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A B S T R A C T

Invasive aspergillosis (IA) affects more than 300,000 people annually worldwide with a case fatality rate
reaching 80%. However, in Africa despite the presence of risk factors for the development of IA, the burden of
these fungal infections remained unknown. This systematic review aimed to update the available informa-
tion on the epidemiology and the therapeutic management of IA in Africa. The published papers were sys-
tematically searched on major medical databases from September 20 to October 10, 2021. The list of
references of eligible articles and the Google scholar database were also checked in order to search for possi-
ble eligible articles. Results were reported following the Preferred Reporting Items for Systematic and Meta-
analyses (PRISMA) guidelines. The search yielded 1864 articles of which 29 met the inclusion criteria. This
systematic review showed the existence of IA in Africa. The prevalence of IA can reach 27% with a fatality
rate of more than 60%. The most common clinical form of IA found was invasive pulmonary aspergillosis. The
main predisposing conditions identified were neutropenia, HIV/AIDS, renal transplant recipients, and renal
failure. Aspergillus section Flavi and Nigri were the main Aspergillus species identified and Aspergillus section
Fumigati was uncommon. The main management strategy for IA cases was to start antifungal therapy only
after a failure of broad-spectrum antibiotic therapy. This review provided evidence of the existence of inva-
sive aspergillosis in Africa and especially a high rate of undiagnosed invasive aspergillosis cases.

© 2022 SFMM. Published by Elsevier Masson SAS. All rights reserved.
Keywords:

Invasive aspergillosis
Aspergillus
Africa
ouya 01, Burkina Faso.
.

SAS. All rights reserved.
1. Background

Aspergillus spp. are saprophytic fungi found in soil and decompos-
ing vegetable materials. These species are also capable, particularly in
case of immunodepression of causing potentially fatal aspergillosis
[1]. Indeed, these fungal agents are responsible for more than
300,000 cases of invasive aspergillosis (IA) annually worldwide [2].
Invasive aspergillosis covers a wide spectrum of clinical diseases
including invasive pulmonary aspergillosis, invasive sinus aspergillo-
sis, central nervous system aspergillosis, and disseminated aspergil-
losis [3]. The increase of IA cases is correlated with the increase of
patients with risk factors such as patients undergoing allogeneic
hematopoietic stem cell transplantation (HSCT) and intensive
chemotherapy [3]. In addition to these traditional risk factors, non-
traditional risk factors including intensive care unit (ICU) patients,
post-operative patients, patients with chronic pulmonary diseases,
patients with acquired immunodeficiency syndrome (AIDS), patients
undergoing immunomodulatory treatment [4], patients with influ-
enza infection [5], and patients with coronavirus disease (COVID-19)
[6] have emerged worldwide. Despite the recent advances in diagno-
sis and treatment, the lethality rate associated with invasive aspergil-
losis still ranges from 30 to 80% [1]. Some studies showed a reduced
survival rate when the infection is induced by Aspergillus with high
minimum inhibitory concentrations (MIC) for azole antifungals [7].
The identification of patients with predictive factors of mortality
associated with an early biological diagnosis and the administration
of an effective systematic antifungal treatment lead to better clinical
outcomes of invasive aspergillosis [8]. However, the absence of spe-
cific clinical signs of invasive aspergillosis hampers the early
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microbiological diagnosis of this fungal infection. This situation is
even more worrying in countries with limited resources. In fact, in
these countries, in addition to low performance of health system,
there is a lack of qualified personnel in medical mycology and a low
awareness of medical personnel on the burden of invasive fungal
infections. This low awareness could lead to under-diagnosis and
mismanagement of IA with the consequence of increased fatality
rate. This could also increase the selective pressure on antibiotic
resistance genes due to the abusive use in these countries of antibiot-
ics in cases of infectious diseases. The present systematic review
aimed to update the available information on the epidemiology and
therapeutic management of IA in Africa.

