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Background: Interstitial lung diseases (ILDs) include a broad range of diffuse parenchymal lung disorders and are characterized by diffuse parenchymal
lung abnormalities leading to irreversible fibrosis. ILDs are correlated with the occurrence of pulmonary fibrosis (PF), which generally also results in pulmonary hypertension (PH). Interferons, secreted in larger amounts during viral infections, are an important possible risk factor contributing to this
outcome.
Aims: In this narrative review, the role of 10 different viral infections on the generation/development of ILDs and their outcomes are described in
detail. The aim of this review is to determine the probable risk that COVID-19 and other viral infections pose in the post-infection development of
ILDs, PF, and PH.
Methods: Searches in PubMed (Medline), Google Scholar, Web of Science (ISI, Researcher ID, Publons), ResearchGate, Scopus, and secondary sources
yielded 134 studies. After exclusion criteria, 92 studies containing the terms “Coronavirus” (COVID-19), “Interstitial Lung Diseases,” “Pulmonary
Fibrosis,” “Pulmonary Hypertension” and “viral infections” were selected for inclusion. Selected articles were read with a focus on the roles of the 10
commonly studied viral infections on generation/intensification of ILDs and classified according to their dominant effect on the respiratory system, with
a focus on each infection’s effects on parenchyma of the lungs and generation and/or intensification of ILDs.
Results: This review found that ILDs, PF, and PH can occur after a COVID-19 viral infection. Similar results are also seen in post-infection cases of other
viral infections, including Epstein–Barr virus, Cytomegalovirus, Human herpesvirus-8, adenovirus, Hepatitis C, Torque-Teno (Transfusion-Transmitted)
Virus, Human Immunodeficiency Virus, Severe Acute Respiratory Syndrome, and Middle East Respiratory Syndrome.
Conclusion: Results of current studies show probable possibility for generation and/or intensification of ILDs in COVID-19 infected patients like other
studied viruses. Studies on determination of the actual prevalence of ILD, PF and PH in post-COVID-19 infected patients, follow-up studies on the prevention of ILDs in recovered COVID-19 patients, and meta-analyzed studies on pulmonary outcomes of pandemic corona viruses are strongly recommended as topics for future studies.
Key Words: COVID-19; interstitial lung diseases; pulmonary fibrosis; pulmonary hypertension

INTRODUCTION
Interstitial lung diseases (ILDs) or diffuse parenchymal lung diseases clinically present with dyspnea, restrictive pulmonary function, and impaired
gas exchange. They include a broad range of diffuse parenchymal lung
disorders, which are characterized by widespread and heterogeneous
parenchymal lung abnormalities and can lead to irreversible fibrosis [1].
ILDs are categorized as having certain known etiologies (non-idiopathic)
and unknown etiologies (idiopathic) [2], as listed in Figure 1 [3] and
Figure 2 [2], according to the classification of different authors. Most infections have known mechanisms in their actions. However, some of the viral
infections, perhaps because their mechanism in ILD generation and/or
augmentation has been unclear or uncertain, are categorized in the idiopathic interstitial pneumonia group with unknown causes [1–3].
ILDs are correlated with the occurrence of pulmonary fibrosis (PF),
which generally results in pulmonary hypertension (PH) [1]. PF is a

heterogeneous pulmonary disease with a high mortality rate characterized by the progressive and irreversible destruction of lung architecture
caused by scar formation. This can ultimately lead to organ malfunction,
disruption of gas exchange, and death from respiratory failure [4]. PF is
resistant to treatment and has limited therapeutic options. Patients diagnosed with idiopathic pulmonary fibrosis (IPF), a particularly severe
form of pulmonary fibrosis with unknown etiology, have a life expectancy of 2–6 years [5].
There are several similarities in the radiographic presentation of idiopathic ILDs especially cryptogenic organizing pneumonia, acute interstitial pneumonia, nonspecific interstitial pneumonia, and other forms of
ILDs that are related to collagen vascular diseases and viral infections
such as coronavirus (COVID-19) and influenza that may be mistaken
with each other [6, 7]; however, that is beyond the scope of this review
and data are still emerging.
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FIGURE 1
Categorization of ILDs according to their causes.

