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Abstract: Coronavirus disease 2019 (COVID-19) is the 
third coronavirus outbreak that has emerged in the past 
20 years, after severe acute respiratory syndrome (SARS) 
and Middle East respiratory syndrome (MERS). One 
important aspect, highlighted by many global health 
organizations, is that this novel coronavirus outbreak 
may be especially hazardous to healthcare personnel, 

including laboratory professionals. Therefore, the aim 
of this document, prepared by the COVID-19 taskforce 
of the International Federation of Clinical Chemistry 
and Laboratory Medicine (IFCC), is to provide a set of 
recommendations, adapted from official documents of 
international and national health agencies, on biosafety 
measures for routine clinical chemistry laboratories that 
operate at biosafety levels 1 (BSL-1; work with agents pos-
ing minimal threat to laboratory workers) and 2 (BSL-2; 
work with agents associated with human disease which 
pose moderate hazard). We believe that the interim meas-
ures proposed in this document for best practice will help 
 minimazing the risk of developing COVID-19 while work-
ing in clinical laboratories.

Keywords: biosafety; coronavirus disease 2019; COVID-19; 
laboratory; SARS-COV-2.

Introduction
Coronavirus disease 2019 (COVID-19) is the third coronavi-
rus outbreak that has emerged in the past 20 years, after 
severe acute respiratory syndrome (SARS) and Middle East 
respiratory syndrome (MERS) [1]. Unlike the previous two 
coronavirus epidemics, which could be almost confined to 
the territories of original emergence, COVID-19 has quickly 
spread all around the world, affecting over 3  million 
people and causing more than 200,000 deaths, such that 
it was finally declared a global pandemic by the World 
Health Organization (WHO) [2]. Although initial reports 
have delineated this new infectious disease as being less 
severe than SARS, recent epidemiologic data of the WHO 
attests that the worldwide death rate due to COVID-19 is 
progressively increasing, approximating that of SARS (i.e. 
6.86% vs. 9.56%), especially in certain countries like Italy 
(13.53%) and Spain (11.07%) [3].

One important aspect, which has also been high-
lighted by many worldwide health organizations, is that 
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this novel coronavirus outbreak may be especially haz-
ardous to healthcare personnel [4]. A recent report of 
the Chinese Center for Disease Control and Prevention 
revealed that 3.8% of all COVID-19 patients were health-
care personnel (peaking to 63% during the initial out-
break in Wuhan), with nearly 15% of these experiencing 
a severe or critical form of disease [5]. More recent data 
from the Italian National Institute of Health revealed 
that the infection rate of healthcare workers among the 
total number of COVID-19 patients is as high as 10.7% 
[6]. These alarming figures call for guidance on adequate 
biosafety procedures to protect healthcare staff, includ-
ing laboratory personnel, especially when infections and 
quarantines exacerbate the shortage of staff and impose 
additional burden on already overwhelmed healthcare 
services [7]. The purpose of this article, by the COVID-19 
taskforce of the International Federation of Clinical Chem-
istry and Laboratory Medicine (IFCC), is to provide a set 
of recommendations adapted from official documents of 
international and national health agencies and organiza-
tions, on biosafety measures to be used in routine clinical 
chemistry laboratories that operate at biosafety levels 1 
(BSL-1; work with agents posing minimal threat to labora-
tory workers) and 2 (BSL-2; work with agents associated 
with human disease which pose moderate hazard) [8].

Characteristics of the virus
COVID-19 is caused by a virus belonging to the coronaviri-
dae family, named severe acute respiratory syndrome coro-
navirus 2 (SARS-CoV-2) by the International Committee on 
Taxonomy of Viruses [9]. SARS-CoV-2 is a single-stranded 
RNA virus, with RNA genome size of approximately 30,000 
bases and viral particle size comprised between 70 and 
90 nm [10]. The virus has evolved by recombination from 
an ancestral bat virus, with which it shares between 73% 
and 100% gene identity [11, 12].

