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Abstract: Most studies on vaccines of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-
2) have focused on antibody, but cellular immunities are also critical. We aimed to evaluate the
immune reactions of hemodialysis (HD) patients after the administration of the booster dose from
the perspective of both humoral and cellular immunities. Hemodialysis patients (HD group) and
age- and sex-matched non-dialysis individuals (control group) receiving three doses of BNT162b2
vaccine were measured for anti-SARS-CoV-2 immunoglobulin (IgG) and T-SPOT®.COVID test (T-
SPOT) before, 3 weeks, and 3 months after the booster dose. The HD group had significantly higher
SARS-CoV-2 IgG levels 3 weeks and 3 months after the booster dose than the control group, alt-
hough both groups had no difference in SARS-CoV-2 IgG levels before the booster dose. Moreover,
the HD group had significantly higher T-SPOT levels before and 3 weeks after the booster dose than
the control group, but the difference was not significantly different 3 months after the booster dose.
Furthermore, the incidence rates of local and systemic adverse reactions were significantly higher
in the HD group than in the control group. HD patients obtained higher SARS-CoV-2 IgG levels and
SARS-COV-2-specific T-cell responses after the booster dose than control.

Keywords: COVID-19; hemodialysis; vaccination; cellular immunity; humoral immunity; adverse
reactions

1. Introduction

The global epidemic of coronavirus disease 2019 (COVID-19) caused by severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) has had devastating effects on
healthcare, the economy, and society since 2020 [1]. Hemodialysis (HD) patients have
more comorbidities and impaired immune function than healthy individuals, making
them more susceptible to severe COVID-19, and the mortality rate of COVID-19 is ap-
proximately 10 times higher in HD patients than controls [2]. Vaccines are significantly
important in preventing COVID-19 and its severe symptoms, and major nephrology soci-
eties recommend preferential vaccination of HD patients [3]. However, HD patients have
lower antibody titers than controls after the primary series (two-dose series), and low an-
tibody titers are related to a short dialysis time [4]. Moreover, the efficacy of the vaccine
diminishes with time; in our study, the antibody titer in HD patients was 1,085 BAU/mL
2 weeks after the primary series but decreased to 212.3 BAU/mL 3 months later [4]. There-
fore, booster doses are being administered worldwide. In contrast, although higher anti-
body titers are associated with both a lower risk of breakthrough infection and lower viral
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RNA copy numbers [5], there are no generally accepted clinical cutoff values for antibod-
ies to protect against breakthrough infections or to prevent severe disease. Since some
reports have indicated that antibody titers are not strongly associated with the prevention
of severe COVID-19 in HD patients [6], cellular immunity is critical in those who fail to
seroconvert [7]. Therefore, it is necessary to examine the efficacy of vaccines in terms of
antibody titers and cellular immunity. T-SPOT®.COVID test (T-SPOT), an enzyme-linked
immunospot (ELISpot) assay, identifies interferon-gamma (IFN-vy)-releasing T cells in re-
sponse to stimulation with SARS-CoV-2 peptides and is highly accurate (area under the
curve, 0.95) at differentiating confirmed infection with SARS-CoV-2-specific T cells, even
several months after infection [8]. When quantifying and comparing the number of IFN-
v-releasing T cells in response to SARS-CoV-2, dividing by the median number of spots
in response to the positive control can eliminate the impact of individual immune varia-
tions on T-SPOT. In addition, T-SPOT results are adjusted for lymphocyte count, which
minimizes the influence of varying lymphocyte counts between patients [9] [10]. In this
study, we aimed to evaluate the changes in the immune status of HD patients by the
booster dose by measuring both antibody titer and cellular immunity.

2. Materials and Methods

We conducted a prospective multicenter study by the Infection Control Committee
of the Japanese Society for Dialysis Therapy (JSDT). After receiving approval from the
Ethics Committee of the JSDT (approval numbers 1-10), facilities that could recruit pa-
tients to participate in this study were enrolled from July 6 to July 31, 2021, on the JSDT
website.

The conditions for enrollment in HD patients (HD group) were as follows: subjects
who had received the primary series of the vaccine; had not been infected with SARS-
CoV-2; had not been treated for any malignancy within 1 year; had not been treated with
drugs, such as steroids, immunosuppressants, and immunomodulators; were scheduled
to receive a booster dose of the BNT162b2 vaccine; and had provided written consent for
this study. The control group was registered by open recruitment at Tokyo Saiseikai Cen-
tral Hospital and its affiliated facilities by matching the number of enrolled dialysis pa-
tients in terms of age (in 10-year increments) and sex. Regarding the dialysis patients, the
control group also comprised patients who met the conditions set for HD patients, in ad-
dition to having an estimated glomerular filtration rate of > 45 mL/min/1.73 m2.

