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Introduction: To mitigate morbidity, mortality, and impacts of heat-related illnesses (HRIs) on health, it was vital to implement a comprehensive framework for HRI prevention and control. A recognized tool from the field of trauma prevention known as the Haddon matrix was applied. The matrix states that any event is affected by three factors: host, agent, and environment. In addition, another recognized tool known as the combined model was used in this study. The combined model is a three-dimensional model that includes the idea for the three axes of Haddon's matrix with the methodology of the community risk reduction (CRR) model.

Aim of the study: To identify the environmental and individual risk factors of HRIs based on the Haddon matrix and the recommended prevention strategies by the CRR tool by using the combined model.

Methodology: An extensive literature review was conducted to assess all the risk factors associated with HRI, as well as preventive measures. Then the Haddon matrix was used to structure, separating human factors from technical and environmental details and timing. After that, the combined model was used to set all responses and mitigation measures for each element obtained from the Haddon matrix tool.

Conclusion: Projected increases in heat stress over the globe require the formulation and implementation of evidence-based HRI mitigation and preventive measures. In this study, we implemented the combined model that was utilized as a systematic strategy for the more theoretical framework of Haddon's matrix. Using the Haddon matrix to determine the HRI risk factors and the combined model to mitigate its impact was practical and helpful in planning, preparedness, and mitigating the HRIs during Hajj, provided a broad approach equivalent to the Swiss cheese model, and would facilitate an informed decision.
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Introduction

Heat-related illness (HRI) is when the body's core temperature exceeds its normal level, usually from exposure to an extremely high-temperature environment (1). HRI includes heat exhaustion (HE), heat injury, and life-threatening heat stroke (HS) (2). In addition, heat cramps and heat syncope are considered mild HRI and moderate HRI, respectively (3). Moreover, HE has mild signs and symptoms that might include fatigue, vomiting, and cramps. In contrast, heat injury and HS include organ damage and neurological alteration (1, 2). HRI has many risk factors, which can be either environmental or individual. The environmental factor includes high temperature, humidity, and heatwave, while the individual factors include age, hydration status, medications, pregnancy, obesity, and physical activity (acclimatization) (4, 5). HRI is responsible for at least 1,300 and 70,000 deaths per year in the United States and Europe (6). A systematic review conducted in 2012 found that a 1° increase in temperature could increase the number of individuals seeking medical care by 11% (6, 7). Hajj is a religious mass gathering event where Muslims worldwide gather in Makkah for pilgrimage (8). Since Makkah has a hot climate, especially during the summer seasons where the temperature could reach 40–50°C (9).

A well-recognized tool known as the Haddon matrix in the field of injury prevention research and intervention was used in this study. Haddon matrix is a framework developed by Dr. William Haddon in 1968. The matrix might help to identify ways to modify these injuries. The Haddon matrix is constructed by arranging influencing factors: host, agent, and environmental factors (physical environment and socio-cultural environment). These factors are placed according to their influence before the event (pre-event), during the event itself, or after the event (post-event) (10). Even though, this tool was elaborated to use in trauma prevention, it has also been used for public health challenges (10). Another recognized tool known as the combined model was used in this study. The combined model is a three-dimensional framework containing the concepts for the three axes of Haddon's matrix using the Community Risk Mitigation Model methodology (community risk reduction; CRR) (11). This model includes (1) the three epidemiological factors, i.e., host, agent, and environments (social and physical), (2) the three-time periods of event occurrences classified as prior-event, during event, and post-event, (3) and systematic science-based methodology built on enforcement, education, economic incentives, engineering/environmental changes, and emergency response. Therefore, all the necessary elements for the understanding, comprehensive analysis, and management of HRIs are included in this three-dimensional model (12) (Figure 1). This study is aimed to identify the environmental and individual risk factors of HRIs based on the Haddon matrix and the recommended prevention strategies by the CRR tool by using the combined model.
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FIGURE 1
 3D shape of the combined model.




Methodology

An extensive literature review was conducted to assess all the risk factors associated with HRI, as well as preventive measures. Then the Haddon matrix was used to structure and separate human factors from technical and environmental details and timing. After that, the combined model was used to set all responses and mitigation actions for each element obtained from the Haddon matrix tool.



