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The ThinPrep® Pap Test 
The only Pap test with FDA-approved 
labeling for detection of glandular 
disease.1-6

ThinPrep® Imaging System 
Greater LSIL and HSIL categorization 
and 67% decrease in UNSAT rate 
versus non-imaged slides.7-10

Aptima® HPV Assay 
The only FDA-approved mRNA-based  
test, shown to reduce false positives  
by 24%-40% compared to a DNA  
based test.11,12

Aptima® HPV 16 18/45 Genotype Assay
Inclusion of HPV type 45, the third most common  
HPV type in invasive cervical cancers, identifies  
women at risk for adenocarcinoma with minimal  
impact to colposcopy rates.13,14

Cervical Health Awareness Month

This month, we recognize healthcare providers for their dedication in providing 
comprehensive cervical health screening. This fuels our commitment to o«ering 
world-class product advances rooted in science and driven by technology. 

Our passion is to develop innovative diagnostic testing solutions that are designed to deliver life-changing 
disease detection. With a relentless desire to empower healthcare providers to test and diagnose their patients 
with confidence, we continue to push the boundaries of cervical cancer screening.

* Not FDA approved. May not be available in all markets. Contact your local Hologic representative for availability in your country.
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When the Panther was unleashed,
it exposed the elephant in the room.

Everything an enormous instrument can do,  
at a fraction of the size—now that's innovation.

The Panther® system has the most comprehensive assay menu and 
automates more tests per square foot than any other high-volume 
molecular platform.1 That's a big impact from a small footprint.

See for yourself at Hologic.com/PantherScalableSolutions
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As the new year dawns, people around the world 
hope for a return to their pre-pandemic lives.  The 
first step on that road, of course, is widespread 

availability of vaccines against SARS-CoV-2. 
But manufacturing, distributing and inoculat-

ing billions of people worldwide is a monumental 
undertaking. 

The U.S. government has inked purchasing deals 
totaling more than $8 billion with numerous phar-
maceutical companies to secure access to hundreds 
of millions of doses of these vaccines.

Supply chain readiness is one hurdle in the mass 
inoculation process. Just think about the supplies 
involved: glass vials, syringes, needles, alcohol wipes, 
and band aids, among others. 

Freezers and dry ice are important for some of the vaccines, too. For example, the 
vaccine from Pfizer and BioNTech needs to be stored at temperature conditions at 
around -70 degrees Celsius. That is why the companies have developed specially 
designed, temperature-controlled thermal shippers utilizing dry ice. Each shipper 
contains a GPS-enabled thermal sensor to track the location and temperature of each 
vaccine shipment across their pre-set routes. 

The Pfizer-BioNTech vaccine can also be stored in ultra-low-temperature freezers 
for up to six months. 

Moderna said its vaccine can be stored at -20 degrees Celsius (-4 degrees Fahrenheit), 
which is equal to most home or medical freezer temperatures, for up to 6 months. 
Meanwhile, the vaccine from Astra Zeneca can be stored, transported and handled 
at normal refrigerated conditions (2-8 degrees Celsius/ 36-46 degrees Fahrenheit) 
for at least six months.

In addition to supply chain logistics, another hurdle rests on the shoulders of provid-
ers and pharmacists. They need to keep track of who has gotten which vaccine and 
when they should come in for a second dose, if needed.

Vaccines from Pfizer-BioNTech and Moderna require two doses. Astra Zeneca 
is evaluating two dosing regimens for its vaccine candidate: a first dose given as a 
half dose, followed by a second full dose; the other option involves two full doses. 
Meanwhile, Janssen Pharmaceutical Companies, part of Johnson & Johnson, is studying 
a single-dose regimen for its vaccine.

If ever there was a time when user-friendly, accurate and interoperable electronic 
health records were critical to help the healthcare system track its work, this is it. 

Clinical labs probably will have a role in the vaccine rollout as well. Pharmaceutical 
companies are using quantitative SARS-CoV-2 antibody tests to assess the effectiveness 
of their vaccine candidates during the clinical trial process. But those same tests could 
be used to assess the effectiveness of the vaccines at the individual and community 
levels once mass inoculation efforts begin.  

Diagnostics companies, which have developed these tests, have been advocating 
for the use of antibody tests to measure people’s antibody levels after vaccination 
and at regular intervals afterward to assess immunity over time. This type of testing 
would help answer questions about the durability of immunity to SARS-CoV-2 from 
various vaccines.

Ultimately, the return to pre-pandemic life depends on herd immunity, which occurs 
when enough people develop antibodies to SARS-CoV-2 –  either through vaccination 
or prior infection.  The percentage of people who need to develop antibodies to an 
infectious disease to achieve herd immunity varies, according to the World Health 
Organization, which says the herd-immunity threshold is 95 percent for the measles 
and 80 percent for polio. Time will tell us what the threshold is for SARS-CoV-2.

But if we overcome these challenges – at least reasonably well – 2021 could end up 
being a much better year than 2020.

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

Challenges to overcome 
with the SARS-CoV-2 
vaccine rollout

FROM THE EDITOR

By Linda Wilson

Senior Editor
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“Exceptional responders” offer 
clues to potential cancer treat-
ments
In a comprehensive analysis of patients 
with cancer who had exceptional 
responses to therapy, researchers 
have identified molecular changes in 
the patients’ tumors that may explain 
some of the exceptional responses, 
according to the National Institutes of 
Health (NIH).

The study defined an exceptional 
responder as someone who had a partial 
or complete response to a treatment that 
would be effective in less than 10 percent 
of similar patients. The duration of an 
exceptional response is one that lasts at 
least three times longer than the median 
response time.

The results demonstrate that genomic 
characterizations of cancer can uncover 
genetic alterations that may contrib-
ute to unexpected and long-lasting 
responses to treatment. The results 
appeared in Cancer Cell. Researchers at 
the National Cancer Institute (NCI), part 
of the NIH, conducted the study in col-
laboration with investigators from other 
institutions, including NCI-designated 
Cancer Centers.

The retrospective study, which is now 
closed to accrual, included detailed 
medical histories and tumor samples 
from 111 patients with various types 
of cancer who had received standard 
treatments, such as chemotherapy. The 
patients had been identified by NCI’s 
Exceptional Responders Initiative, a 
national project launched in 2014 to 
explore the feasibility of collecting and 
analyzing the data and biospecimens 
needed to better understand the bio-
logical basis of exceptional responses 
in cancer.

For 26 of the 111 (24 percent) patients, 
the researchers were able to identify 
molecular features that could potentially 
explain exceptional responses to treat-
ment, such as the co-occurrence of mul-
tiple rare genetic changes in the tumor 
genome or the infiltration of the tumor 
with certain types of immune cells.

To analyze the tumor tissue (and 
normal tissue, when available) from 
patients in the study, the researchers 
used multiple genomic approaches — 
including analysis of DNA mutations, 
RNA expression levels, DNA copy num-
ber alterations, and DNA methylation 
— as well as analysis of the immune 
cells in the tumor microenvironment.

The mechanisms underlying excep-
tional responses in the study fit into 
several broad categories, including the 
body’s ability to repair DNA damage 
and the immune system’s response to  

Fast Facts
Healthcare Associated 

Infections (HAIs)

7 percent
is the decrease in the number of 

central line-associated bloodstream 
infections (CLABSIs), with the largest 

decrease (13 percent) in neonatal inten-
sive care units.

8 percent
is the decrease in the number of cath-
eter-associated urinary tract infections 
(CAUTIs), with the largest decrease (12 

percent) in intensive care units.

4 percent
is the decrease in the number of 

colon surgery surgical site infections 
(SSIs), while there was no significant 
overall change in the 10 SSIs tracked 

in the report.

2 percent
is the increase in the number of 

ventilator-associated events (VAEs).

19
is the number of states that performed 
better on at least two infection types at 
acute care hospitals, while three states 
performed better on at least four infec-

tion types.

7 percent
is the decrease in urinary-catheter 

device utilization, compared with a 3 
percent decrease in the use of central-

line devices.

3 percent
is the increase in the use of ventilators.

Source: https://www.cdc.gov/hai/pdfs/progress-
report/2019-Progress-Report-Executive-
Summary-H.pdf

The latest report from the Centers for 
Disease Control and Prevention shows 
the performance at U.S. acute-care hos-
pitals in controlling HIAs by comparing 

data from 2018 with 2019.

Image by Tumisu from Pixabay

tumors. Another category described rare 
combinations of genomic alterations 
that resulted in the death of tumor cells 
during treatment — a concept known 
as synthetic lethality.

For example, the researchers identi-
fied mutations in the BRCA1 or BRCA2 
genes in two patients with cancers that 
rarely involve alterations in these genes, 
which help repair DNA. But in these 
patients, the researchers suggested, 
the mutations may have impaired the 
tumor’s ability to fix damaged DNA, 
thereby increasing the effectiveness 
of treatments such as platinum-based 
chemotherapy that harm DNA.

Autopsied hearts suggest myo-
carditis link to COVID-19 may be 
uncommon
Following a recent review of clinical 
findings from 277 hearts autopsied 
from people in nine countries who died 
from COVID-19, researchers at Johns 
Hopkins Medicine and Louisiana State 
University suggest that myocarditis, an 
inflammation of the heart muscle, related 
to COVID-19 may be a rare occurrence, 
according to a press release from Johns 
Hopkins Medicine.

That finding contradicts the results of a 
German research study, which suggested 
that 60 out of 100 patients who had recov-
ered from the coronavirus showed signs 
of the dangerous heart condition via MRI.

The study from Johns Hopkins 
Medicine and Louisiana State University 
was published online in the journal 
Cardiovascular Pathology.

In this study, the data from the autop-
sied hearts were published in 22 papers. 
After careful review, the researchers 
determined that the rate of myocarditis 
found in these patients is between 1.4 
percent and 7.2 percent. Earlier studies, 
using imaging of hearts rather than a 
physical examination of the organs fol-
lowing death, reported rates ranging 
between 14 percent and 60 percent.

The researchers said that even a low 
myocarditis rate of 1.4 percent would pre-
dict hundreds of thousands of worldwide 
cases of myocarditis following severe 
COVID-19. Low rates of myocarditis, they 
added, do not indicate that individuals 
infected with SARS-CoV-2 are not hav-
ing cardiovascular problems, but rather 
those complications are likely due to 
other factors such as immune responses 
or electrolyte imbalances. 

Based on the results of their study, 
the researchers have created a checklist 
for pathologists to use when evaluating 
COVID-19 at autopsy to provide con-
sistency in investigating and reporting 
cardiovascular pathologic findings.
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 NEWS  TRENDS  ANALYSIS :: THE OBSERVATORY

The large reference laboratories have 
been developing COVID-19 tests and 
services that they can sell directly to 
consumers. For medical oversight, the 
labs typically contract with physicians, 
who prescribe the COVID-19 molecular 
tests and counsel patients. Web portals 
connect providers and patients.

The latest move in this trend goes 
one step further. LabCorp Diagnostics 
announced that it has received emer-
gency use authorization (EUA) from 
the U.S. Food and Drug Administration 
(FDA) to make the Pixel by LabCorp 
COVID-19 Test Home Collection Kit 
available to consumers over the coun-
ter without a prescription, although 
physicians are available electronically 
to counsel patients with positive test 
results.

The kit is currently available through 
the Pixel by LabCorp website, and the 

company said in a news release that 
“this approval will enable LabCorp to 
potentially distribute the kit through 
retail channels.” LabCorp encourages 
interested retailers to reach out to the 
company on its website.

“With the first over-the-counter at-
home collection kit ever authorized 
by the FDA for COVID-19, we are 
empowering people to learn about their 
health and make confident decisions,” 
said Brian Caveney, MD, Chief Medical 
Officer and President of LabCorp. With 
this authorization, we can help more 
people get tested, reduce the spread of 
the virus and improve the health of our 
communities.”

After purchase, users register their 
Pixel by LabCorp COVID-19 collection 
kit on the website and follow the instruc-
tions included. Test results are delivered 
to the consumer via the LabCorp portal.

Both LabCorp and Quest Diagnostics 
also have been selling at-home COVID-
19 collection kits to consumers through 
web portals.

For example, Quest works with an 
independent network of physicians 
who review patients’ symptoms through 
an online process, and then prescribe 
the test if they deem it to be medically 
appropriate. Quest mails the test kit to 
consumers, who have two options to col-
lect their specimen: do it themselves at 
home or take the kit to a drive-through 
Walmart pharmacy for assistance.

In either case, they mail the speci-
men back to Quest using a pre-paid, 
lab-provided shipping envelope. They 
log on to Quest’s web portal to view their 
test results. Quest and Walmart even 
have experimented with drone delivery 
of the test kits to single-family homes in 
Las Vegas and Cheektowaga, NY.

Large reference laboratories go direct-to-consumer with COVID-19 services

Benefits of high-dose blood thin-
ners in COVID-19 patients unclear
While COVID-19 infected patients should 
be treated with standard anticoagulation 
therapies, such as blood thinning medica-
tion, a new study by researchers at the 
George Washington University (GW) 
suggested that anticoagulating patients at 
higher doses, without traditional medical 
indications to do so, may be ineffective 
and even harmful, according to a press 
release.

The study was published in the journal 
Thrombosis Research. 

The research team evaluated 402 
patients diagnosed with COVID-19 
admitted to GW Hospital between March 
15 and May 31, 2020. Clinical outcomes 
were compared between 152 patients 
treated with high-dose blood thinners, 
and 250 patients treated with the standard 
low-dose blood thinners, typically pre-
scribed to hospitalized medical patients.

“While it’s true that COVID-19 patients 
could be dying of blood clots, the data 
we’ve evaluated does not support giving 
every patient a high dose of blood thin-
ners. That’s a challenge, as the benefits 
still remain unclear,” said Lei Lynn, MD, 
first author of the study and Assistant 
Professor of Medicine at GW. “We cau-
tion against an aggressive blood thinner 
regimen for everyone, unless there is clear 
evidence to do so.”

At the beginning of the pandemic, all 
patients admitted with COVID-19 to the 
GW Hospital were treated with standard 
dose anticoagulation, unless contraindi-
cated. As awareness of the elevated risk 
of blood clots developed, many providers 

began treating patients with high-dose 
blood thinners. At GW Hospital, for non-
critically ill patients, medical teams were 
advised to especially consider initiating a 
high dose of anticoagulation if a patient’s 
D-dimer level exceeded 3 micrograms per 
milliliter. The research team previously 
published a study finding higher levels of 
the biomarker D-dimer, a medical indica-
tor found in the blood, is associated with 
higher odds of clinical deterioration and 
death from COVID-19.

