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Abstract

Background: The purpose of this manuscript is to provide a comparative overview of the two global pandemics: the first on June 11th
2009 due to influenza A H1N1 (H1N1-09); the second and current pandemic caused by coronavirus 2019 (COVID-19) on March 11th
2020, focusing on how autopsy can contribute to the definition of cellular pathology, to clinical pathology and, more generally, to public
health. Methods: A systematic literature search selection was conducted on PubMed database on June 5, 2021, with this search strategy:
(COVID-19) AND (H1N1 influenza) showing 101 results. The following inclusion criteria were selected: English language; published
in a scholarly peer-reviewed journal; full-length articles were further elected. To further refine the research was to focus on the type of
manuscript: review, systematic review, and meta-analysis. A critical appraisal of the collected studies was conducted, analyzing titles
and abstracts, excluding the following topics: treatment, public health measures and perception of the general population or healthcare
personnel about their quality of life. According to these procedures, 54 eligible studies were included in the present review. Results:
Histopathological findings play a key role in understanding the pathophysiological mechanisms of diseases and, thus possible therapeutic
approaches. The evidence on the thrombo-inflammatory mechanism underlying COVID-19 is growing to a much greater magnitude than
the diffuse alveolar damage in common with H1N1-09; our study appears to be in line with these results. The prevailing scientific
thinking to explain the morbidity and mortality of COVID-19 patients is that it elicits an exuberant immune reaction characterized
by dysregulated cytokine production, known as a “cytokine storm”. Conclusions: The histological and immunohistochemical pattern
demonstrated similarities and differences between the infectious manifestations of the two pathogens, which justify empirical therapeutic
approaches, in the first phase of the COVID-19 pandemic. Therefore, the previous pandemic should have taught us to promote a culture
of clinical and forensic autopsies in order to provide timely evidence from integration among autopsy and clinical data for early adopting
adequate therapies.
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1. Introduction
Over the past decade, the World Health Organization

(WHO) has been forced to declare two global pandemics:
the first on June 11th 2009 due to influenzaAH1N1 (H1N1-
09); the second and current pandemic caused by coron-
avirus 2019 (COVID-19) on March 11th 2020 [1]. Accord-
ing to the WHO, “a pandemic is the worldwide spread of
a new disease” [2], although this definition has been ques-
tioned and labelled “elusive” [3] as it would not exclude
non-infectious diseases, and, above all, is strictly bound to
the term “new” [4]. Stimulated by these considerations, a
broader and more fitting definition is “an epidemic occur-
ring worldwide, or over a very wide area, crossing interna-
tional boundaries and usually affecting a large number of
people”.

The purpose of this manuscript is thus to provide a
comparative overview of the two pandemics, focusing on
how autopsy can contribute to the definition of cellular

pathology, the clinical pathology of COVID-19 and, more
generally, of public health.

This is because forensic practice has been too easily
relegated to courtrooms or questions of justice, overlook-
ing and sidelining its historical function to investigate what
happens to organs and tissues following an insult and how
these changes cause the onset and evo-lution of diseases or
death, in addition tomonitoring, through the study of cadav-
ers, the adverse effects of treatments (including vaccines),
the impact of diagnostic procedures onmortality, and health
surveillance on the causes of death (which may also be of
an in-fectious nature).

2. Materials and Methods
2.1 Eligibility Criteria

The present systematic review was carried out accord-
ing to the Preferred Reporting Items for Systematic review
and Meta-Analyses (PRISMA) standards [5].
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Table 1. Inclusion and exclusion criteria of the selected studies, according to PRISMA guidelines.
Inclusion criteria Exclusion criteria

English language Treatment
Scholarly peer-reviewed journal publications Public health measures
Full-length articles Perception of the general population or healthcare personnel
Type of manuscript (review, systematic review, and meta- analysis)

2.2 Search Criteria and Critical Appraisal

A systematic literature search selection (Fig. 1) was
conducted on PubMed database on June 5, 2021, with
this search strategy: (COVID-19) AND (H1N1 influenza)
showing 101 results. To narrow this search, the follow-
ing inclusion criteria were selected: English language; pub-
lished in a scholarly peer-reviewed journal; full-length arti-
cles were further elected. Another useful criterion to further
refine the research was to focus on the type of manuscript:
review, systematic review, and meta-analysis (Table 1).

Fig. 1. Flow of the systematic review, according to PRISMA
guidelines.

2.3 Search Results and Included Studies

A critical appraisal of the collected studies was
conducted, analyzing titles and abstracts, as well as a hand
search of reference lists were carried out by two researchers
(GB and RLR) excluding the following topics: treatment,
public health measures and perception of the general pop-
ulation or healthcare personnel about their quality of life.
Data extraction was verified by another investigator (AM).

According to these procedures, 54 eligible studies were in-
cluded in the present review.

2.4 Risk of Bias
This systematic review concerns two pandemic events

that occurred 10 years apart. Thus, it includes studies
that were published in a time frame of 10 years. There-
fore, study results should be interpreted taking into account
that the accuracy of clinical and diagnostic procedure have
changed over the years. As far as SARS-CoV-2 is con-
cerned, it should be known that the dominant variant at the
time of the study was: delta.

3. Results
3.1 Epidemiology

TheH1N1-09 pandemic began inMarch 2009 inMex-
ico with subsequent diffusion in the US and then through-
out the world until August 2010, with approximately 110
countries involved [1,6,7]. At the end of H1N1-09 pan-
demic,WHOconfirmed 18,500 deaths, although, according
to the study by Dawood et al. [8] these numbers were un-
derestimated as the total number of deaths ranged between
151,700 and 575,400. The H1N1-09 virus continues to cir-
culate in humans seasonally [9]. The current COVID-19
pandemic began in November-December 2019 in Wuhan,
China, when several cases of pneumonia of unknown eti-
ology were found. It subsequently spread to more than
203 countries and territories. As of 4 June 2021, a total
of 171,708,011 cases worldwide have been confirmed since
the start of the pandemic and 3,967,151 deaths and 33.689
deaths in Italy [10].

