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Introduction: The COVID-19 pandemic is a global public health problem. Patients with end-stage renal

disease on hemodialysis are at a higher risk of infection and mortality than the general population.

Worldwide, a vaccination campaign has been developed that has been shown to reduce severe infections

and deaths in the general population. However, there are currently limited data on the clinical efficacy of

vaccinations in the hemodialysis population.

Methods: A national multicenter observational cohort was performed in Chile to evaluate the clinical ef-

ficacy of anti-SARS-CoV-2 vaccination in end-stage renal disease patients on chronic hemodialysis from

February 2021 to August 2021. In addition, the BNT162b2 (Pfizer-BioNTech) and CoronaVac (Sinovac)

vaccines were evaluated. The efficacy of vaccination in preventing SARS-CoV-2 infection, hospitalizations,

and deaths associated with COVID-19 was determined.

Results: A total of 12,301 patients were evaluated; 10,615 (86.3%) received a complete vaccination (2

doses), 490 (4.0%) received incomplete vaccination, and 1196 (9.7%) were not vaccinated. During follow-

up, 1362 (11.0%) patients developed COVID-19, and 150 died (case fatality rate: 11.0%). The efficacy of the
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complete vaccination in preventing infection was 18.1% (95% confidence interval [CI]:11.8–23.8%), and

prevention of death was 66.0% (95% CI:60.6–70.7%). When comparing both vaccines, BNT162b2 and

CoronaVac were effective in reducing infection and deaths associated with COVID-19. Nevertheless, the

BNT162b2 vaccine had higher efficacy in preventing infection (42.6% vs. 15.0%) and deaths (90.4% vs.

64.8%) compared to CoronaVac.

Conclusion: The results of our study suggest that vaccination against SARS-CoV-2 in patients on chronic

hemodialysis was effective in preventing infection and death associated with COVID-19.

Kidney Int Rep (2022) 7, 2176–2185; https://doi.org/10.1016/j.ekir.2022.07.007
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T
he COVID-19 pandemic has had a major global
impact, with over 600 million people infected

and over 6 million deaths as of August 2022.1 Among
the highest risk groups are patients with end-stage
renal disease undergoing renal replacement therapy,
including hemodialysis, peritoneal dialysis, and kidney
transplants, with a higher rate of infection and mortal-
ity compared with the general population.2-4

A recent study5 reported that the global prevalence of
COVID-19 in patients on dialysis varies between 0% and
37%, with a hospitalization rate of between 35% and
88%, andwith admissions to intensive care units ranging
from 2% to 70%. In addition, these patients present a
high case fatality rate of over 20%,6 which is more than
40% in hospitalized patients.5 These rates are much
higher than those reported in the general population.2,3

Latin America is the area of the world with the
highest mortality per capita from COVID-19, with over
1.7 million reported deaths as of August 2022.7,8 In
Chile, the first case of COVID-19 was diagnosed on
March 3, 2020, and the first case among patients on
hemodialysis was detected on March 23, 2020. By
December 2021, 4814 patients infected with COVID-19
in the hemodialysis population have been reported
(cumulative infection rate: 22,900�100,000 people) and
879 deaths (case fatality rate: 18.3%). This equates to
an infection rate of over 2.0 times and a case fatality
rate 6.7 times higher than in the general population
when adjusted for age and sex.9

Given the impact of the pandemic, major international
efforts have been made to design anti-SARS-CoV-2 vac-
cines and distribute them around the world. To date,
more than 10 vaccines have proven to be effective in
clinical studies, primarily in the general population.10,11

It is highly likely that, as in the general popula-
tion,12 the most effective prevention against severe
illness or death from COVID-19 in hemodialysis pa-
tients is adequate vaccination. End-stage renal disease
patients on hemodialysis with circulating anti-SARS-
CoV-2 antibodies have a reduced risk of COVID-19.13

