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Abstract 

       Air pollution in hospitals is a critical public health issue that endangers patient safety and places 

a significant burden on healthcare systems. The presence of particulate matter, chemical pollutants, 

and harmful microorganisms in hospital air exacerbates respiratory and cardiovascular diseases, 

hospital-acquired infections, and antibiotic resistance. Vulnerable populations, such as the elderly and 

individuals with multi-morbidities, are disproportionately affected by these hazards. 

To mitigate these risks, hospitals must adopt a comprehensive approach that includes advanced 

ventilation systems, enhanced infection control practices, and policies to minimize pollution exposure. 

Optimizing airflow rates, integrating effective filtration technologies, and adhering to infection 

prevention protocols can significantly reduce microbial contamination and improve indoor air quality. 

Thoughtful architectural designs that promote natural airflow and antimicrobial materials further 

enhance safety in high-risk areas. 

Sustained improvements require continuous air quality monitoring, regular system maintenance, and 

interdisciplinary collaboration among healthcare professionals, architects, and environmental 

scientists. By prioritizing air quality improvement, hospitals can create safer environments for 

patients, staff, and visitors while reducing morbidity, mortality, and economic burdens. Addressing air 

pollution in hospitals is not only essential for patient safety but also a fundamental step toward 

delivering high-quality healthcare services that protect public health. 
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1- INTRODUCTION 

        Air pollution in hospitals is a critical 

public health concern with profound 

implications for patient safety, healthcare 

outcomes, and economic sustainability. 

Hospitals are unique environments where 

indoor air quality (IAQ) plays a pivotal 

role in safeguarding the health and 

recovery of patients, particularly those 

with weakened immune systems or chronic 

illnesses (1, 2). Poor IAQ in healthcare 

facilities results from a combination of 

external sources, such as vehicle emissions 

and industrial pollutants, and internal 

factors, including cleaning agents, medical 

equipment, and human activity (3, 4). 

These pollutants encompass particulate 

matter (PM), volatile organic compounds 

(VOCs), nitrogen dioxide (NO₂), sulfur 

dioxide (SO₂), ozone (O₃), and bioaerosols 

containing harmful microorganisms like 

Cladosporium and Penicillium (5, 6). 

The impact of poor IAQ in hospitals 

extends beyond individual health outcomes 

to broader public health challenges. 

Pollutants such as fine particulate matter 

(PM2.5) can penetrate deep into the lungs, 

causing respiratory infections, 

cardiovascular diseases, and even lung 

cancer (1, 7). Vulnerable populations, 

including the elderly, children, and 

individuals with multi-morbidities, are 

disproportionately affected by these risks 

(1, 8). Furthermore, studies have 

demonstrated that exposure to air pollution 

exacerbates chronic conditions such as 

asthma and chronic obstructive pulmonary 

disease (COPD), leading to increased 

hospital admissions and prolonged 

recovery times (9, 10). The presence of 

airborne pathogens in hospital 

environments also heightens the risk of 

hospital-acquired infections (HAIs), a 

significant cause of morbidity and 

mortality worldwide (11, 12). 

Addressing these challenges is essential 

for improving patient safety and healthcare 

efficiency. Enhancing indoor air quality 

can reduce the spread of airborne 

pathogens, minimize respiratory 

complications, and improve overall patient 

outcomes (4, 13). Poor IAQ also 

negatively impacts healthcare workers by 

increasing absenteeism due to respiratory 

illnesses and reducing productivity (14, 

15). Effective strategies, such as advanced 

ventilation systems with High-Efficiency 

Particulate Air (HEPA) filters, real-time 

air quality monitoring technologies, 

evidence-based infection control measures, 

and architectural innovations, can 

significantly mitigate these risks while 

ensuring compliance with regulatory 

standards (3, 16). 

This study aimed to synthesize findings 

from recent research to provide a 

comprehensive understanding of the 

critical public health emergency posed by 

air pollution in hospitals (2, 3, 13). It 

reviewed the factors influencing indoor air 

quality (IAQ), focusing on the types of 

contaminants—especially microbial 

pollutants—present in hospital 

environments, their adverse health impacts 

on vulnerable populations, and effective 

strategies for improving IAQ to enhance 

patient safety. 

By prioritizing air quality improvement 

through evidence-based interventions and 

interdisciplinary collaboration among 

healthcare professionals, architects, and 

policymakers, hospitals can create safer 

environments for both patients and staff (1, 

4). Ultimately, improving IAQ is not just a 

technical challenge but a fundamental step 

toward delivering high-quality healthcare 

services that safeguard public health while 

reducing economic burdens (1, 2). 

