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Abstract

BACKGROUND AND PURPOSE: Immune response hyperactivation is critical in the progression of coronavirus disease
(COVID-19). We studied the effect of the pre-exposure to disease-modifying antirheumatic drugs (DMARDs) that decrease
immunological responses on the incidence of COVID-19 symptoms to explore therapeutic approaches in its early stages. EX-
PERIMENTAL APPROACH: Multicentre retrospective cohort study including 2,494 patients with inflammatory diseases re-
cruited from 14 primary care centres in Barcelona (Spain). The primary outcome was the presence of confirmed or highly
suspected COVID-19 (hsCOVID-19) symptoms reported during March 2020 at primary care or hospital emergency depart-
ment. Multivariable Poisson regression models were fitted to estimate hsCOVID-19 symptoms relative risk (RR) adjusted by
comorbidities. KEY RESULTS: Biological (RR=0.46, CI95%=0.31-0.67) and synthetic (RR=0.62, CI195%=0.43-0.91) DMARDs
used in immunomediated inflammatory diseases diminished the incidence of symptomatic cases of hsCOVID-19. Striking sex
differences were revealed. Protective effects of anti-TNFa pre-exposure (RR=0.50, CI95%=0.33-0.75) were higher in women
(RR=0.33, CI95%=0.17-0.647), whereas anti-1L.6/12/17/23 compounds pre-exposure (RR=0.47, C195%=0.24-0.92) produced
slightly higher protective effects in men (RR=0.44, CI195%=0.15-1.68). Pre-exposure to low glucocorticoid doses also revealed
sex differences decreasing the incidence of hsCOVID-19 symptoms predominantly in women (RR=0.72, CI195%=0.42-1.22). A
merely protective effect of pre-exposure to chloroquine/hydroxychloroquine (RR 0.76, CI95%=0.36-1.62) was observed. CON-
CLUSIONS AND IMPLICATIONS: We identified specific DMARDs with different immune-depressor mechanisms that decrease
hsCOVID-19 symptoms with striking sex differences. These results underline the potential interest of starting clinical trials with

anti-TNFa compounds in women to evaluate their efficacy in minimizing disease progression in the early stages of COVID-19.

ABBREVIATIONS:

bDMARDSs: Biological DMARDs

DMARDs : disease modifying antirheumatic drugs
hsCOVID-19: high suspicious COVID-19

IL: interleukins

IMIDs: Immunomodulated inflammatory diseases

NSAIDs: nonsteroidal anti-inflammatory drugs



SARS-CoV-2 : severe acute respiratory syndrome coronavirus 2
sDMARDSs: synthetic DMARDs

TN®a: Tumour necrosis factor alpha

INTRODUCTION

Since December 2019, cases of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection
leading to a novel disease called COVID-19 were initially identified in China. SARS-CoV-2 infection causes
respiratory symptoms that range from mild forms of presentation to more serious ones that can risk patients’
lives, causing pneumonia, and damage to other organs, particularly the immune and blood system (Wang
et al., 2019; Huang et al., 2020; Chen et al., 2020). This disease has rapidly expanded to multiple countries
leading to a pandemic situation in March 2020 now affecting 5.595.091 individuals worldwide, with a global
mortality of 350.547 deaths on May 27th. Today, the situation is dramatic in some European countries, such
as Spain with 236.259 cases and 27.117 deaths, being the 2" country in the world with higher COVID-19
mortality per capita, following Belgium (Dong E and Du H, 2020). This official mortality numbers only
reflect the casualties occurring in the hospitals, not in nursing homes or at home, and considering the low
availability of accurate COVID-19 diagnostic tests, the current situation in Spain could unfortunately be
worse. Furthermore, some patients are asymptomatic (Mizumoto and Kagaya, 2020; Nishiura et al., 2020)
and the current prevalence reflects a possible underdiagnosis of the infection that has facilitated the disease
expansion. This, together with the massive social and political activities that were promoted in Spain in
early March in spite of the well-known previous recommendations of the WHO could influence this rapid
progression.

