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ASSESSMENT OF PULMONARY FIBROSIS SEVERITY AT AUTOPSY IN
PATIENTS AFTER COVID-19: COMPARISON WITH QUANTITATIVE CT SCAN
DATA IN THE ACUTE PHASE OF THE DISEASE
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INTRODUCTION: After the COVID-19 pandemic, there is increasing evidence that many patients show fibrous changes in lung
tissue accompanied by functional lung disorders. Objective data on the histopathogenesis of such changes is still insufficient.
Prospective studies are required to fully assess the consequences of these clinical manifestations.

OBJECTIVE: Evaluation of the capabilities of digital processing of histological preparations of lung tissue and their comparison
with quantitative CT data of lung patients in the acute phase of COVID-19.

MATERIALS AND METHODS: The study included data from patients after COVID-19 (7 women and 3 men aged 47 to 93
years) who died after the acute phase of COVID-19 from extrapulmonary causes. The control group included data from 7 people
(5 women and 2 men aged 35 to 93 years) who died shortly after hospitalization from extrapulmonary causes (myocardial infarc-
tion or acute cerebral stroke), with no signs of lung diseases, including autopsy results. Digital processing of histological prepa-
rations of lung tissue obtained during autopsy was carried out, and their comparison with the results of quantitative semi-auto-
matic processing of CT data.

Statistics. Beta regression (mgcv library) was used. The model was characterized by a pseudodetermination coefficient RZ. The
association was considered statistically significant at p<0.05.

RESULTS: A reliable dependence of the severity of fibrous changes in histological samples on the results of quantitative analysis
of CT images of patients in the acute period of COVID-19 was demonstrated.

DISCUSSION: Extrapolation of lung autopsy data through quantitative CT assessment is one of the ways to pre-diagnose and
identify groups of patients who require specific treatment of post-COVID-19 pulmonary fibrosis.

CONCLUSION. Computerized digital processing of histological images made it possible to correctly compare the histopatholog-
ical examination data with the CT picture in COVID-19, which could potentially have a prognostic value in the search for more
effective treatment strategies.

KEYWORDS: New coronavirus infection, COVID-19, quantitative computed tomography, post-COVID-19 pulmonary fibrosis,
digital morphometry
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BBEJEHUE: [lociie nannemun COVID-19 nosiBsisiercsi Bce GoJiblile JIOKA3aTeJNbCTB TOMO, UTO Y MHOTHX PEKOHBAJIECIIEHTOB
COVID-19 Boisiastiorest puOpo3HbIe H3MEHEHHSI JIETOUHON TKaHH, CONPOBOXKIAIOLIHECS (DYHKIIMOHATLHBIMH HAPYLLIEHHUSIMH JieT-
KuX. OObEKTHBHbBIX IAHHBIX O THCTONATOreHe3€e MOJA0OHBIX M3MEHEHHIT M0-TNPEXKHEMY HE0CTaTOuHO. JI/1s MOJIHOM OLLEHKH Noc/1e] -
CTBHI 9THX KJIMHHUECKUX MPOSIBJIEHUH TPeGYIOTCS MPOCIEKTHBHbIE HCC/IEI0BAHHUS.

HEJIb: Ouetika Bo3moxkHoCTel LHPOBOH 06paGOTKH FHCTOJIOTHUECKHX [IPENapaToB JIEFOUHOH TKAHH H X COMOCTaBJIEHHE C IaH-
HbiMH KoaindectBenHoit KT sierkux natpentoB B octpoit paze COVID-19.

