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ABSTRACT
SARS-CoV-2 has had a great impact on world health, patients on hemodialysis have a higher rate of 
infection and death due to COVID-19. Vaccination is important to control infection and improve the 
prognosis of infected patients. To describe the efficacy of vaccination against SARS-CoV-2 in Chilean 
patients on hemodialysis during the year 2021. Retrospective observational study. A total of 9,712 clinical 
records were reviewed. Data were presented as summary measures. Fisher’s exact test, Mann-Whitney 
U test, and multivariate logistic regression were used for the analysis. Risk and survival analysis were 
calculated, considering a statistical significance of less than 0.05. The average age of the patients 
attended was 61.5 ± 14.6 years. Average time on dialysis 67.6 months and 35.0% diabetic. 93.2% of 
patients were vaccinated against SARS-CoV-2, 70.7% of them received booster doses. The risk of infection 
was higher for those who received one or no dose, compared to those who received booster doses 
against SARS-CoV-2: OR = 252.46 [165.13; 401.57]. Of the infected patients, 15.7% died from COVID-19. 
The risk of death was higher in unvaccinated or single-dose patients compared to those vaccinated with 
two doses: OR = 2.64 [2.23; 3.12]. Patients with two doses and a booster had a longer survival compared 
to those who received one or no dose of vaccination against SARS-CoV-2 (p < .05). The vaccination in 
Chile, which started in February 2021, has demonstrated that booster doses against SARS-CoV-2 sig-
nificantly reduced the risk of infection, hospitalization, and death due to COVID-19 in patients on 
hemodialysis.
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Introduction

Severe acute respiratory syndrome coronavirus 2 (SARS- 
CoV-2) was first reported in late 2019 in China, from 
which moment a worldwide pandemic developed that to 
date has caused a major public health problem.1–3

Patients with chronic kidney disease (CKD) on dialysis are 
at high risk of SARS-CoV-2 infection and have a high prob-
ability of developing severe complications.4 Most of them have 
cardiovascular disease, arterial hypertension, diabetes mellitus, 
and 45% of them are patients over 65 years of age. CKD itself is 
a condition that affects immunity, and dialysis patients with 
SARS-CoV-2 infection have a higher rate of hospitalization 
and higher morbidity and mortality, with a mortality rate of 
20% compared to a mortality rate of approximately 0.2% in the 
general population.3

The effectiveness of vaccination in preventing COVID-19 
disease and death has been demonstrated in the population at 
large,5,6 as well as in patients with CKD.7,8

The immune response to vaccination against SARS-CoV-2 
has been evaluated in the general population with the vaccines 
BNT162b2 (Pfizer-BioNTech®), mRNA-1273 (Moderna®), and 
Ad26.COV2.S (Janssen®). Humoral response has been detected 
in most patients with CKD and the duration of the serological 
response induced by vaccination has been shown to decrease 
over time.9,10 It is known that patients with CKD have immune 

dysfunction compromising innate and adaptive immunity, 
which leads to an insufficient response to vaccination and 
a higher rate of SARS-CoV-2 infection.11,12

In Chile, vaccination with a mass vaccination program 
began in February 2021, giving priority to the elderly popula-
tion and immunosuppressed patients. Vaccination with boos-
ter doses was established as of August 2021.13 As of 
February 2022, 94.74% of the general population had been 
vaccinated with the first and single dose, 93.02% with two 
doses or complete vaccination schedule, and 83.91% with 
booster doses.14

The aim of this study is to describe the efficacy of vaccination 
against SARS-CoV-2, regarding contagion, hospitalization, and 
deaths from COVID-19 in patients with CKD on hemodialysis 
during the year 2021.

