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Abstract

Adverse clinical outcomes related to SARS-CoV-2 infection among liver transplant
(LTx) recipients remain undefined. We performed a meta-analysis to determine the
pooled prevalence of outcomes among hospitalized LTx recipients with COVID-19. A
database search of literature published between December 1, 2019, and November
20, 2020, was performed per PRISMA guidelines. Twelve studies comprising 517 hos-
pitalized LTx recipients with COVID-19 were analyzed. Common presenting symptoms
were fever (71%), cough (62%), dyspnea (48%), and diarrhea (28%). Approximately 77%
(95% Cl, 61%-93%) of LTx recipients had a history of liver cirrhosis. The most prevalent
comorbidities were hypertension (55%), diabetes (45%), and cardiac disease (21%). In-
hospital mortality was 20% (95% Cl, 13%-28%) and rose to 41% (95% Cl, 19%-63%)
(P < 0.00) with ICU admission. Additional subgroup analysis demonstrated a higher
mortality risk in the elderly (>60-65 years) (OR 4.26; 95% Cl, 2.14-8.49). There was
no correlation in respect to sex or time since transplant. In summary, LTx recipients
with COVID-19 had a high prevalence of dyspnea and gastrointestinal symptoms. In-
hospital mortality was comparable to non-transplant populations with similar comor-
bidities but appeared to be less than what is reported elsewhere for cirrhotic patients
(26%-40%). Importantly, the observed high case fatality in the elderly could be due to

age-associated comorbidities.
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health concern in the elderly as well as populations with underlying

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) is
highly transmissible disease and entails significant mortality. The
COVID-19 pandemic has already affected over 89 million people
globally, with a fatality rate of 2%-6%." The infection is of significant

comorbidities such as hypertension, diabetes mellitus, and chronic
lung diseases. SARS-CoV-2 carries a higher risk of adverse outcomes
in patients with specific disease states including chronic liver dis-
ease. SARS-CoV-2 virus can have higher adverse outcomes in pa-
tients with comorbidities, including chronic liver disease and liver

Abbreviations: ACE2 receptor, angiotensin-converting enzyme 2 receptor; ARDS, acute respiratory distress syndrome; CAID, cirrhosis-associated immune dysfunction; Cl, confidence
interval; CNI, calcineurin inhibitor; COVID-19, corona virus disease 2019; ICU, intensive care unit; IQR, interquartile range; LTx, liver transplantation; MELD, model for end-stage liver
disease; MMF/MPA, mycophenolate mofetil/mycophenolic acid; mTORi, mammalian target of rapamycin inhibitors; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2;

T2DM, type 2 diabetes mellitus.
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transplant recipients owing to immune dysregulation, immunosup-
pressive state, and associated comorbidities.?”

Liver transplantation has been established as a life-saving proce-
dure for all forms of end-stage liver disease; however, in the initial
phase of the global COVID-19 pandemic, most transplant centers
were forced to restrict transplant activities not only due to the highly
transmissible nature of the pathogen but also because of a height-
ened risk of severe disease in the immunocompromised individu-
als.%” Hence, a better understanding of the disease process in this
specific cohort needs to be pursued to allow for optimal organ and
patient selection for liver transplantation as well as perioperative
screening and immunosuppression management. Moreover, to opti-
mize transplant timing, such concerns ought to be balanced between
the impact of a SARS-CoV-2 infection in cirrhotic patients versus
liver transplant recipients. Recent reports by two international col-
laborative registries (ie, the COVID-Hep registry at COVID-Hep.net
and the SECURE-cirrhosis registry at covidcirrhosis.web.unc.edu)
included data from 103 cirrhotic patients from 18 countries. These
databases reported a 95.2% hospitalization rate and overall in-house
mortality of 39.8%. The studies revealed a significant association be-
tween case fatality and Child-Pugh class “C” as well as higher MELD
score (model for end-stage liver disease) with a dismal prognosis and
overall mortality of 63.2%.%

In this meta-analysis, we summarize the existing literature per-
taining to COVID-19 in liver transplant recipients in order to deter-
mine the impact of the pathogen in this cohort. Furthermore, we
highlight reported changes in immunosuppressive regimens and at-
tempt to identify modifiable clinical factors associated with clinical
outcomes and mortality. We also reviewed the existing literature to
compare the morbidity and mortality between decompensated cir-

rhotic patients and liver transplant recipients.

2 | METHODS

2.1 | Search strategy

The initial systematic review was performed following registration
in PROSPERO, an international database of prospectively registered
systematic reviews (CRD42020191699). The search strategy was
formulated as per the Cochrane Handbook for Systematic Reviews
and reported as per the guidelines proposed by a meta-analysis of
observational studies in epidemiology (MOOSE).” A comprehensive
electronic literature search was made using MeSH terms “COVID-19”
AND “liver transplantation”; “Coronavirus” AND “liver transplanta-
tion”; “COVID-19” AND “liver transplantation” AND “mortality”;
“COVID-19” AND “liver transplantation” AND “Clinical outcomes”.
We searched the following databases: MEDLINE, PubMed, EMBASE,
MedRxiv, Cochrane, Crossref, Scopus, and clinical trial registries on
November 10, 2020. Additionally, a manual search suing the free
terms “2019 novel coronavirus”, “SARS-CoV-2", “2019-nCoV infec-
tion” was made for preprints, case reports, abstracts, and bibliog-
raphies to identify additional eligible studies. The final search was

completed on November 20, 2020, and was not restricted by lan-
guage or geography. After an initial screen of titles and abstracts,
the full text of identified articles was search based upon previously

established inclusion criteria.

