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Abstract

Funeral home and crematorium workers are an important occupational group in the corona crisis. The occupational setting
led to concerns about an increased risk of infection with SARS-CoV-2. The seroprevalence in this occupational group is
unclear. A questionnaire-based retrospective survey of funeral home and crematorium staff was conducted in December
2020. A second survey of funeral and crematorium staff was conducted 6 months later, in June 2021, to determine changes
in pandemic management. Seroprevalence or vaccination status for SARS-CoV-2 was determined at these two time points.
In December 2020, a seroprevalence of 2.3% (n=1/44) was detected in funeral home and crematorium workers. In June
2021, one additional participant tested positive for the SARS-CoV-2 nucleocapsid. Of the participants, 48.5% (n=16) were
vaccinated at this time. The risk of SARS-CoV-2 infection for funeral home and crematorium workers is more similar to that
of the general population in Hamburg, Germany. We found no evidence of an increased risk of infection at these two time
points in our cohort. Further education on communicable diseases or appropriate protective measures in this occupational

group for other infectious diseases would be useful in the future.
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Introduction

During the corona crisis, the increased mortality rate led to
an increase on fatalities and funerals, making funeral and
crematory workers an essential profession on every day of
the coronavirus disease 2019 (COVID-19) pandemic. The
pandemic has featured the significance of burial service
labors as an essential organization of a frequently overlooked
on-call specialization during public and worldwide emergen-
cies. However, little is yet known about the risk of infection
from the management and handling of deceased COVID-
19 patients and their hygiene concepts during the pandemic
period [1]. This applies not only to medical professions, but
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also to often forgotten groups of people such as funeral,
crematorium, and church staff, as well as relatives of the
deceased.

It has already been generally shown that funeral and
crematorium workers have a certain risk of contracting an
infectious disease in the course of their professional activi-
ties, as they often do not know the exact cause of death of a
person (e.g., due to professional confidentiality) [2—4]. Due
to the initial lack of information on the contagiousness of
deceased severe acute respiratory syndrome corona virus 2
(SARS-CoV-2) victims, initial recommendations discour-
aged autopsies, ritual washings, or enactments [5-9].

In the course of previous pandemics, the Institute of
Forensic Medicine Hamburg (ILM), as well as undertakers,
crematorium staff, and church employees, has received many
enquiries from relatives who wanted information about the
course of the disease and the ban on contact beyond death
until burial.

At the time of the study, several recommendations for
dealing with SARS-CoV-2 deceased persons and a prior-
itization of vaccination for certain vulnerable occupational
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and population groups in Germany had been added [5, 6,
10]. Employees of the funeral trade were not included,
however, as they were not previously considered medically
relevant [11].

The aim of this study was to investigate the seroprevalence
of SARS-CoV-2 among employees of funeral homes and cre-
matoria in Hamburg during and after the second pandemic
wave in Germany and to investigate the relevance and effec-
tiveness of infection control measures in dealing with SARS-
CoV-2-associated deaths in funeral homes and crematoria.

Methods
Study design—questionnaire

At ILM Hamburg, a self-designed questionnaire was dis-
tributed to employees of funeral homes and crematoria in
Hamburg who were professionally directly involved with
persons in Hamburg who had died from SARS-CoV-2.

Participation was voluntary, anonymous, and not remu-
nerated financially or otherwise. At the ILM, the question-
naires were available in an area accessible to employees of
funeral homes, consecutively numbered and with a prede-
fined study ID. The number of questionnaires was not lim-
ited. The study ID numbers were continuously generated.
The completed questionnaires were dropped into a desig-
nated box in the ILM by the participants.

The first survey period covered the first 2 weeks in
December 2020 (part 1). After 6 months, in June, a sec-
ond anonymous survey was conducted with a questionnaire
aimed at capturing possible changes in their professional
environment during the pandemic (part 2).

The second questionnaire was available at the ILM as
described above. Participants were asked in the question-
naire if they remembered their study ID number from the
first survey, and if so, they provided it in the second survey.

The questionnaires in December 2020 and June 2021 each
contained a brief explanation of the study objectives and
asked participants about their previous experience with the
corona pandemic. The questionnaire consisted of ten and
seven questions respectively (see electronic supplementary
material).

