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Background: Patients with chronic kidney disease are at high risk for coronavirus disease 2019.
Little is known about immune response to severe acute respiratory syndrome coronavirus 2
vaccination in patients on peritoneal dialysis (PD).
Method: We prospectively enrolled 306 PD patients receiving two doses of vaccines (ChAdOx1-
S: 283, mRNA-1273: 23) from July 2021 at a medical center. Humeral and cellular immune re-
sponses were assessed by anti-spike IgG concentration and blood T cell interferon-g production
30 days after vaccination. Antibody �0.8 U/mL and interferon-g � 100 mIU/mL were defined
as positive. Antibody was also measured in 604 non-dialysis volunteers (ChAdOx1-S: 244, mRNA-
1273: 360) for comparison.
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Result: PD patients had less adverse events after vaccinations than volunteers. After the first
dose of vaccine, the median antibody concentrations were 8.5 U/mL and 50.4 U/mL in ChA-
dOx1-S group and mRNA-1273 group of PD patients, and 66.6 U/mL and 195.3 U/mL in ChA-
dOx1-S group and mRNA-1273 group of volunteers, respectively. And after the second dose
of vaccine, the median antibody concentrations were 344.8 U/mL and 9941.0 U/mL in ChA-
dOx1-S group and mRNA-1273 group of PD patients, and 620.3 U/mL and 3845.0 U/mL in ChA-
dOx1-S group and mRNA-1273 group of volunteers, respectively. The median IFN-g
concentration was 182.8 mIU/mL in ChAdOx1-S group, which was substantially lower than
the median concentration 476.8 mIU/mL in mRNA-1273 group of PD patients.
Conclusions: Both vaccines were safe and resulted in comparable antibody seroconversion in
PD patients when compared with volunteers. However, mRNA-1273 vaccine induced signifi-
cantly higher antibody and T cell response than ChAdOx1-S in PD patients. Booster doses are
recommended for PD patients after two doses of ChAdOx1-S vaccination.
Copyright ª 2023, Formosan Medical Association. Published by Elsevier Taiwan LLC. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-
nc-nd/4.0/).
Introduction

The world continues to be affected profoundly by the global
coronavirus disease 2019 (COVID-19) pandemic since the first
patient was diagnosed in December 2019.1 Until early
October 2022, the severe acute respiratory syndrome coro-
navirus 2 (SARS-CoV-2) has infected more than 600 million
people and caused more than 6 million deaths worldwide.1

Although diffuse alveolar damage and acute respiratory
failure were the main clinical features, acute kidney injury
was found in 5.1% of admitted COVID-19 patients and asso-
ciated with high in-hospital mortality.2 Moreover, patients
with chronic kidney disease (CKD) are at high risk for COVID-
19.3e6 In the OpenSAFELY database that covers 40% of all
patients in England, the analysis also demonstrated an
increased risk for COVID-19 infection and mortality in pa-
tients receiving dialysis therapy.6 A retrospective cohort
study showed that 5.5% of patients receiving maintenance
hemodialysis (HD) developed COVID-19 and 24.9% of these
infected patients died in outpatient clinics in United States.4

A prospective, multicentre, region-wide registry study
demonstrated that SARS-coV-2 infection rates were 5.3% and
0.6% in HD patients and general population in Belgium,
respectively.7 Infection led to mortality rates 29.6% and
15.3% in HD patients and general population, respectively. A
more recent retrospective study on the data of Renal Man-
agement Information System (REMIS) at Centers for Medicare
and Medicaid Services demonstrated that peritoneal dialysis
(PD) was associated with lower adjusted relative rates of
COVID-19 hospitalization than HD during epidemiologic
weeks of 2020.8 Similar findings showed that incidence of
symptomatic COVID-19 in PD patients was close to that of the
general population in Wuhan, China.9 In the general popu-
lation, safety and efficacy of SARS-CoV-2 vaccines have been
proved.10e12 In addition to personal protective measures
(masks, social distancing and hand hygiene etc.), vaccina-
tion may be the only intervention to protect dialysis patients
against COVID-19. However, there are few data available on
the efficacy of SARS-CoV-2 vaccine in dialysis patients.13e22
2

