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A gap in need of a fix: EHRs and genomics
“The EHR is a sort of one-stop
station for all information related to
the patient’s health, including different diseases or disorders and
workup—everything. So it is the
ideal place for discrete genomic data

to live,” says Somak Roy, MD, director of molecular pathology at Cincinnati Children’s Hospital Medical
Center. But “the evolution of genomics and genomic health has essentially outpaced EHR systems’ ability

“Still a pressure cooker and hotter now”
and “grim.” Two comments that describe
where some states were on Dec. 7 when
Compass Group members met for their
monthly call on COVID-19 and more—
and this was before omicron spread in the
United States. Supply chain remains
unreliable (pushing utilization efforts into
high gear in at least one lab), and the staffing shortage is “bad and sliding to worse,”
says John Waugh of Henry Ford Health
System. Blood is in short supply too.
The Compass Group is an organization of not-for-profit IDN system laboratory leaders who collaborate to identify
and share best practices and strategies.
Here is what they told CAP TODAY publisher Bob McGonnagle a few weeks before 2021 came to a close.

The display and use of genomic data in EHRs is the focus
of the AMP EHR working group, led by Dr. Alexis Carter
(right, at the Children’s Healthcare of Atlanta Support
Center). “You should absolutely never underestimate the
power of a bad display to harm your patients,” she says.

Measuring direct oral anticoagulants—when, how
Amy Carpenter Aquino
Laboratories don’t have to monitor
direct oral anticoagulants, but they
might want to measure DOAC drug
levels in some situations in some patients, said Karen A. Moser, MD, associate professor of pathology, University of Utah Spencer Fox Eccles
School of Medicine, and medical director of the hemostasis/thrombosis
laboratory at ARUP Laboratories, in a
CAP21 session. She and others reported what those situations are, 2021
recommendations, CAP proficiency
testing findings, DOAC effect on coagulation assays, and cases from their
practices.
“Clinical trials evaluating these

to be interoperable with them.” As
our understanding of the human
genome and diseases expands, he
adds, “we find new things that previously were interpreted differently
because we just
—continued on 12

Labs hunt for solutions
to staffing, plastics, and
blood supply shortages

Jennifer Girtman

Anne Paxton
“Workflow” evokes a process that
moves smoothly, like water, that
doesn’t break down or grind to a halt,
a sequence of steps that can be completed in a seamless manner.
Genomic workflows in information systems, however, have an especially poor fit with the concept of
“flow.” As genomic data migrate
from the laboratory to an electronic
health record or from one EHR to
another, significant gaps can result
between generation, interoperability,
and utilization that may lead the data
to miscommunicate or mislead.
“The technology behind next-generation sequencing and genetic testing in general has advanced by leaps
and bounds over the last 10 to 15
years,” says Alexis Carter, MD, physician informaticist, pathology and
laboratory medicine, Children’s
Healthcare of Atlanta. While the use
of genomic testing has expanded
rapidly, “information systems and
electronic health records have really
not been able to keep up.”

drugs described expected on-therapy
concentrations for each of the drugs—
dabigatran, the direct thrombin inhibitor, and three direct Xa inhibitors,” she
said, referring to rivaroxaban, apixaban, and edoxaban.

In the clinical trial cohorts, expected
peak and trough ranges were described for each of the four DOACs in
patients treated for deep vein thrombosis and pulmonary embolism, and
collated in the 2018 —continued on 30

We have another new variant, omicron, but
we’re sorting out what it’s about, and at the
same time there seems to be a spike in the
delta variant, particularly in the Northeast.
Jim Crawford, tell us where you stand in New
York City.

James Crawford, MD, PhD, professor and chair, Department of Pathology and Laboratory Medicine,
and senior VP, laboratory services,
Northwell Health, New York: I’ve
used the metaphor of a pressure
cooker for a long time. Well, it’s still
—continued on 22
a pressure cooker
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Happy New Year!
PD-L1 IHC 22C3
pharmDx received
expanded use in NSCLC
for use with Libtayo
(cemiplimab-rwlc)
in the US

Ki-67 IHC MIB-1
pharmDx (Dako Omnis)
has received FDA
approval as a
companion diagnostic1

Agilent SureSelect
Human All Exon V8
released

Agilent acquires
Resolution Bioscience,
strengthening
leadership position in
cancer diagnostics

Here’s to all we accomplished together in 2021...

Looking forward to seeing you in 2022

– IHC A la Carte webinar series expands outside US and Canada to Latin America

Reach out to your North America District Manager for 2022 activities

– Educational trainings for PD-L1 Atlas of Stains continues at USCAP and throughout 2022
– Scoring training classes for Ki-67 continue to be full capacity and more classes being offered in 2022
– Agilent acquires Resolution Bioscience, strengthening leadership position in cancer diagnostics
– PD-L1 IHC 22C3 pharmDx received expanded use in NSCLC for use with Libtayo (cemiplimab-rwlc) in the US
Questions? Contact: pathology.solutions@agilent.com
Christopher Marino
Northeast Division
1. For In Vitro Diagnostic Use. Ki-67 IHC MIB-1 pharmDx (Dako Omnis) is a qualitative immunohistochemical (IHC) assay using monoclonal mouse anti-Ki-67, Clone MIB-1, intended for use in the detection of Ki-67 protein in formalin-fixed, paraffin-embedded (FFPE) breast carcinoma tissue
using the EnVision FLEX visualization system on Dako Omnis. Ki-67 protein expression in breast carcinoma is determined by using the Ki-67 pharmDx Score, which is the overall percentage of viable tumor cells in the invasive cancer component showing Ki-67 nuclear staining. The specimen
should be considered to have Ki-67 expression if Ki-67 pharmDx Score is ≥ 20%. Ki-67 IHC MIB-1 pharmDx (Dako Omnis) is indicated as an aid in identifying patients with early breast cancer at high risk of disease recurrence for whom adjuvant treatment with Verzenio® (abemaciclib) in
combination with endocrine therapy is being considered.
This information is subject to change without notice.
© Agilent Technologies, Inc. 2021
D69721/2022JAN04

christopher.marino@agilent.com

Joel Payne
Central Division
joel.payne@agilent.com

Louis Bernier
Canada Division
louis.bernier@agilent.com

Mark Laviolette
Southeast Division
mark.laviolette@agilent.com

Look for more educational training classes offered at USCAP

Nam Nguyen
West Division
nam.nguyen@agilent.com

Welcome to the
age of Microfluidics
Next generation microfluidic technology on the LumiraDx Platform
enables lab-comparable performance across a broad menu
of assays designed to transform community care

• Rapid actionable results • Consolidates POC analyzers • CLIA Waived*
• Lab-comparable performance • One integrated Platform

# Development test strip designs are for illustrative purposes only. Not an exhaustive list of pipeline assays.

HS Troponin
In development

HbA1c
In development

SARS-CoV-2
& RSV

SARS-CoV
SARS-CoV-2
oVoV
V-2
& Flu A/B

In development

In development

Strep A
In development

INR
CE Mark

D-Dimer
CE Mark

SARS-CoV-2
CE Mark

FDA EUA*

FDA EUA*

lumiradx.com
*The LumiraDx SARS-CoV-2 Ag test and the LumiraDx SARS-CoV-2 Ab test have not been cleared or approved by FDA. The LumiraDx SARS-CoV-2 Ag test has been authorized by FDA under an EUA only for the detection of
SARS-CoV-2 nucleocapsid protein. The LumiraDx SARS-CoV-2 Ab test has been authorized by FDA under an EUA only for detecting the presence of total antibodies to SARS-CoV-2. They have not been authorized for use to
detect any other viruses or pathogens. The tests are authorized in the United States for the duration of the declaration that circumstances exist justifying the authorization of emergency use of in vitro diagnostic tests for
detection and/or diagnosis of COVID-19 under Section 564(b)(1) of the Act, 21 U.S.C. § 360bbb-3(b)(1), unless the authorization is terminated or revoked sooner.
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Why yearly TB testing of health care workers is a waste
Sherrie Rice
The United States and the rest of the
world can expect to see an uptick in
active tuberculosis cases brought
about by impaired access to care and
delays in diagnosis and treatment
CAP TODAY
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Paciﬁc Islands.”
The highest per capita incidences
are in Alaska (primarily among indigenous peoples with nomadic lifestyles
who are difﬁcult for public health
ofﬁcers to reach) and Hawaii (large
population from Asia, where TB is
endemic, and the Pacific Islands).
And about 72 percent of people who
have latent TB were born outside the
United States.
For years the U.S. made progress
in eliminating TB, but in the late ’80s
and early ’90s there was backward
movement in those
TB elimination efforts. “It was because of HIV, and
I bring that up,”
she says, “because
we’re going to see
the same thing
with COVID-19.” Dr.Thanassi
In the HIV era, all
of the public health efforts shifted,
and “diagnostics on tuberculosis
declined, treatment declined, and we
saw very rapidly the rates of TB go
up in the U.S.”
The CDC and National Tuberculosis Controllers Association reported in
July 2020 that more than 90 percent of
TB programs had deployed their personnel to the COVID-19 response, and
60 to 72 percent of public health TB
efforts in the U.S. had experienced a
partial or high impact on their stafﬁng.
TB cases in the U.S. dropped between
2019 and 2020.
“Either we weren’t making as
many diagnoses” because attention to
TB was diverted, “or there were real
reasons TB dropped off,” Dr. Thanassi
says. “Did our decreased immigration
for a few years mean we brought in
less TB than we had in years before?

Was there decreased transmission
because everybody was using PPE
and staying indoors and separated?
Was it because of decreased diagnosis?” She says she suspects it was “all
of the above.”
A paper published in August reported a dropoff toward 2020 in TBassociated hospitalizations and deaths
after COVID-19 shelter in place went
into effect in San Francisco (Louie JK,
et al. Emerg Infect Dis. 2021;27[8]:
2227–2229). Hospitals in San Francisco
saw a decrease in the number of TB
patients receiving treatment by month.
“And their report is that in the ﬁrst
few months after the pandemic, the
numbers of patients newly diagnosed
with TB decreased compared to the
prior 14.5 months. Then by July 2020,
just six months into the pandemic, the
number of patients newly diagnosed
with TB did begin to increase. And
now a higher proportion of them required hospitalization or had TBrelated death.”
This population in San Francisco is
“like the canary in the coalmine,” Dr.
Thanassi says.
“We are seeing an increased number of hospitalizations and deaths
from tuberculosis because we were
not seeing diagnosis and treatment of
latent tuberculosis infection. We’re
also seeing late recognition of tuberculosis because,” as a pulmonary disease, “it looks like COVID.”

T

urning to health care personnel, she
says the number of active TB
cases in the U.S. in 2016 (the latest year
for which data are available by job
type) was 8,600, and only 3.4 percent
of them were in health care workers.
“That means 96.6 percent of tuberculosis in the U.S. was —continued on 6

In this issue

18
28
41
47
51
30
58
11

Pathology pipeline

What inﬂuences medical students to choose pathology as their specialty?
Rhinoscleroma in Southern California—diagnosis
made by multidisciplinary investigation

Case report
Coagulation analyzers
Cytopathology in focus
Abstracts
AMP: ‘Test Yourself’ Answers
Classiﬁeds
From the President’s Desk

61
59
56

Eighteen analyzers from six companies.
CAP TODAY product guide
cial
ial section for
AP/
AP/NGC
program
participants

T
C
U E
D D
O I
R U
P G

Indexed by: Hospital Literature Index. Select articles
found in National Library of Medicine’s Health Services/
Technology Assessment Research online database.

during the pandemic, says Wendy
Thanassi, MD, MA, medical review
officer and chief of occupational
health, VA Palo Alto Health Care
System, and associate professor of
population health and preventive
medicine at Stanford.
Testing is the path to eliminating
TB, but it has to be done in the right
population, she says, and health care
workers are the wrong group.
Before Dr. Thanassi began her
CAP TODAY webinar on TB testing
in health care providers in the age of
COVID-19 (made possible by a special educational grant from Qiagen,
captodayonline.com), the audience was
asked if their institutions were requiring annual TB testing for employees. The result: About 40 percent
work for institutions that test all employees yearly, and at least another
10 percent say their institutions test
only patient-facing employees. And
all that testing runs counter to U.S.
policy, Dr. Thanassi says.
The United States carries only
0.00005 percent of the global tuberculosis burden. The United Nations,
World Health Organization, and
CDC have as a goal the eradication of
TB by 2030, and doing so will require
identifying where the people are who
have latent TB.
Fifty-two percent of U.S. TB cases
are in four states: New York (nine
percent), Florida (six percent), Texas
(13 percent), and California (24 percent). “That is not on a per capita basis; that’s on a purely case basis,” she
says. “New York is getting a huge
amount of immigration, as is Florida,
Texas, and California. It’s our southern border with Mexico that’s bringing most of the TB in, and then also
with California’s proximity to the
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TB testing

testing up to 20 million a year?”
“And then you spread that out—
continued from 5
your basketball coach, your babysitter,
not in health care workers. This is how
your school nurse, and your teacher,
I want you to go back to your leaderall needing to do TB testing because
ship and be able to argue the science
there’s this trickle down from the
against doing annual TB testing, but
sense that it’s lurking out there as a
rather focus on the right populations,”
secret infection. But it’s not. We know
Dr. Thanassi says. “If 96.6 percent of
where it is.”
active TB in the United States is not
The incidence of tuberculosis in
in health care workers, why copy.pdf
are we
health
care workers between 2003 and
MBX_CAP-Today_Standard-A-Island-Ad_V1.0_2021-12-16
1 2021-12-23
13:50:58

2007 was lower than in the general
population, as it was from 2010 to
2016. To Dr. Thanassi, this is understandable. “Who’s a health care
worker? We are in the prime of our
lives,” or slightly post-prime, she says.
“That means we’re in our 20s to 60sish. We’re not babies. We’re not the
elderly. We also tend as health care
workers not to be homeless, incarcerated, or drug users,” and to rarely

have had organ transplants or be undergoing chemotherapy. “It’s not a big
population compared with the elderly. If you were to look at it from the
outside, we would be exactly the
wrong population to be tested for TB,
unless you believe employees are still
getting TB from their patients, which
we’re not.” That is known, she says,
because annual TB testing has been
done “forever.”
“That conversion rate was less
than one percent, and that was using
the skin test that had plenty of
inaccuracies.”
In the May 27, 2019 MMWR were
recommendations from the CDC and
the National Tuberculosis Controllers
Association on TB screening, testing,
and treatment of U.S. health care
workers. “And this is where the sun
finally comes out,” says Dr. Thanassi,
who was a coauthor.
It says all health care workers
should be tested at hire and on transfer and at exposure and post-exposure. It says employees should be
educated yearly about TB risk factors
and symptoms. “The biggest change
in this document is the removal of
mandatory annual testing,” she says,
and the document makes it clear
there should be no testing in any
hospital population.
The authors weren’t going to recommend eliminating it in all settings,
she says, because there are settings in
which some people should continue
to be tested, such as border clinics
without adequate ventilation systems
that can have waiting rooms full of
people with or at high risk for TB. “But
in the first-world hospitals, that’s not
the place, not the emergency department, not pulmonary. Almost immeasurably few of those people after decades of being tested every year are
converting to latent or active TB. Ideally just isolated people in each hospital should be selected for annual testing.” A guidance statement from the
American College of Occupational
and Environmental Medicine operationalizes the MMWR (Thanassi W,
et al. J Occup Environ Med. 2020;62
[7]:e355–e369).
There was a time when the CDC
said a TB test cannot be done if the
person had a COVID vaccine within
the prior four weeks. “That never
made any sense,” Dr. Thanassi says.
“It was based on 1970s literature of
live vaccines and their interaction with
the skin test, so it’s not relevant. The
COVID vaccines are not live, and nobody does skin tests, or at least most
people don’t. There’s no implication
or indication that getting the mRNA
or the J&J or AstraZeneca brands of
COVID-19 vaccines are going to affect
an interferon-gamma —continued on 8
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TB testing
continued from 6

release assay, or even a skin test. So
they walked that recommendation
back at the end of August,” at which
time they said testing with a skin test
or IGRA can be done before, after, or
during the same encounter as
COVID-19 vaccination (https://bit.ly/
CDC-COV19-clinconsid).
“Here we are trying to hire people
in a global pandemic. We’re trying to
hire people into our hospitals but we
have to wait four weeks from their
vaccine. We want them to be vaccinated, but the requirement out of
that MMWR is that they get tested
for TB on hire. So it was causing
mayhem in the hiring world for
those of us in occupational health,”
she says, “because if you followed
that mandate, you delayed people
getting their jobs by weeks. You delayed the hospital system from getting people onboarded.”

T

hree tests are available in the
U.S. for TB diagnosis and latent
TB in particular. Two are interferongamma release assays, both of which
are whole blood assays. Quanti
Feron-TB Gold Plus is the latest iteration—the fourth generation—and
has four tubes. It is an in-tube interferon-gamma release assay, run as an
ELISA on standard ELISA plates. The
T-Spot.TB (Oxford Immunotec) also

uses the same TB antigens, the ESAT-6
and CFP-10, in its assay. So both are
interferon-gamma release assays using
the same TB-specific antigens and both
have a positive and a negative control.
Where they differ is in the technique. The T-Spot.TB is a Ficoll separation assay, and a more complicated
assay. It is run primarily by Oxford’s
main laboratory in Memphis (purchased by Quest).
The TB skin test is the third test and
far less accurate. “I hope not many of
you are using it anymore. In 2009
when I came to the VA as chief of occupational health, I came with the
stipulation that we would never do
this test again, and to my knowledge
we haven’t.”
In the QuantiFeron test (and in TSpot), there is a negative control, and
when whole blood is drawn into that
gray tube, no interferon-gamma
should be released except what the
body is doing in the background. “If
the person has a cold, you might have
a little interferon-gamma that’s measurable in the background. That’s the
control on the test itself. If the gel
breaks on the bottom, if the cap comes
out, that Nil tube will alert you that
there’s a problem with the test.” (Vigorous shaking can cause breakage of
the gel, she says, so a gentle rocking
motion is advised.)
The second two tubes (green and
yellow) are TB antigen tubes. On the
tubes themselves there is a sprayed on

application of the TB-specific antigens.
The fourth (purple) tube has a phytohemagglutinin slurry, and that is the
mitogen tube (positive control). “The
slurry that’s coated on that tube, when
you add whole blood and rock the
tube, is going to activate any body
with a healthy immune system’s
blood. And they will release a huge
amount of interferon-gamma so one
can see clearly that the person’s immune system is working,” Dr. Thanassi says. That’s what the positive
control is—it’s on the patient’s immune system.
“In the U.S., we might have severe
cancer, transplant, occasionally HIV.
But worldwide, who has tuberculosis?
People with AIDS, with severe malnutrition, starvation. So brilliantly, both
of these companies made sure there
was a positive control tube so we
could make sure the immune system
was working before we generate a
result, negative or positive.”
The TB antigen tubes are also
coated on the sides with the TB antigen that’s applied, which is why when
the whole blood comes into the laboratory, it must be shaken up and down
at least 10 times. The walls of the tubes
have to be activated to interact with
the whole blood.
“We don’t have other tests that do
the assay inside of the tube. It’s fascinating. It’s unique. It’s clever,” she
says. “We have a lot of information
that comes out of getting the results of

Olympus Wide Capture
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to FN25 available on DP23 and DP28 microscope cameras. See and show more
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observation tube. It’s that easy.

To learn more, visit www.Olympus-LifeScience.com.

Olympus and the Olympus logo are trademarks of Olympus Corporation or its subsidiaries.

all four tubes so that the Nil tube
should be zero. The mitogen [positive
control] tube should be up near 10.
The positive control should say, yes, I
have a huge immune system response.
And you can rest assured the two TB
antigen tubes will be accurate.
“I hope,” she adds, “that your laboratories will always report out the
values of all of the tubes.”
Zero to 10 is the range of results one
can get on the QuantiFeron tubes. To
generate a negative QuantiFeron result, “the number value in the two TB
antigen tubes has to be less than 0.35.
It’s hard to generate a negative test
result,” she says. And in fact the FDA
required that the test have a 99 percent
sensitivity.
“What if someone were to test
0.36, 0.4, 0.7 on one of those TB antigen tubes? Your lab would report out
positive,” Dr. Thanassi says. “But if
you report out positive at 0.7 without
the data being provided to the provider saying one of the tubes is negative and the other is 0.7, that provider
is denied the ability to judge that test
for its accuracy.” It’s crucial, she says,
that those numbers be reported and
that providers be told that one or the
other tube was positive and that the
numbers are extremely low. “Because what’s the likelihood that a 0.4
really represents TB versus a 0.34 or
a 0.7? It still means that the likelihood
of having TB is in the 98 percent unlikely range. So just because there’s
a cutoff at 0.35 does not mean someone above that has TB.” It’s just an
indicator of slightly more reaction,
she says. “And what would I do as
an attending? I would reorder the
test on a low positive.”
What if the repeated test is also low
positive? “One, I’d use your pretest
probability,” she advises. “Two, I
wouldn’t hurry to make a diagnosis
because TB doesn’t activate quickly.
Three, I would look at those exact
values and see whether you have
discordant tubes in both cases, with
only one tube positive and one tube
negative.” And she adds: “If you do
decide to treat, now that we have new
treatments such as 12 weeks of oncea-week antibiotic, it’s so benign that
erring on the side of treating is no
longer a problem.” In the past, she
says, “it was a huge problem.”
When the VA made the switch
from the skin test to IGRA, Dr. Thanassi did a study with colleagues at
the University of Illinois Chicago.
Nearly 30,000 IGRA and skin test results were obtained from the health
care worker population, and all were
retested once or even twice. “When
we started the study, we were using
skin tests and we had about a 30 percent positive rate in —continued on 11
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from the

President’s Desk
Emily E. Volk, MD

The CAP for the next generation
Happy New Year!
Most of us start each year with resolutions, fresh
budgets, or perhaps yearlong plans. This is often
the time we think about the future and the choices
we need to make now to achieve those long-term
goals.
In that spirit, I’ve been thinking
about how important it is for the
CAP to continually engage with and
mentor the newest members of our
pathology community. Residents
and early-career pathologists bring
vibrant energy to our ranks, and
many of them will eventually contribute to the leadership of the CAP.
While we always value the experience and wisdom of our more seasoned fellows, it is essential that we
also make space to train up-andcoming leaders.
When I was a resident, I didn’t
think the CAP was for me. I thought
it focused on business and laboratory management, and at the time I
was most interested in learning the
science and medicine of pathology.
I had no idea that the CAP offered wonderful educational resources that would have provided exactly the kind of help I wanted.
Other CAP members have told me similar
stories: So many people wish they had known
about and taken advantage of the excellent resources this organization has to offer earlier in
their careers. If I had engaged with the Residents
Forum at the start of my career, I would have had
an incredible network in place when I was looking
for my first job.
Instead, it was after my residency and fellowship, during my first year of practice, that a senior

TB testing
continued from 8

both institutions. When we switched
to the QuantiFeron, we cut that 30
percent positive rate to 3.75 percent,
and another 3.5 percent that were
weakly positive, or under 1.1.
“So if you do the skin test and you
can’t differentiate who has TB or who
had the BCG vaccine, it’s worthless in
this day and age. But if you use an
IGRA, it does not interfere with the
BCG vaccine. It doesn’t detect that
vaccine. It only detects response to
these TB antigens.”
The weakly positives keep occupational health providers in business, she
says. “Because when you have a low
positive, you talk to the person. You
say, ‘I don’t really believe it’s positive.
You don’t have any likelihood of hav-

partner, Bruce Jones, MD, invited me to apply for
the CAP’s Cytopathology Committee. I had no
way of knowing then how big an impact that role
would have on my career. It was like a passport to
the rest of the pathology world, allowing me to
meet colleagues in academia, private
practice, and independent commercial laboratories. Through that committee position, I was able to advocate for pathologists and the appropriate use of proficiency testing in
Washington, DC. That helped me
understand the extent of the CAP’s
advocacy operation and how that
interplayed with the regulatory and
scientific parts of the organization.
The CAP also gave me valuable
skills for my career development. I
had the opportunity to go to speaker
training and advocacy school, both
precursors to what we now know as
the Engaged Leadership Academy
and Pathologists Leadership Summit. I have had the privilege of advocating for our patients—for patient
access, safety, and quality—in the
media and in the halls of Congress. That speaker
training and those advocacy experiences taught me
how to be more effective in front of an audience,
how to communicate through the media, and how
to engage in new ways with my community.
Participating in the CAP has also opened new
doors for me. As my husband and I moved around
the country, to be closer to family and to grow in
our careers, our connections at the CAP made that
process so much easier. I could feel at home in new
places because I had this organization in common
with other pathologists. The CAP has been the
home I carried with me.

ing TB. I’m going to send it again.’
When you send it again, 86 percent of
them revert to negative. So the weakly
positives are important to report out
to your clinicians.”
A Stanford study published in 2017
evaluated the newest QuantiFeron-TB
Gold Plus in 626 health care workers
with no risk factors for LTBI (Moon
HW, et al. J Clin Microbiol. 2017;55[6]:
1650–1657). Three percent were positives. “They were getting three percent
with the new test versus two percent
with the third generation. That is to be
expected because there are now two
TB antigen tubes, so if one of those two
tubes just jumps over that 0.34 line, it’ll
result as positive.”
“They then took their positives and
said, ‘We’re not going to count you on
the QFT-Plus as positive unless both
of your tubes are positive, unless there

I would love to give that same sense of belonging and foundation of helpful resources to every
pathologist at the start of his or her career. Our
Residents Forum allows people to influence the
strategic direction of the CAP, with a direct connection to the Board of Governors. They can also
participate on committees and councils as junior
members. That’s a remarkable opportunity: You
get to sit in the room with nationally known experts with whom you can develop relationships
that will keep you connected to the whole profession. Residents and early-career pathologists can
apply for scholarships through the CAP Foundation to attend the Pathologists Leadership Summit.
Residents and fellows can go to “what we fund”
on foundation.cap.org to read about the awards
under “Leadership Development.” The CAP offers
our newest pathologists the chance to develop
personally and professionally. Through the CAP
Foundation, young pathologists can pursue altruistic opportunities such as the See, Test & Treat
program. This organization can make your world
bigger, just as it did mine.
The entire CAP membership benefits from their
participation too. Residents and early-career pathologists bring a youthful perspective and a view
of new trends, such as shifting employment models in industry or different skills that employers
are looking for. They help us keep in touch with
the needs of academic institutions. This information allows us to tailor educational resources to
better meet all pathologists’ needs, whether they
are starting out in this field or more experienced
practitioners who are learning new skills.
I ask all of you to help ensure the longevity and
vitality of the CAP by reaching out to residents
and young staff members and telling them about
what a membership in the CAP could mean to
them. If you are in a position to offer your time as
a mentor to junior CAP members, please take that
opportunity. In the future, the whole pathology
community will reap the rewards of today’s investment when this generation is ready to take on
n
critical leadership roles within the CAP.
Dr. Volk welcomes communication from CAP members.
Write to her at president@cap.org.

is concurrence between the two
tubes.’” That dropped their TB incidence rate to one percent. “It’s a way
clinicians can start to look at the test to
make it more accurate in this population, because we shouldn’t be using it
in this population—we know we’re
going to get false-positives.”
Follow-up testing of 11 health care
workers with discordant results between the TB1 and TB2 antigen tubes
found a reversion to negative results
in 10 cases and no progression to active TB in any of the participants.

D

espite the expectation of an
uptick in active TB cases because
of what’s not being done during the
pandemic, Dr. Thanassi is optimistic—about the new and improved
tests and the automation that improves the consistency and accuracy

of results. “But we have to use these
IGRAs on the right population. We
can’t be out there willy-nilly doing
millions and millions of negative tests.
It impacts their reliability.”
It also has an impact on the country’s landfills, she says. “We are creating an incredible amount of carbon
waste. If you do four tubes per person
and you were to extrapolate that to 10
million of our health care workers,
you’re looking at 40 million more tubes
thrown in landfills, plus all the lancets
and plastic baggies and plates. So we
need to be stewards of our money, our
time, our landfill, and our carbon footprint.” But testing must continue, she
says. “We just need to do TB tests on
the right people—those with a pretest
n
probability of having disease.”
Sherrie Rice is editor of CAP TODAY.
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didn’t have the proper knowledge at
the time.”
The problem is not only fastevolving technology, but also the
quantity and complexity of genomic
data—compounded by the lack of
necessary data standards and other
factors, according to a working
group of experts on EHR interoperability for clinical genomics data,
formed by the Association for Molecular Pathology and chaired by Dr.
Carter (with Dr. Roy as co-chair),
which is exploring and recommending solutions.
“The whole reason this came to
light, from AMP’s perspective,” Dr.
Roy says, “is that we realized that
given the stage of genomic medicine,
we still don’t know how best to represent genomic data in the patient’s
chart in the EHR.”
The troubles with genomic workflow have challenged laboratories
and created pressure to ﬁnd a ﬁx. Far
more than other laboratory tests,
even one genetic test can contain a
staggering amount and breadth of
information, the working group
points out. Adding to the problem,
laboratories vary greatly in the scope
and nature of their reporting and in
their use of text or PDF files that
transmit quickly but are difﬁcult to
plumb for data.
Meanwhile, the lack of interoperability often necessitates the use of
paper records or manual transfer of
data to and from instrument software, laboratory information systems, and EHRs. All of that creates a
greater chance of error and potential
patient harm with genomic data
than with other traditional laboratory tests.
The working group’s initiative to
achieve a consensus standard “is
probably one of the biggest undertakings that AMP has started,” Dr. Roy
says. But adapting the EHR to genomic data is also a huge problem, he
says. Even though there are gaps
between genomic data generation,
interoperability, and utilization that
have led to an array of potential errors and patient harms, there are
controversies about a solution, the
working group has found.
It is exploring and hoping to ﬁnd
solutions by facilitating a consensus
among multiple organizations on
how genomic data should be managed, from ordering to resulting to
utilization. After beginning its work
in summer 2020, the working group’s
perspectives on EHRs and genomics
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were published online ahead of print
last fall and are in the January issue
of the Journal of Molecular Diagnostics (Carter AB, et al. J Mol Diagn.
2022;24[1]:1–17).

O

“

ne of the purposes of the working group initially,” Dr. Roy
explains, “was to be able to present
the gaps in great detail. And the
next thing is to be able to use this

information that the workgroup has
published in this manuscript to build
upon further work, and that includes
systematic review of the current
literature on EHR and genomics
data interoperability and sharing
the ﬁndings with all stakeholders
involved in this process, including
EHR and LIS vendors and other
professional societies.”
In addressing the gaps, the work-

ing group has the advantage that
every person in the group is intimately involved in molecular testing,
Dr. Carter says. “So we know where
all the pitfalls and potential pitfalls
are for how molecular data is represented in an EHR and where providers may misinterpret things if they
are not careful—or, I should add, if
we’re not careful about how we display the data.”

When Dr. Carter gives lectures on
usability and EHR displays, her customary message is, “You should absolutely never underestimate the
power of a bad display to harm your
patients.” Laboratory directors at her
institution, in fact, are required to
inspect how results are displaying in
their EHR to make sure the tests
show what they want and the display
is safe.

The pandemic has slowed some
of the progress of the working group,
but the eventual goal, Dr. Carter
says, is to ﬁgure out how to get discrete variant data into an EHR in a
way that will be safe for patients,
and also “how we handle reanalysis,
reclassiﬁcation, and reinterpretation
of variants.” Secondarily, she adds,
the goal is to ﬁgure out how to get
the data to be portable and export-

able between organizations, also in
a safe manner.
When Dr. Roy started his career in
molecular pathology in 2012, benchtop NGS instruments were being
introduced in the clinical space, he
says. “There was not much knowledge or realization about what is
involved in terms of data analysis
and representation of genomic data
in the EHR.”
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Awareness is greater a decade
later. “But what’s lacking is the granular information,” he says. “Most
vendors do rely on professional
guidelines or standard-making organizations that might say, ‘Here are
the speciﬁcations. This is how you
would implement, for example, an
interoperability interface in your system.’” This doesn’t exist for genomics, perhaps in part owing to a lack of
concerted effort among molecular
pathologists, clinicians, health IT
professionals, and EHR vendors, in
his view.
Interoperability is the main gap,
Dr. Roy says. There are more modern
interoperability speciﬁcations such as
FHIR (Fast Healthcare Interoperability Resources), but they are not yet in
the mainstream. HL7 is still the predominant interoperability standard
in the United States, and it would be
a “herculean task,” he says, operationally and economically, to transition to FHIR across all institutions.
“The current interoperability and
coding standards cannot appropriately represent the discrete details of
genomic data generated by molecular pathology laboratories, to
smoothly interoperate with EHR
systems,” Dr. Roy says. Developing
these standards as a concerted effort
among the stakeholders is “the major
gap to ﬁll,” he says, and the key there
is to represent discrete genomic data
in the EHR, visualized properly in
the patient’s chart.
An equally important part is the
clinical test order, he says. “Even in
places that do have electronic ordering systems, providing a critical
piece of clinical information required for genomic testing is not
consistent. For example, what is the
provisional diagnosis? What prior
genetic testing was performed for a
patient?” Use of paper requisitions
aggravates this situation, he notes,
because the clinical information associated with a test order can’t be
discretely represented.
EHRs often have to link data over
time, Dr. Roy says. If a patient, for
example, has a recurrence of a tumor
after two years and a second round
of molecular testing is ordered, “as
performed right now, there’s a lack
of standard or a mechanism as to
how temporal genomic data is saved
and presented to the provider in the
EHR. So if a provider wanted to order molecular testing on the recurrent tumor, it would be great if the
EHR could provide a pop-up saying,
‘Molecular test was performed earlier. Would you like to see the
—continued on 14
results?’”
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Given the enormous quantity of
data points that can be generated
during genomic testing, test results
can be difﬁcult to interpret. “Part of
the training that molecular professions undergo is learning how to
discriminate between a true variant
and background noise, and appro-

priately interpreting variants and
their clinical signiﬁcance.” To reliably transmit and represent the interpretations associated with genomic data, “the current interoperability standards need more work,”
Dr. Roy says.

F

or the AMP working group, a
key point of controversy in the
course of setting standards has been

whether to include variants of undetermined signiﬁcance in genomic
reports. “Most people do not include
benign variants in their reports because there are a lot of them, and
they don’t have clinical actionability
for patients,” Dr. Carter says. “Having said that, their incidence determines signiﬁcance. It’s interesting
because the smaller the panel is, the
more likely it is that those variants
of undetermined significance get
included. When you have large 400plus gene panels, or exomes, these
variants may not appear on the report because you can have hundreds
of them.”
But even though people have
strong opinions, pro and con, about
reporting variants of undetermined
signiﬁcance, “it can be a challenge if

he says, the ﬁrst category of variants
is likely to be placed at the very top
of the clinical report, while variants
of uncertain signiﬁcance are more
likely to be included in the later sections of a report.
Some labs, he says, choose not to
include variants of uncertain signiﬁcance in their clinical report. “If they
do include them, they don’t provide
detailed information because there is
a lot of it, and the concern is that the
information might distract the clinician from the main ﬁndings.” Another category of variants is “benign
or likely benign” variants—usually
so labeled because they are common
in the human population. Current
professional society guidelines recommend not including them in the
clinical report.

‘We realized that given the stage of
genomic medicine, we still don’t know
how best to represent genomic data
in the patient’s chart in the EHR.’
Somak Roy, MD
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we’re inundating a provider with
hundreds of variants where we literally don’t know what these variants
mean for the patient,” she says.
“The early attempts to make genetic modules in EHRs tended to
focus on individual variants. And in
some cases I’ve seen that the pathologist’s or the geneticist’s interpretations are divorced from the variant
themselves,” Dr. Carter says, “such
that it’s easy for a physician to lose
that context and make a mistake in
diagnosing a patient.”
For example, cystic ﬁbrosis is an
autosomal recessive disorder, so the
patient has to have pathogenic variants on both alleles as inherited from
each parent. “The EHR modules may
have computationally parsed out all
variants. But say there is a delta F508
variant and it says ‘pathogenic’ next
to ‘heterozygous.’ Some providers
may not realize that it’s just a variant
on one allele and not both alleles,
meaning that the patient is really a
carrier, not necessarily affected by the
disease,” Dr. Carter says.
Dr. Roy notes that the practice of
including variants that may be
pathogenic or clinically signiﬁcant
may differ for variants of uncertain
significance (VUS) depending on
panel content and institutional practice. “Professional society guidelines
mention that VUS should be included in clinical reports, which I
believe is the practice in many clinical molecular laboratories.” Although laboratory approaches vary,

Conﬂicting opinions are often expressed on the scope of genomic data
that should be stored in an EHR.
“There are some people who will say
they want to get all the raw sequence
data from a sample stored in the
EHR,” Dr. Carter says. “I don’t think
that’s very practical if you have an
exome with 100,000 benign variants.” Researchers may want to be
able to access raw data, but she believes having all the raw data isn’t
the best use of storage space. For
example, “a 200-gene panel may be
between 150 to 200 gigabytes per
sample, so it’s a lot of data. If you
shrink the data down to the variants
of importance to the patient—meaning anything that’s not benign—then
you’re talking about kilobytes, a
much more manageable amount of
data for patients.”
While storage is becoming less
costly, it still comes at a cost, Dr.
Carter says. “And if you have a really
active molecular laboratory and
you’ll need to maintain backups of all
that data, it can get problematic
pretty quickly.”
Inclusion of quality control and
quality assurance data and other
parameters stirs controversy as well.
“I think everyone agrees they
should be recorded and discretely
stored in the lab, and some people
would say they want all the data
showing up in the EHR,” she says.
“But the issue becomes how much
‘build’ are you going to put into
—continued on 16
that? Are
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providers going to be able to adequately interpret it, when you get
into conversations about, for example, minimal residual disease?”
“A patient with acute myeloid
leukemia, for example, might have a
PML-RARA translocation that we
detect by NGS. They undergo therapy and it knocks down their disease
pretty far, but these assays can pick
up a very low level of remaining
translocation. So even if a patient
looks negative under the microscope,
the molecular evidence of molecular
alterations may persist and that can
indicate that the patient may regress
or recur sooner than others.”
“A laboratory may set quality
metrics to only report variants that
are greater than five percent of the
allele fraction,” Dr. Carter points
out. “But when you start looking at
a patient who has a history of an
alteration and this alteration shows
up in a subsequent sample at three
percent,” a pathologist may believe,
given the patient’s history, that the
molecular evidence could be relevant. “Those are things that pathologists and geneticists may decide, and
it could be a little confusing for some
providers who are looking at it.” She
also questions whether including
QC and QA metrics for an entire run
at the sample level is warranted.
“I’m not sure how useful that is to
providers,” given that other laboratory accreditation requirements set
procedures for addressing QA or
QC failures.
“There are some niche laboratory
systems and there are EHRs that are
trying to build genetic modules to
handle this kind of data,” and the
ones she has looked at are good attempts, Dr. Carter says. “But they’re
not where they need to be, given the
complexity of genetic data that we
have now, in my opinion. It’s a very
different place to be in where you are
a provider receiving genetic data and
not understanding all the complexities of the genomic data that is sort of
under the hood.”

