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Superior  
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Detect with superior 
sensitivity from a trusted 

leader in molecular 
diagnostic testing.

Deliver more results 
in less time with a 

high-throughput fully-
automated instrument.

Collect and load directly 
on Panther® system 

without uncapping or 
specimen transfer.

* The Aptima® SARS-CoV-2 assay: This test has not been FDA cleared or approved; This test has been authorized by FDA under an EUA for use by authorized laboratories; This test has been authorized only for the 
detection of nucleic acid from SARS-CoV-2, not for any other viruses or pathogens; and this test is only authorized for the duration of the declaration that circumstances exist justifying the authorization of emergency use 
of in vitro diagnostic tests for detection and/or diagnosis of COVID-19 under Section 564(b)(1) of the Act, 21 U.S.C. § 360bbb-3(b)(1), unless the authorization is terminated or revoked sooner.

Reference: 1. Compared with other high-throughput, fully automated systems. U.S. Food and Drug Administration. SARS-CoV-2 Reference Panel Comparative Data. Last reviewed December 07, 2020. Accessed Febru-
ary 23, 2021. https://www.fda.gov/medical-devices/coronavirus-covid-19-and-medical-devices/sars-cov-2-reference-panel-comparative-data
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The federal government has added more tools 
recently to the COVID-19 testing arsenal for 
serial screening initiatives.

As the United States races to outpace the spread 
of new SARS-CoV-2 variants through a massive 
vaccination effort, it makes sense to both manage 
and monitor the activity of the virus using a wide 
variety of testing types and strategies. 

Serial screening at the individual level will help 
us control community transmission of SARS-Cov-2 
and resume activities safely. When combined with 
population-level surveillance activities, genetic 
sequencing,  and serology testing, serial screen-
ing plays a role in monitoring where SARS-CoV-2 
is spreading and how well prior infections and 

vaccines protect people from COVID-19 – both now and in the future. 
Clinical labs will help their communities with these testing efforts. They will 

continue to test respiratory specimens from people suspected of being infected 
with SARS-CoV-2, as well as blood samples from people who have developed 
immunity either through infection or vaccination.

But laboratorians also can help provide expert advice for serial testing efforts 
that occur outside the walls of the lab. As people become vaccinated and com-
munities resume pre-pandemic activities, more testing – or at least specimen 
collection – will occur in homes, businesses, schools, and other community settings. 

The government has approved point-of-care (POC) and in-home tests to help 
with these efforts.

The U.S. Food and Drug Administration (FDA) in early April issued an emer-
gency use authorization (EUA) for the Symbiotica COVID-19 Self-Collected 
Antibody Test System, which the agency said is the first antibody test authorized 
for use with dried blood spot samples collected at home. The samples are then 
sent to Symbiotica’s laboratory for analysis.

The FDA also approved in April amended EUA requests for multiple tests, 
expanding over-the-counter (OTC) and point-of-care serial testing options for 
COVID-19. The approved tests include Quidel QuickVue At-Home OTC COVID-19 
test (OTC at-home serial screening), Abbott BinaxNOW COVID-19 Antigen Self 
Test (OTC at-home serial screening), Abbott BinaxNOW COVID-19 Ag Card 2 
Home Test (OTC at-home serial screening with telehealth), Abbott BinaxNOW 
COVID-19 Ag 2 Card (POC serial screening without a prescription), and BD 
Veritor System for Rapid Detection of SARS-CoV-2 (POC serial screening with 
a prescription).

The Centers for Disease Control and Prevention (CDC) and National Institutes 
of Health (NIH) also have gotten involved in serial testing efforts.

They launched “Say Yes! COVID Test,” which will be rolled out in Pitt County, 
NC, and Chattanooga, TN. Residents will have access to free rapid antigen tests 
that they will administer themselves three times a week for one month. NIH 
plans to provide the tests and evaluate if frequent self-administered COVID-19 
testing helps reduce community transmission of SARS-CoV-2.

Those community members also may choose to volunteer for a survey-based 
research study that will determine whether frequent self-administered testing 
makes a difference in behavior, knowledge about preventing spread of the virus, 
and thoughts about COVID-19 vaccination.

These announcements are probably just the beginning. I expect that we will 
hear about other initiatives in upcoming months. As laboratorians know, test-
ing of all types plays a big role in allowing the so-called “new normal” life to 
happen safely. 

I welcome your comments, questions, and opinions – please send them to 
me at lwilson@mlo-online.com

Serial screening and 
SARS-CoV-2 

FROM THE EDITOR

By Linda Wilson
Senior Editor
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41 million
people die from noncommunicable 

diseases (NCD) each year

71% 
of deaths globally are from NCD

85%
of premature death for people aged 

30-69 are due to NCD

42%
of cancer treatments were disrupted 

by COVID-19

49%
of treatments for diabetes were 

impacted by COVID-19

31%
of cardiovascular emergencies had 
disrupted services from COVID-19

94%
of ministry support staff in areas of 
NCDs were reassigned to COVID-19

20%
of countries discontinued some health 

services during the pandemic

58% 
of countries are using telemedicine

Source: https://www.who.int/news/
item/01-06-2020-covid-19-signi� cantly-
impacts-health-services-for-noncommuni-
cable-diseases

Fast Facts
Noncommunicable 

Diseases (NCD)
Treatment and prevention of noncom-

municable diseases globally has 
been severely impacted by COVID-
19, according to the World Health 

Organization (WHO).

SARS-CoV-2 variants evade most 
– but not all – antibodies
New research indicates that three 
new, fast-spreading variants of the 
virus that cause COVID-19 can evade 
antibodies that work against the orig-
inal form of the virus that sparked the 
pandemic. Whether such antibodies 
were produced in response to vac-
cination, natural infection, or were 
purified antibodies used as drugs, 
researchers found more antibody is 
needed to neutralize the variants.

However, several highly neutral-
izing monoclonal antibody cock-
tails, including those developed at 
Vanderbilt University Medical Cen-
ter, showed intact or only mildly di-
minished activity against the variants 
tested, possibly because they target 
sites on the spike protein other than 
the highly mutable E484K residue.

The findings, from laboratory-
based experiments and published in 
Nature Medicine, suggest that COV-
ID-19 drugs and vaccines developed 
thus far may become less effective 
as the new variants become domi-
nant, as experts say they inevitably 
will. The researchers looked at vari-
ants from South Africa (B.1.135), the 
United Kingdom (B.1.1.7) and Brazil 
(B.1.1.248, also known as P.1.)

The multi-center research was led 
by Washington University School 
of Medicine in St. Louis. In addi-
tion to Vanderbilt University Medical 
Center, University of Texas Medical 
Branch also participated in the work.

The virus that causes COVID-19, 
known as SARS-CoV-2, uses a pro-
tein called spike to latch onto and get 
inside cells. Consequently, spike be-
came the prime target for COVID-19 
drug and vaccine developers. And 
potent anti-spike antibodies were 
selected for development into anti-
body-based drugs for COVID-19.

The researchers tested the vari-
ants against antibodies in the blood 
of people who had recovered from 
SARS-CoV-2 infection or were vac-
cinated with the Pfizer vaccine. They 
also tested antibodies in the blood 
of mice, hamsters and monkeys that 
had been vaccinated with an experi-
mental COVID-19 vaccine, developed 
at Washington University School of 
Medicine, that can be given through 
the nose. The B.1.1.7 (United King-
dom) variant could be neutralized 
with similar levels of antibodies as 
were needed to neutralize the origi-
nal virus. But the other two variants 
required from 3.5 to 10 times as much 
antibody for neutralization.

They also tested monoclonal an-
tibodies: mass-produced replicas of 
individual antibodies that are ex-
ceptionally good at neutralizing the 
original virus. When the researchers 
tested the new viral variants against 
a panel of monoclonal antibodies, the 
results ranged from broadly effective 
to completely ineffective.

Since each virus variant carried 
multiple mutations in the spike gene, 
the researchers created a panel of vi-
ruses with single mutations, so they 
could parse out the effect of each 
mutation. Most of the variation in an-
tibody effectiveness could be attrib-
uted to a single amino acid change 
in the spike protein. This change, 
called E484K, was found in the B.1.135 
(South Africa) and B.1.1.248 (Brazil) 
variants, but not B.1.1.7 (U.K.).

CMS addresses CLIA certifi cation 
violations
As a result of a recent record check, 
the Centers for Medicare and Medic-
aid Services (CMS) issued 171 cease-
and-desist letters to facilities that did 
not have proper certifications in place 
as outlined in the Clinical Laboratory 
Improvement Amendments of 1988 
(CLIA). CLIA certification is impor-
tant, because it verifies that laborato-
ries meet federal performance, qual-
ity and safety standards to properly 
diagnose, prevent and treat diseases.

CMS said that every facility that 
conducts COVID-19 testing is con-
sidered a “laboratory” and must be 
certified under CLIA. To make certifi-
cation easy, CMS implemented an ex-
pedited review process at the begin-
ning of the public health emergency 
and recently released a quick-start 
guide to help laboratories with the 
application process. CMS said that 
it is imperative to public safety that 
facilities apply for CLIA certification 
and only operate within the scope of 
that certification to prevent false re-
sults that could adversely alter diag-
nosis or treatments and contribute to 
the further spread of COVID-19.

False positive results possible 
with Roche test
The FDA announced that false posi-
tive results can occur with the Roche 
Molecular Systems cobas SARS-
CoV-2 & Influenza A/B Nucleic Acid 
Test for use on the cobas Liat System.

Roche’s assay tubes may sporadi-
cally leak, causing an obstructed opti-
cal path in the Liat analyzer, produc-
ing abnormal PCR growth curves, 
leading to invalid or erroneous posi-

Image by InspiredImages from Pixabay
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tive results, particularly for the Flu B 
test. If a tube leak occurs, later testing 
runs may have an increased likeli-
hood of false positive Flu B results.

Roche also determined that abnor-
mal PCR cycling in the reaction tubes 
may produce abnormal PCR growth 
curves, caused by simultaneous fac-
tors, such as hardware positioning, 
volume movement, and curve inter-
pretation. This issue may cause false 
positive results for multiple analytes 
(Influenza A, Influenza B and/or 
SARS-CoV-2) in a single testing run.

The FDA recommends users of the 
cobas SARS-CoV-2 & Influenza A/B 
Nucleic Acid Test for use on the cobas 
Liat System:
• Watch out for unexpected clusters 

of positive Flu B results, as this may 
indicate the cobas Liat System has ex-
perienced a tube leak.
• Repeat tests when two or three 

analytes are positive. Different re-
sults on the repeat test may indicate 
abnormal PCR cycling.
• Stop using the cobas Liat System 

and contact Roche if you suspect ei-
ther of these two issues has occurred.

NIH scientists develop breath test 
for methylmalonic acidemia
Researchers at the National Institutes 
of Health (NIH) have developed a 

breath test that measures how well 
patients with methylmalonic acide-
mia (MMA) respond to receiving liver 
and/or kidney transplantation. Re-
searchers used the test to assess the 
severity of the disease in people and 
help determine if they would ben-
efit from surgical or experimental ge-
nomic therapies that target the liver.

MMA is a rare genomic disease 
that impairs the body’s ability to me-
tabolize certain proteins and fats. This 
causes toxic build up, causing kidney 
disease, pancreatitis, movement dis-
orders, intellectual impairments, or-
gan complications, or, in severe cases, 
death. Currently, MMA is incurable, 
and  some patients receive liver and/
or kidney transplants to help restore 
normal levels of metabolic proteins.

One form of MMA is caused by 
mutations in the methylmalonyl-CoA 
mutase gene (MMUT), which en-
codes for the MMUT protein. People 
with this form of MMA have a defi-
ciency in the MMUT protein, which 
plays a pivotal part in metabolism by 
breaking down food, fats, cholesterol 
and amino acids.

MMUT helps break down food into 
a chemical byproduct called propio-
nate, which is followed by oxidation, 
where a healthy body converts propi-
onate into energy and carbon dioxide, 

which is exhaled, but that process is 
faulty for people with MMA.

Because MMUT protein function is 
compromised in people with MMA, 
the team chose to assess how well the 
MMUT protein helped break down 
propionate in both patients who did 
and not did not receive treatment. 

To detect if the MMUT protein was 
functioning properly, researchers 
gave patients a dose of the heavier, 
less abundant version of carbon – car-
bon 13 – via a commercially available 
food additive.

The team recruited 57 study par-
ticipants, including 19 MMA patients 
who had received transplants (liver, 
kidney or both) and 16 healthy volun-
teers. Researchers gave participants a 
dose of the food additive containing 
carbon 13 via a drink or through a 
feeding tube, and then collected their 
breath samples after a two-minute 
wait.

The researchers measured how 
much of the exhaled carbon dioxide 
contained the usual carbon 12 com-
pared to added carbon 13. MMA pa-
tients who did not receive any treat-
ment had lower levels of carbon 13 
than healthy volunteers. By contrast, 
MMA patients with liver transplants 
had higher levels of carbon 13, simi-
lar to the healthy volunteers. 

The U.S. Food and Drug Administra-
tion (FDA) recently granted emer-
gency use authorization (EUA) for 
numerous COVID-19 tests.

These include the Quidel QuickVue 
At-Home OTC COVID-19 test for OTC 
at-home serial screening; Abbott 
BinaxNOW COVID-19 Antigen Self 
Test for OTC at-home serial screen-
ing; Abbott BinaxNOW COVID-19 Ag 
Card 2 Home Test for OTC at-home 
serial screening with telehealth; 
Abbott BinaxNOW COVID-19 Ag 2 
Card for POC serial screening without 
a prescription; BD Veritor System for 
Rapid Detection of SARS-CoV-2 for 
POC serial screening with a prescrip-
tion; and the Symbiotica COVID-19 
Self-Collected Antibody Test System, 
which is the first antibody test autho-
rized for use with home collected 
dried blood spot samples.

The FDA also warned that false 
positive results can occur with 
antigen tests to detect SARS-CoV-2, 
particularly when users do not fol-
low the instructions, including routine 

follow-up testing (reflex testing) with 
a molecular assay when appropriate, 
and by considering the expected 
occurrence of false positive results 
when interpreting test results.

When using antigen tests, the FDA 
said to follow instructions in the pack-
age insert about handling test car-
tridges/cards, such as ensuring they 
are not stored open, and reading test 
results at the appropriate time. Use 
caution when processing multiple 
specimens in batch mode because 
the process may make it challenging 
to ensure the correct incubation time 
for each specimen. Minimize the risks 
of cross-contamination when testing 
patient specimens, which can cause 
false positive results. 

