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Abstract

Biosafety has always been an important aspect of daily work in any research institu-
tion, particularly for cytometry Shared Resources Laboratories (SRLs). SRLs are
common-use spaces that facilitate the sharing of knowledge, expertise, and ideas.
This sharing inescapably involves contact and interaction of all those within this
working environment on a daily basis. The current pandemic caused by SARS-CoV-2
has prompted the re-evaluation of many policies governing the operations of SRLs.
Here we identify and review the unique challenges SRLs face in maintaining biosafety
standards, highlighting the potential risks associated with not only cytometry instru-
mentation and samples, but also the people working with them. We propose possible
solutions to safety issues raised by the COVID-19 pandemic and provide tools for

facilities to adapt to evolving guidelines and future challenges.
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procedures (SOPs), and the instrumentation proposed for use. Protocols

are put in place to help reduce these inherent risks, managed through

Biohazardous materials are commonly encountered in flow cytometry
SRLs. As with any laboratory setting, the standard approach to safety
when working with potential hazards is to perform a thorough risk

assessment on the infectious agents, reagents, standard operating

All authors contributed equally to this study.

the implementation of primary controls, such as engineering controls,
personal protective equipment (PPE), and SOPs (1). Biosafety consider-
ations when handling samples before, during, and post-acquisition have
always been front of mind in flow cytometry SRLs, particularly related
to droplet-based cell sorters. The SRL, by its definition, handles a wide

variety of samples and hosts users from many laboratories, universities,
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institutions and companies. Considering that the current pandemic is
spread via respiratory transmission and remains viable on surfaces for
prolonged periods (2), the actions of one individual can impact many
with wide-spread downstream consequences. In times of epidemics,
pandemics and emerging disease, the potential risks associated with
working within an SRL are evolving, giving cause for re-evaluation of

our practices to accommodate these new challenges.

2 | HUMAN-ASSOCIATED RISKS

The SRL, by its nature, is a multi-user environment that facilitates
interaction between different members of a research community
including SRL staff and users. In the case of COVID-19, a vaccine is
currently unavailable against the causative agent (SARS-CoV-2), and it
is currently not feasible to perform screening for asymptomatic or
pre-symptomatic individuals. This pandemic has necessitated signifi-
cant changes in the working environment and management of the
workforce, with increased expectations put on staff and users. As a
result of these changes, added attention needs to be given to the
human contribution to the risks associated when working within the
context of a shared-use space. With respect to biosafety risks, staff
and users must now be included in this assessment and operational
guidelines should be identified. For most institutions, these expecta-
tions are defined by the level of biosafety threat to individuals and
the specific institution's approach to risk (1). We review below some
simple strategies that can be employed to maintain a safe and healthy

SRL working environment.

21 | RISKASSESSMENT AND CONTACT
TRACING

Perhaps one of the biggest changes in the pandemic SRL environment is
the potential source of significant biosafety risks. In the pre-COVID-19
era, the focus was on the biosafety risks posed by the samples and
reagents brought into the SRL. The standard mitigation approach was a
detailed sample-associated biological safety assessment (3) that led to
the application of engineering controls, PPE and SOPs for processing
and analyzing samples. While communication between investigator,
SRL, and safety officer remains critical to ensure a cohesive approach
when defining a biological safety assessment in the context of an SRL
(Figure 1), the COVID-19 pandemic has added additional considerations
to this previously defined process. This global pandemic has caused a
paradigm-shift whereby potentially the greatest sources of biosafety
risks in an SRL are now the people who enter it; staff, users and external
visitors such as field service engineers. The risk posed by an individual
carrying SARS-CoV-2 must now be considered and integrated into risk
assessments. Any risk assessments should include:

1. Ildentification of the workforce with potential for exposure—
including competency and experience as well as enrollment in

medical surveillance.
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FIGURE 1 Effective communication between investigator, shared
resource laboratory, and safety officer ensures a cohesive approach
when defining biological safety assessment in the context of an SRL.
As in everything we do, our ability to identify the risks, assess them,
and then go on to manage them is limited by our ability to
communicate with all involved parties. It is in the framing of these
biosafety discussions that SRL staff can have the most impact, where
the focus is understanding, communicating perceived risks, followed
by collaborating to determine an appropriate safety response. While
compromise may not always be possible, there are invariably
instances where inclusion of users leads to innovative solutions and
new approaches to safety. There is a certain amount of trust required
between users and SRL staff. This trust is developed by having
ongoing discussions around safety, developing a cultural expectation
of safety and continued inclusive discussions. There is a significant
mental and time burden to the maintenance and communication of
appropriate biological risk management. However, it is imperative,
especially during pandemics, that SRLs have effective processes in
place to ensure the safety of everyone who uses their space [Color
figure can be viewed at wileyonlinelibrary.com]

2. Characterization of the risk—including hazards, risk group of the
agent, risk of exposure, activities that increase the risk of exposure,
and an evaluation/prioritization of the risks.

3. Risk mitigation—including creating mitigation strategies, determin-
ing mitigation necessity, communication of strategies to affected

personnel, and validation of mitigation strategies.

