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Abstract: Fungal infections are an increasingly important public health issue, yet accurate statistics on
fungal burden worldwide and in Kuwait are scarce. Here we estimate the incidence and prevalence
of fungal infections in Kuwait. Population statistics from 2018 collected by the Public Authority for
Civil Information were used, as well as data from the Ministry of Health. A literature search for
Kuwait data on mycotic diseases and population at risk (chronic obstructive pulmonary disease,
HIV infection/AIDS, cancer, and transplant patients) was conducted. The population in 2018 was
estimated at 4,226,920 million people: 1,303,246 million Kuwaitis and 2,923,674 million expatriates.
We determined the annual burden of serious fungal infections number (per 100,000) from high
to low based on earlier reported fungal rates for populations at risk: recurrent Candida vaginitis
54,842 (2595); severe asthma with fungal sensitisation 10,411 (246); allergic bronchopulmonary
aspergillosis, 7887 (187); chronic pulmonary aspergillosis 995 (21.3); invasive aspergillosis 704 (16.7);
fungal keratitis 654 (15.5); candidaemia 288 (6.8); Candida peritonitis 63 (3.5) and oesophageal
candidiasis in HIV 33 (0.8). Besides identifying rising new risk groups and expanding reports on
antifungal resistance, surveillance programs and further epidemiological studies are needed to achieve
more precise assessments of fungal disease epidemiology and correlated morbidity and mortality.
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1. Introduction

Fungal infections have long been considered of little importance to public health because most
are not transmissible (Pneumocystis and dermatophytes being exceptions), and antifungal resistance
has been until recently a relatively minor problem [1]. The priority has recently changed with the
acceptance of several skin infections as Neglected Tropical Diseases, increased emphasis on advanced
human immunodeficiency virus (HIV) infection and preventing deaths, and increasing antifungal
resistance [1]. The emergence of Candida auris as a new multidrug-resistant nosocomial pathogen has
highlighted the problem. Other major concerns concerning antifungal resistance are azole resistance in
Aspergillus fumigatus and Candida parapsilosis, multidrug resistance in Candida glabrata, and terbinafine
resistance in dermatophytes [2–5].
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Fungal infection carries considerable mortality and morbidity in addition to a major financial
impact on health care systems [6]. Accurate information and statistics on fungal burden worldwide and
the Middle East are scarce. Although there have been major improvements in diagnostic technologies
for both invasive and chronic fungal infections in the last decade, these assays are not yet widespread.
Without them, the incidence and prevalence of fungal disease have been grossly underestimated.
Multiple individual country estimates have been published using similar methodologies, as well as
some international or global estimates—all indicative of well over 1.5 million deaths from fungal
disease globally [1,6]. This high number is explained by the rise of at-risk populations including
asthma, tuberculosis, acquired immunodeficiency syndrome (AIDS), chronic obstructive pulmonary
disease (COPD), cancer, and immunosuppressed patients on chemotherapy [6–9]. Many factors such
as socioeconomic conditions, hospital infection practices, unrestrained use of corticosteroids and
antibiotics, geographic region, and cultural habits contribute to a marked variability of the incidence
and prevalence of fungal disease worldwide [8,10–15].

Over the past 5 years, the Leading International Fungal Education (LIFE) portal has assisted in the
estimation of the burden of serious fungal infections in more than 60 countries covering over 5.7 billion
people worldwide [16]. Interestingly, pronounced differences are observed between countries and
even within regions of the same country. However, many countries have no such data published,
including Kuwait.

Global and national data comparisons were analysed by Bongomin et al. in a review where
they aggregated estimates of certain fungal infections’ annual incidence including the following:
cryptococcal meningitis complicating HIV/AIDs was around 223,100; invasive candidiasis (IC) was
700,000, of which 100,000 were related to intra-abdominal infections; invasive aspergillosis was
>300,000 from 10 million at risk annually; and Pneumocystis jirovecii pneumonia was 500,000. Prevalence
estimates included chronic pulmonary aspergillosis (CPA) at 3,000,000, fungal asthma at >10,000,000,
and over 1 billion of superficial fungal infections [1]. These large numbers of affected individuals
together have a major financial and healthcare impact as well as leading to high mortality rates
associated with invasive fungal infections, reaching up to 50% despite the availability of antifungal
drugs [17,18].

Kuwait is a Middle Eastern country situated on the northern edge of Eastern Arabia at the tip of
the Arabian Gulf. It shares borders with Iraq and the Kingdom of Saudi Arabia. As of 2018, Kuwait had
a population of 4,621,638 people: 1,403,113 Kuwaitis and 3,218,525 expatriates [19]. The country
has had an established Reference Mycology Laboratory since the 1970’s collecting good statistics on
invasive candidiasis and aspergillosis [20,21], but figures for the annual incidence and prevalence of
other fungal diseases is lacking. Here we attempted to estimate the burden of fungal infections at the
national level for Kuwait, as has been done in several other countries in the Eastern Mediterranean
region [22,23]. These estimates will be helpful for understanding the global impact of serious human
fungal infections, and aid to raise awareness and promote the development of public health regarding
aspects of fungal infections in the country.

2. Materials and Methods

2.1. Literature and Data Search

Laboratory diagnoses were collated from the Reference Mycology Laboratory in Kuwait. A search
of government reports and scientific societies communications was performed, and the published
literature on fungal infections in Kuwait was reviewed using the electronic search engines PubMed
and Google Scholar in English. The following terms were used: “fungal infections + Kuwait”,
“invasive fungal infections + Kuwait”, “aspergillosis/Aspergillus + Kuwait”, “severe asthma with
fungal sensitization (SAFS) + Kuwait”, “candidemia/candidiasis/Candida invasive infections + Kuwait”,
“Mucormycosis + Kuwait” and “tinea/dermatophytosis + Kuwait”. In addition, all pertinent literature
was obtained and assimilated.



J. Fungi 2020, 6, 306 3 of 11

2.2. Frequency Estimates

Incidence rates were estimated per 100,000 habitants, taking into account the Kuwait population
census. Prevalence was calculated for the chronic forms of aspergillosis and the cases of tinea.

