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Abstract

Background We investigated factors associated with the anti-severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
spike antibody titer after the second dose of the BNT162b2 messenger RNA coronavirus disease 2019 (COVID-19) vaccine
in Japanese patients undergoing hemodialysis.

Methods Overall, 75 patients (41 men, 34 women; mean age 71.4 + 12.2 years) with a hemodialysis duration of 5.7 + 6.1
[interquartile range, 1.0-8.5] years were enrolled in this single-center, prospective, cross-sectional study. We used multiple
linear regression analysis to determine the relationships of the anti-SARS-CoV-2 spike antibody titer with patient demo-
graphic and clinical parameters. We also compared the anti-SARS-CoV-2 spike antibody titer between hemodialysis patients
and 22 healthcare workers (10 men, 12 women; mean age 48.5 + 14.4 years).

Results Autoimmune disease presence (standard coefficient [f]= —0.290, p =0.018), lymphocyte counts (§=0.261,
p=0.015), hemoglobin levels (#=0.290, p=0.009), and blood urea nitrogen concentrations (f=0.254, p=0.033) were
significantly and independently correlated with the log-anti-SARS-CoV-2 spike antibody titer. The anti-SARS-CoV-2 spike
antibody titer was significantly lower in hemodialysis patients than in healthcare workers (3589 +3921 [813-4468] vs.
12,634 + 18,804 [3472-10,257] AU/mL; p <0.002).

Conclusions Autoimmune disease presence, lymphocyte counts, hemoglobin levels, and blood urea nitrogen concentrations
were associated with the anti-SARS-CoV-2 spike antibody titer after the second dose of the BNT162b2 messenger RNA
COVID-19 vaccine in Japanese patients undergoing hemodialysis.

Keywords Severe acute respiratory syndrome coronavirus 2 - Coronavirus disease 2019 - BNT162b2 messenger RNA
vaccine - Anti-severe acute respiratory syndrome coronavirus 2 spike antibody - Hemodialysis

Introduction

The coronavirus disease 2019 (COVID-19) vaccine is
critical for preventing COVID-19 infection and control-
ling the ongoing global pandemic. One study reported that
the anti-severe acute respiratory syndrome coronavirus 2

4 Keiji Hirai
keijihirai @kfy.biglobe.ne.jp

Division of Nephrology, First Department of Integrated
Medicine, Saitama Medical Center, Jichi Medical
University, 1-847 Amanuma-cho, Omiya-ku, Saitama-shi,
Saitama-ken 330-8503, Japan

2 Mizue Yuai Clinic, Tokyo, Japan

(SARS-CoV-2) spike antibody titer was related to the risk
of COVID-19 infection after COVID-19 vaccination [1].
Therefore, determining a sufficient anti-SARS-CoV-2 spike
antibody titer is important to help prevent breakthrough
COVID-19 infections.

Various factors, such as age, sex, alcohol consumption,
and immunosuppressant use, have been reported to be asso-
ciated with the anti-SARS-CoV-2 spike antibody response
after COVID-19 vaccination in healthcare workers [2, 3].
Recent studies also revealed that age, immunosuppressive
treatments, and lymphocyte counts were associated with the
anti-SARS-CoV-2 spike antibody response after COVID-19
vaccination in individuals undergoing hemodialysis [4-6].
However, factors related to the anti-SARS-CoV-2 spike anti-
body response after COVID-19 vaccination have not been
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determined in Asian individuals undergoing hemodialysis.
We conducted the present study to investigate the various
demographic and clinical factors associated with the anti-
SARS-CoV-2 spike antibody titer after the second dose of
the COVID-19 vaccine in Japanese patients undergoing
hemodialysis.

Patients and methods
Ethical approval

This study was approved by the Ethical Committee of Mizue
Yuai Clinic (MYC 2021-01) and carried out in accordance
with the fundamental principles within the Declaration of
Helsinki. Written informed consent was obtained from all
participants.

