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Abstract:

With expansion of the COVID-19 pandemic, reports of post-COVID-19 interstitial lung disease (ILD) have
been emerging. However, there are few reports regarding treatment. Some reports indicate that corticosteroids
are effective for post-COVID-19 ILD, but the use of long-term corticosteroid carries risks of side effects. We
administered tacrolimus to an elderly patient with post-COVID-19 ILD who suffered a respiratory failure re-
lapse during steroid tapering. The respiratory status improved with tacrolimus in the post-acute phase, but
pulmonary fibrosis progressed in the late phase. Tacrolimus may be effective for treating post-COVID-19 ILD

in the post-acute phase, but it does not halt progression of pulmonary fibrosis.
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Introduction

Coronavirus disease 2019 (COVID-19), caused by Severe
Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV2),
has led to morbidity and mortality at an unprecedented scale
globally. Furthermore, there are an increasing number of re-
ports of persistent and prolonged effects after acute COVID-
19. Nalbandian et al. defined these symptoms as “post-acute
COVID-19 syndrome”, characterized by symptoms and/or
complications developing more than four weeks after the on-
set of COVID-19 (1).

Post-acute COVID-19 manifests multi-organ abnormali-
ties, including respiratory dysfunction (1). A study from
China showed that 6 months after the disease onset, ap-
proximately 50% of COVID-19 patients had at least 1 ab-
normality on chest CT, the most common of which was
ground-glass opacity (GGO) (2). Another study from the US
reported that approximately 7% (59 out of 837) of COVID-
19 patients initially screened by telephone and followed by
chest CT imaging showed persistent post-COVID interstitial
changes on chest CT 6 weeks after the onset (3). The major-
ity (59%) had an organizing pneumonia (OP) pattern, with

the remainder exhibiting symptoms indicating post-COVID-
19 interstitial lung disease (ILD) (3). While there is growing
evidence of post-COVID-19 ILDs, few reports concern their
treatment.

We herein report a case of post-COVID-19 ILD that was
treated with tacrolimus along with corticosteroids in the
post-acute phase.

Case Report

A 72-year-old man with a medical history of hypertension
presented to the outpatient clinic. His main complaints in-
cluded chills, throat pain, and dysgeusia for 11 days prior to
his visit as well as a fever commencing on the day of his
visit. He had a 52 pack-year smoking history. He had no ob-
vious history of interstitial lung diseases. His blood pressure
was 163/95 mmHg, pulse 126/min, respiratory rate of 18/
min with an O, saturation of 94% on a nasal cannula at 3 L/
min. On a laboratory investigation, he had elevated lactate
dehydrogenase (480 U/L) and C-reactive protein (CRP)
(20.88 mg/dL) levels. Chest X-ray showed opacities in the
bilateral lower lung fields (Fig. 1). Initial chest CT showed
diffuse GGO in both lungs and emphysematous changes in
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Day 1

Figure 1.

Day 18

Chest X-ray images of the patient. Chest X-ray showed infiltrations in the bilateral lower

Day 91

lung fields at admission (day 1). Bilateral infiltration had progressed by day 18. By day 91, the find-
ings had mostly improved, but reticular shadows remained with a loss of lung volume.

Figure 2. Chest CT images of the patient. (A) Segmental ground-glass opacities (GGOs) were found
in the lungs bilaterally on admission. (B) Emerging consolidations and worsening GGOs with some
traction bronchiectasis were found on day 18. (C) Consolidations had mostly improved by day 91 at
the outpatient clinic, but reticular shadows, worsening traction bronchiectasis, and volume loss were
noted.

the background (Fig. 2A). Given his positive polymerase
chain reaction (PCR) test for SARS-CoV2, he was diag-
nosed with COVID-19 and admitted to our department.
Although dexamethasone (6 mg/day) and remdesivir (in-
itial dose of 200 mg/day, followed by 100 mg/day) were in-
itiated, hypoxemia progressed with an oxygen mask at 5 L/

min. The day after admission, methylprednisolone (mPSL)
was initiated at 125 mg/day for 3 days, followed by 60 mg/
day. On day 8, after steroid dose reduction, respiratory fail-
ure began to progress. A second CT scan of the chest
showed progressive, non-segmental GGOs in the bilateral
upper lung lobes. Based on these results, a pulsed dose of
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Figure 3. Clinical course of the patient. The patient was treated with dexamethasone (6 mg/day)

and remdesivir, followed by methylprednisolone (mPSL) 125 mg/day. On day 8, a pulsed dose of

mPSL (1,000 mg/day) was started, since respiratory failure had progressed. On day 20, tacrolimus

treatment was started. Doses of prednisolone (PSL) were tapered after starting tacrolimus. On day

78, the patient was discharged with 15 mg/day of PSL and 4 mg/day of tacrolimus with home oxygen

therapy on exertion.

mPSL (1,000 mg/day) was started and tapered every 3 days.
Thereafter, the hypoxemia tended to improve (Fig. 3).

On day 18, progressive hypoxemia (on mask at 5 L/min)
was observed again when mPSL was reduced to 60 mg/day.
Repeated PCR for SARS-CoV2 was negative. A third
contrast-enhanced CT scan showed worsening consolidation,
GGOs, and traction bronchiectasis, suggesting progressive
ILD (Fig. 2B). There was no massive pulmonary throm-
boembolism. At this point, sputum culture, Aspergillus anti-
gen test, antinuclear antibody, anti-neutrophil cytoplasmic
antibody, and rheumatoid factor were all negative. Krebs
von den Lungen-6 (KL-6) was elevated to 1,472 U/mL (nor-
mal <500 U/mL). Therefore, the mPSL dose was again in-
creased to 125 mg/day, as 60 mg had proven insufficient to
control disease progression.