2.3. Data Estimation Sources

We estimated the burden of serious fungal infections based on the specific data available for
Kuwait, as well as the extrapolation of data on individuals at risk in the country. The population
and age distribution for 2018 was obtained from the Public Authority for Civil Information official
statistics [19]. The rates of pulmonary disease (tuberculosis (TB) and asthma) were obtained from
the WHO (2017 TB data) and Masjedi et al. [24,25]. HIV data were obtained from the Joint United
Nations Program on HIV/AIDS (UNAIDS) [26]. Further statistics on bed capacity and admission rates
were collected from the Statistical Division of the Ministry of Health. Chronic obstructive pulmonary
disease (COPD) prevalence was taken from Masjedi et al., and annual hospitalisation percentages from
Saudi Arabia (22.2%) [25,27]. The rate of invasive aspergillosis (IA) complicating COPD was taken
from Spain (1.3%) [11]. Where no data existed, we estimated the burden of serious fungal infections
based on underlying conditions using the model proposed by LIFE (Leading International Fungal
Education) [28,29]. Chronic pulmonary aspergillosis (CPA), allergic bronchopulmonary aspergillosis
(ABPA), and severe asthma with fungal sensitization were estimated in adults only. The cases of
candidemia were calculated by estimating the number of cases in the intensive care unit (ICU) at a
rate of 4 per 100,000 [30]. In the case of Candida peritonitis, we assumed that the rate was half of
those ICU candidemia cases [31]. For the number oral candidiasis cases, we assumed that 90% of
untreated HIV patients presenting with advanced HIV infection would have this type of candidiasis [32].
For oesophageal candidiasis, we assumed that 20% of patients not on antiretroviral therapy (ARVs),
and 0.5% of those on ARVs, are affected annually [33]. To establish the prevalence of recurrent
vulvovaginal candidiasis (VVC), an estimate of 6% of adult pre-menopausal women was used [34].
Prevalence and annual incidence rates were estimated per 100,000 inhabitants. The prevalence was
calculated for the following: recurrent VVC, CPA, ABPA, and SAFS, and the remainder of the estimates
were calculated as annual incidence.

2.4. Statistical Analysis

Descriptive statistics were used to summarize the data and expressed per 100,000 population.
Estimated numbers over 100 were rounded to the nearest 10, and over 1000 to the nearest 1000.
Sensitivity analysis was not done, as the base estimates are themselves based on extrapolated data,
so it would not be unreliable.

3. Results

Kuwait has an estimated population of 4,226,920 people: 1,303,246 are Kuwaitis and the remainder
are expatriates (Table 1) [19]. Because of the expatriate work force, the population is disproportionally
male of working-age; 63.6% are men, and 21.2% are children below the age of 15 years, with only
4.3% being elderly above 60 years. The female population was 1,230,068, and of these, only 7.1% are
>60 years of age [19]. The total number of patients diagnosed with HIV was 414, and with pulmonary
tuberculosis 986, and both rates were low. The prevalence of COPD in adult patients is estimated to be
226,289, of which 53,165 patients are admitted to hospital annually (Table 1). In addition, there were
158 cases of lung cancer in 2017. The estimation of serious fungal infections incidence and prevalence
based on the population is shown in Table 2, with the number of infections per underlying disorder
and the rate per 100,000 population.
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Table 1. Demographic and health data from Kuwait from groups of patients at risk for fungal infections.

Population Segment Kuwaitis Non-Kuwaitis Total

Total population, 2018 1,303,246 2,923,674 4,226,920
Total adults, 2018 845,190 2,482,821 3,328,011

Adult women, 2018 431,208 798,860 1,230,068
Children (0–14) 458,056 440,853 898,909

Women over 60 years-old, 2018 48,087 39,431 87,518
HIV population 414

HIV population receiving ART * 355
Pulmonary tuberculosis, 2017 986

Asthma in adults, 2017 126,779 188,694 315,473
COPD ** in adults 236,289

COPD patients admitted to hospital 53,165
Lung cancer, 2017 158

Acute leukaemia, 2017 *** 15
Renal transplant recipients, 2014 80
Liver transplant recipients, 2014 4

Allogeneic stem cell transplant, recipients, 2017 *** 3
Heart transplant recipients, 2017 0 0 0
Lung transplant recipients, 2017 0 0 0

Critical care beds, 2018 223

* ART = Anti-retroviral treatment; ** COPD = Chronic obstructive pulmonary disease; *** Not including
travel-abroad cases.

Table 2. Estimated burden of fungal infections.

Serious Fungal
Infection

No
Underlying

Disease
HIV/AIDS Respiratory

Disease
Cancer +

Immunocompromised
Critical Care
+ Surgery Totals Rate/100,000

Cryptococcal
meningitis 0 0

Pneumocystis
pneumonia 2 4 6 0.1

Invasive
aspergillosis 4 9 691 704 16.7

Chronic pulmonary
aspergillosis post
TB (Prevalence)

199 199 4.3

Chronic pulmonary
aspergillosis—all 995 995 21.3

Allergic
bronchopulmonary

aspergillosis
(ABPA)

7887 7887 187

Severe asthma with
fungal sensitisation

(SAFS)
10,411 10,411 246

Candidaemia 119 123 46 288 6.8

Candida peritonitis 123 4 23 150 3.5

Oral candidiasis 71 71 1.7

Oesophageal
candidiasis 33 33 0.8

Recurrent Candida
vaginitis (>4×/year) 54,842 54,842 2595

Mucormycosis 22 1 23 0.5

Fungal keratitis 654 654 15.5
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3.1. Candidiasis

Candidemia and IA are the most frequent invasive infections. A recent report from the period
2006–2017 showed a total of 2075 isolates of six Candida species obtained from 1448 documented
cases represented by a rate of mean annual incidence of 3.69/100,000 [20]. The annual incidence of
candidaemia is 288 cases, a rate of 6.8 per 100,000 inhabitants. With regards to candidaemia cases,
123 (42.7%) cases had cancer or were immunocompromised, and 46 (16%) cases had had surgery or
were in ICU.

