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quadruplicate for both subgenomic (sgRNA) and 
genomic (gRNA) RNA encoding the SARS-CoV-2 
nucleocapsid gene. Amplification of a cellular house-
keeping gene served as the positive control for every 
sample. A total of 47 tissue samples from 17 donors 
were tested for SARS-CoV-2 RNA. Four donors had 
plasma or serum available for paired testing. SARS-
CoV-2 RNA was not detected from any tissue or 
plasma/serum sample tested. Based on these findings, 
risk of transmission through the transplantation of tis-
sue types studied from SARS-CoV-2 infected donors 
is likely to be low.

Abstract  Risk for transmission of SARS-CoV-2 
through allogeneic human tissue transplantation is 
unknown. To further evaluate the risk of virus trans-
mission, tissues were obtained from deceased donors 
who had tested positive for SARS-CoV-2 RNA via 
nasopharyngeal swab. This study evaluated an array 
of human tissues recovered for transplantation, 
including bone, tendon, skin, fascia lata, vascular tis-
sues, and heart valves. Tissue samples and plasma 
or serum samples, if available, were tested for viral 
RNA (vRNA) using a real time PCR system for the 
presence of virus RNA. All samples were tested in 
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Introduction

The risk for transmission of SARS-CoV-2 through 
transplantation of allogeneic human tissues (tis-
sues) is unknown. The identification of the angio-
tensin 2 converting enzyme (ACE-2) receptor as the 
primary receptor for virus to enter cells provides an 
imperfect guide to potential target tissues. There 
have been many reports describing the detection of 
SARS-CoV-2 RNA in tissues beyond the respiratory 
tract (Bradley 2020; Best 2021; Gaussen 2021; Pen-
field 2020; Trypsteen 2020). This includes reports 
that viral RNA (vRNA) is detectable in the blood of 
some patients, suggesting systemic viral dissemina-
tion (Yang 2020; Beyerstedt 2021) and broad organ 
involvement. While, historically, respiratory viruses 
were not thought to pose a significant risk for trans-
mission via allograft tissue implantation, SARS-
CoV-2 may behave differently due to this systemic 
dissemination. Considering the severity of illness, 
rapid community spread, and uncertainty surrounding 
tropism in human tissue, the American Association 
of Tissue Banks (AATB) issued guidance for screen-
ing and exclusion of donors who may be infected 
with SARS-CoV-2 (American Association of Tissue 
Banks 2020).

In the United States, human tissues for transplanta-
tion are regulated by the U.S. Food and Drug Admin-
istration (FDA) as human cells, tissues, and cellular 
and tissue-based products (HCT/Ps) under 21 CFR 
Part 1271. This study evaluated multiple different 
human tissues intended for transplantation, includ-
ing bone, tendon, skin, fascia lata, vascular tissues, 
and heart valves. FDA requires all HCT/P donors 
to be screened and tested for relevant communica-
ble disease agents or diseases for use in making a 
donor eligibility determination to exclude donors 
with the potential to transmit communicable diseases. 
Typically, when potential tissue donors are identi-
fied, recovery establishments perform a preliminary 
review for donor suitability, i.e., obtain donor infor-
mation to identify any data that would obviously 
render the donor ineligible for donation according to 

standards established by FDA, AATB,  and each tis-
sue establishment. If a potential donor appears to be 
suitable for donation, tissues are then recovered, sent 
to the tissue processing facility where they are held or 
processed while completing the collection and review 
of donor medical and social history data.

Determining whether viral RNA (vRNA), and 
infectious virus, is regularly present in tissues typi-
cally used for transplantation collected from donors 
with a history of prior SARS-CoV-2 infection would 
better inform decisions regarding whether to exclude 
potential donors. AATB sponsored two studies to 
help evaluate the potential role of SARS-CoV-2 trans-
mission in tissue transplantation. The first (Green-
wald 2022) was to examine the risk of SARS-CoV-2 
viremia in blood of deceased tissue donors, show-
ing an incidence of RNAemia of approximately 1 in 
1000. However, in that study, the results of SARS-
CoV-2 RNA testing of donor nasopharyngeal (NP) 
swabs, if performed, was unknown, and tissues from 
these donors were not tested. To further character-
ize the risk of viral transmission and inform tissue 
safety policy, this retrospective study was performed 
to examine various tissues obtained from deceased 
donors whose NP swabs collected within 24  h of 
death tested positive for SARS-CoV-2 RNA for evi-
dence of the SARS-CoV-2 via reverse transcriptase 
polymerase chain reaction testing (RT-PCR).

Materials/methods

Between April 2020 and April 2021, tissue estab-
lishments identified stored, frozen human tissues 
collected from research-authorized deceased donors 
who had NP samples positive for SARS-CoV-2 
RNA using nucleic acid amplification testing (NAT) 
for the presence of viral RNA (Table 1) and meeting 
all other study criteria (Table 2) for study inclusion. 
Research authorization was provided by the indi-
vidual authorizing donation after death, or at the 
time of donation registration (first-person authori-
zation), and all donor samples were anonymized by 
the establishment providing the research tissue and 
its associated recovery data. At the time of tissue 
collection, the donors were not suspected of being 
at risk of SARS-CoV-2 infection and there was no 
information available at the time tissues were recov-
ered to indicate the donor would be ineligible for 
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donation (Table  3). Tissue donor NP swabs were 
collected at the time of tissue recovery. Tissues 
were handled, stored, and processed according to 
the information provided in Table 4. None of the tis-
sues underwent processing that included viral inac-
tivation steps, and none of the antibiotics or antifun-
gals used are known to have virucidal properties.

Because there were finite lab resources available, 
amongst the available stored donor tissue identified, 
a convenience sample representing a variety of the 
tissue types available for transplantation was selected 
for testing. Human tissue and blood specimens were 
shipped frozen on dry ice to the Miller Laboratory 
at University of California Davis (ML/UCD) where 

Table 1   Donor testing for 
SARS-CoV-2

a Reverse transcription-
polymerase chain reaction
b Manufactured by Becton, 
Dickinson & Company
c Manufactured by 
Viracor Eurofins Clinical 
Diagnostics
d Transcription-mediated 
amplification
e Manufactured by Grifols
This table provides 
information about how 
the asymptomatic donors 
were determined to be 
SARS-CoV-2 positive. 
See Table 10 for more 
detail regarding assay 
performance characteristics.

