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ABSTRACT

Background and objectives: SARS-COV-2 infections have varied manifestations among individuals ranging from
asymptomatic or mild symptoms to severe disease and death. This study is done to look into various histopathological
changes in lung, liver, and kidney tissues among Covid19 positive autopsies with cellular tropism and viral load among
various organs by immunohistochemistry (IHC) for the SARS-COV-2 viral marker. Methods: A prospective descriptive
study of core biopsies from covid19 positive autopsies from the lung, liver, and kidneys were taken from 20 cases. A routine
histopathological examination of the tissues with IHC staining for SARS-CoV-2 cocktail antibodies was performed and
assessed. Results: Histopathological changes in the lung, liver, and kidney tissues showed changes of varying severity. On
IHC, in the lung, the tropism for SARS-CoV-2 was seen in pneumocytes, bronchial epithelial cells, endothelial cells, and
macrophages. In the kidney, tropism was seen towards tubular epithelial cells and endothelial cells. In the liver, hepatocytes
and bile duct epithelial cells were positive. Variable viral density was seen in different organs which varied from case to
case. The density of the viral load was highest in the lung and lower in the kidney and least in the liver. Conclusion: In this
study the various histopathological changes and cellular tropism of the SARS-CoV-2 among Lung, liver, and kidney tissues
have been described and compared with various similar studies across the globe.
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INTRODUCTION

The COVID-19 pandemic caused by the
Severe Acute Respiratory Distress Syndrome-
Coronavirus 2 (SARS-CoV-2) has made a great
impact on the lives of every individual young and old

various histopathological features and IHC for viral
particles in lungs, liver, and kidney tissues of Covid19
deaths at our institution.

MATERIALS AND METHODS

across the globe. Answers to the questions about the
disease, pathology, and pathogenesis in various
organs need to be addressed. Observing the
histopathological changes in various organs and
localizing the viral particles by
Immunohistochemistry (IHC), studying the cellular
tropism will help us a better understanding of the
pathogenesis of Covid 19 infection. This insight
would aid in the better management of the affected
patients. With this aim, we planned to study the
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A prospective descriptive study with core
biopsies of lungs, liver, and kidneys was done in 20
cases of deaths due to SARS-CoV-2 viral infections.
This study was conducted for a period of 3 months
from December 2020 to February 2021 after obtaining
ethical committee clearance from the institution.
Written informed consent was obtained from the
deceased relatives. Within 6 hrs after the death of the
individual due to COVID-19, a core needle biopsy
was performed using an 18g core biopsy gun under
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ultrasound guidance. All the universal precautions
against SARS-CoV-2 infection were followed during
the procedure.

Five biopsies were taken from each autopsy
case which included one biopsy from each lung, one
from the liver, and one each from the right and left
kidneys. The biopsy material was fixed in 10%
buffered formalin for 48 hrs followed by
histopathological processing. Following routine
processing 2 to 3 sections of 4 p thickness were cut
from each core and stained with hematoxylin and
eosin (H&E) stain. The histopathological findings
were then recorded and other clinical findings were
collected from the hospital records. The data was then
statistically analyzed using descriptive statistics.

IHC was performed on additional sections in
10/20 cases. IHC staining was done on Formalin fixed
paraffin embedded (FFPE) block with 5-micron thick
sections. Antigen retrieval was done with phosphate
buffer at PH 9. Primary antibody of SARS-CoV-2 of
mouse monoclonal antibody of Biorbyt, UK was used.
A coronavirus cocktail antibody of dilution 1:100 was
used. The secondary antibody was from Path-in-situ
company. 0.05 molar tris buffer wash solution of PH
7.6 was used in the IHC procedure.

RESULTS:

A total of 20 autopsy cases were studied by

collecting the core biopsies. All the patients had tested
SARS-CoV-2 positive by Real Time Polymerase
chain reaction (RT-PCR). The age of the deceased in
our study ranged from 18 years to 88 years. More
males were affected than females in our study with a
male-to-female ratio of 2.3: 1.
Co-morbidities like Diabetes were noted in 17 cases
(85%), Hypertension in 10 cases (50%), chronic
kidney disease in 4 cases (20%), obesity in 2 cases
(10%), carcinoma colon in 1 case, and sepsis in 1
case. Many patients with Covid 19 had multiple co-
morbidities. However, in one case an 18-year-old
male had no co-morbidities but showed extensive
micro-thrombi and haemorrhage in the organs
studied.

