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Robert Wood Johnson University
Hospital
• Robert Wood Johnson University Hospital (RWJUH) is the
academic Medical Center for Robert Wood Johnson
Medical School
• RWJUH has rapidly responded to the SARS‐CoV‐2 pandemic
and Public Health crisis by being one of the first hospital
laboratories in New Jersey to validate and perform in‐house
testing on nasopharyngeal samples from patients
suspected of COVID‐19
• RWJUH is a designated Inpatient Treatment Center for
patients suspected of Ebola Virus and other Special
Pathogens
• The Laboratory has a Special Pathogens Laboratory for
Point‐of‐Care Testing (POCT) for suspected patients

SARS‐CoV‐2 Transmission
• Transmission of SARS‐CoV‐2 can occur through direct,
indirect, or close contact with infected people through
infected secretions such as saliva and respiratory secretions
or their respiratory droplets, which are expelled when an
infected person coughs, sneezes, talks or sings
• Respiratory droplets are >5‐10 um in diameter
• Considered to be transmitted mostly by droplet rather than
aerosol
• Virus can remain infectious on surfaces for up to 72 hours
and in aerosols for 3 hours
• The infective dose is unknown but thought to be a few
hundred particles similar to SARS

SARS‐CoV‐2 Transmission
•
•
•

Severe Acute Respiratory Syndrome Coronavirus 2 (SARS‐CoV‐2) is the strain of
coronavirus that causes coronavirus disease 2019 (COVID 19) responsible for the
COVID‐19 pandemic
SARS‐CoV‐2 is spread mainly between persons in close proximity to one another
(within at least 6 feet), and the more closely a person interacts with an infected
person and the longer the interaction , the higher the risk for transmission
Procedures with high likelihood of generating aerosols or droplets, should be
performed in a certified Class II Biological Safety Cabinet (BSC) along with
additional precautions to provide a barrier between the specimen and personnel
–
–
–
–
–
–

•

Pipetting
Vortexing
Centrifugation
Sonicating
Grinding
Blending

The Assays have FDA Emergency Use Authorization only for CLIA licensed
Laboratories

SARS‐CoV‐2 Testing Guidelines
• CDC’s Interim Laboratory Biosafety Guidelines for Handling and
Processing Specimens Associated with Coronavirus Disease 2019
(COVID‐19)
• COVID‐19 Control and Prevention Laboratory Workers and
Employers, Occupational Safety and Health Administration (OSHA)
• Site and activity specific biosafety risk assessments were performed
to determine potential risk and determine what additional
biosafety precautions were warranted to mitigate the risk
• An assessment and evaluation was made for each activity
performed within the assays to determine potential risks of the
exposure, and implementation of mitigation to ensure workers use
best standard practices and control measures to prevent exposure
and minimize any risks

Healthcare Workers with Exposure Risk
Levels
Low (caution)

Medium

High

Very High

Lower Exposure Risk (Caution)
Jobs are those that do not
require contact with people
known to be, or suspected of
being, infected with SARS‐
CoV‐2 nor frequent close
contact with (i.e. within 6 feet
of) the general public.
Workers in this category have
minimal occupational contact
with the public and other
workers.

Medium exposure risk jobs
include those that require
frequent and/or close
contact within 6 feet of
people who may be infected
with SARS‐C0V‐2, but who
are not known or suspected
COVID‐19 patients. May
have frequent contact with
travelers who may return
from international locations
with widespread COVID‐19
transmission. In areas where
there is ongoing community
transmission, workers in this
category may have contact
with the general public (e.g.
schools, high‐population‐
density work environments,
some high‐volume retail
settings. Working in other
areas of the laboratory,
physically separate from
areas where SARS‐CoV‐2
samples are handled, in
close proximity to other staff
members

High Exposure Risk jobs are
those with high potential for
exposure to known or
suspected sources of COVID‐19
Workers in this category
Healthcare delivery and
support staff (e.g. doctors,
nurses, and other hospital staff
who must enter patients’
rooms) exposed to known or
suspected COVID‐19 patients.
(Note: when such workers
perform aerosol‐generating
procedures, their exposure risk
level becomes very high).
Medical transport workers (e.g.
ambulance vehicle operators)
moving known or suspected
COVID‐19 patients in enclosed
vehicles.
Mortuary workers involved in
preparing (e.g. for burial or
cremation) the bodies of
people who are known or
suspected of having COVID‐19.

