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Abstract

Background Understanding the trend of global antifungal agent consumption could assist with identification of global
healthcare policy inadequacies and promote accessibility and availability of antifungal agents.

Methods Using pharmaceutical sales data from the IQVIA-multinational integrated data analysis system database, we
assessed use of systemic antifungal agents in humans in 27 middle- and 38 high-income countries from 2008 through 2018.
Results Consumption of systemic antifungal agents increased from 0.50 (in 2008) to 0.92 defined daily dose (DDD)/1000
inhabitants/day (in 2018), with a compound annual growth rate of 6.2%. High-income countries remain major consumers of
antifungal agents with large variance in quantities consumed, with a gradual decline in consumption in recent years. Consump-
tion in middle-income countries increased. Itraconazole (0.32 DDD/1000 inhabitants/day), terbinafine (0.30 DDD/1000 inhab-
itants/day), and fluconazole (0.23 DDD/1000 inhabitants/day) were the most commonly used antifungal agents in middle- and
high-income countries in 2018. Following incorporation into the World Health Organization Essential Medicines List, itra-
conazole consumption in middle-income countries surged. Consumption of ketoconazole slowly declined, with 5.04% annual
decrease, probably due to labelling changes in 2013 to reflect hepatotoxicity concerns. The use of polyenes (0.004 DDD/1000
inhabitants/day) and echinocandins (0.003 DDD/1000 inhabitants/day) were lowest among all the antifungal drug classes.
Conclusion Global consumption of triazoles and terbinafine has gradually increased in middle- and high-income countries.
Life-saving antifungal agents, including echinocandins and polyenes, are available only parenterally and may be underutilized,
mainly in middle-income countries. Future research on country-specific epidemiology is warranted to guide health policy
coordination to ensure equitable access to appropriate use of antifungal agents.

Using global pharmaceutical sales data, the study com- Fungal infections are one of the most underrated global
pared consumption trends of antifungal agents in middle- health concerns, despite an annual death toll of 1.7 mil-
and high-income countries. lion, which is three-fold the deaths from malaria and
comparable to that of tuberculosis [1]. Judicious use of
antifungal agents could potentially reduce nearly 80% of
deaths from fungal infections [2]. Immunocompromised
individuals such as those with human immunodeficiency
virus (HIV) disease, cancer, solid organ or hematopoietic
stem cell transplantation, long-term corticosteroid use, and
primary immunodeficiency are at a higher risk of inva-
sive fungal infections. Hence, ensuring equitable access to

Consumption trends of antifungal agents in recent years
reflect changes in antifungal resistance epidemiology,
prescribing practices, and global health policies.
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life-saving antifungal agents across countries of different
income levels is essential. Global healthcare policies in
this area are currently limited.

The World Health Organization (WHO) currently does
not have any global fungal infection surveillance program.
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Notably, the Global Action Fund for Fungal Infections
(GAFFI), a non-profit organization, is actively investigating
the burden of fungal infections in more than 80% of the world’s
population, availability of antifungal agents, and preventive
measures against the development of resistant fungal infec-
tions [2]. In 2015, GAFFI launched an aspiring global program
to improve the diagnosis of fungal infections and access to
antifungal agents for 95% of patients with serious fungal infec-
tions by 2025 [2]. Recently, GAFFI assessed availability of
antifungal drug formulations in 159 countries with populations
> 1 million, and reported wide variability in the access, avail-
ability, and costs of life-saving antifungal agents [3]. However,
only selected antifungal agents used for life-threatening fun-
gal infections (namely, fluconazole, itraconazole, amphotericin
B [AmB], and flucytosine) were assessed [3]. Global trends
regarding the use of more recent and more costly antifungal
agents, particularly extended-spectrum azoles (voriconazole,
posaconazole, and isavuconazole), newer antifungal agents
such as echinocandins, and antifungal agents used for superfi-
cial fungal infections such as terbinafine, are unclear.
Currently, AmB, clotrimazole, fluconazole, flucyto-
sine, griseofulvin, itraconazole, nystatin, and voriconazole
are listed in the WHO Essential Medicines List (EML)
[4]. Since cost and availability of antifungal agents vary
greatly, there is a need to understand the global consump-
tion of antifungal agents to safeguard public health and
design global health policies, especially in middle-income
countries where access may be limited. In this paper, we
aimed to assess the global consumption trends of antifun-
gal agents in 65 countries over an 11-year period, compar-
ing middle- versus high-income countries, which might
shed light on the design and implementation of global
health policies relating to the use of antifungal agents.

