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ABSTRACT
Background. Infections by SARS-CoV-2 in liver transplant recipients (LT) patients are of par-
ticular concern, notably due to perceived added risks related to immunosuppression and comor-
bidity burden. Current literature on this topic often relies on small, non-standardized, and
geographically limited studies. This manuscript describes COVID-19 presentations and causes
for elevated mortality in a large cohort of LT recipients.

Methods. This study was designed as a multicentric historical cohort, including LT recipient
patients with COVID-19 in 25 study centers, with the primary endpoint being COVID-related
death. We also collected demographic, clinical, and laboratory data regarding presentation and
disease progression.

Results. Two hundred and thirty-four cases were included. The study population was predom-
inantly male and White and had a median age of 60 years. The median time from transplantation
was 2.6 years (IQR 1-6). Most patients had at least one comorbidity (189, 80.8%). Patient age
(P = .04), dyspnea (P < .001), intensive care unit admission (P < .001), and mechanical ventila-
tion (P < .001) were associated with increased mortality. Modifications of immunosuppressive
therapy (P < .001), specifically the suspension of tacrolimus, maintained significance in multi-
variable analysis.

Conclusions. Attention to risk factors and the individualization of patient care, especially
regarding immunosuppression management, is crucial for delivering more precise interventions
to these individuals.
*Address correspondence to 126 Tessalia Vieira de Camargo
St, 13083887 Campinas, State of Sao Paulo, Brazil. E-mail:
eduardor@unicamp.br
THE COVID-19 pandemic has drastically shifted the routine
of transplantation centers worldwide. Current literature on the

disease characteristics in this population comprises cohort studies
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from Europe and North America [1−6]. However, these studies
often report low numbers of patients with varying methodologies.
Descriptions regarding the role of immunosuppression on

disease outcomes have yielded conflicting results. Belli et al
reported a seemingly protective role of tacrolimus against mor-
tality, whereas Miarons et al argued that CYP3A4 inhibition in
SARS-CoV-2 infection could lead to tacrolimus toxicity [2,7].
This lack of clear evidence is of particular concern because

the population of liver transplant (LT) recipients is perceived as
susceptible to higher rates of severe disease due to immunosup-
pression and an increased number of comorbidities [8]. This
study seeks to report the impact of COVID-19, standardizing
disease characteristics, progression, and outcomes in a large
sample of LT recipients.
MATERIALS AND METHODS

We designed this study as a multicentric retrospective historical cohort
by analyzing patient records submitted using an online standardized
questionnaire in all enrolled institutions.

Informed consent was obtained from all participants, following insti-
tutional and international standards in all participant centers. Institu-
tional Board Review approval numbers for each institution are outlined
in the supplementary material section. All data is derived from trans-
plants involving organs obtained from willing and consented donations.

The study included adult LT recipient patients with previously estab-
lished post-transplant follow-up at any of the participating institutions
who sought health care services between December 2019 and October
2021 and had a confirmatory reverse transcription polymerase chain
reaction or rapid antigen test. Follow-up was maintained until either
death or the date of the study conclusion. The primary endpoint of the
study was COVID-19−related death.

Data on previous medical conditions, immunosuppressive regimens,
and symptoms at admission were collected for all patients. Imaging tests
were performed if medically indicated and considered abnormal if pre-
sented with interstitial alterations, consolidations, or ground glass opaci-
ties, unilaterally or bilaterally. Data on specific covid-treatments was
collected, yet, due to the period in which the study was conducted, most
of the current covid-specific treatments were either unknown or not yet
in use. As such, the study mostly focused on collecting data on the use
of anticoagulation or corticosteroid therapy.

Due to the study beginning before any vaccines were available in the
country, vaccination status was not collected, and patients were pre-
sumed to be unvaccinated because, until the last months of the study,
<10% of the country’s population was fully vaccinated [9].

We collected patient data using a standardized online formulary filled
out by participating institutions. Statistical analyses were performed
using SPSS version 23 (IBM SPSS, Inc, Armonk, NY, United States)
and R (version 4.0; R Foundation for Statistical Computing, Vienna,
Austria). We performed descriptive analysis and parametric or nonpara-
metric comparative tests. Mann-Whitney Q test was used for non-nor-
mal continuous variables, the Student t test and analysis of variance
were used for normal variables, and the Wilcoxon rank sum test and
Fisher’s exact test for non-normal variables. We performed a x2 test for
normal and non-normal discrete binary variables. Select variables were
submitted to multivariable analysis by binary logistic regression with
Wald tests for independent variable significance and Pseudo-R2 estima-
tion. Kaplan Meier with log-rank tests was also performed and plotted
in survival probabilities to showcase some specific variables’ effects on
mortality.
RESULTS
Demographics and General Characteristics of the Study
Population

