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Abstract: Immunocompromised (IC) patients continue to be at risk of severe COVID-19
despite vaccination and anti-SARS-CoV-2 therapies. The comparative effectiveness of
antiviral agents (AVAs) and monoclonal antibodies (MoAbs) as early treatment of SARS-
CoV-2 in IC patients is described in this work. This retrospective multicenter cohort study
included IC outpatients diagnosed with SARS-CoV-2 between March 2021 and March
2022 at the National Institute for Infectious Diseases “Lazzaro Spallanzani” and Santa
Maria Goretti University Hospital, Italy. Patients received either AVAs or MoAbs based
on national guidelines. The primary outcome was time to negative nasopharyngeal swab
(NPS). The secondary outcomes were COVID-19-related hospitalization or death by day 30.
Among 1472 IC patients (with a median age of 58 years, 45% male), 688 (46%) were treated
with MoAbs, and 783 (54%) were treated with AVAs. The patients treated with MoAbs had
a higher duration to negative NPS (17 vs. 11 days, p < 0.05) and a higher risk of sustained
SARS-CoV-2 positivity on day 7 (OR: 3.0, 95% CI: 1.72–5.23, p < 0.01) and day 30 (OR: 6.0,
95% CI: 3.7–10.5, p < 0.01) than those treated with AVAs. There were no differences in
hospitalization or mortality. AVAs were associated with a more rapid viral clearance than
MoAbs, suggesting a potential advantage for reducing infectious duration in IC patients.
Additional studies are necessary to further optimize the early treatment of COVID-19 in
this high-risk population.

Keywords: SARS-CoV-2; COVID-19; immunocompromised patients; antiviral agents;
monoclonal antibodies

1. Introduction
Since the beginning of the pandemic of severe acute respiratory syndrome coronavirus

2 (SARS-CoV-2), the severity and mortality of coronavirus disease 2019 (COVID-19) have
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decreased. This is mainly due to the broad implementation of the SARS-CoV-2 vaccine,
the increased availability of antivirals and monoclonal antibodies, SARS-CoV-2 natural
infection and reinfection immunity, and attenuated viral pathogenicity [1,2]. Nevertheless,
immunocompromised (IC) patients remain at an increased risk of severe COVID-19 and
fatal outcomes [3,4]. In the US, IC patients account for 6.6% of the population [5]; in the
UK, they account for 3.9% when broadly defined and 0.7% when stringently defined [6];
and they are disproportionately affected by COVID-19 [7]. Clinical management and
therapeutic approaches to SARS-CoV-2 infection in IC patients are reported in a rising
number of publications, mostly from case series or retrospective cohorts [8–12]. National
and international guidelines on COVID-19 clinical management now include a section
dedicated to IC patients. Still, most recommendations rely on limited evidence based on
limited retrospective case cohorts, few anecdotal cases, and expert opinions only [13,14].

The aim of this longitudinal cohort study is to compare the clinical outcomes of
IC outpatients with early SARS-CoV-2 infection treated with antiviral agents (AVAs) or
variant-specific monoclonal antibodies (MoAbs).

2. Materials and Methods
This longitudinal prospective cohort study involved consecutive patients with a

confirmed SARS-CoV-2 infection and a documented history of immune-compromised
disease. Patients were enrolled at the Lazzaro Spallanzani National Institute for Infectious
Diseases (INMI) in Rome, Italy, or at Santa Maria Goretti University Hospital in Latina,
Italy, from 21 March 2021 to 30 March 2022. All COVID-19 patients meeting the inclusion
criteria for early antiviral treatment, as defined by the Italian Drug Agency, were enrolled
(AIFA). Briefly, in December 2021 (https://www.aifa.gov.it/emergenza-covid-19, accessed
on 18 January 2025) [15], to be eligible for the study, participants had to have a positive
nasopharyngeal swab (NPS) test for SARS-CoV-2 infection by antigenic or molecular
methods, mild or moderate COVID-19 symptoms for no more than 7 days, and at least
one of the following risk factors for worsening disease: a body mass index (BMI) of 35 or
higher, chronic peritoneal dialysis or hemodialysis, diabetes mellitus that was uncontrolled
or complicated, oncologic/onco-hematologic pathology in the active phase, and primary
or secondary immunodeficiency. Patients who were aged 55 years or older were also
qualified in the case of any cardio-cerebrovascular diseases, chronic obstructive pulmonary
disease (COPD), or other chronic respiratory diseases. Patients requiring hospitalization
for COVID-19 or supplemental oxygen therapy were excluded.

In June 2022, the AIFA expanded the use of early therapy for COVID-19 outpatients,
including all patients with one of the following: age 65 or older; a BMI above 30; any chronic
kidney impairment (including those on peritoneal dialysis or hemodialysis); uncontrolled
or complex diabetes mellitus; any condition that weakens the immune system, including
primary and secondary immunodeficiencies; heart or brain blood vessel diseases (including
high blood pressure with organ damage); COPD or other chronic lung diseases; chronic
liver disease; blood disorders; oncologic/onco-hematologic pathology in the active phase;
nerve development; and degeneration disease.

