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Rationale & Objective: Recent studies showed
that antibody titers after vaccination against se-
vere acute respiratory syndrome coronavirus 2
(SARS-CoV-2) in the dialysis population are
diminished as compared with the general popu-
lation, suggesting the possible value of a third
booster dose. We characterized the humoral
response after 3 doses of the BNT162b2 vac-
cine in patients treated with either maintenance
hemodialysis (HD) or peritoneal dialysis (PD).

Study Design: Case series.

Setting & Participants: 69 French patients (38
HD and 31 PD) treated at a single center who
received 3 doses of the BNT162b2 vaccine.

Findings: Humoral response was evaluated using
plasma levels of anti-SARS-CoV-2 spike protein
S1 immunoglobulin measured after the second
dose and at least 3 weeks after the third dose
of the BNT162b2 vaccine. Patients (median
age 68 years [interquartile range (IQR), 53-76
years], 65% men) had a median anti-S1
antibody level of 284 [IOR, 83-1190] AU/mL
after the second dose, and 7,554 [IQR, 2,268-

11,736] AU/mL after the third dose. Three
patients were nonresponders (anti-S1 antibody
level < 0.8 AU/mL), and 12 were weak
responders (anti-S1 antibody level 0.8-50 AU/
mL) after the second vaccine dose. After the
third dose, 1 of the 3 initial nonresponders
produced anti-spike antibody, and all the 12
initial weak responders increased their antibody
levels. Patients with a greater increase in anti-
S1 antibody levels after a third dose had lower
antibody levels after the second dose, and a
longer time interval between the second and
the third dose. Adverse events did not seem to
be more common or severe after a third vaccine
dose.

Limitations: Observational study, small sample
size. Relationship between antibody levels and
clinical outcomes is not well understood.

Conclusions: A third dose of the BNT162b2
vaccine substantially increased antibody levels in
patients receiving maintenance dialysis and
appeared to be as well tolerated as a second
dose.
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evere acute respiratory syndrome coronavirus 2
(SARS-CoV-2) infection causes high morbidity and
mortality in patients with receiving kidney replacement
therapy (KRT), whether they are receiving maintenance
dialysis or have had a kidney transplant."** Vaccination is

Editorial, p. 162

one of the most important weapons in the fight against
SARS-CoV-2. KRT patients have a reduced immune
response.””* Vaccine response in patients treated with
maintenance hemodialysis (HD) or peritoneal dialysis
(PD) is attenuated, less effective, and shorter over time
than in the general population, due to the accumulation of
uremic toxins and the acceleration of immunosenescence
induced by chronic inflammation.” Dialysis patients often
need a higher and more frequent vaccine dose, as has been
found with the 14-valent pneumococcal capsular poly-
saccharide vaccine’ or hepatitis B virus (HBV) vaccine.”
Since the beginning of the epidemic, several vac-
cines have been approved to prevent acute respiratory
distress syndrome induced by SARS-CoV-2. Among
them, the BNT162b2 messenger RNA vaccine (Pfizer-
BioNTech) is widely used in France, especially in

AJKD Vol 79 | Iss 2 | February 2022

hospitals where it is possible to store the doses at a
sufficiently low temperature. A 2-dose regimen of
BNT162b2 vaccine is 95% effective in preventing
coronavirus disease 2019 (COVID-19) in the general
population.®

It was reported in recent case series of dialysis pa-
tients vaccinated with BNT162b2 that seroconversion
occurred in almost all patients although the antibody
titer was lower than in controls.” "> On this basis, the
French National Authority for Health (Haute Autorité de
Santé) has recommended that a third vaccine dose be
systematically ~administered in  dialysis patients.'*
Recently, 2 small case series evaluating humoral
response after a third dose of SARS-CoV-2 vaccine in
solid organ transplant recipients showed an increase in
antibody titer in some patients.'”'“ In dialysis patients,
only 1 study has addressed the humoral response after a
third vaccine dose and only in HD patients with a weak
initial response, who showed an increase in antibody
titer.'” Our study (1) assessed the humoral response
after a third dose of the BNT162b2 vaccine both in HD
and PD patients, (2) identified potential factors associ-
ated with vaccine response, and (3) determined whether
a third dose is associated with adverse events.
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PLAIN-LANGUAGE SUMMARY

Since April 2021, the French National Authority for
Health has recommended systematic use of a third dose
of COVID-19 vaccine for dialysis patients to boost im-
munity. This study assessed vaccine response after the
second and third doses by measuring patients’ antibody
levels. Although most of the patients produced anti-
bodies after 2 vaccine doses, some of them (mainly
elderly patients and those receiving treatments that
suppress immunity) had relatively low antibody levels.
After a third booster dose, almost all patients increased
their antibody levels, especially when the third dose was
delayed. A third dose was not associated with greater
side effects than the second dose. The relationship be-
tween increased antibody levels after a third dose and
protection against clinical illness with COVID-19 re-
mains to be evaluated.

