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Abstract

Background This hemodialysis center experienced the pandemic from December 2022 to January 2023. Therefore,
we sought to describe the clinical characteristics and mortality outcomes in hemodialysis patients during this
Omicron surge.

Methods According to whether they are infected, they are divided into two groups: SARS-CoV-2-positive and
SARS-CoV-2-negative. The SARS-CoV-2-positive group was divided into a survival group and a non-survival group for
comparison.

Results 366 of 457 hemodialysis patients were infected with SARS-CoV-2. The most common symptoms observed
were fever (43.2%) and cough (29.8%), Followed by diarrhea (1.4%). Hemodialysis patients with hypertension were
more susceptible to SARS-CoV-2 infection. The lymphocyte count, serum creatinine, serum potassium, and serum
phosphorus in the SARS-CoV-2-positive group were significantly lower than those in the SARS-CoV-2-negative group.
The all-cause mortality rate for infection with SARS-CoV-2 was 5.2%. Only 7 of 366 SARS-CoV-2-positive patients were
admitted to the intensive care unit, but 6 of them died. Intensive care unit hospitalization rates were significantly
higher in the non-survival group compared with the survival group. White blood cells count, neutrophil count,
C-reactive protein, AST, and D-dimer in the non-survival group were higher than those in the survival group. The
lymphocyte count, hemoglobin concentration, serum creatinine, serum albumin, serum phosphorus and parathyroid
hormone in the non-survival group were lower than those in the survival group. Age > 65 years, elevated C-reactive
protein and AST are independent risk factors for death. Finally, no significant difference in vaccination status was
found between the SARS-CoV-2-positive group and the negative group.

Conclusions Hemodialysis patients are at high risk for SARS-CoV-2 infection. Ensuring the adequacy of hemodialysis
treatment and maintaining good physical condition of patients are the top priorities.
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Introduction

At the end of 2019, a new coronavirus named severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
emerged and quickly triggered an unusual viral pneumo-
nia epidemic. Due to its high transmissibility, this novel
coronavirus pneumonia, also known as coronavirus dis-
ease 2019 (COVID-19), has spread rapidly around the
world [1]. This virus has mutated several times, among
which the Omicron mutant strain will be the main circu-
lating strain in China and even most parts of the world in
2022 [2]. According to a release from the Chinese Center
for Disease Control and Prevention, from September 26,
2022 to January 23, 2023, China reported a total of 18,906
effective novel coronavirus genome sequences of local
cases, all of which were Omicron mutant strains. From
December 2022 to January 2023, the number of medical
visits due to new coronavirus infection reached a peak in
China, including outpatient medical treatment, general
hospitalization and severe hospitalization [3].

Maintenance hemodialysis patients are a special cat-
egory of patients during the novel coronavirus pandemic
because they are at greater risk of exposure to infection
than patients who are able to undergo home peritoneal
dialysis. Although the pathogenicity of the Omicron
variant is less than that of the previous strain, it is still
accompanied by huge risks for patients receiving main-
tenance hemodialysis. The global prevalence of chronic
kidney disease (CKD) is approximately 2-10% and varies
over time in the same region [4—6]. The overall morbid-
ity and mortality rates of CKD patients with SARS-CoV-2
are higher than those of individuals without kidney dis-
ease, including patients receiving dialysis [7—10].

In the past three years, there has not been a large-scale
epidemic in the area where our center is located, and it
only withstood greater epidemic challenges during the
current Omicron surge. In the past, most studies were
conducted during the epidemic period of Alpha, Beta
and others, but there is a lack of research on the clini-
cal characteristics of maintenance hemodialysis patients
in the Omicron environment. Therefore, we retrospec-
tively analyzed all patients who were registered in our
center and received long-term maintenance hemodialy-
sis from December 15, 2022 to February 22, 2023, a total
of 457 patients. Our paper presents the clinical profiles
and outcomes of maintenance hemodialysis patients with
confirmed and undiagnosed suspected SARS-CoV-2
infection in our center, as well as survival and non-sur-
vival cases among maintenance hemodialysis patients
with confirmed SARS-CoV-2 infection. clinical charac-
teristics and established different profiles and outcomes
between the two groups of patients.