The Monoclonal Antibodies Screening Score [MASS (7–22)] was used to measure
comorbidity burden. This score gives points based on the following factors: age ≥ 65
(2 points), BMI ≥ 35 (1 point), diabetes mellitus (2 points), chronic kidney disease (3 points),
cardiovascular disease in a patient ≥ 55 years (2 points), chronic respiratory disease in a
patient ≥ 55 years (2 points), hypertension in a patient ≥ 55 years (1 point), and immuno-
compromised status (3 points).

https://www.aifa.gov.it/emergenza-covid-19
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2.1. Early Anti-SARS-CoV-2 Therapies

Bamlanivimab/Etesevimab (700 mg/1400 mg), Casirivimab/Imdevimab (1200 mg/
1200 mg), or Sotrovimab (500 mg) was administered by one-hour intravenous infusion, and
patients were observed for one hour after infusion. Remdesevir at 200 mg was administered
iv on day 1 and at 100 mg from days 2 to 3. Additionally, 300 mg of Nirmatrelvir, with
100 mg of Ritonavir, was administered daily for a total of 5 days. The treatment decision
was based on the availability of therapies and clinical judgment.

The primary endpoint was the time to negative NPS for SARS-CoV-2 from symptom
onset. The secondary endpoints included (a) the time to COVID-19-related hospitalization
or death by day 30 and (b) the time to all-cause hospitalization or death by day 30.

2.2. Data Collection

At INMI, COVID-19 outpatients had scheduled visits on days 1 (D1), 7 (D7), and
30 (D30). At Santa Maria Goretti University Hospital, outpatients had a scheduled visit
on D1 only and then a phone follow-up on D7 and D30. At each visit, medical evaluation,
vital signs measurement, laboratory tests, and adverse effects reporting were performed.
If patients did not attend personal visits, they were contacted by phone to check their
clinical conditions. As this was a real-life study, different methods were used to measure
serology and virological parameters depending on the laboratory workload and availability
of assays during the COVID-19 pandemic.

The collected data included age, sex, first positive NPS, symptom onset, peripheral
oxygen saturation (SpO2), body mass index (BMI), comorbidities (such as hematological
disorders, oncological disorders, diabetes, obesity, hypertension, chronic lung disorders,
cardiovascular disorder, cerebrovascular disorders, and kidney failure and/or autoimmune
disorders), the time from the last administration of any immunosuppressive drugs (TID),
the number of COVID-19 vaccine doses received, the time to treatment (TTT), the interval
between symptom onset and the administration of COVID-19 therapy, the time to negative
test (TNT), the time to negative NPS for SARS-CoV-2 from the first positive NPS, and
clinical outcomes (hospitalization and death) for each participant.

A real-time reverse transcription polymerase chain reaction (RT-PCR) test was evalu-
ated at enrollment before starting early anti-COVID-19 therapy. It was performed according
to the laboratory workflow using different platforms: the DiaSorin Simplexa® COVID-19
Direct platform, the Abbott m2000 RealTime System, and the Cobas® SARS-CoV-2 Test
on the fully automated Cobas® 6800 System. Viral characterization was performed on
the NPS samples collected, when possible, by Next-Generation Sequencing (NGS) on
the Ion Torrent Platform using the Ion AmpliSeq SARS-CoV-2 Research Panel, as per the
manufacturer’s instructions.

2.3. Statistical Analysis

The Shapiro–Wilk test was employed to assess data normality. A power analysis was
performed by comparing two independent proportions and the median of two unmatched
groups, imposing an α error probability of 0.05 and a power of (1-β) of 0.95. Moreover,
Cohen’s d value was calculated to estimate the effect size. The power analysis and the
effect size were estimated using GPower 3.1 statistical software [16].

The Kolmogorov–Smirnov test was used to examine possible statistically significant
differences among age, SpO2, BMI, TTT, TID, and TNT, while the chi-squared test was
used to explore possible statistically significant differences between the prevalence of
comorbidities, the number of COVID-19 vaccine doses received, and clinical outcomes.
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An odds ratio calculation was performed to find an eventual correlation between
comorbidities and mortality, treatment with MoAbs or AVAs, and hospitalization and death
during the 30-day follow-up.

The time that SARS-CoV-2 NPS was detectable in days was compared among patients
who had not been vaccinated, received I–II doses, or received III–IV doses using the
Kruskal–Wallis test and the Dunn post hoc test. Additionally, the same tests were used to
compare the length of time that SARS-CoV-2 NPS was detectable in days among patients
who were infected with alpha, delta, or omicron VoCs based on the date of infection and
the epidemiological prevalence of these VoCs in Italy during the study period.

To control for possible confounding factors, a logistic regression model was applied
using death, hospitalization, and time of positivity as outcomes and the type of therapy,
time from the last immunosuppressive therapy, number of vaccinations, and MASS as
potential variables. To compare the time from vaccination, TID, TNT, TTT, hospital admis-
sion, positive NPS after D7, positive NPS after D30, and death, a Receiving Operational
Curve (ROC) analysis was used, and cut-off values were identified according to the corre-
sponding AUC. Statistical analyses were conducted using MedCalc® Statistical Software
version 20 (MedCalc Software Ltd., Ostend, Belgium; https://www.medcalc.org; 2021) and
GraphPad Prism version 9.0.0 for Windows (GraphPad Software, San Diego, CA, USA,
www.graphpad.com).

