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Abstract: This study aimed to investigate factors affecting coronavirus disease 2019 (COVID-19) progression, also 
to explore the clinical features and prognosis of nervous system symptom (NSS) involved COVID-19 patients. 417 
COVID-19 patients were analyzed in this retrospective study, and they were clinically classified as severe patients 
and non-severe patients. According to NSS involved status, COVID-19 patients were further divided into NSS patients 
and non-NSS patients. Elderly cases, males, common comorbidities, NSS, respiratory/cardiovascular/gastrointes-
tinal symptoms, bilateral lesion, multifocal lesion, bacterial infection, bacterial&fungal infection were more com-
mon in severe patients compared to non-severe patients. Meanwhile, severe COVID-19 patients showed increased 
baseline APTT, TT, D-dimer, CRP, ESR, CK-MB, creatine kinase, AST, ALT, creatinine, but decreased baseline platelet 
level, lymphocyte, albumin, GFR compared to non-severe patients. Notably, the continuous differences of lympho-
cyte, D-dimer, CRP, AST, ALT, albumin, GFR between severe patients and non-severe patients during treatment were 
observed. Age, NSS, bacterial & fungal infection, CRP and creatinine were further identified as independent risk 
factors for severe COVID-19, which could predict severe COVID-19 with area under curve of 0.861. Furthermore, 
severe patients presented with worse prognosis. Regrading NSS patients, they were related to older age, surgery 
history, diabetes comorbidities, respiratory/cardiovascular/gastrointestinal symptoms, bilateral lesion, multifocal 
lesion, bacterial infection, bacterial&fungal infection and more dysregulated laboratory indexes compared to non-
NSS patients. Besides, NSS patients were correlated with poor prognosis to some extent. More intensive attention 
should be paid to COVID-19 patients with severe-disease risk factors and those with NSS involvement, in case of 
rapid deterioration.
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model, laboratory indexes, prognosis

Introduction

The coronaviruses are a class of viruses that 
have crossed species barriers to become 
human pathogens; there are seven identified 
human coronaviruses derived from animal res-
ervoirs (such as bats, mice or even domestic 
animals) [3]. Most human coronaviruses have 
been reported to correlate with mild illness 
(e.g., common cold), whereas severe acute 
respiratory syndrome coronavirus (SARS-CoV) 
and Middle East respiratory syndrome corona-
virus (MERS-CoV) may result in severe respira-
tory tract infections, acute respiratory distress 

syndrome (ARDS) and even death [1]. Currently, 
the ongoing outbreak caused by a novel viral 
pneumonia named coronavirus disease 2019 
(COVID-19) in humans has raised acute and 
grave global concern; this outbreak has been 
declared a global public health emergency by 
the World Health Organization [2]. The caus-
ative pathogen of COVID-19 has been identified 
as a novel β-coronavirus, named severe acute 
respiratory syndrome coronavirus 2 (SARS-
CoV-2), by the International Committee on 
Taxonomy of Viruses [3]. SARS-CoV-2 is one of 
the members of the coronavirus family; it has a 
round, elliptic or pleomorphic shape with a 
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diameter of 60-140 nm [4]. From the existing 
data, the genetic signature of SARS-CoV-2 is 
notably different from that of severe SARS-CoV 
and MERS-CoV, but it presents more than 85% 
homology with bat-SL-CoVZC45 [4]. In addition, 
the reproduction number (R0) or transmission 
rate of SARS-CoV-is 2.24-3.58; by contrast, the 
R0 of 2009 influenza virus A antigen (H1N1) 
seasonal influenza is 1.46-1.48 [1, 5]. Accor- 
dingly, the spread rate of novel SARS-CoV-2 is 
relatively rapid.

COVID-19 is characterized by rapid spread with 
major transmission through respiratory drop-
lets as well as fomites, and its incubation peri-
od ranges from 2 to 14 days [4, 6]. According to 
the World Health Organization COVID-19 situa-
tion report, there have been a total of 4,735,622 
laboratory-confirmed infections and 316,289 
deaths attributed to COVID-19 worldwide, with 
216 countries, areas or territories affected 
(updated to 19 May 2020) [2]. Regarding clini-
cal symptoms, COVID-19 patients usually pres-
ent with respiratory system symptoms (includ-
ing fever, dry cough, fatigue, and abnormal 
chest computed tomography (CT) findings in 
the form of pulmonary ground glass opacity 
changes), while some patients may develop 
severe pneumonia, ARDS, septic shock, multi-
ple organ failure, or even death [4].

From the existing data, COVID-19 is character-
ized by rapid progression, and some common 
patients are prone to progress rapidly to severe 
illness, critical illness or even death [4]. 
Therefore, exploration of risk factors predicting 
COVID-19 progression is necessary, though the 
relevant information is largely unknown. In 
addition, SARS-CoV-2 has been confirmed to 
invade the human body through the angioten-
sin converting enzyme 2 (ACE2) receptor, and 
because the ACE2 receptor is widely present in 
various human organs, SARS-CoV-2 may dam-
age the respiratory system, nervous system, 
digestive system and other human systems [7, 
8]. However, most reports focus on describing 
the clinical characteristics of the acute respira-
tory system effects in COVID-19 patients, 
whereas limited information regarding nervous 
system symptoms (NSSs) in COVID-19 patients 
is found. Herein, the aim of this study was to 
investigate factors affecting COVID-19 progres-
sion, establish a predictive model for severe 
COVID-19, and explore the clinical features and 
prognosis of COVID-19 patients with NSS.

Methods

Patients

A total of 417 COVID-19 patients treated in the 
Third People’s Hospital of Shenzhen (Second 
Affiliated Hospital of Southern University of 
Science and Technology) from January 11, 
2020, to February 27, 2020, were analyzed in 
this retrospective study. All patients met the 
diagnostic criteria issued in the 7th version of 
the guidelines on the Diagnosis and Treatment 
of COVID-19 by the National Health Commission 
of China (available at: http://www.nhc.gov.cn/). 
The nasal-pharyngeal swab specimens of all 
patients were collected and transported to the 
Shenzhen Centers for Disease Control through 
a biosafety transport box. SARS-CoV-2 nucleic 
acid detection by real-time reverse transcrip-
tase polymerase chain reaction (RT-PCR) was 
carried out in the third-level Laboratory of 
Biosafety Protection (P3 laboratory) using a 
nucleic acid detection kit (Shanghai Berger 
Medical Technology Co., Ltd., Shanghai, China). 
All 417 patients were confirmed as having 
COVID-19 by positive results for SARS-CoV-2 
nucleic acid detection. This study was per-
formed in accordance with the regulations 
issued by the National Health Commission of 
China and the Declaration of Helsinki and was 
approved by the Ethics Committee of the Third 
People’s Hospital of Shenzhen. Verbal or writ-
ten informed consent was collected from 
patients or their relatives.