Very high exposure risk jobs
are those with high potential
for exposure to known or
suspected sources of COVID‐
19 during specific medical,
postmortem, or laboratory
procedures

Performing administrative
duties in non‐public areas of
work sites, away from other
staff members
Working in other areas of the
laboratory, physically separate
from areas where SARS‐CoV‐2
samples are handled, away
from other staff members

Performing aerosol‐
generating procedures (e.g.,
pipetting, vortexing tubes), on
samples that may or do
contain SARS‐CoV‐2
Healthcare workers (Doctors,
nurses, dentists, paramedics,
emergency medical)
performing aerosol‐
generating procedures
(intubation, cough induction
procedures, bronchoscopy,
dental procedures, exams,
specimen collection,
autopsies, and invasive
procedures technicians

Risk Assessment of PPE
Activity

Hazards

Donning PPE

Doffing of PPE

People at risk

Risk Rating

Control
Measures

Improper size, Testing
limited supply, personnel
Expired PPE in
national
stockpile,
exposed areas,
Break in
integrity of PPE
Reuse of PPE
(UV of N95)

Very low

PPE training
Competency
Proper sizes
Not reusing
N95 masks in
BSL 3 area

Infectious
Exposure

Medium

Training
Hand hygiene
Do not touch
face

Testing
personnel

Personnel Protective Equipment
• All staff, patients, and visitors are issued and
required to wear a surgical mask at all times
• Laboratory testing personnel wear a Lab coat and
apron impervious to fluids, gloves, surgical mask
or N95 mask and face shield when performing
COVID testing
• Challenged by national backorders of disposable
lab coats, national stock pile of N95 masks
expired, and shortage of N95 masks requiring UV
decontamination procedure

Hand Hygiene
• Emerging Infectious Disease, Volume 26, Number 7, July 2020
– World Health Organization (WHO) published guidelines for hand
hygiene in healthcare
– Suggest 2 alcohol‐based formulations for hand sanitization to reduce
the infectivity and spread of pathogens
– WHO’s recommendations are based on fast‐acting, broad‐spectrum,
microbiocidal activity, along with accessibility and safety
– The original WHO formulation failed to meet the efficacy requirement
of European Norm 1500
– Suchomel et al. suggested to increase concentrations of ethanol:80%
(wt/wt) 85.5% [Vol/Vol]) or Isopropanol 75% (wt/wt) (81.3% [vol/vol])
– The modified WHO formulation I consists of 80% (wt/wt) ethanol,
0.725% (vol/vol) glycerol, and 0.125% (vol/vol) hydrogen peroxide. The
modified isopropyl‐based WHO formulation II contains 75% (wt/wt) 2‐
propanol, 0.725% (vol/vol) glycerol, and 0.125% (vol/vol) hydrogen
peroxide

Modification to Work Schedule
• The physical work space in each section was accessed
to allow 6 feet of space between personnel
• In some cases equipment could be relocated to better
separate the staff from each other and move staff 6
feet away from COVID‐19 testing
• In many sections of the Laboratory it was not possible
separate the staff 6 feet apart due to limited bench
space and sharing of equipment
• Work schedules were modified to reduce the number
of personnel in the Laboratory at any given time by
implementing 10 and 12 hours work day rotation
schedules

Mitigation made to Modify Laboratory
Workspace
• Plexiglass partitions were designed and
installed on all multi‐headed microscopes to
provide a physical barrier between the
viewers
• Laboratory instrumentation performing SARS‐
CoV‐2 testing was moved in close proximity to
a Biological Safety Cabinet and 6 feet away
from other laboratory testing and personnel

