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Introduction  The need for COVID-19 vaccina-
tion is especially urgent in patients with impaired
host defense and extensive comorbidity, such
as those with end-stage kidney disease (ESKD)
treated with maintenance dialysis. Previous stud-
ies have reported horrifyingly disproportionate
age-adjusted rates of COVID-19 cases in dialysis
patients, with fatality rates as high as 43.81% in
individuals over 74 years old.! In many countries,
the dialysis population is prioritized in vaccina-
tion programs. Serious obstacles that could in-
hibit the expected protective effects of the vac-
cines are the aberrations in the immune system in
ESKD, consisting of immunodepression and im-
munoactivation.? Impaired antibody response af-
ter different vaccines (eg, those protecting against
tetanus, influenza, hepatitis B, diphtheria, and
pneumococcal disease) in hemodialysis patients
is well known.® Some recent reports demonstrat-
ed decreased antibody response to COVID-19 vac-
cines in the hemodialysis population as compared
with the general population, which leads to ques-
tions about the optimal vaccination schedule in
this group of patients.” No data are yet available
on the efficacy of COVID-19 vaccines in patients
treated with peritoneal dialysis (PD). Given that
PD seems to preserve the immune function bet-
ter than hemodialysis, a higher vaccination effi-
cacy can be expected among patients treated with
this method.® This hypothesis is based on the less
pronounced inflammation, preservation of resid-
ual renal function, or better removal of middle-
-molecular-weight uremic toxins during PD.? Ac-
cordingly, the purpose of this study was to com-
pare the responsiveness to COVID-19 vaccination
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between patients on chronic PD and those on
hemodialysis.

Patients and methods Patient population Adult
patients treated with PD were considered eligible
if they were on dialysis for at least 3 months and
agreed to be vaccinated with the mRNA vaccine
BNT162b2 (BionTech /Pfizer Comirnaty) as part
of the national immunization program. The con-
trol group comprised hemodialysis patients who
were to be vaccinated using the same regimen. In-
dividuals with known previous SARS-CoV-2 in-
fection were excluded from the study.

Study design We conducted a prospective, obser-
vational, exploratory study to elucidate the im-
mune response to vaccination with BNT162b2 in
PD patients as compared with those on hemodi-
alysis. The main goal of the study was to analyze
the seroconversion rate and titer magnitude of
the neutralizing immunoglobulin G (IgG) anti-
bodies directed against SARS-CoV-2 spike (S)
protein antigen after the first and second dos-
es of BNT162b2. The serostatus of nucleocapsid
(N)-specific antibodies was measured in all pa-
tients to determine if they had evidence of prior
asymptomatic infection with SARS-CoV-2. Ethics
approval for the study was obtained at the Med-
ical University of Gdansk (NKBBN/167/2021).

Measurement of SARS-CoV-2 antibody levels Ve-
nous blood samples were collected at 3 time-
-points: before the first dose of the vaccine, 21
days after the first dose, and within 14 to 21
days of the second dose. The level of anti-N IgG
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TABLE 1 Characteristics of patients treated with peritoneal dialysis and hemodialysis

Variable PD patients (n = 21) HD patients (n = 35) P value
Male sex 14 (66.7) 24 (69) 0.88
Age, y 60.00 (40-69) 69.00 (53-75) 0.04
Body mass index, kg/m? 25.93 (24.62-28.73) 24.97 (21.23-28.38) 0.42
Dialysis vintage, mo 26 (10-47) 49 (17-83) 0.08
History of kidney transplantation 6 (28.57) 6(17.4) 0.31
Charlson Comorbidity Index 5(3-7) 7 (4-9) 0.12
Diabetes 4 (19.05) 15 (42.8) 0.07
Residual diuresis >500 ml/day 14 (66.7) 13 (37) 0.03
Dialysis adequacy, Kt/Ve 2.29(1.84-2.7) 1.62 (1.33-1.75) NA
Hemoglobin, g/dI 11.7 (103-13.30) 10.7 (10.0-11.6) 0.03
White blood cell count, x 10% 7.75 (6.23-9.1) 6.67 (5.8-7.74) 0.14
Lymphocyte count, x 10%I 1.7 (1.49-1.93) 1.43 (1.18-1.73) 0.08
C-reactive protein, mg/| 2.38 (0.77-4.75) 4.0 (1.7-8.54) 0.06
Albumin, g/dl 3.7(3.3-3.7) 3.5(3.2-3.6) 0.06
Parathyroid hormone intact, pg/ml 576 (320-730) 685.66 (227-704) 0.29

Data are presented as number (percentage) or median (interquartile range).

