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GRAPHICAL ABSTRACT

Conclusion

Quiroga, B., et al. NDT (2022)
@NDTSocial

A fourth vaccine dose increased anti-Spike antibody titers or seroconverted many CKD patients, but 
those with the highest need for a vaccine booster (i.e., those with lower pre-booster antibody titers or KT 
recipients) derived the least benefit in terms of antibody titers. 

Background
There is scarce evidence on fourth doses of SARS-CoV-2 vaccines in chronic kidney disease (CKD) patients. 
We have evaluated the humoral response and effectivity of the fourth dose in the CKD spectrum: non-dialysis 
CKD (ND-CKD), hemodialysis (HD), peritoneal dialysis (PD) and kidney transplant (KT) recipients.

Humoral response after the fourth dose of the SARS-CoV-2 vaccine in the 
CKD spectrum: a prespecified analysis of the SENCOVAC study

Methods Results

SENCOVAC study
N = 2186

Humoral response after 3 doses vs. 4 doses

70% vs. 30%

CKD
N=109

HD
N=1517

PD
N=164

KT
N=396

Anti-Spike antibodies
after the 4th dose

HD (p=0.001)

CKD (p=0.014)

PD (p=0.868)

KT (p=0.583)

Independent predictors for
anti-Spike antibody titers

B (95% CI)

Fourth dose 1185 (793 – 1576)

Previous anti-S ab 0.32 (0.27 – 0.68)

KT recipient –1126 (–1632 – 619)

Breakthrough infection 1773 (1107 – 2439)

ABSTRACT

Background. There is scarce evidence on the fourth dose
of severe acute respiratory syndrome coronavirus 2 vaccines
in chronic kidney disease (CKD) patients. We evaluated the
humoral response and effectivity of the fourth dose in the CKD
spectrum: non-dialysis CKD (ND-CKD), haemodialysis (HD),
peritoneal dialysis (PD) and kidney transplant (KT) recipients.
Methods. This is a prespecified analysis of the prospective,
observational,multicentric SENCOVAC study. In patients with
CKD who had received a complete initial vaccination and one
or two boosters and had anti-Spike antibody determinations
6 and 12 months after the initial vaccination, we analysed
factors associated with persistent negative humoral response
and higher anti-Spike antibody titres as well as the efficacy of
vaccination on coronavirus disease 2019 (COVID-19) severity.
Results. Of 2186 patients (18% KT, 8% PD, 69% HD and
5% ND-CKD), 30% had received a fourth dose. The fourth
dose increased anti-Spike antibody titres in HD (P = .001)
and ND-CKD (P = .014) patients and seroconverted 72% of
previously negative patients. Higher anti-Spike antibody titres
at 12 months were independently associated with repeated
exposure to antigen (fourth dose, previous breakthrough
infections), previous anti-Spike antibody titres and not being
a KT recipient. Breakthrough COVID-19 was registered
in 137 (6%) patients, 5% of whom required admission.
Admitted patients had prior titres <620 UI/ml and me-
dian values were lower (P = .020) than in non-admitted
patients.

Conclusions. A fourth vaccine dose increased anti-Spike
antibody titres or seroconvertedmany CKD patients, but those
with the highest need for a vaccine booster (i.e. those with
lower pre-booster antibody titres or KT recipients) derived
the least benefit in terms of antibody titres. Admission for
breakthrough COVID-19 was associated with low anti-Spike
antibody titres.

Keywords: CKD, COVID-19, dialysis, kidney transplant,
SARS-CoV-2, vaccines

INTRODUCTION
Coronavirus disease 2019 (COVID-19) has caused severe
morbidity and mortality in chronic kidney disease (CKD)
patients [1]. Vaccine approval was expected to prevent severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
infection [2]. However, the initial vaccination schedule efficacy
in patients with CKD, and especially in kidney transplant
(KT) recipients, was suboptimal [3, 4]. The spontaneous
loss of humoral immunity and the inherent or drug-induced
immunosuppressive state of patients with CKD led some
health authorities to approve a vaccine booster (i.e. a third
dose in most cases) to improve protection against SARS-
CoV-2. A previous prespecified analysis of the SENCOVAC
study showed that a third vaccine dose seroconverted some
patients with initial negative humoral response to the vaccine
[5]. Humoral response was observed in most CKD and
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KEY LEARNING POINTS

What is already known about this subject?
• The initial vaccination schedule efficacy in patients with chronic kidney disease (CKD), and especially in kidney transplant
(KT) recipients, was suboptimal.

