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Abstract

Similar to the influenza A pandemic in 1918/1919, the new Coronavirus disease 2019 (COVID-19) has spread
globally. The causes of death in COVID-19 are frequently compared to a seasonal influenza outbreak. Complete
COVID-19 autopsy studies were almost non-existent in the first months of the outbreak and are still rare with
respect to the number of deaths. It has been recently reported that capillary microthrombi are significantly more
prevalent in patients with COVID-19 than in patients with influenza A. To date, the contribution of mac-
rothrombi, i.e. visible thrombi in pulmonary arteries, to the death of patients with influenza A in comparison to
COVID-19 remains unaddressed. Here, we report autopsy findings in 411 patients who died from the 'Spanish’
influenza A pandemic between May 1918 and April 1919 at the University Hospital Zurich, Switzerland. We
compare these results with influenza A autopsies from 2009 to 2020, other influenza A autopsy series and all
COVID-19 autopsies published to date. No descriptions of any macroscopic thromboembolic events were men-
tioned in influenza A autopsy reports. In 75 published COVID-19 autopsies, pulmonary artery thrombosis/fembo-
lism was reported in 36%. The direct comparison of macroscopic autopsy findings suggests a significantly greater
degree of grossly visible pulmonary macrothrombi in patients with COVID-19 in comparison to influenza A
autopsies even though most patients received empiric thromboprophylaxis. This is consistent with the concept of
a SARS-related de novo coagulopathy with generalised in situ clot formation, which could explain the high inci-
dence of pulmonary thrombosis/embolism with or without underlying deep vein thrombosis and in the absence of

a history of venous thromboembolic events.
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Introduction

The influenza A pandemic in 1918/1919 killed approxi-
mately 50 million people worldwide. This global out-
break was caused by a new strain of the influenza A
virus. The new Coronavirus disease 2019 (COVID-19)
has also spread globally with more than 440 000
reported deaths. The causes of death in COVID-19 are
frequently compared with a seasonal influenza outbreak,
although complete COVID-19 autopsy studies were

almost non-existent in the first months of the outbreak
and are still rare relative to the number of deaths. In
COVID-19 patients, a progressive life-threatening pneu-
monia and a high incidence of venous thromboembolic
events (VTE) have been observed [1-3]. Patients with
influenza A (HINT1) infection can also die from a pneu-
monia, but the new coronavirus SARS-Cov-2 results
in a more severe disease course as compared to the
2009 seasonal flu [4]. Recently, Ackermann et al [5]
reported a distinct pulmonary pathobiology observed in
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Table 1. Autopsy findings in 411 influenza A patients from 1918/1919, 12 influenza A patients from 2009 to 2020 and 75 published

COVID-19 patients.

Influenza A (1918/1919) Influenza A (2009-2020) COVID-19 (2019/2020)

Mean age (range), years 28 (1-85) 46 (1-84) 70 (34-96)
Male patients (%) 255 of 411 (62) 3 of 12 (25) 51 of 71 (72)
Obesity (%)* 53 of 333" (16) 0 25 of 60" (42)
Underweight (%)* 107 of 333" (32) 0 1 of 607 (2)
Bronchopneumonia (%) 411 (100) 11 of 12 (92) 25 of 75 (33)
Pulmonary arterial thrombosis/embolism (%) 0 0 27 of 75 (36)
Pulmonary infarction (%) 0 0 14 of 75 (19)
DVT (%) NA NA 9 of 25" (36)
Acute myocardial infarction (%) 0 0 2 of 711 (3)
Mesenteric infarction (%) 0 0 3 of 397 (8)

'Obesity was defined as BMI >30 for influenza A patients 2009-2020 and COVID-19 patients 2019/2020; obesity was defined as thickness of abdominal fat layer

>3 cm for 1918/1919 influenza patients >20 years (no data for 19% of patients).

*Underweight was defined as <18.5 kg/m? for COVID-19 patients; underweight was defined as thickness of abdominal fat layer <1 cm for 1918/1919 influenza

patients >20 years (no nutritional data for 19% of patients).

*Absolute numbers can differ due to non-available information in original publications. DVT, deep vein thrombosis; NA, not available.

Figure 1. Post-mortem pulmonary gross findings in an influenza A patient. (A) Gross appearance of the lung of a 61-year old female
patient showing diffuse haemorrhagic consolidation suggestive of bronchopneumonia, predominantly in the lower lobe (arrows). (B,C)
Higher magnification from the same lung reveals open vessels and consolidation (arrows).

