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Abstract

On February 6, 2020, Xiaogan City became the second most seriously affected city with coronavirus disease 2019
(COVID-19), outside Wuhan district, Hubei Province, China. The objectives are to study the clinical features of
COVID-19 patients and assess the relationship between the severity of COVID-19, age, and C-reactive protein (CRP)
levels. The retrospective data of 134 COVID-19 patients hospitalized in 3 hospitals of Xiaogan City, between February 1
and March 1, 2020, was collected. This study documented COVID-19 patients. Clinical data in terms of body temperature,
history of travel, and direct contact with COVID-19 patients, and incubation period was collected. Out of the 134 patients,
only 5 required intensive care. Moreover, 2 patients succumbed during this period. The median age of patients was 45 (33—
56) years. The most common symptoms at the onset of disease were fever (66.4%), cough (33, 6%), and sore throat
(14.7%). Amongst the medicines used, antiviral agents (92.3%) followed by the traditional Chinese medicine (89.5%)
were most commonly used. In both the crude and adjusted (I to III) models, odds ratio and its 95% confidence interval for
both age and CRP levels were > 1. Moreover, the smooth curve fitting graph reflected that the severity of COVID-19 was
positively correlated with both age and CRP levels (all P value <0.05). The signs and symptoms of COVID-19 patients
were fairly moderate. The health care professionals treating the COVID-19 patients should be aware of the increased
likelihood of progression to severe COVID-19 in elderly patients and those with high CRP levels.
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Introduction

Wan-Qiang Huang, Man-Ling Liu, Si-Ceng Lin, Xiao-Zhou Zhang, Yan
Zhang, Xiao-Qing He and Jun-Lin Liu contributed equally to this work.

Coronavirus disease 2019 (COVID-19), resulting from an in-
fection with the severe acute respiratory syndrome coronavi-
rus 2 (SARS-CoV-2), has become a serious threat to global
public health [1, 2]. On February 6, 2020, Xiaogan City be-
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In spite of the rising number of confirmed cases, the epide-
miological studies involving COVID-19 are insufficient, es-
pecially those focusing on asymptomatic patients, patients
with mild symptoms, or the areas surrounding the COVID-
19 hotspots [4]. It is worth mentioning that around 30-60% of
COVID-19 patients either are asymptomatic or have mild
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disease, but this does not result in their decreased ability to
spread the virus. Thus, these patients may trigger a new wave
of COVID-19 outbreak [5]. Moreover, the attention received
by the COVID-19 hotspots often exceeds the areas around
them, which may result in a surge in the number of patients.

In a study by Lu et al., multivariate Cox regression analysis
revealed that the patient’s age and C reactive protein (CRP)
levels are independent risk factors for predicting the death [6].
But the studies exploring the relationship between age, CRP
levels, and the severity of COVID-19, especially by the means
of smooth curve fitting, are lacking. Thus, we describe the
clinical characteristics as well as laboratory findings of
COVID-19 patients residing in Xiaogan City, so as to have
an insight regarding the prevention as well as treatment of
COVID-19, and simultaneously explore the relationship be-
tween age, CRP levels, and the severity of COVID-19, there-
by exploring the indicators for predicting the severity of
COVID-19.

Methods
Data Sources

This was a retrospective study involving the confirmed
COVID-19 cases, diagnosed between February 1 and
March 1, 2020, and residing in Xiaogan City. Since the break
out of COVID-19, stringent preventive measures were follow-
ed in Hubei Province, including the introduction of fever
clinics that catered specifically to the suspected COVID-19
patients, defined as the presence of fever, dry cough, or any
respiratory signs, and particularly those with a history of travel
to Wuhan or direct exposure to confirmed COVID-19 patients
within 2 weeks prior to the beginning of disease. A confirmed
case of COVID-19 was defined in accordance with the criteria
given by the World Health Organization (WHO) [7]. Only the
laboratory confirmed COVID-19 patients were included in the
study. We gathered the information of 134 laboratory con-
firmed COVID-19 patients admitted in 3 hospitals of
Xiaogan City. The collected data included the dates of disease
onset, visits to clinical facilities, and hospital admissions. The
incubation period was defined as the duration between direct
exposure and the onset of symptoms, estimated amongst the
patients providing a reliable date of close contact with con-
firmed or suspected COVID-19 patients from Wuhan. The
epidemiological information was gathered through short inter-
views involving each patient.