Donor identifi-
cation number

Sampling methodology SARS-CoV-2 test-
ing methodology

SARS-CoV-2 assay

D1 Nasopharyngeal Swab RT-PCRa BioGX SARS-CoV-2b

D2 Nasopharyngeal Swab RT-PCR BioGX SARS-CoV-2
D3 Nasopharyngeal Swab RT-PCR BioGX SARS-CoV-2
D4 Nasopharyngeal Swab RT-PCR Viracor SARS-CoV-2 Eurofinsc

D5 Nasopharyngeal Swab RT-PCR Viracor SARS-CoV-2
D6 Nasopharyngeal Swab RT-PCR BioGX SARS-CoV-2
D7 Nasopharyngeal Swab TMAd Procleix SARS-CoV-2e

D8 Nasopharyngeal Swab RT-PCR BioGX SARS-CoV-2
D9 Nasopharyngeal Swab RT-PCR Viracor SARS-CoV-2
D10 Nasopharyngeal Swab RT-PCR BioGX SARS-CoV-2
D11 Nasopharyngeal Swab RT-PCR BioGX SARS-CoV-2
D12 Nasopharyngeal Swab RT-PCR BioGX SARS-CoV-2
D13 Nasopharyngeal Swab TMA Procleix SARS-CoV-2
D14 Nasopharyngeal Swab TMA Procleix SARS-CoV-2
D15 Nasopharyngeal Swab TMA Procleix SARS-CoV-2
D16 Nasopharyngeal Swab TMA Procleix SARS-CoV-2
D17 Nasopharyngeal Swab TMA Procleix SARS-CoV-2

Table 2   Study criteria

a Convenience sample based on willingness of tissue establishment to participate in the study

Inclusion criteria Exclusion criteria

Donations collected within study timeframe, April 1, 2020–April 
30, 2021

Donation occurred outside the study timeframe

At time of tissue collection, donor not known to have signs or 
symptoms of COVID-19 (nasopharyngeal swab test results would 
have been pending at the time of tissue collection), and no obvi-
ous reasons to consider the donor to be ineligible for donation 
according to FDA regulatory requirements

Donor known to have factors that would render them ineligible 
according to FDA regulatory requirements, or donor known 
or suspected to have SARS-CoV-2, otherwise the donor tis-
sues would not have been collected

Donor nasopharyngeal swab sample found to be NAT-positive for 
SARS-CoV-2

Donor authorized for research Research authorization not obtained
Donations collected within the United Statesa Donor demographic data not provided
Stored tissues available for testing Stored tissues not available for testing
Unknown
Whether the donor also was an organ donor
Vaccination status of donors (the first COVID-19 vaccine was made available in the United States was on December 11, 2020)
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tissues were kept in dry ice storage from receipt until 
they were prepared and tested between January 2021 
and February 2022. All tissues and blood had been 
frozen once, and not thawed, at the time that they 
were shipped.

Tissue preparation for sampling

The ML/UCD received 47 tissues from 17 donors, 
and 6 donor blood tubes (serum or plasma) from 4 of 
the 17 donors. Tissues were kept in dry ice storage 
until time of preparation for testing. Fascia lata, der-
mis, tendon, femur, and tibia were thawed overnight 
at 4 degrees Celsius. Cryopreserved cardiovascular 
tissues were thawed and rinsed per clinical instruc-
tions for use (cryopreservative solutions were prop-
erly removed), while the remaining cardiovascular 
tissues that were not control-rate frozen and without 
cryopreservation solution were thawed in the same 
manner as other tissues.

Sample collection

Tissues were thawed to collect samples for testing. 
Three distinct sites/subsets (designated A, B, and 
C) were selected as samples for testing from all tis-
sue sets (when possible). For bone, the subset sites 
included endosteum (A), periosteum (B) and cancel-
lous bone (C), and for the other tissue types, the three 
subset sites were taken different areas of the selected 
tissue. For each distinct site, samples were collected 
in duplicate to allow ribonucleic acid (RNA) extrac-
tion using two different methodologies (i.e., Trizol or 
RNAeasy), and all RNA extracted from the samples 
was then suspended in RNAlater (Thermo Fisher Sci-
entific/ Invitrogen) and snap-frozen on dry ice.

RNA/cDNA processing

Tissue samples were thawed and immediately trans-
ferred from RNAlater preservation solution to a ster-
ile bead beater tube containing 1 ml Trizol (Thermo 
Fisher Scientific/ Invitrogen) and a 7  mm stainless 
steel bead. Tissues were homogenized for 3–5  min. 
Homogenate was transferred to a new tube. RNA 
was extracted using either Trizol or the RNAeasy 
Mini Kit (Qiagen). Frozen plasma and serum samples 
were thawed, and RNA was extracted using the Qia-
gen Ultrasens Virus Kit. One mg of complementary 

deoxyribonucleic acid (cDNA) was synthesized from 
the RNA extracted from each sample using Super-
script IV (Thermo Fisher Scientific/ Invitrogen).

Real‑time PCR

Plasma and serum cDNA samples were tested imme-
diately after cDNA synthesis using the Qiagen Ultra-
sens Virus Kit using primers and probes from Inte-
grated DNA Technologies as described in Carroll 
(2022), Shaan Lakshmanappa (2021), and Deere 
(2021).

Tissue cDNA samples, which underwent two 
freeze–thaw cycles (one of which was part of the 
RNA assessment protocol), were run on the Quant 
Studio 6 Flex real-time PCR system (Qiagen) as 
described in Carroll (2022), Shaan Lakshman-
appa (2021), and Deere (2021). All samples were 
tested in quadruplicate for both subgenomic RNA 
(sgRNA) and genomic nucleocapsid RNA (gRNA) 
of SARS-CoV-2, and in duplicate for the housekeep-
ing gene Glyceraldehyde-3-phosphate dehydroge-
nase (GAPDH), which served as the positive control. 
Positive controls were included for all three targets 
on every plate. Human control RNA was used for 
GAPDH positive control. The human control RNA 
was also screened for sgRNA and gRNA (negative for 
both).