2 Methods
2.1 Data Source

We assessed the global consumption trend of systemic anti-
fungal agents using the IQVIA-multinational integrated data
analysis system (MIDAS). Data on topical formulations were
not available and not included in the analysis. Description of
the amphotericin B formulation was not available and sys-
temic amphotericin B includes all formulations. The data-
base includes annual drug sales data of oral and parenteral
antifungal formulations from wholesalers in 65 countries
(Supplementary Table 1, see electronic supplementary mate-
rial [ESM]), of which 27 were middle-income and 38 were
high-income countries. This includes the generic name,
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brand name, pharmaceutical formulation, and sales volume
of antifungal agents in retail and hospital pharmacy sectors.
Individual patient-level data such as demographics, diagno-
sis, indication, and concomitant medications, and data from
low-income countries are not available. Previous studies have
used IQVIA-MIDAS successfully to assess the global trend of
medicines, such as antibiotics [5, 6] and psychotropic agents
[7]. Ethics approval was not required.

2.2 Data Analysis

Sales data of antifungal agents between January 2008 and
December 2018 were obtained from the IQVIA-MIDAS data-
base. Countries were categorized as middle- or high-income
country based on the World Bank 2018 income classification
[8]. Population estimates were obtained from the United
Nations world population prospects (2019 report) [9]. Con-
sumption of antifungal agents was measured using defined
daily dose (DDD) per 1000 inhabitants per day (as defined by
the WHO) [10] to allow comparison of antifungal agent con-
sumption across time and between countries. Similar to Van
Boeckel et al. [11], consumption trends were characterized by
calculating the compound annual growth rate, defined as

CAGR = < VAnnual sales volume in 2018 1> % 100. The global

Annual sales volume in 2008
consumption trend of antifungal agents was assessed by coun-
try, drug, and pharmacologic drug class. Consumption trend
was assessed using Mann-Kendall test (Supplementary
Table 2, see ESM). Statistical analyses were performed using
R 4.0.1 (RStudio, Boston, MA, USA), and independent cross-
check of analysis was conducted by two co-authors (S.P and
V.K.C.Y) for quality assurance.

3 Results

3.1 Overall Global Consumption of Antifungal
Agents in 65 Countries (2008-2018)

The global consumption of antifungal agents increased
from 0.50 in 2008 to 0.92 DDD/1000 inhabitants/day in
2018, with CAGR of 6.2% (Table 1). The consumption of
antifungal agents in 2018 ranged from 0.03 (Philippines)
to 3.37 (Belgium) DDD/1000 inhabitants/day (Figs. 1 and
2). There was a slow downward trend in the consumption
of agents in the high-income countries, however the con-
sumption of antifungal agents was increasing in middle-
income countries.

Despite the slow downward trend in the consumption
of antifungal agents, high-income countries were major
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Fig. 1 Global consumption of antifungal agents in 2018. DDD defined daily dose

drivers of global antifungal consumption (Fig. 2). The con-
sumption of antifungal agents was highest for high-income
countries (1.18 DDD/1000 inhabitants/day) with a slow
declining consumption trend in recent years; Belgium,
Portugal, Finland, South Korea, and France were the top
five countries in 2018 (Fig. 3). The consumption of anti-
fungal agents in middle-income countries (0.84 DDD/1000
inhabitants/day) was lower in comparison, with Philip-
pines, Bosnia and Herzegovina, Jordan, China, and Ven-
ezuela having the lowest antifungal agent consumption
in 2018. Belgium was noted to be the top consumer of
antifungal agents during the study period. We observed an
increasing trend in the consumption of antifungal agents in
middle-income countries, which seems to be driven mainly
by lower middle-income countries (Fig. 4).

