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ABSTRACT

Eighty-five Korean kidney transplant recipients who received three doses of severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) vaccine were tested with anti-receptor
binding domain (RBD) antibody and neutralizing antibody. High anti-RBD antibody (> 100
U/mL) and neutralizing antibody responses (> 30%) were detected in 51/85 (60.0%) patients.
When we divided the patients with the time from transplantation to vaccination (< 1, 1-2.4,
2.5-4.9, and > 5-year), anti-RBD antibody titers were 3.2 U/mL, 27.8 U/mL, 370.2 U/mL, and
5,094.2 U/mL (P < 0.001) and anti-neutralizing antibody levels were 2.2%, 11.6%, 45.6%, and
93.0% (P < 0.001), respectively. Multivariate analysis revealed increased antibody responses
when the time from transplantation to vaccination was five years or longer (odds ratio, 12.0;
confidence interval, 2.7-52.8). Korean kidney transplant recipients had suboptimal antibody
responses after the third dose of SARS-CoV-2 vaccine. A shorter time from transplantation to
vaccination was a risk factor for a low antibody response.
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Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) antibody responses after

the vaccination of kidney transplant recipients are significantly lower than in the normal
population. Healthy individuals reach a seroconversion rate of over 99% after the second
dose of SARS-CoV-2 vaccination, whereas kidney transplant recipients’ seroconversion rate
was reported to be 17-58% after a second dose, and 55-69% after a third dose.14 In addition,
transplant recipients have a poor prognosis following SARS-CoV-2 infection. Solid organ
transplant recipients have a 30% or greater risk of ventilation or death when infected with
SARS-CoV-2 compared to a transplant naive population, with a hospital admission rate over
50-80% and intensive care unit admission rate of 30%.5-8

Although immunocompromised patients comprise a small proportion of the general
population, they account for more than 40% of hospitalized breakthrough cases,? with
prolonged shedding of the virus resulting in persistent unintended exposure to others, as well
as a potential source of new viral mutations.10,11 Therefore, antibody responses in transplant
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recipients require great attention in terms of the efficient distribution of medical resources
and increased risk of spreading infection.

As SARS-CoV-2 vaccination continues, studies evaluating immunogenicity in various
immunocompromised groups are accumulating. However, not many studies have analyzed
a sufficient number of patients.12 Especially studies of Asian transplantation recipients are
limited.1315

In this study, we performed antibody tests after the third dose of SARS-CoV-2 vaccination in
Korean kidney transplant recipients, and we analyzed factors correlated with low antibody
production.

Patients who underwent kidney transplantation at Ewha Womans University Hospital
(Mokdong Hospital and Seoul Hospital) and received three doses of SARS-CoV-2 vaccine
were enrolled. Patients with a history of coronavirus disease 2019 or with positive anti-
nucleocapsid antibody were excluded. Patients received available vaccine brands, according
to the Korean national vaccination program. These vaccines included an mRNA vaccine
(BNT162b2 [Pfizer-BioNTech] and mRNA-1273 [Moderna]), and viral vector vaccine
(ChAdOx1 nCoV-19 [Oxford-AstraZeneca] and Ad26.COV2.S [Johnson and Johnson,
Janssen]). Patient demographics, transplantation history, maintenance immunosuppression,
time from transplant (TPL) to first vaccination (TPL to vaccine time), and time from last
vaccination and antibody assays were collected. Kidney transplant recipients received
immunosuppressive therapy according to our center’s protocol. Most recipients received
triple immunosuppression therapy involving a calcineurin inhibitor, antimetabolites
(mycophenolate mofetil and mycophenolate sodium), and steroids.

Patient samples were drawn between December 2021 and June 2022, at least two weeks

after vaccination. These samples were tested with anti-nucleocapsid antibody (Elecsys
anti-SARS-CoV-2; Roche Diagnostics, Mannheim, Germany), anti-receptor binding domain
(RBD) antibody (Elecsys Anti-SARS-CoV-2 S; Roche Diagnostics), and neutralizing antibody
(R-FIND SARS-CoV-2 Neutralizing Antibody ELISA; SG Medical, Seoul, Korea). High anti-
RBD antibody responses were defined as anti-RBD antibody > 100 U/mL. This cut-off was set
based on the protected anti-RBD antibody titers in a challenge study, which was supported
in a large clinical cohort as an upper value of the estimated level needed to provide 50%
protective neutralization.16,17 Positive neutralizing antibody responses were defined as > 30%
neutralization as per the manufacturer’s instructions.

