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s u m m a r y 

Objective: Baricitinib seems a promising therapy for COVID-19. To fully-investigate its effects, we in-vitro 

evaluated the impact of baricitinib on the SARS-CoV-2-specific-response using the whole-blood platform. 

Methods: We evaluated baricitinib effect on the IFN- γ -release and on a panel of soluble factors by 

multiplex-technology after stimulating whole-blood from 39 COVID-19 patients with SARS-CoV-2 anti- 

gens. Staphylococcal Enterotoxin B (SEB) antigen was used as a positive control. 

Results: In-vitro exogenous addition of baricitinib significantly decreased IFN- γ response to spike- (me- 

dian: 0.21, IQR: 0.01–1; spike + baricitinib 10 0 0 nM median: 0.05, IQR: 0–0.18; p < 0.0 0 01) and to the 

remainder-antigens (median: 0.08 IQR: 0–0.55; remainder-antigens + baricitinib 10 0 0 nM median: 0.03, 

IQR: 0–0.14; p = 0.0013). Moreover, baricitinib significantly decreased SEB-induced response (median: 

12.52, IQR: 9.7–15.2; SEB + baricitinib 10 0 0 nM median: 8, IQR: 1.44–12.16; p < 0.0 0 01). Baricitinib did 

modulate other soluble factors besides IFN- γ , significantly decreasing the spike-specific-response medi- 

ated by IL-17, IL-1 β , IL-6, TNF- α, IL-4, IL-13, IL-1ra, IL-10, GM-CSF, FGF, IP-10, MCP-1, MIP-1 β ( p ≤ 0.0156). 

The baricitinib-decreased SARS-CoV-2-specific-response was observed mainly in mild/moderate COVID-19 

and in those with lymphocyte count ≥1 × 10 3 /μl. 

Conclusions: Exogenous addition of baricitinib decreases the in-vitro SARS-CoV-2-specific response in 

COVID-19 patients using a whole-blood platform. These results are the first to show the effects of this 

therapy on the immune-specific viral response. 

© 2021 The Authors. Published by Elsevier Ltd on behalf of The British Infection Association. 

This is an open access article under the CC BY-NC-ND license 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
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COronaVIrus Disease 2019 (COVID-19) is an emerging respira- 

ory infection caused by SARS-CoV-2, reported for the first time 

n Wuhan (China) and now spread to almost all countries in the 

orld. 1 
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Clinical presentations of COVID-19 include mild/moderate dis- 

ase, severe and critical disease. 2–4 An over exuberant production 

f proinflammatory cytokines and chemokines 5 mainly during crit- 

cal disease, is a key aspect of SARS-CoV-2 pathogenesis. Therefore, 

he block of the cascade of proinflammatory immune factors was 

onsidered a promising therapeutic approach 

6 . Beside the oxygen 

upply, several therapies were tested as antivirals, chloroquine and 

ydroxychloroquine, plasma from convalescent COVID-19 patients, 
6 
orticosteroids or immunomodulators. 

n Association. This is an open access article under the CC BY-NC-ND license 
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Baricitinib, a Janus kinase (JAK) 1/2 inhibitor, is a drug ap- 

roved for rheumatoid arthritis treatment. 7 This drug was pre- 

icted through the BenevolentAI algorithm 

8 as candidate for 

OVID-19 treatment due to its dual effect of reducing cytokine 

elease and potentially viral entry. 9 , 10 Indeed, SARS-CoV-2 enters 

ells binding the Angiotensin-converting enzyme 2 (ACE2) recep- 

or and the endocytosis is regulated by AP2-associated protein 

inase-1 (AAK1) and cyclin G-associated kinase (GAK). Therefore, 

aricitinib-supposed mechanisms are the inhibition of kinases sig- 

alling, thus preventing viral-endocytosis, and inhibition of the cy- 

okine release blocking JAK1/2. The anti-viral effects of baricitinib 

ere demonstrated in primary human liver spheroids. 8 Baricitinib, 

dministered to COVID-19 patients showed a good safety profile, 11 

educed mortality, intensive care unit (ICU)-admission and viral 

oad detected from nasopharyngeal swabs. 12 Recently, the Adap- 

ive COVID-19 Treatment Trial (ACTT-2) showed that the combina- 

ion of baricitinib plus remdesivir was superior to remdesivir alone 

n reducing recovery time and accelerating improvement in clinical 

tatus among patients with COVID-19, notably among those receiv- 

ng high-flow oxygen or noninvasive ventilation. The combination 

as significantly associated with fewer serious adverse events in 

he combination group compared to those occurring in the con- 

rol group. 13 To note that in the SOLIDARITY trial supported by the 

orld Health Organization 

14 , which was a large study conducted 

ithout placebo arm, the therapy with remdesivir was shown to 

ave little or no effect on hospitalized patients with COVID-19, as 

ndicated by overall mortality, initiation of ventilation, and dura- 

ion of hospital stay. 

