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Rezumat

Există controverse cu privire la estimarea riscului şi
severităţii infecţiei cu noul coroavirus (COVID-19) la pacienţii cu
transplant hepatic, precum şi cu privire la evaluarea impactului
terapiei imunosupresoare asupra evoluţiei clinice şi incidenţei
insuficienţei hepatice.

Acest studiu este de tip prospectiv şi include
pacienţii cunoscuţi cu transplant hepatic în antecedente, diagnosti-
caţi cu infecţii respiratorii acute severe cu virsul SARS-CoV-2,
internaţi pentru tratament în departamentul Clinicii I de
Chirurgie Abdominală al Academiei Medicale Militare din Sofia, în
perioada 25.11.2020 - 04.01.2021. Diagnosticul infecţiei cu SARS-
CoV-2 a fost confirmat printr-un test pozitiv al reacţiei de
polimerizare în lanţ cu revers transcriptaza (RT-PCR) din 
exudatul nazo-faringian. Severitatea COVID-19 a fost estimată ca
fiind uşoară (saturaţie în oxigen (SpO2) ≥ 94% în aerul ambiental
şi fără rezultate imagistice sugestive pentru pneumonie), moderată
(SpO2 <94%, imagini radiologice sugestive pentru pneumonie) şi
severă (necesitatea suplimentării cu oxigen cu debit mare).

Trei pacienţi care au primit un transplant hepatic şi au
fost diagnosticaţi infecţie COVID-19 au fost internaţi şi trataţi în
departamentul nostru în perioada 25.11.2020 - 04.01.2021.
Pacienţii sunt de sex masculin, cu vârsta medie de 51,33 ani (47 -
59), iar transplanturile hepatice au fost efectuate cu 13, 5 şi 1,5 ani
anterior. La fiecare dintre cei trei pacienţi s-a înregistrat o formă
clinică diferită a bolii - uşoară (n = 1), moderată (n = 1) şi severă 
(n = 1). Doar pacientul cu boală severă avea comorbidităţi -
hipertensiune, diabet şi obezitate. Pacienţii cu boală uşoară şi 
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moderată au primit dublu tratament imunosupresor cu tacrolimus şi micofenolat de mofetil, în timp
ce pacientul cu boală severă a primit doar tacrolimus. O reducere a dozei de tacrolimus a fost 
întreprinsă după evaluarea nivelului seric, fără modificarea dozei de micofenolat mofetil în cazul
pacienţilor aflaţi în tratament dual. Pacientul cu boală severă a decedat din cauza insuficienţei 
respiratorii, ducând la o rată de fatalitate de 33,3%.

Diagnosticul precoce şi spitalizarea, atunci când este posibil, sunt esenţiale pentru
iniţierea promptă a tratamentului, prevenirea complicaţiilor şi a dezvoltării formelor severe de
COVID-19 la pacienţii cu transplant hepatic, în special la pacienţii cu comorbidităţi precum
hipertensiunea, diabetul şi obezitatea. Pe parcursul tratamentului, se poate încerca o reducere a
dozelor terapiei imunosupresoare, dar nu întreruperea tratamentului, în special a inhibitorului 
calcineurinei în mono- sau dublă terapie.

COVID-19, transplant hepatic

Abstract
There are still debatable facts about estimating the risk and severity of coronavirus

disease (COVID-19) in liver transplant recipients, as well as assessing the impact of the immuno-
suppressive therapy on the clinical course and incidence of liver failure.

We present a prospective study of liver transplant recipients with severe
acute respiratory syndrome coronavirus (SARS-CoV-2) infection admitted for treatment to the
department of First Clinic of Abdominal Surgery, Military Medical Academy, Sofia during
25.11.2020 – 04.01.2021. The diagnosis is confirmed by a positive reverse transcription polymerase
chain reaction (RT-PCR) test for SARS-CoV-2 infection from a naso-pharyngeal swab. COVID-19
severity is estimated as mild (oxygen saturation (SpO2) ≥ 94% on room air and no imaging findings
of pneumonia), moderate (SpO2<94%, imaging suggestive of pneumonia), and severe (need for high
flow oxygen supplementation).