S

ome laboratories may wonder
if they will be looking at a new
generation of coding systems beyond
SNOMED CT and LOINC and other
standards when talking about how
to represent genomic data. HL7 has
a clinical genomics working group
trying to define genomic data, Dr.
Carter says. “But the challenge is
that they decided to use LOINC
as their only representation of that
data. LOINC has limitations in deal-

Network project involving a consortium under
the National Institutes of
g Standardize the required data elements
Health; Digitize, the HL7
in electronic orders for genomic testing.
clinical genomics workg Establish standard discrete data eleing group; and the Global
Alliance for Genomics
ments needed to optimize test utilization.
g Establish standards for transfer of hierand Health.
archical and genomic data.
The AMP working
g Develop standardized data structures
group hopes that a publication will come out
for individual variants.
g Make display of genomic test results
of the literature review.
between laboratories sufficient yet usable.
“In addition,” she says,
g Standardize display of aggregated and
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longitudinal data.
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standard as to what is the
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ing with laboratory complexity and
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interoperability. I’m not sure how
overall report.” One approach she
we’re going to do the interoperabilbelieves should be taken toward the
ity piece yet. We’re going to have to
masses of data is to consider keeping some data in the lab and not
figure that out.”
Currently, just reporting SARSnecessarily transferring it into an
EHR where it could be slowing the
CoV-2 results requires multiple
system down.
LOINC codes, multiple SNOMED CT
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codes, and a Unique Device Identification code, she notes. “Those have
group, in addition to the fairly comto be put on every result and there are
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When you talk about a single genetic
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her nine-year tenvendors are looking for standards. It
ure. Dr. Johnson
makes it easier for them to build their
began her time
tools,” Dr. Carter says.
with the ABPath
as
a member of
This particular kind of interoperDr.Johnson
ability is a difficult area, she says.
its clinical pathology test development and advi“It’s one that many other organizasory committee and went on to
tions have been working on.” The
serve the board for 11 years as a
large-scale review of the literature
trustee, treasurer, and president.
that the AMP working group plans
will show there have been several
She was appointed CEO in 2013,
efforts to standardize before this
and through her leadership and
one. Dr. Carter cites as leading exinsight improved the certification
amples the eMERGE (Electronic
and continuing certification proMedical Records and Genomics)

The tasks ahead

People

prehensive literature review, are several other projects the group hopes
will lead to consensus around variants, reclassification, and reinterpretation, Dr. Carter says. “We’ll be looking at existing parallel efforts by other
organizations to try to establish a
single consensus-derived, evidencebased variant data standard for interoperability that will be safe and
usable for electronic health records
and other purposes.”
Achieving that standard is a lofty
goal in itself, she says. But to be successfully applied, the standard will
need to be accompanied by an ongoing dialogue with multiple EHR vendors about how the standard, when
agreed upon, should be implemented, and genomic medicine must
take on the responsibility to ensure
the goal is met, Dr. Carter says.
“EHR programmers are experts in
information technology and database administration and construction and managing this humongous
EHR for a lot of customers, but
they’re not experts in genomic medicine,” she noted in a recent webinar
on EHR interoperability. “If genomic
experts don’t make sure they are
available to answer questions, the
programmers are going to make
their best guess—and sometimes
their best guess is not going to be
n
what we need.”
Anne Paxton is a writer and attorney
in Seattle.

grams. Before she became CEO of
the ABPath, Dr. Johnson was chair
of pathology and clinical laboratories and pathology residency program director at Berkshire Health
Systems in Pittsfield, Mass.
Julie Teruya-Feldstein, MD, has
been named chief pathologist of
HistoWiz, a digital histopathology
service company
in New York. Dr.
Teruya-Feldstein
previously served
as director of hematopathology
and immunohis- Dr.Teruya-Feldstein
tochemistry at
Memorial Sloan Kettering Cancer
Center and most recently as professor of hematopathology at Icahn
School of Medicine at Mount
Sinai.
If you are a member of the CAP, send
news of appointments, elections,
awards, and other professional honors
to srice@cap.org.

novabiomedical.com
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What influences med students to choose pathology?
Valerie Neff Newitt
It’s not curriculum. It’s visibility.
That’s the upshot of two companion studies on what influences
U.S. medical students to choose pathology as a specialty, say Cindy B.
McCloskey, MD, chair of the CAP’s
Graduate Medical Education Committee, and Melissa R. George, DO,
a member of the committee. Their
study of allopathic medical students
was published in 2020 (McCloskey
CB, et al. Acad Pathol. 2020;7. doi:
10.1177/2374289520951924), and their
latest study, of osteopathic medical
students, has been submitted for
publication.
“What we suffer from is a visibility
problem. I think most medical students don’t really know what a pathologist does beyond the classroom.
They tend to think of pathology as a
course, rather than a medical specialty,” says Dr. George, a professor in
the Department of Pathology, associate program director of the pathology
residency, and medical director of
transfusion medicine and associate
dean of continuing education, Penn
State Health Milton S. Hershey Medical Center.
In a specialty focused on
diagnosing disease, she says,
she feels like the specialty itself has its own “disease”: a
lack of visibility.
“Typically,” Dr. McCloskey says, “during the first
and second years of medical school,
students learn about the basic science
that underpins medicine and many of
those courses are taught by pathologists. The result? Many students
equate pathologists with teachers. Just
teachers.”
The number of U.S. medical students matching to pathology residency positions has declined, and
there is worry in the specialty about
the pipeline.
“A lot of pathologists thought
changes in the medical student curriculum were driving decreased interest,” says Dr. McCloskey, vice chair of
the CAP Pathologist Pipeline Ad Hoc
Committee and associate professor,
Jordan-Heartland professorship of
pathology house staff education, and
director of the pathology residency
program, University of Oklahoma
College of Medicine. But there’s no
data to support that hypothesis, she
says, referring not only to the two
studies of students but also a third
study of medical school curriculums.
“We need to let it go,” she says.
“Curriculums used to be subject

based—you would have a biochemistry class, an anatomy class, a histology
class, a pathology class. You had discrete classes. And a lot of schools have
shifted to a more systems approach,”
in which the students learn, for example, “about the cardiovascular system—the anatomy, histology, and
pathology of the cardiovascular system as a whole.” The thought among
pathologists, she says, was that the
standalone pathology course identified pathologists as a separate profession and knowledge base.
“What we found was that we didn’t
see a difference in students who still
had that more traditional, discrete
pathology course-based curriculum
versus students who had a more integrated curriculum. The truth about the
effects of curriculum is among the
most essential and important of our
findings,” she says.
It’s likely that students identify
with physicians they have seen
throughout their lives, Dr. McCloskey
says, perhaps a pediatrician or family
medicine physician. “Chances are they
haven’t had much experience with a
pathologist.”

‘They tend to think of pathology
as a course, rather than
a medical specialty.’
Melissa George, DO

“So we need to focus less on firstand second-year curriculum course
structures and shift our thinking to
teaching students about our profession,” she continues. “It’s not enough
to teach the pathophysiology of myocardial infarction, for example. We
must also teach students what pathologists do to diagnose them.” Similarly, students need to see how pathologists diagnose cancer and what
clinical pathologists do. “In both of our
studies—allopathic and osteopathic
students—we found students don’t
necessarily know what we do.” Some
students have the misperception, Dr.
George says, that “all pathologists do
is autopsies.”
People who work with pathologists recognize the value of their
work and its impact on patients, Dr.
George says, but among others there
may be what she calls a “hidden
curriculum.”
“When a student expresses an interest in pathology to someone, often
the response will be, ‘But you’re so
good with people. Why would you
want to be in the basement all day

looking at slides?’ No one is whispering in the student’s other ear that pathologists do much more than that
and that we engage with people all
day long. And many students believe
pathologists have no interactions with
patients or others outside of the lab.”
She says she joined a medical education listserve recently and read a
post that questioned whether pathologists should even be called physicians
since they don’t see patients. “I took a
break, a walk, calmed down, and then
wrote a thoughtful response, and a
bunch of other nonpathologist physicians chimed in to say things like, ‘I’m
a surgeon, and I rely on my pathologist every day. They’re every bit the
physician I am.’ But there are perceptions like that. And this was a medical
education listserve—a physician making that comment. That went out to
thousands of people.”
With lack of visibility the diagnosis
for what ails the pipeline in pathology,
“it’s up to medical educators to find
the cure,” Dr. George says. “Can surgeons spare students long enough to
follow a specimen to the lab at least
once during the rotation so they can
see what it’s all about? Can
students be linked more into
tumor boards? Can we make
sure we’re mentoring students so that they see some of
the pathologists giving lectures as more than instructors?” And can students be
given a glimpse into the movement
toward pathologists showing patients
their slides so they can understand
their disease? she asks. “They need to
realize that no day is the same for us.
We’re faced with constant intellectual
challenges. We communicate a lot and
do a lot of interesting things. It’s our
job to put it out there, to present ourselves in the best light, and to let students see how we impact care by applying our knowledge.”
Dr. George sees her own lectures to
students as a recruitment tool for her
residency program. At the end of every lecture she shows students a pathology report and tells them that
while they may not go into pathology,
every one of them will read a pathology report at some point in their careers and have to explain it to the patient. She says, “‘I’m going to teach
you the breakdown of what’s important in a report and why. If any of you
are interested in pathology, I can provide more information. And if you are
going into a specialty that uses pathology heavily, consider doing a pathology rotation to gain important experi-

ence.’” Every year, she says, three or
four students will reach out. “If I get a
couple of students going into pathology from that group, that’s exciting to
me,” she says.
That there are no required pathology rotations is a problem “we run
into almost uniformly,” Dr. McCloskey says. “In the third and fourth year
of medical school, students rotate
through clinical areas of practice—internal medicine, pediatrics, maybe
surgery. They get experience in all of
those disciplines. But they don’t rotate
through pathology.” In some medical
schools, “you can do elective time as
a third year,” she says, and in most
places elective time can be done as a
fourth year. Applications for residency
are submitted by September, so “you
have only a couple of months, the very
beginning of fourth year, to hope
someone can elective in pathology.”
“We need to get the message out
early that pathology is a fascinating
specialty that covers so much more
than anybody realizes. And how do
we get that message out?”
In the study of fourth-year allopathic medical students, clinical rotations during medical school were the
second highest rated factor impacting
a student’s choice of specialty. The first
was “personality fit with the specialty,” and No. 3 was opportunities
for patient contact. The remaining
factors, in order of importance to students, were as follows: intellectual
challenge of the specialty, faculty in
the chosen specialty, residents in the
chosen specialty, lifestyle expectations,
educational experiences prior to medical school, income expectations,
“health care providers not involved in
my education,” reputation/prestige
of specialty, prior academic performance, basic science/didactic portion
of medical school curriculum, participation in specialty interest groups,
peers in medical school class, family
members and expectations, and the
dean of students.

D

r. George sees it as unfortunate
that students are not making
an informed decision when deciding
against pathology, but she is optimistic because the information voids
can be filled. “These are fixable problems,” she says. “If our problem is
visibility, we can shed light on our
field and curate the right information.” Getting a pathology rotation is
“less achievable,” but other experiences are more feasible. For example,
“There should be an opportunity
—continued on 20
at any hospital

Don’t Let Your Omicron Genes Drop Out:
The Value of Variant-Speciﬁc Assays in
Detecting New SARS-CoV-2 Strains
The recently reported Omicron variant of
SARS-CoV-2 has a 69-70del mutation
in the S-gene (which codes for the spike
protein). This implies that the S-gene is
not detected on PCR tests. The World
Health Organization (WHO) in a statement on November 26, 2021, stated that
this S-gene “dropout” or S-gene target
failure (SGTF) could be used as a biomarker to detect the variant at faster rates
than previous variants pending sequencing for confirmation.
There are several problems with using
SGTF as a biomarker.
■ Although the Delta and Omicron
variants are the dominant SARS-CoV-2
variants as of this writing, previous variants like the Alpha variant also had the
69-70del mutation that resulted in SGTF.
■ Factors like poor sample collection
or test kit variability could also result in
what could be deemed an SGTF.
■ Although next-generation sequencing (NGS) is a powerful diagnostic tool,
labs and institutions could waste money
and time sequencing samples by depending solely on SGTF as a biomarker for
Omicron.
■ A newly described “stealth” sub-strain
of the Omicron variant does not contain
the 69-70 deletion that leads to SGTF.
Furthermore, an N-gene target failure
(NGTF) was detected on two EUA assays in late November. Thus, the FDA has
said that the use of SGTF and NGTF to
definitively distinguish Omicron is “not
ideal”.
“The advantage of using Seegene’s FDA
EUA AllplexTM 2019-nCoV (SARSCoV-2) assay, and NovaplexTM Vari-

ants assay (Research Use Only-RUO) is
that we can screen out what we already
know. By isolating the results that don’t
align with the already-described Alpha,
Beta, and Delta variants, we are able to
pinpoint the exact samples that would
be sequenced for the Omicron variant.
Doing this helps us to avoid assay competition on the same sequencing chip and
saves us a considerable amount of time
and money,” says Aron Banks, CEO of
CardioPath Laboratories. CardioPath
Laboratories is a US-based comprehensive laboratory that performs COVID-19
testing with a high-throughput capacity
of 1,000 patient samples per day. CardioPath is registered as a CLIA (Clinical Laboratory Improvement Amendments) and CAP-accredited high complexity lab. They routinely run testing
LDT validated protocols using Seegene’s
AllplexTM 2019-nCoV (SARS-CoV-2)
Assay (EUA), NovaplexTM Respiratory
Syndromic, Gastrointestinal and Urinary
Tract Infection Panels (all currently available for Research Use Only in the U.S.).
Using an algorithm that screened for
already-described variants and then sequenced positive samples that were unspecific for a variant, CardioPath was
able to detect the Omicron variant and
get results within 30 hours instead of the
typical 72-hour timeframe.
“A delay in detecting and understanding
new variants means we’re not able to pivot
fast enough. This is especially important
to public health and hospital systems
because lives are impacted by the early detection (or lack thereof ) of SARS-CoV-2
variants,” according to Banks.

Having mutation-specific assays for variants of concern means in the future,
labs will be able to sift through patient
samples quickly, eliminate those that are
positive for another variant and encourage
quick movement on detecting a new variant. This could potentially shave weeks off
detecting a new variant of concern.
Banks added, “What I find extremely
exciting is the fact that FDA recently
opened up applications for genotypingbased PCR assays. This is a huge step
forward from the straight positive/negative assays to assays that detect both the
presence of the virus as well as the strain.
This will accelerate our sequencing workflows and shorten time to results for better patient care and overall surveillance.”
Seegene recently confirmed that the
performance or quality of the Seegene
EUA AllplexTM 2019-nCoV Assay for
SARS-CoV-2 is not impacted by either
the Omicron or Delta variants. Seegene
carried out an in-silico analysis to study
the Omicron variant, indicating that their
assay can amplify and detect the SARSCoV-2 Omicron sequence.
Seegene also recently introduced a new
PCR test, NovaplexTM Variants VII Assay, that is designed to detect mutations
consistent with the Omicron Variant and
its stealth version in a single tube. This
assay is currently for RUO in the U.S.
and not for use in diagnostic procedures.
Contact Seegene Technologies at:

info@seegenetech.com
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Medical students
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to embed pathology experiences
in rotations like surgery or internal
medicine.”
Pathology interest group sessions
at medical schools, led by nearby
pathologists, are another example,
she says, a connection that pathology
professional organizations can foster
by reaching out to nearby medical
schools. And schools could partner
with pathology residencies, virtually
or via lab tours, to give students exposure to tumor boards, for example,
or subspecialties that offer more patient contact like transfusion medicine. “The virtual experiences can
bridge some of the geographical gaps
and constraints on time allowed for
travel,” Dr. George says.
Several initiatives of the CAP Pathologist Pipeline Ad Hoc Committee
to improve knowledge about pathology are underway, Dr. McCloskey
says: “networking with students,
pulling students into CAP activities,

encouraging them to go to CAP meetings, and a fantastic medical student
landing page on the CAP website.”
The aim of the “pipeline champions”
initiative, which had a kickoff meeting in November 2021, is to recruit
pathologists and residents to interact
with students to try to recruit them
into pathology.
“We have participants from academic and private practice. We challenge these pipeline champions to
choose one impactful intervention—
something they’ve not done before—
to involve and educate students,” she
says. Among the suggestions for such
interventions are advocating for pathology electives, directing students
on surgical rotations to follow surgical specimens to surgical pathology
labs, and offering medical students
autopsy rotations. “We’re going to
follow up to see if there are interventions that are particularly effective,”
Dr. McCloskey says.
Pathologists in academic centers
can aid the effort by ﬁnding out what
activities their department has for

students. “If your department isn’t
active in trying to recruit medical
students, can you change that tide?”
she asks. “Become involved in a pathology interest group, volunteer to
be on the school’s curriculum committee.” To those in private practice,
she says: “It can be hard for osteopathic students to ﬁnd experiences to
rotate in pathology. Is there a need in
your community for places for medical students or even residents to rotate? Can you help provide that
opportunity?”
The pipeline problem is one for
pathologists and professional organizations, Dr. George says, not the
medical schools. “The pipeline is not
their problem to ﬁx. We own that,”
she says. “We must reach out to
schools and put effort into doing
something about the correctable
voids.” Exposure through a mentorship with a pathologist “could make
all the difference to a student.”
The CAP is offering a medical
student monetary award for interest
in pathology, Dr. McCloskey says,

and it will be extended through all
osteopathic and allopathic schools in
the country. “We are encouraging it
to be given out when other student
awards are given, to help socialize
people to see pathology and the pathology community.”
Work to counter misinformation
about pathology on social media is
ongoing, and one of the inaccuracies
that may be turning students away is
“word of mouth that the job market
isn’t great,” Dr. McCloskey says. The
CAP Graduate Medical Education
Committee has studied the job market extensively, she says, and “the
reality is the majority of graduates
from residency or fellowship programs are ﬁnding jobs. And the vast
majority are satisﬁed with the jobs
they are ﬁnding.” In fact, the group’s
data point to it being easier to ﬁnd a
job in the past couple of years than it
had been in prior years.
“The jobs are out there,” she says. Q
Valerie Neff Newitt is a writer in
Audubon, Pa.
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Shortages
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and it’s hotter now. Our positivity
rates at Northwell and in the region,
including in Long Island where our
core lab is located, are hotter than
they were two to four weeks ago. Our
hospital admissions remain under
control.
The New York State SARS-CoV-2

Testing Consortium will meet today.
I am using the drum I have to advocate for our workforce. It’s time to
find out what New York State’s capacity is for educating and certifying
laboratory technologists, and I’m
beating the drum as hard as I can.
We’re having a hoedown today with
New York educational institutions
and other high-ranking people at the
state level to see what we’re capable

Assay Performance
Monitoring for
SARS-CoV-2 & Flu

of, if we’re truly going to address
this crisis.
Dwayne Breining, can you say anything yet
about the omicron variant? It seems to be
highly infectious like delta, and yet I’ve seen
reports going both ways as to the severity of
what might happen.

Dwayne Breining, MD, executive
director, Northwell Health Laboratories, New York: The initial news is
encouraging on the clinical course,
but the sample size isn’t big enough
to draw firm conclusions. The degree
of hospital admissions and particularly oxygen dependency is not paralleling the increase in infections.
I think everybody has affirmed
now that their diagnostic PCR test
will detect omicron as well as the
other variants. We’re waiting to see
if there is any impact on the therapeutic effectiveness of the monoclonal antibody treatments, as well as
the vaccine penetrants. We already
know delta can cause a number of
breakthrough infections, although
the vaccine mitigates the clinical
course. Hopefully omicron is the
same because it has shown breakthrough infections, even among
people who have been fully vaccinated and boosted. To date, the
cases we know of seem to be clinically mild.
Stan Schofield, when we got together last
month you indicated there was a great rise in
cases, and I’ve seen subsequently that it’s
getting worse in many parts of New England.
What’s the report from NorDx?

Detect and differentiate
SARS-CoV-2, Flu A/B and RSV
with confidence!
• Non-infectious and replication deficient
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• Daily performance monitoring
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Stan Schofield, president, NorDx,
and senior VP, MaineHealth: It’s
fairly grim. There are 20 ICU beds
available in the state; there are three
ICU beds within MaineHealth.
There are seven to 10 non-ICU beds
available in MaineHealth. Every
hospital has cut back almost all elective cases. I have significant staff
outbreak. We swabbed 580 employees yesterday at our big academic
medical center. We’re running about
14 percent positives for our patient
population. A third of the people in
the ICU are fully vaccinated patients. We test at urgent care centers
in New Hampshire, and the positivity rate is 26 percent.
We’re down from 26 patient service centers to 10—and we can’t
quite staff the 10—and some days
we’re down to seven. There’s no
access, and for people in an outpatient setting who want routine lab
work, it’s a big problem. We’re looking for more point-of-care devices.
I am in discussions with three companies. We’re trying to get evaluation kits and run an evaluation this

week.
We continue to have supply-chain
challenges for Vacutainer tubes, needles, butterflies—everything that is a
consumable. Anything with plastic in
it is a challenge.
Against this backdrop of severe labor shortages, staff burnout, nursing burnout, could we
be in for a winter as tough as some we’ve
known in the past two years?

Stan Schofield (NorDx): Worse.
I’m probably down 20 percent from
a year ago. I have 71 open positions
today out of 500. We can’t get anybody to come in at an entry level. I
have 20 slots for phlebotomy training
class. I’m paying $18 an hour to train
them and I have two people who
have accepted. We’re talking about
premium pay everywhere just to get
people to work the weekends, and
we are being raided every day by
diagnostic companies. From a staffing standpoint it’s the worst I’ve seen
in my career, and it’s much worse
than it was a year ago.
Let’s switch geographic gears to Little Rock.
Jennifer Laudadio, what is your situation
there?

Jennifer Laudadio, MD, professor
and chair, Department of Pathology, University of
Arkansas for Medical Sciences College of Medicine:
Things are pretty
good. Our vacancy
rate is where it was
pre-pandemic. In
terms of infection
Dr.Laudadio
rate, it is creeping
up a little higher than what we saw
pre-Thanksgiving, but not to the
levels we were seeing in August
and September, when we had our
delta surge.
Stella Antonara, tell us about your situation at
OhioHealth regarding the virus and supplies.

Stella Antonara, PhD, D(ABMM),
medical director of microbiology,
OhioHealth: We have reached 16
to 17 percent positivity rates systemwide, and there are
predictions this will
get higher as we go
into the holidays.
We are seeing
supply shortages
like everyone else.
Dr.Antonara
When it comes to
our point-of-care testing, we are doing okay for now but it’s a challenge.
We’re in constant communication
with the vendors we use in our system just to have as many vendors as
possible so we can —continued on 24
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serve the need for testing. We had to
adjust our testing algorithms a few
times throughout the past two years,
but we’re stable now.
Last year the ﬂu was a nonevent and there is
hope it could be a nonevent this year. John
Waugh, what are you seeing in Michigan?

John Waugh, MS, MT(ASCP),
system VP, pathology and laboratory
medicine, Henry Ford Health System, Detroit: Flu in Michigan is light
now. There was an outbreak at the
University of Michigan in Ann Arbor, and the CDC sent a team to take
a look at that. But I just looked at our
weekly report and it shows very
sparse ﬂu in Michigan.
We’re continuing to be worried

about COVID. In Michigan in July,
we were at about 2.5 percent positivity, and we peaked last week at 22
percent. As number one in the U.S.
our good news for this week is we’ve
slipped to second place. Today it’s
at 20 percent positivity. About a
third of our symptomatic ED patients are testing positive, and for
our own employee group who are
symptomatic, about 17 percent are
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What is your labor situation?

John Waugh (Henry Ford): It’s
grim. It’s bad and sliding to worse as
we get toward the holidays. We’ve
had agency temporary people come
onboard at pricey
hourly rates. A
number of those
companies are coming back and saying
they need to negotiate their rates back Waugh
up again. So for situations where we have good staff, we’re
okaying those increases, but we built
into the contract that we can slide back
if the labor situation improves.
Let’s stay in the Midwest and go to Clark Day.
What’s your situation now?
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Clark Day, VP of system laboratory services, Indiana University
Health: We have noticed an increase
in positivity in Indiana, up to about
15 percent in recent weeks. We do
not have supply issues. We have on
hand a month to two months of the
testing supplies to support our collection locations. The manufacturers
are saying no constraints on the PCRbased testing. Our big effort—and
we’ve been working on this for
months—is to prep for testing our
own unvaccinated team members,
and that’s a big logistical challenge.
About 10 percent of our 36,000 team
members are exempt from vaccination, so they’ll need to be tested.
We’re also trying to serve the community by offering that capability to
some employers in the marketplace
who might not know how to coordinate this for their employees. That’s
assuming the requirement goes
through. At IU Health, we will likely
test our team members whether it’s
a requirement or not.
Let’s turn to California. Mike Quigley at
Scripps, do you have better news for us?

Michael Quigley, MD, PhD, vice
president, diagnostic services, Scripps
Health, San Diego: We have labor
shortages and they’re our biggest
concern. One of the ﬁve hospitals in
our system is most affected; we are
using staff from other facilities to
cover. While stafﬁng at other hospitals is tight, we’re doing okay using
overtime and casual labor.
We’re hearing about shortages across the
board and even pathologists are in short supply according to some of our sources.

Dr. Quigley (Scripps): One of the
thoughts that occurred to me earlier
in this conversation is how many
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people my age are thinking about this
being near the end of their career too.
Another year like ’21 would probably
push some of our pathologists to
consider retirement in 2022.
Ian McHardy, tell me about the COVID situation
at Scripps.

Ian McHardy, PhD, D(ABMM),
director, microbiology, molecular, and
immunology laboratory, Scripps
Health, San Diego: We reached a
baseline that was much higher than
previous baselines in terms of positivity. We’re sitting around four, five,
sometimes six percent, but that’s not
causing too much problem for our
hospitals yet. Overall we’re doing
remarkably well given what’s going
on in the rest of the country.
I’m not aware of any omicron in
San Diego. We continue to collect
samples for sequencing, but we
don’t necessarily send them for immediate sequencing as they do in
New York, for example. There will
probably be a delay in terms of reporting when it does hit San Diego.
It’s already in L.A., so if it’s there, I’m
sure it’s here.
How is your supply chain holding up?

Dr. McHardy (Scripps): It depends on where we’re looking. If you
look in our chemistry department,
our vendor has been unable to supply
critical elements for us. We’ve already had to make big exceptions in
terms of holding specimens and waiting for reagents to arrive before we
can perform testing.
For COVID testing we’re doing
fine. The vendors learned the lessons early in 2020 and early 2021 to
make as much as possible, so we’re
doing okay there. But with plastics
and random things, we’ll find out
on any given day that suddenly we
can’t get group A strep cartridges,
for example.
Let’s head up to Sacramento and to Dhobie
Wong at Sutter Health.

Dhobie Wong, MBA, MLS(ASCP),
CLS, VP of laboratory services, Sutter
Health, Sacramento, Calif.: For our
testing, we’re seeing regional variation in our positivity rates. For the San
Francisco Bay Area, which is highly
vaccinated and has a lot of masking
and other restrictions, we have a 2.6
percent positivity rate, whereas in the
Sacramento Valley we have fewer
vaccinations and we’re seeing an 8.3
percent positivity rate. We do about
3,000 tests daily in the acute and ambulatory setting, and with that testing
we are also seeing an increase from
last year for our flu rates.
In terms of staffing, we have a little

over a 10 percent vacancy rate at all
of our facilities, and in addition to
that we’re seeing a lot of leaves of
absence.
We have a meeting today with our
executive lab leaders to talk about our
supply chain because we have periodic disruptions. Looking at the root
causes and trying to establish that lead
time, we’re finding most of our vendors need a 25- to 28-day lead time.
We have relied on just-in-time managing of our supplies. So we’re having
to reevaluate our process to contend
with those extended lead times.
Do you anticipate the supply chain and staffing problems will lead to more severe restrictions in terms of what you can offer in the
Sutter labs now?

Dhobie Wong (Sutter Health):
Yes, we’re anticipating that. We’re
trying to find different solutions, but
the future isn’t looking bright in
those areas.
Let’s go to the Southwest, to Dallas. Joe Baker,
bring us up to date.

Joseph Baker, VP of laboratory,
Baylor Scott & White Health, Dallas:
Our positivity rate remains around
seven percent. We haven’t seen omicron at this point. We have two facilities that can do that testing—our
Baylor University Medical Center
flagship in north Texas and our Temple facility in central Texas. They’re
continuing to screen anything that
might have an S dropout.
From a supply-chain standpoint
and a testing aspect, there have been
minimal limitations because our volumes have dropped. We’re no longer
testing preprocedural patients, although we are preparing for flu season. On the specimen collection side,
our big supply-chain problem the last
couple of weeks was around tourniquets, not having enough supply.
Our staff vacancy rate is around 11
percent. We have about 180 open
positions within our system, which is
significant. About 85 percent of those
are full time or part time. We’re putting together plans to develop our
own training programs. We’re having more conversations with our
community colleges and our school
districts to see if we can tap into the
vocational avenues they have. Maybe
we can have a pipeline into our phlebotomy and laboratory tech areas.
How long do you think it would take for those
activities to make a difference in your
pipeline?

Joe Baker (Baylor Scott & White):
They can make an almost immediate
difference. The problem is that we
have to find a person within the sys-

tem to coordinate these efforts.
Since we’re down South, let’s go to New Orleans. Greg Sossaman, what’s it like in New
Orleans?

Greg Sossaman, MD, system
chairman and service line leader, pathology and laboratory medicine,
Ochsner Health, New Orleans: We’re
not seeing the same kind of COVID
issues because we are still able to be
outside here and enjoy the weather.
We had our surge in the August–September time frame. We’re still testing
2,000 to 3,000 samples a day. A lot of
that is for the state; we have a contract
to provide testing. The positivity rate
is in single digits, but it varies
throughout the state. Our flu positivity rate is about 12 percent now
within the system. We’re seeing a
good amount of flu A.
Our biggest challenges are personnel challenges, and it varies. In blood
bank and microbiology, we’re terrifically challenged just to get agency in
those areas. And the supply chain is
problematic. We’re on allocation
from our main supplier now for
tubes, to the point that we’re focusing
on utilization efforts—putting additional rules in the EHR, canceling the
ability for physicians to order things
Q day and have them go on forever.
We talk here about never letting a
good crisis go to waste, so we’re
pushing utilization more than ever.
The news around the allocation
seems like it will be going on for
many months, so I’m not sure how
much relief we’ll see with plastics in
the short term.
You’re a member of the Clinical Laboratory
Improvement Advisory Committee, and CLIAC
has an important advisory role to play—is
this staffing difficulty being heard in the
CLIAC circles?

Dr. Sossaman (Ochsner): I brought
it up at the last meeting and other
people have spoken about this. We
have a workgroup forming to look at
different aspects of updating some of
the CLIA regulations, and part of that
is around personnel standards. It won’t
help us in the near term with staffing
shortages, but there are things we can
change in CLIA to help future staffing
shortages. There is an awareness.
Would you personally favor modifications to
CLIA that would make it easier to bring people
into the laboratory to make important
contributions?

Dr. Sossaman (Ochsner): I would,
and there are already people who
participate in different areas of laboratory testing, like embryology, that
aren’t covered under CLIA now.
Several aspects need to be looked at

and changes made to accommodate
additional personnel areas within the
laboratory.
Sterling Bennett, we’ve been struggling with
staffing shortages for years. Are we going to
reach a critical mass where there is a national
effort, probably through the government, to
help us?

Sterling Bennett, MD, MS, senior
medical director, pathology and laboratory medicine, Intermountain
Healthcare, Salt Lake City: I sure hope
so. We’ve been talking about staffing
shortages for decades but we’ve always managed to get by. Over the
past six to eight months, things have
been materially different—more
openings, fewer applicants, and no
relief in sight. I’m not sure what will
happen unless we get a slight downturn in the economy and people want
to come back into the workforce.
What is Intermountain’s experience now with
COVID testing?

Dr. Bennett (Intermountain): Last
month we were on a plateau with
COVID, which has continued since
the third week of September. Our
positivity rates have been steady in
the 12 to 13 percent range for that
time. Our number of tests on a sevenday moving average looks pretty flat.
One area that hasn’t come up that
is probably impacting other people is
the stability of the blood supply for
transfusion. We received notice a
month or so ago from the American
Red Cross to anticipate blood shortages throughout the winter months.
I was at the donor center in Salt Lake
last week and the individual I talked
with said they are running at about
half their staffing level because they
can’t find people. Even if we were to
mobilize a lot of donors, they don’t
have the staff to increase collections,
and that’s concerning to us.
Steve Carroll, what does your blood supply
look like in South Carolina?

Steven Carroll, MD, PhD, chair,
Department of Pathology and Laboratory Medicine, Medical University
of South Carolina:
We’re hearing some
of the same things
that Sterling is
hearing. My blood
bankers have come
to me with concerns. We’ve been
trying to diversify
Dr.Carroll
who we’re getting
blood from. We’ve been relying primarily on American Red Cross, but
we’re turning to Blood Connection
and other outlets so we can get blood
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the Red Cross can’t supply it. That
has been slowly gathering steam,
and it crept up on us because we’ve
been preoccupied with other things.
What is your COVID situation now?

Dr. Carroll (MUSC): Our testing
positivity is running about 4.5 percent.
We are still sequencing a large number of isolates every week. As of our
last sequencing run, it is 100 percent
delta and delta-like. In the Charleston
area our vaccination rate is only about
53 percent. I expect when omicron hits
we’ll see a nasty spike.
I am now working with the National Courts and Sciences Institute,
which is educating judges on the
science behind COVID because they
have so many cases hitting their
agenda and they need advice on how
to figure out what constitutes a good
expert witness. I expect they’re having shortages in that area. We have a
vaccine mandate here, but we have
a bolus of people who have filed for
various kinds of exemptions and
they have not made it through those.
Some of the people in that group
have indicated if they don’t get their
exemption, they’re going to court.
Tell us what you’re thankful for now as you look
toward the end of the year and the new year.

Dr. Carroll (MUSC): I am thank-

ful for this group. Sorry, but it’s good
to hear that other people are sharing
our misery.
Dwayne Breining, tell us something you’re
thankful for.

Dr. Breining (Northwell): I’m
thankful I’ve been able to weather
this with laboratory people. People
who are used to working behind the
scenes in any crisis are used to being
short staffed. They don’t need accolades to perform, and they know
they’re doing important work.
John Waugh, what are you grateful for this
time of year?

John Waugh (Henry Ford): For
the most part, all of us and the families of our team members are healthy
and well, and our team members
have received recognition for the
extraordinary work they’ve done
over the past 22 months. I’m grateful
for their loyalty, and I’m fortunate
to work with so many talented people, including all of you.
Greg Sossaman?

Dr. Sossaman (Ochsner): In spite
of my complaints, there is a lot to be
grateful for. One is the other members of the board on this call who are
dear friends. And I am sincerely
appreciative of the colleagues here
at work without whom it would
have been difficult to make it
through the past couple of years.

It was a great time to be a laboratorian during all of this. We got to
practice medicine and see the value
of the lab and have that credibility
and say-so when talking to peers
and the leadership. It was a very difficult time to work in the lab, but a
lot of good has come from that, at
least for me.
Mike Quigley, do you have a couple of thoughts
of gratitude?

Dr. Quigley (Scripps): Through
COVID and the cyber downtime for
us, the perseverance and resilience of
the whole lab team was amazing and
heartwarming and made me happy
to be where I am. And like Greg said,
we now have greater interaction and
recognition from the C-suite.
Eric Carbonneau of TriCore, would you like to
share a few thoughts?

Eric Carbonneau, MS, MT(ASCP),
director, laboratory operations,
Woodward Labs and TriCore Research Institute at
TriCore Reference
Laboratories, Albuquerque, NM: I’m
thankful for our lab
staff and our phlebotomists. One of
our hospitals is at
140 percent capac- Carbonneau
ity with patients in
the hallways, and we’re running
at 20 percent vacancies. Our phle-

botomists, our techs, and our blood
bankers are coming in and taking
care of those patients and I can’t
speak enough about them and what
they’re doing for all of us. Likewise,
I’m grateful to all of you that we’re
not alone in this.
I’m also thankful for the innovators. There are a lot of COVID pointof-care tests coming out, and we’re
getting to see that in our research
institute.
Jim Crawford, what are you grateful for at
Northwell?

