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Abstract
Post-acute sequelae of COVID (PASC), or long COVID, is a multisystem complication of SARS-CoV-2 infection that
continues to debilitate millions worldwide thus highlighting the public health importance of identifying effective
therapeutics to alleviate this illness. The pathophysiology behind PASC may be attributed to the recent discovery of
persistent S1 protein subunit of SARS-CoV-2 in CD16+ monocytes up to 15 months after infection. CD16+ monocytes,
which express both CCR5 and fractalkine receptors (CX3CR1), play a role in vascular homeostasis and endothelial
immune surveillance. We believe targeting these receptors using the CCR5 antagonist, maraviroc, along with
pravastatin, could disrupt the monocytic-endothelial-platelet axis that may be central to the etiology of PASC. Using
�ve validated clinical scales (NYHA, MRC Dyspnea, COMPASS-31, modi�ed Rankin, and Fatigue Severity Score) to
measure 18 participants’ response to treatment, we observed signi�cant clinical improvement in six to twelve weeks
on a combination of maraviroc 300mg PO BID and pravastatin 10 mg PO daily. Subjective neurological (p=0.002),
autonomic (p<0.0001), respiratory (p=0.0153), cardiac (p=0.002) and fatigue (p<0.0001) symptoms scores all
decreased which correlated with statistically signi�cant decreases in vascular markers sCD40L and VEGF. These
�ndings suggest that by interrupting the monocytic-endothelial-platelet axis, maraviroc and pravastatin may restore
the immune dysregulation observed in PASC and could be potential therapeutic options. This sets the framework for a
future double-blinded, placebo-controlled randomized trial to further investigate the drug e�cacy of maraviroc and
pravastatin in treating PASC.

Introduction
Post-acute sequelae of COVID (PASC), commonly referred to as long COVID or chronic COVID, is an emerging public
health syndrome that continues to devastate and debilitate adult and pediatric survivors of acute SARS-CoV-2
infection. The World Health Organization (WHO)-led Delphi consensus de�ned PASC as a syndrome starting three
months from onset of probable infection with symptoms lasting over two months and could not be explained by an
alternative diagnosis (1). Over 200 symptoms have been attributed to PASC (2,) thus posing an enormous challenge
clinically. The multi-organ involvement causes cognitive impairment, debilitating neuropathy, chronic migraines,
autonomic dysfunction, cardiac dysrhythmias, dyspnea at rest, severe fatigue, and myalgias (3). Presently, minimal
therapeutic options are available to treat PASC which can be attributed to the pathology not yet being fully described.
However, we recently reported that the S1 protein subunit of SARS-CoV2 is retained in both nonclassical (CD14-
CD16+) and intermediate (CD14+CD16+) monocytes several months after acute infection. Typically, these monocytes
persist only for a few days, but in PASC patients, the S1 containing monocytes can persist for months and years (4),
which we propose contributes to the pathophysiology behind PASC. Nonclassical monocytes are involved in
phagocytosis and vascular adhesion by patrolling the endothelium under homeostatic and in�ammatory conditions
through B2 integrin, lymphocyte function-associated antigen-1 (LFA-1) and high levels of fractalkine receptors
(CX3CR1) (5, 6). On the other hand, CD14+CD16+ monocytes express high levels of C-C chemokine receptor type 5
(CCR5) and fractalkine receptors and are involved in antigen presentation, cytokine secretion and apoptosis regulation
(6, 7). Since CCR5 and fractalkine receptors have been studied for various chronic in�ammatory pathologies, we
hypothesized that these receptors may also be therapeutic targets for PASC. CD16+ monocytes also produce high
levels of various pro-in�ammatory cytokines which could be an explanation for the heterogenous symptomatology in
PASC. Speci�cally, elevations in C-C chemokine ligand 5 (CCL5) /RANTES (Regulated on Normal T-cell Expression and
Secretion), IL-2, IL-6, IFN-gamma and Vascular Endothelial Growth Factor (VEGF), along with decrease in CCL4 have
been observed in patients and are hypothesized to be contributing to the pathophysiology of PASC (8).