Nevertheless, in clinical studies where the post-
developmental immune response of COVID-19 has been
International Reports (2022) 7, 2176–2185
evaluated, anti-SARS-CoV-2 antibody titers have been
shown to decline earlier in hemodialysis patients than
in the general population.14 It has been recently re-
ported that vaccinations with the BNT162b2 vaccine
(Pfizer-BioNTech) allow the generation of anti-SARS-
CoV-2 antibodies in hemodialysis patients, although
at lower concentrations compared to healthy volun-
teers.15 This raises questions about whether vaccines
are effective in this population. To date, there are
limited data on the clinical efficacy of anti-SARS-CoV-2
vaccination in preventing infection and adverse out-
comes in the chronic hemodialysis population.

In Chile, the vaccination campaign began on February
2, 2021, which included the inactivated virus vaccine
CoronaVac (Sinovac) and the RNA messenger vaccine
BNT162b2 (Pfizer-BioNTech). Clinical studies in the
general population have shown that both CoronaVac16

and BNT162b210 decrease the infection and death rates
associated with COVID-19. A recent study performed in
Chile17 demonstrated that the CoronaVac vaccine pre-
vented COVID-19 (mean effectiveness: 65.9%) and se-
vere disease, including hospitalizations and death (mean
effectiveness: 86.3%) in the general population.

Considering the high impact of COVID-19 on the
population of patients with chronic kidney disease in
renal replacement therapy, on March 29, 2020, the
Chilean Society of Nephrology created the anti-COVID-
19 task force in chronic kidney disease (FUTAC Team)
to develop strategies to reduce the transmission of
COVID-19 among patients with end-stage renal disease
(hemodialysis, peritoneal dialysis, and kidney trans-
plantation) and among the health team responsible for
their care. In addition, the incidence and death rates
from COVID-19 in these patient groups have been
determined at the national level by the creation of a
national registry covering over 90% of the population
undergoing chronic renal replacement therapy in the
country. This registry was used by health authorities
to develop COVID-19 prevention strategies in this
population, including a priority vaccination for these
high-risk groups independent of age, since February
2021.18 At the end of October 2021, over 90% of these
2177
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patients received complete vaccination with 2 doses,
and over 93% received at least 1 dose.

The objective of this study was to evaluate the clinical
efficacy of vaccinations against SARS-CoV-2 in patients
on hemodialysis, from a national multicenter observa-
tional cohort, especially in terms of infection, hospitali-
zation, and mortality rates. A comparison was made
between patients according to their vaccination status,
and the efficacy of the CoronaVac and BNT162b2 vaccines
was evaluated independently in this group of patients.

METHODS
Study Design

The HDVAC study, conducted by the FUTAC Team of
the Chilean Society of Nephrology, is a national
multicenter observational cohort of patients on chronic
hemodialysis in Chile conducted in 2021 to determine
the efficacy of the anti-SARS-CoV-2 vaccination. Base-
line demographic and clinical data were collected from
patients. The anti-COVID-19 immunization rate in pa-
tients on chronic hemodialysis was determined, and the
SARS-CoV-2 infection rate was evaluated according to
vaccine use and the development of adverse outcomes,
including hospitalization and death. This study was
approved by the Institutional Ethics Committee.

Chile Immunization Program

On February 2, 2021, the national vaccination
campaign began in Chile, which included patients with
end-stage renal disease (hemodialysis, peritoneal dial-
ysis, and kidney transplant) within the priority
vaccination group, regardless of age. The campaign
included the use of the inactivated virus anti-SARS-
CoV-2 vaccine CoronaVac (Sinovac) and the mRNA
vaccine BNT162b2 (Pfizer-BioNTech). The campaign
included the administration of 2 doses of the vaccine to
each patient (CoronaVac or BNT162b2), separated by a
4-week period. The decision about which vaccine
would be administered was based on onsite availability
of the vaccines; however, the same vaccine was
administered for the 2 doses. The administration of the
vaccines was funded by the government of Chile and
was free for patients. A complete vaccination was
defined as a patient who received 2 vaccine doses and
completed a minimum of 14 days after the second
vaccination.

