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Daily new confirmed COVID-19 cases per million people

7-day rolling average. Due to limited testing, the number of confirmed cases is lower than the true number of infections.
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Omicron, the great escape artist
Omicron
Omicron contains > 30 mutations in spike protein
e 15in the receptor binding domain (RBD), which are main
targets of neutralizing antibodies H
e Confer tighter binding to human ACE2
Flemming A. Nat Rev Immunol 2022;22:75.
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Stage | Stage Il Stage lll

(Early Infection) (Pulmonary Phase) (Hyperinflammation Phase)

1
: A

i Host inflammatory response phase

Time course

Shortness of Breath without
(A) and with Hypoxia (11B)
(Pa02/Fi02<300mmHg)

Mild constitutional symptoms
Fever >99.6°F

ARDS
SIRS/Shock
Cardiac Failure

Clinical
Symptoms

Dry Cough

Elevated inflammatory markers
(CRP, LDH, IL-6, D-dimer, ferritin)
Troponin, NT-proBNP elevation

Abnormal chest imaging
Transaminitis
Low-normal procalcitonin

Clinical Signs

Lymphopenia

l ' Severity of lliness

Potential Remdesivir, chloroquine, hydroxychloroquine, convalescent plasma transfusions ]
Therapies [ Reduce immunosuppression 1 Careful use of Corticosteroids; statins; human immunoglobulin, ]
(avoid excess steroids) IL-1/1L-2/I1L-6/JAK inhibitors/GM-CSF Inhibitors

Siddiqgi HK, et al. J Heart Lung Transplant. 2020;39:405-7.



Figure |. Depiction of the clinical course of long COVID.
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\\ Aiyegbusi OL, et al. J Royal Soc Med 2021;114:428-42.




Terms

Description

Long COVID

Long-hauler COVID-19
Long-COVID
Chronic COVID syndrome

Long-haul COVID
Long-tail COVID

Long COVID

Late sequelae of SARS-CoV-2
infection

Long-haulers
Long-COVID

Post-acute COVID-19 syndrome

Acute post-COVID symptoms
Long post-COVID symptoms
Persistent post-COVID symptoms

Post-acute COVID-19

On-going symptomatic COVID-19
Chronic COVID-19

Long COVID
Post-COVID-19 syndrome

Long-term COVID-19 iliness that is cyclical, progressive, and
multiphasic.

Multi-organ symptoms that persist for months after acute COVID-
19.

Symptoms lasting for> 100 days.

Symptoms lasting for> 2 months.

Symptoms lasting for> 4 weeks after the initial infection or
diagnosis.

Symptoms lasting for> 4 weeks after the first symptom onset.
Symptoms lasting for 5-12 weeks.

Symptoms lasting for 12-24 weeks.

Symptoms lasting for> 24 weeks.

Symptoms lasting for 1-3 months from the first symptom onset.

Symptoms lasting for> 3 months from the first symptom onset.

Yong SJ, et al. Infect Dis 2021;53:737-54.




Long COVID or post-COVID-19 syndrome

» Condition lasts for 23 months after COVID-19 symptom

onset.

* Most common: fatigue, dyspnea, myalgia...

* May with neurological, neuropsychiatric, cardiac, or
gastrointestinal complications.
 Management: relieving symptoms and personalized

rehabilitation. ,
Yong SJ, et al. Infect Dis 2021;53:737-54.

Nalbandian A et al. Nat Med 2021;27:601-15.




L

Brain fog

« Lack of attention
« Slow thinking

« Forgetfulness

« Mental fatigue

 Mood swings

o Stress

Long-COVID-19 : Common Manifestations

()

NEUROLOGIC

PSYCHIATRIC

Brain Fog - MOST COMMON
Persistent Loss of Smell/Taste
Encephalopathy & Stroke

PULMONARY

Depression & | MoSsT
Post Traumatic Stress Disorder COMMON
Anxiety

Social Isolation

Dyspnea & Cough - MOST COMMON
Chest Pain
Post-COVID ILD

-

CUTANEOUS

Erythematous Rash MOST
Urticarial Rash COMMON
Persistent COVID Toes

CARDIO-VASCULAR

Palpitations - MOST COMMON
Myocarditis & Pericarditis
Heart Failure

GENERAL

Fatigue & Myalgia - MOST COMMON
Joint Pains

Peripheral Neuropathy

Peripheral Limb Ischemia

“Garg M, et al. Int J Gen Med 2021;14:2491-506.



Signs and Symptoms of Long COVID

Figure 2. Pooled estimates for the |10 most common symptoms in patients with long COVID-I9.

