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Case report 
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A B S T R A C T   

We report a case of clinically diagnosed secondary organizing pneumonia (SOP) associated with coronavirus 
disease 2019 (COVID-19). A 70-year-old woman who had been diagnosed with COVID-19 was admitted to 
Hokkaido University Hospital. Although her fever, cough, dyspnea, and serum C-reactive protein levels 
improved, she developed rapidly progressive respiratory failure and computed tomography revealed the 
development of bilateral lung consolidation. Her dyspnea was relieved, and her oxygenation levels and radio
logical findings improved after commencing corticosteroid treatment. Blood biomarkers for interstitial lung 
disease, Krebs von den Lungen-6 (KL-6) and surfactant protein D (SP-D), showed different responses during the 
clinical course of her disease. Evaluation of serial changes in levels of KL-6 and SP-D may help diagnose and 
monitor COVID-19-associated organizing pneumonia (OP). Clinicians should be aware that SOP can develop in 
response to COVID-19 and that these patients may benefit from the use of steroids.   

1. Introduction 

Organizing pneumonia (OP) is a pulmonary inflammatory condition 
that occurs in certain clinical settings and may be associated with con
nective tissue disorders, infectious diseases, or organ transplantations, 
or it could be drug-related [1]. The clinical and radiographic findings, 
treatment response, and prognosis in patients with both cryptogenic OP 
and secondary OP (SOP) are similar and nonspecific [2]. Cytomegalo
virus, influenza virus, parainfluenza virus, human immunodeficiency 
virus and herpesvirus infections have been reported to cause SOP [1]. 
There have been no reports of SOP triggered by severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2) infection. The primary computed 
tomography (CT) finding in early-stage coronavirus disease 2019 
(COVID-19) is ground-glass opacities (GGOs) in the lungs, that may 
change to consolidations in approximately 9 days [3], making it chal
lenging to differentiate COVID-19 pneumonia from SOP based on the 
imaging findings alone. 

Here we report a case of COVID-19-associated SOP in which 

corticosteroid treatment was effective at relieving the dyspnea and 
improving oxygenation. Among the blood biomarkers for interstitial 
lung disease, Krebs von den Lungen-6 (KL-6) and surfactant protein D 
(SP-D) were assessed, which have been widely used in clinical practice 
[4]. Assessment of serial changes in serum biomarkers, including KL-6 
and SP-D, is useful in the diagnosis of SOP. 

2. Case report 

A 70-year-old woman, who had been diagnosed with COVID-19 by 
polymerase chain reaction (PCR) testing of nasopharyngeal swab sam
ples for SARS-CoV-2, was admitted to Hokkaido University Hospital for 
further treatment. She had never smoked and had an unremarkable 
medical history. She presented with a one-week history of cough, dys
pnea, loss of appetite, and a high fever. On admission, her body tem
perature was 37.9 ◦C, blood pressure was 136/67 mmHg, heart rate was 
88 beats/min, respiratory rate was 29 breaths/min, and her percuta
neous oxygen saturation (SpO2) was 95% while breathing 5 L/min of 

Abbreviations: COVID-19, coronavirus disease 2019; KL-6, Krebs von den Lungen 6; OP, organizing pneumonia; SARS-CoV-2, severe acute respiratory syndrome 
coronavirus 2; SOP, secondary organizing pneumonia; SP, surfactant protein. 
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oxygen with an oxygen mask. The laboratory findings included elevated 
levels of serum C-reactive protein, lactate dehydrogenase, and ferritin; 
normal levels of procalcitonin, D-dimer, KL-6, and SP-D; and reduced 
levels of eosinophils and lymphocytes (Table 1). CT imaging revealed 
bilateral GGOs with superimposed intralobular reticulations in a crazy- 
paving pattern in both lung fields (Fig. 1A). There were no findings 
suggesting pulmonary embolism, purulent sputum or infiltrative 

shadows, and no findings suggesting bacterial infection. Therefore, no 
antibiotics were administered, and no blood or sputum culture was 
performed. Additionally, the patient had no lower leg edema or any 
signs of congestive heart failure. Based on these findings, we 
commenced treatment with favipiravir (1600 mg/day), ciclesonide 
(1200 μg/day), and nafamostat (300 mg/day), as a for SARS-CoV-2 
infection. 