Data collection

Clinical data of COVID-19 patients, which main-
ly included age, sex, blood type, history of sur-
gery, comorbidities (hypertension, obesity, dia-
betes, cardiovascular disease, hepatitis B, 
hyperlipidemia, arteriosclerosis, syphilis), respi-
ratory system symptoms (fever, cough, expec-
toration, throat pain, nasal obstruction, fear of 
cold), NSS (hypodynamia, muscle aches, head-
ache, dizziness, drowsiness, coma, paralysis, 
hyposmia, hypogeusia, lalopathy), cardiovascu-
lar system symptoms (chest distress, short-
ness of breath, chest pain, palpitation, arrhyth-
mia), gastrointestinal symptoms (diarrhea, 
abdominal distension, nausea, poor appetite, 
emesis, gastralgia, abdominal pain), lesion 
location, type of lesion, pathogenic microbiolo-
gy, and laboratory indexes (routine blood, coag-
ulation, inflammation indicators related to 
serum enzymes, enzyme index, liver function 
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index and renal function index), were collected 
from the Electronic Medical Record System 
(EMRS) of the hospital. All medical records 
were documented by specially trained physi-
cians, and the collection of clinical data 
required for this study was completed by three 
trained neurologists. In particular, the NSS 
were recorded after consensus was unani-
mously confirmed by the three neurologists. In 
addition, patients’ clinical outcomes up to 
February 27, 2020, which included the time to 
nucleic acid negative and prognostic outcomes 
(cured, improved, aggravated, dead), were col-
lected from the Electronic Medical Record 
System (EMRS) of the hospital.

COVID-19 classification

According to the 7th version of the guidelines 
on the Diagnosis and Treatment of COVID-19 by 
the National Health Commission of China, 
COVID-19 was clinically classified as follows: (i) 
Mild type: the clinical symptoms were mild with 
no abnormal radiological findings; (ii) Common 
type: fever and respiratory symptoms were 
present and pneumonia was detected on chest 
computed tomography; (iii) Severe type: one of 
the following conditions were met: (a) respira-
tory distress, respiratory rate ≥30 per min; (b) 
oxygen saturation on quiescent condition ≤ 
93%; (c) partial pressure of oxygen in arterial 
blood/fraction of inspired oxygen (PaO2/FiO2)≤ 
300 mmHg (1 mmHg=0.133 kPa); (iv) Critical 
type: one of the following conditions were met: 
(a) respiratory failure occurred and mechanical 
ventilation was required; (b) shock occurred; (c) 
patients had other organ dysfunction needing 
intensive care unit monitoring and treatment. 
In the analysis of this study, mild and common 
COVID-19 were defined as non-severe COVID-
19, and severe and critical COVID-19 were 
defined as severe COVID-19.

Statistical analysis

SAS 9.4 (SAS Institute, Inc., Cary, North Caro- 
lina, USA) was used for statistical analysis. 
Continuous variables were displayed as the 
mean with standard deviation (SD) or median 
with interquartile range (IQR); categorical vari-
ables were expressed as count and percent-
age. Comparisons of continuous variables be- 
tween two groups were determined by Student’s 
t test or Wilcoxon rank sum test; comparisons 
of categorical variables between two groups 
were determined by chi-square test or Fisher’s 

exact test. Forward stepwise multivariate logis-
tic regression analysis was carried out to 
screen the variables independently related to 
severe COVID-19, while only variables with a P 
value <0.05 in the univariate analysis were 
included. Then, a disease progression predic-
tion model was constructed using the indepen-
dent variables. The performance of the disease 
progression prediction model was further eval-
uated by receiver operating characteristic 
(ROC) curve analysis and derived area under 
the curve (AUC). A P value <0.05 was consid-
ered statistically significant.

Results

Comparison of clinical characteristics between 
severe patients and non-severe patients

Compared to non-severe patients, severe 
patients were more likely to be older aged 
(P<0.001) and males (P<0.001). In addition, 
hypertension comorbidity (P<0.001), fat comor-
bidity (P=0.001), diabetes comorbidity (P= 
0.001), respiratory system symptoms (P= 
0.001), NSS (P<0.001), cardiovascular system 
symptoms (P<0.001), gastrointestinal symp-
toms (P<0.001), bilateral lesions (P=0.001) 
and multifocal lesions (P=0.005) were more 
common in severe patients than in non-severe 
patients. However, there was no difference in 
duration from onset to fever (P=0.070), blood 
type (P=0.886) or history of surgery (P=0.193) 
between severe patients and non-severe 
patients (all P>0.05). Detailed information 
about the clinical characteristics is shown in 
Table 1.

Comparison of pathogenic microbiology be-
tween severe patients and non-severe patients

Compared to non-severe patients, bacterial 
infections (P=0.005) and bacterial and fungal 
infections (P<0.001) were more common in 
severe patients. However, no differences in  
fungal, influenza B virus, respiratory syncytial 
virus, Mycoplasma pneumonia, Epstein-Barr 
virus, herpes simplex virus, rubella virus or 
cytomegalovirus infections between severe 
patients and non-severe patients was discov-
ered (all P>0.05) (Table 2).

