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Abstract

:

For many years, fungi have emerged as significant and frequent opportunistic pathogens and nosocomial infections in many different populations at risk. Fungal infections include disease that varies from superficial to disseminated infections which are often fatal. No fungal disease is reportable in Oman. Many cases are admitted with underlying pathology, and fungal infection is often not documented. The burden of fungal infections in Oman is still unknown. Using disease frequencies from heterogeneous and robust data sources, we provide an estimation of the incidence and prevalence of Oman’s fungal diseases. An estimated 79,520 people in Oman are affected by a serious fungal infection each year, 1.7% of the population, not including fungal skin infections, chronic fungal rhinosinusitis or otitis externa. These figures are dominated by vaginal candidiasis, followed by allergic respiratory disease (fungal asthma). An estimated 244 patients develop invasive aspergillosis and at least 230 candidemia annually (5.4 and 5.0 per 100,000). Only culture and microscopy are currently available for diagnosis, so case detection is suboptimal. Uncertainty surrounds these figures that trigger the need for urgent local epidemiological studies with more sensitive diagnostics.
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1. Introduction


Oman is located in the Middle East on the Arabian Peninsula and has an area of 309,500 square kilometers. It borders the Arabian Sea, Oman Sea, Arabian Gulf, also known as the Persian Gulf and shares a border with the United Arab Emirates, the Republic of Yemen, and the Kingdom of Saudi Arabia. It has a desert climate, which leads to hot, dry conditions in the interior and a hot, humid climate along the coast. According to the National Center for Statistics and Information (NCSI) estimation, Oman has a total population of about 2,579,236 in 2018. The Omani population shows a sex ratio of 102 males per 100 females [1].



The health services in the Sultanate of Oman have developed tremendously over the past years. Oman’s healthcare system has taken serious efforts since the 1970s to improve its quality management services [2]. In 2000, the World Health Organization (WHO) ranked Oman’s healthcare system as one of the best 10 healthcare systems in the world [3]. However, in Oman, there is a major lack of information on the burden of fungal disease. The clinical diagnosis of severe fungal infection is often impossible but always challenging, and recognition of infection can occur late due to a lack of mycology laboratory services. Improvement in laboratory diagnosis of fungal infections is required mycology diagnosis comprising culture, and antifungal sensitivity (AST) is performed in a few reference clinical laboratories only. Most of the hospital laboratories are providing microbiology diagnoses based on microscopy, including gram stains and cultures. For fungal culture, Sabouraud’s agar media is mostly used. Non-culture markers of infection, notably antigen, antibody and molecular tools, are completely lacking. Unfortunately, local fungal data are scarce globally, and most of the cases go undiagnosed or not reported due to a lack of mycologists and insensitive diagnostic methods.



The overall burden of fungal diseases in Oman is unknown and is difficult to quantify because these infections are likely substantially underdiagnosed, and no national public health surveillance exists for any fungal disease. A few studies have reported on the fungal disease in Oman, mostly case reports [4,5,6,7,8,9,10,11,12,13,14,15,16,17,18]. However, excellent efforts were made by scientists from all over the world in collaboration with and led by the Global Action Fund for Fungal Infections (GAFFI) and the Leading International Fungal Education (LIFE) to systematically estimate the global burden of fungal infection. Estimates of the incidence and prevalence of these serious fungal infections are essential in order to identify and highlight public health gaps and inform future priorities. Fungal disease leads to much morbidity and some mortality, and improved recognition, prevention, diagnosis, and treatment are necessary. The variation in the reported incidence of fungal infection is affected by differences in diagnostic criteria and case-finding strategies, as well as by true differences between populations. The objective of this work is to estimate the total burden of serious fungal diseases in Oman to assist in determining public health and research priorities.




2. Materials and Methods


2.1. Sources of Data


Local epidemiology studies that are fungal disease-based are scarce, whereas other topics are abundant. Globally there is insufficient data on mycology, and Oman is no different. All the available published local literature reporting fungal infection cases were reviewed [4,5,6,7,8,9,10,11,12,13,14,15,16,17,18]. In other situations where there are no local data, a population at risk and their frequencies represented in prevalence or incidence rates were utilized to achieve a valid and precise estimation using the most authentic studies addressing frequencies in different populations at risk. In addition, the search was done in PubMed using the terms “fungi”, “infections”, “Oman”, “Middle East”.




2.2. Population


The Omani population demographics data were obtained from the annual health report released in mid of 2018 [1]. The annual health report includes the last and most updated version of the total Omani population, the adult population that used to estimate asthma patients, women under 50 years to highlight recurrent vaginal candidiasis, and other demographic details illustrated in Table 1 and Figure 1. HIV/AIDS statistics were obtained from the annual health report 2018 [1]. The statistics include the total number of patients with AIDS from 1986–2018.




2.3. Estimated of Fungal Diseases


Recurrent vulvovaginal candidiasis (RVVC) is defined as four or more episodes per year [19]. No local data were available on RVVC. Hence a systematic review incidence rate-based on a global estimation work was used, where it occurs at an incidence of the rate of 3871/100,000 females [20].



The total number of asthma cases in Omani adults was calculated based on the Delphi technique reported by Sultan Qaboos university study done in 2012, where 7.3% was the prevalence of asthma in adults [21,22,23,24]. Based on prior estimates, severe asthma with fungal sensitization (SAFS) occurs at a prevalence of 3.3% in the asthma population, while allergic bronchopulmonary aspergillosis (ABPA) has three prevalence frequencies; lower, midpoint, and upper range, where the midpoint (2.5%) is proposed to be the best estimation [25], supported by data from Saudi [26]. As severe asthma is probably very uncommon in the expatriate community (mostly migrant workers), we have calculated SAFS only in the indigenous Omani population, unlike ABPA, which is especially common in people from the Indian subcontinent, where we have used the total population.