H1N1-09 virus infection (viral taxonomy: Riboviria
› Orthornavirae › Negarnaviricota › Polyploviricotin› In-
sthoviricetes › Articulavirales › Orthomyxoviridae › Al-
phainfluenzavirus › Influenza A virus pH1N1) was a new
strain of virus type A originating from the human, avian and
pigvirus groups. Immediately after sequencing, the clini-
cal condition generated by contact with this virus took the
name of “swine flu”, because the viral strain was proba-
bly transmitted from pigs to humans, although pigs were
not involved in the worldwide diffusion of the virus dur-
ing the pandemic [11–14]. As regards the current pan-
demic, the etiological agent, whose genomic sequence was
closely related to the SARS-CoV of 2003, has been iden-
tified as SARS-CoV-2 (viral taxonomy: Riboviria › Or-
thornavirae › Pisuviricota › Pisoniviricetes › Nidovirales
› Cornidovirineae › Coronaviridae › Orthocoronavirinae ›
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Betacoronavirus › Sarbecovirus › severe acute respiratory
syndrome-related coronavirus-2) [12]. This virus likely
originated in bats but may have been amplified in an in-
termediate host before transmission to humans represented
by pangolins [13–15].

During pH1N1, the most affected age group included
children and young adults with only 5% of cases relating to
adults over the age of 51 [1,16,17], possibly due to partial
immunity to the virus in the elderly population. Similarly,
it was observed that the swine flu hospitalization rate de-
creases as the age of patients increases. The age group most
affected by COVID-19 is adults over 40 (>70%), while
only 10% of cases are under the age of 30 [1,15]. The
COVID-19 hospitalization rate thus increases based on the
age of the patients. This positive association shows that in-
dividuals over the age of 85 have the highest hospitalization
and death rates [18].

As for pathogen transmission efficiency, influenza
viruses and coronaviruses are both effective in causing res-
piratory diseases because they spread easily among humans
through oral and nasal droplets. Furthermore, they can also
be transmitted through indirect contact with infected sur-
faces (fomites) [19–21].

3.2 Pathophysiology

H1N1-09 is an enveloped-spherical virus, 80–120-nm
in diameter, with a negative-polarity single-strand RNA,
consisting of 8 segments coding for 12–14 proteins. The
influenza virus infects the epithelial cells that line the up-
per respiratory tract (including the nasal tract) to the lower
respiratory tract (up to the alveoli). Access to the cells of
the upper respiratory tract is determined by the presence of
sites rich in sialic acids, to which the hemagglutinin pro-
teins present in human influenza viruses bind. These sites
are particularly expressed in the soft palate [22]. The main
mechanism of influenza pathophysiology is the result of
lung inflammation and impairment caused by direct viral
infection of the respiratory epithelium, combined with the
effects of lung inflammation caused by host-triggered im-
mune responses that limit the spread of the virus. Alveolar
macrophages and endothelial cells appear to play a key role,
as inducing exposure of cytokines and viral antigens to the
endothelial layer can amplify inflammation, with endothe-
lial cells constituting a major source of pro-inflammatory
cytokines. Inflammation can thus progress and spread sys-
temically and manifest itself as multi-organ failure, but
these consequences are generally occurred after severe pul-
monary impairment. The inability of the lung to perform its
primary gas exchange function occurs through mechanisms
of airway obstruction, loss of alveolar structure, loss of pul-
monary epithelial integrity, and degradation of the extracel-
lular matrix that maintains the structure of the lung [23,24].

The COVID-19 virus also has the characteristic of be-
ing enveloped and spherical, with a diameter of about 120
nm and a positive polarity single-strand RNA, consisting

of 1 segment coding for 15 non-structural proteins, 4 struc-
tural proteins (spike, envelope, membrane glycoproteins,
and nucleocapsid protein), 8 accessory proteins [25]. For
entry into the host cell, this species of human coronavirus
binds to the angiotensin 2 converting enzyme (ACE2); in-
dividual variation in the expression and/or polymorphisms
of ACE2 can influence susceptibility to infection by the
COVID-19 phenotype [26,27]. This interaction then trig-
gers ACE2 endocytosis along with the COVID-19 virion
and fusion of the viral membrane and host cell. Simultane-
ously, the viral spike protein is exposed to endosomal pro-
teases which lead to its cleavage at two different sites: the
first removes the S1 subunit, while the second occurs within
the S2 subunit and causes exposure of the fusion peptide.
The viral packet is thus released into the host cytoplasm,
where it usurps the cellular mechanism producing new vi-
ral particles. In this perspective, lung tissue represents the
ideal candidate for virus action due to its large surface area,
which makes it highly susceptible to inhaled viruses and
the conspicuous expression of ACE2 by Type II alveolar
epithelial cells (pneumocytes) [28].

The development and progression of COVID-19 con-
tinue with major pathological mechanisms such as direct
virus-induced cytotoxicity in ACE2-expressing cells, dys-
regulation of the RAAS (renin-angiotensin-aldosterone sys-
tem) as a consequence of virus-mediated ACE2 down-
regulation, dysregulation of immune responses, endothelial
cell injury and thrombosis and fibrosis. This is because of
the internalization of the virion-ACE2 promoting the accu-
mulation of Ang II, with consequent production of recep-
tors for TNF-α and IL-6 and activation of macrophages in
a pro-inflammatory state, which evolves towards the well-
known clinical condition of “cytokine storm” [29]. Fur-
thermore, the virus nucleocapsid protein can interact with
Smad3 to prevent apoptosis of infected host cells, promot-
ing tissue fibrosis mediated by transforming growth factor
(TGF)-β [30]. Type II alveolar epithelial cells renew them-
selves autonomously and express high levels of ACE2 and
are thus constantly oriented towards viral entry and repli-
cation, which induces a vicious cycle of tissue damage and
repair that can eventually result in areas being replaced, in
turn responsible for the exchange of gases in non-functional
fibrotic tissue.

