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The emergence of SARS-CoV2 in 2019 showed again that the world's healthcare system is not fully equipped and well-designed for preventing the transmission of nosocomial respiratory infections. One of the great tools for preventing the spread of infectious organisms in hospitals is the anteroom. Several articles have investigated the role of the anteroom in disease control but the lack of a comprehensive study in this field prompted us to provide more in-depth information to fill this gap. Also, this study aimed to assess the necessity to construct an anteroom area for hospital staff members at the entrance of each ward of the hospital, and specify the equipment and facilities which make the anteroom more efficient. Articles were identified through searches of Scopus, Web of Sciences, PubMed, and Embase for studies published in English until May 2020 reporting data on the effect of the anteroom (vestibule) area in controlling hospital infections. Data from eligible articles were extracted and presented according to PRISMA's evidence-based data evaluation search strategy. Also, details around the review aims and methods were registered with the PROSPERO. From the database, 209 articles were identified, of which 25 studies met the study criteria. Most studies demonstrated that an anteroom significantly enhances practical system efficiency. The results showed that the equipment such as ventilation system, high-efficiency particulate absorption filter, hand dispensers, alcohol-based disinfection, sink, mirror, transparent panel, UVC disinfection, and zone for PPE change, and parameters like temperature, door type, pressure, and size of the anteroom are factors that are effective on the safety of the hospital environment. Studies demonstrated that providing an anteroom for changing clothing and storing equipment may be useful in reducing the transmission of airborne infections in hospitals. Since the transmission route of SARS-CoV2 is common with other respiratory infectious agents, it can be concluded that a well-designed anteroom could potentially decrease the risk of SARS-CoV2 transmission during hospitalization as well.
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INTRODUCTION

The SARS-CoV2 has been at the forefront of all infectious agents that humans have ever encountered in terms of socioeconomic impacts. In most countries, the number of patients hospitalized with COVID-19 was more than the ICU bed capacity and the risk of hospital-acquired infections among healthcare staff is higher than ever. Hospitals play an essential role in responding to communicable disease epidemics and infectious disease control. In the case of COVID-19, the focus of the hospitals is on symptomatic patients and isolating them. Face masks, gloves, long-sleeved gowns, and goggles are known as personal protective equipment (PPE) in dealing with the spread of infectious agents (1–3). However, asymptomatic and presymptomatic individuals may serve as a reservoir in hospital-acquired infections including SARS-CoV2 (4, 5).

It was found that reinfections of some pathogens such as SARS-CoV2 among healthcare workers would more likely to be asymptomatic. So, asymptomatic healthcare workers can cause person-to-person transmission and should be considered as a source of infection in hospital wards to prevent potential outbreaks and the infection of different types of patients. Therefore, all necessary designs and facilities to minimize the risk of nosocomial infections should be considered especially in the respiratory isolation wards.

Hospital staff members work in the wards and are in direct contact with other staff members and asymptomatic patients and are more likely to be infected at work. On the other hand, infected hospital staff without any symptoms can infect their family members, other healthcare personnel, and visitors through person-to-person transmission, and also via indirect contact transmission involving contaminated objects or surfaces (6, 7). In addition, infectious microscopic organisms can transmit through the air in an indoor environment when the infected people produce respiratory droplets by breathing, talking, coughing, and sneezing (8–10).

It seems that in hospitals the focus of infection prevention programs is on preventing infection transmission through direct contact, and the indirect transmission of infections in hospitals has been neglected, except for isolation rooms (4).

One of the most important concerns of hospital staff members is the transmission of infectious organisms from the work environment to their homes and other wards (11). Factors such as reluctance to use leisure time due to the possibility of getting infected, fear of infecting others, lack of facilities to disinfect themselves and their equipment, and high load of airborne pathogens in the air of the hospital environment have caused excessive job burnout in medical staff members that endangers their physical and emotional health (12).

