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Abstract

Nosocomial infections are common in intensive care units (ICUs) and often cause
increased morbidity and mortality rates in ICU patients. With the emergence of the highly
infectious COVID-19, the high prevalence of hospital-acquired infections (HAIs) in ICU has caused
much more concern because patients admitted to the ICU have a more severe and prolonged form
of the disease. These patients are more likely to develop HAIs than non-ICU patients. Medical
communities adopted several measures to make ICU management safer during the pandemic all
over the world. In this study, we re-examined the challenges faced and the changes made in ICU
management during the pandemic to speculate how these changes will be relevant post-pandemic
and can be permanently incorporated into the ICU to improve safety, management, and critical

care and make critical care better equipped for future disease breakouts.
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Introduction

Hospital-acquired infections (HAIs) are
common in intensive care units (ICUs) and often
cause increased morbidity and mortality rates in
ICU patients (1). A prevalence survey before the
pandemic reported a high incidence of HAIs in
ICUs, ranging from 23% to 9.1% in first-world
countries and even more (35.2%) in lower-
middle-income countries (LMICs) (2). With the
emergence of the highly infectious COVID-19,
the high prevalence of HAIs in the ICU has
caused much more concern because COVID-19
patients admitted to the ICU have a more
severe and prolonged form of the disease. These
patients are more likely to develop HAIs than
non-ICU patients (1). Several factors play a role
in the development of ICU infections, including
immune-suppressing steroids, chemotherapy,
indwelling catheters, aerosol-generating
procedures (AGPs) and prolonged ICU stays (1).
ICU staff and physicians can also act as carriers
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of infectious agents from other wards to the ICU
or vice versa (1). Variations in standard infection
control practices stem from a lack of evidence-
based infection control recommendations for
ICU-infected COVID-19 patients (3). In this
study, we examined ICU management problems
that emerged during the COVID-19 pandemic
as well as changes made in ICU management
during the pandemic to optimise infection
control to speculate how these changes will be
relevant post-pandemic and can be permanently
incorporated into the ICU and limit the spread
of HAIs.

COVID-19: ICU Management Challenges

During the ongoing COVID-19 pandemic,
it became clear that the ICUs were inadequately
designed and equipped to treat patients infected
with highly contagious viruses, such as severe
acute respiratory syndrome coronavirus 2
(SARS-CoV-2) (4).
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AGPs were quickly associated with
an increased risk of HAIs (5). According
to the WHO, bronchoscopy, tracheotomy,
non-invasive positive pressure ventilation,
cardiopulmonary resuscitation, intubation and
sputum induction are some examples of AGPs
(6). According to other professional societies,
nasogastric  tube insertion, thoracentesis,
colonoscopy, esophagogastroduodenoscopy,
cardiac  catheterisation, exercise tolerance
tests, pulmonary function tests, percutaneous
gastric tube insertion, facial surgery and the
second stage of labour are considered AGPs
(6). However, it is unclear which procedures
produce aerosols in practice (6). Currently, high
transmission risk is attributed to prolonged
and close contact with patients with a high
viral load during these procedures rather than
to a specific procedure itself. A patient
experiencing symptoms is more likely to have
an active infection. Because the concentration
of respiratory emissions is highest near the
source of infection, such patients, in case of close
contact with them, increase the risk of infection
transmission through coughing or sneezing (6).

Invasive procedures performed during
hospital stays put ICU patients at the highest risk
for HAIs (1). AGPs, chemotherapy, indwelling
catheters and other procedures are some
examples of invasive procedures (1). Critically ill
COVID-19 patients were mostly older men with
multiple comorbidities, such as hypertension,
diabetes and chronic obstructive pulmonary
disease (COPD), who had severe respiratory
failure and prolonged duration of disease.
Most of these patients were treated in ICUs and
received invasive mechanical ventilation (90%)
as an AGP (3) and immunosuppressive agents;
therefore, they were at higher risk of developing
HAIs (3).