Among the 25 participating centers, 234 patients were included
in this study. Diagnosis of COVID-19 was predominantly per-
formed by reverse transcription polymerase chain reaction
(98%), with a small percentage of rapid antigen tests (2.1%).
Detailed descriptions of demographic data and outcomes are
displayed in Table 1.
Disease onset was symptomatic in 95% of cases, with fever

(52%) and cough (49%) being the most common at admission.
Imaging findings were present in 90% of the chest computed
tomography scans, with an association with increased mortality
(P = .012).
Regarding COVID-specific treatments, 48 patients (21%)

were treated with anticoagulants (unfractionated heparin, low-
molecular-weight heparin), and 82 (35%) received corticoste-
roid therapy. Only 1 patient received remdesivir, 1 received
basiliximab, and 1 received convalescent serum. Corticosteroid
and anticoagulation (unfractionated or low molecular weight
heparin) therapy were both associated with increased mortality
in univariate tests (P < .001 for both) but did not show signifi-
cance in multivariable analysis.
Outcomes and Complications. There were 48 deaths in our

sample. The lethality and case incidence followed a bimodal
trend (Fig 1A) similar to that observed nationwide during the
same period. There were no significant differences in disease
incidence or death between COVID waves.
Most patients required hospitalization (62%), with 63 (27%)

requiring intensive care. Forty-four patients (19%) required
mechanical ventilation with a median ventilator length of
12 days. Nineteen (8.1%) required pronation, and 36 (15%)
required renal replacement therapy. Overall, COVID-related
lethality was 20.5%, with an intensive care unit (ICU) mortality
rate of 75%.
Patient age (P = .033) and obesity (P = .004) were associated

with increased mortality. Dyspnea at presentation, mechanical
ventilation, and renal replacement therapy were also strongly
correlated with increased mortality (P < .001 for all).
Immunosuppression management and correlation with mor-

tality. There were many combinations of immunosuppressants,
the most common being tacrolimus + mycophenolate (118
cases; 50%), followed by tacrolimus + everolimus (33 cases;
14%), and stand-alone tacrolimus (28 cases; 12%).
After admission, 121 patients (55%) underwent modifications

to their immunosuppressive regimen (partial or total suspension
of any medication). Most modifications occurred in hospitalized
patients (102 cases; 84%). There was a strong correlation
between modifications of immunosuppressive therapy and
increased mortality (P < .001).
In a detailed analysis, alterations to each drug in such regi-

mens were described and categorized in either dose reduction
or complete suspension. There was a significant association
between the suspension of tacrolimus (15% of regimens with
the drug) and COVID-related death (P < .001). The same was
true for prednisone suspension (P = .025). The use of



Table 1. Demographic and Outcome Data

Characteristic N
Overall
N = 234*

Survived
N = 186*

Dead
N = 48* P Valuey

Sex 234 .063
Female 64 (27%) 56 (30%) 8 (17%)
Male 170 (73%) 130 (70%) 40 (83%)

Age 234 60 (54, 66) 59 (53, 66) 63 (58, 68) .033
Ethnicity 234 .9

Not disclosed 6 (2.6%) 5 (2.7%) 1 (2.1%)
Asian 3 (1.3%) 3 (1.6%) 0 (0%)
Black 13 (5.6%) 12 (6.5%) 1 (2.1%)
Mixed race 66 (28%) 52 (28%) 14 (29%)
White 146 (62%) 114 (61%) 32 (67%)

Years since LTX 232 2.6 (1.0, 6.6) 3.1 (1.1, 6.6) 1.6 (0.9, 5.9) .11
Diabetes 234 110 (47%) 89 (48%) 21 (44%) .6
Dyslipidemia 234 7 (3.0%) 5 (2.7%) 2 (4.2%) .6
Chronic Kidney Disease 234 29 (12%) 21 (11%) 8 (17%) .3
Hypertension 234 111 (47%) 88 (47%) 23 (48%) > .9
Cardiovascular disease 234 22 (9.4%) 19 (10%) 3 (6.2%) .6
Obesity 211 55 (26%) 37 (22%) 18 (44%) .004
Fever 234 121 (52%) 94 (51%) 27 (56%) .5
Nausea 234 13 (5.6%) 9 (4.8%) 4 (8.3%) .3
Odynophagia 234 6 (2.6%) 5 (2.7%) 1 (2.1%) > .9
Cough 234 115 (49%) 93 (50%) 22 (46%) .6
Choryza 234 36 (15%) 32 (17%) 4 (8.3%) .13
Dyspnea 234 77 (33%) 48 (26%) 29 (60%) < .001
Abdominal pain 234 5 (2.1%) 5 (2.7%) 0 (0%) .6
Diarrhea 234 43 (18%) 35 (19%) 8 (17%) .7
Lost sense of smell 234 26 (11%) 25 (13%) 1 (2.1%) .026
Assymptomatic 234 12 (5.1%) 11 (5.9%) 1 (2.1%) .5
Disease wave 229 .12