Details of brain damage in  
COVID-19 patients
One of the first spectroscopic imaging-
based studies of neurological injury in 
COVID-19 patients has been reported 
by researchers at Massachusetts General 
Hospital (MGH) in the American Journal 
of Neuroradiology, according to a press 
release.

Looking at six patients using a special-
ized magnetic resonance (MR) technique, 
they found that COVID-19 patients with 
neurological symptoms show some of 
the same metabolic disturbances in the 
brain as other patients who have suf-
fered oxygen deprivation (hypoxia) from 
other causes, but there are also notable 
differences.

While it is primarily a respiratory dis-
ease, COVID-19 infection affects other 
organs, including the brain. It is thought 
that the disease’s primary effect on the 
brain is through hypoxia, but few stud-
ies have documented the specific types 
of damage that distinguish COVID-19-
related brain injury. Several thousand 
patients with COVID-19 have been seen 

at the MGH since the outbreak began 
early this year, and this study included 
findings from three of those patients.

The researchers used 3 Tesla Magnetic 
Resonance Spectroscopy (MRS), a spe-
cialized type of scanning that is some-
times called a virtual biopsy. MRS can 
identify neurochemical abnormalities 
even when structural imaging findings 
are normal. COVID-19 patients’ brains 
showed N-acetyl-aspartate (NAA) reduc-
tion, choline elevation and myo-inositol 
elevation, similar to what is seen with 
these metabolites in other patients with 
white matter abnormalities (leukoen-
cephalopathy) after hypoxia without 
COVID-19. 

One of the patients with COVID-19 
who showed the most severe white mat-
ter damage (necrosis and cavitation) had 
particularly pronounced lactate elevation 
on MRS, which is another sign of brain 
damage from oxygen deprivation.

Two of the three COVID-19 patients 
were intubated in the intensive care 
unit at the time of imaging, which was 
conducted as part of their care. One 
had COVID-19-associated necrotizing 
leukoencephalopathy. Another had 
experienced a recent cardiac arrest and 
showed subtle white matter changes on 
structural MR. The third had no clear 
encephalopathy or recent cardiac arrest. 
The non-COVID control cases included 
one patient with white matter dam-
age due to hypoxia from other causes 
(post-hypoxic leukoencephalopathy), 
one with sepsis-related white matter 
damage, and a normal, age-matched, 
healthy volunteers. 
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How lab diagnostics can support 
COVID-19 patient management
By Justin E. Jones, PhD

of elective surgery, was quickly overtaken by escalating 
demand for COVID-19 testing and reagents, especially for 
PCR testing.   As overall testing volume continues to return 
to near normal, new opportunities for labs to contribute to 
the care of COVID-19 patients are emerging. The scientific 
community’s response to COVID-19 has resulted in a large 
volume of publications as scientists and clinicians share 
their experience and glean new insights. For example, it 
is estimated that hospitalization is required in about 20 
percent of diagnosed cases, with 5 percent requiring inten-
sive care unit (ICU) admission and/or respiratory support.1
Significantly, for COVID-19 patients, median length of stay 
is well above average: 10.1 days for all admissions and 10.6 
days for the intensive care unit (ICU). At the same time, 
the expanding knowledge base about the clinical course of 
COVID-19 now includes data correlating levels of biomark-
ers with patient status to support clinical decision making.2 

To date, the FDA has granted emergency use authorization 
(EUA) status to two commercial assays for interleukin-6 (IL-
6) to assist in identifying severe inflammatory response in 
COVID-19 patients, adding to the diagnostic tests available 
to help clinicians make patient care decisions. This article 
provides an overview of IL-6, procalcitonin (PCT), D-dimer, 
cardiac troponin, N-terminal pro B-type natriuretic pep-
tide (NT-proBNP) and ferritin and their potential clinical 
significance in critically ill patients.

COVID-19 etiology and risk factors
Coronavirus disease (COVID-19) is an infectious disease 
caused by severe acute respiratory syndrome coronavirus 

As the coronavirus disease 2019 (COVID-19) pandemic 
continues to burden the healthcare system with 
increased demand for bed capacity and personal 

protective equipment (PPE), as well as a heightened focus 
on safeguarding the health of other patients and hospital 
staff and the overall reprioritization of resources, the clinical 
laboratory has been meeting a parallel set of challenges. 
The initial reduction in overall testing volume and rev-
enue, driven by fewer primary care visits and reduction 
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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. Provide an overview of coronavirus disease 2019 (COVID-
19) and the underlying pathogen, severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2).

2. Recall COVID-19 etiology and its risk factors. 

3. Demostrate a working knowledge of the clinical course of 
COVID-19. 

4. Describe key biomarkers and their relevance in COVID-19 
clinical decision-making, with focus on IL-6, PCT, D-dimer, 
cardiac troponin, NT-proBNP and ferritin.
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Figure 1. SARS-CoV-2, a large, enveloped RNA virus

Figure 2. COVID-19 illness exhibits three stages of increasing severity 
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2 (SARS-CoV-2), a large, enveloped RNA virus.3 The lipid 
bilayer envelope, membrane proteins and nucleocapsid 
protect the virus when it is outside the host cell. Genetic 
analyses indicate SARS-CoV-2 originated in bats and is 
analogous to SARS-CoV, the coronavirus that emerged in 
2003–2004 and caused epidemic disease, and Middle East 
respiratory syndrome coronavirus (MERS-CoV). 

SARS-CoV-2 is transmitted person-to-person via respi-
ratory secretions and indirectly through contaminated 
surfaces. Infection begins with SARS-CoV-2 spike engage-
ment with host angiotensin-converting enzyme 2 (ACE2) 
receptors, followed by a series of conformational changes 
that result in fusion between the viral envelope and host 
cell membrane. An incubation period of up to 14 days 
follows. Clinical presentation varies from asymptomatic 
infection to mild illness, pneumonia or fatal disease. Risk 
factors for disease progression include older age, male 
sex, obesity, comorbidities (hypertension, diabetes, car-
diovascular disease, chronic respiratory disease, cancer) 
and history of smoking.4

Disease progression
Figure 2 summarizes a three-stage classification system for 
COVID-19 illness, with three grades of increasing severity 
that correspond with distinct clinical findings, response 
to therapy and clinical outcomes..5

Stage 1: Early infection involves an incubation period 
that varies from 2 to 14 days, with a median of 5 days. 
During this period, the virus multiplies and establishes 
residence in the host, primarily focusing on the respira-
tory system. Symptoms are mild and often nonspecific, 
such as malaise, fever and dry cough. For the 75 percent 
of diagnosed patients in whom the virus remains limited 
to this stage of COVID-19, prognosis and recovery are 
excellent. 

Stage 2: The pulmonary phase can be viewed as part of 
the viral response phase, in which the virus itself causes 
symptoms by infecting cells and lysing those cells during 
proliferation. Viral multiplication and localized inflam-
mation in the lungs are the norm. Patients may develop 
viral pneumonia, with cough, fever and possible hypoxia, 
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Total 
(n=191)

Non-survivor 
(n=54)

Survivor 
(n=137)

P value 

Sepsis 112 (59%) 54 (100%) 58 (42%) <0·0001 

Respiratory failure 103 (54%) 53 (98%) 50 (36%) <0·0001 

ARDS 59 (31%) 50 (93%) 9 (7%) <0·0001 

Heart failure 44 (23%) 28 (52%) 16 (12%) <0·0001 

Septic shock 38 (20%) 38 (70%) 0 <0·0001 

Coagulopathy 37 (19%) 27 (50%) 10 (7%) <0·0001 

Acute cardiac 
injury 

33 (17%) 32 (59%) 1 (1%) <0·0001 

Acute kidney 
injury 

28 (15%) 27 (50%) 1 (1%) <0·0001 

Secondary 
infection 

28 (15%) 27 (50%) 1 (1%) <0·0001 

Table 2. COVID-19 complications
See reference 6

Table 1. Commonly used laboratory tests by COVID-19 clinical staging 
*Listed in IFCC Interim Guidelines2

CONTINUING EDUCATION :: IMMUNODIAGNOSTIC TESTS

defined as PaO2/FiO2 <300 mm Hg.5 This group of patients, 
who represent about 20 percent of diagnosed cases, will 
likely require hospitalization. The subgroup (IIB), character-
ized by hypoxia, will likely progress to requiring mechanical 
ventilation and Stage. 3

Stage 3: The hyperinflammation phase represents about 
5 percent of diagnosed cases, characterized by the body 
responding to the infection and manifesting as an extra-
pulmonary systemic hyperinflammation syndrome. Clini-
cal symptoms include acute respiratory distress syndrome 
(ARDS), heart failure, septic shock, coagulopathy, 
acute cardiac injury, acute kidney injury and second-
ary infections, all with worse outcomes.5,6 Inflam-
matory cytokines and biomarkers, such as IL-6, 
ferritin and D-dimer, are significantly elevated in 
these patients, as are troponin and N-terminal pro 
B-type natriuretic peptide (NT-proBNP).5 This article 
will focus on biomarkers and laboratory testing for 
this group of critically ill patients. 

Laboratory diagnostics in COVID-19 patient 
management
Laboratory testing protocols vary by institution. 
Commonly used tests by COVID-19 clinical stag-
ing are summarized in Table 1. Notably, many of 
the tests are markers of complications with poor 
survival, as summarized in Table 2. 

Unique challenges in critical care testing
Critical care marks a turning point in disease 
progress. More than ever, clinicians are looking 
for answers to make life-saving decisions, decisions that 
can also impact health system resource allocation and 
prioritization. Test results are often needed urgently. Just 
as urgently, clinicians need to understand test results and 
how they translate into patient care decisions, especially 
as accelerated publication schedules continue to offer new 
data that can change clinical practice. The following is an 
overview of key biomarkers that can impact patient care 
decisions, with the goal of helping the clinical laboratory 
inform and educate their clinical care counterparts within 
the healthcare system. 

Interleukin-6 (IL-6)
Interleukin-6 (IL-6) is a marker of severe inflammatory 
response in COVID-19 patients and the abnormal release 

of circulating cytokines such as inter-
ferons, interleukins and tumor necro-
sis factors, cell-signaling molecules 
that play a key role in the immune 
response.6  Overproduction of early 
response proinflammatory cytokines 
results in a “cytokine storm” that leads 
to severe downstream effects with 
multi-organ involvement, including 
development and progression of acute 
respiratory distress syndrome (ARDS). 
Elevated circulating concentrations of 
IL-6, a key mediator of inflammation, 
can serve as an early alarm signal 
of SARS-CoV-2 infection-triggered 
hyperinflammation, helping clini-
cians identify this process in severely 
ill COVID-19 patients.7 Aside from 

assisting in the identification of hyperinflammation in 
COVID-19 patients, IL-6 may predict respiratory failure 
in hospitalized, symptomatic COVID-19 patients and 
thus provide an objective data point to assist clinicians 
in mechanical ventilation resource allocation. One study 
found that after IL-6 of 35 pg/mL was reached, the median 
time to mechanical ventilation was 2 days.8 Because IL-6 
is released early during a severe infection, it can help 
physicians to identify severely ill COVID-19 patients in 
a timely manner.

Procalcitonin (PCT)
Procalcitonin (PCT) aids in measuring the inflammatory 
response to bacteria, enabling the differentiation of bacte-
rial infections from nonbacterial causes of lower respira-
tory tract infections. PCT levels rise rapidly, generally 
within 3 to 6 hours after a bacterial infection. In COVID-19 
patients, increased PCT is associated with higher risk of 
severe COVID-19 and may reflect bacterial co-infection.9
Increase in PCT concentration correlates with the severity 
of the bacterial infection, with significant elevated levels 
being associated with patients at risk of developing severe 
sepsis or septic shock, both of which have been identified 
as COVID-19 complications.11 (See Table 2.) Sustained 
elevated PCT is associated with patients with ARDS.10

For COVID-19 patients with respiratory failure requiring 

Stage 1—
Early infection

Stage 2—Pulmonary 
phase

Stage 3—Hyperinflammation 
phase

Tests SARS-CoV-2 PCR
TB PCR
RSV PCR
Influenza A/B PCR
SARS-CoV-2 Antigen

PCT*, IL-6*, Lactate, 
CRP*, Ferritin*, AST*, 
Albumin*, LDH*, Urea*, 
Glucose, Creatinine*, 
D-Dimer*, Influenza A/B 
PCR, RSV PCR, TB PCR

PCT*, IL-6*, Lactate, CRP*, 
ALT*, Albumin*, LDH*, 
Bilirubin*, Ferritin*, Urea*, 
Glucose, Creatinine*, Cystatin 
C, D-Dimer*, Troponin*, NT-
proBNP*, Influenza A/B PCR, 
RSV PCR

Comments Mild, nonspecific 
changes in biomark-
ers; reduction in 
lymphocyte count 
(CBC) as immunological 
response to virus

Mild to moderate 
changes in biomarkers 
including PCT, CRP and 
Ferritin

Significant elevations in CRP, 
Ferritin, IL-6, PCT (if bacterial 
co-infection is present and 
sepsis develops) and Lactate 
(marker of tissue hypoperfu-
sion; indicates widespread 
organ damage)
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mechanical ventilation, empiric antimicrobial treatment may 
be initiated.12 Conversely, a decrease in PCT concentration 
signals relief of infection. In this context, PCT testing can 
guide de-escalation of antimicrobial therapy (e.g., shortening 
the duration of therapy or discontinuing empiric antibiot-
ics) and support its optimal use — the core elements of 
antimicrobial stewardship.13

D-dimer
D-dimer is one of several fragments produced during the 
degradation of a fibrin clot by plasmin. Viral infections elicit 
a systemic inflammatory response and cause an imbalance 
between procoagulant and anticoagulant homeostatic mech-
anisms. The dysregulation of the coagulation cascade and 
the subsequent formation of intra-alveolar or systemic fibrin 
clots are prominent findings in coronavirus infections associ-
ated with severe respiratory diseases such as SARS-CoV-1 
and MERS-CoV. The most common pattern of coagulopathy 
observed in patients hospitalized with COVID-19 is char-
acterized by elevations in D-dimer and fibrinogen levels. 
As shown in Table 2, coagulopathy has been identified as a 
complication in COVID-19 patients. Another study of 560 
hospitalized COVID-19 patients showed that 69.4 percent 
of the patients who were in the ICU, were on mechanical 
ventilation, or died had elevated D-dimer levels.14 

Cardiac troponin and N-terminal pro B-type natriuret-
ic peptide (NT-proBNP)
Cardiac troponin and N-terminal pro B-type natriuretic 
peptide (NT-proBNP) are relevant in COVID-19 because 
myocardial injury is prevalent among patients hospitalized 
with COVID-19, and patients with cardiovascular disease 
(CVD) are more likely to have myocardial injury than 
patients without CVD.15 One study showed that patients 
with underlying CVD accounted for 4.2 percent of COVID-
19 cases but 18.3 percent of COVID-19 deaths.16 For critically 
ill COVID-19 patients, the utility of biomarkers such as 
cardiac troponin and NT-proBNP lies also in their high 
negative predictive value. When the values are low and 
stable, they provide the confidence needed to triage patients 
away from imaging or further work-up for cardiac-related 
issues. 