Testing for past SARS-CoV-2 infection
and vaccination

Employees of funeral homes and crematoria were addi-
tionally informed in the questionnaires that they could
voluntarily provide a blood sample to determine their
SARS-CoV-2 antibody status for infection and vaccina-
tion. Therefore, each participant could voluntarily provide
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their study ID at both time points of blood sample collec-
tion allowing for comparison of the respective samples.

Employees of funeral homes and crematoria were
screened for seroprevalence of SARS-CoV-2 infection in
their blood at two time points, in December 2020 and June
2021. These analyses were carried out at the Institute for
Microbiology and Virology of the UKE. The presence of
previous infections was determined by SARS-CoV-2 anti-
bodies (IgG/IgM/IgA) against the viral nucleocapsid using
the Cobas e411 system (Roche Diagnostics, Manheim,
Germany). To confirm vaccination status, we performed
quantitative detection of viral spike protein at the second
intervention time point in June 2021. SARS-CoV-2 S
(RBD) antibodies (IgG/IgM/IgA; Cobas e411 system) and
the SARS-CoV-2 S trimer assay (Liaison XL, DiaSorin
Saluggia, Italy) were used. All assays were performed
according to the manufacturer’s recommendations.

The cut-off for antibody reactivity against SARS-CoV-2
spike RBD is 0.8, for SARS-CoV-2 spike-trimer IgG 32
BAU/ml, and/or SARS-CoV-2 nucleocapsid 1 BAU/ml.

The evaluation of the results was anonymous and served
exclusively for scientific purposes. The blood samples
were discarded afterwards. Each subject signed a written
informed consent form prior to blood collection. Participa-
tion in the December blood collection was not a prerequi-
site for participation in June.

Statistical analysis

Statistical analysis was performed descriptively using
Microsoft Excel (version 16.16, Microsoft Corporation,
Redmond, USA). Variables were described as percentages,
means, and standard deviations (SD). The assumption
of a normal distribution was checked. Categorical vari-
ables were compared using the chi-square test. Graphical
representation of results was performed using GraphPad
Prism® statistical software (version 8.0, GraphPad Soft-
ware Inc., La Jolla, USA).

Results

Employees of funeral homes and crematoria

Part 1: December 2020

General information Forty-four questionnaires were distrib-
uted and answered. Of the participants, 20.5% (n=9) were

female and 79.5% (n=35) were male. The mean age was
42.7 (SD+12.51) years (see Table 1).
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Table 1 Main aspects of the results of the questionnaire for funeral and crematory workers—Part 1: December 2020

Participants (n=44)

General information
Age, years
Gender

Hygienic protective measures
No briefing
Single entry
Multiple choice

Normal handling of the decedents with face masks* for the employees®

Normal handling of the decedents with face masks* for the employees and medical face mask for the decedents®

Face masks* for the employees and orienting view"
Face masks* for the employees and no opening of the body bag®
Transport in the coffin without contact with the corpse®
Other protective measures (disposable coat, gloves, glasses)®
Other®
Compliance with the hygienic protective measures
None
Partially adherence
Full adherence
No answer
Complaints® of relatives
Yes
No
No answer

Mean (SD)
Male

Female

42.7 (12.51)
35 (79.5%)
9 (20.5%)

3 (6.8%)
10 (22.7%)
31 (70.5%)
20 (45.5%)
8 (18.2%)
8 (18.2%)
23 (52.3%)
9 (20.5%)
25 (56.8%)
2 (4.6%)

1 (2.3%)
10 (22.7%)
30 (68.2%)
3 (6.8%)

20 (45.5%)
15 (34.0%)
9 (20.5%)

This table shows general information about the participants and the hygiene measures taken and their compliance until December 2020. *Face
masks include surgical face masks, FFP2 masks, or FFP3 masks; *multiple choice was possible; ®complaints regarding no existing farewell cer-

emonies at the crematory during the pandemic

Hygienic protective measures Of the participants, 6.8%
(n=3) were not informed by their employer on how to
deal with people who died of SARS-CoV-2. The recom-
mendations for protective measures given to workers by
their companies are shown in Table 1. Of the participants,
68.2% (n=30) adhered to the recommendations given by
their workers; 2.3% (n=1) reported not complying with the
protective measures; and 22.7% (n=10) partially complied.
Reasons given were a lack of labeling of the coffins, lack of
information about possible infections, or the sealing of the
coffins. Individual factors such as fogging of glasses and
forgetting protective measures in stressful situations were
also mentioned. 6.8% (n=3) did not answer this question.

