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Abstract

\u\

This study aimed to evaluate the onset characteristics of patients with uremia undergoing maintenance hemodialysis complicated |
with COVID-19, so as to improve the understanding, diagnosis, and treatment.

26 cases were confirmed cases of COVID-19. Confirmed patients with COVID-19 undergoing maintenance hemodialysis in the
blood purification center were recruited. The general data of patients, including age, sex, duration of dialysis, and basic diseases,
were analyzed. The clinical features included fever, respiratory symptoms, and gastrointestinal symptoms. The items for laboratory
tests included blood routine examination, liver function, C-reactive protein, procalcitonin, creatine kinase, creatine kinase-MB,
markers of myocardial injury, B-type natriuretic peptide, D-dimer, and so forth. The imaging examinations referred mainly to
computed tomography imaging findings of the lungs.

Twenty-one cases were complicated with chronic basic diseases, such as hypertension or diabetes. In terms of clinical
manifestations, 13 cases had fever, which was close to the number of cases without fever (13 cases). The respiratory symptoms
included dry cough (19 cases), shortness of breath (9 cases), fatigue (11 cases), and so forth. Further, 15 patients had hypoxemia,
indicating more severe patients. Sore throat (2 cases) was not significant, and a few patients reported gastrointestinal symptoms
(8 cases). The results of blood routine examination showed decreased absolute lymphocyte count (0.7 +0.4 x 10~9/L), lower
hemoglobin level (105.2+20g/L), and normal absolute neutrophil count 4.2 (3.0, 5.9) x 10~9/L. Of the inflammatory indexes,
procalcitonin was 0.69 (0.24, 2.73) ng/mL; C reactive protein was 17.2 (5.2, 181.6) mg/L, which was higher than normal. Blood
biochemistry revealed lower albumin level (38.0 + 4.0 g/L) and higher troponin 0.11(0.035, 6.658) ng/mL and myoglobin levels (538.5
+240.5ng/mL), suggesting myocardial injury.

The patients with uremia and confirmed COVID-19 undergoing maintenance hemodialysis are more common in males. Although
the proportion of fever patients is 50%, the proportion of hypoxemia patients is high (68%). With poor cardiac function. They were
prone to respiratory failure complicated with heart failure. According to the onset characteristics of this population, early diagnosis

and treatment could help reduce the risk of developing a critical illness and control the spread of the COVID-19 epidemic.

Abbreviations: BNP = B-type natriuretic peptide, HF = heart failure, WBC = white blood cell count.
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1. Introduction

Since December 2019, multiple cases of novel coronavirus
pneumonia have been reported in Wuhan, Hubei Province. The
disease has spread to many provinces in China and some foreign
countries, such as Japan, Thailand, the United States, and Europe
in a short time with strong infectivity.'! The International
Committee on Taxonomy of Viruses named the novel coronavi-
rus “SARS-CoV-2” based on systematics, taxonomy, and
conventions. The National Health Commission of the People’s
Republic of China temporarily named it as novel coronavirus
pneumonia.”! The Chinese Center for Disease Control and
Prevention announced the inclusion of this disease in the national
“Category B” infectious disease, and the prevention and control
measures for “Category A” infectious diseases were taken.!”!
World Health Organization officially named it as COVID-19 on
February 11, 2020. As of March 4, 2020, approximately 80,424
confirmed COVID-19 cases were reported across the country.
About 520 suspected cases and 2984 deaths have been reported
to date; Approximately 49,540 confirmed cases and 2282 deaths
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were reported in Wuhan, Hubei Province. On March 5, 2020,
China released the Diagnosis and Treatment Scheme of New
Coronavirus Pneumonia (trial version 7),*! which proposed that
the current diagnostic criteria for COVID-19 included 2 types of
cases: suspected and confirmed, with some differences between
the 2.