2.2 | Inclusion criteria

All observational studies available in the form of full-text articles re-
lating to COVID-19 in liver transplantation were reviewed. All other
publications, including editorials, reviews, and letters, were also ex-
cluded. Our outcomes of interest included clinical presentation, the
severity of respiratory disease, hospital admission, intensive care
unit admission, the need for mechanical ventilation, the incidence
of ARDS (acute respiratory distress syndrome), presence of acute
kidney injury, blood levels of lymphocytes, liver enzymes, serum
bilirubin and inflammatory markers, modifications of the immuno-
suppressive regimen, whether other treatments were administered,
prognosis as related to recovery, graft rejection, and mortality as
reported in the reviewed literature. Wherever possible, group-wise
comparisons were made to determine mortality comparing the fol-
lowing factors: age (<60-65 years vs 260-65 years), time since LTx
(<2 years vs 22 years), and sex (as reported).

2.3 | Data extraction
Two separate reviewers, KJ and IR, independently screened the
search results using a two-stage method via a shared online plat-
form. In the first stage, article titles and abstracts were scrutinized
to exclude obviously ineligible studies. During the second stage, full
texts or available limited text (eg, posters) were read and additional
articles were excluded. In case of disagreement in article selection,
matters were discussed until a consensus was achieved in collabora-
tion with the senior author (PW). The Preferred Reporting Items for
Systematic Reviews and Meta-analyses (PRISMA) guidelines were
used to direct the search and study selection (Figure 1). The data
were extracted from the included studies and organized into a pre-
defined data set to generate central tendency (ie, mean or median)
and dispersion (ie, 95% Cl, IQR, or range). Whenever means and
standard deviations of the analyzed variables were not available, the
values were inputted from the available statistics (ie, median, IQR,
or range).lo'11

Heterogeneity among included studies was investigated through
I? statistics and designated as low if I? was < 25%, moderate if 25%-
75%, and high if Pwas > 75%.'2 Due to the heterogeneity within
and between the studies, a random-effects model was chosen to
compute the pooled prevalence (ie, effect size) with 95% confidence
interval (Cl). The software used for statistical analysis was STATA/SE
16 (Stata, College Station, TX). In case of a single arm “zero” event,
0.5 was added to the zero cells and the “metan” command was
used. Whenever there was a “zero event” in both arms, the study
was excluded from the analysis. The risk of bias for observational
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FIGURE 1 Search strategy and study selection used in this systematic review as per PRISMA protocol

studies was evaluated via a quality analysis of included studies as
per the guidelines suggested by the National Institutes of Health
in the Quality Assessment Tool for Case Series Studies whenever

applicable.r®4

3 | RESULTS

3.1 | Searchresults

The primary literature search yielded a total of 83 articles match-
ing our preliminary selection criteria. Of these, 69 were excluded
as detailed in the PRISMA flowchart (Figure 1). Other articles such
as case reports, reviews, letters to editor, opinions, and editorials
were excluded as well (Table 1). Whenever we identified studies

by the same authors containing overlapping data, only the study
with highest number of cases was selected for inclusion.}>¢ A final
total of 12 observational studies were included for data extraction
(Figure 2). 1728

The pooled estimate of reported attributes of COVID-19 in the
LTx population was assessed through exploratory random-effects
analyses of proportion and effect size, and these are presented
as percentages. The detailed results of the data analysis are tabu-
lated in Tables 2 and 3. Twelve studies are included that reported
a total of 517 eligible liver transplant recipients diagnosed with
COVID-19. The pooled estimate mean age of these patients was
63.58 years (95% Cl 59.66-67.48 years). The male population pro-
portion was 70.87% (95% Cl 68.25%-73.50%). Approximately 77%
(95% Cl, 61%-93%) of the patients had undergone liver transplan-
tation in the setting of liver cirrhosis. The time from transplant
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FIGURE 2 Quality assessment of included studies. (green—low
risk of bias; yellow—unclear risk of bias; red—high risk of bias)

to COVID-19 diagnosis was defined in seven studies including
342 patients with a mean time after LTx of 8.89 years (95% Cl,
6.60-11.17 years). Overall, 118 of the identified recipients (80%)
acquired COVID-19 > 2 years after liver transplantation; only 29
patients (20%) were identified who presented to COVID infection
within 2 years of liver transplantation. It should be noted that the
time interval between development of initial symptoms to pre-
sentation was incompletely reported. Based on the available data,
the pooled prevalence among Caucasian LTx recipients was 70%
(95% Cl 46%-93%), African Americans 11% (95% Cl 7%-16%), and
Latinos/Hispanics 5% (95% Cl 2%-8%).

