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Abstract

Obijective: To characterize neurologic manifestations in post-hospitalization Neuro-PASC (PNP)
and non-hospitalized Neuro-PASC (NNP) patients.

Methods: Prospective study of the first 100 consecutive PNP and 500 NNP patients evaluated at
a Neuro-COVID-19 clinic between 5/2020 and 8/2021.

Results: PNP were older than NNP patients (mean 53.9 vs 44.9 y; p < 0.0001) with a higher
prevalence of pre-existing comorbidities. An average 6.8 months from onset, the main neurologic
symptoms were “brain fog” (81.2%), headache (70.3%), and dizziness (49.5%) with only anosmia,
dysgeusia and myalgias being more frequent in the NNP compared to the PNP group (59 vs

39%, 57.6 vs 39% and 50.4 vs 33%, all p< 0.003). Moreover, 85.8% of patients experienced
fatigue. PNP more frequently had an abnormal neurologic exam than NNP patients (62.2 vs 37%,
p < 0.0001). Both groups had impaired quality of life in cognitive, fatigue, sleep, anxiety, and
depression domains. PNP patients performed worse on processing speed, attention, and working

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial License, which permits use,
distribution and reproduction in any medium, provided the original work is properly cited and is not used for commercial purposes.

correspondence to Dr Igor J. Koralnik, Northwestern University Feinberg School of Medicine, Chicago, IL.
igor.koralnik@northwestern.edu.

Author Contributions

G.PG,SA,AK,TP,SB,JG.,GL,JC,SM, TS, AV, MJ,IM., IS, Z20,PL.,AB.,E.L.,and |.K. contributed to
conception and design of the study.

G.PG,SA,AK,TP,SB,JG,GL,JC,SM, TS, AV, MJ,IM., IS, 20,PL,CT,AS, EG,RB., BB, JC,KR,
AS,MS,KL,PK,N.S., KC,SH,RL.,AB.,E.L., and |.LK. contributed to acquisition and analysis of data.
GSP,SA,AK,TP,SB,JG,GL,JC,SM, TS, AV, MJ,,IM,JS., 2.0, AB., E.L, and I.K. contributed to drafting the
text or contributed to preparing the figures.

Potential Conflicts of Interest
The authors do not have conflicts of interest.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Giraldo et al.

Page 2

memory tasks than NNP patients (T-score 41.5 vs 55, 42.5 vs 47 and 45.5 vs 49, all p< 0.001)
and a US normative population. NNP patients had lower results in attention task only. Subjective
impression of cognitive ability correlated with cognitive test results in NNP but not in PNP

patients.

Interpretation: PNP and NNP patients both experience persistent neurologic symptoms affecting
their quality of life. However, they harbor significant differences in demographics, comorbidities,
neurologic symptoms and findings, as well as pattern of cognitive dysfunction. Such differences
suggest distinct etiologies of Neuro-PASC in these populations warranting targeted interventions.

Introduction

Methods

Patients

As of February 10, 2023, over 102 million people in the United States have developed
confirmed infection with severe acute respiratory syndrome coronavirus type 2 (SARS-
CoV-2) and more than 1.1 million have died from coronavirus disease 2019 (COVID-19).1
Although COVID-19 was initially identified primarily as a respiratory disease, neurologic
manifestations have been reported in up to 82% patients hospitalized with severe COVID-19
pneumonia which may linger in the post-acute phase.2” While most infected individuals
have mild and transient respiratory symptoms and never require hospitalization for
pneumonia and hypoxemia,8- some develop lingering neurologic, pulmonary, cardiac, and
gastrointestinal symptoms.19 This persistent multi-system dysfunction, occurring in patients
with both severe and mild COVID-19 constitute the “long COVID” syndrome, also called
“post-acute sequelae of SARS-COV-2 infection” (PASC).11-13

Although neurologic symptoms of PASC (Neuro-PASC) may persist for more than a year in
previously hospitalized’-14 and non-hospitalized patients alike,1216 little is known about the
differences and similarities in neurologic manifestations experienced by these 2 distinct
populations. We therefore sought to evaluate prospectively the neurologic symptoms,
cognitive dysfunction, and quality of life in post-hospitalization Neuro-PASC (PNP) and
non-hospitalized Neuro-PASC (NNP) patients.