Patients

The inclusion criteria for patients were as follows: (i) aged
>?20 years, (if) chronic kidney disease stage G5D, (iii) cur-
rently undergoing hemodialysis, and (iv) vaccinated with
two doses of the BNT162b2 messenger RNA (mRNA)
COVID-19 vaccine (Pfizer Inc., and BioNTech) with the
recommended dosing interval of 3 weeks between the first
and second doses. The exclusion criteria were as follows: (i)
unwilling or unable to give consent and (if) any history of
COVID-19 infection. Healthcare workers who were vacci-
nated twice with the BNT162b2 mRNA COVID-19 vaccine
and gave informed consent to participate were used as the
control group.

Study design

This was a single-center, prospective, cross-sectional study
conducted between April 1, 2021 and August 31, 2021 at
Mizue Yuai Clinic, Tokyo. Each participant’s anti-SARS-
CoV-2 spike antibody titer was measured 4 weeks after the
second dose of the BNT162b2 mRNA COVID-19 vaccine.
Demographic and clinical parameters were collected at the
time of anti-SARS-CoV-2 spike antibody titer measure-
ments. Multiple linear regression analysis was conducted
to analyze factors independently associated with the anti-
SARS-CoV-2 spike antibody titer. We also compared the
anti-SARS-CoV-2 spike antibody titers between hemodi-
alysis patients (hemodialysis patient group) and healthcare
workers (control group).

Laboratory methods

Hemodialysis patient blood samples were obtained from an
arteriovenous fistula just before the initiation of their first
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hemodialysis session of the week. Blood parameters and
anti-SARS-CoV-2 spike antibody titers were measured at a
commercial laboratory (BML, Tokyo, Japan). Anti-SARS-
CoV-2 spike antibody titers were determined using the
SARS-CoV-2 IgG II Quant assay (Abbott, Sligo, Ireland).
The normalized protein catabolism rate and single-pool
urea clearance were calculated using the formula reported
by Shinzato [7].

Statistical analyses

Continuous variables with a normal distribution are
expressed as the mean =+ standard deviation, and those with
a non-normal distribution are reported as the mean =+ stand-
ard deviation [interquartile range]. Categorical variables
are expressed as numbers and percentages. The duration of
hemodialysis, level of C-reactive protein, and anti-SARS-
CoV-2 spike antibody titer did not show normal distribu-
tions, and these variables were transformed using the natural
logarithm. A comparison of anti-SARS-CoV-2 spike anti-
body titers between hemodialysis patients and healthcare
workers was performed using the Mann—Whitney U test.
Parameters that appeared to be significantly correlated with
the anti-SARS-CoV-2 spike antibody titer in simple linear
regression analyses (p <0.10) were included in the multiple
linear regression analysis to identify factors correlated with
the anti-SARS-CoV-2 spike antibody titer. A p value <0.05
was considered significant. Statistical analyses were per-
formed using JMP 11 software (SAS, Cary, NC, USA).

Results
Patient characteristics

The demographic and clinical characteristics of the hemodi-
alysis patient and control groups are summarized in Table 1.
The hemodialysis patient group included 41 male patients
and 34 female patients, with a mean age of 71.4+12.2 years,
body mass index of 22.0 +4.1 kg/m?, and hemodialysis dura-
tion of 5.7+ 6.1 [1.0-8.5] years. Fourteen patients (18.7%)
had a past or current smoking history, and 12 patients
(16.0%) had an alcohol consumption habit. The percent-
ages of patients with diabetes mellitus, hypertension, aller-
gic diseases, and autoimmune diseases were 46.7%, 52.0%,
22.7%, and 12.0%, respectively. The proportions of patients
with a history of infection were as follows: hepatitis B virus
infection, 26.7%; hepatitis C virus infection, 5.3%; and
syphilis infection, 8.0%. Among nine patients with autoim-
mune diseases, three were taking corticosteroids, and six
were not taking corticosteroids. The control group consisted
of 22 healthcare workers (10 men, 12 women, mean age
48.5 + 14.4 years, body mass index 23.7 + 5.4 kg/m?). Ten
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Table 1 Demographic and
clinical characteristics

Hemodialysis patients (n=75)

Healthcare workers (n=22)

Age, years

Male, n (%)