• The loss of humoral immunity and the inherent or drug-induced immunosuppressive state of patients with CKD led
some health authorities to approve a vaccine booster to increase protection against severe acute respiratory syndrome
coronavirus 2.

• A third vaccine dose helped in seroconverting patients with initial negative humoral response to the vaccine; however, in
KT recipients the rates of response remained suboptimal.

What this study adds?
• A fourth vaccine dose increased anti-Spike antibody titres or seroconverted many CKD patients.
• Patients with lower pre-booster antibody titres or KT recipients derived the least benefit in terms of antibody titres.
• Patients with coronavirus disease 2019 (COVID-19) infection that required hospitalization had relatively low titres of
anti-Spike antibodies.

What impact this may have on practice or policy?
• A fourth vaccine dose should be indicated in patients at risk for severe COVID-19, because it increases the effectivity in
terms of increased anti-Spike antibody titres and the rate of seroconversion.

• KT recipients or patients with CKD and lower pre-booster antibody titres may benefit from antibody therapy for
COVID-19.

dialysis patients, although KT recipients still had high rates of
suboptimal protection [5].

To tackle the spontaneous fading of the humoral response
and new SARS-CoV-2 variants (i.e. Omicron) and the low
effectivity of the vaccines against them, health authorities
in many countries recommended a new booster dose (i.e.
a fourth dose) of SARS-CoV-2 vaccine in patients at high
risk for severe COVID-19, such as those with CKD. In
this regard, the scarce available evidence suggests that the
fourth dose increases antibody titres in KT recipients but
does not generally seroconvert patients with previous negative
responses [6, 7]. In 46 dialysis patients, the fourth dose
increased anti-Spike antibody titres, but there was no absolute
reduction in further SARS-CoV-2 infections [8]. However, the
optimal humoral response that protects from severe COVID-
19 requiring hospitalization and allows individualization of
SARS-CoV-2 booster vaccination is still unknown in patients
with CKD.

The aim of the present prespecified analysis of the
SENCOVAC study was to evaluate the impact of a new
booster dose (i.e. fourth dose) of SARS-CoV-2 vaccine in the
CKD spectrum, specifically on anti-Spike antibody titres and
seroconversion rates and in severe COVID-19 cases.

MATERIALS AND METHODS
Study design
SENCOVAC is an observational, prospective and

multicentric study promoted by the Spanish Society of
Nephrology and open to all patients with CKD treated in
Spain who have received SARS-CoV-2 vaccination. Following
the national health authority’s guidance, patients with non-
dialysis CKD (ND-CKD), those on peritoneal dialysis (PD)
or haemodialysis (HD) and KT recipients received BNT162b2
(Pfizer-BioNTech), mRNA-1273 (Moderna), ChAdOx1-S

(AstraZeneca) or Ad26.COV.2 (Janssen) as an initial
vaccination. The type of vaccine was mandated by regional
health authorities depending on local availability at the time of
vaccination and was not decided by SENCOVAC researchers.
Third and fourth doses were only mRNA-based vaccines
[BNT162b2 (Pfizer-BioNTech), mRNA-1273 (Moderna)] for
all patients. Again, the type and timing of these booster doses
was decided by health authorities external to SENCOVAC.

Population
This prespecified analysis included all patients with CKD

who had completed the initial vaccination schedule and
received at least one booster dose (third dose) and who
had anti-Spike antibodies assessed at both 6 and 12 months
after the initial vaccination schedule. We excluded patients
with solid organ transplantation not kidney, active neoplasia,
primary immunodeficiencies, human immunodeficiency virus
and non-KT patients who had received immunosuppressive
treatment within 6 months before vaccination [3–5]. Depend-
ing on protocols mandated by regional health authorities and
on the speed at which individual hospitals fulfilled the regional
health authority mandates, some patients had already received
a fourth dose of SARS-CoV-2 vaccination before the 12-month
anti-Spike assessment. The timing of the fourth dose was
not decided by SENCOVAC investigators. In this analysis,
we divided the cohort into two groups depending on the
number (one or two) of received vaccine boosters at 12months,
allowing the evaluation of the humoral response to a fourth
vaccine dose in the CKD spectrum in a real-world approach.