We prospectively evaluated the first consecutive 100 PNP and 500 NNP patients who
were SARS CoV-2 * at the Neuro-COVID-19 clinic of Northwestern Memorial Hospital,
in Chicago, lllinois, between May of 2020 and August 2021. The first 50 SARS-CoV-2-
positive patients were previously reported.1® The opening of the clinic was announced on
a webpage as customary at our institution for all new clinics,1” without further advertising.
Patients were able to schedule an appointment without physician referral for in-person

or televisits based on their preference on a first-come-first-served basis, regardless of

their geographic location in the United States. Since long COVID was a new syndrome
that was not yet defined, we accepted patients complaining of any type of neurologic
manifestations associated with SARS-COV-2 infection. Our only exclusion criteria were
absence of any neurologic symptoms (e.g., patients complaining only of shortness of breath
after COVID-19).
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Patients were included in this study if they had clinical manifestations of COVID-19
compatible with the Infectious Diseases Society of America (IDSA) guidelines, confirmed
by positive SARS-CoV-2 reverse transcription polymerase chain reaction (RT-PCR) or
rapid antigen positive test of nasopharyngeal swab, and/or positive SARS-Cov-2 antibody
testing prior to COVID-19 vaccination, and had persistent neurological symptoms for at
least 6 weeks from onset. This definition is more stringent than that of the CDC that

that was formulated after the opening of the Neuro-COVID-clinic, and only requires
symptoms lasting more than 4 weeks.18 Our patients also fit the subsequent WHO criteria
of long COVID as well as the PASC criteria from NIH.19:20 All laboratory, radiologic,
and electrophysiological assessments were performed as part of routine clinical care.
This study received prior approval by Northwestern University institutional review board
(STU00212583).

All patients were evaluated by a board-certified attending neurologist, at times assisted by
a neuroimmunology fellow (G.S.P., E.L.G.), nurse practitioners, and neurology residents.
Patients were seen both in person (53.3%) and in video-conference televisit (46.7%), the
latter included patients from 31 US states. Medical records of all patients were obtained
and reviewed ahead of the scheduled office visit. Diagnostic testing was recorded after
direct review of test results in the patients’ records. Both video televisit and in-person
appointments lasted 1 hour and were equivalent in terms of medical history through the
use of a standardized Neuro-COVID-19 Epic template with survey of medical history,
neurological and other symptoms, test results, and mental function exam. The rest of the
neurologic exam (cranial nerves, movements, coordination, and gait) was performed in
more limited manner in patients seen in video-conference televisits than in-person.Direct
exam of strength, reflexes, and sensations could not be performed in televisit patients.
Patient reported quality of life in cognition and fatigue domains was assessed using the
validated Patient Reported Outcome Measurement Information System (PROMIS).21:22
PROMIS measures of sleep disturbance, anxiety and depression were added on January
1, 2021. Finally, patient reported their subjective impression of % recovery compared to
their baseline prior to their COVID-19 disease and SARS-COV-2 diagnosis.

