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COVID-19 vaccination in liver transplant recipients (Review)
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Abstract. Severe acute respiratory syndrome coronavirus 2
(Sars-CoV-2) infection has significantly affected immuno-
compromised individuals and subsequently, liver transplant
recipients (LTRs). Early in the course of pandemic, this
vulnerable population was prioritized for vaccination, after
obtaining encouraging data about the vaccination benefits on
disease severity and mortality. As the published knowledge
was mainly supported from studies which were limited to the
healthy population, the present review summarizes the data
from the literature on coronavirus disease 2019 (COVID-19)
vaccination in LTRs and the available vaccination guidelines
of international societies. The COVID-19 vaccination of LTRs
is strongly recommended as a safe and effective measure in
order to prevent severe disease and mortality.
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1. Introduction

Severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) infection has emerged as the most prominent
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public health concern. As a result, the medical community has
been forced to confront extensive issues regarding protection
against coronavirus disease 2019 (COVID-19), particularly
in high-risk groups, such as solid organ transplant (SOT)
recipients, including liver transplant recipients (LTRs) (1-3).
Accordingly, since vaccination has become a principal tool
with which to prevent the spread and severity of COVID-19,
international and national health agencies have included
transplant recipients in the priority groups for primary vacci-
nation and booster doses. However, existing data on this field
remain limited, as SOT recipients have been excluded from
the approval trials for COVID-19 vaccines. Of note, recent
studies have indicated that specific demographic and clinical
characteristics of transplant recipients, such as an older age
and the presence of renal disease, diabetes mellitus or other
comorbidities, may have a greater adverse effect on the
outcomes of patients with COVID-19, compared to the admin-
istration of immunosuppressants (4-7). The aim of the present
review was to summarize the relevant literature on which,
international health and scientific societies, such as the World
Health Organization (WHO), the European Association for
the Study of the Liver (EASL) and the American Association
for the Study of Liver Diseases (AASLD), based their
recommendations regarding COVID-19 vaccination in the
liver transplant setting.

2. Guidelines on COVID-19 vaccination from WHO, EASL
and AASLD in immunocompromised patients and LTRs

Since December, 2020, following the first approval of the
COVID-19 vaccine by the Food and Drug Administration
(FDA) and European Medicines Agency (EMA), ~50
vaccines have been approved worldwide, while >90 vaccines,
based on different platforms (mRNA, recombinant DNA,
protein subunits, nonreplicating viral vectors, inactivated
viruses, viral-like particles, replicating viral vectors) are
in phase III clinical trials (https://covidl9.trackvaccines.
org/vaccines/#approved). However, SOT recipients, as afore-
mentioned, were excluded from the initial vaccine trials,
leading to a knowledge gap concerning the efficacy and safety
of COVID-19 vaccines in this specific population group (8). Asa
result, recommendations for SOT recipients and LTRs can only
be based on the post-marketing data and considering the estab-
lished risk of adverse outcomes of COVID-19 in individuals
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with significant comorbidities and/or immunosuppression (3).
Table I presents the vaccines that have received WHO emer-
gency use listing (EUL), and as no live replicating viral vector
vaccines are available, all approved vaccines are acceptable for
LTRs (https://www.who.int/emergencies/diseases/novel-coro-
navirus-2019/covid-19-vaccines/advice). Table II summarizes
the recommendations of EASL and AASLD for patients with
chronic liver disease and LTRs (9,10).

Based on these guidelines, LTRs are strongly advised to
complete the primary series of regionally available COVID-19
vaccines (three doses of mRNA vaccines, a single dose of
adenovirus vector-based vaccines followed by a mRNA
vaccine at least 28 days later, or two doses of protein subunit
vaccines) (11) [https:/www.aasld.org/covid-19-and-liver].
Moreover, due to the decline in the protective effects of the
vaccines over time, the administration of booster doses is
recommended to maintain immunity (12). In that case, a
bivalent mRNA booster dose at least 2 months after the final
vaccine dose is currently preferred (13). For LTRs with a
recent SARS-CoV-2 infection, the time to receive the vaccine
for COVID-19 is not restrictive, and current guidelines
recommend a complete series of COVID-19 vaccines, either
following a full recovery or 3 months following infection (11)
(https://www.aasld.org/covid-19-and-liver).