Cryptococcal meningitis annual incidence in the HIV/AIDS population was taken from local studies; a case study reported by Basu et al. [4] and a retrospective case series by Balkhair et al. [5] that found 16 of 77 cases (22%). It was estimated by Rajasingham et al. [27] that 6% of people living with HIV with low CD4 counts and eligible for ART have cryptococcal antigenemia and 70% develop cryptococcal meningitis. From the same local retrospective study [5], Pneumocystis pneumonia (PCP) in the HIV/AIDS population was diagnosed in 18 of 77 (25%) cases. A systematic review and meta-analysis done by Wasserman et al. [28] revealed 15.4% PCP cases complicating HIV people in clinical settings and a higher percentage in inpatients. This figure is more conservative for estimating the total PL-HIV (1566) at risk of PCP. Talaromycosis in Oman has been reported only once [6].



The proportion of oral and esophageal candidiasis was retrieved from the Danish, US and Tanzanian population. Oral and esophageal candidiasis occurs at a frequency of 90%, and 20%, respectively in HIV/AIDS cases with CD4 counts < 200/uL [29,30]. Esophageal candidiasis also occurs in 5% of those on ART [31].



Invasive aspergillosis (IA) annual incidence was estimated in leukemia, transplant, lung cancer and chronic obstructive pulmonary disease (COPD) patients. In two local studies, IA in kidney and allogeneic hematopoietic stem cell transplant recipients identified 2 and 9 cases, respectively [7,8]. IA in hematological disorders was represented as AML (acute myeloid leukemia) and non-AML disorders, which included all lymphoma, non-AML leukemia, multiple myeloma and myelodysplastic syndromes. It was assumed that 10% of AML patients develop IA [32] and an equal number for all non-AML cases. Data on hematological disorders were provided by Cancer incidence in Oman 2015 (Department of Non-Communicable Disease) [9]. In Oman, the crude incidence of all cancers in males was 63.9/100,000, a total of 2940 in 2018. The leukemia prevalence was 7.6% (223 cases), 30% of which are AML (67 cases). The crude incidence of cancers in females is 74.9/100,000 (total 3447), with a leukemia prevalence of 4.73%. Leukemia and AML cases in females were 163 and 49, respectively, following the same approach. Lung cancer as a total figure was released by Globocan database where it was 112 cases in 2018 [33]. Based on Yan et al., IA in lung cancer has a prevalence of 2.6% [34]. COPD prevalence (GOLD stage II-IV) is 3.05%, and if 10.5% are admitted to hospital each year, this yields a total of 13,510 at risk. IA develops in at least 1.3% of these patients [35].



In order to estimate chronic pulmonary aspergillosis (CPA) after tuberculosis (TB), the TB burden in Oman obtained from the World Health Organization (WHO) states 310 TB cases in 2017, of which 67% were pulmonary [36]. TB was the primary underlying disease in 16.7% in low prevalence countries [37]. The calculation of prevalence was as stated previously [32].



Candidemia is conservatively estimated at an incidence rate of 5 per 100,000. To ensure a better estimation, local data on the ratio of cases in different risk groups was used combined with estimation summary values and to account for the lack of local data reporting candidemia in cancer and transplant patients [10,32,38].



There were 14 documented cases of urinary tract infections associated with an outbreak of Candida auris in Sohar hospital [10]. Based on Bongomin et al. [32], they estimated an average incidence rate of 29 countries reporting intra-abdominal candidiasis (Candida peritonitis) and revealed a 1.15 incidence in 100,000. Using this approach, a total number of 30 cases will be generated primarily in critical care units.



There is a total of 8 mucormycosis cases obtained from the local literature [11,12,13,14,15], including one case of an expatriate that developed pulmonary mucormycosis with chronic renal failure [16]. We have estimated an annual incidence of 2 per million [32].



Based on local estimation values, fungal keratitis forms 12% of the total number of microbial keratitis [17]. As stated by the annual health report in mid-2018 [19], unspecified keratitis is 2575, 8% documented as caused by fungi. Culture yield was only 65%, and microscopy was not done, so a conservative 12% proportion is fungal in etiology.



Skin infections accounted for 232,362 (bacterial, fungal and viral) of all patients attending 5 dermatology clinics in North Batinah Governorate of Oman; Sohar, Saham, Shinas, Khabura and Suwaiq for 4 years from 1 January 2010 to 31 December 2013 [18].



All calculations were done using either Excel or Word sheets of Microsoft windows. The study does not include any interventions with human subjects; hence ethical authorization was not required.





3. Results


3.1. Omani population


The Sultanate of Oman is a country that is classified as a high-income country based on the World Bank, with a gross domestic product per capita of $16,415 in 2018 [39]. The climate is characterized by diversity; it is hot and humid in littoral areas, hot and dry in the interior areas with the exception of the Dhofar governorate and mountains with high altitudes that have moderate weather throughout the year. The total population number was obtained from the annual health report released in mid-2018 and considered the most updated and valid reference. Oman has a total population of 4,601,706. The Omani population consisted of 2,579,236 with an additional 2,022,470 are expatriates [1].




3.2. HIV/AIDSpPopulation


The population living with HIV were assessed by CD4 and/or viral load parameter in the lab to decide on antiretroviral therapy (ART) eligibility at least once in the last year. There were a total of 3060 HIV cases registered in the annual health report covering all cases from 1986–2018, including 1494 deaths. Two cases were reported in 1985 and one in 1984 [1]. In the last year, 86% were assessed by CD4 and/or viral load parameters to decide ART eligibility. In 2018, there were 1566 people living with HIV infection (PLHIV), of whom 1317 were on ART. Other AIDS/HIV population details are explained in Table 2. It was assumed that those not on ART have a decline in CD4 count to <200/uL over 7 years.




3.3. Oral and Esophageal Candidiasis in HIV Population


Candidiasis, in its two forms, emerges as a hallmark of AIDS due to its early manifestation. Oral and esophageal candidiasis is estimated to occur in 16 and 69, respectively, in this population [29,30,31].