3.2 | Comorbidities of liver transplant recipients
with COVID-19

We assessed the prevalence of various comorbidities outlined
in the included studies. Type 2 diabetes mellitus (T2DM) was re-
ported in eight studies; 211 patients out of 486 confirmed cases
of COVID-19 had T2DM with a pooled prevalence of 45% (95% Cl,
38%-53%). Hypertension was reported in eight studies; 251 patients
among 486 COVID-19 cases carried a diagnosis of hypertension
with a pooled prevalence of 55% (95% Cl, 47%-64%). Further, seven

studies, including 88 patients, had confirmed cardiac disease with
a prevalence of 21% (95% Cl, 13%-30%). The prevalence of obesity
among the indexed COVID-19 cohort was 33% (95% Cl, 11%-56%).
Six studies, 352 COVID-19 patients, of which 42 had chronic lung
disease patients with pooled prevalence of 14% (95% Cl, 6%-22%).
The pooled prevalence of malignancy and smoking were both 11%
(Table 4).

3.3 | Clinical characteristics of liver transplant
recipients with COVID-19

The pooled estimate of presenting symptoms of COVID-19 in the
LTx population is presented in Table 4. Fever was the most com-
mon with a prevalence of 71% (95% Cl, 61%-81%), followed by
cough in 62% (95% Cl, 53%-73%). Other common manifestations
were dyspnea in 48%, and gastrointestinal symptoms in 28% of
patients.

3.4 | Clinical presentation, disease severity, and
mortality among liver transplant recipients with
COVID-19

The pooled prevalence of pneumonia on imaging was 77% (95% Cl,
69%-84%). The pooled prevalence of complications such as ARDS and
respiratory status requiring mechanical ventilation was 56% (95% Cl,
26%-86%) and 24% (95% Cl, 12%-36%), respectively (Figure 3A, B).
The incidence of intensive care unit (ICU) admission was 22% (95%Cl,
12%-32%) (Figure 3C). The pooled prevalence of in-hospital mortal-
ity rate was 20% (95%Cl, 13%-28%) (Figure 3D) and was significantly
lower as compared to the mortality for patients admitted to the ICU
which was 41% (95% Cl, 19%-63%) (P < 0.00) (Figure 3E).

3.5 | Immunosuppression regimen and other
drug management in liver transplant recipients with
COVID-19

The available data from the included studies revealed that calcineu-
rin inhibitors were used for maintenance immunosuppression in 86%
(95% Cl, 76%-95%) of reported patients and were withheld or re-
duced in 38% (95% Cl, 9%-67%). Similarly, mycophenolate mofetil/
mycophenolic acid (MMF/MPA) was a part of the immunosuppres-
sive regimen in 50% (95% Cl, 44%-56%) of reported patients and
modified in 60% (95% Cl, 17%-90%). Additionally, 9% (95% Cl, 3%-
15%) of patients were on mammalian target of rapamycin inhibitors
(mTORI) and of these 50% (95% Cl, 25%-76%) of patients had dose
modification (Table 4).

Increased doses or pulsed steroids were administered in 22%
(95% Cl, 13%-31%) of patients, presumably with intent to modu-
late the cytokine syndrome by controlling pulmonary hyperinflam-
mation. Similarly, the pooled prevalence of patients who received
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JAYANT ET AL.

hydroxychloroquine and tocilizumab was 58% (95% Cl, 35%-82%)
and 6% (95% Cl, 1%-12%), respectively (Table 4).

3.6 | Group-wise comparison of mortality

We analyzed the available mortality data in terms of age (<60-
65 years vs 260-65 years), sex/ gender (as reported), and time from
LTx at presentation (<2 years vs 22 years). The COVID-19 related
deaths were significantly associated with older age > 60-65 years
(OR 4.26; 95%Cl, 2.14-8.49). However, no increased risk of mortality
was observed with respect to time since transplant (OR 3.07; 95%Cl,
0.65-14.46) or sex/gender (as reported) (OR 1.05; 95%Cl, 0.62-1.80)
(Figure 4A-C).

4 | DISCUSSION

The pathophysiology of COVID-19 includes uncontrolled replication
of the highly aggressive pathogen SARS-CoV-2 and dysregulation of
the host immune response.”'31 SARS-CoV-2 primarily affects the
respiratory tract and pulmonary parenchyma. More recently, gastro-
intestinal and hepatic involvement have been reported in 14%-53%
of infected patients manifesting as derangements of liver function
with rates as high as 58%-78% in seriously ill COVID-19 patients.3!

Hepatic manifestations of SARS-CoV-2 infection may relate to
the higher expression of ACE2 receptors in cholangiocytes. Notably,
patients with liver cirrhosis experience cirrhosis-associated immune
dysfunction (CAID) with altered inflammatory response and may be
more susceptible to an aggressive clinical course of COVID-19.3234
Moreover, COVID-19 infection in the setting of chronic liver dis-
ease may further exacerbate the underlying condition and lead to
hepatic decompensation and acute on chronic liver failure.*®° In LTx
recipients, immunosuppression following liver transplantation may
increase the likelihood of SARS-CoV-2 infection.