Three liver transplant recipients with COVID-19 were admitted and treated in our 
department during 25.11.2020 – 04.01.2021. All of them were male, mean age of 51.33 years (47 –
59) and their liver transplantations were performed 13, 5, and 1.5 years before. In each of the three
patients a different clinical form of the disease was registered – mild (n=1), moderate (n=1), and
severe (n=1). Only the patient with severe disease had comorbidities - hypertension, diabetes, and
obesity. The patients with mild and moderate disease received dual immunosuppressive therapy
with tacrolimus and mycophenolate mofetil while the one with severe disease - tacrolimus only. A
dose reduction of tacrolimus was undertaken following serum level evaluation without changing the
dose of the mycophenolate mofetil for those on dual therapy. The patient with severe disease died
from respiratory failure leading to a case fatality rate of 33.3%.

Early diagnosis and hospitalization where possible are essential for the prompt initia-
tion of treatment, prevention of complications and development of severe forms of COVID-19 in liver
transplant recipients, especially in patients with comorbidities such as hypertension, diabetes, and
obesity. During the course of treatment there may be a dose reduction of the immunosuppressive
therapy but not discontinuation, especially of the calcineurin inhibitor in mono- or dual-therapy 
regimens.

COVID-19, liver transplantation
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Introduction

Nearly a year after the World Health
Organization (WHO) declared a world severe
acute respiratory syndrome coronavirus 2
(SARS-CoV-2) pandemic on 11.03.2020 (1),
there are still disputable facts concerning the
evolution and treatment of the coronavirus
disease (COVID-19) in liver transplant 
recipients. Of particular interest and more
specific are those assessing risk stratification
and disease severity, as well as the effect of
chronic immune suppression therapy and
hepatic impairment. The following study 
represents our preliminary experience in the
treatment of COVID-19 in liver transplant
patients.

Methods

We present prospective observational data of
patients who had undergone liver transplan-
tation (LT) and admitted for treatment with
clinical signs of SARS-CoV-2 infection to the
department of First Clinic of Abdominal
Surgery (FCAS), Military Medical Academy,
Sofia, Bulgaria during 25.11.2020 – 04.01.2021.
The diagnostic and therapeutic approach were
conducted by a multidisciplinary team that
consisted of general surgeons, anesthesiologist,
infectious disease physician, gastroenterologist,
respiratory physician, radiologist, virologist,
laboratory physician, and physiotherapist. As
a definition of SARS-CoV-2 infection, along
with WHO recommendations, we accepted a
positive laboratory confirmation of SARS-CoV-2
infection irrespective of clinical signs and 
symptoms (2). The diagnosis in our institution
was confirmed by a positive reverse transcrip-
tion polymerase chain reaction (RT-PCR) test
from a naso-pharyngeal swab. The common
characteristics of the imaging modalities are
bilateral ground glass opacifications and/or
areas of consolidation on a chest X-ray or chest
computed tomography (CT) scan (3). The
Covid-19 disease severity is considered mild
(oxygen saturation (SpO2) ≥ 94% on room air
and no imaging findings of pneumonia); 
moderate (SpO2<94% on room air and 

imaging suggestive of pneumonia), and severe
(need for high flow oxygen supplementation)
(4). The most severe form of the disease was
registered during the treatment. The degree of
acute liver injury is defined by the levels of
alanine aminotransferase (ALT) during the
peak of COVID-19 disease and is graded as
follows: no hepatic impairment (ALT < 2x
upper limit of normal (ULN) reference range);
moderate liver injury (ALT = 2–5x ULN), and
severe liver injury (ALT > 5x ULN) (5). The
treatment was conducted in accordance with
the approved Covid-19 treatment protocols in
our institution at the time of admission after
obtaining an informed consent from the
patient.