Sl conversion factors: to convert albumin to g/l, multiply by 10.0; hemoglobin to mmol/l, by 0.626; parathyroid

hormone to ng/l, by 1.0

a Total weekly Kt/V for PD patients and single-pool Kt/V for HD session

Abbreviations: HD, hemodialysis; NA, not applicable; PD, peritoneal dialysis

antibodies was assessed using the Abbott Archi-
tect SARS-CoV-2 IgG assay (Abbott Laborato-
ries, Chicago, Illinois, United States). The cutoff
for a positive result was determined at a speci-
men/ calibrator index value of 1.4. The DiaSorin
LIAISON SARS-CoV-2 S1/S2 IgG serology test
(DiaSorin SpA, Saluggia, Italy) was used to de-
tect the neutralizing anti-S (S1 and S2 subunits)
antibody. The test range was up to 800 AU/ml.
Samples equal to or above 15 AU/ml were inter-
preted as positive. To allow efficient comparisons
between laboratories using BAU/ml, conversion
factors standardizing the results of SARS-CoV-2
antibody assays were applied (0.142 and 2.6 for
the Abbott and DiaSorin tests, respectively).

Statistical analysis Data were presented as num-
ber (percentage) for categorical variables and me-
dian (interquartile range [IQR]) for continuous
variables. Multivariable stepwise bidirectional
linear regression analysis of baseline characteris-
tics (in 2 models) was performed to identify fac-
tors that had a significant impact on anti-S an-
tibody titer after the second dose of BNT162b2.
Detailed description of statistical analysis is pre-
sented in Supplementary material, Statistical anal-
ysis. A 2-tailed P value of less than 0.05 was con-
sidered significant. Data were evaluated using
STATISTICA software package (version 12.0, Stat
Soft Inc, Dell Software, Tulsa, Oklahoma, Unit-
ed States).

Results Patients Among all 61 vaccine recipi-
ents, 5 individuals were excluded due to evidence
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of asymptomatic SARS-CoV-2 infection. Final-
ly, 21 PD and 35 hemodialysis patients were an-
alyzed. All PD patients (17 on continuous ambu-
latory PD and 4 on automated PD) were dialyzed
with biocompatible fluids (Balance or Physione-
al); icodextrin-based fluids (Extraneal) were used
by 5 patients (23.8%). All hemodialysis patients
were dialyzed using high-flux dialysers (High-flux
FX or Revaclear). Detailed characteristics of both
groups are presented in TABLE 1.

SARS-CoV-2 spike antigen antibodies The sero-
conversion rate (anti-S IgG titer 239 BAU/ml)
after the first dose of BNT162b2 was 86% (PD
patients) compared with 57% (hemodialysis pa-
tients) (P = 0.004). The proportions of serocon-
version after the second dose were 100% and
97%, respectively. The median (IQR) levels of
anti-S IgG antibodies in PD patients were 93.0
(67.9-160.9) BAU/ml after the first dose and
1623.7 (1202.5-2096.9) BAU/ml after the second
dose (analysis of variance; P <0.001). In hemodi-
alysis patients, the median (IQR) levels of anti-S
IgG antibodies were 48.1 (15.6-114.9) BAU/ml
and 925.6 (460.2-1908.4) BAU/ml after the first
and second doses, respectively (analysis of vari-
ance; P <0.001). When comparing the anti-S IgG
titers between patients treated with PD and he-
modialysis, significant differences were found
both after the first (P = 0.034) and second doses
of the vaccine (P = 0.008) (Supplementary mate-
rial, Figure S1A). In multivariable stepwise linear
regression models, dialysis modality was the only
independent predictor of anti-S IgG titer (P <0.05)



(Supplementary material, Table SI). We found
an interesting trend (P = 0.038) in the antibody
response, which indicated that 2 subpopulations
could be distinguished in the hemodialysis group
(very poor vs high response; cutoff, 1000 BAU/ml)
(Supplementary material, Figure S1B). In the stra-
ta analysis, we found no factors determining this
difference.