Comparison of laboratory indexes between 
severe patients and non-severe patients

Compared to non-severe patients, severe 
patients presented with increased baseline 



Nervous system symptoms in COVID-19 patients

8195	 Am J Transl Res 2020;12(12):8192-8207

Table 1. Clinical characteristics of COVID-19 patients

Characteristics Total 
(N=417)

Disease severity 
P value

Severe (n=81) Non-severe (n=336)
Age (years), M ± SD 45.2±17.6 56.3±12.5 42.6±17.6 <0.001
Gender, No. (%) <0.001
    Male 198 (47.5) 53 (65.4) 145 (43.2)
    Female 219 (52.5) 28 (34.6) 191 (56.8)
Duration from onset to fever (days), median (IQR) 1.0 (1.0-2.0) 1.0 (1.0-3.0) 1.0 (1.0-2.0) 0.070
Blood type, No. (%) 0.886
    A+ 79 (18.9) 17 (21.0) 62 (18.5)
    AB+ 43 (10.3) 8 (9.9) 35 (10.4)
    B+ 85 (20.4) 19 (23.4) 66 (19.6)
    O+ 78 (18.7) 14 (17.3) 64 (19.1)
    Unknown 132 (31.7) 23 (28.4) 109 (32.4)
History of surgery, No. (%) 63 (15.1) 16 (19.8) 47 (14.0) 0.193
Comorbidities, No. (%)  
    Hypertension 74 (17.8) 27 (33.3) 47 (14.0) <0.001
    Fat 44 (10.6) 17 (21.0) 27 (8.0) 0.001
    Diabetes 27 (6.5) 12 (14.8) 15 (4.5) 0.001
    Cardiovascular disease 12 (2.9) 5 (6.2) 7 (2.1) 0.062
    Hepatitis B 12 (2.9) 2 (2.5) 10 (3.0) 0.806
    Hyperlipidemia 6 (1.4) 1 (1.2) 5 (1.5) 0.863
    Arteriosclerosis 5 (1.2) 3 (3.7) 2 (0.6) 0.053
    Syphilis 1 (0.2) 0 (0.0) 1 (0.3) 1.000
Respiratory system symptom, No. (%)
    Any 361 (86.6) 79 (97.5) 282 (83.9) 0.001
    Fever 310 (74.3) 77 (95.1) 233 (69.3) <0.001
    Cough 215 (51.6) 58 (71.6) 157 (46.7) <0.001
    Expectoration 116 (27.8) 33 (40.7) 83 (24.7) 0.004
    Throat pain 71 (17.0) 20 (24.7) 51 (15.2) 0.041
    Nasal obstruction 43 (10.3) 8 (9.9) 35 (10.4) 0.886
    Fear of cold 34 (8.2) 12 (14.8) 22 (6.5) 0.015
NSS, No. (%)  
    Any 122 (29.3) 40 (49.4) 82 (24.4) <0.001
    Hypodynamia 57 (13.7) 21 (25.9) 36 (10.7) <0.001
    Muscle aches 43 (10.3) 15 (18.5) 28 (8.3) 0.007
    Headache 39 (9.4) 3 (3.7) 36 (10.7) 0.052
    Dizziness 33 (7.9) 11 (13.6) 22 (6.5) 0.035
    Drowsiness 4 (1.0) 3 (3.7) 1 (0.3) 0.024
    Coma 2 (0.5) 2 (2.5) 0 (0.0) 0.037
    Paralysis 1 (0.2) 1 (1.2) 0 (0.0) 0.194
    Hyposmia 1 (0.2) 0 (0.0) 1 (0.3) 0.623
    Hypogeusia 1 (0.2) 0 (0.0) 1 (0.3) 0.623
    Lalopathy 1 (0.2) 1 (1.2) 0 (0.0) 0.194
Cardiovascular system symptom, No. (%)
    Any 60 (14.4) 22 (27.2) 38 (11.3) <0.001
    Chest distress 37 (8.9) 13 (16.0) 24 (7.1) 0.011
    Shortness of breath 17 (4.1) 9 (11.1) 8 (2.4) 0.002
    Chest pain 14 (3.4) 4 (4.9) 10 (3.0) 0.488
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    Palpitation 3 (0.7) 0 (0.0) 3 (0.9) 0.393
    Arrhythmia 3 (0.7) 2 (2.5) 1 (0.3) 0.098
Gastrointestinal symptom, No. (%)
    Any 53 (12.7) 21 (25.9) 32 (9.5) <0.001
    Diarrhea 36 (8.6) 13 (16.0) 23 (6.8) 0.008
    Abdominal pain 11 (2.6) 4 (4.9) 7 (2.1) 0.236
    Nausea 10 (2.4) 4 (4.9) 6 (1.8) 0.108
    Poor appetite 7 (1.7) 1 (1.2) 6 (1.8) 0.729
    Emesis 5 (1.2) 2 (2.5) 3 (0.9) 0.250
    Gastralgia 5 (1.2) 2 (2.5) 3 (0.9) 0.250
    Abdominal distension 4 (1.0) 4 (4.9) 0 (0.0) 0.001
Lesion location, No. (%) 0.001
    Left 28 (6.7) 0 (0.0) 28 (8.3)
    Right 45 (10.8) 2 (2.5) 43 (12.8)
    Bilateral 305 (73.1) 73 (90.1) 232 (69.1)
    Unknown 39 (9.4) 6 (7.4) 33 (9.8)
Type of lesion, No. (%) 0.005
    Unifocal lesion  46 (11.0) 1 (1.2) 45 (13.4)
    Multifocal lesion 329 (78.9) 73 (90.1) 256 (76.2)
    Unknown 42 (10.1) 7 (8.7) 35 (10.4)
Comparison was determined by Student’s t test, Wilcoxon rank sum test, Chi-square test or Fisher’s exact test. COVID-19, coro-
navirus disease 2019; M ± SD, mean ± standard deviation; IQR, interquartile range; NSS, nervous system symptom.

