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Abstract
Purpose  This present study aims to investigate the relationship between laboratory parameters on admission and prognosis 
of coronavirus disease 2019 (COVID-19) in maintenance hemodialysis patients, as well as providing a theoretical basis for 
clinical evaluation of prognosis and corresponding intervention measures.
Methods  Retrospective analysis was performed on the clinical data of 47 maintenance hemodialysis patients who infected 
with COVID-19 and admitted to our hospital. According to their clinical outcome, these patients were divided into a survival 
group (n = 38) and a fatality group (n = 9). Information on the general condition and laboratory parameters of the patients 
were collected. Laboratory parameters were compared between different groups. The area under the curve (AUC) was used 
to evaluate the prognosis of COVID-19 in maintenance hemodialysis patients.
Results  Statistically significant differences were observed in age, white blood cell count, neutrophil count, albumin, C-reac-
tive protein (CRP), procalcitonin, and lactate dehydrogenase (LDH) on admission (P < 0.05). Receiver operating characteristic 
(ROC) curve analysis showed that the values of AUC of CRP, neutrophil count, LDH, white blood cell count, albumin, and 
procalcitonin were 0.895, 0.813, 0.758, 0.757, 0.743, and 0.728, respectively.
Conclusions  Laboratory parameters including CRP, neutrophil count, LDH, white blood cell count, albumin, and procalci-
tonin were predictive on the prognosis of maintenance hemodialysis patients with COVID-19. Among them, CRP was the 
strongest single predictive laboratory indicator.
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Abbreviations
COVID-19	� Coronavirus disease 2019
SARS-CoV-2	� Severe acute respiratory syndrome corona-

virus 2
2019-nCoV	� 2019 novel coronavirus
ROC	� Receiver operating characteristic
CRP	� C-reactive protein
LDH	� Lactate dehydrogenase
AUC​	� Area under the curve

PCR	� Polymerase chain reaction
MERS-CoV	� Middle East respiratory syndrome 

coronavirus

Introduction

In late 2019, a series of pneumonia cases of unknown cause 
were recognized in Wuhan, Hubei Province, China. By Jan 
7, 2020, severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2), previously known as 2019 novel coronavi-
rus (2019-nCoV), was detected in samples of bronchoalveo-
lar lavage fluid from a patient in Wuhan [1, 2]. On February 
11, 2020, the world health organization officially named 
the disease caused by SARS-CoV-2 as coronavirus disease 
2019 (COVID-19). COVID-19 is a major infectious disease 
that seriously endangers the health of people. As of April 
6, 2020, a total of 81,740 cases of COVID-19 have been 
confirmed and 3331 patients have died of the disease in 
China [3]. COVID-19 is primarily manifested as an acute 
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respiratory illness but it can affect multiple organs [4]. Pre-
vious studies have suggested that the elderly and those with 
underlying diseases were susceptible to COVID-19 infec-
tion, and more likely to become critical cases or decrease 
[5]. Wang’s et al. study indicated that hemodialysis patients 
were at great risk of COVID-19 infection [6]. However, there 
is limited information regarding the prognosis of COVID-19 
in maintenance hemodialysis patients. Therefore, we studied 
the association between laboratory parameters on the day of 
hospital admission and fatality of COVID-19 in maintenance 
hemodialysis patients. We hope that our findings could be 
helpful in finding key indicators of disease progression and 
unfavorable outcome, as well as providing guidance for sub-
sequent clinical practice.