2- MATERIALS AND METHODS 

2-1. Search Strategy 

        This narrative review aimed to 

synthesize findings from recent research to 

provide a comprehensive understanding of 

the factors influencing indoor air quality 
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(IAQ) in hospitals. The review was 

designed to capture a broad spectrum of 

evidence related to IAQ, focusing on 

chemical and microbial contaminants, their 

health impacts, and potential mitigation 

strategies. A comprehensive literature 

search was conducted across multiple 

academic databases, including PubMed, 

Scopus, Web of Science, and Google 

Scholar, using specific keywords such as 

indoor air quality, hospital environments, 

microbial contaminants, ventilation 

systems, and health impacts. The search 

strategy was tailored to include both 

systematic reviews and primary research 

articles published in the past decade to 

ensure relevance and up-to-date findings. 

2-2. Literature Search and Selection 

Criteria 

The inclusion criteria for this review 

required that studies focus on IAQ in 

hospital environments, address chemical or 

microbial contaminants, and discuss health 

impacts or mitigation strategies up to 

December 2024. Studies were excluded if 

they were not specific to hospital 

environments, lacked full-text availability, 

or were written in languages other than 

English or Persian. Data extraction focused 

on key themes, including types of 

contaminants, factors influencing IAQ 

(such as building design and ventilation 

systems), health impacts on vulnerable 

populations (including patients and 

healthcare workers), and proposed 

mitigation strategies (such as advanced 

filtration systems and real-time air quality 

monitoring). The quality of the selected 

studies was evaluated by two independent 

reviewers based on relevance and 

methodological rigor, ensuring that the 

studies were both relevant and 

methodologically sound, despite not using 

a formal quality assessment tool due to the 

narrative nature of the review. 

2-3. Synthesis of Findings 

The synthesis of findings was conducted 

using a narrative approach, where 

emerging themes were identified and 

summarized. Key themes included the role 

of Heating, Ventilation, and Air 

Conditioning (HVAC) systems in 

controlling microbial contaminants, the 

influence of building design on indoor air 

quality, and the health impacts of poor 

IAQ on patients and healthcare staff. The 

review also explored potential mitigation 

strategies, including evidence-based 

infection control measures and 

architectural innovations, which can 

improve IAQ while adhering to regulatory 

standards. 

2-4. Ethical considerations 

As this study involved a review of publicly 

available literature, ethical committee 

approval was not required. However, 

adherence to copyright regulations and 

transparent documentation of sources were 

maintained throughout the review process. 

3- RESULTS 

        This review highlights key findings 

on indoor air quality (IAQ) in hospitals. 

Air pollutants such as particulate matter 

and nitrogen dioxide adversely affect 

patient health, while bacterial and fungal 

pathogens thrive due to inadequate 

ventilation and high occupancy levels. 

Areas with high patient traffic tend to have 

higher pollution levels, which pose 

significant health risks and contribute to 

increased healthcare costs. Strategies to 

enhance ventilation and reduce microbial 

contamination include the use of HEPA 

filters and real-time monitoring systems; 

however, challenges remain in consistently 

implementing these measures across 

various hospital environments. The main 

findings from the existing literature are as 

follows: 

A. Main Types of Air Pollutants in 

Hospitals and Their Impact on Patient 

Health 
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Hospitals are contaminated with a variety 

of pollutants, including particulate matter, 

chemical compounds, and 

microorganisms. These pollutants can 

originate from both indoor and outdoor 

sources. 

1. Particulate Matter (PM) in Hospital 

Air 

1-1. Particulate Matter  

Particulate matter is a significant indoor air 

pollutant in hospitals, consisting of fine 

(PM2.5) and coarse (PM10) particles. 

These particles can originate from both 

indoor and outdoor sources. 

Sources and Composition: 

 Outdoor Sources: PM2.5 and PM10 

can infiltrate hospitals through 

ventilation systems, especially in urban 

areas with high levels of vehicular 

emissions and industrial activities (17-

19). 

 Indoor Sources: Activities such as 

cleaning, construction, patient 

movements, and medical procedures 

can generate particulate matter indoors 

(19-22). 

1-2. Health Impacts: 

 Respiratory and Cardiovascular 

Risks: These particles can penetrate the 

respiratory system, posing health risks 

to patients and staff. Exposure to PM2.5 

and PM10 has been linked to increased 

hospital admissions for respiratory and 

cardiovascular conditions (17, 23). 

Studies have shown that even short-

term exposure to PM can increase the 

risk of hospital admissions for 

respiratory diseases, even at low 

concentrations (23, 24). For example, a 

10 μg/m³ increase in PM2.5 is 

associated with a significant increase in 

total respiratory diseases (23). 

1-3. Concentration Levels: 

 Variability in Hospital Wards: 

Studies have reported varying 

concentrations of PM in different 

hospital wards. For instance, in some 

intensive care units, PM10 

concentrations have ranged from 9.71 

to 59.19 μg/m³, while PM2.5 levels 

have varied from 4.69 to 20.23 μg/m³ 

(20). 

2. Chemical Pollutants in Hospital Air 

Chemical pollutants in hospitals include 

volatile organic compounds (VOCs), 

aldehydes, ketones, and other organic and 

inorganic compounds. These pollutants 

can emanate from various sources within 

the hospital environment. 

