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Abstract Q

The coronavirus disease (COVID-19)%is known to cause hyperferritinemia and hemophagocytic lymphohistiocytosis (HLH). Including this laboratory parameter, clinical
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symptoms similar to COVID-19 have been observed in adult-onset Still’s disease (AOSD), catastrophic antiphospholipid syndrome (CAPS), macrophage activation syndrome
(MAS), and septic shock, which has led to the proposal of a concept called “hyperferritinemic syndromes.” Additionally, high levels©f seme clinical markers in both COVID-19
and AOSD make them difficult to differentiate. While the efficacy of ciclesonide had been expected for mild pneumonia with COVID-19, the efficacy of tocilizumab, which is a
known treatment for AOSD, was not established. Here, we report the first known occurrence of COVID-19, diagnosedsin Marchy2020, preceded by the diagnosis of AOSD, in
April 2019, in a 65-year-old, otherwise healthy man. Following the diagnosis of the latter, the patient was first givén prednisolone and then tocilizumab, which led to remission.
With the recurrence of joint pain and rash in March 2020, accompanied by low oxygen saturation levels (90%), andsground-glass appearance on chest CT, PCR test revealed
COVID-19 infection. Ciclesonide was started on day 7 of the disease onset, which led to improved inflammatery markers by day 21. Thus, we infer that while tocilizumab is
theoretically useful for COVID-19 due to its inhibition of interleukin 6 (IL-6), additional ciclesonide therapy'might be required to prevent worsening of the condition. AOSD and

COVID-19 must, therefore, be differentiated by levels of ferritin which differ between the twg, andappropriate treatment must be allocated.
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Introduction

The novel coronavirus disease (COVID-19) is a viral infection caused by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)”. COVID-19, a disease for which
many cases are subclinical infections, is reportedly spread eved’by asymptomatic carriers [1,2], and it is also difficult to prevent the infection itself [3]. There have been cases that
deteriorate rapidly during the early stages of the disease{[4],4¥hich makes early detection and prevention of progression important for controlling COVID-19.

Approximately 20% of those infected with COVID-19 develop severe conditions, and approximately 3% of them die. Along with age, underlying disease(s) and smoking,
clinical laboratory parameters such as reduced lymphocyte count, high ferritin values, and high C-reactive protein (CRP) levels are known to be factors correlated with the
development of severe COVID-19 infeefions [4-9], but it is unclear whether these can predict the prognosis. Some COVID-19 infections cause hyperferritinemia, and present

with hemophagocytic lymphohistiocytosis (HLH). Including the hyperferritinemia that develops in association with such cases of severe COVID-19 infections, similar clinical



symptoms and laboratory findings have been observed in adult-onset Still’s disease (AOSD), catastrophic antiphospholipid syndrome (CAPS), macrophage activation syndrome
(MAS), and septic shock, which has led to the proposal of a concept called “hyperferritinemic syndromes” [10].

At present, there are very few reports of patients with both COVID-19 and collagen diseases. In particular, there have been no reports of COVID-19 in AOSD cases. AOSD is a
disease characterized by fever, sore throat, rash, and joint pain, and laboratory findings often indicate elevated inflammatory markers and high ferritin levels. It is a type of
hyperferritinemic syndrome in which cytokine storms develop, which activate macrophages, and around 3% of patients present with HLH [11].

Even though the frequencies of COVID-19 and AOSD as parts of hyperferritinemic syndromes differ, comménaliticssuch as fever, sore throat, joint pain, and rash as symptoms
as well as high inflammatory markers in laboratory findings, highly elevated ferritin and interleukin 2 receptom@@-2R), among others, and high levels of their clinical markers
make it difficult to distinguish between the two (Table 1).

Even though some treatments such as dexamethasone [12] have been shown to be effectiveMer treating COVID-19, there is yet to be an established treatment for the infection.
There are many candidates including Remdesivir [13-15], Kaletra [16], and Chloroquing*}l 7], but their therapeutic effects remain unclear.

It has been reported that peripheral blood of severe COVID-19 patients shows decreased cluster of differentiation (CD) 4 and CD8-positive T cells and increased T helper cell 17
(Th17) levels [18]. Some reports indicate that decreasing CD8-positive cells, with age is a risk factor for the development of severe COVID-19 infection [19]. Elevated Th17 as
a response to systemic pathology of severe COVID-19, and enhancement ofiinterleukin (IL) 17-related pathways are known to be significantly involved in the pathology of
COVID-19 [20], but as tocilizumab suppresses Th17 by blocking 1156, it is regarded as a candidate drug for the treatment of COVID-19 [21].

