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Abstract The safety of the tissue transplant recipient
is a top priority for tissue banks, and the emergence of
the new coronavirus SARS-CoV-2 has raised signif-
icant concerns about the risks of releasing tissue for
clinical use. In the present study, we conducted a
literature review about the potential infectivity of
SARS-CoV-2 in different biological tissues and the
influence of various tissue processing and sterilization
procedures on viral inactivation. The search revealed
that SARS-CoV-2 binds to the human angiotensin-
converting enzyme receptor to penetrate human cells.
These receptors are present in skin cells, muscu-
loskeletal tissue, amniotic membranes, cardiovascular
tissue and ocular tissues, including the cornea. In
general, we found that coronaviruses are stable at low
temperatures, and inactivated upon exposure to
extreme heat and pH. Notably, gamma irradiation,
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which has already been employed to inactivate SARS
and MERS, could be useful for sterilizing skin,
amnion and musculoskeletal tissues against SARS-
CoV-2. We conclude that due to the limited informa-
tion about the effects of physical and chemical tissue
processing methods on viral neutralization, rigorous
donor screening is still essential for tissue transplant
recipient safety.
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Tissue transplantation - Virus inactivation

Introduction

On January 11st, 2020, the authorities in China
confirmed the existence of 200 human cases and three
deaths caused by a new type of coronavirus (CoV),
now known as Severe Acute Respiratory Syndrome
Coronavirus 2 (SARS-CoV-2), that leads to the
development of Coronavirus Disease 2019 (COVID-
19) (Chang et al. 2020). Symptoms of COVID-19
include mild flu-like symptoms such as cough, fever,
fatigue, headache. However, in more severe cases, it
can cause pneumonia, characterized by the image of
ground glass on the chest tomography, and can
progress to acute respiratory distress syndrome, acute
heart injury, secondary infections and even death (Wu
et al. 2020a, b).
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On March 11st, the World Health Organization
declared COVID-19 to be a worldwide pandemic, and
today, more than 2 million people have been infected
(Lauer et al. 2020). Unfortunately, because of the
rapid transmissibility of the virus (Chen 2020) and
current lack of scientific knowledge about this new
pathogen, healthcare providers and services have had
to make decisions without complete knowledge about
what we face (Weston and Frieman 2020).

For example, it has been recommended that blood
banks measure the temperatures of the donors and ask
questions about possible COVID-19 exposure and/or
trips to areas of community transmission. In some
cases, the banks contact the donors afterward to ask
about their current health status. These extra layers of
security are due to the presence of viral RNA in the
plasma after just 2-3 days of symptom onset and
because the viral load in donors during the incubation
period, as well as in asymptomatic individuals, are still
unknown. Recently, blood banks have started studying
the effects of viral inactivation methods, commonly
used on blood products, for coronavirus destruction
(Chang et al. 2020).

Even though some tissues can be replaced by
alloplastic materials and, in most cases, the transplant
does not involve an imminent risk of death, allowing it
to be postponed; the risk assessment for tissue
transplantation still needs to be rigorous. Along these
lines, SARS-CoV-2 has become a new challenge for
quality management systems (Ashford 2010), and the
tissue banks must certify the safety and traceability of
the tissue supplied, to guarantee quality control.
However, it is not known if the virus can infect tissues
or if processing and sterilization tissue methods could
be employed to inactivate it.

Due to the short amount of time SARS-CoV-2 has
been present in the population, there is still a lack of
knowledge about which human cells and tissues are
infected by this virus. Even with tissue banks adopting
more stringent donor screening measures, the exis-
tence of a large number of asymptomatic or
oligosymptomatic patients further complicates donor
selection (Yu and Yang 2020). Additionally, the
circulation time of the virus within the community
increases the risk of tissue contamination. For exam-
ple, a recent Italian study showed that the virus was
circulating throughout the country a few weeks before
the first case was identified (Zehender et al. 2020).
Thus, it is plausible that the tissue banks could collect
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and store contaminated material in their stock before
the first case is reported in their community.

In the face of so many uncertainties and risks, we
conducted a literature review to assess the existing
knowledge about the risk of different types of human
tissues being contaminated by SARS-CoV-2 and to
evaluate the potential effectiveness of various tissue
preservation and sterilization techniques on coron-
avirus inactivation, especially SARS-CoV-2.