2-1. Sources and Composition 

 VOCs: Common VOCs found in 

hospitals include ethanol, acetone, 2-

propanol, and terpenes. These are often 

released from hand sanitizers, cleaning 

agents, and medical equipment (25-27). 

 Aldehydes and Ketones: 
Formaldehyde and acetaldehyde are 

frequently detected in hospital indoor 

air, often originating from building 

materials, cleaning products, and 

laboratory activities (27). 

 Halogenated Compounds: Chloroform 

and dichloromethane have been 

identified in higher concentrations in 

intensive care units (ICUs) and 

bronchoscopy rooms (25). 

2-2. Health Impacts 

Chemical pollutants can cause a range of 

health issues: 

 Respiratory Irritation: VOCs and 

aldehydes can cause respiratory 

irritation, coughing, and shortness of 

breath, particularly in healthcare 

workers and immunocompromised 

patients (26, 27). 

 Neurological Effects: Prolonged 

exposure to ketones such as acetone and 

2-butanone has been linked to 
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neurological symptoms, including 

dizziness and headaches (26). 

 Cancer Risk: Some chemical 

pollutants, such as formaldehyde, are 

known carcinogens and can pose long-

term health risks to healthcare workers 

(27). 

2-3. Statistics 

 VOC Concentrations: Studies have 

shown that the median concentrations 

of certain VOCs are significantly higher 

in hospitals than in other settings. For 

example, 2-propanol and acetone 

concentrations were found to be 358.41 

μg/m³ and 84.40 μg/m³, respectively, in 

some hospitals (26). Chloroform levels 

in ICUs and bronchoscopy rooms have 

been reported to be up to twice the 

average daily maximum permissible 

limit (MPL) (25). 

3. Microbial Contamination in Hospital 

Air 

Hospitals are prone to bacterial and fungal 

contamination due to the presence of 

immunocompromised patients and 

invasive medical procedures. Biological 

contaminants, including bacteria, fungi, 

and viruses, are prevalent in hospital 

indoor air and are a major contributor to 

hospital-acquired infections (HAIs). 

3-1. Sources and Composition: 

 Bacteria: Common bacterial genera 

found in hospital air include 

Staphylococcus, Micrococcus, Bacillus, 

and Pseudomonas. These bacteria can 

be shed from patients, healthcare 

workers, and contaminated surfaces 

(20, 27, 28). 

 Fungi: Fungal genera such as 

Cladosporium, Penicillium, and 

Aspergillus are frequently detected in 

hospital air. These fungi can grow in 

damp environments and on 

contaminated materials (20, 27, 28). 

 Viruses: Viral particles can become 

airborne through coughing, sneezing, or 

medical procedures, posing a risk of 

transmission to susceptible individuals 

(28). 

4. Other Pollutants and Sources 

Contributing to Poor Indoor Air 

Quality in Hospitals 

In addition to particulate matter, chemical 

pollutants, and biological contaminants, 

other pollutants and sources contribute to 

poor indoor air quality in hospitals. 

 Carbon Dioxide (CO2): High levels of 

CO2 in hospital rooms can result from 

inadequate ventilation and human 

respiration. Elevated CO2 levels can 

cause dizziness, headaches, and 

respiratory discomfort (20, 27). 

 Nitrogen Dioxide (NO2) and Carbon 

Monoxide (CO): Nitrogen dioxide 

(NO2) and carbon monoxide (CO) are 

often associated with outdoor air 

pollution but can infiltrate hospitals 

through ventilation systems. These 

pollutants have been linked to increased 

hospital admissions for asthma and 

other respiratory conditions (17, 29). 

 Radon: Radon, a radioactive gas, can 

accumulate in hospital basements and 

lower levels, posing a long-term cancer 

risk to occupants (20). 

 Medical Equipment and Disinfection 

Processes: UV recirculator irradiators 

used for air disinfection can increase 

the concentration of certain chemical 

pollutants, such as formaldehyde and 

ozone, in hospital air (25). These 

processes highlight the need for careful 

management of medical equipment to 

prevent additional sources of pollution. 

B. Primary Bacterial and Fungal 

Pathogens Identified in Hospital Ward 

Air Samples 

1. Bacterial Pathogens in Hospital Air 
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 Staphylococcus aureus: Frequently 

isolated in hospital air, it is associated 

with nosocomial infections such as 

wound infections and sepsis. In one 

study, its density varied across wards, 

with the highest concentration in the 

poisoning section (30). S. aureus is also 

one of the predominant bacteria found 

in hospital environments, often showing 

resistance to antibiotics. For instance, 

studies have shown that S. aureus 

isolates from intensive care units 

exhibit higher resistance to certain 

antibiotics compared to non-ICU wards 

(31-34). 

 Staphylococcus epidermidis: Another 

prevalent species, often found alongside 

S. aureus, it contributes to skin 

infections and is noted for its antibiotic 

resistance (30, 35). It is commonly 

isolated from hospital air and surfaces 

(36). 