With regards to species distribution, C. albicans was the most frequent from 2006 to 2012,
later replaced by C. parapsilosis in the next 4 years. This was probably explained by an ongoing outbreak
in a neonatal ICU in the main maternity hospital in the country, which represented one-third of the
collected isolates. The third and fourth most common species isolated were C. tropicalis and C. glabrata,
respectively [20]. Resistance among Candida species appears to be still uncommon (<5%), but the
trend is toward emerging fluconazole resistance, particularly in C. albicans and C. parapsilosis. In a
previous study by Asadzadeh, a total of 442 C. parapsilosis isolates recovered from blood and other
clinical specimens from nine hospitals in Kuwait during January 2012–December 2015 were examined,
and 15 out of 442 (3.4%) C. parapsilosis isolates were resistant to fluconazole [4]. In a recent study,
C. auris has become increasingly isolated and caused multiple cases with significant morbidity and
mortality in Kuwait [35]. Moreover, a total of 158 C. auris isolates, over a 3.5-year period (May 2014
to September 2017), were obtained from 56 (31 males and 25 females) patients (age ranged from ≥13
to 89 years) [36]; of 56 C. auris isolates tested, all were resistant to fluconazole, 41/56 (73%) and 13/56
(23%) were additionally resistant to voriconazole and amphotericin B, respectively.

With regards to Candida peritonitis and intra-abdominal candidiasis, an annual incidence of
150 cases representing a rate of 3.5 per 100,000 inhabitants is likely, not including cases of complicating
chronic ambulatory peritoneal candidiasis. These comprise 123 (82%) cases with no underlying disease,
4 cases (2.7%) with cancer or were immunocompromised, and 23 (15.3%) cases having surgery or being
in ICU.

Oral candidiasis is estimated in 71 patients with CD4 counts <200/µL, but we have not been
able to estimate the incidence of oral candidiasis in non-HIV patients, likely to be much higher.
Oesophageal candidiasis is estimated at 33, with a rate of 0.8/100,000, again not including non-HIV
infected individuals.

A prospective study conducted over 6 months at a tertiary care hospital in Kuwait to determine
the prevalence of vulvovaginal candidiasis reported a total of 231 women who yielded Candida species
with C. albicans predominance (73.9%) [37]. In Kuwait, the prevalence of recurrent vulvovaginal
candidiasis (RVVC) in the adult female population is estimated at 54,842, nearly 4.5% of adult women
without underlying disease—2595/100,000.

3.2. Aspergillosis

Invasive aspergillosis was estimated in leukaemia, lymphoma, myeloma, transplant recipients,
lung cancer, and patients with COPD who are hospitalized. Many more renal transplants are done in
Kuwait compared with other solid organ transplants. The number of patients that had acute myeloid
leukaemia per year is 35, while there are 158 lung cancer cases each year. The COPD prevalence of
7.1% [25] and a hospitalization rate of 22.5% yield a risk population for invasive aspergillosis of 48,245
individuals, and a probable total number of IA cases of 704 (16.7 per 100,000), the vast majority related
to COPD.

Although pulmonary tuberculosis is not common, COPD and asthma are relatively common,
so we have estimated a prevalence of nearly 1000 individuals with chronic pulmonary aspergillosis,
of whom 20% are related to TB. This could be an over-estimate, as the age demography is young
in Kuwait and foreign workers with significant chest problems will be unlikely to work and stay in
the country.
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Kuwait has a high asthma prevalence especially among Kuwaitis, with an average rate of
25.9% [25]. Khadadah et al. showed that the prevalence of asthma was 15% among Kuwaiti adults
(93,923), the figure we have used, and 18% among children (70,158) [38]. The prevalence of asthma
(actually shortness of breath assumed to be asthma) among immigrants is much lower, as described by
Al-ayyadhi—around 7.6% [39]. We have therefore estimated the total asthma prevalence to be about
315,473 adults or 9.5% of the adult population overall.

The rate of ABPA in Kuwait is not known; however, Al-Mobeireek et al. from Saudi Arabia has
estimated ABPA to be 2.7% [40]. Kuwait shares a similar demography, and with that, the estimated
number of cases of is probably about 7889 with a rate of 187/100,000. The sensitization rate of Aspergillus
among asthmatic individuals was 21.3% and was considered to be an important factor determining
asthma severity in desert environments [41]. The estimated number of SAFS cases among inhabitants is
Kuwait is 10,411 with a rate of 246/100,000, although this could be an over-estimate, as severe asthmatic
foreign workers are unlikely to remain working in Kuwait for very long.

3.3. Other Opportunistic Invasive Fungal Infections

The current number of HIV/AIDS patients is 414, among which the number of diagnosed cases
not receiving ARVs is 79. Therefore, the number of cases of opportunistic fungal infections in HIV
patients in Kuwait will be in single figures annually and difficult to estimate. There will likely be
many more cases of Pneumocystis pneumonia in HIV patients, but currently this is difficult to estimate.
Mucormycosis, partly related to diabetes, which is common among Kuwaitis, is recorded and on a
population basis, we estimate over 23 cases annually, 22 (95.7%) cases with no underlying diseases,
and only 1 (4.3%) was immunocompromised or had cancer.

3.4. Other Serious Fungal Infections

We searched for information on infections caused by Basidiobolus and Ramichloridrium as well as
fungal keratitis, sinusitis, tinea capitis, mycetoma, chromoblastomycosis, sporotrichosis, but found no
data. However we have estimated the annual incidence of fungal keratitis based on data from Egypt
(15.5/100,000) as a total of 654 cases [42].

4. Discussion

We adopted a systematic approach to estimate the number of common fungal infections in Kuwait,
which is based on widely used methodology [43,44]. This was a challenging task due to the lack of
some information regarding either fungal diseases and/or risk groups.