SARS-CoV-2 immunoglobulin (IgG) antibody titers to the S1 subunit of the spike pro-
tein of SARS-CoV-2 (anti-S1 antibody titers) were measured using the Ortho-Clinical Di-
agnostics VITROS® Anti-SARS-CoV-2 IgG chemiluminescent immunoassay correlated
with neutralizing antibodies at the following time points: 6 months after the primary se-
ries, 3 weeks after the booster dose, and 3 months after the booster dose. An antibody level
of 2 17.8 BAU/mL was diagnosed as positive. Patients with symptomatic COVID-19 dur-
ing the study period were also excluded. The antibody titers over time were compared
between the two groups. We defined the variation rate as the change in anti-S1 antibody
titer divided by the reference values, and we took the values of anti-S1 antibody titer 6
months after the primary series and 3 weeks after the third vaccination as the reference
values:

3 weeks after the third vaccination — 6 months after the primary series /6 months after
the primary series

3 months after the third vaccination — 3 weeks after the third vaccination))/3 weeks
after the third vaccination

In addition, T-SPOT®.COVID test was performed on subjects aged between 50 and
80 years who provided consent for additional blood samples, and those from hospitals
that required more than 6 h to transport the specimens to Tokyo Saiseikai Central Hospital
were excluded (due to specimen preservation issues). T-SPOT®.COVID test was per-
formed according to the manufacturer’s protocol. Pretreatment peripheral blood samples
were collected in heparinized tubes to isolate peripheral blood mononuclear cells
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(PBMCs). The isolated PBMCs were incubated in a microplate well as a positive control
well with phytohemagglutinin (PHA), a negative control well with the medium, and wells
containing SARS-CoV-2 peptides (CoV-A for spike protein and CoV-B for nucleocapsid
protein). Plates were incubated for 1620 h at 37°C with 5% CO, an anti-IFN-y antibody
conjugate was added, and the number of spot-forming cells (SFCs) was counted using
ELISpot. Those with a negative control of > 10 and a positive control of <20 and those with
CoV-B of 2 8 (previous infection) were excluded from this study. Individuals with CoV-A
minus negative control of > 8 were diagnosed with T-SPOT as positive, those with CoV-A
minus negative control of <7 were diagnosed as negative. The number of SFCs in CoV-A
divided by the number of SFCs in PHA over time was compared between the two groups.

Furthermore, a questionnaire survey was conducted after the booster dose to inves-
tigate the presence of adverse reactions (pain, redness, swelling, pruritus, fatigue, head-
ache, muscle pain, coldness, fever [> 37.5°C], arthralgia, nausea, diarrhea, stomachache,
and anaphylaxis), which were compared between the control and HD groups.

The median values were compared using the Mann-Whitney U test. Frequencies be-
tween groups were compared using Fisher’s exact test or chi-squared test. Statistical sig-
nificance was set at p < 0.05. Statistical analyses were performed using GraphPad Prism
version 9.

3. Results

In this study, 10 facilities (Tokyo Saiseikai Central Hospital, Harada Naika Clinic,
Ozawa Clinic, Mizuno Clinic, Nakamura Clinic, Konan-no-sato, Shirogane-no-mori,
Keifukuen, Oumori Nursing Home, and Kurara-Kaminoge) participated as the control
group, and seven facilities (Shinagawa Dialysis Clinic, Meguro Station Building Clinic,
Tokyo Saiseikai Central Hospital, Omiya Yoshizawa Clinic, Urawa Yoshizawa Clinic,
Minami-Ooi Clinic, and Chuou Naika Clinic) participated as the HD group. In total, 103
and 194 subjects were recruited as the control and HD groups, respectively (Figure 1).

a Control group b HD group
103 patients assigned first blood test 194 patients assigned first blood test
{ 6months after the primary series ) (6 months after the primary series)
6 patients excluded I‘— [ the booster dose ] | 12 patients excluded |-— the booster dose l
r
97 patients assigned second blood test 182 patients assigned second blood test
(3 weeks after the booster dose) (3 weeks after the booster dose)
15 patients excluded 6 patients excluded
82 patients assigned third blood test 176 patients assigned third blood test
(3 months after the booster dose) (3 months after the booster dose}

Figure 1. Trial profile. For the control group, blood samples were collected from 103 subjects 6
months after the primary series (2-6 M). Subsequently, one subject moved away, two were infected
with severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), and three did not wish to
receive the booster dose. In total, six subjects withdrew from this study, and blood samples were
collected from 97 subjects 3 weeks after the booster dose (3-3 W). Thereafter, 10 subjects moved
away or resigned, three were infected with SARS-CoV-2, and two could not be contacted. In total,
15 subjects withdrew from this study, and blood samples were collected from 82 subjects 3 months
after the booster dose (3-3 M) (a).

In the HD group, blood samples were collected from 194 subjects 6 months after the primary series
(2-6 M). Subsequently, five subjects were infected with SARS-CoV-2, two moved away, two died,
and three did not wish to receive additional vaccinations. In total, 12 subjects withdrew from this
study, and blood samples were collected from 182 subjects 3 weeks after the booster dose (3-3 W).
Thereafter, four patients were hospitalized, one moved away, and one died. In total, six patients
withdrew from this study, and blood samples were taken from 176 subjects 3 months after the
booster dose (3-3 M) (b).

HD, hemodialysis.
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Table 1. Characteristics of subjects.