 Acinetobacter spp.: Identified as a 

significant pathogen in hospital air, 

particularly in intensive care settings, it 

is known for its role in hospital-

acquired infections (37). Acinetobacter 

spp. are prevalent in both medical and 

infectious disease wards (37). 

 Mycobacterium spp.: Detected in 

ward air samples, these bacteria are of 

particular concern due to their 

association with respiratory diseases 

(38-40). 

 Vibrio metschnikovii: Found in 

specialized hospitals, this pathogen 

adds to the diversity of airborne 

bacteria that can affect 

immunocompromised patients (35). 

 Other Significant Pathogens: Other 

key bacterial pathogens identified in 

hospital environments include 

Staphylococcus haemolyticus, known 

for its role in hospital-acquired 

infections (35), as well as 

Pseudonocardia bannensis and 

Rubrobacter A aplysinae, frequently 

isolated from ward environments (38). 

Micrococcus, Bacillus, and 

Pseudomonas are also prevalent, often 

shed from patients, healthcare workers, 

and contaminated surfaces (20, 27, 28). 

Opportunistic pathogens such as 

Methylobacterium spp. and 

Cutibacterium spp. pose risks to 

immunocompromised patients (38). 

2. Bacterial Concentrations  

 Airborne bacterial concentrations in 

hospitals vary significantly across 

different departments. For instance, 

concentrations have been reported as 

high as 76 CFU/m³ in medical wards 

and 85 CFU/m³ in infectious disease 

wards (41). In some hospitals, bacterial 

loads range between 210 and 3,224 

CFU/m³, with the highest 

concentrations often recorded in 

gynecology and pediatric wards (42). 

The highest recorded bacterial loads can 

reach up to 5,395.14 CFU/m³ (Colony 

Forming Units per cubic meter) in 

certain areas (43). 

3. Fungal Contamination and Key 

Pathogens in Hospitals 

Fungal contamination is a significant 

concern in hospital environments, posing 

risks to patient health, particularly for 

immunocompromised individuals. Studies 

have shown that fungal spores are 

ubiquitous in hospital air, with up to 

90.3% of air samples containing fungi 

(44). This widespread contamination 

underscores the need for effective 

monitoring and control measures to 

prevent hospital-acquired mold infections. 

Key fungal pathogens include: 

 Aspergillus spp.: This genus is 

frequently isolated in hospitals, with 

Aspergillus fumigatus being notable for 

its role in opportunistic infections and 

resistance to antifungal agents like 

itraconazole (45, 46). 
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 Candida spp.: Common in Neonatal 

Intensive Care Units (NICUs), species 

like Candida albicans, C. glabrata, and 

C. parapsilosis show resistance to 

fluconazole and micafungin (47, 48). 

 Fusarium spp. and Mucorales: These 

are significant in invasive fungal 

diseases, especially in 

immunocompromised patients (49). 

 Other Pathogens: Penicillium spp. are 

also prevalent, often alongside 

Cladosporium and Aspergillus (50-52). 

Aspergillus niger and Penicillium 

commune are associated with 

respiratory issues (50). 

C. Factors Contributing to Higher 

Microbial Contamination Rates in 

Hospital Departments 

Higher microbial contamination rates in 

hospital departments are influenced by 

several key factors, which can be 

categorized into environmental conditions, 

equipment hygiene, and staff practices. 

Understanding these factors is essential for 

developing effective strategies to reduce 

healthcare-associated infections. 

1. Environmental Conditions 

 Air Quality: Poor ventilation and air 

quality, especially in confined areas like 

intensive care units (ICUs), can 

significantly increase the spread of 

pathogens. Inadequate air purification 

allows microorganisms to thrive, 

contributing to higher contamination 

levels (53). 

 Surface Contamination: High-touch 

surfaces such as beddings and medical 

devices often harbor bacteria, including 

multidrug-resistant strains, which 

increase the risk of HAIs (54). 

2. Equipment Hygiene 

 Medical Devices: Contaminated 

medical instruments and devices can act 

as vectors for pathogen transmission 

between patients. Regular disinfection 

of these items is crucial to prevent the 

spread of infections (53, 55). 

 Cleaning Protocols: Inconsistent or 

inadequate cleaning practices can lead 

to persistent contamination, even in 

departments that undergo regular 

cleaning. This suggests potential lapses 

in disinfection protocols (55). 

3. Staff Practices 

 Personal Hygiene: Inadequate personal 

hygiene among healthcare workers can 

lead to cross-contamination, 

particularly in high-risk areas like 

ICUs. Proper hand hygiene is essential 

to prevent the spread of pathogens (56). 

 Training and Compliance: Lack of 

training in infection prevention 

practices can exacerbate contamination 

issues. Ongoing education and 

adherence to infection control protocols 

are vital for reducing microbial 

contamination (56). 

D. Microbial Air Pollution in Hospital 

Departments: Which Are Most 

Polluted? 

