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中  文  摘  要

	猪流感（Swine influenza, SI）是由猪流感病毒（Swine influenza virus, SIV）引起的一种急性高度接触传染性的群发性猪呼吸道疾病，具有重要的兽医和人类公共卫生学意义。

为了有效地配合SIV流行病学调查，本研究首先根据SIV的M、HA、NA基因设计了6对引物，分别用于SIV的诊断及H1、H3、H9、N1和N2亚型SIV的快速鉴定。所建立的SIV型和亚型RT-PCR检测方法有很好的特异性，可以检测到102~103EID50的SIV，并在初步的临床样品检测中得到了应用。

为了了解我国SI的流行情况，2005年～2007年，我们先后在黑龙江、河南、山东、浙江、安徽、江西、北京、广东、广西9个省份的不同猪场，进行了600份样品的采集，分离到22株SIV，其中H1N1亚型1株、H3N2亚型4株、H9N2亚型4株。为了检测这9株SIV对哺乳动物的致病性以及在哺乳动物群体内的水平传播能力，我们进行了小鼠致病性试验，试验结果表明：这9株SIV对小鼠的致病力较弱，不引起明显的临床症状，不具备在小鼠之间水平传播的能力，但在感染后的第4天和第8天可以在小鼠的肺组织中分离到病毒。

古典H1N1亚型SIV和禽源H1N1亚型SIV广泛流行于世界范围内的猪群中。关于人源H1N1亚型SIV，世界范围内报道较少。2006年我们在广东省的一猪场分离到1株人源H1N1亚型SIV，并首次在中国进行相关报道。结合华中农业大学最近公布的2株人源H1N1亚型SIV的全基因序列，我们对这3株病毒进行了相关的遗传演化分析。3株SIV的8个基因片段核苷酸同源性分析结果表明，A/swine/Guangdong/96/06与2000年左右的人流感病毒有较高的同源性，8个基因片段核苷酸同源率在98.8~99.6％之间；A/swine/Tianjin/01/04和A/swine/Henan/01/06与1986年左右的人流感病毒有较高的同源性，8个基因片段核苷酸同源率在98.2~100％之间。3株SIV的遗传演化分析结果及HA、NA氨基酸分析结果也均表明，这3株SIV都属于人源谱系的SIV，基本保留了人流感病毒的特性，分别起源于2000年左右的人流感病毒和1986年左右的人流感病毒。这些流感病毒的存在，特别是古老的人流感病毒在猪体内的存在，对我国流感病毒的生态分布和遗传演化研究具有非常重要的意义。

猪具有同时感染禽流感病毒和人流感病毒的能力，被认为是新的流感病毒产生的中间宿主和基因混合器。本研究进行了1970～2006年44株H3N2亚型SIV的遗传演化分析，第一次全面总结和报道了完全人源的、二源重组的和三源重组的H3N2亚型SIV在我国猪群的相互存在。早在1970第一株完全人源的H3N2亚型SIV（Hong Kong/68-like）从台湾省的猪群中分离到，此后Victoria/75-like，Syndney/97-like，New York/99-like和Moscow/99-like的SIV陆续从我国的猪群中分离到；在1980年左右，2株三源重组的H3N2亚型SIV在我国出现，并已经被学者们报道；最近，二源重组的H3N2亚型SIV（HA和NA基因来自人流感病毒，PB2、PB1、PA、NP、M和NS基因来自禽流感病毒）和三源重组的H3N2亚型SIV（HA和NA基因来自人流感病毒，NP基因来自古典的H1N1亚型SIV，PB2、PB1、PA、M和NS基因来自禽流感病毒）在我国猪群中被分离到。这些SIV的存在，特别是重组的SIV的存在，充分地证实了猪确实能作为流感病毒产生的“混合器”，具有重要的人类公共卫生意义，进一步强调了加强我国SIV监控的重要性。

