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Guidelines for heating, ventilation, and air-conditioning systems have been developed for
different settings. However, there is a lack of up-to-date evidence providing concrete
recommendations for the heating, ventilation, and air-conditioning systems of an isolation
room, which is essential to appropriately guide infection control policies. To highlight the
guidelines for heating, ventilation, and air-conditioning systems in isolation rooms to
inform relevant stakeholders and policymakers. A systematic search was performed based
on Joanna Briggs Methodology using five databases (CINAHL, Embase, Joanna Briggs
Institute, Medline, and Web of Science) and websites. Eight articles published by gov-
ernment departments were included in this review. Most studies recommended controlled
airflow without recirculation, 12 air changes per hour, high-efficiency particulate air fil-
trate to exhaust contaminated air from the airborne isolation room, humidity �60%, and
temperature in the range of 18e30 �C. This review provides further evidence that there is
a need for interdisciplinary collaborative research to quantify the optimum range for
heating, ventilation, and air conditioning system parameters, considering door types,
anterooms, and bed management, to effectively reduce the transmission of infection in
isolation rooms.
ª 2023 The Healthcare Infection Society. Published by Elsevier Ltd. All rights reserved.
Introduction

Human-to-human transmission of airborne infections can
occur through the inhalation of expiratory aerosols in the short
or long range [1]. Severe acute respiratory syndrome corona-
virus (SARS-CoV) and Middle East respiratory syndrome coro-
navirus (MERS-CoV), identified in 2003 and 2012, respectively,
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are highly transmissible, causing mild-to-severe infections that
threaten public health security [2]. Unfortunately, the coro-
navirus disease 2019 (COVID-19), discovered in 2019, poses a
higher risk to healthcare professionals and other patients, as its
transmission has been shown to be more severe than its pred-
ecessors [3]. According to the Centers for Disease Control and
Prevention (CDC) COVID-19 Response Team, more than half of
the 9282 healthcare professionals in the USA who tested pos-
itive for COVID-19 by April 2020 were exposed in their work-
place [4]. Although patient care is expected to provide a safe
environment under healthcare settings, these healthcare
facilities may be vulnerable to the rapid spread of infectious
Ltd. All rights reserved.
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agents [5]. Qian et al. identified 318 COVID-19 outbreaks and
suggested that a shared indoor environment is a major source
of infection [6].

Controlling airborne transmission requires infection control
and interventions in healthcare facilities. Other than admin-
istrative controls (e.g. detection of infection and health edu-
cation) and personal protection (e.g. wearing personal
protective equipment (PPE) such as masks or respirators),
environmental control is required to prevent the spread of the
virus through the same breathing zone [7]. Given that con-
trolling themovement of airborne particles depends on airflow,
insufficient ventilation may cause these particles to remain in
hospital rooms and consequently be inhaled by anyone entering
[8]. To support a healthy healthcare environment, hospital
rooms require well-designed heating, ventilation, and air-
conditioning (HVAC) systems characterized by seven key ele-
ments, i.e. heating, cooling, humidifying, dehumidifying,
cleaning, ventilating, and air movement [9].

According to Moscato et al., HVAC systems provide a com-
fortable and safe environment for patients and serve as an
eradicator of communicable diseases and viruses [10]. There-
fore, carefully designed HVAC systems are crucial in healthcare
facilities and for their operators and visitors because they can
reduce the infection rates of airborne diseases, enhance indoor
air quality, and protect healthcare professionals and patients
[11]. To date, insufficient evidence exists for concrete rec-
ommendations on the design of HVAC systems in isolation
rooms to address infectious pandemics or the development of
nationwide guidelines for pandemic control and protection.
Although Guo et al. conducted a review to compare the HVAC
operation guidelines of several countries during the COVID-19
pandemic, it lacked methodological rigor (e.g. no specific
protocol was used to guide the review, and the search and data
extraction strategies were not exemplified), and it covered
different settings (e.g. offices and buildings) instead of iso-
lation rooms at hospitals [12]. Considering the detrimental
effects of airborne infections, this review highlighted guide-
lines for HVAC systems in isolation rooms to inform relevant
stakeholders and policymakers. This review aimed to highlight
the guidelines for heating, ventilation, and air-conditioning
systems in isolation rooms to inform relevant stakeholders
and policymakers.
Methods

