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Abstract

Since the onset of the COVID-19 pandemic, autopsies have played a valuable role in understanding the pathophysiology of
COVID-19. In this study, we have analyzed COVID-19-related pathology reports from autopsies, histology, and cytology
on a nationwide level. Pathology reports from all 43 pathology laboratories in the Netherlands stating “COVID,” “Corona,”
and/or “SARS” were queried from the Dutch Nationwide Pathology Database (Palga). Consecutive reports of the included
patients were also retrieved. Out of 5065 entries, a total of 1833 eligible COVID-19-related pathology reports between Janu-
ary 2020 and June 2021 were included in this collection of reports. Lung histopathology reports reflected differences in the
severity of abnormalities (acute diffuse alveolar damage, alveolar histiocytes, and thrombi during the first three pandemic
waves (Wuhan variant) versus the fourth wave (alpha variant)). Autopsy reports from 2020 state significantly shorter disease
duration and younger age of death compared to autopsy reports from 2021. All reports together reflected a more granular
pathology with comorbidities such as chronic histiocytic intervillositis, perniosis, and thrombi found in a variety of organs
(lungs, kidneys, and small and large intestines). This nationwide overview of pathology reports provides data related to
deaths as well as comorbidities in a clinical setting of COVID-19. Certain findings reported in SARS-CoV-infected lungs
and placentas were also reported in post-COVID-19 tissue of the same kind. Consecutive reports after the earliest reports
with COVID-19 allowed for follow-up reports. These follow-up reports can help with post-viral studies regarding long-term
effects of COVID-19 as well as identifying the effects of different SARS-CoV-2 variants.
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Introduction

The recent COVID-19 pandemic has led to a substantial
incidence of infections and subsequent deaths. By May
2023, over 765 million COVID-19 cases had been reported
with a cumulative number of deaths passing 6.9 million [1].
Autopsies on COVID-19 patients have provided patholo-
gists and clinicians with valuable information on the effects
of acute, severe COVID-19 in lung tissue such as the pres-
ence of diffuse alveolar damage (DAD), pulmonary (micro)
thrombi, and interstitial fibrosis [2-5]. Apart from acute
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effects, chronic effects of COVID-19 are already emerging.
Reportedly, 2.3 to 36.5% of COVID-19 patients have long-
lasting symptoms known as “long COVID” for at least 3
months [6-8]. Not only lungs are affected by COVID-19
as non-pulmonary comorbidities have been reported, such
as gastrointestinal, dermal, and renal manifestations [9-11].
Although autopsy reports have provided researchers with
critical information regarding acute COVID-19 pathophysi-
ology, chronic effects of COVID-19 on lung tissue and other
organs have not been investigated to the same extent. To
gain insight in both acute and chronic effects of COVID-19
in lung tissue and other organs, we decided to analyze all
pathology reports in the Netherlands of COVID-19 patients
from autopsies, as well as histopathology and cytology req-
uisitions during the clinical phase, including reports from
former COVID-19 patients.

In the Netherlands, all pathology laboratories and hos-
pitals require pathologists to code their reports so they
can be stored in a national digital database, the Dutch
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Nationwide Pathology Database (Palga) [12]. On a
national scale, all anonymized pathological reports with
corresponding inquiries can be retrieved through Palga.
This study reports on findings retrieved from pathology
reports related to COVID-19 in the Netherlands, from
autopsies as well as histology and cytology. The derived
query result of reports has multiple purposes. Firstly,
pathology reports provide data on COVID-19 pulmo-
nary pathology together with unexpected manifestations
in other organs. Secondly, this collection of reports pro-
vides epidemiological data regarding different variants
of SARS-CoV-2 with corresponding pandemic waves,
which may give insight in the prognosis of these variants.
Lastly, consecutive reports of COVID-19 patients can be
automatically identified by Palga. Data regarding chronic
effects of COVID-19 and differences in severity and effects
between known and potential new variants may accumu-
late over time. Thus, data from this query result serve as a
basis for an ever-expanding database on COVID-19 patho-
physiology and could possibly help in understanding long
COVID.