Dr. Crawford (Northwell): I would
extend what everyone else said and
add to it. In the world community of
science, medicine, and laboratory,
this has been an extraordinary time
for us to come together in support of
humankind, and it isn’t limited to the
United States; it is truly a world
event. I think we’ve risen to a societal
challenge—expectations that have
never been this high before, including the development of new diagnostic tests. We have come together as
colleagues across the miles. That’s
something to celebrate. It starts with
the people we work with. It’s a privilege to work with the people in our
own environment, but it’s also the
privilege of working with people
across the country and the world.
This is something to be tremendously
thankful for.
Stan Schofield, do you want to share a final
thought or two as we wrap up?

Stan Schofield (NorDx): When I
lost my wife a couple of years ago,
COVID became my mission and
many of you who
are my dear friends
became my family.
We will get through
this. We are in this
until we win this.
We are making a
difference. Our laboratories are mak- Schoﬁeld
ing a difference.
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Rhinoscleroma in Southern California—diagnosis
made by multidisciplinary investigation
CAP TODAY and the Association for Molecular Pathology have teamed up to bring molecular case reports to CAP TODAY readers. AMP members write the reports using clinical cases from their own practices that show molecular testing’s important role
in diagnosis, prognosis, and treatment. The following report comes from the David Geffen School of Medicine at UCLA. If you
would like to submit a case report, please send an email to the AMP at amp@amp.org. For more information about the AMP and
all previously published case reports, visit www.amp.org.

Edwin Kamau, PhD; Tara Narasumhalu, MD
Omai Garner, PhD; Abie H. Mendelsohn, MD
Jeffrey D. Goldstein, MD; Shangxin Yang, PhD

A 33-year-old male with progressive
hoarseness and shortness of breath
was given a purported diagnosis of
laryngeal papillomatosis and referred
to our institution in November 2020
for a higher level of care. On presenFig. 1A

Fig. 1B

Fig. 1. Images taken during laryngostroboscopy.
Panel A showed complete glottal closure and 75
percent subglottic stenosis observed with highly
irregular mucosa present with thickened mucus
throughout the upper airway, and multiple spots
of hypertrophic mucosa. Panel B showed much
improved appearance of laryngeal mucosa with
dramatically reduced inﬂammation after the surgery
and antibiotic treatment.

tation, the patient reported no recent
upper respiratory infection-like systemic symptoms but had cough, nasal congestion, throat discomfort,
dysphonia, and worsening dyspnea.
About two months prior, the patient’s
planned diagnostic
direct laryngoscopy
was aborted intraoperatively as he
could not be intubated with subsequent airway compromise, and therefore the planned
procedure was not completed. The
patient’s travel and immigration history was not obtained, but he was
born in Oaxaca, Mexico and had had
symptoms that waxed and waned
since he was 17 years old.
At the initial consultation with our
service, laryngostroboscopy revealed
unrestricted vocal cord movement
but demonstrated approximately 75
percent subglottic stenosis that had
highly irregular mucosa with thickened mucus throughout the upper
airway, and multiple dimpled points
of hypertrophic mucosa (Fig. 1A).
The initial differential diagnosis included connective tissue disorders,
infectious processes, or neoplasms.
Surgery was urgently recommended
to treat the narrowed airway and
obtain biopsy tissue for diagnosis.
Surgery performed was a direct
laryngoscopy with use of controlled
radial expansion balloon dilation of
tracheal stenosis, biopsy and debulking of laryngeal lesions, and nasal
endoscopy with biopsy of left inferior
turbinate polypoid lesion. Biopsy
specimens were submitted for histopathological examination, and a surgical swab was submitted to the microbiology laboratory for fungal and
bacterial cultures.
Details of the pathology. Hematoxylin-eosin–stained sections of the
laryngeal biopsies showed a mixed
inﬂammatory inﬁltrate beneath an
intact squamous epithelium. The inﬁltrate contained numerous characteristic vacuolated macrophages with
clear cytoplasm (Mikulicz cells, Fig.
2B, arrows), together with plasma
cells (Fig. 2B, arrowheads), lymphocytes, and scattered neutrophils. The
Mikulicz cells contained numerous
bacilli as highlighted by WarthinStarry stain (Fig. 2C, arrow). Tissue

Gram stain showed that the intracytoplasmic bacilli within the histiocytes were faintly Gram-negative
(Fig. 2D, arrow).
Details of the microbiology. Bacterial cultures grew a moderate amount
of Klebsiella pneumoniae and a few
colonies of Staphylococcus aureus, both
pan-susceptible to
antibiotics tested. These organisms
were identiﬁed using MALDI-TOF
mass spectrometry (Vitek MS, BioMérieux), and drug susceptibility was
performed and interpreted per Clinical and Laboratory Standards Institute guidelines. The presence of intracellular bacilli within Mikulicz cells in
laryngeal papillomas, combined with
positive culture of K. pneumoniae,
increased the suspicion that the infectious etiology responsible for this
condition was K. pneumoniae subsp.
rhinoscleromatis, the most common
causative agent for rhinoscleroma.
However, the current FDA-approved
Vitek MS database (v3.2) cannot differentiate K. pneumoniae subspecies
including rhinoscleromatis.
Molecular analysis. To conﬁrm
our preliminary diagnosis, we per-

formed whole genome sequencing
(WGS) analysis of the isolate
(UCLA557) on MiSeq (Illumina), using 2 × 250 bp protocol and analyzed
using CLC Genomics Workbench
(Qiagen), following a recently validated workflow.1 Briefly, raw sequences were trimmed and paired by
the CLC Genomics Workbench
where de novo sequence assembly
was performed. Several contigs with
a size range of 2,000–10,000 bp were
extracted and analyzed using the
Basic Local Alignment Search Tool
(BLAST) nr/nt database (https://blast.ncbi.
nlm.nih.gov/Blast.cgi) to obtain an appropriate reference genome for mapping.
The reference genome was downloaded to CLC Genomics Workbench
where three target genes (i.e. 16S
rRNA, rpoB, and groEL [hsp65])
were identiﬁed, extracted, and concatenated. The sequence reads were
then mapped to the concatenated
reference sequence. The consensus
sequence of each target gene was then
queried using the BLAST nr/nt database. The isolate was identiﬁed as K.
pneumoniae subsp. rhinoscleromatis
with 100 percent query coverage and
100 percent identity for all three target genes. Phylogenetic analysis of
the WGS using k-mer tree clustering
further conﬁrmed UCLA557 to be K.
pneumoniae subsp. rhinoscleromatis
(Fig. 3). Notably, we found that the
16S rRNA gene sequence alone is
insufﬁcient to identify any subspecies
of K. pneumoniae, as the BLAST results showed the exact same scores
(100 percent coverage, 100 percent
identity) for both K. pneumoniae and
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Fig. 2. Pathological examination showed plasma cells, neutrophils, and vacuolated macrophages (Mikulicz
cells) with intracellular organisms. Panels A and B are H&E stains of the laryngeal biopsy showing hyperplastic
squamous mucosa with an underlying inﬁltrate of large cells with clear cytoplasm (arrows). The background
inﬂammation consists predominantly of plasma cells (arrowheads) and scattered neutrophils (original
magniﬁcation 100× and 400×, respectively). Panel C is a Warthin-Starry stain and Panel D a tissue Gram stain,
both highlighting the bacilli within the cytoplasm of the Mikulicz cells (arrows, both original magniﬁcation 400×).
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K. quasipneumoniae, two closely related species.
Clinical impact. Pathological and
microbiological results revealed our
patient had rhinoscleroma, a granulomatous inflammatory condition
caused by K. pneumoniae subsp. rhinoscleromatis. The dilation of tracheal
stenosis and debulking of laryngeal
polyps and nasal left inferior turbinate polyps greatly improved the
patient’s symptoms (Fig. 1B). After
the diagnosis, the patient was prescribed long-term therapy of doxycycline and ciprofloxacin.
Discussion. Rhinoscleroma is a
chronic and slowly progressive granulomatous infection of the nose and
upper respiratory tract that has histopathological features consisting of
Mikulicz cells, Russell bodies, and
Gram-negative bacilli.2 K. pneumoniae subsp. rhinoscleromatis is the
main causative agent, but K. pneumoniae subsp. ozaenae may also be
responsible in rare cases.2,3 The infection is contracted by inhaling droplets
containing the bacteria, with the disease typically appearing in young
adults, although recent data does not
support specific age patterns.4 Studies have shown a possible genetic
predisposition, which may arise from
a particular immunodeficiency.5,6
Rhinoscleroma is endemic in Central
and South America, parts of Africa,
the Middle East, China, India, the
Philippines, and Central and Eastern
Europe, and is mostly associated with
low economic status.7 Although the
disease is extremely rare in nonendemic countries and mostly found in
immigrants, it is imperative to recognize and correctly diagnose the infection to subspecies level since specialized prolonged antibiotic treatment
is required, typically three to nine
months.5 Tetracyclines and fluoroquinolones are the drugs of choice,
but other drugs such as rifampin,
trimethoprim/sulfamethoxazole, and
third-generation cephalosporins have
been used.5,7,8 Treatment may also
involve surgical debridement, and
steroids can improve the acute inflammatory symptoms.
Clinically, rhinoscleroma generally
has three disease stages, including a
relatively short (weeks to months)
catarrhal-atrophic stage in which
patients typically present with rhinorrhea and recurrent sinusitis, a
prolonged (months to years) granulomatous stage characterized by mass
formation with tissue destruction,
and a chronic sclerotic/fibrotic stage
with extensive tissue scarring and
fibrosis.2 In this case, our patient’s
presentation was most consistent
with the granulomatous stage, which

CP030171_K_quasipneumoniae_qp
CP026368_K_quasipneumoniae
CP020847_Kp_variicola
UCLA-557
FO203501_Kp_rhinoscleromatis
CP030857_Kp_subsp_Kp

Genus
(Branch color)
Klebsiella

CP035202_Kp

0.220

Fig. 3. K-mer tree clustering of several species and subspecies in the K. pneumoniae (Kp) complex including K. quasipneumoniae, K. variicola, and K. pneumoniae subsp.
pneumoniae and subsp. rhinoscleromatis. The NCBI accession number for each reference species/subspecies is shown. The patient’s isolate is shown (red box) to cluster
closely with K. pneumoniae subsp. rhinoscleromatis. The scale bar indicates the genetic distance of the branch length in the k-mer tree.

can present with symptoms such as
nosebleeds, nasal and/or respiratory
tract obstruction, loss of sense of
smell, a hoarse voice, and thickening
or numbing of the soft palate.2,3 The
diagnosis requires clinical correlation
and is made by histological examination and confirmed by cultures. The
differential diagnosis includes granulomatous bacterial, fungal, or protozoan infections present in endemic
areas; vasculitis; and neoplastic processes affecting the nose and upper
airways, including the lips and soft
palate.2,3
Prior to the wide availability of
genetic testing, K. rhinoscleromatis
was identified by special immunologic and serologic methods, which
are not widely available.9,10 Although
histopathological exams can provide
important clues (e.g. Milulicz cells
and Gram-negative bacilli) to support a diagnosis of rhinoscleroma,
these positive findings lack specificity and may not be readily recognized. In terms of molecular testing,
our study revealed 16S rRNA sequence alone, even full length, is not
sufficient to differentiate K. pneumoniae subsp. rhinoscleromatis from
highly genetically related K. variicola, K. quasipneumoniae, and the rest
of K. pneumoniae subspecies in the
K. pneumoniae complex. Additional
genes such as rpoB and groEL must
be analyzed. Therefore, the current
commercially available sequencing
tests and services for pan-bacterial
identification using 16S rRNA are not
able to identify this organism. WGSbased phylogenetic analysis such as
k-mer tree provide the highest resolution to confirm the identification. As
next-generation sequencing becomes
more widely available in clinical
laboratories, it represents a powerful
tool in identifying rare and challenging organisms.1
Conclusion. Rhinoscleroma
caused by K. pneumoniae subsp. rhinoscleromatis is extremely rare in

nonendemic areas including the
United States. The previous case reported in the U.S. was caused by the
rarer K. pneumoniae subsp. ozaenae,3
and similar to our patient, that patient
had immigrated to the U.S. from Mexico and had longstanding symptoms.
Based on histopathological diagnosis,
our patient was likely in the second
stage of the disease with many Mikulicz cells. Histopathological diagnosis
was confirmed by microbiological
results and high-resolution genomic
characterization. Definitive diagnosis
of infection with K. pneumoniae
subsp. rhinoscleromatis is challenging
because of the rarity of the infection
and the limitation of conventional
microbiological testing methods. This
case highlights the value and strength
of multidisciplinary collaboration
including surgical pathology, conventional microbiology, and molecular
microbiology for a timely and accurate diagnosis of a rare infection such
n
as rhinoscleroma. 
1. Price TK, Realegeno S, Mirasol R, et al. Validation, implementation, and clinical utility of whole
genome sequencing-based bacterial identification
in the clinical microbiology laboratory. J Mol Diagn.
2021;23(11):1468–1477.
2. Umphress B, Raparia K. Rhinoscleroma. Arch
Pathol Lab Med. 2018;142(12):1533–1536.

scleromatis or Klebsiella ozaenae: two forgotten infectious diseases. Int J Infect Dis. 2007;11(5):423–429.
10. Amoils CP, Shindo ML. Laryngotracheal manifestations of rhinoscleroma. Ann Otol Rhinol Laryngol. 1996;105(5):336–340.

Dr. Kamau, Dr. Narasumhalu, Dr. Garner, Dr. Goldstein, and Dr. Yang are in
the Department of Pathology and Laboratory Medicine; and Dr. Mendelsohn
is in the Department of Head and Neck
Surgery—all in the David Geffen School
of Medicine, University of California,
Los Angeles.

Test yourself
Here are three questions taken from the
case report. Answers are online now at
www.amp.org/casereports and will be published
next month in CAP TODAY.
1. What are the three clinical progressive stages (in sequence from
1–3) of rhinoscleroma infection?

a. Catarrhal-atrophic stage, sclerotic/fibrotic stage,
granulomatous stage.
b. Granulomatous stage, catarrhal-atrophic stage,
sclerotic/fibrotic stage.
c. Sclerotic/fibrotic stage, catarrhal-atrophic stage,
granulomatous stage.
d. Granulomatous stage, sclerotic/fibrotic stage,
catarrhal-atrophic stage.
e. Catarrhal-atrophic stage, granulomatous stage,
sclerotic/fibrotic stage.

Of the three clinical progressive
stages of rhinoscleroma infection,
which one is characterized by the
presence of Mikulicz cells?

3. Gonzales Zamora J, Murali AR. Rhinoscleroma
with pharyngolaryngeal involvement caused by
Klebsiella ozaenae. Case Rep Infect Dis. Epub May
12, 2016. doi:10.1155/2016/6536275.

2.

4. de Pontual L, Ovetchkine P, Rodriguez D, et al.
Rhinoscleroma: a French national retrospective study
of epidemiological and clinical features. Clin Infect
Dis. 2008;47(11):1396–1402.

a. Catarrhal-atrophic stage.
b. S clerotic/fibrotic stage.
c. Granulomatous stage.
d. None of the above.
e. All of the above.

5. Mukara BK, Munyarugamba P, Dazert S, Löhler
J. Rhinoscleroma: a case series report and review
of the literature. Eur Arch Otorhinolaryngol. 2014;
271(7):1851–1856.
6. Casanova JL, Abel L. Human genetics of infectious diseases: a unified theory. EMBO J. 2007;
26(4):915–922.
7. Chan TV, Spiegel JH. Klebsiella rhinoscleromatis
of the membranous nasal septum. J Laryngol Otol.
2007;121(10):998–1002.
8. Bonacina E, Chianura L, Sberna M, et al. Rhinoscleroma in an immigrant from Egypt: a case report.
J Travel Med. 2012;19(6):387–390.
9. Botelho-Nevers E, Gouriet F, Lepidi H, et al.
Chronic nasal infection caused by Klebsiella rhino-

Which of the following methods
can definitively identify K. pneumoniae subsp. rhinoscleromatis?
3.

a. MALDI-TOF MS.
b. C onventional biochemical reactions.
c. 1 6S rRNA gene sequencing alone.
d. Whole genome sequencing.
e. All of the above.

See page 30 for answers to last month’s
‘Test yourself.’

30 CAP TODAY | JANUARY 2022

Measuring DOACs
continued from 1

International Council for Standardization in Haematology recommendations for laboratory measurement of
DOACs, with an update to the recommendations published in 2021 (Gosselin RC, et al. Thromb Haemost.
2018;118[3]:437–450 and Douxﬁls J, et
al. Thromb Haemost. 2021;121[8]:1008–
1020). “That at least gives us something to compare with in the literature
if we choose to make a measurement
of any of the DOACs while a patient
is on therapy,” Dr. Moser said. “If we
make a random measurement, it’s
hard to know what that number might
mean. We can’t compare it with a peak
or a trough” and are left wondering if
the number means the patient is sufﬁciently anticoagulated.
DOACs have a yearly risk of one to
three percent for major bleeding and
one to two percent for thromboembolic events, said co-presenter Oksana
Volod, MD, director of coagulation
and associate professor of pathology
and laboratory medicine at CedarsSinai Medical Center, Los Angeles.
“Several studies demonstrated
there is a dose-response relationship
between DOAC concentrations and
those adverse events,” Dr. Volod said.
“Thromboembolic events, as well as
strokes, mainly occurred in patients
with the lowest trough levels, whereas
high trough levels were associated
with a higher risk of major bleeding.”
It is likely that patients could further

beneﬁt from tailored DOAC therapy,
in particular special patient populations, such as those with extremely
high or low body weight, impaired
kidney function, or prior intestinal
surgery, and in speciﬁc clinical situations—for example, patients who restart anticoagulation after a major
bleeding or who experience a thrombotic event while on DOAC therapy
(Toorop MMA, et al. J Thromb Haemost. 2020;18[12]:3163–3168).
Dr. Volod cited the key recommendations from the 2021 update of the
International Council for Standardization in Haematology consensus on
laboratory measurement of DOACs:
J There are insufficient data to
date for providing dose-adjustment
recommendations based on DOAC
levels alone.
J Nevertheless, DOAC measurements may identify potential excessive
clearance or drug accumulation and
could be used in situations where the
beneﬁt of such measurement is likely
to outweigh the risk, for example, in
nonurgent situations.
J If a DOAC measurement has
been requested for urgent purpose,
results should be provided within
30 minutes to aid in acute clinical
decision-making.
Meeting the 30-minute recommendation may not be feasible, Dr. Volod
said. The Cedars-Sinai laboratory offers apixaban and rivaroxaban levels
24/7, but “specimen drawing and
delivery especially can take several
minutes, so results may not be avail-

able within 30 minutes.”
The possible indications for DOAC
testing in nonurgent situations, according to the ICSH, are advanced
age, severe renal failure and dialysis
dependence, high bleeding risk interventions, and a BMI
above 40 kg/m2.
For patients with a
BMI less than 40 or
weight less than 120
kg, any DOAC can
be used, but for patients above those
levels, rivaroxaban Dr.Volod
or apixaban are the
preferred drugs. “And no monitoring
is indicated because of the lack of
available safety and efﬁcacy data,” Dr.
Volod said. Another nonurgent indication for DOAC testing would be in
a case of a possible drug interaction.
The urgent situations are those of
acute bleeding and where appropriate reversal strategies have to be
determined.
In the perioperative setting, the
American Society of Regional Anesthesia and Pain Medicine 2015 guidelines suggest that DOAC interruption
be based not only on their respective
half-lives but also on residual drug
concentration. “In this situation,” Dr.
Volod said, “to accurately measure
low plasma drug concentrations, we
recommend that laboratories have to
have assays, Xa assays, calibrated for
the assessment of low plasma concentrations,” for example, less than 50 ng/
mL-1 (Douketis JD, et al. Reg Anesth

case report

‘Test yourself’ answers
In the December 2021 issue was a case report (page 28), “Identiﬁcation
of encephalomyocarditis virus using metagenomic NGS in a patient
with acute febrile illness,” written by members of the Association for
Molecular Pathology. Here are answers (in bold) to the three “test
yourself ” questions that followed that case report.
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1. Which genus among the family of Picornaviridae does the EMCV
belong to?
a. Aphthovirus.
b. Avihepatovirus.
c. Cardiovirus.
d. Enterovirus.
2. The common clinical manifestations in human EMCV infection
include all of the following except:
a. Fever.
b. Nausea.
c. Malaise.
d. Ascending paralysis.
3. Clinical metagenomics refers to the comprehensive analysis of:
a. Microbial and host genetic material (DNA and RNA) in patient
samples.
b. Antibodies in patient samples.
c. Proteins in patient samples.
d. Metabolites in patient samples.

Pain Med. 2016;41[2]:127–129).
In emergency situations (bleeding,
thrombosis, urgent invasive procedure, thrombolysis), “we potentially
can assess if DOAC is present and
how much,” Dr. Volod said. “The aim
would be to identify a level within or
above the on-therapy range to guide
the potential use of speciﬁc reversal
agents or at least identify if a drug is
there.” DOAC antidote administration
is warranted if the drug concentration
is greater than 30 ng/mL-1 in patients
requiring an urgent intervention, according to International Society on
Thrombosis and Haemostasis guidelines. In patients with serious bleeding,
antidote administration should be considered if the drug concentration exceeds 50 ng/mL-1 (Levy JH, et al. J
Thromb Haemost. 2016;14[3]:623–627).

T

he CAP Hemostasis and Thrombosis Committee, of which Dr.
Volod is a former member, recently reported 2013–2016 Survey data on the
measurement of rivaroxaban and dabigatran (Volod O, et al. Arch Pathol
Lab Med. Epub ahead of print June 16,
2021. doi:10.5858/arpa.2020-0633-CP),
including the effect of those drugs on
coagulation assays such as PT, aPTT,
and thrombin time. “As published in
the literature,” Dr. Volod said, “aPTT
is not very sensitive to direct Xa inhibitors and it is insensitive to apixaban.”
“There is signiﬁcant variability between reagents,” she said, noting that
the three most common instrumentreagent combinations reported in the
Survey were those of Diagnostica Stago, Instrumentation Laboratory (now
Werfen), and Siemens Healthineers.
“The most sensitive in terms of aPTT
was the IL reagent showing abnormal
results for aPTT and rivaroxaban,” she
said. Rivaroxaban aPTT results were
measured at concentrations of 50, 200,
and 400 ng/mL, and the aPTT reagents were more responsive to rivaroxaban concentration in the 200–400
ng/mL range. aPTT was reported as
prolonged by 92 percent of participants for 200 ng/mL and by 94 percent of participants for 400 ng/mL.
In an earlier study of patients
treated with DOACs, Dr. Volod said,
prothrombin time was somewhat
more sensitive to direct Xa inhibitors
(rivaroxaban, edoxaban, apixaban).
Rivaroxaban showed the strongest effect on PT, followed by edoxaban and
then apixaban (Douxfils J, et al. J
Thromb Haemost. 2018;16[2]:209–219).
In the CAP Survey, the prothrombin time was more responsive to rivaroxaban. At the 50 ng/mL rivaroxaban concentration, 49.6 percent of
participants reported normal prothrombin time results, but PT was
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Table 1.
DOAC—assay choices for measurement
LC/MS
• Considered gold standard for quantiﬁcation
• Reportable range 5–500 ng/mL
• Only available in small number of reference
laboratories
• No international reference standard available
• Timing of measurement matters
• Prefer peak or trough instead of random

ring to the recommendations. “And
nonspeciﬁc point-of-care testing methods, like PT, aPTT, and activated clotting time, may not have sufﬁcient responsiveness to detect DOAC presence
and should not be used for those purposes” (Gosselin RC, et al. Thromb
Haemost. 2018;118[3]:437–450).
The use of viscoelastic assays in
DOAC measurement does not hold
much promise because they are not

sensitive enough to DOAC effects, Dr.
Volod said. “They are more sensitive
to dabigatran because the activator is
kaolin in the majority of those assays
and they are least sensitive to rivaroxaban and apixaban.” The ICSH consensus recommendation in 2018 said that
at that time, there was not enough
clear data to support the use of TEG
or ROTEM for detecting DOAC anticoagulant activity.

A

manda M. VanSandt, DO, medical
director of the hemostasis and
thrombosis service, Oregon Health
and Science University, and associate
professor of pathology and laboratory
medicine, OHSU School of Medicine,
set out the assay choices for DOAC
measurement (Table 1). Laboratories
with a more routine volume of cases,
she said, should favor validating an
on-site quantitative —continued on 35

DOAC-speciﬁc anti-Xa
• Classiﬁed as research use only
• Classiﬁed as a laboratory-developed test for
clinical use; requires local validation
• Timing of measurement matters
• Prefer peak or trough instead of random
DOAC-speciﬁc DTI
• Dilute thrombin time
• Ecarin-based assays
Other
• Anti-Xa level calibrated for UFH/LMWH
• PT/PTT
• Thrombin time
• TEG
• Use qualitative tests with caution
Douxﬁls J, Ageno W, Samama C-M, et al. J Thromb Haemost.
2018;16[2]:209–219.

reported as prolonged by 98.7 percent
of participants for the 200 ng/mL rivaroxaban concentration and by 100
percent of participants for the 400 ng/
mL rivaroxaban concentration. The
Diagnostica Stago Neoplastin CI Plus
reagent appeared to be the most sensitive to rivaroxaban across all three
drug concentrations.
“There was insufﬁcient sensitivity,
even if paired with a normal aPTT, to
completely exclude DOAC presence,”
Dr. Volod said.
Nearly 50 percent of participants
reported that the prothrombin time
was not prolonged with a 50 ng/mL
rivaroxaban concentration, “again
highlighting that with the normal PT,
we cannot exclude drug presence,”
Dr. Volod said.
“This supports the [2018] ICSH
consensus screening recommendations
that PT and aPTT may not be reliable
to detect the presence of on-therapy
concentration of all DOACs,” she said.
They are not responsive to on-therapy
apixaban level, and they should not be
used to quantify DOAC concentration.
In a patient with known DOAC exposure, a prolonged PT or aPTT should
be considered secondary to drug effect
until proven otherwise, according to
the recommendations. The recommendations also say that in emergent or
life-threatening conditions, tests for
quantifying DOAC should be performed to aid in managing the patient.
“A normal thrombin time will exclude
the presence of signiﬁcant dabigatran
concentration,” Dr. Volod said, refer-
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In terms of historical medical advancements, the Pap test surely
deserves its place alongside achievements such as vaccines, antibiotics
and anesthesia. Since it’s widespread inception in the 1940s, cervical
cancer rates have decreased precipitously,1,2 as it went from the most
common cause of female cancer related mortality to the lowest tier.2,3
More recent improvements, such as liquid-based Pap testing and the
addition of HPV testing (cotesting) have further reduced cancer rates and
managed dysplastic, even invasive lesions more efficiently. Additionally,
improved biopsy devices and more conservative management strategies
have not only decreased mortality but also morbidity by lowering possible
injuries seen with more aggressive management methods and tools.
If there could ever be a near “perfect” cancer screening program,
cervical cancer screening is it. And, as the adage goes, “if it ain’t broke,
why fix it?”
Despite its success, significant changes to this screening program
have been implemented over the last decade. In 2012, the consensus
screening guidelines recommended Pap and HPV testing (cotesting) for
women 30 to 65 with an increase in interval testing from 3 to 5 years.4
More recently, the American Cancer Society (ACS) has recommended
HPV primary screening only, versus Pap and HPV (cotesting) for women
25 to 65 and has eliminated Pap screening for women under 25.5 These
recommendations deviate from other screening guidelines and have
been met with criticism and concern from key medical societies, such as
the College of American Pathologists (CAP) and the American Society of
Clinical Pathology (ASCP).6,7 And, in our collective experience, much of
these guidelines are not adhered to by our clinical colleagues.

ALEXANDRA GILLESPIE, M.D.
Before she founded PathAdvantage, Medical Director
Alexandra Gillespie, M.D. served as the director of
cytology at Baylor University Medical Center in Dallas
with a subspecialty in gynecologic pathology. As a
board-certified pathologist, Dr. Gillespie has devoted
herself to pathology throughout her career and
founded PathAdvantage to advance the standard of
health care for men and women.

RICHARD HOPLEY, M.D.
Board-certified in both Anatomic and Clinical
Pathology, Dr. Hopley serves as Assistant Medical
Director and Director of Clinical Pathology at
PathAdvantage.

While it may be difficult to understand the motivation for these
recommended changes, some cited factors include finite healthcare
dollars and resources, as well as the concern for potential “harms”
caused by colposcopy, biopsy and excision of lesions that would not
cause eventual harm.8,9 These “cuts” to the screening program may be
well intentioned, but it should be pointed out that they may actually lead
to increased mortality, and even increased overall cost.10
We echo the concerns outlined by CAP, ASCP and others based on our
own experience of almost 20 years within our Gynecologic Pathology
practice in North Texas. In our laboratory, the Pap test is revered and
truly seen as a window into not only the cervical and gynecologic health
of a woman, but a representation of her health overall. We appreciate
the subtleties of a Pap test and welcome the opportunity to evaluate the
health of our patients through this window.

Cotesting with the Pap and HPV tests (using the Aptima ® HPV assay ):
10

150K

cases of invasive
cervical cancer
could be prevented

~$4B

in savings in health
care costs over the
next 40 years

This is emphasized by the fact that our close relationship with our
OB/gynecologist colleagues allows us to more closely connect with
our mutual patients, and the continuity of care enables us to see the
evolution of gynecologic disease over our shared lifetimes. Additionally,
as the Pap test is such a cornerstone of our practice, we have witnessed
firsthand the consequences that the changes to the screening guidelines
have caused in our patients.
One such example is the frequency of HSIL/high grade dysplasia in
patients <25 years of age. We are all too aware that when we make this
diagnosis, these patients would not be identified if the ACS guidelines
are adopted. A search of our database shows that over the past 10
years, 1503 patients under the age of 25 were diagnosed with moderate
dysplasia (CIN 2) and 474 patients were diagnosed with severe
dysplasia (CIN 3). In the past 5 years, 25 patients were diagnosed with
endocervical adenocarcinoma in-situ, seen in patients as young as 21.
While it is true that most of these patients <25 years old did not develop
invasive squamous cell carcinoma, we have diagnosed patients as young
as 24 with superficially invasive squamous cell carcinoma. We must also
be concerned with the overgrowth of high-grade dysplasia within a cervix
(as opposed to a focal lesion), which makes treatment more challenging,
especially when trying to conserve fertility in these younger patients while
preventing recurrences and possible progress to invasion.
As intervals have expanded, we have begun to see an abundance of
HSIL in patients who last had a cytology examination 5 years ago. From
both the patient’s and clinician’s perspective, these have “come out
of nowhere.” While this is anecdotal, the data support our experience,
as the shift from annual screening to 3-year (cytology only) and 5-year
intervals (cotesting with Pap and HPV) coincides with data from
the National Cancer institute SEER database showing a statistically
significant 1.3% annual increase in cervical cancer incidence in women
under 50 from 2012 – 2018.11 While one could argue this is a minor
increase, if increased cancer and mortality could ever be considered
so, it still represents a trend in entirely the wrong direction, particularly
for women under 50.

Despite HPV primary screening being approved in 2014 and added to
national guidelines soon after (ASCCP/SGO in 2015; ACOG 2016 and
USPSTF in 2018), the uptake by practitioners has been very minimal
(well below 0.5% in all age groups) throughout the study period of 2013–
2019, while cotesting increased during that timeframe.15
The original decision by the ACS to support primary HPV testing leaned
heavily on literature which showed cytology to have an insignificant
contribution to cervical cancer and precancer detection. However, this
literature included conventional cytology, which is inferior to the current
gold standard (liquid-based cytology, such as the Thinprep).16 Other
US publications, which did use liquid-based cytology to formulate their
conclusions found significant improvements in cervical cancer detection
with cotesting, over primary HPV screening alone.17

TWICE AS MANY CERVICAL
CANCERS WOULD BE MISSED WITH
PRIMARY HPV TESTING, VERSUS
COTESTING (CYTOLOGY AND HPV).

A study at the University of Pittsburgh Medical Center showed that twice
as many cervical cancers would be missed with primary HPV testing only,
versus cotesting (cytology and HPV).18 Similar studies, which compared
primary HPV screening to cotesting (Pap and HPV) showed 1 in 5 women
with cervical cancer would be missed when screening with HPV alone.
In this large study of >250,000 patients, 19% of the women with a biopsy
proven cervical cancer had a previously negative HPV result.19

These data are also consistent with the concern of increased intervals
causing reduced adherence to screening compliance.12 In a recent
publication from the New Mexico cancer registry, it was observed that in
2019, 6.5% of women with previously negative Pap and HPV tests had
not been screened for more than 5 years; and even up to 7 years. Of
greater concern was that this may be understated, as this data did not
account for patients where no follow up information was available.13
MacLaughlin (2019) also found that only two thirds (64.6%) of their cohort
of women in the age range of 30-65 were up to date on their screening
and less than two thirds (60.8%) had the recommended cotesting (Pap
and HPV). This article also called for “multi-level patient and clinician
interventions to increase cervical cancer screening adherence.”14
Perhaps the focus should be on increasing screening adherence,
rather than continuing to change screening guidelines.

Although the Pap test is designed primarily to detect squamous lesions of
the cervix, endocervical adenocarcinomas are also increasing (comprising
10% of all cervical cancers in 1973, versus 27% in 2015).20 Kaufman et al
also showed that twice as many women with adenocarcinoma would be
missed with primary HPV screening versus cotesting.17

This well described literature matches our clinicians’ experience, who
are reporting poor patient follow up as intervals have increased. While
we agree that annual Pap tests are no longer necessary for many
women, they were at least part of the patient’s annual routine, and being
instructed to follow up in 3 years for another Pap test seems to lead to
poor follow-up, overall. The well woman examination is so much more
than a Pap test; however, the Pap certainly is a cornerstone of this visit,
particularly in the eyes of the patient.

HPV primary screening has been adopted in other countries; however,
these countries have much stronger vaccination adherence in their
populations. Contrary to this, the US HPV vaccination program lags
significantly behind these countries.21 This is very concerning, as one of
the narratives for advocating for HPV primary screening is that cytology
will be less effective in a vaccinated population as it will detect atypia
that is more likely to regress. However, even in a vaccinated population,
HPV negative disease is still a factor; and this also does not address the
additional value the Pap brings beyond detecting HPV driven disease.

Using HPV as the only method of screening for cervical disease makes
the wildly incorrect assumption that all malignancies are caused by
HPV, or at least would be detected by HPV testing. HPV negative
disease, however, represents a statistically significant proportion of
neoplasia. Our own laboratory statistics, for example, showed that
in 2020, out of all cases of HSIL or greater (including endocervical
adenocarcinoma in-situ, adenocarcinoma NOS or malignant cells
NOS), almost 10% of cases were high risk HPV negative.

It is assumed that the driving force for primary HPV screening is financial,
leading to potential cost-savings for insurance companies. However,
forecasts on cotesting versus primary HPV screening estimate a 37%
increase in cervical cancer cases in women between the ages 30 and
70. Compared to screening with HPV alone, this same model predicted
that over the next 40 years, cotesting with the Pap and HPV (using the
Aptima® HPV assay) could prevent almost 150,000 cases of invasive
cervical cancer and save approximately $4 billion in health care costs.10
In short, these statistics predict a much more significant increase in
cervical cancer for the future with a corresponding increase in health
care costs, if these guidelines (particularly HPV primary screening) are
more widely adopted.
As mentioned, primary HPV screening makes the incorrect assumption
that co-evaluation with cytology adds nothing to the screening process.
Primary HPV testing collects the sample in the exact same way as current
HPV/cytology cotesting. The endocervical, cervical or vaginal ThinPrep
cytology preparations allow the reviewing pathologist to gain a small
window into the overall health of the patient. We have always looked
at a Pap test like we do any non-gyn cytology slide: searching for any
information that can help our clinical colleagues take care of the patient.
In addition to finding ASCUS, LSIL, or HSIL lesions, we have also
diagnosed many endometrial, ovarian, bladder, colon, breast cancers
and even lung metastasis. Even rarer lesions such as stromal sarcomas,
melanoma and lymphomas have been identified in our laboratory
from the Pap test. Other concerns, such as severe inflammation and
the presence a variety of infectious organisms can also be diagnosed.
The hormonal status can be mentioned as well as certain metabolic
conditions can be suspected. Cytology also allows for histology/cytology
correlation to help the clinician know that they have identified the lesion.
The degree of cellularity on the Pap lets the clinician know they obtained
a satisfactory sample. So, that said, what a value-added screening test
Pap cytology offers!