MATEPHUAJIbI U METOJDbI: B uccienoBatune Obliin BKIKOUEHBI JaHHbIE MaliieHToB-pekoHBasiectieHToB COVID-19 (7 xeHimH
U 3 My>KYHH B Bo3pacte oT 47 no 93 net), ymepuux nocse octpoit ¢passl COVID-19 ot BHeserounslx npuunH. B KOHTposibHYIO
TpyIIy BOLILIK AaHHbIe 7 UesoBeK (D »KeHIIMH U 2 My>KYHH B Bo3pacTe oT 35 10 93 JieT), yMepIliX BCKOpe MocJie TOCMUTAIn3alHH
ot BHesierounbix npuunt (OKC 6o OHMK), 6e3 kaknx-y160 npruaHakoB 3a6osieBaHUH JIETKHX, B TOM UHCJIe 110 pe3ysbraTam
ayroricuu. [TpoBomusach undposast 06paboTKa MoJydeHHbIX PH ayTONCHH MHCTOJIOTHUECKUX MTPENapaToB JIerouHoN TKaHH W HX
COTIOCTaBJICHHE C Pe3yJibTaTaMH KOJMYECTBEHHOM roJyaBToMaTHyeckoil o6padorku aanubix CKT.

Cmamucmuka. VlcnosnbsoBanach 6eta-perpeccust (6Guomuoreka mgev). Mojenb XapakrepuaoBanach Koap@UIIMEHTOM MCeB1ojIe-
tepmuHauun R2. Accoumanus npusHaBasach CTaTHCTHUECKH 3HaunMoil ipu p<0,05.

PE3YJIbTATDI: [IponemoHcTpupoBana 10CToBepHAs 3aBUCHMOCTb BbIPaXKEHHOCTH (PUOPO3HBIX U3MEHEHHH B TMCTOJOIHUYECKHUX
o0paslax oT pesysibTaToB KoJindecTBeHHoro anannsa KT-uzo6paxenui nauuenTtos B octpoM neproge COVID-19.
OBCY)KAEHUE: Dxcrpanosisiys JaHHbIX ayTONCHIHOTO MCC/IEI0BAHUS JIETKUX uepe3 KoJndecTBeHHylo olieHKy KT sBasiercs
OJIHMM M3 CTOCOGOB MPEIBAPUTEILHON IMATHOCTHKH 1 OTIPEJIe/IeHNs! PPYTIN MallHEHTOB, KOTOPbIM TpebyeTcsi crelhrueckoe Jeve-
nue noct-COVID-19 snerounoro pu6posa.

3AKJIFOYEHME: KommnbioTepusnpoBanHasi Liidposasi 06paboTKa MMCTOJIOTHUECKHX H300paXKeHHH 03BOJIMIA KOPPEKTHO COMO-
CTaBUTb JlaHHble rucTonatojoruyeckoro neenenobanus ¢ KT-kaprunoit npy COVID-19, 4To noTeH1ManbHo MOXKeT UMETh IPOrHO-
CTHYECKOE 3HaueHHe B roucke 6osiee PPEeKTHBHBIX CTPATETHil JIeUCHHSI.

KJIKOYEBDBIE CJIOBA: noBasi koponaBupycHasi ungekipst, COVID-19, kosruectBeHHasi KOMIbIOTepHasi ToMorpadusi, rmoct-
COVID-19 nerounbiit ¢pu6po3s, unudposast MophomeTpHsi

*Ilns koppecnouaenumnu: 3axaposa Anna Barepvesna, e-mail: ellin-ave@yandex.ru.
Jnst untupoBanus: 3axaposa A.B., [Bosneukuit A.H., Anexcees [I.A., [TosnnsikoB A.B. OlieHKa BbIpazkeHHOCTH JIerouHoro (pru6po3a o JaHHbIM

ayToricuu y pekonsasectientos COVID-19: conoctasnenue ¢ nanubivu kosnuectsennoit KT sierkux B octpoil hase saGosesauns // Jlywesas
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Introduction. The 2019 new coronavirus pandemic
(COVID-19) has become one of the most complex
public health crises in recent decades. As of December
1, 2022, there have been at least 639 million confirmed
cases and 6.6 million deaths [1].

Chest imaging plays an important role in the differ-
ential diagnosis, detection of complications, and
assessment of prognosis of patients with COVID-19
[2, 3]. Since the early days of the pandemic, radiolo-
gists have responded quickly to the emergence of
COVID-19 by identifying CT patterns characteristic of
COVID pneumonia: ground-glass opacities (GGO),
consolidation, reticular lesions (including crazy-
paving pattern), reversed halo sign or other symptoms
characteristic of organizing pneumonia in the periph-
eral lung on both sides.