Subjective perceptions Overall, 59.1% (n=26) felt only
partially protected or not protected at all and 38.6% (n=17)
felt inadequately informed about how to deal with (possible)
SARS-CoV-2 deaths (see Table 2).

Complaint management Of the participants, 45.5% (n=20)
were sometimes informed of complaints from family

members due to a missed farewell/funeral service or crema-
tion (see Table 1).

SARS-CoV-2 infection Knowingly, none of the participants
had reported a confirmed SARS-CoV-2 infection.

Rapid or qPCR testing in the occupational setting
(March 2020 to December 2020).

None of the participants had been tested positive for
SARS-CoV-2 in the past in the occupational setting by
rapid antigen tests or nasopharyngeal swabs. In no case
did the employer perform intermittent or periodic test-
ing for SARS-CoV-2 infection (see Table 3). However,
59.1% (n=26) would have liked to do so to increase their
sense of safety at work. 15.9% (n=7) did not think this
was necessary, and 25.0% (n=11) did not know about the
existence of rapid antigen testing.

Suggestions for improvement for a next pandemic Sugges-
tions for improvement included regular virus testing and
equal staffing/teams, e.g. in one vehicle/shift. More com-
prehensive information about infection routes, pathogens,
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Table 2 Subjective perceptions

s . December 2020 June 2021 (n=33) P-value
of the pgrtlclpants during the (n=44)
pandemic
Protection of infection
Felt sufficiently protected 17 (38.6%) 16 (48.5%) 0.257
Felt partially protected 23 (52.3%) 12 (36.4%)
Felt unprotected 3 (6.8%) 5(15.2%)
No answer 1(2.3%) -
Information
Well informed 26 (59.1%) 22 (66.7%) 0.499
Inadequately informed 17 (38.6%) 12 (36.4%)
Indecisive 0 (0.0%) 1(3.1%)
No answer 1(2.3%) -

This table shows the different subjective perceptions of the participants regarding the risk perceived and
information of occupational exposure when handling SARS-CoV-2-infected deceased comparing Decem-
ber 2020 survey with June 2021 survey. P values as a result from chi-square tests

and protective measures was also desired. Other points of
criticism mentioned were inconsistent, unsystematic regula-
tions between individual units of a company and structural
deficiencies (blowers aimed directly at coffins). Several per-
sons wished more external control measures as part of the
protection concept.

Part 2: June 2021
General information Thirty-three questionnaires were dis-
tributed and answered. 15.2% (n=5) were female, and 84.8%

(n=28) were male. The mean age was 42.85 (SD+13.56) years.

SARS-CoV-2infection Of the participants, 12.1% (n=4) reported
experiencing subjective symptoms of COVID-19-like illness

such as cough, fever, loss of taste, or general cold symptoms in
the last 6 months. One of them had a PCR-confirmed SARS-
CoV-2 infection (n=1; 3.0%). The infection occurred in a pri-
vate setting (see Table 3).

COVID-19 vaccination A total of 48.5% (n=16) were par-
tially or fully vaccinated at the time of the second survey.
The distribution of the vaccine used and the number of vac-
cinations in detail are shown in Table 3.

Hygienic protective measures The distribution of changes in
hygiene protection measures compared to December 2020 is
shown in Table 4. From April 2021, some participants were
offered a regular SARS-CoV-2 rapid test, but this was not
mandatory.

Table 3 Infection and
seroprevalence for SARS-

December 2020 (n=44)  June 2021 (n=33)

CoV-2 0 (0.0%) 1 (3.0%)
SARS-CoV-2 testing initiated by the employer
No 44 (100.0%) 17 (51.5%)
Yes 0 (0.0%) 16 (48.5%)
Positive antibody reactivity 1(2.3%) 18 (54.5%)
Infection-specific 1(2.3%) 2 (6.1%)
Vaccination-specific 0 (0.0%) 16 (48.5%)
Vaccination status 0 (0.0%) 16 (48.5%)
One vaccination 0 (0.0%) 3(9.1%)
Two vaccinations 0 (0.0%) 13 (39.4%)
Received vaccination
Comirnaty® vaccine (BioNTech/Pfizer) 11 (68.8%)
Spikevax® vaccine (vaccine Moderna) 4 (25.0%)
Vaxzevria® vaccine (AstraZeneca) 1(6.2%)

