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Introduction

Since first being reported in December 2019, the se-
vere acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) has rapidly spread worldwide. Thus, as of De-
cember, 30, 2020, 80,316,555 cases of COVID-19 were
globally reported, including 1,770,695 deaths (1). Current
scientific consensus suggests that SARS-CoV-2 is trans-
mitted primarily from direct contact via the mouth, nose,
or eyes with infected person through respiratory droplets
(> 5 μm in diameter). However, transmission may also
occur indirectly via fomite contaminated by respiratory
secretions or droplets (2) and via droplets less than 5 μm
in diameter (“droplet nuclei” or “microdroplets”), the so-
called “airborne transmission” (3). These modality of viral
transmission places health workers (HWs) at a high risk of
infection (4), citing them as a possible source of nosoco-
mial transmission clusters (5). Early available evidence
suggested that HCWs are being increasingly infected with
the novel infection ranging from 15% to 18% and in some
cases up to 20% of the infected population (6). HCWs are
more susceptible to COVID-19 due to several risk factors
like long duty hours, lack or inadequate use of Personal
Protective Equipments (PPEs), uncertain diagnostic cri-
teria, unavailability of diagnostic criteria, stressful and
high-risk working environments with concentration of in-
fected patients and high viral loads, lack of measures to
prevent the spread in hospitals (6-12).

All these risk factors coupled with the role of asymp-
tomatic or presymptomatic who can act as potential “su-
perspreaders” may contribute to the onset of COVID-19
hospital outbreaks (13, 14). COVID-19 infection is an oc-
cupational injury for HCWs (15). At the same time, HCWs
can be source of COVID-19 hospital-acquired infections
(16), which are nosocomially-acquired infections that are
typically not present or might be incubating at the time of
admission (17). Healthcare infected can be source of
COVID-19 nosocomial outbreaks spreading to the entire
community (5). The implementation of effective contain-
ment measures is, therefore, particularly important in hos-
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RIASSUNTO. SARS-CoV-2 può determinare infezioni acquisite
in ospedale tra pazienti e operatori sanitari. Lo scopo di questo
studio è rivedere la letteratura per lo sviluppo di una strategia
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delle stesse strutture sanitarie.
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pitals and homecare facilities, where the risk of contagion
is higher and the magnitude of consequences is amplified
by the presence of “frailty” among patients and home care
clients, who are often elderly and immune-depressed pa-
tients with co-morbidities (18-20). Furthermore, depletion
of healthcare workforce may affect the quality of care de-
livered by overwhelmed healthcare systems, especially for
diseases other than COVID-19 (21-23). Hospital out-
breaks can be crucial in the sustainment of the viral com-
munity transmission. For all these reasons, hospital ad-
ministrators and managers have to implement effective In-
fection Preventive Control (IPC) measures. Aim of this
paper was to develop a review-based strategy for pro-
tecting hospitals from COVID-19 infection outbreaks.

Methods

A literature review focusing on the main preventive
and protective measures in healthcare facilities against
COVID-19 and including administrative engineering, en-
vironmental, and individual measures was carried out.
SARS-CoV-2 infection characteristics and some chal-
lenging diagnostic aspects of COVID-19 infection, were
also analyzed. The literature review was the starting point
for developing a screening pathway for patients on their
hospital admission, and a targeted workplace health sur-
veillance programme for screening hospital workers. Due
to the current health emergency, a rapid review design,
which is a “type of knowledge in which components of the
systematic reviews process are simplified or omitted to
produce information in a short period of time” (24), by
limiting inclusion by date or language and reporting re-
sults narratively, was used (25). Rapid reviews have been
described as a “streamlined alternative to standard sys-
tematic reviews” and a key use of this type of review is to
provide summary evidence in an environment where
health service delivery decisions need to be made quickly
and not within the time frames of traditional reviews (25).
They also provide a format that makes evidence accessible
for decision makers and are a valuable way of supporting
evidenced-based decision making (26). Relevant terms re-
lating to the following themes: “healthcare outbreaks”;
“health surveillance”; “preventive measures” were com-
bined. Searches were initially limited to May 25, 2020 and
were updated to December 31, 2020 to ensure that current
findings are included in the analysis and that results are
relevant to current services. A combination of free-text
and medical subject headings (MeSH) search terms, as
well as appropriate subheadings, was used. Key words
such as “Infection control”, “Hospital”, “diagnosis”,
“Hospital transmission”, “SARS-CoV-2”, “2019-nCoV”,
and “COVID-19” were used in several combinations. Two
authors (FC and AS) independently conducted targeted
database searches using the following databases: Medline,
PMC, and Google Scholar. COVID-19 resources center by
Lancet, New England Journal of Medicine, JAMA, Na-
ture, Cell, BMJ, Science, the most important publishers
(Elsevier, Oxford, Wiley), and non-peer reviewed papers
from medRxiv and Google Scholar were consulted, as