Note: IPF, Idiopathic pulmonary fibrosis; NSIP, nonspecific interstitial pneumonia [3].

FIGURE 2
Other categorization of ILDs according to their causes [2].

Note: ILD, interstitial lung diseases; DPLD, diffuse parenchymal lung diseases.

The aim of this review is to determine the probable risk that
COVID-19 and other viral infections pose in the development of ILDs,
PF, and PH as important post-infection outcomes. Ten different viral
infections that can lead to the generation of ILDs are described in
detail for: COVID-19, Epstein–Barr virus (EBV), Cytomegalovirus,
Human herpesvirus-8 (HHV-8), adenovirus, Hepatitis C, Torque-Teno
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(Transfusion-Transmitted) Virus, Human Immunodeficiency Virus
(HIV), Severe Acute Respiratory Syndrome and Middle East Respiratory
Syndrome. The intent of this review is to draw attention to these important potential outcomes of COVID-19 and other infections with the hope
that it leads to action and further studies to prevent against these probable outcomes of ILD, PF, and PH in recovered patients.
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METHODS
Between December 2019 and April 2020 (from the first emergence of
COVID-19 until the start of the study), searches of Google Scholar,
PubMed, Scopus, and other indexing websites were conducted using the
keywords “Coronavirus” (COVID-19), “Interstitial Lung Diseases,”
“Pulmonary Fibrosis,” “Pulmonary Hypertension” and “viral infection.”
This search generated 134 full-text related articles, of which 42 articles
were omitted as repeats or because of unrelated subject matter. The final
92 articles that were selected included studies published between January
1972 and April 2020. Old studies were not omitted because they were
closely related to primary reports about ILDs and published data for
their mechanisms, and they were related to first reports of viral infections roles on the generation/development of ILDs. Downloaded/purchased full-text articles were read with a focus on the roles of the 10
commonly studied viral infections on generation/intensification of
ILDs; they were classified according to their dominant effect on the
respiratory system, with a focus on each infection’s effects on parenchyma of the lungs and generation and/or intensification of ILDs.

Etiology and role of interferon
According to Wynn [4], there are six mechanisms involved in the development of PF, including:
1)
2)
3)

4)
5)
6)

Mechanisms with a role in the regulation of proliferation, activation, and differentiation of epithelial cells and collagen-secreting
fibroblasts/myofibroblasts;
The role of pre-inflammatory and inflammatory mediators like
Tumor necrosis factor (TNF), Interleukin 1 (IL-1), Interleukin 17-A
(IL-17A), etc., in PF;
The role of oxidative stress mediators like reactive oxygen species
and NADPH oxidase (NOX), regulation by type 2 helper T cells
(Th2) responses, IL-13, Interferon gamma (IFN-Ƴ), Interleukin 4
(IL-4), and Interleukin 5 (IL-5). Chemokines recruit leukocytes and
fibroblasts such as Chemokine C-C motif ligand 18 (CCL18),
Chemokine C-C motif ligand 2 (CCL2), Chemokine C-C motif
ligand 6 (CCL6), C-C motif chemokine receptor type 1 (CCR1),
C-X-C Motif Chemokine Ligand 12 (CXCL12), Chemokine C-C
motif ligand 12 (CCL12), C-C motif chemokine receptor type 2
(CCR2) to the lung;
The role of epigenetic changes in fibroblasts;
The role of additional, potential therapeutic targets and strategies
like Peroxisome proliferator-activated receptors α, β/∂, and Ƴ; and,
The role of macrophages in disease stage-specific reactions and their
secreted mediators like Transforming growth factor beta 1 (TGF-β1)
and Platelet-derived growth factor (PDGF) [4].