T-cell immune response specific to SARS-CoV-2 antigens was 

xtensively studied 

15–18 and we and others also showed that SARS- 

oV-2 specific T-cell responses may be measured in patients with 

OVID-19 using a whole-blood based platform. 19 , 20 The whole- 

lood assay is a valid approach to measure antigen-specific re- 

ponses that has been explored in the field of several infectious 

iseases. 21–25 In a disease different from COVID-19 as tuberculo- 

is, T-cell-specific response decreases overtime and this associates 

ith cure. 26–30 

Therefore, since baricitinib has been suggested as an important 

herapy for COVID-19, we in-vitro evaluated the effect of baricitinib 

n the SARS-CoV-2-specific-response. 

aterial and method 

tudy population 

The 39 COVID-19-patients were hospitalized inpatients and 

lassified as mild, moderate, severe and critical according to WHO 

4 

nd scored with the highest severity score of the disease occurring 

uring the hospitalization. Briefly, mild COVID-19 patients have 

ymptoms but do not have viral pneumonia or hypoxia; moderate 

OVID-19 patients have pneumonia and SpO2 ≥9 0% on room air; 

evere COVID-19 patients have pneumonia and a respiratory rate 

 30 breaths/min or severe respiratory distress or SpO2 < 90% on 

oom air; critical COVID-19 patients have acute respiratory distress 

yndrome. Inclusion criteria for COVID-19 patients was a diagno- 

is based on a positive nasopharyngeal swab for SARS-CoV-2 and 

 disease with the clinical characteristics already described [Laz- 

aro Spallanzani National Institute of Infectious Diseases (INMI) 

ecommendations for COVID-19 management]. 3 Exclusion criteria 

ere: HIV infection, inability to sign an informed consent and age 

ounger than 18 years. For controls, 19 “NO COVID-19 ′′ -individuals 

ere enrolled and were healthy donors (HD) ( n = 8) volunteers 

rom our laboratory or a convenience sample of consecutively pa- 

ients hospitalized or followed as outpatients for other diseases as 

acterial pneumonia ( n = 2), active tuberculosis ( n = 5) and latent 

uberculosis infection ( n = 4). Inclusion criteria for “NO COVID-19 ′′ 
59 
as a negative IgG SARS-CoV-2 serology, no symptoms of COVID- 

9 and in a portion of them, a negative swab for SARS-CoV-2. De- 

ographic and clinical information were collected at enrollment. 

tudy approval 

Ethical Committee of Lazzaro Spallanzani National Institute of 

nfectious Diseases (INMI) approved the study (60/2020) that was 

onducted in April 17 th –July 20 th . Informed, written consent was 

equired to consecutively enroll patients and controls by physi- 

ians. 

This study was conducted also evaluating samples from COVID- 

9 patients and “NO COVID-19 ′′ individuals who were part of a 

revious cohort (study approval number 59/2020). 20 All the en- 

olled individuals provided an informed written consent. All the 

articipants’ data were anonymized and identified by codes. 

rugs and Stimuli 

Baricitinib was kindly provided by Ely Lilly (Indianapolis, IN, 

SA); the powder was dissolved in dimethylsulfoxide (DMSO), 

liquoted and frozen until use. Baricitinib was used at 10 nM and 

0 0 0 nM based on previous studies conducted in different settings 

ot using the whole-blood platform from COVID-19 patients. 9 

SARS-CoV-2 MegaPool of peptides (MP), spike and remainder- 

ntigens MPs, were already described. 15 , 18 , 31 Briefly, the peptides 

rediction was carried out starting from the Wuhan-Hu-1 refer- 

nce isolated (GenBank ID:MN908947); overlapping 15-mers by 10 

panning the entire spike protein (spike; n = 253) were derived, 

hile the remainder of the SARS-CoV-2 proteome has been filtered 

y CD4-specific prediction algorithm using the 7-allele method- 

logy as previously described (remainder-antigens; n = 221). 31 All 

he peptides were synthesized as crude material (A&A, San Diego, 

A), resuspended in DMSO, pooled separately followed by sequen- 

ial lyophilization steps as previously described. 

hole-blood assay 

Whole-blood (600 μl) was stimulated or not with the described 

Ps at 0.1 μg/mL and Staphylococcal Enterotoxin B (SEB) (Sigma- 

ldrich, St. Loius, MO, USA) at 200 ng/mL as positive control for 

4 h at 37 °C (5% CO 2 ). Baricitinib was added to the culture 1 h

rior antigen stimulation. 

