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ARTICLE INFO ABSTRACT

Article history: Background: Solid-organ transplantation (SOT) from SARS-CoV-2 positive donors could be a life-saving

Available online 6 May 2022 opportunity worth grasping. We perform a systematic review to evaluate the recipient outcomes of SOT
from donors with recent or current SARS-CoV-2 infection.

Keywords: Methods: Search strategy was performed in PubMed, Cochrane COVID-19 Study Register, and Web of

CoVID-19 Science databases from the 1% of January 2019 to the 31° of December 2021. SOT adult recipients from a

Organ donation donor with past or current SARS-CoV-2 infection were elegible for inclusion. Outcomes were viral

Solid organ transplantation

- L transmission, COVID-19 symptoms, mortality, hospital stay, and complications. PROSPERO Register
Viral transmission

Number: CRD42022303242
Findings: Sixty-nine recipients received 48 kidneys, 18 livers and 3 hearts from 57 donors. Six additional
transplants from positive lungs were identified. IgG+ anti-SARS-CoV-2 titers were detected among 10/16
recipients; only 4% (3/69) recipients were vaccinated. Non-lung transplant recipients received organs
from 10/57 (17.5%) donors with persistent COVID-19. In 18/57 donors, SARS-CoV-2 RNA was detected
(median 32 Cycle threshold [Ct]) at procurement. Among non-lung transplant recipients, SARS-CoV-2
viral transmission was not documented. Four patients presented delayed graft dysfunction, two patients
acute rejection, and two patients died of septic shock. The median (IQR) hospital stay was 18 (11-28)
days in recipients from symptomatic donors. Viral transmission occurred from three lung donors to their
recipients, who developed COVID-19 symptoms. One of the recipients subsequently died.
Conclusion: Use of non-lung (kidney, liver and heart) organs from SARS-CoV-2 positive donors seem to be
a safe practice, with a low risk of transmission irrespective of the presence of symptoms at the time of
procurement. Low viral replication (Ct > 30) was safe among non-lung donors, even if persistently
symptomatic at procurement.
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Introduction (CRD42022303242). PRISMA checklist is reported in

Solid-organ transplant (SOT) recipients have an increased risk
of suffering from respiratory viral infections and are at higher
threat for complications from COVID-19, owing to their level of
immunosuppression and comorbidities [1,2]. COVID-19 has also
impacted transplant activity, due to concerns of a potential risk of
viral transmission from donor to recipient [3,4]. As the number of
persons infected with SARS-CoV-2 is daily increasing, the deferral
of all donors who have tested positive for SARS-CoV-2 would result
in the loss of a considerable number of medically suitable organs
for transplantation.

Given the low number of publications on the subject and the
need for information about the safety of the procedure, multiple
organisations have released recommendations for clinical practice
[5-7]. These documents emphasise the importance of pre-
transplant donor evaluation and testing, considering the disease
course and the organ involved in transplantation. Based on existing
knowledge about the nature of SARS-CoV-2, lung, intestine, and
pancreas transplantation has been not recommended, as they are
linked to a higher risk of complications and possible viral
transmission [8]. Regarding organs less affected by COVID-19, a
waiting period between 21 and 90 days after disease onset has
been initially recommended [5-7]. These recommendations may
need to be adapted according to the evolution of the risk for
complications in SOT recipients. Factors such as the presence of
antibodies against SARS-CoV-2 in the recipient due to vaccination
or previous infection, the availability of therapy with anti-spike
monoclonal antibodies and direct antivirals, and the potential
lower virulence of the Omicron variant of concern, should be taken
into consideration [9-11].

Our hypothesis was that non-lung solid organ transplantations
from SARS-CoV-2 positive donors were a safe practice. The aim of
this systematic review is to evaluate the recipient outcomes of SOT
from donors with persistent, resolved, or asymptomatic SARS-CoV-
2 infection.

Material and methods
Registration and protocol
This study was performed following the Preferred Reporting

Items for Systematic Reviews and Meta-analysis (PRISMA)
guidelines [12]. The protocol was pre-registered on PROSPERO

Supplementary Table S1 (Supplementary material).
Data sources

The search strategy was performed in PubMed, Cochrane
Library, and Web of Science databases. The Cochrane COVID-19
Study Register was also consulted for other published or ongoing
articles. A restriction was applied to the publication time frame
from the 1°° of January 2019 to the 31°% of December 2021
(including ahead of print publication studies). Literature search
was limited to human subjects. No language restrictions were
applied. Search terms are detailed in Supplementary Table S2
(Supplementary material).

