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Abstract

The outbreak of the COVID-19 pandemic in late 
2019 and early 2020 came abruptly causing a sig-
nificant challenge to the entire world. The number 
of infections and deaths reached unprecedented 
levels. Among the most vulnerable to infection and 
death were patients undergoing chronic hemodialy-
sis, who, on one hand, could not limit their social 
interactions, and on the other hand, were burdened 
with numerous coexisting diseases and exhibited 
compromised immune systems. The development 
of the first vaccines and the prioritized vaccination 
against COVID-19 for almost the entire dialysis pop-
ulation saved thousands of patients. The pandemic 

period, despite its immense tragedy, offers valuable 
lessons for the future, both in terms of established 
response strategies and temporary precautionary 
measures, as well as in reinforcing the conviction 
of how effective vaccinations are in overcoming 
infectious diseases, especially in a population as 
vulnerable as dialysis patients. In this paper, we 
summarize this challenging period, largely based on 
our own research conducted at the dialysis center 
in Gdansk.
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CHRONIC KIDNEY DISEASE 
AND ITS CONSEQUENCES

Chronic kidney disease (CKD) is a civ-
ilization-related health issue in the modern 
world, posing a significant global medical 
challenge. According to recent reports, more 
than 840 million people are affected by CKD, 
accounting for over 10% of the world’s popu-
lation. In Poland, this condition may afflict 
over 4 million individuals. Notably, CKD can 
remain asymptomatic not only in its early 
stages but even in more advanced stages of 
the disease. Consequently, a substantial por-
tion of affected individuals may not be aware 
of their condition. Furthermore, patients with 
CKD often have other comorbidities, includ-
ing hypertension, diabetes, and ischemic heart 
disease [1]. Approximately 1–2% of patients 
experience a gradual progression of CKD to 
end-stage renal failure. At that point renal 
replacement therapy through dialysis or kid-
ney transplantation is needed. As of the end 
of 2022, there were a total of 20,198 dialysis 

patients in Poland, with 19,389 undergoing re-
peated hemodialysis (HD) treatments [2, 3]. 

THE DISTINCTIVENESS OF 
HEMODIALYSIS PATIENTS

Patients undergoing repeated HD are 
typically older individuals with multiple co-
morbidities, a high frailty index, and limited 
physical functioning. The underlying disease, 
impaired excretory and secretory renal func-
tion, chronic inflammation, and oxidative 
stress that develops in these patients as the 
disease progresses all lead to the impairment 
of various mechanisms of natural and acquired 
immune responses. This results in an increased 
susceptibility to various infections, which are 
the second most common cause of morbidity 
and mortality (after cardiovascular diseases) 
in this patient group, accounting for approxi-
mately 30–36% of deaths. For example, the 
risk of death due to sepsis among HD patients 
is approximately 250 times higher than in the 
general population [4–7].
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COVID-19 PANDEMIC

The consequences of the Coronavirus dis-
ease 2019 (COVID-19) pandemic among HD 
patients serve as a vivid example of the prob-
lem mentioned earlier. The first reports of an 
unexplained, previously unseen syndrome of 
symptomatic respiratory failure came from the 
Chinese city of Wuhan in the second half of 
December 2019, which was recognized as the 
epicenter of the future pandemic [8]. Ongo-
ing globalization created a broad pathway for 
the spread of the infection worldwide. The 
first case of COVID-19 in the USA appeared 
on January 20, and in Europe on January 24, 
2020 [9, 10]. On March 11, 2020, the World 
Health Organization (WHO) declared a pan-
demic in response to the rapid global increase 
in Severe Acute Respiratory Syndrome Coro-
navirus 2 (SARS-CoV-2) infections world-
wide, leading to severe acute respiratory fail-
ure syndrome named COVID-19. 

