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Abstract

Background The potential efficacy of early combination therapy, based on an antiviral plus a monoclonal antibody,
for COVID-19 in severely immunocompromised patients is matter of debate.

Objectives Our aim was to describe the impact on clinical outcomes of COVID-19 treatments in severely immuno-
compromised individuals, evaluating differences between a combination and a monotherapy.

Methods We included severely immunocompromised outpatients with mild-to-moderate COVID-19 who received
an early treatment (either monotherapy with nirmatrelvir/ritonavir or remdesivir or the combination of an antiviral
plus sotrovimab). We then assessed differences between the two treatment strategies on three main outcomes (30-
day mortality, access to emergency department, hospitalization), separately and as a composite by using a propensity
score weighted (PSW) approach.

Results Eighty one severely immunocompromised patients were included, 39 receiving early combination therapy
and 42 receiving monotherapy. No significant difference was observed in the 30-day mortality rate and hospitali-
zation rate between subjects in the two groups, while access to the emergency department following treatment
administration was significantly higher in people who received a combination therapy. After applying the PSW, it

was observed that combination therapy impacted favourably on the composite outcome, in a statistically significant
fashion. In addition, PSW approach for mortality showed that age was the only significant factor influencing the death
as stand-alone outcome.

Conclusions Early combination therapy showed a favourable impact on a composite outcome (including mortality,
hospitalizations and access to emergency department) in severely immunocompromised hosts who were all vacci-
nated. However, further studies are needed to support our results.
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Introduction

The COVID-19 pandemic continues to challenge global
healthcare systems, particularly concerning vulnerable
populations [1, 2]. Among these, individuals with severe
immunosuppression represent a particularly high-risk
group due to their compromised ability to mount an
effective immune response against viral pathogens. As
a result, they have a higher risk of developing a compli-
cated clinical course and adverse outcomes [3, 4]. After
the first year period in which several and different treat-
ments were employed trying to find an effective treat-
ment with different results, early intervention strategies,
including the use of antiretrovirals and monoclonal anti-
bodies, have emerged as promising approaches to miti-
gate the severity of COVID-19 in fragile individuals and
prevent disease progression, even in recent time with less
aggressive SARS-CoV-2 variants [5-10].

The rationale for early intervention in this population
stems from the observation that individuals with com-
promised immune systems often experience prolonged
viral shedding, increased viral replication, and greater
susceptibility to severe complications from COVID-19
[11]. Initiating an antiviral therapy in the early phase of
the SARS-CoV-2 infection can reduce the viral burden,
preventing disease progression and improving clini-
cal outcomes in severely immunocompromised patients
[12]. Early evidence supporting the use of antivirals in
COVID-19 management comes from both observational
studies and randomized controlled trials [13, 14].

Remdesivir was the first clinically effective antiviral
to be introduced into clinical practice for COVID-19 as
early as 2020 [15]. Remdesivir is currently the only anti-
viral recommended for both outpatients and hospitalized
patients with COVID-19, with or without a supplemental
oxygen requirement [16]. Notably, its efficacy was tested
in randomized clinical trial (RCTs) mainly in the pre-
vaccine era. Remdesivir is widely used in immunocom-
promised patients based on extrapolations from findings
of RCTs, in which these patients were underrepresented
[13]. In addition, observational, retrospective data, has
demonstrated significant survival benefit across all vari-
ant waves, including prior to the emergence of the Omi-
cron variant, when the therapy is promptly initiated [17,
18].

Nirmatrelvir/ritonavir also originated from trials con-
ducted before the introduction of vaccines. As an oral
drug, it is primarily used in the outpatient setting [13].
It has been successfully used in immunocompromised
patients but large use in that population has been limited
by the potential for drug—drug interactions between rito-
navir and many immunosuppressive medications [19].

Previous study showed conflicting results about per-
formance of antivirals and their impact on major clinical
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outcomes; indeed, some showed no differences between
remdesivir and nirmatrelvir/ritonavir, while others
showed that the oral one may be more effective [20, 21].

In addition to antivirals, monoclonal antibodies have
emerged as a promising therapeutic option for COVID-
19. Monoclonal antibodies are designed to mimic the
body’s natural immune response by targeting specific
epitopes on the viral surface, thereby preventing viral
attachment and entry into host cells. Early clinical tri-
als evaluating the efficacy of monoclonal antibodies in
COVID-19 have shown promising results, particularly
when administered early in the course of infection [13]. A
phase 3 trial by Gottlieb et al. demonstrated that a com-
bination of bamlanivimab and etesevimab significantly
reduced the risk of hospitalization or death in high-risk
patients with mild-to-moderate COVID-19 [22]. Simi-
larly, the REGEN-COV antibody cocktail, comprising
casirivimab and imdevimab, showed efficacy in reducing
viral load and accelerating symptom resolution in non-
hospitalized patients with COVID-19 [23]. The problem
for monoclonal antibodies is that ongoing alteration in
the spike glycoprotein has ensued in antibody evasion
making these agents ineffective [24].

Recently, observational studies have been published
about the use of a combination treatment in patients with
different level of immunosuppression and at high level of
diseases progression [25]. However, to date, no studies
have directly compared monotherapy with combination
therapy in a homogenous group of extremely vulnerable
patients.

Therefore, our aim was to describe the clinical outcome
of COVID-19 treatment in severely immunocompro-
mised individuals, and to evaluate whether a combina-
tion therapy has a different impact on clinical outcomes
(considering both the 30-day mortality and a composite
outcome including access to emergency department,
hospitalization, and 30-day mortality) compared to mon-
otherapy, by using a propensity score-weighted approach.

