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Abstract

Background: This study evaluated the antibody levels six months after administering the third dose of the
COVID-19 vaccine in hemodialysis patients.

Methods: A total of 52 hemodialysis patients were enrolled in the study. Antibody levels were assessed using the
Abbott SARS-CoV-2 immunoassay, designed to detect IgG antibodies targeting the receptor-binding domain of the
S1 subunit of the SARS-CoV-2 spike protein.

Results: The incidence of COVID-19 infection within six months following the third vaccine dose was 29.6%
(8 patients: 2 males, 25%; 6 females, 75%). Among patients who did not contract COVID-19 within this period,
9 were male (47.4%) and 10 were female (52.6%). There was no statistically significant association between
gender and the incidence of COVID-19 within six months post-vaccination (p= 0.280). The median antibody
level post-third dose was 7332.4 AU/mL (range: 10.5-40,000), which significantly decreased at the sixth month
to 3238.4 AU/mL (range: 17-29,994.7) (p= 0.001). No significant difference between male and female patients
was observed in the sixth-month antibody titers (p= 0.744). Furthermore, when analyzed by vaccine type, there
was no statistically significant difference in the decline of SARS-CoV-2 IgG antibody levels between recipients of
CoronaVac/Sinovac and BNT162b2 (Pfizer/BioNTech) [median (min-max) antibody levels: CoronaVac/Sinovac
2398.2 AU/mL (59.2-38,981.5); BNT162b2 (Pfizer/BioNTech) 11,325.7 AU/mL (17-40,000), (p= 0.181)] at the
end of the sixth month.

Conclusion: Antibody titers in hemodialysis patients significantly decreased by the end of the sixth month
following the third dose of the SARS-CoV-2 vaccine, independent of the vaccine type. This decline highlights the
potential necessity for additional booster doses to enhance and maintain immune protection against SARS-CoV-2
in this vulnerable population.

Keywords: Hemodialysis, COVID-19 vaccine, SARS-CoV-2 antibody

INTRODUCTION

COVID-19, declared a pandemic by the World Health
Organization (WHO) on March 11, 2020, is defined as
a life-threatening viral epidemic that has significantly
impacted human health (1). Since its onset in December
2019, the virus has spread globally, resulting in over
329 million confirmed cases and more than 5.5 million
deaths to date (2). Hemodialysis patients represent
a vulnerable population to severe acute respiratory

syndrome coronavirus 2 (SARS-CoV-2)-associated
morbidity and mortality, facing a 2- to 4-fold increased
risk of death compared to the general population (3.4).
While vaccination remains the most proven method
to reduce the spread of the COVID-19 pandemic,
maintaining long-term vaccine efficacy is crucial for
combating newly emerging variants.

A recent meta-analysis reported that COVID-19 mRNA
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vaccines are highly effective, especially after second
dose administration, against post-vaccination laboratory-
confirmed SARS-CoV-2 infection, symptomatic
COVID-19 infection, hospitalization, and mortality (5).
Hemodialysis patients have a higher risk of COVID-19
infection due to increased comorbidities, suppressed
immune systems, and having to be in crowded
hemodialysis rooms two/three days a week (6). It is also
a known fact that 28 days after two doses of mRNA
vaccine, dialysis patients and transplant recipients have
lower seroconversion rates compared to controls (7-9).

Sinceno effective drug has been found to treat COVID-19,
measures such as increasing decontamination by
promoting personal hygiene and cleaning, maintaining
social distancing, quarantine, and isolation, as well
as increasing the number of immune people by
expanding vaccination is very important to stop the
spread of infection (6). Recent studies have shown that
mRNA vaccines protect healthy individuals against
emerging SARS-CoV-2 variants by inducing long-term
immunological memory (10,11). However, especially
in elderly and immunocompromised patients, antibody
levels decrease rapidly within 6 months (12). These
findings highlight the value of long-term monitoring of
high-risk, renal disease patients to determine whether
more booster vaccinations or different vaccination
approaches are required.

This study examined SARS-CoV-2 IgG antibody titers
against the S1 subunit of the spike protein as a marker of
the humoral response to the 3rd dose BNT162b2 (Pfizer-
BioNTech) or CoronaVac (Sinovac Life Sciences)
vaccines in maintenance hemodialysis patients, six
months after the third COVID-19 vaccination and
aimed to compare the response in antibody titers and
to investigate the frequency of SARS-CoV-2 infection
after vaccination.