Page 2 of 11

Patients and methods

Study subjects

This retrospective study was conducted at the Hemodial-
ysis Center of Urology and Nephrology Hospital, Ningbo,
Zhejiang Province. We retrospectively analyzed the clini-
cal results of 457 patients who were registered and main-
tained hemodialysis in our center from December 15,
2022 to February 22, 2023, and divided them into SARS-
CoV-2 positive and SARS-CoV-2 negative two groups. In
addition, based on the confirmed SARS-CoV-2 positiv-
ity, the patients were divided into a survival group and a
non-survival group for comparison. The diagnostic crite-
ria for patients included in the study refer to the “Diagno-
sis and Treatment Plan for Novel Coronavirus Infection
(Tenth Edition)” issued by the National Health Commis-
sion of China [11]. The diagnostic criteria for suspected
cases combined epidemiological history and clinical
symptoms, and blood index tests, antigen-antibody and
chest CT examinations were performed, so asymptom-
atic cases were discovered. All patients are over 18 years
old. Patients receiving temporary hemodialysis were
excluded. Follow-up ends at the end of the study or when
the patient dies. All patients were informed and agreed to
participate in this study and signed an informed consent
form.

Data collection

Data were collected from the hospital HIS system of
the Hemodialysis Center of Urology and Nephrology
Hospital in Ningbo, Zhejiang Province. Data extracted
from registered patient medical records included demo-
graphic and clinical information, including age, gender,
and chronic comorbidities. Data related to SARS-CoV-2
include clinical symptoms (fever, cough, myalgia, fatigue,
taste/smell disorder, etc.), laboratory indicators, chest
CT, whether to receive intensive care, and length of hos-
pitalization. Data related to maintenance hemodialysis
include hemodialysis age, dry weight, duration of dialy-
sis (months), and dialysis urea clearance index (KT/V).
Vaccination status of all patients receiving maintenance
hemodialysis, including primary immunization, booster
and secondary booster immunization.

Statistical analysis

Statistical description: Normally distributed measure-
ment data are described by meantstandard devia-
tion, non-normally distributed measurement data are
described by median (interquartile range), and count
data are described by frequency (percentage). Statistical
analysis: Normally distributed measurement data were
subjected to t test, and non-normally distributed mea-
surement data were subjected to rank sum test. Count
data were analyzed using chi-square test and Fisher’s
exact probability method. Risk factor analysis used
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logistic regression analysis. P values<0.05 were consid-
ered statistically significant.

Results
Epidemiological and clinical characteristics of all patients
receiving maintenance hemodialysis
During the study period, a total of 457 people met the
inclusion criteria, with an average age of 59.82+14.13
years, 37.6% were female, including 366 SARS-CoV-2
positive patients and 91 SARS-CoV-2 negative patients.
Table 1 shows the comparison of epidemiological
parameters, clinical symptoms, and hemodialysis-related
data between SARS-CoV-2 positive and SARS-CoV-2
negative hemodialysis patients. The most common
symptoms observed in hemodialysis patients after
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SARS-CoV-2 infection were fever (43.2%) and cough
(29.8%), followed by diarrhea (1.4%). Other symptoms
such as dyspnea, back pain, sore throat, headache, or
taste/smell disorder are less common. However, the
incidence of fatigue after infection with SARS-CoV-2
was reduced (0.5% vs. 4.4%). Patients with hypertension
and hemodialysis showed statistical differences between
the SARS-CoV-2 positive group and the negative group
(p<0.001). All patients receiving maintenance hemo-
dialysis showed no statistically significant differences in
dialysis-related data (hemodialysis age, dry weight, dura-
tion of dialysis (months), KT/V). Finally, no statistically
significant difference in mortality was observed between
the two groups (5.2% vs. 8.8%, p=0.192). In addition, in

Table 1 The baseline epidemiological and clinical characteristics of the patients

Variables Total SARS-CoV-2 (+) SARS-CoV-2 (-) p
n (%) n (%) n (%)

Features N=457 n=366 n=91

Age (years) 59.82+14.13 59.27+14.35 62.02+13.02 0.097
<40 41(9.0%) 37(10.1%) 4(4.4%) 0217
40-65 251(54.9%) 200(54.6%) 51(56.0%)
>66 165(36.1%) 129(35.3%) 36(39.6%)

Gender
Male 285(62.4%) 230(62.8%) 55(60.4%) 0.672
Female 172(37.6%) 136(37.2%) 36(39.6%)

Co-morbid disease
Diabetes Mellitus 118(25.8%) 100(27.3%) 18(19.8%) 0.141
Coronary artery disease 12(2.6%) 10(2.7%) 2(2.2%) 0.775
Hypertension 447(97.8%) 364(99.5%) 83(91.2%) <0001"
Heart failure 227(49.7%) 180(49.2%) 47(51.6%) 0.673
Cancer 31(6.8%) 27(7 4%) 4(4.4%) 0311
Chronic obstructive lung disease 4(1.1%) 4(1.1%) 0(0.0%) 0.996