Here, we describe an 18 participant case series investigating the combination of the CCR5 receptor antagonist
maraviroc, and pravastatin, which targets fractalkine, as a potential therapeutic approach in addressing and treating
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the potential pathology of PASC. The CCR5 receptor is a seven-transmembrane G protein-coupled receptor (GPCR) that
is found on macrophages and T-lymphocytes and functions to regulate tra�cking and effector functions of these
cells (9). The role of CCR5 as a co-receptor for human immunode�ciency virus (HIV) entry was discovered in 1996.
Maraviroc is the �rst and only US Food and Drug Administration (FDA) and European Medical Agency (EMA) approved
CCR5 receptor antagonist available to date. Maraviroc is a negative allosteric modulator of the CCR5 receptor, and by
binding to the CCR5 receptor, it induces receptor conformational changes that prevent the chemokine binding of
RANTES (CCL5) and CCR5-mediated signaling (10). While this mechanism has been researched and studied
extensively in HIV infection, there is increasingly greater recognition and appreciation of the CCR5-CCL5 axis in many
other conditions and pathologies such as cancer, autoimmune disorders and endothelial dysfunction. This signaling
is central to the pathophysiology of in�ammation by directing immune cells through a process called chemotaxis.
These actions are mediated through RANTES, which is produced by platelets, macrophages, eosinophils, �broblasts,
endothelial, epithelial and endometrial cells. (11). The effects of RANTES have been implicated in respiratory tract
infections, especially viruses possessing RNA genome (including coronavirus, in�uenza, RSV and adenovirus),
asthma, neuroin�ammation, and atherosclerosis (12, 13). Maraviroc has also been documented to restore the
homeostasis of regulatory T-cells (Treg), increase CD4 and CD8 positive counts, and inhibit HIV-associated chronic
in�ammation and activation (14, 15). Interestingly, CD4 and CD8 positive T-cells expressing PD-1 and T-regs have been
observed to be signi�cantly lower in PASC patients compared to healthy controls (8), thus suggesting maraviroc could
restore the immune dysregulation seen in PASC. The commonly known mechanism of action of statins is inhibition of
hydroxymethylglutaryl-CoA (HMG-CoA) reductase enzyme in lowering cholesterol. However, statins have also been
implicated in reducing in�ammation, suppressing fractalkine, and lowering VEGF and IL-6 (16), and as such, may play
a role in the pathophysiology of PASC. We targeted fractalkine using pravastatin since CD16+ monocytes express
high levels of the fractalkine receptor believing this may address the elevations in vascular markers seen in PASC.

Methods/material
After written informed consent was obtained, the medical records and immunological lab reports from 17 adult and
one pediatric PASC participants from the Chronic COVID Treatment Center treated with maraviroc 300mg PO BID daily
and pravastatin 10mg PO daily were collected and analyzed.

Inclusion Criteria
All the participants in the case series were COVID-19 survivors with documented FDA EUA approved RT-PCR SARS-
CoV2 positive test and/or were positive for anti-SARS-CoV2 antibodies using FDA EUA approved tests. All participants
had one or more new onset symptoms that persisted greater than three months after the diagnosis of acute COVID-19
infection. These symptoms included cognitive impairment (brain fog), migraines, post exertional malaise (PEM),
myalgias, arthralgias, severe fatigue, tachyarrhythmias, postural orthostatic tachycardia syndrome (POTS) and
shortness of breath. All participants displayed either isolated or combinations of elevated pro-in�ammatory markers:
RANTES, TNF-alpha, IFN-gamma, sCD40L, VEGF, IL-6, IL-2 and IL-8 on the IncellKINE panel. The IncellKINE cytokine
panel is a set of 14 cytokines that was constructed from a machine-based learning algorithm that identi�ed potential
markers of PASC.