3. Results
3.1. Descriptive Statistics

A total of 1472 patients were enrolled from 31 March 2021 to 31 March 2022. The
median age of the study population was 58 years; of them, 665 (45%) were male, 149 (10.7%)
were unvaccinated, and 886 (60.1%) were fully vaccinated (Table 1). The COVID-19 patients
were defined as immunocompromised in the presence of primary or secondary immunode-
ficiency (517 patients, 35%), oncological disorders (561 patients, 38.1%), and hematological
disorders (394 patients, 16.7%). An analysis of additional comorbidities revealed a higher
prevalence of cardiovascular diseases (402, 27.3%), followed by cerebrovascular diseases
(342, 23.2%) and chronic lung diseases (188, 12.8%) (Table 1).

A total of 688 patients (46%) received MoAb treatment, while the remaining 783 (54%)
received AVAs. In the AVA group, a significantly higher prevalence (p < 0.01) of combined
IC disorders due to underlying autoimmune, oncological, and/or hematological disorders
was reported than in the MoAb group.

The patients receiving AVAs were significantly older and had a higher prevalence of
cardio-cerebral disorders and obesity than the MoAb treatment group (Table 1). Conversely,
the patients treated with MoAbs displayed a statistically greater prevalence of hypertension
and renal dysfunction. The MoAb group received treatment a median of one day earlier
than the AVA group (p < 0.001). Interestingly, the MASS, a measure of disease severity, was
similar between both groups, with a value of 3 in each.

The MoAb group had a significantly higher proportion of unvaccinated or partially
vaccinated patients than the AVA group (p < 0.05). The body mass index (BMI) was
significantly higher in the AVA group than in the MoAb group, with a large effect size
(25.4 vs. 24.3 days, p < 0.05, Cohen’s d = 1). The TTT was significantly shorter in the AVA
group than in the MoAb group, with a large effect size (3 vs. 4 days, p < 0.05, Cohen’s
d = 5.65). The TID was significantly shorter in the AVA group than in the MoAb group,
with a very small effect size (7.6 vs. 7.2 days, p < 0.05, Cohen’s d = 0.01). The TNT was
significantly lower in the AVA group than in the MoAb group, with a medium effect size
(11 vs. 17 days, p < 0.05, Cohen’s d = 0.49). No statistically significant differences were
observed in hospital admission or COVID-19-related deaths between the treatment groups.

https://www.medcalc.org
www.graphpad.com
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Table 1. Characteristics of study population.

Whole (n◦ 1472) MoAbs (n◦ 688) AVAs (n◦ 783) p-Value

Age, median (IQR) 58 (48–69) 57 (46–67) 61 (51–72) p < 0.01

Variant of concern, no. (%)
alpha, 76 (5%)

delta, 283 (19%)
omicron, 1113 (75%)

alpha, 70 (10%)
delta, 282 (41%)

omicron, 336 (49%)

alpha, 6 (1%)
delta, 1 (0.1%)

omicron, 776 (99%)

Treatment, no. (%) 1472 688 (46%) 783 (54%)

Bamlanivimab 161 (23%) Remdesevir 249 (31%)

Bamlanivimab/Etesevimab 65 (9%) Nirmatrelvir/r 271 (34%)

Casirivimab/imdevimab 131 (19%) Molnupiravir 263 (33%)

Sotrovimab 331 (48%)

Male (% whole population) 665 (45%) 301 (44%) 364 (47%) n.s.

BMI (IQR) 24.83 (22.49–27.75) 24.30 (22.36–27.41) 25.39 (22.54–27.82) <0.01

TTI, median days (IQR) 3 (2–4) 4 (2–5) 3 (2–4) <0.001

TID median days (IQR) 7 (7–9) 7 (7–29) 7 (7–7) <0.001

Cause of IC status

Hematological disorders, no. (%) 394 (26.7%) 161 (23.4%) 233 (29.7%) <0.01

Oncological disorders, no. (%) 561 (38.1%) 223 (32.4%) 338 (43.2%) <0.01

Primary or secondary
immunodeficiency, no. (%) 517 (35%) 304 (44.1%) 212 (27%) <0.01

Comorbidities

Diabetes, no. (%) 124 (8.4%) 56 (8.1%) 68 (8.6%) n.s.

Obesity, no. (%) 158 (10.7%) 65 (9.4%) 93 (11.8%) <0.01

Hypertension, no. (%) 154 (10.5%) 90 (13%) 64 (8.1%) <0.01

Chronic lung disorders, no. (%) 188 (12.8%) 80 (11.6%) 108 (13.7%) n.s.

Cardiovascular disorders, no. (%) 402 (27.3%) 144 (20.9%) 258 (32.9%) <0.01

Cerebrovascular disorders, no. (%) 342 (23.2%) 113 (16.4%) 229 (29.2%) <0.01

Renal failure, no. (%) 103 (7%) 65 (9.4%) 38 (4.8%) <0.01

MASS, median 3 (3-3) 3 (3-4) 3 (3-3) n.s.