H9N2亚型禽流感病毒不仅可以感染禽，而且也可以感染猪和人。2007年3月，正值猪呼吸与繁殖综合征（PRRS）发病期间，我们在广西省多个猪场共采集50份左右临床样品，同时进行了PRRSV和SIV的RT-PCR检测，其中有4份样品PRRSV和SIV的检测结果都为阳性，并分离出相应的4株PRRSV和SIV，相应的SIV代表毒株命名为A/swine/Guangxi/7/07(H9N2)。序列分析表明，A/swine/Guangxi/7/07的8个基因片段与A/Pigeon/Nanchang/2-0641/00和A/Wild Duck/Nanchang/2-0480/00有较高的同源性，可能起源于A/Duck/Hong Kong/Y280/97-like H9N2亚型禽流感病毒。为了进一步了解我国禽源H9N2亚型SIV的遗传演化规律，我们从GenBank中调取了另外24株H9N2亚型SIV进行了相关的研究。遗传演化分析表明，这25株禽源H9N2亚型SIV可以划分10个基因型，其中B型的5株病毒起源于A/Duck/Hong Kong/Y280/97，C型的5株病毒起源于A/chicken/Shanghai/F/98，其余的15株存在复杂的重组现象。本研究使我们对我国禽源H9N2亚型SIV的分子进化有了全新的理解，为我国动物流感疫情监测及预防控制提供理论依据。

为全面了解SI在我国的流行情况，我们在进行SIV分离鉴定的同时，也开展了SI的血清学调查。2005～2007年，我们先后在9个省份的不同猪场，进行了717份血清样品的采集。通过血凝抑制试验，我们进行人源H1、人源H3、禽源H5、禽源H9亚型SIV抗体的检测，阳性率分别为0~20.8%、29.6~97.1%、1.1~13.2%、6.5~31.6%，其中以人源H3亚型阳性率最高，说明人源H3亚型SIV可能在我国猪群中相当普遍；人源H1亚型SIV的抗体呈现较低的阳性率，表明人源H1亚型SIV可能零星感染中国的猪群；另外，我们也检测到了猪群中禽源H5和H9亚型流感病毒的抗体。H3亚型SIV是我国猪群流感病毒流行的主要亚型之一，为方便以后H3亚型SIV抗体的检测，我们表达了H3N2亚型SIV的HA1蛋白，建立了基于HA1蛋白的间接ELISA方法，并初步用于临床血清样品抗体的检测。

近几年，H5N1亚型禽流感病毒已跨越了“猪-禽”的种间屏障，在我国猪群中存在。为了进一步研究禽源H5N1亚型SIV的致病机制及病毒的结构与功能，本研究选取一株背景清晰的SIV分离株（A/swine/Fujian/NP/01）进行反向遗传平台的构建。目前，我们已经获得了序列准确的8质粒，下游的病毒拯救工作还在继续进行当中。
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Molecular epidemiology of swine influenza virus in some regions of China

Hai Yu
ABSTRACT
	Swine influenza is an acute respiratory disease caused by swine influenza virus (SIV). Swine influenza surveillance is of great significance for veterinary and public health.

To facilitate swine influenza surveillance, RT-PCR assays were developed to detect SIV type and subtypes (H1, H3, H9, N1, and N2), using six pairs of primers based on conserved sequence of the M, HA and NA genes of SIV. Specificities of our RT-PCR assays were very good and sensitivities of detection were about 102-103EID50 SIV. These RT-PCR assays could be used in detecting SIV in clinical samples.

To learn the information about prevalence of SI in China, a total of 600 samples were collected from 9 provinces (Heilongjiang, Henan, Shandong, Zhejiang, Anhui, Jiangxi, Beijing, Guangdong, and Guangxi) and 22 viruses were isolated, including one H1N1 virus, four H3N2 viruses, and 4 H9N2 viruses. To determine the pathogenicity of the nine viruses in mammals and horizontal transmission level in mammalian population, these viruses were inoculated into mice. The result shows that the nine viruses were lowly pathogenic for mice, didn’t cause obvious clinical signs, and couldn’t transmit in mice. All the nine viruses could be isolated from lungs of inoculated mice at 4 to 8 days post infection.