Table 2. Pathogenic microbiology of COVID-19 patients

Items Total (N=417)
Disease severity 

P value
Severe (n=81) Non-severe (n=336)

Bacterial infection, No. (%) 21 (5.0) 9 (11.1) 12 (3.6) 0.005
Fungal infection, No. (%) 1 (0.2) 1 (1.2) 0 (0.0) 0.194
Bacterial and fungal infection, No. (%) 18 (4.3) 16 (19.8) 2 (0.6) <0.001
Influenza B virus, No. (%) 3 (0.7) 0 (0.0) 3 (0.9) 0.393
Respiratory syncytial virus, No. (%) 4 (1.0) 0 (0.0) 4 (1.2) 0.420
Mycoplasma pneumonia, No. (%) 
    IgG positive 34 (8.2) 4 (4.9) 30 (8.9) 0.239
    IgM positive 7 (1.7) 0 (0.0) 7 (2.1) 0.354
Epstein-Barr virus, No. (%)
    IgG positive 113 (27.1) 17 (21.0) 96 (28.6) 0.168
    IgM positive 12 (2.9) 5 (6.2) 7 (2.1) 0.062
Herpes simplex virus, No. (%)
    IgG positive 13 (3.1) 2 (2.5) 11 (3.3) 0.708
    IgM positive 18 (4.3) 2 (2.5) 16 (4.8) 0.545
Rubella virus, No. (%)
    IgG positive 16 (3.8) 2 (2.5) 14 (4.2) 0.475
    IgM positive 1 (0.2) 0 (0.0) 1 (0.3) 0.623
Cytomegalovirus, No. (%)
    IgG positive 17 (4.1) 3 (3.7) 14 (4.2) 0.850
    IgM positive 0 (0.0) 0 (0.0) 0 (0.0) -
Comparison was determined by Chi-square test or Fisher’s exact test. COVID-19, coronavirus disease 2019; IgG, immunoglobu-
lin G; IgM, immunoglobulin M.
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APTT (P<0.001), TT (P=0.011), D-dimer (P< 
0.001), CRP (P<0.001), ESR (P=0.014), CK-MB 
(P=0.004), creatine kinase (P=0.001), AST (P< 
0.001), ALT (P<0.001) and creatinine (P=0.001) 
but decreased baseline platelet level (P<0.001), 
lymphocytes (P<0.001), albumin (P<0.001) and 
GFR (P<0.001). However, there were no differ-
ences in other laboratory indexes at baseline 
between severe patients and non-severe 
patients (all P>0.05) (Table 3).

We further evaluated the trends of laboratory 
indexes over time in severe patients and non-
severe patients, and we found that the differ-
ences in platelets (Figure 1A), APTT (Figure 
1C), ESR (Figure 1G), CK-MB (Figure 1H), cre-
atine kinase (Figure 1I) and creatine (Figure 
1M) gradually decreased over time and even- 
tually became consistent between severe pa- 
tients and non-severe patients. In addition, 
there were continuously obvious differences in 

lymphocytes (Figure 1B), D-dimer (Figure 1E), 
CRP (Figure 1F), AST (Figure 1J), ALT (Figure 
1K), albumin (All P<0.001) (Figure 1L) and GFR 
(Figure 1N) between the two groups. Meanwhile, 
the difference in TT (Figure 1D) was increased 
between the two groups over time.

Construction of the disease progression pre-
diction model

Forward stepwise multivariate logistic regres-
sion model analysis revealed that age 
(P=0.002), any NSS (P=0.009), bacterial and 
fungal infection (P=0.022), CRP (P=0.019) and 
creatinine (P=0.018) were factors indepen-
dently associated with severe COVID-19 (Table 
4). In addition, we further built a disease pro-
gression prediction model based on these 
independent factors, and we found that this 
disease progression prediction model had 
good value for predicting severe COVID-19 risk 

Table 3. Laboratory indexes of COVID-19 patients

Items Total  (N=417)
Disease severity 

P value
Severe (n=81) Non-severe (n=336)

Blood routine index, median (IQR)
Red blood cell (*1012/L) 4.6 (4.3-5.1) 4.6 (4.3-4.9) 4.6 (4.3-5.1) 0.958
White blood cell (*109/L) 4.5 (3.6-5.8) 4.6 (3.8-6.3) 4.5 (3.6-5.6) 0.534
Platelet (*109/L) 180.0 (145.0-223.0) 149.0 (129.0-184.0) 188.0 (150.8-230.3) <0.001
Lymphocyte (*109/L) 1.3 (1.0-1.8) 1.1 (0.8-1.3) 1.4 (1.0-1.9) <0.001
Hemoglobin (g/L) 137.0 (127.0-146.0) 139.0 (130.0-151.0) 137.0 (126.0-146.0) 0.266
Coagulation function index, median (IQR)
    APTT (s) 35.7 (32.7-38.5) 37.1 (35.1-41.4) 34.9 (31.9-38.2) <0.001
    TT (s) 15.7 (15.2-16.4) 15.9 (15.4-16.9) 15.7 (15.2-16.3) 0.011
    D-dimer (μg/L) 0.4 (0.3-0.5) 0.5 (0.4-0.7) 0.3 (0.2-0.5) <0.001
Inflammation-related indicators, median (IQR)
    CRP (mg/L) 11.7 (3.4-26.8) 29.3 (12.8-53.0) 8.1 (2.7-21.3) <0.001
    ESR (mm/h) 28.0 (14.0-48.8) 36.0 (20.8-52.0) 25.0 (13.0-46.3) 0.014
Serum enzyme index, median (IQR)
    CK-MB (U/L) 0.9 (0.6-1.1) 1.0 (0.9-1.4) 0.8 (0.6-1.1) 0.004
    Creatine kinase (U/L) 66.5 (50.0-108.0) 102.0 (65.5-356.1) 65.0 (49.0-94.8) 0.001
Liver function index, median (IQR)
    AST (μ/L) 26.0 (21.0-36.1) 36.1 (26.0-51.9) 25.0 (20.0-33.1) <0.001
    ALT (μ/L) 21.0 (15.0-32.0) 27.1 (19.2-40.0) 20.0 (13.8-28.8) <0.001
    Albumin (g/L) 43.1 (41.0-45.3) 41.0 (38.0-43.9) 43.5 (41.4-45.6) <0.001
    Total protein (g/L) 70.4 (66.4-74.4) 69.1 (65.4-73.2) 70.8 (66.7-74.7) 0.174
    Total bilirubin (μmol/L) 9.5 (7.8-13.2) 9.5 (8.1-12.6) 9.5 (7.7-13.3) 0.848
Renal function index, median (IQR)
    Creatinine (μmol/L) 61.0 (51.0-74.0) 66.0 (57.0-94.8) 59.0 (50.0-72.0) 0.001
    GFR (mL/min) 106.8 (94.6-117.5) 92.3 (75.0-104.0) 108.7 (97.5-119.3) <0.001
Comparison was determined by Wilcoxon rank sum test. COVID-19, coronavirus disease 2019; IQR, interquartile range; APTT, activated partial 
thromboplastin time; TT, thrombin time; CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; CK-MB, creatine kinase MB fraction; AST, 
aspartate aminotransferase; ALT, alanine transaminase; GFR, Glomerular filtration rate.
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Figure 1. The longitudinal changes of major laboratory indexes between severe patients and non-severe patients. Comparison of platelet (A), lymphocyte (B), APTT 
(C), TT (D), D-dimer (E), CRP (F), ESR (G), CK-MB (H), Creatine kinase (I), AST (J), ALT (K), albumin (L), Creatine (M) and GFR (N) between severe patients and non-
severe patients at different time points. APTT, activated partial thromboplastin time; TT, thrombin time; CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; 
CK-MB, creatine kinase MB fraction; AST, aspartate aminotransferase; ALT, alanine transaminase; GFR, Glomerular filtration rate.



