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SUMMARY

Purpose: Some studies have suggested that therapeutic
interventions able to mitigate the acute phase of COV-
ID-19 can also reduce the risk of Long-COVID and its
severity, but the issue is still controversial.

Methods: We examined in a national cohort of patients
followed in Long-COVID centers the risk of persistent
symptoms according to administration in acute COV-
ID-19 of four drug classes: antivirals, IL-6 inhibitors,
monoclonal neutralizing antibodies and systemic cor-
ticosteroids. Final risk estimates for 26 symptoms were
expressed as adjusted odds ratios calculated in multi-
variable logistic regression models that included as co-
variates demographics, comorbidities, BMI, smoking,
severity of acute disease, hospitalization, level of res-
piratory support, SARS-CoV-2 vaccination and treat-
ments administered during acute infection.

Results: The final population included 1534 adult pa-
tients (mean age 60.3 years, 67.0% hospitalised during
acute COVID-19). Treatments administered during
acute phase included systemic steroids (52.8%), antivi-

B INTRODUCTION

he long-term sequelae of SARS-CoV-2 infec-

tion, commonly denominated as Long-COV-
ID (LC) or Post-Covid conditions (PCC), have
been recognized as a distinct clinical entity charac-
terized by a wide array of possible manifestations
[1-7]. Although a precise estimate of its prevalence
is difficult, due to a remarkable heterogeneity in
the definition of the condition and in the design of
published studies, the chronic burden of disease is
huge, with several millions of individuals suffer-
ing worldwide from persisting and often disabling
chronic symptoms [8-10]. The substantial uncer-
tainty about the mechanisms that lead to this pro-
longed disease and the absence of specific diag-
nostic biomarkers pose important challenges to an
effective treatment of this condition. The observed
correlation between severity of acute disease and
risk of persisting symptoms has suggested that
therapeutic interventions able to mitigate the
acute phase of the disease can also reduce the risk
of developing Long-COVID and its severity [11,
12]. In this context, the effect of antiviral treatment
administered during the acute phase of the dis-
ease has been evaluated in retrospective clinical
cohort studies and in population studies based on
large health databases, but the findings obtained

rals (20.7%, mostly remdesivir), IL-6 inhibitors (9.4%)
and neutralizing antibodies (3.9%). After a mean interval
of 338 days from acute COVID-19, 1181 patients (77.0%)
presented persisting symptoms. For the drug classes
considered, some protective associations were found in
univariate analyses, that were however not maintained
adjusting for confounders in multivariate analyses. Sys-
temic corticosteroids and IL-6 inhibitors showed some
negative associations with isolated symptoms.
Conclusions: Some drug classes showed a protective ef-
fect that was however not confirmed in multivariable
analyses, underlining the importance of adjusting for a
comprehensive number of covariates. Clinicians should
consider the possibility that systemic corticosteroids and
IL-6 inhibitors administered during acute COVID-19
may prolong the persistence of particular symptoms.

Keywords: COVID-19; Long-COVID; symptoms; anti-
virals, IL-6 inhibitors; monoclonal neutralizing anti-
bodies.

are heterogenous and often inconsistent [12-27].
The above discrepancies may be explained by dif-
ferences in several features, including design,
treatment differences in setting, doses, administra-
tion route and duration, definition of control
groups, follow up observation time, phase of the
pandemic and viral variants involved, outcomes
used (symptoms or clinical events), population
characteristics (demographics, settings, severity of
acute disease and risk factors), source of data (clin-
ical records, surveys, administrative databases),
and by the number and type of the confounding
variables considered. Overall, further investiga-
tion based on a comprehensive number of cofac-
tors may be relevant to better define the role of
antiviral and immunomodulating treatments ad-
ministered during acute SARS-CoV-2 infection in
preventing or mitigating long-term sequelae. With
the aim to contribute to this issue, we used data
from a multicentre national study of patients ac-
cessing care for Long-COVID in specialized
centers, assessing the possible impact of antivirals,
interleukin-6 (IL-6) inhibitors, monoclonal neu-
tralizing antibodies and systemic steroids, admin-
istered during acute SARS-CoV-2 infection, on the
long-term persistence of different symptoms, con-
sidering a wide number of covariates in order to
provide adjusted risk estimates.
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B MATERIALS AND METHODS

