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ABSTRACT

Background. Chronic kidney disease (CKD) is a risk factor for severe coronavirus disease 2019 (COVID-19). We aimed to
evaluate the real-life effectiveness of the BNT162b2 messenger RNA vaccine for a range of outcomes in patients with
CKD compared with matched controls.
Methods. Data from Israel’s largest healthcare organization were retrospectively used. Vaccinated CKD [estimated
glomerular filtration rate (eGFR) <60 ml/min/1.73 m2] and maintenance dialysis patients were matched to vaccinated
controls without CKD (eGFR ≥60 ml/min/1.73 m2) according to demographic and clinical characteristics. Study outcomes
included documented infection with severe acute respiratory syndrome coronavirus 2, symptomatic infection,
COVID-19-related hospitalization, severe disease and death. Vaccine effectiveness was estimated as the risk ratio (RR) at
days 7–28 following the second vaccine dose, using the Kaplan–Meier estimator. Effectiveness measures were also
evaluated separately for various stages of CKD.
Results. There were 67861 CKD patients not treated with dialysis, 2606 hemodialysis (HD) patients and 70467 matched
controls. The risk of severe disease {RR 1.84 [95% confidence interval (CI) 0.95–2.67]} and death [RR 2.00 (95% CI 0.99–5.20)]
was increased in nondialysis CKD patients compared with controls without CKD following vaccination. For the subgroup
of patients with eGFR <30 ml/min/1.73 m2, the risk of severe disease and death was increased compared with controls
[RR 6.42 (95% CI 1.85–17.51) and RR 8.81 (95% CI 1.63–13.81), respectively]. The risks for all study outcomes were increased
in HD patients compared with controls.
Conclusion. Two doses of the BNT162b2 vaccine were found to be less efficient for patients with eGFR <30
ml/min/1.73 m2. Risk in HD patients is increased for all outcomes. These results suggest prioritizing patients with eGFR
<30 ml/min/1.73 m2 for booster shots, pre- and post-exposure prophylaxis and early COVID-19 therapy.
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INTRODUCTION

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
emerged in December 2019 as the cause of coronavirus disease
2019 (COVID-19) [1]. Initial evidence suggested a higher inci-
dence of severe COVID-19 in people with chronic illnesses, in-
cluding chronic kidney disease (CKD) [2–4]. The incidence of se-
vere COVID-19 in maintenance dialysis was even higher com-
pared with nondialysis CKD (ndCKD) patients [5].

Various reports documented an attenuated response of CKD
and dialysis patients to the BNT162b2 messenger RNA (mRNA)
vaccine [6, 7]. Dialysis patients had reduced antibody response
to the first and second doses of the mRNA vaccine BNT162b2
[8]. The majority (82%) of dialysis patients developed neutral-
izing antibodies and T-cell response after the second dose, but
at significantly lower titers compared with healthy controls [8].
Furthermore, the humoral response was delayed by 3–4 weeks
following the third (booster) dose [9]. However, these studies did
not address clinical outcomes following the vaccine.

It has become a matter of great importance and urgency to
identify the degree of protection afforded to people with kidney
disease by two doses of SARS-CoV-2 mRNA vaccines, as it may
affect decisions on additional vaccine doses or the use of other
treatments and preventive measures [10, 11]. In this study we
sought to evaluate the real-life effectiveness of BNT162b2mRNA
vaccine in a nationwide setting for a wide range of outcomes in
CKD and dialysis patients comparedwith vaccinated individuals
without kidney disease.

MATERIALS AND METHODS

Study population

Data from Clalit Health Services (CHS), the largest healthcare
provider in Israel, were retrospectively analyzed. A detailed de-
scription of the data repositories used for data extraction is pro-
vided elsewhere [9].