Objectives
The primary objective was to evaluate the humoral re-

sponse after the fourth dose of SARS-CoV-2 vaccine in the
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CKD spectrum. Secondary objectives included the effect of
breakthrough infections on anti-Spike antibody development
and the association between antibody titres and COVID-19
severity.

Variables and outcomes
Epidemiological data and comorbidities were registered

at baseline. CKD aetiology, prescribed treatments (including
immunosuppressive drugs in KT recipients), dialysis modality,
baseline kidney function and vascular access were registered.
Humoral immunity was assessed using a centralized anti-
Spike antibody measurement for all centres 6 and 12 months
after completing the initial vaccination schedule. Anti-Spike
antibodies were tested by a CE-marked quantitative chemilu-
minescence immunoassay (CLIA; COVID-19 Spike Quantita-
tive Virclia IgG Monotest, Vircell SL, Granada, Spain), with
a sensitivity and specificity of 96% and 100%, respectively,
that detects immunoglobulin G (IgG) antibodies against
the SARS-CoV-2 Spike protein. This assay was calibrated
against the First WHO International Standard for anti-SARS-
CoV-2 human immunoglobulin (NIBSC code: 20/136) and
results were expressed as IU/ml. According to performance
studies by the manufacturer, titres ≤32 IU/ml were con-
sidered negative, those 32–36 IU/ml were equivocal and
those >36 IU/ml were positive, reflecting the presence of
anti-Spike IgG antibodies resulting from previous infection
or vaccination. The highest titre that was measurable was
10 000 UI/ml. Thus a titre of 10 000 UI/ml means ≥10 000
UI/ml.

During follow-up, breakthrough infections were registered.
A positive reverse transcription polymerase chain reaction or
antigen test were required to confirm SARS-CoV-2 infection.
Severity of infection was defined on a subjective scale: asymp-
tomatic, mild (disease that allows a normal life), moderate
(disease limiting activities of daily living) or severe (with
pneumonia on chest X-ray). We also collected the need for
admission due to infections.

Ethical concerns
The study was approved by the Ethical Committee of

Fundación Instituto de Investigación Sanitaria de la Fundación
Jiménez Díaz (February 2021).

Statistics
Data are expressed as median [interquartile range (IQR)] or

percentage. Categorical variables were compared using Fisher’s
test and continuous variables using the Mann–Whitney or
Kruskal–Wallis test (depending on the groups being compared,
i.e. dichotomous or non-dichotomous). Logistic regression
analysis assessed variables associated with 12-month negative
humoral response in adjusted models including confounders.
Linear regression models were constructed to assess factors
associated with higher anti-Spike antibody titres 12 months
after initial vaccination completion. SPSS version 26.0 (IBM,

Armonk,NY,USA)was used for statistics andGraphPadPrism
version 9.02 (GraphPad Software, San Diego, CA, USA) was
used for plotting.

RESULTS
Baseline characteristics
Among the 4250 screened patients, 4079 were included as

the safety population and 2439 had an anti-Spike antibody
assessment 12 months after completing the initial vaccination
schedule. Of these, 2186 patients (89%) [median age 66 years
(IQR 18–92), 63.4% males] had completed a full initial
vaccination schedule with one booster dose and had anti-Spike
antibody assessments at 6 and 12 months (Fig. 1): 396 (18%)
were KT recipients, 164 (8%) on PD, 1517 (69%) on HD and
109 (5%) had ND-CKD (Table 1).

Vaccination status
Among the 2186 included patients, 1532 (70%) had received

only three doses and 654 (30%) had received an additional
fourth dose. Vaccines for third and fourth doses were mRNA-
based, and mRNA-1273 was more common than BNT162b2
(60.1% and 52.7%, respectively; Table 1). The distribution of
the type of fourth dose differed across the CKD spectrum
(Table 1). KT recipients and patients on PD or HD more
frequently received a fourth dose than patients with ND-CKD
(29.3%, 32.9% and 30.9% versus 11.9%) (P= .001). BNT162b2
was the most common vaccine for ND-CKD in the third dose
and for HD patients in the fourth dose.

