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Background: Chronic dialysis patients are classified as patients with increased risk for COVID-19. Knowledge about the incidence and survival of chronic dialysis patients infected with SARS-CoV-2 in Switzerland - a high-income country with high density of relatively small dialysis centers - is scarce. We present the findings regarding incidence, survival and regional differences, compared to those of the general population in Switzerland.

Methods: Information on chronic dialysis patients who tested positive for SARS-CoV-2 between February 24, 2020 and February 28, 2022 were reported to the Swiss dialysis registry by all 94 Swiss dialysis centers. Hereafter, these results were linked with clinical characteristics from the Swiss dialysis registry.

Results: Throughout the study period 1,120 out of ~4,700 dialysis patients tested positive for SARS-CoV-2 in Switzerland: 96 cases occurred in the first wave, 472 in the second wave and 5 in between. During the first wave, Italian-speaking Ticino was most severely affected, with a 7-fold higher incidence of dialysis patients compared to the general Swiss population. In the second wave, the majority of cases were found in the French-speaking part of Switzerland, with a 2.5 times higher incidence vs. non-dialysis patients. A total of 123 deaths were recorded in the first two waves, of which COVID-19 was the main cause of death in 100 patients. This corresponds to a highly increased overall mortality rate of 17.5% compared to 1.7% in the general population. Age was identified as the only risk factor for mortality in dialysis patients. During the third, fourth and fifth wave, 61, 43 and 443 cases, respectively, were recorded, resulting in 6 (mortality rate 9.8%), 1 (mortality rate 2.3%) and 13 deaths (mortality rate 2.9%).

Conclusion: Chronic dialysis patients in Switzerland were more likely to be infected by SARS-CoV-2 during the first and second wave than the rest of the population, but an inverse trend was observed during the third, fourth and fifth wave, probably thanks to vaccination. In addition, mortality is significantly increased compared to non-dialysis patients. In Swiss dialysis patients, age is the strongest risk factor for death.
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INTRODUCTION

The first Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) infection in Switzerland (CH) was confirmed on February 24, 2020, in the canton of Ticino, which borders northern Italy. Hereafter, the number of infections in the Swiss general population increased rapidly, and on March 16, due to the continuing increase in the number of infections, the Federal Council declared the situation as “extraordinary” (highest risk level) in accordance with the Epidemics Act (1), and ordered a complete lockdown.

From February 24 until May 31, 2020 (end of first wave), Switzerland and the Principality of Liechtenstein (hereinafter collectively reported as “Switzerland”) counted a total of 31'029 confirmed SARS-CoV-2 infections, corresponding to an incidence rate of 3.7 cases per 100,000 person-days. In the Italian-speaking part of Switzerland (Ticino), the incidence rate was highest with 9.5 cases per 100,000 person-days, followed by the French-speaking part in western Switzerland with 6.8 and the German-speaking part with 2.2 cases per 100,000 person-days (2, 3). The numbers remained low during the summer months (June, July and August), only to rise sharply again at the end of September (4), marking the start of the second wave. Between October 1, 2020, and January 31, 2021 (second wave), 471,343 people in Switzerland tested positive for the coronavirus, which corresponds to an incidence rate of 44.3 cases per 100,000 person-days (2, 3). The overall geographical spread (including the first and second wave) of the SARS-CoV-2 cases in Switzerland is shown in Figure 1.


[image: Figure 1]
FIGURE 1. Overall geographical spread of SARS-CoV-2 cases / 100'000 inhabitants in the general population in Switzerland between 24.02.2020 and 19.05.2021 (5).


Since, like many other European countries, Switzerland has experienced a third, fourth and fifth wave, and the end of the epidemic is not in sight. Whereas incidence rates of the general population have been well documented and reported, data from the Swiss dialysis population are largely lacking, except for the canton of Geneva (6).

Patients on maintenance dialysis are at increased risk for severe coronavirus disease 2019 (COVID-19) and its complications (7, 8), due to the high prevalence of cardiovascular disease, diabetes, arterial hypertension, and age (9). Additionally, they are in close contact with health care providers. Moreover, hemodialysis patients are required to travel several times per week to and from the dialysis unit. In Switzerland, unlike many other countries, transport costs are only partially covered by health insurances. Therefore, hemodialysis patients often use public transportation, thus further exposing themselves to the risk of community-transmitted infection (10).

