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Abstract

Despite global vaccination efforts, immunocompromized patients remain at high risk

for COVID‐19‐associated morbidity. In particular, patients with impaired humoral

immunity have shown a high risk of persistent infection. We report a case series of

adult patients with B cell malignancies and/or undergoing B cell targeting therapies

with persisting SARS‐CoV‐2 infection and treated with a combination antiviral

therapy of remdesivir and nirmatrelvir/ritonavir, in three Italian tertiary academic

hospitals. A total of 14 patients with impaired adaptive humoral immunity and

prolonged SARS‐CoV‐2 infection were treated with the dual antiviral therapy. The

median age was 60 (IQR 56–68) years, and 11 were male. Twelve patients had B cell

lymphoma, one patient had chronic lymphocytic leukemia and one patient had

multiple sclerosis. Thirteen out of 14 patients had received prior B cell‐targeting

therapies, consisting of anti‐CD20 monoclonal antibodies in 11 patients, and

chimeric antigen receptor T therapy in 2 patients. The median time between diag-

nosis and therapy start was 42.0 (IQR 35–46) days. Seven patients had mild, 6

moderate and one severe disease. Nine patients had signs of interstitial pneumonitis

on chest computed tomography scans before treatment. The median duration of

nirmatrelvir/ritonavir and remdesivir combination therapy was 10 days. All patients

showed resolution of COVID‐19‐related symptoms after a median of 6 (IQR 4–11)

days and viral clearance after 9 (IQR 5–11) days. Combination therapy with

remdesivir and nirmatrelvir/ritonavir is a promising treatment option for persistent

COVID‐19 in immunocompromized patients with humoral immunity impairment,

worthy of prospective comparative trials.
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1 | INTRODUCTION

From the early months of a deadly infection to the present days, the

clinical commitment to the SARS‐CoV‐2 pandemic has significantly

decreased due to the effectiveness of global vaccination and antiviral

treatments. Nevertheless, immunocompromized patients with un-

derlying conditions impairing their immune response to vaccines or

natural infections are still at increased risk for COVID‐19‐associated

morbidity and mortality.1,2 States of relative immunologic vulnera-

bility affect the severity of COVID‐19, making it crucial to find tar-

geted approaches to manage different levels of clinical complexity. In

particular, patients with impaired adaptive humoral immunity have a

high risk of prolonged viral shedding, viral rebound, and/or persistent

infection.3–7 This group, which includes patients with B cell malig-

nancies or undergoing B cell targeting therapies such as anti‐CD20

and chimeric antigen receptor T (CAR‐T) cell therapy, faces addi-

tional complications related to the high risk of delay in life‐saving

treatments.8,9

Current COVID‐19 treatment guidelines recommend the use of a

single agent as early treatment for all out‐patients with risk factors

for progression to severe disease, including the generic term of

immunocompromized condition. In case of progression to lower

respiratory tract infection (LRTI), remdesivir remains the only rec-

ommended antiviral within 10 days from symptoms onset. After this

time point, patients with SARS‐CoV‐2 infection are no longer

considered eligible for antiviral treatments, regardless of their

symptoms, radiological evidence of pneumonia, or immune status.

Moreover, specific therapeutic indications for the management of

immunocompromized patients with SARS‐CoV‐2 infection are lack-

ing; even the prescription of long‐acting monoclonal antibodies

(MoAB) as pre‐exposure prophylaxis for individuals with a demon-

strated inadequate immune response to vaccination has been coun-

teracted by the loss of activity against omicron subvariants.10–12

Therefore, in clinical practice, the predicted lack of evidence has

resulted in the use of various off‐label treatment approaches,

including prolonged or reiterated single agent‐based or combination‐
based therapies.13–22

