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SARS-CoV-2 persistence at subzero temperatures
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Early studies on the newly emerged coronavirus SARS-CoV-
2 showed viral particles can remain biologically active on
inanimate surfaces, which can potentially act as fomites.
However, more knowledge is needed on viral transmission
to restrain further spreading of the associated COVID-19.
Very recently, Marques and Domingo reviewed the publica-
tions on contamination of inert surfaces by SARS-CoV-2,
reporting that the virus can survive on surfaces of various
materials from hours to a few days [1]. van Doremalen et al.
[2] observed that passive SARS-CoV-2 vector transmission
can occur through surfaces and aerosol. The same study
highlighted that a high viral bioburden can remain infectious
for days on surfaces. This report has prompted the adoption of
precautions and operational protocols in all medical practices
to limit the risk of infection and allow regular access to clinical
treatments. Riddel and colleagues [3] produced crucial evi-
dence on survival and stability of SARS-CoV-2 under diverse

environmental conditions. According to their data, low tem-
peratures enhance viral survival on surfaces. This knowledge
is crucial to improve our strategies of mitigation of the infec-
tion risk. Assisted reproductive technology (ART) combines
medical and laboratory procedures, to treat both patients and
their reproductive cells. Liquid nitrogen (LN2) and nitrogen
vapors (NV) are routinely used to cryopreserve gametes, em-
bryos, and gonadal tissues. This is specifically relevant to
SARS-CoV-2, as LN2/NV represents a potential risk of
cross-contamination [4], carrying viruses and other
microorganisms.

Up to now, no cases of cross-contamination from
cryostored gametes or embryos have been reported.
However, concerns remain, in consideration of previous re-
ports of hepatitis B virus transmission from cryopreserved
bone marrow [5]. Enhanced vigilance is also suggested by a
study in which bovine embryos became infected after exper-
imental exposure to LN2 contaminated with bovine diarrhea
virus and herpes virus-1 [6].

Cobo et al. did not detect viral sequences in LN2 used to
cryopreserve samples of women with chronic HIV, HBV, and
HCV undergoing ART [7]. This study is consistent with the
notion of a low risk of liquid nitrogen contamination in ART.
On the contrary, other studies suggest that risk of infection
from LN2 cannot be entirely ruled out. In fact, while microbial
analysis may fail to detect bacteria and fungi present in LN2

sample taken from contaminated dewars, the same microor-
ganisms may be found in samples of ice and debris collected,
respectively, from the lids and the bottom of the same con-
tainers [8]. This suggests that microorganisms may be present
in LN2 dewars but go undetected depending on the method of
analysis. To reduce the risk of contamination, some authors
proposed to sterilize LN2 through filtration or UV-rays irradi-
ation [9–11]. Concerning the latter approach, notably, most
viruses are deactivated at a 200,000 μW/cm2 dose, while
others are more resilient to UV irradiation. For example, the
ZIKA virus results more resistant to UV-rays than the Dengue
virus [12]. Reassuringly, SARS-CoV-1 is completely
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deactivated by irradiation with UVC-rays (253 nm) for 15min
at 3 cm [13]. The possibility that LN2/NV can become con-
taminated and represent a source of cross-contamination and
infection raises concerns and deserves further attention.
Diverse types of vitrification cryo-devices—referred to as
closed systems—can prevent direct contact of specimens with
LN2; pathogens may adhere to their outer surfaces but the
surfaces of such devices cannot be sanitized without affecting
the viability of vitrified samples. However, repeated rinsing in
UV-sterilized LN2 can effectively remove microorganisms
possibly present on the surface of the devices [14].

Irrespective of a possible, still unreported, impact of SARS-
CoV-2 on gametes and embryos, the risk of cross-contamination
from LN2/NV remains unresolved. As the Italian Society of
Embryology, Reproduction and Research (SIERR), we released
recommendations on precautions to adopt in the IVF laboratory
in response to the COVID-19 pandemic [15]. Likewise, Alaluf
et al. elaborated recommendations on re-opening of ART centers
following a close-down, aiming at minimizing the risk of viral
contagion and ensuring patient safety [16]. However, uncer-
tainties and concerns raised by the pandemic demand more spe-
cific risk assessment focused on cryopreservation procedures.
Maggiulli and colleagues performed a failure modes and effect
analysis (FMEA), assessing potential failure modes for each
phase of IVF procedures and highlighting protocol steps at
higher risk of contamination from SARS-CoV-2 [17]. The au-
thors found moderate to high risk of infection in patient-staff,
staff-staff, and staff-cell interactions. To reduce such risks, they
proposed the adoption of specific preventive measures, such as
additional personal protective equipment and changes in the IVF
laboratory procedures. Other authors focused more specifically
on cryopreservation. Alteri and colleagues [18] performed a
SWOT (Strengths,Weaknesses, Opportunities andThreats) anal-
ysis, highlighting possible risks to cryopreserved samples. The
authors addressed several points, focusing on risks carried by
infected gametes or operators/patients. However, as commented
by Parmegiani and Vajta [19], a crucial piece of the story is still
missing, i.e., possible contamination of LN2/NV, which can oc-
cur multiple step. Recently, Adiga and colleagues reviewed the
question of how to mitigate viral contamination risk, with refer-
ence to the cryopreservation of reproductive cells. They conclud-
ed that cryostorage using LN2 may involve the risk of cross-
contamination by viral pathogens, suggesting the adoption of
strategies to prevent the possible impact of the COVID-19 pan-
demic [20]. Further caution is suggested by the study of Lee et al.
They observed that 1–5 μm aerosol mist particles form 10–20
cm above the LN2–air interface, probably due to condensation,
evaporation, and floating of particles. This finding should prompt
increased care to LN2 handling [21]; it also poses the question of
whether LN2/NVmay be a vehicle of viral contamination among
virus among ART laboratories.

ART centers frequently exchange cryopreserved gametes
and embryos, amplifying the challenges associated with

cryostorage. This makes more acute and urgent the need to
define potential risks of infection derived from storage in LN2/
NV.

We believe that survival of SARS-CoV-2 at low tempera-
tures should be more thoroughly investigated. Therefore, we
encourage research groups to undertake studies aimed at test-
ing the persistence of the virus in LN2/NV and suggest the use
of sterile LN2—as previously reported [14]—to minimize
contamination risks.
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