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Abstract

Coronavirus disease 2019 (COVID-19) infection is caused by severe acute
respiratory syndrome coronavirus-2 (SARS-Cov-2). It is characterized by respiratory
distress, multiorgan dysfunction and death in some cases. The host immune response
to SARS-CoV-2 appears to play a critical role in disease pathogenesis and clinical
manifestation. However the pathological mechanism underling the disease has not
been fully defined. Lung autopsy samples from 3 patients with fatal COVID-19 were
evaluated using hematoxylin and eosin stain to analyze the histopathological changes.
While immunohistochemical (IHC) staining was performed for detecting CD4 in
helper T-cells, CD8 in cytotoxic T-cells, CD56 in NK-cells and CD45R0O in memory
T-cells. Histopathological examination revealed features of diffuse alveolar damage
(DAD) with exudate in alveolar space and infiltration of inflammatory cells.
Immunohistochemistry staining for CD4 showed weak to positive staining, CD8
showed weak positive staining, CD56 showed negative staining, while CD45RO
showed a positive staining. It can be concluded that SARS-CoV-2 virus impaired
innate immune response through a decrease in NK cells and adaptive immune
response through a decrease in CD8 T cells which is one of the explanations of the
destructive nature of SARS-CoV-2 virus.

Keywords: Lung Autopsy Sample, Severe Acute Respiratory Syndrome
Coronavirus-2 (SARS-CoV-2), Immunohistochemical staining (IHC).
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Introduction

Three years have passed since coronavirus disease 2019 (COVID-19) was first identified in
Wuhan-Hubei Provence in China [1] and was recognized as a pandemic by World Health
Organization in March 2020 [2]. As of 28 February 2023, there have been nearly
758,390,564 million cases confirmed worldwide and over 6,859,093 deaths [3]. Severe acute
respiratory syndrome COVID-2 (SARS-CoV-2) is a coronavirus that binds with angiotensin
converting enzyme2 (ACE-2) as a receptor for intracellular binding and entry, as other
coronavirus agents like SARS and middle east respiratory syndrome (MERS) did [4, 5]. This
receptor is expressed on the surface of lung epithelial and alveolar cells, vascular endothelium,
pericytes and bronchial epithelium cells [6]. Organizing pneumonia, chronic interstitial
pneumonia and diffuse alveolar damage were the major reported of lung pathologies in severe
COVID-19 [7]. Lung histopathology of rapidly died COVID-19 patients with mechanical
ventilation showed organizing diffuse alveolar damage (DAD). On the other hand, acute DAD
with acute changes appeared in five patients who did not receive mechanical ventilation.
Interestingly, inflammatory pattern in the lung changes according to DAD stage, from
neutrophils in the acute phase to chronic inflammation in DAD tissue. This finding raises the
question that lymphocytes, plasma cells and the lung macrophages may have a pathogenic role,
possibly in immune response and virus clearance. [8]. Lot of studies have showed a close
relation between SARS-CoV-2 disease progression and the immune system [9]. A decrease in
peripheral T-cell subset has been shown as a unique characteristic of SARS and recovered
patients showed a rapid restoration of peripheral T-cell subset. Thus, peripheral T-cells can
serve as an accurate diagnostics tool for SARS [10]. Pro inflammatory cytokines have been
found to elevate in a group of hospitalized non-vaccinated SARS patients and it has been shown
that six cytokines were involved in the inflammation process of lung, including IL-6, IL-1, IL-
17A, TGF-B, TNF-a and IFN- y [11]. Most SARS-CoV-2 studies were limited to peripheral
blood markers, and only few gross lung anatomical analysis and immune-morphological
analysis have been conducted in this field. The aim of this study was to provide an evaluation
for infiltrations of immunological cells of lung autopsy specimen from different autopsy
samples to give an insight into immunopathological changes of lung in SARA-CoV-2 patients
and their effects on the disease outcome, and their implications for potential treatment.

