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Abstract⎯The most common causes of diffuse interstitial lung damage following COVID-19, often either
imitate it but have a different nature or remain due to prolonged persistence of SARS-CoV-2 in the lower
respiratory tract. A diagnostic algorithm is proposed to make mostly a correct diagnosis, the key element of
which is study of the bronchoalveolar lavage f luid.
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Just a few months after the beginning of the
COVID-19 pandemic, doctors were faced with cases
of recurrent diffuse interstitial processes in the lungs,
which resembled acute coronavirus infection caused
by SARS-CoV-2 in terms of clinical, radiological, and
often laboratory features. Such patients were hospital-
ized anew to covid hospitals with multiple courses of
etiotropic and immunosuppressive therapy despite
mostly negative PCR analysis results for coronavirus
in the nasopharyngeal and oropharyngeal swabs.
Many patients did respond to treatment with cortico-
steroids and anticytokine drugs, but after completion,
the disease returned in its previous form. In some
patients, anti-inflammatory and immunosuppressive
therapy had no effect; the disease either persisted or
progressed, sometimes leading to death. As the num-
ber of people recovering from COVID-19 grows, there
are increasingly more cases of interstitial lung damage
in the post-COVID period. In this article, we analyze
the range of pathological processes in the lungs that
develop after a new coronavirus infection and propose
a diagnostic algorithm that in most cases makes it pos-
sible to establish the exact cause of the disease and
prescribe the correct treatment.

Based on our own experience with patients with
persistent diffuse interstitial processes in the lungs in

the post-COVID period, we conclude that they can be
divided into four main groups.

(1) Interstitial pneumonia caused by opportunistic
pathogens. One of the most common opportunistic
infections we encountered was P. jirovecii pneumonia.
Note that its causative agent led to interstitial damage
not only in individuals with initial immunodeficiency
but also in some patients with severe COVID-19 who
underwent to powerful, often prolonged and uncon-
trolled immunosuppression. Clinically, the disease
manifested by febrile or subfebrile fever; diffuse
“ground-glass opacity” areas (Fig. 1), often with air
traps on the chest CT scan; leukopenia and lympho-
penia; and an increase in the level of C-reactive pro-
tein and interleukin-6 in blood tests; i.e., it almost
completely repeated the features of COVID-19. Sev-
eral similar cases have already been described in the
literature, including those occurring with signs of a
“cytokine storm”; therefore, we should always be alert
regarding P. jirovecii pneumonia in recurrent post-
COVID lung damage [1, 2]. With the advent of highly
sensitive test systems for the detection of SARS-CoV-
2 RNA, any negative result of PCR analysis for
COVID-19 in a patient with acute diffuse lung disease
should be considered from the standpoint of a possible
alternative diagnosis, primarily P. jirovecii pneumonia,
including patients initially admitted to covid hospitals.

Back at the beginning of the pandemic, we
described a case of severe pneumocystis pneumonia in
an HIV-infected patient, mimicking COVID-19 in its
manifestations [3]. The main method for diagnosing
this infection is PCR analysis of bronchoalveolar
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Fig. 1. Pneumocystis pneumonia that developed two
months after COVID-19 in a long-term high-dose sys-
temic glucocorticoid patient. Spilled areas of ground glass,
totally filling the parenchyma of the lungs. Left: a single
unaffected lobule (arrow).

Fig. 2. Invasive pulmonary aspergillosis in a patient after
severe COVID-19. In the lower lobe of the right lung, there
is a thick-walled cavity with intracavitary inclusions (“rat-
tle” symptom). Bilateral irregular consolidation foci on
both sides, reticular changes.
lavage (BAL) fluid for P. jirovecii. Treatment of
P. jirovecii pneumonia is traditional: high doses of tri-
methoprim/sulfamethoxazole in combination with
systemic glucocorticoids.