The etiological factor causing COVID-19 
symptoms, which were predominantly cough, 
shortness of breath, fever, and loss of taste, was 
identified and sequenced in January 2020 [11]. 
It was found to be a positive-sense single-strand-
ed RNA virus belonging to the Coronaviridae 
family. It is genetically related to the MERS 
and SARS-CoV-1 viruses that caused epidem-
ics in the early 2000s, but compared to them, 
it exhibits greater contagiousness and lower 
virulence [12]. SARS-CoV-2 is transmitted 
between people via respiratory droplets when 
an infected person comes into contact with 
a susceptible individual’s saliva or respiratory 
secretions. Structurally, SARS-CoV-2 consists 
of four structural proteins: envelope protein 
(E), membrane protein (M), nucleocapsid 
protein (N), and spike protein (S). Protein N 
surrounds the virus’s RNA, while the other 
proteins (S, M, E) are involved in creating 
the viral envelope. The spike protein, espe-
cially important in host cell invasion, has two 
subunits, S1 and S2, which mediate the criti-
cal steps in this process, such as attachment 
to the host cell membrane and fusion with its 
surface [13]. The receptor to which the spike 
protein binds is ACE2, a membrane form of 
angiotensin-converting enzyme 2, an enzyme 
involved in the renin-angiotensin-aldosterone 
system (RAAS). In this system, it converts an-
giotensin 1–9 into angiotensin 1–7. ACE2 is 
present in the respiratory tract, kidneys, intes-
tines, and the heart [14]. The presence of the 
receptor in these locations correlates with both 

high adsorption of airborne virus particles 
(in the case of respiratory tract localization) 
and the occurrence of short-term and 
long-term complications of the infection (in 
other locations) [13]. Since the beginning of 
the pandemic, numerous mutations occurred 
in the genetic material of the original version 
of the SARS-CoV-2 virus, particularly in the 
genes coding for the spike protein. These mu-
tations led to the emergence of new virus vari-
ants [15]. These variants differed in terms of 
contagiousness, virulence, and resistance. Cur-
rently, there are hundreds of different virus 
variants known, and the most important from 
a prognostic point of view are the so-called 
“Variants of Concern” (VOC) — genetic vari-
ants associated with a higher risk of severe in-
fection and death [16]. 

MORTALITY DUE TO COVID-19

The COVID-19 fatality rate among the 
Polish population in March 2020 was 2.94%, 
gradually decreasing and reaching a percent-
age of 1.83% as of October 25, 2023 [17]. 
This rate is significantly lower than those ob-
served during SARS and MERS infections, 
which were 9.5% and 34.4%, respectively 
[18]. As of October 28, 2023, there have been 
771,549,718 confirmed cases of the disease, 
including 6,974,473 cases of death due to 
COVID-19 [19]. According to data pre-
sented by the Polish Ministry of Health as of 
October 28, 2023, the number of confirmed 
COVID-19 infections in Poland since the be-
ginning of the pandemic was 6,532,844, with 
119,685 deaths [20].

COVID-19 AMONG HD PATIENTS

The period of the COVID-19 pandemic 
had a multifaceted impact on the lives of di-
alysis patients. It left a devastating mark 
in the form of high mortality rate, especially in 
the period before the introduction of popula-
tion-wide vaccinations, as well as in the distant 
consequences taking the form of post-COVID- 
-19 syndrome. It also served as an experimen-
tal field for medical personnel dealing with 
this group of patients in terms of conducting 
dialysis during the pandemic, primarily focus-
ing on measures to prevent the spread of the 
virus among patients and staff [21].

Patients with CKD turned out to be one of 
the groups most vulnerable to contracting CO-
VID-19, experiencing a severe course of the 
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disease and a high risk of death due to COVID- 
-19 infection. The risk increased with the de-
gree of kidney function impairment, reach-
ing its highest level among patients treated 
with HD [22]. The necessity of undergoing 
dialysis procedures three times a week made 
it impossible for patients to isolate them-
selves. They had to interact with drivers, other 
patients, and dialysis center Staff, which iden-
tified them as individuals at high risk of con-
tracting COVID-19. In a multicenter study 
conducted in the Pomeranian Voivodeship, 
analyzing the incidence and mortality due to 
COVID-19, Puchalska et al. [23] demonstrat-
ed that the absolute cumulative incidence of 
COVID-19 from the beginning of the pan-
demic to the start of the national vaccination 
program was nearly four times higher in HD 
patients than in the general population of 
the Pomeranian Voivodeship, amounting to 
22.4%. It is worth noting that this difference 
may have been slightly overestimated due to 
the fact that in some dialysis centers, screening 
tests were conducted on all patients or those 
who had contact with individuals confirmed to 
be infected with SARS-CoV-2, which was not 
commonly performed in the general popula-
tion. As shown in data published in annual re-
ports on the state of renal replacement therapy 
in Poland, in the years 2020, 2021, and 2022, 
COVID-19 affected 21%, 16%, and 18% of all 
dialysis patients, respectively [3, 24, 25]. Com-
paring the incidence of COVID-19 with other 
countries and dialysis centers is very difficult. 
Since the beginning of the epidemic, various 
actions to limit the spread of the virus have 
been implemented by dialysis centers and the 
incidence of COVID-19 in different units dif-
fered significantly. Moreover, the spread of 
the virus was undoubtedly also influenced by 
the epidemiological policies introduced by the 
governments of individual countries, e.g. lock-
down during the first and second waves of in-
fections. Additionally, any comparison is made 
difficult by the fact that nearly 50% of cases 
may have been asymptomatic [26]. 