Although evidence has shown reduced rate of serocon-
version after vaccinations in patients receiving mainte-
nance dialysis, vaccinations remain an important
component of preventative care against the infection of
hepatitis B, influenza, and pneumococcus.23 Recent studies
have shown that the level of anti-spike IgG was positive in
90% or more of dialysis patients following two doses of
mRNA vaccines BNT 162b2 (BioNTech and Pfizer) or mRNA-
1273 (Moderna) but it was significantly lower than health
controls.13e17 A delayed humoral response to SARS-CoV-2
vaccination might happen.16 Of 21 HD patients who did
not achieve protective antibody titers 3 weeks after their
second dose of BNT 162b2 vaccination, 5 developed pro-
tective antibody titers 10 weeks after the second dose.16

Despite concerns about suboptimal antibody response, the
risk for SARS-CoV-2 infection and severe outcome could be
substantially reduced in dialysis patients receiving mRNA
vaccines.21,22 Regarding attenuated adenovirus vaccine,
the antibody response to ChAdOx1-S (AstraZeneca) was
comparable between HD patients and health controls.24 But
studies comparing the humoral response in dialysis patients
to another attenuated adenovirus vaccine Ad26.COV2.S
(Johnson & Johnson) or mRNA vaccines (mRNA-1273 or
BNT126b2) showed markedly fewer patients vaccinated
with Ad26.COV2.S had detectable or adequate antibody
response.18e20 However, in a large real-world cohort of HD
patients, no difference was detected in peri-COVID-19
hospitalizations and deaths among patients receiving
BNT126b2 versus Ad26. C)V2.S over the first 6 months
postvaccination, despite an inconsistent antibody response
to the latter.25 Although PD was associated with lower rate
of SARS-CoV-2 infection and hospitalization than HD, the
immune response, especially T cell responses to SARS-CoV-2
vaccines in PD patients has not been studied.8,9,26e32

In Taiwan, ChAdOx1-S was the first vaccine provided by
the government to dialysis patients in hospital from
epidemiologic week24 of 2021.33 Then mRNA-1273 was
provided in community later.33 Taking advantage of more
than 400 PD patients regularly treated in our hospital, here
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we studied and reported the antibody response to SARS-
CoV-2 vaccination in PD patients.

Material and methods

Study design and cohorts

In this prospective single-center cohort study, we enrolled
306 PD patients agreeing to receive two doses of ChAdOx1-S
vaccines 12 weeks apart, two doses of mRNA-1273 vaccines 4
weeks apart from July 12 2021 according to the guidelines of
Taiwan Center for Disease Control (CDC).33 Totally 604 non-
dialysis/non-immunosuppressive volunteers receiving two
doses of ChAdOx1-S vaccines or two doses of mRNA-1273
were also studied. All participants were instructed to re-
cord any adverse reactions. The blood was collected before
vaccination, 28 days after first and second doses for analysis.
Antibodies to the nucleotide protein were measured before
enrollment, after the first or the second vaccination to
exclude COVID-19 infection. The primary outcome was
serum anti-spike IgG concentration and blood T cell pro-
duction of interferon-g (IFN-g) after vaccination. Secondary
outcome included systemic reactions after vaccination, such
as fever, injection site tenderness, general malaise and
myalgia. The definition of severe adverse event was Guillain-
Barré syndrome, immune thrombocytopenia, myocarditis,
pericarditis, angioedema, or anaphylaxis.

The study was approved by the Ethics Committee of
National Taiwan University Hospital (IRB No.202106106R-
INB). Written informed consents were from all participants.

Laboratory tests for anti-SARS-CoV-2 spike IgG

Anti-spike IgG in serum was determined by Elecsys� Anti-
SARS-CoV-2 S Immunoassay (Roche Diagnostics, Mannheim,
Germany). Antibody concentration �0.8 U/mL was defined
as positive.