Study overview and population

The present study is part of the project “Analysis
and strategies for responding to the long-term ef-
fects of the COVID-19 infection (Long-COVID)”,
funded by the Italian Ministry of Health. The clinical
study, structured as an observational cohort, started
in January 2023 and was closed in March 2024, with
data extracted on April 2, 2024. The assessment of
symptoms had a mixed retrospective/prospective
design. Symptom collection was retrospective,
based on clinical records and patient interview, for
patients who had two previous visits before the start
of the study (January 2023), and prospective for pa-
tients with one or two visits after this date. Data on
demographics, acute infection and comorbidities
were taken from clinical records. Study data were
entered by medical staff at the participating centers
using an online dedicated platform. Study participa-
tion was voluntary and all patients provided written
informed consent. Inclusion criteria for the present
analysis were age at least 18, a recorded date of acute
SARS-CoV-2 infection (defined by date of first posi-
tive swab), a clinical visit for symptom assessment
performed at least 12 weeks after acute SARS-CoV-2
infection, and available information on administra-
tion of four classes of medications during acute
SARS-CoV-2 disease (antivirals, IL-6 inhibitors,
monoclonal anti-SARS-CoV-2 antibodies and oral or
intravenous steroids). Patients who received conva-
lescent plasma were excluded.

Data collection

For data collection, a shortened version of the Post
COVID-19 Case Report Form from the WHO Glob-
al Clinical Platform for COVID-19 was used, that
included patient demographics, comorbidities,
severity and timing of acute COVID, plus 30 dif-
ferent symptoms (fatigue, dyspnea, sleep distur-
bances, memory loss, joint pain or swelling, mus-
cle pain, difficult concentration, cough, anxiety,
taste reduction, smell reduction, palpitations/
tachycardia, depressed mood, skin disorders/alo-
pecia, thoracic pain, paresthesia, brain fog, head-
ache, disorders of equilibrium or gait, visual dis-
turbances, weight loss, diarrhea, hearing distur-
bances, pharygodynia, loss of appetite, nausea or
vomiting, fever, menstrual disorders, chilblains,
delirium or hallucinations) [28]. Four classes of
medications administered during acute SARS-
CoV-2 disease were considered:

1) antivirals;

2) systemic (oral or intravenous) steroids;

3) IL-6 inhibitors;

4) monoclonal anti-SARS-CoV-2 antibodies.
Treatment administration followed the indications
of Italian Medicines Agency (AIFA). Antivirals ap-
proved by AIFA for use in COVID-19 during the
study were remdesivir, nirmatrelvir/ritonavir
and molnupiravir [29]. The approved IL-6 inhib-
itors were tocilizumab (first choice) and sarilum-
ab (second choice), and the approved anti-SARS-
CoV-2 monoclonal antibodies were casirivimab-im-
devimab, regdanvimab, sotrovimab and tixa-
gevimab-cilgavimab [30, 31]. Information on the in-
dividual drugs used was available for antivirals only
(remdesivir, nirmatrelvir/ritonavir, molnupiravir).

Definitions

Severity of acute SARS-CoV-2 disease was defined
as mild (grade 1), moderate (grade 2), severe (grade
3) or critical (grade 4) according to the WHO grad-
ing [28]. Respiratory assistance was categorized as
none, low or high flow inhaled oxygen, continuous
positive airway pressure (CPAP), mechanical ven-
tilation (MV) and extracorporeal membrane oxy-
genation (ECMO). Phase of the pandemic was cat-
egorised as Pre-Omicron or Omicron according to
occurrence of date of acute infection before or after
December 23, 2021 [32]. The comorbidities consid-
ered were neoplastic disease, ischemic heart dis-
ease, heart failure, renal failure, stroke, anxiety or
depressive disorders, chronic liver disease, respira-
tory failure, chronic pulmonary disease, diabetes,
hypertension, obesity, autoimmune diseases, asth-
ma, obstructive sleep apnea syndrome (OSAS),
plus a general category of other major conditions,
reviewed by two of the authors. SARS-CoV-2 vac-
cination status was categorized in three groups ac-
cording to timing of first dose administration (be-
fore SARS-CoV-2 infection, after SARS-CoV-2 in-
fection, not vaccinated).