This new source of risk has necessitated the development of
screening mechanisms to identify and exclude potentially infected
individuals. These methods can range from high-tech approaches that
use purpose-built programs for self-assessment, to low-tech paper
versions (4, 5). More detailed screening methods, from sampling of
body temperatures, as well as polymerase chain reaction and serologi-
cal tests, have also been employed. Institutional and regional policies
will dictate when this type of testing is warranted and provide guide-
lines regarding periods for self-isolation or quarantine. In many institu-
tions, once a positive case has been identified, contact tracing is

undertaken to identify individuals at risk so that they may follow the
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TABLE 1

Category

Facility
management

Collaborative
communications

Instant
communications

Remote control

Remote meetings
and assistance

Digital check-in and
visitor
management

Additional Notes

Use cases

Bookings, Usage tracking

User tracking

Record user agreement with entry
conditions; update users on
changing requirements

Comments: None

Shared inboxes allow centralization of
email communications with users

Mailing list software facilitates mass
communications

Wiki and blog software provides
repository of facility information
and communications

Comments: Ticketing systems
(helpdesk/servicedesk) systems can
also be useful

Communication between facility staff

Communication between users and
staff “crowd-sourcing” support, for
example, facilitates expert users
helping other users when facility
staff are not on-site)

Comments: Many of the commercial
products have free tiers that have
been expanded during COVID-19

Observe and control instrument PCs
remotely, for example, for trouble
shooting

Remote setting of sort regions

Comments: Security is critical when
enabling remote access across the
internet; look for security focused
reviews and seek approval from
cyber-security team

Remote meetings and assistance

Comments: Many of the commercial
products have free tiers that have
been expanded during COVID-19

Track people who have entered the
facility in order to facilitate contact
tracing

Pre-entry screening questions and
reminders

Comments: These products can raise
serious privacy concerns that need to
be considered in the light of local
guidelines or national regulations: for
example, see this guidance for
Australians—www.oaic.gov.au/
engage-with-us/consultations/
guidance-for-digital-check-in-
providers-collecting-personal-
information-for-contact-tracing/
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Examples
Free

Quartzy
(academic and non-profit)
(quartzy.com/)

Google Groups (groups.
google.com)

Slack
Google Chat

Chrome Remote Desktop
(remotedesktop.google.
com)

No Machine (nomachine.
com)

MeshCentral
(meshcommander.com/
meshcentral2)

Jitsi (meet.jit.si)

Google Forms with a QR
Code

Many vendors offer discounted rates/free plans for educational or non-profit use.
Care must be taken when evaluating license agreements, for example, some products may claim to be free for non-commercial use but these free plans do not cover use within

an SRL.

There are many review sites that aggregate user reviews for Software-as-a-Service (SaaS) products; for example, getapp.com or capterra.com.

Paid

Stratocore (stratocore.com)

iLabs (agilent.com/en/products/lab-
management-software/core-
facility-management)

IDEA ELAN (ideaelan.com/)

Agendo (agendo.science/)

Calpendo (exprodo.com/calpendo)

Shared Inboxes: Front (frontapp.com)

Gmelius (gmelius.com)

Mailing List Software: Mailchimp
(mailchimp.com)

Wiki/Blog Software: Confluence
(atlassian.com/software/
confluence)

Wordpress (wordpress.com)

Slack (slack.com)
Microsoft Teams (microsoft.com/
teams)

TeamViewer (teamviewer.com)

SplashTop (splashtop.com)

Remote Utilities (remoteutilities.com)

ConnectWise Control (connectwise.
com/software/control)

Google Meet (meet.google.com)

Zoom (zoom.us)

GoToMeeting (gotomeeting.com)

WebEx (webex.com.)

Microsoft Teams (teams.microsoft.
com)

Swipedon (swipedon.com)
Sine (sine.co)
COVID19 Tracker (covid247.org)

Software types, applications and important features for facilitating safe work practices during a pandemic

What to look for

Control bookings and
instruments logins, e.g.
require gaps between users

Ability to group instruments
into sets that cannot used at
the same time

Approval for bookings

Management of safely
approvals

Document management with
user response tracking

Shared inboxes

Shared drafts

Assign emails to individuals
Open/read tracking

Ability to support multiple
organizations, for example,
users may already be using a
product with other groups
and need to be able to
quickly switch between
accounts

Multi-factor authentication
Support for a wide-range of
operating systems

Direct use in a browser (no
download required)
Persistent meeting URLs

Ability to pre-screen visitors
with questions

Mobile apps to facilitate
contactless check-in

Geofencing for automated
cheek-in/out

High-resolution tracking (using
beacons/tags) to facilitate
contract tracking
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recommended procedures for testing and self-isolation (6). SRL facility
management systems can help to quickly determine who should be
contacted when a user or staff member tests positive (7). Some SRLs
have access to high-tech methodologies that enable contact tracing
such as badge scanners at the door of the SRL. Low-tech solutions
should also be considered including having a sign-in/sign-out log. This
manual system is important for users who come to the SRL for pur-
poses other than to utilize an instrument, such that usage would not
be recorded in instrument booking systems. For further details on
possible booking systems and visitor tracking options please refer to
Table 1.