In this scenario we introduced in our clinical practice the combi-

nation of two antiviral drugs, remdesivir and nirmatrelvir/ritonavir, in a

selected subgroup of patients with severe impairment of adaptive

humoral immunity and persistent SARS‐CoV‐2 infection. Patients ur-

gently needing to resume the treatment of their original comorbidity

were favored. Our decision was primarily motivated by the potential

synergistic effect of two antiviral drugs with different biological tar-

gets23,24 and by the minimal residual activity of MoAB related to the

increasing prevalence of omicron subvariant BA.5 and BQ.1.1.11,12

Nirmatrelvir, a novel inhibitor of the SARS‐CoV‐2 main protease,

has been authorized by the United States Food and Drug

Administration (FDA) in combination with ritonavir, a strong CYP3A

inhibitor, for emergency use since December 2021 for the treatment

of mild‐to‐moderate COVID‐19 in adults who are at high risk for

progression to severe COVID‐19.25

Remdesivir was the first antiviral granted emergency use

authorization by the FDA in May 2020, and subsequently approved

in October 2020, for the treatment of hospitalized patients with

COVID‐19.26

While nirmatrelvir/ritonavir exerts its antiviral efficacy by

inhibiting a necessary protease in the viral replication procedure,27

remdesivir acts as a nucleoside analog and inhibits the RNA‐
dependent RNA polymerase (RdRp) of coronaviruses, including

SARS‐CoV‐2.28 Both drugs have demonstrated activity against Om-

icron subvariants.29

In this case series, we report the experience of three Italian

tertiary academic hospitals that have adopted the same therapeutic

approach in this subgroup of patients.

2 | MATERIAL AND METHODS

2.1 | Study population and study period

We described a series of 14 patients managed from November 2022

to February 2023 at three Italian tertiary university hospitals (9

patients from Sant’Orsola‐Malpighi Research Institute of Bologna, 3

patients from Lazzaro Spallanzani Research Institute of Rome and 2

patients from Humanitas Hospital Research Institute of Milan). All

included patients were adults affected by B cell malignancies and/or

undergoing B cell targeting therapies with persisting SARS‐CoV‐2
infection (see definition below) despite several and varying previ-

ous antiviral treatments. These patients were treated with a combi-

nation antiviral therapy based on remdesivir (200 mg first day, then

100 mg daily) and nirmatrelvir/ritonavir (300/100 mg bid, or 150/

100 mg in case of mild kidney impairment with estimated glomerular

filtration rate (eGFR) <60 mL/min). Among them, priority was given

to those who had more severe symptoms, evidence of pneumonia,

and required chemotherapy treatment, provided they had given

informed consent for the off‐label treatment.

2.2 | Definitions and data collection

Persisting Sars‐CoV‐2 infection was defined by a positive real time

polymerase chain reaction (RT‐PCR) Sars‐CoV‐2 test, including

nasopharyngeal swab (NPS) or lower respiratory tract sample, with

radiological and/or clinical signs of infection after at least 21 days

from the first Sars‐CoV‐2 positive test.6,7
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Data regarding demographic characteristics (age and sex), he-

matologic comorbidity or other conditions requiring B‐cell targeted

therapies, type of treatment for the undergoing disease, clinical signs

and symptoms, and any type of previous anti SAR‐Cov‐2 treatment,

were collected. The severity of SARS‐CoV‐2 related disease was

defined according to the Word Health Organization (WHO) classifi-

cation of COVID disease severity.30

A Sars‐CoV‐2 RT‐PCR test was evaluated at the enrollment

before the starting of combination therapy on a NPS. A lower res-

piratory tract sample was performed for those patients with per-

sisting symptoms and NPS negative test.

A lung computed tomography scan (CTS) was carried out for all

patients before starting combination therapy and, when initially

altered, after the end of treatment. The clinical conditions of enrolled

patients were monitored during the treatment course, with daily vital

parameters evaluation (body temperature, blood pressure, respiratory

rate, peripheral oxygen saturation and need of oxygen supply).25 The

follow up was maintained up to 30 days after the end of treatment.

2.3 | Microbiology

The SARS‐Cov‐2 diagnosis and the monitoring of virological status

were made by RT‐PCR, performed according to the laboratory

workflow using different platforms (Allplex™ SARS‐CoV‐2 Assay,

Allplex™ SARS‐CoV‐2/FluA/FluB/RSV Assay, DiaSorin Molecular

Simplexa™ COVID‐19, Xpert® Xpress SARS‐CoV‐2, STANDARD™

M10 Flu/RSV/SARS‐CoV‐2). We did also collect the number of

threshold cycles (CT) when available.