Exclusion Criteria
We excluded participants with a history of migraines, neuropathy, in�ammatory bowel disease, depression and anxiety
disorders, chronic fatigue syndrome, �bromyalgia, arthritis, COPD, asthma, chronic kidney disease, chronic heart
failure (CHF), arrhythmias, bleeding disorders, and anticoagulation therapy prior to COVID-19 infection.
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Validated Scoring System for Patient Assessment Before and After
Treatment
A challenge in studying and de�ning PASC is the heterogenous clinical presentation and multisystem involvement.
Thus, we categorized the main participant symptoms into 5 groups: neurological/autonomic function, cardiac,
respiratory, overall functionality and fatigue. Since there are no validated scales for PASC, we used �ve validated
scales for other organ systems (New York Heart Association (NYHA), Modi�ed Rankin Scale for Neurologic Disability,
Fatigue Severity Scale (FSS), COMPASS-31 and Medical Research Council (MRC) Dyspnea Scale, respectively) to
measure subjective participant responses to treatment. Participants were administered validated self-questionnaires
about their PASC symptoms before and after treatment with maraviroc and pravastatin treatment. The length of
duration of treatment varied based on repeat immune markers and participant-reported symptom improvement. Since
many of these participants were on other medications and anti-in�ammatories prior to starting maraviroc and
pravastatin, the biomarkers and subjective data presented are from the onset of this combination. Phone interviews
were conducted with each participant before and after subjective responses to the medications.

The New York Heart Association (NYHA) Functional Classi�cation was used to classify severity of PASC associated
cardiac symptoms.

Class
1

No limitation of
physical activity.
Ordinary physical
activity does not
cause undue fatigue,
palpitation, dyspnea
(shortness of
breath).

Class
2

Slight limitation of
physical activity.
Comfortable at rest.
Ordinary physical
activity results in
fatigue, palpitation,
dyspnea (shortness
of breath).

Class
3

Marked
limitation of
physical
activity.
Comfortable
at rest. Less
than ordinary
activity
causes
fatigue,
palpitation, or
dyspnea.

Class
4

Unable to
carry on
any
physical
activity
without
discomfort.
Symptoms
of heart
failure at
rest. If any
physical
activity is
undertaken,
discomfort
increases.

The Composite Autonomic Symptom Scale 31 (COMPASS 31), a self-rating questionnaire consisting of 31 items and
evaluating orthostatic intolerance, vasomotor, secretomotor, gastrointestinal, bladder, and pupillomotor function, was
used to measure autonomic dysfunction and the subsequent therapeutic effects of maraviroc and pravastatin. A sub
raw score for each of the six domains was calculated and converted into a weighted sub-score. The sum of this
weighted sub-score gave a total score which ranged from 0 to 100, with 0 meaning no autonomic symptoms and 100
re�ecting the most severe autonomic symptoms.

Medical Research Council (MRC) Dyspnea Scale is a validated method comprised of �ve statements that aims to
measure perceived feeling of breathlessness.



Page 5/18

Grade
1

Are you ever
troubled by
breathlessness
except on
strenuous
exertion?

Grade
2

Are you
short of
breath
when
hurrying
on the
level or
walking
up a
slight
hill?

Grade
3

Do you
have to
walk
slower
than
most
people
on the
level? Do
you have
to stop
after a
mile or
so (or
after 15
minutes)
on the
level at
your own
pace?

Grade
4

Do you
have to
stop for
breath
after
walking
about
100 yds.
(or after
a few
minutes)
on the
level?

Grade
5

Are you too
breathless
to leave the
house, or
breathless
after
undressing?

The Modi�ed Rankin Scale for Neurologic Disability is a validated scale to measure degree of disability after suffering
a stroke or neurological insult.

0 no
symptoms

1 No
signi�cant
disability
despite
symptoms;
able to
carry out all
usual
duties and
activities

2 Slight
disability;
unable to
carry out all
previous
activities,
but able to
look after
own affairs
without
assistance

3 Moderate
disability;
requiring
some help,
but able to
walk
without
assistance

4 Moderately
severe
disability;
unable to
walk
without
assistance
and unable
to attend to
own bodily
needs
without
assistance

5 Severe
disability;
bedridden,
incontinent
and
requiring
constant
nursing
care and
attention

The Fatigue Severity Scale (FSS) questionnaire is a nine-statement validated scale that rates the severity of fatigue
symptoms. Participants were asked how accurately each statement re�ected their condition before and after
treatment with maraviroc and pravastatin and the extent to which they agreed or disagreed based on a scale of 1
(strongly disagree) to 7 (strongly agree).

