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Abstract

Background: Studies have shown that immune responses to COVID-19 vaccines are impaired in dialysis
patients, which may affect their immunity to vaccines. Therefore, this study aimed to evaluate SARS-COV-2
neutralizing antibodies in hemodialysis patients for 2 and 6 weeks after receiving inactivated Sinopharm
vaccine.

Method: In this study, 172 people were divided into two groups. The first group included 108 hemodialysis
patients, while the second group included 64 health workers as a control group. To evaluate SARS-COV-2
neutralizing antibody titers, peripheral blood samples were collected from all participants 2 and 6 weeks
after receiving the second dose of the Sinopharm vaccine. Samples were centrifuged, and the neutralizing
antibody against the receptor-binding domain (RBD) was determined using the indirect ELISA technique.

Results: Hemodialysis patients had lower IgG-neutralizing antibody titers than the control group (P <0.001).
The titers of SARS-COV-2 neutralizing antibodies were not significantly different at two weeks compared
to six weeks after vaccination (P=0.9204). Our findings showed a significant increase in titers of IgG-
neutralizing antibodies after vaccination in people with a history of COVID-19 (P=0.002). The seropositivity
rate for neutralizing antibodies against RBD was significantly different between seropositive (immune) and
seronegative (non-immune) patients six weeks after vaccination (P=0.022).

Conclusion: The titers of neutralizing antibodies against SARS-COV-2 were lower in hemodialysis patients
than in healthy individuals. This is probably due to the poor immune system. However, patients who received
two doses of inactivated Sinopharm vaccine showed a higher antibody titer six weeks after vaccination.
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Introduction clude fever, shortness of breath, fatigue, muscle

Coronavirus Disease 2019 (COVID-19) is an pains, and dry cough (1). It has also been report-
emerging respiratory disease first identified in De- ed that 10-20% of patients with COVID-19 de-
cember 2019 in China. The SARS-CoV-2 causes velop a severe stage of the disease, which will be
COVID-19, and its primary clinical symptoms in- accompanied by acute respiratory distress syn-
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drome, septic shock, metabolic acidosis, coagula-
tion disorders, and damage to the heart, kidneys,
and liver. (2-4).

According to a systematic review, by February
2021, Chronic Kidney Disease (CKD) patients
on dialysis are more likely to develop COVID-19
than other CKD patients (5). Dialysis patients are
more at risk of COVID-19 than other people in
the community due to frequent visits to health
centers for dialysis (6). Also, due to the effect of
uremic conditions on the immune system and
the use of immunosuppressive drugs in some
dialysis patients, according to a study by the Eu-
ropean Renal Association COVID-19 Database
(ERACODA), mortality from COVID-19 within
28 days of the initiation of the disease in CKD pa-
tients undergoing dialysis was estimated at 25%
(6). Numerous factors such as patient's age, nu-
tritional status, severity of disease, underlying
health conditions, race, and dialysis status (type
and duration of dialysis) can affect the prognosis
of CKD patients infected by SARS-CoV-2 (7-9).
Along with the use of masks and social distanc-
ing, the vaccines are known as one of the most
essential ways to establish a sustainable immune
response and reduce the spread of the virus (10).
Therefore, various studies have been performed
to evaluate the efficacy of COVID-19 in healthy
individuals and those with underlying diseases.
Polack et al. have reported a 95% efficiency of the
Pfizer-BioNTech vaccine for people over the age
of 16 years in 152 regions of the world (11). An-
other study has reported the efficacy of the Ox-
ford-AstraZeneca vaccine at 62.1% and 90% in
people who received two standard doses and peo-
ple who received a low dose followed by a stan-
dard dose, respectively. The overall efficacy of the
Oxford-AstraZeneca vaccine in two groups was
70.4% (12). Moreover, the efficacy rate of Sputnik
V vaccine was 91.6% for coronavirus variants (13).
According to the results of phase III of clinical tri-
als in Arab countries, the efficacy of the BBIBP-
CorV vaccine was reported to be 78.1% in adults
aged 18-59 years (14). The BBIBP-CorV vaccine
is a passive vaccine (Vero cell) against the SARS-
CoV-2 developed by the Sinopharm company.
This vaccine is inactivated with 6-propiolactone
and contains aluminum hydroxide as an adjuvant
(14). In Iran, due to its better availability and few-
er side effects, this vaccine was used to immunize

people with specific and chronic diseases and the
elderly. So far, there is not much evidence about
the immunogenicity of this vaccine in the elderly,
patients with underlying health conditions, and
particular diseases (14).