Recommendations regarding LTR candidates are based
on the general guidelines, which indicate that all vaccinations
should be completed prior to transplantation (10) and, in the
case that this is not feasible, vaccination should be performed
3-6 months following transplantation, when immunosuppres-
sion has been minimized, increasing the rates of sufficient
seroconversion (13). In addition, based on the general recom-
mendations regarding immunization, all close contacts of LTRs
should complete a full vaccination schedule (3), and reason-
ably, this should include vaccination against SARS-CoV-2,
contributing to herd immunity and providing an additional
layer of protection for LTRs (13).

3. Clinical efficacy: Humoral and cellular responses

Humoral response. Based on the available systematic reviews
and meta-analyses, the humoral response rates in LTRs have
been found to range from 22.4 to 29.5% after the first dose and
from 47.5 to 86.4% after the second dose of the COVID-19
vaccine (14-20) (Table IIT). Only one meta-analysis was found
to focus exclusively on LTRs and measured anti-spike or
neutralizing antibodies; the authors of that study confirmed
that LTRs had lower seroconversion rates compared to healthy
controls [risk ratio (RR), 0.80; 95% confidence interval
(CI), 0.69-0.92, P<0.01], while the overall humoral immune
response was 70% (95% CI, 0.68-0.77) after the second dose
of the COVID-19 vaccine (mRNA, adenovirus vector-based,
or inactivated) (14). As regards the efficacy of the third dose
of the COVID-19 vaccine in the liver transplant setting, to the
best of our knowledge, there is only one meta-analysis avail-
able including only three observational studies with 151 LTRs,
which revealed a pooled seroconversion rate of 88% (95% CI,
58-98%) (15) (Table III).

The currently available studies evaluating serological
response rates in LTRs after the third dose of COVID-19
vaccines (21-28) are summarized in Table I'V. Notably, in all

but two studies (27,28), it was found that >90% of the LTRs
were seropositive after the third dose (Table IV). Nevertheless,
data from the literature suggest that fully-vaccinated SOT
recipients have more favorable outcomes with a milder course
of COVID-19 infection and a reduced mortality rate, compared
to unvaccinated or partially vaccinated SOT recipients (29-31),
while only one study focused on LTRs found lower rates of
severe COVID-19 infection and mortality in fully-vaccinated
LTRs compared to unvaccinated control subjects (32). Based
on these findings, the COVID-19 vaccination of LTRs is
strongly recommended. As regards the preferable type of
vaccine (mRNA, adenovirus vector-based, or protein subunit
vaccines), although the optimal combination of primary series
vaccine and booster doses has not yet been clarified, it has been
suggested that mRNA vaccines may induce a stronger humoral
immunity than inactivated vaccines (18,33). In addition, it
appears that SOT recipients boosted with mRNA vaccines
may achieve a higher specific humoral immune response than
combining different types of SARS-CoV-2 vaccines (18,33).
However, to the best of our knowledge, no study to date has
evaluated this issue in the liver transplant setting.

A variety of factors have been found to be associated with
the reduced responses of LTRs to COVID-19 vaccination,
possibly reflecting differences in the baseline characteristics
of the included cohorts. Nevertheless, the aforementioned
meta-analysis assessing the efficacy of two doses of COVID-19
vaccines (14), indicated that the male sex, an older age, chronic
kidney disease, obesity, the use of multiple immunosuppres-
sants, high doses of steroids or mycophenolate mofetil (MMF),
as well as vaccination during the first year following trans-
plantation, were risk factors for a reduced immunogenicity.
However, Luo et al (20) confirmed that MMEF, the use of more
than two immunosuppressants and diabetes mellitus were
associated with a poor response to antibodies. These results
suggest that the intensity of immunosuppression, as well as
the presence of comorbidities, such as diabetes mellitus and
chronic kidney disease, are risk factors associated with a lower
immune response to vaccination in the liver transplant setting.

Cellular response. Although the T-cell immune response
induced by COVID-19 infection appears to be comparable
between LTRs and non-immunocompromised individuals (34),
further clarification regarding this issue following COVID-19
vaccination is required. In addition, the accurate evaluation of
cellular-mediated immunity has difficulties, which are related
to the high costs and the need for the calibration of complex
laboratory techniques. In three systematic reviews/meta-anal-
yses investigating the immunogenicity of COVID-19 vaccines
in immunocompromised individuals, including SOT recipi-
ents, lower cellular immune responses after the second or third
dose of the COVID-19 vaccine were reported, compared to
healthy controls (17,35,36). However, the presence or absence
of interconnection between humoral and cellular immunity
could not be assessed, since different laboratory methods to
assess immunogenicity were used in the included studies. Of
note, a recent meta-analysis including SOT and hematopoietic
transplant recipients demonstrated that the third dose of the
COVID-19 vaccine was associated with an increased cellular
response (37). However, it should be mentioned that in all these
meta-analyses, only a small proportion of LTRs were included,
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Table II. AASLD and EASL recommendations regarding COVID-19 vaccination for patients with chronic liver disease and liver

transplant recipients.

