Epidemiological Characteristics of Respiratory Tract Pathogens in Kunming, Yunnan Province of China, before and during the COVID-19 Pandemic
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Abstract
Viruses are the main pathogens responsible for acute upper respiratory tract infections; they spread easily among infants, young children, and the elderly population. The strong spreading capability of such viruses poses great difficulties for clinical diagnosis, treatment, and disease prevention and control. During the current coronavirus disease (COVID-19) pandemic, a clear understanding of the epidemiological characteristics of respiratory tract pathogens is essential for the timely identification of non-COVID-19 respiratory tract infections and enhancement of the efficiency of disease prevention and control. In this study, a total of 2,017 patients with upper respiratory tract infections in Kunming, Yunnan province of China, were included as subjects and divided into the Before COVID-19 and During COVID-19 groups. Differences in the infection rate of 13 common respiratory tract pathogens before and during the COVID-19 pandemic were determined using PCR in conjunction with capillary electrophoresis. Results indicated that the infection rate of respiratory tract pathogens (prevailing pathogens and infection status of different age groups) underwent significant changes after the start of the COVID-19 pandemic. Further in-depth research is required to improve the diagnosis, treatment, prevention, and control of respiratory tract infections.
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Introduction

Viral respiratory tract infections are common diseases that affect humans around the world. Varying from the common cold to life-threatening respiratory tract infections, they pose a severe threat to human health.[1] According to World Health Organization estimates, there are 450 million cases of pneumonia each year. In particular, acute respiratory tract infections result in about 4 million deaths, which account for approximately 7% of all disease-related deaths.[2] Other data have indicated that respiratory tract viruses cause approximately 90% of respiratory tract infections in infants and young children, and up to 30-40% of respiratory tract infections in the elderly.[3] Respiratory tract infections also have a high incidence in China and constitute an important etiology of conditions, varying from asthma to respiratory failure. The strong transmission ability and short incubation periods of respiratory tract viruses lead to a high tendency for outbreaks and epidemics, thereby posing a huge challenge for clinical diagnosis, treatment, and disease prevention and control.[4] Furthermore, clinical symptoms caused by respiratory tract pathogens are similar and may be easily misdiagnosed or overlooked, potentially resulting in the misuse of antimicrobial agents and inability to administer treatment on the optimal timing.
In a country of vast territories such as China, detection rates and epidemiological characteristics of respiratory tract pathogens vary substantially across different regions. The reported prevalence rates of respiratory tract viral infections among hospitalized children in certain major cities of China range within 14.55-94.29%.[5-7] In Kunming, Yunnan Province of China, respiratory tract infections in the residents have distinct characteristics because of the unique geographic position and climatic conditions of the region. As Yunnan is located in the borders of China, epidemiological data on respiratory tract infections in the region are extremely scarce. Therefore, a clear understanding of the epidemiological status and characteristics of respiratory tract pathogens in the region is essential to provide a scientific basis for effective disease prevention and control.
This study aimed to determine the epidemiological status and etiological characteristics of respiratory tract pathogens before and during the COVID-19 pandemic in the region, in order to provide a scientific basis for the clinical diagnosis, treatment, prevention, and control of relevant diseases. 
Materials and Methods