Symptoms
Fever 197(43.1%) 158(43.2%) 39(42.9%) 0957
Cough 137(30.0%) 109(29.8%) 28(30.8%) 0.854
Dyspnea 3(0.7%) 2(0.5%) 1(1.1%) 0487
Back pain 3(0.7%) 2(0.5%) 1(1.1%) 0.487
Diarrhea 5(1.3%) 5(1.4%) 0(0.0%) 1.000
Fatigue 6(1.3%) 2(0.5%) 4(4.4%) 0016
Sore throat 5(1.1%) 3(0.8%) 2(2.2%) 0.260
Headache 1(0.2%) 0(0.0%) 1(1.1%) 0.358
Taste/smell disorder 1(0.2%) 1(0.3%) 0(0.0%) 0362

HD-related indicators
Hemodialysis age 52.50(42.25, 64.25) 52.25(42.00, 64.50) 54.00(44.50, 62.00) 0.649
Dry weight 5840(51.84, 66.45) 58.34(51.68, 66.53) 59.20(52.18, 76.70) 0.924
Duration of dialysis (months) 59.93(17.39,104.84) 58.98(17.29,101.03) 75.93(19.38,120.10) 0.245
KT/V 1.47+0.51 1.48+0.53 1.46+042 0.776

Vaccination status
Fundamental immunity 118(61.1%) 102(62.6%) 16(53.4%) 0.621
Booster immunization 52(27.0%) 42(25.8%) 10(33.3%)
Secondary booster immunization 23(11.9%) 19(11.6%) 4(13.3%)

Mortality 27(5.9%) 19(5.2%) 8(8.8%) 0.192

*Values that reach statistical significance
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terms of symptoms, fatigue showed completely oppo-
site results to real-world observations (0.5% vs. 4.4%,
p<0.016).

In terms of mortality statistics, the all-cause mortal-
ity rate of 457 patients receiving maintenance hemodi-
alysis was 5.9% (27/457), and the all-cause mortality rate
of SARS-CoV-2-positive hemodialysis patients was 5.2%
(19/366), while the all-cause mortality rate among SARS-
CoV-2-negative hemodialysis patients was 8.8% (8/91).
Through data analysis of all-cause mortality of the two
groups of hemodialysis patients, no significant statistical
difference was found (p=0.192).

Table 2 shows the comparison of laboratory indicators
between SARS-CoV-2-positive and SARS-CoV-2-nega-
tive hemodialysis patients. In terms of blood cell count,
no significant difference was observed between the two
groups in terms of the total number of white blood cells.
It was only observed that the lymphocyte count in the
SARS-CoV-2 positive group was lower than that in the
SARS-CoV-2 negative group (0.85+0.43 vs. 0.97+0.47,

Table 2 Comparison of the laboratory findings of the patients
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p<0.05). In the routine analysis of blood biochemistry,
we found that the serum creatinine (Cr), serum potas-
sium, serum phosphorus, and parathyroid hormone in
the SARS-CoV-2 positive group were significantly lower
than those in the SARS-CoV-2 negative group. Statistical
significance (p<0.05).

During the follow-up period, we counted the vacci-
nation status of all hemodialysis patients (Table 1). The
vaccination rate for the first basic vaccination was the
highest (61.1%), the booster vaccination rate dropped to
27.0%, and the second booster vaccination needle is only
11.9%. At the same time, no significant difference in vac-
cination status was found between the SARS-CoV-2 posi-
tive group and the negative group.

Comparison of clinical characteristics and laboratory
indicators according to mortality among all SARS-CoV-2-
positive hemodialysis patients

Among the 366 SARS-CoV-2-positive patients, 19
died due to various causes including infection during

