Incidences of Fire in Hospital Buildings as an Emerging Anthropocene and Overarching Need for Fire Safety for Patients A Literature Review





Abstract
Climate change has affected people all over the world. Extreme heat in tropical countries has been evident, and it is getting hotter. Hence, fire incidents are inevitable. Numerous news reports highlight instances of hospital fires in third-world countries, such as the Philippines. Existing studies say that hospitals have poor fire safety measures (Aslani & Habibi, 2018). The reviewed literature identifies commonalities in the study of various hospitals globally, along with an analysis of their fire resilience. This study contributes to the literature about fire safety as a dimension of hospital resilience. The methodology will operate in two phases. First, we assess the literature by comparing the published pre- and post-COVID periods. Secondly, we analyze the perspective on fire resilience according to its geographical location. The aim is to apply the gathered literature to determine the resilience of hospitals to fire with respect to the changes brought by the pandemic. Also, the study wanted to understand how published literature varies based on the economic development of the country. The Findings based on presented literatures expand the theoretical knowledge that government policies, fire preventive assessment and compliance of hospital administration to fire preventive programs are needed more in developing countries globally.  Two major themes were identified. These themes are (1) Fire safety resilience at the community scale and (2) Fire mitigation measures. Both of these themes highlight the importance of awareness in fire incidences. Theme (1) reiterates the significant role of the community while theme (2) established the importance of technology in fire mitigation. In conclusion, it is evident that hospitals are resilient against fire and this character is needed by the community within these healthcare facilities to mitigate any incidences.
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I. Introduction
According to Liu, “Fire safety in hospitals should be identified clearly and taken seriously (2022)”. Number of hospitals affected by fire increased after COVID-19 pandemic happened (Bayuo & Duodu, 2023). NFPA has released that there are about 8,000 hospital fires happening yearly (Asgary et al., n.d.). Fire safety is embedded on socioeconomic and demographic factors (Gregory et al., 2011) as variating demonstrations of privilege. Poor state of fire safety in hospitals often leads to higher risk of fire (Aslani & Habibi, 2018). Times are changing and so is the climate. Fire incidents are expected to be more frequent because of climate change (Aparício et al., 2022) which affect people globally including both interventions and interveners (Agoston, 2018). More and more, the world is more susceptible to fire and humans played a significant role in influencing fire activity (Flannigan et al., 2002). Anthropocene was magnified with the issues and ignitions of fire cases in hospitals(Flannigan et al., 2002). 

Fire Incidence in Pre and Post Covid Era
Several fire risks were prevalent even before the emergence of covid 19 (Bayuo & Duodu, 2023). Bayuo & Duodu emphasized the there is an increase of more than two folds of hospital fires in COVID-19 wards and intensive care units. An empirical study show that there is an evident increase of fire cases recorded because of high supply of medical oxygen being used for oxygen therapy for COVID-19 patients during its peak of spread (Wróblewski et al., 2022). Aside from oxygen, inefficient cooling systems and lack of fire control measures in makeshift facilities of COVID-19 were considered as additional causes of fire outbreak. In Changsha China, 279 deaths has been reported due to fire incidents in COVID-19 treatment hospitals (Liu et al., 2024). 

Fire Safety as a Developing Country Problem
The world is very vulnerable with a lot of cases of fire as it is considered the most common and destructive disaster. For years, fire has been a catastrophe globally especially in developing countries (Nimlyat et al., 2017). Fire hazard issues are usually associated with minimal strategies in mitigating fire hazard (Kodur et al., 2019) especially in developing countries. In reality, developing counties often experience neglect regarding global public health community (Gosselin et al., 2009). Implementation of fire protection systems, regulation of fire code, public awareness and usage of technology are the important factors in fire hazard(Kodur et al., 2019).  Existing study in Nigeria shows that most common cause of fire is electrical fault (Nimlyat et al., 2017) which is also the same cause of recent fires in the Philippine General Hospital in the Philippines (Cabalza, 2024). Electrical-related causes of fire is very rampant (Nimlyat et al., 2017) across developing countries and careful observance with the law can alleviate such incidents. 

