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Background: In recent years, there have been frequent reports of human infection with H5N6 avian influenza. However, the fundamental characteristics of the disease remain unclear. This paper conducts a systematic review to explore the epidemiological features of the disease, aiming to provide a foundation for epidemic prevention and control and to serve as a reference for clinical diagnosis.

Method: A systematic search was performed in PubMed, Web of Science, CNKI, Wanfang and gray literature up to November 15, 2023. All articles were about the epidemic features of the H5N6 subtype of avian influenza, written in English or Chinese.

Results: This review encompasses 24 documented outbreaks of human H5N6 avian influenza, exclusively reported in southern China. The age range of cases spanned from under 2 years old to 81 years old. The incubation period ranged from 1 to 13 days, with a mean of 4.3 days. Among the 24 cases, 22 individuals had a documented history of contact with poultry. Of the 23 cases with available prognosis data, 12 resulted in fatalities, yielding a significant fatality rate of 52.2%. A noteworthy observation is that all cases with a history of contact with sick and dead poultry resulted in fatalities, and the difference in fatality rates between this group and others was statistically significant (χ2 = 7.441, p = 0.014). This study identified a total of 888 close contacts, none of whom demonstrated infection.

Conclusion: This study represents a comprehensive summary of the epidemiological characteristics of human H5N6 avian influenza. Significantly, it sheds light on the incubation period of the disease and underscores a potential elevated risk of mortality among patients with a history of contact with sick and dead poultry.
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1 Introduction

Influenza A virus (IAV) is the most diverse and epidemiologically significant pathogen associated with severe disease manifestations in humans (1). Wild aquatic birds are the natural reservoirs for IAV, but it can infect a variety of animals, including poultry, aquatic animals (e.g., seals, dolphins, and whales) and terrestrial mammals (e.g., cats, dogs, horses, pigs, mink, tigers, and humans) (2, 3). Taubenberger conducted a complete genome sequence and evolutionary analysis of the 1918 Spanish flu virus, confirming it to be a strain of avian influenza virus adapted entirely to humans, namely the H1N1 avian influenza virus (4). In early 2013, China reported the first cases of human infection caused by a novel H7N9 avian influenza virus (5). Importantly, the low-pathogenic avian influenza virus H7N9 evolved into a highly pathogenic strain. Due to the lack of pre-existing immunity in the majority of the population, infections with these viruses resulted in severe illnesses and fatalities (6).

Coincidentally, in April 2014, the world’s first reported case of human infection with the H5N6 subtype of avian influenza in Sichuan Province, China (7). Later that year, Guangdong Province in China reported a second case of this nature (8). Over the following years, more than 10 provinces in China reported cases of human infections with the H5N6 avian influenza virus. While numerous cases of H5N6 avian influenza infections in humans have been reported, the lack of systematic analyses, primarily in the form of individual case reports, has left essential characteristics of human H5N6 infection unclear. Basic features of this disease, such as its regional and temporal distribution, modes of exposure, incubation period, prognosis for those infected, and potential for human-to-human transmission, remain inadequately understood. Addressing these fundamental epidemiological questions is crucial for clinical diagnosis and the control of outbreaks associated with this disease. This study aims to comprehensively evaluate previous case reports to provide insights into these questions and offer valuable references for clinical diagnosis and epidemic control of H5N6 avian influenza.



2 Methods


2.1 Search strategy

This review adhered to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines (9). All analyses were conducted based on previously published studies, obviating the need for additional ethical approval or patient consent. The literature retrieval process encompassed databases such as WANFANG, CNKI, PubMed, and Web of Science, utilizing search terms including “Human infection,” “H5N6,” and “Highly pathogenic avian influenza” up to November 15, 2023. In addition to database searches, reference lists of the identified articles underwent manual scrutiny for potential inclusion of supplementary studies. Possible gray literature was also searched using Google Scholar to identify additional relevant studies. Additionally, the World Health Organization (WHO) website and regional health department websites were examined to find pertinent articles and reports. Titles and abstracts were screened for relevance by two independent reviewers (Fengying Li and Zhou Sun). In the event of disagreements, a consensus on data extraction was reached through discussion involving a third investigator (Mingyong Tao).



2.2 Selection criteria

Inclusion Criteria were as follows: (1) reporting of H5N6 avian influenza outbreaks, including details such as outbreak time, province, the number of cases, age and gender of the case, the number of close contacts and close contacts with the medical observation time, prognostic information, avian exposure history; (2) publications in English or Chinese; (3) positive nucleic acid tests for H5N6 in specimens of the case.

Exclusion criteria included: (1) outbreaks reported due to mixed infections with other pathogens; (2) unavailability of full-text with the inability to collect data from the abstract; (3) insufficient information about the epidemiological characteristics; (4) articles categorized as review articles.