The medical records of patients were fetched and sent out
to the data collection center located in Xiaogan. The data was
gathered and evaluated by a group of physicians directly in-
volved in the treatment of COVID-19 patients. The data was
then entered in a specifically designed case report form.
However, if the available information was unclear, the
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working group in Xiaogan contacted the doctor in-charge
and a clarification was obtained. This study was approved
by the ethics committee of the Xiaogan Central Hospital in
Hubei Province. Written informed consent was obtained from
each participant.

Laboratory Confirmation and Treatment

At admission, sputum specimens and throat swabs were col-
lected from all the patients. The presence of virus was con-
firmed by subjecting the samples to real-time polymerase
chain reaction (rt-PCR) for SARS-CoV-2 RNA within 3 h.
rt-PCR was repeated twice every 24 h.

Other laboratory tests included a complete blood count,
serum biochemistry, and recognition of other respiratory path-
ogens including influenza A virus (HIN1, H3N2, H7N9),
influenza B virus, respiratory syncytial virus, and others.
The majority of the patients received antiviral treatment.
Similarly, many patients received probiotics. Moreover, the
patients with resting respiratory rate > 30 per minute, oxygen
saturation < 93% on room air, or > 50% progression of illness
involving numerous pulmonary lobes on two consecutive
days on chest computed tomography (CT) received cortico-
steroid (40—80 mg/day) and gamma globulin (15-20 g/day)
for 3—5 days. Antibiotics such as quinolones and 2nd-
generation beta-lactams were used, if the fever lasted for >
7 days or the levels of CRP were > 30 mg/L (normal range 0—
8 mg/L). COVID-19 patients were considered as cured and
subsequently discharged from the hospital, if the outcomes of
2 successive rt-PCR, performed 24 h apart, were negative.

Logistic Regression Models and Smooth Curve Fitting

In order to explore the association between age, CRP
levels, and severity of COVID-19, we used the methods
of multiple regression equation and curve fitting. The mul-
tiple regression equation included crude and adjusted (I, II,
and IIT) models and were used to remove the influence of
confounding factors and find independent quantitative ef-
fect values [8]. In order to intuitively reflect the relation-
ship of disease severity with age and CRP levels, we used
the method of smooth curve fitting [9].

Statistical Analysis

On admission, based on the American Thoracic Society guide-
line, the study cohort was divided into severe and non-severe
cases [10]. The continuous variables were described as either
means and standard deviations or medians with interquartile
ranges, while the categorical variables were described as per-
centages. Differences in the laboratory values were assessed by
the Student’s # test or the Mann-Whitney U test (for normally or
not normally distributed continuous variables, respectively). A
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P value of < 0.05 was considered as statistically significant and
analysis was performed by SPSS version 22.0 (SPSS, Chicago,
IL, USA) for Windows and R3.3.1 (R Advancement Core
Group, http://www.r-project.org).

Result
Epidemiological Features

The median age of 134 confirmed COVID-19 patients was 45
(33-56) years. Over half of all the patients were women
(51.5%). A history of contact with wildlife, recent travel to
Wuhan, and close contact with people from Wuhan was ob-
served in 21.1%, 39.1%, and 39.1% of patients, respectively.
Moreover, 2 patients were local residents of Wuhan (Table 1).

Amongst the 134 patients, there were only 12 (8.9%) patients
with severe illness, of which 5 (3.7%) received care in inten-
sive care units (ICU) and 2 patients died.

Clinical Characteristics

Amongst the patients with coexisting conditions, 14
(10.4%) had hypertension, 12 (8.9%) had diabetes, and
only 1 (0.7%) had cerebrovascular disease. The median
duration from the beginning of symptoms to hospital
admission was 2.0 (1.0-4.0) days. The most common
symptoms reported at the disease onset were fever
(66.4%), cough (33.6%), sore throat (14.7%), myalgia
or fatigue (7.0%), shortness of breath (4.2), nausea and
vomiting (2.8), diarrhea (2.1), and chest pain (0.7%)
(Table 1).