well as Italian and international guidelines, including
those published by the US-Centers for Disease Control
and Prevention (CDC), the European Centre for Disease
Control and Prevention (ECDC) and the WHO. Only pa-
pers written in english and Italian languages were consid-
ered. The articles included were analyzed qualitatively.

Results and Discussion

Proposal of a strategy for the prevention of COVID-19
hospital outbreak/ COVID-19 Hospital-Acquired Infection

The risk of COVID-19 hospital-acquired infections and
hospital outbreaks stems from several SARS-CoV-2 char-
acteristics: the high transmissibility of the SARS-CoV-2;
the high and unknown prevalence of asymptomatic carriers
of the virus (27); the plurality of modalities of transmission
(i.e., by fomites, droplet contacts and airborne transmis-
sion) (2, 3), and the high probability that patients, hospital
visitors and healthcare staff who are infected can transmit
the infection when asymptomatic, paucisymptomatic or
presymptomatic (before 48 hours the onset of symptoms)
(28). The fact that neither epidemiological nor clinical cri-
teria permit to identify and isolate patients, visitors or car-
riers of infection, is the major determinant of COVID-19
infection in terms of either hospital-acquired infection and
hospital-associated outbreaks. We developed a tailored
strategy for preventing them (Figures 1a, 1b, and 2), which
is based on early recognition and source control of
COVID-19 in HCWs, hospital workers, visitors and pa-
tients, and the application of standard precautions for all
patients, regardless of suspected or known infection. The
implementation of additional precautions for COVID-19
infected patients, as well as administrative, environmental
and engineering control measures were also included, in
the framework of the workplace risk assessment (WRA),
which is the “core” process of health and safety practices
at workplace, aimed to identify, control and eliminate all
the hazards for workers and third parties (29).

Administrative, environmental, and engineering controls
Administrative control measures are as the following:

1) routinely refreshing training to all the hospital staff on
the IPC measures; 2) primary screening of workers, visi-
tors and patients at all the entrances of the hospital (tem-
perature and symptom screening; 3) different pathway for
patients with suspected COVID-19 infection; 4) person-
to-person distance of at least 1,5 mt (e.g., waiting area); 5)
universal masking of visitors; 6) implementation of online
consultation system; 7) primary screening and testing and
temporary isolation for patients waiting for confirmation
(“isolation room” within both emergency rooms and
wards), and when single rooms are not available, people
suspected of having COVID-19 should be cohorted to-
gether; 8) different treatment sites for COVID-19 patients
on the basis of the illness severity (29, 30).

The main environmental preventive measure is en-
suring environmental cleaning and disinfection proce-
dures with commonly used hospital-level disinfectants
(e.g., sodium hypochlorite).
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Figure 1a. Procedure for monitoring patients with COVID-19 suspected symptoms admitted to hospital

Figure 1b. Procedure for monitoring patients without respiratory symptoms admitted to hospital
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With regard to engineering control measures, natural
ventilation can be used in airborne precaution rooms,
whereas a mechanically ventilated room with special fea-
tures in air handling and airflow direction should be used
for infection isolation rooms (29, 31). Heat Ventilation Air
Conditioning systems need that air from the room can be
exhausted directly to the outdoors, where the droplet nu-
clei will be diluted in the outdoor air, or alternatively
passed through a special HEPA filter that removes most
(99.97%) of the droplet nuclei before it is returned to the
general circulation (3, 29), especially if aerosol-generating
procedures are performed (29).

