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Is It Time for a Broader Call to Learn the
Language of Pathology and Laboratory Medicine?
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The fields of pathology and laboratory medicine have a
long-standing pipeline problem.’? Most students do not
have medical laboratory sciences or pathology on their
list of possible future careers, partly because their ex-
posure to those fields as careers is extremely limited.®
Confounding this problem are the incorrect and contra-
dictory impressions that pathology might be an “inferior”
specialty within medicine (due to lack of direct patient
contact), chosen by only those with poor communica-
tion skills or those who are not doing well academically.
Others believe incorrectly that pathology requires only
the highest level of scientific knowledge and skills, such
that students who are not in the top tiers of their basic
science courses need not apply.®”’

Similarly, because most university and college academic
advisors are unaware of the many career opportunities in
the laboratory, they might not actively encourage sci-
ence and math majors to consider these professions.
Everyone has personal or media exposure to physicians
and nurses in typical patient-facing roles (on television
shows, etc). However, aside from forensic pathologists
and crime scene investigators, who are often portrayed in
unrealistic settings and roles, there are few media depic-
tions of pathologists or laboratorians to inspire the next
generation. Most patients have never toured laboratories
or met the laboratory professionals and pathologists who
are central to diagnostic patient care. Further, information
regarding the lifestyle, reimbursement, and career oppor-
tunities in pathology and laboratory medicine/science are
not widely available.

How do we address these problems? Many have previously
discussed the importance of building pipelines for engaging
students earlier in their education and creating inroads into
the fields of pathology and laboratory medicine/science.
These approaches have been developed, by collabor-
ations with student interest groups, to offer symposia and
other events exposing students to laboratory careers. The
students selected for these “interventions” are often the

same—biology, chemistry, and life sciences majors who do
not have a clear understanding of pathology and laboratory
careers.

Doing this makes sense, to address the gaps in their under-
standing of the opportunities that laboratory and pathology
careers offer. However, we also suggest considering and
reaching out to the “not-so-usual” candidates, among un-
tapped pools of gifted people who would bring uncommon
but much-needed skills and perspectives to our profession.
Why don’t we reach out to arts, music, or history majors?
The obvious, traditional answer has been that they lack
scientific training, which might seemingly put them at a dis-
advantage for the profession. However, assuming that they
fulfill the usual prerequisites required to enter laboratory-
professional training programs or medical school, this would
not be an issue. Let us consider the other skills and training
that they would bring.

Music Majors

Serious music students typically have extensive training

in music theory, a discipline requiring complex spatial
memory and analysis of abstract relationships. Music stu-
dents develop reading, listening, and writing skills, and they
approach problems differently from classical cognitive-
scientific methods. The tonality and rhythm structures of
classical Western music are often quite different from those
of Asian and Middle Eastern music, and from some forms of
indigenous music and jazz. Performance experiences and
courses in music theory require students to set aside their
learned preferences to understand and analyze ideas pre-
sented in significantly varying forms.®

Also, music students are extensively trained in teamwork,
professionalism, and discipline. Performing requires lis-
tening to others, patience, staying in the present, timing,
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taking turns with expressing one’s “voice”, and some-
times interpreting a score (a set of “rules” or “guidelines”)
in fresh and innovative ways.® These experiences and
skills are integrally important in ensemble courses and
performance groups, where students learn how to handle
conflict and miscommunication professionally. Because
a musician’s reputation is central to future employment,
professionalism and the ability to work with others are
critical.

Also, musicians must use their extramural time wisely to
reach tangible goals of musical performance proficiency.
This work ethic and discipline would extend well to labora-
tory medicine, such as when scientists agree to take on
quality improvement or research projects. These students
would be accustomed to working on a team, performing
professionally and efficiently to help the laboratory run more
smoothly.

Finally, universities around the country have been
introducing music double-major options and “music with
elective studies” options for students hoping to de-
velop their musical abilities while gaining the education
required to enter graduate school in a different topic.
These programs are challenging but offer the oppor-
tunity for students to balance their scientific studies with
a passion for music. This approach could help prevent
future burnout and enhance students’ ability to main-
tain a healthy life balance as they progress through their
academic and professional careers. These student might
bring new approaches to help our profession address
wellness and life balance wisely and creatively.'® It is
worth nothing, anecdotally, that many physicians and
laboratory scientists are also accomplished musicians.
There is considerable overlap in the skill sets involved in
medicine and music.

Visual Art Majors

Whether analyzing the subtle strokes of a paintbrush in a
work of art or the hues of crystals in joint fluid, many an
art-oriented brain has found a home in pathology and the
laboratory sciences.!” Numerous laboratorians have men-
tioned that their career focus choices had (at one time)
hinged on the decision between art vs science. Fine-tuning
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the assessment of subtle morphological findings in the
white blood cells of a peripheral blood smear or analyzing
the variations in cytoplasmic content of a sarcoma cell are
akin to critiquing brush strokes and colors in a painting—
they both require a keen eye, an understanding of the me-
dium, and knowledge of the technique.

Students of the visual arts are taught to observe nuances
that may not be obvious to the untrained eye—this is similar
to the process of visual recognition of pathological pro-
cesses grossly and under the microscope. They are also
encouraged to innovate in their use of media and technique,
developing rigorous knowledge in service of new forms of
expression. These attitudes and skills translate well to re-
thinking and recreating approaches to disease recognition
and diagnostic testing. The visual arts (including graphic
arts) are mostly about translating thought into visual repre-
sentations, whether in painting a landscape or designing an
effective advertisement. Recognizing meaningful features of
visual representations is the common denominator between
visual arts and pathology.

Language Majors

All modern pathology laboratories must employ informatic
approaches to reporting patient results, processing large
data sets, and connecting separate diagnostic and testing
instruments to the patient medical record.'? At a funda-
mental level, this requires language fluency in converting
digital events into human language or linguistic text into
digital information amenable to numerical processing.
Students with aptitudes and interest in languages are often
highly gifted, creative, and indispensable for helping us con-
nect human beings, whether they are health care providers
or patients, to information provided by instruments used in
our technologically intensive discipline.

Modern health care delivery needs more people who are
competent in languages, linguistics, and medical science
for a variety of roles, in addition to informatics. In laboratory
medicine, these individuals could be even more valuable if
they earn medical interpreter certification. Because clinical
laboratorians are trained in phlebotomy, scientists with
diagnostic understanding and language competency can
assist in the patient-facing functions of the laboratory by
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delivering patient-centered, culturally competent laboratory
care, and in providing patient materials to improve health
literacy and understanding of test results. These skills are
especially important when establishing or maintaining la-
boratories or clinics in underserved communities.

Also, medical laboratorians with advanced cultural and
language training can serve as cultural liaisons to the la-
boratory or members of ethics committees specializing

in community needs and health initiatives. Pathology is
dependent on effective communication at every level.
Anecdotally, if you ask scientists what the most difficult part
of their job is, many will say writing—yet it is, in many re-
spects, the most important part of their profession.

Engineering Majors

Engineering comprises a diverse collection of majors,
including biological, industrial, chemical, electrical, envir-
onmental, civil, and computer engineering, among others.
Engineering, no matter which path the student chooses, is
a challenging major, and along the way, students receive
advanced training in the sciences, mathematics, and even
business. Because many engineering degrees cover bio-
logical sciences and chemistry, these students might not
need any additional coursework before pursuing a med-

ical laboratory science graduate degree or medical school.

Central to the training of engineers is the application
of science to solve real-world problems. Not only are
engineering graduates impressive scientists, but they
also bring an advanced understanding of process im-
provement in the medical laboratory and to the design
or improvement of diagnostic testing. Similar to how
engineering firms and manufacturing facilities strive

to improve profit margins along with technical innov-
ations, clinical laboratories strive to decrease over-
head, enhance the interaction between the staff and
the instruments, improve efficiency and safety, deliver
more and updated pathology and diagnostic services,
and enhance the value and quality of services without
increasing costs."®'* In addition, recent focus in engin-
eering schools on environmental considerations allows
graduating students to bring specialized skills to help
clinical laboratories address environmental sustain-
ability, an area of increasingly critical need and regula-
tory burden.
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Social Science Majors: History,
Anthropology, Sociology, and
Psychology

The work of a medical laboratory is to serve patients—this
complex process requires working in teams of people with
diverse skills and backgrounds. Also, diagnostic testing
and applications of guidelines are most likely to be ap-
plied correctly and safely when designed by professionals
who understand the complexity of human behaviors,
particularly when addressing human factors that can lead
to error, misinterpretation of results, or implicit biases in
decision-making. Social science students bring knowledge
of human decision making and preferences to health care,
and they are also often trained in the complex, sometimes
chaotic factors that lead to choices and behaviors.'®

In the current era of personalized and precision diagnostics,
one fundamental challenge in laboratory medicine is how
to address personalized care to an individual patient while
incorporating each patient’s data points into evidence-
based approaches that also ensure diagnostic precision. If
psychology and sociology students pursue medical labora-
tory science or pathology, their training in human behavior
could help the laboratory team improve patient care while
bringing more attention to the humanistic side of labora-
tory medicine practice.

In addition to the understanding of the human experience

that these students have, they also have training in research
methods and statistics. During their training as social scientists,
they gain experience with developing and leading research
projects, which further develops their leadership skills associ-
ated with project management. Some social scientists would
bring experience from working with diverse populations during
their research. Addressing health equity in laboratory practice
requires us to include people with these skills on our teams.

Summary

As mentioned earlier herein, recruiting students with diverse
educational backgrounds can improve the practice of path-
ology and laboratory medicine by inviting, and deliberately
including, different approaches and skills to tackling the
problems facing the clinical laboratory. This concept has
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been introduced into admissions initiatives in some medical
schools and other medical graduate programs but has yet
to be explicitly introduced into medical laboratory science
graduate programs. However, if similar holistic admissions
and outreach programs were implemented, the field of
pathology and laboratory medicine could be enriched by
innovative approaches. As a side benefit, increasing the
visibility and the intellectual and cultural diversity in labora-
tory medicine could bring about a better understanding of
the field to the public.

To increase broader knowledge about opportunities in the
fields of pathology and laboratory medicine/science, we need
to improve outreach to high school students who are con-
sidering their future majors at the time that they are making
university choices. We also need to provide middle-school
students and their parents with an “educational roadmap”
informing them of the breadth of opportunities in those fields,
from phlebotomy through the MD/PhD level, as well as the
prerequisites needed, because students may need to select
a college prep track that will provide them with the skills
needed to enter training programs in those fields. There will
also likely need to be a radical shift in how medical laboratory
scientists are trained, given that most students pursue 4-year
degrees before deciding on their profession.

Thinking critically about enhancing recruitment into the
field requires institutions to develop creative solutions

like a professional Master’s program or an advanced
postbaccalaureate training program. Still, these programs
must consider the amount of debt that students are likely
to carry before entry. Because some training programs are
not linked to a college or university (ie, a hospital-linked
training program), it may be difficult to pay for the program
and one’s other living expenses while making required pay-
ments on undergraduate loans. We may need to develop
creative work-study programs by which students gain
tuition reimbursement through work in our laboratories, or
by developing state and national loan-forgiveness programs
with placement of our graduates in areas with high need.
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ABSTRACT

The COVID-19 pandemic has taken a major toll on the economy and
funding for public education. For that reason, the pandemic has a
worrisome effect on the sustainability of university/college based
Medical Laboratory Sciences MLS training programs. Stakeholders
of university-based MLS programs include university administrators,
students, clinical affiliates and faculty. Each group has specific
goals and challenges that affect the sustainability of the program.

The COVID-19 pandemic has put a spotlight on the role of
medical laboratories. Even before the pandemic, the pro-
jected employment growth for medical laboratory scientists
from 2019 to 2029 was expected to be 7%, higher than

the average.! Whether medical laboratory sciences (MLS)
programs in their current construct will be able to keep up
with the projected growth remains to be seen. The number
of National Accrediting Agency for Clinical Laboratory
Sciences accredited MLS programs increased only slightly
in the past 10 years, from 230 in 2009 to 235 in 2019.%° The
American Association for Clinical Chemistry recently asked
Congress for funding to expand clinical laboratory training
programs for future pandemic preparedness.* These efforts
will take time to see fruition. In the meantime, the economy
has suffered greatly, and so has funding for public educa-
tion. Colleges and universities across the nation are making
drastic budget cuts, restructuring their units and eliminating
some degrees.® For that reason, the pandemic has a
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MLS, medical laboratory sciences; BMS, biomedical science; ASCP,
American Society for Clinical Pathology; MLT, medical laboratory
technician; CLEC, Clinical Laboratory Educators’ Conference; SIM,
simulated
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This report details strategies that can be used to satisfy the goals
specific to key stakeholders that lead to sustainability. These
strategies apply in pandemic times and in the back-to-normal
future.

Keywords: COVID-19, enrollment, pandemic, education, management/
administration, sustainability, economy

worrisome effect on the sustainability of university-/college-
based MLS training programs.

Stakeholders of university-based MLS programs include
university administrators, students, clinical affiliates, and
faculty. Each group has specific goals and challenges that
affect the sustainability of the program. This report details
strategies that are being used by 1 institution to satisfy

the goals of those stakeholders, leading to a sustainable
university-based MLS program. These strategies include
changes made because of the COVID-19 pandemic. Herein
they are organized by stakeholder, but there is significant
overlap between the groups.

Administrators

University administrators scrutinize programs when the
economy suffers. Criteria used to evaluate programs include
demand (enrollment), quality, relevance to the workforce,
compatibility with the university mission, and program
cost.®” It is important to ensure that administrators know
about program quality, including the program outcomes of
graduation rate, board examination pass rate, job place-
ment rate, and community support. Administrators should
be reminded of the university’s National Accrediting Agency
for Clinical Laboratory Sciences accreditation. These are
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significant criteria to justify program cost, but program
faculty must be aware that enrollment may be the final
determinant.

Strategy 1

Administrators and faculty must determine the minimum an-
nual number of graduates or student credit hours that their
program needs to be fiscally sound to their home institution
and aim to exceed it. Increasing the number of students
requires student recruitment and expansion of clinical af-
filiates. It also puts a major onus on the faculty for student
success.

Students

The MLS profession has low visibility to the public at
large.® Many students report that they have never heard of
the major.

Strategy 2

Faculty can promote their program to similar majors, eg,
biomedical science (BMS)/biology, at their institution. An
ideal method is to insert 1 or more MLS courses into the
BMS curriculum, preferably as a required course. This
strategy requires significant buy-in if the MLS program is
not housed in the same department or college as the BMS
program. Faculty can attend each others’ faculty meet-
ings, provide syllabi, and show how MLS course content
will benefit the BMS students in their ultimate careers. In
addition faculty can invite BMS faculty to tour a medical
laboratory with them. As fellow scientists, this will help them
gain an appreciation of the laboratory skills that the MLS
courses provide. At the author’s institution, the MLS and
BMS programs had the same dean. The programs worked
side by side to align their curricula.

Faculty should identify the goals of the nonmajor students
early in the course and regularly relate course content to
those goals. One way to do this is to ask students to intro-
duce themselves early in the class and state their career
goals. During the introduction process, the instructor can
immediately relate the overall goals of the course to the
student. Faculty may return to these goals when dis-
cussing specific topics and consider the lens through
which a nonmajor is viewing the course while teaching.
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For example, premedical students taking hematology are
more interested in the disease acute myelogenous leu-
kemia than in the difference between a metamyelocyte and
a myelocyte. Faculty can discuss the big picture and how a
physician will utilize the results of complete blood counts,
cytogenetics, and flow cytometry in making a diagnosis.
Prepharmacy students taking microbiology are interested
in how antimicrobials work, and predental students should
be tuned in to the importance of oropharyngeal flora and
pathogens. Instructors should keep their learning goals
aligned with the career goals of their audience, and show all
their students that instructors respect their students’ goals.

When nonmajors are incorporated into MLS courses, it
benefits the program in 3 ways. First, it increases enrollment
in courses. In spring 2020 at the author’s institution, there
were 24 MLS majors and 23 BMS majors taking diagnostic
microbiology (a required course for BMS) and 24 BMS ma-
jors taking hematology (an elective). The BMS majors pro-
vided a significant increase in credit hours that was viewed
favorably by upper administration. Second, nonmajor
students may select MLS as an alternate career or change
majors. Third, one expects that the students who become
doctors, dentists, physician assistants, and pharmacists

will have a deeper appreciation for the role and training of
medical laboratory scientists. The author’s institution has re-
ceived thank-you cards from past students attending those
professional schools in which they expressed appreciation
for the deep learning they received from their MLS courses.

Strategy 3

Faculty can recruit BMS/biology alumni to their MLS
program and advertise MLS as a second degree on the
departmental website. Earning a second degree appeals to
many students. At the author’s institution, the BMS degree
aligns with the MLS degree, so that all of the MLS pre-
requisite courses have been completed by BMS graduates.
Postbaccalaureate students are admitted to the program

in the same manner as transfer students and complete the
core courses to earn the second degree. Administrators can
obtain the email list of those alumni from the registrar and
contact them 1, 2, and 3 semesters after graduation. It is
important to turn around phone and email queries quickly.

Strategy 4

Faculty should add more start dates to their program, once in
each semester if possible, which will minimize the amount of
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time a prospective student has to wait to start, which leads
to retention. Faculty at the author’s institution realized the
retention implication at a time when they were struggling to
increase their student numbers. Historically, the program had
begun in January only. Two students who missed the start
date reported that they were applying to other programs. To
retain them, the institution opened the second start date in
May. They consequently gained 5 students that year from
that modification. Multiple start dates also improve retention
by providing wiggle room for students who get off-track for
personal reasons.

The author’s MLS program offers its courses once per
year, and laboratory sections run in the same semester
as the lectures. Instructors may need to revise certain
aspects of their MLS core courses and repeat key topics
accordingly so that courses do not have to be taken in

a particular sequence. For example, some students will
take hematology before hemostasis, but others will not.
Faculty must keep this in mind when they design lec-
tures and experiments. The nonsequential course design
fits well with BMS students, because they do not have
the advantage of an MLS background. Some laboratory
skills are repeated every semester, such as laboratory
safety and microscopy. Phlebotomy and specimen types
are discussed in every laboratory section. The reiteration
about preanalytical, analytical, and postanalytical issues
is beneficial to students.

Strategy 5

Faculty may consider adding categorical training to their
program. Students with a bachelor of science degree can
qualify for American Society for Clinical Pathology (ASCP)
categorical training in microbiology, hematology, chemistry, or
immunohematology by completing a structured program of the
categorical requirements from an MLS curriculum. A survey of
MLS program directors conducted in 2016 found that 29.0%
of university programs accepted categorical students.™

Strategy 6

Faculty can create opportunities to support community
within the student groups. Students in their second or
third semester of the program can lead study groups. This
activity provides teaching practice for more seasoned
students and support for new students, nonmajors, and
faculty members. Its aim is to improve student retention in
the course and to extend the reputation of the program to
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Image 1

Building community. Students in their third semester (term 3) host
weekly study sessions.

nonmajors. Study groups can be set up during laboratory
time where attendance is graded. Study groups held out-
side class time are poorly attended without incentive, and
a small amount of extra credit will increase participation.
Weekly study groups help students stay on track, especially
if classes are online and self-paced. Students also im-
prove their communication and organizational skills by their
participation. Image 1 shows a student-led study group at
the author's institution. Zoom, WebEx, and other virtual
platforms are a convenient mechanism for student groups
to meet. Virtual platforms became very popular after March
2020 because of COVID-19.

Clinical Affiliates

The number of clinical seats is a limiting factor for program
growth.'® Some training hospitals accommodate MLS and
medical laboratory technician (MLT) students from other
programs. Local hospitals may not have a sufficient test
menu to train students.

Strategy 7

It is important to recruit more clinical sites. Faculty can use
their state’s hospital database to search out prospective sites
for training, including Veterans Administration and military
hospitals. Faculty should look outside of their own state,
especially if they are located near the state border. Many hos-
pitals will make the argument that they cannot train students
because they have a personnel shortage themselves. This

is an opportunity, not a drawback. The 2018 ASCP vacancy
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survey'" reported that the second and third top difficulties

in hiring result from increased competition for well-trained
personnel and because of applicants who do not have the
necessary certification, education, and skills to perform the
work. Faculty can emphasize to prospective affiliates that
graduates are more likely to be hired by the hospital that
trains them. Hospital human resources departments can be
very helpful with this argument. Matching student profiles to
training sites will facilitate their retention as employees. For
example, if a student wants to be involved in research, then
that student should be placed at a research institution. If a
student is a veteran, then that student should be placed at

a Veterans Administration facility. It is vital not to overlook
smaller facilities. Hospitals that have a limited menu (eg, no
microbiology training) can be paired with larger hospitals to
complete student internship training. Courting new sites takes
time, effort, training, and of course, an affiliation agreement.
This may take more than 6 months to accomplish, so faculty
should plan ahead.

Strategy 8

Clinical affiliate training capacity should be increased, with
staggered start dates for clinical rotations. Large facilities
that take 4 students in a traditional program may be able to
expand to 6 students when the start dates are staggered.
Employers who are part of the author’s institution’s Program
Advisory Committee initially resisted this idea but now ex-
press their appreciation for having prospective employees
graduating every 4 months.

Strategy 9

Faculty should consider how to shorten onsite training time.
Four presentations at the February 2020 Clinical Laboratory
Educators’ Conference (CLEC) conference reported the
benefits of a hybrid program that paired simulated (SIM) la-
boratories with shortened onsite training, and the presenters
expressed their satisfaction with student outcomes.'?”"® The
idea is to create a nonclinical semester on campus that util-
izes robust SIM laboratory experiences that is paired with

a second semester onsite. Utilizing this strategy, a program
can double its student placement with the same number

of affiliates. Designing SIM labs and supporting them is

a significant effort in time and expense. Facilities, faculty,
and materials must be considered and supported. Affiliate
buy-in is essential to these changes. Program faculty can
create a framework for discussion with their advisory board

www.labmedicine.com
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and maximize the utility of their suggestions in the ultimate
curriculum redesign.

In 2020, the COVID-19 pandemic has led to a rapid re-
design of many programs as educators have held to their
mission of graduating qualified medical laboratory sci-
entists. A survey was sent to the MLS and MLT program
directors who attended CLEC 2020 regarding changes they
made because of the pandemic. Thirty-four out of the 46
programs that participated in the survey applied a hybrid
approach, substituting virtual laboratories for some of the
onsite clinical training. Many respondents provided com-
ments that expressed their pride in their simulated labora-
tory sessions and their virtual meetings.'®

Faculty

Strategy 10

Curriculum design is an exciting and creative task. Faculty
can strategize curriculum change as a group and expect
that brainstorming will take several sessions over at least a
semester. It is important to set an overarching schedule and
a smaller agenda for each session. The following questions
can be included: What are the essential skills that should
be offered every semester? What can be offered as SIM
laboratories? What can be offered as a virtual laboratory?
How can instructors keep track of students in different
cohorts? Which courses can be offered online, and which
courses must be face-to-face? What clinical sites should
be courted, and who will make the contact? Which courses
best fit nonmajor students? What have other programs
done that worked? A faculty member can be assigned as
the devil’s advocate during the strategizing. This assigned
duty highlights potential pitfalls and avoids hard feelings.
The program director can set timelines for task completion
and assign faculty as needed to accomplish goals. Faculty
should be encouraged to present their work at conferences
and as publications on the scholarship of teaching and
learning, an added benefit for tenure-track faculty members.

Note that the strategies for sustainability must satisfy all
stakeholders. Table 1 lists the strategies and relates them to
specific stakeholders. The following case study discusses the
author’s program before and after utilizing these strategies.
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Table 1. Eleven Strategies for Sustainability (and
their stakeholders)

Strategy Stakeholders
Fulfill enrollment goal of institution Administrators
Promote the program to students in similar Students
majors at institution

Recruit alumni of similar majors from institution ~ Students

Add additional start dates to program Students
Consider categorical training Students
Create community within student groups to aid Students
retention and expand program reputation

Add clinical sites Affiliates
Stretch clinical site capacity Affiliates
Shorten onsite clinical training Affiliates
Strategize curriculum changes creatively Faculty and affiliates
Be flexible Everyone

Case Study: Strategies
in Action

Before the recession of 2008, the author’s MLS program
graduated 12 to 16 students per year. The program was

2 + 2, part of a bachelor of science degree. It was 5 semes-
ters long; the clinical year started in January. There were 6
full-service affiliates who took 1 to 4 students for a 29-week
rotation. In 2008, university administrators threatened pro-
gram closure because of the economy. The criterion for
closure was low enroliment. Administrators and faculty fol-
lowed a number of strategies to sustain the program.

The university’s formula was used to determine that the
minimum graduate number for sustainability was 24 stu-
dents. A second start date in May was opened, enrolling
postbaccalaureate students and students who were
off-track by a semester. Eventually, another start date in
August was added. To keep track of student cohorts, they
were grouped by term and were oriented to specific re-
quirements relevant to each term. Term 1 students had just
joined, term 3 students were preparing for clinicals, and
term 5 students were getting ready to graduate. A limit of 40
students per year was set, but no limit was set on the size
of each cohort. Figure 1 shows 4 years of enroliment by the
semester that students graduated from the program. The
fluctuation of the numbers by year is notable.

Nonmajor (BMS, biology, and chemistry) alumni were
recruited with direct emails sent twice, at 6 months and
at 12 months after their graduation. The MLS course in
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Figure 1

Four-year summary of graduates of case study MLS program
stratified by semester of graduation. Spring is orange, summer is
yellow, and fall is green. Note the variability in enroliment across
semesters. MLS, medical laboratory sciences.

diagnostic microbiology was added as a required course,
and hematology was added as an elective to the BMS cur-
riculum; these additions increased the program’s visibility
and added more student credit hours to the department.
The exposure to the MLS curriculum has caused some stu-
dents to change majors or come back to the MLS program
postgraduation. Three more laboratory sections were added
to select core courses because of the boost in enroliment,
which also boosted the program’s credit hours. The website
advertises clinical laboratory sciences as a second degree.

Program faculty courted more clinical sites, especially
focusing on hospitals in major cities that were experien-
cing workforce shortages. In addition, they expanded their
geographic range; the program has 22 active affiliates that
span more than 500 miles from east to west in 2 states. The
program pairs large and small hospitals to fulfill curricular
requirements. Faculty and administrators attempt to match
student preferences to the sites, and so far, every student
has been placed without a delay in progression to gradu-
ation. The larger affiliates take up to 6 students per year.
Students with personal or health issues who need time

off can more easily return, which reduces attrition. A re-
curring snag is that clinical sites cannot always accom-
modate the same number of students, and the number of
students varies each semester. This variability can make
scheduling clinical internships more difficult, but it is not
insurmountable.

The COVID-19 pandemic has forced some rapid changes
to program delivery and to the clinical internships. From
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mid-March to July 2020, the university phase of the pro-
gram pivoted to total online delivery. Virtual laboratories
were purchased and/or developed, and alternate assign-
ments were made. Students and faculty met regularly over
WebEXx, Google Hangouts, and Zoom. Several clinical sites
were no longer able to accept students, and 3 students
chose to postpone clinical training. Some of the affiliate
hospitals that were experiencing workforce shortages
recognized this crisis as a hiring opportunity, integrating
the displaced trainees and eventually hiring them.
Administrators and faculty shortened the onsite training
time and created robust SIM laboratories and online prac-
tical exams for the clinical students. The customary end of
program ASCP preparation “Review Week” was held using
WebEx. The feedback from clinical affiliates during the
redesign was considered, and alterations based on their
input were made.

The MLS program has graduated 2 cohorts during the
pandemic with a total of 20 students. All students took
the ASCP Board of Certification examination, with a 95%
pass rate on the first attempt. The median overall score
for these students was 537, compared to the national
mean scaled score of 503. It was also higher than the
median score for the students who took the examination
in 2019. All of the graduates who sought employment
found it. Program faculty and administrators will con-
tinue to evaluate employer feedback through the Advisory
Committee.

Conclusion

For university-based MLS programs to remain viable, they
must satisfy the demands of their stakeholders. To satisfy
university administrators, they must meet certain enroliment
goals. To boost enroliment, they must recruit more quali-
fied applicants. To train applicants, they must increase the
number of clinical training sites. This report shares multiple
strategies that were used by the author’s MLS program to
meet these requirements. These strategies take time and
effort to put them in place. The COVID-19 pandemic has
added additional constraints in 2020, especially regarding
hands-on experience, and has required a rapid response.
The impact of this response is still being evaluated, but so
far it appears successful, leading to the final strategy: be
flexible. LM
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ABSTRACT

Chronic lymphocytic leukemia (CLL) is the most commonly
encountered leukemia in the clinical laboratory. Cytoskeletal
defects in CLL lymphocytes can result in the formation of up to
75% smudge cells (SCs) during blood film preparation. Failure to
account for these damaged lymphocytes in the white blood cell
(WBC) differential diminishes the accuracy and reproducibility of the
results. Lacking clear practice standards on handling SCs in CLL,
different laboratories may employ different methods to mitigate
SC-induced errors. This review explores the pathophysiology of
SCs, their effect on WBC differentials in CLL, and how these results

Chronic lymphocytic leukemia (CLL) is the most common
leukemia in the Western world." It is characterized by the
proliferation and accumulation of a malignant clone of
mature B lymphocytes in the bone marrow, blood, lymph
nodes, and spleen. It is primarily a disease of older adults,
and the incidence increases with age. The median age at
diagnosis is 70 years." The clinical behavior of the disease
is heterogeneous. Whereas some patients never require
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can impact clinical decisions. The pros and cons of various SC
corrective methods are described to assist laboratories in developing
an optimized protocol to reduce errors and inconsistencies in WBC
differentials. Finally, the potential utility of SC enumeration as an
indicator of CLL prognosis is discussed in terms of laboratories with
differing access to technology.

Keywords: chronic lymphocytic leukemia, smudge cells, WBC
differential, lymphocyte doubling time, absolute lymphocyte count,
lymphocyte cytoskeleton, CLL prognosis, CLL

treatment, others have aggressive, treatment-refractory
disease and drastically reduced survival. There are nu-
merous predictive and prognostic biomarkers available
to stratify patients with CLL and help guide treatment
decisions.

Most patients with CLL are asymptomatic at diagnosis. The
disease is often discovered as an incidental finding during
routine laboratory testing when the absolute lymphocyte
count (ALC) is increased. The diagnosis is based on a
sustained increase in peripheral blood B lymphocytes >

5.0 x 10%L and a characteristic immunophenotype indi-
cated by flow cytometry.? The ALC frequently serves as

a surrogate test for the B lymphocyte count in CLL. The
complete blood count (CBC) and white blood cell (WBC)
differential is performed at regular intervals on all patients
with CLL to measure the ALC, the absolute neutrophil count
(ANC), hemoglobin, platelet count, and other parameters.

A peripheral blood film review with or without manual

WBC differential (mDIFF) is frequently required because of
increased ALC, cytopenias, and/or hematology analyzer
flags.®
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Smudge cells (SCs), also known as Gumprecht shadows,
smear cells, or basket cells, are a common finding on blood
films of patients with CLL. In CLL, nearly all SCs repre-
sent damaged lymphocytes and are sometimes excluded
from the mDIFF. However, doing so can significantly affect
the accuracy and reproducibility of the WBC differential
cell counts.*® Although laboratory accreditation agencies
such as the College of American Pathologists and the New
York State Department of Health do not require labora-
tories to address the inaccuracies caused by SCs, many
laboratories nonetheless use various corrective methods
that are associated with advantages and disadvantages.
Unfortunately, there is no universally recognized approach,
and peer-reviewed publications on this topic are scarce.
As a result, this review includes information obtained from
peer-reviewed and non-peer-reviewed articles, print and
online textbooks, statistical databases, practice guidelines,
conference proceedings, hematology analyzer company
websites, health organization websites, blogs, and other
materials from the internet. What follows is an in-depth
review of SCs seen in CLL, including their cause and clin-
ical and laboratory significance and the methods used to
analyze specimens containing SCs that best conserve the
accuracy and reproducibility of the WBC differential.

Pathophysiology of SCs

One can readily observe SCs on the blood films of nearly
all patients with CLL; they typically comprise 20% to 30%
of total lymphocytes. However, SC concentration can vary,
ranging from 1% to 75% or higher between patients.” "% In
an individual patient with CLL, although there can be minor
fluctuations, the percentage of SCs tends to remain stable
over time, despite changes in the ALC.>"" There are char-
acteristic intracellular abnormalities in lymphocytes along
with other factors that lead to SC formation and influence
the number of SCs observed on the blood films of patients
with CLL.

Normal Lymphocyte Cytoskeleton

Normally, circulating lymphocytes are stressed by mechan-
ical and hydrodynamic forces and thus require an intact and
dynamic cytoskeleton to survive. This cytoskeleton enables
the lymphocytes to be rigid in circulation yet deform-

able when they transmigrate into tissues. Vimentin is an
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intermediate filament protein that is a primary component
of the cytoskeleton and is important for membrane integrity.
Along with other structural proteins, vimentin forms a net-
work that encases the nucleus and extends throughout the
cytoplasm.'®' A normal functioning cytoskeleton is also re-
quired for the lymphocyte to endure the mechanical forces
involved in making a blood film.

CLL Lymphocyte Cytoskeleton

Quantitative and qualitative abnormalities in the proteins
that make up the nuclear envelope and plasma membrane
cause CLL lymphocytes to be stiffer, less deformable, and
more fragile than normal lymphocytes.'® These defects ap-
pear to be heterogeneously expressed among CLL lympho-
cytes both within and between patients®'® and include
decreased but variable levels of cytoskeletal vimentin.”? In
addition, vimentin filaments are abnormally organized within
the cytoskeleton.'® Vimentin abnormalities in CLL lympho-
cytes lead to impairment and instability in the cytoplasmic
membrane and subcellular structures, including the nuclear
envelope.'” In addition to vimentin defects, CLL lympho-
cytes are deficient in actin, another cytoskeletal protein that
is important for maintaining structural integrity.'® However,
some researchers have suggested that the deformability
and fragility of CLL lymphocytes may be more related to
vimentin defects rather than to low levels of actin.'®

When a normal lymphocyte comes into contact with a glass
slide, vimentin filaments polymerize and form a cap on one
side of the cell.'® Capping helps the cell adhere and main-
tain its shape. Cap formation has been shown to be de-
fective in CLL lymphocytes. Stark, Liebes, Shelanski, et al'®
found that 21% of lymphocytes in patients with CLL versus
47% of lymphocytes in healthy donors exhibited capping
when the cells were exposed to a glass surface (P <.002). In
addition, CLL lymphocytes have shown heterogeneity in the
ability to form caps. Because capping is needed for struc-
tural stability on a glass surface, the degree of the vimentin
defect and thus the inhibition of capping at least partially
determines whether a CLL lymphocyte will stay intact or
smudge as blood is spread along a glass slide.

Apoptosis and Smudging

Lymphocytes in CLL exhibit decreased expression of CD45,
which has been shown to be inversely proportional to SC
concentration.?’ The fragility of CLL lymphocytes as meas-
ured by osmotic shock-induced cell lysis is also inversely
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proportional to CD45 expression.2° There does not appear
to be any direct evidence that links CD45 with cytoskel-
etal proteins in B cells. Studies of T cells, however, have
shown that CD45 is related to the protein fondrin, which
links CD45 with the cytoskeleton and induces apoptosis-
related morphologic changes.?' Further, CD45 is a receptor
for galectin-1, which can initiate apoptosis.?? Decreased
vimentin has also been shown to promote apoptosis of
lymphocytes.?® Although they are protected from apoptosis
in vivo, a variable number of CLL lymphocytes undergo
spontaneous apoptosis in vitro.?* Fumi et al*® found a
linear correlation between the number of apoptotic CLL
lymphocytes and SCs using an Abbott Sapphire hema-
tology analyzer (Abbott, Santa Clara, CA), which utilizes
propidium iodide to identify nonviable, or apoptotic, WBCs.
Rusak et al’® also observed a correlation between SCs and
apoptotic cells. The smudging of CLL lymphocytes occurs
in cells with physical defects, and fragility that may develop
during in vitro apoptosis is at least partially initiated by defi-
ciencies in vimentin and CD45.

Process of SC Formation

The SCs in CLL exist as intact lymphocytes in vivo. These
lymphocytes remain whole during blood collection and
processing on the hematology analyzer. This structural
integrity is evidenced by CBC and automated WBC differ-
ential (@aDIFF) results, which are dependent on intact cells.
The results of these tests would be compromised if some
lymphocytes disintegrated during testing. This theory is
supported by studies in which aDIFF agreed with mDIFF
results when SCs were added to the lymphocytes counted
in the mDIFF>?7

The lymphocytes in CLL do not smudge because of delays
in staining the blood film, the type of stain, or the staining
process, including fixation.?® Rather, SCs are produced
when the blood film is made. The cytoplasmic and nuclear
membranes of CLL lymphocytes fail because of the force
used to spread the blood on the slide. A more thorough in-
vestigation of this process has been lacking. Image 1, from
a case report of a patient aged 64 years with CLL, provides
visual evidence of the proposed steps involved in SC forma-
tion."” Image 2 shows a group of SCs in a patient with CLL.

The mechanical compression between the stationary slide
and the spreader slide causes fragile CLL lymphocytes to
rupture.”®*® The amount of pressure applied is directly re-
lated to the number of SCs.?® In addition, speed and slide
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angle can impact SC quantity. A 40° to 60° angle, less force,
and quick spreading produces fewer SCs compared with a
20° to 30° angle, more force, and a slower process.*’

It is unclear whether the method of slide preparation influ-
ences the SC number in patients with CLL because published
data are limited and nonconcordant. Bron et al®*' compared
the automated slide maker and the manual method in 10
patients with CLL with various concentrations of SCs. The
automated device generated more SCs in all patients; in
some there were 2 to 3 times more SCs vs the number

found when using the manual method. On the other hand,
Wenk**compared a semiautomated device, the Hemaprep
(Sedona Lab Products), with the manual method and found
an average of 28 SCs vs 44 SCs per 100 WBCs, respectively,
in 8 patients with lymphocytic leukemias and atypical lympho-
cytes. With respect to reproducibility, automated and semi-
automated devices, as opposed to the manual method, use
consistent amounts of force on each slide. Therefore, automa-
tion results in better inter- and intraobserver agreement in the
number of SCs counted on CLL blood films.®

Other Conditions with SCs

A SC most often refers to the remnant of a lymphocyte
seen on the blood film from a patient with CLL; however,
any WBC subtype can become fragile and susceptible to
smudging.*® Smudged or disintegrated WBCs are common
in specimens stored for a long time before blood film
preparation.®**® However, in fresh specimens from most
individuals without CLL, the vast majority of WBCs are
structurally sound. According to the Clinical and Laboratory
Standards Institute (CLSI), SCs usually represent < 2% of
the WBCs present.®” Osgood*® and Herishanu, Kay, Joffe,
et al®® reported 0% to 12% and 0% to 10% SCs on routine
blood films, respectively. Using automated slide makers,
Bron et al®' found 2% to 12% damaged cells in 10 patients
without CLL. Using the same specimens, the manual slide
method yielded 1% to 4% damaged cells. On the other
hand, Simson et al*’ reported that manual and automated
methods produced similar numbers of SCs in 139 patients
with a variety of diseases. Wenk® also observed consistent
results between use of the manual method (6 SCs) and use
of the Hemaprep (8 SCs) in 22 healthy individuals and pa-
tients with granulocytic leukemia.
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Image 1

Process of SC formation. Intact CLL cells exhibit membrane protrusions infiltrated by chromatin (A, B, arrows). In some of these cells,

the plasma membrane is breached and the chromatin has spilled outside the cells (C-E, arrows), occasionally via multiple egresses (E, F,
arrows). Chromatin extrusion is occasionally accompanied by the release of plasma membrane fragments (F, G, dashed arrows). After the
spread of extracellular chromatin, the empty membrane shell shrinks (D, E, H, arrowheads). In some cells, the color of the chromatin turns
from a nuclear-condensed purple to a reticulated pink spreading among erythrocytes (G, H, arrows), similar to that seen in SCs. Typical SCs
contain only diffuse pink chromatin, with no other remnants (l). May Grunwald Giemsa stain x1000. This research was originally published in
Katz and Herishanu."” CLL, chronic lymphocytic leukemia; SCs, smudge cells.
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Image 2

SCs in a patient with CLL. SC formation begins with rupture of the CLL lymphocyte’s nuclear and plasma membranes and ends with an
amorphous purple blob or splotch on the slide. Bits of cytoplasm can be seen spread around the smudges. Wright-Giemsa stain x1000
viewed on a Cellavision DM96 digital imaging analyzer. CLL, chronic lymphocytic leukemia; SCs, smudge cells.

An increase in SCs has been reported on the blood films

of patients with a history of cardiac arrest, solid tumor, and
infection, including infectious mononucleosis and a rare pa-
tient with SARS-CoV-2.%412 Higher concentrations of SCs
have also been associated with hematologic neoplasms
other than CLL, including natural killer—cell leukemia/
lymphoma, myelodysplastic syndrome, acute leukemia, and
mantle-cell lymphoma,*0:41:43:44

Investigators have attempted to use the SC number to
differentiate CLL from other lymphoid malignancies. Wong
et al** were not successful using SC concentration to rule
out CLL in 14 patients with mantle-cell lymphoma in the
leukemic phase. They found SCs in 13 of the 14 patients at
concentrations of 2% to 30% of WBCs. In a related study,
Matos et al*® found a significant difference between the
average number of SCs in patients with CLL vs patients
with other B-cell neoplasms (26% vs 14%, respectively;
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P <.001). However, a threshold could not be established
with adequate sensitivity, specificity, and positive predictive
value to differentiate CLL from other B-cell neoplasms.

