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ʊʦʟʠ ʧʨʦʝʢʪ ʝ ʬʠʥʘʥʩʠʨʘʥ ʩ ʧʦʜʢʨʝʧʘʪʘ ʥʘ ɽʚʨʦʧʝʡʩʢʘʪʘ ʢʦʤʠʩʠʷ. ʊʘʟʠ ʧʫʙʣʠʢʘʮʠʷ 

ʦʪʨʘʟʷʚʘ ʩʘʤʦ ʚʲʟʛʣʝʜʠʪʝ ʥʘ ʘʚʪʦʨʘ ʠ ʂʦʤʠʩʠʷʪʘ ʥʝ ʤʦʞʝ ʜʘ ʙʲʜʝ ʜʲʨʞʘʥʘ ʦʪʛʦʚʦʨʥʘ ʟʘ 

ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʠʥʬʦʨʤʘʮʠʷʪʘ, ʩʲʜʲʨʞʘʱʘ ʩʝ ʚ ʥʝʷ. 
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ʈʝʟʶʤʝ 

ɺʠʨʫʩʠʪʝ ʩʘ ʚʠʩʦʢʦ ʧʦʜʨʝʜʝʥʠ ʩʫʧʝʨʤʦʣʝʢʫʣʥʠ ʢʦʤʧʣʝʢʩʠ, ʢʦʠʪʦ ʩʝ ʚʲʟʧʨʦʠʟʚʝʞʜʘʪ ʯʨʝʟ 

ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʤʝʭʘʥʠʟʤʠʪʝ ʥʘ ʢʣʝʪʢʘʪʘ - ʛʦʩʪʦʧʨʠʝʤʥʠʢ. ɺʠʨʫʩʠʪʝ ʩʘ ʠʟʢʣʶʯʠʪʝʣʥʦ 

ʨʘʟʥʦʦʙʨʘʟʥʠ ʠ ʩʝ ʨʘʟʧʨʦʩʪʨʘʥʷʚʘʪ ʚ ʢʣʝʪʢʠʪʝ ʥʘ ʦʨʛʘʥʠʟʤʠ ʦʪ ʚʩʠʯʢʠ ʮʘʨʩʪʚʘ ʥʘ ʞʠʚʦʪʘ. 

ɺʲʧʨʝʢʠ ʪʦʚʘ, ʪʝ ʩʧʦʜʝʣʷʪ ʤʥʦʛʦ ʦʙʱʠ ʬʫʥʢʮʠʠ ʠ ʩʚʦʡʩʪʚʘ. ɿʘ ʜʘ ʤʦʛʘʪ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘʪ 

ʚʠʨʫʩʠʪʝ ʠ ʚʠʨʫʩʦʧʦʜʦʙʥʠʪʝ ʯʘʩʪʠʮʠ ʢʘʪʦ ʚʝʢʪʦʨʠ ʟʘ ʜʦʩʪʘʚʢʘ ʥʘ ʣʝʢʘʨʩʪʚʘ ʠʣʠ ʢʘʪʦ 

ʛʨʘʜʠʚʥʠ ʝʣʝʤʝʥʪʠ ʚ ʝʣʝʢʪʨʦʥʠʢʘʪʘ ʝ ʠʟʢʣʶʯʠʪʝʣʥʦ ʚʘʞʥʦ ʧʲʨʚʦ ʜʘ ʩʝ ʨʘʟʙʝʨʘʪ ʪʝʭʥʠʪʝ 

ʦʩʥʦʚʥʠ ʩʚʦʡʩʪʚʘ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ɺ ʪʦʟʠ ʫʯʝʙʝʥ ʤʦʜʫʣ ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ ʩʚʦʡʩʪʚʘʪʘ ʥʘ 

ʚʠʨʫʩʘ ʠ ʧʦʜʭʦʜʠʪʝ, ʥʘʩʦʯʝʥʠ ʟʘ ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʚʠʨʫʩʥʠʪʝ ʯʘʩʪʠʮʠ. 

 

ʂʣʶʯʦʚʠ ʜʫʤʠ/ʬʨʘʟʠ : Corona ʚʠʨʫʩʠ, ʬʫʥʢʮʠʦʥʘʣʥʠ ʯʘʩʪʠʮʠ, ʥʘʥʦʯʘʩʪʠʮʠ ʥʘ ʦʩʥʦʚʘʪʘ 

ʥʘ ʚʠʨʫʩʠ (VNPs) 
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1. ɺʠʨʫʩʠ ʠ ʪʷʭʥʦʪʦ ʟʥʘʯʝʥʠʝ 

1.1. ʇʦʚʩʝʤʝʩʪʥʦ ʨʘʟʧʨʦʩʪʨʘʥʝʥʠʝ ʥʘ ʚʠʨʫʩʠʪʝ 

ɺʠʨʫʩʠʪʝ ʠʣʠ ʤʦʣʝʢʫʣʷʨʥʠʪʝ ʥʘʥʦʤʘʰʠʥʠ ʟʘʨʘʟʷʚʘʪ ʚʩʠʯʢʠ ʢʣʝʪʲʯʥʠ ʬʦʨʤʠ ʥʘ 

ʞʠʚʦʪ, ʚʢʣʶʯʠʪʝʣʥʦ ʝʫʢʘʨʠʦʪʠ (ʛʨʲʙʥʘʯʥʠ, ʙʝʟʛʨʲʙʥʘʯʥʠ, ʨʘʩʪʝʥʠʷ ʠ ʛʲʙʠ) ʠ ʧʨʦʢʘʨʠʦʪʠ 

(ʙʘʢʪʝʨʠʠ ʠ Achaea). ʅʘʣʠʯʠʝʪʦ ʥʘ ʚʠʨʫʩʠ ʝ ʚʠʜʠʤʦ ʚ ʛʦʩʪʦʧʨʠʝʤʥʠʮʠ, ʢʦʠʪʦ ʧʨʦʷʚʷʚʘʪ 

ʩʠʤʧʪʦʤʠ ʥʘ ʟʘʙʦʣʷʚʘʥʝ. ʆʪ ʜʨʫʛʘ ʩʪʨʘʥʘ, ʤʥʦʛʦ ʟʜʨʘʚʠ ʦʨʛʘʥʠʟʤʠ ʩʘ ʛʦʩʪʦʧʨʠʝʤʥʠʮʠ ʥʘ 

ʥʝʧʘʪʦʛʝʥʥʠ ʚʠʨʫʩʥʠ ʠʥʬʝʢʮʠʠ, ʥʷʢʦʠ ʦʪ ʢʦʠʪʦ ʩʘ ʘʢʪʠʚʥʠ, ʜʦʢʘʪʦ ʜʨʫʛʠ ʩʘ ʣʘʪʝʥʪʥʠ. ʉʲʱʘ 

ʪʘʢʘ ʝ ʫʩʪʘʥʦʚʝʥʦ, ʯʝ ʬʨʘʛʤʝʥʪʠ ʦʪ ʜʨʝʚʥʠ ʚʠʨʫʩʥʠ ʛʝʥʦʤʠ ʦʪʜʘʚʥʘ ʩʘ ʩʝ ʠʥʪʝʛʨʠʨʘʣʠ ʚ 

ʛʝʥʦʤʠʪʝ ʥʘ ʛʦʩʪʦʧʨʠʝʤʥʠʢʘ. ɺʠʨʫʩʠʪʝ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʥʘʤʝʨʝʥʠ ʚ ʧʦʯʚʘʪʘ, ʚʲʟʜʫʭʘ ʠ ʚʦʜʘʪʘ 

ʠ ʤʦʛʘʪ ʜʘ ʟʘʨʘʟʷʪ ʚʠʜʦʚʝ, ʢʦʠʪʦ ʞʠʚʝʷʪ ʚ ʪʝʟʠ ʤʝʩʪʦʦʙʠʪʘʥʠʷ, ʚ ʜʦʧʲʣʥʝʥʠʝ ʢʲʤ ʪʝʭʥʠʪʝ 

ʝʩʪʝʩʪʚʝʥʠ ʛʦʩʪʦʧʨʠʝʤʥʠʮʠ [10]. 

ɺ ʣʠʪʝʨʘʪʫʨʘʪʘ ʚʩʝ ʦʱʝ ʠʤʘ ʩʧʦʨ ʟʘ ʪʦʚʘ ʜʘʣʠ ʚʠʨʫʩʠʪʝ ʩʘ ʞʠʚʠ ʠʣʠ ʥʝʞʠʚʠ. 

ʆʪʛʦʚʦʨʲʪ ʩʝ ʦʧʨʝʜʝʣʷ ʦʪ ʥʘʯʠʥʘ ʥʘ ʜʝʬʠʥʠʨʘʥʝ ʥʘ ʞʠʚʦʪʘ. ɺʠʨʫʩʠʪʝ ʠʤʘʪ ʛʝʥʠ, ʢʦʠʪʦ ʩʝ 

ʨʝʧʣʠʮʠʨʘʪ, ʢʦʛʘʪʦ ʟʘʨʘʟʷʚʘʪ ʢʣʝʪʢʠʪʝ, ʢʦʝʪʦ ʚ ʪʦʟʠ ʩʤʠʩʲʣ ʧʨʘʚʠ ʚʠʨʫʩʠʪʝ ʞʠʚʠ. ɺʲʧʨʝʢʠ 

ʪʦʚʘ, ʪʝ ʥʝ ʩʘ ʩʲʱʠʪʝ ʢʘʪʦ ʢʣʝʪʲʯʥʠʪʝ ʬʦʨʤʠ ʥʘ ʞʠʚʦʪ. ʂʦʛʘʪʦ ʚʠʨʫʩʠʪʝ ʩʘ ʠʟʚʲʥ ʩʚʦʠʪʝ 

ʛʦʩʪʦʧʨʠʝʤʥʠ ʢʣʝʪʢʠ, ʪʝ ʩʲʱʝʩʪʚʫʚʘʪ ʢʘʪʦ ʚʠʨʫʩʥʠ ʯʘʩʪʠʮʠ (ʚʠʨʠʦʥʠ), ʢʦʠʪʦ ʩʘ ʥʝʞʠʚʠ ʠ 

ʥʝ ʩʝ ʨʘʟʤʥʦʞʘʚʘʪ. [10]. 

ɺʠʨʫʩʠʪʝ ʩʝ ʨʘʟʣʠʯʘʚʘʪ ʦʪ ʞʠʚʠʪʝ ʢʣʝʪʢʠʪʝ ʧʦ ʪʦʚʘ, ʯʝ ʩʝ ʨʘʟʤʥʦʞʘʚʘʪ ʧʦ ʨʘʟʣʠʯʝʥ 

ʥʘʯʠʥ. ʅʦʚʘʪʘ ʢʣʝʪʢʘ (ʧʨʦʢʘʨʠʦʪʥʘ ʠʣʠ ʝʫʢʘʨʠʦʪʥʘ) ʚʠʥʘʛʠ ʩʝ ʛʝʥʝʨʠʨʘ ʦʪ ʧʦ-ʨʘʥʦ 

ʦʙʨʘʟʫʚʘʥʘ ʢʣʝʪʢʘ, ʥʦ ʥʦʚ ʚʠʨʠʦʥ ʥʠʢʦʛʘ ʥʝ ʩʝ ʦʙʨʘʟʫʚʘ ʦʪ ʧʦ-ʨʘʥʦ ʦʙʨʘʟʫʚʘʥ ʚʠʨʫʩ. 