As the impact of SARS-CoV-2 
variants on diagnostic test results 
is another issue facing laboratories, 
the FDA created a new web page: 
SARS-CoV-2 Viral Mutations: Impact 
on COVID-19 Tests | FDA.

The FDA revised an announcement 
regarding the doses per vial available 

FDA updates on COVID-19 testing
for the Moderna COVID-19 vaccine.

The FDA first clarifies the maximum 
extractable doses per vial is 11, with 
a range of 10-11 doses. In the second 
revision, the agency authorized the 
use of an additional multi-dose vial 
that contains a maximum of 15 doses, 
with a range of 13-15 doses that can 
potentially be extracted.

Depending on the type of syringes 
and needles used to extract each 
dose, there may not be sufficient 
volume to extract more than 10 doses 
from the vial containing a maximum 
of 11 doses or more than 13 doses 
from the vial containing a maximum 
of 15 doses.

Because the Moderna COVID-19 
vaccine does not contain preserva-
tives, any further remaining product 
that does not constitute a full dose 
should not be pooled from multiple 
vials to create one full dose. If one 
vial becomes contaminated during 
use, pooling doses from multiple 
vials can spread contamination to 
other vials.
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ine, adjust and reset our approaches through the lens of what 
actually happens when a nearly untreatable infection impacts 
the entire world.
   Clinical and research laboratories have played a critical role 
in the COVID-19 pandemic. Laboratory testing results provide 
data to clinicians and allows patients to be put on the optimal 
treatment path. This data also informs surveillance, infection 
prevention practices, and antibiotic stewardship. 

The impact of surveillance data 
Tracking the spread of COVID-19 has been critical to the global 
public health response. This information allows hospitals to 
prepare for surges, governments to deploy testing strategies, 
and citizens to modify their behavior appropriately. But while 
information about COVID-19 is readily and publicly available, 
the world still struggles to monitor and track the spread of drug 
resistant infections. 
   It is critical that we improve tracking of drug resistant bacteria. 
Bacteria causing drug resistant infections move quickly across 

We began this year living in a world with a nearly untreat-
able virus. At no time in recent history has there been 
a series of events or circumstances that challenged 

organizations and individuals to engage in new actions and 
behaviors as exists today due to COVID-19. The COVID-19 
pandemic has been an acute shock to the world, as the novel 
coronavirus has affected the health of millions and the lives 
and livelihood of billions.  

This circumstance provides a glimpse of what the future is 
likely to become more broadly if we do not mobilize a suf-
ficient global response to drug resistant infections caused by 
antimicrobial resistance (AMR), which occurs when drugs lose 
their effectiveness. It occurs when bacteria, viruses, fungi, and 
parasites change over time and no longer respond to medicines, 
making infections harder to treat and increasing the risk of 
disease spread, severe illness and death. 1

As the bacteria that cause infections become increasingly 
drug resistant, even common medical procedures – including 
surgery, childbirth, and chemotherapy – can become increas-
ingly life-threatening.
   While the urgent and immediate threat of the novel coronavirus 
is of utmost priority for governments and healthcare systems, 
we must ensure that the lessons we are learning today from 
COVID-19 shape continued actions to combat AMR now and 
in the years ahead. The global strategy to curb drug resistance, 
initiated in 2016 by the UN InterAgency Coordination Group 
on AMR, 2 provides an effective framework for AMR action 
plans at the global and national level. The experience with the 
COVID-19 pandemic presents a unique opportunity to reexam-

Common needs and interventions for 
COVID-19 and drug-resistant infections
By Diane Flayhart, MBA

Earning CEUs
See test on page 14 or online at www.mlo-online.com 
under the CE Tests tab. Passing scores of 70 percent or 
higher are eligible for 1 contact hour of P.A.C.E. credit.
LEARNING OBJECTIVES
Upon completion of this article, the reader will be able to:

1. Describe how antimicrobial resistance occurs, what problems 
it causes, and examples of several drug-resistant organisms.

2. Discuss why tracking of drug-resistant organisms is important 
and tracking tools available today. 

3. Discuss the role of infection prevention and control in 
preventing drug-resistant infections.

4. Discuss the role of diagnostic testing in improving antibiotic 
stewardship.

Antimicrobial resistance occurs when drugs lose 
their effectiveness. It occurs when bacteria, viruses, 
fungi, and parasites change over time and no longer 
respond to medicines making infections harder to 
treat and increasing the risk of disease spread, severe 
illness and death. 
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Figure 1: How NDM-1 spread around the world: 2006 to 2016
Images used with permission from The Pew Charitable Trusts
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the globe via multiple carriers. The quick movement of these 
multi-drug resistant organisms has been demonstrated with 
two of the newer superbugs. NDM-1 is a resistance gene that 
can be found in Enterobacteriaceae and results in the produc-
tion of the New Delhi metallo-beta-lactamase. NDM-1 bacteria 
are part of a larger group known as carbapenem-resistant En-
terobacteriaceae and are resistant to penicillin, cephalosporin, 
and carbapenems. NDM-1 infection was initially identified in 
the mid-2000s and quickly spread to more than 80 countries, 
according to a comprehensive review of the literature conducted 
by the Pew Charitable Trusts in early 2017, which tracked the 
spread over a nine-year period.3

Candida auris is considered a “superbug fungus,” which 
has caused worldwide concern and has been classified as an 
Urgent Threat by the Centers for Disease Control and Preven-
tion (CDC).4 C. auris is resistant to most first-line antifungal 
medications and spreads easily between patients. In 2020, 
Chen, et.al., completed a systemic review and meta-analysis 
of the global epidemiology and mortality of Candida auris. The 
analysis included studies from 2009 to 2019. Initially identified 
in Japan in 2009, there have been more than 4,733 cases of C. 
auris reported in more than 33 countries. Bloodstream infection 

was observed in 32% of the cases. The overall mortality of C. 
auris infection was 39%.5 This retrospective analysis shows the 
global spread of this pathogen and the critical need to have 
real-time surveillance to track these life-threatening pathogens. 

There are several tools available today to track drug resistant 
organisms. The CDC is prioritizing domestic antimicrobial re-
sistance surveillance through the CDC Antibiotic Resistance 
Laboratory Network. The network includes labs in 50 states, 
including seven regional labs and the National Tuberculosis 
Molecular Surveillance Center. Comprehensive lab capac-
ity and infrastructure utilizing cutting-edge technology, like 
DNA sequencing, provides data needed to combat AMR. The 
Global Antimicrobial Resistance Surveillance System (GLASS) 
supports global surveillance and research to strengthen the 
evidence base on antimicrobial resistance (AMR) and help 
to inform decision-making and drive national, regional, and 
global actions. Recently, the Surveillance and Epidemiology 
of Drug-resistant Infections Consortium (SEDRIC) launched 
a map to collect details of research projects focused on the 
surveillance of drug resistant infections. There are systems 
at local, regional, and global levels collecting data on drug 
resistance. We need to expand the capabilities of these surveil-
lance systems and create real-time accessible platforms, so 
data can be acted upon quickly, slowing the spread of drug 
resistant organisms. 

As Jim O’Neill, author of the book, Superbugs: An Arms Race 
Against Bacteria, explains, “AMR is not a problem that can be 
solved by any one country, or even any one region. We live in 
a connected world where people, animals, and food travel, and 
microbes travel with them.”6

Why is global surveillance needed?
“AMR is not a problem that can be solved by any one 
country, or even any one region. We live in a con-
nected world where people, animals, and food travel, 
and microbes travel with them.”5 Jim O’Neill from 
Superbugs: An Arms Race Against Bacteria

Figure 2: The reported case count of patients with C. auris and clade(s) in different countries were represented in descending order. An epidemic 
curve showing case count of C. auris by year was also portrayed based on publication data (adapted from Robinson projection map).

Global reported cases of C. auris by country
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• The websites for the World Health Organization (WHO), 
UNICEF, and WaterAid’s provide information on WASH 
(Water, Sanitation and Hygiene) and IPC in all healthcare 
systems – both of which are required to combat AMR globally. 
In many low to middle-income countries, WASH is inad-
equate, with 1 in 3 healthcare facilities lacking hand hygiene 
materials at point of care, and more than 900 million people 
using healthcare facilities with no water service.
The COVID-19 pandemic has highlighted the critical role of 

vaccines in controlling infectious disease outbreaks. Vaccines are 
an effective infection control tool for bacterial infections as well. 
A recent report by Wellcome Trust9 states that “vaccines do have 
some unique advantages and therefore, bringing additional, and 
more effective vaccines, to market could have a huge impact 
on AMR.” Vaccines play a critical role, with a track-record of 
reducing AMR. Both H. influenzae b and S. pneumoniae vac-
cines have resulted in a reduction in disease burden and have 
been associated with decreased incidence of resistant strains. 
Additionally, both vaccines have an additional “indirect” effect 
on AMR by reducing antibiotic usage and, therefore, selection 
pressure on pathogens. Evidence shows that universal cover-
age with 13-valent S. pneumoniae vaccination could avoid 11.4 
million days of antibiotic use per year in children under five. 

The report is available on the Wellcome 
Trust’s website.

Diagnostic and antibiotic 
stewardship
The pandemic has demonstrated the 
critical role of diagnostic testing to steer 
our public health response. It has been 
shown that diagnostic testing for bacterial 
and fungal infections results in improved 
use of antibiotics and antibiotic steward-
ship. Whereas testing for COVID-19 has 
benefited from innovation and rapid 
uptake, testing for drug resistant infec-
tions remains underutilized. Antimicrobial 
resistance is a complex challenge - it is not 
a single pathogen like COVID-19; it can 
and does spread silently across healthcare, 
community, and the environment.

Diagnostic stewardship refers to the 
appropriate use of laboratory testing to 
guide patient management, including 
treatment, to optimize clinical outcomes 

and limit the spread of antimicrobial resistance. The diagnostic 
microbiology laboratory has a vital role to play in facilitating 
antimicrobial stewardship. Timely reporting of results increases 
the confidence of prescribers that they are treating infection 
appropriately with empirical antibiotics and allows treatment 
to be focused.

In recent studies by Mahrous, et.al and Claeys, et.al, an 
antimicrobial stewardship benefit was shown in their hospitals 
from the reporting of rapid-diagnostic testing in combination 
with pharmacist intervention.10,11 The detection of resistance 
genes can also facilitate a considerable reduction in report-
ing time, as explained by Bianco, et. al.12 The combination of 
diagnostic and antimicrobial stewardship has demonstrated 
improved antibiotic use; however, a recent publication from 
the CDC found that 56% of antibiotic use was unsupported in 
patients being treated at U.S. hospitals in 2015.13 The study in-
cluded patients with community-acquired pneumonia, urinary 
tract infections, or who were treated with fluroquinolones 

Using infection prevention and control to stop 
infections before they start
Preventing drug resistant infections reduces the use of antibiot-
ics and improves patient outcomes. Infection control practices, 
from simple handwashing to global vaccination, and the use of 
effective infection prevention measures are key tools to combat 
COVID-19 and AMR.

Within healthcare systems, infection prevention measures 
are not specific to one pathogen and can have a broad impact. 
A recent study by Wee, et.al., evaluated the impact of a multi-
modal IPC strategy originally designed for the containment of 
COVID-19 on the rates of other hospital-acquired-infections 
(HAIs). With enhanced IPC measures introduced to contain 
COVID-19, they saw a decrease in hospital-wide MRSA acquisi-
tion rates together with central line-associated bloodstream 
infections rates. The rates of CRE, C. difficile infections, and 
device-associated HAIs remained stable. Respiratory infections 
were prioritized for interventions; however, good adherence to 
IPC impacted HAI rates as well.7 

In a study by Bentivenga, et.al., researchers reported a 
significant reduction in the incidence of total MDR bacte-
rial infections observed during the pandemic compared to 
in pre-pandemic years (p < 0.05). The study concluded that 

maintaining a high level of preventive measures could help 
tackle an important health problem, such as the spread of HAIs 
and multidrug resistant bacteria (MDRB).8

The COVID-19 pandemic and its associated healthcare efforts 
allowed researchers to better understand effective measures 
for HAI and MDRB prevention. These studies, limited to indi-
vidual healthcare systems, demonstrate how effective infec-
tion prevention measures can reduce the rates of multi-drug 
resistant bacteria.  In some settings, due to a higher risk case-
mix, shortages of equipment, and staff shortages, an increase 
of nosocomial infections was seen. As laboratory technologies 
continue to evolve, the integration of real-time data into infection 
prevention programs will have a direct impact on the success 
of these programs. 

There are tools available to learn more about best practices 
for infection control and how they link to AMR.  

 • The CDC has tools available to assess infection prevention 
practices and guide quality improvement. 

2018 2019 2020 non-COVID-192017 2020 COVID-19
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Figure 3. Data from medical departments between March 1 and June 30. The ordinate axis repre-
sents the infection incidence of MDR bacteria. The abscissas axis represents time.8

Incidence of MDR bacteria pre and post COVID-19
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Figure from CDC

or vancomycin. Researchers defined the antibiotic use as 
unsupported when the patients didn’t have specific signs or 
symptoms of infections, the wrong antibiotic was prescribed, 
or the length of treatment was too long. One of three calls to 
action was to re-assess antibiotic treatment when the results 
of diagnostic testing are available, reinforcing the importance 
of the rapid reporting of diagnostic testing.

Diagnostics are critical to slowing the spread of AMR. Better 
diagnostics can guide faster, more appropriate treatment to 
ensure patients receive the right drug for their infection, at 
the right time, for the right duration. Diagnostics can help us 
to preserve antibiotics and ensure they remain effective when 
they are needed most.

Dedicated funding and strong market need can and have 
driven rapid innovation. As we’ve seen, COVID-19 diagnostic 
tests were developed within weeks of the outbreak along with 
public health capabilities to address the pandemic like digital 
data collection, local manufacturing, and global distribution. 
There have been platforms built to collate data, resources 
marshaled, and creativity unleashed. We should capitalize 
on this innovation for AMR across the board, but we should 
certainly continue to move diagnostics for antibiotic-resistant 
pathogens forward. 

