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Hyperinflammation is associated with increased mortality in
coronavirus disease 2019 (COVID-19). In this retrospective,
uncontrolled patient cohort with moderate -severe COVID-
19, treatment with baricitinib plus hydroxychloroquine was
associated with recovery in 11 of 15 patients. Baricitinib for
the treatment of COVID-19 should be further investigated in
randomized, controlled clinical trials.
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Coronavirus disease 2019 (COVID-19), caused by severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2), has led to
more than 8 million confirmed infections worldwide, with an
estimated global mortality of 5.6% as of 17 June 2020 [1]. Virus-
driven hyperinflammation and cytokine storm syndrome are
important features of severe COVID-19 [2]. A multicenter, ret-
rospective study of 150 patients with severe COVID-19 showed
a strong association between elevated ferritin and interleukin
(IL)-6 levels and adverse clinical outcomes [3]. Recognizing and
treating cytokine storm may present a viable approach to reducing
the mortality from COVID-19. The Janus kinase (JAK) 1/2 inhib-
itor, baricitinib, is an attractive candidate due to its properties as
a potent anti-inflammatory agent and its hypothesized off-target
antiviral effects against SARS-CoV-2 [4, 5]. In this brief report of
15 patients, we present the clinical use of baricitinib for the treat-
ment of patients with moderate to severe COVID-19.
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METHODS

This study was conducted at the Atlanta Veterans Affairs
Medical Center (VAMC) with approvals from the Emory
University Institutional Review Board and Atlanta VAMC
Office of Research and Development. Data were abstracted
from electronic health records between 1 March 2020 and
18 April 2020.

Patients had laboratory-confirmed COVID-19, diagnosed
by quantitative reverse-transcriptase polymerase chain reac-
tion testing of oropharyngeal, nasopharyngeal, or tracheal as-
pirate samples. The patients were treated at the discretion of
the medical team with a combination of hydroxychloroquine
and baricitinib if they fulfilled at least 1 of the following cri-
teria: evidence of pneumonia on lung imaging and requiring
supplemental oxygen on admission or development of a new
oxygen requirement during the course of their hospitalization;
moderate disease requiring hospitalization (eg, severe diarrhea
requiring volume resuscitation, encephalopathy, evidence of
end-organ damage); elevated or rising inflammatory markers
during hospitalization. Statistical analyses were performed
using GraphPad and R software.

DISEASE CLASSIFICATION AND OUTCOMES

Moderate COVID-19 patients met any of the following criteria:
fever, confusion, severe diarrhea, dyspnea, evidence of pneu-
monia on lung imaging, or requiring hospitalization for on-
going medical care but not intensive care unit (ICU)-level care.
Severe COVID-19 patients met any of the following criteria:
respiratory rate >30 times/min, oxygen saturation by pulse ox-
imetry <93% at rest, or ratio of partial pressure of oxygen to
fraction of inspired oxygen <300 mm Hg. Critical COVID-19
patients required high-flow oxygen therapy or invasive me-
chanical ventilation for any length of time during the course
of their hospitalization. Patient outcomes were classified into
1 of the following 3 mutually exclusive categories: (1) recovered,
further defined as: (a) hospitalized, not requiring supplemental
oxygen, and no longer requiring ongoing medical care; (b) dis-
charged, limitation on activities, and/or requiring home oxygen;
or (c) discharged, no limitations on activities; (2) not recovered,
further defined as hospitalized, requiring supplemental oxygen,
and intensive care unit (ICU) level care; or (3) died.

