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We assessed the distribution of SARS-CoV-2 at autop-
sy in 22 deceased persons with confirmed COVID-19.
SARS-CoV-2 was found by PCR (2/22, 9.1%) and by
culture (1/22, 4.5%) in skull sawdust, suggesting that
live virus is present in tissues postmortem, including
bone. Occupational exposure risk is low with appropri-
ate personal protective equipment.

Autopsies afford simultaneous access to all tissues
and body compartments. The unique opportu-
nity for extensive sampling during autopsy enables
several research questions to be addressed. Early in
the COVID-19 pandemic, autopsies were rare, mainly
because of presumed transmission risk and shortage
of personal protective equipment (PPE), and suspi-
cions that autopsies might be of limited value (1,2).

Autopsies pose an occupational infectious hazard
to the personnel involved in a pathogen-dependent
manner. For example, Mycobacterium tuberculosis de-
serves particular attention as a major cause of air-
borne infections in autopsies that puts pathologists
at a 100-200-fold risk for infection compared with
the general public (3). Viable SARS-CoV-2 has been
detected in tissues for prolonged periods after death
from COVID-19 (4). However, to our knowledge, no
confirmed occupational cases of COVID-19 transmit-
ted at autopsies have been reported.

Protection against aerosols remains a challenge
in autopsy settings. Bone sawing is a major source of
aerosols that can carry pathogens. Sawing of the skull
is a standard procedure in every routine autopsy to
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enable access to the brain. SARS-CoV-2 has previ-
ously been documented in bone tissues in 2 reported
cases, neither of which were in the skull (5). Here, we
present results of SARS-CoV-2 analyses from 22 de-
ceased persons with PCR-confirmed COVID-19 and
detail our experience of managing the occupational
hazards associated with COVID-19 autopsies.

Our study belongs to the Clin_COVID-19
master study approved by the Helsinki Univer-
sity Hospital Ethics committee (approval no.
HUS/1238/2020). All autopsies were clinical (non-
forensic) and conducted in compliance with re-
search laws and regulations in Finland, after con-
sent from the next of kin.

The postmortem examinations were conducted
in the pathology department of the HUS Diagnostic
Center in Meilahti, Helsinki, Finland. The series com-
prised 22 PCR-confirmed cases (any positive airway
sample from nasopharynx, bronchi, lungs, tonsils,
sclera, or airway-associated cervical or parabron-
chial lymph nodes) of SARS-CoV-2 identified during
2021-2022 that had skull sawdust sampled during au-
topsy. Testing was carried out in the pathology and
virology laboratories by using accredited and previ-
ously published methods (6) (Appendix, https://
wwwnc.cdc.gov/EID/article/30/8/24-0145-App1.
pdf). All autopsies encompassed a neuropathologi-
cal examination and a collection of swabs/fresh tis-
sues from airway, nonairway, and central nervous
system (CNS) categories. In addition, swab samples
were collected from skull sawdust and the contami-
nated autopsy table with the organ block. Each tissue
was sampled with separate sterile equipment. PCR-
positive samples were cultured using VeroE6 cells to
assess for infective SARS-CoV-2.

We detected SARS-CoV-2 by reverse transcrip-
tion PCR in 22/22 (100%) airway, 10/22 (45.5%) non-
airway, 0/22 CNS, 2/22 (9.1%) skull sawdust, and
13/22 (59.1%) autopsy table samples (Table). The
virus was culturable in 13/22 (59.1%) airway, 2/22
(9.1%) nonairway, 1/22 (4.5%) skull sawdust, and
3/22 (13.6%) autopsy table samples.

Among the personnel present at COVID-19 au-
topsy procedures, no cases of COVID-19 resulting
from occupational exposure were identified. Serologic
screening results of all persons involved in COVID-19
autopsies (n = 5) in June 2020 were negative, and none
showed PCR positivity when tested during symptoms.

Our findings revealed that SARS-CoV-2 was de-
tectable by PCR in 9.1% and by viral culture in 4.5%
of skull sawdust samples, suggesting the presence of
live virus and a risk, although low, of infective viruses
becoming aerosolized. We could not identify previous
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Table. SARS-CoV-2 distribution among cohort of 22 autopsied deceased persons with COVID-19 who had skull sawdust sampling,

Finland*

Airway Nonairway CNS PCR Skull sawdust Autopsy table
Case no. PCR Culture PCR Culture and culture PCR Culture PCR Culture
1 + — — — — — - + -
2 + - - - - - - - -
3 + - - - - - - - -
4 + - - - - - - - -
5 + - - - - - - - -
6 + + - - - - - + -
7 + + + - - - - + -
8 + + + - - - - - -
9t + + + - - + + + -
10 + + - - - - - + -
11 + + + + - - - + -
12 + + - - - + — — —
13 + - - - - - - - -
14 + + + + - - - + -
15 + + + - - - - + +
16 + + + - - - - + +
17 + - - - - - - + -
18 + + + - - - - + —
19 + - + - - - - + -
20 + + + - - - - - -
21 + - - - - - - - -
22 + + - - - - — + +
Positive samples/total 22/22 13/22 10/22 2/22 (9.1) 0/22 2/22 (9.1) 1/22 (4.5) 13/22 3/22
no. samples (%) (100) (59.1) (45.5) (59.1) (13.6)