Additional consideration should be given to those who must enter
the SRL to provide specialist services, such as instrument maintenance
and installation. Prior to their arrival, these individuals should be
informed of the institution's screening process, escort rules, and other
relevant guidelines for working within the facility. In the case where
they are arriving from another country or region, government travel
regulations must be considered and adhered to.

While every effort can be made to identify all potential contacts
of a positive case, this may not always be all-encompassing. Thus,
having in place a policy that assumes anyone may be infectious (simi-
lar to standard precautions when handling biological samples) is cru-

cial to ensure a safe SRL working environment.

2.2 | Minimizing Transmission

Many facilities have put in place operational policies that help to con-
trol the spread of SARS-CoV-2. Although the specific policies and rec-
ommendations may vary between institutions, they all serve to reduce
transmission through: (1) physical distancing of individuals;
(2) improved decontamination of common workspaces; and (3) the
use of PPE.

1. Physical distancing: There are different methods that can be
employed to physically distance users and operators within an
SRL. If space is not an issue, instruments can be relocated to other
spaces or moved further apart to facilitate physical distancing.
Rotating shifts for both core facility staff and users can help to
reduce the number of persons in a given lab at one time. To com-
plement this, strategies should be employed to minimize possible
overlap of users and the number of users in a space by preventing
the simultaneous booking of instruments in close proximity. The
companion manuscript on regulatory measures (7) covers these
issues in detail. Remote support can further reduce physical con-
tact, while maintaining training and support. These same software
solutions can also be employed by users who often will work side
by side on an instrument to demonstrate data acquisition to new
colleagues. These strategies can be encouraged to allow for men-
toring to continue, while taking place remotely. There are a num-
ber of easy-to-use software platforms (see Table 1) that can be
used to facilitate remote sessions between SRL users and staff

alike, as reviewed in detail by Daniels et al. (8).
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2. Environmental decontamination procedures: Cleaning procedures
will vary between facilities; however, these typically include
cleaning protocols for high-touch surfaces such as instrument key-
boards, mouse, webcams, headsets, as well as all surface areas of
the instrument contacted by a user (9-14). A list of surface disin-
fectants shown to be effective against SARS-CoV-2 can be found
in Table 2. Enhancement of ventilation in SRL spaces is also rec-
ommended to further reduce the risk of environmental contamina-
tion (19, 20). Reducing back-to-back bookings by providing a 15 to
30 min gap between bookings on an instrument allows time for air
exchange, sanitization of work surfaces, limits overlap between
users and reduces the number of individuals within the SRL at any
one time. All of these measures in combination are designed to
reduce the concentration of potentially contaminated droplets and
aerosols.

3. Personal protective equipment: The recommendations for the type
of PPE and when to use them vary widely and can be conflicting
between institutions and countries around the world. SRLs should
refer to and follow the policies as dictated by their own local insti-
tutions. Examples of common PPE used in SRL include masks and
other suitable face coverings, face shields, disposable gloves, clean
lab coats, and safety goggles. Studies have shown effective reduc-
tion in the transmission of particulates through the use of masks
(21). Various kinds of face shields and masks are available and
reduce droplet spread to different degrees as assessed by physical
testing (22).

2.3 | Communication

Ensuring consistent uptake of new policies associated with pandemic
working conditions, while maintaining strong working relationships
requires consistent messaging, support and a good safety culture (1).
Institutional policies tailored to the SRL should have the backing of
the administration. These policies are best put into place if the SRL
defines them in accordance with state and national, as well as institu-
tional guidelines, and acquires approval from institutional administra-
tion (Supporting Information Table S1). Having a clear, well-thought-
out plan is essential and takes time and feedback from key stake-
holders, including SRL staff, biosafety officers, workplace health and
safety committee, SRL support committee, and users of the SRL. This
inclusion facilitates acceptance of the resulting plan and successful
uptake by staff and users. These interactions should be structured
with a focus on enabling user compliance (1) and are best supported
with imagery, videos, demonstrations, and documentation, all of
which help to facilitate the transfer of skills, techniques and ulti-
mately behavioral changes. Structuring a plan that details what is
expected, along with the reasons for these changes, and potential
consequences, will aid in transitioning to new working conditions.
Moreover, reminders of policies can aid in ensuring compliance as
working conditions change. This important task could be complicated