In addition, contact of the patients with
healthcare workers (HCWs) strongly contributes
to the spread of nosocomial pathogens. Nurses
and hospital housekeeping staff are considered
the most contaminated hospital staff because
they often contaminate their hands during
direct patient handling or due to contact with
body secretions and contaminated surfaces in
the hospital, especially the ICU (1). During the
COVID-19 pandemic, this issue was a major
deterrent to infection control as the hospitals
were understaffed and ICUs were overwhelmed
with an unprecedented increase of critically ill
patients making HCWs attending to more than
one ward or ICU, a route of transmission of
COVID-19 and HAIs (1).
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Moreover, central air conditioning increases
the incidence of HAIs in both infected and non-
infected patients, as the air exhaled by patients
in ICUs and COVID-19 wards is recirculated
into the room, which increases the chance of
transmission and the severity of infection in
those who are already infected (4). More than
500 doctors, nurses and other HCWs have
died due to COVID-19 worldwide while serving
patients in ICUs around the world (4), implying
that ICUs should be modified to reduce the risk
of exposure.

Methods

A narrative review was conducted by an
extensive literature search in PubMed and
Google Scholar using keywords, including
‘Intensive Care Unit,’ ‘Healthcare-Associated
Infections,” ‘COVID-19’ and ‘Critical Care.” We
searched for studies published from December
2020 to January 2022 on healthcare-associated
infections in COVID-19 patients receiving critical
care in ICUs.

Discussion

Medical communities adopted several
measures to make ICU management safer
during the pandemic worldwide. Antibiotics,
particularly azithromycin, which belongs to the
Macrolide class, were given to patients who had a
severe COVID-19 infection. This medication has
an anti-inflammatory effect on the airways, in
addition to helping in controlling and preventing
secondary bacterial infections (7). In addition,
high-flow nasal cannulas (HFNC) were used for
mild to moderate COVID-19 infections. These
were found to be more beneficial than regular
oxygen because they reduced the likelihood
of intubation and treatment escalation. This
beneficial effect is most likely due to its ability
to meet patients’ needs for respiratory airflow,
reduce the effort required to inhale and reduce
the risk of self-inflicted lung injury. The heat
and humidity of the HFNC also aid in secretion
mobilisation, benefiting COVID-19 patients
through mucus hypersecretion (8).

According to the Indian Society of Critical
Care Medicine (ISCCM), all ICUs serving
critically ill patients have a filtration efficiency
of 99% for particles larger than 5 mm (4). For
smaller particles, ICUs have negative pressure
(4). Furthermore, each critically ill COVID-19
patient should be placed in a separate room in
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the ICU (4). Due to the devastating impact of the
COVID-19 quarantine on the global economy,
this action was expensive and impossible (4).
Designating a well-ventilated structure or a non-
air-conditioned hall during the construction of
ICUs and makeshift hospitals became a cost-
effective and practical alternative (4). In pre-
existing ICUs, it was considered appropriate to
turn off the air conditioners with all windows
open to prevent the recirculation of air exhaled
by infected patients (4). Exhaust and air blow
fans were also recommended to allow to force
the airflow in one direction (4). Soap and sodium
hypochlorite could be used to remove air bubbles
because they destroy the structural integrity of
the virus (4).

Several public health organisations also
suggested a higher level of protection during
an AGP (5). According to experts, for aerosol-
generating treatments, specially constructed or
designated rooms, such as airborne infectious
isolation rooms (AIIRs), should be considered
in the ICU (9, 10). These AIIRs are maintained
at a negative pressure relative to the outside
environment and allow air to flow into the
isolation room but not out. A high-efficiency
particulate air (HEPA) filter is also attached
to the gas outlet connected to the atmosphere,
allowing air to be filtered and exchanged at least
6—12 times per hour (10-12). In addition, the
COVID-19 ICUs and their air conditioning vents
should be separated from other ICUs and far
away from high-risk areas, such as the neonatal
intensive care unit (NICUs), delivery rooms,
dialysis units and post-operative surgical units
(4). Therefore, the equipment and the personnel
of COVID-19 ICUs should be separated from
other parts of the hospital, allowing for better
infection control (12).