3.4. Cryptococcal meningitis


Cryptococcal meningitis is a major disease causing a high rate of morbidity in PLHIV. Globally death from cryptococcal meningitis is estimated to be 15% in PLHIV, despite progress in the availability of early antifungal therapies [40]. In Oman, there is probably only one case annually based on a disease prevalence obtained from other countries. There are no data on non-HIV associated cases.




3.5. Pneumocystis pneumonia


We estimate 5 cases in the Omani HIV population [28] with 18 cases from the local literature. PCP continues to exist as an AIDS-defining opportunistic illness. It is caused by Pneumocystis jirovecii, where humans serve as reservoirs. Inter-human transmission of P. jirovecii has been well documented [41,42,43]. There are no data on non-HIV associated cases, but they are likely to be 5 to 10 times as many as in HIV in a diverse patient population [44].





4. Respiratory Population


4.1. Allergic Bronchopulmonary Aspergillosis and Severe Asthma with Fungals Sensitization


Highlighting the total number of asthma cases is crucial to estimate the burden of ABPA and SAFS. Asthma in Oman has a prevalence of 7.3% based on the Delphi approach [21,22,23,24], a prevalence of 259,275. There are no reported local data on fungal asthma, SAFS or ABPA in Oman. ABPA calculation relied on three prevalence estimations. Lower point, midpoint and upper point were 0.7% (830), 2.5% (2965), and 3.5% (4152), respectively. The midpoint in this study is considered the best speculative estimation [25]. Knowing that the total number of asthma in indigenous Omani adults only is 118,620, the SAFS prevalence estimate is 3910.




4.2. Oral Candidiasis Post Inhaled Corticosteroids


About 70% of asthma patients use inhaled corticosteroids (ICS), and as an adverse effect, 6% are estimated to develop oral candidiasis. That would likely give 10,890 oral candidiasis among asthmatic ICS users [45,46].




4.3. Chronic Pulmonary Aspergillosis (CPA)


Chronic pulmonary aspergillosis troubling TB survivors was estimated to be 26 cases annually, an incidence rate of 0.32/100,000 [36,37]. Assuming that other pulmonary conditions are more strongly linked to CPA in Oman, we estimate a total prevalence of 156 cases, which assumes an annual mortality of 15%.




4.4. Cancer and Immunocompromised Populations


4.4.1. Candidemia


There are probably 145 cases of candidemia in Oman, 69 in critical care units, 126 hospitalized patients with serious underlying disease and 35 cases in unknown categories, respectively. [10,32,38]. Local data were reported by Al Maani et al. [10] and revealed 11 cases. Al-Hatmi et al. recently reported 5 Candida cases associated with COVID-19 [38]. As candidemia is detectable in only ~40% of cases of invasive candidiasis, the total annual incidence is at least double the incidence of candidemia.




4.4.2. Invasive Aspergillosis (IA)


Invasive aspergillosis, caused by Aspergillus spp., is a significant fungal infection with high mortality. Invasive disease is primarily seen in immunocompromised and critically ill patients. Aspergillus species are found in indoor and outdoor environments on surfaces and aerosolized. Once the spores are inhaled, they can germinate into hyphae that invade the mucosa of the respiratory system causing IA. IA cases are on the increase due to increasing numbers of transplant operations [47,48]. In Oman, Royal hospital (RH) started in 2014 performing only hematopoietic stem cell transplantation (HSCT) with an average of 10 HSCT per year. RH did a total of 29 HSCT in early 2016. Out of 29, the indication for HSCT was multiple myeloma in 16, Hodgkin’s lymphoma in 10 and non-Hodgkin’s lymphoma in 3 patients. Sultan Qaboos University Hospital (SQUH) started in 1995 with one single bed high-efficiency particulate air filtered unit (4 cases in 1995), doing both allogeneic and autologous HSCT. A total of 348 HSCT had been done by November 2016. The main indication was malignancy, followed by immunodeficiency and bone marrow failure with an average of 25–28 HSCT per year [49]. IA post kidney transplantation or allogeneic HSCT was 9 and 2, respectively [7,8] (Table 3). AML total cases were calculated based on the crude incidence of cancer cases in Oman [9] and appeared to occur at a frequency of 116 in 2018 in Oman. Using the estimated frequency in 2015 Oman cancer incidence, 10% of the 116 to have IA. Total non-AML cases are 386, 10% of them estimated to have IA [9,32].




4.4.3. Mucormycosis


Mucormycosis is a less frequent fungal infection compared to candidemia and invasive aspergillosis, and we estimated only 8 cases annually. Although low profile, its increasing incidence partly because of diabetes and trauma [50,51], may surpass immunocompromised patients. In Oman, the local literature has recorded eight cases [11,12,13,14,15], including one additional case in an expatriate [16].





4.5. Critical Care and Surgery Populations


4.5.1. Candida Peritonitis


Intra-abdominal candidiasis, or fungal infection of the peritoneum, is a major emergency encountered in critical care and surgery settings. It has a high rate of morbidity and mortality caused several Candida species [52]. There are 35 cases estimated based on an average incidence reporting Candida peritonitis in 29 countries.




4.5.2. Urinary Tract Infection (UTI)


Candida UTI or culture-positive urine is a common disease, but here is highlighted as it can worsen or be the marker of outbreaks, as in the situation of Candida auris.





4.6. Others


4.6.1. Histoplasmosis


Histoplasmosis is a fungal infection of the lung caused by inhalation of Histoplasma capsulatum spores. The disease is still neglected and, on many occasions, is misdiagnosed as tuberculosis with a high incident death rate as a consequence of misdiagnosis. Oman most likely has an annual incidence of 3–26 cases. This range reflects all forms of histoplasmosis, not only HIV/AIDS: there are no data available from the local literature [53,54].




4.6.2. Recurrent Vulvovaginal Candidiasis (RVVC)


There are 56,285 women estimated to have RVVC at an incidence rate of 2446/100,000 in the fertile female population of about 1 million [20]. RVVC is a disease of immunocompetent and healthy women usually caused by Candida albicans and some other species. RVVC has emerged as a high prevalence problem globally with a profound negative impact on lifestyle quality but is not fatal [55].




