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Immunocompromised patients still experience unpredictable courses of COVID-19, despite that effective
vaccines and drugs against SARS-CoV-2 are now available. Antiviral combination regimens may have a
role in SARS-CoV-2 infection in immunocompromised hosts, but current knowledge is still limited. We
describe the case of a 73-year-old Italian man affected by follicular lymphoma with persistent SARS-CoV-
2 infection who was successfully treated with co-administration of oral antivirals (10-day molnupiravir

Keywords: and nirmatrelvir/ritonavir). The therapy was well tolerated both from a clinical and biochemical stand-

COVID-19 point, with no signs of toxicity. We also performed a scoping review, to sum up available knowledge on

Antivira! . combined antiviral regimens including remdesivir, molnupiravir, or nirmatrelvir/ritonavir. Pending further

Eslr:d:i;““r studies on larger cohorts of patients, our report is consistent with available pre-clinical and clinical data,
AssolZiatigo N supporting the possible use of combination therapy in selected difficult-to-treat COVID-19 cases.

© 2023 The Author(s). Published by Elsevier Ltd on behalf of International Society for Infectious

Diseases.
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Introduction at-risk adults in phase Il clinical trials [1]. However, while nir-

The development of vaccines and early treatments against
SARS-CoV-2, including monoclonal antibodies, intravenous
remdesivir, and orally administered molnupiravir and nirma-
trelvir/ritonavir, have completely rewritten the course of COVID-19
for most patients during the early phase of the disease. In par-
ticular, both nirmatrelvir/ritonavir and molnupiravir, which act
as protease inhibitors and competitive substrates of viral RNA-
dependent-RNA-polymerase, respectively, demonstrated to be
effective in reducing the risk of hospitalization or death among

Abbreviations: NPS, nasopharyngeal swab; RT-PCR, Real-Time Polymerase Chain
Reaction; HIV, Human Immunodeficiency Virus.
* Corresponding author:
E-mail address: michele.spinicci@unifi.it (M. Spinicci).
T Davide Marangoni and Roberta Maria Antonello equally contributed.

https://doi.org/10.1016/j.ijid.2023.04.412

matrelvir/ritonavir confirmed its performance under real-world
conditions, post-marketing data on molnupiravir showed contro-
versial results, leading the European Medicine Agency to refuse its
market authorization [2].

Immunocompromised patients still experience an unpredictable
course of the disease, often burdened with permanent sequelae,
unfavorable outcomes, or long-lasting viral shedding [3]. Persis-
tent infection may interfere with the management of the under-
lying disease in oncohematological patients, thus increasing the
all-cause mortality in this population and acting as a potential
driver of intra-host viral evolution [4]. This condition differs from
the rebound phenomenon described in some patients after nir-
matrelvir/ritonavir treatment, which is typically characterized by
a short-term relapse of symptoms and resolves without additional
COVID-19-directed therapy [5]. Although such situations are not in-
frequent, the knowledge about the role of antivirals in profoundly
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immunocompromised patients, including the potential role of com-
binations, is still limited, and based on granular experiences.

Case report

We report the case of a 73-year-old Italian man affected by fol-
licular lymphoma with a persistent symptomatic SARS-CoV-2 in-
fection. Lymphoma was diagnosed in 2014 and treated with rit-
uximab and chlorambucil; for a first relapse (2019) the patient
received rituximab and bendamustine with subsequent rituximab
maintenance. In 2022, due to a new relapse, he started a third-line
treatment with rituximab and lenalidomide.