RESULTS

The demographic characteristics, comorbidities, pre-
senting symptoms, and clinical courses of patients in this
cohort are summarized in Supplements 1 and 2. Patients re-

ceived 2-4 mg of baricitinib daily and hydroxychloroquine
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200-400 mg once daily orally by mouth or via nasogastric
tube. Patients with underlying kidney disease and a glomer-
ular filtration rate of 30-60 mL/min/m” received a reduced
dosage of 2 mg baricitinib daily. A summary of treatments,
complications, and outcomes for all patients is provided
in Supplement 3. Nine of 15 (60%) patients required ICU-
level care, with 4 (26.7%) requiring 6-20 days of mechanical

ventilation. Baseline inflammatory markers (including
C-reactive protein [CRP], IL-6, and erythrocyte sedimen-
tation rate [ESR]) were elevated for all patients. Following
initiation of baricitinib, 13 of 15 (86.7%) patients had a
significant reduction in body temperature and CRP levels
over the course of treatment (Figure 1 and Supplement 4).
Clinical improvement in oxygen requirements, presenting
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Figure 1. Body temperature, C-reactive protein (CRP), ESR, IL-6, and survival of patients with moderate to severe coronavirus disease 2019 treated with baricitinib. A,
Highest recorded body temperature on day 1 of treatment with baricitinib (red dots) compared with day 5 of therapy (blue dots); temperature significantly decreased (P<.0001)
and normalized for 13/15 patients. B, CRP levels before, during, and after baricitinib treatment. Levels were significantly lower post-treatment compared with pretreatment
(P<.01). C, ESR levels before and after baricitinib treatment. D, Pretreatment IL-6 levels for all patients in the cohort. £, Kaplan-Meier curve showing time to recovery after
baricitinib initiation with death right-censored. Abbreviations: ESR, erythrocyte sedimentation rate; IL, interleukin; ns, not significant; Pt, patient.* p< .05, ***p < .0005.
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symptoms (cough, diarrhea, confusion, shortness of
breath), and recovery were observed in 12 of 15 treated
patients, representing 80% survival at the end of the study
period (Supplement 3). Three patients died: 1 patient with
underlying dementia and normal pressure hydroceph-
alus developed severe hypoxic respiratory failure but had
a do-not-resuscitate (DNR)/do-not-intubate (DNI) ad-
vance directive; 1 patient with underlying lymphoma,
developed candidemia, progressed to severe hypoxic res-
piratory failure, and requested a DNI/DNR advance di-
rective; and 1 patient developed cardiogenic shock 8 days
into his ICU course and had a DNR advance directive in
place. Patient 1 developed rhabdomyolysis temporally as-
sociated with initiation of hydroxychloroquine as well as
a deep venous thrombus (DVT) associated with a periph-
erally inserted central catheter in his left upper extremity
(Supplement 3). Patient 8 developed a pulmonary embolism
during his hospital course for which he received therapeutic
anticoagulation. Patient 13 required mechanical ventilation
associated with barotrauma, pneumomediastinum, and
methicillin-sensitive Staphylococcus aureus pneumonia in
the ICU. All patients received standard DVT prophylaxis
with unfractionated heparin or low-molecular-weight hep-
arin on admission. Those patients who developed throm-
botic complications where treated with therapeutic doses of
intravenous heparin.

DISCUSSION

In this retrospective cohort, 15 patients with moderate to severe
COVID-19weretreated withbaricitiniband hydroxychloroquine.
Twelve of 15 recovered, and 3 died. We observed temporally as-
sociated clinical improvement following initiation of baricitinib
in 11 of the 15 (73.3%) patients. This improvement was char-
acterized by a normalization of body temperature, a decline in
inflammatory markers and oxygen requirements, and recovery.
Two of the 15 (13.3%) developed secondary bacterial or fungal
infections during prolonged ICU stays.

Richardson et al [4] suggested a potential role for baricitinib
in the treatment of COVID-19 based on artificial intelligence
algorithms. They hypothesized that baricitinib, a JAK1/2 in-
hibitor, could directly mitigate the inflammatory response trig-
gered by SARS-CoV-2 infection. In addition, baricitinib was
[4] identified as a numb-associated kinase inhibitor with high
affinity for AP2-associated protein kinase 1 (AAK1). AAKI was
previously described as a crucial regulator of clathrin-mediated
endocytosis of coronavirus and other viruses [5]. In light of this,
baricitinib may have direct antiviral effects by preventing virus
entry into target cells [4, 5]. This mechanism could be comple-
mentary to potential anti-inflammatory benefits in the setting
of the cytokine storm associated with severe COVID-19. Two
case series of 4 and 12 patients have been published on the use

of baricitinib in mild to moderate COVID-19 [6, 7] with find-
ings similar to those from our study. These studies, however, did
not include any patients with severe disease.