Moreover, surgical masks alone were
considered sufficient for controlled procedures
on asymptomatic patients in areas with a low
prevalence of SARS-CoV-2 infections. However,
a higher level of respiratory protection, such
as face shields, was required for HCWs in
high-incidence areas where they should be
close to patients’ respiratory tracts (6). Using
disposable equipment was encouraged wherever
possible. Regarding non-disposable equipment,
such as stethoscopes, blood pressure -cuffs,
thermometers and oximeters, cleansing with
70% ethyl alcohol or quaternary ammonium
compounds was recommended (13). Surface
disinfection is also an integral part of infection
control (13). Thus, surfaces are categorised
into two types: i) high-touch and ii) low-
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touch surfaces (13). Doorknobs, bed rails,
light switches, toilet walls and privacy curtain
edges are all high-touch surfaces that should
be frequently disinfected (13). Floors, ceilings,
walls, curtains and blinds are low-touch surfaces
that require less frequent cleaning; usually twice
a day and a damp mop is preferred over dry
cleaning (13). Besides disinfecting equipment
and surfaces, corridors used for patient transport
should also be cleaned regularly (8). Sodium
hypochlorite is recommended as the ideal agent
for cleaning surfaces during the patient stay
and after discharge due to its broad-spectrum
antibacterial effect (14).

Personal protective equipment (PPE) in
hospitals was undoubtedly of utmost importance
in the midst of the pandemic. However, in
addition to appropriate PPE, adequate space for
donning and doffing PPE was critical for each
ICU to reduce the risk of cross-contamination
(4). A donning area is a ‘clean filter’, whereas
a doffing area is a ‘contaminated filter’ (13).
Both spaces should have waste management
containers and an appropriate area with sanitiser
for hand washing; however, the donning area
should also have disposable PPE and surgical
scrubs (13). To further limit the risk of disease
transmission, all hospital staff practiced hand
hygiene and showered before leaving the
premises after removing their scrubs and PPE
(13). A mechanism called the ‘buddy system’ was
implemented in many places to ensure that all
HCWs followed these guidelines (13). The buddy
system forms groups of two or more HCWs, in
which the group members share responsibility
for each other’s safety by ensuring these
precautions are followed (13).

Furthermore, it was necessary to check
the temperature of hospital staff regularly and
screen for COVID-19 from time to time (15). The
HCWSs were required to measure and report their
body temperature twice a day. This information
was collected and analysed to aid in the early
detection of infections and contact tracing (15).
In addition, the pandemic also required that
the potential of telemedicine be fully exploited.
Telemedicine avoids unnecessary contact with
COVID-19 patients and overcrowding hospitals
by remotely monitoring them. Employing elderly
physicians in telemedicine relieves the burden
on field physicians while utilising the extensive
experience and expertise of senior physicians
without putting them at risk of exposure (16, 17).
Table 1 summarises the measures taking during
COVID-19 pandemic in handling patients with
COVID-19 infection.



Finally, to limit the transmission of the
SARS COV-2, hospitals should ensure that they
have the facilities and infrastructures for rapid
SARS-COV-2 testing (18). If an individual tests
positive, he/she should not be allowed to meet
non-infected or suspected COVID-19 patients
(4). Ideally, hospitals should have separate
entrances, exits, elevators and stairs for the
isolation wards and COVID-19 ICUs, with a
proper and fully functional security system to
prevent unwanted visitors from entering (4).
For ICUs, visitor policies were also revised
during the pandemic. People with weakened
immune systems, such as the elderly or people
with multiple comorbidities and those showing
symptoms of acute respiratory illness, were not
allowed to enter (19), and only those essential to
providing patient care were allowed to visit. After
entering the ICU, these visitors had to wear a
face mask and observe proper hand hygiene (19).

Conclusion

Lessons Learned from the Pandemic

The world is now evolving with COVID-19
(20). The pandemic put a significant strain
on the intensive care system of hospitals. The
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COVID-19 pandemic showed that most ICUs
were neither designed nor equipped to deal
with outbreaks of airborne infectious diseases
(4). Several deficiencies were identified in these
systems, and numerous changes were made and
implemented.

Due to the high prevalence of severe
hospital-acquired respiratory illnesses
along with the ongoing risk of nosocomial
transmission of COVID-19 to critical and often
immunocompromised ICU patients (1) (2), it
is necessary to make ICU management safer
in the future by permanently implementing
some mitigation strategies introduced during
the pandemic, especially in LMICs with the
highest prevalence of HAIs (2) and slow rate of
vaccination (20).