Plexiglass Partitions for the Double‐
Headed Microscope

Social Distancing Signage

Virus Isolation
•

•
•
•
•
•

The CDC recommends virus isolation in cell culture, and initial
characterization of viral agents recovered in cultures of novel SARS‐CoV‐2
should be conducted in a Biosafety Level 3 (BSL‐3) laboratory using BSL‐3
practices
Clinical Laboratories should not attempt viral isolation from specimens
collected from people suspected to have COVID ‐19 unless this is
performed in a BSL‐3 laboratory
Our primary testing methodology for detection of respiratory viruses are
by Molecular testing platforms using the e‐Plex multiplex Respiratory Viral
Panel (RVP) and Cepheid Xpert FLU/RSV panel
An occasional request for viral isolation from lower respiratory tract
samples are submitted for viral culture
An activity‐specific biosafety risk assessment was performed to evaluate
the Virology Laboratory facility, techniques and safety equipment
Viral culturing of respiratory samples was discontinued for in‐house
testing and send to Reference Laboratory

Specimen Collection
• For providers collecting specimens or within 6
feet of patients suspected to be infected with
SARS‐CoV‐2, maintain proper infection control
and use N95 mask, face shield, gloves and gown
• For providers who are handling specimens but
not directly involved in collection (e.g. self‐
collection) and not working within 6 feet of the
patient, follow Standard Precautions
• Healthcare personnel are required to wear a
surgical mask at all times while in the healthcare
facility

Viral Transport Media
• National depletion of commercially available consumables,
including swabs and viral transport media (VTM)
• Journal of Virology Methods, Volume 285, Lauren Garnett,
et al did a comparison analysis of different swabs and
transport medium suitable for SARS‐CoV‐2
– Swabs – PurFlock Ultra, FLOQ swab, Puritan Pur‐wraps cotton‐
tipped applicators, Puritan polyester tipped applicators,
MedProb cotton‐tipped applicator and HOLOGIC Aptima
– Transport media – DMEM, PSB, 100% ethanol, 0.9% normal
saline and VTM
– There were no meaningful difference in viral yield from the
different swabs and most transport media

• RWJ has made 50,000 viral transport media kits in‐house

Inactivation of SARS‐CoV‐2 in
Collection Kits and Transport Media
• Guanidine thiocyanate inactivates SARS‐CoV‐2
– Exercise caution as toxic gases may be released if in contact with
sodium hypochlorite, acids and strong oxidizing agent
– Present in some viral transport medias and used in Lysis/Binding
Buffer in Total Nucleic Acid Isolation Kits

• Spectrum SDNA‐1000 Saliva Transport is the first EUA
authorized saliva collection device and safest biomaterial
collection device which inactivates SARS‐CoV‐2
• Lucence’s A*Star Safer saliva Collection kit contains
proprietary reagents which inactivates SARS‐CoV‐2 while
keeping sample stable at room temperature for up to one
week

Specimen Transport and Handling
• The specimens should be collected in leak‐
proof containers and transported in a
biohazard specimen bag
• Specimens should be transported to the
Laboratory as soon as possible after collection

Safety Concerns and Mitigation
Safety Concerns

Mitigation to Safety Concerns

Specimens Leaking in transit

Specimens are transported in leak‐proof
containers in a biohazard bag, specimens
bags are opened under Biosafety Cabinet
(BSC), and containers are wiped with
disinfectant, use transport media that
inactivates the virus whenever possible

SARS CoV‐2 viable at time of processing

Specimens are handled and processed
under BSC, lysis/binding buffer is added
off board under BSC whenever possible,
BSC is moved in close proximity with clear
path to the analyzer, and inoculation of
cartridges, wheels, or tubes under BSC.
BSC and PCR workstations are equipped
with germicidal (UV) light

Safety Concerns and Mitigation
Safety Concerns

Safety Concerns and Mitigation

Required to remove sample from
Biosafety Cabinet (BSC) to load on
instrument

Cepheid Cartridges and Diasorin wheels
are closed system
BSC is in close proximity to instrument

