rich but outdated and incomplete. While the cryptococcosis burden
has been heavy over the years, clinical and biological presentations
of the disease have mostly remained classic, apart from certain
atypical situations. Because of the growing scale of HIV in DRC and
the burden of cryptococcosis in this population, it is important to
improve the quality and accessibility of care for all PLHIV. The estab-
lishment of a national fungal disease control programme can support

these efforts.

ACKNOWLEDGEMENTS

The authors wish to thank Dr Harry César Ntumba Kayembe for the
elaboration of the map focusing on the DRC and its neighbouring
countries, showing the average prevalence of neuromeningeal cryp-

tococcosis in provinces with available data.

CONFLICT OF INTEREST
The authors report nothing to disclose.

AUTHOR CONTRIBUTION

Bive BIVE ZONO: Conceptualization (equal); Formal analysis
(equal); Investigation (lead); Methodology (lead); Project administra-
tion (lead); Resources (equal); Software (lead); Visualization (lead);

Diagnosis,Therapy and Prophylaxis of Fungal Diseases

Writing - original draft (lead). Dacquin Kasumba: Writing - review
& editing (equal). Hippolyte Situakibanza: Supervision (equal).
Ben Bepouka: Conceptualization (equal). Marc Yambayamba:
Formal analysis (equal). Ruth Nsuka: Resources (equal). Tshimy
Tshimanga: Resources (equal). Erick Kamangu: Writing - review &
editing (equal). Marie-Pierre Hayette: Funding acquisition (equal);
Supervision (equal); Validation (equal); Writing - review & editing
(equal). Georges Mvumbi: Funding acquisition (equal); Supervision

(equal); Validation (equal); Writing - review & editing (equal).

ORCID

Bive Bive Zono "= https://orcid.org/0000-0002-0084-5068

REFERENCES

1. Molez J. SIDA et cryptococcose en Afrique centrale. Cah Santé.
1992;2:270-273.

2. Hagen F, Khayhan K, Theelen B, et al. Recognition of seven spe-
cies in the Cryptococcus gattii / Cryptococcus neoformans spe-
cies complex. Fungal Genet Biol. 2015;78:16-48. doi:10.1016/j.
fgh.2015.02.009

3. Francisco EC, de Jong AW, Hagen F. Cryptococcosis and
Cryptococcus. Mycopathologia. 2021;186(5):729-731. doi:10.1007/
s11046-021-00577-7

4. Campbell LT, Simonin AR, Chen C, et al. Cryptococcus strains with
different pathogenic potentials have diverse protein secretomes.
Eukaryot Cell. 2015;14(6):554-563. doi:10.1128/EC.00052-15

5. Maziarz EK, Perfect JR. Cryptococcosis. Infect Dis Clin North Am.
2016;30(1):179-206. d0i:10.1007/978-3-540-75387-2_123

6. Rajasingham R, Smith RM, Park BJ, et al. Global burden of dis-
ease of HIV-associated cryptococcal meningitis: an updated anal-
ysis. Lancet Infect Dis. 2017;17(8):873-881. doi:10.1016/51473
-3099(17)30243-8

7. UNAIDS and AIDSinfo. Country factsheets Democratic Republic
of Congo 2020 HIV and AIDS Estimates Adults and children living
with Country factsheets DRC | 2020 HIV testing and treatment cas-
cade People living with HIV Coverage of adults and children. Unaids.
2021:1-6. https://aidsinfo.unaids.org/%0D

8. Medecins Sans Frontiéres SA. Les Négligés de l'infection Au VIH
Patients En Stade VIH Avancé: Une Prise En Charge Adaptée et
Gratuite Est Leur Seule Chance de Survie. Ghizlaine; 2017. https://
samumsf.org/sites/default/files/2017-08/MSF Kinshasa
Reportdigital_Opdf.

9. Gatti F, Eeckels R. An atypical strain of Cryptococcus neof-
romans (san Felice) Vuillemin 1894. Ann Soc Belge Med Trop.
1970;50(6):689-694.

10. Swinne D, Kayembe K, Niyimi M. Isolation of saprophytic
Cryptococcus neoformans var. neoformans in Kinshasa, Zaire. Ann La
Societé Belge Médecine Trop. 1986;66:57-61.

11. Kapend'a K, Komichelo K, Swinne D, Vandepitte J. Meningitis due
to Cryptococcus neoformans biovar gattii in a Zairean AIDS patient.
Eur J Clin Microbiol. 1987;6(3):320-321.

