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Abstract

Introduction: We studied the clinical and histological profile of lung tissue in patients with persistent pulmonary disease, respiratory

symptoms and computed tomography (CT) findings after SARS-CoV-2 infection.

Materials and Methods: The study included 15 patients (7 females and 8 males) with a mean age of 57.7 years. All patients
underwent laboratory tests, chest CT, echocardiography, and pulmonary function tests (PFT). Pulmonary tissue and bronchoalveolar
lavage (BAL) samples were obtained by fibrobronchoscopy (FBS), transbronchial (TB) forceps (2 patients), and lung cryobiopsy (11
patients); open biopsy was performed in 2 patients. Cellular composition, DNA of herpesvirus, Mycobacterium tuberculosis complex
and galactomannan optical density index, bacterial and fungal microflora growth were determined in BAL. SARS-CoV-2 was also

identified in samples from the nasal mucosa, throat, BAL and feces using a polymerase chain reaction (PCR).

Results: The results showed no true pulmonary fibrosis in patients recovered from SARS-CoV-2 infection with persistent respiratory

symptoms, functional impairment, and CT findings after SARS-CoV-2 infection.

Conclusion: Thus, no true pulmonary fibrosis was found in patients after SARS-CoV-2 infection with persistent respiratory symptoms,
functional impairment, and CT findings. The observed changes comply with the current and/or resolving infection and inflammatory

process.
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Introduction

Long-term sequelae of COVID-19 presents a significant public health challenge with wide-ranging implications [1-3]. Approximately
31-69% of patients with COVID -19 suffer from sequelae of COVID -19 [4], which are defined as a series of new, recurrent, or ongoing
health problems 2 4 weeks after the initial SARS - CoV-2 infection [5,6]. Symptoms may persist for months or even years in patients with
COVID-19, which are defined as long COVID, post-COVID syndrome, or post-acute sequelae of COVID-19 (PASC) [2-4]. Long-term COVID-19
leads to damage to many organs, with predominant manifestations in the respiratory, cardiovascular, and gastrointestinal systems, and
also affecting the nervous system and mental status of patients. Most studies report varying health consequences of COVID-19 within 1-2

years after acute infection based on the analysis of clinical, laboratory and functional data [5,7-12].

During the acute phase of COVID-19, viral pneumonia was the main reason for hospitalization due to the development of respiratory
failure. The clinical manifestations and treatment of the acute phase of COVID -19 are now better understood, but data on the long-term
consequences of COVID-19 are still insufficient. The prevalence of persistent lung tissue abnormalities on CT ranges from 7% to 94% one

year after discharge and varies depending on the severity of the disease in patients included in the studies [5,7,13-19].

Pulmonary fibrosis in the recovery phase attracts special attention, its prevalence varies widely in different studies and ranges from
0 to 72% [18,20-22]. It remains unclear whether fibrosis-like lesions represent true fibrotic lung disease and what is the rate of its
progression. Histopathological data have been studied in the acute period of the disease, mainly based on autopsy data, and autopsy and

biopsy studies on long-term follow-up are few [23-25].

Objective of the Study

To study the clinical and histological profile of lung tissue in patients with persistent lung damage and respiratory symptoms and CT

imaging after SARS-CoV-2 infection.

Materials and Research Methods

The study included 15 patients (7 women and 8 men) with a documented diagnosis of previous SARS-CoV-2 infection and lung damage

according to CT data, with a lesion volume from 10 to 95%. The average age was 57.7 years (range 30 - 76 years).

All patients were analyzed for demographic parameters, smoking history, body mass index, information on comorbidities, previous
therapy, number of hospitalizations after the first episode of SARS-CoV-2, as well as current symptoms and physical signs. All patients
underwent chest CT, echocardiography, PFT, including spirometry, body plethysmography, measurements of the diffusion capacity of the

lungs; general and biochemical blood tests, levels of total immunoglobulins M, G, A, E.

All patients underwent rheumatoid-immunological examination to determine autoantibodies to extractable nuclear antigens (Sm,
SS-A, SS-B, PM-B, SSA/Ro-52), antibodies to histidine-tRNA synthetase (Jo-1), antibodies to proliferating cell nuclear antigen (PCNA),
anticentromere antibodies (CENT-B), antibodies to double-stranded (native) DNA (dsDNA), Histones, Nucleosomes, and antibodies
to ribosomal protein P (Rib.P-protein), antibodies to mitochondria (AMA-M2), antibodies to non-histone chromosomal protein Scl-70

(topoisomerase I enzyme with a molecular weight of 70 kDa).

