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Overcoming Vaccine Hesitancy,
Skepticism, and Hostility in Missouri

by Albert L. Hsu, MD & Robin Trotman, DO

Vaccination and non-pharmacologic mitigation measures
(hand-washing, crowd-avoidance, social distancing, mask-wearing)
are the fastest way to put this pandemic behind us.

pandemic, COVID-19 has manifested as twin
public health and economic crises. In the
U.S., the first wave of COVID-19 migrated from
the Northeast and Pacific Northwest to the Sun
Belt, and then the Midwest in 2020. During that
first wave, we physicians counselled patients and the
public that the elderly and immunocompromised
were most vulnerable, and physicians promoted non-
pharmaceutical interventions like social distancing and
masking. Thus, physicians are also learning to live
with uncertainty amid constantly-evolving COVID-19

S imilar to the 1918 HIN1 “Spanish flu”

guidance.

From January-April 2021, Missouri had some of
the lowest COVID-19 case rates in the nation. Largely
due to the rapid emergence of the Delta (B.1.617.2)
variant, however, Missouri was among the top five
states with the highest rates of new COVID-19 cases
in July. Many Missouri counties still have COVID-19
vaccination rates under 30%,"? partly due to
widespread vaccine skepticism and misinformation on

social media.

Albert L. Hsu, MD, (left), is an
Ob/Gyn and a reproductive
endocrinology and infertility
subspecialist at the University of
Missouri-Columbia and President
of the Boone County Medical
Society. Robin Trotman, DO, FIDSA,
is an infectious disease specialist at
CoxHealth in Springfield, Missouri.

396 | 118:5 | September/October 2021 | Missouri Medicine

Delta Variant

With several new mutations,>* the Delta variant
of SARS-CoV-2 appeared firstin India, and continues
to evolve and spread throughout the U.S. Delta
replicates faster, transmits more easily and to more
people, and causes higher viral loads. It also results
in more “breakthrough” infections among vaccinated
populations, and it causes more severe illness in the
unvaccinated. Delta is estimated to be 40-60%
more transmissible’ than the initial D614G strain or
Alpha variant (“UK,” or B.1.1.7 variant), with a basic
reproduction number (R ) of 5-8. For viruses with a
R of 2.5 spreading in fully-susceptible populations,
10 cycles of transmission results in 9,536 infections.
In contrast, viruses with a R of 6 result in 60,466,176
infections after 10 cycles of transmission.

By May 2021, India had up to 400,000 cases
and up to 4,000 daily deaths. Data from Scotland®
suggest that those with Delta were twice as likely to
be hospitalized as those with Alpha. Even in highly-
vaccinated populations such as Iceland, where 96% of
women and 90% of men received at least one vaccine
dose, there has been a rise in COVID-19 cases, but
no concomitant rise in deaths. It is encouraging that,
despite breakthrough infections, the vaccine appears
highly protective against death from COVID-19.

The consensus of many surveillance studies
is that approximately 80-90% of cases, over 95%
of hospitalizations, and over 98% of deaths from
COVID-19 occur among those unvaccinated against
COVID-19. Those reluctant or unwilling to get
vaccinated are most vulnerable, leading some to
call this Delta storm a “Pandemic of the Willfully
Unvaccinated.” Vaccine hesitancy, skepticism and
hostility, coupled with lack of vaccine availability
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The COVID-19 pandemic has now killed more Americans than the 1918 flu pandemic did. As of September 20, 2021, more
than 675,000 people in the United States have died from COVID-19, according to Johns Hopkins University. Above, the
Oakland Municipal Auditorium in California was converted to a temporary hospital with volunteer nurses from the American
Red Crossin 1918 to help with the poﬂen‘r load. source: University of California.

in many nations, increases the likelihood of further
mutations, potentially leading to more dangerous
“variants of concern” like Delta.

In Missouri, many recently-hospitalized
COVID-19 patients are under 65 years old, with a
median age of 52 in the dedicated COVID ICU at
one southwest Missouri hospital.” In the first wave
of COVID-19 in 2020, the elderly and those with
comorbidities (diabetes, obesity, chronic lung disease)
were most vulnerable to SARS-CoV-2. In contrast,
Delta has been unpredictable, landing younger and
otherwise-healthy patients in intensive care, with deaths
in adults as young as 30. Unfortunately, infectious
disease experts can no longer predict who becomes
severely ill from COVID-19.

On a macro-level, this is not surprising. We
know natural selection exerts pressure on viruses and
selects for advantageous mutations to target vulnerable
populations: the elderly in 2020, unvaccinated groups
(severely immunocompromised, hesitant and skeptical
individuals, younger populations) today. The second
wave of the 1918 pandemic (winter 2018) was the
deadliest wave, hitting younger and healthier patient
populations than the first wave (spring 2018).

Confronting Vaccine Hesitancy, Skepticism,
and Hostility

With our ICUs filling up, it is hard not to feel
upset with those who remain willfully unvaccinated;
however, vaccine-shaming, scolding, condescension,
and finger-wagging are neither helpful nor
productive.®’ Well-organized anti-vaccine groups
are remarkably successful at swaying public opinion
against mask mandates, vaccines, and other mitigation
measures to protect us. Some politicians are also
suing to block mask mandates in our schools and
communities, despite evidence-based public health
recommendations.®

As physicians, it is important to recognize
that some may never accept vaccines; on an
individual patient level, it is crucial to actively listen
empathetically, to allay vaccine fears, and to express
understanding of individual patient concerns.®'* Not
long ago, we proclaimed that children and young
adults had no severe consequences from COVID-19.
Our main concern was that they might miss school,
or infect vulnerable family members; we did not think
they would become terribly ill or end up hospitalized.
Emerging data on increased childhood hospitalizations,
MIS-C, “long COVID,” and myocarditis in athletes
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has changed our thinking. At this time, neither of the
authors would be comfortable sending our children to
indoor camps with unvaccinated youth.

In one author’s (ALH) reproductive endocrinology
and infertility practice, half his patients (and their
partners) remain unvaccinated. Some patients now
seek medical exemption waivers for pregnancy or
preconception, because of employer mandates for
COVID-19 vaccinations. For pregnant patients,
he reviews national guidance'>'"? from the American
College of Obstetricians and Gynecologists (ACOG),
recommending all pregnant and lactating individuals
to be vaccinated against COVID-19: “ACOG

encourages members to enthusiastically recommend

While not typically part of medical

education, we must learn fo communicate
uncertainty and nuance to patients and the

public. We will learn from this pandemic
and evolve as doctors, as communicators,
as patient advocates, and as humans.

vaccination ... emphasizing known [vaccine]
safety and increased risk of severe complications
associated with COVID-19 infection, including
death, during pregnancy.” For infertility patients,
he quotes national guidelines'®' from the American
Society for Reproductive Medicine (ASRM) stating
“COVID-19 vaccination does not impact male or
female fertility or fertility treatment outcomes,” so we
are to “encourage vaccination for all patients during
evaluation and treatment for infertility.” ALH will not
provide medical exemption waivers for COVID-19
vaccinations to his pregnant or preconception patients.
There is also rampant misinformation'® about
COVID-19 vaccines and infertility. For couples in
which the female partner is under 35, infertility is
defined as the inability to conceive after one year of
regular, unprotected heterosexual intercourse — so
COVID-19 vaccines simply haven't been around long
enough to determine any (positive or negative) effects
of vaccines on fertility. However, SARS-CoV-2 may
negatively impact male fertility. After SARS-CoV-2,

there is evidence for virions in both semen samples and
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testicular biopsies,'>” as well as reports of men with

testicular pain, orchitis, epididymitis, and/or testicular
damage.” Studies also suggest that hypogonadism,
oxidative stress, and disruption of the hypothalamic-
pituitary-testicular axis may occur after SARS-CoV-2
infection in men.”"” COVID-19 vaccines may
actually protect male fertility, by decreasing risks of
hypogonadism and testicular damage.'?

Limitations to Science, as a Persuasive
Argument

At the time this was writing, (August 30,

2021), FDA had just formerly approved the Pfizer
COVID-19 vaccine (beyond emergency use), with
recommendations for a booster (third

dose). While these developments reassure
many, ASRM' and others*’ note “for some
patients, conveying evidence-based scientific
information will not be enough to provide
reassurance of the importance of vaccination.
Appealing to patients with empathy and
personal reassurance can go a long way
towards allaying fears and encouraging them
to be vaccinated.”

Best practices for discussing vaccine
hesitancy® are to genuinely seek out specific
patient concerns through open-ended
questions.” It is also critical to approach discussions
with grace and humility; it has been challenging for
us all to keep up with rapidly-evolving information®
throughout this pandemic. Whatever your personal
opinion on vaccines, civility is critical for an open and
constructive dialogue, free from “vaccine shaming,”
bullying, and virtue-signaling.

While a hardcore 10-15% of the population is
unlikely to ever receive COVID-19 vaccines, many
remain “on-the-fence” with unanswered questions."”
Given the rise in COVID-19 cases, our Missouri State
Medical Association (MSMA) has recommended"’
“consulting your physician for questions about the
vaccine,” and encouraged “simple acts to help stop
the virus: practice social distancing when possible,
voluntarily wear a mask in public places, and get tested
if you feel sick.” This recommendation is partly due to
emerging data’®*' on breakthrough infections in fully-
vaccinated individuals.

While COVID-19 vaccines are 95% effective
against symptomatic disease from the original wild-

type SARS-CoV-2 (and Alpha variant), mRNA



vaccines are less effective’ in preventing symptomatic
infection from Delta. These data are often used

by anti-vaccine forces as proof that “those vaccines
don’t work,” however, a low death rate despite a high
incidence of infection shows vaccines indeed work.
The vaccine will not prevent car accidents in recently-
vaccinated persons, and there will indeed be other
unintended deaths in vaccinated patients, unrelated to
the vaccine. Vaccines do not prevent having someone
cough in your face; the best mitigation measures for
“someone coughing in your face” are masking and
social distancing, which also protected people during
the 1918 pandemic. Not much has changed!

Conclusion

We have seen a parade of COVID-19 treatments
go by, from hydroxychloroquine to ivermectin, from
convalescent plasma to monoclonal antibodies. While
some monoclonal antibodies are spectacular, and while
steroids help the severely ill, we will not emerge from
this pandemic with medical treatments: vaccination
and non-pharmacologic mitigation measures (hand-
washing, crowd-avoidance, social distancing, mask-
wearing) are the fastest way to put this pandemic
behind us.

Another important issue is our crumbling public
health infrastructure. Without good surveillance, a
tiny spark of highly-contagious disease easily becomes
an inferno. We have an excellent multi-layered
global surveillance system for influenza, which we
should replicate for SARS-CoV-2 and its variants.
Our wonderful public health partners must also be
empowered, not threatened.

The COVID-19 pandemic has created unparalleled
medical, social, political, and economic challenges.
Constantly-evolving guidelines have resulted in a
public that is understandably uncertain, fearful, and
suffering from “COVID fatigue.” There are many
sources® '* ¥ of vaccine hesitancy; having a script of
responses can be a useful tool to address common
questions. In this edition of Missouri Medicine,
MSMA provides a guide to address common concerns
and misconceptions about COVID vaccines. See page
404.

Amid evolving public health guidelines,
COVID-19 has helped health care providers develop a
finer appreciation of the anxiety, uncertainty, feelings
of helplessness, and fears of the unknown, that
regularly complicate decision-making for our patients.
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For those who see things as “black-and-white,” and
were perhaps overly dependent on algorithms, it has
likely been a particularly difficult time. All of us could
likely be a little less dogmatic, as we start appreciating
the nuances® and gray areas in medicine. In learning
to live with uncertainty, we should learn that with
every plan, we must be flexible, able to absorb new
information, and ready to change direction with little
notice. While not typically part of medical education,
we must learn to communicate uncertainty and nuance
to patients and the public. We will learn from this
pandemic and evolve as physicians, as communicators,
as patient advocates, and as humans.
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Missouri Physicians Battling COVID

by Alexander R. Hover, MD

“Hi, I'm Dr. Kari Cooper and I am an emergency physician at CoxHealth. I have been
treating COVID patients since the beginning of the pandemic and have seen some of the
sickest patients of my career in the last 18 months. It has been so incredibly heartbreaking and
humbling to see our patients and their families struggling with severe illness, long-term physical

(«

and emotional effects, and loss of their loved ones. It is all the more tragic to know that nearly
every one of these losses are preventable with an extremely safe vaccination.

My colleagues and I have heard the last words of far, far too many people before we place
them on a ventilator with the knowledge that a huge number of them will never come off the
machine. Far more often than not, those words include regret of not getting the vaccine. Don’t be
the next person to have this regret. Get vaccinated)!

If you have concerns, PLEASE talk to your healthcare professionals about them. We can
address the myths and will give you honest and verifiable information so you can make a truly
informed decision in the best interest of yourself and your family.”

hat a powerful and personal message from

a frontline physician in hopes of saving

lives! This was intended for a public
service announcement in our Springfield community.
This is just one example of how Missouri physicians,
individually and as organized medicine, are responding
to the physician’s oath: “To dedicate my life to the
service of humanity.”

Leadership is a responsibility for all of us —
either as formal or informal leaders. Often, the work
of informal leaders is as critical to their community
as that of formal leaders. That is certainly true for
the activities of so many physicians around the state
battling COVID pandemic.

Alexander R. Hover, Jr., MD, FACP,
AGAF, is President of the Missouri
State Medical Association for 2021-
2022. He is a Gastroentferologist
from Ozark, Missouri.

MSMA, as an organization as well as with its
individual members, is an important leader in the
fight against COVID. Some of MSMAs initiatives
in this fight include collaboration with the Missouri
Hospital Association, DHSS, and state governments
leaders. Your Association has set policy statements,
created educational materials dealing with vaccine
misinformation, participated in the Governor’s
Committee on Equitable Vaccine Distribution,
requested a mask mandate in 2020, and facilitated
distribution of vaccine to independent physician clinics.

One important initiative was advocating for
COVID liability — passed in 2021. Also SB 51 and
42 helps keep independent physician offices open to
see patients during the COVID pandemic. MSMA
supported the mental health parity requirement for
insurers as passed in HB 432 which will help mitigate
the increasing mental illness related to COVID. Our
MSMA lobbyists were able to mitigate the stringent
language in HB 271, which would have severely
limited the ability of local public health departments
to respond to pandemic emergencies, making the final
language in HB 271 much less restrictive.

MSMA’s work on your behalf requires intense and
sophisticated activity at the state legislature and state
agencies. Yes, these initiatives do benefit physicians, but
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at their core, they are really benefiting Missouri citizens
in need of healthcare during the pandemic. Ongoing
MSMA work includes our Public Affairs committee
meeting to guide sharing of best practices. There is no
“finally” to this work.

All around the state, I hear and observe intensive
and sustained effort on the public behalf by medical
specialties, component medical societies, and individual
physicians. I wish I had time to cover this in depth,
as I am proud of what Missouri physicians are doing
on behalf of their state. My observations remind me
that the keys to successful change in public health are
rooted in sustained physician commitment, faith in
the scientific method, social relationships, and a clear,
simple message.

For example, even physicians may be uncertain
of the science and therefore reticent about advising
patients on the safety of vaccines. Some people distrust
government or public health, but most Americans
do trust physician and nurse recommendations. The
recent University of Chicago Harris/ AP-NORC survey
reported at least 70% of Americans “trust their doctor or
their nurse to do what is right for them.”

Helping individual physicians advise their patients
is surely a key. Albert Hsu, MD, MSMA member,
noted that Boone County Medical Society has been
supporting almost weekly educational webinars
updating the science for physicians and their messaging
for the community. Getting a clear and simple message
from a trusted health professional is a solid start.

Based on multiple discussions with local society
leaders and experienced informal leaders it seems pretty
clear that the strongest predictor of influencing decisions
for local governments and public health departments is
based on:

1) a record of having worked on prior public health
issues such as smoking abatement;

2) having component medical society and MSMA
members as part of the public health structure or
political governance; and

3) having longstanding personal relationships based
on collaboration and trust prior to any crisis.

David Nowak, EVP for the St. Louis Metropolitan
Medical Society, provided me with information on its
public health policy statements, education, and updates
on pandemic initiatives and physician engagement.
Direct input into public health decision-making requires
time and energy to have physicians directly involved
in local governance. Just a few examples include Luis

Giuffra, MD, as a member of the St. Louis City Joint
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Boards of Health and Hospitals; Ravi Johar, MD, and Jay
Meyer, MD, as members of the St. Louis County Health
Advisory Board; and Sam Page, MD, serving as St. Louis
County Executive. The work of these physicians — all
MSMA members — and others as part of the St. Louis
City and County Health, takes time and effort but ensures
that physician guidance is needed in a public health crisis.

The Kansas City Kansas City metro area Chief Medical
Officers’ Council discussed with their KC Chamber of
Commerce on how to support mandatory masking. This
is also an excellent source in educating local government
administrators on the current overwhelming hospitals
resource needs, staff losses due to COVID infection and
burnout, delays for time critical diagnosis such as AMI,
stroke, and trauma, and the likely burden of long-term post
COVID health effects.

Greene County Medical Society has been engaged
particularly through our three-decade-old Community
Health Advisory Committee, which includes GCMS
physicians, local health system representatives, federal
disaster planning, and public health and local governments
representatives. The longstanding trusted relationship has
been the backbone for influencing and collaborating with
local government leaders.

Providing mass vaccination clinic support, facilitating
a grant to acquire a mobile vaccination unit to vaccinate
the difficult-to-reach residents, holding press conferences
and policy statements supporting vaccination, and urging
masking and social distancing has been some of the
continuous activity of the GCMS Executive Committee
members. These activities seem to a help ameliorating the
COVID Delta variant surge as seen in the in late July and
August for Greene County and the region.

The major sacrifice for physicians and other health care
professionals has been suffering COVID infection, long-
term illness, and even death. Moreover, just the ongoing
battle to control the pandemic has been exhausting. I have
no way of calculating the number of person hours spent
on this altruistic work, hours that could have been spent
with family or personal pursuits. Consider also the personal
stress on physicians and other health leaders who, not
infrequently, are attacked in social media.

The contribution that we can all make is our prayers
for the frontline workers and their families. We can
also express our gratitude, support, and respect for our
colleagues engaged in public health for our communities.
Finally, the duty for all of us is to be knowledgeable
regarding vaccination and COVID mitigation. Then we
can “do what is right” because that is what our patients

MM

expect and trust in us.



We make recovery possible for physicians, residents, and medical students.
Our program depends on your generosity. Please consider a donation—

MISSOURI PHYSICIANS
HEALTH PROGRAM

The Physician Lifeline: Preserving Physicians' Lives

themphp.org / donate

Mail checks to, The MPHP 1023 Executive Parkway, Suite 16 St. Louis, MO 63141

Today - Do more of what you love

At Mercy Clinic, we span across four states with a team of more than 2,100 Mercy primary
care and specialty care physicians, 600 advanced practitioners. Mercy was named one of the
top five largest U.S. Health Systems in 2017 by Truven, an IBM Watson Health Company and
we serve millions annually. Mercy includes 44 acute care and specialty (heart, children'’s,
orthopedic and rehab) hospitals, more than 700 physician practices and outpatient facilities,
more than 40,000 co-workers and more than 2,000 Mercy Clinic physician in Arkansas,
Kansas, Missouri and Oklahoma. Mercy also has outreach ministries in Arkansas, Louisiana,

Mississippi, and Texas.

To find out about Physician and Advanced Practitioners
openings across the Mercy System please contact:

Sara McCleary, Director of Physician Recruitment

Sara.McCleary@mercy.net | 417-556-8963

Or go to http://www.mercy.net/careers to search for

your specialty opportunities.
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List of Specialties:

* Anesthesiology

= Cardiology -
Electrophysiology

* Cardiology -
Interventional

= Cardiology - Non-
Invasive

= Critical Care - Intensivist

* Dermatology

* Emergency Medicine

* Endocrinology

* Family Medicine

= Family Medicine - OB

* Gastroenterology

* General Surgery

= General Surgery - Breast
Surgery

= Geriatric Medicine

* Gynecology -
Urogynecology

* Hematology and
Oncology

= Hospitalist

* Infectious Disease

= Internal Medicine

* Maternal-Fetal Medicine

* Med-Peds

* Neonatology

* Nephrology

* Neurological Surgery

* Neurology

* Neurology -
Neuroimaging

* Obstetrics and

Gynecology

* Obstetrics and
Gynecology - OB
Hospitalist

* Occupational Medicine

* Oncology - Gynecological

* Oncology - Surgical

* Ophthalmology

* Oral and Maxillofacial
Surgery

* Orthopaedic Surgery

* Orthopaedic Surgery
- Adult Reconstructive
Surgery

= Orthopaedic Surgery -
Hand Surgery

* Orthopaedic Surgery -
Trauma

= Otolaryngology

= Pain Medicine

= Palliative Care

* Pediatrics

= Pediatrics - Emergency
Medicine

* Pediatrics - Hospitalist

= Pediatrics -
Ophthalmology

= Pediatrics - Surgery

* Pediatrics - Urgent Care

* Physical Medicine and
Rehab

* Plastic Surgery

* Psychiatry

* Psychiatry - Child

* Pulmonary Disease

* Pulmonary Disease -
Critical Care

* Radiation Oncology

* Radiology

* Rheumatology

= Sleep Medicine

= Telemedicine

* Trauma Surgery

* Urgent Care

* Urology

= Vascular Surgery
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As COVID continues to affect Missourians, your patients, friends,
and coworkers may come to you with questions about the vaccine.
This guide addresses some of the most common concerns or
misconceptions you may encounter.

Reassure patients that it's okay to have questions or concerns. The stress
of the pandemic is immense and misinformation about the vaccine
is rampant, so feeling fearful or angry is natural. Having an open and
honest conversation with a trusted physician or pharmacist may help
alleviate your patients’ anxiety about receiving the COVID vaccine.

CONCERN

The vaccine will give me COVID.

FACT

The vaccine frains your immune system o recognize and defend your body from COVID,
but it will not actually cause a COVID infection. The vaccine does not contain live COVID virus.

MISCONCEPTION

| don't need the vaccine because I've already had COVID.

FACT

Getting infected with COVID does provide some natural immunity after your infection has
run its course. However, this natural immunity decreases over time. Early studies indicate that
the immunity provided by the COVID vaccine is longer-lasting than the immunity acquired
through infection.

CONCERN

The vaccine will affect my fertility.

FACT

The COVID vaccine will not affect fertility. The American College of Obstetricians and
Gynecologists has stated that the COVID vaccine is safe for people who are thinking about
becoming pregnant, wanting to become pregnant, are pregnant, or who are breastfeeding.
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MISCONCEPTION

99% of people who test positive for COVID survive, and I'm healthy. | don't need the vaccine.

FACT

While it's frue that the majority of people who test positive for COVID survive, that's not
the whole story. Even among previously healthy patients, long-term side effects in COVID
survivors can include chronic fatigue, mild to severe lung problems, joint pain, chronic
headaches, cognitive issues, depression, anxiety, loss of smell or taste, and others.

If you're not worried about complications for yourself, consider your family, friends,

and coworkers. You don't know what underlying health conditions the people

around you might have, and getting the vaccine will help you protect the people who are
closest to you.

CONCERN

The vaccine will cause unknown long-term complications.

FACT

According fo the CDC, vaccine monitoring has historically shown that side effects generally
happen within six weeks of receiving a vaccine dose. For this reason, the FDA required each
of the authorized COVID vaccines to be studied for at least eight weeks after the final dose.
Millions of people have received COVID vaccines, and no long-term side effects have been
detected.

MISCONCEPTION

The vaccine has caused severe side effects and death in a large number of people who
received if.

FACT

All vaccines and medicines do carry a small risk of adverse reactions. However, millions of
people in the United States have safely received the COVID vaccine under some of the most
infense safety monitoring in U.S. history.

The CDC and the FDA are currently monitoring reports that the Johnson & Johnson vaccine
may have an increased risk of developing thrombocytopenia syndrome or Guillain-Barre
Syndrome. It's important to understand that these reported side effects are sfill incredibly rare.