The next possible subgroup of opportunistic
pathogens of post-COVID lung damage are fungal
infections, most often Aspergillus spp. Such an infec-
tion should be suspected in all patients with signs of
persistent inflammation; the presence of consolida-
tion zones in the lungs, surrounded by foci of drop-
outs; and especially in the case of post-COVID cavi-
ties in the lungs (Fig. 2). The frequency of invasive
aspergillosis in patients with severe COVID-19
reaches 30%, being one of the negative prognosis fac-
tors [4] if the problem was not recognized in time. In
the future, after discharge from the hospital, it is pneu-
momycosis that may determine the picture of per-
sistent lung damage. Methods for diagnosing invasive
aspergillosis include culture of sputum or BAL fluid,
determination of the level of galactomannan in blood
or BAL fluid, and PCR testing for Aspergillus DNA
from the bronchial contents, sputum, or BAL [5].
Voriconazole is used as a first choice drug.

Invasive candidiasis is the second most common
fungal complication after COVID-19. In patients with
acute coronavirus infection, representatives of the
Candida genus—C. albicans, C. tropicalis, C. parapsi-
losis, C. orthopsilosis, and C. glabrata—are detected. In
the post-COVID period, a significant change in the
intestinal microbiome occurs and candida f lora begins
to predominate in it [6]. Its translocation can cause
damage to many organs up to the central nervous sys-
tem [7]. Diagnosis of pulmonary candidiasis is based
on a cultural study of the BAL fluid, determination of
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the mannan antigen (a candida cell wall oligosaccha-
ride), and a PCR test for candida in the same substrate
or (1-3)-β-D-glucan in the blood serum. Echinocan-
dins (anidulafungin, caspofungin, or micafungin) are
frontline therapy for invasive candidiasis [8].

Cytomegalovirus pneumonia following COVID-19
is a rarer but possible case [9]; therefore, PCR testing
of the blood and BAL for cytomegalovirus, in our
opinion, should be included in the list of diagnostic
tests when searching for opportunistic pathogens.

The revival of latent forms of tuberculosis after a
new coronavirus infection has also been encountered
in our practice; however, this process on a chest CT
scan usually manifests itself in the form of multiple
foci rather than diffuse interstitial changes and there-
fore is easier to diagnose.

Epstein‒Barr virus, being a herpes virus, is present
as a latent infection in 90% of the adult population [10].
Signs of reactivation of this viral infection were found
in 66% of patients with symptoms of weakness, insom-
nia, headache, and myalgia after COVID-19 [11]. Per-
haps this pathogen also plays a role in persistent lung
disease in the post-COVID period after immunosup-
pressive therapy since Epstein‒Barr-associated pneu-
monitis was previously described in immunocompro-
mised patients [12].

(2) Covid-induced vasculitis with lung involvement.
Today, experts have a very definite opinion that both
SARS-CoV-2 and antiviral vaccines can induce a
number of autoimmune diseases—Guillain‒Barré
syndrome, autoimmune thyroiditis, autoimmune
hemolytic anemia, and vasculitis [13]. Thus far, the lit-
erature has described only a few cases of ANCA-asso-
ciated vasculitis that occurred in the short term after
COVID-19 or vaccination, both in the form of diffuse
alveolar hemorrhages and as an infiltrative process
 Vol. 92  No. 4  2022
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Fig. 3. ANCA-associated vasculitis occurring within one
month of COVID-19 vaccination. Bilateral foci of ground-
glass opacities and consolidations with peribronchovascu-
lar distribution.

Fig. 4. Persistent SARS-CoV-2 nine-month-long infec-
tion in a 25-year-old patient with a history of B-cell lym-
phoma who completed rituximab treatment just before
falling ill with COVID-19. Bilateral ground-glass areas
with subpleural and peribronchovascular distribution.
with cavitary formations in the lungs [14]. In our prac-
tice, we encountered at least two patients with signs of
bilateral peribronchovascular attenuation in the lungs,
detected on computed tomograms, with a persistent
systemic inflammatory response after COVID-19 and
vaccination against SARS-CoV-2 (Fig. 3). In both
cases, a blood test for antibodies to proteinase-3 and
myeloperoxidase made it possible to make a correct
diagnosis without resorting to bronchoscopy and lung
biopsy.