A cognitive function evaluation with the National Institutes of Health (NIH) toolbox

was completed for all the patients seen in person, as well as those who were seen via
telemedicine but lived in the greater Chicago area and were able to come to our center
within a week from their televisit. The NIH toolbox v2.1 included assessments of processing
speed (pattern comparison processing speedtest); attention (inhibitory control and attention
test); executive function (dimensional change card sort test); and working memory (list
sorting working test).23-26 Both PROMIS and NIH toolbox results are expressed as T-scores,
with a score of 50 representing the normative mean/median of the US reference population
with a standard deviation of 10. NIH Toolbox results are controlled for age, sex, education,
race, and ethnicity. Lower cognition T-scores indicate worse performance while higher
fatigue, sleep disturbance, anxiety, and depression T-scores indicate greater severity.
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Statistical Analysis

Results

Data were summarized as number of patients (frequency), mean (standard deviation) for
normally distributed variables, and median (interquartile range [IQR]) for non-normally
distributed variables. Group differences were assessed using Fisher’s exact test, unpaired
t-test, and Wilcoxon rank-sum test. Correlations between variables were assessed with
Pearson’s or Spearman’s correlation tests, as appropriate. To determine if results of
PROMIS and NIH Toolbox domains differed from expected, patient group T-scores were
compared to the demographic-matched normative US population median of 50 using 1-
sample Wilcoxon signed-rank tests. Twosided p < 0.05 was considered significant and all
analyses were performed in GraphPad Prism version 9.0.0. Study data were collected and
managed using Redcap electronic data capture tools.

To illustrate the relative phenotypic similarities and differences between patients we
performed a principal component analysis (PCA) using the 5 patient-reported PROMIS
quality of life domains as well as a PCA using the 4 objectively measured NIH toolbox
cognitive tests. PCA was performed using R (version 4.2.1) and RStudio (2022.07.2

+ 576). PCA results were presented as a 2-dimensional graph of principal component

1 (PC1) versus principal component 2 (PC2) since graphical representation of these 2
principal components reflects the majority of variance in the observations. In this graphical
representation, the distance between individual patients on the PC1 axis, followed by
distance between individual patients on the PC2 axis, is proportionate to the patients’
phenotypic differences. Furthermore, we color-coded individual patients by whether they
were or were not previously hospitalized for COVID-19 and generated 95% confidence
interval ellipses encompassing these groups. To facilitate phenotypic interpretation of the
principal components, we calculated Pearson correlation coefficients between each PROMIS
or NIH toolbox domain and the corresponding PC1 and PC2. As a further exploratory
analysis to consider whether patients evaluated by televisits differed phenotypically from
patients examined in- person, we generated the same PROMIS and NIH toolbox PCA graphs
but instead grouped by whether patients were evaluated by televisits.

Patient Demographics and Comorbidities

Of the 100 PNP included in this study, the mean age was 53.9 years, 58% were female,
62% were White, 18% Black, 3% Asian, and 19% were Hispanic. Conversely, the mean
age of the NNP group was younger, 44.9 years, 65.8% were women, and the race/ethnic
background was significantly different with 77% White, 8.2% Black, 3.8% Asian, and
12.2% Hispanic. All 600 patients were confirmed SARS-CoV-2 positive either by RT-PCR
or serology, and 33% PNP and 44.8% NNP patients had received SARS-CoV-2 vaccination
(p=0.09). All but 1 patient were infected prior to vaccination (Table 1). The prevalence

of comorbidities varied between the 2 groups. PNP more frequently than NNP patients had
hypertension (39% vs 15.4%; p < 0.0001), dyslipidemia (22% vs 12.8%; p = 0.03), diabetes
type 2 (21% vs 4.2%; p < 0.0001), lung (16% vs 4.2%; p < 0.0001), and cardiovascular
diseases (10% vs 2.2%; p = 0.0008). However, NNP were more likely than PNP patients to
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suffer from depression/anxiety prior to COVID-19 (40% vs 9%: p < 0.0001). Demographics
and comorbidities are shown in Table 2.

Frequency of Neurologic Symptoms and Signs Attributed to COVID 19.