Patients with uremia undergoing maintenance hemodialysis
are a special type of population in this epidemic. These patients
need to commute between hospitals and home continuously and
frequently. At the same time, their body immunity is low because
of the diseases. Thus, this patient population is at a high risk of
COVID-19. This study analyzed the clinical characteristics of
some patients with COVID-19 undergoing maintenance hemo-
dialysis since Tongren Hospital (Wuhan Third Hospital), Wuhan
University School of Medicine became designated hospital for
dialysis patients. Through a literature review, the study aimed to
improve awareness of this disease and enhance understanding,
diagnosis, and treatment of patients undergoing hemodialysis in
the epidemic.

2. Methods and participants

The study protocol was approved by the Ethics Committees of the
Wuhan Third Hospital, Tongren Hospital of Wuhan University,
Wuhan (No. KY2020-023), and all participants provided written
informed consent. We screened 350 patients with maintenance
hemodialysis since Wuhan Third Hospital became designated
hospital and divided them into nucleic acid positive group and
negative group according to the results of fluorescence Reverse
Transcription-Polymerase Chain Reaction detection of pharynx
swabs. There are 26 cases in the nucleic acid positive group.

2.1. Inclusion criteria

The patients undergoing hemodialysis in the hospital, who met
the diagnostic criteria for COVID-19, were included. The
diagnostic criteria referred to the Diagnosis and Treatment
Scheme of New Coronavirus Pneumonia (trial version 7)
developed by the National Health Commission!*):

Diagnostic criteria for suspected cases: A comprehensive
analysis was conducted by combining the following epidemio-
logical history and clinical features:

2.1.1. Epidemiological history.

(1) History of traveling to or living in Wuhan and its surrounding
areas, or from other communities with case reports, within 14
days before the onset of illness.

(2) History of contact with patients with COVID-19 (positive
result of the nucleic acid test) within 14 days before the onset
of illness.

(3) History of exposure to patients with a fever or respiratory
symptoms from Wuhan and its surrounding areas, or from
communities with case reports, within 14 days before the
onset of illness.

(4) Cluster of cases (2 or more cases with a fever and/or
respiratory symptoms in a small area, such as home, office,
school classroom, and so forth within 2 weeks).

2.1.2. Clinical features.

(1) Fever and/or respiratory symptoms.
(2) Imaging characteristics of COVID-19.
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(3) The total white blood cell count (WBC) was normal or
decreased in the early stage of onset, and the lymphocyte
count was normal or decreased.

Suspected cases had any 1 of the epidemiological history and
any 2 of the clinical features. If no definite epidemiological history
was found, 3 of the clinical features needed to be met.

Diagnostic criteria for confirmed cases: Suspected cases had
one of the following etiological or serological findings:

(1) The result of real-time fluorescent Reverse Transcription-
Polymerase Chain Reaction test of COVID 19 nucleic acid
was positive;

(2) viral gene sequencing was highly homologous to known
COVID 19; and

(3) serum COVID 19-specific IgM and IgG antibodies were
positive; serum COVID 19-specific IgM antibody changed
from negative to positive or increased 4 times or more in the
recovery phase than in the acute phase.

2.2. Outcome measures
2.2.1. General data. They included age, sex, duration of

dialysis, and accompanying basic diseases, such as hypertension,
diabetes, coronary heart disease, and heart failure (HF).

2.2.2. Clinical features. They included the presence or absence
of fever (body temperature above 37.3°C), cough, panting,
dyspnea, resting-finger oxygen saturation, and presence or
absence of nausea, vomiting, diarrhea, and other gastrointestinal
symptoms.

2.2.3. Laboratory tests. They included WBC count, neutrophil
percentage (N%), lymphocyte percentage (L%) and absolute
count (L), hemoglobin, and platelet count in the blood routine
examination. The inflammatory markers included C-reactive
protein and procalcitonin. The markers for myocardial injury
included myoglobin and troponin; atrial natriuretic peptide
(BNP); biochemical indicators including liver function, prealbu-
min, and so forth; and D-dimers and other indicators reflecting
changes in patients’ conditions.