This opinion is not limited to the authors. The current recommendations
by the ACS are criticized by the College of American Pathologists (CAP),
the American Society for Clinical Pathology and many other advocates
for women:6,7“The American Cancer Society issued at the end of July
new guidelines for cervical cancer screening that call for fewer women
to be tested and stand in direct opposition to recommendations from
leading scientific organizations. As someone who has devoted their
life to fighting for better and more accessible health care for women, I
know that the disservice these changes will have on society, and woman
specifically, could not come at a worse time.”22
“The ACS owes women and healthcare providers an answer as to why
they would remove support for trusted testing options when preventive
healthcare is already fragile due to the COVID-19 pandemic. They have
lost sight of their responsibility to put choice, access, and proven science
at the forefront, instead making decisions that are odds with their stated
mission to ’lead the fight for a world without cancer.’ We strongly urge
the ACS to reconsider their new guidelines and vision for the future. Far
too many women die needlessly from cervical cancer.”23
Due to the tremendous success of the cervical cancer screening and
prevention programs of the last 80 years, we strongly believe that it is
important to not become complacent and backslide into a higher cervical
cancer rate once again. Literature published in the United States
aligns with our own experience that cotesting is the most effective
cervical cancer screening strategy. Pap and HPV have been shown
to be additive in increasing the detection of cervical disease.
Removing either test would be detrimental to the health of women in
this country. With the change in sexual mores over the last 80 years, it is
even more critical that close and successful cervical cancer screening of
all women be allowed to continue.
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DOAC assay for accurate and timely
results. “Actual measurements of
concentration would be most useful, such as the LC/MS method or
a DOAC-specific calibrator with an
anti-Xa assay.” Laboratories that
don’t have quantitative DOAC assays on site should
consider send-out
testing for quantitative measurements.
However, laboratories that don’t have
a validated quantiDr.VanSandt
tative assay locally
and cannot await send-out testing,
such as in emergencies, should consider the use of a qualitative assay to
assess for DOACs, such as routine
clotting time or perhaps a heparinspecific assay, she said.
Qualitative assays, such as anti-Xa
activity calibrated for unfractionated
or low-molecular-weight heparin,
could be considered useful in an emergent situation, Dr. VanSandt said,
“though these have to be used with
caution because heparin and the antiXa DOAC act in the same mechanism
or at the same time in the coagulation
cascade. This means that anti-Xa assays calibrated for unfractionated or
low-molecular-weight heparin will
likely turn positive in the setting of a
DOAC once the medication reaches a
certain concentration within the
sample.”
At least one study suggests that
using anti-Xa assays calibrated for
UFH and LMWH could detect significant levels of DOAC (Gosselin R, et al.
Int J Lab Hematol. 2016;38[5]:505–513),
though others suggest response may
vary by kit (Sabor L, et al. Thromb Res.
2017;156:36–38).
“If you’re using this type of method
in your hospital or laboratory, we
want you to make sure you understand how these DOACs are affecting
the assay in your hand,” she said.
Laboratories would welcome antiXa chromogenic assays with DXa-inhibitor-specific calibrators, Dr.
VanSandt said, and a limited number
of FDA-approved calibrator materials
are now available. These assays can
measure a wide range of concentration
of the DOACs, and just as the DOACs
can make the heparin-calibrated assays positive, heparin can make the
DOAC-calibrated assays positive. “So
it would be useful to optimize your
laboratory information system to detail what anticoagulant is being used
by the patient so the lab can use the
correct calibrator on the assay.”

A proposed novel testing strategy
using a urine dipstick assay (DOAC
Dipstick, Doasense GmbH, Germany)
for DOAC detection has been tested
in small trials, Dr. VanSandt said, explaining, “Because these medications
are renally cleared, a urine assay is
possible to detect the different DOACs.” Results from an interlaboratory
study of seven participants showed
the dipstick is fairly sensitive for apixa-

ban, rivaroxaban, and dabigatran and
“pretty specific for the drug involved,”
she said (Harenberg J, et al. Semin
Thromb Hemost. 2019;45[3]:275–284).

D

rs. Volod and Moser presented
clinical cases they encounter
in practice, ones in which DOAC
measurement could be helpful even
though lab monitoring isn’t required.
The first was of an aPTT and heparin

assay discrepancy in a patient admitted to the hospital while on apixaban
and then switched to unfractionated
heparin.
At Cedars-Sinai, the method of
measuring heparin effect is a heparin
level by anti-Xa assay, Dr. Volod said.
When the patient was switched to
unfractionated heparin, the anti-Xa
assay was showing a supratherapeutic
—continued on 36
heparin level.
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The value of the therapeutic level is
0.3 to 0.7 IU/mL, and the patient’s
values ranged from 1.94 to 2.20 IU/
mL. The clinicians stopped the heparin, and the case was brought to Dr.
Volod’s attention. The patient was
stable. She added to the workup, in
addition to the anti-Xa assay, aPTT
(normal, 35 sec), PT (elevated, 20.7
sec), and fibrinogen (elevated, 522
mg/dL). Since PT reagents have heparin neutralizers in them, PT usually
will not be normal if a patient is on
even a therapeutic heparin dose, she
said, so the high PT value of 20.7 seconds “was another clue that the patient was still having a residual effect
of apixaban.”
Based on those results, “it immediately came to my attention that
most likely we still experienced the
DOAC Xa-inhibitor apixaban effect
on coagulation assays, such as unfractionated heparin as well as PT,” Dr.
Volod said. She recommended continued patient monitoring with aPTT
rather than an anti-Xa level. The heparin was restarted, and aPTT, which
was steadily rising, was used for
monitoring.
Depending on renal function, in
the ﬁrst 24 to 36 hours—and in Dr.
Volod’s experience, even after several
days up to one week—DOAC still can
have an additive effect on the screen-

ing assays, she said. “Therefore, laboratories should be able to provide alternative strategies for assessing heparin anticoagulation.”
Dr. Moser presented a case similar
to though not the same as Dr. Volod’s
case, and it’s representative of the following situation she’s encountered: A
physician calls the lab because they
have a patient switching from rivaroxaban (or another direct Xa inhibitor)
to LMWH. They want to use the lab’s
anti-Xa assay calibrated for LMWH
to monitor LMWH
during the transition. They ask, “Will
rivaroxaban interfere with the test?”
Just as in Dr.
Volod’s case, the Dr.Moser
anti-Xa activity assay—the underlying parent assay—is
the same, whether the laboratory calibrates it to measure UFH, LMWH, or
rivaroxaban, Dr. Moser said. And it
can pick up the effects of any or all of
those. “So this is a sticky situation. It’s
challenging to provide laboratory
monitoring when we’re transitioning
from these DOACs to one of the heparins if we want to make laboratory
measurements.”
It’s easier with dabigatran, she
said, because dabigatran is a direct
thrombin and does not interfere with
anti-Xa activity assays. “The direct Xa
inhibitors cause the issue.”

A

nother case centered on the
potential utility of viscoelastic
assays. In this case, a patient with a
fall was transferred to Cedars-Sinai
for a higher level of care. “We knew
the patient took rivaroxaban within
24 hours of admission and received
a dose of Kcentra [prothrombin complex concentrate],” Dr. Volod said.
Physicians ﬁrst performed a thromboelastogram (TEG) on this patient
and said the results looked normal.
Though the point of the case was not
to discuss TEG parameters, Dr. Volod
noted that the R parameter will affect
the coagulation factor, “so anything
that affects coagulation factors will
potentially affect the R parameter,”
she said. In case of factor/s deﬁciency
or anticoagulant effect, R will be prolonged. In this case R was shortened,
indicating an increased rate of thrombin generation. The patient also received thrombin concentrate, which
also could potentially affect that parameter. The physicians asked, “Is it
safe to take the patient to surgery, and
is there a DOAC effect or not?”
Dr. Volod added a workup to measure PT, aPTT, and UFH level; she
didn’t include an anti-Xa assay because Cedars-Sinai didn’t have apixaban or rivaroxaban assays at that time.
(They were brought in-house because
of this case and similar cases.) aPTT
was normal; PT was above the reference range. UFH “showed a level [1.90
IU/mL] that potentially would be

supratherapeutic, but we cannot apply
this to the level for Xa inhibitors,” Dr.
Volod said. “We can just say, ‘Based
on these parameters, there is still the
effect of rivaroxaban present.’”
Regarding Xa inhibitors, Dr. Volod
raised three points. First, “we have to
remember the viscoelastic assay main
activator is kaolin, which is a contact
surface activator that activates assays
for aPTT and activated clotting time.
And that is the reason the R parameter
of TEG or the Intem parameter of
ROTEM will be closer to the aPTT
rather than PT and that abnormal clotting time may not exclude Xa inhibitor
presence.” In this case the R was shortened, “and that can be misleading
information,” she said.
Second, PT sensitivity is drug and
reagent dependent. “In our institution, we use the Stago reagent and
instruments, and based on personal
experience and published literature,
I know the sensitivity of the reagent
we use in our laboratory.” Pathologists need to be aware of the sensitivity of their reagents to the different
DOAC levels, she said.
Third, the unfractionated heparin
and low-molecular-weight heparin
anti-Xa assay can be used to detect or
exclude drug presence. “By anti-Xa
method, we can detect the presence
of the drug but not the level of the
drug,” she said. “For this you need
an Xa assay calibrated with apixaban and rivaroxaban” (Billoir P, et
al. Ann Pharmacother. 2019;53[4]:
341–347).
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he following two cases highlight
the potential interference of DOACs in other hemostasis and thrombosis laboratory tests.
In one case, a 54-year-old woman
had been bedridden while treated for
pneumonia. During her recovery, Dr.
Moser said, she developed a PE,
which prompted testing for lupus
anticoagulant, among other things.
A DRVVT-based and an aPTTbased lupus anticoagulant test, both
with screening, mixing, and conﬁrmatory components as per current ISTH
recommendations, were used. The
PNP test used is a platelet neutralization procedure—an aPTT-based lupus
anticoagulant conﬁrmatory assay.
The patient’s PT result was prolonged (23 sec, RI 12.0–15.3 sec), “and
that’s a little curious for a few reasons,” Dr. Moser said. One is that reagents tend to have a very high phospholipid concentration, “so we don’t
typically expect lupus anticoagulants
to prolong the PT to any signiﬁcant
degree,” she said. “Anytime I see that
my radar is up, thinking about what
else could be present —continued on 38
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in this patient plasma sample that’s
causing that PT to be prolonged.”
Lupus anticoagulant wouldn’t typically do that, she said, “so I’m wondering if something else is going on, and
specifically if there’s an anticoagulant
present.”
The DRVVT screen was prolonged

(57 sec, RI 33–44 sec), “and there’s an
inhibitory pattern that the mixing
study doesn’t completely correct into
our reference interval. But when we
added back an increased phospholipid concentration in the DRVVT reaction, we weren’t able to demonstrate
phospholipid dependence of this apparent inhibitor. So our confirmatory
test came up as negative.”
The aPTT screen was also pro-

Scalable
Product
Solutions
Low
Volume
Scalable
Product
Solutions
forfor
Low
Volume
Hospitals
and
Decentralized
Clinics
Hospitals
and
Decentralized
Clinics

• CBC
3-part
CBC
plusplus
3-part
Diff Diff
Hematology
System
Hematology
System
• Results
• Results
in seconds
60 seconds
in 60
•

• CBC
5-part
CBC
plusplus
5-part
Diff Diff
Hematology
System
Hematology
System
• Results
• Results
in seconds
60 seconds
in 60
•

Get Get
Connected
Connected
with the
with the
DM
Data
Data
LiteDMLite
Management
Management
System
System

No Monthly
No Monthly
or Annual
or Annual
Fees Fees

Same
Reagents Same
Same
Technology
Same
Reagents
Technology
• CBC
5-part
CBC
plusplus
5-part
Diff Diff
Hematology
System
+ Autoloader
Hematology
System
+ Autoloader
• 80• samples/hour
80 samples/hour
• Continuously
• Continuously
up to
loadload
up to
samples
100100
samples
•

• The
power
a floor
model
The
power
of aoffloor
model
in ain a
benchtop
system
benchtop
system
• No
• No
water
system,
drain
or special
water
system,
drain
or special
electric
required
to operate
electric
required
to operate
• 420
• 420
tests/hour,
52 reagent
positions
tests/hour,
52 reagent
positions
•

Same
Technology
Technology
Same
Reagents Same
Same
Reagents

•
•
•
•

TM TM
Big Lab
Automation
a Small
Footprint
Big• Lab
Automation
in a in
Small
Footprint
• 1200
tests/hour
1200
tests/hour
• Optional
autoloader
Optional
autoloader
• 100
programmable
applications
100
programmable
applications
2021 HORIBA,
Allreserved.
rights reserved.
MED-ADV-11400
© 2021©HORIBA,
Ltd. AllLtd.
rights
MED-ADV-11400

CHEMISTRY
CHEMISTRY

HEMATOLOGY
HEMATOLOGY
1 (888) 903-5001
| www.horiba.com
1 (888) 903-5001
| www.horiba.com

longed (61 sec, RI 32–48 sec). “Anytime
we see prolonged aPTT screens we
always wonder: Could this be heparin? A lot of us who work in thrombosis-hemostasis laboratories are conditioned to be suspicious for heparin,
whether it’s heparin that’s therapeutic
and expected to be present or heparin
from a hep-lock IV line, or if there’s a
line draw that wasn’t adequately
flushed.” Thrombin time was normal,
suggesting no presence of heparin or
a direct thrombin inhibitor.
The aPTT-based mixing study
“nearly but not completely” corrected
(49 sec, RI 32–48 sec).
“In our initial aPTT confirmatory
test, the platelet neutralization procedure also was negative,” she said.
Another aPTT-based confirmatory
test—hexagonal phospholipid neutralization—came up positive.
“Overall, this prolonged PT is kind
of suspicious, making us think there
could be some sort of drug present,”
Dr. Moser said. “And it turned out
there was.”
At the time the patient was tested,
she was receiving rivaroxaban for her
PE, and Dr. Moser suspected it was
that causing the prolonged PT in their
instrument-reagent system. “It also
calls into question the lupus anticoagulant results” as potential
false-positives.
The laboratory tested a follow-up
specimen from the patient about 12
weeks later, for which her physician
opted to pause the patient’s anticoagulant therapy. “Lo and behold, her PT
was completely normal, as were her
DRVVT and aPTT screens,” Dr. Moser
said. “So that throws these initial results into question.”
While it’s possible the patient had
a transient lupus anticoagulant detected initially and gone within 12
weeks, “the more likely scenario,
given the clinical correlation, knowing
that rivaroxaban was present initially,
knowing that our prothrombin time
was prolonged initially, is that the apparent lupus anticoagulant result we
were picking up was likely an effect of
the direct Xa inhibitor.”
Dr. Moser shared the next case for
“contrast.” A 37-year-old man with an
unprovoked PE underwent laboratory
evaluation for various causes of
thrombophilia, including lupus anticoagulant. This patient’s PT was normal, so there’s no clue of drug interference. His DRVVT screen was prolonged (91 sec, RI 33–44 sec). The
mixing study remained prolonged (80
sec, RI 33–44 sec), “so it looked like an
inhibitor effect,” she said. The DRVVT
confirmatory test was also positive,
and the aPTT screen was prolonged
(119 sec, RI 32–48 sec).

The lab checked for heparin or direct thrombin inhibitor with thrombin
time, which was normal, “so it doesn’t
look like either heparin or direct
thrombin inhibitor is present,” she
said.
The aPTT mixing study didn’t correct (85 sec, RI 32–48 sec), “and our
aPTT confirmatory assay, the platelet
neutralization procedure, also looked
positive,” Dr. Moser said.
Discussion with the ordering physician revealed that the patient had been
on apixaban at the time of testing. “As
Dr. Volod showed us, PTs are relatively insensitive to the presence of
apixaban, and that was the case for
our reagent in my laboratory.”
Of the lupus anticoagulant results,
she asked, “Can we trust them in the
presence of a direct Xa inhibitor?”
“It’s interesting that both the
DRVVT and the aPTT-based testing
came up as positive.” To be certain
there’s no drug interference causing
false results, it would be optimal, if
possible, she said, to test while this
patient is on low-molecular-weight
heparin, if he transitions for a short
time, or in the absence of anticoagulant if it would be safe to do so. There
has also been work looking at drawing
lupus anticoagulant samples at expected drug trough, Dr. Moser said.
“So when the lowest level of, in this
case, apixaban is present, to try to
minimize interference. That could be
another strategy.”
Dr. Moser requested but did not
receive a follow-up sample from this
patient to investigate whether lupus
anticoagulant was present, so no follow-up data are available. But she
contrasted this case with the prior
case involving rivaroxaban in which
the PT was prolonged. “As Dr. Volod
showed, there’s significant variability,
so understanding the performance
expected from your PT and aPTT reagents is key to being able to interpret
results in your laboratory.”
Table 2 (page 40) sums up DOAC
laboratory test interference, and Dr.
Moser noted a few themes. “Rarely,
false-negative results with lupus anticoagulants have been reported, mostly
in the context of apixaban. That might
be another point in favor of a potential
real lupus anticoagulant” in the case
of the 37-year-old male patient. In addition, PT- or aPTT-based factor assays
can be falsely underestimated. And
DOACs can interfere, too, in measurements of the natural anticoagulants
antithrombin, protein C, and protein
S. “In protein C and protein S activity,
we’re expecting false overestimations
with clot-based assays, so we run the
risk of misclassifying a truly deficient
patient as having a —continued on 40
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Measuring DOACs

Table 2. DOAC— laboratory interference
Assay

continued from 38

normal protein C or protein S level.”
Chromogenic protein C activity
assays are not subject to this type of
DOAC interference, she said, and free
protein S antigen (or total S antigen)
would show no effect from DOACs.
Antithrombin activity assays deserve special mention, she said, because the underlying assay design—
whether factor Xa or IIa based—determines which of the DOACs could
potentially interfere.
“Let’s take the case of direct Xa inhibitors,” Dr. Moser said. “If the antithrombin activity is factor Xa based,
there’s a potential to overestimate
antithrombin activity in the presence
of a direct Xa inhibitor. But if the antithrombin activity is factor IIa based,
we wouldn’t expect the direct Xa inhibitor to have a significant interfering
effect. And that’s reversed for direct
thrombin inhibitors.”
A few examples of hemostasis and
thrombosis tests that are unaffected by
DOACs are ELISA or latex immunoassay-based tests, such as D-dimer
and von Willebrand antigen; DNAbased tests, such as those measuring
prothrombin G20210A or factor V
Leiden mutation; and fibrinogen activity using the Clauss method (Mani H.
Int J Lab Hematol. 2014;36[3]:261–268;
Gosselin RC, et al. Thromb Haemost.
2018;118[3]:437–450).

Direct thrombin inhibitor

Direct Xa inhibitor

aPTT

Prolonged hh

Prolonged h

PT/INR

Prolonged h

Prolonged hh

Thrombin clotting time

Prolonged hhh

No effect

Antithrombin activity
a. Factor Xa-based
b. Factor IIa-based

a. No effect
b. Falsely overestimated

a. Falsely overestimated
b. No effect

Protein C activity
a. Clot-based
b. Chromogenic

a. Falsely overestimated
b. No effect

a. Falsely overestimated
b. No effect

Protein S activity
a. Clot-based
b. Free protein S antigen

a. Falsely overestimated
b. No effect

a. Falsely overestimated
b. No effect

aPTT-based activated protein C resistance with
added factor V deficient plasma

Falsely elevated ratio

Falsely elevated ratio

aPTT-based factor assays

Falsely low factor VIII, IX, XI

Falsely low factor VIII, IX, XI

PT-based factor assays

Falsely low factor II,V, VII, X

Falsely low factor II, V, VII, X

Chromogenic factor VIII activity

No effect

Falsely low

aPTT mixing study

Incomplete correction

Incomplete correction

PT mixing study

Incomplete correction

Incomplete correction

Lupus anticoagulant tests

Possible to misclassify as LA

Possible to misclassify as LA, rarely may give
false-negative for LA*

h = slight increase; hh = moderate increase; hhh = marked increase
Hollensead S, Krishnan J, Kottke-Marchant K. Coagulation testing. In: Kottke-Marchant K. An Algorithmic Approach to Hemostasis Testing. 2nd ed. College of American Pathologists; 2016:71–98.
*Favaloro EJ, et al. Pathology. 2019;51(3):292–300.

W

ith the years of experience
with heparin neutralization
in the clinical laboratory, using compounds like heparinase or polybrene,
one could ask, why not just neutralize
the DOAC also?
The answer lies in an area of active
investigation “not ready for prime
time,” Dr. Moser said, “but there’s a

growing body of literature in which
laboratories are sharing their initial
experiences. And this is something to
keep an eye on in the coming years”
(Siriez R, et al. Int J Lab Hematol. 2021;
43[1]:7–20; De Kesel PM, et al. J
Thromb Haemost. 2020;18[8]:2003–
2017; Platton S, et al. Int J Lab Hematol.
2019;41[2]:227–233; Jilma-Stohlawetz
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P, et al. Int J Lab Hematol. 2021;43[2]:
318–323).
Two DOAC-neutralizing strategies—DOAC-Stop (Haematex Research, Australia) and DOAC-Remove
(5-Diagnostics AG, Switzerland) are
tablet-based compounds that incorporate activated carbon. DOAC Filter
(Diagnostica Stago, France) is a filtration system. None of these is FDA
approved, Dr. Moser said, and each
assay has manual steps. “This would
require careful consideration of how
it would fit into a laboratory workflow.” And then there’s the added cost
for the additional reagent and the
time, and the possibility of needing
additional patient plasma.
As for whether the strategies work,
the preliminary, limited data “is promising,” Dr. Moser said. “Those neutralizing compounds appear to decrease
interference in lupus anticoagulant
testing, as well as some selected factor
assays, activated protein C resistance,
and antithrombin activity, based on
data that have been published to date.”
Some groups report that DOACStop can cause decreased factor activities in treated plasmas, she said, “so
there is a question whether we are inadvertently absorbing some factors
that we don’t mean to in addition to
the direct oral anticoagulants.” The
data are mixed, she said, but it’s a question worth considering: “Are we inadvertently taking something else out?”
“It’s an area wide open for investin
gation,” she said.
Amy Carpenter Aquino is CAP TODAY
senior editor.
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Bio/Data Corp.
Mary Brown customer.service@biodatacorp.com
Horsham, PA
215-441-4000 or 800-257-3282 www.biodatacorp.com

Chrono-log Corp.
Sal Pema sal@chronolog.com
Havertown, PA
610-853-1130 or 800-247-6665 www.chronolog.com

Chrono-log Corp.
Sal Pema sal@chronolog.com
Havertown, PA
610-853-1130 or 800-247-6665 www.chronolog.com

Instrument name/First year sold

Platelet Aggregation Profiler PAP-8E/2005

Optical Aggregation Systems Models 490 4+, 490 4+4/2017

Whole Blood Optical Lumi-Aggregation System 700-2, 700-4/2006

List price/Model type
Dimensions (H × W × D)/Weight/Instrument footprint
No. of units in clinical use in U.S./Outside U.S. (countries)
Composition of installs: Hospital lab/Reference lab/Other
Targeted daily, monthly, annual test volume
Operational type
Country where analyzer designed/Manufactured
Company manufactures instrument

$22,990/benchtop
21.5–25.5 × 19.5 × 21.7 in./40 lbs./4 sq. ft.
>500/>300 (Canada, EEC, Middle East, Asia, Far East, North Africa)
80%/15%/5% (unspecified)
—
batch, random access
U.S./U.S.
yes (also sold by möLab, Sentinel Diagnostics, Werfen, Alpha
Labs, Sysmex, Analis)

$10,192–$24,575/benchtop
per each 4-channel module: 8.5 × 14 × 15 in./19.3 lbs./1.5 sq. ft.
—
—
—
discrete
U.S./U.S.
yes (also sold via distribution partners)

$19,587–$37,645/benchtop
per each 2-channel module: 8.5 × 14 × 18 in./40 lbs./1.75 sq. ft.
—
—
—
discrete
U.S./U.S.
yes (also sold via distribution partners)

FDA-approved clotting-based tests
FDA-approved chromogenic tests
FDA-approved immunologic tests
Other FDA-approved tests

—
—
ristocetin cofactor activity, HIT/HIPA, RIPA; others
platelet activation, spontaneous platelet aggregation, sticky
platelets, washed platelet aggregation, others

—
—
platelet agglutination with ristocetin
LTA platelet aggregation, ristocetin cofactor assay

User-defined tests in clinical use

—

LTA platelet aggregation, ristocetin cofactor assay

—
—
platelet agglutination with ristocetin
whole blood impedance platelet aggregation, LTA platelet
aggregation, platelet dense granule ATP release, ristocetin
cofactor assay
whole blood impedance platelet aggregation, LTA platelet
aggregation, platelet dense granule secretion, ristocetin
cofactor assay
—

Tests in development or awaiting FDA 510(k) clearance

—

—

Methodologies supported

turbidimetric, immunologic (agglutination, Ab-Ag tests)

turbidimetric for measuring platelet aggregation in PRP and
ristocetin cofactor assay

Number of different measured assays onboard simultaneously
Number of different assays programmed and calib. at one time
No. of user-definable (open) channels/No. active simultaneously
Factor assays require manual manipulation or dilutions
Test throughput per hour/Assay run time
Design of sample-handling system
Operates on whole blood or spun plasma
Reagent type

255
255
8/8
yes (manual manipulation and dilutions)
540 (up to 60 samples in throughput)/up to 8 hours
manual
spun plasma
open reagent system (liquid, lyophilized [reconstituted
manually])
yes, for all tests
—/requires operator prehandling
yes/no/no

4–8
4–8
4–8/4–8
yes (manual dilutions)
6 (24–48 tests in throughput)/5 min. minimum
manual
spun plasma
self-contained multiuse vials; open reagent system (liquid,
lyophilized [reconstituted manually])
no
—/requires operator prehandling
no/no/no

turbidimetric for measuring platelet aggregation in PRP and
ristocetin cofactor assay, impedance for measuring platelet
aggregation in whole blood
2–4
2–4
2–4/2–4
yes (manual dilutions)
6 (12–24 tests in throughput)/6 min. minimum
manual
whole blood and spun plasma
self-contained multiuse vials; open reagent system (liquid,
lyophilized [reconstituted manually])
no
—/requires operator prehandling
no/no/no

yes (reagents and consumables)
user’s option
2 years

yes (consumables)
proprietary reagents
18 months–3 years

yes (consumables)
proprietary reagents
18 months–3 years

yes/5 min. or 4–8 specimens or 4–8 tests
250–500 µL
—
cuvettes, stir bars, pipette tips

yes/6 min. or 2–4 specimens or 2–4 tests
225–500 µL
—
cuvettes, stir bars, disposable electrodes, pipette tips

no/no
no/no
no/no
no/no
no
no
no
no
no
yes/no
no
yes/yes
yes/yes
yes/yes
yes (selectable on menus)
yes/no
yes/annually

no/no
no/no
no/no
no/no
no
no
no
no
no
yes/no
no
yes/yes
yes/yes
yes/yes
yes (selectable on menus)
yes/no
yes/annually

Reagent barcode-reading capability
No. of reagent containers held onboard/Reagents ready to use
Reagent lot tracking/Reagent inventory/Reagents refrigerated
onboard
Reagents, consumables loaded without interrupting testing
Instrument uses proprietary or third-party reagents
Maximum time same lot number of reagents can be used
Walkaway capability/Walkaway duration
Min.–max. specimen volume that can be aspirated at one time
Min. sample volume required for PT/PTT/Factor VIII activity
Types of disposables used

yes/8 specimens or 8 tests
—
—
test cuvettes, micro stir bars, pipette tips, sample tubes and
caps
Primary tube sampling supported/Pierces caps on primary tubes no/no
Accommodates most standard tube sizes/Nonstandard sizes no/no
Sample barcode-reading capability/Autodiscrimination
—/yes
Auto tracks product volume/Measures number of tests remaining no/no
Short sample detection
no
Clot detection as preanalytical variable in plasma sample
no
Auto detects adequate reagents for aspiration or analysis
no
Detection or quantitation for hemolysis, turbidity, icterus, lipemia
detection for hemolysis, turbidity, icterus, lipemia
Dilutes patient samples onboard
no
Automatic rerun capability/Auto reflex testing capability
no/no
Lag time during which hypercoagulable sample not detected no
User can adjust reagent volumes/Sample volumes
yes/yes
User can adjust No. of reagents/Sources of reagents
yes/yes
User can adjust incubation times/Reading times
yes/yes
Read time extended for prolonged clotting times
—
Autocalibration/Calibrants stored onboard
yes/no
Multipoint calibration supported/Recommended frequency
yes/annually
Stat time to complete all analytes/Throughput per hour for:
• PT alone
• PT, PTT
• Fibrinogen
• Factor VIII activity assay
• D-dimer
Time delay from ordering stat to aspiration of sample
How labs get LOINC codes for results
Onboard real-time QC/Onboard software capability to review QC
Information that can be barcode-scanned on instrument
Compatible with laboratory automation systems
Data-management capability/LIS or EHR systems interfaced
Interface supplied by instrument vendor
Results transferred to LIS as soon as test time complete
Bidirectional interface capability

—
—
—
—
—
—
email query
no/yes
reagent lot No.
no
onboard/none
no
no
no

—
—
—
—
—
—
email query
yes/no
barcode scanning not offered
no
onboard/none
no
no
no

—
—
—
—
—
—
email query
yes/no
barcode scanning not offered
no
onboard/none
no
no
no

Remote servicing provided/UPS backup power supply
Instrument connections to transfer information
Interface standards supported
Information transferred to data-management software
Avg. time for basic user training
Approximate scheduled maintenance time

no/no
—
—
—
1.5 days (at customer site)
weekly: 15 minutes; monthly: 30 minutes

Maintenance records kept onboard

no

no/no
—
—
—
—
preventive maintenance and calibration by clinical engineering
recommended annually
yes

no/no
—
—
—
1.5 days (at customer site)
preventive maintenance and calibration by clinical engineering
recommended annually
yes

Warranty with purchase/Annual service contract cost (24/7)

yes/$2,050

yes/— (cost dependent on contract)

yes/— (cost dependent on contract)

Distinguishing features (supplied by company)

2-year instrument warranty; 3-year in-lab PC service; up to
9 reported test results per channel; hybrid annual calibration
service

continuously monitors and regulates temperature and stirring;
optical calibration can be performed by laboratory personnel
using no-cost water samples; customized color-coding options

3 instruments in 1: whole blood/impedance and PRP/LTA
aggregometer plus luminometer to measure platelet ATP
release; continuously monitors and regulates temperature and
stirring; optical calibration can be performed by laboratory
personnel using no-cost water samples

Note: a dash in lieu of an answer means company did not
answer question or question is not applicable
All information is supplied by the companies listed. The tabulation does not represent an endorsement by the CAP.
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Diagnostica Stago
John G. Chromczak john.chromczak@us.stago.com
Parsippany, NJ
800-222-2624 www.stago-us.com

Diagnostica Stago
John G. Chromczak john.chromczak@us.stago.com
Parsippany, NJ
800-222-2624 www.stago-us.com

Diagnostica Stago
John G. Chromczak john.chromczak@us.stago.com
Parsippany, NJ
800-222-2624 www.stago-us.com

Instrument name/First year sold

STA Compact Max/2013

STA Satellite/2010

STA-R Max/2015

List price/Model type
Dimensions (H × W × D)/Weight/Instrument footprint
No. of units in clinical use in U.S./Outside U.S. (countries)
Composition of installs: Hospital lab/Reference lab/Other

$150,000/benchtop
27.75 × 38.18 × 28.73 in./309 lbs./7 sq. ft.
~1,850/~4,100 (France, Spain, UK, Germany, Denmark, others)
~96%/3%/1% (veterinary labs, pharmaceutical companies,
academic research/educational labs)
daily: >30 (moderate-volume laboratories); monthly: 900;
annual: >5,000
continuous random access
France/France
yes

$58,935/benchtop
27.4 × 21.1 × 25.5 in./72 lbs./4 sq. ft.
~550/~2,100 (France, Spain, UK, Germany, Denmark, others)
~98%/0/2% (veterinary labs, academic research)

$241,000/floor standing
49.2 × 50.3 × 32.2 in./564 lbs./26.8 sq. ft.
~400/~1,800 (France, Spain, UK, Germany, Denmark, others)
~90%/7%/3% (veterinary labs, pharmaceutical companies,
academic research/educational labs)
daily: >100 (moderate- to high-volume laboratories);
monthly: >2,500; annual: >25,000
continuous random access
France/France
yes

Targeted daily, monthly, annual test volume
Operational type
Country where analyzer designed/Manufactured
Company manufactures instrument
FDA-approved clotting-based tests

daily: ~40; monthly: <900; annual: <13,000
random access
France/France
yes
PT, APTT, fibrinogen

Tests in development or awaiting FDA 510(k) clearance

PT, APTT, TT, fibrinogen, reptilase, factors, proteins C and S,
lupus anticoagulant, DRVVT (screen and confirm)
anti-FXa (UFH and LMWH), antithrombin, protein C,
plasminogen, FVIII chromogenic
D-dimer, antithrombin antigen, free protein S, total protein S,
vWF antigen (all microlatex)
—
APCR, other clotting, chromogenic, and immunological tests
with user-defined applications
STA NeoPTimal protime reagent with ISI ~1.0

Methodologies supported
Number of different measured assays onboard simultaneously
Number of different assays programmed and calib. at one time
No. of user-definable (open) channels/No. active simultaneously
Factor assays require manual manipulation or dilutions
Test throughput per hour/Assay run time

mechanical clot detection, chromogenic, immunologic (microlatex)
80
80
80/80
—
110 (2 tests in throughput)/4.6–7.3 min. (avg. 4.7 min.)

mechanical clot detection, chromogenic, immunologic (microlatex)
200
200
200/200
—
200 (2 tests in throughput)/4.6–7.3 min. (avg. 4.7 min.)