Methods

Study design and participants

COVID-19 in maintenance hemodialysis patients who were 
discharged or died in Wuhan Fourth Hospital from Febru-
ary 3 to April 4, 2020 were enrolled in this study. Clinical 
data of these patients were retrospectively collected and ana-
lyzed. All patients enrolled in this study were not less than 
18 years old, who were diagnosed with COVID-19 accord-
ing to the guidance provided by the Chinese National Health 
Committee(trial version 5 revision). The clinical diagnosis 
criteria of Hubei Province were as follows: (1) fever or 
respiratory symptoms; (2) leukopenia or lymphopenia; (3) 
abnormal imaging of the lung. Those with ≥ 2 clinical cri-
teria and/or a positive result on real-time polymerase chain 
reaction (PCR) assay or high throughput sequencing were 
diagnosed with COVID-19 [7]. Exclusion criteria: patients 
with acute kidney injury undergoing temporary hemodi-
alysis; patients transferred to other hospitals during treat-
ment; pneumonia caused by infection with other pathogens. 
Throat-swab specimens were obtained for SARS-CoV-2 
real-time PCR in every patient. The final date of follow-up 
was April 5, 2020.

Data collection

Clinical data of the patients were collected from electronic 
medical records, including age, sex, previous medical his-
tory, laboratory findings [complete blood count; liver and 
renal function tests; C-reactive protein (CRP), procalcitonin, 
and lactate dehydrogenase (LDH) on the day of hospital 
admission], results of common bacterial and viral patho-
gens causing pneumonia, results of SARS-CoV-2 real-time 
PCR on throat swab specimens, and chest computed tomo-
graphic (CT) manifestations. The patients were divided into 

a survival group and a fatality group according to the clinical 
outcome.

Statistical analysis

Epidata 3.1 software was used for data collecting. Data input 
was performed twice for a double check to ensure accuracy. 
Categorical data were presented as counts and percentages, 
and the Chi-square test was used for comparison between 
groups. For the data of continuous variables, the normality 
test (Kolmogorov–Smirnov test) was first conducted. Non-
normally distributed continuous data were expressed by 
median (IQR) and the rank-sum test in the nonparametric 
test was used for pairwise comparison. Normally distributed 
continuous data were expressed as mean ± standard devia-
tion and the t test was used for pairwise comparison. Spear-
man rank correlation coefficient was used to describe the 
correlation with outcome variables. We depicted the receiver 
operating characteristic (ROC) curve and calculate the area 
under the curve (AUC) to evaluate the accuracy of the labo-
ratory index in predicting the prognosis of COVID-19 in 
maintenance hemodialysis patients. All statistical analyses 
were performed using IBM SPSS statistics version 21.0, and 
P < 0.05 was considered significant.

Results

1.	 Comparison of baseline data and laboratory parameters 
between survival group and fatality group of COVID-
19 in maintenance hemodialysis patients A total of 47 
cases were included in this study, including 30 males 
and 17 females. The average age was 59.7 ± 15.3 years. 
Results of common bacterial and viral pathogens caus-
ing pneumonia were negative in all patients. 20 patients 
were tested positive for SARS-CoV-2 by PCR. Comor-
bidities were present in all patients, with hyperten-
sion being the most common comorbidity. This study 
revealed that there were no statistically significant dif-
ferences in gender distribution, hospital length of stay, 
lymphocyte count, platelet count, and D-dimer between 
the two groups (P > 0.05). However, there were statis-
tically significant differences in age, white blood cell 
count, neutrophil count, albumin, CRP, procalcitonin, 
and LDH on admission (P < 0.05) (Table 1).

2.	 Spearman’s rank correlation analysis In the present 
study, Spearman’s rank correlation analysis manifested 
that the values of white blood cell count, neutrophil 
count, CRP, procalcitonin, and LDH were positively cor-
related with the prognosis of COVID-19 in maintenance 
hemodialysis patients (r = 0.351, 0.427, 0.538, 0.311 
and 0.383, P < 0.05), while the value of albumin was 
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negatively correlated with the prognosis (r = − 0.331, 
P < 0.05)

3.	 The predictive value of each laboratory index on the 
prognosis of COVID-19 in maintenance hemodialysis 
patients In this study, as shown in Table 2, the above 
laboratory parameters were of the certain value in pre-
dicting the prognosis of COVID-19 in maintenance 
hemodialysis patients (P < 0.05). The AUC, 95% CI, 
optimal threshold, sensitivity, specificity and Youden 
index of each parameter were shown in Table 2.