Results

Results are reported across the 17 NP swab SARS-
CoV-2-positive donors with donor identification 
designations as D1 through D17. Individual tissue 
sample identifiers are represented as the second-
ary number to the donor identification (i.e., D1.01, 
D1.02., etc.). Sample testing replicates for each tis-
sue sample are identified with an alpha character (i.e., 
D1.01.A, D1.01.B, etc.).

Table 3 outlines the donor demographic and clini-
cal data that were provided for the study. Twelve 
(12) male and five (5) female donors were evaluated; 
donors ranged in age from 5 to 69  years old with a 
median age of 47. Donor tissues were recovered 
between 4/17/2020 and 4/29/2021 with a median 
recovery date of 5/27/2020. Donations were recov-
ered within the continental United States.
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A range of circumstances and causes surrounding 
donor death were observed, including, but not limited 
to, sudden death, cardiac events, asphyxiation, and 
drug overdose. Cardiac histology data were limited; 
however, for the donors where histology data were 
provided, there were no indications of abnormal tis-
sue pathology with the one exception being a donor 
showing contraction band necrosis/myocytolysis con-
sistent with ischemic injury.

The results of all testing are provided in detail in 
Tables 5, 6, 7, 8, 9. No viral RNA was detected in any 
tissue or blood specimens provided.

Testing results for cadaveric (post cessation of 
heartbeat) blood available for D11 (plasma only) and 
D15–D17 (plasma and serum) are outlined in Table 5 
and indicate negative real-time PCR cycle threshold 
(Ct) results for nucleocapsid sgRNA and gRNA. The 
remaining donors did not have cadaveric blood sam-
ples available for testing in this study.

Cardiac and vascular tissue type RNA target 
results are included in Tables  6 and 7. Cardiac tis-
sues, including pulmonic and aortic valves, ascend-
ing aorta, and pulmonary arteries were tested from 
ten (10) donors. Vascular tissues, femoral veins and 
arteries, saphenous veins, and aortoiliac arteries, 
were tested from six (6) donors. Cardiac tissue was 
negative for sgRNA and gRNA using real-time PCR, 
while the mean GAPDH Ct values ranged from 17.41 
to 34.954. Vascular tissue sgRNA and gRNA targets 
were negative using real-time PCR with mean Ct-
GAPDH values ranging from 17.4 to 27.736.

Table 8 outlines musculoskeletal (MS) tissue RNA 
target results. Seven (7) donors tested both bone and 
soft tissues, femur, tibia, humerus, gracilis tendon, 
semitendinosus tendon, and fascia lata. Viral RNA 

targets (sgRNA and gRNA) were negative for all MS 
tissue types. Mean Ct-GAPDH values ranged from 
21.908 to 30.722.

Table 9 outlines dermis tissue RNA target results 
from one (1) donor where this tissue type was pro-
cured. Dermis tissue sgRNA and gRNA targets were 
negative using real-time PCR. Mean Ct-GADPH val-
ues ranged between 24.045 and 24.972.

Discussion

This study tested human tissues, intended for trans-
plantation, for evidence of SARS-CoV-2. There was 
a focus on oversampling for tissue types that tend to 
be minimally processed and tropic for the virus, as 
those have been the tissue types most likely to trans-
mit infection in past outbreaks involving a variety 
of pathogens (Tugwell 2005; CDC 2011; Schwartz 
2022; Lu 2018; Greenwald 2012). We did not detect 
SARS-CoV-2 sgRNA or gRNA in any of the samples 
tested. However, we did detect GAPDH mRNA in all 
samples, except for one replicate of each of two sam-
ples of cardiovascular cissue, indicating that the RNA 
extraction and PCR methods used were valid. Further, 
the level of GAPDH in a sample was consistent with 
the cellularity of that sample. Thus, the samples that 
contained very few cells, tendon, heart valves, had 
lower levels of GAPDH (higher CT values) than more 
cellular samples from the dermis and vasculature. We 
quantified sgRNA because SARS-CoV-2 sgRNA is 
a good surrogate marker of infectivity (Santos Bravo 
2022).

Many early exploratory studies detected SARS-
CoV-2 by various testing methods in multiple organs 

Table 5   Blood testing results

This table provides blood specimen (serum or plasma) results. All samples were tested in quadruplicate for both subgenomic RNA 
(sgRNA) and genomic nucleocapsid RNA (gRNA) of SARS-CoV-2, and in duplicate for the housekeeping gene Glyceraldehyde-
3-phosphate dehydrogenase (GAPDH), which served as the positive control

Donor Tissue classification Tissue Sample ID Subset Processing informa-
tion

sgRNA gRNA Mean Ct-GAPDH

D11 Blood component Plasma D11.05.A Single sample No Processing Negative Negative 29.294
D15 Blood component Plasma D15.02.A Single sample No Processing Negative Negative 28.541
D15 Blood component Serum D15.03.A Single sample No Processing Negative Negative 27.248
D16 Blood component Plasma D16.02.A Single sample No Processing Negative Negative 32.780
D16 Blood component Serum D16.03.A Single sample No Processing Negative Negative 32.474
D17 Blood component Plasma D17.02.A Single sample No Processing Negative Negative 32.904
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Table 6   Cardiac tissue results

Donor Tissue 
classifica-
tion

Tissue Sample ID Subset Processing infor-
mation

sgRNA gRNA Mean Ct-GAPDH

D1 Cardiac Ascending aorta D1.07.A Replicate sample Dissection, 
Antibiotics, 
Cryopreserved

Negative Negative 25.419

D1 Cardiac Ascending aorta D1.07.B Replicate sample Dissection, 
Antibiotics, 
Cryopreserved

Negative Negative 24.132

D1 Cardiac Ascending aorta D1.07.C Replicate sample Dissection, 
Antibiotics, 
Cryopreserved

Negative Negative 26.067

D1 Cardiac Pulmonic valve D1.08.A Replicate sample Dissection, 
Antibiotics, 
Cryopreserved

Negative Negative 23.783

D1 Cardiac Pulmonic valve D1.08.B Replicate Sample Dissection, 
Antibiotics, 
Cryopreserved