1 My motivation
is lower when I
am fatigued.

2 Exercise
brings on
excessive
fatigue.

3 I am
easily
fatigued.

4 Fatigue
interferes
with my
physical
functioning.

5 Fatigue
causes
frequent
problems
for me.

6 My fatigue
prevents
sustained
physical
functioning

7 Fatigue
interferes with
carrying out
certain duties
and
responsibilities.

8 Fatigue is
among my
three most
disabling
symptoms.

9 Fatigue
interferes
with my
work,
family, or
social
life.

           

Serum Cytokine Measurements from Participants: Multiplex
Cytokine Quanti�cation
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Fresh plasma was used for cytokine quanti�cation using a customized 14-plex bead based �ow cytometric assay
(IncellKINE, IncellDx, Inc) on a CytoFlex �ow cytometer as previously described (8) using the following analytes: 'TNF-
α', 'IL-4', 'IL-13','IL-2', 'GM-CSF', 'sCD40L', 'CCL5 (RANTES)', 'CCL3 (MIP-1α)','IL-6', 'IL-10', 'IFN-γ', 'VEGF', 'IL-8', and 'CCL4
(MIP-1β). For each participant sample, 25 µL of plasma was used in each well of a 96-well plate.

Data acquisition and preprocessing
The dataset was acquired in a Microsoft Excel (xlsx) table format, consisting of a total of 22 columns representing
different features. The features or columns were organized in the following order:

Anonymized participant ID (column 1)

Weeks on medication (column 2)

Status of participant - before or after treatment (column 3)

Cytokine biomarker pro�les (columns 4-17)

Subjective scores (columns 18-22)

In total there were 18 unique individuals, with each individual being represented in duplicate for before and after
treatment. The presence of a pre and post treatment for each individual categorized as PASC allowed us the
possibility to separate the data set into a before and after data sets for the required statistical comparisons. To
separate the before and after groups, we used the python programming language (version 3.9) and the pandas library
(18, 19), which allowed us to group the samples according to before and after treatment. Once we separated the data
in the two data sets, we then conducted the necessary comparative statistical analysis, including the statistical test to
determine if there were signi�cant differences between the two groups.

Wilcoxon’s paired test to Compare the before and after treatment
groups
To determine if there were differences between the biomarker’s levels of the two groups (before and after) we decided
to compare the datasets by implementing the non-parametric Wilcoxon’s paired test. The implementation of this test
was done using the python library scipy (20). The selection of the Wilcoxon test was based on the assumption that
this non-parametric test does not assume normal distribution of the variables. Additionally, in contrast to parametric
tests like ANOVA, Wilcoxon’s paired test does not base its comparison on the mean but median values. For our data
we compared group before and group after with two alternative hypotheses. The �rst was a two-sided test, which
resulted in a p-value less than 0.05. Subsequently, we tested for an alternative hypothesis “greater”, resulting in a p-
value of less than 0.05.

Correlation analysis between biomarker levels and subjective
scores
In order to identify potential statistically signi�cant relationships between the biomarkers present in the dataset and
the subjective scores, we imported the full dataset into the R programming language (version 4.1.1) (21) and
conducted a correlation analysis. The correlation analysis was calculated using the Pearson correlation coe�cient,
which allows the measurement of both strength and direction of the linear relationship between two variables.

The Pearson correlation coe�cient has the advantage that its values are highly interpretable, always ranging from -1
(strong negative correlation) to +1(strong positive correlation). Correlation coe�cients were calculated for both the
before and after data points, and to validate their statistical signi�cance, their p-value was calculated. We de�ned that
correlation coe�cients were statistically signi�cant if their p-value was equal or less than 0.05. In order to properly
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interpret and convey the correlation relationships and their statistical signi�cances, we constructed a modi�ed pair
plot with the R package GGally and additional functions to plot the p-values for the correlation coe�cients. GGally is
an extension to the R package ggplot2 (versions 2.1.2 and 3.3.5 respectively) (22). The pair plot presented was color
coded for each group (blue = before, red = after) and consisted of scatterplots of each variable in the dataset for both
the before and after groups, a density plot (a smooth representation of a histogram to approximate the distribution of
each group), and the correlations for each group as well as the joint correlation. For the correlation coe�cients, the p-
values were added under the Pearson’s correlation coe�cient and maintain the color code scheme, with the addition
of black representing the joint correlation.