12. Muyembe Tamfum JJ, Mupapa Kibadi D, Nganda L, et al
Cryptococcosis caused by Cryptococcus neoformans var. gattii. A
case report with an AIDS association observed in Kinshasa (Zaire).
Med Trop. 1992;52(4):435-438.

13. Kamwiziku GK, Makangara JC, Orefuwa E, Denning DW. Serious
fungal diseases in Democratic Republic of Congo - incidence and
prevalence estimates. Mycoses. 2021;64(10):1159-1169.

14. Moher D, Liberati A, Tetzlaff J, Altman DG, Grp P. Preferred report-
ing items for systematic reviews and meta-analyses: the PRISMA
statement (Reprinted from Annals of Internal Medicine). Phys Ther.
2009;89(9):873-880. doi:10.1371/journal.pmed.1000097


https://mlst.mycologylab.org/
https://orcid.org/0000-0002-0084-5068
https://orcid.org/0000-0002-0084-5068
https://doi.org/10.1016/j.fgb.2015.02.009
https://doi.org/10.1016/j.fgb.2015.02.009
https://doi.org/10.1007/s11046-021-00577-7
https://doi.org/10.1007/s11046-021-00577-7
https://doi.org/10.1128/EC.00052-15
https://doi.org/10.1007/978-3-540-75387-2_123
https://doi.org/10.1016/S1473-3099(17)30243-8
https://doi.org/10.1016/S1473-3099(17)30243-8
https://aidsinfo.unaids.org/%0D
https://samumsf.org/sites/default/files/2017-08/MSF
https://samumsf.org/sites/default/files/2017-08/MSF
https://doi.org/10.1371/journal.pmed.1000097

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

ZONO ET AL.

Mwamba Claude. Cryptococcose chez les personnes vivant avec le
VIH : IRIS. 2014.

Jérémie M, Edidi S, Butel C, et al. Resistance to antiretroviral drugs
in treated and drug-naive patients in the Democratic Republic of
Congo. J Acq. 2011;57:27-33.

Kamangu EN. Estimation of clinical, immunological and virological
failure of first line antiretroviral treatment in Kinshasa, Democratic
Republic of Congo. Open Access Libr J. 2018;5:1-8. doi:10.4236/
0alib.1104560

Rosen S, Fox MP, Gill CJ. Patient retention in antiretroviral therapy
programs in sub-Saharan Africa: A systematic review. PLoS Medicine.
2007;4(10):1691-1701. doi:10.1371/journal.pmed.0040298

Park BJ, Wannemuehler KA, Marston BJ, Govender N, Pappas
PG, Chiller TM. Estimation of the current global burden of cryp-
tococcal meningitis among persons living with HIV/AIDS. AIDS.
2009;23(4):525-530. d0i:10.1097/QAD.0b013e328322ffac

Stijns J, Royer P. Un cas de méningite a Torulopsis au Congo Belge.
Ann Soc Belge Med 1953;33:484-486.

Michaux J, Vandepitte J, Hennebert P, Sonnet J. Aspects cliniques
et thérapeutiques de la cryptococcose chez le Bantou : A propos
de trois cas traités par I'’Amphotéricine B. Ann Soc Belge Med Trop.
1963;5:751-776.

Lamey B, Melameka N. Clinical and epidemiologic aspects of cryp-
tococcosis in Kinshasa. Apropos of 15 personal cases. Med Trop
(Mars). 1982;42(5):507-50711.

Vandepitte J, Verwilghen R, Zachee P. AIDS and cryptococcosis
(ZAIRE). Lancet. 1983;1:925-926.

QOdio W, Kapita B, Mbendi N, et al. Le syndrome d’immunodéfi-
cience acquise (SIDA) a Kinshasa, Zaire : Observation cliniques et
épidémiologique. Ann Soc Belge Méd Trop. 1985;65:357-361.
Situakibanza H, Kapita B, Mbendi M, et al. Etiologie de la fievre au
cours du SIDA : 3 propos de 64 cas. Panor Medicale. 1996;16(5):842-
845. doi:10.1016/50399-077X(86)80236-0

Kornaszewski W, Kornaszewska M, Skotnicki A. Acquired immu-
nodeficiency syndrome (AIDS) in Africa. Postep Hig Med Dosw.
1986;40(3):331-346.

Colebunders R, Lusakumuni K, Nelson AM, et al. Persistent di-
arrhoea in Zairian AIDS patients: An endoscopic and histological
study. Gut. 1988;29(12):1687-1691. doi:10.1136/gut.29.12.1687
Perriéns JH, Moussa M, Luabeya MK, et al. Complications neu-
rologiques des patients hospitalisés en médecine interne VIH-1
séropositifs a Kinshasa, Zaire. J Acquir Immune Defic Syndr.
1988;5(4):333-340.