COVID-19 vaccination

None, no. (%) 149 (10.1%) 105 (15.2%) 43 (5.4%) <0.05

I dose, no. (%) 39 (2.6%) 29 (4.2%) 10 (1.2%) <0.05

II doses, no. (%) 298 (22.2%) 236 (34%) 61 (7.7%) <0.05

III doses or more, no. (%) 886 (60.1%) 266 (38.6%) 599 (76.5%) <0.05

Clinical outcome

TNT, median days (IQR) 13 (10–19) 17 (12–26) 11 (9–14) <0.05

Admission to hospital, no. (%) 31 (2.1%) 20 (2.9%) 11 (1.6%) <0.05

Death, n◦ (%) 5 (0.34%) 4 (0.58%) 1 (0.15%) (1) <0.05

3.2. Potential Risk Factors Associated with Positive SARS-CoV-2 NPS on D7 and D30,
COVID-19 Hospitalization, and Death

The odds ratio (OR) analysis revealed that the patients treated with MoAbs had a
significantly higher likelihood of testing positive for SARS-CoV-2 by NPS on day 7 (OR: 3,
95% CI: 1.72–5.23, p < 0.01) and day 30 (OR: 6, 95% CI: 3.7–10.5, p < 0.01) than those
receiving AVAs.

No statistically significant differences were observed in hospital admission rates
between the two patient groups (Table 2). However, a non-significant increasing trend in
hospitalization risk in the MoAbs group was reported. Due to the low number of deaths
recorded in the study (a total of five patients), an odds ratio analysis of mortality was
not possible.

Regarding the OR analysis, hypertension emerged as a significant risk factor for
mortality within the MoAb group (OR: 8.84, 95% CI: 1.42–55.0, p < 0.05). In contrast, no
statistically significant correlations were found between the number of vaccine doses and
clinical outcomes such as positive NPS on day 30, hospitalization, or death (all p > 0.05).
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Table 2. Odds ratio analysis between patients who received AVAs and MoAbs.

Clinical Features MoAbs AVAs
Positive NPS on D7 OR (95% CI),

p-value 3 (1.72–5.23), p <0.01 0.33 (0.19–0.58), p < 0.01

Positive NPS on D30
OR (95% CI), p-value 6 (3.7–10.5), p < 0.01 0.16 (0.09–0.27), p < 0.01

Hospital admission
OR (95% CI), p-value 1.78 (0.98–3.23), p = 0.07 0.56 (0.3–1.02), p = 0.07

All-cause death for all
ORs (95% CI), p-value 1.1 (0.41–2.95), p > 0.05 0.96 (0.34–2.42), p > 0.05

3.3. Last Administration of Immunosuppressive Drug as Potential Predictor of Positive
SARS-CoV-2 NPS on Days 7 and 30

The ROC analysis revealed that patients who received immunosuppressive drugs
within 13 days prior to SARS-CoV-2 infection had a higher probability of a positive NPS on
day 30 (AUC = 0.747, 95% CI: 0.663–0.819, sensitivity = 53%; specificity = 93%, p < 0.001)
(Figure 1a). Similarly, those who received immunosuppressive drugs within 17 days
of infection had an increased risk of hospitalization (AUC = 0.924, 95% CI: 0.894–0.948,
sensitivity = 100%, specificity = 81.2%, p < 0.0001) (Figure 1b).

 

Figure 1. ROC curve to calculate the (a) accuracy of days from the last immunosuppressive drug as a
predictor of prognostic factors of positive NPS, (b) risk of hospitalization based on time from the last
immunosuppressive drug, (c) predictive value of the time to antiviral agent (AVA) or monoclonal
antibody (MoAb) treatment initiation, (d) predictive value of treatment initiation within 72 h and
hospital admission compared to TID, (e) predictive value of last vaccination in terms of mortality.

Treatment initiation timing (TTT) also influenced outcomes; patients who started
treatment more than 72 h after symptom onset were more likely to test positive on day 30
(AUC = 0.603, 95% CI: 0.570–0.635, sensitivity = 53%, specificity = 61%, p < 0.001) (Figure 1c).
Further analysis confirmed that immunosuppressive drugs administered within 14 days
of infection strongly predicted positive NPS on day 30 (AUC = 0.939, 95% CI: 0.874–0.976,
sensitivity = 100%; specificity = 88.24%, p < 0.0001) (Figure 1d).
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A shorter time between vaccination and SARS-CoV-2 infection was associated with
better clinical outcomes, including a lower mortality risk (AUC = 0.789, 95% CI: 0.742–0.831,
sensitivity = 100%; specificity = 67%, p < 0.001) (Figure 1e). Fully vaccinated patients (three
or more doses) had significantly shorter durations of positive NPSs than unvaccinated
or partially vaccinated individuals (median duration: 11 days vs. 19 days and 17 days,
p = 0.0001 and p < 0.0001, respectively). Among the unvaccinated patients, those treated
with AVAs had shorter NPS durations than those treated with MoAbs (23.98 vs. 13.52 days,
p < 0.01).