Materials and methods

This study was conducted and coordinated by the Infec-
tious and Tropical Diseases Unit of Padua University
Hospital, in accordance with the Declaration of Helsinki
and Principles of Good Clinical Practice. Each patient
was requested to sign written informed consent for par-
ticipation. Study protocol was approved by Local Ethic
Committee (n. AOP 0002323, January 1rst, 2022). In this
retrospective series, we included all severely immuno-
compromised hosts who received an early treatment for
mild-to-moderate COVID-19 at Padua University Hos-
pital from January 1rst, 2022 to December 31rst, 2023.
We included patients who were severely immunocom-
promised, with the highest risk of severe outcome related
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to COVID-19 and all belonging to group 1 of the Clini-
cally Extremely Vulnerable (CEV) classification system
[26]. This system includes three categories: CEV 1, CEV
2, and CEV 3. CEV 1 includes individuals with severe
primary immunodeficiencies, haematological malignan-
cies undergoing active treatment, solid organ transplant
recipients, bone marrow or stem cell transplant recipi-
ents, those receiving anti-CD-20 agents, and individu-
als undergoing b-depleting therapies. CEV 2 includes
individuals with moderate primary immunodeficiencies,
those undergoing cancer treatment for solid tumours,
individuals using immunosuppressive agents not
included in CEV 1, individuals with advanced untreated
HIV or AIDS with CD4+ count <200, individuals on dial-
ysis, and individuals with severe kidney diseases. CEV 3
includes individuals with respiratory diseases, blood and
metabolic disorders, diabetes treated with insulin, sig-
nificant developmental disabilities, neurological impair-
ments, and pregnant individuals with serious health
conditions [27].

Treatment was classified as monotherapy (patients who
received an antiviral agent, either nirmatrelvir/ritonavir
or remdesivir) and combination therapy (patients who
received an antiviral agent, either nirmatrelvir/ritonavir
or remdesivir plus sotrovimab).

Antiviral therapy was administered according to inter-
national guidelines for outpatients: 3 days as to remde-
sivir (200 mg the first day, 100 mg on day 2 and on day
3), 5 days as to nirmatrelvir/ritonavir (three tablets twice
daily for the planned course) [28].

For each patient we recorded time from symptom onset
to treatment, number and type of symptoms, comorbidi-
ties, number of comedications, 30-day mortality, access
to emergency department, hospital admission, kidney
and liver function tests, vaccination status and SARS-
CoV-2 serology. Time to SARS-CoV-2 negativization, by
means of nasopharyngeal swab, was also recorded. The
primary outcome was all-cause 30-day mortality. Out-
come status was evaluated according to the patient’s clin-
ical records on day 30 from the diagnosis COVID-19 in
case of hospital admission or through patient telephone
contact otherwise. The secondary outcome was a com-
posite endpoint including death, hospital admission and
emergency department encounter.

Continuous variables were described using median
and interquartile ranges, and categorical variables
using frequencies and percentages. Wilcoxon rank-
sum test was used to compare continuous variables and
Pearson’s x* test was applied for categorical variables.
A p value lower than 0.05 was used to consider differ-
ences statistically significant. Since these comparisons
were potentially impacted by small sample sizes, stand-
ardized mean differences (SMD) were computed by
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dividing the difference between the groups by the pooled
standard deviation of the two groups. A standardized
difference lower than 0.1 was interpreted as a not mean-
ingful difference. An inverse probability of treatment
weighting (IPTW) approach based on propensity score
(PS) was used to minimize baseline differences between
the two groups of interest: patients receiving combina-
tion therapy (antiviral, either remdesivir or nirmatrelvir/
ritonavir, plus the monoclonal antibody sotrovimab) ver-
sus patients receiving monotherapy (only antiviral). The
PS method was chosen in addition to the conventional
regression model in the light of its better performance
when the number of events is low and there are multi-
ple confounders [29]. IPTW uses the PS to balance base-
line patient characteristics in the two by weighting each
individual by the inverse probability of receiving his/
her actual treatment [30]. In this case, the weights cor-
respond to the inverse of the conditional PS of receiving
combination therapy. In other words, a patient who was
treated with the association of antiviral and sotrovimab
was weighted by the inverse of the probability that they
would be treated with the combination, and a patient
who received antiviral alone was weighted by the inverse
of the probability that they would receive only the antivi-
ral, equivalent to 1 minus their PS. The PS was estimated
using a generalized boosted model, namely a flexible,
nonparametric estimation technique that can regress the
treatment variable onto a large number of confounding
covariates [31]. To favour the convergence of the algo-
rithm, 5000 iterations were run; the stop method. To
avoid misspecification, the PS model was constructed
by subject matter knowledge [32] resorting to variables
hypothesized to be associated with both treatment and
outcome in a non-parsimonious fashion [33]. Specifically,
the following covariates were factored in: age, gender,
dyspnoea on presentation, tachypnoea on presentation,
serology (presence or absence of anti-SARS-CoV-2 anti-
bodies), viral variant, clinically extremely vulnerable
(CEV) status according to a classification provided else-
where [27], solid organ transplantation, leukaemia, lym-
phoma, myeloma, advanced human immunodeficiency
virus infection, autoimmune disorder, necessity of oxy-
gen therapy at baseline (independently of COVID-19),
diabetes mellitus, chronic obstructive pulmonary disease
(COPD), cardiovascular or cerebrovascular disease, obe-
sity, haemoglobin disease, altered kidney function, altered
liver function, use of remdesivir or nirmatrelvir/ritonavir
as antiviral, serum creatinine levels, estimated glomeru-
lar filtration rate (eGFR) measured by CKD-EPI, days
from symptoms onset to diagnosis, days from symptoms
onset to therapy, number of concurrent drugs, number
of comorbidities, level of oxygen saturation at baseline.
The quality of the IPT'W was assessed by the means of
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graphics and balance tables (see Appendix). Crude and
propensity-weighted univariable and multivariable logis-
tic regression models were performed to gauge factors
independently associated with the outcomes. A logistic
regression strategy was implemented considering the
availability of complete follow-up information about the
outcome status and the absence of missing data. In the
multivariable models all the factors potentially associ-
ated with outcomes in univariable models (p <0.20) were
entered. Covariates were further selected for the final
model using a stepwise backward procedure based on the
lowest Akaike Information Criterion value. Combination
therapy was forced in each multivariable model. Stabi-
lized weights were used to compute the treatment effect
that corresponded to the average treatment effect (ATE).

Statistical analyses were performed with R software
v.4.3.2 and RStudio 31/12/202312.31 (R Core Team
(2020). R: A language and environment for statisti-
cal computing. R Foundation for Statistical Comput-
ing, Vienna, Austria. The following packages were used:
‘twang, ‘gtsummary, ‘broom; ‘tidyverse; ‘dplyr.