Patients were evaluated in our clinic on average 6.8 months after symptom onset. The

total average subjective impression of recovery compared to pre-COVID-19 baseline was
59.8% overall, with no statistically significant difference between the PNP and NNP groups
(55.7% vs 60.6%, p=0.07). The median number of neurologic symptoms attributed to
COVID-19 was 7, and 91% reported more than 4 neurological symptoms with no differences
between the 2 groups. Overall, the 10 most common neurological symptoms included
non-specific cognitive complaints, which patients referred to as “brain fog” (81.2%),
headache (70.3%), anosmia (55.7%), dysgeusia (54.5%), dizziness (49.5%), myalgia
(47.5%), numbness/tingling (42.2%), pain other than chest (40.5%), tinnitus (28.7%), and
blurred vision (26%). NNP patients more frequently reported anosmia (59% vs 39%; p =
0.0003), dysgeusia (57.6% vs 39%; p = 0.0009), and myalgias (50.4 vs 33%; p= 0.002)
compared to the PNP group. Seizures, movement disorders, ischemic stroke, meningitis, or
polyradiculitis were rare in both groups. None of our patients presented with Guillain-Barre
syndrome/acute inflammatory demyelinating polyneuropathy (AIDP), or acute disseminated
encephalomyelitis (ADEM).

The most common non-neurologic symptoms were fatigue (85.8%), depression/anxiety
(69.3%), insomnia (57.0%), shortness of breath (48.3%), self-reported variation of heart rate
and blood pressure which was documented as dysautonomia (34.0%), chest pain (29.7%),
and gastrointestinal symptoms (nausea, vomiting, diarrhea; 27.0%). Of those, only shortness
of breath (72% vs 43.6%; p < 0.0001) and chest pain (41% vs 27.4%; p = 0.008) were
significantly more frequent in the PNP group. We performed a complete neurologic physical
exam on the 320 patients who came to the clinic in-person and a limited exam for the 280
patients who were seen via televisits. We found that PNP more frequently than NNP patients
had an abnormal neurologic exam (62.2% vs 37.0%; p < 0.0001), short-term memory deficit
(37.8% vs 21.1%; p= 0.0007), attention deficit (22.4% vs 9.5%; p = 0.0008), sensory
dysfunction (18.4% vs 6.2%; p = 0.0004), gait dysfunction (16.3% vs 3.7%; p < 0.0001),
and motor dysfunction (13.3% vs 2.4%; p < 0.0001). The neurologic symptoms and signs
are shown in Table 3.

Radiological, Electrophysiological, and Laboratory Testing.

We reviewed diagnostic testing done prior and at the time of the visit (Table 4). There

were no significant differences in the prevalence of abnormalities found on computed
tomography (CT) of the brain, magnetic resonance imaging (MRI) of the brain and spinal
cord, MR vessel wall imaging, electromyography (EMG), electroencephalogram (EEG)

and cerebrospinal fluid (CSF) analysis, and tilt table test between PNP and NNP patients.

Of note, non-specific white matter lesions were seen on the MRI brain in both groups.
Conversely, except for the antinuclear antibody (ANA test), markers of inflammation include
erythrocyte sedimentation rate (ESR), C-reactive protein (CRP), D-dimer, and ferritin were
all more frequently abnormal in the PNP group.
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Quiality of Life Measures and Standardized Cognitive Tests.

We analyzed the impact of COVID-19 on the quality of life of PNP and NNP patients

with the PROMIS measures and tested their cognitive function with the NIH toolbox

tests, both reported as T scores. The results are displayed in Fig 1. Both the PNP and

NNP patients demonstrated significant altered quality of life in domains of cognition,
fatigue, sleep, anxiety, and depression compared to the US normative population, with no
statistically significant difference between the 2 groups with the median T scores indicating
moderate impairment. The tablet-based NIH toolbox cognitive test could be administered
to in-person patients only. However, 16/50 (32%) PNP and 49/230 (21%) NNP patients
evaluated initially in televisits who lived in Illinois or neighboring states came to our clinic
within a week to perform the NIH toolbox cognitive tests. Altogether, the PNP patients

had significantly worse performance on NIH toolbox in processing speed, attention and
working memory compared to the NNP group and a demographic-matched US normative
population. The NNP patients had significantly lower results in attention task only compared
to a demographic-matched US normative population.