Materials and method

Retrospective observational cohort study of 9,712 hemo-
dialysis patients, from February 1 to December 31, 2021 
in 64 Fresenius Medical Care centers in Chile, distributed 
in nine of the 16 regions of the country, attending 45% of 
patients with CKD in Chile.15 Patients older than 18 years 
diagnosed with stage 5 CKD,16 vaccinated and unvacci-
nated against SARS-CoV-2 were included. Patients under 
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18 years of age and pregnant patients were excluded. All 
the sociodemographic and clinical data of the patients 
were obtained from the EuCliD® Electronic clinical 
record,17 EuCliD® is a European clinical database, devel-
oped as a tool to monitor quality indicators, also used as 
part of the management system. CQI (Continuous Quality 
Improvement) of Fresenius Medical Care dialysis units 
internationally.18 In Chile, as it is the official clinical 
document of the patient, all the records are available, 
with minimal missing data. Demographic variables such 
as gender, age, and geographic location of patient care 
were considered; clinical characterization variables such as 
time on dialysis (months), defined as the length of stay 
from the start of renal replacement therapy to the end of 
the study, associated comorbidities: diabetes mellitus, mal-
nutrition, and anemia,19–21 laboratory tests: albumin, 
iPTH levels, hemoglobin, calcium, phosphorus, creatinine, 
potassium, Kt/V On Line by ionic dialysance, and Sp Kt/ 
V.22 The history of vaccination against SARS-CoV-2 was 
reviewed: date of vaccination and type of vaccine, as well 
as variables related to SARS-CoV-2 infection: date of 
diagnosis of infection, time between vaccination and diag-
nosis of infection, hospitalization, and death. The review 
of the data on vaccination, infection, hospitalization and 
death was carried out by the nurses in charge of treating 
the patients, who followed the instructions of the Chilean 
Ministry of Health, supervised by the National 
Immunization Program (NIP) 23 and Department of 
Epidemiology.24 To identify cases, there were Triage 
records according to symptoms and positive RT-PCR, 
according to the COVID-19 protocol established by the 
Company, the hospitalization and death records were 
corroborated by the US heads of the centers, in direct 
communication with the referral hospitals.

Statistical analysis

The data extracted from EuCliD 17 were analyzed using 
STATA v17.0 statistical software. The data were presented 
as frequencies, in absolute values and percentages, mean 
and standard deviation. For the association and/or depen-
dence analysis, Fisher’s exact test or Chi-square test was 
used as appropriate, and the comparison of quantitative 
variables between two groups was performed with the 
Mann-Whitney U test. A multivariate logistic regression 
analysis was also performed. To express the risk of infec-
tion and death, the Odds Ratio and its corresponding 
confidence interval were calculated. Finally, a survival 
analysis was performed using the Kaplan-Meier method, 
considering a statistically significant difference when the 
p-value is less than 0.05

Ethical considerations

The project was approved by the Scientific and Research 
Ethics Committee (CIEC) in human subjects of the 
University of Chile Clinical Hospital (Certificate No. 55/ 
2021).

Results

Regarding the demographic and clinical characteristics of the 
9,712 patients, the mean age was 61.5 ± 14.6 years; 57.4% were 
male patients and of the total number of patients, 49.6% were 
assisted in the Metropolitan Region of Santiago, Chile. Of the 
total patients, 35.0% were diabetic. The mean length of time on 
dialysis was 67.6 months. Of the patients evaluated, 73.2% had 
hemoglobin≥10 g/dL, 87.4% had albumin≥3.5 g/dL; 70.5% had 
phosphorus levels between 2.5 and 5.5 mg/dL; 7.6% had 
iPTH≥1,000 pg/ml, and with respect to adequacy, 84.5% had 
a Kt/V On Line≥1.4 (Table 1).

A total of 9,050 patients, equivalent to 93.2%, were vacci-
nated. Of these, 70.7% were vaccinated with booster doses 
(Figure 1). The predominant type of vaccine for the two-dose 
schedule was CoronaVac (Sinovac®) with 75.5%, followed by 
BNT162b2 (Pfizer-BioNTech®) with 24.3%. The booster dose 
was BNT162b2 (Pfizer-BioNTech®) in 93.6% of patients 
(Table 2).

Table 1. Demographic and clinical characteristics of HD patients cared for at 
NephroCare-Chile, 2021.

