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Exam componen

Hyperreflexia (n=12) 16.67%
Hyporeflexia (1=12) 25%
Length-dependent neuropathy (n=11) 27.27%
Light touch (n=11) 27.27%
Pinprick (n=8) 25%
Temperature perception (1=10) 10%
Vibratory sense (= 10) 10%
Proprioception (n=7) 0%

Romberg test (n=12) 0%
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Positive result ratio (#/1

(%)
Tilt table 16/16 (100%)
QSART 5/8 (62.5%)
Skin punch biopsy 2/5 (40%)
Deep breathing 1/10 (10%)
Valsalva 0/10 (0%)

Survey Average score

COMPASS-31 autonomic que;
(n=7)

44.45

PROMIS fatigue survey (n=11) 64.64
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Characteristics Value
Total number of patients 16
Age at presentation: average (st dev) 3606 (9.24)
BMI: average (st dev) 24.53(5.33)
White (%) 93.75%
Female (%) 81.25%
Confirmed COVID positive (%) 75%
Mild COVID severity (%) 93.75%
Diabetes (%) 0%
Anxiety (%) 75%

Depression (%) 625%
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Symptol % of patients

Palpitations 68.75%
Fatigue 625%
Dyspnea 37.5%
Headache 25%
Syncope/presyncope 25%
Cognitive changes 18.75%
Paresthesia 18.75%
Dizziness 125%
Gl symptoms 625%
Chest pain 625%
Weakness. 6.25%
Light sensitivity 625%
Tremors 0%
Heat intolerance 0%
Postural lightheadedness 0%
Anxiety 0%
Joint pain 0%
0%

Sensory overload
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Comorbidity
Chronic migraine
1B

Raynauds
Ehlers-Danlos
Sjogrens
Hashimotos

Celiac

Fibromyalgia

Chiari malformation
Rheumatoid arthritis
Chron's

Colitis

1875%

125%

125%

125%

625%

625%

0%

0%

0%
0%
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QSART measurement Mean (n=8)
Forearm sweat latency Imin 455
Forearm sweat output 03925 mL/cn’
Proximal leg sweat latency Imin 275
Proximal leg sweat output 043375 ml/cm®
Distal leg sweat latency 1min 365
Distal leg sweat output 042125 ml/om*
Proximal leg sweat latency 2min 465

Proximal leg sweat output 021375 ml/em®
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Valsalva test LEST)

Valsalva ratio

Blood pressure response phase IT Normal 100%
Blood pressure response phase IV Normal 100%
Deep breathing test n=10
Mean heart rate range 21372

Expiratory/inspiratory range 143
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Investigational Study % Female Mean Treatment = Treatment Symptomatic Change in

product design age duration success efficacy positional
(yr) definition heartrate
variability
Midodrine
Yang et al. (30) Prospective 57.1 115 28 1.5-7 months Symptom score 67.86% 135
cohort study (2.5) decrease by >2
Boris and Case series 775 152 289 5 months Continued Use 33.91% -
Bernadzikowski of medication
(50)
Liao etal. (32) Prospective 55.6 12(3) 108 3 months Symptom score 90.48% -
cohort study decrease by >2
Deng etal. (33) Retrospective 55.45 11.92 104 6 months Symptom score 75.96% -
cohort study (2551) decrease by >2
Zhang et al. (34) Prospective 19.1 115 44 3 months Symptom score 61.36% 53
cohort study (2.6) decrease by >2
Lai etal. (21) Retrospective 76.9 143 13 9-50 months Reported 46.15% -
cohort study improvement
in symptoms
Chen etal. (29) Randomized 58.5 125 19 3-6 months Reported 89.47% 17
controlled trial 22) improvement
in symptoms
Ross etal. (35) Randomized 75 168 20 2 weeks Not reported - 104
controlled trial (0.85)

Cardioselective beta blocker (Metoprolol, Atenolol, or Bisoprolol)

