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ABSTRACT

The management of patients with prolonged viral shedding and COVID-19 symptoms remains unclear.
Combining antivirals, as practiced in other infections, is theoretically advantageous. We present a case
of persistent, symptomatic SARS-CoV2 infection and associated organizing pneumonia that was

successfully treated with an extended course of combination antiviral therapy.
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INTRODUCTION

Prolonged viral shedding has been widely described in immunocompromised hosts with SARS-CoV2
infection [1-3]. This can lead to the emergence of drug-resistant variants, increased infectivity, and
prolonged COVID-19 symptoms.  However, the management of patients afflicted by prolonged shedding
beyond the initial first weeks of infection is unclear. Several antivirals against COVID-19, including
remdesivir, nirmatrelvir/ritonavir, and molnupiravir are now available. Current COVID-19 treatment
guidelines recommend the use of a single agent within the first week of symptoms. The choice of
antiviral is dictated by the patient’s inpatient vs. outpatient status. Several case reports describe
repeated or extended courses of remdesivir in immunocompromised patients with persistent COVID-19
with variable success [3-5]. We present a case of persistent, symptomatic SARS-CoV2 infection and
associated organizing pneumonia (OP) in a patient with chronic lymphocytic leukemia (CLL) that was

successfully treated with an extended course of combination antiviral therapy.
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CASE REPORT

In early February 2022, a 64-year-old man with asthma and CLL who previously received 3 doses of the
Pfizer COVID-19 mRNA vaccine developed cough and dyspnea and tested positive for SARS-CoV2
infection on a home antigen test. CLL was followed expectantly until January 2022, when he started
venetoclax and obintutuzumab (humanized anti-CD20 monoclonal antibody) for progression of

disease. COVID-19 was treated with a 5-day course of nirmatrelvir/ritonavir from'February. 5% to 10™.
Several weeks later, he developed progressive dyspnea and fever to 38.8°C that did.not improve with
outpatient antibiotics and required a hospitalization. CT chest revealed bilateral diffuse patchy ground-
glass opacities (Figure 1A) and treatment with broad-spectrum antibiotics was started. Bronchoalveolar
lavage fluid (BALF) cultures were negative for bacteriaor fungus. Repeat SARS-CoV2 PCR performed on
March 14 was positive prompting initiation of dexamethasone and a 10-day course of remdesivir. While
mildly improved, his cough and dyspnea persisted and in late March, he received prednisone 60mg daily
with prolonged taper for suspected OP. Despite.the COVID directed therapy his SARS-CoV2 PCR
remained positive on the 22" of March. In' mid-April, after his prednisone decreased to 30mg daily, the
patient reported worsening cough, dyspnea on exertion without hypoxemia, and recurrent fever. His
prednisone dose increased to 60mg, and he received another course of antibiotics. He did not improve
and was hospitalized a week later. A new CT chest showed persistent, multifocal reticular and ground
glass opacities with'some areas of improvement (Figure 1B). SARS-CoV2 PCR remained positive. BALF
cultures, stains, and molecular tests were negative for bacteria, fungi, non-SARS-CoV-2 viruses, and acid-
fast bacilli. Cytology was also negative. His prednisone was increased to 80mg with a slow taper for the
possibility of worsening OP. His dyspnea and cough partially improved but worsened once his
prednisone was reduced to 60mg daily. Throughout this time, he continued to have severe dyspnea
interfering with activities of daily living (ADLs) and ability to work. In May, his cough, dyspnea, fever, and

body aches persisted, and a repeated PCR on May 1 was positive at a cycle threshold of 22, possibly
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consistent with a high SARS-CoV-2 load. Note that cycle thresholds can vary among specimens and in
this manuscript are being used as a general estimated of the magnitude of viral shedding. He received
an infusion of bebtelovimab on May 6 for persistent SARS-COV2 infection. This led to brief symptomatic
improvement but in June, after his prednisone decreased to 65mg daily, his symptoms worsened and he
was hospitalized. Repeat CT chest revealed unchanged multifocal ground glass opacities (Figure 1C) and
BALF for bacterial, fungal, or other viral pathogens was unrevealing except for positive BALF. SARS-CoV2
PCR at a cycle threshold of 25. Transbronchial biopsy revealed normal bronchial tissue.and alveolated
lung parenchyma with focal changes consistent with OP. Prednisone was maintained at 60mg and we
initiated combination therapy with remdesivir and nirmatrelvir/ritonavir (under an Investigational New
Drug that was approved by the Food and Drug Administration). By the third treatment day, his fever
resolved, and he experienced marked improvement in body aches, cough, and dyspnea, which he had
not experienced since his initial COVID infection. In.order to monitor for adverse events the patient had
regular lab monitoring and was seen daily by the infectious disease consulting team while in the
hospital. He was also screened for any new symptoms including but not limited to worsening fatigue,
new pain, nausea, vomiting, or diarrhea. The patient was discharged after 9 days of combination
antiviral treatment and prednisone taper and had a negative COVID-19 nasopharyngeal PCR at the time
of hospital discharge. Combination antiviral therapy was continued to complete 20 days without
adverse effect. Ateach follow-up visit, the patient had lab monitoring including complete blood counts,
liver enzymes, and bilirubin which were all within normal limits. Upon completion of 20 days of
remdesivir and nirmatrelvir/ritonavir the patient felt well and remained negative for SARS CoV2 PCR.. At
two month follow up after this most recent hospitalization, he had tolerated prednisone taper to 10 mg
daily and his dyspnea and cough had completely resolved. His repeat CT chest showed significant
improvement in ground glass opacities (Figure 1D) and eventually, he completed full wean off