Microscopy and culture have been used for fungi for over a century with few alterations in the
techniques, other than gradual improvement in blood culture techniques. The first non-culture-based
tests were introduced in the 1960’s (Aspergillus antibody) and 1970’s (cryptococcal and other antigen
tests). Since then, the cryptococcal antigen has been perfected and re-configured as a point of care test,
and Aspergillus and Histoplasma antigen tests are in routine use. Antibody testing for histoplasmosis,
paracoccidioidomycosis, coccidioidomycosis, candidiasis, sporotrichosis, and blastomycosis have been
gradually introduced but are not all supported by modern sensitive techniques or commercial platforms.
Since the start of the new millennium, and particularly in the last 7 years, real-time polymerase chain
reaction (PCR) tests to detect Pneumocystis jirovecii, Aspergillus spp., Candida spp., and Trichophyton spp.
have been commercialized, providing more sensitivity and potentially faster results. The identification
of positive culture can be done rapidly using matrix-assisted laser desorption/ionization time-of-flight
mass spectrometry (MALDI-TOF MS) systems (especially for yeasts) or using sequencing. Kuwait has
been the beneficiary of some of these tests, notably MALDI-TOF introduced in 2012 and T2Candida
in 2019.

The estimated candidemia burden varies from country to country, with the highest reported in
Pakistan at 38,795 cases and the lowest in Trinidad and Tobago with cases as low as 87 [45,46]. Qatar,
which is geographically and socioeconomically close to Kuwait, reported 288 cases [23]. A recent
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report from the country has benched Kuwait at a mean annual incidence of 3.69/105 with 1448 cases in
12 years [17]. In this study, the incidence of candidemia was 6.8/100,000, in which C. albicans was the
most common isolated species, as also found in other neighbouring countries such as Saudi Arabia,
Qatar, United Arab Emirates, and Lebanon [21,44,47–51]. However, infections due to non-albicans
Candida species have risen over the past decades, and a shift from C. albicans to other Candida species
such as C. glabrata, C. parapsilosis, and C. tropicalis has occurred. This species shifting has led to
gradual changes in the antifungal susceptibility profile such as azole antifungal agents and the rise of
intrinsically resistant or multidrug-resistant species. The emergence of multidrug-resistant C. auris in
Kuwait has been also detected in a single case in United Arab Emirates and in multiple cases in Oman
and Saudi Arabia [36,47,52].

In this study, the rate of invasive aspergillosis was determined as 16.7/100,000, which is higher
than that reported by surrounding countries. Qatar estimated the rate to be 0.6/100,000, while the
rate in Saudi Arabia was 7.6/100,000 [23,53]. Epidemiological knowledge of invasive Aspergillus
infections in Kuwait and the Middle East is limited due to negligible national surveillance data.
Rapid diagnosis of IA using a more sensitive non-culture-based technique such as PCR is available
for accurate identification but is limited in our region [54]. Our total estimation of IA was 705 cases
annually. Of these cases, 4 (0.6%) were estimated in relation to respiratory disease, 9 (1.3%) cases
in the context of cancer/immunocompromised patients, and 691 (98.2%) in the context of critical
care/surgery. This estimate depends on the high proportion of patients admitted to hospital with
COPD, 22.2% in Saudi Arabia, which is consistent with other country rates in 2010/11 (Egypt 20.3%,
Jordan 20.3%, Lebanon 28.8%, Syria 21.9%, and UAE 40.9%) [9]. On the other hand, the rates of
COPD in these populations probably underestimated the overall prevalence (varying from 1.9% to
5.4%), as hospitalisation rates could reflect only severe cases, and not be reflective of the whole
COPD population, exaggerating invasive aspergillosis rates. An alternative approach was recently
published and estimated 730 to 2189 IA cases, but very few of those diagnosed are established before
death [9]. Chronic respiratory diseases, such as asthma and COPD, are prominent in Kuwait. In Kuwait,
asthma has a high prevalence with an average rate of 25.9%, and the rate of SAFS per 100,000 inhabitants
is 168.63 [11]. ABPA was accordingly assumed to occur at a rate of 187/100,000, higher than those
in Egypt (162/100,000) and Iran (48.2/100,000) [55]. The total prevalence of CPA was estimated at
995 patients, only 20% amongst those who survived pulmonary TB in 2017. The high rates of asthma
and COPD justify this estimation.

Published rates of diagnosed vaginal yeast infections based on completed survey studies were
limited. A total of 54,842 Kuwaiti women aged between 15 and 50 years were estimated to suffer from
recurrent vulvovaginal candidiasis every year. Our rate was lower than the rate of vaginal candidiasis
estimated in the Qatari population (3800/100,000) [23]. In a recent study from Saudi Arabia, in 205
out of 394 patients suffering from vaginal infections, Candida vaginitis episodes accounted for 58.5%,
followed by 41% bacterial vaginitis, and 0.5% trichomoniasis infections [56].

The expatriate population in Kuwait represents two-thirds of the total population, and most of
them are adult men (63.6%). The Gulf Health Council of the Gulf Cooperation Council (GCC) regional
alliance proposed draft provisions to regulate the working program of the expatriate workforce in Gulf
countries [57]. This program conducts all necessary medical tests and examinations for the expatriates
within 2 months from the date of their arrival [57]. Regarding infectious diseases, all expatriates should
have the following tests: HIV, hepatitis (B, C), tuberculosis, microfilaria, and malaria. Expatriates with
any positive test, except for malaria, are unlikely to work and stay in the country.

Global warming could be one of the most significant factors that alters fungal populations.
The warmer temperatures could change the distribution of heat-susceptible fungal species into
thermotolerant species. This may raise the possibility of new fungal diseases [58,59]. In addition,
global warming may increase the prevalence of thermophilic fungi that produce mycotoxins. This will
pose another threat to human health [59]. C. auris could be the first pathogenic fungi emerging
from climate change. It has been found to be thermotolerant if compared to other yeasts, besides
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its resistance to all major classes of antifungal drugs [60,61]. Another potential factor is increasing
drug resistance in clinically relevant fungi due to excessive use in clinical, veterinary, and agriculture
settings [59,62]. Azole fungicide use in the agricultural context has been identified as a potential
cause for the development of resistance in Aspergillus spp. [63]. All these factors could increase fungal
infections in the near future, and research is required on the global burden of fungal diseases and their
effect on human health.

This estimation approach is necessarily a rough approximation to the actual annual incidence
and prevalence of most diseases. One uncertainty is whether non-Kuwaitis were included in the
large-population studies of COPD or not. Another relates to the lack of in-country data for many
conditions. Only one reference laboratory is available to serve the entire country, with a limited number
of clinical experts in fungal disease diagnosis and management. Additionally, fungal infections may
be underdiagnosed due to the lack of optimum diagnostic tests. Specialized training for medical
laboratory scientists is crucial to improve patient outcomes and inform public health.