Discussion The study showed that PD patients
had a better humoral response after COVID-19
vaccination compared with individuals treated
with hemodialysis. The levels of anti-S antibodies
were higher after both the first and second vacci-
nation. Moreover, a higher percentage of PD pa-
tients seroconverted, after the first vaccination.
To the best of our knowledge, this is the first re-
port in this regard. Previous experiences with vac-
cinations protecting against other viruses show
contradictory results in terms of the response to
vaccination in patients treated with different dial-
ysis modalities. For instance, some studies show
a higher seroconversion rate after hepatitis B vac-
cine in PD patients compared with hemodialysis
patients,” some show a worse response,® and oth-
ers do not report any differences.’ In the case of
the HIN1 influenza vaccination, a better response
was reported in PD patients.'’

To date, COVID-19 has affected millions of
patients worldwide and became a serious health
threat, leading to almost 4 million deaths. Vacci-
nation seems to be the most effective long-term
strategy for prevention of this disease. Messen-
ger RNA vaccines, such as BNT162b2, work by in-
troducing an mRNA sequence which is coded for
a SARS-CoV-2-specific S antigen. The cells use
this genetic information to produce the S antigen.
It is then displayed on the cell surface, where it is
recognized by the immune system."

There are several explanations for the poten-
tially better immunogenicity of BTN162b2 in
PD patients. End-stage kidney disease is asso-
ciated with both immune activation (marked by
systemic inflammation) and immune deficien-
cy.? A defect in the co-stimulatory function of
antigen-presenting cells is pathogenetically linked
to the uremic state. In addition, during each he-
modialysis session, blood contact with a for-
eign complement-activating dialytic membrane
promotes a variety of complex and interrelat-
ed events, leading to an acute inflammatory re-
sponse. Hemodialysis patients have a higher in-
flammatory monocyte count as well as a higher
frequency of CD8 T cells and a reduced CD4/CD8
ratio.'? In addition, the inflammatory changes in-
volve the release of cytokines—for example, in-
terleukin (IL)-12—that shift the globally-reduced
activation of T-helper cells towards the T-helper 1
cell function, which may cause further deteriora-
tion of the antibody response to vaccination an-
tigens.® In PD, where the natural membrane is
utilized, the use of biocompatible solutions has
been associated with better peritoneal host im-
mune defense. It may well be that less pronounced

inflammation, together with the better-preserved
capacity to upregulate the counter-regulatory IL-
-10, which at least in part determines immune
competence, is responsible for the higher anti-
body response to the COVID-19 vaccine in PD pa-
tients."*"" Importantly, the hemodialysis patients
in our study had significantly fewer lymphocytes.

It cannot be ruled out that better removal of
middle-molecular-weight uremic toxins during
PD, residual diuresis persisting in a large part of
PD patients, as well as comorbidities and the age
of patients are also important in this context.®
Of note, our group of PD patients had higher re-
sidual diuresis and shorter dialysis vintage. On
the other hand, hemodialysis patients were older
and more often had diabetes. Age is a well-known
intrinsic factor that influences the humoral re-
sponse after various vaccines, so young people
have an increased capacity to mount humoral im-
mune responses compared with older individu-
als, both in the general and dialysis populations.
Observations carried out in patients vaccinated
for hepatitis B and influenza indicate that peo-
ple with diabetes show an impaired humoral re-
sponse as well. Furthermore, residual renal func-
tion as expressed by residual diuresis in patients
dependent on dialysis may decrease the degree
of inflammation and, consequently, improve im-
mune function.'® Although we found no effects
of these variables on S-antigen antibody titer
in the regression analyses, the combined effect
of these factors should be taken into account,
as it is likely to affect the immune response af-
ter BNT162b2 in our PD patients. We were also
unable to find the factors determining the sub-
populations of hemodialysis patients with a very
poor and high responses to vaccination. Studies
in a larger group of patients will help explain all
these relationships.

Limitations of this exploratory study include
a small sample size and mismatched groups. Sec-
ondly, we only tested humoral immune response.
The cellular part of the adaptive immune sys-
tem plays an important role in protection against
COVID-19, which is not reflected in our investiga-
tion. Thirdly, due to the observational design of
the study, any differences in the findings among
the groups cannot be assumed to be causal.

In conclusion, we demonstrated that respon-
siveness to the mRNA BTN162b2TN vaccination
in PD patients may be better than in individuals
treated with hemodialysis. Whether this trans-
lates into better protection against COVID-19
requires further research.

SUPPLEMENTARY MATERIAL

Supplementary material is available at www.mp.pl/paim.
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