Table 1 Baseline characteristics

of COVID-19 patients in Xiaogan ~ Characteristics All patients
City (n=134)
Median (interquartile), age (years) 45 (33-56)
Sex—no. (%)
Male 65 (48.5%)
Female 69 (51.5%)
Smoking history—no. (%)
Never smokers 85 (63.4%)
Ex-smokers 20 (14.9%)
Current smokers 29 (21.6%)
Exposure to source of transmission within 14 days—no. (%)
Local residents of Wuhan 2 (1.7%)
Wildlife 28 (21.1%)
Non local residents: recently been to Wuhan 52 (39.1%)
Non local residents: contacted with people from Wuhan 52 (39.1%)
Coexisting conditions—no. (%)
Hypertension 14 (10.4%)
Diabetes 12 (9.0%)
Cerebrovascular disease 1 (0.7%)
Signs and symptoms—no. (%)
Fever 89 (66.4%)
Cough 48 (33.6%)
Shortness of breath 6 (4.2%)
Myalgia or fatigue 10 (7.0%)
Headache 1 (0.7%)
Sore throat 21 (14.7%)
Chest pain 1 (0.7%)
Diarrhea 32.1%)
Nausea and vomiting 4 (2.8%)
Incubation period (days)—no. (%) 4 (3-5%)
Time from illness onset to first hospital admission (days)—no. (%) 2.0 (1.04.0%)
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Table2 Laboratory and radiographic findings of COVID-19 patients

Median (IQR) (%) Median (IQR) (%)
Disease severity ICU care
All patients Non-severe Severe P value Non-ICU ICU P value
(n=134) (n=122) (n=12) (n=129) (n=95)
Laboratory findings

White blood cell count (x 10%L) 5.0 (4.2-6.0) 5.0 (4.2-5.9) 5.8 (4.2-7.3) 0.002 5.0 (4.2-6.0) 4.7 (3.7-5.1) 0.786
Neutrophil count (x 10°/L) 3.0 (2.5-4.1) 3.0 2.5-3.9) 34 (2.7-6.8) <0.001 3.0 (2.5-4.0) 3.2 (2.6-4.5) 0.767
Lymphocyte count (x 10°/L) 1.2 (0.9-1.7) 1.2 (0.9-1.7) 0.8 (0.6-1.3) 0.025  12(0.9-1.7) 0.7 (0.5-0.9) 0.02
Platelet count (x 10°/L) 184.0 184.0 184.0 0.327 185.0 (145.0-236.0) 148.0 0.359

(142.0-236.0) (145.2-236.0) (124.5-221.8) (111.0-201.0)
Hemoglobin (g/L) 1303 130.1 138.0 0.817 130.0 (120.6-145.0) 139.0 0.938

(120.7-144.8)  (1207-143.8)  (120.0-146.5) (134.0-142.0)
Activated partial thromboplastin 31.6 (28.2-36.4) 31.6(28.3-36.6) 30.6 (28.1-33.2)  0.651 31.7 (28.3-36.5) 29.7 (24.5-29.8) 0.172

time (s)
Prothrombin time (s) 122 (105-13.7) 119 (104-13.6) 134 (12.1-14.1) 0056  12.1 (10.5-13.7) 12.4 (123-12.6)  0.399
D-dimer (mg/L) 0.3 (0.2-0.5) 0.3 (0.2-0.5) 0.2 (0.1-0.2) 0378 0.3 (0.2-0.5) 610 )
Albumin (g/L) 40.5 (37.8-44.3) 409 (38.1-44.4)  38.0(35.7-39.0) 0.007  40.6 (38.0-44.4) 37.4 (36.0-38.3)  0.035
Alanine aminotransferase (U/L) ~ 21.0 (11.8-33.0) 21.0 (11.5-33.0) 23.5(14.8-31.2) 0.028  (128) 28.5(29.7) 21.0 29.0 (22.0-38.0)  0.094
(11.7-32.2)