The aims of this study were to determine the incidence and course of SARS-CoV-2 infections in the Swiss dialysis population during the five waves, to identify and understand regional differences, and to compare the results to other European countries. The Swiss renal registry and quality assessment program (SRRQAP), established in 2006 by the Swiss Society of Nephrology, conducted this study.



METHODS

This prospective study was approved by the local ethics committee of the canton of Zurich, Switzerland (KEK-ZH), and performed in agreement with the declaration of Helsinki. This study is categorized as further use of health-related personal data for research according to the Swiss human research act.


Cohort Population

All patients on chronic dialysis, hemodialysis (HD) and peritoneal dialysis (PD), with confirmed SARS-CoV-2 infection were included in this analysis. Since hemodialysis with over 90% of patients constitutes the predominant treatment modality in Switzerland Guidotti and Ambüh (Unpublished data), HD and PD patients were analyzed collectively.



Instruments and Key Measures

At the end of March 2020, the SRRQAP distributed for the first time a questionnaire to all dialysis centers in Switzerland, asking the responsible nephrologist of each center to collect the number of confirmed cases with Covid-19 infection and number of subsequent deaths. The questionnaire captured (1) year of birth, (2) gender, (3) date of positive test, (4) death, (5) death of date and (6) cause of death. Furthermore, the registry identification number had to be provided, in order to link the test results with registry data and for quality control. Since, the survey was performed monthly from March 2020 onwards until the 28th February 2022, with a follow-up of deaths in March 2022.



Laboratory Testing

Positive cases were based on a reverse transcriptase-polymerase chain reaction (RT-PCR) test on samples obtained from the upper respiratory tract by nasopharyngeal or oropharyngeal swab. Since nephrologists function as the general practitioner for the dialysis patients in the Swiss health care system, most patients were referred for PCR testing to them. Positive tests results were therefore not based on reporting by the patients, but on tests performed or requested by nephrologists in charge.



Data Acquisition and Statistical Analysis

For data base handling and analysis, we used Microsoft Excel® (Microsoft, USA) and IBM SPSS statistics application version 25 (IBM Corporation, USA). Baseline characteristics were expressed as mean±SD, median (interquartile range) or percentage, as appropriate. Comparisons between two groups were performed by Student's t-test for discrete variables or chi-squared tests for categorical variables. A p-value below 0.05 was considered statistically significant. To determine the risk factor for death in dialysis patients, we used a logistic regression model. Various variables (age, sex, ethnicity, BMI, region, diabetes, COPD, home dialysis and number of dialysis sessions per week) were inserted into the model and the final model with the best Akaike information criterion (AIC) was determined using backward elimination. Then a Cox proportional hazard model was used including the determined variables by the logistic regression, in order to investigate their impact on survival.

Survival analysis was carried out by Kaplan-Meier survival curve andtime in survival analysis was calculated from time of positive testing until death.



Wave Classification

As there is no exact and uniform definition to classify a wave, we used tables from the Federal Office of Public Health to this purpose. The start of a wave begins with an exponential rise in positive cases and ends when they drop sharply.




RESULTS


Centers

In Switzerland, over 4,700 patients underwent dialysis treatment in 2019. Most dialysis centers are located in the German speaking part of Switzerland (N = 63), whereas 24 are located in the French and seven in the Italian speaking part. All 94 centers in Switzerland contribute data to the registry. On March 27, 2020, all dialysis centers were invited to complete the questionnaire regarding incidence and outcome of COVID-19. None refused.



First Wave (24.02.2020–31.05.2020)
 
Number of Patients and Distribution

On March 5, 2020, the first SARS-CoV-2 infection in a dialysis patient occurred in Ticino. The number of infected dialysis patients increased rapidly over the months of March and April 2020, when 59 and 36 cases, respectively, were reported, as shown in Figure 2. Afterwards, the numbers decreased continuously, resulting in a total of 96 positive tested dialysis patients in the first wave. Thirty-four dialysis centers in 13 out of 26 cantons in Switzerland were affected with positive cases, mostly situated in the cantons of Vaud (25%), Ticino (20.8%) and Geneva (19.8%), which together made up for two-thirds of the SARS-CoV-2 infected dialysis patients in Switzerland during the first wave, as shown in Figure 3.


