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Abstract

Background COVID-19 disease in kidney transplant (KT) recipients is associated with increased morbidity, mortality, and
hospitalization rates. Unfortunately, KT recipients also have a reduced response to SARS-CoV-2 immunization. The pri-
mary aim of this study was to assess immunologic response to SARS-CoV-2 mRNA vaccines in pediatric kidney transplant
recipients 12—18 years of age. Secondary aims were to assess response rates following a third immunization and determine
factors that influence immunization response.

Methods Pediatric KT recipients in a single tertiary center received SARS-CoV-2 mRNA vaccination as per local protocol.
SARS-CoV-2 immunoglobulin (IgG) was measured following second and/or third vaccination. Demographics including
patient factors (age, gender, and underlying disease), transplant factors (time and type of transplant), and immunosuppres-
sion (induction, maintenance, and immunomodulatory therapies such as IVIG) were collected from the medical records.
Results Of 20 participants, 10 (50%) responded following a two-dose vaccine schedule, which increased to 15 (75%) after
three doses. Maintenance immunosuppression affected immunologic response, with azathioprine demonstrating a higher
rate of response to vaccine compared to mycophenolate (100% vs. 38%, p=0.04). Increasing prednisolone dose had a nega-
tive impact on immunologic response (0.01 mg/kg/day increase: OR 1.60 95% CI 1.01 to 2.57). Tacrolimus dose and trough
levels, age, time post-transplant, underlying disease, and other immunosuppression did not impact immunologic response.
Conclusions Pediatric KT recipients had similar response rates following SARS-CoV-2 immunization as adult KT recipi-
ents. Immunologic response improved following a third immunization. Choice of antimetabolite and prednisolone dosing
influenced the rate of response.
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Introduction

The current COVID-19 pandemic has had a significant
impact on clinical practice in adult and pediatric medi-
cine. Importantly, it has facilitated rapid approval and
implementation of new immunizations, including mRNA
vaccines.

COVID-19 disease is caused by SARS-CoV-2. Clini-
cal presentation is predominated by upper respiratory
tract symptoms and children generally exhibit a milder
disease when compared with adults [1]. In 2020, it was
noted that a small proportion of children were affected by
a multisystem inflammatory syndrome, similar to Kawa-
saki disease [2]. There is increasing evidence that some
children may demonstrate persistent symptoms following
the acute phase of their COVID-19 illness, referred to as
long COVID. These symptoms include fatigue, dyspnea,
reduced exercise tolerance, and palpitations and have been
reported by up to 50% of children more than 2 months
after their initial diagnosis [3, 4].

Adult kidney transplant (KT) recipients have a greater
risk of severe disease associated with SARS-CoV-2 with
significantly higher mortality and hospitalization rates
when compared to healthy individuals [5, 6]. Factors
associated with increased fatality include abnormal/wors-
ening kidney function, advanced age, tachypnea, and use
of prednisolone prior to presentation [5, 7, 8]. Data in
pediatric KT recipients is limited. Small cohort studies
suggest COVID-19 disease is mild in pediatric KT recipi-
ents with predominantly upper respiratory symptoms and
reversible acute kidney injury [9, 10]. Given COVID-19’s
variable presentation and potential for significant morbid-
ity and mortality, it is important to ensure immunocom-
promised individuals are appropriately vaccinated against
SARS-CoV-2.

SARS-CoV-2 vaccines have been shown to be safe and
efficacious in lowering the rates of SARS-CoV-2 infec-
tion, intensive care unit (ICU) admissions, and death in
previously healthy adults [11, 12]. This data has been
replicated in adult KT recipients. A single center study
in Spain demonstrated that of the 117 detected infections
in immunized KT recipients, 88% (103) occurred prior to
immunization [13].

Studies in adult KT recipients suggest weaker humoral
and cellular immune responses to these vaccines result-
ing in poor immunologic response rates and suboptimal
protection to SARS-COV-2 when compared to the healthy
population [14-17]. There is little data in pediatric KT
recipients; however, several small cohort studies of adoles-
cents and young adults have demonstrated similar absence
of antibodies post-SARS-COV-2 immunizations [18, 19].
Factors associated with poor response rates following
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a two-dose vaccination schedule include advanced age,
immunization within 12 months of transplantation, non-
mRNA vaccines, use of mycophenolate mofetil (MMF), or
use of more than two immunosuppressant agents [17, 20].