Laboratory tests for T cell response to SARS-CoV-2
spike protein

T cell production of IFN-g in whole blood was quantified by
Interferon-Gamma-Release Assay (IGRA) (EUROIMMUN
Medical Laboratory Diagnostics, Lübeck, Germany) after
stimulation by SARS-CoV-2 spike protein.34,35 IFN-g con-
centration above that of the higher calibrator (2500 mIU/
mL) was considered as equal to 2500 mIU/mL. IFN-g con-
centration �100 mIU/mL was defined as positive.36

Statistical analysis

Data were expressed as mean (95% confidence interval),
median (range) or number (percentage). Independent t test
or ManneWhitney test was used to compare continuous
data between groups. Chi-square or Fisher’s exact test was
used to compare categorical data shown as count and
percentage between groups. General linear model was used
to predict the risk factors of anti-spike IgG and IFN-g after
the second dose of vaccine. Statistical analyses were
3

performed using SAS software, version 9.4 (SAS Institute
Inc). P < 0.05 was considered statistically significant.

Results

Baseline characteristics of PD patients

Totally 306 PD patients were prospectively enrolled to
received twodoses of SARS-CoV-2 vaccines fromJuly 2021and
followed until February 2022 (Fig. 1). Antibodies against the
nucleotide protein were negative in all participants. In PD
patients, 283 and 23 received two doses of ChAdOx1-S and
two doses of mRNA-1273 vaccines, respectively. Baseline
characteristics of all PD patients were showed in Table 1. No
difference in sex, age, comorbidities and laboratory test re-
sultswasnotedbetweenPDpatients receivingChAdOx1-S and
mRNA-1273 vaccines, but the average dialysis vintage was
longer inmRNA-1273 group (Table 1). In the follow-up period,
one patient died and 2 patients switched to HD due to PD
peritonitis in ChAdOx1-S group after completing analysis of
immune response.

The adverse events after vaccinations in PD
patients

No serious adverse events were reported by PD patients
after vaccinations. The most frequently reported adverse
events in PD patients included injection site tenderness
(49.1%), generalized malaise (44.8%), fever (37.4%) in
ChAdOx1-S group, and myalgia (17.4%), fever (17.4%),
generalized malaise (17.4%) in mRNA-1273 group (Table 2).
In PD patients, ChAdOx1-S group only had more generalized
malaise than mRNA-1273 group (P < 0.001) In the same
study period, adverse events in 604 volunteers were
recorded (Table 2). The most frequently reported adverse
events in volunteers included myalgia (67.3%), generalized
malaise (64.6%), headache (45.1%) in ChAdOx1-S group, and
injection site tenderness (47.7%), generalized malaise
(41.7%), fever (33.0%) in mRNA-1273 group. In volunteers,
ChAdOx1-S group suffered from less injection site tender-
ness but more myalgia, generalized, headache than mRNA-
1273 group (P Z 0.004, <0.001, <0.001, <0.001, respec-
tively). PD patients had more injection site tenderness but
less myalgia, generalized malaise and headache than vol-
unteers after ChAdOx1-S vaccination (P Z 0.003, <0.001,
<0.001, <0.001, respectively). Moreover, PD patients had
less myalgia, generalized malaise and headache than vol-
unteers after mRNA-1273 vaccination (P Z 0.03,
<0.001, Z 0.002, respectively). Overall, PD patients had
less adverse events including myalgia, generalized malaise
and headache after vaccination than volunteers (P < 0.001,
<0.001, <0.001, respectively).

Lower serum anti-spike IgG concentrations in PD
patients after the first dose of vaccine

After the first dose of vaccine, positive rates for antibody
detection were 80.5% and 73.3% in ChAdOx1-S group and
mRNA-1273 group of PD patients, respectively (P Z 0.71).
The positive rates for antibody detection were 98.7% and
99.7% in ChAdOx1-S group and mRNA-1273 group of



Figure 1 Flow diagram of all participants. Abbreviations: HD, hemodialysis; IgG, immunoglobulin; PD, peritoneal dialysis.

Table 1 Baseline characteristics of PD patients.

All

(n Z 306)

ChAdOx1-

S

(n Z 283)

mRNA-

1273

(n Z 23)

P
value

Male (n (%)) 161 (52.6) 152 (53.7) 9 (39.1) 0.198
Age (years, mean

(95% C.I.))

55.6 (54.1
e57.1)

55.6 (54.0
e57.1)

55.0 (49.6
e60.4)

0.848

Dialysis vintage

(months, mean

(95% C.I.))

