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Purpose: To detect antibody responses to inactivated severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) vaccine in
patients undergoing hemodialysis and to investigate vaccine-related adverse events.

Patients and Methods: A total of 120 hemodialysis (HD) patients and 24 healthy controls (HCs) who had not been previously
infected with SARS-CoV-2 and had received their first dose of the inactivated vaccine (CoronaVac; Sinovac Biotech Ltd) were
recruited for this study. All participants were scheduled to receive a second dose of inactivated SARS-CoV-2 vaccine. Serum-specific
immunoglobulin M (IgM) and immunoglobulin G (IgG) antibodies against the SARS-CoV-2 were detected at least 14 days after
the second dose of vaccine using a commercial kit. Positive and negative results were defined as a sample/cutoff (S/CO) ratio>1.00 and
<1.00, respectively. Vaccination-related adverse events were assessed using a standardized questionnaire.

Results: There were no significant differences regarding the seroprevalences of IgG and IgM antibodies against SARS-CoV-2 and the
self-reported vaccination-related adverse events between HD patients and HCs. The analysis results for HD patients suggest that 82
(68.3%) and 27 (22.5%) tested positive for IgG and IgM, respectively. The levels of IgG were higher than IgM levels (P<0.0001). In
addition, the IgG-positive group had significantly higher serum albumin levels than the IgG-negative group (P<0.05). Only mild
vaccine-related adverse events were observed in two patients (1.66%) and in one healthy individual (4.2%).

Conclusion: The seroprevalences of IgG and IgM antibodies against SARS-CoV-2 and vaccination-related adverse effects are similar
between HD and HCs. The inactivated SARS-CoV-2 vaccine is effective and safe in inducing near-term immunity in hemodialysis
patients.
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Introduction

Since the end of 2019, an outbreak of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) has caused a global
pandemic of coronavirus disease 2019 (COVID-19). The rapid spread of SARS-CoV-2 and the high mortality rate associated
with this infection brought a great burden to people worldwide.! As of 19 January 2022, more than 330 million people have
been infected with SARS-CoV-2 and more than 5.55 million have died due to COVID-19 (https://covid19.who.int/).
Currently, there is a lack of clinically targeted drugs for the targeted treatment of the SARS-CoV-2.%* Apart from
implementing measures of personal protection and maintaining social distance, vaccination is an effective method for

preventing infection and protecting susceptible populations. Through orderly vaccination, herd immunity can be gradually
established in the population, thereby effectively blocking the transmission and prevalence of SARS-CoV-2.%>
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Hemodialysis (HD) patients are a high-risk group for SARS-CoV-2 infection. Studies have shown that HD patients
have a significantly increased risk of SARS-CoV-2 infection and mortality compared with the general population.®” This
may be related to the fact that HD patients suffer from complex underlying diseases, more comorbidities, poorer nutrition
and low immune function. The invasive procedures frequently performed in these patients and a centrally closed HD
environment increase the risk of infection in HD patients. Data from the US National Dialysis Platform survey showed
a mortality rate of 24.9% among dialysis patients after infection with COVID-19.® Therefore, blocking SARS-CoV-2
infection by vaccination with the SARS-CoV-2 vaccine is crucial for HD patients.

Recently, numerous studies have shown that a SARS-CoV-2 messenger RNA (mRNA) vaccine is highly immuno-
genic (seroconversion rate: >95%) in patients undergoing HD.”'® However, there are insufficient data on the effective-
ness of inactivated vaccines in HD patients. This study evaluated the efficacy and safety of an inactivated vaccines
(CoronaVac; Sinovac Biotech Ltd., Beijing China) in HD patients. Moreover, factors that influence the immunogenicity
of the vaccine and adverse events (AEs) were investigated.

