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‘Long COVID’: Making
The Invisible Visible

After recovering from acute COVID-19 infection, a physician is stricken
with the debilitating symptoms of long COVID.
BY MARIA VICTORIA BOVO

breathing and only on breathing. After
forty-eight hours of it taking an incredi-
ble amount of effort just to breathe,
I swrrendered to the most refreshing
and healing sleep that I can recall. When
I woke at dawn, the sea was still there,
and so was I. And so was L.

It’s been a year and a half, and there
are still days in which tiredness defeats
me, and I can’t get up. But on the days
I can do it, I go back to the sea, where
I feel alive.

Every wave, with each withdrawal,
takes my fears away, and when the wave
returns, it brings hope.

It takes away tiredness and brings ac-
ceptance; it takes away uncertainty and
brings patience.

And it reminds me that I'm here to tell
what I have been living through.

Not Able To Do But Able To
Be

For the first three months after I was
home, Iwas bedbound. Ineverimagined
myself like this—not being able to take
care of myself and my family. I couldn't
utter more than a sentence orwalk more
than five meterswithout sitting and rest-
ing.I even had touse awheelchair some-
times because [ was breathless. I wasn't
able to watch television or listen to mu-
sic, and I couldn’t read more than a sen-
tence because I felt tired and lacked
focus and concentration. Feeling so vul-
nerable made me feel guilty and angry:
I was supposed to be treating patients,
not being a patient!

Learning To Live
This may be an “invisible disease” for
others, but for me, it is constantly pres-
ent, setting limits on my bodyand mind.
It is a relapsing-remitting condition
in which progress is variable. I move
forward, then feel I'm regressing. As if
I wanted to come out from the ocean and
a wave reaches me and drags me back in
again. The sea, like fatigue, always wins.
I have felt fear. At the beginning, it
was fear of death. Later it was fear of
the persistent symptoms of the disease.
While I was in hospital with COVID-19,
feeling that death was close, I thought
that T didn’t regret not having a doctor-
ate, but I did feel regret for “not having
lived.” I've learned that I know “some-
thing” about medicine and that T don't
know anything about living. I thought
I was afraid of death, but, in fact, [ was
afraid of life. But nothing good comes

COVID-19 did not end my
life, but it stopped me. It
dragged me down from

the high-velocity train on

which | was riding. |

stood up, fell down, and

stood up again.
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Long-Covid
Post-COVID-19 manifestations

Covid persistent

Long-term COVID-19 effects
Prolonged COVID-19

Prolonged sequelae
Post-acute COVID-19 syndrome (PACS)

DEFINICION

Chronic COVID syndrome

Post-acute sequelae SARS-CoV-2 infection (PASC) Post-COVID-19 syndrome

Long Haulers
Post-acute COVID-19 persistent COVID-19 symptoms
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Post COVID-19 condition occurs in individuals with a history of probable or confirmed
SARS-CoV-2 infection, usually 3 months from the onset of COVID-19 with symptoms
that last for at least 2 months and cannot be explained by an alternative diagnosis.
Common symptoms include fatigue, shortness of breath, cognitive dysfunction but also
others (see Table 3 and Annex 2) which generally have an impact on everyday
functioning. Symptoms may be new onset, following initial recovery from an acute COVID-
19 episode, or persist from the initial ililness. Symptoms may also fluctuate or relapse over
time. A separate definition may be applicable for children.

*Soriano JB, et al. Lancet Infect Dis. 2022;22(4):e102-e107.
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Espana
13.755.956
>1millén

PREVALENCIA
x
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Mundo
674.063.615

65 millones

Persistence of somatic symptoms after COVID-19 in the
Netherlands: an observational cohort study

ArankaV Ballering, Sander K R van Zon, Tim C olde Hartman, Judith G M Rosmalen, for the Lifelines Corona Research Initiative*

Ballering, Aranka V et al. Lancet 400,10350 (2022): 452-461. doi:10.1016/S0140-6736(22)01214-4



https://www.ons.gov.uk/peoplepopulationandcommunity/healthandsocialcare/conditionsanddiseases/datasets/alldatarelatingtoprevalenceofongoingsymptomsfollowingcoronaviruscovid19infectionintheuk
https://pubmed.ncbi.nlm.nih.gov/?term=Davis%20HE%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=McCorkell%20L%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Vogel%20JM%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Topol%20EJ%5BAuthor%5D
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Long-term effects of COVID-19
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Sintomas generales