Impact of vaccination on anti-Spike antibody titres
At 12 months, patients who had received only three doses

had significantly lower anti-Spike antibody titres than patients
who had received a fourth dose [3146 UI/ml (IQR 582–10 000)
versus 10 000UI/ml (IQR 1716–10 000), P< .001]. The impact
of the fourth dose was different across the CKD spectrum,
as anti-Spike antibody titres were significantly higher than
titres for three-dose-only patients in the HD and ND-CKD
cohorts (P < .001 and P = .037, respectively) but not in the
KT and PD cohorts (P = .583 and P = .868) (Fig. 2). Lower
patient numbers and lower rates of SARS-CoV-2 infections
prior to the 12-month assessment (1.2%)may have contributed
to the lack of statistically significant differences in PD patients
[three doses 2287 UI/ml (IQR 560–10 000) versus four doses
2647 UI/ml (IQR 827–10 000)]. In KT patients, the fourth
dose was associated with numerically lower values of anti-
Spike antibody titres [three doses 2110 UI/ml (IQR 143–
10 000) versus four doses 1620 UI/ml (IQR 433–10 000);
Fig. 2]. Immunosuppressive drugs impacted negatively on
anti-Spike antibody titres in KT patients. Steroids and my-
cophenolate mofetil were both associated with lower anti-
Spike antibody titres (P = .030 and P = .004, respectively;
Fig. 3). When patients with SARS-CoV-2 infections before
anti-Spike assessment [n = 150 (6%)] were excluded, results
were similar across the different cohorts.
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Screened
(n = 4250)

Safety population
(n = 4079)

Excluded (n = 171):
• Screening failure (n = 32)
• No baseline data (n = 9)
• No vaccine data (n = 97)
• Control patients (n = 33)

Kidney transplant
(n = 831)

Peritoneal dialysis
(n = 345)

Hemodialysis
(n = 2610)

ND-CKD
(n = 293)

Efficacy population
(n = 2439)

Included patients
(n = 2186)

Three doses (n = 1532)
• Kidney transplant (n=278)
• Peritoneal dialysis (n=110)
• Hemodialysis (n=1048)
• ND-CKD (n=96)

Four doses (n = 654)
• Kidney transplant (n=118)
• Peritoneal dialysis (n=54)
• Hemodialysis (n=469)
• ND-CKD  (n=13)

Had not completed a full 
initial vaccination plus one
booster dose
(n = 235)

Did not have an
anti-Spike antibody
assessment at 12 months
(n = 1640)

Figure 1: Flow chart.

Breakthrough infection increases anti-Spike antibody
titres
During follow-up, 164 (7%) patients developed a SARS-

CoV-2 breakthrough infection [median time from last vaccine
dose 96 days (IQR 71–130)]. The infection rate differed across
the cohorts (1.2% in PD, 3.7% in ND-CKD, 8.4% in HD and
7.6% in KT) (P = .004). Of SARS-CoV-2-infected patients, 27
(16%) were infected before the third dose, 123 (75%) between
the third and fourth dose and 14 (9%) after the fourth dose.
Anti-Spike antibody titres at 12 months differed between these
three groups (Fig. 4). Specifically, patients with three vaccine
doses and breakthrough infections had higher subsequent

anti-Spike antibody titres at 12 months than patients with
three doses without infection [10 000 UI/ml (IQR 3580–
10 000) versus 3125 UI/ml (IQR 582–10 000), P < .001].
However, patients who had received the fourth dose already
had median antibody titres in the upper limit of the assay
and no differences were observed between patients with or
without breakthrough infection [10 000 UI/ml (IQR 4500–
10 000) versus 10 000 UI/ml (IQR 1689–10 000), P = .188].
Interestingly, a trend (i.e. a P-value close to <.05) for higher
anti-Spike antibody titres was observed in patients with a third
dose who had suffered a breakthrough infection compared
with those with the fourth dose but without infections, mainly

Fourth dose SARS-CoV-2 vaccines in CKD 973
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Table 1: Baseline characteristics of included patients.