Ferritin
Ferritin is an indicator of severe inflammation in COVID-19 
patients and is associated with worse clinical outcomes.2,17

Several studies showed that serum ferritin level correlates 
with severity of disease. In COVID-19 patients who died, 
ferritin levels were high upon hospital admission and 
throughout the hospital stay.18

The clinical laboratory’s role 
“While the trajectory of this outbreak is impossible to 
predict, effective response requires prompt action from 
the standpoint of classic public health strategies to the 
timely development and implementation of effective 
countermeasures.”3

As the COVID-19 pandemic continues, clinical labora-
tories can take this call to action to heart by sharing our 
knowledge and expertise with colleagues -- nurses, respira-
tory therapists, phlebotomists, administrators, clinicians 
— and begin a dialogue about the role of lab diagnostics 
in supporting COVID-19 patient care decisions, with the 
oal of improving patient outcomes. 
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15. PCT levels rise rapidly, generally within ____ to 
_____ hours after a bacterial infection.

	{ A. 2; 4
	{ B. 3; 6

	{ C. 4; 7
	{ D. 3; 8

16. The ____ in PCT concentration correlates with 
the severity of the bacterial infection, with 
significant _____ levels being associated with 
patients at risk of developing severe sepsis 
or septic shock.

	{ A. increase; elevated
	{ B. decrease; lowered
	{ C. increase; lowered
	{ D. decrease; elevated

17. Viral infections elicit a systemic inflammatory 
response and cause an imbalance between 
procoagulant and anticoagulant homeostatic 
mechanisms.

	{ A. True 	{ B. False

18. The most common pattern of coagulopathy 
observed in patients hospitalized with 
COVID-19 is characterized by elevations in 
D-dimer and ________ levels.

	{ A. fibrinogen
	{ B. LDL

	{ C. creatinine
	{ D HbA1c

19. For critically ill COVID-19 patients, the utility 
of biomarkers such as _______ and NT-proBNP 
lies also in their high negative predictive 
value.

	{ A. CK-MB
	{ B. myoglobin
	{ C. cardiac troponin
	{ D. creatinine kinase

20. Ferritin is an indicator of severe______ in 
COVID-19 patients and is associated with 
worse clinical outcomes.

	{ A hypotension.
	{ B. inflammation
	{ C. hypertension
	{ D. hyperglycemia

1. Hospitalization is required in about ____ 
percent of diagnosed cases of COVID-19, 
with 5 percent requiring intensive care unit 
(ICU) admission and/or respiratory support.

	{ A.10
	{ B.20

	{ C.25
	{ D.30

2. For COVID-19 patients, median length of 
stay is well above average: ____ days for all 
admissions and ____ days for the ICU.

	{ A. 10.1;10.6
	{ B. 10.1; 11.5

	{ C. 9; 9.4
	{ D. 9; 10.

3. The ____, membrane proteins and____ protect 
the virus when it is outside the host cell.

	{ A. spike protein; envelope protein 
	{ B. spike protein; nucleocapsid
	{ C. lipid bilayer envelope, spike protein
	{ D. lipid bilayer envelope; nucleocapsid

4. Which commerical assay has the FDA 
granted emergency use authorization (EUA) 
status to, which would assist in identifying 
severe inflammatory response in COVID-19 
patients?

	{ A. HbA1c
	{ B. interleukin-6 (IL-6)
	{ C. PD-L1
	{ D. HER2

5. SARS-CoV-2 is transmitted person-to-person 
via respiratory secretions and indirectly 
through ____.

	{ A. environmental reservoirs
	{ B. insect bites
	{ C. contaminated surfaces
	{ D. food and drinking water

6. An incubation period of up to ____ days follows 
infection with SARS-CoV-2.

	{ A. 7
	{ B .9

	{ C. 10
	{ D. 14

7. The three phases of severity of COVID-19 
illness are:

	{ A. early infection, pulmonary response, 
and hyperinflammation.
	{ B. early infection, pulmonary response, 

and death.
	{ C. early infection, hyperinflammation, 

and death.
	{ D. pulmonary response, 

hyperinflammation, and death.

8. During early infection, the virus multiplies and 
establishes residence in the host, primarily 
focusing on the ____system.

	{ A. nervous
	{ B. cardiovascular

	{ C. respiratory
	{ D. endocrine

9.  During the pulmonary response, patients may 
develop viral pneumonia, with cough, fever 
and possible ____.

	{ A. hypoxia
	{ B. low blood pressure
	{ C. hyperpituitarism
	{ D. gastric distress

10. During the hyperinflammation phase, 
inflammatory cytokines and biomarkers, such 
as IL-6, ferritin and D-dimer, are significantly 
lowered.

	{ A. True 	{ B. False

11. Diagnostic tests given to patients with 
COVID-19 include:

	{ A. ferritin, PCT, and IL-6.
	{ B. rheumatoid factor, IL-6, and LDH.
	{ C. antinuclear antibodies, HbA1c, and 

ferritin.
	{ D. LDH, antinuclear antibodies, and PCT.

12. Severe medical complications of COVID-19 
include:

	{ A. heart failure, sepsis, and wound infection.
	{ B. septic shock, secondary infection, and 

ARDS.
	{ C. ARDS, hemorrhage,and secondary 

infection.
	{ D. wound infection, acute kidney injury, 

and ARDS.

13. Interleukin-6 (IL-6) is a marker of severe _______ 
in COVID-19 patients.

	{ A. inflammatory  
response

	{ B. depression

	{ C. hypothyroidism
	{ D. hypotension

14. Aside from assisting in the identification of 
hyperinflammation in COVID-19 patients, 
IL-6 may predict _____ failure in hospitalized, 
symptomatic COVID-19 patients and thus 
provide an objective data point to assist 
clinicians in ______ resource allocation.

	{ A. respiratory; mechanical ventilation
	{ B. heart; ventricular assist device
	{ C. kidney; dialysis
	{ D. liver; transplant
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Artificial intelligence for the sensitive 
detection of Group B Streptococcus
By Susan E. Sharp. Ph.D., DABMM, FAAM

G roup B Streptococcus is recognized as a leading cause of 
infectious early neonatal morbidity and mortality in the 
United States and around the world. Up to 30 percent of 

pregnant women are colonized with GBS during pregnancy, 
which can be transmitted to the infant at birth and may cause 
disease and death.1 Following the recommendations for screen-
ing pregnant woman for GBS colonization, the rate of early-onset 
GBS disease decreased from 1.8 cases per 1,000 live births to 
0.23 cases per 1,000 live births.2 

The recommendations to screen all pregnant women for GBS 
colonization was first released in 1996 by the American College 
of Obstetricians and Gynecologists (ACOG). This was followed 
by guidance from the Centers for Disease Control and Prevention 
(CDC) and the American Academy of Pediatrics (AAP). In 2019, 
the CDC granted stewardship of these guidelines to three pro-
fessional organizations: ACOG and AAP are now responsible 
for guidelines on prophylaxis and treatment of GBS infection 
in pregnant women and newborns, and the American Society 
for Microbiology (ASM) is responsible for maintaining and 
updating guidelines for standard laboratory practices related 
to detection and identification of GBS during pregnancy.3 

The guidelines from ASM recommend the following related 
to screening cultures for GBS during pregnancy:

 • GBS screening specimens should be incubated in selective 
enrichment broth prior to agar media plating or nucleic acid 
amplification testing (NAAT).

 • Culture media and GBS isolation methods should detect 
both hemolytic and nonhemolytic strains.

 • Acceptable phenotypic and proteomic methods of identifica-
tion of suspected isolates include CAMP test, latex agglutination 
and mass spectrometry.

 • Nucleic acid amplification-based identification of GBS from 
enrichment broth is acceptable but not sufficient for all patients.
• Latex agglutination directly from enrichment broth and 
direct-from-specimen immunoassays are unacceptable methods 
for GBS detection.

According to ASM’s guidance, there is currently insufficient 
data to recommend direct-from-specimen testing by NAAT, 
emphasizing that culture after broth enrichment should remain 
a hallmark step in GBS screening. 

Laboratory screening for GBS in pregnant women
Since the release of this initial guidance for GBS culture 
screening of pregnant women, researchers have been look-
ing for more efficient and sensitive methods to detect GBS 
colonization. Several investigators have studied the sensitiv-
ity of NAAT testing after broth-enrichment, as compared to 
conventional culture showing acceptable results.4,5,6 The use 
of chromogenic agars has also provided some advances in the 
screening process. Salem and Anderson performed direct cul-
ture of vaginal specimens to four different chromogenic media 
and showed that these agars produced comparable results to 
conventional broth-enrichment sub-cultured to routine blood 
agar plates.7 Church et. al. compared their standard broth (carrot 
broth) sub-cultured to blood agar (with a neomycin disk) to 
chromogenic agar and to NAAT testing.8 Their results showed 

that NAAT and the chromogenic agar cultures had the same 
performance with sensitivities, specificities, and positive and 
negative predictive values of 98.4 percent, 99.6 percent, 98.4 
percent, and 99.6 percent, respectively, as compared to their 
routine procedure. Likewise, El Aila et. al. showed that direct 
plating to chromogenic agar provided rapid detection of GBS 
that was as sensitive and specific as the recommended method 
of broth sub-cultured onto nonchromogenic agar.9

Laboratory automation and intelligent software 
algorithms in microbiology
Automation is becoming increasingly popular in microbiology 
laboratories with systems that include smart incubators (pro-
viding constant atmospheric and temperature conditions for 
cultures) plus digital imaging systems to record images of plates 
at user-specified times. These digital images are then viewed 
by technologists for culture work-up rather than handling the 
plates themselves. Recently, a suite of advanced artificial intel-
ligence (AI) algorithms with the ability to pre-assess and pre-sort 
culture plates based on its ‘reading’ of digital plate images has 
become available, and previous studies have shown the ability 
of this software to increase the sensitivity and specificity for 
the detection of Methicillin-resistant Staphylococcus aureus 
(MRSA), Vancomycin-resistant Enterococci (VRE) and Group 
A Streptococcus using chromogenic media.10,11,12 For example, the 
study by Faron, et.al, tested over 100,000 specimens for the pres-
ence of VRE and showed that the software agreed with manual 
digital plate reading for 90.1 percent of all specimens resulting 
in a software sensitivity and specificity of 100 percent and 89.5 
percent, respectively.10 The software never called a positive result 
incorrectly as negative, but, in fact, it detected an additional 
499 positive specimens that were falsely called negative by the 
technologist. Overall, the software was 100 percent accurate 
when it identified VRE-negative plates.

The remainder of this article will focus on a recent publication by 
Baker et. al. showing the ability of AI algorithms to detect GBS from 
pregnancy screening cultures when using a specifically designed 
chromogenic agar.13 They evaluated the clinical performance of a 
digital imaging software algorithm in the detection of GBS from 
broth-enriched specimens plated on a new chromogenic media. 
The chromogenic agar used in the study was a selective and dif-
ferential medium, which shows GBS organisms as pink to red 
colonies that are round and pearly on clear agar. The software was 
used to evaluate images of colonies for the appropriate coloration 
on the chromogenic agar, indicating a possible GBS organism. The 
software then would pre-sort culture plates based on its ‘reading’ 
of digital plate images. For example, the software recognized and 
differentiated colony colors on chromogenic agars and sorted the 
cultures into “negative for GBS” and “potential positive for GBS.” 
Over 650 vaginal-rectal swabs enriched in broth cultures were 
enrolled at two sites, automatically processed, and sent to smart 
incubators with digital imaging after 24 and 48 hours of incubation. 
The performance of the software (SW) for detecting GBS on the 
chromogenic agar was compared to technologist manual review 
(MR) of the chromogenic agar digital images and to NAAT. 

The prominent findings from this research were:
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Plate showing a manually read negative/software read 
positive culture.  

 • MR had a sensitivity and specificity of 84.5 percent and 94.7 
percent after 48 hours of incubation as compared to NAAT. 

 • SW had a sensitivity of 100 percent, as compared to MR 
with no true positive isolates missed by 48 hours of incubation.

 • Of the specimens that were negative by MR and positive 
by the SW, an additional 8 true positive GBS specimens were 
detected (see Figure).

 • When comparing all of the methods for performance and 
adjudication of discordant results, the sensitivities of the MR, 
SW, and NAAT were 90.3 percent, 95.5 percent, and 96.8 percent, 
respectively. The specificities of the MR, SW, and NAAT were 
95.4 percent, 63.0 percent, and 97.7 percent, respectively.

This study showed that the performance of the new chromo-
genic media in conjunction with the software’s interpretation 
for the detection of GBS in routine screening cultures compared 
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favorably to NAAT. When compared to manual inspection of 
the digital image by the technologist, the software was 100 
percent sensitive with no falsely negative results. As noted by 
the authors, falsely positive chromogenic agar results using 
the software do occur, however, they also point out that one 
of the primary purposes of utilizing chromogenic agar plus 
the software is to effectively identify all negative cultures with 
high accuracy, leaving only potentially positive cultures for 
the technologist to review. The software also groups together 
all negative cultures, allowing staff to quickly review 40 plates 
per computer screen and batch release results. This type of 
expedited review negates the necessity to review each negative 
plate manually, saving time for the technical staff. 