In 2018, the consumption of triazole was similar in
middle-income (0.58 DDD/1000 inhabitants/day) and
high-income countries (0.52 DDD/1000 inhabitants/day),
with a sharp increase in triazole since 2014 in middle-
income countries, while a slow decline was observed in
high-income countries (Fig. 5). The consumption of oral
triazoles increased in middle-income countries, however
the consumption of parenteral triazoles was similar in
middle- and high-income countries (Supplementary Figs
1 and 2, see ESM). In general, terbinafine was the most
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commonly used antifungal agent followed by fluconazole
and itraconazole in high-income countries; whereas the
consumption of itraconazole exceeded terbinafine and
fluconazole in middle-income countries in 2016 (Fig. 6).
Since approval in 2015, we observed a 10-fold increase in
the consumption of isavuconazole in high-income coun-
tries, yet consumption was nil in middle-income coun-
tries (Table 1). While the consumption of polyenes and
echinocandins remained steady during the study period
in all countries, the consumption of imidazoles consist-
ently declined throughout the same period in high-income
countries, with a similar observed trend in middle-income
countries since 2013 (Fig. 7). Although polyenes and echi-
nocandins had the lowest consumption, in high-income
countries (0.01 DDD/1000 inhabitants/day) the consump-
tion of these agents was 10 times higher than in middle-
income countries (0.001 DDD/1000 inhabitants/day).

4 Discussion

The global consumption of antifungal agents could be influ-
enced by several factors, including access and availability
of antifungal agents, acquisition cost of antifungal agents,
the incidence and type of fungal infections, adherence to
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(A) Consumption trend of antifungal agents in middle- versus high-income countries by agent (2008-2018)
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Fig.2 A Consumption trend of antifungal agents in middle- versus high-income countries by agent (2008-2018). B Consumption of antifungal
agents in high-income countries (2008-2018). DDD defined daily dose
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Consumption of antifungal agents in 2008
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Fig.3 Global consumption of antifungal agents in 2008 and 2018 in 65 countries. DDD defined daily dose

clinical practice guidelines, provision of organ transplanta-
tion services, local antifungal prescribing practices, potential
toxicity, and antifungal drug resistance.

The ongoing antifungal agent surveillance program
in 28 European countries from 2009 to 2018 reported
no change in antifungal agent consumption, with a pop-
ulation-weighted mean consumption of 20.1 DDD/1000
persons/day [12]. Conversely, our study findings revealed
that global consumption of antifungal agents increased
by 6.2% each year over the last decade. Over the study
period, the consumption of antifungal agents increased in
volume, which is closely linked with an increase in the
global burden of fungal infections [13]. In middle-income
countries, the lack of healthcare resources, high burden
of immunocompromised individuals, and lack of appro-
priate infection preventive measures may have resulted in
higher infection rates [14]. Other contributing factors to
an increased consumption of antifungal agents might be
the growing population of immunocompromised individu-
als, recent reduction in the price of azoles, and the use of
broad-spectrum antifungal agents as a prophylactic and
pre-emptive strategy for fungal infections.

Itraconazole, terbinafine, and fluconazole were the most
commonly used antifungal agents, which is congruent to
results reported from 28 European countries [12]. This is
anticipated given the high prevalence of superficial infec-
tions, wide availability, and low retail cost of these agents.

In high-income countries, terbinafine was the most com-
monly used antifungal agent, and the second most common
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in middle-income countries. This is in line with the high
prevalence of superficial fungal infections and reflects the
important role of terbinafine in their treatment. Superfi-
cial nail and skin infections are the most common type of
fungal infections [13] with a prevalence higher than other
skin diseases affecting more than one-fourth of the world’s
population, and is currently listed as one of 15 prevalent
global medical problems [15, 16]. Approximately one bil-
lion [Jcases of superficial fungal infections and 134 million
cases of mucosal infections (oral candidiasis, oesophageal
candidiasis, and vulvovaginal candidiasis) were docu-
mented in 2017 [15]. Although terbinafine has a minor role
in the treatment of invasive fungal infections, it is the drug
of choice for dermatophyte infections and cutaneous fungal
infections, resulting in high consumption compared with
other antifungal agents.