Characteristics Total (N = 2186) KT (n = 396) PD (n = 164) HD (n = 1517)
ND-CKD
(n = 109) P-value

Male, n (%) 1386 (63.4) 250 (63.1) 113 (68.9) 960 (63.3) 63 (57.8) .306
Age (years), median (range) 66.5 (18–92) 57.6 (18–80) 64.2 (24–85) 68.8 (20–92) 70.3 (25–88) .001
Diabetic kidney disease, n (%) 460 (21.0) 20 (5.1) 31 (18.9) 376 (24.8) 33 (30.3) .001
HD technique, n (%)

HFHD
HDx
OL-HDF

697 (46.0)
74 (4.9)
744 (49.1)

Vascular access, n (%)
AVF
Catheter

988 (66.4)
501 (33.6)

Immunosuppression, n (%)
Steroids
Calcineurin inhibitors
Mycophenolate mofetil
mTORi
Azathioprine

256 (64.6)
317 (80.1)
268 (67.7)
68 (17.2)
11 (2.8)

Anticoagulants, n (%) 347 (15.9) 37 (9.3) 29 (17.7) 261 (17.2) 20 (18.3) .002
Antiplatelet agents, n (%) 801 (36.6) 115 (29.0) 45 (27.4) 597 (39.4) 44 (40.4) .001
RAASi, n (%) 813 (37.2) 183 (46.2) 101 (61.6) 483 (31.8) 46 (42.2) .001
ESA, n (%) 1454 (66.5) 66 (16.7) 107 (65.2) 1213 (80.0) 68 (62.4) .001
Pre-vaccination COVID-19, n (%) 193 (8.8) 22 (5.6) 15 (9.1) 147 (9.7) 9 (8.3) .087
Baseline anti-Spike Ab+, n (%) 142 (6.5) 24 (6.1) 15 (9.1) 98 (6.5) 5 (4.6) .450
Influenza vaccine, n (%) 1614 (73.8) 311 (78.5) 125 (76.2) 1111 (73.2) 67 (61.5) .003
Anti-HBs Ab+, n (%) 937 (42.9) 128 (32.3) 59 (36.0) 720 (47.5) 30 (27.5) .001
Vaccine (1st/2nd doses) , n (%)

BNT162b2
mRNA-1273
ChAdOx1-S
Ad26.COV.2

877 (40.1)
1295 (59.2)
10 (0.5)
4 (0.2)

139 (35.1)
256 (64.6)
1 (0.3)
0 (0.0)

41 (25.0)
123 (75.0)
0 (0.0)
0 (0.0)

626 (41.3)
880 (58.0)
7 (0.5)
4 (0.3)

71 (65.1)
36 (33.0)
2 (1.8)
0 (0.0)

.001

Vaccine (3rd dose) , n (%)
BNT162b2
mRNA-1273

872 (39.9)
1314 (60.1)

141 (35.6)
255 (64.4)

31 (18.9)
133 (81.1)

638 (42.1)
879 (57.9)

62 (56.9)
47 (43.1)

.001

Vaccine (4th dose) , n (%)
BNT162b2
mRNA-1273

654 (29.8)a
309 (47.2)
343 (52.4)

116 (29.3)
21 (18.1)
95 (81.9)

54 (32.9)
23 (42.6)
31 (57.4)

468 (30.9)
261 (55.8)
207 (44.2)

13 (11.9)
3 (23.1)
10 (76.9)

.001

.001

HFHD: high-flux haemodialysis; HDx: expanded haemodialysis therapy; OL-HDF: online haemodiafiltration; AVF: arteriovenous fistula; mTORi: mammalian target of rapamycin
inhibitor; RAASi: renin–angiotensin–aldosterone inhibitor; eGFR: estimated glomerular filtration rate; Ab: antibody; SD: standard deviation.
aTwo patients had received an unknown mRNA fourth dose.

reflected in lower Q3 values (10 000 UI/ml (IQR 4500–10 000)
versus 10 000 UI/ml (IQR 1689–10 000), P = .057].

In univariate analysis, higher anti-Spike antibody titres were
associated with previous anti-Spike antibody titres (P < .001),
not being a KT recipient (P < .001), having received a fourth
dose (P < .001), having presented a breakthrough infection
(P < .001) and having an mRNA-1273-based third dose
(P = .003). An adjusted logistic regression analysis showed
that a fourth dose, previous anti-Spike antibody titre, not being
a KT recipient and previous breakthrough infections were
associated with higher anti-Spike antibody titres at 12 months
(Table 2).

Factors associated to negative humoral response
At 12 months, 93 (4%) patients presented a negative

humoral response, i.e. antibody titres ≤32 IU/ml. They rep-
resented 17/654 (3%) of patients with four vaccine doses and
76/1532 (5%) of patients with three vaccine doses (P = .011).
After the fourth dose, 34/47 (72%) patients that were previ-

ously negative or uncertain achieved seroconversion. Patients
that did not seroconvert after the fourth dose were more
frequently KT recipients (9/13) than patients on HD (3/13) or
PD (1/13) (P = .017).