Data analysis

Data were summarized as proportions for categor-
ical variables and as means with standard devia-
tions for quantitative variables. Mean values were
compared by Student’s T test and proportions by
the chi-square test in contingency tables, calculat-
ing unadjusted odds ratios (UOR) with 95% confi-
dence intervals (CI). Univariate analyses evaluated
the association of individual persisting symptoms
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with each of the four drug classes considered (anti-
virals, systemic steroids, neutralizing antibodies
and IL-6 inhibitors) and with sex, age, body mass
index, smoking, individual and cumulative comor-
bidities, SARS-CoV-2 vaccination, phase of the pan-
demic, hospitalisation and admission to intensive
care unit, WHO severity grade, level of respiratory
assistance and time from acute infection to symp-
tom evaluation. For the symptoms reported by at
least 20 individuals such associations were further
explored in multivariable logistic regression mod-
els, calculating for the four drug classes the adjust-
ed odds ratios (AOR) with 95%Cl for persistence of
individual symptoms. The models included all the

Table 1 - Population characteristics.

variables associated in univariate analyses with
persistence of individual symptoms at a signifi-
cance level <0.15 (p value) plus age and sex. The
goodness of fit of the models was tested with the
Hosmer-Lemeshow test and tests of collinearity. No
input was used to substitute missing data. All anal-
yses were performed using the SPSS software, ver-
sion 29.0 (IBM Corp, 2017, Armonk, NY, US).

B RESULTS

Population
At study closure, data for 1910 patients from 30
clinical centers were entered in the platform. Ac-

Female sex: (n, %) 730 (47.6) After infection 277 (23.9)
Age (years, mean, SD) 60.3 (13.8) No 624 (53.8)
Body mass index (kg/m? mean, SD) 26.9 (4.9) Acute infection pandemic phase:
Mean interval between acute infection Sl onieion 1123 (73.2)
and symptom evaluation (days, mean, SD) | 338 (255) Omicron 411 (26.8)
Current smoking (n: 1458) (n, %) 129 (8.8) Hospitalised during acute phase: 1005 (67.0)
Comorbidities: (mean number, SD) 1.4 (1.4) Admitted to intensive care unit: 134 (8.9)
Any 1061 (68.5) WHO COVID severity grade:
Neoplastic disease 108 (7.0) Mild 178
272 (17.7
Ischemic heart disease 119 (7.8) Moderate a7.7)
S 532 (34.7
Heart failure 60 (3.9) cvere (347)
- — Critical 211 (13.8)
Renal insufficiency 73 (4.8)
Unknown 12 (0.8)
Stroke 51 (3.3)
- Respiratory assistance:
Anx1ety 104 (68) None 600 (391)
DEpEsEn G Low-flow O, 350 (22.8)
Chronic liver disease 25 (1.6) High-flow O, 142 (9.3)
Respiratory failure or COPD 105 (6.8) CPAP 302 (19.7)
Diabetes 187 (12.2) Mechanical ventilation 100 (6.5)
Hypertension 663 (43.2) ECMO 8 (0.5)
Obesity 245 (16.0) Unknown 32 (2.1)
Autoimmune diseases 139 (9.1) Treatments during acute phase:
Asthma 69 (4.5) Antivirals (any) 318 (20.7)
Atrial fibrillation 42 (2.7) Remdesivir 307 (20.0)
OSAS 28 (1.8) Molnupiravir 8 (0.5)
Other major conditions 87 (5.7) Nirmatrelvir/ritonavir 3(0.2)
Vaccinated (any dose or type) (n: 1160): Oral or IV steroids 810 (52.8)
Yes 536 (46.2) Neutralizing monoclonal antibodies 60 (3.9)
Before infection 259 (22.3) IL-6 inhibitors 144 (94)

SD: standard deviation; COPD: Chronic Obstructive Pulmonary Disease; OSAS: Obstructive Sleep Apnea Syndrome; O2: oxygen; CPAP: Continuous
Positive Airway Pressure; ECMO: Extracorporeal Membrane Oxygenation; IV: intravenous; IL-6: Interleukin 6.
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cording to the eligibility criteria, the following pa-
tients were excluded: age below 18 (n: 106), visited
before 12 weeks from acute infection (n: 103), use of
convalescent plasma (n: 4), missing information on
date of COVID-19, date of visit or presence of
symptoms (n: 63), missing information on the con-
sidered treatments in acute phase (n: 100), for a final
sample of 1534 patients aged 18 or more, clinically
evaluated at least 12 weeks after acute infection.
The general characteristics of the study population
are reported in Table 1. Overall, the individuals en-
rolled were characterised by relatively advanced
age (mean: 60.3 years), common presence of comor-
bidities (68.5%) and frequent occurrence of hospi-
talisation during acute COVID-19 (67.0%); roughly
half of them had presented severe or critical acute
SARS-CoV-2 infection and more than one quarter
received CPAP, mechanical ventilation or ECMO as
respiratory support. Treatments administered dur-
ing acute phase included systemic steroids in 52.8%
of the cases, antivirals (mostly remdesivir) in 20.7%,
and less frequent use of IL-6 inhibitors (9.4%) or
neutralizing antibodies (3.9%).