Baseline characteristics

n %

Total 9,712 100.0
Gender
Male 5,579 57.4
Female 4,133 42.6
Age (years)
Average ± SD 61.5 ± 14.6
Min; Max 18; 98
Health facility providing care
Central zone (Metropolitan Region) 4,815 49.6
North zone 1,686 17.4
South zone 3,211 33.1
Comorbidities
Diabetic 3,399 35.0
Malnourished 943 9.7
Anemic 2,497 25.7
Time on dialysis (months)
Average ± SD 67.6 ± 65.8
Min; Max 0.0; 517

Laboratory findings Average ± SD Min; Max

Albumin (g/dl) 4.0 ± 0.4 1.6; 5.4
iPTH (pg/ml) 393.7 ± 457.6 1; 4,999
Hemoglobin (g/dl) 10.7 ± 1.4 4.0; 18.4
Calcium (mg/dl) 8.8 ± 0.6 6.0; 12.2
Phosphorus (mg/dl) 4.6 ± 1.4 1.0; 11.2
Creatinine (mg/dl) 8.0 ± 2.5 1.4; 19.0
Potassium (mmol/l) 5.2 ± 0.6 2.8; 8.9
Kt/V OCM 1.6 ± 0.3 0.2; 4.4
Kt/V Daugirdas 1.7 ± 0.3 0.5; 4.7

Associated with covid-19

n %

Infected 942 9.7
Hospitalized 208 22.1
Days of hospitalization
Average ± SD 16.1 ± 16.8
Min; Max 1; 115
Fatalities 148 1.5
Case fatality 15.7
Age (years)
Average ± SD 67.2 ± 11.3
Min; Max 21; 91
Gender
Male 89 60.1
Female 59 39.9
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Figure 1. Vaccination of patients on HD against SARS-CoV-2 by dose administered during the year 2021. NephroCare-Chile.

Table 2. Vaccination history by dose and type of vaccine received by HD patients treated at NephroCare-Chile, 2021.

Vaccination history

n %

Vaccinated 9,050 93.2
Not vaccinated 662 6.8
Vaccination dose
Dose 1 264 2.9
2 (full schedule) 1,923 21.2
Full schedule plus booster dose 6,863 75.8
Type of vaccine
Dose 1
CoronaVac (Sinovac®) 6,825 75.4
BNT162b2 (Pfizer-BioNTech®) 2,197 24.3
ChAdOx1 (AstraZeneca®) 20 0.2
Ad5-nCov (Cansino®)* 8 0.1
Dose 2
CoronaVac (Sinovac®) 6,630 75.5
BNT162b2 (Pfizer-BioNTech®) 2,136 24.3
ChAdOx1 (AstraZeneca®) 12 0.1
Ad5-nCov (Cansino®)* 8 0.1
Booster dose
BNT162b2 (Pfizer-BioNTech®) 6,425 93.6
CoronaVac (Sinovac®) 229 3.3
ChAdOx1 (AstraZeneca®) 209 3.1

Vaccine combination

n %

Dose 1 and 2
CoronaVac (Sinovac®)/CoronaVac (Sinovac®) 6,593 75.0
BNT162b2 (Pfizer-BioNTech®)/BNT162b2 (Pfizer-BioNTech®) 2,080 23.7
CoronaVac (Sinovac®)/BNT162b2 (Pfizer-BioNTech®) 53 0.6
BNT162b2 (Pfizer-BioNTech®)/CoronaVac (Sinovac®) 37 0.4
ChAdOx1 (AstraZeneca®)/ChAdOx1 (AstraZeneca®) 12 0.1
Ad5-nCov (Cansino®)* 8 0.1
ChAdOx1 (AstraZeneca®)/BNT162b2 (Pfizer-BioNTech®) 3 0.0
Dose 1, 2 and booster
CoronaVac (Sinovac®)/CoronaVac (Sinovac®)/BNT162b2 (Pfizer-BioNTech®) 4,816 70.2
BNT162b2 (Pfizer-BioNTech®)/BNT162b2 (Pfizer-BioNTech®)/BNT162b2 (Pfizer-BioNTech®) 1,553 22.6
CoronaVac (Sinovac®)/CoronaVac (Sinovac®)/CoronaVac (Sinovac®) 215 3.1
CoronaVac (Sinovac®)/CoronaVac (Sinovac®)/ChAdOx1 (AstraZeneca®) 197 2.9
CoronaVac (Sinovac®)/BNT162b2 (Pfizer-BioNTech®)/BNT162b2 (Pfizer-BioNTech®) 25 0.4
BNT162b2 (Pfizer-BioNTech®)/CoronaVac (Sinovac®)/BNT162b2 (Pfizer-BioNTech®) 23 0.3
BNT162b2 (Pfizer-BioNTech®)/BNT162b2 (Pfizer-BioNTech®)/CoronaVac (Sinovac®) 11 0.2
BNT162b2 (Pfizer-BioNTech®)/BNT162b2 (Pfizer-BioNTech®)/ChAdOx1 (AstraZeneca®) 10 0.2
ChAdOx1 (AstraZeneca®)/ChAdOx1 (AstraZeneca®)/BNT162b2 (Pfizer-BioNTech®) 3 0.0
Ad5-nCov (Cansino®)*/BNT162b2 (Pfizer-BioNTech®) 3 0.0
BNT162b2 (Pfizer-BioNTech®)/CoronaVac (Sinovac®)/CoronaVac (Sinovac®) 3 0.0
ChAdOx1 (AstraZeneca®)/BNT162b2 (Pfizer-BioNTech®)/BNT162b2 (Pfizer-BioNTech®) 2 0.0
CoronaVac (Sinovac®)/BNT162b2 (Pfizer-BioNTech®)/ChAdOx1 (AstraZeneca®) 1 0.0
BNT162b2 (Pfizer-BioNTech®)/CoronaVac (Sinovac®)/ChAdOx1 (AstraZeneca®) 1 0.0