Negative Negative 23.797

D1 Cardiac Pulmonic valve D1.08.C Replicate sample Dissection, 
Antibiotics, 
Cryopreserved

Negative Negative 24.65

D3 Cardiac Pulmonic valve D3.01.A Replicate sample Dissection, 
Antibiotics, 
Cryopreserved

Negative Negative 19.782

D3 Cardiac Pulmonic valve D3.01.B Replicate sample Dissection, 
Antibiotics, 
Cryopreserved

Negative Negative 19.532

D3 Cardiac Pulmonic valve D3.01.C Replicate sample Dissection, 
Antibiotics, 
Cryopreserved

Negative Negative 18.766

D3 Cardiac Pulmonary Artery 
(Segment)

D3.02.A Replicate sample Dissection, 
Antibiotics, 
Cryopreserved

Negative Negative 24.639

D3 Cardiac Pulmonary Artery 
(Segment)

D3.02.B Replicate sample Dissection, 
Antibiotics, 
Cryopreserved

Negative Negative 24.663

D3 Cardiac Pulmonary Artery 
(Segment)

D3.02.C Replicate sample Dissection, 
Antibiotics, 
Cryopreserved

Negative Negative 22.758

D7 Cardiac Pulmonary Artery 
(Segment)

D7.01.A Replicate sample Dissection, 
Antibiotics, 
Cryopreserved

Negative Negative 23.99

D7 Cardiac Pulmonary Artery 
(Segment)

D7.01.B Replicate sample Dissection, 
Antibiotics, 
Cryopreserved

Negative Negative 27.149

D7 Cardiac Pulmonary Artery 
(Segment)

D7.01.C Replicate sample Dissection, 
Antibiotics, 
Cryopreserved

Negative Negative 26.764

D8 Cardiac Hemi Pulmonary 
Artery (Right)

D8.01.A Replicate sample Dissection, 
Antibiotics, 
Cryopreserved

Negative Negative 17.41

D8 Cardiac Hemi Pulmonary 
Artery (Right)

D8.01.B Replicate sample Dissection, 
Antibiotics, 
Cryopreserved

Negative Negative 21.218
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Table 6   (continued)

Donor Tissue 
classifica-
tion

Tissue Sample ID Subset Processing infor-
mation

sgRNA gRNA Mean Ct-GAPDH

D8 Cardiac Hemi Pulmonary 
Artery (Right)

D8.01.C Replicate sample Dissection, 
Antibiotics, 
Cryopreserved

Negative Negative 20.404

D9 Cardiac Aortic valve D9.01.A Replicate sample Dissection, Anti-
biotics, Flash 
Frozen

Negative Negative 31.421

D9 Cardiac Aortic valve D9.01.B Replicate sample Dissection, Anti-
biotics, Flash 
Frozen

Negative Negative 31.328

D9 Cardiac Aortic valve D9.01.C Replicate sample Dissection, Anti-
biotics, Flash 
Frozen

Negative Negative 32.06

D9 Cardiac Pulmonic valve D9.02.A Replicate sample Dissection, Anti-
biotics, Flash 
Frozen

Negative Negative 34.954

D9 Cardiac Pulmonic valve D9.02.B Replicate sample Dissection, Anti-
biotics, Flash 
Frozen

Negative Negative 33.815

D9 Cardiac Pulmonic valve D9.02.C Replicate sample Dissection, Anti-
biotics, Flash 
Frozen

Negative Negative 33.59

D10 Cardiac Aortic valve D10.03.A Single sample Dissection, Anti-
biotics, Flash 
Frozen

Negative Negative 26.197

D10 Cardiac Pulmonic valve D10.04.A Replicate sample Dissection, Anti-
biotics, Flash 
Frozen

Negative Negative 33.74

D10 Cardiac Pulmonic valve D10.04.B Replicate sample Dissection, Anti-
biotics, Flash 
Frozen

Negative Negative 33.276

D10 Cardiac Pulmonic valve D10.04.C Replicate sample Dissection, Anti-
biotics, Flash 
Frozen

Negative Negative 34.716

D11 Cardiac Aortic valve D11.04.A Replicate sample Dissection, Anti-
biotics, Flash 
Frozen

Negative Negative 26.331

D11 Cardiac Aortic valve D11.04.B Replicate sample Dissection, Anti-
biotics, Flash 
Frozen

Negative Negative 26.69

D11 Cardiac Aortic valve D11.04.C Replicate sample Dissection, Anti-
biotics, Flash 
Frozen

Negative Negative 26.97

D12 Cardiac Pulmonic valve D12.01.A Single sample Dissection, Anti-
biotics, Flash 
Frozen

Negative Negative UND

D12 Cardiac Aortic valve D12.03.A Replicate sample Dissection, Anti-
biotics, Flash 
Frozen

Negative Negative 23.434

D12 Cardiac Aortic valve D12.03.B Replicate sample Dissection, Anti-
biotics, Flash 
Frozen

Negative Negative 23.519



595Cell Tissue Bank (2024) 25:583–604	

1 3
Vol.: (0123456789)

and biospecimens, only few of which were designed 
to determine whether live virus was present (Bradley 
2020; Best 2021; Gaussen 2021; Penfield 2020; Tryp-
steen 2020). While the ACE-2 receptor is required 
for cellular infection, the extent to which cells with 
ACE-2 receptors become infected with SARS-CoV-2 

remains unclear. Furthermore, it is not clear whether 
end-organ damage observed is a result of direct viral 
activity or if it was immune-mediated, while emerg-
ing evidence indicates much of the observed damage 
outside of the respiratory system is likely immune-
mediated (Merad 2022).