2. Methods

2.1. Data sources and search strategy

This systematic review is registered on PROSPERO
(CRD42021279208). We systematically searched for articles on major
medical databases namely PubMed, African Journal OnLine (AJOL),
ScienceDirect, and Cochrane library. The search covered the period of
September 20 to October 10, 2021. Results were reported following
the Preferred Reporting Items for Systematic and Meta-analyses
(PRISMA) guidelines [9]. A search strategy was developed based on
the epidemiology and management of invasive aspergillosis in Africa.
Electronic search on the selected databases was performed with the
following keywords: "Invasive Pulmonary Aspergillosis", "Neuroas-
pergillosis", "Invasive Aspergillosis", "Severe fungal infection",
"Africa", "Epidemiology", "Risk factors", "Predisposing factors", "Labo-
ratory diagnosis", and "Treatment". The Boolean operators "AND" and
"OR" were used to combine these keywords.

The list of references of eligible articles and Google scholar data-
base were also checked in order to search for possible eligible
articles.

2.2. Inclusion and exclusion criteria

Any article published in English or French reporting invasive
aspergillosis in African countries, based on primary data was eligible
for this systematic review. An article was excluded if it was protocol,
commentary article, conference paper, abstract, thesis, and if the
study population was outside African countries. No restriction was
imposed on the publication date and the study design.

2.3. Study selection, data extraction, and data synthesis

The titles, abstracts, and relevance full-text of identified unique
reports were independently screened by two reviewers. Discrepan-
cies were discussed and resolved by involving an independent third
reviewer.

The extracted data were synthesized according to the country,
study design, clinical form, incidence/prevalence, predisposing condi-
tions, causative agents, diagnostic tools, management strategy, and
case fatality rate.

3. Results

3.1. Search results

A total of 1864 citations were identified from PubMed (n = 769),
AJOL (n = 135), ScienceDirect (n = 960) and Cochrane library (n = 0),
of which 214 were found to be duplicates with Zotero software and
excluded. Of the 1650 screened, 1594 were excluded after reading
the titles and abstracts. Of the 56 full-text articles reviewed, 39 were
excluded, based on eligibility criteria. Twelve additional articles (4
identified through references of eligible articles and 8 via Google
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scholar) were also included. Finally, 29 articles were considered for
this systematic review (Fig. 1).

3.2. Epidemiology and diagnostic tools

3.2.1. Case reports
Six case reports reporting ten cases of IA were included in this sys-

tematic review (Table 1), including two cases reports in Western
Africa [10,11] and four in Northern Africa [12−15]. Two case reports
reported three cases of invasive pulmonary aspergillosis caused by A.
fumigatus [13], A. flavus and A. terreus [15]. The diagnostic tools used
were standard mycology technique [13,15], computed tomography
(CT) scan [15], immunology (galactomannan antigen detection) and
polymerase chain reaction (PCR) [15]. One sino-orbital aspergillosis
with central nervous system complication was diagnosed by standard
mycology technique[11]. Two disseminated invasive aspergillosis
were diagnosed by histological examination [10,12], standard mycol-
ogy technique, CT scan, and immunology [12]. Finally, four invasive
rhinosinusitis with orbital extension caused by A. flavus were identi-
fied by CT scan, standard mycology technique, histology, and immu-
nology (serology) [14].

3.2.2. Observational studies
Five observational studies were included in this systematic review

(Table 2), including three in Northern Africa [16−18], one in Southern
Africa [19] and one in Eastern Africa [20]. Four of these studies were
prospective studies [16−19] and one was retrospective study [20].
The patients included in these observational studies were children
with severe combined immunodeficiency or neutropenic cancer [16],
patients with acute myeloblastic leukaemia (AML) or acute lympho-
blastic leukaemia (ALL) and in whom a profound post-chemotherapy
aplasia (neutrophils < 500/mL for more than 10 days) was diagnosed
[17], and all neutropenic patients who had febrile episode and neu-
trophils < 500 per mL more than 10 days were observed [18]. The sex
ratio were 0.83, 1, 1.23, 1.69 and 2.33 respectively for Gheith et al.
[17], Wong et al. [19], Hadrich et al. [18], Kwizera et al. [20] and El-
Sayed et al. [16]. The median age were respectively 28 years for Kwi-
zera et al. [20], 36 years for Wong et al. [19] and 38 years for Hadrich
et al. [18]. El-Sayed et al. [16] and Gheith et al. [17] respectively
reported a median age of 48 months and a mean age of 27.7 years.