Subjects

A total of 2,017 patients with respiratory tract infection who sought medical attention at The First People’s Hospital of Yunnan Province between October 2019 and May 2020 were included as subjects. The patients included 1244 men and 773 women with an age range of 1 month-92 years. Subjects were divided into the before COVID-19 (consultation dates: October 2019-January 2020) and during COVID-19 groups (consultation dates: February 2020-May 2020). The before COVID-19 group comprised 759 subjects, divided into 11 subgroups: <1 year (22 subjects), 1-5 years (37 subjects), 6-10 years (25 subjects), 11-20 years (14 subjects), 21-30 years (98 subjects), 31-40 years (67 subjects), 41-50 years (107 subjects), 51-60 years (143 subjects), 61-70 years (115 subjects), 71-80 years (70 subjects), and >80 years (61 subjects). The during COVID-19 group comprised 1,258 subjects, similarly divided into 11 subgroups: <1 year (20 subjects), 1-5 years (63 subjects), 6-10 years (22 subjects), 11-20 years (34 subjects), 21-30 years (171 subjects), 31-40 years (121 subjects), 41-50 years (179 subjects), 51-60 years (195 subjects), 61-70 years (193 subjects), 71-80 years (121 subjects), and >80 years (139 subjects). All subjects had experienced at least two of the following respiratory tract symptoms or physical signs: pyrexia, coughing, sore throat, runny nose, nasal congestion, shortness of breath, dyspnea, asthma, chest pain, pneumonia, or tracheitis (as confirmed by CT or MRI), and had received appropriate treatment. Exclusion criteria: (1)Other chronic inflammatory diseases and immune system System diseases; (2)Used antiviral, glucocorticoids, immunosuppressants and anti-tumor drugs recently . All patients provided signed informed consent, and this study was approved by the Ethics Committee of the Research Institution. The methods of this investigation were in accordance with the approved guidelines and the principles expressed in the Declaration of Helsinki.

Instruments and reagents

Instruments used included a PCR thermal cycler (A300; Hangzhou LongGene Scientific Instruments Co., Ltd., China), a biological safety cabinet (AB2-6S1; Esco Micro Pte Ltd., Singapore), an automated nucleic acid extraction system (Smart LabAssist-32; Taiwan Advanced Nanotech Inc., Taiwan), a genetic analyzer (Applied Biosystems 3500 Dx; Thermo Fisher Scientific, USA), and a centrifuge (5810R; Eppendorf AG, Germany). A multi-pathogen assay kit for the detection of 13 respiratory tract pathogens by PCR in conjunction with capillary electrophoresis was purchased from Ningbo Health Gene Technologies Co., Ltd. (China); pathogens that could be detected included the influenza A virus (FluA), influenza A virus subtype H1N1 2009, influenza A virus subtype H3N2 (A/H3N2), influenza B virus (FluB), respiratory syncytial viruses (RSV, groups A and B), parainfluenza viruses (PIV-1, PIV-2, PIV-3, and PIV-4), human coronaviruses (HCoV-OC43, HCoV-NL63, HCoV-229E, HCoV-HKU1), human rhinoviruses (HRVs), metapneumovirus (hMPV), bocaparvoviruses (Boca), adenoviruses (AdV), chlamydia, and Mycoplasma pneumoniae (Mp).
Methods

Respiratory tract samples (nasal/throat swabs) were collected from the subjects. All samples were subjected to automated nucleic acid extraction in an automated nucleic acid extraction system (Smart LabAssist-32). Extracted nucleic acids were amplified using a PCR kit in strict accordance with the manufacturer’s instructions. For each sample, 15 μL of the reaction solution was loaded into a PCR tube, 5 μL of the extracted DNA solution was added, and the reaction tube was sealed tightly for the amplification process. The capillary electrophoresis protocol was as follows: 1 μL of the PCR products was added to 9 μL of the electrophoresis gel loading solution (concentration of SIZE-500 Plus in Hi-Di™ formamide: 2.5%) for capillary electrophoretic separation. Negative and positive results were determined in strict accordance with the manufacturer’s instructions.
Statistical analysis
Statistical analysis of the data was performed using SPSS 22.0 software (SPSS, Chicago, USA) . The proportions of various pathogens between different groups were compared using the chi-square test, with differences considered statistically significant when P<0.05 and the level of significance α = 0.05 (two-tailed test).
Results

Analysis of the overall infection status

Infection rates of the before COVID-19 and during COVID-19 groups were 33.6% and 7.63%, respectively (χ2 = 222.047, p>0.05). Single pathogen infection rates of the two groups were 31.75% and 7.23%, respectively (χ2 = 206.958, p>0.05), and multiple pathogen infection rates were 1.84% and 0.4%, respectively (χ2 = 10.623, p>0.05). Differences among the groups were statistically significant (see Table 1).