SARS‐COV‐2 serology was performed at time of dual antiviral

start, either by an enzyme‐linked immunosorbent assay (ELISA)

detecting anti‐SARS‐CoV‐2 IgG, IgM, and IgA (ENZY‐WELL SARS‐
CoV‐2 ELISA on SkyLab platform; DIESSE), or by two chem-

iluminescence microparticle assays (CMIA) detecting anti‐
nucleoprotein (anti‐N) IgG and anti‐Spike/RBD IgG (ARCHITECT

SARS‐CoV‐2 IgG, and ARCHITECT SARS‐CoV‐2 IgG II Quantitative,

on ARCHITECT® i2000sr; Abbott Laboratories, Wiesbaden, Ger-

many, respectively), or by two electro‐chemiluminescence immuno-

assay (ECLIA) detecting anti‐nucleoprotein (anti‐N) IgG and anti‐
Spike/RBD IgG (Elecsys® Anti‐SARS‐CoV‐2 and Elecsys® Anti‐SARS‐
CoV‐2 S, Roche, Basle, Switzerland respectively).

2.4 | Statistical analysis

To describe our population, we presented continuous variables as

median and interquartile range (IQR) and categorical variables as

number and percentage.

3 | RESULTS

A total of 14 patients with impaired adaptive humoral immunity and

persistent SARS‐CoV‐2 infection were treated with a dual antiviral

therapy consisting of remdesivir and nirmatrelvir/ritonavir. The

median age was 60.0 (IQR 56.25–68.5) years and 11 patients

(78.6%) were male. Twelve patients had B cell lymphoma, one pa-

tient had chronic lymphocytic leukemia and one patient had mul-

tiple sclerosis treated with ocrelizumab. Thirteen patients (92.9%)

had received prior B cell‐targeting therapies, 11 with anti‐CD20

monoclonal antibodies and two patients with CAR‐T cell therapy.

The underlying pathologies and chemotherapy treatments are listed

in Table 1.

At the time of acute SARS‐CoV‐2 infection, 66.7% (8 out of 12

available) of patients had hypogammaglobulinemia, a median

neutrophil count of 3440/mmc (IQR 2505–3865), and a median

lymphocyte count of 800 (IQR 525–1595). All patients had

completed a full vaccination course with anti‐SARS‐CoV‐2 mRNA

vaccines, 7 with three doses, 6 with 4 doses and one with 5 doses.

Four patients had received long‐acting MoAB (tixagevimab/cil-

gavimab), two as pre‐exposure prophylaxis and two after acute

infection. Early treatment was administered in 8 patients (57%), 6

were treated with nirmatrelvir/ritonavir, one with molnupiravir and

one with sotrovimab. An anti‐spike IgG serology test was conducted

in 10 patients before starting combination therapy, with a median

time of 39.5 days (IQR 30.5–56.5) days from the diagnosis of infec-

tion. Serology test resulted positive in 7 cases (70%), including three

who had previously received tixagevimab/cilgavimab, two before and

one after SARS‐CoV‐2 diagnosis.

The median time between diagnosis of SARS‐CoV‐2 infection

and initiation of combination therapy was 42.0 days (IQR 35.0–45.7).

The median number of PCR CT performed just before starting the

treatment was 27.8 (IQR 25.9–30.3). Twelve patients had a positive

NPS test, while two patients had a positive lower respiratory tract

sample with a negative NPS test. Both these two patients (number 1

and number 8 in Table 1) had persisting cough and CTS signs of

pneumoniae after 5 and 4 months respectively from the first positive

NPS swab.

Among the treated patients, 7 had mild disease, 6 had moderate

disease, of whom 5 required low‐flow oxygen support, and one

had severe disease requiring high‐flow nasal cannula oxygen sup-

port. Nine patients had signs of interstitial pneumonitis on chest

CTS before treatment, and 5 of them underwent follow‐up CTS af-

ter treatment showing a marked improvement in pneumonia

(Figure 1).

The median duration of nirmatrelvir/ritonavir and remdesivir

combination therapy was 10 days (IQR 10.0–10.0). Ten patients

received a 10‐day treatment cycle, while three (patient number 4, 6

and 8) had longer courses of 13, 22, and 12 days, respectively, due to

persistence of PCR test positivity. One patient (number 13) dis-

continued treatment after 5 days because viral clearance was

confirmed after 3 days of treatment. Overall, the treatment was well‐
tolerated and no major adverse events were recorded. No discon-

tinuations of treatment were reported. All patients showed resolu-

tion of COVID‐19‐related symptoms after a median of 6 days (IQR

4.2–10.7) and oxygen support was discontinued at the same time.

