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Abstract 

Background: Indoor air pollution poses significant health risks. Prolonged exposure in contaminated environments 

heightens disease transmission risks. The COVID-19 pandemic has underscored the urgency for effective 

ventilation and air quality management in hospitals. Purpose: This study investigates the relationship between 

environmental factors (temperature, humidity, lighting, occupancy density, and airborne germ counts) and airborne 

microbiology control in hospital rooms. It aims to establish a secure air management system to reduce infectious 

disease transmission and provide references for hospital mitigation strategies. Review: This article method uses the 

systemic review. Information is taken from e-book sources, websites, and search engines.  After filtering and 

adjusting the research variables, 12 articles were analyzed, consisting of 6 from google scholar articles and 6 

articles from the Science Direct database. A systematic review examined (1) Airborne Transmission and Mitigation 

Strategies, (2) Infection Control in Healthcare Settings, (3) Infectious Disease Prevention and Early Detection, and 

(4) Specific Contexts and Impact of Infectious Diseases. It highlights the importance of ventilation, temperature 

control, humidity regulation, air cleanliness, and air pressure settings in minimizing infection risks. Result: The 

review indicates that effective ventilation, appropriate temperature, humidity, and air cleanliness (filtration) are 

essential for maintaining indoor air quality and reducing infection risks. Conclusion: Environmental factors are 

critical in controlling infectious disease transmission in hospitals. Effective air management systems are vital for 

the health and safety of patients, healthcare workers, and visitors. This study provides valuable insights into 

hospital mitigation strategies and emphasizes the need for continuous attention to air quality standards to prevent 

future outbreaks. 

 

Keywords:  Strategy, Hospital mitigation and Infectious diseases. 

 

INTRODUCTION  

Indoor air pollution significantly risks human health, both directly and indirectly. Many office buildings 

and public facilities rely on air conditioning, which contributes to air pollution. The longer people stay in a 

contaminated enclosed space, the higher the risk of disease transmission. Immediate health impacts include eye and 

nasal irritation, sore throat, headaches, nausea, fatigue, and viral diseases like COVID-19. Long-term exposure can 
increase the risk of cardiorespiratory death and chronic diseases. Whereas in short term exposure and repeated 

particle pollution has been shown to worsen pre-existing pulmonary and cardiovascular disease and increase the 

number who became ill, requare medical treatment or die. (Arfin et al., 2023). 

According to the United States Environmental Protection Agency (EPA), indoor air pollution is 2 to 10 

times more hazardous than outdoor pollution, while the majority of people spend 80 to 90 percent of their time 

indoors. The previous study indicated that indoor equipment accounts for 17% of pollution, while outdoor pollution 

contributes 11%, building materials 3%, microbes 5%, ventilation issues 52%, and unknown sources 12%. A WHO 

study found that approximately 8.7% of 55 hospitals across 14 countries from Europe, the Middle East, Southeast 

Asia, and the Pacific reported nosocomial infections, with Southeast Asia reporting 10.0%. Additionally, a survey 

indicated that 1.4 million people worldwide suffer from infections acquired during hospital care(Sarah, Bayhakki 

and Fathra Annis, 2016). 

 

mailto:in.sari-2022@fkm.unair.ac.id
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From 2020 to 2022, there were frequent reports of the deaths of hospital staff due to COVID-19 infections. 

The Indonesian Medical Association (IDI) noted that the mortality rate of healthcare workers in Indonesia is among 

the highest in the world. COVID-19 transmission is known to occur primarily through droplets (80-85%) and, to a 

lesser extent, aerosols(Kohanski, Palmer and Cohen, 2020). The success of transmission is influenced by other 

factors, such as the air circulation (ventilation) in the area and the duration of exposure. Studies on COVID-19 

clusters show that in enclosed spaces, transmission can occur even with a two-meter distance. Key factors are air 

circulation and length of exposure (Morawska and Cao, 2020). 

Virologists used previous virus transmission data to estimate the number of viruses released by different 

activities. They found that breathing releases 20 virus copies per minute, talking releases 200 copies per minute, 

and coughing or sneezing releases 200 million copies per instance. About 1000 virus copies are needed for a human 

infection (Bromage et al., 2020). Masks can reduce virus exposure, but the reduction varies by mask type and 

exposure time. Therefore, spending an hour in an air-conditioned restaurant with a COVID-19 carrier poses a 

higher infection risk than briefly passing a carrier in an open park, with air circulation in the restaurant being a 

critical factor. 