Histopathological features and
Immunohistochemistry of various organs:

The Hematoxylin and Eosin (H&E) stained
slides of core biopsies were studied in 20 cases and
the various histopathological changes are as shown
intable 1. The IHC staining was performed on 10
cases with features as shown in table 2.

Tablel: Shows histopathological features among different organs affected with SARS-CoV-2

Findings | No of cases with %
LUNGS
Hyaline membrane 12 cases (60%)
reactive atypical pneumocytes 14 cases (70%)
pneumocyte hyperplasia 10 cases (50%)
interstitial odema 7 cases (35%)
interstitial fibroblastic proliferation 13 cases (65%)
Angiogenesis 13 cases (65%)
interstitial fibrosis 8 cases (40%)
architectural remodelling fibrosis 7 cases (35%)
Squamous metaplasia 4 cases (20%).
KIDNEYS

Diabetic glomerulosclerosis 4 cases (20%)
Glomerular microthrombopathy 7 cases (35%)

hyaline arteriolosclerosis 1 case (5%)
chronic pyelonephritis 7 cases (35%)
Acute tubular epithelial cell damage 18 cases (90%)
Acute tubular epithelial cell detachment 17 cases (85%)

fibrin microthrombi

15 cases (75%)

LIVER
Interstitial congestion 10 cases (50%)
Hemorrhage 4 cases (20%)
microvesicularsteatosis 15 cases (75%)
regeneration 13 cases (65%)
single cell necrosis 3 cases (15%)

cytopathic changes

10 Cases (50%)

Sinusidal congestion 13 cases (65%)
Portal area- lymphocytic inflammation 19 cases (95%)
Lobular inflammation 8 cases (40%)
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Intensity of staining | 3+ | 2+ | 1+ | 0
Lungs

Pneumocytes 3(30%) 4(40%) 3(30%) 0

Hyaline membrane 4(40%) 3(30%) 2(20%) 1(10%)

Endothelial cell 1(10%) 0 3(30%) 6(60%)

Fibroblast 0 0 3(30%) 7(70%)

Bronchial Epithelial cell 0 1(10%) 1(10%) 0
Kidneys

Tubular epithelial cell 4(40%) 2(20%) 1(10%) 3(30%)

Endothelial cell 0 2(20%) 2(20%) 6(60%)
Liver

Hepatocytes 0 2 (20%) 2 (20%) 6 (60%)

Bile duct epithelial cells 0 0 1 (10%) 9 (90%)

Table 2- shows intensity of staining by IHC in various cells affected by SARS-CoV-2.

Histopathological Changes of Lungs:

The histopathological examination of the
lungs showed evidence of diffuse alveolar damage
(DAD) in 19 cases (95%). Both the exudative phase
and proliferative phase of DAD were observed in our
cases. A few cases showed overlapping features of
both phases.

The exudative phase of DAD was seen in 14
cases (70%) which were characterized by the presence
of a hyaline membrane within the alveoli, reactive
atypical pneumocytes, hyperplasia of pneumocytes,
and interstitial edema. Reactive atypical pneumocytes
were characterized by enlarged cuboidal to oval
alveolar lining epithelial cells with enlarged
hyperchromatic nuclei, prominent nucleoli, and
abundant eosinophilic cytoplasm. Focally hyperplasia
and of these pneumocytes were noted. The hyaline
membrane characterized by thick homogenous
eosinophilic material was seen cementing the alveolar
wall with inflammatory exudate and detached
pneumocytes in the alveolar lumen.

The proliferative phase of DAD was seen in
13 cases (65%), characterized by interstitial
fibroblastic proliferation and angiogenesis. The
fibroblasts appeared spindle to stellate shaped and
were arranged haphazardly surrounded by fine
collagen both in the alveolar septae and within the
alveolar lumen causing thickening of the alveolar
septae. Prominent angiogenesis was noted in this
phase with endothelial proliferation in the septa with
many of the endothelial cells showing intra-
cytoplasmic lumen formation. These cells were seen
in tufts and also were disorderly arranged amidst the
proliferating fibroblasts.