Application of the Haddon matrix to HRIs vulnerability


Pre-event: Factors affecting HRIs (Host)

Based on the findings in the Haddon matrix (Table 1), many factors could be considered as HRI morbidity and mortality determinates. For instance, negative changes in the thermoregulatory system have been associated with age, especially those over 60, making them more prone to heat effects (13). A cross-sectional study conducted during Hajj regarding HRI reported that 29% of the patients had suffered from heatstroke with mean age of 57.41 ± 12.35 years old and 67.75% had suffered from HE with mean age of 52.49 ± 17.70 years old (6). Furthermore, many studies showed that adverse impact of heat waves were more significant in women in all age groups in comparison to men (14). However, men have a higher risk of mortality due to HS, as more men work in a hot environment. Thus, physiological factors may contribute to these differences, but social factors appear to be the main ones (15). A pregnant woman is also more at risk of developing HRI when exposed to heat, mainly due to a rising core temperature and excessive metabolic heat production that occurs during pregnancy with less acclimatization reserve, where, heat exposure could lead to complications for both mother and child (16, 17). For instance, the mother could have a risk of uterine bleeding, hypertension, and eclampsia in the first three trimesters of her pregnancy (17). A systematic review conducted in 2020 on adverse birth outcomes presented that 9 out of 10 studies showed a significant correlation between heat exposure during pregnancy and adverse birth outcomes, (50%) involving preterm birth, (30%) on low birth weight, and (20%) on stillbirth (18). Notably, pre-existing comorbidities, such as diabetes, cardiovascular diseases, chronic lung disease, and central nervous system-related disorder, increase the risk of HRI and worsen the symptoms, leading to an increase in morbidity and mortality (6, 7, 13). In Hajj, most pilgrims are older individuals and many of them have pre-existing comorbidities, which are more likely to develop HRI complications (19). Drugs and medications interfering with body functions and mechanisms play a role in increasing HRI susceptibility, especially during excessive exercise and in extremely hot weather (7). For instance, drugs affect the nervous system as it controls sweating and thermoregulation (7, 17). Anticholinergic drugs are an example of these drugs as it affects sweating by blocking the action of a neurotransmitter called acetylcholine (ACh) (7, 17). These include drugs, such as hexamethonium and trimethaphan that inhibit ACh receptors and drugs, such as atropine or scopolamine, that inhibit muscarinic receptors, leading to blocking the sweat (anhidrosis) (20). However, a wide range of medications have anticholinergic effects with variation in the strength of their activities, yet most of the studies focused on a smaller group of them (17). Additionally, drugs that affect cardiac function, cutaneous blood flow or fluid homeostasis, adrenergic blockers, such as beta-blockers, antihypertensives, diuretics, laxatives, and antipsychotic drugs, and certain diet pills will also increase the risk of getting HRI (7, 17). Moreover, individuals with different body shapes and sizes respond to heat differently (21). Obesity is one of the risk factors leading to hyperthermia due to the increased ratio of body mass to the surface area, which minimizes body heat loss (22). In addition, obese individuals tend to have lower aerobic fitness hence their bodies direct most of the metabolic energy to produce heat instead of muscular action (17). Moreover, as the adipose tissue has half of the heat capacity of the lean tissue, it holds heat less effectively (17).


TABLE 1 Application of Haddon matrix on heat-related illnesses (HRIs).

[image: Table 1]



Pre-event: Factors affecting HRIs (Physical environment)
 
High temperature and humidity

Heat-related illnesses are commonly a combination of external factors, such as exposure to hot weather, and internal factors, such as heat produced from physical exertion (17). Being exposed to a warm and humid environment might cause mild HRIs, such as heat cramps by tampering the fluid and salt imbalance, leading to contractions most commonly of the lower limbs muscles (1). Moreover, passive exposure to a warm and humid environment may also lead to moderate HRIs, such as HE or severe illnesses, such as HS (6). Additionally, it will endanger the individuals of having organ failures caused by the systematic inflammatory response to the heat exposure (7). Moreover, the mortality rate will increase once the temperature and duration of heat exposure increase (7).