We further analyzed similarities and differences between PNP and NNP groups using
principal component analyses (PCA). Fig 2A shows the PCA using the 5 patient-reported
PROMIS quality of life domains. For the PROMIS domains, PC1 accounted for 57% of the
variance in the observations and PC2 accounted for 16%, for a total of 73% of the variance
represented by the PC1 versus PC2 graph. For the PROMIS domains, Pearson correlations
demonstrated that increases in PC1 corresponded to worsening T-scores in each PROMIS
domain while increases in PC2 corresponded to worse anxiety and depression T-scores and
improved T-scores in cognitive function, fatigue, and sleep disturbance. Ninety-five percent
confidence ellipses demonstrated that NNP and PNP groups have largely similar PROMIS
phenotypes. However, the phenotype distribution appeared somewhat broader for the NNP
group; primarily, a small portion of NNP patients have larger PC1 values than the PNP
group and a similar size portion of NNP patients having smaller PC1 values than the PNP

group.

Figure 2B shows the PCA using the 4 objective NIH toolbox cognitive tests. For the

NIH toolbox tests, PC1 accounted for 63% of the variance in the observations and PC2
accounted for 17%, for a total of 80% of the variance represented by the PC1 versus PC2
graph. For the NIH toolbox tests, Pearson correlations demonstrated that increases in PC1
corresponded to worsening T-scores in each NIH toolbox domain while increases in PC2
corresponded to worse processing speed, attention, and executive function T-scores but
improved working memory T-scores. Ninety-five percent confidence ellipses demonstrated
substantial phenotype overlap between NNP and PNP groups; however, PC1 in particular
suggests that the NNP group is skewed to include less severe phenotypes than the PNP
group. Finally, PCA comparing PROMIS and NIH Toolbox results of patients evaluated
in-person with those seen in televisit showed overlapping ellipses, demonstrating that these 2
groups were largely identical (Figure S1).
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Assessment of Subjective Recovery to Pre-Covid-19 Baseline and Correlations of Quality
of Life and Cognitive Measures.

We analyzed the subjective impression of % recovery compared to pre-COVID-19 baseline
in PNP and NNP patients at the time of the visit. Time from symptom onset was not
associated with the subjective impression of recovery in either group (Fig 3; PNP Pearson’s
RZ = 0.003, NNP Pearson’s R2 = 0.001). Finally, we correlated the subjective impression of
recovery, PROMIS QoL measures, and NIH Toolbox cognitive test results (Fig 4). In both
groups, QoL PROMIS measures were significantly correlated with each other, and so were
NIH Toolbox cognitive tests. However, while the NNP group showed significant associations
between % recovered, and subjective impression of cognitive function and fatigue with
cognitive test results (Fig 4B), this was not the case in for PNP patients (Fig 4A).

Discussion

Varying terminology has been used to describe post-COVID conditions. “Long COVID”

is a patient-created term that appeared in the spring of 2020, which has been modified as
“post-COVID conditions” by the Center for Disease Control (CDC) and the World Health
Organization (WHO). Long COVID is described as a wide range of new, returning or
ongoing symptoms lasting more than 4 weeks after infection with SARS-CoV-2 that cannot
be explained by an alternative diagnosis.1819 In February 2021, the NIH introduced the
name of “PASC”, encompassing a constellation of symptoms persisting long past the time of
recovery of the initial stages of COVID-19.20

However, neither the CDC, WHO, nor NIH definitions differentiate patients based on
acute symptom severity. This has been very detrimental to the Neuro-PASC field. Indeed,
older people with multiple comorbidities who have cognitive problems after mechanical
ventilation for severe COVID-19 pneumonia complicated by anoxia, cytokine storm,
intravascular clotting, and multi-organ failure, and previously healthy young individuals
with brain fog after transient sore throat and cough from mild SARS-CoV-2 infection are
both considered to have Neuro-PASC. Accordingly, most publications have lumped these 2
very distinct populations together, causing decreased rigor in the field.27:28-