Results

Three liver transplant recipients with 
COVID-19 were admitted and treated in our
department (FCAS) for the period 25.11.2020 –
04.01.2021.All of them are male at a mean age
of 51.33 years (47 – 59) and their liver trans-
plantations were performed 13, 5, and 1.5
years ago. The demographic characteristics
and clinical presentation are presented in

. The most common symptoms were
dry cough, fever, and fatigue. Only one of the
patients had reported the presence of 
diarrhea. In each of the three patients a 
different clinical form of the disease was 
registered – mild (n=1), moderate (n=1), and
severe (n=1). The patient with the mild form of
the disease was hospitalized on the 4th day of
symptom appearance and the one with the
severe form - on the 6th day. The third patient
who developed a moderate Covid-19 disease
was initially admitted with cholangitis and
was later found to be positive for a SARS-
CoV-2 infection due to pyrexia after bile duct 
re-stenting. Only the patient with severe 
disease had hypertension, diabetes mellitus,
and obesity as co-morbidities.

The main laboratory findings are summa-
rized in . Standard blood count 
deviations and inflammatory marker changes
were registered in all patients. Liver enzyme
elevation at different rate was registered,
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Table 1. Demographic characteristics and clinical presentation in liver transplant recipients with Covid-19 disease

Variables Patient 1 Patient 2 Patient 3
Age (years) 59 47 58

Time after LT (years) 1.5 13 5 
Reason for LT alcoholic liver cirrhosis multiple hemangioendothelioma hepatitis C virus-cirrhosis
Type of immunosuppression tacrolimus + mycophenolate tacrolimus + tacrolimus
before admission mofetil mycophenolate mofetil
Time between admission and 
onset of symptoms (days) 4 1 6

BMI, kg/m2 24 20 32
Co-morbidities

Arterial hypertension no no yes
Diabetes mellitus no no yes
Obesity no no yes

Clinical manifestation fever up to 37.7 C°, fever up to 39 C°, fever up to 38.6 C C°,
dry cough tiredness dry cough, diarrhea

COVID-19 severity mild moderate severe
Hospital stay (days) 16 19 9
ICU admission (days) - - 9
Outcome discharged discharged deceased

Note: LT – liver transplantation; BMI – body mass index; ICU – intensive care unit

Table 2. Laboratory studies in liver transplant recipients with COVID-19

Variables, mean (IQR) Patient 1 Patient 2 Patient 3 
(mild COVID-19) (moderate COVID-19) (severe COVID-19)

Inflammatory markers
LDH, U/l 432 (338-487) 384 (306-429) 1268 (985-1685)
Ferritin, ng/ml 515.34 (434-556) 1465 (1342-1527) 964 (563-1314)
CRP, mg/l 26.34 (11.6 -33.7) 53.4 (0.1-96.6) 126.4 (39-180.2)
D-Dimers, µg/ml 0.36 (0.29-0.4) 1.09 (0.28-1.49) 1.72 (1.02-2.24)
Procalcitonin, ng/ml 0.74 (0.57-1.03) 0.95 (0.74-1.14) 2.78 (2.43-2.96)
IL-6, pg/ml 16.03 (2.42-1.74) 4.02 (2.96-4.55) 74.34 (27.02-98.05)

Blood cell count
Leucocytes, (×1000/ L) 4.63 (3.5-6.89) 3.09 (1.88-4.08) 2.51 (1.84-3.36)
Lymphocytes, (×1000/ L) 0.96 (0.68 – 1.1) 1.35 (0.9-1.57) 0.26 (0.1-0.64)
Eosinophils, (×1000/ L) 0.03 (0.0-0.05) 0.01 (0.0-0.03) 0.0 (0.0-0.0)

Biochemistry
total bilirubin, mol/l 9.37 (7.7-10.2) 95.93 (30.6-28.6) 21 (16.3-24.9)
ASAT, U/l 19.7 (18.0-21.4) 170.06 (84.8-305.4) 215 (41-302)
ALAT, U/l 49.57 (31.0-74.4) 185.86 (101.9-332.3) 165 (23-309)
Creatinine, mol/l 99.34 (96.0-101.0) 75 (66.0-80.0) 194 (155-222)
INR 1.05 (1.0-1.09) 1.06 (1.01-1.09) 1.56 (1.04-1.34)
Albumin, (g/l) 38.23 (37.9-39.4) 34.36 (29.9-39.4) 25.9 (22.6-30.1)