Lung fibrosis can occur and develop after viral infections. It can also
develop after radiotherapy, exposure to chemotherapeutic drugs, or
exposure to aerosolized environmental toxins [8–11]. Among these factors, Savale et al. [12] found the role of interferon in PH and PF to be the
most important. Interferons are a large family of cytokines that correspond to a group of secreted proteins that participate as extracellular
messengers in a wide variety of responses. These antiviral, anti-
proliferative, immune-modulatory, and developmental activities act to
maintain homeostasis and in-host defense [12, 13].
Because almost all viral infections are triggered by interferon induction and/or action, interferons have important roles in innate immunity. Additionally, interferons are produced because of viral stimulations
in any kind of cells; therefore, they were firstly identified because they
can confer resistance to viral infections [13]. They provide rapid and
broad protection against a variety of pathogens as components of the
immune system. Interferons have three subfamilies of molecules: type I
includes several subgroups such as IFN-α and IFN-β, type II corresponds
to IFN-Ƴ, and type III corresponds to IFN-λ. All these subtypes are likely
to have arisen from a common ancestral gene, and they all have a common intracellular signaling pathway [12, 13].
Interferons have been recently identified as an important possible
risk factor for PH, after several reports of association of IFN-α [14–19],
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IFN-β [14, 16, 20–23], and experimental models [24–27] with PH. Some
of these cases had reversible PH [28–30] and some cases had irreversible
PH after exposure to interferons [31–33].

Epstein-Barr virus
It is uncommon that an EBV infection becomes complicated and leads
to ILD, PF, or PH in infected patients with efficient immune systems.
However, rare reports of parenchymal pulmonary involvement do exist.
Hilar or mediastinal lymphadenopathy, pleural effusion, and interstitial
pneumonitis are three types of pulmonary involvement that can occur
with EBV infections [34–39]. The radiological, histological, and computed tomography (CT) scan appearances of EBV-infected patients are
reported to include multiple nodules (large and small), with a peri-
broncho-vascular and sub-pleural distribution involving the middle and
lower lung zones [40, 41]. A recent study by Sheng et al. [42] examining
the relationship between EBV infections and IPF in patients reported
that EBV could play a key role in the pathogenesis of IPF.
Replication of EBV inside the alveolar cells (type II) can occur in
adult cryptogenic fibrosing alveolitis. It is related to latent membrane
protein 1, which is one of the EBV-associated proteins. Latent membrane protein 1 is expressed during the latent and replicating phases of
EBV infection on the surface EBV infected cells which is likely similar
to what is occurring in adult cryptogenic fibrosing alveolitis and it can
become positive in the cuboidal epithelial cells of the lungs of patients
suffering from IPF who have been given a poor prognosis [43–45].
Lymphocytic interstitial pneumonia in HIV negative/immunocompetent patients infected by EBV in childhood [46, 47] and in adulthood
presented with progressive dyspnea and dry cough as reported recently
by Prasoppokakorn et al. [48]. Latent membrane protein 1 can become
apparent in patients with severe IPF, and in total IPF had been identified more frequently in EBV positive patients than in healthy control
groups [49]. It was also reported that an EBV infection can increase the
risk of lung cancer in IPF patients [50, 51]. In addition, the effects of
EBV infections on tumorigenicity, metastasis, and TRAIL-sensitivity of
non-small cell lung cancer were reported [52]. Malizia et al. also
reported that TGFβ1 is induced by an EBV infection of epithelial cells,
and an EBV lytic phase induction can increase apoptosis of alveolar
epithelial cells [53].