Given the poor response rates following a two-dose
immunization schedule, many countries, including Australia,
have implemented a three-dose regimen for immunocompro-
mised individuals, including children [21-23].

Our primary aim was to assess the response rates to
SARS-CoV-2 mRNA vaccination in pediatric KT recipients
following a two-dose vaccination schedule. Our secondary
aims included assessing factors that impact response rates
following a two-dose regimen and immunologic response
rates following a third immunization.

Ethics approval

This study was approved by local human ethics research
committee and research governance (2019/ETH05919).

Materials and methods

KT recipients aged 12-18 years, who received the second
dose of BNT162b2 mRNA vaccine (Pfizer), between August
2021 and January 2022, were eligible for the study. Exclu-
sion criteria included previous COVID-19 illness, transition
to adult services, and lack of consent or inability to be tested
during lockdown. Immunizations were administered as per
standard local protocol and following a national guideline,
with a second dose 3 weeks after the first, and a third dose
8 weeks after the second dose [21].

Participant’s age, gender, primary diagnosis, donor type,
time from transplant, induction and maintenance immuno-
suppression, additional immune-modulating therapy (includ-
ing rituximab, immunoglobulin (IVIG), anti-thymocyte
globulin (ATG), and tocilizumab), and prior COVID-19
infection were recorded (self-reported or from electronic
medical records).

The presence of SARS-CoV-2 immunoglobulin G (IgG)
in serum was measured at 4-8 weeks post the second and
third dose of mRNA immunization as a part of routine care.
SARS-CoV-2 IgG was measured using the Vidas® (BioMer-
ieux, Sydney, Australia) enzyme-linked fluorescence assay
which determines an index of the relativity fluorescence
value (RFV) of patient RFV to background RFV. A nega-
tive result was defined as an index less than one and a posi-
tive result as an index greater than or equal to one. This
assay was directed against the SARS-Cov-2 spike protein
and therefore did not differentiate between natural infection
and vaccination, but participants were excluded from the
study if they had had proven (by rapid antigen test or PCR)
COVID-19 infection.
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Continuous variables were reported as a mean and stand-
ard deviation (SD) and mean differences between vaccine
response groups assessed using #-test. Categorical variables
were reported as proportions, with a Fisher exact test used
to assess differences between groups. To investigate the
association with immunologic response (defined as positive
SARS-CoV-2 IgG result) following second dose, we used
logistic regression. Statistical analysis was conducted using
STATA.

Results

Of 46 eligible participants, 25 were excluded due to inabil-
ity to present to our tertiary center for testing, presentation
for testing outside the specified time, inability to provide
consent and one was excluded due to previous COVID-19
illness. Twenty participants were included in the study and
completed SARS-CoV-2 IgG testing after their second,
third, or both doses of vaccines. SARS-CoV-2 IgG results
were obtained a median of 38.5 days (IQR 32.5-57.5) after
the second dose and 44 days (IQR 40-52) after the third
dose. Vaccines were well-tolerated with no adverse reactions
reported during follow-up visits.

The median age of participants at administration of the
second vaccine was 15 years (IQR 12-16). The median
time of post-kidney transplantation at second vaccination
was 11 years (range 2 months to 14 years) with two par-
ticipants receiving immunizations within 6 months of trans-
plant. Induction immunosuppression for all participants was
standard with basiliximab, methylprednisolone, tacrolimus,
and MMF. All participants were managed with a three-agent
maintenance immunosuppression protocol. This included
prednisolone, an antimetabolite (MMF or azathioprine), and
tacrolimus. Prednisolone doses ranged from 0.06 to 0.2 mg/
kg/day, depending on clinician preference, patient tolerance,
and ease of administration. Fourteen (70%) participants were
managed with MMF and the remainder with azathioprine
(30%). Participants on azathioprine had been changed from
MMF due to poor tolerance, including persistent diarrhea
and/or lymphopenia. All participants were managed with
tacrolimus, dose ranged from 0.02 to 0.22 mg/kg/day and
was guided by trough tacrolimus levels, aiming for 5-7 for
those greater than 12 months post-transplant and 6-8 for
those less than 12 months post-transplant. No participants
developed COVID-19 disease during the study. The cohort
demographics are shown in Table 1.