Study design

We designed this observational study to estimate the risk of
COVID-19 outcomes in CKD patients following two doses of
BNT162b2 vaccine compared with the general vaccinated pop-
ulation. Eligibility criteria included age ≥18 years, vaccination
with two doses of BNT162b2 according to the manufacturer’s
recommendations, not having a previously documented posi-
tive SARS-CoV-2 polymerase chain reaction (PCR) test and being
a member of the healthcare organization during the previous
12 months. Vaccination status was validated using the strictly
confirmed nationwide database.We excluded kidney transplant
patients entirely from the analysis. In addition, we excluded pa-
tients for whom the probability of exposure was highly variable
(e.g. healthcare workers or individuals for whom data on place
of residence were missing).
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For the ndCKD group, exposure was defined as two sepa-
rate GFR estimations of <60 ml/min/1.73 m2 at least 3 months
apart in the 3 months prior to vaccination [12, 13]. Patients
were further divided according to Kidney Disease: Improving
Global Outcomes (KDIGO) estimated glomerular filtration rate
(eGFR)- based CKD stages (3A: 45–<60 ml/min/1.73 m2, 3B: 30–
<45 ml/min/1.73 m2 and 4 and 5: <30 ml/min/1.73 m2) [14]. Of
note, due to the transient nature of patients with CKD stage 5,
transitioning rapidly to either transplantation or dialysis,we de-
cided to group them together with stage 4 patients, anticipating
a small number of patients and events. Although albuminuria is
frequently used to further divide CKD patients into subgroups,
due to a lack of consistent evaluation of the albumin:creatinine
ratio,we used only eGFR criteria for CKD evaluation. For the dial-
ysis group, exposure was defined as dialysis treatment, either
hemodialysis or peritoneal dialysis, for at least 3 months. For
both comparisons, a control group from the general population
was defined based on eGFR values >60 ml/min/1.73 m2.

We matched all newly vaccinated CKD and dialysis patients
in a 1:1 ratio with vaccinated controls without kidney disease.
The matching process was based on variables associated with
the probability of CKD, risk of COVID-19 infection and the risk of
COVID-19-related severe illness and mortality. These variables
included age (in groups of 5 years), sex, place of residence
by neighborhood, receipt of influenza vaccination during the
preceding 5 years (either yes or no, as a proxy of health-seeking
behavior) and groups of the number of coexisting medical
conditions (0–1, 2–3, ≥4) that had been identified by the Centers
for Disease Control and Prevention (CDC) as risk factors for
severe disease and were used in previous publications for risk
evaluation [15].

Outcomes of the study included five different endpoints as-
sociated with COVID-19: documented infection (only cases con-
firmed by a positive PCR test), symptomatic infection, hospital-
ization, severe disease (as defined by the National Institutes of
Health criteria) [16] and death.

Statistical analysis

Following matching, survival curves were estimated using the
Kaplan–Meiermethod.Risk ratios (RRs)were evaluated using the
same estimator for the period of 7–28 days following the second
vaccine dose. This was done by including only pairs in which
both matched persons were still at risk 7 days after the second
vaccine. We estimated 95% confidence intervals with the per-
centile bootstrap method using 3000 repetitions. Analyses were
performed with the use of R software (R Foundation for Statisti-
cal Computing, Vienna, Austria).

Ethics

This study was approved by the CHS institutional review board
(Helsinki no. 0052-20-COM2, 13 May, 2020) and, due to its non-
interventional and observative nature, was exempt from the
obligation for informed patients consent. Reporting was carried
out in line with the Strengthening the Reporting of Observa-
tional Studies in Epidemiology guidelines [17]; the full list ap-
pears in Supplementary Table S1.

RESULTS

Overall, 3 247 611 people ≥18 years of age were insured by CHS
at the beginning of the study period and 2 203 686 of them met
the inclusion criteria. A total of 70 467 individuals had impaired
kidney function with available matched preserved kidney

function controls. Of these, 67 861 had ndCKD and 2606 were
dialysis patients (Fig. 1). The median age for CKD was 76 years
[interquartile range (IQR) 71–83)] and 48%weremales. Themean
eGFR for CKD patients was 44.76 ± 11 ml/min/1.73 m2 com-
pared with 74.01 ± 14 ml/min/1.73 m2 in the control group. Of
the study group, 37 428 (55%) had CKD stage 3A, 22 341 (33%)
had CKD stage 3B and 8092 (12%) had CKD stage 4 or 5. The
median age among the dialysis group was 71 years (IQR 63–77).
The characteristics of the study groups and the control groups
are presented in Table 1.

We calculated the risk ratio (RR) of patients with ndCKD ver-
sus controls for COVID-19 infection [RR 0.98 (95% CI 0.76–1.30)],
symptomatic COVID-19 infection [RR 0.96 (95% CI 0.68–1.34)],
COVID-19-related hospital admission [RR 1.34 (95%CI 0.81–2.33)],
severe COVID-19 [RR 1.84 (95% CI 0.95–2.67)] and COVID-19-
related death [RR 2.0 (95% CI 0.99–5.2)] (Table 2).

Outcomes according to CKD stage

A total of 26% of the patients in stage 3A had a CDC risk score
of ≥4, compared with 44% of the patients in stage 3B and 61% of
the patients in stage 4 and 5. This difference was largely due to
a higher prevalence of diabetes mellitus and heart disease with
more severe CKD (Supplementary Table S2).