Fiebre/Febricula/ Alteracion de la percepcién de la
temperatura

Astenia/fatiga

Anorexia/Pérdida de peso

Pérdida del Cabello

Xerostomia o xeroftalmia

Alteraciones Cutaneas

Alteraciones visuales

Alteraciones en la menstruacion

Disfuncion eréctil

Sintomas respiratorios

Tos
Expectoracion
Disnea

Sintomas cardiovasculares

Dolor toracico
Taquicardia
Alteraciones en el control de la tensién arterial

Sintomas aparato locomotor

Artralgias/Mialgias

Sintomas neuroldgicos/neurocognitivos

Cefalea

Alteraciones neurosensitivas (parestesias, disestesias,
fonofobia, fotofobia)

Niebla mental

Afectacidén neurocognitiva (pérdida de memoria,
alteraciones en la atencidon/concentracion, dificultad de
planificacion)

Sensacién de inestabilidad (mareo, vértigo,
inestabilidad)

Insomnio

Sintomas ORL

Alteraciones del gusto /Alteraciones en el olfato
Disfonia

Disfagia

Odinofagia

Otalgia

Acufenos

Sintomas digestivos
w

Nduseas
Dolor abdominal/Diarrea/Estrefiimiento

Lopez-Leon et et al, Scientific reports 2021
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Cluster 2

Cluster 3
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o 5 10 15 20 25 5 10 15 20 25 5 10 15 20 25
Time (weeks) Time (weeks) Time (weeks)
Cardiovascular 25. Fainting 49, Bradycardia
19. Pain/burning in chest 38, Palpitations
33, Tachycardia 64.Visibly inflamed/bulging veins
Dermatologic 30. COVID toe 53. Dermatographia
55. Other Skin and Allergy
42, Peeling skin
54, Petechiae
m 44, Skin rashes
< Gastrointestinal 9. Diarrhea 26. Abdominal pain 45, Constipation
2. Loss of Appetite 18. Nausea 43, Gastroesophageal reflux
E 4.Vomiting
HEENT 7. Runny nose 48, Hearing loss
O (Head, ears, 6. Sore Throat 51. Other ear/hearing issues
eyes, nose, 39. Other eye symptoms
h throat) 58.Tinnitus
Z 59. Vision symptoms
\ Immunologic/ 65. New allergies
m Autoimmune 63. New anaphylaxis reaction

Scaled probability (A.U.)

Musculoskeletal

32. Bone ache or burning
21, Muscle aches
15.Tightness of Chest

37. Joint pain
40, Muscle spasms

Neuropsychiatric 20. Acute (sudden) confusion/disorientation 41. All sensorimotor symptoms
12. Changes to sense of smell and taste 47. Brain fog
22. Dizzines, unsteadiness or balance issues 61. Memory issues
31. Hallucinations 50. Neuralgia (nerve pain)
29. Headaches and related symptoms 62. Speech/language issues
35. Insomnia 52.Tremors

27.Other sleeping symptoms
34.Sleep apnea
36. Slurring words/speech

56.Vibrating Sensations

Pulmonary/ 3. Dry cough 14. Breathing difficulty (normal O2 saturation level)
Respiratory 5. Rattling of breath 17. Cough with mucus production

10. Coughing up Blood

24, Other Respiratory and Sinus

16. Shortness of Breath

13.Sneezing
Reproductive/ 60. All menstrual/period issues
Genitourinary/ 46. Bladder control issues
Endocrine
Systemic 8. Elevated temperature (98.8-100.4F) 11. Chills/flushing/sweats 39. Other temperature issues

1. Fever (>= 100.4F) 28. Fatigue 57. Post Exertional Malaise

Davis et al, EClinicalMedicine 23 Lowtemperature
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RESULTS
Study flowchart

Follow-up time, median (R} 23 months {15.5-23.5)

= 548 subjects were evaluated: 341 (62%) had PCC.