Body mass index, kg/m>
Hemodialysis duration, years
Past or current smoking, n (%)
Alcohol drinking, n (%)
Diabetes mellitus, n (%)
Hypertension, n (%)

Allergic disease, n (%)
Autoimmune disease, n (%)
Previous HBV infection, n (%)
Previous HCV infection, n (%)
Previous syphilis infection, n (%)
Corticosteroid, n (%)

RAS inhibitor, n (%)

Statin, n (%)

ESA, n (%)

HIF-PH inhibitor, n (%)

Iron supplement, n (%)

Zinc supplement, n (%)
Phosphate binder, n (%)
Vitamin D analog, n (%)
Calcimimetic, n (%)

Albumin, g/dL.

White blood cell count, /uL.
Lymphocyte count, /pL.
Hemoglobin, g/dL

Platelet count, X 104/pL

Blood urea nitrogen, mg/dL
Creatinine, mg/dL

Sodium, mEq/L

Potassium, mEq/L

Chloride, mEq/L

Total calcium, mg/dL
Phosphate, mg/dL
Magnesium, mg/dL

Uric acid, mg/dL

Total cholesterol, mg/dL

C-reactive protein, mg/dL

Intact-parathyroid hormone, pg/mL

B2 microglobulin, mg/L
Ferritin, ng/mL
Transferrin saturation, %
Zinc, pg/dL

Glycated hemoglobin, %
Glycoalbumin, %

nPCR, g/kg/day

Single pool Kt/V

Anti-SARS-CoV-2 spike antibody titer, AU/mL

71.4+122
41 (54.7%)
22.0+4.1
5.7+6.1[1.0-8.5]
14 (18.7%)
12 (16.0%)
35 (46.7%)
39 (52.0%)
17 (22.7%)
9 (12.0%)
20 (26.7%)
4(5.3%)

6 (8.0%)
4(5.3%)

28 (37.3%)
23 (30.7%)
65 (86.7%)
6 (8.0%)

49 (65.3%)
11 (14.7%)
60 (80.0%)
61 (81.3%)
28 (37.3%)
3.6+0.3
64392072
11924510
109+1.0
19.3+5.8
5794139
9.7+2.8
138.2+3.1
4.6+0.7
101.8+3.5
8.3+0.5
5.0+1.3
26+04
69+13
154.2+33.5
0.53+1.19 [0.07-0.42]
147.5+76.2
28.7+7.5
209.9+153.9
30.2+17.6
60.7+£23.4
55+1.1
17.7+4.5
0.73+0.22
1.46+0.29
3589 +3921 [813-4468]

48.5+14.4
10 (45.5%)
23.7+54
10 (45.5%)
15 (68.2%)
2(9.1%)
6 (27.3%)
9 (40.9%)
0(0.0%)
0(0.0%)
0(0.0%)
0(0.0%)
0(0.0%)
2(9.1%)
3 (13.6%)
0(0.0%)
0(0.0%)
0(0.0%)
0(0.0%)
0(0.0%)
0(0.0%)
0(0.0%)

12,634 + 18,804 [3472-10257]

ESA erythropoiesis-stimulating agent, HBV hepatitis B virus, HCV hepatitis C virus, HIF-PH hypoxia-
inducible factor prolyl hydroxylase, K#/V urea clearance, nPCR normalized protein catabolism rate, RAS
renin—angiotensin system, SARS-CoV-2 severe acute respiratory syndrome coronavirus 2
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workers (45.5%) had a past or current smoking history, and
15 workers (68.2%) had an alcohol consumption habit. The
percentages of workers with diabetes mellitus, hyperten-
sion, allergic diseases, and autoimmune diseases were 9.1%,
27.3%, 40.9%, and 0.0%, respectively. No worker had any
history of hepatitis B virus, hepatitis C virus, or syphilis
infection.

