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Background: Haemodialysis (HD) patients are predisposed to physical ailments, and their Received 19 September
occurrence of coronavirus disease 2019 (COVID-19) could potentially lead to a more unfavourable 2023

prognosis. However, the impact of SARS-CoV-2 (Omicron variant) infection on the prognosis of HD ~ Revised 12 July 2024
patients remains unclear. This study aimed to explore the impact of Omicron variant infection on ~ Accepted 28 July 2024
the prognosis of HD patients. KEYWORDS
Methods: Eligible participants were patients undergoing maintenance HD treatment during a SARS-CoV-2 infection;
large-scale outbreak of COVID-19 (Omicron variant) in Shanghai, China, from April 7 to May 30, haemodialysis; prognosis;
2022. According to SARS-CoV-2 infection status of participants, the HD patients were divided into retrospective cohort
two groups: a COVID-19 group and a non-COVID-19 group. The primary outcome assessed was study; Omicron variant
in-hospital mortality, and secondary outcomes encompassed the incidence of severe cases,

admission to intensive care, length of hospital stay, and blood indices. Statistical analysis was

conducted by comparative analysis and multiple logistic regression.

Results: This study recruited 588HD patients, including 199 cases in the COVID-19 group and 389

in the non-COVID-19 group. In the COVID-19 group, the mortality rate was 8.45% (17/199),

whereas in the non-COVID-19 group, the rate was 3.34% (13/389) (p<0.05). Compared with the

non-COVID-19 group, the COVID-19 group had a risk ratio (RR) with 95% confidence interval (Cl)

of 2.56 (1.27-5.15) for mortality, and the absolute risk difference (ARD) with 95% Cl of 5.20%

(1.34%-9.06%). Multiple logistic regression confirmed Omicron variant as a risk factor for mortality

among HD patients. Additionally, the COVID-19 group had a higher proportion of severe cases,

intensive care admission, hypocalcaemia and hyperphosphatemia and longer hospitalization

duration, compared to the non-COVID-19 group (p <0.05).

Conclusions: Omicron variant infection was associated with increased mortality risk in HD

patients, and Omicron infection worsen the prognosis of HD patients. Enhancing immune

protection against SARS-CoV-2 is crucial for HD patients during the ongoing COVID-19 pandemic.

Introduction severe illness [1-4]. Haemodialysis (HD) serves as a

Coronavirus disease 2019 (COVID-19), a novel respira- common therapy for end-stage renal disease (ESRD)

tory infectious disease, affects the general population
irrespective of age. However, older adults and individ-  t0 severe acute respiratory syndrome coronavirus 2
uals with underlying diseases have higher hospitaliza- ~ (SARS-CoV-2) infection during their medical treat-
tion rates for COVID-19 and a greater likelihood of = ment amid the COVID-19 epidemic [7]. To date, five

[5,6]. However, HD patients are particularly susceptible
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SARS-CoV-2 variants of concern (VOCs) have been
identified by the World Health Organization (WHO),
including the (1) Alpha variant, (2) Beta variant, (3)
Gamma variant, (4) Delta variant, and (5) Omicron vari-
ant [8-10]. Previous studies have revealed that the
Omicron variant demonstrates lower virulence and
reduced rates of hospitalization and severe illness
compared to other VOCs. However, the impact of
SARS-CoV-2 (Omicron variant) infection on the progno-
sis of HD patients remains unclear.

Between March 2022 and June 2022, a large-scale
epidemic caused by the Omicron BA.2.2 variant occurred
in Shanghai, leading to an approximate cumulative
infection count of 600,000 individuals [3,11,12]. The
Lingang District Hospital of Shanghai Sixth People’s
Hospital was designated by the government depart-
ment for the treatment of COVID-19 cases. Additionally,
this hospital was also commissioned to treat a majority
of HD patients in the Shanghai area. The fact that this
hospital provided services for the coexistence of HD
and COVID-19 patients was the basis for this retrospec-
tive cohort study. The objective of this study was to
investigate the impact of COVID-19 (Omicron variant)
infection on the prognosis of HD patients.