The role of cross sector collaboration
Governments, researchers, and industry partners around the 
world have mobilized to develop diagnostics, therapeutics, 
and vaccines for COVID-19. The development of new recom-
mendations and practices continue to be deployed to slow the 
spread of COVID-19. The burden of drug-resistant infections 
will likely surpass COVID-19. Drugs like antibiotics are a vital 
tool in modern medicine to prevent and treat infections. As 
drug-resistant infections are becoming more common, modern 
medicine as we know it is at risk, and much like COVID-19, 
these infections have the potential to overwhelm our healthcare 
structure.

In an article by Williams, et.al., the authors state that antimi-
crobial resistance is a threat to global health and food security. 

The emergence of COVID-19 in 2020 has focused attention on 
yet another global health challenge. The difference is that the 
pandemic is seen as a proximate public health crisis requiring 
immediate action. Consequently, relatively less attention has 
been directed towards antimicrobial resistance and climate 
change, which also pose urgent threats to lives and livelihoods, 
and in the end, may have worse global consequences.14

There are several tools available to learn more about how 
a cross sector approach will drive an improved focus, leading 
to a positive impact on the risk of drug resistant infections: 

 • A new podcast series, Superbugs and You, addresses the global 
AMR crisis through conversations with patients, clinicians, 
and researchers to discover how superbugs are affecting 
people and healthcare systems globally.15

 • The recently released U.S. 2020-2025 National Action Plan 
accelerates response to antibiotic resistance by presenting 
coordinated, strategic actions to improve the health and 
well-being of all Americans across the One Health spec-
trum.16  One Health is a collaborative, multisectoral, and 
transdisciplinary approach – working at the local, regional, 
national, and global levels—with the goal of achieving 
optimal health outcomes recognizing the interconnec-
tion between people, animals, plants, and their shared 
environment.

 • A new report from Wellcome Trust - The global response to 
AMR momentum, success, and critical gaps – was released 
in November 2020. This report gives an update on the status 
quo, recent developments and remaining critical gaps in the 
AMR response globally. One of the notable recent successes 
that was highlighted in the report was “the AMR community 
has grown into a broad, multi-sectoral coalition of actors 
that come from a range of sectors, including human health, 
animals and agriculture, and the environment.”17

Surveillance, infection prevention, and diagnostic steward-
ship have been deployed successfully to combat the global 
COVID-19 pandemic. Continued focus on these practices with 
improved antibiotic stewardship efforts need to be deployed 
to combat the insidious threat of drug resistant infections. 
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1. What is the term used to describe when bacteria, 
viruses, fungi, and parasites change over time 
and no longer respond to medicines, making 
infections harder to treat and increasing the 
risk of disease spread, severe illness and death?

	{ A. super viral 
	{ B. antimicrobial resistance 
	{ C. tired response 
	{ D. ineffective bacteria

2. What was published by United Nations 
Interagency Coordination Group on AMR, 
providing an effective framework for global 
and national AMR action plans?

	{ A. pandemic response report 
	{ B. United Nations COVID plan 
	{ C. UN variants report 
	{ D. global strategy to curb drug resistance

3. What informs surveillance, infection prevention 
practices and antibiotic stewardship?

	{ A. laboratory testing results 
	{ B. global pandemic report 
	{ C. variants strategy 
	{ D. the ATF

4. What allows hospitals to prepare for surges, 
governments to deploy testing strategies, and 
citizens to modify their behavior appropriately?

	{ A. tracking 
	{ B. White House briefs 
	{ C. MLO-online.com 
	{ D. hand washing

5. Bacteria causing drug resistant infections move 
quickly across the globe via ______.

	{ A. trucks 
	{ B. coughing 
	{ C. fleas 
	{ D. multiple carriers

6. What can be found in Enterobacteriaceae?

	{ A. Candida auris 
	{ B. COVID-19 
	{ C. NDM-1 
	{ D. Polio

7. What superbug is resistant to penicillin, 
cephalosporin, and carbapenems?

	{ A. Candida auris 
	{ B. COVID-19  
	{ C. NDM-1 
	{ D. E. coli

8. What is considered a superbug fungus?

	{ A. Candida auris 
	{ B. COVID-19 
	{ C. NDM-1  
	{ D. E. coli 

9. A study showed the overall mortality of C. auris 
infection was ____. 

	{ A. 27% 
	{ B. 32%
	{ C. 36%
	{ D. 39% 

10. What does the CDC use to prioritize domestic 
antimicrobial resistance surveillance?

	{ A. CDC COVID-19 Variants Tracking 
Resource 
	{ B. CDC Antibiotic Resistance Laboratory 

Network 
	{ C. FDA Superbug Directory 
	{ D. Drug Resistance Abuse Education 

11. What is  the acronym for The Global 
Antimicrobial Resistance Surveillance System?

	{ A. TGASS 
	{ B. GRASS 
	{ C. GARS 
	{ D. GLASS 

12. Who launched a map recently to collect details 
of research projects focused on surveillance of 
drug resistant infections?

	{ A. SEDRIC 
	{ B. NIH 
	{ C. FDA 
	{ D. WHO 

13. Preventing drug resistant infections reduces 
the use of ___________ and improves __________.

	{ A. steroids, morale 
	{ B. antibiotics, patient outcomes 
	{ C. anti-virals, IQ 
	{ D. doctors, statistics 

14. Key tools to combat COVID-19 and AMR 
include:

	{ A. media, marketing, and the internet 
	{ B. nasal swabs, pipettes, and agar 
	{ C. analyzers, AI, and genetic testing 
	{ D. handwashing, global vaccination, and 

prevention

15. Infection prevention measures are specific to 
one pathogen.

	{ A. True 
	{ B. False 

16. With enhanced IPC measures introduced to 
contain COVID-19, they saw a decrease in 
hospital-wide acquisition rates of ________ 
together with central l ine associated 
bloodstream infections.

	{ A. COVID-19 
	{ B. Candida auris 
	{ C. MRSA 
	{ D. NDM-1 

17. Good adherence to IPC impacted _________ 
rates as well.

	{ A. HAI 
	{ B. recovery 
	{ C. hospital return 
	{ D. insurance 

18. In some settings due to a higher risk case-mix, 
shortages of equipment, and staff shortages, 
__________ of nosocomial infections was seen.

	{ A. a decrease 
	{ B. recovery 
	{ C. a plateau 
	{ D. an increase 

19. _________ of antibiotic use was unsupported in 
patients being treated at U.S. hospitals in 2015.

	{ A. 12% 
	{ B. 27% 
	{ C. 56% 
	{ D. 75% 

20. More than __________ people are using 
healthcare facilities with no water service.

	{ A. 900 million 
	{ B. 300,000 
	{ C. 5 trillion 
	{ D. 900,000 
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do with the vast amounts of information. However, technological 
advancements have now enabled targeted genomic sequencing 
with faster turnaround times, reduced tumor specimen require-
ments and increased ease of use, requiring less training and 
hands on time. As a result, an insourced sequencing model 
is becoming a very attractive proposition for many hospitals, 
including community-based hospitals where the majority of 
cancer patients are diagnosed and treated. In other words, 
bringing testing closer to the patient.

Faster results 
Faster turnaround times are critical to identify patients who may 
be eligible for targeted, potentially more effective, therapies, 
particularly for late-stage patients who do not have time to 
spare. In lung cancer, as one example, patients usually do not 
demonstrate symptoms until their disease has progressed. Their 
cancer often goes undiagnosed until stage IV.2  The five-year 
survival rate for advanced lung cancer is less than 25 percent,3

but a recent drop in lung cancer deaths indicates that new 
treatments, such as immune checkpoint inhibitors and targeted 
therapies, are improving patient outcomes.4 For patients to 
benefit from these treatments, comprehensive molecular test 
results are needed – quickly. In one survey, 76 percent of oncolo-
gists responded that improvement in turnaround times would 
lead to improved patient care. 5 

While insourced NGS is becoming more tenable, many hos-
pitals continue to rely on single-gene testing. Not only does 
sequential single-biomarker testing fail to offer a comprehensive 
view of the molecular profile of a patient’s tumor, due to the 
difficulty of obtaining large amounts of a tumor sample through 

A year ago, most people outside of the science and healthcare 
community were unfamiliar with the concept of next-
generation sequencing (NGS). Fast-forward to today, 

and you cannot read the news without hearing concerns about 
new SARS-CoV-2 variants spreading across the globe, and the 
increased need for viral genome sequencing to better identify 
and track emerging virus mutations. 

While sequencing has only recently become headline news, 
the approach has been used for years to enable fundamental 
biomedical discoveries and has seen the progressive transition to 
clinical testing settings. In oncology, for example, targeted NGS 
has been instrumental in helping the healthcare community 
deliver on the promise of precision medicine by enabling clini-
cians to access precise data about a tumor’s genetic makeup and 
match patients with targeted treatments to improve outcomes. 
What began as a revolutionary research tool in large academic 
medical centers a decade ago has emerged as an important 
platform for clinicians to accelerate the most effective treatment 
of their patients. 

In 2020, the U.S. Food and Drug Administration (FDA) ap-
proved 20 new personalized drugs and biologics.1 For patients 
who are candidates for targeted therapies, these therapies are 
often more efficacious and also less toxic than existing front-line 
therapies, such as chemotherapy or radiation. As more targeted 
therapies become available, demand for multi-biomarker testing 
to match patients with these treatments is growing – creating 
a case for more hospitals to offer NGS assays to their patients.   

Five years ago, NGS for clinical assessment was typically per-
formed in academic medical centers with a deep understanding 
of the technical aspects of sequencing and knowledge of what to 

Insourcing next-generation sequencing 
supports patient care at community 
hospitals
By Garret Hampton, PhD

The availability of more accessible, automated solutions means NGS can now be run cost-ef�ciently with lower sample volumes.

Image by Pete Linforth from Pixabay
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biopsy, there is often insufficient cancer tissue to generate more 
than two or three test results.

 As the utility of NGS for clinical assessment has become 
clearer, clinicians have sought ways to get these tests done. 
However, to get a comprehensive view of a tumor’s molecular 
profile, clinicians have had to send a patient’s tumor sample 
out to a centralized reference lab for NGS testing, a process 
that can take 10 days or more. In addition, there may be higher 
failure rates due to compromised material during shipment or 
lack of sufficient material.6 For many cancer patients, waiting 
for this amount of time to even begin treatment is simply not 
an option. In the absence of the information needed to match 
a patient’s tumor profile with a targeted therapy, a patient may 
have already been started on a conventional treatment, such as 
chemotherapy or radiation, in an attempt to take quick action. 

Today, however, it is possible for a pathology lab at an ac-
credited community hospital to perform NGS and generate 
test results in one to two days. Some community hospitals are 
already putting this new technology into action. As one example, 
William Osler Health System (Osler) in Ontario, Canada, re-
cently began insourcing comprehensive genomic sequencing 
with a fully automated solution. Previously, the hospital’s care 
teams would wait up to two months to receive actionable results 
from outsourced molecular profiling. Then, Osler brought 
biomarker testing in-house and was able to rapidly accelerate 
turnaround times, with test results available 94 percent of the 
time in a patient’s first consult, compared to just 17 percent of 
the time when they were outsourcing testing. Now, by adopting 
an automated NGS solution, with just one test, Osler clinicians 
can access a more comprehensive view of a patient’s tumor 
with the same rapid turnaround times.

Enhanced efficiency 
Research has shown that therapy selection by NGS is also 
economical. A 2018 University Hospitals Cleveland Medical 
Center study on late-stage non-small cell lung cancer patients 
demonstrated how in-house NGS enabled clinicians to identify 
a broader set of actionable drug targets 50 percent faster than 
the time recommended by National Comprehensive Cancer 
Network (NCCN) guidelines – at no additional cost to the 
hospital.7

Previously, NGS was only economical for high throughput 
applications, but the availability of more accessible, automated 
solutions means NGS can now be run cost-efficiently with lower 
sample volumes. In addition, new, fully automated systems 
can be run by one lab technician, rather than a team of highly 
trained technicians or researchers, allowing labs to adopt this 
capability with existing staff and minimal training. The automa-
tion of NGS also minimizes hands-on time to reduce the risk 
of human error while accelerating time-to-results. 

Improved patient outcomes 
In-house testing means patients can benefit from the stronger 
collaboration that naturally occurs between pathologists and on-
cologists. Molecular tumor boards are becoming more common, 
in which oncologists, molecular pathologists, and staff meet to 
formulate the best treatment options for each patient. The board 
provides a forum in which oncologists can ask questions about 
a patient’s particular gene mutation to gain information that 
will impact prognosis or the selection of therapy. Similarly, the 
pathologist becomes part of the patient’s care team, rather than 
just the issuer of a written report, and facilitates translation of 
the NGS results to inform clinical treatment. 

The future of NGS in community hospital settings 
Over the last several years, an increasing number of commu-
nity hospitals have embraced the role that NGS can have on 
informing patient care. Unfortunately, the coronavirus pandemic 
has forced many hospitals and patients to cancel or postpone 
oncology visits and tests. In the interim, some oncology labs 
have leveraged their expertise in molecular testing to join global 
SARS-CoV-2 surveillance efforts, especially as new strains have 
fueled a call for increased sequencing to understand these vari-
ants, including whether they are more transmissible, increase 
disease risk or demonstrate vaccine escape. 

In addition to creating new capabilities for oncology labs 
with existing NGS programs, the pandemic has also acceler-
ated adoption of NGS in labs that have not previously been 
exposed to this technology. While increased SARS-CoV-2 
sequencing will remain important even as vaccination rates 
increase, wider prevalence of community-based access to NGS 
will open the doors for increased use of this technology for 
applications beyond COVID-19 research. Some labs that have 
adopted NGS technology for SARS-CoV-2 research are also 
speaking with local health systems about sequencing cancer 
patient samples, for example.  

Ultimately, the pandemic has raised the profile of NGS and 
accelerated adoption by more labs that can immediately find 
utility sequencing SARS-CoV-2 samples and later apply this 
same technology to oncology and other disease areas, increas-
ing the accessibility of precision medicine throughout more 
communities. The goal is to ensure all patients have access 
to comprehensive test results that can guide more effective, 
targeted therapy selection and improve health outcomes. The 
democratization of NGS is a huge step forward in making this 
possible. 
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At the MLO Forum on COVID-19,
Alameda Health System’s Clinical Laboratories described 
their survival strategy put in place during the COVID-19 
pandemic. From accessing test kits, supplies and reagents, 
to balancing test reagent/supply allocations to meet ever-
changing testing demand, this experience allowed Alameda 
Health System’s laboratories to identify factors critical for the 
selection and successful implementation of a new SARS-
CoV-2 test method by partnering with Seegene.