(3) Interstitial lung disease caused by persistence of
SARS-CoV-2. After the publication of a meta-analysis
[15] (it was carried out on the basis of 79 studies with
the participation of 5340 patients) with an assessment
of the viability of SARS-CoV-2 based on the results of
biological cultures, it became clear that the new coro-
navirus, at least its strains that caused the first two
waves of the disease, have a very short active phase in
the infected body: beyond nine days from the onset of
the disease, it was impossible to identify a live virus in
any patient. However, there are patients in whom
SARS-CoV-2 can persist for weeks or even months,
causing both general inflammatory symptoms and
recurrent interstitial lung disease (Fig. 4). These are
patients with severe immunodeficiency of the cellular
lymphocytic link, primarily with oncohematological
diseases, especially those who received immunosup-
pressive therapy, primarily rituximab, prior to
COVID-19 [16, 17]. Interestingly, in many of these
patients, the PCR test for SARS-CoV-2 from the
upper respiratory tract becomes negative, but viral
RNA is detected in the bronchoalveolar lavage f luid or
in the gastrointestinal tract [18, 19].

In our practice, we encountered a patient with
severe lymphopenia, fever, and recurrent ground-glass
HERALD OF THE RUSSIA
opacities foci on computed tomography. Since it was
impossible to use BAL, she underwent a bone marrow
puncture, in which the PCR test for the new corona-
virus gave a positive result five months after the acute
infection. Thus, if persistent COVID-19 is suspected,
PCR testing of BAL fluid, feces, or bone marrow (in
the presence of lymphopenia) for SARS-CoV-2
should be performed to confirm a possible viral infec-
tion.

Treatment of patients with long-term persistent
coronavirus infection is a difficult task. We have suc-
cessfully used a combination of plasma exchange (at
least 3 L of plasma) with plasma replacement of
COVID-19 convalescents and a large dose of COVID-
globulin in such patients. After the creation of antiviral
monoclonal antibodies, there was hope that such
patients could be completely cured by these drugs.
The first such experience in treating a patient with
a 300-day persistence of coronavirus by subcutaneous
administration of Regen-COV antibodies has already
been published [16].

(4) COVID-induced interstitial lung disease (CI-ILD).
According to the first study, which retrospectively
evaluated a cohort of such patients, CI-ILD signs were
observed in 4.8% of patients discharged from the covid
hospital. Although these patients are increasingly
often found in the pulmonology clinic, neither a defi-
nition of the disease nor unified approaches to its
management have been formulated thus far. Based on
the time factor of the disease, considered in [20], we
propose the following definition: “Post-COVID-19
interstitial lung disease is persistent interstitial inflam-
mation lasting for more than six weeks after COVID-19,
not associated with infection, as well as drug or other
exogenous factors and systemic diseases.” This
N ACADEMY OF SCIENCES  Vol. 92  No. 4  2022
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Fig. 5. Interstitial lung disease induced by COVID-19 in
a 43-year-old female patient. Recurring within six months
bilateral ground-glass opacity and consolidation areas,
completely disappearing after taking systemic steroids. The
distribution of damage is subpleural and peribronchial.
Computed tomography demonstrates the pattern of orga-
nizing pneumonia.
approach requires, in the first place, the exclusion of
other possible causes of interstitial damage in the post-
COVID period, which were mentioned above.
Changes detected by computed tomography in
patients with CI-ILD most often correspond to the
pattern of organizing pneumonia (peribronchovascu-
lar and subpleural foci of consolidation and ground
glass opacity (Fig. 5), which are in combination of
halo sign or reverse halo sign). The second place in
terms of frequency is occupied by the pattern of the
cellular variant of nonspecific interstitial pneumonia
(ground glass opacity areas with moderate reticular
changes, predominantly subpleurally gravitating
towards the basal regions). Histologically, these
patients also show signs of organizing or nonspecific
interstitial pneumonia with traces of diffuse alveolar
damage. The main method of treatment for CI-ILD
involves the administration of systemic glucocorti-
coids in medium doses with their slow, careful
decrease (considering the control of the assessment of
the diffusion capacity of the lungs, the main func-
tional criterion for the course of the disease) [21]. In
our clinic, in addition to systemic glucocorticoids in
CI-ILD, we use short courses of cyclophosphamide at
a dose of 200 mg/day for 3–5 days. We also use an
inhaled surfactant (75 mg for 3 times a day) in combi-
nation with noninvasive lung ventilation during inha-
lations or alternating inhalation with breathing with
exhalation resistance to straighten atelectatic areas of
the lung tissue.