Materials and methods
Selection of patients

This study was designed as a retrospective cohort
study. In this study, patients undergoing maintenance
HD treatment in the two district hospitals of Shanghai
Sixth People’s Hospital during were considered eligible
for inclusion. Included patients were admitted during
the large-scale outbreak of COVID-19 (Omicron variant)
in Shanghai, China from April 7 to May 30, 2022. The
inclusion criteria comprised: (1) patients aged 18years
or older and (2) patients who had received HD treat-
ment for a duration exceeding 3 months. The exclusion
criteria encompassed: (1) repeated registration or sig-
nificant data loss; (2) advanced malignant tumours;
and (3) temporary HD treatment for acute renal injury.
This study was approved by the Ethics Committee of
Shanghai Sixth People’s Hospital [Approval No:
2022-052 - (1)]. Informed consent is waived due to the
retrospective nature of the study and the use of ano-
nymized data.

Baseline data

The collected data included information on sex, age,
duration of dialysis, vascular access, diseases classification,
history of tuberculosis, SARS-CoV-2 infection, SARS-CoV-2

vaccination, and human immunodeficiency virus (HIV)
infection, nucleic acid cycle threshold (CT) values by
reverse transcription polymerase chain reaction (RT-PCR),
and dexamethasone use, and the time to viral clearance
in COVID-19 positive patients were obtained from
through clinical consultation and medical records. The
patients themselves answered questions regarding the
history of SARS-CoV-2 vaccination and infection.
Hierarchical variables were categorized as follows: (1) age
[=65years vs. <65years]; (2) sex [male vs. female]; (3)
Omicron variant infection [yes vs. noJ; (4) diabetes [yes vs.
noJ; (5) dialysis duration [=48 months vs. <48 months]; (6)
vascular access [central venous catheter (CVC) vs. internal
fistulal; (7) nucleic acid CT values [=21 vs. <21]; and (8)
time to viral clearance [>11days vs. <11days]. COVID-19
nucleic acid tests were conducted using fluorescence
guantitative RT-PCR with an ABI7500 amplification instru-
ment (Applied Biosystems, USA). Two investigators inde-
pendently collected and crosschecked the data.

Exposure ascertainment

We have been monitoring all HD patients who met
our inclusion criteria since April 7, 2022. HD patients
were divided into two groups based on the presence
or absence of concomitant SARS-CoV-2 infection: the
COVID-19 group and non-COVID-19 group. Each HD
patients underwent a daily SARS-CoV-2 nucleic acid
test. Diagnosis of SARS-CoV-2 infection in all patients
followed the standardized protocol for epidemic pre-
vention and control established by local governments.
A CT value of 35 in nucleic acid amplification tests
served as the threshold for PCR positivity. Individuals
with a CT value of 35 or above are considered to have
a negative test result, while those below are consid-
ered positive. Those who tested positive were grouped
into the COVID-19 group immediately, while those
with consistent negative test results during our study
period were grouped in the non-COVID-19 group.

Outcome ascertainment

Based on the SARS-CoV-2 infection status of HD patients,
we followed up the HD patients and collected their clin-
ical features and prognosis from medical records. The pri-
mary outcome of this study was all-cause mortality,
defined as death from any cause during the observation
period. Secondary outcomes included the incidence of
COVID-19 severe cases, admission to intensive care, dura-
tion of hospital stay, and blood indices such as haemo-
globin, blood calcium, blood phosphorus and serum
albumin levels. A patient meeting any of the following
criteria is classified as a severe case: (1) difficulty in