Transportation (Walking distance)

Typically speaking, the human body is successful in maintaining its body temperature within a normal range of 35.8–37.3°C (23). For instance, pilgrims in Hajj are more likely to suffer from HRIs as they walk long distances under direct sunlight (1). In such a situation, the body temperature could increase 15–20 times more than at rest, so body core temperature could raise by 1°C every 5 min (23). The body core temperature in these settings (hot and humid environment) could reach 40°C causing central nervous system dysfunction and eventually a heatstroke (23).




Pre-event: Factors affecting HRIs (Socio-cultural environment)
 
Knowledge, behavior, and level of awareness

Evidence showed that awareness of risk and behavioral adaptations are positively correlated (24). Such behaviors include refraining from direct sun exposure for hours, resting in cool-shaded places, and drinking more fluids (6, 25). Nevertheless, studies report that many pilgrims underestimate or are unaware of HRIs and are overzealous to perform religious rites during hot times of the day (26). About 19% of pilgrims are unaware of Makkah's weather and the potential consequences of high heat exposure before coming to Hajj (27). Moreover, 18–23% of pilgrims during the 2017 Hajj did not know that a high temperature can lead to illness or death (19). In addition, studies report that the vast majority of pilgrims are unwilling to change their Hajj plans, based on crowdedness or ambient temperature, and would follow their pre-planned Hajj schedules regardless of these factors (19).




During the event: Factors affecting HRIs (Host)
 
Dehydration

Regular drinking of water is substantial to limit the severity of HRI. Therefore, the consumption of water intake regularly is a good way to maintain well hydration and avoid drinking water in case of thirst only (28). A study shows that consumption of 250 ml of fluid every 30–45 min leads to the prevention of HRIs. On the other hand, irregular water drinking and type of fluid intake have a high impact on the severity of the HRIs (28). However, early identification of the dehydration symptom may minimize the occurrence of these illnesses (6). Due to physiological changes because of aging, dehydration is more common in the older individual. These changes include debilitation of renal function, low total body water, and lower thirst sensation (29).



Lack of protective equipment

Heat-related illnesses can be minimized by using protective equipment, such as umbrellas, sunscreen, sunglasses, wearing light clothing, and using a fan (9, 30, 31). Alongside cooling transportation and accommodations are considered a part of protective measures (32). Lack of using these measures is a primer cause of heatstroke and HE among pilgrims (9). Studies have shown that pilgrims who do not practice HRI adaptation and prevention measures are at high risk of these illnesses (26). For instance, the use of umbrellas, hats, or sunscreen during Hajj is still substandard. Although not using umbrellas increased the risk of developing heat illnesses among pilgrims by more than 8-fold, studies have found that only 51–73% of Hajj pilgrims use umbrellas to protect themselves from the sun during Hajj (26). Likewise, less than 40% of pilgrims reported actually using sunscreen during the pilgrimage (26).



Levels of physical fitness

Lack of physical fitness is a crucial risk factor for HRIs, and it is expected to be low in Hajj as a significant percentage of pilgrims is old or obese (26, 33). A significant number of pilgrims are overweight or obese. A previous study conducted in Hajj in 1980 reported that most heatstroke and HE patients were overweight (34). Moreover, a large proportion of pilgrims are elderly, therefore, inferring a decline in muscular strength, endurance, flexibility, cardiorespiratory, and coordination and balance.



Overcrowding

While the weather generates most of the total heat load during Hajj, congested environments and heat re-emitted from mountains, asphalt and concrete surfaces, and crowds increase the heat load. The “penguin effect” is a concept related to the physiological changes that occur in the human body in crowded environments (35). In such environments, those in the center surrounded by heat-generating bodies tend to absorb the heat generated and cannot effectively dissipate the heat, leading to overheating and the possibility of HRIs. This effect can even occur when the ambient temperature does not seem high enough (35). Overcrowded Hajj accommodations can also increase heat stress, especially when the pilgrims stay on the plains of Mina. Such crowded settings increase the humidity and temperature inside the tents, thereby increasing heat stress for pilgrims. A previous study found that relative humidity levels in occupied tents ranged from 64–77% to 15–28% above outdoor levels, partly due to pilgrims' sweating. In addition, the study reported that pilgrims experienced very uncomfortable thermal conditions 38% of their time in the tent and difficult conditions the rest of the time (36).





