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ʵʧʠʜʝʤʠʦʣʦʛʠʯʝʩʢʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ ʠ ʤʝʪʦʜʘʭ ʜʠʘʛʥʦʩʪʠʢʠ ʥʦʨʦʚʠʨʫʩʥʦʡ ʠʥʬʝʢʮʠʠ, 

ʥʘʮʠʦʥʘʣʴʥʳʭ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʩʠʩʪʝʤʘʭ ʤʦʥʠʪʦʨʠʨʦʚʘʥʠʷ ʛʝʥʝʪʠʯʝʩʢʦʛʦ 

ʨʘʟʥʦʦʙʨʘʟʠʷ ʠ ʤʦʣʝʢʫʣʷʨʥʦʡ ʵʚʦʣʶʮʠʠ ʥʦʨʦʚʠʨʫʩʦʚ, ʘ ʪʘʢʞʝ ʢʨʘʪʢʦ ʠʟʣʦʞʝʥʳ 

ʨʝʟʫʣʴʪʘʪʳ ʩʦʙʩʪʚʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʠʟʫʯʝʥʠʶ ʠʭ ʮʠʨʢʫʣʷʮʠʠ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ʅʠʞʝʛʦʨʦʜʩʢʦʡ ʦʙʣʘʩʪʠ ʥʘ ʦʩʥʦʚʝ ʤʥʦʛʦʣʝʪʥʠʭ ʥʘʙʣʶʜʝʥʠʡ. ʆʩʚʝʱʝʥʳ ʚʦʧʨʦʩʳ 
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ɺɺɽɼɽʅʀɽ 

 

ʅʦʨʦʚʠʨʫʩʳ ʯʝʣʦʚʝʢʘ ʙʳʣʠ ʦʪʢʨʳʪʳ ʚ 1972 ʛʦʜʫ Kapikian A.Z. ʩ 

ʩʦʘʚʪ. ʧʨʠ ʵʣʝʢʪʨʦʥʥʦ-ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʦʤ ʠʟʫʯʝʥʠʠ ʤʘʪʝʨʠʘʣʦʚ, 

ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʚʩʧʳʰʢʝ ʦʩʪʨʦʛʦ ʛʘʩʪʨʦʵʥʪʝʨʠʪʘ ʚ ʛ. ʅʦʨʚʦʣʢ (ʉʐɸ, 

1968 ʛ.) [Kapikian et al., 1972]. ɼʦʣʛʦʝ ʚʨʝʤʷ ʚʠʨʫʩ, ʥʘʟʚʘʥʥʳʡ Norwalk, ʥʝ 

ʧʨʠʚʣʝʢʘʣ ʦʩʦʙʦʛʦ ʚʥʠʤʘʥʠʷ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʠ ʩʧʝʮʠʘʣʠʩʪʦʚ 

ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ, ʪʘʢ ʢʘʢ ʦʩʥʦʚʥʳʤ ʵʪʠʦʣʦʛʠʯʝʩʢʠʤ 

ʘʛʝʥʪʦʤ ʦʩʪʨʦʛʦ ʛʘʩʪʨʦʵʥʪʝʨʠʪʘ ʫ ʜʝʪʝʡ ʧʨʠʟʥʘʚʘʣʩʷ ʦʪʢʨʳʪʳʡ ʚ 1973 ʛ. 

ʨʦʪʘʚʠʨʫʩ [Bishop et al., 1973]. ʊʦʣʴʢʦ ʚ ʩʝʨʝʜʠʥʝ 90-ʭ ʛʦʜʦʚ ʧʨʦʰʣʦʛʦ 

ʚʝʢʘ, ʢʦʛʜʘ ʧʦ ʚʩʝʤʫ ʤʠʨʫ ʩʪʘʣʠ ʚʦʟʥʠʢʘʪʴ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʚʩʧʳʰʢʠ 

ʦʩʪʨʳʭ ʢʠʰʝʯʥʳʭ ʠʥʬʝʢʮʠʡ (ʆʂʀ) ʚ ʫʯʝʙʥʳʭ ʠ ʣʝʯʝʙʥʳʭ ʫʯʨʝʞʜʝʥʠʷʭ, 

ʥʘ ʢʨʫʠʟʥʳʭ ʪʝʧʣʦʭʦʜʘʭ, ʚ ʚʦʠʥʩʢʠʭ ʯʘʩʪʷʭ, ʥʦʨʦʚʠʨʫʩʳ ʦʢʘʟʘʣʠʩʴ ʚ 

ʬʦʢʫʩʝ ʥʘʫʯʥʦʛʦ ʠʥʪʝʨʝʩʘ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʦʨʦʚʠʨʫʩʳ ʥʝ ʪʦʣʴʢʦ ʚʳʟʳʚʘʶʪ 60-90 % ʚʩʝʭ 

ʚʩʧʳʰʝʢ ʥʝʙʘʢʪʝʨʠʘʣʴʥʦʛʦ ʛʘʩʪʨʦʵʥʪʝʨʠʪʘ, ʥʦ ʠ ʷʚʣʷʶʪʩʷ ʧʨʠʯʠʥʦʡ 6-

48 % ʩʧʦʨʘʜʠʯʝʩʢʠʭ ʆʂʀ ʚʦ ʚʩʝʭ ʚʦʟʨʘʩʪʥʳʭ ʛʨʫʧʧʘʭ ʥʘʩʝʣʝʥʠʷ, ʢʘʢ ʚ 

ʨʘʟʚʠʚʘʶʱʠʭʩʷ, ʪʘʢ ʠ ʚ ʨʘʟʚʠʪʳʭ ʩʪʨʘʥʘʭ [Koopmans, 2008]. ʅʦʨʦʚʠʨʫʩʳ 

ʤʦʛʫʪ ʙʳʪʴ ʵʪʠʦʣʦʛʠʯʝʩʢʠʤ ʬʘʢʪʦʨʦʤ ʠʥʬʝʢʮʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʦʢʘʟʘʥʠʝʤ 

ʤʝʜʠʮʠʥʩʢʦʡ ʧʦʤʦʱʠ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʥʠʟʢʦʡ ʟʘʨʘʞʘʶʱʝʡ ʜʦʟʦʡ ʠ 

ʜʣʠʪʝʣʴʥʳʤ ʚʳʜʝʣʝʥʠʝʤ ʚʠʨʫʩʘ ʨʝʢʦʥʚʘʣʝʩʮʝʥʪʘʤʠ ʧʦʩʣʝ ʧʝʨʝʥʝʩʝʥʥʦʡ 

ʦʩʪʨʦʡ ʠʥʬʝʢʮʠʠ [Valentini et al., 2017; Verstraeten et al., 2017]. ʃʶʜʠ ʩ 

ʠʤʤʫʥʦʜʝʬʠʮʠʪʦʤ ʚʳʜʝʣʷʶʪ ʥʦʨʦʚʠʨʫʩ ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʤʝʩʷʮʝʚ ʠ 

ʜʘʞʝ ʣʝʪ [Green, 2014]. 

ʅʦʨʦʚʠʨʫʩʳ ʟʘʥʠʤʘʪʁ ʚʪʦʨʦʝ ʤʝʩʪʦ ʚ ʵʪʠʦʣʦʛʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ 

ʚʠʨʫʩʥʳʭ ʦʩʪʨʳʭ ʢʠʰʝʯʥʳʭ ʠʥʬʝʢʮʠʡ ʧʦʩʣʝ ʨʦʪʘʚʠʨʫʩʦʚ, ʘ ʚ ʩʪʨʘʥʘʭ, ʚ 

ʢʦʪʦʨʳʭ ʧʨʦʚʦʜʠʪʩʷ ʚʘʢʮʠʥʘʮʠʷ ʧʨʦʪʠʚ ʨʦʪʘʚʠʨʫʩʥʦʡ ʠʥʬʝʢʮʠʠ ʠ 

ʜʦʩʪʠʛʥʫʪʦ ʩʥʠʞʝʥʠʝ ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ ʜʘʥʥʦʡ ʠʥʬʝʢʮʠʝʡ, ï ʚʳʰʣʠ ʥʘ 

ʧʝʨʚʦʝ ʤʝʩʪʦ [Hemming et al., 2013; Koo et al., 2013; Payne et al., 2013]. 
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ʏʝʪʳʨʝ ʢʘʪʝʛʦʨʠʠ ʥʘʩʝʣʝʥʠʷ ʚʭʦʜʷʪ ʚ ʛʨʫʧʧʳ ʨʠʩʢʘ ʧʦ ʥʦʨʦʚʠʨʫʩʥʦʡ 

ʠʥʬʝʢʮʠʠ ï ʜʝʪʠ ʜʦ 5 ʣʝʪ, ʧʦʞʠʣʳʝ ʣʶʜʠ, ʣʠʮʘ ʚ ʦʨʛʘʥʠʟʦʚʘʥʥʳʭ 

ʢʦʣʣʝʢʪʠʚʘʭ (ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʚʦʠʥʩʢʠʭ ʯʘʩʪʷʭ) ʠ ʧʫʪʝʰʝʩʪʚʝʥʥʠʢʠ 

[Lucero et al., 2018]. 

ɺ ʩʪʨʘʥʘʭ ɽʚʨʦʧʝʡʩʢʦʛʦ ʉʦʶʟʘ ʥʦʨʦʚʠʨʫʩʳ ʝʞʝʛʦʜʥʦ 

ʦʙʫʩʣʦʚʣʠʚʘʶʪ ʜʦ 5,7 ʤʣʥ ʩʣʫʯʘʝʚ ʟʘʙʦʣʝʚʘʥʠʡ (ʩʨʝʜʠ ʜʝʪʝʡ ʤʣʘʜʰʝ 5 

ʣʝʪ), 800 ʪʳʩ. ʚʠʟʠʪʦʚ ʢ ʚʨʘʯʫ, 53 ʪʳʩ. ʛʦʩʧʠʪʘʣʠʟʘʮʠʡ, 102 ʣʝʪʘʣʴʥʳʭ 

ʠʩʭʦʜʘ [Kowalzik et al., 2015], ʚ ʉʐɸ ï 19-21 ʤʣʥ ʩʣʫʯʘʝʚ ʟʘʙʦʣʝʚʘʥʠʡ, 

1,7-1,9 ʤʣʥ ʚʠʟʠʪʦʚ ʢ ʚʨʘʯʫ, 56-71 ʪʳʩ. ʛʦʩʧʠʪʘʣʠʟʘʮʠʡ, 570-800 ʣʝʪʘʣʴʥʳʭ 

ʠʩʭʦʜʦʚ, ʚ ʦʩʥʦʚʥʦʤ ʩʨʝʜʠ ʧʦʞʠʣʳʭ ʣʶʜʝʡ [Hall et al., 2013].  

ɺ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʝʞʝʛʦʜʥʦ ʨʝʛʠʩʪʠʨʠʨʫʝʪʩʷ 25-30 ʪʳʩ. 

ʩʣʫʯʘʝʚ ʥʦʨʦʚʠʨʫʩʥʦʡ ʠʥʬʝʢʮʠʠ (ʅɺʀ), ʪʨʝʙʫʶʱʠʭ ʛʦʩʧʠʪʘʣʠʟʘʮʠʠ. ʇʦ 

ʜʘʥʥʳʤ ʨʘʟʥʳʭ ʘʚʪʦʨʦʚ, ʚ ʵʪʠʦʣʦʛʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ ʆʂʀ ʥʘ ʜʦʣʶ 

ʥʦʨʦʚʠʨʫʩʦʚ ʧʨʠʭʦʜʠʪʩʷ 5,0ï27,0 % [Zhirakovskaia et al., 2015; ɹʦʜʥʝʚ ʠ 

ʩʦʘʚʪ., 2008; ɹʫʣʘʥʦʚʘ ʠ ʩʦʘʚʪ., 2008; ʃʫʢʦʚʥʠʢʦʚʘ ʠ ʩʦʘʚʪ., 2008; ʄʫʭʠʥʘ 

ʠ ʩʦʘʚʪ., 2002; ʇʦʜʢʦʣʟʠʥ ʠ ʩʦʘʚʪ., 2004; ʉʘʛʘʣʦʚʘ ʠ ʩʦʘʚʪ., 2006; ʉʠʨʦʪʢʠʥ 

ʠ ʩʦʘʚʪ., 2003; ʏʘʣʘʧʘ ʠ ʩʦʘʚʪ., 2023, Epifanova et al., 2025]. ɿʘʙʦʣʝʚʘʝʤʦʩʪʴ 

ʅɺʀ ʚ 2023 ʛ. ʩʦʩʪʘʚʠʣʘ 34,51 ʥʘ 100 ʪʳʩ. ʥʘʩʝʣʝʥʠʷ, ʯʪʦ ʚʳʰʝ 2022 ʛ. ʥʘ 

15,12% ʠ ʉʄʇ (17,39 ʥʘ 100 ʪʳʩ. ʥʘʩʝʣʝʥʠʷ) ʚ 2 ʨʘʟʘ. [ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ 

ʜʦʢʣʘʜ 2023, 2024]. ʇʦ ʠʪʦʛʘʤ 2024 ʛ. ʩʦʭʨʘʥʷʝʪʩʷ ʪʝʥʜʝʥʮʠʷ ʢ ʨʦʩʪʫ 

ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ ʅɺʀ ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ. ɿʘʙʦʣʝʚʘʝʤʦʩʪʴ (37,62 ʥʘ 

100 ʪʳʩ. ʥʘʩʝʣʝʥʠʷ) ʥʘ 9 % ʧʨʝʚʳʩʠʣʘ ʫʨʦʚʝʥʴ 2023 ʛ. ʠ 1,8 ʨʘʟʘ ï ʉʄʇ 

(20,51 ʥʘ 100 ʪʳʩ. ʥʘʩʝʣʝʥʠʷ). ʋʜʝʣʴʥʳʡ ʚʝʩ ʩʣʫʯʘʝʚ ʅɺʀ ʩʨʝʜʠ ʆʂʀ 

ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʵʪʠʦʣʦʛʠʠ ʩʦʩʪʘʚʠʣ 21,9 %, ʚ ʜʠʥʘʤʠʢʝ ʦʪʤʝʯʘʝʪʩʷ 

ʫʚʝʣʠʯʝʥʠʝ ʜʦʣʠ ʅɺʀ ʚ ʦʙʱʝʡ ʩʪʨʫʢʪʫʨʝ ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ ʆʂʀ 

ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʵʪʠʦʣʦʛʠʠ [ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʜʦʢʣʘʜ, 2025]. 

ɺ ʤʠʨʝ ʚ ʮʝʣʦʤ ʥʦʨʦʚʠʨʫʩʳ ʝʞʝʛʦʜʥʦ ʚʳʟʳʚʘʶʪ 699 ʤʣʥ 

ʟʘʙʦʣʝʚʘʥʠʡ, 170-277 ʪʳʩ. ʣʝʪʘʣʴʥʳʭ ʠʩʭʦʜʦʚ, ʚ ʦʩʥʦʚʥʦʤ ʚ 

ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʩʪʨʘʥʘʭ [Lanata et al., 2013]. ʕʢʦʥʦʤʠʯʝʩʢʠʡ ʫʱʝʨʙ ʦʪ 
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ʜʘʥʥʦʡ ʠʥʬʝʢʮʠʠ ʜʣʷ ʤʠʨʦʚʦʡ ʩʠʩʪʝʤʳ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ ʦʮʝʥʠʚʘʝʪʩʷ ʚ 4 

ʤʣʨʜ $ (ʪʦʣʴʢʦ ʚ ʉʐɸ ï 2 ʤʣʨʜ $), ʠ ʚ 60 ʤʣʨʜ $ ï ʩʦʮʠʘʣʴʥʳʝ ʠʟʜʝʨʞʢʠ 

[Bartsch et al., 2016, 2020].  

ɻʣʦʙʘʣʴʥʘʷ ʩʦʚʦʢʫʧʥʘʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʴ ʥʦʨʦʚʠʨʫʩʥʦʛʦ 

ʛʘʩʪʨʦʵʥʪʝʨʠʪʘ ʚ ʧʝʨʠʦʜ 2012-2022 ʛʛ. ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ ʚ ʨʘʟʤʝʨʝ 19,04 % 

(16,66ï21,42 %) ʥʘ ʦʩʥʦʚʝ ʢʦʤʧʣʝʢʩʥʦʛʦ ʘʥʘʣʠʟʘ 70 ʠʩʩʣʝʜʦʚʘʥʠʡ, 

ʚʢʣʶʯʘʚʰʠʭ ʚ ʦʙʱʝʡ ʩʣʦʞʥʦʩʪʠ 85 798 ʩʧʦʨʘʜʠʯʝʩʢʠʭ ʩʣʫʯʘʝʚ ʦʩʪʨʦʛʦ 

ʛʘʩʪʨʦʵʥʪʝʨʠʪʘ ʠ ʚʳʷʚʣʝʥʥʳʭ 15 089 ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʩʣʫʯʘʝʚ ʥʘ 

ʥʦʨʦʚʠʨʫʩ. ʉʫʤʤʘʨʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ ʅɺʀ ʦʮʝʥʠʚʘʝʪʩʷ ʚ 

36,89 % (95 % ɼʀ, 36,24ï37,55 %) ʥʘ ʦʩʥʦʚʝ ʚʳʙʦʨʢʠ ʠʟ 6992 ʯʝʣʦʚʝʢ ʩ 

ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʨʝʟʫʣʴʪʘʪʦʤ ʪʝʩʪʘ ʥʘ ʥʦʨʦʚʠʨʫʩ ʠʟ ʦʙʱʝʡ ʧʦʧʫʣʷʮʠʠ ʚ 

17 958 ʯʝʣʦʚʝʢ, ʠʥʬʠʮʠʨʦʚʘʥʥʳʭ ʚʦ ʚʨʝʤʷ ʚʩʧʳʰʝʢ [Zhang et al. 2024]. 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʥʦʨʦʚʠʨʫʩʥʦʡ ʠʥʬʝʢʮʠʠ ʦʧʨʝʜʝʣʷʝʪ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʝʝ ʠʟʫʯʝʥʠʷ ʠ ʦʧʨʘʚʜʳʚʘʝʪ ʫʩʠʣʠʷ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ 

ʨʘʟʨʘʙʦʪʢʫ ʚʘʢʮʠʥ ʜʣʷ ʝʝ ʧʨʦʬʠʣʘʢʪʠʢʠ. 

ɺ ʤʦʥʦʛʨʘʬʠʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʠʥʬʦʨʤʘʮʠʷ ʦ ʩʪʨʫʢʪʫʨʥʦ-

ʤʦʣʝʢʫʣʷʨʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʥʦʨʦʚʠʨʫʩʦʚ, ʢʣʠʥʠʢʦ-ʵʧʠʜʝʤʠʦʣʦʛʠʯʝʩʢʦʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ ʥʦʨʦʚʠʨʫʩʥʦʡ ʠʥʬʝʢʮʠʠ, ʥʘʮʠʦʥʘʣʴʥʳʭ ʠ 

ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʩʠʩʪʝʤʘʭ ʤʦʥʠʪʦʨʠʨʦʚʘʥʠ ̫ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ 

ʠ ʤʦʣʝʢʫʣʷʨʥʦʡ ʵʚʦʣʶʮʠʠ ʥʦʨʦʚʠʨʫʩʦʚ, ʘ ʪʘʢʞʝ ʢʨʘʪʢʦ ʠʟʣʦʞʝʥʳ 

ʨʝʟʫʣʴʪʘʪʳ ʩʦʙʩʪʚʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʠʟʫʯʝʥʠʶ ʠʭ ʮʠʨʢʫʣʷʮʠʠ ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ʅʠʞʝʛʦʨʦʜʩʢʦʡ ʦʙʣʘʩʪʠ ʥʘ ʦʩʥʦʚʝ ʤʥʦʛʦʣʝʪʥʠʭ ʥʘʙʣʶʜʝʥʠʡ. 

ʆʩʚʝʱʝʥʳ ʚʦʧʨʦʩʳ ʩʦʚʨʝʤʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʨʘʟʨʘʙʦʪʢʠ ʥʦʨʦʚʠʨʫʩʥʳʭ 

ʚʘʢʮʠʥ ʠ ʧʝʨʩʧʝʢʪʠʚ r ʩʧʝʮʠʬʠʯʝʩʢʦʡ ʧʨʦʬʠʣʘʢʪʠʢʠ ʥʦʨʦʚʠʨʫʩʥʦʡ 

ʠʥʬʝʢʮʠʠ. 
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ɻʃɸɺɸ 1 ʀʉʊʆʈʀʗ ʆʊʂʈʓʊʀʗ, ʉʆɺʈɽʄɽʅʅɸʗ ʊɸʂʉʆʅʆʄʀʗ 

ʀ ʉʊʈʋʂʊʋʈʅʆ-ʄʆʃɽʂʋʃʗʈʅɸʗ ʆʈɻɸʅʀɿɸʎʀʗ 

ʅʆʈʆɺʀʈʋʉʆɺ 

 

 

ʆʪʢʨʳʪʠʝ ʥʦʨʦʚʠʨʫʩʦʚ. ʉʧʦʩʦʙʥʦʩʪʴ ʥʦʨʦʚʠʨʫʩʦʚ ʧʦʨʘʞʘʪʴ 

ʯʝʣʦʚʝʢʘ ʙʳʣʘ ʫʩʪʘʥʦʚʣʝʥʘ ʧʨʠ ʠʟʫʯʝʥʠʠ ʚʩʧʳʰʢʠ ʦʩʪʨʦʛʦ 

ʛʘʩʪʨʦʵʥʪʝʨʠʪʘ, ʧʨʦʠʟʦʰʝʜʰʝʡ ʚ ʦʢʪʷʙʨʝ 1968 ʛ. ʚ ʦʜʥʦʡ ʠʟ ʰʢʦʣ ʛ. 

ʅʦʨʚʦʣʢ (ʰʪʘʪ ʆʛʘʡʦ, ʉʐɸ). ɿʘʙʦʣʝʣʦ ʦʢʦʣʦ ʧʦʣʦʚʠʥʳ ʫʯʝʥʠʢʦʚ ʠ 

ʫʯʠʪʝʣʝʡ ʰʢʦʣʳ ʠ ʧʦʯʪʠ ʪʨʝʪʴ ʣʶʜʝʡ, ʢʦʥʪʘʢʪʠʨʦʚʘʚʰʠʭ ʩ ʟʘʙʦʣʝʚʰʠʤʠ ʚ 

ʩʝʤʴʷʭ. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʠʟʫʯʝʥʠʷ ʜʘʥʥʦʡ ʚʩʧʳʰʢʠ 

ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʵʪʠʦʣʦʛʠʯʝʩʢʠʡ ʘʛʝʥʪ ʥʝ ʫʜʘʣʦʩʴ, ʦʜʥʘʢʦ ʠʥʬʝʢʮʠʦʥʥʘʷ 

ʧʨʠʨʦʜʘ ʟʘʙʦʣʝʚʘʥʠʷ ʙʳʣʘ ʧʦʜʪʚʝʨʞʜʝʥʘ ʧʫʪʝʤ ʟʘʨʘʞʝʥʠʷ ʪʨʝʭ 

ʜʦʙʨʦʚʦʣʴʮʝʚ ʘʙʘʢʪʝʨʠʘʣʴʥʳʤ ʵʢʩʪʨʘʢʪʦʤ ʢʠʰʝʯʥʦʛʦ ʩʦʜʝʨʞʠʤʦʛʦ 

ʙʦʣʴʥʦʛʦ. ɺʧʦʩʣʝʜʩʪʚʠʠ, ʚ 1972 ʛ., Kapikian A.Z. ʩ ʩʦʘʚʪ. ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ 

ʬʝʢʘʣʴʥʳʭ ʦʙʨʘʟʮʦʚ ʦʪ ʚʦʣʦʥʪʝʨʦʚ, ʧʨʠʥʷʚʰʠʭ ʬʠʣʴʪʨʘʪ ʢʦʧʨʦʤʘʪʝʨʠʘʣʘ 

ʙʦʣʴʥʳʭ ʠʟ ʥʦʨʚʦʣʢʩʢʦʡ ʚʩʧʳʰʢʠ, ʤʝʪʦʜʦʤ ʠʤʤʫʥʦʵʣʝʢʪʨʦʥʥʦʡ 

ʤʠʢʨʦʩʢʦʧʠʠ (ʀʕʄ) ʦʙʥʘʨʫʞʠʣʠ ʚʠʨʫʩʥʳʝ ʯʘʩʪʠʮʳ. ɺʠʨʫʩ ʙʳʣ ʥʘʟʚʘʥ 

ʘʛʝʥʪʦʤ Norwalk. ʕʪʦ ʙʳʣ ʧʝʨʚʳʡ ʚʠʟʫʘʣʴʥʦ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʡ ʚʠʨʫʩ, 

ʵʪʠʦʣʦʛʠʯʝʩʢʠ ʩʚʷʟʘʥʥʳʡ ʩ ʛʘʩʪʨʦʵʥʪʝʨʠʪʦʤ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʠʨʫʩʘ 

Norwalk ʤʝʪʦʜʦʤ ʕʄ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʝʛʘʪʠʚʥʦʛʦ ʢʦʥʪʨʘʩʪʠʨʦʚʘʥʠʷ 

ʧʦʢʘʟʘʣʦ, ʯʪʦ ʚʠʨʠʦʥʳ ʧʨʝʜʩʪʘʚʣʷʪʁ ʩʦʙʦʡ ʤʝʣʢʠʝ ʩʬʝʨʠʯʝʩʢʠʝ ʯʘʩʪʠʮʳ ʩ 

ʥʝʯʝʪʢʠʤ ʚʥʝʰʥʠʤ ʢʨʘʝʤ [Kapikian et al., 1972]. 

ɺʠʨʫʩ Norwalk ʩʪʘʣ ʰʪʘʤʤʦʤ-ʧʨʦʪʦʪʠʧʦʤ ʜʣʷ ʛʨʫʧʧʳ 

ʤʦʨʬʦʣʦʛʠʯʝʩʢʠ ʩʭʦʜʥʳʭ Norwalk-ʧʦʜʦʙʥʳʭ ʚʠʨʫʩʦʚ, ʥʘʟʳʚʘʝʤʳʭ ʨʘʥʝʝ 

ʤʝʣʢʠʤʠ ʢʨʫʛʣʳʤʠ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʤʠ ʚʠʨʫʩʘʤʠ (ʄʂʉɺ), ʧʦʟʜʥʝʝ 

ʦʪʥʝʩʝʥʥʳʤ ʢ ʢʘʣʠʮʠʚʠʨʫʩʘʤ, ʢʦʪʦʨʳʝ ʯʘʩʪʦ ʘʩʩʦʮʠʠʨʦʚʘʣʠʩʴ ʩ 

ʵʧʠʜʝʤʠʯʝʩʢʠʤ ʛʘʩʪʨʦʵʥʪʝʨʠʪʦʤ ʠ ʢʦʪʦʨʳʤ ʧʨʠʩʚʘʠʚʘʣʠ ʥʘʟʚʘʥʠʷ, 

ʦʪʨʘʞʘʶʱʠʝ ʤʝʩʪʦ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʚʩʧʳʰʢʠ [Appleton et al., 1977; Thornhill 

et al., 1977]. 
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ʊʘʢʩʦʥʦʤʠʷ. ʂʘʣʠʮʠʚʠʨʫʩʳ, ʧʦʨʘʞʘʶʱʠʝ ʯʝʣʦʚʝʢʘ ʠ 

ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʚʠʜʳ ʧʦʟʚʦʥʦʯʥʳʭ ʞʠʚʦʪʥʳʭ, ʚʳʜʝʣʝʥʳ ʠʟ ʩʝʤʝʡʩʪʚʘ 

Picornaviridae ʚ 1979 ʛ. [Matthews, 1979] ʠ ʦʙʲʝʜʠʥʝʥʳ ʚ ʩʝʤʝʡʩʪʚʦ 

Caliciviridae. ʅʘʟʚʘʥʠʝ ʥʦʚʦʤʫ ʩʝʤʝʡʩʪʚʫ ʙʳʣʦ ʜʘʥʦ ʦʪ ʣʘʪʠʥʩʢʦʛʦ ʩʣʦʚʘ 

çcalyxè (çʯʘʰʘè), ʪʘʢ ʢʘʢ ʢʣʶʯʝʚʦʡ ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ 

ʚʠʨʠʦʥʦʚ ʢʘʣʠʮʠʚʠʨʫʩʦʚ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʯʘʰʝʚʠʜʥʳʭ ʚʧʘʜʠʥ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʧʩʠʜʘ [Atmar, Estes, 2001]. 

 ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʪʘʢʩʦʥʦʤʠʷ ʥʦʨʦʚʠʨʫʩʦʚ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: Viruses; Riboviria; Orthornavirae; Pisuviricota; 

Pisoniviricetes; Picornavirales; Caliciviridae; Norovirus; Norovirus 

norwalkense [ViralZone] (ʊʘʙʣʠʮʘ 1). ʉʝʤʝʡʩʪʚʦ Caliciviridae ʚʭʦʜʠʪ ʚ 

ʛʝʥʦʤʥʳʡ ʢʣʘʩʪʝʨ ʚʠʨʫʩʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʦʜʥʦʥʠʪʝʚʫʶ ʈʅʂ ʧʦʟʠʪʠʚʥʦʡ 

ʧʦʣʷʨʥʦʩʪʠ ʠ ʚʢʣʶʯʘʝʪ 11 ʨʦʜʦʚ, ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʢʦʪʦʨʳʭ ʨʘʟʣʠʯʘʶʪʩʷ ʧʦ 

ʧʦʣʥʦʡ ʘʤʠʥʦʢʠʩʣʦʪʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʛʣʘʚʥʦʛʦ ʢʘʧʩʠʜʥʦʛʦ ʙʝʣʢʘ 

(VP1) ʙʦʣʝʝ ʯʝʤ ʥʘ 60%, ʟʘʨʘʞʘʶʪ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʚʠʜʦʚ-ʭʦʟʷʝʚ, ʚʳʟʳʚʘʷ 

ʤʥʦʞʝʩʪʚʦ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, ʚʠʜʦʩʧʝʮʠʬʠʯʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ.  

ʇʨʝʜʩʪʘʚʠʪʝʣʠ ʩʝʤʠ ʨʦʜʦʚ (Lagovirus, Norovirus, Sapovirus, Nebovirus, 

Recovirus, Valovirus, Vesivirus) ʠʥʬʠʮʠʨʫʶʪ ʤʣʝʢʦʧʠʪʘʶʱʠʭ, ʚʠʨʫʩʳ ʜʚʫʭ 

ʨʦʜʦʚ (Bavovirus ʠ Nacovirus) ʧʘʪʦʛʝʥʥʳ ʜʣʷ ʧʪʠʮ, ʜʚʫʭ ʨʦʜʦʚ (Minovirus ʠ 

Salovirus) ï ʜʣʷ ʨʳʙ [Vinj® et al., 2019].  

ʇʘʪʦʛʝʥʥʳʤʠ ʜʣʷ ʯʝʣʦʚʝʢʘ ʷʚʣʷʶʪʩʷ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʜʚʫʭ ʨʦʜʦʚ 

ʢʘʣʠʮʠʚʠʨʫʩʦʚ ï ʥʦʨʦʚʠʨʫʩʳ (ʨʦʜ Norovirus) ʠ ʩʘʧʦʚʠʨʫʩʳ (ʨʦʜ Sapovirus). 

ɺ ʩʪʨʫʢʪʫʨʝ ʢʘʣʠʮʠʚʠʨʫʩʥʳʭ ʛʘʩʪʨʦʵʥʪʝʨʠʪʦʚ ʥʘ ʜʦʣʶ ʥʦʨʦʚʠʨʫʩ-

ʘʩʩʦʮʠʠʨʦʚʘʥʥʦʡ ʜʠʘʨʝʠ ʧʨʠʭʦʜʠʪʩʷ 90-95 %, ʩʘʧʦʚʠʨʫʩʥʦʡ ï 5-10 % 

[Amar et al., 2007; Khamrin et al., 2007; Sdiri-Loulizi, et al. 2008; Kumthip et 

al., 2018]. 
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ʊʘʙʣʠʮʘ 1 ï ʊʘʢʩʦʥʦʤʠʯʝʩʢʦʝ ʧʦʣʦʞʝʥʠʝ ʚʠʨʫʩʦʚ ʨʦʜʘ Norovirus  

[ViralZone https://viralzone.expasy.org] 

 
ʊʘʢʩʦʥʦʤʠʯʝʩʢʠʡ ʨʘʥʛ ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʪʘʢʩʦʥʘ 

 

Riboviria  ʈʝʘʣʤ  

(ʘʥʛʣ. realm)  

ï ʜʦʤʝʥ, 

ʥʘʜʮʘʨʩʪʚʦ 

ɺʢʣʶʯʘʝʪ ʚʩʝ ʈʅʂ-ʩʦʜʝʨʞʘʱʠʝ ʚʠʨʫʩʳ, ʢʦʜʠʨʫʶʱʠʝ ʈʅʂ-

ʟʘʚʠʩʠʤʫʶ ʈʅʂ-ʧʦʣʠʤʝʨʘʟʫ (RdRp), ʦʪʥʝʩʝʥʥʳʝ ʢ 

ʮʘʨʩʪʚʫ Orthornavirae, ʠ ʚʩʝ ʚʠʨʫʩʳ, ʢʦʜʠʨʫʶʱʠʝ ʦʙʨʘʪʥʫʶ 

ʪʨʘʥʩʢʨʠʧʪʘʟʫ (RT), ʦʪʥʝʩʝʥʥʳʝ ʢ ʮʘʨʩʪʚʫ Pararnavirae. 

Orthornavirae  ʎʘʨʩʪʚʦ ɺʢʣʶʯʘʝʪ ʚʠʨʫʩʳ ʩ ʪʨʝʤʷ ʪʠʧʘʤʠ ʈʅʂ ʛʝʥʦʤʘ: ʦʜʥʦʮʝʧʦʯʝʯʥʘʷ 

ʈʅʂ ʧʦʟʠʪʠʚʥʦʡ ʧʦʣʷʨʥʦʩʪʠ (+ssRNA), ʦʜʥʦʮʝʧʦʯʝʯʥʘʷ ʈʅʂ 

ʥʝʛʘʪʠʚʥʦʡ ʧʦʣʷʨʥʦʩʪʠ (-ssRNA) ʠ ʜʚʫʭʮʝʧʦʯʝʯʥʘʷ ʈʅʂ 

(dsRNA). 

Pisuviricota  ʊʠʧ ɺʢʣʶʯʘʝʪ ʚʩʝ ʚʠʨʫʩʳ ʩ +ssRNA , ʠʥʬʠʮʠʨʫʶʱʠʝ ʵʫʢʘʨʠʦʪ; 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʘʣʠʯʠʝʤ ʫ ʚʠʨʫʩʦʚ ʜʘʥʥʦʛʦ ʪʠʧʘ 

ʛʦʤʦʣʦʛʠʯʥʳʭ ʈʅʂ-ʟʘʚʠʩʠʤʳʭ-ʈʅʂ-ʧʦʣʠʤʝʨʘʟ (ʩʝʤʝʡʩʪʚʦ Pfam 

RdRp_1).  

Pisoniviricetes 

 

ʂʣʘʩʩ ɺʢʣʶʯʘʝʪ VPG-ʈʅʂ ʚʠʨʫʩʳ 

VPg (ʦʪ ʘʥʛʣ. viral protein genome linked) ï ʚʠʨʫʩʥʳʡ ʙʝʣʦʢ, 

ʢʦʚʘʣʝʥʪʥʦ ʧʨʠʩʦʝʜʠʥʝʥ ʢ 5'-ʢʦʥʮʫ ʚʠʨʫʩʥʦʡ ʈʅʂ. 

ʆʙʲʝʜʠʥʷʝʪ +ssRNA ʚʠʨʫʩʳ, ʧʦʨʘʞʘʶʱʠʝ ʵʫʢʘʨʠʦʪ. 

ʍʘʨʘʢʪʝʨʥʦʡ ʯʝʨʪʦʡ ʚʠʨʫʩʦʚ ʢʣʘʩʩʘ ʷʚʣʷʝʪʩʷ ʢʦʜʠʨʦʚʘʥʠʝ 

ʢʦʥʩʝʨʚʘʪʠʚʥʦʡ 3C-ʧʦʜʦʙʥʦʡ ʮʠʩʪʝʠʥʦʚʦʡ ʧʨʦʪʝʘʟʳ ʠʟ ʢʣʘʥʘ PA 

ʧʨʦʪʝʘʟ ʜʣʷ ʧʨʦʮʝʩʩʠʥʛʘ ʪʨʘʥʩʣʠʨʫʝʤʦʛʦ ʧʦʣʠʧʨʦʪʝʠʥʘ. 

Picornavirales 

 

ʇʦʨʷʜʦʢ 

(ʆʪʨʷʜ) 

ɺʢʣʶʯʘʝʪ ʤʝʣʢʠʝ ʙʝʟʦʙʦʣʦʯʝʯʥʳʝ ʚʠʨʫʩʳ ʩ +ssRNA 5'-VPgï3'-

polyA ʛʝʥʦʤʦʤ. ʈʅʂ ʚʠʨʠʦʥʘ ʷʚʣʷʝʪʩʷ ʠʥʬʝʢʮʠʦʥʥʦʡ ʠ 

ʚʳʧʦʣʥʷʝʪ ʬʫʥʢʮʠʠ ʢʘʢ ʛʝʥʦʤʘ, ʪʘʢ ʠ ʚʠʨʫʩʥʦʡ ʤʝʩʩʝʥʜʞʝʨʥʦʡ 

ʈʅʂ (ʤʈʅʂ; ʠʈʅʂ). 

ɻʝʥʦʤʥʘʷ ʈʅʂ ʧʠʢʦʨʥʘʚʠʨʫʩʦʚ ʤʦʞʝʪ ʩʦʜʝʨʞʘʪʴ ʦʜʥʫ ʠʣʠ 

ʥʝʩʢʦʣʴʢʦ ʦʪʢʨʳʪʳʭ ʨʘʤʦʢ ʩʯʠʪʳʚʘʥʠʷ (ORF) ʧʦʜ 

ʢʦʥʪʨʦʣʝʤ IRES ï ʚʥʫʪʨʝʥʥʝʛʦ ʫʯʘʩʪʢʘ ʩʚʷʟʳʚʘʥʠʷ ʨʠʙʦʩʦʤʳ. ɺ 

ʩʣʫʯʘʝ ʥʘʣʠʯʠʷ ORF, ʢʦʜʠʨʫʶʱʝʡ ʥʝʩʢʦʣʴʢʦ ʙʝʣʢʦʚ, 

ʪʨʘʥʩʣʷʮʠʷ ʚʠʨʫʩʥʦʡ ʈʅʂ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʧʦʣʠʧʨʦʪʝʠʥʘ, ʢʦʪʦʨʳʡ ʝʱʸ ʜʦ ʟʘʚʝʨʰʝʥʠʷ ʩʠʥʪʝʟʘ, ʥʘʨʝʟʘʝʪʩʷ 

ʚʠʨʫʩʥʳʤʠ ʧʨʦʪʝʘʟʘʤʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʟʨʝʣʳʭ ʚʠʨʫʩʥʳʭ ʙʝʣʢʦʚ.  

Caliciviridae ʉʝʤʝʡʩʪʚʦ ɻʝʥʦʤ ʩʦʜʝʨʞʠʪ 3 ʦʪʢʨʳʪʳʭ ʨʘʤʢʠ ʩʯʠʪʳʚʘʥʠʷ (ʫ ʤʳʰʠʥʦʛʦ 

ʥʦʨʦʚʠʨʫʩʘ ï 4). ORF1 ʢʦʜʠʨʫʝʪ ʧʦʣʠʧʨʦʪʝʠʥ, ʨʘʩʱʝʧʣʝʥʠʝ 

ʢʦʪʦʨʦʛʦ ʢʦʜʠʨʫʝʤʦʡ ʚʠʨʫʩʦʤ 3C-ʧʦʜʦʙʥʦʡ ʮʠʩʪʝʠʥʦʚʦʡ 

ʧʨʦʪʝʠʥʘʟʦʡ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʟʨʝʣʳʭ ʥʝʩʪʨʫʢʪʫʨʥʳʭ 

ʙʝʣʢʦʚ. ʆʜʥʘ ʠʣʠ ʜʚʝ ʤʝʥʴʰʠʭ ORF ʵʢʩʧʨʝʩʩʠʨʫʶʪʩʷ ʩ 

ʩʫʙʛʝʥʦʤʥʳʭ ʈʅʂ. ʊʝʨʤʠʥʘʣʴʥʘʷ 3'-ʢʦʥʮʝʚʘʷ ORF ʤʦʞʝʪ 

ʵʢʩʧʨʝʩʩʠʨʦʚʘʪʴ ʙʝʣʢʠ ʯʝʨʝʟ ʪʝʨʤʠʥʘʮʠʶ-ʨʝʠʥʠʮʠʘʮʠʶ ʈʅʂ 

ʠʣʠ ʧʫʪʝʤ ʥʝʛʝʨʤʝʪʠʯʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ. 

Norovirus  ʈʦʜ ʆʙʲʝʜʠʥʷʝʪ ʤʝʣʢʠʝ ʠʢʦʩʘʵʜʨʠʯʝʩʢʠʝ ʙʝʟʦʙʦʣʦʯʝʯʥʳʝ ʚʠʨʫʩʳ ʩ 

+ssRNA-5'-VPgï3'-polyA ʛʝʥʦʤʦʤ, ʧʦʨʘʞʘʶʱʠʝ ʯʝʣʦʚʝʢʘ ʠ 

ʜʨʫʛʠʭ ʤʣʝʢʦʧʠʪʘʶʱʠʭ.  ɻʝʥʦʤ ʠʤʝʝʪ 3 ORF. ORF1 

ʵʢʩʧʨʝʩʩʠʨʫʝʪ ʧʦʣʠʧʨʦʪʝʠʥ, ʢʦʪʦʨʳʡ ʥʘʨʝʟʘʝʪʩʷ ʚʠʨʫʩʥʦʡ 

ʧʨʦʪʝʘʟʦʡ ʥʘ 6 ʥʝʩʪʨʫʢʪʫʨʥʳʭ ʙʝʣʢʦʚ. ORF2 ʠ ORF3 

ʵʢʩʧʨʝʩʩʠʨʫʶʪʩʷ ʯʝʨʝʟ ʩʫʙʛʝʥʦʤʥʫʶ ʈʅʂ, ʢʦʪʦʨʘʷ ʢʦʜʠʨʫʝʪ 

ʢʘʧʩʠʜʥʳʡ ʙʝʣʦʢ VP1 ʠ ʤʠʥʦʨʥʳʡ ʩʪʨʫʢʪʫʨʥʳʡ ʙʝʣʦʢ VP2, 

ʵʢʩʧʨʝʩʩʠʨʫʝʤʳʡ ʯʝʨʝʟ ʪʝʨʤʠʥʘʮʠʶ-ʨʝʠʥʠʮʠʘʮʠʶ ʈʅʂ.  

Norovirus 

norwalkense 

ɺʠʜ ʊʠʧʦʚʦʡ ʰʪʘʤʤ ʥʦʨʦʚʠʨʫʩʘ, ʠʥʬʠʮʠʨʫʶʱʝʛʦ ʯʝʣʦʚʝʢʘ.  

 ʅʦʤʝʨ ʜʦʩʪʫʧʘ ʚ GenBank ʄ87661 

https://ru.wikipedia.org/wiki/Riboviria
https://ru.wikipedia.org/wiki/%D0%A0%D0%9D%D0%9A-%D0%B7%D0%B0%D0%B2%D0%B8%D1%81%D0%B8%D0%BC%D0%B0%D1%8F_%D0%A0%D0%9D%D0%9A-%D0%BF%D0%BE%D0%BB%D0%B8%D0%BC%D0%B5%D1%80%D0%B0%D0%B7%D0%B0
https://ru.wikipedia.org/wiki/%D0%A0%D0%9D%D0%9A-%D0%B7%D0%B0%D0%B2%D0%B8%D1%81%D0%B8%D0%BC%D0%B0%D1%8F_%D0%A0%D0%9D%D0%9A-%D0%BF%D0%BE%D0%BB%D0%B8%D0%BC%D0%B5%D1%80%D0%B0%D0%B7%D0%B0
https://ru.wikipedia.org/wiki/%D0%9E%D0%B1%D1%80%D0%B0%D1%82%D0%BD%D0%B0%D1%8F_%D1%82%D1%80%D0%B0%D0%BD%D1%81%D0%BA%D1%80%D0%B8%D0%BF%D1%82%D0%B0%D0%B7%D0%B0
https://ru.wikipedia.org/wiki/%D0%9E%D0%B1%D1%80%D0%B0%D1%82%D0%BD%D0%B0%D1%8F_%D1%82%D1%80%D0%B0%D0%BD%D1%81%D0%BA%D1%80%D0%B8%D0%BF%D1%82%D0%B0%D0%B7%D0%B0
https://ru.wikipedia.org/wiki/%D0%AD%D1%83%D0%BA%D0%B0%D1%80%D0%B8%D0%BE%D1%82%D1%8B
https://viralzone.expasy.org/by_species/10557
https://www.ebi.ac.uk/interpro/entry/pfam/PF00680/
https://www.ebi.ac.uk/interpro/entry/pfam/PF00680/
https://ru.wikipedia.org/w/index.php?title=Pisoniviricetes&action=edit&redlink=1
https://ru.wikipedia.org/w/index.php?title=Picornavirales&action=edit&redlink=1
https://ru.wikipedia.org/wiki/%D0%9E%D1%82%D0%BA%D1%80%D1%8B%D1%82%D0%B0%D1%8F_%D1%80%D0%B0%D0%BC%D0%BA%D0%B0_%D1%81%D1%87%D0%B8%D1%82%D1%8B%D0%B2%D0%B0%D0%BD%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%A3%D1%87%D0%B0%D1%81%D1%82%D0%BE%D0%BA_%D0%B2%D0%BD%D1%83%D1%82%D1%80%D0%B5%D0%BD%D0%BD%D0%B5%D0%B9_%D0%BF%D0%BE%D1%81%D0%B0%D0%B4%D0%BA%D0%B8_%D1%80%D0%B8%D0%B1%D0%BE%D1%81%D0%BE%D0%BC%D1%8B
https://ru.wikipedia.org/wiki/%D0%A0%D0%B8%D0%B1%D0%BE%D1%81%D0%BE%D0%BC%D0%B0
https://ru.wikipedia.org/wiki/%D0%A2%D1%80%D0%B0%D0%BD%D1%81%D0%BB%D1%8F%D1%86%D0%B8%D1%8F_(%D0%B1%D0%B8%D0%BE%D0%BB%D0%BE%D0%B3%D0%B8%D1%8F)
https://ru.wikipedia.org/wiki/%D0%9F%D1%80%D0%BE%D1%82%D0%B5%D0%B0%D0%B7%D0%B0
https://ru.wikipedia.org/w/index.php?title=Caliciviridae&action=edit&redlink=1
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ʉʪʨʫʢʪʫʨʘ ʥʦʨʦʚʠʨʠʦʥʘ. ɺʠʨʠʦʥʳ ʥʦʨʦʚʠʨʫʩʘ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʩʦʙʦʡ ʙʝʟʦʙʦʣʦʯʝʯʥʳʝ ʦʢʨʫʛʣʳʝ ʯʘʩʪʠʮʳ ʩ ʠʢʦʩʘʵʜʨʠʯʝʩʢʦʡ ʩʠʤʤʝʪʨʠʝʡ 

(ʊ=3), ʜʠʘʤʝʪʨʦʤ 38-40 ʥʤ. ɼʨʫʛʘʷ ʤʦʨʬʦʣʦʛʠʯʝʩʢʘʷ ʬʦʨʤʘ 

ʥʦʨʦʚʠʨʠʦʥʦʚ ï ʧʫʩʪʳʝ ʯʘʩʪʠʮʳ ʜʠʘʤʝʪʨʦʤ 23 ʥʤ (ʊ=1) (ʈʠʩʫʥʦʢ 1). 

 

 

ʈʠʩʫʥʦʢ 1 ï ʉʪʨʫʢʪʫʨʘ ʟʨʝʣʦʛʦ ʚʠʨʠʦʥʘ ʥʦʨʦʨʦʚʠʨʫʩʘ: 

ʢʘʧʩʠʜ ʜʠʘʤʝʪʨʦʤ ʦʢʦʣʦ 38ï40 ʥʤ ʩ ʠʢʦʩʘʵʜʨʠʯʝʩʢʦʡ ʩʠʤʤʝʪʨʠʝʡ T=3 

ʩʦʩʪʦʠʪ ʠʟ 180 ʙʝʣʢʦʚ VP1. 

ʅʝʙʦʣʴʰʠʝ ʧʫʩʪʳʝ ʚʠʨʠʦʥʳ ʠʤʝʶʪ ʜʠʘʤʝʪʨ ʦʢʦʣʦ 23 ʥʤ, ʠʤʝʶʪ 

ʠʢʦʩʘʵʜʨʠʯʝʩʢʫʶ ʩʠʤʤʝʪʨʠʶ T=1, ʩʦʩʪʦʷʪ ʠʟ 60 ʙʝʣʢʦʚ VP1 

[ʧʦ ʤʘʪʝʨʠʘʣʘʤ ViralZone] 

 

ʕʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ ʩ ʥʝʛʘʪʠʚʥʳʤ ʦʢʨʘʰʠʚʘʥʠʝʤ ʚʳʷʚʣʷʝʪ 

ʭʘʨʘʢʪʝʨʥʫʶ ʤʦʨʬʦʣʦʛʠʶ ʥʦʨʦʚʠʨʠʥʦʚ (ʈʠʩʫʥʦʢ 2). ʅʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʚʠʨʫʩʥʳʭ ʯʘʩʪʠʮ ʢʘʧʩʦʤʝʨʳ ʢʘʧʩʠʜʥʦʛʦ ʙʝʣʢʘ ʬʦʨʤʠʨʫʶʪ 32 

ʯʘʰʝʦʙʨʘʟʥʳʭ ʫʛʣʫʙʣʝʥʠʷ ʨʘʟʤʝʨʦʤ 40 ¡ ʚ ʛʣʫʙʠʥʫ ʠ 90 ¡ ʚ ʰʠʨʠʥʫ 

[Prasad et al., 1999; Venkataram Prasad et al., 2000].   

ʄʦʣʝʢʫʣʷʨʥʘʷ ʤʘʩʩʘ ʚʠʨʠʦʥʘ ʩʦʩʪʘʚʣʷʝʪ 15 ʄɼʘ, ʢʦʥʩʪʘʥʪʘ 

ʩʝʜʠʤʝʥʪʘʮʠʠ 170-183 S, ʧʣʘʚʫʯʘʷ ʧʣʦʪʥʦʩʪʴ ʚ ʛʨʘʜʠʝʥʪʝ CsCl 1,36-1,41 

ʛ/ʩʤ
3
. ɺʠʨʠʦʥʳ ʫʩʪʦʡʯʠʚʳ ʢ ʵʬʠʨʫ ʠ ʞʠʨʦʨʘʩʪʚʦʨʠʪʝʣʷʤ, 

ʠʥʘʢʪʠʚʠʨʫʶʪʩʷ ʧʨʠ ʨʅ 3,0-5,0. ʊʝʨʤʦʠʥʘʢʪʠʚʘʮʠʷ ʫʩʠʣʠʚʘʝʪʩʷ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʚʳʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʡ Mg
+2

 [Caul, Appleton, 1982; Madore et 

al., 1986]. 
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ʈʠʩʫʥʦʢ 2 ï ʕʣʝʢʪʨʦʥʥʳʝ ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʠ ʥʦʨʦʚʠʨʫʩʦʚ, 

ʧʦʣʫʯʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ʪʨʘʥʩʤʠʩʩʠʦʥʥʦʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ 

çʅʊ7700è (Hitachi, ʗʧʦʥʠʷ) ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʤʦʣʝʢʫʣʷʨʥʦʡ ʵʧʠʜʝʤʠʦʣʦʛʠʠ 

ʚʠʨʫʩʥʳʭ ʠʥʬʝʢʮʠʡ  ʌɹʋʅ ʅʅʀʀʕʄ ʠʤ. ʘʢʘʜʝʤʠʢʘ ʀ.ʅ. ɹʣʦʭʠʥʦʡ 

ʈʦʩʧʦʪʨʝʙʥʘʜʟʦʨʘ. ʆʢʨʘʩʢʘ 2%-ʥʳʤ ʨʘʩʪʚʦʨʦʤ ʫʨʘʥʠʣʘʮʝʪʘʪʘ. 

 

ɻʝʥʦʤ ʥʦʨʦʚʠʨʫʩʦʚ ʧʨʝʜʩʪʘʚʣʝʥ ʦʜʥʦʥʠʪʝʚʦʡ ʈʅʂ ʧʦʟʠʪʠʚʥʦʡ 

ʧʦʣʷʨʥʦʩʪʠ ʩ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʦʡ 2,6-2,8 ʄɼʘ ʠ ʨʘʟʤʝʨʦʤ 7500-7700 ʥ.ʦ. 

(ʈʠʩʫʥʦʢ 3). ʈʅʂ ʠʤʝʝʪ 5¡- ʠ 3¡-ʥʝʪʨʘʥʩʣʠʨʫʝʤʳʝ ʨʝʛʠʦʥʳ, 

ʧʦʣʠʘʜʝʥʠʣʠʨʦʚʘʥʘ ʥʘ 3ǋ-ʢʦʥʮʝ [Xi et al., 1990; Clarke, Lambden, 1997]. 

ɺʘʞʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʛʝʥʦʤʘ ʥʦʨʦʚʠʨʫʩʦʚ, ʢʘʢ ʠ ʜʨʫʛʠʭ ʢʘʣʠʮʠʚʠʨʫʩʦʚ, 

ʷʚʣʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ çcapè-ʩʪʨʫʢʪʫʨʳ ʥʘ 5ǋ-ʢʦʥʮʝ ʈʅʂ ʚʠʨʫʩʘ. ʈʅʂ 

ʚʠʨʠʦʥʘ ʷʚʣʷʝʪʩʷ ʠʥʬʝʢʮʠʦʥʥʦʡ ʠ ʩʣʫʞʠʪ ʢʘʢ ʛʝʥʦʤʥʦʡ, ʪʘʢ ʠ ʚʠʨʫʩʥʦʡ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʈʅʂ. ʀʥʬʝʢʮʠʦʥʥʦʩʪʴ ʈʅʂ ʦʙʫʩʣʦʚʣʝʥʘ ʧʝʧʪʠʜʦʤ VPg 

(10-15 ʢɼʘ), ʢʦʚʘʣʝʥʪʥʦ ʩʚʷʟʘʥʥʳʤ ʩ 5ǋ-ʢʦʥʮʦʤ ʛʝʥʦʤʥʦʡ ʈʅʂ ʚʠʨʫʩʘ 

[Burroughs, Brown, 1978].  

ʌʠʣʦʛʝʥʝʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʥʫʢʣʝʦʪʠʜʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ 

ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʝʡ ʛʝʥʦʤʘ ʢʘʣʠʮʠʚʠʨʫʩʦʚ ʧʦʢʘʟʘʣ, ʯʪʦ ʧʨʝʜʩʪʘʚʠʪʝʣʠ 

ʨʦʜʦʚ ʩʝʤʝʡʩʪʚʘ Caliciviridae, ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʜʚʫʤʷ ʨʘʟʣʠʯʥʳʤʠ 

ʚʘʨʠʘʥʪʘʤʠ ʛʝʥʦʤʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ. ʋ ʥʦʨʦ-, ʨʝʢʦ- ʠ ʚʝʟʠʚʠʨʫʩʦʚ 

ʥʝʩʪʨʫʢʪʫʨʥʳʝ  ʙʝʣʢʠ  ʠ  ʛʣʘʚʥʳʡ  ʩʪʨʫʢʪʫʨʥʳʡ  ʙʝʣʦʢ  VP1  ʢʦʜʠʨʫʶʪʩʷ  ʚ  
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ʈʠʩʫʥʦʢ 3 ï ʉʪʨʫʢʪʫʨʘ ʛʝʥʦʤʘ ʥʦʨʦʚʠʨʫʩʘ ʯʝʣʦʚʝʢʘ  

[ʧʦ ʤʘʪʝʨʠʘʣʘʤ ViralZone] 

 

ʨʘʟʥʳʭ ʨʘʤʢʘʭ ʩʯʠʪʳʚʘʥʠʷ (ʆRF1 ʠ ʆRF2, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ), ʫ ʩʘʧʦ-, ʣʘʛʦ, 

ʚʘʣʦ-, ʙʘʚʦ-, ʥʘʢʦ-, ʤʠʥʦ-, ʩʘʣʦ- ʠ ʥʝʙʦʚʠʨʫʩʦʚ ï ʚ ʝʜʠʥʦʡ (ʆRF1) [ICTV, 

ViralZone; Clarke, Lambden, 2000]. ʅʘ 5ǋ-ʢʦʥʮʝ ORF1 ʠ ʥʘ ʩʪʳʢʝ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ, ʢʦʜʠʨʫʶʱʠʭ ʥʝʩʪʨʫʢʪʫʨʥʳʝ ʠ ʩʪʨʫʢʪʫʨʥʳʝ ʙʝʣʢʠ, 

ʦʙʥʘʨʫʞʝʥʳ ʢʦʥʩʝʨʚʘʪʠʚʥʳʝ ʥʫʢʣʝʦʪʠʜʥʳʝ ʤʦʪʠʚʳ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ 

ʢʘʞʜʦʛʦ ʨʦʜʘ [Vinj® et al., 2019].  

ɺ ʛʝʥʦʤʝ ʥʦʨʦʚʠʨʫʩʦʚ ʆRF1 ʢʦʜʠʨʫʝʪ ʙʦʣʴʰʦʡ ʧʦʣʠʧʨʦʪʝʠʥ 

ʨʘʟʤʝʨʦʤ 1700 ʘ.ʦ., ʢʦʪʦʨʳʡ ʧʦʜʚʝʨʛʘʝʪʩʷ ʧʦʩʪʪʨʘʥʩʣʷʮʠʦʥʥʦʤʫ 

ʨʘʩʱʝʧʣʝʥʠʶ ʚʠʨʫʩʥʦʡ ʧʨʦʪʝʘʟʦʡ ʥʘ ʰʝʩʪʴ ʟʨʝʣʳʭ ʥʝʩʪʨʫʢʪʫʨʥʳʭ ʙʝʣʢʦʚ 

ï ʭʝʣʠʢʘʟʘ (p48, N-Term, NS1/2), ʥʫʢʣʝʦʟʠʜʪʨʠʬʦʩʬʘʪʘʟʘ (NTPase, NS3), 

3ɸ-ʧʦʜʦʙʥʳʡ ʧʨʦʪʝʠʥ (p22, NS4), ʙʝʣʦʢ VPg (NS5), ʧʨʦʪʝʘʟʘ (3ʉ, Pro, 

NS6), ʈʅʂ-ʟʘʚʠʩʠʤʘʷ ʈʅʂ-ʧʦʣʠʤʝʨʘʟʘ (RdRp, NS7) - ʢʣʶʯʝʚʦʡ ʙʝʣʦʢ, 

ʦʩʫʱʝʩʪʚʣʷʶʱʠʡ ʨʝʧʣʠʢʘʮʠʶ ʛʝʥʦʤʘ. ʆRF2 ʢʦʜʠʨʫʝʪ ʛʣʘʚʥʳʡ 

ʩʪʨʫʢʪʫʨʥʳʡ ʙʝʣʦʢ ʢʘʧʩʠʜʘ VP1, ʆRF3 ï ʤʠʥʦʨʥʳʡ ʱʝʣʦʯʥʦʡ ʙʝʣʦʢ VP2 

[Jiang et al., 1993; Glass et al., 2000; Bertolotti-Ciarlet et al., 2003; Donaldson 

et al., 2010] (ʈʠʩʫʥʦʢ 3). ʇʨʠʯʝʤ ʆRF1 ʠ ʆRF2 ʫ ʥʦʨʦʚʠʨʫʩʦʚ 

ʧʝʨʝʢʨʳʚʘʶʪʩʷ ʥʘ 17 ʠ 20 ʥʫʢʣʝʦʪʠʜʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʛʝʥʦʛʨʫʧʧʳ, ʘ 

ʧʝʨʚʦʝ ʦʩʥʦʚʘʥʠʝ ʠʥʠʮʠʠʨʫʶʱʝʛʦ ʢʦʜʦʥʘ ʜʣʷ ʆRF3 ʥʘʢʣʘʜʳʚʘʝʪʩʷ ʥʘ 

ʧʦʩʣʝʜʥʝʝ ʦʩʥʦʚʘʥʠʝ ʩʪʦʧ-ʢʦʜʦʥʘ ʆRF2 [Green K., 2013]. 
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ɺ ʧʨʦʮʝʩʩʝ ʨʝʧʣʠʢʘʮʠʠ ʛʝʥʦʤʘ ʥʦʨʦʚʠʨʫʩʘ ʩʠʥʪʝʟʠʨʫʝʪʩʷ ʛʝʥʦʤʥʘʷ, 

ʘ ʪʘʢʞʝ ʩʫʙʛʝʥʦʤʥʘʷ ʤʦʣʝʢʫʣʘ ʈʅʂ, ʢʦʪʦʨʘʷ ʩʦʜʝʨʞʠʪ ʨʘʤʢʠ ʩʯʠʪʳʚʘʥʠʷ 

ʜʣʷ ʙʝʣʢʦʚ VP1, VP2 ʠ 3¡-ʥʝʪʨʘʥʩʣʠʨʫʝʤʳʡ ʨʝʛʠʦʥ. ʕʪʘ ʩʫʙʛʝʥʦʤʥʘʷ ʈʅʂ 

ʤʦʞʝʪ ʚʢʣʶʯʘʪʴʩʷ ʚ ʚʠʨʠʦʥʳ, ʦʙʣʘʜʘʶʱʠʝ ʧʦʥʠʞʝʥʥʦʡ ʧʣʘʚʫʯʝʡ 

ʧʣʦʪʥʦʩʪʴʶ, ʥʦ ʥʝ ʷʚʣʷʝʪʩʷ ʠʥʬʝʢʮʠʦʥʥʦʡ [Bertolotti-Ciarlet et al., 2003; 

Herbert et al. 1996; Meyers et.al. 1991]. ʄʳʰʠʥʳʡ ʥʦʨʦʚʠʨʫʩ ʠʤʝʝʪ 

ʘʥʘʣʦʛʠʯʥʫʶ ʦʨʛʘʥʠʟʘʮʠʶ ʛʝʥʦʤʘ, ʥʦ ʥʝʩʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʯʝʪʚʝʨʪʫʶ 

ORF, ʢʦʪʦʨʘʷ ʧʝʨʝʢʨʳʚʘʝʪʩʷ ʩ ORF2 ʠ ʪʘʢʞʝ ʪʨʘʥʩʣʠʨʫʝʪʩʷ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ c ʩʫʙʛʝʥʦʤʥʦʡ ʈʅʂ ʚ ʙʝʣʦʢ ʬʘʢʪʦʨʘ ʚʠʨʫʣʝʥʪʥʦʩʪʠ 1 

(VF1). VF1 ʧʨʦʪʠʚʦʜʝʡʩʪʚʫʝʪ ʚʨʦʞʜʝʥʥʦʤʫ ʠʤʤʫʥʥʦʤʫ ʦʪʚʝʪʫ ʥʘ 

ʠʥʬʝʢʮʠʶ, ʟʘʜʝʨʞʠʚʘʷ ʨʝʛʫʣʷʮʠʶ ʨʷʜʘ ʢʣʝʪʦʯʥʳʭ ʛʝʥʦʚ, ʘʢʪʠʚʠʨʫʝʤʳʭ 

ʚʨʦʞʜʝʥʥʳʤ ʧʫʪʝʤ, ʚʢʣʶʯʘʷ ʠʥʪʝʨʬʝʨʦʥ-ɓ [McFadden et al., 2011].  

ɺ ʤʝʩʪʝ ʩʦʝʜʠʥʝʥʠʷ ʨʘʤʦʢ ʩʯʠʪʳʚʘʥʠʷ ʥʘʭʦʜʷʪʩʷ çʛʦʨʷʯʠʝè ʪʦʯʢʠ, 

ʚ ʢʦʪʦʨʳʭ ʧʨʦʠʩʭʦʜʷʪ ʩʦʙʳʪʠʷ ʨʝʢʦʤʙʠʥʘʮʠʠ ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ 

ʠʥʬʠʮʠʨʦʚʘʥʠʠ ʢʣʝʪʢʠ ʜʚʫʤʷ ʨʘʟʥʳʤʠ ʥʦʨʦʚʠʨʫʩʘʤʠ [Bull et al., 2005]. 

ɹʝʣʢʠ ʥʦʨʦʚʠʨʫʩʘ. ʄʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ 

ʨʝʢʦʤʙʠʥʘʥʪʥʳʭ ʚʠʨʫʩʦʧʦʜʦʙʥʳʭ ʯʘʩʪʠʮ (VLP), ʧʦʣʫʯʝʥʥʳʭ ʚ 

ʙʘʢʫʣʦʚʠʨʫʩ-ʵʢʩʧʨʝʩʩʠʨʫʶʱʝʡ ʩʠʩʪʝʤʝ, ʙʳʣʘ ʫʩʪʘʥʦʚʣʝʥʘ ʜʦʤʝʥʥʘʷ 

ʦʨʛʘʥʠʟʘʮʠʷ ʚʠʨʠʦʥʘ ʥʦʨʦʚʠʨʫʩʘ. ʂʘʧʩʠʜ ʩʬʦʨʤʠʨʦʚʘʥ 180 ʢʦʧʠʷʤʠ 

ʙʦʣʴʰʦʛʦ ʩʪʨʫʢʪʫʨʥʦʛʦ ʙʝʣʢʘ VP1 ʠ 1-2 ʢʦʧʠʷʤʠ ʤʘʣʦʛʦ ʙʝʣʢʘ VP2. 

ɼʠʤʝʨʳ VP1 ʦʙʨʘʟʫʶʪ 90 ʜʫʛʦʦʙʨʘʟʥʳʭ ʢʘʧʩʦʤʝʨʦʚ.  

ʆʩʥʦʚʥʦʡ ʩʪʨʫʢʪʫʨʥʳʡ ʙʝʣʦʢ ʢʘʧʩʠʜʘ VP1 ʩʦʩʪʦʠʪ ʠʟ 530-555 ʘ.ʦ. 

ʩ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʦʡ 58-60 ʢɼʘ. ɹʝʣʢʦʚʘʷ ʩʫʙʲʝʜʠʥʠʮʘ ʢʘʧʩʠʜʘ 

ʥʦʨʦʚʠʨʫʩʦʚ ʩʦʜʝʨʞʠʪ ʢʦʨʦʪʢʦʝ N-ʢʦʥʮʝʚʦʝ ʧʣʝʯʦ ʥʝʠʟʚʝʩʪʥʦʡ ʬʫʥʢʮʠʠ 

ʠ ʜʚʘ ʜʦʤʝʥʘ: S (ʦʪ ʘʥʛʣ. shell ï ʦʙʦʣʦʯʢʘ) ʠ P (ʦʪ ʘʥʛʣ. protruding ï 

ʚʳʩʪʫʧʘʶʱʠʡ), ʢʦʪʦʨʳʝ ʩʚʷʟʘʥʳ ʛʠʙʢʠʤ ʩʪʝʨʞʥʝʤ. S-ʜʦʤʝʥ ʠʤʝʝʪ 

ʢʣʘʩʩʠʯʝʩʢʫʶ ɓ-ʩʢʣʘʜʯʘʪʫʶ ʩʪʨʫʢʪʫʨʫ. P-ʜʦʤʝʥ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ 

ʩʫʙʜʦʤʝʥʦʚ: ʮʝʥʪʨʘʣʴʥʦʛʦ ʩʫʙʜʦʤʝʥʘ P1 ʠ ʦʪʜʘʣʸʥʥʦʛʦ ʦʪ ʮʝʥʪʨʘ 

ʛʣʦʙʫʣʷʨʥʦʛʦ ʩʫʙʜʦʤʝʥʘ P2  (ʈʠʩʫʥʦʢ  4),  ʥʝʩʫʱʝʛʦ  ʩʘʡʪʳ  ʩʚʷʟʳʚʘʥʠʷ  ʩ  
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ʈʠʩʫʥʦʢ 4 ï ɼʦʤʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʙʝʣʢʘ VP1. 

ɾʝʣʪʳʤ ʮʚʝʪʦʤ ʦʙʦʟʥʘʯʝʥ S-ʜʦʤʝʥ, ʩʠʥʠʤ ï P1-ʩʫʙʜʦʤʝʥ, 

ʢʨʘʩʥʳʤ ï ʈ2-ʩʫʙʜʦʤʝʥ [Donaldson et al., 2010]. 

 

ʨʝʮʝʧʪʦʨʘʤʠ ʭʦʟʷʠʥʘ ʠ ʘʥʪʠʛʝʥʥʳʝ ʜʝʪʝʨʤʠʥʘʥʪʳ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪ 

ʩʧʝʮʠʬʠʯʥʦʩʪʴ ʰʪʘʤʤʘ [Prasad et al. 1999; Venkataram Prasad et al., 2000]. 

ʄʠʥʦʨʥʳʡ ʩʪʨʫʢʪʫʨʥʳʡ ʙʝʣʦʢ VP2 ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʱʝʣʦʯʥʦʡ 

ʙʝʣʦʢ, ʩʦʩʪʦʷʱʠʡ ʠʟ 208-268 ʘ.ʦ., ʠʤʝʝʪ ʤʦʣʝʢʫʣʷʨʥʫʶ ʤʘʩʩʫ 22-29 ʢɼʘ. 

VP2 ʧʨʦʷʚʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʫ ʁ ʚʘʨʠʘʙʝʣʴʥʦʩʪʴ ʘʤʠʥʦʢʠʩʣʦʪʥʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʫ ʨʘʟʥʳʭ ʰʪʘʤʤʦʚ ʚʠʨʫʩʘ [Seah et al., 1999]. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ VP2 ʥʝʦʙʭʦʜʠʤ ʜʣʷ ʩʪʘʙʠʣʠʟʘʮʠʠ ʢʘʧʩʠʜʘ ʠ ʨʝʛʫʣʷʮʠʠ 

ʩʠʥʪʝʟʘ VP1. ɹʣʘʛʦʜʘʨʷ ʩʚʦʝʡ ʭʠʤʠʯʝʩʢʦʡ ʧʨʠʨʦʜʝ VP2 ʤʦʞʝʪ ʩʚʷʟʳʚʘʪʴ 

ʈʅʂ ʠ ʧʨʠʥʠʤʘʪʴ ʫʯʘʩʪʠʝ ʚ ʝʝ ʫʧʘʢʦʚʢʝ [Bertolotti-Ciarlet A. et al., 2003]. 

ɹʝʣʦʢ VPg (133 ʘ.ʦ., ʤʦʣʝʢʫʣʷʨʥʘʷ ʤʘʩʩʘ 15 ʢɼʘ) ʚʳʧʦʣʥʷʝʪ 

ʨʘʟʣʠʯʥʳʝ ʬʫʥʢʮʠʠ ʚ ʨʝʧʣʠʢʘʪʠʚʥʦʤ ʮʠʢʣʝ ʚʠʨʫʩʘ. ɺʘʞʥʳʤ ʩʚʦʡʩʪʚʦʤ 

VPg ʢʘʣʠʮʠʚʠʨʫʩʦʚ ʷʚʣʷʝʪʩʷ ʩʧʝʮʠʬʠʯʝʩʢʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩ ʬʘʢʪʦʨʦʤ ʠʥʠʮʠʘʮʠʠ ʪʨʘʥʩʣʷʮʠʠ elF3 ʠ ʩ 40S 

ʩʫʙʲʝʜʠʥʠʮʝʡ ʨʠʙʦʩʦʤʳ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʦʡ ʤʝʭʘʥʠʟʤʘ çcapèï

ʥʝʟʘʚʠʩʠʤʦʡ ʠʥʠʮʠʘʮʠʠ ʪʨʘʥʩʣʷʮʠʠ, ʢʦʪʦʨʳʡ ʦʧʦʩʨʝʜʦʚʘʥ ʙʝʣʦʢ-

ʙʝʣʢʦʚʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ VPg ʚʠʨʫʩʘ ʩ ʩʠʩʪʝʤʦʡ ʪʨʘʥʩʣʷʮʠʠ ʢʣʝʪʢʠ 

[Daughenbaugh et al., 2003]. 

ʈʝʧʨʦʜʫʢʮʠʷ ʥʦʨʦʚʠʨʫʩʘ ʚ ʯʫʚʩʪʚʠʪʝʣʴʥʦʡ ʢʣʝʪʢʝ ʩʭʝʤʘʪʠʯʥʦ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 5 [Ludwig-Begall et al., 2021]. ʇʨʦʮʝʩʩ 

ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʚʠʨʫʩʘ ʥʘʯʠʥʘʝʪʩʷ ʩ ʧʨʠʢʨʝʧʣʝʥʠʷ ʚʠʨʠʦʥʘ (1) ʢ 

ʧʦʚʝʨʭʥʦʩʪʠ ʢʣʝʪʢʠ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʨʝʰʘʶʱʠʤ ʬʘʢʪʦʨʦʤ, ʦʧʨʝʜʝʣʷʶʱʠʤ 

P2-ʩʫʙʜʦʤʝʥ 
 
P1-ʩʫʙʜʦʤʝʥ 
 
S-ʜʦʤʝʥ 
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ʢʣʝʪʦʯʥʳʡ ʪʨʦʧʠʟʤ, ʢʨʫʛ ʭʦʟʷʝʚ ʚʠʨʫʩʘ ʠ ʧʘʪʦʛʝʥʝʟ ʚʠʨʫʩʥʦʡ ʠʥʬʝʢʮʠʠ. 

ʇʨʠʢʨʝʧʣʝʥʠʝ ʥʦʨʦʚʠʨʫʩʦʚ ʦʧʦʩʨʝʜʫʝʪʩʷ ʩʚʷʟʳʚʘʥʠʝʤ ʚʠʨʫʩʘ ʢʘʢ ʩ 

ʢʣʝʪʦʯʥʦ-ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʤʠ, ʪʘʢ ʠ ʩ ʨʘʩʪʚʦʨʠʤʳʤʠ ʬʘʢʪʦʨʘʤʠ ʭʦʟʷʠʥʘ 

[Graziano et al., 2019]. ʂʦʨʝʮʝʧʪʦʨʘʤʠ, ʩ ʢʦʪʦʨʳʤʠ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʧʨʠ 

ʠʥʬʠʮʠʨʦʚʘʥʠʠ ʢʣʝʪʢʠ ʙʝʣʦʢ VP1 ʥʦʨʦʚʠʨʫʩʘ ʯʝʣʦʚʝʢʘ, ʷʚʣʷʶʪʩʷ 

ʘʥʪʠʛʝʥʳ ʛʨʫʧʧʳ ʢʨʦʚʠ ɸ, ɺ ʠ ʩʠʩʪʝʤʳ Lewis (histo-blood group antigens, 

HBGA), ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʝ ʪʦʣʴʢʦ ʥʘ ʵʨʠʪʨʦʮʠʪʘʭ, ʥʦ ʠ ʥʘ ʢʣʝʪʢʘʭ 

ʢʠʰʝʯʥʠʢʘ (ʵʥʪʝʨʦʮʠʪʘʭ) ʠ ʚ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʞʠʜʢʦʩʪʷʭ ʦʨʛʘʥʠʟʤʘ [Hutson 

et al., 2002; Marionneau et al., 2002]. HBGA ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʣʦʞʥʳʝ 

ʬʫʢʦʟʦʩʦʜʝʨʞʘʱʠʝ ʛʣʠʢʘʥʳ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʧʦʣʠʤʦʨʬʥʳʝ ʛʨʫʧʧʳ ʢʨʦʚʠ 

ʯʝʣʦʚʝʢʘ, ʠ ʠʛʨʘʶʪ ʢʨʠʪʠʯʝʩʢʫʶ ʨʦʣʴ ʚ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʢ ʥʦʨʦʚʠʨʫʩʘʤ 

[Huang et al. 2003, Lindesmith et al., 2003]. 

ɼʣʷ ʚʭʦʜʘ ʚʠʨʫʩʘ ʚ ʢʣʝʪʢʫ ʥʝʦʙʭʦʜʠʤʦ ʝʛʦ ʩʚʷʟʳʚʘʥʠʝ ʩ ʙʝʣʢʦʚʳʤ 

ʨʝʮʝʧʪʦʨʦʤ (2). ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʠʥʪʝʛʨʘʣʴʥʳʡ ʤʝʤʙʨʘʥʥʳʡ ʙʝʣʦʢ 

CD300lf, ʩʦʜʝʨʞʘʱʠʡ ʜʦʤʝʥ ʠʤʤʫʥʦʛʣʦʙʫʣʠʥʘ, ʵʢʩʧʨʝʩʩʠʨʫʝʤʳʡ ʚ 

ʤʠʝʣʦʠʜʥʳʭ ʢʣʝʪʢʘʭ, ʣʠʤʬʦʠʜʥʳʭ ʢʣʝʪʢʘʭ ʠ ʢʣʝʪʢʘʭ ʵʧʠʪʝʣʠʘʣʴʥʦʛʦ 

ʧʫʯʢʘ ʢʠʰʝʯʥʠʢʘ [Borrego, 2013], ʷʚʣʷʝʪʩʷ ʧʝʨʚʠʯʥʳʤ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʤ 

ʢʣʝʪʦʯʥʳʤ ʨʝʮʝʧʪʦʨʦʤ ʤʳʰʠʥʦʛʦ ʥʦʨʦʚʠʨʫʩʘ [Orchard et al., 2016]. ʆʥ 

ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʧʫʪʝʤ ʩʚʷʟʳʚʘʥʠʷ ʘʧʠʢʘʣʴʥʦʡ ʩʪʦʨʦʥʳ ʩʫʙʜʦʤʝʥʘ P2 ʠ 

ʥʝʦʙʭʦʜʠʤ ʜʣʷ ʟʘʨʘʞʝʥʠʷ ʨʘʟʣʠʯʥʳʤʠ ʰʪʘʤʤʘʤʠ ʤʳʰʠʥʦʛʦ ʥʦʨʦʚʠʨʫʩʘ 

ʢʘʢ in vitro, ʪʘʢ ʠ in vivo, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʧʫʪʠ ʟʘʨʘʞʝʥʠʷ [Graziano et al., 

2020]. ʆʜʥʘʢʦ CD300lf ʯʝʣʦʚʝʢʘ ʥʝ ʷʚʣʷʝʪʩʷ ʨʝʮʝʧʪʦʨʦʤ ʜʣʷ ʥʦʨʦʚʠʨʫʩʘ 

ʯʝʣʦʚʝʢʘ. ʈʝʮʝʧʪʦʨʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʧʨʦʥʠʢʥʦʚʝʥʠʝ ʥʦʨʦʚʠʨʫʩʦʚ 

ʯʝʣʦʚʝʢʘ ʚ ʢʣʝʪʢʫ ʭʦʟʷʠʥʘ, ʝʱʝ ʥʝ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʳ [Graziano et al. 

2020].  

ɼʝʪʘʣʠ ʤʝʭʘʥʠʟʤʘ ʠʥʪʝʨʥʘʣʠʟʘʮʠʠ ʯʘʩʪʠʮ ʥʦʨʦʚʠʨʫʩʘ ʯʝʣʦʚʝʢʘ 

ʧʦʩʣʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʨʝʮʝʧʪʦʨʦʤ, ʥʝʠʟʚʝʩʪʥʳ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʣʷ 

ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʤʳʰʠʥʦʛʦ ʥʦʨʦʚʠʨʫʩʘ ʚ ʧʝʨʤʠʩʩʠʚʥʳʝ ʤʘʢʨʦʬʘʛʠ ʠ 

ʜʝʥʜʨʠʪʥʳʝ ʢʣʝʪʢʠ ʥʝʦʙʭʦʜʠʤ rʭʦʣʝʩʪʝʨʠʥ ʠ ʜʠʥʘʤʠʥ ʭʦʟʷʠʥʘ; ʚʠʨʫʩʥʳʡ  
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ʈʠʩʫʥʦʢ 5 ï ʉʭʝʤʘ ʨʝʧʨʦʜʫʢʮʠʠ ʥʦʨʦʚʠʨʫʩʘ ʚ ʯʫʚʩʪʚʠʪʝʣʴʥʦʡ ʢʣʝʪʢʝ.  

1-11 ï ʵʪʘʧʳ ʨʝʧʣʠʢʘʪʠʚʥʦʛʦ ʮʠʢʣʘ (ʧʦʷʩʥʝʥʠʷ ʚ ʪʝʢʩʪʝ)  

[Ludwig-Begall et al., 2021]. 

 

ʵʥʜʦʮʠʪʦʟ ʥʝ ʟʘʚʠʩʠʪ ʦʪ   pH,   ʢʣʘʪʨʠʥʘ   ʠ   ʢʘʚʝʦʣ   ʠ   ʥʝ   ʦʧʦʩʨʝʜʦʚʘʥ   

ʥʠ ʬʘʛʦʮʠʪʦʟʦʤ, ʥʠ ʤʠʢʨʦʧʠʥʦʮʠʪʦʟʦʤ [Perry et al., 2009, 2010; 

Gerondopoulos, 2010].  ɼʣʷ ʙʳʯʴʠʭ ʥʦʨʦʚʠʨʫʩʦʚ ʠʥʪʝʨʥʘʣʠʟʘʮʠʷ ʚ 

ʧʝʨʤʠʩʩʠʚʥʳʝ ʢʣʝʪʢʠ ʚʢʣʶʯʘʝʪ ʢʘʢ ʭʦʣʝʩʪʝʨʠʥ-ʟʘʚʠʩʠʤʳʡ ʧʫʪʴ, ʪʘʢ ʠ 

ʤʘʢʨʦʧʠʥʦʮʠʪʦʟ [Mauroy et al., 2011].  

ʇʦʩʣʝ ʧʨʦʥʠʢʥʦʚʝʥʠʷ (3) ʠ ʨʘʟʜʝʚʘʥʠʷ (4) ʧʨʦʠʩʭʦʜʠʪ ʪʨʘʥʩʣʷʮʠʷ 

ʚʠʨʫʩʥʦʛʦ ʛʝʥʦʤʘ (5). ʇʦʩʣʝ ʚʳʭʦʜʘ ʚ ʮʠʪʦʧʣʘʟʤʫ ʧʝʨʤʠʩʩʠʚʥʦʡ ʢʣʝʪʢʠ 

VPg-ʩʚʷʟʘʥʥʘʷ ʈʅʂ ʥʦʨʦʚʠʨʫʩʘ ʜʝʡʩʪʚʫʝʪ ʢʘʢ ʤʘʪʨʠʮʘ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ 

ʈʅʂ (ʤʈʅʂ) ʜʣʷ ʥʘʯʘʣʴʥʦʛʦ ʨʘʫʥʜʘ ʪʨʘʥʩʣʷʮʠʠ ʚʠʨʫʩʥʦʡ ʈʅʂ. 

ʇʨʠʩʦʝʜʠʥʝʥʥʳʡ ʢʦʚʘʣʝʥʪʥʦ ʢ 5'-ʢʦʥʮʫ ʛʝʥʦʤʘ VPg (NS5) ʜʝʡʩʪʚʫʝʪ ʢʘʢ 
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ʟʘʤʝʥʠʪʝʣʴ ʢʵʧʘ, ʨʝʢʨʫʪʠʨʫʷ ʵʫʢʘʨʠʦʪʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ ʠʥʠʮʠʘʮʠʠ ʠ 

ʦʧʦʩʨʝʜʫʷ ʪʨʘʥʩʣʷʮʠʶ ʚʠʨʫʩʥʦʡ ʈʅʂ ʚ ʙʝʣʦʢ ʧʦʩʨʝʜʩʪʚʦʤ 

ʤʥʦʞʝʩʪʚʝʥʥʳʭ ʧʨʷʤʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʩ ʢʣʝʪʦʯʥʳʤ ʪʨʘʥʩʣʷʮʠʦʥʥʳʤ 

ʘʧʧʘʨʘʪʦʤ ʢʣʝʪʢʠ-ʭʦʟʷʠʥʘ. ʇʦʣʠʧʨʦʪʝʠʥ, ʢʦʜʠʨʫʝʤʳʡ ORF1 ʢʦ- ʠ 

ʧʦʩʪʪʨʘʥʩʣʷʮʠʦʥʥʦ ʨʘʩʱʝʧʣʷʝʪʩʷ ʚʠʨʫʩʥʦʡ ʧʨʦʪʝʘʟʦʡ (NS6) (6). 

ʈʝʧʣʠʢʘʪʠʚʥʳʡ ʢʦʤʧʣʝʢʩ ʬʦʨʤʠʨʫʝʪʩʷ ʧʫʪʝʤ ʨʝʢʨʫʪʠʨʦʚʘʥʠʷ 

ʢʣʝʪʦʯʥʳʭ ʤʝʤʙʨʘʥ ʚ ʧʝʨʠʥʫʢʣʝʘʨʥʫʶ ʦʙʣʘʩʪʴ ʢʣʝʪʢʠ ʧʦʩʨʝʜʩʪʚʦʤ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ NS1/2 ʠ NS4 (7). ʈʝʧʣʠʢʘʮʠʷ ʛʝʥʦʤʘ ʧʨʦʠʩʭʦʜʠʪ ʯʝʨʝʟ 

ʧʨʦʤʝʞʫʪʦʯʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʩ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʮʝʧʴʶ (8), ʘ ʛʝʥʦʤʥʘʷ ʠ 

ʩʫʙʛʝʥʦʤʥʘʷ ʈʅʂ ʛʝʥʝʨʠʨʫʶʪʩʷ ʚʠʨʫʩʥʦʡ ʈʅʂ-ʟʘʚʠʩʠʤʦʡ ʈʅʂ-

ʧʦʣʠʤʝʨʘʟʦʡ (RdRp, NS7) ʧʫʪʝʤ ʩʠʥʪʝʟʘ de novo ʠ VPg-ʟʘʚʠʩʠʤʦʛʦ 

ʤʝʭʘʥʠʟʤʘ,  ʧʨʠ ʢʦʪʦʨʦʤ NS7 ʠʩʧʦʣʴʟʫʝʪ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʡ VPg ʚ 

ʢʘʯʝʩʪʚʝ ʙʝʣʢʦʚʦʛʦ ʧʨʘʡʤʝʨʘ [Subba-Reddy  et.al., 2017; McSweeney et al., 

2019]. 

ʈʝʧʣʠʮʠʨʦʚʘʥʥʳʝ ʛʝʥʦʤʳ ʪʨʘʥʩʣʠʨʫʶʪʩʷ ʠʣʠ ʫʧʘʢʦʚʳʚʘʶʪʩʷ ʚ 

ʢʘʧʩʠʜ (ʚ ʩʣʫʯʘʝ ʧʦʣʥʦʨʘʟʤʝʨʥʳʭ ʛʝʥʦʤʦʚ), ʩʦʩʪʦʷʱʠʡ ʚ ʦʩʥʦʚʥʦʤ ʠʟ 

ʚʠʨʫʩʥʦʛʦ ʙʝʣʢʘ VP1, ʜʣʷ ʩʙʦʨʢʠ ʚʠʨʠʦʥʘ (10) ʠ ʚʳʭʦʜʘ (11). 

ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʥʦʨʦʚʠʨʫʩʘʤʠ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʨʘʟʥʳʝ 

ʤʝʭʘʥʠʟʤʳ ʢʣʝʪʦʯʥʦʡ ʨʝʛʫʣʷʮʠʠ ʠ ʚʳʭʦʜʘ ʠʟ ʢʣʝʪʦʢ. ʇʘʨʘʜʠʛʤʘ, ʩʦʛʣʘʩʥʦ 

ʢʦʪʦʨʦʡ ʚʠʨʫʩʳ ʙʝʟ ʦʙʦʣʦʯʢʠ ʜʦʣʞʥʳ ʣʠʟʠʨʦʚʘʪʴ ʩʚʦʠ ʢʣʝʪʢʠ-ʤʠʰʝʥʠ, 

ʯʪʦʙʳ ʚʠʨʠʦʥʳ-ʧʦʪʦʤʢʠ ʤʦʛʣʠ ʚʳʩʚʦʙʦʜʠʪʴʩʷ ʠʟ ʢʣʝʪʢʠ, ʙʳʣʘ ʧʦʩʪʘʚʣʝʥʘ 

ʧʦʜ ʩʦʤʥʝʥʠʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʪʢʨʳʪʠʷ ʪʦʛʦ ʬʘʢʪʘ, ʯʪʦ ʥʦʨʦʚʠʨʫʩʳ, ʢʘʢ ʠ 

ʨʦʪʘʚʠʨʫʩʳ, ʤʦʛʫʪ ʩʝʢʨʝʪʠʨʦʚʘʪʴʩʷ ʠʟ ʢʫʣʴʪʠʚʠʨʫʝʤʳʭ ʢʣʝʪʦʢ ʚʥʫʪʨʠ 

ʚʥʝʢʣʝʪʦʯʥʳʭ ʤʝʤʙʨʘʥʦʩʚʷʟʘʥʥʳʭ ʚʝʟʠʢʫʣ [Santiana et al., 2018]. ɹʳʣʦ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʠʟ ʦʨʛʘʥʠʟʤʘ ʭʦʟʷʠʥʘ ʚʠʨʫʩʳ ʚʳʜʝʣʷʶʪʩʷ ʩ ʬʝʢʘʣʠʷʤʠ 

ʚʥʫʪʨʠ ʚʝʟʠʢʫʣ ʵʢʟʦʩʦʤʘʣʴʥʦʛʦ ʠʣʠ ʧʣʘʟʤʘʪʠʯʝʩʢʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ, 

ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʩʦʙʦʡ ʚʳʩʦʢʦʚʠʨʫʣʝʥʪʥʳʝ ʝʜʠʥʠʮʳ ʬʝʢʘʣʴʥʦ-ʦʨʘʣʴʥʦʡ 

ʧʝʨʝʜʘʯʠ [Santiana et al., 2018].  
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ɻʃɸɺɸ 2 ʂʃʀʅʀʂʆ-ʕʇʀɼɽʄʀʆʃʆɻʀʏɽʉʂʀɽ ɸʉʇɽʂʊʓ 

ʅʆʈʆɺʀʈʋʉʅʆʁ ʀʅʌɽʂʎʀʀ 

 

 

2.1 ʂʣʠʥʠʯʝʩʢʠʝ ʧʨʦʷʚʣʝʥʠʷ ʥʦʨʦʚʠʨʫʩʥʦʛʦ ʛʘʩʪʨʦʵʥʪʝʨʠʪʘ 

 

ʇʨʠ ʧʦʧʘʜʘʥʠʠ ʚ ʦʨʛʘʥʠʟʤ ʯʝʣʦʚʝʢʘ ʥʦʨʦʚʠʨʫʩʳ ʚʳʟʳʚʘʶʪ ʢʘʢ 

ʢʣʠʥʠʯʝʩʢʠ ʚʳʨʘʞʝʥʥʫʶ, ʪʘʢ ʠ ʙʝʩʩʠʤʧʪʦʤʥʫʶ ʬʦʨʤʳ ʠʥʬʝʢʮʠʠ, 

ʦʙʫʩʣʦʚʣʠʚʘʶʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʨʦʪʝʢʪʠʚʥʦʛʦ ʠʤʤʫʥʠʪʝʪʘ ʠʣʠ 

ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ ʛʝʥʝʪʠʯʝʩʢʠ ʦʙʫʩʣʦʚʣʝʥʥʦʡ ʥʝʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴ ʁʢ ʚʠʨʫʩʫ.  

ɺ 1929 ʛ. Zahorsky J. ʚʧʝʨʚʳʝ ʦʧʠʩʘʣ ʩʠʤʧʪʦʤʦʢʦʤʧʣʝʢʩ 

ʟʘʙʦʣʝʚʘʥʠʷ, ʥʘʙʣʶʜʘʚʰʠʡʩʷ ʧʨʠ ʚʩʧʳʰʢʘʭ ʆʂʀ ʚ ʟʠʤʥʝʝ ʚʨʝʤʷ, ʧʨʠ 

ʢʦʪʦʨʦʤ ʧʨʝʦʙʣʘʜʘʶʱʠʤʠ ʢʣʠʥʠʯʝʩʢʠʤʠ ʧʨʦʷʚʣʝʥʠʷʤʠ ʙʳʣʠ ʪʦʰʥʦʪʘ ʠ 

ʨʚʦʪʘ, ʠ ʥʘʟʚʘʣ ʝʛʦ çʟʠʤʥʝʡ ʨʚʦʪʥʦʡ ʙʦʣʝʟʥʴʶè [Zahorsky, 1929]. 

ɸʥʘʣʦʛʠʯʥʳʡ ʩʠʤʧʪʦʤʦʢʦʤʧʣʝʢʩ ʥʘʙʣʶʜʘʣʩʷ ʠ ʧʨʠ ʚʩʧʳʰʢʝ 

ʛʘʩʪʨʦʵʥʪʝʨʠʪʘ ʚ ʛ. ʅʦʨʚʦʣʢ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʟʘʙʦʣʝʚʘʥʠʝ, 

ʦʙʫʩʣʦʚʣʝʥʥʦʝ ʥʦʨʦʚʠʨʫʩʘʤʠ, ʟʘʥʝʩʝʥʦ ʚ ʄʝʞʜʫʥʘʨʦʜʥʫʶ ʢʣʘʩʩʠʬʠʢʘʮʠʶ 

ʙʦʣʝʟʥʝʡ 10-ʛʦ ʧʝʨʝʩʤʦʪʨʘ (ʩ ʦʙʥʦʚʣʝʥʠʷʤʠ 2025 ʛ.) ʢʘʢ ʦʩʪʨʘʷ 

ʛʘʩʪʨʦʵʥʪʝʨʦʧʘʪʠʷ, ʚʳʟʚʘʥʥʘʷ ʅʦʨʦʚʠʨʫʩʦʤ (ɹʣʦʢ ɸ00-ɸ09, ɸ08.1) 

[https://mkb-10.com]. 

ʅʦʨʦʚʠʨʫʩʳ ʧʦʨʘʞʘʶʪ ʢʣʝʪʢʠ ʚʦʨʩʠʥʯʘʪʦʛʦ ʵʧʠʪʝʣʠʷ ʪʦʥʢʦʛʦ 

ʢʠʰʝʯʥʠʢʘ.  ʀʩʩʣʝʜʦʚʘʥʠʝ ʙʠʦʧʪʘʪʦʚ ʵʧʠʪʝʣʠʷ, ʚʟʷʪʳʭ ʠʟ ʫʯʘʩʪʢʘ 

ʧʝʨʝʭʦʜʘ ʜʚʝʥʘʜʮʘʪʠʧʝʨʩʪʥʦʡ ʢʠʰʢʠ ʚ ʪʦʱʫʶ ʢʠʰʢʫ (ʩʚʷʟʢʘ ʊʨʝʡʮʘ) 

ʧʦʢʘʟʘʣʦ ʥʘʣʠʯʠʝ ʨʘʩʰʠʨʝʥʠʷ ʠ ʧʨʠʪʫʧʣʝʥʠʷ ʢʠʰʝʯʥʳʭ ʚʦʨʩʠʥʦʢ, 

ʦʪʩʣʘʠʚʘʥʠʷ ʵʧʠʪʝʣʠʘʣʴʥʳʭ ʢʣʝʪʦʢ, ʛʠʧʝʨʧʣʘʟʠʶ ʢʣʝʪʦʢ ʢʨʠʧʪ, 

ʚʘʢʫʦʣʠʟʘʮʠʶ ʮʠʪʦʧʣʘʟʤʳ, ʠʥʬʠʣʴʪʨʘʮʠʶ ʚʦʩʧʘʣʠʪʝʣʴʥʳʭ ʢʣʝʪʦʢ ʚ 

lamina propria [Agus et al., 1973; Flewett, 1976; Schreiber et al. 1973; ɹʠʰʦʧ, 

1985; Morotti et al., 2004]. ɺ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʵʧʠʪʝʣʠʘʣʴʥʳʭ ʢʣʝʪʢʘʭ ʠ ʚ 

lamina propria ʦʪʤʝʯʝʥʦ ʫʩʠʣʝʥʠʝ ʘʧʦʧʪʦʟʘ [Atmar, Estes, 2006]. 

ɻʠʩʪʦʣʦʛʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ ʥʘʠʙʦʣʝʝ ʟʘʤʝʪʥʳ ʚ ʧʨʦʢʩʠʤʘʣʴʥʳʭ ʦʪʜʝʣʘʭ 
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ʪʦʥʢʦʡ ʢʠʰʢʠ (ʜʚʝʥʘʜʮʘʪʠʧʝʨʩʪʥʦʡ, ʨʝʞʝ ï ʪʦʱʝʡ, ʝʱʝ ʨʝʞʝ ï 

ʧʦʜʚʟʜʦʰʥʦʡ), ʛʜʝ ʧʨʦʠʩʭʦʜʷʪ ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʝ ʚʦʩʧʘʣʠʪʝʣʴʥʳʝ 

ʠʟʤʝʥʝʥʠʷ ʩʣʠʟʠʩʪʦʡ ʦʙʦʣʦʯʢʠ, ʩʦʧʨʦʚʦʞʜʘʶʱʠʝʩʷ ʘʪʨʦʬʠʝʡ ʢʠʰʝʯʥʳʭ 

ʚʦʨʩʠʥʦʢ ʠ ʛʠʧʝʨʪʨʦʬʠʝʡ ʢʠʰʝʯʥʳʭ ʞʝʣʝʟ. ʂʨʦʤʝ ʵʪʦʛʦ, ʦʪʤʝʯʘʝʪʩʷ 

ʩʥʠʞʝʥʠʝ ʬʝʨʤʝʥʪʘʪʠʚʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʢʣʝʪʦʢ ʱʝʪʦʯʥʦʡ ʢʘʝʤʢʠ ʠ ʨʘʟʚʠʪʠʝ 

ʚʪʦʨʠʯʥʦʡ ʜʠʩʘʭʘʨʠʜʘʟʥʦʡ ʥʝʜʦʩʪʘʪʦʯʥʦʩʪʠ, ʥʦ ʧʨʠ ʵʪʦʤ ʫʨʦʚʝʥʴ 

ʘʜʝʥʠʣʘʪʮʠʢʣʘʟʳ ʚ ʩʣʠʟʠʩʪʦʡ ʦʙʦʣʦʯʢʝ ʪʦʥʢʦʡ ʢʠʰʢʠ ʥʝ ʠʟʤʝʥʷʝʪʩʷ [Levy 

et al., 1976]. ʇʨʠ ʥʦʨʦʚʠʨʫʩʥʦʤ ʛʘʩʪʨʦʵʥʪʝʨʠʪʝ ʥʘʨʫʰʘʝʪʩʷ ʤʦʪʦʨʥʘʷ 

ʬʫʥʢʮʠʷ ʞʝʣʫʜʢʘ, ʥʦ ʝʛʦ ʩʝʢʨʝʪʦʨʥʘʷ ʬʫʥʢʮʠʷ (ʚʳʨʘʙʦʪʢʘ ʧʝʧʩʠʥʘ ʠ 

ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʳ) ʥʝ ʠʟʤʝʥʷʝʪʩʷ, ʛʠʩʪʦʣʦʛʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ ʚ ʞʝʣʫʜʢʝ ʥʝ 

ʦʪʤʝʯʝʥʦ, ʪʘʢʞʝ ʦʪʩʫʪʩʪʚʫʝʪ ʧʦʚʨʝʞʜʝʥʠʝ ʧʨʷʤʦʡ ʢʠʰʢʠ [Meeroff et al., 

1980; Widerlite et al., 1976]. 

ʇʦʩʣʝ ʧʦʷʚʣʝʥʠʷ ʫʙʝʜʠʪʝʣʴʥʳʭ ʜʦʢʘʟʘʪʝʣʴʩʪʚ ʨʝʧʣʠʢʘʮʠʠ 

ʤʳʰʠʥʳʭ ʥʦʨʦʚʠʨʫʩʦʚ ʚ ʘʥʪʠʛʝʥʧʨʝʟʝʥʪʠʨʫʶʱʠʭ ʢʣʝʪʢʘʭ [Wobus et al., 

2004], ʙʳʣ ʧʨʦʚʝʜʝʥ ʨʷʜ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩ ʥʦʨʦʚʠʨʫʩʘʤʠ ʯʝʣʦʚʝʢʘ, ʯʪʦʙʳ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʠʭ ʜʚʦʡʥʦʡ ʪʨʦʧʠʟʤ ʢ ʵʧʠʪʝʣʠʘʣʴʥʳʤ ʠ ʠʤʤʫʥʥʳʤ 

ʢʣʝʪʢʘʤ ʢʠʰʝʯʥʠʢʘ. ɺ ʞʠʚʦʪʥʳʭ ʤʦʜʝʣʷʭ ʧʦʣʫʯʝʥʳ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ 

ʠʥʬʠʮʠʨʦʚʘʥʠʷ ʥʦʨʦʚʠʨʫʩʘʤʠ ʩʣʝʜʫʶʱʠʭ ʪʠʧʦʚ ʢʣʝʪʦʢ: ʜʝʥʜʨʠʪʥʳʭ 

ʢʣʝʪʦʢ ʠ ɺ-ʢʣʝʪʦʢ ʫ ʰʠʤʧʘʥʟʝ [Bok et al., 2011],  ʤʘʢʨʦʬʘʛʦʚ ʫ ʤrh ʝʡ ʩ 

ʦʩʣʘʙʣʝʥʥʳʤ ʠʤʤʫʥʠʪʝʪʦʤ [Taube et al., 2013], ʵʥʪʝʨʦʮʠʪʦʚ ʫ 

ʛʥʦʪʦʙʠʦʪʠʯʝʩʢʠʭ ʩʚʠʥʝʡ [Cheetham et al. 2006] ʠ ʤʘʢʨʦʬʘʛʦʚ, ʜʝʥʜʨʠʪʥʳʭ 

ʢʣʝʪʦʢ ʠ ʣʠʤʬʦʮʠʪʦʚ ʫ ʤʠʥʠʘʪʶʨʥʳʭ ʧʦʨʦʩʷʪ [Seo et al., 2018]. ʏʪʦ ʝʱʝ 

ʙʦʣʝʝ ʚʘʞʥʦ, ʛʠʩʪʦʣʦʛʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʘʮʠʝʥʪʦʚ ʩ ʦʩʣʘʙʣʝʥʥʳʤ 

ʠʤʤʫʥʠʪʝʪʦʤ, ʠʥʬʠʮʠʨʦʚʘʥʥʳʭ ʅɺ, ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʧʦʜʪʚʝʨʞʜʘʝʪ 

ʜʚʦʡʥʦʡ ʪʨʦʧʠʟʤ ʥʦʨʦʚʠʨʫʩʦʚ [Karandikar et al., 2018]. ɸʥʪʠʛʝʥ ʅɺ 

ʯʝʣʦʚʝʢʘ ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ ʚ ʵʥʪʝʨʦʮʠʪʘʭ ʚʙʣʠʟʠ ʢʦʥʯʠʢʦʚ ʚʦʨʩʠʥʦʢ, ʘ 

ʪʘʢʞʝ ʚ CD3, CD68- ʠʣʠ DC-SIGN-ʧʦʟʠʪʠʚʥʳʭ ʢʣʝʪʢʘʭ, ʤʘʨʢʝʨʘʭ 

ʠʤʤʫʥʥʳʭ ʢʣʝʪʦʢ ʜʣʷ ʊ-ʢʣʝʪʦʢ, ʤʘʢʨʦʬʘʛʦʚ ʠ ʜʝʥʜʨʠʪʥʳʭ ʢʣʝʪʦʢ. ɺ 
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ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʝ ʨʝʰʝʥʦ, ʠʥʬʠʮʠʨʦʚʘʥʳ ʣʠ ʪʝ ʞʝ ʪʠʧʳ ʢʣʝʪʦʢ ʫ 

ʠʤʤʫʥʦʢʦʤʧʝʪʝʥʪʥʳʭ ʧʘʮʠʝʥʪʦʚ [Wobus, 2018]. 

ʇʦʧʳʪʢʠ ʢʫʣʴʪʠʚʠʨʦʚʘʪʴ ʅɺ ʯʝʣʦʚʝʢʘ ʚ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʥʥʳʭ 

ʵʧʠʪʝʣʠʘʣʴʥʳʭ ʢʣʝʪʢʘʭ ʢʠʰʝʯʥʠʢʘ ʠ ʚ ʧʝʨʚʠʯʥʳʭ ʠʤʤʫʥʥʳʭ ʢʣʝʪʢʘʭ 

ʯʝʣʦʚʝʢʘ ʥʝ ʫʚʝʥʯʘʣʠʩʴ ʫʩʧʝʭʦʤ [Moore et all., 2015; Duizer et al., 2004; 

Lay, et al. 2010]. ʉʧʦʩʦʙʥʦʡ ʧʦʜʜʝʨʞʠʚʘʪʴ ʨʘʟʤʥʦʞʝʥʠʝ ʅɺ ʯʝʣʦʚʝʢʘ 

ʦʢʘʟʘʣʘʩʴ ʩʠʩʪʝʤʘ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ, ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʚ ʅʠʜʝʨʣʘʥʜʘʭ  [Sato et 

al., 2011; Saxena et al., 2015], ʢʦʪʦʨʘʷ ʛʝʥʝʨʠʨʫʝʪ ʯʝʣʦʚʝʯʝʩʢʠʝ ʢʠʰʝʯʥʳʝ 

ʵʥʪʝʨʦʠʜʳ (human intestinal enteroids, HIE) ʠʟ ʩʪʚʦʣʦʚʳʭ ʢʣʝʪʦʢ, 

ʚʳʜʝʣʝʥʥʳʭ ʠʟ ʢʠʰʝʯʥʳʭ ʢʨʠʧʪ ʪʢʘʥʝʡ ʢʠʰʝʯʥʠʢʘ ʯʝʣʦʚʝʢʘ, ʠ 

ʚʦʩʧʨʦʠʟʚʦʜʠʪ ʝʩʪʝʩʪʚʝʥʥʳʡ ʢʠʰʝʯʥʳʡ ʵʧʠʪʝʣʠʡ [Ettayebi et al., 2016]. 

ʕʪʠ ʤʥʦʛʦʢʣʝʪʦʯʥʳʝ, ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʝ HIE ʷʚʣʷʶʪʩʷ 

ʥʝʪʨʘʥʩʬʦʨʤʠʨʦʚʘʥʥʳʤʠ, ʬʠʟʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʤʠ ʢʫʣʴʪʫʨʘʤʠ, 

ʢʦʪʦʨʳʝ ʨʝʘʛʠʨʫʶʪ ʥʘ ʘʛʦʥʠʩʪʳ, ʠ ʩʦʜʝʨʞʘʪ ʥʝʩʢʦʣʴʢʦ ʪʠʧʦʚ 

ʵʧʠʪʝʣʠʘʣʴʥʳʭ ʢʣʝʪʦʢ ʢʠʰʝʯʥʠʢʘ (ʵʥʪʝʨʦʮʠʪʳ, ʙʦʢʘʣʦʚʠʜʥʳʝ, 

ʵʥʪʝʨʦʵʥʜʦʢʨʠʥʥʳʝ ʠ ʢʣʝʪʢʠ ʇʘʥʝʪʘ), ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʪʦʛʦ, ʚʳʨʘʱʠʚʘʶʪʩʷ 

ʣʠ ʦʥʠ ʚ ʚʠʜʝ ʪʨʝʭʤʝʨʥʳʭ ʠʣʠ ʤʦʥʦʩʣʦʡʥʳʭ ʢʫʣʴʪʫʨ. ʇʨʠ ʵʪʦʤ ʧʦʢʘʟʘʥʦ, 

ʯʪʦ ʠʥʬʠʮʠʨʦʚʘʣʠʩʴ ʥʦʨʦʚʠʨʫʩʘʤʠ ʠ ʧʦʜʜʝʨʞʠʚʘʣʠ ʠʭ ʨʝʧʣʠʢʘʮʠʶ ʪʦʣʴʢʦ 

ʵʥʪʝʨʦʮʠʪʳ. ʅɺ ʯʝʣʦʚʝʢʘ ʨʝʧʣʠʮʠʨʫʶʪʩʷ ʚ ʵʥʪʝʨʦʮʠʪʘʭ ʚ ʢʫʣʴʪʫʨʘʭ ʠʟ 

ʨʘʟʥʳʭ ʦʪʜʝʣʦʚ ʪʦʥʢʦʛʦ ʢʠʰʝʯʥʠʢʘ ï ʜʚʝʥʘʜʮʘʪʠʧʝʨʩʪʥʦʡ, ʪʦʱʝʡ ʠ 

ʧʦʜʚʟʜʦʰʥʦʡ ʢʠʰʢʠ. ʇʨʦʜʫʢʪʠʚʥʘʷ ʠʥʬʝʢʮʠʷ ʙʳʣʘ ʧʦʜʪʚʝʨʞʜʝʥʘ 

ʪʨʘʥʩʤʠʩʩʠʦʥʥʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʝʡ, ʚʠʟʫʘʣʠʟʠʨʫʶʱʝʡ ʚʠʨʫʩʥʳʝ 

ʯʘʩʪʠʮʳ ʩ ʪʠʧʠʯʥʦʡ ʤʦʨʬʦʣʦʛʠʝʡ ʚ ʩʫʧʝʨʥʘʪʘʥʪʝ ʟʘʨʘʞʝʥʥʳʭ ʵʥʪʝʨʦʠʜʦʚ 

[Ettayebi et al., 2016].   

ʇʦʟʜʥʝʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʵʥʪʝʨʦʵʥʜʦʢʨʠʥʥʳʝ ʢʣʝʪʢʠ, ʢʦʪʦʨʳʝ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʵʧʠʪʝʣʠʘʣʴʥʳʝ ʢʣʝʪʢʠ ʪʦʥʢʦʡ 

ʢʠʰʢʠ, ʦʙʣʘʜʘʶʱʠʝ ʢʘʢ ʩʝʥʩʦʨʥʳʤʠ, ʪʘʢ ʠ ʵʥʜʦʢʨʠʥʥʳʤʠ ʬʫʥʢʮʠʷʤʠ, 

ʪʘʢʞʝ ʤʦʛʫʪ ʙʳʪʴ ʠʥʬʠʮʠʨʦʚʘʥʳ ʥʦʨʦʚʠʨʫʩʦʤ ʯʝʣʦʚʝʢʘ [Green et al., 

2020]. 



 

22 

 

 

 ɺ ʩʦʚʦʢʫʧʥʦʩʪʠ ʵʪʠ ʜʘʥʥʳʝ ʫʢʘʟʳʚʘʶʪ ʥʘ ʪʦ, ʯʪʦ ʅɺ ʯʝʣʦʚʝʢʘ 

ʟʘʨʘʞʘʶʪ ʵʧʠʪʝʣʠʘʣʴʥʳʝ ʢʣʝʪʢʠ ʢʠʰʝʯʥʠʢʘ ʠ ʥʝʩʢʦʣʴʢʦ ʧʦʜʛʨʫʧʧ 

ʠʤʤʫʥʥʳʭ ʢʣʝʪʦʢ ʚ ʢʠʰʝʯʥʠʢʝ (ʤʘʢʨʦʬʘʛʠ, ʜʝʥʜʨʠʪʥʳʝ ʢʣʝʪʢʠ, ʊ-ʢʣʝʪʢʠ 

ʠ ɺ-ʢʣʝʪʢʠ) [Wobus, 2018]. ʆʜʥʘʢʦ ʜʣʷ ʙʦʣʝʝ ʧʦʣʥʦʛʦ ʧʦʥʠʤʘʥʠʷ 

ʧʘʪʦʛʝʥʝʟʘ ʥʦʨʦʚʠʨʫʩʥʦʡ ʠʥʬʝʢʮʠʠ ʯʝʣʦʚʝʢʘ ʥʝʦʙʭʦʜʠʤʳ ʜʘʣʴʥʝʡʰʠʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ.  

ʀʥʢʫʙʘʮʠʦʥʥʳʡ ʧʝʨʠʦʜ ʧʨʠ ʅɺʀ ʩʦʩʪʘʚʣʷʝʪ 12-48 ʯʘʩʦʚ, 

ʚʳʜʝʣʝʥʠʝ ʚʠʨʫʩʘ ʙʦʣʴʥʳʤ ʩ ʬʝʢʘʣʠʷʤʠ ʜʦʩʪʠʛʘʝʪ ʤʘʢʩʠʤʫʤʘ ʥʘ 2-4 ʜʝʥʴ 

ʧʦʩʣʝ ʠʥʬʠʮʠʨʦʚʘʥʠʷ, ʥʦ ʧʦʩʣʝ ʠʩʯʝʟʥʦʚʝʥʠʷ ʢʣʠʥʠʯʝʩʢʠʭ ʩʠʤʧʪʦʤʦʚ 

ʤʦʞʝʪ ʧʨʦʜʦʣʞʘʪʴʩʷ ʙʦʣʝʝ ʜʚʫʭ ʥʝʜʝʣʴ [Grohmann et al., 1991; Murata et al., 

2007]. ʇʦ ʜʨʫʛʠʤ ʜʘʥʥʳʤ, ʨʝʢʦʥʚʘʣʝʩʮʝʥʪʳ ʚʳʜʝʣʷʶʪ ʚʠʨʫʩ ʚ ʩʨʝʜʥʝʤ ʚ 

ʪʝʯʝʥʠʝ 28 ʜʥʝʡ ʚ ʢʦʣʠʯʝʩʪʚʝ 10
4 
ʚʠʨʫʩʥʳʭ ʢʦʧʠʡ ʥʘ 1 ʛ ʬʝʢʘʣʠʡ [Tu et al., 

2008]. ʋ ʙʦʣʴʥʳʭ ʩ ʠʤʤʫʥʦʜʝʬʠʮʠʪʦʤ ʦʪʤʝʯʝʥʦ ʜʣʠʪʝʣʴʥʦʝ (ʦʪ 119-182 

ʜʥʝʡ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʣʝʪ) ʚʳʜʝʣʝʥʠʝ ʥʦʨʦʚʠʨʫʩʘ [Green, 2014; Siebenga et 

al., 2008]. 

ʂʣʠʥʠʯʝʩʢʘʷ ʢʘʨʪʠʥʘ ʥʦʨʦʚʠʨʫʩʥʦʡ ʠʥʬʝʢʮʠʠ ʠʟʫʯʝʥʘ ʜʦʩʪʘʪʦʯʥʦ 

ʧʦʣʥʦ. ʇʨʠ ʘʥʘʣʠʟʝ 38 ʚʩʧʳʰʝʢ ʥʦʨʦʚʠʨʫʩʥʦʡ ʠʥʬʝʢʮʠʠ ʫ ʟʘʙʦʣʝʚʰʠʭ 

ʥʘʙʣʶʜʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʩʠʤʧʪʦʤʳ: ʪʦʰʥʦʪʘ (79 %), ʨʚʦʪʘ (69 %), ʜʠʘʨʝʷ 

(66 %), ʛʦʣʦʚʥʘʷ ʙʦʣʴ (22 %), ʣʠʭʦʨʘʜʢʘ (37 %), ʦʟʥʦʙ (32 %) [Kaplan et al., 

1982].  

ɺ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ɻʦʨʝʣʦʚʘ ɸ.ɺ. ʠ ʩʦʘʚʪ. (2008) ʧʦʢʘʟʘʥʦ, ʯʪʦ ʫ 

62,96 % ʜʝʪʝʡ ʩ ʥʦʨʦʚʠʨʫʩʥʦʡ ʠʥʬʝʢʮʠʝʡ ʟʘʙʦʣʝʚʘʥʠʝ ʧʨʦʪʝʢʘʣʦ ʚ ʬʦʨʤʝ 

ʛʘʩʪʨʦʵʥʪʝʨʠʪʘ, ʫ 37,04 % ï ʚ ʬʦʨʤʝ ʛʘʩʪʨʦʵʥʪʝʨʦʢʦʣʠʪʘ. ʉʨʝʜʥʝʪʷʞʝʣʦʝ 

ʪʝʯʝʥʠʝ ʟʘʙʦʣʝʚʘʥʠʷ ʦʪʤʝʯʘʣʦʩʴ ʫ 35,18 % ʙʦʣʴʥʳʭ, ʣʝʛʢʦʝ ï ʫ 64,8 3% 

ʙʦʣʴʥʳʭ [ɻʦʨʝʣʦʚ ʠ ʩʦʘʚʪ. 2008, 2011]. ʅʝʨʝʜʢʦ ʥʦʨʦʚʠʨʫʩʥʘʷ ʠʥʬʝʢʮʠʷ 

ʧʨʦʪʝʢʘʝʪ ʚ ʬʦʨʤʝ ʦʩʪʨʦʛʦ ʛʘʩʪʨʠʪʘ. ʍʘʨʘʢʪʝʨʥʦ ʦʩʪʨʝʡʰʝʝ ʥʘʯʘʣʦ 

ʟʘʙʦʣʝʚʘʥʠʷ ï ʧʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʪʝʯʝʥʠʝ 6-8 ʯʘʩʦʚ ʜʦ 38,3-38,8
ʦ
ʉ, 

ʧʦʷʚʣʷʶʪʩʷ ʦʟʥʦʙ, ʣʦʤʦʪʘ ʚ ʪʝʣʝ, ʤʠʘʣʛʠʷ, ʛʦʣʦʚʦʢʨʫʞʝʥʠʝ, ʛʦʣʦʚʥʘʷ ʙʦʣʴ 

[Thornton et al., 2004]. ʅʘ ʚʳʩʦʪʝ ʠʥʪʦʢʩʠʢʘʮʠʠ ʫ ʜʝʪʝʡ ʦʙʳʯʥʦ 
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ʥʘʙʣʶʜʘʝʪʩʷ ʪʦʰʥʦʪʘ ʠ ʨʚʦʪʘ, ʚʟʨʦʩʣʳʝ ʯʘʱʝ ʩʪʨʘʜʘʶʪ ʜʠʘʨʝʝʡ [Kaplan et 

al., 1982]. 

ʇʦ ʜʘʥʥʳʤ ʃʘʛʠʨ ɻ.ʄ. ʠ ʩʦʘʚʪ. (2008) ʫ 34 (56,7 %) ʠʟ 60 ʜʝʪʝʡ ʩ 

ʅɺʀ ʟʘʙʦʣʝʚʘʥʠʝ ʥʘʯʠʥʘʣʦʩʴ ʩ ʧʦʷʚʣʝʥʠʷ ʨʚʦʪʳ ʠ ʣʠʭʦʨʘʜʢʠ, ʫ 43,3 % ï 

ʩ ʧʦʚʳʰʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʞʠʜʢʦʛʦ ʩʪʫʣʘ. ʂʘʪʘʨʘʣʴʥʳʡ ʩʠʥʜʨʦʤ ʚ ʚʠʜʝ 

ʥʘʩʤʦʨʢʘ, ʢʘʰʣʷ, ʛʠʧʝʨʝʤʠʠ ʟʝʚʘ ʠʤʝʣʠ 31,7 % ʙʦʣʴʥʳʭ. ʈʚʦʪʘ ʫ 

ʙʦʣʴʰʠʥʩʪʚʘ ʙʦʣʴʥʳʭ ʩʦʭʨʘʥʷʣʘʩʴ 1-2 ʜʥʷ ʜʦ 5 ʨʘʟ ʚ ʩʫʪʢʠ. ʉʪʫʣ ʚ 

ʦʩʥʦʚʥʦʤ ʙʳʣ ʚʦʜʷʥʠʩʪʳʤ, ʞʝʣʪʦʛʦ ʠʣʠ ʟʝʣʝʥʦʛʦ ʮʚʝʪʘ ʙʝʟ 

ʧʘʪʦʣʦʛʠʯʝʩʢʠʭ ʧʨʠʤʝʩʝʡ, ʦʜʥʘʢʦ ʫ 33,9 % ʙʦʣʴʥʳʭ ʚ ʩʪʫʣʝ ʦʪʤʝʯʘʣʠʩʴ 

ʧʨʠʤʝʩʠ ʩʣʠʟʠ ʠ ʧʨʦʞʠʣʢʠ ʢʨʦʚʠ, ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʜʠʩʬʫʥʢʮʠʠ ʚ 

ʩʨʝʜʥʝʤ ʩʦʩʪʘʚʣʷʣʘ 5 ʜʥʝʡ [ʃʘʛʠʨ ʠ ʩʦʘʚʪ., 2008]. 

ʇʨʦʚʝʜʝʥʦ ʢʣʠʥʠʢʦ-ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʝ ʦʙʩʣʝʜʦʚʘʥʠʝ 87 ʜʝʪʝʡ ʜʦ 3-

ʭ ʣʝʪ ʩʦ ʩʨʝʜʥʝʪʷʞʝʣʳʤ ʠ ʪʷʞʝʣʳʤ ʪʝʯʝʥʠʝʤ ʥʦʨʦʚʠʨʫʩʥʦʡ ʠʥʬʝʢʮʠʠ.  

ɸʥʘʣʠʟ ʪʝʯʝʥʠʷ ʦʩʪʨʦʛʦ ʧʝʨʠʦʜʘ ʟʘʙʦʣʝʚʘʥʠʷ ʚʳʷʚʠʣ, ʯʪʦ ʚ ʥʘʯʘʣʝ 

ʟʘʙʦʣʝʚʘʥʠʷ ʚʦʟʥʠʢʘʣ ʛʘʩʪʨʠʪ, ʢʦʪʦʨʳʡ ʚ ʪʝʯʝʥʠʝ ʩʫʪʦʢ ʜʦʧʦʣʥʷʣʩʷ 

ʵʥʪʝʨʠʪʦʤ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʠʥʜʨʦʤ ʛʘʩʪʨʦʵʥʪʝʨʠʪʘ ʷʚʣʷʣʩʷ ʚʝʜʫʱʠʤ ʚ 

ʪʝʯʝʥʠʠ ʥʦʨʦʚʠʨʫʩʥʦʡ ʠʥʬʝʢʮʠʠ ʢʘʢ ʫ ʜʝʪʝʡ ʚ ʚʦʟʨʘʩʪʝ ʦʪ 1 ʜʦ 3 ʣʝʪ 

(92 %), ʪʘʢ ʠ ʫ ʜʝʪʝʡ ʜʦ 1 ʛʦʜʘ (88 %). ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʫ 82 % 

ʧʘʮʠʝʥʪʦʚ ʧʨʠ ʧʦʩʪʫʧʣʝʥʠʠ ʚ ʩʪʘʮʠʦʥʘʨ ʨʝʛʠʩʪʨʠʨʦʚʘʣʦʩʴ ʪʷʞʝʣʦʝ 

ʩʦʩʪʦʷʥʠʝ (ʟʘ ʩʯʝʪ ʩʠʤʧʪʦʤʦʚ ʜʝʛʠʜʨʘʪʘʮʠʠ), ʚ ʢʣʠʥʠʢʝ ʥʦʨʦʚʠʨʫʩʥʦʡ 

ʠʥʬʝʢʮʠʠ ʜʦʤʠʥʠʨʦʚʘʣʠ ʩʨʝʜʥʝʪʷʞʝʣʳʝ ʬʦʨʤ,r ʩʦʩʪʘʚʣʷʷ ʧʨʠ ʵʪʦʤ ʫ 

ʜʝʪʝʡ ʚ ʚʦʟʨʘʩʪʝ ʦʪ 1 ʜʦ 3 ʣʝʪ 62 %, ʘ ʫ ʜʝʪʝʡ ʚ ʚʦʟʨʘʩʪʝ ʜʦ 1 ʛʦʜʘ ï 76 %. ʋ 

ʜʝʪʝʡ ʩʦ ʩʨʝʜʥʝʪʷʞʝʣʦʡ ʬʦʨʤʦʡ ʥʦʨʦʚʠʨʫʩʥʦʡ ʠʥʬʝʢʮʠʠ ʵʢʩʠʢʦʟ 1-ʡ 

ʩʪʝʧʝʥʠ ʥʘʙʣʶʜʘʣʩʷ ʚ 61 % ʩʣʫʯʘʝʚ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʫ ʜʝʪʝʡ ʩ ʪʷʞʝʣʦʡ 

ʬʦʨʤʦʡ ʚ 75,7 % ʩʣʫʯʘʝʚ ʨʝʛʠʩʪʨʠʨʦʚʘʣʩʷ ʵʢʩʠʢʦʟ 2-ʡ ʩʪʝʧʝʥʠ. ɺ 89 % 

ʩʣʫʯʘʝʚ ʚ ʢʣʠʥʠʯʝʩʢʦʡ ʢʘʨʪʠʥʝ ʥʦʨʦʚʠʨʫʩʥʦʡ ʠʥʬʝʢʮʠʠ ʦʪʤʝʯʘʣʩʷ 

ʘʮʝʪʦʥʝʤʠʯʝʩʢʠʡ ʩʠʥʜʨʦʤ. ɺ ʦʩʪʨʦʤ ʧʝʨʠʦʜʝ ʠ ʚ ʧʝʨʠʦʜʝ 

ʨʝʢʦʥʚʘʣʝʩʮʝʥʮʠʠ ʫ ʜʝʪʝʡ ʜʦ 3-ʭ ʣʝʪ ʚʳʷʚʣʝʥʳ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ 

ʥʘʨʫʰʝʥʠʷ ʦʨʛʘʥʦʚ ʧʠʱʝʚʘʨʝʥʠʷ [ʄʠʭʘʡʣʦʚʘ ʠ ʩʦʘʚʪ., 2018]. 
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ʇʨʠ ʩʨʘʚʥʝʥʠʠ ʩʠʤʧʪʦʤʦʚ ʟʘʙʦʣʝʚʘʥʠʷ, ʚʳʟʚʘʥʥʦʛʦ ʨʦʪʘʚʠʨʫʩʘʤʠ ʠ 

ʥʦʨʦʚʠʨʫʩʘʤʠ ʫ ʜʝʪʝʡ ʚ ʩʝʚʝʨʥʦʤ ʊʘʡʚʘʥʝ, ʧʦʢʘʟʘʥʦ, ʯʪʦ ʨʦʪʘʚʠʨʫʩʳ 

ʚʳʟʳʚʘʶʪ ʙʦʣʝʝ ʯʘʩʪʫʶ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʫʶ ʨʚʦʪʫ ʠ ʙʦʣʝʝ ʚʳʨʘʞʝʥʥʫʶ 

ʣʠʭʦʨʘʜʢʫ. ʆʜʥʘʢʦ ʧʨʠ ʥʦʨʦʚʠʨʫʩʥʦʡ ʠʥʬʝʢʮʠʠ ʯʘʱʝ ʥʘʙʣʶʜʘʶʪʩʷ 

ʩʫʜʦʨʦʛʠ (29,7 % ʧʨʦʪʠʚ 5 %) ʠ ʪʨʝʙʫʝʪʩʷ ʙʦʣʝʝ ʜʣʠʪʝʣʴʥʘʷ 

ʛʦʩʧʠʪʘʣʠʟʘʮʠʷ ï ʚ ʩʨʝʜʥʝʤ 6 ʜʥʝʡ (5-8 ʜʥʝʡ), ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʨʦʪʘʚʠʨʫʩʥʦʡ ʠʥʬʝʢʮʠʝʡ ï ʚ ʩʨʝʜʥʝʤ 5 ʜʥʝʡ (4-7 ʜʥʝʡ) (P <0,001) [Chen et 

al., 2009]. 

ʋ ʚʟʨʦʩʣʳʭ ʥʦʨʦʚʠʨʫʩʳ ʦʙʳʯʥʦ ʚʳʟʳʚʘʶʪ ʢʨʘʪʢʦʩʨʦʯʥʦʝ 

ʩʘʤʦʢʫʧʠʨʫʶʱʝʝʩʷ ʟʘʙʦʣʝʚʘʥʠʝ, ʧʨʠ ʣʝʯʝʥʠʠ ʢʦʪʦʨʦʛʦ ʥʝʦʙʭʦʜʠʤʳ ʧʦʢʦʡ, 

ʦʨʘʣʴʥʘʷ ʨʝʛʠʜʨʘʪʘʮʠʷ ʠ, ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ, ʚʥʫʪʨʠʚʝʥʥʦʝ ʚʚʝʜʝʥʠʝ 

ʵʣʝʢʪʨʦʣʠʪʦʚ. ʆʩʣʦʞʥʝʥʠʷ ʧʨʠ ʥʦʨʦʚʠʨʫʩʥʦʡ ʠʥʬʝʢʮʠʠ ʯʘʩʪʦ 

ʥʘʙʣʶʜʘʶʪʩʷ ʫ ʤʣʘʜʝʥʮʝʚ ʠ ʧʦʞʠʣʳʭ ʣʶʜʝʡ, ʢʦʪʦʨʳʝ ʙʦʣʝʝ 

ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ ʧʦʪʝʨʝ ʚʝʩʘ [Hutson et al., 2004]. ʆʧʠʩʘʥʘ ʚʩʧʳʰʢʘ 

ʥʝʢʨʦʪʠʟʠʨʫʶʱʝʛʦ ʵʥʪʝʨʦʢʦʣʠʪʘ ʫ ʥʦʚʦʨʦʞʜʝʥʥʳʭ ʚ ʌʠʣʘʜʝʣʴʬʠʠ (ʉʐɸ) 

[Turcios-Ruiz et al., 2008]. ɼʦʢʫʤʝʥʪʠʨʦʚʘʥʳ ʩʣʫʯʘʠ ʭʨʦʥʠʯʝʩʢʦʡ ʜʠʘʨʝʠ ʫ 

ʨʝʮʠʧʠʝʥʪʦʚ ʪʨʘʥʩʧʣʘʥʪʘʥʪʦʚ. ʋ ʤʣʘʜʝʥʮʘ ʧʦʩʣʝ ʪʨʘʥʩʧʣʘʥʪʘʮʠʠ ʫʯʘʩʪʢʘ 

ʢʠʰʝʯʥʠʢʘ ʥʘʙʣʶʜʘʣʘʩʴ ʫʩʪʦʡʯʠʚʘʷ (ʧʝʨʩʠʩʪʠʨʫʶʱʘʷ) ʜʠʘʨʝʷ, ʚʳʟʚʘʥʥʘʷ 

ʥʦʨʦʚʠʨʫʩʘʤʠ, ʢʦʪʦʨʘʷ ʧʨʝʢʨʘʪʠʣʘʩʴ ʪʦʣʴʢʦ ʧʦʩʣʝ ʩʦʢʨʘʱʝʥʠʷ 

ʠʤʤʫʥʥʦʩʫʧʨʝʩʩʠʨʫʶʱʝʡ ʪʝʨʘʧʠʠ [Kaufman et al., 2003].  

ʅɺʀ ʫ ʜʝʪʝʡ ʩ ʟʘʙʦʣʝʚʘʥʠʷʤʠ ʢʠʰʝʯʥʠʢʘ (ʷʟʚʝʥʥʳʡ ʢʦʣʠʪ, ʙʦʣʝʟʥʴ 

ʂʨʦʥʘ) ʧʨʠʚʦʜʠʪ ʢ ʦʙʦʩʪʨʝʥʠʶ ʦʩʥʦʚʥʦʛʦ ʟʘʙʦʣʝʚʘʥʠʷ, ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 

ʜʠʘʨʝʝʡ ʩ ʢʨʦʚʴʶ ʠ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʪʨʝʙʫʝʪ ʛʦʩʧʠʪʘʣʠʟʘʮʠʠ. 

ɺʳʜʝʣʝʥʠʝ ʥʦʨʦʚʠʨʫʩʘ ʩ ʬʝʢʘʣʠʷʤʠ ʧʨʦʜʦʣʞʘʝʪʩʷ ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ 

ʤʝʩʷʮʝʚ ʧʦʩʣʝ ʠʥʬʠʮʠʨʦʚʘʥʠʷ [Khan et al., 2009]. 

ʋ ʣʶʜʝʡ ʩ ʠʤʤʫʥʦʜʝʬʠʮʠʪʦʤ ʠ ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʩʦʩʪʦʷʥʠʠ 

ʬʠʟʠʯʝʩʢʦʛʦ ʩʪʨʝʩʩʘ ʤʦʛʫʪ ʚʩʪʨʝʯʘʪʴʩʷ ʥʝʦʙʳʯʥʳʝ ʢʣʠʥʠʯʝʩʢʠʝ 

ʧʨʦʷʚʣʝʥʠʷ ʠ ʦʩʣʦʞʥʝʥʠʷ ʧʨʠ ʥʦʨʦʚʠʨʫʩʥʦʡ ʠʥʬʝʢʮʠʠ. ʊʘʢ, ʦʧʠʩʘʥʘ 

ʚʩʧʳʰʢʘ ʅɺʀ ʚ ʚʦʝʥʥʦ-ʧʦʣʝʚʦʤ ʛʦʩʧʠʪʘʣʝ ʚ ɸʬʛʘʥʠʩʪʘʥʝ, ʧʨʠ ʢʦʪʦʨʦʡ ʫ 
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ʯʝʪʳʨʝʭ ʠʥʬʠʮʠʨʦʚʘʥʥʳʭ ʥʦʨʦʚʠʨʫʩʘʤʠ ʩʦʣʜʘʪ ʧʨʦʷʚʠʣʠʩʴ ʥʝʦʙʳʯʥʳʝ 

ʩʠʤʧʪʦʤʳ ʟʘʙʦʣʝʚʘʥʠʷ ï ʨʠʛʠʜʥʦʩʪʴ ʰʝʡʥʳʭ ʤʳʰʮ, 

ʩʚʝʪʦʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ, ʠʟʤʝʥʝʥʠʷ ʩʦʟʥʘʥʠʷ, ʠ ʚ ʦʜʥʦʤ ʩʣʫʯʘʝ ï 

ʜʠʩʩʝʤʠʥʠʨʦʚʘʥʥʘʷ ʚʥʫʪʨʠʩʦʩʫʜʠʩʪʘʷ ʢʦʘʛʫʣʷʮʠʷ [CDC, 2002]. 

ʇʦʜʦʙʥʦʤʫ ʨʘʟʚʠʪʠʶ ʟʘʙʦʣʝʚʘʥʠʷ ʤʦʛʣʠ ʧʨʝʜʰʝʩʪʚʦʚʘʪʴ ʩʪʨʝʩʩ ʠ 

ʜʝʛʠʜʨʘʪʘʮʠʷ, ʷʚʣʷʶʱʠʝʩʷ ʩʣʝʜʩʪʚʠʝʤ ʪʷʞʝʣʳʭ ʬʠʟʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ ʠ 

ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ [Hutson et al., 2004]. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʙʟʦʨʘ ʣʠʪʝʨʘʪʫʨʳ, ʚʢʣʶʯʘʚʰʝʛʦ 

176 ʧʫʙʣʠʢʘʮʠʡ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʷʤ, ʧʨʦʚʝʜʝʥʥʳʤ ʚ ʧʝʨʠʦʜ ʩ 1974 ʧʦ 2017 

ʛʛ. ʧʨʘʢʪʠʯʝʩʢʠ ʚʦ ʚʩʝʭ ʩʪʨʘʥʘʭ ʤʠʨʘ, ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʭʨʦʥʠʯʝʩʢʘʷ 

ʜʠʘʨʝʷ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʩʣʝʜʩʪʚʠʝʤ ʥʦʨʦʚʠʨʫʩʥʦʡ ʠʥʬʝʢʮʠʠ ʫ 

ʧʘʮʠʝʥʪʦʚ ʩ ʧʝʨʚʠʯʥʳʤ ʠʤʤʫʥʦʜʝʬʠʮʠʪʦʤ, ʦʥʢʦʣʦʛʠʯʝʩʢʠʤʠ 

ʟʘʙʦʣʝʚʘʥʠʷʤʠ ʠ ʧʦʩʣʝ ʪʨʘʥʩʧʣʘʥʪʠʮʠʠ. ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ 

ʭʨʦʥʠʯʝʩʢʦʡ ʜʠʘʨʝʠ ʚʘʨʴʠʨʦʚʘʣʘ ʦʪ ʯʝʪʳʨʝʭ ʥʝʜʝʣʴ ʜʦ ʜʝʚʷʪʠ ʣʝʪ, ʯʪʦ 

ʧʨʠʚʦʜʠʣʦ ʢ ʠʩʪʦʱʝʥʠʶ, ʧʦʪʝʨʝ ʚʝʩʘ ʠ ʢ ʩʥʠʞʝʥʠʶ ʢʘʯʝʩʪʚʘ ʞʠʟʥʠ. 

ɼʨʫʛʠʤʠ ʦʩʣʦʞʥʝʥʠʷʤʠ ʙʳʣʠ ʥʝʢʨʦʪʠʟʠʨʫʶʱʠʡ ʵʥʪʝʨʦʢʦʣʠʪ ʫ 

ʥʝʜʦʥʦʰʝʥʥʳʭ ʥʦʚʦʨʦʞʜʝʥʥʳʭ ʠ ʩʫʜʦʨʦʛʠ ʫ ʤʣʘʜʝʥʮʝʚ ʩ 

ʛʘʩʪʨʦʵʥʪʝʨʠʪʦʤ [Petrignani et al., 2018]. 

ʇʨʠ ʆʂʀ ʥʦʨʦʚʠʨʫʩʥʦʡ ʵʪʠʦʣʦʛʠʠ ʫ ʜʝʪʝʡ ʥʝʨʝʜʢʦ ʥʘʨʷʜʫ ʩ 

ʩʠʤʧʪʦʤʘʤʠ ʧʦʨʘʞʝʥʠʷ ʞʝʣʫʜʦʯʥʦ-ʢʠʰʝʯʥʦʛʦ ʪʨʘʢʪʘ ʦʪʤʝʯʘʶʪʩʷ 

ʚʥʝʢʠʰʝʯʥʳʝ ʧʨʦʷʚʣʝʥʠʷ: ʠʟʤʝʥʝʥʠʷ ʛʝʧʘʪʦʧʘʥʢʨʝʘʪʦʙʠʣʠʘʨʥʦʡ, 

ʤʦʯʝʚʳʜʝʣʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤ ʠ ʤʠʦʢʘʨʜʘ. ʊʘʢ, ʠʟ 80 ʜʝʪʝʡ ʚ ʚʦʟʨʘʩʪʝ ʦʪ 8 

ʤʝʩʷʮʝʚ ʜʦ 6 ʣʝʪ, ʛʦʩʧʠʪʘʣʠʟʠʨʦʚʘʥʥʳʭ ʩ ʣʘʙʦʨʘʪʦʨʥʦ ʧʦʜʪʚʝʨʞʜʝʥʥʦʡ 

ʥʦʨʦʚʠʨʫʩʥʦʡ ʠʥʬʝʢʮʠʝʡ, ʫ 54 % ʜʝʪʝʡ ʙʳʣʦ ʚʳʷʚʣʝʥʦ ʥʘʨʫʰʝʥʠʝ 

ʨʝʧʦʣʷʨʠʟʘʮʠʠ ʥʘ ʵʣʝʢʪʨʦʢʘʨʜʠʦʛʨʘʤʤʝ, ʫ 36 % ʜʝʪʝʡ ʥʘʙʣʶʜʘʣʠ 

ʛʠʧʝʨʬʝʨʤʝʥʪʝʤʠʶ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʫʣɹʪʨʘʟʚʫʢʦʚʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʫ 52 % 

ʦʙʩʣʝʜʦʚʘʥʥʳʭ ʧʘʮʠʝʥʪʦʚ ʚʳʷʚʣʝʥʳ ʠʟʤʝʥʝʥʠʷ ʧʝʯʝʥʠ ʠ/ʠʣʠ ʞʝʣʯʥʦʛʦ 

ʧʫʟʳʨʷ ʠ/ʠʣʠ ʧʦʜʞʝʣʫʜʦʯʥʦʡ ʞʝʣʝʟʳ, ʫ 38 % ʜʝʪʝʡ ʙʳʣʠ ʚʳʷʚʣʝʥʳ 

ʥʘʨʫʰʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʧʦʯʝʢ, ʯʘʱʝ ï ʫʧʣʦʪʥʝʥʠʷ ʩʪʝʥʦʢ ʯʘʰʝʯʥʦ-
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ʣʦʭʘʥʦʯʥʦʡ ʩʠʩʪʝʤ.r ʆʪʩʫʪʩʪʚʠʝ ʪʘʢʠʭ ʥʘʨʫʰʝʥʠʡ ʧʨʠ ʧʨʝʜʳʜʫʱʠʭ 

ʦʙʩʣʝʜʦʚʘʥʠʷʭ ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʦʨʦʚʠʨʫʩʘ ʥʘ ʠʭ 

ʬʦʨʤʠʨʦʚʘʥʠʝ. ɿʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʪʨʝʙʦʚʘʣʠ ʢʦʤʧʣʝʢʩʥʦʡ 

ʦʮʝʥʢʠ, ʥʘʙʣʶʜʝʥʠʷ ʚ ʜʠʥʘʤʠʢʝ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʪʝʨʘʧʠʠ [ʇʦʧʦʚʘ, 

ʈʫʞʝʥʮʦʚʘ, 2018]. 

ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʳʡ ʜʠʘʛʥʦʟ ʥʦʨʦʚʠʨʫʩʥʦʡ ʠʥʬʝʢʮʠʠ ʫ ʙʦʣʴʥʳʭ 

ʧʨʦʚʦʜʷʪ ʩ ʪʝʤʠ ʠʥʬʝʢʮʠʦʥʥʳʤʠ ʟʘʙʦʣʝʚʘʥʠʷʤʠ, ʚ ʢʣʠʥʠʯʝʩʢʦʡ ʢʘʨʪʠʥʝ 

ʢʦʪʦʨʳʭ ʥʘ ʧʝʨʚʳʡ ʧʣʘʥ ʚʳʩʪʫʧʘʝʪ ʩʠʥʜʨʦʤ ʛʘʩʪʨʦʵʥʪʝʨʠʪʘ, ʚ ʧʝʨʚʫʶ 

ʦʯʝʨʝʜʴ, ʩ ʨʦʪʘʚʠʨʫʩʥʳʤ ʛʘʩʪʨʦʵʥʪʝʨʠʪʦʤ. ʇʨʠ ʩʧʦʨʘʜʠʯʝʩʢʠʭ ʩʣʫʯʘʷʭ 

ʆʂʀ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʣʝʛʢʦʤ ʠ ʩʪʝʨʪʦʤ ʪʝʯʝʥʠʠ, ʨʝʰʘʶʱʝʝ ʟʥʘʯʝʥʠʝ ʚ 

ʧʦʩʪʘʥʦʚʢʝ ʜʠʘʛʥʦʟʘ ʠʤʝʶʪ ʜʘʥʥʳʝ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ɺ ʭʦʜʝ ʢʣʠʥʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʦʚʝʜʝʥʥʳʭ ʚ ʥʘʯʘʣʝ 1990-ʭ 

ʛʛ., ʙʳʣʘ ʫʩʪʘʥʦʚʣʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʙʝʩʩʠʤʧʪʦʤʥʦʛʦ ʠʥʬʠʮʠʨʦʚʘʥʠʷ 

ʚʠʨʫʩʦʤ Norwalk, ʧʨʠ ʢʦʪʦʨʦʤ ʨʘʟʚʠʚʘʝʪʩʷ ʥʦʨʦʚʠʨʫʩ-ʩʧʝʮʠʬʠʯʥʳʡ 

ʠʤʤʫʥʥʳʡ ʦʪʚʝʪ [Graham et al., 1994]. ɹʝʩʩʠʤʧʪʦʤʥʳʝ ʥʦʩʠʪʝʣʠ ʤʦʛʫʪ 

ʚʳʜʝʣʷʪʴ ʚʠʨʫʩʥʳʝ ʯʘʩʪʠʮʳ ʚ ʪʝʯʝʥʠʝ ʪʨʝʭ ʥʝʜʝʣʴ ʠ ʙʦʣʝʝ ʧʦʩʣʝ 

ʟʘʨʘʞʝʥʠʷ [Okabayashi et al., 2008; Ozawa et al., 2008]. 

 

2.2 ʆʩʦʙʝʥʥʦʩʪʠ ʵʧʠʜʝʤʠʦʣʦʛʠʠ ʥʦʨʦʚʠʨʫʩʥʦʛʦ ʛʘʩʪʨʦʵʥʪʝʨʠʪʘ 

 

ɺʩʧʳʰʝʯʥʘʷ ʟʘʙʦʣʝʚʘʝʤʦʩʪʴ. ʅʦʨʦʚʠʨʫʩʳ, ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʝ 

ʚʧʝʨʚʳʝ ʢʘʢ ʵʪʠʦʣʦʛʠʯʝʩʢʠʡ ʘʛʝʥʪ ʚʩʧʳʰʢʠ ʦʩʪʨʦʛʦ ʢʠʰʝʯʥʦʛʦ 

ʟʘʙʦʣʝʚʘʥʠʷ, ʠ ʚʧʦʩʣʝʜʩʪʚʠʠ ʧʨʠʚʣʝʢʘʣʠ ʚʥʠʤʘʥʠʝ ʠʤʝʥʥʦ ʚ ʩʚʷʟʠ ʩʦ 

ʚʩʧʳʰʝʯʥʦʡ ʟʘʙʦʣʝʚʘʝʤʦʩʪʴʶ. ʀʭ ʮʠʨʢʫʣʷʮʠʷ ʨʝʟʢʦ ʘʢʪʠʚʠʟʠʨʦʚʘʣʘʩʴ ʩ 

ʩʝʨʝʜʠʥʳ 90-ʭ ʛʛ. ʧʨʦʰʣʦʛʦ ʚʝʢʘ. ɺʩʧʳʰʢʠ ʥʦʨʦʚʠʨʫʩʥʦʡ ʠʥʬʝʢʮʠʠ ʙʳʣʠ 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʚ ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʷʭ, ʜʝʪʩʢʠʭ ʩʘʜʘʭ, ʜʦʤʘʭ 

ʧʨʝʩʪʘʨʝʣʳʭ, ʤʝʩʪʘʭ ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʧʠʪʘʥʠʷ, ʚ ʚʦʦʨʫʞʝʥʥʳʭ ʩʠʣʘʭ, ʚ 

ʪʫʨʠʩʪʠʯʝʩʢʠʭ ʛʨʫʧʧʘʭ, ʥʘ ʢʨʫʠʟʥʳʭ ʢʦʨʘʙʣʷʭ ʠ ʪ.ʜ. [Hedlund et al., 2000; 

Koopmans et al., 2000;  Vipond et al., 2000; Widdowson et al., 2004]. 
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ɺʩʧʳʰʢʠ ʦʭʚʘʪʳʚʘʣʠ ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʩʝʤʝʡ ʜʦ ʩʦʪʝʥ ʣʶʜʝʡ. ɺ ʗʧʦʥʠʠ ʚ 

ʦʢʪʷʙʨʝ-ʜʝʢʘʙʨʝ 1995 ʛ. ʚ ʵʧʠʜʝʤʠʶ ʛʘʩʪʨʦʵʥʪʝʨʠʪʘ, ʚʳʟʚʘʥʥʦʛʦ ʄʂʉɺ, 

ʙʳʣʦ ʚʦʚʣʝʯʝʥʦ ʜʦ 5 ʤʠʣʣʠʦʥʦʚ ʜʝʪʝʡ [Matsuno et al., 1997]. 

ɺ ʉʐɸ ʥʦʨʦʚʠʨʫʩ ʷʚʣʷʝʪʩʷ ʚʝʜʫʱʝʡ ʧʨʠʯʠʥʦʡ ʤʦʥʦʵʪʠʦʣʦʛʠʯʥʳʭ 

ʚʩʧʳʰʝʢ ʆʂʀ. ɿʘ ʜʚʘ ʛʦʜʘ (2009-2010 ʛʛ.) ʦʥ ʦʙʫʩʣʦʚʠʣ 1908 ʚʩʧʳʰʝʢ 

(68% ʚʩʝʭ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʚʩʧʳʰʝʢ ʆʂʀ), ʚ ʢʦʪʦʨʳʭ ʧʦʩʪʨʘʜʘʣʦ 

69145 ʯʝʣʦʚʝʢ, 1093 ʙʳʣʦ ʛʦʩʧʠʪʘʣʠʟʠʨʦʚʘʥʥʦ, ʟʘʬʠʢʩʠʨʦʚʘʥʦ 125 

ʩʤʝʨʪʝʣʴʥʳʭ ʠʩʭʦʜʦʚ [Hall et al., 2013]. ɺ ɽʚʨʦʧʝ ʚ 2001-2006 ʛʛ. 

ʟʘʜʦʢʫʤʝʥʪʠʨʦʚʘʥʦ 7636 ʚʩʧʳʰʝʢ ʥʦʨʦʚʠʨʫʩʥʦʡ ʵʪʠʦʣʦʛʠʠ [Kroneman et 

al., 2008].  

ɺ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʚ 2024 ʛ. ʙʳʣʦ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ 302 

ʦʯʘʛʘ ʅɺʀ (42,2 % ʚ ʦʙʱʝʡ ʩʪʨʫʢʪʫʨʝ ʆʂʀ) ʩ ʢʦʣʠʯʝʩʪʚʦʤ ʧʦʩʪʨʘʜʘʚʰʠʭ 

4637 ʯʝʣʦʚʝʢ, ʠʟ ʥʠʭ 3760 ʜʝʪʝʡ (ʚ 2023 ʛ. ï 269 ʦʯʘʛʦʚ, ʧʦʩʪʨʘʜʘʣʦ 3957 

ʯʝʣʦʚʝʢ, ʠʟ ʥʠʭ ʜʝʪʝʡ ï 3335 ʯʝʣʦʚʝʢ). ʅʘʠʙʦʣʴʰʝʝ ʯʠʩʣʦ ʧʦʩʪʨʘʜʘʚʰʠʭ 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ ʚ ʦʙʱʝʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ (1988 ʯʝʣ.), ʜʦʰʢʦʣʴʥʳʭ (1492 

ʯʝʣ.) ʠ ʣʝʪʥʠʭ ʦʟʜʦʨʦʚʠʪʝʣʴʥʳʭ ʦʨʛʘʥʠʟʘʮʠʷʭ (444 ʯʝʣ.). ʂʦʣʠʯʝʩʪʚʦ 

ʦʯʘʛʦʚ ʚ 2024 ʛʦʜʫ ʧʨʝʚʳʩʠʣʦ ʉʄʇ (187 ʦʯʘʛʦʚ) ʚ 1,6 ʨʘʟʘ, ʘ ʯʠʩʣʦ 

ʧʦʩʪʨʘʜʘʚʰʠʭ (2802 ʯʝʣ.) ï ʚ 1,7 ʨʘʟʘ. ɺ ʩʨʝʜʥʝʤ ʜʦʣʷ ʜʝʪʝʡ ʚ ʚʦʟʨʘʩʪʝ ʜʦ 

17 ʣʝʪ ʩʨʝʜʠ ʚʩʝʭ ʧʦʩʪʨʘʜʘʚʰʠʭ ʩʦʩʪʘʚʠʣʘ 80,3 % (2249 ʯʝʣʦʚʝʢ) 

[ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʜʦʢʣʘʜ ʈʦʩʧʦʪʨʝʙʥʘʜʟʦʨʘ, 2024, 2025].  

ʅʦʨʦʚʠʨʫʩ ʥʘʨʷʜʫ ʩ ʚʠʨʫʩʦʤ ʛʨʠʧʧʘ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦʡ 

ʧʨʠʯʠʥʦʡ ʠʥʬʝʢʮʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʦʢʘʟʘʥʠʝʤ ʤʝʜʠʮʠʥʩʢʦʡ ʧʦʤʦʱʠ ʚ 

ʣʝʯʝʙʥʳʭ ʫʯʨʝʞʜʝʥʠʷʭ [Hansen et al., 2007]. ʆʧʠʩʘʥʳ ʚʩʧʳʰʢʠ 

ʥʦʨʦʚʠʨʫʩʥʦʛʦ ʛʘʩʪʨʦʵʥʪʝʨʠʪʘ (ʅɺɻʕ) ʚ ʧʘʣʘʪʝ ʠʥʪʝʥʩʠʚʥʦʡ ʪʝʨʘʧʠʠ ʚ 

ʨʦʜʠʣʴʥʦʤ ʜʦʤʝ ʚ ɸʚʩʪʨʠʠ  [Sommer et al., 2009], ʚ ʧʩʠʭʠʘʪʨʠʯʝʩʢʦʤ 

ʦʪʜʝʣʝʥʠʠ ʜʣʷ ʚʟʨʦʩʣʳʭ ʚ ʂʘʥʘʜʝ [Gilbridge et al., 2009], ʚ 

ʤʥʦʛʦʧʨʦʬʠʣʴʥʦʤ ʩʪʘʮʠʦʥʘʨʝ, ʨʘʩʧʦʣʦʞʝʥʥʦʤ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʛ. ʄʦʩʢʚʘ 

[ʉʦʣʦʤʘʡ, ʖʨʴʝʚʘ, 2016]. 
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ʏʘʩʪʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʧʨʦʚʦʜʠʤʳʝ ʧʨʦʪʠʚʦʵʧʠʜʝʤʠʯʝʩʢʠʝ 

ʤʝʨʦʧʨʠʷʪʠʷ, ʚʩʧʳʰʢʠ ʤʦʛʫʪ ʧʨʠʦʙʨʝʪʘʪʴ ʟʘʪʷʞʥʦʡ ʭʘʨʘʢʪʝʨ. ʊʘʢ ʚ 

ʎʝʥʪʨʘʣʴʥʦʤ ʛʦʩʧʠʪʘʣʝ ʫʥʠʚʝʨʩʠʪʝʪʘ ʚ ʍʝʣʴʩʠʥʢʠ (ʌʠʥʣʷʥʜʠʷ) ʚʩʧʳʰʢʘ 

ʥʦʨʦʚʠʨʫʩʥʦʡ ʠʥʬʝʢʮʠʠ ʧʨʦʜʦʣʞʘʣʘʩʴ ʩ ʜʝʢʘʙʨʷ 2006 ʛ. ʧʦ ʤʘʡ 2007 ʛ. ɿʘ 

ʵʪʦ ʚʨʝʤʷ ʟʘʙʦʣʝʣʦ 240 (18 %) ʧʘʮʠʝʥʪʦʚ ʠ 205 (19 %) ʩʦʪʨʫʜʥʠʢʦʚ 

ʛʦʩʧʠʪʘʣʷ. ʀʟ 502 ʪʝʩʪʠʨʦʚʘʥʥʳʭ ʥʘ ʥʘʣʠʯʠʝ ʥʦʨʦʚʠʨʫʩʦʚ ʦʙʨʘʟʮʦʚ ʩʪʫʣʘ 

ʟʘʙʦʣʝʚʰʠʭ 181 (36 %) ʙʳʣ ʧʦʣʦʞʠʪʝʣʴʥʳʤ. ʄʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʩʢʠʡ 

ʘʥʘʣʠʟ 48 ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʦʙʨʘʟʮʦʚ ʚʳʷʚʠʣ ʪʨʠ ʨʘʟʣʠʯʥʳʭ ʩʫʙʚʘʨʠʘʥʪʘ 

ʥʦʨʦʚʠʨʫʩʦʚ, ʮʠʨʢʫʣʠʨʦʚʘʚʰʠʭ ʚ ʨʘʟʥʳʭ ʧʘʣʘʪʘʭ [Kanerva et al., 2009]. 

ʇʨʝʜʣʦʞʝʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʢʦʥʪʨʦʣʷ ʟʘ ʚʥʫʪʨʠʙʦʣʴʥʠʯʥʦʡ 

ʥʦʨʦʚʠʨʫʩʥʦʡ ʠʥʬʝʢʮʠʝʡ ʚ ʫʯʨʝʞʜʝʥʠʷʭ ʩ ʜʣʠʪʝʣʴʥʳʤ (ʙʦʣʝʝ 20 ʜʥʝʡ) 

ʧʨʝʙʳʚʘʥʠʝʤ ʧʘʮʠʝʥʪʦʚ. ʇʨʝʜʣʘʛʘʝʪʩʷ ʨʷʜ ʤʝʨ, ʚ ʪʦʤ ʯʠʩʣʝ, ʟʘʢʨʳʪʠʝ 

ʦʪʜʝʣʴʥʳʭ ʧʘʣʘʪ ʜʣʷ ʧʨʝʨʳʚʘʥʠʷ ʮʝʧʠ ʧʝʨʝʜʘʯʠ ʠʥʬʝʢʮʠʠ [Vanderpas et 

al., 2009]. 

ʈʝʛʠʩʪʨʠʨʫʝʤʘʷ ʚʩʧʳʰʝʯʥʘʷ ʟʘʙʦʣʝʚʘʝʤʦʩʪʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʪʦʣʴʢʦ çʚʝʨʰʠʥʫ ʘʡʩʙʝʨʛʘè [Koopmans, 2008]. ʇʦ ʧʦʜʩʯʝʪʘʤ Wheeler J.G. ʠ 

ʩʦʘʚʪ. (1999) ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʪʦʣʴʢʦ ʦʜʠʥ ʠʟ ʢʘʞʜʳʭ 1562-ʭ ʩʣʫʯʘʝʚ 

ʟʘʙʦʣʝʚʘʥʠʷ ʅɺɻʕ [Wheeler et al., 1999]. 

ʉʧʦʨʘʜʠʯʝʩʢʘʷ ʟʘʙʦʣʝʚʘʝʤʦʩʪʴ. ʈʦʣʴ ʥʦʨʦʚʠʨʫʩʦʚ ʧʨʠ 

ʩʧʦʨʘʜʠʯʝʩʢʦʡ ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ ʦʩʪʨʳʤ ʛʘʩʪʨʦʵʥʪʝʨʠʪʦʤ (ʆɻʕ) ʚ ʢʦʥʮʝ 90-

ʭ ʛʦʜʦʚ ʩʫʱʝʩʪʚʝʥʥʦ ʥʝʜʦʦʮʝʥʠʚʘʣʘʩʴ. ʇʦ ʜʘʥʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʡ, 

ʧʨʦʚʝʜʝʥʥʳʭ ʥʘ ʪʝʨʨʠʪʦʨʠʷʭ ʨʘʟʥʳʭ ʩʪʨʘʥ ʚ 2000-ʭ ʛʦʜʘʭ, ʯʘʩʪʦʪʘ 

ʦʙʥʘʨʫʞʝʥʠʷ ʥʦʨʦʚʠʨʫʩʦʚ ʫ ʜʝʪʝʡ, ʛʦʩʧʠʪʘʣʠʟʠʨʦʚʘʥʥʳʭ ʩ ʦʩʪʨʳʤ 

ʛʘʩʪʨʦʵʥʪʝʨʠʪʦʤ, ʢʦʣʝʙʣʝʪʩʷ ʦʪ 6 ʜʦ 48 %, ʧʨʠ ʩʨʝʜʥʝʤ ʫʨʦʚʥʝ ï 12-14 %  

[Koopmans et al., 2008; Caracciollo et al., 2007;  Chen et al., 2008; Kele et al., 

2008; Nakagomi et al., 2009; Nguyen et al.,  2008; CDC, 2003; Patel et al., 

2008]. ʕʪʦ ʜʘʣʦ ʦʩʥʦʚʘʥʠʷ ʛʦʚʦʨʠʪʴ ʦ ʪʦʤ, ʯʪʦ ʚ ʵʪʠʦʣʦʛʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ 

ʦʩʪʨʳʭ ʛʘʩʪʨʦʵʥʪʝʨʠʪʦʚ ʫ ʜʝʪʝʡ ʥʦʨʦʚʠʨʫʩʳ ʟʘʥʠʤʘʶʪ ʚʪʦʨʦʝ ʤʝʩʪʦ ʧʦʩʣʝ 
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ʨʦʪʘʚʠʨʫʩʦʚ [de Wit et al., 2001; Glass et al., 2000; Guntapong et al., 2004; 

Hedlund et al., 2000]. 

ʊʘʢ, ʧʨʠ ʦʙʩʣʝʜʦʚʘʥʠʠ ʜʝʪʝʡ ʩ ʢʣʠʥʠʯʝʩʢʠʤʠ ʩʠʤʧʪʦʤʘʤʠ 

ʛʘʩʪʨʦʵʥʪʝʨʠʪʘ ʚ ʀʩʧʘʥʠʠ ʚ 2000-2001 ʛʛ. ʵʪʠʦʣʦʛʠʯʝʩʢʠʡ ʘʛʝʥʪ, 

ʚʳʟʚʘʚʰʠʡ ʟʘʙʦʣʝʚʘʥʠʝ, ʙʳʣ ʦʧʨʝʜʝʣʝʥ ʚ 50,7 % ʩʣʫʯʘʝʚ. ɺ 36,9 % 

ʛʘʩʪʨʦʵʥʪʝʨʠʪ ʙʳʣ ʚʳʟʚʘʥ ʨʦʪʘʚʠʨʫʩʘʤʠ, ʚ 8,6 % ʩʣʫʯʘʝʚ ï ʥʦʨʦʚʠʨʫʩʘʤʠ, 

ʚ 4,3 % ï ʘʩʪʨʦʚʠʨʫʩʘʤʠ, ʥʘ ʜʦʣʶ ʘʜʝʥʦʚʠʨʫʩʦʚ ʪʠʧʦʚ 40 ʠ 41 ʧʨʠʰʣʦʩʴ 

3,8 % [Boga et al., 2004]. ʇʨʠ ʵʪʠʦʣʦʛʠʯʝʩʢʦʡ ʨʘʩʰʠʬʨʦʚʢʝ 

ʩʧʦʨʘʜʠʯʝʩʢʠʭ ʩʣʫʯʘʝʚ ʥʝʙʘʢʪʝʨʠʘʣʴʥʦʛʦ ʆɻʕ ʚ ʀʥʜʦʥʝʟʠʠ ʙʳʣʦ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ 42,3 % ʚʳʷʚʣʷʶʪʩʷ ʨʦʪʘʚʠʨʫʩʳ, ʚ 20,6% ï ʥʦʨʦʚʠʨʫʩʳ 

[Subekti et al., 2002]. ɺ ɹʨʘʟʠʣʠʠ ʚ 2010-2011 ʛʛ. ʥʦʨʦʚʠʨʫʩʳ ʙʳʣʠ 

ʦʙʥʘʨʫʞʝʥʳ ʫ 35,2 % ʜʝʪʝʡ ʜʦ 14 ʣʝʪ, ʛʦʩʧʠʪʘʣʠʟʠʨʦʚʘʥʥʳʭ ʩ ʆɻʕ [Costa 

et al., 2017]. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʟʫʯʝʥʠʷ ʵʪʠʦʣʦʛʠʠ ʛʘʩʪʨʦʵʥʪʝʨʠʪʦʚ ʫ ʜʝʪʝʡ 

ʚ ʂʠʪʘʝ ʚ 2005-2007 ʛʛ. ʫʩʪʘʥʦʚʣʝʥʦ ʠʟʤʝʥʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʚʢʣʘʜʘ 

ʨʘʟʥʳʭ ʚʠʨʫʩʦʚ ʚ ʵʪʠʦʣʦʛʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ ʛʘʩʪʨʦʵʥʪʝʨʠʪʦʚ: ʚ ʪʝʯʝʥʠʝ 

ʜʚʫʭ ʣʝʪ ʯʘʩʪʦʪʘ ʦʙʥʘʨʫʞʝʥʠʷ ʨʦʪʘʚʠʨʫʩʦʚ ʠ ʘʜʝʥʦʚʠʨʫʩʦʚ ʩʥʠʟʠʣʘʩʴ ʩ 

61,2% ʠ 5,4% ʜʦ 47,6% ʠ 1,4%, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʨʦʮʝʥʪ 

ʚʳʷʚʣʝʥʠʷ ʢʘʣʠʮʠʚʠʨʫʩʦʚ ʫʚʝʣʠʯʠʣʩʷ ʩ 5,0 % ʜʦ 15,0 % [Jin et al., 2009]. 

ʇʦʢʘʟʘʪʝʣʠ ʠʥʬʠʮʠʨʦʚʘʥʥʦʩʪʠ ʥʦʨʦʚʠʨʫʩʘʤʠ 

ʥʝʛʦʩʧʠʪʘʣʠʟʠʨʦʚʘʥʥʳʭ ʙʦʣʴʥʳʭ ʝʱʝ ʚʳʰʝ, ʧʦʩʢʦʣʴʢʫ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ 

ʥʦʨʦʚʠʨʫʩʥʳʡ ʛʘʩʪʨʦʵʥʪʝʨʠʪ ʧʨʦʪʝʢʘʝʪ ʚ ʣʝʛʢʦʡ ʬʦʨʤʝ, ʥʝ ʪʨʝʙʫʶʱʝʡ 

ʛʦʩʧʠʪʘʣʠʟʘʮʠʠ. ʏʘʩʪʦʪʘ ʦʙʥʘʨʫʞʝʥʠʷ ʥʦʨʦʚʠʨʫʩʦʚ ʫ ʘʤʙʫʣʘʪʦʨʥʳʭ 

ʙʦʣʴʥʳʭ ʩ ʛʘʩʪʨʦʵʥʪʝʨʠʪʦʤ ʜʦʩʪʠʛʘʝʪ ʚ ʗʧʦʥʠʠ 61,8 %, ʩʫʱʝʩʪʚʝʥʥʦ 

ʧʨʝʚʳʰʘʷ ʯʘʩʪʦʪʫ ʦʙʥʘʨʫʞʝʥʠʷ ʨʦʪʘʚʠʨʫʩʦʚ (11,6 %) [Harada et al., 2008]. 

ʀʟʫʯʝʥʠʝ ʢʘʣʠʮʠʚʠʨʫʩʥʦʡ ʠʥʬʝʢʮʠʠ ʚ ʈʦʩʩʠʠ ʥʘʯʘʪʦ ʙʦʣʝʝ ʜʚʫʭ 

ʜʝʩʷʪʠʣʝʪʠʡ ʥʘʟʘʜ. ɺ ʦʩʝʥʥʝ-ʟʠʤʥʠʡ ʧʝʨʠʦʜ 1998-2000 ʛʛ. ʧʨʠ 

ʦʙʩʣʝʜʦʚʘʥʠʠ ʜʝʪʝʡ, ʛʦʩʧʠʪʘʣʠʟʠʨʦʚʘʥʥʳʭ ʚ ʎʝʥʪʨʘʣʴʥʫʶ ʢʣʠʥʠʯʝʩʢʫʶ 

ʙʦʣʴʥʠʮʫ ʛ. ʄʦʩʢʚʳ ʩ ʜʠʘʛʥʦʟʦʤ ʆʂʀ, ʢʘʣʠʮʠʚʠʨʫʩʳ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʚ 

6,4 % ʩʣʫʯʘʝʚ, ʘ ʚ 2002-2004 ʛʛ. ï ʚ 12,1 % [ʄʫʭʠʥʘ ʠ ʩʦʘʚʪ., 2002; 
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ʇʦʜʢʦʣʟʠʥ ʠ ʩʦʘʚʪ. 2004]. ɺ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʝ ʚ 2001-2003 ʛʛ. ʧʨʠ 

ʦʙʩʣʝʜʦʚʘʥʠʠ ʜʝʪʝʡ ʩ ʆɻʕ ʚ ʚʦʟʨʘʩʪʝ ʦʪ 2 ʤʝʩʷʮʝʚ ʜʦ 14 ʣʝʪ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʢʘʣʠʮʠʚʠʨʫʩʳ 

ʚʳʷʚʣʝʥʳ ʚ 12,6% ʩʣʫʯʘʝʚ [ʉʠʨʦʪʢʠʥ ʠ ʩʦʘʚʪ. 2003], ʘ ʟʘ ʧʝʨʠʦʜ 2003-2008 

ʛʛ. ʥʦʨʦʚʠʨʫʩʳ ʦʙʥʘʨʫʞʝʥʳ ʚ 44% ʩʣʫʯʘʝʚ ʆɻʕ ʫ ʜʝʪʝʡ [ʈʘʜʯʠʢʦʚʘ ʠ 

ʩʦʘʚʪ., 2008]. ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʬʝʢʘʣʴʥʳʭ ʦʙʨʘʟʮʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʦʪ ʜʝʪʝʡ 

ʩ ʆɻʕ, ʛʦʩʧʠʪʘʣʠʟʠʨʦʚʘʥʥʳʭ ʚ ʧʝʨʠʦʜ ʩ ʥʦʷʙʨʷ 2003 ʧʦ ʤʘʨʪ 2004 ʛ. ʚ ʛ. 

ɹʠʨʦʙʠʜʞʘʥ, ʢʘʣʠʮʠʚʠʨʫʩʳ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʚ 5% ʩʣʫʯʘʝʚ [Phan et al., 

2005]. ɺ ʅʦʚʦʩʠʙʠʨʩʢʝ ʧʨʠ ʦʙʩʣʝʜʦʚʘʥʠʠ 200 ʜʝʪʝʡ ʩ ʜʠʘʛʥʦʟʦʤ ʆʂʀ, 

ʛʦʩʧʠʪʘʣʠʟʠʨʦʚʘʥʥʳʭ ʚ ʧʝʨʠʦʜ ʩ ʬʝʚʨʘʣʷ ʧʦ ʘʧʨʝʣʴ 2004 ʛ., ʥʦʨʦʚʠʨʫʩʳ 

ʛʝʥʦʛʨʫʧʧ I ʠ II  ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʚ 13,5% ʩʣʫʯʘʝʚ [ɹʦʜʥʝʚ ʠ ʩʦʘʚʪ. 2008], 

ʧʨʠ ʦʙʩʣʝʜʦʚʘʥʠʠ 10198 ʜʝʪʝʡ ʩ ʆɻʕ ʚ ʧʝʨʠʦʜ ʩ 2003 ʧʦ 2012 ʥʦʨʦʚʠʨʫʩʳ 

II  ʛʝʥʦʛʨʫʧʧʳ ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʚ 13,1%, (ʦʪ 7,1% ʜʦ 21,3% ʚ ʨʘʟʥʳʝ ʩʝʟʦʥʳ) 

[Zhirakovskaia et al., 2015]. ɺ ɸʨʭʘʥʛʝʣʴʩʢʝ ʚ ʧʝʨʠʦʜ ʩ ʷʥʚʘʨʷ ʧʦ ʤʘʡ 2007 

ʛ., ʥʦʨʦʚʠʨʫʩʳ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʫ 27,1% ʜʝʪʝʡ ʚ ʚʦʟʨʘʩʪʝ ʜʦ 3-ʭ ʣʝʪ, 

ʛʦʩʧʠʪʘʣʠʟʠʨʦʚʘʥʥʳʭ ʩ ʚʦʜʷʥʠʩʪʳʤʠ ʜʠʘʨʝʷʤʠ [ɹʫʣʘʥʦʚʘ ʠ ʩʦʘʚʪ., 2008]. 

ʇʨʠ ʘʥʘʣʠʟʝ ʧʝʡʟʘʞʘ ʢʠʰʝʯʥʳʭ ʚʠʨʫʩʦʚ, ʚʳʷʚʣʷʝʤʳʭ ʫ ʜʝʪʝʡ ʩ 

ʛʘʩʪʨʦʵʥʪʝʨʠʪʦʤ ʚ ʛ. ʅʠʞʥʝʤ ʅʦʚʛʦʨʦʜʝ ʚ 2006-2007 ʛʛ., ʥʦʨʦʚʠʨʫʩʳ 

ʦʙʥʘʨʫʞʝʥʳ ʚ 9,1 % ʩʣʫʯʘʝʚ ʠ ʟʘʥʷʣʠ ʪʨʝʪʴʝ ʤʝʩʪʦ ʧʦʩʣʝ ʨʦʪʘʚʠʨʫʩʦʚ ʠ 

ʵʥʪʝʨʦʚʠʨʫʩʦʚ [ɽʧʠʬʘʥʦʚʘ ʠ ʩʦʘʚʪ., 2008]. ɺ ʜʘʣʴʥʝʡʰʝʤ ʥʦʨʦʚʠʨʫʩʳ 

ʫʩʪʦʡʯʠʚʦ ʚʳʰʣʠ ʥʘ ʚʪʦʨʦʝ ʤʝʩʪʦ ʧʦʩʣʝ ʨʦʪʘʚʠʨʫʩʦʚ ʚ ʵʪʠʦʣʦʛʠʯʝʩʢʦʡ 

ʩʪʨʫʢʪʫʨʝ ʆʂʀ, ʩʦʩʪʘʚʠʚ 9,4 % (2006-2010 ʛʛ.) ʠ 12,1 % (2006-2015 ʛʛ.) ʚ 

ʚʠʜʝ ʤʦʥʦʠʥʬʝʢʮʠʠ ʠ 14,8-16,7 % ʩ ʫʯʝʪʦʤ ʚ ʤʠʢʩʪ-ʠʥʬʝʢʮʠʡ ʩ ʜʨʫʛʠʤʠ 

ʢʠʰʝʯʥʳʤʠ ʚʠʨʫʩʘʤʠ [ɽʧʠʬʘʥʦʚʘ ʠ ʩʦʘʚʪ., 2010, 2016b]. 

ɺ ʩʪʨʘʥʘʭ, ʛʜʝ ʧʨʦʚʦʜʠʪʩʷ ʚʘʢʮʠʥʘʮʠʷ ʧʨʦʪʠʚ ʨʦʪʘʚʠʨʫʩʥʦʡ 

ʠʥʬʝʢʮʠʠ (ʈɺʀ) ʠ ʜʦʩʪʠʛʥʫʪʦ ʝʝ ʩʫʱʝʩʪʚʝʥʥʦʝ ʩʥʠʞʝʥʠʝ, ʥʦʨʦʚʠʨʫʩʳ 

ʚʳʰʣʠ ʥʘ ʧʝʨʚʦʝ ʤʝʩʪʦ ʚ ʵʪʠʦʣʦʛʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ ʆʂʀ ʚʦ ʚʩʝʭ 

ʚʦʟʨʘʩʪʥʳʭ ʛʨʫʧʧʘʭ, ʚʢʣʶʯʘʷ ʜʝʪʝʡ. ʊʘʢ, ʚ ʉʐɸ ʚ 2009 ʛ., ʯʝʨʝʟ ʪʨʠ ʛʦʜʘ 

ʧʦʩʣʝ ʚʚʝʜʝʥʠʷ ʚʘʢʮʠʥʘʮʠʠ ʧʨʦʪʠʚ ʈɺʀ, ʜʦʣʷ ʥʦʨʦʚʠʨʫʩʦʚ ʫ ʜʝʪʝʡ, 
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ʛʦʩʧʠʪʘʣʠʟʠʨʦʚʘʥʥʳʭ ʩ ʆʂʀ, ʧʦʯʪʠ ʚ 2 ʨʘʟʘ ʧʨʝʚʳʩʠʣʘ ʜʦʣʶ ʨʦʪʘʚʠʨʫʩʦʚ 

(22 % ʧʨʦʪʠʚ 12 %) [Payne et al., 2013]. ɺ ʍʴʶʩʪʦʥʝ (ʰʪʘʪ ʊʝʭʘʩ, ʉʐɸ) ʫ 

ʜʝʪʝʡ ʜʦ 5 ʣʝʪ ʩ ʆʂʀ ʯʘʩʪʦʪʘ ʦʙʥʘʨʫʞʝʥʠʷ ʨʦʪʘʚʠʨʫʩʦʚ ʩʥʠʟʠʣʘʩʴ ʩ 18,7 % 

ʚ 2002 ʛ. ʜʦ 2,7 % ʚ 2010 ʛ., ʘ ʯʘʩʪʦʪʘ ʦʙʥʘʨʫʞʝʥʠʷ ʥʦʨʦʚʠʨʫʩʦʚ ʟʘ ʵʪʦʪ 

ʧʝʨʠʦʜ ʚʦʟʨʦʩʣʘ ʩ 7,7 % ʜʦ 14,3 % [Koo et al., 2013].  

ʇʨʠ ʠʟʫʯʝʥʠʠ ʵʪʠʦʣʦʛʠʠ ʆɻʕ ʫ ʜʝʪʝʡ ʚ ʜʚʫʭ ʛʦʨʦʜʘʭ ʅʠʢʘʨʘʛʫʘ ʩ 

ʦʭʚʘʪʦʤ ʚʘʢʮʠʥʘʮʠʝʡ ʜʝʪʝʡ ʧʨʦʪʠʚ ʈɺʀ ʙʦʣʝʝ 90%, ʧʦʢʘʟʘʥʘ 

ʣʠʜʠʨʫʶʱʘʷ ʨʦʣʴ ʥʦʨʦʚʠʨʫʩʦʚ (24 %), ʧʨʠ ʜʦʣʝ ʨʦʪʘʚʠʨʫʩʦʚ, 

ʩʦʩʪʘʚʠʚʰʝʡ 8 % [Bucardo et al., 2014]. ɺ ɹʦʣʠʚʠʠ ʚ 2010-2011 ʛʛ., ʯʝʨʝʟ 

ʜʚʘ ʛʦʜʘ ʧʦʩʣʝ ʥʘʯʘʣʘ ʚʘʢʮʠʥʘʮʠʠ ʧʨʦʪʠʚ ʈɺʀ, ʜʦʣʷ ʥʦʨʦʚʠʨʫʩʦʚ ʫ ʜʝʪʝʡ 

5-24 ʤʝʩʷʮʘ, ʛʦʩʧʠʪʘʣʠʟʠʨʦʚʘʥʥʳʭ ʩ ʆɻʕ, ʩʦʩʪʘʚʠʣʘ 34,3 %, ʨʦʪʘʚʠʨʫʩʦʚ 

ï 18,9 % [McAtee et al., 2016]. ɺ ʌʠʥʣʷʥʜʠʠ ʚʘʢʮʠʥʘʮʠʷ ʧʨʦʪʠʚ ʈɺʀ ʙʳʣʘ 

ʚʚʝʜʝʥʘ ʚ 2009 ʛʦʜʫ, ʩʨʘʚʥʝʥʠʝ ʜʚʫʭ ʣʝʪ ʚ ʜʦʚʘʢʮʠʥʘʣʴʥʦʤ ʧʝʨʠʦʜʝ (2006-

2008 ʛʛ.) ʠ ʜʚʫʭ ʣʝʪ ï ʚ ʚʘʢʮʠʥʘʣʴʥʦʤ (2009-2011 ʛʛ.) ʧʦʢʘʟʘʣʦ, ʯʪʦ ʚ 

ʦʙʱʝʡ ʩʫʤʤʝ ʛʘʩʪʨʦʵʥʪʝʨʠʪʦʚ ʜʦʣʷ ʨʦʪʘʚʠʨʫʩʥʦʛʦ ɻʕ ʩʥʠʟʠʣʘʩʴ ʩ 52 % 

ʜʦ 26 %, ʘ ʜʦʣʷ ʥʦʨʦʚʠʨʫʩʥʦʛʦ ɻʕ ʫʚʝʣʠʯʠʣʘʩʴ ʩ 26 % ʜʦ 33,6 %  

[Hemming et al., 2013]. 

ʀʩʪʦʯʥʠʢʠ, ʤʝʭʘʥʠʟʤʳ ʠ ʧʫʪʠ ʧʝʨʝʜʘʯʠ ʠʥʬʝʢʮʠʠ. 

ʅʦʨʦʚʠʨʫʩʥʘʷ ʠʥʬʝʢʮʠʷ ï ʘʥʪʨʦʧʦʥʦʟʥʘʷ ʢʠʰʝʯʥʘʷ ʠʥʬʝʢʮʠʷ, 

ʠʩʪʦʯʥʠʢʦʤ ʢʦʪʦʨʦʡ ʷʚʣʷʝʪʩʷ ʙʦʣʴʥʦʡ ʯʝʣʦʚʝʢ, ʨʝʢʦʥʚʘʣʝʩʮʝʥʪ ʠʣʠ 

ʙʝʩʩʠʤʧʪʦʤʥʳʡ ʥʦʩʠʪʝʣʴ. ʍʦʪʷ ʥʦʨʦʚʠʨʫʩʳ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ 

ʩʨʝʜʠ ʨʘʟʥʳʭ ʚʠʜʦʚ ʞʠʚʦʪʥʳʭ, ʩʣʫʯʘʝʚ ʟʘʨʘʞʝʥʠʷ ʯʝʣʦʚʝʢʘ ʦʪ ʞʠʚʦʪʥʳʭ 

ʥʝ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ [Koopmans, 2008]. 

ɺʝʜʫʱʠʡ ʤʝʭʘʥʠʟʤ ʧʝʨʝʜʘʯʠ ʥʦʨʦʚʠʨʫʩʘ ï ʬʝʢʘʣʴʥʦ-ʦʨʘʣʴʥʳʡ, 

ʢʦʪʦʨʳʡ ʨʝʘʣʠʟʫʝʪʩʷ ʢʦʥʪʘʢʪʥʦ-ʙʳʪʦʚʳʤ, ʧʠʱʝʚʳʤ ʠ ʚʦʜʥʳʤ ʧʫʪʷʤʠ 

[Becker et al., 2000; Baron et al.,  1982; Berg et al., 2000; Kuritsky et al., 1984; 

Long et al., 2002; Cannon et al.,  1991; Lawson et al.,  1991; Blanco et al., 2016; 

Parkkali et al.,  2017]. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʦʚʝʜʝʥʥʳʭ ʚ ɽʚʨʦʧʝ 

ʚ 2001-2006 ʛʛ., ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ 88 % ʚʩʧʳʰʝʢ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚʠʨʫʩʘ 
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ʧʨʦʠʩʭʦʜʠʣʦ ʢʦʥʪʘʢʪʥʦ-ʙʳʪʦʚʳʤ ʧʫʪʝʤ, 10 % ʚʩʧʳʰʝʢ ʠʤʝʣʠ ʧʠʱʝʚʦʡ 

ʭʘʨʘʢʪʝʨ ʠ 2 % ï ʚʦʜʥʳʡ [Kroneman et al., 2008]. 

ʌʘʢʪʦʨʘʤʠ ʧʝʨʝʜʘʯʠ ʥʦʨʦʚʠʨʫʩʦʚ ʢʦʥʪʘʢʪʥʦ-ʙʳʪʦʚʳʤ ʧʫʪʝʤ 

ʦʙʳʯʥʦ ʷʚʣʷʶʪʩʷ ʢʦʥʪʘʤʠʥʠʨʦʚʘʥʥʳʝ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʝʜʤʝʪʦʚ. ɺ ʫʯʝʙʥʳʭ 

ʟʘʚʝʜʝʥʠʷʭ ʠʤʠ ʯʘʩʪʦ ʦʢʘʟʳʚʘʣʠʩʴ ʨʫʯʢʠ ʜʚʝʨʝʡ, ʢʣʘʚʠʘʪʫʨʘ ʠ ʤʳʰʢʠ 

ʢʦʤʧʴʶʪʝʨʦʚ [CDC, 2007]. 

ʇʠʱʝʚʳʝ ʚʩʧʳʰʢʠ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʩʚʷʟʘʥʳ ʩ ʫʧʦʪʨʝʙʣʝʥʠʝʤ ʚ 

ʧʠʱʫ ʤʦʨʝʧʨʦʜʫʢʪʦʚ, ʟʘʤʦʨʦʞʝʥʥʳʭ ʷʛʦʜ, ʩʘʣʘʪʦʚ, ʭʣʝʙʦʙʫʣʦʯʥʳʭ 

ʠʟʜʝʣʠʡ, ʩʚʝʞʠʭ ʬʨʫʢʪʦʚ ʠ ʦʚʦʱʝʡ [Berg et al., 2000; Kuritsky et al., 1984; 

Long et al., 2002]. 

ʀʩʪʦʯʥʠʢʦʤ ʠʥʬʝʢʮʠʠ ʧʨʠ ʧʠʱʝʚʳʭ ʚʩʧʳʰʢʘʭ ʚʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ 

ʩʪʘʥʦʚʷʪʩʷ ʨʘʙʦʪʥʠʢʠ ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʧʠʪʘʥʠʷ. ʊʘʢ, ʧʨʠ ʨʘʩʩʣʝʜʦʚʘʥʠʠ 12 

ʚʩʧʳʰʝʢ ʥʦʨʦʚʠʨʫʩʥʦʡ ʠʥʬʝʢʮʠʠ ʚ ʗʧʦʥʠʠ ʚ 2002-2006 ʛʛ. ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʆʊ-ʇʎʈ ʠ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ, ʚ ʢʘʞʜʦʡ ʠʟ ʵʪʠʭ ʚʩʧʳʰʝʢ ʫ 

ʨʘʙʦʪʥʠʢʦʚ ʠ ʢʣʠʝʥʪʦʚ ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʠʜʝʥʪʠʯʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

ʛʝʥʦʤʘ ʥʦʨʦʚʠʨʫʩʦʚ [Shinkawa et al., 2008]. 

ʀʩʪʦʯʥʠʢʦʤ ʠʥʬʝʢʮʠʠ ʚ ʤʝʩʪʘʭ ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʧʠʪʘʥʠʷ ʤʦʛʫʪ ʙʳʪʴ 

ʠ ʨʦʜʩʪʚʝʥʥʠʢʠ ʢʫʭʦʥʥʳʭ ʨʘʙʦʪʥʠʢʦʚ. ɹʳʣʦ ʜʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʚʩʧʳʰʢʝ 

ʅɺɻʕ, ʚʦʟʥʠʢʰʝʡ ʧʦʩʣʝ ʧʨʘʟʜʥʦʚʘʥʠʷ ʨʦʞʜʝʩʪʚʘ ʚ ʨʝʩʪʦʨʘʥʝ ʚ ɸʚʩʪʨʠʠ ʚ 

ʜʝʢʘʙʨʝ 2007 ʛ., ʬʘʢʪʦʨʦʤ ʨʠʩʢʘ ʷʚʠʣʦʩʴ ʫʧʦʪʨʝʙʣʝʥʠʝ ʨʫʣʝʪʘ ʠʟ ʚʝʪʯʠʥʳ, 

ʧʨʠʛʦʪʦʚʣʝʥʥʦʛʦ ʨʘʙʦʪʥʠʢʦʤ, ʥʝ ʠʤʝʚʰʠʤ ʩʠʤʧʪʦʤʦʚ ʟʘʙʦʣʝʚʘʥʠʷ, ʩʳʥ 

ʢʦʪʦʨʦʛʦ ʟʘ ʜʚʘ ʜʥʷ ʜʦ ʩʦʙʳʪʠʷ ʟʘʙʦʣʝʣ ʣʘʙʦʨʘʪʦʨʥʦ ʧʦʜʪʚʝʨʞʜʝʥʥʳʤ 

ʥʦʨʦʚʠʨʫʩʥʳʤ ʛʘʩʪʨʦʵʥʪʝʨʠʪʦʤ. ɸʚʪʦʨʳ ʧʦʜʯʝʨʢʠʚʘʶʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʠʥʬʦʨʤʠʨʦʚʘʥʠʷ ʨʘʙʦʪʥʠʢʦʚ ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʧʠʪʘʥʠʷ ʦ ʚʦʟʤʦʞʥʦʤ ʨʠʩʢʝ 

ʢʦʥʪʘʤʠʥʘʮʠʠ ʧʠʱʠ ʥʦʨʦʚʠʨʫʩʘʤʠ ʠ ʦʙʫʯʝʥʠʷ ʠʭ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʤʝʨʘʤ 

ʣʠʯʥʦʡ ʛʠʛʠʝʥʳ ʠ ʜʝʟʠʥʬʝʢʮʠʠ ʨʘʙʦʯʝʛʦ ʤʝʩʪʘ ʠ ʜʦʤʘ ʩ ʮʝʣʴʶ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʧʠʱʝʚʳʭ ʥʦʨʦʚʠʨʫʩʥʳʭ ʚʩʧʳʰʝʢ [Kuo et al., 2009]. 

ɺʦʜʥʳʡ ʧʫʪʴ ʨʝʘʣʠʟʫʝʪʩʷ ʧʨʠ ʫʧʦʪʨʝʙʣʝʥʠʠ ʢʦʥʪʘʤʠʥʠʨʦʚʘʥʥʦʡ 

ʚʦʜʳ (ʧʠʱʝʚʦʡ ʣʝʜ, ʙʫʪʠʣʠʨʦʚʘʥʘʷ ʚʦʜʘ) ʠ ʧʨʠ ʧʦʧʘʜʘʥʠʠ ʚ ʦʨʛʘʥʠʟʤ 
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ʯʝʣʦʚʝʢʘ ʚʦʜr ʟʘʢʨʳʪʳʭ ʠ ʦʪʢʨʳʪʳʭ ʚʦʜʦʝʤʦʚ [Baron et al., 1982; Cannon et 

al., 1991; Lawson et al., 1991; Blanco et al., 2017; Parkkali et al., 2017 127, 

131-134]. 

ʆ ʙʦʣʴʰʦʡ ʚʝʨʦʷʪʥʦʩʪʠ ʚʦʜʥʦʛʦ ʧʫʪʠ ʧʝʨʝʜʘʯʠ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ 

ʥʘʭʦʜʢʠ ʥʦʨʦʚʠʨʫʩʦʚ, ʥʘʨʷʜʫ ʩ ʚʠʨʫʩʦʤ ʛʝʧʘʪʠʪʘ ɸ, ʚ ʦʙʨʘʟʮʘʭ ʚʦʜʳ 

ʦʪʢʨʳʪʳʭ ʚʦʜʦʝʤʦʚ. ʊʘʢ, ʈʅʂ ʚʠʨʫʩʘ ʛʝʧʘʪʠʪʘ ɸ ʙʳʣʘ ʚʳʷʚʣʝʥʘ ʚ 80 %, ʘ 

ʈʅʂ ʥʦʨʦʚʠʨʫʩʘ ï ʚ 70 % ʠʟ ʩʦʨʦʢʘ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʚʦʜʥʳʭ ʦʙʨʘʟʮʦʚ ʚ 

ʄʝʢʩʠʢʝ. ʇʨʠ ʵʪʦʤ ʥʝ ʙʳʣʦ ʚʳʷʚʣʝʥʦ ʩʫʱʝʩʪʚʝʥʥʦʡ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ 

ʚʳʷʚʣʝʥʠʝʤ ʚʠʨʫʩʦʚ ʠ ʩʪʘʥʜʘʨʪʥʳʤʠ ʠʥʜʠʢʘʪʦʨʘʤʠ ʬʝʢʘʣʴʥʦʛʦ 

ʟʘʛʨʷʟʥʝʥʠʷ [Hernandez-Morga et al., 2009]. 

ʀʩʪʦʯʥʠʢʦʤ ʟʘʛʨʷʟʥʝʥʠʷ ʚʦʜ ʦʪʢʨʳʪʳʭ ʚʦʜʦʝʤʦʚ ʷʚʣʷʶʪʩʷ ʩʪʦʯʥʳʝ 

ʚʦʜʳ, ʚ ʢʦʪʦʨʳʭ ʜʘʞʝ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ, ʫʩʪʨʘʥʷʶʱʝʡ ʙʘʢʪʝʨʠʘʣʴʥʳʝ 

ʠʥʜʠʢʘʪʦʨʳ, ʚʳʷʚʣʷʶʪʩʷ ʢʠʰʝʯʥʳʝ ʚʠʨʫʩʳ ï ʵʥʪʝʨʦʚʠʨʫʩʳ, ʨʦʪʘʚʠʨʫʩʳ, 

ʘʜʝʥʦʚʠʨʫʩʳ ʠ ʥʦʨʦʚʠʨʫʩʳ. ɺ ʠʩʩʣʝʜʦʚʘʥʠʷʭ, ʧʨʦʚʝʜʝʥʥʳʭ ʚ ʀʪʘʣʠʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʣʝʢʫʣʷʨʥʳʭ ʤʝʪʦʜʦʚ, ʧʦʢʘʟʘʥʦ, ʯʪʦ ʥʦʨʦʚʠʨʫʩʳ 

ʩʦʜʝʨʞʘʪʩʷ ʚ 5,56-10,34 % ʦʙʨʘʟʮʦʚ ʩʪʦʯʥʳʭ ʚʦʜ [Petrinca et al., 2009]. 

ʅʦʨʦʚʠʨʫʩʳ ʚʳʷʚʣʷʶʪʩʷ ʚ ʩʪʦʯʥʳʳʭ ʚʦʜʘʭ, ʧʨʦʰʝʜʰʠʭ ʦʯʠʩʪʢʫ ʚ 

ʩʠʩʪʝʤʘʭ ʩʪʘʙʠʣʠʟʘʮʠʦʥʥʳʭ ʧʨʫʜʦʚ [da Silva et al., 2008] ʠ ʚ ʛʨʫʥʪʦʚʳʭ 

ʚʦʜʘʭ [Charles et al., 2009]. 

ɺ ʨʷʜʝ ʩʣʫʯʘʝʚ ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʳʤ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʘʵʨʦʛʝʥʥʳʡ 

ʤʝʭʘʥʠʟʤ ʧʝʨʝʜʘʯʠ ʥʦʨʦʚʠʨʫʩʥʦʡ ʠʥʬʝʢʮʠʠ ʩ ʨʝʘʣʠʟʘʮʠʝʡ ʚʦʟʜʫʰʥʦ-

ʢʘʧʝʣʴʥʦʛʦ ʧʫʪʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʥʪʘʤʠʥʘʮʠʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ ʚʦʟʜʫʭʘ 

ʢʘʧʣʷʤʠ ʨʚʦʪʥʳʭ ʤʘʩʩ, ʩʦʜʝʨʞʘʱʠʭ ʚʠʨʫʩ [Marks et al., 2000]. ʊʘʢʦʡ 

ʚʘʨʠʘʥʪ ʨʘʟʚʠʪʠʷ ʩʦʙʳʪʠʡ ʙʳʣ ʦʧʠʩʘʥ ʘʚʩʪʨʠʡʩʢʠʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ ʧʨʠ 

ʠʟʫʯʝʥʠʠ ʚʩʧʳʰʢʠ ʥʦʨʦʚʠʨʫʩʥʦʡ ʠʥʬʝʢʮʠʠ ʩʨʝʜʠ ʰʢʦʣʴʥʠʢʦʚ ʥʘ ʣʳʞʥʦʤ 

ʢʫʨʦʨʪʝ ʚ ɿʘʣʴʮʙʫʨʛʝ ʚ ʜʝʢʘʙʨʝ 2007 ʛ. ʀʟ 284 ʯʝʣʦʚʝʢ ʟʘʙʦʣʝʣʦ 176, 

ʚʢʣʶʯʘʷ ʫʯʝʥʠʢʦʚ ʠ ʫʯʠʪʝʣʝʡ ʠʟ ʯʝʪʳʨʝʭ ʰʢʦʣ. ʉʦʛʣʘʩʥʦ ʧʨʦʚʝʜʝʥʥʳʤ 

ʵʧʠʜʝʤʠʦʣʦʛʠʯʝʩʢʠʤ ʨʘʩʩʩʣʝʜʦʚʘʥʠʷʤ ʥʘʯʘʣʦʤ ʚʩʧʳʰʢʠ ʧʦʩʣʫʞʠʣ 
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ʧʝʨʚʳʡ ʩʣʫʯʘʡ ʨʚʦʪʳ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʚʦʟʜʫʰʥʦ-ʢʘʧʝʣʴʥʦʡ ʧʝʨʝʜʘʯʝʡ 

ʠʥʬʝʢʮʠʠ [Kuo et al., 2009]. 

ʅʝʜʘʚʥʦ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʢʠʰʝʯʥʳʝ ʚʠʨʫʩʳ (ʨʦʪʘʚʠʨʫʩʳ, 

ʥʦʨʦʚʠʨʫʩʳ ʠ ʘʩʪʨʦʚʠʨʫʩʳ) ʧʨʦʜʫʢʪʠʚʥʦ ʠ ʧʦʩʪʦʷʥʥʦ ʠʥʬʠʮʠʨʫʶʪ 

ʩʣʶʥʥʳʝ ʞʝʣʝʟʳ, ʜʦʩʪʠʛʘʷ ʪʠʪʨʦʚ, ʩʦʧʦʩʪʘʚʠʤʳʭ ʩ ʪʠʪʨʘʤʠ ʚ ʢʠʰʝʯʥʠʢʝ. 

ʕʪʦ ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʧʝʨʝʜʘʯʫ ʠʥʬʠʮʠʨʦʚʘʥʥʳʤʠ ʤʣʘʜʝʥʮʘʤʠ ʚʠʨʫʩʦʚ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʤʦʣʦʯʥʳʝ ʞʝʣʝʟʳ ʠʭ ʤʘʪʝʨʝʡ ʧʨʠ ʩʦʩʘʥʠʠ. ʇʦʢʘʟʘʥʘ 

ʪʘʢʞʝ ʩʧʦʩʦʙʥʦʩʪʴ ʥʦʨʦʚʠʨʫʩʦʚ ʨʝʧʣʠʮʠʨʦʚʘʪʴʩʷ ʚ ʢʫʣʴʪʫʨʝ 

ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʢʣʝʪʦʢ ʩʣʶʥʥʳʭ ʞʝʣʝʟ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʩʣʶʥʥʳʝ ʞʝʣʝʟʳ ʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ ʚ ʢʘʯʝʩʪʚʝ 

ʨʝʟʝʨʚʫʘʨʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʢʠʰʝʯʥʳʭ ʚʠʨʫʩʦʚ ʯʝʨʝʟ 

ʩʣʶʥʫ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʜʠʘʨʝʠ, ʠ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʨʝʘʣʠʟʘʮʠʠ ʚʦʟʜʫʰʥʦ-

ʢʘʧʝʣʴʥʦʛʦ ʧʫʪʠ ʧʝʨʝʜʘʯʠ ʠʥʬʝʢʮʠʠ [Ghosh et al., 2022].  

ʉʝʟʦʥʥʦʩʪʴ ʥʦʨʦʚʠʨʫʩʥʦʡ ʠʥʬʝʢʮʠʠ. ɺ ʵʧʠʜʝʤʠʦʣʦʛʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʦʪʤʝʯʘʝʪʩʷ ʦʩʝʥʥʝ-ʟʠʤʥʝ-ʚʝʩʝʥʥʷʷ ʩʝʟʦʥʥʦʩʪʴ 

ʥʦʨʦʚʠʨʫʩʥʦʛʦ ʛʘʩʪʨʦʵʥʪʝʨʠʪʘ [Mounts et al., 2000]. ʇʦʢʘʟʘʥʦ, ʯʪʦ 

ʩʧʦʨʘʜʠʯʝʩʢʠʝ ʩʣʫʯʘʠ ʠ ʚʩʧʳʰʢʠ ʥʦʨʦʚʠʨʫʩ-ʘʩʩʦʮʠʠʨʦʚʘʥʥʦʛʦ 

ʛʘʩʪʨʦʵʥʪʝʨʠʪʘ ʥʘ ʪʝʨʨʠʪʦʨʠʷʭ ʩʪʨʘʥ ɽʚʨʦʧʳ, ʚ ʉʐɸ ʠ ɸʚʩʪʨʘʣʠʠ 

ʥʘʙʣʶʜʘʣʠʩʴ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʛʦʜʘ, ʩ ʩʝʟʦʥʥʳʤ ʧʠʢʦʤ ʚ ʟʠʤʥʠʡ ʧʝʨʠʦʜ 

[Kroneman et al., 2008; CDC, 2003; Wright et al., 1996]. ʇʨʠ ʘʥʘʣʠʟʝ 

ʩʧʦʨʘʜʠʯʝʩʢʠʭ ʩʣʫʯʘʝʚ ʦʩʪʨʦʛʦ ʛʘʩʪʨʦʵʥʪʝʨʠʪʘ, ʚʳʟʚʘʥʥʦʛʦ ʄʂʉɺ ʚ 

ʂʘʥʘʜʝ, ʥʘʙʣʶʜʘʣʘʩʴ ʦʩʝʥʥʝ-ʟʠʤʥʷʷ ʩʝʟʦʥʥʦʩʪʴ ʩ ʧʠʢʦʤ ʚʳʷʚʣʷʝʤʦʩʪʠ 

ʚʠʨʫʩʦʚ ʚ ʷʥʚʘʨʝ [Levett et al., 1996]. ɺ ʗʧʦʥʠʠ ʥʘʠʙʦʣʴʰʝʝ ʯʠʩʣʦ ʩʣʫʯʘʝʚ 

ʆɻʕ, ʩʚʷʟʘʥʥʳʭ ʩ ʢʘʣʠʮʠʚʠʨʫʩʘʤʠ, ʧʨʠʭʦʜʠʣʦʩʴ ʥʘ ʭʦʣʦʜʥʳʝ ʧʝʨʠʦʜʳ 

ʛʦʜʘ ʠ ʧʨʝʜʰʝʩʪʚʦʚʘʣʦ ʧʠʢʫ ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ ʨʦʪʘʚʠʨʫʩʥʳʤ 

ʛʘʩʪʨʦʵʥʪʝʨʠʪʦʤ [Inouye et al., 2000]. ɺ ʌʠʥʣʷʥʜʠʠ ʥʦʨʦʚʠʨʫʩʥʘʷ 

ʠʥʬʝʢʮʠʷ ʠʤʝʝʪ ʟʠʤʥʠʡ ʵʧʠʜʝʤʠʯʝʩʢʠʡ ʩʝʟʦʥ ʩ ʧʠʢʦʤ ʚ ʜʝʢʘʙʨʝ [Pang et 

al., 2008]. ʂʠʪʘʡʩʢʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʫʩʪʘʥʦʚʠʣʠ, ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ 

ʩʧʦʨʘʜʠʯʝʩʢʠʭ ʩʣʫʯʘʝʚ ʅɺɻʕ ʚ ʩʝʟʦʥ 2005-2006 ʛʛ. ʥʘʙʣʶʜʘʣʦʩʴ ʚ ʦʩʝʥʥʠʝ 
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ʤʝʩʷʮʳ ʩ ʧʠʢʦʤ ʚ ʦʢʪʷʙʨʝ [Chen et al., 2008]. ɺ ɸʚʩʪʨʘʣʠʠ ʫʚʝʣʠʯʝʥʠʝ 

ʯʘʩʪʦʪʳ ʦʙʥʘʨʫʞʝʥʠʷ ʥʦʨʦʚʠʨʫʩʦʚ ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʚ ʦʩʝʥʥʠʝ ʠ ʟʠʤʥʠʝ 

ʤʝʩʷʮʳ [Grohman et al., 1985; Fletcher et al., 2013]. 

ɺ ʈʦʩʩʠʠ, ʧʨʠ ʨʝʪʨʦʩʧʝʢʪʠʚʥʦʤ ʵʧʠʜʝʤʠʦʣʦʛʠʯʝʩʢʦʤ ʘʥʘʣʠʟʝ 

ʥʦʨʦʚʠʨʫʩʥʦʡ ʠʥʬʝʢʮʠʠ ʚ ʉʚʝʨʜʣʦʚʩʢʦʡ ʦʙʣʘʩʪʠ ʚ 2009ï2022 ʛʛ. ʧʦʢʘʟʘʥʦ, 

ʯʪʦ ʵʧʠʜʝʤʠʯʝʩʢʠʡ ʩʝʟʦʥ ʧʨʦʜʦʣʞʘʣʩʷ ʚ ʩʨʝʜʥʝʤ ʩ ʦʢʪʷʙʨʷ ï ʥʦʷʙʨʷ ʧʦ 

ʘʧʨʝʣʴ ï ʤʘʡ. ʈʝʟʫʣʴʪʘʪʳ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ 

ʅɺʀ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʦʪʨʠʮʘʪʝʣʴʥʫʶ ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ 

ʟʘʙʦʣʝʚʘʝʤʦʩʪʴʶ ʠ ʚʦʟʜʝʡʩʪʚʠʝʤ ʧʦʛʦʜʥʳʭ ʬʘʢʪʦʨʦʚ (ʪʝʤʧʝʨʘʪʫʨʘ 

ʚʦʟʜʫʭʘ, ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʚʣʘʞʥʦʩʪʴ), ʘ ʪʘʢʞʝ ʧʦʚʳʰʝʥʥʳʤʠ ʫʨʦʚʥʷʤʠ 

ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ COVID-19. ɺʝʣʠʯʠʥʘ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ, ʘʪʤʦʩʬʝʨʥʦʝ 

ʜʘʚʣʝʥʠʝ, ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʩʦʣʥʝʯʥʦʛʦ ʩʠʷʥʠʷ ʠ ʦʙʲʝʤ ʚʥʝʰʥʝʡ 

ʤʠʛʨʘʮʠʠ ʥʝ ʷʚʣʷʣʠʩʴ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʤʠ ʧʨʝʜʠʢʪʦʨʘʤʠ [ʏʘʣʘʧʘ 

ɺ.ʀ. ʠ ʩʦʘʚʪ, 2023].  

ɺ ʨʷʜʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʪʤʝʯʘʝʪʩʷ ʚʝʩʝʥʥʷʷ ʩʝʟʦʥʥʦʩʪʴ ʅɺɻʕ, ʘ 

ʪʘʢʞʝ ʚʩʧʳʰʢʠ ʚ ʣʝʪʥʠʝ ʤʝʩʷʮʳ. ʃʝʪʥʠʡ ʧʦʜʲʝʤ ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ 

ʥʦʨʦʚʠʨʫʩʥʦʡ ʠʥʬʝʢʮʠʝʡ ʥʘʙʣʶʜʘʣʩʷ ʚ ɸʥʛʣʠʠ ʠ ʋʵʣʴʩʝ ʚ 2002 ʛʦʜʫ 

[Lopman et al., 2003]. ɺ ʖʞʥʦʡ ʂʦʨʝʝ ʧʠʢ ʥʦʨʦʚʠʨʫʩʥʦʡ ʠʥʬʝʢʮʠʠ 

ʟʘʬʠʢʩʠʨʦʚʘʥ ʚ ʤʘʨʪʝ 2006 ʛ. [Yoon et al., 2008]. ɺ 2006 ʛ. ʚ ɽʚʨʦʧʝ ʠ 

ɻʦʥʢʦʥʛʝ ʥʘʙʣʶʜʘʣʠʩʴ ʣʝʪʥʠʝ ʚʩʧʳʰʢʠ ʥʦʨʦʚʠʨʫʩʥʦʡ ʠʥʬʝʢʮʠʠ [Siebenga 

et al., 2007; Ho et al.,  2007]. ʆʪʤʝʯʝʥ ʨʦʩʪ ʯʠʩʣʘ ʩʧʦʨʘʜʠʯʝʩʢʠʭ ʩʣʫʯʘʝʚ 

ʅɺʀ ʫ ʚʟʨʦʩʣʳʭ ʚ ʈʦʩʩʠʠ (ʏʝʣʷʙʠʥʩʢ) ʚ ʧʝʨʠʦʜ ʩ ʬʝʚʨʘʣʷ ʧʦ ʤʘʡ 2006 ʛ. 

[ʉʘʛʘʣʦʚʘ ʠ ʩʦʘʚʪ., 2006]. 

ʇʦ ʥʘʰʠʤ ʜʘʥʥʳʤ ʚ ʅʠʞʥʝʤ ʅʦʚʛʦʨʦʜʝ ʫʚʝʣʠʯʝʥʠʝ ʯʘʩʪʦʪʳ 

ʚʳʷʚʣʝʥʠʷ ʥʦʨʦʚʠʨʫʩʦʚ ʦʙʳʯʥʦ ʥʘʯʠʥʘʣʦʩʴ ʚ ʦʢʪʷʙʨʝ, ʪʦ ʝʩʪʴ 

ʧʨʝʜʰʝʩʪʚʦʚʘʣʦ ʨʦʩʪʫ ʨʦʪʘʚʠʨʫʩʥʦʡ ʠʥʬʝʢʮʠʠ [ɽʧʠʬʘʥʦʚʘ ʠ ʩʦʘʚʪ., 

2016b]. ʇʦʢʘʟʘʪʝʣʴ ʜʦʩʪʠʛʘʣ ʤʘʢʩʠʤʫʤʘ ʚ ʜʝʢʘʙʨʝ-ʷʥʚʘʨʝ, ʘ ʟʘʪʝʤ, ʚ 

ʧʝʨʠʦʜ ʥʘʠʚʳʩʰʝʛʦ ʧʦʜʲʝʤʘ ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ ʨʦʪʘʚʠʨʫʩʥʦʡ ʥʬʝʢʮʠʝʡ, 

ʩʥʠʞʘʣʩʷ. ɼʘʣʝʝ ʥʘ ʬʦʥʝ ʩʥʠʞʝʥʠʷ ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ ʨʦʪʘʚʠʨʫʩʥʦʡ 
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ʠʥʬʝʢʮʠʠ ʥʘʙʣʶʜʘʣʩʷ ʚʝʩʝʥʥʠʡ ʧʠʢ ʥʦʨʦʚʠʨʫʩʥʦʡ ʠʥʬʝʢʮʠʠ ʚ ʤʘʝ-ʠʶʥʝ, 

ʯʪʦ ʦʩʦʙʝʥʥʦ ʯʝʪʢʦ ʧʨʦʷʚʠʣʦʩʴ ʚ ʩʝʟʦʥʳ 2008-2009 ʠ 2009-2010 ʛʛ., ʢʦʛʜʘ ʚ 

ʥʘʯʘʣʝ ʠ ʢʦʥʮʝ ʩʝʟʦʥʘ ʯʘʩʪʦʪʘ ʚʳʷʚʣʝʥʠʷ ʥʦʨʦʚʠʨʫʩʦʚ ʧʨʝʚʳʰʘʣʘ ʯʘʩʪʦʪʫ 

ʚʳʷʚʣʝʥʠʷ ʨʦʪʘʚʠʨʫʩʦʚ [ɽʧʠʬʘʥʦʚʘ ʠ ʩʦʘʚʪ., 2011]. ʇʦʜʦʙʥʳʡ ʵʬʬʝʢʪ 

çʢʘʯʝʣʝʡè (seesaw effect) ʧʨʠ ʩʨʘʚʥʠʪʝʣʴʥʦʤ ʘʥʘʣʠʟʝ ʯʘʩʪʦʪʳ ʚʳʷʚʣʝʥʠʷ 

ʨʦʪʘʚʠʨʫʩʦʚ ʠ ʥʦʨʦʚʠʨʫʩʦʚ ʚ ʪʝʯʝʥʠʝ ʵʧʠʜʩʝʟʦʥʘ ʦʧʠʩʘʥ ʚ ʃʘʪʠʥʩʢʦʡ 

ɸʤʝʨʠʢʝ (ɺʝʥʝʩʫʵʣʘ, ɹʨʘʟʠʣʠʷ), ʚ ɽʚʨʦʧʝ (ʇʦʣʴʰʘ) [Gonz§lez et al., 2011; 

Oldak et al., 2012; Siqueira et al., 2013]. ʅʘʣʠʯʠʝ ʜʚʫʭ ʧʦʜʲʝʤʦʚ 

ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ ʥʦʨʦʚʠʨʫʩʥʦʡ ʠʥʬʝʢʮʠʝʡ ï ʚ ʦʩʝʥʥʝ-ʟʠʤʥʠʡ ʠ ʟʠʤʥʝ-

ʚʝʩʝʥʥʠʡ ʧʝʨʠʦʜʳ ï ʦʪʤʝʯʝʥʦ ʠ ʥʘ ʨʷʜʝ ʪʝʨʨʠʪʦʨʠʡ ʈʦʩʩʠʠ [ʇʦʜʢʦʣʟʠʥ ʠ 

ʩʦʘʚʪ. 2007]. ʄʠʥʠʤʘʣʴʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʯʘʩʪʦʪʳ ʚʳʷʚʣʝʥʠʷ ʥʦʨʦʚʠʨʫʩʦʚ 

ʧʨʠʭʦʜʷʪʩʷ ʥʘ ʠʶʣʴ-ʘʚʛʫʩʪ. 

ʈʘʟʣʠʯʠʷ ʚ ʩʝʟʦʥʥʦʩʪʠ ʥʦʨʦʚʠʨʫʩʥʦʡ ʠʥʬʝʢʮʠʠ ʥʘ ʦʪʜʝʣʴʥʳʭ 

ʪʝʨʨʠʪʦʨʠʷʭ ʚ ʨʘʟʥʳʝ ʧʝʨʠʦʜʳ ʥʘʙʣʶʜʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʩʚʷʟʘʥ rʩ ʬʘʟʦʡ 

ʮʠʨʢʫʣʷʮʠʠ ʵʧʠʜʝʤʠʯʝʩʢʠʭ ʰʪʘʤʤʦʚ ʥʦʨʦʚʠʨʫʩʦʚ ʠ ʠʭ ʧʝʨʠʦʜʠʯʝʩʢʦʡ 

ʩʤʝʥʦʡ. ʇʦ-ʚʠʜʠʤʦʤʫ, ʪʠʧʠʯʥʦʡ ʜʣʷ ʥʦʨʦʚʠʨʫʩʥʦʛʦ ʛʘʩʪʨʦʵʥʪʝʨʠʪʘ 

ʷʚʣʷʝʪʩʷ ʦʩʝʥʥʝ-ʟʠʤʥʷʷ ʩʝʟʦʥʥʦʩʪʴ. ʅʝʪʠʧʠʯʥʳʝ ʧʦʜʲʝʤʳ 

ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ ʚ ʚʝʩʝʥʥʠʝ ʠ ʣʝʪʥʠʝ ʤʝʩʷʮʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ 

ʧʦʷʚʣʝʥʠʠ ʚ ʧʦʧʫʣʷʮʠʠ ʥʦʚʦʛʦ ʵʧʠʜʝʤʠʯʝʩʢʦʛʦ ʰʪʘʤʤʘ ʥʦʨʦʚʠʨʫʩʘ 

[Kowalzik et al., 2015; Verhoef et al., 2008].   
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ɻʃɸɺɸ 3 ʄʆʃɽʂʋʃʗʈʅɸʗ ɼʀɸɻʅʆʉʊʀʂɸ ʅʆʈʆɺʀʈʋʉʅʆʁ 

ʀʅʌɽʂʎʀʀ 

 

 

ʂʣʠʥʠʯʝʩʢʘʷ ʧʝʨʚʠʯʥʘʷ ʜʠʘʛʥʦʩʪʠʢʘ ʅɺɻʕ ʤʦʞʝʪ ʙʳʪʴ ʧʨʦʚʝʜʝʥʘ 

ʥʘ ʦʩʥʦʚʝ ʢʨʠʪʝʨʠʷ ʂʘʧʣʘʥʘ, ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʚ 1982 ʛ. ʜʣʷ ʘʥʘʣʠʟʘ 

ʚʩʧʳʰʝʢ ʛʘʩʪʨʦʵʥʪʝʨʠʪʘ. ʂʨʠʪʝʨʠʡ ʚʢʣʶʯʘʝʪ ʩʣʝʜʫʶʱʠʝ ʧʦʢʘʟʘʪʝʣʠ: 

ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʥʘ ʙʘʢʪʝʨʠʘʣʴʥʳʝ ʧʘʪʦʛʝʥʳ, ʥʘʣʠʯʠʝ ʨʚʦʪʳ ʫ 

ʙʦʣʴʥʳʭ (ʚ > 50 % ʩʣʫʯʘʝʚ), ʠʥʢʫʙʘʮʠʦʥʥʳʡ ʧʝʨʠʦʜ 24-48 ʯ, ʩʨʝʜʥʷ ̫

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʟʘʙʦʣʝʚʘʥʠʷ ï 12-60 ʯ [Kaplan et al., 1982]. ɺ 

ʜʘʣʴʥʝʡʰʝʤ ʧʨʠ ʩʦʧʦʩʪʘʚʣʝʥʠʠ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʣʘʙʦʨʘʪʦʨʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ 

ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢʨʠʪʝʨʠʷ ʂʘʧʣʘʥʘ ʧʨʠ ʨʘʩʰʠʬʨʦʚʢʝ 

ʚʩʧʳʰʝʢ ʅɺɻʕ ʩʦʩʪʘʚʣʷʝʪ 68 %, ʘ ʩʧʝʮʠʬʠʯʥʦʩʪʴ ï 99 % [Turcios et al., 

2006]. 

ʃʘʙʦʨʘʪʦʨʥʫʶ ʜʠʘʛʥʦʩʪʠʢʫ ʥʦʨʦʚʠʨʫʩʥʦʡ ʠʥʬʝʢʮʠʠ ʧʨʦʚʦʜʷʪ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ, ʠʤʤʫʥʦʣʦʛʠʯʝʩʢʠʭ ʠ ʛʝʥʝʪʠʯʝʩʢʠʭ 

ʤʝʪʦʜʦʚ. 

ʇʝʨʚʦʥʘʯʘʣʴʥʦ ʜʣʷ ʜʝʪʝʢʮʠʠ ʥʦʨʦʚʠʨʫʩʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʨʷʤʫʶ 

ʵʣʝʢʪʨʦʥʥʫʶ ʤʠʢʨʦʩʢʦʧʠʶ (ʕʄ). ɼʝʪʝʢʮʠʷ ʢʠʰʝʯʥʳʭ ʚʠʨʫʩʦʚ ʚ ʦʙʨʘʟʮʘʭ 

ʩʪʫʣʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʷʤʦʡ ʕʄ ʪʨʝʙʫʝʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʠʨʫʩʦʚ, ʧʦ 

ʢʨʘʡʥʝʡ ʤʝʨʝ, 10
6 
ʥʘ 1 ʤʣ ʬʝʢʘʣʠʡ [Doane, 1994]. ʆʜʥʘʢʦ ʚʠʨʠʦʥʳ 

ʥʦʨʦʚʠʨʫʩʦʚ ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ ʬʝʢʘʣʠʷʭ ʚ ʙʦʣʝʝ ʥʠʟʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʠ ʥʝ 

ʠʤʝʶʪ ʷʨʢʦ ʚʳʨʘʞʝʥʥʦʡ ʤʦʨʬʦʣʦʛʠʠ [Kapikian et al., 1979]. ʕʪʦ ʜʝʣʘʝʪ 

ʟʘʪʨʫʜʥʠʪʝʣʴʥʳʤ ʧʨʠʤʝʥʝʥʠʝ ʧʨʷʤʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʜʣʷ ʚʳʷʚʣʝʥʠʷ 

ʥʦʨʦʚʠʨʫʩʦʚ. ɹʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʕʄ ʚ ʦʪʥʦʰʝʥʠʠ 

ʩʘʧʦʚʠʨʫʩʦʚ, ʠʤʝʶʱʠʭ ʭʘʨʘʢʪʝʨʥʫʶ ʤʦʨʬʦʣʦʛʠʶ ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʧʩʠʜʘ. 

ʉʧʝʮʠʬʠʯʥʦʩʪʴ ʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʤʝʪʦʜʘ ʧʦʚʳʰʘʝʪʩʷ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʠʤʤʫʥʦʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ [Okada et al., 1999; 

Vipond et al., 2000]. 
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ɺ ʩʚʷʟʠ ʩʦ ʩʣʦʞʥʦʩʪʴʶ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʥʦʨʦʚʠʨʫʩʦʚ ʚ ʢʘʯʝʩʪʚʝ 

ʠʩʪʦʯʥʠʢʦʚ ʘʥʪʠʛʝʥʘ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʠʤʤʫʥʦʣʦʛʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ, ʪʘʢʠʭ ʢʘʢ 

ʨʘʜʠʦʠʤʤʫʥʥʳʡ ʘʥʘʣʠʟ, ʙʣʦʢʠʨʫʶʱʠʡ ʨʘʜʠʦʠʤʤʫʥʥʳʡ ʘʥʘʣʠʟ, 

ʠʤʤʫʥʦʬʝʨʤʝʥʪʥʳʡ ʘʥʘʣʠʟ, ʠʤʤʫʥʥʘʷ ʘʜʛʝʟʠʷ, ʨʘʥʝʝ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʤʘʪʝʨʠʘʣʳ, ʧʦʣʫʯʝʥʥʳʝ ʦʪ ʙʦʣʴʥʳʭ ʠʣʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

ʠʥʬʠʮʠʨʦʚʘʥʥʳʭ ʜʦʙʨʦʚʦʣʴʮʝʚ [Atmar et al., 2001]. 

ʋʩʧʝʰʥʦʝ ʢʣʦʥʠʨʦʚʘʥʠʝ ʛʝʥʦʤʘ ʚʠʨʫʩʘ Norwalk ʧʨʠʚʝʣʦ ʢ 

ʨʘʟʚʠʪʠʶ ʥʦʚʳʭ ʤʝʪʦʜʦʚ ʠ ʧʦʣʫʯʝʥʠʶ ʥʦʚʳʭ ʨʝʘʛʝʥʪʦʚ ʜʣʷ ʜʠʘʛʥʦʩʪʠʢʠ 

ʠʥʬʝʢʮʠʡ, ʚʳʟʚʘʥʥʳʭ ʢʘʣʠʮʠʚʠʨʫʩʘʤʠ ʯʝʣʦʚʝʢʘ [Xi et al., 1990; Jiang et al., 

1992]. ʇʫʪʝʤ ʵʢʩʧʨʝʩʩʠʠ ʢʘʧʩʠʜʥʦʛʦ ʙʝʣʢʘ ʚʠʨʫʩʘ Norwalk ʚ 

ʙʘʢʫʣʦʚʠʨʫʩʥʦʡ ʩʠʩʪʝʤʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚʠʨʫʩʦʧʦʜʦʙʥʳʝ ʯʘʩʪʠʮʳ, 

ʤʦʨʬʦʣʦʛʠʯʝʩʢʠ ʠ ʘʥʪʠʛʝʥʥʦ ʧʦʜʦʙʥʳʝ ʥʘʪʠʚʥʳʤ ʚʠʨʠʦʥʘʤ [Jiang et al., 

1992]. VLP ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʠʤʤʫʥʠʟʘʮʠʠ ʞʠʚʦʪʥʳʭ ʩ ʮʝʣʴʶ 

ʧʦʣʫʯʝʥʠʷ ʠʤʤʫʥʥʳʭ ʩʳʚʦʨʦʪʦʢ, ʧʦʣʠʢʣʦʥʘʣʴʥʳʭ ʠ ʤʦʥʦʢʣʦʥʘʣʴʥʳʭ 

ʘʥʪʠʪʝʣ, ʥʘ ʙʘʟʝ ʢʦʪʦʨʳʭ ʨʘʟʨʘʙʦʪʘʥʳ ʨʘʟʣʠʯʥʳʝ ʚʘʨʠʘʥʪʳ 

ʠʤʤʫʥʦʬʝʨʤʝʥʪʥʳʭ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʪʝʩʪ-ʩʠʩʪʝʤ (ʠʤʤʫʥʦʬʝʨʤʝʥʪʥʳʡ 

ʘʥʘʣʠʟ (ʀʌɸ) ʩ ʛʠʧʝʨʠʤʤʫʥʥʦʡ ʩʳʚʦʨʦʪʢʦʡ ʞʠʚʦʪʥʳʭ, ʀʌɸ ʩ 

ʤʦʥʦʢʣʦʥʘʣʴʥʳʤʠ ʘʥʪʠʪʝʣʘʤʠ, ʀʌɸ ʩ VLP) [Green et al., 1993]. 

ʇʝʨʚʳʝ ʢʦʤʤʝʨʯʝʩʢʠʝ ʥʘʙʦʨʳ ʨʝʘʛʝʥʪʦʚ ʜʣʷ ʠʤʤʫʥʦʬʝʨʤʝʥʪʥʦʡ 

ʜʝʪʝʢʮʠʠ ʘʥʪʠʛʝʥʦʚ ʥʦʨʦʚʠʨʫʩʦʚ ʚ ʬʝʢʘʣʠʷʭ ʧʦʷʚʠʣʠʩʴ ʚ 2003-2005 ʛʦʜʘʭ. 

ɺ ʜʘʣʴʥʝʡʰʝʤ ʙʳʣʦ ʨʘʟʨʘʙʦʪʘʥʦ ʦʢʦʣʦ ʪʨʝʭ ʜʝʩʷʪʢʦʚ ʪʝʩʪ-ʩʠʩʪʝʤ ʜʣʷ 

ʀʌɸ, ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢʦʪʦʨʳʭ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʙʨʘʪʥʦʡ ʪʨʘʥʩʢʨʠʧʮʠʝʡ-

ʧʦʣʠʤʝʨʘʟʥʦʡ ʮʝʧʥʦʡ ʨʝʘʢʮʠʝʡ (ʆʊ-ʇʎʈ) ʚʘʨʴʠʨʫʝʪ ʦʪ 31,6 % ʜʦ 92,0 %, ʘ 

ʩʧʝʮʠʬʠʯʥʦʩʪʴ ï ʦʪ 71 % ʜʦ 100 % [ʜʣʷ ʦʙʟʦʨʘ ʩʤ. Robilotti et al., 2015].  

ʇʝʨʚʳʝ ʩʦʦʙʱʝʥʠʷ ʦ ʧʨʠʤʝʥʝʥʠʠ ʠʤʤʫʥʦʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʦʛʦ 

ʘʥʘʣʠʟʘ (ʀʍɸ) ʜʣʷ ʜʝʪʝʢʮʠʠ ʘʥʪʠʛʝʥʦʚ ʥʦʨʦʚʠʨʫʩʦʚ ʧʦʷʚʠʣʠʩʴ ʚ ʗʧʦʥʠʠ ʚ 

2003 ʛ. [Okame et al., 2003]. ʈʘʟʨʘʙʦʪʘʥʳ ʧʦʨʷʜʢʘ ʧʦʣʫʪʦʨʘ ʜʝʩʷʪʢʦʚ 

ʨʘʟʣʠʯʥʳʭ ʪʝʩʪ-ʩʠʩʪʝʤ ʜʣʷ ʀʍɸ, ʠʭ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʆʊ-
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ʇʎʈ ʚʘʨʴʠʨʫʝʪ ʦʪ 17,0 % ʜʦ 90,2 %, ʘ ʩʧʝʮʠʬʠʯʥʦʩʪʴ ï ʦʪ 87,5 % ʜʦ 100 % 

[ʜʣʷ ʦʙʟʦʨʘ ʩʤ. Robilotti et al., 2015].  

ʆʪʤʝʯʘʝʪʩʷ ʙʦʣʝʝ ʥʠʟʢʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʠʤʤʫʥʦʣʦʛʠʯʝʩʢʠʭ 

ʤʝʪʦʜʦʚ (ʀʌɸ ʠ ʀʍɸ) ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʇʎʈ, ʥʦ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʫʜʦʙʩʪʚʦ ʠ 

ʙʳʩʪʨʦʪʘ ʧʦʩʪʘʥʦʚʢʠ ʘʥʘʣʠʟʘ ʦʧʨʘʚʜʳʚʘʝʪ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʣʷ ʙʳʩʪʨʦʡ 

ʜʠʘʛʥʦʩʪʠʢʠ ʥʦʨʦʚʠʨʫʩʥʦʡ ʠʥʬʝʢʮʠʠ [Kurokawa et al., 2004]. 

ʆʧʨʝʜʝʣʝʥʠʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʛʝʥʦʤʘ ʚʠʨʫʩʘ Norwalk 

ʩʪʠʤʫʣʠʨʦʚʘʣʦ ʨʘʟʚʠʪʠʝ ʤʝʪʦʜʦʚ ʜʝʪʝʢʮʠʠ ʚʠʨʫʩʥʦʡ ʥʫʢʣʝʠʥʦʚʦʡ 

ʢʠʩʣʦʪʳ. ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʧʦʣʠʤʝʨʘʟʥʦʡ ʮʝʧʥʦʡ ʨʝʘʢʮʠʠ ʙr ʣʠ 

ʩʢʦʥʩʪʨʫʠʨʦʚʘʥʳ ʧʨʘʡʤʝʨʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʥʘʠʙʦʣʝʝ ʢʦʥʩʝʨʚʘʪʠʚʥʦʡ 

ʦʙʣʘʩʪʠ ʛʝʥʦʤʘ ï ʨʝʛʠʦʥʫ RdRp, ʧʦʟʚʦʣʠʚʰʠʝ ʘʧʤʣʠʬʠʮʠʨʦʚʘʪʴ, ʘ ʟʘʪʝʤ 

ʩʝʢʚʝʥʠʨʦʚʘʪʴ ʥʫʢʣʝʦʪʠʜʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʥʦʨʦʚʠʨʫʩʦʚ, ʘ ʪʘʢʞʝ 

ʩʘʧʦʚʠʨʫʩʦʚ. ɹʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʤʝʪʦʜ ʤʦʣʝʢʫʣʷʨʥʦʡ ʛʠʙʨʠʜʠʟʘʮʠʠ ʠ 

ʙʦʣʝʝ ʯʫʚʩʪʚʠʪʝʣʴʥʳʡ ʤʝʪʦʜ ʆʊ-ʇʎʈ [Ando et al., 1995]. 

ʇʝʨʚʳʡ ʆʊ-ʇʎʈ ʘʥʘʣʠʟ ʜʣʷ ʢʘʣʠʮʠʚʠʨʫʩʦʚ ʙʳʣ ʦʧʠʩʘʥ ʯʝʨʝʟ ʜʚʘ 

ʛʦʜʘ ʧʦʩʣʝ ʩʦʦʙʱʝʥʠʷ ʦʙ ʫʩʧʝʰʥʦʤ ʢʣʦʥʠʨʦʚʘʥʠʠ ʛʝʥʦʤʘ ʚʠʨʫʩʘ Norwalk, 

ʚ 1992 ʛ. [De Leon et al., 1992; Jiang et al., 1992] ʠ ʧʨʠʤʝʥʝʥ ʧʨʠ 

ʠʩʩʣʝʜʦʚʘʥʠʠ Norwalk-ʧʦʜʦʙʥʳʭ ʚʠʨʫʩʦʚ ʧʨʠ ʚʩʧʳʰʢʝ ʆɻʕ ʚ 

ɺʝʣʠʢʦʙʨʠʪʘʥʠʠ [Willcocks et al., 1993]. ʉ ʪʝʭ ʧʦʨ ʵʪʦʪ ʘʥʘʣʠʟ ʩʪʘʣ ʦʜʥʠʤ 

ʠʟ ʦʩʥʦʚʥʳʭ ʤʝʪʦʜʦʚ ʜʠʘʛʥʦʩʪʠʢʠ ʢʘʣʠʮʠʚʠʨʫʩʥʳʭ ʠʥʬʝʢʮʠʡ ʯʝʣʦʚʝʢʘ. 

ɺʘʞʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʆʊ-ʇʎʈ ʘʥʘʣʠʟʘ ʷʚʣʷʝʪʩʷ ʝʛʦ ʧʨʠʤʝʥʠʤʦʩʪʴ ʢ 

ʠʩʩʣʝʜʦʚʘʥʠʶ ʦʙʨʘʟʮʦʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʏʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʠ 

ʩʧʝʮʠʬʠʯʥʦʩʪʴ ʆʊ-ʇʎʈ ʟʘʚʠʩʷʪ ʦʪ ʩʧʦʩʦʙʘ ʦʯʠʩʪʢʠ ʚʠʨʫʩʥʦʡ 

ʥʫʢʣʝʠʥʦʚʦʡ ʢʠʩʣʦʪʳ, ʧʨʘʡʤʝʨʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʘʤʧʣʠʬʠʢʘʮʠʠ, 

ʤʝʪʦʜʘ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʪʝʩʪʘ. ʂʣʶʯʝʚʳʤ ʤʦʤʝʥʪʦʤ ʷʚʣʷʝʪʩʷ 

ʚʳʙʦʨ ʧʨʘʡʤʝʨʦʚ, ʩʧʦʩʦʙʥʦʩʪʴ ʢʦʪʦʨʳʭ ʚʳʷʚʣʷʪʴ ʪʝ ʠʣʠ ʠʥʳʝ ʰʪʘʤʤʳ 

ʥʦʨʦʚʠʨʫʩʦʚ ʠ ʩʘʧʦʚʠʨʫʩʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ, 

ʢʦʣʠʯʝʩʪʚʦʤ ʚʠʨʫʩʘ, ʧʨʠʩʫʪʩʪʚʫʶʱʝʛʦ ʚ ʠʩʩʣʝʜʫʝʤʦʤ ʦʙʨʘʟʮʝ, ʠ 
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ʪʝʤʧʝʨʘʪʫʨʦʡ ʦʪʞʠʛʘ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʦʚ ʚ ʭʦʜʝ ʧʨʦʮʝʩʩʘ ʘʤʧʣʠʬʠʢʘʮʠʠ 

[Atmar et al., 2001]. 

ɻʝʥʝʪʠʯʝʩʢʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʥʦʨʦ- ʠ ʩʘʧʦʚʠʨʫʩʦʚ ʜʝʣʘʝʪ 

ʟʘʪʨʫʜʥʠʪʝʣʴʥʳʤ ʚʳʙʦʨ ʝʜʠʥʩʪʚʝʥʥʦʡ ʧʘʨʳ ʧʨʘʡʤʝʨʦʚ ʩ ʘʜʝʢʚʘʪʥʦʡ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʠ ʩʧʝʮʠʬʠʯʥʦʩʪʴʶ ʜʣʷ ʜʝʪʝʢʮʠʠ ʚʩʝʭ ʢʘʣʠʮʠʚʠʨʫʩʦʚ 

ʯʝʣʦʚʝʢʘ. ɼʘʞʝ ʩʨʝʜʠ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʥʦʨʦʚʠʨʫʩʦʚ ʦʪʤʝʯʘʶʪ ʥʠʟʢʫʶ 

ʛʦʤʦʣʦʛʠʶ ʥʫʢʣʝʦʪʠʜʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʦʪʜʝʣʴʥʳʭ ʛʝʥʦʚ ï 36 % ʧʦ 

ʛʝʥʫ ʭʝʣʠʢʘʟʳ ʠ 53-64 % ʧʦ ʛʝʥʫ ʧʦʣʠʤʝʨʘʟʳ [Matsuno et al., 1997; Vinj® et 

al., 2000; Wang et al., 1994]. ʇʨʝʜʣʦʞʝʥʦ ʤʥʦʞʝʩʪʚʦ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ 

ʧʨʘʡʤʝʨʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʥʦʨʦʚʠʨʫʩʳ ʛʝʥʦʛʨʫʧʧ I, II  ʠ 

ʩʘʧʦʚʠʨʫʩʳ. ɹʦʣʴʰʠʥʩʪʚʦ ʠʟ ʥʠʭ ʬʣʘʥʢʠʨʫʶʪ ʫʯʘʩʪʢʠ, ʢʦʜʠʨʫʶʱʠʝ ʛʝʥ 

ʧʦʣʠʤʝʨʘʟʳ, ʢʦʪʦʨʳʡ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʤʝʥʴʰʝʡ ʚʘʨʠʘʙʝʣʴʥʦʩʪʴʶ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʫʯʘʩʪʢʘʤʠ ʛʝʥʦʤʘ [Ando et al., 1995; Wang et al., 

1994; Berke et al., 1997; Green et al., 1995; Le Guyader et al., 1996]. 

Ando T. ʠ ʩʦʘʚʪ. ʚ 1995 ʛ. ʧʨʝʜʣʦʞʠʣʠ ʤʫʣʴʪʠʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ, ʚ 

ʢʦʪʦʨʦʤ ʜʣʷ ʩʠʥʪʝʟʘ ʢɼʅʂ ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʜʠʥ ʧʨʘʡʤʝʨ (SR33), ʘ ʚ 

ʧʨʦʮʝʩʩʝ ʘʤʧʣʠʬʠʢʘʮʠʠ ʧʨʠʥʠʤʘʶʪ ʫʯʘʩʪʠʝ ʯʝʪʳʨʝ ʧʨʘʡʤʝʨʘ: ʪʨʠ (SR48, 

SR50, SR52) ï ʜʣʷ ʘʤʧʣʠʬʠʢʘʮʠʠ ʬʨʘʛʤʝʥʪʦʚ ʢɼʅʂ ʥʦʨʦʚʠʨʫʩʦʚ 

ʛʝʥʦʛʨʫʧʧʳ I ʠ ʦʜʠʥ (SR46) ï ʜʣʷ ʥʦʨʦʚʠʨʫʩʦʚ ʛʝʥʦʛʨʫʧʧʳ II  [Ando  et al., 

1995]. Jiang X. ʠ ʩʦʘʚʪ. ʚ 1999 ʛ. ʨʘʟʨʘʙʦʪʘʣʠ ʫʥʠʚʝʨʩʘʣʴʥʫʶ ʧʘʨʫ 

ʧʨʘʡʤʝʨʦʚ ʈ280/ʈ290, ʢʦʪʦʨʘʷ ʘʤʧʣʠʬʠʮʠʨʫʝʪ ʬʨʘʛʤʝʥʪʳ ʢɼʅʂ 

ʥʦʨʦʚʠʨʫʩʦʚ ʛʝʥʦʛʨʫʧʧ I, II  ʠ ʩʘʧʦʚʠʨʫʩʦʚ [Jiang et al., 1999]. ɼʨʫʛʠʤ 

ʨʝʛʠʦʥʦʤ, ʦʙʣʘʜʘʶʱʠʤ ʢʦʥʩʝʨʚʘʪʠʚʥʦʩʪʴʶ, ʷʚʣʷʝʪʩʷ ʫʯʘʩʪʦʢ ʛʝʥʦʤʘ, 

ʢʦʜʠʨʫʶʱʠʡ N/S ʜʦʤʝʥ ʙʝʣʢʘ VP1 [Wang et al., 1992; Green et al., 1997; 

Kageyama et al., 2003; Matsui et al., 1991]. 

ɸʥʘʣʠʟʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʘʡʤʝʨʦʚ ʜʣʷ ʘʤʧʣʠʬʠʢʘʮʠʠ 

ʥʝʧʦʣʠʤʝʨʘʟʥʳʭ ʨʝʛʠʦʥʦʚ ʛʝʥʦʤʘ ʠʟ-ʟʘ ʫʟʢʦʡ ʩʧʝʮʠʬʠʯʥʦʩʪʠ ʠ 

ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʥʦʨʦʚʠʨʫʩʦʚ ʧʦʟʚʦʣʷʶʪ ʚʳʷʚʣʷʪʴ ʣʠʰʴ 

ʥʝʙʦʣʴʰʦʝ ʯʠʩʣʦ ʰʪʘʤʤʦʚ ʚʠʨʫʩʘ [Atmar et al., 2001]. 
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ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʠʥʜʠʢʘʮʠʠ ʥʦʨʦʚʠʨʫʩʦʚ ʚ 10-

1000 ʨʘʟ ʠʩʧʦʣʴʟʫʶʪ çʛʥʝʟʜʦʚʫʶè ʠʣʠ çʧʦʣʫʛʥʝʟʜʦʚʫʶè ʇʎʈ [Green et 

al.,1998]. ʆʜʥʘʢʦ ʛʣʘʚʥʳʡ ʥʝʜʦʩʪʘʪʦʢ ʵʪʦʛʦ ʧʦʜʭʦʜʘ ï ʫʚʝʣʠʯʝʥʠʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʧʝʨʝʢʨʝʩʪʥʦʡ ʢʦʥʪʘʤʠʥʘʮʠʠ ʦʙʨʘʟʮʦʚ [Atmar, Estes, 2001]. 

ʀʟʙʝʞʘʪʴ ʵʪʦʛʦ ʥʝʜʦʩʪʘʪʢʘ ʧʦʟʚʦʣʷʝʪ ʧʦʩʪʘʥʦʚʢʘ ʇʎʈ ʩ ʛʠʙʨʠʜʠʟʘʮʦʥʥʦ-

ʬʣʫʦʨʝʩʮʝʥʪʥʦʡ ʜʝʪʝʢʮʠʝʡ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ (çreal-timeè). 

ʈʘʟʨʘʙʦʪʘʥʳ ʤʝʪʦʜʠʢʠ çreal-timeè-ʇʎʈ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʥʦʨʦʚʠʨʫʩʦʚ I-ʡ ʠ 

II-ʡ ʛʝʥʦʛʨʫʧʧ [Chen et al., 2008; Robilotti et al., 2015; Kojima et al., 2002; 

Kanwar et al., 2018].  

ʉʣʝʜʫʶʱʠʡ ʵʪʘʧ ï ʨʘʟʨʘʙʦʪʢʘ ʤʫʣʴʪʠʧʣʝʢʩʥʳʭ ʪʝʩʪ-ʩʠʩʪʝʤ ʥʘ 

ʦʩʥʦʚʝ çreal-timeè-ʇʎʈ ʜʣʷ ʧʘʥʝʣʠ ʢʠʰʝʯʥʳʭ ʧʘʪʦʛʝʥʦʚ. ɺ ʜʦʧʦʣʥʝʥʠʝ ʢ 

ʚʳʷʚʣʝʥʠʶ ʥʦʨʦʚʠʨʫʩʦʚ ʛʝʥʦʛʨʫʧʧ I ʠ II ʦʥʠ ʧʦʟʚʦʣʷʶʪ ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʦʙʥʘʨʫʞʠʚʘʪʴ ʨʦʪʘʚʠʨʫʩ, ʘʜʝʥʦʚʠʨʫʩ 40/41, ʘʩʪʨʦʚʠʨʫʩ, Giardia, 

Cryptosporidium, Entamoeba histolytica, Campylobacter, ʪʦʢʩʠʥ A/B C. 

difficile, Salmonella, Shigella, Vibrio cholerae, Escherichia coli O157:H7, 

ʵʥʪʝʨʦʪʦʢʩʠʛʝʥʥʳʡ ʰʠʛʝʣʣʦ-ʧʦʜʦʙʥʳʡ ʪʦʢʩʠʥ, ʧʨʦʜʫʮʠʨʫʝʤʳʡ E. Coli 

[ʜʣʷ ʦʙʟʦʨʘ ʩʤ. Robilotti et al., 2015].  

ɺ ʈʦʩʩʠʠ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʢʘʣʠʮʠʚʠʨʫʩʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ ʕʄ 

[ʉʠʨʦʪʢʠʥ ʠ ʩʦʘʚʪ., 2003; ʈʘʜʯʠʢʦʚʘ ʠ ʩʦʘʚʪ., 2008], ʀʌɸ [ɹʫʣʘʥʦʚʘ ʠ 

ʩʦʘʚʪ., 2008; ʉʦʣʦʤʘʡ, ʖʨʴʝʚʘ, 2016], ʆʊ-ʇʎʈ [ɹʦʜʥʝʚ ʠ ʩʦʘʚʪ., 2008; 

ɻʦʨʝʣʦʚ ʠ ʩʦʘʚʪ. 2008; ɹʫʣʘʥʦʚʘ ʠ ʩʦʘʚʪ., 2008; ɽʧʠʬʘʥʦʚʘ ʠ ʩʦʘʚʪ., 2008; 

ʃʫʢʦʚʥʠʢʦʚʘ ʠ ʩʦʘʚʪ., 2008;  ʄʫʭʠʥʘ ʠ ʩʦʘʚʪ., 2002; ʇʦʜʢʦʣʟʠʥ ʠ ʩʦʘʚʪ., 

2004; ʉʘʛʘʣʦʚʘ ʠ ʩʦʘʚʪ., 2006; Zhirakovskaia et al., 2015]. ʇʝʨʚʳʝ 

ʢʦʤʤʝʨʯʝʩʢʠʝ ʪʝʩʪ-ʩʠʩʪʝʤ rʜʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʥʦʨʦʚʠʨʫʩʦʚ ʛʝʥʦʛʨʫʧʧ I ʠ 

II ʤʝʪʦʜʦʤ ʆʊ-ʇʎʈ ʩ ʜʝʪʝʢʮʠʝʡ ʧʨʦʜʫʢʪʦʚ ʘʤʧʣʠʬʠʢʘʮʠʠ ʤʝʪʦʜʦʤ 

ʵʣʝʢʪʨʦʬʦʨʝʟʘ, ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʚ ʈʦʩʩʠʠ, ʧʦʷʚʠʣʠʩʴ ʚ 2002 ʛ. [ʄʫʭʠʥʘ ʠ 

ʩʦʘʚʪ.  2002]. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʳʧʫʩʢʘʶʪʩʷ ʥʘʙʦʨʳ ʜʣʷ ʇʎʈ ʚ ʨʝʞʠʤʝ 

ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʚ ʬʦʨʤʘʪʝ çʤʫʣʴʪʠʧʨʘʡʤè ʩ ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʜʝʪʝʢʮʠʝʡ 

ʨʷʜʘ ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʠ ʚʠʨʫʩʥʳʭ ʘʛʝʥʪʦʚ, ʚʢʣʶʯʘʷ ʥʦʨʦʚʠʨʫʩʳ.  
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ʀʩʩʣʝʜʦʚʘʥʠʝ ʦʙʲʝʢʪʦʚ ʚʥʝʰʥʝʡ ʩʨʝʜʳ. ɺʳʩʦʢʘʷ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʤʝʪʦʜʘ ʇʎʈ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʝʛʦ ʧʨʠʤʝʥʝʥʠʷ ʥʝ ʪʦʣʴʢʦ ʚ ʵʪʠʦʣʦʛʠʯʝʩʢʦʡ ʜʠʘʛʥʦʩʪʠʢʝ 

ʚʠʨʫʩʥʳʭ ʆʂʀ, ʥʦ ʠ ʚ ʮʝʣʷʭ ʠʥʜʠʢʘʮʠʠ ʚʦʟʙʫʜʠʪʝʣʝʡ ʚʠʨʫʩʥʳʭ ʜʠʘʨʝʡ ʫ 

ʢʣʠʥʠʯʝʩʢʠ ʟʜʦʨʦʚʳʭ ʣʠʮ ʠ ʚ ʦʙʲʝʢʪʘʭ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʇʨʠ ʵʪʦʤ 

ʥʝʦʙʭʦʜʠʤ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʡ ʧʦʜʭʦʜ ʢ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ [ʇʦʜʢʦʣʟʠʥ ʠ ʩʦʘʚʪ., 2015; Corcoran et 

al., 2014]. 

Boxman I.L. ʠ ʩʦʘʚʪ. (2009) ʦʮʝʥʠʣʠ ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʩʤʳʚʦʚ ʩ ʦʙʲʝʢʪʦʚ ʚʥʝʰʥʝʡ ʩʨʝʜʳ ʧʨʠ ʫʩʪʘʥʦʚʣʝʥʠʠ ʵʪʠʦʣʦʛʠʯʝʩʢʦʛʦ 

ʘʛʝʥʪʘ ʚʩʧʳʰʝʢ ʆʂʀ ʚ ʨʝʩʪʦʨʘʥʘʭ ʠ ʥʘ ʢʨʫʠʟʥʳʭ ʢʦʨʘʙʣʷʭ. ɺʩʧʳʰʢʠ 

ʙʳʣʠ ʚʢʣʶʯʝʥʳ ʚ ʠʩʩʣʝʜʦʚʘʥʠʝ ʥʘ ʦʩʥʦʚʘʥʠʠ ʢʣʠʥʠʯʝʩʢʠʭ ʩʠʤʧʪʦʤʦʚ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʚʠʨʫʩʥʦʤʫ ʛʘʩʪʨʦʵʥʪʝʨʠʪʫ, ʘ ʪʘʢʞʝ ʚʨʝʤʝʥʠ ʤʝʞʜʫ 

ʫʧʦʪʨʝʙʣʝʥʠʝʤ ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʢʦʥʪʘʤʠʥʠʨʦʚʘʥʥʦʡ ʧʠʱʠ ʠ 

ʧʦʷʚʣʝʥʠʝʤ ʢʣʠʥʠʯʝʩʢʠʭ ʩʠʤʧʪʦʤʦʚ (ʙʦʣʝʝ 12 ʯʘʩʦʚ). ʉ ʧʦʤʦʱʴʶ ʆʊ-ʇʎʈ 

ʥʦʨʦʚʠʨʫʩʥʘʷ ʈʅʂ ʙʳʣʘ ʦʙʥʘʨʫʞʝʥʘ  ʚ 51 ʠʟ 86 (59 %) ʢʣʠʥʠʯʝʩʢʠʭ 

ʦʙʨʘʟʮʦʚ ʚ 12 ʠʟ 14 ʚʩʧʳʰʝʢ (86 %), ʚ 13 ʠʟ 90 (14 %) ʧʨʦʙ ʧʠʱʠ ʚ 4-ʭ ʠʟ 

18 ʚʩʧʳʰʝʢ (22 %), ʠ ʚ 48 ʠʟ 119 (40 %) ʩʤʳʚʦʚ, ʚʟʷʪʳʭ ʚ 14 ʠʟ 27 ʚʩʧʳʰʝʢ 

(52 %). ʇʦʣʦʞʠʪʝʣʴʥʳʝ ʩʤʳʚʳ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʠ ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʧʨʦʙʘʤ 

ʧʠʱʠ ʚ ʩʝʤʠ ʚʩʧʳʰʢʘʭ (ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʠʜʝʥʪʠʯʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ). 

ʂʨʦʤʝ ʪʦʛʦ, ʥʦʨʦʚʠʨʫʩʳ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ ʚ ʢʫʭʥʷʭ ʠ 

ʚʘʥʥʳʭ ʢʦʤʥʘʪʘʭ ʚ ʧʷʪʠ ʚʩʧʳʰʢʘʭ, ʧʨʠ ʢʦʪʦʨʳʭ ʥʝ ʙʳʣʦ ʚʦʟʤʦʞʥʦʩʪʠ 

ʠʩʩʣʝʜʦʚʘʪʴ ʢʣʠʥʠʯʝʩʢʠʝ ʦʙʨʘʟʮʳ, ʘ ʪʘʢʞʝ ʚ ʜʚʫʭ ʚʩʧʳʰʢʘʭ, ʛʜʝ ʤʘʪʝʨʠʘʣ 

ʦʪ ʙʦʣʴʥʳʭ ʙʳʣ ʦʪʨʠʮʘʪʝʣʝʥ ʥʘ ʥʘʣʠʯʠʝ ʥʦʨʦʚʠʨʫʩʦʚ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʤʳʚʦʚ ʩ ʧʦʚʝʨʭʥʦʩʪʝʡ ʧʨʝʜʤʝʪʦʚ ʤʦʞʝʪ ʙʳʪʴ 

ʠʥʬʦʨʤʘʪʠʚʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʚ ʜʦʧʦʣʥʝʥʠʝ ʢ ʠʩʩʣʝʜʦʚʘʥʠʶ ʦʙʨʘʟʮʦʚ 

ʧʠʱʠ ʠ ʤʘʪʝʨʠʘʣʘ ʦʪ ʙʦʣʴʥʳʭ, ʦʩʦʙʝʥʥʦ, ʚ ʪʝʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʚʠʨʫʩʥʘʷ 

ʈʅʂ ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ 

ʧʠʱʠ [Boxman et al., 2009]. 
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ʇʨʝʜʣʦʞʝʥ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʡ ʧʨʦʪʦʢʦʣ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʪʘʤʧʦʥʦʚ ʠʟ ʤʘʪʝʨʠʘʣʘ ʤacrofoam ʜʣʷ ʦʪʙʦʨʘ ʧʨʦʙ ʩ ʧʦʚʝʨʭʥʦʩʪʝʡ ʧʨʠ 

ʦʪʩʫʪʩʪʚʠʠ ʢʣʠʥʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ ʜʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʥʦʨʦʚʠʨʫʩʥʦʡ 

ʵʪʠʦʣʦʛʠʠ ʚʩʧʳʰʝʢ [Park et al., 2015]. 

ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʙʦʣʴʰʠʭ ʦʙʲʝʤʦʚ ʚʦʜʳ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ 

ʚʠʨʫʩʦʚ ʚ ʚʦʜʝ ʦʪʢʨʳʪʳʭ ʚʦʜʦʝʤʦʚ ʥʝʦʙʭʦʜʠʤʦ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʝ ʚʠʨʫʩʘ. 

ɼʣʷ ʵʪʠʭ ʮʝʣʝʡ ʧʨʝʜʣʦʞʝʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʫʩʪʘʥʦʚʦʢ ʜʣʷ 

ʫʣʴʪʨʘʬʠʣʴʪʨʘʮʠʠ ʚʦʜʳ ʠ ʧʦʩʣʝʜʫʶʱʝʝ ʚʳʷʚʣʝʥʠʝ ʈʅʂ ʥʦʨʦʚʠʨʫʩʘ ʩ 

ʧʦʤʦʱʴʶ ʧʦʣʫʛʥʝʟʜʦʚʦʡ ʇʎʈ [Hernandez-Morga et al., 2009]. 

ɼʣʷ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ ʢʠʰʝʯʥʳʭ ʚʠʨʫʩʦʚ ʠʩʧʦʣʴʟʫʶʪ ʬʠʣʴʪʨʳ 

1MDC, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʜʦʨʦʛʦʩʪʦʷʱʠʤʠ ʜʣʷ ʨʫʪʠʥʥʦʛʦ ʚʠʨʫʩʥʦʛʦ 

ʤʦʥʠʪʦʨʠʥʛʘ. ɺ ʢʘʯʝʩʪʚʝ ʘʣʴʪʝʨʥʘʪʠʚʳ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʦʣʴʰʠʭ 

ʦʙʲʝʤʦʚ ʚʦʜʦʧʨʦʚʦʜʥʦʡ ʚʦʜʳ ʚ ʉʐɸ ʨʘʟʨʘʙʦʪʘʥʳ ʵʢʦʥʦʤʠʯʥʳʝ 

ʢʘʨʪʨʠʜʞʠ NanoCeram, ʧʦʟʚʦʣʷʶʱʠʝ ʵʬʬʝʢʪʠʚʥʦ ʢʦʥʮʝʥʪʨʠʨʦʚʘʪʴ ʠ 

ʚʳʷʚʣʷʪʴ ʥʦʨʦʚʠʨʫʩʳ ʠ ʵʥʪʝʨʦʚʠʨʫʩʳ. ɺ ʩʨʝʜʥʝʤ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ʧʨʠ 

ʢʦʥʪʘʤʠʥʘʮʠʠ ʚʠʨʫʩʘʤʠ 100 ʣ ʚʦʜʦʧʨʦʚʦʜʥʦʡ ʠʣʠ ʨʝʯʥʦʡ ʚʦʜʳ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʘʜʩʦʨʙʮʠʠ ʚʠʨʫʩʦʚ ʥʘ ʵʪʠʭ ʬʠʣʴʪʨʘʭ ʩʦʩʪʘʚʠʣʘ 84 %, ʘ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʦʩʣʝʜʫʶʱʝʡ ʵʣʶʮʠʠ ï 77 % [Karim et al., 2009]. 

ʈʘʟʨʘʙʦʪʘʥʘ ʵʬʬʝʢʪʠʚʥʘʷ ʧʨʦʮʝʜʫʨʘ ʵʢʩʪʨʘʢʮʠʠ ʈʅʂ ʠ ɼʅʂ 

ʚʠʨʫʩʦʚ, ʙʘʢʪʝʨʠʡ ʠ ʧʨʦʩʪʝʡʰʠʭ ʠʟ ʚʦʜʥʳʭ ʢʦʥʮʝʥʪʨʘʪʦʚ ʩ ʧʦʩʣʝʜʫʶʱʝʡ 

ʫʧʨʦʱʝʥʥʦʡ ʧʦʩʪʘʥʦʚʢʦʡ ʇʎʈ ʜʣʷ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʠʪʴʝʚʦʡ 

ʚʦʜʳ ʠ ʚʦʜʳ ʦʪʢʨʳʪʳʭ ʚʦʜʦʝʤʦʚ [Hill et al., 2015]. 

ɹʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʦʮʝʥʢʠ ʵʧʠʜʝʤʠʯʝʩʢʦʡ ʩʠʪʫʘʮʠʠ ʠʤʝʝʪ 

ʠʥʬʦʨʤʘʮʠʷ ʦ ʟʘʛʨʷʟʥʝʥʥʦʩʪʠ ʚʠʨʫʩʘʤʠ ʧʨʠʙʨʝʞʥʳʭ ʚʦʜ. ʇʨʦʚʝʜʝʥʳ 

ʫʩʧʝʰʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʶ ʚʠʨʫʩʦʚ ʠʟ ʤʦʨʩʢʦʡ ʚʦʜʳ ʩ 

ʧʦʤʦʱʴʶ çʙʠʦʘʢʢʫʤʫʣʷʪʦʨʦʚè ï ʜʚʫʩʪʚʦʨʯʘʪʳʭ ʤʦʣʣʶʩʢʦʚ Isognomon sp. 

ʅʦʨʦʚʠʨʫʩʳ ʠ ʵʥʪʝʨʦʚʠʨʫʩʳ ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʩ ʧʦʤʦʱʴʶ ʇʎʈ ʧʦʩʣʝ 

ʬʠʣʴʪʨʘʮʠʠ ʵʪʠʤʠ ʤʦʣʣʶʩʢʘʤʠ ʤʦʨʩʢʦʡ ʚʦʜʳ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 



 

44 

 

 

ʢʦʥʪʘʤʠʥʠʨʦʚʘʥʥʦʡ ʩʪʦʯʥʳʤʠ ʚʦʜʘʤʠ ʠʣʠ ʦʙʨʘʟʮʘʤʠ ʬʝʢʘʣʠʡ, 

ʩʦʜʝʨʞʘʱʠʤʠ ʥʦʨʦʚʠʨʫʩ ʯʝʣʦʚʝʢʘ [Asahina et al., 2009]. 

ɺ ʗʧʦʥʠʠ ʚ ʪʝʯʝʥʠʝ 3-ʭ ʣʝʪ (2013-2016 ʛʛ.) ʧʨʦʚʦʜʠʣʦʩʴ 

ʥʘʙʣʶʜʝʥʠʝ ʟʘ ʮʠʨʢʫʣʷʮʠʝʡ ʥʦʨʦʚʠʨʫʩʦʚ ʚʦ ʚʥʝʰʥʝʡ ʩʨʝʜʝ ʠ 

ʟʘʙʦʣʝʚʘʝʤʦʩʪʴʶ ʥʦʨʦʚʠʨʫʩʥʦʡ ʠʥʬʝʢʮʠʝʡ. ʂʨʦʩʩ-ʢʦʨʨʝʣʷʮʠʦʥʥʳʡ 

ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ ʥʘʣʠʯʠʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʦʡ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ 

ʠʟʤʝʥʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʦʨʦʚʠʨʫʩʦʚ ʚ ʩʪʦʯʥʳʭ ʚʦʜʘʭ ʠ ʢʦʣʠʯʝʩʪʚʦʤ 

ʨʝʛʠʩʪʨʠʨʫʝʤʳʭ ʩʣʫʯʘʝʚ ʥʦʨʦʚʠʨʫʩʥʦʛʦ ʛʘʩʪʨʦʵʥʪʝʨʠʪʘ. ʆʪʤʝʯʘʝʪʩʷ, ʯʪʦ 

ʤʦʥʠʪʦʨʠʥʛ ʥʘʣʠʯʠʷ ʥʦʨʦʚʠʨʫʩʦʚ ʚ ʩʪʦʯʥʳʭ ʚʦʜʘʭ ʤʦʞʝʪ ʙʳʪʴ 

ʯʫʚʩʪʚʠʪʝʣʴʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʵʧʠʜʝʤʠʯʝʩʢʠʭ ʚʘʨʠʘʥʪʦʚ 

ʥʦʨʦʚʠʨʫʩʦʚ ʚ ʯʝʣʦʚʝʯʝʩʢʦʡ ʧʦʧʫʣʷʮʠʠ [Kazama et al., 2017]. 

ʇʨʠʤʝʥʝʥʠʝ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʦʡ ʧʨʦʮʝʜʫʨʳ ʦʙʨʘʪʥʦʡ 

ʪʨʘʥʩʢʨʠʧʮʠʠ ʠ ʫʜʘʣʝʥʠʷ ʠʥʛʠʙʠʪʦʨʦʚ ʧʦʟʚʦʣʠʣʦ ʧʦʣʫʯʠʪʴ ʜʣʠʥʥʳʝ 

ʘʤʧʣʠʢʦʥʳ ʚʠʨʫʩʥʦʛʦ ʛʝʥʦʤʘ ʠʟ ʦʙʨʘʟʮʦʚ ʩʪʦʯʥʳʭ ʚʦʜ ʜʣʷ 

ʛʝʥʦʪʠʧʠʨʦʚʘʥʠʷ ʥʦʨʦʚʠʨʫʩʦʚ ʤʝʪʦʜʦʤ ʥʘʥʦʧʦʨʦʚʦʛʦ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ 

[Scott et al., 2024].  

ʊʨʘʜʠʮʠʦʥʥʦ ʦʙʥʘʨʫʞʝʥʠʝ ʚʠʨʫʩʦʚ ʛʘʩʪʨʦʵʥʪʝʨʠʪʘ ʚ ʦʙʨʘʟʮʘʭ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʤʦʣʝʢʫʣʷʨʥʳʭ ʤʝʪʦʜʘʭ. ʆʜʥʘʢʦ ʜʣʷ 

ʪʘʢʠʭ ʚʠʨʫʩʦʚ, ʢʘʢ ʥʦʨʦʚʠʨʫʩʳ, ʦʪʩʫʪʩʪʚʠʝ ʥʘʜʝʞʥʦʛʦ ʤʝʪʦʜʘ 

ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʢʣʝʪʦʢ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʠʨʫʩʥʦʡ ʠʥʬʝʢʮʠʦʥʥʦʩʪʠ 

ʟʘʪʨʫʜʥʷʣʦ ʦʮʝʥʢʫ ʨʠʩʢʦʚ ʜʣʷ ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ. Carmona-

Vicente N. ʠ ʩʦʘʚʪ. (2024) ʫʩʧʝʰʥʦ ʧʨʠʤʝʥʠʣʠ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʡ ʤʝʪʦʜ 

ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʢʠʰʝʯʥʳʭ ʵʥʪʝʨʦʠʜʦʚ ʯʝʣʦʚʢʘ ʜʣʷ ʜʝʤʦʥʩʪʨʘʮʠʠ 

ʧʨʠʩʫʪʩʪʚʠʷ ʤʥʦʞʝʩʪʚʘ ʠʥʬʝʢʮʠʦʥʥʳʭ ʚʠʨʫʩʦʚ ʛʘʩʪʨʦʵʥʪʝʨʠʪʘ ʯʝʣʦʚʝʢʘ, 

ʚʢʣʶʯʘʷ ʥʦʨʦʚʠʨʫʩʳ, ʚ ʦʙʨʘʟʮʘʭ ʩʪʦʯʥʳʭ ʚʦʜ, ʟʘʛʨʷʟʥʝʥʥʳʭ 

ʝʩʪʝʩʪʚʝʥʥʳʤ ʧʫʪʝʤ [Carmona-Vicente et al., 2024]. 
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ɻʃɸɺɸ 4 ɻɽʅɽʊʀʏɽʉʂʆɽ ʈɸɿʅʆʆɹʈɸɿʀɽ ʀ ʕɺʆʃʖʎʀʗ 

ʅʆʈʆɺʀʈʋʉʆɺ 

 

 

4.1 ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʥʦʨʦʚʠʨʫʩʦʚ 

 

ʀʟʫʯʝʥʠʝ ʨʘʟʥʦʦʙʨʘʟʠʷ ʠ ʠʟʤʝʥʯʠʚʦʩʪʠ ʥʦʨʦʚʠʨʫʩʦʚ ʚ ʩʚʷʟʠ ʩ 

ʦʪʩʫʪʩʪʚʠʝʤ ʜʦʩʪʫʧʥʦʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʞʠʚʦʪʥʦʡ ʤʦʜʝʣʠ ʠ 

ʩʣʦʞʥʦʩʪʴʶ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʥʦʨʦʚʠʨʫʩʦʚ ʯʝʣʦʚʝʢʘ ʥʘ ʢʣʝʪʦʯʥʳʭ ʣʠʥʠʷʭ, 

ʧʨʦʚʦʜʠʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʧʫʪʝʤ ʩʝʢʚʝʥʠʨʦʚʥʠʷ ʠ ʘʥʘʣʠʟʘ ʥʫʢʣʝʦʪʠʜʥʳʭ 

ʟʘʤʝʥ ʚ ʨʘʟʣʠʯʥʳʭ ʫʯʘʩʪʢʘʭ ʛʝʥʦʤʘ ʠ ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʟʘʤʝʥ ʚ ʙʝʣʢʘʭ 

ʚʠʨʫʩʘ.  

ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʰʪʘʤʤʦʚ ʥʦʨʦʚʠʨʫʩʦʚ ʧʦ ʨʘʟʣʠʯʥʳʤ 

ʛʝʥʝʪʠʯʝʩʢʠʤ ʢʣʘʩʪʝʨʘʤ ʙʳʣʘ ʧʨʠʟʥʘʥʘ ʚ ʩʝʨʝʜʠʥʝ 1990-ʭ ʛʦʜʦʚ, ʢʦʛʜʘ 

ʥʦʨʦʚʠʨʫʩʳ ʙʳʣʠ ʨʘʟʜʝʣʝʥʳ ʥʘ ʛʝʥʦʛʨʫʧʧʳ ʠ ʛʝʥʦʪʠʧʳ ʥʘ ʦʩʥʦʚʝ 

ʯʘʩʪʠʯʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ RdRp [Ando et al., 1995; Green et al., 1995; 

Nakayama et al., 1996; Vinj® et al., 1996]. ʂʦʛʜʘ ʩʪʘʣʦ ʜʦʩʪʫʧʥʦ ʙʦʣʴʰʝ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ, ʧʨʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʥʦʨʦʚʠʨʫʩʦʚ ʧʝʨʝʰʣʠ ʢ 

ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʧʦʣʥʦʡ ʘʤʠʥʦʢʠʩʣʦʪʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ VP1 ʩ 

ʧʦʨʦʛʦʤ ʦʪʩʝʯʝʥʠʷ ʫʨʦʚʥʷ ʨʘʟʣʠʯʠʡ ʚ 30-40 % ʜʣʷ ʛʝʥʦʛʨʫʧʧ ʠ 20 % ï ʜʣʷ 

ʛʝʥʦʪʠʧʦʚ, ʯʪʦ ʧʦʟʜʥʝʝ ʙʳʣʦ ʩʢʦʨʨʝʢʪʠʨʦʚʘʥʦ ʜʦ 15 % [Vinj® J.  et al., 2000; 

Zheng et al., 2006]. ʀʟ-ʟʘ ʦʪʩʫʪʩʪʚʠʷ ʤʝʞʜʫʥʘʨʦʜʥʦ-ʧʨʠʟʥʘʥʥʳʭ ʩʪʘʥʜʘʨʪʦʚ 

ʥʝʢʦʪʦʨʳʝ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʝ ʛʨʫʧʧʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʣʷ ʢʣʘʩʩʠʬʠʢʘʮʠʠ 

ʛʝʥʦʪʠʧʦʚ ʥʝʙʦʣʴʰʫʶ ʥʫʢʣʝʦʪʠʜʥʫʶ ʦʙʣʘʩʪʴ 5'-ʢʦʥʮʘ VP1 (ʦʙʣʘʩʪʴ ʉ), 

ʯʪʦ ʭʦʪʷ ʠ ʧʦʟʚʦʣʷʣʦ ʪʠʧʠʨʦʚʘʪʴ ʥʦʨʦʚʠʨʫʩʳ, ʥʦ ʧʨʠʚʦʜʠʣʦ ʢ 

ʧʨʦʪʠʚʦʨʝʯʠʚʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʥʝʢʦʪʦʨʳʭ ʰʪʘʤʤʦʚ [Zheng et al., 2006; 

Kageyama et al., 2004]. 

ɺ 2013 ʛʦʜʫ ʤʝʞʜʫʥʘʨʦʜʥʘʷ ʨʘʙʦʯʘʷ ʛʨʫʧʧʘ ʧʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠ 

ʥʦʨʦʚʠʨʫʩʦʚ ʚʳʜʚʠʥʫʣʘ ʧʨʝʜʣʦʞʝʥʠʝ ʧʦ ʝʜʠʥʦʡ ʥʦʤʝʥʢʣʘʪʫʨʝ ʠ 

ʛʝʥʦʪʠʧʠʨʦʚʘʥʠʶ ʥʦʨʦʚʠʨʫʩʦʚ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʤʫ ʥʦʨʦʚʠʨʫʩʳ ʙʳʣʠ 
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ʛʝʥʝʪʠʯʝʩʢʠ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥʳ ʥʘ ʰʝʩʪʴ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʛʝʥʦʛʨʫʧʧ (GI ï 

GVI) ʠ ʧʨʝʜʧʦʣʘʛʘʝʤʫʶ ʩʝʜʴʤʫʶ (GVII). ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʦʡ ʢʣʘʩʪʝʨʠʟʘʮʠʠ ʥʘ ʦʩʥʦʚʝ ʧʦʣʥʳʭ ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʩʪʨʫʢʪʫʨʥʦʛʦ ʙʝʣʢʘ VP1 ʛʝʥʦʛʨʫʧʧʳ ʙʳʣʠ ʜʘʣʝʝ 

ʨʘʟʜʝʣʝʥʳ ʢʘʢ ʤʠʥʠʤʫʤ ʥʘ 38 ʛʝʥʦʪʠʧʦʚ [Kroneman et al., 2013; Vinj®, 

2015].  

ʐʪʘʤʤʳ ʛʝʥʦʪʠʧʘ GII.4 ʙʳʣʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʩʫʙʪʠʧʠʨʦʚʘʥʳ ʥʘ 

ʚʘʨʠʘʥʪʳ ʥʘ ʦʩʥʦʚʝ ʢʘʢ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʦʡ ʢʣʘʩʪʝʨʠʟʘʮʠʠ, ʪʘʢ ʠ c ʫʯʝʪʦʤ 

ʪʦʛʦ ʬʘʢʪʘ, ʯʪʦ ʦʥʠ ʩʪʘʣʠ ʵʧʠʜʝʤʠʯʝʩʢʠʤʠ ʢʘʢ ʤʠʥʠʤʫʤ ʚ ʜʚʫʭ 

ʦʪʜʝʣʴʥʳʭ ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʪʦʯʢʘʭ. ɺʘʨʠʘʥʪʳ GII.4 ʦʙʦʟʥʘʯʘʣʠʩʴ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʛʦʜʦʤ ʠ ʤʝʩʪʦʤ ʧʦʷʚʣʝʥʠʷ ʧʝʨʚʦʡ ʧʦʣʥʦʨʘʟʤʝʨʥʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʢʘʧʩʠʜʥʦʛʦ ʙʝʣʢʘ ʚ ʦʪʢʨʳʪʦʤ ʜʦʩʪʫʧʝ. ɼʣʷ ʫʯʝʪʘ 

ʯʘʩʪʦʛʦ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʨʝʢʦʤʙʠʥʘʮʠʠ ʚ ʧʝʨʝʢʨʳʚʘʶʱʝʡʩʷ ʦʙʣʘʩʪʠ 

ʦʪʢʨʳʪʳʭ ʨʘʤʦʢ ʩʯʠʪʳʚʘʥʠʷ ORF1/ORF2 ʚ ʛʝʥʦʤʝ ʥʦʨʦʚʠʨʫʩʦʚ, ʙʳʣʘ 

ʧʨʝʜʣʦʞʝʥʘ ʩʠʩʪʝʤʘ ʜʚʦʡʥʦʡ ʥʦʤʝʥʢʣʘʪʫʨʳ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʧʦʣʥʳʭ 

ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʭ VP1 (ʢʦʜʠʨʫʝʤʦʛʦ ORF2) ʠ 

ʯʘʩʪʠʯʥʳʭ ʥʫʢʣʝʦʪʠʜʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʭ ʈʅʂ-ʟʘʚʠʩʠʤʦʡ ʈʅʂ-

ʧʦʣʠʤʝʨʘʟʳ (RdRp) ʚ ʦʙʣʘʩʪʠ 5'-ʢʦʥʮʘ ORF1 (762 ʥ.ʦ.).  ʅʘʠʤʝʥʦʚʘʥʠʝ 

ʦʨʬʘʥʥʳʭ (çʩʠʨʦʪʩʢʠʭè) ʪʠʧʦʚ RdRp, ʪʘʢʞʝ ʠʟʚʝʩʪʥʳʭ ʢʘʢ çʦʙʷʟʘʪʝʣʴʥʳʝ 

(ʦʙʣʠʛʘʪʥʳʝ) ʨʝʢʦʤʙʠʥʘʥʪʳ ʥʦʨʦʚʠʨʫʩʘè, ʠ ʦʙʦʟʥʘʯʝʥʠʝ ʠʟʚʝʩʪʥʳʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ RdRp, ʥʝ ʠʤʝʶʱʠʭ ʘʪʨʠʙʫʪʠʨʦʚʘʥʥʳʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʢʘʧʩʠʜʘ, ʘ ʙʝʩʧʦʨʷʜʦʯʥʦ ʩʚʷʟʘʥʥʳʭ ʩ ʢʘʧʩʠʜʘʤʠ 

ʨʘʟʣʠʯʥʳʭ ʛʝʥʦʪʠʧʦʚ, ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʘʣʬʘʚʠʪʥʦʡ 

ʩʠʩʪʝʤʝ [Kroneman et al., 2013; Vinj®, 2015].  

ʇʨʠʜʝʨʞʠʚʘʷʩʴ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʢʨʠʪʝʨʠʝʚ ʘʪʨʠʙʫʮʠʠ ʛʝʥʦʪʠʧʘ ʠ 

ʥʫʤʝʨʘʮʠʠ ʧʦʣʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʢʘʧʩʠʜʥʦʛʦ ʙʝʣʢʘ VP1, ʵʪʘ 

ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʙʳʣʘ ʦʙʥʦʚʣʝʥʘ ʚ 2019 ʛʦʜʫ ʠ  ʚʢʣʶʯʘʝʪ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʜʝʩʷʪʴ ʧʨʠʥʷʪʳʭ ʛʝʥʦʛʨʫʧʧ (ʦʪ GI ʜʦ GX) ʠ 48 ʧʦʜʪʚʝʨʞʜʝʥʥʳʭ ʛʝʥʦʪʠʧʦʚ, 
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ʘ ʪʘʢʞʝ ʜʚʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʛʝʥʦʛʨʫʧʧʳ (GNA1 ʠ GNA2) ʠ ʪʨʠ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʭ ʛʝʥʦʪʠʧʘ [Chhabra et al. 2019, 2020] (ʊʘʙʣʠʮʘ 2). 

ʉʦʛʣʘʩʥʦ ʢʨʠʪʝʨʠʶ 2 Ĭ sd, ʩʨʝʜʥʝʝ ʛʝʥʝʪʠʯʝʩʢʦʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ 

ʚʩʝʤʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤʠ ʚ ʥʦʚʦʡ ʛʝʥʦʛʨʫʧʧʝ ʠʣʠ ʛʝʥʦʪʠʧʝ ʠ ʚ 

ʙʣʠʞʘʡʰʝʤ ʨʘʥʝʝ ʫʩʪʘʥʦʚʣʝʥʥʦʤ ʢʣʘʩʪʝʨʝ ʥʝ ʜʦʣʞʥʦ ʧʝʨʝʢʨʳʚʘʪʴʩʷ ʚ 

ʧʨʝʜʝʣʘʭ ʜʚʫʭ ʩʪʘʥʜʘʨʪʥʳʭ ʦʪʢʣʦʥʝʥʠʡ (2 Ĭ sd) ʜʨʫʛ ʦʪ ʜʨʫʛʘ [Kroneman et 

al., 2013]. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʫʩʪʘʥʦʚʣʝʥʦ ʜʝʚʷʪʴ 

ʛʝʥʦʪʠʧʦʚ VP1 ʚ ʛʝʥʦʛʨʫʧʧʝ GI, ʜʚʘʜʮʘʪʴ ʰʝʩʪʴ ʚ ʛʝʥʦʛʨʫʧʧʝ GII (1 ï 27, 

ʠʩʢʣʶʯʘʷ GII.15, ʢʦʪʦʨʳʡ ʙʳʣ ʨʝʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥ ʚ ʦʪʜʝʣʴʥʫʶ 

ʛʝʥʦʛʨʫʧʧʫ ï GIX), ʪʨʠ ʚ GIII, ʧʦ ʜʚʘ ʚ GIV, GV ʠ GVI ʠ ʧʦ ʦʜʥʦʤʫ ʚ GVII-

GX. 

ʏʪʦʙʳ ʦʪʨʘʟʠʪʴ ʨʝʢʦʤʙʠʥʘʮʠʶ ORF1/ORF2 ʥʦʨʦʚʠʨʫʩʦʚ ʠ 

ʠʩʢʣʶʯʠʪʴ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʙʫʢʚʝʥʥʦʡ ʩʠʩʪʝʤʳ ʠʤʝʥʦʚʘʥʠʷ ʦʨʬʘʥʥʳʭ 

ORF1, ʥʦʨʦʚʠʨʫʩʳ ʥʘ ʦʩʥʦʚʘʥʠʠ ʥʫʢʣʝʦʪʠʜʥʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʚ ʨʝʛʠʦʥʝ 

RdRp ʚ ʦʙʥʦʚʣʝʥʥʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʨʘʟʜʝʣʝʥʳ ʥʘ 8 P-ʛʨʫʧʧ ʠ 60 P-ʪʠʧʦʚ 

(14 GI, 37 GII, 2 GIII, 1 GIV, 2 GV, 2 GVI, 1 GVII ʠ 1 GX), 2 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʝ P-ʛʨʫʧʧʳ ʠ 14 ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʭ P-ʪʠʧʦʚ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʠʭ ʢʘʧʩʠʜʥʳʭ ʛʝʥʦʛʨʫʧʧ ʠʣʠ ʛʝʥʦʪʠʧʦʚ (ʊʘʙʣʠʮʘ 2) 

[Chhabra et al., 2019]. 

