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TaggedPSolid organ transplant (SOT) recipients remain vulnerable to

developing more severe COVID-19 courses due to immunosuppres-

sion and the high prevalence of comorbidities. Hence, adequate pro-

tection against COVID-19 is crucial. Early after the COVID-19

vaccine implementation, it became evident that immunocompro-

mised hosts have a reduced humoral and cellular response after a

complete SARS-CoV-2 vaccine regimen, this was consistent irre-

spective of the vaccine platform used [1]. Low seroconversion rates

have been reported in SOT recipients after the second dose of SARS-

CoV-2 vaccines [2]. Consequently, health authorities have recom-

mended administering a third dose to this population. The efficacy

of a third dose of the SARS-CoV-2 vaccine in SOT recipients varies

significantly across studies according to the transplant type and vac-

cine platform. It is important to consider that not all SOT recipients

are the same. Liver transplant recipients (LTR) generally account for

a lesser degree of immunosuppression compared to kidney and

heart recipients. Thus, the data available on LTR who were immu-

nized with SARS-CoV-2 vaccines needs to be examined separately

from other SOT recipients. TaggedEnd

TaggedPData on the humoral response rates in LTR to different platforms

of SARS-CoV-2 ranged from 17% to 87% after two doses, being sig-

nificantly lower than in the general population [3,4]. The reduced

immune response was more frequent in patients who received

mycophenolate mofetil (MMF), those with a shorter time to trans-

plantation and in patients with older age or with renal impairment

[3,5−11]. On the other hand, the improved immune response was

described in patients who received heterologous adenovirus-vec-

tor/mRNA regimens [12]. Recent studies have demonstrated a

robust efficacy of a third SARS-CoV-2 vaccination in LTR (Table 1).

More than half of those patients who did not have a humoral

TaggedEndTaggedPresponse after 2 vaccine doses developed a response after a third

dose. The exact antibody level required to protect against infection

with variants of concern is unknown, but some authors have sug-

gested that the degree of protection against infections and severe

disease courses increases with rising antibody levels [13]. In LTR

antibody levels remain significantly lower than in healthy controls

and roughly 10%−20% of LTR did not display humoral response after

a third shot, which suggests that this patient population remains at

risk for infection (Table 1). Of note, serious adverse events or acute

rejection episodes after additional vaccine boosters continue to be

rare. TaggedEnd

TaggedPInvestigators are highly reliant on humoral response and lack

other indicators that are also suggestive of immunity such as neutral-

izing antibody assay and cellular response. Neutralizing level have

been associated with immune protection and T cells reduce viral

loads and disease. These outcomes are also of vital importance and

usually not reported probably because they are expensive assays and

the quantification of virus-specific T-cell immune responses is techni-

cally more complex than performing serological analyses. Conse-

quently, limited data have been published regarding the role of T

cells in the protection against SARS-CoV-2 infection in SOT. Harberts

et al. described and increased proportion of LTR with positive T-cell

response from 32% to 72% after the third mRNA vaccine dose [7].

Likewise, Davidov et al. reported that neutralizing antibody levels

increased significantly after the third dose compared to levels mea-

sured immediately before its administration [6].TaggedEnd

TaggedPMany variables were associated with an increased risk for low

antibody levels. However, MMF would appear to be the main deter-

minant of vaccination failure. A recent meta-analysis evaluated the

relationship between MMF and seroconversion after SARS-CoV-2

immunization in SOT recipients. When the analysis was restricted

to studies performed in LTR, the negative effect of MMF was consis-

tent (OR=0.46; 95%CI 0.31−0.68; p<.001) [14]. In some studies, a

dose-dependent impairment of the humoral response was

observed, particularly when the daily dose of MMF was higher than

1000 mg per day [12,14]. The detrimental effects of an MMF-con-

taining immunosuppressive regimen in the vaccination induced

humoral immune response was also described in SOT recipients

after vaccination against the influenza virus [15]. This can be

explained by the MMF inhibition of T- and B-cell proliferation by

depleting guanosine nucleotides through inhibition of the enzymeTaggedEnd* Corresponding author.
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TaggedEndTaggedPinosine monophosphate dehydrogenase, which is expressed prefer-

entially in activated lymphocytes [16]. The reduction or discontinu-

ation of MMF to increase vaccine response is still under debate.

