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Abstract
Introduction: Although lower than general population, 
newly developed SARS-CoV-2 vaccines generate immune re-
sponses in end-stage kidney disease patients. However, the 
persistence of immune responses in the long term is not 
known yet. This study aimed to evaluate humoral immune 
responses in peritoneal dialysis (PD) patients over 6 months 
and to analyze the effects of the booster dose. Methods: Hu-
moral immune responses of PD patients were measured af-
ter initial SARS-CoV-2 vaccinations and after 6 months fol-
lowing initial vaccinations. Immune responses were com-
pared between patients who received and did not receive 
booster doses. PD patients were compared with 41 hemodi-
alysis (HD) patients and 61 healthy controls. Humoral im-
mune responses were measured by a commercial test that 

detects antibodies toward the receptor-binding domain of 
the spike protein of SARS-CoV-2. Results: Twenty PD pa-
tients were evaluated over 6 months. The initial seropositiv-
ity rate was 90.9% with inactivated vaccine and 100% with 
mRNA vaccine. Seropositivity decreased to 44.4% after 6 
months, and a booster dose helped in maintaining the 100% 
of seropositivity (p = 0.005). Magnitude of humoral response 
at the 6th month was also higher in patients who received 
the third dose (1,132.8 ± 769.6 AU/mL vs. 400.0 ± 294.6 AU/
mL; p = 0.015). Among patients who did not receive the third 
dose, those who got mRNA vaccine could maintain higher 
seropositivity than others who got inactivated vaccine (75% 
vs. 40% for PD, 81.8% vs. 50% for HD). Seropositivity and an-
tibody levels were similar for PD and HD patients after 6 
months (p = 0.24 and 0.56) but lower than healthy controls 
(p = 0.0013). Conclusion: SARS-CoV-2 vaccine-induced anti-
body levels and seropositivity of PD patients significantly fall 
after 6 months. A booster dose after around 3 months follow-
ing initial immunization might help in maintaining seropos-
itivity. © 2022 S. Karger AG, Basel



Murt/Dinc/Altiparmak/Yalin/Yadigar/
Parmaksiz/Kocazeybek/Pekpak/Ataman

Nephron2
DOI: 10.1159/000524658

Introduction

End-stage kidney disease (ESKD) is a bad prognostic 
factor for the disease course in COVID-19 [1]. Thus, pre-
vention of transmission has a high degree of importance 
for these patients. Transmission control measures such as 
isolation, frequent hand hygiene, keeping social distance, 
and use of masks have been in place since the declaration 
of the pandemic [2]. However, none would be as effective 
as vaccines. Unfortunately, vaccine responses are gener-
ally diminished in ESKD patients [3]. Newly introduced 
SARS-CoV-2 vaccines were previously reported to gener-
ate antibodies, albeit lower than general population [4]. 
While achieving seroconversion is a marker of vaccine 
immonugenicity, seropositivity should also be main-
tained in the long term. There are different strategies for 
this maintenance in ESKD patients, like doubling the vac-
cine dose, using adjuvants, or application of additional 
doses [5]. Although peritoneal dialysis (PD) and hemodi-
alysis (HD) patients might have different immune pro-
files, there is not a clear difference between them for vac-
cine responses [6]. In this study, we aimed to analyze hu-
moral immune response to SARS-CoV-2 vaccines and 
the effect of booster dose in PD patients through a 
6-month time frame and compare it with HD patients 
and healthy controls.

Materials and Methods

Patients and Setting
PD patients who were followed up at two tertiary healthcare 

centers (Cerrahpasa Medical Faculty and Dr. Lutfi Kirdar City 
Hospital) were investigated throughout 6 months after their ini-
tial vaccinations for SARS-CoV-2. The modality was either con-
tinuous ambulatory PD (1.6–2 L of exchanges four times a day) or 
automated PD (8–10 h with a volume of 1.6–2 L for 5–7 exchang-
es).

Exclusion Criteria
Patients who had documented COVID-19, who had malignan-

cies, and those who received immune-suppressive treatment in the 
previous 12 months were excluded from the study. Additionally, 
patients who have missed at least one of their regular monthly vis-
its and those who have reported any symptoms that may be related 
to upper or lower respiratory tract infections were also excluded.

Clinical Data
Demographic (age, gender) data and chronic kidney disease-

related clinical data (etiology, time on dialysis, dialysis adequacy, 
albumin, complete blood count, ferritin, C-reactive protein, para-
thormone, mean arterial pressure) of the patients were collected 
from patient files and electronic health records. Dialysis adequacy 
for PD patients was evaluated by weekly Kt/V (urea), while single 

pool Kt/V (urea) was used for HD patients. Symptom inquiries 
and PCR control for SARS-CoV-2 were done at each monthly 
visit.