prednisone. His SARS-CoV-2 PCR remained negative at two months post discontinuation of antivirals.
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DISCUSSION

To our knowledge this is the first report of successful treatment of persistent SARS-CoV2 infection and
organizing pneumonia in an immunocompromised patient using an extended course of remdesivir in
combination with an extended course of nirmatrelvir/ritonavir.

The management of immunocompromised patients with persistent symptomatic COVID-19.infection
remains unclear. Convalescent plasma, monoclonal antibody, and multiple courses of remdesivir as well
as extended courses of remdesivir have been described with variable success [1-5]. During the 4-month
period of COVID-19 symptoms, our patient received repeated courses of remdesivir, as well as a single
course of nirmatrelvir/ritonavir and of bebtelovimab. Besides limited and transient improvement, his
symptoms persisted, and his PCR remained positive with a.cycle threshold consistently below 30 on the
Abbot Alinity, Hologic Panther, and Genexpert platforms.. When admitted in June 2022, his presentation
with fever, body aches, dry cough, and dyspnea was consistent with ongoing COVID-19 which was not
cured by repeated courses of treatment with asingle antiviral for 5-10 days. At this point, we postulated
that combining two antivirals that inhibit SARS-CoV-2's RNA-dependent RNA polymerase (remdesivir)
and protease (nirmatrelvir)may be beneficial for their potential additive effect, following the recent
publication by Schultz'et al of'an in vitro additive effect of nirmatrelvir/ritonavir and remdesivir or
molnupiravir [6-8]. Combination therapy would also reduce the opportunity of the virus to evade
treatment by mutations providing resistance to one of the medications [9-10]. Extended courses were
reported for remdesivir but not for nirmatrelvir/ritonavir. We postulated that a long course of therapy
could prevent the rebound of viral shedding and symptoms, well described after standard courses of
nirmatrelvir/ritonavir, possibly due to insufficient drug exposure [9-10].

Our patient’s radiographic and pathologic findings were consistent with organizing pneumonia. While
there are no standard treatments for COVID-related organizing pneumonia, Myall et al recently

proposed a course of prednisone daily at 0.5mg/kg tapered over 3 weeks [11]. Others have proposed
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daily doses of 0.75-1.25mg/kg for 4 weeks followed by taper over 3-6 months [12] but relapses often

occur when the dose is lowered below 20mg /day. Our patient’s symptoms and radiographic findings

mildly improved, but never fully resolved with steroids, even with doses as high as 80mg/day of
prednisone. All symptoms fully resolved with combination antivirals despite tapering of prednisone,
suggesting that persistent SARS-CoV-2 infection can lead to radiographic and pathologic findings
consistent with organizing pneumonia.

This patient’s history of CLL was likely a major contributor to his severity.of disease. Given the impaired
T-cell response and hypogammaglobulinemia associated with this diagnosis, our patient may have been
more prone to both initial as well as persistent infection. With.these considerations in mind this
particular regimen may be worth considering in similarly immunocompromised populations.

A possible limitation of this presentation is the lack of genotyping of the virus. Thus, it is possible that
this patient’s course reflects reinfection rather.than persistent infection. However, the persistence of his
symptoms over the entire period since the initial diagnosis is clinically consistent with one continuum of
disease.

In summary, we present.a case of persistent viral shedding and COVID-19 symptoms, as well as
radiographic and pathologic findings consistent with OP, over a 4-month period in an
immunocompromised patient that was successfully treated with prolonged combination of remdesivir
and nirmatrelvir/ritonavir. Additional data is required from clinical trials to support our approach. Until
such data becomes available, clinicians should consider combination antivirals in clinical settings like the

one we describe.



10

11

12

13

NOTES

Consent: Verbal consent was obtained from the patient prior to drafting this manuscript and again at his
follow-up visit.

Funding: There were no funding sources involved in the authorship of this article.