It is now acknowledged that the virus binds to angi-
otensin-converting enzyme 2 (ACE2), a transmembrane 
enzyme which plays a central role in the renin-angio-
tensin-aldosterone system (RAAS) [13, 14]. Recent evi-
dence has been provided that ACE2 is widely expressed in 
human tissues and organs, especially in cells of the higher 
and lower respiratory tracts (especially alveolar epithelial 
cells), heart, kidney, esophagus, intestine, as well as in 
lymphocytes [15, 16]. Importantly, Xu et al. also reported 
that ACE2 is expressed on the mucosa of the oral cavity, 
especially in the epithelial cells of the tongue, thus pro-
viding an additional source of cells that can be vulnerable 
to infection by SARS-CoV-2 [16].

Route of transmission of 
SARS-CoV-2
SARS-CoV-2 is mostly transmissible by means of large 
respiratory droplets (i.e. ≥5 μm) rather than small aero-
sols, as well as from contaminated hands and surfaces. 
Aerosol transmission is also theoretically possible, as 
previously shown for the homologous SARS-CoV-1 [17], 
but may be limited to exceptional circumstances such as 
protracted exposure to elevated aerosol concentrations 
within closed spaces, as may happen within a COVID-19 
patient room or within a closed and narrow laboratory 
environment [18]. According to the most recent evidence 
provided by the WHO and by the US Centers for Disease 
Control and Prevention (CDC) [3, 19], it is assumed that 
human-to-human SARS-CoV-2 transmission mainly 
occurs when large respiratory droplets are generated 
by SARS-CoV-2 patients, especially by coughing and/or 
sneezing, which then reach the nose, mouth or eyes of 
another person, or are inhaled. Large respiratory droplets 
are too heavy to be airborne, but they can still be depos-
ited on many environmental surfaces, so that infection 
is transmitted by hands touching contaminated objects, 
materials and/or surfaces and then touching the eyes, 
nose or mouth [3, 19].

An interesting study published by Xie et  al. has 
clearly shown that droplet propagation is highly 
dependent upon many factors, including the particle 
size, the speed of exhaled air, as well as the conditions 
of temperature and humidity [20]. Although most large 
respiratory droplets containing SARS-CoV-2  would fall 
to a surface within a distance of approximately 1 m (i.e. 
~3 feet) during normal breathing, as they are conveyed 
by exhaled air at a speed of approximately 1 m/s, cough-
ing or sneezing may considerably enhance propagation 
velocity (i.e. 10 m/s for coughing and 50 m/s for sneez-
ing, respectively), as well as the corresponding propaga-
tion distance of these droplets (i.e. 2 m for coughing and 
6  m for sneezing, respectively) (Figure 1). Importantly, 
the size of droplets generated by a conventional cough 
is highly variable, but nearly half of these virus-contain-
ing particles may be within the range of aerosol, thus 
remaining in the air for longer periods and potentially 
conveyed over distances greater than 1 m, thus promot-
ing all national and international healthcare agencies to 
suggest at least 2 m (i.e. 6½ feet) social distancing [21, 
22].

Therefore, this guidance paper addresses the follow-
ing key questions and offers interim safety advice to clini-
cal chemistry laboratory staff working at BSL1 and BSL2 
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laboratories (thus also including routine pediatric labora-
tories) during the COVID-19 pandemic.

1) How can the generic biosafety measures be imple-
mented in clinical chemistry laboratories during the 
COVID-19 pandemic?

2) What personal hygiene and personal protective 
equipment (PPE) should be used in clinical chemistry 
laboratories during the COVID-19 pandemic?

3) How should laboratory staff handle routine patient 
specimens during the COVID-19 pandemic?

4) How should staff decontaminate laboratory 
equipment and surfaces during the COVID-19 pandemic?