breathing, with a respiratory rate exceeding 30 times/
min; (2) with a respiratory rate exceeding 93% when
inhaling air; (3) arterial blood oxygen partial pressure
(Pa0,) to fraction of inspired oxygen (FiO,) ratio less than
300mmHg (1mmHg = 0.133kPa); (4) progressive deterio-
ration of clinical symptoms within 24-48h, as indicated
by pulmonary imaging; and (5) patients exhibiting signif-
icant advancement of internal lesions exceeding 50%.
Blood indices were measured by technicians in the hos-
pital laboratory using specific methods. The haemoglobin
test was conducted using the sodium lauryl sulphate
haemoglobin method with a Sysmex XN-2800 automatic
blood analyser (Sysmex, Japan). Serum albumin levels
were determined using the bromocresol green method.
Serum calcium levels were determined by the toluidine
blue method. Serum phosphorus levels were assessed
using the phosphomolybdate method. All techniques
were performed using the Beckman AU5811 automatic
biochemical analyser (Beckman, USA). Standard operating
procedures were followed during testing, and laboratory
personnel were unaware of the study details. Blood sam-
ples were collected within 8h of admission.

Statistical analysis

Continuous data with a normal distribution are presented
as the means + standard deviations (SDs). The Student’s
t-test was used to determine differences between groups.
Non-normally distributed data are reported as the medi-
ans with interquartile ranges (IQRs). The Mann-Whitney
U-test was used to compare the differences between
groups. Data are expressed as N (%). The chi-square test
was used for comparative analysis between groups.
Multiple logistic regression models were used to identify
mortality risk factors among HD patients. The mean dif-
ference (MD) was employed to evaluate the effect of
continuous variables between groups. Proportional data
differences between groups were estimated using the
risk ratio (RR) or/and absolute risk difference (ARD). As
blood calcium and phosphorus are important prognostic
indicators for patients, this study statistically analysed the
incidence of abnormal for both. A significance level of
p<0.05 was considered statistically significant. STATA 15.1
(StataCorp, USA) and GraphPad Prism 83.0 (LLC, USA)
were used for statistical analysis.

Results
General information

The general characteristics of the HD patients
included in this study are shown in Table 1. A total of
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588HD patients were included, consisting of 385
males (64.81%) and 209 females (35.19%). The age
range of the patients was 24 to 92years, with a
median age of 65years (IQR: 54.0-72.0years). Among
them, there were 389 cases in the non-COVID-19
group and 199 in the COVID-19 group. The COVID-19
HD patient group had a median time of 11days (IQR:
9-14days) for SARS-CoV-2 nucleic acid conversion to
become negative. None of the patients in either
group had a history of tuberculosis, SARS-CoV-2
infection, SARS-CoV-2 vaccination or HIV infection.
There were no significant differences in age, dialysis
duration, diseases classification, or vascular access
approach between the two groups (p >0.05). However,
a significant difference was observed in terms of sex
(p<0.05) (Table 1).

Table 1. Demographic and clinical characteristics of haemodi-
alysis patients.

COVID-19 group Non-COVID-19
(N=199) group (N=389) P
Age (Years; Median, 65 (55.0-73.0) 65 (54.0-72.0) 0.5712
IQR)
Sex (N, %)
Male 116 (58.29) 264 (67.87) 0.0273
Female 83 (41.71) 125 (32.13)
Vascular access
approach (N, %)
Internal fistula 161 (80.90) 330 (84.83) 0.2726
cvC 38 (19.10) 59 (15.17)
Dialysis duration 48 (20-96) 49 (22-96) 0.7312
(months, IQR)
Diseases classification
(N, %)
Diabetic 59 (29.65) 131 (33.68) 0.3231
nephropathy
Hypertensive 29 (14.57) 53 (13.62) 0.7535
nephropathy
Chronic nephritis 60 (30.15) 118 (30.34) 0.9635
Polycystic kidney 16 (8.04) 33 (8.48) 0.8541
Others 35 (17.59) 54 (13.88) 0.2354
History of 0 (0) 0 (0) -
SARS-CoV-2
vaccination (N, %)
History of 0 (0) 0 (0) -
SARS-CoV-2
infection (N, %)*
History of tuberculosis 0 (0) 0 (0) -
(N, %)
HIV infection (N, %) 0 (0) 0 (0) -

Nucleic acid testing - -
CT (ORF) median  21.5 (18.8-24.5) - -
(IQR)

CT (N gene)
median (IQR)

*Nucleic acid
conversion days
(Median, IQR)

CT: cycle threshold.