Invasive pulmonary aspergillosis was the main clinical form
reported [17,19,20]. One case of invasive ethmoiditis with periorbital
extension was also reported [17]. Two studies in Tunisia used the
European Organization for Research and Treatment of Cancer and the
Mycoses Study Group Education and Research Consortium (EORTC/
MSGERC) criteria [21] to classify suspected IA cases as proven, proba-
ble, and possible IA [17,18].

The diagnostic tools used were CT scan, standard mycology tech-
nique, immunology (galactomannan antigen detection) and real time
PCR [17,18]. No proven cases were reported [17,18]. The prevalence
of IA in Tunisia were respectively 13.14% (23/175) [17] and 27.62%
(29/105) [18]. In Egypt, the prevalence of IA was 20% (6/30) [16]. The
prevalence of IA based on histology examination was 2.6% in South
Africa [19] and 1.15% in Uganda [20]. The main species identified in
these observational studies were A. flavus and A. niger [17,18]. A.
fumigatus was rarely identified as the causative agent of IA [17,18].
Other Aspergillus species such as A. ochraceus, A. tubingensis, and A.
westerdijkiaewere also identified in some studies [17,18].

3.3. Risk factors

3.3.1. Case reports
The predisposing conditions identified were antibiotic therapy

[10,15], HIV/AIDS [13], cytomegalovirus (CMV) infection, renal trans-
plant recipients, and renal failure [15]. One immunocompetent
patient with IA was reported in Nigeria [11].



Fig. 1. flowchart of articles selected for the systematic review of invasive aspergillosis in Africa, adapted from the PRISMA guidelines [9].
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3.3.2. Observational studies
The main predisposing condition identified was neutropenia [16

−18]. Other predisposing factors identified were HIV/AIDS [20],
severe combined immunodeficiency [16], Hodgkin’s lymphoma, and
bronchiectasis [19].

3.4. Management, fatal case, and antifungal resistance

3.4.1. Case reports
In the therapeutic management of IA, azoles particularly voricona-

zole and itraconazole, were the most antifungals drugs used
[12,14,15] sometimes associated with surgery [12]. Conventional
amphotericin B has also been used and then changed to voriconazole
3

in case of treatment failure. Concerning the case reported in Nigeria,
the diagnosis of IA was made after the patient died [11]. In this study
during the process of clinical and biological diagnosis, no suspicion of
IA was evoked until the death of the patient [11]. Among the ten IA
cases reported in the six case reports, only one successful treatment
(survivor) with voriconazole was reported [15].

3.4.2. Observational studies
Conventional amphotericin B or voriconazole alone or conven-

tional amphotericin B then switched to voriconazole were the anti-
fungal regimens used to manage the IA [17]. One of the regimens
used in the management of IA was to start antifungal therapy only
after a failure of broad-spectrum antibiotic therapy [16]. The case



Table 1
Case reports of invasive aspergillosis in Africa.

Country Authors Clinical spectrum Number of IA Predisposing
conditions

Causative agents Diagnostic tools IA management Case fatality rate

Ghana Aleksenko et al. Disseminated invasive
aspergillosis

1 Prolonged antibiotic Aspergillus spp Histology NA1 Died

Nigeria Onyekonwu et al. Sino-orbital aspergillosis
with central nervous
system complication

1 No predisposing fac-
tor identified in an
immunocompetent
adult

Aspergillus spp Standard mycology Surgery +
ketoconazole

Died

Algeria Bakhti et al. Disseminated invasive
aspergillosis

1 Chronic granuloma-
tous disease

A. nidulans Standard mycology,
CT scan, histology
andImmunology

Surgery +
voriconazole

died

Morocco El Hakkouni1 et al. IPA2 1 HIV/AIDS A. fumigatus Standard mycology NA died
Sudan Ahmed et al. Invasive rhinosinusitis with

orbital extension
4 NA A. flavus Standard mycology,

CT scan, histology
and serology

Itraconazole NA

Tunisia Trabelsi et al. IPA 2 Renal transplant
recipients, CMV
infection

A. terreus Standard mycology,
galactomannan
antigen and PCR

Voriconazole Favorable

Broad spectrum anti-
biotics, renal
failure

A. flavus Standard mycology,
galactomannan
antigen and PCR

Conventional ampho-
tericin B and then
voriconazole

Died

1 NA: Not available 2IPA: Invasive pulmonary aspergillosis.
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fatality rate was 60.87% (14/23) and 68.69% (20/29) respectively for
Gheith et al. [17] and Hadrich et al. [18].