While the consumption of fluconazole is higher than
itraconazole in high-income countries, the consumption
of itraconazole surpassed fluconazole in middle-income
countries from 2016. This consumption pattern may reflect
changes in antifungal resistance, prescribing practices,
and global health policies in recent years. Fluconazole
is licensed worldwide [3], used mainly for the treatment
of fungal infections such as cryptococcal meningitis and
candidiasis, and was one of the most widely used antifun-
gal agents. Fluconazole and itraconazole are the agents of
choice for the treatment of vulvovaginal candidiasis, which
affects nearly 75% of women at least once in their lifetime,
contributing to a substantial proportion of their sales [17].
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includes flucytosine and terbinafine. DDD defined daily dose

However, due to increasing resistance, fluconazole is no
longer the mainstay treatment for invasive candidemia,
and is recommended only as an alternative to echinocan-
dins for non-neutropenic clinically stable patients with no
prior azole exposure [18, 19]. Fluconazole has no activity
against the Aspergillus species and is inferior to itracona-
zole and other extended-spectrum azoles for the treatment
of blastomycosis, histoplasmosis, and paracoccidioidomy-
cosis. Global consumption of itraconazole was increasing
before its introduction into the EML, mainly in middle-
income countries. Itraconazole is an antifungal agent of
choice against aspergillosis, histoplasmosis, blastomycosis,
sporotrichosis, and eosinophilic folliculitis in patients with

AIDS, and was added to the EML in 2017 for selected
indications [4]. Yet, it is still not licensed in 72 countries
and is unavailable to 78 million people (1.07% of the world
population) [3].

Other azole antifungal agents such as voriconazole,
isavuconazole, and posaconazole with extended spectrum
may not be licensed or available worldwide [3]. Hence, their
uptake is much lower than other antifungal agents. While
these azoles (e.g. voriconazole) are used for aspergillosis
as first-line therapy, our results revealed potential underu-
tilization of these medications in middle-income countries.
This could be due to the unaffordability of these antifungal
agents, which are generally more expensive. However, the
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patents for some of these antifungal agents have expired in
recent years (e.g. voriconazole) and are likely to result in the
availability of more economical generic products. Ensuring
affordability and access to these medications in low- and
middle-income countries is important to support optimal
treatment of fungal infections.

Due to increasing resistance to azoles ranging from 3%
to 18% and a shift in candidemia towards non-albicans
species [20], the echinocandins (Approved: caspofungin,
2001; micafungin, 2005; anidulafungin, 2006) have
become the preferred initial therapy in febrile neutropenic
patients and as empiric antifungal therapy in suspected and
confirmed invasive candidiasis, with the exception of the
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central nervous system, eye, and urinary tract infections,
since 2016 [18, 19]. However, the consumption of echi-
nocandins was lowest among all antifungal agents. This
is possibly given that, except when compared with novel
AmB formulations, they are considerably more expensive
than other antifungals, including the novel triazoles; added
to that, they are not listed in the EML. Although the pat-
ent for caspofungin expired in March 2017, it may only
be accessible to patients who can afford it. Hence, avail-
ability and affordability could potentially limit the use of
these life-saving antifungal agents, especially in middle-
income countries, where the cost of medical care is usually
paid out of pocket. As such, ensuring equitable access to
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these newer agents in low- and middle-income countries
is essential. However, increased exposure has been linked
to the development of resistance towards echinocandins
[21, 22], and overuse of antifungal agents has also been
reported. Therefore, caution should be exercised to avoid
overuse and subsequent antifungal resistance while pro-
moting equitable access [23].

Despite the successful WHO-EML inclusion of AmB
and flucytosine for the treatment of cryptococcal men-
ingitis, histoplasmosis, and aspergillosis, there were no
observable changes in the consumption of these two anti-
fungal agents from 2008 to 2018. This may be attributed
to the high costs of the liposomal AmB formulation, rela-
tively low prevalence of severe fungal infections requir-
ing AmB treatment, as well as associated serious adverse
effects, including nephrotoxicity [19, 24]. Conventional
AmB, which has higher toxicity compared with liposo-
mal AmB, is primarily used in developing countries [24].
Efforts are being carried out to improve access to safer
liposomal AmB in low- and middle-income countries in
recent years [25]. While the consumption of AmB for-
mulations in the current study was slightly higher than

flucytosine in high-income countries, the flucytosine
plus AmB combination remains an effective treatment,
particularly against infections such as cryptococcal men-
ingitis, where it is the therapy of choice. This is important
as nearly half of patients with AIDS are from low- and
middle-income countries, and despite the expansion of
antiretroviral treatment, die within 10 days of contracting
cryptococcal meningitis [26]. Hence, ensuring affordabil-
ity of and access to these life-saving antifungal agents
in cases of severe fungal infections is essential. AmB is
unavailable in nearly one in every four countries, and up
to 40% of the world’s population have no access to flucy-
tosine, with unavailability in nearly 80% of countries [3].
Additionally, polyenes and echinocandins are parenteral
formulations, which may also limit consumption despite
the patent expiry.