Variables Total SARS-CoV-2 (+) SARS-CoV-2 () P
n (%) n (%) n (%)
Features N=457 n=366 n=91
Complete blood count
White blood cells (10%/L) 5.88+2.50 587+253 5.89+2.39 0.957
<4 75(16.4%) 63(17.2%) 12(13.2%) 0.630
4-10 360(78.8%) 286(78.1%) 74(81.3%)
>10 22(4.8%) 17(4.7%) 5(5.5%)
Neutrophils (10%/L) 428+2.26 4314231 4174204 0.579
Lymphocytes (10%/L) 0.87 £0.44 0.85+043 0.97+£047 00217
Hemoglobin (g/L) 108.77+16.58 108.07+15.58 111.58+19.98 0.120
<100 110(24.1%) 92(25.1%) 18(19.8%) 0.285
>100 347(75.9%) 274(74.9%) 73(80.2%)
Platelets (10%/L) 17635+71.31 17855+73.91 167.48+59.28 0.186
C-reactive protein (mg/L) 2.90(0.50,14.30) 3.10(0.70,14.70) 2.20(0.50,9.50) 0.075
Creatinine (mg/dl) 836(571,1099) 824(540,1086) 920(649,1123) 0.043"
Ferritin 200.00(100.85,376.40) 209.50(81.60,375.90) 199.25(103.40,377.10) 0.996
ALT (U/L) 11(8,17) 11(8,17) 11(7,16) 0451
AST (U/L) 14.5(11.0,19.0) 14.0(11.0,19.0) 15.0(11.0,21.0) 0320
Albumin (g/L) 35.95+4.88 35.80+4.90 36.55+4.79 0.194
<35 167(36.5%) 141(38.5%) 26(28.6%) 0.078
>35 290(63.5%) 225(61.5%) 65(71.4%)
Serum potassium (mmol/L) 454+0.77 448+0.74 4.80+0.85 <0.001"
Serum calcium (mmol/L) 2.18+0.21 2.18+0.21 2174021 0.539
Blood phosphorus (mmol/L) 1.39+0.50 1.34+048 1.60+0.55 <0.001"
Parathyroid hormone (pg/ml) 303.00(177.93,464.33) 298.60(177.25,446.50) 352.20(180.50,581.40) 0.135
<150 93(20.3%) 72(19.7%) 21(23.1%) 0.048"
150-600 292(63.9%) 243(66.4%) 49(53.8%)
>600 72(15.8%) 51(13.9%) 21(23.1%)
D-dimer (mg/L) 331(187,793) 328(185,7100) 360(209,1019) 0.509
<400 123(60.6%) 104(61.9%) 19(54.3%) 0401
>400 80(39.4%) 64(38.1%) 16(45.7%)

*Values that reach statistical significance
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hospitalization (5.2%), and the remaining 347 patients
survived.

Table 3 shows the comparison of demographic and
laboratory data between the two groups. Age<65 years
showed significant differences between the survival
group and the non-survival group (p<0.001), and age
was an independent risk factor for death (Table 5). Sec-
ondly, we also found that there was a statistical differ-
ence between the two groups in terms of age at starting
dialysis (p<0.001), that is, the older the age at starting
dialysis, the higher the mortality rate. In the comparison
of comorbidities, we found that the comorbidity rates of
cardiovascular disease, hypertension, and heart failure
in the non-survival group were significantly higher than
those in the survival group. Only 7 of the 366 SARS-
CoV-2-positive patients were admitted to the intensive
care unit (ICU), accounting for 1.9%. Compared with the
survival group, ICU rate was significantly higher in the
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non-survival group (0.3% vs. 31.6%, p<0.001). As shown
in Table 4, we also found that the total number of white
blood cells, neutrophil count, C-reactive protein, AST,
and D-dimer in the non-survival group were higher than
those in the survival group. Among them, C-reactive pro-
tein and AST are independent risk factors for death in
infected patients (Table 5). Not only that, we also found
that the lymphocyte count, hemoglobin concentration,
blood creatinine, serum albumin, blood phosphorus,
and parathyroid hormone indicators in the non-survival
group were lower than those in the survival group.

Discussion

Experience since the COVID-19 pandemic has shown
that patients receiving maintenance hemodialysis are at
higher risk of severe SARS-CoV-2 infection and severe
consequences compared with other groups, as this group
must undergo treatment 2-3 times a week There are

Table 3 Clinical characteristics of SARS-CoV-2 positive hemodialysis patients by mortality

Variables Total Mortality p
n(%) Survivors Nonsurvivors
n(%) n(%)

Features N=366 n=347 N=19

Age(years) 59(49,70) 58(48,69) 75(67,81) <0.001"
<65 230(62.8%) 226(65.1%) 4(21.1%) <0.001
>65 136(37.2%) 121(34.9%) 15(78.9%)

Gender
Male 230(62.8%) 219(63.1%) 11(57.9%) 0.647
Female 136(37.2%) 128(36.9%) 8(42.1%)

Co-morbid disease
Diabetes Mellitus 97(26.5%) 91(26.2%) 6(31.6%) 0.607
Coronary artery disease 7(1.9%) 3(0.9%) 4(21.1%) <0.001"
Hypertension 348(95.1%) 336(96.8%) 12(63.2%) <0.001"
Heart failure 175(47.8%) 160(46.1%) 15(78.9%) 0.005
Cancer 26(7.1%) 25(7.2%) 1(5.3%) 1.000
Chronic lung disease 4(1.1%) 3(0.9%) 1(5.3%) 0.193