Validation of long hauler status using a machine learning classi�er
The individuals in the dataset were identi�ed as a long hauler (someone diagnosed with PASC). In order to further
validate this classi�cation, we implemented our previously reported machine learning classi�er (8) using both the
before and after datasets as prediction sets for the model to label. In brief, this random forest was constructed using a
dataset composed of 4 classes (control individuals, mild-moderate cases, severe and PASC individuals). Because of
the unbalanced nature of the dataset, the training set was subjected to a minority class balancing method that
generates synthetic samples by means of interpolation (SMOTE) (23). Prediction of the labels was done once the
model was �ne-tuned, using an unseen test set, which was not subjected to SMOTE to avoid contamination or
over�tting. We used this model to predict the labels of both groups in order to further validate the
classi�cation/labeling of the dataset individuals as PASC.

Results

Comparison between “before” and “after” treatment demonstrates
statistical differences between groups
The statistical comparison using the Wilcoxon paired test to contrast the before and after treatment groups using a
two-sided alternative hypothesis revealed the existence of statistically signi�cant differences between the cytokine
pro�les (biomarkers) between the before and after treatment groups (p-value = 2.20e-17). For this test, group 1 was
before and group 2 was after. The results of the Wilcoxon test support that the medians of both groups are different
and that a one-tailed test needed to be done. Based on the results of the two-sided test, we proceeded to do a one-
sided. The alternative hypothesis of this second test was focused on determining if the medians values for the
biomarkers in treatment group 1 (before) were greater than those of group 2 (after). This test resulted in a statistically
signi�cant difference, where the p-value was less than the threshold of 0.05 (p-value = 1.10e-17).

Our results indicate that the biomarker (cytokine pro�les) of the individuals from individuals in the dataset before
treatment are, statistically different from those after treatment. Moreover, our statistical test suggests that for these
individuals, these biomarkers are statistically greater before treatment.

Correlation analysis indicates the presence of positive correlations
between cytokine biomarkers and subjective scores
We constructed a correlation matrix using the Pearson’s correlation coe�cient in order to identify the positive
correlations between the different biomarkers (cytokines) in the dataset and the subjective scores present. We
calculated three correlation coe�cients. The �rst is the joint correlation, which represents the relationship between the
full dataset (both before and after treatment groups), followed by the coe�cients for each treatment group, as shown
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in Figure 1 (correlation matrix). In addition to the correlation coe�cient, we calculated the corresponding p-value to
support the statistical signi�cance of these relationships. We de�ned our signi�cance threshold to p-values of ≤ 0.05.

We analyzed the linear relationship between the cytokine biomarkers and the modi�ed Rankin score (24). In brief, this
is a 6-point disability scale that ranges from 0 (individual has no residual symptoms) to 5 (the individual is bedridden,
incontinent and requires continuous care). According to the documentation an additional value of 6 is included for
deceased or “expired” individuals. For the Rankin subjective score, we identi�ed a low positive correlation with
statistical signi�cance for two biomarkers, VEGF and sCD40L (Figure 2). Finally, we did the correlation analysis for the
COMPASS 31 score (25). This scale was developed as a robust statistical instrument to determine autonomic
symptoms, thus providing relevant severity scores for clinical assessment. For this scale, we identi�ed that several
cytokines had statistically signi�cant relationships to the subjective score. TNF-alpha and GM CSF had low positive
correlations, while VEGF and sCD40L showed moderate positive correlation (Figure 3).

Figure 4: New York Heart Association Classi�cation

For it is possible to note that for the �rst subjective score, the New York Heart Association (NYHA) Functional
Classi�cation, which labels individuals in one of four categories, we were able to identify two statistically signi�cant
biomarkers in the joint correlation (Figure 4). The cytokines IL-8 and GM-CSF showed a low positive correlation to the
NYHA score, with both having r values between 0.30 and 0.50. The linear association between IL-8 and GM-CSF
indicates that there appears to be a weak linear association between both treatment groups (before and after) where
the levels of both cytokines appear to be positively associated with the NYHA score.