Methods

Study Design and Participants

Following recommendation from the French National
Authority for Health, vaccination of all dialysis patients
began in January 2021. In April 2021, the systematic use
of a third vaccine dose at least 4 weeks after the second
dose was recommended in dialysis patients. Between
January 13, 2021, and May 18, 2021, all HD and PD adult
patients of the Nephrology Department of the Centre
Hospitalier Sud-Francilien (Corbeil-Essonnes, France),
who received 3 doses of the BNT162b2 vaccine were
eligible for the study. We excluded patients who died
before vaccination (n = 1), who did not consent to
vaccination (n = 2) or to a third dose (n = 1), who did not
receive a third dose because of symptomatic COVID-19
before the first dose (n = 3) or after the second dose
(n = 4), who did not have serology results before (n = 2)
or after (n = 10) the third dose, or who received a kidney
transplant (n = 1) before the third dose. Sixty-nine dialysis
patients (38 HD and 31 PD patients) did not meet the
exclusion criteria and were included in the analysis (Fig 1).
According to the French legislation (Loi Jardé), anonymous
retrospective studies do not require institutional review
board approval. All patients provided oral informed
consent.

Data Collection

Clinical data, laboratory tests routinely performed in
dialysis patients, and dialysis dose (measured by Kt/V)
were collected from medical records. The level of immu-
nosuppression was evaluated using gamma globulin
concentration and lymphocyte and  neutrophilic
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Figure 1. Study flowchart. Abbreviations: HD, hemodialysis;
peritoneal dialysis.

polymorphonuclear leukocyte counts. A history of hem-
opathy (plasma cell dyscrasia) and chemotherapy or
immunomodulatory treatment (any treatment during the
last year or prednisone =7.5 mg/d during =3 months
during the last year) was also collected. Nutritional status
was assessed by body mass index (calculated from the dry
weight) and levels of serum albumin and prealbumin;
inflammation was assessed by C-reactive protein level.
When available, antinucleocapsid serology attesting a
previous contact with SARS-CoV-2 was also collected.

Antibody Measurement

Humoral response was assessed using the Roche Elecsys
Assay'® by the plasma concentration of anti-SARS-CoV-2
spike protein S1 total immunoglobulin antibodies
(including IgG, IgM, and IgA), which are induced by
vaccination; testing was performed after the second dose
and at least 3 weeks after the third vaccine dose. Because
the measurement range of this assay is of 0 to 250 arbitrary
units per milliliter (AU/mL), samples giving results in
excess of 250 AU/mL were diluted. According to the
manufacturer’s protocol, patients with an antibody level
below 0.8 AU/mL were considered nonresponders. Pa-
tients with a level between 0.8 and 50 AU/mL were
defined as weak responders, as reported elsewhere.'”

To assess humoral response after the third vaccine dose,
we calculated the ratio of the antibody level measured after
the third vaccine dose to the level measured after the
second dose, and we analyzed in tertiles of increasing ratio
(thus the first tertile has the lowest increase in antibody
level between the second and the third dose). Patients with
initial negative serology were excluded from the analysis,
as by definition the ratio could not be calculated.
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Adverse Events After Third Dose Vaccination

A questionnaire was provided to all patients to collect
vaccine reactions after the third vaccine dose (Item S1).
Overall experience with the third dose as compared with
the second dose was self-reported by the patient. We also
reported hospitalizations and visits to an emergency
department within the 30 days after the administration of
the third vaccine dose.

Statistical Analyses

Categorical variables are reported as frequencies and per-
centages, and continuous variables are reported as median
and interquartile range (IQR). The patients’ characteristics
were compared according to antibody response (< or = 50
AU/mL) after the second and the third doses, and ac-
cording to antibody increase after the third dose (across
tertiles of the ratio of antibody levels measured after the
third and second doses) using the Fisher exact test or the
Mann-Whitney U test (or using the Kruskal-Wallis test, as
appropriate) for qualitative and quantitative variables,
respectively. A 2-tailed P < 0.05 was considered statistically
significant. All statistical analyses were conducted using R
3.6 software (R Foundation for Statistical Computing).