The speaker at the Forum was Valerie Ng, 
Ph.D., MD, Chair of Laboratory Medicine 
& Pathology at Alameda Health System 
(AHS) and Laboratory Director of the health 
system’s clinical laboratories, who is also 
Professor Emeritus in the Department of 
Laboratory Medicine, UCSF. 

She has served on the board of directors for the Clinical and 
Laboratory Standards Institute and the external advisory 
board for the University of Georgia College of Pharmacy.

Currently, she is the Chair of the Laboratory Medicine 
Editorial Review group for Doody Enterprises, a member of 
the California Hospital Association’s Hospital Laboratory 
Workforce Initiative (HLWI), a member and current Chair 
of the Centers for Disease Control and Prevention’s Clinical 
Laboratory Improvement Amendments Committee (CLIAC), 
a member of the CARB-X Scienti� c Advisory Board, and an 
ad hoc external reviewer for the Moore Inventors Fellows 
Program of the Gordon & Betty Moore Foundation.

The emerging pandemic
While the � rst case hit the States on Jan. 21, 2020, Dr. Ng 
shared that the testing was not widely available until a  month 
later.  Mid-March, Quest came up with their test, but demands 
were soaring. At the end of March, there was a failure in 
the public health lab testing, and Ng personally had to drive 
samples 30 miles away. June 22, 2020, was the � rst time the 
lab was able to implement testing in-house for COVID-19. 
The rapid antigen test did not become available until Dec. 1, 
2020, and by mid-December, they had implemented Seegene 
RT-PCR testing as well. Towards the end of January, a rapid 
antigen test was added to the repertoire, marking the ninth 
test that was implemented in a 10-month period.

March through December, there was additional paid time 
off allowed for the COVID-19 pandemic and mandated by 
the government, resulting in a massive shortage of staff. In 

Alameda Health System’s 
survival strategy for COVID-19
By Marisa L. Williams

September and October, the facility ran out of urine 
collection tubes, and for November and December, they 
ran low on agar media in the microbiology lab, leaving 
them unable to set up cultures to identify pathogens 
and determine susceptibility. Add to that the worldwide 
plastic shortage, and it was hard to get micropipette tips. 
Only able to produce a set number of tests each day with 
a demand at least triple what could be performed forced 
them to reach out to fellow labs for assistance.

Speeding up TAT
Having a Turn-Around-Time (TAT) of 2-3 days was too 
long in the midst of outbreaks, lengthened by the need 
to manually enter results. They had been watching the 
global status of tests being performed each day. They 
noted that South Korea was producing more tests than 
needed and was exporting their surplus. They were 
quite nervous to partner with a vendor from another 
country, especially with buyer beware stories of people
ordering nasal swab supplies from international vendors 
only to receive makeup applicators instead. 

Ng was very attracted to the idea of automation 
for high throughput labs. Seegene offered a line of 
instrumentation to make testing easier, essentially 
a walk-away PCR which met her needs. Seegene’s 
Walnut Creek location was only ten minutes from the 
lab, so Ng’s coworkers loved the idea of being able to 
drive over and knock on their door if they were having 
problems. They also sought a one-stop shopping supply 
chain. Hoping Korea’s control of the COVID-19 pandemic 
meant less local test supply-demand and more available 
for international use, they decided to partner up with 
Seegene for ‘one-stop shopping’ – i.e., reagent kits, 
PCR primers, liquid handler, real-time PCR instrument, 
plate sealer, pipette tips, PCR tray, swabs, and another 
personal computer.  

Offering related products, such as the one-tube primary
screening for SARS-CoV-2, Flu, and RSV by real-time 
PCR, with results available within a few hours after 
extraction with an automated platform and auto-
interpretation, was also of interest (but not yet 
implemented) to Ng. Seegene has also been developing 
assays capable of detecting and identifying SARS-CoV-2 
variants.

For more information, visit www.seegenetech.com

MLO FORUM RECAP:  COVID-19 and the Lab–Testing, Supplies & Management
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Under the revised standard, a crossover study – based on 
a rigorous statistical analysis – can be performed faster with 
fewer QC materials to provide initial QC targets. By updating 
their practice in this regard, laboratories can also benefit from 
significant time and cost savings, while improving their initial 
QC target estimation.

Calculating the new target mean can now be done by mea-
suring 10 QC results over 10 different days. When multiple 
instruments or instrument modules are running the same tests, 
the 10 new lot measurements are spread over the different 
instruments (for example: 5 QC results on two different instru-
ments over 5 days), thus lowering the time to establish a new 
mean even more. There is no longer a need to establish a new 
SD or coefficient of variation (CV). The lab can simply use its 
current QC long-term CV – and use that CV to calculate the 
new SD. Alternatively, the lab can copy the current CV to the 
new lot. After a period of time, the lab would then review QC 
data and may update the range as indicated by performance.

QC Frequency and Testing Volume
Another QC practice that has been defined by regulatory bodies 
is the frequency of running quality control. 

Testing two levels of QC once per day has been the fixed 
minimum for many U.S. laboratories – with the exception of 
blood gas, hematology and coagulation QC, which are run 
more frequently. With almost all of today’s modern instru-
ments running in a continuous testing mode, the QC schedule 
(or when to test QC) is now as important as how many QC 
processes are tested and what QC rules are applied. 

To limit reporting of erroneous patient results, it is not 
the time between QC events that is most important, but the 

Quality control (QC) management is one of the most im-
portant tasks that takes place in the clinical laboratory. 
There are different regulations available for guidance, 

such as CLIA and ISO 15189, which outline mandatory QC 
practices for in the lab. Accreditation bodies – such as COLA, 
CAP and TJC review – audit laboratory QC processes and 
practices and are sources of information, too.

While QC practices should be reviewed periodically to 
improve or enhance them, labs usually don’t do this for 
well-established processes. This may be because revising a 
process will frequently lead to follow-up tasks and updates to 
documentation. If the changes are made to a practical process, 
changes to standard operating procedures (SOP) and retraining 
of the staff may also be needed.

However, new and updated guidance for improved QC 
practices continues to be developed and promoted. Labora-
tories should be aware that some of their current practices 
may have been updated, or their current practices in use might 
need revisions. This article highlights a few QC practices that 
themselves may be in place at some level, but might not be 
current with updated guidance – which can provide useful 
insights and other benefits, such as time and cost savings.

QC targets 
One of the most important tasks in quality control is estab-
lishing a QC target and range, or standard deviation (SD), 
for controls. Both the mean and the SD must be estimated 
by the lab when starting with a new quality control lot. The 
outdated historical practice of measuring 20 results over 20 
days was revised in 2016 via Clinical and Laboratory Standards 
Institute (CLSI) C24 A4.1 

Improving existing QC practices
By Nico Vandepoele, BSc and Curtis Parvin, PhD

Figure 1: Crossover Study Process
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number of patients samples run between these QC events. If 
they only run their QC once per day, a lab running 50 patient 
samples a day and a lab running 5,000 patient samples a day 
have distinctly different levels of risk of reporting incorrect 
patient results.

It is very important to know the number of patient samples 
run between QC events. Based on this number, labs should 
attempt to make the time between QC events shorter than 
the time needed to recover from an out-of-control condition.2   

Many labs are forced to spend extra time identifying, pulling, 
and retesting suspect patient results, because they allowed 
too much time to pass between QC procedures. The solution 
is to shorten the time between QC events.

QC Frequency and Critical Control Points
Besides the number of patient samples run between QC 
events, another important consideration in terms of enhanc-
ing QC practices is the concept of critical control points.1 For 
example, it is important to end a testing run that occurs before 
a critical event with QC. These critical events are tasks that 
might adversely impact the measurement procedure, such as 
replacing reagents, performing maintenance, or calibrating 
instruments. The QC process confirms that the instrument 
was still performing within normal specifications throughout 
the testing run that occurred before the critical event. After 
execution of the critical event, a lab should start the new run 
with another QC procedure to ensure the critical event did 
not negatively impact instrument performance. 

QC procedures also should be executed at the end of the 
day. Many smaller laboratories will start the day with a QC 
run, after they have performed maintenance, replaced reagents 
and performed calibrations. If this process is only repeated 
once a day, it can become challenging for the laboratory to 
effectively confirm if the patient samples tested throughout 
the previous day were produced while the instrument was still 
performing within acceptable specifications. The only way to 
confirm this is for labs to end the day with a QC run. If this 
run is accepted, patient results can be reported. This process 
enhancement is also called “bracketing QC.”

All these suggested practices are part of the laboratory’s 
QC strategy, and they should be based on quality require-
ments and performance goals based on the risk of harm to 
patients. Patient risk-based QC practice guidelines, such as 
CLSI EP-23,4 provide a formal approach, which the laboratory 
can use to establish policies and procedures to help prevent or 
reduce patients’ risk of harm. Labs should evaluate the differ-
ent kinds of malfunctions or errors that an instrument might 
produce and the frequency they could occur. The probability 
of occurrence of patient harm depends on a measurement 
procedure’s reliability, the effectiveness of the laboratory’s 
QC strategy (to limit the number of erroneous patient results 
that get reported when out-of-control conditions occur) and 
the likelihood that erroneously reported results could lead 
to patient harm.

With these patient-risk guidelines, the laboratory should 
devote more QC to analytes with a higher probability that 
erroneous results will lead to patient harm and also to analytes, 
where the expected severity of harm is higher.3 This helps to 
maintain the focus of the lab’s QC on patient safety, as well 
as instrument performance. 

Conclusion
The focus of quality control is no longer centered around the 
instrument alone. It is important to think about the final use 
of the test results. Not all tests are equal; therefore, the QC 
strategy does not need to be exactly the same for all tests. It is 
easy to use the same practice across all tests (same frequency, 
QC rules, number of QC levels, etc.). However, this approach 
leads to situations in which some tests might be doing “too 
much QC,” while other tests might not have sufficient levels 
of error detection, potentially leading to patient harm if not 
detected in time.

Defining QC practices is an ongoing task for any laboratory. 
With new tests, instrumentation, methodologies and updated 
guidance documents emerging all the time, the availability of 
a good QC plan and QC practices is very important. 
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Figure 2: Sequence of events leading to patient harm from reporting an incorrect patient result4
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excusable and even necessary, but many of the general consum-
able categories offer prime opportunity for standardization.”  
Review the costs of basics, such as microscope slides, and 
even slightly more complex products, like pregnancy tests, 
for potential savings.

A key benefit of knowing the supply needs is cost savings. 
To capitalize on savings, a number of sources advise reviewing 
reagent rentals contracts, and considering lower-cost alter-
natives. Rethink “big-box closed systems,” requiring use of a 
supplier’s proprietary reagents and consumables after buying 
the supplier’s analyzer. 

“Instrumentation, and their subsequent reagents, are typi-
cally one of the highest spend categories within any hospi-
tal lab,” Krhovsky said. “This includes, but is not limited to, 
chemistry, immunoassay, hematology, molecular, centralized 
urinalysis and blood bank. The majority of these contracts are 
manufacturer-direct, run five-plus-year terms, and the amount 
to spend that can quickly get into the tens of millions of dollars. 
Incredibly clinical in nature, there is undoubtedly a technical 
element to these decisions that is rooted in the needs, dynamics 
and testing requirements for that particular lab. That being 
said, there is always room for supply chain to be involved with 
product negotiations and contract review.”

Being aware of individual situations, what is and is not offered 
and available at specific locations, some laboratory depart-
ments prefer to operate on their own unique circumstances, 
processes and technology, regardless of rudimentary skills in 
contracting, negotiating and procurement.  A lab director might 
not know the questions to ask or what to look for, but supply 
chain, finance and other organizations can help labs forecast 
their inventory needs.

The ability to forecast and predict volume fluctuations can 
help with more than potential savings, as suppliers advise 
clients on an improved and balanced structure between instru-
ments, reducing time for quality control and calibration.  If there 
is a fluctuation or change in volume, suppliers can also advise 
on creating a new operating model. Reviewing instrumentation 

and capital contracts is important, as is the 
distribution programs.

“If you compare lab distribution to the 
current standard of medical/surgical distri-
bution – where supply chain has been an 
integral partner for decades – the disparity is 
hard to ignore,” Krhovsky noted. “And yet the 
lab is as important as any clinical department 
at the hospital, so why the lack of change 
to the status quo? I believe lab clinicians 
and leaders are busier than ever, and also 
experiencing the pressure of more impactful 
outside stressors. Their focus has been on 
turnaround times, staffing, reimbursement 
changes and other tangible elements that 
are paramount to their long-term relevance 
and viability.”

In looking long-term, dedicating de-
partmental resources and helping to build 
relationships can make a big difference, too, 
according to Barbara Strain, MA, SM (ASCP), 
CVAHP, Principal, Barbara Strain Consulting 

This past year culminated in unforeseen supply chain chal-
lenges for clinical laboratories, forcing many lab directors 
to reevaluate their inventory levels, sources, and the value 

of forecasting.
Focusing on inventory strategies, operational efficiency, 

reagent efficiency and test utilization stewardship, labs can 
leverage their suppliers’ analytic capabilities to mine data from 
instruments and/or middleware to generate an analysis that 
provides detailed breakouts on the use of reagents, calibrations, 
quality control (QC), repeats and troubleshooting. 

Reviewing usage and ordering levels allows lab directors 
to establish their average daily and weekly forecast levels of 
supplies needed, providing insight on testing volumes, which 
can be leveraged to eliminate reagent waste for low-volume 
assays, improving inventory management of both reagents and 
consumables, and eliminating excess QC testing. 

Track supply utilization and keep records 
Lab directors should review reports on supplies ordered, as 
compared to the number of invoiced tests. Utilization goes 
beyond the lab to the entire organization. A facility’s chief 
medical officer can help review the tests the organization runs, 
educating peers on Lab Stewardship and eliminating unneces-
sary supply ordering. 

According to Mark Krhovsky, Vice Presi-
dent of Laboratory Sales, Medline Indus-
tries, there are three primary areas that 
lab directors should focus on: (1.) consum-
able standardization, (2.) instrumentation 
and capital contracts, and (3.) distribution 
programs.