Cytomegalovirus
Yonemaru et al. [54] reported that patients with IPF and collagen vascular disease-related interstitial pneumonitis, Cytomegalovirus (CMV),
had elevated immunoglobulin G and complement fixation titers.
Because CMV immunoglobulin M was negative in most of these
patients, this elevation may indicate that the latent CMV infection is
more prominent in IPF and collagen vascular disease-related interstitial
pneumonitis [54].
An animal model study in mice shows that a CMV infection may
result in PF through a mechanism of increasing TNF-α expression.
Ganciclovir, which acts via blockage of murine CMV reactivation, may
prevent abnormal TNF-α expression and, finally, pulmonary fibrosis. In
this study, mice had considerable increases in IL-1β, KC, and MIP-2
mRNA expression; adding to TNF-α expression compared to controls.
Image analysis showed that CMV-infected mice had significantly
increases in PF compared to control groups 3 weeks after infection [55].
To estimate the amount of CMV genome replication in patients suffering from IPF, Dworniczak et al. [56] calculated CMV’s DNA copy
number in broncho-alveolar lavage cells, blood leukocytes, and serum of
patients with IPF. A highly closed relationship between CMV infection
and IPF was reported in these patients. A higher CMV DNA copy number in blood serum was observed in IPF patients than in controls
(log10 = 3.2 vs. 2.0, respectively). It was also reported that the prevalence
of the CMV DNA positive subjects in the patient group (75%) was the
same as the control group (69%). In both patient and control groups, the
mean CMV DNA copy number in broncho-alveolar lavage cells was significantly higher than that in blood leukocytes (log10 = 2.7 vs. 1.2 for
patients and 2.8 vs. 0.9 for controls, respectively) [56].
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Tang et al [49] found CMV infection to be significantly more frequent in IPF patients than in control groups. They found that CMV
infection in patients with familial IPF was more frequent than in patients
with sporadic IPF, but the reasons for this difference were not reported
[49]. In Sheng’s [42] novel meta-analysis, the relationship between CMV
infections and IPF in infected patients had been strongly demonstrated
and it was also reported that viral infections could play a key role in the
pathogenesis of IPF.

Human herpes virus 8

A diagnosis of HHV-8, which is Ƴ–herpesvirus and known as Kaposi’s
sarcoma (KS) associated herpes virus, may lead to the development of
additional diseases including a different form of KS (classical, endemic
and HIV-1-associated KS), HIV-1-associated B-cell primary effusion lymphoma, and Castleman disease (CD) [57]. An association between CD,
which is highly related to HHV-8, and PH has been reported [58], along
with an increased level of TNF-β, IL-1 and IL-6 in the serum of patients
with CD [59]. To find the relationship between HHV-8 and IPF, Tang
et al. [49] showed that HHV-8 infection is more frequent in IPF patients
than in controls and HHV-8 infections were also reported to be more
frequent in patients with sporadic IPF than in patients with familial IPF.
Sheng’s [42] meta-analysis studied the relationship between HHV-8
infections and IPF in infected patients and reported that viral infections
could play a key role in the pathogenesis of IPF. HHV-8 is identified as
an absolute factor in IPF, and was speculated by Tang et al. that lung
tissue that had latent infection with herpesviruses (HHV-6, 7, 8) could
act as a stimulus for inflammation in IPF [60]. Using a murine model
study, the role of Ƴ-herpesvirus was confirmed in the augmentation of
PF, and it was reported that upregulation of chemokines during viral
infection (and subsequent recruitment of fibrocytes to the lung) likely
contribute to augmentation of PF [61].
Vannella et al. [62] also used a murine model to determine whether a
latent herpesvirus infection can augment PF, and they found that latent
infection upregulates the expression of pro-inflammatory chemokines,
TGF-β1, and cysteinyl leukotrienes in alveolar epithelial cells. This study
also showed that enhanced fibrosis is highly associated with the induction
of pro-fibrotic factors and the recruitment of fibrocytes, which supports
the hypothesis that γ-herpesviruses can serve as an initiating cofactor
in the pathogenesis of PF [62]. Calabrese et al. [63] reported different
mechanisms for the association between herpes viruses and IPF and PH.
In their novel study, herpes virus infections resulted in the development
of PH in IPF patients through the probable mechanism of increasing
TGF-β expression; in addition, the remodeled vessels were shown to have
increased vessel cell proliferation in proximity to metaplastic epithelial
cells and macrophages [63]. It should be noted that although the relationship between HHV-8 and IPF had been demonstrated, there are several
studies that reported different results [45, 64–66].