Lung and BAL samples were obtained by FBS, TB cryobiopsy of the lungs (11 patients), using standardized methodology. Open biopsy
was performed in 2 patients, TB forceps biopsy - in 2 patients. Cellular composition, cytomegalovirus (CMV) DNA, herpes viruses types
1,2,6, Epstein-Barr virus, P. jirovici, SARS Coronavirus RNA, M. tuberculosis complex, galactomannan optical density index, bacterial and

fungal microflora growth in BAL were determined. SARS-CoV-2 was also determined in samples from the nasal mucosa, pharynx and feces.
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Results

Patients underwent FBS with cryobiopsy and BAL on average 169.3 days after the acute episode of SARS-CoV-2 infection. At the time
of biopsy, all patients had a negative SARS-CoV-2 PCR result for upper respiratory tract swab and stool. All patients were not vaccinated
against SARS-CoV-2. The common complaint of all patients was shortness of breath and general weakness. Twelve patients had respiratory
failure, 10 had 3-4 episodes of hospitalization for fever and development/worsening of respiratory failure. During those hospitalizations,
CMYV infection was confirmed in 2 patients, extrapulmonary herpes in 1 patient, and pulmonary bacterial infection, including Aspergillus
spp. in 5 patients. During repeated hospitalizations, all patients received antibacterial therapy, additionally glucocorticosteroids - 2

patients and baricitinib - 2 patients. Some patients with proven viral and fungal infection had appropriate therapy.

Blood tests at the time of biopsy showed slight leukocytosis in one patient, lymphopenia in 2, and an increase in D -dimer levels in 2.

The CRP level was elevated in 6 patients, significantly in 2 people.

Rheumatoidal immunological testing revealed no abnormalities. Gram-negative microflora growth in BAL was obtained in 1
patient, CMV PCR - in 1 patient. In 2 patients, SARS-CoV-2 persistence was detected as the background of secondary drug-induced
immunodeficiency. According to PFT, all patients showed a decrease in volumetric indicators and diffusion capacity of the lungs. Grade 1

pulmonary hypertension was detected in 3 patients.

BAL cytology in all patients was characterized by an increase in lymphocytes and neutrophils; eosinophils of 1-3% were found in
3 patients. Histological examination of lung biopsy samples revealed different patterns (Table 1). The most common patterns were
organizing pneumonia (OP) (Figure 1) and the cellular variant of nonspecific interstitial pneumonia (NSIP) (Figure 2) - in 5 patients,
respectively, the fibrous variant of NSIP and fibroatelectasis - in 2 patients (Figure 3-5). Focal intraalveolar hemorrhages with focal edema
and hyaline membranes were observed in 3 patients (20%), (Figure 5). Focal interstitial peribronchial fibrosis with slit-like structures
was detected only in 2 patients (Figure 6 and 7).

Parameters

Organizing pneumonia

Nonspecific interstitial pneumonia (cellular)

Nonspecific interstitial pneumonia (fibrous) + fibroatelectasis

Focal intraalveolar hemorrhages with focal edema and hyaline membranes

N W | N || Ul

Focal interstitial peribronchial fibrosis with slit-like structures

Table 1: Histopathological data of patients.

Figure 1: Focal organizing pneumonia. Hematoxylin and eosin staining.
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Figure 2: Cellular variant of nonspecific interstitial pneumonia. Hematoxylin and eosin staining.

Figure 3: Fibrous variant of nonspecific interstitial pneumonia. Hematoxylin and eosin staining.

Figure 4: Fibrous variant of nonspecific interstitial pneumonia: thickening of the interalveolar septa due to
proliferation of myofibroblasts and fibroblasts. IHC: a: SMA, b: vimentin.
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Figure 5: Focal intraalveolar hemorrhage, edema. Hematoxylin and eosin staining.

Figure 6: Focal fibroatelectasis. Hematoxylin and eosin staining.

Figure 7: Focal peribronchial fibrosis, represented by fibroatelectasis with the presence of slit-like

structures. Hematoxylin and eosin staining.
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Discussion