The strong association between CLL and SCs has been well
known among clinicians for many years. The term “smudge
cell” has been known to cause confusion when reported in
individuals without CLL. Thus, some laboratories will use
the term only for patients with suspected or confirmed CLL
to avoid an incorrect impression of CLL and unfounded
patient anxiety and confusion.***%*” To help ensure appro-
priate reporting, laboratories may use criteria in patients
with suspected CLL as outlined below (all 3 conditions must
be present to report SCs)****:

e Lymphocytosis > 5.0 x 10%L
e Age > 30 years
e SCs > 10 per 100 WBCs

www.labmedicine.com



Impact of SCs on Cell Counts
and Implications for CLL
Management

The mDIFF directly measures the relative concentrations
(%) of each WBC subtype. The absolute cell counts are cal-
culated by multiplying these results (%) by the WBC count.
With few exceptions, SCs in patients with CLL represent
lymphocytes and therefore should be classified as such.
Failure to do so reduces the accuracy of the relative and
absolute counts of all cell types in the mDIFF. The degree of
the inaccuracies is related to SC number, concentrations of
WBC subclasses, and total WBC count.

Falsely Decreased Lymphocyte Counts

The ALC is a key test for all patients with CLL. The ALC is
often the first sign of disease and is used to diagnose CLL.2
The ALC is tested regularly to monitor the progress of the
disease and to assess treatment efficacy. It can also predict
survival after therapy.*® In addition, to determine whether a
patient with CLL has achieved complete remission, the ALC
must be < 4 x 10%/L, the upper reference interval for adults.?
In serial measurements of patients with untreated CLL, the
ALC may fluctuate slightly but will show a steady increase
over time. The rate of this increase is calculated as the
lymphocyte doubling time (LDT), the time required for the
ALC to increase by 100%. Various CLL management guide-
lines include the LDT to determine when treatment should
be initiated.? The LDT is an inexpensive and accurate pre-
dictor of disease aggressiveness and patient outcomes.?*°

To use serial calculations of LDT for all these purposes, the
ALC must be accurate and precise. However, the ALC is
falsely decreased when SCs, which represent lymphocytes

in patients with CLL, are not counted as lymphocytes in the
WBC differential. Further, monitoring the LDT over time can
be negatively impacted when laboratories do not consistently
correct for the presence of SCs or use incompatible cor-
rective methods to include SCs in serial WBC differentials.
Therefore, laboratories should strive to utilize procedures
that produce compatible WBC differential results both within
and between laboratories. It is not uncommon for a patient
with CLL to have a CBC performed at both a central hos-
pital laboratory and a different laboratory near the patient’s
residence. These laboratories may have conflicting practices
regarding SCs, which can cause irregular trending of ALCs.

43,50
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When omitting SCs in the WBC differential lowers an ALC
from elevated to normal in a patient with CLL, posttreatment
assessments can also be affected. For example, a nega-
tively biased ALC may lead to an incorrect designation of
complete remission in a patient with residual disease.

Falsely Increased Nonlymphocyte Cell Counts

Whenever SCs are not included in the mDIFF, the rela-

tive and absolute concentrations of nonlymphocyte

WBC subclasses, most notably neutrophils, are falsely
increased.**2"“® The ANC is an important component

in patient assessment and can dictate treatment deci-
sions, particularly in oncology patients. Myelosuppressive
chemotherapies can cause life-threatening neutropenia. In
CLL, neutropenia may be disease- and/or treatment-related.
Febrile patients seen in the emergency department with

an ANC <1 x 10%/L are often admitted and administered
antibiotics.®' Patients with an ANC between 1 x 10%L and
1.5 x 10%/L should be closely monitored. A falsely increased
ANC can instill a false sense of security in which a clin-
ician may fail to admit the patient and administer antibiotics
when they are truly needed. The potential implications of
inappropriate clinical decisions based on laboratory error
underscores the need for the laboratory to produce reliable
ANC results in patients with CLL.

Methods to Mitigate SC Impact
on ALC and ANC

Publications that discuss laboratory approaches for
handling SCs in patients with CLL are limited. There does
not seem to be a consensus among clinical laboratory pro-
fessionals on whether SCs should be included in the WBC
differential.>® Laboratory medicine textbooks have histor-
ically stated that SCs should generally be disregarded.? In
2017, in a proficiency test from the American Proficiency
Institute and the American Society for Clinical Pathologists,
the educational commentary stated that most laboratories
do not report the presence of SCs in the WBC differen-
tial.*® In addition, directors from several leading clinical
laboratories have indicated that pathologists differ about
whether SCs should be reported.®® A survey of Canadian
laboratories found that SCs are most often not included in
CLL mDIFFs.*° However, in 2014, a question was posted
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on a Cellavision (Lund, Sweden) user group blog: “Smudge
cells—include or exclude?”>® Feedback from 16 of 20 re-
spondents indicated that their laboratories used procedures
to include SCs in the WBC differential. Given the potential
impact of SCs, laboratory professionals who encounter
patients with CLL may want to consider adopting one of
the methods described below to prevent the reporting of
inaccurate results.

Four methods that ensure that SCs are included in the WBC
differentials of CLL patients and the advantages and disad-
vantages of each are discussed in the sections below and
outlined in Table 1. They include (1) using albumin to pre-
vent smudging of lymphocytes, (2) using the aDIFF to count
SCs as lymphocytes, (3) counting SCs as lymphocytes in
the mDIFF, and (4) counting SCs as a separate population
within the mDIFF.

Use Albumin to Prevent Smudging of
Lymphocytes

The formation of SCs can be dramatically reduced by
adding a drop of 22% bovine serum albumin to 4 to 5 drops
of EDTA anticoagulated blood before making the blood
film.6%25455 Aloumin seems to stabilize and support the

defective cytoskeletons of CLL lymphocytes during blood
film preparation.®® The cell counts obtained on albumin films
agree with other methods to remediate SCs.*>?” The use of
albumin is widely recommended for obtaining accurate cell
counts when SCs are present®”*° and seems to be a pre-
ferred method among clinical laboratories. %>

As outlined in Table 1, the albumin method has draw-
backs, including the additional time and effort required
to manipulate the specimen and to prepare, stain, and
examine the albumin blood film. Consequently, turn-
around times are longer for mDIFFs performed on
albumin films. For these reasons, some laboratories
prepare an albumin film only in patients with CLL who
have “significant” numbers of SCs that could lead to
erroneous WBC differential results with clinically signifi-
cant consequences.“'5 To determine whether albumin
will be used, a standard (no-albumin) blood film is first
reviewed to estimate the number of SCs present.® If SCs
are greater than 20%, >1+ or other threshold, then an al-
bumin film is prepared and used for the mDIFF. However,
applying a threshold is problematic because estimating
SC concentration can be subjective; human nature may
lead the morphologist to err on the side of underestima-
tion. In addition, determining a clinically significant cutoff

Table 1. Methods for Including CLL SCs in the WBC Differential

Method Advantages

Disadvantages/Limitations

Use aDIFF Fastest TAT compared with other methods
Counts thousands of cells, better precision
than mDIFF

Minimal blood exposure

Correlates with mDIFF method that counts

SCs as lymphocytes and albumin method

Same TAT as routine mDIFF
Correlates with aDIFF and albumin methods

Count SCs as
lymphocytes on mDIFF

Correlates with aDIFF and mDIFF method
that counts SCs as lymphocytes
Abnormal lymphoid cells are better
distinguished

Perform mDIFF on
albumin blood film

Count SC as
“others” on mDIFF

Nonlymphocyte differential cell counts are
corrected for SCs

“Others” count can be used to determine
SC percentage in the prognosis calculation

Not reportable in approximately 25% of patients because of, eg, missing
data, flags

Abnormal lymphoid cells can be missed

Blood film review may still be needed for morphology assessment and to
confirm and comment on presence of SCs

Applicable only in patients with CLL
Must not count other lineage SCs as lymphocytes

Slowest TAT

Additional specimen manipulation and blood exposure

No-albumin blood film may still be needed to determine if albumin will be
used and evaluate morphology

Criteria for deciding when to use albumin can be subjective and confusing
Failure to always use albumin can impact consistency/trending of
differential cell counts

Lymphocyte count is not corrected for SCs; will be falsely low
“Others” category can cause confusion
Results are not consistent with aDIFF and other SC correction methods

aDIFF, automated white blood cell differential; CLL, chronic lymphocytic leukemia; mDIFF, manual white blood cell differential; SCs, smudge cells; TAT, turnaround time; WBC, white blood cell.
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for SCs can be challenging because total WBC count
and concentration of WBC subtypes can widely vary.
Furthermore, the inconsistent use of albumin is itself an
issue. For patients who do not meet the SC threshold, the
mDIFF is often performed on the no-albumin slide and
SCs are ignored. The resulting cell counts will conse-
quently be inaccurate, potentially affecting patient care,
such as in patients with an ANC that is near decision
limits. Trending of WBC differential results will be less
reliable if albumin is used for some mDIFFs and not

for others.

Some laboratories that use albumin also review a
no-albumin blood film to assess morphology because
albumin may induce morphologic artifacts including
stomatocytes and target cells.>**** The no-albumin blood
film can also be used to comment on the presence of SCs*
and count SCs to assess prognosis.®

In addition to inhibiting smudging, albumin has been
shown to reduce other artifactual morphologic changes in
CLL lymphocytes related to cytoskeletal defects.*® It can
be difficult on no-albumin blood films to confidently rec-
ognize and quantitate abnormal and immature lymphoid
cells because in vitro distortions in typical CLL lympho-
cytes can mimic these cells.®® The presence of abnormal
and immature lymphoid cells can be clinically significant
in CLL, and an albumin blood film may provide a clearer
picture. Gulati, Ly, et al° suggested an algorithm in 2017
to guide the use of albumin when a no-albumin blood
film shows > 1% blasts or > 10% activated, abnormal, or
immature lymphoid cells. Using such criteria is prudent
because accurate recognition and counting of these cells
can be clinically valuable.

Implementing separate criteria for using albumin based
on the number of SCs and blasts/abnormal/immature
lymphoid cells seems complicated. And given the draw-
backs of the inconsistent use of albumin, laboratories may
want to consider a simpler approach and use albumin

for all patients with CLL (or suspected CLL) who need an
mDIFF. This approach is more streamlined and less con-
fusing. All patients with CLL, including those with fewer
SCs, would benefit from more accurate and reproducible
WBC differential results obtained with the consistent

use of albumin. The mDIFF and aDIFF results would be
interchangeable, leading to the dependable and seam-
less trending of the LDT. Moreover, the ANC would not be
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impacted by SCs because there would be no instances of
biased results from mDIFFs performed without albumin.
Finally, increasing numbers of abnormal and immature
lymphoid cells could be better detected and trended with
consistent use of albumin.

If preparing an albumin blood film in all patients with CLL

is not practical, and abnormal/immature lymphoid cells are
not a concern, then there are other suitable approaches.
For specimens containing SCs in which albumin will not be
used, reliable results can be obtained using other corrective
methods. Namely, the aDIFF and standard mDIFF in which
SCs are counted as lymphocytes produce results that are
comparable with the albumin method.*?’

Use the aDIFF to Count SCs as Lymphocytes

Modern hematology analyzers evaluate thousands of
WBCs in the aDIFF, including the entire population of

CLL lymphocytes, counting those that smudge during the
making of the blood film. The aDIFF is reported in <30
seconds and most often the results are immediately avail-
able to the clinician. However, in approximately 10% to
30% of patients, a mDIFF is performed and replaces the
aDIFF.*” A mDIFF or blood smear verification of the aDIFF
is generally performed when the accuracy of the aDIFF

is suspect and/or when certain quantitative limits have
been exceeded, ie, an ALC >4.0 x 10%/L or >5.0 x 10%/L
in adults.®®® Using such criteria, all patients with CLL and
active disease would need a mDIFF or aDIFF verification
because the ALC will, by definition, exceed these limits.?
However, the reportable range of the aDIFF ALC can often
reach up to 400 x 10%L.%*%° |n addition, the analysis of
thousands of cells in the aDIFF yields better precision
compared with the mDIFF.

Because CLL lymphocytes are intact during aDIFF
analysis,27 it has been recommended that laboratories
report the aDIFF in patients with CLL, including those
with elevated ALC counts.®®*® In appraising the report-
able range of the aDIFF in CLL, Gulati, Bourne, et al*’
found accurate ALCs in 79 CLL (or suspected) spe-
cimens containing up to 285.3 x 10%L lymphocytes;
mDIFFs performed on albumin blood films served as
the reference method. Using regression statistics, they
compared relative and absolute lymphocyte counts from
Sysmex XE-series hematology analyzers (Mundelein, IL)
against the reference method and showed consistent
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results (y = 0.98x - 0.32, R2 = 0.93 and y = 0.98x — 0.26,
R2 =1.00, respectively). The investigators concluded
that the aDIFF was a suitable replacement for the mDIFF
in patients with CLL. Using the aDIFF ensured that SCs
were included in the WBC differential as intact lympho-
cytes. An exception noted in the study was that in
approximately one-fourth of patients the aDIFF could
not be used because of incomplete/missing results.
Additional technological limitations that precluded using
the aDIFF included instances when CLL lymphocytes
were counted as monocytes and/or basophils by the
aDIFF.?’

This issue has been reported in other publications.*?”’

To identify these specimens and prevent the reporting of
biased aDIFF results in CLL patients, a mDIFF has been
recommended when a relative monocytosis or relative
basophilia is noted in the aDIFF.*'*®* Other potential ex-
ceptions to using the aDIFF in patients with CLL include
aDIFF suspect flags that suggest the presence of immature/
abnormal cells or other causes of potential inaccuracies in
the aDIFF results. Laboratory accreditation standards and
guidelines require laboratories to investigate and validate
flagged aDIFF results.>”® This requirement often involves
using microscopic verification, which may result in replacing
the aDIFF with an mDIFF.

To summarize, the aDIFF is not reportable in approximately
25% of CLL specimens, for which a suitable alternate
method is needed. One practice guideline on remediating
SCs in CLL recommends using the aDIFF in all patients,
even in the presence of flags.®® However, this suggestion
is not advised for the reasons stated above. The risk of
reporting erroneous aDIFF results when suspect flags are
present is too great.

A routine blood film review is still recommended when the
aDIFF is used in patients with CLL to assess and com-
ment on the presence of SCs and evaluate morphology
if needed.?’°*® A blood film review also enables a scan
for abnormal and immature lymphocytes. These cells
may be an indication of more aggressive disease espe-
cially when they are increasing in concentration. In some
CLL specimens with abnormal and immature lymphoid
cells present, a related suspect flag will be reported

with the aDIFF indicating the need for blood film review.
Hematology analyzers with effective flagging/screening
for suspicious cells can be helpful in developing efficient
mDIFF criteria.
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Count SCs as Lymphocytes in the mDIFF

When a mDIFF is being performed, guidelines advise that
when a SC can be identified as to its cell of origin it should
be classified as such and counted with this population.®”%
It is commonly accepted in the clinical laboratory that SCs
in CLL originate from lymphocytes. Objective evidence that
SCs represent lymphocytes in CLL was found in a study
using 100 specimens from patients with CLL in a 3-way
comparison of results obtained by aDIFF vs counting SCs
as lymphocytes in the mDIFF vs mDIFF performed on al-
bumin blood films.® The results showed that the mDIFF in
which SCs were counted as lymphocytes compared well
with the aDIFF results for relative lymphocyte and neutrophil
concentrations (y = 0.95x + 1.93, R2 = 0.94 and y = 0.98x +
0.76, R2 = 0.97, respectively). In addition, when the mDIFF
with SCs counted as lymphocytes was compared with the
albumin blood film mDIFF, similar agreement was found

for the relative lymphocyte and neutrophil concentrations
(y=1.01x-0.54, R2 =0.92 and y = 0.99x + 0.45, R2 = 0.94,
respectively).

In laboratories that use the aDIFF for patients with CLL, the
method of counting SCs as lymphocytes in the mDIFF has
been proposed as a backup for patients with unreportable
aDIFFs (eg, because of flags or missing data).*® Similar to
using the aDIFF in patients with CLL, a benefit of counting
SCs as lymphocytes in the mDIFF is that WBC differential
results on all patients with CLL will be corrected for SCs,
including those with lower numbers of SCs. The results are
more consistent than the albumin method because albumin
is often used only for CLL specimens with higher numbers
of SCs.

However, a potential drawback of this method is the
possibility of using it in individuals who do not have CLL.
Although most true incidences of CLL will seem obvious
from the data presented, it may be helpful to use criteria

for patients with suspected CLL to lower the risk of the in-
appropriate use of the method. For example, as described
earlier, patient age, ALC, and SC percentage have been util-
ized as criteria.®>*® Another disadvantage is the possibility
that using this method will miss abnormal CLL lymphocytes,
which are also susceptible to smudging.

Digital imaging analyzers commonly used in hematology
laboratories can facilitate counting SCs as lymphocytes.
For example, Cellavision systems classify and count SCs
as a separate population outside of the WBC differential.
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To reclassify SCs, the cut-and-paste function can be used
to combine the SCs with the lymphocytes. The differen-
tial results will be automatically adjusted, and an updated
lymphocyte percentage will be reported. Before reclassi-
fying the SCs, they should visually inspected to identify
nonlymphocyte SCs. When possible, these SCs should be
reclassified with the appropriate lineage.*”*®

Count SCs as a Separate Population in the
mDIFF

The CLSI H20-A2 standard states that SCs should be clas-
sified separately and counted as “others”.®” The working
group for laboratory diagnostics of the German Society of
Haematology and Oncology has also endorsed using a sep-
arate category in the mDIFF for SCs.*” However, this method is
controversial: CLSI delegate comments noted the discrepancy
with other published guidelines.’’” Classifying SCs as “others”
ensures an accurate ANC, but relative lymphocyte counts and
ALCs are falsely decreased because SCs are not counted as
lymphocytes. The LDT is also impacted when this method is
used. However, a corrected ALC and LDT can be calculated
manually by adding together the absolute number of “others”
and the ALC. The clinician who desires a reliable LDT would
be responsible for performing these calculations to fix what is
essentially a laboratory-created problem. Another drawback
with this method is the potential confusion caused by reporting
an “other” cell population in the mDIFF. Given these issues,
counting SCs as a separate population within the mDIFF may
not be an appropriate method of remediating SCs for most
laboratories.

Prognostic Significance of SCs
in CLL

Counting the number of SCs present on peripheral blood
films can be valuable for assessing prognosis in CLL, par-
ticularly in laboratories without ready access to advanced
technology. Multiple studies have shown that patients with
higher numbers of SCs experience less aggressive disease,
fewer adverse disease features, and better outcomes as
compared with patients with lower numbers of SCs. The
quantity of SCs also correlates with genetic and biologic
indicators of prognosis. Table 2 summarizes the findings of
these studies.

www.labmedicine.com
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Table 2. Markers of Favorable Prognosis and
Disease Features Associated with >30% SCs

Prognostic Marker/Disease References

Feature

7,8,11,66,67
7,11,67,68
66

Decreased expression of CD38
Decreased expression of ZAP 70
TP53 abnormalities not detected
Mutated /gVH 79
ATM mutations not detected 66
Lower risk Rai stage 10,11,66,69
Lower risk Binet stage 8,1067
Slower lymphocyte doubling time 66
Less/no lymphadenopathy and organomegaly 66
Longer time to first treatment 79
Longer progression-free survival 10
Longer overall survival 78

SC, smudge cells.
Johansson' used a threshold of >20% SCs. In all studies, SC concentration is
expressed as a percentage of total lymphocytes.

Although these studies found a threshold SC concentration
to define 2 distinct prognostic groups, there is evidence
that SC concentration correlates with overall survival as

a continuous variable.®'" Additional work is needed to
understand the clinical implications of SC concentration
expressed on a continuous scale.

Studies cited in Table 2 determined SC concentration not
as a percentage of total WBC but as a percentage of total
lymphocytes using the calculation shown below. Thus, to
implement such a test with similar conclusions about prog-
nosis, the same calculation should be used.

Number of SCs x 100
Total lymphocytes (SCs + intact lymphocytes)

Counting SCs to assess prognosis can usually be per-
formed quickly, easily, and at little cost even in laboratories
without hematology analyzers. And because SC concen-
tration remains relatively stable over time, patients do not
require repeated measurements. Therefore, archived blood
films can be used if a current slide is unavailable, the patient
is undergoing chemotherapy, or the patient is on a clinical
trial."

The general CLL community has been slow to adopt this
novel test seemingly because of the plethora of prognostic
tests already available. Other potential hindrances include
methodological limitations associated with manual micro-
scopic cell counts such as inter-/intraobserver variability,
sampling errors/statistical probabilities, and technical
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issues related to blood film quality. Nevertheless, genetic
and immunophenotypic measures of prognosis may not

be accessible in some geographic locations or at centers
with limited resources. Sall® published the findings of a
Senegalese study that correlated SC percentage with bio-
logical markers and Binet stage. The results are included in
Table 2. The SC prognostic marker was noted as a solution
to tests that are expensive and require sophisticated instru-
mentation and technical expertise that may not be available
in some areas.

Conclusion

SCs are often found on peripheral blood films of patients with
CLL, which is the most common leukemia. Specimens from
these patients are frequently tested in most clinical labora-
tories. There has been a long history of morphologists passing
over SCs when performing an mDIFF. This practice has been
discredited because it results in falsely decreased meas-
urements of ALC and positive biases in other cell classes.
Despite the clinical significance of reporting erroneous results,
regulatory agencies have been slow to issue guidelines to
address this issue using a standard approach to promote
accurate, precise, and consistent results across laboratories.
This review sought to highlight the potential clinical impact of
overlooking SCs and describe various approaches that include
SCs in the WBC differential. Choosing the most appropriate
method should consider the benefits and drawbacks of each,
clinical needs, staff expertise, type(s) of hematology analyzer
used and technological limitations, patient population, regu-
latory requirements, guidelines, and personal preferences.
Finally, multiple studies have shown the significance of using
SC concentration as a quick, simple, and reliable predictor

of prognosis in patients with CLL. This potential use may be
particularly attractive for institutions in remote locations and/or
those with limited resources. LM
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ABSTRACT

Objective: T-cell exhaustion in hepatitis B virus (HBV) infection, which
results from upregulation of programmed cell death-1 (PD-1), leads to
persistent HBV infection and related disease progression. Therefore, agents
targeting PD-1 may prove beneficial in the treatment of this condition.
MicroRNA-138 (miR-138) possesses an anti-tumor ability in that it targets
immune checkpoints, including PD-1. However, the function and underlying
mechanisms of miR-138 in patients with HBV infection remains unclear.

Methods: Specimens were collected from healthy volunteers (n = 43)
and patients with chronic hepatitis B (CHB; n = 52), liver cirrhosis (LC;
n = 26), and hepatocellular carcinoma (HCC; n = 31); carriers of HBV
who were asymptomatic (n = 51); and patients with CHB receiving
antivirus treatment (n = 11). These specimens were then used to
study the expression and relationship among miR-138, PD-1, and
HBV DNA viral load. To investigate the role of miR-138 in regulating
PD-1 expression and determine the effect of miR-138 in regulating
T-cell function, a luciferase assay and a transfection assay were each
performed with primary CD3* T cells.

Abbreviations:
HBV, hepatitis B virus; PD-1, programmed cell death-1;

miR-138, microRNA-138; CHB, chronic hepatitis B; LC, liver cirrhosis; HCC,

hepatocellular carcinoma; miRNAs, microRNAs; 3'-UTR, 3"-untranslated
region; HV, healthy volunteers; AsC, HBV asymptomatic carriers; HCV,
hepatitis C virus; HDV, hepatitis D virus; HBsAg, hepatitis B surface
antigen; ALT, aminotransaminase; CT, computed tomography; AFP, a-
fetoprotein; HBeAg, hepatitis B e antigen; AST, aminotransferase; ALB,
albumin; TBIL, total bilirubin; PBMCs, peripheral blood monocytes cells;
anti-PD-1; PD-blocking antibody; PBS, phosphate-buffered saline; Mut,
mutated; PCR, polymerase chain reaction,

gRT-PCR, quantitative reverse-transcription polymerase chain reaction;
IFN-y, interferon- v; TNF-a., tumor necrosis factor-c.
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Results: We found that PD-1 was upregulated and miR-138 was
downregulated in patients with CHB, LC, and HCC. Correlations analysis
revealed that PD-1 expression was positively correlated with HBV DNA
viral load whereas miR-138 was negatively correlated. Luciferase
assay results showed that miR-138 directly inhibited PD-1 expression
by interacting with the 3'-untranslated region of PD-1. As a result

of miR-138 overexpression in primary T cells, PD-1 in these T cells
was downregulated and antivirus cytokines secreted by T cells were
significantly upregulated. In addition, the expression levels of PD-1 and
miR-138 were reversed in patients with CHB who received antivirus
treatments.

Conclusion: Results showed that miR-138 can promote T-cell
responses within patients with HBV infection by inducing a PD-1
blockade. Such an effect suggests that miR-138 may serve as a new
therapeutic target for the treatment of HBV infection.

Keywords: HBV-related liver diseases, miR-138, T cells, PD-1

Hepatitis B virus (HBV) is a leading cause of liver hepatitis,
liver cirrhosis (LC), and hepatocellular carcinoma (HCC)
worldwide. The World Health Organization estimates that
approximately 257 million adults, or 3.5% of the world
population in 2015, were living with chronic HBV infection at
that time. Furthermore HBV-related liver diseases, such as
LC and HCC, are responsible for more than 900,000 deaths
each year."? Although vaccines and treatment strategies
for HBV infection, including interferon-based therapy and
nucleotide/nucleoside analogues, are available and can be
effective, the complete eradication of HBV remains challen-
ging.® Therefore, novel and effective targets to improve the
treatment of HBV infection are urgently needed.

Cell-mediated immunity represents a critical process involved
with the clearance of HBV infection from hepa’(ocy’(es.4
Based upon results obtained with chimpanzee models of
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HBV infection, CD8* and CD4" T cells have been shown

to be indispensable for the resolution of HBV infection.’
However, although T cells are effective in clearing HBV
infection during the acute phase, they become unrespon-
sive because of exhaustion in the chronic phase.® One of
the main reasons for this change in T-cell responsiveness

is the robust expression of immune checkpoint markers

in T cells, including programmed cell death-1 (PD-1),”®

an immunomodulatory receptor expressed in T-cell mem-
branes.® Research has shown that PD-1 engagement by its
ligands, PD-L1 or PD-L2, inhibits T-cell receptor-mediated
proliferation and cytokine production in activated T lympho-
cytes.'”'" Because T cells are the key mediators of HBV
clearance, the blocking of inhibitory receptors on T cells in
patients with chronic HBV could serve as a means to trigger
or enhance T-cell function in response to infected hepato-
cytes and thus a potentially effective treatment strategy.

The modulatory effects of microRNAs (miRNAs) in HBV-
related liver diseases have received considerable attention
of late.'” Research has shown that MiRNAs are a class of
endogenous noncoding RNA molecules with 19 to 25 nucleo-
tides in length and can modulate gene expression by binding
to the 3’-untranslated region (3’-UTR) messenger RNA
(mRNA) of target genes, effects that lead to mMRNA decay or
transcriptional repression. Increasing evidence has revealed
that miRNAs are involved in a number of T-cell processes,
including their development, differentiation, activation, pro-
liferation, and aging."®'* The miRNA known as miR-138 has
been reported to serve as a tumor suppressor in multiple
cancers and regulate different biological process, including
cell differentiation and inflammation processes.'*'° A recent
study showed that miR-138 could directly interact with im-
mune checkpoints and regulate their expression.*

Of particular relevance to the present report are the findings
from a bioinformatics analysis showing that downregulation of
miR-138 is strongly related to HBV-associated HCC tumorigen-
esis.”! However, the specific role of miR-138 in the progression
of chronic HBV infection remains unknown. Therefore, the
present report examined the role of miR-138 in HBV-related
liver diseases in specimens from patients with various HBV-
related diseases. Our results indicated that miR-138 was
downregulated and that PD-1 was upregulated during HBV
infection, whereas these expression levels of miR-138 and
PD-1 were reversed after antivirus treatment in these pa-
tients. Moreover, we have shown that miR-138 enhanced the
function of T cells by directly inhibiting PD-1. Taken together,
these results suggest that miR-138 could promote T-cell re-
sponses within patients with HBV infection by inducing a PD-1
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blockade. Such an effect suggests that miR-138 may serve as
a new therapeutic target for the treatment of HBV infection.

Methods and Materials

Patients and Specimen Collection

The recruited participants included healthy volunteers (HV;
n = 43), HBV asymptomatic carriers (AsC; n = 51), pa-
tients with chronic hepatitis B (CHB; n = 52), HBV-related
LC (n = 26), and HCC (n = 31). Patients coinfected with
hepatitis C virus (HCV), hepatitis D virus (HDV), HIV, acute
hepatitis B infection, or other causes of liver diseases

were excluded from the study. For this study, HV were

also negative for HBV, HCV, HDV, and HIV infection and

for other related liver diseases. Participants who were AsC
were defined as having a persistent positive expression

of hepatitis B surface antigen (HBsAg) but normal alanine
aminotransaminase (ALT) levels for 6 months. Participants
with CHB were defined by a persistent positive expression
of HBsAg plus persistent or elevated ALT levels present for
6 months.?? An LC diagnosis was established as based on
computed tomography (CT) images and laboratory findings.
HCC was diagnosed as based upon histological analysis,
a-fetoprotein (AFP) levels and findings of CT imaging.

No significant differences in terms of age or sex were
present among all patient groups and HV (Table 1). Also
contained in Table 1 are the hepatitis B e antigen (HBeAg)
serostatus, serum HBV DNA concentrations, liver functions
(ALT and aspartate aminotransferase [AST]), aloumin (ALB),
total bilirubin (TBIL), and AFP levels. On the basis of the
tumor-node-metastasis system of the 2010 International
Union Against Cancer by the American Joint Committee, 17
patients with HCC were at level I/ll and 14 patients were at
level IlI/IV. Moreover, specimens from 11 patients with CHB
receiving antivirus treatment for 1, 3, or 6 months were col-
lected. The study was approved by the ethical committee
of the People’s Hospital of Jiaozuo (China), and informed
consent forms were signed by all participants.

Serological Assays for HBV Markers, Viral Load,
and Basic Clinical Features

Serological markers of HBV, including HBsAg and HBeAg,
were determined using enzyme-linked immunosorbent
assay kits (Livzon Pharmaceutical Group Inc, Zhuhai,

www.labmedicine.com
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NA 5.715 (2.630-8.740) 5.655 (2.440-8.410) 5.650 (2.380-8.590) .3457

NA

HBV DNA

Log10copies/mL

ALT, IU/L

<.0001
<.0001
<.0001
<.0001
<.0001
.0323
NA

175.5 (70.0-611.0) 231.4 (85.0-552.0)

19.0 (4.0-47.0) 201.0 (70.0-752.0)

12.0 (5.0-47.0)

241.0 (89.0-632.0)
34.3 (21.7-38.3)

258.0 (83.0-642.0)
32.1 (25.8-36.8)

244.5 (77.0-568.0)
33.8 (22.9-33.9)

21.0 (13.0-47.0)

23.0 (13.0-49.0)

AST, IU/L

45.5 (40.8-50.2)
10.7 (3.6-20.1)

1.2 (0.7-5.3)

45.4 (41.0-49.7)

8.4 (0.9-20.2)
1.56 (0.5-4.4)

ALB, g/L

69.5 (10.5-139.0) 61.6 (25.4-124.0)

59.55 (10.5-139.0)
46.1 (6.0-498.4)
188.7 (22-482)

NA

TBIL, umol/L
AFP, ng/mL

PLT

72783.0 (2159.0-156,382.0)
165.9 (26-437)

17114

218.2 (8.2-1305.0)
164.9 (42-320)

NA

207.7 (52-442)

NA

217.8 (91-397)

NA

TNM

/v

Data presented as number or median (range). Data were analyzed using the Kruskal-Wallis test or the X2 test and statistically significant differences among the groups are indicated P values). HV, healthy volunteers; AsC, HBV

asymptomatic carriers; CHB, chronic hepatitis B; LC, liver cirrhosis; HCC, hepatocellular carcinoma; HBSAg, hepatitis B surface antigen; HBeAg, hepatitis B e antigen,; HBY, hepatitis B virus; ALT, alanine aminotransaminase; AST, aspartate

aminotransferase; ALB, albumin; TBIL, total bilirubin; AFP, o.-fetoprotein; TNM, tumor node metastasis; PLT, Platelets.
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China). The HBV viral load was determined using the HBV
LC PCR Kit (Daan Technology Co, Guangzhou, China).
Routine biochemical assays, including liver function, ALB,
TBIL, and tumor marker-AFP were also determined.

Isolation of Peripheral Blood Monocytes Cells
and Purification of CD3* T Cells

Peripheral blood monocytes cells (PBMCs) were iso-

lated from freshly heparinized blood of different groups
using Ficoll-Histopaque (Sigma-Aldrich, St. Louis, MO,
USA). CD3" T cells were purified from PBMCs of HV with
magnetic-activated cell-sorting using a human CD3* T-cell
isolation kit (Miltenyi Biotec, Germany) following the manu-
facturers’ protocols. The purity of CD3* T cells was 95.63%.

Cell Culture and Transfection

Primary CD3* T cells were cultured in 6-well plates at

2 x 108 cells/well or in 12-well plates at 1 x 10° cells/well

in Roswell Park Memorial Institute (RPMI) 1640 medium
(Gibco, Grand Island, NY). The medium was supplemented
with 10% heat-inactivated fetal calf serum (Biochrom,
Berlin, Germany), penicillin (100 IU/mL), and streptomycin
(100 pg/mL) and maintained at 37°C in a humidified at-
mosphere of 5% COz. Subsequently, T cells were transi-
ently transfected with either (1) miR-138 control mimics, (2)
miR-138 mimics, (3) an miR-138 control inhibitor, or (4) an
miR-138 inhibitor (Genechem, Shanghai, China) in the pres-
ence or absence of the PD-1 blocking antibody (anti-PD-1;
Merck, Whitehouse Station, NJ) using Lipofectamine 2000
(Invitrogen; Thermo Fisher Scientific, Inc., CA) according to
the manufacturers’ instructions. The concentrations were
designed as follows: 2 uL miR-138 or control (10 mg/mL) +
48 pL phosphate-buffered saline (PBS) mixed with the ve-
hicle (40 puL PBS + 10 pL Lipofectamine 2000) or the vehicle
control (90 uL PBS + 10 pL Lipofectamine 2000). Cells or
protein lysates were collected at 24 hours after transfection.

Luciferase Reporter Assay

Bioinformatics analysis by Target Scan (http://www.targetscan.
org) was performed to predict potential targets for miR-138.
DNA fragments of the PD-1 3’-UTR regions contained puta-
tive miR-138-binding sites or mutated (Mut) miR-138 binding
sites, which were amplified by polymerase chain reaction
(PCR) from genomic DNA and inserted into the UTR down-
stream of the luciferase gene in the pMIR-report vector (The
pMIR-REPORT miRNA Expression Reporter Vector System

Lab Medicine 2021;52;439-451 441
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consists of an experimental firefly luciferase reporter vector
and an associated 3-gal reporter control plasmid; Thermo
Fisher Scientific, Inc., Waltham, MA). Mutations of the putative
miR-138 target sequence within the PD-1 3’-UTR were gen-
erated using the MutanBEST Kit (Takara, Toyota, Japan). The
plasmids were termed as wild-type (pMIR-report-PD-1-WT) or
Mut (pMIR-report-PD-1-Mut) sequences. Luciferase reporter
plasmids (WT or Mut) and miR-138 mimics and negative
controls were cotransfected into purified CD3* T cells using
Lipofectamine 2000 (Thermo Fisher Scientific). Purified CD3*
T cells were grown in RPMI 1640 medium (Gibco, Grand
Island, NY) supplemented with 10% heat-inactivated fetal calf
serum (Biochrom, Berlin, Germany), penicillin (100 1U/mL), and
streptomycin (100 pg/mL) and maintained at 37°C in a humidi-
fied atmosphere of 5% C02. Luciferase activities were deter-
mined at 48 hours after transfection using the Dual Luciferase
Reporter Assay kit (Promega Corporation, Madison, WI;
catalog number E1910). The primers were as follows: PD-1-
Xhol forward, 5’-CCGCTCGAGCAGTAAGCGGGCAGGC-3’
and PD-1-Notl reverse, 5’-ATTTGCGGCCGCTCCTTAGCATGC
TCTCATATTT-3’; PD-1-MUT forward 5’-CCTTCCCTGTGGTTC
GCACTGGTTATAATTATAA-3" and PD-1-MUT reverse, 5°-TTAT
AATTATAACCAGTGCGAACCACAGGGAAGG-3'.

Flow Cytometric Analysis

The following antibodies were used for surface or
intracellular cytokine staining for flow cytometry:
CD3-FITC, CD4-PerCP, PD-1-PE, TNF-a-PE, IL-10-PE,
IFN-v-PE, and CD8-APC (BD Biosciences, San Diego,
CA). For all clinical specimen staining, isolated PBMCs
were incubated with antibodies against cell sur-

face markers (CD3, CD4, CD8, PD-1) for 15 minutes
at room temperature. For transfected purified T-cell
staining, purified T cells were harvested after trans-
fection, centrifuged at 1000 x g for 5 minutes, and
then washed with PBS. The concentration of cells was
then adjusted to 1 x 107 cells/mL, and 100 pL of cell
suspension was then followed by cell permeabilization
(FOXPS3 Fix/Perm Buffer; eBioscience, San Diego, CA)
for 45 minutes at room temperature and the addition
of antibodies for intracellular markers for 45 minutes
at room temperature. Subsequently, stained speci-
mens were washed with PBS, fixed, and eventually
assessed using BD FACSCanto with the BD FACSDiva
software program (BD FACSDiva v9.0 Software; BD
Biosciences, San Diego, CA). Data were analyzed
using FlowdJo7.6 (Tree Star Inc., San Carlos, CA).
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Quantitative Reverse Transcription PCR
Analysis

Total RNA was isolated from serum from different partici-

pant groups (HV, AsC, CHB, LC, and HCC) or from miR-

138 transfected purified CD3* T cells using TRIzol reagent
(Invitrogen, Carlsbad, CA) according to the manufacturer’s
instructions. Complementary DNAs were synthesized

with the miRcute miRNA First-Strand cDNA Synthesis

Kit (Tiangen, Beijing, China). Expression levels of miRNAs
were analyzed using the miRcute miRNA gPCR Detection

Kit (Synergy Brands Synergy Brands green; Tiangen) on

a CFX96 Real Time PCR system (Bio-Rad, Feldkirchen,
Germany) specific for hsa-miR-138. The U6 small RNA was
used as an internal control.?*** The primers were as follows:
miR-138 sense, 5’-AGCTGGTGTTGTGAATCAGGCCG-3’

and anti-sense, 5-TGGTGTCGTGGAGTCG-3’; U6

sense, 5’-TTCACGAATTTGCGTGTCAT-3’ and anti-sense,
5-TTCACGAATTTGCGTGTCAT-3". The PCR cycling conditions
were 94°C for 2 minutes, 40 cycles at 94°C for 20 seconds,
and 60°C for 34 seconds, followed by an annealing/elongation
step at 72°C for 8 minutes. All experiments were performed in
triplicate.

Western Blot Analysis

After transfection, purified T cells were harvested and total
protein was extracted using Cell Lysis Buffer (Beyotime,
Beijing, China) supplemented with a protease inhibitor
cocktail (Beyotime) according to the manufacturer’s instruc-
tions. Antibodies used for WB were PD-1 (Cell Signaling
Technology, Danvers, MA) and -actin (Ray Biotech, Beijing,
China). All primary antibodies were used at 1:1,000 dilutions
and secondary antibodies were used at 1:5,000 dilutions.
The resulting immune complexes were visualized using en-
hanced chemiluminescence detection reagents (Bio-Rad).
Data were analyzed using 3-actin for normalization.

Statistical Analysis

Flow cytometry data were analyzed using FlowJo soft-

ware 7.6 (Tree Star Inc, San Carlos, CA), and statistical
analysis was performed using GraphPad Prism 5 software
(GraphPad Software Inc, La Jolla, CA). For clinical spe-
cimens, the expression of HBV DNA viral load, miR-138,
and PD-1 among different groups was analyzed using

the Kruskal-Wallis test; data from cell cultures were ex-
pressed as means + standard deviation and analyzed using
Student’s t-tests. Correlations analysis was performed using

www.labmedicine.com



the Spearman correlation test. A P value of <.05 was re-
quired for results to be considered statistically significant.

Results

Positive Correlation of HBV DNA Level with
PD-1 Expression in Peripheral T Cells

Upregulation of PD-1 has been found to be associated

with regulatory functions in the progression of various dis-
eases.”>?® To study the relationship between PD-1 expres-
sion and HBV virus level, we first used a flow cytometer
assay to detect PD-1 expression in circulating CD3*, CD4",
and CD8" T cells of patients with HBV infection (Figure 1A).
Our data showed that significant expressions of PD-1 were
present in CD3*, CD4", and CD8" T cells of the CHB, LC,
and HCC groups as compared with those of the HV or AsC
groups, which showed no statistically significant differences
from each other (Figure 1B). These results indicate that
PD-1 expression is regulated by HBV DNA level. To further
analyze the relationship between PD-1 expression and
HBV DNA level, correlations analysis were performed within
CD3*, CD4", and CD8" T cells of patients with CHB, LC,
and HCC, respectively. The results showed that HBV DNA
level was associated with an upregulated expression of
PD-1 in CD3*, CD4*, and CD8* T cells in both the CHB and
the LC groups (Figures 1C and 1D), whereas no significant
correlation between HBV DNA level and PD-1 expression
was found within the HCC group (Figure 1E).