[image: Figure 2]
FIGURE 2. Number of dialysis patients who tested positive for SARS-CoV-2 stratified by month and region in the first wave.
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FIGURE 3. Percentage of positive SRARS-CoV-2 patients in each canton during the first wave in dialysis patients (black bars) and the general population (gray bars).


The Italian-speaking part accounted for the highest incidence rate with 66.9 cases per 100,000 person-days, closely followed by the French-speaking regions with an incidence rate of 61.1 cases per 100,000 person-days. The German-speaking part had a very low incidence rate of 7.1 cases per 100,000 person-days. Detailed numbers are shown in Table 1 and are compared with the numbers in the general population. Incidence rates were between 3 and 9 times higher in dialysis patients than in the general population.


Table 1. Incidence rates per 100,000 person-days stratified according to geographical region in the first wave.
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Characteristics

Sixty-four positively tested dialysis patients in the first wave were male, which corresponds to a percentage of 66.7%. This number is very similar to the proportion of male dialysis patients in the general dialysis population with 65.2%. Mean age was 69.5 years, with 72.1 and 68.1 years in female and male patients, respectively (p = 0.250). Caucasian ethnicity was represented with 95.4%, whereas 39.6% of positive dialysis patients were diabetics and 11.5% suffered from chronic obstructive pulmonary disease (COPD). The overwhelming majority of patients (94.3%) where dialyzed in a center or a hospital, while only one home hemodialysis and four peritoneal dialysis patients were infected with SARS-CoV-2.



Deaths

Thirty (12 female, 18 male) out of 96 SARS-CoV-2 positive dialysis patients died during the first wave (31.3%). In 25 of these, Covid-19 was given as the cause of death, which corresponds to a mortality rate of 21.9% in men and 34.4% in women (overall 26.0%). Mortality was highest in patients suffering from hypertension/renovascular disease as primary renal disease (PRD, 41.4%), followed by diabetes (28%) and other (17.6%), and lowest in those with glomerulonephritis (0%). However, patients with glomerulonephritis were also significantly younger than those with hypertension or diabetes. All 25 patients died within one to 15 days after diagnosis of COVID-19, with a mean survival time of 7.3 ± 4.1 days. Of the remaining five patients reported dead with but not from Covid-19, causes of death were cerebrovascular incident (1), patient refusal to continue dialysis (2), withdrawal of treatment for medical reason (1) and neoplasia (1).




Second Wave (01.10.2020–31.01.2021)
 
Number of Patients and Distribution

Dialysis patients were hit harder during the second compared to the first wave, as was the rest of the population in Switzerland. From October 1, 2020, to the end of January 2021, 472 dialysis patients tested positive for SARS-CoV-2, as shown in Figure 4, stratified by month and region. In contrast to the first wave, the second wave affected all cantons in which a dialysis center is located (Figure 5). Incidence of Covid-19 was higher in German-speaking Switzerland compared to the first wave. Geneva was affected most during the second wave, and accounted for 13.1% of positively tested SARS-CoV-2 patients, followed by Vaud and Zurich with 12.9% each, and Berne with 12.7%, together making up for half of the SARS-CoV-2 infected dialysis patients in Switzerland (Figure 5).


[image: Figure 4]
FIGURE 4. Number of SARS-CoV-2 positive dialysis patients stratified by month and region in the second wave.
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FIGURE 5. Percentage of positive SARS-CoV-2 patients in each canton during the second wave in dialysis patients (black bars) and the general population (grey bars).


During the second wave, the French speaking regions showed the highest incidence rate with 154.5 dialysis cases per 100,000 person-days. In Ticino, the incidence rate was 50 cases lower with 101.3 per 100,000 person-days compared to the French part, while the lowest incidence rate was observed in the German speaking part with 79.1 dialysis patients per 100,000 person-days.

Detailed numbers are shown in Table 2 and are compared with the numbers in the general population. During the second wave, incidence rates were 2–3 times higher in dialysis patients compared to the general population.


Table 2. Incidence rates per 100,000 person-days stratified according to geographical region in the second wave.

[image: Table 2]



Characteristics

The percentage of male dialysis patients tested positive in the second wave was 65.7%. Mean age was 71.2 years, with 70.5 and 71.6 years in female and male patients, respectively (p = 0.422). Caucasian ethnicity was represented with 90.6%, whereas 30.4% of positive dialysis patients were diabetics and 12.7% suffered from COPD. The vast majority of patients (93.4%) were dialyzed in a center or a hospital, while 1.7% of positively tested patients where on home hemodialysis and 4.9% on peritoneal dialysis.