Results

During the study period 81 severely immunocompro-
mised patients were included, with 39 receiving an early
combination therapy and 42 receiving monotherapy. Full
baseline characteristics, overall and by study group are
reported in Table 1.

According to CEV1 conditions, we included: 50
patients on active treatment for haematological malig-
nancies (21 leukaemia, 15 lymphoma and 14 myeloma),
three patients with advanced HIV diseases with <200
CD4+ and concomitant lymphoma (1 case) and visceral
Kaposi sarcoma (2 case), and 21 patients had immuno-
logical disorders for which they were receiving anti-
CD20 drugs plus steroids. No statistically significant
difference was detected at the baseline between the two
groups in terms of age, gender, time from symptoms to
diagnosis and treatment, distribution of symptoms and
comorbidities. The only difference we detected was in the
eGFR value, which was significantly lower in the group
receiving combination therapy than in the group receiv-
ing monotherapy (80 ml/min vs. 94.5 ml/min, p=0.008).
In the monotherapy group 71.4% (30/42) were treated
with nirmatrelvir/ritonavir, while 28.6% (12/42) received
a 3-day course of intravenous remdesivir. Conversely,
subjects who received a combination therapy with sotro-
vimab were given a three-day course of intravenous
remdesivir in 74% of cases, and nirmatrelvir/ritonavir in
25.6% (10/39) of cases. As previously stated, antivirals
were used in association with sotrovimab for individuals
receiving combination therapy.
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Considering the study outcomes presented in Table 2,
there was no significant difference observed in the 30-day
mortality rate between subjects who received combina-
tion therapy and those who received monotherapy. (3/39,
7.7% vs. 4/42, 9.5%, p=1).

Access to the emergency department following treat-
ment administration was significantly higher in people
who received a combination therapy compared to those
who received a monotherapy (4/39, 10.3% vs. 4/42, 9.5%,
p=0.025), while no significant differences (p=0.918)
were observed in hospitalization rate between the two
groups. Time to detection of first negative swab was sig-
nificantly shorter in people who received monotherapy
compared to those who received combination therapy
(5 days vs. 7 days, p=0.044). Based on the analysis of
the composite outcome which includes mortality, emer-
gency department access and hospitalization, no statisti-
cally significant difference was observed between the two
groups.

After applying the PSW approach as shown in Table 3,
it was observed that combination therapy, and both
altered liver and kidney function were significantly asso-
ciated with the composite outcome, in a favourable and
unfavourable manner, respectively. In addition, PSW
approach for mortality showed that age was the only rel-
evant factor influencing the outcome.

Discussion

In this study, we assessed differences in major outcomes
in the early treatment of SARS-CoV-2 infection between
combined treatment (antiviral plus monoclonal antibody)
or monotherapy (antiviral alone) in a cohort of severely
vulnerable and immunocompromised people. The unique
characteristic of this study was the selection of patients
belonging to the CEV-1 group, according to the above-
mentioned classification [27]. To date, information con-
cerning the early treatments of COVID-19 using either
single or combined therapies has been limited. Literature
data include individuals with different degrees of immu-
nosuppression, a small sample size, different time when
combination therapy was started, making it difficult to
draw definitive conclusions [12, 25, 34]. Moreover, some
of them focused only on viral clearance effect, and not on
major clinical outcomes [25].

In fact, as underlined in guidelines, high-quality data
for combination treatment exploiting antivirals and neu-
tralizing antibodies do not exist in the outpatient setting
[35], especially in severe immunocompromised individu-
als. Nevertheless, several studies have attempted to inves-
tigate the effect of this approach and although these are
often observational studies without control groups, gen-
erally no severe adverse reactions from the combination
therapy have been reported [34, 36]. As early as 2022,
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Table 1 Features of the CEV-1 study population, overall and by treatment group
Characteristics Combination therapy,n=39  Monotherapy, n=42 p-value
Age, years, median (IQR) 65 (46.50-77.5) 60.5 (49-68.75) 0.202
Age > 65 years, n (%) 21(53.8) 16 (38.1) 0.231
Gender, male, n (%) 21(53.8) 20 (47.6) 0.736
Nirmatrelvir/ritonavir, n (%) 10 (25.6) 30(71.4) <0.001
Remdesivir, n (%) 29 (74.4) 12 (28.6) <0.001
Days from symptoms onset to diagnosis, median (IQR) 1(0-2) 1(0-2) 0.582
Days from symptoms to therapy, median (IQR) 2(1-4) 2(2-4) 0.845
Symptoms, n (%)
Fever 31(79.5) 5(83.3) 0.874
Coryza 10 (25.6) 9(45.2) 0.108
Cough 23(59.0) 2(76.2) 0.156
Asthenia 13(33.3) 8(42.9) 0514
Ageusia/dysgeusia 4(10.3) 1(4) 0313
Anosmia 1(26) 1(4) 1.000
Sore throat 17 (43.6) 18 (42.9) 1.000
Myalgia 10 (25.6) 14(333) 0607
Headache 9(23.1) 12 (28.6) 0.756
Gl symptoms 5(12.8) 4(9.5) 0.906
Dyspnoea 3(7.7) 1024) 0.556
Tachypnoea 1(26) 1(24) 1.000
Number of symptoms, median (IQR) 3(2-35) 3(3-4.75) 0.038
SpO,, %, median (IQR) 97 (95-98) 97.5 (96-98) 0.057
SARS-CoV-2 positive serology status, n (%) 12 (30.8) 1(26.2) 0.834
Variant, n (%) 0.006
BA.2 Omicron 28(71.8) 31(73.8)
Omicron BQ.1.1 1(26) 1(24)
Omicron BQ.1.X 1(26) 0(0.0)
Omicron XBB 9(23.1) 10 (23.8)
Vaccination status, yes, n (%) 39 (100.0) 42 (100.0) NA
Comorbidities/disease for treatment indication, n (%)
Advanced HIV disease +lymphoma or KS 1(26) 2(4.8) 1.000
Autoimmune disorder under anti-CD 20 drugs 8(20.5) 13 (31.0) 0414
Cardio/cerebrovascular disease 11(28.2) 5(11.9) 0.118
Chronic obstructive pulmonary disease 7(17.9) 4(9.5) 0435
Chronic kidney disease 24(61.5) 18 (42.9) 0.145
Diabetes 4(10.3) 6(14.3) 0.831
Leukaemia 9(23.1) 12 (28.6) 0.756
Lymphoma 7(17.9) 7(16.7) 1.000
Myeloma 7(179) 8(19.0) 1.000
Obesity 1(26) 3(7.0) 0.662
Solid organ transplant 7(17.9) 1(24) 0.048
O, therapy at baseline 2(5.1) 0(0.0) 0442
Number comorbidities/patient other than immunodeficiency median 1(0-1.5) 1(0-1) 0.778
(IQR)
Number concurrent drugs, median (IQR) 8(6-10) 6 (5-7) 0.005
Altered liver function tests, n (%) 6(154) 6(14.3) 1.000
eGFR, mL/minute, median (IQR) 80 (52-95) 94.5 (80.5-101) 0.008
Serum creatinine, mmol/L, median (IQR) 78 (63.5-95) 70 (60.75-90) 0.091
AST, IU/mL, median (IQR) 20 (16.5-27.5) 24.5(20-30.75) 0.055
ALT, IU/mL, median (IQR) 22 (16-27) 19.5 (16.25-28.5) 0.906
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Table 1 (continued)