The situation in hospitals warrants particular attention regarding the risk of transmission. The risk of 

transmission is indeed elevated in hospitals, as these are the primary locations for treating patients. In certain 

hospitals, the highest transmission rates are observed not among those directly caring for patients in specialized 

isolation rooms, but rather among healthcare workers who had no direct contact with patients, including 

administrative staff. Although it remains uncertain whether these healthcare workers contracted the virus within the 

hospital or if the infection source was consistently the patients, there is a consensus that hospitals serve as a 

'hotspot' for COVID-19 transmission. The loss of healthcare workers is particularly detrimental, as it not only 

results in fatalities but also significantly diminishes the healthcare system's capacity to manage the pandemic 

effectively. 

Based on the explanations provided earlier, hospitals play a crucial role in the transmission of various 

infectious diseases. It's important to study how factors like temperature, humidity, lighting, occupancy density, and 

airborne germs in hospital rooms affect this spread.  This study endeavors to provide an extensive reference for 

hospital mitigation strategies to manage pandemics and stop the transmission of infectious diseases. 

 

LITERATURE STUDY  

This study employs a systematic review method to address questions concerning air quality standards and 

health requirements for hospital rooms in Indonesia. A systematic review was conducted by searching the PubMed 

and MEDLINE databases using keywords related to "mitigation strategies," "hospital management," and 

"infectious disease." The research is a systematic review with a literature approach. It is done by collecting 

information from the library, reading it, evaluating it, and pouring it into written form. The information and 

citations used come from textbooks, literature reviews, scientific publications in domestic and foreign journals, and 

other sources. The writing of this method uses literature searching.   Information is taken from E-book sources, 

websites and search engines. The source of the E-book used is one that contains information about hospital 

mitigation strategies in Indonesia in the prevention of infectious diseases. In terms of searching for data on hospital 

mitigation strategies in Indonesia in the prevention of infectious diseases used comes from Google Scholar. The 

final list of references was compiled based on the following classifications: (1) Airborne Transmission and 

Mitigation Strategies, (2) Infection Control in Healthcare Settings, (3) Infectious Disease Prevention and Early 

Detection, and (4) Specific Contexts and Impact of Infectious Diseases.  Then, the mitigation strategy for air 

management standards of hospital rooms in Indonesia was reviewed based on aspects related to the four 

classifications of mitigation strategies for the spread of infectious diseases. 

 

Airborne transmission and mitigation strategies 

The literature on airborne transmission and mitigation strategies is extensive. Morawska and Cao (2020) 

stress the importance of national authorities recognizing the airborne transmission of SARS-CoV-2 and improving 

ventilation to remove virus-laden droplets indoors. Kek et al. (2023) highlight the need for optimized ventilation, 

Computational Fluid Dynamics (CFD) analysis, and understanding airborne particle behavior to reduce infections 

in healthcare settings. Wang et al. (2022) show how patient flow, medical service capacity, and clinic layout impact 

infection risks, especially in fever clinics. Enwemeka, Bumah, and Masson-Meyers (2020) explore using blue and 

red light technologies to reduce coronavirus infections, suggesting these could enhance healthcare strategies. 

Together, these studies offer a comprehensive view of effective ways to mitigate airborne transmission in 

healthcare environments. 
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 The keywords used from the research question are 'Hospital Mitigation Strategy in Indonesia in Prevention 

of Infectious Diseases'. The inclusion criteria for the search for scientific articles include: (1) Articles from peer-

reviewed journals that present original research results discussing hospital mitigation strategies and prevention of 

infectious diseases, (2) Written in English, (3) Published in >2020; and (4) Available as full-text articles. The 

article search was conducted on two databases, namely ScienceDirect and Google Scholar. After filtering and 

adjusting the research variables, 12 articles were obtained for analysis, consisting of 6 articles from Google Scholar 

and 6 articles from the Science Direct database (Figure 1). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. The  summary of  Identification and selection of studies  

 

Infection control in healthcare settings 

Comprehensive literature on preventing intra-hospital infection among healthcare workers emphasizes 

various strategies and measures. The study by (Gan, Lim and Koh, 2020) discusses the Systems Engineering 

Initiative for Patient Safety model, focusing on work tasks, technologies, tools, environmental factors, and 

organizational conditions to achieve zero occupational infection. (Yen et al., 2020) highlights the use of enhanced 

traffic control bundling (eTCB) to protect residents and staff in long-term care facilities, adapting hospital 

strategies to these settings. 

Further exploring infection control, (Alqahtani et al., 2020) exploring the impact of training programs and 

guidelines related to hand hygiene compliance and reducing the prevalence of HCAIs (healthcare – assosiated 

infections) can reduce costs and prevent infections in healthcare. Similarly, (Garcia et al., 2022)  identify 3 

practices as important facilitators in preventing HAIs. First, executive leadership which emphasizes open 

communication between leadership and staff to make changes. Second, share information through the system in 

conveying, displaying and discussing relevant infection data. and the third involves management coaching by 

providing feedback to staff to carry out management care to carry out the correct clinical care process. 