On the other hand, some cases of AOSD reportedly presenty¥ith high IL6 and high tumor necrosis factor (TNF) a levels, and tocilizumab has already been established as a
treatment for this condition [22].

We have previously reported the efficacy of ciclesonide treatments for controlling the development of severe COVID-19 infections [23]. ciclesonide is an inhaled steroid that has
been approved as a treatment for asthma, but it has been shown to exhibit in vitro antiviral effects [24].

On this occasion, we encountered a casefof one AOSD patient who developed COVID-19 while receiving tocilizumab treatment, whose condition improved without becoming

severe after receiving ciclesonide treatment. We are reporting this clinical experience as a useful example for future treatments, having been able to prevent the deterioration of



the COVID-19 infection by controlling the two diseases that are known to exhibit hyperferritinemic syndrome. About this case report, we obtained informed consent from this

patient in writing.

Case presentation

A 65-year-old previously healthy man consulted our hospital after experiencing fever, joint pain, and urticaria-likgfrash in April 2019. Laboratory findings indicated an elevated
white blood cell count of 17,000 /mm’, predominantly neutrophils as well as high CRP level of 8.24 mg/dE. The'patient also had high ferritin levels at 637 ng/mL, and was
negative for rheumatoid factors. We checked negative for blood cultures. We also checked for tuberculosis, Syphilis; HI'V, and hepatitis viruses and confirmed negative. To search
for malignancy, we performed contrast-enhanced CT scan of the whole body, esophagogastroduodenescopy’and total colonoscopy and confirmed that there were no findings of
malignancy. That led him to be diagnosed with AOSD. After starting treatment with prednisolene (RSL) 60 mg, the symptoms improved rapidly. As reducing the PSL dose led to
recurrence of the symptoms, he began receiving tocilizumab (8 mg/kg every 4 weeks) from Ogtober 2019. The patient’s condition went into remission after these treatments, as
indicated by normalization of symptoms, inflammatory responses, and ferritin levels. "By February 2020, the patient’s PSL dose could be reduced to 9 mg. Due to the
reappearance of fever and joint pain from March 17th, the patient visited otighospital again for examination. The last dose of tocilizumab was given on March 8th, 9 days before.
CRP was consistently below the sensitivity of measurement. We noted, thie patient’s reduced blood oxygenation levels based on an oxygen saturation of approximately 90% in
room air, and chest computed tomography scans(CT) revealed ground glass opacity in both lungs (Figure 1). PCR tests revealed that the patient was positive for SARS-CoV-2,
and he was subsequently diagnosed with COVID-19 infection! As the patient’s lymphocyte count was low, at 765/mm?, and the ferritin levels had increased to 960 ng/mL, we
anticipated that his condition could become severegHenge, we'started the patient on ciclesonide treatment from Day 7 of disease onset. Although the patient’s oxygenation levels
deteriorated to O, cannula max. SL/min., thisimproved afterwards to the point that the patient no longer required oxygen administration on Day 9. By Day 21 of disease onset,

the lymphocyte count and ferritin levels had improved to 1,330/mm’ and 388 ng/mL, respectively. Lemdesivir was not administered throughout the treatment period.

Discussion



In this case, an AOSD patient developed COVID-19 while receiving tocilizumab treatment, and his condition improved after receiving ciclesonide treatment.

The major severe pathologies of COVID-19 include HLH associated with cytokine storm, respiratory failure, and pulmonary embolismyassociated with thrombotic tendencies.
The pathology of HLH associated with COVID-19 is known to be very severe, often involving inflammatory responses as well ashigh ferritin and IL-2R levels [25]. On the other
hand, AOSD is a disease accompanied by fever, pharyngeal pain, joint pain, and sometimes lung lesions and blood cellgdepletionyagainst the background of cytokine storms of
unknown cause, and involves cytokines such as IL-6, IL-8, IL-18, TNFa, interferon (INF) y, IL-2R, and macrophdge-colony stimulating factor [26]. These reports suggest that
COVID-19 and AOSD share common pathologies of cytokine storms and hyperferritinemia. Both diseas€s, as_pasts”of hyperferritinemic syndromes, present with elevated
ferritin levels, but some reports indicate that 99/165 (60.0%) cases with AOSD have ferritin levels greatefythans3,000 ng/mL [11], while others indicate that a cut-off level of
1,250 ng/mL provides higher sensitivity and specificity [27]. Conversely, reports indicate that the mean ferfitin levels in COVID-19 cases is 662.4 ng/mL (interquartile range:
380.9 to 1,311.9 ng/mL) [28], which suggests that AOSD and COVID-19 differ in terms ofithe inctease in ferritin levels.