First 111 (48%) 84 (46%) 27 (59%)
Second 118 (52%) 99 (54%) 19 (41%)

Hospitalized 234 146 (62%) 98 (53%) 48 (100%) < .001
ICU 234 64 (27%) 23 (12%) 41 (85%) < .001
Mechanical Ventilation 234 44 (19%) 5 (2.7%) 39 (81%) < .001
Mechanical ventilation Length 45 12 (5, 20) 8 (5, 12) 13 (4, 20) .3
Need for pronation 45 19 (40%) 3 (43%) 16 (40%) > .9
Need for renal replacement therapy 234 36 (15%) 9 (4.8%) 27 (56%) < .001
Follow up time (d) 221 106 (40, 273) 162 (73, 297) 22 (10, 35) < .001
CXR alterations 33 23 (70%) 11 (58%) 12 (86%) .13
Chest CT alterations 143 128 (90%) 88 (85%) 40 (100%) .012

Descriptive variables displayed as “count (percentage)” and continuous variables displayed as “median (IQR).”
* n (%); Median (IQR).
CT = computed tomography; CXR = Chest X-Ray; ICU = INtensive Care Unit; LTX = Liver transplantation.
y Pearson’s x2 test; Wilcoxon rank sum test; Fisher’s exact test.
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mycophenolate at admission also was associated with mortality
(P = .009). Dose reduction of any of the drugs was not associ-
ated with death. Detailed information on managing individual
immunosuppressive drugs is displayed in Table 2. Figure 1B
displays the accumulated survival probability in patients with
immunosuppressive modifications and tacrolimus suspension.
We performed multivariable analysis to reduce the confound-

ing effect of covid severity in relation to immunosuppression
and mortality. In binary logistic regression, the correlation of
tacrolimus suspension and mortality-maintained significance
after accounting for dyspnea and hospitalization (P = .013) or
ICU admission (P = .046) and during follow-up, as surrogates
for COVID severity. These models explained 38.2 % (Nagel-
kerke R2) of the variance in patient mortality and correctly
classified 79.9 % of cases in the model considering dyspnea
and hospitalization. When accounting for dyspnea and ICU
admission, 55.9% of the variance was explained by the model,
with 87.1% of cases correctly classified.
Conversely, overall immunosuppression modifications did

not correlate to increased mortality when accounting for these
factors (P = .162 and P = .172, respectively).
DISCUSSION

Our study sheds light on the presentation and disease course of
COVID-19 in LT recipients. To our knowledge, this is the most
extensive study to date on this topic. Our results revealed sev-
eral crucial factors correlated with increased mortality, notably



Fig 1. (A) Histograms detailing temporal variations in the number of diagnosed cases of COVID-related deaths in our study. Both case inci-
dence and deaths display a bimodal pattern in liver transplant recipients, akin to those described in the general population. (B) Kaplan Meier
with log-rank test plots describing the overall 60-day survival probability of patients with and without changes to their immunosuppressive reg-
imens overall (left) and, specifically, suspension of tacrolimus (right). The graph displays a higher likelihood of death in patients with changes
to their immunosuppressive regimen, which is exacerbated when tacrolimus suspension is specified. TAC, tacrolimus.
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Table 2. Alterations to Immunosuppressive Agents, Segmented by Total Drug Suspension or Dose Reduction