Medication use among patients was as follows: corticos-
teroids, 5.3%; renin—angiotensin system inhibitors, 37.3%;
statins, 30.7%; erythropoiesis-stimulating agents, 86.7%;
hypoxia-inducible factor prolyl hydroxylase inhibitors, 8.0%;
iron supplements, 65.3%; zinc supplements, 14.7%; phos-
phate binders, 80.0%; vitamin D analogs, 81.3%; and calci-
mimetics, 37.3%. None of the healthcare workers received
any medications, except for five workers (renin—angiotensin
system inhibitors, n=2; statins, n=23).

The anti-SARS-CoV-2 spike antibody titer in hemodi-
alysis patients was 3589 +3921 [813—4,468] AU/mL. The
distribution of patients according to their anti-SARS-CoV-2
spike antibody titers is shown in Fig. la. The anti-SARS-
CoV-2 spike antibody titer was not significantly different
between patients with autoimmune diseases treated with
or without corticosteroids (1087 1240 vs. 2347 + 877,
p=0.37). The distribution of healthcare workers according
to their anti-SARS-CoV-2 spike antibody titers is shown in
Fig. 1b. Other clinical parameters were not measured among
healthcare workers.

Factors associated with the log-anti-SARS-CoV-2
spike antibody titer after the second BNT162bh2
mRNA COVID-19 vaccination

Simple linear regression analyses showed that the log-anti-
SARS-CoV-2 spike antibody titer was significantly corre-
lated with autoimmune disease presence and hemoglobin,
sodium, and chloride levels. We performed a multiple linear
regression analysis using the variables that showed marginal
or significant correlations (p < 0.10) with the log-anti-SARS-
CoV-2 spike antibody titer in simple linear regression analy-
ses (Table 2). This analysis revealed that autoimmune dis-
ease presence (standard coefficient [#]= —0.290, p=0.018),
lymphocyte counts (f=0.261, p=0.015), hemoglobin
(#=0.290, p=0.009), and blood urea nitrogen (BUN)
(#=0.254, p=0.033) were independently correlated with
the log-anti-SARS-CoV-2 spike antibody titer.

Comparison of anti-SARS-CoV-2 spike
antibody titers between hemodialysis patients
and the control group

The anti-SARS-CoV-2 spike antibody titer was signifi-
cantly lower in hemodialysis patients that in healthcare
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Fig. 1 a Distribution of hemodialysis patients according to their anti-
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
spike antibody titers. b Distribution of healthcare workers according
to their anti-SARS-CoV-2 spike antibody titers

workers (3589 +3921 [813-4468] vs. 12,634 + 18,804
[3472-10,257], p <0.002; Fig. 2).

Discussion

We identified factors associated with the anti-SARS-CoV-2
spike antibody titer after the second dose of the COVID-
19 vaccine in Japanese hemodialysis patients. Multiple lin-
ear regression analysis revealed that autoimmune disease
presence, lymphocyte counts, hemoglobin levels, and BUN
concentrations in hemodialysis patients were independently
correlated with the anti-SARS-CoV-2 spike antibody titer
after the second dose of the COVID-19 vaccine. The anti-
SARS-CoV-2 spike antibody titer was significantly lower in
hemodialysis patients that in healthcare workers.

Recent studies reported that the lymphocyte count was
positively associated with the anti-SARS-CoV-2 spike
antibody response in hemodialysis patients who received
a COVID-19 vaccination [4-6]. Our present findings also
revealed that the lymphocyte count was positively and
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Table 2 Simple and multiple