Scientific studies specified that well-designed physical settings can be an important tool in making hospitals safer and less risky and stressful for patients, their families, and hospital staff members (13, 14). The design of hospital physical environments should help to prevent the spread of infections and improve the safety, and quality of hospitals (12, 13). One of the great tools contributing to the prevention of infectious diseases is the anteroom (also known as vestibule) (15, 16). It is a hospital physical environment that is mostly used at the entrance of the isolation room and diminishes or prevents the spread of airborne infectious organisms and reduces the movement of contaminated air or other dangerous particles from the isolation room to the hallway (17). The anteroom is a negative or positive pressurized area containing cabinets for supplies, a sink for handwashing, and enough space for donning and doffing of PPE (18). The role of anteroom with negative pressure is different from that with positive pressure. Infectious patients' isolation rooms must be maintained at a negative pressure relative to the anteroom so that air flows into the room and not in the anteroom, theoretically preventing the escape of infectious aerosols from the isolation room. But the cancer patients' isolation room should be positively pressurized compared with the anteroom to prevent the movement of contaminated air to the isolation room (12–14, 17).

Several articles have investigated the role of the anteroom (vestibule) in disease control and prevention but until now there is no comprehensive study in this field. Considering the ongoing pandemic of Coronavirus, it was necessary to conduct a systematic review to provide a complete understanding and summarize the evidence associated with the effect of the anteroom (vestibule) area in decreasing hospital infections including SARS-CoV2 across and examine the necessity of reconsideration in the space division of hospitals to provide a healthier space for hospital staff members and patients. Also, this study aims to answer the following questions:

1- Is it necessary to construct an anteroom area for hospital staff members at the entrance of each ward of the hospital?

2- How is the effect of equipment such as ventilation system, high-efficiency particulate absorption (HEPA) filter, hand dispensers, alcohol-based disinfection, sink, mirror, transparent panel, UVC disinfection, and zone for PPE change, and parameters like temperature, door type, pressure, and size of the anteroom on the safety of the hospital environment?

3- What are the differences in the role of the anteroom with negative pressure from that with positive pressure?



METHODS


Research Strategy

The results of this study were reported according to the PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) guidelines (19). Also, details around the review aims and methods were registered with the PROSPERO (registration number: CRD42021257048). We searched Scopus, Web of Science, PubMed, and Embase databases for articles regarding the effect of the anteroom (vestibule) area in controlling hospital infections. Searches were performed without date restriction until 7th March 2021. Articles written in English were searched. We also used references of included primary articles for search.

The search terms used were as follows: “anteroom OR vestibule,” AND “hospital,” AND “infection control.” Two independent researchers screened titles and abstracts of papers and any disagreements were resolved by a third reviewer. A PRISMA flowchart showing the study selection process is depicted in Figure 1.
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FIGURE 1. PRISMA flowchart showing the search and study selection strategy.




Inclusion Criteria

Studies were included in this review if they were peer-reviewed and written in the English language. Studies must have investigated the effect of the anteroom (vestibule) area in controlling hospital infections. Furthermore, studies must have clearly described the methodology and environments in which the study was performed.



Data Extraction and Quality Assessment

All search results were managed with EndNote X7.1 (Clarivate Analytics, Philadelphia, PA, USA). Duplicates were deleted and the title and abstract of the remaining citations were reviewed to exclude irrelevant articles. For the remaining citations, full texts were downloaded and evaluated. Authors have independently assessed the risk of bias in the included studies, according to the criteria from the modified STROBE checklist, as a validated method for assessing the quality of observational and case-control studies (20). The instrument used a system to evaluate cross-sectional studies based on some criteria: title and abstract, background, objectives, study design, setting, participants, variables, data sources, and measurements, bias, study size, quantitative variables, statistical methods, participants' result, descriptive data result, outcome data and main results, other analyses, key results, limitations, interpretation, and generalizability (20).

For each domain, the following description was used for management of the risk of bias: “Yes,” “No,” and “Unclear.” We graded the quality of included studies and the risk of bias, using grading 1 for “yes” and 0 for “no and unclear,” and disagreement was resolved by discussion.