[t should be noted that these CT signs may also
occur in other diseases, such as influenza pneumonia
or cryptogenic organizing pneumonia, therefore it is
recommended not to use CT for the diagnosis of
COVID-19 as a first line, due to the difficulties of dif-
ferential diagnosis [4]. However, chest CT is helpful in
cases that are difficult to diagnose with PCR test[5]. In
addition, chest imaging can detect complications asso-
ciated with COVID-19, such as pulmonary embolism,
attached bacterial pneumonia, and heart failure. This
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is especially important in case of sudden deterioration
in patients with COVID-19 [2, 3, 6] and to determine
the severity of pneumonia [7, 8].

Various studies have shown that approximately 70—
80% of patients who have recovered from COVID-19
have at least one or more symptoms [9, 10]. The pres-
ence of persistent symptoms in COVID-19 reconvales-
cents has been termed post-COVID syndrome or long-
COVID. Given the high volume of cases worldwide, it
poses a serious health problem [11]. Prospective stud-
ies are required to fully assess the population incidence
and consequences of these clinical manifestations.

The most serious complication affecting the respira-
tory system is post-COVID-19 pulmonary fibrosis
[12]. It is characterized by the presence of fibrous
changes in the lungs according to CT, associated with
functional impairment during follow-up [13, 14]. In a
systematic review, post-COVID-19 pulmonary fibrosis
was observed in 7.0% of patients [15]. Preliminary
data suggest that more than one-third of reconvales-
cents retain fibrous changes in the early period after
COVID-19[16].

Histologically, pulmonary fibrosis is characterized
by the accumulation of extracellular matrix proteins,
mesenchymal and immune cells in the intercellular
space, which leads to disruption of the normal archi-
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tectonics of lung tissue [17]. The main link in the
pathogenesis of pulmonary fibrosis is repetitive micro-
damage of the alveolar epithelium, which leads to an
ineffective reparative response and epithelial dysfunc-
tion, and subsequently to the activation of collagen-
producing cells [ 13]. Parenchymatous fibrosis leads to
thickening of lung tissue [18]. This worsens the func-
tional state of the lungs, reducing the vital capacity
(VC) and forced vital capacity (FVC) of the lungs [19].
Post-COVID-19 pulmonary fibrosis can be caused by
acute respiratory distress syndrome (ARDS) or directly
by pneumonia in the acute period of COVID-19 [20,
21]. In addition, there are risk factors such as advanced
age, chronic comorbidities, condition after mechanical
ventilation and female gender [20, 22].

Several studies have mentioned screening patients
at risk of developing post-COVID-19 pulmonary fibro-
sis, who underwent pulmonary function tests and chest
CT scans to comprehensively evaluate the effects of
COVID-19 and to select possible treatment [23-26].
Nevertheless, a number of issues remain unclear — for
example, whether fibrotic changes will persist for a long
time or may regress, and whether post-COVID-19 pul-
monary fibrosis may become progressive as in other
interstitial lung diseases. In our opinion, histopatholog-
ic studies are of paramount importance in understand-
ing the answer to most of the questions about the fea-
tures of post-COVID-19 pulmonary fibrosis.

Methods to quantify fibrosis in histological samples
are limited [27]. First described as early as 1988, the
Ashcroft pulmonary tissue score continues to be used
as a method for quantifying the extent of pulmonary
fibrosis, despite the subjectivity of assessing changes
using this technique [28].

Computerized digital image analysis was developed
to assess the severity of fibrosis in various rodent or
human tissues, including lung, liver, heart, and kidney
[29-33]. In most cases, computerized analysis of dig-
ital images assesses the severity of fibrosis by quantify-
ing the content of colored collagen (van Gieson’s
stain). Quantitative collagen content was estimated by
the ratio of the area of stained collagen to the area of
analyzed regions of interest selected on the whole slice.
The effectiveness of digital processing of histological
images was demonstrated by the correlation between
lung functional parameters and quantification of fibro-
sis [27]. We suggested that this approach could be
applied to the evaluation of post-COVID-19 pul-
monary fibrosis, the severity of which depends on the
CT data in the acute period of the disease.