Variables Simple linear regression analysis Multivariate linear regression
linear regression analyses of analysis
the variables correlated with
log-anti-SARS-CoV-2 spike Standard coefficient p value Standard coefficient p value
antibody titer
Age, years —0.199 0.09 —0.034 0.75
Male, yes vs. no 0.075 0.52
Body mass index, kg/m? —-0.002 0.98
Log-hemodialysis duration, years —0.164 0.16
Past or current smoking, yes vs. no -0.021 0.86
Alcohol drinking, yes vs. no 0.096 0.41
Diabetes mellitus, yes vs. no 0.209 0.07 0.141 0.20
Hypertension, yes vs. no 0.077 0.51
Allergic disease, yes vs. no 0.440 0.44
Autoimmune disease, yes vs. no —0.302 0.009* —0.290 0.018%*
Previous HBV infection, yes vs. no -0.130 0.27
Previous HCV infection, yes vs. no -0.102 0.38
Previous syphilis infection, yes vs. no 0.018 0.88
Corticosteroid, yes vs. no —-0.204 0.08 0.043 0.72
RAS inhibitor, yes vs. no 0.103 0.38
Statin, yes vs. no —-0.120 0.31
ESA, yes vs. no —-0.161 0.17
HIF-PH inhibitor, yes vs. no 0.215 0.06 —0.007 0.95
Iron supplement, yes vs. no 0.185 0.11
Zinc supplement, yes vs. no 0.022 0.85
Phosphate binder, yes vs. no —-0.049 0.68
Vitamin D analog, yes vs. no -0.112 0.34
Calcimimetic, yes vs. no —-0.052 0.66
Albumin, g/dL 0.162 0.16
White blood cell count, /uL. —0.100 0.39
Lymphocyte count, /pL 0.221 0.06 0.261 0.015*
Hemoglobin, g/dL 0.261 0.024* 0.290 0.009*
Platelet count, x 10*/uL —0.066 0.58
Blood urea nitrogen, mg/dL 0.217 0.06 0.254 0.033%*
Creatinine, mg/dL 0.109 0.35
Sodium, mEq/L -0.236 0.042%* -0.173 0.29
Potassium, mEq/L 0.055 0.64
Chloride, mEq/L -0.273 0.018%* —0.096 0.55
Total calcium, mg/dL —-0.007 0.95
Phosphate, mg/dL 0.222 0.06 0.096 0.40
Magnesium, mg/dL 0.150 0.20
Uric acid, mg/dL 0.044 0.71
Total cholesterol, mg/dL —-0.082 0.48
Log-C-reactive protein, mg/dL 0.021 0.86
Intact-parathyroid hormone, pg/mL 0.112 0.34
B2 microglobulin, mg/L 0.023 0.84
Ferritin, ng/mL 0.175 0.13
Transferrin saturation, % 0.119 0.31
Zinc, pg/dL 0.061 0.61
Glycated hemoglobin, % 0.189 0.10
Glycoalbumin, % 0.168 0.15
nPCR, g/kg/day 0.021 0.86
Single pool Kt/V 0.018 0.88

ESA erythropoiesis-stimulating agent, HBV hepatitis B virus, HCV hepatitis C virus, HIF-PH hypoxia-
inducible factor prolyl hydroxylase, K#/V urea clearance, nPCR normalized protein catabolism rate, RAS
renin—angiotensin system, SARS-CoV-2 severe acute respiratory syndrome coronavirus 2

“p<0.05
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significantly correlated with the anti-SARS-CoV-2 spike
antibody titer after COVID-19 vaccination in hemodialy-
sis patients. These results suggest that the lymphocyte
count may predict the humoral immune response after
COVID-19 vaccination in patients undergoing hemodi-
alysis. Autoimmune diseases were reported to negatively
affect antibody production after vaccination [8, 9]. Our
present analyses indicated that after adjusting for covari-
ates, including corticosteroid use and lymphocyte counts,
autoimmune disease presence was independently and
negatively associated with the anti-SARS-CoV-2 spike
antibody titer. These results suggest that autoimmune
diseases may lead to a weaker humoral immune response
to COVID-19 vaccines in hemodialysis patients. Anemia
diminishes adaptive immune responses, including cell-
mediated and humoral immunity [10]. In the present study,
the hemoglobin concentration in hemodialysis patients
was positively correlated with the anti-SARS-CoV-2
spike antibody titer after COVID-19 vaccination. These
findings suggest that maintaining a higher hemoglobin
level might augment the anti-SARS-CoV-2 spike anti-
body response in hemodialysis patients after they receive
a COVID-19 vaccination. Further studies are required
to investigate whether maintaining a higher hemoglobin
level leads to a greater anti-SARS-CoV-2 spike antibody
response in hemodialysis patients after COVID-19 vacci-
nation. BUN, derived from protein catabolism, is a major
nutritional parameter in hemodialysis patients [11]. We
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(n=22)