That answers the question: How can fire safety become a social equalizer? Because of developing countries’ social vulnerability and its hospitals’ capacity for fire safety during COVID-19 pandemic, hospitals from developing countries have more research studies that show problematic situations in unprepared hospitals in terms of fire safety. 

Background
A. Resilience of Hospitals in Fire Safety: The role of Resilience in Hospital Fire Safety
Population affects the increasing fire occurrences globally (Abdulsalam et al., 2016). Humans are contributors of man-made disasters. Ironically, humans are also the victims of these events. Man’s intention to be carefree sometimes lead to various causes of fire such as illegal electrical connections, domestic use of fire and storing of fuel at home amongst others(Abdulsalam et al., 2016). Performing preventive measures like fire drills are helpful in leading people to safe zones in case of actual fire scenarios. In such activity, suspension of activities is necessary (Coelho et al., n.d.) but actual incidence may include people with reduced mobility (Coelho et al., n.d.).
B. Current Link between time of published literature and geographical location of the study: Fire Safety in different countries differ based on its preparedness against COVID 19 pandemic
Geographical location in this study was characterized based on how they were identified by the United Nations. Thus, the study looks at its GDP as an indicator of its category which is either developed or developing. Fire safety is significant in an hospital’s operations(Wahyuni et al., 2020) because these buildings are much more vulnerable to fire incidents (Asgary et al., n.d.) as compared to other buildings. Countries have their respective regulations on fire control and fire prevention. Their ultimate goal is to minimize risk (Wahyuni et al., 2020). Globally, whether a country is developed or developing, fire safety is a challenge to all stakeholders. In fact, there were over 8,000 hospital fires being recorded daily (Wahyuni et al., 2020).
C. Developed and Developing Countries: Definition and list of countries where it is designated.
Update on the building features was more delayed on developing countries (Juyal et al., 2023). In fact, no automatic fire sprinklers were installed in India before 1950s (Juyal et al., 2023). Eventually fire safety measures were installed to hospitals which started the prevention of more damages caused by fire. Table 1 shows the partial list of counties acknowledged as high-income, upper middle income, lower middle income and low income, high and upper middle income were under the umbrella of developed countries while lower middle and low income were under the developing countries.
Table 1. List of Developed and Developing Countries According to UN
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D. Gaps in the Research: Little information exists exploring the implications of fire safety as a social responsibility in healthcare.
In cases of disasters under Anthropocene, it cannot be relieved without any assistance from nature and its people (Abdulsalam et al., 2016). People is the key in helping the world heal itself in cases of fire occurences. Thus, it is important that every one has an awareness of how fire safety measures were conducted. The study shows a significant gap on how aware people are of Fire safety measures regardless of their county of origin (Juyal et al., 2023). 

Table 1. Literature Review: Pre-COVID
	Reference
	Synthesis
	Category
	Interpretation

	Abdulsalam, A., Kabir, R., & Arafat, S. M. Y. (2016). Assessment of Fire Safety Preparedness in Selected Health Institutions in Niger State. 1(1).
	Examines the preparedness of 15 hospitals in Niger, Africa in terms of fire safety. Applying descriptive statistics on the level of preparedness, they find that 33.3% ranked very low in preparedness and 53.3% ranked low in level of preparedness. 
	Developing (Niger Africa)
	Hospital preparedness is proportionate with awareness. This amounts to the number of unaware participants. Very low level of preparedness is an overarching dilemma in case of fir incident.