Cost comparison between NAAT and digital cul-
tures with software reading
The authors discuss that for those laboratories that continue 
to culture for GBS, a total of 36-48 hours is required to obtain 
results, along with a significant amount of manual labor. For 
those that have turned to NAAT to detect GBS, the gains in 
sensitivity and workflow are used to justify the increased cost 
of the molecular methods. It should be noted that routine GBS 
screening is recommended to be performed within five weeks 
of birth, and therefore, when performing routine screening, 
the rapid turnaround time offered by NAAT is not required. 
The table shows the authors’ estimated annual cost for NAAT 
versus chromogenic agar culture. A GBS NAAT assay would 
likely range from $20-$30 per test with 2 levels of QC needed 
daily. In a laboratory performing 25 tests per day for 5 days/
week (approximately 250 days/year), the reagent cost of the 
molecular testing would be $125,000-$187,500 /year. Conversely, 
with the cost of chromogenic agar at approximately $3-5 per 
plate and needed quality control performed only weekly, the 
same laboratory would spend between $18,750 - $31,250 annu-
ally for cultures. 

 The authors conclude that with the increasing implementation 
of automation in the laboratory, intelligent software algorithms 

that do not sacrifice sensitivity, increase the opportunity to use 
the less expensive culture-based methods that recently have 
been replaced by NAAT.  

Summary
There is no doubt that the use of artificial intelligence in clinical 
microbiology has only just begun. Increased automation with 
algorithm-aided culture ‘reading’ can handle mundane tasks,
 leaving the technologist free to perform more important duties. 
This and other recent publications show us that automation 
with digital imaging and intelligent software algorithms can 
revitalize culture in our clinical microbiology laboratories.

Top - Software positive / manual read negative specimen (true positive 
GBS culture)
Bottom - Box inset; GBS colonies (pink/red colonies; black arrows).

Average # of 
tests/day 
(testing 5 

days/week)

Cost/test QC 
needed

Approximate  
Annual Cost

Molecular 
Testing

25 $20.00 
- $30.00

2 levels of 
QC daily

$125,000 
-$187,500

Chromogenic 
agar culture

25 $3.00 
- $5.00

weekly $18,750 
- $31,250

Table: Cost Comparisons of GBS Detection for Molecular and Chromagar 
Cultures
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Table 1. Age adjusted prevalence of diagnosed diabetes by detailed race/ethnicity, education level, and sex 
among adults aged 18 year or older United States

The role of race and ethnicity in 
variant hemoglobin traits
By Priya Sivaraman, PhD

The United States is a culturally diverse nation and a 
melting pot comprised of a variety of ethnicities and 
races. Race and ethnicity play an important role in 

classifying diabetes – a commonly occurring disease in the 
United States. In 2018, 34.1 million adults aged 18 years or 
older – or 13.0 percent of all U.S. adults – had diabetes. In 
addition, 7.3 million adults aged 18 years or older who met 
laboratory criteria for diabetes were not aware of or did not 
report having diabetes. 

The prevalence of diagnosed diabetes was highest among 
American Indians/Alaska natives (14.7 percent), followed by 
people of Hispanic origin (12.5 percent), non-Hispanic blacks 
(11.7 percent), non-Hispanic Asians (9.2 percent) and non-
Hispanic whites (7.5 percent). 1 (See Table 1)

This article will examine the role of A1c in diabetics from 
diverse racial and ethnic backgrounds. It also will describe 
the importance of detecting a variant – a situation that is of 
particular relevance in ethnic and racial populations where 
these variants are more common. 

A1c testing in variant hemoglobin carriers 
Hemoglobin A1c is an important analyte for the detection 
and diagnosis of diabetes. It is a measure of the amount 
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of glucose attached to hemoglobin (Hb) in red blood cells 
over the typical 120-day lifespan of a normal red blood 
cell. The A1c test reflects the average blood glucose over 
the preceding 2-3 months. Therefore, it is also an effec-
tive long-term glycemic monitor for diabetes management. 
There are many advantages of using HbA1c as a glycemic 
marker: It does not require fasting and can be taken 2-4 
times a month, depending upon the diabetic condition of 
the individual. It also is a great monitoring analyte and 
can help prevent diabetes-related complications. 

But just as is the case with any other protein entity in the 
body, hemoglobins are susceptible to mutations. Hemoglobin 
by definition is Heme + globin. Heme means iron and globin 
is a protein made of amino acid chains. When a mutation 
occurs in a single amino acid of the globin protein, it results 
in a variant. These variants can be homozygous or hetero-
zygous. For example, an individual with a mutation in the 
6th position of the globin protein manifests the condition 
as an HbS variant. If the individual inherits a copy of the 
HbS variant from each parent, the disease manifests itself 
as sickle cell disease. If the individual inherits one copy of 
the variant gene from one of the parents, he is said to be a 
carrier and is usually asymptomatic.
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Table 2. 

Any charge-based separation method of HbA1c testing has 
the ability to detect commonly occurring variant hemoglobins, 
such as S, C, D and E, and has the added advantage of call-
ing to attention the presence of the variant in the form of 
a hemoglobin profile with components of the hemoglobin 
elucidated as peaks in the order that they get separated.

Incidence of variant hemoglobins in ethnic populations
Hemoglobin variants are more common than one would 
think. A comprehensive table in the National Institute 
of Diabetes and Digestive and Kidney disease (NIDDK) 
explains the incidence of the most commonly occurring 
hemoglobins in the various ethnic populations and races. 
Here is s a summary of the information in that table.2

HbS is a variant that is found in African Americans and 
Hispanic Americans/Latinos. It is also found in Africa, South 
or Central America (especially Panama), the Caribbean 
islands, Mediterranean countries (such as Turkey, Greece, 
and Italy), India, and Saudi Arabia. 

When an individual carries two abnormal HbS genes, the 
individual is homozygous for HbS. This individual has Sickle 
cell anemia (also called HbSS disease) where the sickled 
red blood cells interfere with circulation and decreased life 
span of red blood cells. This can result in hemolytic, splenic 
sequestration, aplastic crises and multiple complications. 
Sickle cell anemia occurs in 1 of every 500 African American 
births and in 1 of every 36,000 Hispanic/Latino births.3

When an individual carries one normal gene HbA and 

one abnormal gene HbS, the 
individual is heterozygous for 
HbS, or is said to carry the HbS 
trait. These individuals are 
generally asymptomatic. In 
the United States, about 1 out 
of 12 African Americans and 
about 1 out of 100 Hispanic 
Americans/Latinos have a 
sickle cell trait.2 It is noteworthy 
that 11.7 percent of the African 
American diabetic population 
can also potentially be carriers 
of the HbS variant hemoglobin 
trait at a frequency of 1 out 
of 12 individuals. Similarly, 
12.5 percent of the Hispanic 
American/Latino population 
has diabetes, and 1 out of 12 
individuals of this population 
can be carrying the asymptom-
atic HbS trait.

HbC is a variant that is 
found in African Americans 
and people of West African 
descent. About 2.3 percent of 
African Americans have the 
HbC trait. The HbC trait (also 
called HbAC) is asymptomatic. 
Individuals with HbC disease 
(also called HbCC disease) 
exhibit mild hemolytic anemia 
and mild to moderate enlarge-
ment of the spleen.4

HbE is a variant that is found 
in Asian Americans, especially 

those of Southeast Asian descent. It is common in Cambodia, 
Indonesia, Laos, Malaysia, Thailand, and Vietnam and is also seen 
in southern China, India, the Philippines, and Turkey. Prevalence 
of HbE may be 30 percent in Southeast Asia. Individuals with 
HbE disease (also called HbEE disease) exhibit mild hemolytic 
anemia, microcytosis, and mild enlargement of the spleen.4

In addition to these commonly occurring hemoglobins, there 
are thousands of other variant hemoglobins that have been docu-
mented and many that are yet to be discovered.5 

Geographical categorization of ethnic populations in 
the United States
How can knowledge about the prevalence of diabetes in ethnic 
populations combined with the prevalence of variant traits in 
some of these same population groups be applied to the U.S. 
population? And how should laboratorians and physicians 
apply this information to their decisions about which A1c testing 
method to choose? 

The effect of population migration from parts of the world where 
variants HbS, C, D and E variants are common to various regions 
in the United States can be visualized in Table 2.

Table 2 shows the categorization of Hispanics, Blacks, Asians 
and others in selected divisions in the United States.6 

The United States Census Bureau defines four statistical regions, 
with nine divisions:7

• Region 1: Northeast
 • Division 1: New England (Connecticut, Maine, Massachusetts, 
New Hampshire, Rhode Island, and Vermont)
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continued on page 28
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Summary
Each region is unique with its 
pockets of ethnic diversity. It is 
beneficial for laboratorians and 
physicians to adopt an A1c testing 
method that takes into consid-
eration the testing samples that 
arrive at the laboratory from vari-
ous pockets of human diversity. 
There are some ethnic and racial 
populations where the prevalence 
of diabetes is greater than in other 
populations. Combining that 
knowledge with information on 
the occurrence of the most com-
monly occurring variants and the 
spread of various ethnic groups 
across the nation, gives decision-
makers a fair idea of which A1c 
testing method would be the best 
fit for their geographical area. 
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 • Division 2: Mid-Atlantic
(New Jersey, New York, and
Pennsylvania)

• Region 2: Midwest
 • Division 3: East North Central 
(Illinois, Indiana, Michigan,
Ohio, and Wisconsin)
 • Division 4: West North
Central (Iowa, Kansas,
M i n n e s o t a ,  M i s s o u r i ,
Nebraska, North Dakota, and 
South Dakota)

• Region 3: South
 • Division 5: South Atlantic
(Delaware, Florida, Georgia,
Maryland, North Carolina,
South Carolina, Virginia,
District of Columbia, and
West Virginia)
 • Division 6: East South
Central (Alabama, Kentucky, 
Mississippi, and Tennessee)
 • Division 7: West South
Central (Arkansas, Louisiana, 
Oklahoma, and Texas)

• Region 4: West
 • Division 8:  Mountain
(Arizona, Colorado, Idaho,
Montana, Nevada, New
Mexico, Utah, and Wyoming)
 • Division 9: Pacific (Alaska,
California, Hawaii, Oregon,
and Washington)

For example, the graph shows 
that the Pacific Division has the 
maximum number of Hispanics and the South Atlantic and 
East South Central Divisions have the maximum number 
of Blacks. HbS and HbC is commonly found in these two 
populations. The graph also identifies the pockets of Asians, 
and the possibility of HbD and HbE variants in these popula-
tions cannot be ruled out.

A1c testing methods that detect variants traits
Not all A1c testing methods are the same. Charge-based 
separation methods, such as ion exchange HPLC and 
Capillary electrophoresis, are able to detect variant hemo-
globins, and structure-based separation methods, such 
as immunoassays and boronate affinity chromatography, 
do not have the ability to detect variants. Charge-based 
separation methods provide a hemoglobin peak separa-
tion profile in the form of a chromatogram. The method 
is designed to quantitate A1c but also presumptively 
identify the most commonly occurring variant hemoglo-
bins. Immunoassays rely on the specificity of an antibody 
targeted to the N-terminal glycated amino acids on the ß 
chain to quantify A1c. The A1c result is a number with no 
additional variant information. There is no way to know 
if there is a variant hemoglobin or not.

Figure 1 is an example of an A1c result using a method 
that shows the entire profile of hemoglobin separation. The 
chromatography clearly shows the separation of peaks. The 
result table calls out the presence of a variant (H-VAR) based 
on the retention time around which the peak elutes. 
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Figure 1.

continued from page 24
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The impact of connectivity on a lab’s 
bottom line
By Marci Dop and Philippe Flamant

Among the lessons learned throughout the past 
transformative year in healthcare, a crucial one 
is that laboratories must get out of manual pro-

cesses and go digital. Timelines for claim submittals have 
been cut by 75 percent in many cases, and payers now 
require more documentation as a standard condition for 
reimbursement. In addition, reporting requirements to 
health agencies about COVID-19 testing have expanded 
and become a fluid target.

Labs that started 2020 with paper processes likely saw 
bottlenecks prior to the onset of the pandemic. But they 
felt the true pinch of those paper-induced bottlenecks as 
the pandemic progressed and their workload increased. 

Labs fall into three main levels in terms of their level 
of electronic connectivity. If labs still have 50 percent 
of their orders coming in on paper, they are level one. 
Once they get past the 50 percent barrier, with about 
50-75 percent of their orders and processes coming in 
electronically, they usually will have a patient portal 
that supports their outreach program. This is level two. 

The goal is to see laboratories get to the third level, 
or top tier. Labs with top-tier connectivity are beyond 
75 percent digital or have gone fully digital with their 
processes. This allows them to focus on other tools that 
can be used to improve their operations and efficiency 
in billing. The result is a streamlined ordering process 
that reduces the risk of most pre-analytical laboratory 
errors and minimizes laboratory calls to practices and 
hospitals to get missing information. This digitally 
enhanced workflow efficiency will not only increase 
first-time claims submissions but also reduce operational 
costs for the laboratory and the practice, improve the 
provider’s experience, and provide more reliable results 
for better patient care.

Level two: a central point for all communication 
into and out of the lab
If labs were still on paper at the beginning of 2020, 
they likely faced the decision to adopt digital processes 
quickly or risk being left behind. Labs have always had 
the challenge of bringing in orders from a variety of 
sources and formats, whether they are on paper, from a 
physician-ordering portal, from another laboratory, or 
directly from the electronic health record (EHR). Once 
50 percent of a lab’s orders are coming in from digital 
sources, it is essential that these orders are funneled 
into the lab in a consistent way. Interfaces and portals 
become the central repository for all communication 
into and out of the lab. Labs that take this step will 
improve their ability to efficiently scale their operations 
and increase their profitability while workflows will 
become less inhibited.

If patients show up at the patient service center and 
they do not have their requisition, it will not matter 
because labs will be able to pull up all orders in one 
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location. Labs also will be able to quickly collaborate 
with IT staff to onboard customers, or they can set up 
patient service centers or swab pods for COVID-19 test-
ing because they have a cohesive and integrated system 
where all information is going into one place.

Bringing all information into a central repository, 
with control of that communication flow, allows labs 
to now focus on being a lab. They can refocus their 
resources on optimization, laboratory projects, building 
data warehouses, improving throughput, or automating 
processes.

Achieving top tier connectivity
The rapid advancements needed for true interoperability 
were exposed throughout the past year. The require-
ments for COVID-19 reporting at national, state, and 
local levels provide a great example. Labs are required 
to submit to governmental authorities additional patient 
information in addition to test results – whether or not 
that information had been submitted by the ordering 
physician or practice with the test order. 