Characteristic N
Overall
N = 234*

Survived
N = 186*

Dead
N = 48* P Valuey

TAC Reduction 194 31 (16%) 22 (14%) 9 (22%) .2
TAC Suspension 194 30 (15%) 14 (9.1%) 16 (40%) < .001
MFS Reduction 138 6 (4.3%) 4 (3.9%) 2 (5.7%) .6
MFS Suspension 138 70 (51%) 48 (47%) 22 (63%) .10
EVR Reduction 42 0 (0%) 0 (0%) 0 (0%) -
EVR Suspension 42 8 (19%) 6 (18%) 2 (25%) .6
PRED Reduction 18 0 (0%) 0 (0%) 0 (0%) -
PRED Suspension 18 3 (17%) 0 (0%) 3 (50%) .025
AZA Reduction 5 0 (0%) 0 (0%) 0 (0%) -
AZA Suspension 5 3 (60%) 1 (33%) 2 (100%) .4
CsA Reduction 10 0 (0%) 0 (0%) 0 (NA%) -
CsA Suspension 10 4 (40%) 4 (40%) 0 (NA%) > .9
Any partial or total supension to Imunossupression 222 121 (55%) 84 (48%) 37 (80%) < .001

Values are displayed as “count (percent).”
Bolded = significance (p > 0.05).

AZA = Azathioprine; CsA = Cyclosporine A; EVR = Everolimus; MFS = Mycophenolate Sodium; PRED = Prednisone; Tac = Tacrolimus.
* n (%).
y Pearson’s x2 test test; Fisher’s exact test.
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the important role of immunosuppression management in
COVID, denoting a very high mortality rate in LT recipients.
Regarding vaccination status in our population, the study

began before any immunizations were widely available in Bra-
zil. Therefore, all patients included in the study were considered
non-vaccinated, as national data shows that until the last months
of the study, <10% of the country’s population were unvacci-
nated [9].
Although these characteristics set the sample apart from most

vaccinated LT recipients, such differences may be attenuated
by evidence of the lower effectiveness of vaccines in this popu-
lation [10,11]. Moreover, the results may still represent the frac-
tion of patients with incomplete or absent vaccination,
knowingly those in which more deaths and severe cases cur-
rently occur (and those in which more concerns are raised
regarding modifications to immunosuppression) [12−14].
The data collected in this study showed a paradoxical associ-

ation of anticoagulation or corticosteroid treatment with
increased mortality. This may be explained by a biased indica-
tion of treatment (selection bias), which was administered
mostly in hospitalized (68%) and ICU patients (89%).
A crucial finding of this study was the grossly elevated mor-

tality rate. Our study included 48 deaths, accounting for an
overall lethality of 20.5% and an ICU lethality of 75%. These
numbers are much higher than the 2.2% national lethality
observed during the same period [15]. Other studies have
reported similarly high lethality in LT recipients [16].
Although our study did not collect COVID variants within

the studied population, the distribution of deaths in 2 distinct
waves correlated to nationwide case surges of the Alpha and
Gamma COVID variants, respectively [17].
Our sample had a very high hospital admission rate, with 146

patients (62%) being treated in an inpatient setting. This finding
is also displayed in previous studies [4,6,18]. However, the sub-
jective nature of medical decisions and the availability bias in
large transplant centers may partially explain such high admis-
sion rates.
Previous studies have suggested factors that may be associ-

ated with patient deaths and be responsible for such high lethal-
ity. Older age, ICU admission, and the need for mechanical
ventilation [2,3,5−7] have been observed as risk factors, and
our study concurs with such findings.
Our study also found novel correlations with mortality in

patients with increased BMI (P = .02) and the presence of dys-
pnea at presentation (P < .001). These factors may explain the
increased lethality in this population and show that these
patients were frailer at admission than previously thought.
Be that as it may, immunosuppression regimen modifications

and tacrolimus suspension were strongly correlated with mortal-
ity in our study in single variable analysis (P < .001), which
have been reported by several studies [2,7,18]. The detailed
analysis performed on this finding indicates the crucial effect of
immunosuppression management on patient outcomes in these
cases.
The strong association of tacrolimus suspension to death is in

line with the findings of Belli et al [2], which suggested a pro-
tective effect of tacrolimus in LT recipients. Yet, our findings
further such hypotheses by sustaining such association in multi-
variable analysis, including hospitalization and symptomatol-
ogy at admission.
Our study showed a seemingly important detrimental effect

of tacrolimus suspension, irrespective of hospitalization, ICU
admission, or dyspnea at presentation, surrogates for COVID
severity.
The findings of our study are strengthened by the fact that it

had a robust, multicentric, and geographically well-distributed
population. Be that as it may, it has limitations, notably the ret-
rospective design and lack of complete data collection in some
cases, such as the lack of the predominant covid variants during
the study.
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In light of the myriad findings in this study, we can conclude
that managing LT recipients with COVID-19 is a complex, mul-
tifaceted effort that often involves patients with a previously
high disease burden. Attention to risk factors and individualiza-
tion of patient care, especially in immunosuppression manage-
ment, is crucial for delivering better and more precise
interventions to these individuals.
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