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Abstract: Introduction. Due to the lack of systemic antifungals (SAs), many invasive fungal
infections (IFIs) do not yet benefit from effective treatment in Africa. Yet, fungi are a major threat
to human health. This study aimed to assess the availability of SAs and compare this availability
between West Africa (WA) and North Africa (NA). Materials and methods. The information
processed was obtained during the same period between February and June 2021 in Senegal,
Mauritania, and Côte d’Ivoire as well as in Morocco and Tunisia. In WA, data were received from
wholesale drug suppliers and private pharmacies while in NA, the data were those available on the
websites of the pharmacy and drug directorates. Results. All classes of SAs were available. However,
this availability was not uniform depending on location, whether in WA or NA. Fluconazole and
itraconazole were the only SA available in WA. In NA, all classes of SAs have been found, particularly
in Morocco, while flucytosine was the only molecule absent in Tunisia. Conclusion. NA is ahead of
WA as regards the burden of IFIs both diagnostically and in the availability of SAs. Studies on the
epidemiology of IFIs in Africa, particularly in WA, are limited. The partial data available highlight that
IFIs are not negligible, though these may be underestimated. Thus, a network based on the directory
of African pharmacy and drug directorates must be set up and run in collaboration with the national
laboratory directorates for the harmonization of procedures in order to reduce morbidity and mortality
related to IFIs.
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1. Introduction

While the current antifungal arsenal in Africa has products that permit the treatment of superficial
fungal infections, many invasive fungal infections (IFIs) do not yet benefit from effective treatment due
to the lack of systemic antifungal (SAs) molecules [1]. However, fungi are ubiquitous; therefore, they
are a major threat to human health, causing more than a billion cutaneous infections, more than
100 million mucous infections, 10 million serious allergies, and more than a million deaths each
year [2]. Regrettably, these “fungal threats”, which are underestimated and neglected endanger
millions of lives each year, and result in an estimated 1.7 million deaths per year worldwide [3].
This means that the overall mortality due to IFIs is higher than that due to parasites such as
Plasmodium. This latter agent is responsible for malaria, which remains the leading parasitic endemic
in the world causing 409,000 deaths in 2019 with 95% of these occurring in Sub-Saharan Africa [4].
This mortality is also higher than that of breast cancer (684,996 in 2020) [5], and that caused by
Human Immunodeficiency Virus (HIV: 680,000 [480,000–1,000,000] in 2020) [6]. It is equivalent to
the death rate from tuberculosis (bacterial infection) which is reported to cause 1.5 million deaths
every year [2,7]. In addition, the number of cases continues to increase [3].

Even if the outbreak of the coronavirus disease 19 (COVID-19) has disrupted this trend causing
3,507,477 deaths globally and 86,611 in Africa [8] by May 29, 2021, the incidence of fungal infections
continues to make headlines. Therefore, the availability of SAs should be a priority, particularly in
Africa, to avoid reliving the same unforeseen circumstances recently experienced with the occurrence
of the COVID-19. Indeed, the number of qualified human resources, and the availability of drugs and
biomedical materials are challenges in this continent.

Antifungals—molecules used to treat fungal infections—fall into two categories. On the one
hand, local antifungals or topicals are not absorbed orally—they are used for a local effect. On the
other hand, SAs are absorbed orally or administered intravenously, as they diffuse in the viscera [9].
The latter group is divided into four classes: (1) polyenes with amphotericin B (AMB), (2) triazoles
with fluconazole (FLC), itraconazole (ITC), voriconazole (VRC), posaconazole and isavuconazole,
(3) echinocandins with caspofungin (CPF), anidulafungin (ANF), and micafungin (MCF) and (4)
nucleoside analogs such as 5-fluorocytosine (flucytosine or 5-FC) [10,11]. For pharmacokinetic
reasons, molecules such as griseofulvin (naturally occurring extract from Penicillium griseofulvum)
or terbinafine (allylamines) are absorbed orally but are concentrated exclusively in the superficial skin
layers. Thus, they are compared to topicals concerning therapeutic indications [9].

Given that we have already demonstrated the unavailability of SAs in Senegal in a previous
article [1], this study aimed to assess the availability of SAs in other African countries, as well as to
compare this availability between West Africa (WA) and North Africa (NA).

https://doi.org/10.35995/ajpme1010004
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2. Material and Methods

2.1. Study Site and Period

We designed a cross-sectional survey on the availability of SA drugs. The survey was open between
February and June 2021, and sent out to the “Réseau Médicaments et Développement (REMED)”
via their professional directory (https://remed.org/wp-content/uploads/2016/07/Annuaire-Directions-
de-la-pharma-Afrique_2015.pdf) which included 27 African countries and Haiti.