Mitigation strategies for HRIs using the combined model

The Saudi government has invested significantly in preventing HRIs and optimizing their management during the pilgrimage by improving Hajj infrastructure and services available to pilgrims. An overview of Saudi Arabia's response to the HRIs using the combined model is shown in Table 2. Education is the first step of the five key steps in the CRR model, and it is valuable in helping to improve individual cognition and adopt positive behaviors to reduce risk impact (11). Spreading risk awareness through various effective communication channels is a key factor in empowering vulnerable populations. For instance, many countries are introducing educational programs and pieces of training to raise awareness of HRI in their communities (37). Particularly, Saudi Arabia has tremendous efforts to enhance pilgrims' and health care workers' (HCWs) awareness regarding the risks of HRIs through implemented education campaigns pre and during the Hajj season (26). Alongside distributing brochures to the pilgrims upon arriving and establishing free phone lines are managed by trained HCWs (38). Moreover, the ministry of Hajj advises the agencies in different countries to enhance pilgrim's awareness before arriving at the holy sites by providing an awareness-raising program, thus to ensure that the pilgrims perform safe rituals (39). Environment engineering has also been adopted, this concept focuses on changing the environment to mitigate and control possible upcoming risks. For instance, the Saudi government has improved the Hajj services to prevent the HRI, such as building shaded areas alongside the availability of water mist sprays at the event (40). Furthermore, planting trees in open areas (41). Another significant investment is the availability of a metro system serving the pilgrims in the holy sites (42). The metro lines have been operated since 2010 for the 7 days of the rituals (42). In addition, air-conditioned buses are available during religious event (26). Moreover, temporary accommodation of more than 100,000 air-conditioned tents is available at the holy site (42). In addition, the tents used during the ritual events are fireproof (43). As Saudi Arabia's economy has changed, the health system in the country has gradually improved as well (9). Thus, the Saudi government has implemented numerous prevention strategies as economic incentives to reduce the impact of HRI during the Hajj season (19). For instance, umbrellas and free water are available and accessible to all pilgrims and in addition, water mist sprays are regularly available during religious event (19, 38). In addition, regular monitoring of the sacred water (Zamzam) is done to provide optimal source water quality (42). In 2021, the Saudi Data and Artificial Intelligence Authority (SDAIA) and the Doyof Al Rahman Program (DARP), in cooperation with Saudi Telecom Company (STC), launched a Pilgrim's Smart Bracelet (NUSK). The bracelets can demonstrate pilgrims' information and health status, measure the oxygen level and heartbeat, and display awareness messages (44). Effective public health emergency preparedness and response requires appropriate pre-event, during-event (crisis phase), and post-event (consequence phase) activities. Thus, in the context of emergency preparedness, the Saudi Ministry of Health (MoH) has provided various activities for each event phase. Furthermore, in cooperation with the Hajj committees, the Saudi MoH prepares for emergencies during Hajj by providing hospitals with the necessary equipment and trained personnel (6). The Saudi government provides free health services during the Hajj rituals through 16 hospitals and 128 primary health centers (PHCs), including seven seasonal health facilities and more than 13,000 core HCWs operate seasonal health facilities during the Hajj season (45). One of the essential health benefits provided is the cooling units, which provide rapid body cooling after exposure to extreme heat (9). Moreover, the Saudi MoH has developed HRI guidelines for HCWs (45). These guidelines were established in 2009 and updated in 2016 and 2019 (45). The guidelines consist of pre-hospital management and in-hospital management to properly recognize and handle HRI cases during the Hajj season (45). The pre-hospital management includes recognizing HRI cases, stabilizing the patient, and proper cooling. In contrast, in-hospital management includes confirming the diagnosis of HRI cases, in-hospital cooling, and supportive therapy (45). In addition, the Saudi MoH has also implemented health early warnings system surveillance (HEWS) (46). HEWS is using both event-based and syndromic surveillance (EBS) data to rapidly identify potential public health threats, trigger appropriate alerts for prompt epidemiological investigations, and monitor the trend of confirmed health issues, including HRI cases (46).


