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1  |  C A SE REPORT

A 56-year-old male patient was listed for liver transplantation 
with a Model For End-Stage Liver Disease (MELD) Score of 19 
points due to cryptogenic cirrhosis and a history of hepatitis 
B. Transplantation was considered urgent, as the patient suf-
fered from tense ascites with recurring spontaneous bacterial 

peritonitis, esophageal varices, acute-on-chronic renal failure, 
and newly occurring dyskinesia that required repeated periods of 
hospitalization. The patient was readmitted to our hospital due to 
exacerbation on March 18, 1 week after COVID-19 was declared 
a pandemic by the WHO. At that time however, the pandemic 
was still in its very early phase in Germany, with only 9360 con-
firmed cases in the entire country with a population of about 83 

Received: 14 August 2020  | Revised: 17 September 2020  | Accepted: 26 September 2020

DOI: 10.1111/ajt.16349  

C A S E  R E P O R T

Liver transplantation in a patient after COVID-19 – Rapid loss 
of antibodies and prolonged viral RNA shedding

Hanno Niess1  |   Nikolaus Börner1  |   Maximilian Muenchhoff2,3 |   Elham Khatamzas4 |   
Manfred Stangl1 |   Alex Graf5 |   Philipp Girl6 |   Enrico Georgi6 |   Dionysios Koliogiannis1 |   
Gerald Denk7 |   Michael Irlbeck8 |   Jens Werner1 |   Markus Guba1

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial License, which permits use, distribution and reproduction 
in any medium, provided the original work is properly cited and is not used for commercial purposes.
© 2020 The Authors. American Journal of Transplantation published by Wiley Periodicals LLC on behalf of The American Society of Transplantation and the 
American Society of Transplant Surgeons

1Department of General, Visceral, and 
Transplant Surgery, Ludwig-Maximilians-
University, Munich, Germany
2Virology, Max von Pettenkofer Institute, 
Ludwig-Maximilian-University, Munich, 
Germany
3German Center for Infection Research 
(DZIF, Partner Site Munich, Munich, 
Germany
4Department of Internal Medicine III, 
Ludwig-Maximilians-University, Munich, 
Germany
5Laboratory for Functional Genome 
Analysis, Gene-Center, Ludwig-
Maximilians-University, Munich, Germany
6Bundeswehr Institute of Microbiology, 
Munich, Germany
7Department of Internal Medicine II, 
Ludwig-Maximilians-University, Munich, 
Germany
8Department of Anesthesiology, Ludwig-
Maximilians-University, Munich, Germany

Correspondence
Hanno Niess
Email: hanno.niess@med.uni-muenchen.de

Funding information
ProjektDEAL

Abstract
To date, little is known about the duration and effectiveness of immunity as well as 
possible adverse late effects after an infection with SARS-CoV-2. Thus it is unclear, 
when and if liver transplantation can be safely offered to patients who suffered from 
COVID-19. Here, we report on a successful liver transplantation shortly after conva-
lescence from COVID-19 with subsequent partial seroreversion as well as recurrence 
and prolonged shedding of viral RNA.
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million. The hygienic protective measures and test capacities were 
thus still in the process of development at our institution. These 
circumstances promoted the risk of nosocomial infection with 
SARS-CoV-2, which unfortunately was the case in our patient. A 
nasopharyngeal swab confirmed infection by PCR on March 25 
(Figure 1B). Waiting list status was changed to "nontransplant-
able," and he was transferred to a COVID-19 isolation ward where 
he developed increasing malaise and dry cough.

Overall the patient had a mild course of COVID-19. Vital signs 
remained stable and lab work was unremarkable except for mild 
lymphopenia. In the absence of dyspnea, a thoracic CT scan was 
not performed. The patient received no COVID-19-specific or 

antiviral therapy. SARS-CoV-2 RNA remained detectable in rou-
tine swabs after seroconversion (anti-SARS-CoV-2 IgG and IgA an-
tibodies) had occurred on the 21st day after onset of symptoms 
(Figure 1A). Persistence of viral RNA shedding despite seroconver-
sion was recently described.1 It was not until the 31st and 32nd day 
of illness that nasopharyngeal swabs showed negative PCR results. 
The patient was free of COVID-19 symptoms, thus isolation was 
ended and he was transferred to a normal ward without isolation.