Symptom evaluation

The mean interval between acute SARS-CoV-2 in-
fection and symptom evaluation was of 338 days
(SD 255). At this clinical assessment, 1181 patients
(77.0%) presented at least one persisting symptom
(mean number of symptoms: 3.7, SD 2.9). The dis-
tribution of symptoms is presented in Figure 1.
Fatigue (45.0%) and dyspnea (38.8%) were the pre-
dominant symptoms observed, followed by sleep
or memory disturbances (19.0% and 18.4%, re-
spectively), articular or muscular pain (15.0% and
13.9%, respectively), difficult concentration (14.0%),
anxiety (11.3%), taste or smell abnormalities (9.9%
and 9.4%, respectively), depressed mood (9.7%),
palpitation/tachycardia (9.0%), paresthesia (8.4%),
thoracic pain (7.6%), brain fog (7.4%), skin disor-
ders or alopecia (6.1%) and headache (5.8). Other
symptoms were less common, affecting less than
5% of the individuals (Figure 1).

Associations between treatments and symptoms

in univariate analyses.

The associations between the treatments adminis-
tered during acute SARS-CoV-2 infection and
presence of persisting symptoms were first evalu-
ated in contingency tables and presented as unad-
justed odds ratios. Use of antivirals was associated

Fatigue

Dyspnea

Sleep disturbances
Memory loss

Joint pain or swelling
Difficult concentration
Muscular pain

Anxiety

Cough

Taste reduction
Depressed mood

Smell reduction
Palpitations, tachycardia
Paresthesias
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Brain fog

Skin disorders, alopecia
Headache

Disorders of equilibrium or gait
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Weight loss
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Diarrhea

Loss of appetite
Pharingodinia

Nzusea or vomiting
Fever

Menstrual disorders
Chilblains

Delirium, allucinations

o
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W Symptom prevalence, %

Figure 1 - Prevalence of individual symptoms at clini-
cal assessment.

to a significant reduced risk of fatigue, palpita-
tions/tachycardia, and paresthesia, and to an in-
creased risk of thoracic pain. Use of systemic ster-
oids was associated to a reduced risk of difficult
concentration, palpitations/tachycardia, visual
disturbances, brain fog, nausea/vomiting, and to
an increased risk of dyspnea, articular pain or
swelling, muscular pain, and skin disorders. Use
of neutralizing antibodies was associated to a re-
duced risk of muscle pain; use of tocilizumab was
associated to a reduced risk of any symptom, fa-
tigue, memory loss, difficult concentration, weight
loss, hearing disturbances, and to an increased
risk of cough (Tables 2 and 3).

Associations between treatments and symptoms

in multivariable analyses

The multivariable models that reassessed the pos-
sible associations (p<0.15) found in univariate
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Table 2 - Associations (unadjusted and adjusted odds ratios) of persisting symptoms with antivirals and systemic
steroids administered during acute COVID-19.