The manifestations of COVID-19 changed 
during the pandemic with the evolution of 
the virus and its variants, as well as with the 
introduction of vaccination. Variants dif-
fered not only in the structure and course of 
the disease caused, but also in the degree of 
infectivity. The symptomatology did not differ 
significantly from that of the general popula-
tion. The most common early clinical symp-
toms at admission included fatigue, fever, dys-

pnea, and cough [27–29]. Observations made 
at center in Gdansk showed that the clinical 
course of the disease in HD patients was in-
sidious, yet rapid and severe. At the time of 
diagnosis, nearly one-third of patients had no 
symptoms, and a large portion reported single 
symptoms, much less frequently than in the 
general population. This is understandable 
given the numerous immune disorders and im-
paired reactivity in the group with CKD. On 
the other hand, as many as 20% of patients 
had reduced blood oxygenation at the time 
of infection, requiring urgent oxygen therapy. 
CT scans of lung changes revealed that nearly 
80% of patients had inflammatory changes in 
the lungs at the time of diagnosis, with nearly 
30% of them affecting over 25% of lung tis-
sue. Importantly, a significant portion of these 
changes had an advanced nature, indicating 
both the speed and severity of the inflamma-
tory process [30]. This insidious yet severe 
course of the disease reflected in a very high 
mortality rate due to COVID-19 among dialy-
sis patients, close to 31% of those infected, and 
among patients over 75 years of age, close to 
44%, which was nearly 5.5 times higher than 
in the general population, even after consider-
ing the age of patients, which is known to be 
very high among dialysis patients [23]. In an-
other large, retrospective study from Poland, 
covering nearly 30% of all dialysis centers, the 
mortality rate among dialysis patients due to 
COVID-19 in the years 2020 and 2021 was 
12.8% and 21.2%, and these deaths account-
ed for 13.4% and 16.2% of all deaths among 
dialysis patients included in the study [31]. It 
is noteworthy that high COVID-19 mortality 
rates persisted in 2021 despite a high percent-
age of vaccination in the studied population, 
reaching 96% [31]. Similar observations were 
made in other countries. An observational 
study conducted in 4 dialysis centers in the 
Brescia region of Italy showed a 29% mortality 
rate in the early stages of the pandemic [32]. 
Multicenter studies from Brazil, New York, 
Ontario, Scotland, the UK, France, and the 
Flanders region of Belgium reported mortal-
ity rates ranging from 21% to 29.6% [33–38]. 
The results of the ERACODA study, designed 
to prospectively collect individual patient data 
on dialysis patients with COVID-19 across 
Europe, showed a 28-day mortality rate associ-
ated with COVID-19 of 25% for all patients 
and 33.5% for those requiring hospitaliza-
tion [39]. As shown in data published in an-
nual reports on the state of renal replacement 
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therapy in Poland, in the years 2020, 2021, and 
2022, 6%, 4%, and 2% of all HD patients in 
Poland died from COVID-19 within 6 weeks 
of infection [3, 24, 25].The determinants of 
such high mortality were thoroughly analyzed 
in numerous studies. Understanding these 
factors allowed for the selection of the most 
vulnerable patients and the implementation 
of rapid therapy. Risk factors for mortality in 
the general population included advanced age, 
male gender, and the presence of comorbidi-
ties [40–42]. An analysis of data from a study 
conducted by our team among HD patients in 
the Pomeranian Voivodeship showed that the 
strongest predictor of 3-month mortality was 
a high frailty score (CFS > 3) and advanced 
age (> 65 years) [43]. The results are consis-
tent with extensive analyses in the ERACODA 
report, containing data collected from 98 di-
alysis centers in Europe [39].