Figure 5: Medical Research Council (MRC) Dyspnea Scale

When subsequently analyzed the correlation values for the Medical Research Council (MRC) Dyspnea scale score
(Figure 5), which is a simple scale allowing participants to indicate the effects of breathlessness on mobility, we were
able to identify that for both treatment groups (joint correlation), the biomarkers GM-CSF, TNF-alpha and sCD40L
presented statistically correlations. In the case of GM-CSF, the linear association between the cytokine and the
subjective score was 0.593, which makes it a moderate positive correlation. For TNF-alpha and sCD40L there
correlation values were in ranges between 0.30 and 0.50, indicating their association with the MRC Dyspnea score
were low positive.

Figure 6: Fatigue Severity Score (FSS)

In addition, the correlation analysis of the Fatigue score from the Shirley Ryan Ability Lab at the Rehabilitation
Institute of Chicago (https://www.sralab.org/rehabilitation-measures/fatigue-severity-scale) provides a 9-item scale
allowing the measurement of the effects of fatigue on an individual. The scores range from a value of 9 (lowest
possible score) to 63 (highest fatigue effects). Our analysis identi�ed that various biomarkers showed statistically
signi�cant correlations (Figure 6). These linear associations were present in both the before and after treatment
groups (joint correlation). The cytokines IL-2, sCD40L, TNF alpha and VEGF presented a positive correlation, with r
values ranging between 0.50 and 0.70, as shown in Figure 1. In addition to these biomarkers, IL-8, IL-10 and GM CSF
presented low positive correlations, with r values ranging between 0.30 and 0.50.

Our results suggest that there are a number of biomarkers that appear to be positively associated in varying degrees
with the various subjective scores. The most common cytokine was sCD40L, positively associated to all scores except
for the NYHA Functional Classi�cation score. Another interesting �nding is the relationship of GM-CSF to a wide
variety of subjective scores. This cytokine had signi�cant positive association to all scales except for the modi�ed
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Rankin score. Finally, both VEGF and TNF-alpha were correlated with 3 of the 5 subjective scores, with VEGF not
having a signi�cant relation to NHYA and MRC Dyspnea, while TNF-alpha not correlating to NYHA and Rankin. These
results suggest that many cytokine biomarkers possess for both the before and after treatment groups positive levels
of statistically signi�cant relationship.

Machine learning classi�er validates the labelling of individuals in the dataset group as PASC using cytokine pro�les

The individuals in the dataset were identi�ed as being composed of long hauler or PASC individuals. In order to
validate this assessment, we used the previously published random forest classi�er (6) to label each of the treatment
groups. The 36 instances (18 individuals for each treatment) were identi�ed as belonging to the PASC class,
according to the model. This classi�cation was of great importance because it allowed us to use the long
hauler/PASC heuristic score previously developed in (6) to further understand how these individuals have altered their
behavior before and after treatment.

Discussion
The discovery of CD16+ monocytes containing persistent S1 proteins from PASC patients may help further
understand its pathophysiology and identify targets for therapy (4). Both CD16+ monocytes subsets, intermediate
(CD14+CD16+) and nonclassical (CD14- CD16+), respectively, are known to interact signi�cantly with the endothelium
and platelets via the fractalkine pathway (26). This suggests that the pathophysiology of PASC may lie with the
monocytic-endothelial-platelet axis. Fractalkine, which mediates cell adhesion and leucocyte recruitment, is a
transmembrane protein expressed in the brain, colon, heart, and lung, along with endothelial cells and astrocytes.
Intermediate monocytes express high levels of both CCR5 and fractalkine receptors, whereas nonclassical monocytes
express high levels of fractalkine receptors (6, 7). This interaction between fractalkine and fractalkine receptors have
been involved in the pathogenesis of atherosclerosis, vasculitis, vasculopathies, and in�ammatory brain disorders
(27) and could also be contributing to vascular endothelialitis in PASC. Vascular endothelialitis leads to collagen
exposure along with platelet activation and adherence via glycoprotein 1b-IX-V-receptor (GPIb-IX-V) with collagen-
bound von Willebrand factor (vWF) (28). Activated platelets release soluble CD40 ligand (sCD40L) to recruit both
neutrophils and monocytes to the vascular lesions (29), thus activating the coagulation cascade. Stimulated platelets
also release RANTES which binds to endothelial cells and encourages monocyte adhesion to in�amed endothelial
tissues (30) and acts as a chemotactic agent for in�ammatory cells. Activated platelets and endothelial cells can also
secrete VEGF which induces angiogenesis and microvascular hyperpermeability. VEGF is a diagnostic marker for
vasculitic neuropathy and also contributes to a pro-in�ammatory-prothrombotic environment (31). While the vascular
effects of statins have been well documented (32), the protective role of maraviroc on the endothelium has also been
similarly published (33). Hence, we targeted CCR5 and fractalkine receptors on the S1 protein expressing CD16+
monocytes using maraviroc and pravastatin, respectively, hypothesizing that this combination could be
therapeutically effective in treating vascular endothelialitis and resolving symptoms associated with PASC.

