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Remote patient monitoring (RPM): The early rollout technology
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The RPM Protocol

3 minutes I Daily physiologic monitoring and brief survey of symptoms.

10 minutes I Weekly video visit and data review.

30 minutes Monthly video visit, data review, curricular self-management education.



Acute COVID RPM: Insights from 60,000+ days of monitoring data

Chest Pain
Test status

=P ositive

—=Negative

—Unknown | Apxiety ~ Dyspnea
Difficulty Concentrating Tachypnea

Headache

Patients that sought out the
Precision Recovery program
self-reported the same
symptomology regardless of
PCR-test status.

Tabacof et al., 2021;
Telemedicine and eHealth



New, persistent symptoms emerged in ~15% of acute cases

Concentration/memory
Weakness
Headache

Dyspnea

Muscle pain
Chest pain
Tingling

Sore Throat
Tinnitus
Nausea/vomiting
Fever/chills
Diarrhea

Cough
Tachypnea

Food intolerance
Swelling

Skin rash

Anosmia
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Fatigue

Dizziness

Irregular heart beat

Other

Irregular body temperature

Numbness

Heart palpitations

Acute Persistent Sleeping difficulty
Hair loss

Menstrual cycle issues
Abnormal sweating
Urinary issues
Swallowing difficulties
Hearing difficulties
Skin lesions

Sensation changes

40 60 80 100

20

Persistent

40 60 80

Percentage of participants (%)

100

Tabacof et al., 2020



We've learned a few
more symptoms since

* >205 presenting
symptoms

* Affecting every organ

system

All

Fatigue

Post Exertional Malaise
Elevated temperature (98.8-100.4F)
Chills/flushing/sweats

Skin

S
Weakness

Temperature lability

Night sweats

Coldness

Fever (>= 100.4F)

Heat intolerance

Low temperature

Other temperature problems

b. All
Extreme thirst

All menstrual/period issues lmemtrua!:ggl
Abnormally irregular periods

Abnormally heavy periods/clotting

Other menstrual issues

Sexual dysfunction - Nonbinary

Urinary Issues, other

Sexual dysfunction - M

Bladder control issues

Pain in testicles -Cs M

Sexual dysfunction - F

Other semen/penis/testicles issues - Cis M
Post-Menopausal bleeding - Cis F >49
Decrease in size of testicles/penis - Cis M
Pain in testicles - Nonbinary

Early Menopause - Cis F in 40s

Decrease in size of testicles/penis - Nonbinary
Jther semen/penis/testicles issues - Nonbinary
Post-Menopausal bleeding - Cis F in 40s
Early Menopause - Cis F <40

All

Palpitations

Tachycardia

Pain/burning in chest

Visibly infl d/bulging veins
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Bradycardia
Fainting

All

Tightness of chest
Muscle aches
Joint pain

Stiff neck

Muscle spasms

Bone ache or bumning

All

Heightened reaction to old allergies
ew allergies

New anaphylaxis reaction

Shingles

0 10 20 30 40 50 6 70 80 % 100
Prevalence (in percentage)

All

Sore Throat
Blurred vision

Vision symptoms

Lump in throat/difficulty swallowing
Sensitivity to light

Runny nose

Dry eyes

Changes in the voice

Eye pressure or pain

Ear pain

Itchy eyes

Changes to the ear canal

Floaters

Bloodshot eyes

Conjunctivitis

Seeing things in your peripheral vision
Other eye issues

Other ear or hearing Issues

Hearing loss

Redness on the outside of eyes
Facial pressure/numbness - left side
Double vision

Faclal pressure/numbness - right side
Facial pressure/numbness - other
Numbness in ear

Facial paralysis

Tunnel vision

Total loss of vision
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Shortness of b

coug

Breathing difficulty (normal O2 level) jes—
-

Cough with mucus production
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Rattling of breatl
ther Respiratory and Sinus
Coughing up blood
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Al

Diarrhea|

Loss of Appetite
Nausea|
Abdominal pain|

Gastroesoph | reflux
Feeling full quickly when eating|
Constipation|

Hyperactive bowel sensations|

Vomiting

All

Itchy skin

i. Skin rashes
Petechiae

COVID toe

Peeling skin

Other Skin and Allergy

Brittle or discolored nail
Dermatographia

Itchy, other

0 10 20 30 40 50 60 70 & %0 100
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Davis et al. (2021); EClinical Medicine (https://doi.org/10.1016/j.eclinm.2021.101019)
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Digging deeper: the pathobiology of
IACIs

A

Mount
Sinai
Hospital




Zooming in on the most likely underlying causes of Long COVID pathology

Immune dysregulation

Persistent
infection

Immune dysregulation, with
or without reactivation of
underlying pathogens,
including herpesviruses such
as EBV and HHV-6

Microbiota dysbiosis

Impacts of SARS-CoV-2 on
the microbiota and virome

(including SARS-CoV-2
persistence)

Autoimmunity and
immune priming

Autoimmunity and primed
immune cells from molecular
mimicry

Blood clotting and
endothelial abnormalities

Microvascular blood clotting
with endothelial dysfunction

Dysfunctional
neurological signalling
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Dysfunctional signalling in the
brainstem and/or vagus nerve