Viral clearance, as confirmed by a PCR test, was achieved in all pa-

tients and the median time to a negative PCR test was 9 days (IQR

5.2–10.7). PCR tests performed every 5 ∓ 1 day showed a steady

progressive increase in CT values (Figure 2). Among the 4 patients
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who received long‐acting MoAB (tixagevimab/cilgavimab), one had

mild disease, two had moderate disease, and one had severe disease.

The clinical outcomes after combo treatment were comparable to the

other patients, with symptom resolution occurring after a median of

6.5 days (IQR 2.7–11.5) and viral clearance achieved after a median

of 10 days (IQR 9.0–12.7).

F I GUR E 1 Lung computed tomography scan (CTS) features before and after dual antivirals treatment with remdesivir + nirmatrelvir/
ritonavir of the five patients who underwent radiological follow‐up. (A) (1–2) correspond to patient 8, (B) (1–2) correspond to patient 4, (C) (1–

2) correspond to patient 5, (D) (1–2) correspond to patient 2, (E) (1–2) correspond to patient 7.
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The median follow‐up after viral clearance was 26 days (IQR

17.2–57.0) and no early rebound was observed.

4 | DISCUSSION

Our preliminary clinical experience with a combination antiviral

therapy of nirmatrelvir/ritonavir and remdesivir suggests that it

could be useful in the management of patients with B‐cell malignancy

or undergoing anti‐lymphocyte therapy who present with clinical

and/or laboratory findings of persisting SARS‐CoV‐2 infection for

more than 21 days. Indeed, we observed a resolution of symptoms

and viral clearance in all patients after a median treatment duration

of 10 days. Additionally, no patient experienced rebound after a

median follow‐up of 26 days.

Prior to this study, few case reports and small case series have

described the management of patients with persisting infection with

a wide range of therapeutic approaches. Prolonged courses of

remdesivir13 or nirmatrelvir/ritonavir,14 dual antiviral therapy with

remdesivir and nirmatrelvir/ritonavir,15–17 and combination therapy

with antiviral and monoclonal antibodies18–22 have been described as

treatment options. These studies have shown encouraging results,

and they have provided valuable information for clinicians consid-

ering the lack of recommendations for these patients. However, the

level of evidence remains low due to the limited number of cases in

each study and the high variability among patients, timing, and

different therapeutic schedules.

Our preliminary data are insufficient to establish the superiority

of this therapeutic approach over others. However, we believe that

there are several factors that support the use of this antiviral com-

bination. Using a combination of two antivirals with different targets

can potentially create a synergistic effect23,24 and preventing the

emergence of resistance. This is particularly important given that

resistance to remdesivir has already been reported in immuno-

compromized patients after prolonged monotherapy.31 Regarding

nirmatrelvir/ritonavir, molecular resistance has been observed only

in in vitro studies but it may theoretically occur in vivo32 Although

literature data suggest a potential clinical synergism between anti-

virals and MoAB, this combination was not considered due to the

high prevalence of BQ.1.1 and BQ.5 variants in Italy, which

accounted for 34.2% and 66.1%, respectively, during the study

period.33

The fact that although enrolled patients had a significant defect

of humoral immunity, the serological tests conducted before treat-

ment were positive in 7 out of 10 cases, deserves a comment. Two

main factors likely contribute to these positive results. Firstly, the

serological tests were performed temporally close to an acute

infection, where the absence of any correlation between disease

severity and antibody response is well demonstrated. Furthermore,

three patients had previously received tixagevimab/cilgavimab

treatment in the previous 6 months, which could also potentially

impact the serological outcomes. However, the lack of available data

on previous serologies and antibody functionality limits our ability to

determine the significance of these findings from an immunological

and infection protection standpoint.

The main limitations of our study are the small sample size and

the absence of controls. Moreover, the duration of the combination

treatment was entirely arbitrary and not based on any clinical or

virological evidence.