(n=75)

observed that the BUN concentration was positively cor-
related with anti-SARS-CoV-2 spike antibody titers in
hemodialysis patients after COVID-19 vaccination. How-
ever, the normalized protein catabolism rate—an indirect
marker of dietary protein intake—was not associated with
anti-SARS-CoV-2 spike antibody titers in hemodialysis
patients in our study. The BUN concentration was reported
to be affected by various factors, including the catabolic
state, gastrointestinal bleeding, corticosteroid therapy, and
dietary protein intake [12]. These factors might have influ-
enced our present findings. Further studies are required
to clarify whether dietary protein intake is associated
with the anti-SARS-CoV-2 spike antibody response after
COVID-19 vaccination in hemodialysis patients.

Many studies have reported that age was negatively
associated with the anti-SARS-CoV-2 spike antibody
response in hemodialysis patients [4—6, 13, 14]. However,
in the present study, age was not associated with the anti-
SARS-CoV-2 spike antibody titer in hemodialysis patients.
Several reasons might explain the discrepancy between
our results and those of previous studies. First, previous
studies analyzed Caucasian patients, whereas our study
involved Japanese patients. Therefore, the difference in
ethnicity might have affected our results. Second, we con-
ducted multiple linear regression analyses that used more
covariates, including hemoglobin and BUN, compared
with previous studies. These covariates might have influ-
enced our results. Further studies incorporating different
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ethnicities and other covariates are necessary to clarify the
influence of age on the anti-SARS-CoV-2 spike antibody
response in hemodialysis patients.

In the present study, anti-SARS-CoV-2 spike antibody
titers were measured 4 weeks after the second dose of the
COVID-19 vaccine. In most studies that investigated fac-
tors associated with the anti-SARS-CoV-2 spike antibody
response, the anti-SARS-CoV-2 spike antibody titer was
measured between 3 and 6 weeks after the second dose of
the COVID-19 vaccine [4, 5, 13—15]. However, one study
reported that the anti-SARS-CoV-2 spike antibody titers in
hemodialysis patients started to increase more slowly com-
pared with those in healthy controls and continued to rise
5 weeks after the second dose of the COVID-19 vaccine
[6]. Further studies are necessary to determine the opti-
mal timing of anti-SARS-CoV-2 spike antibody response
measurements for hemodialysis patients. In our study,
the age of hemodialysis patients was 71.4+12.2 years,
and that of healthy controls was 48.5 + 14.4 years. Most
previous studies that compared the anti-SARS-CoV-2
spike antibody response between hemodialysis patients
and healthy controls had a considerable difference in
age between the two groups (approximately 70 years vs.
approximately 50 years) [13—15]. Therefore, studies with
an appropriate age-matched control group are warranted
to assess the anti-SARS-CoV-2 spike antibody response in
hemodialysis patients.

This study had several limitations. First, it was conducted
with a relatively small number of patients (n=75) from a
single center, which might have reduced the statistical power
to detect significance. Second, all participants were Japanese
patients from a single center, which might limit the gener-
alizability of our study findings. Third, the possibility that
asymptomatic COVID-19-infected patients might have been
included in this study cannot be excluded, although we did
not include patients who were suffering from COVID-19.
Fourth, the anti-SARS-CoV-2 spike antibody titer measured
before a second COVID-19 vaccination was reported to be
positively correlated with the anti-SARS-CoV-2 spike anti-
body titer obtained after the second COVID-19 vaccination
in patients without renal impairment [16]. However, we did
not investigate the influence of the anti-SARS-CoV-2 spike
antibody titer determined before the second COVID-19
vaccination in this study, because the patients’ anti-SARS-
CoV-2 spike antibody titer was not measured before their
second COVID-19 vaccination. Therefore, large-scale, mul-
ticenter, and multiethnic studies are needed to validate our
present findings.

In conclusion, autoimmune disease presence, lympho-
cyte counts, hemoglobin levels, and BUN concentrations
were associated with the anti-SARS-CoV-2 spike antibody
titer in Japanese patients undergoing hemodialysis after they
received the second dose of the COVID-19 vaccine.
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