Of the 20 included participants, 18 had SARS-CoV-2
IgG levels recorded post their second dose of vaccine and
a total of 10 (50%) had detectable IgG. Of the 8 partici-
pants who did not respond, 5 had SARS-CoV-2 IgG assessed
post their third vaccine and 3 demonstrated positive results
(see Fig. 1). Two participants did not have SARS-CoV-IgG

Table 1 Demographics of the entire cohort

Patient demographics Participants N=20

Number (%) or mean
(SD) or median

(IQR)

Sex

Female 7 (35)

Age at second dose 15 (12-16)

Year post-transplant 11 (5-14)
Transplant

Living donor 14 (70)
Cause of kidney failure

CAKUT 7(35)

Glomerular disease 7 (35)

Cystic kidney disease 4(19)

Other 2 (10)
Antimetabolite

MMF 14 (70)

Azathioprine 6 (30)
Immunosuppressant dose (mg/kg/day)

Tacrolimus 0.1 (0.1)

MMF 21(3.8)

Azathioprine 1.7 (0.4)

Prednisolone 0.1 (0.04)
Drug level

Tacrolimus level (mean tacrolimus level 6.3 (1.9)

over preceding 3 months)

Additional immune-modulating therapy

Rituximab 2 (10)

ATG 1(5)

Tocilizumab 4 (20)

IVIG 6 (30)

CAKUT, congenital anomalies of the kidney and urinary tract; MMF,
mycophenolate mofetil; ATG, anti-thymocyte globulin; /VIG, intrave-
nous immunoglobulin

measured post their second vaccine but did demonstrate a
positive IgG following their third dose (see Fig. 1). In total,
15 (75%) participants demonstrated immunologic response
following completion of a 3-dose regimen.

The data of the 18 participants who had SARS-CoV-IgG
measured post their second dose of vaccine was further
analyzed. Sex, age, time post-transplant, type of transplant,
underlying kidney disease, and use of other immune-modu-
lating therapy (rituximab, IVIG, tocilizumab, and ATG) did
not differ between those with positive and those with nega-
tive IgG following two-dose regimen (see Table 2).

All participants received tacrolimus and prednisolone
as part of their maintenance immunosuppression. Tacroli-
mus levels were higher in participants who did not respond
following their second vaccine, but neither the drug level
nor tacrolimus dose (mg/kg/day) in each group reached
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Fig. 1 Patient flow diagram

Transplant recipients aged 12-18 who
recieved COVID-19 mRNA vaccine

N =46

Ineligible due to lack of SARS-CoV-2 IgG

data post immunization
N =26

Participants eligible with SARS-CoV-2
1gG data post second and or third
immunization

N =20

Participants with IgG data post second

SARS-CoV-2 IgG immunization

N=18

Participants with SARS-CoV-2 IgG post third
SARS-CoV-2 I1gG immunization ONLY

N=2

Participants with POSITIVE SARS-CoV-|
2 1gG post second immunization

N=10

Participants with SARS-CoV-2 IgG
data post third immunization

N=5

Participants wtih POSITIVE SARS-CoV-2 1gG

statistical significance. Similarly, mycophenolate use and
dose (mg/kg/day) did not differ between the two groups.

When compared with MMF, azathioprine demonstrated
a statistically significant positive correlation with immu-
nologic response (p=0.04). Of the six participants who
received azathioprine as part of their maintenance immu-
nosuppression, only five were tested after their second vac-
cination, all of whom had a positive IgG result following a
two-dose regimen (see Fig. 1 and Table 2).

The mean dose of prednisolone was significantly lower in
the group who did respond to vaccination compared to the
KT recipients who did not (0.1 vs. 0.13 mg/kg/day, p=0.01).
Univariate logistic regression found increases in predniso-
lone dose increased the chance of non-response to two doses
of vaccination (0.01 mg/kg/day increase: OR 1.60 95% CI
1.01 to 2.57).