Meunier et al. evaluated the impact of temporary discontinuation of

MMF on vaccine response in 10 non-responding LTR. The authors

showed that a complete MMF withdrawal for 1 to 4 weeks before

vaccination was safe and allowed patients to achieve seroconver-

sion [17]. Future studies replicating these promising results are

expected. TaggedEnd

TaggedPDifferent reports suggested a rapid decline in levels of antibodies

after 4-5 months onwards compared to immunocompetent individuals

[6]. Thus, immunosuppressed patients are prioritized to receive a

booster vaccine dose. Data on the effectiveness of the fourth vaccine

dose among LTR is very limited. Harberts et al. also described a sero-

conversion of 60% (3/5) among previous non-responders to the third

vaccine [7]. Later, Davidov et al. reported an improved immune

response after the fourth BNT162b2 vaccine dose improving humoral

response from 79% to 93% [11]. In line with previous observations, this

study found a significant association between immune response and

MMF administration. Since antiviral responses to SARS-CoV-2 vaccines

in SOT recipients are attenuated, additional strategies such as mono-

clonal antibody pre-exposure prophylaxis has been recommended.

The most widely used monoclonal antibody in SOT is the long-acting

combination tixagevimab/cilgavimab. This therapy has been associ-

ated with a lower risk of SARS-CoV-2 infection in unvaccinated indi-

viduals and in SOT recipients during the Omicron wave. Importantly,

tixagevimab/cilgavimab showed a slightly higher incidence of serious

cardiovascular events [18]. This monoclonal antibody combination

arises as an interesting alternative in those patients who did not

develop immune response to SARS-CoV-2 vaccination. We look for-

ward to a more detailed understanding of the protective role and

adverse events of tixagevimab/cilgavimab. However, the cost of this

combination might limit its accessibility in Latin America.TaggedEnd

TaggedPWe still need to evaluate different approaches to prevent or

diminish COVID-19 infection in LTR. As this population appears to

remain at risk for infection after 3 or 4 doses, investigations

regarding the efficacy and timing of future doses should be consid-

ered. It is therefore important to be able to predict non-response to

vaccination so that extra modifiable risk factors can be addressed,

or extra protection administered. In the meantime, patients and

TaggedEndTaggedPhealthcare providers should remain vigilant regarding exposure to

infection. TaggedEnd

TaggedH1Declaration of Interest TaggedEnd

TaggedPNone. TaggedEnd

TaggedH1References TaggedEnd

TaggedP [1] Safa K, Kotton CN. COVID-19 vaccines and solid organ transplantation: more
doses, more protection. Transplantation 2023;107:21–2. https://doi.org/10.1097/
tp.0000000000004387.TaggedEnd

TaggedP [2] Boyarsky BJ, Werbel WA, Avery RK, Tobian AAR, Massie AB, Segev DL, et al. Anti-
body response to 2-dose sars-cov-2 mRNA vaccine series in solid organ transplant
recipients. JAMA 2021;325:2204–6. https://doi.org/10.1001/jama.2021.7489.TaggedEnd

TaggedP [3] Cuadrado A, Del Barrio M, Fortea JI, Amigo L, San Segundo D, Rodriguez-Cundin
MP, et al. Antibody response to the messenger RNA-1273 vaccine (Moderna) in
liver transplant recipients. Hepatol Commun 2022;6:1673–9. https://doi.org/
10.1002/hep4.1937. TaggedEnd

TaggedP [4] Tu ZH, Jin PB, Chen DY, Chen ZY, Li ZW, Wu J, et al. Evaluating the response and
safety of inactivated COVID-19 vaccines in liver transplant recipients. Infect Drug
Resist 2022;15:2469–74. https://doi.org/10.2147/IDR.S359919.TaggedEnd