Discussion

There were six previously identified coronaviruses that 
infected humans, four of which were more common and 
less pathogenic in humans. The other two were known as 
SARS-coronavirus (SARS-CoV) and Middle East respira-
tory syndrome coronavirus (MERS-CoV), which caused 

severe respiratory diseases. The mortality of SARS has been 
reported as more than 10% and MERS at more than 35% [8, 
9]. The SARS-CoV-2 was known as the seventh human coro-
navirus. The case fatality rate among hospitalized COVID-
19 patients was reported to be 4.3–15% [5, 10–13], while the 
case fatality rate of COVID-19 in maintenance hemodialysis 
patients was 25–41% [14–16]. Our study showed that the 
case fatality rate of COVID-19 in maintenance hemodialy-
sis patients was 19.1%. The mortality rate was much higher 
than that observed in the general population. Therefore, it is 
crucial to identify specific serological indicators for treat-
ment decisions.

In terms of laboratory tests, the main characteristics of 
COVID-19 in maintenance hemodialysis patients were nor-
mal white blood cell count, normal neutrophil count, normal 
platelet count, decreased lymphocyte count, decreased albu-
min, increased CRP, increased procalcitonin, and increased 
LDH and D-dimer. For those who died, the white blood cell 
count, neutrophil count, CRP, procalcitonin, and LDH were 

Table 1   Comparison of demographic data and laboratory parameters of survival and fatality groups

*One cell had expectation values between 1 and 5, thus Chi-square test for continuity correction was used
# LDH was absent in 14 patients (13 in the survival group and one in the fatality group). D-dimer was absent in five patients (four in the survival 
group and one in the fatality group)

Variables Total (n = 47) Survival group (n = 38) Fatality group (n = 9) P value

Sex (male) 30 (63.8%) 23 (60.5%) 7 (77.8%) 0.560*
Age (years) 59.7 ± 15.3 57.2 ± 15.0 70.6 ± 11.8 0.016
Hospital length of stay (days) 18.9 ± 9.8 19.5 ± 9.3 16.4 ± 12.0 0.401
White blood cell count (109/L) 5.49 ± 2.04 5.09 ± 1.76 7.17 ± 2.37 0.005
Neutrophil count (109/L) 4.02 ± 1.80 3.60 ± 1.47 5.80 ± 2.03 0.001
Lymphocyte count (109/L) 0.77 (0.62–1.01) 0.82 (1.10–0.63) 0.77 (1.22–0.44) 0.756
Platelet count (109/L) 194 ± 83 197 ± 84 181 ± 80 0.593
Albumin (g/L) 33.7 ± 4.6 34.6 ± 3.9 29.9 ± 5.7 0.005
CRP (mg/L) 43.6 (12.3–139.2) 23.0 (5.9–49.9) 98.7 (68.1–161.6) 0.001
Procalcitonin (ng/mL) 1.10 (0.48–2.49) 0.58 (0.32–1.57) 2.15 (0.99–5.73) 0.035
LDH (U/L)# 274 (185–331) 249 (183–305) 322 (293–460) 0.030
D-dimer (mg/L)# 1.83 (1.03–3.26) 1.42 (0.80–3.49) 2.15 (1.76–3.04) 0.212

Table 2   The AUC and optimal threshold of each related variable

# LDH was absent in 14 patients (13 in the survival group and one in the fatality group), and the ROC curve was used to analyze the data of 33 
patients; *The Youden index was calculated based on the sensitivity and specificity of the ROC curve, and the cut-off point with higher sensitiv-
ity was selected as the optimal threshold among several points with relatively large Youden index

Variables AUC​ 95% CI P value Optimal threshold* Sensitivity Specificity Youden index