Neutralizing antibodies are induced by nat-
ural or vaccine antigens to protect a cell against
a pathogen or infectious particle by neutralizing
all biological effects (15). Neutralizing antibodies
can be used for passive immunization, especial-
ly for people who do not have an intact immune
system, such as patients who receive dialysis (16).
These antibodies can also be effective in vaccine
production and active immunity by identifying
their binding sites and structure (17). After the
outbreak of COVID-19, the idea of measuring
the level of neutralizing antibodies in recovered
patients and vaccine recipients was introduced.
A study by Khoury et al. on COVID-19 vaccines
and recovered patients in 2021 found that neu-
tralizing antibodies markedly protect against the
incidence of detectable COVID-19. The study
also found that the level of antibodies needed to
50% protect against severe COVID-19 was sig-
nificantly lower than that of antibodies needed
to 50% protect against detectable COVID-19. In
addition, it was shown that after 250 days, the
degree of protection against COVID-19 was sig-
nificantly reduced due to a decrease in the titer of
neutralizing antibodies (18). Also, several studies
have suggested that people with comorbidities
(e.g., diabetes mellitus and cardiovascular dis-
ease) did not develop robust immunity respons-
es to the vaccines (19). Giizel et al. showed that
people with cardiovascular diseases and diabetes
mellitus had lower titers of COVID-19 IgG anti-
body (20). In another study, Erol et al. suggested
lower seropositivity after receiving COVID-19
vaccines in solid-organ transplant recipients than
in healthy adults (67.5% vs. 100%) (21).

Due to the poor immune responses in patients
who receive dialysis, the efficacy of vaccines and
subsequent production of protective neutralizing
antibodies may be lower. It has been shown that
the efficacy of antiviral vaccines, such as influen-
za vaccines, can be determined by the titer of the
neutralizing antibodies as well as the duration of
specific immunity (22). The production of neu-
tralizing antibodies in dialysis patients after re-
ceiving a single dose of the Pfizer-BioNTech vac-
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cine showed that only about one-third of dialysis
patients developed neutralizing antibodies with a
low titer after receiving a single dose of the vac-
cine (23).

The antibody production after receiving
COVID-19 vaccines in dialysis patients is still un-
known, and we do not know whether additional
doses are needed or what the injection schedule
should be. Virus neutralization is the gold stan-
dard method for determining antibody efficacy.
Therefore, measuring the titer of neutralizing an-
tibodies after injection of the vaccine can help de-
termine its efficacy (23, 24). This study evaluated
the efficacy of COVID-19-inactivated Sinopharm
vaccines in hemodialysis patients of Birjand Spe-
cial Diseases Center by examining the titers of
neutralizing antibodies following vaccination.

Materials and Methods
Study population

This study included 108 dialysis patients re-
ferred to the Special Diseases Center of Birjand
University of Medical Sciences in eastern Iran.
Inclusion criteria included signing written in-
formed consent to participate and completing
vaccination with the Sinopharm vaccine (injected
into the deltoid muscle in two doses of 0.5 ml at
21-28 days). Patients who received any immuno-
suppressive medications or people who received
other vaccines were excluded from the study. The
control group (n=64) was also selected from the
Birjand University of Medical Sciences staff im-
munized with the Sinopharm vaccine who had no
history of chronic disease or consumption of im-
munosuppressive medications. First, the aims of
the study were complete, simple, and clearly ex-
plained to the participants, and written informed
consent was obtained. This study has been ap-
proved by the Research Ethics Committee of Bir-
jand University of Medical Sciences (Approval
ID: IR.BUMS.REC.1400.344). The second dose of
the vaccine was injected from 5 June 2021 to 11
June 2021. In this study, frozen serum at -20°C
was obtained from 19 June 2021 to 25 June 2021
(two weeks after injection of the second dose),
and fresh serum obtained from 17 July 2021 to
23 July 2021 (six weeks after injection of the sec-
ond dose) were used to evaluate neutralizing an-
tibodies. It is worth mentioning that the patients
of this center are sampled monthly during dialysis