Selection criteria

We included observational studies, case series, and case reports
describing adult SOT recipients (> 18 years) with a donor with
recent or current SARS-CoV-2 infection. Letters from lung
transplant were included. Type of organ transplant included lung,
liver, kidney, heart, and pancreas. Intestinal and tissue donations
were excluded.

Outcomes assessed were: viral transmission, COVID-19 symp-
toms, mortality, length of hospital stay, and complications after
transplantation (acute rejection, delayed graft function, infections,
abdominal, coronary and respiratory complications, sepsis, and
multisystem organ failure). “Viral transmission” was defined as the
presentation of COVID-19 symptomatology with laboratory
confirmation, in a previously not symptomatic recipient, after
being transplanted from donor with COVID-19.

Definitions

“Persistent” SARS-CoV-2 infection was defined when donor had
COVID-19 and symptoms persisted at organ procurement. The
clinical severity of COVID-19 (mild or severe) and other definitions
were adapted from the Organ Procurement and Transplantation
Network (OPTN) [5]. “Mild” infection was defined as detection of
SARS-CoV-2 in a respiratory sample in patients with symptoms
consistent with COVID-19 infection who did not require oxygen
supplementation or inpatient hospitalisation for COVID-19.
“Severe” infection was defined as detection of SARS-CoV-2 in a
respiratory sample in patients with symptoms consistent with
COVID-19 infection who required oxygen supplementation or
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inpatient hospitalisation for COVID-19. “Resolved” SARS-CoV-2
infection was defined as having a confirmed diagnosis of COVID-
19, that has resolved symptoms more than 21 days after symptom
onset. “Asymptomatic” SARS-CoV-2 infection was defined as the
detection of SARS-CoV-2 in a respiratory sample without current or
past symptoms compatible with COVID-19. When it was not
reported whether the patients had symptoms or not, the subject
was considered as “Unreported”.

Data extraction and study selection process

Two authors (RMR and HNK) independently analysed all
articles that were retrieved by reading and assessing their titles,
abstracts, and full texts. In case of disagreement, a third reviewer
(ST) was consulted to determine eligibility. Literature search
results where uploaded to Rayyan, a program that facilitates
management of studies and the study selection process. A
predesigned Excel spreadsheet to collect study data in a
standardised way was used.

Data extracted consisted in country, type of study design, organ
transplant, patients’ characteristics (number, age, sex, medical/
social history), time from SARS-CoV-2 infection to transplant, viral
load of SARS-CoV-2 in a laboratory test at transplantation,
measured by the Cycle Threshold (Ct) value of the real time-
polymerase chain reaction (RT-PCR), SARS-CoV-2 vaccination in
the recipient, and follow-up after transplant. The analysis was split
in lung and non-lung organs, in two different groups.

Anaesth Crit Care Pain Med 41 (2022) 101098
Quality assessment

Two investigators (RMR and HNK) independently assessed the
risk of bias in the included studies. Disagreement regarding quality
assessment was resolved by a third author (ST). Quality assess-
ment was performed for observational studies, case reports, and
case series. The Newcastle-Ottawa Scale [13] was used to assess
the quality of the observational studies. The proposed tool
specified by Murad et al. [14] was used to assess the quality of
case reports and case series. The scale is based on convergence of
previous criteria from Pierson [15], Bradford Hill [16], and
Newcastle-Ottawa [13] scale modification.

Statistical analysis

We used descriptive statistics to characterise the study
population, separately for donors and recipients. Continuous
variables were described as medians with their interquartile
ranges (IQR) and categorical variables were presented as counts
and percentages. Pairwise comparisons for categorical variables
were performed by using a x2 test. P-values less than 0.05 were
considered to be statistically significant. Heterogeneity was
investigated by ordering tables, showing donor classification
(persistent, resolved, asymptomatic, and unreported), characte-
ristics (presence of SARS-CoV-2 antibodies, severity of illness, Ct,
and days from symptoms to organ recovery) and outcomes. When
relevant information was not reported, study’s authors were

Records identified from
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- PubMed (n =1038)
- Web of Science (n = 1179)

- Cochrane (n = 327) (n=709)

Identification

Records removed before

Duplicate records removed
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— !
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Fig. 1. Preferred Reporting Items for Systematic Reviews and Meta-analyses (PRISMA) flow diagram of the study selection.
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contacted to obtain missing data from included articles. Statistical

analyses were performed with SPSS Statistics version 25.0 soft-
ware.