Methods

The PUBMED/Medline and EMBASE databases were
searched, using the following MeSH terms: “COVID-
19” and “SARS-CoV-2”; as related to “virus inacti-
vation”; “ionizing radiation”; “heat”; “freezing”;
“freeze drying”; “glycerol”; “sterilization”; “refrig-
eration”; “tissue transplantation”; “disinfectants”;
“transplantation”; “bone”; “musculoskeletal tissue”;
“skin”; “heart valve” “amnion”; “cornea” and
“eye”. However, since this epidemic began relatively
recently, few scientific articles address SARS-CoV-2
inactivation. Therefore, we decided to expand the
search to include the MeSH term “Coronavirus”,
along with the previously mentioned terms. This
expanded search identified previous studies about
techniques employed to inactivate other Coronavi-
radae family viruses.

To identify article related to SARS-CoV-2 trans-
mission by tissue or organ transplantation, we used the
MeSH terms: “Covid-19” or “SARS-CoV-2” and

“tissue transplantation”; “organ transplantation”;
“liver transplantation”; “kidney transplantation”;
“lung transplantation”; “kidney transplantation”;

“bone transplantation”; “musculoskeletal transplan-
tation”; “skin transplantation”; “amnion transplanta-
tion”;  “heart valve transplantation”; “eye
transplantation” and “cornea transplantation”.

Herein, we sought to address three main topics: the
structure of the SARS-CoV-2 virus, the infectivity of
SARS-CoV-2 in human tissues and reports of trans-
mission following tissue and organ transplantation,
and the effect of tissue preservation and sterilization
techniques on viral inactivation.



Cell Tissue Bank (2021) 22:1-10

Results and discussion
SARS-CoV-2 structure

It is well-known that CoVs are enveloped, positive-
sense, single-stranded RNA viruses that are subdi-
vided into four groups (alpha-, beta-, gamma- and
delta-CoV). In general, CoVs typically infect the
respiratory and digestive tracts of birds and mammals
(Cong et al. 2017). Seven of the CoV subtypes,
belonging to the alpha and beta groups, have been
shown to infect humans. Four of these seven, HCoV-
229E, HCoV-0C43, HCoV-NL63 and HCoV-HKUI,
can cause self-limited upper respiratory disease
(Chang et al. 2020) and the other three, Severe Acute
Respiratory Syndrome coronavirus (SARS-CoV),
Middle East Respiratory Syndrome coronavirus
(MERS-CoV) and SARS-CoV-2, are highly patho-
genic and can cause severe pneumonia and respiratory
failure (Du et al. 2020).

In general, the CoVs are composed of four essential
structural proteins: spike (S), membrane (M), envel-
ope (E) and nucleocapsid (N). It has been shown that
the S protein is responsible for attachment and entry
into the target cells, thus playing a fundamental role in
the cellular and humoral responses to the virus (Nie
et al. 2020). It should be pointed out that SARS-CoV
and SARS-CoV-2 share 80% identity at the nucleotide
level (Weston and Frieman 2020). In SARS-CoV-2,
the C-terminal domain of the S protein binds to the
human angiotensin-converting enzyme 2 (hACE2)
present in the cell membrane and is taken up into the
cell. While this occurs through a mechanism similar to
that of SARS-CoV, the S protein binds with higher
affinity, which may account for the enhanced trans-
missibility of the new virus (Wang et al. 2020).

Previous reports have demonstrated that CoVs are
often vulnerable to acidic and basic pH values and heat
(Lamarre and Talbot 1989; Rabenau et al. 2005). For
example, SARS-CoV (Rabenau et al. 2005) and
MERS-CoV (Leclercq et al. 2014) can be quickly
inactivated by exposing them to temperatures of
56-60 °C for 20-30 min. On the other hand, storage
at 4 °C does not have any effect on these CoVs
(Rabenau et al. 2005; Lamarre and Talbot 1989).
Notably, it has been reported that heating the samples
at 56 °C for 30-60 min, which is routinely performed
before extracting the RNA for the PCR exams,
effectively inactivates the virus (Pan et al. 2020).