Materials and Methods
Study Population

A total of 120 HD patients who had received the first dose of inactivated vaccine (Vero cells, 2 doses, Sinovac Biotech
Ltd.) were recruited from the Department of Nephrology at the Second Hospital of Anhui Medical University (Hefei,
China) between June and September 2021. The HD patients were at least 18 years old and on hemodialysis for at least 3
months. The exclusion criteria were as follows: 1) previous known COVID-19 infection in the past; 2) inability to
respond to the questionnaire; 3) any kind of immunosuppressive treatments in the previous 12 months; 4) unwillingness
to participate in the clinical study; and 5) participation in other clinical trials. Twenty-four healthy volunteers who have
received the first dose of the same vaccine were enrolled as healthy controls (HCs). All subjects will receive a second
3ug dose of SARS-CoV-2 inactivated vaccine as scheduled.

The study protocol was approved by the ethics committee of the Second Hospital of Anhui Medical University
(approval number: YX2021-107), and all participants were enrolled after providing written informed consent. The study
complied with the tenets of the Declaration of Helsinki.

Serological Assessment

Fasting venous blood (3—5 mL) was collected from all subjects >14 days after the second dose of the vaccine. The
blood samples were centrifuged at 3000 r/min for 10 min prior to testing. The levels of serum immunoglobulin
G (IgG) and immunoglobulin M (IgM) antibodies against the SARS-CoV-2 were detected using SARS-CoV-2 IgG
and IgM chemiluminescent immunoassay microparticles (CMU0302/CMU0402, 100T/kit; Autobio Diagnostics Co.,
Ltd., Zhengzhou, China). These microparticles are coated by anti-human IgG or IgM antibodies, and enzyme
conjugate is prepared with HPR-labeled SARS-CoV-2 antigen. The solid phase secondary antibody-IgG or antibody-
IgM antibody-enzyme-labeled antigen complex is generated by immunological reactions. The complex catalyzes
substrate, resulting in a chemiluminescent reaction, which is proportional to the amount of IgG or IgM antibodies
against SARS-CoV-2.

All serum samples were tested. The sensitivity and specificity of kits were 89% and 100% for IgG, and 90% and
100% for IgM, respectively. The cut-off coefficient was 0.2 for IgG, and 0.1 for IgM. The cut-off value of the kit (cut-off
value) was calculated by average relative luminescence unit (RLU) of positive control well x cut-off coefficient. The
value of S/CO was used to determine if the sample is positive for IgG or IgM antibodies against SARS-CoV-2, with the
use of the equation (RLU of tested samples/cut off), if the value of S/CO > 1.00, the result is positive. Otherwise, the
result is negative.

AEs

AEs occurring within 7 days after the second dose of the vaccine were recorded using a standardized questionnaire.'"*'?

These included local (pain, swelling, bruising) and systemic (fever, headache, fatigue, myalgia, arthralgia, dizziness,
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vomiting) events. AEs in subjects were graded using a Grade 0—4 scale (Grade 0: no event; Grade 1: mild, not interfering
with daily activities; Grade 2: moderate, interference with activities of daily living; Grade 3: severe, interruption of usual
activities of daily living; and Grade 4: hospitalization).

Statistical Analysis

Quantitative variables were expressed as the mean and standard deviation (SD) or median and interquartile range (IQR).
Categorical variables were expressed as numbers and percentages. All statistical analyses were performed using the SPSS
version 23.0 (IBM Corp., Armonk, NY, USA) software, and all figures were created using the Prism version 8.3.1
(GraphPad Inc., San Diego, CA, USA) software. P-values < 0.05 statistically significant differences.

Results

Basic Characteristics of Vaccinated Population
A total of 120 HD patients and 24 HCs were recruited for this study (Table 1). Although mismatched in age and sex
distribution, we did not observe differences in specific [gG and IgM antibody levels between the two groups (P = 0.058
and P = 0.084 respectively; Figure 1). In addition, there was no difference in the incidence of vaccination-related AEs
between the two groups of subjects (P = 0.434). The above results suggest that inactivated vaccine against COVID-19
appears to be immunogenic and well-tolerated in HD patients.