due to the reduced number of SRL staff at a given time to check that
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TABLE 2 Inactivation of SARS-CoV-2 virus by commonly utilized active ingredients
Surface/sample type Time Temperature
Active ingredient tested Concentration (minutes) (°C) Log reduction Reference
Ethanol Hand sanitizer 49% w/w 1 21 >4.2 (15)
Surface disinfectant 62%,70%, 75%,  0.25,0.5,1 Room >4.0 (16)
(non-porous) 80% temperature
95% 0.25,0.5,1 Room >1.0-<3.0
temperature
Formaldehyde Tissue culture fluid 4% 15, 60 18-25 24.8, 25.0 (17)
2% 15, 60 18-25 >4.8, 25.0
Infected monolayer 4% 15 18-25 >6.9 (live virus still 17)
detectable)
4% 60 18-25 >7.5
2% 15, 60 18-25 >6.8, 7.3 (live virus still
detectable)
Formaldehyde + Tissue culture fluid, 2%+ 1.5% 15, 60 18-25 >50, 26.7 (17)
glutaraldehyde infected monolayer
Glutaraldehyde Surface disinfectant 2.4% 0.25,0.5,1 Room >4.0 (16)
(non-porous) temperature
Isopropanol Surface disinfectant 70%, 75%, 80% 0.25,0.5,1 Room >3.0->4.0 (16)
(non-porous) temperature
Methanol Infected monolayer 100% 15 18-25 >6.7 17)
30 Room >4.0 (18)
temperature
Para-chloro-meta- Hand sanitizer 0.094% w/v 5 21 >4.7 (15)
xylenol
Quaternary ammonium  Surface disinfectant 0.077% w/w 5 21 4.1 (15)
compound (non-porous)
Sodium hypochlorite Surface disinfectant 0.0525% 0.25,0.5,1 Room >1.0-<3.0 (16)
(non-porous) temperature
0.525% 0.25,0.5,1 Room >4.0
temperature
0.1% 0.25,0.5,1 Room >4.0
temperature

the SRL room occupancy is correct and everyone works following the
“new normality” policies. Encouraging a collaborative culture where
users remind each other of the new behaviors can greatly aid in
adoption.

The need for physical distancing means the majority of SRLs are
operating with some level of remote support. There are added pres-
sures at this time as research groups must keep working, often on
rotating shifts, and under the expectation they will not exceed book-
ing times in order to maintain compliance with room occupancy
restrictions. This extra pressure may potentially impact users' abilities
to correctly follow protocols. Thus, added precautions should be
implemented to not only limit the frequency of potential errors, but
also to limit their impact. For example, additional training time in the
form of remote support by SRL staff can be included in the first few
sessions a new user runs on their own. This also means that users
should be trained to follow all new procedures and consistent
communication should be implemented to support users in these new

policies (1).

The strategies reviewed here aim to reduce person-to-person

contact and subsequent spread of disease while maintaining interac-
tions between members of an SRL. For SRLs, the challenge is to imple-
ment working policies that both safeguard the health and well-being
of all staff and users, while maintaining a high level of support to
ensure continuity of research services. This is a delicate balance as
the measures put into place to reduce person-to-person contact can
potentially also reduce the ability for SRL staff to provide support to
their users. An example of a risk assessment for working with a SARS-

CoV-2 infected user in an SRL setting is provided in Appendix.

3 | INSTRUMENTATION AND INHERENT
RISKS

Historically, facilities have effectively managed inherent risks by
implementing “Standard Precautions” in laboratories in line with their

biosafety containment level. Standard Precautions are such that all
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human specimens are assumed potentially infectious, and protective
measures are implemented to reduce the risk of transmission (23).
These precautions include the use of protective barriers such as: hand
hygiene, gloves, gowns, masks, and protective eyewear or face shields.
If procedures are likely to result in a higher risk of transmission, for
example, producing droplets or aerosols, it is recommended that a
Class Il Biological Safety Cabinet (BSC) or physical barrier is used (23).
As such, all human samples should be treated as potentially infected
with any human pathogen, which now includes SARS-CoV-2. This cre-
ates a complex matrix in the assessment of potential risk for each
sample. Scientific literature and sample history provide us with the
information needed to populate this matrix and determine the level of
risk presented by such a sample. This matrix feeds into the determina-
tion of appropriate controls for assessed samples. Due to the respira-
tory nature of SARS-CoV-2 transmission, this means we must
maintain heightened awareness of all processes that may result in the
generation of droplets and aerosols.

A number of factors interplay to determine the final risk associ-
ated with running a particular sample on a specific instrument. Effec-
tive communication between investigator, shared resource laboratory,
and safety officer is critical to ensure a cohesive approach when
defining a safety assessment in the context of an SRL (Figure 1). It is
recommended that the SRLs, along with their biosafety officer, per-
form a biological safety assessment for each laboratory group and
their specific samples (24, 25). A template for such a risk assessment
has been described and reviewed in detail by Schmid, Merlin, and
Perfetto (3). In the current time, it is important to pay close attention
not only to the types of samples entering shared facilities, where
those samples have come from and what risk they might pose, but
also the user bringing those samples (Appendix). It is at this point that
engineering controls, appropriate PPE and SOPs can start to be

applied to control for these risks.

