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Influenza-like illness (ILI) is one of the most important public health problems globally, causing an enormous disease burden. Influenza infections are the most common cause of ILI. Bacterial and virus co-infection is common yet the data of co-infection with influenza A and B viruses are scarce. To identify the epidemiological patterns of and co-infection of influenza A and B in Anhui province, China, we analyzed the surveillance data of 5 years from 2009 to 2014 collected by the Chinese National influenzas network. The results showed that the weekly ratio of ILI was 3.96 ± 1.9% (95% CI 3.73–4.2%) in outpatients and the highest affected population was children under 5 years old. The epidemic of influenza viruses was highest during 2009–2010. For the other 4 surveillance years, school-aged people (5–14 years) were the most highly affected population. Influenza B and H3N2 viruses were more prevalent than H1N1pdm09 virus after 2010. In addition, a significant co-circulation of influenza A (H1N1pdm09 and H3N2) and influenza B virus was detected with 0.057% PCR positive rate during 2009–2014 in Eastern China, yet isolated only in pediatric patients. Our data reveals school-aged population would be the main vulnerable population and a distinct seasonality for influenza. In addition, the co-infection of influenza A and B were found in Anhui Province, China. Ongoing surveillance is critical to understand the seasonality variation and make evidence-based vaccination recommendations. Information on the epidemiological patterns and co-infections of influenza A and B can help us to implement different strategies for selecting vaccine formulations and monitoring new emerging influenza strains. In addition, the identification of the susceptible population can help us to develop more precise protection measures.
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INTRODUCTION

Influenza virus, one of the most important respiratory viruses presenting globally annual seasonal epidemics, causes fatal respiratory diseases to humans. The estimated number of global annual influenza-associated respiratory deaths were 291,243–645,832 per year during the 1999–2015 period, and 9,243–105,690 deaths occur annually among children younger than 5 years (1). The mortality related to influenza virus infections adhere to a cyclic pattern fluctuating with seasonal changes in temperature and humidity, or occasional pathogenicity changes due to new gene mutations or exchanges (2–5). It is well-recognized that bacterial co-infection was frequent and critically led to the mortality in influenza virus infection (6, 7). In contrast, previous reports indicated that medical manifestations in cases of dual influenza infection and simple infection are similar (8). Recent ferret model study implied that prior infection antigenically related and unrelated viruses protected from subsequent infection or modified the infection kinetics of the challenge virus (9). The epidemiological and virological study of dual influenza infection cases is of major interest particularly for monitoring emerging influenza strains, which could perpetuate epidemic or pandemic events. However, co-infection with different influenza type/subtype viruses is rare (8, 10), and remain to be fully elucidated due to some limitations of many studies. Co-infections with influenza A subtypes or/and influenza B virus were detected in several surveillance areas regarded as rare events (11). The epidemic of influenza in Anhui Province, China generally exhibited Influenza B, H3N2 and H1N1pdm09 alternating or co-prevalence trend and presented obvious seasonal characteristics, showing single and double peaks, i.e., the peak is bound to occur every winter and spring, while the summer peak occurs in alternate years. In the present study, we described the epidemiological pattern of influenza A and B by surveillance network in Anhui province, eastern China from 2009 to 2014. In addition, we also investigated co-infection of influenza A and B and identified the ssusceptible population.



MATERIALS AND METHODS


Source of Data

Influenza surveillance has been established and developed a surveillance network in Anhui Province of Eastern China since 1990. The network has covered 17 collaborating laboratories of local CDCs and 24 sentinel hospitals until 2009. Based on the guideline of Chinese influenza surveillance (12), the annual surveillance begins at the 14th week (April) of present year and ends at the 13th week (March) of next year, and the collaborating laboratories collected samples from patients with ILI for virological surveillance in sentinel hospitals weekly. Referring physicians at sentinel hospitals were asked to diagnose ILIs according to strict criteria (fever >38°C, cough or sore throat) and to record the number of ILI consultations per day in a fixed format based on age group. These data would be uploaded into Chinese influenza surveillance informatics system by designated hospital staff in hospitals daily. Pharyngeal swab specimens were collected from patients without taking antiviral drugs within 3 days of illness onset. The specimens were transported to the correspondent laboratories in viral transport medium at 4°C for RT-PCR detection and/or viral isolation according to Chinese influenza surveillance guidelines (12). The detection results including weekly type and subtype specific positive rates were input into Chinese influenza surveillance informatics system by collaborating laboratories. In the present study, we collected pharyngeal swab specimens and surveillance data of 5 years from 2009 to 2014 from 17 collaborating laboratories of local CDCs and 24 sentinel hospitals in Anhui Province of China.



RNA Extraction and RT-PCR

Virus RNA were extracted by RNeasy Mini kit (Qiagen) in pharyngeal swab specimens collected from sentinel hospitals, according to the manufacturers' recommendations. Then we took specific real-time RT-PCR assays for seasonal influenza viruses (H1N1pdm09, H3N2 and influenza B). The nucleic acids of the virus were extracted by GeneRotex Automatic Nucleic acid extractor (TIANLONG Technology CO. LTD). The identification of influenza virus was carried out by QuantStudio Q5 System (Applied Biosystems, Waltham, MA, USA) using AgPath-ID One-step RT-PCR kit (Applied Biosystems, Foster City, CA), the primers and the fluorogenic probes were synthesized according to the national influenza surveillance program (2017 version).