Results
Study selection

A total of 2544 studies were identified. After screening by
inclusion and exclusion criteria, 17 studies were included in this

systematic review [9-11,17-30]. The PRISMA flow diagram
process is shown in Fig. 1.

Table 1

Anaesth Crit Care Pain Med 41 (2022) 101098
Population characteristics

Eleven case reports, three case series, and one retrospective
cohort study met the eligibility criteria. A letter [29] and an
editorial [30] including lung transplant recipients were also
included. Overall, the present study includes 74 solid organ
transplant recipients (48 kidneys, 18 livers, 3 hearts, and 5 lungs)
from donors who had resolved, persistent or asymptomatic SARS-
CoV-2 infection. To this date, cases of pancreas or intestine
transplantation from a COVID-19 positive donor have not been
reported.  Population characteristics are detailed in
Supplementary Table S3 (Supplementary material).

Summary of 57 non-lung donors with (A) persistent, (B) resolved, (C) asymptomatic SARS-CoV-2 infection and (D) unreported symptoms at transplantation and

corresponding recipients.

(A) Persistent SARS-CoV-2 infection

Author, year [ref] Donors Recipients
N=10 Symptoms RT-PCR at organ Serostatus Organ Transplant N=11 Serostatus Vaccine
severity procurement (days)”
Hong, 2020 [19] 1 Mild Positive - Liver 1 - No
Puodziukaite, 2021 [10] 1 Severe Positive IgG+ Kidney 2 IgG+ No
Romagnoli, 2021 [9] 1 Severe Positive IgG- Liver 1 IgG+ No
1 Severe Negative (3) IgG- Liver 1 IgG+ No
1 Severe Positive IgG+ Liver 1 IgG+ No
1 - Positive IgG- Liver 1 IgG+ No
1 - Positive IgG- Liver 1 IgG+ No
1 - Positive IgG- Liver 1 IgG+ No
1 - Positive - Liver 1 IgG+ No
1 - Positive IgG- Liver 1 IgG+ No
(B) Resolved SARS-CoV-2 infection
Author, year [ref] Donors Recipients
N=13 Symptoms RT-PCR at organ Serostatus Organ Transplant N =18 Serostatus Vaccine
severity procurement (days)?
Niedlinger, 2021 [28] 1 Severe Negative IgG+ Kidney 2 - No
1 Mild Negative (98) IgG+ Liver/Heart/ Kidney 4 - No
1 Mild Negative (38) IgG+ Liver /Heart 2 IgG-(n=1) No
Kucuk, 2021 [21] 1 Mild Negative (28) IgG- Kidney 1 IgG- No
Kute, 2021 [22] 9 Mild Negative - Kidney 9 - No
(C) Asymptomatic SARS-CoV-2 infection
Author, year [ref] Donors Recipients
N =25 Symptoms RT-PCR at organ Serostatus Organ Transplant N =25 Serostatus Vaccine
severity procurement (days)?
Kute, 2021 [22] 22 No Negative - Kidney 22 - No
Nguyen, 2021 [17] 1 No Negative* - Liver 1 IgG- No
Niedlinger, 2021 [28] 1 No Positive IgG+ Liver 1 - No
1 No Negative (48) IgG+ Liver 1 - No
(D) SARS-CoV-2 infection with unreported symptoms
Author, year [ref] Donors Recipients
N=9 Symptoms RT-PCR at organ Serostatus Organ Transplant N=15 Serostatus Vaccine
severity procurement (days)?
Manzia, 2021 [11] 1 - Positive - Liver 1 IgG+ No
La Hoz, 2022 [20] 1 - Positive - Liver 1 - No
1 - Positive - Liver 1 - Yes
Perlin, 2021 [24] 1 - Positive - Kidney 2 IgG- No
Niedlinger, 2021 [28] 1 - Positive® - Heart/Kidney 3 - No
Tuncer, 2021 [18] 1 - Negative (11) - Liver 1 - No
Koval, 2021 [23] 1 - Positive - Kidney 2 - No
1 - Positive - Kidney 2 - Yes (n=1)
1 - Positive - Kidney 2 - Yes (n=1)

Ct: Cycle threshold values indicate the number of amplification cycles needed to achieve a positive result from a RT-PCR test and is a surrogate marker for viral load with an

inverse correlation.