ʇʨʦʮʝʩʲʪ ʥʘ ʨʝʧʣʠʢʘʮʠʷ, ʢʦʡʪʦ ʧʨʦʪʠʯʘ ʚʲʪʨʝ ʚ ʢʣʝʪʢʘʪʘ ʛʦʩʪʦʧʨʠʝʤʥʠʢ, ʚʢʣʶʯʚʘ ʩʠʥʪʝʟʘ 

ʥʘ ʛʨʘʜʠʚʥʠ ʢʦʤʧʦʥʝʥʪʠ ʠ ʪʷʭʥʦʪʦ ʩʛʣʦʙʷʚʘʥʝ ʚʲʚ ʚʠʨʠʦʥʠ, ʢʦʝʪʦ ʚʦʜʠ ʜʦ ʧʨʦʠʟʚʝʞʜʘʥʝ ʥʘ 

ʥʦʚʠ ʚʠʨʫʩʠ. ɺ ʨʝʟʫʣʪʘʪ ʥʘ ʪʦʚʘ ʚʠʨʫʩʠʪʝ ʩʘ ʧʦ-ʩʢʦʨʦ ʧʘʨʘʟʠʪʠ, ʢʦʠʪʦ ʨʘʟʯʠʪʘʪ ʥʘ ʩʚʦʠʪʝ 

ʛʦʩʪʦʧʨʠʝʤʥʠʮʠ ʟʘ ʧʦ-ʛʦʣʷʤʘʪʘ ʯʘʩʪ ʦʪ ʩʚʦʠʪʝ ʥʫʞʜʠ, ʢʘʪʦ ʥʘʧʨʠʤʝʨ ʘʤʠʥʦʢʠʩʝʣʠʥʠ, 

ʥʫʢʣʝʦʟʠʜʠ, ʢʣʝʪʲʯʥʠ ʩʪʨʫʢʪʫʨʠ ʟʘ ʙʠʦʩʠʥʪʝʟʘ ʥʘ ʧʨʦʪʝʠʥʠ (ʨʠʙʦʟʦʤʠ) ʠ ʝʥʝʨʛʠʷ ʢʘʪʦ 

ʘʜʝʥʦʟʠʥ ʪʨʠʬʦʩʬʘʪ. 

ɿʘ ʜʘ ʧʦʜʦʙʨʠ ʝʬʝʢʪʠʚʥʦʩʪʪʘ ʥʘ ʧʨʦʮʝʩʘ ʥʘ ʚʲʟʧʨʦʠʟʚʝʞʜʘʥʝ, ʚʠʨʫʩʲʪ ʧʨʦʤʝʥʷ 

ʚʲʪʨʝʢʣʝʪʲʯʥʘʪʘ ʩʨʝʜʘ ʥʘ ʛʦʩʪʦʧʨʠʝʤʥʠʢʘ. ʇʨʦʠʟʚʦʜʩʪʚʦʪʦ ʥʘ ʥʦʚʠ ʤʝʤʙʨʘʥʥʠ ʩʪʨʫʢʪʫʨʠ, 

ʥʘʤʘʣʝʥʘʪʘ ʝʢʩʧʨʝʩʠʷ ʥʘ ʢʣʝʪʲʯʥʠ ʛʝʥʠ ʠʣʠ ʫʩʠʣʚʘʥʝʪʦ ʥʘ ʢʣʝʪʲʯʝʥ ʧʨʦʮʝʩ ʩʘ ʧʨʠʤʝʨʠ ʟʘ 

ʪʘʢʠʚʘ ʤʦʜʠʬʠʢʘʮʠʠ. ʅʷʢʦʠ ʦʛʨʦʤʥʠ ʬʘʛʠ ʢʦʜʠʨʘʪ ʧʨʦʪʝʠʥʠ, ʢʦʠʪʦ ʫʚʝʣʠʯʘʚʘʪ 

ʬʦʪʦʩʠʥʪʝʟʘʪʘ ʚ ʢʣʝʪʢʠʪʝ ʥʘ ʪʝʭʥʠʪʝ ʬʦʪʦʩʠʥʪʝʟʠʨʘʱʠ ʙʘʢʪʝʨʠʘʣʥʠ ʛʦʩʪʦʧʨʠʝʤʥʠʮʠ, ʢʘʪʦ 

ʧʦ ʪʦʟʠ ʥʘʯʠʥ ʫʚʝʣʠʯʘʚʘʪ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʥʘ ʚʠʨʫʩʠ.  
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1.2. ʇʨʠʯʠʥʠ ʟʘ ʠʟʩʣʝʜʚʘʥʝ ʥʘ ʚʠʨʫʩʠʪʝ 

1.2.1 ɺʠʨʫʩʠʪʝ ʤʦʛʘʪ ʜʘ ʧʨʠʯʠʥʷʪ ʟʘʙʦʣʷʚʘʥʝ 

ɺʠʨʫʩʠʪʝ ʠʛʨʘʷʪ ʩʲʱʝʩʪʚʝʥʘ ʨʦʣʷ ʚ ʰʠʨʦʢ ʩʧʝʢʪʲʨ ʦʪ ʯʦʚʝʰʢʠʪʝ ʟʘʙʦʣʷʚʘʥʠʷ, ʦʪ 

ʣʝʢʠ (ʥʘʧʨ. ʦʙʠʢʥʦʚʝʥʠ ʥʘʩʪʠʥʢʠ) ʜʦ ʩʤʲʨʪʦʥʦʩʥʠ (ʥʘʧʨ. ʙʷʩ). ʇʝʪ ʧʘʥʜʝʤʠʯʥʠ 

ʨʝʩʧʠʨʘʪʦʨʥʠ ʠʥʬʝʢʮʠʠ, ʧʨʠʯʠʥʝʥʠ ʦʪ ʨʘʟʣʠʯʥʠ ʧʦʜʪʠʧʦʚʝ ʥʘ ʛʨʠʧʥʠʷ ʚʠʨʫʩ, ʩʘ ʘʪʘʢʫʚʘʣʠ 

ʩʚʝʪʘ ʧʨʝʟ ʤʠʥʘʣʠʷ ʚʝʢ, ʢʘʪʦ ʩʚʠʥʝʪʝ ʩʘ ʙʠʣʠ ʟʥʘʯʠʪʝʣʥʠ ʨʝʟʝʨʚʦʘʨʠ ʟʘ ʪʝʟʠ ʛʨʠʧʥʠ ʚʠʨʫʩʠ. 

H1N1 (ʠʩʧʘʥʩʢʠ ʛʨʠʧ) ʦʪ 1918 ʛ. ʫʙʠʚʘ ʦʢʦʣʦ 50 ʤʠʣʠʦʥʘ ʜʫʰʠ ʧʦ ʩʚʝʪʘ, H2N2 (ʘʟʠʘʪʩʢʠ 

ʛʨʠʧ) ʦʪ 1957 ʛ. ʧʦʨʘʟʷʚʘ ʦʢʦʣʦ 4 ʤʠʣʠʦʥʘ ʜʫʰʠ ʧʦ ʩʚʝʪʘ, H3N2 (ʭʦʥʢʦʥʛʩʢʠ ʛʨʠʧ) ʦʪ 1968 

ʛ. ʦʪʥʝʤʘ ʞʠʚʦʪʘ ʥʘ 1 ʤʠʣʠʦʥ ʜʫʰʠ ʧʦ ʩʚʝʪʘ, H5N1 (ʧʪʠʯʠ ʛʨʠʧ) ʦʪ 2005 ʛ. ʫʙʠʚʘ ʧʦʚʝʯʝ 

ʧʪʠʮʠ ʠ ʭʦʨʘ, ʘ H1N1 (ʩʚʠʥʩʢʠ ʛʨʠʧ) ʦʪ 2009 ʛ. ʧʦʛʫʙʠ 18 000 ʜʫʰʠ ʧʦ ʩʚʝʪʘ ʠ ʦʙʭʚʘʱʘ ʥʘʜ 

100 ʩʪʨʘʥʠ, ʟʘʨʘʟʷʚʘʡʢʠ ʭʦʨʘ, ʩʚʠʥʝ ʠ ʧʪʠʮʠ [40]. 

ɺ ʧʦʩʣʝʜʥʠʪʝ ʜʝʩʝʪʠʣʝʪʠʷ ʩʝ ʧʦʷʚʠ ʦɦ ʝ ʝʜʥʘ ʧʘʥʜʝʤʠʷ, ʧʨʝʜʠʟʚʠʢʘʥʘ ʦʪ ʩʝʤʝʡʩʪʚʦʪʦ 

ʥʘ ʢʦʨʦʥʘʚʠʨʫʩʠʪʝ. ʊʝʞʢʠʷʪ ʦʩʪʲʨ ʨʝʩʧʠʨʘʪʦʨʝʥ ʩʠʥʜʨʦʤ (SARS) ʠ ɹʣʠʟʢʦʠʟʪʦʯʥʠʷʪ 

ʨʝʩʧʠʨʘʪʦʨʝʥ ʩʠʥʜʨʦʤ (MERS) ʩʘ ʜʚʝ ʨʝʛʠʦʥʘʣʥʠ ʝʧʠʜʝʤʠʠ. SARS ʦʪʥʝ ʞʠʚʦʪʘ ʥʘ 774 ʜʫʰʠ 

ʧʨʝʟ 2003 ʛ., ʜʦʢʘʪʦ MERS ʧʦʛʫʙʠ 858 ʜʫʰʠ ʤʝʞʜʫ 2012 ʠ 2019 ʛ. (ʎʝʥʪʨʦʚʝ ʟʘ ʢʦʥʪʨʦʣ ʠ 

ʧʨʝʚʝʥʮʠʷ ʥʘ ʟʘʙʦʣʷʚʘʥʠʷʪʘ, 2005 ʛ.; ʉʚʝʪʦʚʥʘ ʟʜʨʘʚʥʘ ʦʨʛʘʥʠʟʘʮʠʷ, 2019 ʛ.). ʇʨʝʟ 2019 ʛ. ʚ 

ʂʠʪʘʡ ʙʝʰʝ ʦʪʢʨʠʪ ʥʦʚ ʚʠʨʫʩ, ʧʨʠʯʠʥʷʚʘʱ ʥʦʚʘʪʘ ʢʦʨʦʥʘʚʠʨʫʩʥʘ ʙʦʣʝʩʪ 2019 (SARS-CoV-

2 ʠʣʠ COVID-19), ʢʦʷʪʦ ʙʲʨʟʦ ʩʝ ʨʘʟʧʨʦʩʪʨʘʥʠ ʚ 216 ʥʘʮʠʠ ʚ ɽʚʨʦʧʘ, ʉʝʚʝʨʥʘ ɸʤʝʨʠʢʘ, 

ɸʟʠʷ, ɹʣʠʟʢʠʷ ʠʟʪʦʢ, ɸʬʨʠʢʘ, ʠ ʃʘʪʠʥʩʢʘ ɸʤʝʨʠʢʘ. ʉʚʝʪʦʚʥʘʪʘ ʟʜʨʘʚʥʘ ʦʨʛʘʥʠʟʘʮʠʷ ʦʙʷʚʠ 

COVID-19 ʟʘ ʧʘʥʜʝʤʠʯʥʘ ʙʦʣʝʩʪ ʥʘ 11 ʤʘʨʪ 2020 ʛ. [27]. 

1.2.2. ʅʷʢʦʠ ʚʠʨʫʩʠ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʧʦʣʝʟʥʠ 

ʈʝʜʠʮʘ ʚʠʨʫʩʠ ʩʝ ʠʟʩʣʝʜʚʘʪ, ʟʘʱʦʪʦ ʠʤʘʪ ʥʘʩʪʦʷʱʠ ʠʣʠ ʙʲʜʝʱʠ ʧʨʠʣʦʞʝʥʠʷ, ʢʦʠʪʦ 

ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʦʪ ʧʦʣʟʘ [10]. 