Classical H1N1 SIV and avian origin H1N1 SIV have been reported widely in swine population worldwide. But human origin H1N1 SIV was reported occasionally. In 2006 we isolated a human origin H1N1 SIV from a pig in a farm of Guangdong province. We made full use of another two human origin H1N1 swine viruses isolated and sequenced by scientists of Huazhong Agricultural University of China to analyze their genetic evolution. All the eight gene segments of the three viruses are highly homologous to recent (2000) and early (1986) human H1N1 influenza viruses, respectively. Phylogenic analyses of eight genes and molecular analyses of HA and NA also show also that the three viruses might derive from recent or early human H1N1 influenza viruses. Existence of these influenza viruses, especially older viruses, in pigs is an invaluable characteristic in studying influenza virus epidemiology.

Pigs are susceptible to both human and avian influenza viruses and have been proposed to be intermediate hosts or “mixing vessels” for the generation of pandemic influenza viruses through reassortment or adaption to the mammalian host. In the study, for the first time, we summarize and report the coexistence of wholly human-like H3N2 viruses, double-reassortant H3N2 viruses and triple-reassortant H3N2 viruses in pigs in China, by analyzing the eight genes of swine influenza A (H3N2) viruses in China from 1970 to 2006. In 1970, the first wholly human-like H3N2 (Hong Kong/68-like) viruses were isolated from pigs in Taiwan, and then in the next years Victoria/75-like, Sydney/97-like, New York/99-like and Moscow/99-like swine H3N2 viruses were regularly isolated in China. In 1980s, two triple-reassortant viruses were isolated in pigs, which have been reported. Recently, the double-reassortant viruses containing genes from the human (HA and NA) and avian (PB2, PB1, PA, NP, M, and NS) lineages and the triple-reassortant viruses containing genes from the human (HA and NA), classical swine (NP) and avian (PB2, PB1, PA, M, and NS) lineages emerged in pigs in China. The coexistence of wholly human-like and reassortant viruses provides further evidence that pigs serve as intermediate hosts or “mixing vessels”, and emphasizes the importance of reinforcing swine influenza virus surveillance in China.
The H9N2 subtype influenza virus is a remarkable member of the influenza A viruses because it can infect not only chickens, ducks and pigs, but also humans. In March 2007, during the outbreak of highly pathogenic PRRS, 50 samples were collected from different pig farms in Guangxi province. RT-PCR assays were carried out to detect PRRSV and SIV. Interestingly, four PRRSVs and SIVs were isolated from the same lung samples. All the SIV isolates were closely related to each other in all eight gene segments, and so one of four SIV isolates was selected as the typical isolate and was designated as A/swine/Guangxi/7/07(H9N2). The eight gene segments of the four viruses are highly homologous to A/Pigeon/Nanchang/2-0461/00 or A/Wild Duck/Nanchang/2-0480/00. Phylogenetic analyses show that the four viruses are of avian origin and may be the descendants of A/Duck/Hong Kong/Y280/97-like viruses. To further understand the genetic evolution of avian origin H9N2 SIV, we selected another 24 viruses from GenBank. The result show that all avian origin H9N2 viruses isolated in China could be divided into 10 genotypes (A-J). The five viruses of genotype B and the five viruses of genotype C derived from A/Duck/Hong Kong/Y280/97 and A/Chicken/Shanghai/F/98, respectively. The rest are reassortant viruses. All these deepen the understanding of genetic evolution of avian origin H9N2 SIV and provide necessary data for SI control.

To get overall information about the prevalence of SI in China, the serological studies of nine provinces were carried out by HI assay using H1, H3, H5 and H9 subtype influenza viruses as antigens. The positive rates of H1 subtype influenza was relatively low, with prevalence ranging from 0 to 20.8%, indicating that H1 subtype human influenza viruses might sporadically infect pigs in China. The positive rates of H3 subtype influenza was 29.6~97.1%, indicating human origin H3 SIV might exist in pigs widely. The positive of H5 and H9 subtype influenza were 1.1~13.2% and 6.5~31.6%, respectively. In addition, we established indirect ELISA method for detecting H3 subtype SIV antibody rapidly.

Recently, H5N1 subtype SIV has been isolated from pigs in Fujian province. To further impulse research in molecular mechanism and genetic engineering vaccines for SI, we established a reverse genetics system for Fujian isolate, Sw/Fj/NP/01, which was the first strain of H5N1 swine influenza virus in world. Our work about rescuing virus is still ongoing.
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