TABLE 2 Mitigation strategies using the combined model.
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Conclusion

Projected increases in heat stress over the globe require the formulation and implementation of evidence-based HRI mitigation and preventive measures. In this study, we implemented the combined model that was utilized as a systematic strategy for the more theoretical framework of Haddon's matrix. Using the Haddon matrix to determine the HRI risk factors and the combined model to mitigate its impact was practical and helpful in planning, preparedness, and mitigating of the HRIs during Hajj, provided a broad approach equivalent to the Swiss cheese model, and would facilitate an informed decision. The combined model provides a practical and comprehensive basis for the study and HRI mitigation strategies. The comprehensiveness of the combined model emphasizes coherence and evidence-based action. Therefore, the lessons of Hajj can also be applied to guide the policy-making and preventive actions of HRIs in the general population worldwide.



Author contributions

YA contributed to conception and design of the study and manuscript writing. MAlb wrote the first draft of the manuscript. FA and AA: wrote sections of the manuscript. AK, MAlb, and AS contributed to manuscript revision, read, and approved the submitted version. All authors contributed to the article and approved the submitted version.



Funding

This study received funding from Pfizer Saudi Arabia. The funder was not involved in the study design, collection, analysis, interpretation of data, the writing of this article, or the decision to submit it for publication.



Acknowledgments

The authors would like to acknowledge Pfizer Saudi Arabia for funding this study.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Abbreviations

HRIs, Heat related-illness; CRR, Community risk reduction.



References

 1. Alkassas W, Rajab AM, Alrashood ST, Khan MA, Dibas M, Zaman M. Heat-related illnesses in a mass gathering event and the necessity for newer diagnostic criteria: a field study. Environ Sci Pollut Res Int. (2021) 28:16682–9. doi: 10.1007/s11356-020-12154-4

 2. Morris A, Patel G. Heat Stroke. (2021). Available online at: https://pubmed.ncbi.nlm.nih.gov/30725820/ (accessed September 15, 2021). 

 3. Gauer R, Meyers BK. Heat-related illnesses. Am Fam Physician. (2019) 99:482–9. 

 4. Wang X, Xia D, Long X, Wang Y, Wu K, Xu S, et al. Knowledge, attitudes, and practices of military personnel regarding heat-related illness risk factors: results of a chinese cross-sectional study. Front Public Health. (2021) 9:825. doi: 10.3389/fpubh.2021.707264

 5. Leiva DF, Church B. Heat Illness. (2021). Available online at: https://pubmed.ncbi.nlm.nih.gov/31971756/ (accessed September 15, 2021). 

 6. Abdelmoety DA, El-Bakri NK, Almowalld WO, Turkistani ZA, Bugis BH, Baseif EA, et al. Characteristics of heat illness during hajj: a cross-sectional study. Biomed Res Int. (2018) 2018:5629474. doi: 10.1155/2018/5629474

 7. Khan AA. Heat related illnesses. Review of an ongoing challenge. Saudi Med J. (2019) 40:1195–201. doi: 10.15537/smj.2019.12.24727

 8. Sindy AI, Baljoon MJ, Zubairi NA, Dhafar KO, Gazzaz ZJ, Deiab BA, et al. Pattern of patients and diseases during mass transit: the day of Arafat experience. Pakistan J Med Sci. (2015) 31:1099–103. doi: 10.12669/pjms.315.8017

 9. Ghaznawi HI, Ibrahim MA. Heat stroke and heat exhaustion in pilgrims performing the Haj (Annual Pilgrimage) in Saudi Arabia. Ann Saudi Med. (1987) 7:323–6. doi: 10.5144/0256-4947.1987.323 

 10. Fritch WM, Agnew J, Rosman L, Cadorette MA, Barnett DJ. Application of the Haddon matrix to COVID-19 prevention and containment in nursing homes. J Am Geriatr Soc. (2021) 69:2708–15. doi: 10.1111/jgs.17358

 11. Sawyer D, Phillips D, Catts D, Sawyer D. Community Risk Reduction: Doing More With More. National Fire Protection Association (2016). Available online at: https://www.nfpa.org/-/media/Files/Public-Education/By-topic/Urban/Urban-Task-Force/UrbanPaper2016.ashx?la=en 