Missing information is not a new challenge for labo-
ratories, even for those with level two connectivity. Labs 
may have a great interface in place, but how do they 
ensure that the orders coming into their lab are good 
orders? Their ability to do so has a direct effect on their 
profitability. 

Labs see orders from the EHR with basic errors, such 
as not including a gender or lacking medical necessity 
checks. These downstream problems affect the ability 
of labs to be reimbursed by payers and can cause claim 
denials. It also costs human capital because laboratory 
employees will have to track down missing information 
so orders can be processed. To be assured of reimburse-
ment, labs need access not just to demographic and insur-
ance information but also to clinical documentation of 
medical necessity and insurance pre-authorization.

Ninety percent of claim denials are usually prevent-
able and can be traced back to a user or technical error. 
It could be that the order is for a Medicare patient, and 
it needs to get an advance beneficiary notice (ABN) 
or that it must go through medical necessity check-
ing. Other common issues include orders with miss-
ing pre-authorization information, incorrect patient 
demographic data, incorrect subscriber identification 
number, or even incorrect diagnostic codes.

Insurance mapping is not a new concept, but it must be 
pushed to the beginning of the order process. Labs can 
no longer afford to wait until the issue is in the lab and 
then try to complete mapping during the billing process. 
Labs need the ability to capture bad data when the order 
is placed in the EHR, so they can alert the provider to 
make the change before the order is ever sent to the 
laboratory. Labs need to remind providers to pause and 
double-check lab-test orders before they submit them. 

30-31_MLO202101_LabManagement_MECH_PC_LW.indd   30 12/11/2020   3:31:55 PM



. 31

31MLO-ONLINE.COM   JANUARY 2021

LAB MANAGEMENT :: RCM-REIMBURSEMENT

Providers should double-check demographic informa-
tion, such as gender, as well as the presence of medical 
necessity information and accurate test codes. 

If a bad order gets into accessioning at the lab and then into 
billing with incorrect diagnosis codes, missing information, 
or bad insurance information, it becomes very expensive 
for the lab and provider to correct.

Eliminating phone calls to providers during billing 
process
Order problems need to be caught on the front end, so 
labs are not stuck with the financial burden of requiring a 
cleanup process on the back end. Establishing connectivity 
to a physician’s EHR to extract and deliver clinical data and 
encounter documentation for a patient empowers a lab to 
access the pre-authorization details required for a medical 
necessity verification, which were taken at the time of the 
order but not included in the requisition. This data can 
be submitted with the claim and used to validate many 
pieces of information, such as prior-authorization infor-
mation received from providers, based on demographics, 
test codes, diagnosis codes, and patient histories. The data 
also can be saved for later requests from payers for more 
information or appeals of denied claims.

Lab billing departments need the ability to go knock on 
the EHR’s door and do an update or refresh of patients’ 
demographic information without having to call the pro-
vider’s office. It is becoming essential for labs to have the 
ability to do this without having to pick up the phone, and 
it is a game changer for the billing department. Billing 
department employees can work in 
a two-screen mode, with the billing 
information on the left and the entry 
from the EHR on the right. They can 
then reach into the EHR and pull the 
information they need without having 
to disturb the account.

Anyone who has been in an acces-
sioning department, whether the vol-
ume is 1,000 orders a day or 10,000 
orders a day, will have confronted 
situations in which the required 
information for a requisition is scat-
tered everywhere. For employees in 
accessioning, the goal is to process 
orders in 45 seconds or less. But they 
cannot meet that metric if they must 
look at the requisition and then hunt 
for the information in multiple EHRs.

Labs with top-tier connectivity use 
tools to print branded requisitions 
within the office instead of printing 
the EHR’s requisition. This puts all 
the information in the same place 
each time and speeds up accession-
ing, which allows employees who are 
processing the requisitions to have 
the same consistent workflow 100 
percent of the time. This also allows 
employees at a physician’s office to 
print an instrument-ready barcode 
for the specimen label at the time an 
order is placed, allowing those speci-
mens to come in for processing, get 

Marci Dop is a lab industry expert and CIO at 
MHC Management Consulting.

Philip Flamant is Vice President of Solutions 
Engineering at ELLKAY.

checked in, undergo quick review, and then go right into 
the laboratory.

By establishing true interoperability with EHRs, leverag-
ing automation solutions, such as barcode labeling, and 
moving real-time data collection to the front-end ordering 
workflow, laboratories can receive 100 percent clean orders 
that include essential patient demographic, insurance, and 
clinical data. The result is a streamlined ordering process 
that reduces the risk of most pre-analytical laboratory 
errors, minimizes laboratory calls to practices and hos-
pitals, increases first-time claims submissions, reduces 
operational costs for the laboratory and the practice, 
improves provider experience, and provides more reli-
able results for better patient care. 
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Diagnostic hallmarks of urinary tract 
infection
By Brian Fernandez

Color
Normal urine color ranges from pale yellow to amber due to the 
pigment urochrome, a metabolic byproduct of heme. The color of 
UTI affected urine can have a blood-tinged color of red, pink or 
brown due to the presence of RBCs and/or hemoglobin caused by 
inflammation and irritation from an active infection. A Pseudomonas 
aeruginosa infection can uniquely result in green urine through the 
production of pyocyanin.1

Odor
Normal urine will have a faint smell that is not particularly harsh. 
UTI affected urine can have a pungent smell caused by the bacterial 
metabolism of urea into ammonia at the site of infection in the 
urinary tract. The smell can also be foul from the accumulation of 
pus, protein decay, and bacteria. It is important to note if the urine 
is fresh because improperly stored, unpreserved urine samples 
can develop a similar odor from contamination. 

Clarity
Freshly voided urine is normally clear. UTI affected urine can be 
visibly cloudy due to an increase of suspended particles that scat-
ter light. The makeup of the particles should be characterized by 
microscopy to determine if the constituents are pathologic. 

Chemical Presentation
The chemical examination of urine most commonly employs the 
use of urinalysis dipsticks that contain discrete reagent pads that 
quickly detect the presence of specific analytes in the urine sample. 
Urinalysis dipsticks provide rapid, semi-quantitative diagnostic 
results that can be performed in most clinical settings. 

UTI affected urine may react positively for leukocyte esterase 
activity due the inflammatory response elicited by the active infec-
tion. The leukocyte reagent pad reacts to the presence of leukocyte 

esterase enzymatic activity that can cleave 
an ester to form an aromatic compound that 
cascades through a diazo coupling reaction 
to yield a violet dye compound. The resulting 
color change in the reagent pad can be read 
visually, or with a dedicated reader, with the 
intensity being proportional to the concen-
tration of leukocyte esterase in the original 
sample.

The presence of nitrite in urine is a strong 
indication of gram-negative bacterial UTI. 
Nitrates (NO3

-) are consumed in the diet 
and are excreted in the urine without being 
converted to nitrite (NO2

-). Nitrate-reducing 
bacteria, including E. coli, can switch from 
using oxygen to nitrate for respiration, releas-
ing nitrite in the process. The reagent pad 
contains an aromatic amine compound that 
reacts with nitrite to produce a diazomium salt 
which cascades through a similar diazo cou-
pling reaction to yield a pink dye compound. 
Unlike the leukocyte reaction, the nitrite assay 
is qualitative where any degree of pink color is 

Urinary Tract Infection (UTI) is among the leading causes for 
treatment in adult primary care medicine and represents a 
significant proportion of antibiotic prescriptions. A UTI can 

involve any part of the urinary system, including the lower urinary 
tract – urethra (urethritis) and bladder (cystitis) – and the upper 
urinary tract – ureters (ureteritis) and kidneys (pyelonephritis). 
UTI impacts both genders, however, women are much more 
vulnerable due to their anatomy and reproductive physiology. 
Escherichia coli accounts for about 80-85 percent of all UTIs, fol-
lowed by Staphylococcus species, accounting for 10-15 percent. Other 
bacterial pathogens – including Klebsiella, Pseudomonas, Proteus, 
and Enterococcus species – are also infrequently implicated. More 
rarely, infections may be from fungal or viral pathogens that would 
require alternative treatment strategies.1

Further sub-classifications of UTIs are based on location of the 
infection, presence or absence of symptoms, and the presence of 
relevant complicating factors that dramatically increase the patient 
risk profile. Complications can include all UTIs in children, men 
and pregnant women, renal insufficiency or transplant, diabetes 
mellitus, physical obstruction, immune compromised patients, etc.2

Symptoms
Symptoms of lower UTIs include burning or pain while urinat-
ing (dysuria), frequent urge to urinate with little or no volume 
(urgency), lower abdominal cramping or pain, and possible low-
grade fever. Symptoms of upper UTIs are more severe and can 
include acute flank, back or groin pain, dysuria, urgency, fever, 
chills, nausea, and extreme fatigue. 1

Physical Presentation
Examination of the physical presentation of urine is an ancient 
practice that continues to provide valuable information in a modern 
clinical diagnostic setting. 
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considered a positive and does not correlate to the severity of the 
UTI. It is important to note that not all organisms that can cause UTI 
are able to convert nitrate into nitrite. A negative result, therefore, 
does not rule out UTI from a non-nitrate reducing bacteria (such 
as Enterococcus), fungi or virus.

Lastly, urine dipsticks may also detect the presence of small 
amounts of blood and protein in UTI-affected samples, resulting 
from inflammation and irritation to the urinary tract. While these 
findings are not specific to UTI, they are useful for ongoing assess-
ments of UTI progression and resolution. 

Screening tests for leukocytes or nitrite are not replacements for 
gold standard bacteriological urine cultures, which can identify 
and quantify the pathogen, ultimately providing information for 
the best treatment plan. The Leukocyte-Nitrite test combination is 
a very useful rapid tool that has been shown to have a sensitivity 
of 79.2 percent and a specificity of 81 percent for urine specimens 
with a bacterial count of >105 CFU/mL. Negative results from the 
combination have an excellent negative predictive value of 94.5 
percent.3 The low-cost urinalysis dipstick allows for broad surveil-
lance that can help identify patients with asymptomatic bacteriuria 
that may progress into a more severe condition. It also allows for a 
simple method to monitor the effectiveness of treatment. 

Microscopic Presentation
The microscopic evaluation of urine is useful to confirm suspected 
UTI cases after physical and chemical analysis described above. These 
results provide added information to help confirm a diagnosis. It is 
important to understand if any physical or chemical findings origi-
nate in the urinary tract or are the result of external contamination. 
Microscopic analysis is particularly useful to begin to distinguish 
between lower and more serious upper UTI that may lead to a life-
threatening acute pyelonephritis condition.

The detection of many WBCs in urine (leukocyturia) is a diagnostic 
hallmark of UTI and is the factor that contributes to observations of 
cloudy urine and a positive leukocyte esterase test. It is important to 
note that both bacterial and non-bacterial causes of inflammation 
can result in leukocyturia. Neutrophils are the most commonly found 
WBC type in UTI affected urine and are characterized as 10-20 µm 
spherical cells with cytoplasmic granules and segmented nuclei.1

Other WBC types, such as eosinophils, will predominate in cases of 
acute interstitial nephritis and lymphocytes in cases such as kidney 
transplant rejection.4

The observation of microorganisms in urine sediment is an 
additional hallmark of UTI, and one that is is useful to determine 
the causative pathogen. Bacteria found in urine can be rod-shaped 
(bacilli) or rounded (cocci). As urine is normally sterile, the presence 
of bacteria indicates either a UTI or contaminated sample. In cases 
where numerous bacteria are detected, in the absence of leukocytes or 
leukocyte esterase, the sample was likely contaminated or mishandled. 
Microscopic evaluation can also detect other UTI pathogens such as 
yeast, Trichomonads, and parasites such as Giardia and Pinworm.

RBCs are also commonly found in UTI affected samples which con-
tribute to the changes in urine color and positive blood test described 
above. There are many unrelated conditions that can contribute to 
an increase of RBCs in urine (hematuria). In general, any source of 
inflammation or irritation of the urinary tract can result in hema-
turia. It is important to rule out potential sources of contaminate 
blood from vaginal secretion or hemorrhoids that can cause false 
hematuria positives.1

Other microscopic observations of urine sediment are particularly 
useful to differentiate between lower and upper UTI. The more com-
mon lower UTI can present with transitional epithelial cells that line 
the bladder and urethra. These can be sloughed off into the urine due 
to the inflammation caused by an offending UTI. In contrast, upper 
UTI can present with renal tubular epithelial cells (RTE) that line 

the proximal and distal convoluted tubules and collecting ducts. The 
presence of RTE in urine is the most clinically significant epithelial 
cell that can be found in urine and provides a strong indication of 
renal damage.5

The presence of urinary casts is another distinguishing character-
istic that can differentiate between lower and upper UTI. Casts are 
cylindrical secretions composed of Tamm-Horsfall immunoprotein 
that form in the lumen of the distal tubes and collecting ducts of the 
nephron. Small numbers of clear hyaline casts or granular casts can 
be found in normal urine. Urine samples affected by a lower UTI 
will typically present with no casts, or with a few normal casts. A 
diagnostic hallmark of upper UTI acute pyelonephritis is the presence 
of WBC incorporated casts.5

Summary
As infections of the urinary tract are one of the most frequent reasons 
for treatment in primary medical care, it is critical to understand 
the various diagnostic hallmarks of UTI that allow for rapid assess-
ment and treatment.  Diagnosis solely based on clinical symptoms is 
often wrong, and diagnostic precision is dramatically increased using 
physical examination of the urine, chemical detection of leukocyte 
esterase and nitrite using urinalysis dipsticks, and microscopic sedi-
ment analysis.6 Quality control products allow for the verification of 
laboratory equipment, reagents, and operator technique associated 
with the diagnosis of UTI. This QC material is designed to elicit clini-
cally significant negative and positive for all the typical urinalysis 
dipstick analytes, including leukocyte esterase and nitrite. It also 
contains intact WBCs, RBCs, calcium oxalate crystals and E. coli bac-
teria that are ideal for verifying the centrifugation, concentration, 
and slide preparation necessary for microscopic analysis, or ensure 
the performance of automated microscopy analyzers. The use of QC 
is a critical measure to ultimately provide critical information in a 
timely manner so that appropriate actions may be taken to improve 
patient outcomes. Resources such as the free “Urinalysis Made Simple” 
mobile application is an excellent tool for laboratory professionals, 
teachers, and students to understand the various physical, chemical, 
and microscopic presentation of urine for a variety of conditions. 
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A quality approach for serum indices
By Jack Zakowski, PhD, FAACC and Peter Deman, PhD, MBA 

Lipemia is the increased concentration of lipid and lipoprotein 
particles, creating a milky or turbid appearance that interferes 
photometrically with multiple biochemical tests. In elevated 
cases, lipemia can also interfere in some electrolyte assays via a 
pseudohyponatremia effect.