4.6.3. Fungal Keratitis


In Oman, there are estimated to be ~300 fungal keratitis cases annually based on local prevalence (12%) provided by Al-Ghafri et al., which is probably conservative [17]. This local prevalence is comparable with the prevalence stated by the global burden of fungal diseases by Brown et al. [56].




4.6.4. Tinea Capitis


Tinea capitis is a particular problem for children who live in the poorest communities. Tinea capitis can lead to kerion development after the scalp gets inflamed and, in turn, secondary bacterial infection, scarring of the scalp and permanent hair loss [25]. Fungal skin infections form a total of 22,303 cases (including tinea capitis; 858 cases) out of 232,362 different skin infections (bacterial, fungal and viral) [18]. Asymptomatic skin colonization (7 cases) from Sohar hospital during Candida auris outbreak as reported by Al-Maani et al. [10], yields a total of 22,310 affected.



In Oman, 858 cases of tinea capitis were reported from a study done at the North Batinah Governorate of Oman, i.e., Sohar, Saham, Shinas, Khabura, and Suwaiq. A global estimation revealed that worldwide populations suffer from fungal skin infection with a prevalence of 14.3%. Once applied to the Omani population, this would make 368,831 Omani people affected with fungal skin infections every year [57].






5. Summary


Overall, we estimate that 79,520 people suffer from serious fungal disease in Oman, 1.7% of the population (Table 4). This estimate does not include most superficial skin infection, allergic fungal rhinosinusitis and most other infections of the upper airways or otitis externa.




6. Discussion


Epidemiological activities of fungal diseases in Oman are restricted in size. Current surveillance papers are few, and no fungal infection is notifiable in the Sultanate of Oman. Thus, this study relied greatly on crude estimates of prevalence and incidence obtained from other populations and countries. This study revealed that 79,520 (1.7%) of the total Omani population suffer from fungal diseases annually, not including fungal skin infections. Hypothetically speaking, the fungal disease burden in the outpatient department is believed to outweigh those in hospital admission. Hair, nails, and fungal skin diseases come at the fourth most frequent issues after headache and dental caries at a global level [58]. Global deaths attributable to fungal disease is estimated to be more than 1.5 million, which is as high as the death rate of tuberculosis (1,500,000) [59]. In Oman, fungal infections with high mortality like candidemia, IA, PCP, and mucormycosis are not as frequent as found in many countries, including Spain [60], but they contribute to poor outcomes, mostly in those with underlying pathology.



Histoplasmosis occurs at an incidence rate of 0.1–1/100,000 in temperate climates, 10–100/100,000 in humid tropics, and >100 cases /100,000 in a high-risk group. In general, histoplasmosis is a very difficult disease to estimate accurately; unfortunately, there is no local data of cases having histoplasmosis, and this the case in many countries worldwide. WHO declared that histoplasmosis is one of the major diseases associated with a high rate of mortality in HIV/AIDS patients [53]. There is one case reported of imported talaromycosis in Oman. Oman is not an endemic area for such infection because the natural reservoirs (Bamboo rats) exist in Southeast Asia. Talaromycosis stands out as an opportunistic illness in AIDS patients. The case reported here is an HIV patient who has a history of recurrent visits to Malaysia, the likely reason for having this type of infection, and emphasizing the importance of travel in importation of unusual fungal infections [6,61,62].



Our study estimations are crude estimates along the lines of calculations done by the Nobel prize winner in physics in 1938; Enrico Fermi provided the order of magnitude estimates. With this in mind, even the large estimation values as in SAFS or ABPA will fall within the one log range, and therefore it can be used as a benchmark to validate future epidemiological studies [63]. We can comfortably say that invasive candidiasis, chronic and invasive aspergillosis and fungal keratitis are in the hundreds, SAFS and ABPA in the thousands and RVVC in the tens of thousands.



Many limitations should be considered for the analysis and interpretation of the results. The study relied largely on rough estimations based on frequencies of diseases from other countries and hence should be regarded with caution. Some patients receive health care in private healthcare settings, which do not feed into any central disease databases. Very few autopsies of deceased patients are done which could uncover concealed cases of lethal mycoses, especially in immunocompromised or critical care patients. The most common missed invasive fungal infection is aspergillosis [64,65,66].



Uncertainty surrounds each estimate, as some may be overestimated or underestimated and even be overlapping. SAFS and ABPA results may overlap because 40% of cases with Aspergillus sensitization acquire ABPA, and several cases with ABPA suffer from severe asthma [67]. In 2014, the MoH reported 4500 asthma admissions to the hospital, and many of these will probably have had SAFS. To avoid confusion and invalidate results, we have not estimated chronic obstructive pulmonary diseases (COPD) linked to asthma because, on many occasions, they are clinically misdiagnosed. COPD and asthma cases are usually classified together in National health reports.



There are large untouched data sources of central databases like medical insurance that cannot capture fungal disease accurately because of a lack of sensitive diagnostics and data recording but can capture antifungal treatment. Another source of data gathering could be the receipts from the selling of pharmaceutical products. No research was conducted based on these data sources. Future epidemiological studies are advocated to validate these estimations.



Hospital hygiene level and sanitization systems would play an essential role in preventing or reducing nosocomial diseases in healthcare settings. Periodical environmental screening is needed to ensure clean hospital environments, notably burn units, operating rooms and profoundly immunocompromised patients. Strategic thinking by decision-makers is required to aid in increasing local surveillance activities about the burden of fungal infections and implement appropriate diagnostics. Currently, only culture and microscopy are available in Oman, so the country lacks all the fast and sensitive antigen and molecular tests as well as IgG and IgE serology. Yeast identification can be made by MALDI-TOF in the national reference laboratory.