Moreover, according to the detailed
analysis by Ben Oppenheim and Nicole
Stephenson on the epidemic frequency and
its global distribution, the spread of infectious
diseases from wild animals to humans has
steadily increased in frequency and severity.
Their results showed that the world might face
another pandemic much sooner than expected
and estimated a 47%-57% chance of another
pandemic as deadly as COVID-19 in the next
25 years. These distressing findings mean that

Table 1. Summary of measures taken in handling patients with COVID-19 infection

Safety measures taken by

hospital management for

Air filtration measures for ICU

Generalised measures

HCWs and patients

Usage of face shields and surgical
masks (6)

PPE usage with separate donning
(clean-filter) and doffing
(contaminated-filter) areas with
proper waste management and
spaces for hand sanitisation (4, 13)

Implementation of a ‘buddy system’
to keep a check on HCWs’ safety
(13)

Frequent temperature checking and
submission, along with COVID-19
screening test for early infection
detection and contact tracking (15)
Restriction of interaction between
infected and non-infected
individuals after being tested
positive for COVID-19 (4)

Revision of visitors’ policies to
ensure that only people essential
for patient care visit and those with
weak immunity, such as the elderly,
are not allowed to visit (19)

Separation of COVID-19 ICU air
conditioning vents from other
ICUs and high-risk areas (4)
99% filtration effectiveness for
> 5 mm particles and negative
pressure spaces for < 5 mm
particles (4)

Turning off air conditioners with

all windows kept open along with
exhaust and blow-in fans in pre-
existing ICUs (4)

Specific AIIR for AGPs (9, 10)
maintained at a negative pressure
using HEPA filters attached to gas
outlet linked to the atmosphere
allowing air exchanging and filtration
at least 6—12 times per hour (10-12)

Designating separate rooms for
critically ill COVID-19 patients
(expensive measure), along with
well-ventilated halls for ICU spaces
and makeshift hospitals (cost-
effective measure) (4)

Separation of COVID-19 ICU
personnel and equipment from
other parts of the hospital (12)
Surface disinfection: High touch
surfaces (frequently disinfected)
and low touch surfaces (less
frequently disinfected) (13)

Frequent hand hygiene and
shower practice before leaving
hospital premises (13)
Implementation of telemedicine
to avoid COVID-19 exposure and
reduce on-field burden of doctors
(16,17)

Cleansing of non-disposable
equipment using 70% alcohol or
quaternary ammonium compounds
(13) and sodium hypochlorite for
cleaning surfaces during patient’s
stay and after discharge (14)
Usage of soap and sodium
hypochlorite to remove air
bubbles from exhausts (4)

Notes: HCW = healthcare workers; PPE = personal protective equipment; AIIR = airborne infectious isolation rooms; AGPs = aerosol generating

procedures; HEPA = high-efficiency particulate air
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the world and its healthcare systems must
be prepared and better equipped for future
outbreaks (21). Therefore, learning from
the lessons of the COVID-19 pandemic, the
authors here suggest strategies for permanent
incorporation into ICU management protocols.

After the pandemic, all ICUs should be
equipped with a filtration efficiency of 99%
for particles larger than 5 mm (about 0.2 in.)
and maintain negative pressure. Temporary
ICUs with open ventilation and turning off
the air conditioners are generally not possible.
Therefore, to avoid concentrating pathogenic
particles in an air-conditioned ICU, a cheap and
feasible alternative is the permanent installation
of exhausts and blowers for unidirectional
airflow with soap and sodium hypochlorite to
clear pathogens from exhaust air bubbles.

Ideally, converting the ICU design from a
ward type to a single room type would improve
infection control. These rooms can be separated
from the nursing station by glass doors to
ensure undeterred monitoring (22). However,
if this is too expensive, at least AIIRs should
be built for AGPs. Such rooms are maintained
at a negative pressure and connected to the
outside atmosphere with HEPA filters that
filter and exchange air 6—12 times per hour.
The ICUs designed like a ward should try and
perform most AGPs in these AIIRs to limit the
contamination of ICUs with pathogen-laden
aerosols.