The purpose of this study was to test the possibili-
ties of digital processing of histological preparations of
lung tissue and their comparison with quantitative CT
data of patients’ lungs in the acute phase of COVID-19.

Materials and methods. The study was approved by
the local ethics committee of St. Petersburg State

! Horos v3.3.6 https://horosproject.org/.

Pediatric Medical University, protocol number 31/08,
dated October 18, 2023. Informed consent was
obtained from each patient.

Clinical material. Autopsy results were obtained at
the Vyborg interdistrict centralized pathological
anatomical department (a subdivision of the SPb GBUZ
«City pathology department»). The study included data
from COVID-19 recovalescent patients (10 people) who
died from extrapulmonary causes. All patients were pre-
viously treated for COVID-19 infection between March
2020 and 2022. Inclusion criteria were (1) positive PCR
for COVID-19, (2) COVID-19-typical chest CT scan
performed during hospitalization, and (3) absence of
clinical, anamnestic, or radiological evidence of other
lung diseases (including those detected by autopsy).
The period between lung CT and autopsy averaged 5.47
[2.00; 16.01] months. This group included data from
7 women and 3 men, the average age was 78.50[73.50);
86.75]years. According to the empirical visual scale [ 34,
35], the severity of COVID- 19 manifestations according
to CT were as follows: CT-1 (1-24% lung parenchyma
involvement) — 6 patients, CT-2 (25—-49% involve-
ment) — 3 patients, CT-3 (50-74 % involvement) — 1
patient [34].

The control group included data from 7 individuals
who died soon after hospital admission from extrapul-
monary causes (myocardial infarction or acute cerebral
stroke). These patients underwent lung CT at admis-
sion according to the standards of care. Inclusion crite-
ria were the absence of clinical, anamnestic or radio-
logic signs of lung disease, including those detected by
autopsy. The period between CT examination and
autopsy ranged from 1 to 18 days. This group included
5 women and 2 men; the average age was 74.00
[52.50; 86.00] years.

Chest CT scan. Chest CT was performed on two
multidetector CT scanners: Siemens Somatom
Definition (64 slices, Siemens Healthineers) and GE
Revolution EVO (128 slices, GE Healthcare). All
patients underwent chest computed tomography in the
supine position, during inhalation (in some cases with-
out breath-holding due to the severity of the patient’s
condition), without contrast agent injection, with 1.25
mm slice reconstruction. All CT images were viewed
by two expert radiologists.

To quantify lung damage in chest CT, the technique
described in detail in the article was used [35].

3D lung segmentation with automatic counting of
the number of selected pixels was performed using the
program Horos 3.3.6! (GNU Lesser General Public
License, version 3)[35] (Fig. 1).

Further, the classification of Cressoni [36] and
Gattinoni was used for quantitative data analysis [37].
Quantitative analysis was performed for each scan in
the whole lung volume. The resulting total amount of
pixels was estimated in accordance with the above
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Fig. 1. Example of automatic lung segmentation in
Horos software. The contours of the area of interest are
indicated by a black line
Puc. 1. [Ipumep aBTOMATHUECKOH CETMEHTAIUK JIETKHX
B nporpamme Horos. KonTypsl 30HbI MHTEpeca o603Haue-
HbI YePHOU JINHHEN

classification. The number of pixels corresponding to
unventilated and hypoventilated lung tissue (+100 to
—500 HU) indirectly reflected the severity of lung damage.

Preparation of lung tissue samples for morphome-
try. All autopsies were performed at the Vyborg interdis-
trict centralized pathological anatomical department
(a subdivision of the SPb GBUZ «City pathology
department»). The autopsy was performed within 24
hours of death to ensure optimal tissue preservation.
General examination and sampling for microscopic
examination of the lung was performed by a pathologist.