Lai etal. (21) Retrospective 786 15.1 14 9-50 months Reported 57.14% -
cohort study improvement
in symptoms
Tsuchida et al. (22) Case series 50 28 32 159 days Reported 59.38% -
improvement
in symptoms
Freitas et al. (23) Prospective 100 31(11) 10 6 weeks Reported 100.00% -
cohort study improvement

in symptoms

Cui etal. (24) Retrospective 53.7 12.6 54 3 months Symptom score 61.11% =
cohort study 2.7) reduction of
=50%
Wang et al. (25) Retrospective 45.1 120 59 3 months Symptom score 70.59% -
cohort study (22) decrease by >2
Lin etal. (26) Prospective 47.1 11.7 34 3 months Symptom score 70.59% -
cohort study (2.0) decrease by >2
Zhao etal. (27) Prospective 49 12(2) 49 1.5-3 months Symptom score 57.14% 11
cohort study decrease by >2
Moon etal. (28) Randomized 529 29.8 25 3 months Not reported = 284
controlled trial (9.9)
Chen etal. (29) Randomized 58.5 124 19 3-6 months Reported 57.89% 11
controlled trial (1.9) improvement
in symptoms

Non-Cardioselective beta blocker (Propranolol)

Yozgat et al. (42) Prospective 67.6 13.26 34 3 months Not reported - -
cohort study (2.55)
Moon etal. (28) Randomized 68.4 39.4 26 3 months Not reported - 243
controlled trial (11.6)
Ivabradine
Abdelnabi etal. (36) | Prospective 41.8 305 55 7 days Reported 78.18% -
cohort study (6.9) improvement
in symptoms
Towheed etal. (37) Retrospective 92.6 17 27 3-12 months Reported 66.67% 31
cohort study improvement
in symptoms
Delle Donne et al. Case series 68.2 14.8 22 0.9-17 months Reported 68.18% -
(38) (1.6) improvement
in symptoms
Ruzieh etal. (39) Case series 95.9 35.1 49 3-12 months Reported 77.55% 6.7
(10.35) improvement
in symptoms
McDonald et al. Case series 83.3 35(9.9) 20 7-113 weeks Continued on 55.00% o
(40) medication at
end of study
period
Taub et al. (41) Randomized 95.5 325 22 1 month Not reported & 8.3
controlled trial (11.4)
Fludrocortisone
Boris and Case series 77.5 152 582 5 months Continued use 42.78% -
Bernadzikowski of medication
(50)
Freitas etal. (23) Prospective 100 100 1 6 weeks Reported 100.00% -
cohort study improvement

in symptoms
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Investigational % Treatment Treatment Treatment Change in Symptom
product Female duration success success positional score
definition ratio heartrate type
variability
Midodrine
Chen etal. (29) Randomized 58.5 125 (2.2) 19 3-6 months Reported 0.89 053 17 7 Symptom 4.1 13
controlled improvement score
trial in symptoms
Ross etal. (35) Randomized 75 16.8 8 2 weeks - - - 10.4 44 - 26
controlled (0.85)
trial
Metoprolol
Chen etal. (29) Randomized 58.5 124 (1.9) 19 3-6 months Reported 058 053 1 7 Symptom 22 13
controlled improvement score
trial in symptoms
Ivabradine
Taub etal. (41) Randomized 95.5 325 22 1 month - - - 128 44 SE-36 118 25
controlled (11.4) Physical
trial functioning
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Treatmen

Mechanism of actiol

Citation

Remdesivir Antiviral medication (Tx LC via acute COVID) (144)
Antihistamines (e.g. famotidine) Antiviral properties, mast cell activation (Direct AND Tx LC via acute COVID) (146, 151-153)
NSAIDs (incl. aspirin) Anti-inflammatory (Tx LC via acute COVID) (154)
Steroids (dexamethasone) Anti-inflammatory, immunosuppressive (Direct AND Tx LC via acute COVID) (122, 145)
Melatonin Activator of NRF2, potential for treating insomnia, depression, fatigue, brain fog (148)
Early anticoagulation (aspirin) Inactivates procoagulant pathways, protects vascular endothelium (149)
Modafinil Increases locomotor activity (in rats), potential for treating severe fatigue (150)
B-blockers Used for POTS (67)
Low-dose naltrexone Used for neuroinflammation (67)
Intravenous immunoglobulin Used for immune dysfunction (67)
BC007 Addresses autoimmunity )
Anticoagulant regimens Addresses abnormal clotting (@]
Apheresis Theorized for micro clots [®)
Coenzyme Q10 and d-ribose Supplements 2
Nirmatrelvir/ritonavir Emergency use authorized antiviral )
Sulodexide For endothelial dysfunction 2
Probiotics For gastrointestinal and non-gastrointestinal symptoms 2
Stellate ganglion block For dysautonomia symptoms @)
Pycnogenol For physiological measurements and quality of life [®)
Metformin Anti-inflammatory and metabolic actions ©)
Nasal decongestant spray Local steroid/alpha adrenergic agonist (155)
Ivermectin There is no specific mechanism for long COVID [®)
Fluvoxamine There is no specific mechanism for long COVID ©)