The chronic phase of DAD was seen in 8
cases (40%) characterized by interstitial fibrosis and
architectural remodeling. The absence of alveolar
lining epithelium was noted with fibroblastic
proliferation, dense collagen deposition within the
septae, and an increase in angiogenesis in this phase.
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Squamous metaplasia of the alveolar lining epithelium
was seen in a few cases in this stage.

Two cases showed vascular microthrombi in
the small septal vessels of the lung tissue. Mild
inflammation of the lung parenchyma was seen in 14
cases (70%) with lymphocytes in 12 cases (60%),
neutrophils in 5 cases, and occasional mast cells in 2
cases. The inflammatory infiltrate was predominantly
noted in the alveolar septae with occasional cases
showing inflammatory cells within the lumen along
with alveolar macrophages.

Acute Fibrinous organizing pneumonia
(AFOP) characterized by the presence of fibrin in the
alveolar lumen along with sparse inflammatory cells
was seen in 4 cases (20%). The histopathological
features of lungs are as seen in figure 1, figure 2,
figure 3 and figure 4.

Immunochistochemistry Changes of Lungs

Immunostaining of the lung tissue in 10
cases with the SARS—CoV-2 viral cocktail antibodies
revealed the presence of viral particles as extracellular
and intracellular particles. The lung tissue showed
positivity in all 10 cases (100%) with the
pneumocytes being positive in all the cases. Most
intense staining was observed in the pneumocytes
seen lining the alveoli and as detached pneumocytes
in the alveolar lumen.

Extracellular viral particles were seen in the
alveolar exudates, and the hyaline membrane lining
the alveoli was positive in 90% of the cases. .
Bronchial lining epithelial cells also showed the
presence of viral particles in 2 (20%) cases.
Endothelial cells and the blood showed rare particles
in 4(40%) cases. The intensity of staining of viral
particles was observed to be varied with cases and the
various types of cells. The intensity of staining was
found to be higher in the pneumocytes(3+ in 30%)
and hyaline membrane (3+ in 40%)as compared to the
endothelial cells and fibroblasts in the lung tissue.
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The intensity of staining with viral particles
was more intense in the early acute exudative phase
compared to the cases inthe late organizing phase
with interstitial fibrosis where the intensity of staining
was mild suggesting the presence of few viral
particles. The Immunohistochemistry changes in
lungs are as shown in figure 5.

Histopathological Changes Of Kidneys

Kidneys showed evidence of chronic kidney
disease with diabetic glomerulosclerosis in 20% of
cases, Hypertensive changes including hyaline
arteriolosclerosis and chronic pyelonephritis were also
seen in 5% and 20% of cases respectively.
Acute tubular epithelial cell damage was one of the
prominent findings in the kidneys seen in 90% of
cases. Enlargement of tubular epithelial cells,
increased eosinophilia, loss of nuclei, detachment of
tubular epithelial cells, and disruption of the basement
membrane were seen in these cases. The vascular
fibrin microthrombi within the small capillary blood
vessels were noted in 75% of cases.

Immunohistochemistry Changes of Kidney:

Tissue showed positivity for the viral marker
in 7 of 10 cases. Kidney tissue showed positivity for
the viral marker in tubular epithelial cells in 70% of
cases, and endothelial cells in 50 % of cases. The
intensity of staining varied with cells with higher
intensity in the tubular epithelial cells. The number of
endothelial cells and the intensity of staining were
lower.

The histopathological features and IHC of viral
particles in Kidney are as seen in figure 6.

ISSN: 2250-3137

Histopathological Changes Of The Liver

The hepatocytes showed varying degrees of
hepatocellular damage seen predominantly in the
centrilobular  region ranging from ballooning
degeneration of hepatocytes to hemorrhagic necrosis.
Acute liver damage characterized by centrilobular
necrosis was seen in 7 cases (35%). The hepatocytes
also showed features of microvesicularsteatosis,
regeneration, single cell necrosis, and viral cytopathic
changes with enlarged nuclei showing ground glass
appearance in all three zones of the hepatic acini.
Sinusoidal congestion was noted in 13 cases (65%).
Portal inflammation with lymphocytes was seen in
95% of the cases. Mild lobular inflammation was seen
in 8 cases (40%) with lymphocytes and neutrophils in
6 and 2 cases respectively.