The study by (Risma and Popi, 2023) identifies key factors for successful infection prevention and Control 

(IPC) programs is by improving their knowledge of IPC and be trained in firmness of attitude, maintaining support 

from the environment to maintain and increase their ability to apply IPC. IPC programs are supported by adequate 

human resources that meet their competencies and supported by the implementation of evidence-based strategies. 

Complementing this, (Robinson et al., 2023)  concluding there are 5 main factors that are very important of 

infection prevention and control (IPC) services to prevent threats from healthcare-associated infections and 

improve the quality of health services in hospitals. Namely service priorities, service supporting factors for success, 

required skills, expertise, and effective IPC services. 

(Shang et al., 2014) expands the focus to home health care settings, identifying high infection rates 

associated with indwelling devices and complex illnesses, and stressing the need for tailored infection control 
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measures and improved communication between healthcare facilities. Meanwhile, (Bennett et al., 2023)examines 

the impact of the Delta variant on LTCFs, highlighting the role of vaccination and adherence to mitigation 

measures in controlling outbreaks. 

Finally, the (Wee et al., 2021)  demonstrates the effectiveness of a comprehensive infection control 

strategy implemented across a large healthcare campus, successfully reducing nosocomial transmission of COVID-

19 and other respiratory viruses. The study by (Kubde et al., 2023), there is a need for a strong strategy to protect 

patients, health workers and the public from HAIs with best practices such as strict hand hygiene, use of PPE, 

environmental cleanliness, surveillance and innovative technology with AI systems and UV disinfection. 

Collectively, these studies provide a robust understanding of effective strategies to mitigate intra-hospital 

infection, emphasizing the importance of tailored infection control measures, education, and infrastructure in 

various healthcare settings. 

 

Infectious disease prevention and early detection 

Preventing emerging infectious diseases is crucial for infectious disease control. A mini review emphasizes 

the need to invest in three key areas: animals, human sentinels for spillover events, and the general population. 

These areas address different surveillance gaps and together form a strong prevention strategy (Ellwanger, 

Kaminski, and Chies, 2019). Early detection of outbreaks is vital to reduce illness and death. A systematic review 

identified factors affecting how quickly outbreaks are detected, but despite significant investments, more research 

is needed to improve surveillance systems and guide interventions (Steele, Orefuwa, and Dickmann, 2016). 

Effective public health responses require timely data and predictive models. Studies optimized infectious 

disease models to predict COVID-19 (Xiong, Hu and Wang, 2021). Singapore’s three-pronged approach—covering 

travel, healthcare, and community—was effective in curbing the virus(Lee and Ong, 2020; Koo et al., 2020). 

China’s success can be attributed to adaptive government to change situation, built the culture of moral compliance 

with rules, trusted collaboration between the government and their people, and collaborate the advance technical 

framework with AI, block chain, cloud computing ang big data. (Wang, Yan and Boasson, 2020). 

 

Specific contexts and impact of infectious diseases 

In the context of infection control standards, a study from the Royal Prima Marelan Hospital describes the 

process of establishing and implementing these standards, highlighting the involvement of Infection Control Teams 

(ICTs) and relevant healthcare are the variables of knowledge, motivation, supervision and workload (Sahputra, 

Girsang and Napiah Nasution, 2023).  This study emphasizes the importance of extensive consultation and 

collaboration among healthcare professionals in developing robust infection control protocols. 

Furthermore, a population-based study conducted in Western Australia investigated the long-term effects 

of burns on immune function and subsequent infectious disease morbidity(Duke et al., 2017). This research found 

that individuals with burn injuries experienced significantly higher rates of hospital admissions and longer hospital 

stays due to infectious diseases compared to uninjured individuals.  

Another innovative approach to managing infectious disease outbreaks is the drive-through model for 

patient evaluation during pandemics. A study tested this model during the H1N1 influenza outbreak, demonstrating 

its feasibility and effectiveness in reducing cross-infection risks by using patients' vehicles as placed in single 

isolation, room with airborne precaution. Besides that, prevent contact with body fluids and aerosols generated, and 

strict adherence to hand hygiene protocols. Open communication amoung members the interpersonal health care is 

essential to reduce morbidity and mortality (Jilani et al., 2024).   

Lastly, the impact of climate change on human infectious diseases has been a subject of significant 

research. A comprehensive review of empirical evidence reveals that climate change exacerbates existing health 

threats, influencing the spread and incidence of infectious diseases(Wu et al., 2016). The review highlights the need 

for adaptive measures, such as improved prediction models, early warning systems, and proactive public health 

strategies to mitigate the health impacts of climate change.  