his Table summarizes pharmacological and therapeutic interventions that have been studied or proposed for treating Long COVID (LC), organized by treatment category and mechanism

of action. Treatments are classified based on whether they target LC directly or treat LC by addressing acute COVID-19 (Tx LC via acute COVID). Some agents have multiple mechanisms of
action or applications. Treatments marked with “There s no specific mechanism for long COVID” have been studied but lack clear mechanistic evidence for LC specifically. Evidence levels vary
among treatments, from well-established therapies to theoretical approaches requiring further validation.
*Itis worth noting that the RECOVER initiative is also conducting clinical trials on solriamfetol for excessive daytime sleepiness and ivabridine for moderate POTS, but that as of the writing of
this paper no results have been posted. hitps://trials.recovercovid.org/design
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Variable Baseline 1-month p-value

follow-up
nLF 45.3£16.6 50.4+20.5 0.04%
nHF 54.7+16.6 49.5+20.4 0.04%
LE/HF 1.03£0.78 14321.24 0.002 **
SDNN* 1.38+0.18 1.36+0.21 035
RMSSD* 1.37£0.24 1.33£0.29 037
Mean HR, bpm 722£10.04 72.6+10.80 0.82
Systolic blood 12435109 12142778 021

pressure, mmHg

Diastolic blood 8022543 8214473 013
pressure, mmHg

ALE normalized low frequency; nHE, normalized high frequency; LE/HE, low/high-
frequency ratio; SDNN, standard deviation of normal-to-normal R-R intervals; RMSSD, root
mean square of successive RR interval differences. Student’ paired t-test,level of significance
p<0.05and **p <0.01. “Log transformed values. Bold values indicate statistically
significant results.
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N GAEIEES

Follow up period, days

Age, years
Male gender, 1 (%)

Body mass index, kg/m®

Night shift workers, n (%)

Vaccinated HCWS at follow-up visit, 1 (%)

Acute phase disease duration, days

Group 1 (n = 67)

Subgroup-
7) (n=37) (n=13)

188(161-225)

Subgroup-B Subgroup-C

201(161-249)

383,(349-504) 376,(348-394)

498+8.41 4855102 5174664
3(17.6%) 10(27%) 3(23%)

2394422 253£493 2394453
3(17.7%) 14(37.8%) 2(154%)
16 (94.1%) 36(97.3%) 13 (100%)
115 (9-16) 145(9.5-20.5) 115(9-15.5)

p-value

074
0.08
055
075
049
016
053
025

26(17-34.5)

459£10.1
7 (24.1%)
233+384
9(31.0%)
28 (96.6%)

10(8-11)

Values ae given as n and %, mean (2 standard error) or median (IQR 25-75). Statistcal comparisons were made by two-sample -test and One-way ANOVA test to check statistical differences
between two groups and three groups, respectively. Level of significance < 0.05.
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nLF

nHF

LF/HF

SDNN*
RMSSD*

Mean HR, bpm
Systolic blood
pressure, mmHg
Diastolic blood

pressure, mmHg

ALE normalized low frequency; nH, norm:
frequency ratio; SDNN, standard deviation of normal-to-normal R-R intervals; RMSSD, root
mean square of successive R interval differences. Students paired t-test,level of significance