Å ʌʘʛʦʚʦ ʪʠʧʠʟʠʨʘʥʝ ʥʘ ʙʘʢʪʝʨʠʠ. ʇʨʠ ʚʲʟʥʠʢʚʘʥʝ ʥʘ ʦʛʥʠʱʘ ʥʘ ʙʦʣʝʩʪʠ, ʧʨʠʯʠʥʝʥʠ 

ʦʪ ʙʘʢʪʝʨʠʠ, ʠʜʝʥʪʠʬʠʮʠʨʘʥʝʪʦ ʥʘ ʬʘʛʦʚʠʪʝ ʪʠʧʦʚʝ ʙʘʢʪʝʨʠʘʣʥʠ ʠʟʦʣʘʪʠ ʤʦʞʝ ʜʘ 

ʧʨʝʜʦʩʪʘʚʠ ʟʥʘʯʠʪʝʣʥʘ ʝʧʠʜʝʤʠʦʣʦʛʠʯʥʘ ʠʥʬʦʨʤʘʮʠʷ. 

Å ʀʟʪʦʯʥʠʮʠ ʥʘ ʝʥʟʠʤʠ. ɺʠʨʫʩʥʠʪʝ ʝʥʟʠʤʠ ʥʘʤʠʨʘʪ ʨʘʟʣʠʯʥʠ ʧʨʠʣʦʞʝʥʠʷ ʚ 

ʤʦʣʝʢʫʣʷʨʥʘʪʘ ʙʠʦʣʦʛʠʷ (ʥʘʧʨʠʤʝʨ ʦʙʨʘʪʥʘ ʪʨʘʥʩʢʨʠʧʪʘʟʘ ʦʪ ʨʝʪʨʦʚʠʨʫʩʠ ʠ ʈʅʂ 

ʧʦʣʠʤʝʨʘʟʠ ʦʪ ʬʘʛʠ). 

Å ʇʝʩʪʠʮʠʜʠ. ɹʘʢʫʣʦʚʠʨʫʩʠʪʝ ʩʝ ʠʟʧʦʣʟʚʘʪ ʟʘ ʢʦʥʪʨʦʣ ʥʘ ʥʷʢʦʠ ʥʘʩʝʢʦʤʠ ʚʨʝʜʠʪʝʣʠ, 

ʘ ʤʠʢʩʦʤʘ ʚʠʨʫʩʲʪ ʚʝʯʝ ʝ ʠʟʧʦʣʟʚʘʥ ʟʘ ʢʦʥʪʨʦʣ ʥʘ ʟʘʡʮʠ. 

Å ɸʥʪʠʙʘʢʪʝʨʠʘʣʥʠ ʩʨʝʜʩʪʚʘ. ʏʦʚʝʰʢʠʪʝ ʬʘʛʠ ʩʘ ʙʠʣʠ ʠʟʧʦʣʟʚʘʥʠ ʟʘ ʣʝʯʝʥʠʝ ʥʘ 

ʨʘʟʣʠʯʥʠ ʙʘʢʪʝʨʠʘʣʥʠ ʠʥʬʝʢʮʠʠ ʚ ʩʨʝʜʘʪʘ ʥʘ ʜʚʘʜʝʩʝʪʠ ʚʝʢ. 
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Å ʇʨʦʪʠʚʦʨʘʢʦʚʠ ʘʛʝʥʪʠ. ʇʨʦʫʯʚʘ ʩʝ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʛʝʥʝʪʠʯʥʦ ʤʦʜʠʬʠʮʠʨʘʥʠ 

ʚʠʨʫʩʥʠ ʱʘʤʦʚʝ ʟʘ ʣʝʯʝʥʠʝ ʥʘ ʨʘʢ. ʊʝʟʠ ʱʘʤʦʚʝ ʩʘ ʙʠʣʠ ʤʘʥʠʧʫʣʠʨʘʥʠ, ʟʘ ʜʘ ʠʤ ʧʦʟʚʦʣʷʪ 

ʜʘ ʟʘʨʘʟʷʪ ʠ ʫʥʠʱʦʞʘʪ ʩʧʝʮʠʬʠʯʥʠ ʪʫʤʦʨʥʠ ʢʣʝʪʢʠ, ʢʘʪʦ ʩʲʱʝʚʨʝʤʝʥʥʦ ʠʟʢʣʶʯʚʘʪ 

ʥʦʨʤʘʣʥʠʪʝ ʢʣʝʪʢʠ. 

Å ɻʝʥʥʠ ʚʝʢʪʦʨʠ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʧʨʦʪʝʠʥʠ. ɺʠʨʫʩʠʪʝ ʩʝ ʠʟʧʦʣʟʚʘʪ ʢʘʪʦ ʚʝʢʪʦʨʠ 

ʟʘ ʚʲʚʝʞʜʘʥʝ ʥʘ ʛʝʥʠ ʚ ʢʫʣʪʠʚʠʨʘʥʠ ʞʠʚʦʪʠʥʩʢʠ ʢʣʝʪʢʠ. 

Å ɻʝʥʥʠ ʚʝʢʪʦʨʠ ʟʘ ʣʝʯʝʥʠʝ ʥʘ ʛʝʥʝʪʠʯʥʠ ʟʘʙʦʣʷʚʘʥʠʷ. ʈʝʪʨʦʚʠʨʫʩʠʪʝ ʩʘ ʠʟʧʦʣʟʚʘʥʠ 

ʢʘʪʦ ʚʝʢʪʦʨʠ ʟʘ ʧʨʝʭʚʲʨʣʷʥʝ ʥʘ ʥʝʤʫʪʘʥʪʥʦ ʢʦʧʠʝ ʥʘ ʤʫʪʠʨʘʣʠʷ ʛʝʥ, ʦʪʛʦʚʦʨʝʥ ʟʘ ʙʦʣʝʩʪʪʘ, 

ʚ ʩʪʚʦʣʦʚʠʪʝ ʢʣʝʪʢʠ ʥʘ ʜʝʮʘ ʩ ʪʝʞʢʘ ʢʦʤʙʠʥʠʨʘʥʘ ʠʤʫʥʥʘ ʥʝʜʦʩʪʘʪʲʯʥʦʩʪ. 

Å ɹʘʟʠʨʘʥʠ ʥʘ ʚʠʨʫʩʠ ʥʘʥʦʤʘʪʝʨʠʘʣʠ ʠ ʥʘʥʦʩʪʨʫʢʪʫʨʠ ʚ ʝʥʝʨʛʠʡʥʠʪʝ ʠ 

ʙʠʦʤʝʜʠʮʠʥʩʢʠ ʧʨʠʣʦʞʝʥʠʷ. ʈʘʟʨʘʙʦʪʝʥʠʪʝ ʙʠʦʤʠʤʝʪʠʯʥʠ ʤʘʪʝʨʠʘʣʠ ʥʘ ʙʘʟʘʪʘ ʥʘ ʚʠʨʫʩʠ 

ʩʝ ʠʟʧʦʣʟʚʘʪ ʟʘ ʩʲʟʜʘʚʘʥʝ ʥʘ ʙʠʦʩʝʥʟʦʨʠ ʠ ʥʘʥʦʥʦʩʠʪʝʣʠ [40]. 

 

1.3. ʂʣʘʩʠʬʠʢʘʮʠʷ ʥʘ ʚʠʨʫʩʠʪʝ 

ʇʦʥʘʩʪʦʷʱʝʤ ʚʠʨʫʩʠʪʝ ʩʘ ʢʣʘʩʠʬʠʮʠʨʘʥʠ ʚ ʦʩʝʤ ʛʨʫʧʠ ʦʪ ʄʝʞʜʫʥʘʨʦʜʥʠʷ ʢʦʤʠʪʝʪ 

ʧʦ ʪʘʢʩʦʥʦʤʠʷ ʥʘ ʚʠʨʫʩʠ (ICTV) [61]. ʇʲʨʚʘʪʘ ʢʘʪʝʛʦʨʠʷ ʚʢʣʶʯʚʘ ʭʠʤʝʨʥʠ ʚʠʨʫʩʠ ʩ 

ʜʚʦʡʥʦʚʝʨʠʞʥʘ ɼʅʂ ʠ ʝʜʥʦʚʝʨʠʞʥʘ ɼʅʂ, ʢʘʪʦ ʧʣʝʦʤʦʨʬʝʥ ʚʠʨʫʩ 1 ʥʘ ʅaloarcula hispanica. 

ɼʚʦʡʥʦʚʝʨʠʞʥʠʪʝ ɼʅʂ ʚʠʨʫʩʠ, ʢʘʪʦ ʧʦʢʩʚʠʨʫʩʠ, ʭʝʨʧʝʩʚʠʨʫʩʠ ʠ ʘʜʝʥʦʚʠʨʫʩʠ, ʩʝ ʥʘʤʠʨʘʪ 

ʚʲʚ ʚʪʦʨʘʪʘ ʢʘʪʝʛʦʨʠʷ. ɽʜʥʦʚʝʨʠʞʥʠʷʪ ɼʅʂ ʚʠʨʫʩ, ʢʘʪʦ ʧʘʨʚʦʚʠʨʫʩʠʪʝ, ʝ ʚʢʣʶʯʝʥ ʚ ʪʨʝʪʘʪʘ, 

ʘ ʜʚʦʡʥʦʚʝʨʠʞʥʠʷʪ ʈʅʂ ʚʠʨʫʩ, ʢʘʪʦ ʨʝʦʚʠʨʫʩʠʪʝ, ʝ ʚ ʯʝʪʚʲʨʪʘʪʘ ʛʨʫʧʘ. ɺʠʨʫʩʠʪʝ ʩ 

ʧʦʣʦʞʠʪʝʣʥʠ ʝʜʥʦʚʝʨʠʞʥʠ ʈʅʂ ʛʝʥʦʤʠ, ʢʘʪʦ ʪʝʢʫʱʘʪʘ ʝʧʠʜʝʤʠʷ ʦʪ SARS-CoV-2, 

ʝʥʪʝʨʦʚʠʨʫʩʠ, ʚʠʨʫʩ ʥʘ ʭʝʧʘʪʠʪ ɸ, ʧʦʣʠʦʚʠʨʫʩ, ʨʠʥʦʚʠʨʫʩʠ, ʚʠʨʫʩ ʥʘ ʰʘʧʘ (HFM), ʚʠʨʫʩ ʥʘ 

SARS, ʚʠʨʫʩ ʥʘ ʞʲʣʪʘ ʪʨʝʩʢʘ , ʚʠʨʫʩ ʥʘ ʭʝʧʘʪʠʪ ʉ (HCV) ʠ ʚʠʨʫʩ ʥʘ ʨʫʙʝʦʣʘ ʩʝ ʦʙʝʜʠʥʷʚʘʪ 

ʚ ʧʝʪʘʪʘ ʛʨʫʧʘ. ʐʝʩʪʘʪʘ ʛʨʫʧʘ ʚʢʣʶʯʚʘ ʚʠʨʫʩʠ ʩ ʦʪʨʠʮʘʪʝʣʥʠ ʝʜʥʦʚʝʨʠʞʥʠ ʈʅʂ ʛʝʥʦʤʠ, 

ʢʘʪʦ ʩʤʲʨʪʦʥʦʩʥʠʪʝ ʚʠʨʫʩʠ ʄʘʨʙʫʨʛ ʠ ɽʙʦʣʘ, ʢʘʢʪʦ ʠ ʤʦʨʙʠʣʠ, ʛʨʠʧʝʥ ʚʠʨʫʩ ʠ ʧʘʨʦʪʠʪ; 

ʩʝʜʤʘʪʘ ʛʨʫʧʘ ʚʢʣʶʯʚʘ ʚʠʨʫʩʠ ʩ ʝʜʥʦʚʝʨʠʞʥʠ ʈʅʂ ʛʝʥʦʤʠ, ʢʦʠʪʦ ʩʝ ʨʝʧʣʠʢʠʨʘʪ ʯʨʝʟ ɼʅʂ 

ʤʝʞʜʠʥʝʥ ʧʨʦʜʫʢʪ, ʢʘʪʦ HIV; ʠ ʦʩʤʘʪʘ ʛʨʫʧʘ ʚʢʣʶʯʚʘ ʚʠʨʫʩʠ ʩ ʜʚʦʡʥʦʚʝʨʠʞʥʠ ɼʅʂ ʛʝʥʦʤʠ 

ʠ ʨʝʧʣʠʢʘʮʠʷ ʥʘ ʦʙʨʘʪʥʘ ʪʨʘʥʩʢʨʠʧʪʘʟʘ, ʢʘʪʦ ʚʠʨʫʩʘ ʥʘ ʭʝʧʘʪʠʪ B (HBV). 