*The pooled sample category per patient was considered positive if a single positive tissue sample of that category was found (copy number cutoff value
10; Appendix, https://wwwnc.cdc.gov/EID/article/30/8/24-0145-App1.pdf). Airway refers to tissues relating to the airway system (i.e., nasopharynx,
bronchi, lungs, tonsils, sclera, and airway-associated cervical and parabronchial lymph nodes). Autopsy table refers to the contaminated autopsy table
and the outer surfaces of the organ block, representing the main working area and target of showering with water. Only a limited number of cases showed
culture positivity (Ct value reduction after culture compared with initial Ct value; Appendix) in general; skull positivity was scarce, whereas the autopsy

table was more often positive by both PCR and viral culture.

tTest results showed culture positivity in the cranial sawdust sample and low-level nonairway PCR-positivity limited to skeletal muscle and salivary gland

tissues, indicating limited systemic viral involvement (Appendix Table).

work examining cranial sawdust for the presence of
pathogens, but our results align with a previous study
showing SARS-CoV-2 PCR positivity for 4.5% of gog-
gles and no masks tested after autopsy (7).

The sample size for our study was limited but
represents a consecutive and nonselected series of
cases at a single institution. We did not directly assess
aerosols, but given that bone sawing is the only high-
energy technique used, and considering the findings
from a previous study (7), the presence of concomi-
tant other sources of infective aerosols in the autop-
sy room is unlikely. The personnel present during
COVID-19 autopsies were not systematically tested,
but symptomatic persons were extensively PCR tested
for SARS-CoV-2 during the study period (2020-2022).
In addition, skull sawdust samples might not consist
solely of bone and could contain adjacent tissues be-
cause of anatomy, particularly the frontal sinus, which
is lined with respiratory epithelium. Skullcap sawing
has the potential to generate infective aerosols, but in
our experience, general autopsy safety measures are
effective. The absence of positive findings in our CNS
samples give confidence in the sterility of our sam-
pling technique, thereby making other sources of con-
tamination in the skull sawdust samples less likely.
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Pandemic preparedness should encompass plans
for early, rapid autopsies to acquire vital data at the on-
set. General safety measures appear adequate for most
pathogens encountered during autopsy, including
SARS-CoV-2 (3). However, early testing for pathogens in
skull sawdust, along with other tissues, could prove ben-
eficial in further assessing the risk for occupational infec-
tions resulting from autopsies during future pandemics.
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Several subtypes and many different genotypes of highly
pathogenic avian influenza viruses of subtype H5 clade
2.3.4.4b have repeatedly caused outbreaks in Germany.
Four new highly pathogenic avian influenza genotypes
emerged in November 2023 after reassortment with low
pathogenicity precursors, replacing genotype BB, which
had dominated in Europe since 2022.

ermany has experienced repeated outbreaks of

highly pathogenic avian influenza (HPAI) vi-
ruses (HPAIVs) of clade 2.3.4.4b of the H5 goose/
Guangdong lineage since 2016, causing devastat-
ing losses to wild bird biodiversity and the poultry
production sector (1). Since 2016, seasonal outbreaks
or cases increased during the winter season and de-
creased to zero in summer. Seasonality terminated in
2021, when HPAIV H5 became endemic in wild birds
in Germany and the rest of Europe (2). Along with
an increasing incidence, genetic diversity expanded,
resulting in a high number of new genotypes (3).

During summer 2023, genotype Ger-02-23-N1.1
(BB based on the European Union nomenclature
[4,5]), a reassortment with a gull-derived H13 virus,
dominated HPAI cases caused by outbreaks in colony
breeders (6). Sporadically, older genotypes (Ger-10-
21-N1.5 and Ger-12-22-N1.1) were identified, accom-
panied by some viruses that could not be assigned to a
proper genotype because of incomplete genome cov-
ering. After the breeding season ended, incidence de-
creased (84 cases in July, 16 in August, 10 in Septem-
ber, and 3 in October). In addition, increasing numbers
of low pathogenicity avian influenza (LPAI) viruses
(LPAIVs) were detected during active and passive
wild bird monitoring, representing the autumnal, bird
migration-related upsurge of avian influenza virus in-
fections in Germany. Since November, the number of
HPAIV H5 cases has increased to a still moderate but
substantially higher level (29 in November).

We analyzed the genotypes of HPAI and LPAI
viruses by using full-genome sequencing. Sequencing
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