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The Korean government decided to schedule heterologous vaccinations on dialysis
patients for early achievement of immunization against Coronavirus disease 2019
(COVID-19). However, the effects of heterologous immunizations in hemodialysis (HD)
patients are unclear. One hundred (HD) patients from Gangdong Kyung Hee University
Hospital and Kyung Hee Medical Center and 100 hospital workers from Gangdong Kyung
Hee University Hospital were enrolled in this study. The HD patients received the mixing
schedule of ChAdOx1/BNT162b2 vaccinations at 10-week intervals, while hospital
workers received two doses of ChAdOx1 vaccines at 12-week intervals. Serum IgG to
a receptor-binding domain (RBD) of the S1 subunit of the spike protein of SARS-CoV-2
was measured 1 month after the first dose, 2 months and 4 months after the second
dose. The median [interquartile range] anti-RBD IgG was 82.1[34.5, 176.6] AU/ml in HD
patients and 197.1[124.0, 346.0] AU/ml in hospital workers (P < 0.001) after the first dose.
The percentage of positive responses (IgG > 50 AU/ml) was 65.0% and 96.0% among the
both group, respectively (P < 0.001). The anti-RBD IgG levels increased significantly by
2528.8 [1327.6, 5795.1] AU/ml with a 100.0% positive response rate in HD patients 2
months after the second dose, which was higher than those in hospital workers 981.4
[581.5, 1891.4] AU/ml (P < 0.001). Moreover, anti-RBD IgG remains constantly high, and
positive response remains 100% in HD patients 4 months after the second dose. This
study suggests that heterologous vaccinations with ChAdOx1/BNT162b2 can be an
alternative solution on HD patients for early and strong induction of humoral response.
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INTRODUCTION

Patients with end-stage renal disease (ESRD) are vulnerable to
coronavirus disease 2019(COVID-19) caused by severe acute
respiratory syndrome coronavirus 2(SARS-CoV-2). Reportedly,
the mortality rate is 4–8 times higher than that in the general
population (1–4). Therefore, vaccination against COVID-19
should be preferentially administered to ESRD patients (3).
The Korean government approved the mixing of COVID-19
vaccines for the early achievement of immunization. However,
the effectiveness of mixing COVID-19 vaccines in ESRD patients
on dialysis has not been elucidated. This study investigated
the humoral response following a heterologous vaccination
schedule of ChAdOx1/BNT162b2 in ESRD patients receiving
maintenance hemodialysis (HD).
MATERIALS AND METHODS

This study included 200 participants including 100 HD patients
from two hospitals (Gangdong Kyung Hee University Hospital
and Kyung Hee Medical Center) and 100 hospital workers from
Gangdong Kyung Hee University Hospital. HD patients received
the first dose of ChAdOx1 (April 23 - May 7, 2021) and their
second dose of BNT162b2 (July 9 - July 22, 2021) at a 10-week
interval. All hospital workers received two doses of ChAdOx1
vaccines at 12-week intervals (first: March 4 – March 10, 2021;
second: May 21 – June 8, 2021). Serologic tests were performed 1
month after the first dose, and 2 months and 4 months after the
second dose. Serum Immunoglobulin G to the receptor-binding
domain of the S1 subunit of the spike protein of SARS-CoV-2
(anti-RBD IgG) was detected using the ARCHITECT IgG II
Quant test (Abbott Laboratories). The Wuhan-Human 1
coronavirus (GenBank accession number MN908947) was used
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for the generation of anti-RBD IgG (5). This assay is an
automated, two-step chemiluminescent microparticle
immunoassay. The analytical measurement interval is stated as
21 to 40,000 AU/ml, and the titer over 50.0 AU/ml is defined as a
positive result (6). Baseline clinical information was collected
within a month before the first dose of vaccination in HD
patients. This study was approved by the Clinical Institutional
Review Board of Gangdong Kyung Hee University Hospital
(KHNMC 2021-11-013). Data are expressed as means ±
standard deviations (SD) or median [interquartile range
(IQR)], and were compared using the Student’s t-test or the
Wilcoxon rank-sum test. Comparison of decay rate 2 months
after the second dose between groups was performed through
nonparametric mixed models for exponential distribution. All
P values were 2-tailed, and statistical significant value of P was
considered as <0.05. The statistical analyses were performed
using the SPSS software (version 22.0; SPSS, IBM Corp.,
Armonk, NY, USA) and R software (version 4.0.0).
RESULTS