Interferon (IFN)- γ levels were evaluated on harvested plasma 

y an ELISA test routinely used in our lab ( www.quantiferon.com ). 

FN- γ levels’ values were subtracted from the unstimulated con- 

rol. 

ultiplex analysis 

A Bio-Plex Pro-Human Cytokine 27-plex Assay panel (Bio- 

ad, Hercules, CA, USA) was carried out to measure cytokines, 

hemokines and growth factor [interleukin (IL) −1 β , IL-1 recep- 

or antagonist (ra), IL-2, IL-4, IL-5, IL-6, IL-7, IL-8, IL-9, IL-10, IL- 

2p70, IL-13, IL-15, IL-17A, Eotaxin, basic fibroblast growth factor 

FGF), granulocyte colony-stimulating factor (G-CSF), granulocyte- 

acrophage colony-stimulating factor (GM-CSF), IFN- γ , -IFN- γ - 

nduced protein 10 (IP-10), monocyte chemoattractant protein- 

 (MCP-1), macrophage inflammatory protein (MIP) −1 α, MIP-1 β , 

latelet-derived growth factor (PDGF), regulated upon activation, 

ormal t cell expressed and presumably secreted (RANTES), tu- 

or necrosis factor (TNF)- α, vascular endothelial growth factor 

VEGF)] in the leftover plasma from the whole-blood assay. The 

ssay was performed as manufacturer instructions using the Mag- 

ix system and the Bio-Plex Manager software (all from Bio-Rad). 

oncentrations below the detection range were considered as 0, 

http://www.quantiferon.com
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Table 1 

Demographical and clinical characteristics of the enrolled subjects. 

COVID-19 NO COVID-19 P value 

N (%) 39 19 

Age median (IQR) 57 (42–76) 49 (38–54) 0.04 

Male N (%) 18 (46.2) 8 (42.1) 0.77 

Origin N (%) 

Western Europe 22 (56.4) 13 (68.4) 0.54 

Eastern Europe 1 (2.6) 1 (5.3) 

Asia 12 (30.8) 2 (10.5) 

Africa 3 (7.7) 2 (10.5) 

North America 0 (0) 0 

South America 1 (2.6) 1 (5.3) 

Swab positive results N (%) ∗ 39 (100) 0 (0) < 0.0001 

Serology positive results N (%) § 21 (63.6) 0 (0) < 0.0001 

Severity N (%) 

mild 12 (30.8) –

moderate 16 (41.0) –

severe 3 (7.7) –

critical 8 (20.5) –

Footnotes: COVID-19: COronaVIrus Disease 19; N: Number; ∗ info available for 39 

COVID-19 (100%) and 7 “NO COVID-19 ′′ (36.8%) individuals. § info available from 

33 COVID-19 (84.6%) and 19 “NO COVID-19 ′′ (100%) individuals. 
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hereas concentrations above the detection range were converted 

o the highest value of the standard curve. Analyte levels were sub- 

racted from the unstimulated control. Moreover, values generated 

rom < 50 bead counts reading were excluded from the final anal- 

sis. 

gG serology 

SARS-CoV-2 IgG ELISA was performed according to the manu- 

acturer’s instructions (DIESSE Diagnostica Senese S.p.a., Monterig- 

ioni, Italy). The ratio between the optical density (OD) value of 

he sample and that of the cut-off reagent (index) has been calcu- 

ated. The sample is considered positive if the index is > 1.1, doubt- 

ul if the index is between 1.1 and 0.9, negative if the index is < 0.9.

n “NO COVID-19 ′′ -group, samples with a positive ELISA score, were 

ested with an indirect immunofluorescence (IF) as previously de- 

cribed. 20 Although IF has been described as a test with high sen- 

ibility/specificity, 32 here was used as confirmatory test as it is an 

ome-made test. 

tatistics 

Data were analyzed using SPSS software (Version 19 for Win- 

ows, Italy SRL, Bologna, Italy), and GraphPad (GraphPad Prism 8 

ML ProjecT). Kolmogorov–Smirnov test was performed and statis- 

ics was performed accordingly. For continuous measures, me- 

ians and IQR were calculated; the Friedman or Kruskal–Wallis 

ests were used for comparisons among several groups and the 

ilcoxon or Mann–Whitney U tests with Bonferroni correction 

or pairwise comparisons. Chi square test was used for categori- 

al variables. Spearman Rank Correlation was used for correlations 

ith the following definitions: rs > 0.7 was considered high correla- 

ion, 0.7 < rs > 0.5 moderate correlation and rs < 0.5 low correlation. 

esults 

emographic and clinical characteristics of study population 

We enrolled 58 subjects: 39 COVID-19 patients and 19 “NO 

OVID-19 ′′ individuals. 