The questions of when the patient would be able to be trans-
planted and what additional risks the recent diagnosis of COVID-19 
would pose were discussed at the interdisciplinary transplantation 
conference under consideration of the sparse existing data on this 

F I G U R E  1  Timeline of test results for (A) antibody levels and (B) viral load and live virus cell culture. (A) Semiquantitative results using the 
Euroimmune Anti-SARS-CoV-2-ELISA for IgG and IgA targeting the spike domain S1 are indicated (result interpretation ranges as indicated 
by the manufacturer: negative = 0–0.8 [cyan line], borderline = 0.8–1.1, positive = above 1.1 [blue line]; the coefficient of variation is <10% 
for positive samples, as stated by the manufacturer). Swab technique and type used were the same for all tests. Neutralizing antibody 
titers from a microneutralization assay are shown on the right y-axis. The lower assay cut-off of 1:10 is indicated by the red line. (B) Viral 
load results (black triangles) are shown on a logarithmic scale with copy number estimates expressed as SARS-CoV-2 RNA copies per ml 
respiratory sample using the CDC N1 reaction as previously described.11 Copy numbers were calculated based on a standard curve using 
serial dilutions of a plasmid containing the N-gene with known copy numbers (IDT) on a Roche Light Cycler II 480. High variability of test 
results around day 60 most likely arise from suboptimal swab technique. Live virus cell culture results were all negative, dates are indicated 
by red arrows on the x-axis [Color figure can be viewed at wileyonlinelibrary.com]

www.wileyonlinelibrary.com
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topic at the time.2,3 Due to the complete recovery of the patient 
with proven seroconversion and two negative PCR results for viral 
RNA, the burden of liver disease in this seriously ill patient was 
deemed to outweigh potential risks of the resolved SARS-CoV-2 
infection.

On 1st of May, 36 days after onset of COVID-19 symptoms and 
15 days after documented seroconversion, the patient received an 
organ offer of a 26-year-old brain dead donor, tested negative for 
SARS-CoV-2. Preoperatively, our patient remained asymptomatic 
and afebrile. Laboratory testing showed no inflammatory changes, 
and in particular white blood cell count was normalized. To detect 
residual signs of COVID-19, a thoracic CT was performed prior to 
surgery, which showed sporadic and slight thickening of bronchial 
walls, but no radiographic signs indicative of COVID-19 pneumonia. 
Since the preoperative examination revealed no contraindications, 
we proceeded with the transplantation. Both the transplantation 
and the postoperative course were free of complications. With a 
history of hepatitis B but absent anti-HBs antibodies (anti-HBcAb: 
positive, HBsAg: negative, HBV-DNA PCR: negative) the patient 
received anti-hepatitis B immunoglobulin intraoperatively and 
Entecavir postoperatively. Standard immunosuppression was initi-
ated with low dose tacrolimus with a target level of 4–7 ng/ml and 
steroids. The initial Tacrolimus levels were deliberately kept low 
(3.9 ng/ml measured) to avoid over-immune suppression as far as 
possible. Steroids were rapidly tapered. During the entire postop-
erative course the patient did not suffer from any infections.

As this patient appears to be the first one—to our knowl-
edge—to receive a liver transplant shortly after resolved COVID-
19 infection, we sought to gain more insight into the effect the 
procedure and immunosuppression might have on viral status 
and antibody titers. To our surprise, SARS-CoV-2 RNA was re-
currently detected in upper respiratory swabs during routine 
testing at viral loads comparable to pretransplantation levels on 
days 27, 33, and 38 after seroconversion, while the patient re-
mained asymptomatic and afebrile the whole time. To further ex-
plore this unusual case, we also repeated antibody testing, which 
showed partial seroreversion with now seronegativity for anti-
SARS-CoV-2 IgG antibodies with persistingly low levels of IgA. 
Subsequent testing returned only borderline positive results for 
IgG (blue line, Figure 1A) and very low positive IgA levels (pur-
ple line, Figure 1A). Neutralizing antibody levels, measured using 
a microneutralization assay (red line, Figure 1A), also declined 
markedly after liver transplantation from mid-low range titer of 
1:40 to very low 1:10 titers. However, viral infectivity appeared to 
be absent as four subsequent attempts of live viral isolation in cell 
culture all returned negative (red arrows, Figure 1B). We ruled out 
reinfection with a different viral strain by near-full length SARS-
CoV-2 genome sequencing of samples before and after liver trans-
plantation, which proved to be identical (data not shown). After 
two further negative swab results, the patient was discharged on 
postoperative day 33 with excellent liver function and no COVID-
19 symptoms. He continued to show no signs of COVID-19 by the 
time this article was written.