METHODS

Study Population

The study was conducted in accordance with the
principles outlined in the Declaration of Helsinki.
Ethical approval was obtained from the Samsun
University Clinical Research Ethics Committee, under
protocol number 2022/3/8. Patients with hematological
diseases, malignancies, connective tissue diseases,
immunosuppressive therapy, a history of kidney
transplantation, liver cirrhosis, chronic obstructive
pulmonary disease, or congestive heart failure were
excluded from the study.

The study included 52 adult hemodialysis patients (aged
>18 years) who received a third dose of the COVID-19
vaccine between March 2021 and November 2022.
All participants had been enrolled in a maintenance
hemodialysis program for at least six months, and their
antibody titers were eligible for measurement. Of these

52 patients, only 27 had measurable antibody levels at
the end of the sixth month post-vaccination and were
therefore included in the analysis.

Sociodemographic data, history of SARS-CoV-2
infection, COVID-19 vaccination status (including the
number, dates, and types of vaccines received), and any
COVID-19-related deaths were obtained from clinical
file records. The hospital’s electronic medical record
system was utilized to access reverse transcriptase
polymerase chain reaction (rRT-PCR) results and
relevant laboratory data from routine follow-ups. All
participants provided written informed consent for their
involvement in the study.

Sample Collection and Analysis:

Venous blood samples were collected from participants
on the 28th day following the third dose of either the
CoronaVac or BNT162b2 vaccine, with a second sample
collected at the end of the sixth month. Shortly after
collection, the samples were centrifuged and stored at
—20°C until analysis.

The Abbott “Alinity I’ platform was used in accordance
with the manufacturer’s instructions for the quantitative
analysis of antibodies using the SARS-CoV-2 IgG II
Quant assay, an automated, two-step immunoassay
designed for the detection of IgG antibodies against the
receptor-binding domain (RBD) of the SARS-CoV-2
spike protein. In this assay, paramagnetic microparticles
coated with SARS-CoV-2 antigen bind to IgG antibodies
specific to the spike protein in serum or plasma samples,
reflecting the amount of spike protein-specific IgG
present. The resulting chemiluminescence, measured
in relative light units (RLU), is compared to the IgG II
calibrator or standard to determine antibody levels.

A result of >50 AU/ml is considered positive. The
analytical measurement range for this assay is 21-40,000
AU/ml, extendable to 80,000 AU/ml with a 1:2 dilution.
The test has demonstrated high predictive accuracy, with
a positive percent agreement of 99.4% (95% confidence
interval [CI]: 96.50%-99.97%) and a negative percent
agreement of 99.6% (95% CI: 99.15%-99.37%). It
also showed agreement with a neutralization assay,
with a positive percent agreement of 100.0% (95% CI:
95.72%-100.00%) (13).

STATISTICAL ANALYSIS

All statistical analyses were performed using SPSS
version 21.0.0.1 for Windows (IBM SPSS). Data
distribution was assessed using the Kolmogorov-
Smirnov test. Continuous variables were presented as
mean =+ standard deviation or as median with minimum
and maximum values, depending on the data distribution.
Categorical variables were expressed as percentages.
The Student’s t-test or Mann-Whitney U test was used
to compare differences in laboratory parameters between
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Table 1. Socio-demographic characteristics and laboratory parameters of 27 patients participating in the study
Variable Mean + SD (range)/ median (min/max)
Age; year 59.7+10.3
Gender (Femal/Male); n and (%) 16/11 (59.3/40.7)
Dialysis time; months 32 (18/30)
Urea; mg/dL 123.26 +36.02
Creatinine; mg/dL 74+1.9
Albumin; g/dL 3.58 £0.32
Alanine aminotransferase; U/L 15 (8 —49)
Sodium; mmol/L 137.5+3.45
Potassium; mmol/L 5.08 =£0.69
Calcium; mg/dL 8.5+0.63
Phosphorus; mg/dL 4.9+ 1.24
Hemoglobin; g/dL 10.6 £ 1.16
White blood cell; 109/L 6260 £+ 1639
Platelet; 10%/L 194.78 £ 53.7
Ferritin; ng/mL 340 (118 — 805)

independent groups, based on the distribution of the
data. Categorical variables were compared using the
Chi-square test or Fisher’s Exact test, as appropriate.
Pearson correlation analysis was employed to examine
correlations. The Wilcoxon test was used to assess
differences between two dependent groups. A p-value of
<0.05 was considered statistically significant.