Severe cases of the disease represent about 15% of COVID-19 patients (Wu and Mc Googan, 2020) and
require their hospitalization. Given the progressive spread of the pandemic in relation to the available health
resources, it is essential to find new equally effective treatments, especially when evidence indicates that
a rapid shortage of some of the existing treatments’ stock may occur. Therefore, there is an urgent need
to find novel treatments in the early stages of COVID-19 to prevent the progression to severe forms of the
disease. Evidence suggests that the hyperactivation of the immune response is of paramount relevance in
COVID-19 progression. The accumulated knowledge about the pathophysiology of this disease reveals a
crucial involvement of different molecules of the main inflammatory pathways, including interleukins 1, 6
and 8 (IL-1, IL-6, IL-8) and tumour necrosis factor alpha (TNFa). Currently, drugs inhibiting some of these
pathways are used in the routine management of COVID-19, although results from clinical trials are still
required to corroborate their effectiveness (Zhang et al., 2020). Clear examples are anti-IL-6 compounds
for patients with severe forms of COVID-19 (Zhang et al., 2020; Zhou et al., 2020; Fu and Xu , 2020) and
hydroxychloroquine, widely used and highly questioned that has been now withdrawn from the clinical trials
due to the serious adverse effects (Mehra et al., 2020; Adhanom Ghebreyesus, 2020).

Immunomodulated inflammatory diseases (IMIDs) are a group of unrelated and highly diverse conditions,
such as rheumatoid arthritis and psoriasis, that share a common pathogenesis pathway, i.e., an immune dys-
regulation leading to an imbalance in inflammatory cytokines. Treatments to relieve IMIDs symptoms share
similar mechanisms of action and are namely disease modifying antirheumatic drugs (DMARDs), subdivided
into two main subgroups: synthetic and biological. Biological DMARDs (bDMARDs) are monoclonal an-
tibodies that have a much higher affinity and selectivity for the targeted protein than synthetic DMARDs
(sDMARDs). Patients with an autoimmune disease might be at higher risk of developing severe infections,
as these medications are immunosuppressants (Memoli et al., 2014). In that context, the Rheumatology,
Dermatology and Gastroenterology services of Hospital del Mar began to follow-up more closely on their pa-
tients and, surprisingly, they reported less COVID-19 symptoms than expected. Considering the role of the
immune system in COVID-19 progression and that these immunomodulatory treatments are not associated
with worse COVID-19 outcomes (Haberman et al., 2020) we hypothesize that specific compounds used in
IMIDs treatment could provide therapeutic benefits in early stages of COVID-19.

METHODS



Study design and population

This is a multicentre retrospective cohort study aimed (I) to evaluate the effect of different disease modifying
anti-rheumatic drugs (DMARDs) on the accumulated incidence of COVID-19 symptoms during March 2020
in patients with IMIDs living in Barcelona (Spain); and (II) to explore the possibility of new treatments in
early stages of COVID-19. Patients with suspected IMIDs (first visits or confirmed diagnostic in successive
visits), who had been referred from 14 Primary Care Centres to the outpatient Rheumatology, Dermatology
and Gastroenterology services of Hospital del Mar (referral hospital from Barcelona) from September 2019
to March 2020 were recruited. The exclusion criteria were <18 years old, previous death not related with
SARS-CoV-2 infection and patients tested negative for SARS-CoV-2 or without follow up at the primary care
centre during the studied period. The study was undertaken according to Good Clinical Practice guidelines
and the Declaration of Helsinki. The research ethics review committee of Parc de Salut Mar approved the
protocol (2020/9246).

Data collection

A clinical history revision of the included patients was performed, focusing mainly at patients’ consulting
disease, comorbidities and the treatments being currently followed by them (Supplementary Table 1 and
Supplementary Table 2 ). Briefly, diabetes, pulmonary disease, cardiovascular (CV) disease and chronic
kidney disease were registered if they were present in the clinical history. In the case of arterial hypertension
(AHT) and transplantation, they were only recorded if patients were receiving treatment with specific drugs
for those comorbidities. Finally, cancer was recorded only if the patient had an active process or was following
a treatment for a previous cancer, during the studied period.

The primary outcome was the presence of confirmed or highly suspected symptomatology of COVID-19
(hsCOVID-19) informed both at the hospital or at the primary care centre, from the 15 to the 29*" of
March 2020. Following the Spanish health authorities’ recommendation for the identification in primary care
centres of patients with unconfirmed symptoms of SARS-CoV-2 infection, it was considered that patients
presented symptoms when they reported fever (defined as axillary temperature >37°C) and shortness of
breath and/or cough. If only fever was present, it was only considered as symptoms if it came with at least
two of the following symptoms: anosmia, ageusia, rhinorrhea, diarrhea of one week of evolution, pharyngitis,
odynophagia or arthromyalgia.