n number, % percentage, /QR interquartile range, eGFR estimated glomerular filtration rate, /U international unit

Table 2 Study outcomes by treatment group

Outcome Combination therapy, Monotherapy, n=42 Standardized mean p-value

n=39 difference

30-day mortality, yes, n (%) 3(7.7) 4(9.5) 0.065 1

Access to the emergency department, n (%) 4(10.3) 4(9.5) 0.025 1

Hospitalization, n (%) 4(10.3) 3(7.1) 0.111 0918

Composite outcome, n (%) 6(15.4) 8(19) 0.097 0.887

Time to negative swab, days, median (IQR) 7(4-11) 5(4-7) 0.508 0.044

n number, % percentage, IQR interquartile range

Table 3 Results of propensity score-weighted analysis for composite outcome and mortality

Variables Estimate (odds Standard error p-value Conf. low Conf. high

ratio)

Composite outcome
Age 1.04 0.03 0.1 0.99 .11
Gender (male) 0.38 0.59 0.1 0.1 1.19
Combination therapy 0.23 0.69 0.03 0.05 0.83
Number of comorbidities 0.52 038 0.08 0.23 1.02

T achypnoea 0.77 1.46 0.86 0.03 1648
eGFR 0.96 0.02 0.02 0.93 0.99
Altered liver function tests 532 0.76 0.03 1.2 25.07
Number Comorbidities*combination 0.99 0.69 0.99 0.26 4.08
Number Comorbidities*monotherapy 1.01 0.69 0.99 0.25 384

30-day death
Age 1.1 0.04 0.02 1.03 1.22
Combination therapy 0.28 0.89 0.15 0.04 142
Tachypnoea 11.93 1.71 0.15 0.39 419.59
Altered liver function tests 4.05 0.8 0.08 0.77 19.74

In some instances, an interaction term was introduced. Age, number of comorbidities and eGFR were modelled as continuous variables, the remaining ones as binary.

In both cases the final model after backward selection was showed

Scaglione et al. described a cohort of 288 vulnerable sub-
jects due to different conditions (unvaccinated, elderly,
immunosuppressed patients), of which 8% (23/288)
received the association of antiviral and monoclonal anti-
bodies and none experienced a bad outcome, although
against the backdrop of a very low rate of progression
in the overall population [36]. From the same research
group came a retrospective study specifically focused on
severely immunocompromised outpatients (due to hae-
matological malignancy, transplantation or treatment
with anti-CD20 monoclonal antibodies) with asymp-
tomatic-to-mild COVID-19: all individuals received a
combination therapy within a median of 2 days from
diagnosis and time-to-first negative swab was of just

11 days, also showing a good outcome profile in a very
long follow-up [37]. That study was non-comparative,
similar to another intriguing yet small study from Italy.
Gentile et al. described the early combination (defined as
within 10 days from symptoms onset) of two antivirals
plus a neutralizing antibody in 7 immunocompromised
patients ensuing in no deaths and viral clearance for all
within 30 days. However, it is important to note that the
study was conducted on hospitalized patients with mild-
to-severe COVID-19 [12].

Initially, our study’s analysis did not reveal any signifi-
cant difference between monotherapy and combination
therapy in the early treatment of SARS-CoV-2. Never-
theless, upon employing a statistical method aiming at
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mitigating any differences at the baseline between the
two treatment groups, it was observed that combination
therapy, along with liver and kidney function, showed
a significant association with the composite outcome.
These findings highlight the continued significant impact
of the SARS-CoV-2 pandemic on immunocompromised
individuals, even in the Omicron era and within a fully
vaccinated population. This impact is evident in terms
of hospitalizations, admissions to intensive care units,
and mortality rates [38]. As a result, it is crucial to pri-
oritize the investigation of poor COVID-19 outcomes
in this specific population, increase awareness among
stakeholders and implement targeted preventive and
treatment strategies. Moreover, what is notable is the
imbalance in the impact of COVID-19 on vulnerable
populations and their participation in regulatory studies,
as these individuals were significantly underrepresented
in clinical trials for vaccines, monoclonal antibodies, and
small molecule antivirals [39].

Recently, the focus has been shifted to the management
of persistent infection by SARS-CoV-2 [40]. Indeed, the
development of “persistent COVID-19” in patients with
weakened immune system, especially but not exclusively
the ones with B-cell depletion, is a well-known complica-
tion [41], although the exact timing to define persistence
is still matter of debate [42].