Table 1 Comparison of the overall situation of 13 respiratory pathogens before and during COVID-19
All 13 investigated respiratory tract pathogens were detected in this study. Pathogens with the highest detection rates in the descending order were FluA, HRV, A/H3N2, and FluB for the before COVID-19 group, and HRVs, Mp, FluA, and AdV for the during COVID-19 group. Infection rates of a few common pathogens in the before COVID-19 and during COVID-19 groups were as follows: FluA, 11.06% and 0.95% (χ2 = 106.811, p>0.05); HRV, 9.75% and 2.25% (χ2 = 57.534, p>0.05); A/H3N2, 9.09% and 0.72% (χ2=89.326, p>0.05); FluB, 3.56% and 0.56% (χ2 = 25.723, p>0.05), with the differences being statistically significant (see Table 1 and Figure 1). 

Figure 1 Comparison of the prevalence of 13 respiratory pathogens before and during COVID-19（Note: Black represents before COVID-19 and gray represents during COVID-19）
When infection rates of the various subgroups were compared, it was found that the highest ones occurred in the 51-60-year and 61​​-70-year subgroups for the before COVID-19 group, and the 1-5-year and 41-50-year subgroups for the during COVID-19 group. Differences in infection rates between the corresponding before COVID-19 and during COVID-19 subgroups were statistically significant for all age ranges (see Table 1).

Infection rates of male patients in the before COVID-19 and during COVID-19 groups were 32.81% and 6.76%, respectively (χ2 = 143.757, p>0.05); infection rates of female patients were 36.94% and 8.93%, respectively (χ2 = 90.38, p>0.05), with differences being statistically significant (see Table 1).

Infection rates during different months

Infection rates during the four months before the beginning of the COVID-19 pandemic (October 2019-January 2020) were 23.3%, 23.17%, 35.44% and 42.2%, respectively, which were significantly higher than the figures of 14.0%, 4.4%, 3.69% and 6.1% in the months after the beginning of the pandemic (February 2020-May 2020) (see Figure 2). 

Figure 2 Comparison of prevalence rates of 13 respiratory pathogens before and during COVID-19（Note:Black represents before COVID-19 and white represents during COVID-19）
Co-infection with more pathogens
A total of 19 subjects were co-infected with more pathogens. Among these subjects, 14 belonged to the before COVID-19 group (infection rate with multiple interacting pathogens of 1.84%). They were mainly co-infected with HRV + Mp, HRV + hMPV, HRV + Boca, and FluA + FluB; 5 belonged to the during COVID-19 group (infection rate with multiple interacting pathogens of 0.4%) and were mainly co-infected with HRV + Mp. No co-infections with three or more pathogens were detected in the subjects (see Table 2）