Deaths

Ninety-three (26 female, 67 male) out of 472 dialysis patients died in the second wave. In 75 of these 93 deaths Covid-19 was given as the cause of death, which corresponds to a mortality rate of 17.4% in men and 13.0% in women (overall 15.9%), and was highest in patients suffering from hypertension/renovascular disease as PRD (19.2%), followed by other (16.7%), and, once more, lowest in those with glomerulonephritis (11.7%). These 75 patients died within one to 49 days, with a mean survival time of 14.0 ± 42.2 days. Of the remaining 18 patients reported dead with but not from Covid-19 infection, causes of death were cardiovascular (7), infection (2), patient refusal to continue dialysis (2), withdrawal of treatment for medical or other reason (4), neoplasia (1), gastro-intestinal hemorrhage (1) and unknown (1).




Cumulative Results From the First and Second Wave (24.02.2020–31.01.2021)

From February 24, 2020 until January 31, 2021, 573 dialysis patients were tested positive for SARS-CoV-2 and reported to the registry.

The highest incidence rate was determined for the French-speaking part for both dialysis patients and the general population with 74.1 and 24.4 cases, respectively, per 100,000 person-days, followed by the Italian-speaking region with an incidence rate of 55.4 cases per 100,000 person-days. Detailed numbers are shown in Table 3 and compared with the numbers in the general population. Incidence rates were between 2 and 3 times higher in dialysis patients than in the general population.


Table 3. Incidence rates per 100,000 person-days stratified according to geographical region in both waves.
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Combined 123 (38 female, 85 male) out of 573 dialysis patients died during the two waves. In 100 of these, Covid-19 was given as the cause of death, which corresponds to a mortality rate of 18.2% in men and 16.1% in women (overall 17.5%) (Table 4). Cumulative survival according to the different age groups is presented in Figure 6. All 100 patients died within one to 49 days, with a mean survival time of 12.4 ± 9.3 days.


Table 4. Probability of death due to COVID-19 and risk factors in COVID-19-positive dialysis patients (both waves).
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FIGURE 6. Cumulative survival (%) stratified by age groups (first and second wave).


Table 5 compares positively tested dialysis patients who died during both waves due to COVID-19 to dialysis patients who survived their COVID-19 infection. Patients dying of COVID-19 are older (80.1 vs. 68.2 years; p = 0.000), have more comorbidities (3.1 vs. 2.5; p = 0.006) and a higher Charlson Comorbidity Index (5.0 to 4.3; p = 0.010), are more frequently substituted with iron (88.2 vs. 75.6%; p = 0.012) and have no previous transplantation (0.0 vs. 10.8%, p = 0.002). Conversely, the percentage of diabetes and hypertension is very similar in both groups.


Table 5. Characteristics (given as mean±SD or percentage) according to survival status in both waves.
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Logistic regression analysis identified age as the only significant risk factor for mortality in dialysis patients. Notably, we did not observe male sex, diabetes or COPD to be major risk factors associated with mortality in dialysis patients in Switzerland.

Table 6 gives an overview of characteristics for COVID-19 positive and negative patients, respectively. Positive patients were older (70.8 vs. 68.7 years; p = 0.001), had a higher body mass index (BMI; 27.3 vs. 25.8; p = 0.000), were longer on dialysis (5.2 vs. 4.0 years; p = 0.000), are less likely to be dialyzed at home (6.6 vs. 10.9%; p = 0.004), suffer less from diabetes or COPD (31.8 vs. 37.6%; p = 0.007, and 12.3 to 15.9%; p = 0.043, respectively) and are more frequently substituted with iron (78.0 vs. 72.7%; p = 0.008) than COVID-19-free dialysis patients.


Table 6. Characteristics (given as mean±SD or percentage) of dialysis patients with and without COVID-19.
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Third (01.02.2021-30.06.2021), Fourth (01.07.2021-14.10.2021) and Fifth Wave (15.10.2021-28.02.2022)

During the third wave, 61 SARS-CoV-2 positive dialysis patients were recorded in the dialysis registry. As during the second wave, the incidence rate was highest in the French part of Switzerland with 15.8 dialysis cases per 100,000 person-days. The overall incidence rate was 10.6 dialysis cases per 100,000 person-days. In contrast to the previous waves, the incidence among the general population is now higher than in dialysis patients, with 14.1 cases per 100,000 person-days. Only six deaths due to COVID-19 were reported, which corresponds to a mortality rate of 9.8%.