Current challenges for COVID-19 identification and
diagnosis in HCWs and patients

Currently, there are two main tests available for
COVID-19: direct tests (i.e., molecular tests) that are de-
signed for diagnosing a current infection, and indirect tests
(i.e., serological tests) that are designed to ascertain sero-
conversion upon a previous (IgG) or an early (IgM) infec-
tion. A combination of these tests may inform crucial de-
cisions by healthcare providers and policy makers (32).
The COVID real-time reverse transcriptase-polymerase
chain reaction (RT-PCR) test is considered to be the gold
standard test for the qualitative and quantitative detection
of viral nucleic acids. Several point-of-care tests (POCTs),
which are rapid antigen tests were developed for rapid di-
agnosis of infected patients. However, these tests tend to
have lower sensitivity than RT-PCR. Therefore, even if
they may be useful during an ongoing outbreak, when
timely access to sensitive molecular testing is unavailable,
a negative result should be interpreted by a healthcare pro-
fessional with caution and based on clinical judgement
(33). In the event of suspected symptoms, the molecular
swabs should be immediately performed to confirm diag-
nosis, isolate the positive subject and trace his/her contacts
(34, 35). RT-PCR is the frontline diagnostic test for

COVID-19 that is capable of analyzing thousands of
specimens in a single day and shows a testing sensitivity
of 95% (36). It can be carried out on different types of
samples (i.e., nasopharyngeal swab, oropharyngeal swab,
bronchoalveolar lavage, tracheal aspirates, and saliva). At
present the US-CDC recommend collecting and testing a
nasopharyngeal specimen as the preferred choice for
swab-based SARS-CoV-2 testing. For individuals having
invasive procedures, lower respiratory tract specimens
are recommended, if available (37). The RT-PCR tech-
nique shows, however, some analytical problems, such as
inadequate procedures for collection, handling, transport
and storage of the swabs, manual errors, testing outside
the diagnostic window, active viral recombination, use of
inadequately validated assays, that contribute to jeopar-
dize the diagnostic accuracy (38). In literature, authors
have reported several cases of COVID-19 patients with
false negative swabs (39-49). Since the risk for recurrent
infection with SARS-CoV-2 is not known for COVID-19,
detection of one or two antibodies (IgM and/or IgG) does
not necessarily guarantee immunity against reinfection.
Furthermore, negative results do not rule out SARS-CoV-
2 infection, particularly in those who have been in contact
with the virus and positive results may be due to past or
present infection with SARS-CoV (50). The Italian Na-
tional Institute of Health recommends using CLIA and
ELISA serological tests, with a specificity of at least 95%
and sensitivity of at least 90% (51), only for epidemio-
logical surveys on communities such as occupational co-
horts, but not for clinical diagnosis as a substitute of swab
tests (52, 53). Due to the shortage of kits and false nega-
tive rate of RT-PCR, the Hubei Province, China tem-
porarily used CT scans as a clinical diagnosis for
COVID-19 (54). CT systems are expensive, require tech-
nical expertise, and cannot specifically diagnose COVID-
19 (55), yet they can be highly useful for early diagnosis
and follow-up (42, 56-58), having a higher sensitivity in

Figure 2. Health surveillance protocol for hospital healthcare workers
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patients with positive RT-PCR (59), and lower in patients
with only non-respiratory symptoms (60). Conventional
chest X-ray sensitivity is at around 59% (61). Ultrasounds
show an estimated sensitivity of 75%, with a low speci-
ficity and high variability depending on factors such as
disease severity, patient weight and operator skills.
Therefore, they could be useful as a screening tool in
combination with clinical finings and molecular testing
for early diagnosis, for monitoring the progression of the
disease (62), and distinguishing COVID-19 by commu-
nity-acquired pneumonia (CAP) (63).

Testing strategies on HCWs and patients
To identify and isolate asymptomatic patients admitted

to hospital, it is insufficient a single oro-nasopharyngeal
swab tests before the admission. The critical point con-
cerns the quality of the samples. In case of suspected in-
fection, operators should collect swabs by multiple sites,
taking into consideration both the symptoms and the stage
of the clinical course. In presence of radiological signs (bi-
lateral interstitial pneumonia) of COVID-19, swabs
should be taken by lower airways. For diagnosis, chest
High Resolution Computed tomography (HR-CT) mani-
festations can supplement parts of limitations of real-time
reverse transcription polymerase chain reaction (RT-PCR)
assay. Serological tests can contribute to diagnosis, where
they are complemented with naso-pharingeal swab tests
(52, 53). In case of patient with respiratory symptoms
(breathing difficulty, cough, chest pain), all the contain-
ment measures should be activated in any case.