Covid-19 patients when compared to equally severe
HINT1 virus infections. Capillary microthrombi were
significantly more prevalent in patients with COVID-19
than in patients with influenza A. However, the contri-
bution of macrothrombi, i.e. visible thrombi in pulmo-
nary arteries, to the death of patients with influenza A in
comparison to COVID-19 remains unaddressed to date.

© 2020 The Authors. The Journal of Pathology: Clinical Research published by The Pathological Society
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Methods

We summarise autopsy findings in 411 patients who
died from the ‘Spanish’ influenza A pandemic
1918/1919 at the University Hospital Zurich, Switzer-
land [6]. In these years, the University Hospital Zurich
hospital reported an influenza A lethality of 13% and
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Table 2. Autopsy pathology of 411 influenza patients, 1918/1919
(only macroscopic findings).
%

Upper respiratory tract
Laryngitis 20.7
Laryngeal ulcers 0.5
Tracheitis 783
Bronchitis 78.8
Lower respiratory tract
Pneumonia 100
Pleuritis 66
Pleural effusion 51
Pleural empyema 12
Pneumothorax 2
Emphysema 15
Heart
Endocarditis 3.4
Myocarditis 0.5
Pericarditis 5.1
Aortic valve disease 6.1
Mitral valve disease 5.6
Ventricular dilation 21.2
Cardiac hypertrophy 16.3
Atrial septal defect 0.2
Gastrointestinal tract
Pharyngitis 18
Oesophagitis 1
Gastritis 15
Gastric/duodenal ulcers 3
Peritonitis 3
Colitis 3
Liver
Liver necrosis 15
Cirrhosis 1
Icterus 7
Steatosis 9
Brain
Encephalitis 0
Meningitis 2.4
Abscess 0.2
Haemorrhage 0.5
Cystic infarct 0.2
Lymphatic organs
Lymph node hyperplasia 15
Tonsillar hyperplasia 21
Splenomegaly 37

19% of female patients were pregnant or post-partal. No specific renal find-
ings were reported. The presence of tuberculosis was noted in 8% of the
patients.

autopsies were performed in almost all deceased
patients. All autopsies in Zurich were performed by
experienced pathologists (e.g. Prof. von Meyenburg).
We reviewed all pathological data in the autopsy
reports for macroscopic findings in the heart, lungs,
intestines, brain, kidneys and liver. These findings
were compared to the autopsy results from patients
with influenza A infection in the Department of
Pathology, Zurich between 2009 and 2020. In
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addition, we summarised all macroscopic findings
from COVID-19 autopsies published up until July
2020.

Results

In 411 of 970 autopsies between May 1918 and April
1919, influenza was noted as the cause of death in the
official death certificate, with most cases arising in
July 1918 and a second wave occurring between
October and December 1918. In Zurich, the mortality
rate was significantly higher in the second wave com-
pared to the first wave. The age distribution showed a
W-shaped age-curve, which exhibited peaks in
infancy, between 20 and 30 years of age and in elderly
individuals (range, 1-85 years), dissimilar to the
SARS-CoV-2 pandemic affecting older patients. 62%
of patients were male. Most of the patients were of
normal weight or underweight (Table 1). For all age
groups, death was always associated with pneumonia
and related pulmonary complications (Table 2). Other
important findings include a high prevalence of inflam-
mation in the upper respiratory tract (tracheitis, bron-
chitis), as well as pleural effusion and pleuritis.
Splenomegaly was noted in 37%. Heart hypertrophy
occurred in only 16.3% of all autopsies. At that time,
hypertrophy was defined as a larger size compared to
a person’s fist, or an increased weight. The average
weight of a human heart was 300 g in the male and
250 g in a female. From 2009 to 2020, we performed
12 autopsies on patients with influenza A infection
(mean age 46 years; range 1-84 years). Eleven of
12 patients had bronchopneumonia (Figures 1 and 2).
We did not observe macroscopic pulmonary artery
thrombosis (Table 1).