Required to remove caps before removing Tubes have to be uncapped under the
tubes from BSC
hood before loading to the instrument
Tubes are covered with paraffin
BSC is in close proximity to instrument
SARS‐CoV‐2 Viable after testing

Diasorin wheels and T2 tubes are
autoclaved before discarding into
biohazard waste containers to be
removed offsite

CDC 2019‐nCoV Real‐Time PCR
Diagnostic Panel
• Robert Wood Johnson University Hospital was one of the first
hospitals in the state of New Jersey to validate and bring onboard
the CDC‐2019‐nCOV Real‐Time PCR Diagnostic Panel
• The nasopharyngeal samples are collected in viral transport media
and lower respiratory samples of sputum, tracheal aspirate and BAL
are collected in a sterile specimen container
• The isolation and extraction of nucleic acid is performed on the
Roche Magna LC 2.0 extraction instrument and qPCR performed on
the ABI 7500 Fast Dx Instrument
• The virus is immediately inactivated by adding lysis‐binding buffer
containing thiocyanic acid compound with guanidine to the
specimen, inside the Class II Biohazard Hood prior to loading the
sample onto the Magna Pure Automated Extraction Instrument
• Centrifugation is performed under the biohazard hood
• PPE: face shield, surgical mask, fluid resistant gown, and gloves

Diasorin Simplexa COVID‐19 Direct Kit
•
•
•
•
•
•
•
•
•

The assay processes crude sample with no nucleic acid extraction step and
employs all‐in‐one reagents
SARS‐CoV‐2 remains viable at the end of testing
The assay can be performed on nasal swabs, nasopharyngeal swab,
nasal/nasal aspirate and BAL
The Liaison MDX instrument was moved in close proximity of the Class II
Biohazard Safety Cabinet
The wheel is inoculated with patient samples under the Class II Biohazard
Safety Cabinet
The wheel is put inside the Liaison MDX instrument for testing
The assay is completed within 90 minutes and is very sensitive with a low
cycle threshold
The wheels are autoclaved and then discarded in the biohazard waste
container which will be removed offsite by Stericycle
PPE: fluid resistant gown, gloves, N95 mask and face shield

Diasorin Simplexa COVID‐19 Direct Test

Xpert Express SARS‐CoV‐2
• The Cepheid Xpert Express SARS‐CoV‐2 assay is cartridge
based
• The cartridge is inoculated under the Class II Biohazard
Safety Cabinet and then placed into the Infinity or
GeneXpert instrument
• The instrument was relocated to the Virology Lab and is in
close proximity to the biohazard hood
• The assay is completed in 45 minutes with a high sensitivity
• SARS‐Co‐V‐2 is being added to the Xpert Flu/RSV assay
• The assay will have a capability to test Influenza A,
Influenza B, RSV and SARS‐CoV‐2 simultaneously in one
cartridge
• PPE: Fluid resistant gown, mask, face shield and gloves

Xpert Express SARS‐CoV‐2

Cobas SARS‐CoV‐2 Test
• The Roche Cobas SARS‐COV‐2 assay is performed on the Roche
6800 instrument
• The Roche 6800 is high throughput testing 96 samples in 3.5 hours
• Samples are vortexed under the Class II Biosafety Cabinet
• The samples are allowed to settle before being transferred into the
Cobas tubes under the Class II Biohazard Safety Cabinet
• The tubes are placed on a the sample tray that can hold 96 samples
• The tubes must be uncapped, transported and loaded onto the
instrument
• Paraffin is used to cover the uncapped tubes while transporting the
sample tray to the instrument

Cobas SARS‐CoV‐2 Test
• The instrument was relocated to be in close
proximity to the Class II Biohazard hood
• Six to 8 feet of clearance and blocked off from a
high traffic area containing Chemistry analyzers
and staff
• The portable air condition is turned off while
loading samples to the instrument so not to
disrupt airflow
• PPE: Fluid resistant gown, gloves, N‐95 mask and
face shield

