
 

Current Clinical and Medical Education 
Received 10 May 2024 | Revised 12 May 2024 | Accepted 21 Jun 2024 | Published Online 27 Jun 2024  

 

Published By: Vision Publisher                                                                                                         ISSN 2942-0792 

CCME 02 (6), 36-47                                                                                                                                                                                                                                                        

 

 

CCME 2 (6), 36-47 (2024)                                                                                     VISION PUBLISHER|36 

 

 

1Thi Qar University, College 
of Science, Department of 
Chemistry, Iraq 

2,3,4,5,6,8Thi Qar University 
College of 
Science/Department of 
pathological analyses, Iraq 

7University of kufa / college 
of science / department of 
pathological analyses, Iraq 

Original Article 

Estimate correlation between Aspergillus Spp. and Asthma Patients 

Fatima Basheer Jeawel1, Thalfa Abdul Wahab Abdul Amir Tawoos2, Reham 

Abdullah Ibrahim3, Atyaf Muhammad Nayef4, Azhar Awdah Hassan5, Diana 

Thamer Jaber6, Saja jameel hassan7, Noor Ail Muhaisen8 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Abstract:- Fungal exposure is a daily fact of human existence that infrequently results in 

disease; Asthma is a chronic inflammatory disease of the airways characterized by 

respiratory symptoms such as wheeze, shortness of breath, chest tightness, and cough that 

vary over time and in intensity. The relationship between day-to-day changes in asthma 

severity and combined exposures to community air pollutants and aeroallergens remains to 

be clearly defined. There is a close association between fungi and asthma, the so-called 

fungal asthma. 

This study aimed to isolate the causative Aspergillus species that increase the risk of 

infection and to find out the association between asthma and Aspergillus spp. 40 sample of 

(sputum s and pharyngeal swabs) were collected from patients suffer from asthma 

symptoms. All samples were of both gender and of different age groups at the Specialized 

Center for Respiratory Diseases. 

Samples were grown on two culture media (SDA and MEA) and incubated at 37°C for 7 

days. The numbers of positive samples were 32 on SDA medium, 29 on MEA medium. 

Isolates were identified using special culture media characteristics as well as macroscopic 

and microscopic analysis. Where A. flavus was found to be the most predominant species 

of the sputum (58%) and from the pharyngeal swab (58.82%) on SDA, while on MEA the 

most prominent species were A. flavus and A. terreus (35%) of the sputum and the 

pharyngeal swab was A.niger (42.11%). The Aspergillus genera showed resistance to 

Fluconazole, Amphotericin B and Nystatin. The study has concluded that, there is a 

correlation between asthma and Aspergillus species. Aspergillus flavus the most common 

Aspergillus associated with lung diseases (Asthma). 
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Introduction: 

Asthma is a chronic airway inflammatory disorder associated with airway hyper responsiveness that leads to recurrent 

episodes of wheezing, breathlessness, chest tightness and coughing particularly at night or early morning (Bruce et al., 

2012). Asthma can be classified into phenotypes and endotypes based on clinical symptoms, histology, genetics, 

therapy response, and other factors (Campo et al., 2013). One of several elements that influence asthma morbidity is 

the environment (Gold et al., 2017). Temperature, allergies, smoking, dust, mites, and other factors can all contribute 

to an asthma attack (Murray and O'Neill, 2018). Intermittent, mild, moderate, and severe asthma are the four levels of 

severity (Nunes et al., 2017). 

Allergic diseases are multifactorial disorders in which genetic, environmental, and socioeconomic factors interact to 

determine disease manifestation and result in various phenotypes. Smoking, heredity, biomass usage, occupational 

risks, environmental smoke exposure, lifestyle, poor nutrition, and poorer socioeconomic status are the key risk factors 

for all types of respiratory diseases (Foo et al., 2016; Feshchenko et al., 2017). 