Methods

COVID-19-related excerpts from pathology reports
between January 2020 and June 2021 in the Netherlands
were retrieved from the Dutch Nationwide Pathology
Database (Palga). Excerpts of reports contained the fol-
lowing information: macroscopic and microscopic descrip-
tion, patient age and sex, date of procedure, and report
category (autopsy, histopathology, or cytology). The text
in the initial request from the clinician was included if
permission was granted by the laboratory/hospital where
the pathology report originated from. Permission was
granted by Palga review board, and the need for consent
was waived since data are pseudonymized.

Pathology reports between January 2020 and June 2021
were retrieved from Palga if at least one of the following
terms was mentioned in the report: “SARS,” “COVID,”
or’CORONA”; or if the report was coded to indicate
involvement of SARS-CoV-2. These reports were tagged
by Palga so that subsequent reports from the same patients
could be identified and prospectively included. Duplicate
reports were removed. Next, reports and inquiries were
manually selected and divided into two categories. The
first category consisted of reports in which either the
request or the report itself stated the patient had COVID-
19 at the time of material retrieval (Fig. 1). The sec-
ond category consisted of reports which stated patients
either recovered from COVID-19 were discharged from a
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previous admission due to COVID-19, or if prior reports
from the same patient ID stated they had COVID-19.

Report information

Reports were categorized based on examination types (his-
topathology, cytology, and autopsy) and sample location.
Autopsy reports were utilized to establish the duration of
disease as determined by the interval between either the first
date of COVID-19-related symptoms, positive COVID-19
test or admission (prioritized in this order), and death. Histo-
morphological characteristic findings for COVID-19 in lung
tissue were recorded, such as DAD phase, (micro)thrombi,
and pulmonary fibrosis. Cause of death was divided into two
groups based on the inquiry and autopsy report: immediate
and underlying cause of death. Immediate cause of death
was the disease, injury, or complication directly causing
death stated in the conclusion. Underlying cause of death,
disease or injury that initiated the chain of events leading to
death, was deduced from inquiry and conclusion.

Results

Between January 2020 and June 2021, 5065 reports were
archived which mentioned SARS, COVID, and/or CORONA
(Fig. 1). These reports were derived from 43 laboratories
or hospitals in the Netherlands and included reports from
3201 individual patients. Duplicate reports, incomplete
reports, and non-diagnostic reports for research purposes
were excluded (n=50). Of the remaining 5015 reports,
1051 reports (21%) mentioned the corresponding patient
was COVID-19 positive at the time of specimen acquisi-
tion, and 782 reports (16%) were taken at least 1 month after
COVID-19 infection. The remaining 3182 reports were con-
sidered false positives and were excluded from this collec-
tion. For example, if the request mentioned “SARS-CoV-2
status: negative” in the request or if the conclusion stated
“No indication for COVID-19 related pathology,” the report
was excluded.

Autopsies

A total of 311 eligible autopsy reports were extracted
between January 2020 and June 2021, consisting of 269
full-body or post-mortal biopsy autopsies (lung, liver,
and/or kidney), 37 brain autopsies, and 5 fetal autopsies of
which the mother had COVID-19 during pregnancy. Dur-
ing this time period, the Netherlands faced three pandemic
waves caused by the original Wuhan variant of SARS-
CoV-2 in 2020 and a fourth wave of the alpha variant in
2021. The first wave occurred in the Netherlands between
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Fig. 1 Flowchart of pathology report selection. Between Janu-
ary 2020 and June 2021, a total of 5065 reports were automatically
selected if one of the following two criteria was met: either the report
mentioned “Corona,” “COVID,” or “SARS”, or the report origi-
nated from patients included because of the first criterion. Reports
were screened manually if the report or inquiry stated the patient
had COVID-19. Reports without confirmation of COVID-19 were

March and June of 2020. The second wave started in the
autumn of 2020 and peaked on 31st October 2020, followed
shortly by a third wave in December 2020. The fourth wave
peaked in April 2021 [13]. These four pandemic waves
are reflected by the autopsy rates per month during this
period—albeit with a joint peak of the second and third
wave—as their peaks correspond with the aforementioned
pandemic waves (Fig. 2).