Negative Correlation of miR-138 Expression
with HBV DNA Level in Patients with HBV

Increasing evidence has provided support for the concept that
miRNAs play important roles in the regulation of host immune
responses.?’” With regard to HBV-related liver diseases, various
types of mMiRNAs have been identified as being related to the
progression of HBV-related liver diseases and thus may serve as
potential new targets for HBV treatment.?® Findings from recent
studies have revealed that miR-138 is downregulated in cancer
diseases, and this overexpression displays anticancer activity by
targeting immune checkpoints.° To study the role of miR-138 in
HBV-related liver diseases, a quantitative reverse-transcription
PCR (QRT-PCR) assay was used to determine the relative expres-
sion of miR-138 in serum within the different groups. Our data
showed that miR-138 expression was decreased in patients with
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CHB, LC, and HCC as compared with that in the HV and AsC
groups (Figure 2A). Moreover, results from the correlation tests
showed that miR-138 expression was inversely correlated with
HBV DNA level within the CHB, LC, and HCC groups (Figures 2B,
2C, and 2D). Such results provide further evidence indicating that
HBV DNA level inhibits miR-138 expression.

Inverse Correlation of miR-138 Expression with
PD-1 in Patients with HBV

Because miR-138 expression was negatively regulated
whereas PD-1 was upregulated in patients with HBV in-
fection, we speculated that a correlation would be present
between miR-138 and PD-1 in these patients. As expected,
the results of the Spearman correlation analysis showed
that miR-138 expression in patients with CHB (Figure 3A),
LC (Figure 3B), and HCC (Figure 3C) was inversely cor-
related with PD-1 in CD3*, CD4*, and CD8" T cells. These
findings suggest that the upregulation of miR-138 has the
potential for a new treatment strategy in patients with HBV
infection through its capacity to regulate PD-1 expression.

Direct Regulation of PD-1 Expression in T Cells
by miR-138

Research has shown that MiRNAs posttranscriptionally modu-
late target gene expressions by binding to 3’-UTR regions.
Our bioinformatic analysis result indicated that PD-1 is one of
the targets of miR-138. To functionally verify the interaction
between miR-138 and PD-1, a luciferase expression assay
was conducted in purified CD3" T cells, including mutating
the predicted 3’-UTRs of the PD-1 binding site of miR-138.

In cotransfected purified CD3* T cells, miR-138 significantly
inhibited PD-1 luciferase activity, whereas the mutated miR-
138 binding site of the 3’-UTR of PD-1 resulted in diminished
luciferase activity when normalized to baseline (Figure 4A).
These findings indicate a direct binding between miR-138
and PD-1, which is consistent with results reported in another
study.?° To verify a regulatory function of miR-138 in PD-1
expression, we next conducted a cell transfection assay with
the miR-138 inhibitor and miR-138 mimics along with the
corresponding control in purified CD3" T cells from HV. Effects
of the miR-138 mimic and inhibitor transfection were deter-
mined using qRT-PCR (Figure 4B). The CD3* T cell lysate
was then harvested at 24 hours after transfection for Western
Blot analysis. The results showed that PD-1 expression was
significantly downregulated by miR-138 (Figures 4C and 4D).
Accordingly, miR-138 directly modulates PD-1 expression by
targeting the 3’-UTR region of PD-1.
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Figure 1

Expression profiles of PD-1 in peripheral T cells in patients with HBV and correlations between PD-1 expression and HBV level. (A)

Gating strategies and representative results of PD-1 expression in circulating CD3*, CD4", and CD8" T cells. (B) Histogram showing PD-1
expression in circulating CD3*, CD4", and CD8" T cells from the different groups: HV (n = 43), AsC (n = 51), CHB (n = 52), LC (n = 26), and
HCC (n = 31). (C-E) Spearman correlations between HBV DNA level and PD-1 expression within the CHB, LC and HCC groups. PD-1,
programmed cell death-1; HBV, hepatitis B virus; HV, healthy volunteers; AsC, HBV asymptomatic carrier; CHB, chronic hepatitis B; LC, liver
cirrhosis; HCC, hepatocellular carcinoma.
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MiR-138 Regulating Cytokine Secretion of T
Cells by Blocking PD-1

Because miR-138 can directly regulate PD-1 expres-

sion in T cells, we next examined whether an alteration

in miR-138 would affect T-cell function via targeting

PD-1. To test for this possibility, we first upregulated and
downregulated miR-138 in purified T cells by transfecting
cells with an miR-138 mimic or miR-138 inhibitor. The flow
cytometer results showed that miR-138 mimics resulted

in substantially increased interferon-y and tumor necrosis
factor-o expressions, whereas interleukin-10 expression

www.labmedicine.com

was markedly decreased. In contrast, the miR-138 in-
hibitor led to an opposite result in the expression of these
cytokines (Figures 5A, 5B, and 5C). With the addition

of anti-PD-1 to these cells during transfection with the
miR-138 inhibitor, the expression of these cytokines

was similar to those that had been treated with miR-138
mimics (Figures 5D, 5E, and 5F). These results suggest
that the regulatory effects of miR-138 upon T-cell cytokine
secretion develop through inhibiting PD-1 expression.
Collectively, these findings imply that miR-138 regulates
T-cell function by blocking PD-1.
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Figure 3

Correlations between PD-1 and miR-138 in patients with CHB (n = 52), LC (n = 26), and HCC (n = 31). Relative expressions of miR-138

in serum and percentage of PD-1 in peripheral T cells from patients with CHB, LC, and HCC are detected. (A-C) Spearman correlations
between miR-138 and PD-1 expression in circulating CD3*, CD4*, and CD8" T cells in patients with CHB, LC, and HCC, respectively. PD-1,
programmed cell death-1; CHB, chronic hepatitis B; LC, liver cirrhosis; HCC, hepatocellular carcinoma; miR-138, microRNA-138.

Antivirus Treatment for CHB Followed
by Increased Expression of miR-138 and
Decreased PD-1

To further verify the role of miR-138 in HBV infection,
specimens from 11 patients with CHB receiving antivirus
treatment for 1, 3, or 6 months were collected for analysis.
As shown in Figure 6A, PD-1 expression in CD3*, CD4",
and CD8" T cells was remarkably decreased after antivirus
treatment whereas miR-138 expression displayed a trend
for a steady increase. Taken together, these data suggest
that miR-138 may improve T-cell immune responses by

446  Lab Medicine 2021;52;439-451

DOI: 10.1093/labmed/Imaa110

inhibiting HBV DNA level via interactions with PD-1. These
findings indicate a potential new strategy for the treatment
of HBV (Figure 6B).

Discussion
Cell-mediated immune responses represent a prominent

component of anti-HBV infection. For example, depletion of
CD4* T cells before HBV infection results in a persistence
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of HBV infection.?® Moreover, depending on the secreting
cytokines involved, such as IFN-y or TNF-a, CD8" T cells
also play a crucial role in the clearance of HBV virus within
hepatocytes, especially in the clearance of HBV covalently
closed circular DNA.*° However, it has been reported that
in patients with CHB, T-cell responses are much weaker
and are often barely detectable because of immune-cell
exhaustion as compared with the vigorous and broad T-cell
responses observed in patients with acute self-limited
hepatitis B.2" It seems that upregulation and coexpression
of multiple inhibitory receptors in T cells represent one of

www.labmedicine.com

the main factors leading to T-cell exhaustion.®? Such effects
are consistent with our current data showing that PD-1 in

T cells is upregulated in patients with HBV infection, with
expression levels being positively correlated with the HBV
viral load. Interestingly, this positive correlation is only
present in patients with CHB and LC, but not in patients
with HBV-related HCC. These effects may result from the
capacity of not only HBV but also tumor cells to be involved
in deregulating the expression of inhibitory receptors in im-
mune cells. Immune checkpoints can exert a substantial ef-
fect upon T cells to suppress the HBV level, and by blocking
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MiR-138 influences T-cell cytokine expression by regulating PD-1. CD3* T cells of HV (n = 5) were purified and processed for transfection
as described in Figure 4B. After 24 hours, T cells were harvested for flow cytometry analysis. Figure shows representative percentages
and histograms of IFN-y (A), TNF-a (B), and IL-10 (C) in T cells. (D-F) Purified T cells transfected with the miR-138 inhibitor or miR-138
inhibitor control with or without anti-PD-1. After transfection, IFN-y, TNF-a, and IL-10 were determined using flow cytometry. miR-138,
microRNA-138; PD-1, programmed cell death-1; HV, healthy volunteers; IFN-y, interferon- y; TNF-c, tumor necrosis factor-a; IL-10,
interleukin 10; anti-PD-1, PD-1-blocking antibody.

these immune checkpoints can reinvigorate antiviral T-cell
function.

dysregulated in almost all types of liver diseases, including
cancer. For example, miR-720 expression is upregulated in
HBV-specific CD8" T cells and the overexpression of miR-

Significant interest has accrued regarding the develop-
ment of miRNA-based immunotherapeutics for the treat-
ment of liver disease because expressions of miRNA are
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720 in primary human CD8* T cells inhibits T-cell receptor
stimulation-induced proliferation.*® Zhang et al** reported
that miR-4717 could directly regulate PD-1 expression on

www.labmedicine.com



Science

A B
Infection
304 -+ miR138 - 40 veo TNF-a
= -+ HBV-DNA 2 o BV , 00 JFN-y
c % 25 -+ % of PD-1in CD8 o { \
@ -~
%5 = %ofPD-1incD4 [ 30 F < T cells
e 8 27 - % of PD-1in CD3 Q o 099
g2 8 1 g 0000%
S D 154 L 20 © o
83 £
b | T N i i i
& <zt i a d TNF-a
EQ L 10 & o s
> 54 s 09999 NV
S ;
2 2 &° ™ T eelitn, A
0 T T T T 0 A miR-138
& N N N o
& & S00 ~PD ; z
R ,5\§°° o ) AR

Treatment

Figure 6

MiR-138 expression in patients with CHB is upregulated whereas PD-1 is downregulated after antivirus treatment. (A) Specimens from
patients with CHB were collected after treatment for 1, 3, or 6 months (n = 11) and relative expressions of miR-138 in serum, HBV DNA
level, and the percentage of PD-1 in circulating CD3"*, CD4*, and CD8" T cells from the different treated stages were determined. “HBV-
DNA LLOD” indicates the lowest detection limit, which was 2Log10 copies/mL. (B) Schematic representation of biological and functional
interactions between PD-1 and HBV virus level through the miR-138 regulatory cascade. miR-138, microRNA-138; CHB, chronic hepatitis B;

PD-1, programmed cell death-1; HBV, hepatitis B virus.

peripheral lymphocytes, leading to an alteration in immune
regulation and exerting effects upon the susceptibility and
disease course of chronic HBV infection. Such findings
have 2 salient implications, the first being that alterations

in miRNA expression are related to chronic HBV infection,
and the second being that miRNAs may serve as promising
therapeutic targets for HBV treatment. Results from genome
identification studies have led to the suggestion that the
HBV-HBX regulatory protein (required for HBV replication
and involved in HBV-related carcinogenesis) contributes to
the transcriptional repression of miRNAs, including miR-
138, miR-224, miR-576, and miR-596, all of which possess
the capacity to inhibit HBV level.*®

In our current study, we found that miR-138 was
downregulated in patients with CHB, LC, and HBV-associated
HCC and that miR-138 expression levels were inversely correl-
ated with HBV viral load, suggesting a potential involvement of
miR-138 in HBV-related diseases. We also found that miR-138
can directly inhibit PD-1 expression by targeting the 3’-UTR of
PD-1, a result consistent with a report indicating that miR-138
can exert anti-glioma efficacy by enhancing T-cell function.?
Moreover, the overexpression of miR-138 in primary T cells
could activate CD3* T cells by facilitating the expression of
antivirus cytokines, such as IFN-y and TNF-q, indicating that

www.labmedicine.com

miR-138 may possess antivirus effects during HBV infection
via enhancing T-cell function.

Although the tumor suppression effect of miR-138 has been
validated in glioma cancer, this is the first report indicating the
immune regulatory effects of miR-138 in HBV-related diseases
as shown with clinical specimens rather than with cell cultures
or transgenic mouse models. Wang, Zhao, et al’’ predicted an
important role for miR-138 in HBV-related HCC tumorigenesis
as achieved by targeting cyclin D3, whereas our current data
suggest that miR-138 exerts anti-HBV effects by enhancing
T-cell function. Collating these findings leads to the conclusion
that miR-138 may exert antivirus effects not only by directly
interacting with virus target cells but also by upregulating host
immune responses.

Conclusion

Our data show that PD-1 expression is upregulated in T cells
of patients with CHB, LC, and HCC, whereas miR-138 is
downregulated. This downregulation of miR-138 results in
an increase in PD-1 and induces aberrant T-cell activation
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in patients with HBV infection. Accordingly, the findings of
this study offer new insights into the regulation of PD-1 by
miRNAs and suggest that miR-138 may serve as a prom-
ising therapeutic intervention for use in the treatment of
chronic infectious diseases such as HBV. However, we have
only focused on the regulation effect of miR-138 on T cells

by targeting immune checkpoints in vitro, but the effect on
hepatocytes have not been studied and further animal experi-
ments should be conducted to verify these data.
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ABSTRACT

Objective: Sex-/age-differentiated cutoffs and the magnitude of serial
changes in high-sensitivity cardiac troponins (hs-cTn) for acute coronary
syndrome (ACS) diagnosis algorithms are still under discussion. This
study presents a methodology to evaluate decision-making limits and to
assess whether sex-specific cutoffs could improve diagnostic accuracy.

Methods: A high-sensitivity cardiac troponin T (hs-cTnT) 0-/3-hour
protocol was adopted, applying the 2015 European Society of Cardiology
Guidelines. Decision-making limits (99th percentile: 14 ng/L; delta
change > 30%) were agreed upon with the emergency department

(ED) at the University Hospital of Siena in Siena, Italy. One-year

requests (5177) for hs-cTnT serial determination were compared

with the final International Classification of Diseases, 9th revision,
clinical modifications diagnosis (contingency tables; receiver operating
characteristic curves).

Abbreviations:

Hs-cTn, high-sensitivity cardiac troponin; ACS, acute coronary
syndrome; hs-cTnT, high-sensitivity cardiac troponin T; ED, emergency
department; AMI, acute myocardial infarction; ¢Tn, cardiac troponin;
CV, coefficient of variation; UHS, University Hospital of Siena;

TOh, first sampling at presentation; T3h, sampling after 3 hours; LIS,
laboratory information system; eGFR, estimated glomerular filtration
rate; HDC, hospital discharge card; STEMI, ST-segment elevation
myocardial infarction; NSTEMI, non-ST-segment elevation myocardial
infarction; CKD, chronic kidney disease; IFCC, International
Federation for Clinical Chemistry; ROC, receiver operating
characteristic; AUC, area under the curve; NPV, negative predictive
value; PPV, positive predictive value.
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Results: The algorithm’s capability to exclude or confirm ACS was
verified by remarkable negative predictive value (97%) and high

areas under the curve for the first troponin sampling (0.712), troponin
sampling at 3 hours (0.789), and delta (0.744). The clinical utility for the
general population—even those with comorbidities—accessing the ED
was verified. Our data did not support a sex-differentiated cutoff utility
because it would not have affected patient management.

Conclusion: This methodology allowed us to confirm the effectiveness
of our decision-making limits.

Keywords: troponin T, high-sensitivity cardiac troponin, acute coronary
syndrome, NSTEMI, evidence-based practice, diagnostic accuracy

The differential diagnosis of acute chest pain is one of the
most complex challenges in emergency departments (ED)
because acute coronary syndrome (ACS) is associated with
high mortality and morbidity. Therefore it is necessary to
manage both the risk of missing an ACS diagnosis, with

its medical, social, and legal consequences and the risk of
inappropriate hospitalization of low-risk patients, resulting in
increased health care costs.

High-sensitivity cardiac troponins (hs-cTn) have signifi-
cantly improved the diagnosis of patients presenting in

the ED with chest pain who are suspected to have ACS

and have completely replaced the old biomarkers of acute
myocardial infarction (AMI). High-sensitivity methods are
defined by the ability to measure cardiac troponin (cTn)
values with a coefficient of variation (CV) <10% at the upper
reference limit, ie, the 99" percentile cTn concentration of

© American Society for Clinical Pathology, 2021. All rights reserved. For permissions, please e-mail: journals.permissions@oup.com



a healthy population, and to detect cTn amounts above the
limit of detection in more than 50% of the male and female
healthy reference population.’

cTn serum increases are noted in many cardiac conditions,
such as heart failure, along with conditions that are not
primarily cardiac, such as renal failure, because there is de-
bate as to whether these increases represent a decreased
elimination or myocyte damage induced by renal disease.’
In fact, cTns are very sensitive to myocardial damage, but
they are not specific to ACS. For this reason, several al-
gorithms have been developed to evaluate cTn variations
in consecutive determinations to highlight acute injury.®
According to the Fourth Universal Definition of Myocardial
Infarction,* hs-cTn values exceeding the 99" percentile of
a healthy reference population with an increase/decrease
pattern are only indicative of acute myocardial damage.

To identify AMI, it is necessary to evaluate 2 other fac-

tors: whether there is a specific kinetics of variation (delta
change), typical of ACS, and whether there is an ischemic
condition that can be detected by symptomatology or other
tests, such as electrocardiogram or imaging.*

The debate on decision-making limits is always topical, and
numerous studies are underway to assess the clinical utility of
sex- or age-differentiated cutoffs®: since the Third Universal
Definition of Myocardial Infarction was issued,® it has been
recognized that upper reference limits for females are lower
than for males, and the Fourth Definition recommends the use
of sex-differentiated cutoffs because diagnostic performances
are improved for some methods.* However, precisely because
the clinical usefulness of sex-differentiated cutoffs has not yet
been proven for all methods, the same guideline reports that
there is still no consensus on the sex-specific approach. In
fact, although a single threshold simplifies cTn clinical appli-
cation, it may lead to an excess of false positives for AMI in
males and to underdiagnosis in females.’

A similar risk may occur by applying a higher cutoff in

the older adult population: healthier individuals may be
underdiagnosed. On the contrary, a single lower cutoff,
undifferentiated by age, may increase false positives
among older adults, who carry more ACS risk factors and
comorbidities.® Therefore, the Fourth Definition states that
on the basis of the current evidence, it is not possible to
recommend age-differentiated cutoffs for clinical use.*

Furthermore, there is no “universal” delta; even a small vari-
ation (>20%) can be significant in the appropriate clinical

www.labmedicine.com
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context, ie, when the basal cTn value is already high (>99""
percentile), whereas it is suggested to use a larger vari-
ation (>50%) when the cTn is low (<99'" percentile) at the
first sampling.®'° Therefore, in selecting the delta, we must
consider the objective we intend to achieve in terms of a
balance between sensitivity and specificity and therefore
between false positives and false negatives.'"'?

For some years now, at the University Hospital of Siena
(UHS), a high-sensitivity cardiac troponin T (hs-cTnT) 0-/3-
hour protocol has been adopted, applying the principles
of clinical use expressed in the 2015 European Society of
Cardiology Guidelines.'® The following decision limits were
agreed upon with emergency physicians for ACS rule-in: a
>30% increase or decrease of hs-cTnT in serial population
samples with at least 1 of the values exceeding 14 ng/L,
which is the cutoff for myocardial injury, corresponding to
the 99th percentile declared by the manufacturer of the
method. A cutoff of 50 ng/L is used for immediate ACS
rule-in at the first sampling (TOh). It is noteworthy that

our 99th percentile is lower compared with the U.S. Food
& Drug Administration—-approved overall 99th percentile
(19 ng/L) used in the United States, because the latter was
determined in a reference population matched to the age of
patients presenting to the ED with suspected AMI."®

Because our decision limits are not derived from a popu-
lation study, it was decided, in agreement with emergency
physicians, to evaluate them in a retrospective study of
diagnostic accuracy. In fact, although hs-cTns are no longer
dichotomous markers but rather continuous variables re-
lated to pathophysiology and prognosis, it is still important
and necessary to research and refine decision levels and
algorithms for their effective use in clinical practice for the
diagnosis of ACS.""'® The analysis of the results of diag-
nostic assays, correlated to the actual diagnoses issued,
can be very useful to optimize the predictive capacity of
the test: even small changes made to such a protocol

can lead to benefits on waiting times and reduction of ED
overcrowding, with considerable savings in health care
spending.

Therefore, in the present study we aimed to provide a prac-
tical methodology for the evaluation of decision limits for
ACS diagnosis in a “real-world” population. The population
sample under examination included all possible cases of
patients presenting in the ED with suspected ACS, regard-
less of their comorbidities, as happens in real life. We retro-
spectively examined the diagnostic accuracy of the decision
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limits in use, even including those patients with impaired
renal function whose basal hs-cTnT values were higher. For
this reason, we evaluated the diagnostic accuracy of the
hs-cTnT algorithm not only on the entire selected popula-
tion but also on the “cleaned” subgroup of patients who did
not have impaired renal function, and we made a com-
parison. Moreover, we assessed whether the application

of sex-specific cutoffs could have improved the diagnostic
accuracy for ACS in ED.

Materials and Methods

This monocentric retrospective study includes the analysis

of data from patients presenting with acute chest pain at the
UHS ED during the period of 1 year for whom serial determin-
ation of hs-cTnT, which we indicate with “hs-cTnT curve,” was
required. Thanks to a specific computerized acceptance code,
clinicians require the contextual determination of hs-cTnT in
serial blood withdrawals. Appropriate barcodes are generated
for the labeling of the relevant test tubes (at presentation: TOh;
after 3 hours: T3h), and the results are noted in a single report
that also includes the calculation of the delta change. Hence,
for our purposes, all hs-cTnT curve requests (n = 5177) were
extracted from the laboratory information system (LIS). The
computerized curve acceptance code made it possible to
exclude requests for a single determination of hs-cTnT, which
was not programmed for suspected ACS. Together with the
hs-cTnT curve, the creatinine values, from which the estimated
glomerular filtration rate (€GFR) was calculated using the
Chronic Kidney Disease Epidemiology Collaboration formula,
were also extracted.'® The data were processed guaranteeing
the anonymity of the patients and respecting their privacy.

The hs-cTnT was measured in serum specimens with the
Elecsys Troponin T hs method performed on the Cobas
6000, e601system (Roche Diagnostics GmbH, Mannheim,
Germany). Assay specifications were as follows'”:

() 3 ng/L: limit of blank

(i) 5 ng/L: limit of detection

(iii) 14 ng/L: 99" percentile cutoff
(iv) CV <10% at 13 ng/L

The diagnostic performance of the protocol (0/3h) was
evaluated through contingency tables in which the clas-
sification of patients according to the hs-cTnT algorithm
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was compared to the final diagnosis considered as the

gold standard, retrieved from the hospital discharge card
(HDC). Patients were grouped according to the International
Classification of Diseases, 9th revision, clinical modification
final diagnosis framework into 5 categories:

(i) ST-segment elevation myocardial infarction
(STEMI)

(i) non-ST-segment elevation myocardial infarction
(NSTEMI)

(i) unstable angina

(iv)  other cardiac syndrome

(V) noncardiac syndrome

The first 3 categories represented ACS and were brought
together in the AMI group. The others included all other
causes of chest pain, cardiac or noncardiac, which led to
diagnoses other than ACS (non-AMI).

Those patients lacking the T3h sampling (n = 2436) were
analyzed separately, and the rule-in cutoff of 50 ng/L was
evaluated for them (Figure 1). First, the algorithm in use
(unique cutoff of 14 ng/L and delta of 30%) was applied to
the population that had performed the hs-cTnT curve (TOh-
T3h; n = 2741). For the same population, an algorithm with
unique cutoff of 14 ng/L and delta of 100% was applied to
detect any changes in predictivity.

To eliminate a source of possible misclassification re-
lated to the fact that patients with chronic kidney disease

hs-cTnT curves request
extracted froxm LIS: 5177

TOh-only - -
exclusion of cases with
AWl cases: ™ 4 single samplin (TOh)
2436 e Samping
Cases with TOh and T3h 14 ng/L
samplings: 2741 A230%;A2100%
!
exclusion of cases
with CKD
I
TOh-T3h cases without 14 ng/L
CKD: 1572 A230%
|
E TOh-T3h
14 ng/L }2;;2: o males 14 ng/L
9>ng/I; without CKD: || sex-categorization | w4 CKD: 1(:ngo/L
A230% 632 934 A230%
Figure 1

Study design. The arrow-shaped boxes include the decision limits
that were assessed for that group of patients. CKD, chronic kidney
disease; hs-cTnT, high-sensitivity cardiac troponin T; LIS, laboratory
information system; TOh, first sampling at presentation;

T3h, sampling after 3 hours.
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(CKD) have higher baseline cTn values,*'®'° the algorithm
was also tested in the subgroup of patients (n = 1572)

with eGFR = 60 mL/min/1.73m?, because a value of

eGFR < 60 mL/min/1.73m? is the threshold for the definition
of CKD.

Subsequently, the same algorithm (unique cutoff of

14 ng/L and delta of 30%) was applied in the popu-
lation without CKD, divided between males and fe-
males. Sex-differentiated cutoffs were then applied to
verify a possible reclassification of patients: for females
(n = 632), a cutoff of 9 ng/L was applied and for males
(n = 934), a cutoff of 16 ng/L was applied. These thresh-
olds were derived from the existing literature on hs-cTnT
by the International Federation for Clinical Chemistry
(IFCC) Committee on Clinical Applications of Cardiac
Bio-Markers.?°

For the diagnostic accuracy assessment with respect to
ACS diagnosis and the calculation of the desirable cutoffs,
receiver operating characteristic (ROC) curves were con-
structed for the TOh and T3h values of hs-cTnT and for
the percentage variation in all the above groups. Data
processing was carried out with SPSS Statistics software
version 21.0.

Science

Table 1. Characteristics of the Study Population

Characteristics Number of Patients Percentage

of All
Patients

Age (0-105) 5177
Age >50y 4279 82.65
Age > 65y 3265 63.07
Female 2411 46.60
Male 2766 53.40
Non-AMI 4897 94.59
AMI 280 5.41
STEMI 108 2.09
NSTEMI 106 2.05
UA 66 1.27

AMI, acute myocardial infarction;, NSTEMI, non-ST-segment elevation myocardial
infarction; STEMI, ST-segment elevation myocardial infarction; UA, unstable angina.

Results

To assess the diagnostic accuracy of the hs-cTnT 0/3h
protocol in use at the UHS, all the hs-cTnT curves re-
quested from the ED during the period of 1 year (for 5177
patients) were extracted from the LIS: Approximately half
(2741) of the patients received both TOh and T3h sampling,
and the other half (2436) received only TOh (Table 1). The
population examined was mostly older adults—63.07%

of patients were aged >65 years. Both sexes were well
represented (females:males = 1:1.15). The STEMI:NSTEMI
ratio was 1:1, in accordance with the 2017 Tuscan Regional
Health Agency Report on the Regional Programme for the
Observation of Outcomes, which reported a similar diag-
nostic capacity in Tuscany.?’ There were 280 patients with
ACS out of 5177 patients, of whom 159 were among the
2741 patients with both TOh and T3h specimens, repre-
senting 5.4% and 5.8% of requests from the ED, respect-
ively, whereas the average pretest probability of patients in

www.labmedicine.com

the ED with suspicious chest pain who have ACS ranges
from 10% to 20%.%

Figure 2 shows the final diagnosis distribution of patients
for whom hs-cTnT was found to be higher than the cutoff of
14 ng/L at TOh (n = 2463; 48%); among these patients, only
229 (9.3%) had a final diagnosis of AMI and 2234 (90.7%)
had a diagnosis of non-AMI. On the other hand, studies
have reported that the probability of ACS in the population
presenting in the ED with suspected chest pain and with
their first hs-cTn value above the 99" percentile is approxi-
mately 30%.2°

Table 2 summarizes the results of all the contingency tables
analyzed in the various groups and subgroups, and Table 3
lists the respective areas under the curve (AUCs) and
cutoffs obtained from the ROC curves.

Discussion

The aim of this study was to provide a methodology to
verify whether the information given by the 0/3h protocol
of the hs-cTnT test was satisfactory in the detection or ex-
clusion of AMI in the real-world setting of our ED, including
those situations in which impaired kidney function could
have complicated the interpretation of cTn results. In
addition, the study evaluated whether the application of
sex-specific cutoffs could have improved the diagnostic
accuracy for ACS. Results are discussed in the following
sections, separately for each group.

Lab Medicine 2021;52;452-459 455
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NSTEMI 3.7%

STEMI 4.2%

Other Cardiac 27.4%

Non-Cardiac 63.3%

Figure 2

Final diagnosis in patients with TOh >14 ng/L. NSTEMI, non-ST-segment elevation myocardial infarction; STEMI, ST-segment elevation
myocardial infarction; TOh, first sampling at presentation; UA, unstable angina.

Table 2. Summary of SE, SP, PPV, and NPV

n  eGFR (mL/min/1.73 m? Sex Cutoff (ng/L) Delta (%) TP FP FN TN  SE SP PPV (%) NPV (%) Pr
(%) (%) (%)
2741 U u 14 30 85 268 74 2314 53 (52-55) 90 (88-91) 24 (22-26) 97 (96-98) 5.8 (5.0-6.8)
2741 U u 14 100 60 108 99 2474 38 (36-40) 96 (95-97) 36 (34-38) 96 (95-97) 5.8 (5.0-6.8)
2436 U U 50 69 284 52 2031 57 (55-59) 88 (86-89) 20 (18-21) 98 (97-98) 5.0 (4.2-5.9)
1572 260 u 14 30 41 123 41 1367 50 (47-53) 92 (90-93) 25 (23-27) 97 (96-98) 5.2 (4.2-6.5)
632 60 F 14 30 12 62 8 550 60 (56-64) 90 (87-92) 16 (13-19) 99 (97-99) 3.2 (2.0-4.9)
632 60 F 9 30 13 76 7 536 65(61-69) 88 (85-90) 15 (12—18) 99 (97-99) 3.2 (2.0-4.9)
934 >60 M 14 30 29 59 33 813 47 (44-50) 93 (91-95) 33 (30-36) 96 (95-97) 6.6 (5.1-8.5)
934 60 M 16 30 29 58 33 814 47 (44-50) 93 (92-95) 33 (30-36) 96 (95-97) 6.6 (5.2-8.5)

Delta, percentage of delta change considered; eGFR, estimated glomerular filtration rate; FF, false positive; FN, false negative; NPV, negative predictive value, Pr, prevalence; PPV,
positive predictive value; SE, sensitivity; SF, specificity; TN, true negative; TP, true positive; U, unchecked.
Values in parentheses are 95% confidence intervals.

99th percentile (14 ng/L), in accordance with the fact that the
99th percentile itself corresponded to a lower value than the

ROC-derived cutoff.?®*” The ROC-derived best cutoff of T3h
(44.54 ng/L) was higher than that of TOh, consistent with the

kinetics of cTn release from the necrotic myocardium.

Total Population assessed at TOh and T3h
(n = 2741)

The AUCs for TOh (0.712), T3h (0.789), and delta (0.744)
confirmed a good discriminatory capacity and, as expected
for biomarker kinetics at least in the majority of patients

presenting at the ED within the first 6 hours after pain onset,  In our protocol, we adopted a minimum variation of 30%,

this capacity was greater on T3h sampling and on the delta
h.24’25

change with respect to TO
The best TOh cutoff obtained from the ROC curve (29.92 ng/L)
was higher than the decision limit in use corresponding to the
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although according to the ROC-derived delta best cutoff, a
variation of approximately 18% should be already con-
sidered indicative of acute process. Using this delta, we
would certainly have an increase in the negative predictive
value (NPV) related to the algorithm but also an increase in
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Table 3. Summary of AUCs and Cutoffs Derived from ROC Curves for Examined Groups

n eGFR (mL/min/ Sex Decision Limit AUC Best Unit of Measure
1.73 m? Cutoff
2741 U U TOh 0.712 (0.671-0.753) 29.92 ng/L
T3h 0.789 (0.749-0.830) 44.54 ng/L
Delta 0.744 (0.698-0.790) 17.85 %
2436 U U TOh 0.812 (0.772-0.852) 27.02 ng/L
1572 >60 ] TOh 0.762 (0.706-0.817) 18.48 ng/L
T3h 0.810 (0.752-0.867) 29.47 ng/L
Delta 0.744 (0.682-0.807) 23.55 %
632 >60 F TOh 0.802 (0.693-0.912) 22.22 ng/L
T3h 0.847 (0.736-0.958) 41.57 ng/L
Delta 0.787 (0.669-0.905) 31.15 %
934 >60 M TOh 0.746 (0.681-0.812) 14.12 ng/L
T3h 0.798 (0.730-0.866) 29.47 ng/L
Delta 0.733 (0.659-0.807) 23.55 %

presentation; T3h, sampling after 3 hours.
Values in parentheses are 95% confidence intervals.

AUC, area under the curve; delta, percentage of delta change considered; eGFR, estimated glomerular filtration rate; ROC, receiver operating characteristic, TOh, first sampling at

false positives. Because with our protocol we obtained a
remarkable NPV (97 %), we believe that the cutoffs for the
99th percentile and the delta adopted are already properly
balanced and therefore allow clinicians to exclude the diag-
nosis of AMI with relative safety if after 3 hours a patient
presents with hs-cTnT < 14 ng/L, has no pain, and has a
low risk of intrahospital mortality (quantified using a Global
Registry of Acute Coronary Events Score < 140). This NPV
was slightly lower than we might expect from the literature
data (99%-100%), but we must consider the bias resulting
from the retrospective nature of the study.

To verify whether a higher variation could increase the posi-
tive predictive value (PPV), a delta of 100% was applied to
the same population (n = 2741) and corresponded to the
better specificity obtainable from the ROC curve carried
out on patients with NSTEMI compared with patients in the
non-AMI category. The increase of the delta threshold did
not assure the desired increase in specificity and caused

a reduction in sensitivity, so the PPV was only slightly in-
creased. This value was too low for the rule-in and was
justified by the low prevalence of ACS in our study.

Subgroup of Patients Assessed at TOh and T3h
Without CKD

Patients with eGFR within normal limits (n = 1572)

had higher AUCs for TOh and T3h compared with the
nonselected sample of patients (ie, those without CKD;
TOh AUC = 0.762 vs 0.712; T3h AUC = 0.810 vs 0.789),
with a ROC-derived cutoff closer to the 99th percentile

www.labmedicine.com

(TOh = 18.48 ng/L vs 29.92 ng/L; T3h = 29.47 ng/L vs
44.54 ng/L), reflecting an increase in diagnostic accuracy in
the subgroup of patients without CKD. The delta AUC was
instead in line with that of the nonselected population, and
there was only a small improvement (1%—-2%) in specifi-
city and predictive values compared with the nonselected
sample of patients, confirming that although basal cTn is
higher in patients with CKD, serial changes are effective in
diagnosing ACS even in these patients and are therefore
clinically usable.?®

Subgroup of Patients Assessed at TOh and T3h
Without CKD Divided by Sex with Unique Cutoff

The distribution of the population without CKD by sex
showed a greater discriminatory capacity in the group of
female patients compared to male patients (higher AUCs
in female patients than in male patients, as shown in
Table 3). As for the best cutoffs determined by the ROC
curves, higher values were found in female patients. This
result may be unexpected considering that cTn values are
generally lower in females than in males, but older age is
another factor to consider: In the group of female patients
(n = 632), 62% (393) were aged > 65 years, whereas in
the group of male patients (n = 934), only 47% (445) were
aged> 65 years. This difference may have affected the
results at least in part because sex differences in cardio-
vascular diseases described for younger patients tend

to disappear in the older adult population.>® Moreover,
the prevalence of ACS in our study was higher in male

Lab Medicine 2021;52;452-459 457
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patients (6.6%) than in female patients (3.2%), although
it was related to a few patients with AMI in absolute
numbers. Although both of prevalences are underesti-
mates of the prevalence of AMI in populations who
generally present in the ED with chest pain (10%-20%),??
even this lower prevalence in female patients may have
influenced the different pattern of the ROC curves.
Regarding the values calculated for the 0/3h algorithm
with unique cutoffs (14 ng/L; delta 30%), sensitivity and
NPV were higher in female patients and specificity and
PPV were higher in male patients, compared with the sex-
undifferentiated group, but these differences were small
and could be purely coincidental, related to age distribu-
tion and sample size.

Subgroup of Patients Assessed at TOh
and T3h Without CKD Divided by Sex with
Differentiated Cutoffs

The application of sex-differentiated cutoffs did not
change the diagnostic accuracy of the test because the
ROC curves were clearly derived from the same popu-
lations divided by sex. In terms of reclassification, the
application of sex-specific cutoffs only led to a minimal
difference: for female patients, by lowering the cutoff from
14 ng/L to 9 ng/L, we would have had 1 more diagnosed
patient as the true positives increased from 12 to 13,
whereas there would have been an increase of 14 units
in false positives; for male patients, by raising the cutoff
from 14 ng/L to 16 ng/L, the number of patients diag-
nosed would have been the same.

Therefore, according to the American Association of
Clinical Chemistry and the IFCC Recommendations on
the Clinical Application of Cardiac Bio-Markers,*® our
data do not show the clinical utility of sex-differentiated
cutoffs because they would not have affected patient
management, apart from the 1 additional true positive
among the female patients.

Population with a Single Sampling: Patients
Assessed at TOh Only (n = 2436)

Concerning the diagnostic performance single hs-cTnT
value for the straight rule-in at presentation (TOh) with the
cutoff of 50 ng/L, in the 2436 patients who were assessed
only at the first point of the hs-cTnT curve, a poor posi-
tive predictivity resulted (PPV = 20%). Assay predictivity is
linked to the clinical context of suspected ACS, and in the
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retrospectively selected population a number of patients
with low pretest probability were likely to be included be-
cause of prescriptive inappropriateness. However, the ROC
curve of this group of patients had a good AUC (0.812),
confirming the discriminatory capacity of the test.

Limitations

The retrospective design of this study allowed us to as-
sess the actual use of the biomarker and its accuracy in a
situation of clinical practice, different from the trial setting,
which also included the eventual inappropriate use. In fact,
although the inclusion criterion was the request for serial
determination of hs-cTnT that has a specific reason, ie, sus-
pected ACS, the prevalence data showed that the hs-cTnT
curve was probably requested even in situations with low
pretest probability, such as in patients with atypical pain

or as an exclusion marker, and therefore because of poor
prescriptive appropriateness. The application of a biomarker
in a pretest probability condition that differs from the one
for which it has been validated could change the diagnostic
performance in terms of positive predictivity. In fact, the in-
appropriate use led to a false reduction in the prevalence of
AMI in our study and consequently an unexpectedly lower
number of true positives, with an unexpected reduction

in PPV.

These findings are in agreement with a recent study that
showed, on the basis of 2 clinical scenarios examined

in different countries (the United States and the United
Kingdom), that the prevalence of the disease significantly
affects the PPV of hs-cTn for the diagnosis of AMI.*'

Moreover, in the various groups examined in this study,
there were a good number of false positives, which
affected the PPV and, unfortunately, also a number of
false negatives, which reduced the NPV. The false posi-
tives and negatives could have been derived, as in most
retrospective studies, from the lack of standardization in
the formulation of the final diagnoses, retrieved from the
HDC, and from the lack of standardization in the time of
pain onset among the patients included. It was not pos-
sible to verify these data, so there could have been some
patients who although they had a final diagnosis of ACS
were in the plateau phase of the biomarker increment
curve at the time of the sampling. Nevertheless, high
NPVs were obtained, in accordance with the literature,
which guarantee the safety of ruling out patients who do
not have ACS.
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Conclusion

This study provides a simple methodology by which each
organization can evaluate the performance of their decision
limits. Our findings show that the application of sex-specific
cutoffs does not seem to improve accuracy and confirm
that the thresholds adopted by the UHS have the best
possible accuracy regarding the hs-cTnT algorithm for the
diagnosis of AMI. LM
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ABSTRACT

Objective: Prenatal and postnatal diagnosis of hemoglobin
E-[:’;O-thalassemia can be made using polymerase chain reaction
(PCR) analysis mostly on purified DNA. We have establihed a direct
amplification method without DNA extraction on whole blood (WB) and
amniotic fluid (AF) specimens to diagnose the disease.

Methods: Three reactions of WB PCR assays and 7 reactions of

AF PCR tests were developed for postnatal and prenatal diagnosis,
respectively. Assays were validated against routine tests in a blinded
trial.

Hemoglobin (Hb) E—Bo—thalassemia disease is one of the
most common severe thalassemia diseases found in
Thailand. The patients with this disease exhibit varied clin-
ical expression from mild thalassemia intermedia to severe
transfusion-dependent thalassemia. However, most patients
need a blood transfusion to survive.' Hb E-p°-thalas-
semia disease is one of the targeted diseases in the pre-
vention and control program for thalassemia in Thailand.

Abbreviations:

HGVS, The Human Genome Variation Society; PCR, polymerase chain
reaction; WB, whole blood; AF, amniotic fluid; Hb, hemoglobin; TSU,
Thalassemia Service Unit; dNTP. deoxynucleotide triphosphate; l\/lgCIZ,
magnesium chloride; UV, ultraviolet; bp, base pair.
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Results: The results showed 100% concordance with routine DNA PCR
assays. Among 309 3-thalassemia carriers, 191 patients (61.8%) carried
common f3-thalassemia mutations. Among 448 AF specimens, 116
(25.9%) fetuses were found to be affected, 247 (55.1%) fetuses were
carriers, and 85 (19%) fetuses were unaffected.

Conclusion: We found that WB and AF PCR assays are simple, rapid,
and reliable. The developed techniques could be applicable in routine
settings.