Vaccines
Patients initially received two doses of either inactivated vac-

cine (3 μg of CoronaVac® developed by Sinovac Life Sciences (Bei-
jing, China) or mRNA vaccine (30 μg of BNT162b2 developed by 
Pfizer-BioNTech) 28 days apart. Vaccine selection was based on 
patient preferences. Patients had the opportunity to get a booster 
dose with either of the vaccines 3 months following the initial vac-
cinations.

Control Groups
PD patients were compared with HD patients of similar age 

who had similar vaccination and follow-up schemes. Three times 
weekly, 4-h HD sessions were resumed for these patients. Healthy 
controls initially received two doses of CoronaVac® in a similar 
protocol as study subjects, but they did not receive any booster 
doses.

Antibody Measurement
Antibody responses in the sera of vaccinated patients or con-

trols were analyzed after the initial vaccinations and at the end of 
6th-month postvaccination. Initial antibody responses were con-
trolled on 21st–28th day following initial vaccinations, and 6th-
month controls were done between 170th and 190th days. The 
analysis was carried out by Abbott SARS-CoV-2 IgG II Quant 
(Chicago, IL, USA), which is a chemiluminescent microparticle 
immunoassay that measures IgG antibodies toward the spike re-
ceptor-binding domain of SARS-CoV-2. Quantitative IgG level 
determination was performed on Abbott ARCHITECT i1000 
(Chicago, IL, USA) equipment. All sera were diluted by 1:2 (75 μL 
serum + 75 μL diluent) and studied in full-automated mode, and 
50 AU/mL was accepted as the cutoff value for positivity according 
to manufacturer’s instructions.

Statistical Analysis
Continuous parametric data were presented as average ± stan-

dard deviation, and t test was used for comparisons. Categorical 
data were presented as percentages and compared by Fisher’s exact 
or χ2 test. Correlations of continuous parameters were computed 
by Pearson’s test. SPSS Statistics software version 22.0 (Chicago, 
IL, USA) was used to carry out statistical analysis, and p < 0.05 (two 
sided) was accepted as the statistical significance.

Results

A total of 20 PD patients met the inclusion criteria. 
They were 67.8 ± 12.9 years old. They were on PD for 51.4 
± 39.8 months. Etiologies of chronic kidney disease were 
diabetes (6 patients), hypertension (6 patients), glomeru-
lonephritis (3 patients), cystic kidney disease (1 patient), 
congenital urinary tract anomaly (1 patient), Fabry dis-
ease (1 patient), and unknown etiology (2 patients). Elev-
en patients received inactivated vaccine, and 9 patients 
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got mRNA vaccine with 90.9% and 100% of initial sero-
positivity rates, respectively. There was no statistically 
significant difference between two groups. Eleven pa-
tients received booster doses on 99.1 ± 4.2nd day. All pa-
tients (100%) who received a booster dose could maintain 
seropositivity at the end of 6th month. However, sero-
positivity rate decreased to 44.4% in patients who did not 
receive a booster dose. Administration of the booster 
dose was related to preservation of seropositivity (p = 
0.005). Magnitude of humoral response was also higher 
in patients who received the third dose (1,132.8 ± 769.6 
AU/mL vs. 400.0 ± 294.6 AU/mL; p = 0.015). Among pa-
tients who did not receive the booster dose, mRNA vac-
cine was more effective in maintaining seropositivity 
than inactivated vaccine at the end of sixth month (75% 
vs. 40%). Antibody levels were also higher in patients who 
got mRNA vaccine (454.5 ± 424.7 AU/mL vs. 44.0 ± 27.1 
AU/mL; p = 0.06).

Among 41 HD patients who were analyzed for com-
parison with PD patients, 19 got inactivated vaccine, and 
22 got mRNA vaccine with 73.6% and 95.4% of initial se-
ropositivity rates, respectively. When a booster was not 
applied, 6th-month seropositivity decreased to 50% and 
81.8% for inactivated and mRNA vaccines, respectively. 
The difference between inactivated and mRNA vaccine 
was also evident for antibody levels (71.1 ± 92.4 AU/mL 
vs. 445.0 ± 422.9 AU/mL; p = 0.007). On the other hand, 
HD patients who received the third dose could maintain 
88.8% of seropositivity. Antibody titers at the 6th month 
were also higher for patients with a booster dose (1,120.8 
± 983.3 vs. 313.3 ± 435.3; p < 0.001). The rate of seropos-
itivity as well as antibody titers after 6 months for patients 
with and without a booster dose were similar for PD and 
HD groups (p = 0.24, 0.97 and 0.56, respectively). Clinical 
comparison of PD and HD patients with and without 
booster doses can be found in online supplementary Ta-
bles 1 and 2 (for all online suppl. material, see www. 
karger.com/doi/10.1159/000524658).

Antibody titers at the end of the 6th month for healthy 
controls (n = 61, 31 males, 30 females, age: 56.5 ± 55) who 
were initially immunized by CoronaVac® were 188 ± 171 
AU/mL. Healthy subjects could maintain 88% of sero-
positivity without a booster dose, which was significantly 
higher than HD and PD patients (p = 0.002 and p = 0.0013, 
respectively). As mentioned above, when a booster dose 
was not applied, antibody levels generated by inactivated 
vaccine decreased to 44.0 ± 27.1 AU/mL for PD and 71.1 
± 92.4 AU/mL for HD patients.