= PCC participants were mostly females (69.8%) with
mean age of 47.9 (5D 12.2) years. Only 38.1% required
hospitalization during acute COVID-19, and 9% required
high-flow oxygen.

Time fo recovery, median (2R} 11.4 months (8.1-13.3)

All PCC paricipants, except 2, were SARS-CoW-2
infected prior vaccination

* Their most frequent comorbidities were allergy
(31.4%), obesity (24.8%), dyslipidemia (24.0%) and
hypertension (19.6%).

CHARACTERISTIC 5 OF SEVERITY CLUSTERS - Al Iealst 3.51.rm_ptomlclu.5ters with additive symptun'.ls
e T T eE GG were |den11ﬁf.-d. considering only symptoms present in
=>40% of subjects:

165 [48.4) 138 {40.5) 3B (11.1)
R 4;: J:;E m“ rai;t;ﬂ , 5” ::9-; - » Cluster A was enriched in fatigue and dyspnea
 mecizn } - 6 (43.5-
Sex, make &1 37) 38 (27 5) 41105 » Cluster B had Cluster A symptoms plus headache,
“‘ 37 1408 51437 12 [31.5} arthralgia, chest pain and neurocognitive complains
gy e gl
Alergy 48127 8) 45 (12 6) 18 (42.1) * Cluster C had Cluster B symptoms plus
Dbesity 3 (21.8) 36 {26.1) 12 {31 .6) tachycardia, neurosensitive symptoms, and cough
Dishpaimis 3 (23.6] 12233 11 {289
Hypetensian &0 (23.6] 22 (15:9) & {15.8)
Lurg diseose 26 (15.8) 22 (159 10 (28.3) .
Persisher symphams
Fatigue o3 (56.4) 136 {52 8) 28 (T3.7)
Diyspreea 46 [27.0) 100 [7a) a5 (o2 1)
e raagritive complain 27 (18.4] T4 (53.8) 27 (71.1)
Hizaarkache 37 (22.4] A3 {B0.1) a0 {74.9)
Mylgia 25 (15.2] B4 (B1) 20 {52.6)
Arfiralgia 20121} 81 {58.T) 27 (71.1)
Chest pain 19 11.5) 60 (43.5) 18 {47.4)
Tachyzardia 18 (8.7) 53 {38.4) 28 (73.7)
Cough 23 (12.9] 36 (261} 31 {1 E)
M s nsitive A (4.8 33 (239 24 {B3.2)
Diicar thyesis 150 58 {42) {217

Lo prascdes fewer 20 (12.1}) 2 {159 11 (259

Recrvesred
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Factores asociados a la recuperacion de Covid-19 persisitente

1.0-

Educational

level

Confid
Riskstd. ence p-
RatiErrolnterva val
Predictors os r | ue
05 - 3.2 1.2 1.56- 0.0
Sex (Male) 4 1 6.75 02
4.5 2.84 - <0.
ICU admission 8.3 4 24.27 001
0 recovered 2.3 09 1.08- 0.0
Educational level 4 3 509 32
1.9 0.6 1.01- 0.0
Vascular comorbidities 9 9 392 48
0.2 0.14 - <0.
05 -~ Symptoms p 8 0.1 0.57 001
Cs;r 2.5 1.0 1.16- 0.0
- Symptoms r 3 1 551 2

El dolor muscular, el déficit de atencidn, la disnea y la taguicardia en
la fase aguda, relacionados inversamente proporcional con la
recuperacion (RR 2.53; Cl 1.16-5.51)
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Hipdtesis no excluyentes:

* Cambios fisiopatoldgicos causados directamente por SARS-CoV-2 (dafio tisular)
e Persistencia viral

* Aberraciones inmunolodgicas y danos inflamatorios persistentes

* Reactivacion de virus latentes

e Disbiosis

FISIOPATOLOGIA

e Disfuncidn microvascular

* Respuesta autoinmune originada por una respuesta inmune alterada frente al SARS-CoV-2

Castanares et al, Pathophysiology and mechanism of long COVID: a comprehensive review Ann Med. 2022 Dec;54(1):1473-1487. doi: 10.1080/07853890.2022.2076901.
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Cambios fisiopatoldgicos causados directamente por SARS-CoV-2 (dafio tisular)

Gran expresion de ACE2 en diferentes

celulas de todo el cuerpo

<
O
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—
o
E
O
%2
TR

Crook et al, BMJ ; Peluso et al,. J Infect Dis. 2021;224(11):1839-1848 .