Neurological symptoms associated with PASC include severe headaches and cognitive impairment (brain fog), along
with neuropathy and weakness, necessitating the need for assistance in performing daily tasks. CD14+CD16+
monocytes are known to transmigrate across the blood brain barrier and play an important role in central nervous
system (CNS) immune surveillance. These monocytes were implicated as HIV reservoirs in the CNS causing
neuroin�ammation, neuronal damage, and cognitive defects (34). We hypothesize that the S1 protein containing
CD14+CD16+ monocytes in PASC patients are also crossing the blood brain barrier and triggering neuroin�ammation
and inducing neurological symptoms. Both maraviroc and statins are known to cross the blood-brain-barrier, and more
speci�cally, maraviroc has been suggested as treatment for Parkinson’s, neurocognitive impairment, and strokes (35).
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Interestingly, after the introduction of maraviroc and pravastatin, participants showed a decrease in modi�ed Rankin
scale scores (p=0.0002) (Figure 2) and reported improvement in neurological function and ability. These �ndings were
correlated with a statistically signi�cant decrease in VEGF (r= 0.4, p=0.02) and sCD40L (r= 0.42, p=0.01), suggesting
treatment targeting cytokines associated with vascular endothelialitis correlated with improvement in neurological
symptoms.

Autonomic dysfunction such as postural orthostatic tachycardia syndrome (POTS) and light sensitivity has also been
associated with PASC. POTS is a syndrome consisting of unexplained tachycardia, dizziness, light-headedness,
fainting, and abdominal pain. While the true etiology of POTS has yet to be de�ned, endothelial dysfunction has been
suggested as the pathophysiology (36). There is also evidence that POTS maybe be associated with G-protein-
coupled receptor autoantibodies (37). Interestingly, since CCR5 and fractalkine receptor are also G-protein-coupled
receptors (9, 38), it is possible that antagonism of these receptors could also inhibit the autonomic effects of these
autoantibodies. We observed a statistically signi�cant decrease in COMPASS-31 (p=0.0001) (Figure 3) scores
correlating with statistically signi�cant decreases in VEGF (r=0.6, p=0.0005), sCD40L (r=0.6, p=0.0001), and TNF-
alpha (r=0.5, p=0.0026), suggesting that pro-in�ammatory macrophage activation may be triggering vascular
endothelialitis. Interestingly, elevations in sCD40L have also been associated with sympathoadrenal activation and
targeting these vascular markers may address PASC associated dysautonomia (39).