He noted that hospital labs can be no-
torious for product variation. “The lack of 
purchasing oversight has allowed each 
individual clinician [his or her] own procure-

ment power, leading to a more fragmented sourcing approach. 
There are undoubtedly areas where high brand preference is 

Forecasting the laboratory supply chain use
By Marisa L. Williams

Mark Krhovsky

Photo by Louis Reed on Unsplash

Plastic pipette tips and tubes are amongst the supplies that labs report in high demand.
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LLC, formerly Director of Value Management at University of 
Virginia Health System, and current member of MLO’s Editorial 
Advisory Board. Strain has experience in helping labs apply 
value analysis to its decision-making.

“Assign specific buyer and contracting staff to the clinical 
laboratory, including, but not limited to, the core laboratory 
and specialty testing laboratories, [such as] microbiology, mo-

lecular, immunology, toxicology, pathology, 
phlebotomy and blood bank,” Strain recom-
mended. “This assures that the supply chain 
values the laboratory operations and wants 
to have a firsthand understanding of their 
needs.”

Together, they should set up a lab-centric 
inventory management program.

“If one does not already exist, co-de-
signing an inventory management system 
to guarantee laboratory reagents, test kits, 

PPE and other products needed for patient testing are ordered 
and delivered on time every time is key,” she continued. “Supply 
chain and the laboratory might also draw on internal process 
improvement coaches or use services offered by laboratory 
supplier contracts to assist in 5S and other LEAN activities 
to organize workflow and create nearby supply availability 
locations.”

Labs that have embraced value analysis, according to Strain, 
recognize that the process helps to keep initiatives on track by:
• presenting contracting options

 • organizing supplier meetings and presentations
 • assisting in collecting and providing product evaluation 

reports
 • scheduling end-user reference account calls

 • analyzing current versus estimated new costs, ROI and other 
analytics

 • facilitating consensus decision making
 • establishing key performance indicators (KPIs) to monitor 

efforts in meeting their goals

Forecasting challenges
When trying to forecast the supply chain, one tiny mishap can 
put a kink in the entire chain, resulting in unexpected delays 
across the globe.

“The Suez Canal blockage is a huge impact on laboratory 
supplies at the moment,” explained John C. Masserant, MD, a 
retired OB/GYN who now analyzes stocks, noting events that 
impact supply chain issues and the stock market.  “They say 
around 12% of the world trade flows through that canal, and 
that was blocked for nearly a week. Add to that the increased 
demand of lab supplies from the pandemic, with a worldwide 
demand of swabs, lab media, syringes, and anything else as-
sociated with checking for infection or administering vaccines.”

Masserant pointed out that some areas have decreased 
the amount of recycled plastic during the pandemic, which 
increases the need of new plastic production.  “Plastic is made 
from petroleum.  Increasing cost, with a decreased supply of 
petroleum, shipping delays, and the whole situation is com-
pounded by the shortage of domestic supply.” Pipette tips and 
centrifuge tubes have been in short supply since the plastic 
shortage. 

Labs have been feeling the impact, reporting supply shortages 
for blood agar, an enriched culture medium used to grow and 
identify bacteria; Mueller Hinton (MH) media, a type of growth 
to measure antibiotic susceptibility of bacteria; chocolate agar; 
fungal culture media; viral transport media; vaginal panels; 

Barbara Strain,  
MA, SM (ASCP)

A ship stuck in the Suez Canal has created international shipping delays, including for lab supplies.

Image by Igor Groshev at Dreamstime.com
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chain, supplier capacity, demands and rates of consumption.  
While urgent shortages need to be addressed, be aware of 
lurking shortages of other supplies in the future, as the sooner 
they are identified, the better to address it, before the need 
becomes acute.4

These worldwide shortages have inspired many scams and 
substandard equipment, creating a buyer beware environment.  
Valerie Ng, MD, PhD, of Almeda Health System shared her 
worry of purchasing at the MLO Forum on COVID-19, after 
hearing a story of a lab ordering nasal swabs, only to receive 
makeup applicators.5 March: MLO FORUM (swoogo.com).

Creative solutions to supply shortages
With the U.S. International Trade Commission reporting an 
increase in imports of filter plastic pipettes and a double-digit 
percentage increase in the imports of surgical gloves from 
Malaysia and other places, it still was not enough to quench the 
need of laboratories and healthcare professionals.  Recycling 
has come back to the forefront of lab professionals’ minds, 
scrubbing cellular swab tubes to be used for a buffer, as well 
as reusing gloves for non-sterile work.  

With personal protective equipment in high demand, places 
like Michigan Technological University have joined in on the 
3D printing trend, recycling plastic into new creations to try 
to help fill the void.  

After surveying the community to find what PPE were in short 
supply, Michigan Technological University’s Open Sustain-
ability Technology (MOST) Lab designed and developed three 
new tools to help: a high-temperature 3D printer, a firefighter 
mask and a printable, emergency-use ventilator. Nicki Gallup, 
a Biomedical and Mechanical Engineering student, worked 
alongside Joshua Pearce, PhD, a Richard Witte Endowed Profes-
sor of Materials Science and Engineering, helping with the 3-D 
printing of COVID-19 face shields, testing swabs, ventilators, 
and air filtration parts.

With the ingenuity of David Holden, Manager of Technology 
and Innovation and Michigan Tech, and John Schneiderhan, 
Michigan Tech’s Library Technology Specialist, a mini manufac-
turing center was set up in Michigan Tech’s library to produce 
needed PPE during the spring and summer months of 2020 
to help distribute in the rural areas of the Upper Peninsula. 

The pandemic inspired some creative thinking to solve real 
world problems, while bringing to the forefront the future 
needs of labs via forecasting.  Amidst the chaos, it’s easy to 
forget the supply chain of command, where one seemingly 
insignificant detail hinges on another, and something as silly 
as a boat stuck in a sandstorm can impact labs on the other 
side of the globe. 

REFERENCES

1. Hagen, A., 2020. Laboratory supply shortages are impacting COVID-19 and 
non-COVID-19 diagnostic testing. American Society for Microbiology. Available 
at: https://asm.org/Articles/2020/September/Laboratory-Supply-Shortages-
Are-Impacting-COVID-19. Accessed April 1, 2021.
2. News, C. 2021. Lab-supply shortages strike amid global pandemic. Nature.
com. Available at: https://www.nature.com/articles/d41586-021-00613-y. 
Accessed April 1, 2021.
3. MLO State of the Industry survey Best practices while surviving COVID-19 
chaos in the lab. Medical Laboratory Observer .(mlo-online.com)
4. How hospitals can manage supply shortages as demand surges.  Harvard 
Business Review. 2021. Available at: https://hbr.org/2020/04/how-hospitals-
can-manage-supply-shortages-as-demand-surges. Accessed April 1, 2021.
5. MLO Seegene forum link March: MLO FORUM (swoogo.com)

chromogenic agar plates; selective agar for streptococci; tryptic 
soy broth; buffered charcoal yeast extract agar; sabouraud dex-
trose agar; calcofluor white stain; and BD MAX Enteric Bacterial 
Panels, resulting in some labs resorting to Gram stain, fungal 
culture and PCR, instead of the panels.1

Effective demand management emerges from a chain of 
events focusing on supply chain visibility, supply network 
mapping and real-time data accessibility, analysis and trans-
parency, according to Ranna Rose, Vice President, Operations 
and Customer Success, Resilinc.

Rose shared that there are currently multiple ripples in-
tersecting through the supply chain ecosystem. COVID-19 
is still disrupting global supply chains with sudden extreme 
and widespread demand shifts. “In the last 12 months, we’ve 
seen a record hurricane season, California fires, multiple large 
factory fires globally, a Texas freeze, semiconductor shortage, 
container shortages, plastics shortages and most recently, the 
Suez Canal delay. Due to these factors, we forecast a three- to 
six-month delay in global supply chains for most products, 
including materials needed to make lab equipment and other 
healthcare-related goods.”

Rose added, “COVID-19 has been a black swan event of 
historic proportions and has opened the eyes of procurement 
officers and supply chain professionals who quickly realized 
they had limited information about their suppliers’ global op-
erations, and most dramatically, they learned they had little 
visibility to their suppliers’ suppliers. Many woke up to the 
fact they needed greater visibility into their second, third or 
fourth-tier suppliers. It took many unprepared companies more 
than three months to react to the impacts of COVID-19 and 
get their mitigation efforts stabilized and moving forward.”

Best practices from the bench
According to a recent MLO State of the Industry survey3 con-
ducted in February and the resulting report, recommendations 
from lab directors included a review of their test platforms 
and working with public health officials to forecast supply 
level needs. 

The survey found that: 
 • 64% used multiple testing platforms
 • 57% worked with state public health officials to gain access 

to needed testing supplies
 • 45% implemented standing orders for crucial supplies
 • 24% switched to reusable types of PPE
 • 20% revamped their product evaluation process

Due to insufficient supply levels, lab directors mentioned 
paying extreme prices to secure products, having to use multiple 
suppliers, resorting to doing daily inventory updates system-
wide, and using additional areas to store supplies to prevent 
running out when they could procure additional inventory.

Another strategy included using a bartering system, which 
has seen an upsurgence during the pandemic, as labs have 
traded supplies with each other during shortages, pooling 
resources. Pooling physical inventory includes sharing supply 
resources, and not having accurate information will only make 
a shortage worse, especially when some facilities overbought 
“just in case.”  Facilities attempting to out-stock their rivals 
can lead to time-sensitive supplies expiring, being wasted and 
having to be destroyed.  

Good forecasting of needed supplies is critical for managing 
supply bottlenecks and shortages.  Try to pinpoint potential 
bottlenecks and address them, before they become an issue, 
being proactive, instead of reactive, looking at the entire supply 
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C reating severe challenges, an unprecedented worldwide 
spread of SARS-CoV-2 impacted healthcare facilities, 
medical infrastructure, and developments in precision 

medicine. The ongoing COVID-19 pandemic has had devastating 
effects on populations, social structures, and economic growth 
for many nations. These are further impacted by the increasing 
extent of global connectivity and geographical mobility, which 
expedite infection spread at an uncontrollable pace. 

Advances in diagnostic tools, treatment strategies, vaccine 
developments and logistical rollouts all play a pivotal role in 
mitigating the control and spread of SARS-CoV-2. Effective 
control and containment of this pathogen requires reliable 
diagnostic assays and potent therapeutic agents that interlink 
with molecular techniques, as well as accelerated vaccine de-
velopment efforts. Advanced methodologies can be used in 
tracking and monitoring SARS-CoV-2 genomic sequences and 
viral evolution and spread around the world, while measuring 
the efficacy of vaccines throughout the course of clinical trials.

Multiplex SARS-CoV-2 detection 
Recognized as the gold standard, polymerase chain reaction 
(PCR) is one of the most powerful technologies in molecular 
biology.1 Using PCR, specific sequences can be copied, or  “ampli-

fied,” many thousand- to million-fold using sequence-specific 
oligonucleotides. Current front-line PCR testing only determines 
the presence of the virus with most commercial assays identify-
ing SARS-CoV-2 and using a confirmatory method. However, as 
the spread continues, molecular techniques have been criticized 

for not identifying the genetic sequence of the virus or any 
information about the patient’s immune response.2 

In addition, many diagnostic assays currently available and in 
development do not provide clarity in identifying patients who 
have co-infections with symptoms similar to COVID-19. This, in 
turn, provides a need for a multiplex approach for situations, 
in which testing only for SARS-CoV-2 isn’t enough. As SARS-
CoV-2 affects the respiratory tract, it’s vital that a multiplex 
molecular-based assay is used to not only identify SARS-CoV-2, 
but differentiate it from other viral respiratory pathogens, such 
as MERS, Influenza A / B and RSV. 

SARS-CoV-2: Sequencing for Mutations
Coronaviruses are a group of related RNA viruses known to 
cause respiratory tract infections in humans and other animals. 
Although all viruses mutate while replicating and infecting host 
cells, RNA viruses are particularly unstable; meaning, they are 
more prone to mutation during replication.

When viruses produce copies of their genomes inside host 
cells, mutations – changes in their genome sequence – can occur. 
Mutations can affect the way viruses infect cells and replicate 
within them. They can lead to subtle changes in viral proteins, 
which can prevent existing antibodies in the immune system 
from recognizing the virus. Mutations can also reduce the ef-
ficiency of antiviral treatments. It’s important to identify and 
catalog mutations, to better understand how viruses – such as 
the SARS-CoV-2 coronavirus that causes COVID-19 – spread 
and evolve over time.

The majority of viral mutations are minor and have no impact 
on the virus or the disease it causes. However, multiple mutations 
can lead to a new variant of a virus emerging, and sometimes, it 
is possible these new variants are more transmissible or deadly, 
as they can better evade the immune system. Globally, this has 
raised concerns about the efficacy of current vaccine rollouts 
and halted clinical trials currently underway for SARS-CoV-2. 
The emergence of these variants has created concerns that the 
vaccines authorized for COVID-19 may not be the way out of 
the pandemic that the world had hoped for. Fortunately, next-
generation vaccines are coming through the pipeline, which 
have been designed with potential COVID-19 mutations and 
variants specifically in mind. 

Circulating globally, there are now a few concerning muta-
tions: the B.1.1.7 and the B.1.525 lineages in the United Kingdom, 
the B.1.351 lineage in South Africa, the B.1.1.28 lineage in Brazil, 
and many more. Some of these emerging variants are thought 
to be more transmissible, cause more severe disease and/or 
reduce efficacy of treatments and vaccines. Furthermore, variants 
may impact the performance of current diagnostic approaches. 

Of particular interest is a double deletion at position 69-70 
of the spike protein gene (69-70del), observed in the B.1.1.7 and 
B.1.525 variants, which has been found to affect the performance 
of some diagnostic PCR assays that use an S gene target (S 
gene dropout).3,4

Multiplex detection, sequencing and 
assessment of anti-viral immunization 
for SARS-CoV-2
By Martin Conway, BSc

Antibody detection combined with RT-PCR expands the detection window 
of SARS-CoV-2 infection and minimizes false negative RT-PCR testing.