Statistical analysis

Sample size calculations were based on the assumed rate of patients in the group of individuals unexposed
to DMARDs (0.15). With 5% significance level and 80% power, 1,701 subjects in the exposed group and 850
in the unexposed group were needed to detect a minimum relative risk (RR) of 1.3.

To evaluate the associations between different treatments and the presence of hsCOVID-19 symptoms, Pois-
son regression models with robust variance estimation were used to estimate RR and 95% confidence intervals
(95%CT) (Dong E and Du H, 2020). Models were adjusted by sex, age, diabetes, pulmonary disease, car-
diovascular disease, chronic kidney disease, and active cancer or treatment. Model 1 aimed to estimate the
association between treatments grouped by drug type (1) bDMARDs; (2) sDMARDs, (3) glucocorticoids,
(4) chronic nonsteroidal anti-inflammatory drugs (NSAIDs) and (5) Anti-hypertensive drugs. Then, asso-
ciations between hsCOVID-19 symptoms were estimated by each individual treatment (with >100 exposed
patients; reference category = “unexposed”; Model 2). Finally, as anti-TNFa treatments were the major
group of bDMARDSs, the effect of each anti-TNFa drug was estimated separately in model 3. Model 3
also included the effect of anti-IL17 and anti-IL23(-12), but anti-IL6 could not be analyzed as a separate
group as there were not hsCOVID-19 symptoms reported among individuals exposed to IL-6 antagonists.
Interactions between different drug types were also tested (model 4). Models 1 and 2 were furthermore
replicated in the subgroup of individuals aged [?] 60 years (model 5 and 6) and >60 years (model 7 and
8). All analyses were stratified by sex. Finally, the main treatment indications, together with the studied
comorbidities (sex, age, cardiovascular disease, diabetes, pulmonary disease, kidney disease and cancer) were
used to create a matched dataset for the exposure to each treatment Propensity score matching was applied



for the exposure to anti-TNFq, anti-proinflammatory ILs, glucocorticoids ([?]10 mg/day in women) and
chloroquine/hydroxychloroquine. Statistical analyses were performed using R (R Foundation for Statistical
Computing, Vienna, Austria) version 3.5.2.

RESULTS

A total of 2,544 individuals were examined for eligibility and 2,494 fulfilled inclusion/exclusion criteria and
were finally included in the analysis, 902 (36.2%) men and 1,592 (63.8%) women.Table 1 shows the de-
scription of the studied population. The mean age (SD) was 58.7 (15.7) and the most prevalent underlying
pathologies were spondyloarthritis (32.6%), rheumatoid arthritis (21.6%) and osteoarthritis (25.1%). Almost
half of individuals had at least one of the following comorbidities: hypertension (34%), diabetes (11.5%), pul-
monary disease (14%), cardiovascular disease (11%), chronic kidney disease (5%), active cancer or treatment
(3%) and post-transplant (0.3%). In terms of treatments, 45% of individuals were taking biologic DMARDs
(59% in men and 36% in women), primarily anti-TNFa (30% in total; 42% in men and 24% in women) and
anti-1L6/12/17/23 compounds (11%, 2% of which corresponded to anti-IL6, 3% to anti-IL17 and 6% to anti-
IL12/23). A third of the population were exposed to synthetic DMARDs, being methotrexate, leflunomide
and chloroquine /hydroxychloroquine the most prevalent ones (22%, 5% and 5%, respectively). Glucocorti-
coid consumption in women was twice that in men (26% vs 13%) but, in both cases, doses of glucocorticoids
higher than 10 mg/day were unusual (<4%). NSAIDs and anti-hypertensive drugs were taken by the 20%
and 27% of individuals, respectively. A 15.8% of the population (18.4% in women and 11.2% in men) did
not take any of the registered treatments (Supplementary Table 3 ).

The incidence of confirmed or hsCOVID-19 symptoms during March 2020 was 6.3% (N=156), being slightly
higher in women than in men (6.8% vs. 5.3%, respectively). Among them, a 22% were confirmed cases of
COVID-19 and the remaining 78% had not been tested for SARS-CoV-2. There were 26 individuals (8 men
and 18 women) hospitalized and there were 4 deaths due to COVID-19.

As shown in Table 2 ;| those presenting hsCOVID-19 symptoms had less spondylarthritis, rheumatoid
arthritis or dermatological diseases, and higher osteoarthritis. The proportion of diabetics in the group of
individuals with hsCOVID-19 symptoms was 20.5%, while in the group without symptoms was 11.5%. In
the case of pulmonary disease, these percentages were 22.4% and 14.1%, respectively. The proportion of
both bDMARDs and sSDMARDs was also lower in the group with hsCOVID-19 symptoms.

