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Abstract

Introduction: Vaccines generally have reduced effectiveness in hemodialysis

patients and a similar condition may also apply for the SARS-CoV-2 vaccines.

The aim of this study was to analyze humoral responses of hemodialysis

patients to SARS-CoV-2 vaccines.

Methods: Eighty-five maintenance hemodialysis patients who received either

inactivated or mRNA SARS-CoV-2 vaccines were investigated. Antibody levels

were measured by a commercial antibody kit, which detected antibodies

toward receptor binding domain of the SARS-CoV-2 spike protein. Compara-

tive analyzes were carried between vaccine groups and with a control group of

103 healthy volunteers.

Results: Seropositivity rate and antibody levels were significantly lower in

hemodialysis patients who received inactivated vaccine (p = 0.000). While

mRNA vaccine had better immunogenicity, both vaccines protected from

symptomatic infection when seropositivity was achieved.

Discussion/Conclusion: When used in the same dose with the general popu-

lation, inactivated SARS-CoV-2 vaccines generate reduced humoral response

in hemodialysis patients. mRNA vaccines have better immunogenicity in this

group.
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1 | INTRODUCTION

COVID-19 has been previously shown to have high mor-
tality in hemodialysis patients that may reach up to 30%.1,
2 Therefore preventive measures to reduce the infection
rates among these patients have utmost importance.3

While immunization is the best preventive strategy, effec-
tiveness of vaccines is a major concern in hemodialysis
patients as immunological response to the vaccines are

generally reduced.4 As an example, sufficient antibody
responses to hepatitis B virus (HBV) vaccine, which is
more than 90% in the general population, are around
60%–70% in hemodialysis patients.5 Disturbances of
T lymphocytes and antigen presenting cells in hemodialy-
sis patients may be responsible for low antibody response
to the vaccines.6 This may necessitate doubling the vac-
cine dose, administering booster doses, changing the
route of administration or using alternative adjuvants.
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Vaccination will be the cornerstone for ending the
COVID-19 pandemic. Different vaccines currently used
for COVID-19 are inactivated vaccines, protein subunit
vaccines, viral vector vaccines, and mRNA vaccines.7

Inactivated and mRNA vaccines are available in our
country. Any of them can be applied according to patient
preferences. Efficacy studies of these new vaccines are
carried out on general population and they suggest that
mRNA vaccines are slightly more effective than the
inactivated vaccine.7 However, their efficacies are not
clearly defined for hemodialysis patients yet.

The aim of this study is to evaluate and compare the
immunologic response toward inactivated vaccine
(CoronaVac®) and mRNA vaccine (BNT162b2) in hemo-
dialysis patients.

2 | MATERIALS AND METHODS

2.1 | Setting

The humoral responses of vaccinated hemodialysis patients
who have been followed up by two tertiary healthcare cen-
ters in Istanbul were evaluated. All of the patients were
maintenance hemodialysis patients over 18 years old.

2.2 | Hemodialysis sessions

Three times weekly routine hemodialysis sessions were
resumed for all patients in the regular hemodialysis units.
Each hemodialysis treatment was applied for 4 hours a
day. Ultrafiltration was programmed according to the
patient's volume status. Heparin or low-molecular-weight
heparins were used as anticoagulants.

2.3 | Exclusion criteria

Patients who had previous or active infection with SARS-
CoV-2, who have active malignancy or who received any
kind of immunosuppressive treatments in the previous
12 months were excluded from the study.

2.4 | Vaccines

Patients received CoronaVac®, an inactivated SARS-
CoV-2 vaccine, which was developed by Sinovac Life Sci-
ences (Beijing, China) or BNT162b2, a nucleoside-
modified RNA (mRNA) vaccine developed by BioNTech/
Pfizer. CoronaVac® was approved for emergency use in
Turkey at the end of January 2021 and BNT162b2 was

introduced as another option in April 2021. CoronaVac®

was administered intramuscularly in two doses of 3 μg
28 days apart and BNT162b2 was administered intramus-
cularly in two doses of 30-μg 28 days apart. Vaccine selec-
tion was made according to patients' preferences.

2.5 | Clinical data

Demographic data, dialysis adequacy (Kt/V urea),
chronic kidney disease (CKD) related clinical data (Time
on dialysis, serum albumin, CRP, parathormone and fer-
ritin levels, complete blood count, mean arterial pres-
sure), and antibody responses to double dose Hepatitis B
vaccines (after one cycle of 40 μg HBV vaccinations on
day 0 and at 1st, 2nd, and 6th months) were evaluated.
Patients who were able to produce hepatitis B surface
antibody (anti-HBs) titers above 10 IU/ml 2 months after
completion of a cycle were considered HBV vaccine
responsive. Local and systemic adverse events after
SARS-CoV-2 vaccinations were questioned for 2 weeks
following injections. Patients were followed up for
3 months after the second dose of the vaccines to detect
any symptomatic COVID-19.