Design of sample-handling system

continuous loading sample drawer with continuous random
access
spun plasma
self-contained single-use and multiuse vials; open reagent
system (liquid, lyophilized [reconstituted manually])
yes, for all tests
45/variable (reagent specific)
yes/yes/yes (15°–19°C)

mechanical clot detection, chromogenic, immunologic (microlatex)
80
80
80/80
—
36 (3 tests in throughput for PT, APTT, fibrinogen)/4.6–7.3
min. (avg. 4.7 min.)
continuous sample loading with positive sample identification,
removable sample carousel for 20 primary tubes
spun plasma
self-contained single-use and multiuse vials; open reagent
system (liquid, lyophilized [reconstituted manually])
yes, for all tests
16/variable (reagent specific)
yes/yes/yes (15°–19°C)

yes (consumables)
user’s option (same capabilities when third-party reagents used)
18 months

yes (consumables)
user’s option (same capabilities when third-party reagents used)
18 months

yes (consumables)
user’s option (same capabilities when third-party reagents used)
18 months

yes/96 specimens or 12 tests
5–100 µL
50 µL/50 µL/50 µL
cuvettes, stir bars, cleaner solution
yes/yes
yes/no
yes (Interleaved 2 of 5, UPC, Codabar)/—
yes/no
yes
no
yes (aspiration and analysis)
—
yes
yes/yes
no
yes/yes
yes/yes
yes/yes
yes (selectable on menus)
yes/yes
yes/6 months

yes/20 specimens or 12 tests
5–100 µL
50 µL/50 µL/50 µL
cuvettes, stir bars, cleaner solution
yes/no
yes/no
yes (Interleaved 2 of 5, UPC, Codabar)/no
yes/no
yes
no
yes (aspiration and analysis)
—
yes
yes/yes
no
yes/yes
yes/yes
yes/yes
yes (selectable on menus)
yes/yes
yes/6 months

yes/215 specimens or 32 tests
5–100 µL
50 µL/50 µL/50 µL
cuvettes, stir bars, cleaner solution
yes/yes
yes/no
yes (Interleaved 2 of 5, UPC, Codabar)/—
yes/no
yes
no
yes (aspiration and analysis)
—
yes
yes/yes
no
yes/yes
yes/yes
yes/yes
yes (selectable on menus)
yes/yes
yes/6 months

<6 minutes/~150 specimens
<6 minutes/~100 specimens
<6 minutes/~100 specimens
<6 minutes/~60 specimens
7 minutes/~60 specimens
<15 seconds
email query, LOINC codes available in STA Coag Expert
yes/yes
specimen identifier, reagent lot No., quality control ranges,
calibrator values
no
onboard/Cerner, Meditech, Sunquest, SCC, McKesson, Epic
contract dependent
yes
yes (broadcast download and host query)

<6 minutes/~50 specimens
<6 minutes/~40 specimens
<6 minutes/~40 specimens
—
7 minutes/~6 specimens
<15 seconds
email query, LOINC codes available in STA Coag Expert
yes/yes
specimen identifier, reagent lot No., quality control ranges,
calibrator values
no
onboard/Cerner, Meditech, Sunquest, SCC, McKesson, Epic
contract dependent
yes
yes (host query)

<6 minutes/~320 specimens
<6 minutes/~262 specimens
<6 minutes/~180 specimens
<6 minutes/~180 specimens
7 minutes/~150 specimens
<15 seconds
email query, LOINC codes available in STA Coag Expert
yes/yes
specimen identifier, reagent lot No., quality control ranges,
calibrator values
yes (Abbott, Beckman Coulter, Cerner, Inpeco, Ortho, Roche, Siemens)
onboard/Cerner, Meditech, Sunquest, SCC, McKesson, Epic
contract dependent
yes
yes (broadcast download and host query)

no/yes
directly to LIS

Interface standards supported
Information transferred to data-management software
Avg. time for basic user training
Approximate scheduled maintenance time
Maintenance records kept onboard

no/yes
data-management system, which in turn connects to LIS;
directly to LIS; directly to lab automation system
ASTM 1394-91, ASTM 1381
device unique identifier, patient ID, specimen ID, result, QC identifier
3.5 days (at vendor office)
weekly: <15 minutes; monthly: <15 minutes
yes

ASTM 1394-91, ASTM 1381
device unique identifier, patient ID, specimen ID, result, QC identifier
2.5 days (at vendor office)
weekly: <15 minutes; monthly: <15 minutes
no

no/yes
data-management system, which in turn connects to LIS;
directly to LIS; directly to lab automation system
ASTM 1394-91, ASTM 1381
device unique identifier, patient ID, specimen ID, result, QC identifier
3.5 days (at vendor office)
weekly: <15 minutes; monthly: <15 minutes
yes

Warranty with purchase/Annual service contract cost (24/7)

yes/— (cost dependent on contract)

yes/— (cost dependent on contract)

yes/— (cost dependent on contract)

Distinguishing features (supplied by company)

viscosity-based, mechanical clot detection; precalibrated D-dimer
and fibrinogen reagents, full complement of lupus anticoagulant
testing; STA Coag Expert data manager delivers full autoverification,
repeat/reflex testing, auto upload of QC to peer group

viscosity-based, mechanical clot detection; precalibrated
D-dimer and fibrinogen reagents, 2-mL 24-hour quality
control for PT, APTT, fibrinogen; small footprint for lowthroughput labs with limited space

viscosity-based, mechanical clot detection; precalibrated D-dimer
and fibrinogen reagents, full complement of lupus anticoagulant
testing; STA Coag Expert data manager delivers full autoverification,
repeat/reflex testing, auto upload of QC to peer group

FDA-approved chromogenic tests
FDA-approved immunologic tests
Other FDA-approved tests
User-defined tests in clinical use

Operates on whole blood or spun plasma
Reagent type
Reagent barcode-reading capability
No. of reagent containers held onboard/Reagents ready to use
Reagent lot tracking/Reagent inventory/Reagents refrigerated
onboard
Reagents, consumables loaded without interrupting testing
Instrument uses proprietary or third-party reagents
Maximum time same lot number of reagents can be used
Walkaway capability/Walkaway duration
Min.–max. specimen volume that can be aspirated at one time
Min. sample volume required for PT/PTT/Factor VIII activity
Types of disposables used
Primary tube sampling supported/Pierces caps on primary tubes
Accommodates most standard tube sizes/Nonstandard sizes
Sample barcode-reading capability/Autodiscrimination
Auto tracks product volume/Measures number of tests remaining
Short sample detection
Clot detection as preanalytical variable in plasma sample
Auto detects adequate reagents for aspiration or analysis
Detection or quantitation for hemolysis, turbidity, icterus, lipemia
Dilutes patient samples onboard
Automatic rerun capability/Auto reflex testing capability
Lag time during which hypercoagulable sample not detected
User can adjust reagent volumes/Sample volumes
User can adjust No. of reagents/Sources of reagents
User can adjust incubation times/Reading times
Read time extended for prolonged clotting times
Autocalibration/Calibrants stored onboard
Multipoint calibration supported/Recommended frequency
Stat time to complete all analytes/Throughput per hour for:
• PT alone
• PT, PTT
• Fibrinogen
• Factor VIII activity assay
• D-dimer
Time delay from ordering stat to aspiration of sample
How labs get LOINC codes for results
Onboard real-time QC/Onboard software capability to review QC
Information that can be barcode-scanned on instrument
Compatible with laboratory automation systems
Data-management capability/LIS or EHR systems interfaced
Interface supplied by instrument vendor
Results transferred to LIS as soon as test time complete
Bidirectional interface capability
Remote servicing provided/UPS backup power supply
Instrument connections to transfer information

Note: a dash in lieu of an answer means company did not
answer question or question is not applicable

All information is supplied by the companies listed. The tabulation does not represent an endorsement by the CAP.

anti-FXa (UFH and LMWH), antithrombin
D-dimer
—
—
—

PT, APTT, TT, fibrinogen, reptilase, factors, proteins C and S,
lupus anticoagulant, DRVVT (screen and confirm)
anti-FXa (UFH and LMWH), antithrombin, protein C,
plasminogen, FVIII chromogenic
D-dimer, antithrombin antigen, free protein S, total protein S,
vWF antigen (all microlatex)
—
APCR, other clotting, chromogenic, and immunological tests
with user-defined applications
STA NeoPTimal protime reagent with ISI ~1.0

rack with continuous specimen access
spun plasma
self-contained single-use and multiuse vials; open reagent
system (liquid, lyophilized [reconstituted manually])
yes, for all tests
70/variable (reagent specific)
yes/yes/yes (15°–19°C)
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Diagnostica Stago
Tara Simpson tara.simpson@us.stago.com
Parsippany, NJ
800-222-2624 www.stago-us.com

LABiTec LAbor BioMedical Technologies GmbH
M. Schramm info@labitec.de
Ahrensburg, Germany
011-49-4102-47950 www.labitec.com

LABiTec LAbor BioMedical Technologies GmbH
M. Schramm info@labitec.de
Ahrensburg, Germany
011-49-4102-47950 www.labitec.com

Instrument name/First year sold

STart Hemostasis Analyzer/1998

CoaDATA 2004 and 4004/—

CoaLAB 1000/—

List price/Model type
Dimensions (H × W × D)/Weight/Instrument footprint
No. of units in clinical use in U.S./Outside U.S. (countries)
Composition of installs: Hospital lab/Reference lab/Other

$13,079/benchtop
4.7 × 16.1 × 16.5 in./12.5 lbs./1.8 sq. ft.
~850/~9,000 (France, Spain, UK, Germany, Denmark others)
90%/~1%/9% (veterinary labs, pharmaceutical companies,
academic research/educational labs)
daily: <20; monthly: <500; annual: <5,000
batch
France/France
yes

—/benchtop
10 × 13 × 3.5 in./8.6 lbs./0.92 sq. ft.
—/>1,500 (worldwide [except U.S., Canada])
—

—/benchtop
19.6 × 30.7 × 23.6 in./70.5 lbs./5 sq. ft.
—/— (worldwide [except U.S., Canada])
—

—
batch
Germany/Germany
yes (also sold via OEM distribution, local distributors)

daily: 100–400; monthly: 2,000–8,000; annual: 24,000–95,000
batch, random access
Germany/Germany
yes (also sold via OEM distribution, local distributors)

PT, APTT, TT, fibrinogen, reptilase, factors, proteins C and S,
lupus anticoagulant, DRVVT (screen and confirm)
—
—
—
—
—

—

—

—
—
—
—
—

—
—
—
—
—

Methodologies supported

mechanical clot detection, chromogenic, immunologic (microlatex)

clot detection, mechanical and optical; photometric with mechanical
stirring, turbodensitometric; chromogenic; immunologic (photometric)

Number of different measured assays onboard simultaneously
Number of different assays programmed and calib. at one time
No. of user-definable (open) channels/No. active simultaneously
Factor assays require manual manipulation or dilutions
Test throughput per hour/Assay run time

1
20
4/1
yes (manual manipulation and dilutions)
1–15 (1 test in throughput)/6–10 min. (avg. 6 min.)

Design of sample-handling system

semiautomated system where user manually pipettes patient
sample and reagents into testing cuvette
spun plasma
self-contained single-use vials; open reagent system (liquid,
lyophilized [reconstituted manually])
no
—
no/no/no

15
15
—
yes (manual manipulation and dilutions)
CoaDATA 2004: ~60 PT tests (1 test in throughput); CoaDATA
4004: ~120 PT tests (1 test in throughput)/—
semiautomated analyzer with 2 and 4 channels

clot detection, mechanical and optical; photometric with
mechanical stirring, turbodensitometric; chromogenic;
immunologic (photometric)
15
50
50/15
—
120 PT tests/—

Targeted daily, monthly, annual test volume
Operational type
Country where analyzer designed/Manufactured
Company manufactures instrument
FDA-approved clotting-based tests
FDA-approved chromogenic tests
FDA-approved immunologic tests
Other FDA-approved tests
User-defined tests in clinical use
Tests in development or awaiting FDA 510(k) clearance

Operates on whole blood or spun plasma
Reagent type

cuvette ring, sample cups

spun plasma
self-contained single-use vials; open reagent system (liquid,
lyophilized [reconstituted manually])
yes, for all tests
4/variable (reagent specific)
yes/—/no

spun plasma
self-contained single-use vials; open reagent system (liquid,
lyophilized [reconstituted manually])
yes, for some tests
15/yes
yes/yes/no

—
user’s option
18 months

yes (reagents and consumables)
user’s option
—

yes (reagents)
user’s option (same capabilities when third-party reagents used)
—

Walkaway capability/Walkaway duration
Min.–max. specimen volume that can be aspirated at one time
Min. sample volume required for PT/PTT/Factor VIII activity
Types of disposables used
Primary tube sampling supported/Pierces caps on primary tubes
Accommodates most standard tube sizes/Nonstandard sizes
Sample barcode-reading capability/Autodiscrimination
Auto tracks product volume/Measures number of tests remaining
Short sample detection
Clot detection as preanalytical variable in plasma sample
Auto detects adequate reagents for aspiration or analysis
Detection or quantitation for hemolysis, turbidity, icterus, lipemia
Dilutes patient samples onboard
Automatic rerun capability/Auto reflex testing capability
Lag time during which hypercoagulable sample not detected
User can adjust reagent volumes/Sample volumes
User can adjust No. of reagents/Sources of reagents
User can adjust incubation times/Reading times
Read time extended for prolonged clotting times
Autocalibration/Calibrants stored onboard
Multipoint calibration supported/Recommended frequency

no
5–100 µL
50 µL/50 µL/50 µL
cuvettes, stir bars, balls
no/no
no/no
no/no
no/no
no
no
no
—
no
no/no
no
yes/yes
yes/yes
yes/yes
yes (selectable on menus)
no/no
yes/6 months

no/—
50–150 µL (total volume)
50 µL/50 µL/reagent dependent
cuvettes, pipette tips, stir bars
—/no
no/no
yes/no
no/no
no
no
no
detection for hemolysis, turbidity, icterus, lipemia
no
no/no
no
yes/yes
no/no
yes/yes
no
no/no
yes/—

yes/22 samples plus 3 stat (reagent dependent)
2–275 µL
50 µL/50 µL/assay dependent
—
yes/no
yes/no
yes (Interleaved 2 of 5, UPC, Codabar, Code 39, Code 128)/no
yes/yes
yes
no
yes (aspiration and analysis)
no
yes
yes/no
no
yes/yes
yes/yes
yes/yes
yes (selectable on menus)
yes/yes
yes/with lot change

Stat time to complete all analytes/Throughput per hour for:
• PT alone
• PT, PTT
• Fibrinogen
• Factor VIII activity assay
• D-dimer
Time delay from ordering stat to aspiration of sample
How labs get LOINC codes for results
Onboard real-time QC/Onboard software capability to review QC
Information that can be barcode-scanned on instrument
Compatible with laboratory automation systems
Data-management capability/LIS or EHR systems interfaced
Interface supplied by instrument vendor
Results transferred to LIS as soon as test time complete
Bidirectional interface capability

<6 minutes/10–15 tests
—
<6 minutes/5–10 tests
<6 minutes/2–3 tests
—
—
email query
no/no
—
no
no/—
no
yes
yes (broadcast download)

—
—
—
—
—
—
functionality not provided
no/no
specimen identifier, reagent lot No.
no
no/—
yes (included in analyzer price)
yes
no

<2 minutes/120 specimens
<5 minutes/71 specimens
<5 minutes/50 specimens
<6 minutes/—
<6 minutes/—
3 minutes
functionality not provided
yes/yes
specimen identifier
no
onboard/—
no
yes
yes (host query)

Remote servicing provided/UPS backup power supply
Instrument connections to transfer information

no/no
directly to LIS

no/no
directly to LIS; directly to EHR

Interface standards supported
Information transferred to data-management software
Avg. time for basic user training
Approximate scheduled maintenance time

—
device unique identifier, specimen ID, result
1 day (at customer site)
weekly: <5 minutes; monthly: <5 minutes

Maintenance records kept onboard

no

—
patient ID, result
1 day (at vendor office, on request)
per shift: <1 minute; daily: <1 minute; weekly: <1 minute;
monthly: <3 minutes
no

no/no
data-management system, which in turn connects to LIS;
directly to LIS
LAN connection provides FTP result file transfer
device unique identifier, patient ID, specimen ID, result
3 days (at customer and vendor offices)
per shift: 1 minute; daily: 3 minutes; weekly: 5 minutes;
monthly: 15 minutes
yes

Reagent barcode-reading capability
No. of reagent containers held onboard/Reagents ready to use
Reagent lot tracking/Reagent inventory/Reagents refrigerated
onboard
Reagents, consumables loaded without interrupting testing
Instrument uses proprietary or third-party reagents
Maximum time same lot number of reagents can be used

Warranty with purchase/Annual service contract cost (24/7)

yes/— (cost dependent on contract)

yes/—

yes/—

Distinguishing features (supplied by company)

viscosity-based, mechanical clot detection; unique ball
dipsenser and pipette included; small footprint ideal as an
alternative methodology for photo-optical systems

advanced coagulation diagnostics by selectable dual
wavelength optics (405/750 nm) for each measuring channel;
more sensitive to interferences from hemolysis, icteric, and
lipemic samples; intuitive flexible user software; minimum
maintenance, repair times, and costs (incl. printer)

easy-to-use, standalone device with small footprint; onboard
user and service software, no external PC required; optimized
for small to mid-sized labs

Note: a dash in lieu of an answer means company did not
answer question or question is not applicable
All information is supplied by the companies listed. The tabulation does not represent an endorsement by the CAP.
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Instrument name/First year sold

BCS XP Analyzer/2006

BFT II Analyzer/1999

Sysmex CA-600 Series Systems/2012

List price/Model type
Dimensions (H × W × D)/Weight/Instrument footprint
No. of units in clinical use in U.S./Outside U.S. (countries)
Composition of installs: Hospital lab/Reference lab/Other
Targeted daily, monthly, annual test volume
Operational type
Country where analyzer designed/Manufactured
Company manufactures instrument

$171,000/benchtop
37 × 49 × 25 in./330 lbs./8.5 sq. ft.
>350/>1,000 (worldwide)
—
daily: >300
continuous random access
Germany/Germany
yes

$8,500/benchtop
3.9 × 7.9 × 11.8 in./8.4 lbs./0.65 sq. ft.
—/— (worldwide)
—
daily: 1
batch
Germany/Germany
yes

CA-620: $42,000; CA-660: $55,000/benchtop
22.5 × 19.5 × 19.5 in./94.6 lbs./3.1 sq. ft.
>2,000/>5,000 (worldwide)
—
daily: <25
continuous random access
Japan/Japan
no (manufactured by Sysmex)

PT, APTT, fibrinogen

PT, APTT, fibrinogen, factors VII, VIII, protein C, TT, batroxobin time

—

Sysmex CA-660 only: antithrombin, protein C, Innovance
heparin

—

Sysmex CA-660 only: Innovance D-dimer

—
—
—
clot detection, mechanical and optical
1
3
—
—
—/5 min.
manual

—
—
—
clot detection, optical; chromogenic; immunologic
5
7
7/5
—
60 (1 test in throughput)/1–3 min. (avg. 5 min.)
10-tube position sample rack

spun plasma
self-contained single-use vials; open reagent system (liquid,
lyophilized [reconstituted manually])
no
4/yes
no/no/no

spun plasma
self-contained single-use vials; open reagent system (liquid,
lyophilized [reconstituted manually])
yes, for all tests
11/yes
yes/yes/no (15°C ± 2°C)

yes (reagents and consumables)
yes (proprietary reagents, third-party reagents, user’s option)
1 year
no
—
50 µL/50 µL/—
cuvettes
no/no
no/no
no/—
no/no
no
no
no
no
no
no/no
no
yes/yes
yes/yes
yes/yes
yes
no/yes
yes/6 months, per regulatory guidelines

no
user’s option (same capabilities when third-party reagents used)
1 year
yes/10 specimens or up to 50 tests
5 µL minimum
50 µL/50 µL/5 µL (standard)
reaction tubes, CA clean I and II
yes/no
yes/yes
yes/—
yes/no
yes
no
no
no
yes
no/no
yes (PT: 7 seconds; PTT: 15 seconds)
yes/yes
yes/yes
yes/yes
yes
no/yes
yes/6 months, per regulatory guidelines

5 minutes/380 specimens
5 minutes/325 specimens
5 minutes/315 specimens
5 minutes/280 specimens
5 minutes/—
1 minute
website
yes/yes
operator identifier, specimen identifier, reagent lot No.
no
onboard/most major vendors
contract dependent
yes
yes (host query)

1 minute/1 specimen
—
1 minute/1 specimen
—
—
—
website
no/no
—
no
no/no
no
no
no

7 minutes/60 specimens
8 minutes/24 specimens
7 minutes/60 specimens
5 minutes/—
6 minutes/12 specimens
1 minute
website
yes/yes
specimen identifier, reagent lot No.
no
onboard/most major vendors
contract dependent
yes
yes (host query)

no/yes
data-management system, which in turn connects to LIS or
EHR; directly to LIS or EHR; directly to lab automation system;
commercial middleware (most major companies)
ASTM 1394-91, ASTM 1381, HL7
device unique identifier, operator ID, patient ID, specimen ID,
result, QC identifier, PSI checks
varies at customer site, 3 days at vendor office
daily: 5 minutes; weekly: 10 minutes; monthly: 15 minutes
no

no/no
commercial middleware (most major companies)

Siemens PEPconnect online
daily: 1 minute
no

no/no
data-management system, which in turn connects to LIS or
EHR; directly to LIS or EHR; directly to lab automation system;
commercial middleware (most major companies)
ASTM 1394-91, ASTM 1381, HL7, CA-1000 protocol
device unique identifier, patient ID, specimen ID, result, QC
identifier
2 days (at customer site)
daily: 8 minutes
no

Warranty with purchase/Annual service contract cost (24/7)

yes/— (cost dependent on contract)

yes/—

yes/— (cost dependent on contract)

Distinguishing features (supplied by company)

user-definable calibration curve expiration and prewarning
alerts; user-definable barcode utility enables customizable
reagent protocols; user-friendly Windows 10 software

2-channel micro reagent volume clot-based technology; optomechanical detection accurate on lipemic, icteric samples; automatic INR calculation, curve storage, built-in thermal printer;
effective for low-volume testing, backup to larger systems

maximizes counter space with compact footprint in
low-volume labs; increases uptime and reduces service
expenses; CA-620 system for routine clotting-based testing,
CA-660 system for clotting, chromogenic, and immunologic
testing

FDA-approved clotting-based tests

PT, APTT, fibrinogen, factors II, V, VII, VIII, IX, X, XI, XII, protein C,
protein S, lupus, factor V Leiden, TT, batroxobin time
FDA-approved chromogenic tests
antithrombin, protein C, Innovance free protein S antigen,
plasminogen, Innovance heparin, factor VIII chromogenic,
alpha-2-antiplasmin
FDA-approved immunologic tests
Innovance D-dimer, von Willebrand factor-ristocetin cofactor
assay
Other FDA-approved tests
—
User-defined tests in clinical use
—
Tests in development or awaiting FDA 510(k) clearance
—
Methodologies supported
clot detection, optical; chromogenic; immunologic
Number of different measured assays onboard simultaneously >100
Number of different assays programmed and calib. at one time 99
No. of user-definable (open) channels/No. active simultaneously 7,999/>100
Factor assays require manual manipulation or dilutions
—
Test throughput per hour/Assay run time
380 (1 test in throughput)/1–3 min. (avg. 5 min.)
Design of sample-handling system
continuous loading uncapped primary sample tubes and cups
in same rack; 10-tube position sample rack
Operates on whole blood or spun plasma
spun plasma
Reagent type
self-contained single-use vials; open reagent system (liquid,
lyophilized [reconstituted manually])
Reagent barcode-reading capability
yes, for all tests
No. of reagent containers held onboard/Reagents ready to use 90/yes
Reagent lot tracking/Reagent inventory/Reagents refrigerated
yes/yes/yes (15°C ± 2°C)
onboard
Reagents, consumables loaded without interrupting testing
yes (reagents and consumables)
Instrument uses proprietary or third-party reagents
user’s option (same capabilities when third-party reagents used)
Maximum time same lot number of reagents can be used
1 year
Walkaway capability/Walkaway duration
yes/100 specimens or up to 400 tests
Min.–max. specimen volume that can be aspirated at one time
3 µL minimum
Min. sample volume required for PT/PTT/Factor VIII activity
50 µL/50 µL/5 µL (standard)
Types of disposables used
rotors and wash solution
Primary tube sampling supported/Pierces caps on primary tubes yes/no
Accommodates most standard tube sizes/Nonstandard sizes yes/yes
Sample barcode-reading capability/Autodiscrimination
yes/—
Auto tracks product volume/Measures number of tests remaining yes/yes
Short sample detection
yes
Clot detection as preanalytical variable in plasma sample
no
Auto detects adequate reagents for aspiration or analysis
yes (aspiration and analysis)
Detection or quantitation for hemolysis, turbidity, icterus, lipemia
no
Dilutes patient samples onboard
yes
Automatic rerun capability/Auto reflex testing capability
yes/yes
Lag time during which hypercoagulable sample not detected yes (PT and PTT: 7 seconds)
User can adjust reagent volumes/Sample volumes
yes/yes
User can adjust No. of reagents/Sources of reagents
yes/yes
User can adjust incubation times/Reading times
yes/yes
Read time extended for prolonged clotting times
yes
Autocalibration/Calibrants stored onboard
yes/yes
Multipoint calibration supported/Recommended frequency
yes/6 months, per regulatory guidelines
Stat time to complete all analytes/Throughput per hour for:
• PT alone
• PT, PTT
• Fibrinogen
• Factor VIII activity assay
• D-dimer
Time delay from ordering stat to aspiration of sample
How labs get LOINC codes for results
Onboard real-time QC/Onboard software capability to review QC
Information that can be barcode-scanned on instrument
Compatible with laboratory automation systems
Data-management capability/LIS or EHR systems interfaced
Interface supplied by instrument vendor
Results transferred to LIS as soon as test time complete
Bidirectional interface capability
Remote servicing provided/UPS backup power supply
Instrument connections to transfer information
Interface standards supported
Information transferred to data-management software
Avg. time for basic user training
Approximate scheduled maintenance time
Maintenance records kept onboard

Note: a dash in lieu of an answer means company did not
answer question or question is not applicable
All information is supplied by the companies listed. The tabulation does not represent an endorsement by the CAP.
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Instrument name/First year sold

Sysmex CS-2500 System/2016

Sysmex CS-5100 System/2016

ACL AcuStar/2010

List price/Model type
Dimensions (H × W × D)/Weight/Instrument footprint
No. of units in clinical use in U.S./Outside U.S. (countries)
Composition of installs: Hospital lab/Reference lab/Other
Targeted daily, monthly, annual test volume
Operational type
Country where analyzer designed/Manufactured
Company manufactures instrument

$155,000/benchtop
27 × 30.6 × 35.2 in./242.5 lbs./7.5 sq. ft.
>500/>2,000 (worldwide)
—
daily: 25–300
continuous random access
Japan/Japan
no (manufactured by Sysmex)

$205,000/floor standing
50.4 × 40.6 × 45.3 in./612.9 lbs./12.8 sq. ft.
>100/>1,000 (worldwide)
—
daily: >300
continuous random access
Japan/Japan
no (manufactured by Sysmex)

—/benchtop
21 × 34 × 24 in./170 lbs./10 sq. ft.
5/196 (available in most countries)
100%/0/0
daily: 20–150; monthly: 600–4,500; annual: 36,000–54,000
random access
U.S./U.S.
no

FDA-approved clotting-based tests

PT, APTT, fibrinogen, factors II, V, VII, VIII, IX, X, XI, XII, protein C,
lupus, factor V Leiden, TT, batroxobin time
antithrombin, protein C, Innovance free protein S antigen,
plasminogen, Innovance heparin, factor VIII chromogenic,
alpha-2-antiplasmin
Innovance D-dimer

—

FDA-approved immunologic tests

PT, APTT, fibrinogen, factors II, V, VII, VIII, IX, X, XI, XII, protein C,
lupus, factor V Leiden, TT, batroxobin time
antithrombin, protein C, Innovance free protein S antigen,
plasminogen, Innovance heparin, factor VIII chromogenic,
alpha-2-antiplasmin
Innovance D-dimer

Other FDA-approved tests
User-defined tests in clinical use
Tests in development or awaiting FDA 510(k) clearance

—
platelet aggregation, anti-Xa rivaroxaban RUO
von Willebrand factor

—
platelet aggregation, anti-Xa rivaroxaban RUO
von Willebrand factor

Methodologies supported
Number of different measured assays onboard simultaneously
Number of different assays programmed and calib. at one time
No. of user-definable (open) channels/No. active simultaneously
Factor assays require manual manipulation or dilutions
Test throughput per hour/Assay run time
Design of sample-handling system

clot detection, optical; chromogenic; immunologic
60
60
80,000/60
—
180 (2 tests in throughput)/1–10 min. (avg. 5 min.)
continuous loading capped and uncapped primary sample tubes
and cups in same rack; 10-tube position sample rack × 5
spun plasma
self-contained single-use vials; open reagent system (liquid,
lyophilized [reconstituted manually])
yes, for all tests
40/yes
yes/yes/yes (10°C ± 2°C)

clot detection, optical; chromogenic; immunologic
60
60
80,000/60
—
400 (2 tests in throughput)/1–10 min. (avg. 5 min.)
continuous loading capped and uncapped primary sample tubes
and cups in same rack; 10-tube position sample rack × 10
spun plasma
self-contained single-use vials; open reagent system (liquid,
lyophilized [reconstituted manually])
yes, for all tests
40/yes
yes/yes/yes (10°C ± 2°C)

immunologic (chemiluminescent)
20
20
0/0
—
60 (1 test in throughput)/30 min.
samples loaded into carousel rack

yes (reagents and consumables)
user’s option (same capabilities when third-party reagents used)
1 year

yes (reagents and consumables)
user’s option (same capabilities when third-party reagents used)
1 year

yes (reagents and consumables)
proprietary reagents
6 months

Walkaway capability/Walkaway duration
Min.–max. specimen volume that can be aspirated at one time
Min. sample volume required for PT/PTT/Factor VIII activity
Types of disposables used
Primary tube sampling supported/Pierces caps on primary tubes
Accommodates most standard tube sizes/Nonstandard sizes
Sample barcode-reading capability/Autodiscrimination
Auto tracks product volume/Measures number of tests remaining
Short sample detection
Clot detection as preanalytical variable in plasma sample
Auto detects adequate reagents for aspiration or analysis
Detection or quantitation for hemolysis, turbidity, icterus, lipemia
Dilutes patient samples onboard
Automatic rerun capability/Auto reflex testing capability
Lag time during which hypercoagulable sample not detected
User can adjust reagent volumes/Sample volumes
User can adjust No. of reagents/Sources of reagents
User can adjust incubation times/Reading times
Read time extended for prolonged clotting times
Autocalibration/Calibrants stored onboard
Multipoint calibration supported/Recommended frequency

yes/50 specimens or up to 500 tests
5 µL minimum
50 µL/50 µL/5 µL (standard)
reaction tubes, CA clean I and II
yes/yes
yes/yes
yes/—
yes/yes
yes
yes
yes (aspiration and analysis)
detection and quantitation for hemolysis, turbidity, icterus, lipemia
yes
yes/yes
yes (PT: 7 seconds; PTT: 15 seconds)
yes/yes
yes/yes
yes/yes
yes (selectable on menus)
no/yes
yes/6 months, per regulatory guidelines

yes/100 specimens or up to 1,000 tests
5 µL minimum
50 µL/50 µL/5 µL (standard)
reaction tubes, CA clean I and II
yes/yes
yes/yes
yes/—
yes/yes
yes
yes
yes (aspiration and analysis)
detection and quantitation for hemolysis, turbidity, icterus, lipemia
yes
yes/yes
yes (PT: 7 seconds; PTT: 15 seconds)
yes/yes
yes/yes
yes/yes
yes (selectable on menus)
no/yes
yes/6 months, per regulatory guidelines

yes/30 specimens or 280 tests
2–250 µL
50 µL/50 µL/50 µL
cuvettes, trigger, solutions
yes/no
yes/no
yes/yes
yes/yes
yes
no
yes (aspiration and analysis)
—
yes
yes/yes
—
no/no
no/no
no/no
no
no/no
yes/6 months

Stat time to complete all analytes/Throughput per hour for:
• PT alone
• PT, PTT
• Fibrinogen
• Factor VIII activity assay
• D-dimer
Time delay from ordering stat to aspiration of sample
How labs get LOINC codes for results
Onboard real-time QC/Onboard software capability to review QC
Information that can be barcode-scanned on instrument
Compatible with laboratory automation systems
Data-management capability/LIS or EHR systems interfaced
Interface supplied by instrument vendor
Results transferred to LIS as soon as test time complete
Bidirectional interface capability

5 minutes/180 specimens
5 minutes/90 specimens
5 minutes/180 specimens
5 minutes/—
5 minutes/90 specimens
1 minute
website
yes/yes
operator identifier, specimen identifier, reagent lot No.
no
onboard/most major vendors
contract dependent
yes
yes (host query)

5 minutes/400 specimens
5 minutes/200 specimens
5 minutes/201 specimens
5 minutes/—
5 minutes/202 specimens
1 minute
website
yes/yes
operator identifier, specimen identifier, reagent lot No.
yes (Siemens Aptio Automation)
onboard/most major vendors
contract dependent
yes
yes (host query)

—
—
—
—
—
<1 minute
functionality not provided
yes/yes
specimen identifier, reagent lot No.
no
onboard/Meditech
contract dependent
yes
yes (broadcast download and host query)

yes/yes
data-management system, which in turn connects to LIS or
EHR; directly to LIS or EHR; directly to lab automation system;
commercial middleware (most major companies)
ASTM 1394-91, ASTM 1381
device unique identifier, operator ID, patient ID, specimen ID,
result, QC identifier, PSI checks
varies at customer site, 3 days at vendor office
daily: 5 minutes; weekly: 1 minute; monthly: 1 minute
yes

yes/yes
data-management system, which in turn connects to LIS or
EHR; directly to LIS or EHR; directly to lab automation system;
commercial middleware (most major companies)
ASTM 1394-91, ASTM 1381
device unique identifier, operator ID, patient ID, specimen ID,
result, QC identifier, PSI checks
varies at customer site, 3 days at vendor office
daily: 5 minutes; weekly: 1 minute; monthly: 1 minute
yes

no/yes
data-management system, which in turn connects to LIS;
directly to LIS; commercial middleware (Werfen, Beckman)

FDA-approved chromogenic tests

Operates on whole blood or spun plasma
Reagent type
Reagent barcode-reading capability
No. of reagent containers held onboard/Reagents ready to use
Reagent lot tracking/Reagent inventory/Reagents refrigerated
onboard
Reagents, consumables loaded without interrupting testing
Instrument uses proprietary or third-party reagents
Maximum time same lot number of reagents can be used

Remote servicing provided/UPS backup power supply
Instrument connections to transfer information
Interface standards supported
Information transferred to data-management software
Avg. time for basic user training
Approximate scheduled maintenance time
Maintenance records kept onboard

Werfen
V. Shirley vshirley@werfen.com
Bedford, MA
781-674-3221 www.werfen.com

—
HIT IgG, domain 1, anticardiolipin IgG, anticardiolipin IgM,
B2GPI IgG, B2GPI IgM
—
—
ADAMTS13, von Willebrand factor ristocetin cofactor, von
Willebrand antigen

spun plasma
self-contained multiuse cartridges (liquid)
yes, for all tests
20/yes
yes/yes/yes

ASTM 1394-91
specimen ID
4 days (at customer site)
daily: 5 minutes; weekly: 5 minutes
yes

Warranty with purchase/Annual service contract cost (24/7)

yes/— (cost dependent on contract)

yes/— (cost dependent on contract)

yes/— (cost dependent on contract)

Distinguishing features (supplied by company)

confidence: simultaneous multiwavelength detection and PSI
technology designed to ensure high-quality first-run results;
operational efficiency: user-friendly software on Windows 10;
tilted reagent vials for efficiency; consistency: for multisite
patient monitoring, with sample result traceability for in-depth
audit capabilities

confidence: simultaneous multiwavelength detection and PSI
technology designed to ensure high-quality first-run results;
operational efficiency: user-friendly software on Windows 10;
tilted reagent vials for efficiency; consistency: for multisite
patient monitoring, with sample result traceability for in-depth
audit capabilities

on-demand HIT IgG testing with results available in 30
minutes; uses sensitive chemiluminescent technology,
improving sensitivity; reagents are ready to use with onboard
stability up to 12 weeks

Note: a dash in lieu of an answer means company did not
answer question or question is not applicable

All information is supplied by the companies listed. The tabulation does not represent an endorsement by the CAP.
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Instrument name/First year sold

ACL TOP 350/2016

ACL TOP 550 CTS/2016

ACL TOP 750 Series/2016

List price/Model type
Dimensions (H × W × D)/Weight/Instrument footprint
No. of units in clinical use in U.S./Outside U.S. (countries)
Composition of installs: Hospital lab/Reference lab/Other
Targeted daily, monthly, annual test volume
Operational type
Country where analyzer designed/Manufactured
Company manufactures instrument

—/benchtop
29 × 32 × 33 in./200 lbs./8 sq. ft.
1,309/3,700 (available in most countries)
95%/5%/—
daily: 20–150; monthly: 600–4,500; annual: 36,000–54,000
random access
U.S./U.S.
yes

—/benchtop
29 × 43 × 35 in./312 lbs./14 sq. ft.
737/3,400 (available in most countries)
85%/12%/3% (pharmaceutical or medical device labs)
daily: 100–200; monthly: 3,000–6,000; annual: 36,000–72,000
random access
U.S./U.S.
yes

—/floor standing
29 × 60 × 35 in./356 lbs./21 sq. ft.
737/3,200 (available in most countries)
85%/12%/3% (pharmaceutical or medical device labs)
daily: 200–400; monthly: 6,000–12,000; annual: 72,000–144,000
random access
U.S./U.S.
yes

FDA-approved clotting-based tests

PT, APTT, fibrinogen, thrombin time, factor assays, lupus
anticoagulant (dRVVT and silica clotting time), protein S, protein C
anti-Xa, apixaban, protein C, antithrombin, plasminogen,
plasmin inhibitor
high specificity D-dimer, standard D-dimer, heparin induced
thrombocytopenia, von Willebrand factor antigen, von Willebrand
factor activity, free protein S, factor XIII antigen, homocysteine
—
DOAC assays, chromogenic factor VIII
von Willebrand factor ristocetin cofactor, dabigatran,
rivaroxaban, apixaban

PT, APTT, fibrinogen, thrombin time, factor assays, lupus
anticoagulant (dRVVT and silica clotting time), protein S, protein C
anti-Xa, apixaban, protein C, antithrombin, plasminogen,
plasmin inhibitor
high specificity D-dimer, standard D-dimer, heparin induced
thrombocytopenia, von Willebrand factor antigen, von Willebrand
factor activity, free protein S, factor XIII antigen, homocysteine
—
DOAC assays, chromogenic factor VIII
von Willebrand factor ristocetin cofactor, dabigatran,
rivaroxaban, apixaban

PT, APTT, fibrinogen, thrombin time, factor assays, lupus
anticoagulant (dRVVT and silica clotting time), protein S, protein C
anti-Xa, apixaban, protein C, antithrombin, plasminogen,
plasmin inhibitor
high specificity D-dimer, standard D-dimer, heparin induced
thrombocytopenia, von Willebrand factor antigen, von Willebrand
factor activity, free protein S, factor XIII antigen, homocysteine
—
DOAC assays, chromogenic factor VIII
von Willebrand factor ristocetin cofactor, dabigatran,
rivaroxaban, apixaban

clot detection, optical; chromogenic; immunologic
(immunoturbidimetric)
Number of different measured assays onboard simultaneously 30
Number of different assays programmed and calib. at one time 500
No. of user-definable (open) channels/No. active simultaneously 250/250
Factor assays require manual manipulation or dilutions
—
Test throughput per hour/Assay run time
110 (1 test in throughput)/3–6 min. (avg. 4 min.)
Design of sample-handling system
samples loaded into rack; system uses integrated sample barcode
reader to eliminate any post-draw sample misidentification
Operates on whole blood or spun plasma
spun plasma
Reagent type
self-contained multiuse vials; open reagent system (liquid,
lyophilized [reconstituted manually])
Reagent barcode-reading capability
yes, for all tests
No. of reagent containers held onboard/Reagents ready to use 24/variable (reagent specific)
Reagent lot tracking/Reagent inventory/Reagents refrigerated
yes/yes/yes
onboard
Reagents, consumables loaded without interrupting testing
yes (reagents and consumables)
Instrument uses proprietary or third-party reagents
user’s option (same capabilities when third-party reagents used)
Maximum time same lot number of reagents can be used
18 months

clot detection, optical; chromogenic; immunologic
(immunoturbidimetric)
30
500
250/250
—
240 (1 test in throughput)/3–6 min. (avg. 4 min.)
samples loaded into rack; system uses integrated sample barcode
reader to eliminate any post-draw sample misidentification
spun plasma
self-contained multiuse vials; open reagent system (liquid,
lyophilized [reconstituted manually])
yes, for all tests
40/variable (reagent specific)
yes/yes/yes

clot detection, optical; chromogenic; immunologic
(immunoturbidimetric)
30
500
250/250
—
360 (1 test in throughput)/3–6 min. (avg. 4 min.)
samples loaded into rack; system uses integrated sample barcode
reader to eliminate any post-draw sample misidentification
spun plasma
self-contained multiuse vials; open reagent system (liquid,
lyophilized [reconstituted manually])
yes, for all tests
60/variable (reagent specific)
yes/yes/yes

yes (reagents and consumables)
user’s option (same capabilities when third-party reagents used)
18 months

yes (reagents and consumables)
user’s option (same capabilities when third-party reagents used)
18 months

FDA-approved chromogenic tests
FDA-approved immunologic tests
Other FDA-approved tests
User-defined tests in clinical use
Tests in development or awaiting FDA 510(k) clearance
Methodologies supported

Walkaway capability/Walkaway duration

yes/40 specimens or 800 tests

yes/80 specimens or 800 tests

yes/120 specimens or 800 tests

Min.–max. specimen volume that can be aspirated at one time
Min. sample volume required for PT/PTT/Factor VIII activity
Types of disposables used
Primary tube sampling supported/Pierces caps on primary tubes
Accommodates most standard tube sizes/Nonstandard sizes
Sample barcode-reading capability/Autodiscrimination
Auto tracks product volume/Measures number of tests remaining
Short sample detection
Clot detection as preanalytical variable in plasma sample
Auto detects adequate reagents for aspiration or analysis
Detection or quantitation for hemolysis, turbidity, icterus, lipemia
Dilutes patient samples onboard
Automatic rerun capability/Auto reflex testing capability
Lag time during which hypercoagulable sample not detected
User can adjust reagent volumes/Sample volumes
User can adjust No. of reagents/Sources of reagents
User can adjust incubation times/Reading times
Read time extended for prolonged clotting times
Autocalibration/Calibrants stored onboard
Multipoint calibration supported/Recommended frequency