Adjusted associations between different exposure variables (clinical characteristics and treatments) and
hsCOVID-19 symptoms are shown inTable 3 . Diabetes and pulmonary disease were associated with an
increased RR of hsCOVID-19 symptoms, with overall RRy,j0f 1.64 (95%CI 1.09, 2.47) and 1.47 (95%CT 1.02,
2.13). Regarding treatments, all bDMARDs presented a RR of 0.46 (95%CI 0.31, 0.67) and all sDMARDs
presented a RR of 0.62 (95%CI 0.43, 0.91). Specifically, TNF-a antagonists presented RR, of 0.50 (95%CI
0.33, 0.75) in the whole population. This protective effect was even higher in women (RR = 0.33; 95%CI 0.17,
0.64), while in men the effect size of the association was smaller and not statistically significant (RR = 0.76;
95%CT 0.41, 1.43). All types of TNF-a antagonists (adalimumab, certolizumab, etanercept, golimumab and
infliximab) showed RR estimates < 1, although were only statistically significant for adalimumab (RR=0.53,
CI95% 0.31, 0.93) and etanercept (RR=0.37, CI195% 0.16, 0.88). The RR of anti-IL6/12/17/23 compounds
were 0.47 (95%CI 0.24, 0.92); with potentially higher effects of anti-IL17 (RR=0.20; CI95% 0.03-1.38) than
anti-IL23(12) (RR=0.80; CI95% 0.39, 1.65). Methotrexate and chloroquine/hydroxychloroquine presented
an RR of 0.71 (95%CI 0.46, 1.08) and 0.76 (95%CT 0.36, 1.62), respectively. The RR of leflunomide was
0.66 (95%CI 0.28, 1.58) in the whole population, with higher risk reduction in men (RR = 0.36; 95%CI
0.07, 1.75) than in women (RR = 0.81; 95%CI 0.29, 2.87). Glucocorticoids at doses of [?] 10 mg/day also
showed a risk reduction of about 30% in women (RRy1 = 0.72, 95%CI 0.42, 1.22). Figure 1 represents
the adjusted RR for presenting hsCOVID-19 symptoms according to the exposure to different treatments
in men and women. The interactions between most prevalent combinations of treatments were included in
Model 4(Supplementary Table 4 ) and were not statistically significant, except for the interaction between
biologic and synthetic DMARDs (RR = 4.3; CI95% 2.00, 9.25).



A sub-analysis in individuals aged 60 or older (N=1228), compared to individuals under 60 (N=1266) was
performed (Supplementary Table 5 ). The association between anti-TNF-o and hsCOVID-19 symptoms
was maintained in both groups (RR<go = 0.55; CI95% 0.33, 0.91 vs RR = 0.43; CI95% 0.20, 0.92). In the
case of anti-IL6/12/17/23 compounds their effect was statistically significant in individuals under 60 years
(RR<g0 = 0.36; CI95% 0.15, 0.85). The effect of all biologic DMARDs was the same in both age groups, but
this was not in the case of synthetic DMARDs, with RR<60 = 0.77 (CI95% 0.46, 1.29) and RR[?]60 = 0.48
(C195% 0.27, 0.86). The effect of glucocorticoids ([?] 10 mg/day) was higher in younger women (RR<60 =
0.50; CI95% 0.20, 1.24) than older women (RR = 0.91; CI95% 0.46, 1.79).

Finally, the adjusted RR estimates using propensity score matching for the exposure to each treatment are
shown in Supplementary Table 6 . The RR of anti-TNFa was almost equivalent to the observed in the
unmatched database (RR=0.65; CI95% 0.37-1.16) while for anti-IL6/12/17/23 compounds, glucocorticoids
and chloroquine/hydroxychloroquine, the associations presented greater differences.

DISCUSSION AND CONCLUSIONS

Our retrospective cohort study reveals that, during the firsts weeks of the SARS-CoV-2 outbreak in Spain
(March 2020), individuals with IMIDs exposed to biologic and synthetic DMARDSs presented a lower risk of
hsCOVID-19 symptoms than individuals with IMIDs unexposed to these treatments. Previous preliminary
observations also support our findings (Haberman et al., 2020; Feldmann et al., 2020; Michelena et al., 2020).
These results underline the interest of starting clinical trials with compounds that decrease immunological
responses to evaluate their possible efficacy in minimizing the progression of the disease.