Infectivity of SARS-CoV-2 in human tissues
and reports of transmission by tissue and organ
transplantation

The expression and distribution of hACE2 receptors in
different human cells can be used to identify the
potential routes of entry for the virus (Xu et al. 2020).
Initially, Zou et al. (2020) identified the lung, heart,
esophagus, kidney, bladder and ileum as organs that
were at risk of SARS-CoV-2 infection, while type II
alveolar cells, myocardial cells, renal proximal tubular
cells and epithelial cells of the ileum, esophagus and
bladder were classified as vulnerable targets of
infection. Notably, new clinical conditions described
in the literature indicate that the neurological (Mao
et al. 2020) and hematological (Terpos et al. 2020)
systems are also susceptible.

Several reports have identified hACE2 receptors in
keratinocytes (Steckelings et al. 2004), fibroblasts
(Steckelings et al. 2004), endothelial cells (Steckel-
ings et al. 2004), osteoblasts (Kwok et al. 2012),
osteoclasts (Kwok et al. 2012), retinal cells (White
et al. 2015), and to a lesser extent in the cornea (White
et al. 2015), conjunctiva (White et al. 2015) and sclera
(White et al. 2015). Based on this receptor distribu-
tion, there is a potential risk that practically all
transplanted tissues (i.e., skin, bones, cornea, con-
junctiva, vessels and heart valves) could be contam-
inated with SARS-CoV-2, thus posing a serious risk of
infection to the transplant recipients.

In a small cohort of 88 patients in an Italian
hospital, skin manifestations such as skin rash,
urticaria and vesicles, similar to typical lesions of
acute viral conditions, were observed in 18 patients
(Recalcati 2020). Moreover, in China, 12 out of 38
patients presented ophthalmological manifestations
such as conjunctival hyperemia, chemosis, epiphora or
increased secretion; and SARS-CoV-2 viral RNA was
identified in the conjunctiva swab of two of these
patients (Wu et al. 2020a, b). This latter observation is
consistent with a previous study that showed coron-
aviruses can cause a variety of eye infections,
including retinitis, uveitis and conjunctivitis (Seah
and Agrawal 2020).

In amniotic membranes, the hACE2 receptor den-
sity is reduced when compared to other fetal mem-
branes (Kalenga et al. 1996). However, despite the
presence of hACE2 in the amniotic cells, there is still
no evidence of vertical transmission of SARS-CoV-2.
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Indeed, two reports (Parazzini et al. 2020; Yu et al.
2020) failed to detect viral presence in the amniotic
fluid and cord blood of newborns, using an rRT-PCR
assay, thus making it impossible to confirm vertical
transmission.

There are no reports of transmission of SARS-CoV
or MERS-CoV through either transfusion or trans-
plantation. However, these viruses were less wide-
spread than SARS-CoV-2, and some transplant
programs suspended activity during the outbreaks
(Kates et al. 2020). Similarly, to date, there are no
reports of SARS-CoV-2 transmission by tissue trans-
plantation. Concerning organ transplantation and
SARS-CoV-2, Hong et al. (2020) described a liver
transplant case in which the donor was unknowingly
infected, and the recipient was not infected. On the
other hand, Lagana et al. (2020) reported that a donor
and recipient tested positive for COVID-19 on the
second and fourth postoperative days, respectively,
following a living donor liver allograft procedure. In
the liver biopsy, the recipient presented COVID-19
hepatitis, but the authors did not discuss the donor-
derived transmission.

Effect of tissue preservation and sterilization
techniques on viral inactivation

The transplantation of allogeneic tissues carries an
inherent risk of transmitting diseases to the recipient,
especially those of contagious and infectious origin. In
addition to quality assurance measures, tissue banks
often employ tools such as strict donor screening,
standardized operational procedures, microbiological
and serological tests, processing methods, decontam-
ination and sterilization to circumvent this problem
(Narayan 2012). In case of virus, like HIV, hepatitis C
and B, serological tests and Nucleic Acid Amplifica-
tion Techniques (NAT) are essential to reduce the
chance of contamination. On the other hand, less
pathogenic viruses, like influenza or HIN1, should be
evaluated with clinical history and PCR in pandemic
situations (Chamorro et al. 2010). In Table 1, we
summarize the main sterilization methods employed
for tissue sterilization.

While conducting the present study, we were
unable to identify any studies investigating the effect
of processing and sterilization techniques on SARS-
CoV-2, specifically. However, since we expanded our
search to include other coronaviruses, such as SARS
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and MERS, it was possible to retrieve several articles
investigating the effects of refrigeration, freezing,
lyophilization and gamma irradiation on these viruses.
The results from these studies are summarized in
Table 2.