All Males Females
trol trol
Control group HD group p-value Cg?;:; HD group p-value Cgc;r;:}()) HD group p-value
=1 =194 =12 =
(n=103) (n=194) (n=62) (n=126) (n=41) (n=68)
Males (n, (%)) 68(61.8) 125(64.8) 0.79
Age (year-old+SD) 65.4+11.6 67.0£11.1 0.31 64.8£11.5 67.0¢11.5 0.78 66.5£11.7  66.6x10.2  0.78
BMI (kg/m2+SD) 23.6+ 22.5+ 0.03 24.1+41  22.8439 0.01 22.8+4.3 22.0+4.8 0.01

Diabetes mellitus (n, (%))  17(16.3)* 79(40.9)  <0.0001 13(19.7)*  59(47.2)  0.0002 4(10.5)* 20(29.4) 0.03

Hypertension (n, (%)) 48(46.2)* 81(42.0)  0.81  33(50.00* 55(44.0) 054  15(39.5)*  26(382) >0.99
Malignant tumor (n, (%)) 11(10.6)* 29(15.0) 0.29 8(12.1)* 19(15.2) 0.66 3(7.9)* 10(14.7) 0.37
Cerebrovascular disease

o (%) 32.9) 420218) <0.0001 2(3.0)* 31248 0.0001 126  11(162)  0.052

Cardlov(arfczi/lj; disease 4 5 gy 37(19.2)  <0.0001  4(6.1*  27(21.6)  0.007 0(0)* 10(147)  0.013

COPD (n, (%)) 8(7.7)* 11657 063  57.6° 3024 013  3(7.9) 8(11.8) 074
*n=104 *1=66 *1=38

BMI Body Mass Index,

COPD; Chronic Obstructive Pulmonary Disease,
HD; Hemodialysis

*: n=107 due to not available of data for 6 patients
Age and BMI are shown as average+SD

3.1. Anti-S1 antibody titers

The characteristics of each group are shown in Table 1.

Anti-S1 antibody titers 6 months after the primary vaccination series in the HD group
were not significantly different from those in the control group (p > 0.05). However, the
HD group had significantly higher anti-S1 antibody titers 3 weeks (p = 0.003) and 3 months
after the booster dose (p = 0.0004) than the control group (Figure 2a—c).
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Figure 2. Comparison of antibody titers between the control and HD groups. Antibody titers in the
control and HD groups were compared at three time points: (a) 6 months after the primary series
(control, n = 103; HD, n = 194), (b) 3 weeks after the booster dose (control, n =97; HD, n = 182), and
(c) 3 months after the booster dose (control, n = 82; HD group, n = 176). No significant difference
was observed between the two groups 6 months after the primary series; however, antibody titers
3 weeks and 3 months after the booster dose were significantly higher in the HD group (p = 0.003
and p = 0.0004, respectively) than in the control group. The rate of change was significantly greater
in the HD group from 6 months after the primary series to 3 weeks after the booster dose (p <0.0001)
than in the control group (d) and significantly lower in the HD group from 3 weeks after the booster
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dose to 3 months after the booster dose (p < 0.0001) than in the control group (e). The time course of
antibody titers from before the first vaccination to 3months after the booster dose is shown in f.

P <0.05, “P <0.01, P < 0.001, P < 0.0001

C, control; HD, hemodialysis

2-6 M, 6months after the primary series; 3-3 W, 3 weeks after the booster dose; 3-3 M, 3 months after
the booster dose

In addition, the variation in anti-S1 antibody titers (from 6 months after the primary
series to 3 weeks after the booster dose) was significantly higher in the HD group than in
the control group (p < 0.0001). Furthermore, the variation in anti-S1 antibody titers (from
3 weeks after the booster dose to 3 months after the booster dose) was significantly lower
in the HD group than in the control group (p < 0.0001) (Figure 2d—e). The time course of
antibody titers from the first vaccination to 3 months after the booster dose is shown in
Figure 2f. There were 29 withdrawals from the study between blood collection 6 months
after the primary series and 3 months after the booster dose, which may have caused a
selection bias. Therefore, antibody titers were reevaluated only in those who completed
blood collection until 3 months after the third dose, showing results similar to those
shown in Figure 2 (Figure S1).

3.2. T-SPOT®.COVID test

In total, 48 subjects were recruited as the control group (age, 63.4 + 7.8; male, 66.7%),
and 66 patients were recruited as the HD group (age, 69.2 + 4.8; male, 57.8%) (Table SI).
The same results were obtained as above for antibody titers 6 months after the primary
series and 3 weeks and 3 months after the booster dose (Figure S2). The T-SPOT results
were calculated by dividing the number of SFCs in CoV-A by the number of SFCs in the
positive control to eliminate the effect of individual immune variability on T-SPOT. Cases
with a CoV-B spot count of > 8 were excluded as cases of infection. As a result, the HD
group had a significantly larger number of SFCs 6 months after the primary series (p =
0.007) and 3 weeks after the booster dose (p = 0.004) than the control group. However,
SFCs in the HD group were not significantly different from those in the control group 3
months after the booster dose (p > 0.05) (Figure 3a—c).

(a) 2-6M (b)  3-3W (c) 3-3M (d) Changesin CoV-A/PHA
CoV-A/PHA CoV-A/PHA CoV-A/PHA
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Figure 3. Changes in T-cell response. The number of CoV-A spots in the T-SPOT COVID divided by
the number of spots in the positive control was compared between the two groups (control and HD)
6 months after the primary series (a), 3 weeks after the booster dose (b), and 3 months after the
booster dose (c). CoV-A/PHA was significantly higher in the HD group 6 months after the primary
series (control, n =47; HD, n = 65) and at 3 weeks after the booster dose (control, n = 45; HD, n = 65)
than in the control group (p = 0.007 and p = 0.004, respectively). No significant difference was ob-
served between the two groups 3 months after the booster dose (control, n = 45, HD, n=63) (p =
0.12).