No antifungal sensitivity test was performed before administra-
tion of the antifungal drug in any of the case reports and observa-
tional studies included in this systematic review.

3.5. Estimated burden of IA in Africa

3.5.1. Epidemiology
Eighteen studies estimating the burden of IA in Africa (Table 3)

were found including two in Northern Africa [22,23], five in Western
Africa [24−28], three in Central Africa [29−31], five in Eastern Africa
[32−36], and three in Southern Africa [37−39]. The IA incidence per
100,000 inhabitants ranged from 7.1 to 10.7 in Northern Africa
[22,23] and from 0.3 to 6.25 in Western Africa [24−28]. This inci-
dence varied from 3.2 to 6.9, 0.05 to 10.9, and 4.8 to 16 respectively
in Central Africa [29−31], Eastern Africa [32−36], and Southern Africa
[37−39]. The estimated burden of IA did not take into account the
clinical spectrum of aspergillosis, the fungal species involved in the
occurrence of these aspergillosis, and the case fatality rate attribut-
able to these IA.

3.5.2. Risk factors
Specific populations at risk included mainly hematological malig-

nancies; HIV/AIDS, lung cancer; chronic obstructive pulmonary dis-
ease (COPD), and intensive care unit (ICU) patients were used to
estimate the burden of IA [22−39].

4. Discussion

The increase of IA cases worldwide is correlated to the increase of
patients with specific risk factors [3,4]. Despite the presence of some
of these risk factors in Africa [22−39], little data on IA is available on
this continent. This could be explained partly by the difficulties to
diagnose IA or by the constraints of financial resources and the lack
of qualified human resources in medical mycology field. This system-
atic review showed the presence of IA in Africa [10−20] and in case
of lack of local data, the assuming made based on predisposing fac-
tors showed the presence of unrecognized IA [22−39]. The preva-
lence of IA can reach 27% [18] with a fatality rate of more than 60%
[17,18]. The main clinical spectrum of IA found in this systematic
review was invasive pulmonary aspergillosis [13,15,17,19,20]. These
4

results are in agreement with existing data which showed that inva-
sive pulmonary aspergillosis is the most common clinical form of IA
accounting for 50−60% of all cases [3]. The risk factors identified in
the case reports and observational studies included in this systematic
review [10,12,13,15−20] were in agreement with those identified in
other continents [3,4]. An immunocompetent patient in whom the
diagnosis of IA has been made after his death was reported in Nigeria
[11]. This data could raise the challenges of diagnosing invasive
aspergillosis in immunocompetent patients in whom the index of
suspicion of IA is very low. Nevertheless, an unidentified underlying
immunosuppression should also explain the occurrence of IA in this
patient. One of the regimens used in the management of IA was to
start antifungal therapy only after failure of broad-spectrum antibi-
otic therapy [16]. This strategy led to a delay in the administration of
an effective antifungal drug which was potentially fatal for the
patient. In some cases [11], the hypothesis of IA is not even evoked
because of the non-specificity of the clinical signs and the low aware-
ness of medical personnel on the burden of IA on patients at risk. The
management of IA could also be compromised by the unavailability
of effective antifungals in some countries in Africa [11], which con-
tributes to the delay in the administration of an effective antifungal.
Aspergillus section Flavi and Nigri were the main Aspergillus species
identified in case of IA in Africa, while Aspergillus section Fumigati
was uncommon [13−15,17,18]. Similar data have already been
reported by Khairallah et al. in Saudi Arabia who had identified A. fla-
vus as the main aetiological agent of IA [40]. However, these findings
are different from those conducted in developed countries where
Aspergillus section Fumigati was responsible for more than 80% of IA
[41,42]. The reasons favoring the predominance of a specific Aspergil-
lus species in the occurrence of IA in a specific area remain unknown
[43]. Nevertheless, it has been observed that an increase in the mean
concentrations of conidia of a specific Aspergillus species in the hospi-
tal indoor air lead to an increase number of IA cases due to this spe-
cies in immunocompromised patients [44]. The concentrations in the
air of these specific Aspergillus species conidia in the environment are
determined by climate and geographical factors [43]. These data
show the flexibility of Aspergillus genus to adapt to several ecological
niches.These data also raise the need to carry out standardized stud-
ies including different climatic and geographical profiles in order to
identify the reasons of this diversity of Aspergillus species in the
occurrence of IA depending on the area. The high case fatality rate
observed in Africa [17,18] could be explained by a diagnostic and



Table 2
Observational reports on invasive aspergillosis in Africa.