Nervous system symptoms in COVID-19 patients

8200	 Am J Transl Res 2020;12(12):8192-8207

with an AUC of 0.861 (95% CI: 0.799-0.922) 
(Figure 2).

Comparison of outcomes between severe pa-
tients and non-severe patients

In all COVID-19 patients, the median time to 
nucleic acid negative was 15.0 (11.0-22.0) 
days (Table 5). Regarding the disease con- 
dition, 3 (0.7%) patients were cured, 400  
(95.9%) patients improved, 11 (2.6%) patients 

ever, there is little current research focusing on 
NSS in COVID-19 patients; herein, we explored 
the clinical features in COVID-19 patients with 
NSS. In the present study, we divided all COVID-
19 patients into NSS patients (N=122) and 
non-NSS patients (N=295). Then, the following 
comparison analysis revealed that older age 
(P<0.001), history of surgery (P=0.048), diabe-
tes comorbidity (P=0.008), respiratory system 
symptoms (P<0.001), cardiovascular system 
symptoms (P<0.001), gastrointestinal symp-
toms (P<0.001), bilateral lesions (P=0.005) 
and multifocal lesions (P=0.017) were more 
common in NSS patients than in non-NSS 
patients (Table 6).

Comparison of pathogenic microbiology be-
tween NSS patients and non-NSS patients

Compared to non-NSS patients, more NSS 
patients had bacterial infections (P=0.004) 
and bacterial and fungal infections (P=0.048). 
However, no differences in any other pathogen-
ic microbiologic characteristics were discov-
ered between NSS patients and non-NSS 
patients (all P>0.05) (Table 7).

Comparison of laboratory indexes between 
NSS patients and non-NSS patients

Compared to non-NSS patients, NSS patients 
presented with decreased platelets (P<0.001), 
lymphocytes (P=0.025) and GFR (P=0.007) but 

Table 4. Forward stepwise multivariate logistic regression 
model analysis of independent factors related to severe 
COVID-19

Items
Multivariate logistic regression model

P 
value OR

95% CI
Lower Higher 

Age   0.002 1.063 1.023 1.106 
Any NSS 0.009 3.517 1.366 9.057 
Bacterial and fungal infection 0.022 24.034 1.573 367.202
CRP 0.019 1.022 1.004 1.040 
Creatinine 0.018 1.035 1.006 1.065 
The factors with P value <0.05 in univariate analysis (Tables 1-3) were 
included in the forward stepwise multivariate logistic regression model. The 
model was as follows: P=exp [-8.004 + 0.061*(age) + 1.258*(any nervous 
system symptom) + 3.179*(bacterial and fungal infection) + 0.022*(CRP) + 
0.034*(creatinine)]/1+ exp [-8.004 + 0.061*(age) + 1.258*(any nervous 
system symptom) + 3.179*(bacterial and fungal infection) + 0.022*(CRP) 
+ 0.034*(creatinine)]. Goodness of fit: -2ln(R) =117.127, Nagelkerke R2 
=0.457. COVID-19, coronavirus disease 2019; OR, odds ratio; CI, confidence 
interval; CRP, C-reactive protein; NSS, nervous system symptom.

had aggravated disease and 3 
(0.07%) patients had died as of  
the last follow-up date. Compared 
to non-severe patients, the time  
to nucleic acid negative was long- 
er in severe patients (P<0.001). 
Meanwhile, improved outcomes 
(P<0.001) were decreased, but 
aggravated outcomes (P<0.001) 
and death (P=0.007) were increa- 
sed in severe patients compared 
to non-severe patients.

Comparison of clinical features 
between NSS patients and non-
NSS patients

According to the findings men-
tioned above, NSS was discovered 
as an independent factor associ-
ated with severe COVID-19. How- 

Figure 2. The predictive value of a disease progres-
sion predicting model for severe COVID-19. AUC: area 
under the curve; CI: confidence interval; COVID-19: 
coronavirus disease 2.
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Table 5. Outcomes of COVID-19 patients

Items Total (N=417)
Disease severity 

P value
Severe (n=81) Non-severe (n=336)

Time to nucleic acid negative (days), median (IQR) 15.0 (11.0-22.0) 19.0 (13.0-28.0) 14.0 (10.0-20.5) <0.001
Disease condition, No. (%)
    Cured 3 (0.7) 0 (0.0) 3 (0.9) 0.393
    Improved  400 (95.9) 70 (86.5) 330 (98.2) <0.001
    Aggravated 11 (2.6) 8 (9.9) 3 (0.9) <0.001
    Dead 3 (0.7) 3 (3.7) 0 (0.0) 0.007
Comparison was determined by Wilcoxon rank sum test, Chi-square test or Fisher’s exact test. COVID-19, coronavirus disease 2019; IQR, inter-
quartile range.

