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Successful double-lung transplantation from a donor
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In late 2019, severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) and its resulting respiratory
disease, COVID-19, emerged.1 As the pandemic
continues, with more than 62 million people with
documented SARS-CoV-2 infection, a growing number
of potential organ donors will have been infected. Since
SARS-CoV-2 resides primarily in the respiratory tract,
lung transplantation has the highest concern in terms
of donor-derived viral transmission and impaired
graft quality. Therefore, graft acceptance for lung
transplantation should carefully be balanced against the
longer waiting time for the recipient.2,3 So far, to our
knowledge, there have been no published reports of lung
transplantation from a donor with previous COVID-19.
We describe a successful double-lung transplantation
from a donor who recovered from SARS-CoV-2 infection
with screening of different specimens for SARS-CoV-2
during procurement and transplantation (figure 1; video).
Approval for reporting was granted by the ethics
committee of the University Hospitals Leuven (S52174).
A 61-year-old woman with end-stage chronic obstructive
pulmonary disease, not treated with chronic cortico
steroids, received a donor offer 7 months after listing for
double-lung transplantation. The donor was a 72-year-old
woman with a hypertensive intracerebral haemorrhage
who was eligible for donation after circulatory determi
nation of death. In our lung transplantation programme,
median donor age is 55 years and 30% of donations are
from patients with circulatory death.4,5
The donor had no medical history and had never
smoked. In April, 2020, 3 weeks after the start of
the COVID-19 epidemic in Belgium, she developed
COVID-19-like symptoms, including fever, cough,
weakness, and muscle pain, which lasted for 2 weeks
(appendix p 1). She was not screened for SARS-CoV-2
because of low testing capacity. She was asked to isolate for
2 weeks, during which time her husband with whom she
was isolating was admitted to hospital and died from PCRconfirmed COVID-19. 3 months later, in July, when she
was admitted to hospital with intracranial bleeding, naso
pharyngeal swab SARS-CoV-2 PCR was negative, but
serology showed positive SARS-CoV-2 IgG antibodies
(Abbott Architect SARS-CoV-2 IgG-assay; Lake Forest, IL,
USA), indicating previous exposure to the virus (appendix
p 1). Liver and kidney function were normal (appendix
p 2). A donation after circulatory death III procedure was
engaged 8 days later. SARS-CoV-2 PCR on nasopharyngeal
swab was repeated (8 h before donation) and remained
negative. Lower lobe bronchoalveolar lavage was negative

for (myco)bacterial and fungal cultures as well as for
SARS-CoV-2 PCR. No pulmonary infiltrates or signs of
interstitial lung disease were seen on chest CT scan
(figure 2A). Partial pressure of arterial oxygen was
402 mm Hg (fractional concentration of oxygen in inspired
air was 100% and positive end-expiratory pressure was
5 cm H2O; appendix p 3).
The donor lungs were accepted after multidisciplinary
agreement and according to the International Society for
Heart and Lung Transplantation (ISHLT) guidelines on
COVID-19.6 Following our national legislation (appendix
p 4), the recipient consents before listing to allow
physicians to accept or decline an organ on the basis of
their clinical judgment. No specific consent is required
for extended-criteria donors, including those with
previous COVID-19. The liver was allocated for a highurgency transplantation elsewhere. Ventilator switch-off
resulted in circulatory arrest 23 min later. 5 min after
circulatory arrest, an incision was made and
perfusion with low-potassium dextran solution started.
Macroscopic analysis showed good compliance and
minor emphysema. Ex-vivo lung perfusion was not
required. Because of two parenchymal tears related to
lung extraction, two peripheral donor lung biopsy
samples (right upper and left lower lobes) could be
analysed histologically, demonstrating mild subpleural
emphysema, but no signs of COVID-19-induced injury,
nor fibrotic sequelae (figure 2B). The right lung biopsy
sample had low levels of PCR-amplified SARS-CoV-2
RNA (DCt was 35), but a negative viral culture
(appendix p 5).
Pretransplant recipient assessment showed negative
SARS-CoV-2 PCR on nasopharyngeal swab and negative
serology. Bilateral sequential lung transplantation
was done via anterolateral thoracotomy without extra
corporeal life support. The right lung was reperfused after
357 min of ischaemia (figure 2C) and the left lung after
518 min (appendix p 6). Standard immunosuppression
was administered: antithymocyte globulin (3 days), tacroli
mus, mycophenolate mofetil, and methyl
prednisolone
(appendix p 7). Standard treatment consisted of nystatin,
azithromycin, acyclovir, sulfamethoxazole–trimethoprim,
and amphotericin-B aerosols.
The patient was extubated after 2 days. Primary graft
dysfunction scores were 0 at 0 h, 1 at 24 h, and 0 at 48 h
and 72 h after transplantation.7 6 days after lung
transplantation, the patient was discharged from the
intensive care unit. Postoperative complications were
minimal acute rejection (A1B0) 15 days after
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–3 months
COVID-19-like
symptoms: fever,
cough, weakness,
and muscle pain
(husband dies with
PCR-confirmed
COVID-19)