In contrast to our influenza autopsies, all COVID-19
autopsy studies [7-16] (Table 1) highlight the high
incidence of thromboembolic events. Our previous
autopsy study also documented cases with lung embo-
lism and a characteristic COVID-19 related
endotheliitis in different organs [14] (Figures 3-5).
Recently, Wichmann er al reported the findings of
12 consecutive, legally mandated autopsies of patients
with COVID-19 [7]. The authors noted a high inci-
dence (42%) of pulmonary embolism with and without
underlying deep venous thrombosis (DVT). Menter
et al described four cases with prominent central pul-
monary embolism in a series of 21 COVID-19 autop-
sies [9]. Lax and colleagues performed autopsies on
11 patients randomly selected among 48 hospitalised
COVID-19 positive patients [8]. Visible pulmonary
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Figure 2. Histopathological findings in lungs of influenza A patients. (A) Lung of a 22-year old female with influenza A infection. There
are acutely congested alveolar spaces and interstitial capillaries, and many granulocytes related to secondary bacterial pneumonia in the
alveolar spaces in a patchy distribution pattern. (B) High power view of the same patient shows congested vessels, intra-alveolar bron-
chopneumonia and scattered reactive enlarged endothelial cells (arrow) without any evidence of endotheliitis. (C) Higher power view of
a lung from a 84-year old female patient with influenza A showing congested vessels (arrows) and intra-alveolar bronchopneumonia.
There is no evidence of fibrin thrombus formation. All images H&E stains.

thrombi were noted in all cases with associated lung
infarctions in 9 out of 11 autopsies (81%). Most of
these patients had received prophylactic anticoagulant
therapy, indicating that pulmonary thrombi were
formed despite anticoagulant therapy. Clinical studies
describe VTEs in 20-36% of COVID-19 patients
which is significantly higher than the prevalence of
VTEs in influenza A patients [3,17].

Discussion

Both autopsy [7-16] and clinical studies [3,17] report
a high incidence of thromboembolic events in
COVID-19 patients. A surprising aspect of our study
on influenza-associated fatalities from 1918 to 1919
was the complete absence of macroscopic thromboem-
bolic events, e.g. grossly visible pulmonary thrombi,
infarction of the kidney, lung, heart or intestine. Due
to this unexpected finding, we re-evaluated other

© 2020 The Authors. The Journal of Pathology: Clinical Research published by The Pathological Society
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influenza autopsy studies, including autopsies that
were performed in the United States by prominent
pathologists (e.g. Prof. Goodpasture) during the 1918
influenza pandemic (see review by Taubenberger et al
[18]). Of note, macroscopic thromboembolic events,
i.e. grossly visible pulmonary thrombi are also
extremely rare. A very detailed autopsy series of
68 soldiers in U.S. army training camps dying before
and during the 1918 influenza pandemic peak [19] rev-
ealed a complete absence of macroscopic thromboem-
bolic events following gross examination. Pulmonary
histological findings identified microscopic thrombus
formation in only 5 of 68 patients (7%). Comparable
to the Zurich series of 411 autopsies, all 68 soldiers
had histological evidence of bacterial pneumonia,
suggesting that the vast majority of influenza deaths
resulted from secondary bacterial pneumonia. It has
been speculated that these pulmonary deaths from pan-
demic influenza viruses resulted from poorly under-
stood interactions between the infecting virus and
secondary infections due to bacteria that colonise the
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Figure 3. Post-mortem pulmonary gross findings in a COVID-19 patient. (A) Lung of a 81-year old male patient with coronary heart dis-
ease and arterial hypertension showing several thrombotic occlusions of large (white arrow) and medium sized (black arrows) arteries.
Higher power views of thrombotic occlusion of (B) a large pulmonary artery (white arrow) and (C) medium sized arteries (black arrows).

upper respiratory tract. Coinfection with the influenza
virus and bacteria may affect pathogenicity [20,21].

Histopathological studies of the ‘Spanish’ influenza
pandemic have already characterised the findings of
diffuse alveolar damage (DAD). DAD describes the
histological observations associated with adult respira-
tory distress syndrome (ARDS), which is due to the
formation of hyaline membranes in alveoli, intra-
alveolar and interstitial oedema with inflammatory
infiltrates, as well as capillary and small vessel throm-
bosis (Figure 1). Intra-alveolar oedema and
haemorrhage are outstanding features of influenza
virus pneumonia. Necrosis of the alveolar wall was
regarded as a consequence of capillary thrombosis.
Most additional changes were related to secondary
bacterial pneumonias.