2.3 Data extraction

For studies with repeated outbreaks, each instance was counted only once. Duplicated information found across different studies was systematically summarized and integrated. An information extraction table was created in Excel to collect the following details from the qualified literature: first author, reporting province, age, sex, exposure type, exposure time, onset time, prognostic information of the cases, number of close contacts, and medical observation information of the close contacts.



2.4 Statistical analysis

The data from the literature were extracted and entered into Microsoft Excel. Calculations for both the percentage and mean values relevant to this study were conducted using Excel software. The correlation analysis concerning age, gender, mode of exposure, and case prognosis was performed employing the statistical software SPSS 13.0 through the application of the chi-square test.




3 Results


3.1 Identification and selection of studies

A total of 161 studies were initially identified through a comprehensive primary search. Subsequent to the meticulous removal of 19 duplicate entries and the exclusion of 76 studies deemed irrelevant to the scope of our investigation, the detailed full texts of 66 papers underwent a thorough evaluation for eligibility in this study. From this scrutiny, 42 articles were excluded, comprising 25 studies unrelated to H5N6 avian influenza outbreaks, 8 review articles, and 9 lacking sufficient data for extraction. The study selection process, including the exclusions and the reasons for each, is visually depicted in Figure 1.
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FIGURE 1
 Flow chart for study identification in the systematic literature review of the epidemiological characteristics of human infection with H5N6 avian influenza.


The final inclusion comprised 24 published articles, each contributing unique insights into H5N6 avian influenza outbreaks. These outbreaks, totaling 24, were exclusively documented in Chinese territory and occurred during the period from April 2014 to November 2023. A comprehensive overview of the fundamental characteristics of the included literature is presented in Table 1.



TABLE 1 The overview of the fundamental characteristics of the included literature.
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3.2 Epidemiological characteristics


3.2.1 Distribution of the age and gender

In the 24 documented cases, the age range spanned from less than 2 years to 81 years, with a mean age of 37 years. The distribution across age groups revealed that the majority of cases, 16 in total, fell within the young adult category (20–60 years old), constituting 66.7% of the cases. Five cases were under 20 years old, representing 20.8%, while an additional 5 cases were over 60 years old, accounting for 12.5% of the total. Gender-wise, the cases were evenly distributed, with 12 cases each reported for both men and women.



3.2.2 Regional distribution

In the preceding period, H5N6 avian influenza outbreaks were documented across 14 provinces or municipalities (including Beijing, and Chongqing) in China. Notably, Guangdong and Guangxi provinces exhibited the highest incidence, each contributing 4 out of 24 cases, representing 16.7% of the total. Following closely were Anhui with 3 cases (12.5%) and Hunan and Jiangsu with 2 cases each (8.3% each). The remaining provinces or municipalities, including Beijing, Guizhou, Henan, Hubei, Jiangxi, Sichuan, Yunnan, Zhejiang, and Chongqing, reported a single case each, constituting 4.2% each.

Our investigation revealed a predominant concentration of outbreaks in southern China (south of the Qinling Mountains and the Huai River). Furthermore, all documented outbreaks occurred within the southeastern China (from Heihe City in Heilongjiang province to Tengchong City in Yunnan province, effectively dividing China into two distinct halves—southeast and northwest).

The regional distribution of H5N6 avian influenza outbreaks is shown in Figure 2.
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FIGURE 2
 Regional distribution of H5N6 avian influenza outbreaks in China from April 2014 to November 2023. The dotted black line is the Hu line, which divides China into two parts, namely southeast and northwest. The blue line represents the Qinling Mountains and the Huai River, which divides China into the southern and northern parts. H5N6 avian influenza outbreaks were documented across 14 provinces or municipalities. The darker the color, the greater the number of outbreaks in the province.




3.2.3 Temporal distribution

All 24 outbreak reports meticulously documented the time of patient onset. The earliest outbreak was recorded in April 2014, while the most recent occurred in March 2022, creating a comprehensive temporal span for our analysis. The zenith of outbreaks transpired in 2016, constituting 25.0% of the total cases, followed by 2020 with 4 cases (16.7%), 2015 with 3 cases (12.5%), and 2021 also with 3 cases (12.5%). The years 2014 and 2018 each accounted for 2 cases (8.3% each), and 2022 similarly contributed 2 cases (8.3%). Both 2017 and 2019 reported a single case each, representing 4.2% each of the total cases.