2.2.4. Imaging examinations. The computed tomography
findings of patients’ lungs were mainly observed. According to
the imaging pathological features, the ground-glass opacity,
consolidation, stripe, nodular areas, and latticed shadows of
images were observed, and the specific imaging features were
analyzed.

2.3. Statistical analysis

IBM SPSS Statistics 23.0 software was used. The measurement
data conforming to normal distribution were presented as mean
+standard deviation. Measurement data with non-normal
distribution were presented as median (25th and 75th percen-
tiles). The count data were expressed as a percentage.

3. Results

3.1. General data

From January 25, 2020, monitoring of body temperature and
computed tomography (CT) scan of the lungs were performed for
each patient. For patients with abnormal pulmonary imaging,
blood laboratory tests, and COVID 19 nucleic acid test were
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General data.
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Statistics of laboratory tests of patients with uremia and NCP.

n Proportion (%) Laboratory tests Average Reference value
Age (yn) Blood routine
<60 11 423 White blood cell count (WBC) 57+23 3.5-95x 1079
260 15 57.7 Hemoglobin (Hb) 105.2+20 130175 g/L
Sex Neutrophil absolute count (N) 4.2 (3.0-5.9 1.8-6.3x 107 9L
Male 17 65.4 Lymphocyte absolute count (L) 0.7+04 1.1-32x 1079
Female 9 34.6 Indicators of infection
Basic diseases Procalcitonin (PCT) 0.69 (0.24-2.73) 0-0.05 ng/mL
Hypertension 21 80.8 C-reactive protein 17.2 (5.2-181.6) 0-5 mg/L
Type 2 diabetes 5 19.2 Blood biochemistry
Coronary heart disease complicated 7 26.9 Albumin (ALB) 38.0+4.0 40-55 g/L
with heart failure Alanine aminotransferase (ALT) 14.5 (10.8-25.5) 9-50 UL
Aspartate aminotransferase (AST) 20.5 (13.0-33) 0-45 UL
Creatine kinase (CK) 103 (47-263.25) 30-180 UL
immediately performed. As of March 1, 2020, 26 patients were Creatmg kinase-MB (CK-MB) 14785 0-25 UL
screened to meet the diagnostic criteria for COVID 19. A total of Llroponln. (TN 011 (0.035-6.658) 0-0.04 ng/mL.
. . . . yoglobin (MYO) 538.5+240.5 0-110 ng/mL
26 patients (l7bmale and 9 female) under'gomg hemodlaly51§ Were g e natriuretic peptide (BNP) 579 (285.5-1023.4) 2121 pg/mL
complicated with COVID 19; male patients were predominant.  p_gimer 1.93 (0.76-2.91) 0-0.5 mg/L

Further, 15 patients were aged more than 60 years and 11 were
aged less than 60 years. The average duration of dialysis was 4.6
+3.5 years. At the same time, most patients were complicated
with basic diseases, such as hypertension and diabetes, and some
had developed chronic HF. The specific general data are shown in
Table 1.

3.2. Clinical features

The clinical features are shown in Table 2. The patient was
considered to have a fever if the body temperature exceeded
37.3°C. The table shows that among patients with uremia and
COVID 19, the number of patients with a fever was similar to
that of patients without a fever. Many patients still had no
elevated temperature at the onset.

The main respiratory symptom of COVID 19 was dry cough; a
few patients also had symptoms, such as nasal congestion, runny
nose, and sore throat. Severe cases experienced shortness of
breath, dyspnea, and hypoxemia, which were mainly manifested
as follows: Respiratory rate >30breaths/min; in resting state,
finger oxygen saturation <93%; and arterial partial pressure of
oxygen/fraction of inspiration O, <300mm Hg (1mm Hg=
0.133 kPa).[*! In this study, the respiratory symptoms of patients
with uremia and COVID 19 were cough, shortness of breath, and
fatigue; sore throat was not obvious. Only a few patients had
gastrointestinal symptoms, but careful attention was still needed
when they had gastrointestinal symptoms. The assessment was

Clinical features of patients with uremia and NCP.