Among the 120 HD patients, etiologies mainly included glomerulonephritis (n=51; 42.5%), hypertensive nephropathy
(n=24; 20.0%), diabetic nephropathy (n=22; 18.3%), polycystic kidney (n=6; 5.0%), obstructive nephropathy (n=4;
3.3%), and other causes of renal failure (n=13; 10.8%)).

Levels of SARS-CoV-2-Specific IgG and IgM Antibodies in HD Patients

Of the 120 HD patients, 82 (68.3%) and 27 (22.5%) tested positive for IgG and IgM, respectively. The levels of IgG
antibody levels were higher than those of IgM (median S/CO:2.36 vs 0.24, respectively; P < 0.0001, Figure 2). In
addition, there were no differences between IgG-positive and-negative groups in terms of gender, age, HD duration, body
mass index, hemoglobin, Kt/V, and interval time prior to blood collection. However, the IgG-positive group had higher
serum albumin levels than the IgG-negative group (P<0.05) (Table 2).

To investigate the factors that may influence vaccine-induced immunogenicity, we grouped subjects according to age
(<40years, 40—60years, >60years), albumin levels (<40g/L, >40g/L) and interval time before antibodies detection (14-21days,
>21days) to perform independent comparisons of the levels of IgG and IgM antibodies. This analysis did not reveal significant
differences in the levels of IgG or IgM antibodies between the groups (P>0.05) (Figures 2-5).

Table | Basic Characteristics and Vaccination Information of the Two Groups

Characteristics HD (n=120) HCs (n=24) P

Male n (%) 79 (65.8) 2 (8.3) <0.001
Age (years) 54.28 (12.94) 42.83 (6.54) <0.001
BMI (kg/m?) 21.58 (3.09) 21.25 (2.52) 0.396
1gG (S/CO) 2.36 (0.61-9.05) 1.12 (0.74-2.80) 0.058
1gM (S/CO) 0.24 (0.04-0.94) 0.04 (0.01-0.21) 0.084
Interval time (days) 22 (20-25) 17 (14-23) 0.212
Advers events n (%) 2 (1.66) 1 (4.2) 0.434

Notes: Data are presented as the mean (standard deviation) or median (interquartile range). Categorical variables were

expressed as numbers and percentages.
Abbreviations: HD, hemodialysis; HCs, healthy controls; BMI, body mass index.
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Figure | Comparison of IgG (A) and IgM (B) antibody levels in the two groups (n=144).
Abbreviations: IgG, immunoglobulin G; IgM, immunoglobulin M; HD, hemodialysis; HCs, healthy controls; n.s., non-statistically significant.
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Figure 2 Comparison of SARS-CoV-2-specific IgG and IgM antibody levels in HD patients after completion of vaccination (n=120). ***P<0.0001.
Abbreviations: IgG, immunoglobulin G; IgM, immunoglobulin M; SARS-CoV-2, severe acute respiratory syndrome-coronavirus 2, HD, hemodialysis.

Reported AEs
Using the questionnaire, all subjects were asked to report local and systemic AEs that occurred within 7 days after the
administration of the second dose of the vaccine (Table 3). Only two (1.66%) vaccine-related AEs were reported in 120
HD patients, namely local skin swelling (n=1; 0.83%) and fever (n=1; 0.83%). In addition, there was only one case
(4.2%) of localized skin swelling in HCs. All observed AEs were mild and there was no requirement for hospitalization
due to severe AEs.
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Table 2 The General Information and Laboratory Parameters of the HD Patients (n=120)