Lungs
m Dyspnea

m Chest pain
m Cough

Pancreas

| Pancreatic injury
B Pancreatitis

Kidney
® Renal implant
m Acute Kidney injury

Heart

m Chest pains

| Myocardial
inflammation

B Serum troponin

| Palpitations

Gastrointestinal tract

m Diarrhea
m Nausea
m Sore throat

L~

Y

_

L

L

Brain

m ‘Brain fog’

m Delirium

m Fatigue

m Sleep disturbances

m Depression/anxiety/PTSD/0CS

/

Spleen
m T &Blymphocyte
m Atrophy of lymphoid follicles

/

m Liverinjury
m  Aspartate
aminotransferase

Blood vessels
m Inflammation

m Vessel damage
m Coagulopathy

B Microangiopathy

cLEy
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SARS-CoV-2-specific
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Systemic and [{\ ) \ Microvascular
tissue-specific R /é & dysfunction
inflammation G505
Human Dysbiosis
herpesvirus
reactivation

Proposed contributing mechanisms




Persistencia viral

Blood:
- S1RBD IgG ELISA
/ - Nucleocapsid IgG ELISA
- Spike & nucleocapsid IGRA
- Spike & nucleocapsid ICFC

‘ \ Stool:
" - Faecal Calprotectin

Biopsy Specimens:
Q@“‘% - SARS-CoV-2 gPCR

\s - SARS-CoV-2 immunofluorescence
w - SARS-CoV-2 cultivation
O we),. Questionnaire:
| o=4 - Post-acute COVID-19
O i symptoms
(a1
B 100
ﬂ = [n=15/45] | | [n=10/41] | | [n=13/46]
LL 2
n=19/46 o
£ 75 £ € c
=& 3 S o
Biopsy sites positive g s 2 8
_ [ All negative = §
Al pfggnts [ One positive g 50 a
in [ Two positve g
Il Three positive @
g 25
n=9/46 2
n=4/46 =
2
> 10
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Inflamacion
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Figure 1. Effects of viral infection on mitochondrial dynamics, the viral life cycle, and
various aspects associated with the internal metabolism of the mitochondria as well as its
physiological processes.

Mitochondrial Dynamics

NRF1, TFAM
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Predictors e
Demographic factors (age, sex)
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< Pre-existing Reactivation of
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n Human
E immunodeficiency
virus 1 (HIV-1) Neurocognitive
symptoms
Cytomegalovirus

(CMV)
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Infeccions Acute COVID-19 Full recovery
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Inflamacion

PCo A2(6 4%)

Diferencias entre la composicidon de la microbiota intestinal

> . Y ‘s
¢ @ PACS, baseline at admssion
@© PACS, 6-month follow-up
@ No PACS, baseline at admssion
@ No PACS, 6-month follow-up
@ Non-COVID-19 controls

0.0 0.2 0.4

PCOA1(12.71%)

-0.2

cLEy

Unitat
Covid
Persistent



®® Fundacié Unitat
® Lluita contra les Porsistent
Infeccions Acute COVID-19 Full recovery

Predictors e
Demographic factors (age, sex)

Medical comorbidities (obesity, asthma, diabetes)

Acute COVID-19 severity/viral load
Social determinants

Vaccination status

Time
Symptomatic management f
Evolving immune status?

?
\s Lon g COVID Targeted therapeutics/. /
G, P -
) o
— 3 -
O 3‘* '~& -
E R
-.o:o' \ L <
o » = ak Y
1
o T x
- 2 p o4 A
(V] %
o e d
& 3
Viral antigen SARS-CoV-2-specific
persistence and autoreactive
. immune responses

CSAN
Systemic and 1a {\ ? ) \ Microvascular

tissue-specific w 3 g5
inflammation A
Human Dysbiosis
herpesvirus

reactivation




@@ Fundacioé Unitat
H Covid
® Lluita contra les Persistent

Infeccions

Disfucion microvascular

* Microscopia de fluorescencia de micrografias representativas
que muestran microcoagulos en la circulacion de controles (A)
y en pacientes con Covid-19 persisitente (B-D).