Country Authors Period of data
collection

Clinical
spectrum

Samplesize Sex ratio Age Prevalence Predisposing
conditions

Causative agents Diagnostic tools IA management CFR1n/N (%)

Egypt El-Sayed et al. Prospective NA 30 2.332 Median2 =48
months

20% SCID3

and
neutropenia

NA PCR Antifungal therapy
after a failure
of antibiotic
therapy4

NA

Tunisia Gheith et al. Prospective IPA5Invasive
ethmoiditis
with
periorbital
extension

175 0.832 Mean2 =27.7
years

13.14% Neutropenia A. niger;
A. flavus,
A. tubingensis,
A. fumigatus,
A. westerdijkiae,
A. ochraceus

Standard
mycological,
CT scan,
galactomannan
antigen and
PCR

Antifungal therapy
was based on
amphotericin B
or voriconazole,
or both

14/23 (60.87)

Tunisia Hadrich et al. Prospective NA 105 1.236 Median6 =38
years

27.62% Neutropenia A. flavus,
A. niger,
A. ochraceus,
A. fumigatus

Standard mycology,
CT scan
galactomannan
antigen and PCR

NA 20/29 (68.69)

South Africa Wong et al. Prospective IPA 39 12 Median2 =36
years

2.56% Hodgkins Lymphoma NA Histology (postmortem) NA NA

Uganda Kwizera et al. Retrospective IPA 697 1.692 Median2 =28
years

1.15% Bronchiectasis,and
HIV/AIDS

NA Histology NA NA

1 CFR: Case fatality rate 2Statistic parameters calculated based on overall study population 3SCID: Severe combined immunodeficiency 4The type of antifungal therapy not clearly specified in the study 5IPA: Invasive pulmonary aspergil-
losis 6Statistic parameters calculated based only on patients diagnosed with IA.
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Table 3
Estimated burden of invasive aspergillosis in Africa according to the main risk factors.

Country Authors Number of IA per Underlying Disorder per Year Total burden Rate per
100,000

Predominant Groups at Risk

HIV/AIDS1 Respiratory Cancer ICU2

Northern Africa
Algeria Chekiri-Talbi et al. − 2818 47 − 2865 7.1 −
Egypt Zaki et al. − − 664 8337 9001 10.7 −

Western Africa
Burkina Faso Bamba et al. − − 54 − 54 0.3 −
Côte d’Ivoire Koffi et al. 640 852 58 − 1550 6.15 −
Ghana Ocansey et al. 977 210 67 − 1254 4.4 −
Nigeria Oladele et al. − − 928 − 928 0.6 −
Sierra Leone Lakoh et al. 104 − 40 334 478 6.25 −

Central Africa
Cameroon Mandengue et al. − − 134 1041 1175 5.3 −
Democratic Republic of Congo Kamwiziku et al. 380 2510 123 − 3013 3.2 −
Republic of Congo Amona et al. 160 − 30 170 360 6.9 −

Eastern Africa
Ethiopia3 Tufa et al. − − − − 11,500 10.9 hematological malignancy, lung can-

cer, aids deaths, copd4

Kenya Guto et al. − − 239 − 239 0.6 −
Malawi Kalua et al. 1080 − 106 − 1186 6.7 −
Mozambique3 Sacarlal et al. − − 159 − 159 0.6 Hematological malignancy
Tanzania3 Faini et al. − − − − 20 0.05 Hematological malignancy

Southern Africa
Namibia Dunaiski et al. 108 1 15 259 383 15.4 −
South Africa3 Schwartz et al. − − − − 3885 4.8 hematological malignancies; allogeneic

hsct5, kidney sot6, lung sot, heart sot,
liver sot, and lung cancer; patients
dying of hiv; and copd patients