Keywords: direct amplification, whole blood, amniotic fluid, carrier
identification, prenatal diagnosis, Hb E-B"-thalassemia

One objective of this program is to reduce the number of
patients newly diagnosed with severe thalassemia disease.
The strategies of the program for preventing Hb E-p°-thal-
assemia disease include carrier identification and prenatal
diagnosis for identifying affected fetuses.*

Identification of 3-thalassemia mutations is necessary for
genetic counseling and prenatal diagnosis. Parents who
have an affected child are counseled to either continue or
terminate the pregnancy. In Thailand, the termination of
pregnancy is legally accepted when gestational age less
than 28 weeks. Therefore, rapid and accurate molecular
techniques for mutation analysis play an essential role in the
success of the prevention and control program.>”

B-thalassemia is caused by an absence of (3°) or reduced
(B*) production of the B-globin chain. Although more

than 30 p-thalassemia mutations have been reported in
Thailand, 7 mutations are commonly found in the region

© American Society for Clinical Pathology, 2021. All rights reserved. For permissions, please e-mail: journals.permissions@oup.com



including NT-28 (A-G), CD 41/42 (-TTCT), CD 17 (A-T),
CD 71/72 (+A), IVSI#1 (G-T), IVSI#5 (G-C), and IVSII#654
(C-T).”* Identification of the p-thalassemia mutation is
crucial for the prediction of clinical outcomes and for
prenatal diagnosis. For prenatal diagnosis, fetal speci-
mens, including amniotic fluid (AF), chorionic villus sam-
pling, and cord blood, are used in DNA analysis. Based
on our data from the Thalassemia Service Unit (TSU) in
the Centre for Research and Development of Medical
Diagnostic Laboratories of the Faculty of Associated
Medical Sciences at Khon Kaen University, Khon Kaen,
Thailand, the most frequent fetal specimen received is an
AF specimen.

Rapid detection and double-check methods for identifica-
tion of p-thalassemia mutations in whole blood (WB) and AF
specimens would be favorable. Hence, we have established
rapid WB polymerase chain reaction (PCR) testing for car-
rier identification of f-thalassemia mutation and AF PCR
testing for the prenatal diagnosis of severe thalassemia
diseases in Thailand without DNA extraction.

Methods

Study Design and Patients

Our initial developments of direct PCR assays were
done on WB and AF specimens. First, known WB spe-
cimens of the 7 common f-thalassemia mutations in
Thailand were selectively recruited from the TSU. The
B-thalassemia mutations included the f°-thalassemia
mutations; CD 41/42 (-TTCT), CD 17 (A-T), CD 71/72
(+A), IVSI#1 (G-T), IVSI#5 (G-C), and IVSII#654 (C-T) and
the B*-thalassemia mutations; NT-28 (A-G). Similarly,
AF specimens with known thalassemia genotypes

were selectively recruited from at-risk couples for Hb
E-p°-thalassemia disease, including 6 common B°-thal-
assemia mutations, as mentioned earlier. Validation was
assessed on leftover WB specimens of $-thalassemia
carriers and AF specimens from at-risk couples for

Hb E-p°-thalassemia disease recruited from the TSU

in a blinded trial from January 2018 to May 2020. The
results were compared with the standard PCR method
using purified DNA specimens in our routine setting.
Ethical approval of the study protocol was obtained

www.labmedicine.com
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from the Institutional Review Board of Khon Kaen
University (HE612063).

Carrier Identification of 7 Common
B-Thalassemia Mutations Using WB PCR

We successfully developed 3 reactions of multiplex WB PCR
for the identification of 7 common p-thalassemia mutations
according to the frequency of each mutation. 3-thalassemia
mutations in each PCR reaction included reaction A: CD
41/42 (-TTCT), CD 17 (A-T), and NT-28 (A-G); reaction B: CD
71/72 (+A) and IVSI#5 (G-C); and reaction C: IVSI#1 (G-T) and
IVSII#654 (C-T). The locations, orientations of primers, and
representative agarose gel electrophoresis of each WB PCR
reaction mixture are shown in Figure 1. The sequence of pri-
mers, the primer concentration, and the PCR cycling condi-
tion of each WB PCR reaction mixture are shown in Table 1.

Multiplex WB PCR was carried out in a total volume of 50 pL.
The PCR mixture contained a high-pH PCR buffer,’* 8 mM
deoxynucleotide triphosphate (ANTP), 3 mM magnesium
chloride (MgCIZ), 1.005 M betaine, 2% dimethyl sulfoxide,
each primer as shown in Table 1, 2 units of Tag DNA poly-
merase (Biotools, B&M Labs, Madrid, Spain), and 3 uL of
WB mixture. The WB mixture was readily prepared by mixing
3 pL of WB specimens with 15 pL of pre-PCR reagent as
previously developed'® for 5 seconds and adding this mixture
directly to the PCR reaction mixture. The WB PCR was car-
ried out on a SimpliAmp Thermal Cycler (Applied Biosystems,
Waltham, MA, USA). The PCR amplicon was analyzed on 2%
agarose gel electrophoresis and visualized under ultraviolet
(UV) light after staining with ethidium bromide (Figure 1).

Prenatal Diagnosis of Hb E-p°-Thalassemia
Disease Using AF PCR Assay

Two most common (%-thalassemia mutations are CD
41/42 (-TTCT) and CD 17 (A-T), therefore, we developed
2 reactions of multiplex AF PCR for identifying CD 41/42
(-TTCT) and the Hb E gene and CD 17 (A-T) and the Hb

E gene, respectively. For the 4 remaining p°-thalassemia
mutations, CD 71/72 (+A), IVSI#5 (G-C), IVSI#1 (G-T), and
IVSII#654 along with th Hb E gene, the monoplex AF PCR
assay was developed. The locations and orientations of
primers and a representative agarose gel electrophoresis
of each AF PCR reaction mixture are shown in Figure 2.
The sequences of primers, the primer concentration, and
the PCR cycling condition of each AF PCR reaction mix-
ture are shown in Table 2.
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Figure 1

Whole blood PCR for identification of 7 common (-thalassemia mutations. Location and orientation of the primers and a representative 2%
agarose gel electrophoresis of PCR product of whole blood PCR assay for identification of $-thalassemia mutations including CD 41/42
(-TTCT), CD 17 (A-T), and NT-28 (A-G) (1A), CD 71/72 (+A) and IVSI#5 (G-C) (1B), and IVSI#1 (G-T) and IVSII#654 (C-T) (1C).

Each reaction mixture of AF PCR was carried out in a total
volume of 50 pL. The PCR mixture contained a high-pH
PCR buffer,’” 8 mM dNTP, 3 mM MgCl,, 1.005 M betaine,
2% dimethyl sulfoxide, 2 units Tag DNA polymerase
(Biotools, B&M Labs, Madrid, Spain), and 3 pL of the con-
centrated AF specimen (or 1 pL of the WB mixture). Table
2 shows the concentration of each primer used in the PCR
reaction. The concentrated AF specimen was easily pre-
pared by centrifuged 1.5 mL of AF specimens at 8000 rpm
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for 10 minutes; we then removed 1450 pL of supernatant
and mixed the remaining pellet. Concentrated AF speci-
mens could be added directly to the PCR reaction mix-
ture. The PCR cycling conditions of each reaction mixture
are shown in Table 2. We conducted the AF PCR assay
on a SimpliAmp Thermal Cycler (Applied Biosystems,
Waltham, MA, USA). The PCR amplicon was analyzed on
2% agarose gel electrophoresis and visualized under UV
light after staining with ethidium bromide (Figure 2).
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Table 1. Sequences of Oligonucleotide Primers Used in WB PCR Assays for Screening of 7 Common
-Thalassemia Mutations
WB PCR Mutations Primers (5°—3’) Primer Concentration PCR Cycling
Reactions (HGVS names) (nM) Conditions
A NT-28 (A-G) S1; TGTCATCACTTAGACCTCAC 1.5 1 x 95°C/15 min
[HBB:c.-78A>G] S3; TCCCATAGACTCACCCTGAA 0.9 36 x (95°C 1 min/58°C
CD 17 (A-T) G18; ACTTCATCCACGTTCACCTA 0.42 1 min/72°C 90 sec)
[HBB:Cc.52A>T] G31; GATGGCTCTCTGCCCTGACTTC 0.3 1 x 72°C 10 min
CD 41/42 (-TTCT) (G148; CCCTTGGACCCAGAGGTTG 1.5 1 x 10°C hold
[HBB:c.126_129delCTTT] G163; CCCTGGCCCACAAGTACTAC 0.18
H5; GCAGCCTCACCTTCTTTCATGG 0.18
B CD 71/72 (+A) S1; TGTCATCACTTAGACCTCAC 2.1 1 x 95°C/15 min
[HBB:c.216_217insA] S3; TCCCATAGACTCACCCTGAA 0.6 36 x (95°C 1 min/60°C
IVSI#5 (G-C) G14; AAAGTGCTCGGTGCCTTTAA 0.6 1 min/72°C 90 sec)
[HBB:c.92 + 5G>C] G20; CTGTCTTGTAACCTTGATAG 2.1 1 x 72°C 10 min
G161; TGAGTCCAAGCTAGGCCCTT 0.6 1 x 10°C hold
H5; GCAGCCTCACCTTCTTTCATGG 0.6
C IVSI#1 (G-T) S1; TGTCATCACTTAGACCTCAC 0.3 1 x 95°C/15 min
[HBB:c.92 + 1G>T] G8; CGAACCTGAGTCTTATTAG 241 36 x (95°C 1 min/53°C
IVSII#654 (C-T) G10; AGACTAGCACTGCAGATTCC 0.9 1 min/72°C 90 sec)
[HBB:c.316-197C>T] G12R; GTAATAATTTCTGGGTTAACGT 2.1 1 x 72°C 10 min
G16R; CTTGTAACCTTGATACCAAA 0.3 1 x 10°C hold
SF14; TCCCTCAGAAAAGGATTCAA 0.9
PCR, polymerase chain reaction; WB, whole blood.

Results

Carrier Screening of 7 Common p-Thalassemia
Mutations Using WB PCR

Figure 1, Image A shows a representative agarose gel
electrophoresis of WB PCR (reaction A). The specific
fragments of p°-thal CD 41/42 (-TTCT), p°-thal CD 17
(A-T), and B*-thal NT-28 (A-G) were 220, 243, and 107
base pairs (bps) in length, respectively, and the internal
control fragment was 302 bp. Figure 1, Image B shows
a representative agarose gel electrophoresis of WB PCR
(reaction B). The specific fragments of Bo-thal CD 71/72
(+A) and p°-thal IVSI#5 (G-C) were 130 and 286 bps,
respectively. Figure 1, Image C shows a representative
agarose gel electrophoresis of WB PCR (reaction C). The
specific fragments of p°-thal IVSI#1 (G-T) and p°-thal
IVSII#654 (C-T) were 284 and 243 bps, respectively. The
internal control fragments of reaction B and reaction C
were 467 and 373 bps, respectively.

The WB PCR assays had been validated in a blinded
trial on 309 p-thalassemia carriers. As shown in Table
3, 7 common B-thalassemia mutations were identified in
191 patients (61.8%), including p°-thal CD 41/42(-TTCT)
(n =57; 18.4%), p*-thal NT-28 (A-G) (n = 47; 15.2%),

www.labmedicine.com

BO-thal CD 17 (A-T) (n = 45; 14.6%), p°-thal IVSI-1

(n = 14; 4.5%), p°-thal IVSI-5 (G-C) (n = 12; 3.9%), B°-
thal CD 71/72 (+A) (n = 11; 3.6%), and p°-thal IVSII-654
(C-T) (n = 5; 1.6%). This showed results that were 100%
concordant with routine PCR analysis on purified DNA
specimens.

Prenatal Diagnosis of Hb E-p°-Thalassemia
Disease Using AF PCR Assay

Figure 2 shows a representative agarose gel electrophoresis
of each AF PCR reaction mixture. Figure 2, Image A shows
multiplex AF PCR reactions for identifying p°-thal CD 41/42
(-TTCT) and the Hb E gene. The 220 bp fragment was spe-
cific for p°-thal CD 41/42 (-TTCT), and the 400 bp fragment
was specific for the Hb E gene. The 302 bp fragment was
an internal control fragment. Multiplex AF PCR reactions for
identifying p°-thal CD 17 (A-T) and the Hb E gene are shown
in Figure 2, Image B. The specific fragments of p°-thal CD
17 (A-T) and the Hb E gene and the internal control fragment
were 243, 176, and 373 bp fragments, respectively. Figure
2, Images C through G show a representative agarose gel
electrophoresis of the AF PCR reaction for Hb E-p°-thalas-
semia mutations Hb E, CD 71/72 (+A), IVSI#5 (G-C), IVSI#1
(G-T), and IVSII#654, respectively. The specific fragments of
Hb E and p°-thalassemia mutations; CD 71/72 (+A), IVSI#5
(G-C), IVSI#1 (G-T), and IVSII#654 were 400, 130, 286, 284,

Lab Medicine 2021;52;460-468 463
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Figure 2

Amniotic fluid PCR for prenatal diagnosis of Hb E-p’-thalassemia diseases. Location and orientation of the primers and a representative 2% agarose
gel electrophoresis of PCR product of 7 sets of amniotic fluid PCR assays. 2A: Multiplex amniotic fluid PCR for detection of CD 41/42 (- TTCT) & Hb E
gene, 2B: Multiplex amniotic fluid PCR for detection of CD 17 (A-T) & Hb E gene, 2C-2G: Monoplex amniotic fluid PCR for detection of Hb E gene, CD
71/72 (+A), IVSI#5 (G-C), IVSI#1 (G-T), and IVSII#654, respectively.
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Table 2. Sequences of Oligonucleotide Primers Used in AF PCR Assays for Prenatal Diagnosis of
Common p°Thalassemia/Hb E Diseases
AF PCR Mutations Primers (5'—3’) Primer PCR Cycling
Reactions (HGVS names) Concentration (uM) Conditions
A CD 41/42 (-TTCT) S3; TCCCATAGACTCACCCTGAA 0.3 1 x 95°C/15 min
[HBB:c.126_129delCTTT] G24; CGTGGATGAAGTTGGTGGTA,; 0.15 36 x (95°C 1 min/62°C
Hb E G148; CCCTTGGACCCAGAGGTTG 1.8 1 min/72°C 90 sec)
[HBB:c.79G>A] (G163; CCCTGGCCCACAAGTACTAC 0.03 1 x 72°C 10 min
H5; GCAGCCTCACCTTCTTTCATGG 0.03 1 x 10°C hold
B CD 17 (A-T) S1; TGTCATCACTTAGACCTCAC 2.1 1 x 95°C/15 min
[HBB:c.52A>T] G10; AGACTAGCACTGCAGATTCC 0.18 36 x (95°C 1 min/61°C
Hb E G18; ACTTCATCCACGTTCACCTA 2.1 1 min/72°C 90 sec)
[HBB:c.79G>A] G24; CGTGGATGAAGTTGGTGGTA 1.5 1 x 72°C 10 min
G72; GACCACCAGCAGCCTAAGGG 1.5 1 x 10°C hold
SF14; TCCCTCAGAAAAGGATTCAA 0.18
C Hb E S3; TCCCATAGACTCACCCTGAA 0.96 1 x 95°C/15 min
[HBB:c.79G>A] G24; CGTGGATGAAGTTGGTGGTA 0.96 36 x (95°C 1 min/63°C
v4; GGCCTAAAACCACAGAGT 0.3 1 min/72°C 90 sec)
v5; CCAGAAGCGAGTGTGTGGAA 0.3 1 x 72°C 10 min
1 x 10°C hold
D CD 71/72 (+A) S3; TCCCATAGACTCACCCTGAA 1.8 1 x 95°C/15 min
[HBB:c.216_217insA] G14; AAAGTGCTCGGTGCCTTTAA 1.8 36 x (95°C 1 min/63°C
v4; GGCCTAAAACCACAGAGT 0.24 1 min/72°C 90 sec)
v5; CCAGAAGCGAGTGTGTGGAA 0.24 1 x 72°C 10 min
1 x 10°C hold
E IVSI#5 (G-C) S1; TGTCATCACTTAGACCTCAC 1.8 1 x 95°C/15 min
[HBB:c.92 + 5G>C] G20; CTGTCTTGTAACCTTGATAG 1.8 36 x (95°C 1 min/61°C
v4; GGCCTAAAACCACAGAGT 0.12 1 min/72°C 90 sec)
v5; CCAGAAGCGAGTGTGTGGAA 0.12 1 x 72°C 10 min
1 x 10°C hold
F IVSI#1 (G-T) S1; TGTCATCACTTAGACCTCAC 1.5 1 x 95°C/15 min
[HBB:c.92 + 1G>T] G16R; CTTGTAACCTTGATACCAAA 1.5 36 x (95°C 1 min/60°C
v4; GGCCTAAAACCACAGAGT 0.12 1 min/72°C 90 sec)
v5; CCAGAAGCGAGTGTGTGGAA 0.12 1 x 72°C 10 min
1 x 10°C hold
G IVSII#654 (C-T) G8; CGAACCTGAGTCTTATTAG 0.6 1 x 95°C/15 min
[HBB:c.316-197C>T] G12R; GTAATAATTTCTGGGTTAACGT 0.6 36 x (95°C 1 min/55°C
v4; GGCCTAAAACCACAGAGT 0.06 1 min/72°C 90 sec)
v5; CCAGAAGCGAGTGTGTGGAA 0.06 1 x 72°C 10 min
1 x 10°C hold
AF, amniotic fluid; Hb, hemoglobin; PCR, polymerase chain reaction.

and 243 bp fragments, respectively. A 578 bp fragment was
an internal control fragment for all PCR reactions.

Validation of the AF PCR assays was done on a total of 448
AF specimens. As expected, the 2 majority mutations of

Hb E-f°-thalassemia disease in our region were °-thal CD
41/42 (-TTCT) and CD 17 (A-T), respectively. Among prenatal
diagnoses of 448 AF specimens, 116 (25.9%) patients were
found to be affected, 247 (55.1%) patients were carriers, and
85 (19.0%) patients were unaffected. A result that was100%
concordant with the routine PCR methods on purified DNA
specimens was observed, as shown in Table 4 and Figure 3.

www.labmedicine.com

Discussion

Hb E-p°-thalassemia disease is one of the severe thal-
assemia diseases targeted in a prevention and con-

trol program for thalassemia in Thailand.* The clinical
features of this disease vary from moderate to severe
anemia requiring blood transfusion to survive. The
prevalence of Hb E- and (-thalassemias are 41.7% and
0.9% in the northeastern Thai population, respectively."’
Therefore, Hb E-B°-thalassemia diseases are the most
common high-risk diseases in the region.” Identification
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Table 3. Frequency of 7 Common p-Thalassemia

Mutations Found Among 309 p-Thalassemia

Heterozygotes

B-Thalassemia Mutations Type n %
Mutation HGVS Name
CD 41/42 (-TTCT) HBB:c.126_129delCTTT [30 57 18.4
NT-28 (A-G) HBB:c.-78A>G p* 47 15.2
CD 17 (A-T) HBB:c.52A>T B° 45 14.6
IVSI#1 (G-T) HBB:c.92 + 1G>T ﬁo 14 4.5
IVSI#5 (G-C) HBB:c.92 + 5G>C B° 12 39
CD 71/72 (+A) HBB:c.216_217insA B° 11 3.6
IVSII#654 (C-T) HBB:c.316-197C>T B° 5 1.6
Negative for 6 3-thalassemia mutations ~ 118 38.2
Total 309 100

Routine DNA PCR Assays

Table 4. Results of a Prenatal Diagnosis for °-Thalassemia/Hb E Diseases Using Amniotic Fluid PCR and

Fetal Risks

Number of Patients (%)

Fetal Diagnosis
(AF PCR/Routine PCR)

Affected Carrier Normal
Hb E/ p°-thalassemia (CD 41/42) 190 (42.4) 48/48 104/104 38/38
Hb E/ p°-thalassemia (CD 17) 156 (34.8) 35/35 88/88 33/33
Hb E/ B°-thalassemia (IVSI#5) 33 (7.4) 9/9 18/18 6/6
Hb E/ p’-thalassemia (IVSI#1) 26 (5.8) 10/10 12/12 4/4
Hb E/ p°-thalassemia (CD 71/72) 24 (5.4) 8/8 15/15 11
Hb E/ %-thalassemia (IVSII#654) 19 (4.2) 6/6 10/10 3/3
Total (448) 448 (100) 116/116 247/247 85/85

AF, amniotic fluid; Hb, hemoglobin; PCR, polymerase chain reaction.

of B-thalassemia mutations is essential for the preven-
tion and control of the disease. Many studies have shown
the heterogeneity of -thalassemia in Thailand.”® %"
However, 7 mutations—CD 41/42 (-TTCT), NT-28 (A-G),
CD 17 (A-T), CD 71/72 (+A), IVSI#1 (G-T), IVSI#5 (G-C),
and IVSII#654 (C-T)—are the most common.”® Although
p-thalassemia carriers can be confirmed by Hb ana-

lysis, identifying f-thalassemia mutations to define the
type of mutation (3° or p*) is very important for prenatal
diagnosis. Usually, prenatal diagnosis is performed only
parents at risk of f°-thalassemia but not f*-thalassemia.
The p-thalassemia mutations can be identified using
many PCR-based techniques as described elsewhere
that rely on purified DNA specimens. These identification
techniques can be laborious in large-scale screening.

13-16

Prenatal diagnosis is one of the most critical steps for the
prevention and control of severe thalassemia diseases.
Fetal specimens, including chorionic villus sampling, AF,
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and fetal blood, are obtained from at-risk pregnant women
according to gestational age. The fetal DNA is prepared
from these specimens and subjected to DNA analysis using
PCR analysis.”® Although PCR analysis is sensitive and
accurate, based on our experience, misdiagnosis was ob-
served because of allele dropout and contamination with
PCR inhibitors."” Therefore, a double-check method for
prenatal diagnosis should be performed.

Furthermore, we also found that some pregnant women begin
antenatal care very late. In this case, rapid identification of
B-thalassemia mutations and prenatal diagnosis are crucial.

The manual DNA extraction methods commonly used

in most molecular laboratories include the phenol-
chloroform method and the salting-out method. The yield
of DNA obtained from these methods is relatively high.
However, these manual methods require the specimen to
be transferred to multiple tubes, which is laborious and

www.labmedicine.com
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Identification of B-thalassemia mutations and prenatal diagnosis of Hb E-f°-thalassemia disease in a representative family. Pedigree and
hematological profiles of the parent are shown. The father was -thalassemia carrier whereas the mother was Hb E carrier. The arrow

indicate the fetus whose amniotic fluid specimen was obtained at 20 weeks of gestation. Whole blood PCR assays identified that father (F)
carries °-thalassemia mutations (CD 41/42; — TTCT). The prenatal diagnosis was done using multiplex amniotic fluid PCR for detection of
CD 41/42 (- TTCT) & Hb E gene. The fetus (AF) was diagnosed as an affected fetus. The simple, rapid and accurate diagnosis was obtained

for this family.

time-consuming. The traditional salting-out method requires
incubating the cell lysate overnight at 37°C." The phenol-
chloroform method needs at least 2 hours to incubate the
cell lysate and involves the use of toxic materials."® In add-
ition, there are many commercial DNA extraction kits used
regularly in many laboratories. Commercial DNA extraction
kits are generally faster and simple to use, but the cost per
specimen is higher than that of manual methods. Therefore,
we developed a direct PCR method for the identification

of p-thalassemia mutations and prenatal diagnosis of Hb
E-p°-thalassemia disease without DNA extraction. An WB
mixture could be prepared within 2 steps (less than 1 mi-
nute), and a concentrated AF specimen could be prepared
within 3 steps (less than 15 minutes). However, these de-
veloped techniques also had limitations, including that the
WB mixture and the concentrated AF specimen could not

be stored and used with other types of PCR-based analysis.

As compared to routine methods, our techniques were

www.labmedicine.com

simple, fast, and cost-effective and required easy steps to
prepare the WB mixture and concentrated AF specimen.
These techniques can be applied as a rapid second-line or
double-check method to identify $-thalassemia mutations
and confirm prenatal diagnosis of Hb E-p°-thalassemia
disease.

As shown in Table 3 and Table 4, these newly developed
techniques were applied to 309 (3-thalassemia carriers and
448 fetuses for the prenatal diagnosis of Hb E-p°-thalas-
semia diseases; results that were 100% concordant with
the routine PCR system using purified DNA were noted. We
also showed an example of applying the developed tech-
niques to 1 family at risk for Hb E-p°-thalassemia disease.
As shown in Figure 3, the carrier identification using WB
specimens showed that the father was a °-thalassemia
carrier of the CD 41/42 (-TTCT) mutation. Therefore, pre-
natal diagnosis using an AF specimen was conducted to

Lab Medicine 2021;52;460-468 467
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identify the Hb E gene and °-thalassemia mutation (CD
41/42; -TTCT). The result indicated that the fetus was af-
fected by Hb E-p°-thalassemia disease.

Although our developed methods can be applied only

to the 7 most common $-thalassemia mutations, they
could be applied to other rare -thalassemia mutations.
Moreover, in combination with WB PCR for the detection

of a’-thalassemia as reported previously,'® the prevention

and control of 3 severe thalassemia diseases, including

Hb Bart’s hydrops fetalis syndrome, homozygous [3°-thal-

assemia, and Hb E-Bo-thalassemia disease, could be
easily achieved. The methods would also provide a

double-check system for 3-thalassemia screening in most

PCR laboratories.

Conclusion

The established WB and AF PCR assays should prove
useful for the rapid, simple, and reliable prenatal and
postnatal diagnosis of Hb E-f0-thalassemia diseases.
These developed techniques can also apply to large-scale
population screening and are directly relevant to most
molecular laboratories in the regions where thalassemia is
prevalent. LM
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ABSTRACT

Objective: Viscous body fluids present challenges during clinical
laboratory testing. The present study was conducted to evaluate the
effectiveness of hyaluronidase (HYAL) and ultracentrifugation (UC)
pretreatment for a variety of body fluids before clinical chemistry
testing.

Methods: The following body fluids were evaluated: biliary/hepatic,
cerebrospinal, dialysate, drain, pancreatic, pericardial, peritoneal/ascites,
pleural, synovial, and vitreous. Analytes assessed included amylase, total
bilirubin, cancer antigen 19-9, carcinoembryonic antigen, cholesterol, chloride,
creatinine, glucose, lactate dehydrogenase, lipase, potassium, rheumatoid
factor, sodium, total protein, triglycerides, urea nitrogen, and uric acid.

Viscous (eg, thick) body fluid specimens are problematic for
clinical laboratories because of the challenges that occur
during manual pipetting and with specimen aspiration by
automated instrumentation. The viscous quality of body
fluids is commonly caused by hyaluronic acid (HA; also
called hyaluronan), a glycosaminoglycan present in many
biological fluids."? Hyaluronidase (HYAL) has been reported
to be an effective treatment for viscous body fluid speci-
mens before analysis.®” By catalyzing the hydrolysis of HA,
the addition of HYAL helps liquefy viscous specimens and
facilitate aspiration by automated analyzers. Although the

Abbreviations:

AMY, amylase; CA 19-9, cancer antigen 19-9; CEA, carcinoembryonic
antigen; CHOL, cholesteral; Cl, chloride; CLSI, Clinical and Laboratory
Standards Institute; CREAT, creatinine; FDA, U.S. Food & Drug
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ISE, ion selective electrode; K, potassium; LDH, lactate dehydrogenase;
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Results: Observed percentage differences between HYAL treated and
untreated fluids were less than +15% for all analytes investigated, with
a small number showing statistical significance (P <.05). In addition, UC
showed increased variability for limited body fluid/analyte combinations.

Conclusion: The HYAL treatment effectively reduced viscosity for
body fluids. Validation of specimen pretreatment processes ensures
acceptable analytical performance and the absence of unanticipated
interferences.

Keywords: hyaluronidase, ultracentrifugation, viscosity, body fluids,
assay interference, validation

clinical laboratory use of HYAL has primarily been focused
on liquefying specimens before cellular analysis,® ' its utility
in regard to the chemical analysis of viscous body fluid spe-
cimens has also been described. %415

A possible alternative approach to enable the chemical
analysis of problematic viscous body fluids (eg, when HYAL
is ineffective) is ultracentrifugation (UC), a well-known

and effective treatment for removing lipemia in serum and
plasma.'®'” Although the lipemic interference of body fluids
has previously been investigated,* detailed studies on the
effect of preanalytical UC of body fluids could be helpful for
laboratories considering such processing.

Because body fluids are typically not approved specimen
types for most U.S. Food & Drug Administration (FDA)-
cleared assays, laboratories must meet applicable regula-
tory and analytical validation requirements appropriate for
testing.*'®'® These requirements also include validating pre-
treatment protocols such as the addition of HYAL or UC to
rule out the possibility of assay interferences. For example,
prior studies have shown that some commercial HYAL pow-
ders (of mammalian testicular origin) contain testosterone,?
and HYAL pretreatment has previously been shown to
cause elevations in lipase (LIP) and total protein (TP).*
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The objective of the present report was to evaluate the ef-
fect of HYAL treatment and UC on an array of body fluids
that a clinical laboratory may encounter. Body fluid/assay
combinations were chosen based on previous validation ex-
periments performed by our laboratory on the Roche cobas
8000 platform (Roche Diagnostics, Indianapolis, IN).?’

Materials and Methods

Testing was performed using Roche cobas 8000 analyzers
(c702, c502, e602; Roche Diagnostics, Indianapolis, IN).
Residual specimens were deidentified and handled according
to an institutional review board-approved protocol. Assays in-
vestigated included amylase (AMY; ¢502), total bilirubin (TBILI;
¢502), cancer antigen 19-9 (CA 19-9; e602), carcinoembryonic
antigen (CEA; e602), cholesterol (CHOL; c502), chloride (Cl;
cobas 8000 ion selective electrode [ISE] module), creatinine
(CREAT; c502), glucose (GLUC; c502), lactate dehydrogenase
(LDH; c502), LIP (c502), potassium (K; cobas 8000 ISE module),
rheumatoid factor (RF; c702), sodium (Na; cobas 8000 ISE
module), TP (c502), triglycerides (TRIG; ¢502), uric acid (UA;
¢502), and urea nitrogen (UN; c502).

Spiking studies were performed using bovine HYAL (catalog
number H2126; Sigma Aldrich, St. Louis, MO). Body fluid
spiking studies used residual body fluids submitted to the
clinical laboratory for patient testing and were subsequently
stored at —20°C. Although single, unique specimens were
preferred when available, body fluid—specific specimen
pools were created to provide sufficient volume for testing
when needed. Body fluids tested (n = 5-10 unique speci-
mens/pools per fluid type) included biliary/hepatic, cerebro-
spinal, dialysate, drain, pancreatic, pericardial, peritoneal/
ascites, pleural, synovial, and vitreous (see Supplemental
Table 1 for list of assays evaluated for each respective body
fluid). Treatment with HYAL was performed by adding HYAL
(~2 mg) into a specimen aliquot (300-500 uL) with 2 dispos-
able wooden applicator sticks and then vortexing to mix the
HYAL powder into solution. The specimen was then allowed
to sit at ambient temperature for a minimum of 10 minutes.
The paired, spiked, and unspiked body fluid specimens
were analyzed in singlicate.

The UC of non-HYAL-treated body fluids was performed
using an Airfuge (Beckman Coulter, Brea, CA) for 10 min-
utes at approximately 178,000 x g. Clarified specimen was
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removed by collecting the portion of the specimen at the
bottom of the tube, using a disposable Pasteur pipette, and
transferring to a specimen cup for subsequent testing.

The percentage differences between treated (eg, HYAL-
spiked or UC) and untreated specimens were calculated as:

Treated Result — Untreated Result
Untreated Result

% Difference = ( ) x 100

We further investigated HYAL for its effectiveness in
liquefying HA gels prepared from HA powder (catalog
number J66993, Alfa Aesar, Ward Hill, MA) and in reducing
the viscosity of viscous body fluid specimens. The HA gels
(0.5, 1.0%, 1.5%, and 2.0%) were prepared by dissolving
HA powder in distilled H2O (n =5 for each gel concentra-
tion); HYAL was added to each aliquot of prepared HA gel
(~2 mg, as described above).

The effect of HYAL treatment on previously identified viscous
body fluids was also assessed. Qualitative (eg, visual) assess-
ment of viscosity was determined by 1 operator by inserting 2
wooden applicator sticks into the specimen, withdrawing them,
and then observing whether a “string” of specimen formed be-
tween the 2 sticks (ie, the specimen was viscous) or if the spe-
cimen came apart cleanly on each stick with separate drops
of liquid (ie, it was not viscous). For each specimen, 1 viscosity
assessment was made before HYAL treatment and 1 was
made after HYAL treatment. Specimens post-HYAL treatment
were then loaded onto the cobas 8000 system for Cl (n = 24;
cobas 8000 ISE module) to determine whether the instrument
would trigger aspiration errors because of increased specimen
viscosity. Specimens with aspiration errors (n = 7) were then
manually filtered (filter catalog number 6410-FS216, Porex,
Fairburn, GA) and reloaded onto the instrument.

Data analysis was conducted using Excel 2016 (Microsoft
Corp, Redmond, WA), SigmaPlot 13 (Systat, San Jose, CA),
and SPSS Statistics version 25 (IBM Corp, Armonk, NY).
Differences between group means were assessed using
the paired-samples t-test. We considered P values <.05
significant. Clinically relevant interference was defined as a
statistically significant difference between groups (P <.05),
with a corresponding average percentage difference that
was greater than £15%, a percentage threshold that was
used in percentage recovery experiments for a prior body
fluid validation study from members of our team.?? Data are
presented as mean + standard deviation (SD) unless other-
wise indicated.
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Percentage difference analysis: biliary/hepatic, cerebrospinal (CSF), dialysate, drain, and pancreatic fluids. Graphs are organized per fluid
type (A, biliary/hepatic; B, cerebrospinal; C, dialysate; D, drain; E, pancreatic) showing HYAL (left graph, light blue bars) and UC (right graph,
tan bars) for each fluid; bars show mean + SD. Analytes tested per fluid are shown on corresponding y axis labels. All datapoints are plotted
in overlying gray circles. Dotted lines show +15% thresholds. *P <.05. Note that UC was not performed for TRIG.

Specimens with the following pretreatment results were ex-
cluded from the percentage difference analysis because of the
impact of low quantitative results on the magnitude of the per-
centage difference calculations: AMY < 10 U/L, TBILI < 0.1 mg/
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dL, CA 19-9 < 20 U/mL, CEA < 1 ng/mL, CHOL < 10 mg/
dL, GLUC < 10 mg/dL, LIP < 5 U/L, and RF < 10 IU/mL.
Specimens excluded for percentage difference analysis were
alternatively reviewed for absolute quantitative differences in

Lab Medicine 2021;52;469-476 471

DOI: 10.1093/labmed/Imaa115



Science

results (posttreatment—pretreatment), with the following accept-
ability limits applied: AMY, £11 U/L; CA 19-9, +4 U/mL; CEA,
+0.3 ng/mL; CHOL, +20 mg/dL; TBILI, +0.1 mg/dL; GLUC,

+10 mg/dL; LIP, 6 U/L; and RF, +4 IU/mL. These acceptability
thresholds represented 10% of the upper reference limit of our
laboratory’s test for each analyte in serum with the exception of
RF, which was set at + 4 IU/mL (approximating 10% of a titer
of 40 IU/mL). Finally, TRIG was not evaluated by UC because
of the known separation of lipids from aqueous solutions by
density during UC.

Results

The HYAL spiking and UC were performed to evaluate for
any potential interferences with the body fluid/analyte com-
binations investigated (Figure 1, Figure 2, and Figure 3).
Small albeit statistically significant differences with treat-
ment were observed with HYAL: cerebrospinal—GLUC,

K, and LDH (Figure 1, Image B, left); drain—Na and TRIG
(Figure 1, Image D, left); pericardial —RF and TRIG (Figure
2, Image A, left); peritoneal —TRIG (Figure 2, Image B, left);
and pleural—Na and TRIG (Figure 3, Image A, left). Small
albeit statistically significant differences were also observed
with UC: biliary—TBILI (Figure 1, Image A, right); cerebro-
spinal—CA 19-9, Cl, GLUC, K, and Na (Figure 1, Image

B, right); pericardial—Cl, GLUC, Na, RF, and TP (Figure 2,
Image A, right); peritoneal—LDH (Figure 2, Image B, right);
pleural—K and Na (Figure 3, Image A, right); and vitreous—
UN (Figure 3, Image C, right). Data for HYAL spiking and
UC are also presented in tabular format in Supplemental
Table 1.

Increased variability (as reflected in SD > 20%) was notable
after treatment for several body fluid/analyte combinations
using UC: pleural, LIP (Figure 3, Image A, right); biliary, CA
19-9 (Figure 1, Image A, right); and pancreatic, CA 19-9
and CEA (Figure 1, Image E, right). Specimens with low
concentration baseline results were not included in the per-
centage difference analysis but are presented separately in
Supplemental Table 2. This analysis showed that HYAL and
UC did not impact absolute concentration assessment in
low-concentration specimens.

We found that HYAL could liquefy all the prepared HA
gels (0.5%, 1.0%. 1.5%, and 2.5% HA; n =5 each

472  Lab Medicine 2021;52;469-476

DOI: 10.1093/labmed/Imaa115

concentration), showing a successful breakdown of HA.
Figure 4 shows a representative example of liquefied 2.0%
HA gel after the addition of HYAL. The use of HYAL also
effectively reduced the viscosity of previously identified
viscous clinical body fluid specimens: Of the 24 specimens
that were qualitatively (ie, visibly) viscous before HYAL
treatment, all were found to be qualitatively nonviscous
post-HYAL treatment. Upon loading these 24 specimens
onto analytical instruments, we found that 17 (71%) did

not trigger aspiration errors. The remaining 7 (29%) were
manually filtered and reloaded on the instrument. All 7 did
not trigger aspiration errors upon reloading, suggesting that
the prior aspiration error resulted from either particulate
matter or other components of the specimen contributing to
viscosity (eg, nonliquefied HA) that were removed by subse-
quent filtration.

Discussion

Body fluid validation requirements may be included as

part of a laboratory’s accreditation program.? This pro-
cess ensures that testing using modified FDA-cleared

or approved assays is conducted according to the 1988
Clinical Laboratory Improvement Amendments regulations
for establishing performance specifications.'® The Clinical
and Laboratory Standards Institute (CLSI) has also recently
updated its Analysis of Body Fluids in Clinical Chemistry
standard, which provides additional guidance to clinical
laboratories regarding body fluid validations and testing.®
Note that this CLSI standard emphasizes the importance of
specifically incorporating pretreatment techniques in a body
fluid validation plan.® The use of HYAL to address viscous
body fluid specimens and facilitate clinical analysis has
previously been reported.®®** The present study adds to
this literature by providing data on multiple body fluid and
analyte combinations. It is important to note that body fluid
testing should be ordered and conducted only when there
is evidence regarding the clinical utility and appropriateness
of the body fluid/analyte under investigation.'® The inter-
pretation of results in the absence of such clear evidence
should be conducted with caution.

The present report also highlights the importance and

challenge of determining acceptable performance limits
for studies, particularly those across multiple analytes.

www.labmedicine.com
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Percentage difference analysis: pericardial and peritoneal/ascites fluids. Graphs are organized per fluid type (A, pericardial; B, peritoneal/
ascites) showing HYAL (left graph, light blue bars) and UC (right graph, tan bars) for each fluid; bars show mean + SD. Analytes tested per
fluid are shown on corresponding y axis labels. All datapoints are plotted in overlying gray circles. Dotted lines show +15% thresholds.

*P <.05. Note that UC was not performed for TRIG.

The 15% threshold was chosen based on its use in
recovery studies in a recent body fluid publications

for alpha-fetoprotein.?? Research from our group has
also previously used a criterion of 10% in body fluid
evaluations.?! For the present study, we documented
15% acceptability limits during the validation plan as
part of an in-house clinical validation. Upon additional
analysis, if a 10% criterion was to be applied, then 1
analyte/fluid combination (pericardial fluid, RF) would
meet the criterion. Alternatively, if the serum percentage
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total allowable error (TAE) limits from the Westgard
Desirable Biological Variation Database (https://www.
westgard.com/biodatabasel.htm) were applied (TAE:
AMY, 14.6%; TBILI, 26.94%; CA 19-9, 46.03%; CEA,
24.7%; CHOL, 9.01%; Cl, 1.5%; CREAT, 8.87%; GLUC,
6.96%; K, 5.61%; LDH, 11.4%; LIP, 37.88%; Na, 0.73%;
RF, 13.5%; TP, 3.63%; TRIG, 25.99%; UA, 11.97%; and
UN, 15.55%), then only a few electrolyte/fluid combin-
ations would meet the criterion: Cl (UC—CSF, pericar-
dial, vitreous), Na (UC —CSF, pericardial, pleural), and Na
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Percentage difference analysis: pleural, synovial, and vitreous fluids. Graphs are organized per fluid type (A, pleural; B, synovial; C, vitreous)
showing HYAL (left graph, light blue bars) and UC (right graph, tan bars) for each fluid; bars show mean + SD. Analytes tested per fluid are
shown on corresponding y axis labels. All datapoints are plotted in overlying gray circles. Dotted lines show +15% thresholds. *P <.05. Note

that UC was not performed for TRIG.

(HYAL—drain). Given the minimal percentage differences
for these analytes with HYAL and UC treatment (Figure
1, Figure 2, Figure 3), these TAE electrolyte limits are
likely too restrictive for use with clinical body fluid
testing because the differences would almost certainly
be clinically irrelevant. However, these results emphasize
how critical predefined acceptance criteria are to clinical
laboratory validations.
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Validation of pretreatment with HYAL for specific analytes
can also help identify unexpected reagent contaminants.
For example, our laboratory previously used a source of
HYAL of bovine testicular origin (Sigma Aldrich catalog
number H3506), which has been described by others.*

In a previous investigation from our laboratory, it was
discovered that this particular HYAL powder contained
measurable testosterone, presumably carried over from its
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Figure 4

Reduced viscosity of an HA gel by treatment using HYAL. A, 2% HA
gel, untreated. B, 2% HA gel treated with ~2 mg HYAL.

tissue source."® Although our laboratory does not per-
form testosterone measurement on body fluids, an alter-
native source of HYAL powder was still desired because
the instruments used for certain body fluid immunoassays
are also used for serum testosterone measurement. The
presence of an analyte-containing powder in proximity to
such instruments theoretically introduces a contamination
risk if a bottle were inadvertently spilled. An evaluation of
several sources of HYAL for testosterone contamination
was therefore performed, and the HYAL assessed in the
present study (catalog number H2126) was selected based
on the prior investigation.?® Although recombinant HYAL is
also commercially available, it is generally cost-prohibitive
in the amounts required for body fluid testing in clinical
laboratories.