This table shows SARS-CoV-2 testing by employer, positive antibody reactivity, vaccination status of
workers, and vaccination received in December 2020 and June 2021
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Table 4 Changes in hygienic protective measures in June 2021

Participants (n=33)

Choices
No briefing 1(3.0%)
Single entry 16 (48.5%)
Multiple choice 16 (48.5%)
Changes compared to December 2020
Same 16 (48.5%)
Tightened 8 (24.4%)
Loosed 1(3.0%)
Regularly controlled 5 (15.2%)
Subjectively improved 309.1%)
SARS-CoV-2 rapid antigen testing offered 15 (45.5%)

This table shows the changes in hygienic protective measures in June
2021 compared to December 2020

Subjective perceptions Of the participants, 51.5% (n=17)
felt partially or insufficiently protected in the professional
environment. Another 36.4% (n=12) felt inadequately
informed about how to deal with (potential) SARS-CoV-
2-deceased persons (see Table 2).

Estimated number of contacts with SARS-CoV-2-infected
deceased Of the participants, 81.8% (n=27) of the par-
ticipants reported estimated contacts with 5 to 1000 SARS-
CoV-2-infected deceased persons (median 250; range:
0-1000). A participant may have come into contact with
a corpse more than once, e.g., if they transported it at two
different times (outward and return transport).

Seroprevalence for SARS-CoV-2 in the funeral
industry

Part 1: December 2020

Blood samples were collected from 44 external ILM staff,
including funeral home and crematorium staff, to detect a
possible positive serological reaction to SARS-CoV-2 anti-
bodies. SARS-CoV-2 antibodies to the nucleocapsid, indi-
cating previous infection, were detected in only one case

2.3%).
Part 2: June 2021

Thirty-three blood samples were collected using the same
procedure as in December 2020. Twenty-seven of them par-
ticipated at both time points. Fifteen participants had not
developed antibodies in June 2021. Eighteen participants
showed positive antibody reactivity against SARS-CoV-2
spike RBD (cut-off: 0.8), SARS-CoV-2 spike-trimer IgG
(cut-off: 32 BAU/ml), and/or SARS-CoV-2 nucleocapsid
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Fig. 1 Distribution of SARS-CoV-2 antibody response. This figure
shows the antibody reactivity against SARS-CoV-2 spike RBD (dark
blue, cut-off: 0.8), SARS-CoV-2 spike-trimer IgG (light blue, cut-off:
32 BAU/ml), and SARS-CoV-2 nucleocapsid (black, cut-off: 1 BAU/
ml) in 18 participants in June 2021. The results of the distribution of
SARS-CoV-2 antibody response were shown logarithmized

(cut-off: 1 BAU/ml). Two of these participants (6.1%)
developed antibodies to all the SARS-CoV-2 virus struc-
tures tested, corresponding to a past infection (see Fig. 1).
Presumably, one of them was the already known antibody-
positive participant from December 2020, and the other
person had a known PCR-confirmed SARS-CoV-2 infec-
tion between December 2020 and June 2021. In addition, 15
participants reacted positively to SARS-CoV-2 spike RBD
and SARS-CoV-2 spike-trimer IgG. Another person reacted
positively only to SARS-CoV-2 spike RBD. In total, 16 peo-
ple were vaccinated.

Discussion

For funeral and crematorium workers, many questions about
the handling and infectivity of deceased persons with ques-
tionable or proven SARS-CoV-2 infection remained unan-
swered, leading to a constant fear of infection in the profes-
sional environment.

This is the first study known to date to investigate the
potential risk of infection by determining the prevalence of

@ Springer



Forensic Science, Medicine and Pathology

SARS-CoV-2 infection among funeral home employees in
Hamburg at two time points 6 months apart. The attached
questionnaires underline that funeral professional in Ger-
many still belongs to a “forgotten professional environment”
in terms of handling infectious deceased persons.