Immunohistochemistry Changes of Liver

The liver showed positivity for the viral
marker in 4 cases. Hepatocytes were seen more
commonly to show with viral markers and were seen
in 40% of cases, bile duct epithelium was found
positive in one case.The intensity of staining was seen
higher in hepatocytes in number as well as intensity as
compared to the bile duct epithelium positivity was
seen in only one case of mild intensity. The
histopathological features and IHC of viral particles in
liver are as seen in figure 7 and figure 8 respectively.

Intra nuclear inclusiosn were seen in
hepatocytes affted by SRS Co-V 2 infection as seen in
figure9.

Figure 1: Shows Histopathological changes of lung affected by SARS CoV2 infection, showing
overlapping exudative and proliferative phase. H&E ,10X.
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Fig 2 - Lung tissue with alveolar wall with evidence of endothelial and fibroblastic proliferation.
H&E, 20X.
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Figure 4: Lung tissue with alveolar wall with evidence of endothelial proliferation. H&E, 40X.
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[A]: Show Lung tissue showing positive staining in the hyaline membrane and pneumocytes 20x. [B]: Lung
tissue showing positive staining in the Bronchial epithelial cells,20x. [C]: Lung tissue showing positive
staining in the detached pneumocytes IHC stain 40x. [D]: Lung tissue showing positive staining in the
endothelial cells lining the blood vessels, 40x.

Figure 6: Shows Histopathological and IHC for SARS Co V2 viral particles in Kidney tissue.

[A]: Kidney tissue with features of damage to tubular epithelial cells, enlargement and detached
from basement membrane H&E,20X. [B]: Kidney tissue showing positive staining in the tubular epithelial
cells, 40x. [C]: Kidney tissue with features of microthrombi in the small blood vessels, 40X. [D]: Kidney tissue
showing positive staining in the endothelial cells, 20x.
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Figure 7: Shows Liver tissue with features of damage to Hepatocytes with focal necrosis
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Figure 9: Shows liver tissue with nuclear inclusions H&E, 20X.

DISCUSSION:

The COVID-19 pandemic caused by severe
acute respiratory distress syndrome-corona virus 2
(SARS CoV2) has recorded a high mortality rate in
India of approximately 2.8% with some places
showing even higher mortality rates. [1]

The presence of co-morbidities s
significantly ~ associated ~ with  more  severe
manifestations, death, and histopathological changes
as seen on autopsy.[2]

The histological examination in COVID-19
deaths has been limited both due to the infectivity of
the deceased bodies and strict guidelines that need to
be followed for opening the bodies. Non-availability
of a negative pressure chamber was a major limitation
for conducting full covid autopsies.

In the present study, the tissues were
obtained using minimally invasive core biopsy needle
guns 18 gauge.

Histopathological findings of lungs in
COVID-19 deaths are characterized by acute lung
injury as seen in 19 cases (95) % in the present study.
The lung biopsies showed a spectrum of lesions with
some areas showing severe damage and others
showing mild congestion due to the nodular and
patchy involvement of the lungs. The severity of
damage also varied from alveoli to alveoli giving
varied histological pictures in different areas in the
same patient. The core biopsy tissue obtained from the
adjacent uninvolved area may not show any
significant pathology. Kligerman et al have described
that lungs show a geographic distribution of

involvement seen as ground glass opacities
in the CT scans with normal intervening areas.[3]

©2023Int. J. Life Sci. Biotechnol. Pharma. Res.

is a

Diffuse alveolar
predominant histological pattern seen in the lungs in
19 cases (95%) in the present study. DAD is seen in
cases of severe injury and can be classified broadly
into 2 types exudative and proliferative types based on

damage [DAD]

the duration of
infection [3].

