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3. ABSTRACT:

The increase in asthma cases in Pakistan after the flood of 2022 has confirmed that the condition is a serious public health hazard. The production of fungus spores on moist surfaces and in humid environments is a significant factor in asthma onset. In this study, we discuss the distinctive seasonality and mechanism of fungal spore occurrence in  Pakistan. Epidemic areas are those that are characterized by intermittent outbreaks, are close to local rivers, or have humid environments that are conducive to the formation of molds and fungus spores. Heavy rain promotes the interaction between contaminated water and human activity, which can lead to an increase in sporogenesis which is directly linked to a number of asthmatic patients. We studied the association between exposure to pluvial floodwater, production of fungal spores, and its impact on the respiratory condition "Asthma”
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Escalated fungal spores and its consequences on asthma: the aftermath of recent torrential downpour


To the editor,
The recent spell of Torrential Downpour in Pakistan has wreaked havoc on the entire country, followed by Urban Flooding and Demolition of Infrastructure, most notably in its most populous city Karachi [1]. The town became an underwater land overnight, posing a grave threat to the population suffering from asthmatic allergies. 
Recently Karachi has undergone a bewildering ten times more rain spells than normal recorded rainfall leading to urban flooding on a larger scale [2]. Rainfall has a significant role in affecting Human health through the outbreak of fungal spores. On rainy days fungal spores like Cladosporium (11.1%) and Aspergillus (5.5%) as well as the genus Schizophyllum which is apt to release spores under humid conditions became more abundant (8.2%) [3]. Precipitation had a significant role in increasing the major fungal genera smaller than 1 nanometer (e.g Cladosporium, Aspergillus, Penicillium) which pose a great threat to human health by eliciting allergic reactions and elevating Asthmatic Symptoms [3].
Chemicals, bacteria, viruses, and fungi replace the waters once the flood recedes [4]. Increased exposure and frequency of floods and damp environments serve as a trigger for active spore production and dissemination [5]. Thus acting as causes of allergic rhinitis and asthma that may contribute to the development of various acute respiratory issues, particularly among teenagers [6]. Hence flooding due to excess rainfall creates a humid environment that forms a breeding ground for fungal spores which can elicit an allergic reaction and elevate asthmatic symptoms [7]. According to evidence, prominent allergenic fungi have been reported to trigger allergic responses in 19–45% of allergic and 80% of asthmatic patients from skin tests and prolong the duration of asthmatic symptoms [6]. 
Asthma is a long-term non-communicable inflammatory disease primarily affecting teens and adults [8]. Asthma is characterized by bronchospasm i.e. muscles around the airway constrict an obstruction to freely passing air through constricted airways, inflammation makes the airway swollen by which free air faces difficulty in moving air in and out, and mucous secretion is increased during asthmatic conditions which block the airway tract [8]. General symptoms of Asthma include rough cough, wheezing, drowsiness, fainting, shortness of breath, chest tightness, etc.
These periodic symptoms may worsen at night and during extreme physical activity. Some common triggers include dust, smoke, fumes, pollen, fur, allergens, and weather conditions. Their effects may vary from person to person [9].
Particulate matter present in polluted air includes bioaerosol which are pollen, fungal spores, etc. Fungal spores are a biological indicator of air pollution [10].
Fungal spores as one of the triggering factors of asthma have been reportedly found in both indoor as well as outdoor environments [9]. The indoor environment includes housing and hospitals due to a lack of proper ventilation systems and poor air [9]. However outdoor fungal spores found in plants and soils have shown greater abundance and have been linked to hospitalization for asthmatic problems. Fungal spores have been found to influence the rate of asthma during thunderstorm events [9]. Fungal spores can affect Asthmatic symptoms.
The insulation of roofs of houses, hospitals, and other infrastructure can prevent mold formation. Updated information must be followed and advised by local health ministers on hygiene methods and the use of personal protective equipment to be safe [11]. If any individual starts seeing asthma symptoms, they should seek medical attention immediately [12]. Hospitals should take protective measures for their personnel. Doctors and paramedics working inwards and in ICU must be provided with special PPE and properly sterilized equipment with proper hygiene. Basic antifungal drugs like clotrimazole, fluconazole, econazole, and many others must be available for primary aid for patients. Moreover, hospitals should make separate wards for patients suffering from asthma and fungal diseases. Hospitals should be sensitive about cleanliness as dust is an important trigger of asthma. Proper screening from blood tests helps to detect any fungal infections. Some basic measures that one can take include: Avoiding contact with dust or any construction site, wearing masks in dusty conditions, eliminating the source of mold by locating and repairing moisture sources, and ensuring that there is proper ventilation in the residence. The preventive measures mentioned in CDC guidelines should be followed by those who have asthma, such as avoiding contact with ill persons, covering coughs, and often disinfecting [12]. Policymakers should make such measures that can control the burden of this noncommunicable disease, readily available to the general public. Moreover, the media should also focus on giving awareness to the local public by circulating affable and comprehensible messages their means.