The following recommendations are based on 
limited and often weak evidence of mostly observational 
studies or extrapolations from what has been learned 
during earlier epidemics caused by the SARS and MERS 
coronaviruses. This biosafety advice reflects the consen-
sus of this IFCC Task Force after a rapid review of rel-
evant documents of various international organizations 
and the available literature. The list of these representa-
tive documents, focused on handling, and processing of 
blood, urine, feces and respiratory specimens at BSL-1 
and BSL-2 laboratories during COVID-19 outbreak is 
shown in Table 1.

Due to the rapidly evolving pandemic and the emer-
gence of new data and information day-by-day, the advice 
given in this document may change over time.

How can the generic biosafety 
measures be implemented in 
clinical chemistry laboratories 
during the COVID-19 pandemic?

Due to the nature of transmission, most countries advocate 
and enforce “social distancing” measures to maintain the 
conventionally “safe” 2-m distance between individuals 
Although social distancing within healthcare settings has 
only been recommended by the WHO, the widespread effi-
ciency of this strategy has now been universally acknowl-
edged for purposes of outbreak containment [29, 30].

The possibility of SARS-CoV-2 transmission by asymp-
tomatic or mildly symptomatic individuals is another 
matter of concern. Although definitive numbers are not 
available, recently published studies showed that the 
proportion of asymptomatic individuals may be as high 
as 50%–75% [31]. This observation is especially impor-
tant if one considers that the viral load in upper respira-
tory specimens of SARS-CoV-2-infected patients who are 
asymptomatic or only mildly symptomatic can be similar 
to that of symptomatic COVID-19 patients [32, 33]. There-
fore, a potentially infected (asymptomatic) laboratory 
professional may infect many other colleagues if adequate 
protective measures are not routinely used.

Breathing
Speaking

Coughing Sneezing

1 m 2 m 6 m

1 m/s 10 m/s 50 m/s

Figure 1: Potential air propagation of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2).
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Recommendations
1a. Laboratories should adopt social distancing measures within 
the workplace as much as possible and feasible.

This goal can be achieved by splitting personnel into two 
(or more) teams and rostering staff in such a way that 
each team has no contact with members of the other team. 
Workstations in the laboratory can be spaced out; staff 
authorizing/validating results or doing more administra-
tive tasks (e.g. quality assessment review) can be removed 
from the laboratory space and do their work in an office 
space or remotely. Operationally within hospitals and 
laboratories, team segregation and social distancing is to 
be enforced. This step will allow lower potential for cross-
infection between the teams, but at the same time allows 
execution of their duties independently. Staggered meal 
and break times with avoidance of group gathering is to 
be advised.

During this period, education and training should 
continue, and it is recommended that this be conducted 
via remote video conferencing services. Traditional face-
to-face meetings and educational sessions are to be 
canceled until the threat has passed.

1b. The potential exposure and health status of the laboratory 
personnel is monitored daily.

This aim can also be achieved by interviewing staff at the 
beginning of their shift (e.g. were they traveling to other 
regions in the last 14  days; were they in contact with a 
known COVID-19 case; do they have flu-like symptoms, 
etc.), and then recording the information within an attes-
tation form. Simple temperature taking, e.g. once daily, 
facilitates early identification of acute respiratory infec-
tion symptoms. Should a laboratory staff be infected with 
COVID-19, quarantine measures would need to be initiated 
for all close contacts in the team. Business continuity and 

Table 1: General biosafety indications or recommendations for coronavirus disease 2019 (COVID-19) in clinical laboratories with biosafety 
levels 1 (BSL-1) and 2 (BSL-2).