Inclusion and Exclusion Criteria

To evaluate vaccination efficacy, patients older than 15
years with a diagnosis of end-stage renal disease on
chronic hemodialysis were included. The following were
excluded: (i) patients with SARS-CoV-2 infection prior to
February 2, 2021, (ii) patients with a medical contraindi-
cation to the vaccination, (iii) patients with palliative
2178
management, (iv) pregnant or lactating women, and (v)
patients with incomplete vaccination data.

Evaluation of Patients

The diagnosis of SARS-CoV-2 was confirmed by a po-
lymerase chain reaction test, reported on the Epivigila
platform (used by the Chilean Ministry of Health to
follow-up with COVID-19 patients).19 Patients who had a
COVID-19-related death with a laboratory confirmation
(polymerase chain reaction test) were analyzed, which
corresponds to code U07.1 in the International Classifi-
cation of Diseases, tenth revision.20 The follow-up of
patients was carried out between February 2, 2021 (start
date of the national immunization program) and August
31, 2021. Patients were classified according to their im-
munization status as follows: (i) unvaccinated, (ii)
incomplete vaccination, and (iii) complete vaccination.
An unvaccinated patient was considered as the person
who did not receive any vaccine during follow-up
period. A patient with a complete vaccination was
considered as a person who had received 2 doses and
completed at least 14 days after the last dose. A patient
with an incomplete vaccination was considered as a
person who was vaccinated but did not fulfill the com-
plete vaccination criteria (this group included patients
with 1 dose only, and patients with 2 doses but devel-
oped COVID-19 before 14 days after the second dose). In
addition, efficacy was compared between the CoronaVac
and BNT162b2 vaccines in patients with complete
vaccination. The outcomes assessed were the develop-
ment of SARS-CoV-2 infection, hospitalization associated
with COVID-19, and death associated with COVID-19.
Crude and adjusted analyses for patient baseline de-
mographic and clinical variables were performed.

Statistical Analysis

The vaccination efficacy analysis was based on methods
previously used by Thompson et al.21 and Jara et al.17

Discrete variables were expressed as absolute values
(percentages), and continuous variables were expressed
as arithmetic mean � SD. For comparisons of baseline
data between groups, c2 test for discrete variables was
used. To evaluate the efficacy of the vaccines, the
hazard ratio between vaccinated and unvaccinated
patients was determined using a proportional Cox
model, crude, and adjusted for baseline characteristics
(age, sex, comorbidities, time on dialysis), considering
the vaccination as a time-varying covariate, to prevent
immortal time bias and Kaplan-Meier analysis. The
vaccination efficacy was estimated as 1 minus the
hazard ratio, obtained by the previous model, adjusted
for potential covariates (expressed as percentages). A
stratified subanalysis was performed according to the
type of vaccine used (BNT162b2 and CoronaVac),
Kidney International Reports (2022) 7, 2176–2185



Figure 1. Flowchart of patients evaluated in the study. Patients on chronic hemodialysis over 15 years were evaluated between February 2, 2021
and August 31, 2021. Patients who had had SARS-CoV-2 infection prior to February 2, 2021, patients on other renal replacement therapies, or
with incomplete information on vaccination status were excluded.
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patients over 60 years of age, and patients with dia-
betes. All analyses were 2-tailed. A P-value of less than
5% (P < 0.05) was considered statistically significant.
The software Stata SE v.15.0 (StataCorp LLC, College
Station, TX), and GraphPad Prism v.8.0 (GraphPad
Software, San Diego, CA), were used for the analyses.
RESULTS
A total of 15,852 patients on chronic renal replacement
therapy were evaluated between February 2, 2021, and
Table 1. Baseline characteristics of patients in the study

