
Frontiers in Immunology

OPEN ACCESS

EDITED BY

Robert Weissert,
University of Regensburg, Germany

REVIEWED BY

Ningkun Xiao,
Ural Federal University, Russia
Saeid Mezail Mawazi,
Management and Science University, Malaysia
Sruthi Sarvepalli,
St. John’s University, United States
Sayan Sharma,
University of Otago, New Zealand

*CORRESPONDENCE

William L. Pridgen

tsasurgery@gmail.com

David Putrino

david.putrino@mountsinai.org

RECEIVED 03 September 2025
REVISED 10 December 2025

ACCEPTED 10 December 2025
PUBLISHED 05 January 2026

CITATION

Pridgen WL and Putrino D (2026) Patient-
reported improvements from use of IMC-2
alone and IMC-2 and Paxlovid® in a Long
COVID cohort: a case series.
Front. Immunol. 16:1698271.
doi: 10.3389/fimmu.2025.1698271

COPYRIGHT

© 2026 Pridgen and Putrino. This is an open-
access article distributed under the terms of
the Creative Commons Attribution License
(CC BY). The use, distribution or reproduction
in other forums is permitted, provided the
original author(s) and the copyright owner(s)
are credited and that the original publication
in this journal is cited, in accordance with
accepted academic practice. No use,
distribution or reproduction is permitted
which does not comply with these terms.

TYPE Clinical Trial

PUBLISHED 05 January 2026

DOI 10.3389/fimmu.2025.1698271
Patient-reported improvements
from use of IMC-2 alone and
IMC-2 and Paxlovid® in a Long
COVID cohort: a case series
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1Tuscaloosa Surgical Associates, Tuscaloosa, AL, United States, 2Cohen Center for Recovery from
Complex Chronic Illness, Icahn School of Medicine at Mount Sinai, New York, NY, United States
Introduction: Long COVID (LC) is an infection-associated chronic condition and

illness (IACCI) with no currently approved treatments. In order to address SARS-

CoV-2 persistence and herpesvirus reactivation, which have been implicated as

drivers of LC, sustained use of antiviral combinations may be useful in treating

patients with the illness.

Methods: A convenience sample of patients undergoing an extended course of

antiviral therapy was studied. Patients received either 120 days of IMC-2 only (IO)

or 120 days of IMC-2 with the addition of 15 days of Paxlovid (IP), prescribed off-

label at an outpatient clinic for people with LC. The Patient Global Impression of

Change (PGIC) was used to measure therapy response over time, with primary

focus on fatigue and secondary focus on brain fog and dysautonomia. Visual

analog scales (VAS) were also used to track perceived symptom improvements.

Results: A total of 27 people with LC were approached for treatment, of whom

24 completed one or both protocols. Twelve received the IO protocol, and 12

received the continuous IP combination. Both groups reported reductions in

fatigue on the PGIC, but participants receiving IP experienced a statistically

significant improvement compared with those receiving IO (p < 0.0001).

Similarly, using a VAS, patients in the IP group reported an average 55.3% (p <

0.0001) greater reduction in fatigue than the IO group. Participants who

completed the IP intervention demonstrated durable clinical benefit, with

symptom improvements remaining consistent at 120-, 305-, and 731-day

follow-ups.

Discussion: This small, open-label case series provides pilot evidence supporting

the need for a larger trial of combination antivirals for people living with LC. Based

on these results, a larger, controlled trial of IMC-2 paired with Paxlovid

is recommended.
KEYWORDS

antiviral, cognitive, dysautonomia, fatigue, infection-associated chronic conditions and
illnesses (IACCI), Long COVID, Paxlovid, post-acute sequelae of COVID (PASC)
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Introduction