Antibody responses following initial vaccinations 
were inversely proportional to patients’ age (r = 

−0.465, p = 0.000). While antibody levels at the end of 
the 6th month was proportional with the magnitude 
of initial humoral response (r = 0.310, p = 0.019), they 
did not show a statistically significant relation with 
age.

Discussion/Conclusion

Immune response in ESKD patients is generally di-
minished, and this may lead to poor vaccine immunoge-
nicity [7]. While newly developed SARS-CoV-2 vaccines 
were reported to induce seroconversion in ESKD pa-
tients, the maintenance rate of seropositivity is still not 
very well known. With this study, we had the opportu-
nity to analyze changes in humoral immunity of PD pa-
tients over a time frame of 6 months and compare it with 
both HD patients and healthy controls.

Unity of efforts to immunize vulnerable population 
should be sustained across the globe, and different vac-
cines might be available in different regions [8]. Our re-
sults show that initial seroconversion rates of PD patients 
with inactivated or mRNA vaccines were similar. On the 
other hand, mRNA vaccine tended to be more effective 
than inactivated vaccine in the maintenance of humoral 
immune response, but the difference near-missed statisti-
cal significance in PD patients, most probably due to the 
small sample size. The seropositivity rate and antibody 
levels significantly fell after 6 months in patients who did 
not receive a booster dose. Thus, planning additional vac-
cine doses in ESKD patients might be more important 
than preferring a vaccine type.

Initial SARS-CoV-2 vaccination regimes generally 
include two doses. There have been reports for waning 
of immune responses after initial immunization in 
ESKD patients [9]. This necessitates proper planning of 
additional doses. Exact timing of the third vaccine dose 
is another uncertain topic. In a recent report, antibody 
levels remained high in both PD (85%) and HD (79%) 
patients in 3 months after BNT162Bb2 vaccine [10]. In 
another study again with BNT162Bb2 vaccine, seropos-
itivity was around 80% after 6 months [11]. There has 
been an example of 3rd dose application 4 weeks after 
the 2nd dose [12], but the same report also highlighted 
greater increase in antibody titers when interval be-
tween 2nd and 3rd doses were longer. A third dose was 
applied around the 100th day of initial vaccinations in 
our study and maintained high seropositivity at the 6th 
month.
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In a previous study, the initial seroconversion rate of 
PD patients with inactivated vaccine was not different 
from healthy controls [13]. However, in this comparison 
over 6 months of time without a booster dose, we found 
that maintenance of seropositivity was significantly lower 
in PD patients than healthy controls (44% vs. 88%).

PD and HD patients might have different immune 
profiles. Some previous SARS-CoV-2 vaccine studies 
showed higher initial immunogenicity in PD patients 
[10, 13]. However, with this study, we found similar an-
tibody levels and seropositivity rates for PD and HD 
patients 6 months after initial vaccinations. Older age 
and diabetes have been reported to negatively affect hu-
moral immune response to SARS-CoV-2 vaccines [14]. 
Initial antibody responses of our patients were nega-
tively correlated with age; however, such negative cor-
relation was not significant for 6th-month responses. It 
is still not very well known if there is a relation between 
antibody levels and protection capacity of the vaccines. 
Antibody titers higher than the declared threshold (>50 
AU/mL for the test kit used here) are generally accepted 
to provide protection. Nevertheless, initial antibody 
levels were correlated with 6th-month antibody titers in 
this study.

This study has some limitations. First, sample size of 
PD patients is relatively small. We have not studied B-cell 
subpopulations but have taken antibody measurement as 
the marker of humoral immune response. Responses of T 
cells were not studied which might have provided more 
information about the immunogenicity of the vaccines. 
We have not checked antibodies to the nucleocapsid pro-
tein, which could have been an early marker of some CO-
VID-19 cases. However, we did a rigorous follow-up of 
our patients with monthly PCR tests and symptom inqui-
ries. We excluded all who had confirmed COVID-19 or 
any symptoms of infection. Thus, our study sample is 
composed of asymptomatic individuals who never had 
any signs of COVID-19. Anti-nucleocapsid antibody test 
might not be ideal for such samples as it may miss half of 
the asymptomatic carriers [15]. Lastly, we could not re-
cruit healthy controls who got mRNA vaccine due to the 
later introduction of mRNA vaccine for healthy popula-
tion in our country.

In conclusion, vaccine-induced antibody levels and se-
ropositivity of PD patients significantly fall after 6 months. 
A booster dose after around 3 months following initial 
immunization might help in maintaining seropositivity. 
Humoral immunity waned similarly in PD and HD pa-
tients. mRNA vaccines might be better than inactivated 
vaccine in long-term assurance of seropositivity.
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