The exudative type is seen in the first week
following the SARS-CoV-2 infection. As the virus
enters the nasal cavity, it binds to the ciliated
epithelial cells, expressing ACE2 receptors on them.
The virus then starts replicating in these cells and can
be detected by nasal swabs. Although the viral burden
is low it is infective at this stage. A rise in mucosal
CXCL-10 levels and the p and A interferon levels
restrict the infection to upper airways in about 80% of
the patients.[4]

The virus enters the cells by binding
activated spike protein with the cell containing ACE2
receptors or DC-SIGN integrin molecules. ACE2
receptors are present on type-ll pneumocytes,
respiratory epithelium, and vascular endothelial cells
whereas the integrin molecules are present on the
dendritic cells and alveolar macrophages.[5]

The SARS-CoV-2 enters the type 2
pneumocytes, multiplies, and brings about cell death,
the release of virions which in turn infects more
pneumocytes. These virally infected pneumocytes
show the cytopathic changes seen on light microscopy
with features of cellular enlargement containing
abundant granular eosinophilic cytoplasm, and
enlarged nuclei with prominent nucleoli as seen in 14
cases (70%) in our study.

injury following SARS-CoV-2
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These virus-infected pneumocytes later get
detached from the alveolar basement membrane and
are seen lying in the alveolar lumen. Damage to the
alveolar epithelium is followed by the proliferation of
type 2 pneumocytes to repair the damage. On
histopathology, they are seen as regenerating
pneumocytes with enlarged cell size, an increase in
the number of pneumocytes per alveoli, and the
presence of multi-nucleated pneumocytes. These
changes were noted in 10 cases(50%) in our study. [6]
Detachment of damaged and dead alveolar
pneumocytes forms the pathway for alveolar damage
and Acute respiratory distress syndrome(ARDS) by
the leakage of plasma protein-rich fluid into the
alveolar space forming hyaline membranes.[6] The

hyaline membrane is seen as homogenous
eosinophilic material seen plastered against the
alveolar wall and alveolar ducts. The hyaline

membrane is composed of cellular debris, plasma
proteins, and surfactant as seen in 12 of our cases
(60%). In thearea of hyaline membrane formation the
alveolar wall gets denuded of lining epithelial cells
and the basement membrane is exposed. [7] Hyaline
membrane formation in the alveolar space leads to an
increase in the thickness of the alveolar septae and
reduces oxygen perfusion causing hypoxia.

The SARS-CoV infection brings about
apoptosis of the pneumocytes which are later engulfed
by the macrophages[8]. Macrophage recruitment
follows the hyaline membrane  formation.
Macrophages engulf the dead pneumocytes leading to
macrophage activation and release of proteases and
other cytokines like TGF B, C-TGF, PDGF, IL-10a, IL-
8, and ETF-1 leading to the cytokine storm which is
commonly seen in SARS CoV infection. [ 8,5]

The proliferative phase of DAD is seen in the
2nd week of SARS-CoV-2 infection accounting for 13
cases (65%) in the present study. Alveoli with
alveolar septae showed fibroblastic proliferation in 13
cases (65%). Both phases of DAD are not strictly
sequential and a great deal of overlap is seen between
the two phases histologically.[8]The proliferative
phase of SARS-CoV-2 infection is mediated by
cytokines and is the result of the cytokine storm. TGF
B is proposed to be the most important mediator of
this cytokine storm along with other cytokines. The
proliferative phase of DAD characterized by
fibroblastic and vascular proliferation is brought about
by the raised TGF f levels.

The integrity of the epithelial and endothelial
basement membrane is the key determinant of
whether the injured lung tissue returns to normal or is
replaced by fixed fibrous tissue. If the basement
membrane is intact, the hyaline membrane is removed
by the fibrinolytic system, and the normal architecture
is reestablished by re-epithelialization and re-
endothelialization. Intraluminal fibroblastic
proliferation may occur which is remodeled into the
interstitium. [9] When the injury damages the
integrity of the BM the alveoli collapse and the BM
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fuse, fibroblastic activation persists and the formation
of organizing fibroblastic tissue progresses to fibrosis
seen frequently in the lung tissue of SARS CoV 2
infection.[5]

Along with fibroblastic proliferation, the
presence of endothelial proliferation was a common
finding seen in 13 cases (65%) in our study.

Angiogenesis of 2 types has been described
in the alveolar wall of SARS CoV?2 infection which
includes sprouting angiogenesis and intussusceptive
angiogenesis. Sprouting angiogenesis is the normal
budding of endothelium seen in reparative tissues.
Intussusceptive angiogenesis is a rapid process of
intravascular septation that produces two lumens. This
type of inflammation-induced angiogenesis is usually
seen in malignancies  and inflammatory
diseases[9,10].