Fungi are eukaryotic, non-chlorophyllous and multicellular (molds) or unicellular (yeast) organisms that are mostly 

spore-bearing and inhabit different environmental sources such as soil, plant parts (leaves, roots, and fruits), water, 

and food sources (Maheswari and Komalavalli, 2013). The growth and distribution of fungi are affected by different 

environmental factors such as temperature, pH, moisture, degree of aeration, amount and type of nutrients (Gaddeyya 

et al., 2012). 

1.2 Aims of Study 

General Objective: 

To know the relationship between Aspergillus spp. and Asthma. 

Main Objective: 

1- Isolate the Aspergillus spp. causes associated with asthma that increase bronchial sensitivity in asthmatic patients 

and identify the dominant species. 

2 Literatures Review 

2.1 Asthma 

2.1.1 Definition of Asthma 

Asthma is considered to be a chronic inflammatory disease that may be resulted from the interaction of environmental 

and genetic factors (Mims, 2015). Most clinical features of asthma are represented by airway obstruction, bronchial 

hyper responsiveness, and greater airway wall thickening, with episodes of various symptoms, including chest 

tightness, wheeze, shortness of breath, and dry cough, particularly at night or in the early morning (Mims, 2015). The 

prevalence of asthma follows a characteristic age and gender related pattern, being highest during childhood and 

predominantly affecting males (Gerritsen, 2008). In adults, the prevalence of asthma in females is higher than in 

males, while before puberty in boys it is higher than in girls (Postman, 2007). 

Thus, in order to manage asthma in females, the relationship between hormonal variation and asthma symptoms 

should be focused on (Noori Ali and Abdul Hussein, 2019). 

2.1.2 Causes of asthma 

Asthma is caused by a combination of complex and incompletely understood environmental and genetic interactions 

(Ishiguro et al., 2014). These affect the condition's severity as well as how well it responds to therapy (Chakrabarti and 

Slavin, 2011). It is believed that the recent increased rates of asthma are due to changing epigenetics (heritable factors 

other than those related to the DNA sequence) and a changing living environment (Jan et al., 2008). Asthma that starts 

before the age of 12 years old is more likely due to genetic influence, while onset after age 12 is more likely due to 

environmental influence (Moreto et al.,2011). 

2.1.3 Signs and Symptoms 

The symptoms of asthma include coughing, chest tightness, sputum production, and dyspnea (shortness of breath), as 
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well as chronic inflammation that is associated with variable airflow obstruction, bronchial hyper responsiveness, 

recurrent episodes of wheezing that may occur a few times a day or a few times per week, and bronchospasm (Hirose 

et al., 2013). The symptoms are usually worse at night and in the early morning or in response to exercise or cold air 

(Hirose et al., 2013). 

The prevalence of asthma symptoms varies among individuals. Some suffer from mild symptoms only, while others 

have severe symptoms, and the attacks may occur suddenly or after relatively symptom-free periods. An acute asthma 

attack can be life-threatening if treatment is not sought immediately (Rogers, 2004). 

2.1.4 Etiology and Risk factors for asthma 

Asthma includes considerable genetic and environmental components that interact in the disease's development and 

subsequent manifestation (Holgate, 2011). Infections and endotoxin exposure, for example, may be protective or risky, 

depending on the timing of exposure in infancy and childhood (Subbarao et al., 2009). 

2.2 Fungi 

Fungi are one of the kingdoms of life; they are eukaryotic, non- chlorophyllous organisms dependent on external 

sources for nutrition. They exist as saprophytes, symbionts, or parasites on animals and plants, ubiquitously in all 

environmental niches, including the human body. These ubiquitous organisms, which grow in intra and extra-

domiciliary environments and on almost any substrate, exhibit optimal growth at a temperature of 25-30 °C (Simon-

Nobbe et al., 2008). It can be broadly categorized into mushrooms, yeasts, and filamentous fungi (molds) 

(Hawksworth, 2001). The currently accepted classification of fungi includes one subkingdom, seven phyla, ten 

subphyla, 35 classes, 12 subclasses, and 129 orders (Hibbett et al., 2007). 