The following information/data were extracted from studies that met the inclusion criteria: name of the first author, year of publication, data collection period, continent, geographical location (country), study design, type of hospital infection (viral/fungal/bacterial), type of infectious organisms, interventions, study objectives, major findings, recommendation, and citation. When the reported data were insufficient or in the case of articles whose full text was not available, we contacted the corresponding by email to request additional information or full text. After three emails with a week's interval, these studies were excluded.




RESULTS


Search Outcome

Systematically searching multiple data sources identified a total of 209 records. After the removal of duplicates, 134 papers remained and after screening by title and abstract 97 articles were excluded based on inclusion and exclusion criteria. Finally, 37 studies reporting data on the effect of the anteroom (vestibule) area in controlling hospital infections were assessed for eligibility and 25 study papers (21–44) were included in the systematic review after full-text scrutiny. The main characteristics of the included studies are summarized in Table 1.


Table 1. The detailed information presented in the 25 included studies.
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Year of Publication and Study Location

All included papers were published between 1993 and 2020. One research reported data from 14 European countries (Denmark, Greece, Spain, Ireland, Austria, Slovenia, Bulgaria, Luxembourg, Finland, France, Malta, Italy, Norway, and Poland) as a single study (23). Results from a single study were showed data from 2 different countries (Finland and Singapore) (28). Also, data from one study was uncategorizable (44). Regarding the continent, the majority of the studies were conducted in Europe (n = 11) and North America (n = 9) (Figure 2), and regarding the country the highest numbers of reports were available for the USA (n = 7/25) and Nordic countries (n = 7/25).
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FIGURE 2. Several studies conducted in different continents reporting data on the effect of the anteroom (vestibule) area in controlling hospital infections.




Type of Hospital Infection

Of the 11 studies reporting data for the effect of the anteroom (vestibule) area in controlling hospital infections caused by infectious organisms (17, 21, 26, 29, 32–36, 42, 43), 8 had separate data for viral infections (17, 21, 32, 34–36, 42, 43). Also, 2 studies reported data on bacterial infections (29, 33), and one study included fungal infections (26).



Anteroom

Studies highlighted that an anteroom enhances practical system efficiency. It acts as a buffer zone and a layer between the isolation room and the corridor to maintain the pressure gradient and prevent pressure loss (17, 23, 32, 37). The anteroom is considered necessary for reducing the virus particle migration and air transmission from the isolation room to the corridor. It enhances environmental control and safety by reducing the risk of infection transferring (17, 32, 37). Frequently disinfection of the anteroom causes less virus transmission to corridors (32). The environmental design of the access point of hospital wards with spaces such as anteroom that are well-equipped and is able to exclude airflow, enhance infection transmission prevention and air load control (26).



Factors Influencing Transmission of Infectious Disease Through the Anteroom
 
Pressure

Eleven studies highlighted the effects of pressure on preventing air transmission and reducing the risk of infection (17, 26, 27, 31, 35–37, 39, 41, 43, 44). Results of a study conducted by Jan Styczynski et al., demonstrated that among 177 centers from 36 countries, the numbers of existing centers which use positive and negative pressure for their anterooms pressure gradient are about the same number of 19–20% (44). Three studies mentioned that anterooms equipped with negative pressure prevent airborne transmission and high particle air load (26, 27, 35). In one study, it was reported that the air exchange during door opening and closing between an isolation room and anteroom with negative pressure of −2.5 Pa was reduced compared to the neutral situation (27). In another study, the positive pressure rooms environment was changed to negative pressure to prevent airborne transmission to near areas. The −1.2 Pa pressure was used for the anteroom environment (35).

Two studies emphasize that the positive pressure of an anteroom makes the system reliable and acts as an airlock to minimize the air and particle flow (31, 39). In one study, it was shown that the particles can transfer to the isolation room through the anteroom with negative pressure, while anterooms with positive pressure disrupt the particle flow way. The positive pressure acts as a barrier and reduces the concentration of particles (39). The other study mentioned that positive pressure was preferred to the negative pressure anteroom. The anteroom pressured set at 10 Pa. The pressure level of the room can be seen from the work area and nursing station (31).