RESULTS

Of'the 52 patients undergoing hemodialysis in our clinic,
who received the third dose of the COVID-19 vaccine
(BNT162b2 vaccine or CoronaVac), only 27 patients
whose antibody levels could be measured at the end
of the 6th month were included in the study [11 male
40.7%, 16 female 59.3%; mean age 59.7+10.3 years
(min 37, max 80); hemodialysis duration 32 months
(min18, max 30)]. Laboratory values of the patients are
listed in Table 1.

Antibody titers were lower in patients who had Covid
within 6 months despite vaccination (12112.8 £ 6154.2)
and in patients who did not have Covid (15172.5 +
3851.5) (p= 0.004). In addition, antibody levels at the
end of the sixth month were positively correlated with
antibody levels at the end of the third dose (r= 0.58,
p= 0.002). Among those who did not have COVID-19
within 6 months following the 3rd dose of vaccine, 9 of
them were male, 47.4%, and 10 of them were female,
52.6%. There was no statistically significant difference
between gender and the rate of COVID-19 infection
within 6 months following the 3rd dose of vaccine (p=
0.280). Among those who did not have COVID-19
within 6 months following the 3rd dose of vaccine, 9 of
them were male, 47.4%, and 10 of them were female,
52.6%. There was no statistically significant difference
between gender and the rate of contracting COVID-19
within 6 months following the 3rd dose of vaccine (p=
0.280).

The last 3rd dose of vaccine administered in 9 patients

was Biontech, and Sinovac in 18 patients. It determined
that the last vaccine type of 8 patients who had
COVID-19 within 6 months following the 3rd dose of
vaccine was CoronaVac/Sinovac vaccine in 5 of them
and BNT162b2 (Pfizer/Biontec) vacci-ne in 3. There
was no statistically significant difference in the rate of
contracting Covid within 6 months following the 3rd
dose of vaccine, depending on the last vaccine type (p=
0.766). Excluding those who had COVID-19 in the last
6 months (n= 19), while the antibody level after the 3rd
dose of vaccine was 7332.4 AU/mL (median) (min/
max) (10.5-40000), a serious decrease was observed
in the 6th-month antibody titer to 3238.4 AU/mL
(median) (min/max) (17- 29994.7) (p= 0.001) (Table
2). When 8 patients who had Covid were excluded and
the effect of gender on the 6th-month antibody titer was
examined, the median 6th-month antibody titers was
3558.4 (408.8- 29994.7) in female patients (n= 10),
while it was 1815.9 (17- 29262.2) in male patients (n=
9). There was no difference in 6th-month antibody levels
between genders (p= 0.744). When the same analysis
was performed according to the last vaccine type, no
statistical difference was found between the decrease in
SARS-CoV-2 IgG antibody level for both CoronaVac/
Sinovac and BNT162b2 (Pfizer/Biontec) at the end
of the 6th month [median (min-max) respectively;
(CoronaVac/Sinovac; BNT162b2 (Pfizer/Biontec) |
[2398.2 AU/mL (59.2 —38981.5); 11325.7 (17 —40000),

Table 2. Antibody levels after the 3rd dose of vaccine and
after 6 months, excluding those who had COVID-19 in the
last 6 months

Antibody Levels;
N= 19, median (min-max)
7332.4 (10.5-40000)

After 3rd dose of vaccine
antibody levels SARS-CoV-2
IgG Antibody titers (AU/mL)

After 6 months SARS-CoV-2
IgG Antibody titers (AU/mL)

P value

3238.4 (17-29994.7)

0.001
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Table 3. SARS-CoV-2 IgG antibody level for CoronaVac/Sinovac and BNT162b2 (Pfizer/Biontec) at the end of the 6th month.