In each group, the change in the CoV-A/PHA ratio of the T-SPOT was also examined (d).

In both the control and HD groups, the values at 3 weeks after the booster dose were significantly
higher than those at 6 months after the primary series. The values at 3 weeks after the booster dose
were significantly higher than those at 3 months after the booster dose.
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P <0.05, “P <0.01, P < 0.001, “P < 0.0001

C, control; HD, hemodialysis

2-6 M, 6months after the primary series; 3-3 W, 3 weeks after the booster dose; 3-3 M, 3 months after
the booster dose

PHA, phytohemagglutinin as a positive control

The number of SFCs at each time point was compared using one-way analysis of
variance, and Tukey’s multiple comparison test was used to assess the difference between
them. In the control group, the number of SFCs at 3 weeks after the booster dose was
higher than those at 6 months after the primary series (p = 0.02) and at 3 months after the
booster dose (p = 0.008). In addition, in the HD group, the number of SFCs at 3 weeks after
the booster dose was higher than those at 6 months after the primary series (p = 0.0004)
and at 3 months after the booster dose (p = 0.01) (Figure 3d). When the percentage of neg-
ative T-SPOT was compared between the control and dialysis groups 6 months after the
primary series and 3 weeks and 3 months after the booster dose, the control group had
significantly higher percentage of negative T-SPOT level than the HD group 6 months
after the primary series. At 3 weeks and 3 months after the booster dose, it tended to be
higher in the control group than in the HD group, although there was no significant dif-
ference between them (Table 2).

Table 2. Negative rate of T-SPOT COVID-19.

Control(%) HD(%) p-value
2-6M 66.7 *1 43.1* 0.02
3-3W 35.0 *2 29.0% 0.66
3-3M 37.2% 24.2%6 0.19

*1n=45, *2n=40, *3n=43
*n=65, **n=63, *n=62

The correlation between T-SPOT results and antibody titers was examined for each
of the three measurement points in each group (Figure 4).
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Figure 4. Correlation between T-SPOT (CoV-A/PHA) and antibody titers. The correlation between
T-SPOT COVID and antibody titers was examined at each of the three measurement points in each
group. Pearson’s product-ratio correlation coefficient was used to calculate the R? and p-values. No
significant correlations were observed 6 months after the primary series (a), 3 weeks after the booster
dose (b), or 3 months after the booster dose (c).

2-6 M, 6months after the primary series; 3-3 W, 3 weeks after the booster dose; 3-3 M, 3 months after
the booster dose; PHA, phytohemagglutinin as a positive control.

No significant correlations were observed 6 months after the primary series, 3 weeks
after the booster dose, or 3 months after the booster dose. Table 3 shows the contingency
table of positive or negative antibody levels and positive or negative T-SPOT values.

Table 3. Contingency Table for T-SPOT and SARS-CoV-2 IgG

Control:2-6M HD:2-6M
SARS-CoV-2 IgG SARS-CoV-2 IgG
+(%) — (%) +(%) — (%)
+(%) 34.78 0.00 +(%) 50.00 6.25
T-sroT (%) 54.35 10.87 TsroT (%)  39.06 4.69
Control:3-3W HD:3-3W
SARS-CoV-2 IgG SARS-CoV-2 IgG
+(%) — (%) +(%) — (%)
+(%) 65.00 0.00 +(%) 70.97 0.00
T-spoT (%) 35.00 0.00 T-spoT = (%) 29.03 0.00
Control:3-3M HD:3-3M
SARS-CoV-2 IgG SARS-CoV-2 IgG
+(%) — (%) +(%) — (%)
+(%) 62.79 0.00 +(%) 75.81 0.00
T-srot == (%) 37.21 0.00 T-spoT == (%) 24.19 0.00

T-SPOT Positive (+): CoV-A —Negative control=8, T-SPOT Negative (—): CoV-A —Negative control =7
SARS-CoV-2 IgG Positive (+) Z 17.8 BAU/mL, SARS-CoV-2 IgG Negative (—)<17.8 BAU/mL,

A total of 10.94% of the dialysis patients had negative antibody levels 6 months after
the primary series, but 57% (6.25%/10.94%) tested positive for T-SPOT.

Regarding the adverse reactions, the incidence rates of pruritus, fatigue, and muscle
pain were significantly higher in the HD group (p = 0.008, p =0.005, and p = 0.009, respec-
tively) than in the control group after the booster dose. When the two groups were further
compared according to sex, the incidence rates of systemic adverse reactions (fatigue,
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muscle pain, coldness, and fever) were significantly higher in the HD group than in the
control group (p = 0.04, p = 0.008, p = 0.004, and p = 0.001, respectively). In contrast, in
women, the incidence rates of local adverse reactions (pain and pruritus) were signifi-
cantly higher in the HD group than in the control group (p =0.05 and p =0.01, respectively)
(Table 4).

Table 4. Adverse reactions after vaccination.