3.3 Clinical Findings and Radiology

For pH1N1, the incubation period was 1.5–3 days,
while the incubation period for COVID-19 is usually longer
(2–14 days), averaging 5.2 days [31,32]. In both cases,
fever and respiratory symptoms are the dominant clinical
picture; dyspnea affects subjects with severe COVID-19
and pandemic H1N1-09 indifferently, followed by cough,
fatigue, myalgia, arthralgia, and headache. Rhinorrhea,
sore throat, thoracic pain, and sputum production were
more common during the H1N1-09 pandemic, whereas
dry cough, diarrhea, and vomit were more frequent among
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COVID-19 patients [33].
Clinical specimens including a throat or nasopharyn-

geal swab, saliva, or lower respiratory tract aspirate sam-
ple are indicated for laboratory diagnosis of H1N1-09 and
COVID-19 infections [34–36]. Additionally, whole blood
or serum/plasma samples can be collected for seroconver-
sion assessment. Rapid techniques for detecting the in-
fluenza virus include immunofluorescence and enzyme im-
munoassays. For both viruses, RT-PCR is the gold standard
technique.

At imaging, the most significant differences between
the two pathological pictures were more evident on CT ex-
aminations, where linear opacification, pleural thickening,
vascular enlargement, and crazy-paving signs, are more se-
vere with COVID-19 pneumonia, while bronchiectasis and
pleural effusion, are more common in patients with H1N1-
09 pneumonia. Other imaging findings, including periph-
eral or peribronchial and perivascular distribution, ground-
glass opacity (GGO), consolidation, subpleural line, air
bronchogram, and bronchial distortion, were not signifi-
cantly different between the two patient groups [37–40]
(Fig. 2, Ref. [40]).

Fig. 2. Radiological pattern comparison. (A–C) with red ar-
row, the “crazy paving” sign. It consists of scattered or diffuse
ground-glass attenuation with superimposed interlobular septal
thickening and intralobular lines, the typical pattern among others
of pathologies which pattern includes Pneumocystis carinii pneu-
monia, mucinous bronchioloalveolar carcinoma, pulmonary alve-
olar proteinosis, sarcoidosis, nonspecific interstitial pneumonia,
organizing pneumonia, exogenous lipoid pneumonia [40]. (B–D)
GGO pattern.

Regarding the radiological diagnosis of COVID-19,
however, further clarification is required, as several stud-
ies have reported sensitivity of RT-PCR tests for SARS-
CoV-2 between 37% and 83%, while chest sensitivity to
CT for COVID-19 has been reported between 80% and
90% and specificity between 82.9% and 96% [41]. In this
respect, in March 2020 a standardized disease diagnosis-
probability system was proposed, the COVID-19 Report-
ing and Data System (CO-RADS), with a range that goes
from CO-RADS 1 (COVID-19 is highly unlikely. CT is
normal or findings indicate non-infectious diseases such as
congestive heart failure, sarcoidosis, histoplasmosis, neo-
plasm, UIP or fibrotic NSIP) to CO-RADS 6 (Patient with
PCR positive and bilateral GGO) [42].

3.4 Histological and Immunohistochemical Analysis
Histopathological analysis was performed on

formalin-fixed paraffin-embedded (FFPE) lung samples
collected by the same operator from two corpses with
similar characteristics (Case 1: male between 50–60 years;
mute history; positive swab for COVID-19 after entering
the ER; died shortly after arriving at the hospital; Case 2:
male between 50–60 years; mute history; positive swab
for H1N1-09 after access to the emergency room; died
48 hours after entering the local hospital) during autoptic
procedures performed at the Section of Legal Medicine,
University of Foggia (Fig. 3).

Fig. 3. Macroscopic findings. COVID-19: massive pulmonary
edema at parenchymal level (A) and at airway opening (C). H1N1-
09 (B–D): the forceps indicate widespread subpleural hemor-
rhages.
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Standard hematoxylin and eosin (H&E) staining and
modified Masson’s trichrome stain [40] were performed
(Fig. 4). For the immunohistochemical staining, after
a first phase common to all the antibodies used and
consisting in the preliminary pre-treatment for antigenic
unmasking, subsequent application of the primary anti-
staining antibody with Mayer’s hematoxylin, the following
anti-human antibodies were used: anti-nucleocapsid anti-
COVID (anti Coronavirus -FIPV3-70 Santa Cruz Biotech-
nology, Inc., Dallas, TX, USA); anti-human fibrinogen
(Dako A/S, Glostrup, Denmark); anti-human CD61 (Dako
A/S, Glostrup, Denmark); anti-IL6 (Santa Cruz Biotechnol-
ogy, Inc., Dallas, TX, USA); anti-HIF-1a.

Fig. 4. Histopathological H&E staining and modified Mas-
son’s trichrome stain comparison. COVID-19 demonstrated
the subacute organizing phase of DAD (A–G, 10×) with mi-
crothrombi (C–E, 20×) and H1N1-09 showed the acute or exuda-
tive phasewith hyalinemembranes (B, 20×) with edema (B, 10×–
D, 20×–F, 20×), mild interstitial and alveolar inflammatory infil-
trates, revealing a more marked involvement of the interstitium by
the COVID-19 infection (H, 10×).

Furthermore, a qualitative method was used for the
evaluation of each immunohistochemical staining [43–45].

The strength of the immunohistochemical staining
weighed on different investigated areas was classified at-
tributing values as follows: no detectable staining = 0, weak
staining = 1, moderate staining = 2, strong staining = 3
(Fig. 5).

Fig. 5. Immunohistochemical comparison (20×). COVID-19
showed the following grading: (A) anti-COVID-19 = 2; (C) anti-
human fibrinogen = 3; (E) anti-human CD61 = 3; (G) anti-IL6 =
2; (I) anti-HIF-1a = 2. H1N1-09 revealed the subsequent grading:
(B) anti-COVID-19 = 0; (D) anti-human fibrinogen = 0; (F) anti-
human CD61 = 0; (H) anti-IL6 = 1; (J) anti-HIF-1a = 0. These
findings demonstrate that COVID-19 infection is associated with
a greater extent of thromboinflammation thanH1N1-09. This con-
dition, which can be explained by a more marked tropism of the
virus for endothelial cells, would in turn explain the deeper cellular
hypoxia induced in cases of COVID-19 infection, demonstrated
by the positivity to HIF-1a.

Diffuse Alveolar Damage (DAD) is the typical find-
ing of the histological analysis of viral ARDS induced by
COVID-19 and H1N1-09 and represents the severe form of
the Acute Lung Injury (ALI) spectrum. DAD is caused by
“lesions of the cells of the endothelial and alveolar lining
that led to the exudation of liquids and cells”, which cul-
minates in the physical destruction of the alveolo-capillary
membrane and, thus, in the inability to exchange gas [46].