2–250 µL
50 µL/50 µL/50 µL
cuvettes, clean A/B, rinse
yes/yes
yes/yes
yes (Interleaved 2 of 5, Code 39, Code 128)/yes
yes/yes
yes
yes
yes (aspiration and analysis)
detection and quantitation for hemolysis, turbidity, icterus, lipemia
yes
yes/yes
no
yes/yes
yes/yes
yes/yes
yes (selectable on menus)
no/no
yes/6 months

2–250 µL
50 µL/50 µL/50 µL
cuvettes, clean A/B, rinse
yes/yes
yes/yes
yes (Interleaved 2 of 5, Code 39, Code 128)/yes
yes/yes
yes
yes
yes (aspiration and analysis)
detection and quantitation for hemolysis, turbidity, icterus, lipemia
yes
yes/yes
no
yes/yes
yes/yes
yes/yes
yes (selectable on menus)
no/no
yes/6 months

2–250 µL
50 µL/50 µL/50 µL
cuvettes, clean A/B, rinse
yes/yes
yes/yes
yes (Interleaved 2 of 5, Code 39, Code 128)/yes
yes/yes
yes
yes
yes (aspiration and analysis)
detection and quantitation for hemolysis, turbidity, icterus, lipemia
yes
yes/yes
no
yes/yes
yes/yes
yes/yes
yes (selectable on menus)
no/no
yes/6 months

<3 minutes/110 specimens
<6 minutes/55 specimens
<3 minutes/60 specimens
8 minutes/38 specimens
5 minutes/55 specimens
none
functionality not provided
yes/yes
specimen identifier, reagent lot No.
no
onboard/Cerner, CompuLab, CPSI, HBOC, HMS, McKesson,
Meditech, Novius, SMS, SCC, Sunquest, Vista
contract dependent
yes
yes (broadcast download and host query)

<3 minutes/240 specimens
<6 minutes/90 specimens
<3 minutes/78 specimens
8 minutes/77 specimens
5 minutes/75 specimens
none
functionality not provided
yes/yes
specimen identifier, reagent lot No.
no
onboard/Cerner, CompuLab, CPSI, HBOC, HMS, McKesson,
Meditech, Novius, SMS, SCC, Sunquest, Vista
contract dependent
yes
yes (broadcast download and host query)

<3 minutes/360 specimens
<6 minutes/165 specimens
<3 minutes/108 specimens
8 minutes/100 specimens
5 minutes/100 specimens
none
functionality not provided
yes/yes
specimen identifier, reagent lot No.
yes (HemoCell, Beckman, Siemens, Abbott, Thermo Fisher, others)
onboard/Cerner, CompuLab, CPSI, HBOC, HMS, McKesson,
Meditech, Novius, SMS, SCC, Sunquest, Vista
contract dependent
yes
yes (broadcast download and host query)

Remote servicing provided/UPS backup power supply
Instrument connections to transfer information

yes/yes
data-management system, which in turn connects to LIS;
directly to LIS; commercial middleware (Beckman)

yes/yes
data-management system, which in turn connects to LIS;
directly to LIS; commercial middleware (Beckman)

Interface standards supported
Information transferred to data-management software
Avg. time for basic user training
Approximate scheduled maintenance time
Maintenance records kept onboard

ASTM 1394-91
specimen ID
9 days (5 days at customer site, 4 days at vendor office)
daily: <5 minutes; weekly: <10 minutes
yes

ASTM 1394-91
specimen ID
14 days (10 days at customer site, 4 days at vendor office)
daily: <5 minutes; weekly: <10 minutes
yes

yes/yes
data-management system, which in turn connects to LIS;
directly to LIS; directly to lab automation system; commercial
middleware (Beckman)
ASTM 1394-91
specimen ID
14 days (10 days at customer site, 4 days at vendor office)
daily: <5 minutes; weekly: <10 minutes
yes

Warranty with purchase/Annual service contract cost (24/7)
Distinguishing features (supplied by company)

yes/— (cost dependent on contract)
FDA 510(k) approved; improves patient care, lab efficiencies,
and costs; supports lab’s policy on sample acceptance with
quantitative HIL, sample fill detection, aspiration errors (clots);
best-in-class reagents; liquid format for PT/APTT (10-day
onboard stability), high specificity D-dimer, on-demand HIT
testing

yes/— (cost dependent on contract)
FDA 510(k) approved; improves patient care, lab efficiencies,
and costs; supports lab’s policy on sample acceptance with
quantitative HIL, sample fill detection, aspiration errors (clots);
liquid format for PT/APTT (10-day onboard stability), high
specificity D-dimer, on-demand HIT testing

yes/— (cost dependent on contract)
FDA 510(k) approved; improves patient care, lab efficiencies,
and costs; supports lab’s policy on sample acceptance with
quantitative HIL, sample fill detection, aspiration errors (clots);
liquid format for PT/APTT (10-day onboard stability), high
specificity D-dimer, on-demand HIT testing

Stat time to complete all analytes/Throughput per hour for:
• PT alone
• PT, PTT
• Fibrinogen
• Factor VIII activity assay
• D-dimer
Time delay from ordering stat to aspiration of sample
How labs get LOINC codes for results
Onboard real-time QC/Onboard software capability to review QC
Information that can be barcode-scanned on instrument
Compatible with laboratory automation systems
Data-management capability/LIS or EHR systems interfaced
Interface supplied by instrument vendor
Results transferred to LIS as soon as test time complete
Bidirectional interface capability

Note: a dash in lieu of an answer means company did not
answer question or question is not applicable

All information is supplied by the companies listed. The tabulation does not represent an endorsement by the CAP.
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Cytopathology

focus

FROM THE CAP CYTOPATHOLOGY COMMITTEE; TERESA M. ALASIO, MD, EDITOR

Special stains in the cytology laboratory
among others, may be ordered by the cytopathologist or clinical team on cytologic preparations.
The diagnosis of Pneumocystis jirovecii (carinii) infection is an exemplar of the value of special
stains in cytology, as this organism cannot be
cultured in the microbiology laboratory. Additional examples, such as early identiﬁcation of
Histoplasma sp., Aspergillus sp., Coccidiodes sp.,
Cryptococcus sp., and Mucor sp., abound in cytology and are not limited to respiratory tract specimens, as cerebrospinal ﬂuid and other body sites

Suzanne Crumley, MD
Sinchita Roy-Chowdhuri, MD, PhD
Kaitlin Sundling, MD, PhD

The HMH cytology laboratory provides the
option to order a BAL with or without additional
GMS special stain, which is performed on two
additional cytospins. A BAL with GMS is essentially always requested for lung transplant patients and can also be ordered in other patients
upon clinician or cytopathologist request, making
this a high-volume order on cytology at our institution. The HMH cytology laboratory currently
performs more than 2,200 GMS special stains per
year on cytologic preparations. There has been

A consistent virtue of the cytopathology laboratory is that it combines two qualities essential to
patient care: It provides an accurate and timely
diagnosis. The ability to make a prompt diagnosis
is particularly important in immunosuppressed
or otherwise vulnerable patient populations for
whom a timely diagnosis can result in early treatment initiation and potentially better outcomes.
Cytopathology laboratories that
serve immunosuppressed patients
frequently encounter bronchoalveolar lavage (BAL), bronchial washing,
bronchial brushing, or cerebrospinal
ﬂuid specimens that are submitted
to exclude bacterial, viral, fungal,
and mycobacterial infections. If an
infectious etiology is suspected,
these specimens are likely to also
have concurrent microbiological
GMS stain on cytospin 600× magnification,
BAL, ThinPrep, 600× magniﬁcation, Histoplasma
PASD stain on cytospin, 600× magnification,
Pneumocystis jirovecii (carinii).
capsulatum.
Histoplasma capsulatum.
cultures submitted.
However, the ability to use spesampled by cytology may harbor fungal or mycodebate about the cost-beneﬁt analysis of reﬂex
cial stains on cytologic preparations may increase
bacterial infections. We have shown that cytopaGMS testing on BAL specimens.5,6 However, other
the rapidity of diagnosis. In cases in which maliginstitutions have found that reﬂex GMS testing on
thologists can diagnose unsuspected mycobactenancy was suspected, material for microbiologic
the BAL specimens from lung transplant patients
rial infections, resulting in earlier treatment and
cultures may not have been collected upfront,
is of beneﬁt, supporting this ordering practice.7
appropriate patient isolation.1
making timely and accurate cytologic diagnosis
Although a perfect correlation between cytolHow do we ensure that the special stains perof organisms even more important. Cytospins or
ogy and microbiology culture is not attainable, as
formed on cytology specimens are performed
ThinPreps can typically be made and stained
the Houston Methodist Hospital (HMH) cytology
consistently and accurately? There are some difwithin hours or the same day, rather than require
practice and others have shown (particularly with
ferential considerations based on the preparation
the more time-consuming process needed for cell
2-4
regard to fungal morphology), cytology can
type (such as ThinPrep, cytospin, cell block) and
block preparation and formalin ﬁxation. For these
provide an early narrowing of the differential
whether the stain of interest is a special/historeasons, special stains such as Grocott methenadiagnosis, allowing for empiric treatment while
chemical stain (such as GMS, AFB, or PAS) or
mine silver (GMS), periodic acid-Schiff-diastase
—continued on 48
microbiological cultures are in progress.
immunohistochemical (such
(PASD), mucicarmine, or acid-fast bacilli (AFB),

p16 immunostaining in cytology specimens—a diagnostic pitfall
Efrain A. Ribeiro, MD, PhD

Cytopathologists are often the first
pathologists to diagnose HPV-related
head and neck squamous cell carcinomas (HNSCC). These head and neck
cancers can present as superficial
masses amenable to ﬁne-needle aspiration, where p16 immunostaining is

Recommended Reading
used as a surrogate marker for HPV in
situ hybridization in a subset of squamous cell carcinomas. However, there
remains uncertainty within the practicing community regarding the interpretation of p16 staining as it relates to
HPV status in cytology specimens,
particularly in specimens outside of
the head and neck. In this article is a

review of a recent study that aims to
address the diagnostic utility of p16
staining in cytology specimens (Ribeiro EA, Maleki Z. J Am Soc Cytopathol. 2021;10[4]:414–422).
There are several challenges related
to the interpretation of p16 staining in
cytology specimens, which are often
sparsely cellular and may represent
only a subset of neoplastic cells from
the target lesion on a cell block preparation. With respect to head and neck
cytology specimens, there is still no
consensus on the minimum staining
required to consider a p16 stain as
unequivocally positive. Recent studies
suggest that a lower threshold may be
warranted in head and neck cytology
specimens compared with the 70 percent cutoff used in surgical pathology.

Q Dr. Alasio is president and medical director, TelepathologyDx, PLLC

Ultimately, these challenges are compounded by a lack of data on the concordance of p16 and HPV in situ hybridization outside of the head and
neck in cytology specimens. The recommended reading article aims to
address this gap in knowledge.
In the study by Ribeiro and Maleki,
372 cases in which p16 staining was
performed were reviewed and
grouped by body site. Retrospective
analysis conﬁrmed that the vast majority of cases with diffuse p16 staining in
the head and neck, particularly in men,
were HPV-positive. However, there
was a subset of p16-positive cases in
the head and neck that were HPVnegative and were not ultimately diagnosed as an HPV-related cancer.
Approximately one quarter of the

cases reviewed were obtained from
body sites outside of the head and neck
and included specimens from the thoracic cavity, genitourinary, and gastrointestinal systems. Diffuse p16 positivity was seen in 10 cases outside of the
head and neck where HPV cotesting
was ordered. Only a subset of these
p16 diffusely positive cases were HPVpositive, along with two cases in which
p16 was focally positive or negative.
Overall, the data showed that while
p16 positivity in the head and neck
correlated with HPV status, p16 positivity outside of the head and neck did
not. This brings up a diagnostic pitfall
with regard to p16 staining in cytology
specimens. The data suggest that p16
staining outside of the head and neck
should not be used as —continued on 49

Q Image atop page: FNA, liver, p16 immunohistochemical stain on cell block, 40×.
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Statistical reporting: benefits beyond the numbers
Janie Roberson, SCT(ASCP)
Sana Tabbara, MD

The CAP has a robust Laboratory Accreditation Program with a commitment to continually improving the
programs and providing appropriate
resources needed for compliance. As
a deemed status organization, validation surveys are performed annually
through the Centers for Medicare and
Medicaid Services and the feedback
obtained provides direction for education. Along with the validation survey
findings (2019 American Society for
Cytotechnology Services), CAP inspection findings are monitored for
frequency of citations. CYP.07650 was
one of the most common phase one
accreditation deficiencies in 2016–
2019, and CYP.07600 was one of the
most common phase two deficiencies
in 2017–2019. CYP.07400 was also a
common phase two citation (2017).
In response to these findings and to
add clarity to the statistical reporting
requirements, the CAP cytopathology
checklist was recently reviewed and
revised.1-3 The revisions are not new
requirements but clarifications to
those in the existing checklist. These
changes, related to statistical reporting, are effective in the 2021 checklist
edition (Table).

For CYP.07600 (Statistical Records—Gynecologic Cytopathology),
the revision clarifies the need to collect
statistical data for the number of gynecologic cases reported by diagnosis
for each specimen type. Additionally,
the data must be evaluated by the
laboratory and included in the annual
cytopathology statistical report. Inclusion of atypical glandular cells (AGC)
data is optional. Separate statistics for
conventional and each type of liquidbased preparation (SurePath and
ThinPrep) are required. Benchmarking data for conventional (including
data for annual test volumes greater
than 60 cases) and liquid-based preparations (including data for annual test
volumes greater than 300), against
which laboratory data should be evaluated, are provided in the checklist.
For CYP.07692 (Statistical Records—Non-gynecologic Cytopathology), the revision clarifies that records
of the total number of nongynecologic
cases examined need to be maintained.
Subcategorization of nongynecologic
specimen types (e.g. urine, pleural
fluid, peritoneal fluid, FNA) and diagnostic categories (e.g. benign, atypical,
malignant) is at the discretion of the
laboratory. A record of unsatisfactory
specimens is required. Written criteria

Special stains
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as IHC for Treponema pallidum, cytomegalovirus,
BK virus, or other specific organisms).
Depending on the preparation type, there are
specific challenges to validation and control methodologies for cytology as compared with surgical
pathology. Cytologic collections from the respiratory tract, and from the CSF, are usually lowvolume specimens with a limited shelf-life. Having readily available identical cytologic control
specimens for identification of Pneumocystis sp.
is particularly difficult because this is not an especially frequent diagnosis, the organisms cannot be
grown in a culture, and even the positive cases
may have only a few viable fungi.
The most commonly ordered special stain in
the HMH cytopathology laboratory is the GMS
stain. The GMS control specimens are performed
for each batch of stains performed, with review
and verification of the control by the cytopathologist on service prior to reporting. At HMH, the
control specimens used are of the similar cytologic
specimen type if available; if not, positive surgical
pathology tissue samples are used for the daily
batched workflow. This fulfills the requirements
for daily verification of special stain quality on
cytology and mirrors the similar practice for surgical pathology specimens.
If the special stains are performed on cell block
preparations, the CAP accreditation checklists
define that the validation, as well as verification

for identification and reporting of unsatisfactory specimens must be defined
in written laboratory policy and should
be based on established guidelines (e.g.
Bethesda System) where available.
Statistical reporting policy. The
first step in achieving evidentiary
compliance is developing a written
policy that defines the components of

the laboratory statistical report and
parallels a sustainable laboratory practice. Careful alignment to the language
in the requirements can ensure compliance. The policy should specify
standardized methodology for retrieving data, data sources, who performs
the review, and the frequency of retrieval and review. —continued on 49

Table. 2021 Cytopathology statistical records checklist revisions 

Revised 09/22/2021

CYP.07600 Statistical Records—Gynecologic Cytopathology, Phase II
For gynecologic cytopathology cases, statistical records are maintained and evaluated at least
annually, and include the following:
Total number of gynecologic cytology cases examined.
Number of cases reported by diagnosis for each specimen type (including the number reported as
unsatisfactory for diagnostic interpretation).
g Number of cases with a diagnosis of HSIL, adenocarcinoma, or other malignant neoplasm for
which histology results were available for comparison.
g Number of cases where cytology and histology are discrepant.
g Number of cases where any rescreen of a normal or negative specimen results in reclassification
as low-grade squamous intraepithelial (LSIL), HSIL, adenocarcinoma, or other malignant neoplasms.
g Number of negative cases rescreened before sign-out.
g
g

CYP.07692 Statistical Records—Non-gynecologic Cytopathology, Phase II
For non-gynecologic cytopathology cases, statistical records are maintained and evaluated at least
annually, and include the following:
Total number of non-gynecologic cases examined.
Number of cases by diagnostic category.
g Number of unsatisfactory/nondiagnostic cases, as applicable.
Note: Sub-categorization of non-gynecologic specimen types (eg, urine, pleural fluid, peritoneal fluid,
FNA) and diagnostic categories (e.g. benign, atypical, malignant) is at the discretion of the laboratory.
Established guidelines are recommended to be followed and these should be defined in written
laboratory policy.
g
g

of positive and negative controls, are regulated
under the anatomic pathology checklist. While cell
block preparations are more histology-like and
have a long shelf-life, they may be handled and
processed differently from surgical biopsy specimens, with a prominent difference being the potential for prefixation in alcohol. If cell blocks will
be stained routinely for microbiologic organisms,
it may be prudent to include them in the initial
validations of the appropriate special stains.
The methodology for initial validation of special
stains in cytology may depend on their frequency
of use, and the current discussion does not address
all the nuances pertinent to each laboratory. Best
practices and regulatory requirements are better
defined for immunohistochemistry on cytologic
preparations, which are discussed in detail in the
CAP principles of analytic validation of immunohistochemical assays8 and within the most recent
version of the CAP cytopathology checklist.
In conclusion, examination of special stains in
cytology is particularly prescient in the current
era, with a larger pool of immunosuppressed
patients owing to COVID-19 diagnoses and treatment, and unfortunately also including additional
lung transplant recipients post-COVID-19 diagnosis. The cytology laboratory has always had an
important role to play in early diagnosis and
treatment for infectious processes, and cytopathologists should understand how to appropriately use and maintain a high-quality special stain
on cytologic preparations. Although the special
stain may perhaps be considered to be old-fash-

ioned and humble, as compared with the more
recent evolution of immunohistochemical stains,
n
it continues to be mighty. 
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Data acquisition. Cytology laboratories have evolved toward more sophisticated acquisition and use of
data. While cytologic interpretation is
largely subjective, the 30-plus years of
CLIA regulatory requirements have
fortuitously caused the laboratory to
become rich in data to support objective assessments. One of the most
beneficial developments toward data
acquisition is the standardization of
diagnostic terminology such as the
Bethesda Systems for gynecologic and
thyroid reporting.4,5
Most laboratory information systems are now able to retrieve data for
these basic reports, albeit not always
with a straightforward approach. Laboratory staff should seek to understand the LIS data structure in order to
build or request retrievals in a mean-

p16 immunostaining
continued from 47

a surrogate for HPV-related cancers,
and the data also draw attention to the
incidence of non-HPV–related p16positive cancers metastasizing to the
head and neck. Diffuse p16 staining
can be seen in a variety of conditions
such as adenocarcinoma, small cell
carcinoma, and serous carcinoma irrespective of body site. Focal p16 can
also be seen in adenocarcinomas.
Therefore, HPV cotesting should be
pursued in p16-positive cases outside
of the head and neck where an HPVrelated primary is suspected, and clinical follow-up is warranted to determine the primary site.
Future studies will be needed to
establish a consensus for the interpretation of p16 immunostaining both
within and outside of the head and
neck. It is possible that differences in
percentage of p16 staining may correlate with HPV status in other body
sites. As HPV testing is not routinely
ordered in non-head and neck specimens that were stained with p16, it will
be important to continue to gather
more data to come to a consensus on
this topic. Therefore, caution is warranted when ordering p16 stains outside of the head and neck as this stain
is not specific for a single diagnosis in
and of itself. Cytomorphologic correlation with intensity of p16, clinical history, and other ancillary studies such
as p40 immunostaining and HPV cotesting can improve diagnostic accuracy and prevent diagnostic pitfalls.n
Dr. Ribeiro, a junior member of the
CAP Cytopathology Committee, is
the 2021–2022 Dr. Dorothy Rosenthal
cytopathology fellow, Department of
Pathology, Johns Hopkins Hospital.

ingful way. Input in building the LIS
can pay dividends long term for standardized data acquisition. While gynecologic statistical requirements are
well defined, latitude is given for laboratories to define categories of nongynecologic reporting. Rates of diagnostically unsatisfactory specimens are required for both categories.
As well as the mandated statistical
reports, other periodically reviewed

records are required, such as daily
workload recording and workload
assessment every six months, which
yield valuable statistical data. Additionally, most institutions establish
internal metrics that are appropriate
and meaningful to their scope of practice. Turnaround time expectations
and customer satisfaction are typical
examples.
Data compilation, review, and

analysis. Data in and of itself is not
useful, however, and if not summarized in a meaningful way, much of the
benefit (and regulatory compliance) is
lost. The data gathered must be compiled in a format that allows for periodic review and facilitates comparison
of data over time, an essential component of effective data utilization.
Laboratory staff may lack data
—continued on 50
management
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Detection and Management of
Acute Kidney Injury in the ICU
Acute kidney injury (AKI) is a common complication in critically ill patients and is associated with
high morbidity and mortality. AKI is often multifactorial, asymptomatic and difficult to predict. This
webinar provides a review of the etiologies of AKI and a systematic approach toward its diagnosis
and management with emphasis on fluid volume assessment and the use of AKI biomarkers. A pointof-care (POC) biomarkers profile has provided an additional tool to detect patients at high risk of
AKI and improve their outcomes. We will review protocols that integrate the use of POC biomarkers
into a multidisciplinary clinical response to potentially reduce AKI development and severity, and the
number of patients who need dialysis.
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Options for Identifying and Managing AKI in the Hospital
AKI is an ongoing and escalating problem among ICU patients. Other areas of the hospital can also
have patients who are at risk for AKI. Whether in the ICU or other hospital wards, AKI represents a
complex disorder that requires frequent monitoring and early detection to achieve optimal outcomes.
There are many testing modalities available to aid the clinician in AKI clinical decision making
and management. These involve following trends in blood creatinine, plasma volume status, and
electrolytes including ionized magnesium. This portion of the webinar will focus on point-of-care
testing options available to clinicians that care for these patients.
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Our appeal to program participants: return glass slides
Teresa M. Alasio, MD
Christine N. Booth, MD

A diverse and copious inventory of Pap and nongynecologic glass slides is the backbone of the CAP
glass slide educational programs. Each year tens of
thousands of cytopathology slides are packaged and
mailed to laboratories enrolled in CAP educational
glass slide programs throughout the world. Prior to
mailing, numerous cytotechnologists and cytopathologists screen these slides and companion web
enhancement images to ensure quality and diagnostic accuracy.
Once a glass slide is generously submitted to the
educational programs, it undergoes rigorous review. Multiple members of the CAP Cytopathology
Committee screen the slide, checking for slide quality and diagnostic accuracy. However, due to the
COVID pandemic, the committee has been unable
to meet in full capacity, where most screening takes

Statistical reporting
continued from 49

experience, which can handicap establishing a data review structure that is
relevant and beneficial to the laboratory. A comprehensive dashboard of
required statistics is a best practice for
laboratories. Additionally, a few simple tools, such as Andon Signals, Control Charts, or similar functions can
facilitate the visual assessment of data
and trends that can inform even the
novice reviewer.6-8
The schedule of review is mandated for some data sets but may be
laboratory defined for others. While
formal review of the annual statistical
report provides a static snapshot in
time—of laboratory test volume, diagnostic distribution, and even turnaround times, for example—monthly
or quarterly reviews can better reveal
the dynamics of the laboratory including trends that may be seasonal or
cyclical. Maintaining monthly or quarterly statistics that roll into the required annual report is efficient and
educational. Timely reviews can also
identify trends and guide potential
change before problems escalate.
At a minimum, the cytology general and technical supervisors should
be involved in a documented review
process. Outliers (i.e. ASC/SIL ratios)
must be addressed with corrective
actions when appropriate (CYP.07650,
CYP.07653).
Accurate analysis of this data can
focus resources on areas in which
improvements are needed, not just
those of recency, personal bias, or high
profile. CAP benchmarking information and laboratory-established
thresholds based on the voice of the
customer are important elements by
which assessments are made.

place, resulting in a backlog of new slides that need
to be screened before they can be circulated. While
the committee has resumed partial in-person meetings and more screening is being performed, there
is still catch-up that needs to be done to return our
inventory to pre-pandemic levels.
To allow your colleagues the same opportunities
to review irreplaceable material, please return the
educational program slide sets to the CAP by the
due date indicated on the result forms. While most
participating laboratories are compliant with the
requirement to return glass slides, with each activity
that is mailed out about five to 10 percent of slide
sets are not returned by the due date. With multiple
mailings per year, this amounts to almost 30 percent
of slide sets that are not returned or returned significantly later than the expected return date. If a slide
set is not returned by the due date, this can cause a
delay in the shipping of that material in the next

In addition to showing evidence of
compliance, documented analysis is
necessary to maintain continuity and
sustainability of processes where
trending over time is important for
reliable conclusions. The retention
period for these records is typically
two years, although state and institutional retention times may vary. Monitoring the data over longer periods has
added benefit because the data tell a
story of the laboratory technical evolution, reveal longitudinal trends, and
simply preserve institutional history.
Stable data management will transcend staffing changes and other laboratory transitions.
Data utilization. Laboratories expend valuable resources managing
data and records for regulatory compliance. Beyond basic compliance, a
comprehensive plan for gathering and
evaluating annual statistics and other
data-rich records offers quality and
operational benefits to many aspects
of laboratory practice. A final step in
data management is using these data
to drive decisions for future process
improvements or efficiencies.
Diagnostic distributions, ASC/SIL
ratios, human papillomavirus results,
diagnostic reclassifications from random rescreens, cytology/histology
correlations, and retrospective reviews
can be indicators of diagnostic accuracy and overall laboratory quality.
These data also provide the basis for
calculating other accepted statistics
such as false negative fractions (FNF)
and comparison of individuals with
overall lab statistics. Outliers that
emerge can be addressed in a timely,
systematic manner.
Monitoring turnaround times, unsatisfactory rates, and corrected reports provides opportunities to work
with clients to target education and

scheduled mailing, which is a major factor affecting
the CAP’s ability to provide quality glass slides to
all participants. Failure to return glass slides to the
CAP results in the laboratory being fined $500 and
possible suspension from the next mailed activity.
These programs are for the educational benefit
of all who enroll. To maintain them, we must maintain our glass slide inventory. Please help us in our
effort to ensure the quality of our cytopathology
n
glass slide educational programs.
Dr. Alasio is president and medical director of TelepathologyDx, PLLC and a member of the CAP Cytopathology Committee. Dr. Booth, a member of the CAP
Council on Scientific Affairs and previous chair of and
advisor to the CAP Cytopathology Committee, is section head of cytopathology at the Cleveland Clinic and
professor, Cleveland Clinic Lerner College of Medicine
of Case Western Reserve University.

improve customer service as well as
to assess internal staffing and reporting accuracy.
Understanding the laboratory’s
entire “book of business” can go far
when advocating with administrative
staff for equipment, additional labor,
or other resources. Test volumes and
specimen types help in establishing
supply inventory levels and directing
capital purchases such as automated
screening and telecytology systems.
These data are essential in generating
returns on investment and budgetary
planning.
Staffing needs can be assessed with
the help of cytotechnologists’ workload records by reviewing the total
number of slides screened and rescreened; the diagnostic distributions
indicate how many cases cytopathologists review. Time spent screening is
captured through the prorated process
for workload recording. While quotas
are not advocated for, reasonable productivity expectations based on the
laboratory setting can be determined.
Quantifying the volume and labor
requirements for rapid on-site evaluation and fine-needle aspiration procedures may justify staffing needs as
well as reveal areas in which efficiencies can be gained.
Maintaining statistical records is a
regulatory requirement and compliance brings a wide range of opportunities. The laboratory benefit is fully
realized by taking advantage of the
wealth of data collected through systematic retrieval, analysis, and utilization. A well-developed laboratory
data analysis plan can have an impact
on and inform every phase of the testing process and touch on virtually
every element of the quality management system.9-11
The requirement is clear. Compli-

ance is mandated. The benefits to
quality, operations, and future planning are worth the additional effort—
n
to go beyond the numbers.
We acknowledge the assistance of Lyn
Wielgos for data and document review.

1. Electronic Code of Federal Regulations. Accessed April 2021. https://www.ecfr.gov/cgi-bin/
ECFR?page=browse.
2. Clinical Laboratory Improvement Amendments of 1988, final rule. Fed Register. 2003 (Jan.
24):7169[42CFR493.1274(e)(4)].
3. College of American Pathologists. Cytopathology
checklist and Laboratory general checklist. Sept.
21, 2021.
4. Nayar R, Wilbur DC. The Bethesda System for
Reporting Cervical Cytology: Definitions, Criteria,
and Explanatory Notes. Springer; 2015.
5. Cibas ES, Ali SZ. The 2017 Bethesda System
for reporting thyroid cytopathology. Thyroid.
2017;27(11):1341–1346.
6. Renshaw AA, Birdsong GG. Freeing the data from
cytology databases in order to improve the quality
of cytology. Diagn Cytopathol. 2019;47(1):48–52.
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Model for Improvement and Plan-Do-Study-Act to
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for Laboratory Services; Approved Guideline, 5th
ed.; 2019.
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D. Study of the pre-analytical phase of an ISO 15189:
2012-certified cytopathology laboratory: a 5-year
institutional experience. Acta Cytol. 2019;63(1):56–62.
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Janie Roberson, a member of the CAP Cytopathology Committee, is senior director for
laboratory quality, anatomic pathology, and
cellular therapy, University of Alabama at
Birmingham. Dr. Tabbara, chair of the CAP
Cytopathology Committee, is director of
cytopathology, Department of Pathology,
Moffitt Cancer Center, Tampa, Fla.
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Disparities in colorectal and
breast cancer screening
adherence between women
in urban and rural areas
Cancer rates have decreased consistently during the last several years,
but not all populations have experienced similar rates of decline. The
incidence of most cancers is similar in
rural versus urban areas, but some
cancers that can be prevented with
regular screening, such as cervical,
colorectal, and lung cancer, have
higher prevalence rates in rural areas.
The overall death rate due to cancer is
also higher in rural areas. (For purposes of this study, rural is defined by
the Rural Urban Continuum Code
definition of 72 percent of U.S. landmass and 15 percent of the population.) Approximately 46.2 million U.S.
residents are categorized as rural. The
reasons for higher cancer rates in rural
areas may include a higher prevalence
of poor health behaviors and limited
access to cancer screening, detection,
and treatment. The authors conducted
a study to compare the prevalence of
breast and colorectal cancer screening
and identify factors associated with
guideline adherence between ruraldwelling and urban-dwelling women
aged 50 to 75 years. They compared
the prevalence of breast and colorectal
cancer screening adherence in a population-based cross-sectional study of
women conducted in 11 states from
2017 to 2020. Their analysis used data

from the National Cancer Institute’s
Population Health Assessment in
Cancer Center Catchment Area Initiative, which provides support for NCIdesignated cancer centers to conduct
research to better characterize populations within cancer center catchment
areas. The goal of these initiatives is
to better understand health disparities
at the local level. Study outcomes and
measures were based on adhering to
U.S. Preventative Services Task Force
guidelines. The authors also analyzed
rural status and other variables to
identify factors associated with
screening. The study sample included
2,897 women, of whom 1,090 (38.5
percent) were rural residents. The
data showed that rural and urban
groups were equally likely to adhere
to breast cancer screening. However,
it also showed that women in urban
areas were significantly more likely to
adhere to colorectal cancer screening
(82 percent) compared with women in
rural areas (78 percent). Multivariable
mixed-effects logistic regression analyses confirmed that the rural population had lower odds of adhering to
colorectal cancer screening (odds ratio, 0.81). The authors concluded that
women in rural areas are less likely to
follow colorectal cancer screening
guidelines than breast cancer screening guidelines. These results may
better inform health disparities and
support the design of effective interventions to increase diffusion of
colorectal screening modalities. The

authors noted that their study findings also suggest that colorectal cancer
screening may not be as accessible in
rural areas.
Shete S, Deng Y, Shannon J, et al. Differences in
breast and colorectal cancer screening adherence
among women residing in urban and rural communities in the United States. JAMA Network Open.
2021;4(10). https://www.ncbi.nlm.nih.gov/pmc/
articles/PMC8491105
Correspondence: Dr. Sanjay Shete at sshete@
mdanderson.org

MIND diet, common brain
pathologies, and cognition
in older adults
Amyloid plaques and neurofibrillary
tangles in the brain are the hallmark
of neurological changes related to
Alzheimer disease. The plaques and
tangles contribute to molecular events
that lead to neuronal damage and
cognitive impairment. However, not
everyone with brain pathologies will
experience the same degree of cognitive decline, and some can maintain
cognitive function despite pathology
consistent with Alzheimer disease.
This is known as cognitive resilience
and illustrates the difference between
brain pathology and clinical outcomes.
Alzheimer disease research has focused on modifiable lifestyle factors
that can help reduce cognitive decline.
For example, late-life cognitive activities and physical activities are associated with better cognitive scores. Diet
has also been associated with mitigating cognitive decline and Alzheimer
disease dementia. The MIND diet, a
hybrid of the Mediterranean diet and
Dietary Approaches to Stop Hypertension (DASH) diet, has been shown
to slow cognitive decline in older
adults and reduce the risk of dementia. The MIND diet is known for its
anti-inflammatory, antioxidant, and
procognition properties. The authors
studied whether the MIND diet is as-
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A tool for technical standardization of
the Ki67 immunohistochemical assay
Ki67, a nuclear proliferation-related protein, is used
extensively in anatomic pathology but has not become a companion diagnostic or a standard-of-care

biomarker because of analytic variability in assay
protocols and interpretation. The International Ki67
in Breast Cancer Working Group is making an effort
to standardize the interpretation of Ki67. However,
it has not assessed the technical issues of assay production representing multiple sources of variation,

sociated with cognition independently
of brain pathologies in older adults.
They used data from Rush University’s Memory and Aging Project
(MAP), a longitudinal clinical-pathologic study. The authors identified 569
decedents with valid dietary data,
cognitive testing proximate to death,
and complete autopsy data. They
performed a series of regression analyses to examine the association between
the MIND diet and dementia-related
brain pathologies and global cognition
proximate to death, while adjusting
for age, gender, education, APOE4,
late-life cognitive activities, and total
energy intake. The study found that a
higher MIND diet score was associated with better global cognitive functioning proximate to death. Neither
the strength nor significance of association changed substantially when
Alzheimer disease pathology and
other brain pathologies were included
in the analysis. The MIND diet–cognition relationship even remained significant when the authors restricted
their analysis to those who did not
have mild cognitive impairment at
baseline or who had a postmortem
diagnosis of Alzheimer disease based
on National Institute of Aging–Reagan
consensus recommendations. Their
data suggest that the MIND diet supports cognitive resilience but is not
related to the levels of pathology in the
brain, and other neurobiological
mechanisms remain to be identified.
The authors concluded that the MIND
diet may contribute to brain health
through its food components that
have antioxidative, anti-inflammatory,
and neuroprotective properties.
Dhana K, James BD, Agarwal P, et al. MIND diet,
common brain pathologies, and cognition in community-dwelling older adults. J Alzheimers Dis.
2021;83:683–692.
Correspondence: Dr. Klodian Dhana at klodian.dhana
@rush.edu 

n

including antibody clones, antibody formats, staining platforms, and operators. The authors addressed
these issues by developing a Ki67 standardization
cell-line microarray system using a mixture of human Karpas 299 or Jurkat cells (Ki67+) with Spod
optera frugiperda 9 (Sf9; Ki67-) cells in incremental
ratios ranging from zero to 100 percent. To validate
the tool, six different antibodies in ready-to-use or
concentrate forms, from six vendors, were used to
measure Ki67 proliferation indices using IHC protocols for manual (benchtop) and automated platforms. The assays were performed by three laboratories at Yale University and analyzed using QuPath
and Visiopharm image-analysis software packages.
The results showed statistically significant differences in Ki67 reactivity between each antibody
clone. However, subsets of Ki67 —continued on 52
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assays using three clones and performed in the three
labs showed no significant differences. This article
details the need for analytic standardization of the
Ki67 assay and highlights a new tool to address this
need. The authors showed how a cell-line standardization system can be used to normalize the staining
variability in proliferation indices between different
antibody clones in a triple-negative breast cancer
cohort. They assert that this cell-line standardization
array has the potential to improve reproducibility
among Ki67 assays and laboratories, which is critical
for establishing Ki67 as a standard-of-care assay.
Aung TN, Acs B, Warrell J, et al. A new tool for technical standardization of the Ki67 immunohistochemical assay. Mod Pathol.
2021;34:1261–1270.
Correspondence: Dr. David L. Rimm at david.rimm@yale.edu