Patients with CKD stages 3A and 3B had similar risks for
all outcomes compared with those without CKD (Fig. 2, Sup-
plementary Fig. S2 and Table S2). Patients with stage 4 and 5
ndCKD had increased risk of COVID-19-related hospital admis-
sions [RR 2.98 (95% CI 0.96–12.74)], severe COVID-19 [RR 6.48 (95%
CI 1.85–17.51)], and COVID-19 related mortality [RR 8.81 (95% CI
1.63–13.81)] compared with vaccinated matched controls with-
out CKD. The results of CKD patients according to CKD stages
are presented in Fig. 2, Supplementary Fig. S1 and Table S2. The
summary results for all CKD patients (with all stages collapsed)
compared with controls without CKD are presented in Fig. 4 and
Supplementary Fig. 2.

Outcomes in dialysis patients

Baseline characteristics of dialysis patients and matched con-
trols are presented in Table 1. Risk for COVID-19 infection and
symptomatic disease was higher for dialysis patients compared
with controls [RR 3.75 (95%CI 1.5–15.20), andRR 3.88 (95%CI 2.35–
8.03) respectively]. In the dialysis group there were 10 events
of COVID-19-related hospital admissions, 8 events of severe
COVID-19 and 5 events of COVID-19-related deaths compared
with no events for these outcomes in the control group (Fig. 3).

DISCUSSION

We evaluated the effectiveness of two doses of BNT162b2 vac-
cine in a nationwide cohort of 67 861 people with ndCKD and
2606 dialysis patients compared with vaccinated matched con-
trols without CKD. The risk of severe disease [RR 1.84 (95%
CI 0.95–2.67)] and COVID-19-related death [RR 2 (95% CI 0.99–
5.20)] for ndCKD were increased compared with matched con-
trols.However, this presentation blunts the heterogeneity of out-
comes in CKD patients. Subgrouping according to the different
stages of CKD revealed two different groups of patients. Among
patients with ndCKD stage 4–5 (eGFR <30 ml/min/1.73 m2),
the risks of severe COVID-19 infection and death were higher
compared with controls (RRs of 6.48 and 8.8, respectively). In
contrast, outcomes were similar in individuals with stage 3 CKD
compared with controls without CKD.
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FIGURE 1: Population flow chart describing data cleaning steps of the cohort. From an initial cohort of 3247611 individuals >18 years of age who were insured by Clalit
Health Services at the beginning of follow-up, the final cohort included 135722 CKD nondialysis patients and 5212 dialysis patients.

Dialysis patients exhibited uniformly increased vulnera-
bility with qualitatively increased risks compared with con-
trols for all outcomes. Although the number of events was
small, risks of documented, symptomatic and severe infection,
as well as hospitalization and death rates were numerically
higher for dialysis patients compared with matched controls.,
Our finding of a threshold of eGFR <30 ml/min/1.73 m2 as a risk
factor for severe disease and death among CKD patients
differs from the frequently used cutoff for risk exposure of
<60 ml/min/1.73 m2 [13] and suggest that the severity of CKD
and not just its presence or absence is a critical determinant of
risk.

One explanation for the increased risk in dialysis and CKD
stage 4–5 patients may be diminished immunogenicity in re-
sponse to vaccination as GFR declines. The literature regarding
clinical response of CKD patients to the SARS-CoV-2 vaccine is
scarce. Inclusion of patients with kidney disease in completed
and ongoing COVID-19 vaccine studies remains low, with most
trials explicitly excluding individuals with ‘severe’ or ‘chronic’
kidney disease.

Indications of reduced effectiveness of the SARS-CoV-2 vac-
cine came from studies measuring serologic response following
COVID-19 infection in dialysis patients. The immunoglobulin G
(IgG) level decreased gradually within 3months following COVID
infection, and such serologic changes might predict less efficacy
of vaccination [18]. Antibody titer was also lower among dialysis
patients compared with healthy controls [19, 20]. Seroconver-
sion rates induced by mRNA-1273 compared with BNT162b2