Cobas SARS‐CoV‐2 Test

Cobas SARS‐CoV‐2

Abbott ID NOW
• The ID Now COVID‐19 assay is a qualitative, rapid molecular test
that utilizes an isothermal nucleic acid amplification technology to
detect nucleic acid from the SARS‐CoV‐2 viral RNA
• The assay is widely used throughout the country in Testing Sites
• APHL send out a Fact sheet April 16, 2020 with Biosafety
Considerations
• The Abbott ID NOW System contains an open well where the
patient sample must be vigorously mixed in the sample reservoir
• This is subject to generation of aerosol and splash/splatter
• Testing needs to be conducted in a biosafety cabinet
• If a biosafety cabinet is not available testing sites should consider
use of biohazard shields or splash guards and appropriate PPE
including gloves, face shield and respiratory protective equipment

Abbott ID NOW Assay

T2 SARS‐CoV‐2 Panel
• The T2 SARS‐CoV‐2 Panel tests nasopharyngeal samples
• The assay employs T2 Magnetic Resonance (T2MR) Technology
giving sample to answer results in less then 2 hours
• Crude sample is processed with no nucleic acid extraction
• SARS‐CoV‐2 is viable at the end of testing
• The panel is inoculated under the Biohazard Safety cabinet
• The tube is covered with paraffin coming out of the hood to the
instrument
• The instrument was moved in close proximity to the biohazard
safety cabinet
• The panels are placed in a zip‐lock biohazard bag after testing and
autoclaved

T2 Biosystems

Saliva Direct Test
• The Saliva Direct assay is a RT‐Real Time PCR
Assay performed directly from saliva with no
nucleic acid extraction
• The saliva undergoes a viral inactivation step
by adding Proteinase K to the sample and heat
inactivation at 95oC for 5 minutes
• The addition of the Proteinase K is performed
under the Biohazard Safety Cabinet

qPCR Pipetting Robotics
Janus Robotic pipetting station

ABI 7500 Fast DX
Quant Studio 5

ABI Veriti

Postmortem Safety
•
•
•
•

•

Medical examiners, coroners, and pathologists should immediately notify
their local or state health department in event of the identification of a
deceased person known or suspected COVID‐19
The respiratory route of transmission is not a concern when handling
human remains or performing postmortem procedures
It is possible to transmit COVID‐19 by touching a surface or object that has
the virus on it and then touching their own mouth, nose, or eyes
Postmortem activities should be conducted with a focus on avoiding
aerosol generating procedures and ensuring that is aerosol generation is
likely (e.g. using an oscillating saw) that appropriate engineering controls
and personal protective equipment are used
Exercise professional judgement to determine if a decedent had signs and
symptoms compatible with COVID‐19 during life and whether postmortem
testing is necessary

Factors to Consider for Autopsy
• Medicolegal jurisdiction
• Facility environmental controls
• Availability of recommended personal
protective equipment
• Family and cultural wishes

Autopsy Safety Procedures
• Standard Precautions, Contact Precautions, and
Airborne Precautions with eye protection
(goggles or a face shield)
• Avoid the use of an oscillating bone saw for
known or suspected COVID‐19 cases or attach a
vacuum shroud to contain aerosols
• Consider using hand shears as an alterative
cutting tool
• Allow only one person to cut at a given time
• Limit the number of people working in the
autopsy suite at any time

Autopsy Safety Procedures
• Limit the number of personnel working on the human body
at any given time
• Use a biosafety cabinet for handling and examination of
smaller specimens and other containment equipment
whenever possible
• Use caution when handling needles or other sharps, and
dispose of contaminated sharps in puncture‐proof, labeled
closeable sharps containers
• Negative pressure to surrounding areas having a minimum
of 6 air changes per hour(ACH) for existing structures and
12 ACH for renovated or new structures
• Have air exhausted directly outside or through high
efficiency particulate aerosol (HEPA) filter