All
Local n (%) Systemic n (%)
pain redness | swelling | pruritus fatigue Headache m';l;iile coldness fever arthralgia | nausea diarrhea Stg;?l?h anaphylaxis
Control
(n=87) 42(48.3) 7(8.0) 5(5.7) 5(5.7) 11(12.6) 6(6.9) 9(10.3) 6(6.9) 10(11.5) 3(3.4) 0(0) 2(2.3) 0(0) 0(0)
(nl:l[;ét) 104(56.5) | 18(9.8) | 24(13.0) | 33(17.9) | 52(28.3) 18(9.8) 44(23.9) | 28(15.2) | 45(24.5) | 20(10.9) 7(3.8) 2(1.1) 5(2.7) 0(0)
p-value 0.24 0.82 0.09 0.008 0.005 0.5 0.009 0.08 0.015 0.06 0.1 0.59 0.18 >0.99
Male
Local n (%) Systemic n (%)
pain redness swelling | pruritus fatigue headache n;;si(;lle coldness fever arthralgia | nausea | diarrhea Stz;?;(:h anaphylaxis
Control
(n=51) 23(45.1) 1(0.2) 1(0.2) 1(0.2) 5(9.8) 1(0.2) 3(5.9) 0(0) 2(3.9) 1(0.2) 0(0) 0(0) 0(0) 0(0)
HD
(n=121) 57(47.1) 9(7.4) 11(9.1) 11(9.1) | 30(24.8) 6(5.0) 27(22.3) | 17(14.0) | 29(24.0) 11(9.1) 4(3.3) 2(1.7) 3(2.5) 0(0)
p-value 0.87 0.29 0.11 0.11 0.04 0.68 0.008 0.004 0.001 0.11 0.32 >0.99 0.56 >0.99
Female
Local n (%) Systemic n (%)
pain redness | swelling | pruritus fatigue headache m;;iile coldness fever arthralgia | nausea | diarrhea St;):;r}ich anaphylaxis
Control
(1=36) 19(52.8) 6(16.7) 4(11.1) 4(11.1) 6(16.7) 5(13.9) 6(16.7) 6(16.7) | 8(22.2) 2(5.6) 0(0) 2(5.6) 0(0) 0(0)
(nli]633) 47(74.6) 10(15.9) | 13(20.6) | 22(34.9) | 22(34.9) 12(19.0) 17(27.0) 11(17.5) | 16(25.4) 9(14.3) 3(4.8) 0(0) 2(3.2) 0(0)
p-value 0.05 >0.99 0.28 0.01 0.07 0.59 0.32 >0.99 0.81 0.32 0.55 0.13 0.53 >0.99

HD; hemodialysis

4. Discussion

To investigate the effect of booster vaccination with BNT162b2 in HD patients, im-
mune responses to vaccination were analyzed for both cellular and humoral immunities
at the following time points: 6 months after the primary series, 3 weeks after the booster
dose, and 3 months after the booster dose. Although most studies on the effects of vaccines
have focused on humoral immunity, only antibody levels, this study analyzed the effects
of vaccines from both perspectives. In our study, antibody levels in the HD group were
higher than those in the control group 3 weeks and 3 months after the booster dose, and
T-SPOT, a measure of SARS-COV-2-specific T-cell response, was significantly higher in
the dialysis group than in the control group 6 months after the primary series and 3 weeks
after the booster dose.

HD patients show lower vaccine antibody titers and decline rapidly for influenza and
hepatitis B vaccines [11-13]. In the COVID-19 vaccine, antibody titers were significantly
lower in the HD group than in the control group after the primary series of BNT162b2
vaccination [14,15] . Our previous study also showed that dialysis patients had signifi-
cantly lower antibody levels than controls up to 3 months after the primary series [4]. Our
present study is contrary to our prediction of lower antibody levels in HD patients. Simon
et al. conducted a similar study on the increase in antibody levels after a booster dose.
This study examined SARS-CoV-2-specific antibody titers in controls and HD patients 6-
8 weeks after the third vaccine and reported no significant difference in antibody titers
between controls and HD responders. However, the controls were younger and more
likely to be female than the HD group, although antibody titers are higher in younger
people and women than in older people and men [16]. In our study, age- and sex-matched
studies were likely evaluated more accurately, resulting in higher antibody titers after the
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booster dose in the HD group than in controls. To date, no immunological studies have
been conducted to determine why antibody titers are higher in HD patients than in con-
trols. Thus, the reason behind this remains unclear. However, we hypothesize that B cells
differentiate into antibody-producing cells under antigen stimulation and with the assis-
tance of helper T cells, resulting in the production of antibodies. During this process, the
priming mechanisms of T and B cells may be abnormal in HD patients; however, once
sufficiently primed, they may respond adequately to the vaccine. Further immunological
studies are required.

Most studies have focused on antibodies as tools for humoral immunity. However,
the T-cell response generally precedes the antibody response because of its necessity for
priming B cells and is maintained for a longer period than the antibody response [17]. This
has been demonstrated in studies comparing T-cell responses and antibody titers in pa-
tients infected with SARS-CoV-2. In some cases, a strong T-cell response occurs, even in
the absence of antibody production [18]. Based on previous studies, this study also exam-
ined T-cell responses. Although T-cell responses after the first and primary series were
not examined in our study, Clarke et al. reported that T-cell responses after the primary
series were significantly lower in HD patients than in the control group [19]. This is con-
sistent with the fact that end-stage kidney disease and uremia are associated with T-cell
exhaustion and suppression of IFN-y production. However, Bernard et al. reported that
T-cell responses after the primary series were equivalent between HD patients and con-
trols [20]. Clarke noted that these differences may be due to differences in the peptide pool
used in the ELISpot assay and the threshold used to define a positive result [19]. Our data
at 6 months after the primary series showed that T-SPOT level was significantly higher
and the negative rate of T-SPOT was significantly lower in the HD group than in the con-
trol group. The detailed reasons for these findings remain unclear, but dialysis patients
have a higher percentage of circulating T cells with interleukin (IL)-2 receptors (IL-2R)
and that they maintain high levels of plasma-soluble IL-2R, resulting in a chronic pre-
activation state of T cells [21]. This may explain why the T-cell response was higher even
6 months after the primary series. In the dialysis group, the originally activated T-cell re-
sponse was further enhanced by the booster dose, and 3 weeks after the booster dose, T-
SPOT level was still significantly higher in the dialysis group than in the control group,
indicating that high cellular immunity is enhanced in the dialysis patients. These results
are similar to those reported by Bruminhent et al. [22]. They examined the number of
SARS-CoV-2-specific IEN-y-producing T cells against S1 protein using the ELISpot assay
from Mabtech and found that the number of IFN-y-producing T cells after the booster
dose was not significantly different between the control and HD groups. However, the
median value was higher in the HD group after the booster dose than in the control group.
Our study was age- and sex-matched, which may have made this difference significant.