In addition to factors that may worsen pa-
tient outcomes, factors which have a positive 
impact on the course of disease were also pos-
tulated. Among these, the presence of blood 
type O and chronic vitamin D supplementa-
tion in the period before SARS-CoV-2 in-
fection were mentioned [30, 44, 45]. One ex-
planation for these associations may be that 
a blood type other than O is a significant ge-
netic risk factor for venous thromboembolic 
disease, a well-known prognostic factor in the 
course of COVID-19 [44, 46]. Low levels of 
25-hydroxyvitamin D (25-OH D) are corre-
lated with high levels of IL-6, an independent 
predictive factor for the severity and mortality 
of COVID-19 in the general population [47]. 
On the other hand, the evidence for the effec-
tiveness of vitamin D supplementation in the 
prevention and treatment of COVID-19 has 
not been definitively confirmed [48, 49].

POST-COVID SYNDROME

Despite the severe course of the disease, 
the immune system of most dialysis patients 
overcomes the SARS-CoV-2 infection. How-
ever, recovery, depending on the severity of 
the symptoms, can take several weeks, and not 
all symptoms always disappear immediately. 
A significant proportion of recovered individu-
als report persistent symptoms, such as cough, 
shortness of breath, and muscle aches, lasting 
for several months after the virus has been 
eradicated [50]. The term “long-COVID” 
or “post-COVID syndrome” was introduced 
for this clinical situation. It is defined as the 

persistence or development of new symptoms 
3 months after the initial SARS-CoV-2 infec-
tion, and these symptoms should last for at 
least 2 months [51].

In a prospective cohort study, our team 
analyzed the long-term health consequences 
of COVID-19 among HD patients who con-
tracted COVID-19 during the second and 
third waves of the pandemic in Poland [52]. 
Only 6.3% and 19% of patients were symp-
tom-free 3 and 6 months, respectively, after 
hospital discharge, while as many as 72.1% and 
53.4% of patients experienced at least 3 per-
sistent symptoms of COVID-19. The most 
common lingering symptoms included fatigue 
or muscle weakness (60.76% and 47.04%) and 
palpitations (40.51% and 30.14%). Before the 
illness, 21.5% of patients reported shortness 
of breath at level 1 on the mMRC scale. This 
percentage increased to 43.03% and 34.25% 
at 3 and 6 months of observation, respectively. 
Importantly, persistent symptoms of the dis-
ease significantly affected the quality of life of 
survivors. Patients reported a reduced qual-
ity of life, which was noted in all domains of 
the EQ-5D-5L questionnaire, but especially 
in the domains of pain, discomfort, and anxi-
ety [52]. There are not many long-term stud-
ies on this issue in the population of dialysis 
patients. However, the results which our team 
observed correspond relatively well with the 
findings of a study by Huang et al. [53] con-
ducted in the general population and using di-
agnostic methods similar to those in our study. 
In this study, which had a follow-up period of 
up to 12 months, it was found that at least one 
persistent symptom was still reported by 49% 
of patients. Fatigue and muscle weakness were 
the most commonly reported symptoms [52]. 
It is worth noting that the actual frequency 
of post-COVID syndrome varies significantly 
between different studies and is challenging to 
objectively estimate. This is due, among other 
things, to the different populations included 
in the studies, different definitions of the syn-
drome, and various diagnostic procedures, 
mostly based on the subjective assessment of 
the patient. 

In the multicenter national study form 
Turkey, maintenance HD patients who have 
had COVID-19 in the past 90 days have in-
creased rehospitalization, respiratory prob-
lems, vascular access problems, and high mor-
tality compared with the non–COVID-19 HD 
patients [54]. In another retrospective study 
from France, the authors report a high inci-
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dence of cachexia in survivors, reaching 13% 
of those who underwent COVID-19 in the past 
with a median of 180 days [55].