 12. Khan A, Almuzaini Y, Aburas A, Alharbi NK, Alghnam S, Al-Tawfiq JA, et al. A combined model for COVID-19 pandemic control: The application of Haddon's matrix and community risk reduction tools combined. J Infect Public Health. (2022) 15:261–9. doi: 10.1016/j.jiph.2022.01.006

 13. Balmain BN, Sabapathy S, Louis M, Morris NR. Aging and thermoregulatory control: the clinical implications of exercising under heat stress in older individuals. Biomed Res Int. (2018) 2018:8306154. doi: 10.1155/2018/8306154

 14. van Steen Y, Ntarladima AM, Grobbee R, Karssenberg D, Vaartjes I. Sex differences in mortality after heat waves: are elderly women at higher risk? Int Arch Occup Environ Heal. (2018) 92:37–48. doi: 10.1007/s00420-018-1360-1

 15. Vaidyanathan A, Malilay J, Schramm P, Saha S. MMWR - Heat-Related Deaths — United States, 2004–2018. (2004). Available online at: https://www.cdc.gov/nchs/data/dvs/2e_volume1_2017.pdf (accessed January 31, 2022). 

 16. Flocks J, Vi Thien Mac V, Runkle J, Tovar-Aguilar JA, Economos J, McCauley LA. Female farmworkers' perceptions of heat-related illness and pregnancy health. J Agromedicine. (2013) 18:350–8. doi: 10.1080/1059924X.2013.826607

 17. Williams ML. Global warming, heat-related illnesses, and the dermatologist. Int J Womens Dermatol. (2021) 7:70. doi: 10.1016/j.ijwd.2020.08.007

 18. Bekkar B, Pacheco S, Basu R, Basu R, Denicola N. Association of air pollution and heat exposure with preterm birth, low birth weight, and stillbirth in the US: a systematic review. JAMA Netw Open. (2020) 3:e208243. doi: 10.1001/jamanetworkopen.2020.8243

 19. Yezli S, Mushi A, Yassin Y, Maashi F, Khan A. Knowledge, attitude and practice of pilgrims regarding heat-related illnesses during the 2017 Hajj Mass Gathering. Int J Environ Res Public Health. (2019) 16:3215. doi: 10.3390/ijerph16173215

 20. Harper CD, Bermudez R. Anhidrosis. North Carolina, NC: StatPearls (2021). p. 353. 

 21. GS A. Human morphology and temperature regulation. Int J Biometeorol. (1999) 43:99–109. doi: 10.1007/s004840050123

 22. Green H, Gilbert J, James R, Byard RW. An analysis of factors contributing to a series of deaths caused by exposure to high environmental temperatures. Am J Forensic Med Pathol. (2001) 22:196–9. doi: 10.1097/00000433-200106000-00018

 23. Miners AL. The diagnosis and emergency care of heat related illness and sunburn in athletes: a retrospective case series. J Can Chiropr Assoc. (2010) 54:107.

 24. Li J, Xu X, Ding G, Zhao Y, Zhao R, Xue F, et al. A cross-sectional study of heat wave-related knowledge, attitude, and practice among the public in the Licheng District of Jinan City, China. Int J Environ Res Public Heal. (2016) 13:648. doi: 10.3390/ijerph13070648

 25. Adélaïde L, Chanel O, Pascal M. Health effects from heat waves in France: an economic evaluation. Eur J Health Econ. (2021) 23:119–31. doi: 10.1007/s10198-021-01357-2

 26. Yezli S. Risk factors for heat-related illnesses during the Hajj mass gathering: an expert review. Rev Environ Health. (2021). doi: 10.1515/reveh-2021-0097

 27. Al Mayahi ZK, Ali Kabbash I. Perceptions of, and practices for coping with, heat exposure among male Arab Pilgrims to the Hajj, 1436. Prehosp Disaster Med. (2019) 34:161–74. doi: 10.1017/S1049023X19000025

 28. Mansor Z, Ismail R, Hassim Ismail N, Hisham Hashim J. Effects of hydration practices on the severity of heat-related illness among municipal workers during a heat wave phenomenon. Med J Malaysia. (2019) 74:275–80.