In conclusion, our study suggests that combination therapy with

remdesivir and nirmatrelvir/ritonavir is a promising treatment option

for persistent COVID‐19 in immunocompromized patients with B‐
cell line hematological malignancies and/or anti‐CD20 therapies.

Further investigation with larger comparative interventional studies

are needed to identify the optimal therapeutic approach for this

patient population.

F I GUR E 2 Trend of cycle threshold (CT) values from the start of combination antiviral treatment to the first negative polymerase chain
reaction test. Patients 1 and 5 were excluded from this analysis, as they had a negative nasopharyngeal swab test but a positive lower
respiratory tract sample.

PASQUINI ET AL. - 909

 10991069, 2023, 5, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/hon.3206 by A

rea Sistem
i D

ipart &
 D

ocum
ent, W

iley O
nline L

ibrary on [28/02/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



ACKNOWLEDGMENTS

Open access funding provided by BIBLIOSAN.

CONFLICT OF INTEREST STATEMENT

The authors have no conflicts of interest regarding the subject of this

manuscript and no external funding was received for this study.

DATA AVAILABILITY STATEMENT

The data that support the findings of this study are available on

request from the corresponding author. The data are not publicly

available due to privacy or ethical restrictions.

ETHICS STATEMENT

The study was conducted in accordance with the Declaration of

Helsinki and ethics committee (CE‐AVEC) approval n° 598/2021/

Oss/AOUBo.

ORCID

Zeno Pasquini https://orcid.org/0000-0002-5581-9887

Pierluigi Zinzani https://orcid.org/0000-0002-2112-2651

PEER REVIEW

The peer review history for this article is available at https://www.

webofscience.com/api/gateway/wos/peer-review/10.1002/hon.3206.

REFERENCES

1. Sun J, Zheng Q, Madhira V, et al. Association between immune

dysfunction and COVID‐19 breakthrough infection after SARS‐CoV‐
2 vaccination in the US. JAMA Intern Med. 2022;182(2):153‐162.

https://doi.org/10.1001/jamainternmed.2021.7024

2. Bonazzetti C, Tazza B, Gibertoni D, et al. Relationship between im-

mune response to SARS‐CoV2 vaccines and development of break-

through infection in solid organ transplant recipients: the CONTRAST

cohort. Clin Infect Dis. 2023;76(10):ciad016‐1767. https://doi.org/10.

1093/cid/ciad016

3. Israelow B, Mao T, Klein J, et al. Adaptive immune determinants of

viral clearance and protection in mouse models of SARS‐CoV‐2. Sci
Immunol. 2021;6(64):eabl4509. https://doi.org/10.1126/sciimmunol.

abl4509

4. DeWolf S, Laracy JC, Perales MA, Kamboj M, van den Brink MRM,

Vardhana S. SARS‐CoV‐2 in immunocompromised individuals. Im-
munity. 2022;55(10):1779‐1798. https://doi.org/10.1016/j.immuni.

2022.09.006

5. Aydillo T, Gonzalez‐Reiche AS, Aslam S, et al. Shedding of viable

SARS‐CoV‐2 after immunosuppressive therapy for cancer. N Engl J
Med. 2020;383(26):2586‐2588. https://doi.org/10.1056/NEJMc20

31670

6. Dioverti V, Salto‐Alejandre S, Haidar G. Immunocompromised pa-

tients with protracted COVID‐19: a review of “long persisters”. Curr
Transpl Rep. 2022;9(4):209‐218. https://doi.org/10.1007/s40472‐
022‐00385‐y

7. Belkin A, Leibowitz A, Shargian L, Yahav D. The unique presentation

of SARS‐CoV‐2 Infection in patients with B‐cell depletion: definition

of ‘persistent inflammatory sero‐negative COVID’. Clin Microbiol
Infect. 2023;29(1):1‐3. https://doi.org/10.1016/j.cmi.2022.10.007

8. Lee CY, Shah MK, Hoyos D, et al. Prolonged SARS‐CoV‐2 infection in

patients with lymphoid malignancies. Cancer Discov. 2022;12(1):

62‐73. https://doi.org/10.1158/2159‐8290.CD‐21‐1033

9. Luque‐Paz D, Sesques P, Wallet F, Bachy E, Ader F, Lyon HEMINF

Study Group. B‐cell malignancies and COVID‐19: a narrative review.