Our study reports on complete influenza autopsies
that occurred during the era prior to the use of antibi-
otics although, even in the era of antibiotics, later
stages of influenza A virus pneumonia are almost
always complicated by secondary pneumonia [18,20].
In the modern era, the establishment of life-prolonging
intensive care unit treatment and anticoagulant prophy-
laxis make it more difficult than in 1918 to dissect the
relationship between influenza A infection and throm-
boembolic events. The spectrum of histological
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findings in later pandemics or in deaths occurring dur-
ing seasonal influenza outbreaks is similar to the histo-
pathological changes described in the 1918/1919
influenza pandemic [18,21]. The 1968 influenza pan-
demic was mild and autopsy studies were uncommon.
In April 2009 the novel HINI influenza A virus
(‘swine flu’) emerged and rapidly reached pandemic
proportions. Autopsy studies of patients succumbing
to the novel HIN1 influenza A virus were rare. Harms
et al published an observational case study of patho-
logical findings in eight patients and compared them
with eight age-, sex-, body mass index (BMI)- and
treatment-matched control subjects [22]. DAD accom-
panied by acute bronchopneumonia was seen in six of
these eight patients. Histology showed only peripheral
pulmonary vascular thrombosis (related to DAD) in
five of the eight patients with influenza and in three of
the eight control subjects, but major thromboembolic
findings were not reported in the autopsies [22,23] .

In the era of standard mechanical ventilation, regular
use of antibiotics as well as systematic prescription of
thrombosis prophylaxis, the incidence of thromboem-
bolic events and pulmonary thrombosis could be dif-
ferent. Van Wissen et al performed a large nested
case—control study in patients with clinical suspicion
of pulmonary embolism [24], but there was no

J Pathol Clin Res 2021; 7: 135-143
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Figure 4. Post-mortem cardiac and hepatic gross findings in COVID-19 patients. (A) Cardiac macrothrombosis in a 54-year old male
patient with a history of renal transplantation due to diabetic nephropathy who developed progressive respiratory failure despite
mechanical ventilation. There are large thrombi in the left (white arrow) and right (black arrow) ventricles. (B) Higher power view of
intra-ventricular thrombus in the left (white arrow) and right (black arrow: proportion of histologically confirmed thrombus) ventricles.
(C) Liver of a 76-year old male patient showing a large venous thrombus (arrow). Inset: Higher power view (rotated).

association of influenza A infection with increased risk
of acute pulmonary embolism.

Similar to COVID-19 caused by SARS-Cov-2,
severe acute respiratory syndrome (SARS), caused by
SARS-Cov-1, is also associated with thrombotic com-
plications [25]. This is in contrast to influenza. SARS
occurred in Singapore in March 2003 [26-28]. A small
autopsy series in Singapore revealed macroscopic pul-
monary thrombemboli on gross examination in four of
the eight SARS patients [29]. In addition, in five
patients, there was evidence of peripheral microscopic
thrombus formation by histology. This finding was
confirmed in three patients from China [25,30] who
died from SARS. Systemic vasculitis with localised
fibrinoid necrosis and infiltration of monocytes, lym-
phocytes and plasma cells into vessel walls was
described in the heart, lung, liver, kidney, adrenal
gland and muscles. Thrombosis was present in small
veins. Post-mortem tissue sample analyses from six
other patients who died from SARS in 2003 did not
report thrombosis or thromboembolic complications

© 2020 The Authors. The Journal of Pathology: Clinical Research published by The Pathological Society
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[31]. Multiorgan failure and DAD were suggested as
main causes of death in SARS [21].

The presence of pulmonary microvascular thrombi
was also noted histologically in most COVID-19
autopsies [7,9]. Our overview shows that microvascu-
lar thrombi are a characteristic feature of both
COVID-19 and influenza A, because DAD is the
major finding in fatal cases with hypoxic respiratory
failure (Figure 1). In addition, microthrombi are not
specific to viral pneumoniae but rather a general fea-
ture of acute lung injury which can be also seen in
bacterial pneumoniae, sepsis, trauma, aspiration and
toxic inhalation. Clinically, a mild association of
increased venous thromboembolism risk is reported in
all patients with infections [32], as well as in patients
with influenza A and ARDS [33].