5. Conclusions

This is the first study on the burden of serious fungal infections in Kuwait. According to our
estimates, RVVC was the most common fungal infection, followed by SAFS. Our estimates also
indicate that fungal infections are ignored in Kuwait, which requires more efforts of health care experts.
Improving diagnostic tools and regular monitoring of the incidence of fungal infections are measures
that could improve the accuracy of these estimates and lead to prompt identification and treatment.

Author Contributions: D.W.D. conceived the paper. W.A., F.A.-W., M.A., H.A., and Z.K. performed the research
of Kuwait data and wrote the first draft. W.A., F.A.-W., M.A., and D.W.D. analysed the data. All authors have read
and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Acknowledgments: There was no direct financial support for this study.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Bongomin, F.; Gago, S.; Oladele, R.O.; Denning, D.W. Global and multi-national prevalence of fungal
diseases—Estimate precision. J. Fungi 2017, 3, 57. [CrossRef] [PubMed]

2. Healey, K.R.; Zhao, Y.; Perez, W.B.; Lockhart, S.R.; Sobel, J.D.; Farmakiotis, D.; Kontoyiannis, D.P.; Sanglard, D.;
Taj-Aldeen, S.J.; Alexander, B.D.; et al. Prevalent mutator genotype identified in fungal pathogen Candida
glabrata promotes multi-drug resistance. Nat. Commun. 2016, 7, 11128. [CrossRef] [PubMed]

3. Leonardelli, F.; Macedo, D.; Dudiuk, C.; Cabeza, M.S.; Gamarra, S.; Garcia-Effron, G. Aspergillus fumigatus
intrinsic fluconazole resistance is due to the naturally occurring T301I substitution in Cyp51Ap.
Antimicrob. Agents Chemother. 2016, 60, 5420–5426. [CrossRef] [PubMed]

4. Asadzadeh, M.; Ahmad, S.; Al-Sweih, N.; Khan, Z. Epidemiology and Molecular Basis of Resistance to
fluconazole among clinical Candida parapsilosis isolates in Kuwait. Microb. Drug Resist. 2017, 23, 966–972.
[CrossRef]

5. Saunte, D.M.; Hare, R.K.; Jørgensen, K.M.; Jørgensen, R.; Deleuran, M.; Zachariae, C.O.; Thomsen, S.F.;
Bjørnskov-Halkier, L.; Kofoed, K.; Arendrup, M.C. Emerging terbinafine resistance in Trichophyton:
Clinical characteristics, squalene epoxidase gene mutations, and a reliable EUCAST method for detection.
Antimicrob. Agents Chemother. 2019, 63, e01126-19. [CrossRef]

6. Brown, G.D.; Denning, D.W.; Gow, N.A.R.; Levitz, S.M.; Netea, M.G.; White, T.C. Hidden Killers:
Human fungal infections. Sci. Transl. Med. 2012, 4, 165rv13. [CrossRef]

7. Denning, D.W. Minimizing fungal disease deaths will allow the UNAIDS target of reducing annual AIDS
deaths below 500,000 by 2020 to be realized. Philos. Trans. R. Soc. B 2016, 371. [CrossRef]

8. Marr, K.A.; Carter, R.A.; Boeckh, M.; Martin, P.; Corey, L. Invasive aspergillosis in allogeneic stem cell
transplant recipients: Changes in epidemiology and risk factors. J. Am. Soc. Hematol. 2002, 100, 4358–4366.
[CrossRef]

http://dx.doi.org/10.3390/jof3040057
http://www.ncbi.nlm.nih.gov/pubmed/29371573
http://dx.doi.org/10.1038/ncomms11128
http://www.ncbi.nlm.nih.gov/pubmed/27020939
http://dx.doi.org/10.1128/AAC.00905-16
http://www.ncbi.nlm.nih.gov/pubmed/27381395
http://dx.doi.org/10.1089/mdr.2016.0336
http://dx.doi.org/10.1128/AAC.01126-19
http://dx.doi.org/10.1126/scitranslmed.3004404
http://dx.doi.org/10.1098/rstb.2015.0468
http://dx.doi.org/10.1182/blood-2002-05-1496


J. Fungi 2020, 6, 306 9 of 11

9. Hammond, E.E.; McDonald, C.S.; Vestbo, J.; Denning, D.W. The global impact of Aspergillus infection on
COPD. BMC Pulm. Med. 2020, 20, 241. [CrossRef]

10. Armstrong-James, D.; Meintjes, G.; Brown, G.D. A neglected epidemic: Fungal infections in HIV/AIDS.
Trends Microbiol. 2014, 22, 120–127. [CrossRef]

11. Guinea, J.; Torres-Narbona, M.; Gijón, P.; Muñoz, P.; Pozo, F.; Peláez, T.; de Miguel, J.; Bouza, E. Pulmonary
aspergillosis in patients with chronic obstructive pulmonary disease: Incidence, risk factors, and outcome.
Clin. Microbiol. Infect. 2010, 16, 870–877. [CrossRef] [PubMed]

12. Limper, A.H.; Adenis, A.; Le, T.; Harrison, T.S. Fungal infections in HIV/AIDS. Lancet Infect. Dis. 2017,
17, e334–e343. [CrossRef]

13. Denning, D.W. Global fungal Burden. Mycoses 2013, 56, 13.
14. Rajasingham, R.; Rachel, M.S.; Benjamin, J.P.; Joseph, N.J.; Nelesh, P.G.; Tom, M.C.; Denning, D.W.; Loyse, A.;

Boulware, D.R. Global Burden of Disease of HIV-Associated Cryptococcal Meningitis: An Updated Analysis.
Lancet Infect. Dis. 2017, 17, 873–881. [CrossRef]

15. Denning, D.W. The ambitious “95-95 by 2025” roadmap for the diagnosis and management of fungal diseases.
Thorax 2015, 70, 613–614. [CrossRef] [PubMed]