On day 20, tacrolimus treatment was started, since addi-
tional treatment was required to reduce the high dose of cor-
ticosteroids for the progressive ILD after COVID-19 pneu-
monia. Low-molecular-weight heparin (initial dose of 9,600
U/day, followed by 12,000 U/day) was also added for 7
days, considering the thrombotic microangiopathy in pulmo-
nary microvessels, based on the patient’s high levels of D-
dimer (12.0 pg/mL). On day 56, his respiratory condition
had further improved, and oxygen supplementation was re-
moved at rest. Doses of prednisolone (PSL) were further ta-
pered after starting tacrolimus. Chest X-ray showed im-
proved pulmonary infiltration in general, but GGOs were
present in the left upper lung field (Fig. 1). On day 78, he

was discharged with 15 mg/day of PSL and 4 mg/day of
tacrolimus with home oxygen therapy on exertion. His respi-
ratory status was stable at the outpatient clinic after dis-
charge on day 91. However, follow-up CT showed that lung
fibrosis had progressed in some areas (Fig. 2C).

Discussion

After viral entry, the initial inflammatory response attracts
virus-specific T cells to the infection site and then elimi-
nates infected cells before the virus spreads, leading to re-
covery in most people (4). In patients who develop severe
disease, SARS-CoV?2 infection elicits an aberrant host im-
mune response characterized by the overproduction of in-
flammatory cytokines that accumulate in the lungs (4, 5).
This hyperinflammation may persist in some patients, fur-
ther inducing interleukin-6 (IL-6) and transforming growth
factor (TGF)-3 (6), which have been implicated in the de-
velopment of pulmonary fibrosis. Immunosuppressive ther-
apy is therefore reasonable for hyperinflammatory condi-
tions in persistent COVID-19 (7). Indeed, several reports
have shown that corticosteroids are effective for post-
COVID-19 ILD (3, 8).

In the present case, a pulsed dose of steroids was admin-
istered for respiratory failure. A triple-blind, randomized
trial revealed that treatment with mPSL (2 mg/kg/day) re-
duced the hospital period and mechanical ventilation re-
quirement compared to treatment with 6 mg/day of dex-
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amethasone in cases with hypoxic COVID-19 pneumo-
nia (9). This outcome suggests that the use of high-dose
mPSL may be more effective than the standard treatment of
6 mg dexamethasone. However, whether or not the pulsed
dose was necessary, considering the side effects, needs to be
discussed.

In the present case, the therapeutic effect was achieved
with steroid administration, but the condition flared up dur-
ing steroid tapering, suggesting the need for additional im-
munosuppression. We were also concerned about side effects
associated with long-term steroid activity. In fact, the patient
developed severe mediastinal emphysema during the course
of the disease, which was thought to be a side effect of ster-
oids. Tacrolimus was then administered in the hope of en-
hancing steroid efficacy. By confirming the efficacy of
tacrolimus by oxygenation level, serum LDH levels, and in-
filtration areas on chest X-ray, we were able to reduce the
steroid dose.

Tacrolimus is an immunosuppressive agent that acts via
calcineurin inhibition, mainly on T cells. It has been used
successfully as an immunosuppressant after allogeneic organ
transplants to prevent organ rejection (10, 11). It has some-
times been used in Japan in concert with corticosteroids for
acute exacerbation of ILDs, including idiopathic pulmonary
fibrosis (IPF) (12). Given the insufficiency of corticosteroid
therapy in the present case, we decided to use tacrolimus.
Recently, baricitinib treatment along with remdesivir proved
effective in reducing recovery time and accelerating im-
provement of patients with COVID-19, notably those with
severe respiratory failure (13).

Baricitinib, an oral, selective inhibitor of Janus kinases 1
and 2, inhibits the cytokine intracellular signaling pathway
that is elevated in severe COVID-19, involving IL-2, IL-6,
IL-10, IFN-y, and granulocyte-macrophage colony-
stimulating factor. Artificial intelligence algorithms selected
baricitinib as a potential therapeutic for COVID-19 (13).
The present findings support the hypothesis that persistent
hyper-inflammation may contribute to the pathogenesis of
post-COVID-19 ILDs. Based on clinical trials, baricitinib
has been approved as a treatment for severe COVID-19 in
the US and Japan. Baricitninb would have been considered
as a treatment in the present patient, but baricitinib had not
yet been approved for treating COVID-19 pneumonia at the
time of the diagnosis in this case. Recently, the combination
of baricitinib and steroids was reported to be more effective
than steroids alone in treating COVID-19 pneumonia (14).
Based on these results, we are treating patients with severe
COVID-19 pneumonia with a combination of dexametha-
sone 6 mg or mPSL 2 mg/kg/day, baricitinib, and remdesivir
instead of steroid pulse therapy.

A subsequent CT scan performed at the outpatient clinic
after discharge showed progression of lung fibrosis in some
areas, indicating the efficacy of tacrolimus at the sub-acute
stage; however, it was unable to inhibit the progression of
fibrosis. As discussed in several papers, anti-fibrotic agents,
such as pirfenidone or nintedanib, may be a treatment op-

tion for post-COVID-19 pulmonary fibrosis (15). As ninte-
danib has been recently approved for the treatment of pro-
gressive fibrosing-ILD (PF-ILD) in the US, Canada, and Ja-
pan, we plan to initiate nintedanib for this patient. The ac-
tual efficacy and safety are now being evaluated in a clinical
trial (NCT04541680).

In summary, this case demonstrates that immunosuppres-
sive agents, such as tacrolimus with corticosteroids, may be
effective for post-acute COVID-19 ILDs but are not suffi-
cient to halt the progression of pulmonary fibrosis. Further
studies are warranted to improve available treatments for
post-acute COVID-19 ILDs.

Written informed consent was obtained from the patient.
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