In univariate analysis, a negative humoral response at
12months was associated with being a KT recipient (P< .001),
negative humoral response at 6 months (P < .001) and having
only received three vaccine doses (P = .038). BNT162b2
was associated with a numerical, but not statistically
significant, higher rate of negative humoral response (4.8%
versus 3.2%; P = .069). An adjusted logistic regression showed
that a negative humoral response at 6 months and being a KT
recipient were independent predictors of negative humoral
response at 12 months (Tables 3 and S1).

Booster dose and breakthrough infections in the CKD
spectrum
Breakthrough SARS-CoV-2 infections developed in 137

(6%) patients after receiving the third dose. Among infected
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Figure 2: Anti-Spike antibodies at 12 months by number of vaccine doses received and patient cohort.

patients, 4 (3%) remained asymptomatic, 120 (90%) presented
mild symptoms, 6 (4%) presented moderate symptoms and 4
(3%) presented pneumonia. One death was recorded. Three
patients presented an unknown course. Numerical but not
statistically significant differences were detected in anti-Spike
antibody titres (in the last available titre prior to infection)
regarding the clinical spectrum of SARS-CoV-2 infections
(Fig. 5).

Only seven patients (5%) required hospital admission
(three KT recipients and four patients on HD). Patients with
breakthrough infections admitted into the hospital had lower
anti-Spike antibody titres prior to infection than those infected
but not admitted [126 UI/ml (IQR 6–428) versus 747 UI/ml
(IQR 66–3262), P = .020; Fig. 5]. All admitted patients had
anti-Spike antibody titres <613 UI/ml in the last assessment
before the infection that required admission. The last available
anti-Spike antibody titre before breakthrough COVID-19 was
3 UI/ml (negative humoral response) in the KT recipient who
died.

DISCUSSION
The key findings of the present prespecified analysis of
SENCOVAC include that a fourth vaccine dose achieved
seroconversion in almost 75% of previously antibody-negative
CKD patients and increased anti-Spike antibody titres in
HD and ND-CKD patients. Achieving higher antibody titres
was associated with prior repeated exposure, either as a
fourth vaccine dose or breakthrough infection, the previous
anti-Spike antibody titre and not being a KT recipient. In this
regard, breakthrough infections could enhance humoral
response at least as much as subsequent booster doses
of SARS-CoV-2 vaccination. Additionally, adequate anti-
Spike antibody titres could protect against the more severe
COVID-19 forms, as the only reported death in >100 patients
with breakthrough infection had a negative humoral response
and all patients admitted for COVID-19 had anti-Spike
antibody titres <620 UI/ml in the last assessment prior to
infection. In this regard, neutralizing antibodies correlate
with improved outcomes in infected patients [9]. Our study
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Figure 3: Anti-Spike antibody titres at 12 months by immunosuppressive drugs among KT recipients.
mTORi: mammalian target of rapamycin inhibitor.

demonstrates that in patients with CKD, higher titres are also
related to better outcomes. The antibody titre cut-off point
could differ from the general population and also change over
time as the virus evolves. However, as a note of caution, those
CKD patients with the highest need for a vaccine booster (i.e.
those with lower pre-booster antibody titres or KT recipients)
derived the least benefit from a fourth dose in terms of
antibody titres.

The impact of a fourth dose of SARS-CoV-2 vaccine was
uneven across the CKD spectrum. On one hand, in non-
KT recipients, anti-Spike antibody titres increased after the
new booster. However, in KT recipients, the fourth dose did
not increase anti-Spike antibody titres, which is worrisome
because KT patients had the worst response to the initial
vaccination protocol. These data from a nationwide study
are consistent with some small prior reports [6]. Indeed, the
results of a fourth booster were clearly suboptimal in patients
that did not respond to prior vaccine doses, as 25% did not
seroconvert and antibody titres in those who seroconverted
were low, showing that additional protective strategies should
be implemented for these patients.