2.3 Aspergillus ssp. 

Filamentous Aspergillus is a commonplace fungus that usually infects immunocompromised hosts and people with 

underlying lung conditions (Latgé and Chamilos,2019). Aspergillus species reproduce asexually by conidia and get 

their nourishment from decomposing matter in the environment (Henß et al., 2022; Latgé and Chamilos,2019). Over 

twenty-four species of Aspergillus are capable of causing human disease, but A. fumigatus, followed by A. terreus and 

A. flavus, is the most implicated as a pathogen (Woodring et al.,2023). 

Aspergillosis is caused by fungus of the same genus, but it should be understood as a spectrum of processes that vary 

greatly according on the immunological condition of the host (Castro-Fuentes et al., 2022). Despite the fact that 
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conidia are spread by aspiration, most inhalers of conidia will not develop aspergillosis because of their immune 

system's defenses (Montone, 2016). The most significant immune cell in the immunological response against 

Aspergillus species is thought to be neutrophils (Daly and Kavanagh, 2001). 

2.3.1 Relationship between Aspergillus and asthma 

The relationship between fungus and asthma, especially Aspergillus fumigatus, has been the subject of extensive 

research. The ubiquitous presence of A. fumigatus, its thermotolerant nature, the repairable size of its conidia, and its 

ability to produce potent allergens are pivotal in worsening asthma control. Due to the diverse clinical manifestations 

of fungal asthma and the lack of specific biomarkers, its diagnosis remains intricate (Agarwal et al.,2023). Depending 

on the severity, patients with fungal asthma require personalized treatment plans, including inhaled corticosteroids and 

bronchodilators, and antifungal therapy (Agarwal et al.,2023). 

2.4 Fungal Identification 

Early diagnosis of fungal infection is critical to effective treatment. There are many impediments to diagnosis, such as 

a diminishing number of clinical mycologists, cost, time to result, and requirements for sensitivity and specificity 

(Kozel and Wickes, 2014). Diag++nosis of fungal infection has relied primarily on methods such as direct 

microscopic examination of clinical samples, histopathology, and culture. Such approaches are dependent on 

personnel with relatively high levels of specific mycology training. As a consequence, there is an increased emphasis 

on the use of molecular methods and antigen detection as surrogates for culture in the diagnosis of fungal diseases 

(Kozel and Wickes, 2014). 

3 Materials and Methods 

3.1 Materials 

The apparatuses and instruments were used in this study. 

3.1.1 General Apparatuses and Instruments: 

The main equipment and machines, their companies and origins were usedain the study are listed in (Table 3.1).. 

3.1.2 General Tools 

The main tools, their manufacturing companies, and their origins used in the study are listed in (Table 3.2). 
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3.1.3 Biological and Chemical Materials 

The materials used in this study are listed in (Table 3.3). 

3.2 Methods 

3.2.1 Subjects 

3.2.1.1 Patients Study Group 

This group consists of 40 patients previously diagnosed with asthma. Their ages ranged from (10 to 58) years, 

including (16males and 24females), who underwent the Specialized Center for Respiratory Diseases. 

3.2.1.2 Samples collection and preparation 

40 sputum and pharyngeal swab samples were collected from asthma patients from different places. 

3.2.2 Sterilization Methods 

3.2.2.1 Wet-heat sterilization 

The buffer, solution, and culture medium were sterilized using this method by utilizing an autoclave at 121 °C with a 

pressure of 15 lbs/in² for 15 minutes. 

3.2.4 Isolation and Identification of the Aspergillus Isolates 
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Filamentous fungi species (Aspergillus spp.) were isolated from sputum and pharyngeal swab and identified by 

relying on phenotypic characteristics and microscopically as reported in taxonomic sources, which included: 

3.2.4.1 Morphology Examination of Isolated Fungi 

The fungal (Aspergillus spp.) morphology was studied macroscopically by observing the colony features (color, 

shape, texture, size, and hyphae), the growth rate, and size of colonies on standardized media (Tiwari et al., 2011). If a 

culture contained more than one type of spore or colony morphology, isolates were subcultured on SDA and MEA 

until the characteristics were consistent. 