* Mono - dose.
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During the study period, 942 cases of SARS-CoV-2 
infection were diagnosed and confirmed by RT-PCR, 
which corresponded to 9.7% of the total cohort studied. 
Of the total number of infected cases, 208 patients 
(22.1%) were hospitalized for COVID-19. The average 
length of hospitalization was 16 days and 148 patients 
died of COVID-19, corresponding to a case fatality rate 
of 15.7%. The average age of the deceased was 67.2 ± 11.3  
years, 60.1% of whom were male (Table 1).

Diagram 1 illustrates that of the 9,050 vaccinated patients, 
9.3% were infected, 1.9% were hospitalized, and 1.1% died due 
to COVID-19, while in the non-vaccinated group (662 
patients), 15.0% were infected, 5.3% were hospitalized and 
7.9% died. Infection-free time was greater in patients who 
received the full schedule and the full schedule with booster 
compared to those patients who did not receive a full schedule 
of vaccination. The risk of infection was higher for patients 
who received one or no dose compared to those who received 

two doses against SARS-CoV-2: OR = 2.64 [2.23; 3.12] (p < .05) 
and the risk of infection for patients who received one or no 
dose compared to those who received booster doses against 
SARS-CoV-2: OR = 252.46 [165.13; 401.57] (p < .05), where 
the decrease in the risk of SARS-CoV-2 infection was 98% 
for those who received the booster dose.

In the univariate analysis, having a history of diabetes (p  
< .001), having malnutrition (p < .001), time on dialysis greater 
than 26 months (p = .008), lower concentrations of Hemoglobin, 
Calcium, Phosphorus, Potassium (p < .001), and not having 
booster doses (p < .001) were associated with SARS-CoV-2 
infection; while having a history of diabetes (p = .005), time on 
dialysis greater than 26 months (p = .002), Albumin concentra-
tions<3.5 g/dL (p = .034), Hemoglobin<10 g/dL (p < .001), 
Phosphorus<2, 2 mg/dL (p = .027), and sp Kt/V < 1.4 (p = .010) 
and not being vaccinated with booster doses against SARS-Cov 
-2 (p < .001), were statistically significant in the multivariate 
regression analysis.

Diagram 1. Study population according to vaccination status and COVID-19 infection, hospitalization, and death events, 2021. NephroCare - Chile.
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In the univariate analysis of mortality, having a history of 
diabetes (p = .022), malnutrition (p < .001), being older than 
69 years (p < .001), a history of hospitalization for COVID-19 

(p < .001), time on dialysis greater than 57 months (p = .019), 
Albumin concentrations<3.5 g/dL (p < .001), Hemoglobin<10  
g/dL (p < .001), Calcium<8.4 mg/dL (p = .028), 
Phosphorus<2.2 mg/dL (p < .01), and not having a booster 
dose (p < .001) were associated with death; while in the multi-
variate regression analysis, age older than 69 years (p = .003), 
not having a booster dose (p < .001), and having been hospi-
talized for COVID-19 (p < .001) were statistically significant in 
this model.