Image by Fernando Zhiminaicela from Pixabay
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SARS-CoV-2, like other known SARS-CoV and SARS-related 
coronaviruses, encodes several smaller open reading frames 
(ORFs) such as ORF1ab, ORF3a, ORF6, ORF7a, ORF7b, ORF8 
and ORF10. These ORFs are predicted to encode for the replicase 
polyprotein, the spike (S) glycoprotein, envelope (E), membrane 
(M), nucleocapsid (N) proteins, accessory proteins, and other 
non-structural proteins (NSP).5,6,7 

Virus sequencing has been widely adapted to confirm indi-
viduals with positive cases of SARS-CoV-2 to distinguish which 
variant that individual has been exposed to. Efforts across the 
globe are underway to confirm whether any of these mutations 
are contributing to increased transmission of infection. However, 
the B.1.1.7 and the B.1.525 lineages in the United Kingdom, the 
B.1.351 lineage in South Africa and the B.1.1.28 lineage in Brazil 
are the most concerning. Most of the attention is on mutations 
in the gene that encodes the spike protein, which is associated 
with viral entry into cells, because this is replicated in therapeutic 
agents and vaccine developments currently in progress. 

Multiplex SARS-CoV-2 serology is a tool to assess 
anti-viral immunization.
Rapid and accurate antibody testing on a large scale is vital 
to addressing some of the challenges presented by the SARS-
CoV-2 pandemic. It plays an important role in research at the 
precision-medicine level and in surveillance strategies.

Serology tests measure the presence of antibodies (Abs) in 
the blood that occur when the body is responding to a specific 
infection – in this case, SARS-CoV-2 – which causes individuals 
to be infected with COVID-19. Antibodies to COVID-19 are 
produced over days to weeks after infection with the virus. The 
presence of antibodies indicates that a person was infected with 
the SARS-CoV-2 virus, irrespective of whether the individual 
had severe or mild disease, or even asymptomatic infection.

The use of SARS-CoV-2 serology testing has been challenging 
for a variety of reasons, such as the realization that the humoral 
immune response to the natural infection was very variable 
between individuals, was not systematically correlated with the 
cellular immune response governing the long-term memory 
response and varied widely over time, with specific anti-viral 
antibodies waning rapidly after recovery.8,9,10

Establishing a universal serology assay, able to detect the 
SARS-CoV-2 antibodies in every subject exposed to the virus, 
therefore, requires exquisite sensitivity. By increasing the 
number of antigenic targets in a single test, the chances of 
detecting at least one of the targets at a significant level is one 
of the best ways to increase the clinical sensitivity of specific 
antibody detection. It can also be a useful indicator of the time 
of infection, based on the respective kinetic of the various Ab 
species.   

With the massive vaccination effort in progress globally, it 
is also important to identify people with pre-existing SARS-
CoV-2 antibodies (that would potentially be eligible to a single 
vaccinal injection), and to study the various antibody species 
after vaccination to potentially determine a protective Ab level. 
Obviously, the antigenic component of the vaccine will define 
immunological diversity. It is expected, that taking into account 
the contribution of each Ab fraction, rather than relying on a 
single one, may reflect more accurately the immune status of an 
individual. Also, with the likely migration from intramuscular to 
nasal vaccination, salivary immunological profiling will become 
increasingly dominant.10  

Widely used by precision medicine, antibody testing pro-
vides benefits to validate the effectiveness of vaccine trials. 
When there is little or no access to molecular testing, serol-

ogy tests provide a means to quickly triage suspected cases 
of COVID-19, enabling appropriate case management, and 
guiding public health measures, such as quarantine or self-
isolation. It is recognised that conventional serological tests 
have a high-throughput advantage that can complement PCR 
molecular testing. Antibody detection combined with RT-PCR 
expands the detection window of SARS-CoV-2 infection and 
minimizes false negative results from RT-PCR testing. Widely 
noted for effectively discriminating vaccinated individuals from 
those who have been naturally infected, it can also be used to 
identify disease severity, enabling calculation of previse rates 
of infection and case fatality rates. 

Vaccine efficacy itself is very carefully determined during 
clinical trials, with emphasis being placed on the amount of 
neutralizing Abs vs the total Ab response. At present, anti-S 
antibodies have been shown to be closely correlated with the 
anti-RBD neutralizing antibodies; however, little is known about 
the contribution of other Ab species to the total neutralization 
power of the immune response.11,12 A multiplex approach should, 
therefore, be of interest to vaccine developers, because it will 
help refine their assessment of their product’s efficacy at various 
time frames post injection.  
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mutations on a test’s performance is in-
fluenced by several factors, including the 
sequence of the variant, the design of the 
test, and the prevalence of the variant in 
the population.”

With molecular tests, false negatives 
may occur if a mutation is in the part of 
the virus’ genome that is being detected by 
a test. Since molecular tests use multiple 
genetic targets, final results are not as 
likely to be impacted by genetic variants. 
When viral genome changes viral proteins, 
it can impact an antigen or serology test.

Treat the whole patient. If there is a 
negative result, but clinical observations 
show additional signs, the patient has a 
worrisome history, or epidemiological 
information makes you think otherwise, 
consider retesting with a different test, 
perhaps targeting different genetics, if 
COVID-19 is still suspected. 

Laboratories around the globe struggle 
to keep up with the number of emerging 
variants. “In terms of the variants, we have 
been following guidelines from different 
governments and institutions, using 
resources like the FDA, CDC and World 
Health Organization, for variants of con-
cerns, and we target those regions,” said 
Helen Roberts, PhD, President of Seegene 
Technologies, one of the many companies 
targeting variants for testing.

“Viruses often have mutations based on 
how prevalent a virus becomes. The more 
there is, the more likely there will be muta-
tions, so mutations are not a surprise to the 
scientific community. It’s more about dis-
covering where the mutations are and how 
they affect, as they usually adapt to give an 
advantage to the virus, a selection. It’s not 
surprising how fast the virus spreads. We 
have used an AI-based system to develop, 
and that’s our key ability: to quickly adapt 
to make assays,” explained Roberts.

There’s a vast amount to learn about 
variants, from finding how far they have 
spread, to knowing the similarities and 
differences between strains, which helps 
to recommend the best therapies, tests 
and vaccines.

“If a nucleotide is missing, a sequencing 
is different from one to the next.” Roberts 
shared how the differences impact an 
assay that can detect a deletion, as assays 
are designed to detect a specific protein 
sequence. If that sequence should change, 
“that change has a huge effect of how it 
hybridizes to find its target.  We look for 
changes and deletions.”

People often confuse the terms variant, 
mutant and strain. A mutation is a 
single nucleotide change, which is 

introduced in the viral genome that leads 
to an amino acid change, while a variant is 
the viral genome that contains a particular 
set of mutations, and a strain is a variant 
that shows a differing phenotype, such as 
being more pathogenic or transmissible.1

For example, the UK variant, known as 
B1.1.7, has 23 mutations with 17 amino acid 
changes. Thus, it is considered a strain, as it 
has evidence of being more infectious. An 
amino acid change, a deletion or an inser-
tion into the spike protein, can result in a 
mutation. Mutations take place throughout 
the viral genome, but it’s not an equal oc-
currence, as there are “hotspots,” such as 
the spike protein.

The Centers for Disease Control and 
Prevention (CDC) has been receiving 
samples from various state departments 
and agencies for sequencing since Nov. 
2020. They provide further characterization, 
sequencing and evaluation. At the end of 
January 2021, the National SARS-CoV-2 
Strain Surveillance (NS3) system was 
ramped up to 750 samples a week from 
across the country, as the CDC contracts 
with large commercial diagnostic labs to 
sequence 6,000 samples per week, with the 
capacity to increase if need be. 1

Next-generation sequencing (NGS) 
and bioinformatics have been integrated 
into the public health system since 2014. 
Health departments apply for the re-
sources during response to COVID-19, 
making genomic data available to public 
databases. In Dec. 2020, $15 million of 
COVID supplemental funds were released 
through the Epidemiology and Laboratory 
Capacity Program.

The CDC leads a national consortium 
of laboratories sequencing SARS-CoV-2 
(SPHERES), which consists of more than 
160 institutions, including academic 
centers, industry, non-governmental or-
ganizations, and public health agencies. 
This networking allows genomic data to 
be available through public databases for 
use by public health professionals and 
researchers.  The FDA uses the health 
sequencing data to monitor mutations.

Sequencing and lab work
According to the FDA website, “the pres-
ence of mutations in the SARS-CoV-2 
virus in a patient sample can potentially 
impact test performance. The impact of 

Through genomic sequencing, genes 
are decoded, a key to making new discov-
eries. The sections, or genes, are encoded 
to build the virus, and this is how the 
changes to variants can be monitored 
over time, knowing their characteristics.

Synthetic genomes can be used to gen-
erate viruses to test vaccines. “Synthetic 
genomes are a much more reliable and 
scalable source of viruses than clinical 
samples, since clinical samples, when 
propagated extensively, often result in a 
mixture of virus population with multiple 
genomic changes,” explained Charlie 
Schmidt, Codex DNA Senior Director of 
Marketing. Synthetic genomes have also 
served as diagnostic controls in RT-PCR 
and NGS based assays. 

“Codex DNA has harnessed its exper-
tise in genome building to achieve one 
of the fastest design-build cycles in the 
industry. This is particularly important 
in the current scenario with the emerg-
ing SARS-CoV-2 variants. Researchers 
are able to use synthetic genomes of the 
emerging variants to quickly generate 
viral particles to test against existing or 
newly designed vaccines/therapeutics. 
Synthetic genomes will also be key in 
tracking the spread of the new and emerg-
ing variants across the globe through their 
use as diagnostic controls,” said Schmidt.

Manoj Gandhi, MD, PhD, Senior 
Medical Director for Genetic Testing 
Solutions at Thermo Fisher Scientific sug-
gested as the emphasis for SARS-CoV-2 
strain identification increases, lab profes-
sionals will see an increased demand for 
surveillance testing. 

“Conventional surveillance testing 
is performed by sequencing the viral 
genome. In some ways, sequencing can 
be considered as the ‘classic’ surveil-
lance methodology. Since next genera-
tion sequencing (NGS) can provide the 
sequence of the entire viral genome, one 
can exactly know what the full sequence 
of the virus is. NGS is mostly useful if 
one would like to sequence the entire 
genome to discover ‘new’ or ‘emerging’ 
variants. In addition to NGS, one can also 
perform targeted sequencing of specific 
regions within the viral genome, such as 
the S-gene for example, using capillary 
electrophoresis, also commonly known 
as Sanger sequencing. Sanger sequenc-
ing can help rapidly verify and confirm 
the presence of specific mutations in the 
sample,” said Gandhi.

Analysis of variants on COVID-19 testing
By Marisa L. Williams
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James Gilmore, CCO of SeqOnce 
Biosciences, said, “RT-qPCR testing for 
Variants of Concern is faster and less 
expensive than sequencing. Additionally, 
more labs have access to qPCR instru-
ments, compared to sequencers, so using 
qPCR makes sense for surveillance.” 

An assay is faster for labs to adopt than 
genomes. “It’s just a workflow,” Roberts 
explained. “The sample prep to read up is 
a longer workflow, and sequencing takes 
a few hours, so it’s a longer workflow 
than the assays,” which would be around 
two hours.

Government and private databases 
track variant impact on COVID-19 
severity, as well as the effectiveness of 

vaccines and therapeutics. Researchers 
can track the variants’ ability to spread, 
cause milder or more severe symptoms, 
and evade detection through some diag-
nostic tests. Many popular nucleic acid 
amplification tests use reverse transcrip-
tion polymerase chain reaction (RT-PCR), 
where there are multiple detection 
targets. Thus, if a mutation impacts one of 
the targets, the other RT-PCR targets will 
still work, but in tests relying on only one 
target, mutations may not be detected. 

Challenges
“From a laboratory perspective, the 
mutations in these variants may impact 
the way some of the diagnostic tests are 

able to detect the presence of the virus. 
For example, the 69-70 deletion in the 
S-gene in the B.1.1.7 variant can result 
in a S-gene target failure (SGTF), also 
called as a S-gene drop out, in the TaqPath 
COVID-19 Combo Kit. However, due to 
the built-in redundancy of the assay with 
two other targets available for result 
calling, the overall sensitivity of the test 
should not be impacted. Moreover, the 
S-gene drop out may be used as surveil-
lance tool as an indicator for the pres-
ence of the B.1.1.7 variant of concern,” 
said Gandhi. 

“In light of the mutations that are 
occurring in different part of the viral 
genome, laboratory professionals need 

The first variant, D614G
The original Wuhan strain’s first vari-
ant had a single amino acid change at 
position 614 in the S1 region, where 
a spike protein changed as aspartic 
acid to a glycine, known as D614G

The first genetic sequence was 
first identified in the United States 
as USA-WA1/2020.3

The United Kingdom (UK) 
variant, B.1.1.7
The B.1.1.7 Variant of Concern (VOC) 
is known as 201/501Y.V1. 

Having a mutation in the receptor 
binding domain (RBD) at position 501 
of the spike protein, the amino acid 
asparagine (N) has been replaced 
with tyrosine (Y), making shorthand 
notation of this mutation N501Y. 

There is a 69/70 deletion that has 
occurred spontaneously often, which 
could lead to a conformational change 
in the spike protein.

Near the S1/S2 furin cleavage site, 
a site that varies a lot in coronavi-
ruses, P681H mutation has emerged 
spontaneously a number of times.

The South Africa variant, B.1.351
Shares some mutations with B.1.1.7, 
such as the N501Y. 

Other protein spikes include K417N 
and E484K, but it does not have the 
69/70 deletion.

The E484K spike protein mutation 
may affect neutralization from some 
of the polyclonal and monoclonal 
antibodies.

The Brazilian variant, P.1
The Brazilian variant, P.1, also known 
as 20J/501Y.V3, is a branch of B1.1.28.1

It has three mutations in the spike 
protein receptor binding domain at 
K417T, E484K and N501Y. 

The emergence of this variant in 
Manaus, where 75 percent of the 
population previously had been 
infected in October 2020, with 42 
percent getting reinfected with the 
variant in December 2020. 

∆FVIspike
The Cluster 5 variant, or ∆FVIspike, 
mutations include 69-70deltaHV, 
which is a deletion of histidine and 
valine residues at 69th and 70th 
positions in the protein spike; Y453F, 
which is a change from tyrosine to 
phenylalanine at position 453; I692V, 
a change from isoleucine to valine 
at position 692; M1229I, methionine 
to isoleucine at position 1229; and 
a non-conservative substitution 
S1147L.

Spill-over from mink to humans 
can also spill-back from humans to 
minks, creating a concern about ani-
mal transmission of the virus, result-
ing in Denmark culling all farmed 
minks in attempt to rid the country 
of this strain.  

B.1.427/B.1.429
Virologists found B.1.427/B.1.4293 to 
have a spike protein mutation at posi-
tion 452,2 called L452R.