Samples from autopsies conducted on individuals who
died from H1N1-09 and COVID-19, demonstrated that the
acute or exudative phase of DAD was the predominant

5

https://www.imrpress.com


Table 2. Differences between COVID-19 and H1N1-09 infections.
COVID-19 H1N1-09

Epidemiology Zoonosis, from November-December 2019 still now;
more than 203 countries involved [12–15]

Zoonosis, from March 2009 until August 2010;
about 110 countries involved [11–14]

Age group most affected adults over 40 y.o. [1,15,18] children and young adults [1,16,17]

Transmission oral and nasal droplets, fomites [19–21] oral and nasal droplets, fomites [19–21]

Cell binding site ACE-2 [26–28] sites rich in sialic acids [22–24]

Incubation period 2–14 days (average 5.2 days) [31] 1.5–3 days [32]

Semeiotics dry cough, diarrhea, and vomit [33] Rhinorrhea, sore throat, thoracic pain, and mucus
production [33]

Gold-standard diagnostic tool RT-PCR [34–36] RT-PCR [34–36]

CT imaging GGO and crazy-paving sign [37–42] bronchiectasis and pleural effusion [37–39]

Histology DAD, macrophagic inflammatory infiltrates, associated
with thickening of the alveolar walls; presence of orga-
nizing fibrosis; presence of microthrombi [37,47–55,57]

DAD, intra-alveolar inflammatory infiltrates,
consisting of macrophages, polymorphonuclear
cells and lymphocytes scattered between areas of
edema and hemorrhage [47–49]

pulmonary histological picture (hyaline membranes with
edema, mild interstitial inflammatory infiltrates and pneu-
mocytes desquamatedwith reactive hyperplasia of pneumo-
cytes) [47–49].

In detail, the histological changes most frequently
found in the lungs during the H1N1-09 pandemic
were intra-alveolar inflammatory infiltrates, consisting of
macrophages, polymorphonuclear cells and lymphocytes
scattered between areas of edema, hemorrhage and fib-
rin deposits. By contrast, inflammatory infiltrates found
in the lungs of COVID-19 patients were dominated by
macrophages, associated with thickening of the alveolar
walls and partial loss of histological architecture [37]. In
addition, in just over half the COVID-19 cases, the presence
of organizing fibrosis has been described and reported in
the histopathological examination, indicating an early tran-
sition to the subacute organizing phase. However, the im-
portant almost pathognomonic, feature of lung damage in
COVID-19 patients is the presence of microthrombi [50,
51], resulting in speculation that COVID-19 has a predilec-
tion for endothelial cells. Vascular thrombosis and micro-
thrombosis are frequent findings in DAD, resulting from
local inflammation even in the absence of a state of sys-
temic hypercoagulability, which occurs early on in ARDS
of various causes, but would be more verifiable in cases
of COVID-19 infection (Figs. 4,5). According to some au-
thors, this phenomenon is nine times greater and it is associ-
ated with phenomena of neovascularization [52] and hem-
orrhages with different severity ranging [53]. Perivascular
inflammation was also described as defining feature of the
virus-induced systemic disease [54,55].

4. Conclusions
As demonstrated by the analysis conducted so far,

“COVID-19 Is Not Comparable to H1N1 Influenza” [56]

(Table 2, Ref. [1,11–24,26–28,31–42,47–55,57]) and
histopathological findings play a key role in understanding
the pathophysiological mechanisms of diseases and, thus
possible therapeutic approaches.

While it is true on the one hand that this parallelism has
the limitation of being retrospective, thus referring to two
clinical conditions with a different genetic background and
different sociomedical characteristics as regards the his-
torical period and geographic areas involved, on the other
hand comparison between the two pathologies and, above
all, their differences, demonstrate that it is possible to as-
certain various useful aspects, for physiopathological and
therapeutic purposes. Today the evidence on the thrombo-
inflammatory mechanism underlying COVID-19 is grow-
ing to a much greater magnitude than the diffuse alveolar
damage in common with H1N1-09; our study appears to be
in line with these results [58]. Furthermore, the immune
reaction evoked by COVID-19 is still not well understood.
The prevailing scientific thinking to explain the morbidity
and mortality of COVID-19 patients is that it elicits an ex-
uberant immune reaction characterized by dysregulated cy-
tokine production, known as a “cytokine storm” [59,60].

The immune receptors that recognize the viral infec-
tion and initiate immune responses against the virus could
be the toll-like receptors (TLRs) TLR3 and TLR4, which
induce an immune reaction via the MyD88 and TRIF path-
ways. It is also possible that COVID-19 activates the in-
flammasome, as high levels of IL-1β have been observed
in affected patients. Recently, however, the hypothesis has
begun to emerge that this condition may be associated with
a state of cellular immune depletion which includes mono-
cytes, dendritic cells, CD4 + T cells, CD8 + T cells, B cells,
and NK cells. These data suggest that severe COVID-19
is a state of immunosuppression similar to the well-known
sepsis-induced immunosuppression [61,62]. In particular, a
recent study by Remy et al. [63] showed that the immuno-
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suppression observed in these subjects is even more pro-
found than in critically ill patients with sepsis from other
causes. Their research demonstrated that IFN-γ production
generated by peripheral blood T cells of COVID-19 patients
was reduced compared to T cells of healthy individuals and
septic patients upon stimulation with anti-CD3/anti-CD28
antibodies, thus raising the suggestion that the primary
immune mechanism underlying COVID-19 morbidity and
mortality is immunosuppression rather than hyperinflam-
mation. A recent study focused on endothelial damage be-
tween COVID-19, H1N1, and bacterial sepsis, demonstrat-
ing that myeloperoxidase levels were higher in COVID-
19 patients, as well as ADAMTS-13 activity was greater
than patients with H1N1 pneumonia or bacterial sepsis [64].
Furthermore, a study on post-mortem preparations would
seem to confirm the role of oxidative stress in the patho-
genesis of lethal forms of COVID-19, demonstrated by an
abundant immunohistochemical expression of the lipid per-
oxidation product: 4-hydroxynonenal (4-HNE). The origin
of 4-HNE would be vascular stress similar to sepsis and the
organs most affected were the lungs with diffuse alveolar
damage and the brain with edema and reactive astrocytosis
[57]. A recent study attempted to define a unifying the-
ory of the two souls of SARS-CoV-2 infection [65]. In re-
sponse to viral septicemia, the host activates the comple-
ment system that produces the C5b-9 complement terminal
complex to neutralize the pathogen. C5b-9 causes an in-
crease in the permeability of the membrane of endothelial
cells. to this is added the damage induced by the binding of
the viral protein S to the endothelial ACE2 receptor. Both
mechanisms produce endotheliopathy, which activates two
molecular pathways: inflammatory and microthrombotic.
In fact, the release of inflammatory cytokines and the en-
dothelial exocytosis, of von Willebrand factor and FVIII,
from the Weibel-Palade bodies occur. The recruitment of
circulating platelets follows and, thus, microthrombogene-
sis begins. In COVID-19, microthrombosis initially affects
the lungs by tropism causing ARDS.