Table 2  Common mixed infection of 13 respiratory pathogens
Discussion
Acute respiratory tract infections (ARTIs) are major infectious conditions that affect populations around the world. They predominantly occur among children under 5 years of age[8] and are the leading cause of death in infants and young children.[9] Studies have shown that respiratory tract viruses are responsible for 90% of respiratory tract infections[10] and spread easily among infants, young children, the elderly, and immunodeficient populations. At present, nucleic acid amplification techniques are widely used in the detection of respiratory tract pathogens and have enhanced their early screening and differential diagnosis.[11] However, high variability of viruses influences their virulence and transmissibility, leading to a high potential for these viruses to cause a widespread outbreak.[12] Recent significant rise in respiratory tract infections and increase in severe cases of pneumonia requires the strengthening of disease prevention and control efforts, particularly in developing countries.
In this study, a total of 2,017 patients were included as subjects, among which 759 suffered from a respiratory tract infection during the four-month period before the beginning of the COVID-19 pandemic (October 2019-January 2020) and 1,258 suffered from a respiratory tract infection during the first four months after the beginning of the COVID-19 pandemic (February 2020-May 2020). Respiratory tract infection rates in the before COVID-19 and during COVID-19 groups were 33.6% and 7.63%, respectively, and infection rates with multiple interacting pathogens were 1.84% and 0.4%, respectively, with differences between the two groups being statistically significant. Such differences are closely related to the enhanced personal protection measures and reduced human mobility after the beginning of the pandemic. It was noted that the infection rate of the before COVID-19 group was higher than the reported rate of 25.77% for the region,[13] but similar to the reported 33.81% for a nearby province.[14] In addition, the infection rate was lower than 48.42% [15] and 45.0%, respectively,[16] as reported in other studies conducted in China, which were related to the enrolled populations and sample sizes of the various studies and demonstrated the existence of regional differences.
Pathogens with the highest detection rates in descending order were FluA, HRV, A/H3N2, and FluB for the before COVID-19 group, and HRV, Mp, FluA, and AdV for the during COVID-19 group. After the beginning of the COVID-19 pandemic, a significant decrease was observed in the infection rates of certain common pathogens, especially for the influenza A and B viruses. However, other pathogens such as HRV and Mp did not show a substantial decrease in infection rates and remained widespread, particularly in young children.
Age group analysis revealed that age groups with the highest infection rates were the 51-60-year and 61-70-year subgroups for the before COVID-19 group and the 1-5-year and 41-50-years subgroups for the during COVID-19 group, which were consistent with the susceptible populations reported in previous studies.[17-19] Susceptible populations (prior to the COVID-19 pandemic) consisted largely the elderly, whereas susceptible populations after the beginning of the pandemic included a significant proportion of young children. This may be explained by the following reasons: (1) in general, the elderly population has lower levels of immunity and reduced ability of their airway epithelium to remove foreign particles, and may also suffer from underlying health conditions, therefore becoming highly susceptible to respiratory tract infections. However, personal safety awareness became more pronounced in this population during the COVID-19 pandemic, reducing their infection rate to a certain extent; (2) infants and young children do not have fully developed immune systems, and may not develop effective immunity after infection. During the COVID-19 pandemic, the inability of infants and young children to practice effective self-protection increases the possibility of recurrent infection. Therefore, infants and young children constitute a high-risk population for respiratory tract viral infections, which necessitates the enhancement of protective and monitoring measures for such individuals.
Infection rates of both male and female patients decreased significantly in the during COVID-19 group compared with those in the before COVID-19 group. It was observed that the before COVID-19 infection rates of male and female patients were higher than the reported rates of 25.39% and 26.32% in this region,[13] which may be because of the differences in enrolled populations and sample sizes, as well as increase in the respiratory tract infection rates.
When the monthly infection rates were analyzed, it was found that the infection rates during the four-month period before the beginning of the COVID-19 pandemic were significantly higher than that of the four-month period after it. The highest infection rate of 42.2% occurred in January 2020, which is consistent with previous literature.[16] This was primarily due to the poor awareness of personal protection before the COVID-19 pandemic, as well as the cold weather during that four-month period, which led to reduced outdoor activity and indoor ventilation. The lowest infection rate of 3.69% was observed in April 2020 and was mainly attributed to the heightened awareness of personal protection after the beginning of the COVID-19 pandemic and the warmer weather during that period.
A total of 19 cases of co-infection with more pathogens were detected in this study, which mainly consisted of HRV + Mp, HRV + hMPV, HRV + Boca, and FluA + FluB infections in the before COVID-19 group, and HRV + Mp infection in the during COVID-19 group. Co-infection rates were lower than the figures of 17.99% (reported by Liao) [15] and 15.08% (reported by Cheng)[17]. Compared with the before COVID-19 pandemic period, co-infections during the COVID-19 pandemic were mainly caused by the same combination of pathogens. No co-infections with three or more pathogens were detected in the subjects, which may be related to the short monitoring time and insufficient the sample size. In future studies, we need to expand the sample size and extend the monitoring time.
Through the analysis of respiratory tract infections before and after the beginning of the COVID-19 pandemic, this study demonstrated that respiratory tract infection rates were closely related with the awareness of personal protection among the various populations. Effective prevention and control are key measures for preventing the spread of respiratory tract infections and should be achieved by paying particular attention to susceptible populations, increased screening and testing efforts, and identifying non-COVID-19 respiratory tract infections in a timely manner. 
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