Aspartate aminotransferase (U/L) ~ 22.0 (17.0-31.8)  21.2 (17.0-31.0)  30.0 (16.0-48.5) <0.001 21.6 (16.9-31.0) 40.0 (25.0-62.0)  <0.001
Sodium (mmol/L) 140.2 140.2 139.5 0.001 140.2 (139.0-141.7) 139.0 <0.001

(138.9-141.6)  (1389-141.6)  (138.2-141.4) (135.6-140.0)
Procalcitonin (ng/mL) 0.1 (0.1-0.2) 0.1 (0.1-0.2) 0.2 (0.1-0.2) 0.154 0.1 (0.1-0.2) 0.2 (0.2-0.2) 0.393
Total bilirubin (mmol/L) 11.6(7.9-15.7)  11.6(7.7-157) 108 (8.1-16.5)  0.805  11.8(8.0-15.7) 7.9 (7.4-82) 0.185
Potassium (mmol/L) 4.1 (3.8-4.4) 4.0 (3.8-4.4) 43 (3.7-4.6) 0001 4.1 (3.844) 44 (3.7-4.9) <0.001
Blood urea nitrogen (mmol/L) 4.2 (3.3-5.0) 4.0 (3.3-4.9) 5.4 (4.4-7.0) 0.005 4.2 (3.3-5.0) 5.3 (3.4-6.8) 0.279
Creatine kinase (U/L) 70.6 (45.1-105.6) 70.6 (45.1-93.5)  96.0(49.2-178.2) 0315  71.0 (45.0-101.4) 65.0 (62.0-233.0) 0.648
Fasting glucose (mmol/L) 5.8 (5.2-6.8) 58 (5.2-6.7) 60 (5.6-11.5)  <0.001 5.7(52-6.7) 6.8 (6.1-17.4)  <0.001
C-reactive protein (mg/L) 8.9 (1.8-25.4) 7.6 (1.6-19.2) 34.0 (17.4-69.2) <0.001 7.9 (1.6-22.3) 37.0 (34.0-66.3)  0.009
Serum ferritin (pg/L) 163 (13.6-20.4)  16.5(13.5-20.4) 144 (144-144) 0736 16.3 (13.6-20.4) (53)0
Lactate dehydrogenase (U/L) 192.0 186.5 327.0 <0.001 189.9 (153.5-236.0) 464.0 0.001

(153.7-237.5)  (1524-2322)  (184.8-401.8) (181.0-498.0)
Creatinine (umol/L) 63.2 (55.6-80.0)  63.0 (55.6-76.7) 75.5(60.0-93.8) 0.172  63.0 (55.3-76.9) 85.0 (81.5-99.0) 0.012

Radiologic findings

Abnormalities on chest CT (%) 93 (69.4) 88 (72.1) 10 (83.3) <0.001 90 (69.8) 4 (80.0) <0.001
Ground-glass opacity (%) 67 (50.0) 58(47.5) 6 (50.0) 0.021 58 (45.0) 3 (60.0) 0.042
Local patchy shadowing (%) 48 (35.8) 41 (33.6) 6 (50.0) <0.001 38(30.1) 2 (40.0) 0.03
Bilateral patchy shadowing (%) 58 (43.3) 46 (37.7) 9 (75.0) <0.001 46 (35.7) 3 (60.0) 0.02
Interstitial abnormalities (%) 17 (12.7) 13 (10.7) 3(25.0) <0.001 15(11.6) 1(20.0) <0.001

IOR interquartile range, /CU intensive care units

Patients

Table 3 Complications and treatment of COVID-19 patients in
Xiaogan City
Characteristics All patients (n=134)

Complications—no. (%)

Acute respiratory distress syndrome

Acute kidney injury

Ventilator-associated pneumonia

Arrhythmia
Myocardial injury
Treatment—no. (%)
Oxygen inhalation
Mechanical ventilation
Invasive
Non-invasive

Administration of intravenous antibiotics
Administration of antifungal medications

Antiviral treatment
Corticosteroid
Immunoglobulin

Chinese medicine treatment

5(3.5)
1(0.7)
2(14)
321
32.1)

52 (36.4)

5(3.5)
321
34 (23.8)
1(0.7)
132 (92.3)
321
16 (11.2)
128 (89.5)

Laboratory and Radiographic Findings in COVID-19

In order to explore the relationship between the severity of

COVID-19 and CRP, the laboratory data was collected in
detail, and the data was then divided into severe and non-
severe group, as well as ICU and non-ICU groups (Table 2).