After visual assessment of the lungs, the most altered
tissue sample from each lobe was selected. CT data were
not considered when selecting samples. For fixation, tis-
sue samples were soaked in 10% neutral buffered for-
malin for 48 hours. Next, the tissue was embedded in
paraffin, 3 pm thick sections were made and stained
with hematoxylin and eosin. For van Gieson’s staining of
fibrous tissue, slides were deparaffinized and rehydrated
to 70% alcohol, incubated for 60 min in Lawson’s solu-
tion, sequentially treated in 100% and 96% alcohol,
washed, stained with Mayer’s hematoxylin for 5 min,
washed for 5 min, incubated with van Gieson’s picro-
fuchsin for 5 min, and dehydrated in ethanol and xylene
with encapsulation under coverslips using polystyrene.

A Nikon Y-TV55 digital microscope was used to
examine histological samples in 10 arbitrary fields of
view at x100 magnification.

Using a digital camera, the optical image was con-
verted to a digital image and further morphometry was
performed using the recolorize software package in the
R v4.3.0 programming language.

Digital morphometry technique. Each image was
laid out in RGB color space. After viewing the digital his-
tological images, 12 colors were preset, shown in Fig. 3.

Next, the images were recolorized (i.e., each pixel
was assigned the closest color from the palette in

76

e Ty s "'J I
Fig. 2. Example of an original histological image (post-
COVID-19). Areas of fibrosis in the lung tissue. Van
Gieson’s staining, X 100. Van Gieson’s staining shows
marked perivasal and diffuse fibrosis with areas of lung
tissue remodelling as atelectasis and emphysema
Puc. 2. T1pumep MCXOAHOTO M'HCTOIOTHIECKOTO H306paxKe-
HHUsi. YdacTku ¢puoposa B TKaHu Jierkoro. Okpacka 1o Ban
[uzony, x100. [1pu okpacke no Ban Tuzony onpenensiercs
BbIpaXKEHHbIH MepuBasabHbIi U M Py3HbIT HGHOPO3
C y4acTKaMH MepecTPOFKH JIErOUHOH TKaHH B BHIIE aTeseK-

Ta30B U IM(U3EMBI

Fig. 3) using the recolorize software package [38]. The
colors characterizing lung tissue (palette colors 7 to
11) were selected for further analysis. Palette color 10
corresponded to van Gieson’s stained dense connec-
tive tissue is enriched in coarse collagenous fibers. An
example of recolorization of a digital histological image
is shown in Fig. 4.

3 4 II L 12 13
|

Fig. 3. Color palette used to analyze digital histological
images
Puc. 3. [1anuTpa 11BeToB, HCMoJb30BAHHAS ISl aHAJIN3a
1M POBBIX THCTOJOTHUECKUX H300paKeHHH

The ratio of the number of pixels corresponding to
color 10 of the palette to the sum of pixels correspon-
ding to colors 7—11 of the palette was taken as a quan-
titative characteristic of pulmonary fibrosis severity.

Statistical analysis. Absolute values and percent-
age — n (%), were used to describe categorical variables.
Discrete variables were described by median, 1-3 quar-
tiles (Md [Q1; Q3]). The mgcv library was used for mod-
eling [39]. The proportion of pixels characterizing fibrosis
on histological images served as the dependent variable.
The group membership (control or COVID-19), the pro-
portion of hypo- and unventilated pixels in CT images,
and the logarithm of the proportion of hypo- and unventi-
lated pixels in CT images were used as independent vari-
ables. Since the dependent variable belongs to the range
(0,1), a beta distribution model was used. The syntax of
the model was as described below: gam (DV~IV, fami-
ly=betar(), data=df). Between-group comparison of
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Original

Colors No 7-11 Recolorized

Color No 10

COVID-19

Fig. 4. An example of recolorization of a digital histological image in the COVID-19 group and in the control group
Puc. 4. [Ipumep pexosiopusaliii LHPPOBOTo rMCTONOrHUECKOro u3oopazkeus B rpynne « COVID-19» u B rpynmne KoHTpoJist

the proportions of hypo- and non-hypo-ventilated pixels
from CT images was performed similarly.