A subset of individuals infected with the severe acute respiratory

syndrome coronavirus 2 (SARS-CoV-2) virus develop new

symptoms or sequelae that persist for months or years. This

condition is known as long coronavirus disease (COVID)

syndrome (LC), post-COVID syndrome, or postacute sequelae of

COVID (PASC). Conservative estimates suggest that at least 65

million people worldwide are affected by LC, with some sources

indicating that the actual number may be higher (1, 2). The societal

and financial consequences of untreated LC have been estimated at

nearly three trillion dollars in the USA alone (3). There are likely

multiple drivers of LC symptoms, with two of the most prominent

being persisting reservoirs of SARS-CoV-2 and SARS-CoV-2-

related downregulation of the immune response, which can result

in the reactivation of dormant viruses such as the herpesviruses (4,

5). Chronically persistent pathogens likely require different

interventional strategies than infections involving acute

pathogens, and few existing antiviral clinical trials targeting LC

populations have directly addressed this issue (6). In

acknowledgment of the literature highlighting the possibility of

SARS-CoV-2 persistence as a primary driver of symptomatology,

the term “Long COVID (LC)” will be used throughout

this manuscript.

To date, only clinical trials addressing potential SARS-CoV-2

persistence in LC with monotherapeutic antivirals exist. Multiple

15- and 30-day Paxlovid monotherapy studies in LC failed to show

efficacy but support the drug’s tolerability and safety at these

dosages. Similarly, the RECOVER Initiative is currently running

15- and 25-day Paxlovid studies (7, 8). Remdesivir is presently being

studied in Finland, and still other researchers are investigating the

efficacy of monoclonal antibodies for an LC indication (9). In

addition to the possibility of viral persistence, a proportion of LC

patients may experience significant symptom burden as a result of

persistent or reactivating herpesviruses (10, 11).

To date, all of the reported antiviral trials have tested only single

antiviral agents. However, it has been suggested that treating SARS-

CoV-2 persistence may require the synergistic use of agents with

different mechanisms of action or trials employing longer antiviral

dosing periods (6). The question of whether combining antivirals

could more effectively target persistent SARS-CoV-2 infection

alongside reactivation of other latent viruses is highly relevant to

improving care for people with LC. IMC-2, a novel combination of

valacyclovir and celecoxib, may have utility in addressing persistent or

reactivating herpesviruses and could be relevant to the clinical care of

people with LC. Valacyclovir’s antiviral properties are well established,

and celecoxib also exhibits strong antiviral properties (12–17).

Specifically, both gammaherpesviruses and alphaherpesviruses

upregulate Cyclooxygenase (COX)-2, and to a lesser degree, COX-1

enzymes. When administered at concentrations sufficient to inhibit

both COX-1 and COX-2 enzymes, celecoxib can serve as an effective

antiviral complement to valacyclovir. Trials utilizing celecoxib alone

have demonstrated efficacy in treating acute SARS-CoV-2 infections

(18). Similarly, Paxlovid, due to its 3C-like (cysteine) proteases, may
Frontiers in Immunology 02
exhibit activity against more than a dozen viruses in addition to SARS-

CoV-2 (19, 20). Therefore, a combination therapy such as IMC-2,

with or without Paxlovid, could potentially provide continuous daily

suppression of multiple pathogens, reversing viral reactivation of

herpesviruses and potentially other viruses.

