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Abstract

2

From December 2019, a novel coronavirus, SARS-CoV-2, caused an outbreak of

3

pneumonia in Wuhan city and rapidly spread throughout China and globally. However, the

4

clinical characteristics and co-infection with other respiratory pathogens of patients with

5

COVID-19 and the factors associated with severity of COVID-19 are still limited. In this

6

retrospective cohort study, we included 354 inpatients with COVID-19 admitted to Renmin

7

Hospital of Wuhan University from February 4, 2020 to February 28, 2020. We found levels

8

of interleukin-6, interleukin-10, C-reactive protein, D-dimer, white blood cell count and

9

neutrophil count were clearly elevated in males and critical cases compared with females and

10

severe and mild cases, respectively. However, lymphopenia was more severe in males than

11

females and levels of tumor necrosis factor alpha were reduced significantly in critical cases

12

than severe and mild cases. 23.5% of severe cases and 24.4% of critical cases were

13

co-infected with other respiratory pathogens. Additionally, stepwise multivariable regression

14

analysis suggested that co-infection, lymphocyte count and levels of D-dimer were associated

15

with severity of COVID-19.These findings provide crucial clues for further identification of

16

the mechanisms, characteristics and treatments of patients with COVID-19.

17
18
19
20
21
22
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1. Introduction

24

Since December 2019, an outbreak of unexplained pneumonia, now known as

25

coronavirus disease 2019 (COVID-19), occurred in Wuhan city and rapidly spread

26

throughout China and globally[1-5]. A novel coronavirus named as the 2019-nCoV

27

previously and renamed as SARS-CoV-2 by International Committee on Taxonomy of

28

Viruses[6] was isolated from these patients in Wuhan by Chinese scientists On Jan 10, 2020.

29

Full-genome sequencing and phylogenic analysis suggested that SARS-CoV-2 originated via

30

natural selection[7] differs from Middle East respiratory syndrome-CoV and severe acute

31

respiratory syndrome-CoV[8-10]. It was found that the SARS-CoV-2 infection could cause

32

not only clusters of severe respiratory illness similar to SARS-CoV-1, but also mild upper

33

respiratory diseases and asymptomatic infection[11-13].

34

Although previous studies have demonstrated certain clinical characteristics of patients

35

with COVID-19[8, 11, 12], their detail clinical characteristics are still limited and the sex

36

differences in clinical characteristics of COVID-19 patients have not been well studied.

37

Moreover, details of the laboratory assessments such as complete blood count, coagulation

38

profile, serum biochemical tests and inflammatory factors associated with severity of

39

COVID-19 have not yet been well described. In addition, previous studies have shown that

40

patients with COVID-19 can co-infected with other respiratory virus[14] and will also have

41

secondary infections with bacteria and fungi[13, 15], however, the information of

42

co-infection with other respiratory pathogens especially atypical pathogens is still scared.

43

Therefore, we present details of 354 inpatients with COVID-19 admitted to Renmin Hospital

44

of Wuhan University to further explore the clinical characteristics and co-infections with

4

45

other respiratory pathogens of patients with COVID-19 as well as the sex differences in

46

clinical characteristics and the factors associated with severity of COVID-19.

47
48

2. Materials and methods

49

2.1 Study design and participants

50

This retrospective cohort study included 354 inpatients admitted to Renmin Hospital of

51

Wuhan University and diagnosed with COVID-19 according to World Health Organization

52

interim guidance from February 4, 2020 to February 28, 2020. This study was approved by

53

the Ethics Committee of the Renmin Hospital of Wuhan University (WDRY2020-K066).

54

Data were collected from routine clinical practice, and informed consent was not required.

55

2.2 Data collection

56

The clinical characteristics of patients were analyzed by the research team of the

57

Department of Clinical Laboratory, Renmin Hospital of Wuhan University. The

58

epidemiological, clinical and laboratory assessments were obtained with data collection forms

59

from electronic medical records. Laboratory assessments consisted of complete blood count,

60

coagulation profile, serum biochemical tests, C-reactive protein (CRP), procalcitonin (PCT),

61

interleukin-6 (IL-6), interleukin-2 (IL-2), interleukin-4 (IL-4), interleukin-10 (IL-10), tumor

62

necrosis factor alpha (TNF-α), interferon-gamma (IFN-γ) and D-dimer, which is a significant

63

prognostic factor in patients with suspected infection and sepsis[16].