Management of patients with cirrhosis in the current pandemic
is very challenging. However, recent studies have demonstrated the
benefits of restoring liver function by transplantation, which can
reduce the mortality risk to that of the general population.15’24'36
The associated risk among cirrhotic patients with COVID-19 was de-
tailed in several studies and is noted to rise sharply with decompen-
sated cirrhosis and in patients with Child-Pugh Score C.%4"38 Marjot
et al studied mortality outcomes of COVID-19 in 386 cirrhotic pa-
tients. The reported mortality of those in the ICU was 59.2% and
even higher among those who needed invasive ventilation.®® Further
studies are required to elucidate the impact of SARS-CoV-2 infection
in cirrhotic patients versus LTx recipients.

Multiple small studies have already reported that the severe clin-
ical impact of COVID-19 infection in LTx recipients is seen in the
setting of ARDS, admission to ICU, the need for mechanical venti-
lation, severe hepatic injury (reflected in increased serum liver en-
zymes and bilirubin in association with reduced albumin), and in the

presence of comorbidities.”*??

l Clinical TRANSPLNTATION /1 | £yl 7'

The findings of this systematic review and meta-analysis were
based on a large number of hospitalized liver transplant recipients
with diagnosis of COVID-19. The data analysis revealed a pooled
hospital mortality of 20% (95% Cl, 13%-28%) in LTx recipients with
confirmed COVID-19 and could be secondary to the higher burden
of comorbidities and was in line with the observed case fatality in
the general population with similar comorbidities (11%-55%).434¢
The observed finding can also be explained because of the increas-
ing age and age-related morbidity, which were implicated as im-
portant attributes for increased case fatality of 18.7% for patients
between 60 and 69 years of age and of 35.8% for patients of 70
and 79 years of age.47 The mortality was lower than reported among
cirrhotic liver disease patients with COVID-19, for whom outlined
mortality was 26%-40%; this strongly correlated with a higher Child-
Pugh class and a higher MELD score 8364851

The current meta-analysis included twelve studies with a rel-
atively high number of hospitalized liver transplant patients with
COVID-19 from diverse geographical regions. The most commonly
outlined symptoms among the hospitalized liver transplant cohort
with COVID-19 were fever (71%), cough (62%), dyspnea (48%), and
gastrointestinal symptoms (28%). Here, the prevalence of fever and
cough was comparable to the report published by WHO-China joint
commission involving 55,924 confirmed cases of SARS-CoV-2 infec-
tion in general population. According to the report, fever (87.9%) was
the most common presenting symptom, followed by cough (67.7%)
and sputum production (33.4%), while dyspnea and gastrointestinal
symptoms were in 18.6% and 3.7% patients, respectively.52

The evidence from recent studies has underscored that the
higher prevalence of comorbidities are associated with increased dis-
ease severity, higher ICU admission, severe deoxygenation, mechan-
ical ventilation requirement, or death from COVID-19 in the general
population.®®>* A meta-analysis involving 14 studies and 29 909
COVID-19 patients reported 1,445 deaths and outlined factors of
significant association with mortality including old age (pooled OR
4.59), male gender (pooled OR 1.50), hypertension (pooled OR 2.70),
cardiovascular disease (pooled OR 3.72), T2DM (pooled OR 2.41),
lung disease (pooled OR 3.53), and malignancy (pooled OR 3.04).%°
A similar pattern was shown in a propensity score-matched analysis
conducted by international registries (COVID-Hep and SECURE-
Cirrhosis) including 151 LTx recipients where they implicated old age
and comorbidities as attributes of increased mortality.?*

Despite the fact that the management of liver cirrhosis patients in
the current pandemic is very challenging and there are no explicit guide-
lines available regarding the reduction or withdrawal of immunosuppres-
sive agents in transplant recipients affected by SARS-CoV-2 infection.
Our meta-analysis has importantly addressed the current practice of
immunosuppression management in the setting of COVID infection in
LTx recipients. Certainly, all transplant centers have considered an ap-
proach to reduce the immunosuppressants level to limit the viral replica-
tion while avoiding the potentiation of rejection. In the studies included
in this analysis, a variable percentage of hospitalized subjects had one
or more of their immunosuppressants withdrawn; the most frequently
withheld/reduced agent was MMF/MPA in 60% (95% Cl, 17%-90%).



(senuijuo))

JAYANT ET AL.