16. Denning, D.W. Calling upon all public health mycologists. Eur. J. Clin. Microbiol. Infect. Dis. 2017, 36, 923–924.
[CrossRef]

17. Denning, D.W.; Pleuvry, A.; Cole, D.C. Global burden of chronic pulmonary aspergillosis as a sequel to
pulmonary tuberculosis. Bull. World Health Org. 2011, 89, 864–872. [CrossRef]

18. Torok, M.E.; Chau, T.T.H.; Mai, P.P.; Phong, N.D.; Dung, N.T.; Chuong, L.V.; Lee, S.J.; Caws, M.; de Jong, M.D.;
Hien, T.T.; et al. Clinical and microbiological features of HIV-Associated tuberculous meningitis in Vietnamese
adults. PLoS ONE 2008, 19, e1772. [CrossRef]

19. Kuwait Public Authority for Civil Information Official. Available online: http://stat.paci.gov.kw/

englishreports/ (accessed on 5 May 2019).
20. Khan, Z.; Ahmad, S.; Al-Sweih, N.; Mokaddas, E.; Al-Banwan, K.; Alfouzan, W.; Al-Obaid, I.; Al-Obaid, K.;

Asadzadeh, M.; Jeragh, A.; et al. Changing trends in epidemiology and antifungal susceptibility patterns
of six bloodstream Candida species isolates over a 12-year period in Kuwait. PLoS ONE 2019, 14, e0216250.
[CrossRef]

21. Khan, Z.U.; Chugh, T.D. Invasive fungal infections in Kuwait: A retrospective study. Indian J. Chest Dis.
Allied Sci. 2000, 42, 279–287.

22. Rodriguez-Tudela, J.L.; Alastruey-Izquierdo, A.; Gago, S.; Cuenca-Estrella, M.; León, C.; Miro, J.M.;
Boluda, A.N.; Camps, I.R.; Sole, A.; Denning, D.W. Burden of serious fungal infections in Spain. Clin. Microbiol.
Infect. 2015, 21, 183–189. [CrossRef] [PubMed]

23. Taj-Aldeen, S.J.; Chandra, P.; Denning, D.W. Burden of fungal infections in Qatar. Mycoses 2015, 58, 51–57.
[CrossRef] [PubMed]

24. Global Tuberculosis Report 2017. Available online: https://www.who.int/tb/publications/global_report/
gtbr2017_main_text.pdf?u%20a=1 (accessed on 19 June 2019).

25. Masjedi, M.; Ainy, E.; Zayeri, F.; Paydar, R. Assessing the prevalence and incidence of asthma and chronic
obstructive pulmonary disease in the Eastern Mediterranean region. Turkish Thoracic J. 2018, 19, 56. [CrossRef]
[PubMed]

26. Joint United Nation on HIV/AIDS (UNAIDS). Available online: http://www.unaids.org/en/regionscountries/
countries/kuwait (accessed on 5 May 2019).

27. Polatli, M.; Kheder, A.B.; Wali, S.; Javed, A.; Khattab, A.; Mahboub, B.; Iraqi, G.; Nejjari, C.; Taright, S.;
Koniski, M.L.; et al. Chronic obstructive pulmonary disease and associated healthcare resource consumption
in the Middle East and North Africa: The BREATHE study. Respir. Med. 2012, 106, S75–S85. [CrossRef]

28. Lortholary, O.; Gangneux, J.P.; Sitbon, K.; Lebeau, B.; De Monbrison, F.; Le Strat, Y.; Coignard, B.; Dromer, F.;
Bretagne, S. French Mycosis Study Group. Epidemiological trends in invasive aspergillosis in France:
The SAIF network (2005–2007). Clin. Microbiol. Infect. 2011, 17, 1882–1889. [CrossRef]

29. Perkhofer, S.; Lass-Flörl, C.; Hell, M.; Russ, G.; Krause, R.; Hönigl, M.; Geltner, C.; Auberger, J.; Gastl, G.;
Mitterbauer, M.; et al. The Nationwide Austrian Aspergillus Registry: A prospective data collection
on epidemiology, therapy and outcome of invasive mould infections in immunocompromised and/or
immunosuppressed patients. Inter. J. Antimicrob. Agents 2010, 36, 531–536. [CrossRef]

30. Arendrup, M.C. Epidemiology of invasive candidiasis. Curr. Opin. Crit. Care 2010, 16, 445–452. [CrossRef]

http://dx.doi.org/10.1186/s12890-020-01259-8
http://dx.doi.org/10.1016/j.tim.2014.01.001
http://dx.doi.org/10.1111/j.1469-0691.2009.03015.x
http://www.ncbi.nlm.nih.gov/pubmed/19906275
http://dx.doi.org/10.1016/S1473-3099(17)30303-1
http://dx.doi.org/10.1016/S1473-3099(17)30243-8
http://dx.doi.org/10.1136/thoraxjnl-2015-207305
http://www.ncbi.nlm.nih.gov/pubmed/26024686
http://dx.doi.org/10.1007/s10096-017-2909-8
http://dx.doi.org/10.2471/BLT.11.089441
http://dx.doi.org/10.1371/journal.pone.0001772
http://stat.paci.gov.kw/englishreports/
http://stat.paci.gov.kw/englishreports/
http://dx.doi.org/10.1371/journal.pone.0216250
http://dx.doi.org/10.1016/j.cmi.2014.07.013
http://www.ncbi.nlm.nih.gov/pubmed/25658565
http://dx.doi.org/10.1111/myc.12386
http://www.ncbi.nlm.nih.gov/pubmed/26449507
https://www.who.int/tb/publications/global_report/gtbr2017_main_text.pdf?u%20a=1
https://www.who.int/tb/publications/global_report/gtbr2017_main_text.pdf?u%20a=1
http://dx.doi.org/10.5152/TurkThoracJ.2018.17051
http://www.ncbi.nlm.nih.gov/pubmed/29755807
http://www.unaids.org/en/regionscountries/countries/kuwait
http://www.unaids.org/en/regionscountries/countries/kuwait
http://dx.doi.org/10.1016/S0954-6111(12)70016-1
http://dx.doi.org/10.1111/j.1469-0691.2011.03548.x
http://dx.doi.org/10.1016/j.ijantimicag.2010.08.010
http://dx.doi.org/10.1097/MCC.0b013e32833e84d2