In our study cohort, only one person had become infected
by December 2020 (Table 3). This corresponds to a sero-
prevalence of 2.3% and thus to the seroprevalence in the gen-
eral population of SARS-CoV-2 in Germany at that time [12,
13] and worldwide [12]. Six months later, one more person
showed antibodies associated with a SARS-CoV-2 infection
(Fig. 1). In this case, the individual was aware that he or she
had become infected with SARS-CoV-2, with the history
indicating that the infection occurred in the home environ-
ment. This is consistent with the results of our earlier study
[13], in which 25 employers of the ILM were tested twice for
SARS-CoV-2, including physicians, technical assistants, and
students. Here again, only one positive incidental finding
was found, consistent with the general seroprevalence and
an assumed route of infection in the home environmental set-
ting. Furthermore, it is consistent with the rate of postmor-
tem incidental detection of RT-qPCR SARS-CoV-2-positive
decedents in 2.4% of all cases [14] and correspondents to a
seroprevalence of SARS-CoV-2 between 1.8 and 4.7% of
872 hospital employees of the University Medical Center
Hamburg-Eppendorf, Germany [15, 16]. The seroprevalence
of SARS-CoV-2 infection-specific antibodies was about the
same in recovered COVID-19 patients among in residents of
the city of Hamburg (4.2%) in June 2021 [16].

Interestingly, compared to our study, funeral and cre-
matory workers tested for SARS-CoV-2 infection in Qatar
in September 2020 had a prevalence of 25.0% and 34.4%,
respectively, in a total population of 2.8 million [17] and
a general seroprevalence of 13.3% at that time [18]. Even
though this prevalence is clearly above ours, this study also
assumes that the main source of infection was in the private
environment of the participating persons [17]. Otherwise,
we could not exclude other and closer physical contacts in
Arabic countries due to typical religious measures (e.g.,
washing).

SARS-CoV-2 infections are normally transmitted by
droplet infection and aerosols [19]. However, transmission
of the virus via surfaces is possible in principle [20], even
though we could not detect viable viruses on surfaces and
skin of decedents previously [13, 21, 22]. This is consistent
with the findings of Alishaq et al. [17], who additionally
found no contamination of the environment of cemeteries
and mortuaries with SARS-CoV-2. Due to the still unclear
risk of infection when handling COVID-19 decedents in
December 2020, many of our participants expressed the
suspicion that they might have already undergone a SARS-
CoV-2 infection unnoticed. Even though, in our study, 25.0%
did not consistently adhere to protective measures in the
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occupational environment (Table 1), there was no increased
seroprevalence.

It should be required that the licensing and practice of
funeral professionals be governed by guidelines similar to
those used in the health care industry. To date, in Germany,
the funeral profession is not protected by law and there are
no binding standards [11]. German burial legislation asks
for mandatory identification in cases where the decedent
poses a risk of infection relevant to third parties. Therefore,
concern has arisen not only among physicians who per-
form autopsies, but also among funeral industry workers
who perform external postmortem measures, which could
also be associated with a risk of infection. As funeral and
crematory workers are not official medical personnel [11],
there was no available information, recommendations, or
protective measures or adequate equipment for this profes-
sional group during the early COVID-19 pandemic and later
on. Our study shows that this has led to uncertainty and
inconsistent actions within this professional group. In addi-
tion, the analysis of the questionnaires revealed that many
morticians would like more comprehensive information on
infection routes, pathogens, and protective measures. Over-
all, most felt only partially protected or not protected at all
in December 2020 (59.1%), a peak time within the second
wave of the worldwide pandemic. Even 6 months later, in
June 2021, more than half of the participants (51.6%) still
felt partially or not protected (Table 2).

In December 2020, none of the participants were routinely
tested for SARS-CoV-2 by their employer. Nevertheless, many
participants stated that a test would make them feel safer. Six
months later, some participants were tested since April, but
interestingly, this did not improve their sense of safety. Rather,
it was proposed to work in permanently assigned teams and to
pay more attention to standardization of protective measures,
due to great variation in the use and handling of protective
equipment by the participants. Due to the uncertainty as well
as the different measures, external reviews of the protective
measures were therefore desired.