" Living donor with a negative RT-PCR nasopharyngeal swab (Ct not reported) three days prior to procurement. On postoperative day three, SARS-CoV-2 RNA detected in a

nasopharyngeal swab with when developed COVID-19 with oxygen requirement.
2 Time to the last positive RT-PCR (days before organ donation).
b Ppositive stool RT-PCR.
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Non-lung transplantation

Donors. Overall, 57 donors of non-lung organs were included
(Table 1). Ten of them (17.5%) presented a persistent COVID-19 at
the time of procurement. Symptoms were mild non-respiratory in
1/10 (10%), severe respiratory in 4/10 (40%), and unknown severity
in 5/10 (50%) of patients.

Thirteen donors out of 57 (22.8%) had a resolved COVID-19
disease (Table 1). The latest positive RT-PCR among recovered
donors, when reported, was estimated to be median 38 days.

Twenty-five out of 57 (43.9%) were classified as asymptomatic
according to the OPTN classification [5]. One of them was a living
donor with a negative RT-PCR nasopharyngeal swab (Ct not
reported) three days prior to procurement [17]. On postoperative
day three, SARS-CoV-2 RNA was detected in a nasopharyngeal
swab of the donor, who developed COVID-19 with oxygen
requirement (Table 1). Symptoms were not reported in the
additional 9/57 (15.7%) donors.

Eighteen non-lung (12 liver) donors reported positive naso-
pharyngeal swab RT-PCT test at procurement. Six reported median
Ct values of 32 (IQR 29-37) and only one was below 30 cycles.
Details of these donors and respective recipients are reported in
Table 2. No viral transmission was documented.

Fourteen out of 57 (24.5%) donors had anti-SARS-CoV-2 IgG
evaluated at the time of transplant, and 7/14 (50%) were
detectable. Details are shown in Tables 1 & 2.

Recipients. Sixty-nine recipients were included (Table 1). Eleven
out of sixty-nine (15.9%) were transplanted from a donor with
persistent SARS-CoV-2 infection. Eighteen (26.1%) received an
organ from an already recovered donor. Twenty-five (36.2%)
organs were obtained from donors classified as asymptomatic.
Fifteen patients (21.7%) were transplanted from a donor with
unreported symptomatology. Three (4%) recipients, from donors
with unreported symptoms, were vaccinated before transplanta-
tion. Sixteen out of sixty-nine (23.1%) organ recipients had anti-
SARS-CoV-2 IgG measured and 11/16 (68.7%) recipients had
detectable titres.

Ten recipients from non-lung persistent COVID-19 donors
reported serostatus; positive IgG titres were detected in all of
them. They presented more frequently IgG titres than recipients
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from non-symptomatic donors (100% vs. 16.6%, p < 0.05). Six
recipients from donors with persistent COVID-19 received steroid
pulses; none was treated with anti-Spike monoclonal antibodies or
remdesivir. Symptoms and laboratory findings among recipients
are detailed in Table 1 and Supplementary Table S4 (Supplemen-
tary material).

Outcomes. None of the non-lung transplants recipients developed
COVID-19 symptomatology after transplantation, so no cases of
new viral transmission were reported. Even the liver recipient from
the living donor who developed severe COVID-19 three days after
transplantation remained uninfected and survived. Only two [9]
recipients tested SARS-CoV-2 positive after transplantation, being
infected a month before transplantation and having detectable
SARS-CoV-2 IgG titres. Twelve (17.3%) non-lung transplant
recipients reported fifteen complications post-transplant (Table
3). Delayed graft function was reported in four recipients (kidney
and liver transplant). Acute rejection episode was reported in two
kidney transplant recipients. The median (IQR) hospital stay was
18 days (11-28) in recipients from persistent SARS-CoV-2 donors.
Two liver transplant recipients died due to septic shock and
multisystem organ failure, respectively. The outcomes in SOT
recipients are detailed in Table 3 and Supplementary Table S4
(Supplementary material). Summary of non-lung transplantation
from 57 donors with SARS-CoV-2 infection is reported in Fig. 2.