2.6 | Control group

Control group was composed of healthy healthcare
workers who were vaccinated with CoronaVac® in a sim-
ilar protocol with the study subjects.

2.7 | Antibody evaluation

Antibody responses in the sera of vaccinated patients and
controls were analyzed 21–28 days after the second dose of
the vaccines. The analysis was carried out by Abbott SARS-
CoV-2 IgG II Quant (Chicago, USA) via Abbott ARCHI-
TECT i1000 (Chicago, USA) equipment that measures IgG
antibodies toward spike receptor-binding domain (RBD) of
SARS-CoV-2. All sera were diluted by 1:2 (75 μl serum
+ 75 μl diluent) and studied in full-automated mode.
According to the manufacturer's instructions, 50 AU/ml was
accepted as the cut-off value for positivity. Binding Antibody
Units (BAU/ml) that were recommended by WHO was cal-
culated as 0.142*AU per manufacturer's instructions.

2.8 | Baseline control

SARS-CoV-2 antibodies were screened at baseline for all
patients to exclude possible asymptomatic infections.
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Presence of current SARS-CoV-2 infection was also con-
trolled twice for all patients by polymerase chain reaction
(PCR) for SARS-CoV-2 from combined oral and nasopha-
ryngeal swabs, one before receiving the first doses
and the other before receiving the second doses of the
vaccines.

2.9 | Statistical analysis

Continuous parametric data were presented as average
± standard deviation and t-test was used for comparisons.
Mann–Whitney U test was used for data that showed
non-normal distribution. Categorical data were presented
as percentages and compared by chi-square test. Correla-
tions of continuous parameters were computed by
Pearson's test. The SPSS Statistics software version 22.0
(Chicago, IL) was used to carry out statistical analysis
and p <0.05 was accepted as the statistical significance.

2.10 | Ethical Approval

The study was approved both by the institutional review
board of the medical faculty (approval nr: 09/04/2021–A06)

and by the COVID-19 research supervision committee of
Ministry of Health (approval nr: 2021-03-08T10_50_25). All
patients gave informed consent to be a part of the study.

3 | RESULTS

A total of 106 hemodialysis patients were screened to be
involved in the study. Eleven patients had detectable
SARS-CoV-2 antibodies before vaccination, two patients
had positive PCR for SARS-CoV-2 before second dose of
the vaccines, four patients had concomitant malignancies
and four patients received immunosuppressive therapies
in the previous 12 months, which necessitated exclusions
from the study. Eighty-five patients met the inclusion
criteria. They were 59.8 ± 14.2 years old and they were
on maintenance hemodialysis for 33.2 ± 39.3 months.
Fifty patients got inactivated vaccine while 35 of them
received mRNA vaccine. Control group was composed of
103 healthy volunteers and all of the patients in the con-
trol group received inactivated vaccine.

When hemodialysis patients who received CoronaVac®

were compared with healthy controls of similar ages, both
the rate of seropositivity and antibody titers were signifi-
cantly lower (Table 1).

TABLE 1 Comparison of inactivated vaccine induced antibodies in hemodialysis patients and healthy controls

Hemodialysis (n = 50) Controls (n = 103) p

SARS-CoV-2 IgG antibodies (AU/ml) 408.9 ± 433.5 685.9 ± 436.9 0.000

Neutralizing antibodies (BAU/ml) 58.0 ± 61.5 97.3 ± 67.0 0.000

Seropositivity 40 (80%) 102 (99%) 0.000

Age 61.3 ± 15.1 59.4 ± 8.1 0.31

TABLE 2 Comparison of patient characteristics who received CoronaVac® or BNT162b2. (HBV: Hepatitis B virus)

CoronaVac® (n = 50) BNT162b2 (N = 35) p

Age 61.3 ± 15.1 57.6 ± 12.7 0.23

Sex (M/F) 29/21 23/12 0.51

Dialysis times (months) 32.1 ± 28.2 35.0 ± 51.6 0.74

Mean arterial pressure (mmHg) 100.4 ± 10.2 101.5 ± 9.2 0.61

Kt/V urea 1.66 ± 0.31 1.67 ± 0.30 0.82

Serum albumin (g/dl) 3.9 ± 0.5 3.9 ± 0.3 0.46

CRP (mg/L) 12.9 ± 15.0 8.7 ± 9.3 0.14

WBC (*103/μl) 7.7 ± 2.2 7.2 ± 4.4 0.54

Lymphocytes (/μl) 1662 ± 732 1765 ± 672 0.51

Hemoglobin (g/dl) 10.6 ± 1.4 10.7 ± 1.6 0.58

Parathormone (pg/ml) 426.6 ± 441.1 413.3 ± 240.4 0.87

Ferritin (ng/ml) 852.9 ± 577.0 927.4 ± 1312.9 0.72

HBV vaccine responsiveness (n, [%]) 33 (66) 28 (80) 0.17
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Clinical characteristics, dialysis times, dialysis effi-
cacy, and HBV vaccine responsiveness were similar for
patients who received different vaccines (Table 2). Sero-
positivity (i.e., 50 AU/ml) could be obtained in 40 (80%)
of the patients who got CoronaVac® and in 34 (97%) of
the patients who received BNT162b2. Seropositivity was
significantly higher in BNT162b2 vaccinated patients
(p = 0.023; Table 3).

