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Most patients with COVID-19 have a mild or asymptomatic 
disease course; however, about 10% require admission 
to an intensive care unit (ICU) because of acute respira-
tory distress syndrome (ARDS).1,2 Mortality rates of up 
to 60% have been reported for this subgroup.3,4 Lung 
transplantation remains the ultimate treatment option 
for various chronic end-stage lung diseases. In addition, it 
can be considered as a salvage therapy for carefully 
selected patients who have severe treatment-refractory 
ARDS.5 However, wide uncertainty exists as to whether 
lung transplantation could have a place in the treatment 
of severe COVID-19 and, if so, what the optimal timing 
for such a treatment should be. Herein, we report the 
first case of lung transplantation for a patient with 
a persistently positive severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2) real-time RT-PCR test 
result.

On March 21, 2020, at a time when the first COVID-19 
cases were reported in Austria, a 44-year-old woman was 
admitted to Klinikum Klagenfurt am Wörthersee 
(Klagenfurt, Austria) with symptoms of fever and cough, 
and tested positive for SARS-CoV-2 by nasopharyngeal 
swab real-time RT-PCR on the same day (day 0). 

Her medical history was unremarkable, except that she 
had mild psoriatic arthritis, which did not require any 
systemic treatment, and a diagnosis of idiopathic CD4 
lymphocytopenia without any clinical relevance. On day 
6 after the first positive SARS-CoV-2 test, the patient’s 
respiratory condition worsened, requiring transfer to the 
ICU and subsequent intubation. Therapy was further 
escalated by femorofemoral venovenous extracorporeal 
membrane oxygenation (ECMO), initiated on day 13. 
Administration of immunoglobulins, tocilizumab, and 
lopinavir, and use of prone positioning did not improve 
the patient’s condition. On day 20, the patient developed 
spontaneous bleeding from the right thoracic cavity, 
which required surgical opening of her chest and 
haematoma evacuation. A small, self-limiting intra-
cerebral bleed in the left temporal lobe did not require 
any intervention. During this episode of bleeding, the 
patient required multiple transfusions. A final treatment 
attempt with convalescent plasma therapy (day 32) was 
initiated, which offered no benefit, and the patient was 
subsequently transferred to the Medical University of 
Vienna (Vienna, Austria) on day 48 as a possible candidate 
for lung transplantation.

On arrival, the patient required moderate doses of 
vasopressors (0·3 µg/kg per min norepinephrine), 
presented with normal kidney function, and had a 

bilirubin level of 48 µmol/L. Partial pressure of arterial 
oxygen was about 70 mm Hg while ventilated with airway 
pressure release ventilation of 25 mbar over 8 mbar 
positive end-expiratory pressure and a fractional 
concentration of oxygen in inspired air of 1·0. With these 
settings, her tidal volume was only around 50 mL and 
she was fully dependent on the venovenous ECMO 
support (blood flow 3·8 L/min and sweep gas flow 
6 L/min). Subsequent reduction of the sedation levels led 
to spontaneous opening of her eyes. When turning the 
patient, repeated episodes of desaturation accompanied 
by bradycardia occurred and the ECMO cannulation had 
to be changed to a femorojugular configuration using 
larger cannulas (25F/21F). The changes to the cannulation 
resulted in stabilisation of the patient; however, ECMO 
run with regular physiotherapy while the patient was 
awake to avoid further deconditioning, as previously 
described in the setting of bridge to transplant,6,7 was not 
feasible.6,7 A complete investigation was initiated to 
consider the possibility of lung transplantation.

Pulmonary CT angiography revealed complete consoli-
dation of the lungs with large necrotic areas and air 
inclusions, raising high suspicion of bacterial super-
infection. Additionally, there was almost no perfusion in 
large parts of the lower lobes, suggesting extensive 
infarctions of the peripheral parts of the lung parenchyma 
and thrombosis of small and medium-sized pulmonary 
arteries (figure 1). CT of the CNS showed a reduction in 
the size of the lesion corresponding to the previously 
reported small left-temporal haemorrhage. On day 52, an 
increase of acute-phase proteins and a positive Candida 
albicans blood culture were noted. Furthermore, bilirubin 
increased to 170 µmol/L, so a superinfection of the 
necrotic lung with subsequent sepsis-associated liver 
dysfunction was assumed (appendix p 4).

During the whole course of treatment from day 0, 
RT-PCR testing for SARS-CoV-2 was repeat edly positive, 
both in nasopharyngeal swabs and in bronchoalveolar 
lavage samples (figure 2). However, real-time RT-PCR 
cycle threshold (Ct) values were exceptionally high, with 
some values greater than 33, suggesting that these 
positive results could have derived from nucleic acid 
segments of residual virus without actual infectivity.8 To 
better define the presence of an active SARS-CoV-2 
infection, Vero cell cultures were used,9 which turned 
out to be negative after 7 days of culture (three passages).