HD-related indicators
Hemodialysis age 53.00(43.00, 65.00) 52.00(42.00, 64.00) 68.00(62.00, 78.00) <0.001
Dry weight 58.34(51.68,66.53) 58.40(51.69, 66.88) 57.40(49.10, 62.80) 0.363
Duration of dialysis (months) 59.92(17.56,102.53) 58.93(17.53,102.50) 76.60(24.63, 118.60) 0.464
KTV 147+0.53 148+0.53 1.37+£0.36 0490

PCR
Negative 100(28.6%) 100(30.2%) 0(0%) 0.005
Positive 250(71.4%) 231(69.8%) 19(100%)

Chest CT
Normal 27(12.4%) 26(12.7%) 1(7.7%) 0.194
Mild 105(48.4%) 101(49.5%) 4(30.8%)
Moderate 81(37.3%) 74(36.3%) 7(53.8%)
Severe 4(1.8%) 3(1.5%) 1(7.7%)

Intensive care follow-up
No 359(98.1%) 346(99.7%) 13(68.4%) <0.001
Yes 7(1.9%) 1(0.3%) 6(31.6%)

Lenght of stay in hospital 10.0(5.0,17.0) 10.0(5.0,17.0) 11.0(5.5,23.0) 0473

*Values that reach statistical significance
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Table 4 Laboratory findings of SARS-CoV-2 positive hemodialysis patients by mortality
Variables Total Mortality p
n(%) Survivors Nonsurvivors
n(%) n(%)
Features N=366 n=347 n=19
Complete blood count
White blood cells (10°/L) 5874253 580+2.14 727+6.30 0.013"
<4 63(17.2%) 58(16.7%) 5(26.3%) 0.128
4-10 286(78.1%) 274(79.0%) 12(63.2%)
>10 17(4.7%) 15(4.3%) 2(10.5%)
Neutrophils (10%/L) 431+231 4214191 6.16+5.82 <0.001"
Lymphocytes (10%/L) 0.85+043 086+042 0.53+045 0.005"
Hemoglobin (g/L) 108.07+15.58 10857+14.36 98.90+29.31 0.008"
<100 92(25.1%) 82(23.6%) 10(52.6%) 0.010
>100 274(74.9%) 265(76.4%) 9(47.4%)
Platelets (10%/L) 178.55+73.91 179.79+72.24 155.95+99.35 0171
C-reactive protein (mg/L) 5.20(2.50, 20.90) 4.60(2.35,17.00) 59.05(3.43,97.20) 0.001"
Creatinine (mg/dl) 824.50(540.00,1091.25) 831.00(576.00,1092.00) 387.00(273.00,858.00) <0.001"
Ferritin 200.00(105.98, 387.00) 200.00(104.40, 389.10) 214.70(106.50, 383.80) 0.860
ALT (U/L) 11.00(8.00, 17.00) 11.00(8.00,17.00) 11.00(5.00, 26.00) 0.880
AST (U/L) 14.00(11.00, 19.00) 14.00(11.00,18.00) 19.00(11.00, 29.00) 0.025
Albumin (g/L) 35.85+4.89 36.18+4.64 29.86+548 <0.001
<35 140(38.3%) 125(36%) 15(78.9%) <0.001"
>35 226(61.7%) 222(64%) 4(21.1%)
Serum potassium (mmol/L) 4474074 449+0.73 4.17+0.75 0.081
Serum calcium (mmol/L) 2.18+0.21 2.18+0.20 224+0.26 0.188
Blood phosphorus (mmol/L) 1.34+048 1.36+048 1.02+0.38 0.002"
Parathyroid hormone (pg/ml) 299.40(177.00,446.80) 300.25(181.70,456.15) 219.40(97.50,359.20) 0.045
<150 71(19.6%) 63(18.3%) 8(42.1%) 0.051
150-600 241(66.4%) 231(67.2%) 10(52.6%)
>600 51(14.0%) 50(14.5%) 1(5.3%)
D-dimer (mg/L) 324.00(184.00,718.00) 305.00(177.00,612.00) 1017.50(363.25,1093.50) 0.006"
<400 105(61.4%) 101(65.2%) 4(25%) 0.002"
>400 66(38.6%) 54(34.8%) 12(75%)

*Values that reach statistical significance

also disadvantages associated with traveling between the
hospital and home, such as relatively older age, multiple
comorbidities, and suppressed immune systems [12].
Although previous experience has told us that SARS-
CoV-2 infection seriously threatens the health of hemodi-
alysis patients [13], most of these studies were conducted
in the early stages of the pandemic. However, in this
central area, due to effective control policies, there has
never been a large-scale outbreak or an epidemic affect-
ing a large number of people. Only during the Omicron
surge period from mid-December 2022 to February
2023 did more infection cases occur [14], and the rel-
evant research information on Omicron mutant strains
is limited. Therefore, we aimed to add some experience
to this small information base by describing the suscep-
tibility characteristics, clinical manifestations, and short-
term outcomes of SARS-CoV-2 infection in hemodialysis
patients during this period, and analyzing mortality and
influencing factors.

