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Abstract: Background & aims. The fourth dose of anti-SARS-CoV-2 vaccine slightly improved the humoral
response among previously seronegative liver transplant (LT) recipients. Mycophenolate (MMF) treatment
worsens the vaccination response. This study aimed to evaluate whether temporary MMF interruption might
improve immunogenicity of the fourth anti-SARS-CoV-2 BNT16b2 vaccine dose in nonresponsive LT
recipients. Methods. LT recipients negative for anti-spike glycoprotein-specific immunoglobulin G receptor-
binding domain (s-RBD) antibodies after the third vaccine dose were enrolled. Anti-SARS-CoV-2 spike-specific
T cell responses were measured before and two months following the fourth vaccine dose, and anti-SARS-CoV-
2-s-RBD antibodies also 6 months thereafter. MMF was suspended two weeks before and after vaccination.
Results. Five LT recipients were enrolled. After a mean of 78 days after vaccination, all patients tested positive
for anti-SARS-CoV-2-s-RBD antibodies. The mean antibody titer was 8944 Ul/ml. The positive antibody
response was maintained during a mean of 193 days of follow-up. Three patients developed a positive T cell
response. Two patients (one positive for T cell response) developed a self-limited SARS-CoV-2 infection.
Conclusions. Suspending MMF prior to the fourth dose of anti-SARS-CoV-2 mRNA vaccine seems feasible and
safe. This procedure could restore vaccine-induced immunogenicity in a large portion of previously
nonresponsive LT recipients.
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1. Introduction

Vaccines against severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) in liver
transplant (LT) recipients induced decreased immunogenicity compared to the general
population[1,2]. Although the administration of a booster (third) dose of mRNA-based vaccines
increased the immune response rates produced by two vaccine doses by 20%[3], up to 30% of LT
patients remained unresponsive to the vaccination[1,2]. Thus, the administration of a fourth dose of
anti-SARS-CoV-2 vaccines seems to be a useful way to increase immunogenicity in LT and in solid
organ transplant recipients[4]. Mycophenolate (MMF) plays a major role in reducing the probability
of achieving positive antibody[3,5] and T cell[6] immune responses following a booster dose of
mRNA-based anti-SARS-CoV-2 vaccines. This could be explained by decreases in lymphocyte
activation, interaction of T cells with antigen-presenting cells, and B cell memory responses caused
by prolonged administration of MMEF[7]. Despite this evidence, no data are still available regarding
the benefit of MMF interruption in increasing humoral and T cell-mediated immune responses after
the fourth dose of anti-SARS-CoV-2 vaccine in nonresponsive LT recipients.

The aim of the present study was to evaluate whether temporary interruption of MMF might
improve humoral and T cell-mediated immune responses after the fourth dose of anti-SARS-CoV-2
BNT16b2 vaccine in previously nonresponsive LT recipients. Furthermore, the incidence of
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symptomatic coronavirus-19 disease (COVID-19) was evaluated up to 6 months after the fourth
vaccination dose.

2. Materials and methods

2.1.Ethics statement

All patients provided written informed consent to receive the fourth vaccine dose and to
participate in this study, which conformed to the ethical guidelines of the Declaration of Helsinki as
revised in 2013. The evaluation of the anonymized patient data was approved by the Ethical
Committee of the Academic Hospital of Udine, where the study was performed.

2.2.5tudy design and selection of patients

Patients enrolled were selected from a recently reported cohort of nonresponsive LT recipients
who completed three doses of the anti-SARS-CoV-2 BNT162b2 vaccine[3]. All patients were taking
MMF, and the fourth SARS-CoV-2 BNT16b2 vaccine dose was offered at a mean (range) of 226 (174-
273) days following the third dose. Anti-SARS-CoV-2-N protein IgM and IgG and anti-spike
glycoprotein-specific immunoglobulin G receptor-binding domain (s-RBD) antibodies were
measured as previously reported[3], before and twice between 2 and 6 months after the fourth
vaccine dose. Anti-SARS-CoV-2 spike-specific T cell response was assessed by interferon-g release
assay (Euroimmun Diagnostica, Italy) both at baseline and two months after the fourth vaccine dose.
The T cell response was considered positive if interferon-g was measured at 212 pg/ml above the
negative control.

An expert team of transplant hepatologists selected patients in which to propose the MMF
interruption two weeks before and after the fourth vaccine dose administration. Patients who
experienced acute cellular rejection or poor adherence to immunosuppressive treatment were
excluded. During the MMF interruption period, tacrolimus monotherapy was maintained with a
mean (range) serum level of 4.82 (3.4-6.49) ng/ml. Liver function tests were evaluated twice a month,
up to 3 months after the vaccination.

