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Severe Acute Respiratory Syndrome Coronavirus-2 (SARS-CoV-2) is a deadly pulmonary disease with impai-
red immunological response that causes significant tissue damage and organ failure. Postmortem examination
of the lung is a useful tool for understanding the immunopathogenesis of this virus. Lung autopsy samples
from seven dead SARS-CoV-2 patients were obtained and evaluated using hematoxylin and eosin stain to ana-
lyze the histopathological changes in those samples, on the other hand, Immunohistochemical (IHC) staining
was used for detection of CD21, CD1a, CR1 (CD35), CD68, Myeloperoxidase (MPO), CD15, CD56, CD3,
CD20, CD4, and CDS cells markers. Histopathological examination revealed diffuse alveolar damage with
extensive parenchymal architecture distortion, intravascular fibrin clot, deposition of collagen fibers, vascular
congestions and blood vessels containing thrombi, pneumocyte type II with inflammatory cell infiltration. The
IHC staining for the innate immune cells such as antigen-presenting cells (APCs) including dendritic cells,
Macrophages, and neutrophils showed a strong positive staining, while CD56 Natural killer (NK) cells showed
negative staining. On the other hand, the specific immune cells including; CD20 B cells, CD3 T cells, and
CD4 helper T cells, showed positive staining while CD8 Cytotoxic T cells showed negative staining. The lung
autopsy samples from patients with COVID-19 confirmed the presence of APCs through the positive staining
of CD21, CDla, CD35, CD68, MPO, and CD15 expressed the virus recognition, proinflammatory cytokine
production, and adaptive immune cells activation through CD3, CD4, and CD20 positive staining and the
role of APCs in the severity of pulmonary infection and pathogenesis of SARS-CoV-2 infection however the

nohistochemical staining (IHC).

absence of the CD56 NK and CD8 cytotoxic T explains the worse infection status for the patients.

Keywords: SARS-CoV-2, Lung autopsy samples, Antigen presenting cells (APCs), Histopathology, Immu-

1. Introduction

Severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) is one of the respiratory viruses that causes
lung infection through inflammation and tissue damage
that distort lung functions [1]. Asymptomatic or mild-to-
moderate symptoms are the most common response to the
infection while severe lung injury in the form of acute res-
piratory distress can occur following the cytokine storm.
This is characterized by pulmonary involvement including
reduced pulmonary diffusion, loss of lung compliance
causing pulmonary edema, respiratory failure and death
[2]. The activation of numerous immune cells result in the
release of significant amounts of chemokine and cytokines
that increase inflammation causing different organ damage
[3]. Thus, the SARS-CoV-2 pandemic has made us aware
of the importance of effective host immune response and
the harmful consequences of immune dysregulation [4].

During viral infection, antigen-presenting cells (APCs)
migrate to lung-draining lymph nodes, with the assistance
of co-stimulatory molecules and the local cytokine envi-
ronment, they activate the naive CD4" and CD8" T cells
in the lymph node. Antigen-specific T cells multiply, dif-
ferentiate, and migrate to the lung tissue where they either

directly destroy infected cells or indirectly trigger the ac-
cumulation of additional immune cells [5, 6].

The most identified innate immune cells involved
in pathophysiology of cytokine storm are neutrophils,
macrophages, and dendritic cells (DCs). Pro-inflamma-
tory cytokines has been found to be elevated in a group of
hospitalized non-vaccinated SARS patients and it has been
demonstrated that six cytokines of lung including IL-1p,
IL-6, IL-17A, TGF-B, TNF-0, and IFN- y, were implicated
in the lung’s inflammatory process [7].

A number of lung autopsy samples from patients who
died after contracting SARS-CoV-2 infection revealed
pulmonary epithelial and endothelial damage, dysfunc-
tion of the alveolar-capillary barrier and slowing in the
lung tissue repair processes. It also diminished fibrinoly-
sis causing widespread vascular thrombosis. Furthermore,
excessive pulmonary fibrosis, loss of alveoli, and vascular
remodeling were observed [§].