Analyses for pre-existing antibodies showed high levels 
of class I and class II HLA antibodies, probably due to 
the previous administration of multiple blood products, 
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including convalescent plasma. Cytological analysis of 
bronchoalveolar lavage fluid exposed predominantly 
necrotic material, and flow cytometric analysis showed 
the absence of alveolar macrophages but high abundance 
of immature neutrophils and cell debris (appendix p 2). 
These findings further corroborated the profound 
damage to the lungs.

On the basis of all these examinations, a comprehensive 
interdisciplinary discussion on the direction of treatment 
was held on day 52, which resulted in a consensus that 
the lungs of the patient had no potential for recovery. 
Consequently, the alternatives of terminating the 
treatment or proceeding to lung transplantation were 
discussed, which resulted in the final decision in favour 
of transplantation. This decision was based on the 
following considerations: (1) virus culture was negative 
and real-time RT-PCR Ct values were high; (2) it was 
more than 5 weeks since the start of the SARS-CoV-2 
infection; (3) no alternative treatment options were 
available; (4) the case was a single-organ failure in a 
young patient; (5) it was a preseptic condition originating 
from the lungs; and (6) there were no other obvious 
barriers for long-term recovery. As the patient could not 
consent to the procedure, next-of-kin consent was 
obtained from her spouse. She was put on the waiting 

list on day 52 and was granted a lung allocation score 
of 49·3. Daily immunoabsorption therapy was initiated, 
with the aim of achieving desensitisation of the patient 
(ie, removal of preformed antibodies from the circulation) 
before transplantation (appendix p 4).

On day 58, a suitable donor organ became available and 
a sequential bilateral lung transplantation was performed. 
Intraoperatively, a central venoarterial ECMO circuit was 
installed and the venovenous ECMO was kept running in 
parallel with a reduced flow of 1 L/min. Without clear 
anatomical borders, only extrapleural mobilisation of the 
lungs was possible. The implantation was equally 
challenging because of the remarkably fragile tissue 
quality of the recipient’s bronchus and vessels, most 
likely due to a spread of the infectious process 
(ie, inflammatory changes resulting from the previous 
infection) to these tissues. Meticulous haemostasis was 
performed; nevertheless, a total of 30 units of packed red 
blood cells and five units of platelets were required to 
establish coagulation. At the end of the procedure, signs 
of incipient reperfusion oedema were observed, so the 
central venoarterial ECMO support was switched to 
prolonged peripheral femorofemoral venoarterial ECMO 
and venovenous ECMO was removed.10

The patient was transferred to the ICU in a stable 
condition and was put into prone position to relieve the 
lower lobes of the lungs. Reopening of the chest was 
indicated on postoperative day 1 for haematoma 
evacuation. Thereafter, the patient quickly recovered, 
the venoarterial ECMO system could be removed on 
postoperative day 3 and primary graft dysfunction 
grading at 72 h was 0.

Standard triple immunosuppression was initiated, 
including tacrolimus, mycophenolate mofetil, and 
steroids. As the patient was highly presensitised, 
six additional treatment cycles of immunoabsorption 
were done and antithymocyte globulin was administered. 
As expected, the crossmatch between donor and 
recipient was positive; however, in serial blood samples 
taken after transplantation, class II donor-specific 
antibodies were substantially reduced and class I donor-
specific antibodies were completely absent (appendix p 3).

Similar to most recipients bridged to their transplant 
for a long time, the further postoperative course of the 
patient was characterised by slow recovery. From day 72 
after the initial positive SARS-CoV-2 test (postoperative 
day 14), the patient was regularly mobilised to sitting at 
the edge of the bed, and on day 83 (postoperative day 25), 
the patient was able to speak via a tracheal multifunction 
cannula. She was able to be transferred to a non-ICU 
ward on day 121 (postoperative day 63), was able to 
walk with some assistance, and was recovering 
from neuromuscular deconditioning. At this stage, no 
functional impairments related to the cerebral bleeding 
were apparent. Cellular analysis of bronchoalveolar 
lavage samples confirmed regular recovery with mainly 
viable cells, an increasing abundance of alveolar 

Figure 1: Radiological imaging and pathological examinations
Chest x-rays of the patient on day 6 after the initial SARS-CoV-2-positive PCR result, on admission to the 
intensive care unit (A); and on day 52, when she was put on the transplantation waiting list (B). Chest x-ray after 
lung transplantation on day 62 (postoperative day 4; C). CT on day 49 showed air-filled cystic spaces, indicating 
necrotic lung tissue (D); and missing contrast enhancement in the periphery of the right lower lobe, suggesting 
thrombosis of small pulmonary vessels (E). Macroscopic appearance of the explanted lungs showed extensive 
necrosis (F). Microscopic images of haematoxylin and eosin staining of the explanted lungs showed diffuse 
alveolar damage, inflammatory granulation (original magnification × 40; G) and thrombosis of middle-sized 
arteries (original magnification × 16; H). SARS-CoV-2=severe acute respiratory syndrome coronavirus 2.
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macrophages, and the presence of mature neutrophils 
(appendix p 2).