*The time to negative nucleic acid conversion.

*The 90% quantile range is 7 to 18days. CVC: central venous catheter.
SAll HD patients received regular nucleic acid testing and the results were
negative.

20.4 (17.0-24.1) - -

11 (9-14)¢
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Main outcome

Among the 199 patients with COVID-19, there were
17 deaths (8.45%), while among the 389 patients
without a history of COVID-19, there were 13 deaths
(3.34%). There was a significant difference in mortal-
ity rates between the two groups (p<0.05). The
COVID-19 group had a higher risk of mortality com-
pared with non-COVID-19 patients, with a risk ratio
(RR) of 2.56 (1.27-5.15), p<0.05, and an absolute risk
difference (ARD) of 5.20% (1.34%-9.06%), p<0.05
(Table 2).

The median age at death among HD patients in this
study was 72years (95% Cl: 65.4-78.1), with a median
dialysis duration of 52 months (IQR: 24-93). There was
no significant difference in the age at death or dialysis
duration between the COVID-19HD patient group and
the non-COVID-19HD patient group (p>0.05) (Figure 1).

The use of dexamethasone in HD patients did not
have a significant impact on mortality [RR: 1.39 (95ClI:
0.54-3.59); p=0.4922].

Table 2. Comparison of mortality among haemodialysis
patients.

COVID-19 Non-COVID-19
(n=199) (n=389) P
Age (Mean, SD) 63.09 (14.35) 62.84 (12.84) 0.0669
Sex (N, %) <0.0001
Male 112 (58.9) 264 (67.9)
Female 78 (41.1) 125 (32.1)
Comparison of
mortality
N (%) 17 (8.54) 13 (3.34) 0.0088
RR (95% Cl) 2.56 (1.27-5.15) 0.0088
ARD (95% Cl) 5.20% (1.34%-9.06%) 0.0083

PSM: propensity score matching.
RR: risk ratio.
ARD: absolute risk difference.
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Figure 1. Comparison of the age at death and dialysis duration between the COVID-19 haemodialysis patients and non-COVID-19

haemodialysis patients.

A: Comparison of the age at death between the two groups; B: Comparison of the dialysis duration between the two groups.
The P values were obtained by the Mann-Whitney U-test, representing the differences of age at death and the dialysis duration in the two groups.



Table 2 illustrated that the COVID-19 group had a
higher risk of mortality compared to the non-COVID-19
group, with a risk ratio (RR) of 2.50 (95% Cl: 1.21-5.17),
p<0.05. The ARD with 95% Cl was 5.17% (0.7%-9.64%),
p<0.05.

Logistic regression demonstrated that SARS-CoV-2
infection, patient age, dialysis duration and time to
negative conversion of RT-PCR were independent risk
factors influencing the mortality of HD patients
(p<0.05). However, a diabetes history, sex, viral nucleic
acid load with a CT value of 21 or higher, and vascular
access approach did not show statistically significant
associations (p>0.05) (Table 3).

Secondary outcomes

Compared to non-COVID-19 patients, COVID-19
patients showed a significant increase in (1) the inci-
dence rate of severe cases [RR: 2.75 (95% Cl: 1.97 —3.83),
ARD: 21.08% (95% Cl: 13.78%—28.38%); p<0.05], the
rate of intensive care admission [RR, 2.55 (95% ClI:
1.52—-4.27), ARD: 9.16% (95% Cl: 3.67%—14.66%);
p<0.05], and (2) a longer duration of hospital stay [MD
(days): 9.0 (95% Cl: 8.6—9.4)]. (Table 4).