3.2.4.2 Microscopically Examination of Isolated Fungi 

The micro-features of pure culture were determined by semi-permanent microscopic preparations of fungi using lacto-

phenol cotton blue stain (Chaverri et al., 2015). A drop of lacto-phenol cotton blue stain is placed on a clean slide 

before transferring a small tuft of fungus with a sterilized inoculating loop. Then the slides are gently heated to release 

air bubbles and observe under compound microscope for the conidia, conidiophores and arrangement of spores with a 

small portion of the mycelium (Gaddeyya et al., 2012). 

3.3 Statistical analysis 

The effects of media, age and gender on frequency isolations were examined using the SPSS software (IBM SPSS 

statistics for windows, Version 25, IBM Corp, Armonk, NY, USA). One Test used (Chi square). The results of the 

statistical analysis were reported as statistical significance level used was P≤ 0.05 for all factors. 

4 Results 

4.1 Identification Culture samples of asthmatics 

In this study, 40 asthmatic samples of sputum and pharyngeal swabs were cultured on two culture media (SDA and 

MEA). The results showed that the number of positive samples was higher than negative samples. Statistically, there 

is significant difference (P ≤ 0.005) between the positive and negative samples of the patient groups on SDA and 

MEA, as shown in (Table 4.1). 

4.2 Isolation and Identification of the Aspergillus Isolates 

4.2.1 Macroscopic and Microscopic Features of Isolated Aspergillus spp. 

In this study, the isolations Aspergillus were examined on the basis of cultural, microscopic, and morphological 

characteristics. The identification of Aspergillus spp. is based on the macroscopic characteristics of colonies grown on 

culture media (SDA and MEA). The colony's size, color, and form are all essential features for species identification. 

As shown in (Figure 1). Aspergillus spp. diagnosed by morphological examination was A. niger, A. flavus and A. 

terreus. 

The microscopic features in lactophenol cotton blue (LCB) stained wet mounts were used to identify Aspergillus spp. 

The visualization of conidiophores 

4.2.2 Aspergillus isolation frequency 

4.2.2.1 Effect of media on the frequency of Aspergillus isolation 

In general, the identification of Aspergillus is based on morphological and microscopic diagnosis. The frequency of 

sputum sample isolation showed that in the SDA the community consisted mostly of Aspergillus flavus (58%), 
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followed by Aspergillus niger (42%). As for the pharyngeal swab that showed the most presence of Aspergillus. flavus 

(58.82%) and A.niger (41.18%). 

For MEA, the predominant Aspergillus genera/species from sputum sample were A. flavus (35%) and A. terreus 

(35%), followed by A. niger (30%). As for the pharyngeal swab that showed the most presence the A. niger (42.11%), 

followed by, A. terreus (31.57%) and A. flavus (26.32%). 

The best media for isolation were SDA and MEA, respectively (Figure 4.4). Statistically, (Tables 4.2) showed that the 

effect of media on the frequency of isolation of Aspergillus spp. isolated from patients suffering from asthma 

symptoms. 
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4.2.2.2 Effect of gender on frequency of Aspergillus isolation 

The results found that females (52.5%) had a higher frequency of isolation than males (47.5%), and there was a clear 

effect of sex on the frequency of isolation of Aspergillus species when cultured sputum and pharyngeal swabs 

samples. The statistical results for the efficacy of sex on the frequency of isolation of Aspergillus species examined 

are shown in (Tables 4.3). 

4.3 Antifungal resistance 

The current study included the use of four antifungals to test three genera of Aspergillus. The results showed that all 

Aspergillus spp. were sensitive to Ketoconazole. On the other hand, A. niger and A. terreus were sensitive to 

Fluconazole, while A. flavus was resistance against Fluconazole. Also, the findings reported that A. flavus and A. 

niger were sensitive to Nystatin, while A. terreus was resistance, but all species except A. niger were sensitive to 

Amphotericin B. Theost effective antifungal against Aspergillus spp. was Ketoconazole, (Table 4.5). 