The overall median age of death was 66 years (IQR
60-74), excluding 5 fetal autopsies. Interestingly, the mean
age of death during the first three waves of the Wuhan vari-
ant was significantly higher than the mean age of autopsied
patients during the 4th wave of the alpha variant (Fig. 3).
This difference was significant for strictly COVID-19-pos-
itive autopsies (n=239; p=0.002) as well as COVID-19
positive autopsies in combination with post-COVID-19
autopsies (n=269; p <0.001). The male-to-female ratio was
2.15:1. No significant difference in age of death was found
between males and females (male IQR, 61-74; female IQR,
60-74). The underlying cause of death was COVID-19 in
211 reports (78%), of which 106 (50%) had an immediate
cause of death due to ARDS (acute respiratory distress syn-
drome). Other underlying causes of death and immediate
causes of death in the COVID-19 subgroup are displayed
in Fig. 4.
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excluded (n=3182) as well as duplicate reports, unfinished reports,
and supplemental reports generated for research purposes (50).
Included reports were divided into two groups; either reports stated
that the concerned patient was COVID-19 positive at the time of the
intervention (n=1051) or had COVID-19 at least 1 month before the
intervention (n="782)

A total of 139 autopsy reports (52%) were eligible to
determine the disease duration of COVID-19, of which 121
(86%) had COVID-19 at the time of death with a median
disease duration of 16 days (IQR, 8-26 days). Reports
from autopsies during the first three pandemic waves of the
Wuhan variant in 2020 disclose significantly higher disease
duration compared to autopsies during the alpha variant in
2021. This applies to COVID-19 patients taken together with
post-COVID-19 patients (p =0.012), as well as COVID-19
patients only (p =0.049). There was no significant difference
in disease duration between males and females (p =0.92).

COVID-19 pneumonia histology

Descriptions of pulmonary histology were extracted from
362 pathology reports. These include 269 adult autopsies, 29
lung biopsies, and 24 excisions. Various histomorphologi-
cal features characteristic for COVID-19 pneumonia have
been reported in varying amounts such as DAD, pulmonary
fibrosis, (micro)thrombi, and fibrin plugs, varying in pres-
ence depending on the report date (Fig. 5). The presence of
acute DAD, (micro)thrombi, and alveolar histiocytes was
significantly higher in reports from 2020 (n=211) compared
to reports from 2021 (n=151). On the contrary, organiz-
ing DAD was significantly more often reported in reports
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COVID-19 reports per coding: report type
500
@ Cytology
B Histology
400 O Autopsy
300
200
100 - I
0 II.D...-----
£z EE § £ 53388658
SRE SRS SEENERENEE
© = a ¢ O o = £ Q¥ O I
a < a 5 Q €
€ o &< =
S =
- o g
(7]
COVID-19 reports over time: report type
300
@ Cytology
B Histology
250 O Autopsy
200
150
100
N i i i
. el
O 0O 0O 0O O O O O O O «~ « «~ « « v
NNNNNNNNNNNNNNNN
o O 0O 0O O O 0O O O 0O 0O O O O O O
LS S S T A S A S A S AR S A A S AR S A SO S S A o
= = > Cc 5 o Q O > 1S3 cC QO = = > C
22833285285 823283

Fig.2 COVID-19-related pathology reports between January 2020
and June 2021 in the Netherlands. Top graphs show the total number
of COVID-19-related reports, subcategorized by report type based
on Palga coding (A, C) and COVID-19 status (B, D). Included in the
category “Other” are as follows: adrenal gland, ascites, bone, breast,
duodenum, esophagus, gallbladder, larynx, nasopharynx, ovary, pan-

from 2021. Regarding solely autopsies, the presence of
(micro)thrombi was reported in over half of the full autop-
sies (n=137; 51%), of which the majority were pulmonary
(micro)thrombi (n=113; 82%). Localization of reported
thrombi in included autopsy reports is displayed in Fig. 6.

Comorbidities in autopsies

Apart from (pulmonary) thrombosis, non-pulmonary comor-
bidities described in literature were found in autopsies as
well. Abnormalities such as myocarditis, pericarditis, and
cardiac amyloidosis have been reported in COVID-19 autop-
sies [14, 15] and were observed in our cohort as well, in
varying amounts: myocarditis 19 (7%), pericarditis 4 (2%),
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creas, parathyroid gland, parotid gland, prostate, spleen, stomach,
synovial fluid, testis, thyroid, trachea, ureter, urethra, urine bladder,
vagina, and vascular. COVID-19-related reports over time (C, D)
show three peaks corresponding with the first four pandemic waves in
the Netherlands

cardiac amyloidosis 2 (1%). Acute tubular necrosis was
observed in 26 (10%) of COVID-19 autopsies.