47% (95% CI 31-63) Fatigue
32% (95% CI 18-47) Dyspnea
25% (95% CI 13-37) Myalgia
20% (95% CIl 13-27) Cough

18% (95% CI 9-27) Headache
18% (95% CI 12-25) Joint pain
15% (95% CI 9-20) Chest pain
14% (95% CI 11-18) Altered smell
7% (95% CI 4-10) Diarrhoea
6% (95% CI 4-9) Altered taste

o
o
|—\

0.2 0.3 0.4 0.5 0.6
Pooled prevalence

Aiyegbusi OL, et al. J Royal Soc Med 2021;114:428-42.




Mechanism of Long-COVID 1]|Tissue damage due
~ |to Inflammation

Respiratory
* Pulmonary infiltrates and

fibrosis

« Interstitial thickening

* Traction bronchiectasis

Cardiovascular
* Myocardial injury and fibrosis
« Thromboembolic events

« Myocarditis

Garg M, et al. Int J Gen Med 2021;14:2491-506.



Mechanism

Vasculitis

Microbleeding

Thrombosis

* Multiple microbleeds

* Vasculitis

« Hemorrhagic psoriasis
« Thromboembolic events

« Erythema multiforme




Heart

®m Chest pains

B Myocardial
inflammation

m T Serum troponin

m Palpitations

Pancreas
- L.

Lungs

m Dyspnea
B Chest pain
m Cough

Pancreatic miury
m Pancreatitis

‘I

”é

|

Kidney
B Renal impairment
m Acute kKidney injury

‘»

Gastrointestinal tract
m Diarrhea
® Nausea
m Sore throat

=

Viral invasion

S

Blood vessels
m Inflammation
m Vessel damage
m Coagulopathy
® Microangiopathy

~
Brain
B ‘Brain fog’

m Delirium

m Fatigue

m Sleep disturbances
k m Depression/anxiety/PTSD/0CS

@%’

/

Spleen
mlT&B lymphocyte

l Atrophy of lymphoid follicles

B Liverinjury
I TAspartate
aminotransferase
m T Alanine aminotransferase

Virus binding

& entry & cel
no°
mAbs /
ACE2
SARS-CoV-2
virion

Spike ‘{‘, U n
protem

« SARS-CoV-2 entry
Into cells of multiple
organs via ACE2
receptor.

* Viral persistence
cause a multitude of
organ damage.

Crook H, et al. BMJ 2021:374:n1648



Production of pro-inflammatory cytokines and
reactive oxygen species (ROS)

4 || Cytokines

B
/ Fibroblasts
Q ~~ o | @)
—~C .;}V' . h
— 1> )
— T-cell
Alveolus
Monocyte
Alveolar r
macrophage ) 0
—°/ X o IL-6,1L-1 [
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® TNF-a, IL-8,

.>\ ROS : |
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Neurotoxic factors Basement

Collégen and
IL-1, TNF-a, ROS  membrane damage fibronectin

Crook H, et al. BMJ 2021:374:n1648




IL 6 IL-1, TNF-at Autonomic

Cardiomyocyte dysfunction

O . . death and myositis

S

* T-cells

* Monocytes

D) Displacement of

Chronic inflammation desmosomal proteins

Myositis & fibrosis

Cardiomyocytes death

l Live cardiomyocyte
M Fibrosis

l Dead cardiomyocyte
. (0] ) .
Increased © “ @@ Pro-inflammatory

cardiac cytokines
fibromyoblasts @ <P Fibroblast/myofibroblast

Crook H, et al. BMJ 2021:374:n1648



Resting
microglia

Inflammatory e
trigger from .
covid-19

Self perpetuating
neurotoxicity

-
>
Anti inflammatory
cytokines
(IL-13,IL-14) Cognitive impairment
Initial anti- B & g
inflammatory .
phenotype of  Self perpetuating
microglial neurotoxicity Leukocyte %a%%t{z
activation infiltration
Pro-inflammatory
cytokines ..
Excessive/ (TNF-a, IFN-1B,
persistent Extravasation of
inﬂammatory blood derived
trigger AA -. N substances Autonomic )]
I\ ,l& m dysfunction
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pro-inflammatory microglial
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Psychological
Nerve terminal and social factors

}

* Pro-iqﬂammatory .
. ﬁ ® fyt"“'”es o Fatigue B

ROS

Muscle fiber

Epimysium

. . Striations  Sarcoplasm
Perimysium

T

Blood vessels Filament

Atrophy of muscle fibers

f Neuroinflammation

Zline Zline Zline

Sarcomere
(from Z line
to Z line)