2.2. Study Design

First, 22 African directors were directly contacted by email. These directors were based in the
following locations: one country in North Africa (Tunisia), three in the East (Comoros, Madagascar
and Rwanda), eight in the Central Africa (Burundi, Cameroon, Central African Republic, Chad, Congo,
Democratic Republic of Congo, Equatorial Guinea and Gabon), and ten in the West (Benin, Burkina
Faso, Cabo Verde, Côte d’Ivoire, Guinea, Mali, Mauritania, Niger, Senegal, and Togo). Reminders
were sent to the directors in cases of non-response.

The countries included were those with email addresses directly available from the REMED
professional directory. Countries without an available email address among those listed on the
REMED professional directory were not included.

Secondarily, faced with the lack of responses from the latter, in WA, data received from wholesale
drug suppliers combined with data from the use of the national list of essential drugs in Senegal [12]
and Mauritania [13] were exploited. Alternatively, data from the use of the national list of essential
drugs in Côte d’Ivoire [14] combined with those received from seven (07) pharmacies including four
in Abidjan (the capital) and three in other localities (Bouaké in the center, Korhogo in the north, and
Man in the west, respectively 350, 635 and 509 km from Abidjan) were exploited in the face of the
lack of responses from Ivorian wholesalers. Likewise, for NA, the data used were those available on
the sites of the pharmacy and drug directorates of Morocco (http://dmp.sante.gov.ma/) and Tunisia
(http://www.dpm.tn/) which were the only ones with antifungal data available online.

Finally, the information processed was obtained during the same period as specified above, in
Senegal, Mauritania, and Côte d’Ivoire for WA, as well as in Morocco and Tunisia for NA (Figure 1).

Approximately the same population size was studied with totals of 43,409,000 and 46,680,000
for the three countries of WA and the two of NA, respectively (Table 1) [15].

Table 1: Profile of the study sites according to WHO [15].

Senegal Mauritania Ivory Coast Morocco Tunisia

Population (x106) 15,412 4,301 23,696 35,277 11,403
GNI/inhabitant ($) 2240 2850 2900 7000 10960
Life expectancy (M/F) 65/69 63/65 54/56 75/77 74/78
TEH (in % of GDP) 4.7 3.8 5.7 5.9 7.0

GNI: Gross National Income; M/F: Male/Female; TEH: Total Expenditure on Health; GDP: Gross Domestic Product.

2.3. Statistical Analysis

Data were collected and analysed with MS Excel 2016 and the results were presented as tables.

https://remed.org/wp-content/uploads/2016/07/Annuaire-Directions-de-la-pharma-Afrique_2015.pdf
https://remed.org/wp-content/uploads/2016/07/Annuaire-Directions-de-la-pharma-Afrique_2015.pdf
http://dmp.sante.gov.ma/
http://www.dpm.tn/
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Figure 1: Map of Africa showing study sites with West African countries in yellow and North African countries in red.

3. Results

Depending on the class of antifungals, all four classes of SAs (polyenes, azoles, echinocandins, and
5-fluorocytosine) were available in Africa. However, this availability was not uniform depending on
location whether in WA or NA. Indeed, fluconazole and itraconazole—available in Côte d’Ivoire—were
the only SAs available in WA: Côte d’Ivoire, Mauritania, and Senegal (Table 2).

Table 2: Dosage and galenic form of systemic antifungal drugs available in West Africa: Côte d’Ivoire, Mauritania, and Senegal.

Classes INN Dosage Galenic Forms
Availability

Côte d’Ivoire Mauritania Senegal

Polyenes AMB
10% Drinkable Susp. + - -

50 mg Inj. Sol. Powder + - -
250 mg Capsule +* - -

Azoles FLC

50 mg Capsule + + +
100 mg Capsule + + +
150 mg Capsule + + +
200 mg Capsule + - +
2 mg/mL Inj. Sol. + - +
2 mg/mL IV Inf. Powder - + +

50 mg/5 mL Drinkable Susp. + + +
ITC 100 mg Capsule + - -

* Available upon request; AMB: Amphotericin B; FLC: Fluconazole; Inf.: Infusion; Inj.: Injectable; INN: International
Nonproprietary name; ITC: Itraconazole; IV: Intravenous; Perf.: Perfusion; Sol.: Solution; +: Available;
-: Unavailable.
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On the other hand, in NA, all classes of antifungals have been found, particularly in Morocco, while
flucytosine was the only molecule absent in Tunisia.

AMB, the only systemic polyene, was available in its desoxycholate form as an oral suspension
and powder for injection in Morocco, while in Tunisia the latter galenic form was the only one available
(Table 3).

For azoles, FLC and VRC were the only triazoles available in Morocco while in Tunisia, in addition
to these two molecules, ITC was available. The galenic forms and the dosages of these molecules
are detailed in Table 3.