A scoping review was conducted based on Joanna Briggs
Institute methodology [13]. The following question was used as
a guideline: What are the similarities and differences among
the guidelines of HVAC systems for airborne infection control
worldwide?
Literature search

A systematic search of the literature from five databases
(CINAHL, Embase, Joanna Briggs Institute, Medline, and Web of
Science) was conducted. In addition, a manual search was
performed to ensure that relevant available articles were
retrieved, as some articles might have been missing from the
databases [14]. A list of keywords and Medical Subject Head-
ings including ‘infection control OR isolation room’ AND ‘HVAC
Descargado para Lucia Angulo (lu.maru26@gmail.com) en National Library of
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OR heating OR ventilation OR air conditioning’ were used in the
search (Supplementary Table S1).

Study inclusion and exclusion criteria

The inclusion criteria were (1) English and Chinese articles
that reported standards and clinical practice guidelines and (2)
published from 2012 onwards, as MERS-CoV was identified in
2012 and there were rapid innovations in medical technologies,
where older guidelines (e.g. using guidelines from 2003 during
the SARS outbreak) may not be useful to inform up-to-date
practices [15]. Exclusion criteria were (1) non-guidelines and
(2) short, non-peer-reviewed articles, such as commentaries
and editorials.

Study selection and data extraction

Articles retrieved from the databases were imported into
ProQuest Refworks, a reference management software [16].
Duplicate articles were removed using a tool provided by the
software. Subsequently, the titles and abstracts of articles
were screened independently by two reviewers. Data from
relevant articles were extracted according to author, year,
country, setting, temperature, relative humidity, source of air
ventilation, airflow, exhaust air treatment, and air changes per
hour (Table I) [17e24]. The first reviewer extracted the data
into an Excel spreadsheet and the data were verified by a
second reviewer. For discrepancies that occurred during data
extraction, a third reviewer was consulted to reach consensus.
According to Pollock et al., methodological appraisals and risk-
of-bias assessments are not mandatory for scoping reviews
[25].

Data synthesis

The data extracted from the relevant articles were grouped
together based on the key elements of the HVAC systems.

Results

Search results

A Preferred Reporting Items for Systematic Reviews and
Meta-Analyses diagram was used to present the search and
study selection (Figure 1). The comprehensive search resulted
in 7120 articles from five electronic databases and seven arti-
cles from Google. A total of 1838 duplicates were removed
from the databases, leaving 5282 articles for title and abstract
screening. Six full-text articles from the databases were
reviewed after removing articles with irrelevant titles and
abstracts: 5139 and 137, respectively. None of the studies met
the inclusion criteria. Finally, eight manually searched articles
were included in the narrative synthesis.

Guideline characteristics

Three guidelines were published in Western countries,
including the USA, England, and Australia, whereas the others
were published in Asian countries, including the United Arab
Emirates (Dubai), Southeast Asia (Singapore and Malaysia),
South Asia (India), and East Asia (China). These articles were
 Health and Social Security de ClinicalKey.es por Elsevier en noviembre 22, 
rización. Copyright ©2023. Elsevier Inc. Todos los derechos reservados.



Table I

Summary of the heating, ventilation, and air conditioning systems for negative pressure isolation room/COVID-19 patient room from different countries

Author (year) Country Setting Temperature Relative humidity Airflows Pressure gradient Treatment of

exhaust air

Air changes per hour

(ACH)

Centers for
Disease Control
and Prevention
(2019) [17]

USA Airborne
infection
isolation
room

24 �C Not mentioned Air flows from the
corridors to the
isolation room

Pressure
differential of
2.5 Pa

Air exhausted
directly to the
outside if possible
or HEPA-filtered if
recirculated

�6 ACH for
existing facilities,
�12 ACH for areas
under renovation
or for new
construction

National Health
Service (2021)
[18]

England Negative
pressure
isolation
room

20e25 �C �60% Supply air from
corridor passing
into room via door
undercut, transfer
grille or pressure
stabilizer

Pressure regime:
e5 Pa to general
area

Extract filters will
not be required
provided extract
fan can discharge
in a safe location
3000 mm above
the height of the
building. If extract
filters are fitted,
should be of HEPA
grade.