sessions for biochemical tests. Therefore, in this
study, routine samples were used to prevent the
imposition of additional sampling on patients.
The basic information of patients, including sex,
age, history of COVID-19 (based on RT-PCR
test), duration of dialysis, suffering from chronic
diseases (cardiovascular diseases, hypertension,
endocrine diseases, cancer, autoimmune diseases,
immunodeficiency diseases and history of organ
transplantation) and the cause of renal failure and
dialysis were collected based on the Health Infor-
mation System (HIS) of the center. Also, the par-
aclinical parameters, such as the levels of Fasting
Blood Sugar (FBS), Blood Urea Nitrogen (BUN),
and Complete Blood Count with Differential
(CBC diff) etc., were evaluated during the study.

Assessment of neutralizing antibodies

The time interval for assessment of neutralizing
antibody titers (two and six weeks after comple-
tion of the second dose vaccination) was deter-
mined based on the study of Agur et al. (25). Five
milliliters of venous blood were taken from the
participants and poured into tubes containing an-
ticoagulants to obtain fresh serum. The blood was
centrifuged at 3000 rpm for 10 minutes. The iso-
lated serum was stored for 24-48 hours in a refrig-
erator at 2-8°C or, if necessary, at -20°C. To eval-
uate the level of anti-SARS-CoV-2 neutralizing
antibodies, a commercial IgG antibody detection
kit against the SARS-CoV-2 receptor-binding do-
main (RBD) (ChemoBind®, Iran) was used. This
kit can detect RBD-ACE2 reaction inhibitory an-
tibodies by indirect ELISA. Thus, the plate wells
were coated with RBD antigen (spike protein).
Finally, the immunological status ratio (ISR) was
measured, and based on the ISR value, the sam-
ples were divided into three categories: positive
(ISR >1.1), negative (ISR <0.8), and the need for
retesting (0.8-1.1). According to the lab kit bro-
chure, the specificity and sensitivity of this com-
mercial kit were reported to be 100%.

Statistical analysis

The quantitative and qualitative variables were
described by central indicators (mean + standard
deviation (SD) and frequency percentage, respec-
tively). After checking the normality of quanti-
tative data with the Kolmogorov-Smirnov test,
non-parametric tests were used due to the ab-
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normal distribution of data. Mann-Whitney and
Kruskal-Wallis statistical tests were used to eval-
uate the significance of differences in quantitative
dependent variables in two independent groups
or more than two independent groups, respec-
tively. The chi-squared test was also used to com-
pare the two qualitative variables. Data analysis
was performed using the IBM SPSS Statistics for
Windows, version 23 (IBM Corp., Armonk, NY,
USA). Moreover, statistical charts were drawn us-
ing Graph Pad Prism version 6.04 for Windows
(Graph Pad Software, La Jolla, California, USA).
The significance level was considered as P <0.05.

Results
Patients’ demographic information

Table 1 shows the demographic information
of participants. The mean age of individuals was

61.1 £ 16.1 and 38.9 + 10.7 years in patients and
control group, respectively. In this study, 81.2%
of patients had no history of positive COVID-19
PCR tests, while 7.9% were positive after vacci-
nation. The SARS-CoV-2 neutralizing antibodies
were detected in 54.2% and 73.0% of patients and
healthy individuals two weeks after vaccination,
respectively.

IgG-neutralizing antibody titer

The comparison of anti-COVID-19 IgG neu-
tralizing antibody titers between the control
group and the case group has been shown in
Figure 1 during two and six weeks after receiv-
ing the second dose of the BBIBP-CorV vaccine.
The neutralizing antibody titers were significantly
lower in hemodialysis patients compared to the
control group (P <0.001).