Conflict of Interest: RK reports consulting fees paid to author from Azurity Pharmaceuticals,
participation on a Data Safety Monitoring Board or Advisory Board for Theratechnologies, paid to
author, and stock or stock options from Azurity Pharmaceuticals. YG reports consulting fees from Appili
Therapeutics, Inc. (prior to becoming an employee) and from Pfizer, Sanofi; Seres Therapeutics
(unrelated to COVID-19); honoraria for speaking from Pfizer, Merck, Paratek, Shionogi, AbbVie, Sanofi.
CA reports patents planned, issued or pending for NASALEPITHELIUM GENE EXPRESSION SIGNATURE
AND CLASSIFIER FOR THE PREDICTION OF LUNG CANCER:.All other authors: No reported conflicts of

interest.



[EEN

10

11

12

13

14

15

16

17

18

19

20

21

22

23

REFERENCES
1) Choi B, Choudhary MC, Regan J, et al. Persistence and Evolution of SARS-CoV-2 in an

Immunocompromised Host. N Engl J Med. 2020;383(23):2291-2293. doi:10.1056/NEJMc2031364

2) Aydillo T, Gonzalez-Reiche AS, Aslam S, van de Guchte A, Khan Z, Obla A, Dutta J, van Bakel H, Aberg
J, Garcia-Sastre A, Shah G, Hohl T, Papanicolaou G, Perales MA, Sepkowitz K, Babady NE, Kamboj M.
Shedding of Viable SARS-CoV-2 after Immunosuppressive Therapy for Cancer. N EnglJ Med. 2020 Dec
24;383(26):2586-2588. doi: 10.1056/NEJMc2031670. Epub 2020 Dec 1. PMID:33259154; PMCID:
PMC7722690.

3) Monrad |, Sahlertz SR, Nielsen SSF, et al. Persistent Severe Acute Respiratory Syndrome Coronavirus
2 Infection in Immunocompromised Host Displaying Treatment Induced Viral Evolution. Open Forum
Infect Dis. 2021;8(7):0fab295. Published 2021 Jun 4. doi:10.1093/0ofid/ofab295

4) Martinez MA, Chen TY, Choi H, et al. Extended Remdesivir Infusion for Persistent Coronavirus
Disease 2019 Infection. Open Forum Infect Dis»2022;9(8):0fac382. Published 2022 Jul 29.
doi:10.1093/0ofid/ofac382

5) Helleberg M, Niemann CU; Moestrup’KS, et al. Persistent COVID-19 in an Immunocompromised
Patient Temporarily Responsive to Two Courses of Remdesivir Therapy. J Infect Dis. 2020;222(7):1103-
1107. doi:10.1093/infdis/jiaad46

6) Beigel JH, Tomashek KM, Dodd LE, et al. Remdesivir for the Treatment of Covid-19 - Final Report. N
Engl J.Med. 2020;383(19):1813-1826. d0i:10.1056/NEJM0a2007764

7) ‘Owen DR, Allerton CMN, Anderson AS, et al. An oral SARS-CoV-2 MP” inhibitor clinical candidate for
the treatment of COVID-19. Science. 2021;374(6575):1586-1593. doi:10.1126/science.abl4784

8) Schultz DC, Johnson RM, Ayyanathan K, et al. Pyrimidine inhibitors synergize with nucleoside

analogues to block SARS-CoV-2. Nature. 2022;604(7904):134-140. doi:10.1038/s41586-022-04482-x



10

11

12

9) BoucauJ, Uddin R, Marino C, et al. Characterization of virologic rebound following nirmatrelvir-
ritonavir treatment for COVID-19 [published online ahead of print, 2022 Jun 23]. Clin Infect Dis.
2022;ciac512. doi:10.1093/cid/ciac512

10) Carlin AF, Clark AE, Chaillon A, et al. Virologic and Immunologic Characterization of COVID-19

Recrudescence after Nirmatrelvir/Ritonavir Treatment. Preprint. Res Sq. 2022;rs.3.rs-1662783: Published

2022 May 18. d0i:10.21203/rs.3.rs-1662783/v1

11) Myall KJ, Mukherjee B, Castanheira AM, et al. Persistent Post-COVID-19 Interstitial.Lung Disease. An

Observational Study of Corticosteroid Treatment. Ann Am Thorac Soc.2021;18(5):799-806.

doi:10.1513/AnnalsATS.202008-10020C

12) Chong WH, Saha BK, Chopra A. Does COVID-19 pneumenia signify secondary organizing

pneumonia?: A narrative review comparing the similarities between these two distinct entities. Heart

Lung. 2021;50(5):667-674. d0i:10.1016/j.hrtIng.2021.04.009



Figure 1 Legends: Series of Chest CT images of the patient throughout his course from initial admission
to outpatient follow-up.

1A: March/2022 first admission

1B: April/2022 second admission
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1C: June/2022 third admission prior to antiviral therapy, new areas of ground-glass opacities with some

10 resolution of ground-glass opacities in some of the previously affected areas

11

12 1D: August/2022 outpatient follow up with minimal symptoms and completion.of prednisone taper with
13 largely resolved ground-glass opacities
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