Increased percentage differences in TP have previously
been reported when using HYAL powder spiked into body
fluids (catalog number H3506)," possibly because HYAL
itself is a protein. Interestingly, the HYAL evaluated in the
present study (catalog number H2126) did not show as
substantial of a percentage difference in TP for the fluids
evaluated (1%-3% difference observed). Although it is still
a protein, this bovine HYAL has a more granular charac-
teristic than the previously used light, flaky material, and

it is generally easier to scoop in smaller amounts and with
a similar overall impact on resolving viscous specimens.
These observations reiterate the importance of laboratories
evaluating and validating specific HYAL or pretreatment

www.labmedicine.com
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protocols before use to fully understand any potential inter-
ferences or unexpected impact on specific assays.

Along with serum and plasma, body fluid specimens are also
susceptible to specimen interferences such as hemolysis,
icterus, and lipemia. Among the different treatments for
clearing lipemia, previous reports have described the effect-
iveness and benefits of using UC.'®""?° In the present study,
although not statistically significant, several analytes showed
trends toward percentage differences greater than our
acceptability criteria with UC: pancreatic CA 19-9 (-29%),
pancreatic CEA (-27%), and pleural lipase (21%). However,
not all body fluid types showed mean percentage differ-
ences greater than our acceptability threshold of 15% for
these analytes. Mean percentage differences for the various
body fluids ranged from —29% to -1% for CA 19-9, from
—27% to 0% for CEA, and from -13% to 21% for lipase.

In general, these observations do suggest that increased
variability (ie, imprecision) may be seen with UC treatment.
Research has shown that CA 19-9 and CEA are membrane-
bound glycoproteins that are used clinically as serum tumor
markers.?®?8 It is theoretically possible that during UC, the
plasma membrane in cellular specimens may be impacted,
potentially either releasing or precipitating membrane-bound
components. Further studies are required to investigate

the variability in CA 19-9 and CEA with UC observed in the
present report. Although this study does not definitively ex-
plain a mechanism for the trend toward increased pleural LIP,
it is interesting to note that a previous study observed eleva-
tions in LIP after HYAL pretreatment.* Out of an abundance
of caution, UC was classified as unacceptable for CA 19-9,
CEA, and LIP in our laboratory, regardless of the body fluid
type being analyzed.

The limitations of the present report include the fact that
specimen viscosity assessment was conducted by 1 op-
erator with viscosity assessments performed in singlicate.
The differential ability of instruments to detect specimen
clots or hyperviscosity or to provide aspiration error flags
was not assessed. Specific recovery studies comparing
specimens spiked with HA were not performed but could
provide insight into the effect of HA-induced viscosity

on assay performance. In addition, this investigation did
not evaluate the impact of manual specimen filtration
alone, either as a pretreatment step or for any potential
impact on analytical results. Determination of statistical
significance could be enhanced by studies of individual
analyte/fluid combinations with increased numbers of
study specimens.
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Conclusion

A source of HYAL that effectively reduced the viscosity

of body fluids was identified and evaluated. Either no or
negligible interference for most assays evaluated in this
study was observed. Furthermore, UC was classified as un-
acceptable for CA 19-9, CEA, and LIP. Laboratories should
perform verification studies for any pretreatment processes
such as HYAL or UC before incorporating them into clinical
laboratory protocols. LM
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ABSTRACT

Objective: To investigate the value of presepsin and proadrenomedullin
(proADM) as new markers for febrile neutropenia, by comparing them
with conventional markers.

Methods: Plasma specimens for presepsin, proADM, C-reactive protein
(CRP), and procalcitonin (PCT) were collected every 3 days during each
episode of febrile neutropenia.

Results: A total of 39 patients experiencing a collective 47 episodes of
febrile neutropenia with hematological malignant neoplasms, as well
as 40 healthy control patients without infectious disease, were enrolled
in this study. Levels of the studied analytes in the presepsin 1 group
(with baseline values taken at admission), presepsin 2 group (values
recorded on the 3rd day of febrile neutropenia), and presepsin 3 group

Febrile neutropenia (FN) represents an important compli-
cation that affects the clinical outcomes of patients who
receive chemotherapy and/or hematopoietic stem-cell

Abbreviations:

FN, febrile neutropenia; HSCT, hematopoietic stem-cell transplantation;
CRP. C-reactive protein; PCT, procalcitonin; sCD14, soluble CD14 subtype;
ADM, adrenomedullin; SIRS, systemic inflammatory response syndrome;
ANC, absolute neutrophil count; IDSA, Infectious Disease Society of
America; ECLIA, electrochemiluminescence immunoassay analyzer; ROC,
receiver operating characteristics; ALL, acute lymphoblastic lymphoma;
AML, acute myeloblastic lymphoma; AUC, area under the curve; Cl,
confidence interval; min, minimum; max, maximum
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(values recorded on the 6th day of hospitalization) were all higher in
the subgroups with bacteremia. C-reactive protein 1 (baseline value
taken at admission), procalcitonin 1 (as recorded at admission), and
procalcitonin 2 (recorded on the 3rd day of febrile neutropenia) were
higher in the subroups with bacteremia (P =.03, P = .04, and P = .04,
respectively). In multivariate logistic regression analysis, presepsin

1 and/or PCT 1/CRP 1 combined analysis was superior in predicting
bacteremia.

Conclusion: Presepsin could be used in combination with other
biomarkers to detect bacteremia.

Keywords: febrile neutropenia, bacteremia, presepsin,
proadrenomedullin, C-reactive protein, procalcitonin

transplantation (HSCT). It is assumed that infectious
causes are the reason for 80% of FN episodes." Prediction
of bacteremia/sepsis in patients with pediatric hemato-
logical malignan neoplasms who have febrile neutropenia
still remains a challenge for the medical community due to
the lack of reliable biomarkers, especially at the beginning
of the infection process. In FN episodes, life-threatening
complications can develop in a period of several hours,
depending on the pathogen. Thus, an accurate and timely
diagnostic work-up is mandatory to yield prompt diagnosis
and reveal the correct antibiotic treatment.

C-reactive protein (CRP) and procalcitonin (PCT), as biomarkers,
have most often been explored to identify patients at risk for com-
plicated course of febrile neutropenia. CRP and PCT both have
some limitations, such as nonspecificity and delayed response.
High levels of PCT are observed during systemic bacterial infec-
tions, and less-elevated PCT levels are observed during local-
ized bacterial infections.? PCT is superior to CRP for predictive
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purposes and is slightly more pathogen-dependent, especially
in gram negative bacteremia.” However, there still is a need for
more rapid and accurate markers, which also could be used for
deescalation strategies involving broad-spectrum antibiotics.

Soluble CD14 subtype (sCD14), known as presepsin, is a
biomarker that has been demonstrated as a new, emerging,
early indicator for the detection of different infections.* When a
proinflammatory cascade is activated against infectious agents,
sCD14 is released after phagocytosis or released into circula-
tion by breakdown of sCD14 via the proteolytic pathway. After
this process, presepsin is generated and released. The mol-
ecule occurs as early as within 2 hours of inflammation onset,
which is even earlier than PCT and CRP.

Adrenomedullin (ADM) is a 52-amino-acid peptide produced
from cultured vascular smooth-muscle cells and vascular
endothelial cells; its production is generally augmented by
inflammatory agents such as lipopolysaccharide, tumor ne-
crosis factor, and interleukin-1.> ADM has regulatory effects
on inflammation, infection, angiogenesis, mineralized tissue
formation, and development.*®

ADM has been found to be beneficial as a prognostic
marker for high sepsis, pneumonia, systemic inflammatory
response syndrome (SIRS), and febrile neutropenia. Its pre-
cursor molecules are pre-proADM, which consists of 185
amino acids, and proADM, which contains 164 amino acids.
After its release, ADM is rapidly eliminated from the serum,
so it is hard to measure its serum levels. However, proADM
remains stable for longer periods of time.®” To date, to our
knowledge, there have been no published studies in pedi-
atric patients with cancer regarding proADM as a biomarker,
compared with presepsin, CRP, and PCT.

Herein, we aimed to analyze the utility of presepsin, pro-ADM,
CRP, and PCT as biomarkers of bacteremia during febrile
episodes that occurred in patients with neutropenia harboring
hematological malignant neoplasms. Our goal was to de-
fine reliable tools to predict bacteremia and derive the correct
prognosis.

Material and Methods

We conducted a prospective, case-control study to examine
the utility of presepsin and proADM levels, compared the
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CRP and PCT levels, for detecting bacterial infections in the
FN of pediatric patients in the hematology department. The
present study was approved by the ethical committee of the
Faculty of Medicine, Hacettepe University, Ankara, Turkey.
FN is often defined as having oral temperature of 38.3 or
greater, or 38°C or greater, for more than 1 hour, with ab-
solute neutrophil count (ANC) less than 500 per pL or the
reduction of ANC to 500 per pL in the next 24 to 48 hours.
Severe neutropenia has been defined as ANC less than 100
per uL.®

The inclusion criteria were age of less than 18 years and
presence of hematological malignant neoplasms without a
history of antibiotic therapy in the past week. Exclusion cri-
teria were declining to participate in the study, age greater
than 18 years, having oncological malignant neoplasms,
having nonhematological malignant neoplasms, and not
undergoing chemotherapy treatment.

The patients were selected for the study based on the criteria
of the Infectious Disease Society of America (IDSA) for the def-
inition of FN. Written consent was given by the parents of each
patient to participate in this study. All the patients were sub-
jected to full medical history-taking, thorough clinical examin-
ation, and radiological studies (if indicated).

Routine total blood count, biochemical analysis, and blood
culture were performed on all patients with febrile neutropenia.
Plasma specimens for presepsin, proADM, CRP, and PCT
were collected concomitantly during each febrile neutropenic
episode at presentation before the first dose of antibiotic treat-
ment (day O; presepsin 1, proADM1, CRP1, PCT1), at the 3rd
day (day 3; presepsin 2, proADM2, CRP2, PCT2) and at the
7th day of antibotic treatment (day 7; presepsin 3, proADMS3,
CRP3, PCT3). We also checked serum presepsin and proADM
levels inm healthy pediatric patients.

None of the included patients had been administered anti-
biotics before enroliment. Bacteremia was defined as a
microbial growth in one of the blood culture bottles. For
coagulase negative Staphylococcus species, 2 positive

blood culture results from different sites were required; other-
wise, the result was considered to indicate possible contamin-
ation. In this study, an individual patient may have had multiple
FN events. The serum specimens, taken at the same time as
PCT and CRP specimen gathering, were allowed to clot for 10
to 20 minutes at room temperature and then centrifuged (at
492g -11079) for 20 minutes. We collected the supernatants
carefully. After centrifugation within 2 hours of phlebotomy, the
plasma was preserved at —80°C until measurement.
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We measured plasma presepsin levels using a rapid
chemiluminescent enzyme immunoassay on the fully auto-
mated PATHFAST immunoanalyzer (Mitsubishi Chemical
Europe GmbH). ProADM was measured via quantitative
sandwich enzyme immunoassay technique, using the
Human Pro-ADM ELISA Kit. ProADM levels were meas-
ured by ELISA (pg/mL). PCT levels were measured by
electrochemiluminescence immunoassay analyzer (ECLIA;
ng/mL; local inflammation/infection, 0-0.5; moderate
systemic inflammatory response, 0.5-2.0; severe sys-
temic inflammatory response, 2.1-10.0; severe bacterial
sepsis/septic shock, >10.0). CRP levels were measured by
immunoturbidimetry (mg/L; threshold >5).

Statistical Analysis

The data were analyzed using SPSS Statistics, version 20.0
(IBM Corporation). Comparisons between measures (mean
[SD]) of the 2 groups were performed using the Student ¢
test, and comparisons between measures (mean [SD]) of
multiple groups were performed by 1-way ANOVA testing
(F). Kruskall-Wallis test (K) was used instead of ANOVA in
nonparametric data (SD >50% mean).

Mann-Whitney testing was used for nonparametric data,
and ¥ testing was used for comparing categorical vari-
ables. We used correlation coefficient rank testing to rank
different variables against each other in linear correlation,
which was positive or negative. The capacity of CRP, PCT,
presepsin, pro-ADM, and serum thrombocyte values were
analyzed using ROC (receiver operating characteristics)
curve analysis. When we observed a significant cutoff value,
sensitivity, specificity, and positive and negative predictive
values were presented. While we investigated the associ-
ations between non-normally distributed and/or ordinal vari-
ables, we calculated the correlation coefficients and their
significance using the Spearman test. A P value of less than
.05 was considered statistically significant, and a P value of
.05 or greater was considered statistically insignificant.

Results

A total of 29 patients with acute lymphoblastic lymphoma
(ALL; 33.3%), 18 with acute myeloblastic lymphoma (AML;
20.7%), and 40 control individuals (46.0%) with no known
underlying disease or fever were included in this study. The
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median age of the patients with hematological malignant
neoplasms was 77 months (21-216 months), and the me-
dian age of the control group was 71.5 months (10.0-215.0
months; P = .72).The median age of the 47 patients with
hematological malignant neoplasms was 77 months (21—
216 months), and the median age of the control group was
71.5 months (10-215 months; P = .72). In total, 23 of the 47
patients (48.9%) and 18 of 40 (45.0%) in the control group
were male (P = .44). The median (minimum-maximum) dur-
ation of hospitalization was 13 days (6-75 days). Patients
with AML were more prone to longer hospitalization than
patients with ALL: 19 days (6-75) vs 10 days (6-38; P = .01).
In 36 FN episodes (41.4%), patients had severe neutropenia
(ANC <100/pL).

In 26 of 47 FN episodes (55.3%), at least 1 infectious cause
was found: 18 (69.2%) were due to bacteria, 5 (19.2%) were
due to viruses, and 3 (11.6%) were due to fungal infections
(Table 1). Patients with FN who had severe neutropenia
more commonly had bacteriemia: of 8 of 9 (88.9%) patients
with gram negative bacteremia, 7 of 9 (77.8% patients with
gram positive bacteremia) had severe neutropenia.

The median (minimum-maximum) presepsin levels of con-
trol individuals were statistically significantly higher than
those levels in the patient group (2555 pg/mL [670-7010]
vs 1870 pg/mL [140-7010], respectively [P = .04]). Median
(minimum-maximum) presepsin levels were higher in pa-
tients with FN episodes caused by bacterial infections than
in patients with FN episodes with no underlying infectious
etiology; however, the difference was not statistically signifi-
cant (P =.10, P = .67, and P = .75, respectively; Table 2).

In 9 patients with gram negative bacteriemia, median
presepsin 1, -2, and -3 levels were all higher than in the
patients with gram-positive bacteremia (n = 9); however, the
difference was not statistically significant (P = .13, P = .89,
and P = .42, respectively; Table 3, Figure 1).

Serum proADM1 levels of patients with FN who harbored
bacteremia was statistically significantly higher than those
in the control group: 58.24 pg per mL (58.24-69.13) vs
46.13 pg/mL (20.16-70.45), respectively (P <.001.) Median
(minimum-maximum) proADM levels were similar between
patients with bacteremia and those without bacteremia
(P=.90, P =.67,and P = .70, respectively; Table 2).
Median serum proADM levels (1, 2, and 3) of patients with
gram positive bacteremia were not statistically different
from those levels in patients with gram negative bacteremia
(Table 3).
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Median CRP1, -2, and -3 levels of patients with FN were
5.82 mg/dL (0.16-31.5 mg/dL), 5.99 mg/dL (0.42-52.1 mg/
dL), and 1.67 mg/dL (0.18-51.1 mg/dL), respectively; change
was statistically significant during hospitalization (P <.001).

Table 1. Patient Characteristics®

Hematological Malignancy,
No. (%)

Acute myeloid leukemia

Acute lymphoblastic leukemia
Absolute Neutrophil Count
During FN (Day 0), No. (%)
<100/pL 36 (76.6)
100-500/pL

Focus of Infection, No. (%)

No focus of infection

Bacteriemia

Viral upper respiratory infection
Fungal infection

Pathogens Identified in Blood
Cultures, No.

Gram negative Bacteria
Escherichia coli

Klebsiella pneumonia
Pseudomonas aeruginosa
Citrobacter freundlii

Klebsiella oxytoca

Gram positive Bacteria
Staphylococcus epidermidis
Staphylococcus hominis
Enterococcus faecium
Streptococcus mitis

21 (44.7)

18 (38.3)
5(10.6)
3(6.4)

—_ g oW

—_ a o

FN, febrile neutropenia.
No. refers to number of episodes of febrile neutropenia.

Median CRP2 levels were statistically significantly higher

(P = .02), but CRP1 and CRP3 levels were similar in patients
with bacteremia and without bacteremia (P = .68 and P = .45,
respectively). Median CRP2 levels of patients with FN who
harbored gram-negative bacteremia were statistically signifi-
cantly higher than those levels in patients with FN who har-
bored gram-positive bacteremia (P = .02; Table 3, Figure 1).

Median (minimum-maximum) PCT1, -2, and -3 levels of
patients with FN were 0.43 ng per mL (0.05-40.4 ng/mL),
0.29 ng per mL (0.04-17.6 ng/mL), and 0.22 ng per mL
(0.04-11.4 ng/mL), respectively; the change was statis-
tically significant during hospitalization (P <.001). Median
PCT1 and -2 values of patients with FN who had docu-
mented bacterial infections were higher than in patients with
FN who did not have underlying infectious etiology (each

P = .04) (Table 2). Median PCT1 and -2 values were higher
in patients with gram-negative bacteremia than those with
gram-positive bacteremia (P = .01 and P = .008, respect-
ively; Table 3). A cutoff value of serum pro-ADM1 level of
57.95 pg/mL was found to diagnose FN attacks, with sen-
sitivity of 98% and specificity of 75% (area under the curve
[AUC], 0.78; 95% confidence interval [CI], .66-.90; P <.001).
A cutoff value of serum presepsin 3 level of 750 pg/mL was
found to diagnose bacteremia in FN, with sensitivity of 85%
and specificity of 64 % (AUC, 0.74; 95% Cl, 0.55-0.93;

P =.03).

A cutoff value of serum PCT1 level of 0.36 ng/mL was found to
detect bacteremia in patients with FN, with sensitivity of 82%

Table 2. Biomarker Changes in Bacteremic and Nonbacteriemic FN Groups

“Bolding indicates statistical significance.

Variable Group with Bacteremia, Median Group without Bacteremia Median P Value®
(Min-Max)? (Min-Max)®
Age (mo) 78 (21-216) 81 (21-213) .85
Presepsin 1 (pg/mL) 2210 (250-7010) 1700 (140-6920) 10
Presepsin 2 (pg/mL) 2540 (130-7010) 1560 (100-6920) .67
Presepsin 3 (pg/mL) 4550 (170-6920) 1880 (100-7010) .75
Pro—ADM 1 (pg/mL) 58.24 (58.24-69.13) 52.44 (53.56-70.45) .90
Pro—ADM 2 (pg/mL) 56.24 (58.24-70.45) 49.40 (48.55-70.45) .60
Pro—ADM 3 (pg/mL) 54.44 (58.24-70.45) 48.40 (53.01-70.45) .70
CRP 1 (mg/dL) 7.00 (0.20-18.80) 8.45 (0.49-31.50) .68
CRP 2 (mg/dL) 8.25 (0.46-52.10) 5.08 (0.47-17.60) .03
CRP 3 (mg/dL) 6.00 (0.30-18.50) 0.98 (0.40-28.9) 45
PCT 1 (ng/mL) 0.53 (0.15-10.80) 0.20 (0.05-40.40) .04
PCT 2 (ng/mL) 1.81 (0.08-17.60) 0.20 (0.04-3.67) .04
PCT 3 (ng/mL) 0.23 (0.11-11.40) 0.20 (0.04-3.60) .26
FN, febrile neutropenia; min, minimum, max, maximum; No., refers to the number of episodes of FN; pro-ADM, proadrenomedullin; CRP, C-reactive protein; PCT, procalcitonin.
n=18
b =29,
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Table 3. Biomarker Changes in Gram Positive and Gram Negative Bacteriemic FN Groups

Variable Group with Gram Positive Bacteremia® Group with Gram Negative P Value®
Bacteremia®
Median (Min-Max)
Presepsin 1 (pg/mL) 1960 (470-4470) 4590 (250-7010) 13
Presepsin 2 (pg/mL) 2030 (250-5890) 3990 (130-7010) .89
Presepsin 3 (pg/mL) 2090 (210-6920) 6920 (170-6920) 42
Pro-ADM 1 (pg/mL) 52.34 (58.24-64.20) 58.24 (58.24-64.20) 93
Pro—ADM 2 (pg/mL) 52.30 (58.24-66.83) 56.40 (58.24-70.45) .99
Pro—ADM 3 (pg/mL) 49.45 (58.24-65.06) 52.30 (58.24-70.45) .68
CRP 1 (mg/dL) 7.31(0.2-18.8) 5.79 (1.67-16.29) 89
CRP 2 (mg/dL) 7.01(0.46-21.1) 18.2 (6.11-52.10) .02
CRP 3 (mg/dL) 2.01(0.3-17.1) 10.85 (0.47-18.50) 48
PCT 1 (ng/mL) 0.41 (0.34-40.4) 1.00 (0.15-10.80) .01
PCT 2 (ng/mL) 0.55 (0.08-3.67) 4.40 (1.63-17.60) .008
PCT 3 (ng/mL) 0. 22 (0.11-1) 0.48 (0.17-11.40) 18
Thrombocyte 1, x1 03/p.L 41 (11-257) 22.50 (14.00-52.00) .004
Thrombocyte 2, x10%/uL 49 (16-273) 20.50 (15.00-62.00) 19
Thrombocyte 3, x10%/uL 35 (23-376) 40.50 (18.00-183.00) .09

h=9
®Bolding indicates statistical significance.

min, minimum, max, maximum; pro-ADM, proadrenomedullin; CRF, C-reactive protein; PCT, procalcitonin.

and specificity of 62% (AUC, 0.74; 95% ClI, 0.58-0.90; P = .01).
A cutoff value of serum CRP2 level of 6.6 mg/dL was found to
detect bacteremia in FN, with sensitivity of 67% and specificity
of 69% (AUC, 0.70; 95% Cl, 0.54-0.86; P = .02).

A cutoff value of serum thrombocyte 1 level of 40.5 x 10°
uL was found to detect bacteremia in patients with FN, with
sensitivity of 80% and specificity of 74% (AUC, 0.28; 95%
Cl, .09-.46; P = .04). A cutoff value of serum thrombocyte
2 level of 54.5 x 10° uL was found to detect bacteriemia

in patients with FN, with sensitivity of 80% and specificity
of 61% (AUC, 0.21; 95% Cl, .02-.40; P = .01). The op-
timal cutoff values for proADM, presepsin, PCT, CRP, and
thrombocytes were identified by plotting ROC curves. ROC
curves of all patients with febrile neutropenia and bacter-
emia vs patients with febrile neutropenia who did not have
bacteremia are depicted in Figure 2.

In multivariate logistic regression analysis, presepsin 1 and
PCT1 combined analysis was superior in detecting bacteriemia
than PCT1 by itself (R? 0.18 vs 0.09, respectively). Presepsin 2
and PCT2 combined analysis was superior in detecting bacter-
emia, compared with PCT1 by itself (% 0.58 vs 0.05, respect-
ively). Presepsin 2 and PCT2 combined analysis was superior
in detecting gram negative bacteremia, compared with PCT 1
by itself (R%: 0.15 vs 0.002, respectively). In multivariate logistic
regression analysis, presepsin 1 and CRP1 combined analysis

www.labmedicine.com

was superior in detecting bacteremia, compared with CRP1
by itself (R%: 0.34 vs 0.05, respectively). Presepsin 1 and CRP1
combined analysis was superior in detecting gram negative
bacteremia, compared with CRP1 by itself (R 0.13 vs 0.08,
respectively).

Discussion

In the results of this study, we discovered that presepsin,
when combined with CRP and PCT, can discriminate
among bacterial infections, especially gram negative
bacteriemia, in FN episodes of pediatric hematological
malignancy. Also, presepsin 1 and -2, when combined with
PCT1 and PCT2, were superior predictors of bacteremia,
especially in gram negative bacteriemia. Median plasma
presepsin levels were statistically significantly higher in

the control group than in the FN group. This difference of
serum presepsin levels between the control and FN groups
might be explained by the fact that CD14 is expressed

in neutrophils or monocytes and neutropenia in patients
with FN, hence the lower serum presepsin levels. It was
reported® that patients with hemophagocytic syndrome
had higher levels of serum presepsin than those patients
without hemophagocytic syndrome.
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Box-and-whisker plots showing levels of various analytes in patients with febrile neutropenia. Plots show the median (solid black line), 25th
and 75th percentiles (ends of boxes), and range (whiskers). A, Proadrenomedullin (proADM). B, Presepsin. C, C-reactive protein (CRP). D,

Procalcitonin (PCT) levels of patients with febrile neutropenia.

These results show that serum presepsin might have less
diagnostic value in patients with neutropenia because of less
phagocytosis. However, in our study findings, the baseline and
the lowest plasma presepsin levels were not extremely low, as
we had expected in patients with severe neutropenia. Thus,
we can say that presepsin stays at an appropriate level even
in cases of severe neutropenia. This theory might be explained
by the recent findingg that monocytes, rather than neutrophils,
are the dominant producer of presepsin. Production from
tissue macrophages or resident monocytes might play a role
in maintaining plasma presepsin levels. Another result is that
plasma presepsin levels were elevated in the early phase of
most bacteremia episodes.
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The data have shown a clear relationship between
presepsin level and CRP, suggesting the sensitivity and
validity of presepsin testing in the evaluation of infec-

tion. Median presepsin levels were higher in FN episodes
caused by bacterial infections than in FN episodes with

no underlying infectious etiology. Correlations between
presepsin and CRP values were also discovered in an other
study conducted by Koizumi et al.’® In those study results,
serum presepsin level and very low neutrophil count were
reliable markers of FN, similar to our findings.

However, the reliability of presepsin in febrile neutropenia
has not been well demonstrated so far in the literature. In

www.labmedicine.com



Science

1.0

| | — Presepsin 1
| / — Presepsin 3
C reactive protein 2
081 J — C reactive protein 3
Ii Procalcitonin 1
— Procalcitonin 2
2 0.6 — Thrombocyte 1
2 Thrombocyte 3
'} Reference line
$ 0.4 / |
0.2 /
ool L . . .
0.0 0.2 0.4 0.6 0.8 1.0
1 - Specificity
Area Under the Curve
Asymptotic 95%
Confidence Interval
Test Result Std. Asymptotic Lower Upper
Variable(s) Area Error? Sig.? bound bound
Presepsin 1 0.694 0.099 0.080 0.499 0.888
Presepsin 3 0.743 0.098 0.028 0.550 0.935
C reactive protein2 0.740 0.099 0.030 0.546 0.935
C reactive protein3 0.723 0.099 0.044 0.528 0.918
Procalcitonin 1 0.775 0.089 0.013 0.601 0.948
Procalcitonin 2 0.789 0.086 0.009 0.621 0.958
Thrombocyte 1 0.277 0.097 0.044 0.087 0.467
Thrombocyte 3 0.213 0.098 0.010 0.021 0.405

Figure 2

Receiver operating characteristics (ROC) of biomarkers in patients with bacteriemic febrile neutropenia, compared with those in patients with

nonbacteremic febrile neutropenia. CRP indicates C-reactive protein; PCT, procalcitonin.

the report of a study conducted in adult patients with FN,
Koh et al'" revealed that plasma presepsin level was a reli-
able marker of FN, even during aggressive chemotherapy in
patients with a very low white blood cell count.

In the findings of another study conducted in patients with
FN who were older than 16 years, the authors concluded
that in patients with FN, presepsin levels were elevated sig-
nificantly earlier than were PCT levels. Also, they discovered
that presepsin may be a more sensitive indicator of bacterial
infection than other analytes. Nevertheless, the ability of
presepsin to discriminate septic shock from other condi-
tions was inferior to that of PCT."?

We also concluded that procalcitonin is a faster-increasing
marker, compared with CRP, in FN. Median PCT1 and PCT2

www.labmedicine.com

were statistically significantly higher in bacteriemia-induced
FN episodes than in FN episodes without identified bacterial
etiology. Median PCT1 and -2 levels were also statistic-
ally significantly higher in patients with gram negative
bacteriemia than patients with gram positive bacteriemia.
In a study of patients with FN pediatric hematologic and
oncologic manifestations, it was concluded that a signifi-
cant elevation of presepsin level was statistically signifi-
cantly higher in bacteremia than clinically proven infection
and fever of unknown origin,'® as in our study findings.
These investigators also reported a significant increase in
CRP and PCT, as in our study. However, in contrast with
the aforementioned study, we checked serum CRP, PCT,
and presepsin levels 3 days apart in patients with FN. In
multivariate logistic regression analysis, presepsin 1-CRP1,
presepsin 1-PCT1, and presepsin 2-PCT2 combinations
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were superior in distinguishing bacteriemia from
nonbacterial FN episodes and gram-negative bacteriemia
from gram-positive bacteriemia than CRP or PCT by
themselves.

To our knowledge, ours is the first study on using serum
proADM levels to predict bacteriemia in pediatric patients
with FN who harbor hematologic malignant neoplasms. In
a published pediatric study report,' serum adrenomedullin
was not superior or equal to CRP and/or PCR in detecting
the severity of infection in patients with FN. However, in an
other published study report'® on pediatric patients with
FN who harbored solid tumors, the authors concluded that
increased plasma ADM was correlated with high-risk neu-
tropenic fever and culture-positive results.

Despite those findings, in our study, we did not find any
difference between bacterial and nonbacterial FN episodes,
nor between gram negative and gram positive bacterial

FN episodes. Serum proADM1 levels in patients with FN
who had bacteriemia were statistically significantly higher
than those levels in the control group (P <.001). Serum
proADM levels in patients with FN may alert physicians to
bacteremic febril neutropenic episodes in pediatric patients
with hematological malignant neoplasms; however, further
studies are needed to verify or disprove this hypothesis.

In conclusion, plasma presepsin level is a reliable marker
of bacteremic FN episodes, even in patients with extremely
low neutrophil counts. Evaluation of the increase rate can
aid in early diagnosis of bacteremia in FN, in myeloid and
lymphoid disorders. Closer monitoring of this molecule,
concomitantly with CRP and/or procalcitonin, may guide
physicians to select antibiotics in treatment of patients with
FN. Serum presepsin levels may be used and combined
with serum CRP and/or PCT levels to predict bacteriemia,
especially gram negative bacteriemia, in pediatric patients
with hematologic malignant neoplasms. LM
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ABSTRACT

Objective: Hepatitis B surface antigen (HBsAg) is known as the hallmark
of hepatitis B virus (HBV) infection. This study aimed to determine
whether an HBsAg neutralization test is necessary to accurately interpret
HBsAg test results.

Methods: Initially reactive HBsAg specimens from a 5-year period,
with cutoff index values between 1.0 and 2.0, were subjected

to neutralization confirmatory testing using an Elecsys HBsAg
Confirmatory test kit (Roche Diagnostics GmbH. Mannheim,
Germany).

Results: The neutralization test showed 46.1% positive (confirmed
positive group) and 53.9% negative (confirmed negative group) results

According to World Health Organization (WHO) 2016 data,
an average of 240 million people worldwide have chronic
hepatitis B (CHB), and more than 686,000 die each year
from complications of hepatitis B virus (HBV) infection,
such as cirrhosis and hepatocellular carcinoma (HCC).!

The epidemiology of hepatitis B can be described in terms
of hepatitis B surface antigen (HBsAg) prevalence in a
population, broadly classified into low- (<2%), intermediate-
(2%-7%), and high- (>8%) prevalence areas.? South Korea
is an intermediate endemic area for HBV, with an estimated

Abbreviations:

HBsAg, hepatitis B surface antigen; HBV, hepatitis B virus; WHQ, World
Health Organization; CHB, chronic hepatitis B; HCC, hepatocellular
carcinoma; COI, cutoff index; anti-HBs, anti-hepatitis B surface antibody;
anti-HBc, anti-hepatitis B core antibody; HBeAg, hepatitis B e antigen;
anti-HBe, anti-hepatitis B e antibody; ALT, alanine aminotransferase.

Department of Laboratory Medicine, Kyung Hee University School of
Medicine and Kyung Hee University Hospital at Gangdong, Seoul, Korea

*To whom correspondence should be addressed.
sykangmd@daum.net

© American Society for Clinical Pathology, 2021. All rights reserved. For permissions, please e-mail: journals.permissions @oup.com

from the total specimens. Among the confirmed negative group, 79.5%
of patients were confirmed to be negative for the current infection,
whereas 4 patients in the chronic hepatitis B subgroup showed a
neutralization percentage close to 40%. More than half of patients in
the confirmed positive group were considered to be in the hepatitis B e
antigen-negative inactive HBsAg carrier phase.

Conclusion: In populations with intermediate HBV prevalence, a
neutralization test is necessary to confirm an HBsAg result and reduce
the false positive and false negative rates of initial HBsAg tests.

Keywords: immunology, HBsAg test, neutralization test, confirmatory
assay, inactive carrier, false positivity

prevalence of 2.6% according to the 2018 Korea National
Health and Nutrition Examination Survey.®

The diagnosis and monitoring of HBV infection are usually
done through laboratory testing for hepatitis B viral markers.

In diagnostic virology, HBsAg is the hallmark of active HBV
infection. However, the detection of HBsAg for diagnosing
HBV infections can present ambiguous false positive reactions
that are close to the cutoff values. To overcome this limitation,
laboratories utilize several different strategies, such as retest,
the 2-assay method, or neutralization confirmatory assay.
Many available commercial HBsAg detection kits, such as
those of Siemens, Abbott, Bio-Rad, Diasorin, and Roche, use
neutralization assay as the gold standard confirmatory assay.
However, neutralization assays are usually difficult for clinical
use because they require subsequent retest and complex pre-
parations. This study aimed to investigate the role of an HBsAg
neutralization test in the diagnosis of chronic HBV infection
and the identification of inactive carriers and to assess whether
the neutralization test is essential as a confirmatory test for
HBsAg test in intermediate endemic areas for HBV.
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Materials and Methods

Patients and Study Design

Blood specimens from initially reactive patients with HBsAg,
with HBsAg cutoff index (COI) values between 1.0 and 2.0
using an electrochemiluminescent immunoassay analyzer,
were taken from 179 participants from January 2015 to
December 2019. These specimens were subjected to neutral-
ization confirmatory testing at Kyung Hee University Hospital
at Gangdong (Seoul, Korea). If a patient had multiple test
results, then the most recent one was included. Individuals
with indeterminate or nonvalid results from the neutraliza-
tion test were excluded. All patients were assessed for their
characteristics, medical history, and laboratory findings,
including HBV serum markers, HBV DNA, and liver function
tests, by chart review. Based on their neutralization test re-
sults, the patients were grouped into confirmed positive and
confirmed negative groups. Each patient was then further
classified into “CHB,” “other disease,” “indeterminate,” and
“past infection” subgroups through a review of their clinical
information, such as history of HBV infection and HBV test

results (Figure 1 and Figure 2). Patients who had a history of
CHB or who had a result corresponding to CHB in the HBV
test were classified under the CHB group. Patients who had
no history of HBV infection and HBV tests, other than the
reactive HBsAg test, were classified under the other dis-
ease subgroup. However, patients who were HBsAg-reactive
who had no history of HBV infection with inconsistent serial
HBsAg results and those who were uncertain of their HBV in-
fection history and did not have enough additional HBV tests
were classified under the indeterminate subgroup. Among
the patients who were HBsAg-reactive, patients positive for
anti-hepatitis B surface antibody (anti-HBs) and anti-hepatitis
B core antibody (anti-HBc) were classified under the past
infection group.

This study was performed in accordance with the principles
of the Declaration of Helsinki and was approved by the
Gangdong Kyung Hee University Hospital Ethics Committee
(IRB number KHNMC 2020-04-013).

HBsAg Screening

The blood specimens were centrifuged at 3000 rpm
for 10 minutes, followed by screening for HBsAg using

Negative on HBsAg
neutralization test

(n =83)
I
Single HBsAg Serial HBsAg
testing (n = 49): testing (n = 34):
Other evidence Consistent
of HBV infection? HBsAg results?
[
Yes Unknown No Consistent Confusing
(n=4) (n=28) (n=37) negative (n=5)
T HBsAg
- (n = 29) |
e ee () Other evidence
of HBV infection?
CHB Past Other diseases except YLS
(n=2) infection current HBV infection (n=2)
n=2) (n = 66)
CHB
- (n=2)
Indeterminate No
(n=11) (n=3)

Figure 1

Flow chart of the HBsAg confirmed negative group for diagnosis of CHB. anti-HBc, anti-hepatitis B core antibody; anti-HBs, anti-hepatitis B
surface antibody; CHB, chronic hepatitis B; HBsAg, hepatitis B surface antigen; HBV, hepatitis B virus.

486  Lab Medicine 2021;52;485-492

DOI: 10.1093/labmed/Imab006

www.labmedicine.com



Positive on HBsAg
neutralization test

Science

n=71)
i I i
Single HBsAg Serial HBsAg
testing (n = 36): testing (n = 35):
Other evidence Consistent
of HBV infection? HBsAg results?
[
No Unknown Yes Consistent Confusing
(n=18) (n=4) (n=14) positive (n=16)
HBsAg
Not done (n=199 ‘
(n=19)
Known CHB?
[ Additional HBV marker? | s No
] — | CHB [—— n=10)
n r 3 (n = 42Y)
Indetermmare [Additional HBV marker?|
Not d anti-Ich =)
' oy n=2)

Figure 2

Other diseases
(n=2)

Flow chart of the HBsAg confirmed positive group for diagnosis of chronic hepatitis B infection. AHB, acute hepatitis B; anti-HBc, anti-
hepatitis B core antibody; CHB, chronic hepatitis B; HBsAg, hepatitis B surface antigen; HBV, hepatitis B virus.

the Roche Cobas €801 module, with reagents from the
Elecsys HBsAgll kit (Roche Diagnostics GmbH, Mannheim,
Germany) in accordance with the manufacturer’s recom-
mendations. The result from a specimen was shown as
either nonreactive (COI < 0.90), borderline (0.90 < COI

< 1.0), or reactive (COI > 1.0). Retesting in duplicates of
specimens with an initial COI > 0.9 was automatically per-
formed in the system.

HBsAg Neutralization Assay

HBsAg confirmatory testing was performed using the
Roche Cobas €801 module and the Elecsys HBsAg
Confirmatory test kit (Roche Diagnostics GmbH).
According to the manufacturer’s recommendation, the
results were interpreted as follows. To confirm a posi-

tive result, the COI of the specimen with the confirmatory
reagent (confirmatory COI value) was set to < 60% of the
control reagent (the control COI value), with a cutoff index
of > 0.81. Specimens were considered to have nonreactive

www.labmedicine.com

(ie, negative) results if the control COI value was > 0.81
and the ratio of the confirmatory COI value to the control
COl was > 60%. If the control COl was < 0.81 and the
ratio was < 60%, then the specimen was considered inde-
terminate. If the ratio was > 60% and the control Cl was <
0.81, the value was nonvalid. The percentage of neutral-
ization was obtained by the equation {1- (the confirmatory
COl value / the control COI value)} x 100.

Statistical Analysis

SPSS version 20.0 software (SPSS Inc., Chicago, IL) was
used for data analysis. Data were tested for normal dis-
tribution using the Kolmogorov-Smirnov test. Data were
then presented as mean + standard deviation. Statistical
comparisons were calculated using the Kruskal-Wallis
test and the Mann-Whitney U test, and the number of
patients with CHB according to neutralization percentage
was analyzed using the y? test for trend (linear by linear
association).
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Results

Patient Characteristics

Of the 179 participants with initial HBsAg COI values

of 1.0 to 2.0, those with indeterminate (n = 3), nonvalid
(n = 5), and multiple test (n = 17) results were excluded,
leaving 154 participants for the study. The neutralization
test as a confirmatory test yielded 71 (46.1%) positive
results and 83 (53.9%) negative results. The median of
the neutralization percentages obtained from the con-
firmed positive and negative groups were 60% and 0.1%,
respectively. No statistically significant differences were
observed between men and women within the confirmed
negative and positive groups. The mean age and HBsAg
COl value in the confirmed positive group were 57 years
and 1.47, respectively, which were higher than those of
the confirmed negative group (35 years and 1.28, re-
spectively; Table 1).

Confirmed Negative Group

Among the confirmed negative group (n = 83), 66 patients
(79.5%) were classified under the other disease subgroup,
11 (13.3%) under the indeterminate subgroup, 4 (4.8%)
under the CHB subgroup, and 2 (2.4%) under the past in-
fection subgroup (Table 2). The distribution of neutralization
percentages is summarized in Table 2 and Figure 3. Most
of the patients who had negative results in the neutraliza-
tion test were classified under the other disease group.