Automated versus visual assessment
Most clinical laboratories have adopted the assessment of sample 
quality before testing as an essential part of their routine practice. 
In the past, HIL detection was mainly done by visual checks. 
However, it has been well documented that visual checks have 
disadvantages and are unreliable, displaying poor accuracy and 
high person-to-person variability.1,2

According to the CLSI C56-A guideline Hemolysis, Icterus, 
and Lipemia/Turbidity Indices as Indicators of Interference in Clinical 
Laboratory Analysis (clsi.org), “The use of automated HIL indices 
overcomes the inherent limitations of visual estimation that have 
been used in the clinical laboratory for decades.”3

Most modern high-throughput automated chemistry analyzers 
today offer an automated HIL index testing feature, and it has 
become widely accepted that automated HIL detection should 
replace visual checks. Moreover, in high test-volume TLA labo-
ratories, visual checking by lab staff slows down workflow and 

high-throughput capabilities when compared with 
automated detection. Labs have come to rely on the 
automated features of such analyzers.

Challenges in automated serum index 
detection
No standard exists today to specify a recommended 
methodology for HIL measurement, or any recom-
mended reporting system or standardized units. 
While some analyzer systems may be similar, 
others use very different mechanisms. CLSI C56-A
catalogued several such system differences.3 The 
European Federation of Clinical Chemistry and 
Laboratory Medicine (EFLM) Working Group for 
Preanalytical Phase also outlined such challenges in 
its 2018 paper and proposed solutions that may be 
adopted by analyzer manufacturers for increasing 
worldwide harmonization of serum index detection 
and reporting.4

Some HIL-capable chemistry analyzers use 
detection systems that can run HIL tests without 
impacting analyzer throughput. Others do impact 
throughput when HIL detection is enabled, though 

often not greatly. 
Some systems report the interferences only in an ordinal 

scale, for example: 0, +1, +2, +3 – similar to older procedures 
for visual interpretation. For optimal interpretation of specific 
samples, this representation could bring some challenges. The 
system’s continuous values are, in these cases, not available. In 
other systems, the result reporting is on an arbitrary scale, such 
as 0-10 or 0-50. The actual photometric absorbance responses 
also are not usually available.

Since HIL index determinations are approximate for pur-
poses of sample assessment, system operators should not 
confuse such determinations with exact reports of interferent 

Much has been written about the pre-analytical challenges 
facing clinical labs. Pre-analytical issues are the largest 
source of diagnostic errors and can result in serious 

impact to patients. Due to the consolidation of laboratories, 
the growth of typical operational size, and the implementa-
tion of total laboratory automation (TLA), the examination of 
samples before testing has undergone a transformation from 
visual to automated. This, too, may have a significant impact 
on test reliability.

This article outlines the well-known serum indices interfer-
ence and how technological advances in automated instru-
ment testing have created new challenges. Importantly, this 
will include an overview of how serum index determinations 
are made, detected and responded to – and how that system 
needs a quality process. Also provided is information on the 
latest international guidance documents and recommendations. 

Background
The quality and integrity of biological samples collected by 
venipuncture is essential to generate reliable test results. The 
presence of hemolysis (H), icterus (I) and lipemia (L) in diag-
nostic samples are important and common interferences in 
many chemistry assays. 

Hemolysis can affect the measurement results of specific 
analytes significantly, since even very low concentrations of 
interferences can cause clinically relevant deviation of the true 
value. Test issues can arise from either photometric interfer-
ence at selected wavelengths or from RBC contents altering 
the sample composition. Hemolysis is usually an artifact of 
collection, transportation, or storage issues. More rarely it is 
an indicator of a true in vivo hemolysis.

Icterus is the increased concentration of bilirubin, which can be 
caused by underlying liver disease. High serum/plasma bilirubin 
concentrations can cause photometric interference with assays 
or can act as a chemical interference with reagent components.
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concentration (e.g.: gm/dL of hemoglobin or mg/dL of bili-
rubin), as this can lead to inaccurate reporting of test results.  

HIL detection is not influenced by the analyzer assay reagents, 
though it is crucial that the HIL detection performance is stable 
and accurate over time. The HIL module may be subject to drift; 
sample pipetting may have a bias that is calibrated out in most 
assays but not in the HIL detection; or HIL sample carryover 
in cuvettes can be an issue if the cuvette washer is misaligned. 
This may not be evident for most chemistry assays, but some 
HIL assessments (e.g.: very high levels of hemoglobin) may be 
affected. Most laboratories do not consider periodic maintenance, 
inspection, or performance-checking for their HIL determina-
tions as part of the routine quality processes. Taking all of this 
into consideration, it is important to consider a quality process 
approach to HIL testing.

Best practices and recommendations in HIL testing
HIL assessment and automated handling to detect deviations 
in sample quality are important. All other relevant parameters 
on laboratory instruments are regularly checked by internal and 
external quality control. However, HIL indices are generally not 
under such control. 

As indicated by von Meyer, et al. on behalf of the EFLM Working 
Group for Preanalytical Phase, “Due to such large potential impact 
on diagnostic results, serum indices should be subject to regular 
internal and external quality control procedures.”4

While the testing of the HIL indices is an important practice for 
routinely monitoring sample quality in most clinical laboratories, 
there are few standardized practical guidelines about the quality 
approach to these HIL index results. Some QC strategies around 
HIL interference detection have been described in the literature.5 

From a QC program design perspective, the goal is to have a 
practical approach to a quality strategy. Looking at the frequency 
of testing for HIL QC, the main recommendation is to approach a 
process in line with the lab’s routine test intervals and to handle 
comparably to other QCs. This should always be done in keeping 
with local regulations where applicable.

When starting with a QC approach in the laboratory around 
HIL detection, or any new assay or process, a few practical con-
siderations arise and these include:

 • QC design and handling, such as selecting key parameters to 
monitor, at what frequency, and with which internal or external 
materials.

 • Management of QC, such as setting up rules and following 
up over time.

 • Tools to Manage QC, such as the selection and use of data-
management software.

 • Troubleshooting steps, such as handling an “out of control” 
situation, reporting this to laboratory management, and possibly 
correcting reported results.

A detailed example of this type of quality process analysis 
is described in a paper by Lippi et al. on behalf of the EFLM 
Working Group for Preanalytical Phase.5

Third party materials are available and are intended to monitor 
instrument response in detecting Hemolyzed, Icteric or Lipemic 
samples. The use of such products is recommended as an objective 
assessment of the instrument’s response. Third party materi-
als, as compared to “home brewed,” can minimize the lab staff 
preparation time and effort. 

International guidance
ISO 15189-2012 Medical laboratories — Requirements for quality 
and competence is a widely recognized international standard 
for laboratory quality systems, and compliance is a regulatory 

requirement for laboratories in many countries. ISO 15189, sec-
tion 4.9 states that the laboratory “…shall have a documented 
procedure to identify and manage nonconformities in any aspect 
of the quality management system, including pre-examination…
processes.”  Section 5.4 also more specifically describes the “pre-
examination process.”6

CLSI C56-A recommends that QC material containing human 
sourced material (prepared following procedures as described in 
CLSI guidelines C56-A and EP07) is acceptable for HIL indices.3

The European Federation of Clinical Chemistry and Laboratory 
Medicine (EFLM) maintains a working group specifically focused 
on pre-analytical errors from the importance of pre-analytical fol-
low up to background and to specific guidance for QC approaches. 
More background can be found at the EFLM working group on 
the pre-analytical phase website.7

Summary
Laboratories understand the potential of inaccurate results from 
certain samples and have dealt with serum index issues for many 
years. The introduction of high-volume, high-throughput analyz-
ers with built-in serum-index detection capabilities has improved 
assessment of such samples. They have also, however, introduced 
their own opportunities for errors, and these need to be controlled 
in a laboratory quality process focused on possible errors in serum 
index measurements. This article has reviewed this status and 
offered resources that explain how labs can maintain control of 
their processes. 
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SARS-CoV-2 MOLECULAR TEST UPDATES

Company Name Date EUA Issued or 
Last Updated

Diagnostic (Most Recent Letter 
of Authorization) and Date EUA 

Original Issue
Attributes3 Authorized 

Setting(s)1
Authorization 
Documents2

Applied BioCode, Inc. 12/7/2020 (Original Auth. 
6/15/20)

BioCode SARS-CoV-2 Assay RT-PCR, Pooling H HCP Patients, IFU

BioFire Defense, LLC 12/4/2020 (Original Auth. 
3/23/20

BioFire COVID-19 Test RT, Nested multiplex 
PCR, Pooling

H, M HCP, Patients, IFU

binx health, Inc. 12/4/2020 (Original Auth. 
10/20/20

binx health At-Home Nasal Swab 
COVID-19 Sample Collection Kit

Home Collection Kit N/A EUA Summary, IFU

Quest Diagnostics Infec-
tious Disease, Inc.

12/4/2020 Quest Diagnostics RC COVID-
19+Flu RT-PCR

Real-time RT-PCR, 
Multi-analyte, Home 
Collection

H HCP, Patients, EUA 
Summary, IFU (Home 
Collection)

Rheonix, Inc. 12/3/2020 (Original Auth. 
4/29/20)

Rheonix COVID-19 MDx Assay RT-PCR, Saliva H HCP, Patients, IFU

Centers for Disease Control 
and Prevention's (CDC)

12/1/2020 CDC 2019-nCoV Real-Time RT-
PCR Diagnostic Panel (CDC)

Real-time RT-PCR, 
Pooling

H HCP, Patients, IFU

Infinity BiologiX LLC 11/30/2020 (Original 
Auth. 4/19/20)

Infinity BiologiX TaqPath SARS-
CoV-2 Assay

Real-time RT-PCR, 
Home Collection, 
Saliva

H HCP, Patients, IFU (Home 
Collect), EUA Summary

Agena Bioscience, Inc. 11/30/2020 MassARRAY SARS-CoV-2 Panel  
10/26/2020

RT-PCR, chip array 
and MALDI-TOF Mass 
Spec.

H HCP, Patients, IFU

Quest Diagnostics Infec-
tious Disease, Inc.

11/27/2020 (Original 
Auth. 7/15/20)

Quest Diagnostics RC SARS-
CoV-2 Assay

Real-time RT-PCR, 
Home Collection, 
Pooling

H HCP, Patients, EUA Sum-
mary, IFU (Home Collect)

Cepheid 11/27/2020 Xpert Omni SARS-CoV-2 Real-time RT-PCR H, M HCP, Patients, IFU

Stanford Health Care Clini-
cal Virology Laboratory

11/24/2020 (Original 
Auth. 4/8/20)

SARS-CoV-2 RT-PCR Assay Real-time RT-PCR, 
Home Collection Kit

H HCP, Patients, EUA Sum-
mary, IFU (Home Collection)

RapidRona, Inc. 11/23/2020 RapidRona Self-Collection Kit Home Collection Kit N/A EUA Summary, IFU 
(Collection)

Gravity Diagnostics, LLC 11/23/2020 Gravity Diagnostics SARS-CoV-2 
RT-PCR Assay

Real-time RT-PCR, 
Home Collection, 
Screening, Saliva

H HCP, Patients, EUA 
Summary

Applied DNA Sciences, 
Inc.

11/21/2020 (Original 
Auth. 5/13/20)

Linea COVID-19 Assay Kit Real-time RT-PCR H HCP, Patients, IFU

Thermo Fisher Scientific, 
Inc.

11/20/2020 (Original 
Auth. 3/13/20)

TaqPath COVID-19 Combo Kit Real-time RT-PCR, 
Home Collection

H HCP, Patients, IFU

Centers for Disease Control 
and Prevention (CDC)

11/20/2020 (Original 
Auth. 7/13/20)

Influenza SARS-CoV-2 (Flu SC2) 
Multiplex Assay

Real-time RT-PCR, 
Multi-analyte

H HCP, Patients, IFU

Trax Management 
Services Inc.

11/20/2020  (Original 
Auth. 7/13/20)

PhoenixDx SARS-CoV-2 Multiplex Real-time RT-PCR H HCP, Patients, IFU

Express Gene LLC, DBA:  
Express Gene Molecular 
Diagnostics Laboratory

11/19/2020 (Original 
Auth. 5/22/20)

Express Gene 2019-nCoV RT-PCR 
Diagnostic Panel

Real-time RT-PCR, 
Collection Kit

H HCP, Patients, EUA 
Summary, IFU

Roche Molecular Systems, 
Inc. (RMS)

11/18/2020 (Original 
Auth. 3/12/20)

cobas SARS-CoV-2 Real-time RT-PCR, 
Pooling

H, M, 
H-Pooling

HCP, Patients, IFU

Lucira Health, Inc. 11/18/2020 Lucira COVID-19 All-In-One 
Test Kit

Prescription Home 
Testing

W HCP, IFU, IFU (Home Test)

Quest Diagnostics Infec-
tious Disease, Inc.

11/13/2020 (Original 
Auth. 3/17/20)

Quest SARS-CoV-2 rRT-PCR Real-time RT-PCR, 
Home Collection, 
Pooling

H HCP, Patients, IFU, IFU 
(Home Collect)

Xiamen Zeesan Biotech 
Co., Ltd.