7. Conclusions


With the availability of local data and literature estimates of incidence or prevalence of fungal infection, almost 79,520 (1.7%) of the population in Oman suffer annually from fungal infections, not including fungal skin infections. In light of this, there is substantial uncertainty about these total figures, and hence it is essential to trigger national surveillance campaigns to validate or modify these estimates.







Author Contributions


Conceptualization, A.M.S.A.-H. and D.W.D.; methodology, A.M.S.A.-H., M.A.A.-S. and D.W.D.; software, D.W.D., M.A.A.-S.; validation, A.M.S.A.-H., and D.W.D.: formal analysis, A.M.S.A.-H., M.A.A.-S. and D.W.D.; investigation, A.M.S.A.-H.; resources, A.M.S.A.-H.; data curation, A.M.S.A.-H., M.A.A.-S., D.W.D.; writing—original draft preparation, M.A.A.-S., A.M.S.A.-H.; writing—review and editing, A.M.S.A.-H., D.W.D.; visualization, A.M.S.A.-H.; supervision, A.M.S.A.-H. and D.W.D.; project administration, A.M.S.A.-H. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Department of Health Information & Statistics; Directorate General of Planning and Studies. Annual Health Report 2018; Ministry of Health: Muscat, Oman, 2019. [Google Scholar]

	



Al-Mandhari, A. Implementing the patient safety and quality agenda in Oman. In Inter-Regional Technical Consultation on Best Practices in Patient Safety and Quality of Care in the African and Asia Pacific Region; Al-Mandhari, A., Ed.; Ministry of Health: Muscat, Oman, 2016. [Google Scholar]

	



WHO. The World Health Report 2000; WHO: Geneva, Switzerland, 2000; ISBN 92-4-156198 X. [Google Scholar]

	



Basu, S.; Jain, P.; Ansari, S.; Al-Arimi, S.S.; Singh, S.K. Disseminated cryptococcosis in an AIDS patient with unusual clinical presentation. Revista Iberoamericana de Micología 2008, 25, 179–181. [Google Scholar] [CrossRef]

	



Balkhair, A.; Al-Muharrmi, Z.K.; Ganguly, S.; Al-Jabri, A.A. Spectrum of AIDS Defining Opportunistic Infections in a Series of 77 Hospitalised HIV-Infected Omani Patients. Sultan Qaboos Univ. Med. J. 2012, 12, 442–448. [Google Scholar] [CrossRef] [PubMed]

	



Mohsin, J.; Al Khalili, S.; Ende, A.H.G.G.V.D.; Khamis, F.; Petersen, E.; De Hoog, G.S.; Meis, J.F.; Al-Hatmi, A.M. Imported Talaromycosis in Oman in Advanced HIV: A Diagnostic Challenge Outside the Endemic Areas. Mycopathologia 2017, 182, 739–745. [Google Scholar] [CrossRef] [PubMed]

	



Al Salmi, I.; Metry, A.; Al Ismaili, F.; Hola, A.; Al Riyami, M.; Khamis, F.; Al-Abri, S. Transplant tourism and invasive fungal infection. Int. J. Infect. Dis. 2018, 69, 120–129. [Google Scholar] [CrossRef] [PubMed]

	



Dennison, D.; Al-Kindi, S.; Pathare, A.; Daar, S.; Nusrat, N.; Rehman, J.U.; Zia, F.; Khan, M.I.; Alghazaly, A. REVIEW: Hematopoietic stem cell transplantation in Oman. Bone Marrow Transplant. 2008, 42, S109–S113. [Google Scholar] [CrossRef]

	



Al-Bahrani, B.; Al-Lawati, N.; Al-Siyabi, N.; Al-Gharbi, D.; Al-Wehaibi, S. Cancer Incidence in Oman 2015; MOH Department of Non-Communicable Disease Directorate General of Primary Health Care: Muscat, Oman, 2018. [Google Scholar]

	



Al Maani, A.; Paul, H.; Al-Rashdi, A.; Al Wahaibi, A.; Al-Jardani, A.; Abri, A.; Albalushi, M.A.H.; Al-Abri, S.; Al Reesi, M.; Al Maqbali, A.; et al. Ongoing Challenges with Healthcare-Associated Candida auris Outbreaks in Oman. J. Fungi 2019, 5, 101. [Google Scholar] [CrossRef] [PubMed]

	



Al-Jabri, S.; Al-Abri, M.; Al-Hinai, A.; Al-Azri, F. Bilateral Ocular Ischaemic Syndrome—Rare Complication of Rhinocerebral Mucormycosis in an Omani Patient: Case Report and Literature Review. Sultan Qaboos Univ. Med. J. 2013, 13, 137–142. [Google Scholar] [CrossRef]

	



Al Hashmi, K.; Al Wahaibi, K.; Al-Khabori, M.; Al Lamki, S. Characteristics and Outcomes of Patients with Cerebral Venous Sinus Thrombosis. Oman Med. J. 2019, 34, 434–437. [Google Scholar] [CrossRef]

	



Sawardekar, K.P. Gangrenous Necrotizing Cutaneous Mucormycosis in an Immunocompetent Neonate: A Case Report from Oman. J. Trop. Pediatr. 2017, 64, 548–552. [Google Scholar] [CrossRef]

	



Bakathir, A.A. Mucormycosis of the Jaw after Dental Extractions: Two Case Reports. Sultan Qaboos Univ. Med. J. 2006, 6, 77–82. [Google Scholar]

	



Al Riyami, M.S.; Al Saidi, S.; Al Ghaithi, B.; Al Maskari, A.; Lala, S.; Mohsin, N.; Hirshikesan, L.; Al Kalbani, N. Pediatric Renal Transplantation in Oman: A Single-center Experience. Oman Med. J. 2018, 33, 7–14. [Google Scholar] [CrossRef] [PubMed]

	



Jayakrishnan, B.; Al Aghbari, J.; Rizavi, D.; Srinivasan, S.; Lakhtakia, R.; Al Riyami, D. Chronic Renal Failure Presenting for the First Time as Pulmonary Mucormycosis with a Fatal Outcome. Case Rep. Nephrol. 2015, 2015, 589537. [Google Scholar] [CrossRef] [PubMed]