COVID-19 patients were classified based on disease severity 4 in 

ild ( n = 12, 30.8%), moderate ( n = 16, 41.0%), severe ( n = 3, 7.7%)

nd critical ( n = 8, 20.5%). 

Within the “NO COVID-19 ′′ -group, 7/19 had a negative swab re- 

ult (swab performed within a week from the draw blood). Within 

he remaining 12 subjects that did not undergo swab testing, 8/12 

ere lab workers and have been evaluated as healthy up to the fol- 

owing 6 months after enrollment; the remaining 4/12 were sub- 

ects with LTBI ( n = 3) or with active TB ( n = 1) and they were all

ollowed by our clinic for the appropriate therapy. None of these 

 individuals developed COVID-19 symptoms after more than 6 

onths from the study enrolment. One HD had a positive IgG- 

erology by ELISA; however, the IF showed an antibody pattern not 

pecific for SARS-CoV-2. Therefore, all “NO COVID-19 ′′ -individuals 

ere considered negative for SARS-CoV-2-serology. 

The demographic and clinical characteristics of the enrolled in- 

ividuals are shown in Table 1 . A flow chart of the subjects anal-

sed is included as Supplementary Figure 1. 

xogenous addition of baricitinib decreases the SARS-CoV-2 specific 

esponse in COVID-19 patients 

We evaluated the impact of the exogenous addition of baric- 

tinib on the in vitro IFN- γ response to spike- and remainder- 

ntigens MPs in 37/39 and 36/39 COVID-19 patients respec- 

ively and in 19 “NO COVID-19 ′′ individuals. Three out of the 39 
60 
OVID-19 patients were not included in the following analysis 

ecause baricitinib conditions were either not available or avail- 

ble only at 1 concentration. In the COVID-19 patients, barici- 

inib 10 nM and baricitinib 10 0 0 nM significantly decreased IFN- 

levels in response to spike-antigen [spike median: 0.21, in- 

erquartile range (IQR): 0.01–1; spike + baricitinib 10 nM median 

.09, IQR: 0.02–0.58; spike + baricitinib 10 0 0 nM median 0.05, IQR: 

–0.18] ( Fig. 1 A) compared to the untreated control ( p = 0.0136

nd p < 0.0 0 01, respectively) ( Fig. 1 A). Similarly, baricitinib 

t both concentrations, significantly decreased the IFN- γ re- 

ponse to the remainder-antigens (remainder-antigens median: 

.08, IQR: 0–0.55; remainder-antigens + baricitinib 10 nM median 

.05, IQR: 0–0.23; remainder-antigens + baricitinib 10 0 0 nM median 

.03, IQR: 0–0.14) compared to the untreated control ( p = 0.0065 

nd p = 0.0013, respectively) ( Fig. 1 B). 

Baricitinib 10 nM and baricitinib 10 0 0 nM significantly reduced 

he IFN- γ response to SEB ( p = 0.0 0 06 and p < 0.0 0 01 respectively)

SEB median: 12.52, IQR: 9.7–15.2; SEB + baricitinib 10 nM median 

2.38, IQR: 6.3–14.3; SEB + baricitinib 10 0 0 nM median 8, IQR: 1.44–

2.16) ( Fig. 1 C). 

Importantly, “NO COVID-19 ′′ individuals showed a very 

ow/absent IFN- γ response to both spike-antigen (spike me- 

ian: 0.01, IQR: 0–0.1; spike + baricitinib 10 nM median 0.01, IQR: 

–0.04; spike + baricitinib 10 0 0 nM median 0, IQR: 0–0.04) and 

emainder-antigens (remainder-antigens median: 0.01, IQR: 0–

.05; remainder-antigens + baricitinib 10 nM median 0.005, IQR: 

–0.03; remainder-antigens + baricitinib 10 0 0 nM median 0, IQR: 

–0.02) (data not shown). However, baricitinib 10 0 0 nM decreased 

he spike-specific response ( p = 0.0073). Baricitinib did not reduce 

EB-mediated immune response (SEB median: 12.94, IQR: 12.56–

5.76; SEB + baricitinib 10 nM median 13.54, IQR: 11.76–14.58; 

EB + baricitinib 10 0 0 nM median 12.87, IQR: 11.92–15.32) (data not 

hown). 