J. Fungi 2020, 6, 306 10 of 11

31. Montravers, P.; Mira, J.P.; Gangneux, J.P.; Leroy, O.; Lortholary, O.; AmarCand Study Group. A multicentre
study of antifungal strategies and outcome of Candida spp. peritonitis in intensive-care units. Clin. Microbiol.
Infect. 2011, 17, 1061–1067. [CrossRef]

32. Matee, M.I.; Scheutz, F.; Moshy, J. Occurrence of oral lesions in relation to clinical and immunological status
among HIV-infected adult Tanzanians. Oral Dis. 2000, 6, 106–111. [CrossRef]

33. Smith, E.; Orholm, M. Trends and patterns of opportunistic diseases in Danish AIDS patients 1980–1990.
Scand. J. Infect. Dis. 1990, 22, 665–672. [CrossRef]

34. Denning, D.W.; Kneale, M.; Sobel, J.D.; Rautemaa-Richardson, R. Global burden of recurrent vulvovaginal
candidiasis. Lancet Infect. Dis. 2018, 18, e339–e347. [CrossRef]

35. Ahmad, S.; Khan, Z.; Al-Sweih, N.; Alfouzan, W.; Joseph, L. Candida auris in various hospitals across Kuwait
and their susceptibility and molecular basis of resistance to antifungal drugs. Mycoses 2020, 63, 104–112.
[CrossRef] [PubMed]

36. Khan, Z.; Ahmad, S.; Al-Sweih, N.; Joseph, L.; Alfouzan, W.; Asadzadeh, M. Increasing prevalence, molecular
characterization and antifungal drug susceptibility of serial Candida auris isolates in Kuwait. PLoS ONE 2018,
13, e0195743. [CrossRef] [PubMed]

37. Alfouzan, W.; Dhar, R.; Ashkanani, H.; Gupta, M.; Rachel, C.; Khan, Z.U. Species spectrum and antifungal
susceptibility profile of vaginal isolates of Candida in Kuwait. J. Mycol. Med. 2015, 25, 23–28. [CrossRef]

38. Khadadah, M. The Cost of Asthma in Kuwait. Med. Princ. Pract. 2013, 22, 87–91. [CrossRef]
39. Al-ayyadhi, N.; Akhtar, S. Prevalence and Risk Factors Associated with Self-Rated Morbidities among South

Asian Migrant Gas Station Workers in Kuwait. J. Immigr. Minority Health 2018, 20, 1324–1331. [CrossRef]
40. Al-Mobeireek, F.; El-Rab, M.; Al-hedaithy, A.; Alasali, K. Allergic bronchopulmonary mycosis in patients

with asthma: Period prevalence at a university hospital in Saudi Arabia. Respir. Med. 2001, 95, 341–347.
[CrossRef]

41. Ezeamuzie, C.I.; Al-Ali, S.; Khan, M.; Hijazi, Z.; Dowaisan, A.; Thomson, M.S.; Georgi, J. IgE-mediated
sensitization to mould allergens among patients with allergic respiratory diseases in a desert environment.
Int. Arch. Allergy Immunol. 2000, 121, 300–307. [CrossRef]

42. Zaki, S.M.; Denning, D.W. Serious fungal infections in Egypt. Eur. J. Clin. Microbiol. Infect. Dis. 2017,
36, 971–974. [CrossRef]

43. Alvarez-Moreno, C.A.; Cortes, J.A.; Denning, D.W. Burden of fungal infections in Colombia. J. Fungi 2018,
4, 41. [CrossRef]

44. Giacomazzi, J.; Baethgen, L.; Carneiro, L.C.; Millington, M.A.; Denning, D.W.; Colombo, A.L.;
Pasqualotto, A.C.; In Association with the LIFE Program. The burden of serious human fungal infections in
Brazil. Mycoses 2016, 59, 145–150. [CrossRef] [PubMed]

45. Jabeen, K.; Farooqi, J.; Mirza, S.; Denning, D.; Zafar, A. Serious fungal infections in Pakistan. Eur. J. Clin.
Microbiol. Infect. Dis. 2017, 36, 949–956. [CrossRef] [PubMed]

46. Denning, D.W.; Gugnani, H.C. Burden of serious fungal infections in Trinidad and Tobago. Mycoses 2015,
58, 80–84. [CrossRef] [PubMed]

47. Ellis, M.; Hedstrom, U.; Jumaa, P.; Bener, A. Epidemiology, presentation, management and outcome of
candidemia in a tertiary care teaching hospital in the United Arab Emirates, 1995–2001. Med. Mycol. 2003,
41, 521–528. [CrossRef] [PubMed]

48. Taj-Aldeen, S.J.; Kolecka, A.; Boesten, R.; Alolaqi, A.; Almaslamani, M.; Chandra, P.; Meis, J.F.; Boekhout, T.
Epidemiology of candidemia in Qatar, the Middle East: Performance of MALDI-TOF MS for the identification
of Candida species, species distribution, outcome, and susceptibility pattern. Infection 2014, 42, 393–404.
[CrossRef] [PubMed]

49. Mokaddas, E.M.; Al-Sweih, N.A.; Khan, Z.U. Species distribution and antifungal susceptibility of Candida
bloodstream isolates in Kuwait: A 10-year study. J. Med. Microbiol. 2007, 56, 255–259. [CrossRef] [PubMed]

50. Al Thaqafi, A.H.; Farahat, F.M.; Al Harbi, M.I.; Al Amri, A.F.; Perfect, J.R. Predictors and outcomes of Candida
bloodstream infection: Eight-year surveillance, western Saudi Arabia. Int. J. Infect. Dis. 2014, 21, 5–9.
[CrossRef]

51. Al-Jasser, A.M.; Elkhizzi, N.A. Distribution of Candida species among bloodstream isolates. Saudi Med. J.
2004, 25, 566–569.