Moreover, during the pandemic, COVID-19
ICUs were separated from non-COVID-19
ICUs. After the pandemic, COVID-19 ICUs
can be converted into infectious disease ICUs,
which can effectively protect critical and often
immunocompromised ICU patients from
patients with transmissible illnesses. These
infectious disease ICUs should have separate
air conditioning vents and be located away from
other high-risk areas of the hospitals. If this is
not possible, ICUs should at least have isolation
rooms with separate air conditioning vents.
Additionally, like operation theatre staff, ICU
staff should use surgical scrubs that must be
donned in a designated donning area and taken
off in a separate doffing area. The doffing areas
should have showers and sanitisers so that the
staff can shower before leaving the area.

Areas with a high prevalence of respiratory
infections and HAIs can permanently adopt
the strict mask adherence policies and hygiene
protocols of the pandemic: staff should always
wear surgical masks inside the ICU and wash
their hands or sanitise them frequently, contact

www.mjms.usm.my

with patients in the ICU should be minimum
and if needed, the HCWs must first wear gloves,
which should be safely discarded immediately
after handling the patient. Hospitals should
categorise ICU surfaces into high-touch and low-
touch surfaces, where high-touch surfaces should
be sanitised more frequently than low-touch
surfaces. Strict surface disinfection measures can
also be continued throughout the hospitals to
improve the hygiene standards of the healthcare
facilities. Disposable equipment is preferred
wherever possible, but when non-disposable
equipment is unavoidable, it should be sanitised
after each use. Additionally, the number of
visitors to the ICU should be limited to only
those necessary for patient care to protect both
patients and others from unnecessary contact
with any pathogen.

Finally, telemedicine should be utilised to
its full potential globally. When fully exploited,
we believe it can help better allocate resources
and relieve excess medical workforce. The vast
experience of older or retired physicians can be
used without putting them at risk of exposure.

All these measures will make critical care
more effective and safer and hopefully equip us
to better control epidemics and pandemics in the
future.

Acknowledgements

None.

Conflict of Interest

None.

Funds

None.

Authors’ Contributions

Conception and design: SWM

Analysis and interpretation of the data: SWM,
AAK, SR, MK

Drafting of the article: SR

Critical revision of the article for important
intellectual content: SR, MK

Final approval of the article: SWM, MK
Provision of study materials or patients: SWM
Administrative, technical or logistic support: SR
Collection and assembly of data: SWM, AAK



Review Article | Making ICUs safer post-pandemic

Crimi C, Pierucci P, Renda T, Pisani L, Carlucci A.
High-flow nasal cannula and COVID-19: a clinical
review. Respir Care. 2022;67(2):227—240.
https://doi.org/10.4187/respcare.09056

Correspondence 8.

Suraksha Rani

Jinnah Medical and Dental College,
Karachi, Sindh, Pakistan.

Tel: +92 336 3028842

E-mail: suraksharani2o @gmail.com

9. Tsui BCH, Pan S. Are aerosol-generating
procedures safer in an airborne infection
isolation room or operating room? Br J Anaesth.
2020;125(6):e485—-e487. https://doi.org/10

References .1016/j.bja.2020.09.01110.

Tajeddin E, Rashidan M, Razaghi M, Javadi SSS,
Sherafat SJ, Alebouyeh M, et al. The role of the
intensive care unit environment and healthcare
workers in the transmission of bacteria associated
with hospital acquired infections. J Infect
Public Health. 2016;9(1):13—23. https://doi.org/
10.1016/j.jiph.2015.05.010

10.

Centers for Disease Control and Prevention
(CDC). Infection control guidance for healthcare
professionals about Coronavirus (COVID-19)
[Internet]. CDC; 2022 [Retrieved 2022 Aug 21].
Available at: https://www.cdc.gov/coronavirus/
2019-nCoV/hcp/infection-control.html