Additional immune-modulating therapies were utilized in
several participants because of rejection episodes. Two par-
ticipants received rituximab (both more than 12 months prior
to immunization), one that had a positive SARS-CoV-2 IgG
result post their second vaccine. One participant received
ATG (again more than 12 months prior to immunization)
and did not demonstrate an immune response following a
two-dose vaccine schedule. Tocilizumab was administered
monthly to four participants between 1 and 11 months prior
to immunization. Fifty percent of these individuals demon-
strated a positive SARS-CoV-2 IgG result post their second
vaccine. The two participants with a negative IgG received
their most recent tocilizumab dose 1 and 11 months prior
to their immunization. Finally, six participants received
IVIG between 1 and 18 months prior to immunization (see
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CoV-2 1gG post second Immunization

Participants with NEGATIVE SARS-

N=8

Participants with POSITIVE SARS-
CoV-2 1gG post third dose ONLY

N=2

mmunization
N=3

post thil

Table 2). Three (50%) demonstrated a positive IgG result
post their second immunization and received IVIG between
1 and 16 months prior. Similarly, those who demonstrated a
negative IgG result received IVIG between 2 and 18 months
prior.

Discussion

This retrospective study of pediatric KT recipients demon-
strated a 50% immunologic response rate following a two-
dose schedule with a SARS-CoV-2 mRNA vaccination. This
improved to 75% following a third immunization. The use
of mycophenolate rather than azathioprine and increments
in prednisolone dose were both associated with poor immu-
nologic response; however, given the small sample size, it
is possible that other factors may have impacted vaccine
response.

An inadequate and variable response to standard two-dose
immunization schedules to SARS-COV-2 in KT recipients
has been well-documented in the adult population [16, 17,
24, 25]. In one cohort, immunosuppressed KT recipients did
not develop immunity to COVID-19 following a standard
immunization course. Only 1 out of 40 had detectable levels
of IgG and this was due to post-COVID-19 disease rather
than immunization [26]. Other reports cite response rates
between 36 and 60% [27-32].

Immune responses to COVID-19 vaccinations have not
been as widely assessed in pediatric KT recipients. A sin-
gle center cohort study of adolescent patients (aged 18-20)
who received BNT162b2 demonstrated a 52% positive spike
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Table 2 Comparison of
pediatric KT recipients who

Analysis of variables and their potential impact on immune response to two-dose immunization regimen

seroconverted post second dose Variable IgG positive, N (%) or IgG negative, N (%) or  p value
of immunization, statistically mean (SD) mean (SD)
significant results in bold
(N=18, excluding individual Total 10 8
with history of COVID-19 Sex
infection) Female 4 (40) 3 (38) 0.9
Transplant
Living donor 6 (60) 6 (75) 0.50
Age at second dose 15(1.3) 15 (1.8) 0.85
Year post-transplant 8(3.9) 7(4.8) 0.5
Cause of kidney failure 0.7
CAKUT
Glomerular disease
Cystic disease
Other
Tacrolimus:
Dose (mg/kg) 0.11 (0.1) 0.13 (0.2) 0.05
Tacrolimus level 6(1.1) 7.1 (2.7) 0.19
Antimetabolite 0.04
MMF number 5 (50) 8 (100)
Azathioprine number 5 (50) 0
MMF dose (mg/kg/day) 21 (2.1) 21 (4.9) 0.93
Azathioprine dose (mg/kg/day) 1.6 (0.5) 0(0)
Prednisolone
Dose (mg/kg/day) 0.1 (0.02) 0.13 (0.04) 0.01
Rituximab
Number 1(50) 1(50) 0.9
IVIG
Number 3 (50) 3 (50) 0.7
ATG
Number 0(0) 1 (100)
Tocilizumab
Number 2 (50) 2 (50) 0.8

CAKUT, congenital anomalies of the kidney and urinary tract; MMF, mycophenolate mofetil; ATG, anti-
thymocyte globulin; /VIG, intravenous immunoglobulin

antibody following a two-dose schedule with no adverse
events [18]. A similar study of adolescents who received
the same vaccine (aged 18 + 3 years) demonstrated a slightly
higher immune response of 63% (vs. 100% in healthy
matched controls) with mild to moderate adverse reactions
(primarily local reaction) but no episodes of myocarditis or
cardiac side effects [19]. Quantitative antibody levels were
obtained and noted to be almost 30 times higher in healthy
children when compared to transplant recipients [19]. Our
study demonstrated a similar rate (58%) of immunologic
response following the second dose of vaccination in a
younger cohort of children.