Patients and Methods
Cases and Ethical Issues

Salahaddin University, Erbil-Iraq, College of Science’s human ethics committee authorized
and approved the current study (Approval No0.45/431 Date 28/06/2022) and the General
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Directorate of Health—Erbil (Approval No.24538 in 20/9/2022) for the use of autopsy samples.
The cases were one female and two males, aged 67, 55 and 50 years respectively. The three
autopsy samples were taken from histopathological department in Medico Legal Institute-Erbil
Hospital that were confirmed for SARS-CoV-2 infection by real-time polymerase chain
reactions (RT-PCR) at the time of hospital admission and died from respiratory failure. The
three samples analysis was carried out in accordance with the principles of the medical
committee of the hospital.

Lung Tissue Sampling, Processing and Analysis

All lung lobes were sampled, including central and peripheral area. Tissue specimens were
fixed in 10% formalin solution for 48 hrs., then processed and embedded in paraffin according
to Medico Legal Institute-Erbil Hospital-Histopathology department protocols. The samples
were then transported to PAR private hospital for slide preparation and staining. Tissue sections
were stained with hematoxylin and eosin stain (Thermo Scientific USA). The sections were
viewed under a microscope (Olympus BX40, Japan) and photographed to analyze the
histopathological changes in all autopsy samples. Immunohistochemical (IHC) staining
performed on the most representative areas of selected cases included staining with antibodies
against CD4 (clone 4B12, Fisher MA5-12259) for identification of helper T-cells, CD8 (clone
SP16, Fisher MA5-14548) for identification of cytotoxic T-cells, CD56 (clone 56C04, Fisher
MAJ5-11563) for identification of natural Killer (NK) cells, and CD45R0O (clone UCHL-1 Fisher
MAS5-11532) for identification of memory T-cells. Control samples for IHC was provided by
Par Hospital. Two specialized pathologists, for each slide, did histopathological evaluation and
approval. The analysis of immunological markers and the features of immune cells responses
was done on the basis of staining intensity on cell membrane. Staining intensity was assessed
for mild (Weak positive), moderate (Positive), intense (Strong positive), or no expression
(Negative). All antibodies were ready-to-use monoclonal antibodies (Thermo Fisher Scientific,
Tudor Road, Manor Park, Runcom, Cheshire WA7 1TA, UK). The sections obtained were
analyzed under magnified power (X200 and X400) with high-resolution color microscope
camera.

Results

Postmortem lung autopsy samples were collected from a case series of confirmed SARS-
CoV-2 positive patients who died between 2020-2021. All patients had clinical and radiological
features of severe pneumonia with high D-dimer levels and had respiratory failure, and
mechanical ventilator support was provided for all cases.

1. Histopathological Findings

Upon macroscopic examination, the lungs of all patients were found to be heavy, congested
with patchy involvement. And histological examination revealed features of diffuse alveolar
damage (DAD) with exudate in alveolar space and infiltration of inflammatory cells specially
monocytes in alveolar space, interstitial infiltration of mononuclear inflammatory cells with
deposition of collagenous fibers. These features were also associated with desquamation of
epithelial cells in the alveolar lumen with hyperplasia of fibrocytes, infiltration of lymphocytes
cells (Figures 1 & 2).
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Figure 1: Lung autopsy samples showed intravascular fibrin clot (black arrow), hyperplasia of
pneumocytes type Il (blue arrow). H&E. 100x (A). Intravascular clot (black arrow), few
vascular intraluminal inflammatory cells (blue arrow), perivascular edema (red arrow). H&E.
100x (B). Hyperplasia of pneumocytes type Il (black arrow), sloughing and desquamination of
necrotic epithelial cells (blue arrow). H&E. 400x (C). Organized vascular thrombi (black
arrow), anthracosis lesions (blue arrow), collagen fibers deposition (red arrow). H&E. 400x