It's also important fo note that reports of adverse events to the Vaccine Adverse Event
Reporting System (VAERS) following vaccination, including deaths, do not necessarily mean
that a vaccine caused a health problem. It simply means that a patient experienced an
adverse health event within a certain timeframe after receiving a vaccine. Correlation does
not always equal causation.
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T
MISCONCEPTION
Certain blood types/skin colors are less susceptible fo COVID, so | don't need fo get the
vaccine.
FACT

No blood type, skin color, or other physical characteristic has been found to decrease the
risk of gefting infected with or having complications from COVID.

CONCERN

The vaccine won't protect me against COVID variants.

FACT

The vaccine is effective against COVID variants. A June 2021 study from the U.K. found that
the Pfizer vaccine is 96% effective against hospitalization from the delta variant after two
doses. This is encouraging news!

MISCONCEPTION

The vaccine doesn’'t work anyway. People are still getting infected.

FACT

The vaccine works. Many people are still getting infected in Missouri because around half of
Missourians still have not received the COVID vaccine. In July 2021, around 97% of people
hospitalized in the United States due to COVID symptoms were unvaccinated.

While unlikely, people who have been vaccinated can still get COVID. However, people
who are vaccinated but become infected with COVID are much less likely to experience
severe symptoms or require hospitalization.

CONCERN

The vaccine is made of aborted fetal tissue.

FACT

The Pfizer and Moderna vaccines were developed without the use of fetal tissue and do not
contain fetal tissue. The Johnson & Johnson vaccine did use fetal cell lines (cells grown in a
lab, not aborted fetal tissue) in the production of its vaccine. This is a complex ethical issue.
In short, if you're concerned about fetal tissue being used in the production of vaccines and
have the option to choose, opt to receive the Pfizer or Moderna vaccines.
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CONCERN
The vaccine will alter my DNA.
FACT

The mRNA in the Pfizer and Moderna vaccines never enters the nucleus of the cell where
your DNA is located. The mRNA causes your cells to make protein to stimulate the immune
system, and then the mRNA quickly breaks down — without interacting with your DNA at alll.

MISCONCEPTION

We can't trust the vaccine because its development was rushed and it hasn't been
approved by the FDA.

FACT

Researchers have been studying and working with mRNA vaccines for decades.
The companies who created the current COVID vaccines put their vaccines through
rigorous clinical frials involving fens of thousands of volunteers.

The FDA requires the companies to follow up with volunteers for up to two years after
getting the vaccine to make sure the vaccines are safe and effective. Because of how
prevalent COVID is, it only took a few months for the clinical frials to collect enough data

to make an initial evaluation. The FDA, as well as an independent panel of vaccine experts,
closely scrutinized the data from those frials and deemed the current vaccines in the

U.S. safe and effective for emergency use. Similar independent panels in several other
counfries are in agreement.

MISCONCEPTION

The pandemic will be over soon anyway, so | don't need to get the vaccine.

FACT

The unfortunate fact is this: things will not be “normal” again until we achieve herd immunity
against COVID. As another enormous wave of COVID cases sweeps across Missouri in the
summer of 2021, nearly a year after the first wave of COVID cases first devastated the state,
it is clear that the virus is still very much a threat. Many more people around Missouri must
get vaccinated in order to decrease the transmission rate of COVID and get us back to our
normal lives.

n —
\
MMA <VIPA
g4 . . ~ Scan to Download!
Missoari State Medical Association MISSOURI PHARMACY ASSOCIATION

www.msma.org | heidi@msma.org www.morx.org | ron@morx.com

Sources: Centers for Disease Control and Prevention, Mayo Clinic, Johns Hopkins University, Cleveland Clinic
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Assessing Your Chances of Collecting on
Business Interruption Coverage

for COVID-19 Losses

by Varsha Gadani, JD & Dominic Castfillo, JD

Based on the litigation so far, businesses will have to overcome a few hurdles
in order to collect on their insurance policies for COVID-19 losses.

Introduction

The COVID-19 pandemic has significantly
changed day-to-day life, and it has had a considerable
impact on businesses. Many businesses have struggled
to survive, and some ultimately had to close their
doors for good, so it’s no surprise that businesses are
turning to their insurance policies in hopes of covering
their losses. Specifically, many businesses are hoping
to collect on their business interruption coverage,
but some have experienced claim denials, leading to
costly litigation. This article examines litigation trends
relating to businesses’ attempts to collect on their
business interruption coverage for COVID-19 losses.

This arficle was written by Varsha Gadani, JD, (left), Senior
Associate, and Dominic Castillo, JD, (right), Associate, of
Husch Blackwell’s Austin, Texas office. Husch Blackwell
represents a full spectrum of healthcare providers and other
businesses in regulatory compliance and litigation matters
and serves as outside legal counsel o the Missouri State
Medical Association. The information contained in this arficle
should not be construed as legal advice or a legal opinion
on any specific facts or circumstances. The contents are
infended for general information purposes only, and readers
are encouraged fo consulf their own atforney concerning
their specific situation and specific legal questions.
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Business Interruption Insurance

All-risk property insurance policies cover all risks
of loss except for risks that are expressly and specifically
excluded.! Often, these policies will include coverage
for business income and civil authority. Business
income coverage pays the actual loss of business income
due to necessary suspension of operations caused by
direct loss to property resulting from a covered cause
of loss.? Civil authority coverage typically covers the
actual loss of business income and necessary expenses
caused by an action of a civil authority that prohibits
access to the covered property in certain instances due
to a covered cause of loss.” Traditionally, these cover
business profits or fixed costs of operating the business,
temporary relocation and costs associated with moving
the business operation, and extra expenses to keep an
operation running beyond normal fixed costs.

Coverage under an all-risk property insurance
policy generally requires direct physical loss or damage
to property. Causation plays a major role in linking
the business loss with a physical damage or loss. The
requirement of a direct physical loss is a customary
limitation for business interruption coverage. Typically,
the mere loss of use of the business operations by itself
is insufficient to support a direct physical loss, and
rather, it requires either a direct or proximate cause that
leads to the loss.*

All-risk policies will usually either explicitly include
or exclude covered perils. One very common exclusion
is the exclusion against viruses and diseases. Many
policies expressly exclude viruses and bacterium or
include a requirement of direct physical loss caused by
a virus or other communicable disease.

Consequently, the policy’s terms, including
specific exclusions, will dictate whether a claim will



be successful. In order to assess whether a claim will
be covered, the specific policy, including exclusions,
should be reviewed, as further discussed in the analysis
of recent litigation. Even if the exclusion against
viruses is not in the policy, recent cases demonstrate
that the direct physical loss hurdle is difficult to
surmount when attempting to link the causation
required to enforce a typical business interruption

policy.

Business Interruption Litigation

Recent litigation shows that businesses have been
largely unsuccessful when attempting to collect on their
business interruption coverage for COVID-19 losses.
The two main reasons for this are because policies
often have exclusions for viruses, and businesses have
struggled to show that COVID-19 caused a direct
physical loss.

Denied Claims Upheld Because No Physical Loss

Recent attempts to collect under business
interruption or civil authority coverage have generally
resulted in judgment in favor of insurance companies.

In a recent case, the 8" Circuit found that loss
of use of a property did not rise to the level of direct
physical loss, as required by the policy. In this case,
Oral Surgeons, PC., a provider of oral and maxillofacial
surgery services, was forced to stop performing
procedures from late March until May of 2020 when
Iowa entered a state of emergency as a result of the
COVID-19 pandemic, when restrictions were placed
on dental practices.” Oral Surgeons’ claim for lost
business income was denied because the court found
there was no “direct physical loss” to Oral Surgeons’
property.

Oral Surgeons’ policy specifically required a “direct
physical loss” to trigger business interruption coverage.
The 8th Circuit followed precedent that stated mere
loss of use is insufficient to be considered a “direct
physical loss.”® The court rejected Oral Surgeons’
claim and held that the policy “clearly does not provide
coverage for . . . loss of use . . . absent a showing of
direct physical loss or physical damage.”

Similarly, in Texas, an iconic barbecue restaurant,
Terry Black’s Barbecue, LLC, unsuccessfully attempted
to collect under its commercial property insurance
policy’s business interruption coverage.® Terry Black’s
argued that the civil authority’s closure order in
conjunction with the presumed presence of COVID-19
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on the premises caused direct physical damage. Direct
physical loss was not defined in the policy, and the
court found physical loss to be unambiguous.

The court, applying the ordinary meaning,
stated that a physical loss must be “some distinct,
demonstrable, physical alteration of the property,” as
opposed to economic losses.” The court held that no
direct physical loss was found because COVID-19 does
not produce any physical damage to property under the
ordinary sense of the word. Additionally, the closure by
the civil authority on its own is insufficient to cause any
tangible physical alteration of the property. Instead,
it merely precluded Terry Black’s from operating its
restaurant.

These jurisdictions are not alone in the
interpretation of what constitutes a “direct physical
loss” or “damage to property.” For instance, an
Ohio court applied the Merriam-Webster definition
of physical damage to exclude any intangible or
incorporeal damages (including COVID-19),
and it found that civil authority closures alone do
not constitute direct physical damage.'® Cases in
California,'" Iowa,'? and Georgia'® have also followed
this line of interpretation that a business has not
met the “direct physical loss” requirement of typical
business interruption and civil authority policy
provisions if the business only alleges that COVID-19
or a civil authority’s action restricts a business’ ability to
operate and the business fails to demonstrate tangible
physical damage or alteration.

Potentially Viable Arguments

Missouri has seen a nuanced split on the “direct
physical loss” requirement related to COVID-19
closures. A couple Missouri businesses have survived
summary judgment,'* where the insurer has requested
for the court to make a determination based on the
pleadings and prior to a trial.

In one case, a hair salon franchise, Studio 417,
filed a claim under its all-risk property insurance policy,
which covered everything except risks specifically and
expressly excluded.” The insurer moved for summary
judgment. In the motion for summary judgment,
the insurer argued that Studio 417 did not allege any
direct loss of actual, permanent, or physical loss of the
property. The court disagreed, finding persuasive Studio
417’s argument that COVID-19 is a physical substance
that is active on inert physical surfaces emitted through
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the air and making the property unsafe and unusable
resulting in direct physical loss of the premises.

Studio 417 also sought relief under the civil
authority coverage provision. The court determined
that because hair salons were completely shut down
by the civil authority, Studio 417 had a viable claim
to survive the motion for summary judgment.
Interestingly, the court distinguished a hair salon’s
complete prohibition on inviting individuals inside
for long periods of time from restaurants that could
still serve to-go and take-out food to patrons. The
civil authority’s prohibition was sufficient to support
a plausible allegation that the civil authority coverage
provision was triggered.

In another case in Kansas City, a group of dental
clinics filed suit against their insurer to collect on
COVID-19 losses.'® Based on the Missouri stay-at-
home orders, the dentists had to remain at home and
were forced to suspend their business operations, and
they argued this caused a “direct physical loss.” The
policy did not define “direct physical loss,” so the
court applied the plain and ordinary meaning.

The dentists also argued that it is likely that
employees, patients, and visitors were infected with
coronavirus, which they argued deprived them of
their use of the property and damaged it. They also
reminded the court that the policy required direct
physical loss, not damage, so the loss of access and
functionality constituted physical loss. For purposes
of the motion for summary judgment, the court felt
the claim was plausible and allowed the dentists’
claims to go forward to trial."”

Studio 417 and the dentists’ claims are still
being litigated, so we do not yet know whether their
arguments regarding physical loss will be successful
and whether their insurers will have to pay out on
these claims. The outcome of these cases will be
instructive on how Missouri courts view the direct
physical loss requirement of business interruption
and civil authority provisions in relation to
COVID-19.

Of note, a United States Judicial Panel on
Multidistrict Litigation centralized 34 cases from
six Midwestern states against Society Insurance
Company to determine whether COVID-19 caused
any direct physical loss of or to property.'® This case
may also be instructive on this issue.
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Conclusion

Unfortunately, “all risk” insurance does not
actually provide coverage for a// business risks and
interruptions. Based on the litigation so far, businesses
will have to overcome a few hurdles in order to collect
on their insurance policies for COVID-19 losses. First,
businesses should check the terms of their policies for
the types of coverage they have and any exclusions
from that coverage. Then, a business will likely have to
demonstrate a direct physical loss or damage. In many
cases, the COVID-19 virus and government-mandated
closures are not enough to collect on these policies.
This can leave policyholders with enormous losses.
Due to the high losses most businesses have already
experienced, it would be prudent to analyze chances of
success on a claim prior to initiating costly litigation
and potentially increasing overall losses.
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Smokescreen: What the Marijuana
Industry Doesn’t Want You to Know

by Kevin Sabet, PhD

The data is continually examined, but it cannot be clearer that marijuana legalization,
commercialization, and normalization has led to negative outcomes to public health,
safety, and has served as a breeding ground for corruption.

n 2012, Colorado became the first state in
the country to flout federal law and “legalize”
the recreational use of marijuana. Since
then, some 19 states have also moved to legalize
the sale and use of the substance. Despite this,
legalization efforts in most states, such as New
Hampshire, Minnesota, and Delaware failed to
pass in the 2021 legislative session. Of note, in
states where marijuana is legal, the overwhelming
majority of towns and communities have banned
marijuana sales and production. This expansion
and normalization of marijuana and its use has
led to many harms and the establishment of a
for-profit marijuana industry that works diligently
to continue its expansion — both at the state and
federal level — and to cover up the consequences.
Marijuana commercialization holds many
negative ramifications for public health, social
justice, and public safety. More people are using
marijuana while remaining largely ignorant of its
negative consequences and use rates are surging
across the United States after decades of declines.
In 2018, more than 43.4 million people using

marijuana in the past year — a more than 6%
increase over the previous year. This alarming
increase — especially the increases found among
young people and pregnant women, prompted
then-U.S. Surgeon General Jerome Adams to issue
a first-of-its-kind health advisory on marijuana
use.'

In states where marijuana is legal, retail and
medical licenses far outnumber popular food
chains. In Colorado, for example, marijuana
retail locations outnumber all McDonald’s and
Starbucks locations in the state combined.? In
2019, there were 1,016 registered retail and
medical marijuana locations combined compared
with 392 Starbucks and 208 McDonald’s.? The
sheer commonplace numbers of such stores alone
promotes and normalizes marijuana use.

Rising THC Potency and Use Levels
While it is true that humans have used
marijuana in some form for thousands of years,
the marijuana of today looks nothing like the drug
of the past. In the 1970s marijuana contained
roughly 1-3 percent tetrahydrocannabinol, the
main psychoactive component of marijuana.*
Since then, market demand and a shift in
consumption methods — largely driven by the
marijuana industry — have led to a newer, much
more potent form of the drug. One study found
that the average potency of the marijuana plant
increased from 8.9% THC in 2008 to 17.1%

formerly served as a senior drug
policy advisor to the Clinton, Bush,
and Obama Administrations. His
latest book, Smokescreen: What
the Marijuana Industry Doesn’t
Want You to Know, was published
in April 2021 by Forefront Books.
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According to recent data from Colorado,
higher potency forms of marijuana are becoming
increasingly more popular among young people.
The 2020 release of data from the Healthy Kids
Colorado Survey found that since 2017, past-
month marijuana use has increased 14.8% among
those aged 15 or younger has increased 14.8%, 3%
among those 16 and 17, and 1.9% among those
aged 18 and older. Overall, marijuana use amongst
all age groups rose 6.2%.°

But when diving deeper into the data, it can
be found that Colorado’s youth have dramatically
increased their use of high potency marijuana.
Since 2015, there has been a quintupling of youth
use of high potency concentrates and the rate of
youth marijuana vaping has doubled.” A short
brief on the potential health hazards that can result
from marijuana use underscores why this increase
in use is problematic.

Potential Health Hazards from High
Potency Marijuana

Researchers have found marijuana to be an
addictive drug.® Brain scans of marijuana users
show changes in the structure of the brain’s reward
center to be consistent with addiction’ and up
to 47% of regular users experience withdrawal
symptoms when they cease use.'

The National Institute on Drug Abuse reports
that around 30% of marijuana users have some
form of marijuana use disorder and that people
who begin using marijuana before the age of 18
are four to seven times more likely to develop
a marijuana use disorder compared with those
who start later.!” One recent study on rats found
that marijuana vaping may support “conditioned

12 a cause for concern as

drug-seeking behavior,”
vaporized marijuana gains popularity.

Studies have also found marijuana use can
cause severe consequences for mental health.
Marijuana is increasingly linked to the onset of
psychosis and schizophrenia'® and shows a more
modest association with depression and anxiety."
In one of the most comprehensive studies to
date on marijuana and psychosis, Di Forti, et al.
found that daily marijuana use is associated with

an increased likelihood of developing psychosis.
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What's more, researchers found that daily users of
high potency marijuana have four times greater
odds for the development of psychosis."”

Frequency of marijuana use, as well as higher
THC potency, is associated with the most severe
impact on mental health, which is evidenced by
psychosis, suicidality, reshaping of brain matter,
and addiction.'® The increasing demand for high-
potency marijuana products and the coinciding
prevalence of marijuana use disorder are indicative
of a future maelstrom with unknown consequences
for public health, especially as the industry engages
in a concerted effort to undermine scientifically
proven risks of marijuana use.

Marijuana Commercialization:
The Rising Threat

As mentioned earlier, the commercialization
of marijuana has the most potential to create a
future substance abuse crisis. the adaptability of
marijuana gives way to mass-marketed products
modeled after popular consumer goods. Marijuana-
infused “edibles” come in the form of cookies,
candy, ice cream, sodas, and other sweet treats that
are particularly appealing to children."” Marketing
tactics make use of bright colors and catchy names,
replicating images or appropriating the names
of well-known commercial food products. For
example, the brand recognition of “Pop-Tarts,” a
widely consumed kid-friendly breakfast product,
was seized upon by one marijuana producer to
market “Pot Tarts.” Unfortunately, these products
are thought to be contributing to the increased
accidental marijuana exposures among children and
others.

These kinds of growth tactics by industry are
not new. They largely mirror the boom of Big
Tobacco in the early 1900s—and not by accident.'®

Enter the Titans of Addiction-For-Profit
The addiction-for-profit model utilized by Big
Tobacco was wildly successful in the United States.
By the early to mid 1960s, an estimated 42% of
Americans were smokers.'” However, in 1964 the
release of the first ever Surgeon General’s Advisory
on Smoking and Health was the shot across the
bow for the tobacco industry that set the pace



for the next 40 years of deceitful lobbying and
marketing tactics by Big Tobacco in an effort
to stem the gradual decline in cigarette use. As
it stands today, cigarette use is at an all-time
low and Big Tobacco has its eyes set on a new
product: marijuana.

In 2019, Altria, the maker of Marlboro
cigarettes, invested $2 billion into Canadian
marijuana company Cronos and spent another
$12 billion to become a large shareholder in
Juul, which controls about three-quarters of the
market for vaping products in the U.S.?° Soon
after, Imperial Brands, one of the largest tobacco
companies in the world, invested more than
$100 million in another Canadian company to
develop marijuana vaping products.*!

In an effort to further its investment, Altria
has officially hired lobbyists to push lawmakers at
the federal and state level to legalize recreational
marijuana sales and help craft how such sales
would unfold.??

Altria is not the only addiction giant
lobbying on pot, either. Lobbyists for
Constellation Brands—the maker of Corona
beer—share an office, and meetings, with
the lobbyists of Canopy Growth,” the giant
marijuana firm that hired former House Speaker
John Boehner to be their chief lobbyist and
make him a multi-millionaire should federal
legalization occur.?

Alcohol lobbyists working on the marijuana
issue claim they can help establish regulations
around “the successful sale of age-restricted
products,” but data show the regulation of
underage alcohol consumption has been a failure:
more than 70% of teens have consumed at least
one alcoholic beverage by the time they reach
age 18, children as young as 12 have engaged
in underage alcohol use and approximately one
out of every 10 alcoholic drinks is consumed
illegally.”

In the past, lobbyists for both the tobacco
and alcohol industries worked to reduce excise
taxes on beer and spirits, challenge bans or
limits on advertising, nix requirements for
nutrition labels on alcoholic beverages, promote
ineffective voluntary regulation as a substitute for

PERSPECTIVE

enforceable laws and even demanded a seat at the
table when it came to the creation of regulations.

Now, marijuana lobbyists work tirelessly at
the state level to reduce taxes, remove limits on
the number of licenses available, remove bans
on public consumption and the creation of “pot
bars,” lift advertising restrictions and reverse
local bans on pot businesses or circumvent them
by forcing the state to allow marijuana delivery
services.

In a testament to its own size, the marijuana
has spent $4 million on lobbyists in Colorado
alone and has become one of the most influential
forces in the state’s capitol.?®

Potential Links to Corruption

At the intersection of investment, lobbying
clout, political power, and big business sits
corruption. And the marijuana industry is not
immune from it. There are many examples of
this.

Take, for instance, the example of Green
Renaissance Illinois, a marijuana company whose
leadership includes a former Chicago police
commander, a Republican Party operative, a
former Transit Authority official, a marijuana
industry insider related to a former state
lawmaker, and a former director of the state
agency that oversees marijuana dispensaries.
Licenses for marijuana operations in Illinois are
granted via a lottery system, but there has been
serious concern that such a well-connected group
will reap more success than the odds would
dictate. In total, this company has submitted 25
license applications that could net it a maximum
of 10 licenses worth more than $130 million.”

The company’s listed address raised eyebrows
even more: they’re located in the same building
as numerous influential lobbyists in the state. It’s
hard to imagine how this company, with all of its
power players, warrants being included in a pool
of social equity applicants, or applicants from
traditionally underrepresented communities.

The social equity licensing process has been
mocked by many in the state, including State
Representative La Shawn Ford (D-Chicago)

who said, “. . . the well-connected [are] having
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their way in this cesspool of state government.
Anybody that thought that they had a chance

to get into cannabis with a fair shot, it seems as
though they were wrong.” Due to this example,
and others, social justice organizations have filed
lawsuits to stop the licensing lottery.

Unfortunately, these concerns aren’t just
confined to the Land of Lincoln.

In Missouri, the medical marijuana
licensing process seemed rigged from the start.
In fact, lawmakers are investigating Governor
Mike Parson’s questionable appointments to
positions regulating the industry. Those include
his appointment of former Republican state
representative Lyndall Fraker to be the state’s
medical marijuana czar.

Of note: Fraker, a former Walmart manager,
has no previous medical experience. The
administration also hired Amy Moore to serve
as Fraker’s deputy after serving at the Missouri
Public Service Commission. This hiring decision
is notable, as Moore’s husband is a lawyer who has
numerous marijuana industry clients.

A further wrinkle with possible links to
impropriety in Missouri’s fledgling medical
marijuana program is a concerning lack of
transparency surrounding the state’s licensing
program. As it stands, the Missouri State
Constitution prohibits the state granting more
than five licenses to any single entity. However,
an analysis by two newspapers in the state found
numerous instances where this stipulation was
completely ignored.”®

Notably, all information regarding
applications and licensing is kept in confidentiality
by the state, so the general public is left to simply
trust the regulators and the industry are acting in
accordance with state law.

Conclusion

As a handful of states move to consider
further expansion of the marijuana industry each
major election cycle and the federal government
discusses marijuana policy change, it is crucial
that lawmakers and the general public are made
aware of the realities of the impact marijuana
commercialization has had.

Concerningly, many across the country
fall victim to the rhetoric of the marijuana
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industry. The data is continually examined, but

it cannot be clearer that marijuana legalization,
commercialization, and normalization has led to
negative outcomes to public health, safety, and has
served as a breeding ground for corruption.
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the hidden dangers of a product
they had once worshipped,
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its mischaracterization. Readers will learn how

power brokers worked behind the scenes to market
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widespread acceptance and to set the stage for the
lucrative expansion of recreational poft.
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COVID Vaccine: What Concerns
Our Patients

The COVID-19 vaccine guide in this issue of
Missouri Medicine (pages 404-407) addresses the
most common patient concerns and misconceptions
about the COVID-19 pandemic. We are sharing this
valuable guide available for patients. In our clinics,
we encourage patients to discuss their vaccine status
and, if not vaccinated, their reasons for not doing
so. Because we were surprised to encounter so many
patients who oppose COVID-19 vaccination, we
emailed all clinic patients seen during 2020 and the
first seven months of 2021, asking them to participate
in a survey concerning COVID-19 vaccination. More
than 1,500 patients responded to the 5,000 survey
requests. We recorded age, gender, reasons for avoiding
vaccination, preferred sources of information, and
responses to various messages concerning vaccination.