A study by M Ackerman of examination of
the microvascular architecture of lungs from patients
of COVID -19 using scanning electron microscopy
and microvascular corrosion casting showed distorted
vascularity, structurally distorted capillaries, sudden
changes in caliber and presence of intussusceptive
pillars within the capillaries in the lungs[9].

The chronic phase of SARS Co V 2 infection
leads to end-stage fibrosis which is seen in a subset of
patients with a longer course of disease of more than 2
-4 weeks duration[7]. It is seen in 1 -6 % of the cases.
Early in the disease patchy interstitial fibrosis is seen
which progress to diffuse interstitial fibrosis [3].

Acute tubular injury (ATI) was the most
frequent finding noted in the kidneys of SARS-CoV-2
infection. 17 out of 20 cases (85%) showed ATI with
features of damage and detachment of tubular
epithelial cells and acute tubular necrosis. Similar
kidney findings have been described by Minami et
al.11]  ATI have been reported in kidneys of
SARSCOQV 2 infection in the range of 37 to 68 % by
various authors.[12] . AKI is associated clinically with
increased serum creatinine levels more than 1.5 times
the baseline and urinary findings of proteinuria and
hematuria.[10]

Mechanisms of ATI in covid-19 are
multifactorial and various possibilities are explanted.
Coagulation disorders associated with covid 19
infection show the presence of fibrin microthrombi
leading to tubular ischemia and AKI. Direct invasion
of the tubular epithelial cells by the SARS CoV?2 virus
as proved by a few studies on Electron microscopy
and IHC of kidney tissue has demonstrated the
presence of few viral particles in tubular epithelial
cells. Tubular epithelial cells are known to express
ACE 2 receptors making them susceptible to
infection. Direct infection from the circulating T
lymphocytes has been suggested as a mode of
infection.[11]

Fibrin microthrombi in the small blood
vessels of the kidney was seen in 75% of cases in the
present study.
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The liver showed the presence of damage in
the hepatocytes surrounding the central vein in 7 cases
(35%). The degree of damage varied from ballooning
degeneration of the hepatocytes to hemorrhagic
necrosis. The study of 14 cases by Benjamin et al on
the liver, showed 4 cases with centrilobular necrosis
suggestive of hypoperfusion injury. Mild portal
lymphocytic infiltration was seen in 95% of the cases
in our study which correlated with the study by
Benjamin et al[12].

Derangement of the coagulation system is a
significant finding in severe SARS-CoV-2 infection
with increased Fibrin degradation products (FDP)
levels noted in most of the cases. On histopathology
presence of microthrombi in various organs is a
common finding noted in autopsy studies by various
authors. The formation of thrombi in both small and
large blood vessels in the lungs, liver, and kidneys has
been observed. In the present study, 2 cases showed
microthrombi in the lung tissue (10%) and 15 cases
(75%) in kidney tissues.

Thrombotic microangiopathy is the feature of
COVID-19 coagulopathy with the presence of platelet
thrombi in microvasculature causing impaired organ
function in  various organs.  Hemorrhagic
complications being less common in COVID -19
coagulopathy is a distinct type of DIC. [13]

Studies on the cellular tropism of the
SARCoV-2 have demonstrated viral particles in
tissues by various methods such as IHC, FISH, ISH,
and Electron microscopy. Genome sequencing and
RT-PCR studies have been used to demonstrate the
presence of viral genomes in various tissues.

In the present study, Immunohistochemistry
staining with SARSCoV-2 antibodies of lung, liver,
and kidney tissues of the COVID-19 deaths showed
the presence of viral particles in all the organs. The
viral particles were demonstrated in both intracellular
and extracellular compartments in the lung tissue and
were as predominantly intra-cellular in the kidney and
liver tissues.

IHC staining of the lung tissues showed
positivity for viral particles in all the cases(100%).
The alveolar pneumocytes showed the presence of
viral particles in all the cases and were the ones to be
most intensely stained suggesting they were the cells
with the maximum viral particles. The pneumocytes
were seen lining the alveoli and detached ones were
seen in the alveolar lumen along with the alveolar
fluid and debris. The intensity of staining of
pneumocytes varied from case to case. Bronchial
lining epithelial cells, endothelial cells, and
macrophages showed the presence of viral particles in
a few cases(20%) with a lesser degree of staining
intensity. Extracellular viral particles were observed
in the hyaline membrane lining the alveoli in 90% of
the cases and alveolar exudates.

