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Abstract: Background: Immunosuppressed patients still exhibit a high mortality rate due
to SARS-CoV-2 infection, up to 21%. Persistent viral load replication and protracted viral
symptoms result in a high risk of developing pneumonia, a potential risk of antiviral
resistance, and a subsequent delay of onco-hematological treatments. Methods: Hema-
tological patients and kidney transplant patients with SARS-CoV-2 infection, treated at
GOM Niguarda Hospital (Milan) with combined antiviral therapy (remdesivir plus nir-
matrelvir/ritonavir at standard doses) between November 2022 and March 2024, were
retrospectively reviewed. Results: Thirty-four patients were analyzed. Twenty-four (71%)
patients had pneumonia. The median duration of SARS-CoV-2 positivity before antiviral
treatment was 40 (10-34) days. The median treatment duration was 11 (10-10) days. All
patients went through clinical resolution. Thirteen patients were exposed to a new immune-
chemotherapy cycle early after antiviral treatment (median 13, IQR 6-12 days), while five
resumed a standard immunosuppressive regimen immediately after viral clearance. No
relapse or recurrence of symptoms was reported for up to 226 (106-318) days of follow-up.
Antiviral therapy was well tolerated, and no adverse events were observed. The 30-day
overall survival was 94%, while the 90-day survival was 88%. No patient died of SARS-
CoV-2 infection. Conclusions: The administration of nirmatrelvir/ritonavir and remdesivir
lead to the complete resolution of SARS-CoV-2 pneumonia with no side effects in this
cohort. The combination of these two antivirals may be a safe option in immunosuppressed
population at risk of severe complications and prolonged SARS-CoV-2 infection in order to
treat severe clinical presentation and to avoid viral recurrence after chemotherapy.

Infect. Dis. Rep. 2025,17,17

https://doi.org/10.3390/idr17020017


https://doi.org/10.3390/idr17020017
https://doi.org/10.3390/idr17020017
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/idr
https://www.mdpi.com
https://orcid.org/0000-0002-4206-0066
https://orcid.org/0000-0003-3538-3796
https://orcid.org/0000-0001-5081-8669
https://orcid.org/0000-0003-2587-7901
https://orcid.org/0000-0001-8891-623X
https://orcid.org/0000-0003-4965-8789
https://orcid.org/0009-0005-9538-088X
https://orcid.org/0000-0001-6372-2623
https://doi.org/10.3390/idr17020017
https://www.mdpi.com/article/10.3390/idr17020017?type=check_update&version=1

Infect. Dis. Rep. 2025, 17,17

2 0f9

Keywords: dual antiviral therapy; SARS-CoV-2; immunodepression; hematological; SOT

1. Introduction

Protracted SARS-CoV-2 infection, characterized by persistent viral positivity, recurring
symptoms, and radiological signs lasting more than 21 days [1], presents a significant
challenge in managing hematological patients. In this population, the clinical course
tends to be more severe, with higher mortality rates compared to the general population.
Furthermore, short courses of antiviral therapy often fail to achieve viral clearance [2—4].

Viral infections in immunocompromised individuals are typically marked by higher vi-
ral loads and extended viral replication, increasing the risk of immune-escape variants with
complex resistance patterns to antiviral treatments and monoclonal antibodies [5]. Recent
clinical data have highlighted these populations, where prolonged SARS-CoV-2 nasal swab
positivity leads to a heightened risk of disease recrudescence and severe complications,
such as recurrent pneumonia and respiratory failure [1,6]. Notably, even with Omicron sub-
variants, hematological patients experience significantly higher mortality due to prolonged
viral shedding, protracted illness, and severe disease presentations compared to immuno-
competent individuals [7]. Additionally, patients treated with chemotherapy within the
past three months—and especially within two weeks of SARS-CoV-2 infection—face in-
creased mortality [8]. As a result, current guidelines recommend confirming both clinical
and virological resolution of COVID-19 before resuming chemotherapy [8]. Emerging
evidence supports the safety of proceeding with Chimeric Antigen Receptor T-cell (CAR-T)
therapy and hematopoietic stem cell transplantation (HSCT) after viral clearance [9].