VACCINATIONS AGAINST COVID-19

The development of vaccines against 
COVID-19 marked a significant breakthrough 
in the history of the pandemic, leading to 
substantial improvements in terms of disease 
susceptibility, disease course, and long-term 
prognosis. The first vaccines to undergo all 
stages of clinical trials were based on mRNA 
technology, including BNT162b2 (Pfizer- 
-BioNTech) and mRNA-1273 (Moderna). 
Phase III clinical trials demonstrated their ef-
fectiveness in the general population, with ef-
ficacy rates of approximately 95% and 94.1%, 
respectively [56, 57]. These vaccines became 
available at the turn of 2020 and 2021. Dialy-
sis patients, individuals treated with immuno-
suppressive drugs, and those with cancer were 
among the first groups to be designated for 
population-wide vaccination under the nation-
al COVID-19 vaccination program. Despite 
initial skepticism and concerns about potential 
side effects, it was possible to achieve a very 
high vaccination rate in the Polish popula-
tion of dialysis patients, reaching up to 96% 
[31]. It turned out that the vaccines were well- 
-tolerated, and the rate of adverse events, in 
the majority of cases, did not deviate signifi-
cantly from those observed in large clinical 
trials conducted in the general population. 
In a prospective controlled study involving 
190 HD patients Polewska et al. [58] analyzed 
the safety and tolerance of two-dose vaccina-
tion regimen using BNT162b2 and demon-
strated that 59.8% of patients (dose 1) and 
61.4% (dose 2) reported at least one local re-
action, while 15.9% (dose 1) and 29.4% (dose 
2) reported at least one systemic reaction. Pain 
at the injection site was the most common lo-
cal adverse reaction, while fatigue and muscle 
pain were the most common systemic symp-
toms. Most local and systemic reactions were 
observed less frequently than in the control 
group, matched for age and gender [58].Given 
the impaired immune response to vaccination 
observed in patients with CKD, especially dur-
ing hepatitis B vaccinations, it was suspected 
that a similar situation might occur following 
COVID-19 vaccinations [4–6, 59]. Dialysis pa-
tients were not included in the clinical registra-
tion trials of COVID-19 vaccines. Therefore, 
their effectiveness in them remained uncer-

tain, and the vaccination schedule for dialysis 
patients was the same as that for the general 
population. Data on vaccine effectiveness for 
dialysis patients come from observational stud-
ies conducted during the implementation of 
population-wide vaccinations. The post-vacci-
nation response in terms of anti-spike protein 
antibodies was shown to be high in this group. 
In a cross-sectional study conducted at dialysis 
center in Gdansk with 126 patients, a post-vac-
cination immune response appeared in 95.6% 
of patients [60]. Similar results were observed 
in other studies [61]. However, the antibody 
titers measured 14–21 days after the second 
mRNA vaccine dose were significantly lower 
than those observed in the general population 
[60]. A number of studies have analyzed fac-
tors that may independently influence poorer 
post-vaccination immune response. These 
include in particular: older age, low levels of 
albumin, IgG, low amount of lymphocytes in 
the blood, use of immunosuppressants, lon-
ger dialysis vintage and use of high doses of 
intravenous iron [26]. Older age may have 
a particularly detrimental effect for immune 
response following vaccination. In the study 
of Grupper et al. [61] there was shown a sig-
nificant inverse correlation of older age and 
IgG anti-s antibodies levels in dialysis patients 
(Spearman correlation = − 0.29; P = 0.03). 
Moreover, for each age range, there were 
higher levels of antibodies in the control group 
compared with the dialysis group, which was 
significant for ages < 60 and 60–70 years old 
[61]. The development of immunologic mem-
ory is decreased with age because aged T cells 
favor the production of short-lived inflamma-
tory effector over memory or follicular helper 
T cells [62]. Breakthrough infections with the 
SARS-CoV-2 virus were also common among 
vaccinated dialysis patients [63]. For these rea-
sons, a common practice in many countries, in-
cluding Poland, was to provide a third compli-
mentary dose of mRNA vaccine in them after 
the initial two-dose vaccination regimen.