ʇʨʝʜʳʜʫʱʘʷ ʥʦʤʝʥʢʣʘʪʫʨʘ ʰʪʘʤʤʦʚ ʥʦʨʦʚʠʨʫʩʘ ʩ ʜʚʦʡʥʳʤ 

ʪʠʧʠʨʦʚʘʥʠʝʤ ʙʳʣʘ ʦʪʤʝʥʝʥʘ ʚ ʧʦʣʴʟʫ ʦʙʥʦʚʣʝʥʥʦʡ ʚʝʨʩʠʠ, ʚ ʢʦʪʦʨʦʡ 

ʩʥʘʯʘʣʘ ʦʙʦʟʥʘʯʘʝʪʩʷ ʛʝʥʦʪʠʧ ʢʘʧʩʠʜʘ, ʘ ʟʘʪʝʤ P-ʪʠʧ ʚ ʩʢʦʙʢʘʭ (ʥʘʧʨʠʤʝʨ, 

ʧʨʝʜʳʜʫʱʝʝ ʦʙʦʟʥʘʯʝʥʠʝ ï GII.P12-GII.3, ʘ ʧʨʠʥʷʪʦʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʦʙʦʟʥʘʯʝʥʠʝ ï GII.3[P12]). ɼʣʷ ʰʪʘʤʤʦʚ, ʫ ʢʦʪʦʨʳʭ ʘʤʠʥʦʢʠʩʣʦʪʥʳʝ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ORF2 ʠ ORF1 ʛʨʫʧʧʠʨʫʶʪʩʷ ʚ ʨʘʟʥʳʭ ʛʝʥʦʛʨʫʧʧʘʭ, 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʦʙʦʟʥʘʯʝʥʠʷ çɻʝʥʦʛʨʫʧʧʘ.ʛʝʥʦʪʠʧ[Pʛʨʫʧʧʘ.P-ʪʠʧ]è 

(ʥʘʧʨʠʤʝʨ, ʧʨʝʜʳʜʫʱʝʝ ʦʙʦʟʥʘʯʝʥʠʝ ï GVI.P1-GIV.2, ʪʝʢʫʱʝʝ ï 

GIV.2[GVI.P1] [Chhabra et al. 2019]. 
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ʊʘʙʣʠʮʘ 2 ï ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʥʦʨʦʚʠʨʫʩʦʚ*   

[ʧʦ ʤʘʪʝʨʠʘʣʘʤ Chhabra et al. 2019] 

 

*ʂʣʘʩʩʠʬʠʢʘʮʠʠ ʥʦʨʦʚʠʨʫʩʦʚ ʩ ʯʠʩʣʦʤ ʛʝʥʦʛʨʫʧʧ ʠ ʛʝʥʦʪʠʧʦʚ ʥʘ ʦʩʥʦʚʝ ʧʦʣʥʳʭ 

ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ VP1 ʠ ʯʠʩʣʦʤ P-ʛʨʫʧʧ ʠ P-ʪʠʧʦʚ ʥʘ ʦʩʥʦʚʝ 

ʯʘʩʪʠʯʥʦʡ ʥʫʢʣʝʦʪʠʜʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ (762 ʥʫʢʣʝʦʪʠʜʘ) ʈʅʂ-ʟʘʚʠʩʠʤʦʡ ʈʅʂ-

ʧʦʣʠʤʝʨʘʟʳ (RdRp) ʥʘ 5'-ʢʦʥʮʝ ORF1. NA (ʥʝ ʦʙʦʟʥʘʯʝʥʳ) ï ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʡ 

ʛʝʥʦʪʠʧ/P-ʪʠʧ (ʢʦʛʜʘ ʜʦʩʪʫʧʥʘ ʪʦʣʴʢʦ ʦʜʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʠʣʠ ʥʝʩʢʦʣʴʢʦ 

ʥʝʠʜʝʥʪʠʯʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʠʟ ʦʜʥʦʛʦ ʛʝʦʛʨʘʬʠʯʝʩʢʦʛʦ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ). 

 

ʅʦʨʦʚʠʨʫʩʳ ʛʝʥʦʛʨʫʧʧ GI, GII, GIV, GVIII ʠ GIX (ʨʘʥʝʝ GII.15) 

ʟʘʨʘʞʘʶʪ ʯʝʣʦʚʝʢʘ ʠ ʚʳʟʳʚʘʶʪ ʦʩʪʨʳʡ ʛʘʩʪʨʦʵʥʪʝʨʠʪ.  ʅʦʨʦʚʠʨʫʩʳ 

ʛʝʥʦʛʨʫʧʧʳ GII ʠʥʬʠʮʠʨʫʶʪ ʪʘʢʞʝ ʩʚʠʥʝʡ, ʛʝʥʦʛʨʫʧʧʳ GIII ï ʢʨʫʧʥʳʡ 

ʨʦʛʘʪʳʡ ʩʢʦʪ ʠ ʦʚʝʮ, GV ï ʢʨʳʩ ʠ ʤʳʰʝʡ, GVI ï ʩʦʙʘʢ, GX ï ʣʝʪʫʯʠʭ 

ʤʳʰʝʡ. ʇʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʦʚʳʝ ʛʝʥʦʛʨʫʧʧʳ GNA1 ʠ GNA2 

ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʳ ʫ ʤʦʨʩʢʠʭ ʩʚʠʥʝʡ ʠ ʤʦʨʩʢʠʭ ʣʴʚʦʚ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

[Ludwig-Begall et al., 2021]. 

ʅʦʨʦʚʠʨʫʩʳ ʧʝʨʚʦʡ ʛʝʥʦʛʨʫʧʧʳ (GI) ʦʙʥʘʨʫʞʠʚʘʶʪʩʷ ʫ ʜʝʪʝʡ ʩ 

ʆɻʕ ʚ 0,6% ï 17% ʩʣʫʯʘʝʚ [Malasao et al., 2008] ʠ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʚʳʷʚʣʷʶʪʩʷ ʧʨʠ ʩʧʦʨʘʜʠʯʝʩʢʦʡ ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ ʠ ʨʝʜʢʦ ʧʨʠ ʚʩʧʳʰʢʘʭ 

ʥʦʨʦʚʠʨʫʩʥʦʡ ʠʥʬʝʢʮʠʠ [Okabayashi et al., 2008]. 

VP1 ɻʝʥʦʪʠʧʠʨʦʚʘʥʠʝ RdRp P-ʪʠʧʠʨʦʚʘʥʠʝ 

ɻʝʥʦʛʨʫʧʧʘ ɻʝʥʦʪʠʧ ʈ-ʛʨʫʧʧʘ ʈ-ʪʠʧ 

GI 9 GI.P 14+4NA 

GII 26+2NA GII.P 37+9NA 

GIII  3 GIII.P 2 

GIV 2+1NA GIV.P 1+1NA 

GV 2 GV.P 2 

GVI 2 GVI.P 2 

GVII  1 GVII.P 1 

GVIII  1 GX.P 1 

GIX 1 GNA1.P 1NA 

GX 1 GNA2.P 1NA 

GNA1 1NA   

GNA2 1NA   
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ɼʘʥʥʳʭ ʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʠ ʠ ʯʘʩʪʦʪʝ ʚʩʪʨʝʯʘʝʤʦʩʪʠ 

ʥʦʨʦʚʠʨʫʩʦʚ ʛʝʥʦʛʨʫʧʧʳ GIV ʥʝʤʥʦʛʦ. ʉʦʦʙʱʘʣʦʩʴ ʦ ʚʳʷʚʣʝʥʠʠ 

ʥʦʨʦʚʠʨʫʩʦʚ GIV ʧʨʠ ʚʩʧʳʰʢʘʭ ʆʂʀ ʚ ɸʨʛʝʥʪʠʥʝ ʚ 2004 ʛ. [Gomes et al., 

2007]. ʎʝʣʝʥʘʧʨʘʚʣʝʥʥʳʡ ʧʦʠʩʢ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ çʛʥʝʟʜʦʚʦʛʦè ʚʘʨʠʘʥʪʘ 

ʇʎʈ ʧʦʟʚʦʣʠʣ ʦʙʥʘʨʫʞʠʪʴ ʅɺ GIV ʚ ʦʙʨʘʟʮʘʭ ʩʪʫʣʘ ʜʝʪʝʡ ʩ ʆɻʕ ʚ 

ʩʪʦʯʥʳʭ ʚʦʜʘʭ ʚ ʀʪʘʣʠʠ. ʆʜʥʘʢʦ ʩʚʷʟʴ ʵʪʠʭ ʚʠʨʫʩʦʚ ʩ ʢʣʠʥʠʯʝʩʢʠʤʠ 

ʧʨʦʷʚʣʝʥʠʷʤʠ ʠʥʬʝʢʮʠʠ ʠ ʠʭ ʨʦʣʴ ʚ ʧʘʪʦʛʝʥʝʟʝ ʟʘʙʦʣʝʚʘʥʠʷ ʪʨʝʙʫʝʪ 

ʜʘʣʴʥʝʡʰʝʛʦ ʠʟʫʯʝʥʠʷ [La Rosa et al., 2008]. 

ɺʳʷʚʣʝʥʳ ʝʜʠʥʠʯʥʳʝ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʛʝʥʦʛʨʫʧʧʳ GVIII  [Okada et 

al., 2004]. ʅʦʨʦʚʠʨʫʩʳ ʛʝʥʦʛʨʫʧʧʳ GIX ʚʳʷʚʣʷʣʠʩʴ ʧʨʠ ʩʧʦʨʘʜʠʯʝʩʢʦʡ 

ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ [Supadej et al. 2019; Lu et al., 2015; de Andrade et al., 2014] 

ʠ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʘʨʭʠʚʥʳʭ ʦʙʨʘʟʮʦʚ, ʚʳʟʚʘʣʠ ʢʨʫʧʥʫʶ 

ʚʩʧʳʰʢʫ ʆʂʀ ʩʨʝʜʠ ʚʦʝʥʥʦʩʣʫʞʘʱʠʭ ʘʤʝʨʠʢʘʥʩʢʠʭ ʚʦʡʩʢ, 

ʜʠʩʣʦʮʠʨʦʚʘʥʥʳʭ ʚ ʉʘʫʜʦʚʩʢʦʡ ɸʨʘʚʠʠ ʚ 1990 ʛʦʜʫ ʚ ʭʦʜʝ ʦʧʝʨʘʮʠʠ ʑʠʪ 

ʧʫʩʪʳʥʠ (Desert Shield) [Hyams et al., 1991; Lew et al., 1994;]. 

ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʡ ʛʝʥʦʛʨʫʧʧʦʡ ʥʦʨʦʚʠʨʫʩʦʚ ʷʚʣʷʝʪʩʷ GII. 

ɺ ʩʪʨʫʢʪʫʨʝ ʥʦʨʦʚʠʨʫʩʥʦʛʦ ʛʘʩʪʨʦʵʥʪʝʨʠʪʘ ʜʝʪʝʡ ʧʝʨʚʳʭ ʣʝʪ ʞʠʟʥʠ ʥʘ 

ʜʦʣʶ ʥʦʨʦʚʠʨʫʩʦʚ ʚʪʦʨʦʡ ʛʝʥʦʛʨʫʧʧʳ ʧʨʠʭʦʜʠʪʩʷ ʜʦ 80-90 % [Bon et al., 

1999; Braham et al., 2010]. ʅʦʨʦʚʠʨʫʩʳ GII ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤ 

ʵʪʠʦʣʦʛʠʯʝʩʢʠʤ ʘʛʝʥʪʦʤ ʚʩʧʳʰʝʢ ʚʦ ʚʩʝʤ ʤʠʨʝ. ʇʨʠ ʵʪʦʤ ʚʩʧʳʰʢʠ 

ʟʘʙʦʣʝʚʘʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʚʳʟʚʘʥʳ ʨʘʟʥʳʤʠ ʛʝʥʦʪʠʧʘʤʠ ʅɺ ʛʝʥʦʛʨʫʧʧʳ II 

[Iritani et al., 2008]. ʉ ʥʘʯʘʣʘ 90-ʭ ʛʛ. ʧʨʦʰʣʦʛʦ ʚʝʢʘ ʚ ʤʠʨʦʚʦʡ ʧʦʧʫʣʷʮʠʠ 

ʧʨʝʦʙʣʘʜʘʶʪ ʥʦʨʦʚʠʨʫʩʳ ʛʝʥʦʛʨʫʧʧʳ II ʛʝʥʦʪʠʧʘ GII.4. 

ɻʝʥʦʪʠʧʳ ʥʦʨʦʚʠʨʫʩʦʚ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʨʘʟʜʝʣʷʶʪʩʷ ʥʘ 

ʩʫʙʛʝʥʦʪʠʧʳ ʠʣʠ ʚʘʨʠʘʥʪʳ [Phan et al., 2007; Kroneman et al., 2013]. ʏʠʩʣʦ 

ʩʫʙʛʝʥʦʪʠʧʦʚ ʫ ʨʘʟʥʳʭ ʛʝʥʦʪʠʧʦʚ ʚʘʨʴʠʨʫʝʪ ʦʪ ʦʜʥʦʛʦ ʜʦ ʦʜʠʥʥʘʜʮʘʪʠ 

[Parra et al., 2017]. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʪʝʨʤʠʥ 

çʚʘʨʠʘʥʪè ʷʚʣʷʝʪʩʷ  ʦʙʟʝʧʨʠʟʥʘʥʥʳʤ  ʪʦʣʴʢʦ  ʜʣʷ  ʛʝʥʦʪʠʧʘ GII.4.  ʀʤʝʥʥʦ  
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ʈʠʩʫʥʦʢ 6 ï ʉʭʝʤʘ ʥʦʨʦʚʠʨʫʩʥʦʛʦ ʛʝʥʦʤʘ ʠ ʨʝʛʠʦʥʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ 

ʛʝʥʦʪʠʨʦʚʘʥʠʷ ʥʦʨʦʚʠʨʫʩʦʚ [ʧʦ ʤʘʪʝʨʠʘʣʘʤ NoroNet] 

 

ʧʦʷʚʣʝʥʠʝ ʚ ʩʝʨʝʜʠʥʝ 90-ʭ  ʛʛ.   ʥʦʚʦʛʦ   ʚʘʨʠʘʥʪʘ   ʛʝʥʦʪʠʧʘ   GII.4   ʠ   

ʦʙʫʩʣʦʚʠʣʦ   ʨʝʟʢʠʡ   ʨʦʩʪ ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ ʥʦʨʦʚʠʨʫʩʥʦʡ ʠʥʬʝʢʮʠʝʡ ʚ 

ʤʠʨʝ. ʕʪʦ ʩʚʷʟʳʚʘʶʪ ʩ ʤʫʪʘʮʠʝʡ ʵʧʠʪʦʧʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʨʝʮʝʧʪʦʨʘʤʠ ʢʣʝʪʢʠ ʭʦʟʷʠʥʘ, ʦʙʫʩʣʦʚʠʚʰʝʡ 

ʚʦʟʤʦʞʥʦʩʪʴ ʠʥʬʠʮʠʨʦʚʘʥʠʷ ʙʦʣʝʝ ʰʠʨʦʢʦʛʦ ʢʨʫʛʘ ʚʦʩʧʨʠʠʤʯʠʚʳʭ ʣʠʮ. 

ɼʣʷ ʜʨʫʛʠʭ ʛʝʥʦʪʠʧʦʚ ʧʨʠʤʝʥʷʶʪʩʷ ʪʝʨʤʠʥʳ çʢʣʘʩʪʝʨʳè, çʣʠʥʠʠè, 

çʢʣʘʜʳè, ʭʦʪʷ ʚ ʥʝʢʦʪʦʨʳʭ ʧʫʙʣʠʢʘʮʠʷʭ ʠʧʦʣʴʟʫʝʪʩʷ ʠ ʪʝʨʤʠʥ çʚʘʨʠʘʥʪʳè 

[Parra et al., 2017]. 

ɻʝʥʦʪʠʧʠʨʦʚʘʥʠʝ ʥʦʨʦʚʠʨʫʩʦʚ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʛʝʥʦʪʠʧʘ 

ʥʦʨʦʚʠʨʫʩʘ ʧʨʦʚʦʜʷʪ ʦʧʨʝʜʝʣʝʥʠʝ ʥʫʢʣʝʦʪʠʜʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ 

ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʦʚ ʛʝʥʦʤʘ ʠ ʠʭ ʧʦʩʣʝʜʫʶʱʠʡ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ. 

ʋʯʘʩʪʢʠ ʛʝʥʦʤʘ, ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʪʠʧʠʨʦʚʘʥʠʷ 

ʥʦʨʦʚʠʨʫʩʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 6. 

ʉʨʘʚʥʝʥʠʝ ʫʯʘʩʪʢʦʚ ʛʝʥʘ RdRp (ʨʝʛʠʦʥʳ A ʠ B) ʠ N/S-ʜʦʤʝʥʘ ʙʝʣʢʘ 

VP1 (ʨʝʛʠʦʥ C) ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʥʦʨʦʚʠʨʫʩʘ ʢ ʪʦʡ 

ʠʣʠ ʠʥʦʡ ʛʝʥʦʛʨʫʧʧʝ, ʛʝʥʦʪʠʧʫ ʠʣʠ ʚʘʨʠʘʥʪʫ, ʚ ʯʘʩʪʥʦʩʪʠ, ʟʘʬʠʢʩʠʨʦʚʘʪʴ 

ʧʦʷʚʣʝʥʠʝ ʚ ʧʦʧʫʣʷʮʠʠ ʥʦʚʦʛʦ ʵʧʠʜʝʤʠʯʝʩʢʦʛʦ ʚʘʨʠʘʥʪʘ. ʇʦʷʚʣʝʥʠʝ 

ʥʦʚʦʛʦ ʚʘʨʠʘʥʪʘ ʛʝʥʦʪʠʧʘ GII.4, ʢʘʢ ʧʨʘʚʠʣʦ, ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʨʦʩʪʦʤ 
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ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ ʥʦʨʦʚʠʨʫʩʥʳʤ ʛʘʩʪʨʦʵʥʪʝʨʠʪʦʤ ʠ ʩʣʫʞʠʪ 

ʧʨʦʛʥʦʩʪʠʯʝʩʢʠʤ ʧʨʠʟʥʘʢʦʤ ʦʩʣʦʞʥʝʥʠʷ ʵʧʠʜʝʤʠʯʝʩʢʦʡ ʩʠʪʫʘʮʠʠ ʧʦ 

ʥʦʨʦʚʠʨʫʩʥʦʡ ʠʥʬʝʢʮʠʠ. ɺ ʩʚʷʟʠ ʩ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʨʝʢʦʤʙʠʥʘʥʪʦʚ 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ ʜʚʦʡʥʦʝ ʪʠʧʠʨʦʚʘʥʠʝ ʥʦʨʦʚʠʨʫʩʦʚ ï 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʦ ʜʚʫʤ ʫʯʘʩʪʢʘʤ ʛʝʥʦʤʘ [van Beek et al., 2004; Cannon et al., 

2017]. 

ʕʧʠʜʝʤʠʦʣʦʛʠʯʝʩʢʠʤ ʤʘʨʢʝʨʦʤ ʧʨʠ ʨʘʩʩʣʝʜʦʚʘʥʠʠ ʚʩʧʳʰʝʢ ʠ 

ʫʩʪʘʥʦʚʣʝʥʠʠ ʚʟʘʠʤʦʩʚʷʟʝʡ ʚ ʦʯʘʛʘʭ ʠʥʬʝʢʮʠʠ ʷʚʣʷʝʪʩʷ ʘʥʘʣʠʟ ʥʘʠʙʦʣʝʝ 

ʚʘʨʠʘʙʝʣʴʥʦʛʦ ʫʯʘʩʪʢʘ ʛʝʥʦʤʘ ʥʦʨʦʚʠʨʫʩʦʚ, ʢʦʜʠʨʫʶʱʝʛʦ ʩʫʙʜʦʤʝʥ P2 

(ʨʝʛʠʦʥ D). ʇʦʢʘʟʘʥʘ 100 %-ʥʘʷ ʠʜʝʥʪʠʯʥʦʩʪʴ ʜʘʥʥʦʛʦ ʫʯʘʩʪʢʘ ʫ 

ʥʦʨʦʚʠʨʫʩʦʚ, ʚʳʷʚʣʝʥʥʳʭ ʚ ʭʦʜʝ ʦʜʥʦʡ ʚʩʧʳʰʢʠ. ɸʥʘʣʠʟ ʵʪʦʛʦ 

ʰʪʘʤʤʦʩʧʝʮʠʬʠʯʥʦʛʦ ʫʯʘʩʪʢʘ ʷʚʣʷʝʪʩʷ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʦʪʩʣʝʞʠʚʘʥʠʷ 

ʧʝʨʝʜʘʯʠ ʚʠʨʫʩʘ ʠ ʦʮʝʥʢʠ ʝʜʠʥʩʪʚʘ ʠʩʪʦʯʥʠʢʘ ʠʥʬʝʢʮʠʠ [Xerry et al., 

2008]. 

ɺ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʨʘʟʨʘʙʦʪʘʥʳ ʤʝʪʦʜʠʯʝʩʢʠʝ ʫʢʘʟʘʥʠʷ ʄʋ 

3.1.1.2969-11 çʕʧʠʜʝʤʠʦʣʦʛʠʯʝʩʢʠʡ ʥʘʜʟʦʨ, ʣʘʙʦʨʘʪʦʨʥʘʷ ʜʠʘʛʥʦʩʪʠʢʘ ʠ 

ʧʨʦʬʠʣʘʢʪʠʢʘ ʥʦʨʦʚʠʨʫʩʥʦʡ ʠʥʬʝʢʮʠʠè  ʠ ʤʝʪʦʜʠʯʝʩʢʠʝ ʨʝʢʦʤʝʥʜʘʮʠʠ 

ʄʈ 4.4/3.1.1.0230-21 çɻʝʥʦʪʠʧʠʨʦʚʘʥʠʝ ʚ ʵʧʠʜʝʤʠʦʣʦʛʠʯʝʩʢʦʤ ʥʘʜʟʦʨʝ ʟʘ 

ʥʦʨʦʚʠʨʫʩʥʦʡ ʠʥʬʝʢʮʠʝʡè [ɽʧʠʬʘʥʦʚʘ ʠ ʩʦʘʚʪ., 2022]. ʉʦʛʣʘʩʥʦ ʵʪʠʤ 

ʥʦʨʤʘʪʠʚʥʦ-ʤʝʪʦʜʠʯʝʩʢʠʤ ʜʦʢʫʤʝʥʪʘʤ ʤʦʥʠʪʦʨʠʥʛ ʮʠʨʢʫʣʷʮʠʠ 

ʥʦʨʦʚʠʨʫʩʦʚ ʧʨʦʚʦʜʷʪ ʥʘ ʦʩʥʦʚʝ ʚʳʷʚʣʝʥʠʷ ʠ ʛʝʥʦʪʠʧʠʨʦʚʘʥʠʷ 

ʥʦʨʦʚʠʨʫʩʦʚ ʚ ʤʘʪʝʨʠʘʣʘʭ ʦʪ ʙʦʣʴʥʳʭ. ʄʝʪʦʜʦʣʦʛʠʷ ʦʩʥʦʚʘʥʘ ʥʘ 

ʘʤʧʣʠʬʠʢʘʮʠʠ ʦʙʣʘʩʪʠ ʩʦʝʜʠʥʝʥʠʷ ʛʝʥʦʚ ʧʦʣʠʤʝʨʘʟʳ ʠ ʩʪʨʫʢʪʫʨʥʦʛʦ 

ʙʝʣʢʘ ʢʘʧʩʠʜʘ VP1, ʩʝʢʚʝʥʠʨʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʦʛʦ ʬʨʘʛʤʝʥʪʘ ʠ ʘʥʘʣʠʟʝ 

ʥʫʢʣʝʦʪʠʜʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ. 

ɼʣʷ ʘʥʘʣʠʟʘ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʥʝʩʢʦʣʴʢʦ ʦʥʣʘʡʥ-ʩʝʨʚʠʩʦʚ: BLAST [https://blast.ncbi.nlm.nih. 

gov/Blast.cgi], ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʫʥʠʚʝʨʩʘʣʴʥʳʤ ʜʣʷ ʧʦʠʩʢʘ ʣʶʙʳʭ 

ʨʦʜʩʪʚʝʥʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʥʦʨʦʚʠʨʫʩʥʳʭ; ʩʠʩʪʝʤʘ 
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ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʪʠʧʠʨʦʚʘʥʠʷ Norovirus typing tool ʥʘ ʩʘʡʪʝ ʧʨʦʝʢʪʘ 

NoroNet [https://www.rivm.nl/en/Topics/N/NoroNet/Databases/Sequence_ 

typing_tool]; ʩʠʩʪʝʤʘ Human Calicivirus typing tool, ʜʦʩʪʫʧʥʘʷ ʥʘ ʩʘʡʪʝ 

CDC [https://calicivirustypingtool.cdc.gov]; ʦʥʣʘʡʥ-ʧʨʦʛʨʘʤʤʘ ʧʦ ʦʮʝʥʢʝ 

ʨʝʟʫʣʴʪʘʪʦʚ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ ʥʦʨʦʚʠʨʫʩʘ çNoroNetRusè, ʨʘʟʨʘʙʦʪʘʥʥʘ ̫ʚ 

ʌɹʋʅ çʈʦʩʪʦʚʩʢʠʡ ʧʨʦʪʠʚʦʯʫʤʥʳʡ ʠʥʩʪʠʪʫʪè [NoroNetRus 

http://83.221.213.146:7575/; ɺʦʜʦʧʴʷʥʦʚ ʠ ʩʦʘʚʪ., 2022].  

 

4.2 ʆʩʥʦʚʥʳʝ ʤʝʭʘʥʠʟʤʳ ʵʚʦʣʶʮʠʠ ʥʦʨʦʚʠʨʫʩʦʚ 

 

ʉʫʱʝʩʪʚʝʥʥʦʝ ʛʝʥʝʪʠʯʝʩʢʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʥʦʨʦʚʠʨʫʩʦʚ ʷʚʣʷʝʪʩʷ 

ʩʣʝʜʩʪʚʠʝʤ ʤʦʣʝʢʫʣʷʨʥʦʡ ʵʚʦʣʶʮʠʠ, ʦʩʥʦʚʥʳʝ ʤʝʭʘʥʠʟʤʳ ʢʦʪʦʨʦʡ ï 

ʛʝʥʝʪʠʯʝʩʢʠʡ ʜʨʝʡʬ (ʪʦʯʝʯʥʳʝ ʤʫʪʘʮʠʠ) ʠ ʛʝʥʝʪʠʯʝʩʢʠʡ ʰʠʬʪ 

(ʨʝʢʦʤʙʠʥʘʮʠʠ, ʪʦ ʝʩʪʴ ʦʙʤʝʥ ʛʝʥʝʪʠʯʝʩʢʠʤ ʤʘʪʝʨʠʘʣʦʤ ʤʝʞʜʫ ʜʚʫʤʷ 

ʚʠʨʫʩʘʤʠ), ʘ ʪʘʢʞʝ ʠʭ ʩʦʯʝʪʘʥʠʝ.  

ɺ ʛʝʥʦʤʝ ʣʶʙʦʛʦ ʚʠʨʫʩʘ ʥʘʢʦʧʣʝʥʠʝ ʪʦʯʝʯʥʳʭ ʤʫʪʘʮʠʡ ʦʙʳʯʥʦ 

ʧʦʩʪʝʧʝʥʥʦ ʧʨʠʚʦʜʠʪ ʢ ʛʝʥʝʪʠʯʝʩʢʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ ʠ ʦʙʨʘʟʦʚʘʥʠʶ 

ʢʚʘʟʠʚʠʜʦʚ ʚʠʨʫʩʘ [Andino, Domingo, 2015]. ʏʘʩʪʦʪʘ ʪʦʯʝʯʥʳʭ ʤʫʪʘʮʠʡ ʫ 

ʈʅʂ-ʩʦʜʝʨʞʘʱʠʭ ʚʠʨʫʩʦʚ ʚʘʨʴʠʨʫʝʪ ʦʪ 10
ï3

 ʜʦ 10
ï4

 ʟʘʤʝʥ ʥʫʢʣʝʦʪʠʜʦʚ ʚ 

ʛʦʜ, ʯʪʦ ʜʦ 1000 ʨʘʟ ʚʳʰʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʙʦʣʴʰʠʥʩʪʚʦʤ ɼʅʂ-ʚʠʨʫʩʦʚ 

[Sanjuan et al., 2010]. ʊʘʢʘʷ ʚʳʩʦʢʘʷ ʯʘʩʪʦʪʘ ʤʫʪʘʮʠʡ ʚʦ ʤʥʦʛʦʤ 

ʦʙʲʷʩʥʷʝʪʩʷ ʥʝʩʧʦʩʦʙʥʦʩʪʴʶ ʠʭ ʈʅʂ-ʧʦʣʠʤʝʨʘʟ ʠʩʧʨʘʚʣʷʪʴ ʦʰʠʙʢʠ, 

ʚʦʟʥʠʢʘʶʱʠʝ ʚʦ ʚʨʝʤʷ ʨʝʧʣʠʢʘʮʠʠ. ʄʫʪʘʮʠʠ ʧʨʦʠʩʭʦʜʷʪ ʚʦ ʚʩʝʭ ʦʙʣʘʩʪʷʭ 

ʛʝʥʦʤʘ, ʦʜʥʘʢʦ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʤʠ ʩʯʠʪʘʶʪʩʷ ʟʘʤʝʥʳ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʚ 

ʦʙʣʘʩʪʠ ʛʝʥʦʤʘ, ʢʦʜʠʨʫʶʱʝʡ ʦʩʥʦʚʥʦʡ ʢʘʧʩʠʜʥʳʡ ʙʝʣʦʢ VP1, ʪʘʢ ʢʘʢ ʦʥʠ 

ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʠʟʤʝʥʝʥʠʶ ʘʥʪʠʛʝʥʥʳʭ ʩʚʦʡʩʪʚ ʚʠʨʫʩʘ ʠ ʫʩʢʦʣʴʟʘʥʠʶ ʦʪ 

ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʠʤʤʫʥʠʪʝʪʘ, ʘ ʪʘʢʞʝ ʧʦʚʣʠʷʪʴ ʥʘ ʩʧʦʩʦʙʥʦʩʪʴ ʢ 

ʩʚʷʟʳʚʘʥʠʶ ʩ ʨʝʮʝʧʪʦʨʘʤʠ ʭʦʟʷʠʥʘ. ʀʤʝʥʥʦ ʧʦʩʣʝʜʥʝʝ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ, 

ʚʝʨʦʷʪʥʦ, ʧʨʠʚʝʣʦ ʢ ʰʠʨʦʢʦʤʫ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʶ ʚ 90-ʭ ʛʦʜʘʭ ʥʦʨʦʚʠʨʫʩʘ 

https://www.rivm.nl/en/Topics/N/NoroNet/Databases/Sequence_%20typing_tool
https://www.rivm.nl/en/Topics/N/NoroNet/Databases/Sequence_%20typing_tool
http://83.221.213.146:7575/
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ʛʝʥʦʪʠʧʘ GII.4, çʵʧʦʭʘʣʴʥʘʷè ʵʚʦʣʶʮʠʷ ʢʦʪʦʨʦʛʦ ʧʨʦʜʦʣʞʠʣʘʩʴ ʚ 

ʧʦʩʣʝʜʫʶʱʠʝ ʛʦʜʳ ʠ ʧʨʠʚʝʣʘ ʢ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʩʤʝʥʝ ʥʝʩʢʦʣʴʢʠʭ 

ʚʘʨʠʘʥʪʦʚ, ʧʦʣʫʯʠʚʰʠʭ ʧʘʥʜʝʤʠʯʝʩʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ [Siebenga et al., 

2007].  

ʀʟʫʯʝʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʜʨʝʡʬʘ ʥʦʨʦʚʠʨʫʩʦʚ ʨʘʟʥʳʭ 

ʛʝʥʦʪʠʧʦʚ ʥʘ ʦʩʥʦʚʘʥʠʠ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʙʦʣʝʝ 2000 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ORF2 (101 ʠ 1909 ʜʣʷ GI ʠ GII, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) 

ʥʦʨʦʚʠʨʫʩʦʚ, ʮʠʨʢʫʣʠʨʦʚʘʚʰʠʭ ʚ ʧʝʨʠʦʜ  1995-2016 ʛʛ., ʧʦʟʚʦʣʠʣʦ 

ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ  ʢʦʥʮʝʧʮʠʶ ʜʚʫʭ ʤʦʜʝʣʝʡ ʵʚʦʣʶʮʠʠ (ʜʠʚʝʨʩʠʬʠʢʘʮʠʠ) 

ʥʦʨʦʚʠʨʫʩʦʚ, ʧʦʜʨʘʟʫʤʝʚʘʶʱʝʡ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʵʚʦʣʶʮʠʦʥʠʨʫʶʱʠʭ ʠ 

ʩʪʘʪʠʯʥʳʭ ʛʝʥʦʪʠʧʦʚ [Parra et al., 2017].  ʂ ʧʝʨʚʳʤ ʘʚʪʦʨʳ ʦʪʥʝʩʣʠ 

ʪʦʣʴʢʦ GII.4, ʢʦʪʦʨʳʡ ʥʘ ʤʦʤʝʥʪ ʧʨʦʚʝʜʝʥʠʷ ʘʥʘʣʠʟʘ ʙʳʣ ʧʨʝʜʩʪʘʚʣʝʥ 11-

ʶ ʚʘʨʠʘʥʪʘʤʠ, ʠʟ ʥʠʭ 6 ʠʤʝʣʠ ʧʘʥʜʝʤʠʯʝʩʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ (Grimsby 

1995 (US95-96), Farmington Hills 2002, Hunter 2004, Den Haag 2006b, 

New Orleans 2009 ʠ Sydney 2012, ʧʨʠʯʝʤ ʧʝʨʚʳʝ ʧʷʪʴ ʠʤʝʣʠ ʧʦʣʠʤʝʨʘʟʫ 

ʩʦ ʩʧʝʮʠʬʠʯʥʦʩʪʴʶ GII.P4), ʘ ʧʷʪʴ (Sakai 2003, Yerseke 2006a, Osaka 2007 

ʠ Apeldoorn 2007) ï ʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʢʨʘʪʢʦʚʨʝʤʝʥʥʫʶ ʮʠʨʢʫʣʷʮʠʶ ʚ 

ʦʛʨʘʥʠʯʝʥʥʳʭ ʨʝʛʠʦʥʘʭ.  

ʆʩʪʘʣʴʥʳʝ ʛʝʥʦʪʠʧʳ (GI.1ïGI.9, GII.1ïGII.3, GII.5ïGII.22), 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʚʘʨʠʘʥʪʦʚ (ʦʪ 

ʦʜʥʦʛʦ ʜʦ ʧʷʪʠ), ʢʦʪʦʨʳʝ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝ ʩʤʝʥʷʣʠ ʜʨʫʛ ʜʨʫʛʘ, ʘ 

ʢʦʮʠʨʢʫʣʠʨʦʚʘʣʠ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʥʝʩʢʦʣʴʢʠʭ ʜʝʩʷʪʠʣʝʪʠʡ, ʙʳʣʠ ʦʪʥʝʩʝʥʳ  

ʢ ʩʪʘʪʠʯʥʳʤ ʛʝʥʦʪʠʧʘʤ. ɸʚʪʦʨʳ ʦʧʨʝʜʝʣʠʣʠ ʚʥʫʪʨʠʛʝʥʦʪʠʧʦʚʦʡ ʚʘʨʠʘʥʪ 

(ʩʫʙʛʝʥʦʪʠʧ) ʢʘʢ ʛʨʫʧʧʫ ʰʪʘʤʤʦʚ (Ó 2), ʢʦʪʦʨʳʝ ʩʛʨʫʧʧʠʨʦʚʘʥʳ ʚʤʝʩʪʝ ʥʘ 

ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʦʤ ʜʝʨʝʚʝ ʠ ʧʦʢʘʟʳʟʚʘʶʪ ʨʘʟʥʠʮʫ <5 % ʚ ʩʚʦʠʭ 

ʥʫʢʣʝʦʪʠʜʥʳʭ ʠʣʠ ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʭ, ʥʦ ʨʘʟʥʠʮʫ Ó5% 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʰʪʘʤʤʘʤʠ. ʇʨʠ ʵʪʦʤ, ʵʚʦʣʶʮʠʦʥʠʨʫʶʱʠʡ ʠ 

ʩʪʘʪʠʯʥʳʝ ʛʝʥʦʪʠʧʳ ʥʝ ʧʨʦʷʚʣʷʶʪ ʩʫʱʝʩʪʚʝʥʥʳʭ ʨʘʟʣʠʯʠʡ ʚ ʩʢʦʨʦʩʪʠ 

ʥʘʢʦʧʣʝʥʠʷ ʤʫʪʘʮʠʡ, ʢʘʢ ʧʨʝʜʦʧʦʣʘʛʘʣʦʩʴ ʨʘʥʝʝ. ʆʙʱʘʷ ʩʢʦʨʦʩʪʴ 
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ʵʚʦʣʶʮʠʠ ʛʝʥʦʪʠʧʦʚ ʥʦʨʦʚʠʨʫʩʘ, ʚʢʣʶʯʝʥʥʳʭ ʚ ʜʘʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ, 

ʚʘʨʴʠʨʦʚʘʣʘ ʦʪ 5,40x10
-3
 ʜʦ 2,23x10

-4
 ʟʘʤʝʥ ʥ.ʦ./ʩʘʡʪ/ʛʦʜ ʜʣʷ ʦʙʣʘʩʪʠ, 

ʢʦʜʠʨʫʶʱʝʡ VP1, ʯʪʦ ʙʳʣʦ ʘʥʘʣʦʛʠʯʥʦ ʦʧʠʩʘʥʥʳʤ ʨʘʥʝʝ ʜʣʷ ʥʦʨʦʚʠʨʫʩʦʚ 

GII.4, GII.3, GII.6 ʠ GI.1ïGI.6 [Boon et al., 2011; Bok et al., 2009; Siebenga et 

al., 2010; Rackoff et al., 2013; Fioretti et al., 2014; Kobayashi et al., 2016] ʠ 

ʥʘʭʦʜʠʣʦʩʴ ʚ ʧʨʝʜʝʣʘʭ ʜʠʘʧʘʟʦʥʘ ʜʣʷ ʈʅʂ-ʚʠʨʫʩʦʚ ʩ ʧʦʣʦʞʠʪʝʣʴʥʦʡ 

ʮʝʧʴʶ [Duffy et al., 2008]. ʅʝʩʤʦʪʨʷ ʥʘ ʪʘʢʫʶ ʚʳʩʦʢʫʶ ʯʘʩʪʦʪʫ ʤʫʪʘʮʠʡ, 

ʢʦʣʠʯʝʩʪʚʦ ʥʝʩʠʥʦʥʠʤʠʯʥʳʭ ʟʘʤʝʥ (dN) ʙʳʣʦ, ʚ ʩʨʝʜʥʝʤ, ʧʨʠʤʝʨʥʦ ʚ 18 

ʨʘʟ ʤʝʥʴʰʝ, ʯʝʤ ʩʠʥʦʥʠʤʠʯʥʳʭ ʟʘʤʝʥ (dS) (ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ dN/dS: 0,06), 

ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʦʯʠʱʘʶʱʠʡ ʦʪʙʦʨ (dN/dS <1) ʩʠʣʴʥʦ 

ʜʝʡʩʪʚʫʝʪ ʥʘ ʫʨʦʚʥʝ ʙʝʣʢʘ VP1 [Parra et al., 2017]. 

ɸʥʘʣʦʛʠʯʥʳʝ ʥʘʙʣʶʜʝʥʠʷ ʙʳʣʠ ʩʜʝʣʘʥʳ ʠ ʜʣʷ ʜʨʫʛʠʭ ʈʅʂ-

ʚʠʨʫʩʦʚ, ʛʜʝ ʩʢʦʨʦʩʪʴ ʵʚʦʣʶʮʠʠ ʜʦʩʪʠʛʘʣʘ 10
-2
 ʥʫʢʣʝʦʪʠʜʥʳʭ 

ʟʘʤʝʥ/ʩʘʡʪ/ʛʦʜ (ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʝʛʠʦʥʘ ʛʝʥʦʤʘ, ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʜʣʷ 

ʘʥʘʣʠʟʘ), ʥʦ ʚ ʦʩʥʦʚʥʦʤ ʧʨʝʦʙʣʘʜʘʣʠ ʚʳʩʦʢʠʝ ʩʢʦʨʦʩʪʠ ʩʠʥʦʥʠʤʠʯʥʳʭ 

ʟʘʤʝʥ [Holmes et al., 2002, Jenkins et al., 2002; Jorba et al., 2008]. ʆʪʤʝʯʝʥ 

ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʦʪʙʦʨ ʥʝʢʦʪʦʨʳʭ ʢʦʜʦʥʦʚ VP1 ʫ ʥʦʨʦʚʠʨʫʩʦʚ ʛʝʥʦʪʠʧʦʚ 

GII.4, GII.3, GII.6 ʠ GII.17 [Boon et al., 2011; Chan et al., 2015; Bok et al., 

2009; Siebenga et al., 2010; Xue et al., 2015], ʘ ʠʟʤʝʥʝʥʠʷ ʢʦʜʦʥʦʚ ʚ 

ʘʥʪʠʛʝʥʥʳʭ ʩʘʡʪʘʭ ʥʦʨʦʚʠʨʫʩʘ GII.4 (ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʧʝʪʣʷʭ ʜʦʤʝʥʘ P2) 

ʢʦʨʨʝʣʠʨʫʶʪ ʩ ʧʦʷʚʣʝʥʠʝʤ ʥʦʚʳʭ ʚʘʨʠʘʥʪʦʚ [de Graaf et al., 2016; 

Lindesmith et al., 2008; Debbink et al., 2012a, 2012b]. ɺ ʩʦʚʦʢʫʧʥʦʩʪʠ ʵʪʠ 

ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʢʘʧʩʠʜʥʳʡ ʙʝʣʦʢ ʚʩʝʭ ʥʦʨʦʚʠʨʫʩʦʚ 

ʚɻʦʣʶʮʠʦʥʠʨʫʝʪ ʩ ʩʠʣʴʥʳʤʠ ʩʪʨʫʢʪʫʨʥʳʤʠ ʦʛʨʘʥʠʯʝʥʠʷʤʠ, ʠ ʣʠʰʴ 

ʥʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʢʦʜʦʥʦʚ ʤʦʞʝʪ ʨʘʟʚʠʚʘʪʴʩʷ ʠ, ʚʦʟʤʦʞʥʦ, ʜʘʚʘʪʴ 

ʘʜʘʧʪʠʚʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʜʣʷ ʟʘʨʘʞʝʥʠʷ ʯʝʣʦʚʝʢʘ [Parra et al., 2017].   

ʇʦʩʣʝʜʫʶʱʠʝ ʨʘʙʦʪʳ ʧʦ ʘʥʘʣʠʟʫ ʥʝʩʠʥʦʥʠʤʠʯʥʳʭ ʟʘʤʝʥ ʥʘ ʦʩʥʦʚʝ 

ʚʠʨʫʩʦʧʦʜʦʙʥʳʭ ʯʘʩʪʠʮ, ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʤʫʪʘʛʝʥʝʟʘ ʠ ʤʦʥʦʢʣʦʥʘʣʴʥʳʭ 

ʘʥʪʠʪʝʣ    (ʤɸʊ)    ʚʳʷʚʠʣʠ    ʢʣʶʯʝʚʳʝ    ʨʘʟʣʠʯʠʷ    ʚ    ʘʤʠʥʦʢʠʩʣʦʪʥʦʡ  
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ʈʠʩʫʥʦʢ 7 ï ɸʤʠʥʦʢʠʩʣʦʪʥʳʝ ʦʩʪʘʪʢʠ, ʦʙʨʘʟʫʶʱʠʝ 

ʤʦʪʠʚʳ/ʘʥʪʠʛʝʥʥʳʝ ʩʘʡʪʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʩʥʦʚʥʦʛʦ ʢʘʧʩʠʜʥʦʛʦ ʙʝʣʢʘ 

GII.4 [Lindesmith et al., 2017; Mallory et al., 2019; Tohma et al., 2019] 

 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʙʝʣʢʘ VP1 ʨʘʟʥʳʭ ʚʘʨʠʘʥʪʦʚ GII.4. ɹʦʣʴʰʠʥʩʪʚʦ ʵʪʠʭ 

ʟʘʤʝʥ ʣʦʢʘʣʠʟʦʚʘʥʳ ʢʘʢ ʤʠʥʠʤʫʤ ʚ ʧʷʪʠ ʚʘʨʠʘʙʝʣʴʥʳʭ ʤʦʪʠʚʘʭ ʠʣʠ 

ʘʥʪʠʛʝʥʥʳʭ ʩʘʡʪʘʭ (A, C, D, E ʠ G), ʢʘʨʪʠʨʦʚʘʥʥʳʭ ʚ ʩʫʙʜʦʤʝʥʝ P2 [Tohma 

et al., 2019] (ʈʠʩʫʥʦʢ 7). 

ʄʫʪʘʮʠʠ ʚ ʵʪʠʭ ʘʥʪʠʛʝʥʥʳʭ ʩʘʡʪʘʭ ʙʳʣʠ ʩʚʷʟʘʥʳ ʩ ʧʦʷʚʣʝʥʠʝʤ 

ʚʘʨʠʘʥʪʦʚ ʠ ʠʟʤʝʥʝʥʠʷʤʠ ʘʥʪʠʛʝʥʥʦʩʪʠ ʚʠʨʫʩʦʚ GII.4 [Lindesmith et al., 

2012, 2013; Tohma et al., 2019]. ʆʩʥʦʚʥʳʝ ʘʥʪʠʛʝʥʥʳʝ ʨʘʟʣʠʯʠʷ ʩʚʷʟʘʥʳ ʩ 

ʩʠʥʭʨʦʥʥʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ, ʧʨʦʠʩʭʦʜʷʱʠʤʠ ʚ ʯʝʪʳʨʝʭ ʨʘʟʥʳʭ ʘʥʪʠʛʝʥʥʳʭ 

ʩʘʡʪʘʭ (A, D, E, G), ʧʨʠ ʵʪʦʤ ʘʥʪʠʛʝʥʥʳʡ ʩʘʡʪ C ʦʢʘʟʳʚʘʝʪ ʤʠʥʠʤʘʣʴʥʦʝ 

ʚʣʠ̫ʥʠʝ ʥʘ ʘʥʪʠʛʝʥʥʫʶ ʜʠʚʝʨʩʠʬʠʢʘʮʠʶ ʥʦʨʦʚʠʨʫʩʦʚ GII.4. ɹʳʣʦ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʘʡʪʳ A ʠ G ʷʚʣʷʶʪʩʷ ʠʤʤʫʥʦʜʦʤʠʥʘʥʪʥʳʤʠ [Lindesmith et 

al., 2013; Tohma et al., 2019], ʪʦʛʜʘ ʢʘʢ ʩʘʡʪʳ D ʠ E ʫʯʘʩʪʚʫʶʪ ʢʘʢ ʚ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʘʥʪʠʛʝʥʥʳʭ ʨʘʟʣʠʯʠʡ, ʪʘʢ ʠ ʚ ʨʝʛʫʣʷʮʠʠ ʩʚʷʟʳʚʘʥʠʷ HBGA 

[Lindesmith et al., 2012, 2018ʘ, 2019]. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʜʥʦʚʨʝʤʝʥʥʳʝ 

ʤʫʪʘʮʠʠ ʚ ʠʤʤʫʥʦʜʦʤʠʥʘʥʪʥʳʭ ʩʘʡʪʘʭ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ 

ʩʝʨʴʝʟʥʳʭ ʠʟʤʝʥʝʥʠʡ ʚ ʘʥʪʠʛʝʥʥʳʭ ʩʚʦʡʩʪʚʘʭ ʥʦʨʦʚʠʨʫʩʦʚ GII.4 [Kendra et 

al., 2021].  
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ɸʥʪʠʛʝʥʥʳʡ ʩʘʡʪ G ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ ʥʘʠʙʦʣʝʝ ʩʠʣʴʥʫʶ 

ʢʦʨʨʝʣʷʮʠʶ ʩ ʧʦʷʚʣʝʥʠʝʤ ʠ ʮʠʨʢʫʣʷʮʠʝʡ ʥʦʚʳʭ ʚʘʨʠʘʥʪʦʚ GII.4, ʙʫʜʫʯʠ 

ʧʨʠ ʵʪʦʤ ʙʦʣʝʝ ʢʦʥʩʝʨʚʘʪʠʚʥʳʤ, ʯʝʤ ʜʨʫʛʠʝ ʢʨʫʧʥʳʝ ʘʥʪʠʛʝʥʥʳʝ ʩʘʡʪʳ 

(ʥʘʧʨʠʤʝʨ, ʩʘʡʪʳ A, C ʠʣʠ E). ʕʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʥʝʜʘʚʥʦ 

ʦʙʥʘʨʫʞʝʥʥʳʡ ʘʥʪʠʛʝʥʥʳʡ ʩʘʡʪ G ʠʛʨʘʝʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʛʝʥʝʨʘʮʠʠ 

ʥʦʨʦʚʠʨʫʩʦʤ GII.4 ʥʦʚʳʭ ʚʘʨʠʘʥʪʦʚ ʩ ʧʘʥʜʝʤʠʯʝʩʢʠʤ ʧʦʪʝʥʮʠʘʣʦʤ. 

ʕʧʠʟʦʜʠʯʝʩʢʠʡ ʜʠʚʝʨʩʠʬʠʮʠʨʫʶʱʠʡ (ʧʦʣʦʞʠʪʝʣʴʥʳʡ) ʦʪʙʦʨ ʥʘʙʣʶʜʘʣʩʷ 

ʧʦ ʧʷʪʠ ʘʤʠʥʦʢʠʩʣʦʪʥʳʤ ʦʩʪʘʪʢʘʤ (352, 355, 357, 368 ʠ 378) ʚ ʭʦʜʝ 

ʤʝʞʚʘʨʠʘʥʪʥʦʡ ʵʚʦʣʶʮʠʠ; ʵʪʠ ʦʩʪʘʪʢʠ ʷʚʣʷʶʪʩʷ ʯʘʩʪʴʶ ʘʥʪʠʛʝʥʥʳʭ 

ʩʘʡʪʦʚ A, C ʠ G. ʊʨʠ ʠʟ ʵʪʠʭ ʦʩʪʘʪʢʦʚ (352, 357 ʠ 378) ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ 

ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʦʪʙʦʨ ʥʘ ʦʩʥʦʚʥʳʭ ʚʝʪʚʷʭ ʬʠʣʦʛʝʥʪʠʯʝʩʢʦʛʦ ʜʝʨʝʚʘ GII.4, 

ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʠʭ ʨʦʣʴ ʚ ʧʦʷʚʣʝʥʠʠ ʥʦʚʳʭ ʧʘʥʜʝʤʠʯʝʩʢʠʭ ʥʦʨʦʚʠʨʫʩʦʚ 

[Tohma et al., 2019] .  

ɺ ʦʪʣʠʯʠʝ ʦʪ ʣʠʥʝʡʥʦʛʦ ʥʘʢʦʧʣʝʥʠʷ ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʟʘʤʝʥ ʥʘ 

ʤʝʞʚʘʨʠʘʥʪʥʦʤ ʫʨʦʚʥʝ, ʚʥʫʪʨʠʚʘʨʠʘʥʪʥʳʡ ʫʨʦʚʝʥʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʩʪʦʭʘʩʪʠʯʝʩʢʫʶ ʢʘʨʪʠʥʫ ʟʘʤʝʥ. ɼʠʚʝʨʩʠʬʠʢʘʮʠʷ ʥʘ ʚʥʫʪʨʠʚʘʨʠʘʥʪʥʦʤ 

ʫʨʦʚʥʝ ʩʠʣʴʥʦ ʦʛʨʘʥʠʯʝʥʘ: ʘʤʠʥʦʢʠʩʣʦʪʥʳʝ ʟʘʤʝʥʳ ʧʨʦʠʩʭʦʜʷʪ ʙʝʟ 

ʧʨʠʟʥʘʢʦʚ ʜʠʚʝʨʩʠʬʠʮʠʨʫʶʱʝʛʦ ʦʪʙʦʨʘ. ʅʝʩʠʥʦʥʠʤʠʯʥʳʝ ʟʘʤʝʥʳ ʙʳʣʠ 

ʚʨʝʜʥʳʤʠ ʠ ʨʝʜʢʦ ʬʠʢʩʠʨʦʚʘʣʠʩʴ ʚ ʧʦʧʫʣʷʮʠʠ ʚʦ ʚʨʝʤʷ ʚʥʫʪʨʠʚʘʨʠʘʥʪʥʦʡ 

ʵʚʦʣʶʮʠʠ. ɻʝʥʝʪʠʯʝʩʢʠʡ ʜʨʝʡʬ ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʧʨʝʦʙʨʘʟʦʚʘʥʠʶ ʦʜʥʦʛʦ 

ʚʘʨʠʘʥʪʘ ʚ ʜʨʫʛʦʡ, ʚʩʝ ʚʘʨʠʘʥʪʳ GII.4 ʠʤʝʣʠ ʨʘʟʣʠʯʥʦʝ ʧʨʦʠʩʭʦʞʜʝʥʠʝ ʠ 

ʤʦʛʣʠ ʮʠʨʢʫʣʠʨʦʚʘʪʴ ʩ ʥʠʟʢʦʡ ʯʘʩʪʦʪʦʡ ʟʘʜʦʣʛʦ ʜʦ ʩʚʦʝʛʦ ʧʘʥʜʝʤʠʯʝʩʢʦʛʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ [Tohma et al., 2019]. 

ʇʦ ʤʥʝʥʠʶ Tohma K. ʠ ʩʦʘʚʪ. (2019), ʧʦʷʚʣʝʥʠʝ ʚʘʨʠʘʥʪʦʚ GII.4 

ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʚ ʩʣʝʜʫʶʱʝʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ: (1) 

ʧʨʝʜʧʘʥʜʝʤʠʯʝʩʢʘʷ ʩʪʘʜʠʷ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷʩʷ ʧʨʠʦʙʨʝʪʝʥʠʝʤ ʤʫʪʘʮʠʡ, 

ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʩʪʚʫʶʪ ʧʦʷʚʣʝʥʠʶ ʥʦʚʦʛʦ ʚʘʨʠʘʥʪʘ ʚʠʨʫʩʘ ʠ 

ʵʧʠʟʦʜʠʯʝʩʢʦʡ ʜʠʚʝʨʩʠʬʠʢʘʮʠʠ (ʥʘ ʧʨʠʤʝʨʝ ʦʩʪʘʪʢʦʚ 352, 357, 368 ʠ 378);  

(2) ʢʦʨʦʪʢʠʡ ʧʝʨʠʦʜ (ʦʪ 1 ʜʦ 2 ʣʝʪ) ʘʜʘʧʪʠʚʥʦʩʪʠ (ʩ ʨʘʟʣʠʯʥʳʤʠ 
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ʘʥʪʠʛʝʥʥʳʤʠ ʤʦʪʠʚʘʤʠ), ʢʦʪʦʨʳʡ ʧʨʝʜʰʝʩʪʚʫʝʪ ʬʘʟʝ ʧʘʥʜʝʤʠʠ; ʠ, 

ʥʘʢʦʥʝʮ, (3) ʬʘʟʘ ʧʘʥʜʝʤʠʠ, ʢʦʛʜʘ ʚʠʨʫʩ ʜʦʤʠʥʠʨʫʝʪ ʠ ʥʘʭʦʜʠʪʩʷ ʚ ʫʟʢʦʤ 

ʜʠʘʧʘʟʦʥʝ ʨʘʟʥʦʦʙʨʘʟʠʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ [Tohma et al., 2019] .  

ɺ ʥʝʜʘʚʥʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ Tohma ʠ ʩʦʘʚʪ. (2022) ʚʩʝʩʪʦʨʦʥʥʝ 

ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠ ʚʩʝ ʚʘʨʠʘʙʝʣʴʥʳʝ ʘʥʪʠʛʝʥʥʳʝ ʩʘʡʪʳ, ʫʯʘʩʪʚʫʶʱʠʝ ʚ 

ʥʝʡʪʨʘʣʠʟʘʮʠʠ ʚʠʨʫʩʘ, ʠ ʦʙʥʘʨʫʞʠʣʠ, ʯʪʦ ʦʜʠʥʦʯʥʳʝ ʥʝʡʪʨʘʣʠʟʫʶʱʠʝ 

ʤʦʥʦʢʣʦʥʘʣʴʥʳʝ ʘʥʪʠʪʝʣʘ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ ʥʝʩʢʦʣʴʢʠʤʠ ʘʥʪʠʛʝʥʥʳʤʠ 

ʩʘʡʪʘʤʠ ʥʦʨʦʚʠʨʫʩʘ GII.4. ʂʨʦʤʝ ʨʘʥʝʝ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʘʥʪʠʛʝʥʥʳʭ 

ʩʘʡʪʦʚ [Tohma et al., 2019], ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ ʘʤʠʥʦʢʠʩʣʦʪʥʳʝ ʚʘʨʠʘʮʠʠ 

ʪʘʢʞʝ ʙʳʣʠ ʦʪʤʝʯʝʥʳ ʜʣʷ ʪʨʝʭ ʦʩʪʘʪʢʦʚ (250, 255 ʠ 504), ʢʦʪʦʨʳʝ 

ʨʘʩʧʦʣʦʞʝʥʳ ʙʣʠʟʢʦ ʜʨʫʛ ʢ ʜʨʫʛʫ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ VP1. ʕʪʠ ʦʩʪʘʪʢʠ 

ʧʝʨʝʢʨʳʚʘʶʪʩʷ ʩ ʦʪʧʝʯʘʪʢʦʤ ʘʥʪʠʪʝʣʘ, ʢʦʪʦʨʦʝ ʙʳʣʦ ʥʘʥʝʩʝʥʦ ʥʘ ʢʘʨʪʫ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʥʩʝʨʚʘʪʠʚʥʦʡ ʦʙʣʘʩʪʠ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ P1-P2 

[Lindesmith et al., 2019]. ɹʳʣʦ ʚʳʩʢʘʟʘʥʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʵʪʠ ʦʩʪʘʪʢʠ 

ʩʦʩʪʘʚʣʷʶʪ ʝʱʝ ʦʜʠʥ ʚʘʨʠʘʙʝʣʴʥʳʡ ʘʥʪʠʛʝʥʥʳʡ ʩʘʡʪ, ʥʘʟʚʘʥʥʳʡ I 

[Tohma et al., 2022]. 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʥʝʩʢʦʣʴʢʠʭ ʵʧʠʪʦʧʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʠʨʫʩʥʦʛʦ 

ʢʘʧʩʠʜʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʰʠʨʦʢʠʡ ʨʝʧʝʨʪʫʘʨ ʩʚʷʟʳʚʘʥʠʷ ʤɸʪ ʩ ʟʘʤʝʪʥʦʡ 

ʨʘʟʥʠʮʝʡ ʚ ʧʨʦʬʠʣʷʭ ʩʚʷʟʳʚʘʥʠʷ ʤɸʪ ʠ ʠʝʨʘʨʭʠʠ ʠʤʤʫʥʦʜʦʤʠʥʠʨʦʚʘʥʠʷ 

ʜʣʷ ʜʚʫʭ ʦʪʜʘʣʝʥʥʦ ʨʦʜʩʪʚʝʥʥʳʭ ʚʘʨʠʘʥʪʦʚ GII.4. ʂʦʜʦʤʠʥʠʨʦʚʘʥʠʝ 

ʘʥʪʠʛʝʥʥʳʭ ʩʘʡʪʦʚ A ʠ G ʤʦʞʝʪ ʩʪʘʙʠʣʠʟʠʨʦʚʘʪʴ ʘʥʪʠʛʝʥʥʦʩʪʴ ʠ 

ʧʨʠʩʧʦʩʦʙʣʝʥʥʦʩʪʴ ʚʠʨʫʩʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʜʣʠʪʝʣʴʥʦʡ ʮʠʨʢʫʣʷʮʠʠ, ʢʘʢ 

ʵʪʦ ʥʘʙʣʶʜʘʣʦʩʴ ʜʣʷ  ʚʘʨʠʘʥʪʦʚ Grimbsby 1995 (US95-96) ʠ Sydney 2012, 

ʜʦʤʠʥʠʨʦʚʘʚʰʠʭ 8 ʠ ʙʦʣʝʝ 10 ʣʝʪ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ,  ʚ ʦʪʣʠʯʠʝ ʦʪ ʜʨʫʛʠʭ 

ʵʧʠʜʝʤʠʯʝʩʢʠʭ ʚʘʨʠʘʥʪʦʚ, ʩʨʦʢʠ ʮʠʨʢʫʣʷʮʠʠ ʢʦʪʦʨʳʭ ʦʛʨʘʥʠʯʠʚʘʣʠʩʴ 3- 5 

ʛʦʜʘʤʠ. ɺ ʯʘʩʪʥʦʩʪʠ, ʜʣʷ ʚʘʨʠʘʥʪʘ Sydney 2012 ʘʥʪʠʛʝʥʥʳʡ ʩʘʡʪ G, ʧʦ-

ʚʠʜʠʤʦʤʫ, ʤʦʜʫʣʠʨʫʝʪ ʦʪʚʝʪ ʘʥʪʠʪʝʣ ʧʫʪʝʤ ʠʟʤʝʥʝʥʠʷ 

ʠʤʤʫʥʦʜʦʤʠʥʘʥʪʥʦʩʪʠ ʠ ʙʣʦʢʠʨʦʚʘʥʠʷ ʜʦʩʪʫʧʘ ʘʥʪʠʪʝʣ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʢ 

ʘʥʪʠʛʝʥʥʦʤʫ ʩʘʡʪʫ ɸ [Tohma et al., 2022]. ɺʠʨʫʩʳ ʚʘʨʠʘʥʪʘ Sydney 2012 
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ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʜʣʠʪʝʣʴʥʳʡ ʧʝʨʠʦʜ ʙʦʣʴʰʦʡ ʛʝʥʝʪʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ,  

ʯʪʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʥʦʨʦʚʠʨʫʩʦʚ, ʥʝ ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʛʝʥʦʪʠʧʫ 

GII.4, ʘ ʪʘʢʞʝ  ʧʨʦʷʚʣʷʶʪ ʨʝʚʝʨʩʠʶ ʢ ʧʨʝʜʢʦʚʳʤ ʵʧʠʪʦʧʘʤ GII.4. 

ɺʥʫʪʨʠʚʘʨʠʘʥʪʥʘʷ ʵʚʦʣʶʮʠʷ Sydney 2012 ʧʨʠʚʝʣʘ ʢ ʧʨʝʦʙʣʘʜʘʥʠʶ 

ʵʧʠʪʦʧʦʚ, ʢʦʪʦʨʳʝ ʩʭʦʜʥʳ ʩ ʵʧʠʪʦʧʘʤʠ ʚʠʨʫʩʦʚ ʚʘʨʠʘʥʪʘ 

Farmington Hills 2002 [Parra et al., 2023]. 

Zharova A.-M. D. ʠ ʩʦʘʚʪ. (2023) ʙʳʣ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʘʥʪʠʛʝʥʥʳʭ 

ʩʚʦʡʩʪʚ ʙʝʣʢʘ VP1 ʥʦʨʦʚʠʨʫʩʘ GII.4 Sydney[P16], ʮʠʨʢʫʣʠʨʫʶʱʝʛʦ ʚ 

ʈʦʩʩʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʦʚ in silico (ʜʣʷ ʘʥʘʣʠʟʘ ʙʳʣʘ ʚʟʷʪʘ 

ʜʝʧʦʥʠʨʦʚʘʥʥʘʷ ʥʘʤʠ ʚ GenBank ʥʫʢʣʝʦʪʠʜʥʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ 

ʥʦʨʦʚʠʨʫʩʘ, ʚʳʷʚʣʝʥʥʦʛʦ ʚ ʅʠʞʥʝʤ ʅʦʚʛʦʨʦʜʝ, MZ958411). ɼʘʥʥʳʝ ʧʦ 

ʚʳʚʝʜʝʥʥʦʡ ʘʤʠʥʦʢʠʩʣʦʪʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ VP1 ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʣʷ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʵʧʠʪʦʧʦʚ ʊ-ʭʝʣʧʝʨʦʚ ʠ ʊ-ʢʠʣʣʝʨʦʚ, ʣʠʥʝʡʥʳʭ ʠ 

ʢʦʥʬʦʨʤʘʮʠʦʥʥʳʭ ʵʧʠʪʦʧʦʚ ɺ-ʢʣʝʪʦʢ, ʜʣʷ ʦʮʝʥʢʠ ʢʦʥʩʝʨʚʘʪʠʚʥʦʩʪʠ 

ʵʧʠʪʦʧʦʚ ʠ ʘʣʣʝʨʛʝʥʥʦʩʪʠ VP1. ʊ-ʢʣʝʪʦʯʥʳʝ ʵʧʠʪʦʧʳ ʩ ʥʘʠʙʦʣʴʰʝʡ 

ʦʮʝʥʝʥʥʦʡ ʠʤʤʫʥʦʛʝʥʥʦʩʪʴʶ ʙʳʣʠ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʳ ʚ ʧʦʣʦʞʝʥʠʷʭ 207-

223 ʠ 378-394 ʚ S- ʠ P-ʜʦʤʝʥʘʭ ʙʝʣʢʘ. ɹʳʣʘ ʩʤʦʜʝʣʠʨʦʚʘʥʘ ʪʨʝʪʠʯʥʘʷ 

ʩʪʨʫʢʪʫʨʘ VP1 ʠ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʳ 2 ʣʠʥʝʡʥʳʭ ʠ 47 ʢʦʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ɺ-ʢʣʝʪʦʯʥʳʭ ʵʧʠʪʦʧʘ. ɺ ʜʦʧʦʣʥʝʥʠʝ ʢ ʨʘʥʝʝ ʦʧʠʩʘʥʥʳʤ ʙʳʣ 

ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥ ʥʦʚʳʡ ʧʨʝʜʧʦʣʘʛʘʝʤʳʡ ʵʧʠʪʦʧ B-ʢʣʝʪʦʢ ʚ ʧʦʣʦʞʝʥʠʷʭ 

307-316 ʩʫʙʜʦʤʝʥʘ P2. ɸʥʘʣʠʟ in silico ʧʝʨʚʠʯʥʦʡ ʠ ʪʨʝʪʠʯʥʦʡ ʩʪʨʫʢʪʫʨʳ 

ʙʝʣʢʘ VP1 ʥʦʨʦʚʠʨʫʩʘ ʧʦʢʘʟʘʣ, ʯʪʦ ʦʥ ʥʝ ʘʣʣʝʨʛʝʥʝʥ ʠ ʠʤʝʝʪ ʨʘʟʣʠʯʥʳʝ 

ʠʤʤʫʥʦʛʝʥʥʳʝ ʵʧʠʪʦʧʳ, ʧʦʪʝʥʮʠʘʣʴʥʦ ʩʧʦʩʦʙʥʳʝ ʠʥʜʫʮʠʨʦʚʘʪʴ ʊ- ʠ ɺ-

ʢʣʝʪʦʯʥʳʝ ʠʤʤʫʥʥʳʝ ʦʪʚʝʪʳ [Zharova et al., 2023]. 

ʉʫʱʝʩʪʚʦʚʘʥʠʝ ʫʧʦʨʷʜʦʯʝʥʥʳʭ ʧʦ ʚʨʝʤʝʥʠ ʤʫʪʘʥʪʥʳʭ ʚʠʨʫʩʦʚ 

ʧʦʜʪʚʝʨʞʜʘʝʪ ʧʨʦʛʨʝʩʩʠʚʥʦʝ ʠʟʤʝʥʝʥʠʝ ʠʤʤʫʥʦʜʦʤʠʥʘʥʪʥʦʩʪʠ ʘʥʪʠʪʝʣ 

ʥʘʨʷʜʫ ʩ ʪʦʯʝʯʥʳʤʠ ʤʫʪʘʮʠʷʤʠ ʚ ʧʨʦʮʝʩʩʝ ʵʚʦʣʶʮʠʠ ʥʦʨʦʚʠʨʫʩʘ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʚ ʜʦʧʦʣʥʝʥʠʝ ʢ ʪʦʯʝʯʥʳʤ ʤʫʪʘʮʠʷʤ, ʧʝʨʝʢʣʶʯʘʪʝʣʠ 

ʠʤʤʫʥʦʜʦʤʠʥʠʨʦʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʧʝʨʝʥʘʧʨʘʚʣʷʶʪ ʠʤʤʫʥʥʳʝ ʦʪʚʝʪʳ, ʤʦʛʫʪ 
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ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʫʩʢʦʣʴʟʘʥʠʶ ʦʪ ʠʤʤʫʥʥʦʛʦ ʦʪʚʝʪʘ ʈʅʂ-ʚʠʨʫʩʦʚ, 

ʦʙʝʩʧʝʯʠʚʘʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʤʝʭʘʥʠʟʤ, ʦʙʲʷʩʥʷʶʱʠʡ ʜʠʚʝʨʩʠʬʠʢʘʮʠʶ 

ʥʦʨʦʚʠʨʫʩʘ GII.4 ʠ ʝʛʦ ʧʝʨʩʠʩʪʝʥʮʠʶ ʚ ʯʝʣʦʚʝʯʝʩʢʦʡ ʧʦʧʫʣʷʮʠʠ [Tohma et 

al., 2022]. 

ʉʝʢʚʝʥʠʨʦʚʘʥʠʝ ʧʦʣʥʦʛʦ ʛʝʥʦʤʘ ʨʘʟʣʠʯʥʳʭ ʵʧʠʜʝʤʠʯʝʩʢʠʭ 

ʚʘʨʠʘʥʪʦʚ ʥʦʨʦʚʠʨʫʩʘ ʠ ʘʥʘʣʠʟ ʚʳʚʝʜʝʥʥʳʭ ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʧʦʢʘʟʘʣ ʥʘʣʠʯʠʝ ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʟʘʤʝʥ 

ʧʨʘʢʪʠʯʝʩʢʠ ʚʦ ʚʩʝʭ ʙʝʣʢʘʭ ʚʠʨʫʩʘ. ʕʪʦ ʦʪʨʘʞʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ çʪʦʥʢʦʡ 

ʥʘʩʪʨʦʡʢʠè ʩʪʨʫʢʪʫʨʳ ʠ ʬʫʥʢʮʠʠ ʚʩʝʭ ʚʠʨʫʩʥʳʭ ʙʝʣʢʦʚ ʜʣʷ ʫʩʧʝʰʥʦʛʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʠʨʫʩʘ ʚ ʯʝʣʦʚʝʯʝʩʢʦʡ ʧʦʧʫʣʷʮʠʠ [Parra et al., 2019]. 

ʀʩʪʦʯʥʠʢʦʤ ʛʝʥʝʨʘʮʠʠ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʥʦʨʦʚʠʨʫʩʦʚ 

ʤʦʞʝʪ ʙʳʪʴ ʦʨʛʘʥʠʟʤ ʣʶʜʝʡ ʩ ʠʤʤʫʥʦʜʝʬʠʮʠʪʦʤ, ʚ ʢʦʪʦʨʦʤ ʚ ʦʪʩʫʪʩʪʚʠʠ 

ʠʤʤʫʥʥʦʛʦ ʧʨʝʩʩʠʥʛʘ ʚ ʭʦʜʝ ʭʨʦʥʠʯʝʩʢʦʡ ʠʥʬʝʢʮʠʠ ʦʙʨʘʟʫʝʪʩʷ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʢʚʘʟʠʚʠʜʦʚ, ʪʦ ʝʩʪʴ ʤʫʪʠʨʦʚʘʚʰʠʭ ʦʪ ʠʩʭʦʜʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʚʘʨʠʘʥʪʦʚ ʚʠʨʫʩʘ [Siebenga et al., 2008; van Beek et al., 2017]. 

ʈʝʟʝʨʚʫʘʨʦʤ ʜʣʷ ʚʥʦʚʴ ʚʦʟʥʠʢʘʶʱʠʭ ʰʪʘʤʤʦʚ ʤʦʛʫʪ ʙʳʪʴ ʪʘʢʞʝ 

ʧʦʞʠʣʳʝ ʠ ʛʦʣʦʜʘʶʱʠʝ ʣʶʜʠ [Karst et al.,   2015]. ʋʩʣʦʚʠʷ ʧʝʨʝʜʘʯʠ 

ʤʫʪʠʨʦʚʘʚʰʠʭ ʚʘʨʠʘʥʪʦʚ ʚʠʨʫʩʘ ʩʦʟʜʘʶʪʩʷ ʚ ʫʯʨʝʞʜʝʥʠʷʭ 

ʜʦʣʛʦʚʨʝʤʝʥʥʦʛʦ ʫʭʦʜʘ (ʜʦʤʘ ʧʨʝʩʪʘʨʝʣʳʭ ʠ ʛʝʨʦʥʪʦʣʦʛʠʯʝʩʢʠʝ ʮʝʥʪʨʳ, 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʠʥʪʝʨʥʘʪʳ, ʭʦʩʧʠʩʳ). ʅʘʢʦʧʣʝʥʠʝ ʥʝʙʦʣʴʰʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʪʦʯʝʯʥʳʭ ʤʫʪʘʮʠʡ ʧʦʢʘʟʘʥʦ ʪʘʢʞʝ ʠ ʫ ʠʤʤʫʥʦʢʦʤʧʝʪʝʥʥʳʭ 

ʣʶʜʝʡ ʚ ʧʨʦʮʝʩʩʝ ʦʩʪʨʦʡ ʥʦʨʦʚʠʨʫʩʥʦʡ ʠʥʬʝʢʮʠʠ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ 

ʚʳʜʝʣʝʥʠʷ ʚʠʨʫʩʘ ʨʝʢʦʥʚʘʣʝʩʮʝʥʪʦʤ [Bull et al.,   2012].  

ʂʨʦʤʝ ʤʫʪʘʮʠʡ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʘʥʪʠʛʝʥʥʳʡ ʜʨʝʡʬ ʠ ʠʟʤʝʥʝʥʠʷ ʚ 

ʵʧʠʪʦʧʘʭ ʩʚʷʟʳʚʘʥʠʷ ʩ ʨʝʮʝʧʪʦʨʘʤʠ ʭʦʟʷʠʥʘ, ʚʘʞʥʳʤ ʤʝʭʘʥʠʟʤʦʤ 

ʵʚʦʣʶʮʠʠ ʥʦʨʦʚʠʨʫʩʦʚ ʷʚʣʷʝʪʩʷ ʨʝʢʦʤʙʠʥʘʮʠʷ. ʈʝʢʦʤʙʠʥʘʮʠʷ ï ʩʣʦʞʥʳʡ 

ʤʦʣʝʢʫʣʷʨʥʳʡ ʧʨʦʮʝʩʩ, ʧʦʩʨʝʜʩʪʚʦʤ ʢʦʪʦʨʦʛʦ ʬʨʘʛʤʝʥʪʳ ɼʅʂ ʚʟʘʠʤʥʦ 

ʦʙʤʝʥʠʚʘʪʁʩʷ ʤʝʞʜʫ ʛʦʤʦʣʦʛʠʯʥʳʤʠ ʭʨʦʤʦʩʦʤʘʤʠ, ʩʣʫʞʠʪ ʦʩʥʦʚʦʡ 

ʵʚʦʣʶʮʠʠ/ʧʦʣʦʚʦʛʦ ʨʘʟʤʥʦʞʝʥʠʷ ʫ ʵʫʢʘʨʠʦʪ [Posada et al., 2002] ʠ, ʧʦ ʩʫʪʠ, 
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ʛʣʫʙʦʢʦ ʚʣʠʷʝʪ ʥʘ ʵʚʦʣʶʮʠʶ ʚʩʝʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ. ʋ ʧʨʦʢʘʨʠʦʪ ʠ 

ʚʠʨʫʩʦʚ ʨʝʢʦʤʙʠʥʘʮʠʷ (ʠʣʠ ʣʘʪʝʨʘʣʴʥʳʡ ʧʝʨʝʥʦʩ ʛʝʥʦʚ ʠʣʠ ʢʦʥʚʝʨʩʠʷ 

ʛʝʥʦʚ) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʝ ʦʙʤʝʥ, ʘ ʟʘʤʝʥʫ ʠʣʠ ʜʦʙʘʚʣʝʥʠʝ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʛʝʥʦʤʘ [Posada et al., 2002: Perez-Losada et al., 2015], 

ʯʪʦ ʤʦʞʝʪ ʩʦʟʜʘʚʘʪʴ ʟʥʘʯʠʪʝʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʚʠʨʫʩʥʦʤ ʛʝʥʦʤʝ, ʜʦʧʫʩʢʘʷ 

ʘʥʪʠʛʝʥʥʳʝ ʩʜʚʠʛʠ [Malim, Emerman, 2001], ʠʟʤʝʥʝʥʠʷ ʚ ʪʨʦʧʠʟʤʝ ʢ 

ʨʝʮʝʧʪʦʨʫ ʠʣʠ ʭʦʟʷʠʥʫ [Jackwood, 2010], ʘ ʪʘʢʞʝ ʤʦʜʠʬʠʢʘʮʠʠ ʧʘʪʦʛʝʥʝʟʘ 

ʠ ʧʨʠʩʧʦʩʦʙʣʝʥʥʦʩʪʠ, ʚʣʠʷʶʱʠʝ ʥʘ ʵʧʠʜʝʤʠʦʣʦʛʠʶ ʚʠʨʫʩʘ [Simon-Loriere, 

Holmes, 2011; Ludwig-Begall, 2018]. 

ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʫ ʦʜʥʦʛʦ ʠʟʦʣʷʪʘ ʥʦʨʦʚʠʨʫʩʘ ʫʯʘʩʪʢʦʚ ʛʝʥʦʤʘ, 

ʢʦʜʠʨʫʶʱʠʭ ʈʅʂ-ʧʦʣʠʤʝʨʘʟʫ ʠ ʢʘʧʩʠʜʥʳʡ ʙʝʣʦʢ, ʠʜʝʥʪʠʯʥʳʭ ʨʘʟʥʳʤ 

ʪʠʧʦʚʳʤ ʰʪʘʤʤʘʤ, ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʘʣʠʯʠʝ ʨʝʢʦʤʙʠʥʘʮʠʠ. ʇʝʨʚʳʝ 

ʩʦʦʙʱʝʥʠʷ ʦ ʝʩʪʝʩʪʚʝʥʥʦʡ ʨʝʢʦʤʙʠʥʘʮʠʠ ʤʝʞʜʫ ʚʠʨʫʩʘʤʠ ʛʝʥʦʛʨʫʧʧʳ GII 

ʙʳʣʠ ʦʩʥʦʚʘʥʳ ʥʘ ʘʥʘʣʠʟʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʮʠʨʢʫʣʠʨʫʶʱʠʭ ʚʠʨʫʩʦʚ 

[Hardy et al., 1997; Jiang et al., 1999]. ɺ ʜʘʣʴʥʝʡʰʝʤ ʙʳʣʦ ʧʨʝʜʩʪʘʚʣʝʥʦ 

ʤʥʦʛʦ ʩʦʦʙʱʝʥʠʡ ʦ ʰʪʘʤʤʘʭ, ʷʚʣʷʶʱʠʭʩʷ ʨʝʢʦʤʙʠʥʘʥʪʘʤʠ [Han et al., 

2004; Bull et al., 2005]. ʆʧʠʩʘʥʳ ʪʨʠ ʚʠʜʘ ʨʝʢʦʤʙʠʥʘʮʠʡ ï 

ʤʝʞʛʝʥʦʛʨʫʧʧʦʚʳʝ, ʤʝʞʛʝʥʦʪʠʧʦʚʳʝ ʠ ʤʝʞʩʫʙʛʝʥʦʪʠʧʦʚʳʝ 

(ʤʝʞʚʘʨʠʘʥʪʥʳʝ). ʈʝʢʦʤʙʠʥʘʮʠʠ ʦʙʳʯʥʦ ʧʨʦʠʩʭʦʜʷʪ ʚ ʦʙʣʘʩʪʠ 

ʩʦʝʜʠʥʝʥʠʷ ʠ ʯʘʩʪʠʯʥʦʛʦ ʧʝʨʝʢʨʳʚʘʥʠʷ ORF1 ʠ ORF2 [Bull et al., 2005], 

ʭʦʪʷ ʦʧʠʩʘʥʳ ʠ ʘʪʠʧʠʯʥʳʝ ʪʦʯʢʠ ʨʝʢʦʤʙʠʥʘʮʠʡ ʚʥʫʪʨʠ ʨʘʤʦʢ ʩʯʠʪʳʚʘʥʠʷ, 

ʘ ʪʘʢʞʝ ʥʘ ʩʪʳʢʝ ORF2/ORF3. ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʡ ʚʘʨʠʘʥʪ 

ʨʝʢʦʤʙʠʥʘʮʠʡ ï ʤʝʞʛʝʥʦʪʠʧʦʚʦʡ. ɼʦʣʷ ʪʘʢʠʭ ʨʝʢʦʤʙʠʥʘʥʪʦʚ ʩʫʱʝʩʪʚʝʥʥʦ 

ʚʦʟʨʦʩʣʘ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ [van Beek et al. 2018; Ludwig-Begall et al., 2018]. 

ɺʧʝʨʚʳʝ ʨʘʟʨʦʟʥʝʥʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦʙ ʠʜʝʥʪʠʬʠʢʘʮʠʠ 

ʨʝʢʦʤʙʠʥʘʥʘʪʥʳʭ ʥʦʨʦʚʠʨʫʩʦʚ, ʙʳʣʘ ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʥʘ ʚ ʨʘʙʦʪʝ Bull R.A. 

ʚ 2007 ʛ. ʈʝʢʦʤʙʠʥʘʥʪʳ ʅɺ ʠ ʠʭ ʪʦʯʢʠ ʨʝʢʦʤʙʠʥʘʮʠʠ ʙʳʣʠ 

ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʨʝʭ ʤʝʪʦʜʦʚ: ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʦʛʦ 

ʘʥʘʣʠʟʘ, ʘʥʘʣʠʟʘ SimPlot ʠ ʤʝʪʦʜʘ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ɢ2. ʌʠʣʦʛʝʥʝʪʠʯʝʩʢʠʡ 
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ʘʥʘʣʠʟ ʧʦʣʝʟʝʥ, ʢʦʛʜʘ ʨʦʜʠʪʝʣʴʩʢʠʡ ʰʪʘʤʤ ʥʝ ʤʦʞʝʪ ʙʳʪʴ 

ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥ ʜʣʷ ʦʜʥʦʛʦ ʠʟ ʠʩʩʣʝʜʫʝʤʳʭ ʨʝʛʠʦʥʦʚ. ɸʥʘʣʠʟ SimPlot ʠ 

ʤʝʪʦʜ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ɢ2 ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʦʯʢʠ ʨʘʟʨʳʚʘ, ʥʦ 

ʪʨʝʙʫʶʪ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʨʦʜʠʪʝʣʴʩʢʠʭ ʰʪʘʤʤʦʚ. ɸʥʘʣʠʟ 120 ʰʪʘʤʤʦʚ 

ʥʦʨʦʚʠʨʫʩʦʚ ʠʟ ʧʷʪʠ ʛʝʥʦʛʨʫʧʧ (I, II, III, IV, V) ʚʳʷʚʠʣ 29 ʨʝʢʦʤʙʠʥʘʥʪʦʚ, 

ʢʦʪʦʨʳʝ ʙʳʣʠ ʩʛʨʫʧʧʠʨʦʚʘʥʳ ʚ 20 ʫʥʠʢʘʣʴʥʳʭ ʚʩʪʨʝʯʘʶʱʠʭʩʷ ʚ ʧʨʠʨʦʜʝ 

ʨʝʢʦʤʙʠʥʘʥʪʥʳʭ ʪʠʧʦʚ ʅɺ: ʦʜʠʥ ʚ ʛʝʥʦʛʨʫʧʧʝ GI, ʩʝʤʥʘʜʮʘʪʴ ï ʚ 

ʛʝʥʦʛʨʫʧʧʝ GII ʠ ʜʚʘ ï ʚ ʛʝʥʦʛʨʫʧʧʝ GIII. ɺ ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʙʳʣʠ 

ʦʧʠʩʘʥʳ ʚʥʫʪʨʠʛʝʥʦʛʨʫʧʧʦʚʳʝ ʨʝʢʦʤʙʠʥʘʥʪʳ ʠ ʦʧʨʝʜʝʣʝʥʘ ʪʦʯʢʘ 

ʨʝʢʦʤʙʠʥʘʮʠʠ ï ʧʝʨʝʢʨʳʪʠʝ ORF1/2 ʜʣʷ ʚʩʝʭ ʠʟʦʣʷʪʘʭ, ʢʨʦʤʝ ʦʜʥʦʛʦ, 

ʢʦʪʦʨʳʡ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ ʜʚʦʡʥʦʝ ʩʦʙʳʪʠʝ ʨʝʢʦʤʙʠʥʘʮʠʠ ʚ ʦʙʣʘʩʪʠ 

ʛʝʥʘ ʧʦʣʠʤʝʨʘʟʳ [Bull et al., 2007].   

ʄʝʞʛʝʥʦʛʨʫʧʧʦʚʳʝ ʠ ʤʝʞʩʫʙʛʝʥʦʪʠʧʦʚʳʝ (ʤʝʞʚʘʨʠʘʥʪʥʳʝ) 

ʨʝʢʦʤʙʠʥʘʮʠʠ ʫ ʥʦʨʦʚʠʨʫʩʦʚ ʚʧʝʨʚʳʝ ʦʧʠʩʘʥʳ Phan T.G. ʠ ʩʦʘʚʪ. ʧʨʠ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʰʪʘʤʤʦʚ, ʮʠʨʢʫʣʠʨʦʚʘʚʰʠʭ ʚ ʗʧʦʥʠʠ ʚ 2005-2006 ʛʛ. [Phan 

et al., 2007]. ʄʝʞʛʝʥʦʛʨʫʧʧʦʚʘʷ ʨʝʢʦʤʙʠʥʘʮʠʷ ʷʚʣʷʝʪʩʷ ʯʨʝʟʚʳʯʘʡʥʦ 

ʨʝʜʢʠʤ ʩʦʙʳʪʠʝʤ, ʚʦʟʤʦʞʥʦ ʧʦʪʦʤʫ, ʯʪʦ ʥʦʨʦʚʠʨʫʩʳ ʨʘʟʥʳʭ ʛʝʥʦʛʨʫʧʧ 

ʷʚʣʷʶʪʩʷ ʧʨʝʜʩʪʘʚʠʪʝʣʷʤʠ ʨʘʟʥʳʭ ʚʠʜʦʚ ʚʥʫʪʨʠ ʨʦʜʘ Norovirus, ʭʦʪʷ ʵʪʦ 

ʨʘʟʜʝʣʝʥʠʝ ʪʘʢʩʦʥʦʤʠʯʝʩʢʠ ʝʱʝ ʥʝ ʫʩʪʘʥʦʚʣʝʥʦ. ɺ ʀʥʜʠʠ ʫ ʙʦʣʴʥʦʛʦ, 

ʩʪʨʘʜʘʶʱʝʛʦ ʦʩʪʨʳʤ ʛʘʩʪʨʦʵʥʪʝʨʠʪʦʤ ʩ ʩʠʣʴʥʳʤ ʦʙʝʟʚʦʞʠʚʘʥʠʝʤ, ʙʳʣ 

ʚʳʜʝʣʝʥ ʤʝʞʛʝʥʦʛʨʫʧʧʦʚʦʡ ʨʝʢʦʤʙʠʥʘʥʪʥʳʡ ʰʪʘʤʤ ʥʦʨʦʚʠʨʫʩʘ, ʛʝʥ RdRp 

ʢʦʪʦʨʦʛʦ, ʧʦ ʤʥʝʥʠʶ ʘʚʪʦʨʦʚ ʙʳʣ ʨʦʜʩʪʚʝʥʝʥ ʅɺ GI.3, ʘ ʛʝʥ VP1 ï ʅɺ 

GII.4 [Nayak et al., 2008]. ʆʪʤʝʪʠʤ, ʯʪʦ ʪʠʧʠʨʦʚʘʥʠʝ ʩ ʧʦʤʦʱʴʶ Calicivirus 

typingtool ʠʜʝʥʪʠʬʠʮʠʨʫʝʪ ʵʪʫ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʢʘʢ GII.4[PI.8]. 

ʄʝʞʩʫʙʛʝʥʦʪʠʧʦʚʘʷ (ʤʝʞʚʘʨʠʘʥʪʥʘʷ) ʨʝʢʦʤʙʠʥʘʮʠʷ ʯʘʩʪʦ ʚʩʪʨʝʯʘʝʪʩʷ 

ʚʥʫʪʨʠ ʛʝʥʦʪʠʧʘ GII.4 [van Beek et al., 2018].  

ɺ ʨʘʙʦʪʝ Ludwig-Begall ʩ ʩʦʘʚʪ. (2018) ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ 

ʠʥʬʦʨʤʘʮʠʠ (ʧʫʙʣʠʢʘʮʠʠ ʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʜʝʧʦʥʠʨʦʚʘʥʥʳʝ ʚ 

GenBank), ʧʦʣʫʯʝʥʥʦʡ ʚ ʪʝʯʝʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʧʦʩʣʝ 2007 ʛ. (ʩ ʠʶʣʷ 2007 ʧʦ 
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ʬʝʚʨʘʣʴ 2018 ʛʦʜʘ), ʫʚʝʣʠʯʝʥʦ ʯʠʩʣʦ  ʤʝʞʛʝʥʦʪʠʧʦʚʳʭ ʨʝʢʦʤʙʠʥʘʥʪʥʳʭ 

ʪʠʧʦʚ ʚ ʦʙʱʝʡ ʩʣʦʞʥʦʩʪʠ ʜʦ 80 ʠ ʦʧʠʩʘʥʦ ʪʨʠ ʥʦʚʳʭ ʤʝʞʛʝʥʦʛʨʫʧʧʦʚʳʭ 

ʨʝʢʦʤʙʠʥʘʥʪʘ. ʆʧʠʩʘʥʳ ʚʥʫʪʨʠʚʘʨʠʘʥʪʳʝ ʨʝʢʦʤʙʠʥʘʮʠʠ ʩʨʝʜʠ 

ʥʦʨʦʚʠʨʫʩʦʚ ʛʝʥʦʪʠʧʘ GII.4, ʘ ʪʘʢʞʝ çʦʙʣʠʛʘʪʥʳʝè ʨʝʢʦʤʙʠʥʘʮʠʠ ï 

ʷʚʣʝʥʠʝ, ʧʨʠ ʢʦʪʦʨʦʤ ORF1 ʩ ʦʧʨʝʜʝʣʝʥʥʦʡ ʩʧʝʮʠʬʠʯʥʦʩʪʴʶ ʚʩʪʨʝʯʘʝʪʩʷ 

ʚ ʘʩʩʦʮʠʘʮʠʠ ʩ ʤʥʦʞʝʩʪʚʦʤ ʨʘʟʥʳʭ ORF2, ʥʝ ʠʤʝʷ ʢʘʢʦʡ-ʣʠʙʦ ʦʩʥʦʚʥʦʡ 

(çʥʝʨʝʢʦʤʙʠʥʘʥʪʦʡè) ʘʩʩʦʮʠʘʮʠʠ. ɼʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʩʪʘʪʫʩʘ 

ʨʝʢʦʤʙʠʥʘʥʪʘ ʠʩʧʦʣʴʟʦʚʘʥʦ ʪʠʧʠʨʦʚʘʥʠʝ ʩ ʧʦʤʦʱʴʶ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʳ, ʬʫʥʢʮʠʦʥʠʨʦʚʘʚʰʝʡ ʥʘ ʩʘʡʪʝ ʧʨʦʝʢʪʘ Noronet. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ 

ʦʙʩʫʞʜʘʶʪʩʷ ʜʚʘ ʤʝʭʘʥʠʟʤʘ ʨʝʢʦʤʙʠʥʘʮʠʠ ï ʨʝʧʣʠʢʘʪʠʚʥʳʡ ʠ 

ʥʝʨʝʧʣʠʢʘʪʠʚʥʳʡ [Ludwig-Begall et al. 2018]. 

ʆʩʥʦʚʥʳʤ ʤʝʭʘʥʠʟʤʦʤ ʨʝʢʦʤʙʠʥʘʮʠʠ ʩʯʠʪʘʝʪʩʷ ʩʤʝʥʘ ʤʘʪʨʠʮʳ ʚ 

ʧʨʦʮʝʩʩʝ ʨʝʧʣʠʢʘʮʠʠ ï ʨʝʧʣʠʢʘʪʠʚʥʳʡ ʤʝʭʘʥʠʟʤ. ʇʝʨʝʢʨʳʪʠʝ ORF1/2 

ʚʢʣʶʯʘʝʪ ʩʫʙʛʝʥʦʤʥʳʡ ʧʨʦʤʦʪʦʨ [Asanaka et al., 2005] ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʠʤʝʝʪ ʩʪʨʫʢʪʫʨʫ çʩʪʝʙʝʣʴ-ʧʝʪʣʷè, ʢʦʪʦʨʘʷ ʢʦʥʩʝʨʚʘʪʠʚʥʘ ʥʘ 100 % ʚ 

ʢʘʞʜʦʡ ʛʝʥʦʛʨʫʧʧʝ [Bull et al., 2005]. ʄʦʜʝʣʴ ʨʝʧʣʠʢʘʪʠʚʥʦʡ 

ʨʝʢʦʤʙʠʥʘʮʠʠ ʥʦʨʦʚʠʨʫʩʘ ʩʦʯʝʪʘʝʪ ʚ ʩʝʙʝ ʤʦʜʝʣʴ ʨʝʢʦʤʙʠʥʘʮʠʠ ʩ 

ʚʳʙʦʨʦʤ ʢʦʧʠʠ, ʚ ʢʦʪʦʨʦʡ ʤʦʣʝʢʫʣʳ ʨʝʢʦʤʙʠʥʘʥʪʥʦʡ ʈʅʂ ʛʝʥʝʨʠʨʫʶʪʩʷ 

RdRp ʧʦʩʨʝʜʩʪʚʦʤ ʩʤʝʥʳ ʤʘʪʨʠʮʳ ʩ ʚʥʫʪʨʝʥʥʠʤ ʤʝʭʘʥʠʟʤʦʤ ʠʥʠʮʠʘʮʠʠ 

ʩʫʙʛʝʥʦʤʥʦʛʦ ʩʠʥʪʝʟʘ. ʇʦʩʣʝ ʟʘʨʘʞʝʥʠʷ ʢʣʝʪʢʠ ʜʚʫʤʷ ʨʘʟʥʳʤʠ ʰʪʘʤʤʘʤʠ 

ʅɺ ʪʨʘʥʩʢʨʠʧʮʠʷ ʛʝʥʦʤʦʚ ʩ ʧʦʤʦʱʴʶ RdRp ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʧʨʦʜʫʢʪʘ ʩ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʮʝʧʴʶ. ʉʚʷʟʳʚʘʥʠʝ RdRp ʢʘʢ ʩ 

5'-ʢʦʥʮʦʤ, ʪʘʢ ʠ ʩ ʚʥʫʪʨʝʥʥʠʤ ʧʨʦʤʦʪʦʨʦʤ, ʠʥʠʮʠʠʨʫʝʪ ʩʠʥʪʝʟ (+) ʮʝʧʠ 

ʛʝʥʦʤʘ ʠ ʩʫʙʛʝʥʦʤʥʦʡ ʈʅʂ. ʉʠʥʪʝʟ ʈʅʂ ʩ 3'-ʢʦʥʮʘ ʟʘʪʝʤ ʛʝʥʝʨʠʨʫʝʪ 

ʛʝʥʦʤʳ ʩ (-) ʮʝʧʴʶ ʠ ʩʫʙʛʝʥʦʤʥʫʶ ʈʅʂ. ʈʝʢʦʤʙʠʥʘʮʠʷ ʧʨʦʠʩʭʦʜʠʪ ʚ ʪʦ 

ʚʨʝʤʷ, ʢʦʛʜʘ RdRp, ʠʥʠʮʠʠʨʦʚʘʚ ʩʠʥʪʝʟ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʮʝʧʠ ʥʘ 3'-ʢʦʥʮʝ 

ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʮʝʧʠ, ʦʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʥʘ ʩʫʙʛʝʥʦʤʥʦʤ ʧʨʦʤʦʪʦʨʝ (ʦʢʦʣʦ 

ʧʝʨʝʢʨʳʪʠʷ ORF1/2), ʜʠʩʩʦʮʠʠʨʫʝʪ ʦʪ ʜʦʥʦʨʩʢʦʡ ʤʘʪʨʠʮʳ ʠ 

ʧʝʨʝʢʣʶʯʘʝʪʩʷ ʥʘ ʩʫʙʛʝʥʦʤʥʫʶ ʈʅʂ ʢʦʠʥʬʠʮʠʨʫʶʱʝʛʦ ʚʠʨʫʩʘ [Ludwig-
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Begall et al., 2018]. ʇʨʠ ʜʘʥʥʦʤ ʤʝʭʘʥʠʟʤʝ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʪʦʯʢʘ 

ʨʝʢʦʤʙʠʥʘʮʠʠ ʥʘʭʦʜʠʪʩʷ ʚ ʚʳʩʦʢʦʢʦʥʩʝʨʚʘʪʠʚʥʦʤ ʫʯʘʩʪʢʝ ʧʝʨʝʢʨʳʪʠ ̫

ORF1/ORF2 ʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʪʳʢʫ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʛʝʥʦʚ RdRp ʠ 

ʢʘʧʩʠʜʥʦʛʦ ʙʝʣʢʘ VP1 [Bull et al., 2005], ʪʦ ʝʩʪʴ ï ʥʘʯʘʣʫ 5'-ʢʦʥʮʘ ORF2. 

ʂʘʢ ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʥʘʷ ʥʦʤʝʥʢʣʘʪʫʨʘ ʅɺ, ʪʘʢ ʠ ʩʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ 

ʛʝʥʦʪʠʧʠʨʦʚʘʥʠʷ ʨʘʟʨʘʙʦʪʘʥʳ ʩ ʫʯʝʪʦʤ ʛʦʨʷʯʝʡ ʪʦʯʢʠ ʨʝʢʦʤʙʠʥʘʮʠʠ 

ORF1/ORF2 [Kroneman et al., 2013]. ʅʘʧʨʠʤʝʨ, ʠʥʩʪʨʫʤʝʥʪʳ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʛʝʥʦʪʠʧʠʨʦʚʘʥʠʷ ʥʦʨʦʚʠʨʫʩʦʚ (NoroNet typingtool, 

Calicivirus typingtool) ʦʪʥʦʩʷʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪ ɹ ʅɺ ʢ ʢʘʢʦʡ-ʣʠʙʦ 

ʛʝʥʦʛʨʫʧʧʝ ʠ ʧʨʝʜʣʘʛʘʪʁ ʦʜʥʦʟʥʘʯʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ RdRp ʠ 

ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʢ ʢʘʧʩʠʜʫ ʧʦ ʦʙʝ ʩʪʦʨʦʥʳ ʦʪ ʧʝʨʝʢʨʳʪʠʷ ORF1/2 ʥʘ 

ʦʩʥʦʚʝ ʛʝʥʝʪʠʯʝʩʢʦʡ ʛʦʤʦʣʦʛʠʠ ʠ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ. 

ʋʯʠʪʳʚʘʷ, ʯʪʦ ʨʝʢʦʤʙʠʥʘʮʠʷ ʚ ʧʦʛʨʘʥʠʯʥʦʡ ʦʙʣʘʩʪʠ ORF1/ORF2, 

ʦʧʦʩʨʝʜʦʚʘʥʥʘʷ ʧʨʝʜʣʦʞʝʥʥʳʤ ʤʝʭʘʥʠʟʤʦʤ ʚʳʙʦʨʘ ʛʦʤʦʣʦʛʠʯʥʦʡ ʢʦʧʠʠ, 

ʩʚʷʟʘʥʘ ʩ ʚʳʩʦʢʠʤ ʩʭʦʜʩʪʚʦʤ ʚʦʚʣʝʯʝʥʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ [Bull et 

al., 2005], ʚʥʫʪʨʠʛʝʥʦʪʠʧʦʚʘʷ/ʤʝʞʩʫʙʛʝʥʦʪʠʧʦʚʘʷ ʨʝʢʦʤʙʠʥʘʮʠʷ ʜʦʣʞʥʘ 

ʬʘʢʪʠʯʝʩʢʠ ʧʨʦʠʩʭʦʜʠʪʴ ʯʘʱʝ, ʯʝʤ ʤʝʞʛʝʥʦʛʨʫʧʧʦʚʘʷ ʠ ʤʝʞʛʝʥʦʪʠʧʦʚʘʷ 

[Motomura et al., 2010]. ʆʜʥʘʢʦ ʩʦʦʙʱʝʥʠʷ ʦ ʚʥʫʪʨʠʛʝʥʦʪʠʧʦʚʳʭ 

ʨʝʢʦʤʙʠʥʘʥʪʘʭ ʯʘʩʪʦ ʪʨʫʜʥʦ ʧʦʜʪʚʝʨʜʠʪʴ, ʜʣʷ ʯʝʛʦ ʥʝʦʙʭʦʜʠʤʳ 

ʯʨʝʟʚʳʯʘʡʥʦ ʯʫʚʩʪʚʠʪʝʣʴʥʳʝ ʤʝʪʦʜ,r ʯʪʦʙʳ ʦʪʣʠʯʠʪʴ ʠʩʪʠʥʥʳʝ 

ʚʥʫʪʨʠʛʝʥʦʪʠʧʦʚʳʝ ʨʝʢʦʤʙʠʥʘʥʪ r ʦʪ hʪʘʤʤʦʚ, ʢʦʪʦʨʳʝ ʧʨʦʩʪʦ 

ʧʨʝʪʝʨʧʝʣʠ ʛʝʥʝʪʠʯʝʩʢʠʡ ʜʨʝʡʬ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʚʥʫʪʨʠʛʝʥʦʪʠʧʦʚʘʷ 

ʨʝʢʦʤʙʠʥʘʮʠʷ ʚʩʝ ʯʘʱʝ ʫʧʦʤʠʥʘʝʪʩʷ ʢʘʢ ʚʘʞʥʳʡ ʤʝʭʘʥʠʟʤ ʧʦʷʚʣʝʥʠʷ ʠ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʘʨʠʘʥʪʦʚ GII.4, ʩʧʦʩʦʙʩʪʚʫʶʱʠʡ ʨʘʩʪʫʱʝʡ ʩʣʦʞʥʦʩʪʠ 

ʛʝʥʦʪʠʧʘ GII.4 [Eden et al., 2013; Siqueira et al., 2016; Cannon et al., 2017]. 

ʄʥʦʛʦʯʠʩʣʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ c ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʝʮʠʘʣʴʥʳʭ 

ʧʨʦʛʨʘʤʤ ʘʥʘʣʠʟʘ ʛʝʥʦʤʘ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʪʦʯʢʘ ʨʘʟʨʳʚʘ ʧʨʠ 

ʨʝʢʦʤʙʠʥʘʮʠʠ ʤʦʞʝʪ ʥʘʭʦʜʠʪʩɹʷ ʥʝ ʪʦʣʴʢʦ ʚ çʛʦʨʷʯʝʡ ʪʦʯʢʝè ʥʘ ʩʪʳʢʝ 

ORF1/ORF2, ʥʦ ʠ ʥʘ 3'-ʢʦʥʮʝ ORF1, ʚ ʩʨʝʜʥʝʤ ʥʘ 16-19 ʥʫʢʣʝʦʪʠʜʦʚ ʚʳʰʝ 
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ʫʯʘʩʪʢʘ ʧʝʨʝʢʨʳʚʘʥʠʷ ʨʘʤʦʢ ʩʯʠʪʳʚʘʥʠʷ [Bul et al., 2007].  ʉʦʙʳʪʠʝ 

ʘʪʠʧʠʯʥʦʡ ʨʝʢʦʤʙʠʥʘʮʠʠ, ʧʨʦʠʟʦʰʝʜʰʝʝ ʥʘ 3'-ʢʦʥʮʝ ʛʝʥʘ ʧʦʣʠʤʝʨʘʟʳ ʅɺ 

(ʚ ʧʦʣʦʞʝʥʠʠ ʥ.ʦ. 4889), ʙʳʣʦ ʚʧʝʨʚʳʝ ʦʧʠʩʘʥʦ ʫ ʨʝʢʦʤʙʠʥʘʥʪʥʦʛʦ 

ʥʦʨʦʚʠʨʫʩʘ GII.4 Hu/771/2005/IRL (ʥʦʤʝʨ GenBank EF219487) [Waters et 

al., 2007]. ʊʘʢʠʝ ʨʝʢʦʤʙʠʥʘʥʪʳ ʙʳʣʠ ʦʧʠʩʘʥʳ ʠ ʜʣʷ ʜʨʫʛʠʭ ʰʪʘʤʤʦʚ 

ʛʝʥʦʪʠʧʘ GII.4, ʘ ʪʘʢʞʝ ʜʣʷ ʛʝʥʦʪʠʧʘ GII.P7/GII.6, ʫ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ 

ʢʦʪʦʨʦʛʦ ʦʙʥʘʨʫʞʝʥʳ ʪʦʯʢʠ ʨʘʟʨʳʚʘ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚʙʣʠʟʠ 3'-ʢʦʥʮʘ (ʉ-

ʢʦʥʮʘ) ʛʝʥʘ RdRp ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ ʥʘ 40 ʥ.ʦ. ʚʳʰʝ ʧʝʨʝʢʨʳʚʘʶʱʠʭʩʷ 

ʦʙʣʘʩʪʝʡ ORF1/ORF2 [Siqueira et al., 2016; Cai et al., 2017]. 

ʆʙʥʘʨʫʞʝʥʳ ʤʦʟʘʠʯʥʳʝ ʨʝʢʦʤʙʠʥʘʥʪʳ, ʩʦʜʝʨʞʘʱʠʝ ʚʩʪʘʚʢʠ 

ʛʝʥʦʤʘ ʜʨʫʛʦʛʦ ʚʠʨʫʩʘ ʜʣʠʥʦʡ 300ï500 ʥ.ʦ. ʚ ʜʦʤʝʥʝ P2 ORF2 ʚ 

ʜʦʧʦʣʥʝʥʠʝ ʢ ʪʠʧʠʯʥʦʡ ʪʦʯʢʝ ORF1/ORF2 [Lam et al., 2012]. ʉʦʦʙʱʘʣʦʩʴ 

ʪʘʢʞʝ ʦ ʧʨʦʠʩʭʦʜʷʱʠʭ ʩ ʥʠʟʢʦʡ ʯʘʩʪʦʪʦʡ ʨʝʢʦʤʙʠʥʘʮʠʷʭ ʚ ʦʙʣʘʩʪʷʭ 

ʛʝʥʦʤʘ, ʢʦʜʠʨʫʶʱʠʭ VPg, ʧʨʦʪʝʘʟʫ, S-ʜʦʤʝʥ VP1, ʠ ʥʘ 3'-ʢʦʥʮʝ ʛʝʥʘ 

RdRp ʤʳʰʠʥʦʛʦ ʥʦʨʦʚʠʨʫʩʘ [Zhang et al., 2015]. 

ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʨʝʢʦʤʙʠʥʘʮʠʷ ʚ ʦʪʩʫʪʩʪʚʠʝ ʦʯʝʚʠʜʥʦʛʦ 

ʧʨʦʤʦʪʦʨʘ ʈʅʂ ʠʣʠ ʟʘʧʫʩʢʘʶʱʝʡ ʚʪʦʨʠʯʥʦʡ ʩʪʨʫʢʪʫʨʳ ʚ ʘʪʠʧʠʯʥʳʭ 

ʩʘʡʪʘʭ ʤʦʛʣʘ ʚʦʟʥʠʢʥʫʪʴ ʟʘ ʩʯʝʪ ʜʨʫʛʠʭ ʤʝʭʘʥʠʟʤʦʚ, ʧʦʤʠʤʦ ʪʝʭ, ʢʦʪʦʨʳʝ 

ʠʥʜʫʮʠʨʫʶʪ ʪʦʯʢʫ ʨʘʟʨʳʚʘ ʚ ʦʙʣʘʩʪʠ ʧʝʨʝʢʨʳʪʠʷ ORF1/ORF2 ʠʣʠ ʚʦʢʨʫʛ 

ʥʝʝ [Bull et al. 2007]. ɺʦʟʤʦʞʥʦʩʪʴ ʥʝʨʝʧʣʠʢʘʪʠʚʥʦʡ ʨʝʢʦʤʙʠʥʘʮʠʠ, ʧʨʠ 

ʢʦʪʦʨʦʡ ʩʣʫʯʘʡʥʦ ʨʘʩʱʝʧʣʝʥʥʳʝ ʮʝʧʠ ʈʅʂ ʩʘʤʦʣʠʛʠʨʫʶʪʩʷ ʠʣʠ 

ʩʦʝʜʠʥʷʶʪʩʷ ʢʣʝʪʦʯʥʳʤʠ ʬʝʨʤʝʥʪʘʤʠ, ʙʳʣʘ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʜʣʷ 

ʜʨʫʛʠʭ ʚʠʨʫʩʦʚ ʩ ʦʜʥʦʮʝʧʦʯʝʯʥʦʡ (+)ʈʅʂ [Lowry et al., 2014; Kleine 

B¿ning et al., 2017, Galli, Bukh, 2014] ʠ ʤʦʞʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʚ ʵʪʦʤ 

ʢʦʥʪʝʢʩʪʝ.  

ɼʣʷ ʥʦʨʦʚʠʨʫʩʦʚ ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ ʤʦʜʝʣʴ ʥʝʨʝʧʣʠʢʘʪʠʚʥʦʡ 

ʨʝʢʦʤʙʠʥʘʮʠʠ, ʘʜʘʧʪʠʨʦʚʘʥʥʘʷ ʥʘ ʦʩʥʦʚʝ ʨʘʥʝʝ ʦʧʠʩʘʥʥʦʡ ʜʣʷ ʚʠʨʫʩʦʚ ʩ 

ʧʦʟʠʪʠʚʥʦʡ ʈʅʂ ʤʦʜʝʣʠ ɻʘʣʣʠ ʠ ɹʫʭʘ [Galli, Bukh, 2014]. ʉʦʛʣʘʩʥʦ ʵʪʦʡ 

ʤʦʜʝʣʠ ʧʦʩʣʝ ʠʥʬʠʮʠʨʦʚʘʥʠʷ ʢʣʝʪʢʠ ʜʚʫʤʷ ʨʘʟʥʳʤʠ ʰʪʘʤʤʘʤʠ 
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ʥʦʨʦʚʠʨʫʩʘ ʮʝʧʠ ʈʅʂ ʩʣʫʯʘʡʥʳʤ ʦʙʨʘʟʦʤ ʨʘʩʱʝʧʣʷʶʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ 

ʬʠʟʠʯʝʩʢʦʛʦ ʩʜʚʠʛʘ, ʧʦʚʨʝʞʜʝʥʠʷ ʫʣʴʪʨʘʬʠʦʣʝʪʠʚʳʤ ʠʟʣʫʯʝʥʠʝʤ, 

ʘʢʪʠʚʥʦʩʪʠ ʢʣʝʪʦʯʥʳʭ ʵʥʜʦʨʠʙʦʥʫʢʣʝʘʟ. ʌʨʘʛʤʝʥʪʳ, ʥʝʩʫʱʠʝ 3'-

ʬʦʩʬʘʪʥʳʝ ʠ 5'-ʛʠʜʨʦʢʩʠʣʴʥʳʝ ʢʦʥʮʳ, ʚʧʦʩʣʝʜʩʪʚʠʠ ʩʘʤʦʣʠʛʠʨʫʶʪʩʷ ʠʣʠ 

ʧʦʚʪʦʨʥʦ ʩʦʝʜʠʥʷʶʪʩʷ ʢʣʝʪʦʯʥʳʤʠ ʣʠʛʘʟʘʤʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʨʝʢʦʤʙʠʥʘʥʪʥʦʛʦ ʛʝʥʦʤʘ ʥʦʨʦʚʠʨʫʩʘ [Ludwig-Begall et al., 2018]. 

ɺʳʩʦʢʘʷ ʚʝʨʦʷʪʥʦʩʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʨʝʢʦʤʙʠʥʘʥʪʥʳʭ ʰʪʘʤʤʦʚ 

ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʦʞʠʪʴ ʚʦʟʤʦʞʥʫʶ ʨʦʣʴ ʥʦʨʦʚʠʨʫʩʦʚ ʞʠʚʦʪʥʳʭ ʚ 

ʵʚʦʣʶʮʠʠ ʥʦʨʦʚʠʨʫʩʦʚ ʯʝʣʦʚʝʢʘ, ʭʦʪʷ ʧʨʷʤʳʭ ʜʦʢʘʟʘʪʝʣʴʩʪʚ ʵʪʦʛʦ ʝʱʝ ʥʝ 

ʧʦʣʫʯʝʥʦ [Ludwig-Begall et al., 2018; Wang et al., 2005]. 

ʇʦʢʘ ʝʱʝ ʥʝ ʜʦʢʘʟʘʥʥʦʝ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʟʦʦʥʦʟʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʅɺ 

ʫʞʝ ʜʘʚʥʦ ʦʙʩʫʞʜʘʝʪʩʷ, ʧʨʠʯʝʤ ʨʝʘʣʠʟʘʮʠʷ ʵʪʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʚʦʟʤʦʞʥʘ 

ʧʨʠ ʢʦʥʪʘʢʪʘʭ ʩ ʧʠʱʝʡ, ʚʦʜʦʡ ʠʣʠ ʞʠʚʦʪʥʳʤʠ. ɼʠʩʢʫʩʩʠʷ ʦ ʤʝʞʚʠʜʦʚʦʡ 

ʠ/ʠʣʠ ʟʦʦʥʦʟʥʦʡ ʧʝʨʝʜʘʯʝ ʚʦʟʥʠʢʣʘ ʥʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʦ 

ʪʝʩʥʦʤ ʨʦʜʩʪʚʦʤ ʥʝʢʦʪʦʨʳʭ ʰʪʘʤʤʦʚ ʅɺ ʞʠʚʦʪʥʳʭ ʠ ʯʝʣʦʚʝʢʘ, ʚʳʷʚʣʝʥʠʠ 

ʅɺ ʯʝʣʦʚʝʢʘ ʚ ʬʝʢʘʣʠʷʭ ʞʠʚʦʪʥʳʭ, ʦʙʥʘʨʫʞʝʥʠʠ ʘʥʪʠʪʝʣ ʧʨʦʪʠʚ ʅɺ 

ʯʝʣʦʚʝʢʘ ʫ ʩʚʠʥʝʡ ʠ ʜʝʤʦʥʩʪʨʘʮʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʠʥʬʝʢʮʠʠ ʅɺ 

ʯʝʣʦʚʝʢʘ ʫ ʛʥʦʪʦʙʠʦʪʠʯʝʩʢʠʭ ʩʚʠʥʝʡ [Scipioni et al., 2008; Bank-Wolf et al., 

2010; Mathijs et al., 2012 Wilhelm et al., 2015]. ɺʦʧʨʦʩʳ, ʢʘʩʘʶʱʠʝʩʷ 

ʜʝʪʝʨʤʠʥʘʥʪ ʚʠʜʦʚʦʛʦ ʙʘʨʴʝʨʘ, ʧʨʝʜʦʪʚʨʘʱʘʶʱʠʭ ʟʘʨʘʞʝʥʠʝ ʤʳʰʠʥʳʭ 

ʢʣʝʪʦʢ ʥʦʨʦʚʠʨʫʩʘʤʠ ʯʝʣʦʚʝʢʘ, ʙʳʣʠ ʨʝʰʝʥʳ ʙʣʘʛʦʜʘʨʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ 

ʙʝʣʢʦʚʦʛʦ ʨʝʮʝʧʪʦʨʘ CD300If ʚ ʢʘʯʝʩʪʚʝ ʧʝʨʚʠʯʥʦʡ ʜʝʪʝʨʤʠʥʘʥʪʳ 

ʚʠʜʦʚʦʛʦ ʪʨʦʧʠʟʤʘ ʤʳʰʠʥʦʛʦ ʥʦʨʦʚʠʨʫʩʘ [Orchard et al., 2016]. ɽʩʣʠ 

ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʢʣʶʯ ʢ ʤʝʞʚʠʜʦʚʦʡ ʧʝʨʝʜʘʯʝ ʥʘʭʦʜʠʪʩʷ ʪʦʣʴʢʦ ʥʘ 

ʫʨʦʚʥʝ ʩʪʨʫʢʪʫʨʳ ʨʝʮʝʧʪʦʨʦʚ ʭʦʟʷʠʥʘ ʜʣʷ ʚʠʨʫʩʘ, ʪʦ "ʫʜʘʯʥʳʡ" ʩʣʫʯʘʡ 

ʚʥʫʪʨʠʛʝʥʦʛʨʫʧʧʦʚʦʡ ʨʝʢʦʤʙʠʥʘʮʠʠ, ʧʨʠ ʢʦʪʦʨʦʡ ʟʘʨʦʞʜʘʶʱʠʡʩʷ 

ʨʝʢʦʤʙʠʥʘʥʪʥʳʡ ʚʠʨʫʩ ʧʦʣʫʯʘʝʪ ʧʦʣʥʳʡ ʥʘʙʦʨ ʥʦʚʳʭ ʢʘʧʩʠʜʥʳʭ ʙʝʣʢʦʚ, 

ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʟʦʦʥʦʟʥʦʛʦ/ʤʝʞʚʠʜʦʚʦʛʦ ʨʝʢʦʤʙʠʥʘʥʪʘ. 

ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʧʨʝʜʧʦʣʘʛʘʝʤʳʡ ʤʝʞʚʠʜʦʚʦʡ ʨʝʢʦʤʙʠʥʘʥʪʥʳʡ ʚʠʨʫʩ 
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FNoVM49 GIV.2_GVI.I, ʚʳʜʝʣʝʥʥʳʡ ʦʪ ʢʦʰʢʠ, ʧʦʡʤʘʥʥʦʡ ʚʙʣʠʟʠ 

ʷʧʦʥʩʢʦʡ ʫʩʪʨʠʯʥʦʡ ʬʝʨʤʳ ʚ 2015 ʛʦʜʫ [Takano et al. 2015], ʚʦʟʤʦʞʥʦ, 

ʚʦʟʥʠʢ ʧʦ ʘʥʘʣʦʛʠʯʥʦʤʫ ʤʝʭʘʥʠʟʤʫ. 

Tohma K. ʠ ʩʦʘʚʪ. (2021) ʧʨʦʚʝʣʠ ʘʥʘʣʠʟ 1732 ʜʦʩʪʫʧʥʳʭ ʚ GenBank 

ʧʦ ʩʦʩʪʦʷʥʠʶ ʥʘ 30 ʤʘʨʪʘ 2020 ʛ. ʠ 281 ʚʥʦʚʴ ʩʝʢʚʝʥʠʨʦʚʘʥʥʳʭ ʠʤʠ ʧʦʯʪʠ 

ʧʦʣʥʦʨʘʟʤʝʨʥʳʭ ʛʝʥʦʤʦʚ ʥʦʨʦʚʠʨʫʩʦʚ ʯʝʣʦʚʝʢʘ, ʩʦʙʨʘʥʥʳʭ ʩ 1972 ʧʦ 2019 

ʛʦʜ ʚ ʙʦʣʝʝ ʯʝʤ 10 ʩʪʨʘʥʘʭ ʩ ʯʝʪʳʨʝʭ ʢʦʥʪʠʥʝʥʪʦʚ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʙʳʣʦ 

ʫʜʝʣʝʥʦ ʛʝʥʦʪʠʧʘʤ ʥʦʨʦʚʠʨʫʩʦʚ, ʢʦʪʦʨʳʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʝʜʦʩʪʘʪʦʯʥʦ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʦʙʱʝʜʦʩʪʫʧʥʳʭ ʛʝʥʦʤʥʳʭ ʙʘʟʘʭ ʜʘʥʥʳʭ. ɸʥʘʣʠʟ ʵʪʦʡ 

ʥʦʚʦʡ ʛʝʥʦʤʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʚʤʝʩʪʝ ʩ ʫʞʝ ʠʤʝʶʱʝʡʩʷ, ʧʦʢʘʟʘʣ, ʯʪʦ: (1) 

ʥʦʨʦʚʠʨʫʩʳ ʵʚʦʣʶʮʠʦʥʠʨʫʶʪ ʩ ʦʜʠʥʘʢʦʚʦʡ ʩʢʦʨʦʩʪʴʶ ʚ ʨʘʟʥʳʭ ʨʝʛʠʦʥʘʭ 

ʛʝʥʦʤʘ  ʨʘʟʥʳʭ ʛʝʥʦʪʠʧʦʚ (1,12ï4,86 Ĭ 10
ï3

 ʥʫʢʣʝʦʪʠʜʥʳʭ ʟʘʤʝʥ/ʩʘʡʪ/ʛʦʜ); 

(2) ʧʦʷʚʣʷʶʱʠʝʩʷ ʚʠʨʫʩʳ ʧʨʦʠʟʦʰʣʠ ʦʪ ʚʨʝʤʝʥʥʦ ʮʠʨʢʫʣʠʨʫʶʱʠʭ 

ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʚʠʨʫʩʦʚ; (3) ʜʠʚʝʨʩʠʬʠʮʠʨʫʶʱʠʡ ʦʪʙʦʨ ʧʦ ʙʝʣʢʫ VP1 

ʙʳʣ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥ ʚ ʛʝʥʦʪʠʧʘʭ ʩ ʤʥʦʞʝʩʪʚʦʤ ʚʘʨʠʘʥʪʦʚ; (4) 

ʥʝʩʪʨʫʢʪʫʨʥʳʝ ʙʝʣʢʠ ʧʦʢʘʟʘʣʠ ʩʭʦʜʥʫʶ ʪʦʧʦʣʦʛʠʶ ʩʚʦʠʭ 

ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʠʭ ʜʝʨʝʚʴʝʚ; (5) ʚʦʧʨʝʢʠ ʪʝʢʫʱʝʤʫ ʧʦʥʠʤʘʥʠʶ, 

ʩʫʱʝʩʪʚʫʶʪ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʩʧʦʩʦʙʥʦʩʪʴ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʝʡ ʛʝʥʦʤʘ 

ʨʝʢʦʤʙʠʥʠʨʦʚʘʪʴ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʦʚʤʝʩʪʥʦʡ ʮʠʨʢʫʣʷʮʠʠ ʚʠʨʫʩʦʚ, 

ʥʝʟʘʚʠʩʠʤʦ ʵʚʦʣʶʮʠʦʥʠʨʫʶʱʠʭ ʚ ʯʝʣʦʚʝʯʝʩʢʠʭ ʩʦʦʙʱʝʩʪʚʘʭ [Tohma et al., 

2021]. 

ɸʚʪʦʨʳ ʧʦʜʯʝʨʢʠʚʘʶʪ, ʯʪʦ ʩ ʫʯʝʪʦʤ ʚʳʷʚʣʝʥʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʛʝʥʦʪʠʧʦʚ ʠ ʪʠʧʦʚ ʧʦʣʠʤʝʨʘʟ, ʨʝʢʦʤʙʠʥʘʮʠʷ ʚ ʦʙʣʘʩʪʠ ʩʦʝʜʠʥʝʥʠʷ ORF1 ʠ 

ORF2 ʪʝʦʨʝʪʠʯʝʩʢʠ ʤʦʞʝʪ ʛʝʥʝʨʠʨʦʚʘʪʴ > 1200 ʢʦʤʙʠʥʘʮʠʡ ʢʘʧʩʠʜ-

ʧʦʣʠʤʝʨʘʟʘ. ʆʜʥʘʢʦ ʚ ʩʚʦʝʡ ʧʦʯʪʠ ʧʦʣʥʦʡ ʙʘʟʝ ʜʘʥʥʳʭ ʦʥʠ ʥʘʰʣʠ ʪʦʣʴʢʦ 

92 ʢʦʤʙʠʥʘʮʠʠ ʢʘʧʩʠʜ-ʧʦʣʠʤʝʨʘʟʘ, ʚʢʣʶʯʘʷ 18 ʥʦʚʳʭ ʢʦʤʙʠʥʘʮʠʡ, 

ʢʦʪʦʨʳʝ ʙʳʣʠ ʧʦʜʪʚʝʨʞʜʝʥʳ ʩ ʧʦʤʦʱʴʶ ʧʦʣʥʦʨʘʟʤʝʨʥʳʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʛʝʥʦʤʘ, ʧʦʣʫʯʝʥʥʳʭ ʘʚʪʦʨʘʤʠ ʚ ʜʘʥʥʦʤ 

ʠʩʩʣʝʜʦʚʘʥʠʠ. ʕʪʠ ʢʦʤʙʠʥʘʮʠʠ ʙʳʣʠ ʦʙʲʝʜʠʥʝʥʳ ʚ ʧʷʪʴ ʨʝʢʦʤʙʠʥʘʥʪʥʳʭ 
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ʛʨʫʧʧ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʷʪʠ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʠʤ ʢʣʘʩʪʝʨʘʤ RdRp, ʢʘʞʜʳʡ 

ʠʟ ʢʦʪʦʨʳʭ ʚʢʣʶʯʘʝʪ ʥʝʩʢʦʣʴʢʦ ʪʠʧʦʚ ʧʦʣʠʤʝʨʘʟ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʩʚʷʟʘʥʳ ʩ 

ʦʧʨʝʜʝʣʝʥʥʳʤ ʧʦʜʤʥʦʞʝʩʪʚʦʤ ʛʝʥʦʪʠʧʦʚ ʢʘʧʩʠʜʘ, ʪʘʢʞʝ ʧʨʦʷʚʣʷʶʱʠʤ 

ʦʧʨʝʜʝʣʝʥʥʫʶ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʫʶ ʢʣʘʩʪʝʨʠʟʘʮʠʶ. ɻʝʥʦʪʠʧʳ GI 

ʧʨʝʜʩʪʘʚʠʣʠ ʜʚʘ ʦʪʜʝʣʴʥʳʭ ʢʣʘʩʪʝʨʘ ʚ ʜʝʨʝʚʴʷʭ RdRp ʠ VP1, ʠ 

ʨʝʢʦʤʙʠʥʘʮʠʷ ʙʳʣʘ ʦʙʥʘʨʫʞʝʥʘ ʪʦʣʴʢʦ ʩʨʝʜʠ ʛʝʥʦʪʠʧʦʚ ʠʟ ʦʜʥʠʭ ʠ ʪʝʭ ʞʝ 

ʢʣʘʩʪʝʨʦʚ. ɸʥʘʣʦʛʠʯʥʦ, ʪʠʧʳ ʧʦʣʠʤʝʨʘʟ GII ʧʦʢʘʟʘʣʠ ʦʜʠʥ ʙʦʣʴʰʦʡ ʠ ʜʚʘ 

ʤʘʣrʭ ʢʣʘʩʪʝʨʘ, ʠ ʨʝʢʦʤʙʠʥʘʮʠʷ ʙʳʣʘ ʦʛʨʘʥʠʯʝʥʘ ʛʝʥʦʪʠʧʘʤʠ ʢʘʧʩʠʜʘ, 

ʩʚʷʟʘʥʥʳʤʠ ʩ ʚʠʨʫʩʘʤʠ, ʩʛʨʫʧʧʠʨʦʚʘʥʥʳʤʠ ʚ ʦʜʠʥ ʢʣʘʩʪʝʨ RdRp. 

ʆʛʨʘʥʠʯʝʥʠʷ ʥʘ ʨʝʢʦʤʙʠʥʘʮʠʶ, ʧʦ ʤʥʝʥʠʶ ʘʚʪʦʨʦʚ, ʦʧʨʝʜʝʣʷʶʪʩʷ 

ʩʭʦʜʩʪʚʦʤ ʠʣʠ ʨʘʟʣʠʯʠʝʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʥʘ 3'-ʢʦʥʮʝ ORF1, ʠ ʠʭ 

ʨʝʟʫʣʴʪʘʪʳ ʧʦʜʪʚʝʨʞʜʘʶʪ ʠʜʝʶ ʦ ʪʦʤ, ʯʪʦ ʛʝʥʦʤʥʘʷ ʈʅʂ, ʘ ʥʝ 

ʩʫʙʛʝʥʦʤʥʘʷ ʈʅʂ, ʨʘʙʦʪʘʝʪ ʢʘʢ ʘʢʮʝʧʪʦʨʥʳʡ ʰʘʙʣʦʥ. ɸʢʮʝʧʪʦʨʥʘʷ 

ʛʝʥʦʤʥʘʷ ʈʅʂ ʤʦʛʣʘ ʙʳʪʴ ʦʪʦʞʞʝʥʘ ʩ ʜʦʥʦʨʩʢʦʡ ʥʘ 3'-ʢʦʥʮʝ ORF1, ʠ, 

ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʝʨʝʢʣʶʯʝʥʠʝ ʰʘʙʣʦʥʘ ʦʛʨʘʥʠʯʝʥʦ ʠʜʝʥʪʠʯʥʦʩʪʴʶ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʚ ʵʪʠʭ ʦʙʣʘʩʪʷʭ ʤʝʞʜʫ ʤʦʣʝʢʫʣʘʤʠ ʜʦʥʦʨcʢʦʡ ʠ 

ʘʢʮʝʧʪʦʨʥʦʡ ʈʅʂ [Tohma et al., 2021]. 

ʆʛʨʘʥʠʯʝʥʠʷ ʥʘ ʨʝʢʦʤʙʠʥʘʮʠʶ ʛʝʥʦʚ ʙʳʣʠ ʧʦʢʘʟʘʥʳ ʜʣʷ 

ʥʝʩʢʦʣʴʢʠʭ ʚʠʨʫʩʦʚ ʩ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʈʅʂ, ʚʢʣʶʯʘʷ ʵʥʪʝʨʦʚʠʨʫʩ 

[Nikolaidis et al., 2019] ʠ ʬʣʘʚʠʚʠʨʫʩ [Twiddy et al., 2003]. ʂʨʦʤʝ ʪɻʦʛʦ, 

ʩʦʦʙʱʘʣʦʩʴ ʦʙ ʦʛʨʘʥʠʯʝʥʠʷʭ ʥʘ ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʫ ʛʝʥʦʚ ʜʣʷ 

ʩʝʛʤʝʥʪʠʨʦʚʘʥʥʳʭ ʚʠʨʫʩʦʚ, ʪʘʢʠʭ ʢʘʢ ʚʠʨʫʩ ʛʨʠʧʧʘ ʠ ʨʦʪʘʚʠʨʫʩ 

[McDonald et al., 2009; Dugan et al., 2008]. ʕʪʠ ʦʛʨʘʥʠʯʝʥʠʷ, ʧʦ-ʚʠʜʠʤʦʤʫ, 

ʨʝʛʫʣʠʨʫʶʪʩʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤʠ ʙʝʣʦʢ-ʙʝʣʦʢ ʠ ʙʝʣʦʢ-ʥʫʢʣʝʠʥʦʚʘʷ 

ʢʠʩʣʦʪʘ [Essere et al., 2013; Woodman et al., 2019; Heiman et al., 2008]. 

Kendra J.A. ʠ ʩʦʘʚʪ. (2022) ʧʨʦʚʝʣʠ ʚʩʝʩʪʦʨʦʥʥʠʡ ʠʩʪʦʨʠʯʝʩʢʠʡ 

ʘʥʘʣʠʟ 30810 ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʥʦʨʦʚʠʨʫʩʦʚ ʯʝʣʦʚʝʢʘ (ʢʘʢ 

ʧʦʣʥʦʛʝʥʦʤʥʳʭ, ʪʘʢ ʠ ʯʘʩʪʠʯʥʳʭ), ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʦʙʱʝʜʦʩʪʫʧʥʳʭ 

ʙʘʟʘʭ ʜʘʥʥʳʭ ʚ ʧʝʨʠʦʜ ʩ 1995 ʧʦ 2019 ʛʦʜ, ʯʪʦʙʳ ʜʘʪʴ ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ 
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ʦʧʠʩʘʥʠʝ ʨʦʣʠ ʨʝʢʦʤʙʠʥʘʥʪʥʳʭ ʰʪʘʤʤʦʚ ʚ ʨʘʟʥʦʦʙʨʘʟʠʠ ʥʦʨʦʚʠʨʫʩʦʚ 

ʯʝʣʦʚʝʢʘ. ɿʘ ʵʪʦ ʚʨʝʤʷ ʚ 90 ʨʘʟʥʳʭ ʩʪʨʘʥʘʭ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ 37 

ʢʘʧʩʠʜʥʳʭ ʛʝʥʦʪʠʧʦʚ ʠ 56 ʪʠʧʦʚ ʧʦʣʠʤʝʨʘʟ. ʊʦʣʴʢʦ 6471 (21,9 %) 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʫʜʘʣʦʩʴ ʛʝʥʦʪʠʧʠʨʦʚʘʪʴ ʢʘʢ ʧʦ ʧʦʣʠʤʝʨʘʟʥʦʤʫ, ʪʘʢ ʠ 

ʧʦ ʢʘʧʩʠʜʥʦʤʫ ʫʯʘʩʪʢʫ ʛʝʥʦʤʘ; 4067 ʠʟ ʵʪʠʭ (62,8 %) ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ 

ʦʢʘʟʘʣʠʩʴ ʨʝʢʦʤʙʠʥʘʥʪʥʳʤʠ. ɺʨʝʤʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʪʦʛʦ ʥʘʙʦʨʘ 

ʜʘʥʥʳʭ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʜʦ 2007 ʛ. ʚ ʪʝʯʝʥʠʝ ʤʥʦʛʠʭ ʣʝʪ ʙʳʣʦ ʤʝʥʝʝ 100 

ʛʝʥʦʤʦʚ ʜʚʦʡʥʦʛʦ ʪʠʧʘ, ʯʪʦ ʫʩʣʦʞʥʷʣʦ ʘʥʘʣʠʟ. ʆʜʥʘʢʦ ʜʦʣʷ 

ʨʝʢʦʤʙʠʥʘʥʪʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʪʘʢʞʝ ʨʝʟʢʦ ʚʦʟʨʦʩʣʘ ʚʤʝʩʪʝ ʩ 

ʪʝʥʜʝʥʮʠʷʤʠ ʢ ʫʚʝʣʠʯʝʥʠʶ ʚʳʙʦʨʢʠ, ʧʨʠ ʵʪʦʤ ʥʘ ʨʝʢʦʤʙʠʥʘʥʪʥʳʝ 

ʰʪʘʤʤʳ ʧʨʠʭʦʜʠʣʦʩʴ ʙʦʣʴʰʠʥʩʪʚʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʜʚʦʡʥʦʛʦ ʪʠʧʘ ʩ 

2012 ʛʦʜʘ. ɺ ʭʦʜʝ ʘʥʘʣʠʟʘ ʙʳʣʦ ʚʳʷʚʣʝʥʦ 97 ʫʥʠʢʘʣʴʥʳʭ ʨʝʢʦʤʙʠʥʘʥʪʥʳʭ 

ʰʪʘʤʤʦʚ, ʠʟ ʢʦʪʦʨʳʭ 10 (GII.2[P16], GII.4[P31], GII.4[P16], GII.3[P12], 

GII.6[P7], GII.3[P21], GII.13[P16], GI.3[P13], GII.3[P16], GII.5[P40]) 

ʩʦʩʪʘʚʠʣʠ 79,3%, ʘ ʪʨʠ  ʠʟ ʥʠʭ (GII.2[P16], GII.4[P31] ʠ GII.4[P16])  ï 

ʧʦʣʦʚʠʥʫ (~50,2%) ʦʪ ʦʙʱʝʛʦ ʯʠʩʣʘ 4067 ʨʝʢʦʤʙʠʥʘʥʪʥʳʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ. ʅʘʧʨʦʪʠʚ, ʦʩʪʘʣʴʥʳʝ 87 ʨʝʢʦʤʙʠʥʘʥʪʥʳʭ ʰʪʘʤʤʦʚ 

ʩʦʩʪʘʚʣʷʣʠ ʪʦʣʴʢʦ 20,7% ʚʩʝʭ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ, 

ʧʨʠʯʝʤ ʤʥʦʛʠʝ ʠʟ ʥʠʭ ʧʨʝʜʩʪʘʚʣʷʣʠ ʪʦʣʴʢʦ ʦʜʠʥ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʡ 

ʩʣʫʯʘʡ ʨʝʢʦʤʙʠʥʘʮʠʠ [Kendra et al., 2022]. 

ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʤʥʦʛʠʝ ʠʟ ʪʠʧʦʚ ʧʦʣʠʤʝʨʘʟ, 

ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʭ ʧʨʠ ʘʥʘʣʠʟʝ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ 

ʨʝʢʦʤʙʠʥʘʥʪʥʳʭ ʰʪʘʤʤʦʚ, ʘʩʩʦʮʠʠʨʦʚʘʥʳ ʩ ʧʷʪʴʶ-ʜʝʩʷʪʴʶ ʨʘʟʣʠʯʥʳʤʠ 

ʛʝʥʦʪʠʧʘʤʠ ʧʦ ʛʝʥʫ ʢʘʧʩʠʜʘ. ɺ ʯʘʩʪʥʦʩʪʠ, ʧʦʣʠʤʝʨʘʟʘ GII.P16 ʩʚʷʟʘʥʘ ʩ 

ʜʝʩʷʪʴʶ ʨʘʟʣʠʯʥʳʤʠ ʛʝʥʦʪʠʧʘʤʠ ʢʘʧʩʠʜʘ (ʚʢʣʶʯʘʷ ʝʝ ʥʝʨʝʢʦʤʙʠʥʘʥʪʥʳʡ 

ʘʥʘʣʦʛ GII.16), ʭʦʪʷ ʩʦʙʳʪʠʷ ʨʝʢʦʤʙʠʥʘʮʠʠ ʩ GII.2, GII.4 ʠ GII.13 

ʩʦʩʪʘʚʣʷʶʪ ʙʦʣʴʰʠʥʩʪʚʦ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ 

ʜʚʦʡʥʦʛʦ ʪʠʧʘ. ʇʦʣʠʤʝʨʘʟʘ GII.P31 ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʘ ʚ ʘʩʩʦʮʠʘʮʠʠ ʩ 

ʧʷʪʴʶ ʛʝʥʦʪʠʧʘʤʠ ʢʘʧʩʠʜʘ, ʥʦ ʨʝʢʦʤʙʠʥʘʥʪʳ ʩ GII.4 ʩʦʩʪʘʚʣʷʶʪ 
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ʧʦʜʘʚʣʷʶʱʝʝ ʙʦʣʴʰʠʥʩʪʚʦ ʚʩʝʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʜʚʦʡʥʦʛʦ ʪʠʧʘ. ʉ 

ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʩʫʱʝʩʪʚʫʶʪ ʢʘʧʩʠʜʳ ʩ ʰʠʨʦʢʠʤ ʥʘʙʦʨʦʤ 

ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʭ ʧʦʣʠʤʝʨʘʟ. ɸʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʚʦʩʝʤʴ ʛʝʥʦʪʠʧʦʚ 

ʢʘʧʩʠʜʘ ʠʤʝʶʪ ʟʘʜʦʢʫʤʝʥʪʠʨʦʚʘʥʥʳʝ ʘʩʩʦʮʠʘʮʠʠ ʩ ʰʝʩʪʴʶ ʠʣʠ ʙʦʣʝʝ 

ʪʠʧʘʤʠ ʧʦʣʠʤʝʨʘʟ. ʀʟ ʥʠʭ GII.2 ʠ GII.3 ʙʳʣʠ ʩʚʷʟʘʥʳ ʩ ʜʝʩʷʪʴʶ ʠ 

ʚʦʩʝʤʴʶ ʨʘʟʣʠʯʥʳʤʠ ʪʠʧʘʤʠ ʧʦʣʠʤʝʨʘʟ (ʚʢʣʶʯʘʷ ʥʝʨʝʢʦʤʙʠʥʘʥʪʥʳʝ), 

ʧʨʠʯʝʤ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʨʝʢʦʤʙʠʥʘʥʪʥʳʤʠ ʧʘʨʘʤʠ ʙʳʣʠ 

GII.2[P16] ʠ GII.3[P21], ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ ʩʦʚʦʢʫʧʥʦʩʪʠ ʵʪʠ ʜʘʥʥʳʝ 

ʧʦʟʚʦʣʷʶʪ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʩʦʙʳʪʠʷ ʨʝʢʦʤʙʠʥʘʮʠʠ ʤʦʛʫʪ ʙʳʪʴ ʥʝ 

ʪʦʣʴʢʦ ʦʪʚʝʪʩʪʚʝʥʥʳ ʟʘ ʚʥʝʟʘʧʥʦʝ ʧʦʷʚʣʝʥʠʝ ʙʦʣʴʰʠʭ ʩʜʚʠʛʦʚ ʚ 

ʜʦʤʠʥʠʨʦʚʘʥʠʠ ʛʝʥʦʪʠʧʦʚ, ʪʘʢʠʭ ʢʘʢ ʧʦʷʚʣʝʥʠʝ ʠ ʙʳʩʪʨʦʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʥʦʨʦʚʠʨʫʩʦʚ ʢʘʧʩʠʜʥʦʛʦ ʛʝʥʦʪʠʧʘ GII.2 ʠ ʧʦʣʠʤʝʨʘʟʥʳʭ 

ʪʠʧʦʚ GII.P16 ʠ GII.P31, ʥʦ ʪʘʢʞʝ ʤʦʛʫʪ ʠʛʨʘʪʴ ʨʦʣʴ ʚ ʩʦʭʨʘʥʝʥʠʠ 

ʜʦʣʛʦʩʨʦʯʥʦʡ ʮʠʨʢʫʣʷʮʠʠ ʥʦʨʦʚʠʨʫʩʦʚ, ʥʝʩʫʱʠʭ ʤʝʥʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʪʠʧr ʧʦʣʠʤʝʨʘʟ (GII.P12,  GII.P21) [Kendra et al., 

2022]. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣʦ ʧʦʜʪʚʝʨʞʜʝʥʦ ʨʘʥʝʝ ʦʧʠʩʘʥʥʦʝ ʦʛʨʘʥʠʯʝʥʠʝ 

ʥʘ ʩʧʦʩʦʙʥʦʩʪʴ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʝʡ ʛʝʥʦʤʘ ʨʝʢʦʤʙʠʥʠʨʦʚʘʪʴ ʠ 

ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʨʝʢʦʤʙʠʥʘʥʪʥʳʭ ʛʨʫʧʧ [Tohma et al., 2021]. ʐʠʨʦʢʠʡ 

ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ ʛʦʨʘʟʜʦ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʯʘʩʪʦʪʫ ʩʦʙʳʪʠʡ ʨʝʢʦʤʙʠʥʘʮʠʠ ʚ 

ʛʝʥʦʛʨʫʧʧʝ GII, ʯʝʤ ʚ GI. ʂʨʦʤʝ ʝʜʠʥʩʪʚʝʥʥʦʛʦ ʩʦʦʙʱʝʥʠ ̫ ʦʙ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʚ ʀʥʜʠʠ [Nayak et al., 2008] ʥʝ ʙʳʣʦ ʥʠ ʦʜʥʦʛʦ ʩʣʫʯʘʷ 

ʨʝʢʦʤʙʠʥʘʮʠʠ ʤʝʞʜʫ ʛʝʥʦʛʨʫʧʧʘʤʠ GI ʠ GII. ʅʝʦʞʠʜʘʥʥʦ ʙʳʣʠ 

ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʳ ʜʚʘ ʩʣʫʯʘʷ ʤʝʞʛʝʥʦʛʨʫʧʧʦʚʦʡ ʨʝʢʦʤʙʠʥʘʮʠʠ ï 

GII/GVIII ʠ GII/GIX.  ʆʜʥʘʢʦ ʨʦʜʠʪʝʣʴʩʢʠʝ ʚʠʨʫʩʳ ʜʣʷ GVIII ʠ GIX ʥʝ 

ʙʳʣʠ ʧʦʣʥʦʩʪʴʶ ʦʧʠʩʘʥʳ, ʧʦʵʪʦʤʫ ʠʩʪʠʥʥʘʷ ʧʨʠʨʦʜʘ ʵʪʠʭ ʨʘʩʭʦʞʜʝʥʠʡ ʚ 

ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʦʡ ʢʣʘʩʪʝʨʠʟʘʮʠʠ ʦʩʪʘʝʪʩʷ ʥʝʦʧʨʝʜʝʣʝʥʥʦʡ [Kendra et al, 

2022]. 
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ɺ ʨʘʙʦʪʝ Vakulenko Y. A. ʠ ʩʦʘʚʪ. (2023) ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʝʩʪʝʩʪʚʝʥʥʦʡ ʨʝʢʦʤʙʠʥʘʮʠʠ ʚ ʨʦʜʝ Norovirus ʧʦ ʚʩʝʤʫ 

ʛʝʥʦʤʫ. ʅʘ ʧʨʝʜʤʝʪ ʥʘʣʠʯʠʷ ʨʝʢʦʤʙʠʥʘʮʠʠ ʨʘʩʩʤʦʪʨʝʥʳ 1084 ʧʦʣʥʳʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʧʨʠʛʦʜʥʳʭ ʜʣʷ ʘʥʘʣʠʟʘ, ʠʟ 3439, ʜʦʩʪʫʧʥʳʭ ʚ ʙʘʟʝ 

ʜʘʥʥʳʭ GenBank ʧʦ ʩʦʩʪʦʷʥʠʶ ʥʘ ʠʶʣʴ 2020 ʛ.  ʇʨʠʤʝʥʝʥ ʨʷʜ 

ʙʠʦʠʥʬʦʨʤʘʪʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ: ʚʳʯʠʩʣʝʥʠʝ ʤʘʪʨʠʮ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʦʡ 

ʩʦʚʤʝʩʪʠʤʦʩʪʠ, ʢʦʨʨʝʣʷʮʠʠ ʥʘʢʦʧʣʝʥʠʷ ʟʘʤʝʥ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ 

ʛʝʥʦʤʘ, ʙʘʡʝʩʦʚʩʢʠʡ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʠ ʨʘʩʯʝʪ ʧʝʨʠʦʜʦʚ 

ʧʦʣʫʨʘʩʧʘʜʘ ʨʝʢʦʤʙʠʥʘʥʪʥʳʭ ʬʦʨʤ [Vakulenko et al. 2023]. 

ʉʣʫʯʘʠ ʨʝʢʦʤʙʠʥʘʮʠʠ ʤʝʞʜʫ ʥʝʩʪʨʫʢʪʫʨʥʳʤʠ (ORF1) ʠ 

ʩʪʨʫʢʪʫʨʥʳʤʠ ʫʯʘʩʪʢʘʤʠ ʛʝʥʦʤʘ (ORF2 ʠ ORF3) ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʚʦ ʚʩʝʭ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʛʝʥʦʛʨʫʧʧʘʭ ʥʦʨʦʚʠʨʫʩʦʚ, ʭʦʪʷ ʨʝʢʦʤʙʠʥʘʮʠʷ ʙʳʣʘ 

ʥʘʠʙʦʣʝʝ ʟʘʤʝʪʥʦʡ ʤʝʞʜʫ ʧʨʝʜʩʪʘʚʠʪʝʣʷʤʠ GII, ʥʘʠʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʡ ʛʝʥʦʛʨʫʧʧʳ, ʢʦʪʦʨʘʷ ʟʘʨʘʞʘʝʪ ʣʶʜʝʡ. ʉʦʙʳʪʠʷ 

ʨʝʢʦʤʙʠʥʘʮʠʠ ʚʥʫʪʨʠ ORF1 ʠʣʠ ʤʝʞʜʫ ORF2/ ORF3, ʢʘʢ ʧʨʘʚʠʣʦ, ʙʳʣʠ 

ʨʝʜʢʠʤʠ. ʇʝʨʠʦʜʳ ʧʦʣʫʨʘʩʧʘʜʘ ʨʝʢʦʤʙʠʥʘʥʪʥʳʭ ʬʦʨʤ (ʢʣʘʜʳ ʙʝʟ 

ʧʨʠʟʥʘʢʦʚ ʨʝʢʦʤʙʠʥʘʮʠʠ) ʥʦʨʦʚʠʨʫʩʦʚ ʛʝʥʦʛʨʫʧʧ GI ʠ GII ʩʦʩʪʘʚʠʣʠ 10,4 

ʠ 8,4ï11,3 ʛʦʜʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʀʤʝʣʠʩʴ ʩʚʠʜʝʪʝʣʴʩʪʚʘ ʤʥʦʛʠʭ ʥʝʜʘʚʥʠʭ 

ʩʦʙʳʪʠʡ ʨʝʢʦʤʙʠʥʘʮʠʠ, ʠ ʙʦʣʴʰʠʥʩʪʚʦ ʥʦʨʦʚʠʨʫʩʦʚ, ʢʦʪʦʨʳʝ ʦʪʣʠʯʘʣʠʩʴ 

ʙʦʣʝʝ ʯʝʤ ʥʘ 18 % ʥʫʢʣʝʦʪʠʜʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʙʳʣʠ 

ʨʝʢʦʤʙʠʥʘʥʪʥʳʤʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʦʨʦʚʠʨʫʩʳ 

ʨʝʛʫʣʷʨʥʦ ʦʙʤʝʥʠʚʘʶʪʩʷ ʧʦʣʥʳʤʠ ʙʣʦʢʘʤʠ ʛʝʥʦʤʘ, ʢʦʜʠʨʫʶʱʠʤʠ 

ʩʪʨʫʢʪʫʨʳʝ ʠ ʥʝʩʪʨʫʢʪʫʨʥʳʝ ʙʝʣʢʠ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʤʦʜʫʣʴʥʫʶ 

ʵʚʦʣʶʮʠʶ. ʆʜʥʘʢʦ ʥʝ ʙʳʣʦ ʥʠʢʘʢʠʭ ʦʪʯʝʪʣʠʚʳʭ ʩʣʫʯʘʝʚ ʨʝʢʦʤʙʠʥʘʮʠʠ 

ʤʝʞʜʫ ʚʠʨʫʩʘʤʠ, ʢʦʪʦʨʳʝ ʦʪʣʠʯʘʶʪʩʷ ʙʦʣʝʝ ʯʝʤ ʥʘ 30 % ʧʦ ʥʫʢʣʝʦʪʠʜʥʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʚ ORF1 ʠ ʙʦʣʝʝ ʯʝʤ ʥʘ 42 % ʚ ORF2/ORF3, ʯʪʦ 

ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʦʪʩʫʪʩʪʚʠʝʤ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʡ ʨʝʢʦʤʙʠʥʘʮʠʠ ʤʝʞʜʫ 

ʥʦʨʦʚʠʨʫʩʘʤʠ ʨʘʟʣʠʯʥʳʭ ʛʝʥʦʛʨʫʧʧ. ɸʚʪʦʨʳ ʚʳʷʚʠʣʠ ʥʝʩʢʦʣʴʢʦ ʩʣʫʯʘʝʚ 

ʨʝʢʦʤʙʠʥʘʮʠʠ ʤʝʞʜʫ ʛʝʥʦʛʨʫʧʧʘʤʠ, ʦʜʥʘʢʦ ʧʨʝʜʧʦʣʦʞʠʣʠ, ʯʪʦ ʵʪʦ ʙʳʣʠ 
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ʜʨʝʚʥʠʝ ʩʦʙʳʪʠʷ, ʢʦʪʦʨʳʝ ʠʤʝʣʠ ʤʝʩʪʦ ʜʦ ʪʦʛʦ, ʢʘʢ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʚʠʨʫʩʳ ʨʘʟʜʝʣʠʣʠʩʴ ʥʘ ʦʪʜʝʣʴʥʳʝ ʛʝʥʦʛʨʫʧʧʳ, ʠ, ʩʪʨʦʛʦ ʛʦʚʦʨʷ, ʥʝ ʙʳʣʠ 

ʩʦʙʳʪʠʷʤʠ ʨʝʢʦʤʙʠʥʘʮʠʠ çʤʝʞʜʫ ʛʝʥʦʛʨʫʧʧʘʤʠè. ɻʝʥʦʛʨʫʧʧʳ ʷʚʣʷʶʪʩʷ 

ʥʝ ʧʨʦʩʪʦ ʩʦʟʜʘʥʥʳʤʠ ʯʝʣʦʚʝʢʦʤ ʪʘʢʩʦʥʦʤʠʯʝʩʢʠʤʠ ʝʜʠʥʠʮʘʤʠ, ʥʦ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʙʠʦʣʦʛʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ ʥʦʨʦʚʠʨʫʩʦʚ [Vakulenko et al., 

2023]. 

ɹʦʣʴʰʠʥʩʪʚʦ ʩʣʫʯʘʝʚ ʨʝʢʦʤʙʠʥʘʮʠʠ ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʤʝʞʜʫ 

ʚʠʨʫʩʘʤʠ, ʠʥʬʠʮʠʨʫʶʱʠʤʠ ʦʜʠʥ ʠ ʪʦʪ ʞʝ ʚʠʜ ʭʦʟʷʠʥʘ. ɺʠʨʫʩʳ ʠʟ 

ʥʝʩʢʦʣʴʢʠʭ ʛʝʥʦʛʨʫʧʧ, ʘ ʠʤʝʥʥʦ GII, GIII, GIV, GV ʠ GVI, ʤʦʛʫʪ 

ʠʥʬʠʮʠʨʦʚʘʪʴ ʥʝʩʢʦʣʴʢʦ ʚʠʜʦʚ ʭʦʟʷʝʚ. ʆʜʥʘʢʦ ʠ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣ 

ʧʦʜʪʚʝʨʞʜʝʥ ʪʦʣʴʢʦ ʦʜʠʥ ʨʘʥʝʝ ʦʧʠʩʘʥʥʳʡ ʚʠʨʫʩ, ʢʦʪʦʨʳʡ ʙʳʣ 

ʚʦʟʤʦʞʥʳʤ ʨʝʢʦʤʙʠʥʘʥʪʦʤ ʥʦʨʦʚʠʨʫʩʦʚ ʢʦʰʝʢ (GIV) ʠ ʩʦʙʘʢ (GVI) [Di 

Martino et al., 2016; Martella et al., 2009]. 

ʅʘʢʦʥʝʮ, ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʢʦʛʜʘ ʥʦʨʦʚʠʨʫʩʳ ʙʳʣʠ 

ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʪʠʧʠʨʦʚʘʥʳ, ʥʝʠʟʚʝʩʪʥʦʤʫ ʢʘʧʩʠʜʫ ʠ ʧʦʣʠʤʝʨʘʟʝ 

ʧʨʠʩʚʘʠʚʘʣʠʩʴ ʦʜʠʥʘʢʦʚʳʝ ʥʦʤʝʨʘ (ʥʘʧʨʠʤʝʨ, GI.1[P1], GI.2[P2]), ʠ, ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʦʪʩʫʪʩʪʚʠʝ ʨʝʢʦʤʙʠʥʘʥʪʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʚ ʧʝʨʚʳʝ ʛʦʜʳ 

ʨʝʛʠʩʪʨʘʮʠʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʤʦʞʝʪ ʙʳʪʴ ʘʨʪʝʬʘʢʪʦʤ ʥʦʤʝʥʢʣʘʪʫʨʳ. 

ʇʦʩʢʦʣʴʢʫ ʫ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʥʝʪ ʚʩʝʡ ʵʚʦʣʶʮʠʦʥʥʦʡ ʢʘʨʪʠʥʳ, ʦʧʨʝʜʝʣʝʥʠʝ 

ʨʝʢʦʤʙʠʥʘʥʪʦʚ ʷʚʣʷʝʪʩʷ ʧʨʦʠʟʚʦʣʴʥʳʤ ʧʦ ʚʨʝʤʝʥʠ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ. ʇʨʠʤʝʨʳ ʵʪʦʛʦ ʷʚʣʝʥʠʷ ï ʛʝʥʦʪʠʧʳ 

GII.2[P32], GII.4[P39], GII.5[P22] ʠ GII.7[P36], ʢʦʪʦʨʳʝ ʚʧʝʨʚʳʝ ʙʳʣʠ 

ʩʦʙʨʘʥʳ ʚ 1970-ʭ ʛʦʜʘʭ, ʥʦ ʨʝʪʨʦʩʧʝʢʪʠʚʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʚ ʥʝʜʘʚʥʝʤ 

ʠʩʩʣʝʜʦʚʘʥʠʠ. ɺ ʩʦʚʦʢʫʧʥʦʩʪʠ ʵʪʦ ʧʦʜʯʝʨʢʠʚʘʝʪ ʚʘʞʥʦʩʪʴ 

ʨʝʪʨʦʩʧʝʢʪʠʚʥʦʛʦ ʘʥʘʣʠʟʘ ʘʨʭʠʚʥʳʭ ʦʙʨʘʟʮʦʚ, ʛʜʝ ʵʪʦ ʚʦʟʤʦʞʥʦ, ʘ ʪʘʢʞʝ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʘʨʪʥʝʨʩʪʚʘ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʣʘʙʦʨʘʪʦʨʠʷʤʠ ʠ ʩʝʪʷʤʠ 

ʜʣʷ ʦʙʲʝʜʠʥʝʥʠʷ ʛʣʦʙʘʣʴʥʳʭ ʙʘʟ ʜʘʥʥʳʭ, ʢʦʪʦʨʳʝ ʦʙʣʝʛʯʠʣʠ ʙʳ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʝʨʝʜʘʯʠ ʠ ʜʠʚʝʨʩʠʬʠʢʘʮʠʠ ʥʦʨʦʚʠʨʫʩʦʚ ʥʘ ʛʣʦʙʘʣʴʥʦʤ 

ʫʨʦʚʥʝ ʘʥʘʣʦʛʠʯʥʦ ʫʩʠʣʠʷʤ ʠʥʠʮʠʘʪʠʚʳ GISAID (https://gisaid.org/). 
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ʆʧʪʠʤʠʟʠʨʦʚʘʥʥʳʝ ʠ ʜʦʩʪʫʧʥʳʝ ʙʘʟʳ ʜʘʥʥʳʭ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ 

ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʦʮʝʥʢʠ ʙʨʝʤʝʥʠ ʥʦʨʦʚʠʨʫʩʘ ʜʣʷ ʥʘʩʝʣʝʥʠʷ, ʘ ʪʘʢʞʝ ʜʣʷ 

ʧʦʤʦʱʠ ʚ ʨʘʟʨʘʙʦʪʢʝ ʥʦʨʦʚʠʨʫʩʥʳʭ ʚʘʢʮʠʥ [Kendra et al., 2022]. 
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ɻʃɸɺɸ 5 ʄʆʃɽʂʋʃʗʈʅʓʁ ʄʆʅʀʊʆʈʀʅɻ ʎʀʈʂʋʃʗʎʀʀ 

ʅʆʈʆɺʀʈʋʉʆɺ 

 

 

5.1 ʄʝʞʜʫʥʘʨʦʜʥʳʝ ʠ ʥʘʮʠʦʥʘʣʴʥʳʝ ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʨʦʚʘʥʠʷ 

ʥʦʨʦʚʠʨʫʩʦʚ 

 

ɺ ʩʚʷʟʠ ʩ ʰʠʨʦʢʠʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʠ ʟʥʘʯʠʤʦʩʪʴʶ ʥʦʨʦʚʠʨʫʩʦʚ 

ʜʣʷ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ ʚʦ ʤʥʦʛʠʭ ʩʪʨʘʥʘʭ ʙʳʣʠ ʩʦʟʜʘʥʳ ʩʠʩʪʝʤʳ ʥʘʜʟʦʨʘ ʟʘ 

ʚʩʧʳʰʢʘʤʠ ʆɻʕ ʥʦʨʦʚʠʨʫʩʥʦʡ ʵʪʠʦʣʦʛʠʠ ʠ ʛʝʥʦʪʠʧʠʨʦʚʘʥʠʷ 

ʥʦʨʦʚʠʨʫʩʦʚ. 

ɺ ʗʧʦʥʠʠ, ʂʠʪʘʝ, ɸʚʩʪʨʘʣʠʠ, ʂʘʥʘʜʝ, ɸʥʛʣʠʠ, ɺʝʥʛʨʠʠ ʠ ʨʷʜʝ 

ʜʨʫʛʠʭ ʩʪʨʘʥ ʵʪʫ ʨʘʙʦʪʫ ʧʨʦʚʦʜʷʪ ʧʨʦʬʠʣʴʥʳʝ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʝ 

ʠʥʩʪʠʪʫʪʳ ʠ ɸʛʝʥʪʩʪʚʘ ʧʦ ʦʭʨʘʥʝ ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʟʜʦʨʦʚʴʷ  [Chen et al., 

2008; Inouye et al., 2000; Bull et al., 2006; Tu et al., 2007; Sandmann et al., 

2018; Reuter et al., 2008]. ɺ ɸʚʩʪʨʘʣʠʠ ʠ ʅʦʚʦʡ ɿʝʣʘʥʜʠʠ ʨʘʙʦʪʘʝʪ 

ʩʦʚʤʝʩʪʥʳʡ ʧʨʦʝʢʪ ʧʦ ʥʘʙʣʶʜʝʥʠʶ ʟʘ ʥʦʨʦʚʠʨʫʩʥʦʡ ʠʥʬʝʢʮʠʝʡ ʧʨʠ 

ʧʦʜʜʝʨʞʢʝ ʫʯʝʥʳʭ ʠʟ ʗʧʦʥʠʠ, ʉʐɸ ʠ ɽʚʨʦʧʳ [Eden et al., 2014; Lim et al., 

2016]. ʅʘ ʩʘʡʪʝ ʗʧʦʥʩʢʦʛʦ ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʠʥʩʪʠʪʫʪʘ ʠʥʬʝʢʮʠʦʥʥʳʭ 

ʙʦʣʝʟʥʝʡ ʚ ʪʝʢʫʱʝʤ ʨʝʞʠʤʝ ʚʳʢʣʘʜʳʚʘʝʪʩʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʨʝʟʫʣʴʪʘʪʘʭ 

ʚʳʷʚʣʝʥʠʷ ʠ ʪʠʧʠʨʦʚʘʥʠʷ ʥʦʨʦʚʠʨʫʩʦʚ ʠ ʜʨʫʛʠʭ ʢʠʰʝʯʥʳʭ ʚʠʨʫʩʦʚ, 

ʮʠʨʢʫʣʠʨʫʶʱʠʭ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʗʧʦʥʠʠ [National Epidemiological 

Surveillance of Infectious Diseases. Flash report of gastroenteritis viruses in 

Japan. URL: http://www.niid.go.jp/niid/en/iasr-noro-e.html237]. 

ʕʧʠʜʝʤʠʦʣʦʛʠʯʝʩʢʠʡ ʥʘʜʟʦʨ ʟʘ ʥʦʨʦʚʠʨʫʩʥʦʡ ʠʥʬʝʢʮʠʝʡ ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʦʩʫʱʝʩʪʚʣʷʝʪ ʈʝʬʝʨʝʥʩ-ʮʝʥʪʨ ʧʦ 

ʤʦʥʠʪʦʨʠʥʛʫ ʆʂʀ ʧʨʠ ʎʝʥʪʨʘʣʴʥʦʤ ʅʀʀ ʵʧʠʜʝʤʠʦʣʦʛʠʠ (ʄʦʩʢʚʘ), 

ʚʳʧʦʣʥʷʷ ʛʝʥʦʪʠʧʠʨʦʚʘʥʠʝ ʠʟʦʣʷʪʦʚ, ʥʘʧʨʘʚʣʷʝʤʳʭ ʠʟ ʪʝʨʨʠʪʦʨʠʘʣʴʥʳʭ 

ʦʨʛʘʥʦʚ ʈʦʩʧʦʪʨʝʙʥʘʜʟʦʨʘ ʧʨʠ ʨʝʛʠʩʪʨʘʮʠʠ ʚʩʧʳʰʝʢ [ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʝ 

ʜʦʢʣʘʜʳ ʈʦʩʧʦʪʨʝʙʥʘʜʟʦʨʘ 2022, 2023, 2025; ʈʝʬʝʨʝʥʩ-ʮʝʥʪʨ 
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http://www.epid-oki.ru]. ʄʦʥʠʪʦʨʠʥʛ ʮʠʨʢʫʣʷʮʠʠ ʥʦʨʦʚʠʨʫʩʦʚ ʧʨʠ 

ʩʧʦʨʘʜʠʯʝʩʢʦʡ ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ ʥʘ ʦʛʨʘʥʠʯʝʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ʧʨʦʚʦʜʠʪʩʷ ʚ 

ʨʘʤʢʘʭ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʅʠʞʝʛʦʨʦʜʩʢʦʤ ʅʀʀʕʄ ʠʤ. ʘʢʘʜʝʤʠʢʘ 

ʀ.ʅ. ɹʣʦʭʠʥʦʡ [ʃʫʢʦʚʥʠʢʦʚʘ ʠ ʩʦʘʚʪ., 2008, 2009; ɽʧʠʬʘʥʦʚʘ ʠ ʩʦʘʚʪ., 

2008, 2010; 2016a, 2022, 2025], ʚ ʀʥʩʪʠʪʫʪʝ ʭʠʤʠʯʝʩʢʦʡ ʙʠʦʣʦʛʠʠ ʠ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʤʝʜʠʮʠʥʳ (ʅʦʚʦʩʠʙʠʨʩʢ) [ɹʦʜʥʝʚ ʠ ʩʦʘʚʪ., 2008; 

Zhirakovskaia et al., 2015], ʚ ʍʘʙʘʨʦʚʩʢʦʤ ʅʀʀʕʄ [ɹʫʪʘʢʦʚʘ ʠ ʩʦʘʚʪ. 

2018], ʚ ʌʅʀʀɺʀ çɺʠʨʦʤè [ɹʳʢʦʚ ʠ ʩʦʘʚʪ., 2023, Bykov et al., 2024]. 

ɺ ɽʚʨʦʧʝ ʩ 1999 ʛ. ʥʘʯʘʣ ʨʘʙʦʪʘʪʴ ʠʥʪʝʨʥʝʪ-ʧʨʦʝʢʪ, ʧʦʩʚʷʱʝʥʥʳʡ 

ʚʠʨʫʩʘʤ, ʩʦʜʝʨʞʘʱʠʤʩʷ ʚ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʘʭ (Foodborne viruses in 

Europe network ï FBVE),  ʚ ʢʦʪʦʨʦʤ ʢ 2004 ʛʦʜʫ ʫʯʘʩʪʚʦʚʘʣʠ 24 ʠʥʩʪʠʪʫʪʘ 

ʠʟ 13 ʩʪʨʘʥ ï ɻʝʨʤʘʥʠʠ, ɼʘʥʠʠ, ʀʩʧʘʥʠʠ, ʌʠʥʣʷʥʜʠʠ, ʌʨʘʥʮʠʠ, ɸʥʛʣʠʠ ʠ 

ʋʵʣʩʘ, ɺʝʥʛʨʠʠ, ʀʨʣʘʥʜʠʠ, ʀʪʘʣʠʠ, ʅʠʜʝʨʣʘʥʜʦʚ, ʅʦʨʚʝʛʠʠ, ʐʚʝʮʠʠ, 

ʉʣʦʚʝʥʠʠ  [Kroneman et al., 2006, 2008; Lopman et al., 2004; Siebenga et al., 

2008]. 

ɺ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʥʳʡ ʧʦʜʭʦʜ ʢ 

ʘʥʘʣʠʟʫ ʚʩʧʳʰʝʢ ʛʘʩʪʨʦʵʥʪʝʨʠʪʘ. ɺ ʢʘʯʝʩʪʚʝ ʘʥʘʣʠʟʠʨʫʝʤʦʛʦ 

ʵʧʠʜʝʤʠʯʝʩʢʦʛʦ ʛʦʜʘ ʨʘʩʩʤʘʪʨʠʚʘʣʩʷ ʧʝʨʠʦʜ ʩ ʠʶʣʷ ʪʝʢʫʱʝʛʦ ʛʦʜʘ ʧʦ 

ʠʶʥʴ ʩʣʝʜʫʶʱʝʛʦ. ɺʩʧʳʰʢʦʡ ʩʯʠʪʘʣʠ ʜʚʘ ʠʣʠ ʙʦʣʝʝ ʣʘʙʦʨʘʪʦʨʥʦ 

ʧʦʜʪʚʝʨʞʜʝʥʥʳʭ ʩʣʫʯʘʷ ʥʦʨʦʚʠʨʫʩʥʦʛʦ ʛʘʩʪʨʦʵʥʪʝʨʠʪʘ, ʦʙʲʝʜʠʥʝʥʥʳʭ 

ʤʝʩʪʦʤ ʠ ʚʨʝʤʝʥʝʤ ʚʦʟʥʠʢʥʦʚʝʥʠʷ. ʕʧʠʟʦʜ ʦʩʪʨʦʛʦ ʛʘʩʪʨʦʵʥʪʝʨʠʪʘ 

ʦʧʨʝʜʝʣʷʣʩʷ ʢʘʢ ʜʚʘ ʠ ʙʦʣʝʝ ʩʣʫʯʘʷ ʨʚʦʪʳ ʠ/ʠʣʠ ʜʚʘ ʠ ʙʦʣʝʝ ʩʣʫʯʘʷ 

ʞʠʜʢʦʛʦ ʩʪʫʣʘ ʚ ʪʝʯʝʥʠʝ 12 ʯ. ɼʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʥʦʨʦʚʠʨʫʩʥʦʡ 

ʵʪʠʦʣʦʛʠʠ ʚʩʧʳʰʢʠ ʜʦʩʪʘʪʦʯʥʦ ʚʳʷʚʣʝʥʠʷ ʥʦʨʦʚʠʨʫʩʘ ʚ ʬʝʢʘʣʠʷʭ ʜʚʫʭ ʠʟ 

ʧʷʪʠ ʟʘʙʦʣʝʚʰʠʭ, ʚʦʚʣʝʯʝʥʥʳʭ ʚ ʵʪʫ ʚʩʧʳʰʢʫ. ʆʙʨʘʟʮʳ ʬʝʢʘʣʠʡ ʜʦʣʞʥʳ 

ʙʳʪʴ ʚʟʷʪʳ ʚ ʦʩʪʨʦʡ ʬʘʟʝ ʟʘʙʦʣʝʚʘʥʠʷ. ɼʣʷ ʛʝʥʦʪʠʧʠʨʦʚʘʥʠʷ ʠʟʦʣʷʪʘ 

ʥʦʨʦʚʠʨʫʩʘ ʧʨʦʚʦʜʠʣʦʩʴ ʩʝʢʚʝʥʠʨʦʚʘʥʠʝ ʜʚʫʭ ʫʯʘʩʪʢʦʚ ʛʝʥʦʤʘ ï ʫʯʘʩʪʢʘ 

ʛʝʥʘ ʧʦʣʠʤʝʨʘʟʳ ʜʣʠʥʦʡ 290 ʥʫʢʣʝʦʪʠʜʦʚ ʠ 5ǋ-ʢʦʥʮʝʚʦʛʦ ʫʯʘʩʪʢʘ ʛʝʥʘ 
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ʢʘʧʩʠʜʥʦʛʦ ʙʝʣʢʘ VP1 ʜʣʠʥʦʡ 280 ʥʫʢʣʝʦʪʠʜʦʚ ï ʨʝʛʠʦʥʳ ɸ ʠ ʉ (ʈʠʩʫʥʦʢ 

6). 

ʋʯʘʩʪʥʠʢʠ ʧʨʦʝʢʪʘ ʥʘʧʨʘʚʣʷʣʠ ʚ ʩʦʚʤʝʩʪʥʫʶ ʙʘʟʫ ʜʘʥʥʳʭ ʩʚʦʠ 

ʜʘʥʥʳʝ, ʚʢʣʶʯʘʶʱʠʝ ʠʥʬʦʨʤʘʮʠʶ ʦ ʚʩʧʳʰʢʘʭ ʠʣʠ ʩʧʦʨʘʜʠʯʝʩʢʠʭ 

ʩʣʫʯʘʷʭ ʅɺʀ, ʚʦʟʤʦʞʥʳʭ ʧʫʪʷʭ ʧʝʨʝʜʘʯʠ ʠ ʠʩʪʦʯʥʠʢʘʭ ʠʥʬʝʢʮʠʠ, 

ʫʯʨʝʞʜʝʥʠʷʭ, ʛʜʝ ʧʨʦʠʟʦʰʣʠ ʚʩʧʳʰʢʠ, ʘ ʪʘʢʞʝ ʫʩʪʘʥʦʚʣʝʥʥʳʝ 

ʥʫʢʣʝʦʪʠʜʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ. 

ʄʘʩʰʪʘʙʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʦʚʝʜʝʥʥʳʝ ʚ ʭʦʜʝ ʨʝʘʣʠʟʘʮʠʠ 

ʜʘʥʥʦʛʦ ʧʨʦʝʢʪʘ, ʧʦʟʚʦʣʠʣʠ ʟʘʬʠʢʩʠʨʦʚʘʪʴ ʥʝʩʢʦʣʴʢʦ ʧʦʜʲʝʤʦʚ 

ʚʩʧʳʰʝʯʥʦʡ ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ ʥʦʨʦʚʠʨʫʩʥʳʤ ʛʘʩʪʨʦʵʥʪʝʨʠʪʦʤ ʚ ɽʚʨʦʧʝ: ʚ 

ʵʧʠʜʩʝʟʦʥ 1995-1996 ʛʛ. (ʨʝʪʨʦʩʧʝʢʪʠʚʥʦ), ʠ ʜʘʣʝʝ ï ʚ 2002-2003, 2004-

2005, 2006-2007 ʛʛ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʘʥʘʣʠʟʘ ʚʠʨʫʩʦʣʦʛʠʯʝʩʢʠʭ ʠ 

ʵʧʠʜʝʤʠʦʣʦʛʠʯʝʩʢʠʭ ʜʘʥʥʳʭ  ʟʘ ʧʝʨʠʦʜ ʩ 1 ʠʶʣʷ 2001 ʛ. ʧʦ 30 ʠʶʥʷ 2006 ʛ. 

ʚ ɽʚʨʦʧʝ ʙʳʣʦ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ 7636 ʚʩʧʳʰʝʢ ʆʂʀ ʥʦʨʦʚʠʨʫʩʥʦʡ 

ʵʪʠʦʣʦʛʠʠ [Kroneman et al., 2008]. ʇʦ 1847 ʚʩʧʳʰʢʘʤ (24 %) ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʜʘʥʥʳʝ ʦ ʛʝʥʦʪʠʧʠʨʦʚʘʥʠʠ ʠʟʦʣʷʪʦʚ ʥʦʨʦʚʠʨʫʩʦʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʛʝʥʦʪʠʧʠʨʦʚʘʥʠʷ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 75 % ʵʪʠʭ ʚʩʧʳʰʝʢ ʙʳʣʠ  

ʦʙʫʩʣʦʚʣʝʥʳ ʥʦʨʦʚʠʨʫʩʦʤ GII.4, ʧʨʠʯʝʤ ʢʘʞʜʳʡ ʠʟ ʧʦʜʲʝʤʦʚ ʙʳʣ ʩʚʷʟʘʥ ʩ 

ʥʦʚʳʤ ʚʘʨʠʘʥʪʦʤ ʵʪʦʛʦ ʛʝʥʦʪʠʧʘ, 19 % ʚʩʧʳʰʝʢ ʙʳʣʦ ʚʳʟʚʘʥʦ 

ʥʦʨʦʚʠʨʫʩʘʤʠ ʚʪʦʨʦʡ ʛʝʥʦʛʨʫʧʧʳ, ʥʦ ʜʨʫʛʠʭ ʛʝʥʦʪʠʧʦʚ (GII.2, GII.7, GII.b) 

ʠ 6 % ï ʥʦʨʦʚʠʨʫʩʘʤʠ ʛʝʥʦʛʨʫʧʧʳ I. ʇʨʠʯʝʤ ʚʩʧʳʰʢʠ ʩ ʢʦʥʪʘʢʪʥʦ-

ʙʳʪʦʚʳʤ ʧʫʪʝʤ ʧʝʨʝʜʘʯʠ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʙʳʣʠ ʦʙʫʩʣʦʚʣʝʥʳ ʥʦʨʦʚʠʨʫʩʦʤ 

GII.4, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʨʠʯʠʥʦʡ ʧʠʱʝʚʳʭ ʚʩʧʳʰʝʢ ʯʘʱʝ ʦʢʘʟʳʚʘʣʠʩʴ 

ʥʦʨʦʚʠʨʫʩʳ ʜʨʫʛʠʭ ʛʝʥʦʪʠʧʦʚ GII ʠ ʛʝʥʦʛʨʫʧʧʳ GI [Kroneman et al., 2008]. 

ʂʦʦʨʜʠʥʘʪʦʨʦʤ ʧʨʦʝʢʪʘ ʷʚʣʷʣʩʷ ʢʦʣʣʝʢʪʠʚ ʘʚʪʦʨʦʚ ʅʘʮʠʦʥʘʣʴʥʦʛʦ 

ʠʥʩʪʠʪʫʪʘ ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʟʜʦʨʦʚʴʷ ʠ ʢʦʥʪʨʦʣʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ 

(Rijksinstituut voor Volksgezondheid en Milieu (RIVM) ʚ ɹʠʣʪʭʦʚʝʥʝ 

(ʅʠʜʝʨʣʘʥʜʳ). ʀʩʩʣʝʜʦʚʘʪʝʣʠ ʵʪʦʛʦ ʠʥʩʪʠʪʫʪʘ ʦʧʠʩʘʣʠ ʨʘʟʚʠʪʠʝ 

çɻ ʧʦʭʘʣʴʥʦʡè ʵʚʦʣʶʮʠʠ ʥʦʨʦʚʠʨʫʩʘ ʛʝʥʦʪʠʧʘ GII.4 ʚ ʅʠʜʝʨʣʘʥʜʘʭ 
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[Siebenga et al., 2007]. ʇʦʯʪʠ ʩʠʥʭʨʦʥʥʳʝ ʧʦʜʲʝʤʳ ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ 

ʧʨʦʠʩʭʦʜʠʣʠ ʚ ʧʝʨʠʦʜ 1995-2007 ʛʛ. ʠ ʚ ʩʪʨʘʥʘʭ ʜʨʫʛʠʭ ʢʦʥʪʠʥʝʥʪʦʚ [CDC, 

2002, 2003, 2007; Bull et al., 2006; Shinkawa et al., 2008]. 

ɺ 2009 ʛ. ɽʚʨʦʧʝʡʩʢʠʡ ʧʨʦʝʢʪ FBVE ʙʳʣ ʧʨʝʦʙʨʘʟʦʚʘʥ ʚ NoroNet ï 

ʣʘʙʦʨʘʪʦʨʥʫʶ ʩʝʪʴ, ʦʙʲʝʜʠʥʷʶʱʫʶ ʫʯʝʥʳʭ, ʨʘʙʦʪʘʶʱʠʭ ʚ ʠʥʩʪʠʪʫʪʘʭ 

ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ ʠʣʠ ʫʥʠʚʝʨʩʠʪʝʪʘʭ, ʢʦʪʦʨʳʝ ʥʘ 

ʜʦʙʨʦʚʦʣʴʥʳʭ ʥʘʯʘʣʘʭ ʜʝʣʷʪʩʷ ʚʠʨʫʩʦʣʦʛʠʯʝʩʢʠʤʠ, ʵʧʠʜʝʤʠʦʣʦʛʠʯʝʩʢʠʤʠ 

ʠ ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʩʢʠʤʠ ʜʘʥʥʳʤʠ ʦ ʥʦʨʦʚʠʨʫʩʘʭ. ɿʘʜʘʯʘʤʠ ʧʨʦʝʢʪʘ 

ʷʚʣʷʶʪʩʷ: ʤʦʥʠʪʦʨʠʨʦʚʘʥʠʝ ʛʣʦʙʘʣʴʥʳʭ ʪʝʥʜʝʥʮʠʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʥʦʨʦʚʠʨʫʩʥʦʡ ʠʥʬʝʢʮʠʠ (ʚʢʣʶʯʘʷ ʠʟʫʯʝʥʠʝ ʧʦʧʫʣʷʮʠʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ 

ʰʪʘʤʤʦʚ ʥʦʨʦʚʠʨʫʩʦʚ ʠ ʨʘʟʚʠʪʠʝ ʧʣʘʪʬʦʨʤʳ ʜʣʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ 

ʦʙʤʝʥʘ), ʩʚʦʝʚʨʝʤʝʥʥʦʝ ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʧʠʱʝʚʳʭ 

ʚʩʧʳʰʝʢ, ʚʳʟʚʘʥʥʳʭ ʥʦʨʦʚʠʨʫʩʘʤʠ, ʨʘʟʨʘʙʦʪʢʘ ʦʙʱʝʛʦ ʧʨʦʪʦʢʦʣʘ 

ʛʝʥʦʪʠʧʠʨʦʚʘʥʠʷ ʠ ʥʦʤʝʥʢʣʘʪʫʨʳ ʰʪʘʤʤʦʚ ʥʦʨʦʚʠʨʫʩʦʚ ʠ ʜʦʩʪʫʧʥʦʛʦ 

ʯʝʨʝʟ ʠʥʪʝʨʥʝʪ ʠʥʩʪʨʫʤʝʥʪʘ ʪʠʧʠʨʦʚʘʥʠʷ. 

ʅʘ ʩʘʡʪʝ ʧʨʦʝʢʪʘ NoroNet ʬʫʥʢʮʠʦʥʠʨʫʝʪ on-line ʨʝʩʫʨʩ Norovirus 

Typing Tool, ʧʦʟʚʦʣʷʶʱʠʡ ʧʨʦʚʝʩʪʠ ʛʝʥʦʪʠʧʠʨʦʚʘʥʠʝ ʰʪʘʤʤʘ ʥʘ ʦʩʥʦʚʝ 

ʩʨʘʚʥʝʥʠʷ ʧʦʣʫʯʝʥʥʦʡ ʥʫʢʣʝʦʪʠʜʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʫʯʘʩʪʢʘ ʛʝʥʦʤʘ ʩ 

ʠʤʝʶʱʠʤʠʩʷ ʚ ʙʘʟʝ ʜʘʥʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤʠ ʪʠʧʦʚʳʭ ʰʪʘʤʤʦʚ 

[NoroNet; Kroneman et al., 2011]. 

ʂʦʣʣʝʢʪʠʚʦʤ ʘʚʪʦʨʦʚ RIVM ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ ʫʥʠʬʠʮʠʨʦʚʘʥʥʘʷ 

ʥʦʤʝʥʢʣʘʪʫʨʘ ʥʦʨʦʚʠʨʫʩʦʚ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʛʝʥʦʪʠʧʦʚ 

ʜʦʣʞʥʘ ʙʘʟʠʨʦʚʘʪʴʩʷ ʥʘ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʦʧʨʝʜʝʣʝʥʠʠ ʪʠʧʦʚ ʧʦʣʠʤʝʨʘʟʳ 

(ORF1) ʠ ʢʘʧʩʠʜʘ (ORF2). ʅʘʠʤʝʥʦʚʘʥʠʝ ʰʪʘʤʤʦʚ ʜʦʣʞʥʦ ʚʢʣʶʯʘʪʴ 

ʥʘʠʤʝʥʦʚʘʥʠʝ ʭʦʟʷʠʥʘ (Hu (human), Bo (bovine), Mu (murine), Po (porcine), 

Ca (canine) ʠ.ʪ.ʧ.), ʩʪʨʘʥʫ ʠ ʛʦʜ ʠʟʦʣʷʮʠʠ, ʛʝʥʦʛʨʫʧʧʫ ʠ ʛʝʥʦʪʠʧ, 

ʠʜʝʥʪʠʬʠʢʘʪʦʨ (ʥʘʟʚʘʥʠʝ ʛʦʨʦʜʘ ʠ ʥʦʤʝʨ ʠʟʦʣʷʪʘ) [Kroneman et al., 2013]. 

ɺ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ NoroNet ʧʨʦʚʝʜʝʥʦ ʧʝʨʚʦʝ ʨʝʪʨʦʩʧʝʢʪʠʚʥʦʝ 

ʛʣʦʙʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʦʣʝʢʫʣʷʨʥʦʡ ʵʧʠʜʝʤʠʦʣʦʛʠʠ ʥʦʨʦʚʠʨʫʩʘ 
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ʛʝʥʦʪʠʧʘ GII.4. ɹʳʣʠ ʩʦʙʨʘʥʳ ʜʘʥʥʳʝ ʧʦ ʥʦʨʦʚʠʨʫʩʥʳʤ ʚʩʧʳʰʢʘʤ ʩ 

ʷʥʚʘʨʷ 2001 ʛʦʜʘ ʧʦ ʤʘʨʪ 2007 ʛʦʜʘ ʠʟ 15 ʫʯʨʝʞʜʝʥʠʡ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ 

ʧʷʪʠ ʢʦʥʪʠʥʝʥʪʘʭ,  ʚ ʪʦʤ ʯʠʩʣʝ  ʠʟ ʉʐɸ, ʂʘʥʘʜʳ, ʅʠʜʝʨʣʘʥʜʦʚ, ʏʠʣʠ, 

ʂʠʪʘʷ (ʚʢʣʶʯʘʷ ɻʦʥʢʦʥʛ), ʄʘʣʘʡʟʠʠ, ɸʚʩʪʨʘʣʠʠ, ʀʥʜʠʠ, ɺʝʥʛʨʠʠ, 

ɻʝʨʤʘʥʠʠ, ʗʧʦʥʠʠ. ɹʳʣʦ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʦ 775 ʯʘʩʪʠʯʥʳʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʛʝʥʦʤʘ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʧʨʦʚʝʩʪʠ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʠʡ 

ʘʥʘʣʠʟ ʜʘʥʥʳʭ ʠʟ ʨʘʟʥʳʭ ʩʪʨʘʥ. ɺ ʦʙʱʝʡ ʩʣʦʞʥʦʩʪʠ ʙʳʣʦ ʩʦʦʙʱʝʥʦ ʦ 3098 

ʚʩʧʳʰʢʘʭ, ʥʦʨʦʚʠʨʫʩʳ ʛʝʥʦʪʠʧʘ GII.4 ʚʳʷʚʣʝʥʳ ʚ 62 % ʦʪ ʚʩʝʭ 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʚʩʧʳʰʝʢ. ɹʳʣʦ ʦʧʨʝʜʝʣʝʥʦ ʚʦʩʝʤʴ GII.4 ʚʘʨʠʘʥʪʦʚ, 

ʯʝʪʳʨʝ ʠʟ ʢʦʪʦʨʳʭ ʠʤʝʣʠ ʛʣʦʙʘʣʴʥʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ - ʚʘʨʠʘʥʪʳ 1996, 

2002, 2004 ʠ 2006b. ɺʘʨʠʘʥʪʳ 2003Asia ʠ 2006a ʚʳʟʚʘʣʠ ʵʧʠʜʝʤʠʠ, ʥʦ ʦʥʠ 

ʙʳʣʠ ʛʝʦʛʨʘʬʠʯʝʩʢʠ ʦʛʨʘʥʠʯʝʥʳ. ʅʘʢʦʥʝʮ, ʚʘʨʠʘʥʪʳ 2001Japan ʠ 

2001Henry ʙʳʣʠ ʥʘʡʜʝʥʳ ʚʦ ʚʩʝʤ ʤʠʨʝ, ʥʦ ʩ ʥʠʟʢʦʡ ʯʘʩʪʦʪʦʡ. ɹʳʣ ʩʜʝʣʘʥ 

ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʵʧʠʜʝʤʠʠ ʅɺʀ ʙʳʣʠ ʚʳʟʚʘʥʳ ʛʣʦʙʘʣʴʥʳʤ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʰʪʘʤʤʦʚ GII.4, ʢʦʪʦʨʳʝ ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʧʦʜ ʜʘʚʣʝʥʠʝʤ 

ʠʤʤʫʥʠʪʝʪʘ ʥʘʩʝʣʝʥʠʷ [Siebenga et al., 2009]. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʘʧʨʝʣʝ 2013 ʛ. ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʨʘʙʦʯʝʡ 

ʛʨʫʧʧʦʡ ʧʦ ʥʦʨʦʚʠʨʫʩʘʤ, ʜʝʡʩʪʚʫʶʱʝʡ ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ NoroNet, ʚ 

ʦʙʦʟʥʘʯʝʥʠʝ ʚʘʨʠʘʥʪʦʚ ʛʝʥʦʪʠʧʘ GII.4 ʚʥʝʩʝʥʳ ʠʟʤʝʥʝʥʠʷ. ʈʘʥʝʝ ʥʦʚʳʡ 

ʚʘʨʠʘʥʪ ʧʦʣʫʯʘʣ ʚ ʢʘʯʝʩʪʚʝ ʥʘʠʤʝʥʦʚʘʥʠʷ ʛʦʜ, ʚ ʪʝʯʝʥʠʝ ʢʦʪʦʨʦʛʦ ʦʥ 

ʧʨʠʦʙʨʝʣ ʭʘʨʘʢʪʝʨ ʵʧʠʜʝʤʠʯʝʩʢʦʛʦ ʢʘʢ ʤʠʥʠʤʫʤ ʚ ʜʚʫʭ ʛʝʦʛʨʘʬʠʯʝʩʢʠ 

ʨʘʟʣʠʯʥʳʭ ʨʝʛʠʦʥʘʭ (ʥʘʧʨʠʤʝʨ, 2006, 2010 ʠ ʪ.ʧ.). ʇʦ ʧʨʝʜʣʦʞʝʥʥʦʡ 

ʫʥʠʬʠʮʠʨʦʚʘʥʥʦʡ ʥʦʤʝʥʢʣʘʪʫʨʝ ʛʝʥʦʚʘʨʠʘʥʪ ʦʙʦʟʥʘʯʘʝʪʩʷ ʧʦ ʤʝʩʪʫ ʠ ʛʦʜʫ 

ʚʳʜʝʣʝʥʠʷ ʧʝʨʚʦʛʦ ʠʟʦʣʷʪʘ ʜʘʥʥʦʛʦ ʚʘʨʠʘʥʪʘ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʦʧʨʝʜʝʣʝʥʘ ʠ 

ʦʧʫʙʣʠʢʦʚʘʥʘ ʧʦʣʥʘʷ ʥʫʢʣʝʦʪʠʜʥʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʛʝʥʘ ʢʘʧʩʠʜʥʦʛʦ 

ʙʝʣʢʘ (ʥʘʧʨʠʤʝʨ, New Orleans 2009) [Kroneman et al., 2013]. 

ʉ 2011 ʛʦʜʘ ʚ ʨʘʙʦʪʝ ʧʨʦʝʢʪʘ ʧʨʠʥʠʤʘʝʪ ʫʯʘʩʪʠʝ ʠ ʈʦʩʩʠʷ 

(ʎʝʥʪʨʘʣʴʥʳʡ ʅʀʀ ʵʧʠʜʝʤʠʦʣʦʛʠʠ, ʄʦʩʢʚʘ). ɺ 2012, 2013 ʠ 2014 ʛʛ. ʥʘ 

ʩʘʡʪʝ NoroNet ʧʫʙʣʠʢʦʚʘʣʠʩ ɹ ʝʞʝʛʦʜʥʳʝ ʜʦʢʣʘʜʳ, ʚ ʢʦʪʦʨʳʭ 
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ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʣʠʩ ɹ ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʥʫʢʣʝʦʪʠʜʥʳʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʛʝʥʦʤʘ ʥʦʨʦʚʠʨʫʩʦʚ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʚ ʙʘʟʫ ʜʘʥʥʳʭ 

ʧʨʦʝʢʪʘ [van Beek et al., 2012, 2013, 2014]. ʅʘ ʩʘʡʪʝ ʧʨʦʝʢʪʘ ʚ ʨʘʟʜʝʣʝ 

çPublicè ʙʳʣʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʦʙʱʝʜʦʩʪʫʧʥʘʷ ʙʘʟʘ ʜʘʥʥʳʭ ʥʫʢʣʝʦʪʠʜʥʳʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ. ʉ 2015 ʛʦʜʘ ʝʞʝʛʦʜʥʳʝ ʜʦʢʣʘʜʳ ʥʝ ʧʫʙʣʠʢʫʶʪʩʷ ʠ 

ʙʘʟʘ ʜʘʥʥʳʭ ʜʦʩʪʫʧʥʘ ʪʦʣʴʢʦ ʜʣʷ ʫʯʘʩʪʥʠʢʦʚ ʧʨʦʝʢʪʘ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʦʩʥʦʚʥʦʡ ʠʩʪʦʯʥʠʢ ʠʥʬʦʨʤʘʮʠʠ ʦ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʨʦʝʢʪʘ ï ʧʫʙʣʠʢʘʮʠʠ. 

ɺ 2018 ʛʦʜʫ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʤʦʣʝʢʫʣʷʨʥʦʛʦ 

ʤʦʥʠʪʦʨʠʥʛʘ ʥʦʨʦʚʠʨʫʩʦʚ ʠ ʵʧʠʜʝʤʠʦʣʦʛʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ, 

ʩʦʙʨʘʥʥʳʭ ʚ ʩʝʪʠ NoroNet ʚ 2005-2016 ʛʛ. ʠʟ 19 ʩʪʨʘʥ ɽʚʨʦʧʳ, ɸʟʠʠ, 

ʆʢʝʘʥʠʠ ʠ ɸʬʨʠʢʠ [van Beek et al., 2018]. ɹʳʣʦ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʦ 16635 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʥʦʨʦʚʠʨʫʩʦʚ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʩ 1 ʷʥʚʘʨʷ 2005 ʛ. ʧʦ 17 

ʥʦʷʙʨʷ 2016 ʛ., ʠʟ ʢʦʪʦʨʳʭ 1372 (8,2 %) ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʦʪʥʦʩʠʣʠʩʴ ʢ 

ʛʝʥʦʛʨʫʧʧʝ GI, 15256 (91,7 %) - ʢ GII ʠ 7 (<0,1 %) ï ʢ GIV.1. ɿʘ ʵʪʦʪ ʧʝʨʠʦʜ 

ʙʳʣʦ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʦ 26 ʨʘʟʣʠʯʥʳʭ ʛʝʥʦʪʠʧʦʚ ʥʦʨʦʚʠʨʫʩʦʚ ʠ 

ʦʙʥʘʨʫʞʝʥʦ 22 ʨʝʢʦʤʙʠʥʘʥʪʘ. 

ʕʧʠʜʝʤʠʯʝʩʢʠʝ ʚʘʨʠʘʥʪʳ ʥʦʨʦʚʠʨʫʩʘ ʛʝʥʦʪʠʧʘ GII.4 ʚʦʟʥʠʢʘʣʠ ʩ 2-

3-ʣʝʪʥʝʡ ʧʝʨʠʦʜʠʯʥʦʩʪʴʶ ʜʦ 2012 ʛʦʜʘ. ʊʘʢʠʤʠ ʚʘʨʠʘʥʪʘʤʠ GII.4, 

ʧʦʣʫʯʠʚʰʠʤʠ ʛʣʦʙʘʣʴʥʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʠ ʮʠʨʢʫʣʠʨʦʚʘʚʰʠʤʠ 

ʦʛʨʘʥʠʯʝʥʥʳʡ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ, ʙʳʣʠ ʚʘʨʠʘʥʪʳ GII.4 Farmington Hills 2002 

(2002-2006 ʛʛ.), GII.4 Hunter 2004 (2003-2008 ʛʛ.), GII.4 Yerseke 2006a 

(2006-2009 ʛʛ.), GII.4 Den Haag 2006b (2006-2010 ʛʛ.), 

GII.4 New Orleans 2009 (2008-2010 ʛʛ.). ʇʨʠʯʝʤ ʢʘʞʜʳʡ ʠʟ ʥʠʭ ʠʤʝʣ ʩʚʦʡ 

ʚʘʨʠʘʥʪ ʚʩʝʭ ʨʘʤʦʢ ʩʯʠʪʳʚʘʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʛʝʥʘ ʧʦʣʠʤʝʨʘʟʳ. 

ʇʦʩʣʝʜʥʠʡ ʚʘʨʠʘʥʪ, ʦʙʦʟʥʘʯʝʥʥʳʡ ʧʦ ʛʝʥʫ ʢʘʧʩʠʜʘ 

GII.4 Sydney 2012, ʥʝ ʩʬʦʨʤʠʨʦʚʘʣ ʩʦʙʩʪʚʝʥʥʦʡ ʧʦʣʠʤʝʨʘʟʳ ʠ ʧʦʣʫʯʠʣ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ 2012 ʛʦʜʫ ʚ ʚʠʜʝ ʨʝʢʦʤʙʠʥʘʥʪʦʚ GII.Pe-

GII.4 Sydney 2012 (ʧʦ ʥʦʚʦʡ ʥʦʤʝʥʢʣʘʪʫʨʝ ï GII.4 Sydney 2012[P31]) ʠ 

GII.P4 New Orleans 2009-GII.4 Sydney 2012, ʟʘʠʤʩʪʚʦʚʘʚ ʚ ʧʦʩʣʝʜʥʝʤ 
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ʩʣʫʯʘʝ ʛʝʥ ʧʦʣʠʤʝʨʘʟʳ ʦʪ ʧʨʝʜʳʜʫʱʝʛʦ ʵʧʠʜʝʤʠʯʝʩʢʦʛʦ ʚʘʨʠʘʥʪʘ GII.P4-

New Orleans 2009. ɺ 2014 ʛʦʜʫ ʚ NoroNet ʙʳʣʠ ʥʘʧʨʘʚʣʝʥʳ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʥʦʚʦʛʦ ʨʝʢʦʤʙʠʥʘʥʪʘ ï GII.P16-GII.4 Sydney 2012 ʠʟ 

ɻʝʨʤʘʥʠʠ ʠ ʅʠʜʝʨʣʘʥʜʦʚ, ʚ 2016 ʛʦʜʫ ï ʠʟ ʗʧʦʥʠʠ, ʂʠʪʘʷ ʠ ʅʠʜʝʨʣʘʥʜʦʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʵʚʦʣʶʮʠʷ ʥʦʨʦʚʠʨʫʩʘ ʛʝʥʦʪʠʧʘ GII.4 ʩ ʩʝʨʝʜʠʥʳ 90-ʭ ʛʛ., 

ʧʨʠʚʦʜʷʱʘʷ ʢ ʩʤʝʥʝ ʘʥʪʠʛʝʥʥʳʭ ʚʘʨʠʘʥʪʦʚ, ʧʦʩʣʝ 2012 ʛʦʜʘ ʧʨʦʠʩʭʦʜʠʣʘ 

ʧʫʪʝʤ ʧʨʠʦʙʨʝʪʝʥʠʷ ʚʠʨʫʩʘʤʠ ʜʨʫʛʠʭ ʛʝʥʦʚ ʥʝʩʪʨʫʢʪʫʨʥʳʭ ʙʝʣʢʦʚ ʚ 

ʧʨʦʮʝʩʩʝ ʨʝʢʦʤʙʠʥʘʮʠʠ [van Beek et al., 2018]. 

ɺʠʨʫʩʳ GII.4 ʯʘʱʝ ʚʩʪʨʝʯʘʣʠʩʴ ʧʨʠ ʚʩʧʳʰʢʘʭ ʚ ʤʝʜʠʮʠʥʩʢʠʭ 

ʫʯʨʝʞʜʝʥʠʷʭ (37,2 % ʠʟ 6022 ʩʣʫʯʘʝʚ) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʛʝʥʦʪʠʧʘʤʠ 

ï 12,5 % ʠʟ 809 ʩʣʫʯʘʝʚ ʜʣʷ GI ʠ 13,5 % ʠʟ 1941 ʩʣʫʯʘ ̫ʜʣʷ ʥʝ-GII.4. 

ʆʩʥʦʚʥʳʤ ʧʫʪʝʤ ʧʝʨʝʜʘʯʠ ʥʦʨʦʚʠʨʫʩʦʚ GII.4 ʷʚʣʷʝʪʩʷ ʢʦʥʪʘʢʪʥʦ-ʙʳʪʦʚʦʡ 

ʧʫʪʴ.  

ɺ 2015-2016 ʛʛ. ʟʥʘʯʠʪʝʣʴʥʘʷ ʜʦʣʷ ʧʦcʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ, 

ʥʘʧʨʘʚʣʝʥʥʳʭ ʚ NoroNet, ʠʤʝʣʘ ʛʝʥʦʪʠʧ GII.P17-GII.17 [van Beek et al., 

2018]. ʈʘʥʝʝ, ʚ ʩʚʷʟʠ ʩ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ GII.P17-GII.17_Kawasaki2014, 

ʟʘʤʝʥʠʚʰʠʤ ʚ 2014-15 ʛʛ. ʜʦʤʠʥʠʨʦʚʘʚʰʠʡ ʛʝʥʦʪʠʧ GII.4 ʚ ʨʷʜʝ ʨʝʛʠʦʥʦʚ 

ʂʠʪʘʷ ʠ ʗʧʦʥʠʠ, ʢʦʣʣʝʢʪʠʚ ʘʚʪʦʨʦʚ ʧʨʦʝʢʪʘ NoroNet ʦʧʫʙʣʠʢʦʚʘʣ ʩʪʘʪʴʶ 

çʇʦʷʚʣʝʥʠʝ ʥʦʚʦʛʦ ʥʦʨʦʚʠʨʫʩʘ GII.17 ï ʢʦʥʝʮ ʵʧʦʭʠ GII.4?è [de Graaf et 

al., 2015]. ʆʜʥʘʢʦ ʧʦʩʣʝʜʫʶʱʠʝ ʥʘʙʣʶʜʝʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʝʛʦ ʮʠʨʢʫʣʷʮʠʠ ʚ 2016-2017 ʛʛ. ʩʥʠʟʠʣʘʩʴ, ʘ ʥʘ ʣʠʜʠʨʫʶʱʠʝ ʧʦʟʠʮʠʠ 

ʚʳʰʣʠ ʨʝʢʦʤʙʠʥʘʥʪʳ ʩ ʧʦʣʠʤʝʨʘʟʦʡ P16 ï GII .P16-GII.2 ʠ GII .P16-GII.4 

[Choi et al., 2017].  

ʆʧʨʝʜʝʣʝʥʥʳʝ ʩʣʦʞʥʦʩʪʠ ʚ ʨʘʙʦʪʝ ʧʨʦʝʢʪʘ NoroNet ʩʚʷʟʘʥʳ ʩ 

ʧʦʟʜʥʝʡ ʦʪʧʨʘʚʢʦʡ ʜʘʥʥʳʭ ʫʯʘʩʪʥʠʢʘʤʠ, ʯʪʦ ʟʘʪʨʫʜʥʷʝʪ ʩʣʝʞʝʥʠʝ ʟʘ 

ʩʠʪʫʘʮʠʝʡ ʚ ʪʝʢʫʱʝʤ ʨʝʞʠʤʝ, ʘ ʪʘʢʞʝ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ 

ʫʯʘʩʪʢʦʚ ʛʝʥʦʤʘ ʜʣʷ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ, ʯʪʦ ʩʥʠʞʘʝʪ ʚʦʟʤʦʞʥʦʩʪʠ 

ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ [van Beek et al., 2018]. 
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ɺ ʉʦʝʜʠʥʝʥʥʳʭ ʐʪʘʪʘʭ ɸʤʝʨʠʢʠ ʘʥʘʣʠʟ ʠʥʬʦʨʤʘʮʠʠ ʦ 

ʚʩʧʳʰʢʘʭ ʥʦʨʦʚʠʨʫʩʥʦʡ ʵʪʠʦʣʦʛʠʠ ʦʩʫʱʝʩʪʚʣʷʪʁ ʎʝʥʪʨ rʧʦ ʢʦʥʪʨʦʣ ʁʠ 

ʧʨʦʬʠʣʘʢʪʠʢʝ ʟʘʙʦʣʝʚʘʥʠʡ (Centers for Disease Control and Prevention ï 

CDC, ɸʪʣʘʥʪʘ, ʰʪʘʪ ɼʞʦʨʜʞʠʘ) [CDC, 2003; 2007]. ʊʘʢ, ʧʨʠ ʘʥʘʣʠʟʝ 773 

ʚʩʧʳʰʝʢ ʥʦʨʦʚʠʨʫʩʥʦʡ ʠʥʬʝʢʮʠʠ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʚ CDC ʩ 1994 ʧʦ 

2006 ʛʦʜ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 629 (81,4 %) ʚʳʟʚʘʥʳ ʚʠʨʫʩʘʤʠ 

ʛʝʥʦʛʨʫʧʧʳ GII ʠ 342 (44,2 %) ï ʰʪʘʤʤʘʤʠ ʛʝʥʦʪʠʧʘ GII.4. ɼʦʣʷ ʚʩʧʳʰʝʢ 

GII.4 ʫʚʝʣʠʯʠʣʘʩʴ ʩ 5 % ʚ 1994 ʛ. ʜʦ 85 % ʚ 2006 ʛ., ʧʨʠ ʵʪʦʤ ʙʳʣʠ 

ʦʪʤʝʯʝʥ rʨʝʟʢʠʝ ʧʦʜʲʝʤʳ ʢʦʣʠʯʝʩʪʚʘ ʚʩʧʳʰʝʢ ʚ 1996, 2003 ʠ 2006 ʛʛ., 

ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʙʳʣ ʩʚʷʟʘʥ ʩ ʚʥʦʚʴ ʚʦʟʥʠʢʰʠʤ ʚʘʨʠʘʥʪʦʤ GII.4. ʇʨʠ 

ʘʥʘʣʠʟʝ ʧʦʣʥʦʨʘʟʤʝʨʥʦʛʦ ʛʝʥʘ VP1 ʰʪʘʤʤʦʚ GII.4, ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʭ ʚ 

ʵʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ, ʘ ʪʘʢʞʝ ʨʘʟʤʝʱʝʥʥʳʭ ʚ GenBank, ʚʠʨʫʩʳ 

ʛʨʫʧʧʠʨʦʚʘʣʠʩʴ ʚ 9 ʨʘʟʣʠʯʥʳʭ ʩʫʙʢʣʘʩʪʝʨʦʚ, ʢʦʪʦʨʳʝ ʠʤʝʣʠ ʦʪ 1,3-3,2 % 

ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʟʘʤʝʥ ʚʥʫʪʨʠ ʩʫʙʢʣʘʩʪʝʨʘ ʠ 5 % ʠ ʙʦʣʝʝ ï ʧʨʠ ʩʨʘʚʥʝʥʠʠ 

ʰʪʘʤʤʦʚ ʠʟ ʨʘʟʥʳʭ ʩʫʙʢʣʘʩʪʝʨʦʚ [Zheng et al., 2010]. 

ɺ ʤʘʨʪʝ 2009 ʛʦʜʘ CDC ʟʘʧʫʩʪʠʣ ʨʘʙʦʪʫ CaliciNet ï ʥʘʮʠʦʥʘʣʴʥʦʡ 

ʩʝʪʠ ʥʘʙʣʶʜʝʥʠʡ ʟʘ ʚʩʧʳʰʢʘʤʠ ʥʦʨʦʚʠʨʫʩʥʦʡ ʠʥʬʝʢʮʠʠ, ʦʙʲʝʜʠʥʷʶʱʝʡ 

ʬʝʜʝʨʘʣʴʥʳʝ, ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʝ ʠ ʤʝʩʪʥʳʝ ʣʘʙʦʨʘʪʦʨʠʠ ʦʙʱʝʩʪʚʝʥʥʦʛʦ 

ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ ʜʣʷ ʩʙʦʨʘ ʠʥʬʦʨʤʘʮʠʠ ʦ ʰʪʘʤʤʘʭ ʥʦʨʦʚʠʨʫʩʦʚ, 

ʩʚʷʟʘʥʥʳʭ ʩ ʚʩʧʳʰʢʘʤʠ ʛʘʩʪʨʦʵʥʪʝʨʠʪʘ ʚ ʉʐɸ. ʕʪʘ ʩʝʪʴ ʠʛʨʘʝʪ ʚʘʞʥʫʶ 

ʨʦʣʴ ʚ ʙʳʩʪʨʦʤ ʚʳʷʚʣʝʥʠʠ ʥʦʨʦʚʠʨʫʩʥʳʭ ʚʩʧʳʰʝʢ, ʩʚʷʟʳʚʘʥʠʠ ʠʭ ʩ 

ʦʙʱʠʤ ʠʩʪʦʯʥʠʢʦʤ, ʤʦʥʠʪʦʨʠʥʛʝ ʮʠʨʢʫʣʠʨʫʶʱʠʭ ʰʪʘʤʤʦʚ ʥʦʨʦʚʠʨʫʩʘ ʠ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʚʥʦʚʴ ʚʦʟʥʠʢʘʶʱʠʭ ʚʘʨʠʘʥʪʦʚ [Vega et al., 2011; 

CaliciNet]. 

ʋʯʘʩʪʥʠʢʠ CaliciNet ʦʩʫʱʝʩʪʚʣʷʶʪ ʤʦʣʝʢʫʣʷʨʥʦʝ ʪʠʧʠʨʦʚʘʥʠʝ 

ʰʪʘʤʤʦʚ ʥʦʨʦʚʠʨʫʩʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʥʳʭ ʣʘʙʦʨʘʪʦʨʥʳʭ 

ʧʨʦʪʦʢʦʣʦʚ ʜʣʷ ʆT-ʇʎʈ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʘʥʘʣʠʟʦʤ ɼʅʂ ʘʤʧʣʠʢʦʥʦʚ 

ʨʝʛʠʦʥʦʚ C ʠ D (ʈʠʩʫʥʦʢ 6).  ɹʘʟʘ ʜʘʥʥʳʭ CaliciNet ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʛʝʥʦʤʘ ʥʦʨʦʚʠʨʫʩʦʚ ʠ ʦʩʥʦʚʥʫʶ ʵʧʠʜʝʤʠʦʣʦʛʠʯʝʩʢʫʶ 
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ʠʥʬʦʨʤʘʮʠʶ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʥʘʧʨʘʚʣʝʥʳ ʚ CDC ʧʦ ʵʣʝʢʪʨʦʥʥʳʤ ʢʘʥʘʣʘʤ 

ʩʚʷʟʠ ʯʝʨʝʟ ʙʝʟʦʧʘʩʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʩ ʩʝʨʚʝʨʦʤ CaliciNet. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʚʳʩʦʢʦʛʦ ʢʘʯʝʩʪʚʘ ʨʘʙʦʪʳ ʚʚʦʜ ʜʘʥʥʳʭ ʥʘ ʩʝʨʚʝʨ CaliciNet ʚʳʧʦʣʥʷʝʪʩʷ 

ʩʝʨʪʠʬʠʮʠʨʦʚʘʥʥʳʤ ʧʝʨʩʦʥʘʣʦʤ ʣʘʙʦʨʘʪʦʨʠʡ, ʘ ʦʢʦʥʯʘʪʝʣʴʥʳʡ ʢʦʥʪʨʦʣʴ 

ʢʘʯʝʩʪʚʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ CDC. 

ʉʝʨʪʠʬʠʢʘʮʠʷ CaliciNet ʜʣʷ ʫʯʘʩʪʥʠʢʦʚ ï ʵʪʦ ʜʚʫʭʵʪʘʧʥʳʡ ʧʨʦʮʝʩʩ, 

ʢʦʪʦʨʳʡ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʦʮʝʥʢʫ ʚʚʦʜʘ ʜʘʥʥʳʭ ʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ, 

ʪʘʢʞʝ ʣʘʙʦʨʘʪʦʨʥʳʡ ʪʝʩʪ ʥʘ ʧʘʥʝʣʠ ʬʝʢʘʣʴʥʳʭ ʦʙʨʘʟʮʦʚ ʩ ʧʦʤʦʱʴʶ ʆʊ-

ʇʎʈ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʠ ʦʙʳʯʥʦʛʦ ʆʊ-ʇʎʈ-ʘʥʘʣʠʟʘ ʩ ʧʦʩʣʝʜʫʶʱʠʤ 

ʩʝʢʚʝʥʠʨʦʚʘʥʠʝʤ. ʂʘʞʜʘʷ ʣʘʙʦʨʘʪʦʨʠʷ ʝʞʝʛʦʜʥʦ ʧʨʦʭʦʜʠʪ ʧʦʚʪʦʨʥʳʝ 

ʠʩʧʳʪʘʥʠʷ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʩʝʨʪʠʬʠʢʘʮʠʠ. ʊʦʣʴʢʦ ʩʝʨʪʠʬʠʮʠʨʦʚʘʥʥʳʤ 

ʫʯʘʩʪʥʠʢʘʤ ʨʘʟʨʝʰʝʥʦ ʟʘʛʨʫʞʘʪʴ ʜʘʥʥʳʝ ʦ ʚʩʧʳʰʢʝ ʅɺʀ, ʚʢʣʶʯʘʶʱʠʝ 2 

ʠ ʙʦʣʝʝ ʦʙʨʘʟʮʦʚ ʥʘ ʢʘʞʜʫʶ ʚʩʧʳʰʢʫ, ʚ ʥʘʮʠʦʥʘʣʴʥʫʶ ʙʘʟʫ ʜʘʥʥʳʭ 

CaliciNet. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ GII.4, ʠʤʝʶʱʠʝ ʙʦʣʝʝ 2 % ʠ 3 % ʨʘʟʣʠʯʠʡ ʚ 

ʦʙʣʘʩʪʠ C ʠʣʠ D, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʠ ʙʦʣʝʝ 10 % ʨʘʟʣʠʯʠʡ ʩ ʥʦʨʦʚʠʨʫʩʘʤʠ 

ʜʨʫʛʠʭ ʛʝʥʦʪʠʧʦʚ ʜʘʣʝʝ ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʥʘ ʙʘʟʝ CDC ʧʫʪʝʤ ʘʤʧʣʠʬʠʢʘʮʠʠ 

ʦʙʣʘʩʪʠ VP1 ʠʣʠ P2.  

ʇʦ ʩʦʩʪʦʷʥʠʶ ʥʘ 2018 ʛʦʜ ʚ CaliciNet ʫʯʘʩʪʚʦʚʘʣʠ 34 ʣʘʙʦʨʘʪʦʨʠʠ 

ʠʟ 29 ʰʪʘʪʦʚ ʠ ʦʢʨʫʛʘ ʂʦʣʫʤʙʠʷ ʩ ʎʝʥʪʨʘʤʠ ʧʦʜʜʝʨʞʢʠ ʚ ʂʘʣʠʬʦʨʥʠʠ, 

ɸʡʜʘʭʦ, ʅʴʶ-ʁʦʨʢʝ, ʊʝʥʥʝʩʩʠ ʠ ɺʠʩʢʦʥʩʠʥʝ ʠ ʅʘʮʠʦʥʘʣʴʥʦʡ 

ʣʘʙʦʨʘʪʦʨʠʝʡ ʢʘʣʠʮʠʚʠʨʫʩʦʚ CDC, ʢʫʜʘ ʤʦʛʣʠ ʦʪʧʨʘʚʣʷʪʴ ʦʙʨʘʟʮʳ 

ʚʩʧʳʰʝʢ ʜʣʷ ʪʠʧʠʨʦʚʘʥʠʷ ʥʦʨʦʚʠʨʫʩʘ ʣʘʙʦʨʘʪʦʨʠʠ, ʢʦʪʦʨʳʝ ʥʝ 

ʩʝʨʪʠʬʠʮʠʨʦʚʘʥʳ. 

ɼʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʨʘʩʩʣʝʜʦʚʘʥʠʷ ʥʦʨʦʚʠʨʫʩʥʳʭ ʚʩʧʳʰʝʢ ʠ 

ʤʦʥʠʪʦʨʠʥʛʘ ʠʭ ʨʘʟʚʠʪʠʷ, CDC ʩʦʧʦʩʪʘʚʣʷʝʪ ʣʘʙʦʨʘʪʦʨʥʳʝ ʜʘʥʥʳʝ, 

ʩʦʙʨʘʥʥʳʝ ʯʝʨʝʟ CaliciNet, ʩ ʢʣʠʥʠʯʝʩʢʠʤʠ ʠ ʵʧʠʜʝʤʠʦʣʦʛʠʯʝʩʢʠʤʠ 

ʜʘʥʥʳʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʯʝʨʝʟ ʅʘʮʠʦʥʘʣʴʥʫʶ ʩʠʩʪʝʤʫ ʦʪʯʝʪʥʦʩʪʠ ʦ 

ʚʩʧʳʰʢʘʭ (National Outbreak Reporting System,  NORS). NORS ï ʵʪʦ 

ʩʠʩʪʝʤʘ ʥʘʙʣʶʜʝʥʠʷ, ʠʩʧʦʣʴʟʫʝʤʘʷ ʦʨʛʘʥʘʤʠ ʦʙʱʝʩʪʚʝʥʥʦʛʦ 

https://www.cdc.gov/nors/
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ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʢʣʠʥʠʯʝʩʢʠʭ ʠ ʵʧʠʜʝʤʠʦʣʦʛʠʯʝʩʢʠʭ 

ʜʘʥʥʳʭ ʦʙʦ ʚʩʝʭ ʚʩʧʳʰʢʘʭ ʢʠʰʝʯʥʳʭ ʠʥʬʝʢʮʠʡ, ʘ ʪʘʢʞʝ ʦ ʚʦʜʥʳʭ 

ʚʩʧʳʰʢʘʭ ʥʝʢʠʰʝʯʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ. 

ʅʝʢʦʪʦʨʳʝ ʣʘʙʦʨʘʪʦʨʠʠ CaliciNet ʚʢʣʶʯʝʥʳ ʚ ʩʝʪʴ ʜʣʷ 

ʪʝʩʪʠʨʦʚʘʥʠʷ ʠ ʦʪʩʣʝʞʠʚʘʥʠʷ ʥʦʨʦʚʠʨʫʩʦʚ (Norovirus Sentinel Testing and 

Tracking, NoroSTAT) ʧʨʠ CDC, ʧʨʝʜʥʘʟʥʘʯʝʥʥʫʶ ʜʣʷ ʫʣʫʯʰʝʥʠʷ 

ʩʚʦʝʚʨʝʤʝʥʥʦʩʪʠ, ʧʦʣʥʦʪʳ ʠ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʠ ʦʪʯʝʪʦʚ ʦ ʚʩʧʳʰʢʘʭ 

ʥʦʨʦʚʠʨʫʩʥʦʡ ʠʥʬʝʢʮʠʠ. NoroSTAT ʩʦʦʪʥʦʩʠʪ ʜʘʥʥʳʝ ʠʟ NORS ʠ 

CaliciNet, ʯʪʦʙʳ ʙʳʩʪʨʦ ʦʮʝʥʠʪʴ ʪʝʢʫʱʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚʩʧʳʰʝʢ ʅɺʀ, 

ʧʨʦʚʝʩʪʠ ʩʨʘʚʥʝʥʠʝ ʩ ʧʨʝʜʳʜʫʱʠʤʠ ʛʦʜʘʤʠ ʠ ʦʮʝʥʠʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʚʩʧʳʰʝʢ, ʩʚʷʟʘʥʥʳʭ ʩ ʢʦʥʢʨʝʪʥʳʤʠ ʰʪʘʤʤʘʤʠ ʥʦʨʦʚʠʨʫʩʘ, ʚʢʣʶʯʘʷ 

ʚʣʠʷʥʠʝ ʥʦʚʳʭ ʰʪʘʤʤʦʚ ʥʘ ʯʘʩʪʦʪʫ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʠ ʤʘʩʰʪʘʙʳ ʚʩʧʳʰʝʢ. 

ɼʘʥʥʳʝ CaliciNet ʧʨʝʜʦʩʪʘʚʣʷʶʪʩʷ ʩʧʝʮʠʘʣʠʩʪʘʤ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ 

ʠ ʰʠʨʦʢʦʡ ʦʙʱʝʩʪʚʝʥʥʦʩʪʠ ʯʝʨʝʟ ʥʘʫʯʥʳʝ ʧʫʙʣʠʢʘʮʠʠ ʠ ʧʨʝʟʝʥʪʘʮʠʠ ʥʘ 

ʚʝʙ-ʩʘʡʪʝ CDC. ʊʘʢ, ʥʘ ʩʘʡʪʝ ʤʦʞʥʦ ʚʠʜʝʪʴ ʝʞʝʤʝʩʷʯʥʦ ʦʙʥʦʚʣʷʝʤʳʝ 

ʜʘʥʥʳʝ ʦ ʩʧʝʢʪʨʝ ʮʠʨʢʫʣʠʨʫʶʱʠʭ ʛʝʥʦʪʠʧʦʚ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʧʨʝʜʳʜʫʱʠʤ 

ʩʝʟʦʥʦʤ (ʵʧʠʜʝʤʠʯʝʩʢʠʡ ʛʦʜ ʚ ʵʪʦʡ ʩʝʪʠ ʥʘʯʠʥʘʝʪʩʷ ʩ 1 ʩʝʥʪʷʙʨʷ ʪʝʢʫʱʝʛʦ 

ʛʦʜʘ ʠ ʟʘʢʘʥʯʠʚʘʝʪʩʷ 31 ʘʚʛʫʩʪʘ ʩʣʝʜʫʶʱʝʛʦ), ʢʦʣʠʯʝʩʪʚʝ ʚʩʧʳʰʝʢ ʧʦ 

ʰʪʘʪʘʤ ʠ ʩʝʟʦʥʥʫʶ ʜʠʥʘʤʠʢʫ ʠʟʤʝʥʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʚʩʧʳʰʝʢ ʚ 

ʩʦʧʦʩʪʘʚʣʝʥʠʠ ʩ ʧʨʝʜʳʜʫʱʠʤ ʩʝʟʦʥʦʤ ʠ ʩʨʝʜʥʝʤʥʦʛʦʣʝʪʥʠʤʠ ʜʘʥʥʳʤʠ. 

ʈʘʙʦʪʘ CaliciNet, ʧʨʠ ʥʝʢʦʪʦʨʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʝʚʨʦʧʝʡʩʢʠʤ 

ʧʨʦʝʢʪʦʤ, ʩʦʩʨʝʜʦʪʦʯʝʥʘ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʉʐɸ. ɺ ʧʫʙʣʠʢʘʮʠʷʭ Calicinet 

ʥʘʰʣʠ ʦʪʨʘʞʝʥʠʝ ʢʣʶʯʝʚʳʝ ʩʦʙʳʪʠʷ ʚ ʜʠʥʘʤʠʢʝ ʛʝʥʝʪʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ 

ʥʦʨʦʚʠʨʫʩʥʳʭ ʧʦʧʫʣʷʮʠʡ ʚ ʉʐɸ ï ʧʦʷʚʣʝʥʠʝ ʚʘʨʠʘʥʪʘ 

GII.4 New Orleans 2009 ʚ 2009 ʛʦʜʫ [Yen et al. 2011], ʨʘʟʚʠʪʠʝ 

ʧɻʠʜʝʤʠʯʝʩʢʦʡ ʩʠʪʫʘʮʠʠ ʧʦ  ʥʦʨʦʚʠʨʫʩʥʦʡ ʠʥʬʝʢʮʠʠ ʚ 2009-2013 ʛʛ. 

[Vega et al., 2011; Leshem et al., 2013], ʧʦʷʚʣʝʥʠʝ ʚʘʨʠʘʥʪʘ GII.4 Sydney ʚ 

2012-2013 ʛʛ. [Vega  et al., 2014]. 
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ɺ ʧʫʙʣʠʢʘʮʠʠ 2017 ʛʦʜʘ ʙʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʛʝʥʝʪʠʯʝʩʢʠʝ ʠ 

ʵʧʠʜʝʤʠʦʣʦʛʠʯʝʩʢʠʝ ʪʝʥʜʝʥʮʠʠ ʚ ʜʠʥʘʤʠʢʝ ʚʩʧʳʰʝʢ ʅɺʀ ʚ 2013-2016 ʛʛ. 

ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʉʐɸ ʠ ʦʧʠʩʘʥʦ ʧʦʷʚʣʝʥʠʝ ʥʦʚʦʛʦ ʨʝʢʦʤʙʠʥʘʥʪʘ 

ʥʦʨʦʚʠʨʫʩʘ ʛʝʥʦʪʠʧʘ GII.4 [Cannon et al., 2017]. ɺ ʧʝʨʠʦʜ ʩ ʩʝʥʪʷʙʨʷ 2013 

ʛʦʜʘ ʧʦ ʘʚʛʫʩʪ 2016 ʛʦʜʘ ʚ CaliciNet ʙʳʣʠ ʥʘʧʨʘʚʣʝʥʳ ʜʘʥʥʳʝ ʦ 

ʛʝʥʦʪʠʧʠʨʦʚʘʥʠʠ ʅɺ ʠʟ 2715 ʚʩʧʳʰʝʢ. ʅʦʨʦʚʠʨʫʩʳ GII.4 Sydney ʚ ʪʝʯʝʥʠʝ 

ʵʪʠʭ ʣʝʪ ʚʳʟʚʘʣʠ 58 % ʚʩʧʳʰʝʢ. ʅʦʨʦʚʠʨʫʩ GII.4 Sydney ʩ ʥʦʚʦʡ 

ʧʦʣʠʤʝʨʘʟʦʡ GII.P16 ʧʦʷʚʠʣʩʷ ʚ ʥʦʷʙʨʝ 2015 ʛʦʜʘ ʠ ʦʙʫʩʣʦʚʠʣ 60 % ʚʩʝʭ 

ʚʩʧʳʰʝʢ, ʚʳʟʚʘʥʥʳʭ ʛʝʥʦʪʠʧʦʤ GII.4 ʚ ʩʝʟʦʥʝ 2015-2016 ʛʛ.   

ʅʝʩʢʦʣʴʢʦ ʦʙʥʘʨʫʞʝʥʥʳʭ ʛʝʥʦʪʠʧʦʚ ʅɺ ʘʩʩʦʮʠʠʨʦʚʘʣʠʩʴ ʩ ʙʦʣʝʝ 

ʯʝʤ ʦʜʥʠʤ ʪʠʧʦʤ ʧʦʣʠʤʝʨʘʟʳ, ʚ ʪʦʤ ʯʠʩʣʝ GI.3, GII.2, GII.3, GII.4 Sydney, 

GII.13 ʠ GII.17, ʯʝʪʳʨʝ ʠʟ ʢʦʪʦʨʳʭ ʩʦʜʝʨʞʘʣʠ ʧʦʣʠʤʝʨʘʟʫ ʩ ʛʝʥʦʪʠʧʦʤ 

GII.P16. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʧʦʣʠʤʝʨʘʟʳ GII.P16 ʚ ʩʦʩʪʘʚʝ GII.2 ʠ 

GII.4 Sydney ʙʳʣʠ ʩʭʦʜʥʳʤʠ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʠʭ ʦʙʱʝʝ ʧʨʦʠʩʭʦʞʜʝʥʠʝ. 

ɼʨʫʛʠʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʛʝʥʦʪʠʧʳ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʚʳʟʳʚʘʣ ʦʪ 5 ʜʦ 

17 % ʚʩʧʳʰʝʢ ʚ ʩʝʟʦʥ: GI.3, GI.5, GII.2, GII.3, GII.6, GII.13 ʠ GII.17 

Kawasaki. 

ɺ ʨʘʙʦʪʝ Cannon J.L. ʠ ʩʦʘʚʪ. (2017) ʙʳʣʦ ʧʦʜʯʝʨʢʥʫʪʦ, ʯʪʦ 

ʧʨʠʦʙʨʝʪʝʥʠʝ ʘʣʴʪʝʨʥʘʪʠʚʥʦʡ ʈʅʂ-ʧʦʣʠʤʝʨʘʟ r ʧʫʪʝʤ ʨʝʢʦʤʙʠʥʘʮʠʠ 

ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʤʝʭʘʥʠʟʤʦʤ ʵʚʦʣʶʮʠʠ ʥʦʨʦʚʠʨʫʩʘ, ʠ ʵʪʦ ʷʚʣʝʥʠʝ, 

ʢʦʪʦʨʦʝ, ʢʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʥʘ ʧʨʠʤʝʨʝ ʉʐɸ, ʧʨʦʠʩʭʦʜʠʪ ʯʘʱʝ, ʯʝʤ 

ʩʯʠʪʘʣʦʩʴ ʨʘʥʝʝ [Cannon et al., 2017]. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ 

ʤʝʪʦʜʦʣʦʛʠʷ ʛʝʥʦʪʠʧʠʨʦʚʘʥʠʷ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʬʨʘʛʤʝʥʪʘ, ʚʢʣʶʯʘʶʱʝʛʦ 

çʛʦʨʷʯʫʶ ʪʦʯʢʫè ʨʝʢʦʤʙʠʥʘʮʠʠ ï ʦʙʣʘʩʪʴ ʩʦʝʜʠʥʝʥʠʷ ORF1 ʠ ORF2, 

ʢʦʪʦʨʘ ̫ ʧʦʟʚʦʣʷʝʪ ʥʘ ʦʩʥʦʚʝ ʦʜʥʦʡ ʨʝʘʢʮʠʠ ʘʤʧʣʠʬʠʢʘʮʠʠ ʧʨʦʚʝʩʪʠ 

ʜʚʦʡʥʦʝ ʪʠʧʠʨʦʚʘʥʠʝ ï ʦʜʥʦʚʨʝʤʝʥʥʦ ʠ ʧʦ ʛʝʥʫ ʧʦʣʠʤʝʨʘʟʳ, ʠ ʧʦ ʛʝʥʫ 

ʙʝʣʢʘ ʢʘʧʩʠʜʘ. ʄʝʪʦʜ ʦʩʥʦʚʘʥ ʥʘ ʢʦʤʙʠʥʘʮʠʠ ʜʚʫʭ ʧʘʨ ʨʘʥʝʝ 

ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʧʨʘʡʤʝʨʦʚ [Kojima et al., 2002; Anderson et al., 2001]. 

ʇʦʜʯʝʨʢʠʚʘʝʪʩʷ, ʯʪʦ ʧʨʦʜʦʣʞʘʶʱʠʡʩʷ ʤʦʣʝʢʫʣʷʨʥʳʡ ʤʦʥʠʪʦʨʠʥʛ 
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ʥʦʨʦʚʠʨʫʩʦʚ, ʚʢʣʶʯʘʶʱʠʡ ʜʚʦʡʥʦʝ ʪʠʧʠʨʦʚʘʥʠʝ, ʚʘʞʝʥ ʜʣʷ ʚʳʷʚʣʝʥʠʷ 

ʚʥʦʚʴ ʚʦʟʥʠʢʘʶʱʠʭ ʰʪʘʤʤʦʚ ʚ ʩʚʷʟʠ ʩ ʧʨʝʜʧʨʠʥʠʤʘʝʤʳʤʠ ʫʩʠʣʠʷʤʠ ʧʦ 

ʩʥʠʞʝʥʠʶ ʦʙʱʝʛʦ ʙʨʝʤʝʥʠ ʥʦʨʦʚʠʨʫʩʥʦʡ ʠʥʬʝʢʮʠʠ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, 

ʯʪʦ ʘʥʦʥʩʠʨʦʚʘʥʠʝ ʜʚʦʡʥʦʛʦ ʪʠʧʠʨʦʚʘʥʠʷ, ʥʦ ʤʝʪʦʜʠʯʝʩʢʠ ʥʝʩʢʦʣʴʢʦ 

ʦʪʣʠʯʥʦʝ, ʙʳʣʦ ʩʜʝʣʘʥʦ ʠ ʚ ʜʦʢʣʘʜʝ NoroNet 2014 ʛʦʜʘ [van Beek et al., 

2014]. 

ɺ 2016 ʛʦʜʫ ʧʨʠ ʧʦʜʜʝʨʞʢʝ CDC (ʉʐɸ) ʥʘʯʘʣʘ ʨʘʙʦʪʫ NoroSurv 

[https://www.norosurv.org] ï ʛʣʦʙʘʣʴʥʘʷ  ʩʝʪʴ ʵʧʠʜʥʘʜʟʦʨʘ ʟʘ ʰʪʘʤʤʘʤʠ 

ʥʦʨʦʚʠʨʫʩʘ ʫ ʜʝʪʝʡ ʚ ʚʦʟʨʘʩʪʝ ʜʦ 5 ʣʝʪ ʩ ʆɻʕ, ʥʘʭʦʜʷʱʠʭʩʷ ʧʦʜ 

ʤʝʝʜʠʮʠʥʩʢʠʤ ʥʘʙʣʶʜʝʥʠʝʤ. ɺ ʨʘʙʦʪʝ ʫʯʘʩʪʚʫʶʪ ʣʘʙʦʨʘʪʦʨʠʠ ʠʟ 22-ʭ 

ʩʪʨʘʥ ʥʘ 6 ʢʦʥʪʠʥʝʥʪʘʭ. ɺʩʝ ʣʘʙʦʨʘʪʦʨʠʠ ʠʩʧʦʣʴʟʫʶʪ 

ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʥʳʡ ʧʨʦʪʦʢʦʣ ʜʚʦʡʥʦʛʦ ʪʠʧʠʨʦʚʘʥʠʷ ʥʦʨʦʚʠʨʫʩʦʚ, 

ʢʦʪʦʨʳʡ ʚʢʣʶʯʘʝʪ ʩʢʨʠʥʠʥʛ ʩ ʧʦʤʦʱʴʶ ʛʝʥʦʪʠʧ-ʩʧʝʮʠʬʠʯʥʦʡ ʇʎʈ ʩ 

ʦʙʨʘʪʥʦʡ ʪʨʘʥʩʢʨʠʧʮʠʝʡ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ, ʦʙʳʯʥʦʡ ʆʊ-ʇʎʈ ʠ 

ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ ʧʨʦʜʫʢʪʦʚ ʆʊ-ʇʎʈ ʧʦ ʉʵʥʛʝʨʫ. ʇʦʣʫʯʝʥʥʳʝ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʜʝʧʝʨʩʦʥʠʬʠʮʠʨʦʚʘʥʥʳʝ ʜʘʥʥʳʝ ʙʦʣʴʥʳʭ   

ʥʘʧʨʘʚʣʷʶʪʩʷ ʧʦ ʟʘʱʠʱʝʥʥʳʤ ʢʘʥʘʣʘʤ ʩʚʷʟʠ ʥʘ ʩʘʡʪ NoroSurv. ʉʠʩʪʝʤʘ ʚ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʦʧʨʝʜʝʣʷʝʪ ʛʝʥʦʪʠʧ ʠ P-ʪʠʧ ʰʪʘʤʤʘ ʥʦʨʦʚʠʨʫʩʘ.  

ɺ ʧʫʙʣʠʢʘʮʠʠ 2021 ʛ. ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ 1325 

ʠʟʦʣʷʪʦʚ ʥʦʨʦʚʠʨʫʩʦʚ, ʩʦʙʨʘʥʥʳʭ ʚ ʧʝʨʠʦʜ ʩ 1 ʩʝʥʪʷʙʨʷ 2016 ʛ. ʧʦ 31 

ʘʚʛʫʩʪʘ 2020 ʛ. ʫ ʜʝʪʝʡ ʚ ʚʦʟʨʘʩʪʝ ʜʦ 5 ʣʝʪ ʩ ʆɻʕ, ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

ʢʦʪʦʨʳʭ ʙʳʣʠ ʥʘʧʨʘʚʣʝʥʳ ʚ NoroSurv  [Cannon et al., 2021]. 

ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʠʟ 16 ʩʪʨʘʥ: ɸʬʨʠʢʠ (ʖɸʈ, n = 13), 

ɸʟʠʠ (ɹʘʥʛʣʘʜʝʰ, n = 32; ɻʦʥʢʦʥʛ, ʂʠʪʘʡ, n = 326; ʀʥʜʠʷ, n = 36; ʗʧʦʥʠʷ, n 

= 89; ʌʠʣʠʧʧʠʥʳ, n = 132 ʠ ʊʘʡʚʘʥʴ, n = 19), ʆʢʝʘʥʠʠ (ɸʚʩʪʨʘʣʠʷ, n = 71; 

ʅʦʚʘʷ ɿʝʣʘʥʜʠʷ, n = 54), ɽʚʨʦʧ r(ɻʝʨʤʘʥʠʷ, n = 111, ʀʩʧʘʥʠʷ, n = 44), 

ʉʝʚʝʨʥʦʡ ʠ ʎʝʥʪʨʘʣʴʥʦʡ ɸʤʝʨʠʢʠ (ʂʘʥʘʜʘ, n = 90, ʅʠʢʘʨʘʛʫʘ, n = 78, 

ʉʐɸ, n = 173), ʠ ʖʞʥʦʡ ɸʤʝʨʠʢʠ (ɹʨʘʟʠʣʠʷ, n = 14, ʏʠʣʠ, n = 43).  

https://www.norosurv.org/
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ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʧʦʟʚʦʣʠʣ ʚʳʷʚʠʪʴ ʛʣʦʙʘʣʴʥʳʝ ʪʝʥʜʝʥʮʠʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʛʝʥʦʪʠʧʦʚ ʥʦʨʦʚʠʨʫʩʦʚ ʫ ʜʝʪʝʡ ʩ ʦʩʪʨʳʤ ʛʘʩʪʨʦʵʥʪʝʨʠʪʦʤ. 

ɺʩʝʛʦ ʟʘ ʧʝʨʠʦʜ ʥʘʙʣʶʜʝʥʠʷ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ 22 ʛʝʥʦʪʠʧʘ ʠ 36 G/P-

ʢʦʤʙʠʥʘʮʠʡ. ʅʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ ʧʝʨʠʦʜʘ ʠʩʩʣʝʜʦʚʘʥʠʷ GII.4 Sydney ʙʳʣ 

ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʛʝʥʦʪʠʧʦʤ ʥʘ ʚʩʝʭ 6 ʢʦʥʪʠʥʝʥʪʘʭ ʠ ʙʳʣ 

ʦʙʥʘʨʫʞʝʥ ʚ 52 % (687/1325) ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ, ʜʦʩʪʠʛʥʫʚ ʧʠʢʘ ʚ 62 % 

(213/343) ʚ 2019ï2020 ʛʛ. ɻʝʥʦʪʠʧʳ GII.3 (190; 14 %), GII.2 (149; 11 %) ʠ 

GII.6 (64; 5 %) ʩʦʩʪʘʚʣʷʣʠ 30 % ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ.  GI.3 ʙʳʣ ʥʘʠʙʦʣʝʝ 

ʯʘʩʪʦ ʚʳʷʚʣʷʝʤʳʤ ʛʝʥʦʪʠʧʦʤ GI, ʥʘ ʝʛʦ ʜʦʣʶ ʧʨʠʭʦʜʠʣʦʩʴ 55 % (50/91) 

ʚʩʝʭ ʚʠʨʫʩʦʚ GI ʠ 4 % ʚʩʝʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ NoroSurv. ʆʩʪʘʣʴʥʳʝ 

14 % (185/1325) ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ 17-  ʁ ʜʨʫʛʠʤʠ 

ʛʝʥʦʪʠʧʘʤʠ: GI.1, GI.2, GI.4, GI.5, GI.6, GI.7, GI.9, GII.1, GII.4 Hong Kong, 

GII.4 ʥʝʪʠʧʠʨʫʝʤʳʝ, GII.7, GII.8, GII.12, II.13, GII.14, GII.17 ʠ GII.20. 

ɺʳʷʚʣʝʥʦ 687 ʥʦʨʦʚʠʨʫʩʦʚ GII.4 Sydney, ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʭ ʩ ʪʨʝʤʷ ʈ-

ʪʠʧʘʤʠ: ʈ16 (399; 58 %), ʈ31 (280; 41 %) ʠ ʈ4 (8; 1 %). ɼʦʣʠ ʢʘʞʜʦʛʦ 

ʛʝʥʦʪʠʧʘ ʚʘʨʴʠʨʦʚʘʣʠ ʧʦ ʛʦʜʘʤ ʠ ʩʪʨʘʥʝ. ʉʨʝʜʠ 190 ʦʙʥʘʨʫʞʝʥʥʳʭ 

ʚʠʨʫʩʦʚ GII.3 ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ P-ʪʠʧʦʤ ʙʳʣ P12 (146;77 %). 

ɹʳʣʦ ʦʙʥʘʨʫʞʝʥʦ 149 ʚʠʨʫʩʦʚ GII.2, ʙʦʣʴʰʠʥʩʪʚʦ ʠʟ ʢʦʪʦʨʳʭ (148; 99 %) 

ʩʦʜʝʨʞʘʣʠ ʛʝʥ ʧʦʣʠʤʝʨʘʟʫ P16. ɺʩʝ 64 ʚʠʨʫʩʘ GII.6 ʙʳʣʠ ʘʩʩʦʮʠʠʨʦʚʘʥʳ ʩ 

P7.  

NoroSurv ʜʦʧʦʣʥʷʝʪ ʩʝʪʴ NoroNet, ʢʦʪʦʨʘʷ ʚʳʷʚʣʷʝʪ ʛʣʦʙʘʣʴʥʳʝ 

ʪʝʥʜʝʥʮʠʠ ʨʘʟʥʦʦʙʨʘʟʠʷ, ʨʝʢʦʤʙʠʥʘʮʠʠ ʠ ʵʚʦʣʶʮʠʠ ʰʪʘʤʤʦʚ 

ʥʦʨʦʚʠʨʫʩʦʚ, ʚʢʣʶʯʘʷ ʦʪʩʣʝʞʠʚʘʥʠʝ ʧʦʷʚʣʝʥʠʷ ʥʦʚʳʭ ʚʘʨʠʘʥʪʦʚ GII.4. 

ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ NoroSurv ʧʦʣʫʯʝʥʳ ʧʨʠ ʩʧʦʨʘʜʠʯʝʩʢʠʭ ʩʣʫʯʘʷʭ ʩʨʝʜʠ 

ʜʝʪʝʡ, ʪʦʛʜʘ ʢʘʢ NoroNet ʚʢʣʶʯʘʝʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʠʟ ʚʩʧʳʰʝʢ ʠ 

ʩʧʦʨʘʜʠʯʝʩʢʠʭ ʩʣʫʯʘʝʚ ʫ ʚʟʨʦʩʣʳʭ ʠ ʜʝʪʝʡ. NoroSurv ʪʨʝʙʫʝʪ 

ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʥʳʭ ʧʨʦʪʦʢʦʣʦʚ ʜʣʷ ʜʚʦʡʥʦʛʦ ʪʠʧʠʨʦʚʘʥʠʷ, ʯʪʦʙʳ 

ʦʙʝʩʧʝʯʠʪʴ ʛʣʦʙʘʣʴʥʫʶ ʩʦʧʦʩʪʘʚʠʤʦʩʪʴ ʜʘʥʥʳʭ. ʆʜʥʘʢʦ ʫ NoroNet, 

ʩʦʟʜʘʥʥʦʡ ʚ 1999 ʛʦʜʫ, ʛʦʨʘʟʜʦ ʙʦʣʝʝ ʜʣʠʥʥʘʷ ʠʩʪʦʨʠʷ, ʯʝʤ ʫ NoroSurv. 
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ʇʦʩʢʦʣʴʢʫ ʚʘʞʥʦʩʪʴ ʜʚʦʡʥʦʛʦ ʪʠʧʠʨʦʚʘʥʠʷ ʥʝ ʙʳʣʘ ʭʦʨʦʰʦ ʦʩʦʟʥʘʥʘ ʚʦ 

ʚʨʝʤʷ ʩʦʟʜʘʥʠʷ NoroNet, ʤʥʦʛʠʝ ʠʟ ʝʛʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʧʦʣʫʯʝʥʳ 

ʣʠʙʦ ʠʟ ʧʦʣʠʤʝʨʘʟʥʳʭ, ʣʠʙʦ ʠʟ ʢʘʧʩʠʜʥʳʭ ʛʝʥʦʚ, ʥʦ ʥʝ ʠʟ ʦʙʦʠʭ. ʂʨʦʤʝ 

ʪɻʦʛʦ, ʚʝʙ-ʧʦʨʪʘʣ NoroSurv ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʫʥʠʢʘʣʴʥʳʡ ʠʥʩʪʨʫʤʝʥʪ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʚʚʦʜʘ ʠ ʚʥʫʪʨʝʥʥʶʶ ʧʘʥʝʣʴ ʫʧʨʘʚʣʝʥʠʷ ʚʩʝʤʠ ʜʘʥʥʳʤʠ 

ʧʦ ʤʝʩʪʦʧʦʣʦʞʝʥʠʶ [Cannon et al., 2021].  ɽʩʣʠ ʥʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ 

ʠʥʬʦʨʤʘʮʠʦʥʥʘ ̫ ʧʘʥʝʣʴ ʙʳʣʘ ʜʦʩʪʫʧʥʘ ʪʦʣʴʢʦ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʤ 

ʣʘʙʦʨʘʪʦʨʠʷʤ NoroSurv, ʪʦ ʩ 2021 ʛʦʜʘ ʩʪʘʣʘ ʦʙʱʝʜʦʩʪʫʧʥʦʡ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʜʘʥʥʳʭ ʦ ʛʣʦʙʘʣʴʥʳʭ 

ʪʝʥʜʝʥʮʠʷʭ ʩʧʦʨʘʜʠʯʝʩʢʠʭ ʥʦʨʦʚʠʨʫʩʥʳʭ ʠʥʬʝʢʮʠʡ ʫ ʜʝʪʝʡ.  

ʂʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʨʘʥʝʝ, ʨʝʜʢʠʝ ʰʪʘʤʤʳ ʠ ʚʘʨʠʘʥʪʳ GII.4 ʤʦʛʫʪ 

ʮʠʨʢʫʣʠʨʦʚʘʪʴ, ʦʩʦʙʝʥʥʦ ʩʨʝʜʠ ʜʝʪʝʡ, ʚ ʪʝʯʝʥʠʝ ʤʥʦʛʠʭ ʣʝʪ, ʧʨʝʞʜʝ ʯʝʤ 

ʨʘʩʧʨʦʩʪʨʘʥʠʪʴʩʷ ʧʦ ʚʩʝʤʫ ʤʠʨʫ ʩʨʝʜʠ ʚʩʝʭ ʚʦʟʨʘʩʪʥʳʭ ʛʨʫʧʧ [Ruis et al., 

2020, van Beek et al., 2018]. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʝʪʠ ʤʦʛʫʪ ʙʳʪʴ ʚʘʞʥʳʤ 

ʨʝʟʝʨʚʫʘʨʦʤ ʜʣʷ ʥʦʚʳʭ ʥʦʨʦʚʠʨʫʩʦʚ, ʧʨʦʪʠʚ ʢʦʪʦʨʳʭ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ 

ʩʫʱʝʩʪʚʫʝʪ ʧʦʧʫʣʷʮʠʦʥʥʦʛʦ ʠʤʤʫʥʠʪʝʪʘ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʠʟʫʯʝʥʠʝ 

ʥʦʨʦʚʠʨʫʩʦʚ, ʠʥʬʠʮʠʨʫʶʱʠʭ ʜʝʪʝʡ, ʠʤʝʝʪ ʨʝʰʘʶʱʝʝ ʟʥʘʯʝʥʠʝ ʜʣʷ 

ʤʦʥʠʪʦʨʠʥʛʘ ʧʦʷʚʣʝʥʠʷ ʥʦʚʳʭ ʠʣʠ ʨʝʜʢʠʭ ʰʪʘʤʤʦʚ ʠ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ 

ʚʘʢʮʠʥ, ʟʘʱʠʱʘʶʱʠʭ ʦʪ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʅɺ [Cannon et al., 

2021].  

ʆʜʥʘ ʠʟ ʟʘʜʘʯ ʛʣʦʙʘʣʴʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʥʦʨʦʚʠʨʫʩʥʦʡ ʠʥʬʝʢʮʠʠ ï 

ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʧʠʱʝʚʳʭ ʚʩʧʳʰʝʢ. ʅʦʨʦʚʠʨʫʩʳ ʤʦʛʫʪ 

ʧʝʨʝʜʘʚʘʪʴʩʷ ʦʪ ʯʝʣʦʚʝʢʘ ʢ ʯʝʣʦʚʝʢʫ ʧʨʷʤʦ ʠʣʠ ʢʦʩʚʝʥʥʦ ʯʝʨʝʟ 

ʟʘʨʘʞʝʥʥʫʶ ʧʠʱʫ, ʚʦʜʫ ʠʣʠ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. ɼʣʷ ʦʮʝʥʢʠ ʜʦʣʠ 

ʠʥʬʝʢʮʠʡ ʧʠʱʝʚʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʚʳʟʚʘʥʥʳʭ ʥʦʨʦʚʠʨʫʩʘʤʠ ʚ 

ʛʣʦʙʘʣʴʥʦʤ ʤʘʩʰʪʘʙʝ, ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʠʥʬʦʨʤʘʮʠʠ ʦ ʧʝʨʝʜʘʯʝ ʠ ʛʝʥʦʪʠʧʠʨʦʚʘʥʠʠ ʥʦʨʦʚʠʨʫʩʦʚ ʠʟ 

ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʩʠʩʪʝʤ ʵʧʠʜʥʘʜʟʦʨʘ ʟʘ ʚʩʧʳʰʢʘʤʠ (NoroNet, CaliciNet) ʠ 

ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʙʟʦʨʘ ʨʝʮʝʥʟʠʨʫʝʤʦʡ ʣʠʪʝʨʘʪʫʨʳ. ɺ ʘʥʘʣʠʟ ʙʳʣʠ 
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ʚʢʣʶʯʝʥʳ ʜʘʥʥʳʝ ʠʟ 5583 ʚʩʧʳʰʝʢ, ʢʦʪʦʨʳʝ ʧʨʦʠʟʦʰʣʠ ʩ ʷʥʚʘʨʷ 1999 

ʛʦʜʘ ʧʦ ʜʝʢʘʙʨʴ 2012 ʛʦʜʘ. ɼʦʣʷ ʧʠʱʝʚʳʭ ʚʩʧʳʰʝʢ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ 

ʟʘʚʠʩʝʣʘ ʦʪ ʛʝʥʦʪʠʧʘ ʠ/ʠʣʠ ʛʝʥʦʛʨʫʧʧʳ ʥʦʨʦʚʠʨʫʩʘ. ɸʥʘʣʠʟ ʧʨʠʚʝʣ ʢ 

ʩʣʝʜʫʶʱʠʤ ʜʘʥʥʳʤ ʚ ʛʣʦʙʘʣʴʥʦʤ ʤʘʩʰʪʘʙʝ: 10 % (ʜʠʘʧʘʟʦʥ ï 9 %-11 %) 

ʧʠʱʝʚʳʭ ʚʩʧʳʰʝʢ ʙʳʣʠ ʦʙʫʩʣʦʚʣʝʥʳ ʨʘʟʣʠʯʥʳʤʠ ʚʘʨʠʘʥʪʘʤʠ ʥʦʨʦʚʠʨʫʩʘ 

ʛʝʥʦʪʠʧʘ GII.4, 27 % (25 %-30 %) ʚʩʧʳʰʝʢ ʦʙʫʩʣʦʚʣʝʥʳ ʥʦʨʦʚʠʨʫʩʘʤʠ 

ʜʨʫʛʠʭ ʛʝʥʦʪʠʧʦʚ, ʠ 37 % (24 %-52 %) ʚʩʧʳʰʝʢ ʙʳʣʠ ʨʝʟʫʣʴʪʘʪʦʤ 

ʩʤʝʰʘʥʥʦʛʦ ʠʥʬʠʮʠʨʦʚʘʥʠʷ ʥʦʨʦʚʠʨʫʩʘʤʠ ʛʝʥʦʪʠʧʘ GII.4 ʩ ʥʦʨʦʚʠʨʫʩʘʤʠ 

ʜʨʫʛʠʭ ʛʝʥʦʪʠʧʦʚ. ɺ ʮʝʣʦʤ ʧʨʠ ʦʮʝʥʢʝ ʛʣʦʙʘʣʴʥʳʭ ʜʘʥʥʳʭ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, 

ʯʪʦ å14 % ʚʩʝʭ ʥʦʨʦʚʠʨʫʩʥʳʭ ʚʩʧʳʰʝʢ ʩʚʷʟʘʥʦ ʩ ʧʠʱʝʡ [Verhoef et al., 

2015]. 

ɺ ʈʦʩʩʠʠ ʚ 2021 ʛʦʜʫ ʙʳʣʘ ʩʦʟʜʘʥʘ ʅʘʮʠʦʥʘʣʴʥʘʷ ʙʘʟʘ ʜʘʥʥʳʭ 

ʛʝʥʦʤʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʚʠʨʫʩʘ SARS-CoV-2.  ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʧʦʩʪʘʥʦʚʣʝʥʠʷʤʠ ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʈʌ ˉ448 ʦʪ 23.03.2021 ʠ ˉ2178 ʦʪ 

02.12.2021 ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʩʦʟʜʘʥʠʷ ʝʜʠʥʦʛʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʮʝʥʪʨʘ 

ʜʣʷ ʘʥʘʣʠʟʘ ʵʧʠʜʝʤʠʯʝʩʢʦʡ ʩʠʪʫʘʮʠʠ ʠ ʦʪʩʣʝʞʠʚʘʥʠʷ ʮʠʨʢʫʣʠʨʫʶʱʠʭ ʚ 

ʩʪʨʘʥʝ ʛʝʥʦʚʘʨʠʘʥʪʦʚ ʢʦʨʦʥʘʚʠʨʫʩʘ ʚ ʎʅʀʀ ʕʧʠʜʝʤʠʦʣʦʛʠʠ ʙʳʣʘ 

ʨʘʟʨʘʙʦʪʘʥʘ ʠ ʚʚʝʜʝʥʘ ʚ ʜʝʡʩʪʚʠʝ ʧʣʘʪʬʦʨʤʘ çVGARus (Virus Genome 

Aggregator of Russia). ʉʝʨʚʠʩ RuStrainè [ɸʢʠʤʢʠʥ ʠ ʩʦʘʚʪ., 2021]. 

ʇʣʘʪʬʦʨʤʘ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʙʘʟʫ ʜʘʥʥʳʭ çVGARusè ʠ ʧʨʦʛʨʘʤʤʥʦʝ 

ʦʙʝʩʧʝʯʝʥʠʝ, ʧʦʟʚʦʣʷʶʱʝʝ ʦʩʫʱʝʩʪʚʣʷʪʴ ʘʛʨʝʛʘʮʠʶ ʠʥʬʦʨʤʘʮʠʠ ʦ 

ʛʝʥʦʤʘʭ ʚʠʨʫʩʦʚ, ʩʦʨʪʠʨʦʚʘʪʴ, ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʠ ʘʥʘʣʠʟʠʨʦʚʘʪʴ 

ʧʦʩʪʫʧʘʶʱʠʝ ʜʘʥʥʳʝ. ʇʦʟʜʥʝʝ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʤʦʜʫʣʠ ʜʣʷ ʟʘʛʨʫʟʢʠ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʥʝ ʪʦʣʴʢʦ ʢʦʨʦʥʘʚʠʨʫʩʦʚ, ʥʦ ʠ ʨʷʜʘ ʜʨʫʛʠʭ ʚʠʨʫʩʦʚ, 

ʚ ʪʦʤ ʯʠʩʣʝ ʥʦʨʦʚʠʨʫʩʦʚ [ɸʢʠʤʢʠʥ ʠ ʩʦʘʚʪ., 2023]. ʇʦ ʩʦʩʪʦʷʥʠʶ ʥʘ 

28.10.2025 ʧʣʘʪʬʦʨʤʘ ʩʦʜʝʨʞʠʪ 3986 ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ (ʚ ʪʦʤ ʯʠʩʣʝ 69 

ï ʧʦʣʥʦʛʝʥʦʤʥʳʭ) ʛʝʥʦʤʘ ʥʦʨʦʚʠʨʫʩʦʚ, ʦʙʥʘʨʫʞʝʥʥʳʭ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ʈʦʩʩʠʠ. 
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ʅʝʧʨʝʨʳʚʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʛʝʥʝʪʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ ʥʦʨʦʚʠʨʫʩʥʳʭ 

ʧʦʧʫʣʷʮʠʡ ʦʧʨʝʜʝʣʷʶʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʦʩʪʦʷʥʥʦʛʦ ʥʘʙʣʶʜʝʥʠʷ ʟʘ 

ʥʦʨʦʚʠʨʫʩʘʤʠ ʚ ʛʣʦʙʘʣʴʥʦʤ ʤʘʩʰʪʘʙʝ, ʚʢʣʶʯʘʷ ʦʮʝʥʢʫ ʚʦʟʤʦʞʥʦʛʦ 

ʧʨʝʦʜʦʣʝʥʠʷ ʚʠʨʫʩʦʤ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʠʤʤʫʥʠʪʝʪʘ ʠ ʵʚʦʣʶʮʠʠ ʧʫʪʝʤ 

ʨʝʢʦʤʙʠʥʘʮʠʠ, ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʦʣʝʝ ʧʦʣʥʦʛʦ ʧʦʥʠʤʘʥʠʷ ʵʧʠʜʝʤʠʦʣʦʛʠʠ 

ʥʦʨʦʚʠʨʫʩʥʦʡ ʠʥʬʝʢʮʠʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʜʣʷ ʧʨʠʥʷʪʠʷ ʙʫʜʫʱʠʭ 

ʫʧʨʘʚʣʝʥʯʝʥʩʢʠʭ ʨʝʰʝʥʠʡ ʚ ʦʪʥʦʰʝʥʠʠ ʚʘʢʮʠʥʘʮʠʠ. 

 

 

5.2 ʄʦʥʠʪʦʨʠʥʛ ʮʠʨʢʫʣʷʮʠʠ ʥʦʨʦʚʠʨʫʩʦʚ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ʅʠʞʝʛʦʨʦʜʩʢʦʡ ʦʙʣʘʩʪʠ 

 

ɺ ʅʠʞʝʛʦʨʦʜʩʢʦʤ ʅʀʀ ʵʧʠʜʝʤʠʦʣʦʛʠʠ ʠ ʤʠʢʨʦʙʠʦʣʦʛʠʠ ʠʤ. 

ʘʢʘʜʝʤʠʢʘ ʀ.ʅ. ɹʣʦʭʠʥʦʡ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʨʷʜʘ ʣʝʪ ʚ ʨʘʤʢʘʭ ʠʟʫʯʝʥʠʷ 

ʵʪʠʦʣʦʛʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʚʠʨʫʩʥʳʭ ʦʩʪʨʳʭ ʢʠʰʝʯʥʳʭ ʠʥʬʝʢʮʠʡ 

ʧʨʦʚʦʜʠʪʩʷ ʤʦʥʠʪʦʨʠʥʛ ʮʠʨʢʫʣʷʮʠʠ ʢʠʰʝʯʥʳʭ ʚʠʨʫʩʦʚ ʥʘ ʙʘʟʝ ʦʜʥʦʛʦ ʠʟ 

ʜʝʪʩʢʠʭ ʠʥʬʝʢʮʠʦʥʥʳʭ ʩʪʘʮʠʦʥʘʨʦʚ ʛʦʨʦʜʘ ʅʠʞʥʝʛʦ ʅʦʚʛʦʨʦʜʘ 

[ɽʧʠʬʘʥʦʚʘ ʠ ʩʦʘʚʪ., 2010, 2016b].  

ɼʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʥʦʨʦʚʠʨʫʩʦʚ ʚ ʦʙʨʘʟʮʘʭ ʬʝʢʘʣʠʡ ʙʦʣʴʥʳʭ ʩ ʆʂʀ 

ʚ ʨʘʟʥʳʝ ʛʦʜʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʣʘʙʦʨʘʪʦʨʥʳʝ ʤʝʪʦʜʠʢʠ, ʘ ʪʘʞʝ ʥʘʙʦʨʳ 

ʨʝʘʛʝʥʪʦʚ çɸʤʧʣʠʉʝʥʩ Norovirus 1,2 genotypes-EPhè, çɸʤʧʣʠʉʝʥʩ 

Rotavirus/Norovirus/Astrovirus-FLè, çɸʤʧʣʠʉʝʥʩ ʆʂʀ ʚʠʨʦ-ʩʢʨʠʥ-FLè 

(ʎʅʀʀʕ, ʄʦʩʢʚʘ). ɻʝʥʦʪʠʧʠʨʦʚʘʥʠʝ ʥʦʨʦʚʠʨʫʩʦʚ ʦʩʫʱʝʩʪʚʣʷʣʠ ʧʫʪʝʤ 

ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ ʫʯʘʩʪʢʦʚ ʛʝʥʦʤʘ, ʢʦʜʠʨʫʶʱʠʭ ʧʦʣʠʤʝʨʘʟʫ  (ʨʝʛʠʦʥ ɸ) 

[Jiang et al., 1999]  ʠ N/S-ʜʦʤʝʥ ʙʝʣʢʘ ʢʘʧʩʠʜʘ VP1 (ʨʝʛʠʦʥ ʉ) [Kageyama et 

al., 2003; Kojima et al.,  2002; Bull et al., 2006], ʘ ʩ 2017 ʛ. ï ʫʯʘʩʪʢʘ, 

ʚʢʣʶʯʘʶʱʝʛʦ ʤʝʩʪʦ ʩʦʝʜʠʥʝʥʠʷ ʨʘʤʦʢ ʩʯʠʪʳʚʘʥʠʷ ORF1 ʠ ORF2 (ʨʝʛʠʦʥʳ 

B, C) [Cannon et al., 2017, ɽʧʠʬʘʥʦʚʘ ʅ.ɺ. ʠ ʩʦʘʚʪ. 2021]. 
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ɺ ʠʩʩʣʝʜʦʚʘʥʠʷʭ 2003-2007 ʛʛ. ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʢʘʣʠʮʠʚʠʨʫʩʦʚ 

ʤʝʪʦʜʦʤ ʆʊ-ʇʎʈ ʠʩʧʦʣʴʟʦʚʘʣʠ ʫʥʠʚʝʨʩʘʣʴʥʳʝ ʜʣʷ ʥʦʨʦʚʠʨʫʩʦʚ ʠ 

ʩʘʧʦʚʠʨʫʩʦʚ ʧʨʘʡʤʝʨʳ [ɽʧʠʬʘʥʦʚʘ ʠ ʩʦʘʚʪ., 2009]. ʇʨʠ ʦʙʩʣʝʜʦʚʘʥʠʠ 2312 

ʙʦʣʴʥʳʭ, ʛʦʩʧʠʪʘʣʠʟʠʨʦʚʘʥʥʳʭ ʩ ʆʂʀ, ʫʩʪʘʥʦʚʣʝʥʘ ʯʘʩʪʦʪʘ ʦʙʥʘʨʫʞʝʥʠʷ 

ʢʘʣʠʮʠʚʠʨʫʩʦʚ ʯʝʣʦʚʝʢʘ, ʨʘʚʥʘʷ 6,5 % (1,0 %-11,2 %). ʇʦʧʫʣʷʮʠʷ 

ʢʘʣʠʮʠʚʠʨʫʩʦʚ ʙʳʣʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʦʨʦʚʠʨʫʩʘʤʠ ʛʝʥʦʛʨʫʧʧʳ I (16 %), 

ʥʦʨʦʚʠʨʫʩʘʤʠ ʛʝʥʦʛʨʫʧʧʳ II (81 %) ʠ ʩʘʧʦʚʠʨʫʩʘʤʠ (3 %). ʇʨʠ ʵʪʦʤ 

ʥʦʨʦʚʠʨʫʩʳ ʛʝʥʦʛʨʫʧʧʳ II ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʛʝʥʦʪʠʧʘʤʠ GII.2 ʠ GII.4. 

ʆʙʥʘʨʫʞʝʥʥʳʝ ʩʘʧʦʚʠʨʫʩʳ ʧʨʠ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʦʤ ʘʥʘʣʠʟʝ ʥʘ ʦʩʥʦʚʝ 

ʬʨʘʛʤʝʥʪʘ ʢɼʅʂ ʛʝʥʘ RdRp ʢʣʘʩʪʝʨʠʟʦʚʘʣʠʩʴ  ʩ ʩʘʧʦʚʠʨʫʩʘʤʠ  GI.1, GI.2  

ʠ GII.1 [ʃʫʢʦʚʥʠʢʦʚʘ ʠ ʩʦʘʚʪ., 2009]. ɺʳʷʚʣʝʥ ʪʘʢʞʝ ʦʜʠʥ ʠʟʦʣʷʪ 

ʥʦʨʦʚʠʨʫʩʘ ʨʝʜʢʦʡ ʛʝʥʦʛʨʫʧʧʳ GIV (ʥʦʤʝʨ ʚ GenBank JX536251). 

ɺ ʧʦʩʣʝʜʫʶʱʠʝ ʛʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʧʨʦʜʦʣʞʝʥʳ. ɺʩʝʛʦ ʟʘ 

ʧʝʨʠʦʜ 2006-2024 ʛʛ. ʙʳʣʦ ʦʙʩʣʝʜʦʚʘʥʦ 24067 ʙʦʣʴʥʳʭ, 

ʛʦʩʧʠʪʘʣʠʟʠʨʦʚʘʥʥʳʭ ʚ ʠʥʬʝʢʮʠʦʥʥʳʡ ʩʪʘʮʠʦʥʘʨ ʛ. ʅʠʞʥʝʛʦ ʅʦʚʛʦʨʦʜʘ, 

ʥʦʨʦʚʠʨʫʩʳ ʚʳʷʚʣʝʥʳ ʫ 4080 ʙʦʣʴʥʳʭ (16,95 %). ɺ ʧʝʨʠʦʜ ʧʘʥʜʝʤʠʠ 

COVID-19 ʫʚʝʣʠʯʠʣʦʩʴ ʢʦʣʠʯʝʩʪʚʦ ʛʦʩʧʠʪʘʣʠʟʠʨʦʚʘʥʥʳʭ ʙʦʣʴʥʳʭ, 

ʧʨʦʞʠʚʘʱʠʭ ʥʝ ʪʦʣʴʢʦ ʚ ʛ. ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʥʦ ʠ ʚ ʨʘʡʦʥʘʭ 

ʅʠʞʝʛʦʨʦʜʩʢʦʡ ʦʙʣʘʩʪʠ, ʯʪʦ ʨʘʩʰʠʨʠʣʦ ʦʭʚʘʪ ʪʝʨʨʠʪʦʨʠʠ ʮʠʨʢʫʣʷʮʠʠ 

ʥʦʨʦʚʠʨʫʩʦʚ. ʅʦʨʦʚʠʨʫʩʳ, ʚʳʷʚʣʝʥʥʳʝ ʚ 895 ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʦʙʨʘʟʮʘʭ, 

ʙʳʣʠ ʪʠʧʠʨʦʚʘʥʳ. ʉʧʝʢʪʨ ʚʢʣʶʯʘʝʪ ʪʨʠʥʘʜʮʘʪʴ ʛʝʥʦʪʠʧʦʚ ʛʝʥʦʛʨʫʧʧʳ II  ʩ 

ʧʨʝʦʙʣʘʜʘʥʠʝʤ, ʢʘʢ ʠ ʚʦ ʚʩʝʤ ʤʠʨʝ ʚ ʧʦʩʣʝʜʥʠʝ ʪʨʠ ʜʝʩʷʪʠʣʝʪʠʷ, ʛʝʥʦʪʠʧʘ 

GII.4; ʰʪʘʤʤʳ ʛʝʥʦʛʨʫʧʧʳ I ʩʦʩʪʘʚʠʣʠ ʚ ʩʫʤʤʝ 0,4 % (ʈʠʩʫʥʦʢ 8). 
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ʈʠʩʫʥʦʢ 8 ï ʉʧʝʢʪʨ ʛʝʥʦʪʠʧʦʚ ʥʦʨʦʚʠʨʫʩʦʚ, ʮʠʨʢʫʣʠʨʦʚʘʚʰʠʭ ʚ 

ʅʠʞʝʛʦʨʦʜʩʢʦʡ ʦʙʣʘʩʪʠ ʚ 2006-2024 ʛʛ. n=895 

 

ʅʘ ʨʠʩʫʥʢʝ 9 ʧʨʝʜʩʪʘʚʣʝʥʘ ʜʠʥʘʤʠʢʘ ʮʠʨʢʫʣʷʮʠʠ ʥʦʨʦʚʠʨʫʩʦʚ 

ʨʘʟʥʳʭ ʛʝʥʦʪʠʧʦʚ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʅʠʞʝʛʦʨʦʜʩʢʦʡ ʦʙʣʘʩʪʠ ʚ ʨʝʪʨʦʩʧʝʢʪʠʚʝ 

ʟʘ ʧʝʨʠʦʜ ʥʘʰʠʭ ʥʘʙʣʶʜʝʥʠʡ ʩ 2006 ʛ. ʧʦ 2024 ʛ. ʚ ʘʙʩʦʣʶʪʥʳʭ ʟʥʘʯʝʥʠʷʭ, 

ʘ ʥʘ ʨʠʩʫʥʢʝ 10 ï ʜʦʣʝʚʦʡ ʚʢʣʘʜ ʢʘʞʜʦʛʦ ʛʝʥʦʪʠʧʘ ʠ ʜʠʥʘʤʠʢʘ ʯʘʩʪʦʪʳ 

ʦʙʥʘʨʫʞʝʥʠʷ ʥʦʨʦʚʠʨʫʩʦʚ ʧʦ ʩʝʟʦʥʘʤ ʥʘʙʣʶʜʝʥʠʷ.   

ɺ ʮʝʣʦʤ, ʜʦʤʠʥʠʨʦʚʘʣ ʛʝʥʦʪʠʧ GII.4, ʩʦʩʪʘʚʠʚ 49,8 % ʦʪ ʦʙʱʝʛʦ 

ʯʠʩʣʘ ʪʠʧʠʨʦʚʘʥʥʳʭ ʠʟʦʣʷʪʦʚ. ʊʦʣʴʢʦ ʚ ʩʝʤʠ ʠʟ ʚʦʩʝʤʥʘʜʮʘʪʠ 

ʵʧʠʜʩʝʟʦʥʦʚ ʜʦʣʷ ʵʪʦʛʦ ʛʝʥʦʪʠʧʘ ʚ ʩʪʨʫʢʪʫʨʝ ʥʦʨʦʚʠʨʫʩʥʦʡ ʧʦʧʫʣʷʮʠʠ 

ʩʦʩʪʘʚʣʷʣʘ ʤʝʥʝʝ 50 %: ʚ ʩʝʟʦʥ 2009-2010 ʛʛ., ʢʦʛʜʘ ʫʚʝʣʠʯʠʣʠʩʴ ʜʦʣʠ 

ʥʦʨʦʚʠʨʫʩʦʚ ʛʝʥʦʪʠʧʦʚ GII.6 ʠ GII.12; ʚ ʩʝʟʦʥʳ 2014-2015 ʛʛ. ʠ 2015-2016 

ʛʛ., ʢʦʛʜʘ ʚʥʦʚʴ ʘʢʪʠʚʠʟʠʨʦʚʘʣʘʩʴ ʮʠʨʢʫʣʷʮʠʷ ʥʦʨʦʚʠʨʫʩʦʚ GII.6 ʠ 

ʧʦʷʚʠʣʩʷ GII.17; ʚ ʩʝʟʦʥʳ 2019-2020 ʛʛ. ʠ 2020-2021 ʛʛ., ʚ ʪʝʯʝʥʠʝ ʢʦʪʦʨʳʭ 

ʥʘ ʧʝʨʚʦʝ ʤʝʩʪʦ ʚʳʰʝʣ ʛʝʥʦʪʠʧ GII.3; ʚ ʩʝʟʦʥ 2022-2023 ʛʛ., ʢʦʛʜʘ ʥʘ 

ʚʪʦʨʦʝ ʤʝʩʪʦ ʚʳʰʝʣ ʛʝʥʦʪʠʧ GII.17 ʠ ʚ ʩʝʟʦʥ 2023-2024 ʛʛ., ʚ ʢʦʪʦʨʦʤ 

ʥʝʦʞʠʜʘʥʥʦ ʜʦʤʠʥʠʨʫʶʱʠʤ ʩʪʘʣ ʨʘʥʝʝ ʨʝʜʢʠʡ ʛʝʥʦʪʠʧ GII.7.  
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ʈʠʩʫʥʦʢ 9 ï ɼʠʥʘʤʠʢʘ ʮʠʨʢʫʣʷʮʠʠ ʥʦʨʦʚʠʨʫʩʦʚ ʨʘʟʥʳʭ ʛʝʥʦʪʠʧʦʚ ʚ 

ʅʠʞʝʛʦʨʦʜʩʢʦʡ ʦʙʣʘʩʪʠ ʚ 2006-2024 ʛʛ. n=895 

 

 

 

ʈʠʩʫʥʦʢ 10 ï ɼʦʣʝʚʦʡ ʚʢʣʘʜ ʢʘʞʜʦʛʦ ʛʝʥʦʪʠʧʘ ʠ ʜʠʥʘʤʠʢʘ ʯʘʩʪʦʪʳ 

ʦʙʥʘʨʫʞʝʥʠʷ ʥʦʨʦʚʠʨʫʩʦʚ ʧʦ ʩʝʟʦʥʘʤ ʥʘʙʣʶʜʝʥʠʷ ʚ ʅʠʞʝʛʦʨʦʜʩʢʦʡ 

ʦʙʣʘʩʪʠ. 
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5.2.1 ʎʠʨʢʫʣʷʮʠʷ ʠ ʵʚʦʣʶʮʠʷ ʥʦʨʦʚʠʨʫʩʦʚ ʛʝʥʦʪʠʧʘ GII.4 

 

ʕʧʠʜʝʤʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʥʦʨʦʚʠʨʫʩʥʦʡ ʠʥʬʝʢʮʠʠ ʚ ʧʦʩʣʝʜʥʠʝ ʪʨʠ 

ʜʝʩʷʪʠʣʝʪʠʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʜʦʤʠʥʠʨʦʚʘʥʠʝʤ ʠ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʩʤʝʥʦʡ 

ʚʘʨʠʘʥʪʦʚ ʥʦʨʦʚʠʨʫʩʘ ʛʝʥʦʪʠʧʘ GII.4. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʩʯʠʪʳʚʘʝʪʩʷ 

18 ʚʘʨʠʘʥʪʦʚ, ʥʝʢʦʪʦʨʳʝ ʧʦʣʫʯʠʣʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚʦ ʚʩʝʤ ʤʠʨʝ 

(ʧʘʥʜʝʤʠʯʝʩʢʠʝ ʚʘʨʠʘʥʪʳ), ʜʨʫʛʠʝ ʧʨʝʦʙʣʘʜʘʣʠ ʥʘ ʛʝʦʛʨʘʬʠʯʝʩʢʠ 

ʦʛʨʘʥʠʯʝʥʥʳʭ ʪʝʨʨʠʪʦʨʠʷʭ [Parra et al., 2017, 2023; Human Calicivirus 

typing tool, 2025].  

 

ʈʠʩʫʥʦʢ 11 ï ɼʠʥʘʤʠʢʘ ʜʦʣʝʚʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʘʟʣʠʯʥʳʭ 

ʵʧʠʜʝʤʠʯʝʩʢʠʭ ʚʘʨʠʘʥʪʦʚ ʥʦʨʦʚʠʨʫʩʘ ʛʝʥʦʪʠʧʘ GII.4, ʮʠʨʢʫʣʠʨʦʚʘʚʰʠʭ ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ʅʠʞʝʛʦʨʦʜʩʢʦʡ ʦʙʣʘʩʪʠ  

ʚ 2006-2024 ʛʛ. 

 

ɺ ʧʝʨʠʦʜ ʥʘʙʣʶʜʝʥʠʷ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʅʠʞʥʝʛʦ ʅʦʚʛʦʨʦʜʘ ʩʤʝʥʠʣʠ 

ʜʨʫʛ ʜʨʫʛʘ ʯʝʪʳʨʝ ʵʧʠʜʝʤʠʯʝʩʢʠʭ ʚʘʨʠʘʥʪʘ ʛʝʥʦʪʠʧʘ GII.4 ï Den 

Haag 2006b (2006-2009 ʛʛ.), Apeldoorn 2007 (2008-2009 ʛʛ.), 

NewOrleans 2009 (2010-2013 ʛʛ.) ʠ Sydney 2012 (2013 ʛ.-2024 ʛ.) (ʈʠʩʫʥʦʢ 

11). ʇʨʠʯʝʤ ʚ ʵʧʠʜʩʝʟʦʥ 2008-2009 ʛʛ. ʦʜʥʦʚʨʝʤʝʥʥʦ ʮʠʨʢʫʣʠʨʦʚʘʣʠ ʜʚʘ 
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ʵʧʠʜʝʤʠʯʝʩʢʠʭ ʚʘʨʠʘʥʪʘ ï Den Haag 2006b ʠ Apeldoorn 2007. ʇʦʢʘʟʘʥʘ 

ʪʘʢʞʝ ʢʨʘʪʢʦʚʨʝʤʝʥʥʘʷ ʮʠʨʢʫʣʷʮʠʷ ʚʝʩʥʦʡ 2008 ʛ. ʥʦʨʦʚʠʨʫʩʘ 

ʩʫʙʚʘʨʠʘʥʪʘ 2006b-NN 2008. ɺ ʩʣʝʜʫʶʱʝʤ ʵʧʠʜʩʝʟʦʥʝ (2009-2010 ʛʛ.) ʢ 

ʥʠʤ ʧʨʠʩʦʝʜʠʥʠʣʩʷ ʥʦʚʳʡ ʵʧʠʜʝʤʠʯʝʩʢʠʡ ʚʘʨʠʘʥʪ ï NewOrleans 2009, ʠ 

ʥʘʙʣʶʜʘʣʘʩʴ ʢʦʮʠʨʢʫʣʷʮʠʷ ʪʨʝʭ ʚʘʨʠʘʥʪʦʚ [ɽʧʠʬʘʥʦʚʘ ʠ ʩʦʘʚʪ., 2014b].  

ɺ ʵʪʦʤ ʞʝ ʩʝʟʦʥʝ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʅʠʞʥʝʛʦ ʅʦʚʛʦʨʦʜʘ ʧʦʷʚʠʣʩʷ 

ʥʦʚʳʡ ʜʣʷ ʠʟʫʯʘʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ ʛʝʥʦʪʠʧ ï GII.12. ʉʦʚʦʢʫʧʥʦʩʪʴ ʵʪʠʭ 

ʠʟʤʝʥʝʥʠʡ ʚ ʛʝʥʦʪʠʧʦʚʦʡ ʩʪʨʫʢʪʫʨʝ ʥʦʨʦʚʠʨʫʩʥʦʡ ʧʦʧʫʣʷʮʠʠ, ʚʝʨʦʷʪʥʦ, 

ʦʙʫʩʣʦʚʠʣʘ ʘʢʪʠʚʠʟʘʮʠʶ ʵʧʠʜʧʨʦʮʝʩʩʘ ʥʦʨʦʚʠʨʫʩʥʦʡ ʠʥʬʝʢʮʠʠ ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ʅʠʞʥʝʛʦ ʅʦʚʛʦʨʦʜʘ ʚ 2009-2010 ʛʛ.  