 

RESULT  

  The results of the analysis of the 12 articles are described in several sub-discussions, including: (1) 

Airborne Transmission and Mitigation Strategies, (2) Infection Control in Healthcare Settings, (3) Infectious 

Disease Prevention and Early Detection, and (4) Specific Contexts and Impact of Infectious Diseases. It highlights 

the importance of ventilation, temperature control, humidity regulation, air cleanliness, and air pressure settings in 

minimizing infection risks.  It appears that the articles analyzed focused more on research on hospital mitigation 

strategies in preventing infectious diseases. 
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 Judging from the research method, it can be seen that almost half of all articles discussing hospital 

mitigation strategies and prevention of infectious diseases using qualitative methods and comprehensive literature 

searches using databases. The results of the analysis of the year of writing of the articles studied were limited to 

original peer-reviewed articles in English. The literature highlights various factors influencing infectious disease 

control and underscores the need for innovative approaches in healthcare settings. In response to COVID-19, the 

Indonesian government has reorganized the hospital air management system through Minister of Health Regulation 

Number 7 of 2019 (Kementerian Kesehatan Republik, 2019) which regulates air quality standards and air health 

requirements, which consist of several parameters that need to be controlled, namely the amount of ventilation 

air/Air Change per Hour (ACH), temperature regulation, air humidity, air cleanliness level (filtration) and positive 

and/or negative air pressure in the room as well as air distribution in the room. The following sub-section will 

explained each of these parameters. 

Table 1. Results of literature review 

No Authors Title Method Result  

1 Alqahtani, 

A. N., 

Almaghrabi

, R. H., 
Albaadani, 

M. M., & 

Almossa, 

K. (2020). 

Impact of Infection 

Control Training 

Program in Improving 

the Quality of 
Healthcare 

 

Qualitative research 

methods. This study 

Applied to many health 

institutions and healthcare 
employees in the 

Kingdom of Saudi 

Arabia,  

Analysis that improve quality of healthcare 

through control training program, IPC training 

program improve hand hygiene compliance and 

reduces the HAIs prevalence, improves patient 
outcomes and reduces healthcare costs, training of 

all the persons involved in primary healthcare may 

fill the IPC gaps. 

 

2 Bennett, C. 

C., Welton, 

M., Bos, J., 

Moon, G., 

Berkley, A., 

Kavlak, L., 

Pearson, J., 

Turabelidze

, G., 

Frazier, J., 

Fehrenbach, 

N. and 

Brown, C. 

K. (2023)   

'Assessment of 

COVID-19 outbreaks 

in long-term care 

facilities', 

Outbreaks of COVID-

19 in 178 LTCFs were 

identified by the 

Missouri Department of 

Health and Senior 

Services. Case data 

from LTCFs with the 

highest burden of 

disease were analysed 

to assess disease 

transmission, 

vaccination status, and 

outcomes among 

residents and staff.  

During April 22nd to July 29th, 2021, 159 

COVID-19 cases among 72 staff members 

and 87 residents were identified in 10 LTCFs. 

More than 74.7% of resident cases were 

vaccinated compared to 23.6% of staff cases. 

Vaccinated residents had a lower proportion 

of hospitalizations and deaths reported 

compared to unvaccinated residents. Data 

analysis and contact-tracing efforts from a 

sample of the facilities suggest that staff 

members were likely a major factor in 

introducing SARS-CoV-2 virus into the 

facilities. Adherence to COVID-19 mitigation 

measures varied at the visited facilities. 

 

3 Gan, W. H., 

Lim, J. W. 

and Koh, D. 

(2020)  

'Preventing Intra-

hospital Infection 

and Transmission of 

Coronavirus 

Disease 2019 in 

Health-care 

Workers'  

Qualitative research 

methods. This study 

was conducted on 

Thousands of health 

care workers have been 

infected, mainly in 

China. 

Based on the Systems Engineering Initiative 

for Patient Safety model, the strategies and 

measures to protect health-care workers in an 

acute tertiary hospital are described along the 

domains of work task, technologies and tools, 

work environmental factors, and 

organizational conditions. The principle of 

zero occupational infection remains an 

achievable goal that all health-care systems 

need to strive for in the face of a potential 

pandemic. 

 

4  (Tan et 

al. 2023) 

 

 Mitigating the 

impacts of the 

COVID-19 

pandemic on 

vulnerable 

populations: 

Lessons for 

improving health 

and social equity 

 This study examines 

various programmatic 

tools and policy 

measures used by 

governments to support 

vulnerable populations 

during the pandemic. A 

comparative case 

study of 15 countries 

 While a spectrum of mitigation strategies has 

been deployed to address different 

vulnerabilities, these efforts within countries 

were rarely enough to protect vulnerable 

populations comprehensively. Notably, less 

visible and hidden populations such as 

migrant workers, refugees, sex workers, 

prisoners and people with disabilities were 

largely neglected in formal policy responses. 