One hundred ninety-five of the survey participants
(13%) did not intend to receive COVID-19
vaccination. The most important variable associated
with vaccination status was age. Thirty-eight percent
of patients under 40 years of age were unvaccinated
and did not intend to get vaccinated; while only 7%
of patients over 70 were opposed to the COVID-19
vaccine. These percentages (rounded to the nearest
integer) are higher than recent surveys of Missouri
patients, including a July 2021 study of patients in St.
Louis County,' which showed a similar decline in anti-
vaccination status with increasing age, but differed in
showing a lower vaccination status for all age groups.
It is not surprising that patients in a dermatology
specialty clinic do not represent the overall population.
We must also consider the likelihood that vaccine-
compliant patients might be more willing to
participate in a vaccine survey. Preliminary analysis
of survey responses showed patients’ primary issue:
39% cited concern about adverse effects of the
vaccine. Other responses from the unvaccinated
cited overall lack of trust in the information available
from the government about the vaccine (13%), lack
of concern about COVID-19 severity (9%), and a
prior COVID-19 infection (11%) as reasons to avoid
vaccination.
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The best role for physicians in vaccine
decisions is no different from our role in all
healthcare matters—to serve as a trusted guide.
Our survey showed a high degree of mistrust
of media sources. The most effective way
physicians can encourage compliance is to listen
to patients and determine the reason for vaccine
avoidance. Complicating matters is vaccine
misinformation, some of which physicians have
generated. For those who cite Carrie Madej, DO,
we explain how messenger RNA cannot change
DNA which is protected in the nucleus and
mitochondria. Patients who cite Dr. Robert W.
Malone’s claim that the spike protein generated
by the vaccine is cytotoxic is debunk on the
reuters.com factcheck website.?

Usually, unvaccinated patients will remain
undecided after the discussion. Sometime after
the vaccine discussion, clinic workers encountered
about eight patients who had been against
COVID-19 vaccine who surprised us by reporting
they had been vaccinated. The effort we make in
combatting vaccine misinformation can save lives.

William V. Stoecker, MD
Rolla Dermatology and Aesthetic Center
Rolla, Missouri

Anish S. Jagannathan
Rolla High School

Rolla, Missouri
1. St. Louis Post-Dispatch, July 29, 2021.
2. https://www.reuters.com/article/factcheck-vaccine-cytotoxic/fact-
check-covid-19-vaccines-are-not-cytotoxic-idUSL2N2O01XP

More on Unhealthy Effects
of Marijuana Use

We deeply appreciate the comments offered
by Juan Corvalan, MD, (Missouri Medicine
Correspondence, July/August 2021) particularly
regarding the adverse psychiatric impact of
marijuana use. For many years, those of us closely
watching marijuana problems internationally,
have recognized that the psychiatric impact of
marijuana was worsening. Cannabis associated
psychiatric problems are among the most serious



MSMA MEMBERS IN THE NEWS

NEW MSMA MEMBERS!

Tammie Benzinger, MD — Radiology — St. Louis

Brandan Alleyne, MD - Plastic Surgery — St. Peters

Chris Chapman, DO - Unspecified — Kansas City

Ross Elliott, DO — Unspecified — N. Kansas City

Anna Gorman, DO - Obstetrics & Gynecology - Liberty
Paul Guidos, MD — Neurology — Kansas City

Samantha Herretes, MD — Ophthalmology — Leawood, Ks.

Farzana Hoque, MD - Internal Medicine — St. Louis

Vijaya Kumari, MD - Unspecified — St. Louis

Peter Lau, MD — Vascular Surgery — Kansas City

Becky Lynn, MD - Obstetrics & Gynecology — St. Louis
Adam Newman, MD — Obstetrics & Gynecology - Clinton
Dustin Smith, MD — Emergency Medicine — Chesterfield
Deepu Sudhakaran, MD — General Surgery — Chesterfield
Richard Thomas, DO - Unspecified — Hannibal

Rebecca Aft, MD — General Surgery — St. Louis

Daniel Bergmann, MD — General Sugery — St. Peters
John Billharz, MD — Pediatrics — Kansas City

John Bleazard, DO - Orthopedic Surgery — Lee’s Summit
Suzanne Furesz, MD — Internal Medicine - St. Louis
Robert Hayashi, MD — Hematology/Oncology — St. Louis
Micah Hobbs, DO - Orthopedic Surgery — St. Louis
Carolyn Jachna, MD - Internal Medicine — St. Louis
Glen Johnson, MD - Orthopedic Surgery — Creve Coeur
Raffi Krikorian, MD - Internal Medicine — St. Louis

John McAtee, MD - Internal Medicine — Chesterfield
Noaman Siddigi, MD — Radiology — St. Louis

Michael Tentori, DO — Family Practice — Canton

Kirk Wanless, MD — Otolaryngology — Moberly

and vexing problems associated with marijuana
use. Several theories suggest that a central element
of the untoward impact of marijuana upon
psychiatric complications may have some or even
strong connection to the THC concentrations
that continue to increase. THC manufacturing
and certain ingestion techniques such as dabbing
and vaping may push THC contents well into the
90% range. This has been associated with more
psychosis, violence, paranoia, depression, and
mania. It is worth strong consideration for states
to strongly limit the THC concentrations allowed
with marijuana, or better yet, to reverse policies
allowing street marijuana to be used as unproven
medicine and avoid high THC recreational
marijuana altogether.
Eric A. Voth, MD, FACP
Internal Medicine, Pain, Addiction Medicine
President and Chairman of the Board
International Academy on the Science Impact of
Cannabis (IASIC)
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MSMA Members in the News

New Missouri Medicine Editorial
Board Member

Anne T. Christopher, MD, is
the new Editorial Board member
for Pain Medicine. Dr. Christopher
is the Medical Director and CEO
of St. Louis Pain Consultants
in Chesterfield and has over 27
years of experience in that field.
She graduated from Saint Louis
University School of Medicine School of Medicine
and is affiliated with Mercy Hospital St. Louis and
Missouri Baptist Medical Center.

MSMA members Briccio Cadiz III, MD,
Shilpa Desai, MD, and Bhargav Kanani, MD, are
all celebrating 25 years of service at Ste. Genevieve
County Memorial Hospital. Your
dedication is commendable!

Lee Cummings, MD, (top),
and Jameson Forster, MD,
(bottom), have performed St. Luke’s
Health System’s first-ever split liver
transplant. With the addition of
split-liver transplantation, these
physicians hope to increase the
organ donation pool and ease the
liver demand-supply gap, thus

helping more patients.

Jennifer DeLaney, MD, is part
of a duo who received the Creve
Coeur Economic
Development Committee’s Most
Innovative Business Award 2021
for the design and development of
a Powered Air-Purifying Respirator
(PAPR). The device protects
healthcare workers from exposure to
infection via a comfortable, reusable
fog-free face shield and air filter.

Dr. DeLaney practices at Katzman & Delaney Personal
Physicians in St. Louis.
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Did you make the news?2 Submit your success
story and photo to Ifleenor@msma.org.

The 2021 national meeting
of the Association of Migraine
Disorders featured John C.
Hagan III, MD. Dr. Hagan
spoke on the use of beta blocker
eyedrops topical to eye, sublingual,
or preferably nasal spray for the
treatment of acute migraine. Dr.
Hagan and Carl V. Migliazzo, MD,
published the largest case history
series on this novel treatment in
Missouri Medicine in July/August
2014. Subsequently larger, placebo
controlled studies published
in JAMA Neurology and JAMA
Ophthalmology have confirmed their favorable results.
Scan the QR code above to read the overview, case
study, and reviews.

David Keuhn, MD, has
been named alternate Medical
Director for the Fitzgibbon
Mary Montgomery Hospice, the
only locally-owned and not-for-
profit hospice in Saline County.
Dr. Keuhn is a Family Practice
physician at Mid-Missouri Family
Health in Marshall.

Deborah Krause, DO, has
been chosen #1 Psychiatrist in
the Jefferson City News Tribune
Readers” Choice Awards. Dr.
Krause is a psychiatrist at Capital
Region Physicians — Center for
* Mental Wellness in Jefferson City.

David Kuhlmann, MD, Sleep 8
Medicine specialist at Bothwell y ‘
Regional Health Center in Sedalia,
has been elected to the American
Academy of Sleep Medicine
(AASM) board. He also serves as
MSMAs District 6 Councilor.




Congratulation to Scott
Kujath, MD, who has been named
medical staff president at North
Kansas City Hospital. Dr. Kujath
practices Vascular Surgery with
the Midwest Aortic and Vascular
Institute.

Jin-Moo Lee, MD, PhD,
has been named head of the
Department of Neurology and
the Andrew B. and Gretchen P.
Jones Professor of Neurology at
Washington University School of
Medicine in St. Louis. Dr. Lee
is also a professor of radiology
and biomedical engineering, co-
director of the Stroke and Cerebrovascular Center at
Barnes-Jewish Hospital and Washington University,
and co-chair of BJC HealthCare’s stroke care clinical

program.

Pierre J. Moeser, MD, has
joined the board of directors
of Volunteers in Medicine-St.
Charles, a nonprofit organization

that provides health care services

for the medically underserved

MSMA MEMBERS IN THE NEWS

in St. Charles and Lincoln Counties. Dr. Moeser
currently works as a Rheumatologist in Springfield,
Missouri, as well as Montana and North Dakota.

MSMA members Amy Patel, MD, (left), Troy
Voeltz, MD, (middle), and Allison Zupon, MD,
(right) have been named Leading Doctors of Kansas
City by HerLife magazine. Dr. Patel is Medical
Director of the Breast Care Center at Liberty Hospital,
and serves as Vice Councilor of MSMA’s Organized
Medical Staff Section. Drs. Voeltz and Zupon are
breast fellowship-trained and provide care at Imaging
for Women in Kansas City.

Direct Primary Care Clinics,
founded by Jennifer Powell, MD,
has been named Best Family Practice
in the 2021 Best of the Lake awards,
hosted by Lake Lifestyles magazine.
Dr. Powell offers membership-based
healthcare in Osage Beach and also serves as MSMA’s
District 5 Vice Councilor.
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{'5 Kansas City
* University

Pandemic Brings Loss, Hardship, and Challenges;
KCU Remains Committed and Dedicated

by W. Joshua Cox, DO & Laura Rosch, DO

r I Yhe pandemic of COVID-19 required significant
changes to medical education. With infection
rates increasing in 2020, campuses closing, and

shortage of PPE in clinical facilities, faculty were tasked

with identifying innovative educational techniques

to enable the students to continue learning remotely.

This article provides a Dean’s Update describing

some of the actions Kansas City University College

of Osteopathic Medicine took to enable students to

continue progressing in their medical education during

this global pandemic.

After briefly transitioning to all distance/remote
learning mid-spring semester of 2020 due to the
pandemic, KCU students have safely returned to both
the Kansas City and Joplin campuses with modified
operations and structure.

Kansas City University College of Osteopathic
Medicine was founded in 1916 and in operation
when the 1918 pandemic occurred. Few records
exist detailing the actions of the university in 1918
but KCU’s history and heritage played a key role in
continuing to educate students during the pandemic
0f 2020. This was not the first pandemic the College
of Osteopathic Medicine had faced. If KCU could
successfully navigate through the pandemic of 1918, it
could successfully navigate the pandemic of 2020.

W. Joshua Cox, DO, FACOFP,
(left), is the Interim Executive
Dean and Vice Provost for
Health Affairs, Kansas City
University, Kansas City Campus,
Kansas City, Missouri, and Laura
Rosch, DO, FACOI, is Dean,
Kansas City University, Joplin
Campus, Joplin, Missouri.

420 | 118:5 | September/October 2021 | Missouri Medicine

Initial Actions Taken

The pandemic triggered the need to operationalize
KCU’s crisis management, campus reawakening, and
academic response teams. These teams met regularly
(weekly or several times a week at the onset of the
pandemic) to evaluate the status of the pandemic
nationally, in the state and locally, and identify changes
required in the curriculum to move the students
forward as seamlessly as possible.

The campus reopening required the
implementation of strict safety guidelines and
protocols, screening apps, physical distancing measures,
and personal protective equipment requirements
in order to promote health, safety, and well-being.
Baseline and surveillance COVID-19 PCR testing
of employees and students from both campuses
consistently show a much lower incidence of infection
than the surrounding communities.

Engaging Student Learners

The events of the last year have certainly created an
opportunity to pursue new ways to engage our medical
school learners. Our KCU students have been able to
participate safely in a number of on-campus, in-person
activities as our pursuit of excellence in education
continues. Additionally, the pandemic created the
necessity to develop and implement a hybrid delivery
that included synchronous and asynchronous learning,
remote live opportunities, telemedicine experiences,
and virtual reality experiences.

KCU learned that students, faculty, and staff
required increased support services while they were
learning and working remotely. Medical school leaders
(Executive Dean and Campus Deans) met regularly
with student government leaders during this time
to identify and address the needs of the medical
students. Regular faculty meetings were held to
provide the support faculty needed to transition their



This was not the first pandemic the College
of Osteopathic Medicine had faced. If
KCU could successfully navigate through

the pandemic of 1918, it could successfully
navigate the pandemic of 2020.

classes from an in-person to virtual learning format.
We enhanced our initiatives in counseling services,
learning enhancement, tutoring services, study groups,
and administrative town halls. We created a “Student
Hardship Fund” from donations from faculty, staff,
and alumni as we realized that many students required
additional support when education transitioned to
remote learning. Criteria for awards were developed
and this fund was launched providing financial support
to a number of students who incurred unexpected
expenses during the pandemic.

Addressing Health Equity, Diversity,
and Inclusion

Diversity and inclusion have continued to be
a priority for KCU. Healthcare disparities across
communities in Missouri have made it critical to
support an ever-growing diverse population of students
and faculty. KCU recognizes the importance of
working together with healthcare stakeholders across
the state to identify and implement initiatives that will
promote healthy and safe communities for our future.

Clinical Education

The highly contagious nature of COVID-19 virus
placed several of our clinical partners in a situation
where resources for providers were stressed. In
response, KCU made a commitment to assist our
clinical partners and provided students on rotations
with appropriate personal protective equipment, such
as masks and eye protection. Additionally, our clinical
education department developed multiple pathways
and scenarios to continue the education process,
including online and virtual experiences, telemedicine
opportunities, in-person clinical opportunities, as
well as a hybrid approach that would combine these
platforms. Even though residency interviews for fourth
year students took place virtually this year, KCU
students experienced a very successful placement rate.
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Medical Students as
Vaccinators

When the vaccine became
available, KCU worked through
scheduling conflicts with the
curriculum for the first- and
second-year students to enable
them to administer vaccines.
Medical students were required
to participate in several CDC courses on vaccines and
learn to administer IM injections prior to the students
be allowed to participate in the vaccine clinics.

KCU collaborated with local health departments,
health systems, the Missouri National Guard, and local,
federally qualified health centers to train and deploy
a large student and faculty vaccinator workforce that
participates in several COVID-19 vaccine clinics each
week. This has been an outstanding opportunity to
link directly with the KCU mission of “improving the
well-being of the communities we serve” by actively
contributing and being a part of the solution. Feedback
from the medical students about participating in the
vaccine clinics has been very favorable. As of May 31,
2021, KCU students helped administer over 50,000

vaccinations in Missouri.

Admissions

Events during the past 15 months have accelerated
the need to educate future healthcare providers, and
KCU is well-positioned to train new professionals
to serve the community moving forward. KCU
conducted admissions recruiting virtually during
2020 for the 2021-22 academic year, and KCU
has experienced record numbers of applications for
admissions for all the programs KCU offers, including
the College of Osteopathic Medicine.

Conclusion

While 2020 certainly brought loss, hardship, and
consistently presented challenges, KCU students,
faculty, staff and administration remained committed
and dedicated. Many of the educational innovations
will remain part of the curriculum. We have entered
a new era of higher education. KCU has successfully
navigated through the pandemic of 2020 thanks to the
creativity and resilience of faculty, staff and students.
And our students, with their steadfast dedication and

MM

focus, remain an inspiration to us all.
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Innovations Through Virtual Reality

Simulation

by Robert Tyler, DO, Galina Danilova, MBA, Schoen Kruse, PhD & Angela Pierce, PhD

{‘g Kansas City
* University

Our goal in this project
was to identify activities
that would engage pre-
clinical simulation through
asynchronous virtual
reality case scenarios.

Robert Tyler, DO, MMEL, FACP,
(above), is Assistant Professor of Internal
Medicine, and Clinical Medicine
Course Director, Kansas City University,
College of Osteopathic Medicine
(KCU-COM), Kansas City Campus,
Kansas City, Missouri. Galina Danilova,
MBA, is Senior Data Analyst, COM
Effectiveness, KCU-COM. Schoen Kruse,
PhD, FNAOME, is Associate Dean for
Curriculum Integration and Learning,
Professor of Pharmacology, KCU-COM;
and Angela Pierce, DC, PhD, is Phase

Il Director — Joplin Campus, Joplin,
Missouri, and Assistant Professor of
Physiology, KCU-COM.

Abstract

The need to augment
standardized learner outcomes
related to performance and
clinical competency led to
creating curricular elements
that would provide instruction
and assessment from multiple
perspectives. The COVID-19
pandemic brought about
needs for re-imagination of
standardized simulated clinical
experiences given the need for
increased distance-learning and
asynchronous formats. Our
goal was to identify activities
that would engage pre-clinical
simulation through asynchronous
virtual reality (VR) case scenarios.
The intent was to provide
additional resources whereby
competencies could be more
defined through performance
metrics and standardized
assessments additive to our
established simulation-based
curriculum throughout all
curricular phases. Student
reflection and metacognition
identified gaps to guide future
performance improvement
through the VR activities. Learner
outcomes encompassing history-
taking, physical assessment,
evidence-based clinical reasoning,
and medical decision-making
guided the instructional
objectives. The composite data
showed progressive improvements
over five scenarios delivered in
our second-year clinical medicine
curriculum.
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Challenges

Take a moment to reflect on the
following question: “How can we
teach medical students to become
physicians without them having the
opportunity to touch a patient?” It is
felt that in our collective experience
this notion is unrealistic. Yet, given
the COVID-19 pandemic, with its
ongoing tumultuous associations,
we have stepped into challenges
surrounding such questions
that were otherwise beyond our
comprehension.

Many medical school
curriculums across the globe were
faced with similar challenges in
looking at facilitating transitions to
distance-education where curriculum
delivery took on the form of
remote, virtual, synchronous, and
asynchronous deliveries. Innovations
and re-imaginative processes were
suddenly thrust into our planning
and strategy. The rapidity with which
these aspects needed to reach a form
of implementation was something
many have not experienced. The
Kansas City University College of
Osteopathic Medicine (COM) was
faced with the task of realigning
our curriculum to maintain the
goal of optimal medical education
delivery during the pandemic
while addressing needs across
all programmatic phases of our
institution.

Beyond our concerns in
augmenting our didactic activities
to distance-learning formats, we
realized the enormous need to align
our simulation-based activities
given the importance of “in-person”



and “hands-on” modalities that defined our norms at
the time. Faculty derived questions such as, “How do
we move our present activities to provide meaningful
remote activities that propagate learning within clinical
skills development?” We likewise sought to construct
appropriate assessments in determining clinical skills
performance within remote environments. How would
our assessments need to be developed as we transitioned
to remote, or virtual, environments?

The purpose of this project was to consider ways the
current simulation-based activities could be augmented
through VR simulation. The intent was to consider
developing VR with implementation not only in the
pre-clinical years, but for those in clinical clerkship
rotations as well. With the pandemic, we saw students
pulled out of their clerkships putting them in a position
whereby they were unable to continue their journey with
real patient experiences. Our pre-clinical students were
placed in a distance format where the usual clinical skills
development involving direct contact with standardized
patients became a Zoom room of activities promoting
their development- without ever touching a patient.

Additional challenges surrounded our ability
to establish standardized assessments which would
appropriately identify performance outcomes and
competencies throughout our entire program. These
assessments are integral to the functionality of the virtual
reality simulation as we worked to integrate all our
simulation-based activities.

Approach

Our move to develop the VR project was based on
a needs assessment where we partnered with Oxford
Medical Simulation (OMS) in providing a virtual reality
simulation platform. This commercial entity allowed
for integration of VR scenarios with options allowing
for VR headsets as a potential immersion experience.
Once constructing a plan of deliverable elements, it
was decided to pilot the OMS platform to objectively
establish student responses as we felt integrating an
activity that propagated student engagement would be
paramount in continuing skills development.

The Scenario

It is useful to understand how these VR experiences
are conducted as we compare its utility with real-world
patient experiences. Remember, the students need to
have a clinical experience that will simulate a live patient
encounter since they are not able to be in front of an
actual patient. Playing the role of a medical student takes
us to our computer or laptop. We log in to the system

SCIENCE OF MEDICINE | FEATURE SERIES

and once loaded, we choose our assigned scenario. The
screen changes to a clinical setting, commonly based in an
Emergency Room bay. A nurse approaches you and explains
they have triaged a patient who is febrile and does not look
well. You move to the bedside and click on the patient’s
head which opens a communication pick list giving options
for questions that can be asked of the patient. You choose

to ask them “How are you feeling?” The patient responds
with some mumbled words where they basically ask where
they are. You then turn to the nurse and click to bring up

a menu for nursing tasks such as placing the patient on a
monitor to obtain vital signs while choosing the task to start
a peripheral IV and start a normal saline bolus at 500 ml/
hr. You ask for an electrocardiogram and basic laboratory
samples for complete blood count, comprehensive metabolic
panel, lactate level, and a urinalysis. Additionally, you ask
for a point-of-care glucose since you recognize the patient
has altered mentation.

Having set up these tasks, you move to the computer
in the room and click to pull up the patient’s electronic
medical record where you find they have a diagnosis of
testicular cancer and type I diabetes mellitus. The home
medications are reviewed, and you find the patient has just
finished a round of chemotherapy one week prior.

As you turn back to the monitor, you realize the patient
has a temperature of 101.3 °F (38.5° C) and displays
tachycardia and tachypnea. It is decided you want to
perform an initial physical exam by clicking on the patient’s
chest where a menu comes up allowing you to choose the
system you wish to examine. The platform will then give
you heart and lung sounds as you listen. As you palpate and
inspect, the platform verbalizes those findings as they are
examined.

By this time, you can go back to the computer and
pull up the laboratory results ordered. The patient has
leukopenia, acute kidney injury, and an elevated lactate level
of 4.0 mEq/L. You are concerned for sepsis; thus, in going
back to the computer you navigate to guidelines in treating
sepsis and find a list of appropriate antibiotics. You choose
the antibiotics you want given and the nurse responds,
“Those medications have been given.”

At this point, available options are to order diagnostic
imaging such as a chest x-ray while you can update the
nurse on your plan as well as choosing to discuss things
with the family. There is an option to call the attending
and report on the patient’s presentation and receive further
guidance as necessary.

As you come to a point where you exit the room, the
platform takes you to a reflection phase where you, as the
medical student, can evaluate the experience. Once that is
complete, the scenario goes into a debriefing mode where
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Learning Objectives

Diagnosis
Neutropenic sepsis and penicillin
allergy

Case Summary

i Acutely septic patient,
immunocompromised due to
chemotherapy. Penicillin allergic.

Clinical Findings
Tachycardic, tachypneic,
hypotensive, hypoxic

* Neutropenic, lactate > 4
No clear source of sepsis
identifiable

Technical Skills

Assessment
* Perform ABCDE assessment
« Take afocused patient history
Initial Investigations
* Take blood tests
* Take blood gas (for lactate)
* Order and review a urine dip
* Request and review chest X-ray
* Take blood cultures

Management

* Deliver oxygen to maintain
saturations over 94%

Start appropriate IV fluid
resuscitation

.