DDH paAladal
oym sjualjed ul payiodau uopjeduojoad 21D ON e
pajiodal uoydsfea oN e
sisowojseue
|eABD-UISA D13eday Ul Jayloue pue yduelq ulsA
|e340d 3y314 93439p puodas /uldA d13eday Y3 ul
SUO :sjuslled OM] Ul USAS 2130qWOJY) [ensnun e
%06 “PIRYYHM Snup (SIND
pue aAnesajljoidijue) saissaiddnsounwwi T 2 e
(%00T) ¢/C Ajljerow ND| o
(%¥1) uoissiwpe D] o
(%¥1) Avljersow [eydsoy-ul e
(%S°0T) AYljerIoON o
pajiodau uoijdsfea oN e
VN :PI2YYIM 8nJp (SIND
pue aAnesajijoidijue) saissaiddnsounwwi T 2 e
(%0) uoissiwpe ND|
(%0) Ajljertoln e
DOH paAladal
oym sjuaijed ul payiodau uopjeduojoad 21O ON e
pajiodal uolydafea oN e
VN :PI2YYIM SnJp (SIND
pue aAnesajljosdijue) saissaiddnsounwwi T 2 e
(%0) uoissiwpe ND|
(%0) Ajije3loN ©
DDH paAIadal
oym sjuaijed uj pajsodau uojjeduojold 21D ON e
pajiodal uoiydafea oN e
%08S ‘PIRYYHM 3nup (SIND
pue aAnesajijoidijue) saissaiddnsounwwi T 2 e
(%00T) T/T Alljerow ND| o
(%£T) 9/T uoissiwpe D] o
(%€€) AYeIION o
DOH paAladal
oym sjuaiyed uj pajsodau uopjeduojoid 2] ON e
pajsodau uoijoafol oN e
(%08) ¥/ ANljeylow ND| o
(%0T) Tt7/¥ uoissiwpe ND| o
(%ZT) AYljeHION o

SH)Jeway

20019 |\t LEY‘ Clinical TRANSPLANTATION

(%EPT) ¥T/Z :parwpe S o
(%' TL) ¥T/0T :pasieydsiq e
(%¥T) ¥T/C :yreap jusijedu| e

(%S°0T) 6T/ :y3eap [e3oL o

(%00T) 2/ :pasieyasiq e
(%0) Z/0 :y3eap juanjedu| e
(%0) #7/0 :yesp |e3o| e

(%0t) G/C :po3Hwpe [|1S e
(%09) G/¢ :pasleydsiq e
(%0) G/0 :yyeap juaijedu| e
(%0) 8/0 :y3eap [ej0] e

(9%£9) 9/ :pasieyasiq e
(%£9) 9/T yreap juaijedu e
(%E€) 9/ :yreap |e10] e

sAep (zz-£) OT Ae3s [eydsoH e
02/0 :3uannedinQ e

(%61) L&/ "yyeadp Jusijedu| e
(%CT) £G/L "yyeap |ejol e

2wolInQ

(%¥T) ¥T/C
:(3siuo3ejue 9-1|) qewnzido| e
(%8S) 6T/1T :DDOH

(%)
1/ :AIAeUO}LI/JIARUIOT @

VN e

VN e

(%£9) 9/%7 “0DH
(%£9) 9/T 41ABUOYI/IINCUIdOT

(%2) LS/T
‘(3sluosejue 9-7|) qewnzy|doy e
(%L£T) LG/ST :upAWOIYNZY o
(%VY) LS/YT ODH
(%2) LS/T dineunieq e
(%S) £G/€ ineuoii/ineurdo e

saJlnseaw 19Yyl0

(%€ ¥T) P1/T :ploIals pasealdu| e
(%08) /T :pa2NpaJ/playyim o LW o
(%0T) OT/T :PINP34/PIdYYIM JNIN ©

(%0) 8/0 :Pa2NPaJ/PIAYYUM IND ®

VN :uoijesiyipow uojssaiddnsounwwi| e

(%0S) Z/T :p104a)s aseaudu| e

VN e

VN :P10J33s pasealou| e

(%£°99) €/T :PINP3J/PIRYYUM IHOLW
(%00T) 2/T :Pa2npal/pIRYYiM JININ - ®

VN :padnpaJ/pIayyim IND e

(%S€) LG/61 :plotals pasealdu] e
(%EY) £/€ :PAINPBI/PIBYYUM IJOLW ©
(%9€) GT/6 'PINPRI/PIRYYIM NN ©
(%8€) 0G/61 :PINPaJ/pIYYIM IND ©

uswi3als

aAIssaiddnsounwiwi Ul Uoi3eINPOIA

czI® 3@ Zeuio]

SEECIIN

1zIE 32 0jeuoq

o7lB 32 ZINY-Zapueusay

1B 39 1339y209g

Apms

SaIpn3s pamalAal Ul 4T-AIAOD YHM sjuaididad Juejdsuely JaAI Ul sawodnO € 379V.L



l Clinical TRANSPLANTATION _\A/ L E Y 110f19

JAYANT ET AL.