Masengo-Bwanga, Bula Bula A, Tambwe Mbuyi M, Nday M,
Kalenga B, Luboya N. Acquired immunodeficiency syndrome
(AIDS) in Lubumbashi. clinical and epidemiological observations.
Bull Soc Pathol Exot Filiales. 1988;81(2):159-162.http://www.ncbi.
nlm.nih.gov/pubmed/3416403

Desmet P, Kayembe KD, De VC. The value of cryptococcal serum
antigen screening among HIV-positive/AIDS patients in Kinshasa,
Zaire. Curr Sci Ltd. 1989;3:77-78.

Cheesbrough JS, Morse AP, Green SDR. Meningococcal meningitis
and carriage in western Zaire: A hypoendemic zone related to cli-
mate? Epidemiol Infect. 1995;114:75-92.

Mwanza JC, Nyamabo LK, Tylleskdr T, Plant GT. Neuro-
ophthalmological disorders in HIV infected subjects with neuro-
logical manifestations. Br J Ophthalmol. 2004;88(11):1455-1459.
doi:10.1136/bjo.2004.044289

Kivukuto Mutendela J, Mashupe S, Bihehe Masemo D, Mitima
Kashosi T. HIV screening among patients followed for crypto-
coccal meningitis in developing countriesnd: data from Bukavu
in the Democratic Republic of Congo. African J Microbiol Res.
2014;8(7):721-723. doi:10.5897/ajmr2013.5420

Mbayo L, Katabwa K, Kalumba K, Mukeng AK, llunga K, Okitosholo
W. Journal of emerging diseases and virology Congo: clinical ex-
pressions and diagnostic. Jpurnal Emerg Dis Virol. 2016;2(3):4-7.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

Numbi GY, Mwad BK, Mukuku O, Mwamba CM Cryptococcus
neoformans meningitis in an immunocompetent adult: A case
report. Adv Gen Pract Med. 2020;3(1):23-25. doi:10.25082/
agpm.2020.01.002

Zono B, Kamangu E, Situakibanza H, et al. Epidemiological, clin-
ical and biological profile of neuromeningeal cryptococcosis
among people living with HIV in Kinshasa (DRC). Pan Afr Med J.
2020;37(302):205-221. doi:10.11604/pam;j.2020.37.302.20521
Mbula M, Situakibanza H, Mananga L, et al. Profils clinique et bi-
ologique du VIH a Kinshasa Clinical and biological profile of people
living with HIV/AIDS followed in the Infectious Diseases Service
of the University Hospital of Kinshasa (Democratic Republic of the
Congo) Arti. Rev Mali Infect Mirobiol. 2020;15:21-29.

Katabwa JK, Mukuku O, Lwamba GK, Wembonyama SO.
Neuromeningeal cryptococcosis in HIV-infected patients in
Lubumbashi, Democratic Republic of the Congo. J Neurol Stroke.
2021;11(3):73-77. d0i:10.15406/jnsk.2021.11.00459

Ngoy DK, Kange DM, Kakwaba SK, et al. Mortalité liée a la
Cryptococcose chez les Personnes Vivant avec | 'infection a VIH/
SIDA a Lubumbashi. Rev Linfirmier Congo. 2021;5(1):56-62.

Manga RD, Bulanda BI, Makoka SK, Bongenya BI, Kamangu
EN. Epidemiological and clinical profile and management of
Neuromeningeal Cryptococcosis in people living with HIV
in Kinshasa: case of N'Djili general reference hospital. Oalib.
2021;08(09):1-5. doi:10.4236/0alib.1107800

Swinne D, Nkurikiyinfura JB, Muyembe TL. Clinical Isolates
of Cryptococcus neoformans from Zaire. Eur J Clin Microbiol.
1986;5(1):50-51.

Varma A, Swinne D, Staib F, Bennett JE, Kwon-Chung KJ. Diversity
of DNA fingerprints in Cryptococcus neoformans. J Clin Microbiol.
1995;33(7):1807-1814. doi:10.1128/jcm.33.7.1807-1814.1995
Boekhout T, Theelen B, Diaz M, et al. Hybrid genotypes in
the pathogenic yeast Cryptococcus neoformans. Microbiology.
2001;147(4):891-907. doi:10.1099/00221287-147-4-891
Litvintseva AP, Thakur R, Vilgalys R, Mitchell TG. Multilocus se-
quence typing reveals three genetic subpopulations of Cryptococcus
neoformans var. grubii (Serotype A), including a unique popula-
tion in Botswana. Genet Soc Am. 2006;2238(April):2223-2238.
doi:10.1534/genetics.105.046672

Onusida. Statistiques mondiales sur le Vih en 2018. Onusida.
2018;6:http://www.unaids.org/fr

Onusida. Statistiques mondiales sur le Vih en 2020. Onusida.
2021;6:http://www.unaids.org/fr

Unaids. Rapport D’Activite 2015 Sur La Riposte Au SIDA Dans Le
Monde. Unaids; 2015.

