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Abstract51

Background: Respiratory tract infections (RTIs) is the highest prevalent52

disease and southern china has a wide spectrum of respiratory pathogen. The53

aim of this work was to renew the epidemiology characteristics of respiratory54

pathogens found in children and adults with RTIs from 2018 to 2020 in55

southern China.56

Methods: In this work, a total of 134,552 nasopharyngeal or throat swabs57

(patients from 407 hospitals) were analyzed, and fourteen respiratory viruses58

(Influenza A virus, influenza B virus, parainfluenza viruses, respiratory59

syncytial virus, adenovirus, human rhinovirus, human metapneumovirus,60

human Coronavirus, human bocavirus, enterovirus, cytomegalovirus, herpes61

simplex virus, mycoplasma pneumoniae and chlamydia pneumoniae) were62

detected using PCR/RT-PCR.63

Result: The most common respiratory pathogens in southern china were ADV64

(16.19%), RSV (15.48%), RHV (11.51%), IAV (10.93%), MP (8.95%), EBV65

(8.70%), PIV (7.67%), IBV (5.44%), with IAV and ADV as the most prevalent66

pathogens in adults (11.68%) and children (17.10%) respectively. In detail,67

ADV (16.30%) and RSV (18.93%) are most common in 0-4 years old, with IAV68

(16.68%), ADV (20.36%) in 5-14 years old, with EBV (7.48%, 8.74%), IAV69

(15.43, 9.76%) in 15-49y, 50-64y and IAV (7.37%), IBV (2.43%) in 65-105y.70

Over three years witnessed an increase in PDR of PIV in 0-4y, 5-14y and71

65-105y, and RHV in 5-14y and 15-49y. In month distribution, the positive72

detection rate of pathogens in adults were generally lower than that in children73

except for EBV and majority of pathogens has shown a sharp decline in 2020.74

In Upper RTIs, 77.27% (17/ 22) of co-infected patients had infection to ADV,75
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with poly-infection to ADV and RHV the highest (8/22). In Lower RTIs, the ADV76

infected patients showed that its co-infection rate to MP, PIV, RHV or RSV77

were 19.51% (48/246), 15.45% (38/246), 14.63% (36/246) and 14.63%78

(36/246) respectively. Only IAV, IBV and EBV were detected in co-infection79

patients with lower RTIs.80

Conclusion: IAV and ADV were the most important respiratory pathogen in81

adults and children respectively in southern China and cross-reactivity might82

exist between ADV, RHV, PIV and MP. These should be taken into83

consideration when they formulate the strategies for co-infection avoidance in84

patients.85
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Introduction101

Respiratory tract infections(RTIs) is one of the highest prevalence diseases102

globally, especially lower respiratory tract infections(LRTIs), which ranks fourth103

in risk factor resulting the global disease burden reported in 2019[1]. Because104

of the difficulty of making a rapid diagnosis of the etiologic agent and105

considerable clinical syndromes overlap, patients with RTIs are often treated106

with antibiotics, being responsible for a large part of inappropriate antibiotics in107

humans[2].108

Southern China refers mainly to the area to the south of Qinling and109

Huaihe (103°E–123°E, 22°N–34°N), accounting for 55% of residents in110

China[3] . Southern China was the first place to report some importance111

respiratory pathogens, such as SARS-CoV[4] , H1N1pdm09[5] and lastest112

SARS-CoV-2[6], with a large number of domestic and wild animals, as well as113

transient population that includes laborers and business people from home114

and abroad. The mixing of a diversity of regional populations may trigger the115

change on the transmission of respiratory viruses. It’s imperative to116

continuously renew the understanding on the pathogens in patients with RTIs.117

With a deepening understanding on RTIs, it’s well known that the etiology118

of pathogens differs between children and adult[infectious and journal].Up to119

now, only two studies[7, 8] on RTIs in southern China have been published .120

However, those study were conducted based a small sample size (<20,000),121

and none of them distinguished the epidemiology characteristic between122

children and adult in detail. Our study thus analyzed the incidences of 14123

pathogens grouped by age during the three-year period from January 2018 to124
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December 2020, on the meanwhile, we also sought to identify the coinfection125

pattern on RTIs cases to better guide treatment and prevention strategies.126

127

Method128

This study was approved by the ethics committee of KingMed Diagnostics129

(reference number: GZKM-2019-24).130

Patients and sample collection131

Study participants had all been admitted to one of the 407 hospitals covering132

southern China from January 2018 to December 2020. A total of 134, 552133

nasopharyngeal or throat swabs were collected from patients with RTIs from134

multiple provinces all over the Southern China. Patients with RTIs were135

defined as follows: had a fever (≥37.3°C), accompanied by at least one of136

these respiratory symptoms, such as cough; uncomfortable pharynx; stuffy137

nose; runny nose; sneezing; difficulty breathing; breathing distress; chest pain;138