Solid organ transplant (SOT) recipients also exhibit higher morbidity and mortality
from SARS-CoV-2 infection compared to the general population [10-12]. However, unlike
hematological patients, SOT recipients generally experience lower rates of severe and
prolonged infection, as immunosuppressive therapy can often be reduced or withdrawn to
facilitate viral clearance [13,14].

Both nirmatrelvir/ritonavir and remdesivir are approved for treating SARS-CoV-2
infection in the general and immunocompromised populations without dosage or indica-
tion differences [7]. Remdesivir, a nucleotide analog prodrug, is metabolized intracellularly
to its active form, remdesivir triphosphate, which competes with adenosine triphosphate
(ATP) for incorporation into viral RNA, leading to delayed chain termination during RNA
replication [15]. Nirmatrelvir, a peptidomimetic inhibitor of the SARS-CoV-2 main protease
(also known as 3C-like protease or nsp5 protease), prevents viral replication by blocking
polyprotein processing. Ritonavir, in turn, inhibits the CYP3A-mediated metabolism of
nirmatrelvir, thereby increasing its plasma concentration [16].

Current evidence indicates that single, short-course antiviral regimens are ineffective in
treating vulnerable populations such as immunosuppressed patients [2—4], and combination
therapies have not yet been approved. This report explores the use of a combined antiviral
regimen with remdesivir plus nirmatrelvir/ritonavir in hematological patients and kidney
transplant recipients with SARS-CoV-2 infection.

2. Methods

A retrospective analysis was conducted on 34 consecutive patients treated with com-
bined antiviral therapy comprising remdesivir (200 mg on day one, followed by 100 mg
daily) and nirmatrelvir/ritonavir (100 mg ritonavir BID plus 1 or 2 nirmatrelvir BID,
depending on renal function) between November 2022 and March 2024. The combina-
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tion therapy was used off-label. This monocenter study was performed at ASST Grande
Ospedale Metropolitano Niguarda in Milan.

Data from the first six patients were previously reported [17].

Blood tests, including complete blood count, C-reactive protein, procalcitonin, aspar-
tate and alanine aminotransferase, creatinine, urea, and sodium and potassium levels, were
performed at least twice weekly, while clinical parameters were recorded daily. Liver and
kidney function, as well as renal clearance, was frequently monitored to assess potential
adverse effects from the antiviral therapies.

Drug dosages were adjusted based on renal function according to drug data sheets,
and concomitant medications were modified or discontinued to minimize drug—drug
interactions. Plasma concentrations of calcineurin inhibitors were monitored daily and
adjusted as needed to maintain therapeutic levels. Electrocardiograms were conducted
upon admission and subsequently on a weekly basis.

SARS-CoV-2 detection was carried out using RT-PCR on nasopharyngeal swabs (STAN-
DARD M10™ SARSCOV-2, SD BIOSENSOR, Sejong, Republic of Korea), bronchoalveolar
lavage (BAL) fluid (Xpert® Xpress COV-2 Plus, Cepheid, Sunnyvale, CA, USA), or antigen
tests (STANDARD Q COVID-19 Ag, SD BIOSENSOR, Republic of Korea) from nasal swabs.
SARS-CoV-2 serological testing (CMIA for SARS-CoV-2 IgG anti-N and CMIA for SARS-
CoV-2 IgG II Quant for RBD, Abbott, Chicago, IL, USA) and interferon-gamma release
assays (covi-FERON FIA, SD BIOSENSOR, Republic of Korea) were performed at the time
of infection.

Antigen testing was performed on days 5 and 10 of treatment. RT-PCR on nasopharyn-
geal swabs was used to confirm viral clearance. In cases where RT-PCR was unavailable,
two consecutive negative antigen tests, performed 24 h apart, were required to define a
virological cure.

Treatment continued until both clinical cures, defined as the resolution of COVID-19
symptoms, and virological clearance were achieved.