64

2.3 Laboratory procedures

65

Throat-swab specimens from the upper respiratory tract that were obtained from all

66

patients at admission were maintained in viral-transport medium. All patients included were

5

67

verified as positive for SARS-CoV-2 infection in throat swabs analyzed by real-time RT-PCR

68

using the same protocol described previously[11].

69

Sputum were obtained for identification of 13 respiratory pathogens, including

70

adenovirus, boca virus, influenza A virus, H1N1, H3N2, influenza B viruses, coronavirus

71

(OC43, HKU1, NL63 and 229E), metapneumovirus, parainfluenza virus, respiratory

72

syncytial virus, rhinovirus, Mycoplasma pneumoniae, and Chlamydia pneumoniae. The

73

detection of 13 respiratory pathogens was performed of Pathogenic Nucleic Acid Detection

74

Kit (Health, Ningbo, China) following the manufacturer’s instructions based on

75

electrophoresis fragment analysis with PCR.

76

Bronchoalveolar lavage fluids or blood were obtained for identification of possible

77

causative bacteria or fungi. Routine bacteria culture was performed independently in

78

accordance with following respiratory pathogenic microorganisms operating standards: the

79

samples were seeded on bacteriological media such as blood agar plate, chocolate agar plates

80

and blue agar plates using sterile wire loops and incubated at 35°C for 72 hours in a

81

thermostatic incubator. Routine fungus culture was performed independently in accordance

82

with following respiratory pathogenic microorganisms operating standards: 2–5 ml of the

83

lavage fluids was treated with equal volumes of sterile DTT (0.3 mg/ml) for 15 min at room

84

temperature in order to dissolve viscous mucus. Then, 0.5 ml of the samples were inoculated

85

on two Sabouraud/glucose (4%) agar plates (Becton-Dickinson) each containing

86

chloramphenicol (0.4g/l) and gentamicin(0.04g/l).The plates were incubated at 37 and 30℃,

87

respectively. Subsequently the dominant colonies were picked for bacterial and fungus

88

detection using the VITEK MS system (bioMérieux, Marcy l’Etoile, France).

6

89

Routine blood examinations were complete blood count, coagulation profile, serum

90

biochemical tests (including renal and liver function, creatine kinase, lactate dehydrogenase,

91

and electrolytes), myocardial enzymes, interleukin-6 (IL-6), serum ferritin, and procalcitonin.

92

2.4 Statistical analysis

93

SPSS (Statistical Package for the Social Sciences) version 20.0 software was used for

94

statistical analysis. Categorical variables were expressed as proportions and compared

95

between groups using the X2 test. Continuous data were expressed as mean±SD for normally

96

distributed variables or median (inter quartile range) for others. The paired t-test and

97

Mann-Whitney U test were used to compare continuous variables of normal distribution and

98

non-normal distribution, respectively. Comparison of the groups by ANOVA was followed by

99

SNK-q test to determine differences between individual groups. The patients were grouped

100

by genders, clinical classification and co-infection or not. Finally, factors associated with

101

severity of COVID-19 were analyzed with stepwise regression analysis with adjusted for age

102

and sex. A 2-sided α of less than 0.05 was considered statistically significant.

103
104

3. Results

105

3.1 Presenting characteristics

106

This study population enrolled 354 hospitalized patients with COVID-19. 175 (49.44%)

107

were men and the median age was 62 years (range, 23-90 years) (Table 1). Comorbidities

108

were present in nearly one third of patients, with hypertension being the most common

109

comorbidity, followed by diabetes and coronary heart disease (table 1). Based on clinical

110

characteristics the study group was further divided into subjects presenting mild symptoms

7

111

(n=115; 50.43% males), subjects presenting severe symptoms (n=155; 49.68% males) and

112

subjects presenting critical symptoms (n=84; 47.62% males). The median ages of subjects in

113

the mild, severe, and critical groups were 61 years (range, 23-79 years), 62 years (range,

114

25-89 years), and 65.5 years (range, 35-90 years), respectively. No significant differences

115

were observed in ages among these three groups. In total, 11 of the 354 patients (3.11%)

116

with confirmed COVID-19 died following progression. 343 patients survived to hospital

117

discharge, giving a survival to hospital discharge rate of 96.89%. And 8.3% (7/84) died in

118

the 84 patients of critical group and 2.59% (4/155) died in the 155 patients of severe group.