Table 6. Comparison of clinical characteristics between NSS COVID-19 patients and non-NSS CO-
VID-19 patients
Characteristics NSS patients (n=122) Non-NSS patients (n=295) P value
Age (years), M ± SD 50.1±14.7 43.2±18.4 <0.001
Gender, No. (%) 0.817
    Male 59 (48.4) 139 (47.1)
    Female 63 (51.6) 156 (52.9)
Duration from onset to fever (days), median (IQR) 1.0 (1.0-2.8) 1.0 (1.0-2.0) 0.608
Blood type, No. (%) 0.405
    A+ 18 (14.8) 61 (20.7)
    AB+ 21 (17.2) 64 (21.7)
    B+ 14 (11.5) 29 (9.8)
    O+ 26 (21.3) 52 (17.6)
    Unknown 43 (35.2) 89 (30.2)
History of surgery, No. (%) 25 (20.5) 38 (12.9) 0.048
Comorbidities, No. (%)  
    Hypertension 25 (20.5) 49 (16.6) 0.345
    Fat 15 (12.3) 29 (9.8) 0.456
    Diabetes 14 (11.5) 13 (4.4) 0.008
    Cardiovascular disease 6 (4.9) 6 (2.0) 0.118
    Hepatitis B 5 (4.1) 7 (2.4) 0.338
    Hyperlipidemia 2 (1.6) 4 (1.4) 0.825
    Arteriosclerosis 3 (2.5) 2 (0.7) 0.152
    Syphilis 0 (0.0) 1 (0.3) 0.520
Respiratory system symptom, No. (%)
    Any 118 (96.7) 243 (82.4) <0.001
    Fever 108 (88.5) 202 (68.5) <0.001
    Cough 71 (58.2) 144 (48.8) 0.081
    Expectoration 38 (31.1) 78 (26.4) 0.329
    Throat pain 27 (22.1) 44 (14.9) 0.074
    Nasal obstruction 19 (15.6) 24 (8.1) 0.023
    Fear of cold 17 (13.9) 17 (5.8) 0.006
Cardiovascular system symptom, No. (%)
    Any 31 (25.4) 29 (9.8) <0.001
    Chest distress 18 (14.8) 19 (6.4) 0.007
    Shortness of breath 10 (8.2) 7 (2.4) 0.012
    Chest pain 8 (6.6) 6 (2.0) 0.032
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    Palpitation 2 (1.6) 1 (0.3) 0.206
    Arrhythmia 2 (1.6) 1 (0.3) 0.206
Gastrointestinal symptom, No. (%)
    Any 27 (22.1) 26 (8.8) <0.001
    Diarrhea 17 (13.9) 19 (6.4) 0.020
    Abdominal pain 7 (5.7) 4 (1.4) 0.017
    Nausea 7 (5.7) 3 (1.0) 0.008
    Poor appetite 4 (3.3) 3 (1.0) 0.202
    Emesis 4 (3.3) 1 (0.3) 0.027
    Gastralgia 4 (3.3) 1 (0.3) 0.027
    Abdominal distension 1 (0.8) 3 (1.0) 1.000
Lesion location, No. (%) 0.005
    Left 2 (1.6) 26 (8.8)
    Right 12 (9.9) 33 (11.2)
    Bilateral 102 (83.6) 203 (68.8)
    Unknown 6 (4.9) 33 (11.2)
Type of lesion, No. (%) 0.017
    Unifocal lesion  7 (5.7) 39 (13.2)
    Multifocal lesion 107 (87.7) 222 (75.3)
    Unknown 8 (6.6) 34 (11.5)
Comparison was determined by Student’s t test, Wilcoxon rank sum test, Chi-square test or Fisher’s exact test. NSS, nervous 
system symptom; COVID-19, coronavirus disease 2019; M ± SD, mean ± standard deviation; IQR, interquartile range.

Table 7. Comparison of pathogenic microbiology between NSS COVID-19 patients and non-NSS CO-
VID-19 patients
Items NSS patients (n=122) Non-NSS patients (n=295) P value
Bacterial infection, No. (%) 12 (9.8) 9 (3.1) 0.004
Fungal infection, No. (%) 1 (0.8) 0 (0.0) 0.293
Bacterial and fungal infection, No. (%) 9 (7.4) 9 (3.1) 0.048
Influenza B virus, No. (%) 0 (0.0) 3 (1.0) 0.559
Respiratory syncytial virus, No. (%) 0 (0.0) 4 (1.4) 0.326
Mycoplasma pneumonia, No. (%) 
    IgG positive 10 (8.2) 24 (8.1) 0.983
    IgM positive 0 (0.0) 7 (2.4) 0.112
Epstein-Barr virus, No. (%)
    IgG positive 38 (31.1) 75 (25.4) 0.276
    IgM positive 4 (3.3) 8 (2.7) 0.753
Herpes simplex virus, No. (%)
    IgG positive 4 (3.3) 9 (3.1) 0.903
    IgM positive 2 (1.6) 16 (5.4) 0.084
Rubella virus, No. (%)
    IgG positive 3 (2.5) 13 (4.4) 0.416
    IgM positive 0 (0.0) 1 (0.3) 0.520
Cytomegalovirus, No. (%)
    IgG positive 5 (4.1) 12 (4.1) 1.000
    IgM positive 0 (0.0) 0 (0.0) -
Comparison was determined by Chi-square test or Fisher’s exact test. NSS, nervous system symptom; COVID-19, coronavirus 
disease 2019; IgG, immunoglobulin G; IgM, immunoglobulin M.
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increased APTT (P=0.004), CRP (P=0.002) and 
ESR (P=0.008). However, there was no differ-
ence in other laboratory indexes between NSS 
patients and non-NSS patients (all P>0.05) 
(Table 8).

Comparison of outcomes between NSS pa-
tients and non-NSS patients

Compared to non-NSS patients, the median 
time to nucleic acid negative was longer in  
NSS patients (P=0.037). However, no differ-
ence was found in the cure rate (P=1.000), 
improved outcomes (P=0.283), aggravated 
outcomes (P=0.231) or deaths (P=1.000) 
between NSS patients and non-NSS patients 
(Table 9).