Brain autopsies

Of the 47 brain autopsy reports that were retrieved, 37
(79%) stated the concerning patient had COVID-19 at the
time of death, or COVID-19 was the cause of death. The
male-to-female ratio within this group was 3.6:1. Over
half of these reports (n=21; 57%) describe a so-called
“COVID-19 encephalitis,” meaning activation of micro-
glia with microglial nodule formation and infiltration of
T-lymphocytes without significant demyelination, necro-
sis, or axonal damage. The presence of intracranial (micro)
thrombi was reported in 4 out of 37 reports, with thrombi
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Fig. 3 Difference in SARS-CoV-2 variants. A total of 269 eligible
autopsy reports were included during 4 pandemic waves. The first
three waves occurred in 2020 with prevalence of the Wuhan variant;
the fourth wave occurred in 2021 with prevalence of the Alpha vari-
ant. A Age of death during 2020 was significantly higher (p <0.001)
compared to 2021 within the COVID-19-positive autopsies (n=239).

COVID-19 reports: cause of death
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Fig.4 Cause of death in COVID-19 autopsy reports. Left column
represents underlying cause of death of all included autopsy reports;
right column represents immediate cause of death of autopsies with
COVID-19 as underlying cause of death. Underlying cause of death
was reported to be COVID-19 in 78% of all registered COVID-19
autopsies. The subgroup “Other” in underlying cause of death repre-
sents the following: digestive (n=4), respiratory other than COVID-
19 (n=4), metabolic (n=2), traumatic (n=2), nervous (n=1), and
unknown (n=1). The subgroup “Other” in the immediate cause of
death bar depicts the following causes of death: hemodynamic shock
(n=5), ischemic heart disease (n=5), cerebrovascular (n=4), diges-
tive (n=2), arrhythmia (n=1), nervous (n=1), and asphyxia (n=1)

in the pituitary gland, pons, hippocampus, and thalamus
(Fig. 6). Cerebral amyloidosis was observed in 3 (6%) of
brain autopsies, of which 1 case was known to have Alz-
heimer’s disease before death.
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When post-COVID autopsies were also taken into account (n=269),
age of death remained significantly higher in 2020 (p=0.002). B Dis-
ease duration was deducible from 139 autopsy reports, of which dis-
ease duration was significantly shorter from autopsies in 2020 com-
pared to 2021. Significance of differences in age of death and disease
duration were both determined by Wilcoxon signed-rank test

Non-autopsy-related histopathology and cytology

COVID-19-related reports on non-autopsy histopathology
and cytology totaled 1522, of which 782 (50%) reports stated
the patient was COVID-19 positive at the time of specimen
acquisition. The rate of non-autopsy COVID-19-related
reports follows the pattern of pandemic waves as well as
autopsies (Fig. 2). The vast majority of COVID-19-related
material were placentas (n=480; 32%), followed by lung
(n=286; 19%), skin (n=137; 9%), and pleura (n=81; 5%).

Non-autopsy lung histology (not cytology) were 96
reports, concerning of biopsies and lobectomies. Because
a considerable amount of reports concerned standardized
protocols with little to no description of pulmonary tissue,
55 (57%) of these reports were analyzed for histological
features indicative for COVID-19 (Table 1). These reports
were divided into two categories: COVID-19 positive and
post-COVID-19. COVID-19-positive reports describe or
frankly mention acute- and/or organizing pneumonia in 13
and 14 (36 and 39%) of reports, more often accompanied
with features indicative for one or the other such as increased
histiocytes (44%), pneumocyte hyperplasia (39%), fibrosis
(33%), hyaline membranes (22%), and thrombi (17%). While
post-COVID-19 lung tissue often mentions no diffuse alve-
olar damage (63%), fibrosis is reported in the majority of
reports (53%), followed by increased macrophages (32%)
and organizing pneumonia (26%).