Lung transplantation

At the end of our search period, six positive SARS-CoV-2 lung
donors were identified, from which five lungs were
transplanted. Details from positive lung donors are reported in
Table 4. Two and one lung-transplants reported multilobar and
lobar lung CT scans opacities, respectively. Three out of five lung
recipients (all with negative SARS-CoV-2 nasal swab at procure-
ment time, but subsequent SARS-CoV-2 recovering from lower
respiratory samples) developed critical COVID-19 and one of them
died. Two lung recipients received SOT from SARS-CoV-2 positive
donors at procurement (bronchoalveolar lavage Ct 8.5/9.5;
bronchial wash Ct 26.6) and viral transmission was documented
in both transplants. One double-lung recipient from symptomatic
donor developed COVID-19 symptoms and subsequently died. He

Table 2
Summary of 18 non-lung donors with positive SARS-CoV-2 test at procurement and corresponding recipients.
Author, year [ref] Donors Recipients
N=18 Symptoms RT-PCR test Cycle Serostatus Organ N =25 Serostatus ~ Vaccine
classification Threshold Transplant
Hong, 2020 [19] 1 Symptomatic Nasopharyngeal swab, - - Liver 1 - No
Oropharyngeal Swab
Puodziukaite, 2021 [10] 1 Symptomatic Nasopharyngeal swab 32 IgG+ Kidney 2 IgG+ No
Romagnoli, 2021 [9] 1 Symptomatic Bronchoalveolar lavage - IgG- Liver 1 IgG+ No
1 Symptomatic Nasopharyngeal swab - IgG+ Liver 1 IgG+ No
1 Symptomatic Nasopharyngeal swab - IgG- Liver 1 IgG+ No
1 Symptomatic Nasopharyngeal swab - IgG- Liver 1 IgG+ No
1 Symptomatic Nasopharyngeal swab - IgG- Liver 1 IgG+ No
1 Symptomatic Nasopharyngeal swab, - - Liver 1 IgG+ No
Bronchoalveolar lavage
1 Symptomatic Nasopharyngeal swab - IgG- Liver 1 IgG+ No
Niedlinger, 2021 [28] 1 Asymptomatic  Nasopharyngeal swab - IgG+ Liver 1 - No
1 - Stool RT-PCR - - Heart/Kidney 3 - No
Manzia, 2021 [11] 1 - Bronchoalveolar lavage 24 - Liver 1 IgG+ No
La Hoz, 2022 [20] 1 - Lower respiratory tract  37.8 - Liver 1 - No
nucleic acid test
1 - Lower respiratory tract ~ 32.8 - Liver 1 - Yes
nucleic acid test
Perlin, 2021 [24] 1 - Nasopharyngeal swab - - Kidney 2 IgG- No
Koval, 2021 [23] 1 - Nasopharyngeal swab 38 - Kidney 2 - No
1 - Nasopharyngeal swab - - Kidney 2 - Yes (n=1)
1 - Nasopharyngeal swab 31 - Kidney 2 - Yes (n=1)
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Table 3
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Outcomes for recipients from donors with (A) persistent, (B) non-persistent SARS-CoV-2 infection at transplantation, and (C) only from lung transplant donors.

(A) Persistent SARS-CoV-2 infection

Author, year [ref] N Organ Hospitalisation, Complications Symptoms Mortality Viral
recipients  Transplanted (n)  days (n) (Post operation)  (n) transmission
Hong, 2020 [19] 1 Liver (1) 69° Peritonitis, coronary No Alive No
occlusion
Puodziukaite, 2021 [10] 2 Kidney (2) 18 Delayed graft function No Alive No
(1)
Romagnoli, 2021 [9] 8 Liver (8) 14.5 (10.2-25.5)"  Septic shock (1) No Death (1)/Alive (7) No
(B) Non-Persistent SARS-CoV-2 infection
Author, year [ref] N Organ Hospitalisation, =~ Complications Symptoms Mortality Viral
recipients ~ Transplanted (n) days (n) (Post operation)  (n) transmission
Neidlinger, 2021 [28] 13 Liver (4), Heart (3), - Multisystem organ No Death (1)/Alive (12)  No
Kidney (6) failure (1)
Delayed graft function
M
Kucuk, 2021 [21] 1 Kidney (1) 15 No No Alive No
Nguyen, 2021 [17] 1 Liver (1) 13 No No Alive No
Kute, 2021 [22] 31 Kidney (31) - Acute rejection (2) No Alive No
Manzia, 2021 [11] 1 Liver (1) 56" Obstructive jaundice No Alive No
Renal impairment
La Hoz, 2022 [20] 2 Liver (2) - Biliary stricture (1) No Alive No
Perlin, 2021 [24] 2 Kidney (2) 35 Delayed graft function No Alive No
(1)
Genital herpes (1)
Tuncer, 2021 [18] 1 Liver (1) 16" No No Alive No
Koval, 2021 [23] 6 Kidney (6) - Delayed graft function No Alive No
(1)
Ileus (1)
(C) Lung transplant donors
Author, year [ref] N Organ Hospitalisation, Complications Symptoms Mortality Viral
recipients Transplanted (n) days (n) (Post operation) (n) transmission
Querrey, 2021 [25] 1 Lung 402 Pleural effusions No Alive No
Ceulemans, 2021 [27] 1 Lung 35 Acute rejection No Alive No
Pneumothorax
(dislocated tube)
Kaul, 2021 [26] 1 Lung 61 Septic shock Yes Death Yes
Multisystem organ
failure
Kumar, 2021 [29] 1 Lung 253 Bilateral airspace Yes Alive Yes
disease
Eichenberger, 2021 [30] 1 Lung - - - Alive Yes