Protective measure   WHO/ECDC [23, 24]  CDC [25]   PHE [26]   ABSA [27]   FAHZU [28]

Maintain social distance   Yes (1 m)   N/A   N/A   N/A   N/A
Perform hand hygiene   Frequently   Frequently   Frequently   N/A   Frequently
Avoiding touching eyes, 
nose and mouth

  Yes   Yes   N/A   N/A   N/A

          Yes
Use of respirators   Surgical mask   N95 respirator 

(surgical mask when 
N95 unavailable)

  Noa   Surgical mask   N95 respirator 
(surgical mask when 
N95 unavailable)

Wearing gloves   Yes, disposable   Yes, disposable   Yes, disposable   Yes, disposable   Yes, disposable
Wearing laboratory coats/
Gowns

  Based on 
contamination riskb

  Based on 
contamination riskb

  Based on 
contamination riskb

  Lab coat   Based on 
contamination riskb

Eye protection   When risk of splash   Yes   Yes   Yes   Yes
Wearing disposable 
surgical cap

  N/A   N/A   N/A   N/A   Yes

Use of automated 
instruments and analyzers

  N/A   Preferable   Preferable   Preferable   N/A

Centrifugation with safety 
cups and/or sealed rotors

  Yes   Yes   Preferable to 
minimize aerosol

  N/A   N/A

Working surfaces 
decontamination

  Yesc   Yesd   Yes   Yes   Yese

aProcessing respiratory tract, urine, fecal or tissue samples under safety cabinet or when there is risk of aerosol, is recommended; 
bLaboratory coats in general; nonsterile, disposable gown when managing highly infectious materials, such as respiratory specimens. 
cFull list of WHO-suggested decontaminants available here: https://www.who.int/csr/resources/publications/biosafety/WHO_CDS_
CSR_LYO_2004_11/en/. dFull list of CDC-suggested decontaminants available here: https://www.epa.gov/pesticide-registration/
list-n-disinfectants-use-against-sars-cov-2. eFull list of FAHZU-suggested decontaminants available here: https://iau-aiu.net/Zhejiang-
University-Handbook-of-COVID-19-Prevention-and-Treatment. The Therapeutic Goods Administration (TGA): Appropriate use of disinfectants: 
Information for consumers, health professionals and healthcare facilities. 27 March 2020; https://www.tga.gov.au/appropriate-use-
disinfectants-information-consumers-health-professionals-and-healthcare-facilities. ABSA, American Biological Safety Association 
International; CDC, US Centers for Disease Control and Prevention; ECDC, European Centre for Disease Prevention and Control; FAHZU, First 
Affiliated Hospital, Zhejiang University School of Medicine; N/A, non-available information; PHE, Public Health England; WHO, World Health 
Organization.

https://www.who.int/csr/resources/publications/biosafety/WHO_CDS_CSR_LYO_2004_11/en/
https://www.who.int/csr/resources/publications/biosafety/WHO_CDS_CSR_LYO_2004_11/en/
https://www.epa.gov/pesticide-registration/list-n-disinfectants-use-against-sars-cov-2
https://www.epa.gov/pesticide-registration/list-n-disinfectants-use-against-sars-cov-2
https://iau-aiu.net/Zhejiang-University-Handbook-of-COVID-19-Prevention-and-Treatment
https://iau-aiu.net/Zhejiang-University-Handbook-of-COVID-19-Prevention-and-Treatment
https://www.tga.gov.au/appropriate-use-disinfectants-information-consumers-health-professionals-and-healthcare-facilities
https://www.tga.gov.au/appropriate-use-disinfectants-information-consumers-health-professionals-and-healthcare-facilities
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contingency plans with other departments and laborato-
ries should be established in case a significant number of 
team members fall ill or are required to be quarantined.

What personal hygiene and 
personal protective equipment 
(PPE) should be used in clinical 
chemistry laboratories during the 
COVID-19 pandemic?
With respect to sample transportation, it is recommended 
that all conventional laboratory specimens (blood, urine, 
respiratory, feces and so forth) be tightly capped and 
transported to the laboratory in biohazard zip-locked 
bags, within a leakproof cryobox with a clearly visible 
biohazard label. Unlike previous warnings, the CDC now 
allows transportation of all laboratory samples via pneu-
matic tube systems, with the exception of respiratory 
specimens, which shall be instead manually delivered 
[34]. Transportation of infectious samples to a secondary 
laboratory should otherwise be managed in compliance 
with the WHO and international air transport association 
(IATA) guidelines [35].