The three families of monoclonal antibodies approved to treat rheumatoid arthritis are directed against
IL-6, B lymphocyte surface protein CD20 and TNFa, three targets of potential protective compounds for
hsCOVID-19 symptoms. TNFa, IL-6 and B lymphocytes have been reported to play a crucial role in the
inflammatory cascade taking place days before the manifestation of the most severe forms of SARS-CoV-2
infection (Zhou et al., 2020), and in the physiopathological processes leading to rheumatoid arthritis (Ceribelli
et al., 2020). In the present study, TNF-a antagonists were the most abundant biologic DMARDs and showed
a 50% reduction in the relative risk of hsCOVID-19 symptoms. Nevertheless, our cohort included a limited
number of patients treated with two important groups of immunomodulatory compounds, IL-6 (52 patients)
and B lymphocyte antagonists (42 patients). Interestingly, none of these 94 patients showed hsCOVID-19
symptoms, which agrees with the reported efficacy of the IL-6 antagonists tocilizumab (Xu X et al., 2020)
and sarilumab (unpublished observations) in COVID-19 treatment, and with the protective effect of IL-6
antagonists shown in a cross-sectional recent study (Michelena et al., 2020).

Regarding synthetic DMARDs, although their global effect was protective (RR=0.62; 95%CI 0.43, 0.91),
our results point that not all synthetic DMARDs would play a protective role against the appearance
of hsCOVID-19 symptoms. On the one hand, methotrexate was the most abundant synthetic DMARD
and presented a 30% reduction in the RR of hsCOVID-19 symptoms. Among individuals exposed to
leflunomide (N=111) only 5 presented hsCOVID-19 symptoms. Interestingly, leflunomide produces a
stronger and widespread decrease in pro-inflammatory ILs than classical DMDARDSs, such as methotrexate
with limited effects in ILs expression (Kraan et al., 2004). On the other hand, the exposure to chloro-
quine/hydroxychloroquine was not associated with a statistically significant protective effect of hsCOVID-19
symptoms (RR=0.76; CI95% 0.36, 1.62). These compounds have been widely used to treat COVID-19, al-
though their benefit/risk was questioned due to the side-effects and moderate efficacy in disease progression,
in agreement with our results. Accordingly, clinical trials have been now withdrawn due to the recently
reported decreased in-hospital survival associated with increased risk of ventricular arrhythmia during hos-
pitalization (Mehra et al., 2020; Adhanom Ghebreyesus, 2020).

The severity of COVID-19 symptoms shows clear sex differences with more severe cases and higher mortality
reported in men than women (Zhang et al, 2020). Similar sex differences were revealed in the outcome of
influenza A virus infections probably mediated by the impact of sex steroid hormones in immune responses
(Vom Steeg and Klein, 2019). Although the studied population was not sex-balanced (1592 womenwvs 902



men) our analyses stratified by sex also revealed potential sex differences in the effects of several immunomod-
ulatory compounds. Indeed, anti-TNFo compounds show higher protective effects in women (RR=0.33,
95%CI 0.17, 0.64) than in men (RR=0.76, 95%CI 0.41, 1.43). Although a possible sex influence in the
therapeutic effects of anti-TNFo compounds is controversial, a better prognosis of ulcerative colitis has been
reported in women treated with infliximab, an anti-TNFa monoclonal antibody (Nasuno and Miyakawa,
2017). Sex differences were also revealed in our study in glucocorticoid effects. Taken into account the
high variability of the doses of glucocorticoids used in these patients (Ruiz-Irastorza and Danza, 2012) and
the differential effects depending on dose exposure (Meng et al., 2020), we have stratified glucocorticoid
treatment in low ([?]10 mg of prednisone or equivalent) and high doses (>10 mg). Women exposed to low
glucocorticoids doses had a reduced RR, of hsCOVID-19 symptoms (RR=0.72, 95%CI 0.42, 1.22), whereas
high doses produce the opposite effect (RR=1.62, 95%CI 0.75, 3.52). Considering the high availability and
safety profile of low doses of glucocorticoids, it would be of interest to evaluate the potential use of such
low doses in women as a potential treatment in early periods of SARS-CoV-2 infection to prevent disease
progression.