 

1.3.1. ʊʘʢʩʦʥʦʤʠʷ ʥʘ Coronaviruses 

ʂʦʨʦʥʘʚʠʨʫʩʠʪʝ (CoV) ʩʘ ʟʥʘʯʠʪʝʣʥʘ ʛʨʫʧʘ ʚʠʨʫʩʠ, ʧʨʠʥʘʜʣʝʞʘʱʠ ʢʲʤ ʨʘʟʨʝʜ 

Nidovirales, ʧʦʜʨʘʟʨʝʜ Cornidovirineae ʠ ʩʝʤʝʡʩʪʚʦ Coronaviridae. Letovirinae ʠ 

Orthocoronavirinae ʩʘ ʜʚʝ ʧʦʜʩʝʤʝʡʩʪʚʘ ʦʪ ʩʝʤʝʡʩʪʚʦ Coronaviridae. ʈʦʜʲʪ Alphaletovirus 

ʧʨʠʥʘʜʣʝʞʠ ʢʲʤ ʩʝʤʝʡʩʪʚʦ Letovirinae, ʜʦʢʘʪʦ ʩʝʤʝʡʩʪʚʦʪʦ Orthocoronaviridae ʝ ʨʘʟʜʝʣʝʥʦ 
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ʥʘ ʯʝʪʠʨʠ ʨʦʜʘ ʚʲʟ ʦʩʥʦʚʘ ʥʘ ʬʠʣʦʛʝʥʝʪʠʯʝʥ ʘʥʘʣʠʟ ʠ ʩʪʨʫʢʪʫʨʘ ʥʘ ʛʝʥʦʤʘ: Alphacoronavirus 

(CoV), Betacoronavirus (CoV), Gammacoronavirus (CoV) ʠ Deltacoronavirus (CoV), ʢʦʠʪʦ 

ʩʲʜʲʨʞʘʪ 17 , ʩʲʦʪʚʝʪʥʦ 12, 2 ʠ 7 ʨʘʟʣʠʯʥʠ ʚʠʜʘ. ĂCoronañ ʝ ʣʘʪʠʥʩʢʘ ʜʫʤʘ, ʢʦʷʪʦ ʦʟʥʘʯʘʚʘ 

Ăʢʦʨʦʥʘñ ʠ ʚʠʨʫʩʲʪ ʧʦʣʫʯʠ ʠʤʝʪʦ ʩʠ ʦʪ ʥʘʣʠʯʠʝʪʦ ʥʘ ʰʠʧʦʚʝ ʚ ʩʚʦʷʪʘ ʦʙʚʠʚʢʘ, ʢʦʠʪʦ ʤʫ 

ʧʨʠʜʘʚʘʪ ʧʦʜʦʙʥʘ ʥʘ ʢʦʨʦʥʘ ʬʦʨʤʘ ʧʦʜ ʝʣʝʢʪʨʦʥʝʥ ʤʠʢʨʦʩʢʦʧ. ʉʧʦʩʦʙʥʦʩʪʪʘ ʥʘ ʚʠʨʫʩʠʪʝ ʚ 

ʪʦʟʠ ʨʝʜ ʝ ʜʘ ʩʲʟʜʘʚʘʪ ʥʘʙʦʨ ʦʪ ʩʫʙʛʝʥʦʤʥʘ ʠʈʅʂ, ʢʦʡʪʦ ʩʝ ʥʘʨʠʯʘ ʥʠʜʦ [3]. 

ɺ ʨʝʟʫʣʪʘʪ ʥʘ ʪʦʚʘ ʢʦʨʦʥʘʚʠʨʫʩʠʪʝ (CoV) ʩʘ ʢʘʪʝʛʦʨʠʟʠʨʘʥʠ ʚ ʯʝʪʠʨʠ ʧʦʢʦʣʝʥʠʷ: Ŭ-, 

ɓ-, ɔ-, ʠ ŭ-CoV [15]. Ŭ- ʠ ɓ-CoVs ʟʘʨʘʟʷʚʘʪ ʩʘʤʦ ʙʦʟʘʡʥʠʮʠ, ʜʦʢʘʪʦ ɔ- ʠ ŭ-CoVs ʤʦʞʝ ʜʘ ʟʘʨʘʟʷʪ 

ʧʪʠʮʠ ʠ ʥʷʢʦʠ ʙʦʟʘʡʥʠʮʠ. ʅʘʡ-ʥʦʚʘʪʘ ʢʣʘʩʠʬʠʢʘʮʠʷ ʥʘ Coronaviridae ʝ ʧʦʢʘʟʘʥʘ ʥʘ ʌʠʛ. 1. 

ʌʠʛʫʨʘ 1. ʊʘʢʩʦʥʦʤʠʷ ʥʘ SARS-CoV-2 ʠ ʥʝʛʦʚʠʪʝ ʙʣʠʟʢʦʨʦʜʩʪʚʝʥʠ ʪʘʢʩʦʥʠ [3]. 

 

 

ʂʲʤ ʜʥʝʰʥʘ ʜʘʪʘ ʝ ʠʟʚʝʩʪʥʦ, ʯʝ ʩʝʜʝʤ CoV ʧʨʠʯʠʥʷʚʘʪ ʠʥʬʝʢʮʠʠ ʧʨʠ ʭʦʨʘ, 

ʚʢʣʶʯʠʪʝʣʥʦ CoV-OC43, CoV-229E, HCoV-OC43, CoV-HKU1, CoVNL63, ʙʣʠʟʢʦʠʟʪʦʯʥʦ 

ʨʝʩʧʠʨʘʪʦʨʥʦ ʟʘʙʦʣʷʚʘʥʝ (MERS)-CoV ʠ ʪʝʞʲʢ ʦʩʪʲʨ ʨʝʩʧʠʨʘʪʦʨʝʥ ʩʠʥʜʨʦʤ (SARS)-CoV 

and SARS-CoV-2 or COVID-19 [51, 63]. 

SARS-CoV-2, ʯʣʝʥ ʥʘ ʩʝʤʝʡʩʪʚʦ Coronaviridae, ʧʨʠʥʘʜʣʝʞʠ ʢʲʤ ʨʦʜʘ -CoV ʠ ʩʝ 

ʩʤʷʪʘ, ʯʝ ʝ ʪʘʢʩʦʥʦʤʠʯʥʦ ʠ ʛʝʥʝʪʠʯʥʦ ʠʜʝʥʪʠʯʝʥ ʥʘ SARS-CoV, MERS-CoV ʠ ʜʨʫʛʠ ʯʦʚʝʰʢʠ 

ʢʦʨʦʥʘʚʠʨʫʩʠ [3]. 
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SARS-CoV-2 ʧʦʢʘʟʚʘ ʦʪʜʝʣʥʘ ʣʠʥʠʷ ʚ ʧʦʜʨʦʜʘ Sarbecovirus (ʧʨʝʜʠ ʪʦʚʘ ʣʠʥʠʷ 2b ʥʘ 

CoV), ʩʧʦʨʝʜ Chan et al. [14]. ʊʲʡ ʢʘʪʦ ʠʤʘ ʤʥʦʛʦ ʦʛʨʘʥʠʯʝʥʠ ʜʘʥʥʠ ʟʘ ʪʘʟʠ ʥʦʚʦʚʲʟʥʠʢʥʘʣʘ 

ʟʘʧʣʘʭʘ ʠ ʩʪʨʘʪʝʛʠʠʪʝ ʟʘ ʧʨʝʚʝʥʮʠʷ, ʧʨʠʝʪʠ ʧʦ ʚʨʝʤʝ ʥʘ ʧʨʝʜʠʰʥʠ ʠʟʩʣʝʜʚʘʥʠʷ ʠ ʚʠʨʫʩʥʠ 

ʝʧʠʜʝʤʠʠ, ʠʛʨʘʷʪ ʚʘʞʥʘ ʨʦʣʷ ʚ ʨʘʟʨʘʙʦʪʚʘʥʝʪʦ ʥʘ ʥʦʚʠ ʧʦʜʭʦʜʠ ʩʨʝʱʫ SARS-CoV-2, ʪʨʷʙʚʘ 

ʜʘ ʝ ʧʦʣʝʟʥʦ ʟʘ ʫʯʝʥʠʪʝ ʜʘ ʚʟʝʤʘʪ ʪʝʟʠ Ăʨʦʜʥʠʥʠ ' ʥʘ SARS-CoV-2 ʧʦʜ ʚʥʠʤʘʥʠʝ. 

ɼʨʫʛʠ ʢʦʨʦʥʘʚʠʨʫʩʠ ʦʙʘʯʝ ʩʘ ʜʦʚʝʣʠ ʜʦ ʧʘʥʜʝʤʠʯʥʠ ʠʥʬʝʢʮʠʠ ʧʨʠ ʜʦʤʘʰʥʠ ʠ ʜʠʚʠ 

ʙʦʟʘʡʥʠʮʠ ʠ ʧʪʠʮʠ, ʢʦʝʪʦ ʚʦʜʠ ʜʦ ʚʠʩʦʢʠ ʥʠʚʘ ʥʘ ʩʤʲʨʪʥʦʩʪ ʠ ʟʥʘʯʠʪʝʣʥʠ ʠʢʦʥʦʤʠʯʝʩʢʠ 

ʟʘʛʫʙʠ. ʂʦʢʦʰʠ IBV, ʢʦʨʦʥʘʚʠʨʫʩ SW1 ʥʘ ʙʝʣʫʛʘ ʢʠʪ (BWCoV-SW1), ʢʦʨʦʥʘʚʠʨʫʩʠ ʥʘ 

ʧʨʠʣʝʧʠ CDPHE15 ʠ HKU10 (ICTV 2018), ʚʠʨʫʩ ʥʘ ʝʧʠʜʝʤʠʯʥʘ ʜʠʘʨʠʷ ʧʦ ʩʚʠʥʝʪʝ (PEDV), 

TGEV ʠ ʩʠʥʜʨʦʤ ʥʘ ʚʥʝʟʘʧʥʘ ʦʩʪʨʘ ʜʠʘʨʠʷ ʩʘ ʩʨʝʜ ʠʜʝʥʪʠʬʠʮʠʨʘʥʠʪʝ ʚʠʨʫʩʠ (SADS-CoV ) 

[3]. 

 

1.4. ʇʨʠʨʦʜʘ ʥʘ ʚʠʨʫʩʠʪʝ 

1.4.1 ɺʠʨʫʩʠʪʝ ʩʘ ʤʘʣʢʠ ʯʘʩʪʠʮʠ 

ʇʦʚʝʯʝʪʦ ʚʠʨʫʩʥʠ ʚʠʨʠʦʥʠ ʩʘ ʪʚʲʨʜʝ ʤʘʣʢʠ, ʟʘ ʜʘ ʩʝ ʚʠʜʷʪ ʩʲʩ ʩʚʝʪʣʠʥʝʥ ʤʠʢʨʦʩʢʦʧ 

ʠ ʤʦʛʘʪ ʜʘ ʩʝ ʥʘʙʣʶʜʘʚʘʪ ʩʘʤʦ ʩ ʝʣʝʢʪʨʦʥʝʥ ʤʠʢʨʦʩʢʦʧ. ʊʝ ʩʝ ʩʨʝʱʘʪ ʚ ʰʠʨʦʢʘ ʛʘʤʘ ʦʪ 

ʨʘʟʤʝʨʠ, ʬʦʨʤʠ ʠ ʬʦʨʤʠ. ʅʷʢʦʠ ʩʘ ʦʛʨʦʤʥʠ, ʜʦʢʘʪʦ ʜʨʫʛʠ ʩʘ ʤʘʣʢʠ; ʥʷʢʦʠ ʩʘ ʩʬʝʨʠʯʥʠ, ʘ 

ʜʨʫʛʠ ʧʨʠʣʠʯʘʪ ʥʘ ʧʨʲʯʠʮʠ. ʄʥʦʛʦ ʦʪ ʪʝʟʠ ʚʠʨʫʩʠ ʠʤʘʪ ʩʠʣʥʦ ʩʠʤʝʪʨʠʯʥʘ ʩʪʨʫʢʪʫʨʘ. 

