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Abstract

Background In the general population, nRNA SARS-CoV-2 vaccines are highly efficacious. Early reports suggest a dimin-
ished antibody response in immunosuppressed adult solid organ transplant (SOT) patients, but this has not been reported
in pediatrics.

Methods Adolescent kidney transplant recipients (KTR) at our center who received both doses of an mRNA SARS-CoV-2
vaccine had SARS-CoV-2 spike (S) protein antibody presence evaluated 4-8 weeks after their second dose of the vaccine
as part of routine clinical care.

Results Thirteen of 25 fully vaccinated patients (52%) had a positive spike antibody. Median age of participants was
19 years old (IQR 18-20) and the median time from transplant was 5 years (IQR 4-9 years). KTR were treated with an
immunosuppression regimen including a calcineurin inhibitor, corticosteroid, and antimetabolite (9 with mycophenolate,
3 with azathioprine, and 1 without an antimetabolite due to viremia). Of those who had an antibody response, fewer had
a mycophenolate-containing immunosuppressant regimen than non-responders. There was a trend toward better vaccine
response and higher anti-S antibody titers at lower doses of mycophenolate. Three patients with prior COVID-19 infection
all had a positive antibody response.

Conclusion Our results suggest vaccine response in adolescent KRT is lower than that of the general population, but similar
to that previously described in adult SOT patients and slightly better than that seen in adult KTR. This data demonstrates
vaccination is safe and supports immunizing KTR who remain hesitant. Future studies should focus on better understanding
of the cellular immune response to vaccination and strategies to enhance vaccine immunogenicity in pediatric SOT patients.
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Introduction

Coronavirus disease 2019 (COVID-19) is caused by severe
acute respiratory syndrome coronoavirus-2 (SARS-CoV-2)
and has a high rate of complications and mortality in kid-
ney and other solid organ transplant (SOT) recipients [1, 2].
There is a paucity of literature focused on immunocompro-
mised pediatric and adolescent patients and their potential
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risk of severe COVID-19 disease. Phase 3 studies of mRNA
SARS-CoV-2 vaccines showed excellent vaccine efficacy in
healthy participants; however, immunosuppressed pediatric
participants were not enrolled [3, 4].

There is evidence to suggest the humoral immune
response to various vaccines may be blunted in solid organ
transplant recipients [5]. Specifically, in pediatric kidney
transplant recipients (KTR) receiving the inactivated influ-
enza vaccine, decreased seroconversion for influenza A com-
pared to healthy controls has been observed [6]. Cellular
response to vaccination in SOT patients is less well-char-
acterized. However, it has been shown that SOT recipients
are able to mount a T-cell response to influenza vaccination,
although it is much stronger in those who were naturally
infected [7].

Recent reports also suggest a diminished antibody
response to the mRNA SARS-CoV-2 vaccine in adult
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kidney and other SOT recipients, particularly those with an
immunosuppression regimen that contains an antimetabolite
[8—11]. To our knowledge, the humoral response of ado-
lescent KTR to SARS-CoV-2 has not been reported. The
present study quantifies the proportion of adolescent and
pediatric patients who developed a humoral response to the
SARS-CoV-2 S (spike) antigen at our center. Similar to what
has been reported in adult studies, we hypothesize there
will be lower rates of antibody response in KTR receiving a
mycophenolate-based immunosuppression regimen.

Methods
Study population

The prospective and retrospective kidney transplant database
at Rady Children’s Hospital, San Diego, was utilized to iden-
tify eligible patients. When permitted by local guidelines,
KTR who were over 16 years old and greater than 6 months
since their transplant were notified of vaccine eligibility and
encouraged to schedule an appointment. KTR were excluded
if they did not receive both doses of the vaccine, were within
6 months of transplant, or received blood products within
the past 6 months.

Data

Data were extracted from electronic health records at Rady
Children’s Hospital San Diego. Variables obtained included
age, sex, time from transplant, prior COVID-19 infection
or hospitalization, prior SARS CoV-2 nucleocapsid (N)
antibody presence, and type and dose of antimetabolite at
time of vaccination. SARS-CoV-2 antibody assays were
obtained as part of routine follow-up appointments a mini-
mum of 4 weeks after the final vaccine dose. We utilized
the Abbott chemiluminescent microparticle immunoassay
or Siemens Atellica IM SARS-CoV-2 IgG. Both assays are
commercially available and were designed to be specific to
the receptor binding domain of the S1 subunit of the IM
SARS-CoV-2 spike protein. Patients were characterized as
vaccine responders if they had an antibody titer greater than
50 AU/mL for the Abbott assay or greater than 1.0 index
for Siemens and were considered non-responders if below
these thresholds. Two different assays were used because our
center’s lab transitioned from sending out SARS-CoV-2 IgG
studies to performing in-house testing during our period of
data collection.

