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embolism caused by the vascular alter-
ations which were described in the
severe forms of COVID-19 infection.

To the best of our knowledge, this is
the first time that retinal vascular
abnormalities have been described in
patients with COVID-19 ARDS intu-
bated in an ICU.
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Table 1. Donor characteristics.
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Editor,
I n response to the coronavirus dis-
ease 2019 (COVID-19) pandemic,
public health authorities worldwide
have released enhanced guidelines for
corneal donor screening aimed at
reducing severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2)
transmission through corneal trans-
plantation (Busin et al. 2020). These
include immediate exclusion of donors
with signs and symptoms of COVID-19
and/or suspected close contact with
confirmed cases. Prior to the release
of any donated tissue for transplanta-
tion, the Centro Nazionale Trapianti
(Rome, Italy) has required a single
negative post-mortem nasopharyngeal
SARS-CoV-2 reverse-transcriptase
polymerase chain reaction (RT-PCR)
test from all potential donors within
24 hr of death.

Considerable attention to the possi-
ble role of corneal transplantation in
viral transmission has been drawn from
recent evidence including the recovery
of SARS-CoV-2 in tears and conjunc-
tiva (Xia et al. 2020), as well as the
interaction between SARS-CoV-2 and
ACE2 receptor, which in turn is
expressed to a limited extent in the
cornea and conjunctiva (Hoffmann
et al. 2020).

From 20 February to 31 May 2020,
the Veneto Eye Bank Foundation has
collected 1161 corneas from 588 donors
who had neither medical (clinical,

SARS-CoV-2 RT-PCR testing

Donor*

(Age/ Post-mortem Nasopharyngeal Corneal storage

Sex) Cause of death time specimen Laterality Cornea medium

1 (52/F) Lung cancer* 4 hr 25 min Positive Right Not detected Not assessed
Left Positive Not assessed

2 (59/M) Prostate cancer* 15 hr 55 min Positive Right Not detected Not assessed
Left Not detected Not assessed

3 (74/F) Glioblastoma* 8 hr 40 min Positive Right Not detected Not detected
Left Positive Positive

47 (41/M) Lung cancer* 3 hr 30 min Negative Right Not detected Not assessed
Left Not detected Not assessed

5 (72/F) Breast cancer? 20 hr 20 min Negative Right Not detected Not detected
Left Not detected Not detected

6 (76/F) Breast cancer? 16 hr 10 min Negative Right Not detected Not detected
Left Not detected Not detected

COVID-19 = coronavirus disease 2019; SARS-CoV-2 = severe acute respiratory syndrome coronavirus 2; RT-PCR = reverse-transcriptase

polymerase chain reaction.

* All cases had no medical (clinical, laboratory or radiological) evidence of COVID-19 prior to death.
" Donor had a history of close contact with a confirmed COVID-19 case prior to death.

! End-stage disease.
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laboratory, radiological) evidence nor
epidemiological links to COVID-19
cases. Nasopharyngeal samples were
collected using liquid-based transport
systems (FLOQSwabs, COPAN SpA,
Brescia, Italy). Real-time RT-PCR on
swabs and corneal specimens was car-
ried out using One Step Real-Time kits
(Thermo Fisher Scientific, Waltham,
MA, USA), according to the manufac-
turer’s instructions, while viral isola-
tion was performed using VeroE6 cells
(https://www.lgcstandards-atcc.org/;
ATCC#CRL-1586).

All testing was compliant with the
2013 tenets of the Declaration of
Helsinki, and the tissues were used in
accordance with the laws of the Centro
Nazionale Trapianti. Informed consent
for research was obtained from the
donors’ next-of-kin.

Only three of 588 nasopharyngeal
RT-PCR samples (0.5%) tested posi-
tive; and from these, corneal specimens
of two cases (0.3%) also yielded SARS-
CoV-2 RNA. Furthermore, SARS-
CoV-2 RNA was also found in the
corneal tissue storage medium of a
corneal sample that had tested positive,
most likely from sloughing of infected
cells. Viral-induced cytopathic effects
and plaque formation were not docu-
mented in cell cultures of any corneal
tissue or storage medium specimens
that tested positive for SARS-CoV-2
RNA.

During the same period, three
donors with negative nasopharyngeal
RT-PCR were also tested as controls.
From two randomly selected donors,
corneal tissues and preservation media
were RT-PCR negative for SARS-
CoV-2. Additionally, the cornea of
one donor with history of close contact
with a COVID-19 case tested negative
(Table 1).

With several studies demonstrating
asymptomatic carriage in a significant
percentage of COVID-19 cases (Sut-
ton et al. 2020), the detection of
SARS-CoV-2 among asymptomatic
donors, who had already fulfilled the
enhanced eligibility criteria for tissue
donation, supports the use of com-
plete personal protective equipment
and scrupulous disinfection protocols
during recovery of potentially infective
ocular tissues. In areas with a high
prevalence of COVID-19, these mea-
sures remain essential for protecting
the staff and preventing further spread
of infection.

As we were unable to isolate viable
virus from cell cultures of SARS-CoV-
2-positive corneal specimens, the risk
of transmission through keratoplasty
seems low. In fact, to date, there have
been no reported cases of transmission
of SARS-CoV-1, Middle East respira-
tory syndrome coronavirus, or any
other coronaviruses through transplan-
tation of ocular tissue. Although the
Eye Bank Association of America does
not recommend routine SARS-CoV-2
screening, larger-scale studies regard-
ing viral transmissibility are needed to
guide decisions on whether SARS-
CoV-2-positive corneas could indeed
be treated similarly to those obtained
from deaths related to influenza virus,
which has also been isolated from the
cornea and conjunctiva (Creager et al.
2018), but not excluded from tissue
donation.

The detection of SARS-CoV-2 RNA
in corneas from asymptomatic donors
underscores the need for further
research to better understand the role
that corneal transplantation may play
in viral transmission.
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Dear Editor,
S evere acute respiratory syndrome
coronavirus 2 (SARS-CoV-2)
infection, responsible for the coron-
avirus disease 2019 (COVID-19), has
been linked to coagulation abnormali-
ties and a prothrombotic state. Charac-
teristic findings in COVID-19 patients
include an increased p-dimer concentra-
tion and prolongation of the prothrom-
bin time, which are more common in
severe forms of the disease and have
been associated with an increased risk of
death (Levi et al. 2020).

Diabetes mellitus has also been asso-
ciated with worse outcomes due to a
pre-existing pro-inflammatory state
and the downregulation of the angio-
tensin-converting enzyme 2 (ACE2)
(Pal & Bhadada 2020), the SARS-
CoV-2 internalization receptor (Liu
et al. 2020). Angiotensin-converting
enzyme 2 (ACE2) converts angiotensin
II to angiotensin 1-7, acting as a
vasodilator and a counter regulator of
the renin—angiotensin system (Liu et al.
2020). A downregulation of ACE2
during COVID-19 viral infection has
been reported, which results in a state
of hypertension, inflammation and
increased risk of thrombosis, these
being more frequent in patients with a
previous downregulation of this
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