Table 6   (continued)

Donor Tissue 
classifica-
tion

Tissue Sample ID Subset Processing infor-
mation

sgRNA gRNA Mean Ct-GAPDH

D12 Cardiac Aortic valve D12.03.C Replicate sample Dissection, Anti-
biotics, Flash 
Frozen

Negative Negative 32.084

D13 Cardiac Aortic valve D13.01.A Replicate sample Dissection, Anti-
biotics, Flash 
Frozen

Negative Negative 25.848

D13 Cardiac Aortic valve D13.01.B Replicate sample Dissection, Anti-
biotics, Flash 
Frozen

Negative Negative 26.596

D13 Cardiac Aortic valve D13.01.C Replicate sample Dissection, Anti-
biotics, Flash 
Frozen

Negative Negative 26.523

D13 Cardiac Pulmonic valve D13.02.A Replicate sample Dissection, Anti-
biotics, Flash 
Frozen

Negative Negative 25.703

D13 Cardiac Pulmonic valve D13.02.B Replicate sample Dissection, Anti-
biotics, Flash 
Frozen

Negative Negative 26.293

D13 Cardiac Pulmonic valve D13.02.C Replicate Sample Dissection, Anti-
biotics, Flash 
Frozen

Negative Negative 27.497

D14 Cardiac Pulmonic valve D14.01.A Replicate Sample Dissection, Anti-
biotics, Flash 
Frozen

Negative Negative 32.882

D14 Cardiac Pulmonic valve D14.01.B Replicate Sample Dissection, Anti-
biotics, Flash 
Frozen

Negative Negative 32.753

D14 Cardiac Pulmonic valve D14.01.C Replicate sample Dissection, Anti-
biotics, Flash 
Frozen

Negative Negative 32.25

D14 Cardiac Aortic valve D14.02.A Replicate sample Dissection, Anti-
biotics, Flash 
Frozen

Negative Negative 28.36

D14 Cardiac Aortic valve D14.02.B Replicate sample Dissection, Anti-
biotics, Flash 
Frozen

Negative Negative 28.772

D14 Cardiac Aortic valve D14.02.C Replicate sample Dissection, Anti-
biotics, Flash 
Frozen

Negative Negative 28.257

This table provides cardiac tissue results. All samples were tested in quadruplicate for both subgenomic RNA (sgRNA) and genomic 
nucleocapsid RNA (gRNA) of SARS-CoV-2, and in duplicate for the housekeeping gene Glyceraldehyde-3-phosphate dehydroge-
nase (GAPDH), which served as the positive control. UND indicates an undetected GAPDH result
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Table 7   Vascular tissue results

Donor Tissue classifica-
tion

Tissue Sample ID Subset Processing infor-
mation

sgRNA gRNA Mean Ct-
GAPDH

D1 Vascular Femoral vein D1.01.A Replicate sample Dissection, 
Antibiotics, 
Cryopreserved

Negative Negative 22.949

D1 Vascular Femoral vein D1.01.B Replicate sample Dissection, 
Antibiotics, 
Cryopreserved

Negative Negative 22.77

D1 Vascular Femoral vein D1.01.C Replicate sample Dissection, 
Antibiotics, 
Cryopreserved

Negative Negative 24.587

D1 Vascular Femoral artery D1.02.A Replicate sample Dissection, 
Antibiotics, 
Cryopreserved

Negative Negative 24.451

D1 Vascular Femoral artery D1.02.B Replicate sample Dissection, 
Antibiotics, 
Cryopreserved

Negative Negative 23.93

D1 Vascular Femoral artery D1.02.C Replicate sample Dissection, 
Antibiotics, 
Cryopreserved

Negative Negative 23.788

D1 Vascular Femoral vein D1.03.A Replicate sample Dissection, 
Antibiotics, 
Cryopreserved

Negative Negative 17.776

D1 Vascular Femoral vein D1.03.B Replicate sample Dissection, 
Antibiotics, 
Cryopreserved

Negative Negative 17.863

D1 Vascular Femoral vein D1.03.C Replicate sample Dissection, 
Antibiotics, 
Cryopreserved

Negative Negative 17.4

D1 Vascular Femoral artery D1.04.A Replicate sample Dissection, 
Antibiotics, 
Cryopreserved

Negative Negative 18.99

D1 Vascular Femoral artery D1.04.B Replicate sample Dissection, 
Antibiotics, 
Cryopreserved

Negative Negative 19.868

D1 Vascular Femoral artery D1.04.C Replicate sample Dissection, 
Antibiotics, 
Cryopreserved

Negative Negative 18.969

D1 Vascular Saphenous vein D1.05.A Replicate sample Dissection, 
Antibiotics, 
Cryopreserved

Negative Negative 17.306

D1 Vascular Saphenous vein D1.05.B Replicate sample Dissection, 
Antibiotics, 
Cryopreserved

Negative Negative 17.677

D1 Vascular Saphenous vein D1.05.C Replicate sample Dissection, 
Antibiotics, 
Cryopreserved

Negative Negative 18.172

D1 Vascular Aortoiliac artery D1.06.A Replicate sample Dissection, 
Antibiotics, 
Cryopreserved

Negative Negative 21.214

D1 Vascular Aortoiliac artery D1.06.B Replicate sample Dissection, 
Antibiotics, 
Cryopreserved

Negative Negative 18.576
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Table 7   (continued)

Donor Tissue classifica-
tion

Tissue Sample ID Subset Processing infor-
mation

sgRNA gRNA Mean Ct-
GAPDH

D1 Vascular Aortoiliac artery D1.06.C Replicate sample Dissection, 
Antibiotics, 
Cryopreserved

Negative Negative 20.055

D3 Vascular Saphenous vein D3.03.A Replicate sample Dissection, 
Antibiotics, 
Cryopreserved

Negative Negative 23.529

D3 Vascular Saphenous vein D3.03.B Replicate sample Dissection, 
Antibiotics, 
Cryopreserved

Negative Negative 23.215

D3 Vascular Saphenous vein D3.03.C Replicate sample Dissection, 
Antibiotics, 
Cryopreserved

Negative Negative 21.323

D8 Vascular Femoral vein D8.01.A Replicate sample Dissection, 
Antibiotics, 
Cryopreserved

Negative Negative 18.379

D8 Vascular Femoral vein D8.01.B Replicate sample Dissection, 
Antibiotics, 
Cryopreserved

Negative Negative 20.828

D8 Vascular Femoral vein D8.01.C Replicate sample Dissection, 
Antibiotics, 
Cryopreserved

Negative Negative 25.254

D8 Vascular Femoral vein D8.03.A Replicate sample Dissection, 
Antibiotics, 
Cryopreserved