To better address the effect of baricitinib on the response 

o SARS-CoV-2-peptides, we analyzed the IFN- γ response con- 

idering only the IFN- γ values > 0 IU/mL (Supplementary Fig- 

re 1 and 2). In COVID-19, the decreasing effect of baric- 

tinib was observed mainly in patients with an IFN- γ re- 

ponse higher than the cut-off already published for both spike- 

0.16 IU/mL) (spike median: 0.31, IQR: 0.12–1.73; spike + baricitinib 

0 nM median 0.17, IQR: 0.05–1.49; spike + baricitinib 10 0 0 nM me- 

ian 0.1, IQR: 0–0.18) and remainder-antigens-MPs (0.095 IU/mL) 

remainder-antigens median: 0.26, IQR: 0.09–1.00; remainder- 



L. Petrone, E. Petruccioli, T. Alonzi et al. Journal of Infection 82 (2021) 58–66 

Fig. 1. The exogenous addition of baricitinib decreases the in vitro IFN- γ response to SARS-CoV-2 peptides in COVID-19 patients. Baricitnib 10 nM or 10 0 0 nM decreased the 

IFN- γ levels after stimulating whole-blood with spike- (A) or remainder-antigens-MPs (B) or SEB (C). IFN- γ was measured by ELISA in stimulated plasma. Statistical analysis 

was performed using the Wilcoxon test with Bonferroni correction, and p value was considered significant if ≤0.016. Number of patients analysed: A) n = 37; B) n = 36; C) 

n = 37. Footnotes: IFN: Interferon; SEB: Staphylococcal Enterotoxin B. 
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ntigens + baricitinib 10 nM median 0.09, IQR: 0.03–0.3; remainder- 

ntigens + baricitinib 10 0 0 nM median 0.07, IQR: 0–0.27) 20 (Sup- 

lementary Figure 2A-B, red lines indicate responses over 

he cut-off). Similar results were obtained in “NO COVID-19 ′′ 
spike median: 0.08, IQR: 0.02–0.4; spike + baricitinib 10 nM me- 

ian 0.04, IQR: 0–0.33; spike + baricitinib 10 0 0 nM median 0.02, 

QR: 0–0.13; remainder-antigens median: 0.04, IQR: 0.01–0.16; 

emainder-antigens + baricitinib 10 nM median 0.03, IQR: 0.01–0.08; 

emainder-antigens + baricitinib 10 0 0 nM median 0.01, IQR: 0–0.04) 

Supplementary Figure 2C-D). In “NO COVID-19 ′′ we observed that 

aricitinib decreased the IFN- γ response only if this response was 

resent. 

xogenous addition of baricitinib reduces the SARS-CoV-2-specific 

esponse mainly in patients with mild/moderate COVID-19 and with 

 lymphocytes count ≥1 × 10 3 /μl 

We evaluated the impact of baricitinib on the IFN- γ response 

o SARS-CoV-2 peptides in COVID-19 patients stratifying for disease 

everity and lymphocyte counts. Only IFN- γ values > 0 IU/mL were 

ncluded in the analysis. 

Firstly, we stratified the COVID-19 patients according to disease 

everity. Baricitinib 10 0 0 nM significantly reduced the IFN- γ re- 

ponse to spike-MP in COVID-19 patients with mild and moderate 

isease ( p = 0.002 and p = 0.001, respectively, Supplementary Fig- 

re 3A); similarly, baricitinib 10 nM significantly reduced the IFN- γ
esponse to the remainder-antigens-MP ( p = 0.0156 and p = 0.0117, 

espectively, Supplementary Figure 3B). 

Moreover, we stratified COVID-19 patients based on the lym- 

hocyte counts ( Fig. 2 A-C) in relationship with disease severity 

black dots: mild disease; blue dots: moderate disease; red dots: 

evere and critical disease). Lymphocytes counts were available in 

6/37 patients for spike-antigen stimulation analysis and in 19/36 

or remainder-antigens stimulation analysis. Three ranges were de- 

ned: < 1 × 10 3 /μl, ≥1 × 10 3 /μl and < 2 × 10 3 /μl, ≥2 × 10 3 /μl. 

As expected, patients with mild disease were more likely to 

ave lymphocyte count > 1 × 10 3 /μl. 33 

Exogenous addition of baricitinib at 10 nM and at 10 0 0 nM sig- 

ificantly decreased the spike IFN- γ response in patients with 

1 < 2 × 10 3 /μl lymphocytes ( p = 0.0024 and p = 0.0012, respec-

ively) and in patients with more than 2 × 10 3 /μl lymphocytes 

 p = 0.0039) ( Fig. 2 A). Baricitinib 10 nM significantly decreased the

FN- γ response to the remainder-antigens ( p = 0.0078) in patients 

ith ≥1 < 2 × 10 3 /μl lymphocytes ( Fig. 2 B). Baricitinib 10 0 0 nM sig-

ificantly decreased SEB-induced IFN- γ response in patients with 

1 < 2 × 10 3 /μl lymphocytes ( p = 0.0013). Moreover, baricitinib at 

oth concentrations significantly reduced SEB-induced IFN- γ in 

atients with ≥2 × 10 3 /μl lymphocytes ( p = 0.0117 and p = 0.0028,

espectively) ( Fig. 2 C). No significant correlations were found be- 
61 
ween lymphocyte counts and IFN- γ levels in response to these 

iral stimuli (data not shown). 