The duration of positive NPSs differed among patients infected with alpha, delta,
and omicron variants (median: 25 vs. 24 vs. 14 days, p < 0.01). A post hoc analysis
revealed significant differences between alpha and omicron (p < 0.01) and delta and omicron
(p < 0.01) (Figure 2).
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Logistic regression identified treatment timing and type as key predictors of hos-
pitalization (p < 0.01, Chi-squared = 14.64, R2 = 0.47, AUC = 0.98, 95% CI: 0.95–0.99).
MoAb treatment was associated with a significantly lower odds ratio for hospitalization
(OR: 0.0001, 95% CI: 0.0–0.1), while delayed treatment (TTD) increased hospitalization
risk (OR: 1.61, 95% CI: 1.18–2.2). Vaccination status became statistically significant after
TTD was omitted. However, this apparent “boost” in significance resulted from the fact
that the vaccination variable exhibited virtually no within-group variance, with only three
overall events, which severely compromised coefficient estimate stability and encouraged
overfitting. Hence, we were careful to retain TTI in our primary multivariable model for
both its powerful mechanistic relevance to viral clearance and to avert artefactual inflation
of the vaccination effect under sparse data conditions.

4. Discussion
This analysis is the first real-world evaluation of two well-established anti-SARS-CoV-

2 agents, antivirals and monoclonal antibodies, in IC outpatients at two Italian COVID-19
reference hospitals. The study was conducted when the different VoCs detected during the
study period were still fully susceptible to MoAb therapy.

Immune-compromised COVID-19 patients have shown persistent SARS-CoV-2 infec-
tion, high rates of hospitalization for severe disease, and increased case fatality ratios [17].
Despite clear evidence of the increased vulnerability of IC patients exposed to SARS-CoV-2
infection, there is no specific targeted therapeutic approach for this population [10].
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This study shows that AVA treatment reduced the chance of a positive SARS-CoV-2
NPS on day 30 in IC patients with SARS-CoV-2 infection, compared to MoAb treatment. No
significant differences were observed in hospitalization or death rates between the groups.

Patients receiving AVAs were older and had more underlying comorbidities, and a
higher percentage of them had previous SARS-CoV-2 vaccinations. However, they had a
similar MASS to those undergoing MoAb treatment. Interestingly, the AVA-treated patients
received COVID-19 therapy earlier and had a three and six times lower chance of a positive
NPS on D7 and D30, respectively, than the MoAb-treated patients. However, the groups
did not differ significantly in hospitalization or death rates.

The best time to treat SARS-CoV-2 is as soon as symptoms appear, since this matches
the disease’s pathophysiology. Indeed, the first days of symptoms mark the viral phase,
where the virus invades and multiplies [18]. AVAs inhibit viral replication, and the optimal
approach is to administer AVAs early in the infection process before the virus reaches its
highest level of replication [19]. In our group, treatment within 72 h of symptom onset
reduced the chance of a positive NPS on day 30 for both AVAs and MoAbs.

The timing of the last administration of the immune-suppressive drug appears to
influence the duration of a positive SARS-CoV-2 NPS. Patients who had their last immuno-
suppressive dose more than 13 days before the first positive NPS had a higher probability
of having a positive NPS on D30 and of being hospitalized. This supports the idea that
immunosuppression slows down viral clearance, possibly causing longer viral shedding.
Also, starting treatment after 72 h from the first positive NPS and within 14 days from the
last immunosuppressive drug dose seems to be linked to a higher risk of hospital admission.
This finding highlights the importance of early and timely intervention to reduce severe or
long-lasting illness in IC patients.

Being fully vaccinated reduces the chances of testing positive for NPS after 30 days [20,21].
However, in our study, vaccination did not have a significant effect on 30-day NPS positivity,
even though there were more vaccinated patients in the AVA group. Studies have shown
that COVID-19 vaccination in people with compromised immunity provides substantial
protection against hospitalization, ICU admission, and hospital death [3]. Consistent with
these results, our data report a potential link between a shorter time interval between
vaccination and SARS-CoV-2 infection and a lower mortality risk.

The probability of a positive NPS on D30 seems to also be affected by the VoC. Our
results indicate that the omicron VoC may have a lower chance of prolonged positivity to
D30 in IC individuals than the alpha VoC, in accordance with previous data [22,23]. Based
on the results of our analyses, the type of VoC circulating at the time of infection is certainly
a possible confounding factor; however, given the large number of patients enrolled, it
is likely that this had a relative impact on the results of the analyses. Indeed, the aim is
precisely to establish which causes and risk factors may predispose to a prolonged duration
of infection and thus be less affected by the median duration due to VoC.

This study is limited by several factors. The lack of information regarding specific
immunosuppressive and underlying patient disorders does not allow for the identification
of specific patient or disease clinical features but rather only general trends within IC pa-
tients infected by SARS-CoV-2. Additionally, reliance on antigenic testing on D30 may have
underestimated positive results, but this risk is well balanced between groups. Another
limitation is that hospitalization and death have only a few overall events, which severely
compromise coefficient estimate stability and encourage overfitting. Hence, we performed
several statistical analyses in order to avert artefactual inflation of the vaccination effect
under sparse data conditions.

Seasonal patterns of community-circulating SARS-CoV-2 variants were used as an
epidemiologic reference for the VoC of each single patient, and, finally, potential variability
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in hospital admission criteria across centers could not be excluded. Despite these limitations,
this report highlights the protective role of recent SARS-CoV-2 vaccination and early
antiviral treatment in IC individuals.

Based on our findings, immunocompromised patients should receive COVID-19
vaccination and promptly undergo early antiviral therapy to prevent clinical progression
and the persistence of SARS-CoV-2 infection.