transplantation, requiring methylprednisolone, and leftside pneumothorax due to a dislocated chest tube,
requiring CT-guided drainage at day 24. The patient was
discharged 35 days after surgery.
SARS-CoV-2 PCR and viral culture of bronchoalveolar
lavage samples collected 15 days, 34 days, and 90 days after
lung transplantation were negative. Also, SARS-CoV-2 IgG
remained negative at 3 months. Routine chest CT on
days 14, 24, and 90 (figure 2D) showed normal posttransplant changes without lung injury. At day 90,
spirometry was normal (FEV1 of 2·79 L, 120% of predicted;
forced vital capacity of 2·91 L, 98% of predicted) and
a peripheral lung biopsy sample was negative for

SARS-CoV-2 PCR. The liver transplant recipient tested
negative after transplantation for SARS-CoV-2 on
bronchoalveolar lavage.
In contrast to several viral disease outbreaks in the past,
such as Ebola, the 2003 SARS-CoV, West Nile virus, or
pandemic influenza H1N1, which remained manageable
and mostly limited geographically, the ongoing COVID-19
pandemic is unprecedented in modern times.2 In the
future, more donors will have a history of SARS-CoV-2.
It is generally accepted that lungs from a donor with
ongoing SARS-CoV-2 infection should not be transplanted.
In the case of a donor with former COVID-19, ISHLT
guidelines stipulate that lungs can be assessed and

–1 day
Serology: SARS-CoV-2 IgG positive
Chest CT: no interstitial lung disease,
limited bilateral alveolar consolidation
with air bronchogram posterobasal in
right and left lung
Abdominal CT: no lesions

–8 days
Nasopharyngeal
swab: SARS-CoV-2
PCR negative

Day 0
Nasopharyngeal swab: SARS-CoV-2 PCR negative
Arterial blood gas: pH=7·48, PaO2/FiO2=402 mm Hg,
PaCO2=42 mm Hg, HCO3–=30·4 mmol/L
(FiO2=1, PEEP=5 cm H20)
Organ procurement and double-lung transplantation
Perioperative bronchoalveolar lavage: SARS-CoV-2 PCR negative
Biopsy lung parenchyma (right upper and lower left lobe):
no inflammation, no lung fibrosis; SARS-CoV-2 PCR positive
(right upper lobe with ΔCt of 35); SARS-CoV-2 viral culture negative

Donor

Day 0
Nasopharyngeal
swab: SARS-CoV-2
PCR negative
Serology:
SARS-CoV-2
IgG negative

Day 14
Chest CT: normal

Day 1
Bronchoalveolar
lavage: SARS-CoV-2
PCR negative
Serology:
SARS-CoV-2
IgG negative

Day 19
Serology: SARS-CoV-2
IgG negative

Day 15
Bronchoalveolar
lavage: SARS-CoV-2
PCR negative
Bronchoscopic biopsy
right lower lobe:
peripheral minimal
acute rejection (A1B0);
central no rejection
(AxB0)

Day 33
Serology: SARS-CoV-2
IgG negative

Day 24
Chest CT: normal

Day 35
Discharge:
no clinical signs
of infection

Day 34
Bronchoalveolar
lavage: SARS-CoV-2
PCR negative

Day 90
Serology: SARS-CoV-2
IgG negative
Bronchoalveolar lavage:
SARS-CoV-2 PCR negative
Bronchoscopic biopsy
right lower lobe: SARS-CoV-2
PCR negative; peripheral
no rejection (A0B0);
central no rejection (AxB0)
Spirometry: FEV1=2·79 L,
120% of predicted; FVC=2·91 L,
98% of predicted
Chest CT: normal