Characteristics

Total cohort
Patients without

COVID-19
Patients with
COVID-19 P

N % N % N %

Total 12,301 100% 10,939 88.93% 1362 11.07%

Sex

Male 7021 57.08% 6245 57.09% 776 56.98%

Female 5280 42.92% 4694 42.91% 586 43.02%

Age group

18-19 yrs 32 0.26% 26 0.24% 6 0.44%

20-29 yrs 396 3.22% 348 3.18% 48 3.52%

30-39 yrs 908 7.38% 799 7.30% 109 8.00%

40-49 yrs 1436 11.67% 1259 11.51% 177 13.00%

50-59 yrs 2687 21.84% 2375 21.71% 312 22.91%

60-69 yrs 3421 27.81% 3054 27.92% 367 26.95%

70-79 yrs 2573 20.92% 2322 21.23% 251 18.43%

$ 80 yrs 848 6.89% 756 6.91% 92 6.75%

Diabetes

No 10,032 81.55% 9076 82.97% 956 70.19% <

Yes 2269 18.45% 1863 17.03% 406 29.81%

Dialysis vintage

Less than 1 yr 2067 16.80% 1889 17.27% 178 13.07% <

1-2 yrs 2757 22.41% 2432 22.23% 325 23.86%

3-5 yrs 2816 22.89% 2486 22.73% 330 24.23%

6-10 yrs 2797 22.74% 2457 22.46% 340 24.96%

More than 10 yrs 1864 15.15% 1675 15.31% 189 13.88%

aP-value patients without COVID-19 versus patients with COVID-19.
bP-value unvaccinated patients versus vaccinated patients (complete vaccination and incomp

Kidney International Reports (2022) 7, 2176–2185
August 31, 2021 (Figure 1). Of these, 12,301 hemodialysis
patients fulfilled the study criteria. The baseline charac-
teristics of the patients are presented in Table 1. Mean age
was 60.6 � 14 years. Females were 5280 (42.92%). Pa-
tients with diabetes were 2269 (18.45%), and the mean
time on dialysis was 46 [range: 21–89] months. During the
follow-up period, 10,615 (86.29%) patients received
complete vaccination, 490 (3.98%) received incomplete
vaccination, and 1196 (9.73%) were not vaccinated.

The temporal evolution of the vaccination program in
the population of patients undergoing hemodialysis is
-valuea Unvaccinated
Incomplete
vaccination

Complete
vaccination P-valueb

N % N % N %

- 1196 9.73% 490 3.98% 10,615 86.29% -

0.936 642 53.68% 273 55.71% 6106 57.52% 0.032

554 46.32% 217 44.29% 4509 42.48%

0.129 8 0.67% 5 1.02% 19 0.18% < 0.001

63 5.27% 29 5.92% 304 2.86%

144 12.04% 48 9.80% 716 6.75%

168 14.05% 73 14.90% 1195 11.26%

261 21.82% 113 23.06% 2313 21.79%

306 25.59% 107 21.84% 3008 28.34%

176 14.72% 86 17.55% 2311 21.77%

70 5.85% 29 5.92% 749 7.06%

0.001 958 80.10% 406 82.86% 8668 81.66% 0.315

238 19.90% 84 17.14% 1947 18.34%

0.001 340 28.43% 112 22.86% 1615 15.21% < 0.001

197 16.47% 103 21.02% 2457 23.15%

287 24.00% 94 19.18% 2435 22.94%

214 17.89% 115 23.47% 2468 23.25%

158 13.21% 66 13.47% 1640 15.45%

lete vaccination).

2179



Figure 2. Cumulative number of vaccine doses administrated during follow-up period. The number of vaccine doses administrated between
February 2, 2021 and August 31, 2021, in patients who received the complete vaccination (green bar ¼ first dose, blue bar ¼ second dose) or
only 1 dose (yellow bar) during follow-up period are presented.