Clin Microbiol Infect. 2022;29(3):S1198‐743X(22)00544‐4. https://

doi.org/10.1016/j.cmi.2022.10.030

10. COVID‐19 Treatment Guidelines Panel. Coronavirus Disease 2019
(COVID‐19) Treatment Guidelines. National Institutes of Health.

Available at. Accessed 26 02 2023. https://www.covid19treatment

guidelines.nih.gov/

11. Arora P, Kempf A, Nehlmeier I, et al. Omicron sublineage BQ.1.1

resistance to monoclonal antibodies. Lancet Infect Dis.
2023;23(1):22‐23. Epub 2022 Nov 18. Erratum in: Lancet Infect Dis.

2022 Nov 29. https://doi.org/10.1016/S1473‐3099(22)00733‐2
12. Planas D, Bruel T, Staropoli I, et al. Resistance of Omicron sub-

variants BA.2.75.2, BA.4.6, and BQ.1.1 to neutralizing antibodies.

Nat Commun. 2023;14(1):824. https://doi.org/10.1038/s41467‐023‐
36561‐6

13. Martinez MA, Chen TY, Choi H, et al. Extended remdesivir infusion

for persistent coronavirus disease 2019 infection. Open Forum Infect
Dis. 2022;9(8):ofac382. https://doi.org/10.1093/ofid/ofac382

14. Graziani L, Gori L, Manciulli T, et al. Successful use of nirmatrelvir/

ritonavir in immunocompromised patients with persistent and/or

relapsing COVID‐19. J Antimicrob Chemother. 2022;78(2):dkac433‐-
558. https://doi.org/10.1093/jac/dkac433

15. Trottier CA, Wong B, Kohli R, et al. Dual antiviral therapy for

persistent COVID‐19 and associated organizing pneumonia in an

immunocompromised host. Clin Infect Dis. 2022;76(5):ciac847‐925.

https://doi.org/10.1093/cid/ciac847

16. Ford ES, Simmons W, Karmarkar EN, et al. Successful treatment of

prolonged, severe COVID‐19 lower respiratory tract disease in a B‐
cell ALL patient with an extended course of remdesivir and nirma-

trelvir/ritonavir. Clin Infect Dis. 2022;76(5):ciac868‐929. https://doi.

org/10.1093/cid/ciac868

17. BlennowO,Vesterbacka J, Tovatt T,NowakP. Successful combination

treatment for persistent SARS‐CoV‐2 infection. Clin Infect Dis. 2023;

76(10):1864‐1865. ciad085. https://doi.org/10.1093/cid/ciad085

18. Brown LK, Moran E, Goodman A, et al. Treatment of chronic or

relapsing COVID‐19 in immunodeficiency. J Allergy Clin Immunol.
2022;149(2):557‐561.e1. https://doi.org/10.1016/j.jaci.2021.10.031

19. D'Abramo A, Vita S, Maffongelli G, et al. Prolonged and severe SARS‐
CoV‐2 infection in patients under B‐cell‐depleting drug successfully

treated: a tailored approach. Int J Infect Dis. 2021;107:247‐250.

https://doi.org/10.1016/j.ijid.2021.04.068

20. Scaglione V, Rotundo S, Marascio N, et al. Lessons learned and im-

plications of early therapies for coronavirus disease in a territorial

service centre in the Calabria region: a retrospective study. BMC
Infect Dis. 2022;22(1):793. https://doi.org/10.1186/s12879‐022‐
07774‐9

21. Baldi F, Dentone C, Mikulska M, et al. Case report: sotrovimab,

remdesivir and nirmatrelvir/ritonavir combination as salvage treat-

ment option in two immunocompromised patients hospitalized for

COVID‐19. Front Med. 2023;9:1062450. https://doi.org/10.3389/

fmed.2022.1062450

22. Wada D, Nakamori Y, Maruyama S, et al. Novel treatment combining

antiviral and neutralizing antibody‐based therapies with monitoring

of spike‐specific antibody and viral load for immunocompromised

patients with persistent COVID‐19 infection. Exp Hematol Oncol.
2022;11(1):53. https://doi.org/10.1186/s40164‐022‐00307‐9

23. Li P, Wang Y, Lavrijsen M, et al. SARS‐CoV‐2 Omicron variant is

highly sensitive to molnupiravir, nirmatrelvir, and the combination.