51.9 (46.4
e57.3)

50.2 (44.7
e55.7)

72.9 (47.3
e98.5)

0.030

Comorbidities (n (%))

Diabetes mellitus 97 (31.7) 92 (32.5) 3 (13.0) 0.061
Cardiovascular

disease

75 (24.5) 69 (24.4) 5 (21.7) >0.1

Previous cancer

historya
22 (7.2) 21 (7.4) 1 (4.4) >0.1

Previous kidney

transplantation

10 (3.3) 8 (2.8) 2 (8.7) 0.168

Laboratory test (mean (95% C.I.))

Albumin (mg/dL) 3.85 (3.81
e3.90)

3.85 (3.81
e3.90)

3.84 (3.61
e4.08)

0.902

Hemoglobin (g/dL) 11.0 (10.8
e11.1)

10.9 (10.8
e11.1)

11.1 (10.6
e11.6)

0.495

Leukocyte (1000/

mL)

7.48 (7.19
e7.77)

7.47 (7.16
e7.77)

7.62 (6.53
e8.72)

0.775

Abbreviations: C.I., confidence interval.
a Cancer-free during study.
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volunteers, higher than ChAdOx1-S group and mRNA-1273
group of PD patients, respectively (P < 0.001 for both
ChAdOx1-S group and mRNA-1273 groups). The median
antibody levels were 8.5 U/mL and 50.4 U/mL in ChAdOx1-S
and mRNA-1273 group of PD patients, and 66.6 U/mL and
195.3 U/mL in ChAdOx1-S and mRNA-1273 group of volun-
teers, respectively (Fig. 2). Serum antibody concentrations
induced by ChAdOx1-S vaccine were lower than those
4

induced by mRNA-1273 vaccine in both PD patients and
volunteers (Fig. 2). Moreover, serum antibody concentra-
tions were lower in PD patients than those in volunteers
receiving corresponding vaccine (Fig. 2).

Comparable serum anti-spike IgG concentrations in
PD patients and volunteers after the second dose of
vaccine

After the second dose of vaccine, positive rates for anti-
body detection increased to 98.2% and 100.0% in ChAdOx1-S
and mRNA-1273 group of PD patients (P Z 1), 100.0% and
100.0% in ChAdOx1-S and mRNA-1273 group of volunteers,
respectively. The positive rates between PD patients and
volunteers were not different after ChAdOx1-S vaccination,
either (P Z 0.16). The median antibody concentrations
were 344.8 U/mL and 9941.0U/mL in ChAdOx1-S group and
mRNA-1273 group of PD patients, and 620.3 U/mL and
3845.0 U/mL in ChAdOx1-S group and mRNA-1273 group of
volunteers, respectively (Fig. 3). Although serum antibody
concentrations were not different between PD patients and
volunteers after the second dose of ChAdOx1-S vaccine,
mRNA-1273 vaccine induced higher serum antibody con-
centrations than ChAdOx1-S vaccine in both PD patients and
volunteers (Fig. 3). Interestingly, serum antibody concen-
trations in PD patients were higher than those in volunteers
after the second dose of mRNA-1273 vaccine (Fig. 3).

Lower blood T cell response to spike protein in
ChAdOx1-S group of PD patients

The positive rates for blood T cell IFN-g production in
response to spike protein stimulation was 92.5% and 100% in
ChAdOx1-S group and mRNA-1273 group, respectively
(P Z 0.61). The median IFN-g concentration was 182.8
mIU/mL in ChAdOx1-S group, which was substantially lower



Table 2 Adverse events in PD patients and volunteers.

Adverse Events

PD patients Volunteers aP bP cP dP eP

ChAdOx1-S
(n Z 283)

mRNA-1273
(n Z 23)

ChAdOx1-S
(n Z 244)

mRNA-1273
(n Z 360)

Fever 106 (37.4) 4 (17.3) 101 (39.23) 151 (33.0) 0.05 0.09 0.65 0.11 0.84
Injection site. tenderness 139 (49.1) 8 (34.7) 94 (36.6) 218 (47.7) 0.18 0.004 0.003 0.22 0.20
Myalgia 76 (26.8) 4 (17.3) 173 (67.3) 179 (32.6) 0.32 <0.001 <0.001 0.03 <0.001
Generalized. malaise 127 (44.8) 1 (4.4) 166 (64.6) 229 (41.7) <0.001 <0.001 <0.001 <0.001 <0.001
Headache 31 (10.9) 0 (0) 116 (45.1) 133 (24.2) 0.09 <0.001 <0.001 0.002 <0.001

Data were shown as n (%).
a P value between ChAdOx1-S group and mRNA-1273 group in PD patients.
b P value between ChAdOx1-S group and mRNA-1273 group in volunteers.
c P value between PD patients and volunteers receiving ChAdOx1-S vaccine.
d P value between PD patients and volunteers receiving mRNA-1273 vaccine.
e P value between all PD patients and all volunteers.