The association between antibody responses with demographic and clinical characteristics
was evaluated. For categorical variables, the y test or Fisher’s test were performed.
Continuous variables were assessed by the analysis of variance and are presented as the mean
+ standard deviation. To assess factors associated with high anti-RBD antibody responses
and the likelihood of occurrence according to clinical features, the odds ratios (ORs) and
95% confidence intervals (CIs) were estimated using logistic regression analysis with forward
selection. According to the TPL to vaccine time, the patients were divided into four groups:
TPL to vaccine time < l-year group, 1-2.4-year group, 2.5-4.9-year group, and > 5-year

group. Comparisons between these groups were performed. Analyses were performed with
Microsoft Excel 2016 (Microsoft Corporation, Redmond, WA, USA), SPSS version 19.0 (IBM
Corp., Armonk, NY, USA), SAS version 9.4 (SAS Institute Inc., Cary, NC, USA), and MedCalc
version 20.027 (MedCalc Software, Ostend, Belgium).
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Eighty-five patients were enrolled. The baseline characteristics of the patients are shown in
Table 1. Both high anti-RBD antibody and neutralizing antibody responses were detected

in 51 patients (60.0%, 51/85). According to univariate analysis, time from transplantation
to vaccination and time from last vaccination and antibody assay were associated with high
anti-RBD antibody responses. Multivariate logistic analysis revealed an increased likelihood

SARS-CoV-2 Vaccine Response in Korean Kidney Transplant Recipients

of high anti-RBD antibody responses when the duration of transplantation to vaccination was
five years or more (OR, 12.01; CI, 2.73-52.80) (Table 2).

Table 1. Demographics and antibody responses of kidney transplant recipients who completed three doses of SARS-CoV-2 vaccine

Characteristics Total (n = 85) Anti-RBD antibody, U/mL P value
<100 (n = 34) >100 (n=51)
Age, yr 55.5+9.4 56.06 £ 10.1 55.2+9.0 0.682
Sex 0.232
Male 54 (63.5) 19 (55.9) 35 (68.6)
Female 31 (36.5) 15 (44.1) 16 (31.4)
Body mass index 24.2 + 3.9 23.9+3.3 24.3+4.3 0.648
Transplantation type 0.832
Living 19 (22.4) 8(23.5) 11(21.6)
Deceased 66 (77.6) 26 (76.5) 40 (78.4)
Comorbid condition
Hypertension 0.810
No 3(3.5) 1(2.9) 2(3.9)
Yes 82 (96.5) 33(97.1) 49 (96.1)
Diabetes mellitus 0.651
No 60 (70.6) 23 (67.6) 37(72.5)
Yes 95 (29.4) 11 (32.4) 14 (27.5)
Time from transplant to vaccination, yr 4.8+4.8 3.2+4.1 5.8+5.1 0.012
Time from transplant to vaccination, yr 0.002
<1 18 (21.9) 13 (38.9) 5(9.8)
1-2.4 11 (12.9) 4(11.8) 7(13.7)
2.5-4.9 23 (27.1) 11 (32.4) 12 (23.5)
>5 33(38.8) 6(17.6) 27 (52.9)
Viral vector vaccine dose 0.776
0 23 (27.1) 10 (29.4) 13 (25.5)
1 44 (51.8) 16 (47.1) 28 (54.9)
2 18(21.2) 8 (23.5) 10 (19.6)
Time from last vaccination and antibody assay, day 55.7 (29.9) 47.4(28.3) 61.2(29.9) 0.037
Immunosuppression therapy
Cyclosporine 0.531
No 81 (95.3) 33(97.1) 48 (94.1)
Yes 4(4.7) 1(2.9) 3(5.9)
Tacrolimus 0.531
No 4(4.7) 1(2.9) 3(5.9)
Yes 81 (95.3) 33(97.1) 48 (94.1)
MMF 0.412
No 1(1.2) 0 (0.0) 1(2.0)
Yes 84 (98.8) 34 (100.0) 50 (98.0)
Steroid 0.054
No 16 (18.8) 3(8.8) 13 (25.5)
Yes 69 (81.2) 31(91.2) 38 (74.5)
SARS-CoV-2 antibody assay
Anti-RBD antibody (U/mL) 2,082.2 £ 3,918.1 14.8 + 25.8 3,460.4 £ 4,576.7 < 0.001
Neutralizing antibody (%) 50.4+ 38.7 8.0+7.7 78.6 + 21.2 <0.001
Negative 34 (40.0) 33(97.1) 1(2.0)
Positive 51 (60.0) 1(2.9) 50 (98.0)

Values are presented as number (%) or mean = standard deviation. Bold values denote statistical significance at the P < 0.05 level.
SARS-CoV-2 = severe acute respiratory syndrome coronavirus 2, RBD = receptor binding domain, MMF = mycophenolate mofetil.
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Table 2. The multivariate-adjusted odds ratios for high anti-receptor binding domain antibody responses (> 100 U/mL)

Characteristics Model 1 Model 2 Model 3
Time from transplant to vaccination
<1.0 1.00 1.00 1.00
1-2.4 4.55 (0.92-22.63) 5.08 (0.95-27.27) 4.39 (0.81-23.813)
2.5-4.9 2.84 (0.76-10.58) 3.90 (0.94-16.25) 3.07 (0.70-13.55)
»5.0 11.70 (3.01-45.53) 14.66 (3.45-62.35) 12.01 (2.73-52.80)
Age 0.97 (0.92-1.03) 0.97 (0.92-1.03)
Sex 0.47 (0.17-1.34) 0.52 (0.18-1.49)

Days between last vaccination and lab date 1.01 (0.99-1.03)

Values are presented as odds ratio (95% confidence interval).