5. Conclusions
The prompt initiation of AVA therapy in IC patients was associated with a signif-

icantly lower probability of sustained detection at later intervals (7 and 30 days) when
compared with MoAbs, even though AVA recipients were older and suffered from greater
comorbidity burdens. The initiation of treatment within 72 h of symptom onset markedly
improved virologic outcomes with both AVA and monoclonal antibodies, indicating that
the concordance of therapeutic timing with the viral replication phase is critical. Also,
shorter intervals between recent vaccination and infection and the recent immunizations
suggested that there was less likelihood of prolonged viral shedding, thus adding more
value to up-to-date vaccination in this vulnerable population.

Indeed, the interval that had elapsed since the last dose of immunosuppression proved
to be significant in the prediction of both the prolonged isolation of SARS-CoV-2 and the risk
of admission to hospital. The observed variation in viral clearance by specific strain—most
notably a shorter period of positivity with omicron than with alpha—did not mask the
overriding impact of early antiviral intervention and vaccination status. Limitations such
as dependence on antigen testing at 30 days, indirect allocation by variant ID, and potential
variability in admissions criteria from center to center indicate that prospective studies
with complete immunologic and virologic profiling are warranted.

Our findings provide a case for a strategy to manage immunocompromised patients,
which is designed around the timely initiation of antiviral treatment—in ideal cases, within
72 h of symptom presentation—and complete, up-to-date vaccination against SARS-CoV-2.
Such an approach would offer the best chance of preventing both prolonged viral replication
and progression to severe COVID-19 among this very high-risk group and could possibly
be a good model for investigating the role of antiviral therapy during viral infection in
IC patients.

Author Contributions: Conceptualization, S.V., G.M., T.A.B. and D.B.; methodology, D.B.; soft-
ware, P.D.M.; validation, E.N., M.L. and A.A.; formal analysis, D.B.; investigation, R.M., S.R., V.M.,
C.D.B., I.M. and A.D.; data curation, P.D.M., R.M. and COVID Group; resources, COVID Group;
writing—original draft preparation, S.V., G.M., T.A.B. and D.B.; writing—review and editing, A.A.,
F.M., M.L. and E.N.; supervision, M.L. and E.N.; funding acquisition, E.N. All authors have read and
agreed to the published version of the manuscript.

Funding: This study was supported by funds allocated to the National Institute for Infectious
Diseases “Lazzaro Spallanzani”, IRCCS, 00149, Rome (Italy), from the Italian Ministry of Health
(Linea 1 Malattie Infettive tropicali e neglette: aspetti patogenetici, immunologici e diagnostici).

Institutional Review Board Statement: Ethical review and approval were waived for this study since
this was a retrospective, non-interventional study.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: Anonymized participant data will be made available upon reasonable
request directed to the corresponding author.



Microorganisms 2025, 13, 1076 10 of 11

Acknowledgments: COVID-group: Carolina Bortignon, Elena Boschiavo, Angela Corpolongo,
Daniela Di Trento, Francesca Faraglia, Maria Letizia Giancola, Andrea Mariano, Alessandra Oliva,
Sara Pantanella, Laura Scorzolini, Giuseppa Tarabù, and Maria Virginia Tomassi.

Conflicts of Interest: The authors declare no conflicts of interest.

References
1. Abdullah, F.; Myers, J.; Basu, D.; Tintinger, G.; Ueckermann, V.; Mathebula, M.; Jassat, W. Decreased severity of disease during

the first global omicron variant COVID-19 outbreak in a large hospital in tshwane, south africa. Int. J. Infect. Dis. 2022, 116, 38–42.
[CrossRef] [PubMed]

2. Mohammed, I.; Nauman, A.; Paul, P.; Ganesan, S.; Chen, K.H.; Jalil, S.M.S.; Jaouni, S.H.; Kawas, H.; Khan, W.A.; Vattoth, A.L.;
et al. The efficacy and effectiveness of the COVID-19 vaccines in reducing infection, severity, hospitalization, and mortality: A
systematic review. Hum. Vaccines Immunother. 2022, 18, 2027160. [CrossRef] [PubMed]

3. Tenforde, M.W.; Patel, M.M.; Gaglani, M.; Ginde, A.A.; Douin, D.J.; Talbot, H.K.; Casey, J.D.; Mohr, N.M.; Zepeski, A.; McNeal, T.;
et al. Effectiveness of a Third Dose of Pfizer-BioNTech and Moderna Vaccines in Preventing COVID-19 Hospitalization Among
Immunocompetent and Immunocompromised Adults—United States, August–December 2021. Mmwr-Morbidity Mortal. Wkly.
Rep. 2022, 71, 118–124. [CrossRef] [PubMed]

4. Malahe, S.R.K.; Hoek, R.A.S.; Dalm, V.A.S.H.; Broers, A.E.C.; den Hoed, C.M.; Manintveld, O.C.; Baan, C.C.; van Deuzen, C.M.;
Papageorgiou, G.; Bax, H.I.; et al. Clinical Characteristics and Outcomes of Immunocompromised Patients with Coronavirus
Disease 2019 Caused by the Omicron Variant: A Prospective, Observational Study. Clin. Infect. Dis. 2022, 76, e172–e178. [CrossRef]
[PubMed]