Figure 2 Lower serum levels of anti-spike antibody after the first dose of ChAdOx1-S and mRNA-1273 vaccines in PD patients

and volunteers. Box and Whisker plots showed the data of 25the75th percentile, and the data of 10the90th percentile,
respectively. Horizontal bar in Box represented the average. *P < 0.05 and ***P < 0.001 by ManneWhitney test.
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than the median concentration 476.8 mIU/mL in mRNA-
1273 group (Fig. 4).

Factors associated with serum anti-spike IgG and
blood T cell IFN-g production in PD patients after
SARS-CoV-2 vaccination

The association of baseline characteristics and comorbid-
ities with serum antibody concentration and blood T cell
5

IFN-g production were analyzed in PD patients (Table 3).
We observed longer PD vintage was substantially associated
with higher antibody and IFN-g concentrations after ChA-
dOx1-S vaccination in PD patients (Table 3). Cancer history
was positively associated with antibody concentration, not
IFN-g concentration after ChAdOx1-S vaccination (Table 3).
Old age was negatively associated with IFN-g concentra-
tion, not antibody concentration after mRNA-1273 vacci-
nation (Table 3).



Figure 3 Comparable serum levels of anti-spike antibody after the second dose of ChAdOx1-S and mRNA-1273 vaccines in PD

patients and volunteers. Box and Whisker plots showed the data of 25the75th percentile, and the data of 10the90th percentile,
respectively. Horizontal bar in Box represented the average. **P < 0.01 and ***P < 0.001 by ManneWhitney test. ns. Non-significant.
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The association of adverse events with antibody and IFN-g
concentrations were analyzed in PD patients, too (Table 4).
We observed that fever and myalgia were substantially posi-
tively associated with higher IFN-g concentrations after
mRNA-1273 vaccination (Table 4). However, the antibody and
IFN-g concentrations were not associated with any studied
adverse events after ChAdOx1-S vaccination (Table 4).

Discussion

Here we report five important findings for SARS-CoV-2
vaccination in PD patients: (1) A delayed anti-spike IgG
response to both ChAdOx1-S and mRNA-1273 vaccinations
happened in PD patients; (2) Anti-spike IgG concentrations
after two doses of both ChAdOx1-S vaccination were com-
parable in PD patients and non-dialysis volunteers; (3)
Blood T cell IFN-g production after spike protein stimula-
tion in mRNA-1273 group was higher than ChAdOx1-S group
of PD patients; (4) Longer PD vintage was associated with
higher anti-spike IgG and IFN-g concentrations in ChAdOx1-
S group of PD patients; and (5) Adverse events were less
reported in PD patients than volunteers.

Our data endorsed SARS-CoV-2 vaccination in PD patients
based on the safety and immune response although a
delayed anti-spike IgG response to vaccination was noted
when compared to volunteers. No serious adverse event
was reported in our PD patients and the adverse events
were less in PD patients than volunteers. Our data showed
the positive rates for anti-spike IgG detection increased
substantially to almost 100% in both ChAdOx1-S group and
mRNA-1273 groups of PD patients after the second dose of
vaccine, and the serum concentrations of anti-spike IgG
were comparable in ChAdOx1-S group of both PD patients
6

and volunteers. Interestingly, our data showed that serum
anti-spike IgG concentrations in PD patients were higher
than volunteers after the second dose of mRNA-1273 vac-
cine. Our findings endorsed the safety and efficacy of SARS-
coV-2 vaccination in PD patients after two doses of vac-
cines, a result different from previous studies showing
lower seroconversion rate of vaccination and lower anti-
spike IgG concentrations in dialysis patients (more patients
received HD therapy) than general population.13e17,23