Tacrolimus serum level, g/l 6.6 (6.1-7.1) 6.8 (3.8-9.5) 5.2 (3.3-8.9)

MELD score on admission 8 15 12
Note: LDH – lactate dehydrogenase; CRP – C-reactive protein, IL-6 – interleukin-6; ASAT – aspartate aminotransferase; 
ALAT – alanine aminotransferase; INR – international normalized ratio; MELD – model for end-stage liver disease 

ranged from 1.85 – 7.7 – 8.3 times above ULN.
The highest MELD score (15) on admission
was that of the patient with moderate 
COVID-19, due to existing biliary infection
and deteriorated bilirubin levels.

The patient with mild disease did not have
any radiological evidence of lung changes. The

patients with moderate and severe form of
COVID-19 had the typical bilateral, predomi-
nantly sub-pleural widespread areas of
ground glass opacifications showing tendency
of progression and developing into areas of
consolidation ( ).

Superimposed bacterial infection was iden-
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tified in two patients. In one of them it was
referred to as suspected due to the presence of
cholangitis and the performed endoscopic 
retrograde cholangio-pancreatography with
biliary re-stenting despite the lack of positive
microbiology cultures on the background of a
typical laboratory study constellation for 
bacterial infection. Enterococcus casseliflavus
was isolated from trachea-bronchial aspirate
from the second patient on the 5th day after
endotracheal intubation, which is a rare 
vancomycin-resistant enterococcus and was
treated with linezolid.

The patients with mild and moderate 
disease were on a combined immunosuppres-
sive therapy with tacrolimus and mycopheno-
late mofetil, while the one with the severe
form was on tacrolimus only. None of them
had been on steroid treatment prior to 
admission. Tacrolimus serum levels in all
three patients were measured and decision of
dose reduction without changing the dose of
the mycophenolate mofetil for those on com-
bined therapy was made. Steroid treatment
(methylprednisolone and dexamethasone) was
initiated for the patients with moderate and
severe disease according to their inflammatory
profile. After negative antibody essays the
patient with severe disease received convales-
cent Covid-19 plasma. He was the only one
who had a 5-day antiviral treatment course
with remdesivir. All three patients received

combination of two antibiotics (without
azithromycin) together with an antifungal
agent (fluconazole) considering its effect on
the tacrolimus serum levels. The patient with
moderate disease received oxygen therapy via
facemask up to 9l/min, while the patient with
the severe form of the disease was given high-
flow oxygen therapy before he was admitted to
ICU and put on mechanical ventilation.
Negative SARS-CoV-2RT-PCR tests were 
confirmed for the patients with mild and 
moderate disease on day 15 and 17 respectively
of the hospital stay. The mortality rate was
33.33%. We had one lethal case – the patient
with the severe form of COVID-19 - as a 
consequence of respiratory failure on the 9-th
day of intubation and ICU-treatment. The
mean hospital stay was 17.7 days (16-19).

Discussion

We present our initial experience with three
liver transplant recipients with SARS-CoV-2
infection during 25.11.2020 – 04.01.2021. The
treatment was conducted in a surgical 
department at the peak of the morbidity rates
from SARS-CoV-2 in Bulgaria so far, which
prompted the disclosure and use of beds for
infectious disease treatment in nonspecialized
structures for the purpose. All three patients
were men. Male gender prevails in other 
studies as well (6,8). In a European prospective

Figure 1. Computed tomography chest scan in patients with moderate (A) and severe (B) form of COVID-19 - 
typical bilateral, predominantly sub-pleural widespread areas of ground glass opacifications (B) showing
tendency of progression and developing into areas of consolidation (A).

AA BB
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multicenter study which included 57 patients,
70% were men (7). 

Contrary to other authors’ reports (4), 
gastrointestinal (GI) symptoms were not 
common in our patients. Fever and cough are
the most prevalent clinical signs according to
a large-scale study from Spain - respectively in
74.8% and 70.3% of all cases (9). In an 
epidemiological study from Iran, the leading
symptom was dyspnea, while gastro-intestinal
symptoms were not reported (6). In a
European prospective multicenter study, the
most common clinical signs were fever (79%),
cough (55%), dyspnea (46%), fatigue or 
myalgia (56%), and GI symptoms (33%), while
anosmia or dysgeusia were observed in only
7% of all cases (7).