Investigators in the United Kingdom, Italy, and Spain have already highlighted differences
in post-hospitalization and non-hospitalized PASC patients. However, our data are novel
since those studies were not focused on Neuro-PASC and did not include quality of life

or objective cognitive measures.2%-31 We propose the terminology of PNP and NNP in
SARS-CoV-2* individuals with neurologic manifestations of PASC, in an effort to better
stratify this heterogenous population of patients.32 Indeed, our data show that PNP and NNP
groups have distinct demographics and comorbidities. In our study, the PNP are a decade
older than NNP patients, they are more ethnically diverse and have a higher prevalence of
pre-existing hypertension, dyslipidemia, lung, and cardiovascular disease. This is consistent
with ample literature on demographics, comorbidities and neurologic manifestations in
hospitalized COVID-19 patients.24-6:33 Conversely, NNP patients had a higher prevalence
of depression/anxiety prior to COVID-19. These findings are consistent with our studies of
neurologic manifestations in acutely hospitalized COVID-19 patients* and non-hospitalized
long haulers.1518 |n addition, PNP and NNP patients have distinct symptomatology,
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neurologic examination findings, and laboratory test results. While NNP more frequently
present with anosmia, dysgeusia, and myalgia, PNP have a higher prevalence of symptoms
of shortness of breath and chest pain and are more likely to have an abnormal neurologic
physical examination and laboratory markers of inflammation. Finally, PNP had different
pattern of cognitive dysfunction than NNP patients. PNP performed significantly worse
than NNP in tasks of processing speed, attention and working memory than NNP patients
and a US normative population, whereas NNP had worse results on test of attention only,
compared to what would be expected based on the demographic features. However, both
groups of patients equally complained of decreased quality of life in domains of cognition,
fatigue, sleep disturbance, anxiety, and depression. Differences in the composite phenotype
of cognitive dysfunction and similarities in the composite phenotype of quality of life
disruption between PNP and NNP groups were further demonstrated by PCA. Finally time
from onset was not associated with subjective impression of recovery in either group.

The demographic, comorbidities, clinical, and cognitive differences highlighted in our study
suggest distinct etiologies of Neuro-PASC in PNP and NNP patients, warranting targeted
interventions. During hospitalization for the acute phase of COVID-19, it is possible that
PNP suffered diffuse brain damage, which could have been caused by a combination of
hypoxemia, cytokine storm, multi-organ failure, or encephalopathy which may not result

in specific findings on brain CT or MRI. This is consistent with the broad cognitive
dysfunction harbored by these patients. Accordingly, PNP seemed to have also lost insight
in their cognitive dysfunction. This is of importance since failure to recognize deficits in
post-hospitalization groups may be a source of bias, in view of their decreased insight in
their cognitive deficits.

Conversely, the female predominance of NNP patients, as well as ongoing research,
suggest an autoimmune etiology of Neuro-PASC in this population, perhaps triggered by
viral persistence.34-37 Indeed, women are more likely than men to develop autoimmune
diseases.38-40 In addition, the higher prevalence of depression/anxiety before COVID-19
suggest a neuropsychiatric vulnerability to developing long COVID and is consistent with
the findings of a recently published prospective study, in which preexisting psychological
distress was found to be associated with risk of developing post-COVID-19 conditions and
decreased likelihood of full recovery.#! However, this does not imply that long COVID is
a psychosomatic disease since 60% of NNP patients never had pre-existing mental health
issues, but highlights further heterogeneity in this population warranting multiple therapeutic
approaches.

Alternatively, it is also possible that some PNP and NNP patients could be affected by the
same pathogenic mechanisms, but NNP patients more often experience lighter versions of
those mechanisms that result in milder clinical phenotypes.