ʂʘʢ ʧʨʘʚʠʣʦ, ʥʦʚʳʡ ʵʧʠʜʝʤʠʯʝʩʢʠʡ ʚʘʨʠʘʥʪ ʛʝʥʦʪʠʧʘ GII.4 

ʧʦʷʚʣʷʣʩʷ, ʠʥʪʝʥʩʠʚʥʦ ʮʠʨʢʫʣʠʨʦʚʘʣ ʚ ʪʝʯʝʥʠʝ ʜʚʫʭ-ʯʝʪʳʨʝʭ ʣʝʪ, ʟʘʪʝʤ 

ʧʦʣʥʦʩʪʴʶ ʚʳʪʝʩʥʷʣʩʷ ʩʣʝʜʫʶʱʠʤ. ʕʪʦ ʭʦʨʦʰʦ ʠʣʣʶʩʪʨʠʨʫʝʪʩʷ ʩ 

ʧʦʤʦʱʴʶ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʘʡʝʩʦʚʩʢʦʛʦ 

ʧʦʜʭʦʜʘ, ʚʢʣʶʯʘʶʱʝʛʦ ʤʦʣʝʢʫʣʷʨʥʳʝ ʯʘʩʳ ʠ ʰʢʘʣʫ ʚʨʝʤʝʥʠ. ɼʣʷ 

ʧʦʩʪʨʦʝʥʠʷ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʠʭ ʜʝʨʝʚʴʝʚ ʟʜʝʩʴ ʠ ʜʘʣʝʝ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ 

ʧʘʢʝʪ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ BEAUti 1.10.4, BEAST v 1.10.4 [Suchard 

et al., 2018]. ɺ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʦʝ ʜʝʨʝʚʦ ʚʢʣʶʯʝʥʳ 150 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʥʠʞʝʛʦʨʦʜʩʢʠʭ ʥʦʨʦʚʠʨʫʩʦʚ GII.4, ʢʦʪʦʨʳʝ 

ʛʨʫʧʧʠʨʫʶʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴʶ ʢ ʨʘʟʥʳʤ ʚʘʨʠʘʥʪʘʤ 

(ʈʠʩʫʥʦʢ 12). ʅʘʠʙʦʣʴʰʝʝ ʯʠʩʣʦ ʠʟʦʣʷʪʦʚ (111) ʦʪʥʦʩʠʪʩʷ ʢ ʚʘʨʠʘʥʪʫ 

GII.4 Sydney 2012, ʢʦʪʦʨʳʡ ʚ ʦʪʣʠʯʠʝ ʦʪ ʚʩʝʭ ʧʨʝʜʳʜʫʱʠʭ, ʜʦʤʠʥʠʨʫʝʪ ʚ 

ʅʠʞʥʝʤ ʅʦʚʛʦʨʦʜʝ ʫʞʝ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʙʦʣʝʝ 10 ʣʝʪ. 

ɺʘʨʠʘʥʪ Sydney 2012, ʧʦʩʣʝʜʥʠʡ ʥʘ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʘʥʜʝʤʠʯʝʩʢʠʡ 

ʚʘʨʠʘʥʪ ʛʝʥʦʪʠʧʘ GII.4, ʙʳʣ ʚʧʝʨʚʳʝ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥ ʚ ɸʚʩʪʨʘʣʠʠ ʚ 

ʤʘʨʪʝ 2012 ʛʦʜʘ [Vega et al., 2014; Eden et al., 2013]. ʆʥ, ʚ ʦʪʣʠʯʠʝ ʦʪ 

ʧʨʝʜʳʜʫʱʠʭ, ʥʝ ʩʬʦʨʤʠʨʦʚʘʣ ʩʦʙʩʪʚʝʥʥʦʛʦ ʛʝʥʘ ʧʦʣʠʤʝʨʘʟʳ ʩʦ 

ʩʧʝʮʠʬʠʯʥʦʩʪʴʶ P4, ʘ ʚʦʟʥʠʢ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʝʢʦʤʙʠʥʘʮʠʠ. ʈʝʛʠʦʥ ORF1 ʚ  
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ʈʠʩʫʥʦʢ 12 ï ʌʠʣʦʛʝʥʝʪʠʯʝʩʢʠʡ 

ʘʥʘʣʠʟ ʥʘ ʦʩʥʦʚʝ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ N/S-

ʜʦʤʝʥʘ  ʛʝʥʘ VP1 ʥʦʨʦʚʠʨʫʩʘ 

ʛʝʥʦʪʠʧʘ GII.4 (ʨʘʟʤʝʨ ʫʯʘʩʪʢʘ  

282 ʥ.ʦ.)  

 

ʢʨʘʩʥʳʝ, ʟʝʣʝʥʳʝ, ʬʠʦʣʝʪʦʚʳʝ  ʠ 

ʩʠʥʠʝ ʢʨʫʞʢʠ ï ʠʟʦʣʷʪʳ, 

ʚʳʷʚʣʝʥʥʳʝ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ʅʠʞʝʛʦʨʦʜʩʢʦʡ ʦʙʣʘʩʪʠ,  

 

ʯʝʨʥʳʝ ʢʚʘʜʨʘʪʳ ï 

ʨʝʬʝʨʝʥʩʥʳʝ ʰʪʘʤʤʳ ʨʘʟʥʳʭ 

ʵʧʠʜʝʤʠʯʝʩʢʠʭ ʚʘʨʠʘʥʪʦʚ 

ʛʝʥʦʪʠʧʘ GII.4 
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ʚʘʨʠʘʥʪʝ Sydney 2012 ʟʘʠʤʩʪʚʦʚʘʥ ʦʪ ʚʘʨʠʘʥʪʘ Osaka 2007, ʥʝʩʫʱʝʛʦ ʛʝʥ 

ʧʦʣʠʤʝʨʘʟʳ ʩʦ ʩʧʝʮʠʬʠʯʥʦʩʪʴʶ P31 (ʧʦ ʨʘʥʝʝ ʧʨʠʥʷʪʦʤʫ ʦʙʦʟʥʘʯʝʥʠʶ ï 

ʈʝ) ʠ ʠʤʝʚʰʝʛʦ ʨʝʛʠʦʥʘʣʴʥʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ʩʪʨʘʥʘʭ ʖʛʦ-ɺʦʩʪʦʯʥʦʡ 

ɸʟʠʠ. ɺʝʨʦʷʪʥʳʤ ʧʨʝʜʢʦʤ Sydney 2012 ʧʦ ʨʝʛʠʦʥʫ ʛʝʥʦʤʘ ORF2/ORF3 

ʙʳʣ ʰʪʘʤʤ ʚʘʨʠʘʥʪʘ Apeldoorn 2007 [Eden et al., 2014]. 

ɺ ʅʠʞʥʝʤ ʅʦʚʛʦʨʦʜʝ ʚʘʨʠʘʥʪ GII.4 Sydney 2012 ʥʦʨʦʚʠʨʫʩʘ ʙʳʣ 

ʚʧʝʨʚʳʝ ʚʳʷʚʣʝʥ ʧʨʠ ʛʨʫʧʧʦʚʦʤ ʟʘʙʦʣʝʚʘʥʠʠ ʚ ʦʜʥʦʤ ʠʟ ʩʦʤʘʪʠʯʝʩʢʠʭ 

ʩʪʘʮʠʦʥʘʨʦʚ ʚ ʥʦʷʙʨʝ 2013 ʛʦʜʘ [ɽʧʠʬʘʥʦʚʘ ʠ ʩʦʘʚʪ., 2014a]. ʇʨʠ 

ʩʝʢʚʝʥʠʨʦʚʘʥʠʠ ʫʯʘʩʪʢʘ ʛʝʥʦʤʘ, ʢʦʜʠʨʫʶʱʝʛʦ N/S-ʜʦʤʝʥ ʢʘʧʩʠʜʥʦʛʦ 

ʙʝʣʢʘ VP1, ʚʩʝ ʚʳʷʚʣʝʥʥʳʝ ʥʦʨʦʚʠʨʫʩʳ ʠʤʝʣʠ ʠʜʝʥʪʠʯʥʳʝ ʥʫʢʣʝʦʪʠʜʥʳʝ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʯʪʦ ʧʦʜʪʚʝʨʜʠʣʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʪʦʤ, ʯʪʦ 

ʠʩʪʦʯʥʠʢʦʤ ʠʥʬʝʢʮʠʠ ʩʪʘʣ ʙʝʩʩʠʤʧʪʦʤʥʳʡ ʥʦʩʠʪʝʣʴ ʠʟ ʯʠʩʣʘ 

ʦʙʩʣʫʞʠʚʘʶʱʝʛʦ ʧʝʨʩʦʥʘʣʘ. ʊʠʧʠʨʦʚʘʥʠʝ ʥʦʨʦʚʠʨʫʩʦʚ ʩ ʧʦʤʦʱʴʶ ʚʝʙ-

ʩʝʨʚʠʩʘ  Norovirus   Typing   Tool   ʧʦʢʘʟʘʣʦ   ʠʭ   ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ   ʢ   

ʥʦʚʦʤʫ ʵʧʠʜʝʤʠʯʝʩʢʦʤʫ ʚʘʨʠʘʥʪʫ ʛʝʥʦʪʠʧʘ GII.4 Sydney 2012. ɺ 

ʜʘʣʴʥʝʡʰʝʤ ʵʪʦʪ ʚʘʨʠʘʥʪ ʙʳʣ ʚʳʷʚʣʝʥ ʠ ʧʨʠ ʩʧʦʨʘʜʠʯʝʩʢʦʡ 

ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ. ɺʘʨʠʘʥʪ GII.4 Sydney 2012 ʜʦʤʠʥʠʨʦʚʘʣ ʚ ʵʧʠʜʩʝʟʦʥ 

2013-2014 ʛʛ., ʩʦʩʪʘʚʠʚ 62,5 % ʦʪ ʯʠʩʣʘ ʪʠʧʠʨʦʚʘʥʥʳʭ ʠʟʦʣʷʪʦʚ. ʆʜʥʘʢʦ ʚ 

ʵʧʠʜʩʝʟʦʥ 2014-2015 ʛʛ. ʚʧʝʨʚʳʝ ʟʘ ʚʝʩʴ ʧʝʨʠʦʜ ʥʘʙʣʶʜʝʥʠʷ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ʅʠʞʥʝʛʦ ʅʦʚʛʦʨʦʜʘ ʛʝʥʦʪʠʧ GII.4 ʫʪʨʘʪʠʣ ʣʠʜʠʨʫʶʱʠʝ ʧʦʟʠʮʠʠ, ʝʛʦ ʜʦʣʷ 

ʚ ʩʧʝʢʪʨʝ ʛʝʥʦʪʠʧʦʚ ʥʦʨʦʚʠʨʫʩʦʚ ʫʤʝʥʴʰʠʣʘʩʴ ʜʦ 9,8 %, ʫʩʪʫʧʠʚ ʧʝʨʚʦʝ 

ʤʝʩʪʦ ʛʝʥʦʪʠʧʫ GII.6 (65,9 %) [ɽʧʠʬʘʥʦʚʘ ʠ ʩʦʘʚʪ., 2015]. 

ɺ ʵʧʠʜʩʝʟʦʥ 2015-2016 ʛʛ. ʜʦʣʷ GII.4 ʚ ʛʝʥʦʪʠʧʦʚʦʡ ʩʪʨʫʢʪʫʨʝ 

ʥʦʨʦʚʠʨʫʩʦʚ ʚʥʦʚʴ ʚʦʟʨʦʩʣʘ ʠ ʜʦʩʪʠʛʣʘ 43,8 % ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʦʡ 

ʯʘʩʪʦʪʝ ʚʳʷʚʣʝʥʠʷ ʥʦʨʦʚʠʨʫʩʦʚ ʫ ʙʦʣʴʥʳʭ ʆʂʀ (15,6 %). ʊʠʧʠʨʦʚʘʥʥʳʝ 

ʥʘʤʠ ʚ ʧʝʨʠʦʜ 2013 ʛ. ï ʧʝʨʚʘʷ ʧʦʣʦʚʠʥʘ 2016 ʛ. ʥʦʨʦʚʠʨʫʩʳ GII.4 ʠʤʝʣʠ 

ʧʦʣʠʤʝʨʘʟʫ ʈ4 New Orleans ʠʣʠ, ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ï P31 (ʈʠʩʫʥʦʢ 

13). ʆʩʝʥʴʶ 2016 ʛ. ʚ ʅʠʞʥʝʤ ʅʦʚʛʦʨʦʜʝ ʥʘʙʣʶʜʘʣʦʩʴ ʨʝʟʢʦʝ ʫʚʝʣʠʯʝʥʠʝ 

ʯʘʩʪʦʪʳ ʦʙʥʘʨʫʞʝʥʠʷ ʥʦʨʦʚʠʨʫʩʦʚ, ʢʦʪʦʨʦʝ ʩʦʚʧʘʣʦ ʩ ʧʦʷʚʣʝʥʠʝʤ ʥʦʚʦʛʦ 

ʨʝʢʦʤʙʠʥʘʥʪʥʦʛʦ ʚʘʨʠʘʥʪʘ GII.4 Sydney ʩ ʧʦʣʠʤʝʨʘʟʦʡ GII.P16. 
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ʈʠʩʫʥʦʢ 13 ï ʇʦʤʝʩʷʯʥʘʷ ʯʘʩʪʦʪʘ ʚʳʷʚʣʝʥʠʷ ʥʦʨʦʚʠʨʫʩʦʚ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ʅʠʞʥʝʛʦ ʅʦʚʛʦʨʦʜʘ ʚ 2013-2020 ʛʛ.  

ʇʝʨʠʦʜʳ ʮʠʨʢʫʣʷʮʠʠ ʨʝʢʦʤʙʠʥʘʥʪʦʚ ʥʦʨʦʚʠʨʫʩʦʚ 

ʆʜʥʦʚʨʝʤʝʥʥʦ ʧʦʷʚʠʣʩʷ ʠ ʨʝʢʦʤʙʠʥʘʥʪ ʛʝʥʦʪʠʧʘ GII.2 ʩ ʪʘʢʦʡ ʞʝ 

ʧʦʣʠʤʝʨʘʟʦʡ (ʈʠʩʫʥʦʢ 13). ɺ ʮʝʣʦʤ ʟʘ ʩʝʟʦʥ 2016-2017 ʛʛ. ʯʘʩʪʦʪʘ 

ʚʳʷʚʣʝʥʠʷ ʥʦʨʦʚʠʨʫʩʦʚ ʩʦʩʪʘʚʠʣʘ 22,3 %, ʯʪʦ ʙʳʣʦ ʟʥʘʯʠʤʦ ʚʳʰʝ, ʯʝʤ ʚ 

ʧʨʝʜʳʜʫʱʝʤ ʩʝʟʦʥʝ (15,6 %, p<0,001). ʋʚʝʣʠʯʝʥʠʝ ʯʘʩʪʦʪʳ ʚʳʷʚʣʝʥʠʷ 

ʥʦʨʦʚʠʨʫʩʦʚ ʫ ʙʦʣʴʥʳʭ ʆʂʀ ʤʦʛʣʦ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʩʫʤʤʘʨʥʳʤ ʵʬʬʝʢʪʦʤ 

ʦʪ ʧʦʷʚʣʝʥʠʷ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʥʦʨʦʚʠʨʫʩʦʚ, ʦʙʣʘʜʘʶʱʠʭ ʥʦʚʳʤ 

ʚʘʨʠʘʥʪʦʤ ʛʝʥʘ ʧʦʣʠʤʝʨʘʟʳ ʩʦ ʩʧʝʮʠʬʠʯʥʦʩʪʴʶ GII.P16. ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ 

ʵʪʠʭ ʨʝʢʦʤʙʠʥʘʪʦʚ ʙʳʣʦ ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʚ ʩʝʟʦʥ 2016-2017 ʛʛ. ʚ ʨʘʟʥʳʭ 

ʩʪʨʘʥʘʭ ʤʠʨʘ [Medici et al., 2018; Han et al., 2018; Lun et al., 2018]. 
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ʈʠʩʫʥʦʢ 14 ï ʇʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʜʦʣʝʡ ʨʝʢʦʤʙʠʥʘʥʪʦʚ ʛʝʥʦʪʠʧʘ GII.4 

Sydney ʩ ʨʘʟʥʳʤʠ ʪʠʧʘʤʠ ʛʝʥʘ ʧʦʣʠʤʝʨʘʟʳ ʚ ʩʪʨʫʢʪʫʨʝ ʥʠʞʝʛʦʨʦʜʩʢʦʡ 

ʧʦʧʫʣʷʮʠʠ ʥʦʨʦʚʠʨʫʩʦʚ ʚ 2013 - 2024 ʛʛ. 

ɼʦʣʷ ʛʝʥʦʪʠʧʘ GII.4 Sydney[P16] ʩʦʩʪʘʚʠʣʘ 66,7 % ʚ 2016-2017 ʛʛ. ʠ 

ʚ ʜʘʣʴʥʝʡʰʝʤ ʧʣʘʚʥʦ ʩʥʠʞʘʣʘʩʴ ï ʜʦ 56,5 % ʚ 2017-2018 ʛʛ., 50,6 % ï ʚ 

2018-2019 ʛʛ. ʠ 48,1 % ï ʚ 2019-2020 ʛʛ. ʇʨʠʯʝʤ ʚ ʵʧʠʜʩʝʟʦʥ 2019-2020 ʛʛ. 

ʧʨʦʜʦʣʞʘʣʘʩʴ ʥʘ ʥʠʟʢʦʤ ʫʨʦʚʥʝ ʮʠʨʢʫʣʷʮʠʷ ʥʦʨʦʚʠʨʫʩʦʚ 

GII.4 Sydney[P31], ʠ ʚʥʦʚʴ ʧʦʷʚʠʣʠʩʴ ʚ ʝʜʠʥʠʯʥʳʭ ʩʣʫʯʘʷʭ ʤʝʞʚʘʨʠʘʥʪʳʝ 

ʨʝʢʦʤʙʠʥʘʥʪʳ GII.4 Sydney[P4 New Orleans] ʩ ʧʦʣʠʤʝʨʘʟʦʡ ʦʪ 

ʧʨʝʜʳʜʫʱʝʛʦ ʵʧʠʜʝʤʠʯʝʩʢʦʛʦ ʚʘʨʠʘʥʪʘ GII.4 New Orleans. 

ɺ ʜʘʣʴʥʝʡʰʝʤ ʮʠʨʢʫʣʷʮʠʷ GII.4 Sydney ʧʨʦʜʦʣʞʠʣʘʩʴ. ʂ 

ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʦʥ ʮʠʨʢʫʣʠʨʫʝʪ ʫʞʝ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʙʦʣʝʝ ʜʝʩʷʪʠ ʣʝʪ, 

ʧʨʠʯʝʤ ʥʘʙʣʶʜʘʝʪʩʷ ʩʦʚʤʝʩʪʥʘʷ ʮʠʨʢʫʣʷʮʠʷ ʪʨʝʭ ʨʝʢʦʤʙʠʥʘʥʪʦʚ ï ʩ 

ʧʦʣʠʤʝʨʘʟʘʤʠ ʩʦ ʩʧʝʮʠʬʠʯʥʦʩʪʴʶ P31, P4, P16, ʧʨʠ ʧʨʝʦʙʣʘʜʘʥʠʠ 

ʨʝʢʦʤʙʠʥʘʥʪʘ ʩ ʧʦʣʠʤʝʨʘʟʦʡ P16 (ʈʠʩʫʥʦʢ 14). 
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ɼʣʷ ʠʟʫʯʝʥʠʷ ʤʦʣʝʢʫʣʷʨʥʦʡ ʵʚʦʣʶʮʠʠ ʚʘʨʠʘʥʪʘ GII.4 Sydney 2012 

ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʧʦʣʥʦʛʝʥʦʤʥʦʝ ʩʝʢʚʝʥʠʨʦʚʘʥʠʝ ʦʜʥʦʛʦ ʥʠʞʝʛʦʨʦʜʩʢʦʛʦ 

ʠʟʦʣʷʪʘ ʥʦʨʦʚʠʨʫʩʘ (2275/2017), ʩʝʢʚʝʥʠʨʦʚʘʥʠʝ ʧʦʣʥʦʛʦ ʛʝʥʘ VP1 19-ʪʠ 

ʥʠʞʝʛʦʨʦʜʩʢʠʭ ʠʟʦʣʷʪʦʚ ʠ ʩʬʦʨʤʠʨʦʚʘʥʘ ʧʦʜʙʦʨʢʘ ʧʦʣʥʳʭ ʥʫʢʣʝʦʪʠʜʥʳʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ GII.4 Sydney2012, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʙʘʟʝ ʜʘʥʥʳʭ 

GenBank. ɺ ʦʙʱʝʡ ʩʣʦʞʥʦʩʪʠ ʚ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʢʣʶʯʝʥʦ 350 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ, ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʢʦʪʦʨʳʭ ʢ ʚʘʨʠʘʥʪʫ Sydney ʙʳʣʘ 

ʧʦʜʪʚʝʨʞʜʝʥʘ ʩ ʧʦʤʦʱʴʶ ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʪʠʧʠʨʦʚʘʥʠʷ 

Norovirus typing tool, ʚʝʨʩʠʷ 2,0. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʪʦʡ ʩʠʩʪʝʤʳ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʩʝ ʘʥʘʣʠʟʠʨʫʝʤʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʷʚʣʷʶʪʩʷ 

ʨʝʟʫʣʴʪʘʪʦʤ ʨʝʢʦʤʙʠʥʘʮʠʠ ʫʯʘʩʪʢʦʚ ʛʝʥʦʤʘ ʥʦʨʦʚʠʨʫʩʦʚ, ʧʨʦʠʟʦʰʝʜʰʝʡ ʚ 

ʤʝʩʪʝ ʩʦʝʜʠʥʝʥʠʷ ORF1 ʠ ORF2. ʅʘʠʙʦʣʝʝ ʨʘʥʥʠʝ ʤʝʞʛʝʥʦʪʠʧʦʚʳʝ 

ʨʝʢʦʤʙʠʥʘʥʪʳ GII.4 Sydney[P31] ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʚʦ ʌʨʘʥʮʠʠ ʚ 2008 ʛ., ʚ 

ʅʦʚʦʡ ɿʝʣʘʥʜʠʠ ï ʚ 2010 ʛ. ʠ ʚ ʀʪʘʣʠʠ ʚ 2011 ʛ. ʄʝʞʚʘʨʠʘʥʪʥʳʝ 

ʨʝʢʦʤʙʠʥʘʥʪʳ GII.4 Sydney[P4 New Orleans] ʮʠʨʢʫʣʠʨʫʶʪ ʚ ʤʠʨʝ ʩ 2011 

ʛʦʜʘ. ʄʝʞʛʝʥʦʪʠʧʦʚʳʝ ʨʝʢʦʤʙʠʥʘʥʪʳ GII.4 Sydney[P16] ʚʦʟʥʠʢʣʠ ʚ 2014 

ʛʦʜʫ. 

ʌʠʣʦʛʝʥʝʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʨʦʚʦʜʠʣʠ ʦʪʜʝʣʴʥʦ ʜʣʷ ʢʘʞʜʦʡ 

ʦʪʢʨʳʪʦʡ ʨʘʤʢʠ ʩʯʠʪʳʚʘʥʠʷ ʥʦʨʦʚʠʨʫʩʥʦʛʦ ʛʝʥʦʤʘ. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

ʫʯʘʩʪʢʘ ORF1, ʢʦʜʠʨʫʶʱʝʛʦ ʚʠʨʫʩʥʫʶ ʈʅʂ-ʧʦʣʠʤʝʨʘʟʫ ʦʙʨʘʟʦʚʘʣʠ ʪʨʠ 

ʛʨʫʧʧʳ ʩʦʛʣʘʩʥʦ ʪʠʧʦʚʦʡ ʩʧʝʮʠʬʠʯʥʦʩʪʠ ʛʝʥʘ ʧʦʣʠʤʝʨʘʟʳ ï P4, P31 ʠ 

P16 (ʈʠʩʫʥʦʢ 15ʘ). ʌʠʣʦʛʝʥʝʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʜʘʥʥʦʛʦ ʫʯʘʩʪʢʘ ʧʦʢʘʟʘʣ, 

ʯʪʦ ʦʙʱʠʡ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢ ʜʣʷ ʛʝʥʦʪʠʧʦʚ P31, P4 New Orleans ʠ P16 

ʩʫʱʝʩʪʚʦʚʘʣ ʙʦʣʝʝ 60 ʣʝʪ ʥʘʟʘʜ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʠʚʝʨʛʝʥʮʠʷ ʤʝʞʜʫ 

ʥʠʤʠ ʩʦʩʪʘʚʣʷʝʪ 12,6-21,6 % ʧʦ ʥʫʢʣʝʦʪʠʜʥʦʡ ʠ 5,0-10,0 % ï ʧʦ 

ʘʤʠʥʦʢʠʩʣʦʪʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤ. ʅʠʞʝʛʦʨʦʜʩʢʠʡ ʠʟʦʣʷʪ 2275/2017 

ʥʘʭʦʜʠʪʩʷ ʚ ʦʜʥʦʤ ʢʣʘʩʪʝʨʝ ʩ ʥʦʨʦʚʠʨʫʩʘʤʠ, ʮʠʨʢʫʣʠʨʦʚʘʚʰʠʤʠ ʚ 

ɺʝʣʠʢʦʙʨʠʪʘʥʠʠ ʚ 2015-2016 ʛʛ. 
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ʈʠʩʫʥʦʢ 15 ï ʌʠʣʦʛʝʥʝʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʥʘ ʦʩʥʦʚʝ ʥʫʢʣʝʦʪʠʜʥʳʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʪʨʝʭ ʫʯʘʩʪʢʦʚ ʛʝʥʦʤʘ ʥʦʨʦʚʠʨʫʩʘ  

ʵʧʠʜʝʤʠʯʝʩʢʦʛʦ ʚʘʨʠʘʥʪʘ GII.4 Sydney 2012:  

ʛʝʥ ʧʦʣʠʤʝʨʘʟʳ (ʘ); ʛʝʥ VP1 (ʙ), ʛʝʥ VP2 (ʚ),  

P-type ï ʪʠʧʦʚʘʷ ʩʧʝʮʠʬʠʯʥʦʩʪʴ ʧʦʣʠʤʝʨʘʟʳ 

ʘ)  

ʙ)  

ʚ)  
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ʌʠʣʦʛʝʥʝʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʛʝʥʘ VP1 ï ʦʩʥʦʚʥʦʛʦ ʩʪʨʫʢʪʫʨʥʦʛʦ 

ʙʝʣʢʘ ʢʘʧʩʠʜʘ ʥʦʨʦʚʠʨʫʩʘ, ʥʝʩʫʱʝʛʦ ʢʦʥʬʦʨʤʘʮʠʦʥʥʳʝ ʘʥʪʠʛʝʥʥʳʝ 

ʵʧʠʪʦʧʳ A-E ʠ ʫʯʘʩʪʢʠ ʩʚʷʟʳʚʘʥʠʷ ʩ ʨʝʮʝʧʪʦʨʘʤʠ ʢʣʝʪʢʠ ʭʦʟʷʠʥʘ, 

ʧʦʢʘʟʘʣ ʥʘʣʠʯʠʝ ʛʝʥʝʪʠʯʝʩʢʠʭ ʣʠʥʠʡ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʪʠʧʦʚʦʡ 

ʩʧʝʮʠʬʠʯʥʦʩʪʠ ʧʦʣʠʤʝʨʘʟʳ (ʈʠʩʫʥʦʢ 15ʙ). ʆʙʱʠʡ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢ 

ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʵʪʠʭ ʣʠʥʠʡ ʩʫʱʝʩʪʚʦʚʘʣ ʙʦʣʝʝ 40 ʣʝʪ ʥʘʟʘʜ. 

ɸʣʣʝʣʠ ʛʝʥʘ VP1, ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʝ ʩ ʨʘʟʥʳʤʠ ʛʝʥʦʪʠʧʘʤʠ 

ʧʦʣʠʤʝʨʘʟʳ, ʚʝʨʦʷʪʥʦ, ʵʚʦʣʶʮʠʦʥʠʨʦʚʘʣʠ ʥʝʟʘʚʠʩʠʤʦ ʜʨʫʛ ʦʪ ʜʨʫʛʘ, ʥʦ ʥʝ 

ʚʳʰʣʠ ʟʘ ʧʨʝʜʝʣʳ ʦʜʥʦʛʦ ʵʧʠʜʝʤʠʯʝʩʢʦʛʦ ʚʘʨʠʘʥʪʘ. ɼʠʚʝʨʛʝʥʮʠʷ ʤʝʞʜʫ 

ʥʠʤʠ ʩʦʩʪʘʚʣʷʝʪ 1,8-6,1 % ʧʦ ʥʫʢʣʝʦʪʠʜʥʦʡ ʠ 0,8-4,0 % ï ʧʦ 

ʘʤʠʥʦʢʠʩʣʦʪʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤ. ʅʠʞʝʛʦʨʦʜʩʢʠʝ ʥʦʨʦʚʠʨʫʩʳ ʩ 

ʧʦʣʠʤʝʨʘʟʦʡ P4, ʚʳʷʚʣʝʥʥʳʝ ʚ 2014-2015 ʛʛ., ʥʘʭʦʜʷʪʩʷ ʚ ʦʜʥʦʤ 

ʩʫʙʢʣʘʩʪʝʨʝ ʩ ʥʦʨʦʚʠʨʫʩʘʤʠ, ʮʠʨʢʫʣʠʨʦʚʘʚʰʠʤʠ ʚ ʗʧʦʥʠʠ, ʥʘ ʊʘʡʚʘʥʝ ʠ ʚ 

ʅʠʜʝʨʣʘʥʜʘʭ ʚ 2012-2013 ʛʛ.  ʀʭ ʦʙʱʠʡ ʧʨʝʜʦʢ ʩʫʱʝʩʪʚʦʚʘʣ ʧʨʠʤʝʨʥʦ ʚ 

2010 ʛ. ʅʠʞʝʛʦʨʦʜʩʢʠʝ ʥʦʨʦʚʠʨʫʩʳ 2018-2020 ʛʛ. ʩ ʧʦʣʠʤʝʨʘʟʦʡ P16 

ʢʣʘʩʪʝʨʠʟʫʶʪʩʷ ʩ ʥʦʨʦʚʠʨʫʩʘʤʠ, ʚʳʷʚʣʝʥʥʳʤʠ ʚ ʉʐɸ ʠ ʚ ʈʦʩʩʠʠ 

(ʅʦʚʦʩʠʙʠʨʩʢ) ʚ 2017-2018 ʛʛ.  ʀʭ ʦʙʱʠʡ ʧʨʝʜʦʢ ʩʫʱʝʩʪʚʦʚʘʣ ʚ 2014 ʛ. 

ɸʥʘʣʠʟ ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʙʝʣʢʘ VP1 ʥʝ ʚʳʷʚʠʣ 

ʫʥʠʢʘʣʴʥʳʭ ʜʣʷ ʢʘʞʜʦʡ ʣʠʥʠʠ ʟʘʤʝʥ ʚ ʦʙʣʘʩʪʠ ʘʥʪʠʛʝʥʥʳʭ ʩʘʡʪʦʚ ʧʨʠ 

ʥʘʣʠʯʠʠ ʚʘʨʠʘʙʝʣʴʥʦʩʪʠ ʜʣʷ ʦʪʜʝʣʴʥʳʭ ʰʪʘʤʤʦʚ. ʍʘʨʘʢʪʝʨʥʘʷ ʜʣʷ 

ʨʝʢʦʤʙʠʥʘʥʪʦʚ GII.4 Sydney[P16] ʟʘʤʝʥʘ L540V ʥʘʭʦʜʠʪʩʷ ʟʘ ʧʨʝʜʝʣʘʤʠ 

ʘʥʪʠʛʝʥʥʳʭ ʨʝʛʠʦʥʦʚ. ʆʜʥʘʢʦ, ʢʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʥʦʢʣʦʥʘʣʴʥʳʭ ʘʥʪʠʪʝʣ, ʜʘʞʝ 

ʦʜʠʥʦʯʥʳʝ ʟʘʤʝʥʳ ʚ ʘʥʪʠʛʝʥʥʳʭ ʵʧʠʪʦʧʘʭ ʚʣʠʷʶʪ ʥʘ ʩʧʦʩʦʙʥʦʩʪʴ ʘʥʪʠʪʝʣ 

ʩʚʷʟʳʚʘʪʴʩʷ ʩ ʚʠʨʫʩʦʤ ʠ ʤʦʛʫʪ ʧʦʟʚʦʣʠʪʴ ʝʤʫ ʧʨʝʦʜʦʣʝʪʴ ʠʤʤʫʥʥʳʡ ʦʪʚʝʪ 

[Lindesmith et al., 2018 151]. 

ʌʠʣʦʛʝʥʝʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʛʝʥʘ VP2 ï ʤʠʥʦʨʥʦʛʦ ʩʪʨʫʢʪʫʨʥʦʛʦ 

ʙʝʣʢʘ ʢʘʧʩʠʜʘ ʥʦʨʦʚʠʨʫʩʘ, ʪʘʢʞʝ ʧʦʢʘʟʘʣ ʥʘʣʠʯʠʝ ʛʝʥʝʪʠʯʝʩʢʠʭ ʣʠʥʠʡ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʪʠʧʦʚʦʡ ʩʧʝʮʠʬʠʯʥʦʩʪʠ ʧʦʣʠʤʝʨʘʟʳ (ʈʠʩʫʥʦʢ 15ʚ).  
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ɼʠʚʝʨʛʝʥʮʠʷ ʤʝʞʜʫ ʥʠʤʠ ʩʦʩʪʘʚʣʷʝʪ 1,7-3,8 % ʧʦ ʥʫʢʣʝʦʪʠʜʥʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʠ 1,2-4,8 % ʧʦ ʘʤʠʥʦʢʠʩʣʦʪʥʦʡ. ʆʙʱʠʡ 

ʧʨʝʜʰʝʩʪʚʝʥʥʠʢ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʵʪʠʭ ʣʠʥʠʡ ʩʫʱʝʩʪʚʦʚʘʣ ʙʦʣʝʝ 30 ʣʝʪ 

ʥʘʟʘʜ. ɺ ʘʤʠʥʦʢʠʩʣʦʪʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʙʝʣʢʘ VP2 ʚʳʷʚʣʝʥʦ ʜʚʘ 

ʩʘʡʪʘ, ʥʝʩʫʱʠʭ ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʨʝʢʦʤʙʠʥʘʥʪʦʚ GII.4 Sydney[P16] ʟʘʤʝʥʳ 

ï S155N ʠ S157P. 

ʄʠʥʦʨʥʳʡ ʙʝʣʦʢ ʢʘʧʩʠʜʘ VP2 ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʧʨʦʮʝʩʩʝ 

ʨʝʧʣʠʢʘʮʠʠ ʚʠʨʫʩʘ, ʚ ʩʪʘʙʠʣʠʟʘʮʠʠ ʚʠʨʠʦʥʘ, ʘ ʪʘʢʞʝ ʫʯʘʩʪʚʫʝʪ ʚ 

ʤʦʜʫʣʷʮʠʠ ʠʤʤʫʥʥʦʛʦ ʦʪʚʝʪʘ ʭʦʟʷʠʥʘ [Lin et al., 2014; Roth and Karst, 

2016]. ɼʘʥʥʳʝ ʘʤʠʥʦʢʠʩʣʦʪʥʳʝ ʟʘʤʝʥʳ ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʪʘʢʞʝ 

ɽ.ɺ. ɾʠʨʘʢʦʚʩʢʦʡ ʩ ʩʦʘʚʪ. (2020) ʠ, ʧʦ ʤʥʝʥʠʶ ʘʚʪʦʨʦʚ, ʤʦʛʣʠ ʧʦʚʣʠʷʪʴ ʥʘ 

ʩʧʦʩʦʙʥʦʩʪʴ VP2 ʧʦʜʘʚʣʷʪʴ ʧʨʝʟʝʥʪʘʮʠʶ ʘʥʪʠʛʝʥʦʚ ʥʘ ʢʣʝʪʦʯʥʳʭ 

ʤʝʤʙʨʘʥʘʭ ʠ ʦʙʱʫʶ ʠʥʜʫʢʮʠʶ ʟʘʱʠʪʥʦʛʦ ʠʤʤʫʥʠʪʝʪʘ ʯʝʣʦʚʝʢʘ 

[ɾʠʨʘʢʦʚʩʢʘʷ ʩ ʩʦʘʚʪ. 2020]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʠʪʝʣʴʥʘʷ ʮʠʨʢʫʣʷʮʠʷ ʥʦʨʦʚʠʨʫʩʦʚ GII.4 Sydney 

ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʧʫʪʝʤ ʧʨʠʦʙʨʝʪʝʥʠʷ ʚʠʨʫʩʦʤ ʚ ʧʨʦʮʝʩʩʝ ʨʝʢʦʤʙʠʥʘʮʠʠ 

ʥʦʚʳʭ ʛʝʥʦʚ ʥʝʩʪʨʫʢʪʫʨʥʳʭ ʙʝʣʢʦʚ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ï ʚʦʟʥʠʢʥʦʚʝʥʠʷ 

ʠʟʤʝʥʝʥʠʡ ʚ ʵʧʠʪʦʧʘʭ ʢʘʧʩʠʜʥʦʛʦ ʙʝʣʢʘ, ʧʦ ʚʩʝʡ ʚʝʨʦʷʪʥʦʩʪʠ, ʚʣʠʷʶʱʠʭ 

ʥʘ ʘʥʪʠʛʝʥʥʦʩʪʴ ʚʠʨʫʩʘ ʠ ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʝʤʫ ʫʩʧʝʰʥʦʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ. ʂʣʘʩʪʝʨʠʟʘʮʠʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʨʘʟʣʠʯʥʳʭ ʫʯʘʩʪʢʦʚ 

ʛʝʥʦʤʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʧʝʮʠʬʠʯʥʦʩʪʴʶ ʛʝʥʘ ʈʅʂ-ʧʦʣʠʤʝʨʘʟʳ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʘʶʪ ʰʪʘʤʤʳ, ʚ ʢʦʪʦʨʳʭ 

ʧʨʦʠʟʦʰʣʘ çʪʦʥʢʘʷ ʥʘʩʪʨʦʡʢʘè ʚʩʝʭ ʫʯʘʩʪʢʦʚ ʛʝʥʦʤʘ.  

 

P-ʪʠʧ GII .P31. ʍʨʦʥʦʣʦʛʠʯʝʩʢʠ ʧʝʨʚʳʤ ʛʝʥʦʤ, ʚ ʘʩʩʦʮʠʘʮʠʠ ʩ 

ʢʦʪʦʨʳʤ ʚ 2012 ʛ. ʧʦʷʚʠʣʩʷ ʥʦʚʳʡ ʚʘʨʠʘʥʪ ʛʝʥʦʪʠʧʘ GII.4 Sydney 2012 ï 

ʙʳʣ ʛʝʥ ʩʦ ʩʧʝʮʠʬʠʯʥʦʩʪʴʶ P31. ɺ ʙʘʟʝ ʜʘʥʥʳʭ GenBank ʙʳʣ ʧʨʦʚʝʜʝʥ 

ʧʦʠʩʢ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʥʦʨʦʚʠʨʫʩʦʚ, ʥʝʩʫʱʠʭ ʛʝʥ ʧʦʣʠʤʝʨʘʟʳ 

GII.P31, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʠʣ ʫʩʪʘʥʦʚʠʪʴ, ʯʪʦ ʧʝʨʚʳʝ ʨʝʢʦʤʙʠʥʘʥʪʳ 
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ʧʦʷʚʠʣʠʩʴ ʚ 2005 ʛ. ʚ ʃʘʪʠʥʩʢʦʡ ɸʤʝʨʠʢʝ ʚ ʘʩʩʦʮʠʘʮʠʠ ʩ ʛʝʥʦʤ 

ʢʘʧʩʠʜʥʦʛʦ ʙʝʣʢʘ VP1 ʛʝʥʦʪʠʧʘ GII.17. ʉ 2006 ʛ. ʚ ʮʠʨʢʫʣʷʮʠʠ ʧʦʷʚʠʣʩʷ 

ʨʝʢʦʤʙʠʥʘʥʪ ʩ VP1 ʛʝʥʦʪʠʧʘ GII.4 ʚʘʨʠʘʥʪʘ Osaka. ɸ ʩ 2012 ʛ. ʰʠʨʦʢʦʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦ ʚʩʝʤʫ ʤʠʨʫ ʧʦʣʫʯʠʣʠ ʨʝʢʦʤʙʠʥʘʥʪʳ ʩ VP1 ʛʝʥʦʪʠʧʘ 

GII.4 ʚʘʨʠʘʥʪʘ Sydney. ʇʦʟʜʥʝʝ, ʚ 2014-2015 ʛʛ. ʦʙʥʘʨʫʞʝʥʳ ʝʜʠʥʠʯʥʳʝ 

ʠʟʦʣʷʪʳ ʩ ʛʝʥʦʤ ʢʘʧʩʠʜʥʦʛʦ ʙʝʣʢʘ VP1 GII.2 ʠ ʚ 2017-2022 ʛʛ. ï ʩ VP1 

GII.4 ʥʦʚʳʭ ʚʘʨʠʘʥʪʦʚ SanFrancisco ʠ HongKong, ʢʦʪʦʨʳʝ ʝʱʝ ʥʝ ʧʦʣʫʯʠʣʠ 

ʵʧʠʜʝʤʠʯʝʩʢʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ.  

ɼʣʷ ʠʟʫʯʝʥʠʷ ʦʩʦʙʝʥʥʦʩʪʝʡ ʛʝʥʘ ʧʦʣʠʤʝʨʘʟʳ P31, ʥʘʭʦʜʷʱʠʭʩʷ ʚ 

ʩʦʩʪʘʚʝ ʨʘʟʣʠʯʥʳʭ ʨʝʢʦʤʙʠʥʘʥʪʦʚ, ʚ ʘʥʘʣʠʟ ʙʳʣʦ ʚʢʣʶʯʝʥʦ 107 ʧʦʣʥʳʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʛʝʥʦʤʘ ʥʦʨʦʚʠʨʫʩʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʙʘʟʝ ʜʘʥʥʳʭ 

GenBank, ʮʠʨʢʫʣʠʨʦʚʘʚʰʠʭ ʚ ʤʠʨʝ ʚ ʧʝʨʠʦʜ ʩ 2005 ʧʦ 2022 ʛʛ. ʠ 13 

ʯʘʩʪʠʯʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʛʝʥʦʤʘ ʥʦʨʦʚʠʨʫʩʦʚ ʨʘʟʤʝʨʦʤ 526 ʥ.ʦ., 

ʚʳʷʚʣʝʥʥʳʭ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʛ. ʅʠʞʥʝʛʦ ʅʦʚʛʦʨʦʜʘ ʚ ʧʝʨʠʦʜ 2018-2021 ʛʛ. 

[ʆʧʘʨʠʥʘ ʠ ʩʦʘʚʪ., 2024]. 

ʅʘ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʦʤ ʜʝʨʝʚʝ (ʈʠʩʫʥʦʢ 16), ʧʦʩʪʨʦʝʥʥʦʤ ʥʘ ʦʩʥʦʚʝ 

ʥʫʢʣʝʦʪʠʜʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʫʯʘʩʪʢʘ ʩʦʝʜʠʥʝʥʠʷ ʛʝʥʦʚ RdRp ʠ 

VP1, ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ 3 ʦʩʥʦʚʥʳʭ ʢʣʘʩʪʝʨʘ, ʧʦʩʢʦʣʴʢʫ ʚʩʝ ʰʪʘʤʤʳ 

ʨʘʟʜʝʣʠʣʠʩʴ ʩʦʛʣʘʩʥʦ ʪʠʧʦʚʦʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʠʭ ʢʘʧʩʠʜʥʦʛʦ ʙʝʣʢʘ ï 

GII.2, GII.17 ʠ GII.4. ʂʣʘʩʪʝʨ GII.4 ʧʦʜʨʘʟʜʝʣʷʣʩʷ ʥʘ ʩʫʙʢʣʘʩʪʝʨʳ ʧʦ 

ʚʘʨʠʘʥʪʘʤ ʥʦʨʦʚʠʨʫʩʘ ï Osaka, Sydney, SanFrancisco ʠ HongKong. 

ɸʥʘʣʦʛʠʯʥʘʷ ʪʦʧʦʣʦʛʠʷ ʜʝʨʝʚʴʝʚ ʥʘʙʣʶʜʘʣʘʩʴ ʧʨʠ ʘʥʘʣʠʟʝ ʥʘ ʦʩʥʦʚʝ 

ʥʫʢʣʝʦʪʠʜʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʦʪʜʝʣʴʥʳʭ ʛʝʥʦʚ, ʢʦʜʠʨʫʶʱʠʭ 

ʩʪʨʫʢʪʫʨʥʳʝ (VP1 ʠ VP2) ʠ ʥʝʩʪʨʫʢʪʫʨʥʳʝ ʙʝʣʢʠ (p48, NTPase, p22, VPg, 

pro, RdRp).  

ʅʠʞʝʛʦʨʦʜʩʢʠʝ ʠʟʦʣʷʪʳ 2018-2021 ʛʛ. ʨʘʩʧʦʣʘʛʘʣʠʩʴ ʚ ʢʣʘʩʪʝʨʘʭ ʩʦ 

ʰʪʘʤʤʘʤʠ ʠʟ ʅʠʜʝʨʣʘʥʜʦʚ (2018 ʛ.), ʉʐɸ (2015 ʛ.), ʀʥʜʦʥʝʟʠʠ (2016 ʛ.), 

ʂʘʥʘʜʳ (2019 ʛ.), ɺʝʣʠʢʦʙʨʠʪʘʥʠʠ (2017 ʛ.), ʊʘʡʣʘʥʜʘ (2015 ʛ.), ʇʝʨʫ (2013 

ʛ.), ʗʧʦʥʠʠ (2021-2022 ʛʛ.). 
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- ʥʠʞʝʛʦʨʦʜʩʢʠʝ ʠʟʦʣʷʪʳ 

ʈʠʩʫʥʦʢ 16 ï ʌʠʣʦʛʝʥʝʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʥʘ ʦʩʥʦʚʝ ʥʫʢʣʝʦʪʠʜʥʳʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʫʯʘʩʪʢʘ ʩʦʝʜʠʥʝʥʠʷ ʛʝʥʦʚ RdRp ʠ VP1 ʥʦʨʦʚʠʨʫʩʦʚ, 

ʥʝʩʫʱʠʭ ʛʝʥ GII.P31 (526 ʥ.ʦ.)  
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ʈʠʩʫʥʦʢ 17 ï ɸʥʘʣʠʟ ʚʳʚʝʜʝʥʥʳʭ ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ  

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ RdRp GII.P31 (ʘ) 

ʉʪʨʫʢʪʫʨʥʘʷ ʤʦʜʝʣʴ ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʟʘʤʝʥ ʚ GII.P31  

(ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʤʝʨʘʟʳ GII.4, ID PDB: 4QPX) (ʙ) 

 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ RdRp ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʡ 

ʨʝʢʦʤʙʠʥʘʥʪ GII.4 Sydney[P31] ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʝ ʟʘʤʝʥʳ ï N4S, I175V, 

I179V, K236R, S427F (ʈʠʩʫʥʦʢ 17ʘ). ʂʨʦʤʝ ʵʪʦʛʦ ʙʳʣʘ ʦʙʥʘʨʫʞʝʥʘ ʟʘʤʝʥʘ, 

ʨʘʩʧʦʣʘʛʘʶʱʘʷʩʷ ʚ ʘʢʪʠʚʥʦʤ ʮʝʥʪʨʝ ʧʦʣʠʤʝʨʘʟʳ ʚ ʧʦʟʠʮʠʠ K357R, 

ʢʦʪʦʨʘʷ, ʚʝʨʦʷʪʥʦ, ʚʦʟʥʠʢʣʘ ʚ 2017 ʛ. ʋ RdRp ʨʝʢʦʤʙʠʥʘʥʪʦʚ SanFrancisco 

ʠ HongKong ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʝ ʟʘʤʝʥʳ ʥʝ ʦʙʥʘʨʫʞʝʥʳ, ʪʦ ʝʩʪʴ ʤʦʞʥʦ 

ʧʨʝʜʧʦʣʦʞʠʪʴ ʥʘʣʠʯʠʝ ʨʝʚʝʨʩʠʠ ʛʝʥʘ ʧʦʣʠʤʝʨʘʟʳ ʢ ʠʩʭʦʜʥʦʤʫ ʚʘʨʠʘʥʪʫ 

2005-2008 ʛʛ. 

ɸʤʠʥʦʢʠʩʣʦʪʥʳʝ ʟʘʤʝʥʳ ʈʅʂ-ʟʘʚʠʩʠʤʦʡ ʈʅʂ-ʧʦʣʠʤʝʨʘʟʳ GII.P31 

ʥʦʨʦʚʠʨʫʩʦʚ ʙʳʣʠ ʥʘʥʝʩʝʥʳ ʥʘ ʩʪʨʫʢʪʫʨʥʫʶ ʤʦʜʝʣʴ (ID PDB: 4QPX) ʩ 

ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ UCSF ChimeraX version 1.7.1. (ʈʠʩʫʥʦʢ 17ʙ). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʚʘʨʠʘʥʪʦʤ ʥʦʨʦʚʠʨʫʩʘ 

ʩ ʛʝʥʦʪʠʧʦʤ ʧʦʣʠʤʝʨʘʟʳ GII.P31 ʦʢʘʟʘʣʩʷ ʨʝʢʦʤʙʠʥʘʥʪ ʚ ʘʩʩʦʮʠʘʮʠʠ ʩ 

ʛʝʥʦʪʠʧʦʤ VP1 GII.4 Sydney. ʇʨʠʯʝʤ ʚ ʩʪʨʫʢʪʫʨʝ ʧʦʣʠʤʝʨʘʟʳ ʦʙʥʘʨʫʞʝʥʳ 

ʭʘʨʘʢʪʝʨʥʳʝ ʪʦʣʴʢʦ ʜʣʷ ʜʘʥʥʦʛʦ ʨʝʢʦʤʙʠʥʘʥʪʘ ʟʘʤʝʥʳ, ʦʜʥʘ ʠʟ ʢʦʪʦʨʳʭ 

(K357R) ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚ ʘʢʪʠʚʥʦʤ ʮʝʥʪʨʝ ʬʝʨʤʝʥʪʘ. 

 

ʘ) ʙ) 
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P-ʪʠʧ GII .P16. ʐʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ 2016-2017 ʛʛ. 

ʥʦʨʦʚʠʨʫʩʦʚ GII.4 ʠ GII.2, ʥʝʩʫʱʠʭ ʛʝʥ ʧʦʣʠʤʝʨʘʟʳ ʩʦ ʩʧʝʮʠʬʠʯʥʦʩʪʴʶ 

P16, ʥʦ ʥʝ ʠʤʝʶʱʠʭ ʩʫʱʝʩʪʚʝʥʥʳʭ ʦʪʣʠʯʠʡ ʚ ʦʙʣʘʩʪʠ ʘʥʪʠʛʝʥʥʳʭ 

ʵʧʠʪʦʧʦʚ ʢʘʧʩʠʜʥʦʛʦ ʙʝʣʢʘ ʦʪ ʮʠʨʢʫʣʠʨʦʚʘʚʰʠʭ ʨʘʥʝʝ, ʦʙʫʩʣʦʚʠʣʦ 

ʠʥʪʝʨʝʩ ʢ ʠʟʫʯʝʥʠʶ ʦʩʦʙʝʥʥʦʩʪʝʡ ʵʪʦʛʦ P-ʪʠʧʘ.   

ɺʦʟʥʠʢʣʘ ʛʠʧʦʪʝʟʘ, ʯʪʦ ʧʨʠʯʠʥʦʡ ʫʩʧʝʰʥʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʥʦʚʳʭ ʨʝʢʦʤʙʠʥʘʥʪʦʚ ʷʚʣʷʶʪʩʷ ʩʚʦʡʩʪʚʘ ʥʦʚʦʛʦ ʚʘʨʠʘʥʪʘ ʧʦʣʠʤʝʨʘʟʳ ʩʦ 

ʩʧʝʮʠʬʠʯʥʦʩʪʴʶ P16 [Ruis et al., 2017]. ɸʥʘʣʠʟ ʠʤʝʶʱʠʭʩʷ ʚ ʙʘʟʝ ʜʘʥʥʳʭ 

GenBank ʥʫʢʣʝʦʪʠʜʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʛʝʥʘ ʧʦʣʠʤʝʨʘʟʳ 

ʥʦʨʦʚʠʨʫʩʦʚ GII.P16 ʧʦʢʘʟʘʣ, ʯʪʦ ʵʪʦʪ ʛʝʥ ʧʨʠʩʫʪʩʪʚʦʚʘʣ ʚ ʩʦʩʪʘʚʝ 

ʨʝʢʦʤʙʠʥʘʥʪʦʚ ʩ ʨʘʟʣʠʯʥʦʡ ʩʧʝʮʠʬʠʯʥʦʩʪʴʶ ʢʘʧʩʠʜʥʦʛʦ ʙʝʣʢʘ, 

ʚʳʷʚʣʷʝʤʳʭ ʚ ʤʠʨʝ ʩ 70-ʭ ʛʦʜʦʚ ʧʨʦʰʣʦʛʦ ʚʝʢʘ. ʅʘ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʦʤ 

ʜʝʨʝʚʝ, ʦʪʨʘʞʘʶʱʝʤ ʵʚʦʣʶʮʠʶ ʛʝʥʘ GII.P16, ʚ ʢʦʪʦʨʦʝ ʚʢʣʶʯʝʥʳ ʠ 

ʥʠʞʝʛʦʨʦʜʩʢʠʝ ʠʟʦʣʷʪʳ, ʚʠʜʥʦ, ʯʪʦ ʵʪʦʪ ʛʝʥ ʚʧʝʨʚʳʝ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥ ʫ 

ʥʦʨʦʚʠʨʫʩʘ ʛʝʥʦʪʠʧʘ GII.16, ʚʳʜʝʣʝʥʥʦʛʦ ʚ 1975 ʛ. ʚ ʗʧʦʥʠʠ (ʈʠʩʫʥʦʢ 18). 

ɺ ʜʘʣʴʥʝʡʰʝʤ ʦʥ ʚʳʷʚʣʝʥ ʫ ʥʦʨʦʚʠʨʫʩʦʚ ʛʝʥʦʪʠʧʘ GII.2, 

ʮʠʨʢʫʣʠʨʦʚʘʚʰʠʭ ʚ 2008-2014 ʛʛ. ʚ ʖʛʦ-ɺʦʩʪʦʯʥʦʡ ɸʟʠʠ (ʣʠʥʠʷ A), 

ʛʝʥʦʪʠʧʘ GII.3, ʮʠʨʢʫʣʠʨʦʚʘʚʰʠʭ ʚ ʈʦʩʩʠʠ ʠ ʨʷʜʝ ʝʚʨʦʧʝʡʩʢʠʭ ʩʪʨʘʥ ʚ 

2011-2014 ʛʛ., ʛʝʥʦʪʠʧʘ GII.13, ʮʠʨʢʫʣʠʨʦʚʘʚʰʠʭ ʢʘʢ ʚ ɽʚʨʦʧʝʡʩʢʠʭ, ʪʘʢ ʠ 

ʚ ɸʟʠʘʪʩʢʠʭ ʩʪʨʘʥʘʭ ʚ 2010-2013 ʛʛ. (ʦʜʠʥ ʠʟʦʣʷʪ GII.13[P16] ʚʳʷʚʣʝʥ ʚ 

ʅʠʞʥʝʤ ʅʦʚʛʦʨʦʜʝ ʚ 2016 ʛ.) (ʣʠʥʠʷ B). ʆʙʥʘʨʫʞʝʥʳ ʪʘʢʞʝ ʨʝʢʦʤʙʠʥʘʥʪʳ 

ʩʦ ʩʧʝʮʠʬʠʯʥʦʩʪʴʶ ʢʘʧʩʠʜʥʦʛʦ ʙʝʣʢʘ GII.1, GII.10, GII.17 [Oparina et al., 

2022]. 

ʆʜʥʘʢʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʬʨʘʛʤʝʥʪʦʚ ʛʝʥʦʤʘ ʥʦʨʦʚʠʨʫʩʦʚ GII.4 

ʠ GII.2, ʜʦʤʠʥʠʨʦʚʘʚʰʠʭ ʚ 2015-2020 ʛʛ. ʚʦ ʤʥʦʛʠʭ ʩʪʨʘʥʘʭ ʤʠʨʘ, 

ʬʦʨʤʠʨʫʶʪ ʦʪʜʝʣʴʥʳʡ ʢʣʘʩʪʝʨ (ʣʠʥʠʷ C). ɺʥʫʪʨʠ ʢʣʘʩʪʝʨʘ 

ʩʬʦʨʤʠʨʦʚʘʣʦʩʴ ʜʚʘ ʩʫʙʢʣʘʩʪʝʨʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʪʠʧʦʚʦʡ 

ʩʧʝʮʠʬʠʯʥʦʩʪʠ ʢʘʧʩʠʜʥʦʛʦ ʙʝʣʢʘ VP1 ï GII.2 ʠ GII.4, ʠʭ ʦʙʱʠʡ ʧʨʝʜʦʢ 

ʩʫʱʝʩʪʚʦʚʘʣ ʦʢʦʣʦ 2012 ʛʦʜʘ.  
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ʈʠʩʫʥʦʢ 18 ï ʌʠʣʦʛʝʥʝʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʥʘ ʦʩʥʦʚʝ ʫʯʘʩʪʢʘ ʛʝʥʘ 

ʈʅʂ-ʟʘʚʠʩʠʤʦʡ ʈʅʂ-ʧʦʣʠʤʝʨʘʟʳ GII.P16 ʥʦʨʦʚʠʨʫʩʦʚ (264 ʥ.ʦ.)   

ʚ ʘʩʩʦʮʠʘʮʠʠ ʩ ʨʘʟʥʳʤʠ ʛʝʥʦʪʠʧʘʤʠ ʧʦ ʛʝʥʫ VP1 (ʘ).  

ɸʤʠʥʦʢʠʩʣʦʪʥʳʝ ʟʘʤʝʥʳ ʚʙʣʠʟʠ ʬʝʨʤʝʥʪʘʪʠʚʥʳʭ ʩʘʡʪʦʚ ʬʝʨʤʝʥʪʘ (ʙ).  

ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʤʦʜʝʣʴ ʈʅʂ-ʧʦʣʠʤʝʨʘʟʳ   

(ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʤʝʨʘʟʳ GII.4, ID PDB: 4QPX) (ʚ) 

 

 

ʘ)  

ʙ)  

ʚ)  
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ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ, ʧʦʣʫʯʝʥʥʳʤ Barclay ʩ ʩʦʘʚʪ. (2018), ʬʠʣʦʛʝʥʠʷ 

ʧʦʣʠʤʝʨʘʟ GII.P16 ʧʦʢʘʟʘʣʘ ʥʘʣʠʯʠʝ ʪʨʝʭ ʨʘʟʥʳʭ ʣʠʥʠʡ ʧʦʣʠʤʝʨʘʟʳ 

GII.P16: çʩʫʱʝʩʪʚʫʶʱʠʝ Aè, çʩʫʱʝʩʪʚʫʶʱʠʝ Bè ʠ çʥʦʚʳʝè (Barkly et al., 

2019). ʇʨʦʚʝʜʝʥʥʳʡ ʥʘʤʠ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʦʜʪʚʝʨʜʠʣ ʥʘʣʠʯʠʝ 

ʪʨʝʭ ʣʠʥʠʡ, ʢʦʪʦʨʳʝ ʤʳ ʥʘʟʚʘʣʠ A, B ʠ C.  

ɸʥʘʣʠʟ ʚʳʚʝʜʝʥʥʳʭ ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʧʦʣʥʦʛʦ 

ʛʝʥʘ ʧʦʣʠʤʝʨʘʟʳ ʧʦʢʘʟʘʣ ʥʘʣʠʯʠʝ ʫ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʣʠʥʠʠ C ʯʝʪʳʨʝʭ 

ʟʘʤʝʥ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʰʪʘʤʤʘʤʠ, ʮʠʨʢʫʣʠʨʦʚʘʚʰʠʤʠ ʨʘʥʝʝ ï S293T, 

V332I, ʂ357Q, T360A (ʈʠʩʫʥʦʢ 18ʙ, ʚ). ʕʪʠ ʟʘʤʝʥʳ ʥʘʭʦʜʷʪʩʷ ʚʙʣʠʟʠ 

ʩʘʡʪʦʚ, ʦʪʚʝʯʘʶʱʠʭ ʟʘ ʬʝʨʤʝʥʪʘʪʠʚʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʧʦʣʠʤʝʨʘʟʳ, ʠ, ʧʦ 

ʤʥʝʥʠʶ Ruis ʉ. ʠ ʩʦʘʚʪ. (2017), ʤʦʛʣʠ ʧʦʚʣʠʷʪʴ ʥʘ ʪʨʘʥʩʤʠʩʩʠʚʥʦʩʪʴ 

ʚʠʨʫʩʘ ʠ ʦʙʝʩʧʝʯʠʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦ ʚʩʝʤʫ ʤʠʨʫ ʰʪʘʤʤʦʚ ʩ ʥʦʚʳʤ 

ʚʘʨʠʘʥʪʦʤ ʧʦʣʠʤʝʨʘʟʳ GII.P16 [Ruis et al., 2017].  

ɺʳʨʘʚʥʠʚʘʥʠʝ ʧʦʣʥʦʡ ʨʘʤʢʠ ʩʯʠʪʳʚʘʥʠʷ ORF1 ʛʝʥʦʤʦʚ 

ʥʦʨʦʚʠʨʫʩʦʚ ʪʠʧʘ [P16] ʧʦʢʘʟʘʣʦ ʥʘʣʠʯʠʝ ʫ ʨʝʢʦʤʙʠʥʘʥʪʥʳʭ ʰʪʘʤʤʦʚ 

ʛʝʥʦʪʠʧʘ GII.17[P16] ʠ ʫ ʚʩʝʭ ʰʪʘʤʤʦʚ ʜʨʫʛʠʭ ʛʝʥʦʪʠʧʦʚ, 

ʮʠʨʢʫʣʠʨʦʚʘʚʰʠʭ ʚ 2010-2015 ʛʛ., ʚʩʪʘʚʢʠ ʪʨʠʧʣʝʪʘ GAA ʚ ʨʝʛʠʦʥʝ, 

ʢʦʜʠʨʫʶʱʝʤ ʥʝʩʪʨʫʢʪʫʨʥʳʡ ʙʝʣʦʢ p48 (N-terminal protein p48). ʋ 

ʩʦʚʨʝʤʝʥʥʳʭ ʨʝʢʦʤʙʠʥʘʥʪʥʳʭ ʰʪʘʤʤʦʚ ʚ ʵʪʦʡ ʞʝ ʦʙʣʘʩʪʠ ʛʝʥʘ ʙʝʣʢʘ p48 

ʙʳʣʘ ʚʳʷʚʣʝʥʘ ʚʩʪʘʚʢʘ ʝʱʝ ʦʜʥʦʛʦ ʪʨʠʧʣʝʪʘ GAA ʠʣʠ GGA. ʇʦ 

ʧʨʝʜʧʦʣʦʞʝʥʠʶ ɾʠʨʘʢʦʚʩʢʦʡ ɽ.ɺ. ʩ ʩʦʘʚʪ. (2020) ʠʟʤʝʥʝʥʠʷ ʚ N-

ʪʝʨʤʠʥʘʣʴʥʦʤ ʙʝʣʢʝ p48, ʢʦʪʦʨʳʡ ʩʧʦʩʦʙʝʥ ʙʣʦʢʠʨʦʚʘʪʴ ʤʝʩʪʥʳʡ 

ʩʝʢʨʝʪʦʨʥʳʡ ʠʤʤʫʥʠʪʝʪ ʵʧʠʪʝʣʠʘʣʴʥʳʭ ʢʣʝʪʦʢ ʢʠʰʝʯʥʠʢʘ, ʠʥʜʫʮʠʨʦʚʘʪʴ 

ʜʝʟʠʥʪʝʛʨʘʮʠʶ ʘʧʧʘʨʘʪʘ ɻʦʣʴʜʞʠ ʠ ʥʘʨʫʰʘʪʴ ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʡ ʪʨʘʬʠʢ 

ʙʝʣʢʦʚ, ʪʦʞʝ ʩʳʛʨʘʣʠ ʩʚʦʶ ʨʦʣʴ ʚ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʵʪʦʛʦ ʥʦʚʦʛʦ 

ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʚʘʨʠʘʥʪʘ ʥʦʨʦʚʠʨʫʩʘ [ɾʠʨʘʢʦʚʩʢʘʷ ʩ ʩʦʘʚʪ., 2020]. 

 

P-ʪʠʧ GII.P4. ʅʦʨʦʚʠʨʫʩ ʚʘʨʠʘʥʪʘ GII.4 Sydney 2012, ʥʝʩʤʦʪʨʷ ʥʘ 

ʪʦ, ʯʪʦ ʧʦʣʫʯʠʣ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ʚʠʜʝ ʨʝʢʦʤʙʠʥʘʥʪʦʚ ʩ 
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ʧʦʣʠʤʝʨʘʟʘʤʠ P31 ʠ P16, ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʧʨʝʜʩʪʘʚʣʝʥ ʰʪʘʤʤʘʤʠ ʩ 

ʧʦʣʠʤʝʨʘʟʦʡ P4. ɻʝʥ ʧʦʣʠʤʝʨʘʟʳ ʩʦ ʩʧʝʮʠʬʠʯʥʦʩʪʴʶ GII.P4 ʥʘʭʦʜʠʣʩʷ ʚ 

ʩʦʩʪʘʚʝ ʚʩʝʭ ʧʨʝʜʰʝʩʪʚʫʶʱʠʭ Sydney 2012 ʵʧʠʜʝʤʠʯʝʩʢʠʭ ʚʘʨʠʘʥʪʦʚ 

ʛʝʥʦʪʠʧʘ GII.4. ɼʣʷ ʠʟʫʯʝʥʠʷ ʚʘʨʠʘʙʝʣʴʙʥʦʩʪʠ ʠ ʵʚʦʣʶʮʠʠ ʜʘʥʥʦʛʦ ʛʝʥʘ 

ʙʳʣ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʥʫʢʣʝʦʪʠʜʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʥʦʨʦʚʠʨʫʩʦʚ, 

ʥʝʩʫʱʠʭ ʛʝʥ GII.P4 ʈʅʂ-ʟʘʚʠʩʠʤʦʡ ʈʅʂ-ʧʦʣʠʤʝʨʘʟʳ [Oparina et al., 2024].  

ɿʘ ʦʩʥʦʚʫ ʜʣʷ ʦʪʙʦʨʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʘ 

ʚʟʷʪʘ ʨʘʥʝʝ ʩʬʦʨʤʠʨʦʚʘʥʥʘʷ ʥʘʤʠ ʙʘʟʘ ʥʫʢʣʝʦʪʠʜʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝ 

NoroGen, ʩʦʜʝʨʞʘʱʘʷ ʧʦʣʥʳʝ ʥʫʢʣʝʦʪʠʜʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʛʝʥʦʤʘ 

ʥʦʨʦʚʠʨʫʩʦʚ, ʠʟʚʣʝʯʝʥʥʳʝ ʠʟ ʙʘʟʳ ʜʘʥʥʳʭ GʝnBank ʧʦ ʢʣʶʯʝʚʳʤ ʩʣʦʚʘʤ 

çNorovirus complete genomeè ʧʦ ʩʦʩʪʦʷʥʠʶ ʥʘ 02.06.2021 [ɽʧʠʬʘʥʦʚʘ, 

ɽʧʠʬʘʥʦʚ, 2019, 2021], ʘ ʪʘʢʞʝ ʧʨʠʩʫʪʩʪʚʫʶʱʠʝ ʚ GʝnBank ʯʘʩʪʠʯʥʳʝ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʛʝʥʦʤʘ  ʥʦʨʦʚʠʨʫʩʦʚ, ʚʳʷʚʣʝʥʥʳʭ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ [Genbank]. ɺ ʠʪʦʛʝ ʚ ʘʥʘʣʠʟ ʚʢʣʶʯʝʥʦ 184 

ʥʫʢʣʝʦʪʠʜʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʥʦʨʦʚʠʨʫʩʦʚ GII.4[P4], ʚ ʪʦʤ ʯʠʩʣʝ 

ʦʜʠʥ ʥʠʞʝʛʦʨʦʜʩʢʠʡ ʠʟʦʣʷʪ GII.4 Sydney[P4 New Orleans]. ʇʦ ʩʦʩʪʦʷʥʠʶ 

ʥʘ 16.10.2024 ʚ ʦʥʣʘʡʥ-ʩʝʨʚʠʩʝ ʜʣʷ ʪʠʧʠʨʦʚʘʥʠʷ ʢʘʣʠʮʠʚʠʨʫʩʦʚ 

(Calicivirus typing tool) ʥʘʩʯʠʪʳʚʘʣʦʩʴ 14 ʚʘʨʠʘʥʪʦʚ ʛʝʥʦʪʠʧʘ GII.4 ʧʦ ʛʝʥʫ 

ʢʘʧʩʠʜʘ, ʚ ʘʩʩʦʮʠʘʮʠʠ ʩ ʯʝʪʳʨʴʤʷ ʪʠʧʘʤʠ ʧʦʣʠʤʝʨʘʟʳ (ʈʠʩʫʥʦʢ 19). 

ɼʣʷ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʫʯʘʩʪʢʠ 

ʧʦʣʥʦʛʦ ʛʝʥʘ ʧʦʣʠʤʝʨʘʟʳ ʜʣʠʥʦʡ 1533 ʥʫʢʣʝʦʪʠʜʥʳʭ ʦʩʥʦʚʘʥʠʡ. ɺʩʝ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʙʳʣʠ ʧʨʦʤʘʨʢʠʨʦʚʘʥʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʛʦʜʦʤ ʠ 

ʩʪʨʘʥʦʡ ʚʳʷʚʣʝʥʠʷ ʠʟʦʣʷʪʘ, ʘ ʪʘʢʞʝ ʝʛʦ ʛʝʥʦʪʠʧʦʤ ʧʦ ʛʝʥʫ ʢʘʧʩʠʜʥʦʛʦ 

ʙʝʣʢʘ VP1 ʠ ʧʦʣʠʤʝʨʘʟʳ P4. ʇʨʠ ʧʦʩʪʨʦʝʥʠʠ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʦʛʦ ʜʝʨʝʚʘ 

ʵʪʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʠʣʠʩʴ ʥʘ ʢʣʘʩʪʝʨʳ, ʩʦʛʣʘʩʥʦ ʪʠʧʘʤ 

ʧʦʣʠʤʝʨʘʟʳ. ɼʠʚʝʨʛʝʥʮʠʷ ʥʫʢʣʝʦʪʠʜʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʚʥʫʪʨʠ 

ʢʣʘʩʪʝʨʘ GII.P4 Camberwell, ʥʘʭʦʜʷʱʝʛʦʩʷ ʚ ʦʩʥʦʚʘʥʠʠ ʜʝʨʝʚʘ, ʩʦʩʪʘʚʠʣʘ 

ʦʪ 2,88 % ʜʦ 3,07 %. 
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ʈʠʩʫʥʦʢ 19 ï ʂʦʤʙʠʥʘʮʠʠ ʛʝʥʦʚ RdRp ʠ VP1 ʥʦʨʦʚʠʨʫʩʦʚ ʛʝʥʦʪʠʧʘ GII.4 

 

ï  ʥʝʨʝʢʦʤʙʠʥʘʥʪʥʳʝ  

         h ʪʘʤʤʳ; 

ï      ʤʝʞʚʘʨʠʘʥʪʥʳʝ 

                ʨʝʢʦʤʙʠʥʘʥʪʳ; 

ï     ʤʝʞʛʝʥʦʪʠʧʦʚʳʝ 

              ʨʝʢʦʤʙʠʥʘʥʪʳ; 

ï ʪʠʧ ʧʦʣʠʤʝʨʘʟʳ ʥʝ 

           ʦʙʦʟʥʘʯʝʥ 

 

ʉʣʝʜʫʶʱʠʡ ʢʣʘʩʪʝʨ ʩʦʜʝʨʞʠʪ ʰʪʘʤʤʳ GII.P4 US95, ʜʠʚʝʨʛʝʥʮʠʷ 

ʥʫʢʣʝʦʪʠʜʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʚ ʢʦʪʦʨʦʤ ʩʦʩʪʘʚʠʣʘ ʦʪ 1,70 % ʜʦ 

5,23 %. ɼʘʣʝʝ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʢʣʘʩʪʝʨ ʩ ʚʘʨʠʘʥʪʘʤʠ GII.P4 Den Haag, ʛʜʝ 

ʨʘʟʣʠʯʠʷ ʚ ʥʫʢʣʝʦʪʠʜʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʭ ʚʘʨʴʠʨʦʚʘʣʠ ʦʪ 0,65 % ʜʦ 

6,2 %. ɺʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʨʘʟʣʠʯʠʡ ʚʳʷʚʣʝʥʳ ʫ ʰʪʘʤʤʦʚ, ʢʦʪʦʨʳʝ ʙʳʣʠ 

ʦʙʥʘʨʫʞʝʥʳ ʚ ʮʠʨʢʫʣʷʮʠʠ ʧʦʟʜʥʝʝ ʧʝʨʠʦʜʘ ʜʦʤʠʥʠʨʦʚʘʥʠʷ ʦʩʥʦʚʥʳʭ 

ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʜʘʥʥʦʛʦ ʚʘʨʠʘʥʪʘ ï 2010 ʠ 2017 ʛʛ. (ʈʠʩʫʥʦʢ 20). 
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ʈʠʩʫʥʦʢ 20 ï ʌʠʣʦʛʝʥʝʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʥʘ ʦʩʥʦʚʝ ʥʫʢʣʝʦʪʠʜʥʳʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʛʝʥʘ GII.P4 RdRp ʥʦʨʦʚʠʨʫʩʦʚ (1533 ʥ.ʦ.)  

ï ʠʟʦʣʷʪ ʠʟ ʅʠʞʥʝʛʦ ʅʦʚʛʦʨʦʜʘ, ï ï ʨʝʬʝʨʝʥʩʥʳʝ ʰʪʘʤʤʳ 

 

ʉʣʝʜʫʶʱʠʝ ʜʚʘ ʢʣʘʩʪʝʨʘ ʧʨʦʠʩʭʦʜʷʪ ʦʪ ʦʜʥʦʛʦ ʦʙʱʝʛʦ ʧʨʝʜʢʘ, 

ʩʫʱʝʩʪʚʦʚʘʚʰʝʛʦ ʚ 1991 ʛ. ʆʜʠʥ ʢʣʘʩʪʝʨ ʩʦʩʪʦʠʪ ʠʟ 

GII.P4 Farmington Hills, ʜʨʫʛʦʡ ï ʠʟ GII.P4 Hunter, GII.P4 Yerseke ʠ 

GII.P4 New Orleans. ɼʠʚʝʨʛʝʥʮʠʷ ʥʫʢʣʝʦʪʠʜʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ 

ʚʥʫʪʨʠ ʢʣʘʩʪʝʨʘ GII.P4 Farmington Hills ʩʦʩʪʘʚʠʣʘ ʦʪ 0,46 % ʜʦ 1,24 %, ʫ 

GII.P4 Hunter ï ʦʪ 2,16 % ʜʦ 4,71 %. GII.P4 Yerseke ʩʦʩʪʦʠʪ ʠʟ 2 ʛʨʫʧʧ: 

ʦʜʥʘ ʨʘʩʧʦʣʦʞʝʥʘ ʙʣʠʟʢʦ ʢ GII.P4 Hunter ʠ ʩʦʜʝʨʞʠʪ ʪʦʣʴʢʦ 

ʤʝʞʚʘʨʠʘʥʪʥʳʝ ʨʝʢʦʤʙʠʥʘʥʪʳ, ʩ ʜʠʚʝʨʛʝʥʮʠʝʡ ʥʫʢʣʝʦʪʠʜʥʳʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʦʪ 2,61 % ʜʦ 6,73 %.  
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ʈʠʩʫʥʦʢ 21 ï ɸʥʘʣʠʟ ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʟʘʤʝʥ ʚ ʙʝʣʢʝ RdRp ʥʦʨʦʚʠʨʫʩʦʚ  

ʩʦ ʩʧʝʮʠʬʠʯʥʦʩʪʴʶ P4 

 

ɺʪʦʨʘʷ ï ʨʘʩʧʦʣʦʞʝʥʘ ʨʷʜʦʤ ʩ GII.P4 New Orleans, ʠ ʩʦʩʪʦʠʪ ʠʟ 

ʥʝʨʝʢʦʤʙʠʥʘʥʪʥʳʭʰʪʘʤʤʦʚ, ʨʘʟʣʠʯʠʷ ʚʥʫʪʨʠ ʢʣʘʩʪʝʨʘ ï ʦʪ 0,39 % ʜʦ 

4,58 %. ɼʠʚʝʨʛʝʥʮʠʷ ʥʫʢʣʝʦʪʠʜʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʢʣʘʩʪʝʨʘ 

GII.P4 New Orleans ʩʦʩʪʘʚʠʣʘ ʦʪ 1,37 % ʜʦ 8,89 %, ʠʟ-ʟʘ ʥʘʣʠʯʠʷ 

ʤʝʞʚʘʨʠʘʥʪʥʳʭ ʨʝʢʦʤʙʠʥʘʥʪʦʚ. ʀʟʦʣʷʪ ʠʟ ʅʠʞʥʝʛʦ ʅʦʚʛʦʨʦʜʘ, ʥʘʭʦʜʠʪʩʷ 

ʚ ʢʣʘʩʪʝʨʝ ʧʦʣʠʤʝʨʘʟʳ GII.P4 New Orleans ʠ ʨʘʩʧʦʣʦʞʝʥ ʨʷʜʦʤ ʩʦ 

ʰʪʘʤʤʘʤʠ ʠʟ ʉʐɸ 2018-2019 ʛʛ. ʠ ʀʩʧʘʥʠʠ 2019 ʛ.  

ɸʥʘʣʠʟ ʚʳʚʝʜʝʥʥʳʭ ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʚʳʷʚʠʣ 

ʟʘʤʝʥʳ, ʩʧʝʮʠʬʠʯʥʳʝ ʜʣʷ ʢʘʞʜʦʛʦ ʚʘʨʠʘʥʪʘ, ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʚ ʮʝʣʦʤ 

ʢʦʥʩʝʨʚʘʪʠʚʥʳʭ ʤʦʪʠʚʦʚ ʧʦʣʠʤʝʨʘʟʳ (ʈʠʩʫʥʦʢ 21). 

ɺʘʨʠʘʥʪ ʧʦʣʠʤʝʨʘʟʳ GII.P4 Camberwell 1987 ʦʪʥʦʩʠʪʩʷ ʢ ʦʜʥʦʤʫ ʠʟ 

ʥʘʠʙʦʣʝʝ ʨʘʥʥʠʭ, ʥʦ ʰʪʘʤʤʳ ʩ ʥʠʤ ʥʝ ʠʤʝʣʠ ʟʥʘʯʠʪʝʣʴʥʦʛʦ 

ʵʧʠʜʝʤʠʯʝʩʢʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ. ʉʣʝʜʫʶʱʘʷ ʧʦʣʠʤʝʨʘʟʘ GII.P4 US95 

ʦʙʥʘʨʫʞʝʥʘ ʚ ʩʝʨʝʜʠʥʝ 90-ʭ ʛʛ. ʠ ʦʪʣʠʯʘʣʘʩʴ ʦʪ ʧʨʝʜʳʜʫʱʝʡ ʧʦ ʜʝʚʷʪʠ 

ʘʤʠʥʦʢʠʩʣʦʪʘʤ, ʠʟ ʢʦʪʦʨʳʭ ʩʝʤʴ ʧʨʝʜʩʪʘʚʣʝʥʳ ʫ ʩʣʝʜʫʶʱʠʭ ʚʘʨʠʘʥʪʦʚ. 

ɺʘʨʠʘʥʪ ʧʦʣʠʤʝʨʘʟʳ GII.P4 Farmington Hills 2002 ʠʤʝʣ ʦʪʣʠʯʠʷ ʚ ʯʝʪʳʨʝʭ 

ʧʦʟʠʮʠʷʭ, ʢʦʪʦʨʳʝ ʚ ʜʘʣʴʥʝʡʰʝʤ ʧʨʦʩʣʝʞʠʚʘʶʪʩʷ ʠ ʫ ʜʨʫʛʠʭ ʚʘʨʠʘʥʪʦʚ.  

ʇʦʟʠʮʠʷ ʘ.ʦ. 1 1 1 1 1 2 2 2 2 2 2 2 3 3 3 3 4 4 4 4

0 0 0 2 6 1 3 3 6 7 8 9 3 6 8 8 2 2 2 5

1 4 5 5 1 1 2 7 5 3 5 1 6 7 4 5 1 1 3 0 6 1 4 9 3

Camberwell 1987 JX289821 Camberwell US 1987 S K T P D S P Q T I G V R K P I M K I K T N P E T A

US95 1995 MW305585 GII.4/P4US95 JP 1995 . . . . . . S E A M . I . . S V V . . . V . . . . .

FarmingtonHills 2002 AY502023 GII.4/P4FH US 2002 . . A . . N . E A M . I . R S V V T . R V . . . . .

Hunter 2004 DQ078814 GII.4/P4H AU 2004 N . A S . . . E A M A I . T . V V T T R V . S . . .

Yerseke 2006 AB294790 GII.4/P4Y JP 2006 N . A S E . . E A M A I . T . V V T T R V . S . . .

DenHaag 2006 EF684915 GII.4/P4DH AU 2006 . . A . . . . E A M . I K R S V V T . . V D . . S T

GU445325 GII.4/P4NO US 2009 N T A S E . . E A M A I . T . V V T T R V . . G . .

KF509947 GII.4S/P4NO CA 2011 N T A S E . . E A M A I . A . V V T T R V . . G . .

PQ207921 GII.4S/P4NO US 2018 N T A S E . . E A M A . . T . V V T T . V . . G . .

OR477993NN GII.4S/P4NO RU 2022N T A S E . . E A M A . . T . V V T T R V . . G . .

NewOrleans 2009

ɺʘʨʠʘʥʪ GII.P4
8

4

2 3 3 6

GenBank/ɻʝʥʦʪʠʧ/ʉʪʨʘʥʘ/ɻʦʜ
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ʇʨʠʤʝʯʘʪʝʣʴʥʦ, ʯʪʦ ʟʘʤʝʥʘ ʣʠʟʠʥʘ ʥʘ ʪʨʝʦʥʠʥ ʚ ʧʦʣʦʞʝʥʠʠ 291, 

ʚʳʷʚʣʷʝʤʘʷ ʩ 2002 ʛʦʜʘ, ʦʙʫʩʣʦʚʠʣʘ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʯʘʩʪʦʪʫ ʤʫʪʘʮʠʡ ʠ 

ʩʢʦʨʦʩʪʴ ʵʚʦʣʶʮʠʠ ʚʠʨʫʩʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʝʵʧʠʜʝʤʠʯʝʩʢʠʤʠ ʠ ʨʝʞʝ 

ʚʳʷʚʣʷʝʤʳʤʠ ʰʪʘʤʤʘʤʠ, ʩʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʣʠʪʝʨʘʪʫʨʳ [Bull et al., 2010].  

ɺʘʨʠʘʥʪ ʩ ʧʦʣʠʤʝʨʘʟʦʡ GII.P4 Hunter 2004 ʦʪʣʠʯʘʣʩʷ ʦʪ 

GII.P4 Farmington Hills ʧʦ 6 ʩʘʡʪʘʤ, ʘ GII.P4 Yerseke 2006a ʦʪʣʠʯʘʣʩʷ ʦʪ 

GII.P4 Hunter ʥʘʣʠʯʠʝʤ ʝʜʠʥʠʯʥʳʭ ʟʘʤʝʥ, ʥʝ ʧʦʣʫʯʠʚʰʠʭ ʰʠʨʦʢʦʛʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ. ʋ ʰʪʘʤʤʦʚ GII.P4 Den Haag 2006b ʥʘʙʣʶʜʘʝʪʩʷ ʨʝʚʝʨʩʠʷ 

ʢ GII.P4 Farmington Hills ʚ ʰʝʩʪʠ ʧʦʟʠʮʠʷʭ, ʘ ʚ ʯʝʪʳʨʝʭ ʩʘʡʪʘʭ 

ʘʤʠʥʦʢʠʩʣʦʪʥʳʝ ʟʘʤʝʥʳ ʷʚʣʷʶʪʩʷ ʭʘʨʘʢʪʝʨʥʳʤʠ ʜʣʷ ʜʘʥʥʦʛʦ ʚʘʨʠʘʥʪʘ 

ʧʦʣʠʤʝʨʘʟʳ. 

ɺ ʧʦʟʠʮʠʠ 163, ʢʦʪʦʨʘʷ ʥʘʭʦʜʠʪʩʷ ʚ ʤʦʪʠʚʝ F (ʫʯʘʩʪʚʫʝʪ ʚ 

ʨʘʩʧʦʟʥʘʚʘʥʠʠ ʠ ʢʦʦʨʜʠʥʘʮʠʠ ʥʫʢʣʝʦʪʠʜʦʚ), ʠʤʝʝʪʩʷ ʟʘʤʝʥʘ 

ʘʤʠʥʦʢʠʩʣʦʪʳ ʩ ʛʣʠʮʠʥʘ ʥʘ ʘʣʘʥʠʥ (G163A), ʥʘʯʠʥʘʷ ʩ ʚʘʨʠʘʥʪʘ 

GII.P4 Hunter 2004 ʛ., ʢʦʪʦʨʘʷ ʟʘʢʨʝʧʠʣʘʩʴ ʠ ʚʧʦʩʣʝʜʩʪʚʠʠ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʪʘʢʞʝ ʫ GII.P4 Yerseke ʠ GII.P4 New Orleans. 

ʋ ʚʘʨʠʘʥʪʘ GII.P4 New Orleans 2009 ʭʘʨʘʢʪʝʨʥʳʝ ʘʤʠʥʦʢʠʩʣʦʪʳ 

ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʯʝʪʳʨʝʭ ʩʘʡʪʘʭ, ʘ ʪʘʢʞʝ ʚ ʰʝʩʪʠ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ 

ʚʦʟʚʨʘʱʝʥʠʝ ʢ ʚʘʨʠʘʥʪʘʤ GII.P4 Hunter ʠ GII.P4 Yerseke. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʚʳʰʝʠʟʣʦʞʝʥʥʦʛʦ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʥʦʚʳʭ ʚʘʨʠʘʥʪʦʚ 

ʥʦʨʦʚʠʨʫʩʦʚ GII.4[P4] ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʧʦʩʨʝʜʩʪʚʦʤ ʩʦʚʤʝʩʪʥʦʡ ʵʚʦʣʶʮʠʠ 

ʜʚʫʭ ʬʨʘʛʤʝʥʪʦʚ ʛʝʥʦʤʘ (RdRp ʠ VP1), ʧʨʦʠʩʭʦʜʠʚʰʝʡ ʧʦʩʪʝʧʝʥʥʦ, ʘ 

ʪʘʢʞʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʤʝʞʚʘʨʠʘʥʪʥʦʡ ʨʝʢʦʤʙʠʥʘʮʠʠ, ʯʪʦ, ʚʝʨʦʷʪʥʦ, 

ʦʙʝʩʧʝʯʠʚʘʣʦ ʚʠʨʫʩʫ ʦʧʨʝʜʝʣʝʥʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʩʦʟʜʘʚʘʣʦ 

ʧʨʝʜʧʦʩʳʣʢʠ ʢ ʜʘʣʴʥʝʡʰʝʤʫ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʶ.  

ɼʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʩʨʘʚʥʠʪʝʣʴʥʫʶ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ RdRp ʚʘʨʠʘʥʪʦʚ ʥʦʨʦʚʠʨʫʩʦʚ, ʦʜʥʠ ʠʟ ʢʦʪʦʨʳʭ 

ʧʨʝʦʙʣʘʜʘʣʠ ʠ ʨʘʩʧʨʦʩʪʨʘʥʷʣʠʩʴ ʧʦ ʚʩʝʤʫ ʤʠʨʫ, ʘ ʜʨʫʛʠʝ ʮʠʨʢʫʣʠʨʦʚʘʣʠ 

ʪʦʣʴʢʦ ʥʘ ʥʠʟʢʠʭ ʫʨʦʚʥʷʭ ʠʣʠ ʙʳʣʠ ʩʚʷʟʘʥʳ ʩ ʛʝʦʛʨʘʬʠʯʝʩʢʠ 
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ʦʛʨʘʥʠʯʝʥʥʳʤʠ ʵʧʠʜʝʤʠʷʤʠ, ʷʚʣʷʶʪʩʷ ʦʜʥʠʤ ʠʟ ʚʘʞʥʳʭ ʘʩʧʝʢʪʦʚ ʚ 

ʧʦʥʠʤʘʥʠʠ ʵʚʦʣʶʮʠʠ ʠ ʵʧʠʜʝʤʠʦʣʦʛʠʠ ʥʦʨʦʚʠʨʫʩʦʚ. ʂʨʦʤʝ ʪʦʛʦ, RdRp 

ʷʚʣʷʝʪʩʷ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʡ ʤʠʰʝʥʴʶ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʩʧʝʮʠʬʠʯʥʳʭ 

ʧʨʦʪʠʚʦʚʠʨʫʩʥʳʭ ʧʨʝʧʘʨʘʪʦʚ. ʆʥʘ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʨʝʧʣʠʢʘʮʠʠ 

ʚʠʨʫʩʘ ʠ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʧʦʣʠʤʝʨʘʟ ʢʣʝʪʢʠ ʭʦʟʷʠʥʘ, ʚ ʩʚʷʟʠ ʩ 

ʯʝʤ ʠʥʛʠʙʠʪʦʨʳ RdRp ʤʦʛʫʪ ʷʚʠʪʴʩʷ ʵʬʬʝʢʪʠʚʥʳʤ ʠ ʙʝʟʦʧʘʩʥʳʤ 

ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʤ ʩʨʝʜʩʪʚʦʤ ʜʣʷ ʣʝʯʝʥʠʷ ʟʘʙʦʣʝʚʘʥʠʷ, ʚʳʟʚʘʥʥʦʛʦ 

ʥʦʨʦʚʠʨʫʩʘʤʠ [Smertina et al., 2019; Ebenezer et al., 2021]. 

 

5.2.2 ʇʝʨʠʦʜʠʯʝʩʢʘʷ ʘʢʪʠʚʠʟʘʮʠʷ ʮʠʨʢʫʣʷʮʠʠ ʥʦʨʦʚʠʨʫʩʦʚ 

ʥʝ-GII.4 -ʛʝʥʦʪʠʧʦʚ 

 

ɻʝʥʦʪʠʧ GII .2. ʏʘʩʪʦʪʘ ʚʳʷʚʣʝʥʠʷ ʥʦʨʦʚʠʨʫʩʘ ʛʝʥʦʪʠʧʘ GII.2 ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ʅʠʞʥʝʛʦ ʅʦʚʛʦʨʦʜʘ ʧʨʠ ʩʧʦʨʘʜʠʯʝʩʢʦʡ ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ ʚ 

ʧʝʨʠʦʜ ʥʘʙʣʶʜʝʥʠʷ ʩʦʩʪʘʚʣʷʣʘ ʦʪ 7,7 ʜʦ 29,4 % ʚ ʨʘʟʥʳʝ ʵʧʠʜʩʝʟʦʥʳ. ɺ 

2006-2014 ʛʛ. ʚ ʅʠʞʥʝʤ ʅʦʚʛʦʨʦʜʝ ʮʠʨʢʫʣʠʨʦʚʘʣʠ ʥʦʨʦʚʠʨʫʩʳ ʛʝʥʦʪʠʧʘ 

GII.2[P2].  

ɺ ʠʶʥʝ 2009 ʛ. ʚ ʢʘʯʝʩʪʚʝ ʵʪʠʦʣʦʛʠʯʝʩʢʦʛʦ ʘʛʝʥʪʘ ʚʩʧʳʰʢʠ ʆʂʀ ʚ 

ʜʝʪʩʢʦʤ ʣʘʛʝʨʝ ʚ ʅʠʞʝʛʦʨʦʜʩʢʦʡ ʦʙʣʘʩʪʠ ʙʳʣ ʚʳʷʚʣʝʥ ʨʝʢʦʤʙʠʥʘʥʪ 

GII.2[P21]. ʇʨʠ ʵʪʦʤ, ʥʠʞʝʛʦʨʦʜʩʢʠʝ ʠʟʦʣʷʪʳ ʦʪʥʦʩʠʣʠʩʴ ʢ ʦʜʥʦʤʫ 

ʛʝʥʦʚʘʨʠʘʥʪʫ ʩ ʥʦʨʦʚʠʨʫʩʘʤʠ, ʚʳʷʚʣʝʥʥʳʤʠ ʚ ʉʐɸ ʚ 2002 ʛ. ʠ ʚ ʐʚʝʮʠʠ 

ʚ 2005 ʛ. ʆʪʤʝʪʠʤ, ʯʪʦ ʥʦʨʦʚʠʨʫʩʳ GII.2, ʚʳʟʚʘʚʰʠʝ ʨʦʩʪ ʚʩʧʳʰʝʯʥʦʡ 

ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ ʥʦʨʦʚʠʨʫʩʥʦʡ ʠʥʬʝʢʮʠʝʡ ʚ ʆʩʘʢʝ (ʗʧʦʥʠʷ) ʚ ʵʧʠʜʩʝʟʦʥ 

2009-2010 ʛʛ. ʠ ʚʳʷʚʣʝʥʥʳʝ ʚ 44,6 % ʩʣʫʯʘʝʚ ʅɺʀ [Iritani et al., 2012], 

ʩʬʦʨʤʠʨʦʚʘʣʠ ʜʨʫʛʦʡ ʛʝʥʦʚʘʨʠʘʥʪ, ʚ ʢʦʪʦʨʳʡ ʚʭʦʜʷʪ ʪʘʢʞʝ ʨʝʬʝʨʝʥʩʥʳʡ 

ʰʪʘʤʤ ʜʘʥʥʦʛʦ ʛʝʥʦʪʠʧʘ Melksham ʠ ʰʪʘʤʤ Goes28 (ʅʠʜʝʨʣʘʥʜʳ, 2005 ʛ.). 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʦʨʦʚʠʨʫʩʳ ʦʜʥʦʛʦ ʛʝʥʦʪʠʧʘ, ʚʳʟʚʘʚʰʠʝ ʚʩʧʳʰʢʠ ʆʂʀ ʚ 

ʛʝʦʛʨʘʬʠʯʝʩʢʠ ʦʪʜʘʣʝʥʥʳʭ ʨʝʛʠʦʥʘʭ ʚ ʦʜʠʥ ʵʧʠʜʩʝʟʦʥ, ʦʪʥʦʩʠʣʠʩʴ ʢ 

ʨʘʟʥʳʤ ʛʝʥʦʚʘʨʠʘʥʪʘʤ. 
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ɸʢʪʠʚʠʟʘʮʠʷ ʮʠʨʢʫʣʷʮʠʠ ʥʦʨʦʚʠʨʫʩʘ ʛʝʥʦʪʠʧʘ GII.2 ʥʘʙʣʶʜʘʣʘʩʴ, 

ʢʘʢ ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʚʳʰʝ, ʚ ʢʦʥʮʝ 2016 ʛ. ɺ ʵʧʠʜʩʝʟʦʥʳ 2016-2017 ʠ 2017-

2018 ʛʛ. ʥʘ ʚʪʦʨʦʤ ʤʝʩʪʝ ʧʦ ʯʘʩʪʦʪʝ ʚʳʷʚʣʝʥʠʷ ʚ ʅʠʞʥʝʤ ʅʦʚʛʦʨʦʜʝ 

ʥʘʭʦʜʠʣʩʷ ʨʝʢʦʤʙʠʥʘʥʪ GII.2[P16]. ʆʥ ʩʪʘʣ ʥʘʠʙʦʣʝʝ ʯʘʩʪʳʤ 

ʵʪʠʦʣʦʛʠʯʝʩʢʠʤ ʘʛʝʥʪʦʤ ʚʩʧʳʰʝʢ ʅɺʀ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʚ ʈʦʩʩʠʡʩʢʦʡ 

ʌʝʜʝʨʘʮʠʠ [ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʜʦʢʣʘʜ, 2018], ʘ ʪʘʢʞʝ ʙʳʣ hʠʨʦʢʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥ ʚ ʨʘʟʥʳʭ ʩʪʨʘʥʘʭ ʤʠʨʘ [Niendorf et al., 2017; Bidalot et al., 

2017]. ʇʨʠʯʝʤ ʵʪʦʪ ʚʘʨʠʘʥʪ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʣʩʷ ʧʦ ʥʫʢʣʝʦʪʠʜʥʦʡ ʠ 

ʘʤʠʥʦʢʠʩʣʦʪʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʦʩʥʦʚʥʦʛʦ ʩʪʨʫʢʪʫʨʥʦʛʦ ʙʝʣʢʘ VP1 

ʢʘʢ ʦʪ ʮʠʨʢʫʣʠʨʦʚʘʚʰʠʭ ʚ ʗʧʦʥʠʠ ʚ 2004-2010 ʛʛ. ʥʦʨʦʚʠʨʫʩʦʚ ʩ 

ʧʦʣʠʤʝʨʘʟʦʡ P2, ʪʘʢ ʠ ʦʪ ʨʝʢʦʤʙʠʥʘʥʪʘ GII.2[P16], ʚʳʟʳʚʘʚʰʝʛʦ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʚʩʧʳʰʢʠ ʚ ʗʧʦʥʠʠ ʚ 2009-2015 ʛʛ.  

 

ɻʝʥʦʪʠʧ GII.6. ɼʣʷ ʛʝʥʦʪʠʧʘ GII.6 ʥʘʙʣʶʜʘʣʦʩʴ ʜʚʘ ʧʝʨʠʦʜʘ 

ʘʢʪʠʚʠʟʘʮʠʠ ʮʠʨʢʫʣʷʮʠʠ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʅʠʞʥʝʛʦ ʅʦʛʦʨʦʜʘ ï ʚ 2009-2010 

ʛʛ., ʘ ʪʘʢʞʝ ï ʚ 2013-2016 ʛʛ. 

ʕʪʦʪ ʛʝʥʦʪʠʧ ʚʳʰʝʣ ʥʘ ʚʪʦʨʦʝ ʤʝʩʪʦ ʧʦʩʣʝ GII.4 ʚ ʗʧʦʥʠʠ ʚ 2008-

2009 ʛʛ., ʩʦʩʪʘʚʠʚ 40,4 % ʚʩʝʭ ʚʳʷʚʣʝʥʥʳʭ ʥʦʨʦʚʠʨʫʩʦʚ, ʧʨʠʯʝʤ ʙʳʣʦ 

ʦʪʤʝʯʝʥʦ ʧʦʷʚʣʝʥʠʝ ʥʦʚʦʛʦ ʛʝʥʦʚʘʨʠʘʥʪʘ [Chan-It et al., 2012; Iritani et al., 

2010]. ɺ 2010-2012 ʛʛ. ʥʦʨʦʚʠʨʫʩ ʛʝʥʦʪʠʧʘ GII.6 ʚʳʟʚʘʣ 107 ʚʩʧʳʰʝʢ ʅɺʀ, 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʚ ʩʪʨʘʥʘʭ-ʫʯʘʩʪʥʠʮʘʭ NoroNet, ʫʩʪʫʧʠʚ ʪʦʣʴʢʦ GII.4, 

ʢʦʪʦʨʳʡ ʦʙʫʩʣʦʚʠʣ 1174 ʚʩʧʳʰʢʠ [van Beek et al., 2013]. ɺ ʅʠʞʥʝʤ 

ʅʦʚʛʦʨʦʜʝ ʦʥ ʙʳʣ ʚʳʷʚʣʝʥ ʧʨʠ ʩʧʦʨʘʜʠʯʝʩʢʦʡ ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ ʚ 2009-2010 

ʛʛ. ʠ ʧʨʠ ʛʨʫʧʧʦʚʦʤ ʟʘʙʦʣʝʚʘʥʠʠ ʚ ʦʜʥʦʤ ʠʟ ʩʦʤʘʪʠʯʝʩʢʠʭ ʩʪʘʮʠʦʥʘʨʦʚ ʚ 

ʜʝʢʘʙʨʝ 2011 ʛʦʜʘ. 

ʇʨʦʚʝʜʝʥ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʫʯʘʩʪʢʦʚ 

ʛʝʥʦʤʘ ʥʦʨʦʚʠʨʫʩʦʚ GII.6, ʚʳʷʚʣʝʥʥʳʭ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʅʠʞʥʝʛʦ ʅʦʚʛʦʨʦʜʘ, 

ʘ ʪʘʢʞʝ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʙʘʟʘʭ ʜʘʥʥʳʭ GenBank ʠ NoroNet (ʈʠʩʫʥʦʢ 22). 

ʅʘ      ʦʩʥʦʚʘʥʠʠ      ʘʥʘʣʠʟʘ     ʤʠʨʦʚʳʭ      ʙʘʟ      ʜʘʥʥʳʭ      ʥʫʢʣʝʦʪʠʜʥʳʭ  
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ʈʠʩʫʥʦʢ 22 ï ʌʠʣʦʛʝʥʝʪʠʯʝʩʢʦʝ ʜʝʨʝʚʦ, ʦʪʨʘʞʘʶɦʝʝ ʜʣʠʪʝʣʴʥʫ  ʁ

ʧʘʨʘʣʣʝʣʴʥʫ  ʁʮʠʨʢʫʣʷʮʠ ʁʥʦʨʦʚʠʨʫʩʦʚ ʨʘʟʣʠʯʥʳʭ ʚʘʨʠʘʥʪʦʚ 

ʛʝʥʦʪʠʧʘ GII.6; 

ʢʨʘʩʥʳʝ, ʟʝʣʝʥʳʝ ʠ ʩʠʥʠʝ ʢʨʫʞʢʠ ï ʥʦʨʦʚʠʨʫʩʳ, ʚʳʷʚʣʝʥʥʳʝ ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ʅʠʞʝʛʦʨʦʜʩʢʦʡ ʦʙʣʘʩʪʠ, ʯʝʨʥʳʝ ʢʚʘʜʨʘʪʳ ï ʨʝʬʝʨʝʥʩʥʳʝ 

ʰʪʘʤʤʳ ʚʘʨʠʘʥʪʦʚ GII.6a (Seacroft_1990), GII.6b (Saitama_1997) ʠ GII.6c 

(Shizuoka_2008) 
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ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʧʦʜʪʚʝʨʞʜʝʥʦ ʥʘʣʠʯʠʝ ʪʨʝʭ ʛʝʥʝʪʠʯʝʩʢʠʭ ʚʘʨʠʘʥʪʦʚ 

ʜʘʥʥʦʛʦ ʛʝʥʦʪʠʧʘ ʧʦ ʛʝʥʫ ʢʘʧʩʠʜʥʦʛʦ ʙʝʣʢʘ ï GII.6a (Seacroft_1990), GII.6b 

(Saitama_1997) ʠ GII.6c (Shizuoka_2008) ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʜʚʫʤʷ ʪʠʧʘʤʠ ʧʦ 

ʛʝʥʫ ʧʦʣʠʤʝʨʘʟʳ ï P6 ʠ P7. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʵʪʠ ʛʝʥʦʚʘʨʠʘʥʪʳ 

ʢʦʮʠʨʢʫʣʠʨʫʶʪ, ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, ʩ 70-ʭ ʛʦʜʦʚ ʧʨʦʰʣʦʛʦ ʚʝʢʘ, ʯʪʦ 

ʦʪʨʘʞʘʝʪ ʨʘʟʣʠʯʠʷ ʚ ʵʚʦʣʶʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʘʭ ʤʝʞʜʫ ʤʠʥʦʨʥʳʤʠ 

ʛʝʥʦʪʠʧʘʤʠ ʥʦʨʦʚʠʨʫʩʦʚ ʠ ʜʦʤʠʥʠʨʫʶʱʠʤ ʛʝʥʦʪʠʧʦʤ GII.4, ʫ ʢʦʪʦʨʦʛʦ 

ʥʦʚʳʝ ʵʧʠʜʝʤʠʯʝʩʢʠʝ ʚʘʨʠʘʥʪʳ ʧʦʣʥʦʩʪʴʶ ʚʳʪʝʩʥʷʶʪ ʧʨʝʜʳʜʫʱʠʝ ʚ 

ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʣʝʪ. ʅʘʠʙʦʣʝʝ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ɸʟʠʠ ʠ 

ɽʚʨʦʧʝ ʧʦʣʫʯʠʣʠ ʨʝʢʦʤʙʠʥʘʥʪʥʳʝ ʥʦʨʦʚʠʨʫʩʳ GII.P7-GII.6c. ʅʦʨʦʚʠʨʫʩʳ 

GII.6, ʮʠʨʢʫʣʠʨʫʶʱʠʝ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʅʠʞʥʝʛʦ ʅʦʚʛʦʨʦʜʘ, ʚ ʦʩʥʦʚʥʦʤ 

ʦʪʥʦʩʷʪʩʷ ʢ ʚʘʨʠʘʥʪʘʤ ʘ ʠ b [ɽʧʠʬʘʥʦʚʘ, 2015]. 

ɺ 2013-2014 ʛʛ. ʚʥʦʚʴ ʧʨʦʠʟʦʰʣʘ ʘʢʪʠʚʠʟʘʮʠʷ ʮʠʨʢʫʣʷʮʠʠ ʚ 

ʅʠʞʥʝʤ ʅʦʚʛʦʨʦʜʝ ʥʦʨʦʚʠʨʫʩʘ ʛʝʥʦʪʠʧʘ GII.6b ʢʘʢ ʧʨʠ ʩʧʦʨʘʜʠʯʝʩʢʦʡ, 

ʪʘʢ ʠ ʧʨʠ ʛʨʫʧʧʦʚʦʡ ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ ʆʂʀ, ʯʝʤʫ ʧʨʝʜʰʝʩʪʚʦʚʘʣʦ 

ʧʦʩʪʝʧʝʥʥʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ, ʥʘʯʠʥʘʷ ʩ 2008 ʛ. ʚ ʤʠʨʝ ʥʦʨʦʚʠʨʫʩʦʚ 

ʩʫʙʣʠʥʠʠ, ʢʦʪʦʨʫʶ ʤʳ ʦʙʦʟʥʘʯʠʣʠ çGII.6b-2 2008-2014è (ʈʠʩʫʥʦʢ 23) 

[ɽʧʠʬʘʥʦʚʘ ʠ ʩʦʘʚʪ., 2015]. ɺ ʵʧʠʜʩʝʟʦʥʝ 2014-2015 ʛʛ. ʜʦʤʠʥʠʨʫʶʱʠʤ ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ʅʠʞʥʝʛʦ ʅʦʚʛʦʨʦʜʘ ʩʪʘʣ ʥʦʨʦʚʠʨʫʩ ʛʝʥʦʪʠʧʘ GII.6 

(ʨʝʢʦʤʙʠʥʘʥʪ GII.P7-GII.6b), ʢʦʪʦʨʳʡ ʩʦʩʪʘʚʠʣ ʙʦʣʝʝ 50 % ʦʪ ʯʠʩʣʘ 

ʪʠʧʠʨʦʚʘʥʥʳʭ ʠʟʦʣʷʪʦʚ [ɽʧʠʬʘʥʦʚʘ ʠ ʩʦʘʚʪ, 2016a]. ɺ ʩʣʝʜʫʶʱʝʤ 

ʵʧʠʜʩʝʟʦʥʝ ʝʛʦ ʜʦʣʷ ʩʥʠʟʠʣʘʩʴ ʠ ʚ ʜʘʣʴʥʝʡʰʝʤ ʢʦʣʝʙʘʣʘʩʴ ʦʪ 0 ʜʦ 5,0 %.  

 

ɻʝʥʦʪʠʧ GII.12. ɺ ʵʧʠʜʩʝʟʦʥʝ 2009-2010 ʛʛ. ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ʅʠʞʥʝʛʦ ʅʦʚʛʦʨʦʜʘ ʠ ʅʠʞʝʛʦʨʦʜʩʢʦʡ ʦʙʣʘʩʪʠ ʩʫʱʝʩʪʚʝʥʥʫʶ ʨʦʣʴ, ʢʘʢ 

ʧʨʠ ʩʧʦʨʘʜʠʯʝʩʢʦʡ, ʪʘʢ ʠ ʧʨʠ ʚʩʧʳʰʝʯʥʦʡ ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ ʆʂʀ, ʠʛʨʘʣ 

ʨʝʢʦʤʙʠʥʘʥʪʥʳʡ ʥʦʨʦʚʠʨʫʩ GII.Pg-GII.12, ʠʤʝʚʰʠʡ ʚ ʵʪʦʪ ʧʝʨʠʦʜ 

ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʠ ʚ ʜʨʫʛʠʭ ʩʪʨʘʥʘʭ ʤʠʨʘ [Giammanco et al., 2012; 

Vega et al., 2011]. ʆʥ ʦʙʫʩʣʦʚʠʣ ʚ ʵʪʦʪ ʧʝʨʠʦʜ 16 % ʚʩʝʭ 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʚʩʧʳʰʝʢ ʅɺʀ ʚ ʉʐɸ [Vega et al., 2011], ʚʳʰʝʣ ʚ  



 

117 

 

 

 

 

ʈʠʩʫʥʦʢ 23 ï ʌʠʣʦʛʝʥʝʪʠʯʝʩʢʨʝ ʜʝʨʝʚʦ, ʧʦʩʪʨʦʝʥʥʘʷ ʥʘ ʦʩʥʦʚʝ 

ʥʫʢʣʝʦʪʠʜʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʫʯʘʩʪʢʘ ʛʝʥʦʤʘ (243 ʥ.ʦ.), 

ʢʦʜʠʨʫʶʱʝʛʦ N/S-ʜʦʤʝʥ ʙʝʣʢʘ VP1 ʥʦʨʦʚʠʨʫʩʦʚ ʛʝʥʦʚʘʨʠʘʥʪʘ GII.6b  

- ʧʨʦʪʦʪʠʧʥʳʡ ʰʪʘʤʤ ʛʝʥʦʚʘʨʠʘʥʪa GII.6b 

-  ʅɺ, ʚʳʷʚʣʝʥʥʳʝ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʅʠʞʥʝʛʦ ʅʦʚʛʦʨʦʜʘ ʧʨʠ 

ʩʧʦʨʘʜʠʯʝʩʢʦʡ ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ ʆʂʀ ʚ 2014 ʛ. 

- ʅɺ, ʚʳʷʚʣʝʥʥʳʝ ʧʨʠ ʛʨʫʧʧʦʚʳʭ ʟʘʙʦʣʝʚʘʥʠʷʭ ʆʂʀ 

- ʅɺ, ʚʳʷʚʣʝʥʥʳʝ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʅʠʞʥʝʛʦ ʅʦʚʛʦʨʦʜʘ ʚ 2009 ʛ.  

     *   - ʢʣʘʩʪʝʨʳ ʩ ʘʧʦʩʪʝʨʠʦʨʥʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ ʙʦʣʝʝ 95% 

ʅʘʟʚʘʥʠʷ ʩʪʨʘʥ ʜʘʥʳ ʧʦ ʜʚʫʭʙʫʢʚʝʥʥʦʤʫ ʢʦʜʫ ISO-3166-1 

NN ï ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, KV - ʂʠʩʣʦʚʦʜʩʢ 
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ɹʨʘʟʠʣʠʠ ʥʘ ʚʪʦʨʦʝ ʤʝʩʪʦ ʧʦ ʯʘʩʪʦʪʝ ʦʙʥʘʨʫʞʝʥʠʷ ʩʨʝʜʠ ʥʦʨʦʚʠʨʫʩʦʚ 

ʧʦʩʣʝ GII.4 [Fioretti et al., 2011], ʘ ʚʦ ɺʴʝʪʥʘʤʝ ʟʘʥʷʣ ʜʦʤʠʥʠʨʫʶʱʝʝ 

ʧʦʣʦʞʝʥʠʝ [Tamura et al., 2010].  

ɺ ʥʘʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʚ ʵʪʦʪ ʵʧʠʜʩʝʟʦʥ ʙʳʣʦ ʚʳʷʚʣʝʥʦ 13 

ʠʟʦʣʷʪʦʚ ʥʦʨʦʚʠʨʫʩʘ ʛʝʥʦʪʠʧʘ GII.12. ɼʝʩʷʪʴ ʠʟʦʣʷʪʦʚ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ 

ʧʨʠ ʩʧʦʨʘʜʠʯʝʩʢʦʡ ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʛ. ʅʠʞʥʝʛʦ ʅʦʚʛʦʨʦʜʘ. 

ʇʝʨʚʦʝ ʧʦʷʚʣʝʥʠʝ ʥʦʨʦʚʠʨʫʩʘ ʛʝʥʦʪʠʧʘ GII.12 ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʚ ʘʚʛʫʩʪʝ 

2009 ʛ. ʫ ʨʝʙʝʥʢʘ 12 ʣʝʪ. ʕʪʦʪ ʛʝʥʦʪʠʧ ʧʨʦʜʦʣʞʘʣ ʚʳʷʚʣʷʪʴʩʷ ʥʘ 

ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ ʵʧʠʜʩʝʟʦʥʘ 2009-2010 ʛʛ. ʫ ʜʝʪʝʡ ʨʘʟʥʦʛʦ ʚʦʟʨʘʩʪʘ ʠ, 

ʚʝʨʦʷʪʥʦ, ʚʥʝʩ ʩʫʱʝʩʪʚʝʥʥʳʡ ʚʢʣʘʜ ʚ ʦʩʝʥʥʠʡ ʧʦʜʲʝʤ ʯʘʩʪʦʪʳ 

ʦʙʥʘʨʫʞʝʥʠʷ ʥʦʨʦʚʠʨʫʩʦʚ, ʧʠʢ ʢʦʪʦʨʦʛʦ ʥʘʙʣʶʜʘʣʩʷ ʚ ʦʢʪʷʙʨʝ 2009 ʛ., 

(ʯʘʩʪʦʪʘ ʦʙʥʘʨʫʞʝʥʠʷ ʥʦʨʦʚʠʨʫʩʦʚ ʩʦʩʪʘʚʠʣʘ 35,2 % ʦʪ ʯʠʩʣʘ 

ʛʦʩʧʠʪʘʣʠʟʠʨʦʚʘʥʥʳʭ ʩ ʆʂʀ ʚ ʜʘʥʥʦʤ ʤʝʩʷʮʝ) [ɽʧʠʬʘʥʦʚʘ ʠ ʩʦʘʚʪ., 

2013b]. ɺ ʠʶʣʝ 2010 ʛ. ʧʨʠ ʚʩʧʳʰʢʝ ʆʂʀ, ʚʦʟʥʠʢʰʝʡ ʚʩʣʝʜʩʪʚʠʝ ʘʚʘʨʠʠ ʚ 

ʩʠʩʪʝʤʝ ʛʦʨʦʜʩʢʦʡ ʢʘʥʘʣʠʟʘʮʠʠ ʦʜʥʦʛʦ ʠʟ ʛʦʨʦʜʦʚ ʅʠʞʝʛʦʨʦʜʩʢʦʡ 

ʦʙʣʘʩʪʠ, ʥʘʨʷʜʫ ʩ ʥʦʨʦʚʠʨʫʩʘʤʠ GI ʠ GII.4 ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʪʨʠ ʠʟʦʣʷʪʘ  

ʛʝʥʦʪʠʧʘ GII.12 ʫ ʜʝʪʝʡ [ɽʧʠʬʘʥʦʚʘ ʠ ʩʦʘʚʪ., 2012]. ʇʦʟʜʥʝʝ ʛʝʥʦʪʠʧ 

GII.12 ʙʳʣ ʚʳʷʚʣʝʥ ʚ ʝʜʠʥʠʯʥʳʭ ʩʣʫʯʘʷʭ ï ʚ ʤʘʝ ʠ ʠʶʣʝ 2011 ʛ. 

ʌʠʣʦʛʝʥʝʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʥʦʨʦʚʠʨʫʩʦʚ ʜʘʥʥʦʛʦ ʛʝʥʦʪʠʧʘ, 

ʚʳʷʚʣʝʥʥʳʭ ʚ ʅʠʞʥʝʤ ʅʦʚʛʦʨʦʜʝ, ʘ ʪʘʢʞʝ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʙʘʟʝ ʜʘʥʥʳʭ 

GenBank,  ʧʦʢʘʟʘʣ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ ʮʠʨʢʫʣʷʮʠʠ ʥʦʨʦʚʠʨʫʩʦʚ ʛʝʥʦʪʠʧʘ 

GII.12 ʧʨʦʠʟʦʰʣʦ ʩʫʱʝʩʪʚʝʥʥʦʝ ʠʟʤʝʥʝʥʠʝ ʚʠʨʫʩʥʦʛʦ ʛʝʥʦʤʘ ʚ ʦʙʣʘʩʪʠ, 

ʢʦʜʠʨʫʶʱʝʡ ʢʘʧʩʠʜʥʳʡ ʙʝʣʦʢ, ʟʘ ʩʯʝʪ ʥʘʢʦʧʣʝʥʠʷ ʤʫʪʘʮʠʡ, ʘ ʪʘʢʞʝ 

ʩʦʙʳʪʠʝ ʨʝʢʦʤʙʠʥʘʮʠʠ, ʧʨʠʚʝʜʰʝʝ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʤʝʞʛʝʥʦʪʠʧʦʚʦʛʦ 

ʨʝʢʦʤʙʠʥʘʥʪʘ GII.Pg_GII.12  (ʧʦ ʦʙʥʦʚʣʝʥʥʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ï 

GII.12[P33]) [ɽʧʠʬʘʥʦʚʘ ʠ ʩʦʘʚʪ., 2013b].  

ʕʪʦʪ ʨʝʢʦʤʙʠʥʘʥʪ ʧʦʣʫʯʠʣ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ʤʠʨʝ ʚ 

2009-2010 ʛʛ., ʚʳʟʚʘʚ çʚʥʝʦʯʝʨʝʜʥʦʡè ʧʦʜʲʝʤ ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ 

ʥʦʨʦʚʠʨʫʩʥʦʡ ʠʥʬʝʢʮʠʝʡ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʥʘ ʏʝʪʚʝʨʪʦʡ ʤʝʞʜʫʥʘʨʦʜʥʦʡ 
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ʢʦʥʬʝʨʝʥʮʠʠ ʧʦ ʢʘʣʠʮʠʚʠʨʫʩʘʤ ʚ ʦʢʪʷʙʨʝ 2010 ʛ. ʚ ʏʠʣʠ ʩʦʪʨʫʜʥʠʢʘʤʠ  

ʮʝʥʪʨʘ ʧʦ ʢʦʥʪʨʦʣʶ ʠ ʧʨʦʬʠʣʘʢʪʠʢʝ ʟʘʙʦʣʝʚʘʥʠʡ (CDC, ɸʪʣʘʥʪʘ, ʉʐɸ) 

ʙʳʣ ʧʨʝʜʩʪʘʚʣʝʥ ʜʦʢʣʘʜ çʉʤʝʥʘ ʧʘʨʘʜʠʛʤʳ: ʧʦʷʚʣʝʥʠʝ GII.12 ʚ ʢʘʯʝʩʪʚʝ 

ʦʩʥʦʚʥʦʡ ʧʨʠʯʠʥʳ ʚʩʧʳʰʝʢ ʥʦʨʦʚʠʨʫʩʥʦʡ ʠʥʬʝʢʮʠʠè, ʚ ʢʦʪʦʨʦʤ 

ʚʳʩʢʘʟʳʚʘʣʦʩʴ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʨʘʜʠʢʘʣʴʥʳʭ ʠʟʤʝʥʝʥʠʡ ʚ 

ʧʦʧʫʣʷʮʠʦʥʥʦʡ ʩʪʨʫʢʪʫʨʝ ʥʦʨʦʚʠʨʫʩʦʚ [Vega et al., 2010]. ʆʜʥʘʢʦ ʚʩʢʦʨʝ ʚ 

ʜʦʢʣʘʜʝ NoroNet ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʘʥʥʳʝ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʠʝ ʦ 

ʩʥʠʞʝʥʠʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʮʠʨʢʫʣʷʮʠʠ GII.Pg_GII.12 ʧʦʩʣʝ 2010 ʛ.  [van 

Beek et al. 2013]. ʇʦ ʥʘʰʠʤ ʥʘʙʣʶʜʝʥʠʷʤ, ʚ ʧʦʩʣʝʜʫʶʱʠʝ ʵʧʠʜʩʝʟʦʥʳ 

ʥʦʨʦʚʠʨʫʩ GII.12 ʚʳʷʚʣʷʣʩʷ ʚ ʝʜʠʥʠʯʥʳʭ ʩʣʫʯʘʷʭ. 

 

ɻʝʥʦʪʠʧ GII .3. ʅʦʨʦʚʠʨʫʩʳ ʛʝʥʦʪʠʧʘ GII.3 ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ʅʠʞʥʝʛʦ ʅʦʚʛʦʨʦʜʘ ʚʩʪʨʝʯʘʣʠʩʴ ʥʝ ʯʘʩʪʦ, ʩʦʩʪʘʚʣʷʷ ʦʪ 0 ʜʦ 11 % ʚ 

ʛʝʥʦʪʠʧʦʚʦʡ ʩʪʨʫʢʪʫʨʝ ʥʦʨʦʚʠʨʫʩʦʚ ʚ ʵʧʠʜʩʝʟʦʥ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʘʟʠʘʪʩʢʦʡ 

ʯʘʩʪʠ ʈʦʩʩʠʠ (ʅʦʚʦʩʠʙʠʨʩʢ), ʛʜʝ ʵʪʦʪ ʛʝʥʦʪʠʧ ʜʦʤʠʥʠʨʦʚʘʣ ʚ 2003-2004 ʠ 

2007-2012 ʛʛ. [Zhirakovskaia et al., 2015]. 

ʇʨʠ ʤʦʥʠʪʦʨʠʥʛʝ ʮʠʨʢʫʣʷʮʠʠ ʥʦʨʦʚʠʨʫʩʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʜʚʦʡʥʦʛʦ ʛʝʥʦʪʠʧʠʨʦʚʘʥʠʷ ʚʧʝʨʚʳʝ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʅʠʞʥʝʛʦ ʅʦʚʛʦʨʦʜʘ 

ʨʝʢʦʤʙʠʥʘʥʪʳʡ ʥʦʨʦʚʠʨʫʩ GII.3[P12] ʙʳʣ ʚʳʷʚʣʝʥ ʚ ʤʘʝ 2018 ʛʦʜʘ. 

ʉʣʫʯʘʠ ʠʥʬʠʮʠʨʦʚʘʥʠʷ ʥʦʨʦʚʠʨʫʩʦʤ ʛʝʥʦʪʠʧʘ GII.3[P12] ʙʳʣʠ 

ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʩ 2018 ʧʦ 2022 ʛ. ʚʦ ʚʩʝʭ 8-ʤʠ ʨʘʡʦʥʘʭ ʅʠʞʥʝʛʦ 

ʅʦʚʛʦʨʦʜʘ ʠ ʚ 4-ʭ ʨʘʡʦʥʘʭ ʅʠʞʝʛʦʨʦʜʩʢʦʡ ʦʙʣʘʩʪʠ (ʈʠʩʫʥʦʢ 24), ʪʦ ʝʩʪʴ 

ʙʳʣʠ ʨʘʩʧʨʝʜʝʣʝʥʳ ʚʦ ʚʨʝʤʝʥʠ ʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʠʩʢʣʶʯʠʪʴ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʝ ʵʧʠʜʝʤʠʦʣʦʛʠʯʝʩʢʠʝ ʩʚʷʟʠ ʤʝʞʜʫ 

ʚʳʷʚʣʝʥʥʳʤʠ ʵʧʠʟʦʜʘʤʠ ʠʥʬʝʢʮʠʠ  [Epifanova et al., 2022].  

ʇʦ ʠʪʦʛʘʤ ʵʧʠʜʝʤʠʯʝʩʢʦʛʦ ʩʝʟʦʥʘ 2018-2019 ʛʛ. ʦʥ ʥʘʭʦʜʠʣʩʷ ʥʘ 

ʪʨʝʪʴʝʤ ʤʝʩʪʝ ʚ ʩʧʝʢʪʨʝ ʛʝʥʦʪʠʧʦʚ ʩ ʜʦʣʝʡ 6,8 %. ʆʜʥʘʢʦ ʚ ʧʝʨʠʦʜ ʩ ʠʶʣʷ 

2019 ʧʦ ʠʶʥʴ 2020 ʛʛ. ʥʦʨʦʚʠʨʫʩ GII.3[P12] ʚ ʅʠʞʥʝʤ ʅʦʚʛʦʨʦʜʝ ʚʳʰʝʣ 

ʥʘ ʚʪʦʨʦʝ ʤʝʩʪʦ ʧʦʩʣʝ GII.4, ʠ ʝʛʦ ʜʦʣʷ ʩʦʩʪʘʚʠʣʘ 24,1 %. 
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ʈʠʩʫʥʦʢ 24 ï ʎʠʨʢʫʣʷʮʠʷ ʥʦʨʦʚʠʨʫʩʘ ʛʝʥʦʪʠʧʘ GII.3[P12] ʚ 

ʅʠʞʝʛʦʨʦʜʩʢʦʡ ʦʙʣʘʩʪʠ ʚ 2018-2022 ʛʛ. 

ɸʚʪʦʟʦʚʦʜʩʢʠʡ, ʂʘʥʘʚʠʥʩʢʠʡ, ʃʝʥʠʥʩʢʠʡ, ʄʦʩʢʦʚʩʢʠʡ, ʅʠʞʝʛʦʨʦʜʩʢʠʡ, 

ʉʦʚʝʪʩʢʠʡ, ʇʨʠʦʢʩʢʠʡ, ʉʦʨʤʦʚʩʢʠʡ ï ʨʘʡʦʥʳ ʛ. ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ; 

ɹʘʣʘʭʥʠʥʩʢʠʡ, ɹʦʛʦʨʦʜʩʢʠʡ, ʂʩʪʦʚʩʢʠʡ, ʛ.ʦ. ɹʦʨ ï ʨʘʡʦʥʳ ʠ ʛʦʨʦʜʩʢʦʡ 

ʦʢʨʫʛ ʅʠʞʝʛʦʨʦʜʩʢʦʡ ʦʙʣʘʩʪʠ. 

 

ɺ 2020-2021 ʛʛ. ʦʥ ʟʘʥʷʣ ʧʝʨʚʦʝ ʤʝʩʪʦ, ʝʛʦ ʜʦʣʷ ʫʚʝʣʠʯʠʣʘʩʴ ʜʦ 

34,9 % ʦʪ ʯʠʩʣʘ ʪʠʧʠʨʦʚʘʥʥʳʭ ʠʟʦʣʷʪʦʚ. ɺ ʠʶʣʝ-ʜʝʢʘʙʨʝ 2021 ʛ. ʵʪʦʪ 

ʛʝʥʦʪʠʧ ʥʝ ʦʙʥʘʨʫʞʠʚʘʣʩʷ ʠ ʚʥʦʚʴ ʧʦʷʚʠʣʩʷ ʪʦʣʴʢʦ ʚ ʷʥʚʘʨʝ 2022 ʛ. ɺ 

ʮʝʣʦʤ ʟʘ ʵʧʠʜʩʝʟʦʥ ʚ 2021-2022 ʛʛ. ʦʥ ʟʘʥʷʣ ʚʪʦʨʦʝ ʤʝʩʪʦ ʚ ʩʧʝʢʪʨʝ 

ʛʝʥʦʪʠʧʦʚ ʥʦʨʦʚʠʨʫʩʦʚ, ʝʛʦ ʜʦʣʷ ʩʦʩʪʘʚʠʣʘ 19,8 %. 

ɼʣʷ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ 478 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʫʯʘʩʪʢʘ ʩʦʝʜʠʥʝʥʠʷ ORF1 ʠ ORF2 ʨʝʢʦʤʙʠʥʘʥʪʘ 

GII.3P[12] ʨʘʟʤʝʨʦʤ 384 ʥ.ʦ., ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʙʘʟʝ 

ʜʘʥʥʳʭ GenBank, ʪʦʤ ʯʠʩʣʝ 96 ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʥʦʨʦʚʠʨʫʩʦʚ, 

ʮʠʨʢʫʣʠʨʦʚʘʚʰʠʭ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʅʠʞʥʝʛʦ ʅʦʚʛʦʨʦʜʘ ʚ 2018-2022 ʛʛ. ʠ  

382 ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʥʦʨʦʚʠʨʫʩʦʚ, ʦʙʥʘʨʫʞʝʥʥʳʭ ʚ ʨʘʟʥʳʭ ʩʪʨʘʥʘʭ 

ʤʠʨʘ.  
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ʈʠʩʫʥʦʢ 25 ï ʌʠʣʦʛʝʥʝʪʠʯʝʩʢʦʝ ʜʝʨʝʚʦ, ʧʦʩʪʨʦʝʥʥʦʝ ʥʘ ʦʩʥʦʚʝ 

ʥʫʢʣʝʦʪʠʜʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʫʯʘʩʪʢʘ ʛʝʥʦʤʘ (384 ʥ.ʦ.) ʥʦʨʦʚʠʨʫʩʘ 

ʛʝʥʦʪʠʧʘ GII.3[P12], ʚʢʣʶʯʘʶʱʝʛʦ ʟʦʥʫ ʩʦʝʜʠʥʝʥʠʷ ʛʝʥʦʚ ʧʦʣʠʤʝʨʘʟʳ ʠ 

ʢʘʧʩʠʜʥʦʛʦ ʙʝʣʢʘ ʥʦʨʦʚʠʨʫʩʦʚ GII.[P12], ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʙʘʟʝ ʜʘʥʥʳʭ 

GenBank.  

* - ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ/ʛʨʫʧʧʳ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʅɺ, ʚʳʷʚʣʝʥʥʳʭ ʚ 

ʅʠʞʥʝʤ ʅʦʚʛʦʨʦʜʝ 

 # - ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ/ʛʨʫʧʧʳ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʅɺ, ʚʳʷʚʣʝʥʥʳʭ ʥʘ 

ɸʟʠʘʪʩʢʦʡ ʯʘʩʪʠ ʈʦʩʩʠʠ 

ʅʘʟʚʘʥʠʷ ʩʪʨʘʥ ʜʘʥʳ ʧʦ ʜʚʫʭʙʫʢʚʝʥʥʦʤʫ ʢʦʜʫ ʤʝʞʜʫʥʘʨʦʜʥʦʡ 

ʦʨʛʘʥʠʟʘʮʠʠ ʧʦ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ (ISO):. 

AU- ɸʚʩʪʨʘʣʠʷ, BY ï ɹʝʣʘʨʫʩʴ, CA ï ʂʘʥʘʜʘ, CN ï ʂʠʪʘʡ, ES ï ʀʩʧʘʥʠʷ, 

FR ï ʌʨʘʥʮʠʷ, ID ï ʀʥʜʦʥʝʟʠʷ, JP ï ʗʧʦʥʠʷ, KR ï ʈʝʩʧʫʙʣʠʢʘ ʂʦʨʝʷ, RU ï 

ʈʦʩʩʠʷ, TH ï ʊʘʠʣʘʥʜ, US ï ʉʐɸ, VN - ɺʴʝʪʥʘʤ 
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ʅʘ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʦʤ ʜʝʨʝʚʝ (ʈʠʩʫʥʦʢ 25) ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʯʝʪʳʨʝ 

ʢʣʘʩʪʝʨʘ. I-ʡ ʢʣʘʩʪʝʨ ʚʢʣʶʯʘʝʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʥʦʨʦʚʠʨʫʩʦʚ, 

ʮʠʨʢʫʣʠʨʦʚʘʚʰʠʭ ʚ ʗʧʦʥʠʠ ʚ 2002-2004 ʛʛ. ʅʘʠʙʦʣʝʝ ʨʘʥʥʠʡ ʠʟʦʣʷʪ 

(AB112301.1 NV/Saitama T82hGII/02/JP) ʚʳʷʚʣʝʥ ʚ ʧʨʝʬʝʢʪʫʨʝ ʉʘʠʪʘʤʘ, ʚ 

ʦʙʨʘʟʮʝ ʢʦʧʨʦʤʘʪʝʨʠʘʣʘ ʦʜʥʦʛʦ ʠʟ ʧʦʩʪʨʘʜʘʚʰʠʭ ʚ ʭʦʜʝ ʚʩʧʳʰʢʠ ʆʂʀ ʚ 

ʤʘʨʪʝ 2002 ʛ., ʚʦʟʥʠʢʰʝʡ ʧʦʩʣʝ ʧʦʩʝʱʝʥʠʷ ʨʝʩʪʦʨʘʥʘ ʠ ʫʧʦʪʨʝʙʣʝʥʠʷ 

ʫʩʪʨʠʮ. ʋ ʙʦʣʴʥʦʛʦ ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʦʜʥʦʚʨʝʤʝʥʥʦ ʥʦʨʦʚʠʨʫʩʳ ʰʝʩʪʠ 

ʛʝʥʦʪʠʧʦʚ ï GI.2, GI.4, GII.3, GII.4, GII.5, GII.12, ʚ ʪʦʤ ʯʠʩʣʝ ʨʝʢʦʤʙʠʥʘʥʪ 

GII.3[P12] [Kageyama et al., 2004]. ɺ ʢʣʘʩʪʝʨ I ʚʭʦʜʷʪ ʪʘʢʞʝ ʥʦʨʦʚʠʨʫʩʳ 

GII.3[P12], ʚʳʷʚʣʝʥʥʳʝ ʚ ʧʨʝʬʝʢʪʫʨʘʭ ʍʦʢʢʘʡʜʦ ʠ ʏʠʙʘ, ʗʧʦʥʠʷ, ʚ 2004 ʛ. 

II -ʡ ʢʣʘʩʪʝʨ ʬʦʨʤʠʨʫʶʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʥʦʨʦʚʠʨʫʩʦʚ, 

ʮʠʨʢʫʣʠʨʦʚʘʚʰʠʭ ʚ ʖʞʥʦʡ ʂʦʨʝʝ ʚ 2006-2008 ʛʛ. ʅʘʠʙʦʣʝʝ ʨʘʥʥʠʡ ʰʪʘʤʤ 

ʵʪʦʛʦ ʢʣʘʩʪʝʨʘ, GU980585_CBNU1_2006_KR_2006, ʚʳʜʝʣʝʥʥʳʡ Yun SI ʩ 

ʩʦʘʚʪ. ʚ ʖʞʥʦʡ ʂʦʨʝʝ ʚ 2006 ʛʦʜʫ, ʧʦ ʤʥʝʥʠʶ ʘʚʪʦʨʦʚ, ʤʦʛ ʙʳʪʴ 

ʨʝʢʦʤʙʠʥʘʥʪʦʤ ʤʝʞʜʫ ʨʦʜʠʪʝʣʴʩʢʠʤʠ ʰʪʘʤʤʘʤʠ Guangzhou/NVgz01 

ʛʝʥʦʪʠʧʘ GII.4_Asia_2003[P12] (ʂʠʪʘʡ 2001 ʛ., DQ369797.1) ʠ 

Texas/TCH04-577/2004/US ʛʝʥʦʪʠʧʘ GII.3[P21] (ʉʐɸ, 2004 ʛ., 

AB365435.1) [Yun et al., 2010].  

 ʄʝʞʜʫ 2004 ʠ 2005 ʛʛ. ʩʫʱʝʩʪʚʦʚʘʣ ʦʙʱʠʡ ʧʨʝʜʦʢ 

ʥʦʨʦʚʠʨʫʩʦʚ, ʩʬʦʨʤʠʨʦʚʘʰʠʭ III -ʡ ʢʣʘʩʪʝʨ, ʢ ʢʦʪʦʨʦʤʫ ʧʨʠʥʘʜʣʝʞʘʪ 

ʥʦʨʦʚʠʨʫʩʳ, ʮʠʨʢʫʣʠʨʦʚʘʚʰʠʝ ʚ ʩʪʨʘʥʘʭ ɿʘʧʘʜʥʦ-ʊʠʭʦʦʢʝʘʥʩʢʦʛʦ ʨʝʛʠʦʥʘ 

(ʗʧʦʥʠʷ, ʂʠʪʘʡ, ʖʞʥʘʷ ʂʦʨʝʷ, ɸʚʩʪʨʘʣʠʷ, ɺʴʝʪʥʘʤ), ʘ ʪʘʢʞʝ ʜʚʘ ʠʟʦʣʷʪʘ, 

ʚʳʜʝʣʝʥʥʳʝ ʚ 2011. ʛ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʘʟʠʘʪʩʢʦʡ ʯʘʩʪʠ ʈʦʩʩʠʠ 

(ʅʦʚʦʩʠʙʠʨʩʢ). ʇʝʨʠʦʜ ʮʠʨʢʫʣʷʮʠʠ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʵʪʦʛʦ ʢʣʘʩʪʝʨʘ ï 2006-

2016 ʛʛ., ʪʦʣʴʢʦ ʦʜʠʥ ʠʟʦʣʷʪ (MK614064 Hu/JSSZOB0306/CHN) ʚʳʷʚʣʝʥ ʚ 

ʂʠʪʘʝ ʚ ʙʦʣʝʝ ʧʦʟʜʥʠʝ ʩʨʦʢʠ ï ʚ ʤʘʨʪʝ 2018 ʛʦʜʘ. 

ʄʝʞʜʫ 2005 ʠ 2006 ʛʛ. ʥʘʯʘʣ ʬʦʨʤʠʨʦʚʘʪʴʩʷ IV-ʡ ʢʣʘʩʪʝʨ, ʨʘʥʥʠʝ 

ʣʠʥʠʠ ʢʦʪʦʨʦʛʦ ʚʢʣʶʯʘʶʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʥʦʨʦʚʠʨʫʩʦʚ, 

ʮʠʨʢʫʣʠʨʦʚʘʚʰʠʭ ʢʘʢ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ɿʘʧʘʜʥʦ-ʊʠʭʦʦʢʝʘʥʩʢʦʛʦ ʨʝʛʠʦʥʘ  ï ʚ 
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ʂʠʪʘʝ ʚ 2007-2015 ʛʛ., ʚ ʗʧʦʥʠʠ ʚ 2014 ʛ., ʚ ɸʚʩʪʨʘʣʠʠ ʚ 2016-2017 ʛʛ., ʪʘʢ 

ʠ ʟʘ ʝʛʦ ʧʨʝʜʝʣʘʤʠ  ʚ ʈʦʩʩʠʠ  ʚ 2011-2012 ʛʛ. (ʚ ʛʦʨʦʜʘʭ ʅʦʚʦʩʠʙʠʨʩʢ, 

ʂʨʘʩʥʦʷʨʩʢ, ʉʤʦʣʝʥʩʢ), ʚ ʖʛʦ-ʚʦʩʪʦʯʥʦʡ ɸʟʠʠ (ʊʘʠʣʘʥʜ ʚ 2012 ʛ., 

ʀʥʜʦʥʝʟʠʷ ʚ 2016 ʛ.), ʘ ʪʘʢʞʝ ʚ ʉʐɸ ʚ 2015-2017 ʛ., ʚ ʂʘʥʘʜʝ ʚ 2018-2019 

ʛʛ. 