In the current study, we observed an upward trend in the
consumption of all antifungal agents from 2008 to 2018,
except imidazoles (ketoconazole and miconazole) which
show declining consumption since 2013. This is expected
following the announcement in 2013 by the US Food and
Drug Administration (FDA) that oral ketoconazole should

A\ Adis
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Fig.7 Consumption trend of echinocandins, imidazole, and polyenes in middle- versus high-income countries (2008-2018). The consumption of
echinocandins, imidazole, and polyene were the lowest among antifungal drug classes. DDD defined daily dose

no longer be used as first-line treatment of fungal infections
due to risk of hepatotoxicity, adrenal insufficiency, and
potential for harmful drug—drug interactions [27]. Along
with labelling changes by the FDA, the use of ketoconazole
was suspended throughout the European Union in 2013
[28]. Oral formulations of ketoconazole are now indicated
only for endemic mycoses intolerant to other antifungal
agents. The FDA warning was further reinforced in 2016,
following a death due to liver injury [29], and the FDA no
longer recommends using ketoconazole for the treatment
of nail and skin fungal infections.

This study provides an important overview of antifungal
agents used in 27 middle- and 38 high-income countries
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over a decade. However, there are limitations with our
approach. Due to the nature of pharmaceutical sales data,
relevant patient-level data is unavailable. This, together
with differences between countries in access to resources,
infection control practices, the burden of immunocompro-
mised individuals, and susceptibility towards antifungal
agents, will result in wide variations of antifungal pre-
scribing practices that may undermine our interpretations
of observed consumption patterns. Large variability in
consumption of systemic antifungal agents in community
settings was noted within EU/EEA countries, ranging from
0.38 DDD/1000 inhabitants/day to 3.0 DDD/1000 inhabit-
ants/day (Belgium), varying by a factor of 8 [12]. Due to
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lack of patient-level data, we are unable to link antifungal
consumption with clinical data. Further studies investigat-
ing antifungal stewardship and the appropriateness of anti-
fungal prescribing globally are warranted. No stratification
by indication, whether prophylactic, empiric, pre-emptive
or targeted, or based on settings such as adult versus pedi-
atric, surgical versus intensive care, and transplantation
versus cancer care, was considered in this study. Since
details about the dosage form of antifungal agents are not
available, adverse drug events and the cost of antifungal
agent formulations, which will influence consumption
trends, especially the type of amphotericin B formulation,
were not assessed.

Currently, there are limited resources from the WHO for
antifungal agent surveillance at an individual country level,
and there are no actively funded programs investigating the
burden of fungal diseases or the use of antifungal agents.
Except for fluconazole, most antifungal agents are not
available worldwide. Although efforts have been made by
GAFFI to include itraconazole and other antifungal agents
into the EML by the WHO, these agents are not listed in
the national EMLs in nearly one-third of countries with
low resources [30]. Efforts are needed to implement the
inclusion of antifungal agents into the national EMLs of
countries.

5 Conclusion

The global consumption of antifungal agents is on the rise,
especially in middle-income countries. However, there
was wide variability in consumption of different antifun-
gal agents in countries with different income levels from
2008 to 2018. The consumption patterns of triazoles and
ketoconazole reflect changes in antifungal resistance epide-
miology, prescribing practices, and global health policies
in recent years. More importantly, certain life-saving anti-
fungal agents indicated in severe fungal infections such as
echinocandins and polyenes may be underutilized, especially
in middle-income countries. Conversely, it does not appear
that their use is rapidly expanding in high-income coun-
tries. High-income countries have variances in antifungal
consumption that may be further investigated. Effort and
coordination in health policies at global and national levels
are needed to ensure equitable access to these medications,
and an antifungal stewardship program is needed to optimize
the use of antifungal agents.
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