Zimbabwe Pfavayi et al. 800 19 46 1582 2448 16 −
1 HIV/AIDS: Human immunodeficiency virus/Acquired immunodeficiency syndrome 2ICU: Intensive care unit 3The IA burden was made by taking into account all predisposing

groups at risk 4COPD: Chronic obstructive pulmonary disease 5HSCT: Hematopoietic stem cell transplantation 6SOT: Solid organ transplantation.
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therapeutic delay [17] but also by the unavailability of some effective
antifungal treatments [11].
5. Conclusion

This systematic review provided evidence of the existence of inva-
sive aspergillosis cases in Africa and especially a high rate of undiag-
nosed invasive aspergillosis cases. This systematic review also
showed the epidemiological difference between the invasive asper-
gillosis cases in Africa from those of developed countries, hence the
need to assess the epidemiology of these invasive fungal infections in
this continent where the number of patients at risk is gradually
increasing.
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Côte d’Ivoire and country health profile. J Med Mycol 2021:31. doi: 10.1016/j.
mycmed.2020.101086.

[26] Ocansey BK, Pesewu GA, Codjoe FS. Estimated Burden of Serious Fungal Infections
in Ghana. J Fungi 2019;5:38. doi: 10.3390/jof5020038.

[27] Oladele RO, Denning DW. Burden of serious fungal infection in Nigeria. West Afr J
Med 2014:33.
7

[28] Lakoh S, Orefuwa E, Kamara MN. The burden of serious fungal infections in Sierra
Leone: a national estimate. Ther Adv Infect Dis 2021;8:1–12. doi: 10.1177/
20499361211027996.

[29] Mandengue CE, Denning DW. The burden of serious fungal infections in Came-
roon. J Fungi 2018;4. doi: 10.3390/jof4020044.

[30] Kamwiziku GK, Makangara JCC, Orefuwa E. Serious fungal diseases in democratic
republic of congo − incidence and prevalence estimates. Mycoses 2021;64:1159–
69. doi: 10.1111/myc.13339.

[31] Amona FM, Denning DW, Moukassa D. Current burden of serious fungal infections
in Republic of Congo. Mycoses 2020;63:543–52. doi: 10.1111/myc.13075.

[32] Tufa TB, Denning DW. The Burden of Fungal Infections in Ethiopia. J Fungi 2019;5.
doi: 10.3390/jof5040109.

[33] Guto JA, Bii CC, Denning DW. Estimated burden of fungal infections in Kenya. J
Infect Dev Ctries 2016;10:777–84. doi: 10.3855/jidc.7614.

[34] Kalua K, Zimba B, Denning DW. Estimated burden of serious fungal infections in
Malawi. J Fungi 2018;4. doi: 10.3390/jof4020061.

[35] Sacarlal J, Denning DW. Estimated burden of serious fungal infections in Mozam-
bique. J Fungi 2018;4. doi: 10.3390/jof4030075.

[36] Faini D, Maokola W, Furrer H. Burden of serious fungal infections in Tanzania.
Mycoses 2015;58:70–9. doi: 10.1111/myc.12390.

[37] Dunaiski CM, Denning DW. Estimated burden of fungal infections in namibia. J
Fungi 2019;5. doi: 10.3390/jof5030075.

[38] Schwartz IS, Boyles TH, Kenyon CR. The estimated burden of fungal disease in
South Africa. South African Med J 2019;109:885–92.

[39] Pfavayi LT, Denning DW, Baker S. Determining the burden of fungal infections in
Zimbabwe. Sci Rep 2021;11. doi: 10.1038/s41598-021-92605-1.

[40] Khairallah SH, Byrne KA, Tabbara KF. Fungal keratitis in Saudi Arabia. Doc Oph-
thalmol 1992;79:269–76.

[41] R€uping MJGT, Gerlach S, Fischer G. Environmental and clinical epidemiology of
Aspergillus terreus: data from a prospective surveillance study. J Hosp Infect
2011;78:226–30. doi: 10.1016/j.jhin.2011.01.020.

[42] Person AK, Chudgar SM, Norton BL. Aspergillus niger: an unusual cause of invasive
pulmonary aspergillosis. J Med Microbiol 2010;59:834–8. doi: 10.1099/
jmm.0.018309-0.