Adenovirus
There is no current published study that proves that a persistent adenovirus infection can induce TGF-β secretions from epithelial cells, which
may result in the transition of epithelial-mesenchymal and induce
development of IPF [67]. In fact, Partovian et al. [68] reported that
adenovirus-mediated gene transfer improves endothelial function and
attenuates development of PH; this novel study reported that vascular
remodeling in a rat model of hypoxic PH may have clinical implications
regarding the treatment of PH. Kuwano et al. [69] reported that adenovirus is unlikely to be etiologically involved in the pathogenesis of IPF or
interstitial pneumonia associated with collagen vascular disease. More
studies are needed to prove this hypothesis.

Hepatitis C virus
Hepatitis C Virus (HCV) has been reported as a factor in the development of PF in infected patients. Ferri et al. [70], demonstrated anti HCV
antibodies and HCV viraemia, and a viral genome was also detected in
peripheral lymphocytes and in lung biopsy specimens. This study
hypothesized that HCV chronic infection could represent a trigger factor
for interstitial lung fibrosis [70]. HCV infection is also implicated in
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cases of IPF; during follow-up, patients with IPF have a high possibility
of dying from acute exacerbation due to IPF, demonstrating a need to
provide a high level of care for these patients. Physicians must therefore
be conscious of any degree of dry coughing and dyspnea in HCV-infected
patients. Age, smoking, and liver cirrhosis are additional factors reported
to enhance the development of IPF in HCV-positive patients [71].
A high prevalence of anti-HCV antibodies (serum antibodies against
Cl00-3 antigen) in patients with IPF has been reported using the HCVELISA method in confirmed IPF patients. This can be interpreted in
four ways: (i) HCV itself is a pathogen of IPF; (ii) antibodies recognizing
some epitope that mimics Cl00-3 antigen of HCV are involved in the
pathogenesis of IPF; (iii) the ELISA is detecting some antibodies against
superoxide dismutase to which Cl00-3 antigen is fused as part of the
recombinant DNA technology; or (iv) the high prevalence of HCV is
accompanied by chance with IPF, and HCV does not play a role in IPF
[72]. A study of Italian patients with IPF by Meliconi et al. [73] recorded
increased prevalence (approximately 13%) of HCV infection and viral
replication, but the prevalence of anti-HCV antibodies did not differ
from other lung diseases.
A broncho-alveolar lavage study in HCV infection by Aliannejad
et al. [74] reported increased counts of lymphocytes and neutrophils in
broncho-alveolar lavage fluid. This recent cohort study also reported that
HCV infection is highly associated with nonspecific pulmonary inflammatory reactions that are not compatible with IPF, but that it can lead to
PF. Interferons are another important factor reported by these authors;
interstitial pneumonia and sarcoidosis have been reported as well-
documented complications of IFN therapy [74].
In contrast, a recent study by Yin et al. [75] using an RNA-seq method
rejected the role of HCV in acute exacerbations of IPF; although sporadic, low-level evidence of viral infections in the studied lung tissue
specimens had been recorded, and a statistical difference for expression
of any virus was not found.

Torque-Teno (transfusion-transmitted) virus
There is little published data about the association between Torque-Teno
(Transfusion-Transmitted) Virus (TTV) and IPF. Bando et al. [76] used a
semi-nested polymerase chain reaction to find an association between
TTV and IPF augmentation in TTV-infected patients. It reported that
TTV DNA was detected in 36.4% of IPF patients. Serum LDH is an isoenzyme in chronic coughing and it is producing during the inflammations
including viral infections and it can be also induced by IL-8, prostaglandins (D2 and E2), and IFN-α, and it is a biomarker in immune mediated
respiratory inflammation and the serum lactate dehydrogenase level was
also significantly higher in the IPF patients with a TTV infection than in
those without. Half of patients in the TTV DNA-positive group died
during the observation period, whereas only 28.6% of patients in the TTV
DNA-negative group died. The 3-year survival rate was significantly lower
in the TTV DNA-positive group than in the TTV DNA-negative group
(58.3% vs. 95.2%, P < 0.02) and replicative intermediate forms of TTV
DNA had been detected in the lung specimen from a TTV-infected IPF
patient. The authors concluded that TTV infection can influence the disease activity and prognosis of IPF in infected patients [76].
Wootton et al. [77], used a highly sensitive, genomics-based discovery
method to investigate the role of viral infection in a large, well-
characterized cohort of patients with acute exacerbation of IPF. In their
study, TTV infection was reported as more common in patients with
acute exacerbation than in stable controls, but present in a similar percentage of acute lung injury controls. Deep sequencing of a subset of
acute exacerbation cases confirmed the presence of TTV but did not
identify additional viruses. Although they study showed the absolute
association between TTV infection and IPF augmentation in TTV
infected patient, they reported that most cases of acute exacerbation of
IPF are not caused by viral infection [77].