One of the most known strategies to control the spread
of COVID-19 infection among hospital staff is the 3T
(testing, tracing, and treating) strategy (11, 62). In In-
donesia polymerase chain reaction (PCR) swabs tests, im-
plementation of contact tracing and isolation of infected
operators were effective for controlling the spread of
COVID-19 and reducing the risk of spreading infection
(11). In Korea, the robust control of a COVID-19 health-
care-associated outbreak minimized the transmission of
SARS-CoV-2 within hospitals and local communities.
However, there was also much debate over the appropriate
period of hospital shutdown and testing of all hospital staff
and patients (62). In one of the largest international survey
studies in the field of surgery, significant rates of centers
had experienced in-hospital COVID-19 infection (31.5%)
worldwide, confirming a wide prevalence of the initial
symptom-based preoperative testing policies, which may
have missed the asymptomatic case (63). International and
local surgical guidelines recommend preoperative testing
when available and practical, considering that SARS-Cov-2
make asymptomatic patients more likely to transmit the
disease than in the previous epidemics (63). A study from
China reported a higher prevalence of asymptomatic
COVID-19 infection in hospitalized patients (5.8%) com-
pared to the community (1.2%) (64), and asymptomatic
hospitalized patients were frequently reported as a source
of in-hospital outbreaks (65).

Occupational health surveillance of HCWs and hospital
workers can be decisive for protecting hospital from
COVID-19 infection (66). HCWs may be “dangerous” for

patients and family members. Trough mandatory health sur-
veillance, “vulnerable” workers (i.e., those affected by car-
diovascular diseases, chronic obstructive pulmonary dis-
eases, diabetes mellitus, conditions of immunosuppression,
or other conditions associated with higher risk of COVID-
19 related complications and mortality) can be monitored.
There are currently no widely available reliable antibody
testing to demonstrate both current and previous COVID-
19 infection, thus their usage could raise technical and eth-
ical concerns (67). On the contrary, all HCWs, including
those asymptomatic, should be routinely tested with Re-
verse Transcription Polymerase Chain Reaction (RT-PCR)
testing on nasopharingeal swabs for early diagnosis of
SARS-CoV-2 (66). Viral test are the best available tools to
diagnose current infection with SARS-CoV-2 and point-of-
care tests, meaning results may be available at the testing
site in less than an hour, could be particularly useful.

Standard precautions and individual IPC measures for
preventing COVID-19 hospital infections

Standard precautions include hand and respiratory hy-
giene, appropriate PPEs, injection safety practices, safe
waste management, proper linens management, environ-
mental cleaning, and sterilization of patient care equipment.
All individuals, including family members, visitors and
health-care workers, should apply contact and droplet pre-
cautions (67, 68). WHO has developed the WHO COVID-
19 risk assessment tool (69). HCWs are classified as “high”
or “low” risk to COVID-19 infection, if they follow or not,
respectively the IPC measures while performing medical
activities and aerosol-generating procedures on COVID-19
patient in health care facilities. IPC measures on COVID-19
patients include wearing of single-use gloves, medical
masks, face shield or goggles/protective glasses, disposable
gown, removing and replacing PPEs according to protocol,
performing hand hygiene (before and after touching a
COVID-19 patient, before and after any clean or aseptic
procedure, after exposure to body fluids, after touching pa-
tient surroundings) and decontaminating high touch sur-
faces at least 3 times daily. The IPC measures during
aerosol-generating procedures include wearing of single-
use gloves, N95 mask (or equivalent operator), face shield
or goggles/protective glasses, disposable gown, waterproof
apron, removing and replacing PPE according to protocol,
performing hand hygiene (before and after touching a
COVID-19 patient, before and after any clean or aseptic
procedure, after exposure to body fluids, after touching pa-
tient surroundings), decontaminating high touch surfaces at
least 3 times daily, whether the healthcare worker had any
type of accident with body fluid/respiratory secretions of a
COVID-19 patient (67-69).

According to the WHO, strategies to protect HCWs
from hospital-acquired COVID-19 infection should in-
clude training of HCWs to recognize respiratory diseases,
an increased access to PPEs, support for HCWs to reduce
their high workload, a strong hospital surveillance system
filling the existing gaps of the healthcare system to protect
HCWs and their patients.