(senuijuo))

DOH paAladal
oym sjuaijed uj pajsodas uoijeduojoud 21D ON e
pajsodal uoi3oafaa oN e
%6L PlPYYIM 3np (SIND
pue aAnjesajijoidijue) aAlssaiddnsounwwl T 2 e
(%¥¥) 6/7 AN UO AJljeLION o
(%S2) ST/¥ Alljersow ND| o
(%81) Uoissiwpe ND| o
(%2T) €L/9T ‘A 09 < Ul AJljeLiO\ o
(%971) AYljerioN o
DDH paAIadal
oym sjualjed ul paysodau uonjeduojosd 21D ON e
pajJodal uoijdsfaa oN e
%€9 PIPYYHM Snup (SIND
pue aAljesayijoldijue) aAlssaaddnsounwwi T 2 o
(%98) £/9 Ajljeriow nND|
(%g€) voissiwpe N o
%6¢ ‘Alljeriow [ejidsoy-uj e
(%8T) AYljeriolN o

(%0) uoissiwpe ND| e
(%0) Aljero|N o
‘aujuileaJd auljaseq Jaysiy
pue 192ued JaAI|-uou Jo 3duasald ‘09 < a8e atom
SISA|eue 9jeLIeAl}NW UO A}l|e1I0OW JO SI0}DIpald e
pajJodau uoioafoa oN e
VN :PI3Yyum 3nip (SIND
pue aAjesajijoidijue) sAlssaiddnsounwiwi T 2 e
(%2€) €£/€T :A 09 < ul AjijerioN o
(%€S) 0E/€T ‘AN UO A}i[eIOIN o
(%¥2) ¥CT/0€ UOIIe|IJUDA DAISBAU| @
(%.¥) €¥/0T Aijersow ND] o
(%G€) uoissiwpe ND| o
(%S°22) Avljeriow eyidsoy-uj e
(%6T1) AN|elION ©

syleway

(%L) S6/L

:(3s1u0SeIUE 9-7]) qRWNZI|ID0]
(%E€€) §6/T¢€ :uPAwoIYNZY
(%99) G6/€9 ‘“ODH

(%LT)
G6/9T :dIAeUOlLI/JIAeUldOT

(%6T) €8/9T :yieap juaijedu e
(%9T) €0T/9T :yieap [ejo] e

sAep (zzZ-t) 6 Aeis [e3idsoH e
(%S°TT) ¥T/€ :paIHWpe |I13S o
(%€°8S) ¥'¢/¥T :pasdieyosiq e
(%62) ¥2/L y¥esp juaijedu| e

(%8T) 8E/L :y3eap [e30L o

(%0) G/0 :yreap juaijedu| e
(%0) S/0 :yyesp |e3o] e VN

(%T) 16T/T

nﬁm_cowmucm 0..__v gewnz||120]

(%T) TST/T upAwolyzy

(%V) TGT/9 AiAIsapuwiay

(%LL) ¥2T/96 pasieyosiq e (%S2) 151/8€ :OOH
(%S°TT) ¥TT/8T yreap Juaijedu| o (%9)
(%6T) TST/8T y3esp [ejol e TST/6 dineuoiii/iineuidon

awodINQ

(%S2) ¥T/8T :upAwoiyyizy e
(%S2) ¥2/8T :0DH e

sainseaw Jay30

(%8T) G6/LT :p1013}s paseadu| e PRCECHIEY:]
(%T2) ¥2/S ‘plosd)s paseaidu] e
(%0T) ET/ET :P32NP3I/PIRYYNM JNIN ®
(%E9) ¥2/ST P3INP3J/PIBYYHIM IND [e39 997
9T

VN e e ddoyds)
VN e 4zI€ 3 A4
uswisas Apms

dAIssaiddnsounwiwi U uoeNPoA

(penunuod) € 3749VL



JAYANT ET AL.

2019 |\t LEY‘ Clinical TRANSPLANTATION

(%00T) £/€ Ayjersow N

(%06) uoissiwpe ND|

juejdsueuy Jo sieaA QT

BUIMO||0} PaSSaUIIM 3IaM A}ljeIIOoW 334Y] ||V
(%06) AyjerioN

pajsodau uoijoafas oN

%99 PlRYYHM 3nup (SIND

pue aAneuajijoidijue) saissaiddnsounwiwi T 2
(%€€) 9/T :A 09 < ul Ajljerio

(%) Aljerton

uolje|ndod |esauag 03 Jejiwis

sem dnoJ3 |7 A Q9 < ul 93ed Ajijeliow paisnipy
(S8'96-ST 76 1D%S56) NS UM

uojje|ndod |e1auag uey} JOMO| Sem el A}i[e}O|N
ODH paAIadal

oym sjuaijed uj pajsodau uojjeduojold 21D ON
$so| }jes3

0U 3N UOI3dUNSAp 1JelS JaA1 pey sjualjed a4y |
pajiodau uoiydafal oN

%99 PIRYYIM SnIp (SIND

pue aAjesajijoadijue) saissaiddnsounwiwi T 2
(%6) 96/6 :UOIIE[1JUBA DAISBAU|

(%€T) uoissiwpe ND|

(%22) €£/9T A 09 < ul Ajljerio

(%8T) AMjeriolN

syIeway

*SIBIA SUA {[eAIDIUI | D PaIIDII0D) 21D ‘D|qe|leAR JON YN UOIIE|IJUDA [EDIUBYDIDIA AA -403IqIyul udAweded Jo 393.1e3 ueljewwew
YO LW ‘13ejow a3ejouaydodA|A NI ‘Uoljelue|dsues) JBAI| 11T ‘ISIuoSejue 9-UuNajIa3U| (3SIUOSEIUR -] ‘}IUN 4B DAISUDIUL 1N D] DUINDOIO|YIAXOIPAH :DDH {103qIYul ulNaUId|ed :ND SUOIIeIAIGQY