In comparison to non-COVID-19 patients, COVID-19
patients showed a significant decrease in (1) haemo-
globin levels (g/L) [MD, —3.30 (95% Cl: —6.51 to —0.09)],
calcium levels [MD, —0.05 (95% Cl: —0.09 to —0.01)] and
phosphorus levels (mmol/L) [MD, —0.48 (95% Cl: 0.42
to 0.54)], while (2) the change in albumin levels (g/L)
was not statistically significant [MD: —-0.64 (95% Cl:
—-0.16, 1.44)]. (Table 5).
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The rate of abnormal serum calcium levels in the
COVID-19 group was significantly higher than that in
the non-COVID-19 group (p<0.05), indicating the pres-
ence of low calcium levels (Supplementary Material
Table 1). Additionally, the COVID-19 group had a
higher rate of abnormal serum phosphorus level
(p<0.05), indicating the presence of notable hyper-
phosphatemia (Supplementary Material Table 2).

Discussion

The COVID-19 epidemic poses an increased risk of
adverse outcomes for HD patients due to their heavy
burden of comorbidities [13,14]. For instance, in
Poland, between January 1, 2020, and January 31,
2020, the fatality rate among HD patients with
COVID-19 was reported to be 30.4% [15], which high-
lights an alarmingly high mortality rate associated
with the early stages of the COVID-19 pandemic. In a
report from Paris in 2020, it was found that 27.3% of
HD patients with COVID-19 died, while 58.5% were
discharged from the hospital, including only two
patients (13.3%) who had been admitted to the
intensive care unit [16]. Similarly, a retrospective
cohort study conducted in Brazil among 741HD
patients with COVID-19 between February 2020 and
December 2020, revealed that there were 139 deaths
(18.8%), with 66% occurring in the first 15 days of the
disease [17]. A meta-analysis report between January
2020 and March 2022 [18] that HD patients infected
with SARS-CoV-2 had a very high mortality rate (24%
[95% Cl: 19%-28%].

Table 3. Associations between risk factors and mortality among haemodialysis patients by multiple logistic regression analysis.

Factors Univariate Multivariate
OR (95% Cl) P Adjusted OR (95% Cl) P

Omicron variant infection

Yes vs. no 2.70 (1.29-5.65) 0.0084 2.64 (1.25-5.58) 0.0109
Age

>65years vs. <65years 2.33 (1.08-5.03) 0.0311 2.34 (1.08-5.07) 0.0312
Sex

Female vs. male 1.06 (0.48-2.34) 0.8854 0.97 (0.43-2.19) 0.9415
Diabetes

Yes vs. no 1.42 (0.65-2.99) 0.3791 1.50 (0.68-3.31) 0.3151
Dialysis duration

>48 months vs. <48 months 1.12 (1.04-1.21) 0.0027 1.15 (1.06-1.25) 0.0008
Vascular access approach

CVC vs. internal fistula 2.89 (1.25-6.68) 0.0131 2.24 (0.93-5.40) 0.0722
*Nucleic acid quantification
CT values (ORF)

>21 vs. <21 2.54 (0.39-9.62) 0.3259 2.65 (0.40-16.54) 0.3259
CT values (N gene)

>21 vs. <21 1.90 (0.29-12.45) 0.5033 2.06 (0.31-13.69) 0.4545
*Days to viral clearance

>11days vs. <11days 6.01 (2.33-15.50) 0.0002 5.78 (2.15-15.54) 0.0005

CVC: central venous catheter.

CT: cycle threshold.

OR: odds ratio.

*The analysis data included only COVID-19 patients.
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Table 4. Effect of omicron variant infection on incidence of
disease severity, intensive care admission and length of hospi-
tal stay of haemodialysis patients.