Then, we evaluated the impact of the in vitro exogenous addi- 

ion of baricitinib on the IFN- γ response to SARS-CoV-2 peptides 

ccording to other two clinical parameters as the symptoms onset 

nd the therapy administered. 

Info on symptoms onset were available in 19/37 COVID-19 pa- 

ients for spike-analysis and 17/36 for remainder-antigens analysis 

Supplementary Figure 4); the IFN- γ levels were stratified consid- 

ring the symptoms onset within 15 days, within the following two 

eeks or more than a month in respect to the time of the exper- 

mental evaluation. Baricitinib at higher concentration significantly 

ecreased the IFN- γ response to spike-MP in patients with symp- 

oms onset started within 15 days ( p = 0.0156) and in patients with 

ymptoms onset started more than a month ( p = 0.0039) (Supple- 

entary Figure 4A). 

Finally, the impact of cortisone or hydroxychloroquine (HCQ) 

herapy taken at the time of the blood sampling was considered 

o evaluate the in vitro effects of baricitinib on the viral-specific 

esponse. Information on therapy were available for 28/37 COVID- 

9 patients for spike-analysis and 21/36 for remainder-antigens 

nalyisis. Baricitinib decreased the spike-response independently 

f cortisone or HCQ intake ( p ≤ 0.0156) (Supplementary Figure 

A, C). Differently, baricitinib at both concentrations reduced the 

emainder-antigens-response only in patients not taking cortisone 

r HCQ ( p ≤ 0.0037) (Supplementary Figure 5B, D). 

xogenous addition of baricitinib significantly decreased the in vitro 

ARS-CoV-2-specific response mediated by immune and growth 

actors 

Baricitinib shuts down the signal of several cytokines by sup- 

ressing JAK1/2. Therefore, we evaluated the effect of baricitinib on 

he immune response elicited by SARS-CoV-2 peptides analyzing 

he production of several cytokines, chemokines and growth fac- 

ors by multiplex technology ( Fig. 3 and Supplementary Figures 6–

). Multiplex analysis was carried out in 13 COVID-19 patients from 

hom enough plasma-stimulated sample was available. Baricitinib 

t 10 0 0 nM significantly decreased the in vitro spike-specific re- 

ponse mediated by the pro-inflammatory cytokines IL-1 β , IL-6 

nd TNF- α ( p = 0.0039, Fig. 3 A-C respectively), the Th1- and Th17-

ytokines IFN- γ and IL-17 ( p = 0.0068 and p = 0.0039, Fig. 3 D-

 respectively), the Th2-cytokines IL-4 and IL-13 ( p ≤ 0.0098 and 

 ≤ 0.0098, Fig. 3 F-G respectively), the immunomodulatory factors 

L-10 and IL-1ra ( p = 0.0078 and p = 0.002, Fig. 3 H-I, respectively),

he chemokines IP-10, MCP-1 and MIP-1 β ( p ≤ 0.0068, p = 0.0024 

nd p ≤ 0.0029, Fig. 3 J-L respectively) and the growth factors FGF 

nd GM-CSF ( p ≤ 0.0137 and p = 0.0156, Fig. 3 M-N respectively). 

aricitinib at 10 0 0 nM decreased also IL-1 β and IP-10 produc- 



L. Petrone, E. Petruccioli, T. Alonzi et al. Journal of Infection 82 (2021) 58–66 

Fig. 2. The exogenous addition of baricitinib modulates the IFN- γ in vitro response to SARS-CoV-2 peptides mainly in patients with a lymphocytes count higher than 

1 × 10 3 /μl.COVID-19 patients stratified based on the lymphocyte counts (A–C). Severity of each patient analysed is reported: black dots indicate mild disease, blue dots 

indicate moderate disease, red dots indicate severe and critical disease. Baricitinib at 10 nM and at 10 0 0 nM significantly decreases the spike IFN- γ response in patients with 