All of the other disease patients showed a neutralization
percentage of < 10%. On the other hand, 4 patients in the
CHB subgroup who had negative results in the neutraliza-
tion test showed neutralization percentages close to 40%,
which was the cutoff of the neutralization test. There were 7
patients with neutralization percentages of > 10%: 4 in the
CHB subgroup (27.7%, 34.2%, 37.1%, and 39.7%), 2 in the
past infection subgroup (15.4% and 27.8%), and 1 in the
indeterminate subgroup (34.2%). A negative neutralization
test result was considered as a false negative, at least in
the 4 patients with CHB, because they showed significantly
higher percentages (34.7 + 2.58; P <.001) than the other
patients in the negative group (2.5 + 0.60). In addition, in the
disease course of hepatitis B infection, HBsAg and anti-HBs
generally exist mutually exclusively. The serial test results

of anti-HBs and HBsAg helped determine whether HBsAg
was actually negatively converted. Clinical information and
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the results of the HBV tests for the 4 patients with CHB are
summarized in Table 3.

In the indeterminate subgroup (n = 11), 8 patients had anti-
HBs whereas 10 showed a very low neutralization percentage
of < 5%. Therefore, most patients in the indeterminate sub-
group were considered not to have HBV infection.

Confirmed Positive Group

In the confirmed positive group (n = 71), 42 patients (59.2%)
were classified under the CHB subgroup (including 1 patient
with acute hepatitis B), 27 (38%) under the indeterminate sub-
group, and the remaining 2 under the other disease subgroup
(Table 2). Among the 42 patients in the CHB subgroup, hepa-
titis H e antigen (HBeAg)/anti-hepatitis B e antibody (anti-HBe)
and HBV DNA tests were performed for 23 and 15 patients,
respectively. There were 22 patients with HBeAg-negative/
anti-HBe-positive results and 1 with HBeAg-negative/anti-
HBe-negative results. We did not detect HBV DNA in 7 of the
15 patients, and low levels of HBV DNA were detected in the
remaining 8. Viral loads were 3.20 x 10" IU/mL, 5.50 x 10" U/
mL, 6.06 x 10" IU/mL, and 1.99 x 107 IU/mL for 4 patients,
respectively, and was < 20 IU/mL in the remaining 4 patients.
The CHB patients with HBeAg-negative/anti-HBe-positive
and low or undetected HBV DNA were considered to be in the
HBeAg-negative inactive carrier phase.

The patients in the indeterminate subgroup with posi-

tive neutralization results were those who had undergone
HBsAg/anti-HBs testing during health screening, checkup
for operation, or hospitalization, without any additional
HBYV tests or history of HBV infection. Of the 27 patients
in this subgroup, 19 reported undergoing the HBsAg/
anti-HBs test once, whereas the remaining 8 patients
reported having undergone the test twice or more con-
secutively over the months, showing inconsistent results.
These patients were mainly older adults, with a mean

age of 55 years, and had alanine aminotransferase (ALT)
values within the reference range except for 1 patient with
HCC (data not shown). Two patients in the other disease
subgroup showed positive neutralization results, with
neutralization percentages within 50% to 60%. However,
they both had no history of HBV infection and showed
negative results in the repeated HBsAg and additional HBV
tests. For both patients, follow-up HBsAg results per-
formed 3 months later showed values near the cutoff, with
negative results. Therefore, the initial reactive HBsAg and
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Table 1. Clinical characteristics of HBsAg negative and positive groups confirmed by neutralization test

HBsAg Confirmed- HBsAg Confirmed- P
Negative Group (n = 83; 53.9%) Positive Group (n = 71; 46.1%) Value
Sex, M:F 1:0.66 1:0.69
Age, y, mean + SD 35+19.0 57 +16.1 14
COl, mean = SD 1.28 +0.26 1.47 +0.32 .004
Median 1.22 1.50
Percentage of neutralization, mean + SD (%) 4187 60.6 +11.0 <.001
Median 0.1 60.0
Range 0-39.7 41.2-83.5
Results for HBV viral markers
Anti-HBs, number of patients
Positive 53 (63.9%) 12 (16.9%) <.001
HBeAg/anti-HBe, number of patients
Negative/positive 2 22P
Negative/negative 1° 3
Not done 80 46
Anti-HBc, number of patients
Negative 3 25
Positive 4 14
Not done 76 55
HBV DNA, Number of patients
Negative 2 9°
Positive 0 8
Not done 84 54
Results for ALT
Median, U/L 14 21 44
Number of patients with higher ALT level than cutoff 8/79 9/70
value
Diagnosis for HBV infection
CHB 4 42'
Past HBV infection 2 0
Other diseases except current HBV infection 66 2
Indeterminate 11 27

TKnown CHB patients.
°Known CHB patients.
CPast HBV infection.

fIncludiing 1 patient with AHB.

AHB, acute hepatitis B; ALT, alanine aminotransferase; anti-HBc, anti-hepatitis B core antibody; anti-HBe, anti-hepatitis B e antibody; anti-HBs, anti-hepatitis B surface antibody,; CHB,
chronic hepatitis B; COI, cutoff index; HBeAg, hepatitis B e antigen; HBsAg, hepatitis B surface antigen,; HBY, hepatitis B virus; SD, standard deviation.

“Two patients with other disease except current HBV infection and 1 known patient with CHB patient.
€Seven known patients with CHB and 2 patients with other diseases except current HBV infection.

positive neutralization test results were both considered to
be false positives (Table 3).

The distribution of neutralization percentages is summarized
in Table 2 and Figure 3. The distribution of patients was

as follows: 15, 23, 17, and 16 patients in the 40% to 50%,
50% to 60%, 60% to 70%, and > 70% neutralization per-
centages, respectively. In particular, the patients with CHB
were distributed as 5 (33.3%), 14 (60.9%), 11 (64.7%), and
12 (75%) patients in the 40% to 50%, 50% to 60%, 60% to
70%, and > 70% of neutralization percentages, respectively.
As the neutralization percentage increased, the number of
patients in the CHB subgroup tended to increase, although
statistical significance was not observed (P = .071).

www.labmedicine.com

Discussion

Infection with HBV is a potentially life-threatening disease
that shows a variety of viral marker profiles depending on
the phase of the disease. There is currently no diagnostic
marker that has proven to be complete, clear, and easy
to interpret. In 2017, the WHO recommended adopting

a testing strategy for diagnosing CHB according to na-
tional seroprevalence.* In populations with an HBsAg
seroprevalence of > 0.4%, a single serological assay for
detection of HBsAg is recommended. In populations with
a low HBsAg seroprevalence of < 0.4%, confirmation
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Table 2. Distribution of diagnosis for HBV infection according to the percentage of neutralization

Percentage of Number of Mean COI Diagnosis
Neutralization Patients (%) of HBsAg .
Other CHB (n) Indeterminate Past HBV
Diseases (n) (n) Infection (n)

Confirmed-negative group (%)

0 41 (49.4) 1.31 36 0 5 0

0.1-10 35(42.2) 1.26 30 0 5 0

10-20 1(1.2) 1.40 0 0 0 1

20-30 2(2.4) 1.37 0 1 0 1

30-40 4(4.8) 1.1 0 3 1 0
Total 83 66 4 1 2
Confirmed-positive group (%)

40-50 15(21.1) 1.30 0 5 10 0

50-60 23 (32.4) 1.28 2 14 7 0

60-70 17 (23.9) 1.56 0 11 6 0

>70 16 (22.5) 1.77 0 12 4 0
Total 7 2 42 27 0

CHB, chronic hepatitis B; COl, cutoff index; HBsAg, hepatitis B surface antigen; HBV, hepatitis B virus.
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Figure 3

The percentage of neutralization for the HBsAg confirmed negative group and the confirmed positive group. Four known patients with CHB,
indicated by the red line in the confirmed negative group, had high neutralization percentages of 25% to 40%. CHB, chronic hepatitis B
virus; HBsAg, hepatitis B surface antigen.

of HBsAg positive result with a neutralization step or a available commercial HBsAg detection kits emphasize the
second rapid diagnostic test assay for HBsAg detection necessity to confirm HBsAg reactivity using neutralization
may be considered.* South Korea has a seroprevalence tests. Because of this contradiction between state-

of > 0.4%; thus, a single assay method for testing can be ments, clinical laboratories are using policies that are not

applied according to WHO recommendations. However, uniform.
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Table 3. Summary of patients with false neutralization test results

Sex/age (y) Mean COI Percentage of Diagnosis Anti-HBs Anti-HBc HBV HBeAg/  ALT Serial HBsAg/
of HBsAg Neutralization (%) DNA anti-HBe (U/L) anti-HBs

False-negatives

M/57 0.99 21.7 CHB N ND ND N/P 23 PN®N/NN°P

F/71 1.08 34.2 CHB N ND ND ND 18 PPNY/NNN?

M/58 1.16 371 CHB N ND ND N/P 47 ND

F/47 1.15 39.7 CHB N ND ND ND 14 ND
False-positives

M/61 1.28 53.3 KTP donor N N N N/N 25  PAN/N°N

M/20 1.55 58.5 Crohn disease N N N N/N 9 PIN/N°N

The results of tests conducted during the study period.

ALT, alanine aminotransferase, anti-HBs, anti-hepatitis B surface antibody, anti-HBc, anti-hepatitis B core antibody; anti-HBe, anti-hepatitis B e antibody; CHB, chronic hepatitis B; COI,
cutoff index; HBeAg, hepatitis B e antigen, HBsAg, hepatitis B surface antigen, N, negative; ND, not done, P, positive; KT, kidney transplantation.

In this study, 83 (54%) patients who were HBsAg-reactive with
low COl values between 1.0 and 2.0 showed negative results
in neutralization tests, whereas 66 patients (43%) were con-
sidered not to have HBV infection. This finding means that at
least 43% of the reactive HBsAg tests with a low COI between
1.0 and 2.0 were false positives and would be reported as
positive if the neutralization test was not performed. A study®
conducted in China, which has a higher HBsAg seropreva-
lence than Korea, reported similar results to this study wherein
approximately 42.2% of the results were confirmed negative
(false positives) by using a neutralization assay on blood spe-
cimens with an initial COI of between 1.0 and 2.0.

Among the confirmed positive patients with low COI values
between 1.0 and 2.0, 59% had CHB. Based on their long
history of HBV infection, older age (60.02 + 2.10 years), and
other laboratory testing results, including HBeAg/anti-HBe
and HBV DNA results, most patients were considered to be

in the HBeAg-negative inactive HBsAg carrier phase with an
undetectable or low viral load, even though not all patients had
HBeAg/anti-HBe and/or HBV DNA test results. In addition, 27
patients (38%) in the confirmed positive group were classified
under the indeterminate subgroup, all of whom lacked suffi-
cient information to determine whether or not they had HBV
infection other than a reactive HBsAg and a positive neutral-
ization result. These patients, with their older age (54.35 + 3.03
years) and ALT values within the reference range, were likely
to be accidentally discovered inactive HBsAg carriers even
without any medical records and test results for HBV infection.

Patients who are HBeAg-negative inactive HBsAg carriers
have persistent HBV infection of the liver without continuous
significant necroinflammatory disease; such patients have
good prognosis with low risk of complication. On the other
hand, patients with active CHB who are HBeAg-negative

www.labmedicine.com

have active liver disease with a high risk of progression to
liver cirrhosis or HCC.® Prolonged biochemical and viro-
logical follow-up are mandatory to distinguish between the
2 conditions. To be diagnosed as an inactive HBV carrier,

it is required that ALT levels and HBV DNA levels be fol-
lowed up for a minimum of 1 year. Subsequently, once a
patient is diagnosed as an inactive HBV carrier, periodic
lifelong measurement of ALT and HBV DNA is necessary.”
® Therefore, if a patient with a low reactive HBsAg result
shows a normal serum ALT level and undetected HBV DNA,
then the HBsAg result should not be considered as a false
positive and should not be overlooked without a neutraliza-
tion test. According to the results of this study, there were
many newly diagnosed patients who were HBV carriers
and patients who were known inactive HBV carriers. It is
necessary to accurately evaluate patients with low reactive
HBsAg by neutralization test to avoid missing HBV carriers.

There are some limitations in this study. First, there were
many patients in the indeterminate subgroup because
additional viral marker tests were not performed for all in-
cluded patients. Thus, true diagnostic accuracy, such as
the positive/negative predictive value of the neutralization
test, could not be calculated. Second, the neutralization
tests were performed only on HBsAg-reactive specimens
with a limited COI range of 1.0 to 2.0. Shao et al® showed
that when the COlI of the initial test was within the range

of 1.0 to 2.0, the confirmed rate was only 57.78%, which
increased to 83.3% when the initial COl was between 2 and
4. Further studies will be needed by conducting neutraliza-
tion tests for enough patients and with a wide range of COI
to determine the COI range that should be confirmed by
neutralization test. Third, there may have been some false
positives or false negatives on the neutralization tests as
shown in Table 3. However, the evaluation of the accuracy
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for the cutoff (40%) of the neutralization test applied to this
study was not performed.

Conclusion

In this study, we evaluated the significance and importance
of neutralization tests as confirmatory tests for low reactive
HBsAg with values close to the COI cutoff and analyzed
patients identified as confirmed-negative and confirmed-
positive. In patients with low reactivity in the initial HBsAg
test, > 40% were false positives. Therefore, the neutraliza-
tion test significantly reduces the false positive rate of the
initial HBsAg test. Because additional viral marker testing
and continuous follow-up are essential for inactive HBV
carriers, confirmation of the patient’s HBsAg status by
neutralization tests is important to help classify the disease
stage. In conclusion, if the initial HBsAg test shows a low
COl value, then the neutralization test is still necessary to
confirm a positive or negative HBsAg result in populations
with intermediate HBV prevalence. LM
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ABSTRACT

Objective: The aim of the study was to assess the role of midregional
proadrenomedullin (MR-proADM) in patients with COVID-19.

Methods: We included 110 patients hospitalized for COVID-19.
Biochemical biomarkers, including MR-proADM, were measured at
admission. The association of plasma MR-proADM levels with COVID-19
severity, defined as a requirement for mechanical ventilation or in-
hospital mortality, was evaluated.

Results: Patients showed increased levels of MR-proADM. In
addition, MR-proADM was higher in patients who died during
hospitalization than in patients who survived (median, 2.59 nmol/L;

COVID-19 is caused by SARS-CoV-2, which primarily in-
fects the respiratory system in humans. It is characterized
by a broad spectrum of clinical manifestations with varying
degrees of severity, from asymptomatic form to pneumonia,

Abbreviations:

MR-proADM, midregional proadrenomedullin; ACE2, angiotensin-
converting enzyme 2; IL, interleukin; CRP, C-reactive protein; PCT,
procalcitonin; ADM, adrenomedullin; ICU, intensive care unit; LOS, length
of stay; ALT, alanine aminotransferase; AST, aspartate aminotransferase;
CK, creatine kinase; LDH, lactate dehydrogenase; sCR, serum creatinine;
hs-TnT, high-sensitivity troponin T; eGFR, estimated glomerular filtration
rate; 1QR, interquartile range; ROC, receiver operating characteristic; Cl,
confidence interval; AUC, area under the curve.
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interquartile range, 2.3-2.95 vs median, 0.82 nmol/L; interquartile
range, 0.57-1.03; P <.0001). Receiver operating characteristic
curve analysis showed good accuracy of MR-proADM for predicting
mortality. A MR-proADM value of 1.73 nmol/L was established as
the best cutoff value, with 90% sensitivity and 95% specificity

(P <.0001).

Conclusion: We found that MR-proADM could represent a prognostic
biomarker of COVID-19.

Keywords: biomarker, COVID-19, inflammation, MR-proADM,
respiratory disease

which can evolve into acute respiratory distress syndrome
and multiorgan failure syndrome, until death.'

SARS-CoV-2 internalization occurs by the viral spike
glycoprotein that binds to angiotensin-converting enzyme
2 (ACE2), which is mainly expressed on type Il alveolar
epithelial cells, myocardial cells, proximal tubule cells of
the kidney, bladder urothelial cells, and enterocytes.>® This
interaction results in the downregulation of ACE2 expres-
sion and excessive angiotensin production, enhancing an
inflammatory response that contributes to acute organ

injury.”

The clinical course of the disease is unpredictable, and
there is an urgent need for biomarkers that could reliably
stratify patients into different classes of risk. Early identifi-
cation of hospitalized patients who are more vulnerable to
clinical deterioration could guide clinicians for risk stratifica-
tion and monitoring.

The hallmark of SARS-CoV-2 infection is the activation of
the immune system, which can lead to an uncontrolled and
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generalized inflammatory response and to the so-called cyto-
kine storm.? Indeed, patients with COVID-19 have significantly
increased circulating levels of inflammatory biomarkers, such
as interleukin (IL)-6, C-reactive protein (CRP), and procalcitonin
(PCT). Moreover, several biochemical parameters, such as
D-dimer, cardiac troponin, and homocysteine, are altered.®'®
These biomarkers have been associated with disease severity
and mortality.>'*'> However, there is ongoing research for bio-
markers to better define the biochemical phenotype of COVID-
19 patients to improve their management.

Midregional proadrenomedullin (MR-proADM) is a surrogate
biomarker of adrenomedullin (ADM), a 52—amino acid peptide
belonging to the Calc gene family. Under physiological con-
ditions, ADM levels are very low. Several factors, including
catecholamines, hypoxia, oxidative stress, inflammatory medi-
ators, and cytokines, induce their increase.'® Thus, it has been
evaluated in several inflammatory conditions."”'® However, the
measurement of ADM has several technical issues, such as a
short half-life and rapid degradation by proteases. The more
stable MR-proADM provides a solution to these problems. The
latter is secreted in equimolar amounts with ADM and is more
stable in vitro. Moreover, it can be easily measured on a fully
automated platform.

Research has recently proposed MR-proADM as a biomarker
of organ failure.'®*? Specifically, increased MR-proADM levels
have been associated with short- and long-term mortality in
patients with community-acquired pneumonia and sepsis.?**
In addition, MR-proADM has emerged as a prognostic bio-
marker in critically ill patients admitted to the intensive care
unit (ICU) independently by their underlying clinical condi-
tions.?*?* Considering that patients with COVID-19 are at high
risk of developing organ failure, MR-proADM could represent a
useful prognostic biomarker.

The aim of the present study was to evaluate the potential
prognostic value of MR-proADM to predict in-hospital mor-
tality in patients with COVID-19.

Methods

Study Population

In this retrospective observational study, we enrolled all
consecutive adult patients admitted to the COVID-19 units
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at the University Hospital P. Giaccone in Palermo, Italy,

from September to October 2020. A SARS-CoV-2 infection
was confirmed by a positive real-time reverse-transcription
polymerase chain reaction mainly using naso-oropharyngeal
swabs, in accordance with guidelines.?”

Demographical and clinical information, including the length
of stay (LOS), in-hospital mortality, and admission to ICU,
was recorded for each patient. The primary endpoints for
assessing COVID-19 severity were the requirement for
mechanical ventilation and in-hospital mortality.

The local ethics committee approved the study, and all
the clinical and biological assessments were carried out

in accordance with the Declaration of Helsinki. For privacy
respect, each patient was identified with an alphanumeric
code. Informed consent was not required because the
blood specimen used for study procedures was residual
material that would have otherwise been discarded.

Hematological and Biochemical Analysis

All laboratory analyses were performed at the Laboratory
Medicine Unit of the University Hospital P. Giaccone in
Palermo. Routine hematological and biochemical param-
eters were measured upon admission. Specifically, hemato-
logical tests, including red and white blood cells, platelets,
neutrophils, lymphocytes, and monocytes, were performed
using the UniCel DxH 900 hematology analyzer (Beckman
Coulter’s Inc., Brea, CA).

Serum biochemical parameters, including alanine
aminotransferase (ALT), aspartate aminotransferase (AST),
total bilirubin, creatine kinase (CK), lactate dehydrogenase
(LDH), serum creatinine (sCR), high-sensitivity troponin

T (hs-TnT), vitamin D, high-sensitivity CRP, IL-6, and

PCT were measured on the Cobas 8000 (Roche, Basel,
Switzerland), according to the manufacturer’s procedures.
The estimated glomerular filtration rate (eGFR) was calcu-
lated using the Chronic Kidney Disease EPIdemiology col-
laboration equation expressed for specified race, sex, and
sCR in mg/dL.”®

After the routine analyses were performed, an aliquot of
plasma was collected within 3 hours of blood collection
and stored at —-80°C. The MR-proADM was measured by
the time-resolved amplified cryptate emission technology
(TRACE-Kryptor MR-proADM; BRAHMS AG, Henningsdorf,
Germany), as previously described.'®?* The MR-proADM
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assay has a limit of detection of 0.05 nmol/L and a limit
of quantification of 0.23 nmol/L, as declared by the
manufacturer.

Statistical Analysis

Statistical analysis was performed using MedCalc v12.1.4.0
statistical software (MedCalc Software, Mariakerke,
Belgium). Demographic and clinical characteristics were
expressed as frequencies (percentage) for categor-

ical data and median with interquartile ranges (IQR) for
continuous data.

A Spearman correlation coefficient was used to assess

the relationships between plasma MR-proADM levels and
several clinical and laboratory parameters. Finally, receiver
operating characteristic (ROC) curves with 95% confidence
intervals (Cl) were calculated to assess the prognostic
ability of MR-proADM. A P value <.05 was considered stat-
istically significant in all the calculations.

Science

Table 1. General Characteristics, Comorbidities
and Clinical Outcomes in the Study Population
(n =110)
Demographic Characteristics
Median age, (IQR), y 62 (52-76)
Male sex, n (%) 61 (55)
Comorbidities
Chronic respiratory disease, n (%) 93 (84)
Chronic kidney disease, n (%) 6 (5)
Diabetes, n (%) 8(7)
Hypertension, n (%) 19(17)
Severe cardiovascular disease, n (%) 2(2)
Clinical outcomes
Hospital stay, median (IQR), d 13 (8-19)
Hospital discharge, n (%) 29 (26)
ICU transfer, n (%) 2(2)
Death, n (%) 14 (13)
ICU, intensive care unit; IQR, interquartile range.

Results

Demographic and Clinical Features

One hundred ten patients admitted to converted COVID-19
units for SARS-CoV-2 infection were included in the study.
Demographic and baseline clinical characteristics of pa-
tients are shown in Table 1.

Overall, 92 (84%) patients had pneumonia, and none of the
patients at admission required intubation; 60 (55%) had
more severe infections and needed noninvasive ventilation
with positive airway pressure, and 50 (45%) had moderate
respiratory symptoms. The median LOS was 13 days (IQR,
8-19). According to the clinical course of the disease, 2
(2%) patients were transferred to the ICU, and 14 patients
(13%) died during hospitalization. The median (IQR) time to
death was 9 (8-10) days.

Laboratory Findings

Table 2 shows the laboratory test findings. In the overall
study population, we observed lymphocytopenia (lympho-
cytes <1.50 x 10%/uL). On admission, most patients showed

www.labmedicine.com

normal levels of AST, ALT, total bilirubin, sCR, LDH, and CK.
A weak increase in serum D-dimer and hs-TnT concentra-
tions were observed in 37% and 51% of patients, with a
median level of 850 ng/mL (IQR, 477-1420) and 19 pg/mL
(IQR, 16-35), respectively. In addition, a moderate decrease
in vitamin D levels in most patients (76%) was found, with

a median level of 23 ng/mL (IQR,15.5-30). Similarly, eGFR
values were reduced in only 24% of patients.

As reported in Table 2, inflammation was the prominent
feature of our studied population, with significantly higher
CRP and IL-6 levels. In particular, CRP was >40 mg/L in
nearly half of patients (47%), and IL-6 was elevated in 81
(74%) patients with a median level of 19 pg/mL (IQR, 7-38).
The PCT was increased in 17 (15%) patients (median levels
0.103 ng/mL; IQR, 0.05-0.17).

In addition to classical inflammatory biomarkers,
MR-proADM plasma levels were also significantly increased
in 79 (72%) patients, with a median level of 0.93 nmol/L
(IQR, 0.58-1.09).

We found that MR-proADM levels were correlated with bio-
chemical parameters reflecting inflammation. In particular,
we observed a statistically significant correlation between
MR-proADM and CRP (r = .49; 95% ClI, 0.30-0.64; P <.0001),
LDH (r = .56; 95% Cl, 0.39-0.69; P <.0001), IL-6 (r = .50; 95%
Cl, 0.29-0.66; P <.0001), PCT (r = .58; 95% Cl, 0.39-0.73;

P <.0001), and hs-TnT (r = .80; 95% ClI, 0.68-0.88; P <.0001)
values. Moreover, MR-proADM had a weakly positive correl-
ation with total bilirubin (r = .28; 95% ClI, 0.01-0.48; P = .01)
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Table 2. Laboratory Findings of Study Population
(n =110)

Median (IQR) Reference
Interval

Hematological parameters M F
White blood cell count, 103/pL 8.0 (5.96-10.8) 3.6-10.2 3.8-11.8
Neutrophils, 10%/uL 6.2 (3.90-8.90) 1.7-8.2
Lymphocytes, 10%/uL 0.90 (0.68-1.30) 1.0-3.2
Monocytes, 103/pL 0.55(0.20-0.70) 0.2-1.1
Eosinophils, 10%/pL 0(0-0.02) 0-0.5
Basophils, 10%/pL 0.01 (0-0.02) 0-0.1
Red cells, 106/pL 4.5 (4.1-4.8) 40-56 3.6-4.9
Hemoglobin, g/dL 13.4 (12-14) 12.5-16.0 11.0-14.0
MCV, fL 85 (82-90) 75-95
MCH, pg 29 (28-31) 30-36
RDW, fL 42 (39-44) 36.5-50.3
Platelets, 10%/uL 222 (155-307) 150-400
Biochemical parameters
ALT, U/L 34 (21-51) 0-41
AST, U/L 27 (20-40) 0-37
Bilirubin, mg/dL 0.6 (0.4-0.8) <1.20
CK, U/L 70 (41-181) 26-192
sCR, mg/dL 0.7 (0.55-0.8) 0.50-1.20
D-dimer, ng/mL 850 (477-1420) 0-800
eGFR, mL/min 82.5 (67-92.3) >90
LDH, U/L 228 (181-325)  50-250
hs-TnT, pg/mL 19 (16-35) <14
Vitamin D, ng/mL 23.0 (15.5-30) >30
Inflammatory parameters
CRP, mg/dL 33(18-79) <5
IL-6, pg/mL 19 (7-38) <7
PCT, ng/mL 0.103 (0.05-0.17)  <0.05
MR-proADM, nmol/L 0.93(0.58-1.09) <0.55

ALT, alanine aminotransferase; AST, aspartate aminotransferase;, CRP, C-reactive
protein; CK, creatine kinase, eGFR, estimated glomerular filtration rate; hs-TnT,
high-sensitivity troponin T; IL-6, interleukin-6; IQR, interquartile range; LDH, lactate
dehydrogenase, MCH, mean corpuscular hemoglobin; MCV, mean corpuscular volume,
MR-proADM, midregional proadrenomedullin; PCT, procalcitonin; RDW, red cell
distribution width, SCR, serum creatinine.

and sCR (r = .25; 95% Cl, 0.04-0.45; P = .02) and a nega-
tive correlation with vitamin D (r = -.37; 95% CI, -0.61 to
-0.07; P =.01) and lymphocytes % (r = —.46; 95% ClI, -0.66
to —-0.20; P = .0009). No significant correlation was found be-
tween MR-proADM and ALT (r = .007; 95% CI, -0.21 t0 0.23;
P =.95), AST (r=.18; 95% Cl, -0.04 to0 0.38; P = .10), and CK
(r=-.01;95% Cl, -0.23 t0 0.20; P = .91).

MR-proADM in Risk Stratification of Patients
with SARS-CoV-2

We found that MR-proADM was significantly associated with
in-hospital mortality but not with LOS (r=.19; 95% ClI, -0.13
10 0.48; P = .23). Indeed, patients who died (n = 14) during
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hospitalization had higher MR-proADM levels than patients
who survived (n = 96; median, 2.59; IQR, 2.3-2.95 nmol/L;
range, 1.89-10.58 nmol/L vs median, 0.82; IQR, 0.57-

1.03 nmol/L; range, 0.44-2.63 nmol/L; P <.0001). According
to the ROC curve analysis, the area under the curve (AUC)

of MR-proADM for predicting mortality was 0.95 (95% Cl,
0.86-0.99; Figure 1). An MR-proADM value of 1.73 nmol/L
was identified as the optimal cutoff value for mortality predic-
tion, with 90% sensitivity and 95% specificity (P <.0001).

Discussion

In this study, we sought to evaluate the prognostic value of
MR-proADM in patients with COVID-19. Only a few studies
have evaluated the role of such a biomarker in patients with
SARS-CoV-2 infection.?*°

In our study, most patients showed altered levels of inflam-
matory biomarkers, such as lymphocytopenia, reduced
vitamin D levels, and eGFR, along with increased D-dimer,
hs-TnT, IL-6, CRP, and PCT levels, in accordance with

the literature.'®*! Notably, MR-proADM was significantly
increased in 72% of patients. In addition, nonsurvivors

100+
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Sensitivity

40

204

AUC = 0.951
P <0.001

0 20 40 60 80 100

Figure 1

ROC curve analysis of MR-proADM for predicting in-hospital
mortality. MR-proADM showed sensitivity of 90% and specificity of
95%; the cutoff value was 1.73 nmol/L. MR-proADM, midregional
proadrenomedullin; ROC, receiver operating characteristic.
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showed higher MR-proADM levels than survivors. The
ROC analysis revealed a good accuracy of MR-proADM for
predicting mortality with an AUC of 0.95 at a cutoff value of
1.73 nmol/L.

Finally, we found a significant correlation between
MR-proADM and inflammatory biomarkers, as previously
shown by studies performed in patients with other clinical
conditions, such as pneumonia.®?*® Overall, our findings
suggest that the measurement of MR-proADM upon hos-
pital admission could provide important prognostic informa-
tion in patients with COVID-19.

To date, the role of different biomarkers in COVID-19 man-
agement, from diagnosis to treatment monitoring, has

been assessed.®” However, contrasting results have been
achieved.®*° Indeed, COVID-19 is a disease about which
much is still unknown, and there is active research to under-
stand its pathogenesis and consequently to identify useful
biomarkers. Among all the biomarkers currently studied,

a role for hypovitaminosis D has been reported. Recently,
Hernandez et al*’ showed that more than 80% of patients
hospitalized with COVID-19 had vitamin D deficiency,
which was associated with inflammatory biomarkers. In
accordance with such evidence, we found an association
between reduced vitamin D levels and higher levels of
MR-proADM. In addition, a recent review highlighted that
approximately one-third of patients with COVID-19 showed
neurological manifestations, particularly seizures and status
epilepticus.*?°

In this study, we found an optimal MR-proADM cutoff value

of 1.73 nmol/L, which is slightly lower than that established

by Spoto et al*® (2 nmol/L) but higher than that reported by
Gregoriano et al®® (0.93 nmol/L). Larger studies are required
before introducing such a biomarker into clinical practice to
confirm these preliminary findings and establish a unique cutoff
value. Moreover, the mechanism underlying the increase of
MR-proADM in patients with COVID-19 should be elucidated.

Our study presents some limitations. First, it is a single,
monocenter, and retrospective study. Thus, it provides a
snapshot of the biomarker within patients with COVID-19,
allowing us to draw some conclusions mainly about the dis-
tribution of MR-proADM in our study population. In addition,
the low rate of mortality could affect the robustness of the
ROC curve analysis findings. Our strength is that we first
evaluated the role of MR-proADM in a large population of
patients with COVID-19.

www.labmedicine.com
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Conclusion

The identification of biomarkers to define patients who are
likely to deteriorate during their hospitalization could help
clinicians to improve their clinical management. In this
study, at hospital admission, patients with more severe
COVID-19 showed higher levels of MR-proADM, together
with other inflammatory biomarkers. Noteworthy, a vari-
ability in MR-proADM levels in COVID-19 patients exists.
Our results agree with those of Spoto et al*® but are dif-
ferent from those of Gregoriano et al,** who reported lower
MR-proADM concentrations. Thus, further studies to deter-
mine a cutoff value are imperative.

Our findings encourage further investigation to confirm the
usefulness of MR-proADM as a prognostic biomarker in
patients with COVID-19. Such a biomarker can be easily
and rapidly measured on a fully automated platform. Thus,
MR-proADM could be part of a panel of biomarkers to
evaluate the prognosis and assess the risk of developing
complications.*®%° Lm
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ABSTRACT

The clinical manifestations of FGFR3 sequence variations can

vary from mild unnoticed short stature to neonatal lethal dwarfism

and can be causative of phenotypes including achondroplasia,
hypochondroplasia, and thanatophoric dysplasia. Clinical data describe
an 11 month old girl with restricted growth and preserved intellect.
She had rhizomelic short stature with peculiar facies but no Acanthosis
nigricans. In view of the absence of the hotspot mutation ¢.1138 G>A/
G>C (p.Gly380Arg), complete gene sequencing was done that revealed

A multitude of skeletal dysplasias, ranging from benign
prototypic achondroplasia (OMIM#100800) to severe lethal
thanatophoric dysplasia (OMIM#187600), can be caused
by functionally activating mutations of FGFR3. These are
all short-limb skeletal dysplasias, inherited in an auto-
somal dominant fashion. One of the classic examples of
genetic disorders with an excellent genotype and pheno-
type correlation is FGFR3-associated skeletal dysplasia.
Although most (98%) individuals with achondroplasia have
the common mutation (p.Gly380Arg), other rare mutations
have been reported but no other hotspot mutation has
been identified. However, novel mutations presenting with
atypical clinical and radiological features pose a challenge
in clinical diagnosis and genetic counseling in day-to-day
practice. A rare mutation, c.1043C>G (p.Ser348Cys),

has been reported in 3 separate publications as contrib-
uting to the variety of mutations causing achondroplasia/
hypochondroplasia.’ One of the reported patients had

'Genetic Metabolic Unit, Department of Pediatrics, Advanced Pediatrics
Centre, Post Graduate Institute of Medical Education and Research,
Chandigarh, India, 2Department of Hematology, Post Graduate Institute of
Medical Education and Research, Chandigarh, India

*To whom correspondence should be addressed.
srivastavapriy@gmail.com

a rare sequence variation, NM_000142.4:¢.1043C>G (p.Ser348Cys) in
FGFR3. This sequence variation has not been reported from India so
far. This report emphasizes the benefit of sequencing the whole gene in
individuals who are negative for hotspot mutation of achondroplasia with
strong clinical suspicion.

Keywords: pediatrics, genetics, molecular diagnostics, bone,
bioinformatics

Acanthosis nigricans without evidence of hyperinsulinem.?
Recently, this rare variant was also reported in a fetus with
type | thanatophoric dysplasia by Wu et al.*

We present a report of an infant who was managed as
failure to thrive at multiple centres but eventually turned
out to have achondroplasia. She was the first patient from
India and the fourth patient worldwide with the mutation;
NM_000142.4:c.1043C>G (p.Ser348Cys) in FGFR3.

Case Report

The index case, an 11 month old girl, was brought with com-
plaints of delay in achieving motor milestones since birth

but with a preserved intellect. She was the firstborn girl of a
nonconsanguineously married healthy couple. She was born
full-term with a birth weight of 2.5 kg. She had an uneventful
perinatal period. Her weight, length, and head circumfer-
ence were at 0.1Z, -3Z, and 4.6Z scores, respectively. She
had a disproportionately short stature, a large head with

a flat nasal bridge, upper and lower limb rhizomelia with
redundant skin folds, and hypotonia. Radiological examin-
ation was classical for achondroplastic phenotype (Figures
1A-1C; informed consent received from parents). A common

© American Society for Clinical Pathology, 2021. All rights reserved. For permissions, please e-mail: journals.permissions @oup.com 499
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A, Radiographs of patient showing short tubular bones with metaphyseal flaring. B, The iliac bones appear squarish with horizontal
acetabula and a narrow sacrosciatic notch. C, Decreased vertebral interpedicular distance in the caudal spine. D, Snapshot of the Integrative
Genomics Viewer showing heterozygous variant ¢.1043C>G (chr4:1805531C>G; depth: 158x).

mutation causing achondroplasia, ¢.1138G>A/G>C, was first

tested for using polymerase chain reaction restriction frag-
ment length polymorphism. When the mutation was found
to be absent, the radiographs of the child were reassessed.
Because they were very suggestive of achondroplasia, fo-
cused exome sequencing covering FGFR3 was performed
using the lon Torrent platform (lon-Torrent, Thermo Fisher
Scientific-India). We analyzed all coding exons and exon-
intron boundaries of FGFR3 and found a heterozygous
missense variation in exon 8, NM_000142.4:¢c.1043C>G
(chr4:1805531C>G; Depth: 158x; Figure 1D). This base
change resulted in an amino acid change at the 348th
position from serine to cysteine (Ser348Cys) in the FGFR3

500  Lab Medicine 2021;52;499-502
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protein. The Sanger sequencing of exon 8 of FGFR3 in the
child’s parents did not reveal any variation, suggesting a
de novo origin of the variation seen in the child although
germline mosaicism could not be excluded.

Discussion

Achondroplasia, an autosomal dominantly inherited skeletal
dysplasia, typically manifests as rhizomelic short stature
with facial dysmorphism. Children display frontal bossing,

www.labmedicine.com



Case Study

¢.1043C>G in the FGFR3

Table 1. Comparison of Clinical Features of Achondroplasia in Reported Patients of the Variation

Present Patient Bengur et al' Couser et al? Hasegawa K et al®
(age 11 months) (age 8 months) (age 8 years) (age 11 months)
Rhizomelic shortening v v v v
Brachydactyly v v v v
Macrocephaly v v X X
Frontal bossing v mild X v
Acanthosis nigricans X X v X
Flat nasal bridge v X X v
Short femur and tibia v v v v
Short squared ilia v v v v
Interpedicular narrowing of lower lumbar spine v v v v
Short, thick humerus v v v v
Brachydactyly of hands v v v X
Flat cranial base v X v
Long distal portion of fibula v v X

macrocephaly, and midface retrusion. In addition to the
rhizomelic short stature, other major skeletal manifestations
are brachydactyly with the hand showing trident config-
uration and exaggerated lumbar lordosis. Radiographs
show short tubular bones with metaphyseal flaring. lliac
bones appear squarish with horizontal acetabula and a
narrow sacrosciatic notch. There is decreased vertebral
interpedicular distance in the caudal spine. All these typ-
ical features were well appreciated in our patient (Figures
1A-1C).

Motor delay in achondroplasia is commonly seen and is
attributed to difficulty in supporting a large head along with
hypotonia. Delay in fine motor development results from
small hands with joint laxity. Other areas of development are
usually preserved.®

FGFR3 hotspot mutation screening is the first-line test in
individuals with suspected achondroplasia. Most cases
(98%) of achondroplasia are caused by the FGFR3 amino
acid change p.Gly380Arg. Other mutations such as
p.Ser217Cys, p.Ser279Cys, p.Ser344Cys, and p.Gly375Cys
account for the remaining 1% of patients with achondro-
plasia.®® The mutation found in our patient, p.Ser348Cys,
has previously been found in only 3 patients: an 11-month-
old girl,® a 8-year-old boy,? and a 8-month-old from Turkey."'
A comparison of the clinical features of these 3 patients
with our patient is shown in Table 1.

As previously reported, all the other uncommon muta-
tions have an amino acid change to cysteine.'® Hasegawa

www.labmedicine.com

et al® proposed that this change probably leads to the
formation of an abnormal disulfide bond, resulting in the
constitutive activation of FGFR3. Whereas Hasegawa

et al® described their patient as having achondroplasia,
Bengur et al' postulated the diagnosis of mild achondro-
plasia’hypochondroplasia. The characteristic craniofacial
features of achondroplasia have been mild or absent in
other patients but were present in our patient. The patient
reported by Hasegawa et al® had frontal bossing and a flat
nasal bridge. Acanthosis nigricans has also been reported
in other patients but was absent in our patient. Follow-up
of our patient will be conducted considering the possi-
bility of late onset of Acanthosis nigricans. A recent study
on prenatal cases by Wu et al* showed the same variation
(Ser348Cys) in a fetus with type | thanatophoric dysplasia.
A large series of 477 individuals with achondroplasia pos-
tulated that Acanthosis nigricans arises in approximately
10% of individuals with achondroplasia.'" Follow-up

of our patient is important for phenotype-genotype
correlation.

Conclusion

We have described the first report of the rare pathogenic
variation NM_000142.4:¢.1043C>G p.Ser348Cys in FGFR3
causing achondroplasia in a child from India, emphasizing
the genetic heterogeneity in achondroplasia and reinforcing
the need for a complete analysis of FGFR3 in a strongly

Lab Medicine 2021;52;499-502 501
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suspected case of achondroplasia without the common
mutation. LM
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ABSTRACT

Sera from patients with multiple myeloma usually display a single
monoclonal immunoglobulin band on serum protein immunofixation
electrophoresis. Multiple bands may be seen if the myeloma is bi- or
triclonal or if the monoclonal immunoglobulin has rheumatoid factor
activity. We describe a patient with light chain—predominant IgA lambda
myeloma; the patient’s serum displayed 2 spatially distinct bands

Serum protein electrophoresis (SPEP) and serum protein
immunofixation electrophoresis (SIFE) are used rou-
tinely for evaluation of serum proteins in general and

for diagnosis of monoclonal immunoglobulins in par-
ticular. Multiple bands may be seen if the myeloma is

bi- or triclonal or if the monoclonal immunoglobulin has
rheumatoid factor activity."” Monoclonal immunoglobu-
lins usually produce a single sharp band on protein
elec’(rophoresis.“'5 However, interpretation is complicated
on occasion by the observation of multiple bands.® We
present an illustrative case with multiple bands and the
interpretive resolution of the issue.

Abbreviations:

SPEP, serum protein electrophoresis; SIFE, serum protein immunofixation
electrophoresis; UIFE, urine immunofixation electrophoresis; SFLC, serum
free light chains; DTT, dithiothreitol; QUIET, quantitative ultrafiltration
immunofixation electrophoresis test; IS-SIFE, immune-subtraction serum
protein immunofixation electrophoresis; LCPMM, light chain—predominant
multiple myeloma; I/Ul ratio, involved light chain and uninvolved light
chain ratio.
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University, Augusta, Georgia, USA

*To whom correspondence should be addressed.
gurmukhsinghmdphd@yahoo.com

© American Society for Clinical Pathology, 2021. All rights reserved. For permissions, please e-mail: journals.permissions @oup.com

reacting for alpha heavy and lambda light chains. The methods used to
establish monoclonality are addressed.