Regarding echinocandins, only MCF was available in Morocco, while CPF and ANF were the
only ones available in Tunisia. MCF is presented as a powder for IV infusion, whereas CPF and ANF
are presented as powders for injection (Table 3).

Table 3: Systemic antifungals available in North Africa: Morocco and Tunisia.

Classes INN Dosage Galenic Forms
Availability

Morocco Tunisia

Polyenes AMB
10 % Drinkable Susp. + -
50 mg Inj. Sol. Powder + +

Azoles

FLC

50 mg Capsule + +
100 mg Capsule - +
150 mg Capsule + +
200 mg Capsule + +
2 mg/mL Inj. Sol. + +
2 mg/ mL IV Inf. Powder + +

50 mg/5 mL Drinkable Susp. - +

ITC 100 mg Capsule - +

VRC

50 mg Tablet + +
200 mg Tablet + +
200 mg IV Inf. Powder + +

40 mg/mL Drinkable Susp. - +

Echinocandins

CPF
50 mg Inj. Sol. Powder - +
70 mg Inj. Sol. Powder - +

MCF
50 mg IV Inf. Powder + -

100 mg IV Inf. Powder + -

ANF 100 mg Inj. Sol. Powder - +

5-Flucytosine 5-FC 2.5 g/250 mL IV Inf. Powder + -

AMB: Amphotericin B; ANF: Anidulafungin; CPF: Caspofungin; FLC: Fluconazole; Inf.: Infusion; Inj.: Injectable;
INN: International Nonproprietary name; ITC: Itraconazole; IV: Intravenous; MCF: Micafungine; Perf.: Perfusion;
Sol.: Solution; VRC: Voriconazole; 5-FC: 5-Fluorocytosine.

4. Discussion

Periodically, the World Health Organization (WHO) publishes a list of essential drugs that it estimates
to consist of minimum medical needs for a basic health care system. Thus, the WHO lists the most
effective, safe, and cost-effective drugs for priority diseases with priority conditions selected based on
estimated current and future relevance to public health, as well as treatment potential. The 2019
version of this list included the following as antifungals: AMB (50 mg powder for injection in its
desoxycholate or liposomal form), 5-FC (2.5 g/250 mL by IV or 250 mg tablet), FLC (50 mg tablet
or 50 mg/5 mL drinkable suspension or 2 mg/mL IV injection), ITC (100 mg tablet or 100 mg/mL
drinkable suspension) and VRC (50 mg and 200 mg tablet or 40 mg/mL drinkable suspension or
200 mg powder for injection) [16].
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Unfortunately, in Africa, particularly in Sub-Saharan Africa, the availability of these basic
medicines remains a public health problem despite the regular updating of country-specific lists.
This is the case with Senegal [12], and Mauritania [13]. Even though ITC is now available in Côte
d’Ivoire [14]. Similarly, ITC would be available in Sudan (not included in this study) in particular at
the Mycetoma Research Center (MRC) where it is used in the treatment of fungal mycetoma. Yet,
Africa will be no exception to the emergence of global fungal infections. Indeed, medical advances
have improved the quality of life of patients suffering from previously incurable diseases at the cost
of deep and prolonged immunosuppression. These prolonged managements during which patients
are submitted to prolonged treatment, receive broad-spectrum antibiotic therapy, and are subject to
numerous invasive procedures such as central venous catheter may promote direct vascular access
of Candida spp. following previous colonization [17].

One of the most prominent examples of this fungal opportunism leading to invasive and highly
fatal fungal infections has been and still is the increasing incidence of cryptococcal meningitis with
the advent of HIV. Sub-Saharan Africa remains the region hardest hit by HIV in the world: 67.7% of
all people living with HIV are located there and 68.8% of AIDS-related deaths in 2020 occurred in
this region [6]. However, the prevalence of HIV in WA is much lower compared to that in southern
Africa. This prevalence appears to be heterogeneous with less than 1% being located in Senegal and
Mauritania, and nearly 4% in Côte d’Ivoire [18,19]. Consequently, the prevalence of cryptococcal
meningitis, which has received very little research attention, has been estimated to be between
2.49% and 7.8% in WA [20,21], with a very significant lethality linked to the unavailability of systemic
antifungals [21,22]. Indeed, FLC, the most available SA in WA, does not reduce this lethality of
cryptococcal meningitis despite the use of high doses of this molecule as monotherapy in Côte
d’Ivoire [20]. In fact, the WHO recommends AMB deoxycholate (1 mg/kg/day) in combination with
5-FC (100 mg/kg/day) as a first-line treatment in the first week before using high-dose FLC (1200
mg/day) for the second week and at 800 mg/day from the third to the tenth week of treatment [23].
As an alternative, FLC (1200 mg/day) should be combined with 5-FC (100 mg/day) in case of
unavailability of AMB and with AMB deoxycholate (1 mg/kg/day) in case of unavailability of 5-FC
in the first two weeks, before the use of FLC alone (800 mg/day) from the third to the tenth week,
followed then by treatment with 200 mg/day after the tenth week [23].