In the present work, a case series is described in which patients

with LC received either IMC-2 only (IO) or IMC-2 combined with a

15-day course of Paxlovid (IP). Outcomes between the two groups

are compared and contrasted, and the feasibility of these data to

justify a larger placebo-controlled, randomized controlled trial

is discussed.
Methods

All patients seeking care at an LC clinic who were prescribed

either the IO and IP medication combinations provided

prospective, informed consent for their data to be used for both

retrospective review and quality improvement purposes. Ethics

approval for the analysis and publication of these data was

provided by the Institute of Regenerative and Cellular Medicine

(IRCM) Office for Human Research Protection of HHS (IRB

Approval Number: IRCM-2025-446). Data were collected in

accordance with the Declaration of Helsinki and the FDA’s Good

Clinical Practice recommendations. The privacy rights of human

subjects were maintained, and appropriate clinical oversight

was ensured.
Participant inclusion

All patient data presented in this case series came from

individuals who met the LC diagnostic criteria according to the

Centers for Disease Control (CDC) and National Academies of

Science, Engineering, and Medicine (NASEM) clinical case

definitions. Patients of all genders, over the age of 18, and

symptomatic with LC for at least 5 months, were given the

opportunity to contribute data. All participants were screened for

potential contraindications to the antiviral protocols, including, but

not limited to, monitoring for renal and hepatic dysfunction,

gastrointestinal bleeding risk, and other comorbidities or

medications that could interact with the prescribed medications.
Symptom rating

Symptom changes were measured using only subjective patient

reporting. All patients were asked to rate the severity of three

symptoms—fatigue, brain fog, and dysautonomia (dizziness and

tachycardia)—using a five-point Likert scale (none, mild, moderate,

moderately severe, severe) at the time of enrollment. Subsequently,

percentage improvement of these symptoms, as well as a Patient

Global Impression of Change (PGIC) at three posttreatment

timepoints (120, 305, and 731 days following commencement of
frontiersin.org
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the protocol), were also collected. The PGIC was presented as two

scales: a seven- and a 10-point scale, where patients were asked to

rate their perceived improvement at each posttreatment timepoint.

Possible responses on the seven-point PGIC scale ranged from 1 (no

change, or condition has gotten worse) to 7 (a great deal better, a

considerable improvement that has made all the difference). The

10-point PGIC scale was presented as a visual Analog scale (VAS)

asking about symptom severity and ranging from − 5 (much worse)

to 5 (much better), with a central point of “no change” at 0. The

PGIC has been well validated as a patient-reported outcome that

can capture meaningful subjective change in chronic symptom

severity (21). Although it has not been specifically validated in

LC, it has been well-used and validated in other complex chronic

illnesses, such as fibromyalgia, and was therefore selected as a

reasonable endpoint to measure self-reported symptom change in

the patient sample (22). The primary endpoint of this work was the

PGIC in fatigue at 120 days following commencement of the

protocol (at the conclusion of the IO and IP protocols).

Secondary endpoints included changes in PGIC scale data for

brain fog and dysautonomia symptoms at 120 days from

commencement of the protocol, as well as changes in PGIC scale

data for fatigue, brain fog, and dysautonomia symptoms at 305 and

731 days from commencement of the protocol.
Intervention

This was a single-center, open-label, prospective case series that

tracked patient responses to IMC-2 and Paxlovid and included two

arms with the opportunity for crossover. Patients who consented to

off-label use of IMC-2 to treat Long COVID symptoms could take

IMC-2 alone (IO) or combine it with a 15-day Paxlovid course (IP).

Patients who initially opted for IO could crossover to IP after

completing the 120-day IO protocol. The proposed mechanism of

action of this novel drug combination is shown in Figure 1. The IO

protocol consisted of 1,500 mg of valacyclovir taken twice daily

(BID) combined with 200 mg of celecoxib taken BID for 120 days.

The IP protocol also consisted of 1,500 mg of valacyclovir taken BID

combined with 200 mg of celecoxib taken BID for 120 days.

However, during days 13–28 of the protocol, 15 days of Paxlovid

were administered. During this 15-day period, the valacyclovir

dosage was reduced to 750 mg BID. As part of general clinical

safety monitoring, the prescribing physician ordered bloodwork to

track kidney and liver function prior to initiating both the IO and IP

protocols, as well as every 6–8 weeks while patients were taking

their prescriptions. If kidney or liver function became abnormal at

any time, medications were discontinued, and follow-up testing

continued until kidney and liver function normalized.
Statistical analysis

Between-group comparisons of symptom improvements, VAS,

and PGIC data at different timepoints were conducted using Mann–

Whitney U (Wilcoxon rank-sum) tests. Effect size was estimated by
Frontiers in Immunology 03
computing Cohen’s d to describe the magnitude of the difference