�10 ACH

Australasian
Health
Infrastructure
Alliance (2017)
[19]

Australia Negative
pressure
isolation
room

Not
mentioned

Not mentioned Sealed room with
barometric
dampers for
controlled air flow
is required.
100% outside air
ventilation

The minimum
differential
pressure between
the isolation room
and adjacent
ambient pressure
areas: e20 to
e30 Pa (the
isolation room has
an anteroom), and
e10 to e15 Pa (no
anteroom).

Exhaust duct
under negative
pressure within
building with
duplex fans.
HEPA filter is not a
must for a
negative pressure
room but HEPA
filter is
recommended for
Quarantine
isolation e a Class
N room including
an anteroom and
fumigation
facilities.

�10 ACH or 145 L
per patient

Ministry of Health
Singapore (2017)
[20]

Singapore Airborne
isolation
room

Not
mentioned

Not mentioned Inward directional
airflow from
adjacent spaces to
the room.
Non-recirculatory
system.

Negative pressure
differentials of
>e2.5 Pa

All room exhaust
air must be HEPA-
filtered (at least
H14 grade or
equivalent)

�12 ACH

(continued on next page)
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Table I (continued )

Author (year) Country Setting Temperature Relative humidity Airflows Pressure gradient Treatment of

exhaust air

Air changes per hour

(ACH)

Government of
Dubai and Dubai
Health Authority
(2019) [21]

United Arab
Emirates
(Dubai)

Negative
pressure
isolation
room

21e24 �C <60% Non-recirculatory
system

Pressure of the air
flow e2.5 to
e10 Pa differential

Exhaust air grille
should be placed
over the patient
head or at low
level near the
head.
Air from negative
pressure room
must be HEPA-
filtered.

�12 ACH

Government of
India, Central
Public Works
Department
(2019) [22]

India COVID-19
patient
room

24e30 �C 40% and 70% Non-recirculatory
system

Minimum of e2.5,
preferably more
than e5 Pa

e HEPA filters shall
be a minimum of
H13 filter class or
equivalent
e Treatment of
exhaust air by
chemical
disinfection is
acceptable (1%
sodium
hypochlorite
solution)

�12 ACH

Ministry of Health
Malaysia and
University
Malaya Medical
Centre (2021)
[23]

Malaysia Airborne
infection
isolation
room (AIIR)

22e26 �C �60% 100% outside air
ventilation.
Air movement
must be from clean
to less clean area.
Non-recirculatory
system.

Differential
pressure between
AIIR and adjoining
areas is e2.5 Pa

The exhaust air
must be filtered
with minimum
efficiencies of
HEPA

�12 ACH or 160 L
per patient

National Health
Commission of
the People’s
Republic of
China (2020) [24]

China Negative
pressure
isolation
room

Winter: 18
e20 �C.
Summer: 26
e28 �C

Not mentioned Sterilized area to
semi-
contaminated
zone to
contaminated
zone

Pressure
differentials: 5
e15 Pa

Air supply and
exhaust should be
filtered with HEPA

�12 ACH

HEPA, high-efficiency particulate air filtration.
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Records identified from:
Databases (n = 7120)
CINALH (n = 117)
EMBASE (n = 1956)
Medline (n = 577)
Joanna Briggs Institute (n = 51)
Web of Science (n = 837)

Records screened
(n = 5282)

Reports sought for retrieval
(n = 6)

Reports assessed for eligibility
(n = 6)

Records identified from:
Handsearching from search engine,
Google (n = 8)

Reports sought for retrieval
(n = 8)

Reports assessed for eligibility
(n = 8)

Reports not retrieved
(n = 0)

Reports excluded:
(n = 0)

Records removed before screening:
Duplicate records removed by
automation tool (n = 1838)

Records excluded (n = 5276)
Irrelevant based on title (n = 5139)
Irrelevant based on abstract (n = 137)

Reports not retrieved
(n = 0)

Reports excluded: (n = 6)
  Not national guidelines (n = 6)

Studies included in review
(n = 8)

Figure 1. PRISMA 2020 flow diagram for study selection.
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published between 2017 and 2021 by their respective govern-
ment departments.