vaccine were 97% and 88%, respectively, in dialysis patients and
specific IgG directed against the spike protein were significantly
higher in dialysis patients vaccinated bymRNA-1273 (95%) com-
pared with BNT162b2 [21, 22]. Vaccine efficacymay be hampered
by alteration of innate immunity in the uremic milieu, older
age and deficiency of vitamin D and erythropoietin [23]. The
uremicmilieu, for example, reduces expression of costimulatory
molecules such as CD80/CD86 on antigen-presenting cells and
dendritic cells, reducing recognition of pathogen by the immune
systems of CKD patients [24]. In addition, expression of the Toll-
like receptor is decreased on monocytes and hence proinflam-
matory cytokine release is reduced in CKD [25]. These conditions
also decrease antibody production by B lymphocytes and in-
crease apoptosis of memory T cells [23, 26]. In fact, patients
can exhibit lymphopenia and defects in B cell differentiation,
therefore the generation of antibodies might be influenced [27,
28]. The efficacy of the influenza vaccine, for example,was nega-
tively associatedwith age and CKD status [29]. Other factors that
might influence vaccine efficacy in dialysis patients are erythro-
poietin titer [30] and low vitamin D, which were associated with
lower seroconversion rates in the case of hepatitis B virus vac-
cine [31]. Additionally, it is possible that dialysis patients might
experience near-continuous and inevitable exposure to COVID-
19 during regular visits to the dialysis unit. This might have
contributed, at least in part, to the increased infection rate in this
population.

To summarize, two doses of BNT162b2mRNA vaccine appear
to be less effective in preventing severe infection, admissions
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FIGURE 2: Cumulative incidence of severe infection and death related to COVID-19 in ndCKD patients according to CKD stage. Patients (red) were grouped according to

eGFR and are shown compared with matched controls (blue). (A, B) Patients with CKD3A (eGFR 45 to <60 ml/min/1.73 m2), (C,D) CKD 3B (eGFR 30–<45 ml/min/1.73 m2),
(E, F) patients with CKD 4–5 (eGFR 0–<30 ml/min/1.73 m2). (A, C, E) severe COVID-19 infection, (B, D, F) death related to COVID-19.
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Table 1. Characteristics of CKD patients and matched controls

Parameter CKD patients Controls Dialysis patients Controls

N 67 861 67861 2606 2606
Age (years), median, (IQR) 76 (71–83) 77 (71–83) 71 (63–77) 71 (63–77)
Female, n (%) 35 485 (52) 35 485 (52) 1032 (40) 1032 (40)
Influenza vaccine in the past 5 years (yes), n (%) 66 343 (98) 66 342 (98) 2524 (97) 2524 (97)
CDC ‘certain’ risk criteria, n (%) Cancer 3854 (5.7) 4224 (6.2) 223 (8.6) 154 (5.9)

COPD 6757 (10.0) 5404 (8.0) 401 (15) 376 (14)
Heart disease 21 450 (32) 25 167 (37) 1115 (43) 1494 (57)
Immunosuppression 277 (0.4) 176 (0.3) 18 (0.6) 16 (0.6)
Obesity (BMI 30–40) 19 677 (29) 17 650 (26) 1050 (40) 723 (28)
Morbid obesity (BMI ≥40) 2115 (3.1) 2343 (3.5) 156 (6.0) 105 (4.0)
Smoking 6770 (10.0) 5854 (8.6) 399 (15) 358 (14)
Type 2 diabetes mellitus 27 876 (41) 30 672 (45) 1463 (56) 1480 (57)

CDC ‘possible’ risk criteria, n (%) Asthma 7258 (11) 5051 (7.4) 441 (17) 215 (8.3)
Cerebrovascular disease 11 205 (17) 10 895 (16) 591 (23) 636 (24)
Other respiratory disease 1188 (1.8) 917 (1.4) 57 (2.2) 44 (1.7)
Hypertension 47293 (70) 52 776 (78) 1961 (75) 2309 (89)
Immunosuppression (other) 3145 (4.6) 2893 (4.3) 204 (7.8) 169 (6.5)
Neurologic disease 12 421 (18) 9938 (15) 509 (20) 326 (13)
Liver disease 3309 (4.9) 2993 (4.4) 226 (8.7) 222 (8.5)
Overweight (BMI 25–30) 26 616 (39) 28 686 (42) 865 (33) 940 (36)
Thalassemia 453 (0.7) 326 (0.5) 29 (1.1) 33 (1.3)
Type 1 diabetes mellitus 744 (1.1) 1246 (1.8) 62 (2.4) 169 (6.5)

COPD, chronic obstructive pulmonary disease; BMI, body mass index; CDC, Centers for Disease Control.