White blood cell count (109/L) 0.757 0.600–0.914 0.017 ≥ 5.395 0.889 0.632 0.520
Neutrophil count (109/L) 0.813 0.658–0.968 0.004 ≥ 4.355 0.889 0.763 0.652
Albumin (g/L) 0.743 0.532–0.954 0.025 ≤ 31.1 0.667 0.842 0.509
CRP (mg/L) 0.895 0.793–0.997  < 0.001 ≥ 45.2 0.889 0.684 0.573
Procalcitonin (ng/mL) 0.728 0.512–0.944 0.035 ≥ 0.925 0.889 0.579 0.468
LDH (U/L)# 0.758 0.544–0.971 0.031 ≥ 281 0.8750 0.640 0.515
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all significantly higher than that in the survival group, but the 
albumin was lower than that in the survival group. Elevated 
CRP and procalcitonin may indicate a secondary bacterial 
infection in the clinical course of hemodialysis patients with 
COVID-19. Low albumin and high LDH suggested poor 
prognosis for COVID-19 in hemodialysis patients, as well as 
COVID-19 patients without hemodialysis [17].

Our study showed an association between laboratory 
parameters on admission and poor outcome for COVID-19 in 
hemodialysis patients. We found that white blood cell count, 
neutrophil count, albumin, CRP, procalcitonin, and LDH were 
all associated with the prognosis of COVID-19 in maintenance 
hemodialysis patients. Previous studies suggested that lym-
phopenia were a predictor of prognosis in COVID-19 patients 
[18]. However, our study showed no association between lym-
phopenia and prognosis of COVID-19 in maintenance hemo-
dialysis patients. The reason may be that hemodialysis patients 
exist peripheral blood lymphopenia, which is accompanied by 
decreased lymphocyte proliferative response when stimulated 
by different antigens [19].

In this study, the ROC curve was used to analyze the prog-
nostic value of laboratory indicators. The AUC of white blood 
cell count, neutrophil count, albumin, CRP, procalcitonin, and 
LDH ranged from 0.728 to 0.895. The AUC of CRP was the 
largest. The optimal working point was 45.2 mg/L, and the 
sensitivity and specificity to predict the prognosis of main-
tenance hemodialysis patients infected with COVID-19 were 
88.9% and 68.4%, respectively. CRP is a useful inflamma-
tory marker and indicator that plays an important role in host 
resistance to invasive pathogens and inflammation [20]. CRP 
is highly correlated with acute lung injury in 2019-nCoV-
infected patients [21]. Besides, higher CRP has been linked 
to unfavorable aspects of COVID-19 diseases, such as cardiac 
injury, and acute respiratory distress syndrome development, 
and fatality [22–24]. Therefore, the detection of CRP levels in 
COVID-19 with maintenance hemodialysis patients is of great 
value in assessing the severity of their condition.

Several limitations of this study should be acknowledged. 
First, our study was a single-center retrospective study and 
some patients were clinically diagnosed with COVID-19, 
which may affect the generalization of the results due to the 
limitation of enrolled patients. Second, some important labora-
tory results were incomplete. Finally, we did not conduct logis-
tic regression analysis due to the small sample size, therefore, 
we cannot evaluate the effect of other clinical indicators other 
than laboratory parameters, especially age, on the results.

Conclusions

Predictors of a fatal outcome in maintenance hemodialysis 
patients with COVID-19 included white blood cell count, 
neutrophil count, albumin, CRP, procalcitonin, and LDH. 

Among them, CRP was the strongest single predictive lab-
oratory predictor. At present, a specific antiviral drug for 
COVID-19 is not available, and the fatality rate is still high. 
Moreover, the fatality rate of COVID-19 was even higher 
in maintenance hemodialysis patients. Therefore, clinicians 
should increase their awareness of COVID-19 in hemodialy-
sis patients. Early detection and effective intervention might 
be a benefit on reducing mortality of COVID-19 in main-
tenance hemodialysis patients. Besides, effective medical 
measures are needed to prevent the spread of COVID-19 in 
hemodialysis centers, such as body temperature measure-
ment when entering the hemodialysis ward, wearing a medi-
cal mask during hemodialysis, COVID-19 patients isolation 
by admission to designated hemodialysis centers.
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