The fact remains that the immune response to COVID-
19 is completely different from the response to pandemic
influenza A (H1N1). The pathogenicity and virulence of
the H1N1-09 virus are due to the acquired properties that
contribute to altering the regulation of inflammatory re-
sponses and evading antiviral immunity, downregulating
the expression of cytokine signaling suppressors 1 (SOCS-
1), and increasing the production of IL-6, IL-8, TNF-α [66].
H1N1-09 induces lower levels of Type I interferons in hu-
man macrophages and human lung epithelial cells. In this
sense, it is possible that the virus blocks Type I interferon
responses.

These pathopshysiolocial aspects could have influ-
enced the initial therapeutic approach, considering that
when H1N1-09 became a pandemic there were drugs that
could be used for seasonal influences, such as oseltamivir
and zanamivir [67]. On the other hand, when COVID-19

spread, there were no drugs or therapeutic protocols on the
market to combat it [68,69]. Suffice it to say that in Italy
the guidelines proposed by the body responsible for health
care have not changed for a long period of time: Docu-
ment of Ministry of Health, April 2021—Home manage-
ment of patients with SARS-CoV-2 infection; Document of
the Ministry of Health, November 2020—Home manage-
ment of patients with SARS-CoV-2 infection. However,
initially in an empirical form, later in a more structured
model, low molecular weight heparins were added to the
treatment protocols [70,71]. This could be related to the
dysregulation of the coagulation cascade and subsequent
clot formation common to all coronavirus infections associ-
ated with severe respiratory diseases (severe acute respira-
tory syndrome coronavirus 1, SARS-CoV-1, and the Mid-
dle East Respiratory Syndrome coronavirus, MERS-CoV),
to be attributed, according to some authors, to the prothrom-
botic response, which attempts to prevent diffuse alveolar
hemorrhage [71]. Such drugs could have been included ear-
lier and effectively in therapeutic guidelines if there had
been an understanding of the complex pathophysiological
mechanisms of the infection, on which autopsy examina-
tions could have shed light. The previous pandemic should
have taught us to promote a culture of clinical and forensic
autopsies [48] and both pandemics supports the need to pro-
vide a centralized, national and supra-national, infrastruc-
ture which promotes rapid review and integration among
autopsy and clinical data to improve consciousness for ef-
ficient treatment strategies [72].
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3; SOCS-1, cytokine signaling suppressors 1; TLR, toll-like
receptor; TNF-α, tumour necrosis factor-α; TGF-β, tumour
necrosis factor-β; TRIF, TIR-domain-containing adapter-
inducing interferon-β; UIP, usual interstitial pneumonia;
WHO, World Health Organization.

Author Contributions
GB, VF and PF designed the systematic review. MF

and NDF performed the research. GB and RLR performed
a critical appraisal. AM and GD performed data extrac-
tion. GB, MF and VF carried out post-mortem investiga-

7

https://www.imrpress.com


tions. GB, MF and AM realized the original draft prepa-
ration. PF and RLR reviewed and edited the manuscript,
under the supervision of VF. All authors contributed to ed-
itorial changes in the manuscript. All authors read and ap-
proved the final manuscript.

Ethics Approval and Consent to Participate
All procedures performed in the study (forensic

pathology material extraction and fixation) were in accor-
dance with the ethical standards of the involved institutions
and with the 1964 Helsinki Declaration and its later amend-
ments. The processing of the data reported in this paper
is covered by the general authorization to process personal
data for scientific research purposes granted by the Italian
Data Protection Authority (1 March 2012 as published in
Italy’s Official Journal no. 72 dated 26 March 2012) since
the data do not entail any significant personalized impact
on data subjects. Our study does not involve the applica-
tion of experimental protocols; therefore it does not require
approval by an institutional and/or licensing committee. In
all cases, local prosecutors opened an investigation, order-
ing that an autopsy be performed to clarify the exact cause
of death.

Acknowledgment
The authors want to thank Santina Cantatore for her

invaluable support during histochemical and immunohisto-
chemical investigations.

Funding
This research received no external funding.

Conflict of Interest
The authors declare no conflict of interest. RLR is

serving as the guest editor of this journal. VF is serving as
the editorial board member of this journal. We declare that
RLR and VF had no involvement in the peer review of this
article and has no access to information regarding its peer
review. Full responsibility for the editorial process for this
article was delegated to GP.

References
[1] da Costa VG, Saivish MV, Santos DER, de Lima Silva RF,

MoreliML. Comparative epidemiology between the 2009H1N1
influenza and COVID-19 pandemics. Journal of Infection and
Public Health. 2020; 13: 1797–1804.

[2] World Health Organization. Questions and answers. 2021.
Available at: https://www.who.int/news-room/questions-and-a
nswers (Accessed: 6 December 2021).

[3] Lucas S. Pandemics and pathology: a reflection on influenza,
HIV/AIDS and SARS (COVID-19) pandemic infections. Diag-
nostic Histopathology. 2021; 27: 128–133.

[4] Frati P, La Russa R, Di Fazio N, Del Fante Z, Delogu G, Fineschi
V. Compulsory Vaccination for Healthcare Workers in Italy for
the Prevention of SARS-CoV-2 Infection. Vaccines. 2021; 9:
966.