(D).
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Figure 2: Lung autopsy samples showed hyperplasia of pneumocytes type Il (black arrow),
sloughing and desquamination of necrotic epithelial cells (blue arrow). H&E. 400x (A).
Deposition of fibrous tissue (black arrow), infiltration of inflammatory cells (blue arrow). H&E.
400x (B). multiple anthracosis lesions (blue arrow), collagen fibers deposition (red arrow).
H&E. 400x (C) Case 55. Wide spread of necrotic changes in the affected alveoli (Black arrow),
with desquamination and sloughing of necrotic cells (Blue arrow). H&E. 100x (D). Deposition
of collagen fibers (Black arrow), infiltration of mononuclear inflammatory cells (Blue arrow),
hemosiderin pigment (Red arrow). H&E. 400x (E). Showed multiple anthracosis lesions (Blue
arrow), collagen fibers deposition (Red arrow). H&E. 100x (F).
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2. Immunopathological Findings

The representative immunohistochemistry staining for CD4 T-helper cells, CD8 Cytotoxic
T-cells, CD56 in natural killer cells, and CD45R0O in memory T-cells are summarized in Figures
3,4,5and 6.

2.1 CD4 Helper T-cells: Lung sections were immuno-stained for CD4 antibody staining, a
member of the cluster of differentiation which is mainly expressed on the surface of thymocytes
and mature helper T-cells (Figure 3).
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Figure 3: Lung sections were immuno-stained for CD4 antibody staining (400x). The first
autopsy sample showed positive staining (Figure 3A), while the second autopsy sample showed
weak positive staining (Figure 3B), and the third autopsy sample showed positive staining
(Figure 3C) compared to normal tissue (Figure 3D).

2.2 CD8 Cytotoxic T-cells: Lung sections were immuno-stained for CD8 antibody staining

(400x), a member of the cluster of differentiation which is mainly expressed on the surface of
cytotoxic T-cells (Figure 4).
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Figure 4: Lung sections were immuno-stained for CD8 antibody staining (400x). The first
autopsy sample showed positive intense staining (Figure 4A), while the second autopsy sample
showed weak positive intense staining (Figure 4B), and the third case autopsy sample showed
weak positive intense staining (Figure 4C) compared to normal tissue (Figure 4D).

2.3 CD56 Natural Killer (NK) Cells: Lung sections were immuno-stained for CD56 antibody

staining, a member of the cluster of differentiation which is mainly expressed on the surface of
Natural Killer (NK) cells (Figure 5).
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Figure 5: Lung sections were immuno-stained for CD56 antibody staining (400x). The first
autopsy sample showed a weak positive intense staining (Figure 5A), while the second and the
third autopsy sample showed negative staining (Figure 5B & 5C) compared to normal tissue
that showed a negative staining (Figure 5D).

2.4 CD45RO Memory T-cells: Lung sections were immuno-stained for CD45R0O antibody

staining, a member of the cluster of differentiation which is mainly expressed on the surface of
memory T-cells (Figure 6).
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Figure 6: Lung sections were immuno-stained for CD45R0O antibody staining (400x). The first
autopsy sample showed weak positive staining (Figure 6A), while the second autopsy sample
showed strong positive staining (Figure 6B), and the third case autopsy sample showed positive
staining (Figure 6C) compared to normal tissue that showed a weak positive staining (Figure
6D).

Discussion

The postmortem autopsy samples from patients with fatal COVID-19 in the few published
research has showed differences in pulmonary responses to the infection that were associated
with viral load, different immune response and different duration for the clinical illness before
death [12]. Histopathological observation indicated that the COVID-19 virus has a devastative
cytopathic effect (Figures 1 and 2) which results from the immune responses, including
progressive diffuse alveolar damage with sloughing and desquamination of the necrotic
epithelial cells, wide spread necrotic changes in the affected alveoli, deposition of fibrous
tissues and collagen fibers with infiltration of inflammatory cells with organized vascular
thrombi and intra vascular fibrin clot. All these findings are comparable to different studies
done by different researchers [8, 13, 14].
SARS-CoV-2 stimulates a severe antiviral immune response and, therefore, we analyzed
presence of specific immune cells in the lung autopsy samples. In our study, T-cells (CD3") of
the CD4" lineages showed positive staining compared with the control section (Figure 3).
Enriched infiltration of CD4" in the lung of autopsy lung samples was reported by Valaebenito
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and his team [15]. Also, Carsana and his colleagues reported increased infiltration of CD4" to
the lung [16].