Microbial air pollution in hospitals varies 

significantly across different departments, 

with certain areas exhibiting higher levels 

of contamination. This variation is 

influenced by factors such as patient 

density, ventilation, and cleaning practices. 

Key departments with high microbial loads 

include: 

1. Departments with High Microbial 

Loads: 

 Outpatient Departments (OPD): 
Recorded the highest bacterial load of 

5395.14 CFU/m³, indicating a 

significant risk for airborne pathogens 

(43). This high contamination is often 

attributed to crowded conditions and 

inadequate ventilation. 
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 Medical Wards: Showed high 

concentrations, with an average of 

1271.00 CFU/m³, attributed to factors 

like poor ventilation and hygiene (57). 

These wards are particularly susceptible 

to microbial contamination due to the 

presence of patients with various 

infections. 

 Hemodialysis Unit: This unit reported 

the highest blood culture contamination 

rate at 26.49%, primarily due to skin 

flora like Staphylococcus epidermidis 

(58). The risk of infection is heightened 

due to the invasive nature of dialysis 

procedures. 

 Emergency Department: Exhibited a 

contamination rate of 15.89%, 

indicating a critical area for infection 

control (58). The emergency 

department's high patient turnover and 

urgent care environment contribute to 

its susceptibility to microbial 

contamination. 

 Surgical and Intensive Care Units 

(ICUs): These departments showed 

high levels of multidrug-resistant 

bacteria, with contamination rates of 

68.29% in surgical wards and 80% in 

ICUs for antibiotic-resistant organisms 

(59). Despite generally having lower 

microbial counts, ICUs pose significant 

risks due to the vulnerable patient 

population (60). 

 Gynecology Department: Reported a 

contamination rate of 50%, highlighting 

the need for stringent hygiene practices 

(55). This department's specific patient 

population and procedures require 

careful attention to infection control 

measures. 

2. Low Microbial Contamination in 

Surgical Wards: 

Surgical wards typically maintain lower 

levels of microbial contamination 

compared to other hospital departments. 

This is primarily due to stringent 

sterilization protocols, effective ventilation 

systems, and rigorous infection control 

measures. These practices significantly 

reduce airborne pathogens and surface 

contamination, highlighting the critical 

role of robust infection control strategies in 

minimizing microbial air pollution and 

ensuring patient safety (61, 62). 

E. Health Risks from Airborne 

Pathogens in Hospitals 

Exposure to airborne bacterial and fungal 

pathogens in healthcare settings poses 

significant health risks, particularly for 

vulnerable populations. These pathogens 

can lead to infections, contribute to 

antibiotic resistance, and exacerbate 

respiratory conditions. 

1. Infections and Respiratory Diseases 

Airborne bacteria such as Staphylococcus 

spp. and Pseudomonas spp. are associated 

with severe infections, including hospital-

acquired infections. Fungal pathogens like 

Aspergillus and Fusarium can cause 

respiratory diseases, particularly in 

immunocompromised individuals (50, 63). 

2. Vulnerable Populations 

Certain groups are disproportionately 

affected by airborne pathogens: 

 Immunocompromised Patients: At 

heightened risk of severe infections due 

to weakened immune defenses (63). 

 Elderly Patients: More susceptible to 

respiratory and cardiovascular 

complications caused by poor air 

quality (17, 64). 

 Patients with Multi-Morbidities: Face 

increased risks of cardiopulmonary 

complications (17, 64). 

 Healthcare Workers: Consistently 

exposed to airborne pollutants, risking 

respiratory diseases and infections (25, 

44). 
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 Children: Particularly vulnerable to 

respiratory infections and asthma 

exacerbations (64). 

3. Antimicrobial Resistance 

The presence of airborne pathogens 

contributes to the emergence of antibiotic-

resistant bacteria, complicating treatment 

options and increasing the likelihood of 

prolonged infections (50). 

4. Long-Term Health Effects 

Prolonged exposure to airborne 

carcinogens can increase cancer risks 

among both patients and healthcare 

workers (65). 

F. Air Pollution in Hospitals: Health 

and Economic Impacts 

Air pollution is a critical issue that extends 

its harmful effects beyond the general 

population to healthcare environments. In 

hospitals, poor air quality exacerbates 

health conditions for patients and places a 

significant strain on healthcare systems. 

Airborne pollutants, such as particulate 

matter (PM2.5 and PM10), nitrogen 

dioxide (NO2), and sulfur dioxide (SO2), 

are directly linked to increased hospital 

admissions, prolonged patient stays, and 

higher treatment costs (64, 66). Addressing 

air pollution in hospitals is crucial not only 

for improving patient outcomes but also 

for reducing the financial burden on 

healthcare systems through effective air 

quality management strategies. The effects 

of air pollution in hospitals extend beyond 

individual health outcomes, significantly 

impacting the efficiency and financial 

sustainability of healthcare systems. Key 

impacts include: 

1. Increased Hospital Admissions 

Exposure to air pollutants is strongly 

associated with higher hospitalization 

rates, particularly for respiratory and 

cardiovascular conditions. For example: 

 Short-term exposure to PM2.5 increases 

hospital admissions by 7.25%. 