During the fourth wave, 43 dialysis patients developed COVID-19. Incidence rate was the same as in the third wave with 10.6 dialysis cases per 100,000 person-days. However, German-speaking regions showed the highest incidence rates with 14.4 dialysis cases per 100,000 person-days for the first time during the pandemic. Incidence was 1.6 times higher in the general population compared to dialysis patients with 17 cases per 100,000 person-days. Only one death was reported to the registry in the fourth wave, corresponding to a mortality of 2.3%.

In the fifth wave, 443 dialysis patients were infected with SARS-CoV-2. This corresponds to an incidence rate of 105.7 cases per 100,000 person-days. The incidence also increased enormously in the general population, reaching 215.5 cases per 10,000 person-days and being twice as high as in the dialysis population. As in the second and third wave, incidence was highest in French-speaking Switzerland with 92.3 cases per 100,000 person-days. 13 dialysis patients died due to COVID-19 in the fifth wave, which corresponds to a mortality rate of 2.9%.

As numbers were low, no survival analyses were performed for the third, fourth and fifth wave.




DISCUSSION

This is the first report to provide a complete overview of the COVID-19 pandemic among dialysis patients across Switzerland. Our analyses reveal four interesting findings: first, the incidence of SARS CoV-2 infections showed a high heterogeneity among regions and a much higher incidence rate in maintenance dialysis patients compared to the general population in the first and second wave; second, mortality in dialysis patients with COVID-19 was increased compared to the general population and other European countries; third, only age was a significant independent risk factor for mortality in COVID-19 dialysis patients, but not male sex as shown in other studies (11). Fourth, incidence and mortality were much lower during the third, fourth and fifth wave, reflecting the impact of early vaccination of this vulnerable population.

Several reasons may explain the higher incidence rates during the first and second wave in dialysis patients. First, maintenance dialysis patients were systematically screened. Most dialysis centers measured body temperature in their patients before starting the dialysis session. Thus, patients with minor symptoms were identified immediately. In the general population, however, testing was more restrictive and limited, especially in the beginning of the pandemic with a lower detection among mild cases. Testing strategies in the general population changed during the second wave, with increased testing even of persons with mild symptoms. However, asymptomatic people were still hard to identify and not tested systematically. Second, dialysis patients being dependent on regular treatment sessions often using public transportation exposed themselves to the risk of community transmitted infection. Third, contact with health care workers is also a potential source of transmission, what is supported by the fact that patients on 1–2 dialysis sessions per week or on PD were tested less often positive for SARS-CoV-2 than patients on thrice-weekly dialysis schedules (Table 6). A systematic review and meta-analysis from the first wave from Nopsopon et al. (12) supports our findings with end-stage renal disease (ESRD) patients getting tested positive much more often than the general population.

Dialysis patients and the general population in the Italian-speaking part of Switzerland were most affected by the pandemic during the first wave compared to the rest of Switzerland (Table 1). This may be explained by the many Italian migrant workers, crossing the border from northern Italy, where the virus was active much earlier, and thus was brought to the southern Switzerland first to be carried from there across Switzerland. In the second wave, the incidence among dialysis patients was highest in French-speaking Switzerland, followed by Italian-speaking Switzerland, and the German part of Switzerland (Table 2). There is no evident explanation for these differences in incidence rates among dialysis patients from the various regions in Switzerland. Strict screening policies were introduced shortly after the start of the outbreak in all regions: body temperature was measured and patients were systematically asked about possible symptoms before each dialysis session and before entering the dialysis unit. Anyone with symptoms was isolated and underwent PCR-testing. The structure of dialysis units is rather similar throughout Switzerland, with a large capacity to isolate potentially infected persons. Wearing of surgical masks was and still is mandatory for dialysis staff and patients. During the first wave, the Swiss Civilian Service even assured transport toward dialysis centers for some patients who had lost their usual means of transportation (e.g., Red Cross voluntary drivers who were forced to interrupt usual work) in order to avoid public transport. The most likely reason, however, is the higher incidence rate in the general population of Ticino and French-speaking Switzerland, increasing the risk for dialysis patients from these regions to be exposed to the Coronavirus.