Table 1. Comparison of demographic characteristics and neutralizing antibodies seropositivity between
cases and controls

Variables Case (n=101) Control (n=63) P-value
Age Mean £SD 61.1x16.1 38.9+10.7
Sex (%)
Male 61 (60.4%) 15 (23.8%)
Female 40 (39.6%) 48 (76.2%)
Etiology of dialysis (%o)
Diabetes mellitus 38 (37.6%) - -
Hypertension 32 (31.7%) -
Others 31 (30.7%) -
History of COVID-19 PCR (%)
Negative 82 (81.2%) 50 (79.4%)
Positive, before vaccination 11 (10.9%) 13 (20.6%) 0.023**
Positive, after vaccination 8 (7.9%) 0 (0.0%)
Antibody mean titers after two weeks (SD) 1.84 (1.69) 2.54(1.73) 0.001"
Antibody mean titers after six weeks (SD) 1.82 (1.62) - -
Neutralizing antibodies after two weeks (%)
Positive 52 (54.2%) 46 (73.0%) 0.017"
Negative 44 (45.8%) 17 (27.0%)
Neutralizing antibodies after six weeks (%o)
Positive 42 (46.7%) -
Negative 48 (53.3%) - )

*The Mann-Whitney U test was used.

**A chi-squared test was used.
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Figure 1. Comparison of anti-COVID-19 IgG neutralizing antibodies.
Hemodialysis patients had significantly lower neutralizing antibody titers than the control group
(P <0.001). Data are represented as Mean + SEM). ns, non-significant.
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Figure 2. Titers of anti-COVID-19 IgG neutralizing antibodies before and after vaccination.
A significant difference in titers of anti-COVID-19 IgG neutralizing antibodies was seen in PCR
negative compared to the PCR positive individuals (P <0.001).

However, there was no significant difference
between titers of neutralizing antibodies in two
weeks compared to six weeks after receiving
the second dose of the BBIBP-CorV vaccine
(P=0.9204).

Neutralizing antibody titers in PCR-positive
and PCR-negative patients

We have also compared the IgG-neutralizing
antibody titers based on the positive and negative
history of COVID-19 PCR test. The titers of neu-
tralizing antibodies were measured in patients
with a history of positive PCR tests before vacci-
nation during two and six weeks after vaccination

(Figure 2). Data analysis showed a significant dif-
ference between the PCR-negative compared to
the PCR-positive patients between two and six
weeks after vaccination (P <0.001).

Seropositivity rate after vaccination

Table 2 shows the seropositivity rate in im-
mune and non-immune individuals two and
six weeks after receiving the second dose of the
BBIBP-CorV vaccine. Our results suggested that
the seropositivity rate in seropositive (immune)
individuals was significantly higher than in sero-
negative (non-immune) individuals six weeks af-
ter vaccination (P=0.022).
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Table 2. Comparison of the seropositivity rate for neutralizing antibodies against RBD protein on
COVID-19 in two and six weeks after receiving the second dose of the BBIBP-CorV vaccine

History of COVID-19 PCR After two W;‘\?ks After six we;Iks ControlN
Test Immune . on- Immune . on- Immune . on-
immune immune immune
Negative 38 39 (50.7%) 29 45 (60.8%) 35 15 (30.0%)
(49.3%) ' (39.2%) ’ (70.0%) ’
Positive, before vaccination | 8 (72.7%) 3(27.3%) | 7(70.0%) 3 (30.0%) (841é°/) 2 (15.4%)
d 0
Positive, after vaccination | 6 (75.0%)  2(25.0%) a 00609/) 0(0.0%) 0 (0.0%) 0 (0.0%)
. 0
P-value 0.287 0.022 0.290
Discussion these vaccines are not able to activate cellular

According to previous studies, dialysis pa-
tients, like other patients with chronic diseases,
are more likely to be infected and die by SARS-
CoV-2 (1, 7). Our results showed that the immu-
nity developed in dialysis patients was lower than
in the control group. Also, the antibody level was
decreased six weeks after the second dose of the
BBIBP-CorV vaccine. The low immune response
to vaccines in dialysis patients may be due to the
use of immunosuppressive drugs or the condition
of CKD (26). In dialysis patients, due to the fail-
ure of kidney function and decreased renal clear-
ance, a large level of inflammatory cytokines and
chemokines are increased and can cause severe
symptoms in these patients. Also, due to uremic
conditions, epigenetic changes in hematopoiet-
ic stem cells resulted in a shift from a lymphoid
cell line to a myeloid cell line (27). Therefore, B
and T lymphocytes derived from the lymphoid
cell line are reduced, which leads to a lower im-
mune response to vaccines. Many studies were
conducted on the immunogenicity of BNT162b2,
an mRNA-based vaccine (25, 28-31), and the
results were consistent with our results. Howev-
er, the mean age of patients who participated in
this study was relatively higher than the studies
mentioned above, and this may lead to low im-
munogenicity after vaccination in hemodialysis
patients. Also, in the present study, immunoge-
nicity and the level of neutralizing antibodies
were measured two and six weeks after the injec-
tion of the second dose, which is longer than the
previous studies and makes our results valuable;
this long follow-up can justify the lower immuni-
zation of the vaccine in this study.