Four studies focused on the pressure difference gradient between rooms (17, 36, 41, 43). In one study, a −8 Pa pressure difference between an anteroom and isolation room resulted in better function and effective infection prevention (36). In another study, it was mentioned that the pressure difference between the anteroom and the isolation room with the 20 Pa results in lower infection particle transmission than the difference pressure gradient of 1.5 Pa (41). In the other study, the pressure difference was −8 Pa up to −15 Pa based on the combination of the pressure difference between the isolation room and anteroom, and the difference between the anteroom and corridor (17). While a study reported a pressure difference of more than 15 Pa between anteroom and isolation room and between anteroom and other areas as a suitable pressure difference (43).

Four studies emphasized the practical and beneficial aspect of implementing the pressure device monitor for pressure checks (17, 31, 43, 44). A pressure device on the wall helps health staff to control the pressure difference easily and change air measurement (17, 44). A monitoring system for controlling the pressure difference between the anteroom and the patient room or anteroom and hallway to not fall under the determined gradient Pa would help to guarantee the maintenance of continuous positive pressure by alerting the staff (44). Checking tools such as visual pressure check gauges and alarms are set to control the performance of ventilation systems. Scheduled protocol plans are designed to have high prevention maintenance and keep the required standards (31).



Air Ventilation

Eleven studies considered that the air systems help to improve efficiency by removing particles (17, 21, 23, 26, 31, 33–36, 43, 44). The ventilation system of the isolation unit is separated from other wards and connected to a backup power source. The airflow and pressure gradient flow from the cleanest to the most contaminated area. The air does not circulate again and is exhausted in a site far from the building to reduce the risk of infection transmission for occupants and the community (43). An anteroom is ventilated by the incoming and outgoing air device (31). The location and type of air device have an impact on directing airflow and reducing the infection transmission (17). Air intake and air exhaust happen at two opposite sides of the room (44).

The rate of air exchange was examined by five studies. One study indicates that the rate of air exchanges between 5 and 10 times per hour is efficient, based on the type of patients. The normal situation required 5 times and 10 times per hour was used for patients with airborne transmission disease (31). Another study reported that an airflow exchange in an anteroom between 14 and 18 times per hour was effective (35). Two studies considered a minimum of 12-air exchange per hour to be mandatory for having an efficient ventilation system (43, 44). Room ventilation of 30 min was used to clean the area after a high-risk connection with the infected patient (35). The other study stated that the implemented air supply on the ceiling and wall exhaust that function with the 12-air rate change per hour helped in the extraction of contaminants. The increase in the number of air supply is not beneficial (36).



High-Efficiency Particulate Absorption (HEPA) Filters

Five studies emphasized that a HEPA filtration system enhances infection air load prevention (23, 26, 33, 34, 44). Anterooms that are equipped with HEPA filtration system at positive airflow showed a very low level of particles (26). HEPA filtration systems discharge the air, protect the environment, and individuals (23). One study mentioned that the desirable function system was achieved when the filters were checked, cleaned, and replaced frequently. Correcting the position and checking the function of dampers and controlling the exhaust ventilation is necessary (33). HEPA filters with an efficiency rate of 99.97% are able to remove particles ≤ 0.3 μm in diameter. Having a procedure for regular replacement and maintenance of filters by staff to control the efficiency of filters is suggested (44).



Size

Four studies emphasized the efficient and appropriate size of the anteroom to enhance its capability and usability (30, 31, 38, 42). The small size of the anteroom without ventilation and with basic equipment causes a pause during transit and increases the particles transmission (30). The anteroom physical environment and proper size of the anteroom provide the potential to have zones in the anteroom area and divide the zones into spaces to enhance infection control (38, 42). The standard size of the anteroom makes it possible to store PPE and supplies (31).