3.1 | Sorters

The ISAC Biosafety committee has written extensively on the assess-
ment of aerosols created by droplet cell sorters and the dangers posed
to the sort operator (26). In summary, prior to any cell sorting, a risk
assessment needs to be performed that will help identify and mitigate
the risks of operator exposure to infectious or potentially infectious
aerosols. Once it has been determined that samples can be safely han-
dled through the use of PPE and engineering controls (e.g., aerosol
management systems, instruments installed in BSC, etc.), aerosol testing
should be carried out to determine if the engineering controls are
indeed functioning prior to working with biohazardous samples. The
latest published protocol for aerosol testing uses a combination of 1um
green fluorescent beads and a relatively inexpensive Cyclex-D aerosol
sampling cassette (27). Critical in the aerosol testing procedure is the
need to have both a positive control sample (e.g., failure of contain-
ment), a normal operation sample, and a sample that follows SOPs in
the event of a nozzle clog. This may vary depending on the cell sorter

operator, and each SRL needs to establish an SOP, which includes
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timing for opening the sort chamber door and handling a nozzle after a
clog has occurred, to give the aerosol management system time to dis-
sipate lingering aerosols. Each operator should be trained for the SOP
prior to performing such a sort, and there may be a need to test each
operator for compliance with the SOP, especially in situations where
dedicated facility staff are not the only users operating the cell sorter.

Specific to SARS-CoV-2, it has been established by regulatory
entities globally that samples containing replication-competent SARS-
CoV-2 should be handled in BSL-3 laboratories (28-30). Recently, the
ISAC Biosafety committee published an SOP for operation of a drop-
let cell sorter under BSL3 conditions (31). It is imperative that SRL
staff know the source of samples that are coming into the facility.
Requiring investigators to fill out pre-sort questionnaires can help the
SRL identify sample sources and determine the level of containment
required for cell sorting (3).

It should also be noted that a number of microfluidic and chip-
based flow cytometry cell sorters have been brought to market in the
last 5-10 years. Aerosol generation by these cell sorters is kept to a
minimum due to their design; however, there is still a need to validate
the sorting safety of these instruments in each environment and with
individual users. The ISAC Biosafety Committee has published stan-
dards for testing of aerosol management and these standards should be
used and adapted to fit each individual situation and instrumentation.

The SRL may decide that only facility staff will operate sorters and
room requirements may dictate that only one person can be present. In
this context, contact-free sorting can be facilitated by thorough docu-
mentation encompassing critical parameters such as the reagents used,
the number of sorted cells requested, and suggested gates. Instant com-
munication tools and remote control software (Table 1) are effective for

the required interactions such as gate confirmation (8).

3.2 | Analyzers

As discussed above, the operation of cell sorters is well classified due to
the significant risk of aerosol generation, with SRL staff trained to ensure
safe operation in line with well developed, evidence based SOPs. The
use of analyzers is generally considered low risk due to their enclosed
systems and low pressures. However, there appears to be little empirical
evidence to support this (32, 33). While analyzers can be considered a
lower risk than cell sorters, at this time they pose an uncharacterized risk,
often operated by a large volume of users with varying levels of experi-
ence. As such it is important that strategies are implemented to reduce
the risk associated with pathogenic and human samples in the SRL set-
ting (34). These strategies can be subdivided into two main areas: stan-

dard operating procedure controls and engineering controls.

3.2.1 | Standard operating procedure controls
Utilizing fixation as a SOP control allows facilities to minimize the risk
of running hazardous and potentially hazardous samples in their SRL

space. The most common inactivation process utilized for flow
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cytometry analysis is the use of formaldehyde solution in various con-
centrations. Incorporating a fixation protocol into the preparation of
samples is a procedure familiar to many users, making this a straight-
forward process for controlling risk.

Fixation is often performed with the primary goal of stabilizing
samples for downstream assays (e.g., intracellular staining). However,
fixation protocols designed for stabilization may not necessarily result
in pathogen inactivation and special care is needed in the assessment
and development of fixation protocols (14, 26, 34-45). Commercial
products, both within and across companies, often contain varying
concentrations of fixative. This information is often not immediately
obvious, and it is therefore necessary to reference the Material Safety
Data Sheets (MSDS) along with the protocol when performing fixation
protocol assessments. It is important to note that there is inherent
variability in the response of pathogen infectivity to inactivation.
There is extensive literature detailing pathogen inactivation by varying
compounds and this should be reviewed when determining the suit-
ability of a fixation protocol (15, 40, 44, 46-49). We are now seeing
literature emerging detailing inactivation of SARS-CoV-2 with formal-
dehyde solution (16-18, 50), this is summarized in Table 2. In
instances where pathogens are emerging or classified as Risk Group
3/4, all fixation and inactivation protocols are recommended to be val-
idated by the laboratory undertaking the research rather than relying
solely on literature (28). Viral inactivation validation protocols vary
and literature should be reviewed, and local safety officers consulted,
when developing protocols for the local context. Viral inactivation val-
idation protocols can be found in these references (15-18, 40, 44,
46-50). In all fixation protocols, it is imperative to consider the: (1) fix-
ative used; (2) how fresh this fixative is; (3) the concentration of the
fixative; (4) the time of incubation; and (5) the temperature maintained
during incubation (40, 42, 43, 47, 49). Critically, it has been demon-
strated in a number of publications that fixation at low temperatures,
for example at 4°C, often results in insufficient inactivation of patho-
gens (42, 43, 47, 49).