 29. Westaway K, Frank O, Husband A, McClure A, Shute R, Edwards S, et al. Medicines can affect thermoregulation and accentuate the risk of dehydration and heat-related illness during hot weather. J Clin Pharm Ther. (2015) 40:363–7. doi: 10.1111/jcpt.12294

 30. Khare S, Hajat S, Kovats S, Lefevre CE, de Bruin WB, Dessai S, et al. Heat protection behaviour in the UK: results of an online survey after the 2013 heatwave. BMC Public Health. (2015) 15:878. doi: 10.1186/s12889-015-2181-8

 31. Brennan M, O'Shea PM, Mulkerrin EC. Preventative strategies and interventions to improve outcomes during heatwaves. Age Ageing. (2020) 49:729–32. doi: 10.1093/ageing/afaa125

 32. Shujaa A, Alhamid S. Health response to Hajj mass gathering from emergency perspective, narrative review. Turkish J Emerg Med. (2016) 15:172–6. doi: 10.1016/j.tjem.2015.02.001

 33. Khogali M. Epidemiology of heat illnesses during the Makkah Pilgrimages in Saudi Arabia. Int J Epidemiol. (1983) 12:267–73. doi: 10.1093/ije/12.3.267

 34. Khogali M, Al Khawashki MI. Heat stroke during the Makkah pilgrimage (Hajj). Saudi Med J. (1981) 2:85–93.

 35. Blows WT. Crowd physiology: the “penguin effect”. Accid Emerg Nurs. (1998) 6:126–9. doi: 10.1016/S0965-2302(98)90025-X

 36. Al-Aysan MSH, Al-Ghamdi. Assessment Improvement on Thermal Conditions Inside Pilgrimage Tents at Makkah, Saudi Arabia. (1993). Available online at: http://theses.ncl.ac.uk/jspui/handle/10443/403 (accessed February 3, 2022). 

 37. Hasan F, Marsia S, Patel K, Agrawal P, Razzak JA. Effective community-based interventions for the prevention and management of heat-related illnesses: a scoping review. Int J Environ Res Public Health. (2021) 18:8362. doi: 10.3390/ijerph18168362

 38. Aldossari M, Aljoudi A, Celentano D. Health issues in the Hajj pilgrimage: a literature review. East Mediterr Health J. (2019) 25:744–53. doi: 10.26719/2019.25.10.744

 39. Instructions Regulating Hajj Affairs. Available online at: https://www.haj.gov.sa/en/Documents/Details/43 (accessed January 25, 2022). 

 40. Yezli S, Khan A, Bouchama A. Summer Hajj pilgrimage in the era of global warming: a call for vigilance and better understanding of the risks. J Travel Med. (2019) 26:1–2. doi: 10.1093/jtm/taz069

 41. Noweir MH, Bafail AO, Jomoah IM. Study of heat exposure during Hajj (pilgrimage). Environ Monit Assess. (2008) 147:279–95. doi: 10.1007/s10661-007-0120-6

 42. Future Saudi Cities Programme City Profiles Series: Makkah. (2019). Available online at: www.momra.gov.sa (accessed January 25, 2022). 

 43. Disaster Preparedness for Mass Religious Gatherings in India- Learning from Case Studies. Available online at: https://www.researchgate.net/publication/336149728_Disaster_Preparedness_for_Mass_Religious_Gatherings_in_India-_Learning_from_Case_Studies (accessed January 16, 2022). 

 44. stc - SDAIA, DARP & stc Launch Pilgrim's Smart Bracelet, (NUSK). (2021). Available online at: https://www.stc.com.sa/wps/wcm/connect/english/stc/NewsItems/sdaia-darb-stc-launch-pilgrims-smart-bracelet-nusk (accessed January 10, 2022). 