HVAC systems

Ventilation
The isolation room ventilation strategy is required to mini-

mize the risk of airborne transmission. Air changes per hour
(ACH) is defined as the rate of volumetric airflow divided by the
dimensions of a room [26]. Under ideal conditions, the CDC
estimated that when the ACH is 12, the required time to reach
99% and 99.5% removal efficiency is 23 and 35 min, respectively
[27]. Generally, the guidelines suggest a minimum quantity of
air supplied to the airborne infection isolation room, negative
pressure isolation room, or COVID-19 patient room at a rate of
12 ACH [20e24]. NHS and Australasian Health Infrastructure
Alliance guidelines recommend a minimum of 10 ACH, and the
latter suggests that the air supplied should be �145 L per
patient. For existing healthcare facilities, a minimum of 6 ACH
is recommended [27].

Airflow
In healthcare facilities, airborne infection isolation rooms,

negative pressure isolation rooms, and COVID-19 patient rooms
are specifically designed to isolate individuals who are diag-
nosed with or suspected of being infected with an airborne
infectious disease to prevent its spread. Considering that the
risk of airborne infection can be reduced by optimal airflow
within the built environment, controlling airflow patterns is
important. The CDC and NHS recommend that air should flow
from the corridors to the isolation room [17,18]. Similarly,
Descargado para Lucia Angulo (lu.maru26@gmail.com) en National Library of He
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guidelines from Malaysia, Singapore, and China also highlight
that airflow movement should be in the inward direction,
moving from clean areas to less clean areas [20,23,24]. Most
recommendations (62.5%) suggest controlled airflow with no
recirculation in the built environment [17,19,20,22,23].

The recommended minimum pressure gradient between the
isolation room and adjacent spaces is e2.5 Pa [17,21e23]. The
NHS suggests a higher differential pressure of 5 Pa between the
negative-pressure isolation room and general area [18].
Nonetheless, the recommendations from Australia are higher
than those stipulated in other guidelines, where the pressure
gradient between the isolation room and adjacent spaces
should be maintained between e20 and e30 Pa if there is an
anteroom, and betweene10 ande15 Pa if there is no anteroom
[19]. According to Chinese guidelines, the recommended
pressure differential between the isolation room and adjacent
spaces should be in the range of 5e15 Pa [24].

Temperature
The key processes in HVAC systems include heating and

cooling. The air in the built environment of healthcare facili-
ties must be appropriately regulated by these two functions to
achieve the target temperature. Based on the guidelines
included in this scoping review, the recommended temper-
ature of the airborne infection isolation room, negative-
pressure isolation room, and COVID-19 patient room is
between 18 and 30 �C. Specifically, the recommended tem-
perature is 24 �C [17], 20e25 �C [18], 21e24 �C [21], 22e26 �C
[23], and 24e30 �C [22]. The Chinese guidelines also state that
the optimal temperature must be 18e20 �C in the winter and
26e28 �C in the summer [24]. Two articles did not specify any
alth and Social Security de ClinicalKey.es por Elsevier en noviembre 22, 
ación. Copyright ©2023. Elsevier Inc. Todos los derechos reservados.
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recommendations for temperature in the isolation room
[20,19].

Relative humidity
A relative humidity level of �60% is recommended

[18,21,23]. However, one guideline suggests a level between
40% and 70% [22]. Guidelines from the USA, Australia, and
Singapore do not mention the required relative humidity levels
for an isolation room.

Air biocontamination control
Decontamination of biological contaminants in critical air

quality control environments, especially in healthcare facili-
ties, may be performed using various methods. The guidelines
suggest that high-efficiency particulate air (HEPA) filtration
systems are optional [17e19]; however, four countries high-
light the use of HEPA filters to exhaust contaminated air from
airborne isolation rooms or negative pressure isolation rooms as
a mandatory requirement [20,21,23,24]. Other decontamina-
tion methods in the guidelines include treating exhaust air with
chemical disinfection, 1% sodium hypochlorite solution, and
using an extraction fan to safely release contaminated air
outside the building if air is not recirculated in the system
[17,19,20].