Even more elusive is the proper management of this
novel entity, that can fuel the continuing circulation of
new variants emerging from the within-host evolution
of the virus in subjects who result infected for very long
periods, from month to years sometimes [40]. When
persistent infection develops, to maximize the chances
of viral eradication a combination of different therapeu-
tic approaches has been proposed, specifically the asso-
ciation between antivirals and passive immunotherapies
[43]. The difficulties in treating patients with persistent
COVID-19 fall within the logic of “closing the stable door
after the horse has bolted’, therefore it is crucial to try to
strike a decisive blow against the virus in the early course
of infection, to improve short-term outcomes and, at
once, prevent in survivors the harsh consequences of lin-
gering infection. As matter of fact, in the acute infection
the window of opportunity for effective antiviral therapy
is quite narrow and it is usually open in the earlier phases
[44] when the viral load reaches its peak [45]. Indeed, in
our study, we observed a rapid clearance of SARS-CoV-2
from nasopharyngeal swabs, with no lingering COVID-
19 presence. We attribute this favourable outcome to the
prompt initiation of treatment, with a median of two days
between symptom onset and therapy administration.

Our study presents some limitations. First, the over-
all sample size is quite low, although large experi-
ences enrolling an elevated number of profoundly

Page 7 of 9

immunosuppressed subjects to compare different thera-
peutic strategies anti-SARS-CoV-2 are lacking. Second,
the limited sample size might have prevented the detec-
tion of significant differences in clinically important
outcomes between groups. Furthermore, investigat-
ing a fully vaccinated population might have rendered
even more difficult spotting a difference of relevant
magnitude as far as hard outcomes such as mortality
are concerned. Third, the study relied on the use of a
monoclonal antibody such as sotrovimab whose use
currently (mid-2024) is strongly discouraged owing to
the lack of binding to newer variants [46]. Nevertheless,
the principle to combine passive immunotherapy and
antivirals can still hold, and the results related to novel
long-acting neutralizing monoclonal antibodies are
eagerly awaited. Moreover, observational data seemed
to show an effect even during omicron era, especially
in elderly people [47]. Another aspect not addressed
by the present study is the possibility to extend the
schedule of antivirals beyond the standard indications,
for instance a prolonged course of remdesivir [16].
Fourth, the use of PS methods can attenuate but not
undo biases in observational studies, since weighting
relies only on observed variables, thereby unmeasured
confounding cannot be ruled out. Lastly, this study was
conceived to assess short-term outcomes, although of
utmost importance, first and foremost mortality. Our
study did not contemplate a sufficiently long follow-up
to capture potential viral rebound, defined as recur-
rence of signs or symptoms or a new positive viral test
result after initial recovery from COVID-19 [48], or
viral persistence. In our study SARS-CoV-2 negativiza-
tion was assessed through either molecular or antigenic
tests, and we acknowledge that the latter show lower
sensitivity, with suboptimal negative predictive values
in immunocompromised subjects within the first weeks
of positivity [49].

In conclusion, early combination of antiviral and
monoclonal antibody may reduce the risk of progres-
sion of severely immunocompromised people with
SARS-CoV-2. Properly conducted randomized con-
trolled trials are eagerly awaited to highlight the opti-
mal strategies to prevent short-term and long-term
negative outcomes in these patients. It is crucial for
all stakeholders to remember the lessons learned from
COVID-19 and persist in addressing the challenges
while supporting research to tailor intervention strate-
gies efficiently for these particular populations.

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/540001-024-02062-5.


https://doi.org/10.1186/s40001-024-02062-5
https://doi.org/10.1186/s40001-024-02062-5

Maria et al. European Journal of Medical Research (2024) 29:484

Supplementary Material 1

Acknowledgements
We want to thank each patient who kindly agreed to participate and all doc-
tors and nurses who worked into our COVID-19 clinic.

Author contributions

M.M. conceived the study. AM. performed statistical analysis. M.M. and AM
wrote the draft of the manuscript. C.C,, M.B,, LS., AF, V.S, N.B.and E.V. curated
and collected the data. AM.C. supervised the project. All authors reviewed,
approved the final version of the manuscript, and by having access to all

the data had final responsibility for the decision to submit this paper for
publication.

Funding
This study was carried out as part of our routine work and did not receive any
funding.

Data availability
No datasets were generated or analysed during the current study.

Declarations

Ethics approval and consent to participate

Study protocol was approved by Local Ethic Committee (n. AOP 0002323,
January 1rst, 2022). Each patient was requested to sign written informed
consent for participation.

Competing interests

M.M. and A.C. received a research grant from Gilead Sciences, speakers'hono-
raria from ViiV Healthcare, Gilead Sciences, and Merck Sharp & Dohme, and
advisory board fees from ViiV Healthcare. V.S. received speakers honoraria from
Angelini. All the other authors do not have any conflicts of interest to disclose.
The authors declare no competing interests.

Author details

'Infectious and Tropical Diseases Unit, Padua University Hospital, 35128 Padua,
I[taly. 2Section of Infectious Diseases, Department of Clinical Medicine

and Surgery, University of Naples “Federico Il 80131 Naples, Italy. *Department
of Cardiac, Thoracic, Vascular Sciences, and Public Health, University of Padua,
35131 Padua, Italy.

Received: 3 August 2024 Accepted: 12 September 2024
Published online: 04 October 2024

References

1. Razonable RR. Protecting the vulnerable: addressing the COVID-19
care needs of people with compromised immunity. Front Immunol.
2024;15:1397040. https://doi.org/10.3389/fimmu.2024.1397040.

2. FeysS, Lagrou K, Lauwers HM, Haenen K, Jacobs C, Brusselmans M, et al.
High burden of COVID-19-associated pulmonary aspergillosis in severely
immunocompromised patients requiring mechanical ventilation. Clin
Infect Dis. 2024;78(2):361-70. https://doi.org/10.1093/cid/ciad546.

3. DeWolfS, Laracy JC, Perales MA, Kamboj M, van den Brink MRM, Vard-
hana S. SARS-CoV-2 in immunocompromised individuals. Immunity.
2022;55(10):1779-98. https://doi.org/10.1016/j.immuni.2022.09.006.

4. DeVito A, Saderi L, Colpani A, Puci MV, Zauli B, Fiore V, et al. New score
to predict COVID-19 progression in vaccine and early treatment era:
the COVID-19 Sardinian Progression Score (CSPS). Eur J Med Res.
2024;29(1):123. https://doi.org/10.1186/540001-024-01718-6.