Discussion 

5.1 Identification Culture samples of asthmatics 

This study is a case-sectional study. The range of positive samples in asthma patients was higher. There were also 

clear differences between positive and negative samples of asthma patients. The results of the study showed that the 

number of positive samples of patients groups (32 SDA, 29MEA) is higher than the negative, and this leads to the fact 

that fungi have a role in asthma. 

A number of subjects had more than one Aspergillus isolated from their sputum and pharyngeal swabs, suggesting 

either heavy exposure or, perhaps more likely, a defect in host defense against fungi, making them susceptible to 

colonization. Such defense involves a combination of innate and adaptive immunity, and the extent to which there is a 

deficiency in any of these pathways in some people with asthma is unknown (Dumestre-Pérard et al., 2008). 
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5.2 Isolation and Identification of the Aspergillus Isolates 

5.2.1 Macroscopic and Microscopic Features of Isolated Aspergillus spp. 

In this study, the Aspergillus isolates were first identified at a genus level using a morphological examination 

depending on the colors of colonies formed on both sides of petri dishes, the top and reverse of the fungal cultures. 

The microscopic examination of the shape of the spore-producing structures was used for further identification. The 

morphological examination and identification of fungi are useful for the identification of isolates up to the family or 

genus level (Wang et al., 2016). 

The results of the present study revealed that A.flavus had a higher rate compared to Aspergillus species (46.5%) in 

sputum samples, while A.terreus had the lowest rate (17.5%). These results have agreed with (Salman and Al-haddad, 

2021), where they found that A. niger (10.81%) came second. The result of the current study in disagreement with 

(Denis et al.,2018), mentioned that the more common fungal was A. fumigatus (57.5%). 

5.2.2 Aspergillus isolation frequency 

5.2.2.1 Effect of media on the frequency of Aspergillus isolation. 

The Aspergillus genera were isolated using two types of culture media: SDA, and MEA. The highest number of fungi 

was obtained from SDA (80%), followed by MEA (72.5%). The current study showed that the media has an effect on 

fungal isolates through the different numbers of isolates of each of the medium and the different numbers of some 

Aspergillus species produced by the same medium. This study agreed with the study (Pashley et al., 2012), that the 

choice of media on the tested media has an effect on the detection of fungi from respiratory samples. 

5.3 Antifungal Resistance 

Antifungal susceptibility testing methods are available to detect antifungal resistance and to determine the best 

treatment for a specific fungus. Clinical microbiology relies on these methods to select the agent of choice for a fungal 

infection, and to know the local and global epidemiology of antifungal resistance (Alastruey-Izquierdo et al., 2015). 

In our study, in-vitro susceptibility for Aspergillus species was performed using the disc diffusion method and found 

that the most effective antifungals were Ketoconazole, while some species the resistance was most commonly seen 

against Nystatin, Amphotericin B and Fluconazole. These results agree with those of (Khan et al., 2015), where it was 

found that Amphotericin B and Fluconazole is resistant and with a study (Rudramurthy et al.,2013), it was found that 

Amphotericin B is sensitive to A.flavus. The results agreement with Kumar et al., (2010), who found that the A. flavus 

isolates were sensitive for Amphotericin B and Ketoconazole except fluconazole which showed resistance 

Conclusions 

1-There is a relationship between exposure to fungi (Aspergillus spp) and asthma. 

2- A. flavus is the most common species of Aspergillus that appeared during this study. 

3- Ketoconazole is the most effective antifungal against asthma caused by Aspergillus fungus. 

Recommendations 

1-Stay away from allergy irritants and smoking as much as possible because they cause an increase in the severity and 

exacerbation of asthma 

2-Increasing studies on fungi that cause diseases in the respiratory system because they produce mycotoxins in the 

human body and thus pose a threat to their health. 

3-Reliance on other modern confirmatory diagnostic methods (non- conventional) because the give more accurate 

results. 