Regarding the effectivity of SARS-CoV-2 vaccines, until
now, public policy called for prescribing boosters independent
of the anti-Spike antibody titre. However, as shown in our data,
anti-Spike antibody titres are related to hospital admissions
due to COVID-19. Consequently, it should be more efficient
to identify cut-off values for anti-Spike antibody titres that
increase the risk of infection, or of severe disease, and develop
individualized recommendations for SARS-CoV-2 vaccine
booster doses in the CKD spectrum, in a manner similar to
current practice for hepatitis virus B vaccination [10]. As a
starting point, all CKD patients in SENCOVAC who required

hospital admission in the context of breakthrough COVID-
19 had anti-Spike antibody titres <613 UI/ml. In addition,
the neutralizing effect of vaccines against emerging variants
should be considered. To our knowledge, the effectivity of
vaccine boosters in CKD patients has not yet been tested in the
Omicron era. In the general population, the administration of
a fourth dose was associated with lower severity of COVID-19
but not with a reduced incidence of infections and there was
a significant reduction in the neutralization of the Omicron
variant of SARS-CoV-2 [11–13].

With these data, some difficulties arise for the optimal
management of patients with CKD in terms of preventing
SARS-CoV-2 infection. It is likely that periodic vaccination,
especially in previous responders who have lost the humoral
response, in combination with new monoclonal antibodies
(for non-responders) could improve outcomes. However, there
is suboptimal evidence on the effectivity of monoclonal
antibodies across the CKD spectrum and this effectivity may
change over time as the virus mutates [14].

Some limitations should be acknowledged. First, this is an
observational study with some missing data. However, real-
world studies with a prospective design are clinically useful, as
they include all kinds of patients and it is easier to extrapolate
conclusions to a wider population. Second, cellular immunity
was not assessed. As this study is multicentric, measuring
cellular immunity posed insurmountable logistical difficulties.
In addition, for daily practice, humoral immunity is easier to
assess and appears to provide information on the protective
effects of vaccines. Third, as the number of infections was
low, we did not have a large enough sample size to definitely
establish a cut-off value for anti-Spike antibodies that is associ-
ated with the risk of severe COVID-19. However, providing an
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Figure 4: Effect of the number of doses of SARS-CoV-2 vaccines and breakthrough infections prior to 12 months on anti-Spike antibody titres at
12 months.

Table 2: Linear regression of independent predictors for anti-Spike anti-
body titres at 12 months.

Predictors B (95% CI) P-value

Fourth dose (yes) 1185 (793–1576) <.001
Previous anti-Spike antibody titre
(per unit)

0.32 (0.27–0.68) <.001

KT recipient (versus others) −1126 (−1632–619) <.001
Breakthrough infection (yes) 1773 (1107–2439) <.001

Linear regression adjusted for type of third dose vaccine, age and sex.
B (95% CI): beta coefficient (95% confidence interval).

initial estimatemay facilitate the design of larger, more focused
studies. Also, asymptomatic SARS-CoV-2 infections may have
gone unnoticed, as screening of asymptomatic persons was not
routinely performed in many centres. Finally, the assay used
for measuring anti-Spike antibodies had a maximum value of
10 000 UI/ml, so patients with higher titres were codified as
this maximum value.

In conclusion, booster doses and breakthrough infections
generate similar increases in anti-Spike antibody titres and a

Table 3: Logistic regression for independent predictors for negative
humoral response at 12 months.

Predictors OR (95% CI) P-value

Previous negative humoral
response (yes)

39.1 (18.5–82.5) <.001

KT recipient (versus others) 7.8 (4.0–15.1) <.001

Logistic regression adjusted for age, breakthrough infections, type of third dose vaccine
and fourth dose.
OR (95% CI): odds ratio (95% confidence interval).

fourth vaccine dose seroconverted a significant percentage of
CKD patients with negative antibody titres. However, patients
most in need of boosting the humoral response, including KT
recipients and those with previous negative humoral response,
derived the least benefit in terms of anti-Spike antibody titres
from a fourth booster dose. Finally, patients with breakthrough
infection who required hospitalization had relatively low titres
of anti-Spike antibodies, setting the stage for the definition of
‘protective anti-Spike antibody titres’ as opposed to the current
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Figure 5: Anti-Spike antibody titres during the study (i.e. last available titre prior to infection) across the different clinical presentations of
SARS-CoV-2 infections.

definition of positive anti-Spike antibody titres, which is based
on evidence of prior exposure to the antigen that differentiates
exposed from unexposed individuals.
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