Human immunodeficiency virus
There are several published studies related to the association between
HIV and ILDs, IPF, PH, and IPF. HIV viral proteins including negative
factor, glycoprotein 120 and Trans activator of transcription had been
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identified to induce pulmonary vascular pathology in HIV-associated PH
and was explored by Cool et al. in 2011 [57]. A higher degree of pulmonary hypertension was reported by Pellicelli et al. [78] on persons living
with HIV who suffered from primary PH than HIV negative patients
with primary PH. Cytokine-related stimulation and proliferation of
endothelium seems to be responsible for augmentation of PH associated
with HIV infection in patients. PH in persons living with HIV had been
suspected as causally related to high levels of cytokines present in their
bodies, and high cytokine production levels is suspected to occur after
host response to HIV infection [78]. Several studies have reported that
persons living with HIV have a >600-fold higher incidence of PAH than
does the general population, and one in 200 individuals diagnosed with
AIDS develops PH [57, 78–80].
Humbert et al. [81] studied the association between HIV infection
and PH via semi-quantitative polymerase chain reaction, in situ hybridization, and immunohistochemistry. It confirmed that interstitial perivascular cells expressing platelet-derived growth factor A-chain mRNA
and protein could be detected by in situ hybridization and immunohistochemistry in persons living with HIV and suffered from PH, respectively. Platelet-derived growth factor expression was reported as highly
elevated in lung biopsies of patients with PH. They stated that growth
factors, such as platelet-derived growth factor, may play an important
absolute role in the initiation and/or progression of primary PH [81].
Two different roles, direct and indirect, were defined in a study by
Pellicelli et al. [82] for HIV infection in generation/augmentation of PH
in persons living with HIV. Direct effects of HIV and lymphokines
released dependent effects in response to HIV infection are two direct
roles defined by these authors. It has also been found that in the absence

of evidence of direct pulmonary endothelium cell infection by HIV, an
indirect role of the virus mediated by cytokines, including; endothelin-1
(ET-1), interleukin-1β (IL1 β), interleukin-6 (IL6), TNFα and PDGF, can
be hypothesized [82, 83]. Figure 3 is extracted from Pellicelli et al. and
shows how HIV can augment PH process via its effects on macrophages/
monocytes, platelets and lymphocytes to produce cytokines [82]. Figure 4
is also extracted from other authors work and shows how chronic
hypoxia influence on pulmonary artery smooth muscle cells and induce
chronic stimulation of α1-receptors [82].

Severe acute respiratory syndrome
Because COVID-19 and Severe Acute Respiratory Syndrome (SARS) are
both from the coronavirus family of viruses, to predict and/or warn
about COVID-19 post-infection pulmonary outcomes, it can be helpful
to refer to studies from recent, similar pandemics, of SARS. Xie et al.
[84] followed up on surviving SARS patients at least twice within 3
months after discharge. Patients underwent SARS-associated coronavirus (SARS-CoV) via IgG antibody testing, pulmonary function testing,
and chest radiography and/or high-resolution CT (HRCT) examinations. Xie et al. [84] suggested that lung fibrotic changes caused by SARS
disease occurred mostly in severely sick patients and may be self-
rehabilitated. Patients had residual abnormalities on their chest x-rays
and HRCT imaging mainly displaying interstitial thickening, groundglass opacification, bronchiectasis, and signs of volume loss [84].
Wang et al [85] also reported that 60 days after infection, SARSinfected patients had increased cellularity of bronchoalveolar lavage
fluid with increased alveolar macrophages and CD8 cells. HRCT scores
were reported as increased and correlated with T-cell numbers and their

FIGURE 3
HIV stimulates macrophages/monocytes, platelets and lymphocytes to produce cytokines.