Table 1 
Clinical laboratory results.  

Measure Reference Range On admission Hospital day 10 Hospital day 15 Hospital day 36 

Hemoglobin (g/dL) 11.6–14.8 12.4 13.3 12.5 13.8 
White cells (/μL) 3300–8600 9500 13900 11300 10400 
Differential count      
Neutrophils (/μL)  8683 12288 9481 8445 
Lymphocytes (/μL)  580 1029 915 1466 
Monocytes (/μL)  219 445 655 447 
Eosinophils (/μL)  10 125 226 31 
Platelets ( × 1000/μL) 158–348 168 378 274 160 
Prothrombin time (s) 10.2–12.6 12.3 13.1 11.8 NA 
Prothrombin-time international normalized ration 0.85–1.25 1.03 1.1 0.98 NA 
Activated partial-thromboplastin time (s) 26.2–41.5 30.8 30.7 27.3 NA 
Na (mEq/L) 138–145 140 136 141 142 
K (mEq/L) 3.6–4.8 2.8 4.7 3.9 3.6 
Cl (mEq/L) 101–108 101 101 102 105 
Urea nitrogen (mg/dL) 8–20 9 19 14 16 
Creatinine (mg/dL) 0.46–0.79 0.52 0.63 0.56 0.6 
D-dimer (μg/mL) <1.00 0.36 2.3 1.1 NA 
Ferritin (ng/mL) 5–179 283 401 440 NA 
Lactate dehydrogenase (U/L) 124–222 366 307 215 180 
C-reactive protein (mg/dL) 0.00–0.14 15.8 2.9 0.5 0.02 
Creatine kinase (U/L) 41–153 61 14 17 12 
KL-6 (U/mL) 105.3–401.2 162 354 337 259 
SP-D (ng/mL) 0.0–109.9 21.2 146.7 99.7 15.6 
SP-A (ng/mL) 0.0–43.7 NA 65.5 44.1 20.5 
Procarcitonine (ng/mL) <0.50 0.09 0.02 NA NA 

NA:not available. 

Fig. 1. Transition of therapeutic agents and interstitial lung disease markers and CT images. 
Linear line indicates the upper limit of normal for KL-6 and linear dotted line indicates it for SP-D. Each CT image shows the following, A: On admission, B: Hospital 
day 10, C: Hospital day 17, D: Hospital day 32. Bar graphs represent oxygen doses (L/min). SARS-CoV-2 PCR was performed at Hospital day 18 and 19. 
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The patient’s fever, cough, dyspnea, and serum C-reactive protein 
levels improved after starting the treatment, and on Day 8 of hospital
ization, her SpO2 was 95% while breathing 2 L/min of oxygen with a 
nasal cannula. However, on Day 10, she developed rapidly progressive 
respiratory failure, and her SpO2 dropped to 94% while breathing 10 L/ 
min oxygen using a reservoir mask. CT imaging revealed that the 
bilateral GGOs observed earlier had progressed to lung consolidation, 
and there were no new GGOs (Fig. 1B). Furthermore, her serum SP-D 
level was higher than the level on admission. Clinically, COVID-19- 
associated SOP was suspected, and systemic corticosteroid therapy 
(prednisolone 1 mg/kg/day) was initiated. Three days after starting 
corticosteroid therapy (day 13), her oxygenation level improved 
dramatically, and SpO2 was 94% while breathing 1 L/min oxygen with a 
nasal cannula. CT imaging performed on day 7 after starting cortico
steroid therapy (day 17) revealed less intense lung lesions than previous 
evaluated (Fig. 1C). Her serum levels of SP-D and surfactant protein A 
(SP-A) had also decreased to within the normal range. On day 18 and 19 
after hopitalization, a PCR test of a nasopharyngeal swab sample was 
negative for SARS-CoV-2. Serial changes in serum biomarkers evaluated 
throughout her hospital stay are shown in Table 1 and Fig. 1. Prednis
olone was tapered down to 30 mg, and she was discharged day 38 after 
admission. After discharge, prednisolone was tapered down to 20 mg for 
20 days, 10 mg for 14 days and 5 mg for 14 days, and discontinued 
thereafter. In subsequent follow-up visits, no increase in KL-6 or SP-D, 
and no shadows exacerbations were observed. 