It is important that protocols are reviewed and any required
changes are identified. Implementing changes in policy can be met
with reluctance on the part of the users due to fear of potential
impacts on existing work. Facilities can ameliorate this concern by
demonstrating that protocol changes do not impact results in any sig-
nificant manner. Staining protocols, particularly for intracellular
markers, may be impacted by additional fixation steps if not
implemented with care. Some guidance on staining protocols can be
found in this methodology publication (51). Preliminary data from a
high-dimensional panel indicate that various fixation protocols do not
necessarily alter signal intensity or interpretation of data (Figure 2).
Results showed that fixation with a 4% formaldehyde solution (freshly
prepared from paraformaldehyde (PFA)) under different incubation
conditions did not alter the forward versus side scatter plots (FSC-A
vs SSC-A; Figure 2A) or the identification and separation of immune
cell populations compared to the unfixed sample (examples of
populations can be seen in Figure 2B). Furthermore, the different fixa-
tion conditions did not affect the signal intensity of single or tandem

fluorophores when the median fluorescence intensity (MFI) of the

positive population or the separation between the positive and nega-
tive populations (calculated as a separation ratio) was examined
(Figures 2C,D respectively).

Significant value lies in testing fixation protocols to determine
potential impact on assays. It should be acknowledged that some proto-
cols will not function on fixed samples. The situation may necessitate
examination of alternative assays, for example, an apoptosis assay that
allows for fixation (52) or a move to implementing engineering controls
for such samples. Due to the pandemic, we are now working in an envi-
ronment with significant inherent risks, so stakeholders will now be
seeking out protocols and reagents that facilitate a reduction of this risk.
This is an area in which manufacturers have the opportunity to expand
their market by identifying new protocols, taking into account viral inac-

tivation and identifying stability of their reagents after fixation.

3.2.2 | Engineering controls

While some engineering controls already exist on instruments, the
most effective control for facilities looking to run unfixed hazardous
samples may be (as per standard precautions) to enclose an analyzer
and any potential aerosols inside a BSC (34, 53). Historically this was
not possible due to the size of instrumentation (34), but this is no lon-
ger the case with many benchtop analyzers (Figure 3). The ability to
enclose a benchtop analyzer in a BSC opens up options for users in
the types of protocols and samples that can be run while maintaining
biosafety containment. However, a number of factors need to be

carefully considered before moving down this path:

1. Biological safety assessment: Determine if a BSC is required for the
types of samples handled within the facility.

2. Frequency of live hazardous samples: Depending on how frequently
a facility encounters live hazardous samples, the use of a cell sorter
contained within a BSC may be sufficient to accommodate user
needs.

3. Accommodation of instrument within BSC: Sufficient air flow around
instrument within standard BSC for both heat dispersion and
maintaining functional containment. Custom BSC options may
need to be explored.

4. Thermal load: Instrument specifications, such as number of lasers,
should be considered. For example, the more lasers, the more heat
produced, and the less stable the system may be.

5. Training: Adequate training must be provided for appropriate use
of the instrument inside the BSC to ensure containment of hazards
is maintained.

6. Accessories: components such as vortex, pipettes, and tube racks
will be needed within the BSC to ensure ease of use and reinforce-
ment of safe behaviors.

Placement of an analyzer inside a BSC increases the burden on
facility staff due to the need for additional sample handling training
for users and ensuring continued compliance with these behaviors.

Additional costs are also associated with the initial BSC purchase and

85U8017 SUOWIWOD SAIIER.D 3[dedl|dde ) Aq peusenob ae Sspie O 8sn Jo se|ni o} Akeiq1TauljuQ A1/ UO (SUONIPUOD-PUR-SLLIBIWO A8 |Im Ale.d 1 jBulU0//SdNL) SUONIPUOD pue swie 1 8Y) 88S *[7202/20/20] Uo ARiqiTauliuo A8|im ‘pupeiN usdew |y OIND Aq 08zyZ e 01A0/Z00T 0T/I0P/W00 A8 |1 Ake.d 1 jpul|uoy/:sdny wiol) pepeojumod ‘T ‘T20Z ‘0£6v2SST