Table 2. Analysis in CKD subgroups

Patients’ subgroup COVID-19-related events CKD, n Control, n RR (95% CI)

All CKD eGFR <60 ml/min/1.73 m2 (N = 67 861) Documented Infections 126 128 0.98 (0.76–1.30)
Symptomatic infections 80 81 0.96 (0.68–1.34)
Severe infections 43 26 1.84 (0.95–2.67)
Admissions 41 34 1.34 (0.81–2.33)
COVID-19-related death 21 14 2.00 (0.99–5.20)

CKD 3A eGFR 45–<60 ml/min/1.73 m2 (N = 37 428) Documented Infections 56 60 0.98 (0.61–1.56)
Symptomatic infections 34 38 0.82 (0.47–1.39)
Severe infections 14 9 1.43 (0.57–4.31)
Admissions 16 12 0.86 (0.34–2.87)
COVID-19-related death 9 5 1.41 (0.45–7.35)

CKD 3B eGFR 30–<45 ml/min/1.73 m2 (N = 22341) Documented Infections 49 52 0.96 (0.63–1.42)
Symptomatic infections 30 35 0.87 (0.51–1.42)
Severe infections 14 15 0.89 (0.39–1.88)
Admissions 15 18 0.83 (0.39–1.75)
COVID-19-related death 3 8 0.31 (0–1.05)

CKD 4–5 eGFR 0–<30 ml/min/1.73 m2 (N = 8092) Documented Infections 21 16 1.19 (0.60–2.53)
Symptomatic infections 16 8 1.84 (0.74–5.68)
Severe infections 15 2 6.42 (1.85–17.51)
Admissions 10 4 2.98 (0.96–12.74)
COVID-19-related death 9 1 8.81 (1.63–13.81)

RR, risk ratio.
CKD patients were divided according to stages as defined by KDIGO criteria. RRs were evaluated using the same estimator for the period 7–28 days following the second
vaccine dose.

and death at an eGFR <30 ml/min/1.73 m2. Furthermore, the
vaccine is less effective for all outcomes assessed in patients re-
quiring dialysis.

Thus more data are needed to inform providers and patients
with CKD regarding the use of COVID-19 vaccines [32] and it is of
great importance to include these patients in clinical trials ex-
amining the efficacy of future treatments. With the emergence
of booster shot campaigns and the appearance of new SARS-
CoV-2 strains, further research is needed to assess the efficacy
of the vaccine in these situations. Our data suggest that indi-

viduals with eGFR <30 ml/min/1.73 m2 should be prioritized for
additional vaccine doses, with further research evaluating the
optimal type of vaccine and number of doses in this population.
Moreover, patients with CKD should not be excluded from trials
assessing pre- and postexposure prophylaxis measures or test-
ing treatments for breakthrough infection.

Our study has several limitations. Due to the time-sensitive
effectiveness of the vaccine and changes in common viral
strains with time, the results represent the vaccine effectiveness
as of February 2021, during a time when the Alpha variant was
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FIGURE 3: COVID-19-related outcomes in dialysis patients following vaccination compared with matched controls. Results depict dialysis patients in red versus con-
trols in blue; on the y-axis, cumulative incidence (%) of the specific outcome versus time (days). (A) documented infection rates, (B) symptomatic infection rates, (C)
hospitalization rates, (D) severe infection and (E) death due to COVID.

active in Israel. Further studies are needed to understand how
the use of booster doses or the presence of new viral variants
might modify vaccine effectiveness. Additionally, the number of
patients on dialysis was small. Furthermore, we studied only a
single vaccine type. Since only the BNT162b2mRNA vaccine was
utilized in the study, we are unable to assess whether our find-
ings are specific to that particular vaccine or broadly representa-
tive of the clinical effectiveness of mRNA vaccines for COVID-19.
To wit, at least one analysis has shown that immunologic re-
sponse to mRNA-1273 vaccine is more robust than response to
the BNT162b2 in the setting of dialysis [20, 33]. We acknowledge
that due to the small number of events our confidence intervals
are quite large and this can result in overestimation.

Finally, we could not match dialysis patients’ exposure to
the general population. Since dialysis patients receive treatment
three times a week in a setting mandating social interaction,
their risk is a combination of biological and social factors that
cannot bematchedwith the general population. That being said,
we believe their increased risk is a combination of frequent ex-
posure and decreased ability to develop immunity. Lastly, due
to the transient nature of stage 5 ndCKD patients, transitioning
rapidly to either dialysis or transplantation, we had a relatively
small number of patients and events in this group and hence
were unable to assess the specific risk.

In conclusion, after two doses of BNT162b2, patients with ad-
vanced CKD and dialysis are less protected against COVID-19

infection and complications compared with a matched popula-
tion with normal renal function. Additional measures might be
considered to improve the protection of CKD patients, including
additional vaccine doses (either same or heterologous), pre- and
postexposure prophylaxis and therapies for COVID-19. Inclusion
of these patients in clinical trials should be encouraged, despite
limitations in dosing adjustment.
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