Of all COVID-19-related pathology reports regard-
ing histology, placentas were the most reported with 224
COVID-19 positive and 256 post-COVID-19 cases. Vari-
ous histopathological features described in COVID-19 pla-
centas in literature were present in these as well [16, 17]
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Fig.5 Frequency of histo-
morphological features
characteristic for COVID-19
pneumonia stated in autopsy
reports, displayed per year (A)
and per duration of sickness
(B). Features were considered
absent if their presence was
either denied or not mentioned
at all. A In total, 362 pathology
reports describing pulmonary
histology were included from
autopsy, biopsy, and excision
reports; 211 reports originated
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from 2020 and 151 reports from 0-
2021. The presence of acute
DAD, (micro)thrombi, and alve-
olar histiocytes was significantly
increased in pathology reports
from 2020 compared to 2021
(*respective p-values <0.001,
0.013, and 0.021). Organizing
DAD was significantly more
often mentioned in reports from
2021 (**p=0.050). B Each cell
displays the frequency (in %)

of reports stating DAD phase

or histopathological findings in
reports. Each column depicts
the amount of days between
start of symptoms and death,
with the total amount of reports
in brackets. This figure depicts
autopsy reports of which the
duration of sickness was able

to be deducted (139, 52% of all
autopsy reports). Stratification
by duration of sickness shows a
slight increase in histologic fea-
tures in the 2nd week of illness
versus the 1st week
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(Table 2). These include fibrin deposits, acute and chronic
inflammation, signs of ischemia, infarction, thrombosis, and
intervillositis. The latter stood out by being reported rela-
tively often in COVID-19-related reports: chronic histiocytic
intervillositis was described in 21 out of all 480 (4.4%) his-
topathological reports concerning placentas from mothers
with COVID-19. In a similar way, perniosis was reported in
8 out of 137 (5.8%) skin excisions or biopsies of COVID-19
patients. The presence of thrombi was reported in histopa-
thology reports from biopsies and excisions of the following
organs and structures (excluding autopsy reports): placenta,
subdermal blood vessels, esophagus, stomach, small intes-
tines, colon, and kidneys.
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Discussion

Pathology reports of Dutch COVID-19 autopsies, as well as
clinical histopathology and cytology of (former) COVID-
19 patients, were retrieved to form a collection of COVID-
19-related pathology reports. This work shows that pathol-
ogy reports during the first three waves of the Wuhan variant
(2020) describe significantly more acute DAD, thrombi, and
alveolar histiocytes compared to reports from the fourth
wave of the alpha variant (2021) which in turn shows signifi-
cantly more organizing DAD. Furthermore, this collection of
reports also highlights thrombosis and other comorbidities
of COVID-19 in other organs besides the lungs. Although
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Fig.6 Reported locations of
(micro)thrombi in COVID-19
autopsies. The presence of
(micro)thrombi was reported
in over half of the full-body
autopsies (n=137, 51%), of
which the vast majority were
pulmonary (micro)thrombi
(82%). Intracranial thrombi
were reported in 4 out of 37
COVID-19 brain autopsies

Lung: 113

Heart: 19

Aorta: 1
Vena cava: 1
Pericardium: 1

Kidney: 5
Adrenal gland: 1
Renal artery: 1

Colon: 2
Small intestines: 2
Mesentric artery: 1
Omentum major: 1

Table1 Frequency of diffuse alveolar damage (DAD) phase and
histomorphological features characteristic for COVID-19 pneumo-
nia stated in non-autopsy lung histology reports. Pathology reports
depicting pulmonary lesions which did not reliably describe lung tis-
sue were not included (e.g. standardized reports of lung carcinomas).
Note that some pathology reports described multiple phases of DAD
seen in one biopsy or resection

COVID-19 Post-
COVID-19
No DAD 6 (17%) 13
Acute DAD 14 (39%) 1
Organizing DAD 13 (36%) 5
Fibrotic DAD 4 (11%) 0
Firbrin plugs 6 (17%) 1
Hyaline membranes 8 (22%) 0
Fibrosis 12 (33%) 10
Thrombi 6 (17%) 1
Giant cell infiltrate 5(14%) 0
Increased alveolar macrophages 16 (44%) 6
Squamous metaplasia 2 (6%) 0
Microorganisms 0 (0%) 1
Pneumocyte hyperplasia 14 (39%) 2
Total eligible reports 36 19

this collection is limited by the restriction for pathology req-
uisitions, it is able to build up data over time by adding new
excepts of (former) COVID-19 patients to potentially serve