Despite our concerns at the beginning of the pan-
demic about the risks of developing severe pulmonary
HERALD OF THE RUSSIAN ACADEMY OF SCIENCES 
fibrosis after COVID-19, our experience suggests that
pulmonary fibrosis after a new coronavirus infection is
an extremely rare condition, which is observed only in
patients who survived severe forms of the disease and,
unlike idiopathic pulmonary fibrosis, does not tend to
progress.

Among other possible causes of interstitial lung
damage after COVID-19, one can discuss diseases
associated not so much with the viral infection but
with the complications of therapy. These include
drug-induced interstitial lung disease, which can be
caused by many of the drugs used, and alveolar hem-
orrhages as a result of taking anticoagulants. An import-
ant diagnostic tool, just like in most other cases of
post-COVID-19 lung damage, is a cytological analysis
of bronchoalveolar lavage f luid, in which lymphocyto-
sis (with drug pneumonitis) or erythrocytosis (with
alveolar hemorrhages) is found. Note that the cytolog-
ical and PCR analysis of bronchial aspirates, often
used in routine practice instead of BAL to speed up the
bronchoscopy procedure, according to our data, in
more than half of the cases does not make it possible
to identify real pathogens or evaluate the cellular dom-
inant of post-COVID lung pathology.

For the differential diagnosis of post-COVID dif-
fuse lung damage, we use the diagnostic algorithm
shown in Fig. 6; thanks to it, we managed to make an
accurate diagnosis in almost all cases. At the first
stage, we recommend a blood test for markers of auto-
immune diseases (antineutrophil cytoplasmic anti-
bodies, antinuclear antibodies) and bacterial infection
(procalcitonin). A positive result most often brings
closer making the diagnosis without invasive proce-
dures. If the result is negative, further actions should
be based on the features of computed tomography of
the diffuse process pattern in the lungs. The pattern of
fibrosis (reticular changes, traction bronchiectasis)
without a ground-glass opacities and in the absence of
inf lammatory symptoms gives reasons to suspend
further diagnostic search and focus on treatment.
If inflammatory signs (ground glass opacity, consoli-
dation, foci, etc.) are detected on a chest CT scan, the
patient should undergo bronchoscopy and bronchoal-
veolar lavage with the range of studies discussed above.
Exclusion of infections and other rarer causes allows
the diagnosis of COVID-induced interstitial lung dis-
ease.

٭ ٭ ٭
Differential diagnosis of diffuse post-COVID lung

disease is a difficult but solvable task. The most com-
mon causes of the ongoing interstitial process in the
lung parenchyma after COVID-19 are opportunistic
infections (fungal, pneumocystis, cytomegalovirus,
tuberculosis), autoimmune diseases with lung dam-
age, and persistence of SARS-CoV-2 infection in the
lung tissue (usually in patients who previously received
rituximab). If all these factors are excluded, it is highly
 Vol. 92  No. 4  2022
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Fig. 6. ANA, antinuclear antibodies; ANCA, antineutrophil cytoplasmic antibodies; BAL, bronchoalveolar lavage; PCT, procal-
citonin. Diagnostic algorithm for diffuse lung damage after COVID-19.

SARS-COV2-PCR
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likely that the new interstitial lung disease is induced
by COVID-19.
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