* Ausencia de microcoagulos de amiloide significativos en el
plasma de individuos "normales" y su presencia significativa
en el plasma de individuos Covid-19 persisitente.

Pretorius E,, et al. Cardiovasc Diabetol. 2021;20(1):172. Published 2021 Aug 23. doi:10.1186/s12933-021-01359-7
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Alteraciones N. vago

Gastrointestinal disturbances

Cognitive dysfunction—f—O

Dizziness ——o
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Brain

Pons

Dysphonia
Dysphagia

Shortness of breath
Cough

Tachycardia

Orthostatic hypotension
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il "(‘L 7— intestine

Vagus nerve
Spinal cord

——— Bronchia
— Heart

Liver

~—— Spleen
Stomach
Kidney
Gallbladder
Pancreas

Large

Small
intestine




Alteraciones N. vago

*Prospective observational
cohort of SARS-CoV-2 exposed
PCC: Post COVID-19 Condition [ N= 691 from King cohort } participants

VND: Vagus Nerve Dysfunction
N=108 Uninfected
N= 205  Without  persistent
symptoms
N= 36 Unknown/lost of follow up

[ N= 342 Patients with PCC 1

Inclusion criteria:
*18 years

*Confirmed SARS- N = 228 (67%) Patients with at

CoV-2 infection
-Symptoms least 1 VND-related symptom

compatible with VND
(>1): Exclusion criteria (diabetes
-Dysphonia mellitus, pregnancy, dementia)
-Dysphagia

-Cough The first 30° patients were
-Dyspnea
-Tachycardia selected

-Orthostatic hypotension [ N=30 PCC }

FISIOPATOLOGIA

-Dizziness
-Gastrointestinal
dysfunction

N=16 N=14 March 2021-March 2022
Recovered Uninfected
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% of individuals

Sintomas

100+

o
s

Disminucidn del
persistaltismo esofagico

40+

30

20

10+

P

s

Ecografia de nervio vago

PCC

Disminucidn de la
movilidad diafragmatica

501

40+

30

20+

10+

20%

Recovered Uninfected
7%
PIM <70%
0.0013
0.0003
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Taquicardia sinusal inapropiada

Inappropriate sinus tachycardia
(Group 1) Fully recovered (Group 2) | Uninfected (Group 3)
N=40 N=19 N=17 P value
Demographic and clinical characteristics I
Age (years) 40.1+10 42.2+11 395+13 0.243
Males, n (%) 6(15) 2(11) 2(12) 0.655 H
Body mass index, mean +5D 25261 24536 225+£23 0.374 \] | }
Smoking, n (%) 1(3) 1({5) 0 0.623 L '1‘\].1
Hypertension, n (%) 3(8) 0 0 0.589 1 A
Hyperlipidemia, n (%) 3(8) 0 0 0.589 M I ‘ H“” ” m ”t
Diabetes mellitus, n (%) 0 0 0 NA | I " ” m ””hlll hooan ol
Asthma, n (%)
Environmental allergy, n
Symptoms of the acute
Palpitations, n (%)
Dyspnea, n (%)
Myalgia and joint pain, 1
Chest pain, n (%)
Fever, n (%) 29 (73) 16 (84) - 0.462
Headache, n (%) 29 (73) 7(37) - 0.007
Dizziness, n (%) 21 (53) 1(5) - 0.002
Diarrhea, n (%) 21(53) 3(16) - 0.003 :
Anosmia, n (%) 19 (48) 15 (79) - 0.03 .
Ageusia, n (%) 19 (48) 8 (42) - 0.454 : |
Dermatologic alterations, n (%) 14 (35) 1(5) - 0.009 :‘ H”m””
Severity of clinical presentation <Jll Jl"[“iim:]l!lluuun:nf T
Mild 33 (83) 16 (84) - 0387
o 509 — T - i oyt e, e
Intensive care management 1(3) 0 - 0.254 Poincaré plot of 24-h ECG monitoring and histogram of the frequency-domain parameters from a patient with

IST. A lower heart rate variability in comparison with the uninfected subject and an overall decrease is observed