Intestinal metaplasia of the cardia:
differentiating between gastric
and esophageal origin
Whether intestinal metaplasia distal to the endoscopic gastroesophageal junction (that is, the cardia)
is gastric or esophageal, or both, is controversial.
Biopsies from this region are believed to be unreliable in resolving this issue and are not recommended. The authors set out to develop a method
of histologic diagnosis for intestinal metaplasia of
the cardia. They employed an expanded biopsy
protocol for 986 patients, irrespective of indication
for endoscopy. The biopsies sampled columnar-lined
esophagus (CLE) when present, the endoscopic
gastroesophageal junction defined by the proximal
limit of rugal folds, the area 1 cm distal to the gastroesophageal junction, and distal stomach. The prevalence and associations of intestinal metaplasia in
these four locations were evaluated. Intestinal meta-
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plasia was found in 79 of 91 patients with CLE above
the gastroesophageal junction. This was significantly
associated with intestinal metaplasia at the gastroesophageal junction in 40 of 79 patients (P <0.001).
The biopsy taken distal to the endoscopic gastroesophageal junction had intestinal metaplasia in 21
of 79 patients. No patients with CLE had intestinal
metaplasia in the distal stomach. In patients without
CLE, intestinal metaplasia was present at the endoscopic gastroesophageal junction or distal to it in 221
patients. In 32 patients, this was significantly associated with intestinal metaplasia in the distal stomach
(P <0.001). The remaining 189 of 986 patients had
intestinal metaplasia limited to the gastroesophageal
junction region. These data, in association with recent
evidence, indicate that intestinal metaplasia limited
to the area distal to the gastroesophageal junction in
patients without distal gastric intestinal metaplasia
represents microscopic Barrett esophagus in a dilated distal esophagus. This is mistaken for intestinal
metaplasia of the proximal stomach because of a
flawed endoscopic definition of the gastroesophageal junction.
Yung E, Li X, Chandrasoma P. Intestinal metaplasia of the “cardia”: accurate differentiation of gastric or esophageal origin with an expanded
biopsy protocol. Am J Surg Pathol. 2021;45(7):945–950.
Correspondence: Dr. Parakrama Chandrasoma at ptchandr@usc.edu

Grading of noninvasive low-grade
papillary urothelial carcinoma with
degenerative nuclear atypia
Noninvasive low-grade papillary urothelial carcinoma is a papillary neoplasm that has an orderly
appearance and mild nuclear pleomorphism. Some
cases show significant nuclear pleomorphism with
degenerative atypia leading to grading difficulties.
A retrospective review of the pathology files at the
Johns Hopkins Hospital identified 16 cases diagnosed as noninvasive low-grade papillary
urothelial carcinoma with degenerative atypia.
Fifteen of the cases were consults. The average
patient age at presentation was 46 years (range,
19–78 years). The average tumor size was 1.7
cm (range, 0.3–3.5 cm). The submitting diagnoses in consults were noninvasive high-grade
papillary urothelial carcinoma (n = 6), condyloma (n = 1), atypical papillary lesion (n = 1),
prominent umbrella cells (n = 1), and not given
(n = 6). The Ki67 proliferation rate was less than
five percent in 10 of 10 cases, and the cells with
large atypical nuclei were negative. There were
scattered cells with nuclei at least five times the
size of stromal lymphocytes but displaying
smudgy chromatin and occasional multinucleation and intranuclear vacuoles. Next-generation sequencing identified the mutations HRAS
(n = 4), FGFR3 (n = 3), KRAS (n = 3), BRAF
(n = 1), PDGFRA (n = 1), and PIK3CA (n = 1).
Other deleterious mutations were identified,
but none of them involved genes characteristic
of high-grade tumors. Follow-up was available
for six patients (median, 32 months). One patient recurred with a noninvasive low-grade
papillary urothelial carcinoma 20 months after
the index case. The remaining patients had no
evidence of disease at last follow-up. No patient
died or had disease progression. The combination of preservation of polarity, low mitotic
activity, Ki67 of less than five percent with

larger atypical nuclei negative for Ki67, and nuclear
atypia that is degenerative are features used to
classify these tumors as low grade.
Matoso A, Parimi V, Epstein JI. Noninvasive low-grade papillary
urothelial carcinoma with degenerative nuclear atypia: a grading
pitfall. Hum Pathol. 2021;113:1–8. doi:10.1016/j.humpath.2021.04.002
Correspondence: Dr. J. I. Epstein at jepstein@jhmi.edu

Usual interstitial pneumonia in surgical
pathology: impact of consensus guidelines
for idiopathic pulmonary fibrosis
Idiopathic pulmonary fibrosis is a clinical syndrome characterized by usual interstitial pneumonia radiologically and pathologically. Per consensus
criteria adopted in 2011, diagnosis of idiopathic
pulmonary fibrosis no longer requires a biopsy in
an appropriate context if usual interstitial pneumonia (UIP) is seen on imaging. Consequently, lung
biopsies are typically reserved for patients who
have indeterminate clinical or imaging findings or
suspicion for alternative diagnoses. However, the
impact of the updated guidelines on pathology
practices remains unclear. The authors conducted
a study to determine the frequency of histologic
UIP before and after 2011. Surgical lung biopsies
from adults obtained within two four-year periods:
July 1, 2006 through June 30, 2010 (pre-2011 cohort)
and Jan. 1, 2012 through Dec. 31, 2015 (post-2011
cohort) were studied. Two of the authors reviewed
pathology slides at a multiheaded microscope in a
fashion blinded to clinical information and classified them using the current guidelines. Biopsies
from 177 patients before 2011 (mean age, 62 years
[standard deviation, 12]; 50.3 percent [89 of 177]
male) and 86 patients after 2011 (mean age, 59 years
[standard deviation, 14]; 48.8 percent [42 of 86]
male) were reviewed. Probable UIP or definite UIP
was less frequently encountered after 2011 in all
patients with fibrosis (nine of 54 [16.7 percent]
versus 41 of 119 [34.5 percent] before 2011; P=0.02),
with a similar reduction when only patients 50
years old and older were included (eight of 46 [17.4
percent] versus 39 of 109 [35.8 percent] before 2011;
P=0.02). There was also a concomitant rise in cases
indeterminate for UIP or showing alternative diagnoses. The authors concluded that histology for UIP
is less frequently encountered in their contemporary practice than in the historic era. The pretest
probability of a non-UIP diagnosis is high, even in
older patients, underscoring the need for pathologists to be familiar with the histologic features of
alternative diagnoses.
Eldersveld JM, Yi ES, Kunze KL, et al. Usual interstitial pneumonia
in contemporary surgical pathology practice: Impact of international
consensus guidelines for idiopathic pulmonary fibrosis on pathologists. Arch Pathol Lab Med. 2021;145(6):717–727.
Correspondence: Dr. Brandon T. Larsen at larsen.brandon@mayo.edu

Predicting patterns of residual
disease following neoadjuvant
chemotherapy for breast cancer
The pattern of residual disease in the breast varies
among breast cancer patients treated with neoadjuvant chemotherapy who do not experience a
pathologic complete response. Pretreatment clinicopathologic features that predict the pattern of
residual tumor are not well established. To investigate this issue, the authors performed a detailed
review of histologic sections of —continued on 53
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Applying machine learning
to lab workflows to reduce
false-positive HIV results
With modern HIV testing incorporating p24 antigen detection, fourth- and
fifth-generation HIV screening tests
have halved the time between acquiring and detecting the infection. However, even with an enhanced detection window, these tests are not ideal
because of complicated results reporting and a high number of false
positives in low-prevalence populations. The latter can cause stress for
patients who may have to undergo
repeat testing. The authors hypothesized that machine-learning classification systems could be used with
fifth-generation HIV screening tests
(HIV5G) to more accurately discriminate between true-positive and falsepositive results. This could reduce
both turnaround times for true-positive cases and the number of false

positives reported to local health
agencies, in part by routing those
samples for more appropriate reflex
testing. The authors conducted a
study in which they applied MATLAB R2019b to implement a machinelearning method designed to distinguish between HIV5G assay true
positives and false positives. They
used a cohort of 60,587 HIV5G screening tests, from 2016 to 2018, along
with their molecular and clinical correlates to create the model. The authors found that using support vector
machines for feature extraction and
then transforming results with principle component analysis produced
the best classifier for the HIV5G laboratory workflow. Application of this
classifier resulted in 94 percent correct classification of false-positive
screening tests and 92 percent correct
classification of true-positive screens,
with an overall improvement in assay
screening from a 73.5 percent baseline
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the post-treatment surgical specimens for 665
patients with stages I through III breast cancer
treated with neoadjuvant chemotherapy (NAC)
followed by surgery from 2004 to 2014 and for
whom slides of the post-NAC surgical specimen
were available for review. The review included
242 (36.4 percent) patients with hormone receptor
(HR)+/HER2- cancers, 216 (32.5 percent) with
HER2+ tumors, and 207 (31.1 percent) with triplenegative breast cancer (TNBC). Slide review was
blinded to pretreatment clinicopathologic features.
Pathologic complete response was achieved in 7.9
percent, 37 percent, and 37.7 percent of HR+/HER2cancers, HER2+ cancers, and TNBC, respectively
(p <0.001). Among 389 patients with residual invasive cancer in whom the pattern of residual
disease could be assessed, 287 (73.8 percent) had
a scattered pattern and 102 (26.2 percent) had a
circumscribed pattern. In univariate and multivariate analyses, a significant association between
tumor subtype and pattern of response was found.
Among patients with HR+/HER2- tumors, 89.4
percent had a scattered pattern and 10.6 percent
had a circumscribed pattern. In contrast, 52.8 percent of those with TNBC had a circumscribed
pattern and 47.2 percent had a scattered pattern
(p <0.001). In addition to subtype, both histologic
grade and tumor size at presentation were significantly related to the pattern of residual disease in
multivariate analysis, with lower grade and larger

without machine-learning assistance
to 92.6 percent with machine-learning
assistance. The authors concluded
that using machine-learning–based
methods to augment HIV5G screening may greatly improve laboratory
and diagnostics workflows by permitting increased numbers of probable true positives to be reported
immediately, thereby reducing the
spread of infection and allowing for
more efficient patient follow-up and
treatment. The methods also may
shunt likely false positives into separate repeat/confirmatory testing
pathways that use the same specimen, thereby reducing patient stress.
Elkhadrawi M, Stevens BA, Wheeler BJ, et al. Machine learning classification of false-positive human
immunodeficiency virus screening results. J Pathol
Inform. 2021;12. www.jpathinformatics.org/text.
asp?2021/12/1/46/330787
Correspondence: Dr. Bradley J. Wheeler at wheelerse3
@upmc.edu

Challenges of using
artificial intelligence in
anatomic pathology
FDA clearance of the first artificial
intelligence-based algorithm for clinical diagnostic use with prostate biopsies has created optimism among
members of the pathology community regarding the use of AI in anatomic pathology. However, its use in

size associated with a scattered response pattern
(p = 0.002 and p = 0.01, respectively). A better understanding of the relationship between pretreatment clinicopathologic features of the tumor and
pattern of residual disease may help guide postchemotherapy surgical management.
Pastorello RG, Laws A, Grossmith S, et al. Clinico-pathologic predictors
of patterns of residual disease following neoadjuvant chemotherapy
for breast cancer. Mod Pathol. 2021;34:875–882.
Correspondence: Dr. Stuart J. Schnitt at sschnitt@bwh.harvard.edu

Challenges of Ki67 assessment
in pulmonary large-cell
neuroendocrine carcinomas
The authors conducted a study to gather evidence
regarding Ki67 values in large-cell neuroendocrine
carcinoma and to determine whether certain cutoff
values could serve as prognostic features of the
disease. They used Aperio ScanScope AT Turbo,
Aperio eSlide Manager, and Aperio ImageScope
software (Leica Biosystems) to measure Ki67 percentages in 77 resected large-cell neuroendocrine
carcinomas (LCNEC) diagnosed using World
Health Organization (WHO) criteria. Overall (OS)
and disease-free survival (DFS) were analyzed
using the Kaplan-Meier method and SAS software
(SAS Institute). Survival data were also analyzed
using American Joint Committee on Cancer
(AJCC) eighth edition pathological stage and six
discrete Ki67 classes arbitrarily defined by 10 percent increments up to 60 percent. In addition,

the latter capacity is unlikely to happen any time soon as several considerable challenges must first be overcome in the areas of AI development,
deployment, and regulation. Challenges related to developing useful
AI-based algorithms include solving
unmet needs without disrupting
clinical workflow, achieving suitable
data curation and annotation, training algorithms without introducing
bias, and acquiring expensive computer hardware. Deploying an AIbased system in a clinical pathology
work environment also poses challenges. Pathology laboratories initially will have to transition to fully
digital imaging platforms, revamp
legacy information technology infrastructures, and modify workflows.
Appropriate reimbursement or cost
offsets, or both, are also necessary to
support a sensible business use case
for adopting AI. The success of AI in
routine clinical practice too will require that pathologists willingly participate in the use and oversight of the
technology. Regulations being developed will promote safe and effective
use.
Cheng JY, Abel JT, Balis UGJ, et al. Challenges in
the development, deployment, and regulation of
artificial intelligence in anatomic pathology. Am J
Pathol. 2021;191(10):1684–1692.
Correspondence: Dr. Jerome Y. Cheng at jeromech@
med.umich.edu

n

survival data were assessed using Ki67 classes
separated by a cut-point of 20 percent or more or
40 percent or more. Tumors ranged from 0.9 to 11.5
cm, and pathological staging comprised stages I
through III. The system measured Ki67 percentage
positivity using 4,072 to 44,533 tumor nuclei per
case (mean, 16,610 ± 8,039). Ki67 values ranged
from one to 64 percent (mean and median, 26
percent). Only 16 (21 percent) tumors had Ki67
values of 40 percent or more. Overall survival
ranged from one to 298 months (median follow-up,
25 months). Disease-free survival ranged from one
to 276 months (median follow-up, nine months).
Overall and disease-free survival differed across
AJCC stage (overall log-rank, P=0.038 and
P = 0.037, respectively). However, neither overall
nor disease-free survival significantly correlated
with stratification by Ki67 percentage into six or
two classes, regardless of whether 20 percent or
greater or 40 percent or greater was used as the
cut-point. A literature review identified 14 papers
meeting the authors’ inclusion criteria by evaluating 10 or more LCNEC without comingling the
results for LCNEC and small-cell carcinoma. Reported Ki67 values ranged from two to 100 percent. The authors concluded that their findings
caution against a blanket use of 20 percent, 40
percent, or other Ki67 percentage cut-points for
LCNEC diagnosis or prognostication.
Walts AE, Mirocha JM, Marchevsky AM. Challenges in Ki-67 assessments in pulmonary large-cell neuroendocrine carcinomas. Histopathology. 2021;78(5):699–709.
Correspondence: Dr. Ann E. Walts at ann.walts@cshs.org
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Findings of a genomewide
analysis of people with
irritable bowel syndrome
Irritable bowel syndrome is the most
common gastrointestinal disorder,
affecting 10 to 15 percent of the world
population, yet its etiology is unknown. Patients experience a spectrum of gastrointestinal symptoms,
including diarrhea, constipation, abdominal cramping, and pain. Diet and
behavior modification are the mainstays of treatment. Medications, including anticholinergics, tricyclic antidepressants, selective serotonin reuptake inhibitor antidepressants, and
pain medications acting on the braingut neurocircuitry, may be prescribed.
Given the disease’s unclear etiology,
patients often undergo extensive medical evaluation with negative results.
The authors of this study used population data from the UK Biobank, in the
United Kingdom, to perform a genetic
meta-analysis of single nucleotide
polymorphisms (SNPs) associated
with patients of European ancestry
with IBS. They created a digestive
health questionnaire to inquire about
IBS symptoms, severity, diagnoses,
environmental exposures, and associated conditions, such as anxiety and
depression. The authors emailed the
questionnaire to UK Biobank participants and received a response rate of
approximately 50 percent. Of the survey respondents who met the diagnostic criteria for IBS, only one-third had
a hospital-documented diagnosis of
IBS, suggesting a high prevalence of
IBS underdiagnosis. Consistent with
the epidemiology of IBS, females were
more commonly affected than males,
and a family history was more common in affected patients. Notably,
participants reported increased rates
of comorbidities, including atopic disease, anxiety, depression, history of
abdominal surgeries (appendectomy,
cholecystectomy, and hysterectomy),
and increased childhood exposure to
antibiotics, as compared to control
subjects. In a genomewide association
study, six IBS-associated loci were
identified in 53,400 people with IBS

through a discovery cohort using SNP
data from the UK Biobank and Bellygenes initiatives and confirmed in an
independent cohort from 23andMe.
All of the loci were found in autosomes, and three of the six loci had
previous associations with mood and
anxiety disorders. Genetic fine-mapping to identify plausible causal SNP
variants at these six loci mapped to
CADM2 on chromosome 3, BAG6 on
chromosome 6, PHF2 and FAM120AOS on chromosome 9,
NCAM1 on chromosome 11, and
CKAP2, TPTE2P3, and DOCK9 on
chromosome 13. Four of the six genes
at the IBS loci were previously implicated in mood or anxiety disorders,
including dedicator of cytokinesis 9
(DOCK9); neural cell adhesion molecule 1 (NCAM1), associated with
neuroticism, anxiety, mood disorders,
and anorexia nervosa; cell adhesion
molecule 2 (CADM2), associated with
neuroticism, anxiety, and cannabis
use; and PHD finger protein 2 (PHF2).
The PHF2-related protein FAM
120AOS is associated with neuroticism, depression, and autism. DOCK9
and PHF2 also play a role in normal
brain development. The role of BAG6
and CKAP2 in IBS is unclear and warrants further research. Using geneexpression co-localization analysis, the
authors found that the variants regulate gene expression in a number of
tissues, including the brain. PHF2,
NCAM1, and DOCK9 are also expressed in the gut. Although these
genes are associated with IBS function
in the enteric and central nervous systems, the authors emphasize that there
are no gastrointestinal-specific genes
identified in IBS patients nor genes
that overlap with other intestinal disorders. Of the associated symptoms
reported by participants, anxiety, neuroticism, depression, and schizophrenia showed the strongest genomewide
overlap with IBS. The genetic correlation between IBS and anxiety was the
strongest and independent of the
other, reflecting a shared etiology as
opposed to separate conditions. Statistical analysis showed a modest but low
(less than six percent) SNP heritability

for IBS. In contrast, the SNP heritability
reported for Crohn’s disease, ulcerative colitis, and anxiety was higher
(41 percent, 23 percent, and 26 percent,
respectively). These results suggest
that factors other than SNP heritability
that are shared within families may
play a more prominent role in the
development of IBS.
Eijsbouts C, Zheng, T, Kennedy NA, et al. Genome-wide analysis of 53,400 people with irritable
bowel syndrome highlights shared genetic pathways with mood and anxiety disorders. Nat Gen.
2021;53:1543–1552.
Correspondence: Dr. Mauro D’Amato at mdamato@
cicbiogune.es; Dr. Luke Jostins at luke.jostins@kennedy.
ox.ac.uk; or Dr. Miles Parkes at miles.parkes@adden
brookes.nhs.uk

Molecular mechanisms of
circRNA C190 in modulating
EGFR/ERK pathway in NSCLC
Circular RNAs are a recently identified form of noncoding RNAs that
have increasingly generated scientific
interest due, in part, to their role in
regulating genes. They derive from
a transcribed gene that undergoes
noncanonical RNA splicing that results in the formation of a closed-loop
RNA transcript. One of the most studied functions of circular RNA (circRNA) is its ability to act as a molecular
sponge, or absorbent, to sequester
and inhibit the function of noncoding microRNAs (miRNAs) that, in
themselves, inhibit gene expression.
Therefore, circRNAs promote protein
biosynthesis by preventing miRNAmediated gene silencing. In this era
of targeted cancer therapy, one of the
biggest challenges is developing gene
mutations that confer tumor resistance
to targeted therapy. For example, acquired resistance mutations in the
tyrosine kinase domain of the epidermal growth factor receptor (EGFR)
in patients with nonsmall cell lung
cancer (NSCLC) treated with firstor second-generation EGFR tyrosine
kinase inhibitors result in tumor progression. Third- and fourth-generation
EGFR tyrosine kinase inhibitors have
been developed to respond to the
acquired resistance. However, developing a better understanding of the
molecular underpinnings regulating
tumorigenesis, including the role of
noncoding RNAs, may lead to the
development of alternative therapeutic targets. The authors previously
demonstrated that circRNA C190 can
be detected in the peripheral blood
samples of patients who have lung
cancer, with elevated levels associated with tumor size, metastasis, and
poorer prognosis. In this study, they
established a baseline elevation of
circRNA C190 levels in NSCLC tissue
and lung cancer cell lines. The au-

thors found that circRNA C190 levels
increased through the EGFR/ERK/
MAP kinase pathway in response to
EGFR stimulation. In vitro overexpression of circRNA C190 resulted in a
positive feedback loop of ERK activation with cell proliferation and migration, independent of EGFR activation.
In vivo studies demonstrated larger
tumor sizes in a xenograft animal
model of lung adenocarcinoma with
A549 cells overexpressing circRNA
C190 as compared to control animals
without circRNA C190 overexpression. In contrast, the specific reduction of circRNA C190 by CRISPR/
Cas13a-mediated technology in lung
cancer cell lines resulted in circRNA
C190 degradation, reduced MAPK activation, prolonged cell survival, and
smaller tumor sizes in xenografts from
animal models as compared to controls. Transcriptome analysis revealed
a large number of differentially expressed genes in response to circRNA
C190 overexpression, with notable
enrichment of such cyclin-dependent
kinases (CDK) as CDK1, CDK2, and
CKD4, all of which regulate phase
transitions of the cell cycle. The authors verified the increased protein
expression of the cyclin-dependent
kinases CDK1, CDK4, and CDK6 and
hyperphosphorylation of their downstream target—retinoblastoma (Rb)
protein—in response to circRNA C190
overexpression. To evaluate how circ
RNA C190 overexpression resulted
in elevated CDK protein levels, they
performed computational searches
to identify an miRNA likely associated with circRNA C190 and CDKs.
MiR-142-5p was identified as the most
likely miRNA candidate. Using in vitro assays, the authors demonstrated
the direct interaction of miR-142-5p
with circRNA C190. Functional studies showed reversal of miR-142-5p
suppression of CDK6 expression by
circRNA 190. These data confirm the
antagonistic roles of circRNA 190 and
miR-142-5p. Patient tumor samples
demonstrated higher miR-142-5p expression levels in early stage lung
cancer, whereas higher circRNA C190
and CDK expression levels were seen
in later stages of the disease, in agreement with dysregulation and tumor
progression. In summary, the authors
provided a well-defined molecular
mechanism of tumorigenesis modulated by noncoding RNAs in the
EGFR/ERK pathway that may allow
novel therapeutic targeting.
Adekunle IA, Chien C-S, Yang Y-P, et al. Oncogenic
circRNA C190 promotes non-small cell lung cancer
via modulation of the EGFR/ERK pathway. Cancer
Res. 2021. doi:10.1158/0008-5472.CAN-21-1473
Correspondence: Dr. Shih-Hwa Chiou at shchiou@
vghtpe.gov.tw or Dr. Mong-Lien Wang at monglien@
gmail.com
n
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Q.

When reporting reference ranges for
absolute differential counts, should
the ranges be age speciﬁc or is a single
reference range acceptable?

and differential counts show small
variances between males and females, with secondary partitions provided for gender. Large studies have

found no significant differences between males and females with regard
to WBC counts and differential
counts and no age dependency between 18 and 100 years old. Therefore, RIs for the age interval of 18 to
100 years for men and women are
usually combined. Age-dependent
RIs more accurately represent the
patient population being examined
and, therefore, provide clinicians
with a better platform for diagnosing

and managing various disease states.3
A common question is whether to
provide WBC RIs as proportional
amounts (percentages) or absolute
counts, or both. According to the
Clinical and Laboratory Standards
Institute, providing absolute concentrations of WBCs is preferred given
that these are the medically significant values.4 In accordance with the
CLSI recommendation, the College
—continued on 56
of American

A.

Laboratories should evaluate
healthy people within such categories as gender, age group, and
genetic background when establishing institutional reference intervals
for a given analyte. This is necessary because various intrinsic and
extrinsic factors can influence RIs in
a laboratory or patient population,
or both. This evaluation also helps
determine where certain populations
may overlap and, therefore, where
groups may be combined.1 Reference intervals are usually based on
Gaussian distribution and defined
as the range of values into which
95 percent of healthy (nondiseased)
individuals fall. Accordingly, five
percent of healthy people will have
laboratory results above or below the
established RI.
Recruiting healthy individuals,
particularly from the pediatric population, to establish institution-specific
RIs can be costly and time intensive
and may preclude laboratories from
running robust studies. Laboratories
that cannot perform institution-specific studies may use previously established RIs from a laboratory database of test results.2 It takes a much
smaller pool of participants to verify
previously reported RIs, making these
studies more palatable to most laboratories. Regardless of the method
employed, the reporting laboratory
should independently verify or validate the RIs and tailor them to its
patient population. Independent verification is important as normal ranges
vary slightly depending on the automated analyzer used.
Immune cellular constitution matures throughout childhood and adolescence and is relatively stable in
adulthood (over 18 years old). The
total white blood cell count and absolute differential count for cell types
tend to be higher in newborns and
decrease until about five to 10 years
of age. Because of these variances,
most published RIs are partitioned
into different groups for neonates
through 18 years old. These partitions
vary by institution and depend on the
initial studies performed or prior
studies verified. Total WBC counts
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One pathologist’s foray
into 3D printing
The use of three-dimensional printing
in the pathology lab may still be in its
infancy, but pathologist Danielle Lameirinhas Vieira Maracaja, MD, and
her anesthesiologist husband have
been affirming its value to pathologists, and the medical community in
general, for years.
Dr. Danielle Maracaja, a pathologist at Atrium Health Wake Forest
Baptist, Winston-Salem, NC, and assistant professor of
pathology at Wake
Forest School of
Medicine, has been
working alongside
her husband, Luiz
Maracaja, MD, associate professor
of anesthesiology Dr.Maracaja
at the same hospital and medical school, in designing
and producing medical tools using
3D-printing technology for more than
five years. They took on one of their
largest projects in early 2020, when
Dr. Danielle Maracaja was a pathology fellow at Yale University School
of Medicine and COVID-19 cases
were spiking.
With personal protective equipment in short supply during the
early days of the pandemic, Dr. Luiz
Maracaja designed a face shield using
the computer-aided design, or CAD,
software SolidWorks, from Dassault
Systems. The couple printed the face
shields on their personal Formlabs
Form 2 SLA 3D printer and assembled

Q&A
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Pathologists hematology and coagulation checklist item HEM.36820
states, “For WBC differential counts,
the CAP recommends that laboratories report absolute cell counts, along
with their corresponding reference
intervals. The CAP discourages the
reporting of percent cell counts without absolute counts on WBC differentials.”5
1. Katayev A, Balciza C, Seccombe DW. Establishing reference intervals for clinical laboratory test
results: is there a better way? Am J Clin Pathol.
2010;133(2):180–186.
2. Soldin SJ, Brugnara C, Wong EC. Pediatric Reference Intervals. 6th ed. AACC Press; 2007.
3. Valiathan R, Ashman M, Asthana D. Effects of
ageing on the immune system: infants to elderly.
Scand J Immunol. 2016;83(4):255–266.

them at home, Dr. Danielle Maracaja
explained in a presentation at the 2021
AACC annual scientific meeting last
fall. The Maracajas were able to create
18 to 20 face shields per batch. (Each
batch took approximately 10 hours to
complete, and they typically produced
two batches within 24 hours.) “It was a
very stressful time and we just wanted
to help,” Dr. Danielle Maracaja told
CAP TODAY.
The hospital never distributed the
face shields because that would have
required a lengthy testing and approval process, Dr. Danielle Maracaja
says. But the couple gave them away
to colleagues who asked for them. As
demand grew, the project became so
overwhelming that the Maracajas
brought the printed face shield parts
to the hospital so hospital staff could
assemble them on a volunteer basis
during their breaks.
At the same time, some medical
supplies, such as nasopharyngeal
swabs, were in such short supply that
the chair of pathology inquired about
the Maracajas’ 3D-printing capabilities. But because of the limited capacity of the couple’s personal 3D printer
and ongoing partnerships, the pathology department pursued other avenues for producing the swabs, Dr.
Danielle Maracaja says.

T

he whole experience demonstrated how quickly 3D printing
can create medical products in a time
of shortage, but it also illustrated the
challenges and limitations that labs
face in implementing 3D-printing technology, Dr. Danielle Maracaja says.

4. Clinical and Laboratory Standards Institute. H20A2: Reference Leukocyte (WBC) Differential Count
(Proportional) and Evaluation of Instrumental
Methods; Approved Standard, 2nd ed.; 2007.
5. College of American Pathologists. HEM.36820
Reference intervals. In: Hematology and coagulation checklist. Sept. 22, 2021.

Additional references
Chabot-Richards DS, George TI. White blood cell
counts: reference methodology. Clin Lab Med.
2015;35(1):11–24.
International Council for Standardization in Haematology, Writing Group; Briggs C, Culp N, et al.
ICSH guidelines for the evaluation of blood cell
analysers including those used for differential leucocyte and reticulocyte counting. Int J Lab Hematol.
2014;36(6):613–627.
Magierowicz M, Lechevalier N, Freynet N, et al. Reference values for WBC differential by hematoflow
analysis. Am J Clin Pathol. 2019;151(3):324–327.
Naus AJ, Borst A, Kuppens PS. The use of patient
data for the calculation of reference values for
some haematological parameters. J Clin Chem Clin
Biochem. 1980;18(10):621–625.

While cost typically is not a large
drawback, with 3D printers ranging
from about $300 to $5,000, training is
likely to be an issue, she says. To use
the technology to its fullest, a staff
member must be sufficiently trained
on the software to design products or
parts that have complex shapes or
require precise measurements, Dr.
Danielle Maracaja explains. Pathology
labs should be aware that there are
many options for obtaining that software training, she adds, including
classes and online tutorials.
A large open-source community for
3D printing also exists, and numerous
websites offer free Standard Triangle
Language files for download. (STL is
the standard file type used for generating instructions on 3D printing.)
Rather than writing 3D-printing instructions from scratch, it is often
easier and faster to find a free STL file
for something similar to what you
want to create and then modify those
files to fit your needs, Dr. Danielle
Maracaja says. The Maracajas distributed the STL files for their face shields
as open-source files so anyone could
use them.
Yet the exact size of a finished 3Dprinted product can be difficult to
predict because some materials used
in 3D printers may shrink as they are
cured, and some 3D-printed products
need to be sanded down after printing
to smooth rough edges, Dr. Danielle
Maracaja explains. Laboratories
should also be aware that the 3Dprinting process can be slow if used to
manufacture in large scale, she adds.
Therefore, depending on the type and
quantity of items desired, it can be
cheaper to use other methods of manufacturing, such as injection mold.
Many large hospitals may have a
3D printer somewhere in their health

Swaanenburg JC, Rutten WP, Holdrinet AC, van
Strik R. The determination of reference values for
hematologic parameters using results obtained
from patient populations. Am J Clin Pathol.
1987;88(2):182–191.
van Assendelft OW. Reference values for the total and differential leukocyte count. Blood Cells.
1985;11(1):77–96.
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Q.

Is it acceptable to use polystyrene
tubes for aliquotting plasma for
coagulation tests, such as platelet aggregation, and factor-related studies
requiring serial dilutions of plasma?
I recall seeing recommendations for
using nonpolystyrene tubes for frozen

system that pathologists can use, especially hospitals associated with a
university, Dr. Danielle Maracaja
notes. “It was nice that when there
was a shortage of PPE and consumables for the testing of COVID that
several universities and 3D-printing
companies worked together to increase their manufacturing capabilities,” she says. But if a 3D printer is not
available, interested parties can use
one of the many services that will accept 3D-printing instructions in STL
format to produce a product. The
Maracajas have used remote 3D-printing services in the past, particularly
when items they were building required a smoother surface, a more
refined look, or a resistant material
such as metal, she says.

I

n pathology, 3D printing is being
used to replicate diseased organs for
teaching, Dr. Danielle Maracaja says.
This allows students to see 3D representations of rare conditions and may
eliminate the biohazard risk of storing
specimens in formalin. Similarly, 3D
printing has been used in forensic
pathology to recreate broken bones
or other injuries that are the subject of
criminal investigations. “It helps the
jury to understand the mechanism of
death,” she notes.
“Pathologists are very visual,” Dr.
Danielle Maracaja says. “We like to see
things. Having a piece 3D printed
makes it available for a long period of
time and people can view it more
frequently.”
In clinical laboratories, 3D printing
can also be used to build tools or pieces
of equipment, such as hard-to-find
replacement parts for older machinery,
she says. The Maracajas used 3D printing to design and build a device that
—continued on 57
mounts a mobile

plasma aliquots but did not see a reason
for the recommendation.

A.

The Clinical and Laboratory
Standards Institute document
“H21-A5: Collection, Transport, and
Processing of Blood Specimens for
Testing Plasma-Based Coagulation
Assays and Molecular Hemostasis
Assays” indicates in section 5.3.1.2
that secondary tubes used for plasma-based coagulation assays should
be composed of nonactivating material, such as polypropylene, and not
polystyrene.1 However, during the
review and comment period for this
document, a commenter pointed out
that the warning against polystyrene
containers is not supported by the
literature. I reviewed the reference
provided for this section to confirm
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phone onto the Butterfly IQ handheld
ultrasound. This type of tool could be
useful for cytopathologists performing
ultrasound-guided fine-needle aspiration procedures, Dr. Danielle Maracaja
says. The Butterfly IQ is attached by
wire to a phone or tablet, but it can be
difficult to balance the phone and ultrasound wand, and the wire connecting them can get in the way. The
mounting system makes it easier for
cytopathologists to hold the ultrasound and phone together in one hand
and keep the other hand free to perform the procedure, she explains.
The Maracajas are now using 3D
printing to develop a device for treating acute respiratory distress syndrome. The device is intended to improve lung ventilation and deliver
drugs and cell-based therapies for
ARDS treatment. The final product is
not 3D printed, but the Maracajas used
3D printing to build components of
the prototype and create model lungs
and bronchial passageways for testing
device placement.
“Sometimes what you are developing with 3D printing is something that
is going to be a prototype for something bigger, or sometimes it’s a small
detail you’re using in a larger project,”
she says. “The plastic piece may not
be your final product, but it can help
you attain your final goal.”


—Renee Caruthers

Oracle to purchase Cerner
Oracle is slated to acquire Cerner this
year in a $28.3 billion transaction, according to an announcement from
both companies.
As part of the deal, Cerner will become a dedicated business unit of
that it does not mention polystyrene
tubes.
While many laboratory collection
guidelines recommend using polypropylene tubes, I could not find
definitive studies in the literature
indicating that polystyrene should
not be used for plasma-based coagulation testing. An archived CLSI
document titled “H58-A: Platelet
Function Testing by Aggregometry”
does not mention polystyrene tubes
either.2 However, a 2019 publication
by Hechler, et al., indicates that platelet preparation for laboratory platelet-function testing can involve polypropylene or polystyrene tubes.3
If a laboratory is considering
changing tube types for a given coagulation or platelet assay, I recommend performing validation studies

Oracle and the company’s “anchor
asset” for expanding into the health
care marketplace, Cerner reported.
Because Oracle has a global footprint, Cerner will offer its digital information systems to hospitals in a
greater number of countries worldwide. The acquisition also will provide
Cerner clients with new opportunities
in cloud computing, artificial intelligence, and machine learning, thereby
supporting Oracle’s goal of reaching
zero unplanned downtime in medical
institutions.
“Oracle’s autonomous database,
low-code development tools, and
voice digital assistant user interface
enable us to rapidly modernize Cerner’s systems and move them to our
Gen2 Cloud,” said Mike Sicilia, Oracle’s executive vice president of vertical industries, in a press statement.
“This can be done very quickly because Cerner’s largest business and
most important clinical system already runs on the Oracle database. . . .
We will make Cerner’s systems much
easier to learn and use by making
Oracle’s hands-free voice digital assistant the primary interface to Cerner’s clinical systems.”

queries. Data Miner allows users to
search their database for real-time information on billing, requisitions, insurance, patient results, and patient
outcomes.
“Not only can a user access the information they are looking for, but
now they can easily share the query
parameters so that other users can access the same dynamic results with
just the click of a mouse,” said Carl

Smith, general manager of the lab division for CompuGroup Medical US, in
a press release.
CompuGroup Medical, 800-359-0911 n
Dr. Aller practices clinical informatics in
Southern California. He can be reached at
raller@usc.edu. Dennis Winsten is founder
of Dennis Winsten & Associates, Healthcare Systems Consultants. He can be
reached at dwinsten.az@gmail.com.
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CompuGroup Medical
offering new version of LIS
CompuGroup Medical has released
version 21.3 of its CGM LabDaq laboratory information system.
Enhancements to the system, which
were based on suggestions from LabDaq users, include improvements to
the Data Miner software option, more
robust order-routing rules, and a faster
importer.
The Data Miner software option in
LabDaq version 21.3 provides streamlined methods for sharing memorized

William Audeh, MD

to compare the existing tube type to
the new tube type.

Why should you register now for this webinar?

1. Clinical and Laboratory Standards Institute. H21A5: Collection, Transport, and Processing of Blood
Specimens for Testing Plasma-Based Coagulation
Assays and Molecular Hemostasis Assays; Approved Guideline, 5th ed.; 2008.
2. Clinical and Laboratory Standards Institute.
H58-A: Platelet Function Testing by Aggregometry;
Approved Guideline; 2008.
3. Hechler B, Dupuis A, Mangin PH, Gachet C.
Platelet preparation for function testing in the laboratory and clinic: historical and practical aspects.
Res Pract Thromb Haemost. 2019;3(4):615–625.

Kristi J. Smock, MD
Professor of Pathology
University of Utah School of Medicine
Medical Director, Hemostasis/
Thrombosis Laboratory
ARUP Laboratories
Salt Lake City, Utah
Vice Chair, CAP Hemostasis and
Thrombosis Committee

Chief Medical Officer
Agendia

Hannah Gilmore, MD

Division Chief, Anatomic Pathology
Director of Breast Pathology
University Hospitals Cleveland Medical Center,
Cleveland, OH

Hear leading experts discuss genomic testing to support treatment planning
Brought to you by: CAP TODAY
Moderated by: Bob McGonnagle, Publisher, CAP TODAY
Presenters: William Audeh, MD, and Hannah Gilmore, MD

What will this webinar empower you to do?
■ Understand data supporting pre- and post-operative treatment planning using

MammaPrint® and BluePrint®
■ Review the latest MammaPrint and BluePrint data presented at SABCS 2021
■ Appreciate the real-world impact of MammaPrint and BluePrint at the University
Hospitals Cleveland Medical Center
■ Ask questions of our distinguished presenters
Register FREE of charge at http://www.captodayonline.com/020722webinar

CAP TODAY does not endorse any of the products or services named within. The webinar is made possible by a special
educational grant from Agendia.
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The Hospital Authority is a statutory body established and financed by the Hong Kong Government to operate and provide an
efficient hospital system of the highest standards within the resources available.