 

https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/case-study
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/case-study
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No Authors Title Method Result  

  representing all World 

Health Organization's 

regions offers a 

comprehensive picture 

of countries with 

varying income 

statuses, health 

system arrangements 

and COVID-19 public 

health measures.  

This paper presents specific recommendations 

that are focused and targeted when 

approaching different types of vulnerabilities 

impacting different vulnerable populations. 

Instrumentally, countries need to use this 

pandemic as a window of opportunity to 

prioritise the right to UHC for vulnerable 

populations, including determining the basic 

level of health services that should be made 

available, accessible and acceptable by all. 

The overlapping vulnerabilities experienced 

by the vulnerable populations also call for 

more policy attention toward the social, 

economic and political determinants of 

health during the pandemic. This should 

include follow-up interventions to strengthen 
social protection policies to safeguard the 

vulnerable populations' social, economic and 

cultural rights guided by equity principles. 

Only by positioning vulnerable populations at 

the forefront of national responses and 

equitably integrating them into health systems 

can we build a more resilient health system 

that can ably and effectively withstand 

external shocks resulting from future public 

health emergencies. 

5 Koo, J. R., 

Cook, A. 

R., Park, 

M., Sun, 

Y., Sun, 

H., Lim, J. 

T., Tam, 

C. and 

Dickens, 

B. L. 

(2020)   

'Interventions to 

mitigate early 

spread of SARS-

CoV-2 in 

Singapore: a 

modelling study'  

We adapted an 

influenza epidemic 

simulation model to 

estimate the likelihood 

of human-to-human 

transmission of severe 

acute respiratory 

syndrome coronavirus 

2 (SARS-CoV-2) in a 

simulated Singaporean 

population. Using this 

model, we estimated 

the cumulative number 

of SARS-CoV-2 

infections at 80 days, 

after detection of 100 

cases of community 

transmission, under 

three infectivity 

scenarios (basic 

reproduction number 

[R0] of 1·5, 2·0, or 2·5) 

and assuming 7·5% of 

infections are 

asymptomatic  

For the baseline scenario, when R0 was 1·5, 

the median cumulative number of infections 

at day 80 was 279 000 (IQR 245 000-320 

000), corresponding to 7·4% (IQR 6·5-8·5) of 

the resident population of Singapore. The 

median number of infections increased with 

higher infectivity: 727 000 cases (670 000-

776 000) when R0 was 2·0, corresponding to 

19·3% (17·8-20·6) of the Singaporean 

population, and 1 207 000 cases (1 164 000-1 

249 000) when R0 was 2·5, corresponding to 

32% (30·9-33·1) of the Singaporean 

population. Compared with the baseline 

scenario, the combined intervention was the 

most effective, reducing the estimated median 

number of infections by 99·3% (IQR 92·6-

99·9) when R0 was 1·5, by 93·0% (81·5-99·7) 

when R0 was 2·0, and by 78·2% (59·0 -94·4) 

when R0 was 2·5. Assuming increasing 

asymptomatic fractions up to 50·0%, up to 

277 000 infections were estimated to occur at 

day 80 with the combined intervention 

relative to 1800 for the baseline at R0 of 1·5. 

Implementing the combined intervention of 

quarantining infected individuals and their 

family members, workplace distancing, and 

school closure once community transmission 

has been detected could substantially reduce 

 

https://www.sciencedirect.com/topics/medicine-and-dentistry/health-system
https://www.sciencedirect.com/topics/medicine-and-dentistry/health-system
https://www.sciencedirect.com/topics/medicine-and-dentistry/public-health
https://www.sciencedirect.com/topics/medicine-and-dentistry/public-health
https://www.sciencedirect.com/topics/medicine-and-dentistry/determinants-of-health
https://www.sciencedirect.com/topics/medicine-and-dentistry/determinants-of-health
https://www.sciencedirect.com/topics/medicine-and-dentistry/shock-circulatory
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the number of SARS-CoV-2 infections. We 

therefore recommend immediate deployment 

of this strategy if local secondary 

transmission is confirmed within Singapore. 

However, quarantine and workplace 

distancing should be prioritised over school 

closure because at this early stage, 

symptomatic children have higher withdrawal 

rates from school than do symptomatic adults 

from work. At higher asymptomatic 

proportions, intervention effectiveness might 

be substantially reduced requiring the need 

for effective case management and 

treatments, and preventive measures such as 

vaccines. 