All 34 patients underwent antigen nasal swab testing on days 5 and 10, and 27 also
had RT-PCR confirmation on day 10. Three patients underwent repeated antigen testing
and RT-PCR after 15, 20, and 25 days. Four patients were initially positive based on BAL
samples, and only one patient underwent repeat bronchoscopy. Patient survival was
calculated using the Kaplan—-Meier method; the curves obtained were compared using the
log-rank test.

Data management and analysis were performed using the MEDcalc software package,
version 19.6.1.

3. Results

Thirty-four patients were analyzed. All patients received three or four doses of
the mRNA SARS-CoV-2 vaccine; the last dose was administrated in the last six months
before the infection. However, 12 patients (among 19 testes) had a negative cell-mediated
immune response.

All subjects were infected by Omicron subvariants. Eighteen (53%) patients had
already been treated with antiviral therapy at the onset of symptoms with remdesivir
or nirmatrelvir/ritonavir (respectively, thirteen and five patients). Twenty-four (71%)
patients had pneumonia; SARS-CoV-2 was isolated only through bronchoalveolar lavage
in four subjects, nine (26%) patients experienced just rhinitis or fever, and one patient was
asymptomatic. The median duration of SARS-CoV-2 positivity before antiviral treatment
was 40 (10-34) days. The median treatment duration was 11 (10-10) days. All patients went
through clinical resolution. Twenty-seven patients (80%) achieved a negative antigen nasal
swab within 10 days; among them, twenty-four also had concomitantly confirmed viral
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clearance by RT-PCR. The other three patients (11%) achieved antigen test and RT-PCR
negativity with longer treatment times of, respectively, 20, 25, and 15 days. Radiological
resolution was documented in all four patients with just BAL positivity. Just one patient
underwent a subsequent BAL, confirming SARS-CoV-2 undetectability on day 27. All
clinical characteristics are presented in Table 1.

Thirteen patients were exposed to a new immune-chemotherapy cycle (rituximab was
administered in 4/13 cases) early after antiviral treatment (median 13 [6-12] days), while
five patients resumed a standard immunosuppressive regimen (calcineurin inhibitor plus
mycophenolate mofetil) immediately after viral clearance. No relapse or recurrence of
symptoms was reported for up to 226 (106-318) days of follow-up.

Antiviral therapy was well tolerated, and no adverse events were reported.

The 30-day overall survival was 94%, while the 90-day survival was 88%, see Figure 1.
In particular, three neutropenic patients died of septic shock, respectively, 5, 8, and 70 days
after viral clearance. The other three patients died from hematological disease progression
on days 243, 41, and 98 after the end of treatment. No patient died of SARS-CoV-2 infection.
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Figure 1. Kaplan-Mayer for overall survival.

No differences in mortality were observed between the different groups related to
their hematological condition (log-rank test p = 0.4497), see Figure 2.
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Figure 2. Kaplan-Mayer for hematological group survival (Log-rank test p = 0.4497).