Results

Humoral Response After Two Vaccine Doses

Among the 69 patients included, the median age was 68
(IQR, 53-76) years, 65% were men, and dialysis vintage

was 3 (IQR, 1-6) years. Twelve patients (17%) had a
history of plasma cell dyscrasia and/or immunosuppres-
sive therapy. The median interval between administration
of the second BNT162b2 vaccine dose and the first
serology was 50 (IQR, 31-58) days. Overall, after 2 doses,
the median anti-S1 antibody level was 284 (IQR, 83-
1,190) AU/mL (Table 1). Three patients (4%) were
nonresponders, and 12 patients (17%) were weak re-
sponders (Table S1). Factors associated with no or weak
response after 2 doses included an older age, a history of
immunosuppressive therapy, a lower lymphocyte count, a
lower serum prealbumin level, and a lower serum gamma
globulin level (Table 1). No difference was found ac-
cording to dialysis modality.

Humoral Response After Three Vaccine Doses

After 3 vaccine doses, there was a significant increase in
antibody level, with a median anti-S1 antibody level of
7,554 (IQR, 2,268-11,736) AU/mL after a median in-
terval between the third dose and serology of 30 (IQR, 27-
36) days (Fig 2; Fig S1). Only 6 patients did not increase
their antibody level (2 remained seronegative, 2 already
had a very high antibody level, and 2 had a slight decrease)
(Table S2). Among the 3 nonresponders after the second
dose, only 1 produced anti-S1 antibody after the third
dose. All the 12 weak responders increased their antibody
level after the third dose, but 1 remained below the 50
AU/mL threshold (Table S1). All responders after the
second dose were still seropositive at 1 month after the

Table 1. Characteristics of the Study Population, According to the Antibody Response After the Second Vaccine Dose

Total Population

(N = 69)

Anti-Spike Antibody Titer

<50 AU/mL 250 AU/mL
(n=15) (n=54) P

Clinical characteristics

Age, y 68.0 [563.0-76.0] 75.0 [68.5-81.0] 64.5 [49.3-76.0] 0.006
Male sex 45 (65%) 7 (47%) 38 (70%) 0.1
Body mass index, kg/m? 26.6 [22.2-30.6] 25.89 [21.5-30.1] 27.0 [22.2-30.6] 0.8
Diabetes 22 (82%) 7 (47%) 15 (28%) 0.2
History of hemopathy 6 (9%) 3 (20%) 3 (6%) 0.1
History of immunosuppressive therapy 9 (13%) 8 (53%) 1 (2%) <0.001
HD as dialysis modality 38 (55%) 7 (47%) 31 (57%) 0.6
Dialysis vintage, y 3.0 [1.0-6.0] 2.0 [1.0-5.0] 3.5 [1.0-6.0] 0.4
Kt/V 1.6 [1.2-1.9] 1.7 [1.4-1.9] 1.50 [1.2-1.9] 0.4
Biological parameters
Lymphocytes, x10°/L 1.2 [0.9-1.6] 1.0 [0.7-1.2] 1.3 [1.0-1.7] 0.03
Neutrophilic polymorphonuclear cells, x10°/L 3.9 [2.8-5.0] 3.6 [2.9-4.4] 4.1 [2.8-5.2] 0.3
Gamma globulin, g/L 9.6 [7.5-12.7] 7.0 [4.6-9.2] 10.0 [8.3-13.9] 0.001
Serum albumin, g/dL 3.7 [3.5-4.1] 3.5 [3.3-3.9] 3.8 [3.5-4.2] 0.07
Serum prealbumin, mg/dL 34 [30-41] 30 [25-35] 35 [31-41] 0.02
C-reactive protein, mg/L 2.2 [0.9-3.7] 2.8 [1.2-4.0] 2.2 [0.9-3.7] 0.8
Humoral response after 2nd dose
Interval between 2nd dose and serology, d 50 [31-58] 56 [45-70] 50 [30-56] 0.1
Anti-S1 Ab after 2nd dose, AU/mL 284 [83-1,190] 7 [3-32] 485 [158-1,572] <0.001

Results are shown as median [interquartile range] for continuous variables, or as number of patients (percentage) for categorical variables. Mann-Whitney test and Fisher
exact test were used to compare continuous and categorical variables according to the dialysis modality. Abbreviations: Ab, antibody; AU, arbitrary unit; HD, hemodialysis;

S1, spike protein S1.
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Figure 2. Humoral response after the second and the third vac-
cine doses. Abbreviations: Ab, antibody; AU, arbitrary unit.

third vaccine dose. Factors associated with no or weak
response after 3 doses included a history of immunosup-
pressive therapy, a history of hemopathy, a lower serum
gamma globulin level, and an initial lower anti-S1 anti-
body level after 2 doses (Table S3). No difference between
HD and PD patients was found.