[5] Shamseer L, Moher D, Clarke M, Ghersi D, Liberati A, Petti-

crew M, et al. Preferred reporting items for systematic review
andmeta-analysis protocols (PRISMA-P) 2015: elaboration and
explanation. British Medical Journal. 2015; 350: g7647.

[6] ChenY, Liu F, YuQ, Li T. Review of fractional epidemicmodels.
Applied Mathematical Modelling. 2021; 97: 281–307.

[7] Wilder-Smith A, Osman S. Public health emergencies of interna-
tional concern: a historic overview. Journal of Travel Medicine.
2020; 27: taaa227.

[8] Novel Swine-Origin Influenza A (H1N1) Virus Investigation
Team, Dawood FS, Jain S, Finelli L, Shaw MW, Lindstrom S,
et al. Emergence of a Novel Swine-Origin Influenza A (H1N1)
Virus in Humans. New England Journal of Medicine. 2009; 360,
2605–2615.

[9] Vousden N, Knight M. Lessons learned from the a (H1N1) in-
fluenza pandemic. Best Practice and Research in Clinical Ob-
stetrics and Gynaecology. 2021; 76: 41–52.

[10] Ministero della salute (Italy). Report settimanale Covid-19.
2020. Available at: https://www.salute.gov.it/portale/news/p3_
2_1_1_1.jsp?lingua=italiano&menu=notizie&p=dalministero&
id=5718 (Accessed: 6 December 2021).

[11] Sriwilaijaroen N, Suzuki Y. Host receptors of influenza viruses
and coronaviruses - molecular mechanisms of recognition. Vac-
cines. 2020; 8: 587.

[12] Complete genomes. Orthomyxoviridae. 2021. Available at:
https://www.ncbi.nlm.nih.gov/genomes/GenomesGroup.cgi?ta
xid=11308 (Accessed: 6 December 2021).

[13] Sooksawasdi Na Ayudhya S, Kuiken T. Reverse Zoonosis of
COVID-19: Lessons from the 2009 Influenza Pandemic. Vet-
erinary Pathology. 2021; 58: 234–242.

[14] Chauhan RP, Gordon ML. A systematic review analyzing the
prevalence and circulation of influenza viruses in swine popula-
tion worldwide. Pathogens. 2020; 9: 355.

[15] Bhat EA, khan J, Sajjad N, Ali A, Aldakeel FM, Mateen A, et
al. SARS-CoV-2: Insight in genome structure, pathogenesis and
viral receptor binding analysis – an updated review. International
Immunopharmacology. 2021; 95: 107493.

[16] To KK, Sridhar S, Chiu KH, Hung DL, Li X, Hung IF, et al.
Lessons learned 1 year after SARS-CoV-2 emergence leading to
COVID-19 pandemic. EmergingMicrobes and Infections. 2021;
10: 507–535.

[17] Roychoudhury S, Das A, Sengupta P, Dutta S, Roychoudhury S,
Choudhury AP, et al. Viral pandemics of the last four decades:
Pathophysiology, health impacts and perspectives. International
Journal of Environmental Research and Public Health. 2020; 17:
9411.

[18] Roy J, Jain R, Golamari R, Vunnam R, Sahu N. COVID-19 in
the geriatric population. International Journal of Geriatric Psy-
chiatry. 2020; 35: 1437–1441.

[19] Chen PZ, Bobrovitz N, Premji Z, Koopmans M, Fisman DN, Gu
FX. Heterogeneity in transmissibility and shedding SARS-CoV-
2 via droplets and aerosols. eLife. 2021; 10: e65774.

[20] Wu Z, Harrich D, Li Z, Hu D, Li D. The unique features
of SARS‐CoV‐2 transmission: Comparison with SARS‐CoV,
MERS‐CoV and 2009H1N1 pandemic influenza virus. Reviews
in Medical Virology. 2021; 31: e2171.

[21] Petersen E, Memish ZA, Zumla A, Maani AA. Transmission
of respiratory tract infections at mass gathering events. Current
Opinion in Pulmonary Medicine. 2020; 26: 197–202.

[22] Kalil AC, Thomas PG. Influenza virus-related critical illness:
pathophysiology and epidemiology. Critical Care. 2019; 23:
258.

[23] Boyd DF, Thomas PG. Towards integrating extracellular matrix
and immunological pathways. Cytokine. 2017; 98: 79–86.

[24] Liu L, Stephens B, Bergman M, May A, Chiang T. Role of Col-
lagen in airway mechanics. Bioengineering. 2021; 8: 13.

[25] Kaul D. An overview of coronaviruses including the SARS-2

8

https://www.who.int/news-room/questions-and-answers
https://www.who.int/news-room/questions-and-answers
https://www.salute.gov.it/portale/news/p3_2_1_1_1.jsp?lingua=italiano&menu=notizie&p=dalministero&id=5718
https://www.salute.gov.it/portale/news/p3_2_1_1_1.jsp?lingua=italiano&menu=notizie&p=dalministero&id=5718
https://www.salute.gov.it/portale/news/p3_2_1_1_1.jsp?lingua=italiano&menu=notizie&p=dalministero&id=5718
https://www.ncbi.nlm.nih.gov/genomes/GenomesGroup.cgi?taxid=11308
https://www.ncbi.nlm.nih.gov/genomes/GenomesGroup.cgi?taxid=11308
https://www.imrpress.com


coronavirus – Molecular biology, epidemiology and clinical im-
plications. Current Medicine Research and Practice. 2020; 10:
54–64.

[26] Antony P, Vijayan R. Role of SARS-CoV-2 andACE2 variations
in COVID-19. Biomedical Journal. 2021; 44: 235–244.

[27] Bratosiewicz-Wąsik J, Wąsik TJ. Does virus-receptor interplay
influence human coronaviruses infection outcome? Medical
Science Monitor. 2020; 26: e928572.

[28] Samavati L, Uhal BD. ACE2, Much More Than Just a Receptor
for SARS-COV-2. Frontiers in Cellular and Infection Microbi-
ology. 2020; 10, 317.

[29] Morris G, Bortolasci CC, Puri BK, Marx W, O’Neil A, Athan E,
et al. The cytokine storms of COVID-19, H1N1 influenza, CRS
and MAS compared. can one sized treatment fit all? Cytokine.
2021; 144: 155593.