6  (Park et 

al. 2024) 

 

Supporting patients 

and their carers to 

participate in 

infection prevention 

and control 

activities: The 

views of patients, 

family members, 

and hospital staff 

from Bangladesh, 

Indonesia, and 

South Korea 

In-depth interviews 

were conducted in 5 

tertiary-level hospitals 

in Bangladesh, 

Indonesia, and South 

Korea. A total of 64 

participants were 

interviewed through 57 

interviews, including 6 

group interviews, 

comprising 2 groups: 

(1) patients and their 

family and private 

carers; and (2) HCWs. 

The study identified barriers to engaging 

patients and family carers in IPC measures. 

These included concerns about the patient-

HCW hierarchical relationship, lack of 

knowledge about healthcare-associated 

infection, IPC, and patient zone, perceptions 

of IPC as a barrier to family connections, and 

disempowerment of patients in IPC due to 

family bonds. 

 

7 (Suwantik

a et al. 

2022) 

 

The cost-

effectiveness of 

social distancing 

measures for 

mitigating the 

COVID-19 

pandemic in a 

highly-populated 

country: A case 

study in Indonesia 

 

Two mitigation 

scenarios of SD for 1 

month and continuous 

SD were compared 

with the baseline (no 

intervention). A 

modified Susceptible-

Exposed-Infected-

Recovered (SEIR) 

compartmental model 

accounting for disease 

spread during the latent 

period was applied by 

considering a 1-year 

time horizon. The costs 

of healthcare, school 

closures, and 

productivity loss due to 

disease as well as 

intervention were 

considered to estimate 

the total pandemic cost 

among all scenarios. 

In a comparison with the baseline, the result 

showed that total savings in scenarios of SD 

for 1 month and continuous SD was 

approximately $415 billion and $699 billion, 

respectively, while the averted deaths were 

4.6 million and 8.5 million, respectively. 

Sensitivity analysis showed that basic 

reproduction number, infectious period, daily 

wage, incubation period, daily ICU admission 

cost, and case fatality rate were the most 

influential parameters affecting the savings 

and the number of averted deaths. 

 

8 (Rois et 

al. 2024) 

Modeling and 

optimal control of 

Different authors 

formulated the 

In this paper, we have proposed a mathematical 

model of COVID-19 infection by considering 

 

https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/incubation-time
https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/case-fatality-rate
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 COVID-19 with 

comorbidity and 

three-dose 

vaccination in 

Indonesia 

 

COVID-19 model by 

incorporating the 

population with 

comorbidities. Authors 

in25 proposed a 

mathematical model of 

COVID-19 

transmission with 

comorbidity and 

its optimal 

control strategies. The 

research in presented a 

COVID-19 model with 

prior comorbidity 

(specifically, diabetes 

mellitus) on COVID-
19 complications. The 

authors in  devoted the 

COVID-19 fractional 

model by considering 

the co-infected 

COVID-19 and 

comorbidity. In,  the 

authors analysed the 

COVID-19 with 

comorbidity sub-

populations and two 

Isolation treatments in 

Indonesia. 

comorbidities and up to three vaccine doses. 

We used data on COVID-19's incidence in 

Indonesia to estimate the model parameters. 

The mathematical analysis included the 

equilibria, the basic reproduction number (R0), 

local and global stability. We found that the 

disease can be be eliminated from the 

population if R0<1, while the disease will 

persists if R0>1. 

Thus, we have conducted an important study of 

vaccine effectiveness based on a herd immunity 

analysis. Herd immunity is determined by the 

effectiveness of the vaccine and the disease's 

basic reproduction number in the absence of 

vaccination. Furthermore, a sensitivity analysis 

was carried out to identify the most sensitive 
parameter, which was the contact rate of 

infected individuals. We extended the COVID-

19 model by incorporating the different control 

strategies with educational prevention and 

individual treatment as interventions. 

Pontryagin's maximum principle was adopted to 

accomplish the greatest possible control by 

minimizing the spread of COVID-19 among the 

population. The control simulation results 

showed that each strategy used can reduce total 

infections. However, a combined strategy is the 

most effective or significant for reducing total 

infections. Moreover, a cost analysis of the 

optimal control problem demonstrated that a 

combined strategy is the more economically 

efficient approach compared to using just one 

strategy. 

 

9 (Vasquez et 

al. 2024) 

 

COVID-19 policies 

and tuberculosis 

services in private 

health sectors of 

India, Indonesia, and 

Nigeria 

 

Qualitative, in-depth 

interviews were 

conducted among a 

purposive sample of 11 

national and sub-national 

policymakers in each 

country. Thematic 

content analysis was 

conducted on the data 

collected using an 

adapted WHO Health 

Equity Policy 

Framework. 