In the study of tropism for SARSCoV-2 by
ISH with N gene and S gene probes by Bhatnagar et
al, the SARSCoV-2 RNA was observed in the hyaline
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membrane, intra-alveolar cells, alveolar macrophages,
sloughed pneumocytes and bronchial epithelium of
the lung tissue similar to the IHC findings of the
present study. Genome sequencing of SARSCov2
virus from FFPE detected the presence of viral
genome was detected in all the FFPE blocks of lung
tissue using RT-Qpcr targeting Egene.[14]

A study by Jennifer L Sauter et al of the
detection of viral RNA by NGS and IHC in lung
tissue of SARS-CoV patients revealed the presence of
a higher number of viral particles in the early acute
phase of DAD compared to the cases in the late
organizing phase of more than 10 days following
infection.[15]

A study by Bhatnagar et al detected the
presence of the virus by RT-PCR in multiple organs
such as the heart, kidney, liver, brain, small intestine,
colon, spleen, and pancreas.[16]

The present study IHC study for kidney
tropism of SARS-COV-2 infection detected the
presence of viral particles in the tubular epithelial
cells and endothelial cells. Kidney tissue showed
positivity for viral markers in tubular epithelial cells
in 70% of cases, and endothelial cells in 50 % of
cases. The intensity of staining was observed to be
variable among cases. The rate of positivity for the
virus and the intensity (viral load) were lower in
comparison to the lungs. In the endothelial cells, the
intensity of staining for viral particles was found to be
very low.

Kidney complications are relatively common
and acute kidney injury [AKI] is a life-threatening
complication in patients with COVID -19 and is seen
in 0.5 to 7% of cases and 2.9 -23% in ICU.
Transmission electron microscopy studies have
detected the presence of viral particles in the tubular
epithelial cells and podocytes of the kidney providing
evidence of direct renal infection occurring in the
setting of AKI in COVID-19 [17][18].

IHC study for kidney tropism of SARS-
COV-2 infection detected the presence of viral
particles in the tubular epithelial cells has suggested
the possibility of viral nephropathy. ACE2 receptors
have been known to be expressed in the brush border
of tubular epithelial cells, therefore, explaining the
tropism for the virus. [12]

Liver tissue on IHC demonstrated the
presence of viral particles in the hepatocytes in 40%
of cases. The number of cases was positive and the
viral load was very low in comparison to the lungs
and kidney tissues. In a study by Yevgen Chormenkyy
et al, RTPCR of liver tissue in SARSCOV-2 infection
showed positivity for the viral genome in 44% of
cases.[19]

Endothelial cells have been detected to be
positive by IHC in the lung and kidney tissues in the
present study. IHC and EM studies on skin lesions in
SARSCOV2 infection have demonstrated the
presence of viral particles in Endothelial cells.[21]
Histologically blood vessels showed endothelial
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swelling, endothelitis, fibrinoid necrosis, and
thrombus formation.[22]

In situ hybridization study by Massot et al
demonstrated viral particles in endothelial cells of
multiple organs such brain, kidney, liver, and lungs.
[23]

Transmission electron microscopy of the
endothelium demonstrated the presence of
intracellular SARS CoV in the endothelial cells. [9]
and ACE2 receptors are expressed on endothelial
cells.[24] A multiplex analysis of angiogenesis-related
gene expression examining 323 genes revealed that a
total 69 of angiogenesis-related genes were differently
regulated in the COVID-19 group responsible for the

vascular proliferation seen in Covid 19 infection.[8]

CONCLUSION:

Lung, liver, and kidney tissues showed the
presence of distinctive histopathological changes on
tissue microscopy. IHC with SARS Cov2 Virus
antibodies for Cellular tropism in Lung tissue, viral
particles were seen Intracellularly in pneumocytes,
endothelial cells, bronchial epithelial cells, fibroblast
and extracellular in Hyaline membrane and alveolar
exudates. Kidney tissue in Tubular epithelial cells and
endothelial cells. Hepatocytes and bile duct
epithelium in Liver tissue. On IHC staining for the
virus, the viral load of SARS Co V2 was found to be
varied from case to case. The density of the viral load
was highest in the lung and lower in the kidney and
least in the liver.
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