Antivirals Systemic steroids
Persisting Unadjusted Adjusted Unadjusted Adjusted OR
symptoms OR95%CD | P OR (95%CI) P | OR(95%CD) P (95%CI) P
Any 0.76 (0.57-1.01) | 0.055 | 1.23 (0.78-1.95) | 0.367 | 1.13 (0.89-1.44) | 0.308
Fatigue 0.74 (0.58-0.96) | 0.021 | 0.91(0.63-1.32) | 0.602 | 1.02 (0.84-1.25) | 0.827
Dyspnea 1.23 (0.96-1.58) | 0.102 | 0.82 (0.56-1.20) | 0.310 | 1.82 (1.48-2.25) | <0.001 | 1.56 (1.12-2.17) | 0.008
Sleep disturbances | 0.9 (0.72-1.36) | 0.958 119 (0.92-1.54) | 0.178
Memory loss 0.70 (0.50-0.98) | 0.041 | 0.94 (0.59-1.52) | 0.815 | 1.05(0.81-1.35) | 0.735
Joint pain 1.01 (0.71-1.43) | 0.955 1.60(1.20-2.14) | 0.001 | 1.76 (1.16-2.67) | 0.008
or swelling
Muscle pain 1.10 (0.77-1.56) | 0.604 1.48(1.01-1.98) | 0.010 | 2.02(1.35-3.03) | <0.001
cDoirffif;Ittration 1.02 (0.72-1.46) | 0.908 0.72 (0.54-0.96) | 0.027 | 0.81(0.54-1.22) | 0.314
Cough 0.71 (0.45-1-10) | 0.128 | 0.60 (0.33-1.11) | 0.103 | 0.99 (0.71-1.38) | 0.950
Anxiety 0.93 (0.62-1.38) | 0.711 0.85 (0.62-1.16) | 0.305
Taste reduction 0.77 (0.49-1.20) | 0.247 0.81(0.58-1.13) | 0.215
Smell reduction 0.81 (0.52-1.27) | 0.361 0.74 (0.52-1.04) | 0.079 | 0.89 (0.57-1.38) | 0.598
gﬂﬁ;ﬁ;gﬁ 0.59(0.35-0.97) | 0.036 | 0.87 (0.49-1.54) | 0.630 | 0.60 (0.42-0.86) | 0.005 | 0.86(0.53-1.39) | 0.542
Depressed mood | 1.05 (0.70-1.59) | 0.813 1.04 (0.74-146) | 0.819
i}j;‘e‘iiizorders' 0.85 (0.49-1.45) | 0.548 1.67 (1.08-2.59) | 0.021 | 1.53 (0.82-2.83) | 0.180
Thoracic pain 1.71(1.13-2.59) | 0.012 | 1.44(0.89-231) | 0.133 | 1.47 (1.00-217) | 0.050 | 1.46(0.93-2.30) | 0.097
Paresthesia 0.48 (0.27-0.83) | 0.009 | 057 (0.29-1.13) | 0.108 | 1.07 (0.74-1.53) | 0.728
Brain fog 0.85 (0.52-1.39) | 0.528 0.65 (0.44-0.95) | 0.030 | 0.85(0.49-1.50) | 0.587
Headache 0.76 (0.43-1.35) | 0.354 0.68 (0.44-1.05) | 0.082 | 0.73(0.39-1.35) | 0.304
quii(i)lridbiirlsnzfor gait | 063 (032:124) | 0177 0.94 (0.58-1.52) | 0.814
Pl 0.70 (0.35-1.39) | 0.306 0.45(0.27-0.77) | 0.003 | 0.60 (0.29-1.25) | 0.171
disturbances
Weight loss 0.54 (0.24-1.19) | 0.127 | 0.82 (0.34-1.96) | 0.657 | 0.83 (0.48-1.41) | 0.484
Diarrhea 1.68 (0.87-3.27) | 0.123 | 1.82(0.93-3.58) | 0.081 | 0.70 (0.38-1.29) | 0.253
I;‘;‘frﬁmes 1.01 (0.48-2.13) | 0.974 1.03 (0.56-1.89) | 0.927
Pharygodynia 0.71 (0.29-1.72) | 0.449 057 (0.30-1.11) | 0.100 | 0.65(0.27-1.52) | 0.320
Loss of appetite | 0.43 (0.15-1.22) | 0.112 | 0.45(0.10-2.09) | 0.309 | 0.55(0.29-1.06) | 0.073 | 0.92 (0.38-2.24) | 0.850
ij;fzigr 0.49 (0.15-1.66) | 0.253 0.32(0.13-0.77) | 0.011 | 0.65 (0.28-1.49) | 0.310

The associations between drug treatments and symptoms that had a level of significance <0.15 in univariate analyses were further analyzed in
individual multivariable logistic regression models that used presence of individual symptoms as outcomes and included, from the list of covar-
iates described in Table 1, those that were associated with the individual symptoms at a p level <0.15 in univariate analyses. Unadjusted odds
ratios refer to univariate analyses and adjusted odds ratios to the multivariable analyses. 95%CI indicates 95% confidence intervals. Symptoms
reported by less than 20 cases (menstrual disorders, chilblains, delirium/hallucinations, fever) were not considered. Significant results (p<0.05)
are expressed in italic.
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Table 3 - Associations (unadjusted and adjusted odds ratios) of persisting symptoms with neutralizing antibodies
and tocilizumab administered during acute COVID-19.