The model was characterized by a pseudo-determi-
nation coefficient R2. The association was considered
statistically significant at p<0.05. All calculations are
performed in the R v4.3.0 programming language!.

Results. Quantitative assessment of lung damage
in chest CT.

After quantitative processing of the CT images, his-
tograms were obtained for the COVID-19 group and
the control group (Fig. 5).

The resulting histograms reflect the highest per-
centage of unventilated and hypoventilated lung tissue
in the COVID-19 group and the lowest in the control
group.

Fig. 6 is shown that the proportion of pixels corre-
sponding to unventilated and hypoventilated lung tis-
sue is larger (2.28 (1.22; 4.25), p=0,009) in the
COVID-19 group (0.20 [0.15; 0.25]) compared to the
control group (0.08 [0.07; 0.16]).

Results of digital morphometry. For each patient,
the proportion of pixels corresponding to van Gieson’s

stained dense connective tissue is enriched in coarse
collagenous fibers (equivalent to fibrous tissue) was
determined. Fig. 7 shows the ratio of pixel fractions
between the COVID-19 and the control groups.

Fig. 7 shows a significantly higher (3.56 (1.71;
7.43), p<0,001) percentage of fibrous tissue in histo-
logical samples in patients with COVID-19 (0.76
[0.44; 1.55]%) compared to the control group (0.12
[0.09; 0.20]%).

Three models were constructed to compare the
quantitative CT data with the digital morphometry
results, and their parameters are summarized in Table.

It follows from Table that group membership
(model 1), the proportion of hypo- and unventilated
lung tissue (model 2), the logarithm of the proportion of
hypo- and unventilated lung tissue (model 3) are statis-
tically significant related to the proportion of pulmonary
fibrosis according to digital morphometry. The model 1
had the highest RZ index, and the Model 3 had a slightly
smaller one. Since the predictor in model 3 was a com-
pletely digital indicator and did not depend on the sub-
jective asessment of expert physicians, this model was

I'R Core Team. R. A language and environment for statistical computing. Vienna, Austria: R Foundation for statistical computing, 2023.
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Fig. 5. Distribution of pixel fractions corresponding to unventilated, hypoventilated, well-ventilated, and hyperventilat-
ed lung tissue. Explanations are given in the text
Puc. 5. Pacnipenenienne nosiefi mukceseil, COOTBETCTBYIOUINX HEBEHTUIHPYEMOH, THITOBEHTHIPYEMOH, XOPOIIO BEHTH-
ﬂpreMOﬁ] H FHﬂepBeHTI/IJII/IpyeMOﬁ JieroyHoi Tkanu. [losicHenust B Tekcre

Hypo- and unventilated (%)
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Fig. 6. Graphical representation of the proportions of unventilated and hypoventilated lung tissue according to CT
scans of each group
Puc. 6. [paduueckoe npescrapiaenye 10/1eil HeBeHTHIHPYEMOI U THITOBEHTUINPYEMOH JierouHol TKanu 1o gaHubiM CKT
KaKJI0M U3 Tpymn
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Fig. 7. Distribution of the proportion of fibrous tissue in
the COVID-19 group and the control group
Puc. 7. Pacnpenenenue noau puOPO3HON TKAHH B Tpyrirne
«COVID-19» u rpynme KOHTpoJIs1

found to be the best for predicting the severity of pul-
monary fibrosis depending on quantitative lung CT
data. The graphical representation of Model 3 is shown
in figure 8.
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Discussion. Clinical practice during the COVID-19
pandemic has shown that chest X-ray plays an impor-
tant role in the diagnosis of COVID-19 [3] and in the
assessment of disease severity [7]. In addition to diag-
nostic value, CT or radiographic data can be used to
assess the prognosis for COVID-19 infection.