	Abhishek Shastri, B., Sivaji Raghav, Y., Sahadev, R., & Yadav, B. P. (2018). Analysis of Fire Protection Facilities in Hospital Buildings (N. A. Siddiqui, S. M. Tauseef, S. A. Abbasi, & A. S. Rangwala, Eds.; pp. 183–190). Springer. https://doi.org/10.1007/978-981-10-7281-9_15
	explores hazards associated with fire. Applying analysis on existing cases of fire in India and across boarders, they find that prevention of fire starts while construction is ongoing.
	Developing (India)
	The author delves in both long-term and short-term fire mitigation agenda to create a safe space towards its stakeholders

	Bashyal, C., Kumar Mishra, P. D., & Aithal, P. S. (2022). Fire Safety Compliance Among Hospital Buildings: A Case Study from Nepal-Asia (SSRN Scholarly Paper 4266770). https://papers.ssrn.com/abstract=4266770
	Compares different existing hospitals in Nepal. Applying comparative analysis on fire safety features of different hospitals in Nepal, they find out that emergency preparedness plan was not created and fire safety awareness is significant to equip staffs in case of emergency.
	Developing
(Nepal)
	Hospitals in the case study shows awareness of the overall features in compliance with the code but were not ready for emergency evacuation.

The author understands how fire safety compliance was not strictly implemented in all case studies presented in this study.

	Bongiovanni, I., Leo, E., Ritrovato, M., Santoro, A., & Derrico, P. (2017). Implementation of best practices for emergency response and recovery at a large hospital: A fire emergency case study. Safety Science, 96, 121–131. https://doi.org/10.1016/j.ssci.2017.03.016
	Explores complex critical infrastructure’s resilience on fire incidence. Applying retrospective case study approach on burned down hospitals, they find well-managed emergency plan reduces human and economic cost. 
	Developed
(United Kingdom)
	There is evidence that shows that organizational vulnerability is a recipe for disaster. Mitigation of fire is potentially created by having resilient organizations. 

	Huang, D., Lo, S. M., Yang, L., Gao, L., & Ty Lo, J. (2019). Hospital Evacuation under Fire: Risk Identification and Future Prospect. 2019 9th International Conference on Fire Science and Fire Protection Engineering (ICFSFPE), 1–6. https://doi.org/10.1109/ICFSFPE48751.2019.9055882
	Integrates technology in understanding fire risk analysis in different hospitals in China. Applying systematic analysis of existing hospitals through BIM. they find the PWDs are the most vulnerable in any fire incident and potential risks were identified.
	Developed
(China)
	Prioritization during emergency services is highlighted in this study. Risks in deferring the escape of the users is maximizing technology through BIM and facilities management assessment. 

	Lee, Y.-S. (2016). A Study on the Effective Method of Fire Safety Management of Geriatric Hospitals. Journal of the Korea Safety Management & Science, 18(1), 83–88. https://doi.org/10.12812/ksms.2016.18.1.83
	Analysis on the Fire Safety Management of Geriatric Centers in South Korea. Applying Descriptive statistics and Data Analysis on the case studies, they find that most of the buildings were old. Also, some buildings are large enough to be subjected for firefighting operation function inspection.
	Developed (South Korea)
	Job satisfaction was correlated with their interest in job skills satisfaction and improving fire safety facilities. The author discovers that managers are equipped of fire safety training but employees were not. Fire safety inspection were not regularly conducted but precautionary management was somehow implemented. 








 

	STEVENTON, J. (1983). Fire safety in hospitals. Ergonomics, 26(8), 747–754. https://doi.org/10.1080/00140138308963396
	Reviews the existing conditions of hospitals under the jurisdiction of the Department of Health and Social Security. Applying descriptive method on the analysis of different existing hospitals, they find that not possible to produce a totally safe working environment.
	Developed
(United States)
	There is no totally safe working environment, but an amicable solution is for its management to take responsibility of their problem. 

Taking responsibility reflects awareness with a resilient environment.




	Tseng, W.-W., Shen, T.-S., Liao, S.-F., & Tseng, C.-C. (2017). To Improve the Care Environments by Using Fire Safety Engineering for Existing Small-Scale Hospitals in Taiwan (K. Harada, K. Matsuyama, K. Himoto, Y. Nakamura, & K. Wakatsuki, Eds.; pp. 373–381). Springer. https://doi.org/10.1007/978-981-10-0376-9_38
	The study aimed to develop and test fire safety evaluation model for a amall scale hospitals in Taiwan. Case studies has been done to gather data also by the method of Fuzzy Delphi Method a quantitative study. With the data gathered the model shows that small-scale hospital has  a more effective and classified in terms of standards.
	Taiwan (developed)
	As of the results on the data gathered as for small scale hospitals it is clearly shows that they have a more effective and objective results that meets the minimum criteria of health authorities, controls, and fire services since they have a more limited areas to control. 