 Exposure to PM10 increases admissions 

by 5.59% (17, 64, 67). 

2. Prolonged Length of Stay (LOS) 

Patients exposed to poor air quality often 

require extended hospital stays, which 

increases costs and strains resources. A 

study revealed that each 10 μg/m³ increase 

in PM2.5 corresponds to a 7.25% rise in 

LOS (Length of Stay) for patients with 

diabetes and respiratory diseases (64). 

3. Higher Treatment Costs 

The economic burden of treating illnesses 

caused or exacerbated by air pollution is 

substantial, particularly in developing 

countries where treatment costs often 

exceed preventive investments. Proactive 

measures to improve air quality have been 

shown to significantly reduce healthcare 

spending, as meeting clean air standards 

can lower hospital care costs (67). 

G. Strategies to Enhance Ventilation 

and Reduce Microbial Air Pollution in 

Hospitals 

Improving indoor air quality in hospitals is 

critical for reducing the incidence of 

hospital-acquired infections. These 

strategies emphasize ventilation, 

architectural design, advanced 

technologies, infection control, and 

sustainability: 

1. Optimizing Ventilation Systems 

 Air Change Rates (ACH): 
Maintaining adequate air changes per 

hour (e.g., 6–12 ACH) significantly 

reduces airborne pathogen 

concentrations. For instance, increasing 

ACH in general wards has been shown 

to lower pathogen exposure effectively 

(68). 

 Natural Ventilation: Utilizing natural 

ventilation can enhance IAQ, especially 
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in climates with favorable weather 

conditions. This approach promotes air 

renewal and reduces reliance on 

mechanical systems, thereby lowering 

energy costs (69).  

 Directional Airflow: Implementing 

vertical airflow systems (e.g., ceiling-

mounted systems) improves air 

cleanliness by minimizing the 

dispersion of infectious agents (70). 

 Hybrid Ventilation Systems: 
Combining mechanical and natural 

ventilation strikes a balance between 

improving IAQ, energy efficiency, and 

thermal comfort (70, 71). 

 Local Exhaust Ventilation: Installing 

exhaust grilles in high-risk areas, such 

as isolation rooms, effectively removes 

airborne pathogens from these spaces 

(72). 

2. Architectural Design and Layout 

Architectural design plays a pivotal role in 

minimizing the risk of hospital-acquired 

infections by integrating infection 

prevention measures into hospital layouts 

and material choices. Below are key 

strategies supported by recent findings: 

 Single-Occupancy Rooms: 
Transitioning to single-patient rooms 

has been shown to significantly reduce 

cross-contamination and microbial 

loads compared to shared wards. For 

example, infection rates declined by 

45% in facilities that shifted from semi-

private to private room designs, 

highlighting their effectiveness in 

reducing HAIs (73,  74). 

 Optimized Ventilation and Natural 

Airflow: Incorporating design elements 

such as large windows, open layouts, 

and strategically placed vents enhances 

natural ventilation and air renewal. 

These features help dilute airborne 

pathogens, creating a healthier indoor 

environment (75-77). Modern designs 

also include mechanically ventilated 

rooms with HEPA filtration systems to 

prevent the recirculation of 

contaminated air (78). 

 Patient Flow Optimization: Designing 

pathways to separate clean and 

contaminated areas is critical for 

reducing pathogen spread. For instance, 

dedicated routes for sterile supplies and 

isolation zones for infectious patients 

help minimize cross-contamination 

risks (74, 79). Zoning strategies, such 

as separating handwashing sinks from 

work zones, further prevent splash 

contamination (75, 77). 

 Antimicrobial Surfaces and 

Materials: Using non-porous, 

antimicrobial materials for surfaces and 

furniture inhibits microbial growth and 

facilitates cleaning. Materials like 

copper or antimicrobial coatings have 

been shown to reduce pathogen survival 

on high-touch surfaces (74, 79). 

 Interdisciplinary Collaboration: 
Engaging architects, healthcare 

professionals, and infection control 

experts during the design process 

ensures that infection prevention 

measures are seamlessly integrated into 

hospital environments. This 

collaboration optimizes layouts, 

material choices, and ventilation 

systems while addressing potential risks 

early in the construction phase (78, 80). 

 Flexible Design Features: 

Incorporating adaptable spaces such as 

flexible triage areas or screening zones 

allows hospitals to respond effectively 

to outbreaks or surges in patient 

numbers. Additionally, features like 

motion-sensor doors, touch-free sinks, 

and UV sterilization systems further 

minimize contact-based transmission 

(81). 

3. Advanced Air Filtration and Cleaning 

Technologies 
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 HEPA Filters: High-efficiency 

particulate air filters are highly effective 

in removing bacteria, viruses, and other 

pathogens, particularly in operating 

rooms and isolation wards (71, 82). 