Isolation of the Virus and Identification of Type/Subtype

The samples of pharyngeal swab were maintained in a viral-transport medium and propagated in MDCK cells for 72 h at 35°C. The supernatant was tested by using hemagglutinin (HA) assay with human “O” type red blood cells, and influenza type and subtype was performed for those with positive hemagglutinin inhibition tests or PCR. The extracted RNA was first tested for the presence of influenza A and B viruses. The nucleic acid showing positive for influenza A/B was further differentiated into subtypes and lineages. Influenza A positive samples were screened for H1pdm and H3 whereas samples showing influenza B positive were tested for B/Yamagata and B/Victoria lineage.



Haemagglutination Inhibition Assay (HI)

HI was performed as previously described (13). Reference sera were handled with a 1:4 (vol/vol) of receptor disrupting enzyme for 18 h at 37°C and then incubated at 56°C for 30 min. The reference serum was titrated with a 2-fold dilution of PBS (initial dilution of 1:20) and then 4 HAU/25 μl virus was added for the assay.



Data Analyses

The chi-squared with Fisher's exact test was used to compare dichotomous variables between groups using Graph Prism 5 software (GraphPad Software), and P < 0.05 was considered significant.




RESULTS


Consultation of ILI in Anhui Province

The total number of consultations of ILI was 5,62,551, and the age group percentages by year of surveillance are presented in Supplementary Table 1. The results showed that weekly ILI ratio of outpatients was 3.96 ± 1.9% (95% CI: 3.73–4.2%) for the 5 surveillance years and were the highest in surveillance year of 2009–2010 (6.75 ± 3.05%, 95%CI: 5.72–7.43%). In addition, there were three peaks at 20th, 38th, and 50th weeks during 2009–2010 but not presented in subsequent same seasons (Figure 1A). As is shown in Figure 1B, the youngest patients (<5 years old) presented the highest ILI consultations (2.01 ± 0.22%, 95% CI: 1.74–2.28%). In contrast, the >65 years old population was minimum ILI consultation (0.15 ± 0.05%, 95% CI: 0.08–0.21%) during the influenza epidemic period. To be different in other surveillance years, the ILI consultation of in 2009–2010 present significantly higher level in senior school-aged (15–29 years) population than in school-aged (5–15 years) children (P < 0.0001, OR = 0.95).


[image: Figure 1]
FIGURE 1. (A) The weekly ratio of ILI outpatients from 2009–2014. (B) The incidence of ILI outpatients by age group from 2009−2014.




Epidemic of Influenza Viruses

The epidemic of influenza viruses showed fluctuation in different surveillance year, and the cycling pattern present big difference in these surveillance years. As is shown in Figure 2, the activities of influenza viruses were the strongest in 2009–2010 and kept a high level for long period (July 2009–March 2010) and peaked in November. In addition, three peaks (located in spring, summer, and winter respectively) were present in 2010–2011 and 2012–2013. Both summer peaks were raised by H3N2 influenza virus, whereas only spring and winter peaks presented in 2011–2012 and 2013–2014. In those spring and winter epidemic peaks, influenza A (H1N1pdm09, H3N2) and B exhibited co-circulation. Of note, the novel H7N9 avian influenza virus infection was spotted among ILI patients in 2013 and 2014 by the surveillance system.


[image: Figure 2]
FIGURE 2. The positive rate of different influenza subtypes during the different surveillance years (A–E) from 2009 to 2014.




Relative Rate of Influenza Infection

Based on standard clinical groupings according to potential influenza exposure/risk environments, the 5 years surveillance data showed the influenza consultation difference in different age ILI patients. As is shown in Figure 3A, the influenza infections were the highest in young school-aged patients (24.25 ± 16.52%, 95% CI: 3.74–44.77%), then in senior school-aged people (18.34 ± 16.14%, 95% CI: −1.70–38.38%). To be different with ILI consultation, influenza infection was significantly lowest in the youngest (<5 years old) patients (10.78 ± 5.77%, 95% CI: 3.61–17.95%), and then in oldest (>65 years old) patients (14.36 ± 5.219%, 95% CI: 7.88–20.84%). However, the consultation of senior school-aged patients was significantly decreased (11.29 ± 4.01%, 95% CI: 4.91–17.68%) if we took out pandemic year (2009–2010) data (Supplementary Figure 7). In addition, the H1N1pdm09 virus was the most prevalent influenza virus in ILI patients (Figure 3B), especially in school-aged people (5–29 years old). However, Influenza B and H3N2 virus were more prevalent than H1N1pdm09 if pandemic year (2009–2010) surveillance data was taken out (P < 0.001, OR = 1.51). More details information associated with total ILI consultations by age group and surveillance year from 2009 to 2014 years were presented in Supplementary Figures 1–7; Supplementary Tables 1, 2.