Clinical features n Proportion (%)
Fever (T 237.3°C) 13 50

Dry cough 19 731

Sore throat 2 7.7
Shortness of breath 9 34.6
Fatigue " 42.3
Hypoxemia 15 57.7

Poor appetite 3 1.5
Diarrhea 1 3.8

NCP = novel coronavirus pneumonia.

NCP = novel coronavirus pneumonia.

made in time to determine whether patients were complicated
with COVID 19.

3.3. Results of laboratory tests

The results of the blood routine examination are shown in
Table 3. The mean WBC count showed no significant decrease.
The mean lymphocyte count decreased, and no significant
decrease in the neutrophil count was found, which were related to
the patient’s viral infection. The patient’s mean hemoglobin level
decreased slightly, which was considered to be related to long-
term renal anemia in patients with uremia. The mean values of
infection indicators increased; it was considered as viral infection
and decreased immunity, increasing the risk of bacterial infection.

The biochemical and cardiac function indicators of the patients
changed as follows. A mild decrease in albumin was observed.
The average values of alanine transaminase and aspartate
aminotransferase were in the normal range. No significant
increase in the levels of myocardial enzymes was found. A mild
increase in the levels of markers for myocardial injury was
observed, suggesting the presence of myocardial injury. Increased
BNP levels suggested a decrease in cardiac function. However,
long-term volume overload in patients undergoing dialysis
resulted in a long-term elevation in the level of this indicator.
Elevated D-dimer levels suggested that patients were at risk of
thrombosis.

3.4. Results of imaging examinations

The CT imaging findings of patients’ lungs are shown in Table 4.
The main lung imaging features were ground-glass opacity,
consolidation, and stripe shadows. A few patients showed pleural
effusion and latticed shadows. One patient had negative results in
the imaging examination.

4. Discussion

Since December 2019, multiple cases of COVID 19 have been
reported in Wuhan, Hubei Province. The geographical distribu-
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CT findings of the lungs in patients with uremia and NCP.

Imaging features n Proportion (%)
Ground-glass opacity 21 80.8
Consolidation 14 53.8
Stripe shadow 13 50
Nodular shadow 5 19.2
Pleural effusion 5 19.2
Latticed shadow 2 7.7
Negative 1 3.8

CT = computed tomography, NCP = novel coronavirus pneumonia.

tion of the initially infected population is closely related to the
Wuhan Huanan Seafood Wholesale Market. The current
population with onset clearly shows that the virus has a
characteristic of human-to-human transmission."”! At present,
the source of infection of COVID 19 is mainly infected patients;
however, asymptomatic infected persons may also carry the
virus. The virus spreads mainly through respiratory droplets and
also through direct or indirect contact, such as infection of the
mouth, nose, and mucous membranes of eyes via hands. Aerosol
transmission may occur in specific closed environments with high
concentrations of viruses.'*

During the entire epidemic, the focus was on patients with
uremia undergoing maintenance hemodialysis. Such patients
frequently go out and gather in hospitals to become a high-risk
population for COVID 19 infection. In response to this situation,
the Dialysis Center in the hospital provided education regarding
the epidemic to each patient since January. The dialysis room was
strictly disinfected daily. Each patient underwent lung CT
examinations, and the body temperature, vital signs, and
respiratory and gastrointestinal symptoms were closely moni-
tored. Also, blood routine examination and viral nucleic acid test
were performed. For suspected and confirmed cases, this center
immediately contacted the community for referral, quarantine,
observation, or hospitalization.