There could be other factors that account for the dif-
ferences we observed between patients with COVID-19
and those with influenza. The patients in our autopsy
series from 1918/1919 were young, and most of them
where of normal weight or were underweight. Most

J Pathol Clin Res 2021; 7: 135-143
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Figure 5. Histopathological findings in lungs of COVID-19 patients. (A) Lung of a male COVID-19 patient with pre-existing lung fibrosis.
Diffuse alveolar damage with hyaline membranes (arrow) and congested interstitial capillaries (H&E stain) are present. Inset: intra-
vascular fibrin formation in a small sized vessel (arrow) (SFOG trichrome stain). (B) Lung of a male COVID-19 patient with hyperplastic
type Il alveolar epithelial cells (star), desquamation and pronounced endotheliitis of a medium sized pulmonary vessel (arrows).
(C) Pulmonary fibrin thrombus in a male COVID-19 patient in a medium sized arterial vessel (H&E stain). (D) Leucocytic intra-vascular

thrombus (‘leucocytic clot’) with minimal fibrin formation (H&E stain).

COVID-19 autopsies were from older patients suffering
from obesity, type 2 diabetes mellitus or coronary heart
disecase (Table 1). Differences could also result from
new treatments such as other standard mechanical venti-
lation procedures including pressure-controlled ventila-
tion and the length of hospitalisation since patients with
influenza A remain stable at a significantly lower level
more often than those with COVID-19. The current sys-
tematic prescription of thrombosis prophylaxis may also
impact these differences.

Apart from these differences, our direct comparison
of macroscopic autopsy findings suggests a signifi-
cantly greater degree of grossly visible pulmonary
macrothrombi as well as lung infarctions in patients
with COVID-19 compared to influenza A autopsies

© 2020 The Authors. The Journal of Pathology: Clinical Research published by The Pathological Society
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even though most patients received empiric throm-
boprophylaxis. Moreover, Wichmann et al describe a
high incidence of thrombi in prostatic venous plexus
[7] and Lax et al report thrombosis within the pulmo-
nary arterial circulation in the absence of DVT or
VTEs [8]. This is consistent with a SARS-related de
novo coagulopathy with generalised in situ clot forma-
tion, which could explain the high incidence of pulmo-
nary embolism with or without underlying DVT and
in the absence of a history of VTEs.

Macrothrombus formation in lung arteries without a
history of VTEs is unusual, but could be explained by
the recent findings of Ackerman et al [5]. They com-
pared seven lungs from patients who died from
COVID-19 with lungs from patients who died from

J Pathol Clin Res 2021; 7: 135-143
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ARDS secondary to influenza A (HIN1) infection.
They measured significantly more capillary micro-
thrombi and describe a specific microangiopathy (intus-
susceptive angiogenesis) in the lungs of COVID-19
patients compared to influenza HIN1. This finding was
explained by severe endothelial injury associated with
intra-cellular SARS-CoV-2 infection and a greater num-
ber of ACE2-positive cells in the lungs of patients with
COVID-19. ACE?2 is the host-cell receptor for COVID-
19. Our comparison of influenza A and COVID-19
autopsy findings supports the idea that there is a spe-
cific pathogenesis of severe COVID-19 disease.

Endothelial cells play a central role in the vascular
phase of COVID-19 [14,34,35]. Pre-existing endothe-
lial dysfunction explains how patients with old age,
obesity, hypertension and diabetes mellitus are at a
higher risk for a fatal outcome when suffering from
COVID-19. The presence of SARS-CoV-2 within
endothelial cells is a consistent finding suggesting that
direct viral effects as well as systemic endotheliitis
may contribute to formation of microthrombi in
COVID-19 [14,35].

Conclusions

The combination of systemic inflammation, endotheliitis in
multiple organs, and in sifu intra-vascular coagulation may
promote the formation of large-vessel thrombosis leading
to a high prevalence of thromboembolic events; finally
resulting in multisystem organ failure in fatal COVID-19
cases. A specific COVID-19 related coagulopathy could
explain the higher mortality rate of COVID-19 in compari-
son to seasonal flu. However, further autopsy studies are
important to identify the contributions of embolism and
pulmonary thrombosis to the deaths of patients with
SARS-CoV-2 infection. Importantly, the high number of
arterial and VTE in COVID-19 autopsies confirms the clin-
ical need for DVT diagnostic strategies and throm-
boprophylaxis in COVID-19 patients [3].
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