Outcome

The primary outcome was the proportion of patients
who were SARS-CoV-2 spike-protein IgG seropositive.
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Additional outcomes included evidence of prior infection
(either symptoms in the setting of a positive PCR test or
SARS-CoV-2 N IgG seropositivity) and association of type
and dose of antimetabolite with antibody response.

Statistical analysis

Continuous variables are reported as mean and standard
deviations (SD) or as median and interquartile range (IQR).
Categorical variables are described as absolute numbers
and percentages. For categorical variables, the chi-square
statistic was used to assess the statistical significance
between groups. Differences between antibody levels and
antimetabolite dosing in both groups were compared by the
Mann—Whitney U test. Two-sided P <0.05 was considered
to be statistically significant. Statistical analysis was per-
formed with IBM SSPS v27.

Ethics

The institutional review boards at the University of Califor-
nia, San Diego and Rady Children’s Hospital, San Diego
approved this study as part of the center’s Retrospective and
Prospective Kidney Transplant Database.

Results

Of 40 vaccine-eligible KTR in our program, 30 received
two doses of a SARS-CoV-2 mRNA vaccine. One patient
received the mRNA-1273 (Moderna) vaccine and 29
patients received BNT162b2 (Pfizer-BioNTech). Of these
patients, 25 (83%) had anti-S antibody titers obtained and
were included for analysis. The median age was 19 years old
(IQR 18-20), 11 (44%) were female, and the median time
from transplant was 5 years (IQR 4-9 years). Four patients
(16%) were treated for rejection within 6 months prior to lab
draw (one acute T-cell mediated rejection and three chronic
antibody-mediated rejection). Three patients (12%) had prior
symptomatic COVID-19 infections and developed antibod-
ies to SARS-CoV-2 N protein.

Antibody titers were checked a median of 45 days (IQR
31-56 days) following the second dose of the vaccine. Thir-
teen patients (52%) had detectable antibody titer and were
considered responders. Demographics of responders and
non-responders can be seen in Table 1. All three patients
with prior COVID-19 infection were positive for anti-S anti-
body. The three KTR treated for chronic antibody-mediated
rejection (one with IVIG and tocilizumab, one with IVIG
alone, and one with tocilizumab alone) did not develop
anti-S antibodies. One KTR treated for acute T-cell medi-
ated rejection with a steroid pulse alone developed anti-S
antibodies, although she also had a history of confirmed
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Table 1 Comparison of KTR with positive vs negative SARS CoV-2
spike antibody.

SARS CoV-2 spike antibody

Variable Positive Negative p value
Number (%) 13(52) 12(48)

Sex, female (%) 4 (31) 7 (58) 0.17
Years post-transplant (SD) 6.6(54) 77054 054
Treatment for rejection within 1(8) 3(25) 0.24

6 months (%)

Prior COVID-19 infection (%) 3(23) 0 0.08
Number of KTR taking MMF (%) 9 (69) 12 (100)  0.04

MMF dose mg/m2/day (SD) 719 (73) 750 (114) 0.55
Number of KTR taking Azathioprine 3 (23) 0 0.06
(%)

MMF, mycophenolate mofetil; SD, standard deviation

COVID-19 infection. One KTR receiving IVIG for autoim-
mune disease did not develop anti-S antibodies. No patients
were treated with B-cell depleting agents within the year
prior to vaccination.

Of vaccine responders, all had an immunosuppression
regimen including an antimetabolite, except for one in whom
the antimetabolite was held due to EBV viremia. Three
patients in this group were treated with azathioprine (aver-
age dose 1.75 mg/kg) and the remaining 9 were receiving
mycophenolate with a mean dose of 719 (SD 73) mg/m*/day.

All vaccine non-responders were receiving treatment with
mycophenolate-based immunosuppression. The mean dose
was 750 (SD 114) mg/m?/day. While this was higher than
that of vaccine responders, it did not reach statistical signifi-
cance (P=0.55).

Quantitative anti-S antibody titers were measured for the
20 patients in whom the Abbott assay was obtained. The
median titer for responders was 2067 (IQR 159-8314) AU/
mL. Those taking azathioprine had a higher average titer
than those taking mycophenolate at 6627 AU/mL vs. 2985
AU/mL (P=0.12).

The vaccine was well tolerated by all patients in our
cohort and there were no serious adverse events or hospi-
talizations related to vaccination. There were no rejection
episodes subsequent to vaccination. Additionally, there have
been no reported cases of COVID-19 infection in our study
population since the start of the vaccination effort.

Discussion

Our results suggest immunogenicity to the SARS-CoV-2
mRNA vaccines in adolescent KTR is lower than that
observed in the general population [12]. Overall, 52% in our
cohort had detectable anti-S protein antibodies. COVID-19

infection and the emergence of SARS-CoV-2 variants pose
a substantial threat to immunocompromised hosts, as KTR
are at high risk for complications [1].