	



Al-Ghafri, A.; Al-Raisi, A. The epidemiology of nonviral microbial keratitis in a tertiary care center in Muscat, Oman. Oman J. Ophthalmol. 2018, 11, 213–219. [Google Scholar] [CrossRef] [PubMed]

	



Kumar, P. Prevalence of skin diseases among Omani population attending dermatology clinics in North Batinah Governorate, Oman—Retrospective study of 23,2362 cases. Indian J. Dermatol. Venereol. Leprol. 2019, 85, 440. [Google Scholar] [CrossRef] [PubMed]

	



Lirio, J.; Giraldo, P.C.; Amaral, R.L.; Sarmento, A.C.; Costa, A.P.; Goncalves, A.K. Antifungal (oral and vaginal) therapy for recurrent vulvovaginal candidiasis: A systematic review protocol. BMJ 2019, 9, e027489. [Google Scholar] [CrossRef]

	



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

	



Al-Busaidi, N.H.; Habibullah, Z.; Soriano, J.B. The Asthma cost in Oman. Sultan Qaboos Univ. Med. J. 2013, 13, 218–222. [Google Scholar] [CrossRef]

	



Rosengart, M.R.; Nathens, A.B.; Schiff, M.A. The Identification of Criteria to Evaluate Prehospital Trauma Care Using the Delphi Technique. J. Trauma Inj. Infect. Crit. Care 2007, 62, 708–713. [Google Scholar] [CrossRef]

	



Bramwell, L.; Hykawy, E. The Delphi Technique: A possible tool for predicting future events in nursing education. Nurs. Pap. Perspect. Nurs. 1974, 6, 23–32. [Google Scholar]

	



Kumaran, K.M.; Lemieux, M.; Satchell, G. Problem solving with the Delphi technique. Dimens. Heal. Serv. 1976, 53, 34–35. [Google Scholar]

	



Global Action fund For Fungal Infection. Burden of Fungal Diseases: Appendix 3 [Internet]. ULTIMATE. Available online: https://www.gaffi.org/wp-content/uploads/Appendices-3-V3.pdf (accessed on 6 May 2020).

	



Al Mobeireek, A.; Al-Hedaithy, S.; Alasali, K.; Al-Majed, S.; Joharjy, I.; El-Rab, M.G. Allergic bronchopulmonary mycosis in patients with asthma: Period prevalence at a university hospital in Saudi Arabia. Respir. Med. 2001, 95, 341–347. [Google Scholar] [CrossRef] [PubMed]

	



Rajasingham, R.; Smith, R.M.; Park, B.J.; Jarvis, J.N.; Govender, N.P.; Chiller, T.M.; 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. [Google Scholar] [CrossRef]

	



Wasserman, S.; Engel, M.E.; Griesel, R.; Mendelson, M. Burden of pneumocystis pneumonia in HIV-infected adults in sub-Saharan Africa: A systematic review and meta-analysis. BMC Infect. Dis. 2016, 16. [Google Scholar] [CrossRef] [PubMed]

	



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. 2008, 6, 106–111. [Google Scholar] [CrossRef]

	



Smith, E.; Orholm, M. Trends and Patterns of Opportunistic Diseases in Danish AIDS Patients 1980–1990. Scand. J. Infect. Dis. 1990, 22, 665–672. [Google Scholar] [CrossRef]

	



Buchacz, K.; Baker, R.K.; Palella, F.J.; Chmiel, J.S.; Lichtenstein, K.A.; Novak, R.M.; Wood, K.C.; Brooks, J.T. AIDS-defining opportunistic illnesses in US patients, 1994–2007: A cohort study. AIDS 2010, 24, 1549–1559. [Google Scholar] [CrossRef]

	



Bongomin, F.; Gago, S.; Oladele, R.; Denning, D.W. Global and Multi-National Prevalence of Fungal Diseases—Estimate Precision. J. Fungi 2017, 3, 57. [Google Scholar] [CrossRef]

	



Cancer Today. 2020. Available online: https://gco.iarc.fr/today/home (accessed on 31 October 2020).

	



Yan, X.; Li, M.; Jiang, M.; Zou, L.-Q.; Luo, F.; Jiang, Y. Clinical characteristics of 45 patients with invasive pulmonary aspergillosis. Cancer 2009, 115, 5018–5025. [Google Scholar] [CrossRef]

	



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. [Google Scholar] [CrossRef]

	



World Health Organization. Tuberculosis profile: Oman; WHO: Geneva, Switzerland, 2018; Available online: https://worldhealthorg.shinyapps.io/tb_profiles/?_inputs_&lan=%22EN%22&iso2=%22OM%22&main_tabs=%22est_tab%22 (accessed on 6 May 2020).

	



Smith, N.L.; Denning, D.W. Underlying conditions in chronic pulmonary aspergillosis including simple aspergilloma. Eur. Respir. J. 2010, 37, 865–872. [Google Scholar] [CrossRef]

	



Al-Hatmi, A.M.; Mohsin, J.; Al-Huraizi, A.; Khamis, F. COVID-19 associated invasive candidiasis. J. Infect. 2020. [Google Scholar] [CrossRef] [PubMed]

	



Islam, M.M. Demographic transition in Sultanate of Oman: Emerging demographic dividend and challenges. Middle East Fertil. Soc. J. 2020, 25, 7. [Google Scholar] [CrossRef]

	



World Health Organization. Cryptococcal Disease: What’s New and Important; WHO: Geneva, Switzerland, 2018; Available online: https://www.who.int/hiv/mediacentre/news/cryptococcal-disease-key-messages/en/ (accessed on 11 July 2020).