11/10/2020 (Original 
Auth. 7/31/20)

SARS-CoV-2 Test Kit (Real-time 
PCR)

Real-time RT-PCR H HCP, Patients, IFU

BioMérieux SA 11/6/2020 (Original Auth. 
5/6/20)

SARS-COV-2 R-GENE Real-time RT-PCR H HCP, Patients, IFU

Fluidigm Corporation 11/5/2020 (Original Auth. 
8/25/20)

Advanta Dx SARS-CoV-2 RT-PCR 
Assay

Real-time RT-PCR, 
Saliva

H HCP, Patients, IFU

Laboratory Corporation of 
America (LabCorp)

11/4/2020 (Original Auth. 
3/16/20)

COVID-19 RT-PCR Test Real-time RT-PCR, 
Home Collection, 
Pooling, Screening

H HCP, Patients, EUA
Summary, IFU (Pixel Home 
Collect), IFU LabCorp 
Home Collect

Individual EUAs for Molecular Diagnostic Tests for SARS-CoV-2
This table includes information about authorized SARS-CoV-2 molecular diagnostic tests. These EUAs have been issued 
for each individual test with certain conditions of authorization required of the manufacturer and authorized laboratories.
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SARS-CoV-2 MOLECULAR TEST UPDATES

Euroimmun US, Inc. 11/4/2020 (Original Auth. 
6/8/20)

EURORealTime SARS-Cov-2 Real-time RT-PCR H HCP, Patients, IFU

Seegene, Inc. 11/2/2020 (Original Auth. 
4/21/20)

Allplex 2019-nCoV Assay Real-time RT-PCR H HCP, Patients, IFU

Color Genomics, Inc. 11/2/2020 (Original Auth. 
5/18/20)

Color SARS-CoV-2 RT-LAMP 
Diagnostic Assay

RT, LAMP, Home 
Collection

H HCP, Patients, EUA 
Summary

Beijing Wantai Biological 
Pharmacy Enterprise 
Co., Ltd.

10/31/2020 (Original 
Auth. 9/9/20)

Wantai SARS-CoV-2 RT-PCR Kit Real-time RT-PCR H HCP, Patients, IFU

PerkinElmer, Inc. 10/30/2020 (Original 
Auth. 3/24/20)

PerkinElmer New Coronavirus 
Nucleic Acid Detection Kit

Real-time RT-PCR, 
Pooling

H HCP, Patients, IFU

Luminex Molecular 
Diagnostics, Inc.

10/28/2020 (Original 
Auth. 3/27/20)

NxTAG CoV Extended Panel 
Assay

RT-PCR H HCP, Patients, IFU

Luminex Corporation 10/28/2020 (Original 
Auth. 4/3/20)

ARIES SARS-CoV-2 Assay RT-PCR H, M HCP, Patients, IFU

PrivaPath Diagnostics, Inc. 10/28/2020 (Original 
Auth. 5/28/20)

LetsGetChecked Coronavirus 
(COVID-19) Test

TMA, chemilumines-
cent, Home Collection

H HCP, Patients, EUA Sum-
mary, IFU (Home Collect)

Illumina, Inc. 10/28/2020 (Original 
Auth. 6/9/20)

Illumina COVIDSeq Test Sequencing H HCP, Patients, IFU

Roche Molecular Systems, 
Inc.

10/28/2020 (Original 
Auth. 9/30/20)

cobas SARS-CoV-2 & Influenza 
A/B

Real-time RT-PCR, 
Multi-analyte

H, M HCP, Patients, IFU

DNA Genotek Inc. 10/28/2020 ORAcollect∙RNA OR-100 and 
ORAcollect∙RNA ORE-100 saliva 
collection devices

Saliva Collection 
Device

N/A EUA Summary, IFU

DNA Genotek Inc. 10/28/2020 OMNIgene·ORAL OM-505 and 
OME-505 (OMNIgene·ORAL) 
saliva collection devices

Saliva Collection 
Device

N/A EUA Summary, IFU

DiaCarta, Inc 10/26/2020 (Original 
Auth. 4/8/20)

QuantiVirus SARS-CoV-2 Test kit Real-time RT-PCR H HCP, Patients, IFU

Clinical Research Sequenc-
ing Platform (CRSP), LLC at 
the Broad Institute of MIT 
and Harvard

10/23/2020 (Original 
Auth. 7/8/20)

CRSP SARS-CoV-2 Real-time 
Reverse Transcriptase (RT)-PCR 
Diagnostic Assay

Real-time RT-PCR, 
Home Collection

H HCP, Patients, EUA Sum-
mary, IFU (Home Collect)

Bioeksen R&D Technolo-
gies Ltd.

10/23/2020 (Original 
Auth. 9/2/20)

Bio-Speedy Direct RT-qPCR 
SARS-CoV-2

Real-time RT-PCR H HCP, Patients, IFU

Helix OpCo LLC 10/22/2020 (Original 
Auth. 723/20)

Helix COVID-19 Test Real-time RT-PCR, 
Home Collection, 
Screening

H HCP, Patients, EUA Sum-
mary, IFU (Home Collect)

T2 Biosystems, Inc. 10/22/2020 T2SARS-CoV-2 Panel RT, amplification, T2 
Magnetic resonance

H, M HCP, Patients, IFU

P23 Labs, LLC. 10/20/2020 (Original 
Auth. 5/21/20)

P23 Labs TaqPath SARS-CoV-2 
Assay

Real-time RT-PCR, 
Home Collection, 
Saliva

H HCP, Patients, IFU1 (Home 
Collect), IFU2 (Home 
Collect)  EUA Summary

Wren Laboratories LLC 10/20/2020 (Original 
Auth. 8/3/20)

Wren Laboratories COVID-19 
PCR Test

Real-time RT-PCR, 
Home Collection, Saliva

H HCP, Patients, EUA Sum-
mary, IFU (Home Collect)

Genetrack Biolabs, Inc. 10/17/2020 (Original 
Auth. 9/25/20)

Genetrack SARS-CoV-2 
Molecular Assay

Real-time RT-PCR H HCP, Patients, EUA Sum-
mary, IFU (Home Collect)

Spectrum Solutions LLC 10/16/2020 (Original 
Auth. 10/8/20)

SDNA-1000 Saliva Collection 
Device

Saliva Collection 
Device

N/A EUA Summary, IFU

1. Authorized settings include the following:
H - Laboratories certi�ed under the Clinical Laboratory Improvement Amendments of 1988 (CLIA), 42 U.S.C. §263a, that meet requirements to perform high complexity 
tests. 
M - Laboratories certi�ed under the Clinical Laboratory Improvement Amendments of 1988 (CLIA), 42 U.S.C. §263a, that meet requirements to perform moderate complexity 
tests.
W - Patient care settings operating under a CLIA Certi�cate of Waiver.

2. Authorization Documents include the Healthcare Provider (HCP) and Patient Fact Sheets and either the Manufacture Instructions/Package Insert (abbreviated to IFU) or 
the EUA Summary.

3. Abbreviations:
RT-PCR = reverse transcriptase polymerase chain reaction;
RT = reverse transcriptase;
LAMP = loop-mediated isothermal ampli�cation;
MALDI-TOF = Matrix Assisted Laser Desorption/Ionization - Time of Flight;
TMA = Transcription Mediated Ampli�cation; 
qSTAR = Selective Temperature Ampli�cation Reaction;
CRISPR = clustered regularly interspaced short palindromic repeats;

Source: FDA - https://www.fda.gov/medical-devices/coronavirus-disease-2019-covid-19-emergency-use-authorizations-medical-devices/vitro-diagnostics-euas#individual-molecular
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weeks later. And that’s a very unusual thing for a viral infection 
like this. So we’re learning every week about the incredible harm 
that this virus is capable of doing.”2

Also mentioned in the October 9th edition of MMWR, is that 
the 27 individuals with MIS-A presented with cardiovascular, 
gastrointestinal, dermatologic, and neurologic symptoms without 
severe respiratory illness. Their working case definition for MIS-A 
included five criteria:

1.  A severe illness requiring hospitalization in a person at least 
21 years old.

2.  A positive test result for current or previous SARS-CoV-2 
infection (nucleic acid, antigen, or antibody) during admission or 
in the previous 12 weeks.

3. Severe dysfunction of one or more extrapulmonary organ 
systems (e.g., hypotension or shock, cardiac dysfunction, arterial 
or venous thrombosis or thromboembolism, or  acute liver injury). 

4. Laboratory evidence of severe inflammation (e.g., elevated 
CRP, ferritin, D-dimer, or interleukin-6).

5.  Absence of severe respiratory illness (to exclude patients in 
which inflammation and organ dysfunction might be attributable 
simply to tissue hypoxia). 

Patients with mild respiratory symptoms who met these criteria 
were included.3

Although hyperinflammation and extrapulmonary organ dys-
function have also been noted in severe COVID-19 cases, these 
conditions are usually accompanied by respiratory failure. “The 
typical case, as we understand it right now, is somebody who 
comes in with rapidly deteriorating multiorgan failure with very 
little or no respiratory symptoms. And the reason for that is they’ve 
been infected in the past two to six weeks, but are not infected 
now. They have antibodies but negative swabs. So it appears to 
be something related to the ongoing immune response or the 
antibodies that were created,” Poland said.2

All patients included in the MMWR case series had elevated 
laboratory markers of inflammation, including CRP (range of peak 
values = 84–580 mg/L; upper limit of normal [ULN] = 10 mg/L) 
and ferritin (196 to >100,000 ng/mL; ULN = 150 ng/mL for women, 
300 ng/mL for men), as well as markers of coagulopathy including 
d-dimer (275–8691 ng/mL; ULN = 500 ng/mL). Ten patients had 
absolute lymphocyte counts lower than normal range (range of 
nadir values 120–2120 cells/μL; lower limit of normal = 1000 cells/
μL).3

Identifying laboratory evidence of inflammation as listed in 
the case definition is key. Screening for systemic inflammation, 
hypercoagulability, and organ damage (e.g., CRP, ESR, ferritin, 
d-dimer, cardiac enzymes, liver enzymes, and creatinine) might also 
assist in the early identification and management of multisystem 
inflammatory syndrome. Cardiac testing is also being performed 
due to the prevalence of cardiac symptoms in multisystem inflam-
matory syndrome patients, often revealing electrocardiogram 
abnormalities such as arrhythmias, elevated troponin levels, or 
echocardiographic evidence.4

Expanded laboratory tests may also include pro-BNP, triglycer-
ides, amylase, urine culture, prothrombin time/partial thrombo-
plastin time (PT/PTT), INR, LDH, as well as a comprehensive meta-
bolic panel. In all cases, COVID-19 testing should be performed 

M ultisystem inflammatory syndrome, which is MIS-C in 
children and MIS-A in adults, is a rare but severe condi-
tion causing an extreme immune response in patients as a 

result of current or recent SARS-CoV-2 infection. Both MIS-C and 
MIS-A continue to challenge doctors and remind us that stringent 
precautions for COVID-19 are still very necessary. 

It is not yet known what is causing multisystem inflammatory 
syndrome, and more research is needed to identify risk factors (such 
as why there are more cases of MIS-C in African American and 
Latino children). The Centers for Disease Control and Prevention 
(CDC) and the National Institutes of Health (NIH) are working 
with state, local, and territorial health departments, as well as 
healthcare workers, scientists and researchers to utilize partner-
ships so they can share data and improve diagnosis and treatment 
of multisystem inflammatory syndrome.

Inflammation causes
MIS-C and MIS-A cause inflammation such as swelling, redness 
and pain throughout the body – often affecting the heart, blood ves-
sels, kidneys, digestive system, brain, skin or eyes. Clinical features 
in children have primarily included shock, cardiac dysfunction, 
abdominal pain, and elevated inflammatory markers. According to 
the CDC Health Advisory, “Multisystem Inflammatory Syndrome 
in Children (MIS-C) Associated with Coronavirus Disease 2019 
(COVID-19),” the current case definition of MIS-C includes multiple 
elements.

The disease involves an individual younger than 21 years old, 
presenting with fever (Fever >38.0°C for ≥24 hours, or report of sub-
jective fever lasting ≥24 hours) and laboratory evidence of inflam-
mation, including, but not limited to, one or more of the following: 
an elevated C-reactive protein (CRP), erythrocyte sedimentation 
rate (ESR), fibrinogen, procalcitonin, d-dimer, ferritin, lactic acid 
dehydrogenase (LDH), or interleukin 6 (IL-6), elevated neutro-
phils, reduced lymphocytes or low albumin. There also should 
be evidence of clinically severe illness requiring hospitalization, 
with multisystem organ involvement (cardiac, renal, respiratory, 
hematologic, gastrointestinal, dermatologic or neurological). In 
addition, these conditions should be met:

1. No alternative plausible diagnoses.
2. Positive for current or recent SARS-CoV-2 infection by RT-PCR, 

serology, or antigen test; or exposure to a suspected or confirmed 
COVID-19 case within the 4 weeks prior to the onset of symptoms.1

On October 9, 2020, CDC researchers published a case series 
in the Morbidity and Mortality Weekly Report (MMWR), detail-
ing their findings about MIS-A thus far through various studies 
conducted from March through June in both the United States 
and United Kingdom. In about one third of the 27 cases, antibody 
testing was needed to identify SARS-CoV-2 infection. Similarly, 45 
percent of 440 children with MIS-C reported to the CDC through 
July 29, 2020, had negative PCR and positive SARS-CoV-2 antibody 
test results. This leads some experts to believe MIS-A and MIS-C 
might be post-infectious processes and they propose that antibody 
results might be invaluable for clinical recognition and treatment. 
Gregory Poland, MD, of the Vaccine Research Group at Mayo Clinic 
said, “Even after infection in what appears to be recovery mode, 
people can develop this multisystem inflammatory syndrome 
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The challenges of multisystem 
inflammatory syndrome diagnosis
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• Discuss the implications and adverse outcomes of incorrect assessment of volume status, 
including acute kidney injury, hypo- and hyper-tension, congestion, etc

 • Evaluate the current methods at our disposal for determining volume status and plasma 
volume including invasive and non-invasive methods, and the pros and cons of each
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with RT-PCR and serologic testing, which 
must be done prior to administration of 
intravenous immunoglobulin (IVIG).5

While more research is needed to iden-
tify the best treatment protocols, supportive 
care and directed care against the underly-
ing inflammatory process continue. These 
include: fluid resuscitation, inotropic sup-
port, respiratory support and, in rare cases, 
extracorporeal membranous oxygenation 
(ECMO). IVIG and steroids are also in 
frequent use. Aspirin has commonly been 
used for coronary artery involvement, and 
antibiotics are routinely prescribed to treat 
potential sepsis while awaiting bacterial 
cultures. Thrombotic prophylaxis is often 
used given the hypercoagulable state typi-
cally associated with MIS-C.4 The American 
College of Rheumatology has developed 
clinical guidance specifically regarding the 
management of MIS-C.