Diffuse alveolar damage (DAD) was the prominent
pathological feature of severe COVID-19 cases. Histopa-
thological findings from 32 autopsy COVID-19 samples
showed both exudative and proliferative DAD in 75% of
the patients, while 9% of them showed acute or organized
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DAD and the rest of the patients were exudative DAD al-
though they had never been intubated [9].

Many researchers in our region tried to understand the
pathology of SARS-CoV-2 infection through studying the
systemic effect of the virus. Although the complication and
severity of the disease start from lung tissues, few studies
have been done on the lung tissue itself due to Ministry of
Health policy restrictions with regards to the safety ins-
tructions to deal with the dead bodies that should disposed
of immediately without further investigations. Therefore,
more studies are required to understand the immunopatho-
logy of the virus, the lung immunological response, and
the potential participation of APCs including DCs, macro-
phages, neutrophils and B cells in the pathogenesis and
clinical outcomes in patients who died with COVID-19.

2. Material and Methods
2.1. Cases and Ethical Issues

Authorization and approval of the current study were
granted by the College of Science Ethical Committee at
Salahaddin University and the General Directorate of
Health for the use of autopsy samples in Erbil, Iraq with
approval No0.45/431 on 28" of June 2022 and No. 24538
on 20" of September 2022 respectively.

Seven autopsy samples (three females and four males,
aged 63.57+7.955 years) were taken from histopathology
department of the Medico-Legal Institute in Erbil and Du-
hok. They were all confirmed positive for SARS-CoV-2
RNA infection by PCR at the time of hospital admission
and died from respiratory failure. The twelve specimens
were obtained in accordance with the medical committee
guidelines of the hospital.

2.2. Lung tissue sampling, processing, and analysis

All lung lobes including the core and periphery were
sampled. Tissue specimens were fixed in 10% formalin
solution for 48 hours, processed, embedded in paraffin and
stained with Hematoxylin and Eosin stain (Thermo Scien-
tific, USA) according to the histopathology department
protocols of the Medico-Legal Institute-Erbil [10]. In
order to examine the histopathological alterations in each
autopsy sample, the section was viewed under a micros-
cope (Olympus BX40, Japan) and photographed.

The most representative areas in the lung specimens
were also sent to PAR private hospital for Immunohisto-
chemical (IHC) staining [11] with antibodies against CD3
(clone UCHT]1, Fisher 14-0038-82) for identification of
T-cells, CD20 (clone 2H7, Fisher 14-0209-82) for identi-
fication of B-cells, CD21 (clone 2G9, Fisher MAS5-11417)
for identification of B-cell and follicular dendritic cells
(FDCs), and CD15 (clone MC-480 Fisher MA1-002) for
identification of neutrophil cells, CD68 (clone KP1 Fi-
sher MA5-13324) for identification of macrophage cells,
CDla (clone O10 Fisher MS-1858-R7) for identification
of DCs, CR1 (CD35) (clone E11 Fisher MA5-13122) for
identification of FDCs cells, MPO (clone MC-480 Fisher
MA1-002) for identification of neutrophil and eosinophil.
CD4 (clone 4B12, Fisher MAS5-12259) for the identifi-
cation of helper T-cells, CDS8 (clone SP16, Fisher MAS-
14548) for identification of cytotoxic T-cells, and CD56
(clone 56C04, Fisher MAS5-11563) for identification of
natural killer (NK) cell. Ready-to-use monoclonal antibo-
dies (from Thermo Fisher Scientific, Tudor Road, Manor
Park, Runcom, Cheshire WA7 1TA, UK) were used. The

sections obtained were analyzed under magnified power
(X100 and 400x) with high-resolution color microscope
camera.

Two specialized pathologists did the histopathologi-
cal evaluation and approval of each slide. The analysis of
immunological markers and the features of immune cell
responses was performed on the basis of staining intensity
of the cell membrane. Staining intensity was assessed for
mild (Weak positive), moderate (Positive), intense (Strong
positive), or no expression (Negative).