5. ChanJF YuanS, Chu H, Sridhar S, Yuen KY. COVID-19 drug discovery and
treatment options. Nat Rev Microbiol. 2024. https://doi.org/10.1038/
541579-024-01036-y.

6. DiCastelnuovo A, Costanzo S, Antinori A, Berselli N, Blandi L, Bonac-
cio M, et al. Lopinavir/ritonavir and darunavir/cobicistat in hospitalized

20.

21.

22.

Page 8 of 9

COVID-19 patients: findings from the multicenter Italian CORIST study.
Front Med (Lausanne). 2021;8:639970. https://doi.org/10.3389/fmed.2021.
639970.

De Vito A, Moi G, Saderi L, Puci MV, Colpani A, Firino L, et al. Vaccination
and antiviral treatment reduce the time to negative SARS-CoV-2 swab: a
real-life study. Viruses. 2023;15(11):2180. https://doi.org/10.3390/v1511
2180.

Spaccarotella C, Mazzitelli M, Migliarino S, Curcio A, De Rosa S, Torti C,

et al. Therapy with RAS inhibitors during the COVID-19 pandemic. J Car-
diovasc Med (Hagerstown). 2021;22(5):329-34. https://doi.org/10.2459/
JCM.0000000000001160.

Mengato D, Mazzitelli M, Francavilla A, Bettio M, Sasset L, Presa N, et al.
Changing patterns and clinical outcomes of hospitalized patients with
COVID-19 severe pneumonia treated with remdesivir according to vacci-
nation status: results from a real-world retrospective study. Clin Exp Med.
2023;23(6):2749-56. https://doi.org/10.1007/510238-023-01036-x.
Mazzitelli M, Mengato D, Sasset L, Ferrari A, Gardin S, Scaglione V, et al.
Molnupiravir and nirmatrelvir/ritonavir: tolerability, safety, and adherence
in a retrospective cohort study. Viruses. 2023;15(2):384. https://doi.org/10.
3390/v15020384.

. DiovertiV, Salto-Alejandre S, Haidar G. Immunocompromised patients

with protracted COVID-19: a Review of “Long Persisters!” Curr Transplant
Rep. 2022;9(4):209-18. https://doi.org/10.1007/540472-022-00385-y.
Gentile |, Foggia M, Silvitelli M, Sardanelli A, Cattaneo L, Viceconte G.
Optimizing COVID-19 treatment in immunocompromised patients:
early combination therapy with remdesivir, nirmatrelvir/ritonavir

and sotrovimab. Virol J. 2023;20(1):301. https://doi.org/10.1186/
$12985-023-02269-8.

Focosi D, Franchini M, Maggi F, Shoham S. COVID-19 therapeutics.

Clin Microbiol Rev. 2024;2024:e0011923. https://doi.org/10.1128/cmr.
00119-23.

Torti C, Olimpieri PP, Bonfanti P, Tascini C, Celant S, Tacconi D, et al.
Real-life comparison of mortality in patients with SARS-CoV-2 infection
at risk for clinical progression treated with molnupiravir or nirmatrelvir
plus ritonavir during the Omicron era in Italy: a nationwide, cohort study.
Lancet Reg Health Eur. 2023;31: 100684. https://doi.org/10.1016/j.lanepe.
2023.100684.

Eastman RT, Roth JS, Brimacombe KR, Simeonov A, Shen M, Patnaik S,

et al. Remdesivir: a review of its discovery and development leading to
emergency use authorization for treatment of COVID-19. ACS Cent Sci.
2020;6(5):672-83. https://doi.org/10.1021/acscentsci.0c00489.

Godwin PO, Polsonetti B, Caron MF, Oppelt TF. Remdesivir for the treat-
ment of COVID-19: a narrative review. Infect Dis Ther. 2024;13(1):1-19.
https://doi.org/10.1007/540121-023-00900-3.

Mozaffari E, Chandak A, Gottlieb RL, Chima-Melton C, Read SH, Jiang H,
et al. Remdesivir reduced mortality in immunocompromised patients
hospitalized for COVID-19 across variant waves: findings from routine
clinical practice. Clin Infect Dis. 2023,77(12):1626-34. https://doi.org/10.
1093/cid/ciad460.

Mazzitelli M, Trunfio M, Sasset L, Scaglione V, Ferrari A, Mengato D, et al.
Risk of hospitalization and sequelae in patients with COVID-19 treated
with 3-day early remdesivir vs. controls in the vaccine and Omicron era:
a real-life cohort study. J Med Virol. 2023;95(3):e28660. https://doi.org/10.
1002/jmv.28660.

Caso JM, Fernandez-Ruiz M, Lopez-Medrano F, Caro-Teller JM, Lizasoain
M, San-Juan R, et al. Nirmatrelvir/ritonavir for the treatment of immuno-
compromised adult patients with early-stage symptomatic COVID-19: a
real-life experience. J Med Virol. 2023;95(9): €29082. https://doi.org/10.
1002/jmv.29082.

Basoulis D, Tsakanikas A, Gkoufa A, Bitsani A, Karamanakos G, Mastrogi-
anni E, et al. Effectiveness of oral nirmatrelvir/ritonavir vs. intravenous
three-day remdesivir in preventing progression to severe COVID-19:

a single-center, prospective, comparative, real-life study. Viruses.
2023;15(7):1515. https://doi.org/10.3390/v15071515.

Bai F, Beringheli T, Vitaletti V, Santoro A, Mola F, Copes A, et al. Clinical
outcome and 7-day virological clearance in high-risk patients with mild-
moderate COVID-19 treated with molnupiravir, nirmatrelvir/ritonavir, or
remdesivir. Infect Dis Ther. 2024;13(7):1589-605. https://doi.org/10.1007/
s40121-024-00994-3.