[30] P KM, Sivashanmugam K, Kandasamy M, Subbiah R, Raviku-
mar V. Repurposing of histone deacetylase inhibitors: a promis-
ing strategy to combat pulmonary fibrosis promoted by TGF-
β signalling in COVID-19 survivors. Life Sciences. 2021; 266:
118883.

[31] DhouibW,Maatoug J, Ayouni I, Zammit N, GhammemR, Fredj
SB, et al. The incubation period during the pandemic of COVID-
19: a systematic review and meta-analysis. Systematic Reviews.
2021; 10: 101.

[32] Edler C, Klein A, Gehl A, Ilchmann C, Scherpe S, Schrot M.
The new influenza a (H1N1/09): symptoms, diagnostics, and
autopsy results. International Journal of Legal Medicine. 2011;
125: 157–161.

[33] Choreño-Parra JA, Jiménez-Álvarez LA, Cruz-Lagunas A,
Rodríguez-Reyna TS, Ramírez-Martínez G, Sandoval-Vega M,
et al. Clinical and Immunological Factors That Distinguish
COVID-19 From Pandemic Influenza A(H1N1). Frontiers of
Immunology. 2021; 12: 593595.

[34] Srivastava S, Upadhyay DJ, Srivastava A. Next-Generation
Molecular Diagnostics Development by CRISPR/Cas Tool:
Rapid Detection and Surveillance of Viral Disease Outbreaks.
Frontiers in Molecular Bioscience. 2020; 7: 582499.

[35] InterimGuidelines for Clinical Specimens for COVID-19. CDC.
2019. Available at: https://www.cdc.gov/coronavirus/2019-nco
v/lab/guidelines-clinical-specimens.html (Accessed: 6 Decem-
ber 2021).

[36] Santurro A, Scopetti M, D’Errico S, Fineschi V. A technical re-
port from the Italian SARS-CoV-2 outbreak. Postmortem sam-
pling and autopsy investigation in cases of suspected or probable
COVID-19. Forensic Science, Medicine and Pathology. 2020;
16: 471–476.

[37] Yin Z, Kang Z, Yang D, Ding S, Luo H, Xiao E. A Comparison
of Clinical and Chest CT Findings in Patients with Influenza a
(H1N1) Virus Infection and Coronavirus Disease (COVID-19).
American Journal of Roentgenology. 2020; 215: 1065–1071.

[38] Kalra MK, Homayounieh F, Arru C, Holmberg O, Vassileva J.
Chest CT practice and protocols for COVID-19 from radiation
dose management perspective. European Radiology. 2020; 30:
6554–6560.

[39] Foust AM, Winant AJ, Chu WC, Das KM, Phillips GS, Lee EY.
Pediatric SARS, H1N1, MERS, EVALI, and now Coronavirus
Disease (COVID-19) Pneumonia: what Radiologists need to
Know. American Journal of Roentgenology. 2020; 215: 736–
744.

[40] Rossi SE, Erasmus JJ, Volpacchio M, Franquet T, Castiglioni
T, McAdams HP. “Crazy-Paving” Pattern at Thin-Section CT
of the Lungs: Radiologic-Pathologic Overview. RadioGraphics.
2003; 23: 1509–1519.

[41] Penha D, Pinto EG, Matos F, Hochhegger B, Monaghan C,
Taborda-Barata L, et al. CO-RADS: Coronavirus Classification
Review. Journal of Clinal Imaging Science. 2021; 11: 9.

[42] Prokop M, van Everdingen W, van Rees Vellinga T, Quarles van
Ufford H, Stöger L, Beenen L, et al. CO-RADS: a Categori-
cal CT Assessment Scheme for Patients Suspected of Having
COVID-19—Definition and Evaluation. Radiology. 2020; 296:
E97–E104.

[43] Frisoni P, Neri M, D’Errico S, Alfieri L, Bonuccelli D, Cin-
golani M, et al. Cytokine storm and histopathological findings
in 60 cases of COVID-19-related death: from viral load re-
search to immunohistochemical quantification of major players
IL-1β, IL-6, IL-15 and TNF-α. Forensic Science, Medicine, and
Pathology. 2022; 18: 4–19.

[44] Ilić IR, Stojanović NM, Radulović NS, Živković VV, Rand-
jelović PJ, Petrović AS, et al. The quantitative ER immunohis-
tochemical analysis in breast cancer: Detecting the 3 + 0, 4 + 0,
and 5 + 0 allred score cases. Medicina. 2019; 55: 461.

[45] Fedchenko N, Reifenrath J. Different approaches for interpreta-
tion and reporting of immunohistochemistry analysis results in
the bone tissue - a review. Diagnostic Pathology. 2014; 9: 221.

[46] Katzenstein AL, Bloor CM, Leibow AA. Diffuse alveolar
damage–the role of oxygen, shock, and related factors. A review.
The American Journal of Pathology. 1976; 85: 209–228.

[47] Hariri LP, North CM, Shih AR, Israel RA, Maley JH, Villalba
JA, et al. Lung Histopathology in Coronavirus Disease 2019 as
Compared with Severe Acute Respiratory Sydrome and H1N1
Influenza: A Systematic Review. Chest. 2021; 159: 73–84.

[48] Maiese A, Manetti AC, La Russa R, Di Paolo M, Turillazzi E,
Frati P, et al. Autopsy findings in COVID-19-related deaths:
a literature review. Forensic Science, Medicine and Pathology.
2021; 17: 279–296.

[49] Zanza C, Racca F, Longhitano Y, Piccioni A, Franceschi F, Ar-
tico M, et al. Risk Management and Treatment of Coagulation
Disorders Related to COVID-19 Infection. International Journal
of Environmental Research and Public Health. 2021; 18: 1268.

[50] Parra-Medina R, Herrera S, Mejia J. Systematic Review of
Microthrombi in COVID-19 Autopsies. Acta Haematologica.
2021; 144: 476–483.

[51] Cipolloni L, Sessa F, Bertozzi G, Baldari B, Cantatore S, Testi
R, et al. Preliminary Post-Mortem COVID-19 Evidence of En-
dothelial Injury and Factor VIII Hyperexpression. Diagnostics.
2020; 10: 575.