5. Martinson, M.L.; Lapham, J. Prevalence of Immunosuppression Among US Adults. JAMA 2024, 331, 880. [CrossRef] [PubMed]
6. Evans, R.A.; Dube, S.; Lu, Y.; Yates, M.; Arnetorp, S.; Barnes, E.; Bell, S.; Carty, L.; Evans, K.; Graham, S.; 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. [CrossRef] [PubMed]

7. Booth, A.; Reed, A.B.; Ponzo, S.; Yassaee, A.; Aral, M.; Plans, D.; Labrique, A.; Mohan, D. Population risk factors for severe disease
and mortality in COVID-19: A global systematic review and meta-analysis. PLoS ONE 2021, 16, e0247461. [CrossRef] [PubMed]

8. Scaglione, V.; Rotundo, S.; Marascio, N.; De Marco, C.; Lionello, R.; Veneziano, C.; Berardelli, L.; Quirino, A.; Olivadese, V.;
Serapide, F.; et al. 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, 793. [CrossRef]

9. D’Abramo, A.; Vita, S.; Beccacece, A.; Navarra, A.; Pisapia, R.; Fusco, F.M.; Matusali, G.; Girardi, E.; Maggi, F.; Goletti, D.; et al.
B-cell-depleted patients with persistent SARS-CoV-2 infection: Combination therapy or monotherapy? A real-world experience.
Front. Med. 2024, 11, 1344267. [CrossRef] [PubMed]

10. D’Abramo, A.; Vita, S.; Nicastri, E. The unmet need for COVID-19 treatment in immunocompromised patients. BMC Infect. Dis.
2022, 22, 930. [CrossRef] [PubMed]

11. Vita, S.; Giombini, E.; De Marco, P.; Rueca, M.; Gruber, C.E.M.; Beccacece, A.; Scorzolini, L.; Mazzotta, V.; Pinnetti, C.; Caputi, P.;
et al. Antivirals and monoclonal antibody combination therapy in haematological patients in the omicron era. Mediterr. J. Hematol.
Infect. Dis. 2024, 16, e2024043. [CrossRef] [PubMed]

12. Orth, H.M.; Flasshove, C.; Berger, M.; Hattenhauer, T.; Biederbick, K.D.; Mispelbaum, R.; Klein, U.; Stemler, J.; Fisahn, M.;
Doleschall, A.D.; et al. Early combination therapy of COVID-19 in high-risk patients. Infection 2023, 52, 877–889. [CrossRef]

13. ESCMID Consensus Document for Management of COVID-19 in Immunocompromised Patients. Available online:
https://www.escmid.org/guidelines-journals/guidelines/guidelines-in-development/escmid-consensus-document-for-
management-of-covid-19-in-immunocompromised-patients/ (accessed on 25 February 2025).

14. COVID-19: Guidance for People Whose Immune System Means They Are at Higher Risk. 2004. Available online:
https://www.gov.uk/government/publications/covid-19-guidance-for-people-whose-immune-system-means-they-are-
at-higher-risk/covid-19-guidance-for-people-whose-immune-system-means-they-are-at-higher-risk (accessed on 25
February 2025).

15. Determina AIFA Nella GU N.142 Del 16.06.2021. Available online: https://www.gazzettaufficiale.it/eli/gu/2021/06/16/142
/sg/pdf (accessed on 18 January 2025).

16. Faul, F.; Erdfelder, E.; Lang, A.-G.; Buchner, A.G. Power 3: A flexible statistical power analysis program for the social, behavioral,
and biomedical sciences. Behav. Res. Methods 2007, 39, 175–191. [CrossRef] [PubMed]

17. Singson, J.R.C.; Kirley, P.D.; Pham, H.; Rothrock, G.; Armistead, I.; Meek, J.; Anderson, E.J.; Reeg, L.; Lynfield, R.; Ropp, S.; et al.
Factors Associated with Severe Outcomes Among Immunocompromised Adults Hospitalized for COVID-19—COVID-NET, 10
States, March 2020–February 2022. MMWR Morb. Mortal. Wkly. Rep. 2022, 71, 878–884. [CrossRef] [PubMed]