Negative Negative 18.597

D8 Vascular Femoral vein D8.03.B Replicate sample Dissection, 
Antibiotics, 
Cryopreserved

Negative Negative 19.127

D8 Vascular Femoral vein D8.03.C Replicate sample Dissection, 
Antibiotics, 
Cryopreserved

Negative Negative 18.467

D10 Vascular Saphenous vein D10.01.A Replicate sample Dissection, Anti-
biotics, Flash 
Frozen

Negative Negative 22.387

D10 Vascular Saphenous vein D10.01.B Replicate sample Dissection, Anti-
biotics, Flash 
Frozen

Negative Negative 22.695

D10 Vascular Saphenous vein D10.01.C Replicate sample Dissection, Anti-
biotics, Flash 
Frozen

Negative Negative 21.536

D10 Vascular Femoral artery D10.02.A Replicate sample Dissection, Anti-
biotics, Flash 
Frozen

Negative Negative UND

D10 Vascular Femoral artery D10.02.B Replicate sample Dissection, Anti-
biotics, Flash 
Frozen

Negative Negative 31.228

D10 Vascular Femoral artery D10.02.C Replicate sample Dissection, Anti-
biotics, Flash 
Frozen

Negative Negative 27.105

D11 Vascular Aortoiliac artery D11.01.A Replicate sample Dissection, Anti-
biotics, Flash 
Frozen

Negative Negative 24.188
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In October 2020, Trypsteen and colleagues 
reviewed available data regarding SARS-CoV-2 tro-
pism. At that time, only respiratory and GI tract sam-
ples (mostly stool) demonstrated evidence that viral 
particles from a biopsy were capable of reinfecting 
target cells in-vitro. For cardiac tissue, there was 
discussion of the high level of acute cardiac injury 
that occurred in individuals hospitalized in the ICU 
with COVID-19, and the need to further investigate 
whether this was due to direct viral effects versus 
immune-mediated damage. Furthermore, some stud-
ies detected viral particles in or around cardiac tissue, 

but not within the myocytes. They concluded that 
the evidence at that time suggested immune medi-
ated injury is more likely the culprit for the observed 
cardiac damage, but additional studies would be 
required.

In July 2021, Gaussen and colleagues reviewed lit-
erature for evidence of SARS-CoV-2 transmissibility 
via cell, tissue, and organ transplantation. Most stud-
ies included in this review article looked for evidence 
of the virus (e.g., NAT testing, direct visualization) 
while only few performed viral infectivity assays. As 
presented in the Gaussen review article, the evidence 

Table 7   (continued)

Donor Tissue classifica-
tion

Tissue Sample ID Subset Processing infor-
mation

sgRNA gRNA Mean Ct-
GAPDH

D11 Vascular Aortoiliac Artery D11.01.B Replicate sample Dissection, Anti-
biotics, Flash 
Frozen

Negative Negative 24.988

D11 Vascular Aortoiliac Artery D11.01.C Replicate sample Dissection, Anti-
biotics, Flash 
Frozen

Negative Negative 25.912

D11 Vascular Saphenous vein D11.02.A Replicate sample Dissection, Anti-
biotics, Flash 
Frozen

Negative Negative 24.626

D11 Vascular Saphenous vein D11.02.B Replicate sample Dissection, Anti-
biotics, Flash 
Frozen

Negative Negative 23.023

D11 Vascular Saphenous vein D11.02.C Replicate sample Dissection, Anti-
biotics, Flash 
Frozen

Negative Negative 22.853

D11 Vascular Femoral artery D11.03.A Replicate sample Dissection, Anti-
biotics, Flash 
Frozen

Negative Negative 26.37

D11 Vascular Femoral artery D11.03.B Replicate sample Dissection, Anti-
biotics, Flash 
Frozen

Negative Negative 27.438

D11 Vascular Femoral artery D11.03.C Replicate sample Dissection, Anti-
biotics, Flash 
Frozen

Negative Negative 26.736

D12 Vascular Saphenous vein D12.02.A Replicate sample Dissection, Anti-
biotics, Flash 
Frozen

Negative Negative 27.649

D12 Vascular Saphenous vein D12.02.B Replicate sample Dissection, Anti-
biotics, Flash 
Frozen

Negative Negative UND

D12 Vascular Saphenous vein D12.02.C Replicate sample Dissection, Anti-
biotics, Flash 
Frozen

Negative Negative 26.856

This table provides vascular tissue results. All samples were tested in quadruplicate for both subgenomic RNA (sgRNA) and 
genomic nucleocapsid RNA (gRNA) of SARS-CoV-2, and in duplicate for the housekeeping gene Glyceraldehyde-3-phosphate 
dehydrogenase (GAPDH), which served as the positive control. UND indicates an undetected GAPDH result
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Table 8   Musculoskeletal tissue results

Donor Tissue classifica-
tion

Tissue Sample ID Subset Processing infor-
mation

sgN wtN Mean Ct-
GAPDH

D2 Musculoskeletal Femur (Left) D2.01.A Endosteum No processing Negative Negative 28.061
D2 Musculoskeletal Femur (Left) D2.01.B Periosteum No processing Negative Negative 28.223
D2 Musculoskeletal Femur (Left) D2.01.C Cancellous Bone No processing Negative Negative 24.171
D2 Musculoskeletal Gracilis Tendon 

(Left)
D2.02.A Replicate sample No processing Negative Negative 29.544

D2 Musculoskeletal Gracilis Tendon 
(Left)

D2.02.B Replicate sample No processing Negative Negative 29.19

D2 Musculoskeletal Gracilis Tendon 
(Left)

D2.02.C Replicate sample No processing Negative Negative 29.51

D2 Musculoskeletal Tibia (Left) D2.05.A Endosteum No Processing Negative Negative 28.998
D2 Musculoskeletal Tibia (Left) D2.05.B Periosteum No processing Negative Negative 24.958
D2 Musculoskeletal Tibia (Left) D2.05.C Cancellous bone No processing Negative Negative 29.583
D4 Musculoskeletal Semitendinosus 