Infect. Dis. Rep. 2025,17,17 50f9
Table 1. Clinical and biochemical characteristics.
Follicular NHL MM CLL OtheArL(II},ML' HSCT KT Total
NHL DLBCL Myelofibrosis)
Number of patients 12 5 4 3 4 3 3 34
Men %, (n) 50% (6) 100% (5) 100% (4) 100% (3) 25% (1) 0% (0) 67% (2) 62% (21)
Age (y), median (IQR) 69 (65-74) 68 (73-79) 75 (72-77) 76 (72-83) 65 (63-74) 37 (26-43) 54 (53-56) 66 (60-78)
Rituximab cycle (>5), % (n) 100% (12) 80% (4) 25% (1) 0% (0) 0% (0) 0% (0) 0% (0) 50% (17)
Cyclosporin A, % (n) 0% (0) 0% (0) 0% (0) 0% (0) 0% (0) 100% (3) 100% (3) 18% (6)
;a;; ;‘;;uéiénlf)b administration (days from treatment), 112 (45-185) 109 (24-177) 400 / / / / /
(f/)or?rvl)ious prophylaxis with Tigaxevimab—Cilgavimab 5,/ 5 40% (2) 0% (0) 0% (0) 0% (0) 0% (0) 0% (0) 15% (5)
Previous antiviral treatments at symptom onset % (n) 50% (6) 80% (4) 50% (2) 0% (0) 50% (2) 67% (2) 67% (2) 53% (18)
Positivity duration (days) median, (IQR) 40 (24-45) 105 (15-205) 16 (2-28) 14 (6-20) 8 (7-10) 23 (15-35) 44 (21-56) 40 (10-34)
Pneumonia %, (n) 83% (10) 40% (2) 75% (3) 67% (2) 75% (3) 67% (2) 67% (2) 71% (24)
Treatment duration, median (IQR) 12 (10-10) 10 (10-10) 15 (10-18) 10 (10-10) 10 (10-10) 10 (10-10) 19 (9-12) 11 (10-10)
Neutropenia 33% (4) 20% (1) 50% (2) 33% (1) 75% (3) 33% (1) 0% (0) 35% (12)
Hypogammaglobulinemia 75% (9) 80% (4) 100% (4) 100% (3) 75% (3) 67% (2) 0% (0) 74% (25)
5th-day negative test (antigen nasal swab) % (n) 58% (7) 100% (5) 25% (1) 67% (2) 100% (4) 67% (2) 67% (2) 68% (23)
10th-day negative nasal swab test % (n)
Antigen test 58% (7) 100% (5) 50% (2) 100% (3) 100% (4) 100% (3) 100% (3) 80% (27)
Rt—PCR test 58% (7) 100% (5) 50% (2) 67% (2) 100% (4) 100% (3) 33%% (1) 71% (24)
Isolated BAL positivity 33% (4) / / / / / / 12% (4)
Follow-up from last day of treatment, median (IQR) 207 (104-300) 257 (172-373) 169 (72-260) 348 (330-363) 141 (105-175) 254 (98-336) 220 (149-305) 220 (100-316)
Death %, (n) 25% (3) 20% (1) 50% (2) 0% (0) 0% (0) 0% (0) 0% (0) 18% (6)

Abbreviations: NHL: non-Hodgkin’s lymphoma; DLBCL: diffuse large B-cell lymphoma; CLL: chronic lymphocytic leukemia; AML: acute myeloid leukemia; MM: multiple myeloma;
ALL: acute lymphoid leukemia; HSCT: hematopoietic stem cell transplant; KT: kidney transplant; IQR: inter quartile range; BAL: bronco alveolar lavage.
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4. Discussion

In our study population, we demonstrated the safety and efficacy of the use of nirma-
trelvir /ritonavir and remdesivir in treating immunosuppressed patients with prolonged
SARS-CoV-2 infection and disease. No toxicities were observed during antiviral treatment,
and no early or late clinical relapse was reported during follow-up. To our knowledge, this
is the largest case description currently available.

Even though favorable outcomes were described, both convalescent plasma and
monoclonal antibodies (mAbs) were not associated with a combined antiviral regimen
given their low clinical efficacy reported [18] and negligible activity against circulating
SARS-CoV-2 variants [19].

Early data, mostly case reports, support the off-label use of a combination of SARS-
CoV-2 antivirals (remdesivir and nirmatrelvir/ritonavir) to clear the infection in this
specific setting. This observation has been supported by symptom recrudescence af-
ter 5 days of nirmatrelvir/ritonavir [1] and 10 days of remdesivir treatment, even in a
non-immunocompromised population [3]. According to these data, remdesivir has been
used as monotherapy for up to 30 days [2] in a hematological setting or in combination
with nirmatrelvir/ritonavir for shorter courses [3]. In vitro studies have demonstrated the
synergic activity of this antiviral combination against SARS-CoV-2 replication [20].

In our study, differently to previously reported experiences [20-22], the follow-up pe-
riod was longer [18-20], and we were able to demonstrate a sustained virological response
to antivirals, including, for the 13 (38%) patients who had been subsequently exposed to
chemo-immunotherapy.