ʉʪʘʥʜʘʨʪʥʘʪʘ ʤʝʨʥʘ ʝʜʠʥʠʮʘ ʟʘ ʚʠʨʠʦʥʠ ʝ ʥʘʥʦʤʝʪʨ̡ (1 nm = 10ī9 m). ʇʘʨʚʦʚʠʨʫʩʠʪʝ ʩ 

ʨʘʟʤʝʨʠ ʦʪ ʧʨʠʙʣʠʟʠʪʝʣʥʦ 20 nm ʩʘ ʩʨʝʜ ʥʘʡ-ʤʘʣʢʠʪʝ, ʜʦʢʘʪʦ ʚʠʨʫʩʲʪ, ʠʤʠʪʠʨʘʱ ʤʠʢʨʦʙʠ 

(ʤʠʤʠʚʠʨʫʩ), ʠʟʦʣʠʨʘʥ ʦʪ ʘʤʝʙʘ, ʝ ʩʨʝʜ ʥʘʡ-ʛʦʣʝʤʠʪʝ. ʂʦʨʦʥʘʚʠʨʫʩʥʠʪʝ ʚʠʨʠʦʥʠ (CoV) ʠʤʘʪ 

ʜʠʘʤʝʪʲʨ ʦʪ 60-140 nm ʠ ʦʙʠʢʥʦʚʝʥʦ ʩʘ ʩʬʝʨʠʯʥʠ ʜʦ ʧʣʝʦʤʦʨʬʥʠ ʟʘʪʚʦʨʝʥʠ ʯʘʩʪʠʮʠ [1]. 

ɺʠʨʫʩʠʪʝ ʩʘ ʤʘʢʨʦʤʦʣʝʢʫʣʥʠ ʩʲʚʢʫʧʥʦʩʪʠ, ʢʦʠʪʦ ʩʘ ʤʝʪʘʩʪʘʙʠʣʥʠ. ʉ ʠʟʢʣʶʯʝʥʠʝ 

ʥʘ ʘʨʝʥʘʚʠʨʫʩʥʠʪʝ ʚʠʨʠʦʥʠ, ʢʦʠʪʦ ʠʤʘʪ ʢʣʝʪʲʯʥʠ ʨʠʙʦʟʦʤʠ, ʦʧʘʢʦʚʘʥʠ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ 

ʥʘ ʚʠʨʠʦʥʠʪʝ, ʪʝ ʥʝ ʩʘ ʢʣʝʪʢʠ ʠ ʥʝ ʩʲʜʲʨʞʘʪ ʦʨʛʘʥʝʣʠ [10]. 

 

1.4.2 ɺʠʨʫʩʠʪʝ ʠʤʘʪ ʛʝʥʝʪʠʯʝʥ ʤʘʪʝʨʠʘʣ 

ɻʝʥʦʤʲʪ ʥʘ ʚʠʨʫʩʘ ʩʝ ʩʲʜʲʨʞʘ ʚʲʚ ʚʠʨʠʦʥʘ. ɺʠʨʫʩʥʠʪʝ ʛʝʥʦʤʠ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ 

ʩʲʩʪʘʚʝʥʦ ʦʪ ʜʚʦʡʥʦʚʝʨʠʞʥʘ ɼʅʂ, ʝʜʥʦʚʝʨʠʞʥʘ ɼʅʂ, ʜʚʦʡʥʦʚʝʨʠʞʥʘ ʈʅʂ ʠʣʠ 

ʝʜʥʦʚʝʨʠʞʥʘ ʈʅʂ, ʜʦʢʘʪʦ ʢʣʝʪʲʯʥʠʪʝ ʛʝʥʦʤʠ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʠʟʛʨʘʜʝʥʠ ʩʘʤʦ ʦʪ 

ʜʚʦʡʥʦʚʝʨʠʞʥʘ ɼʅʂ. 

ʂʦʨʦʥʘʚʠʨʫʩʠʪʝ (SARS-CoV-2) ʠʤʘʪ ʝʜʠʥ ʦʪ ʥʘʡ-ʛʦʣʝʤʠʪʝ ʤʦʥʦʢʦʤʧʦʥʝʥʪʥʠ ʛʝʥʦʤʠ 

ʩʨʝʜ ʈʅʂ ʚʠʨʫʩʠʪʝ, ʧʨʝʜʩʪʘʚʝʥ ʦʪ ʝʜʥʦʚʝʨʠʞʥʘ ʧʦʣʦʞʠʪʝʣʥʘ ʈʅʂ [(+) ssRNA] [11]. ɻʝʥʦʤʲʪ 
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ʥʘ ʢʦʨʦʥʘʚʠʨʫʩʘ ʝ ʜʲʣʲʛ 29903 ʥʫʢʣʝʦʪʠʜʘ ʠ ʚʢʣʶʯʚʘ ʜʚʝ ʥʝʪʨʘʥʩʣʠʨʘʥʠ ʦʙʣʘʩʪʠ (UTR) ʚ 5' 

ʠ 3' ʢʨʘʠʱʘʪʘ, ʢʘʢʪʦ ʠ 11 ʦʪʚʦʨʝʥʠ ʨʘʤʢʠ ʟʘ ʯʝʪʝʥʝ (ORFs) [14]. 

ʂʘʧʩʠʜʲʪ ʝ ʧʨʦʪʝʠʥʦʚʘʪʘ ʦʙʚʠʚʢʘ, ʢʦʷʪʦ ʦʙʛʨʘʞʜʘ ʛʝʥʦʤʘ. ɺʠʨʠʦʥʲʪ ʩʝ ʩʲʩʪʦʠ ʦʪ 

ʛʝʥʦʤ, ʢʘʧʩʠʜ ʠ ʜʦʧʲʣʥʠʪʝʣʥʠ ʢʦʤʧʦʥʝʥʪʠ. ʆʩʥʦʚʥʠʪʝ ʬʫʥʢʮʠʠ ʥʘ ʚʠʨʠʦʥʘ ʩʘ ʜʘ ʟʘʱʠʪʘʚʘ 

ʛʝʥʦʤʘ ʠ ʜʘ ʛʦ ʪʨʘʥʩʧʦʨʪʠʨʘ ʜʦ ʢʣʝʪʢʘ, ʢʲʜʝʪʦ ʤʦʞʝ ʜʘ ʩʝ ʨʘʟʤʥʦʞʘʚʘ. ɼʨʫʛʠ ʧʨʦʪʝʠʥʠ, 

ʠʟʚʝʩʪʥʠ ʢʘʪʦ ʥʝʩʪʨʫʢʪʫʨʥʠ ʧʨʦʪʝʠʥʠ, ʩʘ ʢʦʜʠʨʘʥʠ ʦʪ ʚʠʨʫʩʥʠʷ ʛʝʥʦʤ ʚ ʜʦʧʲʣʥʝʥʠʝ ʢʲʤ 

ʧʨʦʪʝʠʥʠʪʝ, ʢʦʠʪʦ ʠʟʛʨʘʞʜʘʪ ʢʘʧʩʠʜʘ. ʊʝ ʥʝ ʩʘ ʯʘʩʪ ʦʪ ʦʨʛʘʥʠʟʘʮʠʷʪʘ ʥʘ ʢʨʘʡʥʠʷ ʢʘʧʩʠʜ. 

ʊʝʟʠ ʥʝʩʪʨʫʢʪʫʨʥʠ ʧʨʦʪʝʠʥʠ ʩʘ ʥʝʦʙʭʦʜʠʤʠ, ʟʘ ʜʘ ʩʝ ʦʩʲʱʝʩʪʚʠ ʚʠʨʫʩʥʘʪʘ ʨʝʧʣʠʢʘʮʠʷ ʚ 

ʢʣʝʪʢʘʪʘ ʛʦʩʪʦʧʨʠʝʤʥʠʢ [60]. 

ʈʘʟʤʝʨʲʪ ʥʘ ʚʠʨʫʩʘ ʯʝʩʪʦ ʝ ʧʨʦʧʦʨʮʠʦʥʘʣʝʥ ʥʘ ʨʘʟʤʝʨʘ ʥʘ ʛʝʥʦʤʘ. ɺʠʨʫʩʥʠʷʪ ʛʝʥʦʤ, 

ʦʪ ʜʨʫʛʘ ʩʪʨʘʥʘ, ʜʦʧʨʠʥʘʩʷ ʟʥʘʯʠʪʝʣʥʦ ʧʦ-ʤʘʣʢʦ ʟʘ ʦʙʱʘʪʘ ʤʘʩʘ ʥʘ ʚʠʨʠʦʥʘ, ʦʪʢʦʣʢʦʪʦ 

ʢʘʧʩʠʜʥʠʪʝ ʧʨʦʪʝʠʥʠ. ɺ ʨʝʟʫʣʪʘʪ ʥʘ ʪʦʚʘ ʤʥʦʛʦʙʨʦʡʥʠ ʢʦʧʠʷ ʥʘ ʢʘʧʩʠʜʥʠʷ ʧʨʦʪʝʠʥ ʪʨʷʙʚʘ 

ʜʘ ʙʲʜʘʪ ʩʚʲʨʟʘʥʠ ʟʘʝʜʥʦ, ʟʘ ʜʘ ʥʘʧʨʘʚʷʪ ʢʘʧʩʠʜʘ(ʠʪʝ). ʂʦʣʠʯʝʩʪʚʦʪʦ ʛʝʥʝʪʠʯʥʘ ʠʥʬʦʨʤʘʮʠʷ, 

ʥʝʦʙʭʦʜʠʤʦ ʚ ʪʘʢʦʚʘ ʩʛʣʦʙʷʚʘʥʝ ʩ ʧʦʚʪʘʨʷʱʠ ʩʝ ʩʫʙʝʜʠʥʠʮʠ, ʝ ʟʥʘʯʠʪʝʣʥʦ ʥʘʤʘʣʝʥʦ. ʇʨʠ 

ʥʷʢʦʠ ʚʠʨʫʩʠ ʝʜʠʥʠʯʝʥ ʛʝʥʝʥ ʧʨʦʜʫʢʪ ʫʯʘʩʪʚʘ ʚ ʨʘʟʚʠʪʠʝʪʦ ʥʘ ʢʘʧʩʠʜʘ, ʥʦ ʧʨʠ ʧʦ-ʩʣʦʞʥʠʪʝ 

ʚʠʨʫʩʠ ʫʯʘʩʪʚʘʪ ʤʥʦʞʝʩʪʚʦ ʛʝʥʥʠ ʧʨʦʜʫʢʪʠ [60]. 