Gottlieb RL, Nirula A, Chen P, Boscia J, Heller B, Morris J, et al. Effect of
bamlanivimab as monotherapy or in combination with etesevimab on


https://doi.org/10.3389/fimmu.2024.1397040
https://doi.org/10.1093/cid/ciad546
https://doi.org/10.1016/j.immuni.2022.09.006
https://doi.org/10.1186/s40001-024-01718-6
https://doi.org/10.1038/s41579-024-01036-y
https://doi.org/10.1038/s41579-024-01036-y
https://doi.org/10.3389/fmed.2021.639970
https://doi.org/10.3389/fmed.2021.639970
https://doi.org/10.3390/v15112180
https://doi.org/10.3390/v15112180
https://doi.org/10.2459/JCM.0000000000001160
https://doi.org/10.2459/JCM.0000000000001160
https://doi.org/10.1007/s10238-023-01036-x
https://doi.org/10.3390/v15020384
https://doi.org/10.3390/v15020384
https://doi.org/10.1007/s40472-022-00385-y
https://doi.org/10.1186/s12985-023-02269-8
https://doi.org/10.1186/s12985-023-02269-8
https://doi.org/10.1128/cmr.00119-23
https://doi.org/10.1128/cmr.00119-23
https://doi.org/10.1016/j.lanepe.2023.100684
https://doi.org/10.1016/j.lanepe.2023.100684
https://doi.org/10.1021/acscentsci.0c00489
https://doi.org/10.1007/s40121-023-00900-3
https://doi.org/10.1093/cid/ciad460
https://doi.org/10.1093/cid/ciad460
https://doi.org/10.1002/jmv.28660
https://doi.org/10.1002/jmv.28660
https://doi.org/10.1002/jmv.29082
https://doi.org/10.1002/jmv.29082
https://doi.org/10.3390/v15071515
https://doi.org/10.1007/s40121-024-00994-3
https://doi.org/10.1007/s40121-024-00994-3

Maria et al. European Journal of Medical Research (2024) 29:484

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

viral load in patients with mild to moderate COVID-19: a randomized
clinical trial. JAMA. 2021;325(7):632—-44. https://doi.org/10.1001/jama.
2021.0202.

Weinreich DM, Sivapalasingam S, Norton T, Ali S, Gao H, Bhore R, et al.
REGEN-COV antibody combination and outcomes in outpatients with
Covid-19.N Engl J Med. 2021;385(23): e81. https://doi.org/10.1056/
NEJM0oa2108163.

Iketani S, Liu L, Guo'Y, Liu L, Chan JF, Huang Y, et al. Antibody eva-

sion properties of SARS-CoV-2 Omicron sublineages. Nature.
2022,604(7906):553-6. https://doi.org/10.1038/541586-022-04594-4.
Mikulska M, Sepulcri C, Dentone C, Magne F, Balletto E, Baldi F, et al. Triple
combination therapy with 2 antivirals and monoclonal antibodies for per-
sistent or relapsed severe acute respiratory syndrome coronavirus 2 infec-
tion in immunocompromised patients. Clin Infect Dis. 2023;77(2):280-6.
https://doi.org/10.1093/cid/ciad181.

Gilbert PB, Montefiori DC, McDermott AB, Fong Y, Benkeser D, Deng W,
et al. Immune correlates analysis of the mRNA-1273 COVID-19 vaccine
efficacy clinical trial. Science. 2022;375(6576):43-50. https://doi.org/10.
1126/science.abm3425.

Antinori A, Bausch-Jurken M. The burden of COVID-19 in the immuno-
compromised patient: implications for vaccination and needs for the
future. J Infect Dis. 2023;228(Suppl 1):54-12. https://doi.org/10.1093/
infdis/jiad181.

Update to living WHO guideline on drugs for covid-19. BMJ.
2023;383:2622. https://doi.org/10.1136/bmj.p2622.

Cepeda MS, Boston R, Farrar JT, Strom BL. Comparison of logistic regres-
sion versus propensity score when the number of events is low and there
are multiple confounders. Am J Epidemiol. 2003;158(3):280-7. https://doi.
0rg/10.1093/aje/kwg115.

Chesnaye NC, Stel VS, Tripepi G, Dekker FW, Fu EL, Zoccali C, et al. An
introduction to inverse probability of treatment weighting in observa-
tional research. Clin Kidney J. 2022;15(1):14-20. https://doi.org/10.1093/
ckj/sfab158.

McCaffrey DF, Ridgeway G, Morral AR. Propensity score estimation with
boosted regression for evaluating causal effects in observational studies.
Psychol Methods. 2004;9(4):403-25. https://doi.org/10.1037/1082-989X.9.
4.403.

Brookhart MA, Schneeweiss S, Rothman KJ, Glynn RJ, Avorn J, Sturmer

T. Variable selection for propensity score models. Am J Epidemiol.
2006;163(12):1149-56. https://doi.org/10.1093/aje/kw;j149.

Garrido MM. Propensity scores: a practical method for assessing treat-
ment effects in pain and symptom management research. J Pain Symp-
tom Manage. 2014;48(4):711-8. https://doi.org/10.1016/j jpainsymman.
2014.05.014.

Orth HM, Flasshove C, Berger M, Hattenhauer T, Biederbick KD,
Mispelbaum R, et al. Early combination therapy of COVID-19 in high-

risk patients. Infection. 2024;52(3):877-89. https://doi.org/10.1007/
$15010-023-02125-5.

Bhimraj A, Morgan RL, Shumaker AH, Baden L, Cheng VCC, Edwards KM,
et al. Infectious diseases society of America Guidelines on the treat-
ment and management of patients with COVID-19. Clin Infect Dis. 2022.
https://doi.org/10.1093/cid/ciac724.

Scaglione V, Rotundo S, Marascio N, De Marco C, Lionello R, Veneziano

C, et al. Publisher Correction: Lessons learned and implications of early
therapies for coronavirus disease in a territorial service centre in the
Calabria region: a retrospective study. BMC Infect Dis. 2022;22(1):883.
https://doi.org/10.1186/512879-022-07871-9.

Rotundo S, Berardelli L, Gulli S, La Gamba V, Lionello R, Russo A, et al.
Early initiation of combined therapy in severely immunocompromised
patients with COVID-19: a retrospective cohort study. BMC Infect Dis.
2024;24(1):564. https://doi.org/10.1186/512879-024-09466-y.

Evans RA, Dube S, Lu Y, Yates M, Arnetorp S, Barnes E, et al. Impact of
COVID-19 on immunocompromised populations during the Omicron
era: insights from the observational population-based INFORM study.
Lancet Reg Health Eur. 2023;35: 100747. https://doi.org/10.1016/].lanepe.
2023.100747.