 UV-C (Ultraviolet-C) Light 

Disinfection: Integrating UV-C light 

into ventilation systems disinfects 

airborne pathogens, reducing risks from 

viruses like SARS-CoV-2 (Severe 

Acute Respiratory Syndrome 

Coronavirus 2) (72, 82). 

 Bed Ventilation Systems: Innovative 

systems like bed-integrated ventilation 

units reduce exhaled contaminants in 

the patient microenvironment (71). 

4. Infection Prevention and Control 

(IPC) Practices 

 Standard Precautions: Adhering to 

IPC guidelines such as hand hygiene, 

PPE use, and surface disinfection is 

critical for reducing HAIs (74, 83). 

 Monitoring IAQ: Regular monitoring 

of bacterial and fungal loads helps 

identify contamination hotspots for 

targeted interventions (84). 

 Training Healthcare Workers: 
Ensuring staff are trained in IPC 

practices ensures compliance with 

safety protocols (83, 84). 

5. Patient Isolation Strategies 

 Negative Pressure Isolation Rooms: 
Infectious patients should be placed in 

well-ventilated isolation rooms with 

negative pressure to prevent pathogen 

spread (70, 72). 

 Cohorting Patients: Grouping patients 

with similar infections limits cross-

contamination risks (74, 79). 

6. Energy Efficiency and Sustainability 

 Hybrid Ventilation Systems: These 

systems maintain energy efficiency 

while improving IAQ through smart 

HVAC designs (70, 71). 

 Sustainable Design Features: 

Incorporating natural ventilation, solar 

shading, and passive design techniques 

enhances IAQ while reducing energy 

costs (79). 

7. Monitoring and Maintenance of 

Ventilation Systems 

 Regular Maintenance: Routine filter 

replacement and duct cleaning ensure 

ventilation systems function effectively 

(72, 82). 

 Real-Time Monitoring: Installing 

systems to track air quality parameters 

like CO2, particulate matter, and 

microbial loads provides actionable 

data for interventions (84, 85). 

8. Addressing Emerging Challenges 

 Pandemic Preparedness: Robust 

ventilation and filtration systems are 

essential for mitigating the spread of 

highly infectious respiratory pathogens 

during pandemics (72, 82). 

 Combatting Antimicrobial Resistance: 

Reducing microbial contamination in 

hospital air is critical for addressing 

antibiotic-resistant bacteria (84, 85). 

H. Challenges in Consistently 

Implementing Monitoring and Control 

Measures for Airborne Pathogens 

across Different Hospital Environments 

The consistent implementation of 

monitoring and control measures for 

airborne pathogens across different 

hospital environments is challenging due 

to several factors. These challenges can be 

broadly categorized into environmental 

complexity, adherence to guidelines, and 

infrastructure and behavioral challenges. 

1. Environmental Complexity 

 Diverse Aerosol Components: High 

foot traffic in hospitals leads to diverse 
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aerosol components, complicating 

pathogen monitoring (86). 

 Variability in Ventilation Systems: 

Differences in ventilation systems 

significantly affect bioaerosol 

concentrations, with natural ventilation 

often resulting in higher levels (87, 88). 

2. Adherence to Guidelines 

 Non-Compliance with IAQ 

Standards: Many hospitals fail to 

comply with indoor air quality (IAQ) 

standards set by organizations like 

ASHRAE and WHO, which are crucial 

for controlling airborne pathogens (89). 

 Improper Implementation of 

Advanced Measures: Techniques like 

ultraviolet germicidal irradiation are 

often improperly implemented, 

reducing their effectiveness (89). 

3. Infrastructure and Behavioral 

Challenges 

 Lack of Infrastructure and 

Administrative Support: Effective 

infection prevention and control (IPC) 

requires adequate infrastructure and 

support, which is often lacking in 

developing countries (90, 91). 

 High Patient Density and Staff 

Interactions: High patient density and 

frequent staff interactions increase 

cross-infection risks, complicating IPC 

adherence (90, 91). 

I. Solutions and Recommendations for 

Addressing Air Pollution in Hospitals 

Addressing air pollution in hospitals 

requires a comprehensive approach that 

involves multiple strategies: 

1. Improving Ventilation Systems 

Modern ventilation systems equipped with 

HEPA filters and advanced air purification 

technologies can significantly reduce 

particulate matter and microbial 

contamination. Regular maintenance and 

monitoring of these systems are essential 

to ensure their effectiveness (87). 

2. Enhancing Infection Control 

Practices 

Compliance with infection prevention and 

control (IPC) guidelines, such as proper 

hand hygiene and surface disinfection, can 

reduce the spread of airborne pathogens. 

Training healthcare workers on IPC 

practices is critical to improving patient 

safety (84). 

3. Reducing Chemical Pollutants 

Minimizing the use of volatile chemicals 

in cleaning and disinfection can lower 

indoor pollution levels. Alternative, eco-

friendly cleaning agents should be 

considered to reduce exposure to harmful 

compounds (92). 