Our 52% response rate is similar to that described in adult
SOT patients and slightly better than that reported in adult
KTR. Boyarsky et al. published one of the initial reports
of antibody response in SOT patients following dose 1 and
dose 2 of a SARS-CoV-2 mRNA vaccine. Of the 658 par-
ticipants, 357 (54%) responded to the vaccine after a second
dose [8]. Similarly, Marinaki et al. described a 59% rate of
antibody detection in a cohort of 34 adult SOT patients [9].
In contrast, Grupper et al. reported 38% of 136 KTR had a
positive serology after the two-dose series and there was a
significantly higher antibody titer in non-immunosuppressed
controls [10]. Rozen-Zvi et al. demonstrated positive S anti-
bodies in 112 of 308 (36%) of adult KTR [11]. The younger
age of our participants may explain the better response seen
in our adolescent KTR versus the responses of adult KTR
in the literature.

Both studies of KTR noted a trend toward improved
antibody response in younger patients and those with less
mycophenolate exposure [10, 11]. As this is consistent with
our findings, it is likely that increased immunogenicity and
distinct pharmacokinetics seen in pediatric patients explain
the better rate of antibody response seen in younger patients.
Additionally, Mycophenolate mofetil (MMF) has been
shown to decrease humoral immunity and antibody produc-
tion [13]. Similar to reports in adults, our study showed a
trend toward decreased response with use of MMF at higher
doses and a significantly higher number of non-responders
were treated with MMF versus responders. This is also con-
sistent with prior work showing decreased influenza vaccine
immunogenicity in pediatric KTR with more MMF exposure
[6]. Alteration of immunosuppression regimens to decrease
MMF dose or altogether hold MMF at the time of vacci-
nation is one possible solution to enhance humoral immu-
nity. This is controversial, as there is no strong evidence to
guide development of these protocols. Until there is more
data associating less MMF with better anti-SARS-CoV-2
response, we would advise caution in altering immune sup-
pression regimens for the sole purpose of immunization,
as this could result in unintended consequences such as
increased risk of acute rejection or donor-specific antibody
formation.

It is important to acknowledge the limitations of only
measuring antibody levels as a vaccine response, as it does
not measure T-cell immunity. Cellular immunity is likely
not as impacted by MMF and could confer partial protec-
tion against COVID-19 infection. T-cell-specific responses
to mRNA vaccination in SOT patients are currently being
studied, and preliminary work appears to suggest a cellular
response may be more robust than a humoral response in
this patient population and may confer some protection [14].
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Observations at our center are consistent with these findings,
as there have been no documented cases of COVID-19 infec-
tion in KTR since vaccination efforts began. In contrast, 12
of 84 (14%) KTR followed at our center developed symp-
tomatic infection before the mRNA vaccines were widely
available.

While the amount of adult literature on this topic is
expanding, there is little information available about vac-
cine response in immunosuppressed pediatric KTR. Results
from our center’s adolescent population can help contribute
toward this gap of knowledge. Although limited by small
sample size, the primary strength of our study is its novelty
showing the SARS-CoV-2 mRNA vaccine is well tolerated
and partially effective in a population of adolescent KTR.
As evidenced by no serious adverse events or episodes of
rejection, vaccination is a safe intervention in this popula-
tion. These findings support continued efforts to encourage
immunization of eligible KTR who remain hesitant.

Vaccine hesitancy is an important barrier to SARS-CoV-2
immunization in SOT patients. Among the entire vaccine
eligible population in our study, seven patients (17.5%) were
hesitant. While SARS-CoC-2 vaccine acceptance rates are
not well-characterized in the SOT population, this appears
to be better than a 34% hesitancy rate described in KTR in
New York City and consistent with a survey of SOT patients
in which 87% expressed willingness to get vaccinated if rec-
ommended by a transplant provider [15, 16]. We attribute
our relatively low vaccine hesitancy rate to trusting provider-
family relationships, emphasizing vaccine safety, mandating
routine vaccinations prior to transplant and referencing rec-
ommendations from trusted providers, professional socie-
ties, and patient/caregiver support groups. Additionally, our
center will not transplant patients unless they are fully vacci-
nated, so the higher rate of SARS-CoV-2 vaccine acceptance
may reflect preselecting a patient population more amenable
to receiving vaccinations. Our early experience with vac-
cinating younger patients (12 to 16 years old) suggests hesi-
tancy may be more prevalent and novel means to encourage
vaccination of all eligible patients may be needed.

Various strategies to optimize anti-S humoral response
in adult SOT patients have been proposed. Providing a third
“booster” vaccine dose in immunosuppressed patients sug-
gests promising preliminary results [17]. As vaccine eligibil-
ity expands to younger patients, future studies should focus
on similar strategies to optimize immunogenicity and better
characterize the cellular response to mRNA vaccination in
pediatric KTR.
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