between the IO and IP groups. Within-group comparisons of

symptom improvement and PGIC data at different timepoints

were conducted using a Friedman test. Statistical adjustment for

multiple comparisons in the secondary outcome analyses was

performed using the Bonferroni correction. All analyses were

performed in MATLAB (Mathworks, Natick, MA, USA).
Results

Patient characteristics

Data presented in this case series were collected from patients

with Long COVID attending a single Alabama-based clinic from

April 2022 to February 2024. During this period, a total of 27

patients were approached with the opportunity to receive either IO

or IP therapy. Twenty-four patients (four men) completed one or

both interventional arms. A CONSORT-format flow diagram

illustrating patient participation in the different interventional

arms is presented in Figure 2. Initially, 13 patients opted for IO

therapy (two men) and 13 patients (three men) opted for IP

therapy, but one patient in each group was noncompliant with

the protocol and was subsequently removed from the analysis. In

addition, three patients (one man) who initially engaged in IO

therapy also opted to attempt the IP combination. In total, 24

patients (12 IO, 12 IP) initially completed the protocols, including

three crossovers. Participants in the IO and IP groups were

comparable in baseline characteristics, with no differences

between the two groups (Table 1).
Adverse event and side effect reporting

No side effects or adverse events were reported for patients who

received the IO treatment combination. For those who received the

IP treatment combination, some minor side effects were reported

(Table 2), most commonly increased fatigue (40% of patients) and

dysgeusia (86.7% of patients). These minor side effects appeared

during the initiation of the 15-day Paxlovid course and resolved

shortly after its completion.
Comparison of IO and IP outcomes after
120 days of treatment

The primary endpoint was to determine whether a significant

change in fatigue occurred when 15 days of Paxlovid were given in

combination with 120 days of valacyclovir and celecoxib, compared

to 120 days of valacyclovir and celecoxib alone. On average, patients

who completed the IP protocol scored 2 points higher on their

PGIC fatigue rating than those on the IO protocol (Figure 3; p <

0.0001, Cohen’s d = 1.8). Additional outcomes between the two

groups showed a similar trend of statistically significant

improvement on the IP protocol and are listed in Table 3.
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Durability of treatment response in the IP
cohort

The durability of each patient’s treatment response to the IP

intervention was tracked for 600 days beyond the initial 120-day

protocol. All 15 participants in the IP group completed all three

follow-up timepoints. No statistically significant differences were

observed in symptom reporting for the primary outcome measure

(Figure 4) or any of the assessed symptoms (Table 4) at any of the

three timepoints, indicating that treatment responses produced

sustained improvements lasting up to 600 days after the cessation

of the combined antiviral protocol.
Frontiers in Immunology 04
Responses of crossover patients

Three patients engaged in both IO and IP interventions. All

three patients first completed the IO protocol and then completed

the IP protocol following a washout period (range: 23–188 days).

Table 5 presents self-reported outcomes for each crossover patient,

including fatigue, dysautonomia, and cognitive symptoms.

Discussion

This initial open-label case series shows that Long COVID

patients treated with either IMC-2 alone or in combination with
FIGURE 1

Proposed mechanism of action for the IO and IP component drugs.
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FIGURE 2

CONSORT diagram of case series patients.
TABLE 1 Baseline Characteristics of IO and IP patients.

Baseline
characteristic

IO patients IP patients

Female (male) 10 (2) 9 (3)

Average age (SD) 52 (15.6) 56 (11.3)

Race/Ethnicity White (11), Asian (1)/Not
Hispanic/Latino (12)

White (11), Black or
African American (1)/
not Hispanic/Latino (12)

Time from initial
infection to initiation
of protocol

407 (251.6) 357.2 (256.0)

Number of patients
with
known reinfections

8 8

Pre-COVID
comorbidities

Insomnia (1), chronic
constipation (1), IBS (1),
fibromyalgia (1)

Insomnia (2), IBS (2),
fibromyalgia (1)
F
rontiers in Immunolog
y
 05
TABLE 2 Summary of side effect profiles of IO and IP treatment groups.

Side
effect

Percentage reported
in the IO group

Percentage reported
in the IP group

Body aches/
Discomfort

0 26.6%

Flu-like
symptoms

0 13.3%

Depression 0 13.3%

Headaches/
Dizziness

0 13.3%

Diarrhea 0 13.3%

Increased
fatigue

0 40%

Bad taste in
the mouth

0 86.7%
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Paxlovid reported significant improvements in their symptoms,

with those receiving the combination therapy experiencing the

greatest benefit over a prolonged follow-up. The reported benefits

suggest durability of the protocol, as the majority of patients

continued to experience improvements in fatigue, dysautonomia,

and cognitive symptoms over 600 days postprotocol. In addition,

the combination therapy was well tolerated, with minimal adverse

events reported and no dropouts related to side effects. These

findings provide promising preliminary evidence of feasibility and

efficacy, highlighting the potential utility of combination antiviral

therapies for a subset of Long COVID and provide rationale and

feasibility for a larger, randomized, double-blind, placebo-

controlled trial.