3.Results

Among the 107 LT recipients from the original cohort previously described[3], 9 (8.4%) were
identified as vaccine nonresponsive. Two patients refused the fourth vaccine dose, and two tested
positive for a past SARS-CoV-2 infection. Thus, 5 patients were included. The main clinical and
demographic patient characteristics are reported in the Table 1. The mean (range) time from LT to
the fourth vaccine dose was 94 (19-314) months.

Table 1. Main demographic and clinical characteristics of the 5 nonresponsive liver transplant
recipients 6 months following the third anti-SARS-CoV-2 BTN162b2 vaccine dose. The reference
intervals of biochemical parameters are reported in square brackets. Each patient is identified by a
number and a corresponding color. The colors are the same as those reported in the figure.

Patients
Sex F M F M M
Age (years) 70 75 50 68 78
Time from LT (months) 31.8 83.9 19.0 22.5 3144
Etiology of liver disease PBC HCV AIH AH HBV

Immunosuppressive daily dose or drug

levels 2 2 1 1 2
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Mycophenolate mofetil (g/day)s 4.82 4.64 6.49 4.76 3.40

Tacrolimus (ng/ml)

Neutrophils (n*1000/l) [2.0-7.50] 1.39 4.07 413 1.71 2.68
Lymphocytes (n*1000/ul) [1.0-4.0] 2.21 0.70 3.72 0.85 1.75
Platelets (n*1000/ul) [150-400] 266 204 506 114 227
AST (U/ml) [f: 4-32, m: 4-40] 20 12 23 12 16
ALT (U/ml) [f: 4-33, m: 4-41] 22 10 15 12 9
Bilirubin (mg/dl) [0.20-1.0] 0.56 0.27 1.35 0.39 091
Albumin (g/dl) [4.02-4.76] 4.51 4.03 3.49 4.45 4.53
eGFR (ml/min/1.73 m?) 46 31 62 39 33

LT: liver transplantation; PBC: primary biliary cholangitis; HCV: hepatitis C virus; AIH: autoimmune hepatitis;
AH: alcoholic hepatitis; HBV: hepatitis B virus; §: daily dose of mycophenolate mofetil before and after its
temporary suspension AST: aspartate aminotransferase; f: females; m: males, ALT: alanine aminotransferase;
eGFR: estimated glomerular filtration rate (MDRD4 formula).

After a mean (range) time of 78 (62-113) days after the fourth vaccine dose, all patients tested
positive for IgG anti-SARS-CoV-2-s-RBD antibodies. The mean (range) anti-SARS-CoV-2 s-RBD
antibody titer was 8944 (2.6-24745) Ul/ml. Two patients developed a strong and three a weak (mean
antibody titer of 22355 and 3.8 U/ml, respectively) antibody response. No demographic or clinical
differences between strong and weak responders were evident. A further anti-SARS-CoV-2 s-RBD
antibody titer was measured at a mean (range) time of 193 (140-245) days after the fourth vaccine
dose. All patients maintained a positive antibody response to vaccination, but the mean (range)
antibody titer decreased to 3690 (5.9-10201) U/ml (Figure 1).

30000,0 %
- g
m
< 10000 - :
ok
52
P 100,0
oz 10,0 :
@8 .
< 2 L
w0 m ! . S positivity
= 08 4 ’ : = limit
é m_._.m_ ........ m__m_ ........ m_ .......... m
01 -
MMFE therapy Ry
1000 4
£ a
g 100
S E - positivity
g =) 10 4 ® lirmiit
=5
- [ &
=z 14 ®
i L ]
0,14
151 2nﬂ alﬂ 4‘.h
‘ ‘ T T L ‘ T T ‘ T T
1 1 4 6 3 [¢] 2 6

Months after the vaccination doses (&)

@ Values in SARS-CoV-2 infection naive MMF suspension
@ Values in SARS-CoV-2 infection period (1 month)

developed after the 4" vaccine dose

Figure 1. Anti-SARS-CoV-2 s-RBD IgG antibody and T cell responses during the full course of four
doses of the BNT162b2 vaccine. Each colored circle identifies a patient, as represented in the table.
Circles within squares identify patients who developed symptomatic SARS-CoV-2 infection during
the follow-up period.
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Measurements of the vaccine-induced SARS-CoV-2 spike-specific T cell response were available
at the time of the fourth vaccine dose in 3/5 patients and were negative in all patients. Two months
after the fourth vaccine dose, 3/5 patients (one negative before the fourth vaccine dose) developed a
positive T cell immune response, while two patients remained negative (Figure 1). Interestingly, 2/3
patients who developed a positive T cell immune response presented the highest anti-SARS-CoV-2
s-RBD IgG antibody titers both at 2 months and up to 6 months after the fourth vaccine dose.