Moreover, correlations between antibody levels and T-SPOT levels were examined
in our study to investigate the relationship between cellular and humoral immunities.
Previous reports of cases of SARS-CoV-2 infection have shown that high antibody levels
correlate with high cellular immunity [23]. However, no correlation was observed in our
study, and several dialysis patients with negative antibody levels also showed T-cell re-
sponses, which may play an important role in the prevention of severe disease, as men-
tioned by McMahan et al. [7]. Thus, the fact that both cellular and humoral immunities
were significantly higher in the dialysis group than in the control group at 3 weeks and 3
months after the booster dose was considered helpful for the prevention of severe disease.

Comparing the age-specific mortality rates of the general population and dialysis pa-
tients in Japan from January 6 to June 2, 2022 (period of Omicron), the mortality rates of
the general population were 0.18%, 0.94%, and 3.36% in the 60s, 70s, and 80s, respectively,
whereas those in dialysis patients in their 60s, 70s, and 80s accounted for 2.40%, 4.30%,
and 7.21%, respectively, indicating that the prognosis of dialysis patients remains worse
than that of the general population. However, among dialysis patients who received the
booster dose, the mortality rates were 0%, 1.14%, and 2.76% for those in their 60s, 70s, 80s,
respectively, similar to the rates in the general population [24,25]. As of late May, the
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booster dose rate for those aged > 65 years in the general population was 89.2%. Our re-
sults may explain the fact that the mortality rate of dialysis patients has improved after
the booster dose compared to the controls. However, given that the innate immune system
is lower in dialysis patients compared to controls, higher levels of cellular immunity and
antibody levels than in controls may be necessary to protect dialysis patients from infec-
tion.

Regarding adverse reactions from the booster dose, systemic adverse reactions were
observed to be significantly higher in dialysis patients than in those after the primary se-
ries [4]. In dialysis patients, the change in antibody titers before and after the booster dose
was significantly higher, suggesting that the vaccine-induced immune response was
stronger. This is hypothesized to be the reason for the stronger adverse reactions observed
in dialysis patients.

As alimitation, no study has been conducted to determine whether the results of the
antibody titer of the present vaccine apply to the results of neutralizing activity. In addi-
tion, cellular immunity was evaluated only by T-SPOT, and no other cellular immunity
analyses were performed. Further investigation of the mechanism as to why the antibody
titer was higher in the dialysis group after the booster dose than in the control group and
why the T-cell response was higher in the dialysis group than in the control group is re-
quired.

5. Conclusions

HD patients obtained higher antibody titers and SARS-COV-2-specific T-cell re-
sponses 3 weeks after the booster dose than control.

Author Contributions: AY, MR and YK designed this study with the approval of the Infection Con-
trol Committee of J[SDT. AY, MR, KKikuchi, TK, and KS contributed to the participant enrollment.
KKatayama measured the antibody titers of patients. AY, MT and EO summarized the clinical in-
formation and analyzed the data. MK made significant contributions as a statistical expert. AY, MT,
and MR drafted the manuscript. EO, KKikuchi, TK, KS, MK, KKatayama, YU, NO, YK, HK, TS, YT,
JT, KH, YN, NHasegawa, NHanafusa, FH, KM, SW, HN, and YT modified the manuscript. All the
authors have read and approved the final manuscript.

Funding: Research funding was provided by JSDT with the approval of the Board of JSDT as an
urgent matter regarding COVID-19 vaccination.

Institutional Review Board Statement: The Ethics Committee of the Japanese Society for Dialysis
Therapy (JSDT) approved this study (approval number 1-10).

Informed Consent Statement: All participants provided written informed consent for inclusion in
this study.

Data Availability Statement: The datasets generated and analyzed during this study are available
from the corresponding author on reasonable request.

Acknowledgments: We express special thanks to Dr. Mamoru Yoshizawa, Dr. Fumihiko Kato, Dr.
Yoji Inishi, Dr. Takehiko Mizuno, Dr. Yuko Harada, Dr. Midori Ozawa, Dr. Naoki Nakamura and
Mr. Naoki Mochizuki, and Mr. Norihiko Kondo for their great contribution to the recruitment of the
participants. We also thank the staff at the Nephrology Department, Dialysis Center, and Clinical
Laboratory Section of Tokyo Saiseikai Central Hospital for blood collection. We would like to thank
Editage (www.editage.com) for English language editing.