2  |  DISCUSSION

This case addresses the questions of if and when a patient can be 
safely transplanted after recovery from COVID-19. In approaching 
this question, we considered two aspects: first, is the patient at in-
creased risk for recurrence of the disease, potentially in a severe form, 
during the perioperative phase and second, is the previously acquired 
immunity against COVID-19 compromised by the treatment?

Although the general outcome of liver transplantation was fa-
vorable, the impact of surgery and immunosuppression on immunity 
against SARS-CoV-2 infection remains unclear. Our decision to per-
form liver transplant was based on the conditions that the need for 
transplantation was high, all COVID-19 symptoms had subsided, viral 
clearance and seroconversion were detected and structural pulmo-
nary residuals were absent (exclusion in CT scan). The recommen-
dations of the WHO for clinical management of COVID-19, which 
demands two negative PCRs prior to discharge from the hospital, 
were met in our patient before transplantation. Nonetheless, recur-
rence and prolonged detection of viral RNA as well as rapid loss of IgG 
seropositivity and decline of neutralizing antibody titers are potential 
sequelae of transplantation that might prove disadvantageous. We 
consider blood loss and subsequent hemodilution by i.v. fluids and 
blood products as well as possibly the effects of immunosuppression 
to be the main contributors to the variability in antibody levels we ob-
served. The true implications of these findings for the patient are un-
clear, however, as the exact mechanisms by which immunity against 
SARS-CoV-2 is mediated are not yet fully understood.4 In particular, 
foundational knowledge about how the balance and phenotypes of 
responding cells vary as a function of disease course and severity is 
still missing for COVID-19. Thus, there is great uncertainty about the 
temporal duration of protective immunity and about the role each 
component of the adaptive immune system plays herein. For in-
stance, although development of profound circulating antibody levels 
against the virus has been shown in a large proportion of COVID-19 
patients, recent reports suggest an early decline of IgG and neutral-
izing antibody levels after 2–3 months combined with prolonged viral 
RNA shedding, especially in asymptomatic patients.5 These findings 
closely resemble what we observed in our patient, but stand in con-
trast with the comparably long-lasting seropositivity observed after 
the SARS pandemic of 2003, caused by SARS-CoV-1, a virus with a 
high degree of similarity to SARS-CoV-2.6 These data suggest only 
short-lasting protective immunity mediated by antibodies, which is 
supported by mathematical models on the course of the pandemic.7

On the other hand, a profound virus-specific T cell response 
elicited by SARS-CoV-2 was recently discovered in a large cohort. 
SARS-CoV-2 reactive CD4+ and CD8+ T cells were detected in 100% 
and 70% of convalescent patients, respectively.4 Whether this reac-
tion leads to a long-lived memory T cell response that confers long-
term immunity against the disease is unclear, although this has been 
shown to be the case in SARS-CoV-1.8 Unfortunately, we did not 
assess T cell reactivity in our patient. Thus it remains uncertain, if 
this aspect of immunity is present in our patient and if so, whether 
it is jeopardized by the immunosuppression he receives. From the 
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sparse literature on the topic it is known that memory T cell function 
against other viruses, such as CMV, seems not to be affected by ag-
gressive induction regimens of immunosuppression.9

The possibility of reinfection after recent COVID-19 remains 
controversial despite over 5 000 000 patients who recovered from 
the disease worldwide. This observation has been sustained by the 
lack of evidence of reinfection in rhesus macaques that were chal-
lenged again with the virus after convalescence.10 Although our 
patient tested positive on nasopharyngeal swabs and sputum again 
following transplantation, re-infection appears unlikely as the pa-
tient suffered no symptoms, viral sequencing showed identical RNA 
sequences, and the virus failed to replicate in cell culture. If the rapid 
decline in protective antibody levels we observed in our patient truly 
reflects detrimental effects on immunity is unknown, as memory T 
cell response might still be unaffected and potentially prove to be 
the more important pillar of immunity against COVID-19. In sum-
mary, despite worrisome aspects in the postoperative course, we are 
convinced that the recent COVID-19 did not put the patient at an 
increased risk during the liver transplantation he urgently needed.
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