Davis et al, 2023; Nature Reviews Microbiology



SARS-CoV-2 persistence has a central role in LC
pathobiology

RNA and protein engage host
pattern-recognition receptors to
modulate the immune response and
drive cytokine production and
inflammation

Repeated recognition of persistent
protein by host adaptive immune
cells drives immune mediator
production, exhaustion and/or
altered differentiation of virus-specific
T cells and B cells over time

Associated inflammation sensed
by vagus nerve chemoreceptors
triggers glial activation in the CNS,
resulting in sickness response
symptoms

Antibodies created in response SARS-CoV-2 proteins modulate host

to SARS-CoV-2 could cross- SARS-CoV-2 metabolic, genetic and epigenetic
react with host proteins ] e >  factors to drive chronic symptoms
(molecular mimicry) in the absence of overt inflammation
or cytopathology
Associated immune / N\ Spike and S1 protein contribute
dysregulation facilitates 2 \ to fibrin/amyloid microclot
microbiome dysbiosis and/or formation or vasculature
epithelial barrier permeability damage

Downregulation of the host immune
response (including interferon
signaling) facilitates the reactivation of
latent pathogens such as herpesviruses

Proal et al, 2023; Nature Immunology



FUTURE VIROLOGY T I &F .
2025, VOL. 20, NOS. 3-4, 99-111 e aylor & Francis
https://doi.org/10.1080/17460794.2025.2483122 Taylor &Francis Group

SYSTEMATIC REVIEW M) Check for updates

The reactivation of the various types of viruses following COVID-19 infection:
a systematic review

Coronaviridae

Herpesviridae [
Respiratory viruses [
Other [l

Maziar Naderi 32, Mohieddin Naderi®, Mahboob Keramati Jamal<, Vida Past?, Arezoo Esmaeili¢, Aynaz Khabazian®,
Somayeh Hashemi Ali Abadif, Golbarg Saremi?, Shima Asghari”, Shadi Moghimi’, Neda Parnianfard®
and Mina Parnianfard’

VHS 2 \A Npox VVZ Herpes Zoster

* Only one case with co-infection of human [5& * Typical presentation with involvement of
A immunodeficiency virus. i et single dermatome
Cranial polyneuropathy * Ophthalmiclocation can be an indicator of
Ocular manifestations COVID-19 infection
Herpetic gingivos * Multimetameric involvement
* Retinal vein occlusion
* Meningitis and encephalomyelitis
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Figure 2. Manifestations of herpesvirus infections associated with COVID-19.

VHS-1, herpes simplex virus type-1; VHS-2, herpes simplex virus type-2; WWZ, varicella-zoster Virus; EBV, Epstein-Barr virus; CMV, cytomegalovirus; HHV-6, herpes virus-6; HHV-7, herpes virus-
7; HHVS, herpes virus-8.

Naderi et al. Future Virology (2025); Klein et al. Nature (2023)



Metabolic dysfunction, not deconditioning,
drives post-exertional symptoms in |[ACCs

Healthy Controls Long COVID

Cell Membrane (WGA) Amyloid deposit (Thioflavin T)

Appelman et al (2024); Nature Comms



Long COVID is associated with significant reductions in morning cortisol
levels

Corticotrophin-releasing hormone
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Women and men
with Long COVID
and other |IACCs

present with sex-
linked symptoms

Symptoms
Mixed Predominance

Female Predominant

Male Predominant
Female Predominant

E

Urinary
Indigestion Reflux
Fatigue

Nausea

Tinnitus

Heart Palp
Vomit
Hearing

Skin Lesion
Appetiweight
Diarthea
Vision

Dyspnea

Brainfog

Fainting

Dizziness
Tachypnea
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Silva et al (in review); Nature



Clear sex hormone differences are emerging in
men and women with Long COVID that correlate
with symptom presentation patterns
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Capillary and cellular tissue in Long COVID

Exposed collagen Increased aggregation
of erythrocytes

Inflammatory molecules

vVWF

Endothelial P
dysfunctionis
a crucial

Diffusion distance 1
Impaired oxygen %
diffusion
& SARS-CoV-2
: :
dimension of S
microclots

Long COVID s /
pathobiology docrsassd  adnesimpua ¥

capillary density E-selectin/  Mitochondrial Longstanding
VCAM-1/ICAM1 dysfunction mitochondrial dysfunction

Arneaux et al. (2024); Thrombosis and Hemostasis



SARS-CoV-2

central nervous system

inflammatory
response

Even mild acute

illness can lead to o mesten y
neurological tCSF optoines o5
damage through t "miogtal \*
neuroinflammation (L I
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Fernandez-Castaneda et al (2022); Cell



Long COVID patrticipants have AABs against human neural tissues
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Final comment on
pathobiology:

JACCs are complex
chronic illnesses -
the dynamics of the
pathobiology can
be a moving target

A Viral reservoir

B Autoimmunity

lwasaki and Putrino (2023); The Lancet
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