Patients who had the higher increase in anti-S1 anti-
body level had an initial lower antibody level after the
second vaccine dose (94 [IQR, 30-237] vs 1,718 [IQR,
963-5,165] AU/mL [P < 0.001] in tertiles 3 and 1,
respectively, of the ratio of antibody levels after the third
and second dose) and a longer time interval between the
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second and the third vaccine doses (74 [IQR, 72-79] days
for the third tertile vs 59 [IQR, 36-67] days for the first
tertile, P < 0.001) (Fig 3; Table 2).

Analysis of the antinucleocapsid serology status showed
that seropositive patients were younger than those who
were seronegative. They also displayed higher anti-S1
antibody levels after the second dose and a lower in-
crease after third dose (Table S4).

Vaccine Reaction, Hospitalizations, and Emergency
Department Visits After the Third Vaccine Dose
Sixty-six patients completed the vaccine reaction ques-
tionnaire after undergoing serology after the third dose.
The most frequent self-reported reaction was pain at the
injection site (27%); 23% of patients reported at least 1
systemic reaction, mostly fatigue (17%). Most patients
reported tolerating the third vaccine dose as well as the
second dose (Fig 4). In the 30 days after the third
vaccine dose, 6 patients were hospitalized (causes were
3 bacterial and 1 aseptic peritonitis in PD patients; 1
pulmonary embolism; and 1 osteitis), and 2 visited the
emergency department (1 for chest pain, and 1 for fa-
tigue) (Table S5).

COVID-19 Breakthrough Cases

In the study group, no cases of COVID-19 infection were
diagnosed after the third vaccine dose, during a median
follow-up period of 30 days. By contrast, 4 patients
developed symptomatic COVID-19 infections after the
second vaccine dose and thus were not included: 2 patients
whose antibody levels were not available, 1 with anti-S1
antibody level of 709 AU/mL, and 1 with a negative
serology after the 2 vaccine doses. Because the latter patient
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Figure 3. Anti-spike antibody increase after the third vaccine dose according to the delay between the second and the third vaccine
doses, and anti-spike antibody level after the second vaccine dose. Abbreviation: Ab, antibody.
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Table 2. Characteristics of the Patients According to Anti-Spike Antibody Increase After the Third Vaccine Dose

Ratio of Anti-S1 Antibody Titer, 3rd vs 2nd Dose

<75 (n = 22) 75-43 (n = 22) >43 (n = 22) P
Clinical characteristics
Age, y 63.5 [45.5-73.3] 68.5 [64.3-76.0] 68.5 [69.0-79.0] 0.2
Male sex 16 (73%) 16 (73%) 13 (59%) 0.7
Body mass index, kg/m? 28.2 [23.8-30.6] 26.7 [23.2-30.6] 26.1 [22.2-30.8] 0.7
Diabetes 6 (27%) 10 (46%) 6 (27%) 0.4
History of hemopathy 1 (5%) 2 (9%) 1 (5%) 0.9
History of immunosuppressive therapy 1 (5%) 1 (5%) 4 (18%) 0.4
HD as dialysis modality 11 (50%) 14 (64%) 10 (46%) 0.6
Dialysis vintage, y 3.0 [0.6-3.8] 3.50 [1.3-7.0] 4.00 [1.0-6.0] 0.3
Kt/V 1.6 [1.1-1.9] 1.5 [1.3-2.0] 1.7 [1.4-1.9] 0.8
Biological parameters
Lymphocytes, x10°/L 1.3 [1.0-1.5] 1.3 [1.0-1.6] 1.1 [0.8-1.7] 0.7
Neutrophilic polymorphonuclear cells, x10°%/L 3.7 [2.6-4.4] 4.4 [3.3-56.2] 3.7 [3.0-4.9] 0.3
Gamma globulin, g/L 10.3 [8.3-14.8] 9.0 [8.1-10.5] 9.8 [7.3-12.3] 0.6
Serum albumin, g/L 3.8 [3.5-4.0] 3.9 [3.7-4.2] 3.5 [3.3-3.9] 0.2
Serum prealbumin, g/L 34 [30-41] 37 [31-42] 32 [27-38] 0.2
C-reactive protein, mg/L 2.1 [1.0-4.5] 1.7 [0.8-3.3] 2.2 [1.0-3.8] 0.9
Humoral response
Anti-S1 Ab after 2nd dose, AU/mL 1,718 [963-5,165] 347 [104-478] 94 [30-237] <0.001
After the 3rd dose
Interval between 2nd and 3rd doses, d 59 [36-67] 73 [61-78] 74 [72-79] <0.001
Anti-S1 Ab after 3rd dose, AU/mL 4,533 [1,950-11,351] 7,237 [2,602-9,384] 11,305 [5,800-15,027] 0.08
Ratio of Ab after 3rd vs 2nd dose 1.6 [1.1-2.3] 23.0 [13.7-29.3] 99.9 [64.8-247.8] <0.001