A short 5-day combination treatment [22] of nirmatrelvir/ritonavir and remdesivir
was described with variable outcomes. In Segura Fabrega et al.’s study [23], this short
combination treatment was effective, but no follow-up was reported. Similarly to our
experience, Pasquini et al. show complete clinical response after 10 days of combination
therapy, observing no recurrence during a shorter follow-up period [21-23]. Another
study [21] combined remdesivir for 10 days with nirmatrelvir/ritonavir for 5 days plus
mADbs, with a response rate of 73% and 82%, respectively, on day 30 and day 6. Notably,
four patients needed re-treatment due to clinical SARS-CoV-2 infection relapse. These
results confirm dual antiviral therapy effectiveness, although administering both antivirals
for 10 days appeared to achieve a longer recurrence-free survival rate? Another previous
study [24] showed virological clearance through RT-PCR with 5 days of dual combined
therapy in 100% of the patients (15/15), but, again, 40% of the subjects experienced SARS-
CoV-2 infection recurrence in the following 3 months. In our study, just 23 (68%) of the
patients had a negative antigenic test on day 5, suggesting that a therapy course of 5 days
may not be enough in an immunosuppressed population.

Moreover, differently from other studies, we prolonged the administration of antivirals
up to virological clearance (two consecutive antigenic tests or a negative RT-PCR), which
could be a possible reason for such high sustained virological clearance in our case series.

Regarding well-known antiviral side effects, such as asymptomatic bradycardia [21],
lactatemia, neutropenia, and liver toxicities [23], we did not observe any of these adverse
events with the prolonged course of combination therapy.

B-cell depletion due to anti-CD20 antibody therapy and chemotherapy appeared as
one of the most relevant risk factors associated with viral persistence and reactivation.

Moreover, we used covi-FERON® (SD BIOSENSOR, Republic of Korea), an interferon
gamma release test, to evaluate the T-cell response to SARS-CoV-2 in a subgroup of 19 pa-
tients. Notably, all subjects (19/19) had positive SARS-CoV-2 serology (anti-Spike1-RDB
IgG, CMIA) at treatment baseline, but only 7/19 had a positive interferon gamma release
assay. Four of the seven patients with a positive T-cell response had previously received
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multiple doses of rituximab. The scarce viral control, despite the high rate of positive serol-
ogy, can probably be explained by the necessity of a T-cell response to clear the SARS-CoV-2
infection and to develop immune memory [25]. B-cell depletion, as a result of anti-CD20
treatment, may also impair naive CD4+ T-cell homeostasis [6].

Hematological subjects treated with anti-CD20 therapy, but with an adequate CD8+
T-cell response, did not suffer from increased mortality compared with other hematological
patients, despite almost complete abrogation of SARS-CoV-2-specific antibodies [7]. B-cell
depletion due to anti-CD20 antibodies and chemotherapy has been associated with viral
persistence and reactivation, but an association with prolonged viral shedding has not
been described yet. Whether B-cell depletion alters the SARS-CoV-2-reactive CD8+ T-cell
repertoire is an area of ongoing investigation [6].

At the state of the art, it is not clear which patients may benefit from an early dual
antiviral therapy according to different risk factors. Dual antiviral treatment may be
evaluated for severely immunosuppressed patients, according to the low rate of side effects.

Our study has several limitations: its single-center, retrospective design; small sample
size; heterogeneity in immunosuppressive conditions; varying intervals between infection
onset and treatment initiation; and incomplete RT-PCR testing at treatment completion.

As no other effective therapies are available for managing protracted SARS-CoV-2 in
immunosuppressed patients, further clinical trials are urgently needed to assess the efficacy
of and indications for dual antiviral therapy in this population.

5. Conclusions

The use of nirmatrelvir/ritonavir and remdesivir was safe and led to complete clinical
and virological clearance.

Our findings demonstrate that even patients with protracted SARS-CoV-2 infection
can achieve complete viral clearance with dual antiviral therapy, allowing them to promptly
undergo chemo-immunotherapy without any recurrence of the infection. This highlights
the effectiveness of a timely antiviral strategy in enabling essential oncologic treatments
without delay. Furthermore, this study offers a longer follow-up period than any previously
published study, providing valuable insights into the safe clinical management and long-
term outcomes of vulnerable patients.
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