Notably, real-time RT-PCR for SARS-CoV-2 was 
performed regularly after the transplantation and 
remained positive in samples from nasopharyngeal swabs 
and bronchoalveolar lavage until postoperative day 10, but 
was negative thereafter. In addition, a second Vero cell 
culture from a bronchoalveolar lavage sample retrieved on 
postoperative day 7 was negative and thus confirmed 
absence of infectivity in the patient.

Pathological examination of the explanted lungs 
showed large zones of necrosis almost completely taking 
up both lower lobes and large areas of the upper lobes. A 
large proportion of alveoli were destroyed and replaced 
by granulation tissue, corresponding to massive diffuse 
alveolar damage. Throughout all lobes, remnants of 
substantial widespread thromboembolism were present 
(figure 1).

To our knowledge, available evidence for lung trans-
plant ation in COVID-19 is limited to two preliminary 
reports from China, suggesting that this treatment might 
be an option for SARS-CoV-2 PCR-negative patients.11,12 
The case we present here extends the reports from China 
by showing that lung transplantation can be done in 
patients with positive RT-PCR results, provided that Vero 
cell cultures confirm non-infectivity. Of the cases reported 
so far through the scientific literature and the media, ours 
seems to represent the first successful lung transplantation 
of a patient with COVID-19 outside of China.

According to WHO guidelines, laboratory confirmation 
of SARS-CoV-2 is defined as positive RT-PCR of a nasal 
or pharyngeal swab.13 However, an increasing body of 

evidence shows that PCR positivity can persist for several 
days or even weeks beyond virus infectivity.14 A study by 
Bullard and colleagues9 showed that SARS-CoV-2 
infectivity was restricted mainly to patients with a 
duration of symptoms shorter than 8 days and low 
RT-PCR Ct values (<24). Although Vero cell cultures are 
not yet universally available, they are considered the gold 
standard to establish virus infectivity.

At day 144, the patient remained well. Despite the 
success of this case, it is important to emphasise that 
lung transplantation is an option for only a small 
proportion of patients with COVID-19. Many patients 
with COVID-19 who are admitted to the ICU are older 
than the acceptable age limit for the procedure or have 
other comorbidities that might preclude them from lung 
transplantation.

Furthermore, it has been shown that even patients with 
severe COVID-19-related ARDS have some potential to 
recover.15 As donor organs are a scarce resource, it is 
important to consider lung transplantation only for 
patients with irreversibly damaged lungs. In our case, a 
complete absence of pulmonary gas exchange after 
5 weeks of venovenous ECMO, extensive signs of necrosis, 
and thrombotic occlusions of peripheral vessels on CT 
angiography, as well as highly abnormal bronchoalveolar 
lavage cytology, suggested that the patient was a good 
candidate for transplantation. This judgment was later 
confirmed by pathological examination of the explanted 
lungs.

The critical status of a patient with such extensive lung 
damage, the permanent risk of bacterial superinfection, 
and the imminent muscle loss are strong arguments 

Figure 2: Patient timeline
(A) Clinical events. (B) SARS-CoV-2 tests, including PCR and Vero cell culture. Ct=cycle threshold. ECMO=extracorporeal membrane oxygenation. ICU=intensive care 
unit. SARS-CoV-2=severe acute respiratory syndrome coronavirus 2.
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to consider lung transplantation early, certainly before 
an already complex situation becomes completely 
unmanage able. In our opinion, it is therefore highly 
unlikely that a strategy of rehabilitation on ECMO first 
and lung transplantation at a later point would have 
resulted in an acceptable clinical outcome. Furthermore, 
it is important to make full use of such short-lived 
opportunities for critically ill patients, and SARS-CoV-2 
RT-PCR positivity alone should not exclude them from 
lung transplantation when it is the only remaining 
potentially successful therapy.

This Case Report shows that lung transplantation 
should be added to the armamentarium of therapies for 
patients with COVID-19-related ARDS. The criteria 
applied herein for patient selection and timing of lung 
transplantation need to be validated in future studies.
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