CLINICAL RESEARCH R Torres et al.: Clinical Efficacy of COVID Vaccines in HD Patients
shown in Figure 2. It was observed that, of the total
number of patients with complete immunization, 50%
completed 2 doses in the first 45 days of the start of the
vaccination campaign, and over 90% completed the
vaccination in the first 90 days. Of the total number of
vaccinated people, 2963 (26.7%) received the BNT162b2
vaccine and 8142 (73.3%) received the CoronaVac
vaccine.

During the follow-up period, 1362 patients became
infected with COVID-19 (11.1% of the total evaluated
population), 364 patients were hospitalized for COVID-
19 (2.9% of the total evaluated population, 26.7% of
those infected), and 150 patients died (1.2% of the total
evaluated population, 11.0% of those infected). In
Figure 3, the cumulative incidence of COVID-19
infection (Figure 3A) and death (Figure 3B) stratified
by patient vaccination status, are shown.

The infection, hospitalization, and death incidence
rates of COVID-19 among unvaccinated patients and those
with complete vaccination are shown in Table 2. The
infection rate among unvaccinated patients was
0.870�1000 person-days versus 0.515�1000 person-days
among patients with complete vaccination. Regarding
hospitalizations, unvaccinated patients had a rate of
0.363�1000 person-days versus 0.104�1000 person-days
Figure 3. COVID-19 infection rate and case fatality rate during follow-up, a
according to their vaccination status: unvaccinated (n ¼ 1196 – red line), in
(n ¼ 10,615 – green line). (A) Cumulative incidence rate of COVID-19 infe

2180
in patients with complete vaccination. Regarding death
associated with COVID-19, the unvaccinated rate was
0.279�1000 person-days versus 0.025�1000 person-days
in those with complete vaccination. This showed that
the efficacy of a complete vaccination in hemodialysis
patients was 18.1% (95% CI: 11.8–23.8%) in preventing
COVID-19 infection, 42.8% (95% CI: 35.6–49.1%) in
preventing hospitalizations, and 66.0% (95% CI: 60.6–
70.7%) in preventing deaths associated with COVID-19.
To assess the efficacy of each vaccine (BNT162b2 and
CoronaVac), patients with a complete vaccination (2860
patients with the BNT162b2 vaccine and 7857 patients
with the CoronaVac vaccine) versus unvaccinated patients
were evaluated. The infection incidence rates and adverse
outcomes (hospitalization and death rates) associated with
COVID-19 for unvaccinated patients and those with
complete vaccination with BNT162b2 and CoronaVac,
respectively, are shown in Table 3. It was observed that
both the BNT162b2 vaccine and CoronaVac vaccine
decreased infection, hospitalization, and death incidence
associated with COVID-19, compared with the unvacci-
nated population. When comparing both vaccines, pa-
tients vaccinated with BNT162b2 compared to those
vaccinated with CoronaVac had a lower infection inci-
dence (BNT162b2: 0.421�1000 person-days, CoronaVac:
ccording to vaccination status. Hemodialysis patients were classified
complete vaccination (n ¼ 490 – blue line) and complete vaccination
ction. (B) Case fatality rate in patients who developed COVID-19.

Kidney International Reports (2022) 7, 2176–2185



Table 2. Efficacy of the anti-SARS-Co-2 vaccination to prevent COVID-19, hospitalizations, and death

Outcome and immunization status

Total cohort Patients with COVID-19 Vaccine efficacy

Number of
person-ds No. of persons

Incidence rate (number of
events/1000 person-ds)

Age-adjusted and
sex-adjusted analysis

Analysis adjusted
for all variables

COVID-19 diagnosis

Unvaccinated 221,873 193 0.870 - -
(0.755–1.001)

Complete vaccination 2,075,679 1069 0.515 18.4% 18.1%
(0.485–0.546) (12.2%–24.1%) (11.8%–23.8%)

Hospitalizations

Unvaccinated 236,976 86 0.363 - -
(0.294–0.448)