Interestingly, Duarte et al. demonstrated that PD patients
developed higher anti-spike IgG concentrations than HD
patients after SARS-CoV-2 vaccination (most patients
received mRNA vaccines including mRNA-1273 and
BNT162b2).27 Moreover, Speer et al. demonstrated that PD
patients after BNT162b2 vaccination had lower concentra-
tions of anti-spike IgG and neutralizing antibody than
healthy controls, but higher than HD patients.29 But the
other studies did not demonstrate different anti-spike IgG
concentrations between PD and HD patients.30,31

HD and immunosuppressive therapy were negative pre-
dictors of seroconversion after SARS-coV-2 vaccination in
HD patients compared with healthy control.37 Furthermore,
younger age and better dialysis quality were independent
characteristics associated with a higher anti-spike IgG
concentrations after vaccination.37 Compared with volun-
teers, our study showed non-inferior and higher anti-spike
IgG concentrations in PD patients after two doses of ChA-
dOx1-S and mRNA-1273 vaccines, respectively. One of
possible reasons was our PD patients in ChAdOx1-S group
received two doses of ChAdOx1-S vaccines 12 weeks apart,
not 28 days, which might increase their immune re-
sponses.38 The other one reason was that baseline charac-
teristics of our non-dialysis/non-immunosuppressive



Figure 4 Higher blood T cell response to spike protein in mRNA-1273 group of PD patients. Blood T cell response was
identified by interferon-gamma release assays. Box and Whisker plots showed the data of 25the75th percentile, and the data of
10the90th percentile, respectively. Horizontal bar in Box represented the average. **P < 0.01 by ManneWhitney test.

Table 3 Association of baseline characteristics and comorbidities with anti-spike IgG and IFN-g concentrations in PD patients
after the second dose of vaccine.

Anti-spike IgG IFN-g

ChAdOx1-S mRNA-1273 ChAdOx1-S mRNA-1273

Coef. (95% C.I.) P Coef. (95% C.I.) P Coef. (95% C.I.) P Coef. (95% C.I.) P

Age (year) �0.5 (-15.8-
14.7)

0.94 209.6 (-95.6-514.9) 0.16 �0.6 (-5.7
e4.5)

0.81 �36.0 (-70.9e1.0) 0.04

Gender (female) 217.9 (-188.6-
624.4)

0.29 4446.0 (-3297.7-
12189.7)

0.24 �102.7 (-235.4-
30.1)

0.12 274.4 (-697-
1245.8)

0.55

Diabetes mellitus �215.3 (-646.9-
216.3)

0.32 �1352.3 (-12932.4-
10227.8)

0.81 �52.1 (-192.5-
90.4)

0.47 �660.5 (-2087.2-
8766.1)

0.33

Cardiovascular.
disease

90.5 (-382.3-
563.4)

0.70 1279.6 (-8171-
10730.1)

0.78 18.4 (-141.7-
178.5)

0.82 �206.8 (-1327.9-
914.4)

0.69

Previous cancer
history

858.0 (89.8
e1626.3)

0.02 �6777.2 (-25679.4-
12124.9)

0.46 �66.5 (-324.9-
192)

0.61 e e e

Previous kidney.
transplantation

160.8 (-1065.1-
1385.3)

0.79 3332.1 (-10445.4-
17109.7)

0.62 �100.4 (-480.1-
279.3)

0.60 284.1 (-1182.9-
1751.2)

0.68

Dialysis vintage
(month)

6.2 (2.0e10.5) 0.004 �11.6 (-79.0-55.7) 0.72 2.0 (0.6e3.5) 0.006 �0.8 (-10.6-9.1) 0.87

Abbreviations: IFN-g, interferon-gamma.
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volunteers were not recorded in detail, which might have
effect on the immune response to SARS-CoV-2 vaccination.