Tendon (Right)
D4.01.A Replicate sample No processing Negative Negative 29.263

D4 Musculoskeletal Semitendinosus 
Tendon (Right)

D4.01.B Replicate sample No processing Negative Negative 28.705

D4 Musculoskeletal Semitendinosus 
Tendon (Right)

D4.01.C Replicate sample No processing Negative Negative 30.03

D4 Musculoskeletal Tibia (Left) D4.02.A Endosteum No processing Negative Negative 30.557
D4 Musculoskeletal Tibia (Left) D4.02.B Periosteum No processing Negative Negative 29.521
D4 Musculoskeletal Tibia (Left) D4.02.C Cancellous bone No processing Negative Negative 23.819
D4 Musculoskeletal Femur (Left) D4.03.A Endosteum No processing Negative Negative 26.66
D4 Musculoskeletal Femur (Left) D4.03.B Periosteum No processing Negative Negative 30.227
D4 Musculoskeletal Femur (Left) D4.03.C Cancellous bone No processing Negative Negative 23.393
D5 Musculoskeletal Semitendinosus 

Tendon (Right)
D5.01.A Replicate sample No processing Negative Negative 30.722

D5 Musculoskeletal Semitendinosus 
Tendon (Right)

D5.01.B Replicate sample No processing Negative Negative 28.714

D5 Musculoskeletal Semitendinosus 
Tendon (Right)

D5.01.C Replicate sample No processing Negative Negative 29.516

D5 Musculoskeletal Tibia (Right) D5.02.A Endosteum No processing Negative Negative 22.375
D5 Musculoskeletal Tibia (Right) D5.02.B Periosteum No processing Negative Negative 21.736
D5 Musculoskeletal Tibia (Right) D5.02.C Cancellous bone No processing Negative Negative 22.038
D6 Musculoskeletal Achilles Tendon 

(Right)
D6.01.A Replicate sample No processing Negative Negative 29.536

D6 Musculoskeletal Achilles Tendon 
(Right)

D6.01.B Replicate sample No processing Negative Negative 29.911

D6 Musculoskeletal Achilles Tendon 
(Right)

D6.01.C Replicate sample No processing Negative Negative 24.643

D6 Musculoskeletal Humerus (Right) D6.02.A Endosteum No processing Negative Negative 24.452
D6 Musculoskeletal Humerus (Right) D6.02.B Periosteum No processing Negative Negative 27.349
D6 Musculoskeletal Humerus (Right) D6.02.C Cancellous bone No processing Negative Negative 21.908
D15 Musculoskeletal Fascia Lata D15.01.A Replicate sample Dissection, 

saline rinse
Negative Negative 27.013

D15 Musculoskeletal Fascia Lata D15.01.B Replicate sample Dissection, 
Saline Rinse

Negative Negative 26.887

D15 Musculoskeletal Fascia Lata D15.01.C Replicate sample Dissection, 
saline rinse

Negative Negative 29.475
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was strong for SARS-CoV-2 presence in lungs and 
the respiratory tract, both by NAT testing and some 
viral infectivity assays. Kidneys had some intermit-
tent positive NAT results amongst tissues obtained 
from individuals who died of COVID-19, while only 
one study had found evidence of a small subset of 
kidneys having evidence of viral infectivity (Braun 
2020). Ocular tissue testing largely did not have posi-
tive NAT in SARS-CoV-2-infected individuals, but 
one cited study showed NAT positivity and positive 
viral infectivity in an individual with COVID and 
bilateral conjunctivitis at the time of death (Colavita 
2020). Studies including heart tissue demonstrated 
mostly histopathological evidence of damage with 
only rare instances of myocarditis. There was one 

cited study where testing of heart tissue from 39 indi-
viduals deceased from COVID demonstrated PCR 
positive results in 24/39 individuals and among those, 
5 individuals with the highest viral load also demon-
strated viral replication determined by cDNA synthe-
sis (Lindner 2020).

Our study did not include donations of birth tissue 
(e.g., placenta, amniotic membrane) or reproductive 
tissue (i.e., semen or oocytes). Best and colleagues 
evaluated the semen of men who were diagnosed with 
acute SARS-CoV- 2 by RT-PCR testing of NP swab 
specimens. Among the 30 semen samples provided 
by subjects during the 11–64 days after testing posi-
tive for SARS-CoV-2 infection, 16 semen samples 
were tested for SARS-CoV-2 by RT-PCR (in addition 

This table provides musculoskeletal tissue results. All samples were tested in quadruplicate for both subgenomic RNA (sgRNA) 
and genomic nucleocapsid RNA (gRNA) of SARS-CoV-2, and in duplicate for the housekeeping gene Glyceraldehyde-3-phosphate 
dehydrogenase (GAPDH), which served as the positive control

Table 8   (continued)

Donor Tissue classifica-
tion

Tissue Sample ID Subset Processing infor-
mation

sgN wtN Mean Ct-
GAPDH

D16 Musculoskeletal Fascia Lata D16.01.A Replicate sample Dissection, 
saline rinse

Negative Negative 27.635

D16 Musculoskeletal Fascia Lata D16.01.B Replicate sample Dissection, 
Saline Rinse

Negative Negative 29.245

D16 Musculoskeletal Fascia Lata D16.01.C Replicate sample dissection, saline 
rinse

Negative Negative 28.883

D17 Musculoskeletal Fascia Lata D17.01.A Replicate sample Dissection, 
saline rinse

Negative Negative 29.467

D17 Musculoskeletal Fascia Lata D17.01.B Replicate sample Dissection, 
saline rinse

Negative Negative 27.725

D17 Musculoskeletal Fascia Lata D17.01.C Replicate sample Dissection, 
saline rinse

Negative Negative 28.083

Table 9   Dermis tissue results

This table provides dermis results. All samples were tested in quadruplicate for both subgenomic RNA (sgRNA) and genomic nucle-
ocapsid RNA (gRNA) of SARS-CoV-2, and in duplicate for the housekeeping gene Glyceraldehyde-3-phosphate dehydrogenase 
(GAPDH), which served as the positive control