Discussion

The findings of this scoping review indicated the similarities
and differences in the operation of HVAC systems in different
countries. During the initial stages of the COVID-19 outbreak,
various researchers reported that the main route of COVID-19
transmission was via respiratory droplets. Recently, scientific
evidence has suggests that its transmission is airborne [28].
COVID-19 is highly transmissible in poorly ventilated and closed
environments, and Morawska and Milton highlighted the
importance of providing effective ventilation with airborne
infection controls [29]. A mechanical ventilation system was
installed in a closed environment to suppress the transmission
of infectious aerosols. To prevent the leakage of respiratory
aerosols within an airborne infection isolation room, negative
pressure must be maintained. According to the guidelines in
this review, the pressure gradients should be maintained within
2.5e30 Pa. Similarly, Zhang et al. reported similar pressure
gradient values in different countries [30]. In addition to
maintaining pressure gradients within appropriate ranges,
researchers have suggested using only fresh air and eliminating
the recirculation of air within the ventilation system to mini-
mize the spread of SAR-CoV-2 [31]. Chen et al. highlighted that
there must be an association between the flow direction and
pressure gradient from clean to semi-polluted, and finally to
the polluted zone [32]. This is echoed by the guidelines of this
review, which suggest that air moves inward from the cleanest
to the least clean areas.

The fresh-air intake and indoor exhaust of a negative-
pressure isolation room are closely related to the negative
pressure difference and air exchange per hour [33]. Maintain-
ing a minimum fresh airflow rate of 6e12 ACH in isolation rooms
has been recommended. The exposure intensity and duration
of remaining respiratory aerosols are reduced by higher ven-
tilation (6e12 ACH) and filtration rates [34]. Although ven-
tilation rates between 6 and 12 ACH are effective in diluting air
in isolation rooms, negative pressure helps to prevent air
Descargado para Lucia Angulo (lu.maru26@gmail.com) en National Library of
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leakage between the isolation room and adjacent areas.
Opening doors and walking through doorways may be reasons
for containment failures [35]. Considering the minimization of
air exchange across the doorway, Kalliomaki et al. reported
that sliding doors are better than hinged doors [35]. In addition
to emphasizing HVAC systems, various factors need to be
explored further to design isolation rooms that effectively
remove contagious respiratory aerosols.

Although this current review focused on an isolation room
only, the recommended temperature varies between 18 and
30 �C. Regarding the relative humidity of an isolation room,
there are inconsistencies in the recommendations, with some
variations between �60% and 40e70% among the guidelines in
this review. Elsaid and Ahmed suggested that an adjustment to
the air temperature and humidity levels in an air conditioning
system of �30 �C and 80%, respectively, may limit COVID-19
transmission [36]. Unfortunately, in actual situations, the
aforementioned parameters are deemed uncomfortable for
individuals, and a high humidity may promote bacterial growth.
During the COVID-19 pandemic, all healthcare professionals
must wear full PPE when entering the airborne infection iso-
lation room, negative pressure isolation room, and COVID-19
patient room, the majority of whom report thermal dis-
comfort with being hot (69.1%) and uncomfortably humid
(45.77%) [37]. Weng and Kau mentioned that the indoor tem-
perature of negative pressure isolation rooms should be lower
yet not <22 �C to provide comfort to both healthcare pro-
fessionals and patients [33]. Aganovic et al. used a modified
WellseRiley model to estimate the effect of relative humidity
on SAR-CoV-2 transmission in an indoor environment [38]. For
the same small infectious droplet size range, a change in rel-
ative humidity from 37% to 53% demonstrated a marginal effect
on the mean infection rate (reduced by �7%) when the ven-
tilation rate was set at ACH 0.5. A greater reduction in the
mean infection rate (54%) occurred at a ventilation rate of
6ACH with constant relative humidity. This further implied that
ventilation rate plays a superior role to relative humidity in
removing airborne SARS-CoV-2. Furthermore, Weng and Kau
emphasized that the priority of negative pressure isolation
rooms is to improve indoor air quality and minimize air cross-
infection [33]. Therefore, the heating and cooling parameters
in HVAC systems should be automatically regulated based on
actual scenarios with acceptable temperatures and relative
humidity for the comfort of occupants in an indoor environ-
ment [39].