Non-technical Skills

* Make rational, timely clinical
decisions

« Effectively communicate
with patient and team

* Appropriately utilize other
team members

* Maintain patient safety and
comfort

continuing individual reflective processes
associated with each scenario experience.
Phase III will serve to define how
the VR platform can be utilized outside
of the second year, which is especially
important to our third- and fourth-year
programming with students in clinical
rotations. Delivering clinical education in
a distributive model, where our students
are positioned all over the nation, serves

Administer appropriate IV
antibiotics

Commence appropriate urine
output monitoring

Figure 1. Technical and Non-Technical Tasks

as a driving force in providing those
standardized processes in assessments,
outcome designations, and performance
levels in formulating objective evaluation of

you can see the objectives for the scenario giving the

clinical summary involving neutropenic fever and sepsis.

Figure 1 illustrates the important technical and non-
technical tasks that you should have performed during
the experience (Figure 1).

After reviewing the scenario, you move down the
page to your performance scores. The platform gives
you a green checkmark for those things you addressed
appropriately while adding a red checkmark for the
tasks you missed. There is an option to click on each
performance task where you can review rationales and
references as to why these items are important.

Phased Implementation

To provide a structured environment in which
to implement this activity, we developed three phases
to move toward effective curriculum integration with
our simulation-based activities. Phase I consisted of
introducing the scenarios to our second-year clinical
medicine curriculum by choosing three scenarios
per semester. The initial scenarios were implemented
using student reflective responses while monitoring
performance metrics. We experienced some degree
of hesitation in that many of the scenarios were
developed for residency-level training. With that in
mind, we developed pre-session fact sheets for the
students to review along with a platform orientation
given its technical elements in navigating the scenario
environment. The VR scenarios were made available
through asynchronous learning via the web-based OMS
platform.

Phase IT added formal synchronous faculty-
facilitated simulation debriefing sessions in small group
remote environments to explore student recognition
of learning gaps through metacognitive aspects while
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clinical skills throughout our curriculum.

Results

The focus of Phase I included student reflective
responses about their experiences as they worked through
the assigned scenarios. We were able to collate performance
data from the OMS platform which served to identify
overall student progress based on algorithmic results tied to
various tasks required for completion within each scenario
as described above. The thematic representations brought
out student responses such as “stress,” “think,” “learn,” and
“good.”

We stated previously that our intent was to create a
simulation-based activity that would meet expectations of
learners and establish appropriate learning environments
with elements that would propagate student motivation.

In comparing the overall student satisfaction, we realized a
progressively positive approval rating between our first and
last scenario experience within the first semester (Figure 2).

Performance metrics were evaluated in stages of first
and second attempts. It was felt there were issues with
navigating the virtual platform whereby students had
to learn where various resources were located within the
environment. To determine issues with performance results,
we elected to appraise the various attempts for purposes
of evaluating the activity regarding further development,
delivery, and assessment.

The means of the performance metrics were established
through the OMS platform in our overall data retrieval.
The scenario outcomes were graded through scenario
specific items required in each case related to history-taking,
treatment, and diagnosis. These tasks required transfer
of biomedical knowledge, processes in critical-thinking
and problem-solving, and medical decision-making for
successful completion. Students could work through the
scenario as often as they desired which we felt would take
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Figure 2. A progressively positive approval rafing is illustrated between
our first and last scenario experience within the first semester.

responses. Given our student-centered
approach, it was felt the VR activity would
be a positive addition for student learning
during transitioning to distance-learning
mVR3 formats due to the COVID-19 pandemic.

VR1 To evaluate the VR simulation piece within
our current simulation-based activities, we
integrated the VR simulation platform into
our existing second-year clinical medicine
course to further assess and evaluate potential
learning enhancements in a controlled
environment. The impetus relates to how this
activity could then be used in other phases
of our curriculum, specifically as it relates to

the form of deliberate practice and cognitive assimilation.

The overall scores in the first, second, and third VR
scenarios were 61%, 74%, and 77% respectively. In
review of these scores, we were able to assess areas of
performance within the second year with plans to
extrapolate these outcomes for our third- and fourth-
year experiences. Future development will likely involve
constructing our own scenarios whereby appropriate
competency-level learning can be highlighted.

Phase II of our project is not yet completed at the
time of this paper; however, preliminary comparisons
have been noted between the overall mean scores for
those scenarios completed in the first and second
semesters showing an average of successful performance
of 66% in the first semester with 79% in the second
semester.

In performing a two-tailed t-test of the means
comparing our first semester performance scores with
those from the second semester, there was significance
with a t value equal to 1.96 (p = 0.004). While this
shows positive progression, the significance related to

improvement in competencies has yet to be determined.

Our intent is to further define the data points related
to individual tasks to make determinations of specific
competencies and their performance levels.

Conclusions

Our goal in this project was to identify activities
that would engage pre-clinical simulation through
asynchronous virtual reality (VR) case scenarios. The
intent was to provide additional resources whereby
competencies could be more defined through
performance metrics and standardized assessments
additive to our established simulation-based curriculum
throughout all curricular phases. We chose to integrate
the virtual reality simulation through a pilot study
into the curricular programming and obtain student

students rotating through clinical clerkships.

The pandemic experience has required creative thinking
and innovations in how we deliver medical education.
Faculty felt that more robust simulation activities using VR
simulation would allow for greater opportunities in clinical
skills development, and additional meaningful and effective
assessment tools for outcome measures throughout the
COM.

Our initial data shows preliminary favorable outcomes.
Outcomes will need to be assessed through data mining
related to individual competencies. Further development
of the virtual reality simulation will require development
of specific tools that allow for accurate assessment and
evaluation of performance levels and their associated
learning dynamics.
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Abstract

Polyunsaturated fatty acids
(PUFAs) such as docosahexaneoic
acid (DHA) and eicosapentaneoic
acid (EPA), play a critical role in
a variety of neuronal functions,
including facilitating neuronal
growth and differentiation,
increasing the density of the
neuritic network, modulating cell
membrane fluidity, regulating
intracellular signaling and
gene expression, and exhibiting
antioxidant characteristics.
Dietary DHA is selectively
enriched and actively retained
in the central nervous system,
mainly in synaptic membranes,
dendrites, and photoreceptors.
In this review, we highlight
the myriad roles of PUFAs in
brain function and human
health. Diets rich in DHA
are inversely proportional to
cognitive decline and incidence
of neurodegenerative disorders.
Conversely, diets deficient
in DHA impair the proper
development of brain and the
visual system in children and
increase risk of brain disorders
in the elderly. Finally, DHA and
EPA have been shown to reduce
inflammation and may prove
to be beneficial in reducing the
severity of the SARS-COVID

infection.
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Introduction:
Polyunsaturated Fatty Acids
Polyunsaturated fatty acids
(PUFAs) are required for optimal

human health and wellbeing.
PUFAs are classified by the
position of the first double bond
in a fatty acid counting from

the methyl end. There are two
major classes of PUFAs: omega-6
fatty acids (first double bond is
at the sixth carbon from methyl
end) and omega-3 fatty acids
(first double bond is at the third
carbon from methyl end). PUFAs
are derived from essential fatty
acids (EFA) such as linoleic acid
(LA) and alpha-linolenic acid
(ALA), fatty acids that cannot
be synthesized in the body and
need to be ingested through diet.
The parent omega-6 fatty acid,
LA is desaturated in the body

to form arachidonic acid while
parent omega-3 fatty acid ALA
is desaturated by a microsomal
enzyme system to form DHA and
EPA. However, there is a limited
metabolic capability in humans
for this conversion underscoring
the need for their inclusion in
diet.

PUFAs and Brain Health

EFAs and PUFAs and their
metabolic products play a critical
role in the maintenance of



structural and functional integrity of the central
nervous system and retina.! Extensive research
has shown their crucial role in maintaining
neuronal homeostasis. PUFA’s exert their
effects through modulating the fluidity of

the neuronal membrane, regulating signal
transduction, promoting neurite outgrowth,
and impacting the function of key ion channels
and receptors.”? DHA has also been shown to
influence cell membrane fluidity by promoting
signaling interactions between macromolecules
to form lipid rafts: cholesterol and sphingolipid-
enriched microdomains in the plasma
membrane, known to serve as local sites for
housing signaling proteins, and orchestrating
key signaling processes.” The most extensively
studied PUFA is the omega-3 fatty acid called
DHA.*This is the most abundant fatty acid

in the brain and is a structural component of
the neuronal membrane. DHA plays a critical
role in neuronal growth and differentiation,
neuronal signaling, synthesis of bioactive
mediators, synaptic plasticity, and remodeling
of the neuritic network.* Diets high in DHA are
inversely proportional to cognitive decline and
the onset of neurodegenerative disorders, such
as Alzheimer’s disease and Parkinson’s disease.

As mentioned above, DHA (22:6 n-3)
is a product of ALA, an essential fatty acid
that must be obtained from the diet. There is
a significant body of evidence showing that
a high (n-3):(n-6) dietary intake ratio, such
as in the Mediterranean diet, has widespread
positive health effects.” Mediterranean diets
have lower intakes of added sugar, saturated
fat, trans-fat, lower glycemic index, and a lower
ratio of (n-6):(n-3) fatty acids. This type of diet
appears to reduce risk for Alzheimer’s disease
and other forms of dementia. Additionally,

a Mediterranean diet includes most of the
nutritional components important for lowering
risk for cardiovascular disease, hypertension,
and type II diabetes.

Western diets are low in omega-3 fatty
acids, including ALA found mainly in plant
oils, and DHA, which is found in fish.
Epidemiological studies have linked low
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maternal DHA to increased risk of poor neural
development in infants.” Dietary deficiency
of n-3 fatty acids during fetal development in
utero and postnatal state has shown negative
effects on cognitive abilities and a loss of
discriminative learning ability.® Intervention
studies have shown that improving maternal
DHA intake decreases the risk of poor visual
and neural development in children. Sufficient
evidence has concluded the occurrence of
efficient transfer of DHA from mother to
fetus before birth and during lactation after
birth, with short and long-term implications
for neural function. Most of the brain growth
is completed by five to six years of age. It
is reccommended for pregnant and nursing
women to take at least 2.6 g of omega-3 fatty
acids and 100-300 mg of DHA daily to meet
the needs of the fetus and suckling infant.!
Follow-up studies have shown that infants of
mothers who took supplements of EFAs and
DHA have higher mental processing scores,
eye-hand coordination, psychomotor scores,
and stereo acuity at four years of age. Intake
of EFAs and DHA during preschool years may
have a beneficial role in prevention of attention
deficit hyperactivity disorder and enhancing
capability and academic performance.'
Although a good natural source of PUFAs
is seafood, especially oily fish, one can obtain
them via consuming fish oil capsules. Very
long chain omega-3 fatty acids are readily
incorporated from capsules into transport
(blood lipids), functional (cell and tissue), and
storage (adipose) pools.” At sufficient levels
of incorporation, EPA and DHA influence
the physical nature of cell membranes and
membrane protein-mediated responses,
increase the generation of bioactive lipids, and
promote cell signaling and gene expression
in many different cell types.” Through these
mechanisms, they impact overall cellular
homeostasis and modulate the cellular
response to external signals. In most cases the
effects seen are associated with improvements
in disease biomarker profiles and health-
related outcomes.” Given that the capacity
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Figure 1. Mechanism of action

of docosahexaenoic acid.
Docosahexaenoic acid (DHA) binds
to the G protein coupled receptor

DHA

GPR-40

GPR-40 which leads to the activation 7
of phospholipiase C (PLC),

conversion of phosphatidylinositol z
4,5-bisphosphate (PIP2) to form

diacylglycerol (DAG) and inositol
tris phosphate (IP3), which activates
the IP3 receptor leading fo the
release of calcium from ER stores.
The increase of intracellular Ca2+
activates protein kinase C (PKC)

which leads to synaptogenesis

Adapted from Ma et al., 2010, DHA promotes the neuronal
differentiation of rat neural stem cells transfected with
GPR40 gene, Brain Research, 2010, 1330, 1 - 8.
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of the human brain to synthesize DHA locally

is appreciably low, the uptake of DHA from
circulating lipid pools is essential to maintaining
its homeostatic levels. Although, several plasma
pools have been proposed to supply the brain
with DHA, recent evidence suggests non-
esterified-DHA and lysophosphatidycholine-
DHA are the primary sources.'” The uptake of
DHA and its enrichment in the brain appears to
be regulated by several complementary pathways
associated with its metabolism. Following entry
into the brain, DHA is esterified into and
recycled amongst membrane phospholipids and
converted to bioactive mediators which regulate
signaling pathway important to synaptogenesis,
cell survival, and neuroinflammation, and may
be relevant to treating neurological diseases.'

Role of DHA in Neurite Formation in
Brain

DHA is a critical component in the
development of neurons and neurites in young
mammals, since its peak concentration has
been observed to be in the late gestational
period.'' However, it has been shown that
DHA plays a critical role in the adult brain
as well. DHA accounts for roughly 15% of
the fatty acid content in the mature human
brain, and it is believed that decreased levels
can lead to cognitive decline and the onset
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of neurodegenerative diseases, such as
Alzheimer’s disease and Parkinson’s disease.?
Various studies have been done to unravel the
precise mechanisms underlying the protective
and proliferative properties of DHA in the
brain. One study found the DHA to be an
endogenous ligand for the G protein coupled
receptor called GPR40, which is expressed

in the hippocampus of adult monkeys, and

was shown to be associated with neurogenesis
after ischemia.'” It is important to note that
the hippocampus, an area of the brain critical
for memory, is especially sensitive to changes
in membrane fluidity, hence DHA levels are
likely to have a more substantial impact in this
region. Interaction of DHA with the GPR40
was found to be responsible for promoting
neurogenesis and neuritogenesis. This effect was
mediated through increase in intracellular Ca*
which was released via activation of inositol tris
phosphate receptor (IP3-R) (Figure 1). This
finding implies that DHA, at least partially, acts
through the IP3 receptor-mediated signaling.'

Role of DHA in Cognitive Decline

A significant body of literature supports
the role of DHA in overall brain function,
including neuronal growth and differentiation
as well as optimizing neuronal signaling. Most
data from human studies show its contribution



to optimal visual acuity development, an
assertion supported by the presence of high
amounts of DHA in rod outer segment
membranes.” While DHA levels affect early
brain development in infants, potential effects
are also increasingly observed during adult
life. Epidemiological studies support a link
between low dietary intake of DHA and a
higher risk of cognitive decline and onset of
neurodegenerative and psychiatric disorders.'
The primary insult from loss of DHA from
membrane glycerophospholipids, is on the
flexibility and fluidity of membrane lipids
which in turn affects the optimal function

of critical integral membrane proteins
(receptors, voltage-gated ion channels and
enzymes)."” This leads to effects on second
messenger systems, neurotransmitter release,
and subsequent downstream cascade likely to
have deleterious changes in brain and visual
function. Many studies have also reported that
dietary omega-3 deficiency results in changes
in learning, coping with stress, behavioral
changes, and responses in visual function."
Circulating plasma DHA is significantly
related to cognitive abilities during aging,
and is inversely associated with cognitive
decline. A diet characterized by higher intakes
of foods containing high levels of n-3 fatty
acids, and/or lower intake of n-6 fatty acids is
strongly associated with a lower incidence of
Alzheimer’s disease and other brain disorders.
Supplementation of DHA improves some
behaviors associated with attention deficit
hyperactivity, bipolar disorder, schizophrenia,
and impulsive behavior, as well as cognition.®

DHA, Inflammation, and COVID
Inflammation is a normal process that
is a critical part of host defense and tissue
healing. However, excessive and/or unresolved
inflammation can lead to progressive tissue
damage, disease, and pathology. Omega-3
fatty acids are generally considered anti-
inflammatory, and different mechanisms that
promote these effects have been elucidated.
DHA exhibits antioxidant properties by
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decreasing the accumulation of reactive
oxygen species (ROS) such as lipid peroxide
in vivo, which may protect neurons from
oxidative damage and hence prevent neuron
loss. The omega-6 polyunsaturated fatty acid
arachidonic acid (ARA) makes a significant
contribution to the fatty acids present
in the membrane phospholipids of cells
involved in inflammation. ARA is a precursor
to potent pro-inflammatory mediators
including prostaglandins and leukotrienes.
For this reason, many anti-inflammatory
pharmaceuticals have been developed that
target the ARA pathway to successfully
control inflammation. There is also evidence
that a high omega-6 fatty acid diet inhibits
the anti-inflammatory and inflammation-
resolving effect of omega-3 fatty acids.'®

In the recent COVID-19 pandemic,
a section of infected patients experienced
a condition referred to as a “cytokine
storm.”"” A full understanding of the cellular
and molecular mechanisms underlying
the “cytokine storm” has not yet been
unraveled.' Recent articles suggest that
specific nutrients such as vitamin B6, B12,
C, D, E, and folate; trace elements, including
zing, iron, selenium, magnesium, and copper
may play a key role in the management
of the cytokine storm."* Among these
micronutrients, long chain PUFAs such as
EPA and DHA are worth mentioning because
of their direct influence in the immunological
response to viral infections.?’** The
possible beneficial effects of EPA and DHA
supplementation in the modulation of
immune response in SARS-CoV-2 infection

23,24,25,26,27,

is under investigation. * Among

these complex immunomodulatory effects,
interleukin-6 (IL-6) and interleukin-1
(IL-1B) have been shown to be affected by
dietary EPA and DHA intake. In addition,
poly (ADP-ribose) polymerase enzymes with
anti-inflammatory properties translatable to
human COVID-19 infection were shown

to improve tissue levels of DHA and EPA
and their downstream anti-inflammatory
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metabolites,”*° further underscoring the
applicability of DHA and EPA in the
management of COVID-19. Neutralization of
IL-6 via a monoclonal antibody (Tocilizumab)
has been identified as a feasible therapeutic
target in SARS-CoV-infections,’ nevertheless,
reducing the expression of additional
proinflammatory cytokines (e.g., IL-1f,
IL-38) may have additional therapeutic and
protective effects.’
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Abstract

A shift occurred in medical
school education due to the
novel coronavirus disease-19
(COVID-19) pandemic. It has
been more than a year since
the start of the pandemic, and
many medical schools have
had to adapt quickly. The
medical school curriculum
had to be changed in order
to accommodate the risk of
the virus, which has caused
an interruption in clinical
education for both preclinical
and clinical medical students.
Limited hands-on labs, remote
standardized patient encounters,
telemedicine education and
other substitutes have been
used to bridge this gap within
in-person learning. This
review discusses the changes
in curricula that some schools
have taken, and the benefits and
disadvantages of these selected
methods.

Introduction

The novel coronavirus
disease-19 (COVID-19) has
changed life in many ways all
over the world. It has especially
provided a challenge for
the healthcare industry, and
demonstrated how quickly this
system can become overwhelmed
by a pandemic. The future of

healthcare rests with medical
students as they are future
medical workforce. However, the
COVID-19 pandemic has had a
significant impact on the usual
path medical students obtain
technical and clinical skill levels,
and forced medicals schools to
re-imagine how training should
appear. While this has propelled
innovations, such as, remote/
virtual learning and telemedicine,
it also has had detrimental effects
on hands-on medical training with
possible long-term consequences.
This article will present
examples of the innovations and
adaprations that have occurred
as a result of COVID-19 for
both preclinical and clinical
students and discuss the benefits
and pitfalls of these decisions.
It will also discuss how medical
school preclinical faculty and
clinical faculty have changed their
methods of teaching through this
pandemic. For the purposes of
this article, virtual and remote will
be used interchangeably.

Preclinical Students

When the pandemic first
began, preclinical students
were plunged into complete-
remote learning systems. In the
early months of the pandemic,
on-campus and live lectures
were immediately turned into
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During the pandemic, some medical schools changed their curriculum to implement remote/virtual standardized patient
encounter to simulate patient encounters as telemedicine or telehealth.

remote lectures, prerecorded lectures, voiced
over powerpoint presentations, and small group
interactive sessions.””? Gross anatomy turned into
video dissections performed by faculty and observed
by students remotely.* With the shock of this sudden
transition, faculty and staff scrambled to make this
new learning environment work. Faculty and staff
were forced to become familiar with web-based
platforms (i.e. Zoom, Microsoft Teams, etc.) in
order to interact for day to day operations between
teaching staff and to deliver education to the
students. For some, this was an easy shift, but for
others it was a steeper learning curve.” There was also
an increased need for equipment for both students
and faculty such as headsets, laptops, and other
equipment, which may have been an extra financial
burden.?

Although lectures were easily able to shift into
remote delivery, clinical courses and skills did not
have as smooth of a transition. It was observed that
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some clinical knowledge could be taught using these
remote methods, but students were lacking hands-
on training, such as physical exam and other clinical
skills. As the pandemic wore on, many schools
attempted to rectify this deficiency in hands-on
education by implementing in-person physical exam
labs. These activities came at a steep monetary and
time cost. To mitigate risk and to keep students safe,
these in-person activities required smaller groups
of students, COVID-19 testing for students and
faculty, N95/KN95 masks, goggles, social distancing
and faculty monitoring the interaction within that
setting. These activities also required more faculty
time due to the size limitation of the cohorts who
could interact at any given time. This also limited
the practice of certain physical exams to reduce risk
of virus transmission, such as, deferring oral or nasal
exams on standardized patients, and instead using
task trainer-based practice for those types of exams.
Some medical schools also changed their
curriculum to implement remote/virtual



standardized patient (SP) encounter to simulate
patient encounters as telemedicine or telehealth.>
Standardized patients were trained to interact
with students remotely. This required these SP to
have good internet access, have a good working
knowledge of web-based platforms, and have a
high comfort level using this form of technology.
Students were required to obtain a history and
verbalize the physical exam or instruct SPs to
perform certain physical exam maneuvers, if
possible. By using these remote encounters,
student continued to develop their humanism
skills, history-taking skills, and also allowed early
exposure to telemedicine/telehealth. Other methods
such as virtual reality case based simulation were
also implemented by some (See article, Tyler, et al.,
“Innovations through Virtual Reality Simulation”
in this issue). Although these methods were

not ideal student and patient encounters, this

did fill some of the gaps in the students’ skills
development. They allowed students to continue
to learn how to develop differential diagnosis and
practice clinical and technical skills in preparation
for their clinical years.

Adapting clinical skills training were not the
only obstacles medical students faced during this
rapid shift to remote learning during the pandemic.
During the early adaptation to the remote
curriculum, many students went back home (with
family) whereas others stayed where they were to
continue their education. For some, this created a
comfortable and familiar environment to study, but
for others it created some disadvantages. Learning
from home created a distraction if there were other
family members or children present due to lack of
child care. Some had stressors such as feeling of
isolation, stress over finances, unreliable internet
access, or inadequate access to digital devices.”

As the pandemic continued, freshly
accepted first-year medical students started their
introduction into medicine and second-year
students returned back to remote lectures. First-
year students were interviewed virtually before
acceptance to medical school. Orientation was also
virtual with attempts to do virtual ice breakers
and student bonding with help of faculty and
staff. Due to the very restricted student interaction
through remote learning and some possible limited
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onsite labs, students may have had the same feeling
of isolation as earlier in the pandemic. For some
students, this isolation translated into anxiety and
depression.*” For others with preexisting mental
health issues, this was an added stressor to already
stressful environment of a pandemic and medical
school. This caused decreased morale as they did not
have the feeling of camaraderie that usually comes
with being familiar with your classmates. To remedy
this, some students formed remote groups and found
ways to message each other to provide support.
Some schools provided remote access to school
psychologists and other mental health providers. In
other instances, students individually sought out
help via telemedicine mental health providers or
remote cognitive behavior therapy.”

Clinical Students
Third- and fourth-year students in their clinical
years were taken out of clinics and hospitals early
during the pandemic to reduce risk of infection,
decrease risk of transmission of the virus, and due to
shortages of personal protective equipment (PPE).
Some clinical faculty and other teaching clinicians
were also required to focus on the influx of sick
patients and devote more time to patient care in
general during the pandemic, and therefore were
unable to dedicate time for strictly educating medical
students or other learners. This raised concerns from
both students, medical school faculty and accrediting
bodies. There were many worries that this group of
students would not be able to develop and practice
the skills they learned during their preclinical years.
Due to this removal from the clinical setting, it
appeared as though students may not have had
sufficient exposure to clinical practice, and they now
46

lacked face to face patient interaction.*® Initially,
like their preclinical counterparts, these third- and
fourth-year medical students were given a remote
education. This entailed completing online modules,
virtual reality simulations, review assigned cases in
web-based case banks, following patients in remote
electronic medical records (EMR) and attending
remote lectures.® The online modules and case banks
helped students develop their differential diagnosis
skills. Remote lectures were in the form of remote
grand rounds, remote morning reports, or remotely
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listening to faculty discuss patient presentation.®
Students were also able to participate in the
remote standardized patient encounter to
simulate telemedicine/telehealth.