There are various reasons why a combination of celecoxib,

valacyclovir, and Paxlovid is well-positioned as a therapy to address

symptoms arising from Long COVID. Evidence from acute

COVID-19 indicates that the SARS-CoV-2 virus can trigger a

prostaglandin E2 (PGE2) storm in a substantial proportion of

patients via upregulating cyclooxygenase-2 (COX-2) and
FIGURE 3

PGIC for fatigue improvement at day 120 for IO compared with IP.
TABLE 3 Differences in day 120 outcomes between the two protocols.

Outcome
IO average reported score (±
standard deviation)

IP average reported score (±
standard deviation)

Mean difference
(Cohen’s d)

p-value

Fatigue (PGIC: 7-point
Likert)

4.8 (± 0.63) 6.8 (± 0.4)
IP response is 2 points
greater (1.8)

< 0.0001

Dysautonomia (PGIC: 7-
point Likert)

4.1 (± 2.3) 6.9 (± 0.3)
IP response is 2.8 points
greater (1.4)

< 0.001

Brain fog (PGIC: 7-point
Likert)

4.2 (± 1.7) 6.4 (± 0.7)
IP response is 2.2 points
greater (1.4)

< 0.001

Fatigue (PGIC: 10-point
Likert)

2.3 (± 0.9) 4.0 (± 1.3)
IP response is 1.7 points
greater (1.2)

< 0.002

Dysautonomia (PGIC:
10-point Likert)

1.8 (± 3.2) 4.1 (± 1.5)
IP response is 2.6 points
greater (1.2)

< 0.05

Brain fog (PGIC: 10-
point Likert)

2.5 (± 1.3) 3.8 (± 1.5)
IP response is 1.2 points
greater (0.8)

0.06
fro
FIGURE 4

PGIC for fatigue improvement for patients on the IP protocol at 120-, 305-, and 731-day follow-up timepoints.
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downregulating PGE2-degrading enzymes within host cells.

Treatment with 200 mg twice a day was associated with a lower

mortality rate in COVID-19 compared to a control group (18).

Upregulated COX-2 levels can also influence events in the Epstein–

Barr virus life cycle related to latency–lytic reactivation (12). In

addition to gammaherpesviruses, alphaherpesviruses also

upregulate COX-2 and, to a lesser extent, COX-1 enzymes.

Therefore, the ability of celecoxib, at the proper concentration, to

block both COX-1 and COX-2 enzymes makes it an effective

ant iv i ra l complement to va lacyc lov i r in combat ing

herpesvirus reactivation.

Paxlovid, a combination of nirmatrelvir and ritonavir, is active

against SARS-CoV-2 and potentially against other reactivating

viruses. Nirmatrelvir, a protease inhibitor, inhibits viral

replication by cleaving viral polyproteins involved in replication.

Ritonavir has no activity against SARS-CoV-2, but it specifically

inhibits the metabolism of nirmatrelvir by cytochrome P450-3A

(CYP3A), thereby boosting its potency. However, Paxlovid, due to
Frontiers in Immunology 07
its 3C-like proteases (cysteine) activity, potentially acts against more

than a dozen viruses beyond SARS-CoV-2 (19, 20).

Both latent pathogen reactivation and viral persistence have been

implicated multiple times as potential drivers of symptoms in Long

COVID (4–6, 23). In addition, prolonged pathogen persistence and

reactivation may cause downstream immunopathology. Participants in

this case series had been symptomatic for over a year, and persistent

immune activation for this duration could cause immune sequelae such

as T-cell exhaustion, altered interferon signaling, and altered B-cell

function, which have been previously described as potential contributors

to symptom burden in people with Long COVID (4, 6). These drivers

can occur in combination or in isolation in different individuals, but a

large proportion of people with Long COVID are likely experiencing

severe symptoms as a result of these mechanisms, which could

potentially be treated by directly addressing pathogen persistence and

reactivation. Taken together, this provides a strong rationale for why

many patients in this case series responded positively to this

combination of antiviral medications.
TABLE 5 Individual treatment responses for crossover patients.