As suggested by Ashinyo et al (70), HCWs should ad-
here to WHO and national IPC protocols through constant
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training on IPC protocols coupled with a regular supply of
appropriate PPEs and supportive supervision of HCWs
exposed to the COVID-19 virus.

PPEs in healthcare facilities
The PPEs needed to protect HCWs are masks (face

masks and shields), respirators, gloves, body covers and
googles. A systematic review of observational studies on
Severe acute respiratory syndrome (SARS), Middle East
respiratory syndrome (MERS) and COVID-19 found that
the use of N95 or similar respirators might be associated
with greater reduction in risk than medical masks. However,
very few studies included in the review evaluated the trans-
mission risk of COVID-19. Despite the WHO’s call for in-
creased production of PPEs (71), and WHO, CDC, and
FDA have suggested their rational use (72-74), there are
still shortages of PPEs (4, 75, 76) for healthcare personnel.

There are two types of mask for medical use in health-
care facilities: 1) medical masks that are defined as sur-
gical or procedure masks; and 2) Filtering facepiece respi-
rators (FFR), or respirators, offer a balance of filtration
and breathability. European FFP2/FFP3 guarantees a fil-
tration of at least 94%/99% solid NaCl particles and oil
droplets and corresponds to US N95, filtering at least
95%/99% NaCl particles (77). Policies on wearing a mask
for HCWs have been much debated (4, 77, 78). The WHO
guidelines recommend that health care workers should
wear a medical mask when entering a room where patients
with suspected or confirmed COVID-19 are admitted (79).
This WHO’s document published on 5 June 2020 and up-
dated on 1 December 2020, recommend for HCWs the use
of medical mask in the absence of aerosol generating pro-
cedures (AGPs), and the use of FFP2/FFP3 only when
AGPs are performed, or in other care settings if they are
widely available and if costs is not an issue. In areas of
known or suspected community or cluster SARS-CoV-2
transmission, universal masking for all persons (staff, pa-
tients, visitors, service providers and others) within the
health facility (including primary, secondary and tertiary
care levels; outpatient care; and long-term care facilities)
is advisable. WHO recommends, furthermore, adherence
to correct mask management practices (79).

Bellato et al. (63) in their study on surgeons argue that
local testing capability and PPEs availability are the best

protective measures under the current risk of asympto-
matic COVID-19 patients. Saran et al (80) showed tech-
nical issues concerning design and materials of PPEs. In
their systematic review, Tian et al. (81) showed that com-
munity mask use could be beneficial, but higher-level
specification of masks and respirators could provide better
protection for HCWs (78, 79). WHO (82), CDC (83) and
ECDC (84) released strategies to tackle SARS-CoV,
MERS-CoV and SARS-CoV-2 infections. They include a
risk assessment, which is based on type of activity per-
formed by HCWs (Table I).

Conclusion

Preventing COVID-19 hospital infections has a posi-
tive impact on healthcare systems and community. A re-
view-based comprehensive strategy integrating occupa-
tional health practice and public health activities, can pro-
mote their respective preventive strategies (85-87). The
proposed protocol, finally, could be useful for the current
COVID-19 pandemic and for future epidemic driven by
new and old airborne-transmitted biological hazards.
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Table I. Coronavirus infection prevention strategies

Biological WHO CDC ECDC

hazard Low risk profile High-risk profile1 Low risk profile High risk profile Low risk profile High risk profile

SARS-CoV FFP2/FFP3 FFP2/FFP3 FFP2/FFP3 FFP2/FFP3 – –
respirator2 respirator respirator respirator

MERS-CoV Surgical mask FFP2/FFP3 FFP2/FFP3 FFP2/FFP3 Surgical mask/ FFP2/FFP3
respirator respirator respirator FFP2/FFP3 respirator

respirator

SARS-CoV-2 Surgical mask FFP2/FFP3 Surgical mask FFP2/FFP3 Surgical mask/ FFP2/FFP3
respirator respirator FFP2/FFP3 respirator

respirator

Note: CDC, Centers for Disease Control and Prevention; ECDC, European Centre for Disease Control and Prevention; WHO, World Health Organization. 
1: Aerosol-generating procedures; 2: FFP2 / FFP3 respirators; 3: Based on the risk assessment; 4: surgical mask and, if available, FFP2 / FFP3 respirators.
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