The patient first tested positive for SARS-CoV-2 antigen on na-
sopharyngeal swab (NPS) in October 2022 and the following day
(day 1) started early antiviral treatment with nirmatrelvir/ritonavir
(300/100 mg q 12 hours for 5 days). Antigenic test on NPS yielded
a negative result on day 9. However, due to the relapse of flu-like
symptoms (cough, sore throat, rhinorrhea, and fever), the patient
repeated an antigen test, which tested positive (day 25). Owing to
his status of being immunocompromised, he received an intramus-
cular therapeutic dose (300/300 mg) of cilgavimab/tixagevimab
(day 27), with no benefit. Due to the onset of type I respiratory
failure, the patient was hospitalized on days 36-41 and adminis-
tered methylprednisolone and ceftriaxone, but no antiviral drugs.
After discharge, the cough and sore throat continued, while serial
self-administered antigen testing on NPS yielded positive results
(days 42-64). On day 64, a new NPS underwent a real-time poly-
merase chain reaction test which detected SARS-CoV-2 and sub-
sequently, was subjected to whole genome sequencing and classi-
fied as lineage BA.5.2.23. Characteristic mutations of this lineage
and other genetic mutations identified in the patient’s sample are
reported in Supplemental Data 1. No amino acids mutation pre-
viously associated with nirmatrelvir resistance (i.e., L50F, E166V,
L167F) was revealed in the 3CL main protease (Mpro) from SARS-
CoV-2.

In virtue of pre-clinical studies suggesting a synergistic effect
of antiviral combinations [6-9], an off-label combination regimen
of molnupiravir (800 mg q 12 hours) and nirmatrelvir/ritonavir
(300/100 mg q 12 hours) was started (day 64). Five days later (day
69), antigenic testing on NPS resulted negative, nonetheless, the
treatment was still carried out until day 73. At the same time, the
patient reported a rapid and permanent regression of symptoms,
confirmed at the follow-up visit performed on day 88. The com-
bination therapy was well tolerated both from a clinical and bio-
chemical standpoint, with no signs of toxicity (Supplemental Data
2). Clinical and virological response was corroborated by radiolog-
ical findings at the chest computed tomography scans performed
before (day 40) and after (day 85) antiviral combination therapy
(Figure 1).

Scoping review

We performed a scoping review aiming to retrieve clinical and
pre-clinical data on the combination of the three antivirals actually
licensed in Europe and the US for SARS-CoV-2 infection (molnupi-
ravir, nirmatrelvir/ritonavir, remdesivir) from three peer-reviewed
databases (PubMed, Embase, and Web of Science) and two preprint
servers (medRxiv, bioRxiv), for studies published between Novem-
ber 24, 2021, and January 23, 2023, by using a predefined search
string (Supplemental Data 3). Pertinent references from these arti-
cles were also evaluated, as well as gray literature from the web,
including scientific congress proceedings, webinars, and/or work-
shops. No language filters were set. After duplicate exclusion, 1143
papers were identified and screened. Two authors (DM, RMA) inde-
pendently screened the papers and jointly made the final decision
about which papers to include. A third author (MS) supervised the
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whole selection process. Nine papers were finally included: three
clinical reports (four patients treated), three animal studies, and
three in vitro studies [10-12].

The first report described an immunocompromised person with
prolonged, persistent, and severe COVID-19 (lineage BA.1.1) [10].
After multiple therapies had been tried without benefit (including
monoclonal antibodies and IV remdesivir), the patient improved
with a 10-day course of nirmatrelvir/ritonavir in combination with
remdesivir and achieved a sustained clinical cure after a full 20
days of nirmatrelvir/ritonavir.

The second patient had previously received nirma-
trelvir/ritonavir monotherapy, remdesivir monotherapy, and
bebtelovimab with the persistence of symptoms and positive NPS.
Remdesivir in combination with nirmatrelvir/ritonavir was started.
The patient tested negative on NPS after 9 days of treatment and
continued the dual therapy for a total of 20 days [11].

The third paper describes the cases of two immunocom-
promised patients, with COVID-19 pneumonia, on maintenance
therapy with rituximab due to their underlying condition—
non-Hodgkin lymphoma with autologous hematopoietic stem-cell
transplantation, and eosinophilic granulomatosis with polyangiitis.
Both were successfully treated with co-administration of sotro-
vimab (single infusion), remdesivir (7-day course), and nirma-
trelvir/ritonavir (5-day course) [12].

In all four cases, there were no meaningful adverse effects or
toxicity.

As for in vitro studies, molnupiravir-based combinations showed
enhanced activity compared to molnupiravir tested alone. A syn-
ergistic effect of molnupiravir and nirmatrelvir was described on
Vero E6 cells at 48 and 72 hours and on human airway organoids
against both wild-type SARS-CoV-2 and the Omicron variant [8,9].
In an in vitro model of nasal epithelium, molnupiravir-based com-
binations boosted antiviral activity against SARS-CoV-2 compared
to the single compound treatment as described [13].