Reported locations of thrombi in COVID-19 autopsies

Pituitary gland: 1
Pons: 1

Pulmonary artery: 11

Hippocampus:1
Thalamus: 1

Thyroid: 1
Trachea: 1

Liver: 2
Stomach: 1
Pancreas:1

Prostate: 2

Uterus: 1

Bladder: 1
External iliac vein: 1

\ Popliteal vein: 1

Table 2 Frequency of histopathological findings in COVID-19 pla-
centas. Increased fibrin deposits were to most common histopatho-
logical feature in COVID-19 placentas as well as post-COVID-19
placentas

COVID-19 Post-COVID-19
Signs of malperfusion 10 (4%) 15 (6%)
Increased fibrin depositions 43 (19%) 60 (23%)
Vasculopathy 13 (6%) 19 (7%)
Signs of ischemia 22 10%) 56 (22%)
Acute inflammation 37 (17%) 45 (18%)
Chronic inflammation 17 (8%) 15 (6%)
Chorangiosis 5(2%) 4 (2%)
Thrombosis 11 (5%) 4 2%)
Necrosis 7 (3%) 4 2%)
Intervillositis 14 (6%) 7 (B3%)
Intervillary hemorrhage 4 2%) 14 (5%)
Infarction 29 (13%) 28 (11%)
Total 224 256

as a post-viral surveillance tool for research on long-term
effects of COVID as well as the severity of different variants
of SARS-CoV-2.

Findings from COVID-19 autopsy reports

The amount of COVID-19 autopsies included in this col-
lection (n =269, excluding brain and fetal autopsies) was a
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mere fraction of all COVID-19 deaths in the Netherlands.
Between January 2020 and June 2021, a total of 17,748
COVID-19 deaths have been registered in the Netherlands,
meaning autopsy was performed on 1.5% of all Dutch
COVID-19 deaths [18]. COVID-19 adult autopsies took up
roughly 6% of all adult autopsies in the Netherlands, which
are estimated to be around 4400 during this time period
based on retrieved autopsy data by Palga. Although autopsy
was performed on a small percentage of COVID-19 deaths,
the distribution of COVID-19 autopsy reports per month
shows a substantial overlap with the first four waves of
COVID-19 infections in the Netherlands. Despite the fact
that included reports did not state the causative virus vari-
ant, it is reasonable to assume that autopsies, histopathol-
ogy, or cytology obtained during specific pandemic waves
are largely linked to prevalent variants of SARS-CoV-2. For
instance, between March and June 2021, the alpha variant
of SARS-CoV-2 had a prevalence between 83.9 and 97.2%
[19] in the Netherlands. Autopsy reports from 2021 dur-
ing the pandemic wave of the alpha variant state a signifi-
cantly younger age of death and longer duration of disease
compared to reports from 2020 during waves of the original
Wuhan strain. Our findings are in line with data from the
Central Bureau of Statistics in the Netherlands: 5.2% of
COVID-19 deaths were patients of 65 years old or below
in 2020 compared to 7.8% in 2021 [20]. A possible expla-
nation for the difference in age could be that patients with
variant alpha COVID-19 show a more severe course during
ICU admission [21-23], possibly enhanced by suboptimal
treatment of COVID-19. This is also reflected in histopathol-
ogy reports concerning lung histology from the same year:
histomorphological changes portraying acute damage (acute
DAD and increase of alveolar histiocytes) as well as (micro)
thrombi were significantly more present in reports from
2020 compared to reports from 2021. Contrariwise, organ-
izing DAD was reported significantly more often in reports
from 2021 compared to 2020, fitting with prolonged disease
duration. However, a bias by intent to perform autopsy may
have occurred. As COVID-19 pathology was more known
in 2021, clinicians may have requested autopsy relatively
more often in cases with misunderstood declining condi-
tion, including younger patients. Thus, autopsy reports may
provide additional information on disease severity, although
they should be interpreted with caution.

Other non-pulmonary findings which were described to
be present in COVID-19 autopsies such as myocarditis, car-
diac amyloidosis, and acute tubular necrosis were reported
as well, but less often is described in literature [14, 15].
There are a few possible reasons for this. Firstly, no stand-
ardized form for (COVID-19) autopsies was in place, mean-
ing pathologists with little to no experience with COVID-
19 autopsies could miss these abnormalities. Secondly, the
cause of death was not always related to COVID-19; this
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was especially more often the case for post-COVID autop-
sies. While we believe the total amount of available reports
proves to be sufficient to provide a comprehensive overview
of common findings in COVID-19, we also believe that data
could be refined if reports provided more information on
patient history and clinical state. This context would espe-
cially provide essential information regarding non-autopsy
histology reports.