Keywords: Monoclonal gammopathy, light chain predominant multiple
myeloma, immune-subtraction, polymeric immunoglobulin chains,
multiple bands in SIFE, serum free light chains

Clinical History

The patient was an 88 year old White male with multiple
medical problems including mitral stenosis, coronary artery
disease, Wenckebach atrioventricular block, and hyperlipid-
emia with IgA lambda multiple myeloma diagnosed 4 years
earlier at an outside hospital.

Two years after initial diagnosis, oncology care for the patient
was referred to a tertiary care institution, at which point bone
marrow biopsy revealed 20% plasma cells. Cytogenetic ana-
lysis showed a normal male karyotype, but fluorescence in
situ hybridization evaluation showed an abnormal clone with
a gain of 1921 and 59 and a loss of DLEU7T in chromosome
13. Since the initial diagnosis, laboratory test values showed
a gradual increase in lambda light chain levels. Follow-up

of the patient 1 year later revealed 40% plasma cells in the
marrow with a negative positron emission tomography scan,
and the patient was subsequently restaged. Treatment was
initiated with bortezomib, lenalidomide, and dexamethasone,
which were well tolerated.

Laboratory test results showed pancytopenia with
macrocytosis, hypogammaglobulinemia, hypoproteinemia,
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Serum protein electrophoresis (SPEP) did not reveal a monoclonal spike in the gamma region. Gamma globulins and total proteins are
low. SIFE revealed a band reactive with antiserum to IgA, co-migrating with transferrin, and a slightly anodal band reactive with antiserum
to lambda light chains. There is a barely perceptible band in the anti-lambda lane at the same level as the monoclonal IgA band. The
difference in the migration pattern of the IgA and lambda bands is obvious in the serum protein stained with both anti-IgA (cathodal
band) and anti-lambda (anodal band) in the same lane. UIFE revealed a prominent monoclonal lambda light chain band. Lower part of
Figure 1: Details of the various manipulations are given in the text. In short, lanes 1-3 are SIFE with antibodies to IgA, conventional anti-
lambda and Sebia anti-lambda to free light chains (A, L SL). Lanes 4-6 were stained like lanes 1-3 for serum treated with DTT. Lanes

7-9 are SIFE of retentate of 50 kDa filter from serum treated with DTT and demonstrate staining for IgA and Lambda documenting that
the retained immunoglobulin is in fact IgA lambda and not just alpha heavy chain. Free monoclonal lambda light chains were filtered out
as demonstrated by the lack of staining with Sebia antiserum to free lambda light chains in lane 9. Lanes 10-12 are from retentate of
untreated serum. Each set of three lanes was stained with antibodies as for lanes 1-3. Lane 13 reflects the DTT treated, 50 KDa filtrate of
serum, stained for lambda light chains and reveals monoclonal lambda light chains only. Briefly, the light chains with intact IgA were not
accessible to antisera to lambda light chains, in SIFE, due the polymeric nature of IgA. The free lambda light chains were also polymeric
and present in sufficient concentration to qualify the lesion being classified as light chain predominant IgA lambda multiple myeloma. DTT,
dithiothreitol; SIFE, serum protein immunofixation electrophoresis.

and proteinuria. Kappa free light chains ranged from Initially, no monoclonal immunoglobulin band was detect-
0.4 mg/L to 1.04 mg/L over the previous 4 years, and able in the gamma region on SPEP or SIFE. Upon further
lambda free light chains ranged from 23.55 mg/L to evaluation, a monoclonal IgA band was determined to
247.51 mg/L in the same time period. overlap the transferrin band in the beta region on SIFE;
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however, because of the low concentration of the mono-
clonal Ig a monoclonal spike was not detected on SPEP.
On biochemical analysis, gammaglobulins and total serum
proteins were depressed. The use of SIFE revealed a band
reactive with antiserum to IgA and a slightly anodal band
reactive with antiserum to lambda light chains. There was a
barely perceptible band in the anti-lambda lane at the same
level as the monoclonal IgA band (Figure 1).

The difference in the mobility of the IgA and lambda
bands was evident in the elecrophoretic evaluation
stained with both anti-IgA (cathodal band) and anti-
lambda (anodal band) in the same lane, as depicted in the
upper part of Figure 1. Urine immunofixation electrophor-
esis (UIFE) revealed a prominent monoclonal lambda light
chain band, confirming the renal clearance of monoclonal
free light chains.

Preliminary Analysis

Aggregate interpretation of the SPEP, SIFE, UIFE, and
serum free light chains (SFLC) data suggested at least 3
possible scenarios: (1) IgA lambda multiple myeloma, per
the patient’s clinical diagnosis; (i) a biclonal lesion of alpha
heavy chains and lambda light chains; or (iii) a light chain—
predominant IgA lambda multiple myeloma with multimeric
monoclonal proteins.®

Additional Testing

To resolve these issues, results of conventional SPEP/
SIFE were compared to the results with SIFE using anti-
serum selective for free lambda light chains (Sebia), for
native serum, and for serum reduced with dithiothreitol
(DTT). The retentate and filtrate from 50 kDa filtration
of serum with saline and 0.1 M DTT solutions were also
analyzed by SIFE with antisera to IgA, by conventional
antiserum to lambda light chains, and by Sebia anti-
serum for free lambda light chains. The results are de-
picted in Figure 1. In addition, the analytical technique
of immune-subtraction was also employed to bolster
the evidence that the band staining of IgA was in fact
IgA lambda and that excess free lambda light chains

www.labmedicine.com
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produced a spatially distinct lambda chain band, anodal
to the IgA band.

We found that SIFE studies stained with antisera to IgA,
standard immunofixation antiserum to lambda light chain,
and selective antiserum to free lambda light chain (Sebia)
failed to reveal lambda chains at the mobility of the IgA
band. This result suggested that circulating monoclonal
IgA immunoglobulin is likely a dimer or higher-order
polymer whereby either the light chains are not access-
ible to the anti-lambda antisera or the immunoglobulin
represents strictly an alpha heavy chain protein. The bands
stained with conventional anti-lambda and Sebia anti-
serum to free lambda light chains likely represent free light
chains in the specimen not treated with DTT (lanes 1-3).
This estimate is corroborated by the results in lanes 4, 5,
and 6 (Figure 1). On reduction with 0.1 M DTT, the band
staining for IgA shifted further anodal to comigrate at the
same mobility as the bands stained with conventional anti-
lambda and Sebia antiserum to free lambda light chains
(Figure 1, lanes 4-6).

The initial interpretation that in its native state the lambda
chains associated with IgA are not accessible to the anti-
lambda serum in SIFE was further substantiated in the
results shown in Figure 1, lanes 7-12. For this analysis,
serum, with and without reduction with DTT, was sub-
jected to size-exclusion filtration with a nominal cutoff size
of 50 kDa as described for the quantitative ultrafiltration
immunofixation electrophoresis test (QUIET).*®

Lanes 7, 8, and 9 represent the SIFE of the retentate from
the serum specimen processed in the reduced, DT T-treated
state. Lane 7 was stained with antiserum to IgA, and lane
8 was stained with conventional antiserum to lambda light
chains and showed staining at the same mobility as IgA.
Lane 9 was stained with Sebia antiserum to free lambda
light chains, the specimen was essentially depleted of
free light chains, and the lambda light chains associated
with IgA were not stained. The lambda light chain staining
with conventional antiserum resulted from reactivity with
IgA-associated lambda light chains on reduction of the
polymeric IgA. This finding documents that the immuno-
globulin staining for IgA in conventional SIFE is in fact IgA
lambda and not uncomplexed alpha heavy chain proteins.
The findings, in association with those in lanes 10-12, are
consistent with the free lambda light chains being dimers.
When reduced with DTT to their monomeric tertiary state,
the dimers were filtered out through the 50 kDa filter as

Lab Medicine 2021;52;503-508 505
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Figure 2

Immune-subtraction SIFE. Patient’s serum was subjected to
depletion of IgA and the supernatant was used for SIFE (lanes
1-3) after 1:2 dilution with saline. The supernatant was treated
with an equal volume of 0.2 M DTT reducing agent and used

for SIFE (lanes 4-6). Depleting IgA removed the band reacting
with the antibody to the alpha chains (lanes 1 and 4), but the
free lambda light chains persisted in the lanes stained with the
Helena anti-lambda (lanes 2 and 5) and the lanes stained with the
Sebia antibody to the free lambda light chains (lanes 3 and 6).
The protein bands in lanes 5 and 6 have a slightly more cathodic
location, as was seen in the reduction of whole serum shown in
Figure 1. DTT, dithiothreitol; SIFE, serum protein immunofixation
electrophoresis.

Table 1. Patient Data and Criteria for LCPMM-
Lambda

SFLC- L vl SFLC/g I/Ul/g
Patient 24751 257.82 2007.54 2184.94
LCPMM-L 36.75 44.87 435 51.61

The patient’s lesion met the criteria for classification as LCPMM.

evidenced by the lack of reactivity with the Sebia anti-
lambda antiserum in lane 9 and were detectable in the
filtrate as shown in lane 13.

Serum was further subjected to immune-subtraction SIFE
(IS-SIFE) with antiserum to the alpha heavy chain. The de-
pleted specimen was processed for immunofixation with
conventional antiserum to IgA lambda light chains and with
Sebia antiserum to free lambda light chains. For the deple-
tion of alpha chains, a manufacturer reagent antiserum to
IgA (Helena Laboratories, Beaumont, TX), provided for use
in SIFE, was used: 50 pL of antiserum was added to 10 uL
of patient serum and the specimen was incubated overnight
at 4°C. The resultant serum was centrifuged at 16,600 g for
5 minutes and the supernatant was collected. Aliquots of
the supernatant were diluted with an equal volume of saline
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and 0.2 M DTT solution and subjected to SIFE as illustrated
in Figure 2.

A second aliquot was subjected to depletion of the
lambda chain and lambda chain—associated immuno-
globulins using manufacturer reagent antiserum to
lambda light chains. Next, 25 uL of patient serum was
incubated overnight, with 225 uL of antiserum to lambda
light chains (Helena Laboratories). The solution was cen-
trifuged at 16,600 g for 5 minutes and the supernatant
was tested without further dilution by immunofixation
electrophoresis using manufacturer reagent kits (Helena
Laboratories). Both IgA and lambda chain bands were
eliminated by this immune subtraction. The supernatant
did not react with antisera to either IgA or lambda light
chains (data not shown), showing again that the band re-
acting for IgA in conventional SIFE is in fact IgA lambda.
It is likely that the prolonged overnight incubation with
antiserum to lambda light chains was effective in binding
to the light chains in the dimeric IgA lambda globulins.
Results comparing the patient data with criteria of light
chain—-predominant multiple myeloma (LCPMM)-lambda
are given in Table 1.2

Discussion

The concentration of monoclonal IgA could not be
determined by conventional SPEP because of overlap
of the monoclonal Ig with transferrin. The combined
concentration of the 2 proteins was 0.29 g/dL. For the
purpose of this comparison, the total IgA level (0.121 g/
dL) was used instead to provide a more conservative es-
timate for comparison with LCPMM lambda criteria. The
SFLC lambda concentration, the ratio of the serum free
light chain concentrations of involved light chain and
uninvolved light chain (I/Ul ratio), the values of SFLC/g
of monoclonal Ig, and the I/IU ratio/g of monoclonal Ig

www.labmedicine.com



for the patient are given in Table 1. The second row lists
the criteria for LCPMM lambda lesions.® The patient
conformed to the classification as LCPMM-lambda in
that the comparators exceeded all criteria for classifica-
tion as LCPMM-lambda.

Serum IgA is usually in monomeric form, whereas IgA in
mucosal secretions is normally dimeric. Mulitmeric forms

of IgA have been shown to enhance antimicrobial activity

of IgA and occur under physiological states.'® The close
juxtaposition of multiple light chains in a multimeric IgA may
render such light chains inaccessible to reagent antibodies
for immunofixation of light chains in SIFE. A complex of
multimers could alter both the mobility and the antigenicity
of the molecule.

It is known that IgA monoclonal immunoglobulins may migrate
in the beta region, as in this case report, and this phenomenon
affects the densitometric quantification of the monoclonal Ig.
Using a heavy/light measurement of relevant immunoglobulin
has been proposed as a means to improve the quantification
of beta-migrating monoclonal IgA.""'? However, this modality
is not in common use, and the measurement of total IgA is
generally used in monitoring the course of disease.

In this study we present a variation on the QUIET method
for determining the clonality of the abnormal IgA; however,
nanobody enrichment and MALDI-TOF mass spectrometry
is an alternative method that has been used to ascertain the
monoclonality of immunoglobulins.'*

In summary, the patient’s serum contained low levels of
intact, polymeric, monoclonal IgA lambda comigrating
with the transferrin peak and abundant free mono-
clonal lambda light chains, also in polymeric (at least
dimeric) form. Thus, the 2 bands noted in the initial
SIFE pattern seemed to suggest a biclonal pattern of
alpha heavy chains and lambda chains. The results

are explainable by quaternary structural parameters
and the polymeric nature of both IgA and excess free
lambda light chains. The lambda light chains in the
polymeric IgA were not accessible to the antisera to
lambda light chains in SIFE, although overnight incu-
bation with anti-lambda antiserum allowed the deple-
tion of IgA and the exposure of the antigenic epitope.
This finding prompts a general caution in interpreting
immunofixation studies because quaternary structural
features may obscure epitopes required for effective
immunofixation with standard reagents. In addition, the

www.labmedicine.com
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relative concentration of SFLC and other parameters
supports the classification of the lesion as LCPMM,
whereas initial evaluation may have suggested a
biclonal gammopathy.® Lm

Takeaways

1. Light chains in polymeric/dimeric IgA may not be
accessible to immunofixation antisera reagents for
light chains in SIFE.

2. Circulating SFLC may be present in multimeric/
dimeric form.

3. In patients with light chain-predominant IgA MM, the
intact IgA and free light chain bands may not migrate
in the same location.

4. Reducing the serum specimen with DTT can resolve
the otherwise confusing protein electrophoretic
findings. Size-exclusion filtration of the native and
DTT-treated serum though a 50 kDa filter may be
required to confirm the polymeric nature of free light
chains.

5. Use of free light chain—specific antisera is helpful in
patients with LCPMM.

6. IS-SIFE may be helpful in resolving monoclonality.
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ABSTRACT

A male patient aged 11 years diagnosed with acute myeloid

leukemia presented with complaints of fever, lethargy, and bleeding
manifestations. On ordering red blood cells and platelet transfusion, his
blood group was tested. Blood group discrepancy was observed in that
forward grouping showed the O Rh D positive blood group and reverse
grouping revealed the A Rh D positive. The patient’s previous blood
group record was O Rh D positive, and he had a transfusion history

of O Rh D positive red blood cells and platelets in other hospital.

Initial immunohematological workup results, including adsorption

and heat elution, were consistent with the O Rh D-positive blood

A blood group system is classified based on the antigens
that are attached to the red blood cell (RBC) membrane,
being either proteins or carbohydrates. The ABO blood
group system is the most important clinically significant
system in transfusion practice. The alleles of the ABO gene
code for glycosyltransferase, which acts on the precursor
H antigen and subsequently adds carbohydrate residues
on the H antigen. The A, B, and H antigens are usually
present on the surface of most epithelial cells, endothelial
cells, and RBCs. The H antigen in the RBCs is determined
by the FUTT gene, which codes for fucosyltransferase.’ ?

Abbreviations:

RBC, red blood cell; AML, acute myeloid leukemia; RDP, random donor
platelets; CML, chronic myelocytic leukemia.
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group, but further workups on follow-up after the commencement

of chemotherapy showed that his original blood group was A Rh D
positive, in which the A antigen expression was previously masked by
the underlying disease condition of the patient. Hence, the correlation
of laboratory results with clinical details and case history is an
essential step in resolving such blood group discrepancies.

Keywords: acute myeloid leukemia, blood group discrepancy,
hypomethylating agents, ABO blood group system, H antigen,
chemotherapy, secretor status

Blood group, which are complex carbohydrate structures,
are inherited and constant in an individual throughout life.
Blood group discrepancies are encountered when there
is a mismatch between forward and reverse grouping.
This mismatch may occur because of problems associ-
ated with the patient’s serum or the patient’s RBCs. Blood
group discrepancies can result from clerical error; physio-
logical or pathological conditions such as hematological
malignancies, including acute myeloid leukemia (AML); or
other solid organ malignancies such as carcinoma of the
bladder, lungs, colon, or stomach.?

Sometimes blood group discrepancies exist because of

a mismatch between the current blood group and the
historical blood group report.* However, blood group
discrepancy because of underlying malignancy, espe-
cially hematological malignancy, is rare. Here we report

a case of ABO discrepancy in a boy with AML who had a
loss of expression of the A antigen during the acute leu-
kemic phase followed by the reappearance of the A blood
group after completion of the consolidation phase of
chemotherapy.
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Case Report
Admission and Diagnosis

A male patient aged 11 years presented to the hemato-
oncology outpatient department with complaints of fever for
2 months, lethargy for 1 month, bleeding from the mouth,
swelling, and blackish discoloration around the eyes. On
clinical examination, his weight was 25 kilograms, and he had
severe pallor, purpura, ecchymosis, conjunctival hemorrhage,
and hepato-splenomegaly. His hematological parameters
revealed anemia, thrombocytopenia, and leukocytosis with
97% blasts (hemoglobin 5.2 g/dL, platelet count 13,000/pL,
white blood cell count 260.46 x 10%/uL). Flow cytometry
showed positivity for CD34, human leukocyte antigen-DR
isotype, cytoplasmic myeloperoxidase, CD13, CD33, and
CD117 and was abnormal expression for CD7. This pattern

is consistent with AML. The Leukemia Translocation Panel for
AML including FLT3, CEBPA, Inv 16, NPM1, AML1/ETO, and
PML/RARa was performed and only a single mutation was
detected in the coding region of the CEBPA gene, which did
not bear any prognostic significance.

The blood group history of the patient was revealed as

O Rh D-positive, and there was a history of transfusion of
5 units of RBCs and multiple units of platelet concentrates
in the past 4 months. The treating oncologist ordered RBC

and platelet concentrates for transfusion with a transfusion
trigger of low hemoglobin (<8 gm/dL) and thrombocytopenia
(<20,000/pL). The patient’s blood group was tested by column
agglutination technique (Gel Card, Tulip Diagnostics Pvt.
Limited, Goa, India). A blood group discrepancy was noted in
that cell grouping showed blood group O Rh D-positive but
serum grouping showed a positive reaction with only B cells
(Figure 1A, Table 1). Blood grouping was repeated using
the tube technique and a similar result was obtained. To rule
out missing an anti-A antibody in the serum, blood grouping
was repeated in the test tube after 4°C incubation for 1 hour.
There was no missing anti-A antibody observed in reverse
grouping even with incubation at 4°C.

Further immunohematological workup, including the ad-
sorption of the patient’s cells with polyclonal anti-A serum
followed by heat elution, was done as per the AABB
Technical Manual,” but the elute failed to reveal any missing
A antigen. Hence, the patient’s blood group was considered
to be O Rh D-positive with a missing anti-A antibody, and O
Rh D-positive RBCs and random donor platelets (RDP) were
transfused without any evidence of adverse transfusion re-
action. The absence of the A antigen in the patient’s RBCs
could explain the lack of signs and symptoms of hemolysis
after the transfusion of O Rh D-positive RDP units. Anti-A
antibodies in the RDP units may have been diluted in a
blood volume of approximately 1750 mL

(70 mL x 25 kg body weight) in the patient.

Figure 1

Weak mixed field

Strong positive

Eventual progress in A antigen expression with treatment for AML. AML, acute myeloid leukemia.
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Table 1. Summary of Findings of Blood Group Typing of the Patient at Different Time Intervals
At AML Diagnosis
Method Forward Grouping Reverse Grouping
Anti-A Anti-B Anti-D  Anti-A1 Anti-AB  Anti-H Control A Cells B Cells
Cells
Gel card 0 0 4+ 0 0 3+
Tube (RT incubation) 0 0 4+ 4+ 0 0 3+
Tube (4°C incubation) 0 0 4+ 4+ 0 0 4+
After 2 cycles of induction-phase
chemotherapy
Gel card Mf (vw)? 0 4+ 0 0 2+
Tube (RT incubation) MF (vw)° 0 4+ 0 Mf (vw) 4+ 0 0 2+
Tube (4°C incubation) Mf (vw) 0 4+ 0 MF (vw) 4+ 0 0 3+
After consolidation phase of
chemotherapy
Gel card 4+ 0 4+ 0 0 3+
AML, acute myeloid leukemia; Mf, mixed field reaction; RT, room temperature; vw: very weak reaction.
“Mixed field reaction.
"Very weak reaction.

After Second Cycle of Induction-Phase
Chemotherapy

After the diagnosis of AML, the patient was started

on chemotherapy as per the United Kingdom Medical
Research Council protocol, which includes cytarabine,
daunorubicin, etoposide, triple intrathecal therapy (metho-
trexate, cytarabine, hydrocortisone) as induction, and
high-dose cytarabine as consolidation regimens. The
patient attained complete remission after the first in-
duction chemotherapy. He was administered 2 cycles of
induction and 2 cycles of consolidation chemotherapy.
After the second cycle of induction, an order for RBC

and platelet transfusion was sent. The blood group was
evaluated using the same column agglutination method

as mentioned before. This time, the patient’s cell grouping
showed a weak mixed field reaction with anti-A antisera
and a very weak reaction with B cells in the reverse group
(Figure 1B, Table 1).

The blood group evaluation was repeated using the test
tube method both at room temperature and during incuba-
tion at 4°C. The tube technique showed a similar pattern
along with weak or mixed field reactions with anti-AB anti-
sera in the forward grouping as well. Consequently, a weak
subgroup of A (blood type A antigen) was suspected and
a secretor study was performed per the method described
in the AABB Technical Manual,® which showed that the pa-
tient was a secretor of A substance (Figure 2). Therefore,
the possibility of a weak subgroup of A was confirmed and
the patient was issued O Rh D-positive RBCs and A Rh

www.labmedicine.com

D-positive platelets to avoid any untoward transfusion
event. The transfusion was uneventful, and the patient had
good posttransfusion platelet recovery.

After 4 Months of Follow-Up (Patient
Completed Consolidation Phase of
Chemotherapy)

After the second cycle of consolidation chemotherapy
and approximately 4 months after diagnosis, the patient
needed RBC transfusions. His blood group was evalu-
ated using the same column agglutination technique and
indicated the A blood group in both forward and reverse
grouping with a strong 4+/3+ strength of reaction in the
cell and serum groupings, respectively (Figure 1C, Table
1). Therefore, this time the patient’s blood group was con-
firmed to be A Rh D-positive because there was no dis-
crepancy observed between the forward and the reverse
grouping. The patient had been transfused uneventfully
with 2 units of A Rh D-positive RBCs.

Discussion

In this case report, the patient had a complete loss of ex-
pression of the A antigen in the RBCs since the onset of the
disease process followed by the gradual recovery of antigen
expression after the initiation of chemotherapy. This loss or

Lab Medicine 2021;52;509-513 511
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Positive
microscopic
Agglutination

Figure 2

No agglutination

Saliva testing to determine presence/absence of A substance in secretions.

alteration of expression of blood group ABH antigens is a
rare phenomenon but has been observed in hematological
or solid organ malignancies.” The loss or weak expres-
sion of antigens results in ABO discrepancy in forward and
reverse blood grouping. Research has shown that ABO
antigens have the most frequently observed blood group
antigen variation because ABO blood grouping is a manda-
tory requirement for any patients requiring blood trans-
fusion.® In myeloid malignancy, the loss of ABH antigens

is seen mainly in the RBCs because other hematopoietic
cells do not express ABH antigens. Moreover, malignant
stem cells often have the potential to differentiate into the
erythroid lineage. Therefore, the loss of expression of ABH
antigens in RBCs could be an indicator of genetic changes
that have occurred in malignant stem cells.® '°

Few possible mechanisms have been described in the
literature on the altered expression of ABH antigens in
hematologic malignancies. For example, there could be
strongly decreased A or B transferase activity resulting

in the reduced expression of the A or B antigens with a
concurrent increased expression of the H antigens. Hence,
in this situation the H antigen is not converted to the A or
B antigen because of a lack of A or B transferase activity.
Another mechanism is the inactivation of H transferase
because of the loss of expression of one or both alleles

of the gene (FUTT in erythroid precursors) code for the H
antigen, thus eventually causing loss of all the H, A, and

B antigens.'® Sometimes, in myeloid malignancy, recur-
rent deletion on the chromosome band 9g23-31 region,
which may even extend to the 934 region—the loci for the
ABO gene—leads to a decreased expression of the A or B

512  Lab Medicine 2021;52;509-513
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antigen."" However, the expression of the H antigen remains
unaltered because the FUTT gene is present on chromo-
some band 19913. In this patient, we observed a pres-
entation similar to the loss of expression of the A antigen

in the patient’s RBCs with consistent expression of the H
antigens. The loss of ABO antigens has also been reported
very rarely in chronic myelocytic leukemia (CML) because
the A or B transferase genes are located on chromosome

9, which may be inactivated by 9:22 translocation in CML.
However, A or B transferase gene inactivation is not directly
attributed to chromosomal translocation, otherwise, it would
be observed in CML more frequently.*

Another proposed mechanism of the alteration or loss of
ABO allelic expression is the silencing of the ABO pro-
moter region by DNA methylation. Rarely, hematological
and solid malignancies like gastric carcinoma cause
hypermethylation of the CpG (cytosine and guanine rich
bases in the regions of DNA where a cytosine nucleo-
tide is followed by a guanine nucleotide in the linear
sequence) sites in the ABO gene promoter region,
leading to the inhibition of ABO genes by silencing ei-
ther H transferase or A/B transferase.® '> Upon therapy
with hypomethylating agents, the ABO genes that were
hypermethylated during the disease process begin to
regain their function and encode to secrete their cor-
responding enzymes, revealing the original blood group
of patients with malignancy.'? We encountered a similar
situation in our patient; initially, there was a complete loss
of the A antigen, which was gradually restored after treat-
ment with demethylating agents including methotrexate
as one of the drugs used during chemotherapy.'®

www.labmedicine.com



The approach for transfusion support is crucial in this type
of blood group discrepancy where the patient needs re-
peated blood transfusions because of the underlying condi-
tion. Transfusion of ABO-identical or ABO-compatible blood
components should be considered when there is blood
group discrepancy. The type-specific RBCs or other blood
components can be given only after confirmation of both
cell and serum grouping.

Conclusion

Any loss or alteration of ABO antigens gives rise to ABO
blood group discrepancy. Variation of ABO antigen ex-
pression should raise the suspicion of underlying disease,
especially hematological malignancy, and also reflect the
status of the malignant disease. Therefore, the import-
ance of integrating laboratory results with clinical details
and case history plays an important role in resolving blood
group discrepancy and deciding on transfusion support of
various blood components. LM
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ABSTRACT

Separator gels in blood collection tubes are used to separate serum
from clotted whole blood or plasma from cells. Here we present a

case of a patient with a contradictory phenomenon between the

serum separator tube and the plasma tube. The serum separator

tube showed mixed serum and separator gel and distinctly less

serum. However, the plasma tube showed fewer cells. Laboratory
study revealed an IgG level of 78.9 g/L. Serum immunofixation
electrophoresis analysis identified the abnormal pattern as a dense IgG
band with a corresponding dense light chain band of A. Bone marrow
smear showed 53% proplasmacytes. The patient was diagnosed

Clinical History

A female patient aged 57 years was referred to our hos-
pital with 1 month of fatigue. She had a history of type

2 diabetes mellitus and hypertension. When performing
laboratory analysis, we found a contradictory phenom-
enon between the serum separator tube (BD Vacutainer,
Becton, Dickinson and Company, NJ, USA) and the
plasma tube with heparin (BD Vacutainer) even with
correct centrifugation (2000 g for 10 minutes at room
temperature). The serum separator tube showed mixed
serum and separator gel and distinctly less serum, which
indicated polycythemia vera (Image 1A). However, the
plasma tube showed fewer cells, which was in accord-
ance with a hematocrit level of 23.5% (reference interval,
35.0%-45.0%; Image 1B). Repeat centrifugation did not
yield any change.

Abbreviations:

SPE, serum protein electrophoresis; IFE, immunofixation electrophoresis;
MM, multiple myeloma.

'Department of Clinical Laboratory, Peking University First Hospital,
Beijing, China
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with multiple myeloma. The marked hyperproteinemia, especially
hyperimmunoglobulinemia, may have resulted in the density alteration
of serum that was mixed or located above the separator gel. This
phenomenon is also seen in patients injected with iodinated radiologic
contrast media such as iohexol and in patients on hemodialysis with a
concentrated sodium citrate solution.

Keywords: case report, serum separator tube, plasma tube, multiple
myeloma, density, hyperimmunoglobulinemia

In view of this contradictory phenomenon, further labora-
tory studies were performed. Laboratory studies (plasma
specimen) revealed a hemoglobin level of 7.7 g/dL (refer-
ence interval, 11.5 g/dL-15.0 g/dL), a total calcium level
of 11.92 mg/dL (2.98 mmol/L; reference interval, 8.44 mg/
dL-10.08 mg/dL [2.11 mmol/L-2.52 mmol/L]), a total pro-
tein level of 110 g/L (reference interval, 65 g/dL-85 g/L),
an IgG level of 78.9 g/L (reference interval, 7.23 g/L-
16.85 g/L), and a 2-microglobulin level of 6.13 pg/

mL (upper reference limit, <3.4 ng/mL). Serum protein
electrophoresis (SPE) and the corresponding densitometry
scan showed an abnormal band with y globulin increased
to 44.3 % (reference interval, 10.3%-18.2%; Image 1C).
Further serum immunofixation electrophoresis (IFE) ana-
lysis, shown in Image 1D, identified the abnormal pattern
as a dense IgG band with a corresponding dense light
chain band of A. A peripheral blood smear showed a rou-
leaux formation (red arrow, Image 1E).

After communication with the clinician, bone marrow punc-
ture was requested. Bone marrow smear showed 53%
proplasmacytes (red arrow, Image 1F). Flow cytometric
immunophenotyping of plasma cells from the bone marrow
showed diminished CD19 and CD27 expression, with
aberrant expression of CD56 and CD20 and monoclonal
cytoplasmic lambda light chain expression. The patient was

e125 © American Society for Clinical Pathology, 2021. All rights reserved. For permissions, please e-mail: journals.permissions @oup.com
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Laboratory findings associated with patient. A, The serum separator tube showed mixed serum and separator gel and distinctly less
serum, indicating polycythemia vera. B, The plasma tube showed fewer cells, in accordance with the hematocrit (23.5%). C, SPE and
the corresponding densitometry scan showed an abnormal band with y globulin increased to 44.3%. D, IFE analysis identified the
abnormal pattern as a dense IgG band with a corresponding dense light chain band of A. E, A peripheral blood smear showed a rouleaux
formation (red arrow). F, A bone marrow smear showed 53% proplasmacytes. IFE, immunofixation electrophoresis; SPE, serum protein

electrophoresis.

diagnosed with multiple myeloma (MM) based on the results
of SPE, IFE, peripheral blood smear, bone marrow smeatr,
and flow cytometric immunophenotyping of plasma cells.

Discussion

This case report presents an incidental finding during the
routine work of centrifugation in the clinical laboratory. The
phenomenon is influenced by many variables, such as patient
characteristics, tube features, and laboratory factors (Table 1).

www.labmedicine.com

Components from blood collection tubes, such as addi-
tives, stoppers, surfactants, and separator gels, can alter
analyte stability from a specimen. Because of the interference
with blood specimens, blood collection tubes are a poten-
tial source of preanalytical error in laboratory testing. Blood
specimen tubes that contain a separator gel are often used
to obtain serum for laboratory tests. During centrifugation,
the thixotropic gel in these tubes is located between packed
cells and the top serum layer." The migration of the separator
gel during centrifugation is mainly determined by the density
rather than the viscosity of the specimen because dextran
solutions with very high viscosity but normal density allow
proper behavior of the separator gel.? After centrifugation,
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the separator gel at the bottom of the tube normally occupies
the middle position between the cells (clot) and the serum,
because its density (1.04 g/cm®) is intermediate between
their densities (1.09 g/cm® and 1.03 g/cm?®, respectively).

The separator gel then acts as a barrier to separation and
prevents contamination of the serum with cells (clot).® The
dislocation of the separator gel, cells (clot), and serum
indicates the density alteration of the serum. The marked
hyperproteinemia, especially hyperimmunoglobulinemia,
which is a characteristic of MM, may result in the density
alteration of serum, which therefore mixes or is located
above the separator gel.* Hyperimmunoglobulinemia can
lead to this phenomenon. Wang et al’ showed that serum
migrated below the separator gel when the IgG concentra-
tion exceeded 50 g/L. In addition to the advanced MM, this
phenomenon has also been seen in patients injected with
iodinated radiologic contrast media®® such as iohexol® and in
patients on hemodialysis with a concentrated sodium citrate
solution® because the presence of high-density molecules
such as iodinated contrast media increases the density of
serum. When the density of the serum exceeds that of the
separator gel, the latter no longer forms a barrier between the
serum and the cells (clot) but floats partially or completely to
the top of the serum.

Different separator tubes from different manufacturers have
different kinds of separator gels. Faught et al’ observed
remarkable differences in the density of separator gels
contained in serum separator tubes from different manu-
facturers, with a consequent difference in the frequency

of this issue. This dislocation phenomenon was observed
at a lower specific gravity of serum in Greiner Vacuette

Table 1. Representative Lists of Potential Causes
of Dislocation of Separator Gel, Cells (clot), and
Serum
Patient Hyperproteinemia
characteristics  Hyperimmunoglobulinemia
Injected with iodinated radiologic contrast media
Injected with iohexol
Patients on hemodialysis with sodium citrate solution
Heparin therapy
Tube features  Density of separator gel
Yield stress of separator gel
Composition of separator gel
Laboratory Centrifugation speed
factors Temperature
Acceleration and deceleration conditions of
centrifugation
Storage conditions of tubes
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tubes than in BD Vacutainer tubes.? Furthermore, the main
composition of the separator gel in the BD Vacutainer SST
Il is acrylic, which is easily affected by environmental tem-
perature, but the separator gel in the BD Vacutainer SST is
polyester, which is not easily affected. Wang et al® found
that this dislocation phenomenon was observed in the BD
Vacutainer SST |l but not in the BD Vacutainer SST, which
indicates that the different kinds of separator gels were re-
sponsible for the anomalous separator gel barrier formation.

This case report reminds researchers and clinicians to
consider MM or clinical operation whenever this phenom-
enon is seen. Laboratory tests should not be performed;
the results may be falsely low because of dilution with
iodinated radiologic contrast media and sodium citrate,

or they may be wrong owing to the interference of these
substances or separator gel on assay because an in-
appropriate amount of serum would have been analyzed.*O
The probes of the instrument may be occluded by the
aspiration of separator gel, especially in clinical labora-
tories with a high degree of preanalytical and analytical
automation, where vacuum blood collection tubes may

be introduced to an automated centrifugation and spe-
cimen delivery system without direct visual inspection. The
peripheral blood specimen should be collected at least 1
elimination half-life (approximately 2 hours) after clinical
operation® and checked visually to determine the accuracy
of barrier formation after centrifugation. LM
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Sky High or Undetectable? A Patient with
Discordant Hemoglobin Alc
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ABSTRACT

A female patient aged 47 years presented with a hemoglobin A1c
(HbA1c) level of 54.6%, as measured by ion-exchange high-
performance liquid chromatography (HPLC), and a glucose level

of 106 mg/dL. The HbA1c was re-evaluated using a turbidimetric
inhibition immunoassay and found below the level of detection.
Hemoglobinopathy testing led to the identification of a hemoglobin
variant consistent with Hb Raleigh, in which a valine — alanine
substitution on the beta chain effects a charge difference, resulting

in coelution with HbA1c on HPLC and a spuriously high reading. Many
Hb variants may interfere with HbA1c measurement and generate

Clinical History

A female patient aged 47 years who was obese (body mass
index [BMI], 32.5 kg/m?) with no previous diagnosis of
diabetes mellitus presented to the clinic complaining of dys-
pnea on exertion, occasionally accompanied by left-sided
facial tingling, for several months. In addition to a cardiac
workup for the patient’s chief complaint, a hemoglobin A1c
(HbA1c) measurement was ordered because of her BMI. Her
HbA1c level, measured by ion-exchange high-performance
liquid chromatography (HPLC), was biologically implaus-
ible at 54.6% (clinical reportable range, 4.0%-16.9%) and
incongruous given the patient’s glucose level of 106 mg/

Abbreviations:

HbA1c, hemoglobin Alc; HPLC, high-performance liquid chromatography;
BMI, body mass index; Hb, hemoglobin; HbA, hemoglobin A; VAL, valine;
ALA, alanine.
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misleading results. The unique properties of Hb Raleigh may give
rise to analytical errors when evaluating HbA1c using 2 different
methods—molecular charge—based (eg, HPLC) and molecular
structure—based (eg, immunoassay)—yielding diametrically opposed
results. Consequently, recognition and diagnosis of this entity are
essential in patients with Hb Raleigh, especially when monitoring
long-term glucose control.

Keywords: hemoglobin, variant, immunoassay, high-performance liquid
chromatography, A1c, Hb Raleigh

dL (reference range, 70-99 mg/dL) at the same visit. Her
HbA1c level was re-evaluated using a turbidimetric inhib-
ition immunoassay and was determined to be below the
assay'’s limit of detection. These unusual results increased
suspicion for an interfering substance, including a hemo-
globin (HB) variant, and prompted further investigation.
Hemoglobinopathy evaluation detected an abnormal beta
Hb variant (46.9%) consistent with Hb Raleigh.

Discussion

The red-pigmented protein Hb, located in erythrocytes,
acts to transport oxygen and carbon dioxide in blood. The
hemoglobin molecule is composed of 4 globin chains,

each with a heme moiety to which oxygen binds. Normal
adult hemoglobin (Hb A) is composed of 2 pairs (two alpha
and two beta) of globin chains. Further, Hb consists of
various subfractions and derivatives; the most common and
nonpathological fractions are HbA, hemoglobin F (contains
2 alpha and 2 gamma chains), and hemoglobin A2 (contains
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2 alpha and 2 delta chains). Hemoglobinopathies consist of
structural Hb variants and thalassemias. Structural Hb vari-
ants are typically the result of a point mutation and the sub-
sequent amino acid substitution in a globin chain, whereas
thalassemias are the result of insufficient or absent globin
chain synthesis. There are hundreds of Hb variants, including
but not limited to hemoglobin S (results in sickle cell trait or
disease), hemoglobin C (responsible for mild hemolytic an-
emia), and hemoglobin E.’

Glycohemoglobin is blood glucose bound to Hb. Glycated
hemoglobin is formed by a nonenzymatic process within
red blood cells during their 120-day circulating life-

span. In patients who are hyperglycemic, an increase in
glycohemoglobin results in an increase in HbA1c. HbA1c

is formed by the glycation of or nonenzymatic addition of

a glucose molecule to the N-terminal valine (VAL) on the
beta-globin chain of HbA. The glycation of the N-terminal
VAL on the beta-globin chain of HbA alters the struc-

ture and decreases the positive charge of the protein.

Other glycohemoglobins include HbA1a and HbA1b and
occur naturally; these have charges distinct from HbA1c.
Described as a fraction or percentage of total hemo-
globin, HbA1c reflects the mean blood glucose levels of
the previous 3 months (the normal, average lifespan of
erythrocytes) and is used for the screening and diagnosis
of diabetes mellitus and for monitoring long-term glycemic
control in those with an established diagnosis of that condi-
tion.? Any event or condition that affects the structure of Hb
or red blood cells, or their turnover, may affect the level of
serum HbA1c. Rapid erythrocyte turnover and a prolonged
erythrocyte life span alters the time available for glycation
and can thus result in HbA1c measurements that underesti-
mate or overestimate glycemic control.® It has been well-
documented that misleading HbA1c results may be seen in
patients with both common and rare Hb variants.* °

Although many causes of HbA1c interference are associ-
ated with clinical signs and symptoms (eg, uremia, chronic
alcohol abuse, hyperbilirubinemia, iron deficiency anemia,
massive bleeding, pregnancy induced anemia), most Hb
variants are clinically silent.® Suspicion of an Hb variant
should arise if (1) the HbA1c result is wholly unexpected,
(2) the HbA1c result is above 15%, (3) the HbA1c result is
radically different from a previous measurement using a
different methodology, or (4) the HbA1c result does not cor-
relate with the patient’s self-monitoring of blood glucose.?

In this patient, an inordinately high HbA1c fraction (54.6%)
was found on ion-exchange HPLC and led to re-evaluation
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using an immunoassay. When an undetectable HbA1c level
on immunoassay was observed, suspicion of an Hb variant
increased and prompted hemoglobinopathy evaluation.