	



Huang, L.; Beard, C.B.; Creasman, J.; Levy, D.; Duchin, J.S.; Lee, S.; Pieniazek, N.; Carter, J.L.; Del Rio, C.; Rimland, D.; et al. Sulfa or Sulfone Prophylaxis and Geographic Region Predict Mutations in the Pneumocystis carinii Dihydropteroate Synthase Gene. J. Infect. Dis. 2000, 182, 1192–1198. [Google Scholar] [CrossRef] [PubMed]

	



Ripamonti, C.; Orenstein, A.; Kutty, G.; Huang, L.; Schuhegger, R.; Sing, A.; Fantoni, G.; Atzori, C.; Vinton, C.; Huber, C.; et al. Restriction Fragment Length Polymorphism Typing Demonstrates Substantial Diversity among Pneumocystis jirovecii Isolates. J. Infect. Dis. 2009, 200, 1616–1622. [Google Scholar] [CrossRef]

	



Gianella, S.; Haeberli, L.; Joos, B.; Ledergerber, B.; Wuthrich, R.P.; Weber, R.; Kuster, H.; Hauser, P.M.; Fehr, T.; Mueller, N.J. Molecular evidence of interhuman transmission in an outbreak of Pneumocystis jirovecii pneumonia among renal transplant recipients. Transpl. Infect. Dis. 2010, 12, 1–10. [Google Scholar] [CrossRef]

	



Roux, A.; Canet, E.; Valade, S.; Gangneux-Robert, F.; Hamane, S.; Lafabrie, A.; Maubon, D.; Debourgogne, A.; Le Gal, S.; Dalle, F.; et al. Pneumocystis jiroveciiPneumonia in Patients with or without AIDS, France. Emerg. Infect. Dis. 2014, 20, 1490–1497. [Google Scholar] [CrossRef]

	



Roland, N.J.; Bhalla, R.K.; Earis, J. The local side effects of inhaled corticosteroids* current understanding and review of the literature. Chest 2004, 126, 213–219. [Google Scholar] [CrossRef]

	



Pinto, C.R.; Almeida, N.R.; Marques, T.S.; Yamamura, L.L.; Costa, L.A.; Machado, A.S. Local adverse effects associated with the use of inhaled corticosteroids in patients with moderate or severe asthma. J. Bras. Pneumol. 2013, 39, 409–417. [Google Scholar] [CrossRef]

	



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. Blood 2002, 100, 4358–4366. [Google Scholar] [CrossRef]

	



Naaraayan, A.; Kavian, R.; Lederman, J.; Basak, P.; Jesmajian, S. Invasive pulmonary aspergillosis—Case report and review of literature. J. Community Hosp. Intern. Med. Perspect. 2015, 5, 26322. [Google Scholar] [CrossRef]

	



Al-Khabori, M.; Al-Huneini, M. Hematopoietic stem cell transplantation in the Sultanate of Oman. Hematol. Stem Cell Ther. 2017, 10, 305–307. [Google Scholar] [CrossRef] [PubMed]

	



Roden, M.M.; Zaoutis, T.E.; Buchanan, W.L.; Knudsen, T.A.; Sarkisova, T.A.; Schaufele, R.L.; Sein, M.; Sein, T.; Chiou, C.C.; Chu, J.H.; et al. Epidemiology and Outcome of Zygomycosis: A Review of 929 Reported Cases. Clin. Infect. Dis. 2005, 41, 634–653. [Google Scholar] [CrossRef] [PubMed]

	



Bonifaz, A.; Tirado-Sánchez, A.; Calderon, L.; Romero-Cabello, R.; Kassack, J.; Ponce, R.M.; Mena, C.; Stchigel, A.M.; Cano-Lira, J.F.; Guarro, J. Mucormycosis in children: A study of 22 cases in a Mexican hospital. Mycoses 2014, 57, 79–84. [Google Scholar] [CrossRef] [PubMed]

	



Pramod, J.; Vijayakumar, C.; Srinivasan, K.; Maroju, N.K.; Kumar, N.R.; Balasubramaniyan, G. Clinical Significance of Candida in an Intraoperative Peritoneal Specimen with Perforation Peritonitis: An Institutional Perspective. Cureus 2018, 10, e2275. [Google Scholar] [CrossRef] [PubMed]

	



Rodrigues, A.M.; Beale, M.A.; Hagen, F.; Fisher, M.C.; Della Terra, P.P.; De Hoog, S.; Brilhante, R.S.N.; Cordeiro, R.D.A.; Castelo-Branco, D.D.S.C.M.; Rocha, M.F.G.; et al. The global epidemiology of emerging Histoplasma species in recent years. Stud. Mycol. 2020, 97, 100095. [Google Scholar] [CrossRef] [PubMed]

	



Adenis, A.; Valdes, A.; Cropet, C.; McCotter, O.Z.; Derado, G.; Couppié, P.; Chiller, T.; Nacher, M. Burden of HIV-associated histoplasmosis compared with tuberculosis in Latin America: A modelling study. Lancet Infect. Dis. 2018, 18, 1150–1159. [Google Scholar] [CrossRef]

	



Willems, H.M.E.; Ahmed, S.S.; Liu, J.; Xu, Z.; Peters, B.M. Vulvovaginal Candidiasis: A Current Understanding and Burning Questions. J. Fungi 2020, 6, 27. [Google Scholar] [CrossRef] [PubMed]

	



Brown, L.; Burton, M.J.; Gichangi, M.; Denning, D. The Global Incidence of Fungal Keratitis. SSRN Electron. J. 2019. [Google Scholar] [CrossRef]

	



Hay, R.J.; Johns, N.E.; Williams, H.C.; Bolliger, I.W.; Dellavalle, R.P.; Margolis, D.J.; Marks, R.; Naldi, L.; Weinstock, M.A.; Wulf, S.K.; et al. The Global Burden of Skin Disease in 2010: An Analysis of the Prevalence and Impact of Skin Conditions. J. Investig. Dermatol. 2014, 134, 1527–1534. [Google Scholar] [CrossRef]

	



Global Action Fund for Fungal Infections. ‘95–95 by 2025′ Improving Outcomes for Patients with Fungal Infections across the World: A Roadmap for the Next Decade. 2015. Available online: http://www.gaffi.org/roadmap/ (accessed on 1 May 2020).