3. Results
3.1. Clinical data

Postmortem lung autopsy samples were collected
from the seven cases of confirmed SARS-CoV-2-positive
patients who died between (2020-2021). All of the cases
had respiratory failure, and multi-organ failure and all of
them were on mechanical ventilator support. The clinical
data and laboratory results for the patients are summarized
in Table-1which showed elevated D-dimers, ferritin, Ery-
throcyte sedimentation rate (ESR), procalcitonin, and C-
reactive protein.

3.2. Histopathological findings

The postmortem lung section from the cases showed
distorted parenchymal architecture, proliferative hyper-
plasia of bronchial epithelia lining (pneumocytes type II),
desquamation and sloughing of necrotic epithelial cells,
intravascular fibrin clot, deposition of collagen fibers, with
vascular congestions and blood vessels contains thrombi.
The interstitium shows edema and fibrosis with chronic
inflammatory cell infiltration. Multiple lymphocyte foci
are seen in addition to parenchymal scarring most of the
alveoli are dilated and many of them are damaged with
diffuse alveolar damage (DAD) as shown in figures 1- 4.

Fig. 1. Lung Autopsy Sample (H&E). (A) Showed multiple anthra-
cosis lesions (blue arrow), collagen fibers deposition (red arrow), and
hyperplasia of pneumocytes type II (black arrow) 400x. (B) Showed
organized intravascular clot (black arrow) thickening of the vessel
walls (blue arrow), focal interstitial infiltration of mononuclear in-
flammatory cells (red arrow) 100x. (C) Showed deposition of collagen
fibers (black arrow), and organized vascular thrombi (blue arrow)
400x. (D) Showed serous exudate in alveolar space (black arrow),
infiltration of inflammatory cells especially monocytes in alveolar
space (blue arrow), interstitial infiltration of mononuclear inflamma-

tory cells (green arrow) 400x.
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Table 1. Clinical and demographic characteristics of the COVID-19 dead patients.

Parameters Median (IQR) Percentage % Minimum-Maximum
Age (Years) 63.00 (57.00-67.00) 55.00-79.00
(Mean+£S.D.) 63.57£7.955
Gender Female 42.85% (3/7)
Male 57.14%(4/7)
BMI (kg/m?) 27.39 (26.30-28.20) 25.73-28.41
Smoking 42.85% (3/7)
Olfactory dysfunction 71.42% (5/7)
(OD)
Gustatory dysfunction 71.42% (5/7)
(GD)
Comorbidities
Hypertension 71.42% (5/7)

Cardiovascular disease
Diabetes

Medication taken

00.00% (0/7)
28.57% (2/7)

Verapamil 71.42% (5/7)
Verapamil +Insulin injection ~ 28.57% (2/7)
Required ICU 100.00% (7/7)
Hospitalization

C-reactive protein

71.5 (67.69-85.60)

(CRP)(mg/1)

Ferritin (ng/ml) 850 (735-994.8)
Procalcitonin 0.500 (0.400-0.800)
(PCT) (ng/ml)

D-dimer (pg/ml)
E.S.R. (mm/hr.)
Lymphocyte (10%/ul)
Neutrophil (10%/ul)

7.700 (5.560-8.900)
68.00 (56.00-75.00)
0.970 (0.837-1.050)
14.83 (12.20-17.20)

(57.60-88.79)

(680-1035)
(0.300-1.800)

(45.00-11.76)
(45.00-76.00)
(0.783-1.200)
(11.56-17.80)

p
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Fig. 2. Lung Autopsy Sample (H&E). (A) Showed Massive deposi-
tion of polymorphic inflammatory cells (black arrow) with interstitial
hemorrhages (blue arrow) 100x. (B) Showed collagen fiber deposition
(black arrow), hyperplasia of pneumocytes type II (blue arrow), an-
thracosis (green arrow), infiltration of myonuclear inflammatory cells
(red arrow) 100x. (C) Showed multiple vascular clots (black arrow),
serous exudate in alveolar lumen (blue arrow), diffuse alveolar da-
mage (red arrow) 400x. (D) Showed infiltration of monocytes (black

arrow), lymphocytes (blue arrow), and plasma cells (red arrow) 400x.