Infectious Disease Procedures
• Known or Suspected COVID‐19 patient were
placed in a black body bag rather than white
• Communicable Disease alert form was
attached on the outside of the bag
• Trudi UV Robot is used after every autopsy
and periodically in Morgue
• The morgue capacity is 24‐26 bodies
• A trailer with capacity of 40 bodies were
onsite for 3 months

Trudi UV Robot

Personal Protective Equipment
• Double surgical gloves interposed with a layer of
cut‐proof synthetic mesh gloves
• Fluid‐resistant or impermeable jump suit
• Water‐proof apron
• Goggles or face shield
• NIOSH‐approved disposable N‐95 or higher
respirator and face shield
• Booties and hair buffet
• Funeral Directors, Coroners and Security wore
same PPE as Morgue Diener

Collections of Postmortem Specimens
• CDC recommends collecting and testing postmortem
nasopharyngeal swab (NP swabs) and if an autopsy is
performed, lower respiratory specimens (lung swabs)
• RWJ did not perform autopsy on COVID‐19 patients
• Specimen were collected upon family consent for COVID‐19
• If COVID‐19 diagnosis was established before death,
collection of these specimens may not be necessary
• Formalin‐fixed and formalin‐fixed‐paraffin‐embedded
tissue specimens, obtained at autopsy can be used to
establish a postmortem diagnosis of COVID‐19 infection by
using immunohistochemical and molecular techniques
available at CDC’s Infectious Disease Pathology Branch

Cleaning and Waste Disposal
Recommendations
• Keep ventilation systems active while cleaning is
conducted
• Wear disposable gloves, eye protection, wear
clean, long‐sleeved fluid resistant gown, NIOSH‐
approved disposable N95 or higher respirator
• Ensure workers are trained on OSHA’s Hazard
Communication Standard, 29 CFR 1910.1200
• Use Environmental Protection Agency (EPA)
approved disinfectants that meet the criteria for
use against SARS‐CoV‐2

Cleaning and Disinfection
• Clean the area first, and then apply the disinfectant as
instructed on the disinfectant manufacturer’s label
• Ensure adequate contact time for effective disinfection
• Avoid using application methods that cause splashing or
generate aerosols
• Do not use compressed air and/or water under pressure for
cleaning, or any other methods that can cause splashing or
might re‐aerosolize infectious material
• Use of tongs and other utensils can minimize the need for
personal contact with soiled absorbent materials
• Small amounts of liquid waste(e.g. body fluids) can be
flushed or washed down ordinary sanitary drains without
special procedures

Decontamination
• Surfaces areas are disinfected with 10% bleach
made fresh daily followed by 70% ethyl
alcohol
• Germicidal light is turned for 15‐30 minutes

Biological Waste Removal
• Autoclaving is performed onsite in
Microbiology
• All biohazard waste from COVID testing is
autoclaved
• The Diasorin wheels and T2 panels are
autoclaved before disposal into the biohazard
was containers
• Stericycle is the contracted vendor for
biohazard waste removal

Future Testing
• CDC Influenza SARS‐CoV‐2 (Flu SC2) Multiplex
Assay
• Saliva Direct
• SARS‐CoV‐2 Panel EUA for use on the
MassArray System
• Taqpath COVID 19 Combo Kit
• Xpert Xpress SARS‐CoV‐2/Flu/RSV
• Cobas SARS‐CoV‐2&Influenza A/B Test

Summary
•
•
•
•
•
•
•
•

Life in the presence of SARS‐CoV‐2 has posed unprecedented and
challenging times for everyone
Laboratory testing is compromised by allocation of instrumentations,
equipment, consumables, lab supplies and reagents
National backorders of Personal Protective Equipment
Reprocessing of N‐95 Masks
National backorders for Viral transport media (VTM), now made in‐house
New assays are Emergency Use Authorization with abbreviated validation
Risk Assessments and mock runs should be conducted with each new
assay and instrument
Risk Mitigation needs to be implemented before testing begins to ensure
the safety of all staff
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Thank You

Stay Safe and Be Well