(%00T) £/¢€ :yresp Jusnedu| e
(%08S) 9/€ :yiesp [e10] e

(%¢T) 6/T :yreap Juanedu] e
(%2CT) 6/T :yieap [e10L e

(%1°0T) 96/0T :PIIHNWPE IINS o
(%T2) 96/0C :Ureap jusnedu| e
(%8T) TTT/0T :U1eap B30 e

awolInQ

(%22) 6/C0DH ©
(%TT) 6/T dineunieq e
(%TT) 6/T dineuoiii/dineuidoy e

(%9T) 96/ST
nﬁm_cowmucm 0.._: gewnz||ioo] e
(%S°29) 96/09 :uPAwoiyzy e
(%26) 96/88 :DDH *

(%)
96/0% w__>mcou_‘_\:>mc_n_o._ °

saijnseaw J9Yy10

VN o e 39 1Hooyg

(%EE) 6/€ :PI0IaYS paseadu| e
(%09) G/€ :PaINP3I/PIRYYHM JNIN o
(%S5S) 6/G :P9INP3I/PIYYIM [ND o oz18 19 ouoIIEd

(%S°CT) 96/TT :p1o4a}s pasealdu| e

(%99) T1T/8L
:paonpald/playyim uoissaiddnsounwiwi| e gzI® 39 0JaUBWI0D
uswidal Apnmis

aAIssaiddnsounwwi ui Uolje|NPOIA|

(penunuod) € 3749VL



JAYANT eT AL l Clinical TRANSPLANTATION _\p/[ |_E'Y- 130f19

TABLE 4 Summary statistics presented as pooled estimates of outcomes of interest

Pooled prevalence (95%Cl)?

Attributes Events Total Studies Random-effects model

Demographic variables

Age (y) NA 502 9 63.58 (59.66-67.48)
Male 354 505 10 70.87 (68.25-73.50)
Caucasian 246 179 3 0.70(0.46-0.93)
African American 189 21 2 0.11 (0.07-0.16)
Latino/Hispanic 189 20 2 0.05 (0.02-0.08)
Asian 189 10 2 0.05 (0.02-0.08)

Comorbidities

Diabetes 211 486 8 0.45 (0.38-0.53)
Hypertension 251 486 8 0.55 (0.47-0.64)
Cardiac disease 88 472 7 0.21(0.13-0.30)
Chronic lung disease 42 352 6 0.14 (0.06-0.22)
Malignancy 24 279 6 0.11 (0.02-0.20)
Obesity 71 200 6 0.33(0.11-0.56)
Smoking 23 317 4 0.07 (0.00-0.14)
Maintenance immunosuppression
CNI 252 291 8 0.86(0.76-0.95)
MMF/MPA 144 288 7 0.50(0.44-0.56)
mTORi 24 280 6 0.09 (0.03-0.15)
Presenting parameters and symptoms
Time since transplant (y) NA 342 7 8.89 (6.60-11.17)
Fever 240 350 8 0.71(0.61-0.81)
Cough 213 342 7 0.62 (0.53-0.72)
Dyspnea 144 353 9 0.48 (0.36-0.61)
Gls 87 293 6 0.28 (0.20-0.35)
Investigations
Radiological evidence of pneumonia 226 299 8 0.77 (0.69-0.84)
Clinical management and outcome
ARDS 81 146 5 0.56 (0.26-0.86)
ICU admissions 95 417 12 0.22(0.12-0.32)
Mechanical ventilation 67 322 10 0.24 (0.12-0.36)
CNI withheld/reduced 39 91 4 0.38 (0.09-0.67)
MMF/MPA withheld/reduced 28 55 5 0.60 (0.17-0.90)
mTORi withheld/reduced 7 14 3 0.50 (0.25-0.76)
Increase/pulse steroid 59 283 7 0.22(0.13-0.31)
Hydroxychloroquine 248 441 8 0.58 (0.35-0.82)
Lopinavir/ritonavir 73 412 7 0.17 (0.07-0.28)
Tocilizumab 27 397 5 0.06 (0.01-0.12)
Azithromycin 125 407 5 0.41 (0.10-0.73)
Hospital death 87 411 11 0.20(0.13-0.28)
ICU death 39 95 11 0.41(0.19-0.63)

Abbreviations: ARDS: Acute respiratory distress syndrome; CNI: Calcineurin inhibitor; Gls: Gastrointestinal symptoms; ICU: Intensive care unit;
MMEF: Mycophenolate mofetil; MPA: Mycophenolic acid; mTORi: mammalian target of rapamycin inhibitor.