119

Of 175 male patients, 4.57% (8/175) died and 1.68% (3/179) died in the 179 female patients.

120

3.2 Laboratory parameters among mild, severe and critical groups

121

A number of laboratory parameters showed significant differences among patients

122

presented as mild, severe and critical symptoms, including white blood cell and neutrophil

123

counts, lymphocyte counts as well as levels of D-dimer and CRP (Table 2). The levels of IL-6

124

and IL-10 were increased substantially in patients of severe and critical groups. Differently,

125

the levels of TNF-αwere decreased substantially in patients of severe and critical groups.

126

However, there were no significant differences in levels of PCT among these three groups.

127

3.3 Laboratory parameters between genders

128

To investigate the differences between genders, we compared some laboratory parameters

129

of 175 males and 179 females. Preliminary analysis indicated that higher white blood cell and

130

neutrophil counts, as well as higher levels of D-dimer, IL-6, IL-10, CRP and PCT were found

131

in male patients compared to those of females, which was similar to patients in critical and

132

severe groups compared with those of mild groups (Table 2). Differently, lymphocytopenia

8

133

was significantly more severe in males than females (Table 2). However, there were no

134

significant differences in levels of INF-αbetween genders (Table 2).

135

3.4. Co-infection with other respiratory pathogens

136

76 patients (mild n=16, severe n=33, critical n=27) were suspected of co-infection with

137

other respiratory viruses especially atypical pathogens during the course of hospitalization

138

combined with the results of CT and infection markers, and their sputum were obtained for

139

identification of 13 respiratory pathogens. In total, 3 (3.95%) of the 76 patients had a

140

pathogen infection (Fig.1A). Among them, one severely ill patient and one critically ill

141

patient were co-infected with Mycoplasma pneumonia, respectively.

142

Bronchoalveolar lavage fluids or blood of 40 patients (mild n=8, severe n=18, critical

143

n=14) suspected of co-infection with bacteria and fungi especially Acinetobacter baumannii

144

and Candida albicans were collected for traditional culture detection. We found that 50%

145

(20/40) of the 40 patients were co-infected with bacterial and fungi pathogens (Fig.1B). And

146

64.3% (9/14), 55.6% (10/18) and 12.5% (1/8) of patients in critical, severe and mild groups

147

were co-infected with bacterial and fungi pathogens. It was worth noting that there was one

148

critical patient infected with two species of bacterial (Acinetobacter baumannii and

149

Staphylococcus haemolyticus) and one critical patient infected with bacterial and fungi

150

(Escherichia coli and Candida tropicalis) simultaneously. Meanwhile, three cases of Candida

151

albicans and four cases of drug-resistant Acinetobacter baumannii were detected only in

152

critically ill patients. The other pathogens detected included Pseudomonas aeruginosa

153

Stenotrophomonas maltophilia, Enterococcus faecium, Candida parapsilosis, Candida

154

lusitaniae and boca virus (Fig.1C).

9

155

Higher white blood cell and neutrophil counts, as well as higher levels of D-dimer, IL-6,

156

IL-10, CRP and PCT were observed in patients co-infected with other respiratory pathogens

157

than those of infected with SARS-CoV-2 homogeneously (Table 2).

158

3.5 Factors associated with severity of COVID-19

159

Stepwise multivariable regression models were used to find the association of severity of

160

COVID-19 with each of the other factors with adjusted age and sex. Those factors white

161

blood cell count, neutrophil count, lymphocyte count, levels of D-dimer, IL-2, IL-4, IL-6,

162

IL-10, IFN-γ, TNF-α, CRP, PCT, C3, C4, IgA, IgE, IgG, IgM and co-infection with other

163

respiratory pathogens were incorporated into the regression models. For stepwise

164

multivariable regression analysis, we selected the variables that were allowed to enter the

165

model in advance. Co-infection with other respiratory pathogens, lymphocyte count and

166

levels of D-dimer, were associated with severity of COVID-19 (R = 0.375, P < .001) (Table

167

3).