52. Kmeid, J.; Jabbour, J.F.; Kanj, S.S. Epidemiology and burden of invasive fungal infections in the countries of
the Arab League. J. Infect. Public Health 2019. [CrossRef]

http://dx.doi.org/10.1111/j.1469-0691.2010.03360.x
http://dx.doi.org/10.1111/j.1601-0825.2000.tb00110.x
http://dx.doi.org/10.3109/00365549009027119
http://dx.doi.org/10.1016/S1473-3099(18)30103-8
http://dx.doi.org/10.1111/myc.13022
http://www.ncbi.nlm.nih.gov/pubmed/31618799
http://dx.doi.org/10.1371/journal.pone.0195743
http://www.ncbi.nlm.nih.gov/pubmed/29630658
http://dx.doi.org/10.1016/j.mycmed.2014.10.021
http://dx.doi.org/10.1159/000341154
http://dx.doi.org/10.1007/s10903-018-0701-1
http://dx.doi.org/10.1053/rmed.2001.1047
http://dx.doi.org/10.1159/000024343
http://dx.doi.org/10.1007/s10096-017-2929-4
http://dx.doi.org/10.3390/jof4020041
http://dx.doi.org/10.1111/myc.12427
http://www.ncbi.nlm.nih.gov/pubmed/26691607
http://dx.doi.org/10.1007/s10096-017-2919-6
http://www.ncbi.nlm.nih.gov/pubmed/28161741
http://dx.doi.org/10.1111/myc.12394
http://www.ncbi.nlm.nih.gov/pubmed/26449511
http://dx.doi.org/10.1080/13693780310001645337
http://www.ncbi.nlm.nih.gov/pubmed/14725327
http://dx.doi.org/10.1007/s15010-013-0570-4
http://www.ncbi.nlm.nih.gov/pubmed/24352810
http://dx.doi.org/10.1099/jmm.0.46817-0
http://www.ncbi.nlm.nih.gov/pubmed/17244809
http://dx.doi.org/10.1016/j.ijid.2013.12.012
http://dx.doi.org/10.1016/j.jiph.2019.05.007


J. Fungi 2020, 6, 306 11 of 11

53. Centers for Disease Control and Prevention. 2019. Available online: https://http://www.cdc.gov/fungal/
candida-auris/tracking-c-auris.html-world (accessed on 25 January 2020).

54. Arastehfar, A.; Wickes, B.L.; Ilkit, M.; Pincus, D.H.; Daneshnia, F.; Pan, W.; Fang, W.; Boekhout, T. Identification
of Mycoses in Developing Countries. J. Fungi 2019, 5, 90. [CrossRef]

55. Hedayati, M.; Armaki, M.; Charati, J.; Hedayati, N.; Seyedmousavi, S.; Denning, D. Burden of Fungal
Infections in Iran. J. Infect. Dev. Ctries. 2018, 12, 910–918. [CrossRef] [PubMed]

56. Yassin, M.T.; Mostafa, A.A.; Al-Askar, A.A.; Bdeer, R. In vitro antifungal resistance profile of Candida strains
isolated from Saudi women suffering from vulvovaginitis. Eur. J. Med. Res. 2020, 25, 1–9. [CrossRef]
[PubMed]

57. Rules & Regulations for Medical Examination of Expatriates Coming to GCC States for Residence.
Available online: http://ghc.sa/en-us/Documents/English%20Document.pdf (accessed on 16 November 2020).

58. Garcia-Solache, M.A.; Casadevall, A. Global warming will bring new fungal diseases for mammals. mBio 2010,
1. [CrossRef] [PubMed]

59. Casadevall, A. Fungal diseases in the 21st century: The near and far horizons. Pathog. Immun. 2018, 2, 183.
[CrossRef] [PubMed]

60. Casadevall, A.; Kontoyiannis, D.P.; Robert, V. On the emergence of Candida auris: Climate change, azoles,
swamps, and birds. mBio 2019, 10, e01397-19. [CrossRef]

61. Misseri, G.; Ippolito, M.; Cortegiani, A. Global warming “heating up” the ICU through Candida auris
infections: The climate changes theory. Crit. Care 2019, 23, 416. [CrossRef]

62. Fisher, M.C.; Gurr, S.J.; Cuomo, C.A.; Blehert, D.S.; Jin, H.; Stukenbrock, E.H.; Stajich, J.E.; Kahmann, R.;
Boone, C.; Denning, D.W.; et al. Threats posed by the Fungal Kingdom to humans, wildlife, and agriculture.
mBio 2020, 11. [CrossRef]

63. Verweij, P.E.; Lucas, J.A.; Arendrup, M.C.; Bowyer, P.; Brinkmann, A.J.; Denning, D.W.; Dyer, P.S.; Fisher, M.C.;
Geenen, P.L.; Gisi, U.; et al. The one health problem of azole resistance in Aspergillus fumigatus: Current
insights and future research agenda. Fung. Biol. Rev. 2020, 34, 202–214. [CrossRef]

Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional
affiliations.

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

https://http://www.cdc.gov/fungal/candida-auris/tracking-c-auris.html-world
https://http://www.cdc.gov/fungal/candida-auris/tracking-c-auris.html-world
http://dx.doi.org/10.3390/jof5040090
http://dx.doi.org/10.3855/jidc.10476
http://www.ncbi.nlm.nih.gov/pubmed/32004161
http://dx.doi.org/10.1186/s40001-019-0399-0
http://www.ncbi.nlm.nih.gov/pubmed/31901238
http://ghc.sa/en-us/Documents/English%20Document.pdf
http://dx.doi.org/10.1128/mBio.00061-10
http://www.ncbi.nlm.nih.gov/pubmed/20689745
http://dx.doi.org/10.20411/pai.v3i2.249
http://www.ncbi.nlm.nih.gov/pubmed/30465032
http://dx.doi.org/10.1128/mBio.01397-19
http://dx.doi.org/10.1186/s13054-019-2702-4
http://dx.doi.org/10.1128/mBio.00449-20
http://dx.doi.org/10.1016/j.fbr.2020.10.003
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Literature and Data Search 
	Frequency Estimates 
	Data Estimation Sources 
	Statistical Analysis 

	Results 
	Candidiasis 
	Aspergillosis 
	Other Opportunistic Invasive Fungal Infections 
	Other Serious Fungal Infections 

	Discussion 
	Conclusions 
	References