Temperature

Two studies pointed out that temperature plays a significant role in controlling airborne contamination. The 2°C temperature difference between the anteroom and isolation room significantly affected the air transfer, especially in the rooms which had sliding doors. When the difference between the two rooms' temperatures is more than 2°C, the risk of transporting contaminated sources to the next room is higher due to thermal convective flows (24, 28).



Equipment

Eleven studies provided information about the effects of anteroom's equipment on infection control (17, 23, 29, 31, 32, 34, 35, 38, 42–44). The proper environmental design and the placement of equipment significantly affect the contamination risk (38). Anterooms that are well-equipped act as a protective safe barrier for health workers and patients for infection control (34). Seven of eleven studies emphasized hand hygiene importance in the anteroom. Hand disinfection products such as a sink, hand dispensers, and alcohol-based disinfection are considered a protective process necessary for better healthcare workers' protection and prevention of infection transmission (17, 31, 32, 34, 38, 42, 44). In three studies, the placement of hand hygiene dispensers was considered an important factor. The hand dispensers should be implemented on the specific points of the wall which are secured, well-supported, and reachable (38, 42). Automatic dispensers are considered desirable and useful for healthcare workers. Putting several alcohol hand hygiene products is reachable and easy-access points enhance the infection control process (31). Using a hand-free sink for clinical use is recommended for healthcare staff safety (44).

Six studies emphasized the effect of the anteroom and its equipment for donning and doffing the PPE and its impact on infection transmission prevention. Healthcare workers use the anteroom as a place for applying or removing their PPE (23, 32, 35, 42). The donning and doffing area in the anteroom and implementing a border zone for separating this area from others reduce the infection risk and enhance the safety of the environment (35, 42). The suitable settlement of equipment provides a safe doffing situation such as the position of the removal bin that should be in arm's reach (38). Placing a hand railway in the area of donning and doffing, save the healthcare workers' balance and it is easier to disinfect. It also helps to manage and save space (17, 42). Using a mirror in the anteroom helps the medical staff to check and control their PPE material for patient care, anesthesia, medical devices, and sample bottles are placed or disinfected in the anteroom (17, 32, 34, 35). Having a transparent panel such as a window between the isolation room and anteroom enhances the safety of the environment since medical staff can communicate through the transparent panel and the doors are remained closed (17, 38). Windows in the wall or door help the staff to communicate or watch over the patient (44). One study stated that using UVC disinfection considerably decreases the bacterial population on surfaces that were exposed to UVC light directly or indirectly in a short exposure time. The usage of UVC for disinfection decreases the environmental bacterial infection and works as complementary chemical disinfection. The organisms that are not in the direct path of UVC light or in the shadowed area will not be destroyed and need chemical disinfection (42). The packages of equipment should be removed in a clean area and then transfer to the clinical area. Before disposal, solid waste should be disinfected. There are three methods that are suggested for liquid waste disposal, namely, solidification and autoclaving, disinfection with chlorine, and direct disposal to a dirty drain system (43).



Door

Fourteen studies stressed on the necessity and importance of door in the anteroom for infection control and the environmental safety (17, 21, 22, 24, 25, 27, 28, 31, 33, 34, 36, 38, 40, 44). The type of the door and the way that health workers use the door are factors that affect the pressure difference and performance of the anteroom (40). The air and particles exchange happens in the last second of the door closing cycle. With the increase in the door cycle speed, the airflow exchanges between the anteroom and isolation room increased significantly (27). The door of the anteroom should be closed to open the door of the next room. A 30-s pause is needed for stabilizing ventilation before the door opens (31). A self-closing door is recommended for maintaining a constant pressure gradient (44). Two studies emphasized the use of springs or manual systems that are applied to the door to control the unintended door opening and to reduce the door opening time (17, 33). In one study the door gaps between the isolation room and anteroom were shown as a factor that reduces the risk of infection. A 0.003 mm3 door gap reduces the risk of infection transmission compared to a 0.002 mm3 door gap (36).