The long-term consequences of COVID-19 remain a pressing and important public health issue. Several hypotheses have been proposed
for its pathogenesis, including persistent tissue reservoirs of SARS-CoV-2 [26,27]; immune dysregulation [27,28] with or without
reactivation of herpes viruses and others [27-29]; the impact of SARS-CoV-2 on the microbiota [27,30,31], autoimmunity [27,32-34] and
alteration of the immune system due to molecular mimicry [27]; microvascular coagulopathy with endothelial dysfunction [27,35,36]
and dysfunction of brainstem and/or nervus vagus signaling [27,37]. In our study, we attempted to find associations of some of these
and others with the histopathological lung changes profile. The first published papers based on the autopsies results in the acute phase
of COVID-19 corresponded to such variants as diffuse alveolar damage (DAD), acute fibrinous pneumonia, OP, lymphocytic pneumonia
(LP), thrombotic microangiopathy, pulmonary embolism [23-25]. Previous single publications based on the results of TB cryobiopsies
during the first month of the disease showed the presence of LP [38], DAD in combination with endotheliitis without necrosis and
thrombosis [39], DAD without hyaline membranes with hyperplasia of type II alveolocytes, absence or rare myofibroblasts, hyperplasia
of alveolar capillaries with their dilation, dilation and tortuosity of venules [40]. Barisione., et al. studied cryobiopsy samples from 8
deceased patients, 39 lung tissue samples taken from all lung lobes after 30 minutes death, and compared them with the CT picture. In
2 deceased patients with a disease duration of <14 days, DAD was found in the early exudative phase, with positive PCR for SARS-CoV-2,
which corresponded to the “ground-glass opacity” phenomenon on chest CT. The 6 cases with a median disease duration of 32 days
demonstrated “crazy paving” CT symptom with an average/proliferative phase of DAD (n = 3) and with a late phase of DAD (n = 3) -
consolidation, one of the them with “honeycombs” [41]. In our study, lung biopsy was performed at a late stage after SARS-CoV-2 infection,

in most patients - by TB cryobiopsy.

The changes which we identified are likely to be the result of several factors. In 10 patients, a wave-like course with episodes of fever
and hospitalizations was noted. Such a course of post-COVID syndrome may correspond to the following theory. Y Su,, et al. performed
a multiomic analysis of data from 309 patients from the initial diagnosis of COVID-19 to recovery (after 2-3 months). The authors
identified 3 consistent profiles of patients: 1) acute period with the presence of the virus and reduced cortisol levels in the blood; 2)
hyperinflammation and the presence of autoantibodies in the blood; 3) the convalescent period, characterized by an increase in the
population of CD8+ and CD4+ T cells, including SARS-CoV-2-specific clonotypes, which are not activated during the acute period, but
during convalescence [42]. We were interested in the 2nd and 3rd profiles of patients. Autoantibodies, which can neutralize interferons
type I (IFNs), associated with immune dysfunction and mortality in COVID-19 [43,44], as well as with long-term COVID-19 [27]. Systemic
lupus erythematosus-associated autoantibodies have been detected in patients with acute COVID-19 infection [45]. We investigated
the possibility of such a relationship by measuring routine autoantibodies, but rheumatoid immunological testing did not reveal any
abnormalities. Y Su,, et al. compared a panel of autoantibodies, including anti-IFN-a2 and 5 antinuclear autoantibodies (Ro/SS-A, La/SS-B,
U1-snRNP, Jo-1 and P1) with different isotypes of antibodies against SARS-CoV-2, which made it possible to identify the abovementioned
profile of “hyperinflammation with the presence of autoantibodies”. However, mature types of autoantibodies were also detected, which
suggests their synthesis before the acute period of COVID-19 and a reflection of the subclinical state [42]. Despite the fact that we did not
identify obvious autoimmune disorders in our patients, we can assume a relationship between relapses, fever, severe general weakness

with a hyperinflammation profile.

Accompanying COVID-19 immunological disorders are associated with infection activation. S Parasa., et al. found a relationship between
the presence of SARS-CoV-2 in the gastrointestinal tract and post-COVID syndrome [46,47]. Y Su,, et al. showed spontaneous activation of
CMV-specific T cells [42]. In our study, we did not detect SARS-CoV-2 in feces and throat swabs. During previous hospitalizations, herpes
virus infection was confirmed in 3 patients, bacterial infection - in 5 patients, and fungal infection - in 1 patient. At our stage, growth of gram-
negative microflora in BAL was obtained in 1 patient, CMV PCR - in 1 patient, and persistence of SARS-CoV-2 was detected in 2 patients.