COVID-19 SRL BIOSAFETY GUIDELINES

Unfixed

4% PFA @
30 mins RT

@/SAC

CYTOMETRY_ =

Journal of Quantitative Cell Science

4% PFA @

30 mins 4°C

8220+
661 [

BUV661-B220

co3e-B220- Co3er
554 %7

PE/Cy5.5-CD3e

4% PFA @
30 mins 4°C +
30 mins RT

o Lysoe
i 047

APC/Cy7-CD45

LyB0+ CDa5+
049

* o

BUVS563-Ly6

BUV805-CD8

D4+
03

cosar
s

7 H

BV570-CD4

FITC-Ly6C

0t

BB700-CD117

s

C 200000

-
B
150000 -
100000+

= -
———o—o—9© *
50000 -
1

T T T T

Unfixed 4% PFA 4% PFA 4% PFA

30mins RT  30mins 4°C

30mins 4°C
+30mins RT

BUV661-B220
PE/Cy5.5CD3e
BUV563-Ly6G
BV570-CD4

AF700-CD48
BV480-MHCII
BUV395-F4/80
FITC-Ly6C

D

Separation Ratio

25+

e

“ (
ture

BUV661-B220
PE/Cy5.5CD3e
BUV563-Ly6G
BV570-CD4

i
¢

AF700-CD48
BV480-MHCII
BUV395-F4/80
FITC-Ly6C

—n

T
4% PFA
30mins RT

T
Unfixed

T
4% PFA
30mins 4°C
+ 30mins RT

T
4% PFA
30mins 4°C

FIGURE 2 Murine spleen cells stained with 25-color high-dimensional panel and treated with four differing fixation protocols: Unfixed, fixed
with 4% formaldehyde solution at room temperature for 30 min (4% PFA @ 30 min RT), fixed with 4% formaldehyde solution at 4°C for 30 min
(4% PFA @ 30 min 4°C), or fixed with 4% formaldehyde solution at 4°C for 30 min followed by 30 min at room temperature (4% PFA @ 30 min
4°C + 30 min RT). After fixation, cells were washed and immediately acquired on a spectral cytometer, Cytek® Aurora (Cytek® Biosciences,
Freemont, CA). The effect of the fixation was examined on (A) the forward versus side scatter plots (FSC-A vs SSC-A), (B) population
identification, separation, and signal resolution of specific immune cell populations, (C) the median fluorescence intensity (MFI) of the positive
population of single (blue) and tandem (red) fluorophores, and (D) the separation ratio between the positive and negative populations of single
(blue) and tandem (red) fluorophores. Note: That autofluorescence was not used as a separate parameter for spectral unmixing [Color figure can

be viewed at wileyonlinelibrary.com]
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Example placement of a 3-laser benchtop analyzer

continued certification. The need for such a set-up is limited and
unlikely to be necessary for many SRLs if other measures can be
effectively implemented.

3.3 | Instrument Waste

Inactivation of instrument waste is an important consideration for
SRLs. Recommendations state that waste containers should hold
enough bleach to result in a “10% final concentration of bleach” when
the waste tank is full (26, 34). Local regulations and institution guide-
lines vary considerably and must be considered when developing a
protocol for biohazardous waste disposal (54). A number of publica-
tions detailing wastewater pathogen inactivation are available and
may be used as a guide when developing local protocols (54-59). It
should be noted that the stability of bleach is impacted by a number
of factors including, but not limited to, pH, temperature, exposure to
light, and dilution (59). The management of waste in SRLs should be
structured to ensure that waste is exposed to bleach for a sufficient
period of time, at an adequate concentration of free chlorine (55). In
some situations, such as in BSL-3 laboratory waste streams, autoclav-
ing flow cytometry waste may be considered (26). However, this
introduces some complexity due to the potential generation of haz-
ardous gases, such as from wastewater containing formaldehyde or
bleach solutions (60).

4 | CONCLUSION

The SRL is a hub for scientific activity, creating a centralized resource

that investigators rely on for specialized equipment and technical

expertise. The ability to pivot operational structures in response to a
pandemic, communicate changed practices, and facilitate continued
access has played an essential role not only for research in general,
but also in developing our understanding of SARS-CoV-2. Every day
we are seeing the emergence of new COVID-19 research, bringing
with it potential changes in our understanding and subsequent
changes to the safety measures implemented by SRLs. Biological
safety assessment needs to consider not only samples and reagents
but also the SRL staff, users and visitors as potential risks. Ensuring
and maintaining adherence to standard precautions at all times while
working within the SRL space will significantly reduce the risk for each
individual and subsequently to the wider research community with
whom they associate.

The ability of an SRL to rapidly respond to the emergence of a
new pathogen centers on having established biological safety assess-
ment procedures in place (3, 25, 34), along with a human risk assess-
ment (Appendix). At this time, literature is starting to form a
consensus around the stability and inactivation of SARS-CoV-2 (14,
16-18, 38-40, 43-45, 50). Exactly how these inactivation methods
are applied in SRLs will relate directly to the sample type and the level
of risk posed. Samples infected with cultured virus should be treated
with significant caution, followed by SARS-CoV-2 positive human tis-
sues known to generate propagative virus, and then those tissues not
known to carry propagative virus (34, 61-70). Standard precautions
apply to all human samples, with a biological safety assessment uti-
lized to help guide the application of additional control measures rela-
tive to the local context (1) (Supporting Information Table S1).

Facilitating a safety conversation with users should be the foun-
dation of safety within the SRL. Engaging those who must practice
safety measures in the SRL space in these conversations encourages
ownership and supports a culture of safety (1). Once a biological
safety assessment (Figure 1) and human risk assessment (Appendix)
has been completed and measures put in place, it is then the role of
the SRL to ensure effective communication, and thus supports users
in their ability to comply with these measures. Communication is the
key component in ensuring safety during a pandemic.
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APPENDIX: EXAMPLE RISK ASSESSMENT FOR POSSIBLE
SARS-COV-2 INFECTED USER

This procedure has been developed as an illustrative example to help

aid in the assessment of new risks that are now being experienced.

Consideration needs to be given to the local context in which this will

be

applied, including: regional regulation, prevalence of the agent

(e.g., SARS-CoV-2), the number of users moving through the space,

what measures can be implemented effectively, etc.