168
169

4. Discussion

170

In this retrospective cohort study, we used 354 samples to make a preliminary assessment

171

of the clinical characteristics of patients with COVID-19 from the following and aspects such

172

as gender, clinical classification and co-infection with other respiratory pathogens.

173

Previous studies suggested that increased age was associated with death in patients with

174

SARS-CoV-1, MERS and COVID-19[17-19]. However, no significant differences were

175

found in ages among these three clinical classification groups in this study. Whereas，we

176

found 63.64% (7/11) of the 11 non-survivors were co-infected with other respiratory
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177

pathogens, especially Candida albicans and drug-resistant Acinetobacter baumannii.

178

Meanwhile, 75% patients co-infected with other bacterial and fungi were found to be

179

concentrated on patients older than 50 years. In addition, we found co-infection with other

180

respiratory pathogens, lymphocyte count and levels of D-dimer were associated with severity

181

of COVID-19. And the patients grouped in critical cases presented the highest mortality rate

182

and displayed the lowest lymphocyte count and the highest levels of D-dimer and the highest

183

rate of co-infection with other bacterial and fungi significantly. Thus, untimely detection and

184

treatment of co-infections with other respiratory pathogens especially fungi and drug-resistant

185

bacterial may be an important cause to mortality in COVID-19. In particular, the highest

186

levels of IL-6 and IL-10 and the lowest levels of TNF-αwere observed in subjects of critical

187

groups. These results suggested that levels of IL-10 and TNF-αcould be used for clinical

188

classification of COVID-19.

189

COVID-19 was more likely to affect men than women, and the symptoms seems to more

190

severe in men[13]. In this study, sex bias in the fatality rate was observed. And lower

191

lymphocyte count, higher white blood cell and neutrophil counts, as well as higher levels of

192

D-dimer, IL-6, IL-10, CRP and PCT were observed in male patients, which was similar to

193

patients in critical and severe groups compared with those of mild groups. However, the

194

mechanisms underlying these differences are still not clear. The reduced susceptibility of

195

females to SARS-CoV-2 infections could be depended on the protection of X chromosome

196

and sex hormones, which played an important role in innate and adaptive immunity[20].

197

Previous studies have found higher percentages of SARS-CoV-1 infection in male mice than

198

in female mice and provided mechanistic insights related to estrogen[21]. Additionally，17

11

199

β-estradiol could down-regulate lung ACE2 mRNA ， the putative receptor of

200

SARS-CoV-2[4]，and protect females from influenza A virus pathogenesis[22].

201

Previous studies suggested that patients with COVID-19 can also co-infect with other

202

respiratory pathogens such as viruses, bacteria and fungi[13-15]. In this study,

203

bronchoalveolar lavage fluids or blood of 40 patients suspected of co-infection with bacteria

204

and fungi during hospital admission were collected for traditional culture detection. Since the

205

samples were collected 3 to 5 days after patients admitted to hospital, the bacteria and fungi

206

detected were more likely to be secondary to COVID-19. And we found 45% cases (18/40)

207

infected with single bacterial or fungi and 5% cases (2/40) were infected with two and more

208

species of bacterial and fungi. The rate of bacterial/fungal co-infection was higher than that

209

previously reported[13, 15]. On the one hand, the number of samples in this study may be

210

small, on the other hand, all the samples were collected and tested when patients suspected of

211

co-infection with bacteria and fungi combined with the results of CT and infection markers.

212

Furthermore, previous studies have shown that human metapneumovirus and other viruses

213

can be detected from SARS-CoV-1 patients[23, 24], and one case co-infected with

214

SARS-CoV-2 and human metapneumovirus was reported[14]. However, only 1 case was

215

infected with boca virus in 79 patients detected of 13 respiratory pathogens. These issues

216

demonstrate that susceptibility to co-infection with other viruses may be reduced in

217

SARS-CoV-2 patients. Additionally, for the samples were collected and tested 3 to 5 days

218

after patients admitted to hospital, the viruses co-infected with SARS-CoV-2 may be cured.