The mean age was 59.5 years in HD patients and 43.5 years in
hospital workers (P < 0.001) (Table 1). The median [interquartile
range] anti-RBD IgG level was 82.1[34.5, 176.6] AU/ml in HD
patients and 197.1[124.0, 346.0] AU/ml in the hospital workers
(P < 0.001) after the first dose of vaccine. The percentage of
positive responses (IgG > 50 AU/ml) was 65.0% and 96.0%
among the HD patients and hospital workers, respectively (P <
0.001). The anti-RBD IgG levels increased significantly by 2528.8
[1327.6, 5795.1] AU/ml with a 100.0% positive response rate
in HD patients and 981.4[581.5, 1891.4] with a 100.0%
positive response rate in the hospital workers 2 months after
the second dose of vaccine. Moreover, anti-RBD IgG remains
TABLE 1 | Baseline characteristics and antibody responses in HD patients and hospital workers.

HD patients (n = 100) Hospital workers (n = 100) P

Age (years) 59.5 ± 10.4 43.5 ± 6.5 <0.001
Sex (M/F) 61/39 33/67 <0.001
BMI (kg/m2) 23.2 ± 4.7
Charlson comorbidity index 5.3 ± 2.0
Dialysis duration (Mo) 78.9 ± 53.6
DM ESRD (%) 42(42)
Immunosuppressant (%) 3(3)
Hb (g/dL) 10.8 ± 1.0
Albumin (g/dL) 4.0 ± 0.8
Total cholesterol (mg/dL) 131.1 ± 30.7
hsCRP (mg/L) 1.7 ± 5.9
Kt/V 1.7 ± 0.3
Intact PTH (pmol/L) 399.7 ± 351.5
HbA1c (%) 6.2 ± 1.2
Anti-RBD IgG 1m after 1st shot (AU/mL) 82.1 [34.5, 176.6] 177.4 [89.8, 347.2] <0.001
Positive rate 1m after 1st shot (%) 65.0 96% <0.001
Anti-RBD IgG 2m after 2nd shot (AU/mL) 2528.8[1327.6,5795.1] 981.4[581.5, 1891.4] <0.001
Positive rate 2m after 2nd shot (%) 100.0 100.0 –

Anti-RBD IgG 4m after 2nd shot (AU/mL) 1143.7[619.9,2337.1] 305.6[177.1, 550.2] <0.001
Positive rate 4m after 2nd shot (%) 100.0 99.0 0.500
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constantly high as the level of 1143.7[619.9, 2337.1] AU/ml and a
positive response was 100% in HD patients and 305.6[177.1,
550.2] AU/ml and a positive response rate was 99% in the
hospital workers 4 months after the second dose of vaccine
(Figure 1A). We divided the HD patients according to the
age of 60. The antibody levels were augmented in the younger
group compared with the older group (Figure 1B). The
decay rate of anti-RBD IgG after second dose of vaccine is
greater in HD patients (slope = -0.09) compared with hospital
Frontiers in Immunology | www.frontiersin.org 3
workers (slope = -0.07) (P = 0.0249) (Figure 2). Approximately
35.0% of the HD patients had mild symptoms (myalgia, fever,
nausea, and pain at the injection site) after the first dose. Similar
events were observed in 32.0% of the HD patients after the
second dose. Most of the symptoms were well controlled with
acetaminophen. We followed the patients and hospital workers
after the study period. Until 5 months after the second antibody
measurement, all 200 subjects had never been infected with
COVID-19.
A

B

FIGURE 1 | Comparison of antibody response between HD patients and hospital workers (A) Comparison of antibody levels following the first and second shot of
vaccine between HD patients and hospital workers. (B) Comparison of antibody levels 2 month after the second shot of vaccine between younger and older HD
patients (Age cut-off was 60 years). *P < 0.05, Dotted lines in (A) and (B) indicate the manufacturer’s pre-specified thresholds: anti-RBD IgG ≥ 50. Solid lines
indicate median and interquartile range. m, months; w, weeks; ns, not significance.
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FIGURE 2 | Comparison of decay rate of anti-RBD IgG after second dose of vaccine between HD patients and hospital workers through nonparametric mixed
models for exponential distribution. Red line = HD patients, with formula [Anti-RBD IgG = e(8.40-0.09*weeks after second vaccine)]. Blue line = hospital workers, with the
formula [Anti-RBD IgG = e(8.40-0.07*weeks after second vaccine)].
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DISCUSSION