The reason for admission of all our patients
was SARS-CoV-2 infection regardless of their
comorbidities or older age in contrast to other
authors (4,7,14). This is most likely due to the
smaller number of liver transplant recipients
in Bulgaria which allows a more thorough 
follow up in each medical aspect. There is an
interesting report from Iran in which, despite
the fact that all transplant patients were
quarantined at the end of February 2020
when SARS-CoV-2 was encountered in Iran
for the first time (second country in the world
after China), there was a degree of misinter-
pretation of symptoms as “common cold” as
well as not specified protocols for quarantine,
which led to complications, delayed hospital
admission, and delayed treatment (6).
Clarifying the symptoms and paying attention
even to the slightest changes in the patients’
general health are of paramount importance
for the early diagnosis, hospitalization where
possible and initiation of treatment under
strict clinical observation.

We observed standard deviations in the
blood cell count - leucopenia, lymphopenia,
eosinopenia and elevation of the inflammatory
markers. The median values of IL-6, CRP, 
procalcitonin, d-dimers, and LDH were the
highest in the patient with severe disease.
Very often, changes in aspartate aminotrans-
ferase (AST), bilirubin and albumin could be
linked to a number of non-hepatic causes,

therefore ALT is used as a more specific 
marker of acute liver failure (5). According to
the used classification of acute liver injury, we
observed lack of liver impairment in one of the
patients, but the other two (with moderate
and severe COVID-19 disease) had a severe
form of liver injury with ALT values of 7.7 and
8.3x ULN. The raised baseline values of the
liver enzymes in the patient who presented
with cholangitis we consider to be the effect of
the coexisting biliary sepsis. None of the
patients had signs of liver graft dysfunction or
graft loss even though immunosuppressive
therapy was reduced.

Only one of our patients (the one with
severe Covid-19 disease) initially had elevated
creatinine levels on admission and developed
renal impairment afterwards during the 
treatment process. Acute kidney injury (AKI)
is considered a poor prognostic factor in
patients with COVID-19 (4,10). Use of 
calcineurin inhibitors in a septic state 
significantly increases the risk of AKI (4).
Other poor prognostic factors are comorbidi-
ties and more specifically hypertension. In our
experience it was namely the patient with the
severe Covid-19 infection who suffered from
hypertension, diabetes mellitus, obesity, and
development of AKI.

The clinical signs of a severe form of
COVID-19 are older age, male gender, comor-
bidities, raised D-Dimer, raised ferritin levels,
reduced absolute lymphocyte count, reduced
pO2, and the presence of dyspnea on admis-
sion (9,13). No significant relation between the
time interval from LT and SARS-CoV-2 
infection with the disease severity was found.
The authors, however, stress the fact that the
number of patients diagnosed with COVID-19
in the first year of transplantation are rela-
tively small and further research is needed in
order for their findings to be confirmed. The
mean time from LT and SARS-CoV-2 infection
according to a study from Iran is 60 months
(30-156) (6). There were no liver transplanta-
tions in Bulgaria since the pandemic was
declared on 11.03.2020 up to December 2020.
The patient with mild disease was transplanted
1.5 years before because of alcohol abuse 
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related cirrhosis while the one with moderate
disease - 13 years before due to multiple
hemangioendotheliomas. The patient with an
LT performed 5 years before as a consequence
to HCV infection had the most severe 
symptoms. 