Neutralizing antibodies [1-6 inhibitors (Tocilizumab)
Persisting Unadjusted Adjusted Unadjusted Adjusted
symptoms OR (95%CI) F OR (95%CI) P OR (95%CI) P OR (95%CI) P
Any 1.52 (0.76-3.02) | 0.237 0.54(0.38-0.78) | 0.001 | 0.84 (0.46-1.52) | 0.564
Fatigue 1.07 (0.64-1.80) | 0.797 0.66 (0.46-0.95) | 0.024 | 0.75(0.45-1.25) | 0.273
Dyspnea 1.05 (0.62-1.79) | 0.844 1.38 (0.97-1.94) | 0.069 | 0.64 (0.38-1.08) | 0.096
Sleep disturbances | 1.31 (0.71-2.43) | 0.381 0.67 (0.41-1.09) | 0.104 | 1.03 (0.53-2.00) | 0.921
Memory loss 0.67 (0.31-1.43) | 0.300 0.53(0.31-0.90) | 0.019 | 0.96 (0.49-1.88) | 0.898
Joint pain 0.74 (0.33-1.65) | 0.463 0.79 (0.47-1.33) | 0.380
or swelling
Muscle pain 0.21 (0.05-0.85) | 0.029 | 0.27 (0.06-1.15) | 0.077 | 0.94 (0.56-1.55) | 0.801
cDoirffiZElttration 0.81 (0.36-1.80) | 0.603 0.43 (0.22-0.84) | 0.013 | 0.74 (0.34-1.61) | 0.447
Cough 0.62 (0.22-1.74) | 0.364 1.69 (1.04-2.75) | 0.035 | 3.41(1.84-6.31) | <0.001
Anxiety 0.55 (0.20-1.54) | 0.256 0.56 (0.29-1.09) | 0.088
Taste reduction 0.64 (0.23-1.79) | 0.395 0.89 (0.49-1.62) | 0.710
Smell reduction 0.15 (0.02-1.13) | 0.066 | 0.20 (0.03-1.47) | 0.113 | 0.85 (0.46-1.58) | 0.611
zlg;tcﬁgf 0.16 (0.02-1.20) | 0.076 | 0.17(0.02-1.29) | 0.087 | 0.49 (0.22-1.07) | 0.074 | 0.80 (0.35-1.82) | 0.592
Depressed mood | 0.84 (0.33-2.13) | 0.713 052 (0.25-1.09) | 0.082 | 0.74 (0.30-1.83) | 0.511
iﬁ;‘iﬁorde“' 0.81 (0.25-2.63) | 0.725 0.90 (0.43-1.90) | 0.789
Thoracic pain 0.63 (0.19-2.04) | 0.438 1.23 (0.67-2.24) | 0.507
Paresthesia 1.22 (0.51-2.89) | 0.651 0.99 (0.53-1.84) | 0.972
Brain fog 0.42 (0.10-1.74) | 0.231 052 (0.22-1.20) | 0.123 | 1.04 (0.34-3.14) | 0.951
Headache 1.17 (0.41-3.29) | 0.770 0.95 (0.45-2.01) | 0.894
?;?ﬁiifi;for gait | 110 0343.62) | 0869 0.57 (0.21-1.60) | 0.287
Ziizt‘frlbames 0.38 (0.05-2.78) | 0.341 1.62 (0.78-3.35) | 0.194
Weight loss 0.91 (0.22-3.81) | 0.894 n.c. 0.008 n.c. 0.996
Diarrhea n.c. 0.410 0.72 (0.22-2.35) | 0.584
gi:frgmes 1.20 (0.28-5.10) | 0.800 n.c. 0.029 n.c. 0.996
Pharygodynia n.c. 0.399 0.82(0.25-2.71) | 0.750
Loss of appetite 0.64 (0.09-4.74) | 0.663 0.80 (0.24-2.63) | 0.714
‘Ij;;fzigr n.c. 0.622 0.38 (0.05-2.84) | 0.347

The associations between drug treatments and symptoms that had a level of significance <0.15 in univariate analyses were further analyzed in in-
dividual multivariable logistic regression models that used presence of individual symptoms as outcomes and included, from the list of covariates
described in Table 1, those that were associated with the individual symptoms at a p level <0.15 in univariate analyses. Unadjusted odds ratios refer
to univariate analyses and adjusted odds ratios to the multivariable analyses. 95%CI indicates 95% confidence intervals. Symptoms reported by less
than 20 cases (menstrual disorders, chilblains, delirium /hallucinations, fever) were not considered. Odds ratios were not calculable (n.c.) when one
of the groups compared had no cases, and Fisher test was used in these circumstances to calculate p value. Significant values are expressed in italic.
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analyses between the four drug classes and persis-
tence of individual symptoms were conducted on
an average number of 1154 cases (75.2%), and ad-
justed for an average of 13 covariates, individually
included in each model. The results showed that
none of the potentially protective effects shown
for the four drug categories in univariate analyses
were confirmed. Use of IL-6 inhibitors in acute
COVID-19 was associated with an increased risk
of cough (AOR 3.41, 95% CI 1.84-6.41, p<0.001),
and use of steroids with increased risks of sub-
sequent dyspnea (AOR 1.56, 95%CI 1.12-2.17,
p=0.008), joint pain or swelling (AOR 1.76, 95%CI
1.16-2.67, p=0.008) and muscle pain (AOR 2.02,
95%CI 1.35-3.03, p<0.001).