References 

1. Agarwal, R., Muthu, V., & Sehgal, I. S. (2023). Relationship between Aspergillus and asthma. Allergology

International, 72(4), 507-520.



CCME 2 (6), 36-47 (2024) VISION PUBLISHER|45

2. Agbetile, J., Fairs, A., Desai, D., Hargadon, B., Bourne, M., Mutalithas, K., ... & Pashley, C.H. (2012).

Isolation of filamentous fungi from sputum in asthma is associated with reduced post-bronchodilator FEV1.

Clinical & Experimental Allergy, 42(5), 782-791

3. Alastruey-Izquierdo, A., Melhem, M.S., Bonfietti, L.X., & RodriguezTudela, J.L. (2015). Susceptibility test

for fungi: clinical and laboratorial correlations in medical mycology. Revista do Instituto de Medicina

Tropical de São Paulo, 57, 57-64.

4. Badiee, P., & Hashemizadeh, Z. (2014). Opportunistic invasive fungal infections: diagnosis & clinical

management. The Indian journal of medical research, 139(2), 195.

5. Bruce, D. L., Macartney, T., Yong, W., Shou, W., & Sapkota, G. P. (2012). Protein phosphatase 5 modulates

SMAD3 function in the transforming growth factor-ẞ pathway. Cellular signalling, 24(11), 1999-2006.

6. Busse, W., Corren, J., Lanier, B.Q., McAlary, M., Fowler-Taylor, A., Della Cioppa, G., & Gupta, N. (2001).

Omalizumab, anti-IgE recombinant humanized monoclonal antibody, for the treatment of severe allergic

asthma. Journal of allergy and clinical immunology, 108(2), 184-190.

7. Campo, P., Rodríguez, F., Sánchez-García, S., Barranco, P., Quirce, S., Pérez- Francés, C.,... & Delgado, J.

(2013). Phenotypes and endotypes of uncontrolled severe asthma: new treatments. Journal of Investigation

Allergol Clinical Immunology, 23(2), 76-88.

8. Castro-Fuentes, C. A., Reyes-Montes, M. D. R., Frías-De-León, M. G., Valencia-Ledezma, O. E., Acosta-

Altamirano, G., & Duarte-Escalante, E. (2022). Aspergillus-SARS-CoV-2 known?. Pathogens, 11(11), 1227.

coinfection: what is

9. Chakrabarti, A., & Slavin, M. A. (2011). Endemic fungal infections in the Asia- Pacific region. Medical

Mycology, 49(4), 337-344.

10. Chaverri, P., Branco-Rocha, F., Jaklitsch, W., Gazis, R., Degenkolb, T., & Samuels, G.J. (2015). Systematics

of the Trichoderma harzianum species complex and the re-identification of commercial biocontrol strains.

Mycologia, 107(3), 558-590.

11. Daly, P., & Kavanagh, K. (2001). Pulmonary aspergillosis: clinical presentation,diagnosis and therapy. British

journal of biomedical science, 58(3), 197-205.

12. Denis, J., Forouzanfar, F., Herbrecht, R., Toussaint, E., Kessler, R., Sabou, M., & Letsher-Bru, V. (2018).

Evaluation of two commercial real-time PCR kits for Aspergillus DNA detection in bronchoalveolar lavage

fluid in patients with invasive pulmonary aspergillosis. The Journal of Molecular Diagnostics, 20(3), 298-306.

13. Denning, D. W., O'driscoll, B. R., Hogaboam, C. M., Bowyer, P., & Niven, R. M. (2006). The link between

fungi and severe asthma: a summary of the evidence. European Respiratory Journal, 27(3), 615-626.

14. Denning, D. W., Pashley, C., Hartl, D., Wardlaw, A., Godet, C., Del Giacco, S., & Sergejeva, S. (2014).

Fungal allergy in asthma-state of the art and research needs. Clinical and translational allergy, 4, 1-23.