In our study, about 50.0% of the participants had received
at least one vaccination in June 2021. At that time, a rigid
vaccination prioritization applied in Germany [10]. However,
funeral and crematory workers were not initially considered
to be vaccinated with preference. At the time of the survey,
therefore, only a few employees who belonged to prioritiza-
tion groups had been vaccinated early, as only a few were over
60 years old or had corresponding pre-existing conditions.
Interestingly, one company organized the possibility of vacci-
nation for its employees on its own initiative. Other firms tried
to interact with the ILM to organize vaccination days. This
resulted in the younger workers being vaccinated from April
2021 onwards, although it would not yet have been their turn
according to the priority list in Germany. Across Hamburg,
984,009 (53.1%) people had been vaccinated at least once and
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663,389 (35.8%) people had been fully vaccinated as of 30
June 2021 and 73.8% by the end of November 2021 [23]. This
means that the vaccination rate in our survey was about as
high as in the entire city state, even though the workers of the
funeral industry had to deal with many COVID-19 deceased
on a daily basis. According to their own estimated data, the
average number of contacts (including multiple contacts with
the same deceased person) with deceased COVID-19 patients
among the 33 participants since the beginning of the pandemic
averaged 363 per participant.

This assumption shows the burden on funeral and crema-
tory workers due to unclear infection risk and unclear hygiene
regulations and protective measures. Already, another study
suggests that funeral and crematory workers are generally at
higher risk of infection (not only related to the COVID-19 pan-
demic) and are not adequately trained in protective measures
[4]. The risk of SARS-CoV-2 infection in this occupational
group apparently corresponds to that of the general popula-
tion. Nevertheless, a relevant influence of occupational con-
tacts during working hours on the risk of transmission cannot
be completely excluded.

Limitations

During the evaluation, it was noticed that, in many cases, the
same answer combinations were recorded, especially in the
free text answers. It could not be ensured definitively that
multiple entries were made by the same person within one
study period. Joint processing of the questionnaires by the
participants cannot be ruled out as this was done without
supervision. The low numbers of participants in our pilot
study are relative for generalizations.

Conclusion

In our cohort, we found no evidence of an increased risk
of transmission of SARS-CoV-2 to workers of the funeral
industry. The greatest risk for funeral workers to become
infected with the SARS-CoV-2 virus likely comes from
unprotected personal contact with the relatives by droplet
infections and in the occupational setting. There is a need to
provide a better understanding of potentially transmissible
infectious diseases with associated protective measures to
funeral and crematory workers.

As further—possibly also significantly more conta-
gious—infectious diseases may occur in the future or
already exist in other countries, it is necessary to reconsider
the classification of the profession of funeral and crematory
workers in the health professions with corresponding deeper
medical training, especially with regard to infection control
measures.

Key points

1. The funeral industry is an important profession during
the corona crisis.

2. Funeral workers in Hamburg may not be at increased
risk of contracting SARS-CoV-2.

3. SARS-CoV-2 seroprevalence in funeral workers and the
Hamburg population is similar.

4. Education about communicable diseases in the funeral
industry should be implemented.

Author contribution All authors contributed to the study conception
and design. Material preparation, data collection, and analysis were
performed by Julia Schidler and Antonia Fitzek. The first draft of
the manuscript was written by Julia Schidler and Antonia Fitzek. All
authors commented on the previous versions of the manuscript. All
authors read and approved the final manuscript.

Funding Open Access funding enabled and organized by Projekt
DEAL. The ILM was supported by a grant from the Authorities for
Social Welfare, Hamburg, Germany, and the Federal Ministry for Edu-
cation and Research (BMBF), Germany (01KX2021, DEFEAT PAN-
DEMIcs; and 01KX2121, NATON). AF was supported by a grant from
the ExStra-Fonds of the University of Hamburg, funded by the BMBF.

Data availability All data supporting the findings of this study are
available within the paper and its Supplementary Information.

Declarations

Ethical approval Institutional review board approval from the inde-
pendent ethics committee of the Hamburg Chamber of Physicians was
obtained for this study (reference numbers 2020-10353-BO-ff and
PV7311).

Conflict of interest The authors declare no competing interests.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article's Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article's Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Verhoff MA, Piischel K, Ondruschka B. Infectiousness of SARS-
CoV-2 positive corpses during external post mortem examination.
MMW Fortschr Med. 2021;163:56-8. https://doi.org/10.1007/
s15006-021-0084-4.

2. Kelly N, Reid A. A health and safety survey of Irish funeral indus-
try workers. Occup Med (Lond). 2011;61:570-5. https://doi.org/
10.1093/occmed/kqr131.