This mutation allows this variant 
to evade some vaccine antibodies, 
and the N501Y mutation speeds up 
transmission. 

P.2
Characterized by a protein spike 
mutation at E484K.

S2
Named for its mutation in S2, called 
Q667P, it may enhance fusion of virus 
with the host cell.1

Mutations in S1-NTD and S2 could 
potentially present an immune 
escape adaptation.

Uganda strain, UG053
A sub-lineages A.23 and A.23.1. 

In Uganda prison outbreaks, A.23 
was spotted with three amino acid 
changes in S1 of the spike protein: 
F157L, V367F, and Q613H.  

In A.23.1, the sequence encoded a 
few amino acid changes in the spike 
protein, such as open readings in 
frames 8 and 9 (ORF8 and ORF9) 
and nonstructural protein (snp3 and 
nsp6); it features E484K. 

In the region, 39 percent of strains 
were of major B lineage, and 61 
percent are within the A lineage. Of 
six lethal cases in the country, the 
genome sequences belonged to lin-
eage A.25 and B.1.393.

Variant Under Investigation (VUI)
The variant VUI-202102/04 is a VUI, 
having a key mutation of E484K, 
which can “escape” antibodies of 
variants. 

The VIU-202201/01 was first found, 
also with the E484K mutation.

Another UK variant known as 
B.1.1.318 has the E484K mutation, but 
it does not have the N501K mutation 
that other variants have. 

B.1.525 is a VUI that is similar to 
B1.1.7 but with additional mutations, 
including E484K.4

Emerging COVID-19 variants
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For tracking lineages, sequencing is 
good for identifying new mutations; 
whereas, PCR-based mutation testing 
is good for known mutations.

“Viruses mutate and especially RNA 
viruses like the coronavirus are more 
prone to undergoing mutations. As 
we now move from a pandemic to an 
endemic state, more and more people 
will either have the natural infection 
or will be vaccinated. As the human 
body mounts an immune response in 
either of those situations, there is selec-
tive pressure on the virus to mutate at 
higher rates. Recent data shows that the 
SARS-CoV-2 virus may be mutating much 
more rapidly that we may have antici-
pated. Some of these variants have been 
shown to be more transmissible. Some 
may impact the disease severity, and 
some may even impact vaccine efficacy. 
As the virus evolves, lab workers can 
expect to see certain variants harboring 
specific mutations becoming dominant in 
the population, a phenomenon called as 
convergent evolution,” explained Gandhi.

“Because there are so many mutations, 
labs really should consider their strategy 
to identify from strands,” Roberts added. 
“Think about how they want to tackle that 
issue to identify and report to the CDC or 
state labs to stay on top of mutations. It’s 
better for all of us Americans.”
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of a lipid ball that enters cells, creating 
the immune system.

With so many developments on a fast 
learning curve, it’s tough for laboratories 
to keep up with the latest about variants 
and mutations. “There isn’t really a re-
source like the FDA EUA website, so it’s 
more challenging. Companies market 
themselves, because the FDA hasn’t 
consolidated and authorized for clini-
cal use yet. It’s all for research use. The 
FDA is still recommending sequencing 
for variant typing, but not all laboratories 
have access to that,” said Roberts.

Gilmore said, “from a pandemic 
standpoint, we seem to be in a game of 
’whack-a-mole’ for developing assays 
to detect the SARS-CoV-2 mutations. 
New mutations are being reported 
almost daily. This has made SeqOnce 
Biosciences re-think how to approach 
our assay development by making it 
more routine, ordering multiple probe/
primer designs simultaneously (rather 
than sequentially), and streamlining the 
manufacturing process (e.g. conserving 
plasticware, maintaining consistent for-
mulations and master mixes).” SeqOnce 
Biosciences has RT-qPCR assays for the 
CDC SARS-CoV-2 Variants of Concern 
(VOC), including: N501Y, E484K, and K417 
wild type. They are also in the process 
of developing assays to detect variants 
E484Q, Q677H, and F888L.

“This is still very new,” explained 
Roberts. “Most labs are not testing yet. 
Now, there’s a few of us that have released 
tests, and it’s important for researchers 
to know there are several now available 
as a tool for them.”

Roberts stressed the important for 
surveillance and epidemiology to see if 
variants of concern are circulating in an 
area, as some are more resistant to vac-
cines. “So, be aware of what is circulating 
in the client pool, and be aware assays 
are available as a tool for them. PCR’s are 
easier than assays for labs to adopt if they 
are not already set up for sequencing.”

Advice for labs
“Labs should be aware that variants of 
concern may have multiple mutations of 
interest. As an example, there are reports 
of ‘double mutation,’ where a variant in 
India was positive for both L452R and 
E484Q,” said Gilmore. 

“It’s very important for labs to under-
stand the assays they’re using,” Roberts 
stressed, “as a few have been noted to have 
performances changed, so it’s important 
for labs to understand what assays they’re 
using and what part of the gene they are 
detecting. So, if they see a weird pattern, 
is this a variant issue, or something else?”  

to make sure that these mutations are 
not impacting the PCR tests that have 
been deployed in their laboratory for 
SARS-CoV-2 detection. Laboratory pro-
fessionals also need to evaluate tests as 
to which and how many targets does a 
specific test use for result calling. Multi 
target assays that target more than one 
region of the viral genome are generally 
preferable to single target assays, since 
it offers built-in redundancy in case one 
of the targets is impacted by a mutation.” 

When testing for B.1.427/B.1.429, he 
added, “due to the presence of the L452R 
mutation, it may be associated with poor 
response to antibody-based therapies.”

Studies have shown spike-bearing 
viruses do not infect cells when soluble 
ACE2 is present, as it acts like a viral 
decoy, or with Camostate (Calu-3 cells), 
a TMPRSS2 inhibitor.1 A 13/14 sera from 
infected patients also produced potent 
neutralization of spike-driven entry into 
the host cell. 

For molecular tests, the FDA noted 
the following molecular tests may be 
impacted by mutations: 

 • Accula SARS-CoV-2 test, Mesa Biotech, 
for a variant at position 28881 (GGG 
to AAC)

 • Linea COVDI-19 Assay Kit, Applied 
DNA Sciences, impacted by B.1.1.7 
mutations 

 • TaqPath COVID-19 Combo Kit, Thermo 
Fisher Scientific, reduced sensitivity to 
S-gene target 

 • Xpert Xpress SARS-CoV-2, Xpert 
Xpress SARS-CoV-2 DoD, and Xpert 
Omni SARS-CoV-2, Cepheid, which 
has sensitivity detecting the N2 target3 

Most developing vaccines are either 
mRNA, adenoviral or recombinant 
protein, and all currently approved vac-
cines targets the spike protein; thus, a 
RBD-based assay has to be used when 
determining a vaccine antibody response 
when the nucleoprotein is not a part of it. 

Studies of the mRNA-1273 vaccine 
against various variants4 revealed a de-
crease in titers of neutralizing antibodies 
against B.1.351,5 but it had no real effect 
on B.1.1.7. Levels of neutralization against 
D614 were similar to strains EU1, 20A.
EU2, N439K-D614G and the cluster 5 
variants.

The Janssen vaccine is based on older 
vaccine technology using a cold virus to 
deliver instructions to make the spike 
protein used by the COVID-19 virus, 
triggering an immune response and 
the development of antibodies. Similar 
technology was used to make the vaccine 
against Ebola. The Moderna and Pfizer 
vaccines differ, as they deliver mRNA 
instructions for the spike protein inside 
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Monitor SARS-CoV-2 mutations and variants that 
are here now, as well as those to come
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registered trademark of Roche Molecular Systems, Inc., used under permission and license. COL25014 0421

 Learn more at thermofisher.com/mutationpanel

The Applied Biosystems™ TaqMan® SARS-CoV-2 Mutation Panel comes 
with a customizable menu of 22 verified real-time PCR assays to give 
you the answers you need today, while preparing you for those to come. 
This scalable solution enables you to monitor SARS-CoV-2 mutations, 
all on your current real-time PCR instrumentation.

• Customizable panel—build your own custom panel from a menu 
of 22 verified real-time PCR assays to identify currently relevant 
SARS-CoV-2 mutations and adapt quickly as additional mutations 
and variants emerge

• Fast and convenient—use your current real-time PCR 
instrumentation to conduct follow-up testing of SARS-CoV-2 samples; 
go from RNA to results in just over an hour

• Scalable—run a few, or hundreds, of samples to monitor for one or 
many mutations
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performed without prior authorization, medically unnecessary 
or not covered by an insurance plan.2

XIFIN’s analysts also have seen an increase in denials associ-
ated with what are known as Medically Unlikely Edits, which 
are coding rules developed by the Centers for Medicare & 
Medicaid Services (CMS) to determine the maximum number 
of units of service allowed for a given date and patient. “We’ve 
recently begun to see payers denying all units associated with a 
procedure code that exceeds the MUE limit, instead of only the 
subsequent units that exceed the limit,” said Clarisa Blattner, 
Senior Director, MDx Support Services at XIFIN.

Blattner said XIFIN also has seen an increase in denials 
for missing information (CO 16) and missing documentation 
(CO 252).

“Although, the claim itself may have a diagnosis code/ICD-
10-CM code that supports medical necessity, some payers are 
performing post-payment audits, requesting medical records 
to confirm the ordering/treating physician has documented 
the patient’s diagnosis, clinical justification for requesting the 
test, how the test will impact clinical decision making, and the 
treatment plan,” Blattner said. 

COVID-19 issues
Jim O’Neill, Business Development Manager for Labora-
tory Services at Advanced Data Systems Corporation, said 
denials have been particularly problematic for COVID-19 
testing. However, this has been less of an issue in 2021 than 
it was in 2020. He most often sees claims denied because of 

The rate of claims denials at health systems and laboratories 
has been increasing, which means that managing denials is 
becoming an important part of an organization’s revenue 

cycle workflow.
The Change Healthcare 2020 Revenue Cycle Denials Index 

showed that the rate of denials for the healthcare industry in-
creased steadily between 2017 and 2020, topping out at 11% of 
claims being denied in the third quarter of 2020. The analysis 
was based on more than 102 million claim remittances, reflecting 
more than $407 billion in total charges, processed by Change 
Healthcare between July 2019-June 2020 for 1,500 hospitals 
nationwide.1

Meanwhile, XIFIN, a vendor of revenue cycle management 
software, performed an analysis on its laboratory customers’ 
claims data to uncover trends in denials. It found that the per-
centage of claims denied varied by type of lab (such as clinical, 
molecular, hospital or pathology) and payer (such as Blue Cross 
Blue Shield or Medicare). For example, molecular labs faced 
the highest denial rates for in-network claims, ranging from 
slightly more than 20% for commercial payers to nearly 45% 
for Medicaid. For clinical labs, denial rates ranged from less 
than 5% for Medicare to 22.5% for workers’ compensation.2

Overall, XIFIN said denial rates averaged 15% for in-network 
claims and 30% for out-of-network claims.

Reasons for denials
XIFIN also analyzed the reasons for denials, finding that the most 
common reasons for denials are for tests deemed experimental, 

Automating denials management for lab 
reimbursement
By Linda Wilson

Automating the steps in the revenue cycle process helps produce clean claims and fewer denials. 

Image by Fololia
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missing or inaccurate information about insurance eligibility 
or diagnosis codes. 

Suren Avunjian, Chief Executive Officer of LigoLab, said 
denials for COVID-19-related CPT codes often occur because 
of the fast pace of regulatory changes and updates about the 
use of add-on code U0005 for COVID-19 tests.

Effective January 1, 2021, CMS decreased its base payment 
rate for a high-throughput COVID-19 test from $100 to $75. 

At the same time, it created add-on code U0005, which allows 
labs to bill Medicare an additional $25 for a molecular COVID-
19 test run on high-throughput technology if two conditions 
are met:

 • A turnaround time of two calendar days from the time the 
specimen is collected.

 • The majority, which CMS defines as 51%, of high-throughput 
COVID-19 tests in the previous month also met the TAT re-
quirement of two calendar days or less.3

Preventing denials
Whatever the reasons for denials, there are steps labs can take to 
both prevent them from happening in the first place or resolve 
them successfully when they do occur. 

To prevent denials, which is the most cost-effective of the 
two options, labs should fix errors, before they submit claims to 
payers. “Clean claims are less likely to be rejected and more likely 
to be paid,” Avunjian explained. “Any reworking of claims, even 

if successful, drives up costs, reduces employee productivity, 
and negatively impacts the customer experience.”

Automating the steps in the revenue cycle process helps 
produce clean claims and fewer denials.

On the front end of the process, it is important to ensure 
that accurate information is gathered from patients. Avunjian 
suggests that labs consider using automated tools to verify pa-
tients’ address and insurance information, including eligibility 
verification. 

Diana Richard, Director of the Anatomic Pathology Program 
at XIFIN, recommends that labs incorporate a direct interface 
with a service that specializes in prior authorization. “There are 
several very qualified vendors that offer this service, allowing 
laboratories to confirm prior authorization on the front end of 
the billing process; integrated, these services can establish an 
automated process for acquiring prior authorization numbers 
from the vendor electronically without requiring additional 
staff to manage.” 

Avunjian also recommends that labs consider automation 
designed to predict possible denial of claims based on an 
analysis of a payer’s history. Specifically, labs should look for 
“billing patterns in rejections related to payer regulations and 
requirements,” he said.

O’Neill added that tight integration between a laboratory 
information system (LIS) and revenue cycle software also is 
important. “If the LIS is sending over the appropriate infor-
mation, a quality RCM company or quality laboratory billing 
software product should be able to catch – using a rules-based 
system – any type of error coming through.” 

O’Neill also said, “If there are any issues with regards to 
missing or invalid information, the billing company or RCM 
company should pick that up all almost immediately.” At that 
point, any missing or inaccurate information should be reported 
back to the lab and referring physician within 24 to 48 hours 
to be corrected. 

Avunjian said, “LIS and RCM integration gives labs a head 
start on the billing cycle. Integrated RCM adds transparency 
and automation to the process that begins at order origination 
and before testing.” 

Even with automation, labs still need to educate referring 
physicians about using the correct diagnosis codes and docu-
menting the clinical indications for various tests in patients’ 
medical records.

O’Neill noted that it is better to have a conversation with refer-
ring physicians upfront about the type of information needed 
for a clean claim. “And the problem is most laboratories are 
not doing that these days, and they’re causing themselves a 
lot of issues with regards to accounts receivable building up.” 