3. Discussion 

To the best of our knowledge, this is the first report to document 
serial changes in radiologic findings and laboratory biomarkers in a 
patient with COVID-19-associated SOP. The patient showed clinical 
improvement on commencing treatment with favipiravir, ciclesonide, 
and nafamostat for SARS-CoV-2 infection, but subsequently developed 
rapidly progressive hypoxemia and required a high dose of oxygen. 
There were no signs of a secondary bacterial infection or pulmonary 
embolism or heart failure, and her general condition was good relative 
to her oxygen demand. She improved clinically soon after starting ste
roid treatment. 

Chest CT performed on day 7 of hospitalization revealed a notable 
reduction in lung volume and increased intensity of the diffuse bilateral 
GGOs, observed on admission, but no new GGOs in other lung fields; 
consistent with previous reports of serial CT findings in COVID-19 pa
tients [3]. Lung tissue biopsy is necessary for accurate diagnosis of OP, 
but bronchoscopy is a high-risk procedure associated with a high level of 
aerosol generation and is challenging to perform in COVID-19 patients. 
Although we did not obtain definitive pathological confirmation in this 
case, we based our diagnosis of SOP on the clinical observations 
(bimodal clinical course of the apparent re-exacerbation of oxygen de
mand once improved, which is atypical for COVID-19 alone), elevated 
SP-D levels, radiological findings, and the effectiveness of systemic 
corticosteroids in promoting clinical and radiographic resolution. There 
was no discrepancy with the clinical and radiographic findings of SOP 
presented in previous reports [2]. 

Dexamethasone and other steroids have been reported to be effective 
for the treatment of COVID-19 [5,6], but it is not known which cases 
benefit the most. Although it was difficult to distinguish SOP from the 
natural history of COVID-19 in this patient, her initial improvement 
followed by worsening of her clinical condition, was atypical of the 
usual course of COVID-19. Steroid therapy is known to worsen the 
prognosis in influenza virus pneumonia [7], but the cause of the variable 
therapeutic response in different types of viral infection is unknown. 
Future cases demonstrating SOP as more common in COVID-19 than in 
other viral infections may explain the effectiveness of steroids in treating 
COVID-19. 

The serial changes in several important serum biomarkers for inter
stitial lung disease are of relevance in this case. OP with elevated serum 

KL-6 may be more severe and unstable [8]; require treatment with 
prednisolone [9], and has a higher frequency of relapse [10] compared 
to OP with normal serum KL-6. Patients with OP and elevated serum 
levels of SP-D had significantly increased serum KL-6 level and a 
significantly higher relapse rate than those with a normal level of SP-D 
[11]. Our patient had elevated SP-D levels, but her KL-6 levels were 
within the reference range, and her SP-D level rapidly decreased after 
initiating steroid administration. There are several possible explanations 
for this paradoxical dissociation, which is related to the functional dif
ferences between these proteins. Both serum SP-A and SP-D levels are 
associated with the extent of alveolitis (a reversible change) [12]. On the 
other hand, increased serum levels of KL-6 might be related to irre
versible alveolar cell damage [13]. Discordant serum levels of these 
biomarkers has also been observed in cases of multifocal micronodular 
pneumocyte hyperplasia, which is characterized by type II alveolar cell 
proliferation, but not with alveolar cell damage [14]. Further evaluation 
of serial levels of each of these three biomarkers may be helpful for 
identifying and monitoring the activity of COVID-19-associated SOP. 

4. Conclusion 

In summary, we report a case of COVID-19-associated SOP with se
rial changes in radiographic and laboratory findings. Physicians should 
be aware that patients with COVID-19 can develop SOP in response to 
SARS-CoV-2 infection and that they may benefit from the use of steroids. 
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