The humoral response after COVID-19 vaccination was slightly
decreased in dialysis patients compared with healthy controls (7,
8). The decreased generation of antibodies might be associated
with elevated SARS-CoV-2 infection rate even after the
achievement of complete vaccination (9). Our study showed a
similar finding that both anti-RBD IgG titer and positive rate
were lower in HD patients than in hospital workers after the first
dose of vaccination. Uremic toxins are thought as the reason for
the lower humoral response in patients undergoing HD (10).
Mixing vaccines can be an attractive solution to strengthen
immunization and mitigate the vaccine shortage. Due to the
vaccine mismatch between supply and demand, Korean
government decided to schedule COVID-19 vaccination for
almost medical staff as ChAdOx1/ChAdOx1 at 12-week
intervals. For the ESRD patients classified by the high-risk
group, ChAdOx1/BNT162b2 combination at 10-week intervals
was allotted to achieve an earlier accomplishment of vaccine
completion. Several studies have identified that heterologous
ChAdOx1/BNT162b2 vaccines generated higher antibody
levels, neutralizing capacity, and T cell reactivity than
homologous ChAdOx1 or BNT162b2 vaccines (11). This study
revealed that the humoral response elicited by heterologous
vaccines in HD patients well remained 4 months after the
second vaccine and was still higher than that in hospital
workers. This study might be the first report to show the
efficacy of heterologous vaccines in ESRD patients on HD. The
Frontiers in Immunology | www.frontiersin.org 4
seroconversion rate following homologous vaccines in ESRD
patients was lower (average 87.3%, 70.5-98.0%) than in healthy
controls (average 99.5%, 95.1-100.0%) (8). However, our study
showed 100% of seroconversion in ESRD patients after 2 shots of
heterologous vaccines, which is better efficacy than homologous
vaccines. However, the decrease of anti-RBD IgG per week after
the second vaccine was faster in HD patients than in hospital
workers, which suggests a third booster shot is needed. In line
with us, the antibodies following the two doses of BNT162b2 was
rapidly declined in dialysis patients compared with those of
general populations (12). Recent evidence has already proven the
need for a third vaccine dose since neutralizing antibodies
decreases rapidly 5 months after the second shot (13). A large
observational study has proven that the third BNT162b2 shot
decreased the risk of COVID-19 and serious complications
following COVID-19 (14). Moreover, the third dose of the
BNT162b2 vaccine substantially increased antibody levels in
dialysis patients (15). Even though several countries have
already used heterologous vaccines, the evidence regarding
strong immunization and safety was scarce. Our results
identified that the vaccine-related adverse effects were non-
severe and well-tolerated. Patients previously infected with
SARS-CoV-2 showed augmented antibody response following
a single dose of COVID-19 vaccine compared with SARS-CoV-
2-naïve patients (16, 17). This strong humoral response in
previously infected persons might be caused by the formation
of a robust cellular response after infection. Consistent with this
finding, mRNA vaccines may easily boost humoral responses in
June 2022 | Volume 13 | Article 894700
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the basement of primed cellular immunity via vector vaccines
(18). Increased immunization with a mixture of vaccines has
already been identified in other vaccines. Mice experiment
demonstrated that an alternative vaccine consisting of an
mRNA and an adenovirus vaccine against SARS-CoV-2
induced superior humoral as well as cellular response (19).
Our study have several limitations. We did not measure
neutralizing antibodies against SARS-CoV-2. Several studies
already revealed that the anti-RBD IgG was highly compatible
with the result of the plaque reduction neutralization test for
the reference virus (SARS-CoV-2 FFM1 isolate) (20, 21).
However, there are no available results to clarify the
association between anti-RBD IgG and recent Variant of
Concern (VOC) including Delta and Omicron. It is necessary
to examine whether serologic antibody tests synthesized from
Wuhan-Human 1 coronavirus can reflect neutralizing antibodies
of VOCs. Although the Abbott serologic quant test well detected
the Alpha (B.1.1.7) and Beta (B.1.351) variants, it was not tested
on the Gamma (P.1), Delta (B.1.617.2), and Omicron (B.
1.1.529). The serologic assays targeting the spike protein or
RBD can present reduced sensitivity in detecting antibodies
generated against the variants. Nevertheless, natural infection
and vaccinations produced a polyclonal antibody response
targeting several regions of the spike protein (22). Moreover, a
recent study has shown that mRNA vaccine-induced spike
protein-specific antibodies continue to drive Fc effector
functions, suggesting a capacity for extra-neutralizing
antibodies to contribute to disease control (23). Thus, it is
likely that the current serologic testing could reflect the
humoral response against COVID-19 well. This study suggests
that heterologous vaccination with ChAdOx1/BNT162b2 can be
an alternative solution on the HD patients for early and strong
induction of humoral response.
Frontiers in Immunology | www.frontiersin.org 5
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