During the pandemic, telemedicine or
telehealth became a necessity for most clinic-
based practice. United States Department of
Health and Human Services (HHS) delineates
telehealth or telemedicine as healthcare
delivered with the use of electronic information
and telecommunications technologies for
communication between patient and provider
when face to face encounter cannot take place.
This is broad definition for interaction with
patient using various forms of this type of
technology.® For some patients, especially those
without internet access or smart phone, this can
be a phone call interaction with the clinician. For
other patients this can mean using a web-based
platform via computer, laptop, smart phone or
other digital device (i.e. ipad, tablet, etc.) to
do a video based telemedicine interaction with
clinician.>® Some clerkship faculty helped bridge
the clinical gap by allowing students to also
participate in telemedicine to a limited extent.>°

In some settings, telemedicine was a learning
opportunity for both the clinical faculty and the
student. Although this was a good alternative to
a face to face visit, there are some cons including
patient privacy concerns, limited physical exam,
no way to obtain vital signs, and risks of poor
outcome if the reason for the visit was an urgent
or emergent issue.

As the pandemic became controlled in the
United States, and PPE became more readily
available, students in their clinical years have
cautiously entered back into clinics and hospitals.
With development and release of the vaccine to
healthcare workers and adults, students have now
started to see patients again and fully interact
with clinicians. For preclinical students, medical
schools are cautiously allowing students to return
to campus and have established a new normal
of mask wearing and taking other necessary
precautions. The larger educational events such
as lectures, grand rounds, and journal clubs
continue to remain remote to mitigate exposure
for events with larger attendance.
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Conclusion

There were many things learned from the
quick adaptation of medical schools to a remote/
virtual curricula. Medical schools anticipate
continuing some of these learning modifications
in the curriculum after the pandemic. In the
event of another critical wave of the COVID or
other new respiratory transmitted virus, many
of the recently adapted methods can be used to
bridge the gap for clinical education if students
are once again quarantined. Virtual reality
case simulations may continue to supplement
the development of clinical and technical skills
with standardized patients. Telemedicine with
standardized patients for preclinical students and
telemedicine with clinical students may continue
in clinical education. The long-term outcome of
these change in medical education on student’s
abilities to practice medicine and care for patients
is currently unknown. Residency program
directors will most likely be the first to observe
these graduates clinical knowledge and skills as
these medical students move on to residency and
practice.
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Abstract

In this pilot study, we
examined the efficacy of
Osteopathic Manipulative
Treatment (OMT) for improving
symptoms of stress, anxiety, and
depression (SAD) to determine
a correlation between overall
improvement in health and
quality of life for first responders.
Participants received weekly
OMT or sham OMT targeting
autonomic imbalance. Indicators
of SAD were examined pre- and
post-study. Overall, this pilot
study suggests improvement in
both the social-psychological
(mental) self-assessments, and
alterations in SAD-associated
biomarkers from OMT.

Introduction

Recent data has shown that
at least 30% of first responders
in the United States will develop
behavioral health conditions
such as SAD.! Traumatic events
such as death, serious injury, and
violence are at higher prevalence
in these fields when compared to
other civilian professions and put
personnel at an increased risk for
experiencing poor physical and
mental health. Of the most notable
psychological consequences from

repeated exposure to traumatic
events is the development of serious
stress, anxiety, and/or depression
that can sometimes lead to Post-
traumatic Stress Disorder (PTSD).?
In fact studies have shown law
enforcement officers to develop
PTSD at rates ranging from
6-32%, EMT/paramedics ranging
from 9-22% and firefighters with
rates of 17-32%, whereas adults

in the United States typically

range from 7-12%.° Such large
ranges in rates would suggest other
third-variable risk factors are at
play such as, within groups — at
the individual level and between
groups — at the level of occupation
type. Regardless of these other
variables, first responders should
be considered a special population
at an increased risk for developing
even mild to moderate mental
health disorders, including stress
and anxiety. In addition to PTSD,
first responders are also at greater
risk for developing depression,
substance abuse, and suicide
ideation and attempts.* A 2017
survey of more than 4,000 first
responders found that 6.6% had
attempted suicide, which is more
than 10 times the rate in the general
population.” Additionally, a 2016
study has shown that amongst
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34 first responders who completed biological and
psychological evaluations, 18% (n=6) met criteria for
anxiety, 47% (n=16) met criteria for depression and
33% (n=12) met criteria for PTSD.® While there is
some success for treatment with efficacious, evidence-
based therapies, current treatments are associated with
either nonresponse, or high rates of dropout.”® As
such, there is a tremendous need for the development
of comprehensive interventions which aim to relieve the
allostatic load in first responders.'

Since mental stress can cause measurable
musculoskeletal tension, the concept of using OMT
as a therapy to alleviate such symptoms has been
examined.'"!'? Osteopathic manipulative treatment is
targeted to treat somatic dysfunction—the impaired
or altered function of related components of the body
framework system: skeletal, arthrodial, and myofascial
structures, and their related vascular, lymphatic, and
neural elements (Glossary of Osteopathic Terminology).
Stress may result in segment facilitation demonstrated
as exaggerated muscle tension. The reduction in
muscular tension through the use of OMT may
reciprocally reduce emotional stress by shifting the
balance of sympathetic and parasympathetic systems
to a more parasympathetic/relaxed state and could
therefore benefit the mental health of those who are
dealing with stress, anxiety, and depression resulting
from their profession. To date, there have been only a
few studies investigating the effectiveness of OMT in
patients experiencing stress, anxiety, and/or depression.
Nevertheless, it seems logical that OMT could benefit
these patients.

It is known that emotional and physical stress can
induce a physiological response in the human body
that allows us to adapt and respond to that stress.
Chronic exposure to stress can lead to maladaptive
alterations in stress response, hormone levels, and
many other physiological processes in response to the
increased allostatic load. Recent data suggests that
stress, anxiety, and depression can alter the levels of
serum inflammatory biomarkers such as interleukins,
in addition to a number of hormones.'* ' In a state
of stress, the body shifts to a sympathetic dominant
state with relative increased sympathetic activity and
decreased parasympathetic activity. When a person
experiences chronic stress, there will be elevated levels of
catecholamines (epinephrine and norepinephrine) and
decreased levels of acetylcholine. A major physiological
response to stress is to induce the hypothalamic-
pituitary-adrenal (HPA) axis to cause the release of
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cortisol, a glucocorticoid which triggers gene-expression
changes in target tissues.””"” Proposed mechanisms
include altered circulating cortisol levels, dysregulated
sensitivity to glucocorticoids, or alterations in feedback
mechanisms, all which facilitate an extended or possibly
intensified sympathetic nervous system activation."!
This inability to regulate the HPA axis has been
reported following chronic or severe stress and can
lead to an allostatic load which transitions into an
overexposure to stress molecules.” Increased allostatic
load has also been linked to increased vulnerability to
many psychiatric and physical disorders.*”** One might
hypothesize that patients with increased stress are likely
to have sympathetic nervous system associated somatic
dysfunction. Addressing these dysfunctions with
appropriate osteopathic manipulative techniques could
aid in as above.” It is important to note that serious
adverse effects of OMT are extremely rare and thus are
considered to be a safe method of treatment.*
Examples of stress-related treatments include a
specific focus on the suboccipital and thoracic regions
which are associated with increased heart rate variability,
improved autonomic homeostasis, decreased muscular
tension, and reduced perception of stress.”” Rib raising
treatment has been shown to reduce sympathetic
output which results in parasympathetic predominant
state-otherwise understood as a relaxed state.®
Compression of the fourth ventricle (CV4) influences
ANS function, and has been shown to alter the
physiological parameters of blood flow velocity, heart
rate, blood pressure, and cerebral tissue oxygenation.”
In a study done by Cutler et al. in 2005,% patients who
received CV4 when compared to those who received
the sham treatment were found to have more rapid
sleep onset and decreased muscle sympathetic nerve
activity. Other studies determined that CV4 promotes
muscle relaxation and a general state of relaxation when
measuring alpha band activity (related to relaxation,
awake and idle state) on EEG.?” Stimulation of the
parasympathetic nervous system is achieved as a result
of the effect on the brainstem. Similar to rib raising,
CV4 shifts autonomic balance to a parasympathetic
predominant state by increasing parasympathetic
activity and decreasing sympathetic activity resulting
in an overall relaxed state.?® Sacral rocking is an
OMT technique that exaggerates sacral movement.”
Sacral rocking can relieve patients of lower back pain
and balance autonomic dysfunctions influencing the
gastrointestinal and genitourinary systems. Treatment
increases parasympathetic outflow from the sacral
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Figure 1. Schematic representation of OMT-based therapeutic protocol.
Blood sampling and self-reported social-psychological (mental)
assessment surveys were collected on weeks 1 and 6. The OMT or Sham

In this pilot study we examined the
efficacy of OMT for improving symptoms

OMT protocol was performed once per week on weeks 1-5.

Week 1 Week 2 Week 3 Week 4 Week 5

Blood sample OMT or OMT or OMT or OMT or
Survery
OMT or

Sham OMT

Week 6

Blood Sample
Sham OMT Sham OMT Sham OMT Sham OMT  Survey

of SAD and sought to determine a
correlation between overall improvement
in health and quality of life for first
responders who received OMT.

Methods

Research Study Design
We designed a single blind study

nerves.”’ Inhibitory techniques use mechanical pressure
to reduce regional autonomic output (habituation).
Suboccipital inhibition (SI) reduces the muscle tension
reducing parasympathetic inhibition.*! Tension
headaches are often associated with myofascial trigger
points or muscle tenderness,** which can lead to
autonomic imbalance and motor disturbances in that
region. Treatment using SI led to hypoalgesic effects-
decreased sensitivity to painful stimuli and relieving
pain.*® Treatment with SI improved the emotional and
mental well-being, and better quality of life.*?

The benefit of human touch has also been shown
to have therapeutic effects, which OMT is expected
to provide as well. For example a review of research
by Tiffany Field, a leader in the field of touch, found
that benefits from touch start at birth, showing
newborns that received just three 15-minute sessions
of touch therapy each day for 5-10 days gained 47%
more weight than premature infants who had received
standard medical treatment.?* She also found that
massage therapy reduces pain in pregnant women and
alleviates prenatal depression in both them and their
spouse.’> Another study from UC Berkeley’s School of
Public Health found that receiving eye contact and a pat
on the back from a doctor may help survival rates for
those suffering with complex diseases.”> While OMT
is a focused therapy option conducted only by a trained
licensed doctor of osteopathy, touch therapy and its
benefits were also taken into account for this research by
including a sham OMT group. Sham therapy is defined
as false treatment. It is typically used as the control
group in OMT studies in order to compare the effects
of the treatment or therapy in question.*® In a study
done by Licciardone et al. 2013, sham OMT involved
light touch, active and passive ranges of motion,
improper patient positioning, decreased physician force,
and purposeful misdirected movements.”’

to investigate OMT as a therapy for
reducing stress, anxiety, and depression
in the first responder population of a rural area in
Joplin, Missouri. Approval was obtained from the
Missouri Southern State University Institutional
Review Board (IRB# 1512565-1). Participants were
assigned randomly to either: 1) an OMT group, or

2) a sham OMT group. Names and any identifying
information were not used, and all participants

were assigned a random identifier on all documents
throughout the study. Each participant signed a consent
form authorizing participation in the pilot study. The
duration of the pilot study was six weeks. Intravenous
blood samples and surveys were collected on week one
and week six. OMT was performed week one through
week five, for a total of five treatments (Figure 1).

Baseline Demographics

Socio-demographic data were collected for each
first responder: age, gender, marital status, racial/ethnic
identity, highest education, and household income at
the initial timepoint (Table 1).

Osteopathic Manipulative Therapy Protocol

The OMT protocol for this study was developed by
Andi Selby, DO, and Kelley Joy, DO, consisting of four
standard OMT methods: Rib Raising, Sacral Rock,
Suboccipital Inhibition, and CV4 treatments (Table
2). Participants were instructed by the operator when
to inhale and exhale as to receive better extension and
flexion of the treated area and ultimately the desired
outcome of treatment.

Sham Protocol

The sham protocol, also created by Dr. Selby, was
adapted from the OMT protocol described above.
Sham OMT was performed by individuals who received
sham training but had no additional experience in
performing OMT prior to this study. Participants were
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scales previously used in trauma

Total Participants =9
Gender

Male 9 (100%)
Age (years/mean)

40 (range: 34-47 years old)

Education

Some college/Associate’s 5 (55%)

Bachelor’s 3 (33%)

Professional Degree 1 (11%)
Race/Ethnicity

White 8 (89%)

Hispanic 1(11%)
Household Income

<$49,000 2 (22%)

$50,000-$99,999 5 (53%)

>$100,000 2 (22%)
Marital Status

Never Married 1(11%)

Married 7 (78%)

Separated/divorced 1 (11%)

studies,” including a seven-point
Likert scale (strongly agree to strongly
disagree) that measured indicators of
Satisfaction with Work and a Vicarious
Trauma Scale with measures of distress
from exposure to work experiences,
such as interactions with traumatized
or distressed people and difficult
situations, as well as feelings of
helplessness, and being overwhelmed
by their workloads. Finally, a Coping
Mechanisms Scale with nearly a

dozen possible items (including both
positivity and negatively perceived
coping mechanisms) was administered.

Vital Signs Collection

Participant vital signs, including
height, weight, pulse oximetry, blood
pressure, pulse, and respiration rate

Table 1. Parficipant socio-demographic profile variables.

were recorded prior to each OMT or

sham session.

OMT Technique Key Steps in Treatment

Biomarker Sample

Desired Outcome Collection

4 second cycles of rhythmic

Ribraising pressure on rib angle

The amount of 5mL of
whole blood was collected
via venipuncture from each

Reduced sympathetic output

Augmentation of sacral flexion

Sacral Rock and extension

Increased parasympathetic outpiut

participant using sterile
techniques at week one

Suboccipital Inhibition Continuous unaltered pressure

Increased parasympathetic output

and week six timepoints.
Samples were stored and

Progressive encouragement of
occipital extension until a still
point is reached

CV4 (stillpoint induction)

processed according to
ELISA manufacturer

Global shift towards
parasympathetic balance

Table 2. OMT study protocol procedures, key steps, and desired outcomes

directions.

not instructed when to inhale or exhale and any touch
used did not consist of extension or flexion, but rather
only enough pressure to make the participants were
aware they were being touched.

Scales

Various assessments of stress and anxiety were
collected at week one and at week six. The Perceived
Stress Scale was completed by participants to self-report
their perception of stress.”® For first responders’ self-
reported measurement of anxiety, we used the State
Trait Anxiety Inventory.”” We incorporated three
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ELISA

Biological indicators of stress and anxiety were
assessed using enzyme-linked immunosorbent assays.
Measures of human IL-6 (KHCO0061), IL-1beta
(BMS224-2), TNF-alpha (BMS223HS), cortisol
(EIAHCOR), IL-2 (EH2IL2), C reactive protein
(KHA0031), and IL-17alpha (BMS2017) were
purchased from Thermo Fisher Scientific (http://www.
thermofisher.com). Human BDNF (ab99978) was
purchased from Abcam (http://www.abcam.com).
Manufacturer protocols were followed, and assays were
carried out using Synergy HTX Multimode Reader,
software Gen5 3.05.
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Figure 2. Mean values of self-reported social-psychological (mental assessments of stress
and anxiety were performed using the following scales and surveys collected on week
1 (Pre) and week 6 (Post). A. Work Safisfaction (scale of 1-7) B. Vicarious Trauma (scale
of 1-10), C. Positive Coping Mechanisms (mean fotfal), D. Negative Coping Mechanisms

(Mean total), E. Perceived Stress Scale.

one and week six of the
study. No statistically
significant change in
biomarker levels were
observed, however, there

Statistics

All statistical analysis was carried out using
GraphPad Prism version 8.2.1 for Windows, GraphPad
Software, San Diego, California USA. All statistical

significance was measured at p=.05.

Results

A total of nine participants were recruited into the
pilot study (six OMT and three sham OMT). Six total
participants completed the study (three OMT and three
sham OMT). Socio-demographic data for the nine
total participants are presented in Table 1.

When evaluating the social-psychological
(mental) survey data, we observed that the average
work satisfaction (Figure 2A) for both groups was on
the higher side (5.2 — 5.8 out of 7), with the OMT
(experimental) group reporting a slight increase in job
satisfaction from week one to week six, and the sham
OMT (control) group reporting a slight decrease in
their job satisfaction. These data also indicate that
the sham OMT group experienced a slight decrease
in vicarious trauma indicators (Figure 2B) across the
course of the study, while the OMT group’s indicators
of vicarious trauma increased slightly over the six-week

were trends that indicate a
slight decrease (Figure 3). Levels of IL-6, BDNE IL-2,
IL-17a., and cortisol trended lower at week six than
week 1 in the OMT group. In addition, IL-17a levels
were also decreased in the sham OMT group at week
six when compared to week one. Only levels of human
C reactive protein trended higher at week six in the
OMT group (Figure 3D). In the sham OMT group,
IL-6, IL-2, hCRP, and cortisol all trended higher, but
did not reach statistical significance. It is important
to note that there was a high degree of variance across
each group, and due to the relatively small number
of participants, this likely is associated with a lack of
statistical significance over time.

Discussion

In this pilot study we were able to identify
numerical increases in positive coping mechanisms
and decreases in negative coping mechanisms for
all participants over the course of the study. The
pre- to post-study increases in satisfaction with work
satisfaction for the OMT treatment group was in the
expected direction. On the other hand, data on first
responders” impressions of vicarious trauma associated
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Figure 3. Serum analysis of biomarkers of stress and anxiety before and after OMT. 5mL
of whole blood was collected on week 1 (Pre) and week 6 (Post) from each participant.
Biological indicators of stress and anxiety were assessed using enzyme-linked immunosorbent

depressive disorder.

Our data indicate that
several of the interleukins
and other hormones

assays (ELISA) for measures of: A. IL-6, B. BDNF, C. IL-2, D. hCRP, E. IL-17a, F. Cortisol. Samples

were analyzed in tfriplicate and group means are reported along with +/- SE of the mean.

potentially associated

with work were not expected: control group members
felt less and treatment group members felt more
vicarious trauma by the end of the study.

Further, perceived stressors increased for both
groups. These findings could be influenced by
variations in individuals’ exposure to stressful or anxious
situations, such as differing responsibilities held across
work positions, having different shifts or working in
different stations that influence the calls to which each
first responder was dispatched. However, a larger social
factor may have been the emergence of the Covid-19
pandemic, increasing national, state and community-
level fears and requiring the quick implementation of
social distancing protocols. Somewhat contradictory,
both groups also reported increased calmness, security,
and feelings of ease and relaxation by the end of the
study. The extra attention, human touch, and social
interactions experienced by our participants were likely
felt by those who received both authentic or sham
OMT.

The authors note a likely confounding effect of
having both prescription and non-prescription drugs
labeled as a “negative” coping strategy to work-related
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with these conditions
were influenced by this protocol. Increasing the
frequency of treatment and/or the duration of the study
may show a continuation of this trend to statistical
significance. In addition, the addition of educational
materials designed for the reduction of stress, anxiety
and feelings of depression may work in conjunction
with OMT to improve these conditions in first
responders.

Conclusion

First responders are commonly exposed to
traumatizing incidents or disasters in the course of
their duties. Police, firefighters, EMTs, and paramedics
who respond to these emergencies and tragedies are
likely to experience psychological and physical stress,
and this constitutes a great risk for their physical and
behavioral health. This pilot study highlights the
therapeutic potential of OMT for SAD reduction in
this population. Further research is needed on this
topic, expanding the sample size and modifying the
methods based on the findings of this study to develop
more evidence-based conclusions.
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Abstract

Importance: During
the COVID-19 pandemic,
telemedicine visits increased
to provide safer access to
healthcare.

Methods: To evaluate the
role of telemedicine in obesity
management during COVID-19,
we conducted a systematic
review to identify barriers in
using this approach to patient
care.

Conclusion: While
necessary, the management of
obesity through telemedicine
was met with patient-specific
and healthcare-specific barriers.
Increased awareness of these
barriers may allow physicians
to better understand patient
interactions via virtual medical
visits.

Introduction

Telemedicine has played a role
in the United States healthcare
system for decades now. It
was most initially utilized as a
means of monitoring astronauts
in flight, established by the
National Aeronautics and Space
Association (NASA) in 1960.!
In more recent years, it has
played a more prevalent role in
certain medical specialties, such
as radiology, psychiatry, and
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cardiology than others. It has
also allowed for increased inter-
specialty communication between
healthcare professionals. Its
versatility has been demonstrated
across different settings as well:
ambulatory appointments,
emergency visits, hospital follow-
up, and most recently, testing and
screening for COVID-19.

This article focuses on the
use of telemedicine for patients
struggling with obesity and its
limitations. It is long known that
physicians have tried to manage
obesity in patients through diet
and exercise, then stepping up
to medication, and if all else
fails, bariatric surgery. However,
it is unknown how well these
management plans have succeeded
during a pandemic that has
required virtual medical visits and
extended periods of quarantine.
This is a particularly important
topic to consider because it was
found that obesity has been
associated with an increased risk
of death among hospitalized
patients diagnosed with
COVID-19.? Additionally, obesity
has become increasingly common
among the population age 50 and
younger, thus shifting the severe
and fatal COVID-19 cases to the
younger population.



Methods

We conducted a systemic review of the
literature across the PubMed (MEDLINE)
and Elsevier ClinicalKey research databases.
Searches were performed between February
1, 2021, and February 28, 2021, by A. W.
S. The keywords used to search for relevant
articles included telemedicine, telehealth,
virtual visits, COVID-19, coronavirus, obesity,
and weight. We reviewed articles published
between February 1, 2020, and February 1,
2021, and excluded all other articles published
outside of that timeframe. The inclusion criteria
used for PubMed (MEDLINE) included:
free full-text, English language, and humans.
The inclusion criteria used for ClinicalKey
included: full-text only, articles listed under
specialties endocrinology and metabolism,
internal medicine, and surgery. Exclusion
criteria included: articles outside the scope
of the search, articles that included diabetic
patients and diabetes management, articles that
did not focus on medical management during
COVID-19. Using the parameters, 23 articles
from the MEDLINE database and 70 articles
from the ClinicalKey database were obtained.
After exclusion criteria was applied, two articles
from the MEDLINE database and three articles
from the ClinicalKey database were reviewed
and analyzed. Figure 1 illustrates the search
process with the inclusion and exclusion criteria
described above.

Results

Limitations of telemedicine for visits for
obesity management were broken down into
two categories: patient-specific barriers and

healthcare-specific barriers. Limitations that were

included in patient-specific barriers included
access to technology and patient acceptance.’
Although 75% of U.S. adults have internet
service at home, this does not account for the
unequal distribution across racial minorities, the
elderly, those living in rural regions, and those
with lower levels of education and income. This
is particularly relevant to the management of
obesity, as there is a disproportionately higher
obese population among certain racial/ethnic
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and socioeconomic classes.* It was found that
among the age group of 2-5 years, 16.5%

of Hispanic/Latino and 11.6% of Black,
non-Hispanic children fall into the obese
group, whereas 9.9% of White, non-Hispanic
children fall into the same category. These
children are also found to have a higher obesity
risk in adolescence compared to their healthy
weight counterparts. Therefore, children

who are impacted by obesity translates into

a similar adult population demographic also
impacted by obesity. As a result, unfortunately,
the same patient demographic who has a
disproportionately higher rate of obesity also
suffers from more limitations in having access
to telehealth.