Comorbidities and clinical symptoms

Previous studies have shown that older patients with
comorbidities are at higher risk of infection and fatal out-
comes [15, 16], and this situation is of greater concern in
hemodialysis patients [17, 18]. Studies have confirmed
that patients with hypertension are at a higher risk of
infection than other groups because these patients often
have higher levels of angiotensin-converting enzyme 2
(ACE2), which facilitates infection with SARS-CoV-2
[19]. The results of our study strongly support this view.
We found that hemodialysis patients with hypertension
are more susceptible to SARS-CoV-2 virus infection
(p<0.001). Not only that, certain comorbid factors such
as hypertension, cardiovascular disease, heart failure and
mortality showed statistically significant differences. In
our study, comorbidities such as chronic lung disease and
diabetes, which have received much attention in the past,
had no significant impact on susceptibility and mortality.
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Table 5 Logistic regression analysis of influencing factors of death

Variables B SE Wald P OR OR(L) OR(V)
Age 0.287 0.103 7.771 0.005" 1.333 1.089 1.631
C-reactive protein 0.021 0.009 5457 0019 1.021 1.003 1.039
AST 0.043 0.018 5791 0016 1.043 1.008 1.080

* The multi-factor influencing factor analysis adopts logistic regression and includes all indicators with single factor <0.15. The analysis result £<0.05 is an
independent influencing factor, OR value<1 is a protective factor,and OR> 1 is a risk factor

Our study found that the most common symptoms
observed after SARS-CoV-2 infection were fever (43.2%)
and cough (29.8%), and these clinical characteristics
are consistent with most studies [15, 16, 20-22]. Other
symptoms, such as dyspnea, back pain, sore throat, head-
ache or taste/smell disorder, occur in a much smaller
proportion. Overall, our study found that the incidence
of fever (43.2% vs. 42.9%) and cough (29.8% vs. 30.8%)
in hemodialysis patients infected with SARS-CoV-2 was
basically similar to that in uninfected people. Fatigue
(0.5%) and diarrhea (1.4%) were rare manifestations in
our study, however, studies have found that fatigue and
gastrointestinal symptoms occur in high rates in hemodi-
alysis patients after SARS-CoV-2 infection [23]. A study
conducted by Wang et al. at Wuhan Zhongnan Hos-
pital on 5 hemodialysis patients at the end of 2019 also
reported that diarrhea (80%) was the most common man-
ifestation [24]. Several cross-sectional studies have stated
that the occurrence of fatigue in hemodialysis patients is
related to sleep, living environment, and treatment con-
ditions, and that elderly hemodialysis patients are prone
to more severe fatigue [25, 26]. Although the correlation
with SARS-CoV-2 has not been demonstrated, we specu-
late that the symptoms may be atypical due to the com-
plex and variable clinical manifestations of SARS-CoV-2
infection. Therefore, relying solely on symptoms to make
a diagnosis is blind and should be taken seriously.

Laboratory indicators

Our study also found that in infected patients, in addi-
tion to common lymphopenia, increases in leukocytes,
neutrophils, CRP, AST and D-dimer were associated with
severe disease and death outcomes (p<0.05). This aspect
is basically consistent with previous reports [27-29].
Lymphopenia is very common in patients with com-
mon infections or deaths, which may be related to direct
viral infection that consumes immune cells or induces
inflammatory cascades [30—33]. In patients who died, we
observed significant increases in white blood cells, neu-
trophils, and CRP. Some researchers have speculated on
this phenomenon and pointed out that since bacterial co-
infection is more common in severe patients than ordi-
nary patients, it is reasonable to suspect that bacterial
co-infection will aggravate the condition and affect the
laboratory indicators [21]. CRP is also an independent
risk factor for disease progression and death [34, 35].