During the COVID-19 pandemic, all specimens col-
lected for in vitro diagnostic testing should be consid-
ered potentially infectious with SARS-CoV-2. Therefore, 
laboratory professionals must adhere rigorously to stand-
ard precautions to minimize the risk of exposure to the 
virus. Frequent hand hygiene and avoidance of touching 
the eyes, nose and mouth are universally recommended 
measures that laboratory staff should also adhere to. 
Notably, regarding hand contamination, instant hand 
wiping with a wet towel soaked in water containing 1.00% 
soap powder, 0.05% active chlorine or 0.25% active chlo-
rine from sodium hypochlorite has also been proven effec-
tive to remove over 90% of the virus [36]. Kratzel et  al. 
have investigated two alcohol-based WHO hand sanitizer 
formulations for their virucidal effects. They found that 
ethanol and 2-propanol were efficient in inactivating the 
virus in 30 s at a minimal final concentration of at least 
30% [37].

In terms of PPE, laboratory staff should follow stand-
ard laboratory practice, i.e. wear masks, wear disposable 
gloves, use eye protection devices and wear a lab coat or 
gown. Recommendations for the type of laboratory coats 
and/or gowns depend on the type of activity. Conven-
tional laboratory coats can be used when managing usual 

biological materials, where the threat of direct contagion 
is reasonably lower (i.e. blood, urine, cerebrospinal fluid 
and so forth). Nonsterile, disposable gowns shall be worn 
when managing highly infectious materials, such as res-
piratory specimens (e.g. sputum, nasal or throat swab, 
pleural fluid). No clear evidence has emerged on the effi-
cacy of a disposable surgical cap to prevent SARS-CoV-2 
infection, and this recommendation is only provided by 
the First Affiliated Hospital, Zhejiang University School of 
Medicine (FAHZU).

Wearing facial masks in a routine laboratory where 
there is no direct patient contact has been a debated issue. 
The logic here is that this is perceived more as an enhanced 
social distancing measure rather than for concern of 
direct patient contact or infectious samples, also consid-
ering that the prevalence of asymptomatic people can be 
very high, even over 70% as attested by highly focused 
studies [38]. The efficacy of face and respirator masks to 
reduce viral transmission was mostly studied in in vitro 
experiments using nonbiological particles. In an experi-
mental simulation, van der Sande et  al. evaluated the 
filtering capability of a standard surgical mask (aimed at 
preventing contagion with microorganisms conveyed by 
large-particle droplets, splashes, sprays or splatter) and 
FFP2 (i.e. the European equivalent of N95) masks, con-
cerning the efficacy of stopping droplets between 0.2 and 
1 μm in size, thus corresponding to “aerosols” [39]. The 
overall retention of particles expelled inside the mask (i.e. 
outward protection) was nearly identical for surgical and 
FFP2 masks, which are conventionally known to block at 
least 95% of small (i.e. 0.3 μm) particles [40]. As expected, 
however, the barrier of toward inward protection was 
considerably higher for FFP2 than for surgical masks. In 
another study, Li et al. compared the physical properties 
of N95 respirators and surgical masks [41], and concluded 
that although the former devices would provide higher in-
vivo filtration efficiency (i.e. up to 97%), surgical masks 
also exhibited adequate water repellent and antibacterial 
activities. More recently, Ma et  al. showed that N95 and 
medical masks are capable of stopping 99.98% and 97.14% 
of the virus in aerosols, respectively [36]. It can hence be 
concluded that surgical masks are valuable for prevent-
ing virus propagation from infected individuals, whilst 
their efficacy toward preventing droplet-driven infection 
of those wearing the mask is lower than that of N95 masks. 
Nevertheless, the widespread use of relatively inexpensive 
surgical masks is regarded as a valuable public health 
intervention that helps intercept transmission of the virus 
in the general population, as recently show by Leung et al. 
[42, 43], and by Feng et al. [44], but shall also be regarded 
as a valuable visible reminder of an otherwise invisible 
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yet widely prevalent virus, thus reminding people about 
the importance of adopting social distancing and other 
infection-control measures [45].