219

Taken together, in this single-center case series of 354 hospitalized patients with

220

COVID-19 in Wuhan, males had higher levels of interleukin-6, interleukin-10, C-reactive

12

221

protein, D-dimer, white blood cell count and neutrophil count and more severe lymphopenia

222

compared with females. Lower Levels of tumor necrosis factor alpha and higher levels of

223

interleukin-10 were observed in critical cases than severe and mild cases. Stepwise

224

multivariable regression analysis suggested that co-infection, lymphocyte count and levels of

225

D-dimer were associated with severity of COVID-19. 23.5% of severe cases and 24.4% of

226

critical cases were co-infected with other respiratory pathogens. It is essential to identify

227

pathogens, judge the patient's condition, and avoid blind administration of drugs in treatment

228

of patients with COVID-19.

229
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Figure1. The information of patients co-infected with other respiratory pathogens. A:
Pathogen-positive numbers for all 13 respiratory pathogens tested in different groups
according to clinical classification. B: Pathogen-positive numbers for lower respiratory
pathogens such as bacterial and fungi tested for traditional culture in previously different
groups. C: Positive rate of other respiratory pathogens in the test population.
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Table1.Baseline characteristics of 354 patients infected with SARS-CoV-2
No.(%)
Characteristics
Total (n=354)

Mild (n=115)

Severe (n=155)

Critical (n=84)

Female

179 (50.56)

57 (49.57)

78 (50.32)

44 (52.38)

Male

175 (49.44)

58 (50.43)

77 (49.68)

40 (47.62)

Median age (range) y

62 (23-90)

61(23-79)

62(25-89)

65.5 (35-90)

15-44 y

49 (13.84)

21 (18.26)

19 (12.26)

9 (10.71)

45-64 y

149 (42.09)

48 (41.74)

69 (44.52)

32 (38.10)

≥65 y

156 (44.07)

46 (40.00)

67 (43.23)

43 (51.19)

Comorbidity

114 (32.20)

39 (33.91)

47 (30.32)

28 (33.33)

Hypertension

74 (20.90)

23 (20.00)

33 (21.29)

18 (21.43)

Diabetes

35 (9.89)

9 (7.83)

18 (11.61)

8 (9.52)

Coronary heart disease

18 (5.08)

5 (4.35)

7 (4.52)

6 (7.14)

6 (1.69)

2 (1.74)

3 (1.94)

1 (1.19)

2 (0.56)

2 (1.74)

0

0

11 (3.11, male 8)

0

4 (2.59, male 3)

7 (8.30, male 5)

Sex

Chronic obstructive lung
disease
Carcinoma
Death

1

Table 2. Laboratory findings of 354 patients infected with SARS-CoV-2
Mean (Standard Deviation)
Characteristics

Normal

Total

Male

Female

Mild

Severe

Critical

P Value

White blood cell count, ×109/L
9

Range

(n=354)

(n=175)

(n=179)

3.5-9.5

6.59 (3.02)

6.99 (3.48)

6.19 (2.44)

Co-infection

Non-co-infection

(n=23)

(n=93)

P Value

P Value

(n=115)

(n=155)

(n=84)

0.012

6.04 (2.68)

6.67 (3.00)

7.17 (3.40)

0.030

8.00 (3.25)

6.45 (2.97)

0.006

Neutrophil count, ×10 /L

1.8-6.3

4.90 (3.02)

5.39 (3.51)

4.42 (2.36)

0.002

4.15 (2.67)

5.00 (2.91)

5.73 (3.42)

0.001

6.60 (3.34)

4.73 (2.94)

0.001

Lymphocyte count, ×109/L

1.1-3.2

1.13 (0.54)

1.02 (0.43)

1.23 (0.61)

＜0.001

1.31 (0.59)

1.09 (0.50)

0.93 (0.47)

＜0.001

0.89 (0.38)

1.14 (0.55)

0.012

D-dimer, mg/L

0-0.55

5.97 (15.53)

7.81 (17.51)

4.17 (13.10)

0.027

1.90 (3.78)

5.74 (13.15)

11.97 (25.00)

＜0.001

16.22 (25.08)

4.99 (13.95)

＜0.001

IL2, pg/mL

≤11.4

4.56 (12.01)