Five studies focused on the importance of door types (21, 22, 24, 25, 28). Four studies indicated that swinging doors, also known as hinged doors weakens the function of the anterooms and poses a risk of infection. The possibility of infection transmission increased during the door rotation (21, 22, 25, 28). In one study it was mentioned that the use of a filter and fan system (airflow door barrier) near a hinged door area significantly removed the risk of contamination control failure by hinged door movement and reduced the infection risk, but not removed the person transmission. The sliding doors have less leakage compared to the hinged door (25). But both the sliding door and hinged door transfer significant airflow and pathogen from the isolation room to the anteroom and corridor. The volume of air exchange through sliding doors compared to hinged doors is notably lower. The duration of door-open had a relation to air transfer. When the total cycle increased, the amount of air volume exchange also significantly increased (28). In one study it was shown that when the sliding door is placed between the anteroom and the treatment room and the temperature difference is more than 2°C, thermal convection happens through the warm air gathered at the top of the door to the anteroom. So, significant contaminated air exchange between two rooms occurs. An air exhaust duct over the doors will be helpful to control thermal convective flows (24).

In general, according to the data presented in this article, we believe that there is sufficient evidence of an association between the presence of the anteroom (vestibule) area in each ward of the hospital and the decrease in transmission of airborne infectious diseases.





DISCUSSION

The COVID-19 pandemic and the lightning-fast spread of the extremely deadly virus SARS-CoV2 have impacted the lives of people all over the world. In previous studies, the airborne transmission of SARS-CoV2 has been confirmed (45, 46). The anteroom (vestibule) can be an essential tool to control airborne infections caused by viruses, bacteria, and fungi. Patient rooms, pharmacies, radiology suites, surgical suites, and cafeterias are all situations where an anteroom can help control the airflow between the sensitive patient-occupied area and other physical environments of the hospital. Despite its importance, until now there is no comprehensive study regarding the rule of the anteroom (vestibule) in disease control and prevention in hospitals. In this study, we reviewed all documents published in the English language on the topic across the world.

Our results showed that most of the studies included in this systematic review were conducted in the USA (n = 7/25) and Nordic countries (n = 7/25). This confirmed the fact that these countries are those in which much attention has been paid to the anteroom as an infection control area. Most USA hospitals use anterooms for hospitalized patients with suspected or confirmed airborne transmissible infections. In high-income countries like the USA and Nordic countries, 15% of hospital expenditure goes to the designation of hospital physical environments (e.g., anterooms) to prevent hospital-acquired infections (47). On the other hand, the results demonstrated that the application of anterooms in most countries, particularly low- and middle-income countries, is neglected. So, there is a need for a global platform to share knowledge in this field.

In this study, the predominant investigated infectious organisms in the majority of the imported studies fall into the category of viral infections (n = 8). Viruses, bacteria, and fungi are the etiologic agents of airborne diseases that are caused via transmission through the air. The main reason that in this systematic review viral infections contained most of the studies is the fact that in comparison with fungal and bacterial respiratory infections, respiratory viral infections are more contagious. In other words, in most cases, the mere demonstration of viable fungal or bacterial microorganisms in the air does not establish the occurrence of airborne transmission (48).

On the other hand, prior findings have emphasized the importance of an anteroom on health staff safety and efficiency of hospital systems. Anteroom's equipment has a significant effect on its performance and in reducing virus transmission. Equipment and parameters such as door type, air system, pressure, HEPA filter, temperature, hand dispensers, alcohol-based disinfection, sink, mirror, transparent panel, UVC disinfection, and zone for PPE change are factors that enhance the safety of the environment.