Regarding facemasks, the majority of the official doc-
uments that we have analyzed (Table 1), along with many 
international experts [46], recommend that laboratory 
professionals should wear preferably an N95 mask while 
engaged in all types of aerosol-generating procedures 
related to non-centrifuged samples (i.e. manually opening 
specimen tubes, pipetting, vortexing, aliquoting, shaking, 
centrifuging, extracting) carried out on samples poten-
tially contaminated with SARS-CoV-2. For enhanced safety 
reasons, this equipment may also be used when BSL1 or 
BSL2 cabinets are used, even if the cabinet provides pro-
tection and shield. Due to global shortage of facial masks 
during the COVID-19 pandemic, this recommendation 
must be weighed against the local availability of this PPE 
[47, 48]. Health authorities shall optimize the distribution 
of face masks, prioritizing vulnerable populations, but 
also protecting frontline healthcare workers and support 
services, such as clinical laboratories without which the 
diagnosis, prognostication and therapeutic monitoring 
of COVID-19  would be impossible [49]. According to the 
CDC, the face masks shall always be used, re-used and/
or cleaned as indicated by the manufacturer, in order to 
preserve their protective function [50]. In particular, the 
FDA strongly advises against recycling surgical masks 
after being removed, as these devices are not intended to 
be used more than once [51].

Although surgical masks are not an ideal surrogate 
of N95 respirator masks, their usage in clinical laborato-
ries is encouraged, especially in areas of workflow where 
samples are handled manually and where more protec-
tion is required against splashes and the possible inhala-
tion of sprays and aerosols. The Centre for Evidence-Based 
Medicine of Oxford University has recently concluded that 
although no randomized trial has yet been published 
during the COVID-19 outbreak, standard surgical face-
masks may be as effective as N95 devices for preventing 
infection of healthcare workers in outbreaks of viral res-
piratory illnesses [52]. Either type of face mask will also 
be effective to prevent inter-human contagion in the pos-
sible adverse circumstance that one laboratory operator 
has been infected by SARS-CoV-2 and may hence transmit 
the virus to the rest of the personnel [39]. In particular, 
Leung and colleagues recently showed that surgical face 
masks were shown to significantly reduce the detection of 
respiratory viruses in droplets, and aerosols [42]. In light 
of increasing evidence toward the efficacy of this type of 
masking, the WHO has reversed its initial recommenda-
tion and now supports government initiatives that require 

or encourage the public wearing of masks. The CDC 
has also encouraged general masking, highlighting the 
importance of masking for all healthcare workers whether 
patient facing or not.

Regarding the laboratory environment, aerosols can 
be generated during normal laboratory activities such as 
centrifuging, pipetting or pouring liquids, shaking or vor-
texing tubes, stirring, filling a syringe, removing super-
natant, resuspending pellets, sonicating, homogenizing, 
blending, grinding and other cell disruption processes, 
cage cleaning, extracting organic material, sample spill 
over, heating inoculating loops, or using a blender. These 
procedures can all be an additional source of transmis-
sion, while managing samples potentially containing 
high loads of vital SARS-CoV-2 particles such as upper and 
lower respiratory specimens, sputum, bronchoalveolar 
lavage, blood and feces [22, 53]. In an experimental study 
by van Doremalen et al. [54], SARS-CoV-2 was found to be 
viable for about 3 h in aerosols during experimental con-
ditions, thus emphasizing further the importance of ade-
quate personal protection of laboratory staff.

Recommendations
2a. Laboratory professionals must adhere rigorously to univer-
sally recommended standard precautions (i.e. frequent hand 
washing for at least 40 s with soap and water, or hand sanitizer 
when there is no access to handwashing, and to avoid touching 
the face) to minimize the risk of exposure to the virus.