Seropositivity could not be achieved in just one
patient of the BNT162b2 group and even that patient's
antibody titer was 39 AU/ml. Antibody level could be as
low as 1.2 AU/ml in the inactivated vaccine group and
average antibody level of 10 patients who did not yield a
positive response to the inactivated vaccine was 11.3
± 7.4 AU/ml. Among patients who received inactivated
vaccine, nonresponsive patients were older than the
responsive patients (67.5 ± 10.2 vs. 59.8 ± 15.8), but it
did not reach statistical significance (p = 0.15). Etiologies
of CKDs) and other clinical data were also similar for

responders and nonresponders. (Table 4) Antibody titers
of all patients who received inactivated or mRNA vac-
cines did not significantly differ.

Seventy-one percent of our patients had positive
responses to the HBV vaccine. Rates of seropositivity were
comparable with HBV vaccine and any of the SARS-
CoV-2 vaccines (p = 1.0 and p = 0.2). However, there was
a negative correlation between age and SARS-CoV-2 anti-
body titers (r = �0.42; p = 0.000). This negative correla-
tion was significant for both vaccines.

Adverse reactions that developed with different vac-
cines can be found in Table 5. Systemic adverse effects
like fever, malaise or generalized muscular pain were
more often with BNT162b2 vaccine (54% vs. 24%;
p = 0.0049). Our patients did not report any serious
adverse events that needed hospitalization.

Patients were followed up for 3 months and none of
the seropositive patients developed symptomatic infec-
tions, independent of the vaccine type. One 68 years old

TABLE 3 Antibody titres and seropositivity rates with different vaccines

CoronaVac (n = 50) BNT162b2 (N = 35) p

SARS-Cov-2 IgG (AU/ml) 408 ± 433
Median: 280
Range: [1.2–1655]

525 ± 471
Median: 389.5
Range: [39–1917]

0.24

Neutralizing Antibodies (BAU/ml) 58.5 ± 61.0
Median: 39.8

74.6 ± 66.9
Median: 55.3

0.24

Seropositivity (n, [%]) 40 (80%) 34 (97.1%) 0.023

TABLE 4 Comparison of responders and nonresponders to the inactivated vaccine

Responders (n = 40) Nonresponders (n = 10) p

Diabetes (n, [%]) 11 (27.5) 4 (40) 0.44

Hypertension (n, [%]) 10 (25) 2 (20) 0.74

Glomerulonephritis (n, [%]) 8 (20) 1 (10) 0.55

Age 59.8 ± 15.8 67.5 ± 10.2 0.15

Time on dialysis (months) 34.2 ± 30.7 23.7 ± 13.0 0.29

Kt/V (urea) 1.6 ± 0.3 1.6 ± 0.2 0.54

Mean arterial pressure (mmHg) 101.8 ± 10.1 94.9 ± 9.3 0.06

Albumin (g/dl) 3.9 ± 0.5 3.7 ± 0.6 0.44

CRP (mg/L) 14.4 ± 16.4 6.7 ± 4.8 0.15

WBC (*103/μl) 7.9 ± 2.2 6.6 ± 1.9 0.07

Lymphocytes (/μl) 1742 ± 767 1349 ± 493 0.13

Hemoglobin (g/dl) 10.6 ± 1.4 10.5 ± 1.4 0.9

Parathormone (pg/ml) 455.9 ± 461.9 315.1 ± 348.7 0.37

Ferritin (μg/L) 831.7 ± 549.3 935.5 ± 701.6 0.61

HBV vaccine responsiveness (n, [%]) 27 (67.5) 6 (60) 0.65

SARS-CoV-2 IgG (AU/ml) 508.3 ± 430.7 11.3 ± 7.4 0.001
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female patient who was seronegative (SARS-CoV-2 IgG:
12 AU/ml) after two doses of CoronaVac®, had symptom-
atic COVID-19 2 months after the second dose and she
could not be cured.