McClelland EE, Hobbs LM, Rivera J, et al. The role of host gender in
the pathogenesis of Cryptococcus neoformans infections. PLoS One.
2013;8(5):1-7. doi:10.1371/journal.pone.0063632

Lortholary O, Improvisi L, Fitting C, Cavaillon JM, Dromer F.
Influence of gender and age on course of infection and cy-
tokine responses in mice with disseminated Cryptococcus
neoformans infection. Clin Microbiol Infect. 2002;8(1):31-37.
doi:10.1046/j.1469-0691.2002.00375.x

Zavala S, Baddley JW. Cryptococcosis. Semin Respir Crit Care Med.
2020;41:69-79.

Saijo T, Chen J, Chen SCA, et al. Anti-granulocyte-macrophage
colony-stimulating factor autoantibodies are a risk factor for
central nervous system infection by Cryptococcus gattii in other-
wise immunocompetent patients. MBio. 2014;5(2): doi:10.1128/
mBio.00912-14

Rosen LB, Freeman AF, Yang LM, et al. Anti-GM-CSF autoan-
tibodies in patients with cryptococcal meningitis. J Immunol.
2013;190(8):3959-3966. doi:10.4049/jimmunol.1202526

Herkert PF, Hagen F, Pinheiro RL, Muro MD, Meis JF, Queiroz-Telles
F. Ecoepidemiology of Cryptococcus gattii in developing countries. J
Fungi. 2017;3(4): doi:10.3390/jof3040062


https://doi.org/10.4236/oalib.1104560
https://doi.org/10.4236/oalib.1104560
https://doi.org/10.1371/journal.pmed.0040298
https://doi.org/10.1097/QAD.0b013e328322ffac
https://doi.org/10.1016/S0399-077X(86)80236-0
https://doi.org/10.1136/gut.29.12.1687
http://www.ncbi.nlm.nih.gov/pubmed/3416403
http://www.ncbi.nlm.nih.gov/pubmed/3416403
https://doi.org/10.1136/bjo.2004.044289
https://doi.org/10.5897/ajmr2013.5420
https://doi.org/10.25082/agpm.2020.01.002
https://doi.org/10.25082/agpm.2020.01.002
https://doi.org/10.11604/pamj.2020.37.302.20521
https://doi.org/10.15406/jnsk.2021.11.00459
https://doi.org/10.4236/oalib.1107800
https://doi.org/10.1128/jcm.33.7.1807-1814.1995
https://doi.org/10.1099/00221287-147-4-891
https://doi.org/10.1534/genetics.105.046672
http://www.unaids.org/fr
http://www.unaids.org/fr
https://doi.org/10.1371/journal.pone.0063632
https://doi.org/10.1046/j.1469-0691.2002.00375.x
https://doi.org/10.1128/mBio.00912-14
https://doi.org/10.1128/mBio.00912-14
https://doi.org/10.4049/jimmunol.1202526
https://doi.org/10.3390/jof3040062

ZONO ET AL.

ycoses

54.

55.

56.

57.

58.

59.

60.

61.

62.

Cuetara MS, Jusdado Ruiz-Capillas JJ, Nuiez-Valentin MP, et al.
Successful Isavuconazole salvage therapy for a Cryptococcus deu-
terogattii (AFLP6/VGII) disseminated infection in a European im-
munocompetent patient. Mycopathologia. 2021;186(4):507-518.
doi:10.1007/s11046-021-00566-w

Bielska E, May RC. What makes Cryptococcus gattii a pathogen?
FEMS Yeast Res. 2015;16(1):1-12. doi:10.1093/femsyr/fov106
Saleem F, Fasih N, Zafar A Cryptococcus neoformans and
Streptococcus pneumoniae co-infection in posttraumatic men-
ingitis in a patient with unknown HIV status. J Pak Med Assoc.
2015;65(10):1122-1124.

Togola M. L'épidémiologie de la cryptococcose neuroméningée en mi-
lieu hospitalier de Bamako. Univ Bamako; 2007.