11. Jog S, Kelkar D, Bhat M, Patwardhan S,

Phu VD, Wertheim HFL, Larsson M, Nadjm B, Godavarthy P, Dhundi U, et al. Preparedness of
Dinh QD, Nilsson LE, et al. Burden of hospital acute care facility and a hospital for COVID-19
acquired infections and antimicrobial use in pandemic: what we did! Indian J Crit Care Med.
Vietnamese adult intensive care units. PLoS ONE. 2020;24(6):385-392. https://doi.org/10.5005/
2016;11(1):€0147544.  https://doi.org/10.1371/ Jp-journals-10071-2341612
journal.pone.0147544 12. Goh KJ, Wong J, Tien JCC, Ng SY, Duu Wen S,
Grasselli G, Scaravilli V, Mangioni D, Scudeller L, Phua GC, et al. Preparing your intensive care
Alagna L, Bartoletti M, et al. Hospital-acquired unit for the COVID-19 pandemic: practical
infections in critically ill patients with COVID-19. considerations and strategies. Crit Care.
Chest. 2021;160(2):454—465. https://doi.org/ 2020;24(1):215. https://doi.org/10.1186/s13054
10.1016/j.chest.2021.04.002 —020-02916—4
Angarai R, Sharma K. The need to redesign the 13. Sharma J, Nasa P, Reddy KS, Kuragayala SD,
hospital ICUs for COVID-19 patients to save the Sahi S, Gopal P, et al. Infection prevention and
medical fratenity. IndiaRxiv Preprints; 2020. control for ICU during COVID-19 pandemic:
https://osf.io/kqvge/ [Retrieved 2022 Aug 10]. position paper of the Indian society of critical

care medicine. Indian J Crit Care Med.
World Health Organization (WHO). Infection 2020;24(Suppl 5):5280-S289. https://doi.org/
prevention and control during health care 10.5005/jp-journals-10071-2360714
when novel coronavirus (nCoV) infection is
suspected.  Interim guidance. (WHO/2019- 14. Shimabukuro ~ PMS,  Duarte ML, Imoto
nCoV/IPC/v2020.1). Geneva: WHO; 2020. AM, Atallah AN, Franco ESB, Peccin MS,
Available at: https://apps.who.int/iris/bitstream/ et al. Environmental cleaning to prevent
handle/10665/330375/WHO-2019-nCoV-IPCv2020 COVID-19 infection. A rapid systematic review.
.1-eng.pdf Sao Paulo Med J. 2020;138(6):505-514.

Available at: https://doi.org/10.1590/1516—3180
Klompas M, Baker M, Rhee C. What is an .2020.0417.09092020
aerosol-generating procedure? JAMA Surg.
2021;156(2):113—114.  https://doi.org/10.1001/ 15. Chiu S, Black CL, Yue X, Greby SM, Laney AS,

jamasurg.2020.6643

Parasher A. COVID-19: current understanding
of its pathophysiology, clinical presentation and
treatment. Postgrad Med J. 2021;97(1147):312—
320. https://doi.org/10.1136/postgradmedj-2020
-138577

Campbell AP, et al. Working with influenza-
like illness: presenteeism among US health care
personnel during the 2014—2015 influenza season.
Am J Infect Control. 2017;45(11):1254—1258.
https://doi.org/10.1016/j.ajic.2017.04.008

www.mjms.usm.my


https://doi.org/10.4187/respcare.09056
https://doi.org/10.1016/j.bja.2020.09.01110.
https://doi.org/10.1016/j.bja.2020.09.01110.
https://www.cdc.gov/coronavirus/2019-nCoV/hcp/infection-control.html
https://www.cdc.gov/coronavirus/2019-nCoV/hcp/infection-control.html
https://doi.org/10.5005/jp-journals-10071-2341612
https://doi.org/10.5005/jp-journals-10071-2341612
https://doi.org/10.1186/s13054-020-02916-4
https://doi.org/10.1186/s13054-020-02916-4
https://doi.org/10.5005/jp-journals-10071-2360714
https://doi.org/10.5005/jp-journals-10071-2360714
https://doi.org/10.1590/1516-3180.2020.0417.09092020
https://doi.org/10.1590/1516-3180.2020.0417.09092020
https://doi.org/10.1016/j.ajic.2017.04.008
https://doi.org/10.1016/j.jiph.2015.05.010
https://doi.org/10.1016/j.jiph.2015.05.010
https://doi.org/10.1371/journal.pone.0147544
https://doi.org/10.1371/journal.pone.0147544
https://doi.org/10.1016/j.chest.2021.04.002
https://doi.org/10.1016/j.chest.2021.04.002
https://osf.io/k4vqe/
https://apps.who.int/iris/bitstream/handle/10665/330375/WHO-2019-nCoV-IPCv2020.1-eng.pdf
https://apps.who.int/iris/bitstream/handle/10665/330375/WHO-2019-nCoV-IPCv2020.1-eng.pdf
https://apps.who.int/iris/bitstream/handle/10665/330375/WHO-2019-nCoV-IPCv2020.1-eng.pdf
https://doi.org/10.1001/jamasurg.2020.6643
https://doi.org/10.1001/jamasurg.2020.6643
https://doi.org/10.1136/postgradmedj-2020-138577
https://doi.org/10.1136/postgradmedj-2020-138577