Complete vaccination 2,187,193 227 0.104 42.8% 42.8%
(0.091–0.118) (35.7%–49.1%) (35.6%–49.1%)

Deaths

Unvaccinated 240,169 67 0.279 - -
(0.219–0.354)

Complete vaccination 2,223,586 56 0.025 65.8% 66.0%
(0.019–0.032) (60.4%–70.5%) (60.6%–70.7%)

The incidence rate (number of events per 1000 person-days) from infection, hospitalization, and death from COVID-19 in unvaccinated patients (n ¼1196) and in patients with complete
vaccination (n ¼ 10,215) is shown.
Patients with complete vaccination were considered as those who had greater than or equal to 14 days after receipt of the second dose. Efficacy of vaccination (estimated as 1 minus
the hazard ratio adjusted for covariates, expressed as percentage) to reduce risk of infection, hospitalization, or death with its 95% CI are presented.

R Torres et al.: Clinical Efficacy of COVID Vaccines in HD Patients CLINICAL RESEARCH
0.550�1000 person-days), hospitalization (BNT162b2:
0.083�1000 person-days, CoronaVac: 0.116�1000 person-
days), and death associated with COVID-19 (BNT162b2:
0.008�1000 person-days, CoronaVac: 0.031�1000 person-
days). When comparing the efficacy of the 2 vaccines,
BNT162b2 showed greater efficacy than CoronaVac in
decreasing the infection rate (BNT162b2: 42.6%, Coro-
naVac: 15.0%), hospitalization rate (BNT162b2: 68.6%,
CoronaVac: 40.1%), and death rate (BNT162b2: 90.4%,
Table 3. Efficacy of the BNT162b2 and CoronaVac vaccines to prevent C

Outcome and immunization status

Total cohort Pa

Number of person-ds No. of persons

COVID-19 diagnosis

Unvaccinated 221,873 193

Complete vaccination (BNT162b2 vaccine) 556,267 234

Complete vaccination (CoronaVac vaccine) 1,519,412 835

Hospitalizations

Unvaccinated 226,976 86

Complete vaccination (BNT162b2 vaccine) 567,392 47

Complete vaccination (CoronaVac vaccine) 1,549,800 180

Deaths

Unvaccinated 240,169 67

Complete vaccination (BNT162b2 vaccine) 592,493 5

Complete vaccination (CoronaVac vaccine) 1,631,093 51

The incidence rate (number of events per 1000 person-days) from infection, hospitalization, an
vaccination with BNT162b2 (n ¼ 2860) or CoronaVac (n ¼ 7857) is shown. Patients with comple
receipt of the second dose. Efficacy of vaccination (estimated as 1 minus the hazard ratio adjus
or death with its 95% CI are presented.
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CoronaVac: 64.8%). A subanalysis was performed,
including the population aged more than 60 years
(Supplementary Table S1 and S2) and patients with dia-
betes (Supplementary Table S3 and S4), which showed
that vaccinations with BNT162b2 or CoronaVac prevented
infection, hospitalization, and death from COVID-19 in
these groups. Nevertheless, BNT162b2 had superior effi-
cacy compared to CoronaVac in both elderly and diabetic
patients (Supplementary Table S2 and S4).
OVID-19, hospitalizations, and death
tients with COVID-19 Vaccine efficacy

Incidence rate (number of
events/1000 person-ds)

Age-adjusted and
sex-adjusted analysis

Analysis adjusted
for all variables

0.870 - -
(0.755–1.001)

0.421 42.6% 42.6%
(0.370–0.478) (32.2%–51.3%) (32.1%–51.3%)

0.550 15.3% 15.0%
(0.513–0.588) (8.6%–21.7%) (8.3%–21.4%)

0.379 - -
(0.306–0.468)

0.083 67.6% 68.6%
(0.062–0.110) (56.8%–75.7%) (57.6%–76.6%)

0.111 42.8% 40.1%
(0.096–0.129) (35.0%–50.5%) (32.0%–48.3%)