Note: Endothelin-1, interleukin-1β, interleukin-6, and PDGF can interact with endothelial and smooth muscle cells. The final effects will be a reduction of
vascular nitric oxide production, arterial vasoconstriction, proliferation and migration of smooth muscle cells, and an antiapoptotic effect [80]. Chronic hypoxia
via chronic stimulation of α1-receptors of pulmonary vasculature and high α1-adrenoreceptors stimulation of pulmonary vessels in HIV positive patients can be
also implicated in the pathogenesis of PH with typical pathological changes [80]. Figure 4 is also extracted from other authors work and shows how chronic
hypoxia influence on pulmonary artery smooth muscle cells and induce chronic stimulation of α1-receptors [80].
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FIGURE 4
Effect of chronic hypoxia on pulmonary artery smooth muscle cells.

Note: Chronic hypoxia stimulates intracellular production of HIF-1 (hypoxia-inducible factor) which induces the transcription of various genes such as ET-1,
PDGF, VEGF. Furthermore, HIF-1 enhances the production of α1-adrenoreceptors and a reduction of β-adrenoreceptors on the smooth muscle cell surface.
Hypoxia can also increase NE (norepinephrine) plasmatic levels. NE, in the presence of an increased number of α1-adrenoreceptors, will induce an increase
of intracellular free calcium levels and have a vasocostrictor effect. On the other hand, an increased production of cytokines will enhance vasoconstriction and
produce cell proliferation [80].

subpopulations, and inversely with CD4/CD8 ratio. TNF-α, IL-6, IL-8,
RANTES and MCP-1 levels were increased. On day 90 after infection,
HRCT scores improved significantly in most patients, with normalization of bronchoalveolar lavage fluid cell counts in half of patients with
repeat bronchoscopy. Resolution of pneumonitis was delayed in some
patients during SARS recovery and this may be associated with delayed
clearance of SARS-CoV. Complete resolution may occur by 90 days or
later after infection [85]. Nicholls et al [86] reported that within the first
10 days after SARS infection, the histological picture was that of acute
phase diffuse alveolar damage (DAD) with a mixture of inflammatory
infiltrate, edema and hyaline membrane formation. Desquamation of
pneumocytes was prominent and consistent. After 10 days of illness, the
picture changed to one of organizing DAD with increased fibrosis, squamous metaplasia and multinucleated giant cells [86].

Middle East Respiratory Syndrome
Like the SARS, Middle East Respiratory Syndrome (MERS) virus and
COVID-19 are also from similar viral family and they may have same
pathogenesis and post infection outcomes. There is less available data
about MERS-CoV, but it had been reported that direct comparison of
the follow-up chest radiographic findings with clinical data revealed several significant differences between patients with evidence of lung fibrosis and those without. Lung fibrosis, which had been detected on
follow-up chest radiographs, is highly associated with a greater number
of intensive care unit (ICU) admission days, older age, a higher chest
radiographic score and higher peak lactate dehydrogenase level [87]. In
other words, these are the underlying risk factors and/or predictors for
developing lung fibrosis in MERS-CoV infected patients who recovered.
It is understandable that lung fibrosis develops in patients who have
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been more severely infected with MERS-CoV (i.e., higher chest radiographic score) and who experience a longer infection period (i.e., greater
number of ICU admission days). In addition, it was found that older
patients with already aged lungs and decreased immune systems were not
able to completely recover from MERS-CoV and were prone to develop
viral-induced lung fibrosis [87, 88].