In the Swiss dialysis population, 26% of patients with COVID-19 died in the first wave, whereas during the second wave the percentage was only 15.9%. This may be due to potential underdiagnosis of individuals with only mild infection in the first wave. An alternative explanation is the higher awareness and earlier and more appropriate therapeutic intervention, which is supported by the longer mean survival time of almost 1 week in the second wave. Overall, 100 COVID-19-deaths were registered from 573 positively tested dialysis patients (17.5%) in the first two waves. In the general population, mortality of COVID-19 patients was much lower, with 5.5% in the first, 1.5% in the second wave, and 1.7% overall (2). The higher mortality rate among dialysis patients can be explained by several factors: first, their frailty; second, their much higher average age compared to the general population; and, third, more restricted admission of dialysis patients to intensive care unit (ICU) treatment because of severe disease (13). This possibility is supported by the policy of some hospitals such as the university hospital of Geneva (HUG), where many patients who died from COVID-19 would not have been admitted to an ICU because of local triage criteria (6). Our findings, again, are supported by the above mentioned review and meta-analysis (12), which showed that ESRD patients have a 3.6 times higher risk of dying than the general population in the first wave.

Unlike in the publication from Jager et al. (11), only higher age was associated with mortality in our study. We could not confirm male sex, diabetes or COPD being risk factors for death in dialysis patients with COVID-19 as found in the general population (14). This is in contrast to dialysis patients without COVID-19, where male individuals show a slightly increased mortality compared to women (15). None of the forty previously transplanted patients on dialysis died. This finding may be a coincidence, but could also be linked to the relative protection offered by low-dose corticosteroid therapy against adverse outcome due to COVID-19. Such an association has been recently suggested for transplanted patients, but whether low dose prednisone therapy offers the same protection in dialysis patients is unknown. Clearly, the number of previously transplanted patients was too low analyze this result further, and more research in larger cohorts is necessary to draw definite conclusions.

Interestingly, dialysis patients with Covid-19 in Switzerland (together with the Netherlands) had the highest probability of death (11) compared to other European countries in the first wave. The strict measures taken in France, Spain and Austria may have contributed to the fact that fewer dialysis patients in these countries have died. However, analyzing both waves, dialysis patients in Switzerland had a lower COVID-19 attributable mortality with 17.5% compared to dialysis patients from other European countries with 20.0% (11). This better survival rate in dialysis patients in Switzerland has already been shown in several annual reports from the ERA-EDTA (European Renal Association – European Dialysis and Transplant Association) independently of the COVID-19 pandemic (16).

In Switzerland, vaccination of particularly vulnerable individuals started on January 4, 2021, including dialysis patients. The second vaccine in Switzerland (from Moderna) was approved on January 12, 2021 (17). The decline in positive cases among dialysis patients during the third, fourth and fifth wave probably reflects the positive effect of early vaccination in this population. The finding that only 20 deaths were reported since February 1, 2021, strongly suggests that vaccination protects the dialysis population thoroughly from severe courses and death.

Our study has several limitations: First, the number of patients from the first wave is relatively small, which makes it difficult to compare the first with the second wave. Second, using registry data as a source, we had no access to additional information on more specific patient and treatment characteristics that could be important for the outcome of COVID-19 patients on dialysis, and data were not directly captured by the authors, but by the treating nephrologists. Third, matching the reported dialysis patients that were tested positive with the information entered in the registry, we realized that about 50 patients were missing, and, therefore, not included in our analyzes.



SUMMARY AND CONCLUSION

The COVID-19 pandemic challenged the dialysis centers in Switzerland with a much higher incidence rate of infections and a very high mortality rate compared to the general population in the first and second wave. The application of measures such as wearing masks, systematic measurement of the temperature before entering the dialysis center and isolation of suspected cases probably helped to decrease the difference in incidence between the dialysis population and the general population, but the measures were insufficient, and only vaccination lead to a steep decrease in numbers. It is of utmost importance to further explore how this vulnerable group can be better protected from future outbreaks or further pandemics. In addition, more studies are needed to investigate whether and why positive tested previously transplanted dialysis patients seem to be better protected than dialysis patients who have had no transplant. In order to limit severe infections in vaccinated dialysis patients, repetitive booster vaccinations may be advisable.
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