Compared with non-severe patients, the severe patients
had significantly higher median blood levels of white
blood cell (WBC) count, neutrophil count, alanine amino-
transferase (ALT), aspartate aminotransferase (AST), po-
tassium, blood urea nitrogen (BUN), fasting glucose, CRP,
and lactate dehydrogenase (LDH) and significantly lower
median blood levels of lymphocyte count, albumin, and
sodium (all P values < 0.05).

Similarly, compared with non-ICU patients, [CU patients
had significantly higher median blood levels of AST, potassi-
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um, fasting glucose, CRP, creatinine, and LDH and
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Table 4  Association between the severity of COVID-19 and age

Unadjusted model Adjusted I model Adjusted II model Adjusted I1I model

OR (95% CI) Pvalue OR (95% CI) Pvalue OR (95% CI) Pvalue OR (95% CI) P value
Age (year) 1.060 (1.017,1.104)  0.005 1.057 (1.016, 1.100)  0.007 1.056 (1.005, 1.109)  0.031 1.065 (1.009, 1.125)  0.022

Adjust I model adjust for gender; adjust Il model adjust for gender, leucocytes, lymphocytes, neutrophils, platelets, and hemoglobin; and adjust Il model
adjust for gender, leucocytes, lymphocytes, neutrophils, platelets, hemoglobin, sodium ion, and potassium ion

significantly lower median blood levels of lymphocyte count,
sodium, and albumin (all P values < 0.05).

Amongst 134 patients who underwent chest CT on admis-
sion, the most common patterns were ground-glass opacity
(50.0%) and bilateral patchy shadows (43.3%). Severe pa-
tients yielded more prominent radiologic abnormalities on
than non-severe patients (all P values < 0.05).

Complications and Treatment

Amongst all the patients with COVID-19, the most common
complications were acute respiratory distress syndrome
(ARDS, 2.1%), cardiac arrhythmias (2.1%), myocardial injury
(2.1%), ventilator-associated pneumonia (VAP, 1.4), and
acute kidney injury (0.7%).

Overall, in terms of medication, intravenous antibiotics,
antifungal agents, antiviral agents, corticosteroid, immuno-
globulin, and Chinese medicine were administered in 23.8%,
0.7%, 92.3%, 2.1%, 11.2%, and 89.5% respectively.

Fig. 1 Association between the a
severities of COVID-19 and age

Severity of COVID-19

Simultaneously, oxygen inhalation, invasive, and non-
invasive mechanical ventilation were initiated in 36.4%,
3.5%, and 2.1% patients respectively (Table 3).

Relationship of Severity of COVID-19 with Age and
CRP Levels

The relationship between severity of COVID-19 and age was
assessed by the methods of multiple regression equation and
smooth curve fitting. In the crude mode, the severity of
COVID-19 was associated with age (odds ratio (OR) =
1.060, 95% CI 1.017-1.104). Additionally, this relationship
was also evident through adjusted I model (OR =1.057, 95%
CI 1.016-1.100), adjusted II model (OR =1.056, 95% CI
1.005-1.109), and adjusted III model (OR =1.065, 95% CI
1.009-1.125) (Table 4). The smooth curve fitting graph also
reflected that the severity of COVID-19 was positively corre-
lated with age (Fig. 1).
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Table 5

Association between the severity of COVID-19 and C-reactive protein

Unadjusted model

OR (95% CI) Pvalue OR (95% CI)

Adjusted I model

Adjusted IT model
P value OR (95% CI)

Adjusted I1I model

Pvalue OR (95% CI) P value

1.035
(1.013, 1.058)