The incubation period for COVID 19 is 1 to 14 days.[* Recent
reports have identified patients with an incubation period of up to
24 days.[®l COVID 19 is more common in men (41.9%-75.0%),
with an average age of 47.0 to 55.5 years; 51% to 55% of
patients have basic diseases.” ™! The symptoms of COVID 19 are
variable, with fever being the most common (82.0%-98.6%),
followed by cough (59.4%-82.0%), shortness of breath
(31.0%), and myalgia or fatigue (11.0%-69.6%); expectoration
is rare (28.0%). A small number of patients report a headache
(8.0%) and disturbance of consciousness (9.0%). Hemoptysis
and sore throat are present in 5.0% of patients. Further, 2.0% to
3.0% of patients are complicated with diarrhea, and 1.0% of
patients have nausea and vomiting."*~! Patients with COVID 19
and a persistent fever, regardless of a low or high fever, tend to be
severe. If patients develop a fever again 1 week after deferves-
cence, it is more likely to be complicated with infection; these
patients also may have a poor prognosis.['”! The general data of
patients with COVID 19 undergoing hemodialysis in the hospital
showed that male patients with onset were predominant, which
was consistent with the data of the general population. Patients
aged more than 60 years (57.7%) were predominant. The reasons
might be as follows. On the one hand, patients undergoing
maintenance hemodialysis were mostly middle-aged and elderly
people, and therefore the onset age was old. On the other hand,
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most elderly patients were complicated with hypertension,
diabetes, and other basic diseases, and they were easily infected
due to low immunity. Among more than 20 patients, patients
with hypoxemia still accounted for a large proportion, which
might be related to many elderly patients complicated with
hypertension, diabetes, and other basic diseases. The immunity of
the patients’ body was low. Before the infection, the chronic
cardiopulmonary failure occurred due to the long-term volume
overload. Hence, the patients were more prone to hypoxemia,
thus becoming severely ill. These 2 reasons were also the high-risk
factors for infection in patients undergoing hemodialysis.
Respiratory symptoms, such as fever, dry cough, and shortness
of breath, still accounted for a large proportion, but the
proportion of patients without a fever was close to that of those
with a fever. Even a small number of patients had gastrointestinal
symptoms, such as nausea and vomiting as the initial feature.
Some patients were clinically asymptomatic, suggesting that
when patients undergoing hemodialysis were complicated with
COVID 19, the clinical features might be atypical, and the disease
onset was more insidious. Medical workers need to protect and
disinfect the hemodialysis room. They also need to monitor the
clinical features of patients and the results of lung imaging and
laboratory tests more closely and regularly.

Studies have shown that coronavirus may suppress cellular
immune function in vivo by depleting immune cells. The B-
lymphocyte count of patients is significantly reduced, and the
CD4+/CD8 + T-lymphocyte ratio continues to decline, which
may be an important indicator of the exacerbation of the
conditions. The lymphocyte count decreased in 35% to 69% of
patients and was less than 0.8 x 10°/L in 97% of patients.[>-8-1%]
The mean WBC and neutrophil counts did not decrease
significantly in patients undergoing maintenance hemodialysis
in the hospital, but the mean lymphocyte count decreased
significantly. D-dimer elevations occurred in 36% of patients
with COVID 19, which was more significant in patients admitted
to the intensive care unit.®” ™ A decrease in albumin level
occurred in 97% of patients with COVID 19, especially in severe
Pathological changes were mentioned in the
Diagnosis and Treatment Scheme of New Coronavirus Pneumo-
nia (trial version 7) released by the National Health Commission.
Myocardial cell degeneration and necrosis were seen in the heart
and blood vessels. Some monocyte, lymphocyte, and/or neutro-
phil infiltration was noted in the mesenchyme. Vascular
endothelial shedding, inflammation of the inner membrane,
and thrombosis were observed.'*! This study also found that the
levels of markers of myocardial injury (BNP, D-dimer, and so
forth) in patients were elevated to varying degrees. These
laboratory indicators suggested that patients had experienced
virus-induced damage to the myocardium and blood vessels,
which helped clinical medical workers in assessing the conditions
of patients with systemic complications. In addition, this study
found that the indicators of liver function were still in the normal
range for patients with COVID 19 undergoing dialysis. The mean
serum albumin level was slightly lower, indicating that the liver
was not the main damage site compared with the lung, heart, and
blood vessels.