	



Zumla, A.; George, A.; Sharma, V.; Herbert, R.H.N.; Oxley, A.; Oliver, M. The WHO 2014 Global tuberculosis report—Further to go. Lancet Glob. Health 2015, 3, e10–e12. [Google Scholar] [CrossRef]

	



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

	



Skiada, A.; Sk, L.; Ky, Y.; Pc, W.; Jf, C. Faculty Opinions recommendation of Talaromyces (Penicillium marneffei) infection in non-HIV-infected patients. Emerg Microb Infect. 2016, 5, e19. [Google Scholar]

	



Hu, Y.; Zhang, J.; Li, X.; Yang, Y.; Zhang, Y.; Ma, J.; Xi, L. Penicillium marneffei Infection: An Emerging Disease in Mainland China. Mycopathologia 2013, 175, 57–67. [Google Scholar] [CrossRef] [PubMed]

	



Charemza, W.W. Guesstimation. J. Forecast. 2002, 21, 417–433. [Google Scholar] [CrossRef]

	



Sinko, J.; Csomor, J.; Nikolova, R.; Lueff, S.; Krivan, G.; Remenyi, P.; Batai, A.; Masszi, T. Invasive fungal disease in allogeneic hematopoietic stem cell transplant recipients: An autopsy-driven survey. Transpl. Infect. Dis. 2008, 10, 106–109. [Google Scholar] [CrossRef]

	



Maris, C.; Martin, B.; Creteur, J.; Remmelink, M.; Piagnerelli, M.; Salmon, I.; Vincent, J.-L.; Demetter, P. Comparison of clinical and post-mortem findings in intensive care unit patients. Virchows Archiv. 2007, 450, 329–333. [Google Scholar] [CrossRef]

	



Winters, B.; Custer, J.; Jr, S.M.G.; Colantuoni, E.; Kapoor, S.G.; Lee, H.; Goode, V.; Robinson, K.; Nakhasi, A.; Pronovost, P.; et al. Diagnostic errors in the intensive care unit: A systematic review of autopsy studies. BMJ Qual. Saf. 2012, 21, 894–902. [Google Scholar] [CrossRef]

	



Agarwal, R.; Denning, D.W.; Chakrabarti, A. Estimation of the Burden of Chronic and Allergic Pulmonary Aspergillosis in India. PLoS ONE 2014, 9, e114745. [Google Scholar] [CrossRef]








[image: Jof 07 00005 g001 550] 





Figure 1. Omani population demographics 2018 [1]. Comparison of the total population (Omani and expatriates) and the Omani population only. 
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Table 1. Omani population demographics data from the annual health report 2018.
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	Population Data
	Age (years)
	Total
	Omani
	Expatriate
	% Expatriate





	Total
	All ages
	4,601,706
	2,579,236
	2,022,470
	44



	Children
	0–14
	1,050,009
	954,317
	95,692
	9.1



	Adults
	>15
	3,551,697
	1,624,919
	1,926,778
	54.2



	Female
	>15–<50
	938,089
	661,348
	276,741
	29.5



	Female
	>60
	87,666
	81,057
	6609
	7.5
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Table 2. HIV/AIDS population in Oman in 2018.
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	HIV/AIDS Population
	Number, Ratio or Percentage





	Total ever reported
	3060



	Total reported HIV deaths
	1494



	Current number of PL-HIV
	1566



	PLHIV male:female
	1061:505



	% PLHIV assessed
	86%



	PLHIV on ART
	1317



	% PLHIV on ART
	84%



	Likely number < 200/uL CD4
	38







PLHIV, the population living with human immunodeficiency virus; ART, antiretroviral treatment.
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Table 3. Invasive aspergillosis in leukemia and transplant populations.
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	Type
	Total
	Annual Incidence of IA





	AML
	116
	12



	Other hematological disorders
	386
	39



	Kidney Tx
	162
	9



	Allogeneic HSCT Tx
	132
	2



	COPD admissions to hospital
	14,737
	192



	Lung cancer
	112
	3



	Total
	15,645
	257







IA, invasive aspergillosis; Tx, transplant; HSCT, hematopoietic stem cell transplant; AML, acute myeloid leukemia.
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Table 4. Summary burden of fungal diseases in Oman.






Table 4. Summary burden of fungal diseases in Oman.















	Serious Fungal Infections
	Unknown
	AIDS/HIV
	Respiratory
	Cancer/Immunocompromised
	Critical Care/Surgery
	Total Burden
	Rate/100,000





	Cryptococcal meningitis
	
	1
	
	
	
	1
	0.02



	PCP
	
	5
	
	
	
	5
	0.11



	Oral candidiasis
	
	16
	10,890
	
	
	10,906
	237



	Esophageal candidiasis
	
	69
	
	
	
	69
	1.5



	Invasive aspergillosis
	
	
	192
	65
	
	244
	5.4



	CPA
	
	
	156
	
	
	156
	3.4



	ABPA
	
	
	6480
	
	
	6480
	141



	SAFS
	
	
	3910
	
	
	3910
	85



	Candidemia+
	35
	
	
	126
	69
	265
	5.0



	Urinary tract infections
	
	
	
	
	14
	14
	0.3



	Candida peritonitis
	
	
	
	
	35
	35
	0.75



	Mucormycosis
	
	
	
	8
	
	8
	0.2



	Histoplasmosis
	3–26
	
	
	
	
	3–26
	0.1–1



	Recurrent Candida vaginitis (≥4×/year)
	56,285
	
	
	
	
	56,285
	2446 #



	Fungal keratitis
	309
	
	
	
	
	309
	12



	Tinea capitis
	858
	
	
	
	
	858
	19



	Total burden
	57,490
	92
	21,320
	163
	309
	79,520 *
	







*—total burden not including fungal skin infections. #—females only.
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