e C 'O \

Fig. 3. Lung Autopsy Sample (H&E). (A) Showed
fibrin clot (black arrow), thickening of vascular walls (blue arrow),
Focal interstitial infiltration of mononuclear inflammatory cells (red
arrow), Diffused alveolar damages (green arrow) 100x. (B) Showed
deposition of fibrous tissue (black arrow), infiltration of plasma cells
(blue arrow), interstitial edema (red arrow) 400x. (C) Showed infil-
tration of macrophages (black arrow), lymphocytes (blue arrow), and
plasma cells (red arrow) 400x. (D) Showed numerous vascular intra-
luminal inflammatory cells (black arrow), and hyperplasia of fibro-
cytes (blue arrow) 400x.

intravascular
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Fig. 4. Lung Autopsy Sample (H&E). (A) Showed Intravascular
fibrin clot (black arrow), hyperplasia of pneumocytes type II (blue
arrow), anthracosis (green arrow), infiltration of myonuclear inflam-
matory cells (red arrow) 100x. (B) Showed deposition of collagen
fibers (black arrow), with infiltration of mononuclear inflammatory
cells (blue arrow), organized thrombus (red arrow) 400x. (C) Showed
interstitial infiltration of polymorphic nuclear cells (black arrow), and
serous exudate (blue arrow) 400x. (D) Showed deposition of fibrous
tissue (black arrow), infiltration of lymphocyte cells (blue arrow), and
plasma cells (red arrow) 400x.

3.3. Immunopathological findings

The immunohistochemistry staining was done for
CD21, CDla, and CR1 (CD35), which are mainly ex-
pressed on the surface of dendritic cells. CD21 showed
weak positive staining in most of the cases (A&B) and
negative staining in some cases (C) while CD1a (D, E, F)
and CD35 (G, H, I) showed strongly positive and positive
staining in all of the cases (Fig.5).

Both CD68 (which is mainly expressed on the surface
of macrophage) (A, B, C) and myeloperoxidase (MPO)
(which is mainly expressed by neutrophils, eosinophil, and
monocytes) (D, E, F) showed positive staining in all of the
cases while CD15 which mediates neutrophil adhesion to
dendritic cells (G, H, I) showed positive to weak positive

staining (Fig.6).

CD3 T cell (which mainly expressed in both T-helper
cells and T-cytotoxic cells) showed positive staining (A, B,
C Fig.7) while CD20 (which mainly expressed on B-cells)
showed strong positive staining ((D, E, F Fig.7). CD4
antibodies showed positive staining (Fig.7.G), while CD8
antibodies showed weak positive staining (Fig.7.H). IHC
staining for CD56-ab showed negative staining (Fig.7.1).

4. Discussion

The lung is one of the organs that are directly in contact
with the external environment. The APCs are considered
to be an important regulator of immune response and sti-
mulate antigen-specific CD4" and CDS8* T-cells against
infectious pathogens [12].

The immune response is triggered and activated when
SARS-CoV-2 enters the cell through interaction with
ACE?2 receptor and completes its replication and proli-

Fig. 6. Lung Autopsy Samples (IHC) showed strong positive stai-
ning for CD68 antibodies in some cases (A) and positive staining in
most of the cases (B&C). MPO antibody staining showed positive
staining in all the cases (D, E, F). CD15 antibodies showed positive
staining in most cases (G&H) and weak staining in some cases (I).
400x.

Fig. 5. Lung Autopsy Samples (IHC) staining with CD21 antibo-
dies showed weak positive staining in most of the cases (A&B), while
some cases (C) showed negative staining. CD1a antibodies showed
strong positive in most cases (D&E) and positive staining in some
cases (F). CD35 antibodies staining showed positive staining in all

cases (G, H, I) 400x.