[52] Ackermann M, Verleden SE, Kuehnel M, Haverich A, Welte T,
Laenger F, et al. Pulmonary Vascular Endothelialitis, Throm-
bosis, and Angiogenesis in Covid-19. New England Journal of
Medicine. 2020; 383: 120–128.

[53] Pannone G, Caponio VCA, De Stefano IS, Ramunno MA, Mec-
cariello M, Agostinone A, et al. Lung histopathological findings
in COVID-19 disease – a systematic review. Infectious Agents
and Cancer. 2021; 16: 34.

[54] Roden AC, Bois MC, Johnson TF, Aubry MC, Alexander
MP, Hagen CE, et al. The Spectrum of Histopathologic Find-
ings in Lungs of Patients with Fatal Coronavirus Disease 2019
(COVID-19) Infection. Archives of Pathology and Laboratory
Medicine. 2021; 145: 11–21.

[55] Becker RC. COVID-19-associated vasculitis and vasculopathy.
Journal of Thrombosis and Thrombolysis. 2020; 50: 499–511.

[56] Tiruvoipati R, Gupta S, Haji K. COVID-19 is not Comparable
to H1N1 Influenza. Annals of the American Thoracic Society.
2022; 19: 509–510.

[57] Zarkovic N, Jakovcevic A, Mataic A, Jaganjac M, Vukovic T,
Waeg G, et al. Post-mortem Findings of Inflammatory Cells and
the Association of 4-Hydroxynonenal with Systemic Vascular
and Oxidative Stress in Lethal COVID-19. Cells. 2022; 11: 444.

[58] Caramaschi S, KappME,Miller SE, Eisenberg R, Johnson J, Ep-
perly G, et al. Histopathological findings and clinicopathologic
correlation in COVID-19: a systematic review. Modern Pathol-
ogy. 2021; 34: 1614–1633.

9

https://www.cdc.gov/coronavirus/2019-ncov/lab/guidelines-clinical-specimens.html
https://www.cdc.gov/coronavirus/2019-ncov/lab/guidelines-clinical-specimens.html
https://www.imrpress.com


[59] Li G, Fan Y, Lai Y, Han T, Li Z, Zhou P, et al. Coronavirus
infections and immune responses. Journal of Medical Virology.
2020; 92: 424–432.

[60] Zanza C, Romenskaya T,Manetti AC, Franceschi F, La Russa R,
Bertozzi G, et al. Cytokine Storm in COVID-19: Immunopatho-
genesis and Therapy. Medicina. 2022; 58: 144.

[61] Adegoke EO, Rahman MS, Park YJ, Kim YJ, Pang MG.
Endocrine-disrupting chemicals and infectious diseases: From
endocrine disruption to immunosuppression. International Jour-
nal of Molecular Science. 2021; 22: 3939.

[62] Stertz S, Hale BG. Interferon system deficiencies exacerbating
severe pandemic virus infections. Trends inMicrobiology. 2021;
29: 973–982.

[63] Remy KE,Mazer M, Striker DA, Ellebedy AH,Walton AH, Un-
singer J, et al. Severe immunosuppression and not a cytokine
storm characterizes COVID-19 infections. JCI insight. 2020; 5:
e140329.

[64] Papadakis DD, Politou M, Kompoti M, Vagionas D, Kostakou
E, Theodoulou D, et al. Immunostimulation and Coagulopathy
in COVID-19 Compared to Patients with H1N1 Pneumonia or
Bacterial Sepsis. In Vivo. 2022; 36: 954–960.

[65] Chang JC. COVID-19 Sepsis: Pathogenesis and Endothelial
Molecular Mechanisms Based on “Two-Path Unifying The-
ory” of Hemostasis and Endotheliopathy-Associated Vascular
Microthrombotic Disease, and Proposed Therapeutic Approach
with Antimicrothrombotic Therapy. Vascular Health Risk Man-
agement. 2021; 17: 273–298.

[66] Abbasifard M, Khorramdelazad H. The bio-mission of
interleukin-6 in the pathogenesis of COVID-19: a brief look at
potential therapeutic tactics. Life Sciences. 2020; 257: 118097.

[67] HedlundM, Larson JL, Fang F. Antiviral strategies for pandemic
and seasonal influenza. Viruses. 2010; 2: 1766–1781.

[68] Hosseini P, Rahimi H, Najafabadi MM, Ghorbani A, Najafabadi
SK, Faridzadeh A, et al. Convalescent Plasma Therapy for
COVID-19: Lessons from SARS-CoV, MERS-CoV, and H1N1
Infection. Acta Medica Indonesiana. 2021; 53: 86–95.

[69] Kumar D, Batra L, Malik MT. Insights of Novel Coronavirus
(SARS-CoV-2) disease outbreak, management and treatment.
AIMS Microbiology. 2020; 6: 183–203.

[70] ATTACC Investigators, ACTIV-4a Investigators, REMAP-CAP
Investigators, Lawler PR, Goligher EC, Berger JS, et al. Thera-
peutic Anticoagulation with Heparin in Noncritically Ill Patients
with Covid-19. New England Journal of Medicine. 2021; 385:
790–802.

[71] Giannis D, Ziogas IA, Gianni P. Coagulation disorders in coro-
navirus infected patients: COVID-19, SARS-CoV-1, MERS-
CoV and lessons from the past. Journal of Clinical Virology.
2020; 127: 104362.

[72] Fineschi V, Aprile A, Aquila I, Arcangeli M, Asmundo A, Bacci
M, et al. Management of the corpse with suspect, probable
or confirmed COVID-19 respiratory infection - Italian interim
recommendations for personnel potentially exposed to material
from corpses, including body fluids, in morgue structures and
during autopsy practice. Pathologica. 2020; 112; 64–77.

10

https://www.imrpress.com

	1. Introduction
	2. Materials and Methods
	2.1 Eligibility Criteria
	2.2 Search Criteria and Critical Appraisal
	2.3 Search Results and Included Studies
	2.4 Risk of Bias

	3. Results
	3.1 Epidemiology
	3.2 Pathophysiology
	3.3 Clinical Findings and Radiology
	3.4 Histological and Immunohistochemical Analysis

	4. Conclusions
	Abbreviations
	Author Contributions
	Ethics Approval and Consent to Participate
	Acknowledgment
	Funding
	Conflict of Interest