C-reactive protein (mg/L) <0.001 1.028

(1.004, 1.052)

0.020 1.044

(1.009, 1.080)

0.012 1.044

(1.006, 1.083)

0.022

Adjust I model adjust for sex and gender; adjust II model adjust for sex, gender, leucocytes, lymphocytes, neutrophils, platelets, and hemoglobin; and
adjust III model adjust for sex, gender, leucocytes, lymphocytes, neutrophils, platelets, hemoglobin, sodium ion, and potassium ion

Similarly, the crude mode revealed an association between
the severity of COVID-19 and CRP levels (OR =1.035, 95%
CI 1.013—1.158). Additionally, this relationship was also ev-
ident through adjusted I model (OR =1.028, 95% CI 1.004—
1.152), adjusted II model (OR =1.044, 95% CI 1.009-
1.1080), and adjusted III model (OR =1.044, 95% CI
1.006-1.083) (Table 5). The smooth curve fitting graph also
reflected that the severity of COVID-19 was positively corre-
lated with CRP levels (Fig. 2).

Discussion

Compared with the initial COVID-19 patients observed in
Wuhan, in terms of disease symptoms and severity, the pa-
tients from Xiaogan City, in our study, were relatively mod-
erate, but we could not neglect asymptomatic or mild patients.
According to Michael Osterholm, Director of the Center for
infectious Disease Research and Policy, University of
Minnesota, knowing the proportion of asymptomatic or mild
patients is crucial to understand the reasons behind a particular
epidemic [5]. A study investigated Japanese citizens (N = 565)
evacuated from Wuhan in early February. All these individ-
uals were monitored for the symptoms and repeatedly tested
for SARS-CoV-2. It was reported that only 13 of the 565

evacuees were infected, of which 4 (31%) never developed
any symptom [11]. A Shanghai Children’s Medical Center
study involving more than 700 SARS-CoV-2 infected chil-
dren across the country found that 56% of the children were
asymptomatic or had mild form of COVID-19 [12]. Thus, the
only way to prevent the spread of these asymptomatic cases is
the use of social isolation measures including closing the
schools, cancelling public gatherings, and keeping people at
home and away from public places.

In terms of medication, following the antiviral agents,
Chinese herbal medicines were most widely used. Amongst
the confirmed COVID-19 Chinese patients, 91.5% used
Chinese herbal medicine, of which 90.6% resided in Hubei
Province [13]. Clinical observations have revealed that the
cure rate with traditional Chinese medicine (TCM) has
reached over 90% [13]. The TCMs have been found to effec-
tively alleviate the symptoms, contain the progress of the dis-
ease, improve the cure rate, reduce the mortality rate, and
promote the recovery from COVID-19 [14, 15].

As per our analysis, the severity of COVID-19 was found
to be positively correlated with the age and CRP levels.
Firstly, the CRP levels were significantly elevated amongst
the severe patients and those admitted in ICU (all P value <
0.05), as compared with non-severe and non-ICU patients,
respectively. Secondly, in both the crude and adjusted (I to

Fig. 2 Association between
severities of COVID-19 and C-
reactive protein
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III) models, the value of OR was >1 (all P value <0.05).
Finally, as per the smooth curve fitting, the severity of
COVID increases with increase in the age and CRP levels
(all P value <0.05).

This study has some limitations. The sample size was in-
sufficient, especially the severe cases. When the data was
collected, most of the patients were still hospitalized, so we
were unable to estimate either the case fatality rate or the
predictors of fatality.

Conclusion

Compared with the patients primarily infected with SARS-
CoV-2 in Wuhan, the signs and symptoms of patients in
Xiaogan City were fairly moderate. To prevent another wave
of COVID-19 outbreaks, these asymptomatic or mild patients
should not be ignored. The TCMs were widely used and could
play a significant role in the treatment of COVID-19 patients.
The severity of COVID-19 was positively correlated with the
age and CRP levels. Thus, in clinical practice, to prevent
worsening of the disease, the treating physicians should pay
special attention to elderly COVID-19 patients and those with
high CRP levels.
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