Donor Tissue 
classifica-
tion

Tissue Sample ID Subset Processing infor-
mation

sgRNA gRNA Mean Ct-GAPDH

D2 Dermis Dermis (Posterior) D2.03.A Replicate sample No processing Negative Negative 24.045
D2 Dermis Dermis (Posterior) D2.03.B Replicate sample No processing Negative Negative 24.972
D2 Dermis Dermis (Posterior) D2.03.C Replicate sample No processing Negative Negative 24.736
D2 Dermis Dermis (Anterior) D2.04.A Replicate sample No Processing Negative Negative 24.859
D2 Dermis Dermis (Anterior) D2.04.A Replicate sample No processing Negative Negative 24.133
D2 Dermis Dermis (Anterior) D2.04.C Replicate sample No processing Negative Negative 24.514
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to the semen analysis performed on all samples) and 
found to be negative. Penfeld et  al. (2020) reported 
a study of 32 pregnant patients who delivered at the 
time of being diagnosed with COVID-19 infection. 
They obtained placental swabs of 11 of those patients, 
and found 3 of those 11 placental swabs to be positive 
for SARS-CoV-2 by RT-PCR—the positive placental 
specimens were found in women with severe COVID 
disease at the time of delivery. Follow-up studies to 
verify whether positive results on placenta represent 
viable virus should be performed.

To date, there has been no known transmission 
via tissue or ocular transplantation (FDA 2021) or 
blood transfusion (FDA 2022), and the only verified 
organ transmission was via lung transplantation (Kaul 
et al. 2021). In a study testing blood specimens from 
deceased tissue donors without COVID-19 symp-
toms, the rate of SARS-CoV-2 NAT-positive results 
(about 1 in 1000) was found, while infectivity data 
are unavailable (Greenwald 2022). Considering that, 
through Spring 2022, most tissue establishments have 
excluded donors with positive NP swab results for 
SARS-CoV-2, the true risk of transmission is difficult 
to measure. Although no transmission events have 
been reported through human tissue, since there are 
recognized challenges of identifying donor-derived 
transmission amongst allograft recipients (Greenwald 
2012), the actual risk of transmission via tissues can-
not be reliably confirmed by absence of transmission 
alone.

In our study, amongst the 17 donors who died of 
causes not known to be related to COVID but were 
found to have positive NP swabs, 45 tissue sam-
ples and 6 blood samples were tested by two differ-
ent methodologies and no SARS-CoV-2 RNA was 
detected. Follow-up viral culture to determine infec-
tivity was therefore not possible. It is notable that in 
the few studies where replication-competent SARS-
CoV-2 was detected in non-respiratory organs and tis-
sues, the virus was found only intermittently and in 
tissues or organs from individuals who were known 
to have died of COVID-19 infection (Gaussen 2021). 
Available evidence therefore indicates that asympto-
matic tissue donors, regardless of their SARS-CoV-2 
NP swab test results, are unlikely to have SARS-
CoV-2 present in their tissues, much less a replica-
tion-competent virus. While it is notable that among 
the 17 donors in our study, 10 died suddenly of 
unknown causes (often attributed to “cardiac death” 

or “sudden cardiac death”), and another donor died of 
ST-elevation myocardial infarction (STEMI), there is 
not enough information available to draw any conclu-
sions about the potential role of undiagnosed COVID-
19, including hypercoagulability, in the donor deaths.

Our study has limitations

First, our study was not a random sample of donors 
who tested positive by NP swabs for SARS-CoV-2, 
but rather a convenience sample of donors provided 
by participating US tissue processors in which tis-
sues were recovered, available, and met acceptability 
criteria for recovery. As such, included donors were 
most likely not severely ill with COVID-19, and per-
haps therefore less likely to have disseminated infec-
tion with the virus to involve recovered tissues. No 
viral RNA was detected in blood from donors tested 
in this study, but this subsample and the overall study 
sample size were small. Second, the donor naso-
pharyngeal swab testing was performed using assays 
under Emergency Use Authorization since there were 
no available FDA-cleared or approved test kits, see 
Table 10 for information on assay performance char-
acteristics. Third, tissue storage (Auer et  al. 2014; 
Bao 2013), freeze thaw cycles (Dzung 2021; Botling 
2009), and any minimal processing performed (e.g., 
rinsing) could have impacted results (Schilling-Loef-
fler 2022; Nogueira 2022). The bone and tendon were 
not rinsed prior to testing and thus represent a worst 
case for viral load. The dermis, heart, and vascular 
tissue were rinsed either in transport solution (all) or 
during processing (heart and veins). As the virus is an 
intracellular pathogen, it will not be passively rinsed 
off the tissue; however, cells such as endothelium that 
may contain virus could be dislodged. These rinses 
are representative of processing for human tissues and 
thus representative of the potential viral load after 
rinsing. Finally, the effect of different SARS-CoV-2 
variants circulating during the study, with possible 
differences in virulence and tropism, are unknown 
since genotyping was not available.

In conclusion, this study did not detect SARS-CoV-2 
in MS, vascular, and skin types of human tissue col-
lected from donors with positive NP swabs. There were 
no data collected on birth or reproductive tissue. The 
preponderance of evidence, from this research data and 
others, is reassuring that the likelihood of transmission 
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of SARS-CoV-2 through the human tissue studied is 
likely low.
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Table 10   Performance characteristics of EUA assays used in testing donor NP specimens

a During screening one retrospective nasopharyngeal swab clinical sample resulted in an UND for N1 and as a result was removed 
from data analysis
* Two-sided 95% score confidence intervals
1 Lowest concentration of genomic RNA from SARS-CoV-2 that can be reproducibly distinguished from negative samples ≥ 95% of 
the time
2 EUA data available via FDA at https://​www.​fda.​gov/​medic​al-​devic​es/​emerg​ency-​use-​autho​rizat​ions-​medic​al-​devic​es/​histo​rical-​infor​
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3 EUA data available via FDA at https://​www.​fda.​gov/​media/​143069/​downl​oad?​attac​hment
4 EUA data available via FDA at https://​www.​fda.​gov/​media/​145938/​downl​oad and additional information provided in Sauleda et al. 
(2022) and Bakkour (2021)
Table 10 provides performance information available at the time of testing for EUA assays used to test donor nasopharyngeal swabs 
for SARS-CoV-2.
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