[43] Hedayati MT, Pasqualotto AC, Warn PA. Aspergillus flavus: human pathogen, aller-
gen and mycotoxin producer. Microbiology 2007;153:1677–92. doi: 10.1099/
mic.0.2007/007641-0.

[44] Arnow PM, Sadigh M, Costas C. Endemic and Epidemic Aspergillosis Associated
with In-Hospital Replication of Aspergillus Organisms. aspergil 1991;164:998–
1002. doi: 10.1093/infdis/164.5.998.

https://doi.org/10.11604/pamj.2018.31.40.16637
https://doi.org/10.11604/pamj.2018.31.40.16637
https://doi.org/10.18502/sjms.v13i2.2643
https://doi.org/10.18502/sjms.v13i2.2643
https://doi.org/10.1016/j.mycmed.2013.07.052
https://doi.org/10.1016/j.mycmed.2013.07.052
http://refhub.elsevier.com/S1156-5233(22)00085-3/sbref0016
http://refhub.elsevier.com/S1156-5233(22)00085-3/sbref0016
http://refhub.elsevier.com/S1156-5233(22)00085-3/sbref0016
https://doi.org/10.1007/s11046-014-9742-8
https://doi.org/10.1111/j.1439-0507.2009.01710.x
https://doi.org/10.1371/journal.pone.0047542
https://doi.org/10.1371/journal.pone.0047542
https://doi.org/10.1093/mmy/myaa018
https://doi.org/10.1093/cid/ciz1008
https://doi.org/10.1007/s10096-017-2917-8
https://doi.org/10.1007/s10096-017-2929-4
https://doi.org/10.3390/jof4010035
https://doi.org/10.1016/j.mycmed.2020.101086
https://doi.org/10.1016/j.mycmed.2020.101086
https://doi.org/10.3390/jof5020038
http://refhub.elsevier.com/S1156-5233(22)00085-3/sbref0027
http://refhub.elsevier.com/S1156-5233(22)00085-3/sbref0027
https://doi.org/10.1177/20499361211027996
https://doi.org/10.1177/20499361211027996
https://doi.org/10.3390/jof4020044
https://doi.org/10.1111/myc.13339
https://doi.org/10.1111/myc.13075
https://doi.org/10.3390/jof5040109
https://doi.org/10.3855/jidc.7614
https://doi.org/10.3390/jof4020061
https://doi.org/10.3390/jof4030075
https://doi.org/10.1111/myc.12390
https://doi.org/10.3390/jof5030075
http://refhub.elsevier.com/S1156-5233(22)00085-3/sbref0038
http://refhub.elsevier.com/S1156-5233(22)00085-3/sbref0038
https://doi.org/10.1038/s41598-021-92605-1
http://refhub.elsevier.com/S1156-5233(22)00085-3/sbref0040
http://refhub.elsevier.com/S1156-5233(22)00085-3/sbref0040
https://doi.org/10.1016/j.jhin.2011.01.020
https://doi.org/10.1099/jmm.0.018309-0
https://doi.org/10.1099/jmm.0.018309-0
https://doi.org/10.1099/mic.0.2007/007641-0
https://doi.org/10.1099/mic.0.2007/007641-0
https://doi.org/10.1093/infdis/164.5.998

	A systematic review of epidemiology, risk factors, diagnosis, antifungal resistance, and management of invasive aspergillosis in Africa
	1. Background
	2. Methods
	2.1. Data sources and search strategy
	2.2. Inclusion and exclusion criteria
	2.3. Study selection, data extraction, and data synthesis

	3. Results
	3.1. Search results
	3.2. Epidemiology and diagnostic tools
	3.2.1. Case reports
	3.2.2. Observational studies

	3.3. Risk factors
	3.3.1. Case reports
	3.3.2. Observational studies

	3.4. Management, fatal case, and antifungal resistance
	3.4.1. Case reports
	3.4.2. Observational studies

	3.5. Estimated burden of IA in Africa
	3.5.1. Epidemiology
	3.5.2. Risk factors


	4. Discussion
	5. Conclusion
	Funding
	Authors´ contributions
	Consent for publication
	Competing interests
	References