Characteristics Total IgG P IgM P
n=120 (+), n=82 (-), n=38 (+), n=27 (-), n=93

Male n (%) 79 (65.8) 50 (41.7) 29 (24.2) 0.099 16 (13.3) 63 (52.5) 0413
Age (years) 54.28 (12.94) 54.28 (12.94) | 54.28 (12.94) 0.256 52.07 (12.61) | 52.07(12.61) 0316
HD duration (months) | 59.07 (51.35) 60.21 (50.07) | 56.63 (54.61) 0.929 61.52 (49.09) | 58.37(52.22) 0.774
BMI (kg/m?) 21.58 (3.09) 21.48 (3.19) 21.80 (2.88) 0.426 21.00 (3.01) 21.75@3.11) 0.272
Hemoglobin (g/L) 113.02(14.15) | 113.45(12.33) | 112.08(17.61) 0.828 113.67(12.03) | 112.83(14.77) 0.788
Albumin (g/L) 39.52 (3.81) 40.26 (2.33) 37.92 (5.65) 0.027 40.56 (1.85) 39.21 (4.17) 0.107
KtV 1.43 (0.28) 1.43 (0.27) 1.42 (0.29) 0.770 1.42 (0.20) 1.43 (0.30) 0.832
Interval time (days) 22(20-25) 23(20-25) 22(20-28) 0.876 23(18-25) 22(20-25.5) 0.343

Notes: Data are presented as the mean (standard deviation) or median (interquartile range). Categorical variables were expressed as numbers and percentages.
Abbreviations: BMI, body mass index; IgG, immunoglobulin G; IgM, immunoglobulin M; (+), postive; (-), negative.

Discussion

Vaccination is an important strategy for controlling viral infections, especially in the absence of approved drugs designed
to combat emerging viruses. It has been determined that herd immunity protection can be achieved when 47-85% of the
population is infected or vaccinated with an effective vaccine against coronavirus.'*'* Coronavirus infection can trigger
a strong B-cell response, with specific IgM, IgG and IgA antibodies detectable in patients within days.'> Antibodies,
which primarily bind to the viral external spike glycoprotein and the internal nucleocapsid proteins, can effectively block
the binding of the virus to the host cell surface receptor angiotensin converting enzyme 2 (ACE2).' Despite the high
efficacy of most currently approved vaccines, particularly in limiting the risk of clinical deterioration,'” a growing body

of data suggests considerable heterogeneity in the immune response triggered by vaccination in different individuals.'® !
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Figure 3 IgG (A) and IgM (B) levels in HD patients grouped by age (n=120).
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Figure 5 1gG (A) and IgM (B) levels in HD patients grouped by interval time prior to antibody detection (n=120).
Abbreviations: IgG, immunoglobulin G; IgM, immunoglobulin M; HD, hemodialysis; n.s., non-statistically significant.

Patients undergoing hemodialysis are at a high risk of SARS-CoV-2 infection and death due to COVID-19. Therefore, the
vaccination of this group of patients is a priority. However, because they were excluded from the pivotal study and had
a weak immune response, it remains unknown whether these patients can be protected after the standard two-dose

vaccination with an inactivated vaccine.

In this study, we sought to assess the immunogenicity of the inactivated SARS-CoV-2 vaccine (CoronaVac) in
producing antibody responses in hemodialysis patients and healthy controls. This was achieved by measuring the levels
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Table 3 Vaccine-Related Adverse Events in HD Patients (n=120)

Adverse Events N % Grade

Total 2 1.66 /

Local reaction

Swelling | 0.83 |

System reaction

Fever | 0.83 |

Abbreviations: HD, hemodialysis; /, no corresponding information.

of IgG and IgM after the completion of a two-dose immunization program. The results showed that the seroprevalences
of both IgG and IgM antibodies against SARS-CoV-2 had no significant differences between the two groups. We
conclude that vaccination with two-dose of the inactivated vaccine against SARS-CoV-2 can elicit a humoral response in
the hemodialysis population. This is consistent with the results of previous studies on hemodialysis patients. Results from
a prospective national cohort study of 10.2 million people who completed the vaccination in Chile indicated that the
effectiveness rate of the CoronaVac vaccine was 65.9%.%2 Although there are some reports of slightly lower antibody
levels in HD patients, the persistence of IgG antibodies in most HD patients in response to the COVID-19 vaccine is
encouraging.”? 2> For seronegative subjects, a third dose may be a reasonable solution. A recent strategy developed in
China involves a booster dose for HD patients who have already received the inactivated vaccine.