Sarcolemma damage
Microthrombi

Crook H, et al. BMJ 2021:374:n1648



Long COVID in Children and Adolescents

First author Country Study Age (y)? Timing Cases Controls Prevalence of patients with persisting symptoms
Blankenburg Germany CS  median 15(14-16) nr nr nr nr Studies with controls
Miller UK PCS nr, €17 4w 8174  T72/4504 ?20/5% p=0.009
(]
Molteni UK PCS median 13 (10-15) 4w 77/1734 15/1734 04% p=0.0001
1% B COVID cases

8w 25/1734 nr 2% [] Controls

Radtke Switzerland PCS  median 11 (nr) 4w 10109  121/1246 9:g,y p=0.9
[+]
12w 4/109  28/1246 2‘;% p=0.3
° p<0.0001
Stephenson UK PCS range 11-17 12w 2038/3065 1993/3739 E&ﬂ/ 66%
[+]

Ashkenazi-Hoffnung Israel PCS mean 12 (5) b 90 - nr Studies without controls
Blomberg Norway PCS  median8(6-12) 5m  2/16 - [ 13%
Brackel Netherlands CS median 13 (9-15)  nr 89 - nr
Buonsenso UK, USA CS mean 10 (3.8) 4w 510 - nr
Buonsenso Italy Ccs mean 11 (4.4) ¢ 75/129 - 58%
Osmanov Russia PCS  median 10 (3-15) 5m 126/518 -
Say Australia PCS mean 3.7 (3.5) 4w 12/151 -

12w 0/151 -
Smane Latvia RCS mean 9.2 (5.2) d 9/30 -
Sterky Sweden PCS nr, <18 16w 12/55 -

10 20 30 40 50 60 70 80

Zimmermann P, et al. Pediatr Infect Dis J 2021:40:e482-7.
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Predictors / Risk Factors for Long-COVID

P Abnormal - Lymphopenia
El, B,EE 7(' % Lab Results - Thrombocytopenla .
- Elevated D-dimer, LDH, Troponin
- Elevated CRP, Ferritin, IL-6
\ . 4 -Deranged Coagulation Profile
Older K. p
Age Groups : ﬁ Underlying
. Comorbidities
' - Diabetes
- Hypertension

\ - Obesity
/ - Cardiovascular
diseases
- Smoking

Disease severity, - Chronic alcoholism

Length of ICU stay & - Chronlc kidney
Assisted Ventilation disease
oD Miscellaneous - > 5 Symptoms during 15t week of
ﬁ)\)\ﬂ C ' Factors infection
Ao T A - Middle aged females (50-60 years)
\ ] - Superadded infection

Garg M, et al. Int J Gen Med 2021;14:2491-506.




«——  Persistent inflammation

Altered homeostatic milieu of organs + Viral mimicry

* Decreased tissue-resident macrophages * Microbially induced breakdown of tolerance

- Stromal injury - Epitope spreading

+ Presentation of cryptic antigens

Persistence of proinflammatory cells * Autoimmune antibodies

* Infiltrating monocytes, neutrophils and PDCs

- Effector T cells and plasma cells l
- Gl tract Altered cytokine production
» Central nervous system « Type I and type Il IFN, IL-1p, IL-8, TGF-p, — Eeh [T
« Other ACE2-expressing organ systems PTX3 A= % E

- ITP

Altered immunometabolic pathways « GOlIEIN-BaNS S§ioroie

* OXPHOS * Polyneuritis
- ROS : * Antiphospholipid antibodies
* Heme-related metabolic pathways - Autoreactive T cells

Altered Fc-dependent signaling
* Afucosylated antibodies

N\ [srRE|zeeg|

Pulmonary fibrosis and scarring
Cardiac remodeling
Neural inflammation and remodeling

Dysautonomia
l Mehandru S, et al. Nat Immunol 2022;23:194-202.
Oraan damaae during acute COVID Exacerbation of underlying medical and

\ \




Management - Multidisciplinary approach

« General care and nutrition support
* Psychological support
* Pharmacological options: NSAIDs, corticosteroids,

anticoagulants, antioxidants (CoQ10...)

* Physical and mental rehabilitation
- Myalgia Encephalomyelitis (ME)
- Post-viral fatigue syndrome (PVFES)
- MIS-C: High dose IVIG, steroids, anti- IL-1, IL-6, TNF-a

Akbarialialbad H, et al. Infection 2021;49:1163-86.
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