	Wahyuni, I., Ismail, N., & Izziah, I. (2020). Hospital fire safety improvement effort (study case Rumah Sakit Ibu dan Anak, Banda Aceh). IOP Conference Series: Materials Science and Engineering, 933(1), 012058. https://doi.org/10.1088/1757-899X/933/1/012058
	Examines different hospitals’   awareness. Applying qualitative interview analysis on hospital fire management team, they find the knowledge of personnels in hospitals lacking.
	Developing (Indonesia)
	Despite the existence of fire management system, the level of awareness of hospital personnels were low. 

Equipment usages, code updates and safety guidelines need to be updated. 

These items are critical in fire safety based on this study. 




Table 2. Literature Review: COVID to Post-COVID
	Reference
	Synthesis
	Category
	Interpretation

	Agus Salim, N. A., Salleh, N. M., Jaafar, M., Sulieman, M. Z., Ulang, N. M., & Ebekozien, A. (2021). Fire safety management in public health-care buildings: Issues and possible solutions. Journal of Facilities Management, 21(1), 69–83. https://doi.org/10.1108/JFM-01-2021-0008

	Research addresses the critical issue of frequent incidents in hospitals, highlighting the growing concern among healthcare stakeholders on the increase of fire outbreak. The study specifically investigates the fire safety management within the scope of Malaysian public health-care. The thematic analysis with the MAXQDA software for the qualitative analysis of collated data.  
Findings identified include lax implementation of safety policies, inadequate water pressure, poor maintenance, and insufficient communication systems.

	Developed (Malaysia)
	The paper advocates for the implementation and sustainability of comprehensive fire safety management plans in Malaysian healthcare facilities. This also promotes a concise feasible policy solution to improve the fire safety management plan in public health-care buildings

	Asgary, M., Zaroushani, V., Ghalenoei, M., & Akbari, Y. (n.d.). Fire Risk Analysis Using the FSES Method in a Educational Hospitals of Qazvin University of Medical Sciences in 2022.
	Analysis of hospital departments. Applying semi-quantitative approach in an educational hospital facility they find that ICUs are very prone to fire risk because of the presence of dangerous materials and equipment.
	Developing (Iran)
	NFPA 101 standards served as guide in assessing the weakness of hospitals when it comes to fire safety. The study efficiently showed how buildings’ resilience was challenged.

	Coelho, N., Correia, A., & Meneses, S. (n.d.). FIRE SAFETY IN HOSPITAL BUILDINGS, with.
	Analyze fire safety conditions in an existing clinic. Applying quantitative survey analysis on evacuation of people in beds, they find that increased ventilation caused faster smoke removal which lessens the evacuation time.
	Developed (Coimbra, Portugal)
	Virtual simulation of hospitals can differ in real life situations. Increase in ventilation system is one key finding.

Both virtual and actual fire drills are good basis of evacuation simulation but virtual is not enough as it does not account the smoke inhalation incidences during the actual fire situation.



	Fire Safety Awareness Among Malaysian Public Hospital | Specialusis Ugdymas. (n.d.). Retrieved June 10, 2024, from http://sumc.lt/index.php/se/article/view/106
	This research assesses the awareness of practices in public hospitals in their fire safety. An awareness campaign is beneficial, especially familiarity on fire evacuation process to minimize casualties on its’ users. The study surveyed 285 respondents from the six hospitals in Peninsular Malaysia within its primary users. Data gathered were analyzed using descriptive statistics and one-way ANOVA. Within the scope of the study several hospitals (four) showed a moderate level of fire safety awareness, while the other 2 exhibited a high level of awareness.
	Developed (Malaysia)
	With these data presented the study must have a public awareness campaign to familiarize primary users. Enhancing designs of fire safety posters, signages, advertisements or educational videos and organizing fire drill simulation will help improve preparedness in the event of fire in the hospital.  