In comparison, it has been shown that
established telemedicine practices have
received positive feedback. A Pediatric and
Adolescent Weight and Cardiometabolic
Clinic in Orono, Maine, had established
a weight management clinic with a full
interdisciplinary team and IT experts to set
up a telemedicine plan for patients in 2015,
before the COVID-19 pandemic. It was
concluded that the telemedicine services,
in fact, reduced barriers to access including
reduced travel time, decreasing competing
responsibilities, less absence from work,
avoidance of inclement weather, and allowing
patients to be in a home environment where
they are most comfortable.” The technological
and socioeconomic disparities are briefly
touched upon by the author, but the benefits
listed contributed a different and interesting
perspective in adding telemedicine practices
for obesity management as an adjunct to
traditional office visits in the future.

In addition to the benefits that the clinic
in Orono, Maine, has listed, telemedicine
has also been found to be beneficial with
regards to increasing access to bariatric surgery
programs. Many of the screening process steps
for bariatric surgery, questions that patients
may have, and initial informational sessions
can all be addressed and presented to patients
remotely.® This also increases the number of
participants per session, thus further increasing
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PubMed (MEDLINE)

Figure 1. Literature search with inclusion and exclusion criteria.
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the number of patients who have access to this
information. The argument for why traditional
office visits have not been as successful with
bariatric surgery is due to lengthy process
patients have to go through in order to get

In addition to patient-
specific barriers, limitations
that were included in
healthcare-specific barriers
included healthcare
provider acceptance,
reimbursement, and
regulatory barriers. Changes
in the healthcare system
has also been witnessed
to accommodate this
prevalent implementation
of telemedicine. Previously,
insurance companies had
restrictions on the types of
visits that would receive
reimbursements. However,
to support the widespread
need for virtual visits,
Medicare has broadened
the scope for which it
allows reimbursement for
telemedicine visits under
the 1135 Waiver.” Outside
of government-funded
healthcare, over 30 states
across the country have
required private insurance
companies to reimburse
providers for telehealth
services. Additionally,
the federal government

have lifted regulatory barriers that prohibit
communication with patients that may
violate the Health Insurance Portability and
Accountability Act as well as lifted restrictions
on providing care across state lines.? This has

cleared for surgery, making it a cumbersome and
demoralizing process. It has been shown that less
than 1% of patients eligible for bariatric surgery
actually end up undergoing surgery, and 50% of
patients who initiate the process end up dropping
out. This is despite the fact that bariatric

surgery is one of the most effective methods for
treating obesity and its associated comorbidities.
Consequently, telemedicine has proven beneficial
in this very specific, but unique, avenue of obesity
management.
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allowed physicians to communicate with patients
via Zoom, Google Hangouts, Apple FaceTime,
and more. These changes have eliminated some
of the restrictions of the level of care physicians
can provide for patients.

Discussion

On a national level, obesity has been
viewed as a sign of personal moral failure and
is not categorized as a disease.® Consequently,



this has limited patient access to care, as

well as a patient’s desire to seek out care.
Additionally, obesity has been shown to

affect a disproportionately higher number of
certain racial/ethnic groups and those of lower
socioeconomic and education status.* With the
COVID-19 pandemic, patients affected with
COVID-19 and who also suffer from obesity,
have a higher severity of the disease and fatality.”
Together, these issues highlight the value of
improving obesity management, during the
COVID-19 pandemic and after.

The widespread application of telemedicine
has both positive and negative impacts on obesity
management. Though positive reviews include
decreased travel time and less stigmatization of
patients seeking bariatric surgery, there are still a
number of barriers that need to be corrected to
deliver fair and accessible telemedicine healthcare
for those in need. This includes overcoming a
lack of resources for patients who do not have
access to, or do not have knowledge of how to
use, the technological aspect of telemedicine.
With the increased utilization of telemedicine, it
may become a role of the physician’s office team
to educate patients on how to use technology
services and how to understand interactions via
a virtual platform. This shift in responsibility
will need to be further evaluated in terms
of the workflow of a physician’s office, the
comfort level of the team, feasibility, and simple
willingness from both parties. Because obesity is
also more prevalent among specific ethnic/racial
and socioeconomic groups, reducing the rate
of obesity in these patient demographics would
help decrease the rate of obesity in general.
However, the scope of this approach would
have to be further evaluated as obesity has been
determined to be a multifactorial and complex
health issue.®” We believe that the first step in
addressing these issues is recognition, and from
there, the limitations can begin to be eliminated.

Conclusion

While telemedicine was introduced prior
to the pandemic of 2020, the COVID-19
pandemic made it more readily available
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and more acceptable to both health care
professionals and patients. However, like its
counterpart “in-person” practices in medicine,
its limitations need to be identified and
addressed to further improve delivery of care
to patients. More research is needed to identify
the barriers that limit patients’ access to and
use of telemedicine. Before telemedicine can
gain further patient acceptance and meet

the expectations of the traditional model of
healthcare, its barriers need to be understood
and eliminated to provide equitable care for
patients.
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Abstract

This article provides data
on oral diseases as they relate
to systemic health conditions.
Research continues to identify
biologic mechanisms that link
oral diseases to systemic disease
and vice versa. The Smiles for
Life curriculum, developed for
physicians, provides a systematic
approach for incorporating an
oral exam into your physical
evaluation. Guidelines for the
use of antibiotics for tooth pain
and swelling, to prevent infective
endocarditis, and for patients
for total joint replacements are
provided.

Introduction

In the 2000 Surgeon General’s
Report (SGR) on Oral Health,
the first report on oral health
promulgated by the Surgeon
General, he articulated that oral
health is essential to overall health.!
Since the report, research has
continued to support and identify
new relationships between oral
health and overall health.!

Oral diseases, such as
periodontal (gum) disease, can
have an impact on systemic health
through the mechanisms of chronic
inflammation and oxidative stress.
CDC estimates that more than
45% of all U.S. adults over the age
of 30 or 64.7 million adults have
periodontal disease, with 30%
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having moderate periodontitis and
8.5% having severe periodontitis.>
Smoking is the most significant
risk factor for gum disease,
however genetics, malnutrition,
systemic disease, and local
factors can contribute to patients
developing gum disease. With
more than 45% of U.S. adults
having periodontal disease, it is
estimated to be the number one
cause of inflammation in the body
followed closely by obesity.
Obesity effects roughly 42%
of U.S. adults. Self-reported data
collected through the Behavioral
Risk Factor Surveillance System
(BRESS) reported 35% of
adults in Missouri were obese.>*
Obesity contributes to metabolic
disorders such as diabetes mellitus
(DM) type II. Research outlines
a bidirectional relationship
between DM and periodontal
disease where treating periodontal
disease improves blood glucose
control in patients with DM, and
well controlled DM improves
periodontal health in patients.’
The link between these two
diseases is chronic inflammation
and circulating pathogenic
bacteria. Treatment options which
can improve the oral health of
the patient include scaling and
root planning therapy to remove
the biofilm and infected tissue
below the gum surface, and/or
periodontal surgery.’



Whether chronic inflammation is caused by
periodontal disease, obesity, diabetes mellitus,
or a combination, inflammation contributes to
cardiovascular disease. Cardiovascular disease
is the leading cause of death in the U.S.¢ Key
risk factors for cardiovascular disease include
high blood pressure, high LDL cholesterol,
and/or smoking-three key risk factors for heart
disease. Research by Bale, Doneen and Vigerust,
reports that high-risk periodontal pathogens
are a contributory cause of the pathogenesis
of atherosclerosis.” Linking oral diseases to
a patient’s overall health helps support risk
reduction strategies for patients which include
smoking cessation, blood pressure control, and
treatment for periodontal disease to decrease
pathogenic bacteria and reduce inflammation.

The Smiles for Life Curriculum, developed
for physicians, outlines a systematic approach
to include an oral exam into the physical
examination.The oral screening exam takes less
than two minutes and can identify inflammation,
infection, and malignancy.®

Case Example

Short Case Vignette

A 47-year-old male presents to your clinic for
a three-month visit to evaluate a new medication
he was prescribed for Type II diabetes mellitus
(DM). Contributory medical history includes
smoker (27 pack years), hypertension, and
uncontrolled Type II DM. He is taking lisinopril,
hydrochlorothiazide, insulin, liraglutide, and
simvastatin. After your exam he mentions that his
tooth is wiggling more when he eats, and he asks
you to take a look. When you look inside you see
a swelling around a tooth in the back right.

Discussion

The patient case reports a history of DM and
hypertension, two out of three risk factors for
cardiovascular disease, and signs and symptoms of
periodontal disease. During the oral examination,
you would expect to see signs of inflammation
due to the patient’s uncontrolled diabetes
mellitus. Oral inflammation associated with
chronic periodontal disease will present with red
and swollen gingival tissues. Patients may often
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complain of their gums bleeding easily or it being
uncomfortable or painful for them to brush, floss
or even chew. With the patient case reporting a
mobile tooth, it is likely that the latter is the case,
and referral for dental care and treatment of this
mobile tooth is recommended.

Odontogenic or tooth-related infections
are the most common form of oral infections.
Odontogenic infections result in throbbing pain,
swelling, and potential purulence around the
infected tooth. In this case example, when the
swelling and purulence around a tooth is severe,
the bone structure around the tooth is lost,
making teeth become mobile.

In addition to the extraction of an infected
tooth, antibiotics can be used to treat oral
infections. To promote antibiotic stewardship,
the American Dental Association has released
guidelines for both medical and dental
clinicians for treating tooth pain and swelling
with antibiotics when dental care is and is not
immediately available.” These guidelines use
evidenced-based medicine, and recommend
referral patterns for patients with signs of tooth
related inflammation and infection. Table
1 illustrates the various published guidelines
with recommendations for antibiotic use for
prophylaxis and treatment of oral infections.

Prophylactic antibiotics prior to dental
treatment are recommended for various systemic
conditions such as cardiovascular disease (infective
endocarditis) and post total joint replacement.
The guidelines promulgated by the American
Heart Association support the judicious
use of antibiotics in patients with infective
endocarditis.’® In 2017, the American Association
of Endodontists updated their guidelines for
antibiotic use for oral infections.! Similarly, the
American Academy of Orthopedic Surgeons
developed guidelines for patients with post total
joint replacement and have created an online
resources for clinicians to help with prescribing
prophylactic antibiotics for patients who are
immunocompromised.'

Fungal infections in the mouth commonly
occur among patients in long-term care facilities,
with antibiotic therapy, and in patients with an
immune deficiency associated with medication
or systemic disease. Patient symptoms of an oral
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Table 1 Resources for evidenced based use of antibiotics for dental prophylaxis and tooth pain and/or swelling

Resource Type Dental
Organization

Prophylaxis

Prophylaxis American

Recommendations Heart

for Heart Conditions ~ Association

Antibiotic American

Prophylaxis Association of

Endodontics

American
Association of
Endodontics

Antibiotic Use in
Endodontics

Antibiotic American
Prophylaxis Association of
Endodontics
Prophylaxis American
Recommendations Dental
for Prosthetic Joints Association
Editorial on American
Prophylaxis Dental
Recommendations Association

for Prosthetic Joints
Treatment of Oral Disease

Antibiotics for the
urgent management
of symptomatic
irreversible pulpitis,
symptomatic apical
periodontitis, and
localized acute
apical abscess:
Systematic review
and meta-analysis-a
report of the
American Dental
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Candida infection can include a burning sensation,
cracked and irritated corners of the mouth, or
irritation when a patient wears a denture. Oral fungal
infections are treated with topical and systemic anti-
fungal medications.

During the oral examination, you may observe
oropharyngeal lesions that have the potential to be
malignant. In the above patient case, while the patient
didn’t report a non-healing lesion or swelling, you
noticed in the medical history that the patient has
a history of smoking tobacco. Oral and pharyngeal
cancers comprise 2.9% of all new cancer cases each
year and result in 1.8% of all cancer deaths in 2020.
From 2011-2016, the five-year survival rate for oral
cancer is 66.2%, among the worst survival rates for
all cancers." Risk factors for oral and pharyngeal
cancer include the use of alcohol, tobacco, the human
papilloma virus (HPV). A key strategy for treating
oral malignancy is early detection and referral for care.

Signs and symptoms of oral and pharyngeal
cancer may include a non-healing lesion or ulcer
in the mouth that is red, white, or red and white
in color. Red and white (mixed) lesions present a
greater concern. Patients with a difliculty swallowing
or a recent change in their voice raise concerns
for malignancy. HPV has been identified as a risk
factor for oral cancer and currently about 72% of
all oropharyngeal cancers are the results of an HPV
infection. White, non-smoking males in their 40s and
50s are the most at risk for HPV-related oral cancers.'
Current health promotion practices include having
patients reduce the use of alcohol and tobacco, receive
HPV vaccination, and regular screening of all patients
for oral cancer, even those who are non-smokers.

Conclusion

Research continues to demonstrate the effect of
oral diseases on overall health. Incorporating an oral
exam into the physical evaluation will help identify
oral inflammation, infection, and pathology in
patients. Treating or referring these oral conditions/
lesions and implementing risk reduction strategies
can improve overall health in addition to improving a
patient’s oral health.
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Abstract

The prevalence of electronic
cigarette use is increasing at an
astonishing pace, particularly in
the teenage population. While
at school, a healthy 13-year-
old male experienced a sudden
cardiac arrest after vaping
multiple times throughout
the day. Workup revealed an
anomalous left coronary artery
originating from the right
sinus of Valsalva. Given this
patient’s underlying anomalous
left coronary artery, we suspect
that sympathoexcitatory and
arrhythmogenic effects of high
dose nicotine from vaping led to
his cardiovascular collapse. This
is the first published case report
of a vaping associated cardiac
arrest in a patient of this age.

Introduction

Vaping nicotine containing
products is a growing epidemic
in teenagers with up to five
million using electronic cigarettes
(e-cigarettes).! With a rise in
vaping and high dose nicotine
exposure, there have been reported
cases of E-cigarette or Vaping
Product Use-Associated Lung
Injury (EVALI) in the pediatric
population. The acute and chronic

systemic effects of vaping, however,

are not well known or reported in
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pediatrics. Here we present a case
of a cardiac arrest in a 13-year-old,
with an undiagnosed anomalous
left coronary artery, that occurred
shortly after vaping while in school.
Written HIPAA authorization

was obtained from the family for
the purpose of this report. This is
the first published case report of a
vaping associated cardiac arrest in a
patient of this age.

Case Presentation

While at school, an otherwise
healthy 13-year-old male with no
significant past-medical history,
experienced a sudden cardiac
arrest. At the beginning of gym
class, he developed a sensation of
heavy pressure in his chest that
progressed to lightheadedness
and dizziness. The patient then
had a witnessed collapse followed
by initiation of cardiopulmonary
resuscitation (CPR). The patient
required several rounds of CPR
with two defibrillation shocks from
the automated external defibrillator
(AED). His heart rhythm was
alternating between ventricular
fibrillation and polymorphic
ventricular tachycardia. After
emergency medical services
arrived, CPR was continued
until the patient had return of
spontaneous circulation. On further
investigation, it was noted that the



patient had been vaping nicotine containing products
immediately prior to going to gym class, as well as
vaping one to two times per hour throughout the day.

Upon arrival to the hospital, an echocardiogram
and CT angiogram revealed an anomalous left
coronary artery originating from the right sinus of
Valsalva with an intramural segment (Figure 1). A
stress test did not reveal inducible ectopy or ischemic
changes. A urine drug screen was negative, except
for nicotine and cotinine, a metabolite of nicotine.
The patient was stable from a respiratory standpoint
excluding a diagnosis of EVALI. During his hospital
stay, the patient underwent repair of his anomalous
right origin of the left coronary artery by unroofing
and resuspension in the left commissure. The surgical
procedure went as planned and was uneventful.

The patient arrived in the cardiac intensive care

unit intubated and sedated on dexmedetomidine

and morphine, as well as a milrinone infusion. An
epinephrine infusion was subsequently started for
hypotension thought to be from vasodilation. The
patient was extubated later that day, and all vasoactive
medications were weaned off overnight. He was
transferred from the intensive care unit to an inpatient
floor room the following day.

The patient was later discharged with a wearable
cardiac defibrillator device. Genetic testing was
inconclusive with no additional recommendations.
The patient followed up with cardiology a month later,
and a stress test was found to be normal. The patient
was cleared to return to sports participation, and it
was emphasized that he refrains from vaping nicotine
containing products in the future.

Discussion

Since 2011, the prevalence of e-cigarette use
has increased at an astonishing pace, including the
teenage population. Popular vaping devices are
made by JUUL® and Puff Bar®. Due to their discrete
and compact profile, these products are used inside
and outside of schools, with increased use in school
bathrooms and even in classrooms.” Between 2011 and
2015, e-cigarette use climbed from 0.6% to 5.3% in
middle school children in the United States and from
1.5% to 16% in high schoolers.?

Since 2014, e-cigarettes are the most widely used
tobacco product among middle and high schoolers.
Another source identifies 2014 as the “breakpoint”
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Figure 1. This computed tomography (CT) angiogram shows
the right coronary artery coming off towards the left side of
the image and the anomalous left coronary artery coming
off towards the right side of image branching into the left
anterior descending and left circumflex arteries.

from traditional cigarette smoking in children and the
rapid crescendo of the use of e-cigarette products.*
From 2017 to 2018, e-cigarette use increased by
77.8% in high schoolers. In 2019, a self-report survey
completed by over 19,000 middle and high school
students found that 10.5% of middle school students
and 27.5% of high school students use e-cigarettes.'
This sharp incline in vaping is not without potential
medical consequences, especially from high levels of
nicotine.

In general, sympathetic activation is the most
important physiological effect of nicotine. Plasma
nicotine levels after vaping are dependent on the
generation of electronic cigarette device being used,
with most studies looking at the cardiovascular effects
after using a first- or second-generation device.’ The
later generation devices like the JUUL® Pod-Mods use
nicotine salts instead of alkalinized nicotine which
is a more effective delivery method with plasma
nicotine levels approaching that of tobacco cigarettes.
Newer vaping devices also contain higher nicotine
concentrations with up to a 5% nicotine solution
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(>50mg/mL), compared to older devices that ranged
from 1 to 3% nicotine concentration.” Despite a lack
of studies using the later generation of devices, studies
have shown an acute increase in heart rate and blood
pressure which occurred within five to ten minutes
secondary to a release of catecholamines. ® In addition,
vaping electronic cigarettes containing nicotine were
found to cause electrocardiogram changes specifically
increasing the (TPeak toT )/ QT ratio, causing
abnormal ventricular repolarization which is associated
with an increased risk of sudden death.’ It is important
to note that nicotine use has been associated with
coronary vasospasm as well."’

The prevalence of anomalous left coronary artery
(ALCA) arising from the right sinus of Valsalva is
extremely rare (0.03%) and is rarely identified in
asymptomatic individuals while alive. ' In ALCA,
death often occurs during exercise or with exertion. The
proposed mechanism suggests that episodic myocardial
ischemia with exertion can result in a lethal arrhythmia
and subsequent death. Given this patient’s underlying
ALCA, we suspect that sympathoexcitatory and
arrhythmogenic effects of high dose nicotine via vaping
could have led to his cardiovascular collapse at the
beginning of gym class. It’s noteworthy that the vaping
cartridges used by this patient prior to his cardiac arrest
did not contain tetrahydrocannabinol (THC), and
the cartridges were not tampered with prior to use. In
THC-containing vaping products, vitamin E acetate
is a common and harmful additive, which has been
associated with EVALIL. 12

Conclusion

The effects of e-cigarette use on the cardiovascular
system are not well known in the pediatric population.
Based on the known adverse effects of nicotine, we
suspect that it was the main culprit that caused our
patient to suffer a cardiac arrest in the setting of his
undiagnosed anomalous left coronary artery. However,
due to lack of uniform regulation, the constituents
and their concentration in e-cigarettes can vary from
product to product. We propose that the adolescent
community can benefit from studies looking at the
acute and chronic adverse effects of each individual
component on the cardiovascular system.
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Considering that most of the
population is deficient in
long-chain omega-3s, there
is an increased need for
educating the public on the
importance of increasing
marine omega-3 intake. At
the same time, background
intake of omega-é
polyunsaturated fatty acids
also needs to be reduced.
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Abstract

Up until about 100 years ago,
the omega-6/3 ratio has been
around 4:1 or less. However,
the typical Western diet now
provides an omega-6/3 ratio of
approximately 20:1 in favor of
omega-6. This predisposes to
supraphysiologic inflammatory
responses and perpetuates chronic
low-grade inflammation. The
overconsumption of linoleic acid,
mainly from industrial omega-6
seed oils, and the lack of long-
chain omega-3s in the diet creates
a pro-inflammatory, pro-allergic,
pro-thrombotic state. Reducing
the omega-6/3 ratio, particularly
through reductions in the intake
of refined omega-6 seed oil, and
increasing the intake of marine
omega-3s, either through dietary
means or supplementation,
may be an effective strategy for
reducing inflammation, allergies,
and autoimmune reactions.

Introduction

Marine omega-3s have been
consumed by our ancestors for
millions of years. Estimates
indicate that during the Paleolithic
era, the intake of the marine
omega-3s eicosapentaenoic acid
(EPA) and docosahexaenoic acid
(DHA) was approximately 660-

14,250 mg/day,"* compared to
just 100-200 mg/day today.>*
Furthermore, the omega-6/3 ratio
has increased from around 4:1
during Paleolithic times to 20:1
today."’

Over the last 100 years, the
intake of the omega-6 fat linoleic
acid in the United States has more
than doubled.® This is primarily
due to the increased consumption
of omega-6 rich seed oils, such as
soybean, corn, and safflower oil,
the latter two having an omega-6/3
ratio of approximately 60:1 and
77:1, respectively. Additionally,
since the 1950s, there has been
an approximate 2.5-fold increase
in linoleic acid stored in adipose
tissue in the United States.” The
increase in the omega-6/3 ratio
has paralleled the rise in numerous
autoimmune, inﬂammatory, and
allergic diseases. Omega-3s are
utilized by the body to resolve
and lower inflammation, whereas
omega-6 polyunsaturated fatty acids
are primarily used for increasing
inflammation. Thus, the rise in
the omega-6/3 ratio over the past
100 years may be driving chronic
low-grade inflammatory conditions
including autoimmune diseases,
allergies and asthma. Table 1
and Table 2 list dietary sources of
marine omega-3s and omega-6 fats
in the diet.
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Rheumatoid Arthritis

Rheumatoid arthritis is a chronic inflammatory
autoimmune condition, whereby the immune
system attacks the lining of joints causing joint
inflammation and pain. Clinical studies have
suggested that omega-3s may play a role in improving
rheumatoid arthritis. Indeed, a meta-analysis of 17
randomized controlled trials in humans concluded
that omega-3 polyunsaturated fatty acids (PUFAs)
are effective in improving symptoms in patients with
rheumatoid arthritis, inflammatory bowel disease,
and dysmenorrhea."" A diet low in arachidonic
acid (less than 90 mg/day) has also been found to
lower clinical signs of inflammation in patients with
rheumaroid arthritis and these effects were enhanced
with the addition of a fish oil supplement.'? At least
11 randomized double-blind placebo-controlled
trials have found benefits of fish oil in rheumatoid
arthritis including reductions in the need for pain
relievers.”” This may be due to the fact that the EPA/
DHA content of immune cells is important for
preventing the conversion of the immune system to an
inflammatory phenotype and also for reverting chronic
inflammatory immune cells back to their native state.