COVID-19
group Non-COVID-19 Effect size
(N=199) group (N=389) (95% Cl) P
Incidence of 66 (33.17) 47 (12.08) RR: 2.75 <0.0001
severe cases (1.97 to
(N, %) 3.83)
ARD: 21.08% <0.0001
(13.78%
to
28.38%)
Intensive care 30 (15.08) 23 (5.91) RR: 2.55 0.0004
admission (1.52 to
(N, %) 4.27)
ARD: 9.16% 0.0011
(3.67% to
14.66%)
Length of 16.0+3.0 7.0+£25 MD: 9.0 (8.6  <0.0001
hospital stay to 9.4)
(days,
Mean +SD)
RR: risk ratio.

ARD: absolute risk difference.
MD: mean difference.

Table 5. Effect of omicron variant infection on blood indices
of haemodialysis patients.

Non-COVID-19
COVID-19 group group MD (95%
(Mean+SD, N)  (Mean=SD, N) Cl) P
Haemoglobin 100.51£21.52  103.81+£16.89 -3.30 <0.0001
(g/L) (199) (376) (-6.51 to
—-0.09)
Calcium 2.22+0.23 2.27+0.21 —-0.05 0.0093
(mmol/L) (196) (373) (-0.09 to
—-0.01)
Phosphorus 237+0.37 1. 89+0.34 0.48 (0.42 <0.0001
(mmol/L) (197) (373) to 0.54)
Albumin (g/L) 36.86+5.51 37.5+4.04 —0.64 0.0833
(199) (373) (-1.43 to
0.15)

MD: mean difference.

The above studies showed that the mortality rate
for HD patients with COVID-19 is significantly higher
than that of the general population following
COVID-19. The abnormally high mortality rate of HD
patients after SARS-CoV-2 infection may be related to
low vaccination rates among HD patients, electrolyte
disorders, and a higher prevalence of cardiovascular
and cerebrovascular complications [15,19,20]. Notably,
mortality rates among HD patients in different studies
may vary due to factors such as viral variants and
patient characteristics.

Unlike previous studies examining the impact of
COVID-19 infection on HD patients without the
Omicron variant, our retrospective cohort study inves-
tigated the influence of Omicron variant infection on
HD patients during the same period. Our research
revealed that 17 of 199HD patients with COVID-19
died, with a mortality rate of 8.45%; 13 of the 389HD

patients without COVID-19 died, with a mortality rate
of 3.34%. The mortality risk for infected patients was
2.5 times higher than that for uninfected patients.
While our results demonstrate a significant reduction
in mortality rates among HD patients attributed to the
Omicron variant compared to some previous studies
[16,17,21], the presence of survivorship bias within our
study could potentially underestimate the impact of
Omicron variant infection among HD patients. This is
because those who die early have less opportunity to
become infected. Therefore, the true mortality rate
due to Omicron virus infection in the HD patients may
be higher than the mortality rate reported in this study.

Our findings showed that the majority of deceased
HD patients were aged over 65years and had dialysis
durations exceeding 3years. Notably, there were no
significant differences in age or dialysis duration
between COVID-19 and non-COVID-19 patients, indi-
cating a balanced distribution within the two groups,
which enhance the credibility of our research findings.

Furthermore, we performed a logistic regression
analysis to identify the risk factors for mortality among
HD patients. The findings revealed that Omicron vari-
ant infection, a time to viral clearance exceeding
11days, age above 65years, and a dialysis duration >
41 months were identified as adverse risk factors for
mortality among HD patients. However, factors such as
sex, dexamethasone use, diabetes, time to viral clear-
ance and vascular access approach did not have a sig-
nificant impact on mortality. Additionally, our study
observed that the median time to viral clearance
among HD patients was 11days, with an IQR of
9-14days. Compared to the general population, the
time to viral clearance among HD patients was
extended [22-24]. Our findings suggest that a pro-
longed duration of nucleic acid positivity is associated
with increased mortality risk in HD patients. This fur-
ther supports the notion that the Omicron variant
poses substantial harm to patients undergoing HD.