The low immunogenicity of the inactivated
vaccines such as BBIBP-CorV could be because

immunity and T lymphocyte responses fully
(32). The inactivated vaccines mostly stimulate B
lymphocyte responses in order to produce neu-
tralizing antibodies against the spike protein of
SARS-CoV-2, which remain active for several
months. (32). However, over time, with the dis-
appearance of vaccine stimulation and memory B
lymphocytes, the level of neutralizing antibodies
decreases, and the individuals become suscepti-
ble to reinfection with SARS-CoV-2 (33)In con-
trast, it has been shown that mRNA-based vac-
cines act similarly to the SARS-CoV-2 virus and
activate cellular immunity, resulting in stronger
and more stable immunity. (34). Also, due to the
use of aluminum hydroxide as an adjuvant in the
BBIBP-CorV vaccine, the immune system tends
to allergic reactions, and Th2 cells are activated
more than Th1 cells. This increases the prevalence
of hypersensitivity reactions and prevents the ac-
tivation of cellular immunity and the production
of neutralizing antibodies against SARS-CoV-2
(35).

According to our results, in both dialysis pa-
tients and the control group, a positive COVID-19
history resulted in stronger and more stable im-
munity. It has been shown that activation of the
immune system by contact with all antigenic
components of the SARS-CoV-2 leads to stronger
and more stable immunity than contact with the
spike protein in the inactivated vaccine (36). In
the present study, there was no significant differ-
ence between the immunogenicity of the vaccine
in men and women in both dialysis and control
groups, which is consistent with another study
performed on the BBIBP-CorV vaccine (37).
Also, it is important to note that we performed
biochemical tests monthly, and no significant dif-
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ference was observed in the seropositivity rate of
the Sinopharm vaccine based on laboratory tests.
Moreover, due to the limited age range of patients
in this study, no significant difference in the se-
ropositivity rate was observed in dialysis patients
based on their age. However, according to a pre-
vious study, factors such as serum albumin levels,
peripheral venous iron levels, Body Mass Index
(BMI) >30, and the age of patients can affect the
production of neutralizing antibodies and sero-
positivity in dialysis patients (25).

Due to time limitations, it was impossible to
lengthen the study period and further investigate
the effect of time on the level of neutralizing anti-
bodies. It is recommended that these antibodies'
levels be monitored over time. Also, due to the
decrease in the titers of antibodies, it is suggest-
ed to measure the titers of neutralizing antibodies
three times at 0, 2, and 6 weeks after the injection
of the booster dose in order to evaluate the effect
of the booster dose on the immune responses
to the BBIBP-CorV vaccine. Another limitation
of this study was the lack of evaluation of cellu-
lar immunity in these patients. Given that many
countries, especially developing countries use the
Sinopharm vaccine, it seems necessary to study
the immunogenicity of this vaccine in patients
with other underlying diseases to better manage
vaccination protocols in these patients.

Conclusions

Injecting two doses of inactivated BBIBP-CorV
led to relative short-term immunogenicity in di-
alysis patients. Also, people with a positive his-
tory of COVID-19 showed stronger and more
stable immunogenicity than those without a pos-
itive history of COVID-19. Six weeks after the in-
jection of the second dose, the immune response
quality decreased. The results showed that inject-
ing a third or booster dose seems necessary for
these patients, and it is recommended that mRNA
or vector-based vaccines be used as the booster
dose. These findings indicate that more long-term
studies are needed to determine the immunoge-
nicity and efficacy of the inactivated BBIBP-CorV
in hemodialysis patients.
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