" Data reported as median (interquartile range).
2 Last follow update reported. To this day, the patient was still hospitalised.

was treated with remdesivir (two five-day courses), convalescent
plasma on two occasions, and rescue pulse steroids. Immunosup-
pression with methylprednisolone, tacrolimus, and mycopheno-
late mofetil was maintained. Disease progressed with worsening
respiratory distress and required veno-venous extracorporeal
membrane oxygenation. The death occurred after 61 days of
worsening condition.

Two recovered lung donors were also identified. Both had
resolved mild COVID-19 (seven weeks and three months pre-
transplantation). No viral transmission was reported in the
recipients. One of them developed acute rejection. Patients
recovered after hospital stay of 40 and 35 days, respectively.

From the lung donors, in addition to the five lungs, three
kidneys and one liver were transplanted. No viral transmission
occurred in the transplantation of the non-lung organs.

Summary of transplantation from six lung donors with SARS-
CoV-2 infection is reported in Fig. 3.

Quality assessment

Risk of bias of observational study was assessed by the
Newcastle Ottawa Scale [13] tool (Supplementary Table S5A in

Supplementary material). The study was resulting in moderate
quality of evidence, mainly due to issues in “comparability of study
groups”. Risk of bias of case reports and case series were assessed
by Murad et al. [14] (Supplementary Table S5B in Supplementary
material). Eight studies had moderate quality, while six had a low
quality, mainly due to issues of “causality”. The best score was
reporting for “ascertainment” followed by “reporting”.

Discussion

To our knowledge, this is the first systematic review looking at
the risk of transmission of COVID-19 in solid organ transplantation
from donors with a past or current SARS-CoV-2 infection, focusing
on short-term outcomes. We analysed 74 solid organ transplanta-
tions from SARS-CoV-2 positive donors with resolved, asymptom-
atic or persistent infection, in studies reported until the 31" of
December 2021. Eighteen donors had positive RT-PCR at procure-
ment. Among non-lung transplant recipients, 11 recipients re-
ceived organs from donors with persistent symptoms and one from
a living donor with a pre-symptomatic infection. We found no
documented cases of donor-derived infection among kidney, liver,
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ASYMPTOMATIC 22 Kidney —* 2 Acute rejection
23 Negative < : 96%
1 Liver

10 Kidney —— 2 Delayed graft function 6.6%
0
14 Positive <§ 3 Liver 6.6%
9
UNREPORTED < 1 Heart

1 Negative ——— > 1 Liver 86.6%

Fig. 2. Summary of non-lung transplantation from 57 donors with SARS-CoV-2 infection.
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and heart transplant recipients. COVID-19 developed in lung
transplant recipients from three donors [26,29,30] with negative
nasopharyngeal swab at procurement, and one of them died.
Although more data are urgently needed, our findings question the
safety of lung transplantation for persistent or asymptomatic lung
donors, even in presence of negative nasopharyngeal or bronchial
swabs. For respiratory assessment, a bronchoalveolar lavage is
strongly recommended.