	Juyal, S., Tabassum-Abbasi, Abbasi, T., & Abbasi, S. A. (2023). An Analysis of Failures Leading to Fire Accidents in Hospitals; with Specific Reference to India. Journal of Failure Analysis and Prevention, 23(3), 1344–1355. https://doi.org/10.1007/s11668-023-01668-x
	Reports 
hospital fire accidents that have occurred in India since 2010. Applying in-depth assessment on major accidents recorded, they find Half of all the hospitals were not compliant of safety requirements.
	Developing
(India)
	Compliance in fire safety standards saves lives. Resilience can be equated to compliance.






	Hostetter, H., & Naser, M. Z. (2022). Characterizing disability in fire evacuation: A progressive review. Journal of Building Engineering, 53, 104573. https://doi.org/10.1016/j.jobe.2022.104573

	Discovered comprehensive literature review of fire evacuation research focused on various forms of disability. Applying four-part Disability Evacuation Framework on people with disabilities, they find key components of the evacuation process.
	Developed (United States)
	Fire evacuation for PWDs is more challenging in designing the built environment. 

Resilience to fire safety for PWDs differs from able persons. Thus, any form of disability must also be included in the matrix of fire safety assessment. 

	Hsieh, H.-W., Wu, C.-S., Tsai, C.-C., Liao, Y.-C., Chen, P.-Y., Tseng, H.-L., Huang, M.-Z., & Chen, M.-F. (2023). Comparing the effectiveness of board game-based and drill-based education programs in improving Taiwanese nurses’ fire safety knowledge, attitudes, and behavior: A quasi-experimental study—ScienceDirect. Nurse Educ Today. https://doi.org/10.1016/j.nedt.2023.105919


	Compared board game-based and drill-based education programs they discovered that board game-based fire education program more accurately reflect actual circumstances.
	Developed (Taiwan)
	Efficiency of both board game and drill-based education are efficient ways on how to safely escape buildings. 

Modernization in fire preparation highlights preparedness in fire safety. 

	Liu, Y., Chen, L., Qi, M., & Kong, D. (2024). Construction of a Spatial Equalization Assessment System for Medical Facilities. https://www.mdpi.com/2075-5309/14/5/1265

	Assessed medical facility spatial equilibrium. Applying spatial equilibrium index system and multiple linear regression on Interdisciplinary, complexity, and time , they find that Hospital building systems and environments assist in identifying spatial balance elements.

	Developed (China)
	Equilibrium as spatial balance

Resilience as an overarching idea for equal safety privilege.

	Mirakbari, S. M., Ooshaksaraie, M., Daneshmand-Mehr, M., Khalili, H. A., & Majidi, S. A. (2021). Prioritization of Interventions and Technologies to Prevent Fire Spread in Hospitals. Health Technology Assessment in Action. https://doi.org/10.18502/htaa.v5i2.8006
	Explores potential dangers of fire in hospitals. Applying Comprehensive review of studies, experts’ opinions, the attributes affecting the prioritization and their weights were determined.
Simple Additive Weighting (SAW) model, the final prioritization was done on five types of hospital buildings, they find Fire safety is not limited to the installation of a manual fire extinguisher, but for fire safety, especially in hospitals, all aspects should be considered, including the architectural form of the building
	Developing (Iran)
	“In developing countries, no specific or a few guidelines have been published on how to evacuate patients in emergencies such as fires”
-Non-compliance is not the only problem with developing countries 

	Senin, Z., Mohamad Yatim, Y., Zolkefly, S. A., Mahpot, N. L., & Md Isa @ Mansor, M. R. (2022). HUMAN PERCEPTION TOWARDS FIRE SAFETY AWARENESS IN MALAYSIA PUBLIC HOSPITAL. Journal of Tourism, Hospitality and Environment Management, 7(27), 130–156. https://doi.org/10.35631/JTHEM.727012
	Undertakes an analysis of 6 selected hospitals in Malaysia. Applying quantitative methodology on quantitative analysis, they find men have higher awareness and knowledge in fire safety perception as compared to women.
	Developed (Malaysia)
	Awareness and knowledge about fire is gender bias based on this study. Increase in awareness in all gender is a decrease in possible casualties of Fire.