Two male patients developed symptomatic COVID-19 three and four months after the fourth
vaccine dose respectively. The anti-SARS-CoV-2 s-RBD antibody titer, measured at the time of
COVID-19 resolution and compared to that recorded two months after the vaccine dose, increased
from 2.6 U/ml to 1142 U/ml in one patient and decreased from 19965 U/ml to 10201 U/ml in the other
(Figure 1). In one patient, the T cell immune response was negative both before and after the fourth
vaccine dose, and he presented a low (2.6 U/ml) anti-SARS-CoV-2 s-RBD antibody titer 2 months after
the fourth vaccine dose. In the other patient, the T cell immune response was negative only before
the fourth vaccine dose, and he presented a very high (19965 U/ml) antibody titer 2 months after the
fourth vaccine dose.

The clinical course of COVID-19 in these two patients was mild, and neither of them required
hospital admission. No severe side effects of vaccination were recorded, and liver function tests
remained unchanged during the entire follow-up.

4.Discussion

To our knowledge, this is the first study that evaluated the impact of temporary MMF
interruption on both humoral and T cell immune responses following the fourth BNT162b2 vaccine
dose in previously nonresponsive LT patients. The decision to temporarily suspend MMF could be
controversial, as it could increase the risk of rejection. However, the duration of MMF suspension
was very short and was adopted more than 1.5 years after LT. After this period the clinical guidelines
suggest that patients can be maintained on tacrolimus monotherapy with target serum levels near 5
mg/ml[8], as reported in our study.

All enrolled patients developed a positive antibody response, and 3/5 patients developed a
positive T cell immune response after the fourth vaccine dose. The positive impact of MMF
interruption in increasing the vaccine-induced immunogenicity provided by our study was not
recorded in kidney transplanted patients[9]. These different results could depend on the shorter
MMEF interruption period adopted in kidney transplant recipients (2 weeks) compared to our
patients. Our data seem to be in agreement to those recently reported in a group of 10 LT patients
nonresponsive to the third anti-SARS-CoV-2 vaccine dose, in whom MMF administration was
interrupted before the fourth vaccine dose[10]. All patients presented a positive anti spike IgG
antibodies following 2 to 4 weeks after the fourth vaccine dose. However, it is important to note that
4 patients were already responsive, albeit with a low antibody titer, to the third vaccination, thus the
final percentage of vaccine responsive patients could be overestimated. Moreover, the antibody titer
was measured only 4 weeks after the fourth vaccine dose and T-cell response was not evaluated in
this study.

Two patients in our study developed symptomatic COVID-19 despite a positive antibody
response to the fourth vaccine dose, and one patient developed symptomatic COVID-19 despite a
positive T cell immune response. A recent report indicated that 10% of SOT recipients vaccinated
with four doses developed COVID-19 during the Omicron wave[11,12]. Interestingly, it seems that
the fourth vaccine dose failed to induce significant neutralization of the Omicron variant in SOT,
indicating 10- to 20-fold higher titers are required to neutralize this heavily mutated variant in
vitro[12]. These findings suggest that additional dosing of the original vaccines in SOT recipients may
not generate robust protection against infection in the form of neutralizing antibodies against the
Omicron variant or future variants evolved from Omicron.

Our study has some limitations. The number of patients enrolled was small, but no other studies
with the same study design have been reported so far. Furthermore, neutralizing antibody
measurements and characterization of SARS-CoV-2 variants in the two breakthrough infections were
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not evaluated. The lack of a control group of patients not responding to the third vaccination who
maintained MMF therapy during the fourth dose vaccination is another limitation of the study.
However, like what has been reported in the literature[1,2,4,6,12-15], the immunogenicity of
vaccination with the fourth dose would likely have been lower than that measured in the patients
enrolled in our study.

In summary, suspending MMF prior to administration of the fourth dose of anti-SARS-CoV-2
mRNA vaccine in LT recipients who failed to respond to the third dose seems feasible and safe. If
confirmed in larger studies, this procedure could restore the vaccine-induced humoral and T cell-
mediated immune responses in a large portion of previously non responder LT recipients. Although
the achievement of restored immunogenicity to vaccination was not associated with a full protection
of SARS-CoV-2 infection, COVID-19 occurrence in these patients was always clinically uneventful.
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