Day 51:
Spirometry: FEV1=2·69 L,
116% of predicted
Chest x-ray:
normal findings

Recipient

Figure 1: Chronological overview of transplant specimen analyses
In-house multiplex real-time PCR was used for detection of respiratory bacteria, viruses, and fungi. Normal on chest CT is defined as normal postoperative changes, excluding any signs of fibrosis or
infection. FVC=forced vital capacity. HCO3–=bicarbonate. PaCO2=partial pressure of arterial carbon dioxide. PaO2/FiO2=ratio of partial pressure of arterial oxygen to fractional concentration of oxygen in
inspired air. PEEP=positive end-expiratory pressure. SARS-CoV-2=severe acute respiratory syndrome coronavirus 2.
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considered for donation in the case of clinical recovery
from COVID-19 at least 28 days from symptom onset if
two PCR tests (24 h apart) give negative results and no
permanent organ damage is detected, as in our case.6
Two unintended transplantations have been described
from asymptomatic donors with a SARS-CoV-2 infection
in the days following donation.8 The first report
described a patient with aplastic anaemia under
immunosuppression receiving a platelet transfusion
from an asymptomatic donor who was positive for SARSCoV-2 2 days later. No donor-derived transmission
occured.9 The second involved a living related liver donor
with SARS-CoV-2 confirmed 3 days after donation.10
SARS-CoV-2 PCR from a liver biopsy sample was
negative. Donor-derived transmission was not diagnosed;
however, the recipient was prophylactically treated with
lopinavir–ritonavir and hydroxychloroquine.
Notably, in our case, a history of SARS-CoV-2 exposure
was known before donation, as confirmed by positive
serology. Although SARS-CoV-2 PCR analysis on naso
pharyngeal swab was repeatedly negative, a weakly
positive signal was detected in the lung biopsy sample.
This result could be a false positive or might have resulted
from residual viral fragments in lung parenchyma.
Although rare, prolonged viral shedding (up to 63 days)
has been reported from nasopharyngeal and throat swabs,
even after seroconversion, but not up to 3 months and
from lung tissue, as in our case.11–13 Therefore, the precise
meaning and implication of a high Ct value in lung tissue
from an individual exposed to SARS-CoV-2 should be
further studied, using orthogonal complementary virus
detection methods. In our case, a high Ct value of
35 supports the notion that the risk of infectivity was very
low. Bullard and colleagues14 have shown that no positive
viral cultures could be obtained with a Ct greater than 24
and the odds of a positive culture were decreased by 32%
for each unit increase in Ct.14 In agreement, viral culture
on our lung biopsy sample was negative.
If recommendations are followed, the risk of donorderived transmission for SARS-CoV-2 is very low.2,6
Therefore, in coming years, the systematic use of rapid
and highly sensitive SARS-CoV-2 detection methods will
be indispensable for every donation.
One of the outstanding questions about SARS-CoV-2 is
its long-term effect on lung health. SARS-CoV-2 might
cause lung damage through viral cytotoxicity, acute
respiratory distress syndrome (ARDS), capillary throm
bosis, drug-induced toxicity, and ventilator-associated
injury.15,16 Although this injury might resolve, it does not
preclude alveolar damage, followed by dysregulated repair,
irreversible interstitial changes or interstitial lung
disease, and respiratory impairment.16–19 A study of the
2003 SARS-CoV outbreak (8096 cases worldwide) showed
that 29 (53%) of 55 patients who recovered had a significant
diffusion capacity restriction at 24 months of follow-up,
with limited exercise capacity.20 This finding was consistent
with CT images demonstrating persistent ground glass or

reticular opacities and bronchiectasis suggesting fibrosis.
Similar CT images are observed in SARS-CoV-2 survivors.
Early interstitial changes were also seen in Middle East
respiratory syndrome coronavirus, with evidence of lung
fibrosis on CT scans months after recovery.21,22 A 15-year
follow-up of patients who recovered from 2003 SARS-CoV
showed that the initial functional decrease mostly
recovered over time, but 4–6% of patients had signs of
persisting interstitial lung disease.23
During the COVID-19 pandemic, donor history, chest
CT, blood-gas analysis, and macroscopic lung compliance
should be carefully appraised to exclude early interstitial
lung disease stages related to previous SARS-CoV-2
infection. Donors with a mild symptomatic history of
COVID-19 should be differentiated from donors with
previous ARDS or fibrotic changes on CT, who are at
increased risk for development of interstitial lung disease.
In the case described here, the CT scan excluded severe
lung damage and the oxygenation capacity was excellent.
However, long-term follow-up with chest CT in a large
group of patients is needed.
In conclusion, we report a successful double-lung
transplantation from a donor exposed to SARS-CoV-2 who
had mild COVID-19-like symptoms 3 months earlier.
Before donation, repeated nasopharyngeal swab was
negative for SARS-CoV-2 and chest CT showed no residual
signs of lung injury. The lungs were successfully
transplanted without viral transmission to the recipient,
as shown by repetitive bronchoalveolar lavage and serology
after transplantation. Initial recovery up to day 90 after
A
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Figure 2: Imaging of the donor lungs
(A) Chest CT scan of lung allografts before donation excluding inflammation or lung fibrosis (coronal plane).
(B) Histology of the peripheral lung biopsy sample revealing normally preserved lung parenchyma without
inflammation or fibrotic changes. Arteries are normal, without vasculopathy or thrombi (haematoxylin and eosin).
(C) Macroscopic picture of the right donor lung after implantation. (D) Chest CT at 3-month follow-up excluding
ground glass opacities, reticular changes, inflammation, or lung fibrosis (coronal plane).
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lung transplantation has been excellent, but long-term
results are awaited. We encourage other transplantation
centres to report their experience of donors with previous
SARS-CoV-2 infection to better inform the transplant
community and general population.
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