Our study has limitations. As is the case for any study on any disease performed in an
ambulatory setting, it is based on self-selected individuals who sought care at our Neuro-
COVID-19 clinic. This is similar to any studies on any disease performed in hospital
setting, based on self-selected individuals seeking inpatient care, or to internet surveys,
where participants self-select based on their access to technology and other socio-economic
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factors.*2-44 However, our protocol of providing in-person or televisits to patients from

the entire United States without physician referral was deliberately designed to improve
access and avoid referral bias. Therefore, our patients are representative of the US Neuro-
PASC population that is seeking care at post-COVID clinics. Since approximately half

of the patients enrolled from both groups came from televisits, this restricted features

of the neurologic exam and NIH Toolbox assessment, which is performed on a tablet.
Nevertheless, patients living in Illinois and surrounding states had the opportunity to come
in-person after their televisit and complete the cognitive tests. Of note, analyses of age,
PROMIS quality of life measures, NIH toolbox cognitive tests and % recovery compared

to pre-COVID-19 baseline showed no significant differences in either PNP or NNP group
between those surveyed initially via televisit versus in-person. Our study did not have
contemporaneous control groups and relied on the normative population of the NIH Toolbox
cognitive tests.23-2645 The NIH Toolbox was created under the auspices of the “NIH
blueprint for Neurosciences Research” using rigorous methodologies to allow for targeted,
accurate comparisons for any research study participant group against the US population
from ages 3 to 85, using a sample of 4,859 participants representative of the US population
based on gender, race/ethnicity, and socioeconomic status around the country.46 Therefore,
the NIH toolbox has been used in hundreds of publications on a wide range of neurologic
diseases over more than a decade.*” The normative data of the NIH toolbox tests was also
critical to the success of our study due to the limitation of human subject testing for research
outside of patient-care associated with the pandemic, which would have precluded testing
of contemporaneous control groups. Furthermore, there was an unequal number of study
participants in both groups. This reflects the population of the clinic during the period of
observation, which was constituted of 17% PNP and 83% NNP patients. Consequently, our
study in underpowered to detect sex and ethnic differences between the PNP and NNP
groups. Our statistical analyses do not adjust for multiple comparisons. This is due to the
exploratory nature of this first-of-its-kind study aiming at guiding further investigations,
knowing that those adjustments may increase the type Il error for those associations that are
not null.#849 Finally, since the population of the clinic was ambulatory, it may not include
the most affected PNP patients requiring intensive home care or skilled nursing facilities.

Conclusions

Long COVID/PASC continues to occur despite vaccination and boosters, and the
Government Accountability Office (GAO) estimated that up to 23 million Americans were
affected in March 2022, pushing 1 million people out of work.59 Neurologic manifestations
of PASC are very debilitating, and the president of the American Academy of Neurology
stated in July 2022 that long COVID was the third leading neurologic condition in the
United States.?1 Accordingly, the need for dedicated training in Neuro-PASC care is
evidenced by the high demand of televisits from patients coming from many US states
where they do not have access to Neuro-infectious diseases specialists. As the number of
hospitalized individuals with COVID-19 continues to decrease, Neuro-PASC will affect
predominantly the younger group of non-hospitalized patients. The loss of productivity
associated with lingering cognitive dysfunction experienced by people in their prime will
undoubtebly have a substantial economic impact.
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Differences between PNP and NNP patients characterized in our study suggest that distinct
pathogenic mechanisms may be at play in those 2 groups, emphasizing the need to evaluate
these populations separately. Of concern, a large treatment trial of PASC with Nirmatrelvir/
Ritonavir (Paxlovid) which is being organized by the NIH RECOVER initiative, does

not include outcome measures based on severity of acute COVID-19.52 Although much
progress has been made in the symptomatic management of Neuro-PASC,32 further research
is urgently needed to elucidate the root cause of Long COVID, delineate risk factors