Cardiorespiratory complaints such as chest pain, shortness of breath, and symptoms resembling POTS are very
commonly reported by PASC patients. Many PASC patients with cardiac and pulmonary symptoms have undergone
extensive workup (EKG, echocardiogram, stress test, pulmonary function testing, etc.) which have not detected any
abnormalities or pathologies. Subsequently, current clinical approaches have only been used to treat symptoms with
antiarrhythmics, bronchodilators or alpha-adrenergics, instead of addressing the underlying pathophysiology. We
observed an improvement in cardiac symptoms evidenced by a decrease in NYHA functional classi�cation (p=0.002)
(Figure 4). This improvement was associated with statistically signi�cant decreases in IL-8 (r=0.4, p=0.03) and GM-
CSF (r=0.4, p=0.01). Interestingly, endothelial cells are main producers of IL-8 (40) and statins are known to decrease
IL-8 (41). Additionally, maraviroc has been suggested as reducing the cardiovascular risk for acute coronary disease
by protecting the endothelium from pro-in�ammatory macrophage in�ltration (42). These mechanisms potentially
support their use in addressing PASC associated cardiac symptoms. We also observed improvement in respiratory
symptoms after initiating maraviroc and pravastatin therapy. Participants reported improvements as re�ected by a
statistically signi�cant decrease in the MRC Dyspnea scale (p=0.0153) (Figure 5). These responses and improvements
correlated with statistically signi�cant decreases in IL-2 (r=0.4, p=0.05), GM-CSF (r=0.6, p=0.0002), sCD40L (r=0.4,
p=0.04), and TNF-alpha (r=0.4, p=0.01). Intriguingly, CD16+ monocytes are known to produce large quantities of TNF-
alpha and could be activated by the retained S1 proteins (43), causing vascular endothelialitis via the fractalkine-
fractalkine receptor interaction in pulmonary vasculature. Elevations in sCD40L have been associated with pulmonary
arterial hypertension (PAH) (44), while IL-2 can induce pulmonary microvasculature injury and generate an asthma-like
bronchoconstriction (45). We previously published a multi-class model score that described an increase IL-2 as a
characteristic speci�c to PASC (8), thus con�rming the clinical signi�cance of IL-2 in PASC. Both maraviroc and
statins can decrease IL-2 and TNF-alpha (41, 46), which may explain the observed improvements in PASC associated
respiratory symptoms. The patient Fatigue Severity Score (FSS) also signi�cantly decreased (p<0.0001) (Figure 6)
after maraviroc and pravastatin which correlated with decrease in sCD40L (r=0.5, p=0.001), VEGF (r=0.5, p=0.001),
TNF-alpha (r=0.7, p=4e-5 ), IL-2 (r=0.6, p=0.0005), and GM-CSF (r=0.5, p=0.004), again suggesting that targeting the
monocytic-platelet-endothelial axis can alleviate PASC associated fatigue.

Despite a black box warning for hepatoxicity, maraviroc has demonstrated a strong safety pro�le in adult, pediatric,
and neonatal populations (47, 48). Analysis of the MOTIVATE study demonstrated a low incidence of hepatoxicity
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with maraviroc even after 96 weeks of treatment at the FDA approved dose of 300mg B.I.D (49). This in�uenced our
decision to treat with this dose. Hepatic safety was monitored in all the participants by measuring and evaluating AST,
ALT, and total bilirubin (LFTs) prior to commencing treatment with maraviroc and every two weeks while on treatment.
None of participants presented here experienced any clinical signs of hepatotoxicity or elevated liver function
serologies while on, or after, treatment. Maraviroc is metabolized by CYP3A4, and we chose to avoid any CYP3A4
metabolizing statins to mitigate any potential drug interactions. This approach guided our decision to treat with
pravastatin 10mg PO daily over the other statins since it is metabolized via glucuronidation. However, the therapeutic
bene�ts with other statins have also been observed and could be considered.

Since some of the participants were already on other therapeutics including ivermectin, �uvoxamine, and prednisone,
all the biomarker data and subjective responses were documented from the initiation of maraviroc and pravastatin.
Some participants saw symptom relief after six weeks and were ready to stop all medications, while others needed
treatment up to twelve weeks before discontinuing medications. Further studies will need to be conducted to
understand this variation in length of treatment between participants. The results we present in this case series do not
replace the need for a double-blinded placebo controlled randomized trial to understand drug e�cacy. However, we do
believe this case series sets the framework for such future clinical trial designs to further investigate the e�cacy and
usefulness of maraviroc and pravastatin to treat PASC.
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Figure 2

Modi�ed Rankin Scale for Neurological Disability

Figure 3
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Figure 4

New York Heart Association Classi�cation

Figure 5

Medical Research Council (MRC) Dyspnea Scale
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Figure 6
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