ʏʝʪʠʨʠ ʩʪʨʫʢʪʫʨʥʠ ʧʨʦʪʝʠʥʘ, ʥʫʢʣʝʦʢʘʧʩʠʜʝʥ (N) ʧʨʦʪʝʠʥ, ʤʝʤʙʨʘʥʝʥ (M) ʧʨʦʪʝʠʥ, 

ʰʠʧʯʝʩʪ (S) ʧʨʦʪʝʠʥ ʠ ʦʙʚʠʚʘʱ (E) ʧʨʦʪʝʠʥ, ʩʘ ʢʦʜʠʨʘʥʠ ʦʪ ʛʝʥʦʤʘ ʥʘ ʢʦʨʦʥʘʚʠʨʫʩʘ, ʢʘʢʪʦ 

ʠ ʥʷʢʦʣʢʦ ʥʝʩʪʨʫʢʪʫʨʥʠ ʧʨʦʪʝʠʥʘ (25 nsp) (ʌʠʛ. 2). ʂʘʧʩʠʜʲʪ ʩʲʜʲʨʞʘ N-ʧʨʦʪʝʠʥ, ʢʦʡʪʦ ʝ 

ʧʨʠʢʨʝʧʝʥ ʢʲʤ ʝʜʠʥʠʯʥʘʪʘ ʧʦʣʦʞʠʪʝʣʥʘ ʚʝʨʠʛʘ ʥʘ ʈʅʂ ʥʘ ʚʠʨʫʩʘ ʠ ʤʫ ʧʦʟʚʦʣʷʚʘ ʜʘ ʟʘʨʘʟʷʚʘ 

ʯʦʚʝʰʢʠ ʢʣʝʪʢʠ ʠ ʜʘ ʛʠ ʧʨʝʚʨʲʱʘ ʚʲʚ ʚʠʨʫʩʥʠ ʬʘʙʨʠʢʠ. N ʧʨʦʪʝʠʥʲʪ ʧʦʢʨʠʚʘ ʛʝʥʦʤʘ ʥʘ 

ʚʠʨʫʩʥʘʪʘ ʈʅʂ ʠ ʝ ʥʝʦʙʭʦʜʠʤ ʟʘ ʨʝʧʣʠʢʘʮʠʷ ʠ ʪʨʘʥʩʢʨʠʧʮʠʷ. ɺʠʨʫʩʥʘʪʘ ʨʝʧʣʠʢʘʮʠʷ ʠ 

ʪʨʘʥʩʢʨʠʧʮʠʷ ʩʝ ʦʙʨʘʙʦʪʚʘʪ ʦʪ N-ʢʨʘʷ ʥʘ N ʧʨʦʪʝʠʥʘ, ʢʦʡʪʦ ʩʝ ʩʚʲʨʟʚʘ ʩ ʛʝʥʦʤʥʠ ʠ 

ʩʫʙʛʝʥʦʤʥʠ ʈʅʂ [5]. 
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ʌʠʛʫʨʘ 2. ɺʠʨʫʩʥʠ ʧʦʚʲʨʭʥʦʩʪʥʠ ʧʨʦʪʝʠʥʠ (ʰʠʧ, ʦʙʚʠʚʢʘ ʠ ʤʝʤʙʨʘʥʘ), ʚʛʨʘʜʝʥʠ ʚ 

ʣʠʧʠʜʝʥ ʜʚʦʝʥ ʩʣʦʡ [3]. 

 

ʄ-ʧʨʦʪʝʠʥʲʪ ʝ ʥʘʡ-ʨʘʟʧʨʦʩʪʨʘʥʝʥ ʥʘ ʚʠʨʫʩʥʘʪʘ ʧʦʚʲʨʭʥʦʩʪ ʠ ʩʝ ʩʤʷʪʘ, ʯʝ ʝ ʦʩʥʦʚʥʠʷʪ 

ʦʨʛʘʥʠʟʘʪʦʨ ʥʘ ʢʦʨʦʥʘʚʠʨʫʩʘ. S-ʧʨʦʪʝʠʥʲʪ ʝ ʚʢʣʶʯʝʥ ʚ ʧʦʚʲʨʭʥʦʩʪʪʘ ʥʘ ʚʠʨʫʩʘ ʠ ʫʣʝʩʥʷʚʘ 

ʥʘʚʣʠʟʘʥʝʪʦ ʥʘ ʚʠʨʫʩʘ ʚ ʢʣʝʪʢʘʪʘ ï ʛʦʩʪʦʧʨʠʝʤʥʠʢ. ʊʦʟʠ ʙʝʣʪʲʢ ʤʝʜʠʠʨʘ ʢʘʢʪʦ 

ʧʨʠʢʨʝʧʚʘʥʝʪʦ ʥʘ ʚʠʨʫʩʘ ʢʲʤ ʧʦʚʲʨʭʥʦʩʪʥʠʪʝ ʨʝʮʝʧʪʦʨʠ ʥʘ ʢʣʝʪʢʘʪʘ ʛʦʩʪʦʧʨʠʝʤʥʠʢ, ʪʘʢʘ ʠ 

ʤʝʤʙʨʘʥʥʦʪʦ ʩʣʠʚʘʥʝ ʤʝʞʜʫ ʤʝʤʙʨʘʥʠʪʝ ʥʘ ʚʠʨʫʩʘ ʠ ʢʣʝʪʢʘʪʘ ʛʦʩʪʦʧʨʠʝʤʥʠʢ [29]. ɽ-

ʧʨʦʪʝʠʥʲʪ ʝ ʤʘʣʲʢ ʤʝʤʙʨʘʥʝʥ ʧʨʦʪʝʠʥ ʩ 76-109 ʘʤʠʥʦʢʠʩʝʣʠʥʠ, ʢʦʡʪʦ ʝ ʚʪʦʨʦʩʪʝʧʝʥʝʥ 

ʢʦʤʧʦʥʝʥʪ ʥʘ ʚʠʨʫʩʥʘʪʘ ʯʘʩʪʠʮʘ. ʊʦʡ ʫʯʘʩʪʚʘ ʚ ʩʛʣʦʙʷʚʘʥʝʪʦ ʥʘ ʚʠʨʫʩʘ, ʢʦʥʪʨʦʣʠʨʘ 

ʧʨʦʧʫʩʢʣʠʚʦʩʪʪʘ ʥʘ ʤʝʤʙʨʘʥʘʪʘ ʥʘ ʢʣʝʪʢʘʪʘ ʛʦʩʪʦʧʨʠʝʤʥʠʢ ʧʨʠ ʢʦʥʪʘʢʪʘ ʚʠʨʫʩ-ʢʣʝʪʢʘ 

ʛʦʩʪʦʧʨʠʝʤʥʠʢ. [25]. ʇʨʠ ʥʷʢʦʠ ʚʠʨʫʩʠ ʚʲʥʰʥʦ ʝ ʨʘʟʧʦʣʦʞʝʥʘ ʣʠʧʠʜʥʘ ʦʙʚʠʚʢʘ. ʊʘʢʲʚ 

ʜʚʦʝʥ ʣʠʧʠʜʝʥ ʩʣʦʡ ʟʘʦʙʠʢʘʣʷ ʰʠʧʘ, ʦʙʚʠʚʢʘʪʘ ʠ ʤʝʤʙʨʘʥʘʪʘ ʥʘ ʢʦʨʦʥʘʚʠʨʫʩʥʠʪʝ ʚʠʨʫʩʥʠ 

ʧʦʚʲʨʭʥʦʩʪʥʠ ʧʨʦʪʝʠʥʠ. ʉʲʱʦ ʪʘʢʘ, ʥʘ ʧʦʚʲʨʭʥʦʩʪʪʘ ʥʘ ʚʠʨʫʩʘ ʝ ʦʪʢʨʠʪ ʜʠʤʝʨʝʥ ʙʝʣʪʲʢ - 

ʭʝʤʘʛʣʫʪʠʥʠʥ-ʝʩʪʝʨʘʟʘ (HE). ʊʦʟʠ ʧʨʦʪʝʠʥ ʤʦʞʝ ʜʘ ʠʤʘ ʨʦʣʷ ʧʨʠ ʥʘʚʣʠʟʘʥʝʪʦ ʥʘ ʚʠʨʫʩʘ; ʥʝ 

ʝ ʦʪ ʩʲʱʝʩʪʚʝʥʦ ʟʥʘʯʝʥʠʝ ʟʘ ʨʝʧʣʠʢʘʮʠʷʪʘ ʥʘ ʚʠʨʫʩʘ, ʥʦ ʠʟʛʣʝʞʜʘ, ʯʝ ʝ ʚʘʞʝʥ ʟʘ ʝʩʪʝʩʪʚʝʥʘʪʘ 

ʠʥʬʝʢʮʠʷ ʥʘ ʢʣʝʪʢʘʪʘ ʛʦʩʪʦʧʨʠʝʤʥʠʢ [35]. ʇʲʨʚʠʯʥʠʪʝ ʘʥʪʠʛʝʥʥʠ ʝʧʠʪʦʧʠ, ʧʦ-ʩʧʝʮʠʘʣʥʦ 

ʪʝʟʠ, ʠʜʝʥʪʠʬʠʮʠʨʘʥʠ ʦʪ ʥʝʫʪʨʘʣʠʟʠʨʘʱʠ ʘʥʪʠʪʝʣʘ, ʩʝ ʥʦʩʷʪ ʦʪ ʛʣʠʢʦʧʨʦʪʝʠʥʠʪʝ ʥʘ 

ʦʙʚʠʚʢʘʪʘ, ʢʦʠʪʦ ʩʘ ʦʪʛʦʚʦʨʥʠ ʟʘ ʧʨʠʢʨʝʧʚʘʥʝʪʦ ʢʲʤ ʢʣʝʪʢʘʪʘ ʛʦʩʪʦʧʨʠʝʤʥʠʢ. ʇʲʣʥʘʪʘ 

ʩʪʨʫʢʪʫʨʘ ʥʘ ʰʠʧʦʚʠʷ (S) ʧʨʦʪʝʠʥ ʚ ʟʘʪʚʦʨʝʥʦ ʠ ʦʪʚʦʨʝʥʦ (ʧʨʝʬʫʟʠʦʥʥʦ) ʩʲʩʪʦʷʥʠʝ ʝ 

ʦʧʨʝʜʝʣʝʥʘ ʯʨʝʟ ʢʨʠʦ-ɽʄ ʠʟʩʣʝʜʚʘʥʠʷ. [62] [68]. ʊʦʟʠ ʛʣʠʢʦʧʨʦʪʝʠʥ ʩʝ ʩʲʩʪʦʠ ʦʪ ʪʨʠ 

ʠʜʝʥʪʠʯʥʠ ʚʝʨʠʛʠ, ʚʩʷʢʘ ʩ 1273 ʘʤʠʥʦʢʠʩʝʣʠʥʠ. ʉʲʱʦ ʪʘʢʘ ʩʘ ʫʩʪʘʥʦʚʝʥʠ ʜʚʝ ʜʦʙʨʝ 

ʜʝʬʠʥʠʨʘʥʠ ʦʙʣʘʩʪʠ: S1 ʠ S2 ʩʫʙʝʜʠʥʠʮʠ, ʢʦʠʪʦ ʫʯʘʩʪʚʘʪ ʩʲʦʪʚʝʪʥʦ ʚ ʢʣʝʪʲʯʥʦʪʦ 
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ʨʘʟʧʦʟʥʘʚʘʥʝ ʠ ʩʣʠʚʘʥʝʪʦ ʥʘ ʤʝʤʙʨʘʥʘʪʘ. ʇʦʩʣʝʜʥʠʷʪ ʧʨʦʮʝʩ ʚʲʟʥʠʢʚʘ ʚ ʨʝʟʫʣʪʘʪ ʥʘ ʥʷʢʦʣʢʦ 

ʧʨʦʪʝʠʥʦʚʠ ʩʪʨʫʢʪʫʨʥʠ ʧʨʦʤʝʥʠ, ʢʦʠʪʦ ʧʦʥʘʩʪʦʷʱʝʤ ʩʘ ʥʝʠʟʚʝʩʪʥʠ. 