Saha DC, Xess |, Biswas A, Bhowmik DM, Padma MV. Detection of
Cryptococcus by conventional, serological and molecular methods.
J Med Microbiol. 2009;58(8):1098-1105. doi:10.1099/jmm.0.00732
8-0

Perfect JR, Cox GM. Drug resistance in Cryptococcus neoformans.
Drug Resist Updat. 1999;2:259-269. doi:10.1007/978-1-59745
-180-2_41

Faria NR, Rambaut A, Suchard MA, et al. The early spread and
epidemic ignition of HIV-1 in human populations. Science (80- ).
2014;346(6205):56-61. doi:10.1126/science.1256739

D’Souza C, Kronstad J, Taylor G, et al. Genome variation in
Cryptococcus gattii, an emerging pathogen of immunocompetent
hosts. MBio. 2011;2(1):1-11. doi:10.1128/mBi0.00342-10
Kwon-Chung KJ, Varma A. Do major species concepts support one,
two or more species within Cryptococcus neoformans? FEMS Yeast
Res. 2006;6(4):574-587. d0i:10.1111/j.1567-1364.2006.00088.x

63.

64.

65.

66.

67.

68.

Diagnosis,Therapy and Prophylaxis of Fungal Diseases

Cogliati M. Global molecular epidemiology of Cryptococcus
neoformans and Cryptococcus gattii: an atlas of the molec-
ular types. Scientifica (Cairo). 2013;2013(serotype D):1-23.
doi:10.1155/2013/675213

Amona FM, Denning DW, Moukassa D, Hennequin C. Current
burden of serious fungal infections in Republic of Congo. Mycoses.
2020;63(6):543-552. d0i:10.1111/myc.13075

Parkes-Ratanshi R, Achan B, Kwizera R, Kambugu A, Meya D,
Denning DW. Cryptococcal disease and the burden of other fungal
diseases in Uganda; Where are the knowledge gaps and how can
we fill them? Mycoses. 2015;58:85-93. d0i:10.1111/myc.12387
Gangneux JP, Bougnoux ME, Hennequin C, et al. Estimation du poids
épidémiologique des infections fongiques graves en France. J Mycol
Med. 2016;26(4):385-390. doi:10.1016/j.mycmed.2016.11.001
Rodriguez-Tudela JL, Alastruey-lzquierdo A, Gago S, et al.
Burden of serious fungal infections in Spain. Clin Microbiol Infect.
2015;21(2):183-189. d0i:10.1016/j.cmi.2014.07.013

Taj-Aldeen SJ, Chandra P, Denning DW. Burden of fungal infections
in Qatar. Mycoses. 2015;58:51-57. d0i:10.1111/myc.12386

How to cite this article: Zono BB, Kasumba DM, Situakibanza
Nani-Tuma H, et al. Cryptococcosis in the Democratic Republic
of Congo from 1953 to 2021: A systematic review and
meta-analysis. Mycoses. 2022;65:580-589. doi:10.1111/

myc.13440


https://doi.org/10.1007/s11046-021-00566-w
https://doi.org/10.1093/femsyr/fov106
https://doi.org/10.1099/jmm.0.007328-0
https://doi.org/10.1099/jmm.0.007328-0
https://doi.org/10.1007/978-1-59745-180-2_41
https://doi.org/10.1007/978-1-59745-180-2_41
https://doi.org/10.1126/science.1256739
https://doi.org/10.1128/mBio.00342-10
https://doi.org/10.1111/j.1567-1364.2006.00088.x
https://doi.org/10.1155/2013/675213
https://doi.org/10.1111/myc.13075
https://doi.org/10.1111/myc.12387
https://doi.org/10.1016/j.mycmed.2016.11.001
https://doi.org/10.1016/j.cmi.2014.07.013
https://doi.org/10.1111/myc.12386
https://doi.org/10.1111/myc.13440
https://doi.org/10.1111/myc.13440

	Cryptococcosis in the Democratic Republic of Congo from 1953 to 2021: A systematic review and meta-­analysis
	Abstract
	1|INTRODUCTION
	2|MATERIALS AND METHODS
	2.1|Search strategy
	2.2|Inclusion and exclusion criteria
	2.3|Study selection and data extraction
	2.4|Data analysis
	2.5|Estimates of the 2020 annual burden of the neuromeningeal cryptococcosis (NMC) among PLHIV in the DRC

	3|RESULTS
	4|DISCUSSION
	5|CONCLUSIONS
	ACKNOWLEDGEMENTS
	CONFLICT OF INTEREST
	AUTHOR CONTRIBUTION
	REFERENCES