This view was also proven in our study (Table 5). Com-
pared with the non-survivors, hemoglobin concentration,
albumin, blood phosphorus and parathyroid hormone
remained at higher levels in the survivors (p<0.05). Some
studies have reported that the prevalence of hypophos-
phatemia is particularly significant among patients with
end-stage renal disease infected with SARS-CoV-2 [36].
Some studies have shown that hypophosphatemia may
be associated with increased mortality in critically ill
patients [37]. The possible reasons for the imbalance of
phosphate levels in hemodialysis patients are more com-
plicated. Most of them are due to insufficient nutritional
intake, especially in hospitalized patients. At the same
time, patients with end-stage renal disease have impaired
nutrient absorption due to primary diseases. Secondly,
patients with SARS-CoV-2, especially those with respira-
tory distress, are often complicated by respiratory alkalo-
sis, which further leads to a decrease in blood phosphate
levels. In addition, vitamin D deficiency and obesity are
also possible causes [38]. One study documented disor-
ders in blood phosphorus, blood calcium, and parathy-
roid hormone in patients infected with SARS-CoV-2. The
results indicate that the SARS-CoV-2 virus may disturb
the balance, and SARS-CoV-2 has been confirmed to
be a potential cause of hypoparathyroidism [39]. Serum
potassium was only found to be statistically significant in
the comparison between the SARS-CoV-2 positive group
and the negative group in hemodialysis patients (Table 2).
Although the indicators decreased in the positive group,
they were still within the normal range. It is speculated
that it may be related to the activation of renin-angioten-
sin-aldosterone (RAS) after infection with SARS-CoV-2
[40].

Studies have confirmed that infection with SARS-
CoV-2 can induce a massive thrombotic state [41-43].
We have also observed this phenomenon, and clinicians
at our dialysis center found that even when receiving
anticoagulant doses (1000-3000IU) of low molecular
weight heparin, some patients still found that intravenous
pot dialyzer tubing developed during dialysis. There was
coagulation in the patient, and our doctors intervened
promptly to avoid a more dangerous event. A single-
center retrospective study reported that despite the use
of more anticoagulants, hemodialysis patients infected
with SARS-CoV-2 are still at high risk of dialysis circuit
coagulation [44]. Although our study results showed no
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significant difference in D-dimer changes between unin-
fected and infected hemodialysis patients, we then found
that D-dimer increased in the comparison between the
non-survivors and the survivors. There is significant
statistical significance (p=0.006). A recently published
report reached a similar conclusion, showing the non-
survivors had higher D-dimer levels compared with those
who survived [45]. We also observed an increase in AST
in the non-survivors (p<0.05). Combined with the above
changes in D-dimer, we suspect that SARS-CoV-2 is very
likely to damage the myocardium and blood vessels. We
found that in the comparison of infected and uninfected
hemodialysis patients, there was basically no difference
in liver function and albumin indicators. This may be in
the early stages. Once the disease worsens or even leads
to death, there is a significant difference between the
increase in AST and the decrease in albumin. Among
them, elevated AST is an independent risk factor for
death (Table 5).

Discussion on the impact of hemodialysis adequacy,
nutritional status and age factors on clinical outcomes
Notably, our study also found that higher serum cre-
atinine was associated with better survival outcome.
Although for patients who receive maintenance hemodi-
alysis for a long time, serum creatinine is often affected
by the time and frequency of hemodialysis, but it can still
be used to evaluate the patient’s nutritional status [46].
We have reason to speculate that higher serum creati-
nine reflects, to a certain extent, patients’ greater muscle
mass, greater exercise capacity, and better nutritional
conditions. Patients registered in our center and receiv-
ing long-term maintenance hemodialysis performed well
in various indicators reflecting the body, such as KT/V,
hemoglobin concentration, albumin, blood calcium, and
blood phosphorus, all maintained at high levels (Table 3).
To some extent, this reflects the nutritional status of the
patient and the adequacy of hemodialysis. It is statisti-
cally significant that the hemoglobin, albumin, and blood
phosphorus of deceased patients were significantly lower
than those of surviving patients (p<0.01). Studies have
shown that hemoglobin concentration, serum albumin,
and serum phosphorus are negatively correlated with
mortality [37, 47, 48]. Finally, we boldly speculate that
hemodialysis patients with better basic physical condi-
tions will show stronger tolerance and better clinical out-
comes during the surge of Omicron.

In the early stages of the SARS-CoV-2 epidemic in
the past, many research centers had already considered
age=>65 years as one of the adverse prognostic factors
[21, 49]. Even now when the Omicron strain is the main
circulating strain, our study concluded that age is still
an independent risk factor for death (Table 5). Age>65
years was associated with higher mortality (p<0.001).
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Among dialysis-related indicators, although no difference
between the two groups was observed in the compari-
son of duration of disorder, hemodialysis age was sig-
nificantly different between survivors and non-survivors
(p<0.001), which showed that it was related to the age
factor. Consistent results. Therefore, we concluded that
older age (=65 years or hemodialysis age) is associated
with higher mortality.