asthma; and/or pneumonia or tracheitis, as indicated by X-ray, CT, or MRI.139

Samples were refrigerated at 2–8°C in viral transport medium and transported140

to the laboratory Kingmed Diagnostics (KMD); samples were either141

immediately tested or stored at −80°C until use. KMD142

(http://en.kingmed.com.cn) is a commercial independent medical laboratory in143

China, has obtained ISO/IEC17025, ISO9001, and ISO15189 accreditation[9].144

Definition of groups by clinical diagnosis145

The Upper RTIs group consisted of patients with the following symptoms or146

signs: rhinitis, stuffy nose, runny nose, pharynx congestion, sore throat, tonsil147

inflammation, and/or cough.148
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The Lower RTI group consisted of patients with pulmonary symptoms. These149

symptoms were determined by an X-ray, CT scan, or MRI revealing bronchitis,150

orterminal bronchitis, tracheitis, or pneumonia, without evidence of other151

systemic diseases.152

Quantitative Real-time PCR for 14 common respiratory viruses153

The viral RNA/DNA was extracted from the swabs using the QIAamp Viral154

RNA Mini Kit (Qiagen, Germany). Influenza A virus (IAV), influenza B virus155

(IBV), parainfluenza viruses (PIV), respiratory syncytial virus (RSV),156

adenovirus (ADV), human rhinovirus (RHV), Human Metapneumovirus(HMPV),157

huamn Coronavirus(HCoV), human bocavirus (HBoV), enterovirus(EV),158

cytomegalovirus (CMV), herpes simplex virus(HSV), Mycoplasma pneumoniae159

(MP) and Chlamydia pneumoniae (CP) were identified using the TaqMan160

real-time PCR testing kit (Hecin-Scientific, Guangzhou, China). All the161

procedures were carried out according to the manufacturers’ protocols.162

Statistical analysis163

Normal distribution data such as age were presented as mean + standard164

error. Qualitative information such as positive rate was presented as165

percentage or frequency. The statistical analysis was conducted using166

statistical R version 4.0.2. Inter-group difference was calculated using the χ2167

test and t test where appropriate. All of the tests were two tailed, and a value of168

P < 0.05 represented statistical significance.169

170

Results171

Demographic characteristics172
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In this study, a total of 134,552 RTIs cases from 2018 to 2020 covering 15173

southern provinces or municipalities in China were analyzed. In all, 26,872174

cases were adults and 107,680 were children, and most of them are male with175

14,094 (52%) and 63,616 (59%) respectively. The mean age of adults was176

50.47±19.80 and 3.32±3.18 for children. The seasonal distribution of RTIs177

patients sampled was 23,613(17.55%) in spring, 32,245(23.96%) in summer,178

44,496(33.07%) in autumn, and 34,198(25.42%) in winter. Majority (83.81%)179

of the RTIs came from coastal areas.180

As to the clinical diagnosis, 10571 (7.86%) are confirmed as upper181

respiratory tract infection, 11842 (8.80%) as bronchitis and 34658 (25.76%) as182

pneumonia, and all of them differs significantly in the distribution between183

children and adult(P<0.05). (Table 1)184

185

Viral prevalence186

Among 134,522 cases, the most common respiratory pathogen was187

ADV(16.19%), RSV(15.48%), RHV(11.51%), IAV(10.93%), MP(8.95%),188

EBV(8.70%), PIV(7.67%), IBV(5.44%), with IAV and ADV as the most189

prevalent pathogen in adults(11.68%) and children(17.10%) (Fig. 1). The190

infection to ADV, RSV, RHV, MP and PIV were higher in children than in adults,191

while it’s opposite to IAV (11.68% vs. 9.63%, P<0.05). There is no significant192

difference in positive detection rate between two targeted population in EBV,193

IBV, CMV, HSV, HCoV and CP(P>0.05) (Table 1).194

195

Age distribution of common respiratory pathogen in three years196
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In general, the top two prevalent pathogen are ADV(16.30%) and RSV(18.93%)197