H5N6 avian influenza outbreaks occurred in every season throughout the studied period. Specifically, there were 9 outbreaks in winter (December to February), constituting 37.5% of the total cases. Spring (March to May) and autumn (September to November) each reported 6 outbreaks, accounting for 25.0% of the total cases, respectively. In summer (June to August), there were 3 outbreaks, contributing to 12.5% of the total cases. Basically, it is consistent with the seasonal distribution characteristics of other respiratory transmission, high in winter, followed in spring and autumn, and least in summer. A detailed monthly breakdown of the number of cases is provided in Figure 3.
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FIGURE 3
 Temporal distribution of 24 H5N6 avian influenza outbreaks from April 2014 to November 2023. The 24 H5N6 avian influenza outbreaks occurred in every season throughout the studied period. There were 9 outbreaks in winter, 6 outbreaks each in spring and autumn, and 3 outbreaks in summer. This pattern generally aligns with the seasonal distribution characteristics of other respiratory infections, showing a peak in winter, followed by spring and autumn, with the fewest outbreaks occurring in summer.




3.2.4 Exposure and incubation period

Based on the actual exposure history of the 24 cases, we categorized the avian exposure into four distinct types: exposure to infected sick and dead birds, exposure to infected live birds, exposure to infected slaughtered birds, and no clear avian exposure history. Impressively, 22 out of the 24 cases, representing 91.7%, had a clearly documented history of avian exposure. Only 2 cases lacked a clear avian exposure history. Among the cases with clear exposure history, the majority had been exposed to live poultry, accounting for 58.3%. A significant portion had a history of exposure to sick and dead birds, representing 25.0%, while the least number of cases were exposed to slaughtered poultry, accounting for 8.3%.

In the process of calculating the latency of H5N6 avian influenza, we refined our analysis by excluding cases with unclear exposure history and continuous exposure. This yielded a dataset comprising only cases with a single, well-documented exposure history, resulting in a cohort of 12 cases with a clear and singular exposure history. The incubation period of H5N6 avian influenza was then calculated from the time of patient exposure to the earliest manifestation of clinical symptoms, measured in days. Notably, among these 12 cases, the shortest incubation period observed was 1 day, while the longest recorded was 13 days. The mean incubation period across these cases was determined to be 4.3 days. Remarkably, the majority of cases exhibited a relatively short incubation period, with 10 out of the 12 cases (83.3%) developing symptoms within 1 week. Importantly, no cases in the dataset displayed an incubation period exceeding 2 weeks. The number of cases with different incubation period is shown in Figure 4.
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FIGURE 4
 The number of cases with different incubation period in the cohort of 12 H5N6 cases with a clear and singular exposure history. The incubation period of H5N6 avian influenza was calculated from the time of patient exposure to the earliest manifestation of clinical symptoms, measured in days. Among these 12 cases, the shortest incubation period observed was 1 day, while the longest recorded was 13 days. The majority of cases exhibited a relatively short incubation period, with 10 out of the 12 cases developing symptoms within 1 week. No cases displayed an incubation period exceeding 2 weeks.




3.2.5 Prognosis of the cases

Among the 24 documented outbreaks, 23 provided clear prognostic information, while details on one case were not mentioned. Of the 23 cases with available prognostic data, 11 individuals survived, and 12 died. Calculating based on this information, the survival rate for H5N6 cases was determined to be 47.8% (11 out of 23), while the corresponding fatality rate stood at 52.2% (12 out of 23).

In our effort to discern prognostic factors associated with H5N6 influenza cases, we conducted a comprehensive analysis examining the interplay between age, sex, mode of exposure, and case prognosis. Notably, all cases over 60 years old resulted in fatalities, implying a seemingly elevated case fatality rate in this age group. While this aligns with expectations, considering the likelihood of concurrent underlying diseases in older individuals, our statistical analysis did not reveal a significant difference (χ2 = 3.162, p = 0.217), potentially due to the limited sample size.Among the female cases, 7 out of 11 had succumbed to the infection, yielding a case fatality rate of 63.6%, surpassing that of male cases (41.7%, 5 out of 12). However, no statistically significant difference was observed between the two genders (χ2 = 1.110, p = 0.414). A noteworthy finding emerged concerning cases with a history of exposure to sick and dead birds, where the case fatality rate was 100% (6 out of 6). This was markedly higher than the fatality rate in other exposure groups (35.3%, 6 out of 17), and the difference was statistically significant (χ2 = 7.441, p = 0.014). This discrepancy may be attributed to the potentially higher viral load encountered by cases with exposure to sick and dead birds. The detailed statistical results are presented in Table 2.



TABLE 2 The analysis between age, gender, mode of exposure, and case prognosis.
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3.2.6 Close contacts for medical observation

In the context of 24 outbreaks of H5N6 avian influenza, it was explicitly indicated that there were 20 cases with a specified number of close contacts. Among these, 4 cases underwent a specified 14-day medical observation period for close contacts, 4 cases had a 10-day observation period, and 9 cases had a 7-day observation period. The study encompassed a total of 888 close contacts, yet no instances of infection were identified among them.