@ Springer


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1007/s15006-021-0084-4
https://doi.org/10.1007/s15006-021-0084-4
https://doi.org/10.1093/occmed/kqr131
https://doi.org/10.1093/occmed/kqr131

Forensic Science, Medicine and Pathology

10.

11.

12.

13.

14.

Van Overmeire R, Bilsen J. COVID-19: the risks for funeral direc-
tors. J Public Health (Oxf). 2020;42:655. https://doi.org/10.1093/
pubmed/fdaa089.

Davidson SS, Benjamin WHJ. Risk of infection and tracking
of work-related infectious diseases in the funeral industry. Am
J Infect Control. 2006;34:655-60. https://doi.org/10.1016/j.ajic.
2006.05.290.

RKI. Robert Koch-Institute. Empfehlungen zum Umgang mit
SARS-Cov-2-infizierten Verstorbenen. 2021. https://www.rki.de/
DE/Content/InfAZ/N/Neuartiges_Coronavirus/Verstorbene.html.
Dijkhuizen LGM, Gelderman HT, Duijst WLIM. Review: the safe
handling of a corpse (suspected) with COVID-19. J Forensic Leg
Med. 2020;73:101999. https://doi.org/10.1016/j.jlm.2020.101999.
Sperhake JP. Autopsies of COVID-19 deceased? Absolutely! Leg
Med (Tokyo). 2020;47:101769-101769. https://doi.org/10.1016/].
legalmed.2020.101769.

Baj J, Ciesielka M, Buszewicz G, Maciejewski R, Budzynska
B, Listos P, et al. COVID-19 in the autopsy room-requirements,
safety, recommendations and pathological findings. Forensic
Sci Med Pathol. 2021;17(1):101-13. https://doi.org/10.1007/
$12024-020-00341-1.

DGRM. Deutsche Gesellschaft fiir Rechstmedizin. Joint statement
of the German Society for Forensic Medicine and the Professional
Association of German Forensic Doctors on the handling of
deceased and living persons infected with SARS-CoV-2 in foren-
sic medicine. 2020.

RKI. Robert Koch-Institute. STIKO-Empfehlungen zur COVID-
19-Impfung: Stufenplan der STIKO zur Priorisierung der COVID-
19-Impfung. 2021.

BDB. Bundesverband Deutscher Bestatter e.V. Rahmenlehrplan
fiir den Ausbildungsberuf Bestattungsfachkraft. 2021.

Rostami A, Sepidarkish M, Leeflang MMG, Riahi SM, Nourollah-
pour Shiadeh M, Esfandyari S, et al. SARS-CoV-2 seroprevalence
worldwide: a systematic review and meta-analysis. Clin Micro-
biol Infect. 2021;27:331-40. https://doi.org/10.1016/j.cmi.2020.
10.020.

Schroder AS, Edler C, Ondruschka B, Piischel K, Schidler
J, Heinemann A, et al. The handling of SARS-CoV-2 associ-
ated deaths - infectivity of the body. Forensic Sci Med Pathol.
2021;17(3):411-8. https://doi.org/10.1007/s12024-021-00379-9.
Klein A, Langenwalder FH, F., Meifiner K, Schroder AS, Piischel
K, Ondruschka B, et al. SARS-CoV-2-Zufallsentdeckungen bei
Hamburger Todesféllen: Ein epidemiologisches Monitoring
wihrend des dynamischen Infektionsgeschehens im Friihjahr
2020. Rechtsmedizin in print. 2021;1-7. https://doi.org/10.1007/
s00194-021-00481-w.

@ Springer

15.

16.

17.

18.

19.

20.

21.

22.

23.

Brehm TT, Schwinge D, Lampalzer S, Schlicker V, Kiichen
J, Thompson M, et al. Seroprevalence of SARS-CoV-2 anti-
bodies among hospital workers in a German tertiary care
center: a sequential follow-up study. Int J] Hyg Environ Health.
2021;232:113671. https://doi.org/10.1016/j.ijheh.2020.113671.
Brehm TT, Thompson M, Ullrich F, Schwinge D, Addo MM,
Spier A, et al. Low SARS-CoV-2 infection rates and high vaccine-
induced immunity among German healthcare workers at the end
of the third wave of the COVID-19 pandemic. Int J Hyg Environ
Health. 2021;238:113851. https://doi.org/10.1016/j.ijheh.2021.
113851.