2b. Laboratory professionals must wear standard laboratory PPE 
(i.e. masks and gloves, laboratory coat or gown, and eye protec-
tion) at all times.

2c. Laboratory professionals should wear preferably an N95 mask 
while engaged in aerosol-generating procedures on all non- 
centrifuged samples potentially containing vital SARS-CoV-2  
particles.

How should laboratory staff handle 
routine patient specimens during 
the COVID-19 pandemic?
Most international organizations agree that automated 
instruments and analyzers with closed preanalytical 
robotics for decapping and recapping of tubes should 
be used as much as possible. When manual laboratory 
techniques are used for processing specimens and there 
is a risk of generating aerosols, samples with safety caps 
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should be centrifuged in sealed rotors with a lid on. Con-
sider the min/max filling volume of vessels. Do not exceed 
the vessel speed limit. Use plastic vessels instead of glass, 
which are more likely to break or leak. Alternatively, open 
and load/unload the rotor in a biosafety cabinet. If a tube 
breaks or leaks, wait for 30 min before opening the cen-
trifuge or aerosol-tight lid or cap to let the aerosols settle. 
Further manual processing such as opening tubes, jars, 
pipetting, aliquoting, diluting, vortexing and extracting 
specimens should be handled in a BSL 2 cabinet to avoid 
contamination during performance of aerosol-producing 
activities in samples potentially containing SARS-CoV-2 
particles.

Recommendations
3a. For routine testing of blood, urine and body fluids, laborato-
ries should use automated instruments and analyzers with closed 
preanalytical robotics, where possible.

3b. When manually handling non-respiratory specimens, aerosol-
generating non-centrifuged sample processing steps should be 
carried out in a BSL2 cabinet, wearing the recommended PPE.

3c. The specimens should be sealed immediately after testing. 
High-risk specimens should be promptly disinfected or auto-
claved.

3d. If there are no accidents, wait for more than 10 min for further 
processing after centrifugation stops. When the specimen sus-
pected of COVID-19 is centrifuged, the operator must not leave the 
centrifuge. If an accident is suspected, or in some way the cen-
trifugation is abnormal, stop the centrifugation. After replacing 
the biosafety level 3 protection equipment, stop centrifugation 
for more than 30 min, carefully open the lid, and spray and steri-
lize with 75% ethanol or other disinfectants. Take out the centri-
fuge rotor with blood collection tubes and then put them in the 
biosafety cabinet to treat.

How should staff decontaminate 
laboratory equipment and surfaces 
during the COVID-19 pandemic?
Regarding surface contact transmission, van Doremalen 
et al. recently showed that the stability of SARS-CoV-2 is 
similar to that of SARS-CoV-1 under experimental condi-
tions [54]. Therefore, SARS-CoV-2 was found to be stable, 
though exhibiting exponential decay of virus titer, for up 
to 72 h on plastic, 48 h on stainless steel and 4 h on copper.

Chin et  al. investigated the stability of SARS-CoV-2 
at different temperatures and pH values, on different 

surfaces, and in the presence of various disinfectants. 
They found that the virus is highly stable at 4 °C after 
2 weeks, but can be deactivated after 5 min at 70 °C. The 
virus tolerates a broad range of pH (from 3 to 10) at room 
temperature. This study showed no infectious virus on 
print paper after 3 h, on wood and cloths after 2 days, on 
glass and banknotes after 4  days, and on stainless steel 
and plastic after 7 days. Interestingly, detectable level of 
infectious virus was found on the outer layer of a surgical 
mask on day 7 [55].

A review by Kampf et al. on endemic human coronavi-
ruses found that the virus can remain infectious on metal, 
wood, paper, glass and plastic up to 4–9 days, depending 
on the size of the viral inocula. Higher temperatures of 30 
°C or 40 °C reduced the persistence of pathogenic corona-
viruses, and persistence of the virus on different surfaces 
was longer with higher viral load and at higher relative 
humidity [56].