B DISCUSSION

Long-COVID is a relevant cause of morbidity,
with no specific treatments beyond symptomatic
relief. Disease severity has been reported as a pos-
sible risk factor for development of Long-COVID,
and it has been postulated that therapeutic inter-
ventions that reduce the severity of acute COV-
ID-19 may have a preventive effect on Long-COV-
ID [11, 12, 33]. Antiviral drugs and anti-SARS-
CoV-2 monoclonal antibodies may act reducing
viral multiplication and spread, and steroids and
IL-6 inhibitors may mitigate acute inflammation
and cytokine production. Our data suggested for
these drugs some protective effect in univariate
analyses, but after adjustment for relevant covari-
ates none of the above drug categories were signif-
icantly effective in protecting against an array of
30 Long-COVID symptoms. These findings con-
tribute to the controversial evidence on this issue,
suggesting that covariate adjustment is a key ele-
ment that may significantly influence the study
results and conclusions.

Overall, there is no consistent evidence that ad-
ministering antiviral or antinflammatory drugs
during acute COVID-19 prevents occurrence of
Long-COVID. Data on the effect of IL-6 inhibitors
and monoclonal antibodies are scarce. For these
two drug categories, our findings are consistent
with those of other studies, that also found no pro-
tective effect of their administration during acute
COVID-19, or showed only benefits for isolated
symptoms (neurocomportamental symptoms in
patients who received monoclonal antibodies) [12-
14]. A greater number of studies have evaluated

the potential protective effect of antivirals, but
with a large heterogeneity in design, inclusion cri-
teria, and, ultimately, in findings. In the short
term, antivirals reduced the general risk of Long-
COVID, and in a systematic review this drug cate-
gory showed a general protective effect, reducing
8 out of 22 long COVID symptoms, but the num-
ber of included studies was low, and the benefits
were apparent only for nirmatrelvir/r and mol-
nupiravir, with no protective effect of remdesivir
[12, 14]. In other studies, remdesivir reduced
symptom duration and the risk of some specific
symptoms, but adjustment included only a limit-
ed number of covariates [13, 18]. Other studies
found no global benefit of remdesivir administra-
tion in acute COVID-19, with a possible protective
effect only on respiratory symptoms [34] and
stroke [15]. In one of the few randomized studies
available, remdesivir administered in acute phase
had no significant effect on symptoms at 3 months
[22]. Administration of nirmatrelvir/r in acute
COVID-19 produced no general protection on
Long-COVID symptoms, partial protection on
some symptoms (brain fog, thoracic pain), or only
minor reductions in postacute symptom sequelae
of COVID-19 [16, 17, 21]. In randomized studies of
individuals with already established Long-COV-
ID symptoms, nirmatrelvir did not improve symp-
toms and health status [35, 36]. Some retrospective
studies based on large administrative databases
evaluated the role of nirmatrelvir and/or mol-
nupiravir using as outcomes clinical events in-
stead of symptoms. Some found a reduced event
occurrence [19, 25], but others found no general
protective effect or only benefits for some specific
conditions, represented by cardiovascular or res-
piratory events [20, 23, 24]. For systemic corticos-
teroids, the findings were also variable [12, 13, 37,
38]. In our study, their use during acute COVID-19
produced no general long-term protection but was
instead associated with a possible increase in the
risk of some specific symptoms (dyspnea, articu-
lar pain or swelling and muscle pain). This is con-
sistent with other studies that showed an associa-
tion between the use of systemic corticosteroids in
acute COVID-19 and an increased risk of
Long-COVID symptoms, dyspnea, and daily ac-
tivity limitations [32, 33]. This potential risk in-
crease could be due to the more common use of
these drugs in patients with severe acute disease,
which are also at higher risk of postacute sequelae,
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therefore representing a spurious association [12].
In the present study, risk estimates were adjusted
for severity grade of acute disease, hospitalization,
admission to ICU and level of respiratory support,
making this possibility less likely. An alternative
hypothesis for the findings is that corticosteroids
may partially suppress the acute immune re-
sponse to the virus, favouring virus spread and
persistence in tissues and hence increasing the risk
of Long-COVID manifestations [11, 12].