DHA, but not EPA, has been found to reduce
the expression of vascular cell adhesion molecule-1
(VCAM-1) and monocyte adhesion to human
endothelial cells after inflammatory cytokine
stimulation.'* " In young men, when six grams of
DHA replaced six grams of linoleic acid (15 grams of
DHA-rich alga oil replacing 15 grams of safflower oil)
for 90 days the authors reported, “DHA consumption
does not inhibit many of the lymphocyte functions
which have been reported to be inhibited by fish
oil consumption.”'® In other words, DHA does not
appear to inhibit immune system function. DHA also
lowered prostaglandin E2 (PGE2) and leukotriene
B4 production in response to lipopolysaccharide by
60-75% and interleukin-1beta and TNF-alpha release
from peripheral blood mononuclear cells by 40-45%."
This suggests that DHA calms an overactive immune
system, which is at the root of chronic inflammatory
disease states and autoimmune conditions. It can
take up to 18 weeks to reach maximal DHA content
in cells, whereas EPA takes only about six weeks.'
Furthermore, EPA concentrates largely in circulation
whereas DHA concentrates in the cell membranes
of brain and heart tissue. Thus, the full benefits of
increasing the intake of omega-3s PUFAs may not be
realized for months.
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Table 1. Dietary Sources of Marine Omega-387

Food Source Grams of EPA/DHA per 3 oz. serving

Salmon roe 2.70
Halibut 2.21
Herring 1.7-1.8
Salmon (wild) 1.0-3.0
Sardines 1.0-1.74
Trout 1.0
Oysters 0.45-1.15
Mackerel 0.35-1.80
Tuna (fresh) 0.25-1.30

Table 2. Dietary Sources of Omega-6'°

Food Source Total omega-é grams per 1-ounce
serving
Walnuts 10.8
Pine nufts 9.5
Sunflower seeds 6.5
Sesame seeds 6.0
Brazil nuts 5.8
Pumpkin seeds 5.8
Pecans 5.8
Pistachios 3.7
Almonds 3.4

Ulcerative Colitis and Crohn’s Disease
Ulcerative colitis and Crohn’s disease are

both chronic inflammatory diseases. The main

pathological finding is infiltration of neutrophils

and mononuclear cells into the affected parts of the

intestine.!” Interluekin-8 (IL-8) is a chemokine and a

potent signaling molecule that recruits neutrophils into

inflammatory tissues. Compared to normal control

subjects, patients with active inflammatory bowel

disease have mucosa that contains more IL-8. In one



study, there was a nine-fold increase in IL-8 secretion
when smooth muscle cells isolated from the strictures
of Crohn’s patients were exposed to linoleic acid,
which did not occur with oleic acid.?® Furthermore,
linoleic acid activates the arachidonic acid pathways
and increases the pro-inflammatory arachidonic
metabolites from both lipoxygenase (LOX) (such as
leukotriene-B4) and cyclooxygenase (COX) (such as
prostaglandin-E2 and thromboxane-B2). Thus, the
omega-6 polyunsaturated fatty acid linoleic acid may
have proinflammatory effects, particularly in those
with inflammatory bowel disease.

In normal cells, oxidized linoleic acid
activates Nuclear Factor-Kappa Beta (NF-kB),
which is a transcription factor that promotes
inflammation." Thus, oxidized linoleic acid may
stimulate inflammation in normal healthy intestinal
smooth muscle cells. The mononuclear cells and
macrophages of Crohn’s patients have an increased
expression of tumor necrosis factor-alpha (TNF-
alpha) and interleukin-1beta (IL-1B) and the inflamed
mucosa in these patients produces increased amounts
of TNF-alpha, interleukin-6 (IL-6) and IL-1B),
which likely drives further activation of NF-kB." The
suppression of the chronic inflammatory pathway may
be why supplementing with fish oil seems to improve
these inflammatory/auto-immune conditions.

In Crohn’s patients there is increased COX-2
expression in colonic epithelium.” The inflamed
colon produces large amounts of prostaglandins,
thromboxane and leukotrienes. Oxidative stress is
also significantly increased in Crohn’s cells exposed
to oxidized linoleic acid. A combination of oxidative
stress and linoleic acid stimulated IL-8 production in
both normal and Crohn’s cells, whereas linoleic acid
alone stimulated IL-8 production in Crohn’s cells.”
Inhibitors of either COX or LOX suppressed the
ability of oxidative stress plus linoleic acid to increase
IL-8, suggesting that an increase in arachidonic
acid metabolites mediate inflammatory responses to
linoleic acid. The authors of the study concluded,
“These data suggest that dietary restriction of linoleic
acid, antioxidant supplementation, and treatment with
arachidonic acid pathway inhibitors may be beneficial
for treating Crohn’s patients.”"’

In summary, the Western diet is now much higher
in omega-6 than omega-3 compared to just 100 years
ago. 'This may predispose to chronic inflammatory
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conditions including autoimmune diseases.
Supplementing these patients with marine omega-3s
such as EPA and DHA may provide improvements in
their condition.

Allergies

The increase in the omega-6/3 ratio occurred in
parallel with the rise in the prevalence “hyperallergic”
atopic conditions as well as other allergic diseases
including rhino-conjunctivitis, allergic asthma, and
atopic eczema.”’ The parent omega-3 fatty acid alpha-
linolenic acid (ALA) and the parent omega-6 fatty
acid linoleic acid compete for the same enzymes.
Thus, a high dietary intake of linoleic acid reduces the
elongation of ALA into EPA and DHA. Moreover, the
bioactive metabolites formed from omega-6 are more
inflammatory compared to the omega-3 pathway.
Indeed, many of the leukotrienes formed from the
omega-6 pathway are implicated in allergic asthma
and other atopic diseases. The current imbalance in
the omega-6/3 ratio may lead to a “hyperallergic” state
through an increase in reactive leukotrienes formed
from the omega-6 pathway compared the omega-3
pathway.

The primary contributor to the rise in intake
of omega-6 linoleic acid is from the consumption
of industrial seed or vegetable oils such as safflower,
sunflower, cottonseed, soybean, and corn oil. These
omega-6 seed oils provide very high amounts
of concentrated linoleic acid. Linoleic acid
competes with ALA for elongation but it also is in
competition between eicosapentaenoic acid (EPA)
and docosahexaenoic acid (DHA) and arachidonic
acid (AA) in membrane phospholipids. A low
intake of EPA/DHA will lead to an increase in AA
and an overproduction of the inflammatory and
pro-allergic metabolites such as 2-series eicosanoids
and 4-series leukotrienes, respectively, the latter of
which can lead to the recruitment and accumulation
of mast cells.??> Moreover, EPA and DHA inhibit
cyclooxygenase (COX) and lipoxygenase (LOX); thus,
reducing the breakdown of AA and linoleic acid into
pro-allergic metabolites while simultaneously boosting
anti-inflammatory and anti-allergic metabolites.
Importantly, allergic diseases are characterized by a
chronic inflammatory state and the anti-inflammatory
mediators formed from EPA/DHA such as resolvins
and protectins may help to resolve and reduce the
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Table 3. Studies of Omega-3s in pregnancy for reducing allergic disease in offspring

Population

Omega-3 Dose

Outcome

98 atopic pregnant women23

3,700 mg of long-chain omega-3
PUFAs (56% DHA, 27.7% EPA)/day
given at 20 weeks gestation unfil
delivery

Reduced sensitization to eggs at 12
months by 66% and severity of
eczemad by 91%.

154 pregnant women affected by
allergies or having a husband or
previous child with allergies

2.7 grams of EPA/DHA/day given at
25 weeks gestation until 3-4 months
of breastfeeding

Reduced the risk of food allergy by
over 7-fold and lead to a 3-fold
reduction in IgE-associated eczema.

533 women with normal pregnancies
(30 weeks gestation)2s

2.7 grams of omega-3 PUFAs from fish
oil/day given at 30 weeks gestation

Significant reductions in asthma (-
63%) and allergic asthma (-87%) in
offspring.

706 pregnant women with a fetus at

900 mg of omega-3 PUFAs from fish

Reduced atopic eczema and egg

high risk of developing allergic
diseases

oil given at 21 weeks gestation

sensifization.

inflammatory and allergic state, respectively. Resolvins
and protectins are specialized pro-resolving mediators
derived from omega-3 fatty acids that have anti-
inflammatory effects helping inflammatory conditions
return back to normal homeostasis.

Omega-3s in Pregnancy Reduce Allergic
Disease in Offspring: Clinical Studies
Randomized controlled trials have found
significant reductions in allergic diseases in offspring
when long-chain omega-3 PUFAs are provided during
pregnancy. One randomized controlled trial in 98
atopic pregnant women showed that compared to
olive oil capsules, 3,700 mg of long-chain omega-3
PUFAs (56% DHA, 27.7% EPA) given at 20 weeks
gestation until delivery reduced sensitization to eggs
at 12 months by 66% and severity of eczema by
91%.% Another randomized placebo-controlled trial,
this time in 154 pregnant women affected by allergy
themselves or having a husband or previous child with
allergies, found that 2.7 grams of EPA/DHA given
at 25 weeks’ gestation until three to four months of
breastfeeding reduced the risk of food allergy by over
seven-fold and lead to a three-fold reduction in IgE-
associated eczema.”* Another randomized controlled
trial in 533 women with normal pregnancies found
significant reductions in asthma (-63%) and allergic
asthma (-87%) in offspring when 2.7 grams of
omega-3 PUFAs from fish oil were given at 30 weeks
gestation compared to olive oil.”® Lastly, a randomized
controlled trial in 706 pregnant women with a fetus at
high risk of developing allergic diseases found that 900
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mg of omega-3 PUFAs from fish oil given at 21 weeks
gestation reduced atopic eczema and egg sensitization
compared to placebo vegetable oil capsules.?

A systematic review and meta-analysis
encompassing 10 prospective cohort studies and
5 randomized controlled trials concluded that if
pregnant women ingest appropriate amounts of
EPA/DHA they may be able to reduce their risk
of allergic diseases in their children.?’ Indeed, the
authors of the study concluded, “Our systematic
review and meta-analysis was suggestive of benefits of
increased omega-3 long-chain-PUFAs in the maternal
diet and outcomes of childhood allergic disease...
increasing omega-3 long-chain-PUFA intake during
pregnancy may offer the best opportunity for a
primary prevention strategy, decreasing the burden
of allergic disease for future generations.”*' Moreover,
about 70% of the observational and randomized
publications found a reduced incidence of allergic
disease symptoms in offspring with increased omega-3
long-chain PUFA or fish intake in pregnancy.
Additionally, there were highly significant reductions
in “atopic eczema” (-47%), “any positive skin-prick
test” (-32%), “sensitization to egg” (-45%), and
“sensitization to any food” (-41%) in the first 12
months of life (p=0.004, p=0.006, p=0.0004, and
p<0.0001, respectively) with increased omega-3 PUFA
intake in pregnancy.?! Thus, ensuring an optimal long-
chain omega-6/3 ratio in pregnancy, before the fetal
immune system is programed to an allergic phenotype,
may be an important strategy to prevent allergic
diseases in the offspring.?' Table 3 summarizes the
clinical studies of omega-3s in pregnancy for reducing
allergic disease in offspring.



SCIENCE OF MEDICINE

Table 4. Observational data of higher omega-3 intake and lower risk of asthma, eczema and atopic wheeze

Omega-3 Intake

Outcome

Not eating fish at all vs. consistent high fish
infake during pregnancy?’

30% increased risk of asthma in the offspring, 46% increased risk of
ever being hospitalized for asthma, and 37% increased risk for ever
being prescribed a medication for asthma

Higher dietary omega-6/3 ratio in pregnancy2

37% increased risk of allergic rhinitis in the offspring by 5 years of age

A low infake of ALA and total omega-3 PUFAs2?

67% and 66% increased risk of asthma in the offspring, respectively

7.2 oz. or more of fish per week in pregnancy?°

43% reduction in the risk of eczema in offspring

Maternal fish intake greater than 2-3 times per
weeks3!:32

Reduces the incidence of persistent wheeze by 66%, eczema by
37% (in offspring at 1 year), positive skin-prick fest to house
dust mites by 35% (at 6 years) and atopic wheeze by 45% in

offspring at 1 year

Fish intake 1 time per week or more in
pregnancys?

43% reduction in doctor-confirmed eczema and a 72% in doctor-
confirmed hay fever at 5 years

Asthma

Asthma has increased in prevalence over the past
several decades, which may be due to a reduction
in dietary omega-3 intake. For example, compared
with consistently high fish intake in pregnancy, not
eating fish at all is associated with a 30% increased
risk of asthma in the offspring as well as a 46%
increased risk of ever being hospitalized for asthma,
and a 37% increased risk for ever being prescribed a
medication for asthma.”” A higher dietary omega-6/3
ratio in pregnancy is associated with a 37% higher
risk of allergic rhinitis in the offspring by five years
of age.”® A low intake of ALA and total omega-3
PUFAs in pregnancy is associated with a 67% and
66% increased risk of asthma in the offspring,
respectively.”” An intake of 7.2 oz. or more of fish per
week in pregnancy is associated with a 43% reduction
in the risk of eczema in offspring.*® Maternal fish
intake greater than two to three times per week has
been found to reduce the incidence of persistent
wheeze by 66%,' eczema by 37% (in offspring at one
year) and positive skin-prick test to house dust mites
by 35% (at six years).* Fish intake was also associated
with a reduced risk atopic wheeze by 45% in offspring
at one year.”> And fish intake one time per week or
more in pregnancy versus never is also associated with
a 43% reduction in doctor-confirmed eczema and
a 72% in doctor-confirmed hay fever at five years.”
Table 4 summarizes the observational data of higher
omega-3 intake and lower risk of asthma, eczema and
atopic wheeze.

Omega-3s and Asthma: Clinical Studies
One randomized, double-blind, controlled
study in 39 asthmatic children (8-12 years-old)
of six months compared fish oil capsules plus
canola oil and margarine (omega-3 group) versus
safflower oil capsules (0.45 grams plus 0.1 grams
of olive oil) plus sunflower oil and margarine
(omega-6 group).** The majority of patients in
the study were already on inhaled corticosteroids
and beta-agonists. The omega-6 group was asked
not to eat fish which translated to the omega-3
group eating more fresh fish vs. the omega-6 group
(340 g/month vs. 109 g/month, p=0.0045). The
average number of consumed capsules was three
out of four in both groups, which equated to 900
mg of EPA/DHA per day (0.18 g EPA and 0.12
g DHA per capsule) in the omega-3 group. The
omega-6 group received around 1.35 grams of
safflower oil in the capsules on average per day.
The changes in plasma phospholipid omega-3 and
omega-6 were +3.18% vs. -0.21% at three months
and +2.19% vs. 0.05% at six months, respectively.
The changes for plasma EPA was +1.98% and
-0.11% at three months and +1.2% vs. +0.19%
at six months, respectively. Tumor necrosis factor
(TNF)-alpha fell significantly vs. baseline in
the omega-3 group (-416 pg-mL™") with a slight
increase in the omega-6 group (+ 44 pg-ml”)
and a trend for a significant difference between
the groups (p=0.075). Eosinophil numbers also
fell in the omega-3 group from 0.91x10%-L" cells
at baseline to 0.74x10? cells-L"! at three months
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Table 5. Clinical studies festing omega-3s in asthma

Population

Omega-3 Dose

Outcome

39 asthmatic children34

per day

More fresh fish vs. the omega-6é group | The median asthma severity score was lower in
(340 g/month vs. 109 g/month,
p=0.0045) plus ~ 900 mg of EPA/DHA

the omega-3 group but noft significantly less
compared to the omega-6 group.

98 patients with obesity
and uncontrolled asthma3s

4 grams/day of omega-3 PUFAs

Significantly reduced asthma-related phone
contacts by 66%.

and 0.65 x10? cells-L! at six months, whereas the
eosinophil count rose in the omega-6 group from
0.62x10 cells-L" at baseline to 0.70x10° cells-L! at
three months and 0.81x107 cells-L" at six months
(p=0.11). The continued reduction in TNE-

alpha and eosinophil with the intake of omega-3s
suggested a reduction in airway inflammation.
Additionally, the median asthma severity score was
lower in the omega-3 group but not significantly
less compared to the omega-6 group.’* Larger
trials of longer duration are needed to conclude if
long-chain omega-3s can provide clinical benefits
to patients with asthma. The dose of omega-3s
used in this study (900 mg of EPA/DHA per day)
may not have been optimal for maximal anti-
inflammatory effects that higher doses, such as
three to four grams of EPA/DHA per day, may
have provided.*

A recent randomized study in 98 patients
with obesity and uncontrolled asthma found that
four grams/day of omega-3 PUFAs significantly
reduced asthma-related phone contacts by 66%.%
Despite this benefit the others concluded that
omega-3 PUFAs did not improve most asthma-
related outcomes (such as leukotriene-E4, forced
expiratory volume in one second, and asthma
exacerbations at six months). Thus, further studies
are required to ascertain the benefits of marine
omega-3s in asthma patients. Table 5 summarizes
the clinical studies of omega-3s in asthma.

Conclusion

Reducing the omega-6/3 ratio in pregnancy
may help to reduce allergic conditions in offspring
and may help patients with asthma. Larger clinical
studies are required to confirm these benefits
particularly in the setting of asthma. It is our
contention, that the increase in the omega-6/3
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ratio may have contributed to a rise of allergic and
autoimmune diseases over the last several decades.
Additionally, a high dietary omega-6/3 ratio creates
supraphysiologic inflammatory responses and
perpetuates chronic low-grade inflammation. The
overconsumption of linoleic acid, mainly from
industrial omega-6 seed oils, and the lack of long-
chain omega-3s in the diet puts the population in a
pro-inflammatory, pro-allergic, pro-thrombotic and
autoimmune-prone state. This pro-inflammatory
state may also predispose to cytokine storms during
viral infections.

Considering that most of the population
is deficient in long-chain omega-3s, there is
an increased need for educating the public on
the importance of increasing marine omega-3
intake. Supplementation or fortification of foods
with marine omega-3s is one way to increase
population-wide omega-3 intake. Additionally,
increasing the consumption of seafood, such as
fatty fish, crustaceans, and shellfish, is another
way to increase marine omega-3 intake. At the
same time, background intake of omega-6 PUFA
also needs to be reduced. In particular, omega-6
seed oils such as soybean, cottonseed, corn, and
safflower oil are some of the largest contributors to
the omega-6 intake in the Western world. These
sources of omega-6 are highly refined and are more
susceptible to oxidation compared to whole foods
that contain omega-6 PUFAs such as nuts, seeds,
vegetables, and eggs. A reduction in the intake
of industrial omega-6 seed oils will help reduce
the high dietary omega-6/3 ratio and the pro-
inflammatory state that ensues.
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Abstract

Cancer continues to be one
of the leading causes of death.
Although survival rates have
improved with current treatments
for hematological malignancies,
relapsed and refractory cases have
poor prognosis. Inmunotherapy
against cancer cells offer new
hope for curative response in
these patients. Of those, Chimeric
Antigen Receptor (CAR) T-cells
are emerging as promising
therapy for hematological
malignancies, where
T-lymphocytes are genetically
engineered with CAR to recognize
and eliminate specific tumor cells.
The efficacy of CAR T-cell therapy
is also being studied in solid
tumors. In this review, the basic
principles of CAR T-cell therapy

are discussed.

Introduction

Cancer is the second
leading cause of death. Despite
improvements in therapeutic
options for malignancies, treatment
of refractory and relapsed
malignancies is still challenging.
Conventional treatments may
have curative effect but the side
effects caused by these treatments
affects quality of life."! In order
for the cancer cells to survive
and proliferate, they must escape
the destructive properties of the
immune response. Tumor cells
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can avoid identification and
destruction by immune system in
different ways, including the ability
to down regulate tumor antigen
expression and create alternate
versions of antigens by mutations
or tumor antigen masking, known
as immunoediting.> Cancer
immunotherapy takes advantage
of the body’s own immune

system to battle cancer. Cancer
immunotherapies mainly comprise
of immune checkpoint inhibitors,
adoptive cell therapies, and tumor
vaccines.’ T-lymphocytes play a
key role in adaptive immunity

by recognizing foreign antigenic
peptides presented on MHC
molecules by antigen-presenting
cells (APC) using T-cell receptor
(TCR). The interaction between
T-cell and APC recruit’s co-
receptors, like CD28, leading to
activation of signaling cascade then
in turn leads to T-cell activation.*
After T-cell is activated by APC, it
starts to proliferate, differentiates
into mature effector cell and then
migrates to the site of inflammation
or infection.” Mature CD8+ T cell,
when it encounters a cell presenting
antigen complementary to its
TCR, release cytotoxic mediators
which in turn kills malignant or
target cells.

Three major types of T-cell
based therapies are known, namely
tumor-infiltrating lymphocytes
(TILs), TCR and Chimera
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Figure 1. CAR T-cell structure. Source: Research Gate

associated receptor T- cells (CAR T-cells). Based
on the property of recognition by TCR, cancer
immunotherapy facilitates the adaptive transfer

of genetically engineered T-cells and promotes

the efficacy of T-cells by mitigating the inhibition
of immune checkpoints and expands adaptive
immunity.® Adaptive cell therapies (ACT) have
been used for long time for treatment of various
diseases including cancers. ACT is a treatment,
where a cancer patients’ own T-cells with antitumor
activity are expanded in vitro and reinfused into
the patient, using autologous tumor-infiltrating
lymphocytes.” However the process of isolation and
expansion of tumor reactive TILs is cumbersome

and labor intensive. Therefore genetically engineered

T lymphocytes with synthetic receptors to target
tumor cells have come into play to overcome these
obstacles.® CAR T-cell therapy is an innovative
technique in immunotherapy for cancer treatment.’

What Are CAR T-Cells?
CAR T-cells are T-lymphocytes that are
genetically modified to replace the T-cell receptor
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with synthetic receptors, s-CARs, to recognize and
eliminate cancer cells independent of major histo-
compatibility complex.'® These synthetic T-cells
have both antibody specificity properties as well
as regular T-cell functions, such as proliferation,
cytokine production and elimination of targeted
cells. In 1989, Esshar et al., first described the
concept of fusing an immunoglobulin V chain

to a TCR constant domain as a CAR, making
T-cells MHC unrestricted."" This phenomenon
allows the modified T-cells to recognize more
extensive targets than the natural TCR’. It enables
T-cell expansion, withstands tumor related
immunodeficiency, and avoids tumor escape by
HLA down regulation.' '?

Structure

A CAR is a recombinant receptor that
comprises of tumor-antigen binding and
T-cell activating functions.'* CARs consist of
an extra cellular, antigen-binding domain, an
extra cellular hinge region, a transmembrane
domain, and an intracellular signaling or T-cell
activation domain. Extracellular domain consists
of antigen-recognition regions of an antibody,
single-chain variable fragment (scFv) that binds
specifically to a target molecule expressed on the
surface of tumor cells. The hinge region is made
of immunoglobulins like CD8, CD28, IgG,
and assists in signal transduction. Intracellular
signaling domain is the functional part of CAR
and it consists of CD3 chain of TCR, which
provides the activating signal. Co-stimulatory
molecules like CD28, 4-1BB are attached to
intracellular domain to improve cell proliferation,
survival time in vivo and anti-tumor activity of
CAR T-cells® (Figure 1).

There are four generations of CAR T-cells,
based on their signaling domains. First generation
CAR T-cells are made of only one stimulatory
domain that is derived from CD3( chain or
FcRe.' First generations CARs were safe, but
ineffective due to limited potential for expansion
and persistence in vivo."” To overcome this, second
generation CARs were produced by adding one
costimulatory domain to CD3( chain, mostly
CD28 or 4-1BB to improve cell proliferation, in
vivo survival time, cytokine secretion, notably

IFN-y and anti-tumor activity of CAR T-cells."
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Cytotoxicity

Proliferation/cytokine production

4-1BB, OX40

culture and expansion ex-vivo,
transfuse appropriate dose of the
expanded CAR T-cells back into
the patient.'?? The entire process
from the time of cell extraction to
infusion of CAR T-cells into the
host takes about three weeks.’
Leukapheresis is the first step
where T-cells are obtained from
the patient, washed and then
they are activated with the use
of beads, covered in anti CD3
or CD28 monoclonal antibodies
or with allogeneic dendritic
cells.” These activated cells are
used for genetic modification.
Genetic modification is the

Figure 2.CART generations. Source: Research Gate

Significant anti-tumor responses were seen with
second generation CAR T."® Third generation CAR
T-cells are developed by adding two co-stimulatory
molecules to achieve higher potency.” Later, fourth
generation CAR T-cells, called “T-cells redirected
for universal cytokine-mediated killing” (TRUCKs)
were developed. These are mainly based on second
generation CARs but are engineered with nuclear
factor, which induces cytokine expression such

as [L-12, 8,9,15, and IL-18 when the cells are
activated. This cytokine activation results in
prolonged activation of CARs and protects T-cell
from activation induced cell death and avoids
systemic toxicity.”” Fifth generation CARs are also
in development, again based on second generation
CARs but with addition of truncated IL-2
receptor PB-chain domain with STAT3 binding
site’! (Figure 2).