Associate Consultant Positions for Experienced Doctors without Full Registration
(Anaesthesia / Anatomical Pathology / Cardiothoracic Surgery / Otorhinolaryngology / Radiology / Nuclear Medicine /Obstetrics &
Gynaecology / Ophthalmology / Plastic Surgery / Neurosurgery)
(Ref: HO2104001)
Service Resident Positions for Experienced Doctors without Full Registration
(Anaesthesia/ Clinical Oncology / Emergency Medicine / Family Medicine / Intensive Care / Internal Medicine/ Obstetrics & Gynaecology /
Ophthalmology / Orthopaedics & Traumatology / Otorhinolaryngology / Paediatrics / Pathology / Psychiatry / Radiology / Nuclear
Medicine / General Surgery / Cardiothoracic Surgery / Neurosurgery / Plastic Surgery)
(Ref: HO2104002)
The Hospital Authority (HA) invites applications from experienced doctors who are not fully registered with the Medical Council of Hong Kong
and yet have acquired relevant postgraduate qualifications set out in the Requirements to serve the community of Hong Kong. Doctors with
relevant experience or specialize in Anaesthesia, Anatomical Pathology and Radiology are particularly welcomed.
There are ongoing enhancements of the recruitment scheme with expansion of recruitment scope and updated criteria. For more
information on opportunities for non-locally trained doctors in HA and details of the posts, please visit HA website via the link:
http://www.ha.org.hk/goto/limited_registration.
The HKSAR Government has amended existing law to facilitate qualified non-locally trained doctors to practise in the public healthcare sector
of Hong Kong. Doctors serving in HA under the new recruitment scheme who meet the predefined criteria will have opportunities to obtain
full medical registration in Hong Kong without the need to undergo licensing examinations.
Application
Application should be submitted on or before 31 March 2022 (Hong Kong Time) via the HA website http://www.ha.org.hk (choose English
language, click Careers → Medical).
Enquiries
Please contact Mr. Colman HUNG, Hospital Authority Head Office at + 852 2300 6335 or send email to hch827@ha.org.hk.
MICHIGAN

HENRY FORD HEALTH SYSTEM
SENIOR STAFF
COMMUNITY PATHOLOGIST
HENRY FORD ALLEGIANCE HOSPITAL
Henry Ford Pathology and Laboratory Medicine seeks a board-certified general pathologist
for its largest community hospital, Henry Ford Allegiance Hospital in Jackson, Michigan.
Applicants for this position must be expert in general surgical pathology. The successful
candidate will be a senior staff member in the Henry Ford Medical Group, the nation’s 3rd
largest multispecialty clinic-based group practice, supporting the Henry Ford Health
System, a leading US academic medical center and one of the largest healthcare delivery
systems in Southeast Michigan.
Allegiance is a 475-bed comprehensive, acute-care hospital serving central Michigan for
over 100 years. It offers a full range of services with 24-hour Level II trauma care and has
over 400 employed physicians and 3700 staff members.
The Henry Ford Pathology Department is an integrated system clinical department that is
both subspecialized and community-based, composed of 50 senior staff pathologists and
clinical scientists. It oversees laboratory testing at 6 system hospitals, 38 clinic delivery
sites, and a large outreach program. Pathology is recognized as the world’s leading Lean
management laboratory enterprise and the only ISO 15189 accredited laboratory
operations in Michigan. Annual case volumes are 35 million clinical laboratory tests,
over 200,000 surgical pathology specimens, 80,000 cytopathology cases and over 30,000
molecular & cytogenetic tests.
All community hospitals are supported in a hub-and-spoke delivery model by pathology
subspecialists in all disciplines practicing at the Core Laboratories in Detroit. Pathology is
notable as a large, specialized, academic, collegial and engaged employed group practice
within the Henry Ford Medical Group composed of over 40 specialties.
Interested applicants should submit CV, statement of interest and 3 reference names to:
Richard J. Zarbo, M.D., DMD
CHAIRMAN, DEPARTMENT OF PATHOLOGY
AND LABORATORY MEDICINE

Career Center

Connecting Talent with Opportunity

Update or upload your
resume today!

Your next laboratory career
opportunity is right at your
fingertips.
Get your resume in front of employers
who search the database.
Search jobs right from your
smartphone or tablet.

Henry Ford Hospital
2799 W. Grand Blvd.
Detroit, MI 48202-2689
Rzarbo1@hfhs.org

Be the first to get job alerts when a job
that meets your criteria is posted.
Richard J Zarbo, MD
Senior Vice President and KD Ward Chair
Pathology and Laboratory Medicine
Henry Ford Health System
Detroit, MI 48202
www.henryford.com/hfproductionsystem

Learn how to prepare for an interview
and get free resume writing tips.

Visit www.captodayonline.com/cc to get started!

For information on placing a classified advertisement, please call 888-489-1555
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,EZz&KZ,>d,^z^dD
^E/KZ^d&&Wd,K>K'/^d
KZZd/&/
/E,DdKWd,K>K'z
dŚĞ ,ĞŶƌǇ &ŽƌĚ ĞƉĂƌƚŵĞŶƚ ŽĨ WĂƚŚŽůŽŐǇĂŶĚ >ĂďŽƌĂƚŽƌǇ DĞĚŝĐŝŶĞ ƐĞĞŬƐ Ă ƐĞŶŝŽƌ ƐƚĂī
ƉĂƚŚŽůŽŐŝƐƚ ǁŚŽ ŝƐ ďŽĂƌĚ ĐĞƌƟĮĞĚ ŝŶ ŚĞŵĂƚŽƉĂƚŚŽůŽŐǇ͘ ĚĚŝƟŽŶĂů ĐĞƌƟĮĐĂƟŽŶ ŝŶ
ŵŽůĞĐƵůĂƌƉĂƚŚŽůŽŐǇŝƐĨĂǀŽƌĞĚ͘
The Henry Ford Health System, Detroit, is a leading US academic medical center, the largest
ŚĞĂůƚŚĐĂƌĞĚĞůŝǀĞƌǇƐǇƐƚĞŵŝŶ^ŽƵƚŚĞĂƐƚDŝĐŚŝŐĂŶĂŶĚĂDĂůĐŽůŵĂůĚƌŝŐĞŶĂƟŽŶĂůƋƵĂůŝƚǇ
ĂǁĂƌĚǁŝŶŶĞƌ͘dŚĞWĂƚŚŽůŽŐǇĞƉĂƌƚŵĞŶƚŝƐĂŶŝŶƚĞŐƌĂƚĞĚƐǇƐƚĞŵůĂďŽƌĂƚŽƌǇĂŶĚ,ĞŵĂƚŽƉĂƚŚŽůŽŐǇŝƐĂŽƌĞ>ĂďŽƌĂƚŽƌǇƐĞƌǀŝŶŐϲƐǇƐƚĞŵŚŽƐƉŝƚĂůƐ͕ƚŚĞ,ĞŶƌǇ&ŽƌĚĂŶĐĞƌ/ŶƐƟƚƵƚĞ͕
ϯϬĐůŝŶŝĐĚĞůŝǀĞƌǇƐŝƚĞƐ͕ĂŶĚĂůĂƌŐĞŽƵƚƌĞĂĐŚƉƌŽŐƌĂŵ͘/ƚŝƐĨƵƌƚŚĞƌƌĞĐŽŐŶŝǌĞĚĂƐƚŚĞǁŽƌůĚ͛Ɛ
leading Lean management laboratory enterprise and the only ISO 15189 accredited
ůĂďŽƌĂƚŽƌǇ ŝŶ DŝĐŚŝŐĂŶ͘ dŚĞ ĞƉĂƌƚŵĞŶƚ ŝƐ ĐŽŵƉŽƐĞĚ ŽĨ ϱϬ ƐĞŶŝŽƌ ƐƚĂī ƉĂƚŚŽůŐŝƐƚƐ ĂŶĚ
ĐůŝŶŝĐĂů ƐĐŝĞŶƟƐƚƐ͘ dŚĞ ĞƉĂƌƚŵĞŶƚ ŚĂƐ ϴ ďŽĂƌĚ ĐĞƌƟĮĞĚ ŵŽůĞĐƵůĂƌ ƉĂƚŚŽůŽŐǇ ƐƚĂī ŝŶ ƚŚĞ
Division of Molecular Pathology and Genomic Medicine and the Henry Ford Center for
WƌĞĐŝƐŝŽŶ ŝĂŐŶŽƐƟĐƐǁŚŽůĞǀĞƌĂŐĞƚŚĞůĂƚĞƐƚŶĞǆƚŐĞŶĞƌĂƟŽŶƐĞƋƵĞŶĐŝŶŐĂŶĚŵŝĐƌŽĂƌƌĂǇ
ƚĞĐŚŶŽůŽŐǇ͘dŚĞůĂďŽƌĂƚŽƌŝĞƐĂƌĞƐƚĂīĞĚďǇϳϱϬƚĞĐŚŶŝĐĂůƐƚĂī͕ǁŝƚŚĂŶŶƵĂůĐĂƐĞǀŽůƵŵĞƐŽĨϭϯ
ŵŝůůŝŽŶĐůŝŶŝĐĂůůĂďŽƌĂƚƌǇƚĞƐƚƐƚŚĂƚŝŶĐůƵĚĞϯϬ͕ϬϬϬDŽůĞĐƵůĂƌĂŶĚ'ĞŶĞƟĐƐĂŵƉůĞƐ͖ĂŶĚϱϮϬϬ
,ĞŵĂƚŽƉĂƚŚŽůŽŐǇ ƐƉĞĐŝŵĞŶƐ͕ ŝŶĐůƵĚŝŶŐ ďŽŶĞ ŵĂƌƌŽǁƐ͕ ƉĞƌŝƉŚĞƌĂů ƐŵĞĂƌƐ͕ ůǇŵƉŚ ŶŽĚĞƐ͕
ƐŽŌ ƟƐƐƵĞ͕ ĂŶĚ ŇŽǁ ĐǇƚŽŵĞƚƌŝĐ ĞǆĂŵŝŶĂƟŽŶƐ͘ /Ŷ ĂĚĚŝƟŽŶ ƚŽ ƉƌŽĨĞƐƐŝŽŶĂů ĚƵƟĞƐ͕
ƉĂƌƟĐŝƉĂƟŽŶ ĂŶĚ ŐƌŽǁƚŚ ŝŶ ƋƵĂůŝƚǇ ŝŵƉƌŽǀĞŵĞŶƚ͕ >ĞĂŶ ŵĂŶĂŐĞŵĞŶƚ͕ ĞĚƵĐĂƟŽŶ ĂŶĚ
ƌĞƐĞĂƌĐŚŝŶŝƟĂƟǀĞƐŝƐĞǆƉĞĐƚĞĚ͘
Interested applicants should submit CV, a statement describing previous accomplishments
ĂŶĚĨƵƚƵƌĞĚŝƌĞĐƟŽŶ͕ǁŝƚŚŶĂŵĞƐŽĨϯƌĞĨĞƌĞŶĐĞƐƚŽ͗
Richard J. Zarbo, M.D., DMD
CHAIRMAN, DEPARTMENT OF PATHOLOGY AND
LABORATORY MEDICINE
Henry Ford Hospital
2799 West Grand Blvd,
Detroit MI 48202
ZǌĂƌďŽϭΛŚĬƐ͘ŽƌŐ
Richard J Zarbo, MD
Senior Vice President and KD Ward Chair
Pathology and Laboratory Medicine
Henry Ford Health System
Detroit, MI 48202
ǁǁǁ͘ŚĞŶƌǇĨŽƌĚ͘ĐŽŵͬŚĨƉƌŽĚƵĐƟŽŶƐǇƐƚĞŵ

SENIOR STAFF
^hZ'/>Wd,K>K'/^d
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>/sZWd,K>K'z
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ED/>'ZKhW
The Henry Ford Department of Pathology and Laboratory Medicine is seeking
Ă ďŽĂƌĚͲ ĐĞƌƟĮĞĚ ƐƵƌŐŝĐĂů ƉĂƚŚŽůŽŐŝƐƚ ǁŝƚŚ 'ĂƐƚƌŽŝŶƚĞƐƟŶĂůͬ>ŝǀĞƌ WĂƚŚŽůŽŐǇ
ĨĞůůŽǁƐŚŝƉͲƚƌĂŝŶĞĚƐƵďƐƉĞĐŝĂůƚǇĞǆƉĞƌƟƐĞƚŽũŽŝŶƚŚĞƐĞŶŝŽƌƐƚĂīŽĨŽƵƌĂĐĂĚĞŵŝĐ
ƉƌĂĐƟĐĞĂƚ,ĞŶƌǇ&ŽƌĚ,ŽƐƉŝƚĂů͘WĂƚŚŽůŽŐǇŝƐĂŶĞŵƉůŽǇĞĚŐƌŽƵƉƉƌĂĐƟĐĞŽĨƚŚĞ
,ĞŶƌǇ&ŽƌĚDĞĚŝĐĂů'ƌŽƵƉ͕ƚŚĞŶĂƟŽŶ͛ƐϯƌĚůĂƌŐĞƐƚĐůŝŶŝĐͲďĂƐĞĚŐƌŽƵƉƉƌĂĐƟĐĞ͘dŚĞ
ŝĚĞĂůĂƉƉůŝĐĂŶƚǁŽƵůĚďĞĂĐŽŵƉĂƟďůĞĮƚĂŶĚĂůƐŽŚĂǀĞŝŶƚĞƌĞƐƚŝŶƌĞƐŝĚĞŶƚĞĚƵĐĂƟŽŶ͕
ĂŶĚͬŽƌĐůŝŶŝĐĂůƚƌĂŶƐůĂƟŽŶĂůƌĞƐĞĂƌĐŚ͘
The Henry Ford Health System, Detroit, is a leading US academic medical center,
the largest healthcare delivery system in Southeast Michigan. Pathology is an
ŝŶƚĞŐƌĂƚĞĚ ƐǇƐƚĞŵ ůĂďŽƌĂƚŽƌǇ ŽǀĞƌƐĞĞŝŶŐ ƚĞƐƟŶŐ Ăƚ ϲ ƐǇƐƚĞŵ ŚŽƐƉŝƚĂůƐ͕ ϯϬ ĐůŝŶŝĐ
ĚĞůŝǀĞƌǇƐŝƚĞƐ͕ĂŶĚĂůĂƌŐĞŽƵƚƌĞĂĐŚƉƌŽŐƌĂŵ͘/ƚŝƐĨƵƌƚŚĞƌƌĞĐŽŐŶŝǌĞĚĂƐƚŚĞǁŽƌůĚ͛Ɛ
leading Lean management laboratory enterprise and the only ISO 15189
ĂĐĐƌĞĚŝƚĞĚůĂďŽƌĂƚŽƌǇŝŶDŝĐŚŝŐĂŶ͘dŚĞĞƉĂƌƚŵĞŶƚŝƐĐŽŵƉŽƐĞĚŽĨϱϬƐĞŶŝŽƌƐƚĂī
ƉĂƚŚŽůŽŐŝƐƚƐĂŶĚĐůŝŶŝĐĂůƐĐŝĞŶƟƐƚƐǁŝƚŚϴďŽĂƌĚͲĐĞƌƟĮĞĚŝŶŵŽůĞĐƵůĂƌƉĂƚŚŽůŽŐǇ͘
dŚĞůĂďŽƌĂƚŽƌŝĞƐĂƌĞƐƚĂīĞĚďǇϳϱϬƚĞĐŚŶŝĐĂůƐƚĂī͕ǁŝƚŚĂŶŶƵĂůĐĂƐĞǀŽůƵŵĞƐŽĨŽǀĞƌ
ϭϯ ŵŝůůŝŽŶ ĐůŝŶŝĐĂů ůĂďŽƌĂƚŽƌǇ ƚĞƐƚƐ͕ ŽǀĞƌ ϭϴϬ͕ϬϬϬ ƐƵƌŐŝĐĂů ƉĂƚŚŽůŽŐǇ ƐƉĞĐŝŵĞŶƐ
ĂŶĚ ŽǀĞƌ ϯϬ͕ϬϬϬ ŵŽůĞĐƵůĂƌ ĂŶĚ ĐǇƚŽŐĞŶŽŵŝĐ ƚĞƐƚƐ͘ ^ƵƌŐŝĐĂů WĂƚŚŽůŽŐǇ ŝƐ Ă ŽƌĞ
Laboratory located at Henry Ford Hospital that serves all delivery sites.
Interested applicants should submit CV, a statement describing previous accomplishments
ĂŶĚĨƵƚƵƌĞĚŝƌĞĐƟŽŶ͕ǁŝƚŚŶĂŵĞƐŽĨϯƌĞĨĞƌĞŶĐĞƐƚŽ͗
Richard J. Zarbo, M.D., DMD
CHAIRMAN, DEPARTMENT OF PATHOLOGY
AND LABORATORY MEDICINE
Henry Ford Hospital
2799 W. Grand Blvd.
Detroit, MI 48202-2689
ZǌĂƌďŽϭΛŚĬƐ͘ŽƌŐ
Richard J Zarbo, MD
Senior Vice President and KD Ward Chair
Pathology and Laboratory Medicine
Henry Ford Health System
Detroit, MI 48202
ǁǁǁ͘ŚĞŶƌǇĨŽƌĚ͘ĐŽŵͬŚĨƉƌŽĚƵĐƟŽŶƐǇƐƚĞŵ

LumiraDx, Audere offer
at-home self-collection kit
LumiraDx announced a partnership with
digital health nonproﬁt Audere to offer
a COVID-19 nasal specimen collection
kit that has been authorized for use with
the LumiraDx SARS-CoV-2 RNA Star
Complete assay to process self-collected
samples. SARS-CoV-2 RNA Star Complete has received FDA emergency use
authorization for use by authorized laboratories. Laboratories using SARS-CoV-2
RNA Star Complete will be able to integrate Audere’s HealthPulse@home into
their systems.
By following HealthPulse@home
authorized labeling instructions, CLIAcertiﬁed labs can customize and rebrand
HealthPulse@home to bring their own
specimen collection kit to market without
completing all of the steps required to
obtain FDA EUA.
LumiraDx, 888-586-4721

be analyzed in the reusable device and
results would be displayed on users’
smartphones.
The device has not been reviewed by
the FDA and is not available for sale.
Co-Diagnostics, 801-438-1036

Bio-Rad adds SARSCoV-2 S gene delta-kappa
variants control
Bio-Rad Laboratories launched its Exact
Diagnostics SARS-CoV-2 S Gene DeltaKappa Variants Control for research
testing. The control includes lineages
B.1.617.1, B.1.617.2 (AY sublineages),
and B.1.617.3.
The product is an addition to the company’s SARS-CoV-2 S gene variants controls alpha, beta, epsilon, and gamma,
which were released in August. All are
intended to be
validated as

Streck launches QC
for sepsis
Streck announced the availability of its
MDx-Chex for BCID2 quality control, designed to meet the standards for verifying the performance of sample-to-result
molecular tests for sepsis.
MDx-Chex for BCID2 evaluates the
entire analytical process of the test, including cell lysis, DNA extraction, and
purification and removal of PCR inhibitors, as well as qPCR ampliﬁcation,
detection, and analysis. The product can
be used for assay veriﬁcation, to track lotto-lot performance of tests, and to reduce
the occurrence of incorrect results due to
instrument or assay failures.
Streck, 800-843-0912

Co-Diagnostics to acquire
Idaho Molecular, Advanced
Conceptions
Co-Diagnostics has entered into deﬁnitive agreements with Idaho Molecular
and Advanced Conceptions in which
both companies will become wholly
owned subsidiaries of Co-Dx. Salt Lake
City–based Co-Dx has been working with
Idaho Molecular and Advanced Conceptions on the development of Co-Dx’s
at-home, point-of-care diagnostic device.
The transactions will provide Co-Dx with
existing and future assets and intellectual
property related to the platform.
Co-Dx said in a press statement that
it expects the acquisition will streamline the commercialization of the Eikon
platform and YourTest PCR device. The
YourTest PCR device has been designed
with specialized optics to accommodate multiplexed assays. The single-use
YourTest PCR COVID-19 test cartridges
are being designed to work with saliva
or nasal swab samples. Samples would

independent
external run
controls and used for research testing
with molecular assays targeting mutations in the S gene.
The controls consist of synthetic RNA
transcript of the variants of the SARSCoV-2 S gene in a matrix simulating
transport media. The product also contains human genomic DNA, which includes the human RNase P, for internal
control needs, allowing laboratories to
monitor the entire process of a molecular
assay, including extraction, ampliﬁcation,
and detection.
The SARS-CoV-2 delta-kappa variant
S genes and human gDNA are internally
targeted to 200,000 copies/mL and 75,000
copies/mL, respectively, using Bio-Rad
Droplet Digital PCR to ensure lot-tolot consistency. Open-vial stability is
seven days at 2° to 8°C and shelf life is
18 months at −20°C or 12 months at 2°
to 8°C.
Bio-Rad Laboratories, 510-724-7000

Siemens SARS-CoV-2
testing portfolio detects
omicron
Siemens Healthineers announced that
the company’s SARS-CoV-2 tests are
designed to detect the omicron variant.
The company evaluated the potential impact of the variant on the Clinitest Rapid
COVID-19 antigen test; the FTD SARSCoV-2 assay, a PCR —continued on 60
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test; and the Atellica IM/Advia Centaur
SARS-CoV-2 antigen assay (CoV2Ag).
To assess the potential impact of the
Clinitest rapid test and the CoV2Ag assay, Siemens’ R&D team analyzed the
sequence data of the omicron variant
nucleocapsid protein, which demonstrated greater than 98 percent sequence
homology of the nucleocapsid protein to
other SARS-CoV-2 variants. The Clinitest
Rapid COVID-19 Antigen Self-Test has a
sensitivity of 97.25 percent and a specificity of 100 percent compared with a PCR,
or nucleic acid-detection method, and
provides results in 15 minutes.
The CoV2Ag test shows strong alignment compared with automated RTPCR testing, with sensitivity exceeding

96 percent and specificity exceeding 99
percent for the Atellica CoV2Ag test. The
Atellica IM analyzer can run up to 440
tests per hour.
Siemens also confirmed, based on in
silico analysis, that the FTD SARS-CoV-2
assay detects the omicron variant.
Siemens Healthineers, 888-826-9702

Roche launches Cobas
5800 molecular Dx system
in CE markets
Roche launched its Cobas 5800 system
in countries accepting the CE mark. The
real-time PCR molecular testing solution
is built to offer a fully automated workflow that encompasses sample supply,
transfer and preparation, amplification
and detection, result calculation, and

One part microscope. One part mirror.
CAP Peer Inspections are a formula for success.

Uniquely built on a reciprocal, peer-based inspection model, the College
of American Pathologists (CAP) Accreditation Program offers benefits to
both the laboratories being inspected, and the laboratory providing the
inspection team.
Our peer inspection model:
• Reduces risk of errors and accidents
• Draws from real-world experience to expose vulnerabilities
• Provides a robust inspection of every section of the laboratory
• Encourages a shared exchange of ideas, procedures, and forms to
improve performance
• Leverages the expertise of a pathologist as team leader
• Offers an educational—not punitive—
inspection of your laboratory
Hear firsthand why peer inspections are
invaluable to a successful laboratory.
© 2021 College of American Pathologists. All rights reserved.
30225.1221
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delivery to the laboratory information
system. The single module enables a
walkaway time of up to eight hours.
“Diagnostics continue to revolutionize
how providers care
for patients, and it
is essential, now
more than ever,
that the health care
community has access to reliable and
accurate testing solutions,” Thomas
Schinecker, CEO
of Roche Diagnostics, said in a press
statement. ”We are
pleased that we can
now offer a compact, fully
automated molecular system such as
the Cobas 5800 system. This new system

helps to address the high demands on
labs through greater efficiency, optimized workflows, and cost savings,
enabling them to deliver quality
patient care.”
The Cobas 5800 will have
the same menu as the Cobas
6800/8800 systems, including the Cobas SARS-CoV-2
test. It offers an expanded
onboard capacity that allows
labs to test multiple assays
simultaneously and delivers
up to 144 results in an eighthour shift.
Roche anticipates receiving FDA approval during
the fourth quarter of 2022.
The system is not yet available
in the United States.

Postmortem oral fluid
toxicology testing

outlined by accreditation bodies such as
the ANSI National Accreditation Board
and the American Board of Forensic
Toxicology and adopted by medical examiners and coroners since 2016. To
date, thousands of cases have been conducted using this patented technology.
Prior controlled studies were designed
to document the efficacy, accuracy, and
rapidity of using oral fluid to detect the
presence of drugs and quantify drug concentrations compared with conventional
collection modalities used in forensic
autopsies. Samples of oral fluid were
collected from sublingual and submandibular locations. These studies revealed
that drugs collected after death from
the sublingual location were preserved
in the salivary glands, which served as
intact reservoirs2-5 even in cases where
blood, purge, or fluids that have seeped
from mucosal tissues and capillaries
have been observed in the oral cavity.
Pharmacokinetics of the drugs in oral
fluid are described in literature as being
similar to those in blood concentrations,
which signifies recent use of the drug.
Mathematical models have been developed to predict saliva-plasma drug
concentration ratios.7,8 The passive diffusion of drugs from blood to oral fluid
is influenced greatly by five factors: the
drug’s pKa, protein binding of the drug,
lipophilicity, spatial configuration, and
molecular size.9-12
The collection process is performed
by placing a cellulose collection pad
into the sublingual area, adjacent to
the second bicuspid and first molar,
for approximately 15 minutes. The collection pad is then removed, observed
for pad saturation (a minimum of 1 mL
is required), placed into the collection
device, and shipped to the laboratory.
Analysis is performed using an enzymelinked immunosorbent assay (ELISA)
and/or liquid chromatography-mass
spectrometry/mass spectrometry (LCMS/MS) instrumentation.7 The drug
classes tested consisted of nonsteroidal anti-inflammatory drugs, alcohol,
alcohol metabolites, barbiturates, ben-

The following is an editorial contribution from SteelFusion Clinical Toxicology
Laboratory LLC. It was authored by Amy
J. Reisinger, Autumn C. Miller, Melissa R.
Baldwin, Jana L. Champion, and Terra L.
Shuma, all of SteelFusion.

Death investigators are tasked with the
responsibility of providing irrefutable
and accurate determinations in the cause
and manner of death in a timely fashion
for ongoing investigations. Outcomes of
any death may be revealed by the specimens submitted for toxicology analysis.1
The conundrum of ample opinions is
that there is no “one size fits all” when
selecting appropriate specimens. Human nature tends to rely on traditional
approaches for the collection, processing, and reporting of results because
it’s easier to stay status quo. However,
with drug overdose deaths increasing,
reports are further delayed, causing
an influx of backlogged cases. To assist
with these issues, our laboratory developed an economical, time-efficient,
safe, and less-invasive collection method
that delivers real-time results within 24
to 48 hours, accelerating the autopsy
process and the ability to close cases
expeditiously.
SteelFusion Clinical Toxicology Laboratory LLC’s patented rapid oral fluid
technology has streamlined the toxicology process by collecting one matrix
from postmortem decedents for the detection and quantification of medicinal
and illicit drugs and alcohol.2-5 William
James said, “The aim of science is always
to reduce complexity to simplicity”;
however, motivating people to adopt
new matrices and procedures is easier
said than done. It has been stated that
the use of oral fluid drug testing for
postmortem toxicology has not been
extensively researched.6
On the contrary, postmortem oral
fluid has been developed and validated
to meet the ongoing quality assurance as

Roche, 317-521-2000
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Seegene PCR test IDs
omicron, VOCs in one tube

Put It on the Board

Seegene unveiled the Novaplex SARSCoV-2 Variants VII assay for research
use only. The assay identifies positive
COVID-19 cases and distinguishes
between alpha, beta, gamma, delta,
and omicron and its stealth version.
The RT-PCR test targets five analytes
including the RdRP gene and three
omicron S-gene mutations, E484A,
N501Y, HV69/70 deletion. It also targets
endogenous internal controls, which
serve as a control to verify specimen
validity.
The assays are applied on the company’s integrated All-in-One automated platform for high-throughput
testing.

and achieved 100 percent sensitivity
and 50 percent or higher specificity
for slides from all six hospitals.

Seegene, 925-448-8172

n

Among the benefits, the companies say, is a more diverse product
pipeline and enhanced R&D capabilities. The transaction is expected
to accelerate an innovative pipeline.

continued from 62

Quidel to acquire Ortho

CMS updates payment
rates for ’22

Quidel and Ortho Clinical Diagnostics Holdings entered into a definitive agreement in which Quidel
will acquire Ortho for $24.68 per
share of common stock using a
combination of cash and newly issued shares in the combined company. The transaction is expected
to close during the first half of fiscal
year 2022.

The Protecting Medicare and American Farmers from Sequester Cuts
Act, which Congress passed Dec. 9,
2021, increased payments on the
Medicare physician fee schedule in
2022 by three percent. The Centers
for Medicare and Medicaid Services
followed by implementing the provisions in the law and increased the
conversion factor used to calculate

fee schedule rates, from $33.5983 to
$34.6062. The CAP’s 2022 Medicare
physician fee schedule impact table
showing these changes is at https://j.
mp/3Jmioht.
The CMS had published on
Nov. 2 last year its final 2022 Medicare physician fee schedule, which
included an overall cut of about
four percent.
n
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zodiazepines, synthetic cannabinoids,
cathinones, general anesthetics, muscle
relaxants, neuroleptics, opiates, semisynthetic opioids, opioid antagonists/
analgesics, stimulants, hypnotics, antitussives, antidepressants, cannabinoids,
antipsychotics, anticonvulsants, antihistamines, and illicit drugs.
To demonstrate the prevalence of
drugs detected in paired samples, participating medical examiners and coroners simultaneously collected oral fluid,
blood, urine, vitreous fluid, and tissue
from five postmortem decedents. Oral
fluid was collected and analyzed per
our laboratory procedures, whereas the
remaining matrices were sent to outside
reference laboratories for analyses (lab
SF and labs A–D, respectively). These
cases demonstrate the matrix, number
of drugs quantified, and turnaround
times (Fig. 1). In some instances, several
matrices were collected but not tested,
and not all presumptive positives were
quantified, resulting in lengthy turnaround times compared with oral fluid.
For example, in case No. 1, four of the
eight presumptive positive results were
not quantified, even with the analysis
of an additional matrix. However, 11
drugs were quantified within seven
hours using oral fluid. The importance
of evaluating drug concentrations is to

determine if drugs are within the range
of being toxic or lethal, which is impossible to do if relying only on qualitative
findings.
Oral fluid collected, processed, and
analyzed from a postmortem decedent
is a novel, alternative matrix in forensic
toxicology for detecting and quantifying
drugs, generating results comparable
to the historical gold standards and/or
sometimes even detecting more drugs
than the gold standards. Furthermore,
in instances where cases would be considered indeterminant due to insufficient and/or unavailable matrices,
such as with decomposition (up to 174
days postmortem), drowning, charred
bodies, embalming, homicide, suicide,
motor vehicle accidents, factory and
train accidents, or in stillborn babies,
oral fluid has proved otherwise.
1. Flanagan RJ, Connally G, Evans JM. Analytical
toxicology: guidelines for sample collection postmortem. Toxicol Rev. 2005;24(1):63–71.
2. Reisinger AJ. Rapid and sensitive method of forensic toxicology in post-mortem subjects using oral
fluid testing. U.S. patent 9,366,685 B1. June 14, 2016.
3. Reisinger AJ. Rapid and sensitive method of forensic toxicology in post-mortem subjects using oral
fluid testing. U.S. patent 9,817,006 B2. Nov. 14, 2017.
4. Reisinger AJ. Rapid and sensitive method of forensic toxicology in post-mortem subjects using oral
fluid testing. U.S. patent 10,267,811 B2. April 23, 2019.

5. Reisinger AJ. Rapid and sensitive method of
forensic toxicology in post-mortem subjects and in
living and post-mortem animals using oral fluid
testing. U.S. patent 10,753,952 B2. Aug. 25, 2020.
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FDA clears SeptiCyte Rapid
The Food and Drug Administration
granted 510(k) clearance for SeptiCyte Rapid, which runs on Biocartis’ molecular diagnostics Idylla
platform. It’s a fully automated,
rapid host-response test that distin-

guishes sepsis from infection-negative systemic inflammation in patients suspected of sepsis.
FDA clearance was based on data
from retrospective and prospective
studies validating the clinical accuracy of SeptiCyte Rapid. The ret-

rospective clinical study consisted
of eight sites in the United States
and Europe from the MARS clinical
trial (NCT01905033) and VENUS
clinical trial (NCT02127502). The
prospective study, NEPTUNE, evaluated real-time performance of the
test in a clinical setting at Emory
University, Rush University, and
the University of Southern California. In retrospective and prospective

studies, the sepsis status of patients
was determined by a three-member
panel of expert physicians.
Immunexpress of Seattle will
commercialize the test to ensure
availability across the U.S. this year.

Roche releases newest
AI-based digital
pathology algorithms
Roche announced on Dec. 7 its research-use-only launch of three new
automated digital pathology algorithms: uPath Ki-67 (30-9), uPath ER
(SP1), and uPath PR (1E2) image
analysis for breast cancer.
The algorithms are ready-to-use,
Roche says, and integrated within
its uPath enterprise software and
Navify Digital Pathology, the cloud
version of uPath.

Olympus announces 1st
results of AI-based tool
for gastric cancer

LEARN TO APPLY

INNOVATIONS
The educational opportunities offered through the CAP are
truly outstanding. I know I can stay at the top of my field by
learning state of the art approaches and new technologies
at the CAP Annual Meeting.
— NADJA FALK, MD, FCAP
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The results of Olympus’ ongoing
joint research program to create an
AI-based pathology diagnostic tool
were announced at the Japan Society of Digital Pathology Study annual meeting in November 2021.
The diagnostic tool achieved 100
percent sensitivity and 50 percent
or more specificity for all gastric
biopsy pathology specimens analyzed, according to an Olympus
press release.
Olympus, through its Office of
Innovation, began a collaboration
with the Kure Medical Center and
Chugoku Cancer Center in Japan in
2017 to develop an AI-based pathology diagnostic tool. In the initial
testing phase, the AI was trained
using 368 gastric biopsy pathology
slide images.
The second phase of research
began in 2020, when the diagnostic
tool was expanded to six hospitals
in Japan, with the aim of verifying
the tool’s versatility and improving
its accuracy, Olympus says. The
goal of this program, it says, is to
deliver AI pathology diagnosis software that can assist pathologists by
2023.
The AI-based pathology tool uses
a convolutional neural network optimized to analyze pathology images. This technology enables the
tool to identify adenocarcinoma
versus nonadenocarcinoma tissue
in an image. Once the AI was
trained, it was tested using 1,200
pathology whole slide images from
the six hospitals. The AI classified
each image as adenocarcinoma or
nonadenocarcinoma —continued on 61

WHY IS IT ESSENTIAL TO KEEP THE PAP?
BECAUSE THEY’RE WORTH IT.
1 in 5 women with cervical cancer were missed by HPV-Alone screening.1,2*
Pap + HPV (co-testing) empowers you to do everything you can to protect the health of your patients.
Studies show Pap + HPV (co-testing) detects 95% of cervical cancers.1,2 The patient experience is exactly the
same, making it an easy decision to do everything you can, to do the best for your patients. When it comes
to cervical cancer, if you want to provide complete care you need to administer complete testing.

Learn why every woman is worth two tests ⊲

* A positive HPV screening result may lead to further evaluation with cytology and/or colposcopy.
References: 1. Blatt AJ, et al. Comparison of cervical cancer screening results among 256,648 women in multiple clinical practices. Cancer Cytopathol. 2015;123(5):282-288. doi:10.1002/ cncy.21544 (Study included ThinPrep, SurePath and Hybrid Capture 2 assay). 2. Austin RM, et al. Enhanced detection of
cervical cancer and precancer through use of imaged liquid-based cytology in routine cytology and HPV cotesting. Am J Obstet Gynecol. 2018;150(5):385-392. doi:10.1093/ajcp/aqy114 (Study included ThinPrep Pap test, ThinPrep imaging, Digene HPV, Cervista HPV and Aptima HPV).
ADS-02979-001 Rev. 002 © 2021 Hologic, Inc. All rights reserved. Hologic and associated logos are trademarks and/or registered trademarks of Hologic, Inc. and/or its subsidiaries in the United States and/or other countries.

BRING URINALYSIS
INTO FOCUS

Sysmex UN-Series™
Automated Urinalysis Solution

The Art of Urinalysis.
Focus on science, not samples.
The Sysmex UN-3000™ is a comprehensive automated solution for
today’s urinalysis labs. Urine dipstick testing from the CLINITEK Novus®
Automated Urine Chemistry Analyzer and particle identification from
the UF-5000™ Fully Automated Urine Particle Analyzer will handle
most routine urinalysis without further intervention. But for those
samples that require further analysis, Sysmex created the UD-10™
Fully Automated Urine Particle Digital Imaging Device. The UD-10’s
microscope quality images and flexible viewing options allow your
laboratory to reach new levels of control, quality assurance and
efficiency. Less manual microscopy means more time to focus on the
scientific expertise laboratory professionals provide.

Learn more at Sysmex.com/UA
© 2022 Sysmex America Inc.