Appealing denials
But even if front-end staff follows the steps before sending a 
claim to a payer, some denials still occur.

Then it is time to rework the claims. As is the case on the 
front end of the revenue cycle, automation in the process of 
reworking denials also increases efficiency. “The less manpower 
that’s involved in correcting your claim and refiling a claim, the 
more profitable it is for the laboratory to get smaller claims 
paid,” O’Neill said.

XIFIN’s Blattner agrees. “Having an automated workflow and 
the ability to attach custom letters (driven by denial type, CPT 
code, and/or payer, and level 1, 2, and 3) to pathology reports, 
requisitions, clinical history and other key documents also 
increases your efficiency and likelihood of success.” 

Level one appeals typically require a cover letter, pathology 
report, and requisition, Blattner said.

For level two and three appeals, payers often have regis-
tered nurses or other qualified individuals reviewing them. 
“But they’re likely not specialized in pathology coding and will 
follow AMA (American Medical Association) coding guidelines 
very closely. It’s critical to use terminology consistent with the 
guidelines to explain your purposes for justifying the services 
performed. This way, the individual reviewing your claims 
can assess it with the consistency of the information they’re 
referencing,” Blattner said.  
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“Clean claims are less likely to be rejected and 
more likely to be paid. Any reworking of claims, 
even if successful, drives up costs, reduces 
employee productivity, and negatively impacts 
the customer experience.”  
—Suren Avunjian,  
Chief Executive Of�cer of LigoLab 
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ePlex® System:  The True Sample-to-Answer 
Solution®

The ePlex® System tests for a 
wide range of bacteria, viruses 
and fungi that cause respiratory 
or blood infections, identifying 
the culprit in under two hours, 
delivering fast, accurate and 
comprehensive testing vital to 
safe and effective patient care.

Genmark Diagnostics

The Intelligent Analyzer

GEM® PremierTM 5000 blood 
gas system with iQM®2 assures 
quality before, during and after 
every sample in lab and POC test-
ing—for improved patient care. 
All-in-one, multi-use cartridge 
offers advanced simplicity. 

Instrumentation Laboratory

Affordable Safe Solutions to Decap / Recap 
Repetitive manual Decapping and/
or Recapping of tubes exposes your 
staff to potential repetitive stress in-
juries. We offer a variety of models 
to fit any volume needs. Our Pluggo 
Decappers and KapSafe Recappers 
will eliminate potential injuries. 

Laboratory Growth & Productivity

Comprehensive STI Menu Empowers 
Accurate Detection

Hologic’s breadth of assays for 
sexual and vaginal health deliver 
comprehensive and flexible test-
ing with proven performance on 
the Panther® system – enabling 
accurate diagnosis to help pre-
vent the spread of disease and 

protect reproductive health. 

Hologic

Multitest Swab. Multiple Sites. Multiple 
Answers

The Aptima® Multitest Swab simplifies 
testing for sexual and vaginal health 
by detection of up to 7 infections and 
disease states with just one vaginal 
swab sample.

Hologic

Truly Integrated LIS Transforms Lab 
Efficiency 

With one user interface, 
one vendor platform, 
and one common ar-
chitecture, LabVantage 

Medical Suite is one logical choice for your laboratory 
information system. Need one more reason? We have 
five. Download our white paper.

LabVantage Solutions

Prime Plus Critical Care Blood Gas Analyzer
Stat Profile Prime Plus® whole blood 
critical care analyzer combines mainte-
nance-free cartridge technology for sen-
sors and reagents with patented, non-lys-
ing whole blood co-oximetry technology. 
Test menu includes blood gases, electro-
lytes, metabolites, Hb, Hct, CO-Ox, and 
estimated plasma volume, with results 
in about one minute. 

Nova Biomedical 

New RF (Ver.2) Assay for Chemistry 
Analyzers 

KAMIYA BIOMEDICAL is intro-
ducing a new reagent for mea-
suring RF.  4 times wider mea-
suring range than most other RF 
assays with superior sensitivity.  
Applications available for most 
chemistry analyzers.  For IVD use.

KAMIYA BIOMEDICAL
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Compact Lab-grade CBC Analyzer
Delivers 5-part differential results 
in minutes from 2 drops of blood 
obtained from a fingerstick or ve-
nous sample.
• For patients aged 3 months+
• Single-use cartridge
• Minimal training
• No maintenance
• No reagent or liquid waste

Sight Diagnostics

Customizable and adaptable: SARS-CoV-2 
mutation panel

Customize your own TaqMan 
SARS-CoV-2 Mutation Panel 
from our menu of 22 verified re-
al-time PCR assays to monitor for 
relevant mutations to give you 
answers you need today with 
the flexibility to adapt as new 
mutations emerge. 

Thermo Fisher Scientific

Hologic SARS-CoV-2 Testing Trifecta 
The TRIFECTA of solutions to 
streamline your workflow from pa-
tient collection to results. Expedite 
your Aptima® SARS-CoV-2 testing 
with direct load tubes, detect with 
excellent sensitivity, and deliver 
with scalable automation using 
the Panther® system.  

Hologic

Dipper POCT® Urinalysis Dipstick Control
Dipper POCT® Urinalysis Dipstick 
Control is a single-use quality 
control designed for use in every 
testing environment. 

• 3 years stability w/ 3 months  
   at RT 

• Full immersion dipper QC

• Includes hCG

Quantimetrix

StatStrip Glucose Hospital Meter System
StatStrip Glucose is the only hospi-
tal glucose meter FDA cleared and 
CLIA waived for use throughout all 
hospital and professional health-
care settings. Use of any other strip-
based glucose meter with critically 
ill patients is considered “off-label” 
by the FDA and CMS. 

Nova Biomedical 

ALCOR Scientific Proudly Presents the 
miniiSED®

The miniiSED® is a single position, fully 
automated ESR analyzer that works di-
rectly from the primary EDTA tube and 
produces an ESR result in 15 seconds. 
The miniiSED® is half the size of the iSED®

making it the ideal ESR analyzer for small 
laboratories, POL’s and emergency clinics. 

ALCOR Scientific  

Vitamin D testing during COVID-19 pandemic
Vitamin D has important health-pro-
moting effects and recent research 
shows a correlation between severe 
Vitamin D deficiency and COVID-19 
outcomes. 

SEKISUI Diagnostics offers a quanti-
tative Vitamin D point-of-care (POC) 

test run on the FastPack® IP System. Reliable results 
are obtained in less than 12 minutes. 

SEKISUI Diagnostics 

COVID-19 proficiency testing available
API is offering non-infectious 
PT samples for the detection 
of SARS-CoV-2. Samples are 
whole genome and are avail-
able in a swab or liquid for-
mat, ensuring compatibility 

with all molecular methods.  PT samples serve as a full 
process check; allowing labs to test their entire work-
flow, including extraction, amplification and detection.

American Proficiency Institute
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Used for cell, organelle, virus, protein, and nucleic acid purification, centrifuges separate fluids, gases, or liquids based 
on density.  Separating whole blood components, serum or plasma can be used for different assays, making centrifuges 
an essential part of the lab.

Cell-suspension automation
The Cytopro Cytocentrifuge 7622 automates the cytocentrifugation of cell suspensions to facilitate the 
sedimentation of cells onto a slide, getting a five-to nine-fold increase in the number of cells on the slide. 
Patented flow control increases cell yield and delivers consistent results. 
ELITechGroup

Floor-standing centrifuges
The Thermo Scientific Sorvall ST4 F Plus and Megafuge ST4 Plus centrifuges are designed to address 
the full spectrum of clinical protocol requirements. These floor-standing models enhance placement 
flexibility in cramped clinical laboratories, while their TX-1000 rotor maximizes capacity for up to 196 x 
5/7 blood tubes. 
Thermo Fisher Scientific

High-speed microcentrifuge
The Micro 12 centrifuge is a versatile microcentrifuge, ideal for clinical, molecular and bacteriological 
applications. It is designed for small volume samples, quick spin downs, cell and bacteria separations, 
plus nucleic acid tests. It can be used to separate DNA due to its maximum spin speed of 14,000 rpm 
and centrifugal force of 16,000g.
EKF Diagnostics
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The next evolution 
in bloodstream 
pathogen diagnostics.

Now available: The BioFire® Blood Culture 
Identification 2 (BCID2) Panel.

As the leader in syndromic testing, BioFire knows that when bugs evolve, testing should 
too. Stay ahead of changing multi-drug resistant organisms with the new leading test for 
bloodstream infections—the BioFire BCID2 Panel. In about an hour, the BioFire BCID2 
Panel tests for 43 of the most common gram-positive bacteria, gram-negative bacteria, 
yeast, and antimicrobial resistance genes—all in a single test.

* The stated performance is the aggregate of the prospective data from the clinical study.

biofiredx.com

Don’t Guess. Know.  

Fast, Actionable Results 
With just two minutes of hands-on time and complete results in about an 
hour, the BioFire BCID2 Panel can provide fast, actionable results for the most 
common bloodstream pathogens. 

Enhanced Coverage of Pathogens  
The BioFire BCID2 Panel is more comprehensive than ever, detecting emerging 
pathogens like Candida auris, and additional antimicrobial resistance genes to 
identify multi-drug resistant organisms. 

Optimized Assays 
Existing panel assays were evaluated and optimized to provide 99% overall 
sensitivity and 99.8% overall speci�city.* 

2105MLO_BioFireDiagnostics   1 4/9/21   3:27 PM
047_MLO202105_Ad_BIOFIRE.indd   47 4/11/2021   4:21:30 PM



MAY 2021   MLO-ONLINE.COM48

What technical advances do you 
think will be incorporated into 
pathogen identification and antimi-
crobial susceptibility testing over 
the next three- to five-years?
Pathogen identification and antimicro-
bial susceptibility testing will get much 
faster in the next few years. Maldi-TOF 
technology has already had a consid-
erable impact on rapid identification, 
changing this from an overnight test 
to a test that takes just a few minutes. 
Faster antimicrobial susceptibility 
testing from a positive blood culture 
is a reality too, but future rapid AST 
(antimicrobial susceptibility testing) 
systems are challenged with combin-
ing a simple laboratory workflow with 
increased instrument throughput and 
results that meet overnight AST accu-
racy. All of this needs to be done without 
adding costs that cannot be absorbed in 
today’s healthcare environment. That is 
a big lift, and there are lots of tests in 
development, which truly makes this an 
exciting era of microbiology laboratory 
innovation.

Harnessing the data generated by 
infectious disease and AST systems 
requires software solutions that can 
integrate test results from multiple 
sources and generate reports that pro-
vide a comprehensive picture of AR 
infections within a healthcare setting 
and healthcare system. Data like these 
are essential for implementing the 
best antibiotic stewardship and infec-
tion control measures. I expect a lot of 
innovation in this area. 

What is Beckman Coulter doing to 
help combat AMR?
Beckman Coulter has a system that con-
nects rapid MALDI-TOF pathogen iden-
tification with accurate MICs (minimum 
inhibitory concentrations). Accuracy is 
the most important feature when a lab 
needs to detect an AR threat like CRE 
or other pathogens on the on CDC AR 
threats list. 

Beckman Coulter is a Danaher com-
pany, and we have a commitment to 
innovate. We look to the future, ensur-
ing that our customers have effective 
tools in their effort to combat antibiotic 
resistance.

the most resistant pathogens. The AR 
Lab Network creates a national capac-
ity to detect and characterize resistant 
pathogens. This is a laboratory resource 
that healthcare systems can access for 
the testing needed to make infection 
prevention decisions and for outbreak 
response.

In your opinion, which pathogen(s) 
pose the greatest threat and why 
do they?
Carbapenem-resistant Enterobacteriaceae 
(CRE) keeps me up at night. There are 
few drugs for treating CRE infections, 
and there are not enough drugs in the 
pipeline. Right now, CRE primarily cause 
infections in healthcare settings; how-
ever, these bacteria have the potential 
to cause community-associated infec-
tions as well. Preventing infections in 
the community is much harder than in 
hospitals. We have already seen methi-
cillin-resistant Staphylococcus aureus and 
ESBL-producing Enterobacteriaceae infec-
tions transition from healthcare settings 
to community settings. It seems like it is 
only a matter of time before this happens 
for CRE.

Will you describe colonization test-
ing and what role it could play in 
combating the spread of antimicro-
bial resistant pathogens in hospital 
and community settings?
Diagnostic tests are typically aimed at 
detecting infections and the pathogens 
that cause infections. However, before 
a patient is infected, they are often 
colonized with a pathogen, and some-
times, these pathogens are resistant 
to antibiotics. For example, a person 
can become colonized with CRE in the 
gastrointestinal tract. This person is at 
greater risk for infection, and they can 
pass the pathogen to other people – espe-
cially in healthcare settings. Detecting 
colonization using laboratory tests is an 
essential tool for disrupting person to 
person transmission. The CDC recom-
mends CRE colonization testing as a tool 
for infection prevention in healthcare 
settings. Colonization testing is recom-
mended for CRE prevention, but some 
hospitals do not do this testing in house 
because it is not an everyday test.

Why did you decide to become a 
medical technologist and to spe-
cialize in molecular microbiology?
I loved the idea of working in a labora-
tory and using this interest to provide 
quality medical care seemed like a great 
idea. I thank my aunt for introducing 
me to the field of medical technology. 
Microbiology was my favorite specialty. 
Molecular microbiology was a growing 
field of study, and I wanted to learn how 
to use genetic tools to discover how bac-
teria work.

What accomplishment are you 
most proud of during the 17 years 
you spent at the Centers for Disease 
Control and Prevention (CDC)?
I am most proud of leading the CDC-
FDA Antibiotic Resistant (AR) Isolate 
Bank and the CDC AR Laboratory 
Network. The bank provides medical 
laboratories, researchers, and industry 
with well-characterized resistant patho-
gens. This ensures new and existing 
laboratory tests can detect significant AR 
threats, and new drugs are active against 

A career combating AMR
By Linda Wilson

Jean B. Patel, PhD, D(ABMM) is the 
Principal in Scientific Affairs for Microbi-
ology at Beckman Coulter Diagnostics. 
Before joining Beckman Coulter, Patel 
spent nearly 17 years at the Center for 
Disease Control and Prevention (CDC) in 
the Antimicrobial Resistance Reference 
Laboratory and the Office of Antimicro-
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