The main results of our systematic review are the low
transmission risk of COVID-19 when using organs from donors
with recent or current SARS-CoV-2 infection to non-lung
recipients, even if persistently symptomatic at procurement. This
is probably related with the mechanism of viral transmission of
SARS-CoV-2. SARS-CoV-2 spreads during close contact by airborne
transmission, infectiousness peaks between two days before and
one day after symptom onset and declines within seven days. The
risk of donor-recipient transmission relates to the presence of
transmissible virus in organs; in non-lung organs, this is mainly
due to ongoing viraemia at the time or procurement, resulting in
sustained viral replication in the presence of cellular entry factor
[31]. In early studies, only 15% of patients with COVID-19 had
SARS-CoV-2 viraemia [32]. Further, there is no reported haema-
togenous transmission to date, and data suggests the level of SARS-
CoV-2 viraemia is low, with high Ct values of RT-PCR amplification
[33]. None non-lung transplant recipient developed COVID-19
infection during the follow-up period. This outcome was expected,
as a Ct value of > 35 represents residual RNA detection [34]. In our
series, only three recipients were vaccinated. However, when
reported, most recipients documented positive IgG titres anti-

SARS-CoV-2, reflecting a probable previous infection. Four patients
received organs from donors who presented severe symptomatic
disease without documented viral transmission.

In clinical practice, it is important to differentiate between
current vs. recent infection, with decisions taken not only based on
the qualitative interpretation of PCR. Symptoms, timing, specimen
sample and Ct should be considered among donors for a
personalised interpretation. SARS-CoV-2 serostatus in recipients
needs to be assessed. Our findings report that negative SARS-CoV-2
PCR amplification at procurement among 39 non-lung donors with
arecent history of COVID-19 seems safe for transplantation (even if
persistently symptomatic). In addition, only 18 donors were RT-
PCR positive at the time of procurement (Table 2). Only 1/18 SARS-
CoV-2 positive non-lung donor with low Ct (and high replication)
was identified [11] for a seropositive recipient. SARS-CoV-2
positive with high Ct (and low replication) was also safe (even if
persistently symptomatic at procurement) among 17/18 non-lung
donors. Our data emphasise the importance of interpreting the Ct
as a surrogate of replication, with low replication (high Ct)
probably safe for non-lung donors, even if persistently symptom-
atic at procurement. Given the mechanism of transmission of
SARS-CoV-2, it is highly unlikely that organs from donors even
with high viral loads could lead to viral transmission, but data on
the use of these organs are still needed.

Different Transplantation Societies recommended a recovery
period of 21-90 days before transplantation donation [5-7]. Still,
in our series, even when this recommended timeframe was not
followed, there were no cases of infection transmission after non-
lung transplantation. Considering this evidence, in non-lung



Table 4

Results for recipients from lung transplant donors with SARS-CoV-2 positive infection.

Author, year [ref]

Querrey, 2021 [25]

Ceulemans, 2021 [27]

Kaul, 2021 [26]

Kumar, 2021 [29]

Eichenberger, 2021 [30]

Donor Recipient
Infection Severity  Procurement Procurement Organ Immunosuppression Therapy Viral Death
Status RT-PCR RT-PCR transmission
Recovered Mild Nasopharyngeal Swab (—) Bronchoalveolar Lavage (—) Lung Maintain: Tacrolimus, Plasmapheresis, No No
(7 weeks)© Bronchoalveolar Lavage (—) mycophenolate mofetil, eculizumab for acute graft
prednisone disfunction
Induction: Rituximab,
basiliximab,
methylprednisolone
Recovered Mild Nasopharyngeal Swab (—) Nasopharyngeal Swab () Lung Antithymocyte globulin, Azithromycin, acyclovir No No
(3 months)© Bronchoalveolar Lavage (—) Bronchoalveolar Lavage (—) tacrolimus, mycophenolate
Lung biopsy (Ct 35) mofetil,
Serostatus: IgG- methylprednisolone
Serostatus: IgG+
Persistent Mild Nasopharyngeal Swab (—) Pre-operation Lung Methylprednisolone, Remdesivir, convalescent Yes Yes
Bronchoalveolar Lavage Nasopharyngeal Swab () tacrolimus, mycophenolate  plasma, steroid pulse,
(Ct 8.5/9.5) Post-operation mofetil veno-venous ECMO
Bronchoalveolar Lavage
(Ct 8.1/9.2)
Asymptomatic  No® Nasopharyngeal Swab (—) Pre-operation Lung Methylprednisolone Remdesivir Yes No
Bronchial Wash (Ct 26.4)° Bronchial Wash (—)
Post-operation
Nasopharyngeal Swab
(Ct 10.7/13)
- Kidney (2), - - No Yes
Liver (1 kidney)
Persistent Mild Nasopharyngeal Swab (—) - Kidney - No No
Bronchoalveolar Lavage (+)
- - - - Lung - - Yes No