Patient number IO PGIC day 120 (washout period) IP PGIC day 120 IP PGIC day 305 IP PGIC day 731

Fatigue

1 4 (188) 7 7 7

2 5 (23) 7 7 7

3 5 (118) 7 6 7

Dysautonomia

1 1 7 7 7

2 5 7 7 7

3 2 6 6 6

Cognition

1 4 5 7 7

2 2 7 7 7

3 1 6 7 7
TABLE 4 Durability of treatment responses for patients on the IP protocol up to 731 days.

Outcome 120-day follow-up 305-day follow-up 731-day follow-up p-value

Fatigue (PGIC: 7-point Likert) 6.8 (± 0.4) 6.6 (± 0.5) 6.8 (± 0.4) > 0.05

Dysautonomia (PGIC: 7-point Likert) 6.9 (± 0.3) 6.6 (± 0.7) 6.8 (± 0.4) > 0.05

Brain fog (PGIC: 7-point Likert) 6.4 (± 0.7) 6.8 (± 0.4) 6.8 (± 0.6) > 0.05

Fatigue (PGIC: 10-point Likert) 4.0 (± 1.3) 4.0 (± 1.1) 3.8 (± 1.3) > 0.05

Dysautonomia (PGIC: 10-point Likert) 4.1 (± 1.5) 4.1 (± 1.2) 4.5 (± 1.1) > 0.05

Brain fog (PGIC: 10-point Likert) 3.8 (± 1.5) 4.1 (± 1.4) 4.1 (± 1.4) > 0.05
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Limitations

There are several limitations to this study. It was an open-label

case series, in which both selection bias—arising from patients

actively seeking care—and the placebo effect may have influenced

the observed outcomes. In addition, the data show a pronounced

bias toward female patients. Although this is consistent with

reported gender differences in Long COVID and the likelihood of

clinical presentation in outpatient settings, it limits the

generalizability of these findings. Finally, aside from using the

PGIC and VAS methodologies to assess symptom improvement,

symptom severity was not measured with gold-standard

instruments but relied on subjective patient-reported ratings.

Conclusion

The results of this case series suggest a potential synergy between

IMC-2 and Paxlovid, as indicated by an apparent improvement in

antiviral performance with the combination compared to IMC-2 alone

in this pilot study. There are substantial limitations inherent to a single-

site, open-label, retrospective review of data of this type of data;

however, these early findings are sufficiently promising to justify a

larger clinical trial. A randomized, double-blind, placebo-controlled trial

is the necessary next step to validate this therapeutic

antiviral combination.
Data availability statement

The raw data supporting the conclusions of this article will be

made available by the authors, without undue reservation.

Ethics statement

The studies involving humans were approved by IRCM Office

for Human Research Protection of HHS. The studies were

conducted in accordance with the local legislation and

institutional requirements. The participants provided their written

informed consent to participate in this study. Written informed

consent was obtained from the individual(s) for the publication of

any potentially identifiable images or data included in this article.
Author contributions

WP: Conceptualization, Resources, Writing – original draft,

Writing – review & editing, Project administration, Investigation,
Frontiers in Immunology 08
Supervision, Data curation, Methodology. DP: Writing – original

draft, Formal Analysis, Writing – review & editing, Data curation.
Funding

The author(s) declared that financial support was not received

for this work and/or its publication.
Acknowledgments

We are grateful to the Polybio Research Foundation and the

Steven & Alexandra Cohen Foundation for supporting DP in

manuscript preparation duties. We also extend our appreciation

to the people with Long COVID who consented to the use of their

data for this publication.
Conflict of interest

WP is a partner and founder at PridCor Therapeutics, a

company that holds a patent covering components that make up

IMC-2.

The remaining author(s) declared that this work was conducted

in the absence of any commercial or financial relationships that

could be construed as a potential conflict of interest.
Generative AI statement

The author(s) declared that generative AI was not used in the

creation of this manuscript.