Baseline

4712229
528+228
132113
138020
1352025
7324102
1288142

8324585

3484164

6524163
0.67+0.62
139020
1412023
687£10.5
1253164

800+5.86

0.009 **

0.009 **

0.006 **
097
046
0.10
049

0.02%

d high frequency; LE/HE, low/high-

“p <0.05.and **p <0.01. *Log transformed values. Bold values indicat statisically

significant results.
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Variable Baseline 13-month p-value

follow-up
nLF 5274196 4494203 0.01*
nHE 4735196 550202 0.02*
LE/HFE 1562128 103096 0.0003 **
SDNN* 1374022 140£0.18 026
RMSSD* 1334029 1424022 0.03*
Mean HR, bpm 73.4£9.08 6924885 0.003%
Systolic blood 13004155 12645158 018

pressure, mmHg

Diastolic blood 823£7.42 804£9.53 024

pressure, mmHg

ALE normalized low frequency; nHE, normalized high frequency; LE/HE, low/high-
frequency ratio; SDNN, standard deviation of normal-to-normal R-R intervals; RMSSD, root
mean square of successive R interval differences. Students paired f-test,level of significance
p<0.05and **p <0.01. “Log transformed values. Bold values indicate statistically

nificant results
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Variable Baseline 6-month follow- p-value 13-month follow- p-value

up up
LF 5194222 3924206 0.02% 44£19.1 005
nHE 479+22.1 608205 0.02% 56:19.1 005
LE/HE 1554118 0972114 0.08 14070 0.03*
SDNN* 136£0.18 1342015 082 1352022 083
RMSSD* 132025 1358017 065 1362024 048
Mean HR, bpm 735£1149 705£10.36 032 67.6£9.02 0.04%
Systolic blood pressure, 1292146 12814179 085 1223135 019
mmHg
Diastolic blood pressure, 8354625 8042660 005 8042558 015
mmHg

ALE normalized low frequency; nH, normalized high frequency; LE/HE low/high-frequency ratio; SN, standard deviation of normal-to-normal R-R intervals; RMSSD, root mean square
of successive RR interval differences. *Student’s paired I-test, level of significance p <0.05. “Log transformed values. Bold values indicate statistically significant results.
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Neurological condition OR!  95%CI' p-value

Ischemic stroke 509
Negative - -
Positive 102 077,133
Movement disorder 07
Negative — —
Positive 093 062,136
Hemorrhagic Stroke 07
Negative - -
Positive 109 072,163
Epilepsy or seizure 04
Negative - -
Positive 081 047,133
Headache 04
Negative - =
Positive 0.80 046,134
Dementia 0.2
Negative - -
Positive 140 087,225
Age at the time of encounter 104 1.03,1.05 <0.001
Sex 0.2
Female - -
Male 120 094,154
Race 012

American Indian or Alaska Native - —

Asian 033 0.03,3.22
Black or African American 024 0.04,1.13
Other race 018 003,090
Prefer not to answer 0.00
Unknown 0.26 002,251
White or Caucasian 018 003,083
Hospital length of stay 101 100, 1.02 0053

‘OR=0dds ratio, CI =confidence interval. Bold values indicates p<0.05 significant.
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Factors
Ischemic stroke
Negative
Positive
Movement disorder
Negative
Positive
Hemorrhagic stroke
Negative
Positive
Epilepsy or seizure
Negative
Positive
Headache
Negative
Positive
Dementia
Negative
Positive
Sex
Female
Male
Race
American Indian or Alaska Native
Asian
Black or African American
Other race
Prefer not to answer
Unknown
White or Caucasian
Ageat encounter

Total inpatient stay

'OR=0dds ratio, CI = confidence interval. Bold valu

R 95%CI*

091

L14

0.64

0.80

133

055

043
055
292912
032
050
099

104

067,121

0.76,1.69

0.38,1.05

047,132

082,212

0.26,1.06

0.82, 140

0.07,7.94
010,215
012,289
0.00, NA
001,351
012,250
0.99,1.00

1.03,1.05

p-value
05

05

0077

04

02

0075

06

05

02

<0.001

ndicates p<0.05 significant.
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Post-hospitalization group Non-hospitalized group Effect sizes (Cramér’s

(n=23) (n=83) V/Cohen's d)
Age M=5526 (SD=12.77) M=4530 (SD=1275) 0.78%
Sex: Female 11(48%) 63 (76%) 0.25%