T-cells (CD3") of the CD8" lineages lymphocyte showed a weak positivity in 2 cases
(Figure 4) which is comparable to the study done by Yang Li and his colleague in 2020 that
showed that lymphocytes particularly CD8+ T-cells significantly decreased in severe cases
compared with mild cases [17]. Accumulation of CD8 cells in the lung gradually leads to an
increase in the disease outcome in other lung viral infections [18]. CD4 helper T-cells are
stimulated to secrete Thl cytokine Interleukin-12 (IL-12) and IFN- interferon-y (IFN-y), and
this activation subsequently leads to CD8* cytotoxic T-cells activation which may also get
activated through the direct binding with MHC class | on the infected cells. The absence of a
robust T-cell response (CD3 and CD8) in all patients under analysis is crucial since it points to
a possible systemic immunological malfunction. In agreement, a T-cell lymphopenia has been
seen in the blood in certain severe COVID-19 cases compared to those who are not infected

[19, 20]. Within the first few days of viral infection, CD3~CD56™ cells, which are commonly
referred to as human NK cells, rapidly increase in the lungs [18]. By the generation of IFN-y,
the activation of adaptive immune cells, antibody dependent cell cytotoxicity (ADCC), and
cytotoxic lysis, activated lung NK cells which then aid in the removal of the virus. However,
many research [21] indicate a production of IFN-y at high-dose induce immunopathology in

lungs infected with virus [22]. CD3~CD567 cells in the lung autopsy samples showed a weak
to negative infiltration in the lung section compared to the control section (Figure. 5). NK cells
are triggered during viral infections by infected cells through contact-dependent processes [21]
and by cytokines such as IL-15, IL-12, IL-2, and type I IFN which are produced by infected
cells and perhaps other cell types [22, 23]. CD45R0 is a memory T-cells that plays a role in the
immunopathogenesis of lung. Our results showed a positive to strong positive staining
compared with the weak positive control section (Figure 6). The first set of COVID-19 research
on systemic blood cells indicated low percentage of CD45RO+ memory cells compared with
CD45RA+ naive T-cells in severe cases [12] and these results are comparable to our results,
although our findings were in the lung tissues itself and not systemic, as we couldn’t find any
similar research regarding the CD45RO+ memory cells in lung tissue [23]. It can be concluded
that following infection with virus monocyte, macrophage, DS, fibroblast, epithelial cell and
other cells secrete interleukins, in particular IL-15, which stimulates CD8 T-cell and natural
killer (NK) cell growth, proliferation, and cytolytic activity and increases the expression of anti-
apoptotic and decreases the expression of pro-apoptotic factors to prevent apoptosis [24]. This
cytokine keeps the balance between better immune response and modulation in the disease
conditions. When the concentrations of IL-15 increased with a normal level this probably
decreased the danger of infection, but when the concentration increased dramatically the
function of this cytokine reversed and the proliferation and the cytolytic activity of CD8 and
NK cells decreased, and apoptosis of these cell increased which is probably the reason behind
a decrease in tissue CD8 T cells and tissue NK cells in our study. What approves our
conclusions is a research done by Perpifian and his colleague who concluded that SARS CoV-
2 patients with high levels of IL-15 were at a high risk (increased 2.7 times p = 0.048, 1C 95%
= 1.008-7.710) for suffering more severe COVID-19 symptoms and would more probably
require invasive ventilation [25]. The removal of smooth muscle cells, endothelial cells and
pneumocytes, as well as increased fibroblast growth, highlight the destructive nature of this
virus. Moreover, our data showed severe alveolar wall destruction and loss of lung function
unlike any other known disease.

Limitations: The main limitation of our research study was the small sample size. All COVID-
19 related deaths, according to the Irag-Kurdistan Region MOH policy, were to be disposed
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immediately without further investigations except the 3 cases that we could obtain as they went
under further forensic investigations as required by the medico-Legal institution of Erbil.
Conflict of Interest: The authors declare that they have no conflict of interest.
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