An approach using a JAK1/2 inhibitor to treat a viral infec-
tion may appear counterintuitive given the importance of the
JAK-Signal transducer and activator of transcription (STAT)
signaling pathway in mediating the antiviral effects of type
I (alpha and beta) interferons. Interferon therapy for treating
other coronavirus syndromes, that is, middle eastern respira-
tory syndrome (MERS) and severe acute respiratory syndrome
(SARS), yielded inconclusive results on antiviral effects and
clinical benefit [8]. About 80% of patients who contract SARS-
CoV-2 are able to clear the virus and make a full recovery
without additional treatments [9]. However, 20% of patients
progress to moderate to severe disease and require hospitali-
zation; peak viral loads occur approximately 1 week after the
initial onset of symptoms [2]. Disease severity is marked by
hyperinflammation and cytokine storm syndromes with in-
creased levels of type II (gamma), which drives IL-6 expression
through the JAK-STAT pathway [2].

In animal models of SARS and MERS, the initial (type I) in-
terferon response had beneficial effects in the early phases of
disease but may have become damaging in the latter phases
(type IT) [8]. This suggests that the patients most likely to benefit
from treatment with JAK1/2 inhibitors are those with evidence
of disease progression and hyperinflammation characterized
by rising levels of inflammatory markers, progressive pulmo-
nary disease, and overall clinical deterioration. In addition, at
a 2- to 4-mg daily dosage, baricitinib primarily inhibits type II
interferon and less likely type I interferon responses. Baricitinib
is approved by the US Food and Drug Administration for the
treatment of rheumatoid arthritis [10]. Long-term use has been
associated with increased risk for infections and thromboem-
bolic events [11]. These adverse events are less likely to occur
with a limited course of therapy as received by patients in this
cohort. However, it is unclear whether the thrombotic events
noted in 3 of the 15 patients were related to baricitinib therapy,
were general nosocomial complications, or occurred as part of
the pathogenesis of COVID-19 disease.

This study has several limitations. It was a small,
nonrandomized cohort and did not include controls. Thus,
it is unclear if these patients would have improved without
baricitinib treatment. All patients were concomitantly
treated with hydroxychloroquine, which has in vitro an-
tiviral activity against SARS-CoV-2 as well as anti-inflam-
matory properties [12]. As such, it is uncertain whether the
clinical improvements in this cohort can be attributed to the
effects of baricitinib alone, a potentially synergistic response
in combination with the purported antiviral and anti-in-
flammatory effects of hydroxychloroquine, or is consistent
with the natural history of the disease unrelated to either
intervention.
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CONCLUSIONS

In this noncontrolled, retrospective cohort study of 15 pa-
tients with moderate to severe COVID-19, a short course of
baricitinib in combination with hydroxychloroquine was tol-
erated and temporally associated with clinical improvement
in 11 of 15 patients and recovery in 12 of 15 patients. A causal
relationship between clinical improvement and the use of
baricitinib in combination with hydroxychloroquine cannot be
established in this observational study. However, these findings
provide support for conducting a formal evaluation of JAK1/2
inhibitors in randomized, controlled clinical trials for treatment
of COVID-19. The ongoing ACTT-2 trial (ClinicalTrials.gov;
NCT04280705), which is investigating baricitinib in combina-
tion with remdesivir for the treatment of COVID-19, should
provide more clarity on this intervention.

Supplementary Data

Supplementary materials are available at Clinical Infectious Diseases online.
Consisting of data provided by the authors to benefit the reader, the posted
materials are not copyedited and are the sole responsibility of the authors, so
questions or comments should be addressed to the corresponding author.
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