  

 

Results revealed three policy dimensions under 

costs, access, and quality. Under healthcare 

costs, policymakers highlighted resource 

allocation and diversion of TB resources to 

COVID response, and increased operational 

costs for private provider. Under healthcare 

access, key themes included reduced TB case 

detection due to fear of COVID-19, disrupted 

diagnostic services, and adaptations such as 

extended medicine supplies and tele-

consultations. Under healthcare quality, themes 

included compromised TB diagnostic accuracy 

due to similar respiratory symptoms with 

COVID-19, and strain on laboratory 

infrastructure due to competing demands from 

both diseases. Policymakers across the three 

countries pointed to the need for strengthening 

private–public partnerships (PPP) for healthcare 

service delivery and continued private sector 

investment to facilitate the continuity of TB 

 

https://www.sciencedirect.com/science/article/pii/S2588933824000347#b0125
https://www.sciencedirect.com/topics/physics-and-astronomy/optimal-control
https://www.sciencedirect.com/topics/physics-and-astronomy/optimal-control
https://www.sciencedirect.com/topics/social-sciences/mathematical-analysis
https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/epileptic-absence
https://www.sciencedirect.com/topics/social-sciences/cost-benefit-analysis
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No Authors Title Method Result  

care within a pandemic context. 

10 (Cini et al. 

2023) 

 

Towards responsive 

policy and actions to 

address non-

communicable 

disease risks amongst 

adolescents in 

Indonesia: insights 

from key stakeholders 

 

Qualitative in-depth 

interviews over 

videoconference (n = 21) 

were conducted in 

English or Bahasa with 

stakeholders in 

Indonesia. Participants 

included policymakers, 

implementation partners, 

and advocates who were 

focused on adolescent 

health or NCDs. 

Interviews were 

recorded, transcribed, 

translated, and 

thematically analysed 

using NVivo12. Findings 

were disseminated to 

participants for 

validation and feedback. 

Youth participants 

(n = 7) attended an 

additional workshop and 

considered 

recommendations and 

actions arising from this 

research. 

Participants identified that government and 

non-government organisations are acting on 

NCDs in Indonesia, but few of the existing 

initiatives target adolescents, and adolescent 

services rarely addressed NCD risks. 

Participants also felt that policies to protect 

adolescents from NCD risks (i.e., smoke-free 

areas in public) were not always enforced. For 

programs or initiatives focused on adolescent 

health, those that had engaged adolescents as 

co-creators and leaders were perceived to be 

more successful. As such, participants 

recommended more meaningful engagement of 

young people, including young people's 

leadership of initiatives. Additional 

recommendations included the need for 

intersectoral engagement and a ‘whole-of-

government’ approach to prevention given the 

complex determinants of NCD risks, and the 

need for evidence-based actions that are 

underpinned by quality data to enable 

monitoring of progress. 

 

11 (Giwangkan

cana, 

Harlasguna

wan, and 

Hidayat 

2021) 

 

Managing surgical 

patients with a 

COVID-19 infection 

in the operating room: 

An experience from 

Indonesia 

 

This study focused on the 

process of preparation for 

COVID-19 surgery from 

March 2020-March 2021. 

We also described the 

available facilities in 

terms of equipment and 

human resources. 

Steps of COVID-19 surgery preparations were 

described, such as the setup of general and 

infectious triage in the emergency department, 

development of preoperative screening protocol 

for COVID-19, designation of a specialized 

COVID-19 operating room and surgical staff, 

changes in preoperative surgery and anesthesia 

workflow, development of checklists and 

postoperative monitoring on staff health. 

 

12 (Nuraini et 

al. 2023) 

 

Assessing potential 

surge of COVID-19 

cases and the need for 
booster vaccine amid 

emerging SARS-

CoV-2 variants in 

Indonesia: A 

modelling study from 

West Java 

 

We used a modified 

SEIR compartment 

model to assess different 
scenarios in booster 

coverage across West 

Java population: 35%, 

50%, and 70%. We fitted 

the model, then we 

calculated the potential 

active cases in 2023 if 

each scenario was met 

before 2022 ends. A heat 

map of predicted cases 

from various booster 

A minimum of 70% booster coverage in West 

Java is needed to reduce 90% of potential 

COVID-19 cases and avert possible surge in 
2023. The booster doses should be distributed 

before February 2023 to achieve its optimum 

preventive effect. Delays in achieving minimum 

booster coverage is acceptable, but higher 

booster coverage will be required. 

 

https://www.sciencedirect.com/topics/medicine-and-dentistry/adolescent-health
https://www.sciencedirect.com/topics/medicine-and-dentistry/adolescent-health
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/heat-map
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/heat-map
https://www.sciencedirect.com/topics/immunology-and-microbiology/booster-dose
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coverages and time 

frames was produced and 

matched with vaccination 

rate's function to 

determine feasible time 

frames. 