Other reports indicate that the significant reduction in CD4+ T cells, CD8+ T cells, CD3,gells;,CD19 cells, and natural killer (NK) cells as well as elevated ferritin, IL-2R, IL-4,
IL-6, IL-8, IL-10, TNFa, and INFy are factors related to the development of severe GOVID-19 infection [29]. In the present case as well, we noted elevated ferritin, CRP, and
IL-2R levels, indicating hyperferritinemia due to COVID-19 or AOSD. If We take into consideration the fact that the patient’s maximum ferritin level was 960 ng/mL and below
the cut-off of 1,250 ng/mL, absence of rash, which has a low prevalence, il COYID-19 but is frequently observed in AOSD, and improvement of conditions following ciclesonide
treatment, it is likely that the hyperferritinemia exhibited by the present patient was due to COVID-19.

It has been reported that reduced CD4+ and CD8+ T cells anddncreased Th17 is seen in the peripheral blood of patients with severe COVID-19 infections [18], and that elevated
Th17 response to the systemic pathology of severe,COVIDAY9 and upregulation of IL-17-related pathways are significantly involved in the pathology of the disease [20]. As
tocilizumab inhibits 1L-6, which is necessary, fog, the differentiation of immature helper T cells into Th17, this drug may contribute to stopping the infection from becoming
severe.

Unfortunately, we have not performediblood cell isolation on this patient and have not been able to determine the character of the lymphocytes in the blood. However, with the

administration of TCZ, AOSD has remained in remission, with no flare-ups of arthritis or skin rash, and CRP has always been below the sensitivity of the measurement, even



during the infection with COVID-19 since the last dose of TCZ.
We infer from the clinical symptoms that the cytokines involved in AOSD, especially IL-6, were well controlled. As the present pati@een receiving tocilizumab treatment

for AOSD, it may have led to halting the cytokine storm associated with COVID-19, thereby preventing the infection from KQ(; severe.

The present patient, who could be treated without the COVID-19 infection becoming severe, had been receiving anfi-cyto treatments using tocilizumab. It is unclear whether
AOSD treatments using tocilizumab had an impact or ciclesonide treatment after COVID-19 onset was succ rmore, while cytokine markers such as IL-2R, CRP, and

ferritin were elevated, we did not measure the actual levels of cytokines.

In order to prevent a patient with COVID-19 and AOSD, which are part of the hyperferritinemic syndromes, from developing severe symptoms, it is necessary to diagnose and
distinguish between the two from the early stages and start treatment early. Furthermor ieve that controlling hyperferritinemic syndrome, which is a severe pathology of

COVID-19, is one of the keys to reducing the mortality rate of COVID-19.

Figure Legend

Chest CT on Day 4 spotted multiple ground glass opacity in lungs.

Table 1
N/A: not applicable QQ

We thank all medical staff who treated COVID-19 with us.
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Table 1

Country Fever Arthralgia Arthriti Myalgia rash Sore Lymph-aden Pericarditis Pleuritis Interstitial  Reference
s throat opathy pneumonia
n n n n n n n n n n
(%) (%) (%) (%) (%) (%) (%) (%) (%) (%)
AOSD Jspan 152/166  138/166 77/152 42/162 (25.9%) 102/164  96/162 72/161  5/161 (3.1%) 6/161 (3.7%) 4/161 (2.5%) (12)
(91.6%) (83.1%) (50.7% (62.2%)  (59.3%) (44.7%)
)
COVID-19 Japan 118/187 N/A 12/187 (6.4%) N/A 32/187 N/A N/A N/A N/A (33)
(63.1%) (17.1%)
China 975/1099 164/1099 2/1099 153/1099 N/A N/A N/A N/A (34)
(88.7%) (14.9%) (0.2%) (13.9%)
China 237/4081 17/561 182/4181  2650/4624 (35)

(5.81%) (3.03%) (4.35%) (57.31%)