. .. e . th hout all bands, bei ifest at the high fi cy band (HF, 0.15-0.40 Hz), are both apparent.
Table 1. Demographic and clinical characteristics of the cases and their matched controls. Values are PO IS R ROt MEAESL AL T N (oot T HRAS DAL PRI

expressed as mean + standard deviation unless otherwise stated. A P value of < 0.05 is considered statistically
significant. Significant values are in [bold].
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Defectos de perfusion subendocardica en pacientes con dolor de caracteristicas anginosas

FISIOPATOLOGIA

Vallejo et al European Heart Journal - Case Reports, 2021; Vallejo et al. Rev Esp Card 2021
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acute month 5 month 12
(n=71) (n=96) (n=96)

=i Negative@'
1 ANA 1:40
Bl ANA1:80
] ANA 1:160
B ANA 1:320

Bl ANA 1:640
Bl ANA 1:1280

Al afno, ANAs 21:160 en el 43,6% de los pacientes

grupo con ANAs <1:160

Grupo ANAs 21:160 con significativamente mas sintomas en comparacion con el
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Autoinmunidad

Post-COVID-19 symptom onset @’ Gru po ANAs >1:160 con

% of patients significativamente mas
sintomas en

comparacion con el
grupo con ANAs <1:160

acute COVID-19 month 5 month 12

Fever
Sore throat
Vomiting/Nausea
Diarrhoea
Decrease in taste
Anosmia
Cough
Dyspnoea

oty PO

Reduced exercise capacity |)

ot e wori ::::::::::::::::110101010Xoxoxox

Sleeping problems )2’2’2‘2’2 :‘2‘2‘
Headache
Yeckae WAV AV AV AV AV AWV
Anxiety XX X X X X X X
Hair loss }2’2’2’2’2’2’2‘2‘
Cold
Body aches
Shivering
Palpitations

FISIOPATOLOGIA
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neural circuit
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¢Por qué no conocemos aun la fisiopatologia?






idebemos esperar a conocer la fisiopatologia para encontrar dianas
terapéuticas?



®® Fundacié Unitat
® Lluita contra les ggr?i:tent

Infeccions

50 .
b
E3 Employment affected c
1 Not affected = 40} o ]
o
ks
| dueto i
g 39 covip-19
3
c
g 20
&
10
[ Not recovered
0 s Recovered
Not Reduced No
working hours impact

22,3% Sin poder trabajar
45,2% Reduccion de jornada

Vaes AW, et al. J Clin Med. 2020; Davis HE, et al. EClinicalMedicine. 2021.; Klein J et et al, medRxiv doi: https://doi.org/10.1101/2022.08.09.22278592
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PSICOLOGIA

——  SCREENING PSICOLOGICO  ——

PSIQUIATRIA REHABILITACION

PRIMERA VISITA
UNIDAD
(MEDICA -
INFERMERIA)

CARDIOLOGIA
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NEUROSPICOLOGIA REUMATOLOGIA

PNEUMOLOGIA

Diapositiva organizacion Unidad Covid-19 persisitente Hospital Germans Trias i Pujol
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Sintomatico
Rehabilitacion
Respiratoria
Motora
Logopedia
Terapia ocupacional
Neurocognitiva

Ningln tratamiento ha mostrado su eficacia en tratar la causa del Covid persistente

4

ENSAYOS
CLINICOS!!!!
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Conclusiones

Multiples sintomas que se correlacionan con diferentes clusters.

Diferentes hipotesis sobre |la fisiopatologia no excluyentes entre ellas:

Persistencia viral.
Inflamacion.

Autoinmunidad.

Alteraciones en la microbiota.
Disfuncion microvascular.

Problema de salud publica con gran impacto social y econdmico.
Tratamientos sintomaticos, centrados en la rehabilitacion.

Asistencia e investigacion de la mano.
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Institut de Recerca de la Sida Germans Trias i Pujol

Persistent Infeccions Hospital

Muchas gracias!! REICO

Red Espaiiola de Investigacion
en COVID Persistent e
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Una iniciativa
%% JoEmCorono

NO T'HO INVENTES

La COVID persistent &s una malaltia real.
Les persones que la patiu no esteu soles.
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