Process of Developing CAR T-Cells

CAR T-cell production mainly involves
obtaining T-cell from patient, converting them
outside the body and reinsertion of the modified
cells into human body to target cancer cells.” The
whole process involves the following steps: T-cell
collection by the process of leukapheresis, T-cell
activation, T-cell expansion, genetic modification of
T-cells by transduction of cells by a vector encoding

CAR gene creating CAR T-cells, CAR T-cell

462 | 118:5 | September/October 2021 | Missouri Medicine

process where vectors introduce

genetic material in the form of
RNA, which is later reversely transcribed into
T-cell DNA. It can be done using recombinant
viruses, biological nanoparticles and non-viral
methods.** Gamma retroviral vectors and HIV-
based lentiviral vectors are most commonly used
for gene transfer system so far.” Yet, the cost and
expertise needed for production and regulatory
requirements are drawbacks to use viral vectors.
To prevent these, the transposon system and
electroporation of mRNA constructs were
introduced. However, transposons require long
duration for T-cell culture to produce adequate
cell doses and mRNA is unstable, leading to
transient CAR expression. Anti Cd3/anti-CD28
monoclonal antibody-coated magnetic beads
are used to activate T-cells, and bioreactors are
used expand the genetically modified T-cells.
Optimal time for ex-vivo expansion appears to
be anywhere between one to six weeks.?® After
expansion, the cell culture must be concentrated
to appropriate therapeutic dose for the patient.
The injectable dose of CAR T-cells varies from
1x 10° /kg to 1x 10'/kg CAR T-cells or more.’
Prior to infusion of CAR T-cells into the
patient, lymphodepleting therapy in the form of
radiation or chemotherapy is recommended to
facilitate enhancement of in vivo proliferation
and persistence of these T-cells.”” CAR T-cells
after they are infused back into the patient
rapidly redistribute throughout the body and
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Figure 3. Process of developing CAR-T cells and therapy (used with permission)

re-accumulate at the sites of target recognition.
It is believed that the duration of these infused
cells in the body provide both continued
immunosurveillance and prevents relapse by
suppressing the neoplastic clones. After CAR
T-cell infusion, typically, patients must be
closely monitored for any possible adverse effects
or complications in the first few days following
transfusion, preferably in hospital setting®

(Figure 3).

Indications for CAR T-Cell Therapy

CAR T-cell therapy has shown revolutionary
results in the treatment of hematologic
malignancies, including relapsed and refractory
B-cell malignancies, such as B-cell non-Hodgkin
lymphoma (NHL), acute lymphoblastic leukemia
(ALL) and chronic lymphocytic leukemia (CLL).
CD19 was chosen as first target because of its
broader and higher expression compared to CD20
or CD22 and its’ expression is limited to B-cell
lineage. Anti-CD19 CAR T-cell therapies have
shown promising results in patients with relapsed
and refractory B-cell ALL." Since plasma cells do
not express CD19, in relapsed multiple myeloma

and young adults.
Later in October
2017, Axicabtagene
ciloleucel (Yescarta) was approved for the treatment
of adults with relapsed or refractory large B-cell
lymphoma including diffuse large B-cell lymphoma
(DLBCL).? In 2018, Tisagenlecleucel received FDA
approval for a second indication in adults with
relapsed or refractory DLBCL.' In July 2020, a
third CAR T-cell therapy, Brexucabtagene autoleucel
(Tecartus), was approved by the FDA for the
treatment of Mantle cell lymphoma.* Lisocabtagene
maraleucel (Breyanzi) is another anti-CD19 CAR
T-cell product that showed good results in patients
with relapsed or refractory DLBCL.?*

However, the results are not as promising
in solid tumors due to various obstacles such as
lack of antigen specificity, inefficient trafficking
of CAR T-cells to tumor sites, hostile tumor
microenvironment, inhibitory cytokines and
regulatory T-cells, and the risk of developing on-
target/off-tumor toxicities.*

Clinical trials are ongoing targeting some tumor
associated antigens commonly expressed on solid
tumors.* Some of the targets for CAR T-cell therapy
in clinical trial for solid tumors are listed below in

Table 1.
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Table 1. Targets for CAR-T cell therapy in clinical trial for solid tumors

Targeted Tumor associated antigens
Epidermal growth factor receptor (EGFR)

Human epidermal growth factor receptor 2 (HER2)

Prostate specific membrane antigen (PSMA)
PSA
carcinoembryonic antigen (CEA)

Carboxy anhydrase-IX (CAIX)
Folate binding protein (FBP)
Folate receptor-a (FR-a)
MUC-CD

Diasialoganglioside (GD2)
L1-CAM

AFP

GPC3

CD133

Toxicities From CAR T-Cell Therapy

Majority of the side effects from CAR T-cell
therapy result from autoimmune response against
normal tissues that express the targeted antigen,
called on-target/off-tumor toxicities.” These
toxicities can be immediate or delayed.

Cytokine release syndrome (CRS) is the
most common adverse effect, which manifests as
systemic inflammatory response, characterized
by fevers, hypotension, nausea, vomiting and
multiorgan failure in severe cases. CRS is provoked
by cytokine release (IL-6, IL-8, IL-10, IFN-g and
MCP-1) after activation of CAR T-cells in vivo
and the severity correlates with tumor burden
and IL-6 levels. It can be mild and self-limited
with flu-like symptoms or sometimes life-
threatening with multi-organ failure. Severe CRS
can be reversible with IL-6 blocking antibody,
tocilizumab and corticosteroids.*® Neurotoxicity,
also called CAR-related encephalopathy syndrome
(CREY) is the second most common adverse
event from CAR T-cell therapy. Endothelial
activation and disruption of blood brain barrier
were shown as the cause of neurologic toxicity.?’
It manifests as toxic encephalopathy with altered
level of consciousness, seizures, aphasia, coma,
and cerebral edema. CRES can also be reversible
and self-limited in mild cases treated only with
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Soid tumor
Non-small cell cancer (NSCLC)
Epithelial carcinoma
Ovarian cancer, Breast cancer, Colon cancer
Head and neck cancer
Prostate cancer

Pancreatic adenocarcinoma, Breast Cancer
Colorectal carcinoma

Renal cell carcinoma
Ovarian cancer

Neuroblastoma and Melanoma
Hepatocellular cancer

Glioblastoma
Cholangiocarcinoma

supportive care, while anti-epileptics and steroids
may be used in severe cases.”® Both of these toxicities
usually occur within the first week of infusion of
CAR T-cells. Cytopenias, opportunistic infections,
B-cell aplasia and hypogammaglobulinemia are
reported as delayed side effects. B-cell aplasia is seen
mostly in CD19-targeting CAR T-cell therapy.*®
Further research on CAR T-cell therapy is focused on
minimizing toxicity associated with the therapy.

Conclusion

Chimeric antigen receptor T-cell therapy
represents a major advancement in personalized
cancer treatment. Dramatic clinical responses and
high rates of complete remission have been observed
in the setting of CAR T-cell therapy of B-cell
malignancies. With ongoing efforts, many more
approvals are expected in hematological malignancies.
Most importantly, through several concerted research
efforts the utility of biomarkers are being explored to
predict outcomes at earlier time points for patients
treated with CAR T-cells. Lastly, by continuing
improvements in their safety and outcomes, there is
anticipatory excitement that the next-generation of
CAR T-cells will continue to challenge the existing
armamentarium of commercially available products
in blood cancers and beyond, thus leading to further
improvements in personalized cancer medicine.
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Abstract

The leading cause blindness
is the loss of retinal ganglion
cells which connect the retina
to the brain. Degenerative
retinal diseases include retinal
dystrophy, macular degeneration
and diabetic retinopathy, which
are currently incurable as the
mammalian retina has no
intrinsic regenerative capacity.
By utilizing insight gained from
retinal regeneration in simpler
species we define an approach
that may unlock regenerative
programs in the mammalian
retina that potentially facilitate
the clinical restoration of retinal
function.

Introduction

Retinal degeneration is a
leading cause of vision loss that
currently affects 14 million people
globally, and is therefore fraught
with major medical, social,
and economic ramifications.
Identifying novel mechanisms
to restore retinal function will
be crucial to combating this
significant healthcare challenge.
No curative treatments are
currently available, but in recent
years clinical interventions
and innovative experimental
treatments have made some
incremental progress toward partly
restoring vision. We first review
these innovative treatments.
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Secondly, we examine a promising
strategy for combating retinal
degeneration that is founded

on retinal repair processes in
simpler species that have robust
regenerative capacity, such as fish
and amphibians. Regenerative
capacity in these species is
mediated by the activity of a
retinal cell type called Miiller Glia,
which have a comparably limited
role in retinal repair in humans
and other mammals. We consider
our current understanding and
assess the therapeutic potential of
harnessing Miiller Glia plasticity
by activating a transcription factor

the Tailless-X-Receptor or TLX.

Treatment of Retinal
Degeneration

Retinal degeneration is
a leading cause of vision loss
that currently affects millions
people globally.' In Missouri
alone, over 155,000 people are
living with visual disabilities,
which has major medical, social
and economic consequences.
> Among Missourians that are
able to work, those with visual
disabilities are less than half as
likely to be employed as those
without disabilities. Their
household income is 40% less and
their poverty rate is 22% higher.
Missourians with visual disabilities
are 10% less likely to have a high
school diploma and 22% less
likely to have a bachelor’s degree



Figure 1. Current and future treatment
strategies for rescuing vision loss due fo retinal
degeneration. (a) lllustration of the normal
cellular structure of the retina showing the
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epithelium. (b) the diseased retina displaying
rod and cone photforeceptor degeneration.
(c) An example of a current prosthetic device
used to treat refinopathy the Argus Il that only
partly restores vision. (d) lllustration of recent
gene therapy approaches that have restored
vision in Leber’s Congenital Amaurosis (LCA)
patients by rescuing the normal expression

of RPESS gene. (e) Experimental treatments
are testing the validity of autologous or
endogenous cell replacement therapy, use

of refined viral-vector delivery approaches
and CRISPR/Cas? genome editing to
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Vision loss due to defects in the optical pathway
are generally treatable today through cataract surgery
or corneal transplants. However vision loss due to
retinal degenerative diseases or dystrophies continues
to increase, in part due to the aging population.’
Great strides have been made in understanding
the causes underlying retinal cell degeneration and
yet current therapeutic options remain limited.
Two retinal prosthetic devices have been approved
by the FDA: the Argus II (Figure 1), placed
on the epiretinal surface of the retina, and the
subretinal Alpha-IMS.* Retinal prostheses convert
light signals into electrical signals delivered to
the remaining retinal cells to induce neuronal
activity. Currently, these devices are only indicated
for late-stage retinal degeneration and in many
cases only rudimentary vision is recovered.’

Gene therapy has also been approved for one
form of inherited retinal dystrophy called Leber’s
Congenital Amaurosis (LCA), in which patients
have a mutation in the gene RPE65 (Figure 1).° A
single injection can restore vision to patients with
this mutation. However, LCA is a rare form of
retinal degeneration, affecting only 1,000-2,000
patients in the United States. In some patients,
dietary supplements may slow the progression of
degeneration, but they do not halt the inevitable
loss of vision.> Major advances have been made
in understanding the underlying causes of retinal
dystrophies and yet current therapeutic options
remain limited.

Although currently approved treatments
offer limited benefits, they reflect considerable
progress in translating basic research to the
clinic. Recent advances in technologies such as
molecular genetics and multielectrode devices
are encouraging for improved prosthetic devices
and for a variety of new therapeutic strategies on
the horizon such as gene therapy, optogenetics,
pharmacotherapies, cell replacement therapy and
cell regeneration. Clinical trials with gene therapy
for several recessive mutations are underway,
some with promising results.” Preliminary
animal studies are focusing on the potential for
using CRISPR/Cas9 genome editing technology
to treat causative autosomal dominant gene
mutations.® In addition, much progress has
been made in developing gene delivery vectors.
However, gene therapy efforts are hampered by
the hundreds of different gene mutations that
can cause inherited retinal dystrophies.” A novel
approach called optogenetics makes use of gene
therapy techniques to induce photosensitivity
in remaining retinal neurons and could be more
widely applicable.'” Current efforts in this area
are focused on increasing neuronal sensitivity
to light. The potential for pharmacotherapies,
including neuroprotective factors, has grown
with our increased understanding of biochemical
pathways that are disrupted in inherited retinal
degenerations."' Progress is also being made in cell
replacement therapy, which aims to maintain or
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restore vision through the use of either embryonic
stem cells or human induced pluripotent stem
cells that can be derived from adult tissues (Figure
1). Early clinical trials have shown some promise
while also highlighting the challenges in achieving
proper repair of existing retinal tissue and the
potential for a damaging immune response.”'" A
new and exciting alternative strategy involves the
stimulation of retinal regeneration from a patient’s
own stem-like cells.

Miller Glia: Retinal Stem-like Cells with
Therapeutic Potential

Miiller Glia (MG) represent approximately
4-5% of all retinal cells, are the major glial cell
type in the retina and the only glial lineage that
originates from retinal progenitor cells.!' Notably,
MG are also the last cell type to emerge in the
retina and contribute to retinal structure and
homeostasis.'? Although the somas of MG are
located in the inner nuclear layer of the retina,
their processes span multiple layers. These
processes provide structural support by enveloping
ganglion axons and controlling ionic balance in the
extracellular space.’”” MG cells also support neuron
function by releasing trophic factors and recycling
neurotransmitters.'*'¢ In teleosts and amphibians,
MG have a substantial role in retinal regeneration,
where MG can reenter the cell cycle and
completely regenerate retinal neurons following
injury via induction of neurogenic factors.'>""?
Therefore, MG in these species have the capacity
to promote complete endogenous regenerative
repair in the retina. Unfortunately, mammalian
MG do not regenerate retinal lineages under
normal conditions as seen in simpler organisms.'®*
Mammalian MG have been shown to display
neurogenic potential, but typically contribute
to gliosis when stimulated.?"** Finding new
methodologies to induce MG stem-cell activity,
without inducing pernicious inflammation,
remains at the forefront of a variety of pre-clinical

investigations.'**

The Tailless Receptor (TLX)
One factor, the Tailless-X-Receptor (NR2E1/
TLX) may be an important target for unleashing
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the full potential of MG in the retina. As TLX
can pleiotropically regulate proliferative and
neurogenic programs, it may be a relevant
molecular target to effectively exploit dormant MG
plasticity. Since its discovery 25 years ago, TLX,
a member of a family of 48 transcription factors
called nuclear receptors (NRs), has been shown
to be vital to neural stem cell proliferation and
neurogenesis. >3

TLX displays a tissue-specific pattern of
expression that supports its role as a crucial
factor in neurogenesis. TLX protein expression is
expressed predominantly in the cerebral cortex,
basal ganglia, amygdala and retina, but is also
detectable in the adrenals, testes, placenta and bone
marrow at very low levels.?**=¢ In the adult human
brain, TLX is confined to two highly neurogenic
areas: the subgranular zone of the hippocampal
dentate gyrus and the subventricular zone of the
lateral ventricles.”?” While embryonic knockout
of Tlx has no overt effect on early mouse brain
development, adult mice show reduced cerebral
hemisphere size.>**® Lastly, neural cells isolated
from Nr2el-mutant mice are non-proliferating
and fail to self-renew, a capacity that is completely
rescued by ectopic expression of Tlx alone.!*43537
Other studies have shown that TLX is a driver
of tumor stem cell self-renewal in gliomas.?”?
Most of what is known about mammalian TLX
expression has been determined through assessing
mouse development. Fortunately, human TLX has
over 95% homology with mouse Tlx and displays
conserved function within the retina.' This
holds the additional implication that, for TLX,
discoveries in mouse models may be reasonably
extrapolated to humans.

Rationale for Targeting TLX in the Retina
Studies in mouse models have hinted at

a prominent role of TLX in retinogenesis.

Interestingly, TLX expression in the adult

mammalian retina is downregulated and restricted

to MG. Mammalian retinal injury does not

typically result in upregulation of the TLX target

gene Achaete-Scute Family BHLH Transcription

factor 1 (Ascll). ASLC1 overexpression

alone is insufficient to stimulate regenerative
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Figure 2. The multitude of functions of the Tailess-X-
Receptor. lllustration showing the known roles of TLX in
mammalian development and disease. In theory, TLX
can be targeted to augment neuronal development
and behavior, but mostly importantly holds promise as a
target for stimulating retinal repair. lllustration made using
Biorender.

programs.®?#343¢ Conversely, TLX stimulates
neuronal stemness through modulation of a
number of neurogenic factors known to be
induced during retinal repair including Glial
Fibrillary Acidic Protein (GFAP).?*33:45:37-44 [
accord with this, we found that TLX activation
can stimulate MG proliferation and induce
ASCL1 expression. Therefore, TLX could
theoretically be targeted to induce stem-like
activity in MG. Surprisingly, no published
studies to date have focused on targeting TLX in
the retina to stimulate regenerative repair. A key
step toward targeting TLX in vivo would be the
development and use of validated vector delivery
systems to activate TLX in MG. Adeno-associated
virus (AAV) delivery systems are highly refined
tools for transducing ectopic gene expression

or facilitating gene transfer. Most importantly,
AAV vectos have been used effectively in clinical
settings***%. We are currently embarking on

the first in vivo studies that use AAV delivery

to induce TLX expression in mouse retinal
degeneration models. These studies should test the
therapeutic potential of TLX, while employing

a clinically relevant vector delivery system as
opposed to using transgenic models. Future

SCIENCE OF MEDICINE

studies will have to incorporate more refined
gene editing approaches such as CRISPR/Cas9,
which should eventually become widely used in
the clinic. Gene editing may be inaccessable to a
large subset of patients due to cost and the highly
specialized expertise required. The development
of drugs that stimulate TLX activity should

have comparably broader accessibility and,
therefore, should be simultanously pursued. Tlx
is embryonically expressed in retinal progenitor
cells and is essential for the generation of
neuronal lineages as it prevents premature
cell-cycle exit.’*344 Knockout of Tlx results
in optic nerve hypoplasia, retinal degeneration,
diminished vascularization in the developing
eye, neutrophil infiltration and aberrant
misexpression of the retinal ganglion cell
factors in the adult retinal MG.* Tlx-knockout
mice also display poor retinal lamination,
retinal dystrophy, disrupted amacrine cell
differentiation and aberrant MG function.” In
mice, ectopic expression of ASCL1 enhances
the regenerative response in damaged retinal
tissue via MG reprogramming.'®">4* ASLC1
overexpression alone is insufficient to stimulate
regenerative programs.'®!1%3444-4 Conversely,
TLX stimulates neuronal stemness through
pleiotropic modulation of a number of
neurogenic factors.***#-> In accord with this,
we have found that TLX activation can stimulate
MG proliferation and induce ASCL1 expression.
Therefore, TLX is a potential target for induction
of stem-like activity in MG.

The Search for TLX Ligands

TLX has protein sub-domains that are
importantly involved in binding ligands,
DNA and other coregulatory proteins that
allow efficient modulation of target-gene
expression. Notably, TLX lacks the AF1-
domain found in most NRs that is important
for ligand-independent activation, which
suggests its activity is tightly controlled by
ligands.>* In its unliganded state, TLX
typically represses gene expression as it binds
to DNA and recruits epigenetic regulators
that inhibit gene expression, such as lysine-
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Figure 3. Targeting the Tailless-X-Receptor to activate MUller Glia stem-like
activity and induce retinal repair. (a) Structure of the normal retina with
Muller Glia indicated. (b) Retinal regeneration as observed in teleost fish
and amphibians is mediated by MUller Glia re-entering the cell cycle and
generating all cells of the retfina. In theory, this activity can be rescued in the
human retina by activating TLX, a ligand-binding franscription factor that is
exclusively expressed in Muller Glia and has the ability to induce stem-cell
activity in neuronal tissue. (c) It is possible that MUller Glia activation could
be the key for restoring retfinal function. Ongoing research should test this

inflammatory; ccrp2, a ccrpl

Y analogue with pyrazole and
piperazine functional groups;
and ccrp3 (dydrogesterone),
a progestin analogue.”

This study does have some
controversy regarding the

significance of their findings.
In particular, the authors
claimed that the TLX LBD

exists as a homodimer in

Vision Recovered?

solution, whereas prior studies
indicated monomeric activity.
Griffett et al. identified
retinoids as potential ligands
that regulate TLX activity
independent of RAR or RXR.
Two TLX agonists, BMS453

specific histone demethylase, histone deacetylases
(HDAC:S), and the corepressor Atrophinl.%
Another mechanism of TLX regulation involves
antagonistic cross-talk with retinoic acid and
retinoid-X-receptors (RARs and RXRs); major
drivers of terminal differentiation.’® Conversely,
TLX can also indirectly activate gene expression
by binding to and blocking SET-2 inhibitory
DNA-elements.”® TLX also stimulates neovascular
growth and activates the hypoxia response
through DNA binding dependent on independent
mechanisms. Due to its potential as a treatment
target for neurodegenerative diseases and cancer,
significant research efforts have been focused on
the identifying effective ways to pharmacologically
target TLX (Figure 2).

The lack of a crystal structure for TLX has
presented a significant challenge to ongoing
attempts to identify synthetic or endogenous
ligands. In 2014, the Webb research team created
a model of the TLX ligand binding domain
(LBD) based on homology with the LBD of
RXRa.”” Through biochemical characterization
and differential scanning fluorimetry screening of
approximately 20,000 compounds, they identified
three compounds as potential synthetic ligands:
Cerpl (famprofazone), a non-steroidal anti-
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and BMS493, and two
inverse agonists, CD437 and

CD1530, were identified.”” The authors also
claimed that natural retinoids such as all-trans
retinal (ATR) may be endogenous ligands for
TLX, although at physiologically unattainable
concentrations.”

In November 2020, a preprint report by
Kandel et al. showed that oleic acid may be
an endogenous ligand for TLX.® This study
suggests that oleic acid may convert TLX to an
activator of cell cycle and neurogenesis both in
vitro and in vivo. These studies have focused
on the role of oleic acid regulation of TLX
function in the brain. It would be interesting to
explore whether oleic acid similarly functions
as a TLX activator in the retina. Neural and
retinal stem cells have relatively high levels
of mono-unsaturated fatty acids (MUFAs)."!
In addition, recent studies highlight that
lipid metabolism may play a critical function
in retinal homeostasis and pathology.®
Furthermore, previous studies in the Penn lab
have shown that retinal Miiller glial cells were
uniquely responsive to fatty acid stimulation
in comparison to other retinal cell types in the
context of diabetic retinopathy.® Nonetheless,
the role of oleic acid, specifically, in retinal
degeneration and MG cell biology requires
further exploration.



Although still in its incipient stages, discovery
of new synthetic and endogenous ligands will
further enhance our understanding on TLX
biology and provide important investigational
tools for understanding the therapeutic utility of
TLX. In theory, these ligands could be used to
alter TLX gene expression, stimulate MG stemness
and facilitate retinal regeneration. There are still
significant knowledge gaps that need to be filled
through further study.

Conclusion

With its expression in MG, TLX has promise
as a target for a variety of retinopathies, particularly
those that lead to retinal ganglion cell loss.
Targeting TLX using synthetic ligands, CRISPR/
Cas9 or viral vectors ectopic expression systems may
prove to be an effective means of stimulating MG
stemness with little off-target effects. Theoretically,
activation of TLX alone may prove sufficient to
drive MG to replenish RGC populations or even
other retinal lineages (Figure 3). This theory, of
course, requires thorough testing in pre-clinical
models. Even in the absence of direct therapeutic
activity, synthetic TLX ligands may also find utility
as targeting agents for selective delivery to MG. As
is the case with stemness factors, malignant growth
as a consequence of TLX activation is an exigent
concern. The viablility and pitfalls of targeting TLX
must therefore be explored in tandem in pre-clinical
models of retinal development and degeneration.
Fortunately, a number of bona fide mouse models
that recapitulate the pathology of retinal dystrophy
and diabetic retinopathy are readily available to
evaluate TLX function. Continued refinement
of the current pool of synthetic ligands will also
have to rely significantly on chicken, zebrafish
and in vitro retinal explant models with eventual
validation of these findings in human retinal tissue
samples or organoids. Harnessing the power of
these experimental tools should allow us to test
the role of TLX in retinal disease and provide
important treatments for combating a major cause

of blindness.
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