Refrigeration

Refrigeration is a common technique utilized for
conserving corneas and other ocular tissues (Patel
et al. 2017), skin (Rosenquist et al. 1988) and some
musculoskeletal tissues (Malinin et al. 2006). Typi-
cally, the collected tissue is transferred to saline or
culture medium containing antibiotics and stored at
4 °C.

While CoVs are usually quite sensitive to heat
(Rabenau et al. 2005; Leclercq et al. 2014), especially
at temperatures above 56 °C, these viruses are not
usually affected by low temperatures. For example,
Rabenau et al. (2005) demonstrated that SARS-CoV
maintains its infectivity capacity at 4 °C and another
coronavirus, murine hepatitis virus (MHV-AS59), was
shown to remain stable for 3 months at 4 °C (Daniel
and Talbot 1987). Additionally, Lamarre and Talbot
(1989) investigated another member of the Coronovi-
radae family, HCoV-229E, and found that it remains
stable at 4 °C, pH = 6. Based on the results from these
studies, refrigeration alone cannot be considered an
effective strategy for viral inactivation.

Another well-established conservation technique
that uses refrigeration for tissue storage is glycerola-
tion. Some tissue banks use this methodology for
storing skin and amniotic membranes. Briefly, it
involves exposing the tissue to high serial concentra-
tion glycerol baths (> 98%), at 37 °C and then storing
the tissue in a refrigerator for up to 2 years. Despite the
37 °C exposure, viral inactivation is dependent on
both pH and exposure time. For example, MHV-A59
requires 14 days to become inactivated (Daniel and
Talbot 1987). While MHV and SARS-CoV2 are -
CoVs that produce specific structural and accessory
proteins, such as HE protein, 3a/b protein, and 4a/b
protein (Mousavizadeh and Ghasemi 2020), the
genomic similarity percentage is still unknown.

Although glycerol is produced in the gastrointesti-
nal tract by lipid hydrolysis (Tao et al. 1983) and
naturally present in various animal tissues, this
polyalcohol is extremely toxic to cells when applied
at high concentrations (Hoekstra et al. 1994). Herein,
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Table 1 Tissue sterilization methods

Methods Advantages Disadvantages Tissues
Antibiotic soaks Simple and low cost Lack of complete tissue penetration ~ Musculoskeletal/
skin/cardiac
valves/cornea/amion
Ethylene oxide  Inactive virus and bacterias Toxic for cells not used
gas
Peracetic acid Good antimicrobial efficacy Reduced biomechanical strength of ~ Bone/skin/amnion
tendons
Glycerol Low cost and simple Lack of complete tissue Skin/amnion/cornea
penetration/partial efficiency
against virus
Thermal Preserve tensile strength of bone Limited use Femoral heads
treatment with
moist heat
Gamma Safe, high penetration, sterilization in the final High doses can alter the biological Skin/amnion
irradiation package, not toxic, without temperature properties and mechanical function musculoskeletal

alterations

of graft

Table 2 Different human tissue processment and effect on inactivation of coronavirus

Methods Tissue Viral inactivation CoV inactivation
Refrigeration Ocular tissue, musculoskeletal, Not inactive Not inactive
heart valve
Refrigeration Skin, amnion Partially No studies
(glicerolation)
Freezing Musculoskeletal, heart valve, skin,  Not inactive Not inactive
amnion, ocular tissue
Chemical Bone, skin Partially No studies in tissue
Heat Only bone (femoral head) Inactive No studies/good potential
Lyophilization Musculoskeletal, amnion, skin Could inactive if don’t use No studies
cryoprotectors during freezing
Gamma Skin, amnion, musculoskeletal Good for RNA/DNA virus Inactive SARS and MERS/good
iradiation potential for SARS 2

we were unable to identify any studies investigating
the effect of high glycerol concentrations on the
inactivation of any type of CoV. Moreover, it is worth
mentioning that despite being recognized as a potent
virucide, glycerol was not fully effective at destroying
the herpes simplex virus or poliovirus when incubated
for 3 weeks at 20 °C (Marshall et al. 1995). While
there is some precedent in the literature, it is unclear
whether or not this technique affords any protection
against CoV contamination.