Use of IL-6 inhibitors in acute COVID-19 also
showed a symptom-specific negative effect, repre-
sented by a 3-fold higher risk of subsequent per-
sistent cough. Although we cannot exclude, de-
spite the extensive adjustments, the risk of a spu-
rious association, tocilizumab use in rheumatoid
arthritis has been associated with an increased risk
of respiratory infectious adverse events, and such
reduced protection against respiratory infections
could explain the negative association found [39].
A cough reflex impairment has also been postulat-
ed to explain chronic cough occurring in Long-
COVID patients without pulmonary sequelae. Vi-
ral infection and replication in airway epithelial
cells and sensory neurons may induce changes in
neuronal phenotype and function determining
chronic neurogenic cough through vagus nerve
neuropathy [40]. Several observations indicate
that Long-COVID is an heterogenous condition,
with possible distinct pathogenetic pathways re-
sponsible for its different manifestations, and with
a multitude of mechanisms potentially involved,
such as SARS-CoV-2 persistence, immune dysreg-
ulation, autoimmunity, reactivation of other virus-
es such as EBV and HHV-6, and direct tissue and
organ damage caused by the virus [33, 41].

The interpretation of the results should consider
different factors. Antivirals were almost entirely
represented by remdesivir. This may reduce the
generalizability of the results to other drugs of this
class, including molnupiravir and nirmatrelvir,
that were received by only a few cases. Among
drug classes, monoclonal antibodies were received
less frequently than other treatments, and this
may have reduced the likelihood to detect signifi-
cant differences for this group.

In general, adjusting for several different covari-
ates in multivariate analyses was a key element in
the study design, but the need to include in each
model only cases with available information on all
covariates may have reduced the statistical power

to detect significant differences. Although we can-
not exclude that the loss of significance in the mul-
tivariate analyses may partly be the consequence
of the decreased case volume, the models main-
tained large numbers (on average 1154 cases), and
the proportion of excluded cases (24.8%) can be
considered limited considering the high number
of covariates included in the models. Outcomes
which involved less than 20 cases were also ex-
cluded, and we therefore did not assess four
symptoms infrequently observed (menstrual dis-
orders, chilblains, delirium /hallucinations, fever).
A possible study limitation is represented by the
retrospective symptom assessment in the majority
of cases, which is however common to most of the
published studies [14-16, 19-21, 23, 24, 37]. We also
had information on the individual drug used only
for the category of antivirals and were therefore
unable to explore possible differences among spe-
cific drugs belonging to the other three categories.
Our study was also not designed to evaluate the
efficacy of the considered treatments on the course
of acute disease, and the different individual re-
sponse in this phase may also have affected subse-
quent symptom persistence. We also did not as-
sess the role of some immunomodulating thera-
pies such as JAK inhibitors, IL-1R antagonists, ty-
rosine kinase inhibitors and TNFa inhibitors, that
more recently entered clinical evaluation as possi-
ble treatments of some Long-COVID conditions
[42]. Finally, some selection bias is possible. Com-
pared to the general population infected by SARS-
CoV-2, our study sample was characterized by
frequent occurrence of advanced age and severe
acute COVID-19. Within this selected population
differences might be more difficult to identify. We
adjusted for several covariates, that included age,
comorbidities and disease severity, but cannot ex-
clude that younger and healthier populations, al-
though less likely to receive pharmacological
treatment for acute COVID-19, might respond
more favorably to treatments in acute phase, and
have better outcomes in the long-term.

The strengths of the present study include the
evaluation of the potential protective impact of
four different drug classes commonly used in
acute COVID-19, the use of a wide array of covar-
iates for adjusting risk estimates, the use of clinical
and not of administrative data, with symptom in-
formation directly collected from patients, the use
of a COVID-19-specific WHO questionnaire, and a
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longer follow up compared to studies that usually
followed patients for no longer than three or six
months [14-17, 19-24, 37].

In conclusion, examining the potential protective
effect on Long-COVID of four drug classes admin-
istered during acute COVID-19, we found some
protective associations in univariate analyses, that
were however not maintained adjusting for con-
founders in multivariate analyses. For systemic
corticosteroids and IL-6 inhibitors, some negative
associations were found for isolated symptoms.
Clinicians should consider the possibility of in-
creased risk of some particular Long-COVID
symptoms with use of such drugs in acute infec-
tion, balancing such potential long-term risk with
the expected benefits on the course of acute dis-
ease.
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