≥1 < 2 × 10 3 /μl lymphocytes and in patients with more than 2 × 10 3 /μl lymphocytes (A). Baricitinib 10 nM significantly decreases the IFN- γ response to the remainder-antigens 

in patients with ≥1 < 2 × 10 3 /μl lymphocytes (B). Baricitinib 10 0 0 nM decreases SEB-response in patients with ≥1 < 2 × 10 3 /μl lymphocytes; baricitinib 10 nM and at 10 0 0 nM 

decreases SEB-response in patients with ≥2 × 10 3 /μl lymphocytes (C). IFN- γ was measured by ELISA in stimulated plasma. The horizontal lines represent the median; 

statistical analysis was performed using the Friedman or Kruskall-Wallis tests, Wilcoxon or Mann-Whitney tests with Bonferroni correction and p ≤ 0.016 was considered 

significant. Number of patients analysed for each subgroup: A) n = 4, 13, 9; B) n = 3, 11, 6; C) n = 6, 18. Footnotes: IFN: Interferon; SEB: Staphylococcal Enterotoxin B. 
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c

ion in response to remainder-antigens ( p = 0.0078 and p = 0.0098, 

ig. 3 O-P respectively). Moreover, although not significant, a trend 

f decreased levels of IL-2, IL-5, IL-12 in response to spike and 

f IFN- γ , MCP-1 and TNF- α in response to remainder-antigens 

as also observed ( p ≤ 0.04) (Supplementary Figure 6). Neither 

ignificant differences in response to spike for the other factors 

ested (Supplementary Figure 7), nor significant modulations in 
62 
esponse to remainder-antigens (Supplementary Figure 8) were 

bserved. 

iscussion 

COVID-19 is a pandemic viral disease caused by the novel 

oronavirus SARS-CoV-2. Identification of effective therapy is cru- 
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Fig. 3. In COVID-19 patients, the exogenous addition of baricitinib decreases the in vitro levels of pro-inflammatory, Th1, Th17, Th2 cytokines, immunomodulatory factors, 

chemokines and growth factor in response to SARS-Cov-2 peptides. Evaluation of 27 analytes in response to spike and to remainder-antigens by multiplex technology. In 

COVID-19 patients baricitinib at 10 0 0 nM significantly decreases the in vitro cytokine spike-specific response mediated by the pro-inflammatory cytokines IL-1 β , IL-6 and 

TNF- α (A-C), the Th1- and Th17-cytokines IFN- γ and IL-17 (D-E), the Th2-cytokines IL-4 and IL-13 (F-G), IL-10 and IL-1ra (H-I), the chemokines IP-10, MCP-1 and MIP-1 β

(J-L) and the growth factors FGF and GM-CSF (M-N). Baricitinib at 10 0 0 nM decreased also IL-1 β and IP-10 production in response to remainder-antigens (O-P). Analyte 

levels measured by luminex in stimulated plasma. The horizontal lines represent the median; statistical analysis was performed using the Wilcoxon test, and p value 

was considered significant if ≤0.016. Footnotes: IL: Interleukin; TNF: Tumor Necrosis Factor; IFN: Interferon; ra: receptor antagonist; IP: interferon-inducible protein; MCP: 

monocyte chemoattractant protein; MIP: macrophage inflammatory protein; FGF: fibroblast growth factor; GM-CSF: granulocyte-macrophage colony-stimulating factor. 63 
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ial before large-scale vaccine administration would be available. 6 

aricitinib combined with remdesivir has been recently shown in 

he ACTT-2 randomized controlled trial to be superior to remde- 

ivir alone in reducing recovery time and accelerating improve- 

ent in clinical status among patients with COVID-19, notably 

mong those receiving high-flow oxygen or noninvasive ventila- 

ion. 13 This is likely due to the immune-modulatory and poten- 

ial antiviral effects of the drug. 8–10 , 12 However it is unknown the 

ffect of this treatment on the modulation of the SARS-CoV-2- 

pecific-response. 

We showed for the first time in a whole-blood experimental 

etting, that exogenous in vitro addition of baricitinib decreased 

ARS-CoV-2-specific response to a broad set of immune factors 

ncluding Th1, Th2 and chemokines. The effect of baricitinib in 

ecreasing the viral-induced immune response was specific for 

OVID-19 mainly in patients with mild/moderate disease and with 

 lymphocytes count higher than 1 × 10 3 /μl. These results highlight 

ow this drug may be beneficial for COVID-19 treatment. 

We recently showed that the immune response to spike pep- 

ides in COVID-19 patients is characterized by a high IFN- γ re- 

ponse 20 and by the predominance of Th1 and low magnitude 

f Th2 cytokines. 20 Here we confirm these findings and demon- 

trated that, in COVID-19 patients, baricitinib decreased the levels 

f a broad range of immune factors as IFN- γ , pro-inflammatory 

ytokines (IL-1 β , IL-6 and TNF- α), IL-17, Th2 cytokines (IL-4, IL- 

3), IL-1ra, IL-10, growth factors (GM-CSF, FGF), chemokines (IP- 

0, MCP-1, MIP-1 β). These factors are produced by both T and 

 cells as well as innate immunity cells and were already de- 

cribed as considerably increased in COVID-19 patients 2 , 34 and as- 

ociated with COVID-19 severity, 5 although recent studies suggest 

hat adaptive immune response is crucial to limit the severity of 

he disease. 35 

Our results indicate that exogenous addition of baricitinib in 

itro shuts down the SARS-CoV-2-specific immune response, as 

hown in COVID-19-treated patients. 36 Moreover, we observed an 

mpact of baricitinib on FGF. Interestingly, FGF gene is up-regulated 

uring the Middle East respiratory syndrome coronavirus (MERS- 

oV) infection. 37 MERS-CoV is a virus close to SARS-CoV-2; there- 

ore, this factor may have a role also in SARS-CoV-2 pathogenesis 

nd its modulation may be involved in COVID-19 outcome. 