According to our investigation, pressure has a major effect on infection control (17, 26, 27, 31, 35–37, 39, 41). In the guidelines of different countries, various pressure gradients are suggested for the anteroom pressure between the range of negative and positive pressure. The USA, Nordic countries (Norway, Sweden, Finland, and Denmark), and Australia guidelines recommend an isolation room with negative pressure compared to the anteroom, and an anteroom with negative pressure compared with the corridor (47–49), while the UK recommends positive pressure for the anteroom compared to both the isolation room and the corridor (50). Some centers prefer the UK suggestion since an anteroom with positive pressure act as a barrier, blocks the air, and prevents air transmission (31, 51). As a reason, there are centers with different protocols for their anteroom. The centers differ in having positive or negative pressure and in the number of the pressure gradient (44). The various range of pressure gradients through all the centers indicate a need in revising the guidelines (51). The theory behind a negative pressure anteroom is that an anteroom with negative pressure acts as an empty space. So, when the door between an anteroom and corridor is opened, the air from the corridor with positive pressure transfers to the anteroom filling the space (26, 27, 35). By transmitting air from corridor to anteroom, pathogens existing in the hospital environment will transfer to the anteroom. If there is a leakage in an anteroom environment with negative pressure, air and pathogens from other areas would transmit to the anteroom. Then the polluted anteroom with higher pressure than the isolation room will be a danger to the patient who is vulnerable due to being infected with another virus and their weekend immune system (52). Positive pressure anteroom act like an airlock, preventing infection transmission from both corridor and isolation room entering the anteroom (31). Positive pressure anteroom reduces the fungal growth and protects the environment from infections ingress (53). So, the anteroom does not allow the infection from the isolation room to run to the corridor and vice versa. The same goes for the anteroom at the entrance of wards where staff could change their cloth and disinfect themselves after visiting patients. Positive pressure for this anteroom protects the healthcare staff and prevents infection transmission from the corridor to the safe area.

The range of pressure difference between isolation room and anteroom varied between 2.5 and 15 Pa (17, 36, 41), and was sometimes defined as 30 Pa (31). Several factors affect the maintenance of pressure difference such as door opening and closing (41, 54). The low-pressure difference puts a risk on maintaining the pressure condition and increases the risk of pathogens transmission from the isolation room space to the anteroom (55, 56). To ensure pressure difference maintenance and the safety of the anteroom environment, the higher-pressure difference will be more appropriate. It is recommended to set a monitor and alarm system for staff to check the pressure gradient of the environment regularly.

The ventilation system of the isolation unit is another factor that mostly affects the efficiency of the system (21, 23, 26, 31, 33–36, 40). The exhaust and intake air should be on the opposite sides of the room (44). The ventilation system of the isolation unit is separated from other wards and connected to a backup power source. The airflow and pressure gradient flow from the cleanest to the most contaminated area. The air does not circulate again and is exhausted in a site far from the building to reduce the risk of infection transmission for occupants and the community (43, 57).

The rate of air exchange per hour used for the anteroom environment varied between 5 and 18 times per hour (53, 58, 59). The rate of 5 and 6 is considered for a normal situation (60). The rate of more than 12 times per hour is mostly used when a patient with an infectious disease is hospitalized (61, 62). However, with viral infections such as COVID-19, patients may be asymptomatic or suspected to be infected. So, defining a normal situation would be doubtful. Setting the normal based on an air exchange more than 12 times per hour is required to have an efficient ventilation system and to be ensured patients' and healthcare staff's safety (43, 63). Room size is directly related to the amount of air conditioning per hour. As the volume of the room increases, the number of air changes also increases (64). The rate of air exchange for anterooms at the entrance of each ward should be regulated based on high human traffic.

High-efficiency particulate absorption (HEPA) filters are suggested to be used in the anteroom with the high efficiency at the exhaust air and are mandatory for places with the risk of circulation of exhaust air (23, 26, 33, 34, 43, 57, 65). The HEPA filters should be secured by prefilters and placed to have easy access for maintenance and checking (43, 66). Having a procedure for regular replacement and maintenance of filters by staff to control the efficiency of filters is suggested (44, 67). In the anteroom environment, HEPA filters are suggested for implementation on supply air (43). It seems that for the anteroom environment HEPA filters are used for both intake and exhaust air, and if the infrastructure is not accessible, portable HEPA filters would be a suitable solution (21). However, the portable filters might affect the circulation of airflow. Also, the regular changing and checking of filters have high importance in making a system reliable and efficient.