5. Competing interests
The authors declare that they have no competing interests.
6. Consent for publication
Not applicable
7. Ethics approval and consent to participate
Not applicable
8. Funding
None
9. Availability of data and materials
Not applicable
 10. Authors’ contributions
Tanisha Rahim conceived the idea, retrieved the data, and made the first draft. Noor Zehra Shabbir and Syed Ahmed Asad coordinated this research, updated the manuscript, and edited and proofread the final draft. Mirza Ahmed Baig did the referencing. Munib Abbas and Shafaq Taseen participated in research coordination and edited the final draft. Noor Zehra Shabbir did the submission. All authors have critically reviewed and approved the final draft.
11. Acknowledgment
The authors would like to sincerely thank the executive council of KMRC for motivating and imparting us with adequate knowledge.









12. References:
1. Bin Perwaiz S. Roads damaged in rains have turned Karachi into a big mess [Internet]. Thenews.com.pk. 2022 [cited 28 September 2022]. Available from: https://www.thenews.com.pk/print/984302-roads-damaged-in-rains-have-turned-karachi-into-a-big-me
2. Rainfall 10 times more than normal drove vast Pakistan flooding: ESA [Internet]. Al Arabiya English. 2022 [cited 28 September 2022]. Available from: https://english.alarabiya.net/News/world/2022/09/01/Rainfall-10-times-more-than-normal-drove-vast-Pakistan-flooding-ESA
3. Niu M, Hu W, Cheng B, Wu L, Ren L, Deng J et al. Influence of rainfall on fungal aerobiota in the urban atmosphere over Tianjin, China: A case study. Atmospheric Environment: X. 2021;12:100137.
4. People With Asthma and Allergies Need to Take Precautions During Cleanup After a Flood [Internet]. Asthma and Allergy Foundation of America. 2022 [cited 28 September 2022]. Available from: https://community.aafa.org/blog/those-with-asthma-and-allergies-need-to-take-precautions-during-cleanup-after-a-flood
5. D'Amato G, Holgate ST, Pawankar R, Ledford DK, Cecchi L, Al-Ahmad M, Al-Enezi F, Al-Muhsen S, Ansotegui I, Baena-Cagnani CE, Baker DJ, Bayram H, Bergmann KC, Boulet LP, Buters JT, D'Amato M, Dorsano S, Douwes J, Finlay SE, Garrasi D, Gómez M, Haahtela T, Halwani R, Hassani Y, Mahboub B, Marks G, Michelozzi P, Montagni M, Nunes C, Oh JJ, Popov TA, Portnoy J, Ridolo E, Rosário N, Rottem M, Sánchez-Borges M, Sibanda E, Sienra-Monge JJ, Vitale C, Annesi-Maesano I. Meteorological conditions, climate change, new emerging factors, and asthma and related allergic disorders. A statement of the World Allergy Organization. World Allergy Organ J. 2015 Jul 14;8(1):25. doi: 10.1186/s40413-015-0073-0. PMID: 26207160; PMCID: PMC4499913.
6. Hughes K, Price D, Torriero A, Symonds M, Suphioglu C. Impact of Fungal Spores on Asthma Prevalence and Hospitalization. International Journal of Molecular Sciences. 2022;23(8):4313.
7. 6. Damp mouldy houses a post-flood asthma risk [Internet]. Asthma Australia. 2022 [cited 28 September 2022]. Available from: https://asthma.org.au/about-us/media/damp-mouldy-houses-a-post-flood-asthma-risk/
8. Asthma [Internet]. WebMD. 2022 [cited 28 September 2022]. Available from: https://www.webmd.com/asthma/what-is-asthma 
9. Asthma [Internet]. Who.int. 2022 [cited 28 September 2022]. Available from: https://www.who.int/news-room/fact-sheets/detail/asthma
10. Castro e Silva D, Marcusso R, Barbosa C, Gonçalves F, Cardoso M. Air pollution and its impact on the concentration of airborne fungi in the megacity of São Paulo, Brazil. Heliyon. 2020;6(10):e05065.
11. [Internet]. 2022 [cited 28 September 2022]. Available from: https://www.cdc.gov/asthma/faqs.htm
12. Asthma [Internet]. Centers for Disease Control and Prevention. 2022 [cited 28 September 2022]. Available from: https://www.cdc.gov/flu/highrisk/asthma.htm#anchor_1537277897470