Vaccines and mortality
Up to now, data on immune cell responses following vac-
cination in patients on maintenance hemodialysis are
limited. Most studies indicate that the vaccine response
rate in the dialysis population is lower than expected and
that the relative risk is higher in the dialysis population
compared with the general population [50-54]. In our
study, we asked 413 registered dialysis patients about
their vaccination status. The results show that the major-
ity (61.1%) received one dose, 27% received two doses,
and only 11.9% received three doses (Table 1). And no
significant difference was observed in the comparison
between infected and uninfected patients (p=0.621). We
analyze that the reasons may be as follows: the vaccines
administered to hemodialysis patients in our center are
mainly divided into the first dose of adenovirus vector
vaccine, the second dose of inactivated vaccine, and the
third dose of recombinant protein vaccine. These types
of vaccines have certain Due to the lag, we speculate that
the mutation process of the virus may be much faster
than the development and update of vaccines. Therefore,
during the Omicron surge period, the protective effect
of these vaccines developed against previous strains will
be lower than expected; secondly, due to various factors
such as hemodialysis patients being generally advanced
in age, suffering from a variety of chronic diseases, lim-
ited health awareness, fear of side effects, and distrust of
new things, hemodialysis patients are not very receptive
to vaccines [55]. Although the response titer of vaccina-
tion in hemodialysis patients is low, it is undeniable that
vaccination is still a powerful measure to prevent SARS-
CoV-2 infection and serious consequences [56, 57].
According to the Chinese Center for Disease Control
and Prevention, the overall mortality rate of SARS-CoV-2
is 2.3% [58]. It should be pointed out that the mortal-
ity rate of SARS-CoV-2 infection in patients receiving
maintenance hemodialysis varies greatly in different
periods or regions. During the study follow-up period
in our center, 27 hemodialysis patients died, of which 8
patients died from non- SARS-CoV-2 infection causes.
Our study ultimately reported an all-cause mortality
rate of 5.2% (19/366) in patients with confirmed SARS-
CoV-2 infection and a mortality rate of 2.7% (10/366)
due to SARS-CoV-2 infection alone. Although the ICU
admission rate among hemodialysis patients diagnosed
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with SARS-CoV-2 infection was 1.9%, the mortality rate
was as high as 85.7% (6/7). During the diagnosis and
treatment process in the dialysis center, it is recognized
that not all patients diagnosed with infection need to be
hospitalized. Elderly patients, patients with pulmonary
or cardiovascular diseases, and patients with previous
frailty can be arranged for hospitalization. In most cases,
patients hospitalized in general wards Only nasal cannula
or mask oxygen is required, and very few patients need to
be admitted to the ICU and intubated [59]. During this
period, not only our medical center, but most qualified
medical centers are doing their best to open their wards
to meet the demand for treatment. Thank you again for
the efforts of all medical colleagues!

Limitation

This article has several limitations. First, we performed
PCR or antigen testing on every patient, but no labora-
tory sequence analysis of strain subtypes was performed.
Due to the extremely scarce medical resources at that
time, it was impossible to sequence the virus strain sub-
type for every patient. We followed reports investigated
and published by the Chinese Center for Disease Control,
which stated that during this period, all strains investi-
gated were Omicron variants. Second, because this was
a retrospective analysis, not all patients had all laboratory
tests performed. Likewise, symptom and disease infor-
mation, such as severe illness and death, was not col-
lected for all cases. Finally, this was a single-center study.
Our results represent only a specific patient population
and do not extend to all patients infected with Omicron
in other settings. Because the number of dialysis patients
who received all three doses of the vaccine was too small,
this may limit our further assessment of the impact of
vaccination on survival, so the results need to be con-
firmed in other settings or prospective studies.

Conclusions

In summary, patients receiving maintenance hemodi-
alysis are at high risk for infection with the novel coro-
navirus. Our research points out that the mortality rate
of hemodialysis patients infected with SARS-CoV-2 is
higher than that of the general population. Our research
report emphasizes that not only age is an independent
risk factor for death, but also ensuring the adequacy of
hemodialysis treatment and maintaining patients’ good
physical condition are top priorities. It is crucial to ensure
regular dialysis treatment for hemodialysis patients, even
during the SARS-CoV-2 outbreak. It is unwise to stop
dialysis because of fear of infection, which may cause
more complications and lead to dangerous outcomes.
Through this retrospective study, this article puts forward
the above points for communication in anticipation of
the need to re-evaluate public health and social measures
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to deal with any more transmissible SARS-CoV-2 vari-
ants in the future.
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