Regarding in vivo models, the combination of molnupiravir
plus nirmatrelvir was evaluated in two studies in mice and
macaques, while one study evaluated molnupiravir in association
with the parent nucleoside of remdesivir (GS-441524) in hamsters
[6,7,14]. In macaques infected with the SARS-CoV-2 Delta variant,
co-administration of molnupiravir and nirmatrelvir reduced viral
shedding, virus replication in the lower respiratory tract, and vi-
ral antigen in respiratory tissues, but no definitive results were
achieved regarding its safety and tolerability [6]. In mice infected
with the SARS-CoV-2 Beta variant, the association of molnupiravir
and nirmatrelvir reduced severity score, virus-induced tissue dam-
age, and viral distribution when compared to the association of
nirmatrelvir and remdesivir or either one of the antivirals admin-
istered alone [7].

Discussion

To the best of our knowledge, this is the first case reporting
clinical, radiological, and microbiological success in an immuno-
suppressed oncohematological patient treated with a combination
of two oral antivirals (nirmatrelvir/ritonavir plus molnupiravir) for
prolonged symptomatic infection with SARS-CoV-2.

For combinations to be used in a clinical setting it is essen-
tial that antagonism is excluded by pre-clinical work. Once antago-
nism is excluded, an enhanced effect (additive or synergistic) could
be expected by combinations, when compared with monothera-
pies. Regarding the combination of nirmatrelvir/ritonavir and mol-
nupiravir, some authors raised concern, given that the former aims
to prevent viral replication while the basis of the latter relies on
direct interference with this process [15]. However, pre-clinical
data on the combination of the three available antivirals against
SARS-CoV-2 are promising, while clinical experience is still lim-
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Figure 1. Timeline showing the patient’s history and the days elapsed from the first positivity (day 0). Chest computed tomography scans performed before (day 40) and
after (day 85) antiviral combination therapy showed a complete resolution of the ground-glass areas consistent with interstitial pneumonia affecting the superior right lobe
and, to a lesser extent, the lingula, middle lobe, and lower lobes. RT-PCR, real-time polymerase chain reaction.

ited. The mechanism lying behind some synergistic effects is yet
to be proven, but it is supposed that acting on different pathways
enhances antiviral activity and prevents the emergence of drug re-
sistance [16].

In our case, as well as in the other clinical report, combina-
tion therapy led to a quick clinical and virological recovery, allow-
ing us to suppose a strong antiviral effect, against no concerns of
tolerability. Unlike monoclonal antibodies, antiviral compounds are
not affected by Spike protein mutations of SARS-CoV-2 variants of
concern and retain activity against most recent Omicron subvari-
ants similar to that against the ancestral SARS-CoV-2 strain [17].
However, sporadic cases of resistance to remdesivir have already
emerged [18]. Oral antivirals are considered at low risk to induce
resistance owing to the short period of treatment and the high
drug dosage. However, the possibility that resistant strains emerge
under the pressure of a single antiviral agent is real, especially in
immunocompromised patients with long-lasting SARS-CoV-2 car-
riage. The lesson learned from the treatment of other viruses, such
as HIV and hepatitis C, demonstrates that combinations of multiple
antivirals are highly effective in preventing resistance.

The study has some limitations. For instance, whole genome se-
quencing was performed on a single sample (on day 64), thus re-
infection with a different Omicron strain cannot be excluded. Ac-
tually, it was highly improbable, since the patient had only one
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negative NPS (on day 9), soon after the end of the first nirma-
trelvir/ritonavir course, while COVID-related symptoms and viral
shedding were steadily present between day 25-64 when a com-
bination regimen was introduced.

Previous reports highlighted the importance of oral antiviral
drugs beyond the early stage of COVID-19, for the treatment of per-
sistent and/or relapsing COVID-19 in immunocompromised hosts
[19]. Pending larger clinical studies to furtherly investigate the effi-
cacy and safety of antiviral combination regimens in the treatment
of SARS-CoV-2 infection, this possibility should be considered at
least in selected cases, such as immunocompromised patients who
fail to achieve clinical cure and viral clearance with conventional
strategies.
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