Type of vaccine Vaccine Administration Booster dose Population
mRNA-based mRNA-1273 Three doses Bivalent =2 months Age, =6 months (Pfizer-BioNTech
(Moderna) after primary series bivalent booster recommended for ages
12-17 years; Moderna or Pfizer-BioNTech
bivalent booster recommended for ages
=18 years)
BNT162b2 Three doses Bivalent =2 months ~ Age, =6 months (Pfizer-BioNTech
(BioNTech and after primary series bivalent booster recommended for ages
Pfizer) vaccine 12-17 years; Moderna or Pfizer-BioNTech
bivalent booster recommended for ages
>18 years)
Adenovirus Ad26.COV2-S Single dose Bivalent =2 months ~ Age, =18 years (mMRNA primary vaccine
vector-based vaccine (Johnson  followed by after primary series series preferred whenever possible)
& Johnson) mRNA vaccine
Protein subunit Novavax Two doses Bivalent =2 months  Age, =12 years

vaccines (NVX-CoV2373)

after primary series

AASLD, American Association for the Study of Liver Diseases; EASL, European Association for the Study of the Liver; COVID-19, corona-

virus disease 2019.

and no separate data regarding this subgroup were provided.
Nevertheless, in the liver transplant setting, it appeears that
there is a coordination between B- and T-cell-mediated immu-
nity following vaccination (38), while a recent study indicated
an adequate T-cell protection against severe COVID-19 infec-
tion, even in the absence of a sufficient humoral response (39).

4. Safety

Data on the safety of COVID-19 vaccines in the liver trans-
plant setting had not been thoroughly examined prior to their
approval, since LTRs were excluded from the approval trials for
COVID-19 vaccines, while there was an urgent need to protect
this group of patients against COVID-19-associated devastating
outcomes. A main concern was the risk of graft rejection due
to the potential vaccine-mediated immune system stimulation.
Although pre-COVID-19 literature data had not revealed any
association between the risk of graft rejection and the admin-
istration of various types of vaccines (40), hesitation regarding
this issue may be reasonable for COVID-19 mRNA-based
vaccines, since they represent a new technology platform. Of
note, Bailey er al (37), in their meta-analysis, including 101
LTRs, reported no graft rejection, while generally mild adverse
events (local pain at the injection site, fatigue, headache and
myalgias) were recorded. Similarly, Efros et al (36), analyzing
913 SOT recipients, found no vaccine-related graft rejection
episodes or other severe adverse events (36), apart from one
biopsy-proven antibody mediated rejection episode in a heart
transplant recipient, 7 days after the third dose of the mRNA
vaccine, although no clear association with the administration
of the vaccine was established. Nevertheless, the scenario of
a possible graft rejection, triggered by COVID-19 infection,
could further strengthen the consideration of vaccination as

a protective measure against graft rejection (41). Finally,
based on the available studies focused on LTRs, it appears
that vaccination-attributable side-effects did not outweigh
their tremendous benefits in reducing the risk of COVID-19
severity and mortality, while severe adverse events (i.e., grade
3 or 4), requiring medication or hospitalization, were very rare
(including Bell's palsy, joint pain, fever, fatigue with headache
and muscle pain) (14,15,29). These data are summarized in
Tables and I'V.

5. Future prospects

Since the COVID-19 pandemic is probably far from becoming
endemic, and previous exposure to COVID-19 or vaccination
do not offer long-term immunity, scientific societies need
to continue to search for strategies with which to deal with
COVID-19-related issues Further research is required, with
consideration for immunocompromised individuals, as they
have a more severe course of the disease and an increased
risk of mortality. In fact, studies are required to target both
prevention and treatment strategies for this specific population
group. In line with this, it may be useful to include LTRs in
clinical trials with novel vaccines, as well as in studies evalu-
ating the efficacy and safety of the vaccines already on the
market, as they were inadequately represented in the approval
clinical trials. This strategy may improve the current knowl-
edge regarding the immunogenicity of COVID-19 vaccines,
facilitate the design of more effective vaccines, and at the
same time, reduce the reluctance to vaccination. Similarly,
observational bias was met in the field of antivirals, mono-
clonal antibodies and anti-inflammatory regimens, where
most effectiveness and safety data were derived mainly from
studies that recruited healthy individuals (42,43). By contrast,


https://www.spandidos-publications.com/10.3892/etm.2023.11990

GKOUFA et al: COVID-19 VACCINATION IN LIVER TRANSPLANT RECIPIENTS

-9[qeoridde jou ‘yN 9uejdsuen ueSio prjos ‘1,0S ‘uonejue[dsuer) IOAI] ‘I ‘siuardioar juejdsuey AL ‘SYIT