BNT162b2(Pfizer/Biontec) CoronaVac/Sinovac p value
(n=16) (n=36)
(min-max) (min-max)
End of the 6th month SARS- 11325.7 2398.2 AU/mL
CoV-2 IgG Antibody titers (AU/ (17 —40000) (59.2 - 38981.5 0.181
mL) median (min-max)

(p=0.181)] (Table 3).

DISCUSSION

This study demonstrated a significant decrease in anti-
SARS-CoV-2 antibodies 6 months after the third dose
of both CoronaVac/Sinovac and BNT162b2 (Pfizer/
Biontec mRNA vaccines) against SARS-CoV-2 in
hemodialysis patients. Our findings were consistent with
recently published studies describing decre-ased anti-
SARS-CoV-2 antibodies over time in dialysis patients
(14-16). The decrease in antibody levels was similar in
both genders. Despite the third dose of vaccine, SARS-
CoV-2 infection was obser-ved in approximately one-
third of the patients (29.6%), but there was no deaths due
to SARS-CoV-2 infection.

Patients with end-stage renal disease have been highly
affected by the pandemic in terms of COVID-19
infection and complications due to having multiple
comorbid conditions and a suppressed immune sys-
tem, and the mortality rate is significantly high in those
hospitalized (17). The frequency of SARS-CoV-2
infection in hemodialysis patients and mortality rates
due to SARS-CoV-2 infection are significantly reduced
in vaccinated individuals, and the administration of
additional vaccine doses is important in increasing and
maintaining protection against SARS-CoV-2 infection
(18). In this study, even though one-third of the patients
developed SARS-CoV-2 infection even after the third
dose of vaccination, there was no deaths due to infection,
which once again reveals the importance of vaccination.

After many vaccinations, neutralizing antibody levels
decrease at a certain rate each year (19). As is known,
antibody levels after naturally acquired SARS-CoV-2
infection decrease more slowly after 8 to 10 months than
after vaccination (20,21). In our study, we observed a
significant and rapid decrease in humoral response in
hemodialysis patients in the 6th month after vaccination.
This decrease was valid indiscriminately for both the
CoronaVac/Sinovac vaccine and the BNT162b2 (Pfizer/
Biontec) vaccine. Our findings supported other studies
in the literature (12,16).

In a study conducted with healthcare workers, it was
stated that the the incidence of symptomatic infec-tion
with SARS-CoV-2 increased due to the rapid decline in
antibody levels despite high vaccination rates, antibody
levels after the second dose were higher in women than

in men, antibody levels decrea-sed with age and antibody
titers were lower in the group with immunosuppression
(12). The fact that approximately one-third of the
patients in our study were re-infected with SARS-CoV-2
within six months despite the third dose of vaccine can
be explained by the fact that hemodialysis patients
have a suppressed immune system compared to the
healthy population, as stated in previous studies (12).
Addi-tionally, the decrease in antibody levels observed
over time in our study was independent of gender and
age. This may be due to the small number of patients
participating in the study, the high average age, and the
low number of young patients.

In SARS-CoV-2 infection, neutralizing antibodies are
associated with disease protection (22,23 ). In our study,
neutralization tests could not be measured because they
were complex and time-consuming, but antibody levels
could be measured. The fact that the antibody titers of
patients who had COVID-19 were lower than those of
patients who had not COVID-19 within 6 months despite
the vaccine reveals that the increase in the antibody level
may protect against the disease.

Limitations of our study include limited follow-up to
6 months, single-center study, small sample size, lack
of a control group, and lack of cellular immunity data.
Hemodialysis patients often have comorbidi-ties and use
many medications. The relationship between antibody
titers and comorbidities and drug use could not be
explained in the article.

CONCLUSION

Antibody titers in hemodialysis patients decline
significantly six months after receiving both the
CoronaVac (Sinovac)and BNT162b2 (Pfizer/BioNTech)
mRNA vaccines. While SARS-CoV-2 infections may
occur following the third vaccination, none of the
infected patients in this study experienced mortality. In
light of the emergence of new infection waves driven by
viral mutations during the pandemic, it is evident that a
fourth booster dose is necessary to maintain a protective
humoral response in this vulnerable population.
Additionally, strategies to prolong host immunity should
be explored to ensure adequate protection for this patient
group against SARS-CoV-2 and its variants.
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