III. Fire Safety resilience at the community scale.
A. Point 1: Low level of Awareness to Fire Safety in hospitals in pre-covid era

Globally, fire safety measures were regarded as an essential component in the community especially for the healthcare sector. Resilience against the catastrophe brought by fire cause by humans. People gather naturally in events and occasions, but hospitals have a specific purpose which is treating people. Thus, unwell status of the patients decreases their odds for commodified fire safety. Resilience in the Anthropocene brought by fire occurrences are generally seeing well and able people. On the other hand, people with disabilities poses a more challenging situation (Hostetter & Naser, 2022) since they have a harder time to escape such incident. Low level of awareness plays an important part in engineering escape patterns (Yarahmadi et al., 2009) and fire mitigation in any parts of the world.
 
B. Point 2: Indicators affiliated to Fire Safety Retrospective to Community Resilience
Safety in both hospitals and patients are a global concern(Rafeeq & Mustafa, 2021). It is important to emphasize that hospitals foster a healing environment(Rafeeq & Mustafa, 2021) and also to overcome fire hazards in buildings (Kodur et al., 2019) to be able to serve its community in the aspect of healthcare. Equalization amongst public services also benefits humans through commodified fire accessibility. The literature collected demonstrates low level of awareness for fire safety for developing countries. On the other hand, developed countries have more literatures emphasizing improvements on the current fire evacuation schemes within the country of their study. 
Awareness, preparedness, and compliance were linked to resilience as all indicators deals with how hospitals were ready with fire emergencies. 
IV. Fire Safety mitigating measures
A. Point 1: Awareness and knowledge about Fire 
Long term and short-term fire mitigation agenda can be associated with readiness in the knowledge of the community about evacuation.  Articles from developing countries were predominantly focuses on preparedness in pre-Covid era. On the other hand, articles related to compliance were common on the post-Covid era.

B. Point 2: Maximizing the use of Technology for the sake of safety
Articles that were mentioned in the developed country section showed a commonality in providing measures and usage of criteria in their assessments. Also, BIM has already been used by these developed countries even before the start of the covid period. According to Senin et. al, “Increase in awareness in all gender is a decrease in possible casualties of Fire”. Thus, communities must understand the risks of starting any fire incident. Managing it through technology was one way of preventing more casualties to happen.

IV. Conclusion
A. Restatement of Thesis:  
Pre-pandemic literatures summarizes how hospitals are resilient against fire safety. Hospitals are part of the community needs. Therefore, resilience of hospitals against fire incidents plays a significant role in the Anthropocene. Developed counties mostly discusses advance features on fire prevention. On the other hand, literature from developing counties highlights the importance of awareness and knowledge as part of equipping people in any event of Fire. Post-Covid literatures usually expresses its pressing concern of evacuating patients amidst the pandemic. It was realized that compliance to fire safety standards is associated with preparedness to any fire incident. In this set of literature, it was observed that developing countries has more papers that focuses on awareness and knowledge while literatures from developed countries implies suggestive measures to improve fire safety. 
	By understanding all information regarding fire safety as social equalizer, literatures from developing countries somehow showed more about realization of their problems about fire safety. Most of the terms used by authors were non-compliance, low awareness, and less preparedness. In this case, it is conclusive that hospitals from developing countries have more research studies that show realizations of the status quo of their respective country's situations in unprepared hospitals in terms of fire safety.
Limitation 
The study only cover fire safety related literatures and it does not in any way covers management concerns of any healthcare institutions.
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