61-A0DU
BIL IXOPVUD ‘S'TAOD Auew1op
(02) VN ‘9sop pug /99 VN 97AV VNJW 00L'1 - ute ong
J0JO9A JUBUIQUIOIX
-/(S9IT 08 ‘Apmis ‘QUIOOBA PIJBANORUL
(61) VN VN Quo wWol) ¢’/ VN VNJW VN  8SI'9 VSN  eqeinyes
QUIDOBA SNITA
J[OYM PajBATIORUL
%e 99 ‘61-AODUIXOPVUD Auewion
(8D VN ‘9sop pug -/SY9 g6c ‘ETLI-VNYW 9v6'1 98811 giutie} uayD
Ln VN VN /L9 VN ‘TIT9TING veEY'1 16€°¢I BIpU]  WEIYSIN
SUOI}OBAI JIWAISAS
urew 9y} uraq (9, /~) ayoepeay
pue (9 ¢7~) an3ne;J ‘suonoral
[e20] urew ay) Surdq (%6~)
Sur[joms (9%€9-Ly~) ured ‘amnyrey
4ye13o[e 10 uonounysAp 1jeIsoje
oD ‘uorafar AINJE JO s8I ON VN /809 e VNYW veL'T  8TEST Bumgy Sue],
(4 ope13) uonezieyidsoy Surrmbax
103[qns ouo (¢ opeIT) suonedrpaw
Surrmbar 10 s309139-opIS (sarpnis Inoy)
OTWA)SAS QIAAS YIIm $33[qns /£ ] %69 SQUIOOBA PIJBANORUL
(99) 19%¢€9 *ooudeAard pajooq ‘9sop pug 88/69 VN ‘(sarpmis ¢1) YN YW LY1'T - Uy Sunay)
uoneziejdsoy
Surxmbar ured o[osnw/oyoepeoy
/an3neJ ‘roasj/ured jurol Yyrm
sjuaned g pue Asped s,[[og ym
(28] uaned | 19,89 ‘@oUdpIdUI [[BIOAQ VN -/0L VN VNYW 91+'C - BaI03] 00X
('s3ey) $109]J9-9pIS ST ur SY.IT Ul 9sop SYITur urdoeA Jo odL, SYIT SLOS Anuno) loyne
ojer asuodsar pIg/pug I9)je el 9S0p IST Ioe el JO'ON  JOo'ON ISIL]
Ie[nye) UOISIQAUODOIAS ‘94, UOISISAUODIOIAS ‘9

“SYLIT Ul uoneurddea 61-qIAQD J0F viep Surpiaoid sasATeue-ejow paystqngd ‘11 2[9eL



EXPERIMENTAL AND THERAPEUTIC MEDICINE 25: 291, 2023

"JUOAQ 3SIAPE ‘gV ‘uoneiue[dsuer) 19AI] ‘[T ‘sjuardioar juejdsuery I0A1[ ‘SYIT ‘suowiSar aurodea Arewnid Jo sad£) Juaropip ayy
uo Surpuadap SurSuer a19m s9JeI ASUOSal, (3SOP 131SO0] SB SUIOIBA J0J0JA [RIIA B PIAISJAI APNIS oY) UI SY 7] 921y, *(93url s[nrenbiajur) uripaw 1o ‘(UONRIASD pIEpUR]S F) UBSW 3Y) st pAjuasald are ele(