Cell Res. 2022;32(3):322‐324. https://doi.org/10.1038/s41422‐022‐
00618‐w

24. Cook S, Wittenburg L, Yan VC, et al. An optimized bioassay for

screening combined anticoronaviral compounds for efficacy against

feline infectious peritonitis virus with pharmacokinetic analyses of

910 - PASQUINI ET AL.

 10991069, 2023, 5, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/hon.3206 by A

rea Sistem
i D

ipart &
 D

ocum
ent, W

iley O
nline L

ibrary on [28/02/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://orcid.org/0000-0002-5581-9887
https://orcid.org/0000-0002-5581-9887
https://orcid.org/0000-0002-2112-2651
https://orcid.org/0000-0002-2112-2651
https://www.webofscience.com/api/gateway/wos/peer-review/10.1002/hon.3206
https://www.webofscience.com/api/gateway/wos/peer-review/10.1002/hon.3206
https://doi.org/10.1001/jamainternmed.2021.7024
https://doi.org/10.1093/cid/ciad016
https://doi.org/10.1093/cid/ciad016
https://doi.org/10.1126/sciimmunol.abl4509
https://doi.org/10.1126/sciimmunol.abl4509
https://doi.org/10.1016/j.immuni.2022.09.006
https://doi.org/10.1016/j.immuni.2022.09.006
https://doi.org/10.1056/NEJMc2031670
https://doi.org/10.1056/NEJMc2031670
https://doi.org/10.1007/s40472-022-00385-y
https://doi.org/10.1007/s40472-022-00385-y
https://doi.org/10.1016/j.cmi.2022.10.007
https://doi.org/10.1158/2159-8290.CD-21-1033
https://doi.org/10.1016/j.cmi.2022.10.030
https://doi.org/10.1016/j.cmi.2022.10.030
https://www.covid19treatmentguidelines.nih.gov/
https://www.covid19treatmentguidelines.nih.gov/
https://doi.org/10.1016/S1473-3099(22)00733-2
https://doi.org/10.1038/s41467-023-36561-6
https://doi.org/10.1038/s41467-023-36561-6
https://doi.org/10.1093/ofid/ofac382
https://doi.org/10.1093/jac/dkac433
https://doi.org/10.1093/cid/ciac847
https://doi.org/10.1093/cid/ciac868
https://doi.org/10.1093/cid/ciac868
https://doi.org/10.1093/cid/ciad085
https://doi.org/10.1016/j.jaci.2021.10.031
https://doi.org/10.1016/j.ijid.2021.04.068
https://doi.org/10.1186/s12879-022-07774-9
https://doi.org/10.1186/s12879-022-07774-9
https://doi.org/10.3389/fmed.2022.1062450
https://doi.org/10.3389/fmed.2022.1062450
https://doi.org/10.1186/s40164-022-00307-9
https://doi.org/10.1038/s41422-022-00618-w
https://doi.org/10.1038/s41422-022-00618-w
https://orcid.org/0000-0002-5581-9887
https://orcid.org/0000-0002-2112-2651


GS‐441524, remdesivir, and molnupiravir in cats. Viruses. 2022;

14(11):2429. https://doi.org/10.3390/v14112429

25. Food and Drug Administration. Fact Sheet for Healthcare Providers:

Emergency Use Authorization for Paxlovid; 2023. https://www.fda.

gov/media/155050/download

26. Food and Drug Administration. Approval of Veklury. Accessed

October 22, 2020. https://www.accessdata.fda.gov/drugsatfda_docs/

label/2020/214787Orig1s000lbl.pdf

27. Marzi M, Vakil MK, Bahmanyar M, Zarenezhad E. Paxlovid: mecha-

nism of action, synthesis, and in silico study. BioMed Res Int.
2022;2022:7341493. https://doi.org/10.1155/2022/7341493

28. Kokic G, Hillen HS, Tegunov D, et al. Mechanism of SARS‐CoV‐2
polymerase stalling by remdesivir. Nat Commun. 2021;12(1):279.

https://doi.org/10.1038/s41467‐020‐20542‐0
29. TakashitaE,KinoshitaN,Yamayoshi S, et al. Efficacyof antiviral agents

against the SARS‐CoV‐2 omicron subvariant BA.2. N Engl J Med.