Malays J Med Sci. 2023;30(6):22-28

16.

17.

18.

19.

Dhala A, Sasangohar F, Kash B, Ahmadi N,
Masud F. Rapid implementation and innovative
applications of a virtual intensive care unit during
the COVID-19 pandemic: case study. J Med
Internet Res. 2020;22(9):e20143. https://doi
.0rg/10.2196/20143

Krouss M, Allison MG, Rios S, Bringardner
BD, Langston MD, Sokol SI, et al. Rapid
implementation of telecritical care support
during a pandemic: lessons learned during the
coronavirus disease 2020 surge in New York
City. Crit Care Explore. 2020;2(11):e0271.
https://doi.org/10.1097/CCE.0000000000000271

Khalik S. Coronavirus: how contact tracers track
down the people at risk of infection [Internet].
The Straits Times. 2020 [Retrieved 2022 Aug
21]. Available at: https://www.straitstimes.com/
singapore/health/how-contact-tracers-track-down
-the-people-at-risk-of-infection

Centers for Disease Control and Prevention
(CDC). Management of visitors to healthcare
facilities in the context of COVID-19: non-
US healthcare settings [Internet]. CDC;
2022 [Retrieved 2022 Aug 21]. Available at:
https://www.cdc.gov/coronavirus/2019-ncov/hep/
non-us-settings/hcf-visitors.html

www.mjms.usm.my

20.

21.

22,

Phillips N. The coronavirus is here to stay—here’s
what that means. Nature. 2021;590(7846):382—
384. Available at: http://dx.doi.org/10.1038/
d41586—-021-00396—2

Smitham E, Glassman A. The next pandemic
could come soon and be deadlier [Internet].
Center for Global Development; 2021 [Retrieved
2022 Aug 21]. Available at: https://www
.cgdev.org/blog/the-next-pandemic-could-come
-soon-and-be-deadlier

JAMA and Archives Journals. Private room
intensive care units associated with lower
infection rates [Internet]. Science Daily;
2011 Jan 13 [Retrieved 2022 Aug 21].
Available at:  https://www.sciencedaily.com/
releases/2011/01/110110164742.htm


http://dx.doi.org/10.1038/d41586-021-00396-2
http://dx.doi.org/10.1038/d41586-021-00396-2
https://www.cgdev.org/blog/the-next-pandemic-could-come-soon-and-be-deadlier
https://www.cgdev.org/blog/the-next-pandemic-could-come-soon-and-be-deadlier
https://www.cgdev.org/blog/the-next-pandemic-could-come-soon-and-be-deadlier
https://www.sciencedaily.com/releases/2011/01/110110164742.htm
https://www.sciencedaily.com/releases/2011/01/110110164742.htm
https://doi.org/10.2196/20143
https://doi.org/10.2196/20143
https://doi.org/10.1097/CCE.0000000000000271
https://www.straitstimes.com/singapore/health/how-contact-tracers-track-down-the-people-at-risk-of-infection
https://www.straitstimes.com/singapore/health/how-contact-tracers-track-down-the-people-at-risk-of-infection
https://www.straitstimes.com/singapore/health/how-contact-tracers-track-down-the-people-at-risk-of-infection
https://www.cdc.gov/coronavirus/2019-ncov/hcp/non-us-settings/hcf-visitors.html
https://www.cdc.gov/coronavirus/2019-ncov/hcp/non-us-settings/hcf-visitors.html