4 Discussion

In this study, we determined for the first time that the shortest incubation period for H5N6 avian influenza in humans is 1 day, the longest is 13 days, and the average is 4.3 days. When calculating the incubation period of the disease, we typically need to know the specific single exposure time of the patient, so we excluded cases with continuous exposure (7, 10–14). In the end, only 12 cases met our criteria for calculating the incubation period. Understanding the incubation period of H5N6 avian influenza is crucial for clinical diagnosis and treatment. After being infected with the H5N6 avian influenza virus, cases often present with symptoms such as fever, cough, and unexplained pneumonia upon hospital admission. This underscores the importance for clinicians to consider the patient’s poultry contact history during the incubation period to enable earlier diagnosis and timely administration of oseltamivir, thereby reducing the mortality rate (15). Additionally, co-exposed persons and close contacts of cases usually require medical observation, and the incubation period is the premise for determining the duration of medical observation and is also an important part of epidemic control. Based on the calculated incubation period, and considering the severity of the prognosis for this disease, we believe that a two-week medical observation period for this disease is reasonable. Additionally, Zhou et al. using data from cases-patient groups in China from 2013 to 2017, estimated the incubation period of H7N9 avian influenza virus infection, with a median incubation period of 4 days (16). This indicates that the incubation period of H5N6 avian influenza is similar to that of H7N9 avian influenza.

We calculated the case fatality rate of H5N6 avian influenza to be 52.2%, which is relatively high compared to the H7N9 subtype of avian influenza and is generally consistent with the H5N1 subtype of avian influenza (17). It is worth mentioning that we discovered for the first time that the case fatality rate of cases with exposure history to sick and dead poultry and dead birds is 100%, which is significantly higher than that of other exposure groups. This may be related to the fact that sick and dead poultry have more virus loads. It also reminds us that avian flu patients exposed to sick and dead birds have a higher risk of death.

In current systematic review, we categorized the prognosis of cases into two groups: death and survival, rather than death and recovery. Mainly because some cases, although discharged after clinical treatment, left severe sequelae. As the Zhejiang cases occurred in Hangzhou, our team learned through follow-up that the cases experienced the invasion of the H5N6 avian influenza virus, which led to severe and irreversible fibrosis in the lungs, resulting in a very poor physical condition. The cases often experienced pulmonary bleeding and were unable to engage in physical labor in daily life (18). One case in Jiangsu Province exhibited early symptoms of encephalitis, such as seizures, epilepsy, and coma. After being diagnosed with H5N6 virus infection, the patient underwent treatment with oseltamivir and received methylprednisolone pulse therapy. However, during the 2–4 month follow-up after discharge, obvious characteristics of posterior cerebral atrophy was observed in the patient (19). This indicates that in addition to having a very high fatality rate after infection with H5N6, some cases also have severe sequelae. In general, the H5N1, H5N6, H7N9, and H10N8 subtypes of avian influenza have a relatively high risk of death compared to other subtypes (20).

In this research, we classified exposure into four categories: exposure to infected and dead birds, exposure to infected live poultry, exposure to infected slaughtered poultry, and no clear history of poultry exposure. The essence of this classification is based on the patient’s exposure object, rather than the traditional classification based on exposure pathways. The main reason is that for some cases, the exposure object is clear, while the exposure pathway may be mixed, making it impossible to determine which pathway caused the infection. For example, in the articles by Chen, Li, and Kong, it was only investigated that the cases had slaughtered live poultry a few days before, making it impossible to determine whether the infection occurred through respiratory exposure to the H5N6 virus during the slaughtering process or through contact exposure (21–23). Similarly, Liu’s study suggested that the cases were infected with avian influenza virus through aerosol transmission (24). We believe that using the classification method of exposure objects avoids subjective errors introduced by classifying exposure pathways and is more practically meaningful for epidemic prevention and control.

Our research includes 888 close contacts, who have undergone a medical observation of at least 7 days. However, no instances of infection were found among these close contacts. Due to the limited number of cases in our study, we cannot yet rule out the possibility of human-to-human transmission of the disease. Nevertheless, our data suggests that the human-to-human transmission capability of H5N6 avian influenza is limited. In contrast to the H5N6 avian influenza outbreak, there have been more reports of H7N9 outbreaks (25), some of which include reports of illness among close contacts and instances of familial clustering (26, 27).

While our research results can provide a basis for the prevention and control of H5N6 avian influenza, as well as provide references for clinical diagnosis and treatment, our systematic review also has certain limitations. Firstly, the sample size of our study is not large enough. Secondly, our article lacks some clinical treatment information, making it challenging to provide sufficient support for clinical treatment. Additionally, case ascertainment may be influenced by the healthcare infrastructure, diagnostic criteria, and reporting practices of the region. In this review, the reliance on data from China means the findings may not be fully generalizable to other regions with different healthcare systems and practices. Moreover, the limitation to published cases may introduce the risk of publication bias. Thus, more reliable conclusions will require additional data in the future.
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