TaggedP [5] Toniutto P, Cussigh A, Cmet S, Bitetto D, Fornasiere E, Fumolo E, et al. Immunoge-
nicity and safety of a third dose of anti-SARS-CoV -2 BNT16b2 vaccine in liver
transplant recipients. Liver Int 2022. https://doi.org/10.1111/liv.15331. TaggedEnd

TaggedP [6] Davidov Y, Indenbaum V, Tsaraf K, Cohen-Ezra O, Likhter M, Ben Yakov G, et al. A
third dose of the BNT162b2 mRNA vaccine significantly improves immune
responses among liver transplant recipients. J Hepatol 2022;77:702–9. https://
doi.org/10.1016/j.jhep.2022.03.042.TaggedEnd

TaggedP [7] Harberts A, Schaub GM, Ruether DF, Duengelhoef PM, Brehm TT, Karsten H, et al.
Humoral and cellular immune response after third and fourth SARS-CoV-2 mRNA
vaccination in liver transplant recipients. Clin Gastroenterol Hepatol
2022;20:2558–66 e5. https://doi.org/10.1016/j.cgh.2022.06.028.TaggedEnd

TaggedP [8] Meunier L, Sanavio M, Dumortier J, Meszaros M, Faure S, Ursic Bedoya J, et al.
Mycophenolate mofetil decreases humoral responses to three doses of SARS-CoV
-2 vaccine in liver transplant recipients. Liver Int 2022;42:1872–8. https://doi.
org/10.1111/liv.15258. TaggedEnd

TaggedP [9] Chauhan M, Nzeako I, Li F, Thuluvath PJ. Antibody response after a booster dose of
SARS-CoV-2 vaccine in liver transplant recipients and those with chronic liver dis-
eases. Ann Hepatol 2022;27:100702. https://doi.org/10.1016/j.aohep.2022.100702.TaggedEnd

TaggedP[10] Strauss AT, Hallett AM, Boyarsky BJ, Ou Bs MT, Werbel WA, Avery RK, et al. Anti-
body response to SARS-CoV-2 messenger RNA vaccines in liver transplant recipi-
ents. Liver Transpl 2021;27:1852–6. https://doi.org/10.1002/LT.26273. TaggedEnd

TaggedP[11] Davidov Y, Indenbaum V, Atari N, Kliker L, Tsaraf K, Asraf K, et al. High immune
response rate to the fourth boost of the BNT162b2 vaccine against the omicron
variants of concern among liver transplant recipients. Viruses 2022;14:2769.
https://doi.org/10.3390/v14122769.TaggedEnd

TaggedP[12] Mendizabal M, Ducasa N, Benencio P, Anders M, Cairo F, et al. Heterologous ade-
novirus-vector/messenger RNA regimen is associated with improved severe acute

TaggedEnd Table 1

Studies evaluating the use of booster vaccine doses against SARS-CoV-2 infection.

Author [Refs.] Patients Type of SARS-CoV-2

vaccine

Vaccine doses Humoral response rate

after 2 doses

Humoral response rate

after 3 doses

Cellular response rate Risk factors associated

with a low humoral

response

Toniutto [5] 107 BNT162b2 3 76.6% 91.6% - Higher doses of MMF,

eGFR >60 mL/min

Davidov [6] 61 BNT162b2 3 56% 98% Significant increase in

T-cell count

Older age, use of MMF,

combined immuno-

suppression therapy.

Harberts [7] 106 BNT162b2

mRNA-1273

3 67% 92% 72% Vaccination within the

first year after LT,

eGFR <45 mL/min,

low lymphocyte

counts.

Meunier [8] 248 BNT162b2

mRNA-1273

ChAdOx1

3 - 74% - Use of MMF, female gen-

der, non-mRNA

vaccine

Chauhan [9] 45 BNT162b2

mRNA-1273

JNJ-78436735

3 64% 91% - None

Strauss [10] 148 BNT162b2

mRNA-1273

3 80% 93% - Use of MMF, proximity

to LT

Davidov [11] 29 BNT162b2 4 79% 93% - Use of MMF

eGFR, estimated glomerular filtration rate; LT, liver transplant; MMF, mycophenolate mofetil.
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