In the article by Toussie et al. [40] the severity of
lung lesions during chest radiography was an indicator
of the risk of hospitalization and intubation of patients.
The prognostic value of CT for assessing the functional
status of the lungs after the disease has also been
shown [26].

The development of quantitative processing of CT
images allowed us to build models of pneumonia
severity stratification [41, 42], prediction of length of
hospital stay and probability of death [43].

The comparison of histological findings with CT imag-
ing is of particular interest to study the pathogenesis of
the disease. According to CT data, interstitial collagen
deposition accompanied by type Il pneumocyte hyper-
plasia is morphologically detected in the areas of lung
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Table

Parameters of comparison of quantitative CT with the results of digital morphometry

TaGnuua

[Mapamerpbl conocraBaenus konnuecrsenHoi KT ¢ pesynbratamu undpoBoit mophomerpun

Model 2 Model 3

Model 1
Constant 0,00 (0,00; 0,01)
Predictor 3,56 (1,71;7,43)
p-value <0,001
2 0,30

Predicted values of prop

[N} w
1 1

—
1

Proportion of pixels (%)

0_ T T
1.85.0

135 36.8

Hypo- and unventilated (%)
Fig. 8. Graph of dependence of pulmonary fibrosis severi-
ty according to digital morphometry on the percentage of
hypo- and non-ventilated lung tissue according to quanti-
tative lung CT
Puc. 8. [paduik 3aBUCHMOCTH BbIpazKEHHOCTH JIEFOUHOTO
¢hubpo3a 1o JaHHbIM LUPPOBOK MOPHOMETPHUH OT MPOLIEH-
Ta UMO0- W HEBEHTUJIUPYEMOH JIEFOYHOM TKAHH MO JaHHbIM
kosnuectseHHol KT sierkux

damage [44]. The CT pattern of consolidation and
ground-glass opacities (GGO) correlates with numerous
pathologic processes, in particular with diffuse alveolar
damage, capillary dilation and occlusion, and
microthrombosis [45]. In addition, signs of alterations
and thrombosis of the pulmonary vessels were found in
intact sections of the lungs according to CT data [46].

Despite the inability to display the alveolar-vascular
basal membrane on CT images, the ability to stratify the
course of the disease is an indirect reflection of ongoing

Information about the authors:

0,00 (0,00; 0,01)
24,04 (2,52; 229,45)
0,006
0,14

0,03 (0,01; 0,07)
2,18(1,28;3,71)
0,004
0,26

pathologic processes[1]. Since the outcome of alterations
is fibrosis [11], it was reasonable to assume that the CT
data of the acute phase of COVID-19 would be a predic-
tor of the development of fibrous changes in the lungs.

For the appointment of any method of treatment of
post-COVID-19 fibrosis, a preliminary diagnosis is
required. The diagnosis of post-COVID pulmonary
fibrosis should be based on clinical examination, radi-
ological findings, pulmonary function tests, and patho-
logic biomarker values [47]. However, the detection of
intravital post-COVID-19 fibrosis requires a time-con-
suming and invasive lung biopsy procedure. For this
reason, the mass application of a comprehensive sur-
vey is extremely difficult. Extrapolation of autopsy lung
examination data through quantitative CT assess-
ment, in our opinion, is one of the ways to pre-diag-
nose and identify groups of patients who require specif-
ic treatment.

This research demonstrates a reliable dependence of
the severity of fibrous changes in histological samples
with the results of quantitative analysis of CT images of
patients in the acute phase of COVID-19. It’s crucial
for understanding the features of the disease and will
increase knowledge of the pathophysiology and conse-
quences of COVID-19.

Conclusion. Thus, in the course of the study it was
shown that digital morphometry and quantitative
assessment of CT images are useful tools for an objec-
tive assessment of the severity of fibrous changes in
COVID-19 recovalescents. A reliable dependence of
the percentage of fibrous tissue in histological samples
on the proportion of pixels characterizing hypo- and
non-ventilated lung tissue was shown.
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