Results are shown as median [interquartile range] for continuous variables, or as number of patients (percentage) for categorical variables. Kruskal-Wallis test and Fisher
exact test were used to compare continuous and categorical variables according to the dialysis modality. Abbreviations: Ab, antibody; AU, arbitrary unit; HD, hemodialysis;

S1, spike protein S1.

was at high risk of complications, he received monoclonal
antibodies 4 days after symptom onset. All patients
developed mild symptoms and had favorable outcomes.

Discussion

In this study, we describe the humoral response measured
a median of 30 days after the third injection of the
BNT162b2 vaccine in 69 patients on maintenance HD or
PD. Administration of a third vaccine dose to dialysis pa-
tients substantially increased their anti-S1 antibody level,
with acceptable vaccine reactions and an overall self-
reported tolerance similar to the second dose. No cases
of COVID-19 were reported.

Most of the weak responders after the second dose had a
history of immunosuppression. Three patients in our HD
series with plasma cell dyscrasia (2 with myeloma and 1
with amyloid light-chain amyloidosis) were undergoing
chemotherapy at the time of vaccination. Two of them
were nonresponders, and the remaining patient was a
weak responder after 2 vaccine doses. After a third dose,
the 2 nonresponders had still no detectable antibodies, and
the remaining patient showed a 2.4-fold increase.

These results suggest an impact of comorbidities and

patients under therapy for hemopathy. A recent study re-
ported that up to 48% of patients with myeloma under
therapy developed a positive antibody response after SARS-
CoV-2 vaccine.'” A third dose seems to have little or no
effect in these patients, although this has to be confirmed,
given the small sample size.

The recommendation from the French National Au-
thority for Health to use a third vaccine dose as a
booster 4 weeks after the second dose in dialysis pa-
tients was published in April 2021, and vaccination of
dialysis patients began in January 2021. This delay ex-
plains the time interval between the 2 vaccine doses
extending up to 13 weeks. When looking at the increase
in antibody level, we found a greater increase after the
third dose with a longer interval between second and
third vaccine doses.

Moreover, it seems that patients with a high antibody
titer after the second dose showed a lower increase after a
third dose, especially in patients with positive anti-
nucleocapsid serology. In terms of an increase in antibody
level, our results do not show a benefit of a third dose in
patients who already have high anti-S1 antibodies.
Nevertheless, the third dose could have a benefit if it ex-
tends the duration of vaccine efficacy in a population

immunosuppressive therapy on vaccine response in dial- known to have a rapid antibody decline after
ysis patients. They confirm a poor vaccine response in  vaccination.”””'
AJKD Vol 79 | Iss 2 | February 2022 189
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Figure 4. Self-reported (left panel) reactions to vaccine after the third dose and (right panel) overall tolerance of the third vaccine

dose.

Whether a higher anti-S1 antibody level titer confers
better protection against COVID-19 remains to be deter-
mined. A recent study showed a correlation between
postvaccination anti-S1 antibodies and neutralizing anti-
bodies,*” implying a protective antibody response. It was
also shown that the antibody titer after infection in health
care workers was inversely correlated with the risk of
reinfection.”” Another study showed that in patients who
received convalescent plasma therapy, a higher antibody
titer was associated with a lower risk of death.”” These
results highlight the importance of the humoral response
in COVID-19.

The clinical efficacy of a third vaccine dose could not
be determined in our study. No cases of COVID-19
were diagnosed after the third vaccine dose in our
center, but the follow-up period was limited to a me-
dian of 30 days and during a period with decreased
incidence of COVID-19.