 

 

 

DISCUSSION  

Air change per hour in ventilation control 

Ventilation replaces indoor air with outdoor air, which can be natural (through gaps or windows) or 

artificial (using mechanical equipment like fans or ACs). Key indicators include Air Supply (M³/Hour/Person), Air 

Exchange (Times/Hour), Air Speed (m/sec), and air quality metrics such as CO2 concentration, temperature, and 

humidity (Savanti, Setyowati, and Hardiman 2022).   Air Change per Hour (ACH) measures the number of air 

changes in a room per hour, essential for thermal comfort and indoor air quality (IAQ). In hospitals, the standard 

ACH is about 12 x/hour to prevent contaminated air buildup (Nair et al. 2022). The WHO recommends 12 ACH for 

isolation rooms, 6-10 ACH for patient rooms without aerosol procedures, and 16 ACH for rooms producing 

aerosols. Mechanical ventilation in such rooms should maintain negative pressure of 6-12 ACH. Airlock rooms and 

dirty utilities should use 100% fresh air with constant airflow. 

 

Temperature settings 

Air temperature is one of the environmental factors that greatly determines the quality, comfort and 

distribution of indoor air (Ferdyn-Grygierek and Grygierek 2024). The room temperature is conditioned as the best 

environment to speed up patient recovery and comfort patients, doctors and paramedics in the hospital. The room is 

conditioned to a temperature of 21 to 24 degrees Celsius with paramedics providing an RH (Relative Humidity) of 

40%-60. 

 

Humidity Settings 

The Decree of the Minister of Health of Indonesia Number 1204/MENKES/SK/X/2004 outlines air 

temperature and humidity requirements for hospitals. Proper control is crucial to prevent bacterial growth and 

ensure safety (Bulto and Hendriks 2024). Operating rooms should be 19-24°C with 45-60% humidity, while other 

rooms should be 18-28°C with 40-60% humidity. ICUs require 22-23°C with 35-60% humidity and positive 

pressure. 

 

Air cleanliness level (filtration) 

According to the RI Minister of Health Decree Number 1204/Menkes/SK/2004, the dust content in 

hospitals must not exceed 150 mg/M³. HEPA filters, which remove particles larger than 0.3 microns, are required 

(Kementerian Kesehatan Republik, 2004).  All filter efficiencies are based on ASHRAE 52.1 standards, requiring 

HEPA filters with a 99.9% DOP test for air supply systems. Filters must be installed correctly to prevent leaks and 

contamination. A manometer should be used to measure pressure drops, indicating when filters need 

replacement(Ashrae, 2017). 

 

Air pressure settings 

Air pressure criteria must follow ASHRAE 62 for acceptable indoor air quality, especially in specific 

places. ASHRAE 62-1989 regulates building air quality, and higher outdoor air requirements must be 

prioritized(Ashrae, 2019).  In critical care areas, constant volume systems should ensure proper ventilation and 

pressure differentials, except when spaces are empty. For non-critical areas and staff rooms, Variable Air Volume 

(VAV) systems can save energy (Kim, Jo, and Sung 2024). VAV systems in hospitals must maintain minimum 

ventilation rates and pressure differences. Tracking air volume between supply and exhaust/return can control 

pressure differences. Areas needing continuous control are marked P for positive pressure, N for negative pressure, 

and E for no pressure difference. The notation ± indicates no need for continuous flow direction control. 
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 CONCLUSION  

 In conclusion, strategies for mitigating infectious diseases in hospital rooms in Indonesia must include 

improving and monitoring ventilation, adjusting the work duration of health workers, implementing strict health 

protocols, and preventing and early detection of infections. The combination of these approaches can increase the 

effectiveness of infection control and protect healthcare workers and patients in hospitals. Ventilation is crucial for 

reducing airborne transmission of diseases like COVID-19 in closed spaces. Effective monitoring of air changes 

per hour (ACH) and adherence to standards is essential. Hospitals should ensure proper ventilation, potentially 

including it in the SNARS checklist and considering specific standards for Emergency Units. Infection control in 

hospitals requires managing healthcare worker exposure, using PPE, and ensuring effective ventilation. Research 

highlights that a proper work environment and strict health protocols prevent infections and protect staff. Good 

ventilation is a primary prevention measure, while PPE and other controls are secondary. Infectious disease 

prevention and early detection are an integral part of mitigation strategies in hospitals. Close monitoring of 

ventilation and implementation of environmental health standards can help detect and prevent the spread of 

infection early. This is in line with the literature discussing investment in prevention and early detection of 

infectious diseases to improve responses to disease outbreaks. During the COVID-19 pandemic, proper ventilation 

and work policies are crucial for reducing exposure to infectious diseases in hospitals. Research shows that 

improving ventilation and managing exposure duration can significantly prevent infections. With health worker 

deaths rising to 89 and nearly 900 infections by July, reconsidering shift lengths to reduce exposure is necessary. 
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