4 | DISCUSSION/CONCLUSION

Inactivated vaccines are thought to have limited immu-
nogenicity. Inactivated vaccine CoronaVac® was recently
shown to produce adequate humoral response in a group
of healthy persons.8 This vaccine received emergency use
authorization in Turkey in early 2021 and healthcare
workers were given priority to receive two doses. That is
why our control group of healthcare workers without any
reported illnesses received CoronaVac®. The elderly were
also given priority to get vaccinated. Two months later,
BNT162b2 was introduced as another option and all
hemodialysis patients, independent of their ages were
added to the priority list. Our patients have the chance to
choose either one and they often question their doctors
about the most relevant choice. With this study, it can be
claimed that mRNA vaccines are more effective in the
hemodialysis group.

The reason of our antibody kit selection is that it mea-
sures RBD domain and RBD specific antibodies have
been shown to have the highest potential to neutralize
infection.9 Thus, the response we measured will possibly
reflect the protective ability. While seropositivity rate was
much higher with the mRNA vaccine, average antibody
levels were not different between the groups. It is not
known if higher antibody levels correlate with better pro-
tection. Cellular immune response has additional roles
and these should also be studied in further studies. Pro-
longed longitudinal observation of vaccinated hemodialy-
sis patients will also help us explore if they will be
protected from any symptomatic COVID-19.

There have been previous reports about the use of
mRNA vaccines in hemodialysis patients; some reporting
reduced humoral response and others claiming high
enough immunogenicity.10–14 To our knowledge, this is
one of the first reports about the use of inactivated vac-
cine in hemodialysis patients and we have found that
mRNA vaccine is more effective than the inactivated vac-
cine. This should be underlined that, our patients did not

encounter any serious adverse events by any of the vac-
cines. On the other hand, systemic adverse events were
more often in patients who received mRNA vaccine. This
may be related to higher immunologic response with this
vaccine.

In the general population, humoral response has been
reported to be as high as 100% by two doses of mRNA
vaccine15 and 99% by two doses of inactivated vaccine.8

Humoral response may be insufficient with any of the
vaccines in the hemodialysis patients (97% for mRNA
and 80% for inactivated vaccine in our cohort). A third
dose for patients who are still seronegative after 1 month
may be a reasonable solution. A recent strategy in our
country is offering the third dose with mRNA vaccine to
the hemodialysis patients who were already vaccinated
with inactivated vaccine.

There was just one patient in the mRNA vaccine
group who did not generate antibody response that
exceeds the neutralizing threshold. Nevertheless, that
one patient still had considerable amounts of antibodies
(39 IU/ml), which may protect the patient to some
extent. On the other hand, responses of some patients in
the inactivated vaccine group stayed much lower. Among
patients who received inactivated vaccine, responders
and nonresponders had similar clinical characteristics.
Their CKD etiologies did not differ as well. Thus, being
nonresponsive to the inactivated vaccine could not be
attributed to any clinical criteria other than being a dialy-
sis patient. Higher seropositivity rates with mRNA
vaccine are encouraging to prefer mRNA vaccine for
hemodialysis patients.

One of the reasons of reduced immunogenicity of
inactivated vaccine may be that, it is used in the same
dose (3 μg) as it is used for the general population. Six
micro gram dose of the inactivated vaccine was also
found safe16 and similar to the HBV vaccination strategy,
the dose of inactivated SARS-CoV-2 vaccine can also be
doubled for hemodialysis patients. Comparative future
studies may be planned to define more effective dosing of
the inactivated vaccine.

Age was negatively correlated with the antibody
response for both vaccines. In settings where there are
not enough resources to measure antibody responses to
the vaccines, a third dose may be added to the vaccina-
tion schemes of elderly hemodialysis patients.

TABLE 5 Adverse reactions to the vaccines (patients could report more than one adverse reaction)

CoronaVac (n = 50) BNT162b2 (n = 35) p

Pain at injection site (n, [%]) 24 (48) 20 (57) 0.41

Fever, Malaise or Generalized muscular pain (n, [%]) 12 (24) 19 (54) 0.0049

None (n, [%]) 14 (28) 8 (22) 0.53
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Immunization efficacy is overall reduced in hemodialysis
patients. HBV vaccine responsiveness of our cohort was
in line with previous reports in the literature and this
assures the vaccine responsiveness of our patients.

This study has some limitations. First, the cellular
immune response to the vaccines was not a part of our
study. In addition, variation of antibody titers over time
should be checked to understand the persistence of the
humoral immune response with different vaccines. This
may also help to detect late antibody response in some
patients who are seronegative in the early phase.11 Last,
our control group was composed of subjects who received
inactivated vaccine. This was because late introduction of
BNT162b2 in our country.

In conclusion, when used in the same scheme and
dose with the general population, inactivated SARS-
CoV-2 vaccines generate reduced humoral response in
hemodialysis patients. mRNA vaccines have better
immunogenicity in this group.
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