Ct: Cycle threshold values indicate the number of amplification cycles needed to achieve a positive result from a RT-PCR test and is a surrogate marker for viral load with an inverse correlation; (—) negative SARS-CoV-2; (+) positive

SARS-CoV-2.
2 Normal CT chest.

b Post implantation bronchial wash (performed during the transplant surgery immediately after implantation of the first lung.
¢ Time to the last positive RT-PCR (days before organ donation).
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LUNG DONORS (N=6)

LUNG RECIPIENTS (n=5)

Lung Procurement Procurement Complications Viral
RT-PCR Computed transmission/
Tomography (CT) Mortalit_y
Lobar Opacities —* Multisystem organ — Viral transmission
2 2 Positive failure Death (septic shock)
PERSISTEN Bronchoalveolar
T lavage Multifocal opacities— No lung procurement
Multifocal opacities—* Pleural effusions
2 —> 2 Negative <: :110 \éiralt;c‘ransmission
RESOLVED 7 weeks and 3 th . o dea
WeEKs and = months Normal CT—— > Acute rejection
1 B 1 quitive — > Normalcr ——== B.ilateral airspace Viral Transmission
ASYMPTOMATIC Bronchial Wash disease No death
1 —> Not reported —— Not reported —* Not reported Viral Transmission
UNREPORTED No death

Fig. 3. Summary of lung transplantation from six donors with SARS-CoV-2 infection.

transplantation, the stratification of donors in high and low risk of
transmission, according to the severity and duration of symptoms,
as well as RT-PCR viral load (Ct value as surrogate), could represent
a pragmatic strategy. Furthermore, vaccination status and
serological response of the recipient should be taken into account,
with a theoretical safer utilisation of organs from high-risk infected
donors in patients with appropriate immune response to vaccina-
tion. Thus, more extensive case series and stratified evaluation of
transplant outcomes by vaccination and serologic status are
requested.

Concerning lung transplantation, as described with other
respiratory viruses, high risk of donor-derived SARS-CoV-2
transmission is expected. Three viral transmissions were docu-
mented among six lung transplant donors. It is relevant from these
reports that a negative nasopharyngeal swab did not exclude
infection and viral transmission from the lung may be present to
lung recipients. In this cohort, viral transmission to non-lung
transplant recipients was not documented.

The main limitation of this systematic review is the sample size,
consisting of case reports and case series. However, it is important
to report it due to the scarce current information and lack of
evidence in the recommendations. In addition, the heterogeneity
of the information included important missing data, such as viral
load (Ct), time of symptoms evolution, and immunological status
among many donors and recipients, with important differences in
the follow-up period and the capturing outcomes. Donors
classified as asymptomatic accordingly to OPTN, merged positive
and negative RT-PCR amplification tests at procurement. This is
why we focused on the 18 positive RT-PCR donors at procurement.

Because search was limited to the end of 2021, our findings should
be extrapolated with caution when other variants, such as Omicron
or other subvariants such as BA.2, would be prevalent. Likewise,
the effect on long-term follow-up remains also unknown.The
reported studies mostly had moderate quality of evidence. Another
limitation is a possible publication bias, which conditioned the
search results. Although our data seems encouraging in non-lung
transplant, more studies with larger series are still required to
confirm these results. Further, the role of post-exposure prophy-
laxis using pre-emptive boosting the humoral response with a
long-acting monoclonal antibody after the graft is implanted and
the role of empiric antiviral pre-emptive treatment regimens in
this setting are still to define. Thus, authors are commended to
share other experiences because expanding literature on COVID-19
positive donors is an unmet clinical need. Lastly, further studies are
still required to assess the long-term outcomes, including allograft
dysfunction, post-acute COVID-19 syndrome and long-term
mortality among transplant recipients receiving organs from
SARS-CoV-2 positive donors.

Conclusion

Use of non-lung (kidney, liver and heart) organs from SARS-
CoV-2 positive donors seems to be a safe practice, with a low risk of
transmission irrespective of the presence of symptoms at the time
of procurement. Furthermore, these reports emphasise the
importance of interpreting the Ct as a surrogate of replication,
with low replication (high Ct) probably safe for non-lung donors,
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even if persistently symptomatic at procurement. This practice
may reduce the transplant waiting list in hospitals.
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