15. Donnelly, J.P., Chen, S.C., Kauffman, C.A., Steinbach, W.J., Baddley, J.W., Verweij, P.E., & Pappas, P.G.

(2020). Revision and update of the consensus definitions of invasive fungal disease from the European

Organization for Research and Treatment of Cancer and the Mycoses Study Group Education and Research

Consortium. Clinical Infectious Diseases, 71(6), 1367-1376.

16. Dumestre-Pérard, C., Lamy, B., Aldebert, D., Lemaire-Vieille, C., Grillot, R., Brion, J.P., & Cesbron, J.Y.

(2008). Aspergillus conidia activate the complement by the mannan-binding lectin C2 bypass mechanism. The

Journal of Immunology, 181(10), 7100-7105.

17. Fayemiwo, S., Moore, C.B., Foden, P., Denning, D.W., & Richardson, M.D. (2017). Comparative

performance of Aspergillus galactomannan ELISA and PCR in sputum from patients with ABPA and CPA.

Journal of microbiological methods, 140, 32-39.



CCME 2 (6), 36-47 (2024) VISION PUBLISHER|46

18. Felemban, H.S., Motahar, A.J., Alzamzami, N.M., Felemban, W.A., Adnan, A.M., Albishi, S.S., ... &

Alzahrani, F.A. (2018). Causes and Management of Asthma. The Egyptian Journal of Hospital Medicine,

70(1), 76-81.

19. Feshchenko, Y., Iashyna, L., Nugmanova, D., Gyrina, O., Polianska, M., Markov, A., ... & Vasylyev, A.

(2017). Chronic obstructive pulmonary disease, bronchial asthma and allergic rhinitis in the adult population

within the commonwealth of independent states: rationale and design of the CORE study. Biology, Chemistry

and pulmonary medicine Journal, 17(1), 1-8.

20. Foo, J., Landis, S.H., Maskell, J., Oh, Y.M., Van Der Molen, T., Han, M.K., ... & Punekar, Y. (2016).

Continuing to confront COPD international patient survey: economic impact of COPD in 12 countries. PLOS

one, 11(4), e0152618.

21. Fraczek, M.G., Kirwan, M.B., Moore, C.B., Morris, J., Denning, D.W., & Richardson, M.D. (2014). Volume

dependency for culture of fungi from respiratory secretions and increased sensitivity of Aspergillus

quantitative PCR. Mycoses, 57(2), 69-78.

22. Gaddeyya, G., Niharika, P.S., Bharathi, P., & Kumar, P.R. (2012). Isolation and identification of soil

mycoflora in different crop fields at Salur Mandal Advances in Applied Science Research, 3(4), 2020-2026.

23. Gold, D.R., Adamkiewicz, G., Arshad, S.H., Celedón, J.C., Chapman, M.D., Chew, G.L., ... & Matsui, E.C.

(2017). NIAID, NIEHS, NHLBI, and MCAN Workshop Report: the indoor environment and childhood

asthma-implications for home environmental intervention in asthma prevention and management. Journal of

Allergy and Clinical Immunology, 140(4), 933-949.

24. Hibbett, D.S., Binder, M., Bischoff, J.F., Blackwell, M., Cannon, P.F., Eriksson, O. E., ... & Zhang, N. (2007).

A higher-level phylogenetic classification of the Fungi. Mycological research, 111(5), 509-547.

25. Hirose, K., Takahashi, K., & Nakajima, H. (2013). Roles of IL-22 in allergic airway inflammation. Hindawi

Publishing Corporation Journal of Allergy Volume 2013, 5/10.1155/2013/260518.

26. Holgate, S.T. (2011). Pathophysiology of asthma: what has our current understanding taught us about new

therapeutic approaches?. Journal of Allergy and Clinical Immunology, 128(3), 495-505.

27. Ishiguro, T., Takayanagi, N., Kagiyama, N., Shimizu, Y., Yanagisawa, T., & Sugita, Y. (2014). Clinical

characteristics of biopsy-proven allergic bronchopulmonary mycosis: variety in causative fungi and laboratory

findings. Internal Medicine, 53(13), 1407-1411.