PROGNOSTIC BREAKTHROUGH

Vaccination against COVID-19 has re-
sulted in a significant improvement in the 
prognosis of HD patients. In clinical practice, 
there was a noticeable decrease in infections, 
a milder course of COVID-19, and reduced 
mortality. This has been confirmed in numer-
ous observational studies from various cen-
ters. In patients who completed the full vac-
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cination cycle, the risk of infection was up to 
78% lower compared to unvaccinated patients 
[64, 65]. For those patients who still developed 
the disease, it often had an asymptomatic char-
acter, with fever and lung involvement being 
rarer, and patients were less frequently hos-
pitalized [66]. Most importantly, it has been 
confirmed that vaccines reduce mortality from 
COVID-19. A large multicenter study by Tor-
res et al. [67], which included 12,301 vacci-
nated HD patients with BNT162b2 and Coro-
naVac (Sinovac Biotech), demonstrated the 
effectiveness of these vaccines in preventing 
death, with a 66% reduction in mortality. The 
BNT162b2 vaccine, in particular, reduced the 
risk of COVID-19-related death by 90.4%. 
Ashby et al. [65], using logistic regression 
modeling, which accounted for demographic 
data, comorbidities, and the pandemic period, 
showed an 88% reduction in deaths in the vac-
cinated group compared to the unvaccinated 
group. Results from Poland confirm these 
trends. In a retrospective study covering all 
HD patients in the northern region of Poland, 
our team compared mortality rates during the 
second and fourth waves of the pandemic, tak-
ing into account that most patients were un-
vaccinated during the second wave, while vac-
cination rates reached 92% during the fourth 
wave. The COVID-19 mortality rate during the 
second wave was 29.5%, but during the fourth 
wave, among vaccinated patients, it decreased 
to 6.7%. There was also a 79% reduction in the 
risk of infection [68]. Promising reports have 
also emerged from studies conducted in the 
general population, suggesting the protective 
effects of vaccinations against the development 
of long-COVID syndrome [69]. Unfortunately, 
there is a lack of data on this aspect in relation 
to HD patients.

The question of how much the de-
velopment of natural immunity due to 
SARS-COV-2 infection that occurred be-
fore or after vaccination contributed to the 
improved prognosis remains open. It is im-
portant to note that the percentage of con-
firmed cases before the initiation of vaccina-
tions reached 22.4% in HD patients [23], and 
some infections may have gone undetected. 
As it is known, the rate of asymptomatic infec-
tions among HD patients reached up to 51% 
[70]. Some researchers have indicated that 
infection with the SARS-CoV-2 virus was as-
sociated with a lower risk of reinfection with 
SARS-CoV-2 in general population compared 
to what occurred after vaccination with two 

doses of mRNA vaccines (BNP162b2 and 
mRNA1273). Infection was also linked to 
a lower risk of severe COVID-19 [71]. How-
ever, the highest level of protection against 
severe COVID-19 disease is undoubtedly pro-
vided by hybrid immunity, obtained through 
vaccination and SARS-CoV-2 infection itself 
at any order. Hybrid immunity is not only ro-
bust but also more durable than either natu-
ral immunity alone or vaccine immunity alone 
[72]. It should also be remembered that the 
natural course of the pandemic and subse-
quent mutations of the SARS-CoV-2 led to 
its weakening, a milder course of the disease 
and the gradual extinction of the pandemic 
[73]. Nonetheless, regardless of these consid-
erations, vaccinations remain the only option 
that effectively protects against primary infec-
tion, which can lead to hospitalization, death, 
and long-term complications.

LESSONS FOR THE FUTURE 

The COVID-19 pandemic, which, as 
it appears, is now behind us, has resulted in 
thousands of casualties, particularly within the 
population of patients undergoing HD. How-
ever, it can be regarded also as an experimen-
tal field to learn how to deal with other rapidly 
spreading pathogens and future pandemics. It 
is well-known that a significant factor inher-
ently associated with the risk of various in-
fections in HD patients is their lifestyle. This 
lifestyle involves visits to dialysis centers sev-
eral times a week for a few hours. During this 
time, patients must travel from their place of 
residence, often using public transportation to 
reach the dialysis center, where they come into 
contact with both the staff and other patients 
who could be a source of infection [74]. 