Freezing

Cryopreservation consists of maintaining tissues at
either — 80 °C (electric deep freezer) or — 180 °C
(with liquid nitrogen). This type of preservation allows
tissues to be stored for 3-5 years (Pegg 2000).
Usually, this technique is used to preserve skeletal
muscle tissue, skin and heart valves. Our literature
review found that the infectious titer of CoVs is not
affected by freezing and thawing. For example, MHV-
A59 and HCoV-229E can withstand 15 and 25 freeze/
thaw cycles, respectively (Lamarre and Talbot 1989;
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Daniel and Talbot 1987). Since there are no published
studies on the effect of freezing on MERS and SARS
infectivity, it is unknown how SARS-CoV-2 will
respond to this technique. However, based on previous
studies with other CoVs, it does not appear to be
promising.

Heat inactivation

As alluded to above, CoVs are vulnerable to heat, and
many laboratories have inactivated the virus in
30-60 min at 56-60 °C (Pan et al. 2020). In tissue
banks, thermodisinfection is only used to decontam-
inate bone allografts (e.g., femoral heads) (Pruss et al.
2003, 2001), since the heat can damage and/or destroy
the structure and quality of other tissues, like cartilage,
menisci, corneal, skin, amnion and cardiovascular
tissue (Pruss et al. 2010). It is important to point out
that there are no studies about the inactivation of CoVs
by heat in tissues.

Disinfectants

Recent studies (Kampf et al. 2020; Fathizadeh et al.
2020) have described the efficacy of disinfectants in
inactivating CoVs on inanimate surfaces. For exam-
ple, ethanol (62-71%), hydrogen peroxide (0.5%),
sodium hypochloride (0.1%), 2-propanol (70-75%)
and formaldehyde (1%) have all successfully inacti-
vated CoVs on surfaces. However, when applying
disinfectants for tissue sterilization, a validated chem-
ical procedure that maintains the acceptable therapeu-
tic quality and preserves the biological properties of
the tissue needs to be established (Pruss et al. 2010).
Another risk associated with this technique is the
presence of residual levels of disinfectant on a tissue
(e.g., ethylene oxide), which can be toxic to the
recipient (Kakiuchi et al. 1996). Furthermore, disin-
fectant-mediated viral inactivation cannot be used for
corneal and cardiovascular tissue.

The use of peracetic acid (0.1%; with or without
96% ethanol) is a validated method for sterilizing bone
(Mohr et al. 2016) and skin (Johnston et al. 2016).
However, some virus is highly resistant to this
treatment (Pruss et al. 2001). There are currently no
reports about the efficacy of this technique on CoV
inactivation in tissues.
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Lyophilization

Lyophilization is a process in which a sample is first
frozen, and then the solvent is removed by sublimation
(primary drying) and desorption (secondary drying).
This technique effectively inhibits both biological
growth and chemical reactions. It is widely used for
creating vaccines and is perhaps the most cost-
effective method for stabilizing infectious material
(Florek et al. 2014). The cryoprotectants added during
the freezing phase preserve the viral lipid membrane,
and consequently, the infectivity of the virus even
after the primary and secondary drying steps (Salvucci
2011). Indeed, Florek et al. (2014) demonstrated that
lyophilized HCoV-NL63, which is responsible for
airway infections, remained stable for 2 months at
4 °C and 14 days at room temperature.

Although it is not a sterilization method, reports
show that lyophilization can inactivate viruses present
in biological products (Unger et al. 2009; Kim et al.
2008). For example, there have been reports of HIV,
hepatitis B (HBV) and C (HCV) transmission when
transplanting frozen bones, yet no cases of transmis-
sion when lyophilized bones were utilized. It is
important to point out that in the absence of cryopro-
tectant, the viral lipid membrane collapses after 4, 7
and 14 days for HCV, HIV and HBV, respectively,
resulting in a subsequent loss of infectivity. In this
sense, lower doses of complementary irradiation
would be required for tissue sterilization (Salvucci
2011).