0.279 - -
(0.219–0.354)

0.008 90.2% 90.4%
(0.004–0.020) (84.9%–92.3%) (85.3%–92.4%)

0.031 64.7% 64.8%
(0.024–0.041) (58.5%–70.0%) (58.6%–70.0%)

d death from COVID-19 in unvaccinated patients (n ¼ 1196) and patients with complete
te vaccination were considered as those who had greater than or equal to 14 days after
ted for covariates, expressed as percentage) to reduce risk of infection, hospitalization,
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DISCUSSION

The results from this national multicenter observa-
tional study showed that BNT162b2 and CoronaVac
vaccines prevented COVID-19 infection, and reduced
hospitalization and death rates associated with infec-
tion among patients with end-stage renal disease on
chronic hemodialysis who were vaccinated against
SARS-CoV-2. In addition, greater efficacy was
observed with BNT162b2 than with CoronaVac in
preventing infection and death from COVID-19. This
is one of the first studies to demonstrate the clinical
benefits of vaccinations in patients undergoing
chronic hemodialysis. Furthermore, this is the first
clinical study that has evaluated the efficacy of both
BNT162b2 and CoronaVac vaccines in this population.
To date, most of the literature related to the effects of
anti-SARS-CoV-2 vaccination in hemodialysis patients
have dealt with the effects of laboratory immunolog-
ical parameters, specifically anti-SARS-CoV-2 anti-
body titers.22-24 These studies showed that
vaccinations in hemodialysis patients increased anti-
body titers, but by a lower proportion than in the
healthy population.

In this study, data are provided on the efficacy of
the administration of the CoronaVac and BNT162b2
vaccines in a population of 12,301 people on hemodi-
alysis in Chile, following a massive vaccination
campaign throughout the country. Among the hemo-
dialysis patients with a complete vaccination, the
effectiveness of the vaccination was 18.1% for COVID-
19 development, 42.8% for hospitalization, and 66.0%
for COVID-19-associated deaths. Nevertheless, the ef-
ficacy of the BNT162b2 vaccine was higher than that of
CoronaVac in preventing infections and deaths associ-
ated with COVID-19. This result is in line with work
that has shown that RNA platforms provide a greater
immune response in this group of patients.22

Whereas this study was not designed to compare the
efficacy of vaccinations between the general population
and patients on hemodialysis, our results suggest that
the clinical efficacy of vaccinations among patients on
hemodialysis is lower than that in the general popula-
tion. In the study by Jara et al.17 the CoronaVac vac-
cine was evaluated in the Chilean general population. It
was observed that, among patients with complete
vaccination, the efficacy to prevent COVID-19 was
65.9% (95% CI: 65.2–66.6%) and efficacy to prevent
deaths associated with COVID-19 was 86.3% (95% CI:
84.5–87.9%). This result is higher than the efficacy
found in our group of patients receiving CoronaVac,
which was 15.0% (95% CI: 8.3–21.4%) and 64.8%
(95% CI: 58.6–70.0%) in preventing infection and
deaths associated with COVID-19, respectively.
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One of the strengths of this work is the large
amount of data obtained, which covers over 80% of
the national population on hemodialysis. These data
include information on demographic and clinical
baseline variables, and further information on
COVID-19 infection, including hospitalization and
associated deaths, that identify the efficacy of vacci-
nations during the first 7 months of the vaccination
program. The information was obtained during a fast
national vaccination campaign, which has had high
acceptance in the population. In addition, this period
included the months with the highest rate of com-
munity transmission and number of deaths during
the pandemic, allowing the effectiveness of vaccina-
tions to prevent infection and death to be evaluated
in a relatively short period. In addition, Chile has one
of the highest rates of polymerase chain reaction
testing for COVID-19 in Latin America, which helps
to reduce the number of undetected cases in the
general population. This process was aided by the
activity of the FUTAC Team, which has provided
integrated collaborative action between the different
nationwide dialysis teams, including updated infor-
mation on patients attending the respective hemodi-
alysis centers, which have facilitated a high detection
of cases and information obtained during hospitali-
zation and death.