Conflicts of Interest: The authors declare no competing interests.


https://doi.org/10.20944/preprints202209.0101.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 7 September 2022 doi:10.20944/preprints202209.0101.v1

References

1. Polack, F.P.; Thomas, S.J.; Kitchin, N.; Absalon, J.; Gurtman, A.; Lockhart, S.; Perez, ].L.; Pérez Marc, G.; Moreira, E.D.; Zerbini,
C,; et al. Safety and Efficacy of the BNT162b2 mRNA Covid-19 Vaccine. N Engl ] Med 2020, 383, 2603-2615,
doi:10.1056/NEJM0a2034577.

2. De Meester, ].; De Bacquer, D.; Naesens, M.; Meijers, B.; Couttenye, M.M.; De Vriese, A.S. Incidence, Characteristics, and Out-
come of COVID-19 in Adults on Kidney Replacement Therapy: A Regionwide Registry Study. ] Am Soc Nephrol 2021, 32, 385-
396, doi:10.1681/asn.2020060875.

3. Yen, C.C; Lin, S.Y.; Chen, S.C.; Chiu, Y.W.; Chang, ] M.; Hwang, S.J. COVID-19 Vaccines in Patients with Maintenance Hemo-
dialysis. ] Pers Med 2021, 11, d0i:10.3390/jpm11080789.

4. Yoshifuji, A.; Toda, M.; Ryuzaki, M.; Kikuchi, K.; Kawai, T.; Sakai, K.; Oyama, E.; Koinuma, M.; Katayama, K.; Uehara, Y.; et
al. Investigation for the efficacy of COVID-19 vaccine in Japanese CKD patients treated with hemodialysis. Ren Replace Ther
2022, 8, 39, doi:10.1186/541100-022-00427-2.

5. Bergwerk, M.; Gonen, T.; Lustig, Y.; Amit, S.; Lipsitch, M.; Cohen, C.; Mandelboim, M.; Levin, E.G.; Rubin, C.; Indenbaum, V;
et al. Covid-19 Breakthrough Infections in Vaccinated Health Care Workers. N Engl ] Med 2021, doi:10.1056/NEJMo0a2109072.

6. Toda, M.; Yoshifuji, A.; Kikuchi, K.; Koinuma, M.; Komatsu, M.; Fujii, K.; Kato, A.; Kikuchi, T.; Nakazawa, A.; Ryuzaki, M.
Factors associated with SARS-CoV-2 antibody titers and prognosis of breakthrough infection in hemodialysis patients. Clin
Exp Nephrol 2022, 26, 571-580, doi:10.1007/s10157-022-02188-y.

7. McMahan, K.; Yu, J.; Mercado, N.B.; Loos, C.; Tostanoski, L.H.; Chandrashekar, A.; Liu, J.; Peter, L.; Atyeo, C.; Zhu, A.; et al.
Correlates of protection against SARS-CoV-2 in rhesus macaques. Nature 2021, 590, 630-634, d0i:10.1038/s41586-020-03041-6.

8. Kruse, M.; Dark, C.; Aspden, M.; Cochrane, D.; Competiello, R.; Peltz, M.; Torres, L.; Wrighton-Smith, P.; Dudek, M. Perfor-
mance of the T-SPOT(0).COVID test for detecting SARS-CoV-2-responsive T cells. Int J Infect Dis 2021, 113, 155-161,
doi:10.1016/;.ijid.2021.09.073.

9. Kamimaki, C.; Kobayashi, N.; Hirata, M.; Somekawa, K.; Fukuda, N.; Kubo, S.; Katakura, S.; Teranishi, S.; Watanabe, K.; Horita,
N.; et al. T-cell response to phytohemagglutinin in the interferon-y release assay as a potential biomarker for the response to
immune checkpoint inhibitors in patients with non-small cell lung cancer. Thorac Cancer 2021, 12, 1726-1734, d0i:10.1111/1759-
7714.13978.

10.  Wang, F.; Hou, H.Y.; Wu, S.J.; Zhu, Q.; Huang, M.; Yin, B.; Huang, J.; Pan, Y.Y.; Mao, L.; Sun, Z.Y. Using the TBAg/PHA ratio
in the T-SPOT(®).TB assay to distinguish TB disease from LTBI in an endemic area. Int ] Tuberc Lung Dis 2016, 20, 487-493,
doi:10.5588/ijtld.15.0756.

11.  Ghadiani, M.H.; Besharati, S.; Mousavinasab, N.; Jalalzadeh, M. Response rates to HB vaccine in CKD stages 3-4 and hemodi-
alysis patients. ] Res Med Sci 2012, 17, 527-533.

12.  Speer, C.; Schaier, M.; Nusshag, C.; Téllner, M.; Buylaert, M.; Kélble, F.; Reichel, P.; Grenz, ].; Siisal, C.; Zeier, M.; et al. Longi-
tudinal Humoral Responses after COVID-19 Vaccination in Peritoneal and Hemodialysis Patients over Twelve Weeks. Vac-
cines (Basel) 2021, 9, doi:10.3390/vaccines9101130.

13.  Dikow, R,; Eckerle, I; Ksoll-Rudek, D.; Hampel, H.; Schwenger, V.; Zeier, M.; Schnitzler, P.; Sommerer, C. Inmunogenicity
and efficacy in hemodialysis patients of an AS03(A)-adjuvanted vaccine for 2009 pandemic influenza A(H1IN1): a nonrandom-
ized trial. Am J Kidney Dis 2011, 57, 716-723, d0i:10.1053/;.ajkd.2010.11.031.