Discussion

Several studies have addressed the risk factors 
for COVID-19 progression. For instance, a previ-
ous study recruiting a total of 174 COVID-19 
patients revealed that diabetes is a risk factor 
for rapid progression and poor prognosis of 
COVID-19 [9]. Furthermore, an interesting study 
with 323 COVID-19 patients discovered hyper-
sensitive troponin I as a novel risk factor for 
severe COVID-19 [10]. Although these previous 
studies paid attention to the risk factors for dis-
ease progression of COVID-19, the sample size 
was relatively small in these previous studies, 
which may have resulted in statistical power. 
Meanwhile, the number of factors included in 
the risk analyses was relatively low in these 

Table 8. Comparison of laboratory indexes between NSS COVID-19 patients and non-NSS COVID-19 
patients
Items NSS patients (n=122) Non-NSS patients (n=295) P value
Blood routine index, median (IQR)
    Red blood cell (*1012/L) 4.6 (4.2-5.0) 4.6 (4.3-5.1) 0.317
    White blood cell (*109/L) 4.7 (3.9-5.8) 4.5 (3.6-5.8) 0.347
    Platelet (*109/L) 164.0 (139.0-195.3) 188.0 (150.0-233.5) <0.001
    Lymphocyte (*109/L) 1.2 (1.0-1.5) 1.3 (1.0-1.9) 0.025
    Hemoglobin (g/L) 137.5 (125.0-146.0) 137.0 (127.0-147.0) 0.719
Coagulation function index, median (IQR)
    APTT (s) 36.6 (34.1-39.1) 35.0 (31.8-38.2) 0.004
    TT (s) 15.7 (15.1-16.3) 15.7 (15.2-16.5) 0.512
D-dimer (μg/L) 0.4 (0.3-0.6) 0.4 (0.2-0.5) 0.234
Inflammation-related indicators, median (IQR)
    CRP (mg/L) 14.8 (6.3-34.3) 8.3 (2.7-23.9) 0.002
    ESR (mm/h) 32.5 (17.3-57.8) 25.0 (13.0-44.0) 0.008
Serum enzyme index, median (IQR)
    CK-MB (U/L) 0.9 (0.6-1.1) 0.9 (0.7-1.1) 0.480
    Creatine kinase (U/L) 65.0 (49.5-109.5) 67.0 (50.0-103.5) 0.789
Liver function index, median (IQR)
    AST (μ/L) 26.4 (21.0-39.2) 26.0 (20.0-35.0) 0.284
    ALT (μ/L) 24.0 (16.0-33.2) 20.0 (14.1-31.8) 0.210
    Albumin (g/L) 43.1 (39.9-44.9) 43.1 (41.3-45.6) 0.231
    Total protein (g/L) 70.4 (67.5-73.8) 70.4 (66.1-75.0) 0.908
    Total bilirubin (μmol/L) 9.6 (7.9-13.4) 9.4 (7.6-13.0) 0.560
Renal function index, median (IQR)
    Creatinine (μmol/L) 64.0 (53.0-80.0) 60.0 (50.0-72.0) 0.054
    GFR (mL/min) 103.2 (90.6-112.1) 108.6 (96.5-119.4) 0.007
Comparison was determined by Wilcoxon rank sum test. NSS, nervous system symptom; COVID-19, coronavirus disease 2019; 
IQR, interquartile range; APTT, activated partial thromboplastin time; TT, thrombin time; CRP, C-reactive protein; ESR, erythro-
cyte sedimentation rate; CK-MB, creatine kinase MB fraction; AST, aspartate aminotransferase; ALT, alanine transaminase; 
GFR, Glomerular filtration rate.
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Table 9. Compassion of outcomes between NSS COVID-19 patients and non-NSS COVID-19 patients
Items NSS patients (n=122) Non-NSS patients (n=295) P value
Time to nucleic acid negative (days), median (IQR) 16.0 (11.3-24.0) 14.0 (10.0-21.0) 0.037
Disease condition, No. (%)
    Cured 1 (0.8) 2 (0.7) 1.000
    Improved  115 (94.3) 285 (96.6) 0.283
    Aggravated 5 (4.1) 6 (2.0) 0.231
    Dead 1 (0.8) 2 (0.7) 1.000
Comparison was determined by Wilcoxon rank sum test, Chi-square test or Fisher’s exact test. NSS, nervous system symptom; 
COVID-19, coronavirus disease 2019; IQR, interquartile range.

previous studies, which indicates a potential 
increased risk for missing important relevant 
factors. Herein, our study, which had a relative-
ly larger sample size (417 COVID-19 patients) 
included more candidate risk factors for severe 
COVID-19, and we found that age, NSS, bacte-
rial and fungal infection, CRP and creatinine 
were independent factors for predicting severe 
COVID-19. The possible explanations are as fol-
lows (1) Regarding age, older patients were 
characterized by poor physical state and 
decreased immune function that led them to 
become vulnerable to infections and have a 
harder time defending against SARS-CoV-2, 
thereby making progression to severe disease 
or even death more likely; hence, older age 
could predict severe COVID-19 [11]. (2) Re- 
garding NSS, SARS-CoV-2, as a virus with high 
sequence homology with SARS-CoV and MERS-
CoV, might exert an effect on neuroinvasive-
ness and enter the central nervous system via 
the synaptic transmission pathway [12, 13]. 
Hence, many COVID-19 patients, particularly 
severe patients, showed NSS. In addition, some 
COVID-19 patients presented with hyposphrae-
sia or hypogeusia as the first clinical symptoms 
(SARS-CoV-2 might first invade the peripheral 
nerves, such as the olfactory nerve, and then 
travel retrograde along the olfactory bulb into 
the cranium to affect COVID-19 patients’ NSS). 
(3) Bacterial and fungal infection could directly 
affect the disease progression in COVID-19 
patients, though we also found another inter-
esting result that more non-severe patients 
had a history of Mycoplasma pneumonia, 
Epstein-Barr virus and Herpes simplex virus 
infection compared to severe patients; thus, it 
was very likely that previous infection with 
these viruses could induce human memory T 
cell response, and the response of memory T 
cells to SARS-CoV-2 was induced again when 
faced with SARS-CoV-2, thereby helping COVID-

19 patients with their defense capability to 
some extent [14-17]. (4) Regarding CRP, SARS-
CoV-2 could induce an inflammatory storm  
and then cause myocardial cell injury; thus,  
proinflammatory cytokine-induced reactions in 
severe patients might be more intense. Thus, 
increased CRP and creatinine could predict 
severe COVID-19. (5) Regarding creatinine, 
severe COVID-19 was more likely to cause 
worse renal dysfunction; thus, severe patients 
presented with higher levels of creatinine. In 
addition, we further constructed a disease pro-
gression prediction model, using these inde-
pendent factors, by forward stepwise multivari-
ate logistic analysis; this model presented a 
good value for predicting severe COVID-19 risk 
with an AUC of 0.861. These findings provide 
good evidence to remind clinicians to focus on 
potential risk factors for severe COVID-19 to 
prevent COVID-19 progression.