One key lesson for the future is the rapid 
implementation of preventive measures to 
minimize the spread of the pathogen among 
patients. The starting point is, of course, the 
application of basic preventive rules, such as 
wearing masks (even during the entire dialysis 
session), hand hygiene, and maintaining physi-
cal distance. As we have learned from experi-
ence, these methods proved insufficient for 
HD patients. In the early days of the pandemic, 
there were no specific guidelines for managing 
repeated dialysis treatments during a pandem-
ic. Over time, scientific societies and public 
health authorities issued universal preventive 
measures to be used in dialysis units, with lo-
cally developed precautions added to daily 
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practice [75, 76]. One of the first steps taken 
was designating dedicated dialysis centers for 
patients with confirmed SARS-CoV-2 infec-
tion. Later in the pandemic, after most pa-
tients had been vaccinated, patients with con-
firmed infection were segregated locally in 
dialysis units, either in separate dialysis rooms 
or on different shifts. Separate communication 
pathways within the dialysis units were estab-
lished. To reduce the time patients spent in 
dialysis units, the duration of dialysis sessions 
and weekly dialysis frequencies were reduced 
to the necessary minimum that was safe for 
each patient, overlooking the adequacy of di-
alysis in this exceptional epidemiological situa-
tion. Patients were prohibited from consuming 
meals in dialysis units, and communal meals 
among the staff were also prohibited. Individ-
ual patient transport to and from the dialysis 
units was organized, or patients were advised 
to use their own transport when an infection 
was confirmed or suspected [77]. This allowed 
a reduction in the contact between healthy pa-
tients and those infected or suspected of infec-
tion. Enhanced hygiene rules also applied to 
the staff to minimize transmission of the virus 
within the patient-staff-patient chain. Some di-
alysis units imposed strict personnel division, 
where specific individuals were permanently 
assigned to work on specific shifts. Some di-
alysis units conducted periodic screening tests 
for asymptomatic SARS-CoV-2 infection 
among patients and staff [74, 76, 78]. In the 
study conducted in the dialysis units of the Po-
meranian Voivodeship by Biedunkiewicz et al. 
[76], lower incidence rates of COVID-19 were 
found in units that avoided concurrent dialysis 
for patients coming from home and hospital-
ized patients.

Procedures were also introduced to quick-
ly identify infected individuals. To achieve this, 
telephone interviews with patients regarding 
their well-being and potential exposure to 
infection were conducted. Patients were re-
quired to report any concerning symptoms and 
contact with infected individuals. Tempera-
ture measurements were taken before entry 
into the dialysis unit. In this discussion, the is-

sue of home HD is intentionally overlooked, as 
it would undoubtedly provide the highest level 
of protection for the patient against infection. 
However, it is not yet available to Polish pa-
tients. If home HD methods become wide-
spread, they should be the preferred methods 
in times of pandemic. It is worth mentioning 
here that peritoneal dialysis (PD), which is 
beyond the scope of our study, has proven 
to be a much safer alternative in treating pa-
tients with end-stage renal failure during the 
COVID-19 pandemic. According to informa-
tion from the report on dialysis therapy in 
Poland in 2020, only 6% of the PD patient 
population contracted COVID-19, compared 
to staggering 21% among HD patients [24]. 
There is no doubt that patients on PD were 
able to significantly limit interpersonal con-
tacts. Therefore, some authors conclude that 
PD should be the renal replacement therapy of 
choice in the periods of a pandemic, regardless 
of the pathogen causing it [79].

Another important lesson learned from 
the COVID-19 pandemic was the prioritiza-
tion of HD patients and the prompt initiation 
of vaccinations. European countries imple-
mented these principles right away, and the 
United States followed suit after some time. 
Such actions undoubtedly saved many lives 
within this patient population. Considering the 
high vulnerability of HD patients to severe in-
fectious diseases, this principle should also ap-
ply in the case of future grave pandemics. The 
COVID-19 vaccinations have confirmed that 
the basic vaccination regimen tailored to the 
general population may be insufficient to in-
duce an adequate immune response in HD pa-
tients [60]. Hence, it is justifiable to monitor 
the immune response in this group of patients 
and contemplate the use of supplementary vac-
cinations, as was the case with COVID-19 vac-
cinations.
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