Conclusion
The majority of patients with MIS-A 
and MIS-C survive when receiving care 
in acute, intensive, healthcare settings. 
Early intervention with SARS-CoV-2 test-
ing, including antibody testing, might be 
needed to recognize and treat patients. 
Further research is needed to understand 
the pathogenesis and long-term effects of 

these conditions, but clinicians and health 
departments should consider MIS-A in 
adults with signs and symptoms compat-
ible with the current working MIS-A case 
definition and continue with efforts to limit 
spread of SARS-CoV-2.3 

REFERENCES

1. HAN Archive - 00432. Centers for Disease 
Control and Prevention. https://emergency.cdc.
gov/han/2020/han00432.asp. Published March 
27, 2020. Accessed December 9, 2020.
2. Stiepan, DeeDee. Pediaitric Inflammatory 
Syndrome linked to COVID-19 also discovered 
in adults. Mayo Clinic News Network. https://
newsnetwork October 27, 2020. mayoclinic.org/
discussion/pediatric-inflammatory-syndrome-
linked-to-covid-19-also-discovered-in-adults/#. 
Accessed December 8, 2020.
3. Morris SB, Schwartz NG, Patel P, et al. 
Case Series of Multisystem Inflammatory 
Syndrome in Adults Associated with SARS-
CoV-2 Infection — United Kingdom and United 
States, March–August 2020. Morb Mortal Wkly 
Rep 2020;69:1450–1456. doi:10.15585/mmwr.
mm6940e1
4. Information for Healthcare Providers about 
Multisystem Inflammatory Syndrome in Children 
(MIS-C). Centers for Disease Control and Pre-
vention. https://www.cdc.gov/mis-c/hcp/index.
html. Published August 28, 2020. Accessed 
December 9, 2020.

5. American Academy of Pediatrics. Multi-
system Inflammatory Syndrome in Children 
(MIS-C) Interim Guidance.services.aap.org. 
https://services.aap.org/en/pages/2019-novel-
coronavirus-covid-19-infections/clinical-guid-
ance/multisystem-inflammatory-syndrome-in-
children-mis-c-interim-guidance/. Updated 
November 17, 2020. Accessed December 9, 2020. 
6. Henderson, L. A., Canna, S. W., Friedman, 
K. G., Gorelik, M., Lapidus, S. K., Bassiri, H., 
Mehta, J. J.  American College of Rheumatology 
Clinical Guidance for Multisystem Inflamma-
tory Syndrome in Children Associated With 
SARS–CoV‐2 and Hyperinflammation in Pediatric 
COVID‐19: Version 1. Arthritis & Rheumatol, 
72(11), 1791–1805. doi:10.1002/art.41454
7. Mayo Clinic Staff. Multisystem inflammatory 
syndrome in children (MIS-C) and COVID-19. 
Mayo Clinic. December 1, 2020.https://www.
mayoclinic.org/diseases-conditions/mis-c-in-
kids-covid-19/symptoms-causes/syc-20502550. 
Accessed December 8, 2020.
8. Multisystem Inflammatory Syndrome in 
Adults (MIS-A). Centers for Disease Control and 
Prevention. https://www.cdc.gov/mis-c/mis-a.
html. Published November 13, 2020. Accessed 
December 9, 2020. 
9. Weiss C. Mayo Clinic Q and A: COVID-19 and 
multisystem inflammatory syndromes in children 
and adults. Mayo Clinic. https://newsnetwork.
mayoclinic.org/discussion/mayo-clinic-q-and-
a-covid-19-and-multisystem-inflammatory-
syndromes-in-children-and-adults/. Published 
November 26, 2020. Accessed December 9, 2020. 

MOLECULAR DIAGNOSTICS :: INFLAMMATORY SYNDROME AND COVID-19

CLSI’s standards can help your lab with easy to understand and use documents that show you how to 
implement a quality management system. Our standards documents cover a range of subjects, including 
management of laboratory documents, training and competence assessment, laboratory design, and 
nonconforming event management.

Strengthen your lab today at clsi.org/qms.

Stay in Shape for Accreditation
CLSI’s quality management system standards are the foundation for quality in any laboratory.
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For more information contact us at  
800-332-1042 or fastpack-poc.com.

Importance of Vitamin D Testing
Vitamin D deficiency is a growing concern worldwide.  
Increasing research is now uncovering evidence  
illustrating the importance of vitamin D in overall  
patient care and in COVID-19 outcomes.

Ensuring proper Vitamin D levels in patients can help 
reduce bone fractures, produce stronger immune  
systems, and improve brain/mental health function  
for children, adults, and the elderly.

The FastPack® IP Vitamin D Immunoassay provides a 
rapid quantitative result in any size physician laboratory in 12 minutes allowing 
for immediate treatment or monitoring and increased patient satisfaction.

Vitamin D, PSA, Testosterone, SHBG, TSH, Free T4 and hCG

© 2020 SEKISUI Diagnostics, LLC. All rights reserved. OSOM is a registered trademark of SEKISUI Diagnostics, LLC. 
FastPack is a registered trademark of Qualigen Inc. sekisuidiagnostics.com
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Vitamin D Control
The  Complete D 25-OH Vitamin D 
Control is compatible, without the 
need for dilution, on major immu-
noassay platforms. Values are also 
provided for LC-MS/MS. The prod-
uct features a 3-year refrigerated 
shelf-life from the date of manu-
facture and extended open-vial 
stability of 12-months at 2ºC–8ºC 
and one month at room temperature.
Quantimetrix

Immunoassay
The Acusera Immunoassay Pre-
mium Plus comprises 54 ana-
lytes including Vitamin D. The 
combination of routine tumour 
markers, therapeutic drugs and 
Vitamin D allows laboratories to 
dramatically reduce the num-
ber of controls required while 
ultimately keeping costs to a 
minimum. It is compatible for use with the Acusera 24.7 
real-time data management program.
Randox

Test for Vitamin D
The Elecsys Vitamin D total II 
assay is a fully automated, CDC-
certified total 25(OH) Vitamin D 
method, delivering results in 
27 minutes for patient testing. 
Designed for the Elecsys instru-
ment portfolio, including cobas 
e analyzers, the assay features 
a 5-100 ng/mL measuring range 
and high specificity that ensures 

accurate results.
Roche Diagnostics

Vitamin D Assay
This Access 25(OH) 
Vitamin D Total assay 
detects 25(OH) vitamin 
D2 and 25(OH) vitamin 
D3, eliminating the 
need for multiple tests 
or sample reruns. The 
assay is aligned with 

the Ghent University 25(OH) standard and is scalable 
across all Beckman Coulter immunoassay analyzers.
Beckman Coulter

Quantitative Test
The EZ Vitamin D assay is 
intended for use in clinical 
laboratories for the quantita-
tive determination of 25-OH 
vitamin D in human serum 
and plasma, using automated 
chemistry analyzers. The EZ 
Vitamin D assay requires 
no sample pre-treatment or 
pre-dilution steps and rec-
ognizes both 25-OH Vitamin 

D2 and D3 equally.
Diazyme Laboratories

Chemiluminescent Enzyme Immunoassay
Lumipulse G 25-OH Vita-
min D is a Chemilumi-
nescent Enzyme Immu-
noassay (CLEIA) for the 
quantitative determina-
tion of 25- hydroxyvita-
min D (25-OH vitamin D) 

and other hydroxylated vitamin D metabolites in human 
serum and plasma (sodium heparin, lithium heparin, or 
dipotassium EDTA) on the LUMIPULSE G System. 
Fujirebio

PRODUCT FOCUS :: VITAMIN D

V
itamin D testing and the use of vitamin D supplements is commonplace in the United States. A 
common, though not universal, treatment goal for vitamin D supplementation is 25(OH)D level of 
≥50 nmol/L or ≥20 ng/ml.

Verification Kit
As a five-level, liquid stable product, VALIDATE VIT D (Order No. 506), offers Vitamin 
D for easy, fast and efficient linearity and calibration verification. This FDA-listed 
and CE-marked product allows clinical laboratories to fulfil their Linearity and Cali-
bration Verification requirements.
LGC Maine Standards
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Proficiency Testing
Proficiency testing for Vitamin D is part of the Immunoassay Chemistry B panel, 
labeled as product item PT01710. WSLH PT’s Vitamin D PT program includes 3 
lyophilized serum samples, shipped twice per year. WSLH PT is approved by 
the Centers for Disease Control and Prevention and accepted by the College of 
American Pathologists, COLA and The Joint Commission.
WSLH Proficiency Testing

PRODUCT FOCUS :: VITAMIN D

Point-of-Care Test
The FastPack IP Vitamin D Immunoassay Kit Complete is intended for the quanti-
tative determination of total 25-hydroxyvitamin D and other hydroxylated metabo-
lites in human serum and plasma to aid in the assessment of vitamin D sufficiency 
in adults. It is a point-of-care (POC) test that runs on the FastPack IP System, 
providing results in less than 12 minutes.
Sekisui Diagnostic

Equimolar Detection Assay
This Vitamin D Total assay is certified by the Centers for Disease Control and 
Prevention with observed pediatric expected values for the Atellica IM and 
ADVIA Centaur platforms. The assay also features equimolar detection of 
vitamin D2 (104.5 percent) and D3 (100.7 percent), along with only 1-percent 
cross-reactivity to 3-epi-25(OH) vitamin D3.
Siemens Healthineers
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complete, a general safety audit of the 
area is performed as well.

Going forward, this new tool will be 
valuable for any new process introduced 
in the lab, and it can be used to close the 
loop on any safety gaps that may present 
harm to employees.

Sentara decided to switch from 
disposable lab coats to reusable 
ones. Will you describe why your 
organization made this decision 
and the process you went through 
to source the new coats?

Sentara’s labs had been long-time users 
of disposable lab coats in most locations. 
Shortly after the pandemic began, we were 
notified by our supplier that at some point 
in the year, the company would run out of 
the material needed to make the disposable 
coats we were using, and the prices would 
rise exponentially as the year progressed. 
We had already learned that owning or 
renting reusable coats is ultimately cheaper 
and better for the environment, but the sup-
ply shortage helped us quickly decide to 
convert to reusables.

We researched vendors that would sup-
ply lab coats meeting OSHA standards. 
We then had to find a linen rental and 
laundry service that could support all 
of our lab locations. Once we signed a 
contract with a local rental company and 
placed an order for the approved coats, we 
began to implement the process at each 
lab location. While this sounds easy, there 
were many steps involved. Ordering the 
coats took several months since so many 
requests for lab coats were pouring in from 
all over the country. 

What role do you think staff shortag-
es play in lab safety and how should 
lab managers address this issue?
The coronavirus does create a threat to 
staffing in the laboratory. Lab vacancies 
across the country are already high, and 
infected or exposed staff members are 
kept out of work for long periods of time. 
Some employee exposures can take out 
multiple staff members, making it very 
difficult for the work of the department 
to continue.

are next on the hierarchy. But these are 
operating procedures, and because they 
rely on human behavior, they tend to be 
less effective. The least effective of the 
Hierarchy of Controls is personal protective 
equipment (PPE). Even though it is neces-
sary in the lab setting, PPE is considered a 
last resort for protecting people from the 
hazards they may encounter. 

When lab staff members handle speci-
mens from COVID-19 patients or perform 
testing, the use of engineering controls is 
critical. The use of BSCs or splash shields 
protects staff from potential splashes or 
aerosols that may be created during the 
testing steps. Keeping staff at a safe dis-
tance from each other while working or 
while in break rooms also is necessary and 
effective. In some smaller labs, co-workers 
may need to work closely, so wearing face 
masks and face protection is necessary.

What are the key lessons you 
learned during the first wave of 
the pandemic and how have you 
applied them at Sentara to be pre-
pared for subsequent waves?

One key lesson learned during the pan-
demic is that safety plays a key role when 
new testing must be implemented rapidly. 
The U.S Food and Drug Administration 
cleared many COVID-19 analyzers and 
tests quickly, so labs were under pressure 
to implement the new testing as soon as 
possible. In some cases, new testing space 
had to be acquired, and many safety issues 
(adequate space, ventilation, storage, etc.) 
needed to be considered.

While the usual risk assessments 
required by the Occupational Health 
and Safety Administration (OSHA) were 
already in place, Sentara Lab Services 
implemented a new, more comprehensive 
risk assessment that can be used to review 
the safety of any new process or testing in 
the department. The new risk assessment 
tool includes a way to rate each procedural 
step to see what safety issues could be 
present and how likely they would be to 
occur. Once rated, each procedural step 
is reviewed, so that controls can be put in 
place to mitigate the hazards employees 
might face during testing. Once this is 

As Sentara Healthcare confronted 
the COVID-19 pandemic early in 
2020, what was the biggest threat 
to safety in the lab and how did 
you address it?
The earliest threat labs had to face was 
fear. Many employees became afraid of 
the virus, of getting sick, and of taking it 
home. In the beginning, when there were 
so many unknowns, some laboratory staff 
were scared to work with any patient 
samples, even though they work with 
samples that contain pathogenic bacteria 
and viruses every day. It became important 
to remind staff about always using standard 
precautions, which means we treat all lab 
specimens as if they are infectious. 

In several blog posts on your web-
site, you discuss the hierarchy of 
safety controls. Will you briefly 
describe what they are and how to 
apply them during the pandemic?

The Hierarchy of Controls has been in use 
in many industries in the United States 
since the 1950s, and it describes a step-
wise process of keeping people safe from 
hazards at work. 

Engineering controls are typically the 
first and best controls used in labs. They 
work by physically separating the hazard 
from the person. Good examples in the lab 
include biological safety cabinets (BSCs) 
and safety shields. Administrative controls 

Daniel J. Scungio, MT (ASCP), SLS, 
CQA (ASQ),  is the Laboratory Safety  
Officer at Sentara Healthcare, a 12-hos-
pital system in Virginia and Northeast-
ern North Carolina. However, Scungio is 
probably better known for his consult-
ing work as Dan the Lab Safety Man. 
(http://danthelabsafetyman.com/)

Keeping lab employees 
safe during the COVID-19 
pandemic
By Linda Wilson
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Product availability subject to required regulatory approvals

Simplexa, LIAISON MDX, and the associated logos are all trademarks or registered 
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Learn More

www.molecular.diasorin.com

+1 (562) 240-6500

The quality of treatment starts with diagnosis.

COVID-19 or Flu?

Be prepared for the upcoming respiratory  
season with Simplexa™ Direct kits 

2009MLO_DiasorinMolecular   1 8/6/20   2:09 PM

MLO202009_DiasorinMolecular.indd   3 12/11/2020   8:49:54 AM



BFR0000-8348-01

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.* 
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