Findings from COVID-19 histology reports

Lung tissue from non-autopsy reports also describes the
presence of certain features of acute and organizing pneu-
monia, or frankly mentions its DAD state. Compared to
COVID-19 autopsies, COVID-19 lung tissue shows overall
less of these features. A simple explanation would be that
COVID-19 autopsies often depict the most severe state of
COVID-19 pneumonia. The difference in histology between
COVID-19-positive and post-COVID-19 lung tissue is inter-
esting, as fibrosis is relatively more often observed in the
latter. Pulmonary fibrosis in post-COVID-19 patients is fre-
quently reported and is accompanied by persistent symp-
toms of dyspnea, fatigue, myalgia, and considerable decline
of pulmonary function [24, 25]. This collection of reports
shows similar findings in a subgroup of COVID-19 survivors
which may indicate an increase in pulmonary fibrosis in the
years to come.

Besides pulmonary thrombi, this collection of reports
points out thrombosis in other organs and structures.
Autopsy reports state the presence of thrombi mostly not
only in lung tissue, but also in other organs such as the heart,
kidneys, and intestines. Interestingly, the presence of (micro)
thrombi in these organs was also described in histopathol-
ogy reports from resections and biopsies during the clinical
phase. This further underscores the systemic pro-coagulant
effect of COVID-19. Other comorbidities seemingly related
to COVID-19 were highlighted as well. For example, chronic
histiocytic intervillositis was present in 4.4% of all included
COVID-19 placentas. This illness was reported to affect 6
out of 10,000 analyzed placentas beyond 12 weeks gesta-
tion [26], a far lower rate compared to our findings. Other
findings reported in COVID-19 placentas such as signs of
ischemia, fibrin deposits, infarction, and thrombosis were
reported in our query result as well [16, 17]. However, our
cohort reports these features to a lesser degree which may
be related to the severity of COVID-19 of selected cases.
Perniosis, a rare inflammatory condition of the skin, was
also stated in 5.8% of histopathology reports regarding skin
biopsies and excisions of COVID-19 patients. These ratios
may even be underestimations as 42% (n=235) and 38%
(n=281) from respectively placenta and skin pathology
reports did not show the inquiry. This loss on information of
COVID-19 status may have led to false negative pathology
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reports. Still, both comorbidities have been described to
occur as manifestations of SARS-CoV-2 infection [27-30].
The inclusion of pathology reports on patient material in
the clinical phase of COVID-19 in this collection adds to
understanding the manifestation of COVID-19 in different
stages of disease and severity.

Advantages of this COVID-19 pathology report
collection

Firstly, data from pathology reports contain substantially
more detailed information compared to other surveillance
tools, especially concerning COVID-19 deaths. For example,
the Dutch Central Bureau of Statistics (CBS) keeps track of
COVID-19 deaths, defined by COVID-19 being the underly-
ing cause of death. However, this information is restrictive
as details on complications, comorbidities, immediate cause
of death, and other clinical information are still not taken
into account. Furthermore, disclosed COVID-19 deaths
are only included if the deceased patient tested positive for
SARS-CoV-2, missing a substantial number of untested
COVID-19 deaths [31]. Although this collection provides
information on a portion of COVID-19 deaths, it does so in
a more comprehensive and inclusive manner.

Secondly, Palga allows for the inclusion of a nationwide
array of reports. All laboratories in the Netherlands already use
an automated registry of pathology reports without subsidiary
work of pathologists and clinicians. In Germany, a web-based
registry was established to gather information on COVID-19
histology from autopsy reports [32]. While it had advantages
compared to our collection (which will be discussed in the limi-
tations section), a drawback was that this particular registry was
not automated. As the Palga database updates automatically
every week, retrieval of data takes not more than a week, thus
COVID-19 pathology reports may gradually accumulate. Palga
also allows for the inclusion of cytology and histopathology
reports besides autopsies, securing data on COVID-19 during
the clinical phase. These histopathology reports were helpful
in providing data on pulmonary damage in less severe stages
of COVID-19. Furthermore, it allowed less obtrusive comor-
bidities in other organs beside the lungs to emerge, providing
insight in the pathophysiology of COVID-19. The previously
mentioned web-based registry was able to gather informa-
tion on COVID-19 histology but was limited to only samples
related to autopsy cases [32]. To our knowledge, this is the
first full nationwide registration of COVID-19-related pathol-
ogy reports, including autopsies, histopathology, and cytology.