28. Kozel, T.R., & Wickes, B. (2014). Fungal diagnostics. Cold Spring Harbor perspectives in medicine, 4(4),

a019299.

29. Kumar, R., Shrivastava, S.K., & Chakraborti, A. (2010). Comparison of broth dilution and disc diffusion

method for the antifungal susceptibility testing of Aspergillus flavus. American Journal of Biomedical

Sciences, 2(3), 202-208.

30. Latgé, J. P., & Chamilos, G. (2019). Aspergillus fumigatus and Aspergillosis in 2019. Clinical microbiology

reviews, 33(1), 10-1128.

31. Limper, A.H. (2010). The changing spectrum of fungal infections in pulmonary and critical care practice:

clinical approach to diagnosis. Proceedings of the American thoracic society, 7(3), 163-168

32. Noori Ali, R., & Abdul Hussein S AL-Janabi, A. (2019). Asthma and Aspergillosis: Which one causes the

other?. International Journal of Medical Reviews, 6(4), 140-145.

33. Nunes, C., Pereira, A. M., & Morais-Almeida, M. (2017). Asthma costs and social impact. Asthma research

and practice, 3(1), 1-11.

34. Postma, D.S. (2007). Gender differences in asthma development and progression. Gender medicine, 4, $133-

S146.



CCME 2 (6), 36-47 (2024) VISION PUBLISHER|47

35. Rick, E.M., Woolnough, K.F., Seear, P.J., Fairs, A., Satchwell, J., Richardson, Μ.. & Pashley, C.H. (2020).

The airway fungal microbiome in asthma. Clinical & Experimental Allergy, 50(12), 1325-1341.

36. Rudramurthy, S. M., Jatana, M., Singh, R., & Chakrabarti, A. (2013). In vitro antifungal activity of Indian

liposomal amphotericin B against clinical isolates of emerging species of yeast and moulds, and its

comparison with amphotericin B deoxycholate, voriconazole, itraconazole and fluconazole. Mycoses, 56(1),

39-46.

37. Salehi, E., Hedayati, M.T., Zoll, J., Rafati, H., Ghasemi, M., Doroudinia, A., ... & Melchers, W.J. (2016).

Discrimination of aspergillosis, mucormycosis, fusariosis, and scedosporiosis in formalin-fixed paraffin-

embedded tissue specimens by use of multiple real-time quantitative PCR assays Journal of clinical

microbiology, 54(11), 2798-2803.

38. Salman, R. A., & Al-haddad, Z. A. (2021). Isolation and Identification of Aspergillus spp. from Human and

Sheep Respiratory Infection in Al-Qadisiyah Province. Systematic Reviews in Pharmacy, 12(3).

39. Tiwari, K.L., Jadhav, S.K., & Kumar, A. (2011). Morphological and molecular study of different Penicillium

species. Middle-East Journal Science Research, 7(2), 203-210.

40. Vergidis, P., Moore, C.B., Novak-Frazer, L., Rautemaa-Richardson, R., Walker, A., Denning, D.W., &

Richardson, M.D. (2020). High-volume culture and quantitative real-time PCR for the detection of

Aspergillus in sputum. Clinical Microbiology and Infection, 26(7), 935-940.

41. Wang, Z., Nilsson, R.H., James, T.Y., Dai, Y., & Townsend, J.P. (2016). Future perspectives and challenges

of fungal systematics in the age of big data. Biology of Microfungi journal, 25-46.

42. Woodring, T., Deepe, G. S., Levitz, S. M., Wuethrich, M., & Klein, B. S. (2023, January). They shall not

grow mold: Soldiers of innate and adaptive immunity to fungi. In Seminars in immunology (Vol. 65, p.

101673). NIH Public Access.

43. Yao, Y., Shi, L., Zhang, C., Sun, H., & Wu, L. (2019). Application of fungal fluorescent staining in oral

candidiasis: diagnostic analysis of 228 specimens. Biomedical Central microbiology, 19(1), 1-5.