 

1.4.3. ʄʝʭʘʥʠʟʲʤ ʥʘ ʜʝʡʩʪʚʠʝ ʥʘ ʚʠʨʫʩʠʪʝ 

ɺʠʨʫʩʠʪʝ ʩʝ ʚʲʟʧʨʦʠʟʚʝʞʜʘʪ ʚ ʢʣʝʪʢʠʪʝ ʛʦʩʪʦʧʨʠʝʤʥʠʮʠ ʠ ʧʨʦʮʝʩʲʪ ʩʝ ʩʲʩʪʦʠ ʦʪ 

ʰʝʩʪ ʩʪʲʧʢʠ: ʧʨʠʢʨʝʧʚʘʥʝ, ʧʨʦʥʠʢʚʘʥʝ, ʧʨʝʤʘʭʚʘʥʝ ʥʘ ʦʙʚʠʚʢʘʪʘ, ʨʝʧʣʠʢʘʮʠʷ, ʩʛʣʦʙʷʚʘʥʝ ʠ 

ʦʩʚʦʙʦʞʜʘʚʘʥʝ [41]. ɺʠʨʫʩʠʪʝ ʩʝ ʧʨʠʢʨʝʧʷʪ ʢʲʤ ʩʧʝʮʠʬʠʯʥʦ ʨʝʮʝʧʪʦʨʥʦ ʤʷʩʪʦ ʦʪ 

ʤʝʤʙʨʘʥʘʪʘ ʥʘ ʢʣʝʪʢʘʪʘ ʛʦʩʪʦʧʨʠʝʤʥʠʢ, ʠʟʧʦʣʟʚʘʡʢʠ ʧʨʦʪʝʠʥʠʪʝ ʥʘ ʧʨʠʢʨʝʧʚʘʥʝ ʚ ʢʘʧʩʠʜʘ 

ʠʣʠ ʛʣʠʢʦʧʨʦʪʝʠʥʠ, ʚʛʨʘʜʝʥʠ ʚʲʚ ʚʠʨʫʩʥʘʪʘ ʦʙʚʠʚʢʘ. ʂʣʝʪʢʠʪʝ ʛʦʩʪʦʧʨʠʝʤʥʠʮʠ, ʢʦʠʪʦ 

ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʟʘʨʘʟʝʥʠ ʦʪ ʦʧʨʝʜʝʣʝʥ ʚʠʨʫʩ, ʩʝ ʦʧʨʝʜʝʣʷʪ ʦʪ ʪʘʟʠ ʩʧʝʮʠʬʠʯʥʦʩʪ ʥʘ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʪʦ. ʇʦ ʧʨʠʥʮʠʧ ʩʘʤʦ ʥʫʢʣʝʠʥʦʚʘʪʘ ʢʠʩʝʣʠʥʘ ʥʘ ʙʘʢʪʝʨʠʦʬʘʛʠʪʝ ʧʨʦʥʠʢʚʘ ʚ 

ʢʣʝʪʢʘʪʘ ʛʦʩʪʦʧʨʠʝʤʥʠʢ, ʦʩʪʘʚʷʡʢʠ ʢʘʧʩʠʜʘ ʦʪʚʲʥ. ɾʠʚʦʪʠʥʩʢʠʪʝ ʠ ʨʘʩʪʠʪʝʣʥʠʪʝ ʚʠʨʫʩʠ 

ʤʦʛʘʪ ʜʘ ʧʨʦʥʠʢʥʘʪ ʚ ʢʣʝʪʢʠʪʝ ʯʨʝʟ ʝʥʜʦʮʠʪʦʟʘ, ʧʨʠ ʢʦʷʪʦ ʚʠʨʫʩʲʪ ʝ ʥʘʧʲʣʥʦ ʦʙʚʠʪ ʠ 

ʘʙʩʦʨʙʠʨʘʥ ʦʪ ʢʣʝʪʲʯʥʠʪʝ ʤʝʤʙʨʘʥʠ. ɺʠʨʫʩʠʪʝ ʩ ʦʙʚʠʚʢʘ ʱʝ ʥʘʚʣʷʟʘʪ ʚ ʢʣʝʪʢʠʪʝ-

ʛʦʩʪʦʧʨʠʝʤʥʠʮʠ, ʢʦʛʘʪʦ ʚʠʨʫʩʥʘʪʘ ʦʙʚʠʚʢʘ ʩʝ ʩʣʝʝ ʜʠʨʝʢʪʥʦ ʩ ʢʣʝʪʲʯʥʠʪʝ ʤʝʤʙʨʘʥʠ. 

ɺʠʨʫʩʥʠʷʪ ʢʘʧʩʠʜ ʩʝ ʨʘʟʨʫʰʘʚʘ ʚ ʢʣʝʪʢʠʪʝ ʥʘ ʛʦʩʪʦʧʨʠʝʤʥʠʢʘ, ʦʩʚʦʙʦʞʜʘʚʘʡʢʠ ʚʠʨʫʩʥʘʪʘ 

ʥʫʢʣʝʠʥʦʚʘ ʢʠʩʝʣʠʥʘ, ʢʦʷʪʦ ʩʣʝʜ ʪʦʚʘ ʝ ʜʦʩʪʲʧʥʘ ʟʘ ʚʲʟʧʨʦʠʟʚʝʞʜʘʥʝ ʠ ʪʨʘʥʩʢʨʠʧʮʠʷ. 

ɺʠʨʫʩʥʠʷʪ ʛʝʥʦʤ ʦʧʨʝʜʝʣʷ ʤʝʭʘʥʠʟʤʘ ʥʘ ʨʝʧʣʠʢʘʮʠʷ. ɼʅʂ ʚʠʨʫʩʠʪʝ ʦʙʠʢʥʦʚʝʥʦ ʠʟʧʦʣʟʚʘʪ 

ʝʥʟʠʤʠʪʝ ʠ ʙʝʣʪʲʮʠʪʝ ʥʘ ʢʣʝʪʢʘʪʘ ʛʦʩʪʦʧʨʠʝʤʥʠʢ, ʟʘ ʜʘ ʧʨʦʠʟʚʝʜʘʪ ʧʦʚʝʯʝ ɼʅʂ, ʢʦʷʪʦ ʩʣʝʜ 

ʪʦʚʘ ʩʝ ʪʨʘʥʩʢʨʠʙʠʨʘ ʚ ʠʥʬʦʨʤʘʮʠʦʥʥʘ ʈʅʂ (mRNA) ʠ ʩʝ ʠʟʧʦʣʟʚʘ ʟʘ ʜʠʨʝʢʪʝʥ ʧʨʦʪʝʠʥʦʚ 

ʩʠʥʪʝʟ. ʗʜʨʝʥʘʪʘ ʈʅʂ ʦʙʠʢʥʦʚʝʥʦ ʩʝ ʠʟʧʦʣʟʚʘ ʦʪ ʈʅʂ-ʦʚʠʪʝ ʚʠʨʫʩʠ ʢʘʪʦ ʤʘʪʨʠʮʘ ʟʘ ʩʠʥʪʝʟʘ 

ʥʘ ʚʠʨʫʩʥʘ ʛʝʥʦʤʥʘ ʈʅʂ ʠ ʠʈʅʂ. ʆʩʚʦʙʦʞʜʘʚʘʥʝʪʦ ʥʘ ʥʦʚʠ ʚʠʨʠʦʥʠ, ʩʲʟʜʘʜʝʥʠ ʚ ʢʣʝʪʢʠʪʝ- 

ʛʦʩʪʦʧʨʠʝʤʥʠʮʠ, ʝ ʧʦʩʣʝʜʥʠʷʪ ʝʪʘʧ ʦʪ ʚʠʨʫʩʥʘʪʘ ʨʝʧʣʠʢʘʮʠʷ, ʢʦʝʪʦ ʧʦʟʚʦʣʷʚʘ ʠʥʬʝʢʮʠʷʪʘ 

ʥʘ ʩʲʩʝʜʥʠ ʢʣʝʪʢʠ ʠ ʧʨʦʜʲʣʞʘʚʘʥʝ ʥʘ ʮʠʢʣʠʪʝ ʥʘ ʩʘʤʦʚʲʟʧʨʦʠʟʚʝʞʜʘʥʝ. ʎʠʢʲʣʲʪ ʥʘ ʚʠʨʫʩʥʘ 

ʨʝʧʣʠʢʘʮʠʷ ʤʦʞʝ ʜʘ ʥʘʢʘʨʘ ʢʣʝʪʢʠʪʝ ʛʦʩʪʦʧʨʠʝʤʥʠʮʠ ʜʘ ʧʨʝʪʲʨʧʷʪ ʟʥʘʯʠʪʝʣʥʠ ʩʪʨʫʢʪʫʨʥʠ 

ʠ ʤʝʪʘʙʦʣʠʪʥʠ ʧʨʦʤʝʥʠ, ʢʘʢʪʦ ʠ ʜʘ ʠʤ ʥʘʚʨʝʜʷʪ [70]. 

ʌʠʛʫʨʘ 3 ʠʟʦʙʨʘʟʷʚʘ ʤʝʭʘʥʠʟʤʘ ʥʘ ʥʘʚʣʠʟʘʥʝ ʥʘ SARS-CoV-2, ʨʝʧʣʠʢʘʮʠʷ ʠ 

ʦʧʘʢʦʚʘʥʝ ʥʘ ʈʅʂ ʚ ʯʦʚʝʰʢʘʪʘ ʢʣʝʪʢʘ. ʐʠʧʦʚʠʷʪ (S) ʧʨʦʪʝʠʥ ʥʘ ʢʦʨʦʥʘʚʠʨʫʩʘ ʩʝ ʩʚʲʨʟʚʘ ʩ 

ʨʝʮʝʧʪʦʨʠʪʝ ʥʘ ʘʥʛʠʦʪʝʥʟʠʥ ʢʦʥʚʝʨʪʠʨʘʱʠʷ ʝʥʟʠʤ 2 (ACE2) ʥʘ ʧʦʚʲʨʭʥʦʩʪʪʘ ʥʘ ʤʥʦʞʝʩʪʚʦ 

ʯʦʚʝʰʢʠ ʢʣʝʪʢʠ, ʚʢʣʶʯʠʪʝʣʥʦ ʠ ʪʝʟʠ ʚ ʙʝʣʠʪʝ ʜʨʦʙʦʚʝ, ʫʣʝʩʥʷʚʘʡʢʠ ʥʘʚʣʠʟʘʥʝʪʦ ʥʘ ʚʠʨʫʩʘ. 

ʇʨʦʪʝʘʟʠʪʝ ʥʘ ʛʦʩʪʦʧʨʠʝʤʥʠʢʘ (ʪʨʠʧʩʠʥ ʠ ʬʫʨʠʥ) ʨʘʟʮʝʧʚʘʪ ʢʦʨʦʥʘʚʠʨʫʩʥʠʷ S ʧʨʦʪʝʠʥ ʥʘ 

ʜʚʝ ʤʝʩʪʘ ʥʘ ʛʨʘʥʠʮʘʪʘ ʤʝʞʜʫ ʜʚʝʪʝ ʩʫʙʝʜʠʥʠʮʘʪʘ S1/S2 (ʩʘʡʪ S1/S2). ɸʢʪʠʚʥʠʷʪ ʧʝʧʪʠʜ, 

ʫʯʘʩʪʚʘʱ ʚ ʤʝʤʙʨʘʥʥʦʪʦ ʩʣʠʚʘʥʝ, ʩʝ ʦʩʚʦʙʦʞʜʘʚʘ, ʩʣʝʜ ʢʘʪʦ S2 ʜʦʤʝʡʥʲʪ (S2' ʤʷʩʪʦ) ʩʝ 
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ʨʘʟʮʝʧʠ. ɺ ʨʝʟʫʣʪʘʪ ʥʘ ʪʦʚʘ ʩʲʙʠʪʝ ʩʝ ʘʢʪʠʚʠʨʘ ʤʝʭʘʥʠʟʤʘ ʟʘ ʩʣʠʚʘʥʝ ʩ ʤʝʤʙʨʘʥʘʪʘ. 