The large population sample allowed us to estimate
vaccine effectiveness for the full 2-dose vaccination
program, as well as to evaluate the individual efficacy
of the BNT162b2 and CoronaVac vaccines. It also
provided information for a subgroup analysis of adults
aged 60 years and older and patients with diabetes.
These groups of patients have an increased risk of
severe disease and are frequently underrepresented in
vaccine clinical trials.25 The vaccine efficacy analysis
was calculated by adjusting for baseline comorbidities
(including diabetes), age, sex, and hemodialysis vin-
tage, which are risk factors associated with worse
outcomes among these patients;6,26 therefore, they
could have confounding effects when analyzing the
efficacy of vaccines.

Regarding the limitations of this study, its obser-
vational nature has intrinsic biases, because some
influencing patient variables are difficult to isolate.
Compared to those with complete doses, unvacci-
nated patients had a mildly increased percentage of
women, younger age, and lower hemodialysis vin-
tage. These variables are associated with a reduced
risk of SARS-CoV-2 infection and death.6,26 There-
fore, these differences do not explain the worse
outcomes observed in this group, thereby supporting
the role of vaccination. Additional characteristics in
the unvaccinated population not evaluated in the
Kidney International Reports (2022) 7, 2176–2185
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study could make them refuse the vaccination, such
as beliefs about vaccines, conspiracy theories, fear of
social control or by others, decrease the use of vac-
cines and their consultation at hospital centers, and
may be associated with increased infection and death
rates. To address this, the FUTAC Team conducted a
national educational campaign on vaccinations at
dialysis centers, with the participation of the dialysis
center directors, attending doctors and nurses to
provide accurate information on the risks of COVID-
19, infection prevention measures, and the benefits of
the vaccination. This allowed all patients (vaccinated
or unvaccinated) to have access to accurate infor-
mation and may contribute to increasing adherence
to vaccinations and medical controls.

An additional limitation to the study is that a
follow-up of 7 months does not allow us to conclude
that vaccine protection will be maintained in the long-
term. Therefore, there is a potential risk of an increase
in infection and death rates in the vaccinated popu-
lation. This risk is also supported by the literature,
which indicates that anti-SARS-CoV-2 antibody titers
decay early in hemodialysis patients compared with
the general population.14 This has led to the intro-
duction of a third dose of the vaccine among vulner-
able patient groups, including our patients. This is
supported by recent data showing that hemodialysis
patients have an increase in antibody titers after a
third dose of anti-SARS-CoV-2 vaccine.27 Given this,
long-term follow-up of the effect of this vaccination
remains to be evaluated. Finally, no information is
available regarding the different SARS-CoV-2 lineages
involved. A change in the virological spectrum of the
variants of the virus has also been described world-
wide, which is currently dominating other lineages
different from those with which the BNT162b2 and
CoronaVac vaccines were designed that may be able to
influence their efficacy.28,29 In Chile, an increase in
lineage P.1 (Gamma variant) and lineage B.1.617.2
(Delta variant) has been reported during the second
half of 2021.30 Further studies with increased patient
follow-up are required to determine whether vaccine
efficacy is maintained with the change in viral lineages
in patients undergoing chronic renal replacement
therapy.

In conclusion, the results of our study suggest that
COVID-19 vaccination in patients on chronic hemodial-
ysis is highly effective in preventing SARS-CoV-2 infec-
tion and reducing the case fatality rate associated with
COVID-19, with greater efficacy for BNT162b2
compared to CoronaVac. These results support the
importance of conducting national vaccination campaigns
aimed at this high-risk population to prevent the devel-
opment of adverse outcomes in this vulnerable group.
Kidney International Reports (2022) 7, 2176–2185
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