Considering the 15.7% lethality, the risk of death was 
higher in unvaccinated or single-dose patients compared 
to those vaccinated with two doses: OR = 2.64 [1.70; 4.10] 
(p < .05), highlighting that there was only one death from 
COVID-19 in patients with booster doses during the 
study period (Figure 2).

Vaccinated patients have a longer survival compared to 
those who did not receive vaccination against SARS-CoV-2. 
The probability of survival at 300 days after vaccination is 89% 
compared to non-vaccinated patients, who have a survival rate 
of 48% (p < .05) (Figure 3a). Similarly, patients with booster 

Figure 2. Number of patients in HD who died from COVID-19, according to 
vaccination schedule during the year 2021. NephroCare-Chile.

Figure 3. Survival of HD patients infected by SARS-CoV-2 during the year 2021, NephroCare-Chile: (a) from the start of vaccination differentiated by vaccinated and 
unvaccinated and (b) from the start of vaccination differentiated according to vaccination schedule.
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doses and two doses have a longer survival compared to those 
who received one or no dose of vaccination against SARS-CoV 
-2, with a survival probability of 99%, 73%, 56%, and 48% 
respectively (p < .05) at 300 days after the start of the vaccina-
tion process (Figure 3b).

Discussion

The SARS-CoV-2 pandemic has had serious consequences on 
world health and by the end of our study (December 2021) 
5.8 million deaths had been recorded as a result of COVID- 
19.25 The present study includes a cohort of 9,712 hemodialysis 
patients and evaluates the clinical response to a vaccination 
schedule, most of whom completed a two-dose schedule with 
CoronaVac vaccine (Sinovac®) and booster doses with 
BNT162b2 vaccine (Pfizer-BioNTech®).

SARS-CoV-2 infection has some specific characteristics in 
the population with stage 5 CKD; they are at greater risk of 
contagion and infection 26 and have their own environmental 
conditions such as transportation to dialysis centers three 
times a week, where they are surrounded by other patients in 
the means of transport which, in itself, is a confined space. 
During the course of COVID-19, the traceability of cases was 
hindered by asymptomatic patients, which led to the SARS- 
CoV-2 pandemic being prolonged over time and, together 
with the appearance of new variants, made it more difficult 
to control.

The vaccination process has been fundamental in con-
trolling SARS-CoV-2 infection, however, to date there is no 
clarity on its long-term effectiveness in the CKD dialysis 
population.27

The lower immune response to vaccination in CKD patients 
on renal replacement therapy (RRT) and in transplanted 
patients has led to the recommendation that they receive 
a booster dose. Studies that have evaluated the response to 
vaccination against SARS-CoV-2 show results ranging from 
29.6% to 96.4%.28 The causes of this abnormal immune 
response in dialysis patients are multifactorial; there is a lower 
cellular and humoral immune response, uremia affects the 
immune system, there is insufficient neutrophil and monocyte 
function and decreased antigen processing.28,29

A significant percentage of dialysis patients have a decreased 
antibody response or no response at all to SARS-CoV-2 
vaccination;30 the decreased response may furthermore be influ-
enced by the type of vaccine, number of vaccine doses, time to 
antibody detection, types of antibodies generated, and duration 
of protective immune response.

Scientific evidence indicates that seroconversion after 
receiving two doses of the vaccine against SARS-CoV-2 in 
the non-immunosuppressed population is 99%, in immuno-
suppressed patients it is 78% and 27% in renal transplant 
recipients.31 The above validates the importance of a booster 
dose prescription in immunosuppressed patients,32,33 espe-
cially in dialysis patients, in whom one out of every five 
patients has an attenuated immune response.30,34,35

The average age of our patients vaccinated with booster 
doses was 62.2 years, and only 0.3% had symptomatic infection 
with SARS-CoV-2. Of these, 13% were hospitalized for 