The present study showed that IgG plays an important role in the humoral response against SARS-CoV-2 virus. It is
generally accepted that IgM appears early in viral infection (approximately 1 week after infection) and is a diagnostic
indicator of acute-phase infection; however, these antibodies are found at relatively low concentrations, with short
maintenance time and low affinity. IgG appears approximately 3 weeks after viral sensitization and is present in the blood
for a longer period of time than IgM. It is established that IgG levels are essential for ensuring the prevention of viral
diseases.”® Moreover, IgG has a longer maintenance time than IgM and represents the class of antibodies that are
primarily evaluated in clinical and research settings to determine long-term protection or immunity. It has been reported
that, in response to a two-dose vaccination with a mRNA vaccine (BNT162b2), subjects developed a weaker IgM
antibody response and a stronger IgG response.”’ Therefore, the seropositive IgG antibody response after immunization
may be an alternative biomarker reflecting vaccine efficacy.

In the present study, we investigated possible factors affecting the immune response. We compared the levels of IgG
and IgM antibodies after grouping patients according to age, albumin level and time between the completion of
vaccination completion and testing. The results showed these factors were not associated with the levels of IgM and
IgG antibodies. Most current studies have indicated that older age is a negative predictor of immune response after
vaccination.”* The development of immune memory decreases with age because aging T cells favor short-term
inflammatory effects over memory or follicular helper T cells. Indeed, elderly patients undergoing HD typically have
a lower response to vaccines versus younger patients due to immune aging. In future studies, the sample size should be
increased to analyze the effect of aging on vaccine immunogenicity. Our data showed that only patients in the IgG
antibody-positive group had increased albumin levels. When patients were grouped according to the levels of albumin,
we found that albumin was not associated with the levels of IgG antibodies. Agur et al demonstrated that lower serum
albumin and higher intravenous iron dose were negative predictors of antibody response.”® In the present study, the
incidence of AEs was 1.67%, and there was no occurrence of severe AEs. This is consistent with the findings of previous
studies and indicates a reassuring safety profile of inactivated vaccines. Our findings might reassure patients who remain
hesitant about COVID-19 vaccinations, and help physicians in guiding their patients toward accepting such vaccines.

Nevertheless, this study has some limitations. The research was limited to a short-term study of hemodialysis patients and
focused on observing the early immune response after vaccination. The present findings reflect only a certain degree of

immunity after immunization with the vaccine against SARS-CoV-2 and do not reflect the dynamic changes of serum-specific
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antibodies in the vaccinated patients. Moreover, we were unable to observe a sufficient number of negative samples due to the
small sample size and short observation period in this study. Thus, we cannot determine the causes of negative antibody
production or further investigate the immunization methods in this population. Finally, apart from the humoral response, we
did not assess other aspects of the immune response, such as cellular immunity. However, with the development of the vaccine
against SARS-CoV-2 and the extension of the observation period, subsequent research will focus on investigating the
sustained protective effect of serum-specific antibodies in vaccinated patients. Furthermore, future approaches to improving
the response of patients undergoing HD to vaccination should be explored, such as increasing the vaccine dose, using

adjuvants, using heterologous primary immunizations, or increasing the number of immunizations.

Conclusion
The present findings demonstrate that an inactivated vaccine against SARS-CoV-2 may induce IgG antibody responses in
hemodialysis patients, with a favorable safety profile. Further investigation is warranted to assess the long-term kinetics

of vaccination responses in hemodialysis patients.

Disclosure
Wen-Man Zhao, Rui Shi, Peng Wang, and Jun He are co-first authors for this study. The authors report no conflicts of
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