and biomarkers of disease activity, and devise targeted therapeutic interventions for this
debilitating syndrome,10.53-55
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(median (IQR))
Cognitive Function 38 (33, 43) <0.0001 | 38(33,43) <0.0001 0.39
Fatigue 62.5 (57, 68) <0.0001 63.5(55,68) | <0.0001 0.63
Sleep Disturbance 55.5 (51.75, 60.25) | <0.0001 56 (50, 61) <0.0001 0.97
Anxiety 62 (58, 64.5) <0.0001 | 61(555,65) | <0.0001 0.71
Depression 56 (48, 59) 0.0001 54 (48, 61.25) | <0.0001 0.64
NIH Toolbox (median (IQR))
Processing Speed 415 (31.75,54.5) | 0.0005 55 (38, 62) 0.05 <0.0001
Attention 425 (36, 48) <0.0001 47 (37,54) <0.0001 0.03
Executive Function 46 (39.25, 60) 0.53 52 (39, 65) 0.05 0.14
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Quality of life and cognitive results in PNP and NNP. Both PNP and NNP groups exhibited
impaired quality of life in cognitive, fatigue, sleep, anxiety, and depression domains. PNP
patients had worse performance on NIH toolbox in processing speed, attention, and working
memory as compared to NNP patients and to a US normative population. NNP patients had
lower results in attention task only compared to a US normative population.
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Pearson Correlation PC1 PC2 Pearson Correlation PC1 PC2
Cognitive Function -0.749 0.418 Processing Speed -0.789 -0.222
Fatigue 0.778 -0.429 Attention -0.855 -0.210
Sleep Disturbance 0.647 -0.140 Executive Function -0.839 -0.170
Anxiety 0.799 0.458 Working Memory -0.677 0.736
Depression 0.800 0.465
FIGURE 2:

Principal component analyses of quality of life and cognition in PNP and NNP patients.

Principal component analyses for (A) PROMIS quality of life measures and (B) NIH
toolbox cognitive tests in PNP (green triangles) and NNP (red dots) patients. Ellipses

representing the 95% confidence interval encompassing PNP (green) and NNP (red) groups
are shown. Pearson correlation tables indicate that patient experiencing the worst quality of
life on (A) all PROMIS domains, and who have the worst results on (B) all NIH toolbox
cognitive tests, are located on the right distal part of the plots on the PC1 axis whereas those
with (A) best quality of life and (B) best cognitive results are located on the left on the PC1

axis.
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Recovery to pre COVID baseline in PNP and NNP. Subjective impression of recovery
compared to pre-Covid-19 baseline for PNP (A) and NNP (B). The patients were asked to
grade their recovery at the time of their visit, assuming a pre-COVID-19 baseline of 100%.
Each person is represented by a single time point, and R? values demonstrate no significant
relationship between time from onset and percent recovery in both PNP and NNP.
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FIGURE 4:
Correlation coefficients between subjective impression of recovery, quality of life PROMIS

measures and NIH toolbox cognitive tests. (A) In PNP patients, subjective impression

of % recovery compared to pre-COVID-19 baseline correlated moderately with PROMIS
Qol measures of cognition, fatigue, and sleep disturbance. PROMIS cognition showed a
strong negative correlation with fatigue, and PROMIS fatigue correlated moderately with
sleep disturbance and anxiety. There was a trend for negative correlation between PROMIS
cognition and processing speed. There was no correlation between the subjective impression
of cognitive function and NIH toolbox measurements in attention, executive function and
working memory. This suggests impaired insight of objective cognitive function difficulties.
(B) In NNP patients, subjective impression of % recovery compared to pre-COVID-19
baseline correlated moderately with PROMIS Qol measures of cognition, fatigue, and sleep
disturbance. QoL PROMIS measures correlated with each other as well as NIH toolbox
cognitive tests. The worse the impression of cognitive function, the worse processing speed,
attention, executive function and working memory, which was statistically significant in all
domains.
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