ɽʥʜʦʮʠʪʦʟʘʪʘ ʝ ʧʨʦʮʝʩʲʪ, ʯʨʝʟ ʢʦʡʪʦ ʯʦʚʝʰʢʘʪʘ ʢʣʝʪʢʘ ʧʦʛʣʲʱʘ ʚʠʨʫʩʘ. ʇʨʝʜʧʦʣʘʛʘ ʩʝ, ʯʝ 

SARS-CoV-2 ʠʟʧʦʣʟʚʘ ʫʥʠʢʘʣʝʥ ʪʨʠʩʪʝʧʝʥʝʥ ʤʝʪʦʜ ʟʘ ʤʝʤʙʨʘʥʥʦ ʩʣʠʚʘʥʝ, ʩʣʝʜ ʢʘʪʦ ʥʘʚʣʝʟʝ 

ʚ ʮʠʪʦʧʣʘʟʤʘʪʘ, ʚʢʣʶʯʚʘʱ ʨʝʮʝʧʪʦʨʥʦ ʩʚʲʨʟʚʘʥʝ ʠ ʠʥʜʫʮʠʨʘʥʠ ʢʦʥʬʦʨʤʘʮʠʦʥʥʠ ʧʨʦʤʝʥʠ ʚ 

Spike (S) ʛʣʠʢʦʧʨʦʪʝʠʥʘ, ʧʦʩʣʝʜʚʘʥ ʦʪ ʧʨʦʪʝʦʣʠʟʘ ʥʘ ʢʘʪʝʧʩʠʥ L ʦʪ ʚʲʪʨʝʢʣʝʪʲʯʥʠ ʧʨʦʪʝʘʟʠ 

ʠ ʧʦ-ʥʘʪʘʪʲʰʥʦ ʘʢʪʠʚʠʨʘʥʝ ʥʘ ʤʝʭʘʥʠʟʤʘ ʥʘ ʤʝʤʙʨʘʥʥʦ ʩʣʠʚʘʥʝ ʚ ʝʥʜʦʟʦʤʠ [53]. ʉʣʝʜ ʪʦʚʘ 

ʝʥʜʦʟʦʤʘʪʘ ʩʝ ʦʪʚʘʨʷ, ʦʩʚʦʙʦʞʜʘʚʘʡʢʠ ʚʠʨʫʩʘ ʚ ʮʠʪʦʧʣʘʟʤʘʪʘ. ɺʠʨʫʩʥʠʷʪ ʥʫʢʣʝʦʢʘʧʩʠʜ (N) 

ʝ ʩ̡ ʙʣʠʯʘ ʦʪ ʧʨʦʪʝʘʟʦʤʠ, ʢʦʠʪʦ ʤʦʛʘʪ ʜʘ ʭʠʜʨʦʣʠʟʠʨʘʪ ʝʥʜʦʛʝʥʥʠ ʧʨʦʪʝʠʥʠ, ʥʦ ʤʦʛʘʪ ʩʲʱʦ 

ʪʘʢʘ ʜʘ ʨʘʟʛʨʘʞʜʘʪ ʚʲʥʰʥʠ ʧʨʦʪʝʠʥʠ ʢʘʪʦ ʥʫʢʣʝʦʢʘʧʩʠʜʥʠʷ ʧʨʦʪʝʠʥ ʥʘ SARS [64]. 

ʇʨʝʜʣʦʞʝʥ ʝ ʥʦʚ ʜʚʫʝʪʘʧʝʥ ʤʝʭʘʥʠʟʲʤ, ʧʨʠ ʢʦʡʪʦ ʚʠʨʠʦʥʲʪ ʩʝ ʧʨʠʢʨʝʧʷ ʢʲʤ ʨʝʮʝʧʪʦʨ ʥʘ 

ʧʦʚʲʨʭʥʦʩʪʪʘ ʥʘ ʮʝʣʝʚʘʪʘ ʢʣʝʪʢʘ-ʛʦʩʪʦʧʨʠʝʤʥʠʢ ʯʨʝʟ ʩʚʦʷʪʘ S1 ʩʫʙʝʜʠʥʠʮʘ, ʰʠʧʲʪ ʩʝ 

ʨʘʟʮʝʧʚʘ ʦʪ ʧʨʦʪʝʘʟʠ ʥʘ ʛʦʩʪʦʧʨʠʝʤʥʠʢʘ ʠ ʩʣʝʜ ʪʦʚʘ ʩʝ ʦʯʘʢʚʘ ʚʠʨʫʩʥʘʪʘ ʠ ʮʝʣʝʚʘʪʘ 

ʤʝʤʙʨʘʥʘ ʥʘ ʛʦʩʪʦʧʨʠʝʤʥʠʢʘ ʜʘ ʩʝ ʩʣʝʷʪ ʧʨʠ ʥʠʩʢʦ pH ʯʨʝʟ ʩʫʙʝʜʠʥʠʮʘʪʘ S2 [26, 34]. ʅʘʢʨʘʷ, 

ʚʠʨʫʩʥʠʷʪ ʛʝʥʝʪʠʯʝʥ ʤʘʪʝʨʠʘʣ, ʢʦʡʪʦ ʝ ʝʜʥʦʚʝʨʠʞʥʘ ʈʅʂ, ʩʝ ʦʩʚʦʙʦʞʜʘʚʘ ʚ ʮʠʪʦʧʣʘʟʤʘʪʘ ʚ 

ʩʚʦʷʪʘ ʮʷʣʦʩʪ. ʇʨʦʪʠʯʘʪ ʧʨʦʮʝʩʠʪʝ ʥʘ ʨʝʧʣʠʢʘʮʠʷ ʠ ʪʨʘʥʩʢʨʠʧʮʠʷ, ʢʦʠʪʦ ʩʝ ʤʝʜʠʠʨʘʪ ʦʪ 

ʢʦʤʧʣʝʢʩʘ ʟʘ ʨʝʧʣʠʢʘʮʠʷ/ʪʨʘʥʩʢʨʠʧʮʠʷ (RTC). ʊʦʟʠ ʢʦʤʧʣʝʢʩ ʝ ʠʟʛʨʘʜʝʥ ʦʪ ʥʝʩʪʨʫʢʪʫʨʥʠ 

ʧʨʦʪʝʠʥʠ ʠ ʝ ʢʦʜʠʨʘʥ ʚʲʚ ʚʠʨʫʩʥʠʷ ʛʝʥʦʤ (nsp). ʇʨʝʜʧʦʣʘʛʘ ʩʝ, ʯʝ RTC ʝ ʧʨʦʠʟʚʝʣ 

ʜʚʦʡʥʦʤʝʤʙʨʘʥʥʠ ʩʪʨʫʢʪʫʨʠ ʚ ʮʠʪʦʧʣʘʟʤʘʪʘ ʥʘ ʟʘʨʘʟʝʥʘʪʘ ʢʣʝʪʢʘ [59]. ʉʣʝʜ ʪʦʚʘ ʦʪʚʦʨʝʥʘʪʘ 

ʨʘʤʢʘ ʥʘ ʯʝʪʝʥʝ 1a/b (ORF 1a/b) ʦʪ ʧʦʣʦʞʠʪʝʣʥʠʷ ʈʅʂ ʛʝʥʦʤ, ʩʝ ʪʨʘʥʩʣʠʨʘ, ʟʘ ʜʘ ʛʝʥʝʨʠʨʘ 

ʨʝʧʣʠʢʘʟʥʠ ʧʨʦʪʝʠʥʠ. ʊʝʟʠ ʧʨʦʪʝʠʥʠ ʠʟʧʦʣʟʚʘʪ ʛʝʥʦʤʘ ʢʘʪʦ ʰʘʙʣʦʥ ʟʘ ʛʝʥʝʨʠʨʘʥʝ ʥʘ 

ʦʪʨʠʮʘʪʝʣʥʠ ʈʅʂ-ʠ ʚ ʧʲʣʥʘ ʜʲʣʞʠʥʘ, ʢʦʠʪʦ ʩʣʝʜ ʪʦʚʘ ʩʝ ʠʟʧʦʣʟʚʘʪ ʟʘ ʛʝʥʝʨʠʨʘʥʝ ʥʘ 

ʜʦʧʲʣʥʠʪʝʣʥʠ ʛʝʥʦʤʠ. M, S ʠ E ʩʪʨʫʢʪʫʨʥʠʪʝ ʚʠʨʫʩʥʠ ʧʨʦʪʝʠʥʠ ʩʝ ʩʠʥʪʝʟʠʨʘʪ ʚ 

ʮʠʪʦʧʣʘʟʤʘʪʘ, ʚʤʲʢʚʘʪ ʩʝ ʚ ʝʥʜʦʧʣʘʟʤʝʥʠʷ ʨʝʪʠʢʫʣʫʤ (ER) ʠ ʩʝ ʧʨʝʭʚʲʨʣʷʪ ʚ ʤʝʞʜʠʥʥʦʪʦ 

ʦʪʜʝʣʝʥʠʝ ʥʘ ʝʥʜʦʧʣʘʟʤʝʥ ʨʝʪʠʢʫʣʫʤ ï ʘʧʘʨʘʪ ʥʘ ɻʦʣʜʞʠ (ʌʠʛʫʨʘ 3). (ERGIC) [38]. ɺ 

ʜʦʧʲʣʥʝʥʠʝ, ʥʫʢʣʝʦʢʘʧʩʠʜʠʪʝ ʩʝ ʦʙʨʘʟʫʚʘʪ ʚ ʮʠʪʦʧʣʘʟʤʘʪʘ ʯʨʝʟ ʢʘʧʩʫʣʠʨʘʥʝ ʥʘ 

ʨʝʧʣʠʢʠʨʘʥʠʪʝ ʛʝʥʦʤʠ ʦʪ N ʧʨʦʪʝʠʥ ʠ ʚ ʨʝʟʫʣʪʘʪ ʥʘ ʪʦʚʘ ʪʝ ʩʝ ʩʣʠʚʘʪ ʚ ERGIC ʤʝʤʙʨʘʥʘʪʘ, 

ʟʘ ʜʘ ʩʝ ʩʛʣʦʙʷʪ ʚ ʥʦʚʠ ʚʠʨʠʦʥʠ. ʅʘʡ-ʥʘʢʨʘʷ ʥʦʚʠʪʝ ʚʠʨʠʦʥʠ ʩʝ ʠʟʥʘʩʷʪ ʦʪ ʟʘʨʘʟʝʥʠʪʝ ʢʣʝʪʢʠ 

ʯʨʝʟ ʪʨʘʥʩʧʦʨʪʠʨʘʥʝʪʦ ʠʤ ʜʦ ʢʣʝʪʲʯʥʘʪʘ ʤʝʤʙʨʘʥʘ ʚʲʚ ʚʝʟʠʢʫʣʠ ʩ ʛʣʘʜʢʠ ʩʪʝʥʠ ʠ ʩʣʝʜ ʪʦʚʘ 

ʛʠ ʩʝʢʨʝʪʠʨʘʪ ʯʨʝʟ ʧʨʦʮʝʩ, ʠʟʚʝʩʪʝʥ ʢʘʪʦ ʝʢʟʦʮʠʪʦʟʘ, ʟʘ ʜʘ ʟʘʨʘʟʷʪ ʜʨʫʛʠ ʢʣʝʪʢʠ. 

ʄʝʞʜʫʚʨʝʤʝʥʥʦ ʩʪʨʝʩʲʪ ʦʪ ʚʠʨʫʩʥʦʪʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʚʲʨʭʫ ʝʥʜʦʧʣʘʟʤʝʥʠʷ ʨʝʪʠʢʫʣʫʤ ʚʦʜʠ 

ʜʦ ʢʣʝʪʲʯʥʘ ʩʤʲʨʪ. 
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ʌʠʛʫʨʘ 3. ʉʭʝʤʘʪʠʯʥʘ ʜʠʘʛʨʘʤʘ ʥʘ ʤʝʭʘʥʠʟʤʘ ʥʘ ʥʘʚʣʠʟʘʥʝ ʥʘ SARS-CoV-2, 

ʨʝʧʣʠʢʘʮʠʷ ʠ ʦʧʘʢʦʚʘʥʝ ʥʘ ʚʠʨʫʩʥʘ ