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Abstract

Risk factors of severe coronavirus disease 2019 (COVID-19) have been previously reported; however, histological

risk factors have not been defined thus far. The aim of this study was to clarify subclinical hidden interstitial lung
disease (ILD) as a risk factor of severe pneumonia associated with COVID-19. We carefully examined autopsied
lungs and chest computed tomography scanning (CT) images from patients with COVID-19 for interstitial lesions
and then analyzed their relationship with disease severity. Among the autopsy series, subclinical ILD was found

in 13/27 cases (48%) in the COVID-19 group, and in contrast, 8/65 (12%) in the control autopsy group (p=0.0006;
Fisher's exact test). We reviewed CT images from the COVID-19 autopsy cases and verified that subclinical ILD was
histologically detectable in the CT images. Then, we retrospectively examined CT images from another series of
COVID-19 cases in the Yokohama, Japan area between February—August 2020 for interstitial lesions and analyzed
the relationship to the severity of COVID-19 pneumonia. Interstitial lesion was more frequently found in the group
with the moderate Il/severe disease than in the moderate I/mild disease (severity was evaluated according to

the COVID-19 severity classification system of the Ministry of Health, Labor, and Welfare [Japan]) (moderate Il/
severe, 11/15, 73.3% versus moderate I/mild, 108/245, 44.1%; Fisher exact test, p=0.0333). In conclusion, it was
suggested that subclinical ILD could be an important risk factor for severe COVID-19 pneumonia. A benefit of these
findings could be the development of a risk assessment system using high resolution CT images for fatal COVID-19
pneumonia.
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Introduction

The novel coronavirus infection (coronavirus disease
2019; COVID-19) has been spreading worldwide since
the end of 2019. As of November 2022, the number
of infected patients and deaths had reached approxi-
mately 600 million and 6.6 million, respectively. In Japan,
23 million people have been infected with the virus, and
approximately 47,000 people have died.

Risk factors for severe COVID-19, such as male sex,
old age, smoking history, obesity, and certain underlying
diseases (hypertension, diabetes, and chronic respiratory
disease), have been reported [1-3]. Among chronic respi-
ratory diseases, chronic obstructive pulmonary disease
[1-3] and interstitial lung disease (ILD) have been impli-
cated [4-8].

A widely recognized pathlological feature of COVID-
19 pneumonia is diffuse alveolar damage (DAD). Inter-
estingly, DAD is also observed in acute exacerbations of
interstitial pneumonia, with many cases linked to inter-
stitial pulmonary fibrosis (IPF) or usual interstitial pneu-
monia (UIP). Notably, these two diseases share a crucial
similarity in their histological findings [9-17]. Moreover,
viral infections are a common trigger for DAD [17-20].
Therefore, we hypothesize that some cases of severe
COVID-19 could represent acute exacerbations of sub-
clinical ILDs triggered by severe acute respiratory syn-
drome coronavirus 2.

To verify this hypothesis, we carefully examined autop-
sied lungs and computed tomography (CT) images from
COVID-19 cases and controls for hidden ILD lesions and
analyzed their relationship with disease severity.

Materials and methods
Patients
Histopathological study
Twenty-seven COVID-19 autopsy cases (March 2020 to
August 2021) were included in this study. For the control
group, 65 non-COVID-19 autopsy cases (January 2017 to
December 2021) and 48 post-surgical lower lobectomy
cases (January 2017 to January 2021) were included.
Lower lobectomy was performed to treat cancer in all 48
patients. All patients did not have clinically diagnosed
ILD. A flow chart of the case selection is presented in
Fig. 1. The patients’ characteristics at baseline are sum-
marized in Table 1 and S1 Table.

Basic patient characteristics (such as age, sex, and
smoking history) in COVID-19 autopsy and control cases
are shown.

Radiological study
Chest CT images from 260 patients with COVID-19
(February to August 2020) were included.

Page 2 of 12

Histopathological examination

Tissue specimens were collected from the lower lobes of
the lungs, where three specimens were vertically cut from
the anterior, lateral, and posterior positions, as shown in
Fig. 2. The specimens were collected from both sides in
the autopsy cases and from one side in the surgical cases.
Formalin-fixed paraffin-embedded tissue sections were
stained with hematoxylin and eosin and with special
staining methods such as Elastica van Gieson, Masson
trichrome, and PAS—Alcian Blue reaction.

Radiological examination of patients with COVID-19

CT images from the COVID-19 and control cases were
retrospectively reviewed by a radiologist with more than
10 years of practical experience with chest CT. Intersti-
tial lesions were considered present if there were inter-
stitial reticular opacities with cystic lesions (suggestive of
traction bronchiectasis or honeycombing) in the bilateral
lower lobes of the lung.

Statistical analysis

Pearson’s chi-square test or Fisher’s exact test was used
to analyze correlations between the interstitial lesions
and different parameters. Multivariate analyses were
performed to confirm independent correlations and to
determine odds ratios by logistic regression analysis. p
values<0.05 were considered significant. All analyses
were performed using JMP ° Pro 15 (SAS Institute, Cary,
NC, USA).

Results

Histopathological study

Interstitial lung lesion was more frequently detected in the
COVID-19 cases

We focused on the lung bases and carefully examined
them for interstitial lesions to detect subclinical ILD
since ILD (UIP/IPF) is believed to start from the sub-
pleural area of lung bases [21-24]. As shown in Fig. 3,
we found various interstitial lesions with the UIP pattern
[25, 26], where alveolar collapse, smooth muscle prolif-
eration and dense fibrosis with occasional fibroblastic
proliferation are dominant at the subpleural or peri-lob-
ular area. Interstitial lesion size (expansion level) varied
from those that could barely be identified in a micro-
scopic examination to those that could easily be detected
in a gross examination (Fig. 3). Thus, we defined “histo-
logical UIP” as a lesion with alveolar collapse with fibro-
sis not confined to the apical region but extending over
unequivocally multiple lobules. We diagnosed “subclini-
cal/histological ILD (s/hILD)” if a histological UIP was
found in the bilateral lungs in the autopsy cases. “s/hILD”
was seen in 13/27 cases (48%) in the COVID-19 group
and in 8/65 cases (12%) in the control autopsy group; the
difference was statistically significant (p=0.0006, Fisher’s
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Autopsied cases with severe
pneumonia associated with
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COVID-19 (N=29)
Cases exclueded:
*Clinically diagnosed with IPF prior to death (N=1)
* Case of vaccination-related pneumonia (N=1)
Autopsied cases not Surgical cases not
associated with COVID-19 associated with COVID-19
(N=70) (N=52)
Cases exclueded: Cases exclueded:
- Clinically *Clinically
diagnosed with IPF diagnosed with IPF
prior to death (N=2) ,| prior to surgery
* Cases of (N=2)
alternative lesion " Cases of
(N=3) alternative lesion
(N=1)
* Interstitial
lesion with unknown
factor (N=1)
v
Cases Cases Cases
selected selected selected
(N=27) (N=65) (N=48)

Fig. 1 A flowchart for the subjected cases selection. We collected 29 COVID-19 autopsy cases, 70 control autopsy cases, and 53 control surgical cases.
The selection process for the included cases is shown as a flow chart. An alternative lesion is an interstitial lesion with a histological pattern that is sug-
gestive of other diseases (e.g., non-specific interstitial pneumonia and hypersensitive pneumonitis). COVID-19, coronavirus disease 2019; IPF, idiopathic

pulmonary fibrosis
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Table 1 Basic patient characteristics in COVID-19 autopsy cases
and control cases

COoVID-19 Non-COVID-19 Non-COV-
autopsy cases autopsy cases 1D-19 sur-
(N=27) (N=65) gical cases
(N=48)
Parameters % (N) % (N) % (N)
Age, years
mean+SD 7911 767 73£7
median (range) 81 (54-93) 77 (51-90) 74 (52-83)
Sex
Male 62.96 (17) 60.00 (39) 66.67 (32)
Female 37.04(10) 40.00 (26) 33.33(16)
M/F ratio 1.7 15 20
Smoking history
Yes 55.56 (15) 47.69 (31) 70.83 (34)
No 11.1103) 33.85(22) 29.17 (14)
Unknown 33.33(9) 1846 (12) 0.00 (0)

exact test) (Tables 2 and 3). To further confirm the dif-
ference, we compared the frequency of an “s/hILD” diag-
nosis between the COVID-19 and control surgical groups
(where cases of only unilateral histological UIP were diag-
nosed as “s/hILD”). Consistent with the previous results,
the frequency was significantly higher in the COVID-19
group (48%, 13/27 versus 10%, 5/48; p=0.0005, Fisher’s
exact test) (Tables 4 and 5).

In univariate analysis, only s/h ILD exhibited a signifi-
cantly higher frequency in COVID-19 autopsy cases than
in non-COVID-19 autopsy cases (p-value 0.0006).

In multivariate analysis as well, significant results were
obtained only for s/h ILD in COVID-19 autopsy cases
(p-value 0.0006).

In univariate analysis, age and s/h ILD were found to be
significantly more frequent in COVID-19 autopsy cases
than in non-COVID-19 surgical cases (p-value 0.0285,
0.0005).

In multivariate analysis, significant results were
obtained only for s/h ILD in COVID-19 autopsy cases
(p-value 0.0012).

It was unclear whether the histological UIP lesions
developed before or after COVID-19 disease in the
COVID-19 group. A previous study on surgical lung
biopsies showed that UIP-like lesions appeared after
SARS-CoV-2 infection [27]. However, the lesions showed
dense hyalinizing fibrosis that appeared much older than
the organizing lesion related to COVID-19 pneumonia
and was considered to have developed before the onset of
COVID-19 pneumonia because patients died soon after
the development of the lesions (S1 Table).

Interstitial lung lesions in the COVID-19 group could be
detected in CT images

We reviewed CT images from the COVID-19 cases at
multiple time points, including times before COVID-19
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onset. Of the series, 15 cases were available for exami-
nation for interstitial lesions. Of the remaining 12
unavailable cases, 7 cases could not be evaluated due to
extensive, severe organizing DAD that can mask inter-
stitial lesions. Further, one case did not have CT images,
and four cases did not have available CT images because
the test was conducted in distant hospitals. Interstitial
lesions were considered “positive” if there were obvious
reticular opacities with occasional cystic lesions (1 cm or
larger) in the bilateral lung bases. We defined these radio-
logical findings as “subclinical/radiological ILD (s/rILD)"
Essential information and results from CT examination
are summarized in Table 6. “s/rILD” was detected in all
cases that had “s/hILD” features (Table 6); the difference
was statistically significant (Table 7). The observation
suggested that subclinical ILD could be detected in CT
images. A representative CT image and the correspond-
ing histological image are shown in Fig. 4.

In all cases with s/hILD, s/rILD are detectable (p-value:
0.0070).

Radiological study

Interstitial lung lesion (subclinical/radiological ILD) was
related to COVID-19 severity

Finally, to further verify whether “s/rILD” could be a
determinant of COVID-19 pneumonia severity, we
reviewed CT images from a series of COVID-19 cases
in the Yokohama, Japan area for a COVID-19 treat-
ment consortium. We analyzed the relationship between
interstitial lesion positivity and COVID-19 pneumonia
severity. Severity was evaluated according to the Minis-
try of Health, Labor, and Welfare (Japan) classification
system for COVID-19 severity [28] (S4 Table). “s/rILD”
was more frequently found in the group with the mod-
erate II/severe disease than in the moderate I/mild dis-
ease (severity was evaluated according to the COVID-19
severity classification system of the Ministry of Health,
Labor, and Welfare [Japan]) (moderate II/sever versus
moderate I/mild; Fisher exact test, p=0.0333). (S5 Table).
These results supported our notion that “s/rILD” could
aggravate COVID-19 pneumonia.

Discussion
A novel and the most notable finding of this study is that
a considerable proportion of the patients with severe
COVID-19 pneumonia had subclinical interstitial lung
lesions, and the frequency was significantly higher than
that in the control cases. This finding strongly supports
our hypothesis that severe COVID-19 pneumonia could
be an exacerbation of subclinical ILD triggered by SARS-
CoV-2 infection.

A previous study indicated that small interstitial lung
lesions with the UIP pattern (suggestive of early IPF)
were often detected in the lung bases of patients with
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Fig. 2 Specimen preparation for the histological examination. Gross appearance of the lung in a COVID-19 autopsy case (Left: pre-fixation, right: histo-
logical image). Vertical sections were obtained from three sites (anterior, lateral, and posterior) in the base of the lower lobe of the lung (A). Histological

images of the three sections are shown (B: anterior, C: lateral, D: posterior)

idiopathic acute interstitial pneumonia, and the authors
suggested that idiopathic acute interstitial pneumonia
could be only an exacerbation of preexisting subclini-
cal ILDs (IPF) [21-24]. Additionally, ILDs, particularly
those with the UIP pattern (IPF), have been associated
with exacerbation, even if they are only early and focal
diseases [22, 24, 29]. In that case, infectious diseases are
a common trigger, and viruses such as influenza, human
herpes, and cytomegalovirus have been reported to be
involved [30-33]. Further, regarding pathogenetic mech-
anisms, there is an association between severe COVID-
19 pneumonia and ILD exacerbation. Initially, COVID-19
pneumonia was considered to be mainly caused by direct
cellular damage of type 2 pneumocytes by SARS-CoV-2
infection [34, 35]. However, immunohistochemical

studies have shown that virus-infected cells were
detected only focally, although DAD affected the entire
lungs [36, 37]. Therefore, there should be another mecha-
nism, such as excessive immunological responses. Nota-
bly, elevations in the levels of several cytokines have been
reported [38—42], and it is currently widely accepted that
some cytokines (e.g.; IL-6, IL-8 and others) is related to
the development of severe COVID-19 pneumonia [38—
42]. Moreover, it is considered that the same cytokines
(IL-6 and IL-8) are also essential to trigger ILD exacer-
bation [43-45]. Thus, these observations seem to sup-
port our hypothesis that SARS-CoV-2 could trigger the
exacerbation of hidden ILD and the development of DAD
through the hyperactivation of cytokines, that is, severe
COVID-19 pneumonia.
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Scheme

Fig. 3 Representative histological photographs and schematic diagrams of different levels of usual interstitial pneumonia (UIP) lesion. A UIP lesion ex-
tends throughout the histological section, where normal alveolar structure is lost and dense fibrosis is seen in subpleural and/or perilobular areas (A, B,
Q). In the other case, the UIP lesion is found to extend up to 70% of the area of the section (D, E, F). While in the other case, the UIP lesion is only found
in small areas (only a few lobules), where dense fibrosis is confined to the tip (G, H, I). In the control case, no dense fibrosis suggestive of a UIP lesion is
found. However, there is loose fibrosis suggestive of organizing alveolar damage in the alveolar space and on the alveolar septa (J, K, L). The inset images
are from the red squares in each. We judged the UIP lesions in the top (A, B, C) and second (D, E, F) panels as “histological UIP"; when a“histological UIP"is
seen in the bilateral lungs, we define it as a“subclinical/histological ILD" (A, D, G, J, hematoxylin and eosin; B, E, H, K, Elastica van Gieson; C, F, I, L, scheme)

In addition to the pathological examination, we per-
formed radiological examination using CT images from
another series of patients with COVID-19. The results
of that analysis—patients with interstitial lesions on CT
images had more severe disease than those who did not—
further support our hypothesis. Recently, a radiological
term “interstitial lung abnormalities (ILA)” was proposed
to describe subclinical hidden ILDs on CT images [46,
47]. ILA is defined as an interstitial abnormality detected
in patients without a clinical history of ILDs. ILA is seen
in at least 5% of the field in any slice of a whole lung CT

image [46]. Studies have reported that some cases (up to
70%) of ILA progressed to clinical disease (i.e., equivalent
to overt ILDs) [48—51]. Studies on the radiological-path-
ological associations in interstitial lung lesions suggested
that a considerable fraction of ILAs could include path-
ological UIP lesions [49, 52]. We defined “s/rILD” as an
area (=10 mm) of reticular opacities (occasionally with
cystic changes=traction bronchial ectasia) in the bilateral
lung bases. Our definition of “s/rILD” may be the same
as that of “ILA” in a broad sense. In any case, subclinical
ILD (conceptually equivalent to ILA) may be a risk factor
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Table 2 Comparison of s/hILD frequency and basic
characteristics in COVID-19 autopsy cases and in non-COVID-19
autopsy cases, univariate analysis
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Table 4 Comparison of s/hILD frequency and basic
characteristics in COVID-19 autopsy cases and in non-COVID-19
surgical cases, univariate analysis

CoVID-19 Non-COVID-19 Uni- COVID-19 Non-COVID-19 Uni-
autopsy autopsy cases variate autopsy surgical cases variate
cases (N=27) (N=65) analy- cases (N=27) (N=48) analy-
sis sis
% (N) % (N) p-value % (N) % (N) p-value
Age 0.7858 Age 0.0285*
Older (=75) 74.07 (20) 75.38 (49) Older (=75) 74.07 (20) 4583 (22)
Younger (<75) 2593 (7) 24.62 (16) Younger (<75) 2593 (7) 54.17 (26)
Sex 1.0000 Sex 0.8033
Male 62.96 (17) 60.00 (39) Male 62.96 (17) 66.67 (32)
Female 37.04 (10) 40.00 (26) Female 37.04(10) 33.33(16)
Smoking history 1.0000 Smoking history 0.7548
Severe 57.14 (8) 52.83(28) Severe 57.14 (8) 64.58 (31)
Light / Never 42.86 (6) 47.17 (25) Light / Never 42.86 (6) 3542(17)
Interstitial lesions Interstitial lesions
s/hILD 0.0006* s/hILD 0.0005*
+ 48.15(13) 12.31(8) + 48.15(13) 1042 (5)
- 51.85(14) 87.69 (57) - 51.85(14) 89.58 (43)
Other interstitial lesion 0.3786 Other interstitial lesion 0.6972
+ 11.11(3) 20.00 (13) + 11.1103) 833 (4)
- 88.89 (24) 80.00 (52) - 88.89 (24) 91.67 (44)
Emphysema 0.3598 Emphysema 1.0000
+ 2222 (6) 13.85(9) + 2222 (6) 20.83 (10)
- 77.78 (21) 86.15 (56) - 77.78 (21) 79.17 (38)

s/hILD: subclinical/histological ILD

*Significant value, p-value was calculated by Fisher’s exact test with a public
software JMP ver. 15

Table 3 Comparison of s/hILD frequency and basic
characteristics in COVID-19 autopsy cases and in non-COVID-19
autopsy cases, multivariate analysis

s/hILD: subclinical/histological ILD

*Significant value, p-value was calculated by Fisher’s exact test with a public
software JMP ver. 15

Table 5 Comparison of s/hILD frequency and basic
characteristics in COVID-19 autopsy cases and in non-COVID-19
surgical cases, multivariate analysis

Multivariate analysis

Multivariate analysis

Odds 95%ClI p-value Odds  95%Cl p-value
ratio ratio
Age 0.81 0.25-2.58 0.7203 Age 3.14 0.98-  0.0543
Sex 075  026-221 06055 101
Interstitial lesions Sex 0.71 0.19-  0.6042
s/hILD 736 236-2294 0.0006* 262
Other interstitial lesions 054  012-252 04357 Interstitial lesions
Emphysema 271 070-1045 01475 s/hiLD 888  23/- 00012
s/hILD: subclinical/histological ILD 3324
*Significant value, p-value was calculated by logistic regression analysis with a Otherinterstitial lesions 069 0.11- 06960
public software JMP ver. 15 445
Emphysema 1.33 031- 07060
576

for severe COVID-19 pneumonia. This is a novel find-
ing of the present study, and we believe it is important
to understand the potential pathological bases of DAD in
various situations.