 45. Almuzaini Y, Abdulmalek N, Ghallab S, Mushi A, Yassin Y, Yezli S, et al. Adherence of Healthcare Workers to Saudi Management Guidelines of Heat-Related Illnesses during Hajj Pilgrimage. Int J Environ Res Public Health. (2021) 18:1–11. doi: 10.3390/ijerph18031156

 46. Bieh KL, Khan A, Yezli S, El-Ganainy A, Asiri S, Alotaibi B, et al. Implementing the Health Early Warning System based on syndromic and event-based surveillance at the 2019 Hajj. East Mediterr Health J. (2020) 26:1570–5. doi: 10.26719/emhj.20.129



OPS/images/fpubh-10-957576-t002.jpg
Public health approach

Education

Education influences audiences to refrain
from risky or unhealthy behavior or take
positive action to reduce risk.
Enforcement

Enforcing legislation through inspections

and fines for noncompliance.

Engineering/Environmental
modification

Engineering includes incorporating new
products and technology to modify the
environment to prevent or control infection
and deaths.

Economic incentives

Economic incentives are typically offered to
encourage better choices and changes in
behavior.

Emergency response

Mitigate the effects of the infection and save

lives.

Timeline

Pre
During

Post

Pre
During

Post

Pre
During
Post

Pre
During
Post

Pre

During

Post

Host

o Educational programs for the

pilgrims/ healthcare workers

NA

NA

o Offer free protective equipment's
(eg. Umbrella)

 Offer mini free guides martials /
pocketbooks

o Surveillance system for HRIs
cases

o Preparation of emergency plans

vehicles, staff, and equipment

o Staff trai

ng

 Proper coordination between all
involved entities

o Following the proper guidelines

for HRIs case management

Mitigation strategies

Physical environment

o Educational posters

o Regulations for responsible
organization about housing
conditions, sufficient water
supply (Tawafa).

o Crowds' times organization.

o Ensure enough water supply
during rituals.

o Ensure safe housing conditions

o Increases shaded area

» Ensure proper construction
materials.

o Green areas and water sprinkles

o Traffic regulation

NA

o Availability of medical points
o On-site medical care
o Continuous evaluation of surge

capacity plan

Stockpiles monitoring

Socio-cultural

o Increase pilgrims awareness
starting from their origin

countries

NA

NA

NA

NA





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Mitigation strategies for heat-related illness during mass gatherings: Hajj experience



		Introduction



		Methodology



		Application of the Haddon matrix to HRIs vulnerability



		Pre-event: Factors affecting HRIs (Host)



		Pre-event: Factors affecting HRIs (Physical environment)



		High temperature and humidity



		Transportation (Walking distance)









		Pre-event: Factors affecting HRIs (Socio-cultural environment)



		Knowledge, behavior, and level of awareness









		During the event: Factors affecting HRIs (Host)



		Dehydration



		Lack of protective equipment



		Levels of physical fitness



		Overcrowding













		Mitigation strategies for HRIs using the combined model



		Conclusion



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Publisher's note



		Abbreviations



		References

















OPS/images/cover.jpg
& frontiers | Frontiers in Public Health

Mitigation strategies for
heat-related illness during mass
gatherings: Hajj experience





OPS/images/fpubh-10-957576-g001.gif
Emergency Response

Enforcement

Engincering

Education

gt Pyl

oot
e





OPS/images/fpubh-10-957576-t001.jpg
HRI

Pre

During

Post

Agent

Heat

Exposure

Host

o Age
© Gender

o Co-morbidities

* Medications

o Lack of heat acclimatization
 Population adaptations

o BMIlevels

o Pregnancy

o Race

» Dehydration

o Exhaustion

o Lack of using protective equipment (g,

umbrella, sunblock)

« HRIs cases (cramps, exhaustion, and
stroke)

o HRIs strategies and plans

Environment

Physical

o High temperature
o Humidity

o Transportation (walking to the place)

o Availability of Shaded areas
o Availability of Water sources
« Congestion and Density of crowds

o Transportation during the rituals

o Availability and accessibility of medical

care and transportation to medical care

Socio-cultural

Level of awareness

Education

Preferences  of  performing  rituals
during day

Perform rituals during the rush hours
(Religious restrictions) Male inability to
wear head covers

Language barriers

Medical care secking









OPS/images/crossmark.jpg
(®) Check for updates





OPS/images/logo.jpg
& frontiers | Frontiers in Public Health