CD3 antibodies in all cases (A, B, and C). Staining for CD20 anti-
bodies showed strong positive staining in all cases (D, E, F). IHC

staining for CD4 antibodies showed positive staining (G), while CD8
antibodies showed weak positive staining (H). IHC staining for CD56

showed negative staining (I). 400x.
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feration cycle. Phagocytic cells and different APCs such
as dendritic cells (DCs), granulocytes, and macrophages
serve to stimulate the innate immune system’s activity
[13].

DCs are divided into two categories: T-cell and B-cell-
related DCs. The B-cell-related DCs are known as folli-
cular dendritic cells (FDCs). While the T-cell-related DCs
include interdigitating dendritic cells (IDCs), Langerhans
cells, and connective tissue dendritic cells [14].

Histopathological observation indicated that the CO-
VID-19 virus have a devastative cytopathic effects (Fig.1,
2, 3, and 4) which result from the immune responses in-
cluding distorted parenchymal architecture, proliferative
hyperplasia of bronchial epithelia lining (pneumocytes
type 1), desquamation and sloughing of necrotic epithelial
cells, intravascular fibrin clot, deposition of collagen fi-
bers, with vascular congestions and blood vessels contains
thrombi. The interstitium shows edema and fibrosis with
chronic inflammatory cell infiltration. All these findings
were comparable to different studies done by different
researcher [8, 15, 16].

Lung sections were immunostained for FDCs (through
the complement receptor C3d -CD21) and the result
showed weak positive in most of the cases, while some
cases showed negative staining (Fig.5 A, B, and C). The
complement receptor C3b (CD35) antibody staining
showed a positive infiltration in the lung autopsy sample
in all cases (figure 5- G, H, and I), while analysis done
by other researchers [17] on DCs in lung tissues of CO-
VID-19 patients showed an overall decrease in DCs sub-
sets. On the other hand, IDCs that presented antigen to
T-cell showed a strong positive infiltration in the lung
autopsy sample as shown in Fig.5 D, E, and F. There is no
comparable study could be found in regards to the DCs in
SARS-CoV-2 infection, however a study was done by Elz-
bieta Radzikowska showed lung infiltration of IDCs in a
young smoker suffering from Pulmonary Langerhans cell
histiocytosis (PLCH) [ 18] and chronic smoker 76-year-old
woman with lung adenocarcinoma [19].

Wendisch and his team concluded that SARS-CoV-2
causes significant acute fibroproliferative respiratory dis-
tress syndrome (ARDS) through macrophage responses
[20]. The density of CD68-positive macrophage in the
lung autopsy samples was high (Fig.6 A, B, and C). A si-
milar result was observed by Jum'ah H and his colleague
observed that there is a considerable increase in the den-
sity of CD68-positive macrophages [21].

One of the main cytokines in SARS-CoV-2 related to
severe clinical problems is interleukin-6, which is mostly
associated with macrophages and dendritic cells (DCs).
This association not only highlights the importance of
APCs but also the widespread involvement of the innate
immune system in the development of the infection [22].

Myeloperoxidase (MPO), an enzyme primarily ex-
pressed in azurophilic granules, was immunostained in
lung autopsy samples, and the results revealed a concen-
tration of MPO-positive neutrophils (Fig.6 D, E, and F).
The same result was reported by D’Agnillo and his team
[8]. Lung injury is immediately caused by neutrophil toxi-
city and their degranulation through the release of leuko-
trienes and reactive oxygen species (ROS) as shown by the
high quantities of neutrophils seen in the respiratory tract
of COVID-19 patients. Through damaging the endothelial
cells, which is one of the main targets of SARS-CoV-2,

neutrophils, and can also contribute to systemic viral
spread [23-26]. The density of CD15-myeloid and mono-
cytic lineages of cells fluctuates from weak positive to
strong positive (Fig.6 G, H, and I). This molecule engages
in interactions with E-, L- and P-selectin enabling blood
vessel attachment and subsequently movement away from
the blood flow to the surrounding tissues [27].