In spite of the potential beneficial effects of biological and synthetic DMARDSs, those patients receiving
a combination of both groups of compounds (n=298) show enhanced incidence of hsCOVID-19 symptoms
(RR=4.30, CI95% 2.0, 9.3). The strong immunosuppression that should result by the combination of these
treatments and the severity of the diseases targeted by these drug combinations may explain this paradoxical
effect. Indeed, previous studies have reported that more patients experienced infectious adverse events when
increasing doses of synthetic DMARDs were combined with anti-TNFa compounds (Burmester et al., 2015;
Honkila et al., 2019). In addition, the main reason for combining both treatments is related to the lack
of efficacy in these particular patients (Van Vollenhoven et al., 2012), which could also have influenced our
results.

Finally, we made a sub-analysis of patients aged 60 or older taking into account their worse prognosis of
the disease (Wu and Mc Googan, 2020). Biological DMARDs showed the same protective effect in both
groups of patients (RR«<gp=0.47 and RR~60=0.47), although the subgroup of anti-IL6/12/17/23 ILs showed
higher effects in patients under 60 (RR=0.36) than in older patients (RR=0.77). Synthetic DMARDs effects
were higher in patients aged 60 or older (RR=0.48) than in younger individuals (RR=0.77). In contrast,
protective effects of low doses of glucocorticoids were higher in women under 60 (RR=0.50) than in older
women (RR=0.91) underlying the potential interest of this treatment in this particular population.

The results obtained here may be interpreted in the light of the following limitations. First, taking into
account that the main interest of our study was focused on the early stages of COVID-19 pandemic in
Spain, we included patients showing hsCOVID-19 symptoms due to the scarcity of COVID-19 tests that
for ethical reasons were only reserved to patients showing more severe disease symptoms. Indeed, large
cohorts of patients with mild symptoms and confirmed COVID-19 tests were not available in Spain at these
early moments. Therefore, we and others (Michelena et al., 2020) have used a similar research strategy
based on patients showing hsCOVID-19 symptoms as the unique possible research approach available to
perform this kind of early studies in Spain on the protective effects of medication pre-exposure. It is also
important to underline that the symptoms were recorded from 14 days before the COVID-19 alarm was
announced in Spain (March 16th) when patients could be supposed to protect themselves more if they are
at risk. Therefore, this potential self-protection would not represent any possible bias for the interpretation
of our results considering the time schedule of our symptoms recording. Second, the indications for each
treatment not only depend on the underlying pathology, but also on the specific clinical manifestations of
each patient, and some of the indications are risk factors of COVID-19 (Sawalha and Zhao, 2020). Given
the heterogeneity of the studied treatments and underlying pathologies, it is difficult to analyse all the
factors that could cause confounding by indication. However, RR estimates of hsCOVID-19 symptoms
after propensity score matching with some of the covariates that predict receiving anti-TNFa and other
treatments were similar than RR estimates in the unmatched sample (Supplementary Table 6). The slightly
different RRs found with these treatments matching the above mention covariates suggest that some of these
IMID may represent an increased risk for hsCOVID-19 symptoms. Indeed, these particular comorbidities



have been reported to increase COVID-19 susceptibility (Sawalha and Zhao, 2020). Furthermore, patients
receiving these immunomodulatory treatments have an enhanced propensity to bacterial infection (Chiu and
Chen, 2020) that could eventually provide manifestations similar to hsCOVID-19 symptoms. In spite of this
possible bias that would impair the results obtained with these treatments, we have obtained promising RRs
with these compounds that suggest significant protective effects on COVID-19 symptoms.

In summary, our results report that pre-exposure to DMARDs does not enhance the incidence of COVID-
19 symptoms. In contrast, we identify specific DMARDs with different immune-depressor mechanisms that
decrease hsCOVID-19 symptoms incidence with potential sex differences. These results underline the interest
of starting clinical trials in women with anti-TNFa compounds in early periods of SARS-CoV-2 infection to
evaluate their possible efficacy in minimizing the severity of COVID-19 progression. We have also revealed
protective effects of low doses of glucocorticoids in women, which may also open new possibilities for low cost
and safe early COVID-19 treatment mainly considering the current progression of the disease in countries with
limited health resources. Interestingly, the protective effects of anti- IL6/12/17/23 compounds were mainly
revealed in patients younger than 60, which underlies the need of an appropriate patient stratification for
optimizing the results of the future clinical trials. The protective effects reveal with these immunomodulatory
compounds may open novel therapeutic strategies to avoid serious COVID-19 manifestations, future deaths
and, ultimately, the collapse of the health system.
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