?Pooled prevalence is measured as effect size (ES). Age is presented as a mean; the remaining variables are expressed as the proportion of individuals
(ie, events) out of total available sample size based upon inclusion of index parameters. ES is explained as a percentage in the result section.
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FIGURE 3 A, Pooled prevalence of intensive care admission in liver transplant recipients diagnosed with COVID-19. The red dashed line
represents the overall effect size of the studies (0.22) and prevalence of 22%. The edges of the blue diamond represent 95% confidence
intervals (0.12-0.32). ES = Effect size. B, Pooled prevalence of acute respiratory distress syndrome in liver transplant recipients diagnosed
with COVID-19. The red dotted line represents the overall effect size of the studies (0.56) and prevalence of 56%. The edges of the blue
diamond represent 95% confidence intervals (0.26-0.86). ES = Effect size; C, Pooled prevalence of mechanical ventilation requirement

in liver transplant recipients diagnosed with COVID-19. The red dashed line represents the overall effect size of the studies (0.24) and
prevalence of 24%. The edges of the blue diamond represent 95% confidence intervals (0.12-0.36). ES = Effect size. D, Pooled prevalence of
hospital mortality in liver transplant recipients diagnosed with COVID-19. The red dotted line represents the overall effect size of the studies
(0.20) and prevalence of 20%. The edges of the blue diamond represent 95% confidence intervals (0.13-0.28). ES = Effect size. E, Pooled
prevalence of intensive care mortality in liver transplant recipients diagnosed with COVID-19. The red dashed line represents the overall
effect size of the studies (0.41) and prevalence of 41%. The edges of the blue diamond represent 95% confidence intervals (0.19-0.63).

ES = Effect size
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FIGURE 4 A, Forest plot representing odds ratio (OR) of COVID-19 related death in liver transplant recipients in age group = 60-65 years
vs <60-65 years while comparing the weight of the studies in the meta-analysis. The diamond shows higher risk > 60-65 year old group
following analysis (red dashed line represents OR of 4.26). The edges of the blue diamond represent 95% confidence intervals (2.14-8.49).

B, Forest plot representing odds ratio (OR) of COVID-19 related death in liver transplant recipients in late post-transplant period group

(>2 years) in contrast to early post-transplant period (<2 years) while comparing the weight of the studies in the meta-analysis. The diamond
shows the odds ratio in late post-transplant group 3.07 and is represented by the red dotted line. The edges of the blue diamond represent
95% confidence intervals (0.65-14.46). C, Forest plot representing the proportion of COVID-19 related death in liver transplant recipients in
the female population in contrast to the male population while comparing the weight of the studies in the meta-analysis. The diamond shows
no increased risk between the groups; odds ratio 1.05 is represented by the red dashed line, and the edges of the blue diamond represent

95% confidence intervals (0.62-1.80)

Steroid doses were increased or administered in a pulsed fashion in
22% (95% Cl, 13%-31%) of patients. The approach has dual value as
COVID-19 induces an inflammatory state which engenders ARDS de-
velopment, and immunosuppression and anti-inflammatory drugs such
as high dose steroids could be useful in controlling and preventing the
cytokine storm along with ensuring adequate immunosuppression fol-
lowing withdrawal/reduction of antimetabolites and CNIs.>*>” However,
further studies are required to discern whether comorbidities and immu-
nosuppressed state are associated with a higher incidence and severity
of infection against the plausible role of the immunosuppressed state in
limiting cytokine syndrome induced inflammatory state. Caution needs
to be exercised in managing post-liver transplant patients because once
infected with SARS-CoV-2, they may remain infectious for a longer dura-
tion due to higher viral titers and a prolonged replication period.*®

There are certain limitations to this meta-analysis. First, the studies
we analyzed were retrospective reports which have their inherent de-
sign limitations. Second, the data were heterogenous with particularly
wide variations in rates of hospitalization and ICU admission. Third,
we used a random-effects model for data analysis and the results re-
quire cautious interpretation due to high heterogeneity of outcomes.
Nevertheless, despite these limitations, we believe this meta-analysis
can help further the understanding of the impact of COVID-19 among
hospitalized LTx recipients. The strengths of our analysis include the
comprehensive nature of the literature review which aims to include
all relevant studies and represents a large volume of patient data that
facilitated the estimation of associated potential risk and mortality.

In summary, the clinical presentation of COVID-19 in LTx re-
cipients resembles that reported for the general population with
the exception of a higher prevalence of dyspnea and gastrointes-
tinal symptoms. As the COVID-19 pandemic evolves, transplant
surgeons and hepatologists must consider the role of liver trans-
plant and the potential increased risk of infection in the immuno-
compromised host while also acknowledging the defined mortality
risk of untreated decompensated cirrhosis. Further studies are
warranted to better understand the impact of SARS-CoV-2 on
liver transplant recipients and to formulate specific management
algorithms which take into account co-morbidities, modifications
of immunosuppression, and the personalized nature of post-
transplant follow-up care.
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