4. Monitoring and Surveillance 

Continuous monitoring of indoor air 

quality, including levels of PM2.5, VOCs, 

and microorganisms, is essential for 

identifying and mitigating pollution 

sources. Real-time sensors and air 

sampling techniques can provide valuable 

data for improving hospital environments 

(6, 93). 

5. Policy and Regulatory Frameworks 

Strengthening air quality regulations and 

enforcing stricter standards for healthcare 

facilities can drive improvements in indoor 

air quality. Governments and health 

organizations must prioritize pollution 

control measures to protect vulnerable 

populations (13, 94). 

4- DISCUSSION 

        Air pollution in hospitals poses 

significant risks to patient safety and 

increases the burden on healthcare 

systems. Hospitals are exposed to a variety 

of air pollutants, including particulate 

matter (PM2.5 and PM10), nitrogen 

dioxide (NO2), sulfur dioxide (SO2), 
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volatile organic compounds (VOCs), and 

bioaerosols containing harmful 

microorganisms such as Staphylococcus 

aureus and Pseudomonas aeruginosa (95, 

96). These pollutants contribute to 

respiratory and cardiovascular diseases, 

hospital-acquired infections (HAIs), and 

antibiotic resistance, disproportionately 

affecting vulnerable populations like the 

elderly and those with multi-morbidities 

(97). 

Chronic exposure to fine particulate matter 

has been shown to significantly increase 

hospital admissions for respiratory 

infections and cardiovascular conditions, 

particularly among seniors and individuals 

with comorbidities (98, 99). Addressing 

this issue requires a comprehensive 

approach to improve indoor air quality in 

healthcare facilities. 

To address the risks associated with air 

pollution in hospitals, a comprehensive 

strategy is necessary. This approach should 

integrate advanced ventilation systems 

equipped with HEPA filters, evidence-

based infection control practices, and 

thoughtful architectural designs that 

promote natural airflow (95). Real-time air 

quality monitoring systems are essential 

for identifying pollutant levels and 

enabling timely interventions (100, 101). 

Regular maintenance of ventilation 

systems, adherence to infection control 

protocols, and the use of antimicrobial 

materials in hospital design are also critical 

measures to reduce microbial 

contamination and improve indoor air 

quality (74). Continuous interdisciplinary 

collaboration between healthcare 

professionals, architects, and 

environmental scientists is necessary to 

ensure these strategies remain effective 

and adaptable over time. 

Improving indoor air quality in hospitals 

requires targeted interventions at multiple 

levels. Advanced ventilation technologies 

must optimize airflow rates while 

effectively filtering out airborne 

pathogens. Policies aimed at reducing 

external pollution sources—such as stricter 

air quality standards for PM2.5 and 

NO2—are equally important to limit 

outdoor pollutants entering hospital 

environments (98). Studies have shown 

that even small reductions in PM2.5 levels 

can lead to significant decreases in hospital 

admissions for respiratory and 

cardiovascular diseases (99). 

Architectural innovations also play a 

crucial role in mitigating air pollution. 

Designs that incorporate natural ventilation 

pathways, antimicrobial surfaces, and 

strategically placed vents can significantly 

reduce microbial loads in high-risk areas 

such as intensive care units (ICUs) and 

emergency departments (74). By 

prioritizing these measures, hospitals can 

create safer environments for patients, 

staff, and visitors while reducing 

morbidity, mortality, and economic 

burdens associated with poor indoor air 

quality. Ultimately, addressing air 

pollution in hospitals is not just a technical 

challenge but a fundamental step toward 

delivering high-quality healthcare services 

that safeguard public health (42, 70, 102, 

103). 

5- CONCLUSION 

       Air pollution in hospitals is a serious 

concern that jeopardizes patient safety and 

strains healthcare systems. The presence of 

particulate matter, chemical pollutants, and 

microorganisms in hospital air poses a 

critical threat to patient safety and 

healthcare systems, exacerbating 

respiratory and cardiovascular diseases, 

hospital-acquired infections, and antibiotic 

resistance. Vulnerable populations, such as 

the elderly and those with multi-

morbidities, are particularly susceptible to 

these risks. To address this issue 

effectively, hospitals must invest in 

advanced ventilation systems, strengthen 

infection control practices, and implement 

policies to minimize pollution exposure. 
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By prioritizing air quality improvement, 

hospitals can significantly enhance patient 

safety, reduce morbidity and mortality, and 

mitigate economic burdens. A 

comprehensive strategy integrating 

advanced ventilation technologies, 

evidence-based infection control protocols, 

and thoughtful architectural design is 

essential. Continuous monitoring and 

interdisciplinary collaboration are vital to 

ensuring these measures remain effective 

and adaptable to evolving healthcare 

challenges. Ultimately, addressing air 

pollution in hospitals is crucial for 

delivering high-quality healthcare services 

that safeguard both patient health and 

economic sustainability. 
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