We had one lethal case as a consequence of
respiratory failure. This was the patient with
severe disease and comorbidities – diabetes,
hypertension, and obesity. In our cohort study
of 3 patients the mortality rate was 33.33%.
Case-fatality rate of 17%-38% in hospitalized
liver transplant recipients is reported in 
different studies (6,7,14). Colmanero et al. (9)
revealed a mortality rate of 18% in one of the
largest epidemiological studies in liver trans-
plant patients with SARS-CoV-2 infection.
They came to the conclusion that chronic
immunosuppression increases the risk of
infection nearly twice and mortality is statisti-
cally lower compared to that of the general
population. Other authors, however, do not
report such difference describing a hospital
case-fatality rate of 15 – 22% (15 – 17). The
ascertained independent prognostic factors for
severe form of COVID-19 (defined in their
study as need for ventilatory support, ICU
care and/or death) are: Charlson-comorbidity
index, male gender, dyspnea at time of 
diagnosis, and immunosuppressive therapy
with mycophenolate mofetil especially in
doses over 1000 mg daily. Such correlation is
not established with calcineurin inhibitors or
everolimus while complete withdrawal of the
immunosuppressors did not have any effect.
Thus, their recommendation is for reduction
or discontinuation of mycophenolate, but the
immunosuppressive therapy should not be
excluded completely.

A number of authors report the presence of
malignancies in high percentage of deceased
patients with LT (7,12). Five out of seven
patients had a history of cancer of which 3
were in an active form of the disease (7). None
of our patients had a history of an active 
oncological disease. In an international study
of 151 liver transplant recipients and COVID-
19 a multivariable analysis identifies a 
number of factors associated with higher risk

of mortality: older age, elevated serum 
creatinine levels, the presence of non-liver
related malignancy where the time from the
transplantation and the type of immuno-
suppression do not increase that risk (12). The
same study did not find the LT to have a 
negative effect on the COVID-19 prognosis
compared with a cohort from UK population
without liver transplantation.

Immunosuppression is a key milestone in
the COVID-19 outcome. It is still debatable
whether immunosuppressive therapy is a risk
factor in terms of disease severity, including
higher risk of superimposed bacterial infection
(18,19) or not. Overdosing immunosuppressants
can lead to increased viral load and delayed
recovery while, on the other hand, a compe-
tent immune system can lead to extremely
severe forms of the disease (20). Some authors,
based on uncontrolled clinical trials, empha-
size the potential positive effect of immuno-
suppression in COVID-19 (21-23). The nega-
tive effect of the mycophenolate is related to
its toxic activity on activated lymphocytes
(24). SARS-CoV-2 has a direct cytotoxic effect
on lymphocytes, especially CD8+ (25) which
explains the relation between lymphopenia
and poor outcome (26). During previous 
coronavirus outbreaks such as MERS-CoV
and SARS-CoV, Tanaka et al (27) highlighted
the ability of calcineurin inhibitors to suppress
the coronavirus replication and respectively -
the cytokine storm (20). In another study the
immunosuppressive therapy of liver trans-
plant recipients was left unchanged and the
authors concluded that they were responsible
for the milder COVID-19 severity (6).

In contrast to the published data our
results show mild and moderate disease in the
patients with dual immunosuppressive therapy,
including mycophenolate mofetil, while our
patient with severe disease received only
tacrolimus. Most probably, the main factors
leading to a severe disease were the patient’s
comorbidities and the relatively long period of
6 days with symptoms prior to admission
when the patient had not received any treat-
ment. All three patients after monitoring 
the tacrolimus serum levels (all three were
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receiving fluconazole which increases the
serum concentration) required dose reduction
without having graft dysfunction or rejection.
In the cases with dual treatment regimens we
did not consider dose reduction or exclusion of
mycophenolate which did not have a negative
impact on the clinical course, but on the 
contrary, both had a better outcome eventually.

Conclusion

Liver transplant recipients are a specific
group of patients whose immunosuppressive
therapy could have a positive impact on
cytokine storm prevention in COVID-19.
However, there is an increased risk of super-
imposed bacterial infection. Early diagnosis
and hospitalization are essential for timely
initiation of treatment and prevention from
complications and development of a severe
form of COVID-19 especially in patients with
comorbidities such as hypertension, diabetes,
and obesity. There may be a dose reduction of
the immunosuppressive therapy in the course
of treatment, but not exclusion, especially of
the calcineurin inhibitor, emphasizing its 
positive effect in virus replication inhibition
and cytokine storm suppression. 
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