Any alternative text (alt text) provided alongside figures in this

article has been generated by Frontiers with the support of artificial

intelligence and reasonable efforts have been made to ensure

accuracy, including review by the authors wherever possible. If

you identify any issues, please contact us.
Publisher’s note

All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.
frontiersin.org

https://doi.org/10.3389/fimmu.2025.1698271
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org


Pridgen and Putrino 10.3389/fimmu.2025.1698271
References
1. Hastie EC, Lowe DJ, McAuley A, Mills NL, Winter AJ, Black C, et al. True
Prevalence of long COVID in a nationwide, population cohort study. Nat Commun.
(2023) 14(1):7892. doi: 10.1038/s41467-023-43661-w

2. van der Felz-Cornelis C, Turk F, Sweetman J, Khunti K, Gabbay M, Shepherd J,
et al. Prevalence of mental health conditions and brain fog in people with long COVID:
A systematic review and meta-analysis. Gen Hosp Psychiatry. (2024) 88:10–22.
doi: 10.1016/j.genhosppsych.2024.02.009

3. Cutler DM. The costs of long COVID. In: JAMA Health Forum, vol. 3. Chicago:
American Medical Association (2022). p. e221809–e221809.

4. Iwasaki A, Putrino D. Why we need a deeper understanding of the
pathophysiology of long COVID. Lancet Infect Diseases. (2023) 23:393–5.

5. Klein J, Wood J, Jaycox JR, Dhodapkar RM, Lu P, Gehlhausen JR, et al.
Distinguishing features of long COVID identified through immune profiling. Nature.
(2023) 623:139–48. doi: 10.1038/s41586-023-06651-y

6. Proal AD, Aleman S, Bomsel M, Brodin P, Buggert M, Cherry S, et al. Targeting
the SARS-CoV-2 reservoir in long COVID. Lancet Infect Dis. (2025) 25:e294–306.
doi: 10.1016/S1473-3099(24)00769-2

7. Geng LN, Bonilla H, Hedlin H, Jacobson KB, Tian L, Jagannathan P, et al.
Nirmatrelvir-ritonavir and symptoms in adults with postacute sequelae of SARS-CoV-
2 infection: the STOP-PASC randomized clinical trial. JAMA Internal Med. (2024)
184:1024–34. doi: 10.1001/jamainternmed.2024.2007

8. Sawano M, Bhattacharjee B, Caraballo C, Khera R, Li SX, Herrin J, et al.
Nirmatrelvir–ritonavir versus placebo–ritonavir in individuals with long COVID in
the USA (PAX LC): a double-blind, randomised, placebo-controlled, phase 2,
decentralised trial. Lancet Infect Dis. (2025). doi: 10.1016/S1473-3099(25)00073-8

9. Pan H, Peto R, Restrepo AM, Preziosi MP, Sathiyamoorthy V, Karim QA, et al.
Remdesivir and three other drugs for hospitalised patients with COVID-19: final results
of the WHO Solidarity randomised trial and updated meta-analyses. Lancet. (2022)
399:1941–53. doi: 10.1016/S0140-6736(22)00519-0

10. Peluso MJ, Deeks SG. Mechanisms of long COVID and the path toward
therapeutics. Cell. (2024) 187:5500–29. doi: 10.1016/j.cell.2024.07.054

11. Naderi M, Naderi M, Keramati Jamal M, Past V, Esmaeili A, Khabazian A, et al.
The reactivation of the various types of viruses following COVID-19 infection: a
systematic review. Future Virol. (2025) 20:99–111. doi: 10.1080/17460794.2025.2483122

12. Ghandi J, Gaur N, Khera L, Kaul R, Robertson ES. COX-2 induces lytic
reactivation of EBV through PGE2 by modulating the EP receptor signaling
pathway. Virology. (2015) 05:006.
Frontiers in Immunology 09
13. Yehong L, Li S, Wang Z. The role of cyclooxygenase in multiplication and
reactivation of HSV-1 in vestibular ganglion cells. ScientificWorldJournal. (2014)
2014:912640.

14. Alfajaro MM, Choi JS, Kim DS, Seo JY, Kim JY, Park JG. Activation of COX-2/
PGE2 promotes sapovirus replication via the inhibition of nitric oxide production. J
Virol. (2017) 91:e01656–16.