Within the first few days of the viral infection, Human
NK (CD3_CD56+) cells proliferated and increased in the
lung [28]. The activated lung NK cells subsequently assist
in the eradication of the virus by secretion of IFN-y, the
activation of adaptive immune cells (ADCC) and cyto-
toxic lysis, however many research indicated that produc-
tion of IFN-y at high-dose induces immunopathology in
lungs infected with virus [29, 30]. NK cells in most of the
lung autopsy samples showed negative infiltration in the
lung section as shown in Fig (7-I). These cells are trig-
gered during viral infections by infected cells (through
contact-dependent processes) [31] and by cytokines such
as TNF-o IL-15, IL-12, IL-2, and IL-6 [32, 33].

Additionally, we analyzed frequencies of specific im-
mune cells in the lungs by immunostaining T cells (CD3+)
of the CD4+ and CD8+ lineages. In line with previous ob-
servations [32], the density of CD3 showed enrichment in
the lung tissue for CD3 T-cells (Fig.7 A, B, and C), while
the specific B cells (CD20+) were selectively enriched in
lung tissues of Covid-19 patients (Fig.7 D, E, and F). This
result was comparable to a study done by Nienhold R. and
his Colleague [34].

The T cells (CD3") of the CD4" lineages showed posi-
tive staining as shown in Fig. (7 G). Enriched infiltration
of CD4" in the lung of the autopsy samples was reported
by Valaebenito and his team [35] and Carsana and his col-
leagues [36].

T cells (CD3*) of the CDS8* lineages lymphocyte
showed a weak positive (Fig.7 H) and this was compa-
rable to study done by Yang Li and his colleague in 2020
which showed that lymphocytes particularly CD8+ T cells
significantly decreased in severe cases compared with
mild cases [37].

CD4 helper T cells are stimulated to secrete Thl cyto-
kine Interleukin-12 (IL-12) and IFN- interferon-y (IFN-y),
this activation subsequently leads to CD8" cytotoxic T cell
activation which may also activated through the direct bin-
ding with MHC class I on infected cells. The lack of a
strong T cell response (especially, CD8 cytotoxic T cells)
in the patients under analysis is crucial since it points to a
possible systemic immunological malfunction. T-cell lym-
phopenia is seen in the blood of severe COVID-19 cases
compared to those who are not infected [28, 38]. More
samples undergoing studies to prove our point of view
regarding CD56 and CD8.

5. Conclusions

In summary, following lung infection with SARS-
CoV-2 virus, the antigen-presenting cells increase in
number due to their migration from lung-draining lymph
nodes, which triggered potent innate immune responses
causing production of inflammatory cytokines such as
TNF-a, IL-15, IL-6, IL-12, and IL-2. Secretion of IL-15
from the monocyte, macrophage, DCs, fibroblast, and all
lung epithelial cells will stimulate the growth, prolifera-
tion and cytolytic activities of CD8 T cell and natural killer
(NK) cells, therefore causing an increase in the expression
of anti-apoptotic and decreasing the expression of pro-
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apoptotic factors to prevent apoptosis [32]. This cytokine
keeps the balance of the immune response and modulation
of the disease condition.

When the concentrations of TNF-a and IL-15 increase
within the normal level, this might decrease the danger of
infection, however, when the concentration increases dra-
matically, the cytokine function will be reversed causing
decrease in the proliferation and cytolytic activity of CD8
and NK cells with increase the apoptosis of these cells.
This dramatic increase of these cytokines is probably the
reason behind the worsening of infectious status of the
infected patients.

Limitation

The main limitation is that we couldn’t determine co-
infection, as the bodies were not tested for any associa-
ted co-infection. The other limitation is the sample size as
all COVID-19-related deaths, according to the Kurdistan
MOH policy, were to be disposed of immediately without
further investigations except these cases that we could
obtain as they went under further forensic investigations
as required by the Medico-Legal institution of Erbil and
Duhok.
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