[image: Figure 3]
FIGURE 3. (A) The positive rate of different influenza subtypes by age group. (B) The age composition ratio of different influenza subtypes from 2009 to 2014.




Co-infection With Influenza A and B in ILI Patients

The co-infection of influenza viruses was detected in ILI patients by PCR during the five surveillance years. The detected rate of co-infection was 0.057% in all collected ILI samples, and 0.58% in influenza PCR positive samples. To be consistent with influenza epidemic season, the positive co-infection peaked in the winter, summer or spring (Figure 4).


[image: Figure 4]
FIGURE 4. The positive rate of influenza co-infection in different surveillance months from 2009 to 2014.


To define viral features of co-infection, the available samples were collected for viral isolation. Nine live viruses were isolated from 25 PCR-positive samples, four of which had detectable HI titers for dual viruses, including two H1N1pdm09 combined with Influenza B (Yamagata) and two H1N1pdm09 combined with H3N2 infection, respectively (Table 1). All of these 4 samples were collected from pediatric patients. The remaining five samples were isolated with only a single virus with detectable HI titers.


Table 1. Co-infection with influenza A and B in ILI patients enrolled.
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DISCUSSION

Effective influenza surveillance systems could help us decipher epidemiology and seasonality of influenza and further optimize possible influenza control strategies. The ILI consultation rates reported by Chinese influenza surveillance network in Anhui province of eastern China showed that ILI affected all aged people through whole year and was remarkably higher in 2009–2010 than in other surveillance years. To be consistent with ILI epidemics, influenza positive rates were the highest in 2009–2010 since H1N1pdm09 outbreak (14, 15). In addition, the data showed that ILI consultation were the highest in children aged <5 years. However, lab detection showed that influenza infections were the most predominant in school aged patients in the surveillance years instead of the youngest patients. In contrast, the most slightly affected people were the youngest patients among the monitored population. The data suggested that other respiratory pathogens may induce youngest ILI patients more frequently than influenza viruses as recent report (16, 17), and school-aged children should be the mainly concerned points for influenza controls in Anhui province China. In addition, the senior school-aged people were more increasingly affected during pandemic year, that is consisted with the previous reports where inpatients in the pandemic season were significantly younger compared with those in the pre-pandemic or post-pandemic seasons (18–20). It may be partially associated with that young adult in the pandemic season were less likely to have been vaccinated (20).

Influenza seasonality in Anhui province China was manifested by seasonal variations in different surveillance years. Except 2009–2010 surveillance year with H1N1 pandemic, two different epidemic patterns were present in the post the 4 surveillance years. Besides the normal winter and spring peaks, a summer peak presented in both 2010–2011 and 2012–2013 surveillance year. Similar recommendations of vaccination have been proposed for China recently (21). Recent data from countries in south and south-eastern Asia also indicate that countries consider vaccination with newly recommended vaccine in May-June prior to seasonal epidemic (22). In addition, the surveillance system presented a high sensitivity on monitoring the activity of the influenza viruses. An H7N9 case who was one of the earliest confirmed cases in mainland China was reported by the system (23, 24). Consequently, the surveillance networks would play a positive role in making evidence-based policy of control and prevention.

In the present study, human co-infections caused by several influenza viruses were detected in the surveillance epidemics. However, live dual viruses were merely detected in a few cases. It means that there was a prepotent virus in the infections with dual influenza viruses associated with viral interference or cross-reactive immune responses (25). Infections with heterosubtypic influenza A viruses presented shortening of virus shedding in previous studies (26). In addition, Cross-reactive epitopes have been found between influenza A and B viruses in the fusion peptide of the HA and enzymatic region of neuraminidase (25). Notably, the possibility of dual virus infection with similar replication level in vivo may be more frequent in young patients, that may be associated with host immune response to the infected virus. Previous studies shed a light on the immune response to influenza virus was weaker in the younger children and those without preexisting immunity (27). Theoretically, dual influenza virus infections represent a potential source of multiple viral transmission and constitutes a basis for virus recombination between two human strains or one human and one avian viral strain (28, 29). So, it may be valuable to monitor the potential reassortment due to co-infection in pediatric patients or those without preexisting immunity.



CONCLUSION

In the aggregate, we elaborated two different patterns of influenza circulation in different surveillance years in Anhui province, China. In view of school-aged children were the mainly affected patients in ILI associated with influenza viruses, we propose to implement a vaccination program in school-aged population in Anhui province. Influenza B, H3N2 and H1N1pdm09 co-circulated in annual epidemics, and the co-infections with influenza viruses were frequent in epidemic peaks. These data help us implement strategies to select vaccine formulations and monitor potential recombinant viruses in surveillance programs.
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Data source: The pharyngeal swab specimens and surveillance data of § years from 2009 to 2014 were retrieved from 17 collaborating laboratories of local CDCs and 24 sentinel

hospitals in Anhui Province of China.

F; female; M, male; RT-PCR, Reverse Transcription-Polymerase Chain Reaction; HI, haemagglutination inhibition assay; HA, hemagglutinin; HAU, hemagglutinin unit; Pos, positive; Neg,
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