The patient’s Hb was subsequently characterized using
cytometry and HPLC, and a variant consistent with Hb
Raleigh was identified. Research has shown that Hb Raleigh
is a variant of the beta chain, in which alanine (ALA) is sub-
stituted for VAL at the second base of the codon encoding
the first amino acid. After translation, the N-terminal ALA
undergoes acetylation, which in turn prevents glycation.”®

A rare Hb variant, Hb Raleigh was first described in
1977.° A review of the literature shows that fewer

than 10 patients with this variant have been docu-
mented.” % ' All prior reports on Hb Raleigh describe
spuriously high HbA1c measured by HPLC; however,
whereas researchers have suggested that immunoassay
methods may underestimate glycated Hb, there have
been no previous reports of HbA1c below the level of
detection.>"'°

Laboratory Role in Diagnosis

Analytical assays developed to measure HbA1c rely

on techniques that detect changes in either molecular
charge (eg, HPLC) or molecular structure (eg, immuno-
assay). In our laboratory, HbA1c analysis was performed
using 2 methods in accordance with the manufacturers’
instructions: ion-exchange HPLC (Tosoh G8, Keck
Medical Center, Los Angeles, CA) and turbidimetric in-
hibition immunoassay (Roche cobas 8000, LAC+USC
Medical Center, Los Angeles, CA). Results from HPLC
showed an HbA1c fraction of 54.6% (Figure 1). The
immunoassay results were below the assay’s level of
detection: Its limit of quantitation for patient reporting
of HbA1c is 4.2%, but the analyzer detected no HbA1c
signal with this specimen and thus could not calculate
a result.

Studies have shown that HPLC separates Hb species
based on surface charge differences. The output from the
analyzer, displayed as a chromatogram, consists of peaks
indicating the presence of glycated, fetal, or Hb variants."
Further, HbA1c is separated from HbA because glycation of
the N-terminal VAL decreases the positive charge. In the Hb
variant Hb Raleigh, ALA is substituted for VAL at position 1
of the Hb beta chain. The effect is a decrease in the positive

www.labmedicine.com



surface charge, similar to that of HbA glycated at the
N-terminal of the beta chain.” ® The resulting coelution with
HbA1c in the ion-exchange HPLC explains the exceptionally
high measurement seen in our patient.

Immunoassays use antibodies to target the N-terminal
glycated amino acids of the first 4 to 10 amino acids of the
beta chain of Hb to quantify HbA1c. This technique does
not directly report the presence of Hb variants; however, any
factor that prevents the glycation or identification of these
amino acids may interfere with HbA1c immunoassays.'? In
Hb Raleigh, the substitution of VAL with ALA occurs at the

_15%

SA1c > Linearity

Figure 1
HPLC results
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same site that is most commonly glycated within the Hb
tetramer. This substitution at the N-terminal residue leads to
posttranslational modification by acetylation and prevents
glycation.” As shown by the undetectable concentration

of HbA1c in this patient, the antibody kinetics do not favor
binding (Figure 2).

The inordinately high HbA1c¢ fraction on HPLC and a con-
centration below the level of detection on immunoassay
increased the suspicion of an Hb variant and prompted
further investigation. Hemoglobinopathy evaluation per-
formed by a reference laboratory using cytometry and

Name % Time Area
FP 0.0 0.00 0.00
A1A 0.6 0.23 10.73
A1B 0.7 030 11.94
F 1.0 0.37 17.35
LA1C+ 1.7 0.44 28.39
SA1IC 54.6 0.56 771.17
AO 50.3 0.90 831.14

1,670.72
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HPLC revealed an abnormal Hb variant consistent with Hb
Raleigh.

Patient Follow-Up

The use of HbA1c measurements to diagnose diabetes
mellitus or to monitor glycemic control in patients with
diabetes with Hb Raleigh will be ineffective because the
variant confounds interpretation of the common analyt-
ical methods. Given the unreliability of HbA1c analysis

in patients with this Hb variant, it is important that such
variants are detected and documented on the patient’s
electronic medical record for future reference. In add-
ition, clinicians should be advised to consider alternative
measures of glycemic control that are not affected by the
turnover of erythrocytes or hemoglobinopathies. One alter-
native measure that has been suggested is fructosamine,
which reflects the binding of glucose to proteins (primarily
albumin) and is a measure of plasma glucose over the pre-
vious 2 to 3 weeks.> > % Lm
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ABSTRACT

Platelet and erythrocyte agglutination is known to happen in vitro

due to EDTA or temperature-induced cold antibodies. Leukocyte
agglutination is far less common, and its etiology is not always
known. The 2 cases presented herein are of low-grade B-cell
lymphomas consistent with splenic marginal-zone lymphoma that
presented with lymphocyte agglutination. In Case A, the lymphocyte
aggregates were not resolved by warming the sample or by non-EDTA
anticoagulation. In Case B, the lymphocyte aggregates were largely

Case A

An 86 year old caucasian man presented for evaluation for
lymphocytosis. He has a history of hypertension, low back
pain, and generalized anxiety disorder. The patient only
reported mild fatigue, saying that, overall, he felt well. In
October 2019, his absolute lymphocyte count had been at
5.0 x10%/L. Repeat counts in September 2020 showed his
absolute lymphocyte count to be 12.7 x 10%/pL.

During this same time period, the white blood cell (WBC)
count of the patient increased from 8.1 x 10%/uL to 14.9 x
10%/pL. His platelet counts showed mild thrombocytopenia
(113 x 10%/uL and 110 x10%/L, respectively); hemo-
globin (12.0 g/dL and 11.6 g/dL, respectively) and hem-
atocrit (36.0% and 35.7%, respectively) levels showed
mild anemia. On arrival at our office, a complete blood
count (CBC) was run. The WBC count was 20.8 x 10%/uL
(4.0-10.0 x 10%/pL), and the absolute lymphocyte count was
16.67 x 10%/pL (1.2-3.4 x 10%/uL). The platelet count was
110 x 10%/pL (150-400 x 10%/puL); hemoglobin, 12.8 g/dL

Abbreviations:

WBC, white blood cell; CBC, complete blood count; g, immunoglobulin;
CLL, chronic lymphocytic leukemia
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resolved by warming the specimen at 37°C for 15 minutes. The 2
cases presented herein further show that the etiology of lymphocyte
aggregation can have multiple causes, even within the same disease
process.

Keywords: splenic marginal zone lymphoma, lymphocyte aggregates,
lymphocyte agglutination, low grade B-cell lymphoma, lymphocytosis,
leukocytosis, atypical lymphocytes

(13.5-18.0 g/dL); and hematocrit, 39.7% (41.0%-53.0%).
Quantitative immunoglobulins were as follows: immuno-
globulin (19)G, 975.0 g/dL (650-1600 mg/dL); IgM, 43.2 mg/
dL (50-300 mg/dL); and IgA, 161.5 mg/dL (40-350 mg/dL).
Serum protein electrophoresis was not performed.

Peripheral blood smear review showed a subpopulation of
his lymphocytes, which were smaller in size with moderately
condensed chromatin, had occasional singular but prom-
inent nucleoli and pale blue cytoplasm with bipolar tufts,
and appeared in aggregates of 2 to 6. Suspecting that the
aggregates could be a possible cold-activated antibody,

the EDTA tube was warmed at 37°C for 15 minutes, a CBC
was performed again, and another peripheral blood smear
was performed. The results of the CBC did not change. The
lymphocyte aggregates were still present.

The laboratory research team and | were unable to test
whether the agglutination would resolve with anti-lgM treat-
ment because we do not keep the supplies for such testing
in stock. These findings were noted in the report and dis-
cussed with the treating medical oncologist.

Flow cytometry was also performed at this new consult
visit. The results returned with the diagnosis of low-grade
B-cell ymphoma, with a differential diagnosis that includes
marginal-zone lymphoma (including splenic marginal-zone
lymphoma) and lymphoplasmacytic lymphoma. The path-
ologist reviewing the case for flow cytometry noted similar
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lymphocyte morphology and requested molecular studies
for MYD88 and cytogenetics. Testing results for MYD88
came back negative. Testing results for cytogenetics came
back positive for Deletion 7q, which has been associated
with splenic marginal-zone lymphoma.’

On return to our office 2 weeks later for an abdom-
inal CT scan, a new CBC was ordered. On this visit,

a peripheral blood specimen was drawn into a sodium
citrate tube, to rule out a possible EDTA mechanism
causing the lymphocyte aggregation. We noted the
same lymphocyte morphology and aggregation on the
EDTA and sodium citrate peripheral smears; similar
CBC results were obtained as during the initial visit.
The CT scan showed a substantially enlarged spleen
with a 7-mm indeterminate focal exophytic nodule off
the posterior inferior aspect of the spleen. A diagnosis
of low-grade B-cell ymphoma consistent with splenic
marginal-zone lymphoma was made.

Case B

An 86 year old caucasian woman was admitted to a local
hospital for a bleeding rectal prolapse. A CBC was per-
formed; lymphocytosis with abnormal-appearing lympho-
cytes were noted and sent to a pathologist for review.
Pathology review noted atypical lymphocytes consistent with
lymphoma. The WBC count of the patient was 27.9 x 10%/uL,
with an absolute lymphocyte count of 25.9 x 10%/yL. At that
time, the patient was seen for a hematology consultation.
Flow cytometry and cytogenetics testing were ordered.

The flow cytometry report showed a diagnosis of B-cell leu-
kemia/lymphoma with a phenotype that could be consistent
with prolymphocytic leukemia or marginal-zone lymphoma.
The cytogenetics report was positive for translocation
(10;14) and deletion of IgH in 3.5% of cells. FISH results
were negative for t(11;14). Multiple small mobile nodes in
the spleen were noted during the physical examination.

A CT scan showed moderate splenomegaly. A diagnosis

of low-grade B-cell lymphoma consistent with splenic
marginal-zone lymphoma was made.

Two weeks after being seen in the hospital, the patient was
seen in our office for hospital follow-up of her initial consultation
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visit. She has a history of dementia, diabetes, hypercholesterol-
emia, hypertension, gastroesophageal reflux, and mutlifactoral
anemia caused by chronic kidney disease and iron deficiency.
Her WBC count was 41.0 x 10%/L, with an absolute lympho-
cyte count of 35.67 x 10°/uL. Her hemoglobin was 8.9 ¢/

dL (13.5-18.0 g/dL), and her hematocrit was 29.1% (41.0%—
53.0%). Her platelet count was 134 x 10%/L. It was noted on
the peripheral smear review that several lymphocytes were
larger, with pale blue cytoplasm, occasionally having singular
but prominent nucleoli, and had clefted nuclei.

Four weeks after being seen in the hospital, the patient was
seen in our office for a routine follow-up, for continuation
of attempts to ameliorate her anemia and further monitor
her lymphoma. Her WBC count was 60.5 x 10%/yL, with an
absolute lymphocyte count of 57.49 x 10%/uL. Her hemo-
globin was 9.4 g/dL (13.5-18.0 g/dL) and her hematocrit
was 30.4% (41.0%-53.0%). Her platelet count was 159 x
10%/uL. On review of her peripheral blood smear, most of
her lymphocytes were noted to be larger, with pale blue
cytoplasm, occasionally having singular but prominent nu-
cleoli and some clefted nuclei, and appeared in aggregates
of 3to 15.

Due to the lymphocyte aggregates, the EDTA tube was
placed into a 37°C water bath for 15 minutes. Then, the
laboratory reran the CBC and performed a new per-
ipheral blood smear. The CBC results did not change;
however, the lymphocyte aggregates were largely re-
solved. A few lymphocyte aggregates remained but they
consisted of only 2 to 5 lymphocytes each. Quantitative
immunoglobulins and serum protein electrophoresis were
not ordered.

Discussion

Pseudothrombocytopenia caused by EDTA-induced platelet
agglutination and erythrocyte agglutination caused by
cold-induced IgM antibodies are relatively common and
well-studied.>® However, leukocyte agglutination is far less
documented. Clumping has been documented in benign
and malignant lymphocytes, including chronic lympho-
cytic leukemia (CLL) and lymphoma, and is thought to be
temperature dependent, EDTA dependent, or of unknown
cause.”™®
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In Case A, temperature-dependent cold agglutin-
ation was ruled out on the first specimen by warming
it at 37°C for 15 minutes. An EDTA mechanism was
also ruled out as the possible source for the lympho-
cyte aggregation by drawing a subsequent specimen
into a sodium citrate tube. A manual WBC estimate
was performed on all slides; the results confirmed the
automated WBC counts. IgA and IgG levels were within
normal limits, and IgM levels were slightly decreased.
These findings suggest that there is no polyclonal or
monoclonal process; however, such a result cannot be
ruled out due to the fact that serum electrophoresis
had not been ordered. At this point, the etiology of the
lymphocyte agglutination is unknown in this case.

In Case B, a temperature-dependent mechanism seemed
to be the cause of the lymphocyte agglutination, although
erythrocyte agglutination was not seen in this patient. The
4-week follow-up after the initial consult was the only CBC
in which lymphocyte aggregates were noted. The results
from the prewarmed and warmed specimens did not differ,
despite that most of the lymphocyte agglutination had
been resolved. The manual WBC estimate and differen-

tial matched the automated counts as well, leading us to
believe that the lymphocyte agglutination was not causing
erroneous results. We were not able to note the presence of
a possible polyclonal or monoclonal process due to quan-
titative immunoglobulins and serum protein electrophoresis
not being ordered.

Leukocyte agglutination has been shown,*® in some
instances, to cause spurious pseudoleukopenia. In the

2 cases presented herein, this does not appear to be
occurring. Attempts were made to resolve the lymphocyte
aggregates with the 2 most common methods of reso-
lution. We were unable to resolve Case A by warming or
using a different anticoagulant; however, we were able to
resolve Case B by warming. Manual WBC estimates and
differentials were performed on all peripheral smears where
lymphocyte aggregation was present. The manual WBC
estimates agreed with the automated WBC counts for

all specimens. The lymphocytes that were morphologic-
ally consistent with lymphoma cells in both patients were
counted as a mixture of lymphocytes and monocytes, on
the automated differential for both patients on all blood
specimens collected, due to the gating algorithms of the
Sysmex XN 2000 hematology analyzer. Therefore, manual
differentials were performed and released on all CBCs that
were ordered.

www.labmedicine.com
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It has been documented that approximately 25% to 40%

of patients with splenic marginal-zone lymphoma have an
underlying monoclonal paraprotein.”® We postulated that,
although we are unable to confirm the presence of clonal
immunoglobulins, they may be a product of the low-grade
B-cell ymphoma cells and may be the cause of the lympho-
cyte aggregation. These immunoglobulins may have be di-
luted out or rendered functionless by the reagents when we
ran the specimens through the Sysmex XN 2000 analyzer
(Sysmex Corporation).

This same compensation mechanism resolving the lympho-
cyte aggregates would not be present when preparing
peripheral smears for modified Wright-Giemsa staining. This
could account for the lymphocyte aggregates being present
on the peripheral-blood films and the automated WBC and
differential counts matching manual WBC estimates and
differentials. We believe that pseudoleukopenia was not
caused by the lymphocyte aggregates in these 2 cases.

In conclusion, we did not see pseudoleukopenia due to

the lymphocyte agglutination. In both cases, the diagnosis
of low-grade B-cell ymphoma consistent with splenic
marginal-zone lymphoma was made, and only the lympho-
cytes that were morphologically consistent with lymphoma
cells appeared in aggregates. One was shown to be a
temperature-dependent mechanism; the mechanism
causing lymphocyte agglutination in the other is still un-
known. Lymphocyte aggregation may suggest an underlying
lymphoproliferative disorder such as low-grade B-cell
lymphoma—specifically, splenic marginal-zone lymphoma—
as in these 2 cases. LM
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ABSTRACT

Objective: To describe a cross-institutional approach to verify the
Abbott ARCHITECT SARS-CoV-2 antibody assay and to document the
kinetics of the serological response.

Methods: We conducted analytical performance evaluation studies
using the Abbott ARCHITECT SARS-CoV-2 antibody assay on 5 Abbott
ARCHITECT i2000 automated analyzers at 2 academic medical centers.

Results: Within-run and between-run coefficients of variance (CVs)

for the antibody assay did not exceed 5.6% and 8.6%, respectively, for
each institution. Quantitative and qualitative results agreed for lithium
heparin plasma, EDTA-plasma and serum specimen types. Results for
all SARS-CoV-2 lgG-positive and -negative specimens were concordant

Coronavirus disease 2019 (COVID-19) was characterized
as a global pandemic by the World Health Organization
(WHO) on March 11, 2020, after first appearing in Wuhan,
China in December 2019." The highly contagious COVID-19
virus was identified to be a phylogenetic sister to the severe
acute respiratory syndrome coronavirus (SARS-CoV) and
has been named severe acute respiratory coronavirus 2
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COVID-19, coronavirus disease 2019; WHO, World Health Organization;
SARS-CaV, severe acute respiratory syndrome coronavirus; SAR-CoV-2,
severe acute respiratory coronavirus 2; Ig, immunoglobulin; EUA,
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S, spike surface; CMIA, chemiluminescent microparticle immunoassay;
IRB, institutional review boards; UVA, University of Virginia; VCU, Virginia
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Clinical and Laboratory Standards Institute; CV, coefficient of variation; Cl,
confidence interval; IVD, in-vitro diagnostic
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among analyzers except for 1 specimen at 1 institution. Qualitative

and quantitative agreement was observed for specimens exchanged
between institutions. All patients had detectable antibodies by day 10
from symptom onset and maintained seropositivity throughout specimen
procurement.

Conclusions: The analytical performance characteristics of the Abbott
ARCHITECT SARS-CoV-2 antibody assay within and between 2 academic
medical center clinical laboratories were acceptable for widespread
clinical-laboratory use.

Keywords: antibody, COVID-19, EUA, immunoassay, SARS-CoV-2,
serology

(SARS-CoV—Z).2 As of March 8, 2021, there are over 29 mil-
lion people in the United States and over 117 million people
around the world who have been confirmed as having
SARS-CoV-2 infection. As of July 17, 2020, nearly 3.5 mil-
lion people in the United States and nearly 14 million people
around the world have been confirmed as having SARS-
CoV-2 infection.® However, the full extent of the outbreak
has yet to be determined, due to limited testing to detect
current or past exposure to the novel contagion.*®

In an effort to slow the spread of COVID-19 and to avoid
straining vital health care resources, numerous countries
around the world have implemented social behaviorial
restrictions for their citizens (ie, social distancing, lock-
downs). Now, after a year of disrupted living and an
economic crisis, government and scientific strategists
are requesting accurate estimates of COVID-19 infection
rates and immunity status as they prepare approaches
to gradually lift these restrictions.® Consequently, a
critical discussion point in returning to normal daily life
has been centered on testing for human antibodies to
SARS-CoV-2, to determine exposure rates and possible
resistance to the virus.®”’
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Recent preliminary reports®'® have attempted to quickly
document the timeframe to detect antibodies to SARS-CoV-2
in infected individuals. Symptomatic individuals with SARS-
CoV-2 infection typically did not demonstrate detectable
antibodies to the virus in the first 7 days after symptoms.®° In
most hospitalized patients with a confirmed RNA viral load,
detectable immunoglobulin (Ig)G antibodies appeared 14 to
28 days after symptoms onset.'® Serology characteristics of
IgM to SARS-CoV-2 has also been studied®'" and it appears
to rise several days before IgG or simultaneously as previously
described.®'"

Hundreds of SARS-CoV-2 antibody tests have rapidly
emerged during the pandemic.'"'? In the United States,
manufacturers of these tests were not required by the FDA
to go through their formal approval process.'® However, this
policy was changed, and now the FDA requires manufac-
turers to submit assay-performance data for review under
the FDA Emergency Use Authorization (EUA) process.™
However, due to the dynamic and evolving situation, typical
assay validation and patient cohort studies through cross-
institutional studies are still not being rigorously performed.
These limitations have led to various questions regarding
analytical performance characteristics that are typically
vetted by the FDA 510(K) or premarket approval (PMA) re-
view processes.'®

The 2 most common analytical methods available to

detect antibodies to SARS-CoV-2 rely on lateral flow
immunochromatography or noncompetitive immunoassay
technology."" These methods predominantly were designed
to identify antibodies towards the SARS-CoV-2 nucleo-
capsid (N) or spike surface (S) proteins. A primary target for
several assay developers has been directed towards the
nonconserved S1 subunit of the SARS-CoV-2 spike protein.
The S1 subunit is considered to be specific to each corona-
virus strain, which could possibly mitigate cross-reactivity
with the 4 common coronaviruses (eg, HKU1, NL63, OC43,
229E)."" Initially large commercial manufacturers of labora-
tory tests started to distribute SARS-CoV-2 antibody tests
for use on their automated immunoassay platforms, with or
without EUA."

Abbott Diagnostics recently developed a chemiluminescent
microparticle immunoassay (CMIA) used for the qualitative
detection of IgG antibodies to SARS-CoV-2 in human serum
and plasma, which is run on the ARCHITECT i System.'®
Several performance evaluations of the assay'’?? were
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published recently. However, the studies were conducted
at single institutions, multiple analyzers were not evaluated,
and only 1 study evaluated different specimen-collection
tube types. Therefore, the aim of this study is to report on
a cross-institutional approach for validating the Abbott
Architect SARS-CoV-2-IgG immunoassay, evaluate assay
performance for different specimen-collection tube types,
and to document the kinetics of the serological response.

Methods and Materials

The study was considered to constitute research on
nonhuman subjects, as defined by the institutional review
boards (IRBs) of both institutions. Performance evaluation
studies were conducted using the Abbott ARCHITECT
qualitative SARS-CoV-2 IgG antibody assay, implemented
on 2 Abbott ARCHITECT i2000SR immunoassay analyzers
in the clinical laboratory at University of Virginia (UVA), and
3 ARCHITECT i2000SR immunoassay analyzers imple-
mented in the clinical laboratory at Virginia Commonwealth
University (VCU). Although the Abbott ARCHITECT
SARS-CoV-2 IgG assay is a qualitative assay, quantitative
evaluations of assay results were also performed using the
numerical signal-to-calibrator (S/C) values. The assay cutoff
for a positive result is 1.4 S/C or greater.

Blood was collected into BD Vacutainer SST Il Advance
tubes for serum-specimen studies, BD Vacutainer EDTA
tubes for EDTA plasma studies, and BD Vacutainer PSTTM
Il tubes (all products by Becton, Dickinson and Company)
for lithium heparin plasma specimens. Residual specimens
were from patients with SARS-CoV-2 real-time (RT)-PCR
results measured at VCU using the Xpert Xpress SARS-
CoV-2 (Cepheid), BD SARS-CoV-2 (Becton, Dickinson

and Company), or cobas SARS-CoV-2 (F. Hoffman-La
Roche Ltd.) analytical systems. RT-PCR testing at UVA was
performed by ABI 7500 (CDC assay) and Abbott m2000
(AbbVie Inc.). Prepandemic specimens had been collected
in 2018 and 2019 and stored at —70°C and were categorized
as having SARS-Cov-2-negative results.

For the studies conducted at UVA, 105 specimen from 8
individual patients who had positive results via SARS-CoV-2
PCR testing and 54 specimens from 34 patients with nega-
tive results via SARS-CoV-2 PCR tesing were collected.

www.labmedicine.com



Of those, 24 specimens from 4 patients tested positive for
non-SARS-CoV-2 coronaviruses. To compare tube types,
specimens from 20 patients were included when heparin
lithium and EDTA plasma were available from the same
phlebotomy draw: 40 specimens total.

UVA precision studies were performed as follows.
Between-run imprecision was assessed by analyzing

2 levels of Abbott Architect SARS-CoV-2 IgG quality-
control materials during a 5-day period; within-run impre-
cision was assessed by analyzing 10 replicates each of a
SARS-CoV-2 |gG-positive and -negative patient specimen
during a single run.

For the studies conducted at VCU, 116 specimens from 57
individual patients with positive results via SARS-CoV-2 PCR,
33 specimens from 32 patients testing negative via SARS-
CoV-2 PCR, and 15 specimens collected before the pan-
demic were included. Fifteen of the specimens with negative
SARS-CoV-2 PCR results were from 14 patients with positive
results for the following non—-SARS-CoV-2 respiratory viruses:
1 adenovirus, 1 influenza A, 4 rhinovirus/enterovirus, 4 cor-
onavirus OC43 (3 individual patients), 3 coronavirus NL63,
and 2 coronavirus HKU1. To compare tube types, speci-
mens from 20 patients were included when heparin lithium
and serum (red-top tube) were available from the same
phlebotomy draw: 40 specimens total. VCU within-run and
between-run precision studies were performed according to
Clinical and Laboratory Standards Institute (CLSI) EP15.%

Because this study utilized residual specimens, the
time duration between specimen collection for PCR
testing and serology specimen collection varied. For
all serology specimens except those collected in pa-
tients with other coronaviruses, specimens were col-
lected between 1 and 26 days from non-SARS-CoV-2
PCR testing. For specimens from patients who tested

Science

positive for other coronaviruses, 7 of 33 serology spe-
cimens were collected the same day that the corres-
ponding non—-SARS-CoV-2 coronavirus PCR specimens
were collected.

Box and whisker, Passing Bablok Regression Fit, and
difference plots were constructed using R statistical
software. Also, sum of least squares linear regres-

sion and difference plots were generated by Microsoft
Excel version for Mac 2011 version 14.7.7 (Microsoft
Corporation). Imprecision studies and statistical analyses
among analyzers and study groups were performed by
ANOVA using GraphPad statistical software (GraphPad
Software) and Analyse-it (a statistical-analysis add-in for
Microsoft Excel).

Results

Results of Imprecision and Among-Instrument
Comparisons Studies for the Abbott
ARCHITECT SARS-CoV-2 IgG Assay

The Abbott ARCHITECT SARS-CoV-2 IgG antibody assay
exhibited similar performance characteristics during in-
dependent EUA verification studies conducted at both
institutions. In Table 1, we show the results of imprecision
assessments using S/C values for ARCHITECT SARS-
CoV-2 IgG quality-control materials or patient specimens
categorized as having positive or negative results via SARS-
CoV-2 PCR. We obtained 100% qualitative agreement vs
expected value for all results. For quantitative S/C values,
imprecision did not exceed 5.6% for within-run coefficient
of variation (CV) estimates and 8.6% for between-run CV
estimates.

Table 1. Imprecision Study Results?

Institution Negative SARS-CoV-2 IgG Result Positive SARS-CoV-2 IgG Result
Within-run CV% (S/C) Between-run CV% Within-run CV% (S/C) Between-run CV% (S/C)
(S/C)
UVA 0.0% (0.02) 8.6% (0.05) 1.6% (4.10) 3.4% (3.14)
VCu 5.6% (0.05) 5.6% (0.05) 2.1% (3.35) 3.2% (3.35)

Commonwealth University.

analyzed at UVA for within-run imprecision estimates.

SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; lgG, immunoglobulin G; CV, coefficient of variation; S/C, signal-to-calibrator; UVA, University of Virginia, VCU, Virginia

Control specimens that tested negative and positive via Abbott ARCHITECT SARS-CoV-2 lgG assay were analyzed at UVA for between-run and at VCU for within-run and between-run
imprecision estimates, the results are the average of the calculated imprecision values. A patient specimen with positive and negative results via SARS-CoV-2 lgG PCR testing i was

www.labmedicine.com
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A specimen-collection tube-type evaluation was per-
formed independently at the 2 institutions. EDTA plasma
specimens and corresponding lithium heparin plasma spe-
cimens collected from the same patients were analyzed

at UVA. Lithium heparin plasma specimens and corres-
ponding serum specimens collected from the same pa-
tients were analyzed at VCU. All qualitative results among
tube types were 100% concordant, and the quantitative
S/C results agreed (Figure 1). The difference plots showed
average bias of —0.01 S/C, with maximum differences of
0.17 to -0.21 S/C for EDTA and lithium plasma; the slope
of the linear regression for S/C values was 0.997 (95%
confidence interval [Cl], 0.985-1.008), with an intercept of
0.002 (-0.046 to 0.049). For serum and lithium plasma, the
difference plots showed average bias of -0.04 S/C with
maximum differences of 0.20 to —-0.28 S/C for EDTA,; the
slope of the linear regression for S/C values was 0.984
(95% ClI, 0.968-0.999), with an intercept of 0.008 (-0.051
to 0.067).
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Figure 1

Among-instrument comparison studies were performed
independently at each institution, using multiple analyzers,
and evaluated for qualitative and quantitative agreement.
Qualitative measurements at UVA for 2 ARCHITECT i2000
analyzers were concordant, with the exception of 1 spe-
cimen. One specimen, from a patient who tested positive
for SARS-CoV-2 via PCR assay, tested negative via the
ARCHITECT SARS-CoV-2 IgG assay on a single analyzer,
with an S/C value below the 1.4 cutoff for positivity, as
confirmed by repeat analysis. This specimen had been col-
lected from a patient 11 days after symptoms; the patient
experienced seroconversion on day 6 after symptoms, with
all other specimens testing positive after day 6.

Quantitative S/C values for IgG-positive and IgG-negative
results are shown in Figure 2. Median S/C values for
IgG-positive results at UVA (Figures 2A and 2B) were 4.86
and 4.72, respectively, and 0.06 and 0.06, respectively,

for IgG-negative results via each analyzer. The results of
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Comparison of the means of the signal-to-calibrator (S/C) values obtained from different specimen-collection tube types. S/C values from 30
specimen of lithium heparin plasma and corresponding EDTA-plasma specimen (from the same patients) were measured on analyzer A (A)
and analyzer B (B) at the University of Virginia (UVA). S/C values from 21 specimens of lithium heparin plasma (C) and corresponding serum
specimens from the same patients (D) were analyzed at Virginia Commonwealth University (VCU) on the same analyzer. Absolute-difference

plots and ordinary least-squares regressions were calculated.
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Lithium heparin specimens were analyzed on different analyzers at the University of Virginia (UVA) and Virginia Commonwealth University
(VCU). At UVA, 64 severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) immunoglobulin (IgG)-positive specimens (A) and 59
IgG-negative (B) specimens were analyzed on 2 analyzers. At VCU, 78 IgG-positive specimens (C) and 86 IgG-negative specimens (D) were
assayed on 3 analyzers. The dotted line at the bottom of panels A and C represent the assay cutoff of signal-to-calibrator (S/C) results, of
1.4. The heavy line is the median, the ends of the boxes are the 25™M. and 75M-percentile values, and the end caps represent the maximum
and minimum S/C values observed, with the open circles representing potential outliers.

among-instrument comparison studies performed at VCU
demonstrated 100% qualitative agreement among 3 ana-
lyzers. Median S/C values at VCU (Figures 2C and 2D) were
5.23, 5.56, and 5.40, respectively, for positive results, and
0.04, 0.04, and 0.04, respectively, for negative results via
each analyzer.

For quantitative results, there were no statistically signifi-
cant differences for median S/C values among analyzers
for IgG-positive results at UVA (P = .66) or VCU (P = .30),
or lgG-negative results at UVA (P = .91) or VCU (P = .97).
Also, there were no statistically significant differences for
median IgG S/C values among the 2 independent sample
sets for IgG-positive specimens (P = .51) or among the

2 independent sample sets for IgG-negative specimens
(P =.15).

www.labmedicine.com

To evaluate agreement of results for the IgG assay imple-
mented at 2 different institutions, 9 lithium heparin speci-
mens from patients with positive results via SARS-CoV-2
PCR and 10 lithium heparin specimens from patients with
negative results via SARS-CoV-2 PCR were exchanged be-
tween the institutions; the S/C values were then compared.
There was 100% concordance for qualitative IgG results for
all specimens.

Figure 3 shows Passing-Bablok regression and an abso-
lute difference plot of the S/C results of the exchanged
specimens. S/C results showed quantitative agreement
and no biases for specimens with S/C values less than
6.29. The slope of the regression was 0.990 (95% Cl,
0.942-1.000), with an intercept of 0 (0-0.012), and the
average bias was —-0.08 S/C. One specimen exhibited a
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Comparison of results from specimens run at the University of Virginia (UVA) and Virginia Commonwealth University (VCU). Lithium heparin
specimens (n = 19) were exchanged between institutions; the results are shown as Passing Bablok regression (A) and absolute-difference (B)
plots.
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Comparison of signal-to-calibrator (S/C) results from patient specimens. Specimens were categorized based on patient severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) status. A box-and-whiskers plot shows the specimens with negative results (A), which
are grouped by specimens testing SARS-CoV-2 negative (negative via PCR testing and collected before the pandemic: 68 patients, 68
specimens), specimens testing negative via SARS-CoV-2 PCR testing and others that tested positive for coronavirus via PCR testing (12
patients, 33 specimens), and specimens from patients who had tested positive for SARS-CoV-2 via PCR testing but had not yet experienced
seroconversion (13 patients, 37 specimens). The specimens testing positive for SARS-CoV-2 via PCR (B) included all specimens collected
after the first positive IgG result from patients in whom serial specimens were collected (9 patients, 65 specimens). The dotted lines at the
bottom of the plots represent the positivity cutoff at S/C of 1.4. The heavy line is the median, the ends of the boxes are the 25™- and 75™-
percentile values, and the end caps represent the maximum and minimum S/C values observed, with the open circles representing potential
outliers.
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bias of —0.80 S/C for VCU vs UVA at a S/C of 7.5; how-
ever, the bias did not affect the qualitative interpretation of
the result.

Performance of the Abbott ARCHITECT SARS-
CoV-2 IgG Antibody Assay in Different Patient
Populations

Data from the independent method-comparison studies at
each institution were combined to evaluate the IgG antibody
assay performance for different patient populations.

Figure 4 shows S/C results of specimens that were clas-
sified into 1 of the following 4 categories: negative results
via SARS-CoV-2 PCR (n = 68); negative results via SARS-
CoV-2 PCR but positive results for non—-SARS-CoV-2 cor-
onaviruses via PCR (n = 33); serial specimens from patients
with positive SARS-CoV-2 results via PCR but who had IgG-
negative results and presumably had not yet experienced
seroconversion (n = 37 specimens from 13 patients); and
serial specimens from patients with SARS-COV-2 positivity
via PCR, who had positive IgG results (n = 65). The median
S/C values for the different patient groups were as follows:
patients with SARS-CoV-2 negativity via PCR, 0.03; patients
with other coronaviruses, 0.12; patients that had SARS-
CoV-2 positivity via PCR but did not reach the cutoff for IgG
positivity, 0.10; and SARS-CoV-2 positivity via PCR along
with IgG positivity, 5.01.

Of the patients who tested negative for SARS-CoV-2 via
PCR (Figure 4A), all had S/C results less than 1.12 (median,
0.04), and those results were well below the cutoff of 1.4,
including specimens that tested positive for other corona-
viruses. Figure 4B shows all specimens used in this study
that had positive results via IgG for SARS-CoV-2, via IgG,
including all specimens collected after the first positive
IgG result was obtained from serial specimens. There was
1 discrepant specimen (Figure 2) that had false negativity
via 1 analyzer and positivity via the other analyzer, after
the patient experienced seroconversion (as mentioned in
first section of the Results). Otherwise, all other data were
greater than the cutoff for a positive result.

The medians were significantly different for patients with
negative SARS-CoV-2 results via PCR testing (P <.01), pa-
tients with non-SARS-CoV-2 coronaviruses (P <.01), and
those with SARS-CoV-2 positivity via PCR testing (P <.01)
(Figure 4A). However, those values did not reach the cutoff
for I9G positivity, compared with SARS-CoV-2 positivity via
PCR and IgG positivity (Figure 4B). Also, median results for

www.labmedicine.com
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patients with other coronaviruses (0.12) and SARS-CoV-2
positivity via PCR but for whom values did not reach the
cutoff for IgG positivity (0.10) were significantly larger than
the median for patients with SARS-CoV-2 negativity via
PCR (0.03; P <.05 and P <.01, respectively; Figure 4A). We
note that the median S/C value for specimens from patients
who positive for other coronaviruses (0.12) and positive

for SARS-CoV-2 via PCR (0.10), but for whom values were
below the cutoff for IgG positivity, were not significantly dif-
ferent (P = .27).

Seroconversion Across Serial Specimens in
Patients with Positive Results Via PCR

Results from serial specimens from patients testing SARS-
CoV-2 positive via PCR, beginning at the date of symptom
onset, were examined to characterize the kinetics of sero-
conversion. The data were collected independently at the

2 institutions and were combined to generate Figure 5.

We included 13 different patients in the evaluation, and by
onset of symptoms after day 10, all patients had detectable
IgG and maintained seropositivity for the remainder of the
specimen-collection period.

Discussion

Before an in-vitro diagnostic (IVD) clinical assay is cleared
by the FDA, the assay will go through an extensive,
multisite clinical evaluation period.?*?° This evaluation

is performed to ensure that the analytical performance
characteristics of the assay provide equivalent results
among instruments and correspond to clinical outcomes
in specified patient populations and clinical settings. In
emergency situations, such as the current worldwide
COVID-19 pandemic, the FDA provides IVD companies
with the option to submit their tests through an EUA pro-
cess.?® This route is provided to expedite measurement
technologies that can be rapidly deployed in a clinical set-
ting for rapidly evolving medical conditions. However, the
accelerated authorization may not identify performance
issues that might otherwise have been identified during a
normal review process.

We conducted a cross-institutional and multianalyzer
evaluation of the Architect SARS-CoV-2 IgG antibody test
implemented on the Abbott ARCHITECT i2000 platform
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Figure 5

Serial specimens collected from 13 patients at different institutions and graphed by signal-to-calibrator (S/C) result. The x-axis represents
postsymptom onset during a period of days; the sample size is <5 days (n = 18), 6-7 days (n = 15), 8-9 days (n = 13), 10-11 days (n = 10),
12-13 days (n = 7), 14-15 days (n=12), 16-17 days (n = 6), 18-19 days (n = 8) and >20 days (n = 17). The error bars indicate SD.

with 2 separate study-patient populations. Evaluations

of the Abbott SARS-CoV-2 IgG antibody test have been
published.'”" However, in each of these study reports, the
authors do not evaluate assay performance among multiple
ARCHITECT analyzers, and only 1 study evaluated different
specimen-collection tube-type comparisons.

Similar to the findings of previously published studies,

our assessment showed excellent analytical performance
within and between both of our institutions. Assay im-
precision was acceptable across both institutions for IgG
antibody-negative and -positive specimens. Our specimen-
tube evaluation demonstrated equivalent assay perform-
ance for lithium heparin plasma, EDTA plasma, and serum
specimens. This finding is consistent with the updated
manufacturer-provided instructions-for-use claims that all 3
specimen types are acceptable.'® In contrast, the findings
of a recent study® showed significant differences between
plasma- and serum-based testing in other commercially
available antibody assays; these findings highlight the im-
portance of performing specimen-type verification studies.

For within-institution method comparison studies, all IgG
antibody results were concordant among analyzers or with
patient SARS-CoV-2 PCR result, with the exception of 1
specimen at 1 institution. For that specimen, the IgG anti-
body result was below the assay cutoff; however, but the
patient had a positive result via SARS-CoV-2 PCR testing,
and positive IgG results had been obtained for speci-
mens collected before that specimen, which suggests a
preanalytical error, false-negative assay result, or technical
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error. Analysis of the same 19 specimens at both institu-
tions yielded 100% qualitative concordance among the 5
analyzers at both institutions, demonstrating equivalent
assay performance across institutions and analyzers. Also,
no statistically significant differences were obtained for S/C
results within institutions, suggesting equivalent quantitative
performance.

Cross-reactivity in SARS-CoV-2 antibody tests has been

a concern from the medical community. In our study, we
included specimens from patients who had tested nega-
tive via SARS-CoV-2 PCR, had tested positive for other
coronaviruses via PCR, and had had specimens collected
before the pandemic. All of these 101 specimens had nega-
tive qualitative results via the Abbott ARCHITECT assay,
supporting lack of cross-reactivity with immunoglobulins
produced in response to other viral infections.

One finding that interested us was a slightly larger median
S/C value for patients diagnosed with non-SARS-CoV-2
coronaviruses compared to specimens obtained from
patients with a negative SARS-CoV-2 result via PCR. This
result could suggest partial interference from non-SARS-
CoV-2 IgG antibodies. However, if there was potential
interference, it was not substantial enough to affect the
qualitative result. Also, the S/C values for patients with
positive results via PCR before seroconversion had sig-
nificantly larger values, compared with patients having
negative results via PCR. This finding suggests the possible
presence of SARS-CoV-2 IgG antibodies at a concentra-
tion lower than the cutoff for the assay. This observation
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agrees with previously published findings.'® Our results are
consistent with those of previously published studies'” "
evaluating the specificity of the Abbott ARCHITECT
SARS-CoV-2 assay.

Seroconversion studies included specimen from both
institutions. For all 13 patients who tested positive for
SARS-CoV-2 via PCR testing who were included in the
seroconversion study, seroconversion was detected
by the IgG antibody assay within 10 days of symptom
onset. This finding is consistent with those of previous
studies.®®

The present study has some limitations. A limitation of
the cross-reactivity assessment was that for 6 patients
who tested positive via PCR for non-SARS-CoV-2 cor-
onaviruses, specimens were collected for serological
testing within 4 days of specimen collection for the viral
PCR assay and an unknown time period from the time
of symptom onset. Therefore, the patients from whom
the specimens were obtained may have had insufficient
time to develop a robust IgG response and, thus, the
specimen may not have been suitable for assessment of
cross-reactivity in the ARCHITECT SARS-CoV-2 IgG anti-
body assay.

Another limitation is the relatively small number of speci-
mens included in the seroconversion study. Because the
specimens were obtained from among specimens sub-
mitted for purposes other than this research, our ability

for specimen acquisition was limited. It is possible that
seroconversion kinetics may have differed if specimens had
been obtained on a daily basis for all patients. Also, the
number of serial specimens and time of specimen collec-
tion for IgG antibody testing relative to PCR testing varied,
and time of symptom onset was unknown for the speci-
mens from other patients in this study. These factors could
complicate comparison of S/C values among the different
patient categories shown in Figure 4. Further research is
needed to define the relationships of S/C values in patients
infected with non-SARS-CoV-2 coronavirus, as well as in
patients testing positive for SARS-CoV-2 via PCR before
seroconversion vs after seroconversion.

In conclusion, the Abbott ARCHITECT SARS-CoV-2 IgG
assay performed similarly for 3 specimen types and across
5 analyzers at 2 different institutions. This finding suggests
acceptable performance of this assay and analyzer for
widespread clinical laboratory use. LM
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