Boeckh M, Pergam SA, Limaye AP, Englund J, Corey L, Hill JA. How
immunocompromised hosts were left behind in the quest to control the
Covid-19 Pandemic. Clin Infect Dis. 2024. https://doi.org/10.1093/cid/
ciae308.

Page 9 of 9

40. Machkovech HM, Hahn AM, Garonzik Wang J, Grubaugh ND, Halfmann
PJ, Johnson MC, et al. Persistent SARS-CoV-2 infection: significance and
implications. Lancet Infect Dis. 2024. https://doi.org/10.1016/S1473-
3099(23)00815-0.

41. Meijer SE, Paran Y, Belkin A, Brosh-Nissimov T. 'Persistent COVID-19 in
immunocompromised patients—Israeli society of infectious diseases
consensus statement on diagnosis and management’'—Author’s reply.
Clin Microbiol Infect. 2024. https://doi.org/10.1016/j.cmi.2024.05.022.

42. Maraolo AE, Moriello NS, Gentile I. Re: Persistent COVID-19 in immuno-
compromised patients—Israeli Society of Infectious Diseases consensus
statement on diagnosis and management by Meijer et al. Clin Microbiol
Infect. 2024. https://doi.org/10.1016/j.cmi.2024.05.011.

43. Focosi D, Maggi F, D’Abramo A, Nicastri E, Sullivan DJ. Antiviral combina-
tion therapies for persistent COVID-19 in immunocompromised patients.
Int J Infect Dis. 2023;137:55-9. https://doi.org/10.1016/j.ijid.2023.09.021.

44. Sundararaj Stanleyraj J, Sethuraman N, Gupta R, Thiruvoth S, Gupta M,
Ryo A.Treating COVID-19: are we missing out the window of opportu-
nity? J Antimicrob Chemother. 2021;76(2):283-5. https://doi.org/10.1093/
jac/dkaa442.

45. Cevik M, Tate M, Lloyd O, Maraolo AE, Schafers J, Ho A. SARS-CoV-2, SARS-
CoV, and MERS-CoV viral load dynamics, duration of viral shedding, and
infectiousness: a systematic review and meta-analysis. Lancet Microbe.
2021;2(1):13-22. https://doi.org/10.1016/52666-5247(20)30172-5.

46. Focosi D, Casadevall A, Franchini M, Maggi F. Sotrovimab: a review of its
efficacy against SARS-CoV-2 variants. Viruses. 2024;16(2):217. https://doi.
0rg/10.3390/v16020217.

47. DeVito A, Colpani A, Poliseno M, Diella L, leva FRP, Belati A, et al. What is
the efficacy of sotrovimab in reducing disease progression and death in
people with COVID-19 during the Omicron Era? Answers from a real-life
study. Viruses. 2023;15(8):1757. https://doi.org/10.3390/v15081757.

48. Smith DJ, Lambrou A, Patel P. SARS-CoV-2 rebound with and with-
out use of COVID-19 oral antivirals. MMWR Morb Mortal Wkly Rep.
2023;72(51):1357-64. https://doi.org/10.15585/mmwr.mm7251al.

49. Kang SW, Kim JW, Kim JY, Lim SY, Jang CY, Chang E, et al. Virological char-
acteristics and the rapid antigen test as deisolation criteria in immuno-
compromised patients with COVID-19: a prospective cohort study. J Med
Virol. 2023;95(11): €29228. https://doi.org/10.1002/jmv.29228.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


https://doi.org/10.1001/jama.2021.0202
https://doi.org/10.1001/jama.2021.0202
https://doi.org/10.1056/NEJMoa2108163
https://doi.org/10.1056/NEJMoa2108163
https://doi.org/10.1038/s41586-022-04594-4
https://doi.org/10.1093/cid/ciad181
https://doi.org/10.1126/science.abm3425
https://doi.org/10.1126/science.abm3425
https://doi.org/10.1093/infdis/jiad181
https://doi.org/10.1093/infdis/jiad181
https://doi.org/10.1136/bmj.p2622
https://doi.org/10.1093/aje/kwg115
https://doi.org/10.1093/aje/kwg115
https://doi.org/10.1093/ckj/sfab158
https://doi.org/10.1093/ckj/sfab158
https://doi.org/10.1037/1082-989X.9.4.403
https://doi.org/10.1037/1082-989X.9.4.403
https://doi.org/10.1093/aje/kwj149
https://doi.org/10.1016/j.jpainsymman.2014.05.014
https://doi.org/10.1016/j.jpainsymman.2014.05.014
https://doi.org/10.1007/s15010-023-02125-5
https://doi.org/10.1007/s15010-023-02125-5
https://doi.org/10.1093/cid/ciac724
https://doi.org/10.1186/s12879-022-07871-9
https://doi.org/10.1186/s12879-024-09466-y
https://doi.org/10.1016/j.lanepe.2023.100747
https://doi.org/10.1016/j.lanepe.2023.100747
https://doi.org/10.1093/cid/ciae308
https://doi.org/10.1093/cid/ciae308
https://doi.org/10.1016/S1473-3099(23)00815-0
https://doi.org/10.1016/S1473-3099(23)00815-0
https://doi.org/10.1016/j.cmi.2024.05.022
https://doi.org/10.1016/j.cmi.2024.05.011
https://doi.org/10.1016/j.ijid.2023.09.021
https://doi.org/10.1093/jac/dkaa442
https://doi.org/10.1093/jac/dkaa442
https://doi.org/10.1016/S2666-5247(20)30172-5
https://doi.org/10.3390/v16020217
https://doi.org/10.3390/v16020217
https://doi.org/10.3390/v15081757
https://doi.org/10.15585/mmwr.mm7251a1
https://doi.org/10.1002/jmv.29228

	Does early combination vs. Monotherapy improve clinical outcomes of clinically extremely vulnerable patients with COVID-19? Results from a retrospective propensity-weighted analysis
	Abstract 
	Background 
	Objectives 
	Methods 
	Results 
	Conclusions 

	Introduction
	Materials and methods
	Results
	Discussion
	Acknowledgements
	References