The high anti-RBD antibody response rate and mean anti-RBD antibody titer were significantly
different between the TPL to vaccine time < l-year, 1-2.4-year, 2.5-4.9-year, and > 5-year groups.
High anti-RBD antibody response rate were 9.8%, 13.7%, 23.5%, and 52.9% (P=0.002) and
mean anti-RBD antibody titer were 3.2 U/mL, 27.8 U/mL, 370.2 U/mL, and 5,094.2 U/mL (P <
0.001) (Fig. 1). The neutralizing antibody response rate and mean neutralizing antibody % were
significantly different between the TPL to vaccine time < l-year, 1-2.4-year, 2.5-4.9-year, and >
5-year groups. Neutralizing antibody response rate were 0%, 0%, 78.3%, and 100% (P < 0.001)
and mean neutralizing antibody % were 2.2%, 11.6%, 45.6%, and 93.0% (P < 0.001) (Fig. 1).
The OR of the chances of developing high anti-RBD antibodies increased as the time between
transplantation and the first dose of vaccination increased (Fig. 2).

In this study high anti-RBD antibody responses were observed in 60% of Korean kidney
transplant recipients, who received three doses of SARS-CoV-2 vaccines. This was similar

to a previous report where three-dose vaccinated solid organ transplant recipients had an
antibody response rate of 67% (interquartile range. 55-69%).2 When high anti-RBD antibody
responses were compared in Korean healthy subjects, the antibody response in kidney
transplant recipients was significantly lower. According to a study conducted on Korean
healthcare workers, 100% of the subjects showed a high anti-RBD response of 100 U/mL

or more.18 The antibody response rate of kidney transplant recipients was lower than that

of end-stage renal disease patients undergoing maintenance hemodialysis, who reached
83-96% positive results of neutralizing antibody.1?
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Fig. 1. Antibody responses in kidney transplant recipients. (A) Anti-RBD antibody titers were significantly different according to the time from transplantation to
vaccination. (B) Neutralizing antibody levels were significantly different according to the time from transplantation to vaccination.
RBD = receptor binding domain.
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Fig. 2. Odds ratio (y-axis) of the chances of developing anti-RBD antibodies (> 100 U/mL) according to the time

from transplantation to vaccination.
RBD = receptor binding domain.

A shorter time from transplantation to vaccination was an independent risk factor for a

low or negative anti-RBD antibody response. The high anti-RBD antibody response rate
was significantly higher in the TPL to vaccine time > 5-year group with an OR of12.0. The
OR of developing anti-RBD antibodies increased as the time between transplantation and
vaccination increased. This is probably because patients who were at the furthest point from
the introduction treatment are generally maintained with lower immunosuppression.13

The first 3-6 months post-transplantation is widely known as the period of maximum
immunosuppression with evidence pointing to a lower vaccine response during this period
of intense immunosuppression. Previous studies also reported that a shorter time from
transplantation to vaccination was associated with negative antibody responses,20:21 but the
threshold time point from transplantation to vaccination differed between studies, ranging
from six months to four years.13,22

In addition to a shorter time from transplantation to vaccination, previous studies report
that older age, steroid treatment, antimetabolite treatment, higher waist circumference,
and comorbidities such as hypertension were associated with reduced antibody responses
in transplant recipients.223 Our medical center uses steroids continuously rather than
withdrawing them. Therefore, most of the study subjects (81.2%) were treated with steroids,
and the effect of this variable was diluted due to an insufficient number of subjects.
Recently, Kang et al.24 reported that two doses of mixed vaccination (ChAdOx1 nCoV-19 and
BNT162b2) had a higher antibody response than the matched adenovirus vector vaccine
and had a similar antibody response with the matched mRNA vaccine in Korean solid organ
transplant recipients. However, there were no differences according to the number of viral
vector vaccines used in this study.

The limitation of this study is that the sample size was relatively small when variable groups
were stratified. In addition, there was no control group. This study used a cut-off value of
100 U/mL to determine high antibody responses, which is arbitrary and does not necessarily
predict resistance to infection.

In conclusion, Korean kidney transplantation recipients had suboptimal antibody responses
after three doses of SARS-CoV-2 vaccination. Time from transplantation to vaccination was an
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independent risk factor. We believe that the accumulation of these studies will contribute to the
optimization of the SARS-CoV-2 vaccination protocol for kidney transplant recipients. Further
studies on immunocompromised patients and ethnicity effects on immunogenicity are needed.

Ethics statement

The present study protocol was reviewed and approved by the Institutional Review Board of
Ewha Womans University Mokdong Hospital (approval number: EUMC 2021-10-043) and
Institutional Review Board Ewha Womans University Seoul Hospital (approval number: SEUMC
2021-12-006). Informed consent was submitted by all subjects when they were enrolled.
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