Limitations

The limitations of this study are (1) we could not exam-
ine a large number of autopsy cases because autopsies
have been restricted for infection control purposes; (2)

s/hILD: subclinical/histological ILD

*Significant value, p-value was calculated by logistic regression analysis with a
public software JMP ver. 15

in the autopsy cases, it was difficult to distinguish among
preexisting hidden interstitial lesions, drug-induced
fibrotic lesions, and COVID-19-related scarring lesions,
particularly in those with long disease periods (more
than two months; only one such cases was present out



Iwashita et al. BMC Pulmonary Medicine (2023) 23:408

Table 6 Number of times CT was taken before and after the
disease and presence of s/rlLD and s/hILD in COVID-19 autopsy
cases

Number of times CT was taken

Case No. Before the Afterthe  s/riLD s/
disease disease hiLD
1 1 0 - -
2 2 2 - —
3 2 1 - -
4 2 1 - -
5 2 0 + +
6 2 0 + -
7 4 1 + +
8 0 1 - -
9 0 1 + -
10 0 4 + +
1 0 1 + +
12 0 5 + +
13 1 0 - —
14 0 1 - -
15 0 1 -

s/rILD: subclinical/radiological ILD
s/hILD: subclinical/histological ILD

In 15 cases, evaluable CT images with interstitial shadows were present, 8 of
which could be compared with pre-COVID CT images

Table 7 Agreement between interstitial lung shadows on CT
images in COVID-19 autopsy cases

s/hILD s/hILD ()  Uni-
(+) (N=10) variate
(N=5) analy-
sis
% (N) % (N) p-value
s/rILD 0.0070*
+ 100.00 (5) 20.00 (2)
- 0(0) 80.00 (8)

s/rILD: subclinical/radiological ILD
s/hILD: subclinical/histological ILD

*Significant value, p-value was calculated by Fisher’s exact test with a public
software JMP ver. 15

of the 27 cases). In this study, we explored whether the
presence or absence of s/hILD varied based on the time
between exacerbation and death, as well as the usage of
specific medications (anti-viral drugs, steroids, immu-
nosuppressive drugs, chloroquine, and antibiotics). Our
analysis revealed no significant differences in relation to
the duration from exacerbation to death (N=27, logis-
tic regression analysis, p=0.0913) or the use of anti-
viral drugs (chi-square test, p-value undefined), steroids
(chi-square test, p=0.4815), immunosuppressive drugs
(chi-square test, p=0.1283), or antibiotics (chi-square
test, p=1.0000); (3) we could not histologically examine
lung tissues from patients who survived from COVID-19
without severe pneumonia as controls. It is impossible
to examine autopsied lungs from patients who survived
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COVID-19. Instead, we used autopsy and surgical cases
unrelated to COVID-19 as a control group in this study.
Additionally, we examined interstitial lung abnormalities
that may be equivalent to histological UIP in CT images
from COVID-19-survivors and analyzed their relation-
ship with disease severity; (4) in the radiological study,
hidden interstitial lesions may not have been detectable
in the cases with extensive DAD and not all cases could
be evaluated by high-resolution computed tomography.
We understand the influence of these limitations on the
results.

Conclusion

This is the first study to investigate potential risk factors
for severe COVID-19 pneumonia through pathological
examinations of autopsy specimens. Our results indicate
that subclinical ILDs could be an important risk factor
for severe COVID-19 pneumonia. We believe our obser-
vations can assist the development of a risk assessment
system for fatal COVID-19 pneumonia by using high-res-
olution CT images to detect ILA.
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Fig. 4 Comparison of subclinical ILD and CT images. Comparative photographs of subclinical ILD in a histological section (A and C) and corresponding
CT (B and D) from a representative COVID-19 autopsy case (coronal section A and B; axial section C and D). In the left panels (A and C), a usual interstitial
pneumonia lesion is seen as alveolar collapse with dense fibrosis at the subpleural and/or perilobular areas throughout the section. In the right panels (C
and D), a lesion with reticular opacities and small cystic lesions is seen
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Abbreviations

COVID-19  Coronavirus disease 2019

ILD Interstitial lung disease

IPF Interstitial pulmonary fibrosis
ulP Usual interstitial pneumonia
DAD Diffuse alveolar damage

cT Computed tomography
s/hiLD Subclinical/histological ILD
s/riLD Subclinical/radiological ILD
ILA Interstitial lung abnormalities
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