14.  Jahn, M.; Korth, J.; Dorsch, O.; Anastasiou, O.E.; Sorge-Héadicke, B.; Tyczynski, B.; Gackler, A.; Witzke, O.; Dittmer, U.; Dolff,
S.; et al. Humoral Response to SARS-CoV-2-Vaccination with BNT162b2 (Pfizer-BioNTech) in Patients on Hemodialysis. Vac-
cines (Basel) 2021, 9, d0i:10.3390/vaccines9040360.

15.  Grupper, A.; Sharon, N.; Finn, T.; Cohen, R.; Israel, M.; Agbaria, A.; Rechavi, Y.; Schwartz, L.F.; Schwartz, D.; Lellouch, Y.; et
al. Humoral Response to the Pfizer BNT162b2 Vaccine in Patients Undergoing Maintenance Hemodialysis. Clin ] Am Soc
Nephrol 2021, 16, 1037-1042, doi:10.2215/cjn.03500321.


https://doi.org/10.20944/preprints202209.0101.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 7 September 2022 doi:10.20944/preprints202209.0101.v1

16.  Simon, B.; Rubey, H.; Gromann, M.; Knopf-Vélkerer, A.; Hemedi, B.; Zehetmayer, S.; Kirsch, B. SARS-CoV-2 Antibody and T
Cell Response after a Third Vaccine Dose in Hemodialysis Patients Compared with Healthy Controls. Vaccines (Basel) 2022,
10, d0i:10.3390/vaccines10050694.

17.  Sekine, T.; Perez-Potti, A.; Rivera-Ballesteros, O.; Stralin, K.; Gorin, J.B.; Olsson, A.; Llewellyn-Lacey, S.; Kamal, H.; Bogdanovic,
G.; Muschiol, S.; et al. Robust T Cell Immunity in Convalescent Individuals with Asymptomatic or Mild COVID-19. Cell 2020,
183, 158-168.e114, doi:10.1016/j.cell.2020.08.017.

18.  Braun, J.; Loyal, L.; Frentsch, M.; Wendisch, D.; Georg, P.; Kurth, F.; Hippenstiel, S.; Dingeldey, M.; Kruse, B.; Fauchere, F.; et
al. SARS-CoV-2-reactive T cells in healthy donors and patients with COVID-19. Nature 2020, 587, 270-274, doi:10.1038/s41586-
020-2598-9.

19.  Clarke, C.L.; Martin, P.; Gleeson, S.; Thomson, T.; Edwards, H.; Mortimer, P.; McIntyre, S.; Deborah, J.; Cox, A.; Pickard, G.; et
al. Comparison of immunogenicity between BNT162b2 and ChAdOx1 SARS-CoV-2 vaccines in a large haemodialysis popula-
tion. medRxiv 2021, 2021.2007.2009.21260089, d0i:10.1101/2021.07.09.21260089.

20.  Bertrand, D.; Hamzaoui, M.; Lemee, V.; Lamulle, J.; Hanoy, M.; Laurent, C.; Lebourg, L.; Etienne, I.; Lemoine, M.; Le Roy, F.;
et al. Antibody and T Cell Response to SARS-CoV-2 Messenger RNA BNT162b2 Vaccine in Kidney Transplant Recipients and
Hemodialysis Patients. ] Am Soc Nephrol 2021, 32, 2147-2152, d0i:10.1681/ASN.2021040480.

21.  Donati, D.; Degiannis, D.; Combates, N.; Raskova, J.; Raska, K., Jr. Effects of hemodialysis on activation of lymphocytes: anal-
ysis by an in vitro dialysis model. ] Am Soc Nephrol 1992, 2, 1490-1497, doi:10.1681/ASN.V2101490.

22.  Bruminhent, J.; Setthaudom, C.; Kitpermkiat, R.; Kiertiburanakul, S.; Malathum, K., Assanatham, M.; Nongnuch, A,
Phuphuakrat, A.; Chaumdee, P.; Janphram, C.; et al. Inmunogenicity of ChAdOx1 nCoV-19 vaccine after a two-dose inacti-
vated SARS-CoV-2 vaccination of dialysis patients and kidney transplant recipients. Sci Rep 2022, 12, 3587, d0i:10.1038/s41598-
022-07574-w.

23.  Wyllie, D.; Mulchandani, R.; Jones, H.E.; Taylor-Phillips, S.; Brooks, T.; Charlett, A.; Ades, A.E.; Makin, A.; Oliver, I.; Moore,
P.; et al. SARS-CoV-2 responsive T cell numbers are associated with protection from COVID-19: A prospective cohort study in
keyworkers. medRxiv 2020, 2020.2011.2002.20222778, d0i:10.1101/2020.11.02.20222778.

24.  Ministry of Health, Labour and Welfare, https://www.mhlw.go.jp/stf/seisakunitsuite/bunya/0000121431_00348.html (ac
cessed on 7th of Aug 2022)

25.  The Japanese Society of Nephrology; https://jsn.or.jp/medic/data/COVID-19number-of-infected_20220603.pdf (accessed on 7th
of Aug 2022)


https://doi.org/10.20944/preprints202209.0101.v1