COVID-19 and only one died. Those who received two doses 
of vaccine had an average age of 60 years, 13.6% had sympto-
matic SARS-CoV-2 infection, 29.1% required hospitalization, 
and 27.2% died; while the average age of patients who received 
only one dose of SARS-CoV-2 vaccine was 59.7 years, 30% 
were infected, 51.8% required hospitalization, and 44% died. 
This clearly justifies the administration of an additional dose to 
the vaccination schedule, where in Chile an interval of 4  
months was defined between the second dose of the complete 
schedule and the booster dose in the general population and, 
for immunocompromised patients, a minimum interval of 2  
months after completing the schedule was defined.29

Up to now, the clinical predictors associated with the 
response to vaccination in the general population as well as 
in dialysis patients have been: age, previous infection, history 
of immunosuppressive treatment, serum albumin level, and 
body mass index.4,36,37 In our study, 22% of patients were 
infected before starting their vaccination process at the end 
of the follow-up there was no evidence of reinfection; which is 
attributed to having a cumulative survival of 100% compared 
to the non-vaccinated group, which was 48%. This group 
probably developed a natural immune response, as mentioned 
by Clark et al,38 strengthening this immune response during 
the vaccination process, which reached 100% of these patients 
during the study period. In addition, this group was character-
ized by being mostly younger than 60 years old, with 
a behavior more similar to the general population explained 
by immunosenescence.39 This relates to that described by Jahn 
et al, who evaluated the response to vaccination with 
BNT162b2 (Pfizer-BioNTech®) in 62 hemodialysis patients, 
finding that the older the patient, the lower the antibody titers, 
which was evident in HD patients aged 60 to 69 years and in 
the group aged 70 to 79 years, with median antibody titers of 
414 AU/ml and 140 AU/ml, respectively.40

We have found that the length of time on dialysis is sig-
nificantly associated with symptomatic infection and also with 
mortality (p < .001) as described in the literature, where 
patients with more time on dialysis have a lower adaptive 
immune response due to the cumulative long-term effects, 
driven by chronic inflammation and senescence of the 
immune system characteristic of CKD.12,41

Antibody levels were not measured in our study, but there 
were significant clinical results for patients who received boos-
ter doses, where the number of infected, hospitalized, and dead 
patients was lower compared to those who received one or two 
doses against SARS-CoV-2.

Another aspect to consider is that, being an observational 
study, not all patients had the same follow-up time, given that 
the vaccination process in Chile was presented according to 
a formal schedule and based on clinical considerations, favor-
ing the opportunity for vaccination in elderly patients and then 
those with chronic diseases, as is the case of our hemodialysis 
patients.

Thus, our results are similar to those described by Ducloux 
et al, who reported that after three doses of SARS-CoV-2 
vaccine, patients showed an average increase in antibody titers 
of 580%, with a significant humoral response to lower doses of 
vaccination.32 In our study, there were 99 infected patients 
who had never been vaccinated against SARS-CoV-2, 32% of 
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whom were hospitalized for COVID-19 and 53% of whom 
died; consequently, the risk of infection was higher in those 
who were not vaccinated compared to those who received two 
doses OR = 25.49 [21.25; 30.57] p < .001.

Finally, it is worth noting from our study that stage 5 CKD 
patients with major comorbidities such as diabetes mellitus, 
anemia, and malnutrition were significant determinants of 
symptomatic SARS-CoV-2 infection and COVID-19- 
associated mortality.

The strengths of our study lie in the size of the cohort, being 
the only study of patients with CKD vaccinated mainly with 
CoronaVac (Sinovac®), and for being the only study with 
a booster dose, predominantly with BNT162b2 (Pfizer- 
BioNTech®). In addition, from this cohort it was possible to 
determine relationships of clinical variables, which helped to 
establish the risk of infection and death from COVID-19.

The limitations of our study lie mainly in the retrospective 
nature of the data, which did not allow us to quantify the 
antibody titers and thus generate a greater comparison with 
the existing literature.

Conclusion

Our study, with a large cohort of well-characterized hemodia-
lysis patients, it was shown that having a full schedule and 
booster doses against SARS-CoV-2 significantly reduced the 
risk of infection, hospitalization, and death from COVID-19, 
where the decrease The risk of infection by SARS-CoV-2 was 
98% for those who received the booster dose and the risk of 
death for those patients without vaccination or only one dose 
was 2.64 times higher compared to those who received the full 
regimen.
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