Racial identity

White 16 (70%) 65 (78%) 0.06
Black 3(13%) 8(10%) 001
Asian 1(0%) 101%) 0.00
Other 3(13%) 9(11%) 0.00
Years of education M=1565 (SD=201) M=16.08 (SD=243) 0.19
Intubated during Hospitalization 5(22%) - =
Subjective cognitive impairment (T-scores) M=33.57 (SD=6.89) M=3276 (SD=6.16) 013
Objective cognitive performance (Z-scores) M =-0.66(SD=087) M==0.76 (SD=075) 014
MoCA total score (Z-scores) M=-057(SD=119) M =083 (SD=088) 026
Lexical fluency (Z-scores) M=-102(SD=084) M=-1.02(SD=098) 000
Semantic fluency (Z-scores) M=-041(SD=097) M==0.70(SD=091) 031
Immediate memory (Z-Scores) M=-071(SD=119) M=-101(SD=103) 028
Delayed memory (Z-Scores) M=-081(SD=124) M=-126(SD=109) 041
Oral trail making test part B (Z-scores) M=-084(SD=222) M=-0.12(SD=195) 036
Boston naming test 15-item (Raw scores) M=1365/15 (SD=1.53) M=14.06/15 (SD=1.57) 041
Internalizing Psychopathology (T-scores) M=59.75 (SD=5384) M=60.72 (SD=6.49) o
Fatigue (T-scores) M=65.65(SD=9.97) M=66.22 (SD=8.28) 030
‘Time since COVID-19 Infection (Days) M=35539 (SD =19095) M =379.96 (SD =224.46) 016

= 106; M, Mean; SD, Standard deviation; MoCA, Montreal Cognitive Assessment.
p<0.05; **p<0.01
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Death No death  Unadjusted and  Ventilation (n No ventilation  Unadjusted and

(n [%]) (n [%]) adjusted p-value [%1) (n 1) adjusted p-value
for death for Ventilation
outcome’ outcome:

Outcome total 370 (26.7) 1,017 (73.3) 319 (23.0) 1,068 (77.0)

Ischemic Stroke 139 (28.7) 346 (71.3) 0.221/2.648 97 (20.0) 388 (80.0) 0.052/0.619
Hemorrhagic Stroke 44(295) 105 (70.5) 0.404/4.853 25(1638) 124 (832) 0.056/0.673
Movement Disorder 42(253) 124 (747) 0.669/8.033 4147) 125(75.3) 0.579/6.950
Epilepsy or seizure 22(180) 100 (82.0) 0.024/0.286 23(189) 9(812) 0.254/3.053
Headache 19.17.6) 89 (8241) 0.026/0.314 29(269) 79(732) 0322/3.862
Dementia 40 (46.5) 46 (53.5) <0.0001/<0.05 11(128) 75(87.2) 0.020/0.242

ts with each neurological condition and those without the neurological condition. p-values are shown unadjusted and adjusted for

-square comparisons were performed between
multiple comparisons. Bold values indicates p<0.05 significant.
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Total (1)  Death* Odds ratios 95% Ventilation** Odds ratios 95%
(n) for death Confidence (n) for Confidence

Outcome intervals ventilation intervals
Outcome

Neurological condition’

Ischemic stroke 485 139 1167 0.911-1.494 97 0.766 0.585-1.002
Hemorrhagic stroke 149 44 L172 0.807-1.704 4 L3 07631623
Movement disorder 166 2 0922 0.636-1.338 29 1252 0.802-1.954
Dementia 81 36 2559 1.645-3.980 25 0.647 0.413-1.014
Epilepsy or seizure 122 22 0.580 0.360-0.935 23 0.761 0.474-1.219
Headache 108 19 0564 0339-0910 10 0473 0248-0902

“Death was defined regardless of the length of the hospital viits among those who had a neurological condition during inpatient hospital admission. **Ventilation status was defined as having
ever been treated with bilevel positive airway pressure (BiPAP), or continuous positive airway pressure (CPAP), or both during inpatient hospital admission. 'Some patients were diagnosed
with more than one neurological diagnosis by a healthcare provider.
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