In addition, the temperature and size of the anteroom affect the factors mentioned above (68, 69). Increasing the temperature difference between the rooms, cause a convection current which increases the air transmission (24, 28, 70). It is recommended that the temperature difference between the anteroom and surrounding environments be minimized. The size of the anteroom plays an important role in infection prevention. The small anterooms do not provide a safe environment (71). The anteroom should be large enough to separate clean areas from contaminated spaces, such as spaces for used clothing, by zoning (38). Also, the anteroom should have places for storage of patient care equipment such as sampling glasses and staff PPE is required (42, 72). Therefore, it is suggested to set a standard for the anteroom space in the guidelines. So, people can have proper circulation in the designated zones and the possibility to do safety protection protocols.

A well-equipped anteroom assists the healthcare staff to enhance the efficiency and safety of the system (73). Most studies emphasize the practical usage of storage for supplies, PPE, mirrors, hand railways, hand-free sinks, several alcohol-based hand dispensers, transparent panels or windows, and zones for clean or contaminated areas (17, 23, 30–32, 34, 35, 38, 42). The anteroom is necessary for hospital staff to change and wear PPE, gloves, headwear, plastic footwear cover, and eye protection. Materials used for the patient should be disinfected with soap or bleach (74). A door or panel with a large sealed window is beneficial for healthcare workers for checking patients and communicating with other healthcare workers (59). Implementing UVC light for disinfection would be a suitable solution to disinfect anteroom areas in compliance with chemical disinfection materials as it reduces the air pollution while no one is present in the anteroom (75, 76). It is recommended that communication devices be placed between the two spaces so that people can talk through them and see the opposite side through the glass space to minimize the opening of the doors. For future research, researchers could investigate the UVC light implementation in the anteroom. Determining the number and distance of UVC lights based on the anteroom dimensions for maximum safety might be examined.

Another factor for maintaining the safety, pressure gradient, and preventing air transmission of anteroom is the door type (17, 18, 21, 24, 25, 27, 28, 31, 33, 34, 36, 38, 40). Research showed the use of sliding doors reduced the particle transmission between environments (77). Self-closing doors are recommended for applying in the anteroom (78). Also, when the two doors of the anteroom and isolation room are interlocked, it avoids air transmission and enhances safety and infection prevention (79). Using electronic identity cards for controlling access reduces the unnecessary door opening (59).



CONCLUSION

In this study, we aimed to assess the necessity to construct an anteroom area for hospital staff members at the entrance of each ward of the hospital, and specify the equipment and facilities which make the anteroom more efficient. Based on our analyses, anterooms are effective in controlling infections and providing a suitable environment for staff's health and safety. For a reason, implementing spaces that perform and are equipped as an anteroom, and having a shower, at the entrance of each ward for health staff safety can significantly increase the safety of the healthcare staff at work. Furthermore, the results showed that the equipment such as ventilation system, HEPA filter, hand dispensers, alcohol-based disinfection, sink, mirror, transparent panel, UVC disinfection, and zone for PPE change, and parameters like temperature, door type, pressure, and size of the anteroom are factors that are effective on the safety of the hospital environment. Despite their importance, guidance on the construction of anterooms is less than clear. Also, the lack of education and communication about guidelines, infection control, and methods and equipment for safety such as PPE might cause problems and worries for healthcare staff. Setting an education about protocols and systems would be a helpful source to cope with crisis conditions. To the best of our knowledge, this study was the first comprehensive study to assess the necessity to construct an anteroom area for controlling airborne nosocomial infections during hospitalization and specify the equipment and facilities which make the anteroom more efficient. Since SARS-CoV2 share the common modes of transmission of most airborne viruses, namely, SARS-CoV, MERS-CoV, and influenza virus, it can be concluded that a well-designed anteroom could potentially decrease the risk of SARS-CoV2 transmission from person to person during hospitalization as during the current pandemic.



LIMITATION

The necessity to construct an anteroom area in crowded places of hospitals, and specifying the equipment and facilities which make the anteroom more efficient in this situation was not described in this study that is suggested to be examined in future studies.
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