15. Inglot AD. Comparison of the antiviral activity in vitro of some non-steroidal
anti-inflammatory drugs. J Gen Virol. (1969) 4:203–14. doi: 10.1099/0022-1317-4-2-
203

16. Higaki S, Watanabe K, Itahashi M, Shimomura Y. Cyclooxygenase (COX)-
inhibiting drug reduces HSV-1 reactivation in the mouse eye model. Curr Eye Res.
(2009) 34:171–6. doi: 10.1080/02713680802650377

17. Gebhardt BM, Varnell ED, Kaufman HE. Inhibition of cyclooxygenase 2
synthesis suppresses Herpes simplex virus type 1 reactivation. J Ocul Pharmacol
Ther. (2005) 21:114–20. doi: 10.1089/jop.2005.21.114

18. Ghaznavi H, Mohammadghasemipour Z, Shirvaliloo M, Momeni MK, Metanat
M, Gorgani F, et al. Short-term celecoxib (celebrex) adjuvant therapy: a clinical trial
study on COVID-19 patients. Inflammopharmacology. (2022) 30:1645–57.
doi: 10.1007/s10787-022-01029-4

19. Peluso MJ, Ryder D, Flavell R, Wang Y, Levi J, LaFranchi BH, et al.
Multimodal molecular imaging reveals tissue-based T cell activation and viral
RNA persistence for up to 2 years following COVID-19. Medrxiv. (2023).
doi: 10.1101/2023.07.27.23293177

20. Deng X, StJohn SE, Osswald HL, O’Brien AO, Banach BS, Sleeman K.
Coronaviruses resistant to a 3C-like protease inhibitor are attenuated for replication
and pathogenesis, revealing a low genetic barrier but high fitness cost of resistance.
Virol. (2014) 88:11886–98. doi: 10.1128/JVI.01528-14

21. Hurst H, Bolton J. Assessing the clinical significance of change scores recorded
on subjective outcome measures. J manipulative Physiol Ther. (2004) 27:26–35.
doi: 10.1016/j.jmpt.2003.11.003

22. Geisser ME, Clauw DJ, Strand V, Gendreau RM, Palmer R, Williams DA.
Contributions of change in clinical status parameters to Patient Global Impression of
Change (PGIC) scores among persons with fibromyalgia treated with milnacipran.
PAIN®. (2010) 149:373–8. doi: 10.1016/j.pain.2010.02.043

23. Davis HE, McCorkell L Vogel JM, Topol EJ. Long COVID: major findings,
mechanisms and recommendations. Nat Rev Microbiol. (2023) 21:133–46.
doi: 10.1038/s41579-022-00846-2
frontiersin.org

https://doi.org/10.1038/s41467-023-43661-w
https://doi.org/10.1016/j.genhosppsych.2024.02.009
https://doi.org/10.1038/s41586-023-06651-y
https://doi.org/10.1016/S1473-3099(24)00769-2
https://doi.org/10.1001/jamainternmed.2024.2007
https://doi.org/10.1016/S1473-3099(25)00073-8
https://doi.org/10.1016/S0140-6736(22)00519-0
https://doi.org/10.1016/j.cell.2024.07.054
https://doi.org/10.1080/17460794.2025.2483122
https://doi.org/10.1099/0022-1317-4-2-203
https://doi.org/10.1099/0022-1317-4-2-203
https://doi.org/10.1080/02713680802650377
https://doi.org/10.1089/jop.2005.21.114
https://doi.org/10.1007/s10787-022-01029-4
https://doi.org/10.1101/2023.07.27.23293177
https://doi.org/10.1128/JVI.01528-14
https://doi.org/10.1016/j.jmpt.2003.11.003
https://doi.org/10.1016/j.pain.2010.02.043
https://doi.org/10.1038/s41579-022-00846-2
https://doi.org/10.3389/fimmu.2025.1698271
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

	Patient-reported improvements from use of IMC-2 alone and IMC-2 and Paxlovid&reg; in a Long COVID cohort: a case series
	Introduction
	Methods
	Participant inclusion
	Symptom rating
	Intervention
	Statistical analysis

	Results
	Patient characteristics
	Adverse event and side effect reporting
	Comparison of IO and IP outcomes after 120 days of treatment
	Durability of treatment response in the IP cohort
	Responses of crossover patients

	Discussion
	Limitations

	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Generative AI statement
	Publisher’s note
	References