ʆʢʦʣʦ 2014 ʛ. ʚ ʵʪʦʤ ʢʣʘʩʪʝʨʝ ʩʬʦʨʤʠʨʦʚʘʣʘʩʴ ʣʠʥʠʷ IV-2014, 

ʢʦʪʦʨʘʷ ʩʨʘʟʫ ʨʘʟʜʝʣʠʣʘʩʴ ʥʘ ʪʨʠ ʥʝʟʘʚʠʩʠʤʦ ʵʚʦʣʶʮʠʦʥʠʨʫʶʱʠʝ 

ʩʫʙʣʠʥʠʠ ï a, b, c (ʈʠʩʫʥʦʢ 25). ʅʦʨʦʚʠʨʫʩʳ, ʚʳʷʚʣʝʥʥʳʝ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ʅʠʞʝʛʦʨʦʜʩʢʦʡ ʦʙʣʘʩʪʠ, ʚʭʦʜʷʪ ʩʦʩʪʘʚ ʚʩʝʭ ʪʨʝʭ ʩʫʙʣʠʥʠʡ. ɼʚʘʜʮʘʪʴ ʜʚʘ 

ʠʟʦʣʷʪʘ 2018-2022 ʛʛ. ʚʭʦʜʷʪ ʚ ʩʫʙʣʠʥʠʶ a, ʢʦʪʦʨʘʷ ʩʦʜʝʨʞʠʪ ʥʦʨʦʚʠʨʫʩʳ 

ʠʟ ʂʠʪʘʷ, ʘ ʪʘʢʞʝ ʝʜʠʥʠʯʥʳʝ ʠʟʦʣʷʪʳ ʠʟ ʖʞʥʦʡ ʂʦʨʝʠ (2018 ʛ.), ʉʐɸ 

(2019 ʛʛ.) ʠ ɽʚʨʦʧʳ (ʌʨʘʥʮʠʷ, 2018 ʛ., ʀʩʧʘʥʠʷ, 2019 ʛ.). 

ʆʜʠʥ ʥʠʞʝʛʦʨʦʜʩʢʠʡ ʠʟʦʣʷʪ (2019 ʛ.) ʚʭʦʜʠʪ ʚ ʩʫʙʣʠʥʠʶ b, ʢʦʪʦʨʘʷ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʨʦʤʝ ʥʝʛʦ ʢʠʪʘʡʩʢʠʤʠ ʥʦʨʦʚʠʨʫʩʘʤʠ 2015-2020 ʛʛ. ʠ 

ʝʜʠʥʠʯʥʳʤʠ ʠʟʦʣʷʪʘʤʠ ʠʟ ɸʚʩʪʨʘʣʠʠ (2016 ʛ.) ʠ ʖʞʥʦʡ ʂʦʨʝʠ (2018 ʛ.). 

ɹʦʣʴʰʠʥʩʪʚʦ ʥʠʞʝʛʦʨʦʜʩʢʠʭ ʥʦʨʦʚʠʨʫʩʦʚ (73), ʚʳʷʚʣʝʥʥʳʭ ʚ 2019-

2022 ʛʛ., ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʩʫʙʣʠʥʠʠ c, ʚ ʢʦʪʦʨʫʶ ʚʭʦʜʷʪ ʥʦʨʦʚʠʨʫʩʳ, 

ʮʠʨʢʫʣʠʨʦʚʘʚʰʠʝ ʚ ʂʠʪʘʝ ʚ 2015 ʛ., ʚ ʖʞʥʦʡ ʂʦʨʝʝ ï ʚ 2016 ʛ., ʥʘ 

ʘʟʠʘʪʩʢʦʡ ʯʘʩʪʠ ʈʦʩʩʠʠ (ʅʦʚʦʩʠʙʠʨʩʢ) ʚ 2016-2017 ʛʛ. ʂ ʵʪʦʡ ʣʠʥʠʠ 

ʦʪʥʦʩʷʪʩʷ ʪʘʢʞʝ ʝʜʠʥʠʯʥʳʝ ʠʟʦʣʷʪʳ ʥʦʨʦʚʠʨʫʩʦʚ, ʦʙʥʘʨʫʞʝʥʥʳʭ ʚ 

ʗʧʦʥʠʠ ʠ ʥʘ ʊʘʡʚʘʥʝ ʚ 2019 ʛʛ. ʠ ʚ ɹʝʣʦʨʫʩʩʠʠ ʚ 2020 ʛ.  

ʇʨʠʥʘʜʣʝʞʥʦʩʪʴ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʛʝʥʦʤʘ 

ʥʠʞʝʛʦʨʦʜʩʢʠʭ ʥʦʨʦʚʠʨʫʩʦʚ ʢ ʨʘʟʣʠʯʥʳʤ ʯʝʪʢʦ ʜʠʬʬʝʨʝʥʮʠʨʫʝʤʳʤ 

ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʠʤ ʩʫʙʣʠʥʠʷʤ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʮʠʨʢʫʣʷʮʠʷ ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ʅʠʞʥʝʛʦ ʅʦʚʛʦʨʦʜʘ ʨʝʢʦʤʙʠʥʘʥʪʘ GII.3[P12] ʷʚʣʷʝʪʩʷ 

ʨʝʟʫʣʴʪʘʪʦʤ ʥʝʩʢʦʣʴʢʠʭ ʥʝʟʘʚʠʩʠʤʳʭ ʟʘʥʦʩʦʚ, ʣʠʙʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʟ 

ʩʪʨʘʥ ɿʘʧʘʜʥʦ-ʊʠʭʦʦʢʝʘʥʩʢʦʛʦ ʨʝʛʠʦʥʘ (ʩʫʙʣʠʥʠʠ ʘ, b), ʣʠʙʦ ï ʯʝʨʝʟ 

ʘʟʠʘʪʩʢʫʶ ʯʘʩʪʴ ʈʦʩʩʠʠ (ʩʫʙʣʠʥʠʷ ʩ). 
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ɺ ʮʝʣʦʤ, ʪʦʧʦʣʦʛʠʷ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʦʛʦ ʜʝʨʝʚʘ, ʚ ʢʦʪʦʨʦʤ 

ʥʦʨʦʚʠʨʫʩʳ, ʮʠʨʢʫʣʠʨʦʚʘʚʰʠʝ ʦʜʥʦʚʨʝʤʝʥʥʦ ʥʘ ʪʦʡ ʠʣʠ ʠʥʦʡ ʪʝʨʨʠʪʦʨʠʠ, 

ʦʢʘʟʘʣʠʩʴ ʚ ʨʘʟʥʳʭ ʛʝʥʝʪʠʯʝʩʢʠʭ ʣʠʥʠʷʭ ʠ ʜʘʞʝ ʚ ʨʘʟʥʳʭ ʢʣʘʩʪʝʨʘʭ, 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʠʭ ʧʦʣʠʬʠʣʝʪʠʯʝʩʢʦʤ ʧʨʦʠʩʭʦʞʜʝʥʠʠ, ʦʙʫʩʣʦʚʣʝʥʥʳʤ 

ʨʝʘʣʠʟʘʮʠʝʡ ʥʝʩʢʦʣʴʢʠʭ ʥʝʟʘʚʠʩʠʤʳʭ ʩʦʙʳʪʠʡ ʨʝʢʦʤʙʠʥʘʮʠʠ ʤʝʞʜʫ 

ʨʘʟʣʠʯʥʳʤʠ ʨʦʜʠʪʝʣʴʩʢʠʤʠ ʰʪʘʤʤʘʤʠ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʣʷ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʢʦʨʦʪʢʠʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʠʟ ʨʝʛʠʦʥʘ ʛʝʥʦʤʘ, ʧʦʜʚʝʨʞʝʥʥʦʛʦ ʨʝʢʦʤʙʠʥʘʮʠʠ, 

ʠʤʝʝʪ ʦʧʨʝʜʝʣʝʥʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ, ʪʘʢ ʢʘʢ ʘʥʘʣʠʟʠʨʫʝʤʳʝ ʰʪʘʤʤʳ ʤʦʛʫʪ 

ʙʳʪʴ ʨʝʟʫʣʴʪʘʪʦʤ ʥʝʩʢʦʣʴʢʠʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʩʦʙʳʪʠʡ ʨʝʢʦʤʙʠʥʘʮʠʠ, 

ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʠʭ ʥʝʢʦʨʨʝʢʪʥʦʡ ʢʣʘʩʪʝʨʠʟʘʮʠʠ. ɼʣʷ ʧʨʝʦʜʦʣʝʥʠʷ ʚ 

ʥʝʢʦʪʦʨʦʡ ʩʪʝʧʝʥʠ ʵʪʠʭ ʦʛʨʘʥʠʯʝʥʠʡ, ʥʘʤʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʦʣʥʳʝ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʛʝʥʘ VP1 ʠ ʧʨʦʚʝʜʝʥ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʙʦʣʝʝ 

ʧʨʦʪʷʞʝʥʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʙʦʣʝʝ ʜʣʠʥʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ, ʚʢʣʶʯʘʶʱʠʭ 

ʧʦʣʥʳʡ ʛʝʥ VP1, ʙʳʣʠ ʧʦʜʦʙʨʘʥʳ ʪʨʠ ʧʘʨʳ ʧʨʘʡʤʝʨʦʚ ʜʣʷ ʘʤʧʣʠʬʠʢʘʮʠʠ 

ʪʨʝʭ ʧʝʨʝʢʨʳʚʘʶʱʠʭʩʷ ʫʯʘʩʪʢʦʚ. ʇʦʣʥʳʝ ʛʝʥʳ VP1 ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʜʣʷ 15 

ʥʠʞʝʛʦʨʦʜʩʢʠʭ ʠʟʦʣʷʪʦʚ (ʧʦ 7 ʠʟ ʩʫʙʣʠʥʠʡ a ʠ c, ʦʜʠʥ ï ʠʟ ʩʫʙʣʠʥʠʠ b). 

ɹʳʣ ʧʦʚʪʦʨʥʦ ʧʨʦʚʝʜʝʥ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʥʘ ʦʩʥʦʚʝ 129 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ (ʚʢʣʶʯʘʷ 15 ï ʥʠʞʝʛʦʨʦʜʩʢʠʭ), ʜʣʠʥʘ ʢʦʪʦʨʳʭ ʙʳʣʘ 

ʥʝ ʤʝʥʝʝ 1890 ʥ.ʦ. ʠ ʩʦʜʝʨʞʘʣʘ ʯʘʩʪʴ ʛʝʥʘ RdRp ʠ ʧʦʣʥʳʡ ʛʝʥ VP1 

(ʈʠʩʫʥʦʢ 26).  

ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʦʛʦ ʜʝʨʝʚʘ ʧʦʢʘʟʘʣ, ʯʪʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘ ʨʘʥʝʝ 

ʚʳʜʝʣʝʥʥʳʝ ʥʘʤʠ ʢʣʘʩʪʝʨʳ, ʘ ʪʘʢʞʝ ʥʘ ʩʫʙʣʠʥʠʠ ʚʥʫʪʨʠ ʣʠʥʠʠ IV-2014 ʚ 

ʮʝʣʦʤ ʩʦʭʨʘʥʷʝʪʩʷ. ʅʠʞʝʛʦʨʦʜʩʢʠʝ ʠʟʦʣʷʪʳ ʚʦʰʣʠ ʚ ʪʝ ʞʝ ʩʫʙʣʠʥʠʠ a, b, 

c, ʯʪʦ ʠ ʚ ʠʩʭʦʜʥʦʤ ʜʝʨʝʚʝ. ʅʝʢʦʪʦʨʳʝ ʢʠʪʘʡʩʢʠʝ ʰʪʘʤʤʳ, 

ʨʘʩʧʨʝʜʝʣʝʥʥʳʝ ʚ ʠʩʭʦʜʥʦʤ ʜʝʨʝʚʝ ʧʦ ʪʨʝʤ ʩʫʙʣʠʥʠʷʤ, ʚ ʥʦʚʦʤ ʜʝʨʝʚʝ 

ʦʙʨʘʟʫʶʪ     ʦʪʜʝʣʴʥʫʶ     ʢʦʤʧʘʢʪʥʫʶ     ʛʨʫʧʧʫ.     ʊʘʢʘʷ     ʪʦʧʦʣʦʛʠʷ  
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ʈʠʩʫʥʦʢ 26  ʌʠʣʦʛʝʥʝʪʠʯʝʩʢʦʝ ʜʝʨʝʚʦ, ʧʦʩʪʨʦʝʥʥʦʝ ʥʘ ʦʩʥʦʚʝ ʯʘʩʪʠʯʥʦʡ 

ʥʫʢʣʝʦʪʠʜʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʛʝʥʘ RdRp ʠ ʧʦʣʥʳʭ ʥʫʢʣʝʦʪʠʜʥʳʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʛʝʥʘ VP1 ʥʦʨʦʚʠʨʫʩʘ ʛʝʥʦʪʠʧʘ GII.3[P12]  

(1890 ʥ.ʦ.).  

NN - ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʅɺ, ʚʳʷʚʣʝʥʥʳʭ ʚ ʅʠʞʥʝʤ ʅʦʚʛʦʨʦʜʝ 

NS, NSK - ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʅɺ, ʦʙʥʘʨʫʞʝʥʥʳʭ ʚ ʅʦʚʦʩʠʙʠʨʩʢʝ 

(ɸʟʠʘʪʩʢʘʷ ʯʘʩʪʴ ʈʦʩʩʠʠ), 

Krasn - ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʅɺ, ʦʙʥʘʨʫʞʝʥʥʳʭ ʚ ʂʨʘʩʥʦʷʨʩʢʝ (ɸʟʠʘʪʩʢʘʷ 

ʯʘʩʪʴ ʈʦʩʩʠʠ). 

ʉʪʨʘʥʳ ʥʘʟʚʘʥʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʜʚʫʭʙʫʢʚʝʥʥʳʤ ʢʦʜʦʤ ʄʝʞʜʫʥʘʨʦʜʥʦʡ 

ʦʨʛʘʥʠʟʘʮʠʠ ʧʦ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ (ISO): 

AU ï ɸʚʩʪʨʘʣʠʷ, CA ï ʂʘʥʘʜʘ, CN ï ʂʠʪʘʡ, FR ï ʌʨʘʥʮʠʷ, ID ï 

ʀʥʜʦʥʝʟʠʷ, JP ï ʗʧʦʥʠʷ, KR ï ʈʝʩʧʫʙʣʠʢʘ ʂʦʨʝʷ, RU ï ʈʦʩʩʠʷ, US ï 

ʉʐɸ 
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ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʦʛʦ ʜʝʨʝʚʘ ʷʚʣʷʝʪʩʷ ʢʦʩʚʝʥʥʳʤ ʩʚʠʜʝʪʝʣʴʩʪʚʦʤ ʪʦʛʦ, ʯʪʦ 

ʨʝʢʦʤʙʠʥʘʮʠʦʥʥʳʝ ʩʦʙʳʪʠʷ ʧʨʦʠʩʭʦʜʠʣʠ ʚ ʂʠʪʘʝ, ʠ ʦʪʪʫʜʘ ʰʣʦ 

ʜʘʣʴʥʝʡʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʩʬʦʨʤʠʨʦʚʘʚʰʠʭʩʷ ʨʝʢʦʤʙʠʥʘʥʪʦʚ, ʚ ʪʦʤ 

ʯʠʩʣʝ ï ʥʘ ʘʟʠʘʪʩʢʫʶ ʠ ʜʘʣʝʝ ï ʥʘ ʝʚʨʦʧʝʡʩʢʫʶ ʯʘʩʪʴ ʈʦʩʩʠʠ. 

ɸʥʘʣʠʟ ʦʙʣʘʩʪʠ P2 ʧʷʪʥʘʜʮʘʪʠ ʩʝʢʚʝʥʠʨʦʚʘʥʥʳʭ ʛʝʥʦʤʦʚ 

ʥʠʞʝʛʦʨʦʜʩʢʠʭ ʥʦʨʦʚʠʨʫʩʦʚ ʧʦʢʘʟʘʣ ʚʘʨʠʘʙʝʣʴʥʦʩʪʴ ʤʝʞʜʫ ʥʠʤʠ ʧʦ 

ʥʫʢʣʝʦʪʠʜʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 0,4-2,7 %, ʧʦ ʘʤʠʥʦʢʠʩʣʦʪʥʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ï 0-1,3 %. 

ʈʘʥʝʝ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʅʠʞʥʝʛʦ ʅʦʚʛʦʨʦʜʘ ʥʦʨʦʚʠʨʫʩʳ ʛʝʥʦʪʠʧʘ 

GII.3 ʚʩʪʨʝʯʘʣʠʩʴ ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʝʜʢʦ ʠ ʥʝʩʣʠ ʧʦʣʠʤʝʨʘʟʫ P3 ʠʣʠ P21 

[ɽʧʠʬʘʥʦʚʘ ʠ ʩʦʘʚʪ., 2014b]. ʅʘ ʘʟʠʘʪʩʢʦʡ ʯʘʩʪʠ ʈʦʩʩʠʠ ʥʦʨʦʚʠʨʫʩʳ 

ʛʝʥʦʪʠʧʘ GII.3 ʩ ʧʦʣʠʤʝʨʘʟʘʤʠ P3 ʠ P21 ʟʘʥʠʤʘʣʠ ʜʦʤʠʥʠʨʫʶʱʝʝ 

ʧʦʣʦʞʝʥʠʝ ʚ 2003-2004 ʠ 2007-2012 ʛʛ., ʧʨʠ ʵʪʦʤ ʨʝʢʦʤʙʠʥʘʥʪ ʩ P12 ʙʳʣ 

ʚʳʷʚʣʝʥ ʚ ʧʝʨʠʦʜ 2009-2012 ʛʛ. ʪʦʣʴʢʦ ʚ 1,3 % ʩʣʫʯʘʝʚ [Zhirakovskaia et al., 

2016, 2019]. ɺ 2016-2018 ʛʛ. ʥʦʨʦʚʠʨʫʩʳ GII.3[P12] ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʫ 5,2 % 

ʚʟʨʦʩʣʳʭ, ʛʦʩʧʠʪʘʣʠʟʠʨʦʚʘʥʥʳʭ ʩ ʥʦʨʦʚʠʨʫʩʥʦʡ ʠʥʬʝʢʮʠʝʡ ʚ 

ʅʦʚʦʩʠʙʠʨʩʢʝ [ʂʘʧʫʩʪʠʥ ʠ ʩʦʘʚʪ., 2020]. 

ʅʘ ʨʷʜʝ ʜʨʫʛʠʭ ʪʝʨʨʠʪʦʨʠʡ ʨʝʢʦʤʙʠʥʘʥʪ GII.3[P12] ʪʘʢʞʝ 

ʚʳʷʚʣʷʣʩʷ ʚ ʥʝʙʦʣʴʰʦʤ ʯʠʩʣʝ ʩʣʫʯʘʝʚ ï ʚʦ ɺʴʝʪʥʘʤʝ, ʊʘʠʣʘʥʜʝ, 

ʀʥʜʦʥʝʟʠʠ, ʩʦʩʪʘʚʣʷʷ ʥʝ ʙʦʣʝʝ 4,4 % ʦʪ ʦʙʱʝʛʦ ʯʠʩʣʘ ʪʠʧʠʨʦʚʘʥʥʳʭ 

ʠʟʦʣʷʪʦʚ [Trang et al., 2012; Phumpholsup et al., 2015; Utsumi et al., 2021]. 

ɺʳʷʚʣʝʥʥʳʡ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ɸʚʩʪʨʘʣʠʠ ʚ 2007 ʛ. ʚ ʝʜʠʥʠʯʥʳʭ ʩʣʫʯʘʷʭ 

[Mahar et al., 2011], ʚ ʜʘʣʴʥʝʡʰʝʤ ʦʥ ʚʩʪʨʝʯʘʣʩʷ ʯʘʱʝ ʠ ʚ 2016 ʛ. 

ʦʙʥʘʨʫʞʝʥ ʚ 11,3 % ʩʧʦʨʘʜʠʯʝʩʢʠʭ ʩʣʫʯʘʝʚ ʥʦʨʦʚʠʨʫʩʥʦʡ ʠʥʬʝʢʮʠʠ [Lun 

et al., 2018]. ɺ ʅʦʚʦʡ ɿʝʣʘʥʜʠʠ ʦʥ ʙʳʣ ʧʨʠʯʠʥʦʡ 9,7% ʥʦʨʦʚʠʨʫʩʥʳʭ 

ʚʩʧʳʰʝʢ ʚ 2015 ʛ. ʠ 10,2 % ï ʚ 2016 ʛ. [Lun et al., 2018]. 

ʅʦʨʦʚʠʨʫʩ GII.3[P12] ʘʢʪʠʚʥʦ ʮʠʨʢʫʣʠʨʦʚʘʣ ʚ ʨʘʟʥʳʝ ʧʝʨʠʦʜʳ 

ʚʨʝʤʝʥʠ ʚ ʗʧʦʥʠʠ, ʖʞʥʦʡ ʂʦʨʝʝ ʠ ʂʠʪʘʝ. ʊʘʢ, ʚ ʗʧʦʥʠʠ ʵʪʦʪ 

ʨʝʢʦʤʙʠʥʘʥʪ ʜʦʤʠʥʠʨʦʚʘʣ ʧʨʠ ʛʘʩʪʨʦʵʥʪʝʨʠʪʘʭ ʫ ʜʝʪʝʡ ʚ ʯʝʪʳʨʝʭ 
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ʧʨʝʬʝʢʪʫʨʘʭ ʚ 2003-2004 ʛʛ. [Phan et al., 2006]. ɺ ʉʝʫʣʝ, ʖʞʥʘʷ ʂʦʨʝʷ, ʚ 

ʧʝʨʠʦʜ ʚ 2007-2010 ʛʛ. ʪʘʢʠʝ ʰʪʘʤʤʳ ʟʘʥʠʤʘʣʠ ʚʪʦʨʦʝ ʤʝʩʪʦ ʚ ʩʧʝʢʪʨʝ 

ʛʝʥʦʪʠʧʦʚ ʥʦʨʦʚʠʨʫʩʦʚ ʫ ʜʝʪʝʡ, ʛʦʩʧʠʪʘʣʠʟʠʨʦʚʘʥʥʳʭ ʩ ʦʩʪʨʳʤ 

ʛʘʩʪʨʦʵʥʪʝʨʠʪʦʤ [Chung et al., 2010; Han et al., 2011]. ʆʩʦʙʝʥʥʦ ʰʠʨʦʢʦʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣ ʜʘʥʥʳʡ ʨʝʢʦʤʙʠʥʘʥʪ ʚ ʂʠʪʘʝ. ʆʥ ʟʘʥʠʤʘʣ 

ʚʪʦʨʦʝ ʤʝʩʪʦ ʩʨʝʜʠ ʛʝʥʦʪʠʧʦʚ ʥʦʨʦʚʠʨʫʩʦʚ, ʮʠʨʢʫʣʠʨʫʶʱʠʭ ʚ ʐʘʥʭʘʝ ʠ 

ʚʦʩʴʤʠ ʧʨʦʚʠʥʮʠʷʭ ʂʠʪʘʷ ʚ 2006-2007 ʛʛ. [Jin et al., 2008], ʘ ʪʘʢʞʝ ʚ ʋʭʘʥʠ 

ʚ 2007-2010 ʛʛ. [Wang et al., 2012]. ɺ ʏʫʥʮʠʥʝ, ʶʛʦ-ʟʘʧʘʜʥʳʡ ʂʠʪʘʡ, ʝʛʦ 

ʜʦʣʷ ʥʝʫʢʣʦʥʥʦ ʨʦʩʣʘ ʥʘʯʠʥʘʷ ʩ 2010 ʛ., ʠ ʚ 2013 ʛ. ʦʥ ʩʪʘʣ 

ʧʨʝʦʙʣʘʜʘʶʱʠʤ ʛʝʥʦʪʠʧʦʤ [Lu et al., 2015]. ʅʦʨʦʚʠʨʫʩ GII.3[P12] 

ʜʦʤʠʥʠʨʦʚʘʣ ʚ ʛʦʨʦʜʝ ʏʞʵʥʯʞʦʫ ʚ ʧʝʨʠʦʜ ʩ ʩʝʥʪʷʙʨʷ 2015 ʧʦ ʤʘʨʪ 2016 ʛ. 

[Liu et al., 2018]. ɺ ʐʘʥʭʘʝ ʚ 2012-2017 ʛʛ. ʦʥ ʙʳʣ ʚʪʦʨʳʤ ʧʦ ʯʘʩʪʦʪʝ 

ʦʙʥʘʨʫʞʝʥʠʷ ʛʝʥʦʪʠʧʦʤ ʧʨʠ ʩʧʦʨʘʜʠʯʝʩʢʦʤ ʥʦʨʦʚʠʨʫʩʥʦʤ ʛʘʩʪʨʦʵʥʪʝʨʠʪʝ 

ʫ ʜʝʪʝʡ ʜʦ 5 ʣʝʪ [Lu et al., 20193], ʘ ʚ 2018 ʛ. ʙʳʣ ʦʪʤʝʯʝʥ ʟʥʘʯʠʪʝʣʴʥʳʡ 

ʨʦʩʪ ʝʛʦ ʚʳʷʚʣʷʝʤʦʩʪʠ ʫ ʘʤʙʫʣʘʪʦʨʥʳʭ ʚʟʨʦʩʣʳʭ ʧʘʮʠʝʥʪʦʚ ʩ 

ʥʦʨʦʚʠʨʫʩʥʦʡ ʜʠʘʨʝʝʡ [Kuang et al., 2019]. 

ɺ 2015-2019 ʛʛ. ʥʦʨʦʚʠʨʫʩ GII.3[P12] ʦʙʥʘʨʫʞʠʣʠ ʚ ʂʘʥʘʜʝ ʠ ʉʐɸ 

[Hasing et al., 2019; Casto et al., 2019]. ʇʦ ʜʘʥʥʳʤ ʧʨʦʝʢʪʘ Calicinet (CDC) 

ʵʪʦʪ ʛʝʥʦʪʠʧ ʟʘʥʷʣ ʪʨʝʪʴʝ ʤʝʩʪʦ ʚ ʩʧʝʢʪʨʝ ʥʦʨʦʚʠʨʫʩʦʚ, ʚʳʷʚʣʝʥʥʳʭ ʧʨʠ 

ʚʩʧʳʰʢʘʭ ʚ ʉʐɸ ʚ 2019-2020 ʛ. ʠ ʩʦʩʪʘʚʠʣ 5,1%, ʚ ʵʧʠʜʩʝʟʦʥ 2021-2022 

ʛʛ. ʦʥ ʟʘʥʠʤʘʣ ʚʪʦʨʦʝ ʤʝʩʪʦ ʩ ʜʦʣʝʡ 7,1 % [Calicinet]. 

ɺ ʨʘʙʦʪʝ Kendra J.A. ʩ ʩʦʘʚʪ. (2022), ʠʩʩʣʝʜʫʶʱʝʡ ʪʝʥʜʝʥʮʠʠ 

ʛʣʦʙʘʣʴʥʦʡ ʠ ʨʝʛʠʦʥʘʣʴʥʦʡ ʮʠʨʢʫʣʷʮʠʠ ʥʦʨʦʚʠʨʫʩʦʚ ʟʘ ʧʝʨʠʦʜ 1995ï2019 

ʛʛ. ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʠʟ ʦʙʱʝʜʦʩʪʫʧʥʳʭ ʙʘʟ ʜʘʥʥʳʭ, 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʥʦʨʦʚʠʨʫʩʳ  ʛʝʥʦʪʠʧʘ GII.3[P12] ʩʦʩʪʘʚʠʣʠ 7,8 % ʠʟ 4067  

ʛʝʥʦʪʠʧʠʨʦʚʘʥʥʳʭ  ʧʦ ʜʚʫʤ ʛʝʥʘʤ ʠ ʜʝʧʦʥʠʨʦʚʘʥʥʳʭ ʟʘ ʵʪʦʪ ʧʝʨʠʦʜ 

ʨʝʢʦʤʙʠʥʘʥʪʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ [Kendra et al., 2022]. 

ʈʘʥʝʝ ʦʪʤʝʯʘʣʦʩʴ, ʯʪʦ ʮʠʨʢʫʣʷʮʠʷ ʨʝʢʦʤʙʠʥʘʥʪʘ GII.3[P12] 

ʦʛʨʘʥʠʯʝʥʘ ɸʟʠʘʪʩʢʦ-ʊʠʭʦʦʢʝʘʥʩʢʠʤ ʨʝʛʠʦʥʦʤ [Han et al., 2011; Wang et 
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al., 2012]. ʇʨʦʚʝʜʝʥʥʦʝ ʥʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ 

ʘʢʪʠʚʠʟʘʮʠʠ ʮʠʨʢʫʣʷʮʠʠ ʥʦʨʦʚʠʨʫʩʘ GII.3[P12] ʥʘ ʝʚʨʦʧʝʡʩʢʦʡ ʯʘʩʪʠ 

ʈʦʩʩʠʠ, ʦ ʨʘʩʰʠʨʝʥʠʠ ʛʝʦʛʨʘʬʠʠ ʝʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠ ʨʦʩʪʝ 

ʵʧʠʜʝʤʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ. ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʠʥʬʦʨʤʘʮʠʷ ʦ ʝʛʦ 

ʧʦʷʚʣʝʥʠʠ ʚ ʜʨʫʛʠʭ ʩʪʨʘʥʘʭ ɽʚʨʦʧʳ (ɹʝʣʦʨʫʩʩʠʷ, ʌʨʘʥʮʠʷ, ʀʩʧʘʥʠʷ), ʦ 

ʯʝʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʜʝʧʦʥʠʨʦʚʘʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʚ GenBank, ʘ ʪʘʢʞʝ ʜʘʥʥʳʝ ʈʝʬʝʨʝʥʩ-ʮʝʥʪʨʘ ʧʦ ʆʂʀ 

ʧʦ ʝʛʦ ʚʳʷʚʣʝʥʠʶ ʚ ʈʌ [ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʜʦʢʣʘʜ, 2021].  

ɺ ʧʦʩʣʝʜʫʶʱʠʝ ʩʝʟʦʥʳ ʛʝʥʦʪʠʧ GII.3[P12] ʦʩʪʘʚʘʣʩʷ ʥʘ ʚʪʦʨʦʤ-

ʪʨʝʪʴʝʤ ʤʝʩʪʝ ʚ ʛʝʥʦʪʠʧʦʚʦʤ ʩʧʝʢʪʨʝ ʥʦʨʦʚʠʨʫʩʦʚ ʚ ʅʠʞʝʛʦʨʦʜʩʢʦʡ 

ʦʙʣʘʩʪʠ ʩ ʜʦʣʝʡ 20,6%, 9,6% ʠ 18,6% ʚ 2021-2022, 2022-2023 ʠ 2023-2024 

ʛʛ., ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.   

 

ɻʝʥʦʪʠʧ GII.17.  ɺ 2014-2015 ʛʛ. ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ 

ʘʟʠʘʪʩʢʠʭ ʩʪʨʘʥʘʭ ʧʨʠʦʙʨʝʣ ʥʦʚʳʡ ʚʘʨʠʘʥʪ ʥʦʨʦʚʠʨʫʩʘ ʛʝʥʦʪʠʧʘ GII.17, 

ʦʙʦʟʥʘʯʝʥʥʳʡ Kawasaki_2014. ʇʨʝʜʧʦʣʘʛʘʣʦʩʴ, ʯʪʦ ʵʪʦʪ ʥʦʨʦʚʠʨʫʩ ʤʦʞʝʪ 

ʦʙʣʘʜʘʪʴ ʧʘʥʜʝʤʠʯʝʩʢʠʤ ʧʦʪʝʥʮʠʘʣʦʤ ʠ ʧʨʠʡʪʠ ʥʘ ʩʤʝʥʫ ʛʝʥʦʪʠʧʫ GII.4, 

ʵʧʠʜʝʤʠʯʝʩʢʠʝ ʚʘʨʠʘʥʪʳ ʢʦʪʦʨʦʛʦ ʜʦʤʠʥʠʨʦʚʘʣʠ ʚ ʤʠʨʝ ʩ ʩʝʨʝʜʠʥʳ 90-ʭ 

ʛʦʜʦʚ ʧʨʦʰʣʦʛʦ ʚʝʢʘ [de Graaf et al., 2015]. ɺ ʈʦʩʩʠʠ ʦʧʠʩʘʥʳ ʚʦʜʥʳʝ 

ʚʩʧʳʰʢʠ ʅɺʀ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ GII.17, ʚ ʍʘʙʘʨʦʚʩʢʦʤ ʢʨʘʝ ʚ ʤʘʨʪʝ-ʘʧʨʝʣʝ 

2015 ʛʦʜʘ [ɿʘʡʮʝʚʘ ʠ ʩʦʘʚʪ., 2015] ʠ ʚ ʈʝʩʧʫʙʣʠʢʝ ʉʝʚʝʨʥʘʷ ʆʩʝʪʠʷ-ɸʣʘʥʠʷ 

ʚ ʠʶʥʝ 2015 ʛʦʜʘ [ʄʘʣʝʮʢʘʷ ʠ ʩʦʘʚʪ., 2016]. 

ʅʦʨʦʚʠʨʫʩ ʛʝʥʦʪʠʧʘ GII.17 ʚ ʅʠʞʥʝʤ ʅʦʚʛʦʨʦʜʝ ʚʧʝʨʚʳʝ ʙʳʣ 

ʦʙʥʘʨʫʞʝʥ ʚ ʠʶʥʝ 2015 ʛʦʜʘ [ɽʧʠʬʘʥʦʚʘ ʠ ʩʦʘʚʪ., 2016a]. ɺ 2016 ʛ. 

ʥʦʨʦʚʠʨʫʩ GII.17 ʩʦʩʪʘʚʠʣ 20,0 % ʦʪ ʯʠʩʣʘ ʪʠʧʠʨʦʚʘʥʥʳʭ ʠʟʦʣʷʪʦʚ, ʠ 

ʟʘʥʷʣ ʚʪʦʨʦʝ ʤʝʩʪʦ ʧʦʩʣʝ ʛʝʥʦʪʠʧʘ GII.4, ʢʦʪʦʨʳʡ ʙʳʣ ʦʧʨʝʜʝʣʝʥ ʚ 60,0 % 

ʩʣʫʯʘʝʚ. ʅʦʨʦʚʠʨʫʩ GII.17 ʙʳʣ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥ ʪʘʢʞʝ ʫ ʣʠʮ, 

ʠʥʬʠʮʠʨʦʚʘʥʥʳʭ ʚ ʭʦʜʝ ʚʩʧʳʰʢʠ ʆʂʀ ʚ ʦʟʜʦʨʦʚʠʪʝʣʴʥʦʤ ʣʘʛʝʨʝ ʚ ʠʶʣʝ 

2016 ʛʦʜʘ. ɺʩʝ ʩʣʫʯʘʠ ʚʳʷʚʣʝʥʠʷ ʥʦʨʦʚʠʨʫʩʘ GII.17 ʧʨʠʰʣʠʩʴ ʥʘ ʷʥʚʘʨʴ-
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ʠʶʣʴ 2016 ʛʦʜʘ, ʚʦ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʝ ʛʦʜʘ ʵʪʦʪ ʛʝʥʦʪʠʧ ʚ ʅʠʞʥʝʤ 

ʅʦʚʛʦʨʦʜʝ ʥʝ ʦʙʥʘʨʫʞʠʚʘʣʩʷ [ɽʧʠʬʘʥʦʚʘ ʠ ʩʦʘʚʪ., 2017d]. 

 ʅʦʨʦʚʠʨʫʩʳ ʛʝʥʦʪʠʧʘ GII.17 ʨʘʟʜʝʣʷʶʪ ʥʘ ʯʝʪʳʨʝ 

ʢʣʘʩʪʝʨʘ/ʚʘʨʠʘʥʪʘ ï A, B, C ʠ D [Parra Et al. 2017]. ʂ ʢʣʘʩʪʝʨʘʤ ɸ ʠ B 

ʦʪʥʦʩʷʪʩʷ ʥʦʨʦʚʠʨʫʩʳ, ʩʧʦʨʘʜʠʯʝʩʢʠ ʚʳʷʚʣʷʝʤʳʝ ʚ ʝʜʠʥʠʯʥʳʭ ʩʣʫʯʘʷʭ, 

ʥʘʯʠʥʘʷ ʩ 70-ʭ ʛʦʜʦʚ ʧʨʦʰʣʦʛʦ ʚʝʢʘ ʚ ʩʪʨʘʥʘʭ ɸʬʨʠʢʠ, ɸʟʠʠ, ɽʚʨʦʧʳ, 

ʉʝʚʝʨʥʦʡ ʠ ʖʞʥʦʡ ɸʤʝʨʠʢʠ. ʉ ʧʦʷʚʣʝʥʠʝʤ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʢʣʘʩʪʝʨʘ ʉ ʚ 

2013 ʛʦʜʫ ʠ ʠʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʩʚʷʟʘʥ ʨʦʩʪ ʚʩʧʳʰʝʯʥʦʡ ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ 

ʅɺʀ ʚ ʖʛʦ-ɺʦʩʪʦʯʥʦʡ ɸʟʠʠ ʚ 2014-2015 ʛʛ. ʅʝʩʢʦʣʴʢʦ ʧʦʟʞʝ ʧʦʷʚʠʣʠʩʴ 

ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʢʣʘʩʪʝʨʘ D, ʢʦʪʦʨʳʝ ʢʨʦʤʝ ʘʟʠʘʪʩʢʠʭ ʩʪʨʘʥ, ʙʳʣʠ 

ʦʙʥʘʨʫʞʝʥ rʚ ʉʐɸ, ʂʘʥʘʜʝ ʠ ɽʚʨʦʧʝ (ɻʝʨʤʘʥʠʷ, ʉʣʦʚʝʥʠʷ). 

ʌʠʣʦʛʝʥʝʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʥʘ ʦʩʥʦʚʝ ʥʫʢʣʝʦʪʠʜʥʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʫʯʘʩʪʢʘ, ʢʦʜʠʨʫʶʱʝʛʦ N/S-ʜʦʤʝʥ ʢʘʧʩʠʜʥʦʛʦ ʙʝʣʢʘ 

VP1 15 ʥʠʞʝʛʦʨʦʜʩʢʠʭ ʠʟʦʣʷʪʦʚ ʥʦʨʦʚʠʨʫʩʘ ʛʝʥʦʪʠʧʘ GII.17 ʧʦʟʚʦʣʠʣ 

ʫʩʪʘʥʦʚʠʪʴ, ʯʪʦ ʚʩʝ ʦʥʠ ʦʪʥʦʩʷʪʩʷ ʢ ʢʣʘʩʪʝʨʫ D. ʅʦʨʦʚʠʨʫʩʳ, ʚʳʷʚʣʝʥʥʳʝ 

ʧʨʠ ʩʧʦʨʘʜʠʯʝʩʢʦʡ ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ, ʨʦʜʩʪʚʝʥʥʳ ʠʟʦʣʷʪʘʤ ʠʟ ʂʠʪʘʷ 

(ʛʦʤʦʣʦʛʠʷ 99,5%-100%). ʅʦʨʦʚʠʨʫʩʳ, ʦʙʥʘʨʫʞʝʥʥʳʝ ʧʨʠ ʛʨʫʧʧʦʚʦʤ 

ʟʘʙʦʣʝʚʘʥʠʠ, ʠʜʝʥʪʠʯʥʳ ʜʨʫʛ ʜʨʫʛʫ ʧʦ ʠʩʩʣʝʜʫʝʤʦʤʫ ʫʯʘʩʪʢʫ ʛʝʥʦʤʘ ʠ 

ʥʘʠʙʦʣʝʝ ʙʣʠʟʢʠ ʢ ʠʟʦʣʷʪʫ 15-G1200/Ger/2015 (ʥʦʤʝʨ ʚ GenBank 

KX244853), ʚʳʷʚʣʝʥʥʦʤʫ ʚ ɻʝʨʤʘʥʠʠ ʚ ʦʢʪʷʙʨʝ 2015 ʛʦʜʘ (ʛʦʤʦʣʦʛʠʷ 

99,5%). ʇʨʠ ʘʥʘʣʠʟʝ ʫʯʘʩʪʢʘ ʛʝʥʘ, ʢʦʜʠʨʫʶʱʝʛʦ ʈʅʂ-ʟʘʚʠʩʠʤʫʶ ʈʅʂ-

ʧʦʣʠʤʝʨʘʟʫ, ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʠʞʝʛʦʨʦʜʩʢʠʝ ʠʟʦʣʷʪʳ ʠʤʝʶʪ 

ʩʧʝʮʠʬʠʯʥʦʩʪʴ GII.P17 [ɽʧʠʬʘʥʦʚʘ ʠ ʩʦʘʚʪ., 2017d]. ʈʝʟʢʦʝ ʩʥʠʞʝʥʠʝ 

ʚʳʷʚʣʷʝʤʦʩʪʠ ʥʦʨʦʚʠʨʫʩʘ GII.17 ʚʦ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʝ 2016 ʛ. ʠ 

ʦʙʥʘʨʫʞʝʥʠʝ ʝʛʦ ʚ 10% ʩʣʫʯʘʝʚ ʚ 2017-2018 ʛʛ. ʧʦʟʚʦʣʷʣʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, 

ʯʪʦ ʥʦʨʦʚʠʨʫʩ GII.17 ʚ ʦʩʥʦʚʥʦʤ ʠʩʯʝʨʧʘʣ ʩʚʦʡ ʵʧʠʜʝʤʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ 

ʠ ʙʫʜʝʪ ʧʨʦʜʦʣʞʘʪʴ ʮʠʨʢʫʣʠʨʦʚʘʪʴ ʩ ʥʠʟʢʦʡ ʯʘʩʪʦʪʦʡ ʚ ʢʘʯʝʩʪʚʝ 

ʤʠʥʦʨʥʦʛʦ ʛʝʥʦʪʠʧʘ. ɸʥʘʣʦʛʠʯʥʘʷ ʩʠʪʫʘʮʠʷ ʩʢʣʘʜʳʚʘʣʘʩʴ ʧʦʩʣʝ 2011 ʛʦʜʘ 

ʩ ʥʦʨʦʚʠʨʫʩʦʤ ʛʝʥʦʪʠʧʘ GII.12 [ɽʧʠʬʘʥʦʚʘ ʠ ʩʦʘʚʪ., 2013b].  
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ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʥʦʨʦʚʠʨʫʩʳ ʛʝʥʦʪʠʧʘ GII.17, ʚʳʟʚʘʚʰʠʝ ʧʦʜʲʝʤ 

ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ ʚ ɺʦʩʪʦʯʥʦʡ ɸʟʠʠ ʚ 2014-2015 ʛʛ. ʠ ʚ ʜʘʣʴʥʝʡʰʝʤ 

ʨʘʩʧʨʦʩʪʨʘʥʠʚʰʠʝʩʷ ʧʦ ʚʩʝʤʫ ʤʠʨʫ, ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʚʳʷʚʣʷʣʠʩʴ ʚ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʦʤ ʧʨʦʮʝʥʪʝ ʩʣʫʯʘʝʚ [Shirai et al., 2024, Lu et al., 

2023; Jacobsen et al., 2024]. ʆʜʥʘʢʦ ʚ ʩʝʟʦʥ 2022-2023 ʛʛ. ʧʨʠ ʤʦʥʠʪʦʨʠʥʛʝ 

ʮʠʨʢʫʣʷʮʠʠ ʥʦʨʦʚʠʨʫʩʦʚ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʅʠʞʥʝʛʦ ʅʦʚʛʦʨʦʜʘ ʥʘʙʣʶʜʘʣʦʩʴ 

ʫʚʝʣʠʯʝʥʠʝ ʜʦʣʠ GII.17[P17] ʚ ʩʧʝʢʪʨʝ ʚʳʷʚʣʷʝʤʳʭ ʛʝʥʦʪʠʧʦʚ ʜʦ 36,1 %. 

ʇʨʠʯʝʤ ʵʪʦ ʥʝ ʩʦʧʨʦʚʦʞʜʘʣʦʩʴ ʫʚʝʣʠʯʝʥʠʝʤ ʯʘʩʪʦʪʳ ʦʙʥʘʨʫʞʝʥʠʷ 

ʥʦʨʦʚʠʨʫʩʦʚ, ʥʘʧʨʦʪʠʚ, ʧʦʢʘʟʘʪʝʣʴ ʜʘʞʝ ʥʝʩʢʦʣʴʢʦ ʩʥʠʟʠʣʩʷ ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʩ ʧʨʝʜʳʜʫʱʠʤ ʩʝʟʦʥʦʤ (13,8 % ï 9,9 %, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ɼʣʷ ʚʳʷʚʣʝʥʠʷ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʥʦʚʳʭ ʰʪʘʤʤʦʚ ʜʘʥʥʦʛʦ ʛʝʥʦʪʠʧʘ ʙʳʣ ʧʨʦʚʝʜʝʥ 

ʬʠʣʦʜʠʥʘʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʥʘ ʦʩʥʦʚʝ ʥʫʢʣʝʦʪʠʜʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ 

ʛʝʥʦʤʘ ʥʦʨʦʚʠʨʫʩʦʚ GII.17, ʮʠʨʢʫʣʠʨʫʶʱʠʭ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʅʠʞʥʝʛʦ 

ʅʦʚʛʦʨʦʜʘ, ʘ ʪʘʢʞʝ ʠʟʚʣʝʯʝʥʥʳʭ ʠʟ ʙʘʟʳ ʜʘʥʥʳʭ GenBank, ʨʝʟʫʣʴʪʘʪʳ 

ʢʦʪʦʨʦʛʦ ʩʫʤʤʠʨʦʚʘʥʳ ʚ ʩʪʘʪʴʝ [Epifanova et al., 2025].  

ʌʠʣʦʛʝʥʝʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʫʯʘʩʪʢʘ ʛʝʥʦʤʘ ʥʦʨʦʚʠʨʫʩʦʚ, 

ʚʢʣʶʯʘʶʱʝʛʦ ʟʦʥʫ ʧʝʨʝʢʨʳʚʘʥʠʷ ʨʘʤʦʢ ʩʯʠʪʳʚʘʥʠʷ, ʢʦʜʠʨʫʶʱʠʭ 

ʥʝʩʪʨʫʢʪʫʨʥʳʝ ʠ ʩʪʨʫʢʪʫʨʥʳʝ ʙʝʣʢʠ (RdRp-VP1), ʧʦʢʘʟʘʣ, ʯʪʦ 377 

ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʨʘʟʜʝʣʠʣʠʩʴ ʥʘ ʯʝʪʳʨʝ ʢʣʘʩʪʝʨʘ ï A, 

B, C ʠ D. ʇʨʠ ʵʪʦʤ ʥʠʞʝʛʦʨʦʜʩʢʠʝ ʠʟʦʣʷʪʳ 2018-2022 ʛʛ. ʦʪʥʦʩʷʪʩʷ ʢ 

ʢʣʘʩʪʝʨʫ D, ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʤʫ ʚ ʤʠʨʝ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ (ʈʠʩʫʥʦʢ 

27). 

ʂʣʘʩʪʝʨ ʉ, ʧʦ ʥʘʰʠʤ ʜʘʥʥʳʤ, ʨʘʟʜʝʣʷʝʪʩʷ ʥʘ ʜʚʘ ʩʫʙʢʣʘʩʪʝʨʘ. ʄʳ 

ʚʳʜʝʣʠʣʠ ʩʫʙʢʣʘʩʪʝʨ ʉ1, ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʢʦʪʦʨʦʛʦ, ʢʘʢ ʧʦʢʘʟʘʣ 

ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ, ʚʳʷʚʣʷʣʠʩʴ ʥʝ ʪʦʣʴʢʦ ʚ ɸʟʠʘʪʩʢʠʭ ʩʪʨʘʥʘʭ, ʥʦ 

ʧʨʠʩʫʪʩʪʚʦʚʘʣʠ ʚ ɽʚʨʦʧʝ ʠ ʃʘʪʠʥʩʢʦʡ ɸʤʝʨʠʢʝ ʚ 2013-2016 ʛʛ. [Brown et 

al., 2019,  Schmitz et al., 2023, Tinker et al., 2021] ʠ ʧʦʩʣʝ 2016 ʛ. ʚ ʤʠʨʝ ʥʝ 

ʦʙʥʘʨʫʞʠʚʘʣʠʩ.ɹ ɼʨʫʛʘ ̫ʛʨʫʧʧʘ, ʚ ʢʦʪʦʨʫ  ʁʚʦʰʣʠ ʥʠʞʝʛʦʨʦʜʩʢʠʝ ʠʟʦʣʷʪʳ 

2023 ʛʦʜʘ, ʘ ʪʘʢʞʝ ʯʘʩʪʴ ʠʟʦʣʷʪʦʚ 2022 ʛ. ʠ ʦʜʠʥ ï 2021 ʛ. ʢʣʘʩʪʝʨʠʟʫʶʪʩʷ 



 

131 

 

 

 

 

ʈʠʩʫʥʦʢ 27 ï ʌʠʣʦʛʝʥʝʪʠʯʝʩʢʦʝ ʜʝʨʝʚʦ ʥʘ ʦʩʥʦʚʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ 

ʫʯʘʩʪʢʘ RdRp-VP1 ʥʦʨʦʚʠʨʫʩʦʚ ʛʝʥʦʪʠʧʘ GII.17 (525 ʥ.ʦ.) 

ʉʠʥʠʡ ʢʚʘʜʨʘʪ ï ʨʝʬʝʨʝʥʩʥʳʡ ʰʪʘʤʤ ʢʣʘʩʪʝʨʘ ʉ, ʯʝʨʥʳʝ ʢʨʫʞʢʠ ï ʅɺ, 

ʚʳʷʚʣʝʥʥʳʝ ʚ ʅʠʞʥʝʤ ʅʦʚʛʦʨʦʜʝ, ʟʝʣʝʥʳʝ ʪʨʝʫʛʦʣʴʥʠʢʠ ï ʅɺ, 

ʚʳʷʚʣʝʥʥʳʝ ʚ ʜʨʫʛʠʭ ʨʝʛʠʦʥʘʭ ʈʦʩʩʠʠ, ʢʨʘʩʥʳʝ ʪʨʝʫʛʦʣʴʥʠʢʠ ï ʅɺ 

ʩʫʙʢʣʘʩʪʝʨʘ ʉ2, ʚʳʷʚʣʝʥʥʳʝ ʚ ʜʨʫʛʠʭ ʩʪʨʘʥʘʭ 

 

ʩ ʥʦʨʦʚʠʨʫʩʘʤʠ ʠʟ ʈʫʤʳʥʠʠ (2021 ʛ.), ʉʐɸ (2022 ʛ.) ʠ ɹʨʘʟʠʣʠʠ (2023 ʛ.). 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʪʦʧʦʣʦʛʠʠ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʦʛʦ ʜʝʨʝʚʘ, ʧʦʩʪʨʦʝʥʥʦʛʦ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʅʇ ʬʨʘʛʤʝʥʪʘVP1-RdRp, ʵʪʘ ʛʨʫʧʧʘ ʤʦʞʝʪ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ çʜʝʨʠʚʘʪè ʥʦʨʦʚʠʨʫʩʦʚ ʩʫʙʢʣʘʩʪʝʨʘ ʉ1, 

ʮʠʨʢʫʣʠʨʦʚʘʚʰʠʭ ʚ 2012-2016 ʛʛ., ʠ ʧʨʝʜʩʪʘʚʣʷʪʴ ʩʦʙʦʡ ʥʦʚʳʡ ʩʫʙʢʣʘʩʪʝʨ 

ʉ2 ʛʝʥʦʪʠʧʘ GII.17.  

ʌʠʣʦʛʝʥʝʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʛʝʥʘ VP1, VP2 ʠ RdRp, ʧʨʦʚʝʜʝʥʥʳʡ ʥʘ 

ʦʩʥʦʚʘʥʠʠ    238,    216    ʠ    215    ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ,  ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 
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ʈʠʩʫʥʦʢ 28 ï ʌʠʣʦʛʝʥʝʪʠʯʝʩʢʦʝ ʜʝʨʝʚʦ ʥʘ ʦʩʥʦʚʝ ʥʫʢʣʝʦʪʠʜʥʳʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʧʦʣʥʦʛʦ ʛʝʥʘ VP1 ʥʦʨʦʚʠʨʫʩʦʚ ʛʝʥʦʪʠʧʘ GII.17 

(1632 ʥ.ʦ.) 

ʉʠʥʠʡ ʢʚʘʜʨʘʪ ï ʨʝʬʝʨʝʥʩʥʳʡ ʰʪʘʤʤ ʢʣʘʩʪʝʨʘ ʉ, ʯʝʨʥʳʝ ʢʨʫʞʢʠ ï ʅɺ, 

ʚʳʷʚʣʝʥʥʳʝ ʚ ʅʠʞʥʝʤ ʅʦʚʛʦʨʦʜʝ, ʢʨʘʩʥʳʝ ʪʨʝʫʛʦʣʴʥʠʢʠ ï ʅɺ 

ʩʫʙʢʣʘʩʪʝʨʘ ʉ2, ʚʳʷʚʣʝʥʥʳʝ ʚ ʜʨʫʛʠʭ ʩʪʨʘʥʘʭ  

 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ ʥʝʩʢʦʣʴʢʦ ʠʥʫʶ ʢʘʨʪʠʥʫ: ʪʦʧʦʣʦʛʠʷ 

ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʠʭ ʜʝʨʝʚʴʝʚ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʣʘ, ʯʪʦ ʧʨʝʜʩʪʘʚʠʪʝʣʠ 

ʩʫʙʢʣʘʩʪʝʨʘ C2 ʧʨʦʠʟʦʰʣʠ ʥʝ ʦʪ C1, ʘ ʵʚʦʣʶʮʠʦʥʠʨʦʚʘʣʠ ʦʪ ʦʙʱʝʛʦ ʜʣʷ 

ʢʣʘʩʪʝʨʦʚ ʉ ʠ D ʧʨʝʜʢʘ, ʩʫʱʝʩʪʚʦʚʘʚʰʝʛʦ ʚ 2003-2005 ʛʛ.  

ʇʨʦʤʝʞʫʪʦʯʥʳʤ ʟʚʝʥʦʤ ʚ ʭʦʜʝ ʵʪʦʡ ʵʚʦʣʶʮʠʠ ʷʚʠʣʠʩʴ 

ʥʦʨʦʚʠʨʫʩʳ FR_2014 ʠ Ca_2015, ʢʦʪʦʨʳʝ ʤʳ ʦʪʥʝʩʣʠ ʢ ʩʫʙʢʣʘʩʪʝʨʫ ʉ1/2 

(ʈʠʩʫʥʦʢ 28, ʛʝʥ VP1).  
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ʈʠʩʫʥʦʢ 29 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʨʘʟʣʠʯʠʡ (ʚʳʨʘʞʝʥʥʳʭ ʚ ʧʨʦʮʝʥʪʘʭ) ʚ 

ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʭ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʝʬʝʨʝʥʩʥʦʛʦ 

ʰʪʘʤʤʘ ʩʫʙʢʣʘʩʪʝʨʘ ʉ1 AB983218_C_Kawasaki323_JP_2014 

(ʤʦʜʝʣʴ ʇʫʘʩʩʦʥʘ) 

 

ʇʷʪʴ ʠʟʦʣʷʪʦʚ, ʦʪʥʝʩʝʥʥʳʭ ʥʘʤʠ ʢ ʩʫʙʢʣʘʩʪʝʨʫ ʉ2, ʠ ʜʚʘ ï ʢ 

ʩʫʙʢʣʘʩʪʝʨʫ ʉ1/2, ʨʘʥʝʝ ʙʳʣʠ ʚʢʣʶʯʝʥʳ ʚ ʘʥʘʣʠʟ ʧʦʯʪʠ ʧʦʣʥʳʭ 

ʥʫʢʣʝʦʪʠʜʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ, ʧʨʦʚʝʜʝʥʥʳʡ Dinu S. ʠ ʩʦʘʚʪ. (2023) 

ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʢʨʫʧʥʦʡ ʚʩʧʳʰʢʠ ʥʦʨʦʚʠʨʫʩʥʦʡ ʠʥʬʝʢʮʠʠ ʚ ʈʫʤʳʥʠʠ ʚ 

2021 ʛ. ɸʚʪʦʨʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʵʪʠ ʛʝʥʦʤʳ ʧʦʧʘʜʘʶʪ ʚ ʦʪʜʝʣʴʥʫʶ 

ʢʣʘʜʫ/ʢʣʘʩʪʝʨ ʛʝʥʦʪʠʧʘ GII.17[P17], ʚ ʦʪʣʠʯʠʝ ʦʪ ʨʘʥʝʝ ʦʧʠʩʘʥʥʳʭ 

ʢʣʘʜ/ʢʣʘʩʪʝʨʦʚ Kawasaki, ʥʦ ʟʘʪʨʫʜʥʠʣʠʩʴ ʦʧʨʝʜʝʣʠʪʴ, ʧʨʝʜʩʪʘʚʣʷʶʪ ʣʠ 

ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʥʦʚʳʝ ʢʣʘʜʳ, ʚʳʷʚʣʝʥʥʳʝ ʚ ʠʭ ʠʩʩʣʝʜʦʚʘʥʠʠ, ʧʝʨʝʭʦʜʥʳʝ 

ʠʣʠ ʫʩʧʝʰʥʳʝ, ʟʘʢʨʝʧʠʚʰʠʝʩʷ ʚʘʨʠʘʥʪʳ [Dinu et al., 2023]. 
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ʇʨʠʥʘʜʣʝʞʥʦʩʪʴ ʜʘʥʥʳʭ ʩʝʤʠ ʠʟʦʣʷʪʦʚ ʢ ʢʣʘʩʪʝʨʫ ʉ, ʘ ʥʝ ʢ 

ʦʪʜʝʣʴʥʳʤ ʥʦʚʳʤ ʚʘʨʠʘʥʪʘʤ, ʢʘʢ ʧʨʝʜʧʦʣʦʞʠʣʠ Dinu (2023), ʥʘ ʥʘʰ 

ʚʟʛʣʷʜ, ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʦʮʝʥʢʦʡ ʧʨʦʮʝʥʪʘ ʨʘʟʣʠʯʠʡ ʚ ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʭ ʙʝʣʢʘ VP1 ʵʪʠʭ ʠʟʦʣʷʪʦʚ, ʢʦʪʦʨʘʷ ʩʦʩʪʘʚʣʷʝʪ 2,26 % ʩ 

ʧʨʝʜʩʪʘʚʠʪʝʣʷʤʠ ʢʣʘʩʪʝʨʘ C ʠ ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʴʰʝ ï ʩ ʧʨʝʜʩʪʘʚʠʪʝʣʷʤʠ 

ʢʣʘʩʪʝʨʦʚ D (4,42 %), A (10,69 %) ʠ B (12,76 %) (ʈʠʩʫʥʦʢ 29). ʂʨʠʪʝʨʠʡ 

ʚʳʜʝʣʝʥʠʷ ʦʪʜʝʣʴʥʳʭ ʚʘʨʠʘʥʪʦʚ ʚʥʫʪʨʠ ʛʝʥʦʪʠʧʘ, ʩʦʩʪʘʚʣʷʶʱʠʡ  ʙʦʣʝʝ 

4,1-5 % ʨʘʟʣʠʯʠʡ ʚ ʧʦʣʥʦʡ ʘʤʠʥʦʢʠʩʣʦʪʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʙʝʣʢʘ 

VP1, ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʛʨʫʧʧʦʡ ʧʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠ 

ʥʦʨʦʚʠʨʫʩʦʚ ʜʣʷ ʚʘʨʠʘʥʪʦʚ ʥʦʨʦʚʠʨʫʩʘ ʛʝʥʦʪʠʧʘ GII.4 ʠ ʵʢʩʪʨʘʧʦʣʠʨʦʚʘʥ 

ʥʘ ʜʨʫʛʠʝ ʛʝʥʦʪʠʧʳ [Bok et al., 2009; Zheng et al., 2010; Sang,Yang, 2018]. 

ʅʘʰʠ ʜʘʥʥʳʝ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʩʫʙʢʣʘʩʪʝʨʘ ʉ2 

ʧʦʣʫʯʠʣʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ʈʦʩʩʠʠ, ʘ ʪʘʢʞʝ ʮʠʨʢʫʣʠʨʫʶʪ ʚ ɽʚʨʦʧʝ, ʉʐɸ 

ʠ ʃʘʪʠʥʩʢʦʡ ɸʤʝʨʠʢʝ (ɹʨʘʟʠʣʠʷ). ʅʦʨʦʚʠʨʫʩʳ, ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

ʢʦʪʦʨʳʭ ʢʣʘʩʪʝʨʠʟʫʶʪʩʷ ʩ ʥʠʞʝʛʦʨʦʜʩʢʠʤ ʰʪʘʤʤʦʤ 

ON854112_173_NN_RU_2022, ʩʫʜʷ ʧʦ ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ ʚ ʩʪʘʪʴʝ Eftekhari 

M. (2023) ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʠʤ ʜʝʨʝʚʴʷʤ, ʦʙʥʘʨʫʞʝʥʳ ʪʘʢʞʝ ʠ ʚ ʀʨʘʥʝ ʚ 

2021 ʛ. [Eftekhari et al., 2023]. 

ʇʨʝʜʩʪʘʚʠʪʝʣʠ ʥʦʚʦʛʦ ʩʫʙʢʣʘʩʪʝʨʘ ʥʝʩʫʪ ʨʷʜ ʟʘʤʝʥ ʚ 

ʘʤʠʥʦʢʠʩʣʦʪʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʙʝʣʢʘ VP1, ʥʘʭʦʜʷʱʠʭʩʷ ʚʙʣʠʟʠ 

ʢʦʥʬʦʨʤʘʮʠʦʥʥʳʭ ʘʥʪʠʛʝʥʥʳʭ ʵʧʠʪʦʧʦʚ, ʙʣʦʢʠʨʫʝʤʳʭ ʥʝʡʪʨʘʣʠʟʫʶʱʠʤʠ 

ʘʥʪʠʪʝʣʘʤʠ. ʕʪʠ ʟʘʤʝʥʳ ʦʪʣʠʯʘʶʪ ʠʭ ʢʘʢ ʦʪ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʩʫʙʢʣʘʩʪʝʨʘ 

C1, ʪʘʢ ʠ ʦʪ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʛʦ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ 

ʢʣʘʩʪʝʨʘ D ʠ ʤʦʛʫʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʫʩʢʦʣʴʟʘʥʠʶ ʦʪ ʨʘʥʝʝ 

ʩʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʠʤʤʫʥʠʪʝʪʘ ʢ ʥʦʨʦʚʠʨʫʩʫ ʛʝʥʦʪʠʧʘ GII.17. ʈʝʰʘʶʱʝʝ 

ʟʥʘʯʝʥʠʝ ʧʷʪʠ ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʦʩʪʘʪʢʦʚ (ʘ ʠʤʝʥʥʦ 293Q, 294I, 295N, 296Q 

ʠ 299R), ʬʦʨʤʠʨʫʶʱʠʭ ʙʣʦʢʠʨʫʶʱʠʡ ʵʧʠʪʦʧ ʢʣʘʩʪʝʨʘ IIIb (ʢʣʘʩʪʝʨ D) 

ʧʦʜʯʝʨʢʠʚʘʣʦʩʴ ʚ ʧʨʝʜʳʜʫʱʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ [Yi et al., 2021]. ʅʘʣʠʯʠʝ  
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ʈʠʩʫʥʦʢ 30 - ɸʤʠʥʦʢʠʩʣʦʪʥʳʝ ʟʘʤʝʥʳ ʚ ʙʝʣʢʝ VP1 ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʧʨʦʪʦʪʠʧʘ ʉ1 AB983218_C_Kawasaki323_JP_2014.  ʉʝʨʘʷ ʟʘʣʠʚʢʘ ï 

ʜʝʣʝʮʠʠ. ɸʥʪʠʛʝʥʥʳʝ ʵʧʠʪʦʧʳ A, C, D, E ʦʙʦʟʥʘʯʝʥʳ ʧʦ ʘʥʘʣʦʛʠʠ ʩ 

ʘʥʪʠʛʝʥʥʳʤʠ ʵʧʠʪʦʧʘʤʠ ʥʦʨʦʚʠʨʫʩʘ ʛʝʥʦʪʠʧʘ GII.4.  

* ʨʦʟʦʚʘʷ ʟʘʣʠʚʢʘ - ʩʘʡʪʳ ʩʚʷʟʳʚʘʥʠʷ HBGA 

 

ʛʣʫʪʘʤʠʥʘ  (Q) ʚ ʧʦʣʦʞʝʥʠʠ  298 (296Q, ʩ ʫʯʝʪʦʤ ʜʝʣʝʮʠʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʚʘʨʠʘʥʪʘʤʠ A ʠ B) ʩʯʠʪʘʝʪʩʷ ʢʣʶʯʝʚʳʤ ʧʨʠʟʥʘʢʦʤ ʢʣʘʩʪʝʨʘ D [Liao et al., 

2022]. ʂʘʢ ʧʦʢʘʟʘʥʦ ʚ ʥʘʰʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ, ʩʫʙʢʣʘʩʪʝʨ C2 ʧʦʣʥʦʩʪʴʶ 

ʦʪʣʠʯʝʥ ʦʪ ʢʣʘʩʪʝʨʘ D ʧʦ ʜʘʥʥʦʤʫ ʵʧʠʪʦʧʫ, ʠʤʝʷ 293E, 294T, 295D ʠ 299K, 

ʪʘʢ ʞʝ, ʢʘʢ ʢʣʘʩʪʝʨ ʉ1, ʠ 296N, ʪʘʢ ʞʝ, ʢʘʢ ʰʪʘʤʤ Tokyo_JP_1976. ʂʨʦʤʝ 

ʪʦʛʦ, ʥʘʣʠʯʠʝ 297P ʫ ʚʩʝʭ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʉ2 ʠ ʉ1/2 ʪʘʢʞʝ ʩʙʣʠʞʘʝʪ ʠʭ ʩʦ 

ʰʪʘʤʤʦʤ Tokyo_JP_1976 (ʈʠʩʫʥʦʢ 30). 
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ʐʪʘʤʤʳ ʩʫʙʚʘʨʠʘʥʪʦʚ ʉ2 ʠ ʉ1/2 ʦʙʣʘʜʘʶʪ ʩʘʡʪʦʤ ʩʚʷʟʳʚʘʥʠʷ ʩ 

HBGA, ʥʝʩʫʱʠʤ ʟʘʤʝʥʫ V444/442Y. ʅʘʣʠʯʠʝ ʪʠʨʦʟʠʥʘ (Y) ʚ ʜʘʥʥʦʡ 

ʧʦʟʠʮʠʠ, ʢʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʨʘʥʝʝ, ʧʦʟʚʦʣʷʝʪ ʥʦʚʳʤ ʚʘʨʠʘʥʪʘʤ ʛʝʥʦʪʠʧʘ 

GII.17 (C ʠ D) ʵʬʬʝʢʪʠʚʥʦ ʩʚʷʟʳʚʘʪʴʩʷ ʩ ʨʝʮʝʧʪʦʨʘʤʠ ʭʦʟʷʠʥʘ, ʚ ʦʪʣʠʯʠʝ 

ʦʪ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʚʘʨʠʘʥʪʦʚ A ʠ B [Qian et al., 2018]. ʈʘʥʥʠʝ ʰʪʘʤʤʳ, 

ʥʝʩʫʱʠʝ ʚ ʜʘʥʥʦʡ ʧʦʟʠʮʠʠ ʚʘʣʠʥ (V), ʥʝ ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʥʝʦʙʭʦʜʠʤʦʛʦ 

ɺʘʥ-ʜʝʨ-ɺʘʘʣʴʩʦʚʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʬʫʢʦʟʦʡ, ʧʨʦʷʚʣʷʣʠ ʩʣʘʙʫʶ 

ʩʚʷʟʳʚʘʶʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʩ HBGA ʭʦʟʷʠʥʘ.  ʀʥʪʝʨʝʩʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʠʟ 

ʚʩʝʭ ʨʘʥʥʠʭ ʥʦʨʦʚʠʨʫʩʦʚ ʛʝʥʦʪʠʧʘ GII.17 ʪʦʣʴʢʦ ʰʪʘʤʤ Tokyo_JP_1976 

ʪʘʢʞʝ ʠʤʝʝʪ ʚ ʜʘʥʥʦʡ ʧʦʟʠʮʠʠ ʪʠʨʦʟʠʥ.  

ɸʤʠʥʦʢʠʩʣʦʪʥʳʝ ʟʘʤʝʥʳ, ʚʳʷʚʣʝʥʥʳʝ ʥʘʤʠ ʜʣʷ VP1 ʥʦʨʦʚʠʨʫʩʘ 

ʩʫʙʚʘʨʠʘʥʪʘ ʉ2 ʙʳʣʠ ʥʘʥʝʩʝʥʳ ʥʘ ʩʣʝʜʫʶʱʠʝ ʩʪʨʫʢʪʫʨʥʳʝ ʤʦʜʝʣʠ: P-

ʜʦʤʝʥ ʥʦʨʦʚʠʨʫʩʘ GII.17 Kawasaki323 (ʚʘʨʠʘʥʪ ʉ1), ʠ P-ʜʦʤʝʥ ʥʦʨʦʚʠʨʫʩʘ 

GII.17 Kawasaki308 [Singh et al., 2015]. ʇʦʣʫʯʝʥʥʳʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ 

ʤʦʜʝʣʠ ʥʘʛʣʷʜʥʦ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʦʝ ʯʠʩʣʦ 

ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʟʘʤʝʥ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʫʙʚʘʨʠʘʥʪʦʤ C1 ʠ ʤʥʦʞʝʩʪʚʝʥʥʳʝ 

ʟʘʤʝʥʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʚʘʨʠʘʥʪʦʤ D (ʈʠʩʫʥʦʢ 31).   

ʈʘʥʝʝ ʥʘ ʦʩʥʦʚʘʥʠʠ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʛʝʥʘ ORF2 ʠ ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʟʘʤʝʥ  ʚ ʙʝʣʢʝ VP1, 

ʙʳʣʦ ʚʳʩʢʘʟʘʥʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʚʘʨʠʘʥʪ ʉ, ʚʦʟʥʠʢʰʠʡ  ʚ 2012 ʛ., ʤʦʛ 

ʧʨʦʠʟʦʡʪʠ ʦʪ ʚʠʨʫʩʘ, ʧʦʜʦʙʥʦʛʦ   GII.17_1976 ʛ. [Mori et al., 2017; Tohma et 

al. 2018], ʦʜʥʘʢʦ ʧʦ ʥʝʠʟʚʝʩʪʥʳʤ ʧʨʠʯʠʥʘʤ ʥʝ ʦʙʥʘʨʫʞʠʚʘʣʩʷ ʚ ʪʝʯʝʥʠʝ 37 

ʣʝʪ [Qian et al., 2018]. ʇʦʣʫʯʝʥʥʳʝ ʚ ʥʘʰʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʨʝʟʫʣʴʪʘʪʳ 

ʧʦʢʘʟʘʣʠ ʚʦʟʚʨʘʱʝʥʠʝ ʚ ʘʢʪʠʚʥʫʶ ʮʠʨʢʫʣʷʮʠʶ ʚʘʨʠʘʥʪʘ ʉ, ʢʦʪʦʨʳʡ, ʥʝ 

ʮʠʨʢʫʣʠʨʦʚʘʣ ʩ ʷʥʚʘʨʷ 2016 ʛʦʜʘ. ɼʘʥʥʳʝ ʦʙ ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʟʘʤʝʥʘʭ ʚ 

ʩʫʙʚʘʨʠʘʥʪʝ ʉ2, ʝʱʝ ʙʦʣʝʝ ʩʙʣʠʞʘʶʱʠʭ ʝʛʦ ʩ ʠʟʦʣʷʪʦʤ Tokyo_JP_1976, 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ  ʦ  ʪʦʤ,  ʯʪʦ  ʵʚʦʣʶʮʠʷ  ʵʪʦʡ  ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʦʡ  ʣʠʥʠʠ  
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ʈʠʩʫʥʦʢ 31 ï ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʤʦʜʝʣʠ ʈ-ʜʦʤʝʥʘ ʙʝʣʢʘ VP1 ʥʦʨʦʚʠʨʫʩʦʚ 

ʛʝʥʦʪʠʧʘ GII.17[P17], ʚʠʜ ʩʙʦʢʫ ʠ ʩʚʝʨʭʫ (ʧʦʚʦʨʦʪ ʥʘ 90Á): 

ʘ) ʧʦʩʪʨʦʝʥʘ ʥʘ ʦʩʥʦʚʝ P-ʜʦʤʝʥʘ ʰʪʘʤʤʘ Kawasaki323_JP_2014, ʥʦʤʝʨ 

PDB ï 5F4M (PDB DOI: https://doi.org/10.2210/pdb5f4m/pdb); 

ʙ) ʧʦʩʪʨʦʝʥʘ ʥʘ ʦʩʥʦʚʝ P-ʜʦʤʝʥʘ ʰʪʘʤʤʘ Kawasaki308_JP_2015, ʥʦʤʝʨ 

PDB ï 5F4O (PDB DOI: https://doi.org/10.2210/pdb5f4o/pdb); 

ʊʝʤʥʳʡ ʦʪʪʝʥʦʢ ï ʩʫʙʲʝʜʠʥʠʮʘ ɸ, ʩʚʝʪʣʳʡ ʦʪʪʝʥʦʢ ï ʩʫʙʲʝʜʠʥʠʮʘ ɺ,  

ʉʠʥʠʤ ʮʚʝʪʦʤ ʦʙʦʟʥʘʯʝʥʳ ʜʝʣʝʮʠʠ, ʢʨʘʩʥʳʤ ï ʠʟʤʝʥʝʥʠʝ ʧʦʣʷʨʥʦʩʪʠ 

ʠ/ʠʣʠ ʟʘʨʷʜʘ ʘʤʠʥʦʢʠʩʣʦʪ, ʟʝʣʝʥʳʤ ï ʧʦʣʷʨʥʦʩʪʴ ʠ/ʠʣʠ ʟʘʨʷʜ 

ʘʤʠʥʦʢʠʩʣʦʪʳ ʥʝ ʠʟʤʝʥʠʣʠʩʴ. 

ʧʨʦʜʦʣʞʘʝʪʩʷ ʚ ʧʦʩʣʝʜʥʝʝ ʜʝʩʷʪʠʣʝʪʠʝ, ʠʤʝʝʪ ʭʘʨʘʢʪʝʨ ʩʙʣʠʞʝʥʠʷ ʩ 

ʧʨʝʜʢʦʚʳʤ ʰʪʘʤʤʦʤ, ʧʨʠʯʝʤ ʚ ʪʝʯʝʥʠʝ ʯʝʪʳʨʝʭ ʣʝʪ (2017-2020 ʛʛ.) ʵʪʠ 

ʧʨʦʮʝʩʩʳ ʥʦʩʠʣʠ ʩʢʨʳʪʳʡ ʭʘʨʘʢʪʝʨ. 

ʇʦ ʜʘʥʥʳʤ ʩʘʡʪʘ CDC ʛʝʥʦʪʠʧ GII.17 ʚ ʵʧʠʜʩʝʟʦʥʝ 2022-2023 ʛʛ. 

ʚʳʰʝʣ ʥʘ ʚʪʦʨʦʝ ʤʝʩʪʦ ʧʦʩʣʝ GII.4 [CaliciNet]. ʆʪʤʝʯʝʥʦ ʫʚʝʣʠʯʝʥʠʝ ʜʦʣʠ 

ʛʝʥʦʪʠʧʘ GII.17 ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʚ 2022 ʠ 2023 ʛʛ. 

[ɻʦʫʜʘʨʩʪʚʝʥʥʳʡ ʜʦʢʣʘʜ 2023, 2024; ɹʳʢʦʚ ʠ ʩʦʘʚʪ., 2023]. ʆʜʥʘʢʦ 

ʟʘʤʝʪʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʟʘʙʦʣʝʚʘʝʤʦʩʪʴ ʥʦʨʦʚʠʨʫʩʥʦʡ ʠʥʬʝʢʮʠʝʡ ʧʦʷʚʣʝʥʠʝ 

ʵʪʦʛʦ ʚʘʨʠʘʥʪʘ ʥʝ ʦʢʘʟʘʣʦ. 

ʘ) 

ʙ) 

https://doi.org/10.2210/pdb5f4m/pdb
https://doi.org/10.2210/pdb5f4o/pdb
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ʈʠʩʫʥʦʢ 32 ï ɻʨʘʬʠʢʠ ʜʝʤʦʛʨʘʬʠʯʝʩʢʦʡ ʠʩʪʦʨʠʠ, ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʥʥʳʝ ʥʘ 

ʦʩʥʦʚʝ ʥʫʢʣʝʦʪʠʜʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʫʯʘʩʪʢʘ RdRp-VP1 ʠ ʛʝʥʦʚ 

VP1, VP2, RdRp ʥʦʨʦʚʠʨʫʩʦʚ ʛʝʥʦʪʠʧʘ GII.17[P17].  

ʇʦ ʦʩʠ X ʦʪʣʦʞʝʥʦ ʚʨʝʤʷ ʚ ʢʘʣʝʥʜʘʨʥʳʭ ʛʦʜʘʭ. ʇʦ ʦʩʠ Y ʧʦʢʘʟʘʥ 

ʵʬʬʝʢʪʠʚʥʳʡ ʨʘʟʤʝʨ ʧʦʧʫʣʷʮʠʠ ʚʠʨʫʩʘ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʢʦʣʠʯʝʩʪʚʦ 

ʛʝʥʦʤʦʚ, ʵʬʬʝʢʪʠʚʥʦ ʩʧʦʩʦʙʩʪʚʫʶʱʠʭ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʥʦʚʳʭ ʠʥʬʝʢʮʠʡ. 

ʃʠʥʠʷ ʚ ʮʝʥʪʨʝ ʦʪʦʙʨʘʞʘʝʪ ʤʝʜʠʘʥʥʳʝ ʟʥʘʯʝʥʠʷ ʚ ʨʘʤʢʘʭ 95% ʠʥʪʝʨʚʘʣʘ 

ʟʘʜʘʥʥʦʡ ʧʣʦʪʥʦʩʪʠ 

 

ʇʨʦʚʝʜʝʥʥʳʡ ʥʘʤʠ ʜʝʤʦʛʨʘʬʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

Bayesian skyline plot (BSP) [Drummond, 2005] ʥʘ ʚʳʙʦʨʢʘʭ ʜʣʷ ʫʯʘʩʪʢʘ 

RdRp-VP1 ʠ ʧʦʣʥʳʭ ʛʝʥʦʚ VP1, VP2, RdRp ʧʦʢʘʟʘʣ ʫʚʝʨʝʥʥʦʝ ʩʥʠʞʝʥʠʝ 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʨʘʟʤʝʨʘ ʧʦʧʫʣʷʮʠʠ (effective population size, EPS) ʚʠʨʫʩʘ, 

ʢʦʪʦʨʦʝ ʩʪʘʣʦ ʷʚʥʳʤ ʧʦʩʣʝ 2005 ʛʦʜʘ (ʈʠʩʫʥʦʢ 32). ʆʢʦʣʦ 2015 ʛʦʜʘ 

ʦʪʤʝʯʝʥ ʧʠʢ ʧʦʜʲʝʤʘ EPS, ʢʦʪʦʨʳʡ ʜʣʷ ʩʪʨʫʢʪʫʨʥʳʭ ʠ ʥʝʩʪʨʫʢʪʫʨʥʳʭ 

ʙʝʣʢʦʚ ʩʤʝʱʝʥ ʥʘ 1 ʛʦʜ, ʘ ʜʣʷ ʫʯʘʩʪʢʘ RdRp-VP1 ï ʨʘʩʪʷʥʫʪ ʥʘ ʜʚʘ ʛʦʜʘ, 
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ʧʦʩʣʝ ʯʝʛʦ ʵʪʦ ʟʥʘʯʝʥʠʝ ʦʧʷʪʴ ʩʥʠʟʠʣʦʩʴ, ʠ ʥʘʙʣʶʜʘʣʘʩʴ ʪʝʥʜʝʥʮʠʷ ʚʳʭʦʜʘ 

ʥʘ ʧʣʘʪʦ.  ɸʥʘʣʦʛʠʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ Sang ʠ Yang (2018 ʛ.) 

ʥʘ ʦʩʥʦʚʝ ʛʝʥʘ VP1, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʣʦ ʦ ʩʫʱʝʩʪʚʦʚʘʥʠʠ 

ʵʧʠʜʝʤʠʯʝʩʢʦʛʦ ʧʠʢʘ ʚ 2014-2015 ʛ. ʚ ʧʝʨʠʦʜ ʧʦʷʚʣʝʥʠʷ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʢʣʘʩʪʝʨʦʚ ʉ ʠ D [Sang, Yang, 2018]. ʇʦʷʚʣʝʥʠʝ ʥʦʚʳʭ 

ʩʫʙʢʣʘʩʪʝʨʦʚ ʉ1/2 ʠ ʉ2 ʥʝ ʦʪʨʘʟʠʣʦʩʴ ʥʘ ʟʥʘʯʝʥʠʠ EPS. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʤʳ 

ʥʝ ʥʘʙʣʶʜʘʣʠ ʚ ʩʝʟʦʥ 2022-2023 ʛʛ. ʫʚʝʣʠʯʝʥʠʷ ʯʘʩʪʦʪʳ ʦʙʥʘʨʫʞʝʥʠʷ 

ʥʦʨʦʚʠʨʫʩʦʚ, ʥʘʧʨʦʪʠʚ ʦʪʤʝʯʘʣʦʩʴ ʥʝʢʦʪʦʨʦʝ ʩʥʠʞʝʥʠʝ ʜʘʥʥʦʛʦ 

ʧʦʢʘʟʘʪʝʣʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʝʜʳʜʫʱʠʤ ʩʝʟʦʥʦʤ (ʩ 13,8 % ʜʦ 9,9 %, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ).  

ʇʨʦʚʝʜʝʥʥʳʡ ʚ ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʘʥʘʣʠʟ ʯʘʩʪʠʯʥʳʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʛʝʥʦʤʘ ʥʦʨʦʚʠʨʫʩʦʚ, ʚʢʣʶʯʘʶʱʠʭ ʟʦʥʫ 

ʧʝʨʝʢʨʳʚʘʥʠʷ ʛʝʥʦʚ ʥʝʩʪʨʫʢʪʫʨʥʳʭ ʠ ʩʪʨʫʢʪʫʨʥʳʭ ʙʝʣʢʦʚ (RdRp-VP1), 

ʧʦʟʚʦʣʠʣ ʪʘʢʞʝ ʧʦʢʘʟʘʪʴ ʚʦʟʚʨʘʱʝʥʠʝ ʚ ʮʠʨʢʫʣʷʮʠʶ ʚ  2018 ʛʦʜʫ 

ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʢʣʘʩʪʝʨʘ B ʛʝʥʦʪʠʧʘ GII.17, ʥʝ ʚʳʷʚʣʷʚʰʝʛʦʩʷ ʚ ʤʠʨʝ ʩ 

2009 ʛ. ʅʦʨʦʚʠʨʫʩʳ ʩ ʢʘʧʩʠʜʦʤ GII.17/ɺ ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʚ ʩʪʦʯʥʳʭ ʚʦʜʘʭ ʚ 

ʖʞʥʦʡ ɸʬʨʠʢʝ ʚ 2018-2022 ʛʛ., ʚ ʘʩʩʦʮʠʘʮʠʠ ʩ ʧʦʣʠʤʝʨʘʟʘʤʠ P7 ʠ P17 

[Mabasa et al., 2022]. ʕʚʦʣʶʮʠʷ ʵʪʦʛʦ ʢʣʘʩʪʝʨʘ, ʧʦ ʚʩʝʡ ʚʝʨʦʷʪʥʦʩʪʠ, ʚ 

ʩʢʨʳʪʦʡ ʬʦʨʤʝ, ʧʨʦʜʦʣʞʘʣʘʩʴ ʥʘ ɸʬʨʠʢʘʥʩʢʦʤ ʢʦʥʪʠʥʝʥʪʝ. ɼʣʷ 

ʜʝʪʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʥʝʦʙʭʦʜʠʤʳ ʙʦʣʝʝ ʧʨʦʪʷʞʝʥʥʳʝ ʥʫʢʣʝʦʪʠʜʥʳʝ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʛʝʥʦʤʘ ʜʘʥʥʳʭ ʥʦʨʦʚʠʨʫʩʦʚ. 

ʅʘ ʤʦʤʝʥʪ ʧʨʦʚʝʜʝʥʠʷ ʥʘʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʙʘʟʝ ʜʘʥʥʳʭ 

GenBank ʧʨʠʩʫʪʩʪʚʦʚʘʣʦ ʚʩʝʛʦ 5 ʧʦʣʥʳʭ ʠ ʦʢʦʣʦ 50 ʯʘʩʪʠʯʥʳʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭʩʷ ʧʨʠʟʥʘʢʘʤʠ ʚʳʷʚʣʝʥʥʦʛʦ ʥʘʤʠ 

ʩʫʙʢʣʘʩʪʝʨʘ C2. ʆʜʥʘʢʦ ʤʳ ʦʞʠʜʘʣʠ ʧʦʷʚʣʝʥʠʷ ʥʦʚʳʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʩʦ ʩʭʦʞʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʚ ʙʣʠʞʘʡʰʝʤ 

ʙʫʜʫʱʝʤ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʚ ʨʘʙʦʪʝ  Chhabra P. ʠ ʩʦʘʚʪ., ʦʧʫʙʣʠʢʦʚʘʥʥʦʡ 

ʦʩʝʥʴʶ 2024 ʛʦʜʘ, ʧʦʢʘʟʘʥʘ ʘʢʪʠʚʠʟʠʨʦʚʘʚʰʘʷʩʷ ʮʠʨʢʫʣʷʮʠʷ ʥʦʨʦʚʠʨʫʩʦʚ 

GII.17 ʚ ʰʝʩʪʠ ʝʚʨʦʧʝʡʩʢʠʭ ʩʪʨʘʥʘʭ ʠ ʉʐɸ ʚ 2023ï2024 ʛʦʜʘʭ [Chhabra et 
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al., 2024]. ʌʠʣʦʛʝʥʝʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʘʚʪʦʨʘʤʠ ʧʦʣʥʳʭ ʠ 

ʯʘʩʪʠʯʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʚʳʷʚʠʣ ʨʦʜʩʪʚʦ ʙʦʣʴʰʠʥʩʪʚʘ ʠʟ ʥʠʭ ʩʦ 

ʰʪʘʤʤʘʤʠ Rʦmania-2021, ʢʦʪʦʨʳʝ, ʧʦ ʥʘʰʠʤ ʜʘʥʥʳʤ, ʦʪʥʦʩʷʪʩʷ ʢ 

ʩʫʙʢʣʘʩʪʝʨʫ C2. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʝʨʦʷʪʥʦ, ʯʪʦ ʧʦʜʢʣʘʩʪʝʨ C1 ʙʫʜʝʪ ʧʝʨʝʠʤʝʥʦʚʘʥ ʚ 

çKawasaki-2014è, ʢʣʘʩʪʝʨ D ï ʚ çKawasaki-2015è, ʧʦʜʢʣʘʩʪʝʨ C2 ï ʚ 

çRomania-2021è. ʆʜʥʘʢʦ ʥʘ ʜʘʥʥʦʤ ʵʪʘʧʝ, ʧʦ ʥʘʰʝʤʫ ʤʥʝʥʠʶ, 

ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʙʝ ʪʝʨʤʠʥʦʣʦʛʠʠ ʜʣʷ ʩʦʭʨʘʥʝʥʠʷ ʩʚʷʟʠ ʩ 

ʨʘʥʝʝ ʧʨʝʜʣʦʞʝʥʥʦʡ ʚʥʫʪʨʠʪʠʧʦʚʦʡ ʜʠʬʬʝʨʝʥʮʠʘʮʠʝʡ ʥʦʨʦʚʠʨʫʩʦʚ 

ʛʝʥʦʪʠʧʘ GII.17[P17] [Parra et al., 2017; Sang,,Yang, 2018]. ɹʦʣʝʝ ʪʦʛʦ, 

ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ ʥʘʟʚʘʥʠʷ ʜʣʷ ʢʣʘʩʪʝʨʦʚ A ʠ B ʧʦʢʘ ʥʝ ʧʨʝʜʣʦʞʝʥʳ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʠʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ 

ʠʥʬʦʨʤʘʮʠʶ ʜʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʵʚʦʣʶʮʠʦʥʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʥʦʨʦʚʠʨʫʩʦʚ ʨʘʟʣʠʯʥʳʭ ʛʝʥʦʪʠʧʦʚ. ʈʘʥʝʝ ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ ʢʦʥʮʝʧʮʠʷ 

ʵʚʦʣʶʮʠʦʥʠʨʫʶʱʠʭ ʠ ʩʪʘʪʠʯʥʳʭ ʛʝʥʦʪʠʧʦʚ ʥʦʨʦʚʠʨʫʩʦʚ [Parra et al., 

2017]. ʂ ʵʚʦʣʶʮʠʦʥʠʨʫʶʱʠʤ ʙʳʣ ʦʪʥʝʩʝʥ ʪʦʣʴʢʦ GII.4, ʫ ʢʦʪʦʨʦʛʦ ʩ 90-ʭ 

ʛʦʜʦʚ ʧʨʦʰʣʦʛʦ ʚʝʢʘ ʧʨʦʠʩʭʦʜʠʣʘ ʩʤʝʥʘ ʵʧʠʜʝʤʠʯʝʩʢʠʭ ʚʘʨʠʘʥʪʦʚ ʢʘʞʜʳʝ 

2-3 ʛʦʜʘ, ʩ ʧʦʣʥʳʤ ʚʳʪʝʩʥʝʥʠʝʤ ʧʨʝʜʳʜʫʱʝʛʦ ʚʘʨʠʘʥʪʘ ʧʦʩʣʝʜʫʶʱʠʤ, ʠ ʢ 

2012 ʛʦʜʫ ʥʘʩʯʠʪʳʚʘʣʦʩʴ ʫʞʝ ʦʜʠʥʥʘʜʮʘʪʴ ʚʘʨʠʘʥʪʦʚ ʜʘʥʥʦʛʦ ʛʝʥʦʪʠʧʘ. ʋ 

ʩʪʘʪʠʯʥʳʭ ʛʝʥʦʪʠʧʦʚ ʢʦʣʠʯʝʩʪʚʦ ʚʘʨʠʘʥʪʦʚ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʝ, ʠ ʦʥʠ 

ʢʦʮʠʨʢʫʣʠʨʫʶʪ ʚ ʪʝʯʝʥʠʝ ʤʥʦʛʠʭ ʣʝʪ, ʵʚʦʣʶʮʠʦʥʠʨʫʷ ʧʘʨʘʣʣʝʣʴʥʦ. ɺ 

ʯʘʩʪʥʦʩʪʠ ʵʪʦ ʙʳʣʦ ʧʦʜʪʚʝʨʞʜʝʥʦ ʥʘʤʠ ʜʣʷ ʛʝʥʦʪʠʧʘ GII.6 [ɽʧʠʬʘʥʦʚʘ, 

2015]. 

ʆʜʥʘʢʦ ʚʘʨʠʘʥʪ GII.4 Sidney ʮʠʨʢʫʣʠʨʫʝʪ ʚ ʤʠʨʝ ʫʞʝ ʙʦʣʝʝ 10 ʣʝʪ ʩ 

2012 ʛʦʜʘ ʠ ʵʚʦʣʶʮʠʦʥʠʨʫʝʪ ʥʝ ʙʣʘʛʦʜʘʨʷ ʤʫʪʘʮʠʷʤ ʚ ʛʝʥʝ ʦʩʥʦʚʥʦʛʦ 

ʩʪʨʫʢʪʫʨʥʦʛʦ ʙʝʣʢʘ, ʢʦʪʦʨʳʝ ʠ ʧʨʠʚʦʜʷʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʥʦʚʳʭ 

ʵʧʠʜʝʤʠʯʝʩʢʠʭ ʚʘʨʠʘʥʪʦʚ, ʘ ʟʘ ʩʯʸʪ ʧʨʠʦʙʨʝʪʝʥʠʷ ʠʥʳʭ ʛʝʥʦʚ 

ʥʝʩʪʨʫʢʪʫʨʥʳʭ ʙʝʣʢʦʚ ʚ ʧʨʦʮʝʩʩʝ ʨʝʢʦʤʙʠʥʘʮʠʠ [Parra et al., 2019]. ʅʦʚʳʝ 

ʚʘʨʠʘʥʪʳ ʛʝʥʦʪʠʧʘ GII.4 ï Hong Kong2019[P31] ʠ San-Francisco_2017[P31] 
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ʘʥʪʠʛʝʥʥʦ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʨʘʥʝʝ ʮʠʨʢʫʣʠʨʦʚʘʚʰʠʭ, ʚʳʷʚʣʝʥʳ ʚ ʨʷʜʝ ʩʪʨʘʥ 

ɽʚʨʦʧʳ ʠ ɸʟʠʠ, ʥʦ ʮʠʨʢʫʣʠʨʫʶʪ ʙʦʣʝʝ 7 ʣʝʪ, ʥʝ ʚʳʟʳʚʘʷ ʢʨʫʧʥʳʭ 

ʚʩʧʳʰʝʢ. ʇʦʢʘ ʥʝ ʷʩʥʦ, ʙʫʜʝʪ ʣʠ ʨʝʘʣʠʟʦʚʘʥ ʧʘʥʜʝʤʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ 

ʵʪʠʭ ʚʘʨʠʘʥʪʦʚ ʠʣʠ ʦʥʠ ʷʚʣʷʶʪʩʷ ʧʨʠʤʝʨʦʤ ʧʦʜʘʚʣʝʥʥʦʡ ʮʠʨʢʫʣʷʮʠʠ 

ʤʠʥʦʨʥʳʭ ʚʘʨʠʘʥʪʦʚ ʥʦʨʦʚʠʨʫʩʘ [Tohma et al., 2024].  

ɻʝʥʦʪʠʧ GII.17, ʥʘʧʨʦʪʠʚ, ʧʨʦʷʚʠʣ ʯʝʨʪʳ ʵʚʦʣʶʮʠʦʥʠʨʫʶʱʝʛʦ 

ʛʝʥʦʪʠʧʘ, ʢʦʛʜʘ ʢʣʘʩʪʝʨ ʉ ʚʩʢʦʨʝ ʧʦʩʣʝ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʚ 2012 ʛʛ., ʫʞʝ ʚ 

2014-2015 ʛʛ. ʙʳʣ ʚʥʝʟʘʧʥʦ ʚʳʪʝʩʥʝʥ ʜʦʤʠʥʘʥʪʥʳʤ ʢʣʘʩʪʝʨʦʤ D.  

ʇʨʝʜʩʪʘʚʠʪʝʣʠ ʧʦʩʣʝʜʥʝʛʦ ʮʠʨʢʫʣʠʨʦʚʘʣʠ ʚ ʢʘʯʝʩʪʚʝ ʤʠʥʦʨʥʳʭ ʚ 

ʧʦʩʣʝʜʫʶʱʠʝ ʛʦʜʳ. ʆʜʥʘʢʦ ʧʦʢʘʟʘʥʥʦʝ ʚ ʥʘʰʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ 

ʚʦʟʚʨʘʱʝʥʠʝ ʚ ʘʢʪʠʚʥʫʶ ʮʠʨʢʫʣʷʮʠʶ ʧʨʝʜʩʪʚʠʪʝʣʝʡ ʢʣʘʩʪʝʨʘ ʉ ʚ 2022-

2023 ʛʛ., ʘ ʪʘʢʞʝ ʦʙʥʘʨʫʞʝʥʠʝ ʰʪʘʤʤʦʚ ʢʣʘʩʪʝʨʘ B ʧʦʩʣʝ ʧʦʯʪʠ 

ʜʝʩʷʪʠʣʝʪʥʝʛʦ ʧʝʨʝʨʳʚʘ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʧʨʦʜʦʣʞʘʝʪʩʷ 

ʢʦʮʠʨʢʫʣʷʮʠʷ ʚʠʨʫʩʦʚ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʥʝʩʢʦʣʴʢʠʤ ʥʝʟʘʚʠʩʠʤʦ 

ʵʚʦʣʶʮʠʦʥʠʨʫʶʱʠʤ ʢʣʘʩʪʝʨʘʤ ʛʝʥʦʪʠʧʘ GII.17. ʕʪʦʪ ʬʘʢʪ, ʧʦ ʚʩʝʡ 

ʚʝʨʦʷʪʥʦʩʪʠ, ʧʦʜʪʚʝʨʞʜʘʝʪ ʝʛʦ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʢ ʩʪʘʪʠʯʥʳʤ ʛʝʥʦʪʠʧʘʤ ʠ 

ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʧʨʝʜʧʦʣʦʞʝʥʠʝʤ, ʦ ʪʦʤ, ʯʪʦ ʜʣʷ ʥʦʨʦʚʠʨʫʩʦʚ, ʥʝ 

ʦʪʥʦʩʷʱʠʭʩʷ ʢ GII.4 ʭʘʨʘʢʪʝʨʥʘ ʣʠʥʝʡʥʘʷ ʵʚʦʣʶʮʠʷ ʙʝʟ ʟʘʤʝʥʳ ʚʘʨʠʘʥʪʦʚ, 

ʢʦʪʦʨʘʷ ʦʙʫʩʣʦʚʣʝʥʘ ʤʠʥʠʤʘʣʴʥʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʥʘ ʫʨʦʚʥʝ ʙʝʣʢʦʚ ʟʘ 

ʩʯʝʪ ʙʦʣʝʝ ʚʳʩʦʢʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʩʠʥʦʥʠʤʠʯʥʳʭ ʟʘʤʝʥ  ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʥʝʩʠʥʦʥʠʤʠʯʥʳʤʠ, ʧʦʩʢʦʣʴʢʫ VP1 ʵʪʠʭ ʚʠʨʫʩʦʚ ʥʘʭʦʜʠʪʩʷ ʧʦʜ ʩʠʣʴʥʳʤʠ 

ʵʚʦʣʶʮʠʦʥʥʳʤʠ ʦʛʨʘʥʠʯʝʥʠʷʤʠ ʠ ʥʝ ʤʦʞʝʪ ʥʘʢʘʧʣʠʚʘʪʴ ʘʤʠʥʦʢʠʩʣʦʪʥʳʝ 

ʟʘʤʝʥʳ [Tohma et al., 2018]. 

ɼʣʷ ʣʫʯʰʝʛʦ ʧʦʥʠʤʘʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʡ ʜʠʥʘʤʠʢʠ 

ʵʪʦʛʦ ʛʝʥʦʪʠʧʘ, ʘ ʪʘʢʞʝ ʠʟʫʯʝʥʠʷ ʵʚʦʣʶʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʧʦʧʫʣʷʮʠʠ 

ʥʦʨʦʚʠʨʫʩʘ ʚ ʮʝʣʦʤ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʜʝʥʠʝ ʧʦʩʪʦʷʥʥʦʛʦ ʥʘʙʣʶʜʝʥʠʷ ʟʘ 

ʝʛʦ ʮʠʨʢʫʣʷʮʠʝʡ ʠ ʨʝʪʨʦʩʧʝʢʪʠʚʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ ʦʩʥʦʚʝ ʘʨʭʠʚʥʳʭ 

ʦʙʨʘʟʮʦʚ. 
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ɻʝʥʦʪʠʧ GII.7. ɺ ʵʧʠʜʩʝʟʦʥ 2023-2024 ʛʛ. ʧʨʠ ʤʦʥʠʪʦʨʠʥʛʝ 

ʮʠʨʢʫʣʷʮʠʠ ʥʦʨʦʚʠʨʫʩʦʚ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʅʠʞʝʛʦʨʦʜʩʢʦʡ ʦʙʣʘʩʪʠ ʧʦʩʣʝ 

ʩʧʘʜʘ ʧʦʢʘʟʘʪʝʣʷ ʚ ʜʚʫʭ ʧʨʝʜʳʜʫʱʠʭ ʩʝʟʦʥʘʭ ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʫʚʝʣʠʯʝʥʠʝ 

ʯʘʩʪʦʪʳ ʠʭ ʦʙʥʘʨʫʞʝʥʠʷ ʜʦ 14,9 %.  ʕʪʦ ʤʦʛʣʦ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʚʳʭʦʜʦʤ ʥʘ 

ʜʦʤʠʥʠʨʫʶʰʠʝ ʧʦʟʠʮʠʠ ʥʦʨʦʚʠʨʫʩʦʚ ʨʘʥʝʝ ʨʝʜʢʦʛʦ ʛʝʥʦʪʠʧʘ GII.7[P7], 

ʢʦʪʦʨʳʡ ʩʦʩʪʘʚʠʣ 42,9 % ʠʟ 70 ʪʠʧʠʨʦʚʘʥʥʳʭ ʠʟʦʣʷʪʦʚ. ɺ ʅʠʞʥʝʤ 

ʅʦʚʛʦʨʦʜʝ ʨʘʥʝʝ ʦʥ ʦʙʥʘʨʫʞʠʚʘʣʩʷ ʪʦʣʴʢʦ ʚ ʝʜʠʥʠʯʥʳʭ ʩʣʫʯʘʷʭ ʚ 2006, 

2014 ʠ ʚ 2019 ʛʦʜʘʭ.   

ɺ ʙʘʟʝ ʜʘʥʥʳʭ GenBank ʧʦ ʩʦʩʪʦʷʥʠʶ ʥʘ 17.11.2024 ʤʳ ʦʙʥʘʨʫʞʠʣʠ 

273 ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʠʟ 25 ʩʪʨʘʥ ʤʠʨʘ, ʢʦʪʦʨʳʝ ʧʦ ʫʯʘʩʪʢʫ N/S-ʜʦʤʝʥʘ 

ʛʝʥʘ VP1 ʪʠʧʠʨʫʶʪʩʷ ʢʘʢ GII.7 ʩ ʧʦʤʦʱʴʶ ʩʠʩʪʝʤʳ Human calicivirus 

Typing tool. ɹʘʡʝʩʦʚʩʢʠʡ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʦʙʱʠʡ 

ʧʨʝʜʦʢ ʜʣʷ ʜʘʥʥʳʭ ʰʪʘʤʤʦʚ ʩʫʱʝʩʪʚʦʚʘʣ ʚ 1974 ʛ. [ɽʧʠʬʘʥʦʚʘ ʅ.ɺ. ʠ 

ʩʦʘʚʪ., 2025]. ɸʥʘʣʠʟʠʨʫʝʤʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩʛʨʫʧʧʠʨʦʚʘʣʠʩʴ ʚ 

ʯʝʪʳʨʝ ʢʣʘʩʪʝʨʘ (I-IV) (ʈʠʩʫʥʦʢ 33). 

ɺ ʦʩʥʦʚʘʥʠʠ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʦʛʦ ʜʝʨʝʚʘ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʘʨʭʠʚʥʳʝ 

ʰʪʘʤʤʳ ʠʟ ɻʦʥ-ʂʦʥʛʘ 1976 ʛ. ʩ ʧʦʣʠʤʝʨʘʟʦʡ [P36], ʠʟ ʉʐɸ 1988 ʛ. ï c [P8] 

ʠ ʠʟ ʉʐɸ 1994 ʛ. ï ʩ [P7].  ɺ ʢʣʘʩʪʝʨʳ I, II  ʠ III  ʚʭʦʜʷʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

ʥʦʨʦʚʠʨʫʩʦʚ ʛʝʥʦʪʠʧʘ GII.7[P7], ʮʠʨʢʫʣʠʨʦʚʘʚʰʠʭ ʚ 1999 ï 2009, 2006-

2020 ʠ 2010-2023 ʛʛ., ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚ ɸʤʝʨʠʢʝ (ʉʐɸ, ɹʨʘʟʠʣʠʷ, 

ɸʨʛʝʥʪʠʥʘ, ʄʝʢʩʠʢʘ, ʏʠʣʠ), ɸʟʠʠ (ʗʧʦʥʠʷ, ʀʥʜʠʷ, ʂʠʪʘʡ, ʉʠʥʛʘʧʫʨ, 

ʖʞʥʘʷ ʂʦʨʝʷ, ʊʘʠʣʘʥʜ, ɹʫʪʘʥ), ɽʚʨʦʧʝ (ʐʚʝʮʠʷ, ʀʪʘʣʠʷ, ʅʠʜʝʨʣʘʥʜʳ, 

ʀʩʧʘʥʠʷ, ʌʠʥʣʷʥʜʠʷ, ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ), ɸʬʨʠʢʝ (ʖɸʈ) ʠ ɸʚʩʪʨʘʣʠʠ. ɺ 

ʈʦʩʩʠʠ ʝʜʠʥʠʯʥʳʝ ʰʪʘʤʤʳ ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʚ ʅʠʞʥʝʤ ʅʦʚʛʦʨʦʜʝ ʚ 2006, 

2014 ʠ 2023 ʛʛ. ʠ ʚ ʅʦʚʦʩʠʙʠʨʩʢʝ ʚ 2006, 2010 ʠ 2012 ʛʛ.  

ʂʣʘʩʪʝʨ IV ʬʦʨʤʠʨʫʶʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʥʦʨʦʚʠʨʫʩʦʚ ʛʝʥʦʪʠʧʘ 

GII.7[P7], ʚʳʷʚʣʝʥʥʳʭ ʚ 2011-2020 ʛʛ. ʚ ʉʐɸ, ɹʨʘʟʠʣʠʠ, ʇʘʨʘʛʚʘʝ, 

ʗʧʦʥʠʠ, ʊʘʠʣʘʥʜʝ, ʅʠʛʝʨʠʠ, ʀʩʧʘʥʠʠ, ɺʝʣʠʢʦʙʨʠʪʘʥʠʠ, ɸʚʩʪʨʘʣʠʠ, ʘ 

ʪʘʢʞʝ ʜʚʫʭ ʨʦʩʩʠʡʩʢʠʭ ʰʪʘʤʤʦʚ, ʦʙʥʘʨʫʞʝʥʥʳʭ ʚ ʅʠʞʥʝʤ ʅʦʚʛʦʨʦʜʝ ʚ  
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ʈʠʩʫʥʦʢ 33 ï ʌʠʣʦʛʝʥʝʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʥʘ ʦʩʥʦʚʝ ʥʫʢʣʝʦʪʠʜʥʳʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ N/S -ʜʦʤʝʥʘ ʛʝʥʘ VP1 ʥʦʨʦʚʠʨʫʩʦʚ  

ʛʝʥʦʪʠʧʘ GII.7[P7] (249 ʥ.ʦ.) 
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2019 ʛ. ɺ 2023-2024 ʛʛ. ʚ ʜʘʥʥʦʤ ʢʣʘʩʪʝʨʝ ʩʬʦʨʤʠʨʦʚʘʣʘʩʴ ʦʙʰʠʨʥʘʷ 

ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʘʷ ʛʨʫʧʧʘ, ʚ ʢʦʪʦʨʫʶ ʚʭʦʜʷʪ ʚ ʦʙʱʝʡ ʩʣʦʞʥʦʩʪʠ 78 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʥʦʨʦʚʠʨʫʩʦʚ,   ʚʳʷʚʣʝʥʥʳʝʭ   ʥʘ   ʪʝʨʨʠʪʦʨʠʠ   

ʈʦʩʩʠʠ ï ʚ   ʅʠʞʝʛʦʨʦʜʩʢʦʡ, ʉʚʝʨʜʣʦʚʩʢʦʡ (ɽʢʘʪʝʨʠʥʙʫʨʛ, ʂʘʤʝʥʝʮ-

ʋʨʘʣʴʩʢʠʡ) ʠ ʊʶʤʝʥʩʢʦʡ (ʍʘʥʪʳ-ʄʘʥʩʠʡʩʢ) ʦʙʣʘʩʪʷʭ, ʘ ʪʘʢʞʝ ʚ ʂʠʪʘʝ, 

ʗʧʦʥʠʠ, ɹʨʘʟʠʣʠʠ. ɹʣʠʞʘʡʰʠʡ ʦʙʱʠʡ ʧʨʝʜʦʢ ʵʪʦʡ ʛʨʫʧʧʳ ʩʫʱʝʩʪʚʦʚʘʣ ʚ 

2020 ʛ. 

ʇʨʦʚʝʜʝʥʥʳʡ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ ʰʠʨʦʢʫʶ 

ʛʝʦʛʨʘʬʠʯʝʩʢʫʶ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʴ ʥʦʨʦʚʠʨʫʩʘ ʛʝʥʦʪʠʧʘ GII.7, ʢʦʪʦʨʳʡ 

ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʧʦʯʪʠ ʧʷʪʠ ʜʝʩʷʪʠʣʝʪʠʡ ʚʳʷʚʣʷʣʩʷ ʚ ʨʘʟʥʳʭ ʩʪʨʘʥʘʭ ʤʠʨʘ ʚ 

ʝʜʠʥʠʯʥʳʭ ʩʣʫʯʘʷʭ, ʧʨʝʜʩʪʘʚʣʷʷ ʩʦʙʦʡ ʤʠʥʦʨʥʳʡ ʛʝʥʦʪʠʧ. ɺ ʥʘʰʝʤ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʦʢʘʟʘʥʘ ʘʢʪʠʚʠʟʘʮʠʷ ʝʛʦ ʮʠʨʢʫʣʷʮʠʠ ʠ ʜʦʤʠʥʠʨʦʚʘʥʠʝ ʚ 

ʨʝʛʠʦʥʝ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʚ 2023-2024 ʛʛ.  

 

ɻʝʥʦʪʠʧ GI.5[P5].  ʅʦʨʦʚʠʨʫʩ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʠʟʥʘʥ 

ʚʝʜʫʱʠʤ ʵʪʠʦʣʦʛʠʯʝʩʢʠʤ ʘʛʝʥʪʦʤ ʚʩʧʳʰʝʢ ʆɻʕ ʚ ʦʨʛʘʥʠʟʦʚʘʥʥʳʭ 

ʢʦʣʣʝʢʪʠʚʘʭ. ʇʨʠʯʝʤ, ʥʝʩʤʦʪʨʷ ʥʘ ʪʠʧʠʯʥʫʶ ʦʩʝʥʥʝ-ʟʠʤʥʝ-ʚʝʩʝʥʥʶʶ 

ʩʝʟʦʥʥʦʩʪʴ ʥʦʨʦʚʠʨʫʩʥʦʡ ʠʥʬʝʢʮʠʠ, ʥʝʨʝʜʢʠ ʛʨʫʧʧʦʚʳʝ ʟʘʙʦʣʝʚʘʥʠʷ ʚ 

ʜʝʪʩʢʠʭ ʦʟʜʦʨʦʚʠʪʝʣʴʥʳʭ ʫʯʨʝʞʜʝʥʠʷʭ ʚ ʣʝʪʥʠʡ ʧʝʨʠʦʜ. ɹʳʣʘ ʧʨʦʚʝʜʝʥʘ 

ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʠ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʵʪʠʦʣʦʛʠʯʝʩʢʦʛʦ 

ʘʛʝʥʪʘ ʚʩʧʳʰʢʠ ʆɻʕ ʚ ʦʜʥʦʤ ʠʟ ʜʝʪʩʢʠʭ ʩʘʥʘʪʦʨʠʝʚ ʅʠʞʝʛʦʨʦʜʩʢʦʡ 

ʦʙʣʘʩʪʠ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʦʡ ʚ ʠʶʥʝ 2023 ʛ. [ɽʧʠʬʘʥʦʚʘ ʅ.ɺ. ʠ ʩʦʘʚʪ. 

2024]. 

ɹʳʣʦ ʠʩʩʣʝʜʦʚʘʥʦ 86 ʦʙʨʘʟʮʦʚ ʙʠʦʤʘʪʝʨʠʘʣʘ, ʧʦʩʪʫʧʠʚʰʠʭ ʠʟ ʌɹʋɿ 

çʎʝʥʪʨ ʛʠʛʠʝʥʳ ʠ ʵʧʠʜʝʤʠʦʣʦʛʠʠ ʚ ʅʠʞʝʛʦʨʦʜʩʢʦʡ ʦʙʣʘʩʪʠè, ʧʦʣʫʯʝʥʥʳʭ 

ʦʪ 60 ʯʝʣʦʚʝʢ (ʜʝʪʠ ï 34, ʚʟʨʦʩʣʳʝ  ╖  26), ʥʘ ʥʘʣʠʯʠʝ ʨʦʪʘʚʠʨʫʩʦʚ, 

ʥʦʨʦʚʠʨʫʩʦʚ ʛʝʥʦʛʨʫʧʧ I/II, ʘʜʝʥʦʚʠʨʫʩʦʚ ʛʨʫʧʧʳ F, ʜʨʫʛʠʭ ʘʜʝʥʦʚʠʨʫʩʦʚ, 

ʘʩʪʨʦʚʠʨʫʩʦʚ, ʵʥʪʝʨʦʚʠʨʫʩʦʚ, ʧʘʨʵʭʦʚʠʨʫʩʦʚ, SARS-CoV-2. 
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ʈʠʩʫʥʦʢ 34 ï ʌʠʣʦʛʝʥʝʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʥʘ ʦʩʥʦʚʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ 

ʫʯʘʩʪʢʘ ʟʦʥʳ ʩʦʝʜʠʥʝʥʠʷ ʛʝʥʦʚ ʧʦʣʠʤʝʨʘʟʳ ʠ ʢʘʧʩʠʜʥʦʛʦ ʙʝʣʢʘ 

ʥʦʨʦʚʠʨʫʩʦʚ ʛʝʥʦʪʠʧʘ GI.5[P5] (459 ʥ.ʦ.) 

- ʅɺ, ʚʳʷʚʣʝʥʥʳʝ ʚ ʅʠʞʥʝʤ ʅʦʚʛʦʨʦʜʝ 

- ʅɺ, ʚʳʷʚʣʝʥʥʳʝ ʚ ʖʞʥʦʡ ɸʬʨʠʢʝ 

- ʅɺ, ʚʳʷʚʣʝʥʥʳʡ ʚ ʉʐɸ 

 

ʉ ʧʦʤʦʱʴʶ ʪʝʩʪ-ʩʠʩʪʝʤʳ çɸʤʧʣʠʉʝʥʩ ʆʂʀ ʚʠʨʦ-ʩʢʨʠʥ-FLè 

(ʎʅʀʀʕ, ʄʦʩʢʚʘ) ʚ ʬʝʢʘʣʠʷʭ 11 ʜʝʪʝʡ c ʆɻʕ ʦʙʥʘʨʫʞʝʥʳ ʥʦʨʦʚʠʨʫʩʳ. ʀʟ 

ʰʝʩʪʠ ʦʙʨʘʟʮʦʚ ʧʦʣʫʯʝʥʳ ʘʤʧʣʠʢʦʥʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʫʯʘʩʪʢʫ 

ʩʦʝʜʠʥʝʥʠʷ ʛʝʥʦʚ ʥʝʩʪʨʫʢʪʫʨʥʳʭ ʠ ʩʪʨʫʢʪʫʨʥʳʭ ʙʝʣʢʦʚ (RdRp-VP1, 544 

ʥ.ʦ.) ʠ/ʠʣʠ ʫʯʘʩʪʢʫ ʛʝʥʘ ʧʦʣʠʤʝʨʘʟʳ (275 ʥ.ʦ.) ʛʝʥʦʤʘ ʥʦʨʦʚʠʨʫʩʘ. ʇʨʠ 

ʩʝʢʚʝʥʠʨʦʚʘʥʠʠ ʠ ʧʦʩʣʝʜʫʶʱʝʤ ʘʥʘʣʠʟʝ ʧʦʣʫʯʝʥʥʳʭ ʥʫʢʣʝʦʪʠʜʥʳʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʚ ʦʥʣʘʡʥ-ʩʝʨʚʠʩʝ Calicivirus typing tool ʫʩʪʘʥʦʚʣʝʥ 

ʛʝʥʦʪʠʧ ʥʦʨʦʚʠʨʫʩʘ ï GI.5[P5]. ɻʝʥʦʪʠʧ GI.5[P5] ʨʘʥʝʝ ʚʳʷʚʣʷʣʩʷ ʨʝʜʢʦ.  

ʇʦʠʩʢ ʩ ʧʦʤʦʱʴʶ ʦʥʣʘʡʥ-ʩʝʨʚʠʩʘ BLAST ʧʦʟʚʦʣʠʣ ʦʙʥʘʨʫʞʠʪʴ ʚ 

ʙʘʟʝ ʜʘʥʥʳʭ GenBank ʧʦ ʩʦʩʪʦʷʥʠʶ ʥʘ 01.01.2024 ʪʦʣʴʢʦ 23 ʥʫʢʣʝʦʪʠʜʥʳʝ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʠʤʝʶʱʠʝ ʧʦ ʫʯʘʩʪʢʫ RdRp-VP1 ʛʝʥʝʪʠʯʝʩʢʦʝ 

ʩʭʦʜʩʪʚʦ ʩ ʧʦʣʫʯʝʥʥʳʤʠ ʥʘʤʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤʠ ʚ ʜʠʘʧʘʟʦʥʝ 90,7 %ï

97,5 %. ʇʨʠ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʦʤ ʘʥʘʣʠʟʝ ʤʝʪʦʜʦʤ Neighbor-joining (ʈʠʩʫʥʦʢ 

 OR478482_GI.5P5_Nizhny_Novgorod589_RU_2023

 OR478483_GI.5P5_Nizhny_Novgorod590_RU_2023

 OR478481_GI.5P5_Nizhny_Novgorod588_RU_2023

 OP746751_GI.5P5_1019R_42_ww_ZA_2019

 OP746723_GI.5P5_919R_76_ww_ZA_2019

 OR648672_GI.5P5_CA-RGDS-1178_US_2023

 MH271663_GI.5P5_197F.HMI_BR_2015

 MW305496_GI.5P5_Arg10030_AR_2012

 OM182823_GI.5P5_ASPB139.18/10_ES_2018

 MW305487_GI.5P5_PNV011143_PE_2008

 FJ383818_GI.5P5_3168/Moscow_RU_2003

 OP162335_GI.5P5_0166_R01-05_NL_2016

 KJ402295_GI.5P5_Siklos-HUN5407_HU_2013

 MW578748_GI.5P5_CRI-F-14492_IN_2003

 AB684724_GI.5P5_GI/66-1/Tokyo/JP_1966-1983

 AF414406_GI.5P5_Appalachicola Bay/318_US_1995

 AB058542_GI.5P5_Saitama KU82cGI/99_JP_1999

 AB058545_GI.5P5_Saitama KU83aGI/99_JP_1999

 MN421576_GI.5P5_20150120_EL04_01_KR_2015

 MN421643_GI.5P5_20160325_GL08A_03_KR_2016

 MN421707_GI.5P5_20150924_EI_02_KR_2015

 KP027329_GI.5P5_Penghu/14-BB-2_TW_CN_2014

 MN421743_GI.5P5_20160521_GI_02_KR_2016

 MN421609_GI.5P5_20150328_FL07A_KR_2015

 MN421729_GI.5P5_20160223_EI_04_KR_2016

 MN421649_GI.5P5_20160327_EL06_03_KR_2016

 OR685281_GI.5P4/CA-RGDS-1179_US_2022

 OR780778_GI.5P4_LVCA33628_BR_2022

 OR780767_GI.4P4_LVCA34231_BR_2022

 OR478480_GI.4P4_Nizhny_Novgorod2785_RU_2022100
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34) ʙʣʠʞʘʡʰʠʤʠ çʩʦʩʝʜʷʤʠè ʥʠʞʝʛʦʨʦʜʩʢʠʭ ʠʟʦʣʷʪʦʚ ʦʢʘʟʘʣʠʩʴ 

ʥʦʨʦʚʠʨʫʩʳ, ʚʳʜʝʣʝʥʥʳʝ ʠʟ ʩʪʦʯʥʳʭ ʚʦʜ ʚ ʖʞʥʦʡ ɸʬʨʠʢʝ ʚ 2019 ʛ. 

(ʦʪʣʠʯʠʷ 2,5 % ʠ 2,9 %) ʠ ʠʟ ʬʝʢʘʣʠʡ ʯʝʣʦʚʝʢʘ ʚ ʉʐɸ ʚ ʤʘʨʪʝ 2023 ʛ. 

(ʦʪʣʠʯʠʝ 4,6 %). ʆʩʪʘʣʴʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʦʪʣʠʯʘʚʰʠʝʩʷ ʥʘ 4,2 %ï

9,3 %, ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʚ ʝʜʠʥʠʯʥʳʭ ʩʣʫʯʘʷʭ ʧʨʠ ʠʜʝʥʪʠʬʠʢʘʮʠʠ 

ʰʪʘʤʤʦʚ ʥʦʨʦʚʠʨʫʩʦʚ, ʮʠʨʢʫʣʠʨʦʚʘʚʰʠʭ ʚ ʧʝʨʠʦʜ ʩ 1966 ʧʦ 2022 ʛʛ. ʚ 

ʈʦʩʩʠʠ, ʩʪʨʘʥʘʭ ɽʚʨʦʧʳ, ɸʟʠʠ ʠ ɸʤʝʨʠʢʠ. 

ʇʦ ʜʘʥʥʳʤ ʧʨʦʝʢʪʘ Calicinet (CDC, ʉʐɸ), ʯʘʩʪʦʪʘ ʦʙʥʘʨʫʞʝʥʠʷ 

ʜʘʥʥʦʛʦ ʛʝʥʦʪʠʧʘ ʧʨʠ ʚʩʧʳʰʢʘʭ ʅɺʀ ʚ ʉʐɸ ʟʘ ʧʝʨʠʦʜ ʩʝʥʪʷʙʨʴ ï ʜʝʢʘʙʨʴ 

2023 ʛ. ʩʦʩʪʘʚʠʣʘ 34,5 %, ʯʪʦ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩ ʧʦʣʫʯʝʥʥʳʤʠ ʥʘʤʠ 

ʨʝʟʫʣʴʪʘʪʘʤʠ, ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʧʦʪʝʥʮʠʘʣʝ ʝʛʦ ʜʘʣʴʥʝʡʰʝʛʦ 

ʵʧʠʜʝʤʠʯʝʩʢʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ. 

ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ on-line ʩʝʨʚʠʩʘ ʜʣʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ 

ʛʝʥʦʪʠʧʠʨʦʚʘʥʠʷ ʥʦʨʦʚʠʨʫʩʦʚ  ʙʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʪʘʢʞʝ 215 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʙʘʟʝ ʜʘʥʥʳʭ GenBank ʙʝʟ ʫʢʘʟʘʥʠʷ ʛʝʥʦʪʠʧʘ ʠ/ʠʣʠ 

ʛʝʥʦʚʘʨʠʘʥʪʘ ʥʫʢʣʝʦʪʠʜʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʫʯʘʩʪʢʦʚ ʛʝʥʦʤʘ 

ʥʦʨʦʚʠʨʫʩʦʚ, ʦʙʥʘʨʫʞʝʥʥʳʭ ʚ 2005-2008 ʛʛ. ʚ ʨʷʜʝ ʛʦʨʦʜʦʚ ʈʦʩʩʠʠ  

(ʄʦʩʢʚʘ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʏʝʣʷʙʠʥʩʢ, ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʇʝʥʟʘ, 

ʇʦʜʦʣʴʩʢ, ʄʘʭʘʯʢʘʣʘ, ʊʶʤʝʥʴ, ʅʦʚʦʩʠʙʠʨʩʢ) [Podkolzin A. et.al., Bodnev S. 

et.al., Zhirakovskaya E. et.al., 2005-2009]. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʢʨʦʤʝ 

ʛʝʥʝʪʠʯʝʩʢʠʭ ʚʘʨʠʘʥʪʦʚ ʥʦʨʦʚʠʨʫʩʦʚ, ʚʳʷʚʣʝʥʥʳʭ ʥʘʤʠ, ʚ ʈʦʩʩʠʠ 

ʮʠʨʢʫʣʠʨʦʚʘʣʠ ʥʦʨʦʚʠʨʫʩʳ ʛʝʥʦʪʠʧʦʚ GI.a, GI.b., GI.1, GI.2, GI.3, GI.4, 

GI.5, GI.7, GII.5, GII.8, GII.16, ʛʝʥʦʚʘʨʠʘʥʪʦʚ GII.4 Hunter 2002, 

GII.4 Farmington Hills2004, ʘ ʪʘʢʞʝ ʨʝʢʦʤʙʠʥʘʥʪʳ GI.Pb-GI.6, GII.P5-

GII.16, GII.P12-GII.10. ʕʪʦ ʧʦʟʚʦʣʠʣʦ ʜʦʧʦʣʥʠʪʴ ʢʘʨʪʠʥʫ ʤʦʣʝʢʫʣʷʨʥʦ-

ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʥʦʨʦʚʠʨʫʩʦʚ, ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʠ, ʠ ʨʘʩʰʠʨʠʪʴ ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ ʙʘʟʫ ʜʣʷ 

ʵʧʠʜʝʤʠʦʣʦʛʠʯʝʩʢʦʛʦ ʥʘʜʟʦʨʘ ʟʘ ʥʦʨʦʚʠʨʫʩʥʦʡ ʠʥʬʝʢʮʠʝʡ ʚ ʥʘʰʝʡ ʩʪʨʘʥʝ 

[ɽʧʠʬʘʥʦʚʘ ʠ ʩʦʘʚʪ., 2013a]. 
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ɼʘʥʥʳʝ ʦ ʧʝʨʠʦʜʠʯʝʩʢʦʤ ʫʚʝʣʠʯʝʥʠʠ ʜʦʣʠ ʥʝ-GII.4 ʛʝʥʦʪʠʧʦʚ ʚ 

ʛʝʥʝʪʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ ʥʦʨʦʚʠʨʫʩʥʳʭ ʧʦʧʫʣʷʮʠʡ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, 

ʯʪʦ ʵʧʠʜʝʤʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʥʦʨʦʚʠʨʫʩʥʦʡ ʠʥʬʝʢʮʠʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʝ 

ʪʦʣʴʢʦ ʧʦʷʚʣʝʥʠʝʤ ʥʦʚʳʭ ʚʘʨʠʘʥʪʦʚ ʜʦʤʠʥʠʨʫʶʱʝʛʦ ʚ ʪʝʯʝʥʠʝ ʜʚʫʭ 

ʧʦʩʣʝʜʥʠʭ ʜʝʩʷʪʠʣʝʪʠʡ ʚ ʤʠʨʝ ʥʦʨʦʚʠʨʫʩʘ GII.4, ʥʦ ʠ ʘʢʪʠʚʠʟʘʮʠʝʡ 

ʮʠʨʢʫʣʷʮʠʠ ʥʦʨʦʚʠʨʫʩʦʚ ʜʨʫʛʠʭ ʛʝʥʦʪʠʧʦʚ, ʚʝʨʦʷʪʥʦ, ʧʨʠʦʙʨʝʪʘʶʱʠʭ 

ʩʝʣʝʢʪʠʚʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʛʝʥʝʪʠʯʝʩʢʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ ʠ 

ʫʭʦʜʘ ʠʟ-ʧʦʜ ʧʨʝʩʩʠʥʛʘ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʠʤʤʫʥʠʪʝʪʘ, ʩʬʦʨʤʠʨʦʚʘʥʥʦʛʦ 

ʧʨʝʦʙʣʘʜʘʚʰʠʤʠ ʚ ʧʨʝʜʳʜʫʱʠʡ ʧʝʨʠʦʜ ʘʥʪʠʛʝʥʥʳʤʠ ʚʘʨʠʘʥʪʘʤʠ.  

ʄʦʥʠʪʦʨʠʥʛ ʮʠʨʢʫʣʷʮʠʠ ʥʦʨʦʚʠʨʫʩʦʚ ʥʘ ʦʩʥʦʚʝ ʠʭ ʛʝʥʦʪʠʧʠʨʦʚʘʥʠʷ, 

ʨʝʛʣʘʤʝʥʪʠʨʫʝʤʳʡ, ʚ ʯʘʩʪʥʦʩʪʠ, ʤʝʪʦʜʠʯʝʩʢʠʤʠ ʫʢʘʟʘʥʠʷʤʠ ʧʦ 

ʵʧʠʜʥʘʜʟʦʨʫ ʟʘ ʥʦʨʦʚʠʨʫʩʥʦʡ ʠʥʬʝʢʮʠʝʡ [ʄʋ 3.1.1.2969-11], ʧʦʟʚʦʣʷʝʪ 

ʧʨʦʚʦʜʠʪʴ ʨʘʥʥʝʝ ʚʳʷʚʣʝʥʠʝ ʥʦʚʳʭ ʚʘʨʠʘʥʪʦʚ ʚʠʨʫʩʘ, ʩʧʦʩʦʙʥʳʭ ʚʳʟʚʘʪʴ 

ʨʦʩʪ ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ ʥʦʨʦʚʠʨʫʩʥʦʡ ʠʥʬʝʢʮʠʝʡ. 

 

5.2.3 ʈʘʟʨʘʙʦʪʢʘ ʙʘʟʳ ʜʘʥʥʳʭ çʅʫʢʣʝʦʪʠʜʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

ʛʝʥʦʤʘ ʥʦʨʦʚʠʨʫʩʦʚ (NoroGen)è 

 

ʄʦʥʠʪʦʨʠʥʛ ʮʠʨʢʫʣʷʮʠʠ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʛʝʥʝʪʠʯʝʩʢʠʭ ʚʘʨʠʘʥʪʦʚ 

ʥʦʨʦʚʠʨʫʩʘ, ʧʨʦʚʦʜʠʤʳʡ ʚʦ ʤʥʦʛʠʭ ʩʪʨʘʥʘʭ ʤʠʨʘ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 

ʧʦʷʚʣʝʥʠʝʤ ʚ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʙʘʟʘʭ ʥʦʚʳʭ ʥʫʢʣʝʦʪʠʜʥʳʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʠʭ ʛʝʥʦʤʘ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʙʘʟʝ ʜʘʥʥʳʭ 

GenBank ʩʦʜʝʨʞʠʪʩʷ ʙʦʣʝʝ 145 ʪʳʩʷʯ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʛʝʥʦʤʘ 

ʥʦʨʦʚʠʨʫʩʦʚ. ʌʦʨʤʠʨʦʚʘʥʠʝ ʚʳʙʦʨʦʢ ʥʫʢʣʝʦʪʠʜʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ 

(ʅʇ) ʜʣʷ ʘʥʘʣʠʟʘ ʚ ʢʘʞʜʦʤ ʢʦʥʢʨʝʪʥʦʤ ʩʣʫʯʘʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʜʦʚʦʣʴʥʦ ʪʨʫʜʦʟʘʪʨʘʪʥʫʶ ʟʘʜʘʯʫ. ʉʦʟʜʘʥʠʝ ʢʦʤʧʘʢʪʥʦʡ, 

ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʡ ʙʘʟʳ ʜʘʥʥʳʭ, ʩʦʜʝʨʞʘʱʝʡ ʠʟʚʣʝʯʝʥʥʳʝ ʠʟ GenBank ʠ 

ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʥʳʝ ʧʦ ʨʷʜʫ ʧʘʨʘʤʝʪʨʦʚ ʥʫʢʣʝʦʪʠʜʥʳʝ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʝʟʥʦ ʜʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ.  



 

148 

 

 

ʉ ʮʝʣʴʁ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʚʝʜʝʥʠʷ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ 

ʤʦʣʝʢʫʣʷʨʥʦʡ ʵʧʠʜʝʤʠʦʣʦʛʠʠ ʥʦʨʦʚʠʨʫʩʥʦʡ ʠʥʬʝʢʮʠʠ ʧʫʪʝʤ ʚʥʝʜʨʝʥʠʷ 

ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʭʨʘʥʝʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ ʤʦʣʝʢʫʣʷʨʥʦ-

ʛʝʥʝʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʥʘʤʠ ʙʳʣʘ ʩʬʦʨʤʠʨʦʚʘʥʘ ʙʘʟʘ ʜʘʥʥʳʭ (ɹɼ) NoroGen, 

ʩʦʜʝʨʞʘʱʘʷ ʧʦʣʥʦʛʝʥʦʤʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʥʦʨʦʚʠʨʫʩʦʚ, 

ʠʟʚʣʝʯʝʥʥʳʝ ʠʟ ʙʘʟʳ ʜʘʥʥʳʭ GenBank [ɽʧʠʬʘʥʦʚʘ, ɽʧʠʬʘʥʦʚ, 2019]. ɺ 

ʜʘʣʴʥʝʡʰʝʤ ʦʥʘ ʙʳʣʘ ʧʦʧʦʣʥʝʥʘ ʧʨʝʜʩʪʘʚʣʝʥʥʳʤʠ ʚ GenBank ʯʘʩʪʠʯʥʳʤʠ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤʠ ʥʦʨʦʚʠʨʫʩʦʚ, ʮʠʨʧʢʫʣʠʨʦʚʘʚʰʠʤʠ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ʈʦʩʩʠʠ [ɽʧʠʬʘʥʦʚʘ, ɽʧʠʬʘʥʦʚ, 2021]. 

ɼʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʨʝʪʴʝʡ ʚʝʨʩʠʠ ɹɼ NoroGen ʧʦ ʢʣʶʯʝʚʳʤ 

ʩʣʦʚʘʤ çNorovirus complete genomeè ʠʟ ʙʘʟʳ ʜʘʥʥʳʭ GenBank 

(https://www.ncbi.nlm.nih.gov/genbank/), ʜʦʩʪʫʧʥʦʡ ʥʘ ʩʘʡʪʝ ʅʘʮʠʦʥʘʣʴʥʦʛʦ 

ʠʥʩʪʠʪʫʪʘ ʙʠʦʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ (NCBI), ʉʐɸ, ʙʳʣʠ 

ʠʟʚʣʝʯʝʥʳ ʧʦʣʥʳʝ ʥʫʢʣʝʦʪʠʜʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʛʝʥʦʤʘ  

ʥʦʨʦʚʠʨʫʩʦʚ, (ʜʣʠʥʦʡ ~7500 ʥʫʢʣʝʦʪʠʜʦʚ) ʠ ʨʘʥʞʠʨʦʚʘʥʳ ʧʦ ʥʦʤʝʨʫ 

ʜʦʩʪʫʧʘ ʚ GenBank (Accession). ʇʦʩʣʝ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʩʦ ʩʧʠʩʢʦʤ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ɹɼ NoroGen (ʚʝʨʩʠʷ 2.0, 2021 ʛ.) ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʠ 

ʚʥʝʩʝʥʳ ʚ ɹɼ ʥʦʚʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʜʝʧʦʥʠʨʦʚʘʥʥʳʝ ʚ GenBank 

ʧʦʩʣʝ 02.06.2021 ʛ.  ʂʨʦʤʝ ʪʦʛʦ, ʜʣʷ ʧʦʧʦʣʥʝʥʠʷ ɹɼ ʠʩʧʦʣʴʟʦʚʘʥ  

ʜʦʩʪʫʧʥʳʡ ʥʘ ʩʘʡʪʝ ʎʝʥʪʨʦʚ ʧʦ ʢʦʥʪʨʦʣʶ ʠ ʧʨʦʬʠʣʘʢʪʠʢʝ ʟʘʙʦʣʝʚʘʥʠʡ 

(CDC), ʉʐɸ, ʦʥʣʘʡʥ-ʩʝʨʚʠʩ Human calicivirus Typing tool 

[https://calicivirustypingtool.cdc.gov/gebali.cgi], ʩʦʜʝʨʞʘʱʠʡ ʩʧʠʩʢʠ ʥʦʤʝʨʦʚ 

ʚ GenBank ʨʝʬʝʨʝʥʩʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ (ʧʦʣʥʳʭ ʠ ʯʘʩʪʠʯʥʳʭ)  

ʨʘʟʥʳʭ G-ʛʝʥʦʪʠʧʦʚ ʠ [P]-ʪʠʧʦʚ, ʘ ʪʘʢʞʝ ʧʦʣʥʳʭ ʠ ʧʦʯʪʠ ʧʦʣʥʳʭ (ʜʣʠʥʦʡ 

~7000 ʥ.ʦ.) ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ, ʩʦʜʝʨʞʘʱʠʭ ʚ ʥʘʟʚʘʥʠʠ ʠʟʦʣʷʪʘ ʩʣʦʚʘ 

çNorovirus complete cdsè . 

ɺ ʢʘʯʝʩʪʚʝ ʢʣʶʯʝʚʳʭ ʩʣʦʚ ʜʣʷ ʠʟʚʣʝʯʝʥʠʷ ʯʘʩʪʠʯʥʳʭ ʥʫʢʣʝʦʪʠʜʥʳʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʥʦʨʦʚʠʨʫʩʦʚ, ʮʠʨʢʫʣʠʨʦʚʘʚʰʠʭ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

https://www.ncbi.nlm.nih.gov/genbank/
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ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ, ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʬʘʤʠʣʠʠ ʦʪʝʯʝʩʪʚʝʥʥʳʭ 

ʘʚʪʦʨʦʚ, ʦʩʫʱʝʩʪʚʠʚʰʠʭ ʜʝʧʦʥʠʨʦʚʘʥʠʝ ʚ GenBank.  

ʇʦʣʥʳʝ/ʧʦʯʪʠ ʧʦʣʥʳʝ ʥʫʢʣʝʦʪʠʜʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

ʦʙʦʟʥʘʯʝʥʳ çcè ï ʦʪ ʘʥʛʣ. complete, ʯʘʩʪʠʯʥʳʝ ï çpè ï ʦʪ ʘʥʛʣ. partial. 

ɼʘʣʝʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʙʳʣʠ ʜʦʧʦʣʥʝʥʳ ʩʦʧʫʪʩʪʚʫʶʱʝʡ 

ʠʥʬʦʨʤʘʮʠʝʡ: ʜʘʥʥʳʤʠ ʦ ʜʣʠʥʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʩʪʨʘʥʝ (ʧʦ ʈʌ ï ʦ 

ʨʝʛʠʦʥʝ) ʠ ʜʘʪʝ ʧʦʣʫʯʝʥʠʷ ʚʠʨʫʩʩʦʜʝʨʞʘʱʝʛʦ ʦʙʨʘʟʮʘ, ʦ ʭʦʟʷʠʥʝ ʚʠʨʫʩʘ, 

ʜʘʪʝ ʦʪʧʨʘʚʢʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʠ ʜʘʪʝ ʦʧʫʙʣʠʢʦʚʘʥʠʷ 

ʚ GʝnBank, ʩʩʳʣʢʠ ʥʘ ʩʪʘʪʴʠ, ʚ ʢʦʪʦʨʳʭ ʦʥʠ ʫʧʦʤʠʥʘʶʪʩʷ, ʘ ʪʘʢʞʝ 

ʬʘʤʠʣʠʷ ʧʝʨʚʦʛʦ ʘʚʪʦʨʘ.  

ɺʩʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʙʳʣʠ ʧʨʦʪʝʩʪʠʨʦʚʘʥʳ ʩ ʧʦʤʦʱʴʶ ʦʥʣʘʡʥ-

ʩʝʨʚʠʩʘ Human calicivirus Typing tool ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʛʝʥʦʛʨʫʧʧʳ 

(genogroup), ʘ ʪʘʢʞʝ ʪʠʧʘ ʠ ʩʫʙʪʠʧʘ ʥʦʨʦʚʠʨʫʩʘ ʧʦ ʜʚʫʤ ʦʪʢʨʳʪʳʤ ʨʘʤʢʘʤ 

ʩʯʠʪʳʚʘʥʠʷ ï ORF1 ʠ ORF2, ʢʦʜʠʨʫʶʱʠʤ ʈʅʂ-ʟʘʚʠʩʠʤʫʶ ʈʅʂ-

ʧʦʣʠʤʝʨʘʟʫ (polymerase type, polymerase subtype) ʠ ʢʘʧʩʠʜʥʳʡ ʙʝʣʦʢ VP1 

(capsid type, capsid subtype), ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [Chhabra et al. 2019, 2020; 

Tatusov et al., 2021]. ʈʝʟʫʣʴʪʘʪ ʪʠʧʠʨʦʚʘʥʠʷ ʦʪʨʘʞʝʥ ʪʘʢʞʝ ʚ ʚʠʜʝ 

ʢʦʤʙʠʥʘʮʠʠ ʧʦ ʦʙʝʠʤ ʨʘʤʢʘʤ ʩʯʠʪʳʚʘʥʠʷ (G[P]-type).  

ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʠ ʨʝʟʫʣʴʪʘʪʳ ʧʝʨʚʠʯʥʦʛʦ ʘʥʘʣʠʟʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 

ʚʠʜʝ Excel-ʪʘʙʣʠʮʳ, ʚʢʣʶʯʘʷ ʩʚʦʜʥʫʶ ʪʘʙʣʠʮʫ ʜʣʷ ʘʛʨʝʛʘʮʠʠ ʠ 

ʜʝʪʘʣʠʟʘʮʠʠ ʠʥʬʦʨʤʘʮʠʠ (ʊʘʙʣʠʮʳ 3, 4, ʈʠʩʫʥʦʢ 35). ɼʣʷ ʧʨʦʛʨʘʤʤʥʦʡ 

ʦʙʨʘʙʦʪʢʠ ʠ ʠʥʪʝʛʨʘʮʠʠ ʜʘʥʥʳʝ ʚʳʛʨʫʞʝʥʳ ʚ CSV-ʬʘʡʣʳ ʠ ʧʦʜʛʦʪʦʚʣʝʥʳ 

ʩʢʨʠʧʪʳ ʜʣʷ ʨʘʟʚʝʨʪʳʚʘʥʠʷ ʧʦʣʥʦʡ ʩʭʝʤʳ ʙʘʟʳ ʜʘʥʥʳʭ ʚ ʉʋɹɼ MySQL. 

ɼʣʷ ʦʧʝʨʘʪʠʚʥʦʡ ʘʥʘʣʠʪʠʢʠ ʠ ʩʦʟʜʘʥʠʷ ʠʥʪʝʨʘʢʪʠʚʥʳʭ ʜʘʰʙʦʨʜʦʚ 

(ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʘʥʝʣʝʡ) ʦʩʥʦʚʥʦʡ ʥʘʙʦʨ ʜʘʥʥʳʭ ʟʘʛʨʫʞʝʥ ʚ ʦʙʣʘʯʥʳʡ 

ʩʝʨʚʠʩ Yandex DataLens, ʛʜʝ ʨʝʘʣʠʟʦʚʘʥʳ ʦʩʥʦʚʥʳʝ ʚʠʟʫʘʣʠʟʘʮʠʠ 

(ʛʨʘʬʠʢʠ, ʜʠʘʛʨʘʤʤʳ, ʪʝʧʣʦʚʳʝ ʢʘʨʪʳ) ʜʣʷ ʦʟʥʘʢʦʤʣʝʥʠʷ ʠ ʘʥʘʣʠʟʘ 

ʧʦʢʘʟʘʪʝʣʝʡ.  
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ʊʘʙʣʠʮʘ 3 ï ʉʧʠʩʦʢ ʬʘʡʣʦʚ ʜʣʷ ʨʘʙʦʪʳ ʩ ɹɼ 

ʅʘʟʚʘʥʠʝ  ʆʧʠʩʘʥʠʝ 

NoroGen_main ʅʫʢʣʝʦʪʠʜʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʠʟʦʣʷʪʦʚ ʥʦʨʦʚʠʨʫʩʦʚ. ʊʘʙʣʠʮʘ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʘʥʘʣʠʟʘ ʠ 

ʚʳʛʨʫʟʢʠ ʚ MEGA, BEAST. 

NoroGen_edit ʊʘʙʣʠʮʘ ʜʣʷ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ɹɼ, ʜʦʙʘʚʣʝʥʠʝ ʥʦʚʳʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ, ʦʙʥʦʚʣʝʥʠʝ ʩʧʨʘʚʦʯʥʠʢʦʚ. 

      

ʊʘʙʣʠʮʘ 4 ï ʉʧʠʩʦʢ ʪʘʙʣʠʮ ɹɼ 

ʅʘʟʚʘʥʠʝ 

ʪʘʙʣʠʮʳ 

ʉʦʜʝʨʞʠʤʦʝ 

country ʉʧʨʘʚʦʯʥʠʢ ʜʚʫʭʙʫʢʚʝʥʥʳʭ ʢʦʜʦʚ ʩʪʨʘʥ ʤʠʨʘ 

ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʧʦ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ (ISO) 

regions ʉʧʨʘʚʦʯʥʠʢ ʨʝʛʠʦʥʦʚ (ʩʫʙʲʝʢʪʦʚ, ʦʙʣʘʩʪʝʡ) ʈʦʩʩʠʠ 

host ʉʧʨʘʚʦʯʥʠʢ ʭʦʟʷʝʚ ʚʠʨʫʩʘ 

links ʉʩʳʣʢʠ ʥʘ ʧʫʙʣʠʢʘʮʠʠ ʚ PubMed 

seq ʅʫʢʣʝʦʪʠʜʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʠʟʦʣʷʪʦʚ ʥʦʨʦʚʠʨʫʩʦʚ 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʙʘʟʘ ʜʘʥʥʳʭ çʅʫʢʣʝʦʪʠʜʥʳʝ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʛʝʥʦʤʘ ʥʦʨʦʚʠʨʫʩʦʚ (NoroGen)è ʚʝʨʩʠʷ 3.0, ʦʙʲʝʤʦʤ 

23,5 Mb, ʩʦʜʝʨʞʠʪ ʠʥʬʦʨʤʘʮʠʶ ʧʦ 5386 ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤ 

ʥʦʨʦʚʠʨʫʩʦʚ, ʮʠʨʢʫʣʠʨʦʚʘʚʰʠʭ  ʥʘ ʪʝʨʨʠʪʦʨʠʷʭ 52-ʭ ʩʪʨʘʥ ʤʠʨʘ ʚ ʧʝʨʠʦʜ 

ʩ 1968 ʧʦ 2025 ʛʦʜʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʦ 2712 ʧʦʣʥʦʛʝʥʦʤʥʳʤ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤ (ʠʭ ʥʠʭ 36 ï ʨʦʩʩʠʡʩʢʠʝ) ʠ ʧʦ 2674 ʯʘʩʪʠʯʥʳʤ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤ ʥʦʨʦʚʠʨʫʩʦʚ, ʠʟ ʢʦʪʦʨʳʭ 2534 ʚʳʷʚʣʝʥʳ ʚ ʈʦʩʩʠʠ ʩ 

2002 ʧʦ 2025 ʛʛ. [ɽʧʠʬʘʥʦʚʘ, ɽʧʠʬʘʥʦʚ, 2025]. 

ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʧʦʨʷʜʢʝ ʧʨʠʩʚʦʝʥʠʷ ʠʤ ʥʦʤʝʨʦʚ 

ʜʦʩʪʫʧʘ ʚ GenBank (Accession). ɺ ʙʘʟʝ ʧʨʝʜʩʪʘʚʣʝʥʳ 5273 ʅʇ ʥʦʨʦʚʠʨʫʩʘ 

ʯʝʣʦʚʝʢʘ (ʚ ʪʦʤ ʯʠʩʣʝ ʛʝʥʦʛʨʫʧʧ GI ï 343, GII ï 4864, GIV ï 9, GVIII  ï 2, 

GIX ï 55), ʘ ʪʘʢʞʝ 113 ʅʇ ʥʦʨʦʚʠʨʫʩʦʚ ʨʷʜʘ ʚʠʜʦʚ ʞʠʚʦʪʥʳʭ ï ʤʳʰʝʡ, 

ʣʝʪʫʯʠʭ ʤʳʰʝʡ, ʢʨʳʩ, ʢʦʰʝʢ, ʩʦʙʘʢ, ʩʚʠʥʝʡ, ʢʨʫʧʥʦʛʦ ʨʦʛʘʪʦʛʦ ʩʢʦʪʘ, 

ʦʙʝʟʴʷʥ, ʩʫʨʢʦʚ, ʣʴʚʦʚ, ʤʦʨʩʢʠʭ ʣʴʚʦʚ (ʛʝʥʦʛʨʫʧʧ GI, GII, GIII, GIV, GV, 

GVII,   GIX,   GX).   ɺ   ɹɼ   ʠʤʝʶʪʩʷ   ʅʇ   ʚʦʩʝʤʥʘʜʮʘʪʠ   ɻ ʧʠʜʝʤʠʯʝʩʢʠʭ  
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ʈʠʩʫʥʦʢ 35 ï ʉʪʨʫʢʪʫʨʘ ʪʘʙʣʠʮ ʠ ʚʟʘʠʤʦʩʚʷʟʝʡ ʪʘʙʣʠʮ ɹɼ NoroGen 

 

ʚʘʨʠʘʥʪʦʚ (ʩʫʙʪʠʧʦʚ) ʜʦʤʠʥʠʨʦʚʘʚʰʝʛʦ ʩ ʩʝʨʝʜʠʥʳ 90-ʭ ʛʦʜʦʚ ʧʨʦʰʣʦʛʦ 

ʚʝʢʘ ʛʝʥʦʪʠʧʘ GII.4, ʘ ʪʘʢʞʝ ʯʝʪʳʨʝʭ ʨʝʢʦʤʙʠʥʘʥʪʦʚ ʵʧʠʜʝʤʠʯʝʩʢʦʛʦ 

ʚʘʨʠʘʥʪʘ GII.4 Sydney 2012. 

ɺ ʦʩʥʦʚʥʦʡ ʪʘʙʣʠʮʝ ʢʘʞʜʘʷ ʩʪʨʦʢʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʦʤʝʨʫ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʚ GenBank, ʩʦʜʝʨʞʠʪ ʩʘʤʫ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʠ 

ʩʦʧʫʪʩʪʚʫʶʱʫʶ ʠʥʬʦʨʤʘʮʠʶ. ɼʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʳʙʦʨʢʠ ʩ ʫʯʝʪʦʤ 

ʪʝʨʨʠʪʦʨʠʘʣʴʥʦʛʦ ʠ ʚʨʝʤʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʮʠʨʢʫʣʠʨʫʶʱʠʭ 

ʥʦʨʦʚʠʨʫʩʦʚ ʩ ʧʦʤʦʱʴʶ ʬʠʣʴʪʨʘ ʚʦ ʚʢʣʘʜʢʝ çɺʳʛʨʫʟʢʘè ʚʳʙʠʨʘʶʪʩʷ 
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ʠʥʪʝʨʝʩʫʶʱʠʝ ʧʘʨʘʤʝʪʨʳ (ʛʝʥʦʛʨʫʧʧʘ, ʛʝʥʦʪʠʧ, ʩʫʙʪʠʧ ʥʦʨʦʚʠʨʫʩʘ, ʛʦʜ, 

ʩʪʨʘʥʘ ʠ ʪ.ʜ.). ɼʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʘʥʘʣʠʟʘ ʩ ʧʦʤʦʱʴʶ ʢʦʤʧʴʶʪʝʨʥʳʭ 

ʧʨʦʛʨʘʤʤ ʧʦʣʫʯʝʥʥʳʡ ʥʘʙʦʨ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʤʦʞʝʪ ʙʳʪʴ ʚʳʛʨʫʞʝʥ ʚ 

ʬʦʨʤʘʪʝ FASTA  ʚ ʪʨʸʭ ʚʘʨʠʘʥʪʘʭ ï ʩ ʧʦʣʥʳʤ ʘʚʪʦʨʩʢʠʤ ʥʘʠʤʝʥʦʚʘʥʠʝʤ 

ʠʟʦʣʷʪʘ, ʩ ʩʦʢʨʘʱʝʥʥʳʤ ʥʘʠʤʝʥʦʚʘʥʠʝʤ, ʩʦʜʝʨʞʘʱʠʤ ʥʦʤʝʨ ʚ GʝnBank, 

ʜʚʫʭʙʫʢʚʝʥʥʳʡ ʢʦʜ ʩʪʨʘʥʳ ʠ ʛʦʜ ʚʳʜʝʣʝʥʠʷ ʠʟʦʣʷʪʘ,  ʘ ʪʘʢʞʝ ï ʩ 

ʩʦʢʨʘʱʝʥʥʳʤ ʥʘʠʤʝʥʦʚʘʥʠʝʤ, ʩʦʜʝʨʞʘʱʠʤ ʥʦʤʝʨ ʚ GʝnBank, ʢʨʘʪʢʦʝ 

ʥʘʠʤʝʥʦʚʘʥʠʝ ʠʟʦʣʷʪʘ, ʜʚʫʭʙʫʢʚʝʥʥʳʡ ʢʦʜ ʩʪʨʘʥʳ ʠ ʛʦʜ ʚʳʜʝʣʝʥʠʷ 

ʠʟʦʣʷʪʘ. ɺʪʦʨʦʡ ʠ ʪʨʝʪʠʡ ʚʘʨʠʘʥʪʳ ʧʦʟʚʦʣʷʶʪ ʘʥʘʣʠʟʠʨʦʚʘʪʴ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ çʤʦʣʝʢʫʣʷʨʥʳʭ ʯʘʩʦʚè ʠ 

ʬʠʣʦʛʝʦʛʨʘʬʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ (ʙʘʡʝʩʦʚʩʢʘʷ ʬʠʣʦʛʝʥʝʪʠʢʘ). 

ʅʘʣʠʯʠʝ ʚ ɹɼ ʧʦʣʥʦʛʝʥʦʤʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʧʦʟʚʦʣʷʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʝ ʜʣʷ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʣʶʙʳʭ ʫʯʘʩʪʢʦʚ ʛʝʥʦʤʘ ʚʥʦʚʴ 

ʚʳʷʚʣʝʥʥʳʭ ʥʦʨʦʚʠʨʫʩʦʚ, ʜʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʠʭ ʚʦʟʤʦʞʥʳʭ ʛʝʥʝʪʠʯʝʩʢʠʭ 

ʚʟʘʠʤʦʩʚʷʟʝʡ, ʚʨʝʤʝʥʠ ʠ ʩʪʨʘʥʳ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʠʭ ʵʚʦʣʶʮʠʦʥʥʳʭ 

ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ. 

ʂʨʦʤʝ ʪʦʛʦ, ʚʦ ʚʢʣʘʜʢʝ çɸʥʘʣʠʟè ʦʧʝʨʘʪʦʨ ʤʦʞʝʪ ʦʧʨʝʜʝʣʠʪʴ 

ʩʧʝʢʪʨ ʛʝʥʦʪʠʧʦʚ ʥʦʨʦʚʠʨʫʩʦʚ, ʮʠʨʢʫʣʠʨʫʶʱʠʭ ʚ ʪʦʡ ʠʣʠ ʠʥʦʡ ʩʪʨʘʥʝ ʚ 

ʪʦʪ ʠʣʠ ʠʥʦʡ ʚʨʝʤʝʥʥʦʡ ʠʥʪʝʨʚʘʣ ʠ ʚʠʟʫʘʣʠʟʠʨʦʚʘʪʴ ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʚ 

ʚʠʜʝ ʛʨʘʬʠʢʦʚ ʠ ʜʠʘʛʨʘʤʤ. ɼʦʧʦʣʥʝʥʠʝ ʙʘʟʳ ʜʘʥʥʳʤʠ ʦ ʨʦʩʩʠʡʩʢʠʭ ʅʇ 

ʧʦʟʚʦʣʷʝʪ ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʪʴ ʠ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ ʮʠʨʢʫʣʷʮʠʠ 

ʥʦʨʦʚʠʨʫʩʦʚ ʥʘ ʨʘʟʣʠʯʥʳʭ ʪʝʨʨʠʪʦʨʠʷʭ ʈʌ. ʈʘʙʦʪʘ ʧʨʦʚʦʜʠʪʩʷ ʩ ʧʦʤʦʱʴʶ 

ʠʥʩʪʨʫʤʝʥʪʦʚ Excel - çʩʚʦʜʥʘʷ ʪʘʙʣʠʮʘè, ʚ ʢʦʪʦʨʫʶ ʤʦʞʝʪ ʙʳʪʴ 

ʚʳʛʨʫʞʝʥʘ ʠʥʬʦʨʤʘʮʠʷ ʠʟ ɹɼ. 

 ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ɹɼ ʚʢʣʶʯʘʶʪ:  

¶ ʬʦʨʤʠʨʦʚʘʥʠʝ ʚʳʙʦʨʢʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʥʦʨʦʚʠʨʫʩʦʚ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ʠ ʚʨʝʤʝʥʥʦʛʦ ʠʥʪʝʨʚʘʣʘ; 

¶ ʬʦʨʤʠʨʦʚʘʥʠʝ ʚʳʙʦʨʢʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʦʧʨʝʜʝʣʝʥʥʦʛʦ 

ʛʝʥʦʪʠʧʘ ʠ ʩʫʙʪʠʧʘ ʥʦʨʦʚʠʨʫʩʘ; 
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¶ ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʦʜʙʦʨʦʢ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʧʦ ʟʘʜʘʥʥʳʤ 

ʢʨʠʪʝʨʠʷʤ; 

¶ ʢɻʩʧʦʨʪ ʤʘʪʝʨʠʘʣʘ ʚ ʬʦʨʤʘʪʝ FASTA, ʧʨʠʛʦʜʥʦʤ ʜʣʷ ʘʥʘʣʠʟʘ ʩ 

ʧʦʤʦʱʴʶ ʢʦʤʧʴʶʪʝʨʥʳʭ ʧʨʦʛʨʘʤʤ ï MEGA, BEAST;  

¶ ʢɻʩʧʦʨʪ ʪʘʙʣʠʯʥʳʭ ʜʘʥʥʳʭ ʚ ʬʦʨʤʘʪʝ XLSX ʠ ʜʠʘʛʨʘʤʤ ʚ ʬʦʨʤʘʪʝ 

PNG, JPEG, PDF; 

ʀʣʣʶʩʪʨʘʮʠʠ ʪʘʙʣʠʯʥʦʛʦ ʠ ʛʨʘʬʠʯʝʩʢʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʚʳʙʦʨʦʢ 

ʠʟ ɹɼ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʇʨʠʣʦʞʝʥʠʠ 1, 2. 

ʇʨʠ ʨʘʙʦʪʝ ʩ ɹɼ ʠʤʝʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʪʨʦʩʧʝʢʪʠʚʥʦʛʦ ʘʥʘʣʠʟʘ 

ʜʠʥʘʤʠʢʠ ʮʠʨʢʫʣʷʮʠʠ ʥʦʨʦʚʠʨʫʩʦʚ ʨʘʟʣʠʯʥʳʭ ʛʝʥʦʪʠʧʦʚ ʜʣʷ ʠʟʫʯʝʥʠʷ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʨʦʷʚʣʝʥʠʷ ʵʧʠʜʝʤʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʥʦʨʦʚʠʨʫʩʥʦʡ 

ʠʥʬʝʢʮʠʠ. ʇʨʠʤʝʥʝʥʠʝ ɹɼ ʧʦʟʚʦʣʷʝʪ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʤʦʣʝʢʫʣʷʨʥʦ-

ʛʝʥʝʪʠʯʝʩʢʠʡ ʤʦʥʠʪʦʨʠʥʛ ʮʠʨʢʫʣʷʮʠʠ ʥʦʨʦʚʠʨʫʩʦʚ ʚ ʨʘʤʢʘʭ 

ʵʧʠʜʝʤʠʦʣʦʛʠʯʝʩʢʦʛʦ ʥʘʜʟʦʨʘ ʟʘ ʥʦʨʦʚʠʨʫʩʥʦʡ ʠʥʬʝʢʮʠʝʡ.  
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ɻʃɸɺɸ 6 ʇɽʈʉʇɽʂʊʀɺʓ ʉʇɽʎʀʌʀʏɽʉʂʆʁ ʇʈʆʌʀʃɸʂʊʀʂʀ 

ʅʆʈʆɺʀʈʋʉʅʆʁ ʀʅʌɽʂʎʀʀ 

 

 

6.1 ʀʤʤʫʥʠʪʝʪ ʢ ʥʦʨʦʚʠʨʫʩʥʦʡ ʠʥʬʝʢʮʠʠ 

 

   ʄʦʥʠʪʦʨʠʥʛ ʮʠʨʢʫʣʷʮʠʠ ʥʦʨʦʚʠʨʫʩʦʚ ʚʳʷʚʣʷʝʪ ʠʭ ʩʫʱʝʩʪʚʝʥʥʦʝ 

ʛʝʥʪʠʯʝʩʢʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ. ɼʣʷ ʨʘʟʨʘʙʦʪʢʠ ʤʝʨ ʩʧʝʮʠʬʠʯʝʩʢʦʡ 

ʧʨʦʬʠʣʘʢʪʠʢʠ ʥʦʨʦʚʠʨʫʩʥʦʡ ʠʥʬʝʢʮʠʠ, ʪʦ ʝʩʪʴ ʩʦʟʜʘʥʠʷ ʵʬʬʝʢʪʠʚʥʦʡ 

ʚʘʢʮʠʥʳ, ʥʝʦʙʭʦʜʠʤʦ ʧʦʥʠʤʘʥʠʝ ʚʟʘʠʤʦʩʚʷʟʠ ʛʝʥʝʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʚʠʨʫʩʘ ʩ ʘʥʪʠʛʝʥʥʳʤʠ, ʘ ʪʘʢʞʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʠʤʤʫʥʥʦʛʦ ʦʪʚʝʪʘ ʥʘ 

ʠʥʬʠʮʠʨʦʚʘʥʠʝ ʥʦʨʦʚʠʨʫʩʘʤʠ ʨʘʟʥʳʭ ʛʝʥʦʪʠʧʦʚ. ʉʫʱʝʩʪʚʝʥʥʳʡ ʧʨʦʛʨʝʩʩ 

ʚ ʧʦʥʠʤʘʥʠʠ ʠʤʤʫʥʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʥʦʨʦʚʠʨʫʩʥʦʡ ʠʥʬʝʢʮʠʠ ʙʳʣ 

ʟʘʪʨʫʜʥʝʥ ʠʟ-ʟʘ ʦʪʩʫʪʩʪʚʠʷ ʧʝʨʤʠʩʩʠʚʥʦʡ ʢʣʝʪʦʯʥʦʡ ʣʠʥʠʠ ʜʣʷ 

ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ [Takanashi et al., 2014] ʠ/ʠʣʠ ʜʦʩʪʫʧʥʳʭ ʞʠʚʦʪʥʳʭ 

ʤʦʜʝʣʝʡ [Jung et al., 2012; Taube et al.,  2013].  

ʇʨʠ ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʧʨʦʚʦʜʠʪʴ ʨʝʘʢʮʠʶ ʥʝʡʪʨʘʣʠʟʘʮʠʠ ʚʠʨʫʩʘ ʠʟ-

ʟʘ ʦʪʩʫʪʩʪʚʠʷ ʘʜʝʢʚʘʪʥʦʡ ʩʠʩʪʝʤʳ ʢʣʝʪʦʯʥʦʡ ʢʫʣʴʪʫʨʳ, ʪʘʢʠʝ ʤʝʪʦʜʳ, ʢʘʢ 

ʘʥʘʣʠʟ ʙʣʦʢʠʨʦʚʘʥʠʷ HBGA ʠ ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʛʝʤʘʛʛʣʶʪʠʥʘʮʠʠ 

ʫʙʝʜʠʪʝʣʴʥʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʝʩʪʝʩʪʚʝʥʥʘʷ ʠʥʬʝʢʮʠʷ 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʚʳʨʘʙʦʪʢʦʡ ʟʘʱʠʪʥʳʭ ʘʥʪʠʪʝʣ [Lindesmith et al., 2015; 

Czak· et al., 2015]. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʫʨʨʦʛʘʪʥʳʭ ʪʝʩʪʦʚ ʙʳʣʦ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʠʥʬʠʮʠʨʦʚʘʥʠʝ ʥʦʨʦʚʠʨʫʩʘʤʠ ʠʥʜʫʮʠʨʫʝʪ ʧʦʷʚʣʝʥʠʝ 

ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʩʳʚʦʨʦʪʦʯʥʳʭ ʘʥʪʠʪʝʣ IgG ʠ IgM. ɺ ʪʦʥʢʦʤ ʢʠʰʝʯʥʠʢʝ 

ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʚʳʰʝʥʠʝ ʩʠʥʪʝʟʘ IgA, ʢʦʪʦʨʳʝ ʙʣʦʢʠʨʫʶʪ ʩʚʷʟʳʚʘʥʠʝ 

ʚʠʨʫʩʥʦʡ ʯʘʩʪʠʮʳ ʩ ʨʝʮʝʧʪʦʨʘʤʠ ʠ ʧʨʝʧʷʪʩʪʚʫʶʪ ʧʦʚʪʦʨʥʦʤʫ 

ʠʥʬʠʮʠʨʦʚʘʥʠʶ [Agus et al., 1974]. ʀʤʤʫʥʠʪʝʪ ʷʚʣʷʝʪʩʷ ʛʨʫʧʧʦ-

ʩʧʝʮʠʬʠʯʥʳʤ. ʊʘʢ, ʠʤʤʫʥʠʪʝʪ, ʚʳʨʘʙʘʪʳʚʘʶʱʠʡʩʷ ʢ ʚʠʨʫʩʫ Norwalk (GI), 

ʥʝ ʟʘʱʠʱʘʝʪ ʦʨʛʘʥʠʟʤ ʦʪ ʧʦʚʪʦʨʥʦʛʦ ʟʘʨʘʞʝʥʠʷ ʚʠʨʫʩʦʤ Hawaii (GII), 
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ʦʜʥʘʢʦ ʘʥʪʠʪʝʣʘ ʢ ʚʠʨʫʩʫ Montgomery (GII) ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ ʚʠʨʫʩʦʤ 

Norwalk [Matsui, Greenberg, 2000]. 

ʇʦ ʜʘʥʥʳʤ ʨʘʥʥʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʦʚʦʜʠʤʳʭ 

ʥʘ ʚʦʣʦʥʪʝʨʘʭ, ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʫʱʝʩʪʚʫʝʪ ʜʚʝ ʬʦʨʤʳ 

ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ʢ ʥʦʨʦʚʠʨʫʩʘʤ: ʢʨʘʪʢʦʩʨʦʯʥʘʷ ʠ ʜʦʣʛʦʩʨʦʯʥʘʷ. ʇʨʠ 

ʠʥʬʠʮʠʨʦʚʘʥʠʠ ʨʷʜʦʤ ʘʛʝʥʪʦʚ (ʚʠʨʫʩ Marcy, ʚʠʨʫʩ Norwalk, ʚʠʨʫʩ Hawaii) 

ʠʥʜʫʮʠʨʫʝʪʩʷ ʢʘʢ ʢʨʘʪʢʦʩʨʦʯʥʳʡ (6ï14 ʥʝʜʝʣʴ), ʪʘʢ ʠ ʜʦʣʛʦʩʨʦʯʥʳʡ (9ï15 

ʤʝʩʷʮʝʚ) ʛʦʤʦʣʦʛʠʯʥʳʡ ʠʤʤʫʥʥʳʡ ʦʪʚʝʪ. ɺ ʪʝʯʝʥʠʝ ʙʦʣʝʝ ʜʣʠʪʝʣʴʥʦʛʦ 

ʚʨʝʤʝʥʠ (27ï42 ʤʝʩʷʮʘ), ʢʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʥʘ ʧʨʠʤʝʨʝ ʚʠʨʫʩʘ Norwalk, 

ʠʤʤʫʥʠʪʝʪ ʥʝ ʩʦʭʨʘʥʷʝʪʩʷ [Estes et al.,   2000; Wilhelmi et al., 2003]. 

ʈʝʟʫʣʴʪʘʪʳ  ʜʨʫʛʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʣʠ, ʯʪʦ ʟʘʱʠʪʘ ʜʣʠʪʩʷ ʦʪ 

6 ʤʝʩʷʮʝʚ ʜʦ 2 ʣʝʪ [Parrino et al.,1977; Jing et al., 2000], ʘ ʤʘʥʠʬʝʩʪʘʮʠʷ 

ʠʥʬʝʢʮʠʠ  ʟʘʚʠʩʠʪ ʦʪ ʧʦʣʫʯʝʥʥʦʡ ʜʦʟʳ ʚʠʨʫʩʘ (ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʜʦʟʳ 

ʠʥʦʢʫʣʷʪʘ ʙʳʣʠ ʩʚʷʟʘʥʳ ʩ ʙʦʣʝʝ ʢʦʨʦʪʢʠʤ ʠʥʢʫʙʘʮʠʦʥʥʳʤ ʧʝʨʠʦʜʦʤ ʠ 

ʙʦʣʝʝ ʚʳʩʦʢʠʤ ʧʠʢʦʚʳʤ ʚʳʙʨʦʩʦʤ ʚʠʨʫʩʘ) [Teunis et al.,  2008; Atmar et al., 

2014]. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʝʨʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʦʟʥʠʢʣʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ 

ʩʧʦʩʦʙʥʦʩʪʴ ʠʤʤʫʥʥʦʛʦ ʦʪʚʝʪʘ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʝʩʪʝʩʪʚʝʥʥʫʶ 

ʥʦʨʦʚʠʨʫʩʥʫʶ ʠʥʬʝʢʮʠʶ ʤʠʥʠʤʘʣʴʥʘ [Wyatt et al., 1974]. ʆʜʥʘʢʦ 

ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʦʟʘ ʚʠʨʫʩʘ, ʚʚʦʜʠʤʘʷ ʚʟʨʦʩʣʳʤ ʜʦʙʨʦʚʦʣʴʮʘʤ ʚ 

ʵʪʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ, ʚʝʨʦʷʪʥʦ, ʥʘʤʥʦʛʦ ʧʨʝʚʳʰʘʣʘ ʪʫ, ʢʦʪʦʨʘʷ 

ʚʦʟʜʝʡʩʪʚʫʝʪ ʥʘ ʯʝʣʦʚʝʢʘ ʚ ʝʩʪʝʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ [Teunis et al., 2008]. 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪ r ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʧʝʨʝʜʘʯʠ 

ʠʥʬʝʢʮʠʠ ʩʨʝʜʠ ʥʘʩʝʣʝʥʠʷ ʧʦʟʚʦʣʷʪʁ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʠʤʤʫʥʥʦʡ ʟʘʱʠʪʳ ʥʘʤʥʦʛʦ ʜʦʣʴʰʝ ï ʦʪ 4 ʜʦ 8 ʣʝʪ 

[Simmons et al., 2013]. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʵʬʬʝʢʪʠʚʥʘʷ ʥʦʨʦʚʠʨʫʩʥʘʷ 

ʚʘʢʮʠʥʘ ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʪʴ ʟʘʱʠʪʫ ʯʝʣʦʚʝʢʘ ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʣʝʪ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ, ʦʧʠʨʘʶʱʠʝʩʷ ʥʘ ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʤʝʥʝ 

ʵʧʠʜʝʤʠʯʝʩʢʠʭ ʚʘʨʠʘʥʪʦʚ GII.4 ʠ ʧʦʣʥʦʤ ʠʩʯʝʟʥʦʚʝʥʠʠ ʜʦʤʠʥʠʨʫʶʱʠʭ ʥʘ 
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ʧʨʝʜʳʜʫʱʝʤ ʵʪʘʧʝ ʰʪʘʤʤʦʚ, ʪʘʢʞʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ 

ʧʨʠʦʙʨʝʪʝʥʠʝ ʜʦʣʛʦʚʦʨʝʤʝʥʥʦʛʦ ʟʘʱʠʪʥʦʛʦ ʠʤʤʫʥʠʪʝʪʘ ʧʨʦʪʠʚ ʅɺʀ 

ʚʦʟʤʦʞʥʦ [Lindesmith et al. 2003, 2008; Siebenga et al., 2010].  

ʇʦ ʜʘʥʥʳʤ ʢʦʛʦʨʪʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʦʚʦʨʦʞʜʝʥʥʳʭ ʚ ʏʠʣʠ, 

ʢʦʪʦʨʦʝ ʚʢʣʶʯʘʣʦ ʝʞʝʤʝʩʷʯʥʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝ ʦʙʨʘʟʮʦʚ ʩʪʫʣʘ ʥʘ ʅɺ ʚ 

ʪʝʯʝʥʠʝ 18 ʤʝʩʷʮʝʚ, ʙʦʣʝʝ ʧʦʣʦʚʠʥʳ ʜʝʪʝʡ ʟʘ ʵʪʦʪ ʠʥʪʝʨʚʘʣ ʚʨʝʤʝʥʠ ʙʳʣʠ 

ʠʥʬʠʮʠʨʦʚʘʥʳ ʥʦʨʦʚʠʨʫʩʘʤʠ, ʯʘʩʪʦ ʚʦʟʥʠʢʘʣʠ ʙʝʩʩʠʤʧʪʦʤʥʳʝ 

ʨʝʠʥʬʝʢʮʠʠ. ʉʠʤʧʪʦʤʘʪʠʯʝʩʢʠʝ ʩʣʫʯʘʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʅɺ ʛʝʥʦʛʨʫʧʧʳ GII, 

ʥʘʙʣʶʜʘʣʠʩʴ ʪʦʣʴʢʦ ʧʨʠ ʧʝʨʚʠʯʥʦʡ ʠʥʬʝʢʮʠʠ ʠʣʠ ʚ ʩʣʫʯʘʝ, ʝʩʣʠ 

ʧʨʝʜʳʜʫʱʘʷ ʠʥʬʝʢʮʠʷ ʙʳʣʘ ʦʙʫʩʣʦʚʣʝʥʘ ʥʦʨʦʚʠʨʫʩʦʤ ʥʝ-GII [O'Ryan et 

al., 2009]. ʕʪʠ ʨʝʟʫʣʴʪʘʪʳ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʜʘʥʥʳʤʠ ʢʦʛʦʨʪʥʦʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʝʪʝʡ ʚ ʇʝʨʫ [Saito et al., 2014] ʠ ʤʫʣʴʪʠʥʘʮʠʦʥʘʣʴʥʦʛʦ 

ʢʦʛʦʨʪʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʚʦʩʴʤʠ ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʩʪʨʘʥʘʭ (ɹʘʥʛʣʘʜʝʰ, 

ɹʨʘʟʠʣʠʷ, ʇʘʢʠʩʪʘʥ, ʇʝʨʫ, ʖʞʥʘʷ ɸʬʨʠʢʘ, ʊʘʥʟʘʥʠʷ, ʅʝʧʘʣ ʠ ʀʥʜʠʷ) 

[Rouhani et al., 2013], ʢʦʪʦʨʳʝ ʪʘʢʞʝ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʝʜʳʜʫʱʘʷ ʠʥʬʝʢʮʠʷ 

ʟʘʱʠʱʘʝʪ ʦʪ ʙʦʣʝʝ ʧʦʟʜʥʠʭ ʩʠʤʧʪʦʤʘʪʠʯʝʩʢʠʭ ʠʥʬʝʢʮʠʡ, ʠ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʚ ʧʦʣʴʟʫ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʦʟʤʦʞʥʦʡ ʚʘʢʮʠʥʘʮʠʠ. 

ʇʦʩʢʦʣʴʢʫ ʩʝʨʦʪʠʧʳ ʥʦʨʦʚʠʨʫʩʦʚ ʝʱʝ ʥʝ ʦʧʨʝʜʝʣʝʥʳ, ʜʣʷ 

ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʠʭ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʠ ʘʥʪʠʛʝʥʥʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ Parra G.I. ʠ 

ʩʦʘʚʪ. (2017) ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ ʢʦʥʮʝʧʮʠʷ çʠʤʤʫʥʦʪʠʧʦʚè [Parra et al., 

2017]. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʦ ʙʦʣʝʝ ʜʚʫʭ ʪʳʩʷʯ ʥʫʢʣʝʦʪʠʜʥʳʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʛʝʥʘ, ʢʦʜʠʨʫʶʱʝʛʦ ʢʘʧʩʠʜʥʳʡ ʙʝʣʦʢ VP1, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʙʘʟʝ GenBank. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ ʛʝʥʦʪʠʧʦʚ 

ʩʦʭʨʘʥʷʶʪ ʚʳʩʦʢʦʢʦʥʩʝʨʚʘʪʠʚʥʳʡ ʢʘʧʩʠʜʥʳʡ ʙʝʣʦʢ ʚ ʪʝʯʝʥʠʝ ʜʝʩʷʪʠʣʝʪʠʡ 

ʠ ʷʚʣʷʶʪʩʷ ʩʪʘʪʠʯʥʳʤʠ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʛʝʥʦʪʠʧʘ GII.4, ʧʨʠʦʙʨʝʪʘʶʱʝʛʦ 

ʬʝʥʦʪʠʧʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ ʚ ʩʚʦʝʤ ʢʘʧʩʠʜʥʦʤ ʙʝʣʢʝ ʩ  

ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ (ʵʚʦʣʶʮʠʦʥʠʨʫʶʱʠʡ ʛʝʥʦʪʠʧ). ʅʘ ʦʩʥʦʚʘʥʠʠ 

ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʰʪʘʤʤʦʚ ʢʘʞʜʦʛʦ ʛʝʥʦʪʠʧʘ ʙʳʣʦ ʧʦʩʪʨʦʝʥʦ 

ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʦʝ ʜʝʨʝʚʦ ʚʳʚʝʜʝʥʥʳʭ ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ 
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ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʢʘʧʩʠʜʥʦʛʦ ʙʝʣʢʘ VP1. ɹʳʣʦ ʚʳʜʝʣʝʥʦ 12 ʢʣʘʩʪʝʨʦʚ, 

ʪʨʠ ʚ ʛʝʥʦʛʨʫʧʧʝ I (A-C) ʠ 9 ï ʚ ʛʝʥʦʛʨʫʧʧʝ GII (D-L), ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ 

ʚʢʣʶʯʘʝʪ ʦʪ ʦʜʥʦʛʦ ʜʦ ʯʝʪʳʨʝʭ ʛʝʥʦʪʠʧʦʚ [Parra et al.,  2017]. 

ʇʨʠ ʘʥʘʣʠʟʝ ʜʘʥʥʳʭ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʛʨʫʧʧ, ʢʦʪʦʨʳʝ 

ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʧʦʚʪʦʨʥʳʝ ʠʥʬʝʢʮʠʠ ʥʦʨʦʚʠʨʫʩʘʤʠ ʠ ʦʧʨʝʜʝʣʷʣʠ ʛʝʥʦʪʠʧ 

ʚ ʢʘʞʜʦʤ ʵʧʠʟʦʜʝ ʠʥʬʝʢʮʠʠ [Saito et al., 2014; Rouhani et al.,2016; Parra et 

al., 2014; Sakon et al.,2015; Takanashi et al.,2011; Blazevic et al.,2015], ʙʳʣʦ 

ʟʘʤʝʯʝʥʦ, ʯʪʦ ʢʘʨʪʠʥʘ ʨʝʠʥʬʝʢʮʠʠ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʥʦʚʦʡ ʩʠʩʪʝʤʦʡ 

ʛʨʫʧʧʠʨʦʚʢʠ ʛʝʥʦʪʠʧʦʚ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʠʥʩʪʨʫʤʝʥʪʦʤ 

ʦʧʨʝʜʝʣʝʥʠʷ ʘʥʪʠʛʝʥʥʦ-ʨʘʟʣʠʯʥʳʭ, ʪʦ ʝʩʪʴ ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʨʘʟʥʳʤ 

çʠʤʤʫʥʦʪʠʧʘʤè, ʰʪʘʤʤʦʚ. ɺ ʮʝʣʦʤ, ʙʦʣʴʰʠʥʩʪʚʦ ʧʦʚʪʦʨʥʳʭ ʠʥʬʝʢʮʠʡ 

ʙʳʣʦ ʦʙʫʩʣʦʚʣʝʥʦ ʚʠʨʫʩʘʤʠ ʨʘʟʥʳʭ çʠʤʤʫʥʦʪʠʧʦʚè, ʨʝʠʥʬʝʢʮʠʷ ʚʠʨʫʩʦʤ 

ʦʜʥʦʛʦ çʠʤʤʫʥʦʪʠʧʘè ʙʳʣʘ ʦʯʝʥʴ ʨʝʜʢʦʡ. ʀʩʢʣʶʯʝʥʠʝʤ ʷʚʠʣʠʩʴ ʰʪʘʤʤʳ 

GII.4 çʠʤʤʫʥʦʪʠʧʘè G, ʜʣʷ ʢʦʪʦʨʳʭ ʥʘʙʣʶʜʘʣʦʩʴ ʥʝʩʢʦʣʴʢʦ ʧʦʚʪʦʨʥʳʭ 

ʠʥʬʝʢʮʠʡ, ʥʦ ʦʥʠ ʙʳʣʠ ʦʙʫʩʣʦʚʣʝʥʳ ʨʘʟʥʳʤʠ ʵʧʠʜʝʤʠʯʝʩʢʠʤʠ 

ʚʘʨʠʘʥʪʘʤʠ ʵʪʦʛʦ ʵʚʦʣʶʮʠʦʥʠʨʫʶʱʝʛʦ ʛʝʥʦʪʠʧʘ [Saito et al., 2014; Sakon et 

al., 2015]. 

ʀʩʭʦʜʷ ʠʟ ʵʪʠʭ ʜʘʥʥʳʭ, ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ ʤʦʜʝʣʴ ʨʝʠʥʬʝʢʮʠʠ 

ʥʦʨʦʚʠʨʫʩʘʤʠ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʡ ʠʤʤʫʥʦʣʦʛʠʯʝʩʢʠ çʥʘʠʚʥʳʝè ʜʝʪʠ 

ʧʦʩʪʦʷʥʥʦ ʧʦʜʚʝʨʛʘʶʪʩʷ ʠʥʬʠʮʠʨʦʚʘʥʠʶ ʰʪʘʤʤʘʤʠ ʢʘʞʜʦʛʦ ʠʟ 

ʨʘʟʣʠʯʥʳʭ çʠʤʤʫʥʦʪʠʧʦʚè ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʫ ʥʠʭ ʥʝ ʚʳʨʘʙʦʪʘʝʪʩʷ 

ʰʠʨʦʢʠʡ ʠʤʤʫʥʠʪʝʪ [Parra et al., 2017]. ʅʘʧʨʦʪʠʚ, ʜʝʪʠ ʩʪʘʨʰʝʛʦ ʚʦʟʨʘʩʪʘ 

ʠ ʚʟʨʦʩʣʳʝ ʩ ʙʦʣʴʰʝʡ ʚʝʨʦʷʪʥʦʩʪʴʶ ʟʘʙʦʣʝʚʘʶʪ ʧʨʠ ʟʘʨʘʞʝʥʠʠ ʥʦʚʳʤʠ 

ʚʘʨʠʘʥʪʘʤʠ ʵʚʦʣʶʮʠʦʥʠʨʫʶʱʝʛʦ ʛʝʥʦʪʠʧʘ, ʧʦʩʢʦʣʴʢʫ ʦʥʠ ʫʞʝ ʧʨʠʦʙʨʝʣʠ 

ʠʤʤʫʥʠʪʝʪ ʧʨʦʪʠʚ ʨʷʜʘ ʩʪʘʪʠʯʥʳʭ ʛʝʥʦʪʠʧʦʚ. ʕʪʘ ʤʦʜʝʣʴ ʥʝ ʪʦʣʴʢʦ 

ʦʙʲʷʩʥʷʝʪ ʨʘʟʣʠʯʠʷ ʚ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʛʝʥʦʪʠʧʦʚ, ʢʦʪʦʨʳʝ ʯʘʩʪʦ 

ʥʘʙʣʶʜʘʶʪʩʷ ʧʨʠ ʩʨʘʚʥʝʥʠʠ ʅɺʀ ʫ ʜʝʪʝʡ ʠ ʚʟʨʦʩʣʳʭ [Zhirakovskaia et al., 

2015; Saito et al., 2014; Sakon et al., 2015], ʥʦ ʠ ʧʦʜʪʚʝʨʞʜʘʝʪ 
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ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʠʤʤʫʥʠʪʝʪ ʧʨʦʪʠʚ ʅɺʀ ʤʦʞʝʪ ʙʳʪʴ ʙʦʣʝʝ 

ʜʣʠʪʝʣʴʥʳʤ, ʯʝʤ ʩʯʠʪʘʣʠ ʨʘʥʝʝ [Wyatt et al. 1977; Simmons et al., 2013]. 

ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʝʜʣʦʞʝʥʥʦʡ ʢʦʥʮʝʧʮʠʠ ʚʦʟʤʦʞʝʥ ʧʦʜʙʦʨ 

ʰʪʘʤʤʦʚ ʥʦʨʦʚʠʨʫʩʦʚ, ʩʧʦʩʦʙʥʳʭ ʦʙʝʩʧʝʯʠʪʴ ʧʝʨʝʢʨʝʩʪʥʫʶ ʟʘʱʠʪʫ, ʯʪʦ 

ʚʘʞʥʦ ʜʣʷ ʜʠʟʘʡʥʘ ʙʫʜʫʱʠʭ ʚʘʢʮʠʥ. ɼʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ 

ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʩʫʱʝʩʪʚʦʚʘʥʠʷ çʠʤʤʫʥʦʪʠʧʦʚè ʥʦʨʦʚʠʨʫʩʦʚ ʧʦʪʨʝʙʫʶʪʩʷ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʘʥʘʣʠʟʝ ʥʝʡʪʨʘʣʠʟʘʮʠʠ ʠʣʠ 

ʥʘ ʤʦʜʝʣʷʭ ʞʠʚʦʪʥʳʭ. 

ɻʝʥʝʪʠʯʝʩʢʠ ʦʙʫʩʣʦʚʣʝʥʥʘʷ ʥʝʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴ ʢ ʥʦʨʦʚʠʨʫʩʥʦʡ 

ʠʥʬʝʢʮʠʠ. ɺ ʨʘʥʥʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ 

ʦʪʩʫʪʩʪʚʠʝ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʫʨʦʚʥʝʤ ʟʘʱʠʪʥʳʭ ʘʥʪʠʪʝʣ ʠ ʧʨʦʷʚʣʝʥʠʝʤ 

ʟʘʙʦʣʝʚʘʥʠʷ ʧʨʠ ʠʥʬʠʮʠʨʦʚʘʥʠʠ ʥʦʨʦʚʠʨʫʩʘʤʠ. ʏʘʩʪʦ ʚʦʣʦʥʪʝʨʳ, ʥʝ 

ʠʤʝʚʰʠʝ ʟʘʱʠʪʥʳʭ ʘʥʪʠʪʝʣ, ʙʳʣʠ ʫʩʪʦʡʯʠʚʳ ʢ ʠʥʬʠʮʠʨʦʚʘʥʠʶ. ʇʨʠ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʅɺʀ ʥʘ ʚʦʣʦʥʪʝʨʘʭ, ʧʨʦʚʝʜʝʥʥʦʤ ʙʦʣʝʝ 40 ʣʝʪ ʥʘʟʘʜ, ʙʳʣʦ 

ʫʩʪʘʥʦʚʣʝʥʦ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʜʚʫʭ ʛʨʫʧʧ ʣʶʜʝʡ, ʨʘʟʣʠʯʘʶʱʠʭʩʷ 

ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴʶ ʢ ʠʥʬʝʢʮʠʠ ʚʠʨʫʩʦʤ Norwolk. ʆʜʥʠ ʣʠʮʘ ʥʝʦʜʥʦʢʨʘʪʥʦ 

ʧʦʜʚʝʨʛʘʣʠʩʴ ʠʥʬʝʢʮʠʠ, ʪʦʛʜʘ ʢʘʢ ʜʨʫʛʠʝ ʙʳʣʠ ʫʩʪʦʡʯʠʚʳ ʢ ʥʝʡ [Parrino et 

al., 1977]. ɹʳʣʘ ʚʳʜʚʠʥʫʪʘ ʛʠʧʦʪʝʟʘ ʦ ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʛʝʥʝʪʠʯʝʩʢʦʛʦ 

ʬʘʢʪʦʨʘ, ʦʧʨʝʜʝʣʷʶʱʝʛʦ ʠʥʜʠʚʠʜʫʘʣʴʥʫʶ ʨʝʟʠʩʪʝʥʪʥʦʩʪʴ ʢ ʜʘʥʥʦʤʫ 

ʟʘʙʦʣʝʚʘʥʠʶ. ʇʦʟʜʥʝʝ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʛʝʥʝʪʠʯʝʩʢʠ 

ʦʙʫʩʣʦʚʣʝʥʥʦʡ ʥʝʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴʶ ʢ ʥʦʨʦʚʠʨʫʩʥʦʡ ʠʥʬʝʢʮʠʠ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʥʦʨʦʚʠʨʫʩʳ ʠʥʬʠʮʠʨʫʶʪ ʣʶʜʝʡ, ʠʤʝʶʱʠʭ ʛʝʥ, 

ʢʦʜʠʨʫʶʱʠʡ ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ ʘʣʴʬʘ-1,2-ʬʫʢʦʟʠʣʪʨʘʥʩʬʝʨʘʟʫ (FUT2). ʅʘ 

ʢʣʝʪʢʘʭ ʩʣʠʟʠʩʪʦʡ ʦʙʦʣʦʯʢʠ ʢʠʰʝʯʥʠʢʘ  ʵʪʠʭ ʣʶʜʝʡ (ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ, 

çʩʝʢʨʝʪʠʨʫʶʱʠʭè ʠʥʜʠʚʠʜʦʚ), ʵʢʩʧʨʝʩʩʠʨʫʶʪʩʷ ʦʧʨʝʜʝʣʝʥʥʳʝ ʘʥʪʠʛʝʥʳ 

ʩʠʩʪʝʤʳ ʛʠʩʪʦʩʦʚʤʝʩʪʠʤʦʩʪʠ ʠ ʛʨʫʧʧʦʚʳʝ ʘʥʪʠʛʝʥʳ ʢʨʦʚʠ ɸ, ɺ ʠ ʩʠʩʪʝʤʳ 

Lewis (HBGA) ï ʛʣʠʢʦʧʨʦʪʝʠʥʳ, ʢʦʪʦʨʳʝ ʥʦʨʦʚʠʨʫʩʳ ʠʩʧʦʣʴʟʫʶʪ ʚ 

ʢʘʯʝʩʪʚʝ ʢʦʨʝʮʝʧʪʦʨʦʚ [Hutson et al., 2002; Marionneau et al., 2002]. ʇʨʠ 

ʥʘʣʠʯʠʠ ʫ ʯʝʣʦʚʝʢʘ ʜʝʬʝʢʪʘ ʧʦ ʛʝʥʫ FUT2 ʠʣʠ ʜʨʫʛʠʭ ʬʝʨʤʝʥʪʦʚ, 
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ʨʝʛʫʣʠʨʫʶʱʠʭ ʧʨʦʮʝʩʩʠʥʛ ʛʣʠʢʦʧʨʦʪʝʠʥʦʚ HBGA, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ 

ʥʦʨʦʚʠʨʫʩʦʚ ʢʦʨʝʮʝʧʪʦʨʳ ʥʝ ʵʢʩʧʨʝʩʩʠʨʫʶʪʩʷ ʠ ʥʝ ʧʨʝʟʝʥʪʠʨʫʶʪʩʷ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʩʣʠʟʠʩʪʳʭ ʦʙʦʣʦʯʝʢ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʥʘ ʢʠʰʝʯʥʦʤ ʵʧʠʪʝʣʠʠ. ʋ 

ʪʘʢʠʭ, çʥʝʩʝʢʨʝʪʠʨʫʶʱʠʭè, ʠʥʜʠʚʠʜʦʚ ʚʦʟʥʠʢʘʝʪ ʠʥʜʠʚʠʜʫʘʣʴʥʘʷ 

ʥʝʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴ ʢ ʥʦʨʦʚʠʨʫʩʘʤ [Lindesmith et al., 2003; Carlsson et al., 

2009]. ʕʪʘ ʥʝʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴ ʷʚʣʷʝʪʩʷ ʰʪʘʤʤʦʩʧʝʮʠʬʠʯʥʦʡ, ʪʘʢ ʢʘʢ 

ʥʦʨʦʚʠʨʫʩʳ ʨʘʟʥʳʭ ʛʝʥʦʪʠʧʦʚ ʠ ʩʫʙʛʝʥʦʪʠʧʦʚ ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ 

ʧʨʠʢʨʝʧʣʝʥʠʷ ʢ ʢʣʝʪʢʘʤ ʨʘʟʣʠʯʥʳʝ ʘʥʪʠʛʝʥʳ ʩʠʩʪʝʤʳ HBGA. ʇʦʢʘʟʘʥʦ, 

ʯʪʦ 20-30% ʣʶʜʝʡ ʷʚʣʷʝʪʩʷ çʥʝʩʝʢʨʝʪʠʨʫʶʱʠʤʠè [Davenport et al., 2016; 

Payne et al., 2015]. 

 

6.2 ʉʦʩʪʦʷʥʠʝ ʨʘʟʨʘʙʦʪʢʠ ʥʦʨʦʚʠʨʫʩʥʳʭ ʚʘʢʮʠʥ 

 

ɿʥʘʯʠʤʦʩʪʴ ʥʦʨʦʚʠʨʫʩʥʦʡ ʠʥʬʝʢʮʠʠ ʚ ʠʥʬʝʢʮʠʦʥʥʦʡ ʧʘʪʦʣʦʛʠʠ 

ʯʝʣʦʚʝʢʘ, ʦʧʘʩʥʦʩʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʢʨʫʧʥʳʭ ʵʧʠʜʝʤʠʯʝʩʢʠʭ ʚʩʧʳʰʝʢ ʚ 

ʦʨʛʘʥʠʟʦʚʘʥʥʳʭ ʢʦʣʣʝʢʪʠʚʘʭ ï ʚ ʚʦʡʩʢʘʭ, ʰʢʦʣʘʭ, ʣʝʯʝʙʥʦ-

ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʭ ʫʯʨʝʞʜʝʥʠʷʭ, ʚ ʪʫʨʠʩʪʠʯʝʩʢʠʭ ʛʨʫʧʧʘʭ ï 

ʦʙʫʩʣʦʚʣʠʚʘʶʪ ʫʩʠʣʠʷ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʨʘʟʨʘʙʦʪʢʫ 

ʩʨʝʜʩʪʚ ʧʨʦʬʠʣʘʢʪʠʢʠ  ʅɺʀ [Estes et al., 2000; Atreya, 2004; McCarthy et al. 

2000]. ʈʘʟʨʘʙʦʪʢʘ ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʦʡ ʩʪʨʘʪʝʛʠʠ, ʚʢʣʶʯʘʶʱʝʡ ʚ ʩʝʙʷ, ʚ 

ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʥʦʨʦʚʠʨʫʩʥʫʶ ʚʘʢʮʠʥʫ, ʜʦʣʞʥʘ ʙʳʪʴ ʥʘʧʨʘʚʣʝʥʘ ʥʘ 

ʟʘʱʠʪʫ ʥʘʠʙʦʣʝʝ ʚʦʩʧʨʠʠʤʯʠʚʳʭ ʛʨʫʧʧ. ɺʳʜʝʣʷʶʪ ʯʝʪʳʨʝ ʮʝʣʝʚʳʝ 

ʛʨʫʧʧʳ ʥʘʩʝʣʝʥʠʷ, ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ ʠʤʤʫʥʠʟʠʨʦʚʘʪʴʩʷ: ʜʝʪʠ ʤʣʘʜʰʝ 5 ʣʝʪ, 

ʧʦʞʠʣʳʝ ʣʶʜʠ ʠ ʣʠʮʘ, ʧʦʜʚʝʨʞʝʥʥʳʝ ʧʦʚʳʰʝʥʥʳʤ ʬʠʟʠʯʝʩʢʠʤ ʠ 

ʵʤʦʮʠʦʥʘʣʴʥʳʤ ʥʘʛʨʫʟʢʘʤ, ʪʘʢʠʝ ʢʘʢ ʚʦʝʥʥʦʩʣʫʞʘʱʠʝ ʠ ʧʫʪʝʰʝʩʪʚʝʥʥʠʢʠ 

[Lucero et al., 2017; Riddle and Walker, 2016]. ɺ 2024 ʛʦʜʫ ɺʆɿ ʚʳʜʝʣʠʣʘ 

ʧʨʠʦʨʠʪʝʪʥʳʝ ʵʥʜʝʤʠʯʥʳʝ ʧʘʪʦʛʝʥʳ, ʚ ʚʘʢʮʠʥʘʭ ʧʨʦʪʠʚ ʢʦʪʦʨʳʭ 

ʩʫʱʝʩʪʚʫʝʪ ʥʘʠʙʦʣʴʰʘʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ, ʠ ʚʢʣʶʯʠʣʘ ʚ ʧʝʨʝʯʝʥʴ ʪʘʢʠʭ 

ʧʘʪʦʛʝʥʦʚ ʥʦʨʦʚʠʨʫʩʳ [Hasso-Agopsowicz, et al., 2024]. 
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ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʪʩʫʪʩʪʚʫʝʪ ʣʠʮʝʥʟʠʨʦʚʘʥʥʘ ̫ʚʘʢʮʠʥʘ ʧʨʦʪʠʚ 

ʥʦʨʦʚʠʨʫʩʥʦʡ ʠʥʬʝʢʮʠʠ. ʈʘʟʨʘʙʦʪʢʘ ʚʘʢʮʠʥʳ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ, ʥʦ 

ʩʣʦʞʥʦʡ ʟʘʜʘʯʝʡ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ, ʩʚʷʟʘʥʥʦʡ ʩ ʦʛʨʘʥʠʯʝʥʥʳʤʠ ʟʥʘʥʠʷʤʠ ʦ 

ʞʠʟʥʝʥʥʦʤ ʮʠʢʣʝ ʥʦʨʦʚʠʨʫʩʦʚ, ʪʨʫʜʥʦʩʪʷʤʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ 

ʥʦʨʦʚʠʨʫʩʦʚ ʥʘ ʢʫʣʴʪʫʨʝ ʢʣʝʪʦʢ ʠ ʤʦʜʝʣʠ ʞʠʚʦʪʥʳʭ, ʠʭ ʙʦʣʴʰʠʤ 

ʛʝʥʝʪʠʯʝʩʢʠʤ ʠ ʘʥʪʠʛʝʥʥʳʤ ʨʘʟʥʦʦʙʨʘʟʠʝʤ. ʋʯʠʪʳʚʘʷ ʛʝʥʝʪʠʯʝʩʢʦʝ 

ʨʘʟʥʦʦʙʨʘʟʠʝ ʥʦʨʦʚʠʨʫʩʦʚ, ʘ ʪʘʢʞʝ ʧʝʨʠʦʜʠʯʝʩʢʫʶ ʩʤʝʥʫ ʵʧʠʜʝʤʠʯʝʩʢʠʭ 

ʚʘʨʠʘʥʪʦʚ, ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʝʡ ʩʯʠʪʘʝʪʩʷ ʤʫʣʴʪʠʚʘʣʝʥʪʥʘʷ ʚʘʢʮʠʥʘ, 

ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʙʳʪʴ ʙʳʩʪʨʦ ʧʝʨʝʬʦʨʤʘʪʠʨʦʚʘʥʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʠʟʤʝʥʝʥʠʷʤʠ ʚ ʛʝʥʝʪʠʯʝʩʢʦʡ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ï ʚ ʘʥʪʠʛʝʥʥʦʡ ʩʪʨʫʢʪʫʨʝ 

ʧʦʧʫʣʷʮʠʡ ʥʦʨʦʚʠʨʫʩʦʚ. ɺ ʜʘʥʥʦʤ ʢʦʥʪʝʢʩʪʝ ʧʨʦʚʦʜʷʪʩʷ ʘʥʘʣʦʛʠʠ ʩ 

ʛʨʠʧʧʦʟʥʳʤʠ ʚʘʢʮʠʥʘʤʠ [Lucero et al., 2018; Riddle, Walker, 2016]. ɺ ʩʚʷʟʠ 

ʩ ʵʪʠʤ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠʦʙʨʝʪʘʝʪ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʩʧʝʢʪʨʘ ʛʝʥʦʪʠʧʦʚ 

ʥʦʨʦʚʠʨʫʩʦʚ ʥʘ ʩʣʝʜʫʶʱʠʡ ʵʧʠʜʩʝʟʦʥ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʛʝʥʝʪʠʯʝʩʢʦʡ 

ʩʪʨʫʢʪʫʨʳ ʚʠʨʫʩʥʳʭ ʧʦʧʫʣʷʮʠʡ ʚ ʪʝʢʫʱʝʤ ʩʝʟʦʥʝ, ʜʣʷ ʢʦʪʦʨʦʛʦ 

ʧʨʝʜʣʦʞʝʥʳ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ [Suzuki et al., 2016]. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʨʠ ʦʩʥʦʚʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʧʦʜʭʦʜʘ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʚʘʢʮʠʥ-ʢʘʥʜʠʜʘʪʦʚ ï ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʝ 

ʚʠʨʫʩʦʧʦʜʦʙʥʳʭ ʯʘʩʪʠʮ, ʦʙʨʘʟʦʚʘʥʥʳʭ ʦʩʥʦʚʥʳʤ ʢʘʧʩʠʜʥʳʤ ʙʝʣʢʦʤ VP1 

(VLP), ʩʫʙʚʠʨʫʩʥʳʭ ʯʘʩʪʠʮ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʠʟ ʚʳʩʪʫʧʘʶʱʝʛʦ ʜʦʤʝʥʘ 

VP1 (P-ʯʘʩʪʠʮʳ), ʚʠʨʫʩʥʳʭ ʚʝʢʪʦʨʦʚ ï ʈʅʂ ʨʝʧʣʠʢʦʥʦʚ ʩʦ ʚʩʪʘʚʢʦʡ ʛʝʥʘ 

ʢʘʧʩʠʜʥʦʛʦ ʙʝʣʢʘ ʥʦʨʦʚʠʨʫʩʦʚ (VRP). 

ɺ ʨʷʜʝ ʩʪʨʘʥ (ʂʠʪʘʝ, ʉʐɸ, ʗʧʦʥʠʠ, ʌʠʥʣʷʥʜʠʠ) ʙr ʣʠ ʨʘʟʨʘʙʦʪʘʥʳ 

ʚʘʢʮʠʥʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʚʢʣʶʯʘʶʱʠʝ ʨʘʟʣʠʯʥʳʝ ʛʝʥʦʪʠʧʳ ʅɺ ʠ/ʠʣʠ ʜʨʫʛʠʝ 

ʢʠʰʝʯʥʳʝ ʚʠʨʫʩʳ. ʅʝʢʦʪʦʨʳʝ ʚʘʢʮʠʥʳ-ʢʘʥʜʠʜʘʪʳ ʜʦʩʪʠʛʣʠ ʢʣʠʥʠʯʝʩʢʠʭ 

ʠʩʧʳʪʘʥʠʡ II ʬʘʟʳ, ʜʨʫʛʠʝ ʥʘʭʦʜʷʪʩʷ ʥʘ ʜʦʢʣʠʥʠʯʝʩʢʠʭ ʩʪʘʜʠʷʭ 

ʨʘʟʨʘʙʦʪʢʠ (ʊʘʙʣʠʮʘ 5). 
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ʊʘʙʣʠʮʘ 5 ï ɺʘʢʮʠʥʳ ʧʨʦʪʠʚ ʥʦʨʦʚʠʨʫʩʥʦʡ ʠʥʬʝʢʮʠʠ ʠ ʩʪʘʜʠʠ ʠʭ 

ʨʘʟʨʘʙʦʪʢʠ [Lucero et al., 2017, ʩ ʜʦʧʦʣʥʝʥʠʷʤʠ ʠ ʠʟʤʝʥʝʥʠʷʤʠ] 

 

ɸʥʪʠʛʝʥ ʚ 

ʚʘʢʮʠʥʝ 

ʉʪʘʜʠʷ ʨʘʟʨʘʙʦʪʢʠ ʂʦʤʤʝʥʪʘʨʠʡ ʉʩʳʣʢʠ 

 

VLP 

ʥʦʨʦʚʠʨʫʩʘ 

GI.1  

 

ʂʣʠʥʠʯʝʩʢʘʷ:  

ʬʘʟʘ I ʠ II ʥʘ 

ʚʟʨʦʩʣʳʭ  

ɹʘʢʫʣʦʚʠʨʫʩʥʘʷ ʩʠʩʪʝʤʘ 

ʵʢʩʧʨʝʩʠʠ ʜʣʷ VLP.  

ʇʝʨʨʦʨʘʣʴʥʦʝ ʠ 

ʠʥʪʨʘʥʘʟʘʣʴʥʦʝ ʚʚʝʜʝʥʠʝ 

 

 Ball et al.1996, 

1999; Tacket  et al., 

2003; El-Kamary et 

al.,  2010;  Atmar et 

al.,  2011; Ramirez et 

al., 2012 

VLP  

ʥʦʨʦʚʠʨʫʩʦʚ 

GI.1 ʠ GII.4 

 

ʂʣʠʥʠʯʝʩʢʘʷ: 

ʬʘʟʳ I,  II  ʠ IIb  ʥʘ 

ʚʟʨʦʩʣʳʭ ʠ ʜʝʪʷʭ 

ɹʘʢʫʣʦʚʠʨʫʩʥʘʷ ʩʠʩʪʝʤʘ 

ʵʢʩʧʨʝʩʠʠ ʜʣʷ VLP.  

ɺʥʫʪʨʠʤʳʰʝʯʥʦʝ ʚʚʝʜʝʥʠʝ 

 

 Parra et al., 2012;  

Treanor et al., 2014;  

Sundararajan et al., 

2015; Bernstein et 

al., 2015; Atmar et 

al. , 2016, Sherwood 

et al., 2020; L·pez, et 

al., 2023 

VLP 

ʥʦʨʦʚʠʨʫʩʦʚ 

GI.1 ʠ GII.4   

ʂʣʠʥʠʯʝʩʢʘʷ: ʬʘʟʘ 

I ʥʘ ʚʟʨʦʩʣʳʭ 

ʅʘ ʦʩʥʦʚʝ ʩʠʩʪʝʤʳ 

ʵʢʩʧʨʝʩʠʠ ʚ ʢʣʝʪʢʘʭ 

ʜʨʦʞʞʝʡ Hansenula 

polymorpha.  

ɺʥʫʪʨʠʤʳʰʝʯʥʦʝ ʚʚʝʜʝʥʠʝ 

Tan, 2021 

VLP 

ʥʦʨʦʚʠʨʫʩʦʚ 

GI.1, GII.3, 

GII.4, GII.17 

ʂʣʠʥʠʯʝʩʢʘʷ: ʬʘʟʘ 

I/IIʘ ʥʘ ʜʝʪʷʭ ʠ 

ʚʟʨʦʩʣʳʭ 

ʅʘ ʦʩʥʦʚʝ ʩʠʩʪʝʤʳ 

ʵʢʩʧʨʝʩʠʠ ʚ ʢʣʝʪʢʘʭ 

ʜʨʦʞʞʝʡ Pichia pastoris.  

ɺʥʫʪʨʠʤʳʰʝʯʥʦʝ ʚʚʝʜʝʥʠʝ 

Tan, 2021; 

Chen et al., 2025 

GI.1 ʠ GI.1/ 

GII.4   

ʂʣʠʥʠʯʝʩʢʘʷ: ʬʘʟʘ 

I, 2ʘ, ʥʘ ʜʝʪʷʭ ʠ 

ʚʟʨʦʩʣʳʭ 

ʅʘ ʦʩʥʦʚʝ 

ʥʝʨʝʧʣʠʮʠʨʫʶʱʝʛʦʩʷ 

ʚʝʢʪʦʨʘ ʘʜʝʥʦʚʠʨʫʩʘ 5 ʜʣʷ 

ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʘ VP1 ʠ 

ʜʚʫʭʮʝʧʦʯʝʯʥʦʡ ʈʅʂ ʚ 

ʢʘʯʝʩʪʚʝ ʘʜʲʶʚʘʥʪʘ. 

ʇʝʨʦʨʘʣʴʥʦʝ ʚʚʝʜʝʥʠʝ 

(ʪʘʙʣʝʪʢʠ) 

Kim et al.,2018; 

 Tan, 2021; 

Flitter et al., 2025a, 

2025b 

 

VLP 

ʥʦʨʦʚʠʨʫʩʦʚ, 

GI.1, GII.2, 

GII.3, GII.4, 

GII.6 ʠ GII.17. 

ʂʣʠʥʠʯʝʩʢʘʷ:  

ʧʣʘʥʠʨʫʶʪʩʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʬʘʟr I 

ɹʘʢʫʣʦʚʠʨʫʩʥʘʷ ʩʠʩʪʝʤʘ 

ʵʢʩʧʨʝʩʠʠ ʜʣʷ VLP.  

ɺʥʫʪʨʠʤʳʰʝʯʥʦʝ ʚʚʝʜʝʥʠʝ 

Kirkwood, Steele, 

2024 

 

ʤʈʅʂ-LNP, 

ʢʦʜʠʨʫʝʪ 

ʙʝʣʢʠ VP1 

ʪʨʸʭ 

ʛʝʥʦʪʠʧʦʚ  

ʂʣʠʥʠʯʝʩʢʠʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʬʘʟʳ 1, 2 ʠ 3 

ʅʘ ʦʩʥʦʚʝ ʪʝʭʥʦʣʦʛʠʠ 

ʤʘʪʨʠʯʥʦʡ ʈʅʂ (ʤʈʅʂ) ʠ 

ʣʠʧʠʜʥʳʭ ʥʘʥʦʯʘʩʪʠʮ (LNP). 

ɺʥʫʪʨʠʤʳʰʝʯʥʦʝ ʚʚʝʜʝʥʠʝ 

Kirkwood, Steele, 

2024; 

Tan, 2025 
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ʥʦʨʦʚʠʨʫʩʦʚ 

GI.3, GII.3 ʠ 

GII.4. 

VLP 

ʥʦʨʦʚʠʨʫʩʦʚ 

GI.1 ʠ GII.4  

 

ɼʦʢʣʠʥʠʯʝʩʢʘʷ: in 

vitro ʠ ʥʘ ʤʳʰʘʭ 

BALB/c  

 

ɹʘʢʫʣʦʚʠʨʫʩʥʘʷ ʩʠʩʪʝʤʘ 

ʵʢʩʧʨʝʩʠʠ ʜʣʷ VLP.   

ʀʥʪʨʘʥʘʟʘʣʴʥʦʝ ʚʚʝʜʝʥʠʝ  

Springer et al., 2016 

 

VLP 

ʥʦʨʦʚʠʨʫʩʦʚ  

GI.1, GI.3, 

GII.4 

ʠ GII.12 

 

ɼʦʢʣʠʥʠʯʝʩʢʘʷ: in 

vitro ʠ ʥʘ ʤʳʰʘʭ 

BALB/c  

 

ɹʘʢʫʣʦʚʠʨʫʩʥʘʷ ʩʠʩʪʝʤʘ 

ʵʢʩʧʨʝʩʠʠ ʜʣʷ VLP. 

ɺʥʫʪʨʠʤʳʰʝʯʥʦʝ ʚʚʝʜʝʥʠʝ. 

ɺʳʟʳʚʘʶʪ ʚʳʨʘʙʦʪʢʫ 

ʘʥʪʠʪʝʣ, ʙʣʦʢʠʨʫʶʱʠʭ 

ʩʚʷʟʳʚʘʥʠʝ ʚʠʨʫʩʘ ʩ 

ʨʝʮʝʧʪʦʨʘʤʠ (HBGA) 

Malm, 2016b 

VLP 

ʥʦʨʦʚʠʨʫʩʦʚ 

GI.3 ʠ GII.4 

ʠ 

ʨʝʢʦʤʙʠʥʘʥʪʥ

ʳʡ ʙʝʣʦʢ VP6 

ʨʦʪʘʚʠʨʫʩʘ 

 

ɼʦʢʣʠʥʠʯʝʩʢʘʷ: 

ʠʤʤʫʥʦʛʝʥʥʘ ʥʘ 

ʤʳʰʘʭ BALB/c 

 

ɹʘʢʫʣʦʚʠʨʫʩʥʘʷ ʩʠʩʪʝʤʘ 

ʵʢʩʧʨʝʩʠʠ, ʚʥʫʪʨʠʤʳʰʝʯʥʦʝ 

ʚʚʝʜʝʥʠʝ. VLP ʥʦʨʦʚʠʨʫʩʘ, 

ʩʚʷʟʘʥʥʳʝ ʩ ʥʘʥʦʪʨʫʙʢʘʤʠ  

ʙʝʣʢʘ VP6 ʨʦʪʘʚʠʨʫʩʘ, 

ʦʙʫʩʣʦʚʣʠʚʘʣʠ ʙʦʣʝʝ 

ʚʳʩʦʢʠʝ ʪʠʪʨʳ 

ʥʝʡʪʨʘʣʠʟʫʶʱʠʭ ʘʥʪʠʪʝʣ ʠ 

ʘʥʪʠʪʝʣ, ʙʣʦʢʠʨʫʶʱʠʭ 

ʩʚʷʟʳʚʘʥʠʝ ʩ ʨʝʮʝʧʪʦʨʘʤʠ, 

ʯʝʤ ʪʦʣʴʢʦ VLP ʥʦʨʦʚʠʨʫʩʘ  

Malm, 2016a; 

Tamminen, 2013  

VLP  

ʥʦʨʦʚʠʨʫʩʦʚ 

GI.3 ʠ GII.4 

ʠ 

ʨʝʢʦʤʙʠʥʘʥʪʥ

ʳʡ ʙʝʣʦʢ VP6 

ʨʦʪʘʚʠʨʫʩʘ ʠ 

ʚʠʨʫʩ 

ʂʦʢʩʘʢʠ B5 

 

ɼʦʢʣʠʥʠʯʝʩʢʘʷ: 

ʠʤʤʫʥʦʛʝʥʥʘ ʥʘ 

ʤʳʰʘʭ BALB/c 

 

ɹʘʢʫʣʦʚʠʨʫʩʥʘʷ ʩʠʩʪʝʤʘ 

ʵʢʩʧʨʝʩʠʠ, ʚʥʫʪʨʠʤʳʰʝʯʥʦʝ 

ʚʚʝʜʝʥʠʝ. VLP ʥʦʨʦʚʠʨʫʩʘ, 

ʩʚʷʟʘʥʥʳʝ ʩ ʥʘʥʦʪʨʫʙʢʘʤʠ  

ʙʝʣʢʘ VP6 ʨʦʪʘʚʠʨʫʩʘ, 

ʦʙʫʩʣʦʚʣʠʚʘʣʠ ʙʦʣʝʝ 

ʚʳʩʦʢʠʝ ʪʠʪʨʳ 

ʥʝʡʪʨʘʣʠʟʫʶʱʠʭ ʘʥʪʠʪʝʣ ʠ 

ʘʥʪʠʪʝʣ, ʙʣʦʢʠʨʫʶʱʠʭ 

ʩʚʷʟʳʚʘʥʠʝ ʩ ʨʝʮʝʧʪʦʨʘʤʠ, 

ʯʝʤ ʪʦʣʴʢʦ VLP ʥʦʨʦʚʠʨʫʩʘ 

  

Heinimaki et al., 

2020 

VLP  

ʥʦʨʦʚʠʨʫʩʘ 

GII.4 ʠ 

ʵʥʪʝʨʦʚʠʨʫʩʘ 

71 

 

ɼʦʢʣʠʥʠʯʝʩʢʘʷ: 

ʠʤʤʫʥʦʛʝʥʥʘ ʥʘ 

ʤʳʰʘʭ BALB/c 

 

ɹʘʢʫʣʦʚʠʨʫʩʥʘʷ ʩʠʩʪʝʤʘ 

ʵʢʩʧʨʝʩʠʠ, 

ʚʥʫʪʨʠʙʨʶʰʠʥʥʦʝ ʚʚʝʜʝʥʠʝ. 

ʉʪʠʤʫʣʠʨʫʝʪ ʚʳʨʘʙʦʪʢʫ 

HBGA-ʙʣʦʢʠʨʫʶʱʠʭ 

ʘʥʪʠʪʝʣ ʧʨʦʪʠʚ ʥʦʨʦʚʠʨʫʩʘ 

GII.4. ʠ ʥʝʡʪʨʘʣʠʟʫʶʱʠʭ 

ʘʥʪʠʪʝʣʘ ʧʨʦʪʠʚ 

ʵʥʪʝʨʦʚʠʨʫʩʘ 71 

 

Wang et al., 2015  
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P-ʯʘʩʪʠʮʳ 

ʥʦʨʦʚʠʨʫʩʘ  

 

ɼʦʢʣʠʥʠʯʝʩʢʘʷ: 

ʠʤʤʫʥʦʛʝʥʥʘ ʥʘ 

ʤʳʰʘʭ BALB/c ʠ 

ʛʥʦʪʦʙʠʦʪʥʳʭ 

ʧʦʨʦʩʷʪʘʭ 

ʕʢʩʧʨʝʩʩʠʷ ʩ ʚʳʩʦʢʠʤ 

ʚʳʭʦʜʦʤ ʚ E.coli. 

ʀʥʪʨʘʥʘʟʘʣʴʥʦʝ ʚʚʝʜʝʥʠʝ  

 

Tan et al., 2011; 

Fang et al., 2013; 

Xia et al., 2011 

P-ʯʘʩʪʠʮʳ 

ʥʦʨʦʚʠʨʫʩʘ, 

ʚʚʦʜʠʤʳʝ ʩ 

ʘʜʴʶʚʘʥʪʦʤ 

FlaB 

 

ɼʦʢʣʠʥʠʯʝʩʢʘʷ: 

ʠʤʤʫʥʦʛʝʥʥʘ ʥʘ 

ʤʳʰʘʭ BALB/c 

 

ʕʢʩʧʨʝʩʩʠʷ ʚ E. coli. 

ʀʪʨʘʥʘʟʘʣʴʥʦʝ ʠ 

ʩʫʙʣʠʥʛʚʘʣʴʥʦʝ ʚʚʝʜʝʥʠʝ. 

ɹʦʣʝʝ ʚʳʩʦʢʠʝ ʫʨʦʚʥʠ ʦʪʚʝʪʘ 

ʧʨʠ ʠʥʪʨʘʥʘʟʘʣʴʥʦʤ 

ʚʚʝʜʝʥʠʠ. FlaB ʠʥʜʫʮʠʨʫʝʪ 

ʩʠʩʪʝʤʥʳʝ ʠ ʤʫʢʦʟʘʣʴʥʳʝ 

Th1 ʠ Th2 ʦʪʚʝʪʳ 

Verma et al., 2016 

ʈ-ʯʘʩʪʠʮʳ 

ʥʦʨʦʚʠʨʫʩʘ, 

ʚʠʨʫʩʘ 

ʛʝʧʘʪʠʪʘ ɽ ʠ 

ʘʩʪʨʦʚʠʨʫʩʘ 

 

ɼʦʢʣʠʥʠʯʝʩʢʘʷ: 

ʠʤʤʫʥʦʛʝʥʥʘ ʥʘ 

ʤʳʰʘʭ BALB/c 

 

ʕʢʩʧʨʝʩʩʠʷ 

ʨʝʢʦʤʙʠʥʘʥʪʥʦʛʦ ʙʝʣʢʘ, 

ʚʢʣʶʯʘʶʱʝʛʦ P-ʜʦʤʝʥʳ 

ʪʨʝʭ ʚʠʨʫʩʦʚ. 

ʀʥʪʨʘʥʘʟʘʣʴʥʦʝ ʚʚʝʜʝʥʠʝ. 

ɺr ʟʳʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ 

ʫʚʝʣʠʯʝʥʠʝ ʪʠʪʨʦʚ ʘʥʪʠʪʝʣ 

ʧʨʦʪʠʚ ʪʨʝʭ ʚʠʨʫʩʦʚ. 

ɺʳʩʦʢʘʷ ʙʣʦʢʠʨʫʶʱʘʷ 

ʘʢʪʠʚʥʦʩʪʴ, ʧʨʝʧʷʪʩʪʚʫʶʱʘʷ 

ʩʚʷʟʳʚʘʥʠʶ ʚʠʨʫʩʦʚ ʩ 

ʨʝʮʝʧʪʦʨʘʤʠ   

Xia et al., 2016 

ɺʠʨʫʩʥʳʝ 

ʯʘʩʪʠʮʳ  ʥʘ 

ʦʩʥʦʚʝ ʈʅʂ-

ʨʝʧʣʠʢʦʥʘ 

(VRP) 

 

ɼʦʢʣʠʥʠʯʝʩʢʘʷ: 

ʨʝʧʣʠʢʘʮʠʷ ʥʘ 

ʤʦʜʝʣʠ in vitro. 

ʀʤʤʫʥʦʛʝʥʥʘ ʥʘ 

ʤʳʰʘʭ BALB/c 

 

ʈʝʧʣʠʢʘʮʠʷ ʚ ʣʠʥʠʷʭ 

ʵʫʢʘʨʠʦʪʠʯʝʩʢʠʭ ʢʣʝʪʦʢ ʠ 

ʠʥʦʢʫʣʷʮʠʷ ʤʳʰʘʤ ʧʫʪʝʤ 

ʠʥʪʨʘʥʘʟʘʣʴʥʦʛʦ ʚʚʝʜʝʥʠʷ. 

ɺʳʟʳʚʘʝʪ ʦʪʚʝʪ Th1 ʠ ʙʦʣʝʝ 

ʚʳʩʦʢʠʝ ʫʨʦʚʥʠ 

ʩʳʚʦʨʦʪʦʯʥʳʭ IgG, ʯʝʤ VLP  

ʚ ʙʘʢʫʣʦʚʠʨʫʩʥʦʡ ʩʠʩʪʝʤʝ  

Ma, Li , 2011; 

Kim et al., 2014; 

Harrington et al., 

2002; 

Baric et al., 2002; 

LoBue et al., 2009; 

Debbink et al., 2014 

VLP  

ʥʦʨʦʚʠʨʫʩʦʚ  

GII.4 

ɼʦʢʣʠʥʠʯʝʩʢʘʷ: 

ʠʤʤʫʥʦʛʝʥʥʘ ʥʘ 

ʛʥʦʪʦʙʠʦʥʪʥʳʭ 

ʧʦʨʦʩʷʪʘʭ 

ʅʘ ʦʩʥʦʚʝ ʤʦʣʦʯʥʦʢʠʩʣʳʭ 

ʙʘʢʪʝʨʠʡ (LAB) ʚ ʢʘʯʝʩʪʚʝ 

ʚʝʢʪʦʨʘ ʜʣʷ ʵʢʩʧʨʝʩʩʠʠ 

ʦʩʥʦʚʥʦʛʦ ʛʝʥʘ ʢʘʧʩʠʜʘ VP1 

Craig K. et al., 2019 

VLP 

ʥʦʨʦʚʠʨʫʩʘ ʠ 

ʞʠʚʦʡ 

ʨʦʪʘʚʠʨʫʩ 

ɼʦʢʣʠʥʠʯʝʩʢʘʷ: 

ʥʘ ʜʝʪʝʥʳʰʘʭ 

ʤʳʰʝʡ 

ɹʠʚʘʣʝʥʪʥʘʷ ʧʝʨʦʨʘʣʴʥʘʷ 

ʚʘʢʮʠʥʘ ʥʘ ʦʩʥʦʚʝ 

ʨʝʢʦʤʙʠʥʘʥʪʥʦʛʦ ʞʠʚʦʛʦ 

ʨʦʪʘʚʠʨʫʩʘ 

Kawagishi et al., 

2023 

VLP 

ʥʦʨʦʚʠʨʫʩʘ 

GII.4 

ɼʦʢʣʠʥʠʯʝʩʢʘʷ: 

ʀʤʤʫʥʦʛʝʥʥʘ ʥʘ 

ʤʳʰʘʭ BALB/c 

ʕʢʩʧʨʝʩʩʠʷ ʚ E. Coli. 

ʉʧʦʩʦʙʥʘ ʠʥʜʫʮʠʨʦʚʘʪʴ  

ʚʳʨʘʙʦʪʢʫ ʧʝʨʝʢʨʝʩʪʥʦ-

ʨʝʘʛʠʨʫʶʱʠʭ ʘʥʪʠʪʝʣ 

ʧʨʦʪʠʚ ʅɺ ʛʝʥʦʪʧʦʚ GII.7 ʠ 

GII.17 

ʃʘʧʠʥ ʠ ʩʦʘʚʪ., 

2024, 2025, ʂʫʨʢʦʚʘ 

ʠ ʩʦʘʚʪ., 2025ʘ, 

2025ʙ 
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ɺʘʢʮʠʥʳ ʥʘ ʩʪʘʜʠʠ ʢʣʠʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ (ʚʘʢʮʠʥʳ-ʢʘʥʜʠʜʘʪʳ ʥʘ 

ʦʩʥʦʚʝ VLP). ʅʘʠʙʦʣʝʝ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʡ ʩʠʩʪʝʤʦʡ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʚʠʨʫʩʦʧʦʜʦʙʥʳʭ ʯʘʩʪʠʮ ʷʚʣʷʝʪʩʷ ʙʘʢʫʣʦʚʠʨʫʩʥʘʷ ʩʠʩʪʝʤʘ ʵʢʩʧʨʝʩʩʠʠ, 

ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʨʝʢʦʤʙʠʥʘʥʪʥʳʡ ʙʘʢʫʣʦʚʠʨʫʩ, 

ʨʘʟʤʥʦʞʘʶʱʠʡʩʷ ʚ ʢʣʝʪʢʘʭ ʥʘʩʝʢʦʤʳʭ ʠ ʥʝʩʫʱʠʡ, ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ, ʛʝʥʳ 

ʩʪʨʫʢʪʫʨʥʦʛʦ ʙʝʣʢʘ ʥʦʨʦʚʠʨʫʩʘ. ʇʨʠ ʵʪʦʤ ʵʢʩʧʨʝʩʩʠʨʫʝʪʩʷ ʢʘʧʩʠʜʥʳʡ 

ʙʝʣʦʢ ʩ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʦʡ 58 ʢɼʘ, ʩʧʦʩʦʙʥʳʡ ʧʫʪʝʤ ʩʘʤʦʩʙʦʨʢʠ 

ʦʙʨʘʟʦʚʳʚʘʪʴ VLP ʜʠʘʤʝʪʨʦʤ 38 ʥʤ ʩ T=3, ʩʦʩʪʦʷʱʠʝ ʠʟ 180 ʢʦʧʠʡ (90 

ʜʠʤʝʨʦʚ) ʙʝʣʢʘ. VLP ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʚ ʯʨʝʟʚʳʯʘʡʥʦ ʚʳʩʦʢʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ (22 ʤʛ ʥʘ 300 ʤʣ ʢʫʣʴʪʫʨʘʣʴʥʦʡ ʞʠʜʢʦʩʪʠ). ɺʧʝʨʚʳʝ 

ʧʦʪʝʥʮʠʘʣ ʵʪʦʛʦ ʧʨʝʧʘʨʘʪʘ, ʩʢʦʥʩʪʨʫʠʨʦʚʘʥʥʦʛʦ ʥʘ ʦʩʥʦʚʝ ʚʠʨʫʩʘ 

Norwalk, ʚ ʢʘʯʝʩʪʚʝ ʧʝʨʦʨʘʣʴʥʦʡ ʚʘʢʮʠʥʳ ʙʳʣ ʠʩʧʳʪʘʥ ʥʘ ʤʳʰʘʭ Ball 

J.M.  ʠ ʩʦʘʚʪ. ʚ 1996 ʛʦʜʫ [Ball et al., 1996]. 

ʇʝʨʦʨʘʣʴʥʘʷ ʤʦʥʦʚʘʣʝʥʪʥʘʷ ʚʘʢʮʠʥʘ, ʩʦʜʝʨʞʘʱʘʷ VLP ʚʠʨʫʩʘ 

Norwalk (GI.1). ɹʝʟʦʧʘʩʥʦʩʪʴ ʠ ʠʤʤʫʥʦʛʝʥʥʦʩʪʴ ʚʘʢʮʠʥʳ ʥʘ ʦʩʥʦʚʝ VLP 

ʨʝʢʦʤʙʠʥʘʥʪʥʦʛʦ ʚʠʨʫʩʘ Norwalk ʙʳʣʘ ʧʨʦʚʝʨʝʥʘ ʚ ʭʦʜʝ ʧʝʨʚʦʡ ʬʘʟʳ 

ʢʣʠʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʥʘ ʟʜʦʨʦʚʳʭ ʜʦʙʨʦʚʦʣʴʮʘʭ (20 ʯʝʣʦʚʝʢ), ʠʩʭʦʜʥʦ 

ʠʤʝʚʰʠʭ ʘʥʪʠʪʝʣʘ ʢ ʵʪʦʤʫ ʚʠʨʫʩʫ. ʀʤ ʚʚʦʜʠʣʠʩʴ ʜʚʝ ʜʦʟʳ ʚʘʢʮʠʥʳ (250 

ʤʢʛ) ʧʝʨʦʨʘʣʴʥʦ ʩ ʠʥʪʝʨʚʘʣʦʤ ʚ 20 ʜʥʝʡ, ʧʨʠ ʵʪʦʤ ʥʝ ʦʪʤʝʯʘʣʦʩʴ ʢʘʢʠʭ-

ʣʠʙʦ ʧʦʙʦʯʥʳʭ ʵʬʬʝʢʪʦʚ. ɺʩʝ ʚʘʢʮʠʥʠʨʦʚʘʥʥʳʝ ʦʪʚʝʪʠʣʠ ʚʳʨʘʙʦʪʢʦʡ 

ʩʳʚʦʨʦʪʦʯʥʳʭ ʘʥʪʠʪʝʣ, ʫʨʦʚʝʥʴ ʢʦʪʦʨʳʭ ʧʦʚʳʩʠʣʩʷ ʙʦʣʝʝ ʯʝʤ ʚ ʯʝʪʳʨʝ 

ʨʘʟʘ ʫʞʝ ʧʦʩʣʝ ʚʚʝʜʝʥʠʷ ʧʝʨʚʦʡ ʜʦʟʳ ʚʘʢʮʠʥʳ. ɺʪʦʨʘʷ ʜʦʟʘ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ 

ʧʦʚʣʠʷʣʘ ʥʘ ʪʠʪʨ ʘʥʪʠʪʝʣ [Ball et al.1999].  

ʇʨʠ ʠʩʧʳʪʘʥʠʠ ʚʘʢʮʠʥʳ ʥʘ 36-ʪʠ ʚʟʨʦʩʣʳʭ ʜʦʙʨʦʚʦʣʴʮʘʭ ʫ ʚʩʝʭ 

ʦʪʤʝʯʘʣʩʷ ʩʫʱʝʩʪʚʝʥʥʳʡ ʨʦʩʪ ʢʦʣʠʯʝʩʪʚʘ IgA-ʩʝʢʨʝʪʠʨʫʶʱʠʭ ʢʣʝʪʦʢ, ʫ 

90 % ʧʦʣʫʯʠʚʰʠʭ ʚʘʢʮʠʥʫ ʚ ʜʦʟʝ 250 ʤʢʛ ʚʳʨʘʙʘʪʳʚʘʣʠʩʴ ʩʳʚʦʨʦʪʦʯʥʳʝ 

ʘʥʪʠ-VLP IgG, ʫ 30-40 % ʚʳʷʚʣʷʣʠʩʴ ʤʫʢʦʟʘʣʴʥʳʝ ʘʥʪʠ-VLP IgA.  ʇʨʠ 

ʵʪʦʤ ʥʠ ʪʝʤʧʳ ʩʝʨʦʢʦʥʚʝʨʩʠʠ, ʥʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʩʨʝʜʥʠʝ ʪʠʪʨʳ ʥʝ 
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ʫʚʝʣʠʯʠʚʘʣʠʩʴ ʧʨʠ ʚʚʝʜʝʥʠʠ ʚʘʢʮʠʥʳ ʚ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʜʦʟʘʭ ï 500 ʠ 2000 

ʤʢʛ [Tacket et al., 2003]. 

ʀʥʪʨʘʥʘʟʘʣʴʥʘʷ ʤʦʥʦʚʘʣʝʥʪʥʘʷ ʚʘʢʮʠʥʘ, ʩʦʜʝʨʞʘʱʘʷ VLP GI.1. ɺ 

2010 ʛ. ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʢʣʠʥʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ ʚʘʢʮʠʥʳ ʥʘ ʦʩʥʦʚʝ  VLP 

ʥʦʨʦʚʠʨʫʩʘ  GI.1. ʩ ʠʥʪʨʘʥʘʟʘʣʴʥʳʤ ʚʚʝʜʝʥʠʝʤ ʜʚʫʭ ʜʦʟ ʚʘʢʮʠʥʳ ʚ 

ʢʦʣʠʯʝʩʪʚʝ 50 ʣʠʙʦ 100 ʤʢʛ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ ʢʘʯʝʩʪʚʝ ʘʜʴʶʚʘʥʪʦʚ 

ʤʦʥʦʬʦʩʬʦʨʠʣʣʠʧʠʜʘ ɸ ʠ ʭʠʪʦʟʘʥʘ, ʩʧʦʩʦʙʩʪʚʫʶʱʝʛʦ ʙʦʣʝʝ ʜʣʠʪʝʣʴʥʦʤʫ 

ʫʜʝʨʞʘʥʠʶ ʚʘʢʮʠʥʳ ʥʘ ʩʣʠʟʠʩʪʦʡ ʦʙʦʣʦʯʢʝ ʥʦʩʘ. ɺ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʥʘ 

ʚʟʨʦʩʣʳʭ ʜʦʙʨʦʚʦʣʴʮʘʭ ʚ ʚʦʟʨʘcʪʝ 18-49 ʣʝʪ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚʘʢʮʠʥʘ 

ʚʳʟʳʚʘʣʘ ʨʦʩʪ ʪʠʪʨʘ VLP-ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʘʥʪʠʪʝʣ IgG ʚ 4,8, ʘ IgA ï ʚ 9,1 

ʨʘʟʘ ʧʨʠ ʚʚʝʜʝʥʠʠ ʚʘʢʮʠʥʳ ʚ ʜʦʟʝ 100 ʤʢʛ. ʆʙʝ ʜʦʟʳ ʚʘʢʮʠʥʳ ʚʳʟʚʘʣʠ 

ʚʳʨʘʙʦʪʢʫ ʢʣʝʪʦʢ, ʩʝʢʨʝʪʠʨʫʶʱʠʭ IgA, ʘ ʪʘʢʞʝ ʭʦʤʠʥʛ-ʨʝʮʝʧʪʦʨʦʚ, 

ʦʪʚʝʯʘʶʱʠʭ ʟʘ ʠʭ ʤʠʛʨʘʮʠʶ ʚ ʩʣʠʟʠʩʪʳʝ ʦʙʦʣʦʯʢʠ ʠ ʧʝʨʠʬʝʨʠʯʝʩʢʠʝ 

ʣʠʤʬʦʠʜʥʳʝ ʪʢʘʥʠ. ɺ ʪʝʯʝʥʠʝ 7 ʜʥʝʡ ʧʦʩʣʝ ʚʚʝʜʝʥʠʷ ʚʘʢʮʠʥʳ 

ʥʘʙʣʶʜʘʣʠʩʴ ʟʘʣʦʞʝʥʥʦʩʪʴ ʥʦʩʘ, ʚʳʜʝʣʝʥʠʷ ʠ ʯʠʭʘʥʠʝ. ʇʝʨʠʦʜ ʟʘʱʠʪʳ ʦʪ 

ʧʦʩʣʝʜʫʶʱʝʛʦ ʟʘʨʘʞʝʥʠʷ ʩʦʩʪʘʚʣʷʣ ʢʘʢ ʤʠʥʠʤʫʤ 180 ʜʥʝʡ [El-Kamary et 

al., 2010]. 

ɺ ʨʘʥʜʦʤʠʟʠʨʦʚʘʥʥʦʤ ʜʚʦʡʥʦʤ ʩʣʝʧʦʤ ʧʣʘʮʝʙʦ-ʢʦʥʪʨʦʣʠʨʫʝʤʦʤ 

ʤʥʦʛʦʮʝʥʪʨʦʚʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ, ʧʨʦʚʝʜʝʥʥʦʤ ʚ ʉʐɸ ʧʨʠ ʩʧʦʥʩʠʨʦʚʘʥʠʠ 

ʢʦʤʧʘʥʠʝʡ LigoCyte Pharmaceuticals, ʙʳʣʘ ʪʘʢʞʝ ʧʦʢʘʟʘʥʘ ʙʝʟʦʧʘʩʥʦʩʪʴ ʠ 

ʠʤʤʫʥʦʛʝʥʥʦʩʪʴ ʚʘʢʮʠʥʳ ʥʘ ʦʩʥʦʚʝ VLP GI.1, ʚʚʦʜʠʤʦʡ ʩ ʭʠʪʦʟʘʥʦʤ ʠ 

ʤʦʥʦʬʦʩʬʦʨʠʣʣʠʧʠʧʠʜʦʤ ɸ ʚ ʢʘʯʝʩʪʚʝ ʘʜʲʶʚʘʥʪʦʚ, ʠ ʝʝ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʦʩʪʨʦʛʦ ʛʘʩʪʨʦʵʥʪʝʨʠʪʘ ʧʦʩʣʝ ʟʘʨʘʞʝʥʠʷ 

ʛʦʤʦʣʦʛʠʯʥʳʤ ʚʠʨʫʩʥʳʤ ʰʪʘʤʤʦʤ. ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ ʫʯʘʩʪʚʦʚʘʣʠ 90 

ʯʝʣʦʚʝʢ ʚ ʚʦʟʨʘʩʪʝ 18-50 ʣʝʪ, ʠʟ ʥʠʭ 47 ʧʦʣʫʯʘʣʠ ʜʚʝ ʜʦʟʳ ʚʘʢʮʠʥʳ ʠ 43 

ʯʝʣʦʚʝʢʘ ï ʧʣʘʮʝʙʦ. ʀʤʤʫʥʥʳʡ ʦʪʚʝʪ (ʧʦʚʳʰʝʥʠʝ ʪʠʪʨʘ Norwalk-ʚʠʨʫʩ-

ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʘʥʪʠʪʝʣ ʙʦʣʝʝ ʯʝʤ ʚ 4 ʨʘʟʘ) ʥʘʙʣʶʜʘʣʩ ̫ʫ 70% ʨʝʮʠʧʠʝʥʪʦʚ 

ʚʘʢʮʠʥʳ. ɺʘʢʮʠʥʘʮʠʷ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʣʘ ʯʘʩʪʦʪʫ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʆɻʕ, 
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ʨʘʟʚʠʚʰʝʛʦʩʷ ʧʦʩʣʝ ʧʦʩʣʝʜʫʶʱʝʛʦ ʟʘʨʘʞʝʥʠʷ ï c 69% ʫ ʧʦʣʫʯʘʪʝʣʝʡ 

ʧʣʘʮʝʙʦ ʜʦ 37% ï ʫ ʨʝʮʠʧʠʝʥʪʦʚ ʚʘʢʮʠʥʳ (P=0.006) [Atmar et al., 2011]. 

ɺ ʩʣʝʜʫʶɦ ʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʙʳʣʘ ʚʧʝʨʚʳʝ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ 

ʜʦʟ-ʟʘʚʠʩʠʤʘʷ ʘʢʪʠʚʠʟʘʮʠʷ ɺ-ʢʣʝʪʦʢ ʧʘʤʷʪʠ, ʚʳʨʘʙʘʪʳʚʘʶʱʠʭ ʥʦʨʦʚʠʨʫʩ-

ʩʧʝʮʠʬʠʯʝʩʢʠʝ IgA ʠ IgG, ʠ ʢʦʨʨʝʣʠʨʫʶʱʘʷ ʩ ʫʨʦʚʥʝʤ ʩʳʚʦʨʦʪʦʯʥʳʭ ʠ 

ʤʫʢʦʟʘʣʴʥʳʭ ʘʥʪʠʪʝʣ ʚ ʦʪʚʝʪ ʥʘ ʠʥʪʨʘʥʘʟʘʣʴʥʦʝ ʚʚʝʜʝʥʠʝ ʚʘʢʮʠʥʳ VLP 

GI.1. ʀʤʤʫʥʥʳʡ ʦʪʚʝʪ ʙʳʣ ʧʦʣʫʯʝʥ ʫ 100 % ʜʦʙʨʦʚʦʣʴʮʝʚ, ʧʦʣʫʯʘʚʰʠʭ 

ʚʘʢʮʠʥʫ ʚ ʜʦʟʝ 100 ʤʢʛ ʠ ʫ 90 % ï ʚ ʜʦʟʝ 50 ʤʢʛ [Ramirez et al., 2012]. 

ʇʦʣʠʚʘʣʝʥʪʥʘʷ ʚʘʢʮʠʥʘ. ʋʯʠʪʳʚʘʷ ʤʥʦʛʦʦʙʨʘʟʠʝ ʛʝʥʦʪʠʧʦʚ 

ʮʠʨʢʫʣʠʨʫʶʱʠʭ ʥʦʨʦʚʠʨʫʩʦʚ, ʧʨʝʜʧʨʠʥʠʤʘʣʠʩʴ ʧʦʧʳʪʢʠ ʨʘʟʨʘʙʦʪʢʠ 

ʧʦʣʠʚʘʣʝʥʪʥʦʡ ʚʘʢʮʠʥʳ. ɹʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʩʧʦʩʦʙʥʦʩʪʠ 

ʧʝʨʚʦʡ ʧʦʣʠʚʘʣʝʥʪʥʦʡ ʚʘʢʮʠʥʳ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʨʝʢʦʤʙʠʥʘʥʪʥʳʭ VLP, 

ʥʝʩʫʱʠʭ ʙʝʣʢʠ ʚʠʨʫʩʦʚ Norwalk, Hawaii, Snow Mountain ʠ Lordsdale, 

ʠʥʜʫʮʠʨʦʚʘʪʴ ʛʝʪʝʨʦʣʦʛʠʯʥʳʝ ʘʥʪʠʪʝʣʘ ʫ ʤʳʰʝʡ ʠ ʯʝʣʦʚʝʢʘ. ʀʟʫʯʘʣʠ 

ʪʘʢʞʝ ʩʧʦʩʦʙʥʦʩʪʴ ʵʪʠʭ ʘʥʪʠʪʝʣ ʙʣʦʢʠʨʦʚʘʪʴ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʨʝʮʝʧʪʦʨʳ 

ʜʣʷ ʩʚʷʟʳʚʘʥʠʷ VLP ʥʦʨʦʚʠʨʫʩʦʚ ʠ ʠʭ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʚ ʢʣʝʪʢʫ. 

ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʠʣʠ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʠʥʬʠʮʠʨʦʚʘʥʠʝ 

ʦʜʥʠʤ ʠʣʠ ʥʝʩʢʦʣʴʢʠʤʠ ʰʪʘʤʤʘʤʠ ʥʦʨʦʚʠʨʫʩʦʚ ʛʝʥʦʛʨʫʧʧʳ I ʠʥʜʫʮʠʨʫʝʪ 

ʫ ʯʝʣʦʚʝʢʘ ʛʝʪʝʨʦʣʦʛʠʯʥʳʝ ʘʥʪʠʪʝʣʘ, ʢʦʪʦʨʳʝ ʙʣʦʢʠʨʫʶʪ ʩʚʷʟʳʚʘʥʠʝ 

ʥʦʨʦʚʠʨʫʩʦʚ ʩ ʢʣʝʪʦʯʥʳʤʠ ʨʝʮʝʧʪʦʨʘʤʠ, ʭʦʪʷ ʜʣʷ ʥʦʨʦʚʠʨʫʩʦʚ 

ʛʝʥʦʛʨʫʧʧʳ II  ʧʦʜʦʙʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʣʫʯʝʥʳ ʥʝ ʙʳʣʠ. ʀʟʫʯʘʣʠ ʪʘʢʞʝ 

ʚʣʠʷʥʠʝ ʧʦʣʠʚʘʣʝʥʪʥʦʛʦ ʠʥʦʢʫʣʷʪʘ ʥʘ ʩʧʝʮʠʬʠʯʥʦʩʪʴ, ʪʠʪʨ ʠ 

ʙʣʦʢʠʨʫʶʱʠʝ ʩʚʦʡʩʪʚʘ ʧʨʦʜʫʮʠʨʫʝʤʳʭ ʫ ʤʳʰʝʡ ʘʥʪʠʪʝʣ ʧʨʦʪʠʚ 

ʥʦʨʦʚʠʨʫʩʦʚ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʠʥʦʢʫʣʷʮʠʷ ʤʳʰʝʡ ʚʘʢʮʠʥʥʳʤ 

ʢʦʢʪʝʡʣʝʤ, ʩʦʜʝʨʞʘʱʠʤ VLP ʩ ʘʥʪʠʛʝʥʘʤʠ ʨʘʟʣʠʯʥʳʭ ʥʦʨʦʚʠʨʫʩʦʚ, 

ʠʥʜʫʮʠʨʫʝʪ ʩʠʥʪʝʟ ʛʝʪʝʨʦʣʦʛʠʯʥʳʭ ʠ ʣʠʛʘʥʜ-ʙʣʦʢʠʨʫʶʱʠʭ ʘʥʪʠʪʝʣ 

ʧʨʦʪʠʚ ʰʪʘʤʤʘ, ʥʝ ʚʢʣʶʯʝʥʥʦʛʦ ʚ ʢʦʢʪʝʡʣʴ. ʕʪʠ ʨʝʟʫʣʴʪʘʪʳ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʧʦʣʠʚʘʣʝʥʪʥʘʷ ʚʘʢʮʠʥʘ ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʪʴ 
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ʣʫʯʰʫʶ ʟʘʱʠʪʫ ʦʪ ʙʦʣʝʝ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʥʦʨʦʚʠʨʫʩʦʚ, ʯʝʤ 

ʤʦʥʦʚʘʣʝʥʪʥʘʷ [LoBue et al. 2006]. 

ɺʥʫʪʨʠʤʳʰʝʯʥʘʷ ʜʚʫʭʚʘʣʝʥʪʥʘʷ ʚʘʢʮʠʥʘ, ʩʦʜʝʨʞʘʱʘʷ VLP GI.1 ʠ 

GII.4 (ʧʦʣʫʯʝʥʳ ʥʘ ʦʩʥʦʚʝ ʙʘʢʫʣʦʚʠʨʫʩʥʦʡ ʩʠʩʪʝʤʳ ʵʢʩʧʨʝʩʠʠ).  ʋʯʠʪʳʚʘʷ 

ʵʧʠʜʝʤʠʦʣʦʛʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʛʝʥʦʪʠʧʦʚ ʥʦʨʦʚʠʨʫʩʦʚ GI.1 ʠ GII.4 ʠ 

ʥʠʟʢʠʡ ʫʨʦʚʝʥʴ ʧʝʨʝʢʨʝʩʪʥʦʡ ʨʝʘʢʪʦʛʝʥʥʦʩʪʠ ʤʝʞʜʫ ʛʝʥʦʛʨʫʧʧʘʤʠ, 

ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʩʯʠʪʘʝʪʩʷ ʩʪʨʘʪʝʛʠʷ ʨʘʟʨʘʙʦʪʢʠ, ʢʦʪʦʨʘʷ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ 

VLP ʦʪ ʦʙʦʠʭ ʛʝʥʦʪʠʧʦʚ ʚ ʜʚʫʭʚʘʣʝʥʪʥʦʡ ʚʘʢʮʠʥʝ. ʕʪʦʪ ʢʘʥʜʠʜʘʪ ʙʳʣ 

ʨʘʟʨʘʙʦʪʘʥ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʛʝʥʘ VP1 ʧʨʦʪʦʪʠʧʥʦʛʦ 

ʰʪʘʤʤʘ GI.1 ʠ ʢʦʥʩʝʥʩʫʩʘ ʪʨʝʭ ʨʘʟʥʳʭ ʰʪʘʤʤʦʚ ʛʝʥʦʪʠʧʘ GII.4: 2006a 

(Yerseke), 2006b (Den Haag) ʠ 2002 (Houston) ʢʦʤʧʘʥʠʝʡ LigoCyte 

Pharmaceuticals. ɺ ʜʘʣʴʥʝʡʰʝʤ ʚʘʢʮʠʥʘ ʧʨʦʜʦʣʞʘʣʘ ʨʘʟʨʘʙʘʪʳʚʘʪʴʩʷ 

ʢʦʤʧʘʥʠʝʡ Takeda Pharmaceuticals International ʧʦʜ ʥʘʟʚʘʥʠʝʤ TAK-14. 

ɼʦʢʣʠʥʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚʥʫʪʨʠʤʳʰʝʯʥʘʷ 

ʠʤʤʫʥʠʟʘʮʠʷ ʩ ʦʢʩʠʜʦʤ ʘʣʶʤʠʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʘʜʴʶʚʘʥʪʘ ʚʳʟʚʘʣʘ 

ʦʙʨʘʟʦʚʘʥʠʝ ʛʦʤʦʣʦʛʠʯʥʳʭ ʠ ʛʝʪʝʨʦʣʦʛʠʯʥʳʭ ʘʥʪʠʪʝʣ ʫ ʢʨʦʣʠʢʦʚ [Parra et 

al., 2012]. 

ɺ ʨʘʤʢʘʭ I ʬʘʟʳ ʢʣʠʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʜʚʘ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʪʦʡ ʚʘʢʮʠʥʳ ʥʘ ʚʟʨʦʩʣʳʭ (18 ʣʝʪ - 83 ʛʦʜʘ), ʢʦʪʦʨʳʝ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚʘʢʮʠʥʘ ʭʦʨʦʰʦ ʧʝʨʝʥʦʩʠʪʩʷ, ʩ ʥʝʟʥʘʯʠʪʝʣʴʥʳʤʠ ʨʝʘʢʮʠʷʤʠ 

ʚ ʤʝʩʪʝ ʚʚʝʜʝʥʠʷ ʠ ʦʪʩʫʪʩʪʚʠʝʤ ʩʝʨʴʝʟʥʳʭ ʧʦʙʦʯʥʳʭ ʵʬʬʝʢʪʦʚ. ʋ 

ʙʦʣʴʰʠʥʩʪʚʘ ʠʩʧʳʪʫʝʤʳʭ ʥʘʙʣʶʜʘʣʘʩʴ ʩʝʨʦʢʦʥʚʝʨʩʠʷ ʧʦʩʣʝ ʧʝʨʚʦʡ ʠʟ 

ʜʚʫʭ ʜʦʟ, ʫʨʦʚʝʥʴ ʘʥʪʠʪʝʣ ʩʦʭʨʘʥʷʣʩʷ ʚ ʪʝʯʝʥʠʝ 56 ʜʥʝʡ ʥʘʙʣʶʜʝʥʠʷ.  

ʆʜʥʘ ʜʦʟʘ ʚʘʢʮʠʥʳ, ʩʦʜʝʨʞʘʱʘʷ 50 ʤʢʛ VLP,  ʫʚʝʣʠʯʠʚʘʣʘ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ 

ʩʨʝʜʥʠʝ ʪʠʪʨʳ ʧʨʦʪʠʚ ʢʦʤʧʦʥʝʥʪʘ GI.1 ʚ 118, 83 ʠ 24 ʨʘʟʘ, ʧʨʦʪʠʚ 

ʢʦʤʧʦʥʝʥʪʘ GII.4 ï ʚ 49,  25 ʠ 9 ʨʘʟ ʫ ʣʠʮ ʚ ʚʦʟʨʘʩʪʝ 18-49, 50-64 ʠ 65-83 

ʣʝʪ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  ʅʘʙʣʶʜʘʣʩʷ ʙʳʩʪʨʳʡ ʨʦʩʪ ʪʠʪʨʘ ʩʳʚʦʨʦʪʦʯʥʳʭ 

ʘʥʪʠʪʝʣ, ʘ ʪʘʢʞʝ ʘʢʪʠʚʠʟʘʮʠʷ ɺ-ʢʣʝʪʦʢ ʧʘʤʷʪʠ, ʚʳʨʘʙʘʪʳʚʘʶʱʠʭ 

ʥʦʨʦʚʠʨʫʩ-ʩʧʝʮʠʬʠʯʝʩʢʠʝ IgA ʠ IgG (ʧʠʢ ʜʦʩʪʠʛʘʣʩʷ ʩʧʫʩʪʷ 7 ʜʥʝʡ ʧʦʩʣʝ 
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ʚʚʝʜʝʥʠʷ ʧʝʨʚʦʡ ʜʦʟʳ), ʙʝʟ ʙʫʩʪʝʨ-ʵʬʬʝʢʪʘ ʦʪ ʚʪʦʨʦʡ ʜʦʟʳ, ʚʚʝʜʝʥʥʦʡ 

ʯʝʨʝʟ ʤʝʩʷʮ. ɹʳʩʪʨʳʡ ʠʤʤʫʥʥʳʡ ʦʪʚʝʪ ʥʘ ʝʜʠʥʠʯʥʫʶ ʜʦʟʫ ʚʘʢʮʠʥʳ ʤʦʞʝʪ 

ʙʳʪʴ ʦʩʦʙʝʥʥʦ ʧʦʣʝʟʝʥ ʜʣʷ ʚʦʝʥʥʦʩʣʫʞʘʱʠʭ ʠ ʧʫʪʝʰʝʩʪʚʝʥʥʠʢʦʚ ʠ ʜʣʷ 

ʢʫʧʠʨʦʚʘʥʠʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠ ̫ ʠʥʬʝʢʮʠʠ ʧʨʠ ʚʩʧʳʰʢʘʭ [Treanor et al., 

2014; Sundararajan et al., 2015]. 

ɼʨʫʛʦʝ ʨʘʥʜʦʤʠʟʠʨʦʚʘʥʥʦʝ, ʜʚʦʡʥʦʝ ʩʣʝʧʦʝ ʧʣʘʮʝʙʦ-

ʢʦʥʪʨʦʣʠʨʫʝʤʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʥʘ ʟʜʦʨʦʚʳʭ ʚʟʨʦʩʣʳʭ ʚ 

ʚʦʟʨʘʩʪʝ 18-50 ʣʝʪ, ʧʦʣʫʯʠʚʰʠʭ ʜʚʝ ʜʦʟʳ ʵʪʦʡ ʚʘʢʮʠʥʳ-ʢʘʥʜʠʜʘʪʘ ʩ 

ʜʘʣʴʥʝʡʰʠʤ ʟʘʨʘʞʝʥʠʝʤ ʧʨʠʨʦʜʥʳʤ ʰʪʘʤʤʦʤ ʅɺ GII.4. ʊʠʪʨʳ ʛʝʥʦʪʠʧ-

ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʘʥʪʠʪʝʣ ʫʚʝʣʠʯʠʣʠʩʴ ʪʦʣʴʢʦ ʫ ʨʝʮʠʧʠʝʥʪʦʚ ʚʘʢʮʠʥʳ, 

ʩʝʨʴʝʟʥʳʝ ʧʦʙʦʯʥʳʝ ʷʚʣʝʥʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʚʘʢʮʠʥʦʡ, ʦʪʩʫʪʩʪʚʦʚʘʣʠ ʚ 

ʪʝʯʝʥʠʝ 30-ʜʥʝʚʥʦʛʦ ʧʝʨʠʦʜʘ ʥʘʙʣʶʜʝʥʠʷ. ɺ ʩʨʘʚʥʝʥʠʠ ʩ ʧʦʣʫʯʘʪʝʣʷʤʠ 

ʧʣʘʮʝʙʦ, ʫ ʚʘʢʮʠʥʠʨʦʚʘʥʥʳʭ ʨʝʞʝ ʨʘʟʚʠʚʘʣʩʷ ʛʘʩʪʨʦʵʥʪʝʨʠʪ ʧʦʩʣʝ 

ʟʘʨʘʞʝʥʠʷ ʥʦʨʦʚʠʨʫʩʦʤ ʠ ʟʘʙʦʣʝʚʘʥʠʝ ʧʨʦʪʝʢʘʣʦ ʣʝʛʯʝ. ɺ ʮʝʣʦʤ, ʧʨʠ 

ʩʨʘʚʥʝʥʠʠ ʚʘʢʮʠʥʠʨʦʚʘʥʥʳʭ ʩ ʧʦʣʫʯʘʪʝʣʷʤʠ ʧʣʘʮʝʙʦ: ʟʘʙʦʣʝʚʘʥʠʝ 

ʨʘʟʚʠʚʘʣʦʩʴ ʫ 20 % ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 37,5 % (ʩʥʠʞʝʥʠʝ ʥʘ 47 %, P = 0,074), 

ʛʘʩʪʨʦʵʥʪʝʨʠʪ ʩʨʝʜʥʝʡ ʪʷʞʝʩʪʠ ʥʘʙʣʶʜʘʣʩʷ ʫ 6 % ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 19 % 

(ʩʥʠʞʝʥʠʝ ʥʘ 68 %, ʈ = 0,068) ʠ ʪʷʞʝʣʳʡ ʛʘʩʪʨʦʵʥʪʝʨʠʪ ʥʘʙʣʶʜʘʣʩʷ ʚ 0/50 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 4/48 (8,3 %) (100 %-ʥʦʝ ʩʥʠʞʝʥʠʝ, P = 0,054), 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʊʷʞʝʩʪʴ ʟʘʙʦʣʝʚʘʥʠʷ ʙʳʣʘ ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ ʫ 

ʚʘʢʮʠʥʠʨʦʚʘʥʥʳʭ ʧʘʮʠʝʥʪʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʘʮʠʝʥʪʘʤʠ, ʠʤʝʶʱʠʤʠ 

ʩʠʤʧʪʦʤ rʟʘʙʦʣʝʚʘʥʠʷ ʚ ʛʨʫʧʧʝ ʧʣʘʮʝʙʦ (P = 0,002). ʏʠʩʣʦ ʚʳʜʝʣʷʚʰʠʭ 

ʚʠʨʫʩ ʚʘʢʮʠʥʠʨʦʚʘʥʥʳʭ ʣʠʮ ʙʳʣʦ ʤʝʥʴʰʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʦʣʫʯʘʪʝʣʷʤʠ 

ʧʣʘʮʝʙʦ, ʢʦʣʠʯʝʩʪʚʦ ʚʳʜʝʣʷʝʤʦʛʦ ʚʠʨʫʩʘ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʵʢʩʢʨʝʢʮʠʠ 

ʙʳʣʠ ʥʠʞʝ [Bernstein et al., 2015]. 

II -  ̫ʬʘʟʘ ʢʣʠʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʚʢʣʶʯʘʣʘ 454 ʚʟʨʦʩʣʳʭ, ʩʣʫʯʘʡʥʦ 

ʦʪʦʙʨʘʥʥʳʭ ʜʣʷ ʚʥʫʪʨʠʤʳʰʝʯʥʦʛʦ ʚʚʝʜʝʥʠʷ ʧʣʘʮʝʙʦ ʣʠʙʦ ʚʘʢʮʠʥʳ, 

ʩʦʜʝʨʞʘʱʝʡ VLP ʚ ʩʦʦʪʥʦʰʝʥʠʠ 15 ʤʢʛ GI.1/50 ʤʢʛ GII.4 ʠʣʠ 50 ʤʢʛ 

GI.1/50 ʤʢʛ GII.4. ɺ ʭʦʜʝ ʠʩʧʳʪʘʥʠʷ ʙʳʣʘ ʧʦʜʪʚʝʨʜʞʜʝʥʘ ʙʝʟʦʧʘʩʥʦʩʪʴ 
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ʵʪʦʡ ʚʘʢʮʠʥʳ-ʢʘʥʜʠʜʘʪʘ ʠ ʝʝ ʠʤʤʫʥʦʛʝʥʥʦʩʪʴ. ʀʤʤʫʥʥʳʝ ʦʪʚʝʪʳ ʥʘ 

ʚʘʢʮʠʥʘʮʠʶ ʜʦʩʪʠʛʘʣʠ ʤʘʢʩʠʤʫʤʘ ʥʘ 7-10 ʜʥʝʡ ʠ ʩʦʭʨʘʥʷʣʠʩʴ ʯʝʨʝʟ 28 

ʜʥʝʡ, ʧʨʝʧʘʨʘʪ ʚ ʢʦʤʧʦʟʠʮʠʠ 15/50 ʧʦʢʘʟʘʣ ʣʫʯʰʠʡ ʙʘʣʘʥʩ ʧʝʨʝʥʦʩʠʤʦʩʪʠ 

ʠ ʠʤʤʫʥʦʛʝʥʥʦʩʪʠ [Atmar et al., 2016]. 

ʅʝʩʢʦʣʴʢʦ ʧʦʩʣʝʜʫʶʱʠʭ ʢʣʠʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʠʤʤʫʥʦʛʝʥʥʦʩʪʴ ʠ ʧʨʠʝʤʣʝʤʳʡ ʧʨʦʬʠʣʴ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʫ ʚʟʨʦʩʣʳʭ ʠ ʜʦʙʨʦʚʦʣʴʮʝʚ ʧʦʞʠʣʦʛʦ ʚʦʟʨʘʩʪʘ ʜʣʷ 

ʥʝʩʢʦʣʴʢʠʭ ʩʦʩʪʘʚʦʚ ʚʘʢʮʠʥʳ TAK-14, ʩʦʜʝʨʞʘʱʠʭ ʨʘʟʣʠʯʥʳʝ 

ʩʦʦʪʥʦʰʝʥʠʷ ʜʚʫʭ ʘʥʪʠʛʝʥʦʚ ʚʠʨʫʩʦʧʦʜʦʙʥʳʭ ʯʘʩʪʠʮ ʠ ʘʜʲʶʚʘʥʪʥʳʭ 

ʧʨʝʧʘʨʘʪʦʚ (ʛʠʜʨʦʢʩʠʜ ʘʣʶʤʠʥʠʷ ʩ ʤʦʥʦʬʦʩʬʦʨʠʣʣʠʧʠʜʦʤ ɸ ʠʣʠ ʙʝʟ 

ʥʝʛʦ) [Atmar  et al., 2019; Leroux-Roels et al., 2018; Treanor et al., 2020]. ʇʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʵʪʠʭ ʠʩʧʳʪʘʥʠʡ ʜʣʷ ʚʟʨʦʩʣʳʭ ʙʳʣʘ ʚʳʙʨʘʥʘ ʦʜʥʦʢʨʘʪʥʘʷ 

ʢʦʤʧʦʟʠʮʠʷ, ʩʦʜʝʨʞʘʱʘʷ 15 ʤʢʛ VLP GI.1 ʠ 50 ʤʢʛ VLP GII.4c ʩ 0,5 ʤʛ 

ʛʠʜʨʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ. ɼʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʫʣʫʯʰʝʥʠʷ ʠʤʤʫʥʦʛʝʥʥʦʩʪʠ ʧʨʠ 

ʚʚʝʜʝʥʠʠ ʚʪʦʨʦʡ ʜʦʟʳ ʠʣʠ ʚʢʣʶʯʝʥʠʠ ʤʦʥʦʬʦʩʬʦʨʠʣʣʠʧʠʜʘ ʚ ʩʦʩʪʘʚ 

ʚʘʢʮʠʥʳ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ [Leroux-Roels et al., 2018; Treanor et al., 2020]. 

ʇʝʨʚʦʝ ʧʦʣʝʚʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʬʘʟʳ 2b ʚʘʢʮʠʥʳ 

TAK-214 ʥʘ ʟʜʦʨʦʚʳʭ ʚʟʨʦʩʣʳʭ ʣʶʜʷʭ ʧʨʠ ʦʜʥʦʢʨʘʪʥʦʤ ʧʨʠʤʝʥʝʥʠʠ 

ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʪʝʯʝʥʠʝ ʜʚʫʭ ʟʠʤʥʠʭ ʩʝʟʦʥʦʚ ʚ ʫʯʝʙʥʦʤ ʮʝʥʪʨʝ ʚʦʝʥʥʦ-

ʤʦʨʩʢʠʭ ʩʠʣ ʉʐɸ ʩ ʙʦʣʝʝ ʯʝʤ 4600 ʫʯʘʩʪʥʠʢʘʤʠ [Sherwood et al., 2020]. 

ʈʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚʘʢʮʠʥʳ 61,8 % (95,01 % ɼʀ, 20,8ï

81,6; p = 0,0097) ʧʨʦʪʠʚ ʫʤʝʨʝʥʥʦʛʦ ʠ ʪʷʞʝʣʦʛʦ ʆɻʕ, ʚʳʟʚʘʥʥʦʛʦ 

ʥʦʨʦʚʠʨʫʩʘʤʠ ʨʘʟʥʳʭ ʛʝʥʦʪʠʧʦʚ, ʚʢʣʶʯʘʷ GI.1 (n = 1), G1.7 ( n = 1), GII.2 

(n = 39) ʠ GII.4 (n = 7). ʇʨʠʤʝʯʘʪʝʣʴʥʦ, ʯʪʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚʘʢʮʠʥʳ ʧʨʦʪʠʚ 

ʥʦʨʦʚʠʨʫʩʦʚ GII.2 ʩʦʩʪʘʚʠʣʘ 57,4 % (95 % ɼʀ, 7,0ï80,5; p = 0,0321), ʯʪʦ 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʚʘʢʮʠʥʘ TAK-214 ʚʳʟʳʚʘʝʪ ʰʠʨʦʢʠʡ ʠʤʤʫʥʥʳʡ ʦʪʚʝʪ 

ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʝʨʝʢʨʝʩʪʥʫʶ ʟʘʱʠʪʫ ʦʪ ʛʝʥʦʪʠʧʘ, ʥʝ ʚʭʦʜʷʱʝʛʦ ʚ ʚʘʢʮʠʥʫ, 

ʭʦʪʷ ʪʘʢʘʷ ʟʘʱʠʪʘ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʘ ʩ ʧʨʝʜʳʜʫʱʠʤ ʚʦʟʜʝʡʩʪʚʠʝʤ ʥʘ 

ʫʯʘʩʪʥʠʢʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ GII.2 ʠʣʠ ʧʦʜʦʙʥʳʭ ʥʦʨʦʚʠʨʫʩʦʚ. ʊʘʢʞʝ ʙʳʣʦ 



 

170 

 

 

ʦʪʤʝʯʝʥʦ, ʯʪʦ ʦʙʨʘʟʮʳ ʩʳʚʦʨʦʪʢʠ ʚʘʢʮʠʥʠʨʦʚʘʥʥʳʭ ʠ ʥʝʢʦʪʦʨʳʭ 

ʨʝʮʠʧʠʝʥʪʦʚ ʧʣʘʮʝʙʦ, ʠʥʬʠʮʠʨʦʚʘʥʥʳʭ ʥʦʨʦʚʠʨʫʩʘʤʠ GII.2 ʩ ʆɻʕ, 

ʧʦʢʘʟʘʣʠ ʧʦʚʳʰʝʥʥʳʝ ʪʠʪʨʳ ʙʣʦʢʠʨʫʶʱʠʭ ʘʥʪʠʪʝʣ ʧʨʦʪʠʚ VLP 

GI.1/GII.4, ʧʨʠʢʨʝʧʣʷʶʱʠʭʩʷ ʢ HBGA [Sherwood et al., 2020].  

ʈʘʥʝʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʫʨʦʚʥʠ ʩʳʚʦʨʦʪʦʯʥʳʭ 

ʘʥʪʠʪʝʣ, ʢʦʪʦʨʳʝ ʙʣʦʢʠʨʫʶʪ ʩʚʷʟʳʚʘʥʠʝ ʚʠʨʫʩʘ ʩ HBGA, ʢʦʨʨʝʣʠʨʫʶʪ ʩ 

ʙʦʣʝʝ ʥʠʟʢʠʤ ʨʠʩʢʦʤ ʟʘʙʦʣʝʚʘʥʠʷ, ʪʦ ʝʩʪʴ ʩ ʟʘʱʠʪʦʡ ʦʪ ʆɻʕ, ʚʳʟʚʘʥʥʦʛʦ 

ʥʦʨʦʚʠʨʫʩʘʤʠ [Reeck et al. 2010; Atmar et al., 2015]. ʕʪʠ ʜʘʥʥʳʝ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʚʘʢʮʠʥʘ TAK-214, ʘ ʪʘʢʞʝ, ʚʝʨʦʷʪʥʦ, ʠ ʜʨʫʛʠʝ 

ʚʘʢʮʠʥʳ ʧʨʦʪʠʚ ʥʦʨʦʚʠʨʫʩʘ, ʤʦʛʫʪ ʚʳʟʳʚʘʪʴ ʦʧʨʝʜʝʣʝʥʥʳʡ ʟʘʱʠʪʥʳʡ 

ʧʝʨʝʢʨʝʩʪʥʳʡ ʠʤʤʫʥʠʪʝʪ ʤʝʞʜʫ ʛʝʥʦʪʠʧʘʤʠ [Tan et al., 2021], ʘ ʪʘʢʞʝ ʦ 

ʪʦʤ, ʯʪʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚʘʢʮʠʥʘʮʠʠ ʤʦʞʝʪ ʨʘʟʣʠʯʘʪʴʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʠʩʪʦʨʠʠ ʚʦʟʜʝʡʩʪʚʠʷ ʚʠʨʫʩʘ ʥʘ ʮʝʣʝʚʳʝ ʛʨʫʧʧʳ. ʅʘʧʨʠʤʝʨ, ʚʟʨʦʩʣʳʝ ʩ 

ʛʦʨʘʟʜʦ ʙʦʣʝʝ ʦʙʰʠʨʥʦʡ ʠʩʪʦʨʠʝʡ ʧʨʝʜʰʝʩʪʚʫʶʱʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʤʦʛʫʪ 

ʜʘʚʘʪʴ ʙʦʣʝʝ ʩʠʣʴʥʳʝ ʠʤʤʫʥʥʳʝ ʨʝʘʢʮʠʠ, ʯʝʤ ʤʣʘʜʝʥʮʳ, ʥʝ 

ʧʦʜʚʝʨʛʘʚʰʠʝʩʷ ʚʦʟʜʝʡʩʪʚʠʶ ʥʦʨʦʚʠʨʫʩʘ [Cates et al., 2020].    

ɺ 2021 ʛʦʜʫ Takeda ʚʳʜʝʣʠʣʘ HilleVax ʚ ʦʪʜʝʣʴʥʫʶ ʢʦʤʧʘʥʠʶ ʩ 

ʊɸʂ-214 (ʧʦʜ ʥʘʟʚʘʥʠʝʤ HIL-214) ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʘʢʪʠʚʘ. ɹʳʣʦ 

ʨʘʟʨʘʙʦʪʘʥʦ ʠ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʬʘʟʳ II  ʜʣʷ ʦʮʝʥʢʠ ʜʦʣʛʦʩʨʦʯʥʦʡ 

ʠʤʤʫʥʦʛʝʥʥʦʩʪʠ HIL-214 ʫ ʚʟʨʦʩʣʳʭ ʫʯʘʩʪʥʠʢʦʚ, ʦʙʲʝʜʠʥʝʥʥʳʭ ʚ ʪʨʝʭ 

ʧʨʝʜʳʜʫʱʠʭ ʢʣʠʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʷʭ [Atmar  et al., 2019; Leroux-Roels et 

al., 2018; Treanor et al., 2020]. ɺ ʵʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ 428 ʚʟʨʦʩʣʳʭ 

ʧʘʮʠʝʥʪʦʚ, ʢʦʪʦʨʳʤ ʚʚʦʜʠʣʠ ʨʘʟʣʠʯʥʳʝ ʩʦʩʪʘʚʳ ʚʘʢʮʠʥʳ-ʢʘʥʜʠʜʘʪʘ 

ʧʨʦʪʠʚ ʥʦʨʦʚʠʨʫʩʘ HIL-214, ʥʘʙʣʶʜʘʣʠʩʴ ʚ ʪʝʯʝʥʠʝ 5 ʣʝʪ ʜʣʷ ʦʮʝʥʢʠ 

ʠʤʤʫʥʥʦʛʦ ʦʪʚʝʪʘ ʥʘ ʘʥʪʠʛʝʥʳ ʚʠʨʫʩʦʧʦʜʦʙʥʳʭ ʯʘʩʪʠʮ GI.1 ʠ GII.4c. ɹʳʣʠ 

ʠʟʤʝʨʝʥʳ ʩʳʚʦʨʦʪʦʯʥʳʝ ʘʥʪʠʪʝʣʘ ʠ ʢʣʝʪʢʠ ʧʝʨʠʬʝʨʠʯʝʩʢʦʡ ʢʨʦʚʠ, 

ʩʝʢʨʝʪʠʨʫʶʱʠʝ ʘʥʪʠʪʝʣʘ. ʆʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʣʦʩʴ ʩʦʩʪʘʚʫ 15/50 

(ʤʢʛ GI.1/GII.4c) ʜʣʷ ʦʜʥʦʢʨʘʪʥʦʡ ʚʘʢʮʠʥʘʮʠʠ, ʢʦʪʦʨʳʡ ʙʳʣ ʚʳʙʨʘʥ ʜʣʷ 

ʜʘʣʴʥʝʡʰʝʡ ʢʣʠʥʠʯʝʩʢʦʡ ʨʘʟʨʘʙʦʪʢʠ. ʋ ʧʘʮʠʝʥʪʦʚ, ʢʦʪʦʨʳʤ ʚʚʦʜʠʣʠ 



 

171 

 

 

ʦʜʥʦʢʨʘʪʥʦ 15/50 (N = 105), ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʜʣʷ GI.1 ʠ GII.4c ʘʥʪʠʪʝʣʘ, 

ʙʣʦʢʠʨʫʶʱʠʝ HBGA, ʧʦ-ʚʠʜʠʤʦʤʫ, ʩʦʭʨʘʥʷʣʠʩʴ ʜʦ 5 ʣʝʪ, ʩʥʠʞʘʷʩʴ ʩ ʧʠʢʘ 

ʯʝʨʝʟ 4ï8 ʥʝʜʝʣʴ ʠ ʚʳʭʦʜʷ ʥʘ ʧʣʘʪʦ ʚʳʰʝ ʠʩʭʦʜʥʦʛʦ ʫʨʦʚʥʷ ʯʝʨʝʟ 3 ʛʦʜʘ. 

ɸʥʘʣʦʛʠʯʥʘʷ ʢʠʥʝʪʠʢʘ ʥʘʙʣʶʜʘʣʘʩʴ ʜʣʷ ʪʠʪʨʦʚ Pan-Ig ʠ ʘʥʪʠʪʝʣ-

ʩʝʢʨʝʪʠʨʫʶʱʠʭ ʢʣʝʪʦʢ (ASC) ʚ ʧʦʜʛʨʫʧʧʝ. ɹʳʣ ʩʜʝʣʘʥ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ 

ʠʤʤʫʥʥʳʡ ʦʪʚʝʪ ʥʘ HIL-214 ʫ ʚʟʨʦʩʣʳʭ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʩʦʭʨʘʥʷʝʪʩʷ ʚ 

ʪʝʯʝʥʠʝ ʧʷʪʠ ʣʝʪ [Leroux-Roels et al. 2025]. 

ʂʦʤʧʘʥʠʝʡ Hillevax ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ  ʢʣʠʥʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ ʬʘʟʳ 

II  ʚʘʢʮʠʥʳ HIL-214 ʚ ʜʚʫʭ ʛʨʫʧʧʘʭ ʜʝʪʝʡ ʚ ʚʦʟʨʘʩʪʝ 6ïÒ12 ʤʝʩʷʮʝʚ ʠ 1ïÒ4 

ʣʝʪ (N = 120 ʥʘ ʛʨʫʧʧʫ) ʚ ʇʘʥʘʤʝ ʠ ʂʦʣʫʤʙʠʠ. ɺ ʧʝʨʚʳʡ ʜʝʥʴ ʜʝʪʠ, 

ʨʘʥʜʦʤʠʟʠʨʦʚʘʥʥʳʝ ʚ ʦʜʥʫ ʠʟ ʯʝʪʳʨʝʭ ʨʘʚʥʳʭ ʛʨʫʧʧ, ʧʦʣʫʯʠʣʠ 

ʚʥʫʪʨʠʤʳʰʝʯʥʳʝ ʠʥʲʝʢʮʠʠ ʯʝʪʳʨʝʭ ʨʘʟʣʠʯʥʳʭ ʬʦʨʤʫʣ HIL-214 

ʩʦʜʝʨʞʘʱʠʭ 15/15, 15/50, 50/50 ʠʣʠ 50/150 ʤʢʛ VLP ʛʝʥʦʪʠʧʘ GI.1/GII.4c ʠ 

0,5 ʤʛ ʛʠʜʨʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ. ʅʘ 29-ʡ ʜʝʥʴ ʧʦʣʦʚʠʥʘ ʜʝʪʝʡ ʚ ʢʘʞʜʦʡ 

ʛʨʫʧʧʝ ʧʦʣʫʯʠʣʘ ʚʪʦʨʫʶ ʚʘʢʮʠʥʘʮʠʶ (N = 60), ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʨʫʛʘʷ 

ʧʦʣʦʚʠʥʘ ʧʦʣʫʯʠʣʘ ʠʥʲʝʢʮʠʠ ʧʣʘʮʝʙʦ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʩʪʚʦʨʘ. VLP-

ʩʧʝʮʠʬʠʯʝʩʢʠʡ ʀʌɸ Pan-Ig ʠ ʩʚʷʟʳʚʘʶʱʠʝ ʘʥʪʠʪʝʣʘ ʢ ʘʥʪʠʛʝʥʫ, 

ʙʣʦʢʠʨʫʶʱʝʤʫ HBGA, ʠʟʤʝʨʷʣʠʩʴ ʥʘ 1-ʡ, 29-ʡ, 57-ʡ ʠ 210-ʡ ʜʥʠ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ HIL-214 ʭʦʨʦʰʦ ʧʝʨʝʥʦʩʷʪʩʷ ʜʝʪʴʤʠ ʦʪ 6 

ʤʝʩʷʮʝʚ ʜʦ 4 ʣʝʪ ʠ ʷʚʣʷʝʪʩʷ ʠʤʤʫʥʦʛʝʥʥʦʡ ʚ ʵʪʦʡ ʚʦʟʨʘʩʪʥʦʡ ʛʨʫʧʧʝ, 

ʚʳʟʳʚʘʷ ʙʣʦʢʠʨʫʶʱʠʝ ʘʥʪʠʪʝʣʘ Pan-Ig ʠ HBGA.  ʕʪʠ ʜʘʥʥʳʝ 

ʧʦʜʪʚʝʨʞʜʘʣʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʜʘʣʴʥʝʡʰʝʛʦ ʠʟʫʯʝʥʠʷ ʛʨʘʬʠʢʘ ʚʚʝʜʝʥʠʷ ʠ 

ʜʦʟʠʨʦʚʢʠ HIL-214 ʫ ʤʣʘʜʝʥʮʝʚ [L·pez et al., 2023]. 

 ʇʦʩʣʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʘʟʳ IIb ʫ ʚʟʨʦʩʣʳʭ ʠ ʜʝʪʝʡ ʦʪ 6 ʤʝʩ ʜʦ 4 ʣʝʪ, 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʚʰʠʭ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʪʠʚ 

ʫʤʝʨʝʥʥʦʛʦ ʠʣʠ ʪʷʞʝʣʦʛʦ ʆɻʕ, ʚʳʟʚʘʥʥʦʛʦ ʥʦʨʦʚʠʨʫʩʦʤ, ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ 

ʠʩʩʣʝʜʦʚʘʥʠʝ NEST-IN1 ï ʨʘʥʜʦʤʠʟʠʨʦʚʘʥʥʦʝ ʜʚʦʡʥʦʝ ʩʣʝʧʦʝ ʧʣʘʮʝʙʦ-

ʢʦʥʪʨʦʣʠʨʫʝʤʦʝ ʢʣʠʥʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʬʘʟʳ 2b ʜʣʷ ʦʮʝʥʢʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʠʤʤʫʥʦʛʝʥʥʦʩʪʠ HIL-214 ʫ ʤʣʘʜʝʥʮʝʚ ʚ 
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ʚʦʟʨʘʩʪʝ ʦʢʦʣʦ 5 ʤʝʩʷʮʝʚ ʥʘ ʤʦʤʝʥʪ ʧʝʨʚʠʯʥʦʡ ʚʘʢʮʠʥʘʮʠʠ ʚ ʫʯʨʝʞʜʝʥʠʷʭ 

ʉʐɸ ʠ ʃʘʪʠʥʩʢʦʡ ɸʤʝʨʠʢʠ.  ʆʜʥʘʢʦ ʦʥʦ ʥʝ ʫʚʝʥʯʘʣʦʩʴ ʫʩʧʝʭʦʤ. ɺ 

ʠʩʩʣʝʜʦʚʘʥʠʠ NEST-IN1 ʙʳʣʦ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ 51 ʧʝʨʚʠʯʥʦʝ ʢʦʥʝʯʥʦʝ 

ʩʦʙʳʪʠʝ, ʠʟ ʢʦʪʦʨʳʭ 25 ʙʳʣʠ ʚ ʛʨʫʧʧʝ ʚʘʢʮʠʥʳ (n=1425) ʠ 26 ð ʚ ʛʨʫʧʧʝ 

ʧʣʘʮʝʙʦ (n=1399), ʯʪʦ ʧʨʠʚʝʣʦ ʢ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʘʢʮʠʥʳ 5% (95% 

ʜʦʚʝʨʠʪʝʣʴʥʳʡ ʠʥʪʝʨʚʘʣ; -64%, 45%). ʀʩʩʣʝʜʦʚʘʥʠʝ ʥʝ ʜʦʩʪʠʛʣʦ ʩʚʦʝʡ 

ʧʝʨʚʠʯʥʦʡ ʢʦʥʝʯʥʦʡ ʪʦʯʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʪʠʚ ʩʦʙʳʪʠʡ ʫʤʝʨʝʥʥʦʛʦ 

ʠʣʠ ʪʷʞʝʣʦʛʦ ʦʩʪʨʦʛʦ ʛʘʩʪʨʦʵʥʪʝʨʠʪʘ, ʚʳʟʚʘʥʥʳʭ ʛʝʥʦʪʠʧʘʤʠ ʥʦʨʦʚʠʨʫʩʘ 

GI.1 ʠʣʠ GII.4. ʂʣʠʥʠʯʝʩʢʦʛʦ ʧʨʝʠʤʫʱʝʩʪʚʘ ʧʦ ʚʪʦʨʠʯʥʳʤ ʢʦʥʝʯʥʳʤ 

ʪʦʯʢʘʤ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ. ʇʨʦʬʠʣʴ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʠʤʤʫʥʦʛʝʥʥʦʩʪʠ HIL-214 

ʩʦʦʪʚʝʪʩʪʚʦʚʘʣ ʜʘʥʥʳʤ, ʧʦʣʫʯʝʥʥʳʤ ʚ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʘʥʘʣʠʟʝ ʧʝʨʚʳʭ 200 

ʫʯʘʩʪʥʠʢʦʚ NEST-IN1 ʠ ʚ ʨʘʥʝʝ ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ. 

ʂʦʤʧʘʥʠʷ ʩʯʠʪʘʝʪ, ʯʪʦ ʜʘʥʥʳʡ ʨʝʟʫʣʴʪʘʪ ʙʳʣ ʦʙʫʩʣʦʚʣʝʥ ʧʦʷʚʣʝʥʠʝʤ 

ʥʝʩʢʦʣʴʢʠʭ ʥʦʚʳʭ ʰʪʘʤʤʦʚ GII.4, ʥʝ ʦʭʚʘʯʝʥʥʳʭ ʚʘʢʮʠʥʦʡ. ɺ ʧʨʝʩʩ-

ʨʝʣʠʟʝ ʢʦʤʧʘʥʠʠ ʦʪ 8 ʠʶʣʷ 2024 ʛ. ʙʳʣʦ ʟʘʷʚʣʝʥʦ, ʯʪʦ ʥʘ ʦʩʥʦʚʘʥʠʠ 

ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʢʦʤʧʘʥʠʷ ʧʨʝʢʨʘʪʠʪ ʪʝʩʪʠʨʦʚʘʥʠʝ HIL-214 ʥʘ 

ʤʣʘʜʝʥʮʘʭ ʠ ʙʫʜʝʪ ʠʟʫʯʘʪ ɹʧʦʪʝʥʮʠʘʣ ʜʣʷ ʧʨʦʜʦʣʞʝʥʠʷ ʨʘʟʨʘʙʦʪʢʠ HIL-

214 ʠ HIL-216, ʚʘʢʮʠʥʳ-ʢʘʥʜʠʜʘʪʘ HilleVax, ʛʦʪʦʚʦʡ ʢ ʧʝʨʚʦʡ ʬʘʟʝ 

ʠʩʧʳʪʘʥʠʡ, ʫ ʚʟʨʦʩʣʳʭ [HilleVax reports, 2024]. 

ɺʥʫʪʨʠʤʳʰʝʯʥʘʷ ʰʝʩʪʠʚʘʣʝʥʪʥʘʷ ʚʘʢʮʠʥʘ HIL-216 ʚʢʣʶʯʘʝʪ VLP 

ʜʣʷ ʰʝʩʪʠ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʛʝʥʦʪʠʧʦʚ ʥʦʨʦʚʠʨʫʩʘ, ʚʢʣʶʯʘʷ 

GI.1, GII.2, GII.3, GII.4, GII.6 ʠ GII.17. ʕʪʘ ʚʘʢʮʠʥʘ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ 

ʢʠʪʘʡʩʢʦʡ ʙʠʦʬʘʨʤʘʮʝʚʪʠʯʝʩʢʦʡ ʢʦʤʧʘʥʠʝʡ Chengdu Kanghua Biological 

Products Co., Ltd. (Kangh). ɿʘʷʚʢʘ ʥʘ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʥʦʚʳʡ ʧʨʝʧʘʨʘʪ 

(IND) ʜʣʷ HIL-216 ʙʳʣʘ ʦʜʦʙʨʝʥʘ FDA ʉʐɸ ʚ ʩʝʥʪʷʙʨʝ 2023 ʛʦʜʘ. ɺ 

ʨʘʤʢʘʭ ʵʢʩʢʣʶʟʠʚʥʦʛʦ ʣʠʮʝʥʟʠʦʥʥʦʛʦ ʩʦʛʣʘʰʝʥʠʷ ʢʦʤʧʘʥʠʷ Kangh ʙʫʜʝʪ 

ʧʦʩʪʘʚʣʷʪʴ HIL-216 ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʣʠʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʷʭ 

HilleVax, ʢʦʪʦʨʳʝ ʧʣʘʥʠʨʫʶʪʩʷ ʚ ʙʣʠʞʘʡʰʝʝ ʚʨʝʤʷ, ʚʢʣʶʯʘʷ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʬʘʟʳ 1 [Kirkwood, Steele, 2024]. 
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ɺʥʫʪʨʠʤʳʰʝʯʥʘʷ ʜʚʫʭʚʘʣʝʥʪʥʘʷ ʚʘʢʮʠʥʘ, ʩʦʜʝʨʞʘʱʘʷ VLP GI.1 ʠ 

GII .4 (ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʦʩʥʦʚʝ ʵʢʩʧʨʝʩʩʠʨʫʶʱʝʡ ʩʠʩʪʝʤʳ Hansenula 

polymorpha) (NVSI Norovirus Vaccine).  ɺʘʢʮʠʥʘ-ʢʘʥʜʠʜʘʪ ʧʨʦʪʠʚ 

ʥʦʨʦʚʠʨʫʩʘ, ʧʨʦʭʦʜʷʱʘʷ ʢʣʠʥʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ð ʵʪʦ ʜʚʫʭʚʘʣʝʥʪʥʘʷ 

ʚʘʢʮʠʥʘ ʥʘ ʦʩʥʦʚʝ VLP, ʧʦʣʫʯʝʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʩʠʩʪʝʤʳ ʵʢʩʧʨʝʩʩʠʠ ʚ 

ʜʨʦʞʞʘʭ Hansenula polymorpha, ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʅʘʮʠʦʥʘʣʴʥʳʤ ʠʥʩʪʠʪʫʪʦʤ 

ʚʘʢʮʠʥ ʠ ʩʳʚʦʨʦʪʦʢ (NVSI) ʂʠʪʘʷ. ʆʥʘ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʨʝʢʦʤʙʠʥʘʥʪʥʳʭ 

VLP, ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʛʝʥʦʪʠʧʳ GI.1 ʠ GII.4, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʩ ʩʦʣʴʶ 

ʘʣʶʤʠʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʘʜʲʶʚʘʥʪʘ. ʇʨʦʚʝʜʝʥʦ ʠʩʧʳʪʘʥʠʝ ʬʘʟʳ 1 ʜʣʷ ʦʮʝʥʢʠ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʠʤʤʫʥʦʛʝʥʥʦʩʪʠ ʚʘʢʮʠʥʳ, ʚ ʢʦʪʦʨʦʤ ʧʨʠʥʷʣʠ ʫʯʘʩʪʠʝ 450 

ʟʜʦʨʦʚʳʭ ʣʠʮ ʚ ʚʦʟʨʘʩʪʝ ʦʪ 6 ʤʝʩʷʮʝʚ ʜʦ 59 ʣʝʪ. ɼʚʝ ʠʣʠ ʪʨʠ ʜʦʟʳ ʚʘʢʮʠʥʳ 

ʚʚʦʜʠʣʠʩʴ ʚʥʫʪʨʠʤʳʰʝʯʥʦ. ʇʦʢʘʟʘʪʝʣʠ ʨʝʟʫʣʴʪʘʪʦʚ ʚʢʣʶʯʘʣʠ ʧʦʙʦʯʥʳʝ 

ʵʬʬʝʢʪʳ ʧʦʩʣʝ ʠʤʤʫʥʠʟʘʮʠʠ, ʪʠʪʨʳ ʘʥʪʠʪʝʣ IgG, ʩʧʝʮʠʬʠʯʥʳʭ ʢ 

ʥʦʨʦʚʠʨʫʩʫ GI.1 ʠ GII.4, ʠ ʠʭ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʧʦʢʘʟʘʪʝʣʠ, ʘ ʪʘʢʞʝ ʪʠʪʨʳ 

ʘʥʪʠʪʝʣ, ʙʣʦʢʠʨʫʶʱʠʭ HBGA ʢ ʥʦʨʦʚʠʨʫʩʫ GI.1 ʠ GII.4, ʠ ʠʭ 

ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʧʦʢʘʟʘʪʝʣʠ [Kirkwood, Steele, 2024]. ʉʦʛʣʘʩʥʦ ʛʨʘʬʠʢʫ 

(ʠʜʝʥʪʠʬʠʢʘʪʦʨ ClinicalTrials.gov: NCT04188691), ʵʪʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʙʳʣʦ 

ʟʘʚʝʨʰʝʥʦ ʢ 13 ʜʝʢʘʙʨʷ 2020 ʛʦʜʘ, ʥʦ ʨʝʟʫʣʴʪʘʪʳ ʝʱʝ ʥʝ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ 

ʥʘʫʯʥʦʤ ʞʫʨʥʘʣʝ [Tan, 2021].  

ɺʥʫʪʨʠʤʳʰʝʯʥʘʷ ʯʝʪʳʨʝʭʚʘʣʝʥʪʥʘʷ ʚʘʢʮʠʥʘ, ʩʦʜʝʨʞʘʱʘʷ VLP 

GI.1, GII.3, GII.4, GII.17 (Longkoma Norovirus Vaccine). ʕʪʦ ʚʘʢʮʠʥʘ ʥʘ 

ʦʩʥʦʚʝ VLP, ʧʦʣʫʯʝʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʩʠʩʪʝʤʳ ʵʢʩʧʨʝʩʩʠʠ ʚ ʜʨʦʞʞʘʭ 

Pichia pastoris, ʩʦʩʪʦʠʪ ʠʟ ʯʝʪʳʨʝʭ ʨʝʢʦʤʙʠʥʘʥʪʥʳʭ VLP, ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ 

ʛʝʥʦʪʠʧʳ GI.1, GII.3, GII.4 ʠʣʠ GII.17 ʩ ʩʦʣʴʶ ʘʣʶʤʠʥʠʷ ʚ ʢʘʯʝʩʪʚʝ 

ʘʜʲʶʚʘʥʪʘ. ɺʘʢʮʠʥʘ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʀʥʩʪʠʪʫʪʦʤ ʇʘʩʪʝʨʘ ʐʘʥʭʘʷ (IPS) 

(ʐʘʥʭʘʡ, ʂʠʪʘʡ) ʠ ʢʦʤʧʘʥʠʝʡ Anhui Zhifei Longcom Biopharmaceutical Co. 

Ltd. (ʂʠʪʘʡ). ɺ ʨʘʤʢʘʭ ʢʣʠʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʬʘʟʳ I ʠ ʬʘʟʳ IIa ʙʳʣʦ 

ʧʨʦʚʝʜʝʥʦ ʨʘʥʜʦʤʠʟʠʨʦʚʘʥʥʦʝ ʜʚʦʡʥʦʝ ʩʣʝʧʦʝ ʤʥʦʛʦʢʦʛʦʨʪʥʦʝ ʧʣʘʮʝʙʦ-

ʢʦʥʪʨʦʣʠʨʫʝʤʦʝ ʢʣʠʥʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ 
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ʠ ʠʤʤʫʥʦʛʝʥʥʦʩʪʠ ʚʘʢʮʠʥʳ-ʢʘʥʜʠʜʘʪʘ (ʠʜʝʥʪʠʬʠʢʘʪʦʨ ClinicalTrials.gov: 

NCT04563533). ɺ ʦʙʱʝʡ ʩʣʦʞʥʦʩʪʠ 580 ʫʯʘʩʪʥʠʢʦʚ (ʧʷʪʴ ʚʦʟʨʘʩʪʥʳʭ 

ʛʨʫʧʧ: ʦʪ 6 ʥʝʜʝʣʴ ʜʦ 23 ʤʝʩʷʮʝʚ, ʦʪ 2 ʜʦ 5 ʣʝʪ, ʦʪ 6 ʜʦ 17 ʣʝʪ, ʦʪ 18 ʜʦ 59 

ʣʝʪ ʠ Ó60 ʣʝʪ) ʙʳʣʠ ʨʘʥʜʦʤʠʟʠʨʦʚʘʥʳ ʚ 13 ʛʨʫʧʧ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʚʥʫʪʨʠʤʳʰʝʯʥʳʭ ʠʥʲʝʢʮʠʡ ʣʠʙʦ ʧʣʘʮʝʙʦ (ʩʦʜʝʨʞʘʱʝʛʦ ʠʣʠ ʥʝ 

ʩʦʜʝʨʞʘʱʝʛʦ ʘʣʶʤʠʥʠʡ), ʣʠʙʦ ʚʘʢʮʠʥʥʦʡ ʬʦʨʤʫʣʳ (ʥʠʟʢʦʡ ʠʣʠ ʚʳʩʦʢʦʡ 

ʜʦʟʳ) ʥʘ 0, 30 ʠ 60 ʜʥʝʡ. ʈʝʟʫʣʴʪʘʪʳ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚʢʣʶʯʘʣʠ ʯʘʩʪʦʪʫ ʚʩʝʭ 

ʥʝʞʝʣʘʪʝʣʴʥʳʭ ʷʚʣʝʥʠʡ ʚ ʪʝʯʝʥʠʝ 0ï30 ʜʥʝʡ ʧʦʩʣʝ ʚʘʢʮʠʥʘʮʠʠ ʠ ʚʩʝʭ 

ʩʝʨʴʝʟʥʳʭ ʥʝʞʝʣʘʪʝʣʴʥʳʭ ʷʚʣʝʥʠʡ ʚ ʪʝʯʝʥʠʝ 6 ʤʝʩʷʮʝʚ. ɸʥʘʣʠʟ 

ʠʤʤʫʥʦʛʝʥʥʦʩʪʠ ʙʳʣ ʩʦʩʨʝʜʦʪʦʯʝʥ ʥʘ ʯʘʩʪʦʪʝ ʩʝʨʦʢʦʥʚʝʨʩʠʠ ʧʨʦʪʠʚ 

ʯʝʪʳʨʸʭ ʛʝʥʦʪʠʧʦʚ ʥʦʨʦʚʠʨʫʩʘ (GI.1, GII.3, GII.4, GII.17) ʯʝʨʝʟ 30 ʜʥʝʡ 

ʧʦʩʣʝ ʪʨʝʪʴʝʡ ʚʘʢʮʠʥʘʮʠʠ, ʚʢʣʶʯʘʷ ʘʥʪʠʪʝʣʘ IgA, IgG ʠ ʙʣʦʢʠʨʫʶʱʠʝ 

ʘʥʪʠʪʝʣʘ ʢ HBGA (BT50). ʈʝʟʫʣʴʪʘʪʳ ʢʣʠʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʬʘʟʳ I ʠ 

ʬʘʟʳ IIa ʧʦʢʘʟʘʣʠ, ʯʪʦ ʯʘʩʪʦʪʘ ʩʝʨʦʢʦʥʚʝʨʩʠʠ IgA ʧʨʦʪʠʚ ʯʝʪʳʨʸʭ 

ʛʝʥʦʪʠʧʦʚ ʥʦʨʦʚʠʨʫʩʘ ʯʝʨʝʟ 30 ʜʥʝʡ ʧʦʩʣʝ ʪʨʝʪʴʝʡ ʚʘʢʮʠʥʘʮʠʠ ʩʦʩʪʘʚʠʣʘ 

49,45ï86,81 % ʚ ʛʨʫʧʧʝ ʩ ʥʠʟʢʦʡ ʜʦʟʦʡ ʚʘʢʮʠʥʳ ʧʨʦʪʠʚ 66,12ï85,25 % ʚ 

ʛʨʫʧʧʝ ʩ ʚʳʩʦʢʦʡ ʜʦʟʦʡ ʚʘʢʮʠʥʳ. ʉʝʨʦʢʦʥʚʝʨʩʠʷ IgG ʚʘʨʴʠʨʦʚʘʣʘʩʴ ʦʪ 

63,74 % ʜʦ 93,41 % (ʥʠʟʢʘʷ ʜʦʟʘ) ʠ ʦʪ 72,13 % ʜʦ 92,35 % (ʚʳʩʦʢʘʷ ʜʦʟʘ), ʚ 

ʪʦ ʚʨʝʤʷ ʢʘʢ ʫʨʦʚʝʥʴ ʘʥʪʠʪʝʣ, ʙʣʦʢʠʨʫʶʱʠʭ HBGA, ʚʘʨʴʠʨʦʚʘʣ ʦʪ 64,84 

ʜʦ 86,26 % (ʥʠʟʢʘʷ ʜʦʟʘ) ʠ ʦʪ 78,14 ʜʦ 89,62 % (ʚʳʩʦʢʘʷ ʜʦʟʘ). ʇʦʙʦʯʥʳʝ 

ʨʝʘʢʮʠʠ ʚʦʟʥʠʢʘʣʠ, ʚ ʦʩʥʦʚʥʦʤ, ʚ ʪʝʯʝʥʠʝ 0ï7 ʜʥʝʡ ʧʦʩʣʝ ʚʘʢʮʠʥʘʮʠʠ, 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 1ï2 ʩʪʝʧʝʥʠ ʪʷʞʝʩʪʠ. ʅʘʠʙʦʣʝʝ ʯʘʩʪʳʤʠ ʨʝʘʢʮʠʷʤʠ 

ʙʳʣʠ ʙʦʣʴ ʚ ʤʝʩʪʝ ʠʥʲʝʢʮʠʠ ʠ ʣʠʭʦʨʘʜʢʘ [Chen et al, 2025]. 

ʈʝʟʫʣʴʪʘʪʳ ʵʪʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʟʘʣʦʞʠʣʠ ʧʨʦʯʥʫʶ ʦʩʥʦʚʫ ʜʣʷ 

ʧʨʦʜʦʣʞʘʶʱʝʛʦʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʬʘʟʳ III . ʊʝʢʫʱʝʝ 

ʢʣʠʥʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʬʘʟʳ III  (ʠʜʝʥʪʠʬʠʢʘʪʦʨ ClinicalTrials.gov: 

NCT06524947) ʚʢʣʶʯʘʝʪ 6600 ʜʝʪʝʡ ʠ ʧʦʜʨʦʩʪʢʦʚ ʚ ʚʦʟʨʘʩʪʝ ʦʪ ʰʝʩʪʠ 

ʥʝʜʝʣʴ ʜʦ 13 ʣʝʪ, ʨʘʟʜʝʣʝʥʥʳʭ ʥʘ ʪʨʠ ʚʦʟʨʘʩʪʥʳʝ ʛʨʫʧʧʳ: 1) 3000 

ʤʣʘʜʝʥʮʝʚ (ʦʪ 6 ʜʦ 23 ʤʝʩʷʮʝʚ), 2) 2200 ʜʝʪʝʡ ʷʩʝʣʴʥʦʛʦ ʚʦʟʨʘʩʪʘ (ʦʪ 2 ʜʦ 5 
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ʣʝʪ) ʠ 3) 1400 ʜʝʪʝʡ ʠ ʧʦʜʨʦʩʪʢʦʚ (ʦʪ 6 ʜʦ 13 ʣʝʪ). ʋʯʘʩʪʥʠʢʠ ʢʘʞʜʦʡ 

ʚʦʟʨʘʩʪʥʦʡ ʛʨʫʧʧʳ ʙʳʣʠ ʩʣʫʯʘʡʥʳʤ ʦʙʨʘʟʦʤ ʨʘʩʧʨʝʜʝʣʝʥʳ ʚ ʩʦʦʪʥʦʰʝʥʠʠ 

1:1 ʚ ʪʝʩʪʦʚʫʶ ʠʣʠ ʢʦʥʪʨʦʣʴʥʫʶ ʛʨʫʧʧʫ. ʊʝʩʪʦʚʘʷ ʛʨʫʧʧʘ ʧʦʣʫʯʠʣʘ ʪʨʠ 

ʚʥʫʪʨʠʤʳʰʝʯʥʳʝ ʜʦʟʳ ʚʘʢʮʠʥʳ ʩ 30-ʜʥʝʚʥʳʤ ʠʥʪʝʨʚʘʣʦʤ ʜʣʷ ʦʮʝʥʢʠ ʝʝ 

ʟʘɦʠʪʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʠʤʤʫʥʦʛʝʥʥʦʩʪʠ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ. ʀʩʩʣʝʜʦʚʘʥʠʝ 

ʥʘʯʘʣʦʩʴ 27 ʠʶʣʷ 2024 ʛʦʜʘ ʠ, ʢʘʢ ʦʞʠʜʘʝʪʩʷ, ʟʘʚʝʨʰʠʪʩʷ ʢ 28 ʤʘʨʪʘ 2027 

ʛʦʜʘ [Tan, 2025]. 

 

ɺʘʢʮʠʥʳ ʥʘ ʩʪʘʜʠʠ ʢʣʠʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ (ʚʘʢʮʠʥʳ-

ʢʘʥʜʠʜʘʪʳ ʥʘ ʦʩʥʦʚʝ ʚʠʨʫʩʥʳʭ ʚʝʢʪʦʨʦʚ ï ʈʅʂ ʨʝʧʣʠʢʦʥʦʚ ʩʦ ʚʩʪʘʚʢʦʡ 

ʛʝʥʘ ʢʘʧʩʠʜʥʦʛʦ ʙʝʣʢʘ ʥʦʨʦʚʠʨʫʩʦʚ). ʇʝʨʨʦʨʘʣʴʥʘʷ ʚʘʢʮʠʥʘ Vaxart 

Norovirus. ʂʘʥʜʠʜʘʪ ʥʘ ʚʘʢʮʠʥʫ ʧʨʦʪʠʚ ʥʦʨʦʚʠʨʫʩʘ ʚ ʢʣʠʥʠʯʝʩʢʦʤ 

ʠʩʩʣʝʜʦʚʘʥʠʠ, ʨʝʢʦʤʙʠʥʘʥʪʥʘʷ ʜʚʫʭʚʘʣʝʥʪʥʘʷ ʚʘʢʮʠʥʘ ʥʘ ʦʩʥʦʚʝ VP1 

(VXA -NVV-104), ʩʦʟʜʘʥʘ Vaxart Pharmaceutical Inc. ʥʘ ʦʩʥʦʚʝ ʝʝ 

ʟʘʧʘʪʝʥʪʦʚʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʧʝʨʦʨʘʣʴʥʳʭ ʪʘʙʣʝʪʦʢ [Kim et al., 2018]. ʕʪʘ 

ʚʘʢʮʠʥʘ ʩʦʜʝʨʞʠʪ ʨʝʢʦʤʙʠʥʘʥʪʥʳʝ ʚʝʢʪʦʨʳ ʥʘ ʦʩʥʦʚʝ ʘʜʝʥʦʚʠʨʫʩʘ 

[Scallan et al., 2013] ʥʝʩʫʱʠʝ ʛʝʥʳ, ʢʦʜʠʨʫʶʱʠʝ ʥʦʨʦʚʠʨʫʩʥʳʝ VP1, ʜʣʷ 

ʵʢʩʧʨʝʩʩʠʠ ʘʥʪʠʛʝʥʦʚ VP1 ʣʦʢʘʣʴʥʦ ʚ ʵʧʠʪʝʣʠʘʣʴʥʳʭ ʢʣʝʪʢʘʭ ʢʠʰʝʯʥʠʢʘ 

ʨʝʮʠʧʠʝʥʪʦʚ ʚʘʢʮʠʥʳ ʩ ʮʝʣʴʶ ʠʥʜʫʢʮʠʠ ʠʤʤʫʥʠʪʝʪʘ ʩʣʠʟʠʩʪʦʡ ʦʙʦʣʦʯʢʠ. 

ɺʝʢʪʦʨ ʘʜʝʥʦʚʠʨʫʩʘ ʪʘʢʞʝ ʩʦʜʝʨʞʠʪ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, 

ʢʦʜʠʨʫʶʱʠʝ ʈʅʂ, ʜʣʷ ʛʝʥʝʨʘʮʠʠ ʜʚʫʭʮʝʧʦʯʝʯʥʳʭ ʈʅʂ ʚ ʢʘʯʝʩʪʚʝ 

ʘʜʲʶʚʘʥʪʘ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʠʤʤʫʥʦʛʝʥʥʦʩʪʠ ʘʥʪʠʛʝʥʦʚ VP1. 

ʈʘʥʥʷʷ ʤʦʥʦʚʘʣʝʥʪʥʘʷ ʬʦʨʤʫʣʘ ʚʘʢʮʠʥʳ, ʵʢʩʧʨʝʩʩʠʨʫʶʱʘʷ ʘʥʪʠʛʝʥ 

VP1 ʰʪʘʤʤʘ GI.1 NV (VXA-G1.1-NN), ʙʳʣʘ ʠʟʫʯʝʥʘ ʚ ʭʦʜʝ ʢʣʠʥʠʯʝʩʢʦʛʦ 

ʠʩʧʳʪʘʥʠʷ ʬʘʟʳ I. ʐʝʩʪʴʜʝʩʷʪ ʰʝʩʪʴ ʚʟʨʦʩʣʳʭ ʫʯʘʩʪʥʠʢʦʚ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʨʠʪʝʨʠʷʤ ʚʢʣʶʯʝʥʠʷ/ʠʩʢʣʶʯʝʥʠʷ, ʙʳʣʠ 

ʨʘʥʜʦʤʠʟʠʨʦʚʘʥʳ ʚ ʩʦʦʪʥʦʰʝʥʠʠ 2:1 ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʦʜʥʦʢʨʘʪʥʦʡ ʜʦʟʳ 

ʚʘʢʮʠʥʳ ʠʣʠ ʧʣʘʮʝʙʦ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʀʤʤʫʥʦʛʝʥʥʦʩʪʴ ʦʮʝʥʠʚʘʣʘʩʴ ʚ 

ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʧʦ ʩʳʚʦʨʦʪʦʯʥʦʤʫ BT50. ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 
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ʚʢʣʶʯʘʣʠ ʪʠʪʨʳ ʩʳʚʦʨʦʪʦʯʥʳʭ ʘʥʪʠʪʝʣ ʚ ʀʌɸ, ʪʠʪʨʳ ʘʥʪʠʪʝʣ ʚ ʬʝʢʘʣʠʷʭ 

ʠ ʩʣʶʥʝ, ʯʘʩʪʦʪʫ ʢʣʝʪʦʢ ʧʘʤʷʪʠ ʠ ʢʣʝʪʦʢ, ʩʝʢʨʝʪʠʨʫʶʱʠʭ ʘʥʪʠʪʝʣʘ (ASC), 

ʘ ʪʘʢʞʝ ʬʝʥʦʪʠʧʠʨʦʚʘʥʠʝ ɺ-ʢʣʝʪʦʢ. ɺʘʢʮʠʥʘ ʭʦʨʦʰʦ ʧʝʨʝʥʦʩʠʣʘʩʴ, ʙʝʟ 

ʪʦʢʩʠʯʝʩʢʠʭ ʵʬʬʝʢʪʦʚ, ʦʛʨʘʥʠʯʠʚʘʶʱʠʭ ʜʦʟʫ. ʇʦʙʦʯʥʳʝ ʵʬʬʝʢʪʳ ʙʳʣʠ 

ʣʸʛʢʠʤʠ ʠʣʠ ʫʤʝʨʝʥʥʳʤʠ. ʇʝʨʚʠʯʥʘʷ ʠʤʤʫʥʦʣʦʛʠʯʝʩʢʘʷ ʢʦʥʝʯʥʘʷ ʪʦʯʢʘ 

(ʧʦʚʳʰʝʥʠʝ ʪʠʪʨʦʚ BT50) ʙʳʣʘ ʜʦʩʪʠʛʥʫʪʘ ʚ ʛʨʫʧʧʝ ʩ ʚʳʩʦʢʦʡ ʜʦʟʦʡ (P = 

0,0003), ʧʨʠʯʸʤ ʫ 78% ʥʘʙʣʶʜʘʣʦʩʴ Ó2-ʢʨʘʪʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʪʠʪʨʦʚ ʧʦʩʣʝ 

ʦʜʥʦʢʨʘʪʥʦʡ ʠʤʤʫʥʠʟʘʮʠʠ. ʋ ʨʝʮʠʧʠʝʥʪʦʚ ʚʘʢʮʠʥʳ ʚ ʩʣʠʟʠʩʪʦʡ ʦʙʦʣʦʯʢʝ 

ʪʘʢʞʝ ʬʦʨʤʠʨʦʚʘʣʠʩʴ VP1-ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʮʠʨʢʫʣʠʨʫʶʱʠʝ ASC, IgA+ ɺ-

ʢʣʝʪʢʠ ʧʘʤʷʪʠ, ʵʢʩʧʨʝʩʩʠʨʫʶʱʠʝ ʨʝʮʝʧʪʦʨ ʭʦʤʠʥʛʘ ʚ ʢʠʰʝʯʥʠʢʝ (Ŭ4ɓ7), ʠ 

ʬʝʢʘʣʴʥʳʡ IgA, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʚʳʨʘʞʝʥʥʳʡ ʣʦʢʘʣʴʥʳʡ ʦʪʚʝʪ, 

ʧʦʪʝʥʮʠʘʣʴʥʦ ʟʥʘʯʠʤʳʡ ʜʣʷ ʧʨʦʬʠʣʘʢʪʠʢʠ ʥʦʨʦʚʠʨʫʩʥʦʡ ʠʥʬʝʢʮʠʠ. ʕʪʘ 

ʧʝʨʦʨʘʣʴʥʘʷ ʚʘʢʮʠʥʘ ʧʨʦʪʠʚ ʥʦʨʦʚʠʨʫʩʘ ʭʦʨʦʰʦ ʧʝʨʝʥʦʩʠʣʘʩʴ ʠ ʚʳʟʳʚʘʣʘ 

ʚʳʨʘʞʝʥʥʳʡ ʠʤʤʫʥʥʳʡ ʦʪʚʝʪ, ʚʢʣʶʯʘʷ ʩʠʩʪʝʤʥʳʝ ʠ ʤʫʢʦʟʘʣʴʥʳʝ 

ʘʥʪʠʪʝʣʘ, ʘ ʪʘʢʞʝ ʠʤʤʫʥʦʛʣʦʙʫʣʠʥʳ ʧʘʤʷʪʠ IgA/IgG. ʕʪʠ ʨʝʟʫʣʴʪʘʪʳ 

ʷʚʣʷʶʪʩʷ ʚʘʞʥʳʤ ʰʘʛʦʤ ʚʧʝʨʝʜ ʚ ʨʘʟʨʘʙʦʪʢʝ ʙʝʟʦʧʘʩʥʦʡ ʠ ʠʤʤʫʥʦʛʝʥʥʦʡ 

ʧʝʨʦʨʘʣʴʥʦʡ ʚʘʢʮʠʥʳ ʧʨʦʪʠʚ ʥʦʨʦʚʠʨʫʩʘ [Kim et al., 2018].  

ɹʳʣʦ ʧʨʦʚʝʜʝʥʦ ʢʣʠʥʠʯʝʩʢʦʝ ʠʩʧʳʪʘʥʠʝ ʵʪʦʡ ʚʘʢʮʠʥʳ ʬʘʟʳ Ib ʧʦ 

ʨʘʥʞʠʨʦʚʘʥʠʶ ʜʦʟ ʥʦʨʦʚʠʨʫʩʘ ʫ ʧʦʞʠʣʳʭ ʣʶʜʝʡ, ʚ ʢʦʪʦʨʦʤ ʠʟʫʯʘʣʦʩʴ 

ʧʝʨʦʨʘʣʴʥʦʝ ʧʨʠʤʝʥʝʥʠʝ VXA-G1.1-NN ʚ ʜʚʫʭ ʛʨʫʧʧʘʭ ʟʜʦʨʦʚʳʭ ʧʦʞʠʣʳʭ 

ʣʶʜʝʡ ʚ ʚʦʟʨʘʩʪʝ ʦʪ 55 ʜʦ 65 ʠ ʦʪ 66 ʜʦ 80 ʣʝʪ. ɺʘʢʮʠʥʫ VXA -G1.1-NN 

ʚʚʦʜʠʣʠ ʧʝʨʦʨʘʣʴʥʦ ʚ ʪʨʝʭ ʜʦʟʘʭ: ʧʝʨʚʠʯʥʘʷ ʠ ʙʫʩʪʝʨʥʘʷ ʚʘʢʮʠʥʳ ʩ 

ʠʥʪʝʨʚʘʣʦʤ ʚ 28 ʜʥʝʡ. ʀʤʤʫʥʠʟʘʮʠʷ ʭʦʨʦʰʦ ʧʝʨʝʥʦʩʠʣʘʩʴ ʥʝʟʘʚʠʩʠʤʦ ʦʪ 

ʜʦʟʳ, ʩʦʦʙʱʘʣʦʩʴ ʦ ʣʝʛʢʠʭ ʠʣʠ ʫʤʝʨʝʥʥʳʭ ʩʠʤʧʪʦʤʘʭ ʠ ʦʙ ʦʪʩʫʪʩʪʚʠʠ 

ʩʚʷʟʘʥʥʳʭ ʩʝʨʴʝʟʥʳʭ ʠʣʠ 3 ʩʪʝʧʝʥʠ ʧʦʙʦʯʥʳʭ ʵʬʬʝʢʪʦʚ. ʇʝʨʦʨʘʣʴʥʦʝ 

ʚʚʝʜʝʥʠʝ VXA-G1.1-NN ʚʳʟʳʚʘʣʦ ʚʳʨʘʙʦʪʢʫ ʩʧʝʮʠʬʠʯʥʳʭ ʢ VP1 

ʩʳʚʦʨʦʪʦʯʥʳʭ ʠʤʤʫʥʦʛʣʦʙʫʣʠʥʦʚ G (IgG) ʠ IgA, ʘ ʪʘʢʞʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʘʥʪʠʪʝʣ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʦʟʳ ʯʝʨʝʟ 28 ʜʥʝʡ ʧʦʩʣʝ ʚʘʢʮʠʥʘʮʠʠ ʠ 

ʦʩʪʘʚʘʣʦʩʴ ʚʳʰʝ ʠʩʭʦʜʥʦʛʦ ʫʨʦʚʥʷ ʚ ʪʝʯʝʥʠʝ 210 ʜʥʝʡ. ɹʦʣʝʝ ʪʦʛʦ, ʯʝʨʝʟ 1 
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ʥʝʜʝʣʶ ʧʦʩʣʝ ʚʘʢʮʠʥʘʮʠʠ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʘʢʪʠʚʥʳʝ ʮʠʨʢʫʣʠʨʫʶʱʠʝ 

ʢʣʝʪʢʠ, ʩʝʢʨʝʪʠʨʫʶʱʠʝ ʘʥʪʠʪʝʣʘ ʩʧʝʮʠʬʠʯʥʳʝ ʢ VP1 IgA, ʘ ʪʘʢʞʝ IgA+ 

ʧʣʘʟʤʦʙʣʘʩʪʳ, ʵʢʩʧʨʝʩʩʠʨʫʶʱʠʝ ʤʘʨʢʝʨ ʤʫʢʦʟʘʣʴʥʦʛʦ ʭʦʤʠʥʛʘ Ŭ4ɓ7. 

ʋʨʦʚʝʥʴ ʩʧʝʮʠʬʠʯʥʦʛʦ ʢ VP1 IgA ʫʚʝʣʠʯʠʣʩʷ ʚ ʩʣʶʥʝ ʠ ʥʦʩʦʚʦʡ ʞʠʜʢʦʩʪʠ 

ʯʝʨʝʟ 28 ʜʥʝʡ ʧʦʩʣʝ ʚʘʢʮʠʥʘʮʠʠ ʚ ʦʙʝʠʭ ʚʦʟʨʘʩʪʥʳʭ ʛʨʫʧʧʘʭ ʠ ʦʩʪʘʚʘʣʩʷ 

ʚʳʰʝ ʠʩʭʦʜʥʦʛʦ ʫʨʦʚʥʷ ʚ ʪʝʯʝʥʠʝ 210 ʜʥʝʡ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʩʪʦʡʢʦʤ 

ʦʪʚʝʪʝ ʩʣʠʟʠʩʪʦʡ ʦʙʦʣʦʯʢʠ. ɺ ʭʦʜʝ ʢʣʠʥʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʦ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʝʨʦʨʘʣʴʥʳʡ ʧʨʠʝʤ VXA-G1.1-NN ʙʝʟʦʧʘʩʝʥ, ʭʦʨʦʰʦ 

ʧʝʨʝʥʦʩʠʪʩʷ ʠ ʚʳʟʳʚʘʝʪ ʫʩʪʦʡʯʠʚʳʡ ʩʠʩʪʝʤʥʳʡ ʠ ʤʫʢʦʟʘʣʴʥʳʡ ʠʤʤʫʥʥʳʡ 

ʦʪʚʝʪ ʫ ʚʟʨʦʩʣʳʭ ʜʦ 80 ʣʝʪ.   [Flitter et. al, 2025b]. 

ʊʘʙʣʝʪʠʨʦʚʘʥʥʘʷ ʚʘʢʮʠʥʘ VXA-G1.1-NN ʧʨʦʪʠʚ ʥʦʨʦʚʠʨʫʩʘ 

ʫʩʧʝʰʥʦ ʧʨʦʰʣʘ ʬʘʟʫ 2b ʨʘʥʜʦʤʠʟʠʨʦʚʘʥʥʦʛʦ, ʜʚʦʡʥʦʛʦ ʩʣʝʧʦʛʦ, ʧʣʘʮʝʙʦ-

ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɺ ʥʝʝ ʚʢʣʶʯʠʣʠ 165 ʜʦʙʨʦʚʦʣʴʮʝʚ ʚ 

ʚʦʟʨʘʩʪʝ ʦʪ 18 ʜʦ 49 ʣʝʪ, ʢʦʪʦʨʳʭ ʨʘʥʜʦʤʠʟʠʨʦʚʘʣʠ ʚ ʜʚʝ ʛʨʫʧʧʳ: 86 

ʯʝʣʦʚʝʢ ʧʦʣʫʯʠʣʠ ʚʘʢʮʠʥʫ VXA-G1.1-NN, 79 ð ʪʘʙʣʝʪʢʫ ʧʣʘʮʝʙʦ. ʏʝʨʝʟ 

28 ʜʥʝʡ ʜʦʙʨʦʚʦʣʴʮʝʚ ʠʥʬʠʮʠʨʦʚʘʣʠ ʞʠʚʳʤ ʥʦʨʦʚʠʨʫʩʦʤ GI.1 ʠ ʟʘʪʝʤ ʚ 

ʪʝʯʝʥʠʝ 8 ʜʥʝʡ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʩʠʤʧʪʦʤʳ ʆɻʕ. ʀʤʤʫʥʦʣʦʛʠʯʝʩʢʠʝ 

ʧʘʨʘʤʝʪʨʳ (ʫʨʦʚʥʠ IgA ʠ IgG ʚ ʩʳʚʦʨʦʪʢʝ, ʩʣʶʥʝ, ʥʦʩʦʚʦʡ ʞʠʜʢʦʩʪʠ ʠ 

ʬʝʢʘʣʠʷʭ) ʠʟʤʝʨʷʣʠ ʜʦ ʚʘʢʮʠʥʘʮʠʠ, ʥʘ 28-ʡ ʜʝʥʴ ʧʦʩʣʝ ʚʘʢʮʠʥʘʮʠʠ ʠ ʯʝʨʝʟ 

29 ʜʥʝʡ ʧʦʩʣʝ ʟʘʨʘʞʝʥʠʷ. ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʢʣʶʯʘʣʠ: 

29% ʟʘʱʠʪʫ ʦʪ ʥʦʨʦʚʠʨʫʩʥʦʡ ʠʥʬʝʢʮʠʠ, ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʥʝʟʥʘʯʠʤʦʝ (21%) 

ʩʥʠʞʝʥʠʝ ʩʠʤʧʪʦʤʘʪʠʯʝʩʢʦʛʦ ʛʘʩʪʨʦʵʥʪʝʨʠʪʘ, 85% ʩʥʠʞʝʥʠʝ 

ʚʠʨʫʩʦʚʳʜʝʣʝʥʠʷ ʩʦ ʩʪʫʣʦʤ ʠ ʨʚʦʪʦʡ ʠ ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ 

ʩʳʚʦʨʦʪʦʯʥʳʭ ʠ ʤʫʢʦʟʘʣʴʥʳʭ ʘʥʪʠʪʝʣ (ʚ ʩʳʚʦʨʦʪʢʝ ʢʨʦʚʠ, ʩʣʶʥʝ, 

ʥʘʟʘʣʴʥʦʡ ʞʠʜʢʦʩʪʠ ʠ ʬʝʢʘʣʠʷʭ), ʩʧʝʮʠʬʠʯʥʳʭ ʢ ʥʦʨʦʚʠʨʫʩʫ VP1, ʘ ʪʘʢʞʝ 

ʢʣʝʪʦʢ, ʩʝʢʨʝʪʠʨʫʶʱʠʭ ʘʥʪʠʪʝʣʘ. ʋʯʠʪʳʚʘʷ, ʯʪʦ ʠ ʚʘʢʮʠʥʘ VXA-GI.1-NN, 

ʠ ʢʦʥʪʨʦʣʴʥʳʡ ʚʠʨʫʩ ʩʦʜʝʨʞʘʪ ʦʜʠʥ ʠ ʪʦʪ ʞʝ ʛʝʥ VP1 ʚʠʨʫʩʘ GI.1, 

ʥʘʙʣʶʜʘʝʤʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚʘʢʮʠʥʳ, 29% ʧʨʦʪʠʚ ʠʥʬʝʢʮʠʠ ʠ 21% 

ʧʨʦʪʠʚ ʛʘʩʪʨʦʵʥʪʝʨʠʪʘ, ʙʳʣʘ ʥʠʟʢʦʡ. ʊʝʤ ʥʝ ʤʝʥʝʝ, 85%-ʥʦʝ ʩʥʠʞʝʥʠʝ 
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ʚʠʨʫʩʦʚʳʜʝʣʝʥʠʷ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʯʘʪʝʣʴʥʳʤ ʨʝʟʫʣʴʪʘʪʦʤ, 

ʧʨʝʜʧʦʣʘʛʘʶʱʠʤ, ʯʪʦ ʚʘʢʮʠʥʘ ʤʦʞʝʪ ʠʛʨʘʪʴ ʟʥʘʯʠʤʫʶ ʨʦʣʴ ʚ ʦʛʨʘʥʠʯʝʥʠʠ 

ʧʝʨʝʜʘʯʠ ʥʦʨʦʚʠʨʫʩʘ. ʅʘʠʙʦʣʝʝ ʥʘʜʝʞʥʳʤʠ ʢʦʨʨʝʣʷʪʘʤʠ ʟʘʱʠʪʳ 

ʦʢʘʟʘʣʠʩʴ ʫʨʦʚʥʠ ʬʝʢʘʣʴʥʦʛʦ IgA ʠ ʙʣʦʢʠʨʫʶʱʠʭ ʥʦʨʦʚʠʨʫʩ ʘʥʪʠʪʝʣ. ʕʪʠ 

ʨʝʟʫʣʴʪʘʪʳ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʧʦʪʝʥʮʠʘʣ VXA-G1.1-NN ʢʘʢ ʙʝʟʦʧʘʩʥʦʡ ʠ 

ʵʬʬʝʢʪʠʚʥʦʡ ʧʝʨʦʨʘʣʴʥʦʡ ʚʘʢʮʠʥʳ ʧʨʦʪʠʚ ʥʦʨʦʚʠʨʫʩʘ ʠ ʨʘʩʢʨʳʚʘʶʪ 

ʚʘʞʥʝʡʰʠʝ ʠʤʤʫʥʦʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ, ʣʝʞʘʱʠʝ ʚ ʦʩʥʦʚʝ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʘʢʮʠʥʳ [Flitter et. al, 2025a] 

ɼʘʥʥʘʷ ʚʘʢʮʠʥʘ ʙʳʣʘ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʘ ʧʫʪʝʤ ʜʦʧʦʣʥʝʥʠʷ 

ʘʜʝʥʦʚʠʨʫʩʥʳʤ ʚʝʢʪʦʨʦʤ, ʵʢʩʧʨʝʩʩʠʨʫʶʱʠʤ ʛʝʥʳ VP1 ʥʦʨʦʚʠʨʫʩʘ 

ʛʝʥʦʪʠʧʘ GII .4 (ʚʘʨʠʘʥʪ Sydney 2012). ʈʝʟʫʣʴʪʘʪʳ ʥʝʜʘʚʥʝʛʦ ʢʣʠʥʠʯʝʩʢʦʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʘʟʳ 1 (ʠʜʝʥʪʠʬʠʢʘʪʦʨ ClinicalTrials.gov: NCT05626803) 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʥʦʚʘʷ ʜʚʫʭʚʘʣʝʥʪʥʘʷ ʚʘʢʮʠʥʘ ʠʥʜʫʮʠʨʦʚʘʣʘ ʟʥʘʯʠʪʝʣʴʥʦ 

ʙʦʣʝʝ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʘʥʪʠʪʝʣ, ʙʣʦʢʠʨʫʶʱʠʭ ʥʦʨʦʚʠʨʫʩ: ʫʚʝʣʠʯʝʥʠʝ ʥʘ 

141% ʜʣʷ GI.1 ʠ ʥʘ 94% ʜʣʷ GII.4 ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʚʫʤʷ ʢʦʥʩʪʨʫʢʮʠʷʤʠ 

ʧʝʨʚʦʛʦ ʧʦʢʦʣʝʥʠʷ (VXA-G1.1-NN ʠ VXA-G2.4-NS, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ʕʪʠ 

ʨʝʟʫʣʴʪʘʪʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʫʣʫʯʰʝʥʠʷ ʟʘʱʠʪʳ ʦʪ 

ʥʦʨʦʚʠʨʫʩʥʦʡ ʠʥʬʝʢʮʠʠ [Tan, 2025]. 

 

ɺʘʢʮʠʥʳ ʥʘ ʩʪʘʜʠʠ ʢʣʠʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ (ʚʘʢʮʠʥʳ-

ʢʘʥʜʠʜʘʪʳ ʥʘ ʦʩʥʦʚʝ ʤʘʪʨʠʯʥʦʡ ʈʅʂ). ʊʝʭʥʦʣʦʛʠʷ LNP (ʣʠʧʠʜʥʳʝ 

ʥʘʥʦʯʘʩʪʠʮʳ) ð ʵʪʦ ʤʝʪʦʜ ʜʦʩʪʘʚʢʠ ʥʫʢʣʝʠʥʦʚʳʭ ʢʠʩʣʦʪ (ʪʘʢʠʭ ʢʘʢ ʤʈʅʂ 

ʠ siʈʅʂ) ʚ ʢʣʝʪʢʠ, ʢʦʪʦʨʳʡ ʟʘʱʠʱʘʝʪ ʠʭ ʦʪ ʨʘʟʨʫʰʝʥʠʷ ʚ ʦʨʛʘʥʠʟʤʝ ʠ 

ʧʦʤʦʛʘʝʪ ʥʘʧʨʘʚʠʪʴ ʚ ʥʫʞʥʳʝ ʪʢʘʥʠ. ʕʪʘ ʪʝʭʥʦʣʦʛʠʷ ʠʩʧʦʣʴʟʫʝʪ 

ʥʘʥʦʨʘʟʤʝʨʥʳʝ ʢʘʧʩʫʣʳ ʠʟ ʣʠʧʠʜʦʚ ʜʣʷ ʠʥʢʘʧʩʫʣʠʨʦʚʘʥʠʷ ʠ ʜʦʩʪʘʚʢʠ 

ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʭ ʤʦʣʝʢʫʣ, ʧʨʝʦʜʦʣʝʚʘʷ ʩʣʦʞʥʦʩʪʠ ʜʦʩʪʘʚʢʠ 

ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʥʳʭ ʧʨʝʧʘʨʘʪʦʚ. ɺʘʢʮʠʥʳ ʤʈʅʂ-LNP, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ 

ʥʫʢʣʝʦʟʠʜʘʤʠ, ʧʨʦʠʟʚʝʣʠ ʨʝʚʦʣʶʮʠʶ ʚ ʨʘʟʨʘʙʦʪʢʝ ʚʘʢʮʠʥ ʧʨʦʪʠʚ 
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ʠʥʬʝʢʮʠʦʥʥʳʭ ʧʘʪʦʛʝʥʦʚ ʙʣʘʛʦʜʘʨʷ ʩʚʦʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʚʳʟʳʚʘʪʴ ʤʦʱʥʳʡ 

ʛʫʤʦʨʘʣʴʥʳʡ ʠ ʢʣʝʪʦʯʥʳʡ ʠʤʤʫʥʥʳʡ ʦʪʚʝʪ.  

ɺ ʩʪʘʪʴʝ Atochina-Vasserman E.N. ʠ ʩʦʘʚʪ. (2024) ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʝʨʚʦʡ ʚʘʢʮʠʥʳ-ʢʘʥʜʠʜʘʪʘ ʧʨʦʪʠʚ ʥʦʨʦʚʠʨʫʩʘ, 

ʩʦʟʜʘʥʥʦʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʭʥʦʣʦʛʠʠ ʤʈʅʂ-LNP. ɹʠʚʘʣʝʥʪʥʘʷ ʚʘʢʮʠʥʘ 

ʤʈʅʂ-LNP, ʢʦʜʠʨʫʶʱʘʷ ʦʩʥʦʚʥʦʡ ʢʘʧʩʠʜʥʳʡ ʙʝʣʦʢ VP1 ʠʟ GI.1 ʠ GII.4 

ʥʦʨʦʚʠʨʫʩʘ ʯʝʣʦʚʝʢʘ, ʛʝʥʝʨʠʨʦʚʘʣʘ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʥʝʡʪʨʘʣʠʟʫʶʱʠʭ 

ʘʥʪʠʪʝʣ, ʫʩʪʦʡʯʠʚʳʡ ʢʣʝʪʦʯʥʳʡ ʦʪʚʝʪ ʠ ʵʬʬʝʢʪʠʚʥʦ ʟʘʱʠʱʘʣʘ ʵʥʪʝʨʦʠʜʳ 

ʯʝʣʦʚʝʢʘ ʦʪ ʠʥʬʝʢʮʠʠ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʛʝʥʦʪʠʧʦʤ (GII.4). ʕʪʠ 

ʨʝʟʫʣʴʪʘʪʳ ʩʣʫʞʘʪ ʧʦʜʪʚʝʨʞʜʝʥʠʝʤ ʢʦʥʮʝʧʮʠʠ, ʜʝʤʦʥʩʪʨʠʨʫʷ, ʯʪʦ 

ʚʘʢʮʠʥʘ ʤʈʅʂ-LNP, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʘʷ ʥʫʢʣʝʦʟʠʜʘʤʠ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʭ VP1 ʥʦʨʦʚʠʨʫʩʘ, ʤʦʞʝʪ ʩʪʠʤʫʣʠʨʦʚʘʪʴ 

ʠʤʤʫʥʦʛʝʥʥʳʡ ʦʪʚʝʪ in vivo ʠ ʛʝʥʝʨʠʨʦʚʘʪʴ ʥʝʡʪʨʘʣʠʟʫʶʱʠʝ ʘʥʪʠʪʝʣʘ, 

ʩʧʦʩʦʙʥʳʝ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʚʠʨʫʩʥʫʶ ʠʥʬʝʢʮʠʶ ʚ ʤʦʜʝʣʷʭ ʞʝʣʫʜʦʯʥʦ-

ʢʠʰʝʯʥʦʛʦ ʪʨʘʢʪʘ ʯʝʣʦʚʝʢʘ [Atochina-Vasserman et al., 2024]. 

ʂʦʤʧʘʥʠʷ Moderna Inc. ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʭʥʦʣʦʛʠʠ ʤʈʅʂ-LNP 

ʨʘʟʨʘʙʦʪʘʣʘ ʪʨʸʭʚʘʣʝʥʪʥʫʶ ʚʘʢʮʠʥʫ ʧʨʦʪʠʚ ʥʦʨʦʚʠʨʫʩʘ, ʥʘʟʚʘʥʥʫʶ 

mRNA-1403, ʢʦʪʦʨʘʷ ʢʦʜʠʨʫʝʪ ʙʝʣʢʠ VP1 ʪʨʸʭ ʛʝʥʦʪʠʧʦʚ ʥʦʨʦʚʠʨʫʩʘ: 

GI.3, GII.3 ʠ GII.4. ɹʳʣʦ ʧʨʦʚʝʜʝʥʦ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʝ ʢʣʠʥʠʯʝʩʢʦʝ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʬʘʟʳ 1 ʠ 2 ʩʨʝʜʠ ʤʦʣʦʜʳʭ ʣʶʜʝʡ (ʚ ʚʦʟʨʘʩʪʝ 18ï49 ʣʝʪ) ʠ 

ʧʦʞʠʣʳʭ ʣʶʜʝʡ (ʚ ʚʦʟʨʘʩʪʝ 60ï80 ʣʝʪ) (ʠʜʝʥʪʠʬʠʢʘʪʦʨ ClinicalTrials.gov: 

NCT05992935), ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʚʰʝʝ ʭʦʨʦʰʫʶ ʙʝʟʦʧʘʩʥʦʩʪʴ ʠ 

ʧʝʨʝʥʦʩʠʤʦʩʪʴ. ʆʜʥʦʢʨʘʪʥʦʝ ʚʥʫʪʨʠʤʳʰʝʯʥʦʝ ʚʚʝʜʝʥʠʝ ʚʘʢʮʠʥʳ ʚʳʟʚʘʣʦ 

ʧʦʷʚʣʝʥʠʝ ʩʠʣʴʥʳʭ ʩʳʚʦʨʦʪʦʯʥʳʭ ʘʥʪʠʪʝʣ, ʙʣʦʢʠʨʫʶʱʠʭ HBGA, ʠ 

ʘʥʪʠʪʝʣ, ʩʚʷʟʳʚʘʶʱʠʭ ʚʠʨʫʩʦʧʦʜʦʙʥʳʝ ʯʘʩʪʠʮʳ ʥʦʨʦʚʠʨʫʩʘ, 

ʩʧʝʮʠʬʠʯʥʳʭ ʢʦ ʚʩʝʤ ʪʨʸʤ ʮʝʣʝʚʳʤ ʛʝʥʦʪʠʧʘʤ ʚ ʦʙʝʠʭ ʚʦʟʨʘʩʪʥʳʭ 

ʛʨʫʧʧʘʭ [Tan, 2025] 

ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʵʪʦʤ ʧʨʦʛʨʝʩʩʝ, ʢʦʤʧʘʥʠʷ Moderna ʠʥʠʮʠʠʨʦʚʘʣʘ 

ʤʥʦʛʦʮʝʥʪʨʦʚʦʝ, ʦʧʦʨʥʦʝ ʢʣʠʥʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʬʘʟʳ 3, ʧʦʣʫʯʠʚʰʝʝ 
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ʥʘʟʚʘʥʠʝ Nova 301 (ʠʜʝʥʪʠʬʠʢʘʪʦʨ ClinicalTrials.gov: NCT06592794), ʜʣʷ 

ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʠʤʤʫʥʦʛʝʥʥʦʩʪʠ ʚʘʢʮʠʥʳ ʤʈʅʂ-

1403 [Moderna Announcesé, 2024]. ɺ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʣʘʥʠʨʫʝʪʩʷ ʚʢʣʶʯʠʪʴ 

ʦʢʦʣʦ 25 000 ʫʯʘʩʪʥʠʢʦʚ ʧʦ ʚʩʝʤʫ ʤʠʨʫ, ʚʢʣʶʯʘʷ 5 000 ʯʝʣʦʚʝʢ ʚ ʚʦʟʨʘʩʪʝ 

ʦʪ 18 ʜʦ 59 ʣʝʪ ʠ 20 000 ʯʝʣʦʚʝʢ ʚ ʚʦʟʨʘʩʪʝ 60 ʣʝʪ ʠ ʩʪʘʨʰʝ, ʢʦʪʦʨʳʝ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʛʨʫʧʧʫ ʥʘʩʝʣʝʥʠʷ ʩ ʥʘʠʙʦʣʴʰʠʤ ʨʠʩʢʦʤ ʪʷʞʝʣʳʭ 

ʠʩʭʦʜʦʚ ʟʘʙʦʣʝʚʘʥʠʷ, ʪʘʢʠʭ ʢʘʢ ʛʦʩʧʠʪʘʣʠʟʘʮʠʷ ʠ ʩʤʝʨʪʴ. ʆʞʠʜʘʝʪʩʷ, ʯʪʦ 

ʵʪʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʙʫʜʝʪ ʟʘʚʝʨʰʝʥʦ ʢ ʤʘʶ 2027 ʛʦʜʘ. ʈʝʟʫʣʴʪʘʪʳ ʵʪʦʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʝʜʦʩʪʘʚʷʪ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦʙ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʦʜʭʦʜʘ ʢ ʚʘʢʮʠʥʘʮʠʠ ʧʨʦʪʠʚ ʥʦʨʦʚʠʨʫʩʘ, ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ 

ʤʈʅʂ, ʦʩʦʙʝʥʥʦ ʜʣʷ ʟʘʱʠʪʳ ʧʦʞʠʣʳʭ ʣʶʜʝʡ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʢʣʶʯʝʚʦʡ 

ʫʷʟʚʠʤʦʡ ʛʨʫʧʧʦʡ ʥʘʩʝʣʝʥʠʷ ʢ ʥʦʨʦʚʠʨʫʩʥʦʡ ʠʥʬʝʢʮʠʠ [Tan, 2025].  

 

ɺʘʢʮʠʥʳ-ʢʘʥʜʠʜʘʪʳ ʥʘ ʜʦʢʣʠʥʠʯʝʩʢʠʭ ʩʪʘʜʠʷʭ. 

ʀʥʪʨʘʥʘʟʘʣʴʥʘʷ ʜʚʫʭʚʘʣʝʥʪʥʘʷ ʚʘʢʮʠʥʘ, ʩʦʜʝʨʞʘʱʘʷ VLP GI.1 ʠ GII.4. 

ɹʳʣʘ ʧʨʝʜʣʦʞʝʥʘ ʚʘʢʮʠʥʘ-ʢʘʥʜʠʜʘʪ, ʩʦʜʝʨʞʘʱʘ ̫ VLP GI.1/GII.4 ʚ ʚʠʜʝ 

ʧʦʨʦʰʢʘ ʜʣʷ ʠʥʪʨʘʥʘʟʘʣʴʥʦʛʦ ʚʚʝʜʝʥʠʷ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʣʦ ʙʦʣʝʝ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʝ ʧʨʠʩʫʪʩʪʚʠʝ ʚʘʢʮʠʥʳ ʚ ʥʦʩʦʚʳʭ ʭʦʜʘʭ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʞʠʜʢʠʤ ʧʨʝʧʘʨʘʪʦʤ (ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʝ ʤʫʢʦʮʠʣʠʘʨʥʦʤʫ ʢʣʠʨʝʥʩʫ). ʕʪʘ 

ʬʦʨʤʫʣʘ ʦʢʘʟʘʣʘʩʴ ʠʤʤʫʥʦʛʝʥʥʦʡ ʜʣʷ ʤʦʨʩʢʠʭ ʩʚʠʥʦʢ ʫʞʝ ʚ ʜʦʟʝ 15 ʤʢʛ 

ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʜʲʶʚʘʥʪʘ, ʦʙʝʩʧʝʯʠʚʘʣʘ ʙʫʩʪʝʨ-ʵʬʬʝʢʪ ʧʦʩʣʝ 

ʧʦʚʪʦʨʥʦʛʦ ʚʚʝʜʝʥʠʷ ʠ ʩʪʘʣʘ ʦʩʥʦʚʦʡ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʜʚʫʭʚʘʣʝʥʪʥʦʡ 

ʚʘʢʮʠʥʳ GelVac
TM

 [Springer et al., 2016]. 

ʇʦʣʠʚʘʣʝʥʪʥʘʷ ʚʘʢʮʠʥʘ, ʩʦʜʝʨʞʘʱʘʷ VLP ʥʦʨʦʚʠʨʫʩʦʚ GI.1, GI.3, 

GII.12 ʠ GII.4 (ʚʘʨʠʘʥʪʳ 1999, New Orlean2009. Sydney 2012) ʚʳʟʳʚʘʣʘ 

ʦʙʨʘʟʦʚʘʥʠʝ ʩʳʚʦʨʦʪʦʯʥʳʭ IgG, ʘʥʪʠʪʝʣ, ʙʣʦʢʠʨʫʶʱʠʭ ʩʚʷʟʳʚʘʥʠʝ ʩ 

ʨʝʮʝʧʪʦʨʘʤʠ ʠ ʊ-ʢʣʝʪʦʯʥʳʡ ʠʤʤʫʥʥʳʡ ʦʪʚʝʪ, ɸʥʪʠʛʝʥʥʳʝ ʜʝʪʝʨʤʠʥʘʥʪʳ, 

ʚʳʟʳʚʘʶʱʠʝ ʠʤʫʥʥʳʡ ʦʪʚʝʪ, ʣʦʢʘʣʠʟʦʚʘʥʳ ʢʘʢ ʥʘ ʚʘʨʠʘʙʝʣʴʥʳʭ, ʪʘʢ ʠ ʥʘ 

ʢʦʥʩʝʨʚʘʪʠʚʥʳʭ ʫʯʘʩʪʢʘʭ ʢʘʧʩʠʜʥʦʛʦ ʙʝʣʢʘ VP1 [Malm et al., 2016b]. 
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ʊʨʝʭʚʘʣʝʥʪʥʘʷ ʚʘʢʮʠʥʘ, ʚʢʣʶʯʘʶʱʘʷ ʥʦʨʦʚʠʨʫʩʳ ʛʝʥʦʪʠʧʦʚ GII.4 ʠ 

GI.3 ʠ ʨʦʪʘʚʠʨʫʩ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʛʨʫʧʧʦʡ ʫʯʝʥʳʭ ʠʟ ɺʘʢʮʠʥʥʦʛʦ 

ʀʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʮʝʥʪʨʘ ʋʥʠʚʝʨʩʠʪʝʪʘ ʊʘʤʧʝʨʝ, ʌʠʥʣʷʥʜʠʷ, ʧʨʠ 

ʩʧʦʥʩʠʨʦʚʘʥʠʠ ʢʦʤʧʘʥʠʝʡ UMN Pharma Inc., ʗʧʦʥʠʷ. ʎʝʣʴʶ ʷʚʣʷʝʪʩʷ 

ʟʘʱʠʪʘ ʢʘʢ ʦʪ ʥʦʨʦʚʠʨʫʩʥʦʡ, ʪʘʢ ʠ ʦʪ ʨʦʪʘʚʠʨʫʩʥʦʡ ʠʥʬʝʢʮʠʠ ʧʫʪʝʤ 

ʠʤʤʫʥʠʟʘʮʠʠ ʚʠʨʫʩʦʧʦʜʦʙʥʳʤʠ ʯʘʩʪʠʮʘʤʠ, ʩʦʜʝʨʞʘʱʠʤʠ ʙʝʣʢʠ 

ʥʦʨʦʚʠʨʫʩʦʚ GII.4 ʠ GI.3 ʠ ʨʦʪʘʚʠʨʫʩʥʳʤ ʨʝʢʦʤʙʠʥʘʥʪʥʳʤ ʙʝʣʢʦʤ VP6, 

ʷʚʣʷʶʱʠʤʩʷ ʥʘʠʙʦʣʝʝ ʢʦʥʩʝʨʘʚʘʪʠʚʥʳʤ. In vitro ʠ ʥʘ ʤʦʜʝʣʠ ʤʳʰʝʡ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʥʘʥʦʪʨʫʙʢʠ, ʦʙʨʘʟʦʚʘʥʥʳʝ ʨʝʢʦʤʙʠʥʘʥʪʥʳʤ VP6 

ʨʦʪʘʚʠʨʫʩʘ, ʧʦʚʳʰʘʶʪ ʠʤʤʫʥʦʛʝʥʥʦʩʪʴ ʚʘʢʮʠʥʳ ʠ ʜʝʡʩʪʚʫʪʁ ʢʘʢ ʩʨʝʜʩʪʚʦ 

ʜʦʩʪʘʚʢʠ, ʩʧʦʩʦʙʩʪʚʫʶʱʝʝ ʧʦʛʣʦʱʝʥʠʶ VLP ʥʦʨʦʚʠʨʫʩʘ 

ʘʥʪʠʛʝʥʧʨʝʟʝʥʪʠʨʫʶʱʠʤʠ ʢʣʝʪʢʘʤʠ [Malm et al., 2016a]. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʤʳʰʘʭ ʣʠʥʠʠ BALB/c ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʚʘʢʮʠʥʘ-ʢʘʥʜʠʜʘʪ ʚʳʟʳʚʘʝʪ ʚʳʨʘʞʝʥʥʳʡ ʠʤʤʫʥʥʳʡ ʦʪʚʝʪ ʧʨʦʪʠʚ ʦʙʦʠʭ 

ʚʠʨʫʩʦʚ. ʂʦʤʧʦʥʝʥʪʳ ʚʘʢʮʠʥʳ ʚʚʦʜʠʣʠ ʚʥʫʪʨʠʤʳʰʝʯʥʦ ʤʳʰʘʤ BALB/c 

ʣʠʙʦ ʦʪʜʝʣʴʥʦ, ʣʠʙʦ ʚ ʪʨʝʭʚʘʣʝʥʪʥʦʡ ʢʦʤʙʠʥʘʮʠʠ. ɹʳʣʘ ʧʦʢʘʟʘʥʘ 

ʚʳʨʘʙʦʪʢʘ ʢʣʝʪʦʯʥʦ-ʦʧʦʩʨʝʜʦʚʘʥʥʦʛʦ ʠʤʤʫʥʠʪʝʪʘ ʧʨʦʪʠʚ ʦʙʦʠʭ ʚʠʨʫʩʦʚ, 

ʧʝʨʝʢʨʝʩʪʥʦ-ʨʝʘʛʠʨʫʶʱʠʭ ʘʥʪʠʥʦʨʦʚʠʨʫʩʥʳʭ IgG ʧʨʦʪʠʚ ʛʝʥʦʪʠʧʦʚ GI ʠ 

GII, ʥʝ ʚʢʣʶʯʝʥʥʳʭ ʚ ʚʘʢʮʠʥʫ (GI.1, GII.4 ʚʘʨʠʘʥʪ New Orlean2009, 

GII.12), ʘ ʪʘʢʞʝ ʤʫʢʦʟʘʣʴʥʳʭ ʘʥʪʠʪʝʣ, ʩʧʦʩʦʙʥʳʭ ʠʥʛʠʙʠʨʦʚʘʪʴ 

ʠʥʬʝʢʮʠʦʥʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʨʘʟʥʳʭ ʪʠʧʦʚ ʨʦʪʘʚʠʨʫʩʘ in vitro. ʅɺ-

ʩʧʝʮʠʬʠʯʥʳʝ ʩʳʚʦʨʦʪʦʯʥʳʝ ʘʥʪʠʪʝʣʘ ʙʣʦʢʠʨʦʚʘʣʠ ʩʚʷʟʳʚʘʥʠʝ 

ʛʦʤʦʣʦʛʠʯʥʳʭ ʠ ʛʝʪʝʨʦʣʦʛʠʯʥʳʭ VLP ʩ ʧʨʝʜʧʦʣʘʛʘʝʤʳʤʠ ʨʝʮʝʧʪʦʨʘʤʠ, 

ʘʥʪʠʛʝʥʘʤʠ HBGA, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʰʠʨʦʢʦʡ ʥʝʡʪʨʘʣʠʟʫʶʱʝʡ 

ʘʢʪʠʚʥʦʩʪʠ ʩʳʚʦʨʦʪʦʢ. ʊʠʪʨʳ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʘʥʪʠʪʝʣ ʦʩʪʘʚʘʣʠʩʴ ʥʘ 

ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ ʚ ʪʝʯʝʥʠʝ 6 ʤʝʩʷʮʝʚ. ɺʟʘʠʤʥʦʛʦ ʠʥʛʠʙʠʨʦʚʘʥʠʷ 

(ʠʥʪʝʨʬʝʨʝʥʮʠʠ) ʢʦʤʧʦʥʝʥʪʦʚ ʪʨʝʭʚʘʣʝʥʪʥʦʡ ʚʘʢʮʠʥʳ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ. 

ʂʦʤʙʠʥʘʮʠʷ ʪʨʝʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠʥʜʫʮʠʨʦʚʘʣʘ ʙʦʣʝʝ ʰʠʨʦʢʦ ʧʝʨʝʢʨʝʩʪʥʦ-

ʨʝʘʛʠʨʫʶʱʠʡ ʠ ʧʦʪʝʥʮʠʘʣʴʥʦ ʥʝʡʪʨʘʣʠʟʫʶʱʠʡ ʠʤʤʫʥʥʳʡ ʦʪʚʝʪ, ʯʝʤ 
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ʢʘʞʜʳʡ ʢʦʤʧʦʥʝʥʪ ʚ ʦʪʜʝʣʴʥʦʩʪʠ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʪʨʝʭʚʘʣʝʥʪʥʘʷ ʚʘʢʮʠʥʘ 

ʤʦʞʝʪ ʠʥʜʫʮʠʨʦʚʘʪʴ ʟʘʱʠʪʥʳʝ ʠʤʤʫʥʥʳʝ ʦʪʚʝʪʳ ʥʘ ʧʦʜʘʚʣʷʶʱʝʝ 

ʙʦʣʴʰʠʥʩʪʚʦ ʮʠʨʢʫʣʠʨʫʶʱʠʭ ʛʝʥʦʪʠʧʦʚ ʥʦʨʦʚʠʨʫʩʦʚ ʠ ʨʦʪʘʚʠʨʫʩʦʚ 

[Malm et al., 2016a; Tamminen et al., 2013]. 

ʉʣʝʜʫʶʱʝʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʦʮʝʥʠʣʦ ʵʬʬʝʢʪ ʜʦʙʘʚʣʝʥʠʷ ʚ ʩʦʩʪʘʚ 

ʚʘʢʮʠʥʳ ʚʠʨʫʩʦʧʦʜʦʙʥʳʭ ʯʘʩʪʠʮ ʚʠʨʫʩʘ ʂʦʢʩʘʢʠ B1 (CVB1). ɺʢʣʶʯʝʥʠʝ 

CVB1 VLP ʥʝ ʧʨʝʧʷʪʩʪʚʦʚʘʣʦ ʚʳʨʘʙʦʪʢʝ ʘʥʪʠʪʝʣ, ʩʧʝʮʠʬʠʯʥʳʭ ʜʣʷ 

ʥʦʨʦʚʠʨʫʩʘ ʠ ʨʦʪʘʚʠʨʫʩʘ, ʠ ʛʝʥʝʨʠʨʦʚʘʣʦ ʚʳʨʘʙʦʪʢʫ ʘʥʪʠʪʝʣ ʜʣʷ CVB1, 

ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʜʦʙʘʚʣʝʥʠ ̫ ʵʪʦʛʦ ʘʥʪʠʛʝʥʘ ʚ ʚʘʢʮʠʥʫ-

ʢʘʥʜʠʜʘʪ [Heinimaki et al., 2019]. ʕʪʠ ʨʝʟʫʣʴʪʘʪʳ ʪʘʢʞʝ ʧʦʜʪʚʝʨʜʠʣʠ 

ʧʦʣʫʯʝʥʥʳʝ ʨʘʥʝʝ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʪʦʛʦ, ʯʪʦ ʙʝʣʦʢ ʨʦʪʘʚʠʨʫʩʘ VP6 

ʜʝʡʩʪʚʫʝʪ ʢʘʢ ʵʬʬʝʢʪʠʚʥʳʡ ʘʜʲʶʚʘʥʪ, ʫʣʫʯʰʘʷ ʠʤʤʫʥʥʳʡ ʦʪʚʝʪ [Blazevic, 

et al., 2016; Malm et al., 2017, 2019; Cates et al., 2020].   

ɼʚʫʭʚʘʣʝʥʪʥʘʷ ʚʘʢʮʠʥʘ, ʚʢʣʶʯʘʶʱʘʷ ʥʦʨʦʚʠʨʫʩ GII.4 ʠ 

ʵʥʪʝʨʦʚʠʨʫʩ 71. ʇʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʫ  ʁ

ʠʥʮʠʜʝʥʪʥʦʩʪ ɹ ʢʘʢ ʥʦʨʦʚʠʨʫʩʦʚ, ʪʘʢ ʠ ʵʥʪʝʨʦʚʠʨʫʩʦʚ, ʘ ʪʘʢʞʝ ʨʦʩʪ 

ʧʦʢʘʟʘʪʝʣʝʡ ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ ʪʷʞʝʣʦʡ ʵʥʪʝʨʦʚʠʨʫʩʥʦʡ ʠʥʬʝʢʮʠʝʡ ʩ 

ʥʝʚʨʦʣʦʛʠʯʝʩʢʠʤʠ ʧʨʦʷʚʣʝʥʠʷʤʠ (ʷʱʫʨʦʧʦʜʦʙʥʳʡ ʩʠʥʜʨʦʤ) ʠ 

ʩʤʝʨʪʝʣʴʥʳʤ ʠʩʭʦʜʦʤ ʫ ʜʝʪʝʡ ʤʣʘʜʰʝ 5 ʣʝʪ, ʚʳʟʚʘʥʥʦʡ ʵʥʪʝʨʦʚʠʨʫʩʦʤ 71, 

ʛʨʫʧʧʘ ʫʯʝʥʳʭ ʠʟ ʀʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʮʝʥʪʨʘ ʧʦ ʚʘʢʮʠʥʘʤ ʧʨʠ ʀʥʩʪʠʪʫʪʝ 

ʇʘʩʪʝʨʘ ʚ ʐʘʥʭʘʝ (ʂʠʪʘʡ) ʨʘʟʨʘʙʦʪʘʣʘ ʜʚʫʭʚʘʣʝʥʪʥʫʶ ʚʘʢʮʠʥʫ 

ʥʦʨʦʚʠʨʫʩ/ʵʥʪʝʨʦʚʠʨʫʩ. ɼʚʫʭʢʦʤʧʦʥʝʥʪʥʫʶ ʢʦʤʙʠʥʠʨʦʚʘʥʥʫʶ ʚʘʢʮʠʥʫ, 

ʩʦʩʪʦʷʱʫʶ ʠʟ VLP GII.4 ʠ ʵʥʪʝʨʦʚʠʨʫʩʘ 71, ʧʨʦʠʟʚʦʜʠʤʳʭ ʚ 

ʙʘʢʫʣʦʚʠʨʫʩʥʦʡ ʵʢʩʧʨʝʩʩʠʨʫʶʱʝʡ ʩʠʩʪʝʤʝ ʥʘ ʢʣʝʪʢʘʭ ʥʘʩʝʢʦʤʳʭ, ʚʚʦʜʠʣʠ 

ʚʥʫʪʨʠʙʨʶʰʠʥʥʦ ʤʳʰʘʤ ʣʠʥʠʠ BALB/c  ʠ ʩʨʘʚʥʠʚʘʣʠ  ʧʦ 

ʠʤʤʫʥʦʛʝʥʥʦʩʪʠ ʩ ʤʦʥʦʚʘʣʝʥʪʥʳʤʠ VLP ʥʦʨʦʚʠʨʫʩʘ GII.4 ʠ ʵʥʪʝʨʦʚʠʨʫʩʘ 

71. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʜʚʫʭʚʘʣʝʥʪʥʘʷ ʚʘʢʮʠʥʘ ʚʳʟʳʚʘʣʘ ʜʣʠʪʝʣʴʥʳʡ 

ʘʥʪʠʪʝʣʴʥʳʡ ʦʪʚʝʪ ʢʘʢ ʢ GII.4, ʪʘʢ ʠ ʢ ʕɺ71.  ʊʠʪʨʳ ʘʥʪʠʪʝʣ ʙʳʣʠ 

ʩʦʧʦʩʪʘʚʠʤʳ ʩ ʪʘʢʦʚʳʤʠ, ʚʳʟʚʘʥʥʳʤʠ ʦʜʥʦʚʘʣʝʥʪʥʳʤʠ ʚʘʢʮʠʥʘʤʠ, ʯʪʦ 
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ʫʢʘʟʳʚʘʝʪ ʥʘ ʦʪʩʫʪʩʪʚʠʝ ʠʤʤʫʥʦʣʦʛʠʯʝʩʢʦʡ ʠʥʪʝʨʬʝʨʝʥʮʠʠ ʤʝʞʜʫ ʜʚʫʤʷ 

ʘʥʪʠʛʝʥʘʤʠ ʚ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ ʚʘʢʮʠʥʝ. ʉr ʚʦʨʦʪʢʘ ʚʘʢʮʠʥʠʨʦʚʘʥʥʳʭ 

ʤʳʰʝʡ ʤʦʛʣʘ ʵʬʬʝʢʪʠʚʥʦ ʥʝʡʪʨʘʣʠʟʦʚʘʪʴ ʠʥʬʝʢʮʠʶ ʕɺ71 ʠ ʙʣʦʢʠʨʦʚʘʪʴ 

ʩʚʷʟʳʚʘʥʠʝ GII.4-VLP ʩ ʤʫʮʠʥʦʤ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ, 

ʯʪʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʢʦʤʙʠʥʠʨʦʚʘʥʥʘʷ ʚʘʢʮʠʥʘ, ʩʦʩʪʦʷʱʘʷ ʠʟ VLP 

ʥʦʨʦʚʠʨʫʩʘ GII.4 ʠ ʵʥʪʝʨʦʚʠʨʫʩʘ 71 ʩʧʦʩʦʙʥʘ ʠʥʜʫʮʠʨʦʚʘʪʴ 

ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʳʡ ʦʪʚʝʪ ʟʘʱʠʪʥʳʭ ʘʥʪʠʪʝʣ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʚ ʧʦʣʴʟʫ 

ʜʘʣʴʥʝʡʰʠʭ ʜʦʢʣʠʥʠʯʝʩʢʠʭ ʠ ʢʣʠʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʪʘʢʦʡ 

ʜʚʫʭʚʘʣʝʥʪʥʦʡ ʚʘʢʮʠʥʳ [Wang et al., 2015]. 

ɺʘʢʮʠʥʳ ʥʘ ʦʩʥʦʚʝ P-ʯʘʩʪʠʮ. ɺʘʢʮʠʥʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʵʢʩʧʨʝʩʩʠʠ 

in vitro ʚ E.coli ʠ ʩʘʤʦʩʙʦʨʢʝ ʚʳʩʪʫʧʘʶʱʝʛʦ P- ʜʦʤʝʥʘ VP1, ʨʘʟʨʘʙʦʪʘʥʳ 

ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ ʄʝʜʠʮʠʥʩʢʦʛʦ ʮʝʥʪʨʘ ʫʥʠʚʝʨʩʠʪʝʪʘ ʚ ʎʠʥʮʠʥʥʘʪʠ 

(ʉʐɸ). P-ʜʦʤʝʥ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʩʚʷʟʳʚʘʥʠʠ ʚʠʨʫʩʘ ʩ ʨʝʮʝʧʪʦʨʘʤʠ 

ʭʦʟʷʠʥʘ ʠ ʨʘʩʧʦʟʥʘʚʘʥʠʠ ʚʠʨʠʦʥʦʚ ʘʥʪʠʪʝʣʘʤʠ. ʈ-ʯʘʩʪʠʮʳ ï 

ʵʢʪʦʵʜʨʠʯʝʩʢʠʝ ʥʘʥʦʯʘʩʪʠʮʳ, ʬʦʨʤʠʨʫʝʤʳʝ 24-ʤʷ ʢʦʧʠʷʤʠ ʈ-ʜʦʤʝʥʘ. 

ʂʘʞʜʘʷ ʢʦʧʠʷ ʥʝʩʝʪ ʪʨʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʧʝʪʣʠ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʩʦʙʦʡ 

ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʩʘʡʪʳ ʜʣʷ ʧʨʝʟʝʥʪʘʮʠʠ ʘʥʪʠʛʝʥʦʚ. ɺ ʵʪʠ ʧʝʪʣʠ ʤʦʛʫʪ ʙʳʪʴ 

ʚʩʪʨʦʝʥʳ ʢʘʢ ʢʦʨʦʪʢʠʝ ʧʝʧʪʠʜʳ, ʩʦʩʪʦʷʱʠʝ ʠʟ 7 ʘʤʠʥʦʢʠʩʣʦʪ (His tag), ʪʘʢ 

ʠ ʙʦʣʝʝ ʧʨʦʪʷʞʝʥʥʳʝ ʘʥʪʠʛʝʥʳ ʜʨʫʛʠʭ ʚʠʨʫʩʦʚ, ʥʘʧʨʠʤʝʨ ʜʦʤʝʥ VP8* 

ʨʦʪʘʚʠʨʫʩʘ, ʩʦʩʪʦʷʱʠʡ ʠʟ 159 ʘ.ʦ. [Tan et al., 2011]. P-ʯʘʩʪʠʮʳ ʷʚʣʷʶʪʩʷ 

ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʤʠ ʜʣʷ ʠʥʜʫʢʮʠʠ ʢʘʢ ʛʫʤʦʨʘʣʴʥʦʛʦ, ʪʘʢ ʠ ʢʣʝʪʦʯʥʦʛʦ 

ʠʤʤʫʥʥʦʛʦ ʦʪʚʝʪʘ. ɹʘʢʪʝʨʠʘʣʴʥʘʷ ʵʢʩʧʨʝʩʩʠʨʫʶʱʘʷ ʩʠʩʪʝʤʘ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʤʘʩʩʠʨʦʚʘʥʥʫʶ ʧʨʦʜʫʢʮʠʶ ʘʥʪʠʛʝʥʘ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʵʫʢʘʨʠʦʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʦʡ, ʠʩʧʦʣʴʟʫʝʤʦʡ ʜʣʷ ʧʦʣʫʯʝʥʠʷ VLP 

[Fang et al., 2013]. 

ʃʝʛʢʦʜʦʩʪʫʧʥʳʝ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʧʝʪʣʠ ʠ ʙʦʣʴʰʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʢ 

ʚʩʪʨʘʠʚʘʥʠʶ ʠʥʦʨʦʜʥʳʭ ʘʥʪʠʛʝʥʦʚ ʜʝʣʘʶʪ ʵʪʫ ʧʣʘʪʬʦʨʤʫ 

ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʡ ʜʣʷ ʰʠʨʦʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʚ ʨʘʟʨʘʙʦʪʢʝ ʚʘʢʮʠʥ ʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝ ʘʥʪʠʪʝʣ. P-ʯʘʩʪʠʮʳ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ ʢʘʥʜʠʜʘʪ r ʜʣʷ 
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ʤʦʥʦʥʦʨʦʚʠʨʫʩʥʦʡ ʚʘʢʮʠʥʳ, ʘ ʪʘʢʞʝ ʜʣʷ ʜʚʦʡʥʦʡ ʚʘʢʮʠʥʳ ʚ ʩʦʯʝʪʘʥʠʠ ʩ 

ʨʦʪʘʚʠʨʫʩʦʤ [Tan et al., 2011], ʚʠʨʫʩʦʤ ʛʨʠʧʧʘ [Xia  et al., 2011], ʚʠʨʫʩʦʤ 

ʛʝʧʘʪʠʪʘ ɽ [Wang et al., 2014] ʠ ʪʨʝʭʚʘʣʝʥʪʥʦʡ ʚʘʢʮʠʥʳ, ʩʦʯʝʪʘʶʱʝʡ 

ʥʦʨʦʚʠʨʫʩ, ʚʠʨʫʩ ʛʝʧʘʪʠʪʘ ɽ ʠ ʘʩʪʨʦʚʠʨʫʩ [Xia et al., 2016]. 

ʋʯʠʪʳʚʘʷ, ʯʪʦ ʩʫʙʲʝʜʠʥʠʯʥʳʝ ʙʝʣʢʦʚʳʝ ʚʘʢʮʠʥʳ ʤʦʛʫʪ 

ʪʝʦʨʝʪʠʯʝʩʢʠ ʠʥʜʫʮʠʨʦʚʘʪʴ ʩʣʘʙʳʡ ʛʫʤʦʨʘʣʴʥʳʡ ʠʤʤʫʥʥʳʡ ʦʪʚʝʪ, 

ʦʩʦʙʝʥʥʦ ʜʣʷ ʩʝʢʨʝʪʦʨʥʳʭ ʘʥʪʠʪʝʣ, ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʠʟ ʂʣʠʥʠʯʝʩʢʦʛʦ 

ʚʘʢʮʠʥʘʣʴʥʦʛʦ R&D ʮʝʥʪʨʘ ʄʝʜʠʮʠʥʩʢʦʡ ʰʢʦʣʳ ʅʘʮʠʦʥʘʣʴʥʦʛʦ 

ʫʥʠʚʝʨʩʠʪʝʪʘ ʏʦʥʥʘʤ, ʖʞʥʘʷ ʂʦʨʝʷ, ʠʟʫʯʠʣʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʢʦʤʙʠʥʘʮʠʠ 

GII.4 P-ʯʘʩʪʠʮ ʩ ʘʜʲʶʚʘʥʪʦʤ FlaB. ʕʪʦ ʙʝʣʦʢ ʬʣʘʛʝʣʣʠʥʘ ʠʟ Vibrio 

vulnificus, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʙʳʪʴ ʨʘʩʧʦʟʥʘʥ ʨʝʮʝʧʪʦʨʦʤ TLR5, ʜʝʡʩʪʚʫʝʪ ʢʘʢ 

ʤʦʱʥʳʡ ʘʜʲʶʚʘʥʪ ʜʣʷ ʤʫʢʦʟʘʣʴʥʦ ʚʚʦʜʠʤʳʭ ʚʘʢʮʠʥ. FlaB ʤʦʱʥʦ 

ʩʪʠʤʫʣʠʨʫʝʪ ʢʘʢ Th1, ʪʘʢ ʠ Th2 ʠʤʤʫʥʥʳʡ ʦʪʚʝʪ ʧʨʦʪʠʚ P-ʯʘʩʪʠʮ 

ʥʦʨʦʚʠʨʫʩʘ GII.4 ʫ ʤʳʰʝʡ BALB/c, ʠʤʤʫʥʠʟʠʨʦʚʘʥʥʳʭ ʠʥʪʨʘʥʘʟʘʣʴʥʦ ʠ 

ʩʫʙʣʠʥʛʚʘʣʴʥʦ [Verma et al., 2016]. 

ɺʠʨʫʩʥʳʝ ʯʘʩʪʠʮʳ ʥʘ ʦʩʥʦʚʝ ʈʅʂ-ʨʝʧʣʠʢʦʥʘ (VRP). ɺʘʢʮʠʥʳ-

ʢʘʥʜʠʜʘʪʳ ʦʩʥʦʚʘʥʳ ʥʘ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʠ ʨʝʢʦʤʙʠʥʘʥʪʥʦʛʦ 

ʘʪʪʝʥʫʠʨʦʚʘʥʥʦʛʦ ʥʝʧʘʪʦʛʝʥʥʦʛʦ ʜʣʷ ʯʝʣʦʚʝʢʘ ʈʅʂ-ʚʠʨʫʩʘ ʩʦ ʚʩʪʨʦʝʥʥʳʤ 

ʛʝʥʦʤ VP1 ʥʦʨʦʚʠʨʫʩʘ. ʕʪʦʪ ʨʝʢʦʤʙʠʥʘʥʪʥʳʡ ʚʠʨʫʩ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʘʢ 

ʩʠʩʪʝʤʘ ʜʦʩʪʘʚʢʠ ʜʣʷ ʚʚʝʜʝʥʠʷ ʛʝʥʘ VP1 ʚ ʵʫʢʘʨʠʦʪʠʯʝʩʢʠʝ ʢʣʝʪʢʠ, 

ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʨʝʧʣʠʮʠʨʦʚʘʪʴ ʈʅʂ-ʨʝʧʣʠʢʦʥʳ (VRP), ʘ ʪʘʢʞʝ 

ʵʢʩʧʨʝʩʩʠʨʦʚʘʪʴ ʠ ʬʦʨʤʠʨʦʚʘʪʴ VLP ʥʦʨʦʚʠʨʫʩʘ. ʊʝʦʨʝʪʠʯʝʩʢʠʝ 

ʧʨʝʠʤʫʱʝʩʪʚʘ ʵʪʦʛʦ ʧʦʜʭʦʜʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ VLP ʠʣʠ P-ʯʘʩʪʠʮʘʤʠ, 

ʷʚʣʷʶʪʩʷ ʙʦʣʝʝ ʥʠʟʢʠʝ ʠʟʜʝʨʞʢʠ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʙʦʣʝʝ ʚʳʩʦʢʠʡ ʚʳʭʦʜ ʠ 

ʙʦʣʴʰʘʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʚʳʨʘʙʦʪʢʠ ʘʥʪʠʛʝʥʘ in vivo ʧʦʩʣʝ 

ʠʥʦʢʫʣʷʮʠʠ, ʘ ʪʘʢʞʝ ʦʪʩʫʪʩʪʚʠʝ ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʘʜʲʶʚʘʥʪʝ ʜʣʷ 

ʩʪʠʤʫʣʠʨʦʚʘʥʠʷ ʩʝʨʦʢʦʥʚʝʨʩʠʠ. ɺʦʟʤʦʞʥʦ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʝ 

ʧʦʣʠʚʘʣʝʥʪʥʳʭ ʚʘʢʮʠʥ ʥʘ ʦʩʥʦʚʝ ʚʚʝʜʝʥʠʷ ʚ ʈʅʂ-ʨʝʧʣʠʢʦʥ ʛʝʥʝʪʠʯʝʩʢʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʥʦʨʦʚʠʨʫʩʦʚ ʨʘʟʥʳʭ ʛʝʥʦʪʠʧʦʚ ʠʣʠ ʨʘʟʥʳʭ ʚʘʨʠʘʥʪʦʚ ʛʝʥʦʪʠʧʘ 
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GII.4.  ʇʨʠ ʵʪʦʤ ʛʫʤʦʨʘʣʴʥʳʡ ʠʤʤʫʥʠʪʝʪ, ʚʳʟʚʘʥʥʳʡ ʧʦʣʠʚʘʣʝʥʪʥʳʤʠ 

ʥʦʨʦʚʠʨʫʩʥʳʤʠ ʚʘʢʮʠʥʘʤʠ, ʤʦʞʝʪ ʟʘʱʠʱʘʪʴ ʦʪ ʛʝʪʝʨʦʣʦʛʠʯʥʦʛʦ 

ʥʦʨʦʚʠʨʫʩʘ. ɺʝʢʪʦʨʳ, ʧʨʦʰʝʜʰʠʝ ʜʦʢʣʠʥʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ, ʚʢʣʶʯʘʶʪ 

ʚʠʨʫʩ ʚʝʟʠʢʫʣʷʨʥʦʛʦ ʩʪʦʤʘʪʠʪʘ [Ma et al., 2011], ʚʠʨʫʩ ʙʦʣʝʟʥʠ ʅʴʶʢʘʩʣʘ 

[Kim  et al., 2014], ʚʠʨʫʩ ʚʝʥʝʩʫʵʣʴʩʢʦʛʦ ʵʥʮʝʬʘʣʦʤʠʝʣʠʪʘ ʣʦʰʘʜʝʡ 

[Harrington et al., 2002; Baric et al., 2002; LoBue et al., 2009; Debbink et al., 

2014]. 

ɺ ʢʘʯʝʩʪʚʝ ʘʣʴʪʝʨʥʘʪʠʚʳ ʢʣʝʪʦʯʥʳʤ ʩʠʩʪʝʤʘʤ ʧʨʠ ʧʨʦʜʫʮʠʨʦʚʘʥʠʠ 

ʚʠʨʫʩʥʳʭ ʙʝʣʢʦʚ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʝʜʦʨʦʛʠʭ ʧʝʨʦʨʘʣʴʥʳʭ ʚʘʢʮʠʥ ʙʳʣʠ 

ʧʨʝʜʣʦʞʝʥʳ ʪʨʘʥʩʛʝʥʥʳʝ ʨʘʩʪʝʥʠʷ. ʊʘʢ, ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʪʨʘʥʩʛʝʥʥʳʡ 

ʪʘʙʘʢ ʠ ʢʘʨʪʦʬʝʣʴ ʩʧʦʩʦʙʥʳ ʧʨʦʜʫʮʠʨʦʚʘʪʴ ʚʠʨʫʩʦʧʦʜʦʙʥʳʝ ʯʘʩʪʠʮʳ 

ʨʘʟʤʝʨʦʤ 38 ʥʤ, ʩʦʜʝʨʞʘʱʠʝ ʢʘʧʩʠʜʥʳʡ ʙʝʣʦʢ ʚʠʨʫʩʘ Norwalk [Mason et 

al., 1996]. ʕʪʠ ʯʘʩʪʠʮʳ ʙʳʣʠ ʠʜʝʥʪʠʯʥʳ VLP, ʧʦʣʫʯʘʝʤʳʤ ʚ 

ʠʥʬʠʮʠʨʦʚʘʥʥʳʭ ʙʘʢʫʣʦʚʠʨʫʩʦʤ ʢʣʝʪʢʘʭ ʥʘʩʝʢʦʤʳʭ ʀʩʧʳʪʘʥʠʝ ʢʘʨʪʦʬʝʣʷ 

ʚ ʢʘʯʝʩʪʚʝ ʚʘʢʮʠʥʳ ʧʨʦʪʠʚ ʥʦʨʦʚʠʨʫʩʥʦʡ ʠʥʬʝʢʮʠʠ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʥʘ 24-

ʭ ʚʟʨʦʩʣʳʭ ʜʦʙʨʦʚʦʣʴʮʘʭ. ʋ 95 % ʠʩʧʳʪʫʝʤʳʭ ʨʘʟʚʠʣʩʷ ʪʦʪ ʠʣʠ ʠʥʦʡ ʚʠʜ 

ʠʤʤʫʥʥʦʛʦ ʦʪʚʝʪʘ, ʚ ʯʘʩʪʥʦʩʪʠ ʫʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʢʣʝʪʦʢ, 

ʩʝʢʨʝʪʠʨʫʶʱʠʭ ʩʧʝʮʠʬʠʯʝʩʢʠʝ IgA, ʧʦʷʚʣʝʥʠʝ ʩʧʝʮʠʬʠʯʝʩʢʠʭ 

ʩʳʚʦʨʦʪʦʯʥʳʭ ʘʥʪʠʪʝʣ [Tacket et al., 2000]. ʂʨʦʤʝ ʢʘʨʪʦʬʝʣʷ ʚʦʟʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʚʘʢʮʠʥʳ ʠ ʜʨʫʛʠʭ ʩʲʝʜʦʙʥʳʭ ʨʘʩʪʝʥʠʡ [Huang et 

al., 2005; Tacket et al., 2005]. ɺ ʫʥʠʚʝʨʩʠʪʝʪʝ ʰʪʘʪʘ ɸʨʠʟʦʥʘ (ʉʐɸ) 

ʨʘʟʨʘʙʦʪʘʥʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚʘʢʮʠʥʳ ʧʨʦʪʠʚ 

ʅɺʀ ʥʘ ʦʩʥʦʚʝ ʪʨʘʥʩʛʝʥʥʦʛʦ ʪʘʙʘʢʘ (Nicotiana benthamiana), Lai et al. 

2012].  

ɼʚʫʭʚʘʣʝʥʪʥʘʷ ʚʘʢʮʠʥʘ ʩ VLP GI.4 ʠ GII.4-2006a, ʧʦʣʫʯʝʥʥʘʷ ʠʟ 

ʩʠʩʪʝʤʳ ʵʢʩʧʨʝʩʩʠʠ ʨʘʩʪʝʥʠʷ Nicotiana benthamiana, ʙʳʣʘ ʠʩʧʳʪʘʥʘ ʥʘ 

ʤʳʰʘʭ ʩ ʚʥʫʪʨʠʢʦʞʥʦʡ ʠʤʤʫʥʠʟʘʮʠʝʡ, ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʚ ʠʥʜʫʢʮʠʶ 

ʘʥʪʠʪʝʣ ʧʨʦʪʠʚ ʛʝʥʦʪʠʧʦʚ ʥʦʨʦʚʠʨʫʩʘ, ʚʢʣʶʯʝʥʥʳʭ ʚ ʚʘʢʮʠʥʫ, ʠ 
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ʛʝʪʝʨʦʣʦʛʠʯʥʳʭ ʛʝʥʦʪʠʧʦʚ ʥʦʨʦʚʠʨʫʩʘ ʧʨʠ ʩʦʚʤʝʩʪʥʦʤ ʚʚʝʜʝʥʠʠ ʩ 

ʨʦʪʘʚʠʨʫʩʦʤ VP6 [Malm et al., 2019].  

ɺʘʢʮʠʥʘ ʧʨʦʪʠʚ ʥʦʨʦʚʠʨʫʩʘ VP1 ʥʘ ʦʩʥʦʚʝ ʤʦʣʦʯʥʦʢʠʩʣʳʭ 

ʙʘʢʪʝʨʠʡ (LAB) (ʋʥʠʚʝʨʩʠʪʝʪ ʰʪʘʪʘ ʆʛʘʡʦ). ʅʝʜʘʚʥʦ ʋʥʠʚʝʨʩʠʪʝʪ 

ʰʪʘʪʘ ʆʛʘʡʦ ʨʘʟʨʘʙʦʪʘʣ ʥʦʚʫʶ ʚʘʢʮʠʥʫ ʧʨʦʪʠʚ ʥʦʨʦʚʠʨʫʩʘ ʥʘ ʦʩʥʦʚʝ 

ʤʦʣʦʯʥʦʢʠʩʣʳʭ ʙʘʢʪʝʨʠʡ (LAB). LAB ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʚ ʢʘʯʝʩʪʚʝ ʚʝʢʪʦʨʘ 

ʜʣʷ ʵʢʩʧʨʝʩʩʠʠ ʦʩʥʦʚʥʦʛʦ ʛʝʥʘ ʢʘʧʩʠʜʘ VP1 ʰʪʘʤʤʘ ʥʦʨʦʚʠʨʫʩʘ GII.4. 

ʕʪʦʪ ʢʘʥʜʠʜʘʪ ʥʘ ʚʘʢʮʠʥʫ ʙʳʣ ʧʨʦʪʝʩʪʠʨʦʚʘʥ ʥʘ ʠʤʤʫʥʦʛʝʥʥʦʩʪʴ ʧʫʪʝʤ 

ʧʝʨʦʨʘʣʴʥʦʡ ʠʥʦʢʫʣʷʮʠʠ ʛʥʦʪʦʙʠʦʪʥʳʭ ʧʦʨʦʩʷʪ, ʯʪʦ ʧʦʢʘʟʘʣʦ 

ʠʥʜʫʮʠʨʦʚʘʥʥʳʝ ʩʧʝʮʠʬʠʯʥʳʝ ʜʣʷ ʥʦʨʦʚʠʨʫʩʘ ʠʤʤʫʥʥʳʝ ʦʪʚʝʪʳ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʩ ʢʦʥʪʨʦʣʴʥʳʤ ʟʘʨʘʞʝʥʠʝʤ ʜʘʣʝʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʚʘʢʮʠʥʘʮʠʷ 

ʩʧʦʩʦʙʥʘ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʟʘʨʘʞʝʥʠʝ ʢʠʰʝʯʥʠʢʘ ʩʚʠʥʝʡ ʥʦʨʦʚʠʨʫʩʦʤ [Craig 

et al., 2019]. 

ɹʠʚʘʣʝʥʪʥʘʷ ʧʝʨʦʨʘʣʴʥʘʷ ʚʘʢʮʠʥʘ ʥʘ ʦʩʥʦʚʝ ʞʠʚʦʛʦ ʨʦʪʘʚʠʨʫʩʘ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʭʦʜʠʪ ʜʦʢʣʠʥʠʯʝʩʢʫʶ ʨʘʟʨʘʙʦʪʢʫ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʵʪʦʪ ʨʝʢʦʤʙʠʥʘʥʪʥʳʡ ʨʦʪʘʚʠʨʫʩ, ʵʢʩʧʨʝʩʩʠʨʫʶʱʠʡ ʙʝʣʦʢ ʥʦʨʦʚʠʨʫʩʘ 

VP1, ʠʥʜʫʮʠʨʫʝʪ ʦʙʨʘʟʦʚʘʥʠʝ ʢʘʢ ʤʫʢʦʟʘʣʴʥʳʭ, ʪʘʢ ʠ ʩʠʩʪʝʤʥʳʭ 

ʥʝʡʪʨʘʣʠʟʫʶʱʠʭ ʘʥʪʠʪʝʣ ʫ ʜʝʪʝʥʳʰʝʡ ʤʳʰʝʡ ʧʦʩʣʝ ʧʝʨʦʨʘʣʴʥʦʛʦ 

ʚʚʝʜʝʥʠʷ [Kawagishi et al., 2023]. ʕʪʘ ʞʠʚʘʷ ʙʠʚʘʣʝʥʪʥʘʷ ʚʘʢʮʠʥʘ-ʢʘʥʜʠʜʘʪ, 

ʥʘʮʝʣʝʥʥʘʷ ʥʘ ʜʚʘ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʭ ʢʠʰʝʯʥʳʭ ʚʠʨʫʩʥʳʭ ʧʘʪʦʛʝʥʘ, 

ʟʘʩʣʫʞʠʚʘʝʪ ʜʘʣʴʥʝʡʰʝʡ ʨʘʟʨʘʙʦʪʢʠ.  

ɺʘʢʮʠʥʳ ʥʘ ʦʩʥʦʚʝ ʨʝʢʦʤʙʠʥʘʥʪʥʦʛʦ VP1. ɺ ʌɹʋʅ ʅʅʀʀʕʄ ʠʤ. 

ʘʢʘʜʝʤʠʢʘ ʀ.ʅ. ɹʣʦʭʠʥʦʡ ʈʦʩʧʦʪʨʝʙʥʘʜʟʦʨʘ ʩʦʟʜʘʥʘ ʛʝʥʝʪʠʯʝʩʢʘʷ 

ʢʦʥʩʪʨʫʢʮʠʷ, ʢʦʜʠʨʫʶʱʘʷ ʨʝʢʦʤʙʠʥʘʥʪʥʳʡ VP1 ʥʦʨʦʚʠʨʫʩʘ ʛʝʥʦʪʠʧʘ 

GII.4 ʩ ʢʦʜʦʥʘʤʠ, ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʤʠ ʜʣʷ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʦʡ 

ʵʢʩʧʨʝʩʩʠʠ ʚ Escherichia ʩoli, ʢʦʪʦʨʦʡ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʥ ʰʪʘʤʤ E. coli 

Rosetta 2 (DE3). ʆʩʫʱʝʩʪʚʣʝʥʘ ʵʢʩʧʨʝʩʩʠʷ VP1 ʚ ʢʣʝʪʢʘʭ E. coli, ʧʦʣʫʯʝʥ 

ʦʯʠʱʝʥʥʳʡ ʨʘʩʪʚʦʨʠʤʳʡ ʨʝʢʦʤʙʠʥʘʥʪʥʳʡ ʙʝʣʦʢ VP1, ʬʦʨʤʠʨʫʶʱʠʡ 

ʚʠʨʫʩʦʧʦʜʦʙʥʳʝ ʯʘʩʪʠʮʳ ʜʠʘʤʝʪʨʦʤ 30-50 ʥʤ. ʀʤʤʫʥʠʟʘʮʠʷ ʙʝʣʢʦʤ 
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ʤr ʰʝʡ BALB/c ʚʳʟʳʚʘʣʘ ʦʙʨʘʟʦʚʘʥʠʝ ʘʥʪʠʪʝʣ ʩ ʪʠʪʨʦʤ ʙʦʣʝʝ 1:1000. ʇʨʠ 

ʦʮʝʥʢʝ ʘʥʪʠʛʝʥʥʳʭ ʩʚʦʡʩʪʚ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʢʨʦʚʠ ʚʦʣʦʥʪʸʨʦʚ 

ʧʨʠʩʫʪʩʪʚʫʶʪ ʘʥʪʠʪʝʣʘ ʢʣʘʩʩʦʚ IgG, IgM, IgA, ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʝ ʩ 

ʨʝʢʦʤʙʠʥʘʥʪʥʳʤ VP1. ʉʫʤʤʘʨʥʘʷ ʯʘʩʪʦʪʘ ʦʙʥʘʨʫʞʝʥʠʷ ʘʥʪʠʪʝʣ ʩʦʩʪʘʚʠʣʘ 

47,4 % [ʃʘʧʠʥ ʠ ʩʦʘʚʪ., 2024]. 

ɺ ʩʣʝʜʫʶʱʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʚ ʩʳʚʦʨʦʪʢʝ ʢʨʦʚʠ ʞʠʚʦʪʥʳʭ, 

ʠʤʤʫʥʠʟʠʨʦʚʘʥʥʳʭ ʧʦʣʫʯʝʥʥʳʤ ʘʚʪʦʨʘʤʠ ʨʝʢʦʤʙʠʥʘʥʪʥʳʤ ʙʝʣʢʦʤ VP1, ʩ 

ʧʦʤʦʱʴʶ ʀʌɸ ʦʧʨʝʜʝʣʷʣʠ ʪʠʪʨʳ ʠ ʘʚʠʜʥʦʩʪʴ ʩʫʤʤʘʨʥʳʭ ʘʥʪʠʪʝʣ ʠ 

ʘʥʪʠʪʝʣ ʢʣʘʩʩʘ ʄ (IgM) ʧʨʦʪʠʚ VP1 HB. ʉʧʦʩʦʙʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʘʥʪʠʪʝʣ 

ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʅɺ ʨʘʟʥʳʭ ʛʝʥʦʪʠʧʦʚ ʦʮʝʥʠʚʘʣʠ ʩ ʧʦʤʦʱʴʶ 

ʠʤʤʫʥʦʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ. ʈʝʢʦʤʙʠʥʘʥʪʥʳʡ ʙʝʣʦʢ VP1 

ʠʥʜʫʮʠʨʦʚʘʣ ʦʙʨʘʟʦʚʘʥʠʝ ʫ ʞʠʚʦʪʥʳʭ ʘʥʪʠʪʝʣ ʚ ʚʳʩʦʢʠʭ ʪʠʪʨʘʭ. 

ʉʫʤʤʘʨʥʳʝ ʘʥʪʠʪʝʣʘ ʧʨʦʪʠʚ VP1 ʠʤʝʣʠ ʚʳʩʦʢʫʶ ʘʚʠʜʥʦʩʪʴ, 

ʜʦʩʪʠʛʘʶʱʫʶ 100%, ʯʪʦ ʧʨʝʜʧʦʣʘʛʘʝʪ ʥʘʣʠʯʠʝ ʫ ʥʠʭ 

ʚʠʨʫʩʥʝʡʪʨʘʣʠʟʫʶʱʝʡ ʘʢʪʠʚʥʦʩʪʠ. ɸʥʪʠʪʝʣʘ ʢʣʘʩʩʘ IgM ʦʙʣʘʜʘʣʠ ʥʠʟʢʦʡ 

ʘʚʠʜʥʦʩʪʴʶ. ʄʝʪʦʜʦʤ ʀʕʄ ʧʦʢʘʟʘʥʦ, ʯʪʦ IgG-ʘʥʪʠʪʝʣʘ ʧʨʦʪʠʚ VP1 

ʛʝʥʦʪʠʧʘ GII.4 ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ ʅɺ ʛʝʥʦʪʠʧʘ GII.7 ʠ GII.17. 

ʇʦʣʫʯʝʥʥʳʡ ʨʝʢʦʤʙʠʥʘʥʪʥʳʡ ʙʝʣʦʢ ʠʥʜʫʮʠʨʫʝʪ ʚʳʨʘʞʝʥʥʳʡ ʠʤʤʫʥʥʳʡ 

ʦʪʚʝʪ ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʚʳʩʦʢʦʘʚʠʜʥʳʭ ʧʦʣʠʢʣʦʥʘʣʴʥʳʭ ʧʝʨʝʢʨʝʩʪʥʦ-

ʨʝʘʛʠʨʫʶʱʠʭ ʘʥʪʠʪʝʣ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʝʛʦ ʢʘʢ ʘʥʪʠʛʝʥʥʳʡ 

ʢʦʤʧʦʥʝʥʪ ʧʨʦʪʦʪʠʧʘ ʢʘʥʜʠʜʘʪʥʦʡ ʚʘʢʮʠʥʳ ʧʨʦʪʠʚ ʥʦʨʦʚʠʨʫʩʘ ʯʝʣʦʚʝʢʘ 

[ʃʘʧʠʥ ʠ ʩʦʘʚʪ., 2025]. 

ʇʨʦʚʝʜʝʥʦ ʪʘʢʞʝ ʠʟʫʯʝʥʠʝ ʊ-ʢʣʝʪʦʯʥʦʛʦ ʠʤʤʫʥʥʦʛʦ ʦʪʚʝʪʘ ʥʘ 

ʧʨʦʪʦʪʠʧ ʚʘʢʮʠʥʳ ʧʨʦʪʠʚ ʥʦʨʦʚʠʨʫʩʘ ʥʘ ʦʩʥʦʚʝ ʚʠʨʫʩʦʧʦʜʦʙʥʳʭ ʯʘʩʪʠʮ, 

ʩʦʜʝʨʞʘʱʠʭ ʙʝʣʦʢ VP1 ʛʝʥʦʪʠʧʘ GII.4. ɺ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʨʦʚʦʜʠʣʘʩʴ 

ʜʚʫʢʨʘʪʥʘʷ ʠʤʤʫʥʠʟʘʮʠʷ ʤʳʰʝʡ ʚʠʨʫʩʦʧʦʜʦʙʥʳʤʠ ʯʘʩʪʠʮʘʤʠ. ʕʬʬʝʢʪʳ 

ʠʤʤʫʥʠʟʘʮʠʠ ʦʮʝʥʠʚʘʣʠ ʩʧʫʩʪʷ ʪʨʠ ʥʝʜʝʣʠ ʧʦʩʣʝ ʚʚʝʜʝʥʠʷ ʚʪʦʨʦʡ ʜʦʟʳ 

ʚʘʢʮʠʥʳ. ʆʮʝʥʠʚʘʣʠ ʩʪʝʧʝʥʴ ʟʨʝʣʦʩʪʠ ʊ-ʢʣʝʪʦʢ, ʘʥʪʠʛʝʥʩʧʝʮʠʬʠʯʝʩʢʠʡ 

ʦʪʚʝʪ CD4+ ʠ CD8+ ʊ-ʢʣʝʪʦʢ ʥʘ ʙʝʣʦʢ VP-1 ʧʦ ʘʥʘʣʠʟʫ ʧʨʦʣʠʬʝʨʘʮʠʠ 
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ʢʣʝʪʦʢ ʠ ʧʨʦʜʫʢʮʠʠ ʮʠʪʦʢʠʥʦʚ ʚ ʢʫʣʴʪʫʨʝ ʢʣʝʪʦʢ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʠʤʤʫʥʠʟʘʮʠʷ ʚʠʨʫʩʦʧʦʜʦʙʥʳʤʠ ʯʘʩʪʠʮʘʤʠ ʧʨʠʚʦʜʠʪ ʢ ʥʘʢʦʧʣʝʥʠʶ ʚ 

ʩʝʣʝʟʝʥʢʝ ʤʳʰʝʡ ʣʠʤʬʦʙʣʘʩʪʦʚ ʩ ʬʝʥʦʪʠʧʦʤ ʮʝʥʪʨʘʣʴʥʳʭ ʊ-ʢʣʝʪʦʢ 

ʧʘʤʷʪʠ ʠ ʫʚʝʣʠʯʝʥʠʶ ʢʦʣʠʯʝʩʪʚʘ ʘʥʪʠʛʝʥʩʧʝʮʠʬʠʯʝʩʢʠʭ ʊ-ʭʝʣʧʝʨʦʚ, 

ʦʪʚʝʯʘʶʱʠʭ ʧʨʦʣʠʬʝʨʘʮʠʝʡ ʥʘ ʘʥʪʠʛʝʥʳ ʥʦʨʦʚʠʨʫʩʘ ex vivo. ʉʧʣʝʥʦʮʠʪʳ 

ʠʤʤʫʥʠʟʠʨʦʚʘʥʥʳʭ ʞʠʚʦʪʥʳʭ ʫʩʠʣʠʚʘʣʠ ʧʨʦʜʫʢʮʠʶ ʠʥʪʝʨʬʝʨʦʥʘ-ɔ ʚ 

ʦʪʚʝʪ ʥʘ ʙʝʣʦʢ VP1 ʥʦʨʦʚʠʨʫʩʘ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ 

ʦʙ ʠʤʤʫʥʦʛʝʥʥʳʭ ʩʚʦʡʩʪʚʘʭ ʠʟʫʯʘʝʤʳʭ ʚʠʨʫʩʦʧʦʜʦʙʥʳʭ ʯʘʩʪʠʮ [ʂʫʨʢʦʚʘ 

ʠ ʩʦʘʚʪ., 2025ʘ, 2025ʙ]. 

 

ʇʦʤʠʤʦ ʪʨʘʜʠʮʠʦʥʥʳʭ ʧʦʜʭʦʜʦʚ ʢ ʚʘʢʮʠʥʘʮʠʠ, ʤʦʛʫʪ 

ʧʦʪʨʝʙʦʚʘʪʴʩʷ ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʝ ʠ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʝ 

ʩʪʨʘʪʝʛʠʠ ʜʣʷ ʛʨʫʧʧ ʥʘʩʝʣʝʥʠʷ, ʜʣʷ ʢʦʪʦʨʳʭ ʚʘʢʮʠʥʳ ʤʝʥʝʝ ʵʬʬʝʢʪʠʚʥʳ. 

ʅʘʧʨʠʤʝʨ, ʧʘʩʩʠʚʥʘʷ ʠʤʤʫʥʠʟʘʮʠʷ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʝʟʥʘ ʣʠʮʘʤ ʩ 

ʦʩʣʘʙʣʝʥʥʳʤ ʠʤʤʫʥʠʪʝʪʦʤ. ɺ ʵʪʦʤ ʢʦʥʪʝʢʩʪʝ ʧʪʠʯʠʡ ʠʤʤʫʥʦʛʣʦʙʫʣʠʥ Y 

(IgY), ʥʘʧʨʘʚʣʝʥʥʳʡ ʧʨʦʪʠʚ ʥʦʨʦʚʠʨʫʩʘ [Dai et al., 2012a, 2012ʙ], 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʝʜʦʨʦʛʦʡ ʚʘʨʠʘʥʪ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʙʳʪʴ ʨʘʟʨʘʙʦʪʘʥ ʚ 

ʚʠʜʝ ʧʠʱʝʚʦʡ ʜʦʙʘʚʢʠ ʠʣʠ ʧʝʨʦʨʘʣʴʥʳʭ ʢʘʧʩʫʣ. ʅʝʜʘʚʥʝʝ ʚʳʷʚʣʝʥʠʝ 

ʵʧʠʪʦʧʦʚ, ʚʳʟʳʚʘʶʱʠʭ ʚʳʨʘʙʦʪʢʫ ʰʠʨʦʢʦʥʝʡʪʨʘʣʠʟʫʶʱʠʭ ʘʥʪʠʪʝʣ 

ʧʨʦʪʠʚ ʚʘʨʠʘʥʪʦʚ ʧʘʥʜʝʤʠʯʝʩʢʦʛʦ GII.4 ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ʛʝʥʦʪʠʧʦʚ GII 

[Park et al., 2025], ʤʦʞʝʪ ʧʦʩʣʫʞʠʪʴ ʦʩʥʦʚʦʡ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʠʤʤʫʥʦʛʝʥʦʚ 

ʜʣʷ ʩʦʟʜʘʥʠʷ ʚʘʢʮʠʥ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʜʝʡʩʪʚʠʷ ʠʣʠ IgY. ʊʘʢʠʝ ʬʦʨʤʫʣʳ 

IgY ʤʦʛʫʪ ʪʘʢʞʝ ʦʙʝʩʧʝʯʠʪʴ ʟʘʱʠʪʫ ʜʨʫʛʠʭ ʫʷʟʚʠʤʳʭ ʛʨʫʧʧ ʥʘʩʝʣʝʥʠʷ, 

ʚʢʣʶʯʘʷ ʜʝʪʝʡ, ʧʦʜʨʦʩʪʢʦʚ, ʧʦʞʠʣʳʭ ʣʶʜʝʡ ʠ ʧʫʪʝʰʝʩʪʚʝʥʥʠʢʦʚ. 

ɺʩʝ ʚʳʰʝʩʢʘʟʘʥʥʦʝ ʧʦʟʚʦʣʷʝʪ ʥʘʜʝʷʪʴʩʷ, ʯʪʦ ʣʠʮʝʥʟʠʨʦʚʘʥʥʘʷ 

ʚʘʢʮʠʥʘ ʧʨʦʪʠʚ ʥʦʨʦʚʠʨʫʩʦʚ ʤʦʞʝʪ ʧʦʷʚʠʪʩɹʷ ʚ ʙʣʠʞʘʡʰʠʝ ʛʦʜʳ. ʉʢʦʨʝʝ 

ʚʩʝʛʦ, ʵʪʦ ʙʫʜʝʪ ʙʝʣʢʦʚʘʷ ʚʥʫʪʨʠʤʳʰʝʯʥʘʷ ʚʘʢʮʠʥʘ, ʜʣʷ ʢʦʪʦʨʦʡ 

ʥʝʦʙʭʦʜʠʤʘ ʜʣʠʪʝʣʴʥʘʷ ʦʮʝʥʢʘ ʚʦʟʤʦʞʥʳʭ ʧʦʙʦʯʥʳʭ ʵʬʬʝʢʪʦʚ. ɺʝʨʦʷʪʥʦ, 

ʧʦʜʦʙʥʦ ʨʦʪʘʚʠʨʫʩʥʦʡ, ʵʪʘ ʚʘʢʮʠʥʘ ʙʫʜʝʪ ʵʬʬʝʢʪʠʚʥʘ ʧʨʦʪʠʚ ʪʷʞʝʣʦʛʦ 
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ʪʝʯʝʥʠʷ ʟʘʙʦʣʝʚʘʥʠʷ ʠ ʤʝʥʝʝ ʫʩʧʝʰʥʘ ʚ ʧʨʝʜʦʪʚʨʘʱʝʥʠʠ ʣʝʛʢʠʭ ʠ 

ʙʝʩʩʠʤʧʪʦʤʥʳʭ ʬʦʨʤ. ʆʜʥʘʢʦ, ʫʯʠʪʳʚʘʷ, ʯʪʦ ʚ ʦʪʣʠʯʠʝ ʦʪ ʩʫʱʝʩʪʚʫʶʱʠʭ 

ʞʠʚʳʭ ʦʨʘʣʴʥʳʭ ʨʦʪʘʚʠʨʫʩʥʳʭ ʚʘʢʮʠʥ, ʥʦʨʦʚʠʨʫʩʥʘʷ ʚʘʢʮʠʥʘ ʙʫʜʝʪ 

ʥʝʞʠʚʦʡ ʧʘʨʝʥʪʝʨʘʣʴʥʦʡ, ʜʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʝʸ ʚʦʟʤʦʞʥʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʥʝʦʙʭʦʜʠʤʳ ʜʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ.  

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʧʘʨʝʥʪʝʨʘʣʴʥʘʷ ʠʤʤʫʥʠʟʘʮʠʷ ʞʝʥʱʠʥ ʧʨʦʪʠʚ ʚʠʨʫʩʘ 

ʧʘʧʠʣʣʦʤʳ ʯʝʣʦʚʝʢʘ ʦʢʘʟʘʣʘʩʴ ʚʝʩʴʤʘ ʵʬʬʝʢʪʠʚʥʦʡ ʚ ʩʥʠʞʝʥʠʠ ʨʠʩʢʘ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʜʠʩʧʣʘʟʠʠ ʰʝʡʢʠ ʤʘʪʢʠ, ʘʩʩʦʮʠʠʨʦʚʘʥʥʦʡ ʩ 

ʧʘʧʠʣʣʦʤʘʚʠʨʫʩʘʤʠ [Bryan et al., 2016]. ʇʨʦʚʝʜʝʥʥʳʝ ʩ ʫʯʘʩʪʠʝʤ 

ʶʞʥʦʘʬʨʠʢʘʥʩʢʠʭ ʜʝʪʝʡ ʢʣʠʥʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ I/II ʬʘʟʳ ʜʣʷ 

ʧʘʨʝʥʪʝʨʘʣʴʥʦʡ ʩʫʙʲʝʜʠʥʠʯʥʦʡ ʨʦʪʘʚʠʨʫʩʥʦʡ ʚʘʢʮʠʥ r ʧʦʜʪʚʝʨʞʜʘʶʪ 

ʧʦʪʝʥʮʠʘʣ ʪʘʢʠʭ ʚʘʢʮʠʥ ʠ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʟʘʱʠʪʳ ʢʠʰʝʯʥʠʢʘ [Groome et 

al., 2017]. ʈʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ ʦʪʢʨʳʚʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʥʠʷ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ ʚʘʢʮʠʥʳ ʥʘ ʦʩʥʦʚʝ ʨʦʪʘʚʠʨʫʩ-ʥʦʨʦʚʠʨʫʩʥʳʭ ʙʝʣʢʦʚ ʜʣʷ 

ʧʘʨʝʥʪʝʨʘʣʴʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ [OôRyan et al., 2017]. ɺʢʣʶʯʝʥʠʝ 

ʨʦʪʘʚʠʨʫʩʥʳʭ ʙʝʣʢʦʚ ʚ ʧʨʝʧʘʨʘʪ ʚʘʢʮʠʥʳ ʪʘʢʞʝ ʤʦʞʝʪ ʦʢʘʟʳʚʘʪʴ 

ʘʜʲʶʚʘʥʪʥʦʝ ʜʝʡʩʪʚʠʝ ʜʣʷ ʥʦʨʦʚʠʨʫʩʘ [Malm et al., 2016a]. ʇʨʦʬʠʣʘʢʪʠʢʘ 

ʢʘʢ ʨʦʪʘʚʠʨʫʩʥʦʡ, ʪʘʢ ʠ ʥʦʨʦʚʠʨʫʩʥʦʡ ʠʥʬʝʢʮʠʡ ʩ ʧʦʤʦʱʴʶ ʦʜʥʦʡ 

ʚʘʢʮʠʥʳ ʤʦʞʝʪ ʙʳʪʴ ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʩʪʨʘʪʝʛʠʝʡ, ʭʦʪʷ ʠ ʧʦʪʨʝʙʫʝʪ 

ʧʨʦʚʝʜʝʥʠʷ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʣʷ ʩʚʦʝʛʦ ʦʙʦʩʥʦʚʘʥʠʷ.  

ʆʧʨʝʜʝʣʝʥʥʳʝ ʫʩʧʝʭʠ, ʜʦʩʪʠʛʥʫʪʳʝ ʚ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ 

ʥʦʨʦʚʠʨʫʩʦʚ ʯʝʣʦʚʝʢʘ ʥʘ ɺ-ʢʣʝʪʢʘʭ ʠ ʵʥʪʝʨʦʠʜʘʭ, ʧʦʟʚʦʣʠʣʠ ʥʘʯʘʪʴ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʞʠʚʳʭ ʥʦʨʦʚʠʨʫʩʥʳʭ ʚʘʢʮʠʥ [Kolawole et al., 

2016; Qu et al., 2016; Sato et al., 2011; Saxena et al.,  2015 Ettayebi et al., 

2016]. 

ʈʘʟʨʘʙʦʪʢʘ ʚʘʢʮʠʥʳ ʧʨʦʪʠʚ ʥʦʨʦʚʠʨʫʩʘ ʩ ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ 

ʟʘʱʠʪʳ, ʙʝʟʦʧʘʩʥʦʡ ʠ ʫʩʪʦʡʯʠʚʦʡ, ʦʩʪʘʸʪʩʷ ʩʝʨʴʸʟʥʦʡ ʧʨʦʙʣʝʤʦʡ, ʧʨʝʞʜʝ 

ʚʩʝʛʦ ʠʟ-ʟʘ ʦʙʰʠʨʥʦʛʦ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʚʠʨʫʩʘ, ʦʪʩʫʪʩʪʚʠʷ 

ʥʘʜʸʞʥʳʭ ʩʠʩʪʝʤ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʢʣʝʪʦʢ ʠ ʧʦʜʭʦʜʷʱʠʭ ʞʠʚʦʪʥʳʭ 
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ʤʦʜʝʣʝʡ, ʘ ʪʘʢʞʝ ʦʪʩʫʪʩʪʚʠʷ ʯʸʪʢʦ ʦʧʨʝʜʝʣʸʥʥʳʭ ʠʤʤʫʥʥʳʭ ʢʦʨʨʝʣʷʪʦʚ 

ʟʘʱʠʪʳ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʧʦʩʣʝʜʥʠʝ ʜʦʩʪʠʞʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ʚʘʢʮʠʥʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ, ʠʤʤʫʥʦʣʦʛʠʯʝʩʢʠʭ ʤʝʪʦʜʦʣʦʛʠʡ ʠ ʨʝʟʫʣʴʪʘʪʳ ʢʣʠʥʠʯʝʩʢʠʭ 

ʠʩʧʳʪʘʥʠʡ ʚʥʦʚʴ ʚʩʝʣʠʣʠ ʦʧʪʠʤʠʟʤ. ɹʣʘʛʦʜʘʨʷ ʧʦʩʪʦʷʥʥʳʤ ʠʥʥʦʚʘʮʠʷʤ, 

ʩʦʚʤʝʩʪʥʳʤ ʫʩʠʣʠʷʤ ʠ ʩʪʨʘʪʝʛʠʯʝʩʢʠʤ ʠʥʚʝʩʪʠʮʠʷʤ, ʨʘʟʨʘʙʦʪʢʘ 

ʵʬʬʝʢʪʠʚʥʦʡ ʚʘʢʮʠʥʳ ʧʨʦʪʠʚ ʥʦʨʦʚʠʨʫʩʘ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʩʸ ʙʦʣʝʝ 

ʜʦʩʪʠʞʠʤʦʡ [Tan, 2025].  

ʇʦʩʣʝ ʣʠʮʝʥʟʠʨʦʚʘʥʠʷ ʧʝʨʚʦʡ ʥʦʨʦʚʠʨʫʩʥʦʡ ʚʘʢʮʠʥʳ 

ʩʫʱʝʩʪʚʝʥʥʦʡ ʧʨʦʙʣʝʤʦʡ ʩʪʘʥʝʪ ʫʙʝʞʜʝʥʠʝ ʚ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʝʝ 

ʧʨʠʦʙʨʝʪʝʥʠʷ ʠ ʚʢʣʶʯʝʥʠʷ ʚ ʥʘʮʠʦʥʘʣʴʥʳʝ ʧʨʦʛʨʘʤʤʳ ʚʘʢʮʠʥʘʮʠʠ. ɽʩʣʠ 

ʙʫʜʝʪ ʧʦʢʘʟʘʥʘ ʚʳʩʦʢʘʷ ʟʘʱʠʪʥʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʪʠʚ ʫʤʝʨʝʥʥʦʛʦ ʠʣʠ 

ʪʷʞʝʣʦʛʦ ʛʘʩʪʨʦʵʥʪʝʨʠʪʘ, ʚʢʣʶʯʝʥʠʝ ʥʦʨʦʚʠʨʫʩʥʦʡ ʚʘʢʮʠʥʳ ʚ ʧʨʦʛʨʘʤʤʫ 

ʚʘʢʮʠʥʘʮʠʠ ʤʣʘʜʝʥʮʝʚ ʙʳʣʦ ʙʳ ʢʨʘʡʥʝ ʞʝʣʘʪʝʣʴʥʦ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, 

ʢʘʣʝʥʜʘʨʴ ʧʨʠʚʠʚʦʢ ʫʞʝ ʩʝʡʯʘʩ ʚʢʣʶʯʘʝʪ ʜʦ ʪʨʝʭ ʠʥʲʝʢʮʠʡ ʟʘ ʦʜʠʥ ʚʠʟʠʪ. 

ɺ ʵʪʦʤ ʧʣʘʥʝ ʧʝʨʩʧʝʢʪʠʚʥʘ ʨʘʟʨʘʙʦʪʢʘ ʝʜʠʥʦʡ ʚʘʢʮʠʥʳ ʧʨʦʪʠʚ 

ʨʦʪʘʚʠʨʫʩʥʦʡ ʠ ʥʦʨʦʚʠʨʫʩʥʦʡ ʠʥʬʝʢʮʠʡ. ʇʨʦʜʚʠʞʝʥʠʝ ʚʘʢʮʠʥʘʮʠʠ ʜʣʷ 

ʢʦʥʢʨʝʪʥʳʭ ʮʝʣʝʚʳʭ ʛʨʫʧʧ, ʪʘʢʠʭ ʢʘʢ ʚʦʝʥʥʳʝ, ʟʘʢʣʶʯʝʥʥʳʝ, 

ʧʫʪʝʰʝʩʪʚʝʥʥʠʢʠ ʠ ʧʦʞʠʣʳʝ ʣʶʜʠ (ʦʩʦʙʝʥʥʦ ʞʠʚʫʱʠʝ ʚ ʫʯʨʝʞʜʝʥʠʷʭ ʧʦ 

ʫʭʦʜʫ), ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ ʤʝʥʝʝ ʩʣʦʞʥʦʡ ʟʘʜʘʯʝʡ, ʠ ʧʦʟʚʦʣʠʪ ʚʘʢʮʠʥʝ ʚʳʡʪʠ 

ʥʘ ʨʳʥʢʠ ʚ ʪʝʯʝʥʠʝ ʩʣʝʜʫʶʱʠʭ ʥʝʩʢʦʣʴʢʠʭ ʣʝʪ [Lucero et al., 2018] 
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ɿɸʂʃʖʏɽʅʀɽ 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʤʠʨʝ ʥʘʢʦʧʣʝʥʳ ʦʙʰʠʨʥʳʝ ʟʥʘʥʠʷ ʦ 

ʟʥʘʯʠʤʦʩʪʠ ʥʦʨʦʚʠʨʫʩʦʚ ʚ ʠʥʬʝʢʮʠʦʥʥʦʡ ʢʠʰʝʯʥʦʡ ʧʘʪʦʣʦʛʠʠ ʜʝʪʝʡ 

ʧʝʨʚʳʭ ʣʝʪ ʞʠʟʥʠ, ʫʩʪʘʥʦʚʣʝʥʘ ʠʭ ʚʝʜʫʱʘʷ ʨʦʣʴ ʚ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʚʩʧʳʰʝʢ 

ʦʩʪʨʦʛʦ ʛʘʩʪʨʦʵʥʪʝʨʠʪʘ ʚ ʦʨʛʘʥʠʟʦʚʘʥʥʳʭ ʢʦʣʣʝʢʪʠʚʘʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʚ 

ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ 

ʧʦʣʫʯʝʥʳ ʟʥʘʥʠʷ ʦ ʩʪʨʫʢʪʫʨʥʦʡ ʠ ʤʦʣʝʢʫʣʷʨʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ 

ʥʦʨʦʚʠʨʫʩʦʚ, ʠʭ ʛʝʥʝʪʠʯʝʩʢʦʤ ʨʘʟʥʦʦʙʨʘʟʠʠ ʠ ʦʩʦʙʝʥʥʦʩʪʷʭ ʮʠʨʢʫʣʷʮʠʠ 

ʵʧʠʜʝʤʠʯʝʩʢʠʭ ʚʘʨʠʘʥʪʦʚ; ʨʘʟʨʘʙʦʪʘʥʳ ʠʤʤʫʥʦʣʦʛʠʯʝʩʢʠʝ ʠ ʤʦʣʝʢʫʣʷʨʥʦ-

ʛʝʥʝʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʠʥʜʠʢʘʮʠʠ ʥʦʨʦʚʠʨʫʩʦʚ ʚ ʢʣʠʥʠʯʝʩʢʦʤ ʤʘʪʝʨʠʘʣʝ ʠ 

ʦʙʲʝʢʪʘʭ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ; ʧʨʦʚʦʜʷʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʨʘʟʨʘʙʦʪʢʝ 

ʥʦʨʦʚʠʨʫʩʥʳʭ ʚʘʢʮʠʥ. ɹʦʣʴʰʦʡ ʦʙʲʝʤ ʥʘʢʦʧʣʝʥʥʳʭ ʜʘʥʥʳʭ ʦʧʨʝʜʝʣʠʣ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʭ ʩʠʩʪʝʤʘʪʠʟʘʮʠʠ ʚ ʨʘʤʢʘʭ ʤʦʥʦʛʨʘʬʠʠ. 

ɺ ʤʦʥʦʛʨʘʬʠʠ ʦʙʦʙʱʝʥʳ ʪʘʢʞʝ ʨʝʟʫʣʴʪʘʪʳ ʤʥʦʛʦʣʝʪʥʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʵʪʠʦʣʦʛʠʯʝʩʢʦʡ ʨʘʩʰʠʬʨʦʚʢʝ ʦʩʪʨʳʭ ʢʠʰʝʯʥʳʭ 

ʠʥʬʝʢʮʠʡ, ʧʨʦʚʝʜʝʥʥʳʭ ʘʚʪʦʨʘʤʠ, ʢʦʪʦʨʳʝ ʧʦʜʪʚʝʨʜʠʣʠ ʚʘʞʥʫʶ ʨʦʣʴ 

ʥʦʨʦʚʠʨʫʩʦʚ ʚ ʠʥʬʝʢʮʠʦʥʥʦʡ ʧʘʪʦʣʦʛʠʠ ʜʝʪʝʡ. ʋʛʣʫʙʣʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʦʟʚʦʣʠʣʠ ʦʧʨʝʜʝʣʠʪʴ ʛʝʥʝʪʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ ʠʟʫʯʘʝʤʦʡ 

ʪʝʨʨʠʪʦʨʠʘʣʴʥʦʡ ʥʦʨʦʚʠʨʫʩʥʦʡ ʧʦʧʫʣʷʮʠʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʫʶ ʪʨʠʥʘʜʮʘʪʴʶ 

ʛʝʥʦʪʠʧʘʤʠ ʧʦ ʛʝʥʫ ʢʘʧʩʠʜʥʦʛʦ ʙʝʣʢʘ ʩ ʜʦʤʠʥʠʨʦʚʘʥʠʝʤ ʰʪʘʤʤʦʚ 

ʛʝʥʦʪʠʧʘ GII.4, ʧʦʢʘʟʘʪʴ ʧʝʨʠʦʜʠʯʝʩʢʫʶ ʘʢʪʠʚʠʟʘʮʠʶ ʮʠʨʢʫʣʷʮʠʠ 

ʥʦʨʦʚʠʨʫʩʦʚ ʜʨʫʛʠʭ ʛʝʥʦʪʠʧʦʚ ʠ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʤʝʞʛʝʥʦʪʠʧʦʚʳʭ ʠ 

ʚʥʫʪʨʠʛʝʥʦʪʠʧʦʚʳʭ ʨʝʢʦʤʙʠʥʘʥʪʦʚ. 

ɺ ʢʥʠʛʝ ʧʨʝʜʩʪʘʚʣʝʥ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʥʫʢʣʝʦʪʠʜʥʳʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʛʝʥʦʤʘ ʥʦʨʦʚʠʨʫʩʦʚ ʜʦʤʠʥʠʨʫʶʱʠʭ ʛʝʥʦʪʠʧʦʚ ʠ 

ʵʧʠʜʝʤʠʯʝʩʢʠ ʟʥʘʯʠʤʳʭ ʚʘʨʠʘʥʪʦʚ, ʚ ʩʦʧʦʩʪʘʚʣʝʥʠʠ ʩ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤʠ, ʜʝʧʦʥʠʨʦʚʘʥʥʳʤʠ ʚ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʙʘʟʘʭ ʜʘʥʥʳʭ. 

ʉ ʮʝʣʴʶ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʦʙʨʘʙʦʪʢʠ ʠ ʭʨʘʥʝʥʠʷ ʜʘʥʥʳʭ ʤʦʣʝʢʫʣʷʨʥʦ-










































































































