For HVAC systems, air biocontamination control using HEPA
filters has been recommended by most guidelines. HEPA filters
are an important additional safety measure to clean the air
from isolation rooms and protect the individuals around the
rooms [40,41]. This is also supported by the CDC as a strategy to
protect healthcare professionals and non-infected patients
from those infected if the air is recirculated [27]. Johnson
et al. revealed a positive effect of the HEPA-filtered fan unit on
the containment efficiency for isolation configurations, dem-
onstrating that the efficiencies exceeded 99.7% for all con-
ditions, with or without an anteroom, and with simulated
provider traffic [42]. In addition, having a HEPA machine in an
isolation room was more cost-effective than the annual cost
incurred for manual disinfection, as the cost:benefit ratio was
2.08 [43]. The containment efficiency and cost benefits may
explain the use of HEPA filters in isolation rooms. An important
aspect of HEPA filters is that they require regular maintenance
 Health and Social Security de ClinicalKey.es por Elsevier en noviembre 22, 
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and monitoring of its filtration efficiency to determine an
appropriate replacement time [44]. Regardless of the evidence
suggesting low hazards posed by HEPA filters, the maintenance,
replacement, and safe disposal of used HEPA filters should be
conducted by competent personnel following standard oper-
ating procedures and a suitable risk assessment owing to the
potential contamination of pathogenic micro-organisms
[45,46]. According to the NHS, it is not necessary to have
extraction filters if an extraction fan can safely discharge
contaminants 3 m above the building height [18]. The CDC
stated that inhalation of the virus in the air at distances>6 feet
(1.83 m) may cause the transmission of SARS-CoV-2, although
the likelihood is low [27]. However, to the best of our knowl-
edge, there is no published literature on the farthest distance
of SARS-CoV-2 transmission through inhalation of the virus in air
that exceeds 3 m. This may explain why some guidelines do not
emphasize the mandatory use of HEPA filters. Only guidelines
from India state that chemical disinfectants (1% sodium hypo-
chlorite) are acceptable for the treatment of exhaust air from
patients with COVID-19. According to this recommendation,
chemical disinfection can be performed by bubbling exhaust air
from a COVID-19 patient room by introducing the air into a 1%
sodium hypochlorite solution [22]. Although sodium hypo-
chlorite is one of the key ingredients in activating virucidal
activity, its use in air biocontamination control is controversial,
as it can cause detrimental health effects such as acute res-
piratory distress syndrome, rhabdomyolysis, haemolysis, and
acute kidney injury [47,48]. Further research is required to
explore the advantages and disadvantages of using this chem-
ical disinfectant for air cleaning during the COVID-19
pandemic.

This study had several limitations. All articles were con-
ducted in accordance with the clinical guidelines. The absence
of randomized controlled trials prevented a causal inter-
pretation of the impact of HVAC on patient outcomes. We
conducted a literature search of the available guidelines in
English and Chinese only and excluded other languages; thus,
relevant guidelines in other countries using different languages
might have been overlooked. However, this decision was made
mainly because of lack of familiarity with authors in other
languages and potential inaccuracy in data extraction. Future
reviews should include international collaborations to explore
guidelines in other languages.

This study reviews the HVAC system guidelines from several
countries on different continents. Overall, the guidelines were
consistent with each other, except for some minor differences
in the parameters. In summary, ventilation, airflow, and air
biocontamination control play an important role in isolation
efficacy. Relative humidity has a marginal effect on limiting
COVID-19 transmission in negative-pressure isolation rooms, and
the temperature is set to a range that provides a comfortable
environment for both healthcare professionals and patients
instead of being actively involved in minimizing or eliminating
the contaminants. Notably, other factors that are not related to
HVAC systems, such as door type, anteroom, and bed manage-
ment, must be considered when designing an isolation room to
effectively reduce the transmission of infectious diseases.
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