(82) - (TAZ91INE) VNJW (€yL-19) ¥ (T11-¢9) L9 %168 16¢C oouel]  dAndadsoney T20T “BLIsd
SOLIdS
QUIDJBA JSOP-0M] pIepuR]S )
Surmor[oy syjuowr o1y} (VSN
‘VIN 93pLquie)) ‘euIdpojA)
€LTT-VNYW JO 350p 12)500q
‘[000301d QurooeA Arewrid
se [(VSN ‘AN “YI0X moN
‘yoajorg 1z4d) 7qe9TINEG
/1XOPVUD] sno3o[o193ay 10
PIOU Q1M SHY AIA3S  [IXOPYYD/(3N ‘98pLiquie) (811-67) Te0e
(Lo 10 uonoafor ye13 oN ‘BRUOZENSY) [XOPVUD  (¥6-18) 98 LS HLY6"E 18 68 pue[rey, aAndadsory  ‘ueydeuesooydug
S109JJ2-9PTS [890] % 1| VNYW (+¥591) syuow
(92 ‘SuIOU0d A1ofes ON  ZQZ9T.LNE UIRLNOIg-1zhd SYIUOIAL 9 (681-8%) 16 (%S'16) 86 LOT Arear aAnadsorg €20 ‘onntuoy,
an3neyJ 9,G¢ BUIOPOIA
1$)09JJ2-9PIS [890] %09 'ELTT-VNYUW 10 YN YW 8¥1-9°7)
(S7)  s1093-9pIs Pl A[UQ  ZAZ9TINE YORLNOTG-10Z4d  (881-LTT) LST 88 (%S'16) L6 901 Kuewron eAndadsold 70T vV sHeqreH
(6£1-€€1)
(o) - BUIOPOIN ‘€L T[-VNYW SYIUOIAl ¥ @19 L (%8'96) STI 6C1 uredg oAndadsord  ZTOT ‘B[0ZOLIPO
(on3ney
‘ured [e00] 9% L¢) VNYW
(€20 $100§j0-opIs pliw AUQ 7979 LN YoOLNOIg-IZYd - (81-¥) L (%¢€°86) 09 19 [orIS] aAndadsolg TTOT ‘Aopiae(
BUIOPOIA
‘ELTT-VNYUW 10 YN YW
(T0) - C9Z91LN4 YLNOIg-19zyd  (881-6%1) 691 (€1-09 (%T€6) 8€1 8yl vsn aAndadsold 20T ‘ssneng
(%11) an3nej pue
(%€) s uonoafur oy
Jje de& uowrwod jsowr QUIdJBA UOSUYOf 29 uosuyof
(12) /S1091J2-9PIS AI9A3S ON 10 (BUIOPON/IOZY]) VN YW 791 - (%1°16) 1 9% vSsn 2An0adsold 720 ‘uryneyn
(syd) Kyoyes aurooea Jo adAg, sKep ‘asop s1eak ‘171 (%) SAITN Anuno)  Apms jo odAJ, uoneorqnd jo
paIy) pue pug WOJJ QWL 9sop pIg I'1 Ieak ‘Ioyne IsI

u09M}aq QWL

s1opuodsay ‘N

SPANDIDOS
[} PUBLICATIONS

"SI Ul 2uIddeA 61-AIAQD Y} JO 9SOp pIIy) oy 10y asuodsal [8o1S0[0IaS UO BIEp S[qR[TRAR YIIM SIIPMIS paysIqnd "AJ 9[qeL


https://www.spandidos-publications.com/10.3892/etm.2023.11990

8 GKOUFA et al: COVID-19 VACCINATION IN LIVER TRANSPLANT RECIPIENTS

evidence regarding LTRs remains limited and is based only
on case reports and case series, indicating the need for future
large-scale observational studies. Additionally, the antibody
cut-off levels after vaccination for offering protection against
severe forms of COVID-19 and the rates of the decline of
antibody titers stress the need for further research in the form
of well-designed studies. Finally, as regards the neglected, yet
crucial component of T-cell immunity triggered by vaccina-
tion, a better understanding and accurate evaluation of the
vaccine-induced cellular response and its interaction with
humoral immunity may lead to the introduction of novel
strategies for vaccine development.

6. Conclusion

Since the emergence of the COVID-19 pandemic, over-
whelming scientific research has aimed to shed light on a
previously unknown disease. Its therapeutic management has
evolved from symptomatic treatment to the recently approved
antiviral and immunomodulatory agents, while the protec-
tive measures of tracing, distancing, isolation, and contact
precautions were reinforced with monoclonal antibodies
and vaccines. However, as evolution concerns not only the
scientific knowledge, but also the virus itself due to new and
more contagious mutations, researchers have to face further
challenges and perform further studies in order to develop
effective tools and strategies, particularly for combating the
severe forms of COVID-19 in the most fragile population of
immunocompromised individuals, improving their survival
and well-being.
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