Based on our findings, compared with non-COVID-19
patients, COVID-19 patients showed a significant
increase in the incidence of severe cases, intensive
care admission and length-of-hospital stay. These
results further confirmed that HD patients with
SARS-CoV-2 infection are more susceptible to experi-
encing adverse outcomes.

This study revealed that the haemoglobin levels of
HD patients with COVID-19 were lower than those of
non-infected patients, which may be related to dysreg-
ulated haematopoiesis in patients after being infected
with SARS-CoV-2 [25,26]. The incidence of anaemia
among patients with COVID-19 is 77% [16], which
is much higher than that in the general population.



In terms of calcium and phosphorus metabolism and
nutrition, compared with the non-COVID-19 group, the
normal calcium and phosphorus rates of COVID-19 group
were significantly lower; this indicates that more patients
had low calcium and high phosphorus levels. The previ-
ous studies suggest that the abnormal levels of serum
albumin [27-30], serum phosphorus [28,31] and serum
calcium [32,33] can affect the prognosis of HD patients.
However, the specific mechanism requires further study.
Since COVID-19 patients are prone to abnormal calcium
levels and phosphorus metabolism, blood biochemical
indices should be used to monitor and maintain electro-
lyte balance in HD patients with COVID-19. There was no
difference in the serum albumin levels between HD
patients with and without COVID-19, indicating that
patients’ protein intake and absorption were not signifi-
cantly affected by the infection.

This study identified confounding factors between
the COVID-19 and non-COVID-19 groups. Multiple
regression models were used to balance and adjust for
covariates, thereby enhancing the reliability of the
findings. Importantly, there were no missing data for
the main outcome measure. For the secondary out-
comes, the percentage of missing data were less than
5% of the total dataset. This indicates a minimal likeli-
hood of information bias resulting from data with-
drawal or missing information.

This study provides strong evidence supporting the
association between SARS-CoV-2 infection and
increased mortality rates among HD patients.
Nevertheless, this study has some limitations, such as
the fact that baseline data may have ignored potential
secondary confounding factors and the lack of
repeated and long-term follow-up.

Surprisingly, none of the HD patients included in this
study received SARS-CoV-2 vaccination. Vaccination hes-
itancy is prevalent in China, particularly among older
individuals. Previous research has highlighted that this
hesitancy can stem from various factors, such as contra-
indications, frailty, and insufficient knowledge regarding
COVID-19 vaccines. However, COVID-19 vaccination
among HD patients is associated with a lower incidence
of infection, as well as reduced severity of illness and
mortality during the COVID-19 pandemic [34-38].
Therefore, implementing a comprehensive SARS-CoV-2
vaccination program is necessary for HD patients.

Since HD patients are more likely to be infected
with SARS-CoV-2, which poses a serious threat to the
survival of HD patients. Therefore, it is imperative to
prioritize immune protection measures for HD patients
in order to prevent SARS-CoV-2 infection during the
COVID-19 pandemic. However, lymphocyte counts are
significant for the prediction of short-term mortality in
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HD patients with COVID-19 and HD patients with lung
involvement have poorer survival rates [39]. Considering
that the survival of HD patients is inevitably influenced
by many factors; in the future, further research on
prognostic factors affecting HD patients would be
great significance in improving clinical management
and treatment strategies for this population.
Collectively, this study uniquely focuses on the
impact of the Omicron variant on unvaccinated HD
patients, providing comprehensive real-world data and
confirming its significant health threat.

Conclusion

The COVID-19 epidemic poses an increased risk of
adverse outcomes for HD patients due to their heavy
burden of comorbidities. Although the mortality of HD
patients caused by the Omicron variant has been signifi-
cantly reduced compared to other SARS-CoV-2 variants,
Omicron variant infection still had detrimental effects on
the prognosis and was associated with increased mortal-
ity rate of HD patients. Therefore, it is imperative to pri-
oritize and promote COVID-19 vaccination for HD patients
as crucial measure for protection them against SARS-CoV-2
infection during the COVID-19 epidemic.
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