Cellular immune response is important for the protective
adaptive immunity but it was less assessed in most of the
previous studies for SARS-CoV-2 vaccination in dialysis pa-
tients.37,39 The ROMANOV study reported HD patients had
lower humeral and cellular immune responses after two
7

doses of BNT162b2 vaccines than healthy controls.37 Bro-
seta et al. reported that only 62% of HD patients 3 weeks
after two doses of mRNA-1273 or BNT162b2 vaccines had a
positive blood T cell response to SARS-CoV-2 peptide
pools.39 In our study, we found that two doses of vaccines
induced positive T cell response in 92.9% of ChAdOx1-S
group and 100.0% of mRNA-1273 group in PD patients. This



Table 4 Association of adverse events with anti-spike IgG and IFN-g concentration after the second dose of vaccine.

Anti-spike IgG IFN-g

ChAdOx1-S mRNA-1273 ChAdOx1-S mRNA-1273

Coef. (95% C.I.) P Coef. (95% C.I.) P Coef. (95% C.I.) P Coef. (95% C.I.) P

Fever �175.0 (�594
e244.1)

0.41 2963.8 (�7251.6
e13179.2)

0.55 56.1 (�79.5
e191.7)

0.41 1667.4 (860.8
e2474.1)

<0.001

Injection site
tenderness

395.2 (�8.4
e798.8)

0.054 �4090.3 (�12077.3
e3896.6)

0.29 16.5 (�116.4
e149.5)

0.80 �242.0 (�1240.8
e756.7)

0.61

Myalgia �339.3 (�795.8
e117.1)

0.14 5268.3 (�4754.02
e15290.7)

0.28 �38.6 (�185.2
e108.1)

0.60 1508.2 (604.5
e2412)

0.003

General malaise �399.7 (�805.4
e5.9)

0.05 �1032.5 (�20177.4
e18112.4)

0.91 �43.7 (�177.2
e89.6)

0.51 1346.3 (�516.9
e3209.5)

0.14

Headache �298.3 (�947.6
e351)

0.36 e e 77.1 (�125.5
e279.6)

0.45 e e e
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may be because their samples were collected 3 weeks after
vaccinations earlier than our analysis. Unfortunately, we
could not compare the T cell response between PD patients
and volunteers in our study because different method was
used in volunteers.

In our PD patients after ChAdOx1-S vaccination, PD vin-
tage, not age, was positively associated with higher con-
centrations of anti-spike IgG and IFN-g. We thought patients
with longer PD vintage should have superior generalized
health status for better technique survival and response to
vaccination. Evidence has shown lower seroconversion rate
or delayed immune response in patients with cancer after
SARS-CoV-2 vaccination,40 but our data showed that previous
history of cancer was associated with higher anti-spike IgG
concentrations in our PD patients after ChAdOx1-S vaccina-
tion. The reason for higher anti-spike IgG concentrations in
our PD patients with previous history of cancer was not clear.
We thought patients could survive from cancer and became
cancer-free should have better generalized health status for
response to vaccination.

There are few studies of SARS-CoV-2 vaccination in PD
patients. As we know, our study was the first prospective
studyof SARS-CoV-2vaccination inmore than300PDpatients.
However, this study was limited by a single-center study and
non-random allocation of vaccine type. Moreover, this study
had only 23 PD patients receiving two doses of mRNA-1273
vaccines, whichwas too small a number of patients tomake a
solid conclusion though old age was negatively associated
with IFN-g levels in mRNA-1273 group. One recent study
demonstrated a negative correlation with a drop-off age over
80 years between T cell response and age.41

Although no neutralizing antibody was measured in our
participants, a previous study proved that anti-spike IgG
detected by Elecsys� Anti-SARS-CoV-2 S Immunoassay can
predict SARS-CoV-2 neutralizing antibodies.42 Moreover,
Takei et al. also reported a linear correlation between
Elecsys� anti-spike IgG assay and the neutralization assay
(r Z 0.7253, r2 Z 0.5261) in 146 serum samples from 59
patients with COVID-19.43

In conclusion, almost 100% of PD patients had positive
seroconversion and developed comparable humeral im-
mune response with less adverse events after two doses of
SARS-CoV-2 vaccination when compared with volunteers.
8

Although more than 90% of PD patients also developed
positive T cell response after two doses of SARS-CoV-2
vaccination, mRNA-1273 vaccine induced significantly
higher antibody and T cell response than ChAdOx1-S vac-
cine in PD patients. Booster doses are recommended for PD
patients after two doses of ChAdOx1-S vaccination.
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