In the existing data, many studies focused on 
the descriptions of baseline laboratory indexes 
in COVID-19 patients, whereas little is known 
about the change in major laboratory indexes 
over time in these patients. To the best of our 
knowledge, this study was the first to explore 
the trend in major laboratory indexes over time 
in severe patients and non-severe patients. Our 
results showed that there were continuously 
obvious differences in lymphocytes, D-dimer, 
CRP, AST, ALT, albumin and GFR between 
severe patients and non-severe patients, which 
meant that severe SARS-CoV-2 infection could 
more obviously induce the release of inflamma-
tory cytokines and immune complexes to wors-
en multiple system dysfunction (including renal 
dysfunction, liver dysfunction, coagulation dys-
function and hematopoietic dysfunction). In 
addition, we also found that the differences in 
platelets, APTT, ESR, CK-MB, creatine kinase 
and creatine gradually decreased over time 
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and eventually became consistent between 
severe patients and non-severe patients, which 
may have been caused by the fact that after 
confirmation of COVID-19, most patients may 
have received relevant antiviral therapies and 
symptomatic therapies, and their multiple sys-
tem dysfunction improved as a result. Hence, 
some laboratory indexes were normal in these 
COVID-19 patients.

In terms of the prognosis of COVID-19 patients, 
some studies have been carried out. For 
instance, there were 965 deaths (2.2%) report-
ed a recent study of 44 672 confirmed COVID-
19 cases up to February 11, 2020 (both adults 
and children) [18]. Another report disclosed 
that the mortality rate of COVID-19 patients 
was 1.37% (15/1099) [19]. In line with the pre-
vious data, our findings showed that the medi-
an time to nucleic acid negative was 15.0 
(11.0-22.0) days, and 0.7% of patients were 
cured, but 0.7% of patients died. In addition, we 
found that severe COVID-19 patients had a lon-
ger time to nucleic acid negative and more 
aggravated outcomes and deaths than non-
severe patients, suggesting a worse prognosis 
in severe COVID-19 patients, which might be 
caused by the fact that severe COVID-19 
patients were more likely to have worse multi-
ple organ dysfunction, which is directly related 
to poor prognosis. Taken together, these find-
ings also indicate the importance of the dis-
ease progression prediction model (abovemen-
tioned), which may be helpful preventing severe 
progression and improve prognosis in COVID-
19 patients.

Currently, most reports focus on the acute 
respiratory system of COVID-19 patients, while 
little attention has been paid to other systems 
in COVID-19 patients. Based on the results 
mentioned above, we found an interesting and 
important result that NSS was more common in 
severe patients, and it was observed to be an 
independent risk factor for severe COVID-19, 
suggesting that NSS patients were more likely 
to deteriorate into severe COVID-19 patients. 
Thus, further exploring the clinical characteris-
tics of NSS patients may provide assistance in 
preventing disease deterioration and improving 
prognosis in COVID-19 patients. In this study, 
we investigated the clinical features in COVID-
19 patients with NSS and found that older age, 
history of surgery, diabetes comorbidities, 

respiratory system symptoms, cardiovascular 
system symptoms, gastrointestinal symptoms, 
bilateral lesion, multifocal lesion, bacterial 
infection, bacterial and fungal infection and 
worse laboratory indexes were more common 
in NSS patients. These relevant factors were 
similar to the factors related to severe progres-
sion in COVID-19 patients (mentioned above). 
The possible reasons were as follows. (1) Age: 
Older patients more frequently had neurode-
generation and decreased immune function. 
Thus, they were more likely to present with ner-
vous dysfunction when faced with SARS-CoV- 
2 infection [11]. (2) Diabetes comorbidities: 
Diabetes is widely considered a chronic, low-
grade inflammatory disease that could cause 
peripheral neuropathy; thus, diabetes is more 
closely related to NSS in COVID-19 patients [9]. 
(3) Respiratory/cardiovascular/gastrointestinal 
symptoms: The occurrence of NSS in COVID-19 
patients indicates nervous system impairment, 
which could directly affect neuro-regulation in 
multiple systems and then impact the function 
of multiple system function; thus, NSS is close-
ly related to respiratory/cardiovascular/gastro-
intestinal symptoms in COVID-19 patients. 
Meanwhile, NSS was found to be an indepen-
dent risk factor for severe COVID-19 (men-
tioned above) and severe patients showed 
more obvious respiratory/cardiovascular/gas-
trointestinal symptoms; thus, NSS might be 
correlated with respiratory/cardiovascular/gas-
trointestinal symptoms in COVID-19 patients. 
(4) Bilateral lesions and multifocal lesions: 
Bilateral lesions and multifocal lesions might 
indicate severe SARS-CoV-2 infection, which is 
prone to enter the CNS through the hematoge-
nous or retrograde neuronal route, thereby 
causing NSS in COVID-19 patients [20]. 
Regarding the prognosis of NSS patients, the 
results showed a longer time to nucleic acid 
negative in NSS patients, which indicated a 
worse prognosis in NSS patients. Our findings 
might provide good evidence to remind clini-
cians to focus on NSS patients to prevent dis-
ease progression and improve prognosis.

Interesting and important findings were 
observed in this study, while some limitations 
still existed. (1) All patients were from our hos-
pital only, which might have resulted in select-
ed bias; hence, further multicenter studies are 
necessary. (2) There was no validation cohort in 
this study, and further study with a validation 
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cohort is necessary. (3) The sample size in this 
study was relatively small. Further study with 
more COVID-19 patients is needed. (4) This 
study only focused on a review of inpatient 
medical records from January 11, 2020, to 
February 27, 2020, while there were still many 
patients continually receiving treatment (inpa-
tient or community treatment) after that time. 
Hence, the clinical prognosis summarized in 
this study was not the final prognosis of the 417 
included patients.

In conclusion, age, NSS, bacterial and fungal 
infection, CRP and creatinine were indepen-
dent risk factors for severe COVID-19, and the 
disease progression prediction model using 
these independent factors had good predictive 
value for severe COVID-19. In addition, more 
intensive attention should be paid to COVID-19 
patients with NSS to prevent rapid deteriora- 
tion.
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