in 0-4 years old, with IAV(16.68%), ADV(20.36%) in 5-14 years old, with198

EBV(7.48%, 8.74%), IAV(15.43, 9.76%) in 15-49y, 50-64y and IAV(7.37%),199

IBV(2.43%) in 65-105y (Fig. 2). Moreover, it's observed that over three years200

witnessed an increase in PDR of PIV in 0-4y, 5-14y and 65-105y, and RHV in201

5-14y and 15-49y (Table 2).202

203

Geographical distribution of pathogen infection in adults and children204

In adults, the positive detection rate to EBV was the highest in coastal205

cities (14.86%) and that to RHV was the highest in inland cities (26.74%). The206

positive rate of EBV, ADV and IBV in coastal cities were higher than that in207

inland cities ( EBV: 14.85% vs. 3.95%, p<0.01; ADV: 5.12% vs. 1.60%, p<0.01;208

IBV: 5.68% vs. 2.86%, p=0.034), while this trend is opposite in RHV (2.63% vs.209

26.74%, p < 0.01) (Fig. 3A).210

In children, the positive rate to MP was the highest in coastal cities (4.05%)211

and that to RHV was the highest in inland cities (22.49%). The positive rate to212

RSV (17.47% vs. 14.82%) and MP (19.61% vs. 4.09%) in coastal cities were213

higher than in inland cities (p < 0.001), but that to ADV (21.6% vs. 12.3%),214

RHV(10.36% vs. 22.94%) and IAV(9.06% vs. 14.77%) were higher in inland215

cities than in coastal cities (p < 0.001) (Fig. 3B).216

217

Monthly distribution of pathogen infection in adults and children218

In general, the positive detection rate of pathogens in adults was generally219

lower than that in children especially in ADV, RSV and MP. Only the positive220

detection rate of EBV in adults was generally higher than that in children, and221
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detected sporadically throughout the year without obvious seasonal222

characteristics. Except for RHV and RSV, according to the epidemic curve,223

majority of pathogens have been suppressed in 2020.224

As to the epidemic peak, it’s obvious that ADV peaks in summer (6-8) and225

winter (12-2), and RHV peaks in summer (6-8) and autumn (9-11), which is226

basically as the same pattern in all three years. Since June in 2018, the227

positive rate of RSV reaches a relative higher value periodically in every four228

months. In 2018, the positive rate of IAV exceeded 40% both in June and229

December, and followed by a IBV peak from March to September in the next230

year. Interestingly, both two sub-type of influenza virus ran higher at the231

beginning of 2020.(Fig 4.)232

233

Co-infection pattern in patients with Upper RTIs and Lower RTIs234

We analyzed the situation of co-infection of respiratory viruses and 268 cases235

were infected with at least two virus reported. A total of 22 (8.21%) cases were236

diagnosed as upper RTIS and 79 (91.79%) cases were diagnosed as lower237

RTIs. In Upper RTIs, 77.27% (17/ 22) of co-infected patients had infection to238

ADV, with poly-infection to ADV and RHV the highest (8/22). In Lower RTIs,239

the co-infection of pathogens is in diversity as many as 18 patterns. Further240

analysis on the ADV infected patients showed that its co-infection rate to MP,241

PIV, RHV or RSV were 19.51% (48/246), 15.45% (38/246), 14.63% (36/246)242

and 14.63% (36/246) respectively. Only IAV, IBV and EBV were detected in243

co-infection patients with lower RTIs (Fig 5.).244

245

Discussions246

file:///C:/Users/bilibala/AppData/Local/youdao/dict/Application/8.9.6.0/resultui/html/index.html
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Respiratory tract infections cause a huge burden on society[1]. Research247

on this topic at home or abroad is still limited, which is generally based on a248

single center or a common respiratory virus, such as RSV. Different from249

previous studies, this study adopted the largest sample size of respiratory250

pathogens detection data which was collected from various levels of hospitals,251

disease control centers, health care hospitals or companies from15 provinces252

in recent 3 years. Covering urban and rural populations of all ages, the study253

participants are widely distributed and representative. With these advantages,254

this study focused on the epidemiological characteristics of several common255

respiratory virus pathogens and explored the co-infection of viruses, which256

could provide a basis for further epidemiological studies in China, and provide257

a direction for the study of the mechanism of co-infection.258

Based on the epidemiological and exploratory analysis of 134,552 test259

results, the study mainly revealed the following interesting phenomena. Firstly,260

we found that the positive rate of RSV, ADV, MP, RHV, IAV and PIV is higher261

in children, and the positive rate of IBV and EBV is higher in adults, which are262

basically consistent with the previous results[10]. Besides, based on 206 adult263

samples, Macfarlane JT et al. considered IBV, IAV, RSV, ADV, and RHV to be264

highly prevalent respiratory virus[11], Clearly, the results of our study showed265

that there were fewer types of respiratory viruses at high prevalence in adults.266