A cellular response can also play an important role
and was not assessed in our study. A recent study in
rituximab-treated patients’” found cellular response after
SARS-CoV-2 vaccination in 58% of cases versus 39% of
cases for humoral response, without correlation between
the 2 immune responses. Another recent study con-
ducted in HD patients found cellular response in 62% of
cases versus 95.4% of patients with humoral response.”’
The cellular response was not correlated with humoral
response, and it could occur even in seronegative pa-
tients. The protective effect of the cellular response has
yet to be determined.

190

How long vaccine-induced protection lasts in the dial-
ysis population is another important question. Sakhi et al*’
showed that after infection 25% of initially seropositive
dialysis patients had undetectable antibodies at 6 months.
Clarke et al”' confirmed a significant decline of antibody
titers at 6 months in dialysis patients, but also showed that
the majority of patients without antibody at 6 months still
had SARS-CoV-2 antigen—specific T-cell responses. Overall,
the effect of a third vaccine dose on the length of immune
protection remains to be determined.

Tolerance of the second and third vaccine doses was
considered to be similar by the patients. Four PD patients
were hospitalized for infection of the peritoneal dialysate
shortly after the third injection. Although this could be
an incidental association, the question of a potential link
between the 2 events can be raised. A direct effect of
vaccination through immune-mediated peritonitis seems
unlikely because bacteria were found in 3 cases (2 with
Staphylococcus epidermidis and one with Streptococcus mitis), and
all had a favorable outcome with antibiotic therapy. The
most likely hypothesis is a behavioral change after the
third vaccine dose. The COVID-19 pandemic has indeed
changed behavior, and a decrease in Gram-positive
peritonitis has been reported by Hu et al.”® In contrast,
after the first vaccine dose, a part of the population
observed less strict pandemic-related rules.”” Similarly, a
supplementary vaccine dose could have increased the
patients’ confidence in their protection, resulting in
diminished carefulness in observing aseptic techniques.
More studies are needed to confirm this observation, but
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it seems important to educate patients to maintain aseptic
rules, especially with patients who started PD during the
pandemic.

To our knowledge, ours is the first study to evaluate
humoral response in both HD and PD patients who sys-
tematically receive a third dose of vaccine against SARS-CoV-
2. Our study has some limitations. First, the humoral
response to a third dose was assessed in a single-center,
small-sized group, which limited the statistical analyses and
could induce bias. Second, we included patients with positive
antinucleocapsid serology, implying previous contact with
SARS-CoV-2, but all patients with a history of symptomatic
COVID-19 were excluded. This could induce biases because
immunity elicited by infection versus vaccine cannot clearly
be differentiated. We chose to give 3 vaccine doses to pa-
tients with positive antinucleocapsid antibodies and without
history of symptomatic COVID-19 infections because
COVID-19 serology was not mandatory or recommended
before vaccination in dialysis patients. A third dose appears to
have a diminished benefit in these patients, who already have
developed a good humoral response after 2 vaccine doses.

Third, measurement of response to vaccination was
only assessed using antibody levels, without taking into
account cellular immunity or clinical outcomes. Fourth,
we did not compare our results with a control group in
which individuals did not receive a third vaccine dose.
Therefore, we could not analyze whether the observed
increase in antibody level was only due to the third vaccine
dose or to a delayed immune response after the second
vaccine dose. Nevertheless, recent studies have shown the
relative stability of antibody titer between 2 and 3 weeks
after vaccination in dialysis patients,'” and serology was
measured a median of 50 days after the second vaccine
dose in our study.

Fifth, there is no unequivocal means to assess the in-
crease in antibody titer; we used titer ratio because it is
classically used in other studies evaluating vaccine efficacy.
However, this could have disproportionately emphasized
the effect for those who had a poor antibody response after
the second vaccine dose. Finally, because of the observa-
tional nature of our study, there is a variability in the time
between the administration of the second dose and
serology, which may be a potential source of bias.

To conclude, a third dose of BNT162b2 vaccine sub-
stantially increased antibody levels in dialysis patients, espe-
cially in patients with low antibody levels after the second
dose and with a longer interval between second and third
dose. In contrast, there was little evidence of an increase in
antibody level after the third dose in patients with initial high
anti-S1 antibodies or in those undergoing chemotherapy.
Adverse events did not seem to be more common or severe
after the third vaccine dose. The clinical efficacy of a third
boost dose in dialysis patients remains to be determined.
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Population Findings
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CONCLUSION: A third dose of the BNT162b2 vaccine substantially increased antibody
titers in patients receiving maintenance dialysis and was as well-tolerated as a second dose.
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