There is systemic inflammatory response syndrome (SIRS) during COVID-19. On other hand, there is Compensatory Anti-inflammatory
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Response Syndrome (CARS), leading to post-infectious/post-injury immunosuppression [48]. The goal of the CARS response, mirroring
the SIRS, is to attenuate the pro-inflammatory cascade, prevent inappropriate multi-organ dysfunction [45], and regulate the return to
immunological homeostasis [49]. This process involves multiple factors simultaneously interacting and counteracting to orchestrate the
balance of these syndromes, which ultimately determines COVID-19 outcomes. The excessive inflammatory response depends on the viral
exposure, comorbidities and immunocompetence and is characterized by excessive release of inflammatory cytokines such as interleukins
1, 6,8, 17 and 13, monocyte chemoattractant protein-1 and tumor necrosis factor-a [50]. This process leads to the development of acute
lung injury, acute respiratory distress syndrome, coagulopathy, hypotension, hypoperfusion, multiple organ failure and death [51]. If the
inflammatory response is excessively suppressed towards GARS, the patient, having managed to “survive” the initial hyperinflammatory
cytokine storm and progression to acute lung injury, may enter a stage of prolonged immunosuppression [52,53], known as persistent
inflammation, immunosuppression and catabolism syndrome (PICS), which is observed after sepsis and is one of the putative causes of
persistent postseptic syndrome. Post-septic patients are prone to latent viral reactivation, including SARS-CoV-2, in recovered COVID-19
patients [54]. Similar to sepsis, COVID-19 patients are at risk of developing secondary bacterial and fungal infections [55], implying
immunosuppression and dysregulation. Overt immunosuppression and positive BAL PCR for SARS-CoV-2 were observed in 2 patients
with Hodgkin lymphoma and multiple sclerosis treated with rituximab and ocrelizumab, respectively. These patients had low levels of
immunoglobulins M and G, as well as lymphopenia. Immunophenotyping of peripheral blood mononuclear cells revealed depletion of B
lymphocytes due to anti-B cell therapy, as well as a slight absolute and relative decrease in NK cells in the context of SARS-CoV-2 viral
pneumonia. No antibodies to SARS-CoV-2 were detected. The COVID-19 pandemic affected patients with various immunosuppressive
disorders and therapies, who had an increased risk of developing a severe course of the disease [56,57]. At the same time, the inability
to eliminate the virus, leading to disease progression [58]. Recent studies have shown that such persistent infection may harbor multiple
mutations and deletions in SARS-CoV-2 genomes that evolved into new variants in immunocompromised patients [59,60]. Impaired anti-
SARS-CoV-2 specific antibody responses during SARS-CoV-2 infection and/or vaccination in patients with solid organ transplantation,
autoimmune diseases, and hematological malignancies contributed to increased morbidity and mortality due to COVID-19 [61,62].
Antibody levels in SARS-CoV-2 seropositive immunocompromised patients have been shown to decline faster than in immunocompetent
individuals [63-65], although the survival time and function of antibodies are not fully known. Cellular responses play an important role
in preventing infection and the development of severe disease [65]. Interestingly, despite different antibody levels, the rate of SARS-CoV-
2-specific T cell response after vaccination was similar in immunocompromised and immunocompetent individuals [65]. However, due
to their functional heterogeneity in different immunodeficiency states, the short- and long-term protective role of T cells in COVID-19 is
still not fully understood. The presence of specific memory CD4 and CD8 T cells with the ability to proliferate for 10 months after recovery
from COVID-19 has been reported [66-68]. A protective effect against SARS-CoV-2 has been described for tumor necrosis factor inhibitors,
which is associated with a strong CD4 and CD8 T cell response and a decrease in tumor necrosis factor receptor-mediated T cell apoptosis
[69]. The use of TNF inhibitors is associated with a reduced risk of severe COVID-19 and an enhanced cellular response to the vaccine
[69]. Previous studies have shown that a significant proportion of patients experienced functional impairment for 1-2 years, especially a

decrease in lung diffusion capacity [5,7], which was also observed in our patients.

The prevalence of persistent CT abnormalities ranged from 7 to 94% one year after discharge and varied depending on the severity of
the disease [5,7,14-19]. In this regard, some authors believe that in addition to the loss of immune competence, patients after COVID-19
are susceptible to the development of pulmonary fibrosis [20-23]. However, the true extent of pulmonary fibrosis after COVID-19 has not
been determined. The prevalence of pulmonary fibrosis or fibrosis-like changes varies widely across studies and ranges from 0 to 72%
[18,20-23]. Histological changes in the lungs of patients with COVID-19 demonstrate fibroblast proliferation and interstitial fibrosis,
which is possibly associated with the participation of transforming growth factor 3 [70]. Other predisposing factors for the development
of pulmonary fibrosis include older age, male gender, smoking and diabetes, concomitant pulmonary and cardiovascular diseases [71-

73], severe inflammatory response during the acute period [70], lymphopenia [74], decreased plasma levels of IFN-y [75], mechanical
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ventilation, oxygen therapy, and other infections [70]. In our study, the results of the histological examination did not reveal pronounced

fibrosis with the formation of “honeycombs” in any observation.

Conclusion

Thus, true pulmonary fibrosis was not detected in patients after SARS-CoV-2 infection with persistent respiratory symptoms, functional
impairment, and CT imaging after SARS-CoV-2 infection. The identified changes correspond to an ongoing and/or resolving infection and

inflammatory process.
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