So, we hypothesized that it may explained by our study participants covered a267

wide range of areas and period, and people have paid attention to personal268

hygiene and taken good personal protective equipment with the COVID-19269

epidemic.270
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In terms of geographic distribution, it was found that the positive rate of271

most respiratory viruses in coastal areas was higher than that in inland areas,272

and this phenomenon was greatly related to the suitable temperature and273

humidity for pathogen transmission. Our results are similar to that of previous274

study, for example, Wang Wei [12] found that the overall trend of influenza-like275

cases in Shandong Province was higher in the northeast coastal areas than in276

the southwest inland areas. Baker RE et al.[13] also found that the influenza277

peaks increased during the rainy season in the tropics. However, our study278

also found that the positive rate of RHV was higher in inland areas. We279

hypothesized that RHV circulating in inland areas are not the same serotype280

and more virulent as those in coastal areas , which echoes with previous281

studies[14] that people infected with RHV were more likely to develop asthma282

in inland areas compared with those in temperate areas .283

Regard to the month distribution of pathogens, our results were basically284

consistent with that of Bing Xu et al.[15], which studied 28,369 hospitalized285

cases in all age groups from January 2009 to September 2013 in northern and286

southern China. However, as their study mentioned, ADV exhibited no clear287

annual seasonality, while we found that ADV peaks in summer and winter. And288

we speculate it’s the difference in period of time, temperature, vapor pressure,289

air pressure, rainfall and the length of sunlight that led to the incomplete290

consistence. When compared with one foreign study[16], we found that there291

was not much comparability due to the different seasonal months and length of292

time in different countries or regions.293

Moreover, we analyzed the situation of co-infection of respiratory viruses. ADV294

was most commonly co-infected with other respiratory viruses, while IAV and295
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IBV were the least, which were in line with the conclusions of other studies[17,296

18]. However, Price OH et al.[18] and Haller O et al.[19] considered PIV、297

RSV and RHV were not commonly co-infected with other respiratory viruses298

because of temporary immunity after infection, and our study have shown the299

possibility. Specially, Our results also showed that RSV did not co-infect with300

IAV. Although the host immune response induce by two virus is different301

[20-22], we believe that the production of cytokines causes the host to produce302

cross-antibodies to provide temporary immunity avoiding other respiratory303

virus infections. Finally, we found that 92% of co-infections were indicative of304

lower respiratory viral infection. But due to the lack of clinical data, it was305

impossible to tell which pattern of co-infection led to more severe clinical306

outcome.307

There were some limitations in our study, which could be summarized as308

follows. Firstly, the number of samples delivered by each province is not309

proportional to the population size. In addition, the calculation of positive rates310

for respiratory viruses in the study might be overestimated due to bias, but the311

results were still valuable based on a sample size. Finally, the situation of312

respiratory virus co-infection in China still needed a standardized surveillance313

networks to assess virus prevalence patterns.314

315

Conclusion316

IAV and ADV were the most important respiratory pathogen in adults and317

children respectively in southern China. This was the first study to report the318

the epidemiology characteristic of respiratory pathogens between children and319

adult in detail. As the prevalence of infection to ADV, RHV, PIV and MP were320
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high and cross-reactivity might exist between these pathogens, clinicians321

should take these into consideration when they formulate the strategies for322

co-infection avoidance in patients.323
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Figures and Table468

Fig.1 Total positive rate of 14 common respiratory pathogens in469

Southern China470
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Fig. 2 Age distribution of pathogen infection in 2018, 2019, 2020490
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Figure 3. The distribution of positive rate between inland and coastal cite508

in adult and children. *Chi square test, P<0.05509
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Figure 4.Monthly distribution of pathogen infection in adults and children524
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Figure 5.Poly-infection in patients with Upper RTIs and Lower RTIs535
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Table 1 Demographic characteristics of 134,552 RTIs patients from553

southern China554

Characteristic Total

(n =

134,552)

Adult

(n =

26,872)

Children

(n =

107,680)

2 p-value

Sex 19.937 <0.05

male 77710

(57.75)

14094

(52.45)

63616

(59.08)

female 54230

(40.30)

10362

(38.56)

43868

(40.74)

Age <0.05

mean (sd) 12.74

(21.02)

50.47

(19.80)

3.32 (3.18)

Season 3970.534 <0.05

spring (3-5) 23613

(17.55)

7434

(27.66)

16179

(15.03)

summer (6-8) 32245

(23.96)