COVID-19
Coronavirus disease (COVID-19) is an international health concern that
has patients reporting different common signs during the infection
period including: fever (76.51%), coughing (58.39%), expectoration
(32.21%), dyspnea (1.34%), muscle pain (3.36%), headache (8.72%),
sore throat (14.09%), nasal mucus (3.36%), chest pain (3.36%), chest
tightness (10.74%), chill (14.09%), diarrhea (7.38%), and nausea and
vomiting (1.34%) [7]. It has also been reported that COVID-19 may augment acute respiratory syndrome and acute pneumonia.
Radiological changes that have been reported in COVID-19 infected
patients include pulmonary infiltration visible on CT scans, the pattern
of multifocal peripheral ground-glass opacity, mixed ground-glass opacity, or consolidation with predominance in the lower lung. Presentation
with extensive mixed opacity rather than ground-glass opacity and consolidation is highly indicative of 2019-nCoV infection when considering
an interval between symptom onset and CT examination of 7 days [7]. It
was also reported that COVID-19 pneumonia manifests on lung CT
scans as bilateral, subpleural, ground-glass opacities with air bronchograms, ill-defined margins, and a slight predominance in the right lower
lobe. Abnormal lung CT findings can be present even in asymptomatic
patients, and lesions can rapidly evolve into a diffuse ground-glass opacity predominance or consolidation pattern within 1–3 weeks after onset
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of symptoms, peaking at around two weeks after onset [6]. These radiological appearances are closely associated with pulmonary parenchymal
involvement. Because of the pulmonary parenchymal involvement in
COVID-19-positive patients and with reference to the aforementioned
radiological appearances, ILD, IPF, and PH can be considered as an
important post-infection outcome for COVID-19 and/or COVID-19
can be considered as a possible augmenter for ILD, IPF, and PH.
Unfortunately, there is little current data about COVID-19 pathophysiology; however, it has been reported that although the host immune
response is essential for the resolution of COVID-19 infection, it can
also be crucial for the pathogenesis of major clinical manifestations of
the disease [89]. The angiotensin-converting enzyme 2 (ACE2) has been
identified as the host cell-surface receptor for SARS-CoV2 envelope
spike glycoprotein [89, 90]. ACE2 is a type I membrane protein expressed
on cells in the kidney, heart, gastrointestinal tract, blood vessels, and,
importantly, lung type 2 alveolar epithelial cells, which are particularly
prone to viral infection [89, 91]. Given that lung type 2 alveolar epithelial cells are involved in COVID-19 infections, it can be predicted that
lung parenchyma will be strongly influenced by COVID-19 since it is
confirmed in radiological and CT studies [7]. There are few histopathological studies on COVID-19 effects on the respiratory system at this
time, and histopathological study in this area is highly recommended as
a topic for future studies.
Deep venous thrombosis and its related outcomes, including alveolar
damages, is also an important source of microscopic vascular damage in
COVID-19 infected patients. In a recent autopsy study by Wichmann
et al. [92] of patients who died due to COVID-19 infection, a high incidence of deep venous thrombosis (58%) was reported. Pulmonary embolism was also reported as the direct cause of death in one-third of these
patients. After histopathological studies, diffuse alveolar damage was
demonstrated in 67% of patients [92].

Limitations
This narrative review study had some limitations such as: lack of available data for COVID-19 because it is a recent pandemic and lack of
available published data for its pathogenesis and related post-infection
outcomes. Additionally, some research was not available in our country
(Iran). This was designed as a preliminary study in on April 2020 in the
early days of the pandemic, so there were no available published data for
its patterns, complications, and outcomes.

CONCLUSION
This review outlined the mechanisms of ILDs, IPF, and PH; the etiology
and role of interferon in generation, induction and/or augmentation of
ILDs; and looked at 10 viral infections including EBV, CMV, HHV-8,
adenovirus, HCV, TTV, HIV, COVID-19, SARS-CoV, and MERS-CoV.
This review finds that probable association between these viruses and
ILDs, PF and PH is clear. ILDs can occur after COVID-19 viral infection
and follow-up studies on COVID-19 infection healed patients is strongly
recommended. A meta-analysis on pulmonary outcomes of pandemic
corona viruses should be also considered for future studies.
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