2022;386(15):1475‐1477. https://doi.org/10.1056/NEJMc2201933

30. World Health Organization (WHO) Clinical Case Definition Working

Group on Post COVID‐19 Condition. A Clinical Case Definition of

Post COVID‐19 Condition by a Delphi Consensus, 2021. Accessed

26 02 2023. https://www.who.int/publications/i/item/WHO‐2019‐
nCoVPost_COVID‐19_condition‐Clinical_case_defnition‐2021.1

31. Gandhi S, Klein J, Robertson AJ, et al. De novo emergence of a

remdesivir resistance mutation during treatment of persistent

SARS‐CoV‐2 infection in an immunocompromised patient: a case

report. Nat Commun. 2022;13(1):1547. https://doi.org/10.1038/

s41467‐022‐29104‐y
32. Iketani S, Mohri H, Culbertson B, et al. Multiple pathways for SARS‐

CoV‐2 resistance to nirmatrelvir. Nature. 2023;613(7944):558‐564.

https://doi.org/10.1038/s41586‐022‐05514‐2
33. Istituto Superiore di Sanità. Comunicato Stampa N°11/2023

Covid19: Flash Survey Iss. Accessed 26 02 2023. https://www.iss.it/

‐/comunicato‐stampa‐n%C2%B012/2023‐covid19‐flash‐survey‐iss‐
il‐7‐febbraio‐variante‐omicron‐al‐99‐9‐ba.5‐in‐calo

How to cite this article: Pasquini Z, Toschi A, Casadei B, et al.

Dual combined antiviral treatment with remdesivir and

nirmatrelvir/ritonavir in patients with impaired humoral

immunity and persistent SARS‐CoV‐2 infection. Hematol Oncol.

2023;41(5):904‐911. https://doi.org/10.1002/hon.3206

PASQUINI ET AL. - 911

 10991069, 2023, 5, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/hon.3206 by A

rea Sistem
i D

ipart &
 D

ocum
ent, W

iley O
nline L

ibrary on [28/02/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.3390/v14112429
https://www.fda.gov/media/155050/download
https://www.fda.gov/media/155050/download
https://www.accessdata.fda.gov/drugsatfda_docs/label/2020/214787Orig1s000lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2020/214787Orig1s000lbl.pdf
https://doi.org/10.1155/2022/7341493
https://doi.org/10.1038/s41467-020-20542-0
https://doi.org/10.1056/NEJMc2201933
https://www.who.int/publications/i/item/WHO-2019-nCoVPost_COVID-19_condition-Clinical_case_defnition-2021.1
https://www.who.int/publications/i/item/WHO-2019-nCoVPost_COVID-19_condition-Clinical_case_defnition-2021.1
https://doi.org/10.1038/s41467-022-29104-y
https://doi.org/10.1038/s41467-022-29104-y
https://doi.org/10.1038/s41586-022-05514-2
https://www.iss.it/-/comunicato-stampa-n%C2%B012/2023-covid19-flash-survey-iss-il-7-febbraio-variante-omicron-al-99-9-ba.5-in-calo
https://www.iss.it/-/comunicato-stampa-n%C2%B012/2023-covid19-flash-survey-iss-il-7-febbraio-variante-omicron-al-99-9-ba.5-in-calo
https://www.iss.it/-/comunicato-stampa-n%C2%B012/2023-covid19-flash-survey-iss-il-7-febbraio-variante-omicron-al-99-9-ba.5-in-calo
https://doi.org/10.1002/hon.3206

	Dual combined antiviral treatment with remdesivir and nirmatrelvir/ritonavir in patients with impaired humoral immunity and ...
	1 | INTRODUCTION
	2 | MATERIAL AND METHODS
	2.1 | Study population and study period
	2.2 | Definitions and data collection
	2.3 | Microbiology
	2.4 | Statistical analysis

	3 | RESULTS
	4 | DISCUSSION
	ACKNOWLEDGMENTS
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT
	ETHICS STATEMENT