Given the poor rates of immunologic response, a three-
dose regimen for immunocompromised individuals has
been implemented, and was reported to be associated

with a marked improvement in immunologic response in
KT recipients [33—-36]. In a French cohort of 78 adult KT
recipients, SARS-COV-2 antibodies were detected in 40%
of patients following the second dose compared to 68%
following the third dose [34]. These studies are consistent
with our results, with immunologic response rates improv-
ing from 50 to 75% following a third dose of vaccination.
Unfortunately, we were unable to quantify the level of IgG
antibody due to lack of a suitable assay.

Lack of immunologic response after two-dose vaccina-
tion in KT recipients has been associated with advanced
age (> 60 years), transplantation within 12 months, use of
MMF, B cell depletion (e.g. rituximab), and use of non-
mRNA vaccines [17-19, 29-32, 37].
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In our cohort, six participants were managed on aza-
thioprine (rather than MMF) and five of these had a
SARS-CoV-2 IgG level available following their second
vaccination. One hundred percent of these five partici-
pants demonstrated a positive SARS-CoV-2 IgG, which
was significantly greater than those who received MMF
(38%) (p value=0.04). We acknowledge that while this
is statistically significant, it is a small sample and we are
lacking data from one individual on azathioprine (who
only had an IgG level available following the third dose).
Recent cohort studies have demonstrated similar phe-
nomena, where MMF was associated with poor immuno-
logic response and decreased response rates by up to 81%
[18, 27]. Mean MMF dose was not statistically different
between the groups of responders and non-responders in
our cohort. This is not consistent with previous reports,
where there appears to be a dose-dependent effect of
MMF, with KT recipients with a higher dose per kilo-
gram or greater MMF level demonstrating a poor immune
response [27, 37]. This effect is not isolated to SARs-
CoV-2 immunizations. MMF has been implicated in inade-
quate response to oral cholera, influenza, and the 13-valent
pneumococcal vaccines [38-40].

Increments in prednisolone dose were associated with a
reduced immunologic response. This is similar to previous
studies which found the use of prednisolone in mainte-
nance immunosuppression has been associated with a poor
response in KT recipients [30, 41]. A dose-related effect,
however, has not previously been documented.

Interestingly, time post-transplantation did not affect
the response rates in this cohort as has been demonstrated
in previous studies with vaccination within 12 months
of transplantation negatively impacting immunologic
response [20]. The use of rituximab, tocilizumab, IVIG,
and/or ATG also did not influence immune response in
this cohort; however, the sample sizes for these factors
were small. Only two participants received rituximab in
the past and both more than 12 months prior to immuniza-
tion. Rituximab has been shown to reduce immunization
effectiveness, particularly SARS-CoV-2 immunization;
however, this was assessed when utilized within 12 months
[14, 19, 32].

The primary limitation of this study was sample size,
particularly relating to other immunomodulatory therapies
such as rituximab, IVIG, ATG, and tocilizumab. This lim-
its the ability to detect significant associations between
patient characteristics, immunosuppressive regimens, and
immunologic response. Further limitations include the
lack of quantitative SARS-CoV-2 IgG data, which were
not available at the time of the study. Quantitative data
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would have provided an opportunity to comment on the
effect of immunosuppression (when compared to the gen-
eral population).

Conclusion

In summary, this study provides additional information
on immune responses to COVID vaccination in pediatric
KT recipients aged 12—18. Immunologic response rates
were similar to other pediatric and adult KT cohorts (50%
and 75% following second and third vaccine dose, respec-
tively). Factors associated with poor immunologic response
included prednisolone dose and MMF use, whereas age, sex,
underlying kidney disease, and time from transplant did not
impact the outcome.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00467-022-05679-y.

Declarations The authors declare no competing interests.
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