Agent Description

Agent: SARS-COV-2

Origin: 2019-2020 pandemic

Susceptible host: Human—all staff, users, and visitors

Disease: COVID-19

Route of transmission: Aerosol, direct contact, fecal-oral,
percutaneous

Infectious dose: Unknown

Agent stability: Varies. 3 days up to 28 days depending on sur-
face type

Concentration: Unknown

Work performed at: Physically distant BSL2

Journal of Quantitative Cell Science

Any additional information: Risk assessment assumes that pro-
longed exposure to infected individuals increases the likelihood
of infection. In human populations, infected individuals may shed
virus while remaining asymptomatic. Severe risk of illness exists
for older adults, people with asthma, or other serious underlying
medical conditions (especially those that affect the heart and

lungs).

Procedure

Procedures and research goals: Safely open an SRL to provide
users adequate access to highly specialized equipment and expert
service.

Genetically modified pathogen? No

Containment level for all life cycle stages? All life cycle stages of the
agent, including prior to disease onset, may result in high virus
shedding. PPE including barriers, gloves, safety glasses, and masks
must be used to prevent unintended exposure.

Containment breach: In the event of breach of containment or
exposure to an infected individual, the local environment should
be immediately cleared of all personnel for aerosol evacuation,
followed by surface decontamination. Personnel should be
equipped with full PPE as listed above prior to engaging in
decontamination.

Pre-treatments and inactivation prior to disposal: Contaminated
surfaces must be inactivated with an effective disinfectant for an
appropriate length of time, for example, EPA-registered disinfec-
tant active against SARS-CoV-2.

Laboratory testing: Molecular testing is available for SARS-CoV-2
detection in humans.

Environmental disinfection for SRL: EPA-registered disinfectant
active against SARS-CoV-2 and accepted by instrument manufac-
turers will be used. Specifically, any high use areas will be rou-
tinely disinfected with 80% Ethanol by wiping with a saturated
paper towel and allowing the area to air dry.

Safety Controls

Biosafety level practices: Users entering the facility shall partici-
pate in the institution's contact tracing and COVID-19 self-
monitoring programs. Users will be allowed to operate instrumen-
tation on an individual basis followed by surface disinfection. All
users are required to wear masks and wash hands prior to operat-
ing instrumentation. Gloves are highly recommended. Consecu-
tive users shall be separated by a minimum of 15-min intervals to
allow aerosols to disperse and limit user-user contact.
Engineering controls: Masks, gloves, safety glasses, and plastic bar-
riers placed between instruments in close proximity.

Clothing: Dedicated laboratory clothing, and dedicated laboratory

shoes are recommended.

85U8017 SUOWIWOD SAIIER.D 3[dedl|dde ) Aq peusenob ae Sspie O 8sn Jo se|ni o} Akeiq1TauljuQ A1/ UO (SUONIPUOD-PUR-SLLIBIWO A8 |Im Ale.d 1 jBulU0//SdNL) SUONIPUOD pue swie 1 8Y) 88S *[7202/20/20] Uo ARiqiTauliuo A8|im ‘pupeiN usdew |y OIND Aq 08zyZ e 01A0/Z00T 0T/I0P/W00 A8 |1 Ake.d 1 jpul|uoy/:sdny wiol) pepeojumod ‘T ‘T20Z ‘0£6v2SST


http://medrxiv.org/lookup/doi/10.1101/2020.05.21.20105486
http://medrxiv.org/lookup/doi/10.1101/2020.05.21.20105486
https://doi.org/10.1002/cyto.a.24280
https://doi.org/10.1002/cyto.a.24280

» | | @lsac CYTOMETRY

ASPLAND ET AL

Journal of Quantitative Cell Science

Personal protective equipment: Approved face mask appropriately
fitted, gloves, clean laboratory coat, and safety glasses.

Personnel trained on associated hazards: Mandatory training on
how to work with the potentially-infected users is required for all
facility staff prior to commencement of research.

Personnel experience: SRL Staff are highly trained to work and
adapt in an ever-changing world.

Medical surveillance: SRL staff will monitor incoming users and
themselves for symptoms of COVID-19. Symptoms include
fever, dry cough, fatigue, and shortness of breath but can also
sometimes include headache, aches and pains, sore throat,
nasal congestion, runny nose, and loose stool. Identification or
self-reporting of any of these symptoms must be conveyed to
the appropriate authority.

Region monitoring: Researchers from high risk regions will be
asked to transport samples via courier to be run by SRL staff
rather than attending the facility in person.

Incident reporting: Anyone experiencing symptoms should alert the
laboratory director as well as institutional authority. If infection is
confirmed by molecular testing, contact tracing of SRL users for up
to 3 days prior to an individual's symptom onset should occur.
Vaccinations: None available

Post-exposure treatment: Contact your medical provider. Infected
workers shall quarantine for a recommended period. Exposed
individuals should continue to monitor for symptoms and should
quarantine as recommended by the local authorities.

Surveillance practices: Users who develop symptoms must immedi-

ately report to the laboratory director and institutional authority.
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