This evidence highlights the need for appropriate 
decontamination of laboratory surfaces for preventing 
unwarranted contact transmission of the virus. Besides, 
interesting evidence has recently been provided by Ong 
et al. [57], who failed to find contamination by SARS-CoV-2 
of PPE under environmental conditions (i.e. persistence in 
airborne infection isolation rooms with 12 air exchanges 
per hour).

COVID-19 is an enveloped virus. The outer layer of 
enveloped viruses is relatively easily damaged by most 
environmental disinfectants. In a study by Chin et  al., 
5-min incubation of a virus culture with various disinfect-
ants, including 1:50 household bleach, 60%–70% ethanol, 
up to 7.5% povidone-iodine, over 0.05% chloroxylenol or 
chlorhexidine and 0.2%–0.4% benzalkonium chloride, has 
killed the virus [55]. A recent review of 22 studies by Kampf 
et al. investigates the virucidal effects of various disinfect-
ants at various concentrations in virus suspension and 
surface carrier tests [56]. The effective concentrations of 
disinfectants vary depending on what virus strain, contact 
time and viral load was used in the studies (for details, refer 
to tables II and III of this publication). Findings for the bioc-
idal effects of 62%–71% ethanol and up to 7.5% povidone-
iodine agree with data published by Chin et al. However, 
the review by Kampf et al. suggests that surface disinfection 
with 0.1% sodium hypochlorite or a dilution of 1:50 of stand-
ard bleach significantly reduces the infectivity of human 
coronaviruses on surfaces within 1 min exposure time. The 
evidence on the effective concentration of benzalkonium 
chloride is conflicting. Within 10  min, a concentration of 
0.2% revealed no efficacy against coronaviruses whereas a 
concentration of 0.05% was quite effective in another study. 
In Australia and New Zealand, the Therapeutic Goods 
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Administration (TGA) has recently approved a surface dis-
infectant, containing 0.42% benzalkonium chloride, as 
effective against SARS-CoV-2. Testing of this agent’s efficacy 
was carried out on a surrogate murine hepatitis virus using 
a surface carrier method [58].

Most studies published so far on coronaviruses other 
than SARS-CoV-2 indicate that standard disinfection pro-
cesses and agents containing ≥70% alcohol, or freshly 
diluted household bleach (including products containing 
sodium hypochlorite) are suitable for use in medical labo-
ratories for surface disinfection.

Decontamination of work benches, instruments and 
frequently touched surfaces in the laboratory (e.g. door 
handles, refrigerators/freezers, phones, touchscreens, 
keyboards, mouse, etc.) should be disinfected more fre-
quently, perhaps every 3  h. Unfortunately, a definitive 
recommendation cannot be made at this point in time 
and the frequency shall hence be decided on local basis, 
according to the volume of work (a specific list of disin-
fectants is available from references in Table 2).

Recommendations
4a. Laboratory staff should decontaminate working surfaces with 
standard disinfectants approved for SARS-CoV-2 infections. The 
frequency shall be decided on local basis according to the volume 
of work, but shall not be basically less frequent than every 3 h.

4b. If a sample positive for SARS-CoV-2 is suspected of being 
leaked or contaminates the biosafety cabinet and bench and 
causes limited pollution: use a disinfectant with an effective chlo-

rine content of 5500 mg/L for disinfection for more than 30 min; 
the disinfectant must be prepared immediately and used within 
24 h. If positive specimens cause laboratory contamination: keep 
the laboratory space closed to prevent access by unauthorized 
personnel and to prevent the spread of pollutants. Cover the con-
taminated area with a towel containing 5500  mg/L of effective 
chlorine disinfectant and disinfect for more than 30 min. Peracetic 
acid (2 g/m3) or other disinfectants (3% H2O2, 100 mg/L chlorine 
dioxide, etc.) can be used to fumigate the laboratory overnight or 
disinfectant aerosol can be sprayed for 1–2 h [59].
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