Studies investigating lyophilization-mediated CoV
inactivation are virtually nonexistent. In fact, the only
research on the topic was carried out by Rabenau et al.
(2005), who evaluated and compared the inactivation
mechanisms of SARS-CoV with HCoV-229E, aden-
ovirus type 3 and HSV-1. Initially, the strains were
frozen at — 80 °C, cryopreservatives were then added
after thawing, and 500 pl of viral suspension was
spread over a Petri dish and allowed to dry at room
temperature. After 9 days, SARS-CoV was the last to
lose its infectivity. While the results are interesting
and relevant, the process used in this experiment is
quite different from that performed in bone lyophiliza-
tion. Given the limited number of studies on
lyophilization and CoVs, it remains unclear if this
technique can inactivate these viruses.
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Gamma irradiation

Gamma irradiation is considered a sterilization
method that is highly efficient at inactivating microor-
ganisms. It produces small increases in temperature
with good penetrability. This technique can also be
carried out with the packaged tissue, thus avoiding
recontamination upon repackaging. Additionally, it
does not leave residues, produce polluting gases or
generate radioactive products. On the other hand, high
doses of ionizing radiation can damage the mechanical
and histopathological structures, which can compro-
mise the biological properties of the tissue (Yang et al.
2019).

Terminal sterilization of human allograft tissue
using a low dose of gamma radiation was shown to
inactivate both enveloped and non-enveloped viruses
containing either RNA or DNA, reaching a sterility
assurance level (SAL) of 10, which is a probability
of not more than one viable microorganism in an
amount of one million sterilized items of the final
product. (Moore 2012). While there are currently no
studies assessing the inactivation of SARS-CoV-2 by
gamma radiation for tissue sterilization, studies with
SARS-CoV and MERS have been conducted by
researches in laboratory procedures.

For example, Kumar et al. (2015) completely
inactivated a 10log;o MERS-CoV stock with a
20 kGy dose from a Cobalt-60 source. The authors
claimed that a 30 kGy dose could sufficiently inacti-
vate MERS-CoV in most cell culture laboratories. In
another study, Feldmann et al. (2019) tested the effect
of gamma irradiation on five emerging viruses,
including SARS-CoV, and assessed their ability to
invade Vero cells. It was found that SARS-CoV only
required a 10 kGy dose, which turned out to be the
lowest required dose for inactivation, among the
viruses evaluated. Since SARS-COV has the largest
genome and required the lowest dose of radiation for
viral inactivation, the authors speculated that the
required radiation dose is inversely proportional to the
size of the viral genome. Due to the small size of the
SARS-CoV-2 genome, it is plausible that low doses of
gamma irradiation could effectively inactivate the new
virus, consequently inflicting less tissue damage.
Despite these promising results, it is necessary to
emphasize that all the studies performed thus far are
experimental.

Among the available techniques, gamma irradia-
tion appears to be the most promising approach for
inactivating SARS-Cov-2. If proven effective in the
clinical setting, tissue banks could offer greater safety
to recipients of skin, amniotic membranes and bone
allografts. However, more rigorous experimental
studies will need to be undertaken so that the efficacy
can be confirmed, and the minimum irradiation dose
for SARS-CoV-2 inactivation can be determined in
tissues. However, it should be stressed that this
procedure cannot be used for corneal and cardiovas-
cular tissue, or for meniscus and cartilage since the
radiation can alter and perturb the biomechanical and
histological properties of the tissue (Pruss et al. 2010).

Conclusion

Little is known about SARS-CoV-2 infecting human
tissue. We recommend that tissue banks follow the
specific health guidelines established in each country
or region. Due to the limited information on physical
and chemical methods of viral neutralization available
at this time, rigorous donor screening and selection
criteria are essential for tissue transplant recipient
safety. Along these lines, we encourage that all donors
undergo a SARS-CoV-2 PCR test before tissue
donation to reduce the risk of viral transmission.
Among the processing and sterilization methods
evaluated, we identified gamma irradiation as having
the highest potential for guaranteeing the safety of
patients receiving skin, amniotic membranes and bone
transplants. While we expect that an irradiation dose
between 20 and 30 kGy will be effective at inactivat-
ing SARS-CoV-2, future studies will need to be
performed for determining the exact values. On the
other hand, donated heart valves and eye tissues,
which are not usually irradiated, will need to be
subjected to extensive screening and selection.
Furthermore, since SARS-CoV-2 is capable of
circulating throughout the population long before the
first case is officially detected (Zehender et al. 2020),
gamma irradiation could be utilized to sterilize
previously packaged tissues, potentially rescuing
valuable tissue collected before the disease was
officially confirmed in the region of the tissue bank.
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