https://doi.org/10.1016/j.ijid.2021.12.357
https://www.ncbi.nlm.nih.gov/pubmed/34971823
https://doi.org/10.1080/21645515.2022.2027160
https://www.ncbi.nlm.nih.gov/pubmed/35113777
https://doi.org/10.15585/mmwr.mm7104a2
https://www.ncbi.nlm.nih.gov/pubmed/35085218
https://doi.org/10.1093/cid/ciac571
https://www.ncbi.nlm.nih.gov/pubmed/35869843
https://doi.org/10.1001/jama.2023.28019
https://www.ncbi.nlm.nih.gov/pubmed/38358771
https://doi.org/10.1016/j.lanepe.2023.100747
https://www.ncbi.nlm.nih.gov/pubmed/38115964
https://doi.org/10.1371/journal.pone.0247461
https://www.ncbi.nlm.nih.gov/pubmed/33661992
https://doi.org/10.1186/s12879-022-07774-9
https://doi.org/10.3389/fmed.2024.1344267
https://www.ncbi.nlm.nih.gov/pubmed/38487021
https://doi.org/10.1186/s12879-022-07918-x
https://www.ncbi.nlm.nih.gov/pubmed/36503419
https://doi.org/10.4084/MJHID.2024.043
https://www.ncbi.nlm.nih.gov/pubmed/38882452
https://doi.org/10.1007/s15010-023-02125-5
https://www.escmid.org/guidelines-journals/guidelines/guidelines-in-development/escmid-consensus-document-for-management-of-covid-19-in-immunocompromised-patients/
https://www.escmid.org/guidelines-journals/guidelines/guidelines-in-development/escmid-consensus-document-for-management-of-covid-19-in-immunocompromised-patients/
https://www.gov.uk/government/publications/covid-19-guidance-for-people-whose-immune-system-means-they-are-at-higher-risk/covid-19-guidance-for-people-whose-immune-system-means-they-are-at-higher-risk
https://www.gov.uk/government/publications/covid-19-guidance-for-people-whose-immune-system-means-they-are-at-higher-risk/covid-19-guidance-for-people-whose-immune-system-means-they-are-at-higher-risk
https://www.gazzettaufficiale.it/eli/gu/2021/06/16/142/sg/pdf
https://www.gazzettaufficiale.it/eli/gu/2021/06/16/142/sg/pdf
https://doi.org/10.3758/BF03193146
https://www.ncbi.nlm.nih.gov/pubmed/17695343
https://doi.org/10.15585/mmwr.mm7127a3
https://www.ncbi.nlm.nih.gov/pubmed/35797216


Microorganisms 2025, 13, 1076 11 of 11

18. Lin, L.; Lu, L.; Cao, W.; Li, T. Hypothesis for potential pathogenesis of SARS-CoV-2 infection–a review of immune changes in
patients with viral pneumonia. Emerg. Microbes Infect. 2020, 9, 727–732. [CrossRef] [PubMed]

19. Griffin, D.O.; Brennan-Rieder, D.; Ngo, B.; Kory, P.; Confalonieri, M.; Shapiro, L.; Iglesias, J.; Dube, M.; Nanda, N.; In, G.K.; et al.
The Importance of Understanding the Stages of COVID-19 in Treatment and Trials. Aids Rev. 2021, 23, 40–47. [CrossRef] [PubMed]

20. Seo, W.J.; Kang, J.; Kang, H.K.; Park, S.H.; Koo, H.-K.; Park, H.K.; Lee, S.-S.; Song, J.E.; Kwak, Y.G.; Kang, J. Impact of prior
vaccination on clinical outcomes of patients with COVID-19. Emerg. Microbes Infect. 2022, 11, 1316–1324. [CrossRef] [PubMed]

21. Del Borgo, C.; Garattini, S.; Bortignon, C.; Carraro, A.; Di Trento, D.; Gasperin, A.; Grimaldi, A.; De Maria, S.G.; Corazza, S.;
Tieghi, T.; et al. Effectiveness Tolerability Prescribing Choice of Antiviral Molecules Molnupiravir Remdesivir Nirmatrelvir/r:
AReal-World Comparison in the First Ten Months of Use. Viruses 2023, 15, 1025. [CrossRef] [PubMed]

22. Saade, C.; Brengel-Pesce, K.; Gaymard, A.; Trabaud, M.-A.; Destras, G.; Oriol, G.; Cheynet, V.; Debombourg, M.; Mokdad, B.;
Billaud, G.; et al. Dynamics of viral shedding during ancestral or Omicron BA.1 SARS-CoV-2 infection and enhancement of
pre-existing immunity during breakthrough infections. Emerg. Microbes Infect. 2022, 11, 2423–2432. [CrossRef] [PubMed]

23. Raglow, Z.; Surie, D.; Chappell, J.D.; Zhu, Y.; Martin, E.T.; Kwon, J.H.; Frosch, A.E.; Mohamed, A.; Gilbert, J.; Bendall, E.E.; et al.
SARS-CoV-2 shedding and evolution in patients who were immunocompromised during the omicron period: A multicentre,
prospective analysis. Lancet Microbe 2024, 5, e235–e246. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1080/22221751.2020.1746199
https://www.ncbi.nlm.nih.gov/pubmed/32196410
https://doi.org/10.24875/AIDSRev.200001261
https://www.ncbi.nlm.nih.gov/pubmed/33556957
https://doi.org/10.1080/22221751.2022.2069516
https://www.ncbi.nlm.nih.gov/pubmed/35465831
https://doi.org/10.3390/v15041025
https://www.ncbi.nlm.nih.gov/pubmed/37113006
https://doi.org/10.1080/22221751.2022.2122578
https://www.ncbi.nlm.nih.gov/pubmed/36098494
https://doi.org/10.1016/S2666-5247(23)00336-1
https://www.ncbi.nlm.nih.gov/pubmed/38286131

	Introduction 
	Materials and Methods 
	Early Anti-SARS-CoV-2 Therapies 
	Data Collection 
	Statistical Analysis 

	Results 
	Descriptive Statistics 
	Potential Risk Factors Associated with Positive SARS-CoV-2 NPS on D7 and D30, COVID-19 Hospitalization, and Death 
	Last Administration of Immunosuppressive Drug as Potential Predictor of Positive SARS-CoV-2 NPS on Days 7 and 30 

	Discussion 
	Conclusions 
	References