This example with cryptococcal meningitis also remains valid to a lesser degree with
pneumocystosis caused by Pneumocystis jirovecii, an opportunistic fungus in commensalism in
human lungs and which can cause acute asphyxiant pneumonia with a mortality rate of up to 80% in
some cases [24]. However, fortunately, the treatment involves an available antibiotic, Cotrimoxazole.
This is also the case for the American histoplasmosis caused by Histoplasma capsulatum var.
capsulatum, an opportunistic fungus that seems to be underestimated in sub-Saharan Africa due
to the lack of suitable diagnosis. In fact, H. capsulatum var. capsulatum is increasingly discovered
in patients from Africa [25]. Its treatment requires ITC or AMB via injection in its deoxycholate or
liposomal form [16]. Invasive candidiasis, mainly due to Candida albicans, a yeast very present in the
environment but also in the digestive tract of a large majority of the population and aspergillosis due
to fungal species ubiquitous in the environment (foremost among which is Aspergillus fumigatus), can
also be added to this non-exhaustive list of fungal infections that require the availability of SAs [24].
The management of these last two examples requires the use of VRC [16], a molecule that is
still unavailable in WA, and in case of failure of triazoles, the use of echinocandins, which are of
another level.

This comparative unavailability of SAs in WA could be related to the relatively low frequency of
IFIs—apart from cryptococcosis—that is in turn attributable to the weakness of the technical materials
and the use of slightly sensitive biological tools of diagnosis [1,26]. Therefore, this situation requires
an awareness of the health authorities to capacitate the medical biology laboratories but also to
revise the curricula of the medical training for a consciousness of the practitioners. Likewise, it will be
necessary to draw attention to the real needs for SA drugs, and to maintain moderate prices of these
drugs which are often used in long-term treatment [27].
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Fortunately, in NA, the situation seems to be more favorable according to data from Morocco and
Tunisia, where even these echinocandins, last resort molecules, are already available on the market.
This situation could be due to the fact that the diagnosis of IFIs is more established than in NA, where
it is not negligible [28]. In Morocco for example, from 2014 to 2018, 617 cases of candidaemia
were diagnosed at the Ibn Rochd University Hospital in Casablanca involving a large number of
non-albicans Candida species including C. tropicalis (28%), C. parapsilosis (18%), C. glabrata (6%)
and C. krusei (2%). These last two species are known for their reduced sensitivities to antifungals,
in particular to azoles such as FLC. Candida krusei presents a natural resistance to FLC, while
C. glabrata has a dose-dependent sensitivity to azoles [29]. This is also the case for aspergillosis,
particularly the chronic form [30–32], one of the main risk factors of which is tuberculosis, a disease
widely distributed in the studied regions [33]. Similarly, in Tunisia, these same IFIs are often mentioned
and documented with a prevalence of 27.6% for aspergillosis (of which 15.2% is probable and 12.4%
is possible) in Sfax between December 2004 and September 2007 [34], while in Sousse, a prevalence
of 12% of invasive aspergillosis was noted (9.8% probable and 2% possible) from December 2009
to November 2011 [35]. Apart from aspergillosis, mucormycosis is also reported [36,37], as are
other IFIs considered endemic in North America, such as blastomycosis, with at least two cases
reported [38,39].

In addition to the availability of SAs, Tunisia has classified AMB as being on the top of the list
of products to be prioritized. This demonstrates the Tunisian authorities’ awareness of the burden
of IFIs.

This study presents certain limitations. First, the professional directory used to find the contact
of managers in different countries may no longer be relevant because the staff is often changing.
Second, data sources were different in particular between WA and NA. Third, on-site availability,
notably in NA, does not always means physical availability in pharmacies and accessibility for patients,
though the management of drug suppliers—which provide pharmacies—is also under the control of
the pharmacy and drug directorates in NA.

5. Conclusion

Given the above limitations, NA is ahead of WA as regards the burden of IFIs both diagnostically
and in the availability of SAs. The studies on the epidemiology of IFIs in Africa, particularly in WA,
are limited. The partial data available highlights that IFIs are not negligible, though these may be
underestimated. Thus, a network based on the directory of African pharmacy and drug directorates
must be set up and run in collaboration with the national laboratory directorates for the harmonization
of procedures in order to reduce morbidity and mortality related to IFIs. Once again, this is based on
the desire, at all decision-making levels, to give the concerned actors the means to know, recognize,
and appropriately deal with IFIs.
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