Baricitinib does decrease the in vitro viral-specific response in 

atients with a high lymphocytes count and with mild/moderate 

OVID-19 and also in the severe and critical cases tested, al- 

hough in these last the difference did not reach statistical sig- 

ificance. These data are in line with clinical studies in which 

aricitinib showed a good clinical efficacy in patients with mild- 

oderate disease. 11 , 12 Moreover, baricitinib in vitro decreases the 

FN- γ levels in response to SEB superantigen. Altogether, these in 

itro results underline that baricitinib acts when a massive cy- 

okine release takes place suggesting that clinically, this drug may 

e useful prior the manifestation of an exacerbated immune re- 

ponse. Consistently, baricitinib-treated COVID-19 patients have de- 

reased pro-inflammatory cytokines (IL-6, TNF- α and IL-1 β) com- 

ared to baseline levels. 12 , 36 , 37 Moreover, the overtime evaluation 

f the whole-blood SARS-CoV-2-specific response may be useful 

or monitoring both, the biological effects of the drug clinically 

dministered to patients and for disease outcome, as reported in 

ther viral diseases as Cytomegalovirus (CMV). Indeed, this whole- 

lood assay has been already exploited to monitor congenital 

MV. 38 

Cytokine responses after MPs stimulations were randomly 

ound in “NO COVID-19 ′′ patients as previous reported 

15 , 16 , 18 , 20 , 39 

nd baricitinib decreased the spike-specific response found mainly 

nly in the 3 subjects in whom IFN- γ response was above the cut- 
20 
ff values. 

64 
In addition to the important results of the ACTT-2 study, 13 clin- 

cal administration of baricitinib was shown in smaller studies to 

mprove the clinical conditions in moderate pneumonia of COVID- 

9 patients after 14 days of oral therapy and reducing ICU transfer 

nd death. The clinical findings associated to a reduction of cy- 

okines levels in plasmas as IL-6 12 and other immune factors as 

-reactive proteins 12 , 40 and of viral load as measured by decreased 

umber of positive score to nasopharyngeal swabs. All these data 

ndicated that this drugs had both anti-inflammatory and antivi- 

al effects. In patients with rheumatoid arthritis, baricitinib ther- 

py has been associated with a higher risk of venous thromboem- 

olism. However in the ACTT-2, this adverse event was similar 

n the combination group and the control group and the differ- 

nce was not significant. The absence of thromboembolism risk has 

een likely due to the prophylaxis with low-weight molecular hep- 

rin and to the fact that the baricitinib treatment was provided 

nly for 2 weeks. 

It is important to note that in other infectious diseases, i.e. tu- 

erculosis, a decreased T-cell specific response, in this case to M. 

uberculosis antigens, has been associated to cure. 26–30 However, 

or the cure of the viral infection, evidence indicates that the cel- 

ular response, mainly Th1-mediated, remains essential. 41 

imitations of the study 

The limitations of this study include the small size of the sam- 

les evaluated and the lack of a prior sample size calculation. How- 

ver, this is the first study analysing the effect of the baricitinib on 

he modulation of a specific response to SARS-CoV-2 in an easy- 

o-use system as whole-blood platform and deeply analysing this 

ffect on a broad range of immune factors. The results obtained 

re robust because confirmed across the different COVID-19 stages 

nd using several immune parameters beside IFN- γ . Another limit 

s the lack of the evaluation of the effect of clinically administered 

aricitinib on SARS-CoV-2-specific response in COVID-19 patients 

lthough it has been shown that baricitinib clinically administered 

ecreases the pro-inflammatory plasma cytokines and increases 

he circulating number of B- and T-cells, in particular CD4 T-cells 

nd within them, the effector memory cell subset. 40 No overtime 

valuation of the viral-specific-T cell response has been done yet. 

In conclusion, we demonstrated for the first time to our knowl- 

dge that baricitinib down modulates the SARS-CoV-2-specific re- 

ponse in a whole-blood experimental assay. These results provide 

nsights on the mechanisms potentially involved for the beneficial 

ffects of baricitinib for COVID-19 treatment. 
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