Most researchers believe that 100% of patients with COVID
19 have positive CT findings, which are manifested as single
ground-glass opacity, multiple external ground-glass opacities,
patchy ground-glass opacity of both lungs with segmental
pulmonary consolidation, paving stone sign, diffuse ground-glass
opacity in the lungs with bronchial inflation sign, or large areas of
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consolidation in the lungs with lobular interstitial thicken-
ing.”""! Some studies™?! classified it as 3 stages based on the
pathological staging of COVID 19: early, progressive, and severe.
A few patients were complicated with small pleural effusion and/
or pericardial effusion. The imaging examinations of patients
with confirmed COVID 19 in the hemodialysis center revealed
the following. For patients with uremia and COVID 19
undergoing maintenance hemodialysis, ground-glass opacity,
consolidation, and stripe shadows were still the main imaging
features. A few patients were complicated with pleural effusion
and latticed changes. Pleural effusion may be related to COVID
19, but it may be more closely associated with the long-term
volume overload of patients with uremia; serous membrane fluid
may be present in the body for a long time. Hence, while treating
patients with uremia and COVID 19 undergoing maintenance
hemodialysis, the volume overload patients should be more
closely monitored to avoid symptoms, such as congestive HF,
which may further worsen the lung disease.

Patients with uremia undergoing maintenance hemodialysis
are kept continuously and frequently in the crowded hemodialy-
sis room of the hospital. In the COVID 19 epidemic, the
hemodialysis medical workers and patients should be protected
to avoid continuous COVID 19 transmission in the hemodialysis
room. In addition to good protection and disinfection, attention
should be paid to changes in conditions of this population after
COVID 19 infection. Also, more experience should be gained in
diagnosis and treatment. Clinical medical workers should be
provided assistance in making a clinical diagnosis in a faster,
more accurate, and timely manner, isolating patients in time,
blocking the COVID 19 transmission, guiding the treatment, and
evaluating the efficacy. Several risk factors including ischemic
heart disease, uncontrolled hypertension, high output HF from
shunting through vascular hemodialysis access, and anemia,
contribute to development of HF in patients with End-Stage
Renal Disease, and the incidence of cardiovascular events, sudden
death, and HF mortality is higher than the general generation,
which has been reported in other literatures.''>5! But whether
there are still such clinical characteristics between the 2 groups
need further verification in the follow-up study. There are some
special characteristics in the treatment of dialysis patients with
COVID 19 compared to nondialysis patients, such as the
application of continuous blood purification, the nephrotoxicity
of the drug, whether the drug passes through the dialysis
membrane, the limitation of fluid volume and so on. The
comparison of treatment options between the 2 groups can be
carried out in the follow-up study. Meanwhile, it is necessary to
compare the clinical characteristics of dialysis patients with
COVID 19 patients and non COVID 19 patients in the future
work, so that the characteristics of dialysis patients with COVID
19 can be more clearly understood. Another shortcoming of the
study include the small number of included patients, which is
related to the small number of confirmed patients in our hospital.
Whether the study can represent the characteristics of dialysis

www.md-journal.com

patients with COVID 19 need to be further verified, and the
sample size can be increased in the later study by cooperating
with other designated hospitals. At the same time, the treatment
of these patients has some different characteristics compared with
the treatment of non-dialysis patients. Mastering these character-
istics can contribute to early diagnosis, isolation, and treatment of
Covid19 to control the spread of the epidemic.
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