Thirdly, follow-up reports of former COVID-19 patients
were identified by Palga, even if reports did not mention
COVID-19 status or were not coded accordingly. This fol-
low-up feature proved to be useful for identifying a sub-
stantial number of post-COVID-19 reports, as 90% of all

identified follow-up reports did not mention the patient was
a former COVID-19 patient. For reports only concerning
lung tissue or cytology, this percentage was 71%. Succes-
sive reports of (former) COVID-19 patients can be utilized
to gather information on long-term effects of COVID-19.

Fourthly, The Palga database is linked to many other
databases and registries such as the National Cancer Regis-
try (NKR), Statistics Netherlands (CBS), Pharmo, StOET,
SHM, PLCRC, LifeLines, and AOCR [33].

Lastly, this collection is able to expand, as the processed
data without false positive reports allows for future pathol-
ogy reports from (former) COVID-19 positive to be identi-
fied by Palga. Acquired reports can be sorted by different
epidemiological parameters to highlight the effects of (long)
COVID-19 in certain populations (e.g., age, sex, region, data
of specimen retrieval, specific medical history). Over time,
valuable data regarding long-term effects of COVID-19 and
potential upcoming SARS-CoV-2 variants may emerge.

Limitations

The foremost limitation was that a pre-existing automated
registry was used which was not specifically designed for
COVID-19-related reports. This meant that COVID-19 status,
along with clinical information, was not directly imported by
clinicians and had to be established based on either inquiry,
pathology report, or coding. Clinicians would most likely
report COVID-19 status if they deemed this information
to be important for pathologists. Consequently, it is fair to
assume that a proportion of COVID-19 reports are missing
from this collection. This gap in information may be reduced
in the future when long COVID becomes more apparent. In
addition, 40% of the labs did not disclose information stated
in the wording of the initial request, leading to a potential
loss of information; macroscopy, microscopy, and conclusion
were disclosed however. We rely on the information that is
available in the Palga database, but more labor intense work
could still gather this information when needed. Still, it is
feasible that pathologists would address COVID-19 status
in the pathology reports if relevant to the diagnosis or even
when doubting its relevance. As the content of all included
pathology reports was available, excluded pathology reports
without available inquiry would be less likely to contribute to
identifying comorbidities of COVID-19.

As stated before, another limitation was that autopsy
reports were not standardized, which may have led to under-
reporting of certain histopathological features. Previous reg-
istries or records of findings in COVID-19 autopsies had
standardized forms for reporting such findings [32, 34]. This
way, pathologists would be reminded to search for certain
features. Additionally, specific information regarding viral
load per organ and virus variant were not reported in most
cases and could not consistently be relied on.
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Reports had to be manually screened for COVID-19 status
to exclude false positive reports, which proved to be a time-
consuming process. This process was essentially bypassed
in another registry, which required to have pathologists fill in
a form asking for specific findings which was automatically
translated into utilizable data [32]. Our initial approach was
automatic selection based on coding attached to reports. How-
ever, the majority of reports concerning COVID-19-positive
patients were not coded as such by pathologists. Less than half
of registered COVID-19 autopsies (43%) were specifically
coded to include COVID-19. This percentage was lower for
non-autopsy reports of COVID-19-positive material (11% of
histopathology reports and 12% of cytology reports). This may
be caused by COVID-19 having no (direct) relationship to the
diagnosis. For future inclusion of reports, structured reporting
or perhaps the use of artificial intelligence may speed up the
selection process.

Conclusion

In summary, this nationwide collection of autopsy, histology,
and cytology reports provides detailed information regarding
the effects of COVID-19 not only in lung tissue but also in
other organs. It also demonstrates that some of these effects
are also reported in post-COVID-19 patients which may be
related to long COVID. Data from this collection may support
medical research and development of guidelines on potential
new variants of SARS-CoV-2. As consecutive pathological
reports of these patients can easily be identified and retrieved,
this collection of reports could function as the basis for future
studies regarding long-term effects of COVID-19.
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