5974

(22.23)

26271

(24.40)

autumn(9-11) 44496

(33.07)

5412

(20.14)

39084

(36.30)

winter (12-2) 34198

(25.42)

8052

(29.96)

26146

(24.28)

Region 593.585 <0.05

coastal areas 112771

(83.81)

21206

(78.91)

91565

(85.03)
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inland 21781

(16.19)

5666

(21.09)

16115

(14.97)

Disease (N)

URI 10571

(7.86)

850

(3.16)

9721 (9.03) 1036.486 <0.05

bronchitis 11842

(8.80)

342

(1.27)

11500

(10.68)

2377.349 <0.05

pneumonia 34658

(25.76)

2675

(9.95)

31983

(29.70)

4388.427 <0.05

Positive for

pathogen

test(a/n,%)

ADV 7234/44680

(16.19)

129/3119

(4.14)

7105/41561

(17.10)

359.088 <0.05

RSV 2435/15730

(15.48)

8/1268

(0.63)

2427/14462

(16.78)

232.428 <0.05

RHV 2523/21924

(11.51)

44/884

(4.98)

2479/21040

(11.78)

38.577 <0.05

IAV 969/8863

(10.93)

657/5623

(11.68)

312/3240

(9.63)

8.910 <0.05

MP 471/5260

(8.95)

17/1456

(1.17)

454/3804

(11.93)

149.737 <0.05

EBV 242/2782

(8.70)

153/1605

(9.53)

89/1177

(7.56)

3.322 0.08

PIV 329/4290 10/974 319/3316 78.515 <0.05
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(7.67) (1.03) (9.62)

IBV 442/8130

(5.44)

285/5168

(5.51)

157/2962

(5.30)

0.168 0.72

CMV 140/2806

(4.99)

93/1799

(5.17)

47/1007

(4.67)

0.344 0.62

HSV 115/2576

(4.46)

79/1649

(4.79)

36/927

(3.88)

1.145 0.33

HMPV 348/8156

(4.27)

1/276

(0.36)

347/7880

(4.40)

10.662 <0.05

HBoV 69/2261

(3.05)

1/586

(0.17)

68/1675

(4.06)

22.193 <0.05

HCoV 22/1863

(1.18)

16/1395

(1.15)

6/468

(1.28)

0.055 1.00

CP 29/5231

(0.55)

6/1070

(0.56)

23/4161

(0.55)

0.001 1.00

555

556

557

558

559

560

561

562

563

564
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Table 2 Top three pathogens detected in different age group565

0-4 5-14 15-49 50-64 65-105

2018 ADV, IAV, RSV IAV, ADV, EBV EBV, IBV, IAV EBV, IAV, IBV EBV, IAV, IBV

2019 ADV, MP, RSV MP, ADV, IAV IAV, ADV，IBV IAV, EBV, ADV EBV, IAV, IBV

2020 RSV, PIV, ADV RHV, IAV, ADV RHV, IAV, EBV EBV, RHV, IAV EBV, IAV, PIV

566

567

568

569

570

571

572

573

574

575

576

577

578

579

580

581

582

583

584

585
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Table 3 Co-infection pattern in Upper RTIs and Lower RTIs586

Clinical diagnosis Co-infection N(proportion)

Upper RTIs ADV RHV 8(36.36)

ADV PIV 5(22.73)

ADV MP 4(18.18)

RHV PIV 3(13.64)

RSV PIV 1(4.55)

PIV MP 1(4.55)

Lower RTIs ADV MP 48(19.51)

ADV PIV 38(15.45)

ADV RHV 36(14.63)

ADV RSV 36(14.63)

RHV RSV 18(7.32)

RHV PIV 18(7.32)

RSV PIV 12(4.88)

RHV MP 11(4.47)

PIV MP 9(3.66)

RSV MP 5(2.03)

IAV EBV 4(1.63)

ADV IAV 3(1.22)

ADV EBV 3(1.22)

RSV EBV 1(0.41)

RHV EBV 1(0.41)

MP EBV 1(0.41)
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IBV EBV 1(0.41)

IAV IBV 1(0.41)

587



Figures

Figure 1

Total positive rate of 14 common respiratory pathogens in Southern China



Figure 2

Age distribution of pathogen infection in 2018, 2019, 2020



Figure 3

The distribution of positive rate between inland and coastal cite in adult and children. *Chi square test,
P<0.05



Figure 4

Monthly distribution of pathogen infection in adults and children



Figure 5

Poly-infection in patients with Upper RTIs and Lower RTIs