5.46 (17.07)

3.68 (0.81)

0.165

5.70 (20.65)

3.92 (2.25)

4.14 (2.74)

0.456

4.46 (2.84)

4.56 (12.46)

0.965

IL4, pg/mL

≤12.9

3.87 (7.10)

3.64 (2.02)

4.10 (9.78)

0.542

4.61 (12.11)

3.41 (1.12)

3.70 (2.54)

0.380

4.64 (4.92)

3.81 (7.25)

0.566

IL6, pg/mL

≤20.0

38.96 (127.72)

53.96 (165.00)

24.30 (73.28)

0.029

17.44 (38.29)

29.82 (82.47)

85.29 (227.55)

＜0.001

178.68 (358.19)

25.55 (62.21)

＜0.001

IL10, pg/mL

≤5.9

7.67 (8.15)

9.21 (10.73)

6.18 (3.85)

＜0.001

6.50 (4.84)

6.78 (6.10)

11.04 (13.03)

＜0.001

14.02 (16.64)

7.16 (6.84)

＜0.001

IFN-γ, pg/mL

≤5.5

18.72 (103.92)

28.3 (133.84)

9.42 (61.42)

0.09

15.75 (73.21)

23.62 (131.91)

13.70 (78.72)

0.733

32.76 (138.31)

17.59 (100.84)

0.475

TNF-α, pg/mL

≤18

10.07 (16.90)

10.57 (18.28)

9.58 (15.48)

0.582

13.63 (22.11)

9.64 (15.37)

5.81 (7.79)

0.005

8.38 (11.95)

10.20 (16.90)

0.598

＜0.1

0.22 (0.74)

0.30

0.14 (0.41)

0.039

0.11 (0.33)

0.29 (1.04)

0.22 (0.38)

0.146

0.68 (1.62)

0.17 (0.58)

＜0.001

CRP, mg/L

＜10.0

47.23 (51.74)

54.13 (54.38)

40.49 (48.23)

0.013

33.22 (45.08)

47.87 (52.13)

65.23 (54.33)

＜0.001

82.99 (65.46)

43.80 (49.00)

＜0.001

C3, g/L

0.9-1.8

1.04 (0.22)

1.07 (0.24)

1.01 (0.20)

0.015

1.04 (0.22)

1.07 (0.21)

0.99 (0.24)

0.053

1.06 (0.25)

1.04 (0.22)

0.714

C4, g/L

0.1-0.4

0.25 (0.13)

0.27 (0.15)

0.24 (0.10)

0.020

0.25 (0.10)

0.26 (0.11)

0.25 (0.18)

0.723

0.25 (0.13)

0.25 (0.13)

0.972

IgA, g/L

0.7-4.0

2.62 (1.15)

2.71 (1.12)

2.53 (1.18)

0.146

2.49 (1.25)

2.67 (1.05)

2.71 (1.18)

0.317

2.84 (1.23)

2.60 (1.15)

0.264

IgG, g/L

7.0-16.0

13.00 (3.99)

13.09 (3.95)

12.91 (4.04)

0.684

12.35 (3.53)

13.04 (3.82)

13.80 (4.73)

0.042

12.66 (3.21)

13.03 (4.06)

0.625

IgM, g/L

0.4-2.3

0.99 (0.44)

0.94 (0.41)

1.04 (0.45)

0.019

1.01 (0.46)

0.97 (0.43)

1.01 (0.43)

0.643

1.07 (0.56)

0.98 (0.42)

0.317

PCT, ng/mL

(0.96)

Abbreviations: IL-2, interleukin-2; IL-4, interleukin-4; IL-6,interleukin-6; IL-10, interleukin-10; IFN-γ, Interferon-gamma; TNF-α, Tumor necrosis factor alpha; CRP,
C-reactive protein; PCT, procalcitonin.

P<0.05 was considered statistically significant.
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Table 3 Stepwise multivariable regression analysis of factors associated with severity of COVID-19
Severity of COVID-19
Factors
F

R

P-value

Co-infection

10.507

0.257

0.014

Co-infection + lymphocyte count

9.722

0.341

<0.001

Co-infection + lymphocyte count + levels of D-dimer

8.022

0.375

<0.001