Alishaq M, Jeremijenko A, Nafady-Hego H, Al Ajmi JA, Elgendy
M, Fadel RAA, et al. SARS-CoV-2 infection in mortuary and
cemetery workers. Int J Infect Dis. 2021;105:621-5. https://doi.
org/10.1016/.ijid.2021.03.012.

Coyle PV, Chemaitelly H, Ben Hadj Kacem MA, Abdulla Al
Molawi NH, El Kahlout RA, Gilliani I, et al. SARS-CoV-2
seroprevalence in the urban population of Qatar: an analysis of
antibody testing on a sample of 112,941 individuals. iScience
2021;24:102646. https://doi.org/10.1016/j.isci.2021.102646.
Jayaweera M, Perera H, Gunawardana B, Manatunge J. Transmis-
sion of COVID-19 virus by droplets and aerosols: a critical review
on the unresolved dichotomy. Environ Res. 2020;188:109819.
https://doi.org/10.1016/j.envres.2020.109819.

Chin AWH, Chu JTS, Perera MRA, Hui KPY, Yen HL, Chan
MCW, et al. Stability of SARS-CoV-2 in different environmental
conditions. Lancet Microbe. 2020;1:e10. https://doi.org/10.1016/
$2666-5247(20)30003-3.

Plenzig S, Bojkova D, Held H, Berger A, Holz F, Cinatl J, et al.
Infectivity of deceased COVID-19 patients. Int J Legal Med.
2021;135:2055-60. https://doi.org/10.1007/s00414-021-02546-7.
Plenzig S, Holz F, Bojkova D, Kettner M, Cinatl J, Verhoff MA,
et al. Detection and infectivity of SARS-CoV-2 in exhumated
corpses. Int J Legal Med. 2021;135:2531-6. https://doi.org/10.
1007/500414-021-02670-4.

RKI. Robert Koch-Institute. SARS-CoV-2. Digitales Impfquoten-
monitoring zur COVID-19-Impfung. 2021.

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.


https://doi.org/10.1093/pubmed/fdaa089
https://doi.org/10.1093/pubmed/fdaa089
https://doi.org/10.1016/j.ajic.2006.05.290
https://doi.org/10.1016/j.ajic.2006.05.290
https://www.rki.de/DE/Content/InfAZ/N/Neuartiges_Coronavirus/Verstorbene.html
https://www.rki.de/DE/Content/InfAZ/N/Neuartiges_Coronavirus/Verstorbene.html
https://doi.org/10.1016/j.jflm.2020.101999
https://doi.org/10.1016/j.legalmed.2020.101769
https://doi.org/10.1016/j.legalmed.2020.101769
https://doi.org/10.1007/s12024-020-00341-1
https://doi.org/10.1007/s12024-020-00341-1
https://doi.org/10.1016/j.cmi.2020.10.020
https://doi.org/10.1016/j.cmi.2020.10.020
https://doi.org/10.1007/s12024-021-00379-9
https://doi.org/10.1007/s00194-021-00481-w
https://doi.org/10.1007/s00194-021-00481-w
https://doi.org/10.1016/j.ijheh.2020.113671
https://doi.org/10.1016/j.ijheh.2021.113851
https://doi.org/10.1016/j.ijheh.2021.113851
https://doi.org/10.1016/j.ijid.2021.03.012
https://doi.org/10.1016/j.ijid.2021.03.012
https://doi.org/10.1016/j.isci.2021.102646
https://doi.org/10.1016/j.envres.2020.109819
https://doi.org/10.1016/s2666-5247(20)30003-3
https://doi.org/10.1016/s2666-5247(20)30003-3
https://doi.org/10.1007/s00414-021-02546-7
https://doi.org/10.1007/s00414-021-02670-4
https://doi.org/10.1007/s00414-021-02670-4

	Pilot study in Hamburg on the prevalence of SARS-CoV-2 infections and pandemic survey in the German funeral industry
	Abstract
	Introduction
	Methods
	Study design—questionnaire
	Testing for past SARS-CoV-2 infection and vaccination
	Statistical analysis

	Results
	Employees of funeral homes and crematoria
	Part 1: December 2020
	Part 2: June 2021

	Seroprevalence for SARS-CoV-2 in the funeral industry
	Part 1: December 2020
	Part 2: June 2021


	Discussion
	Limitations
	Conclusion
	Key points
	References


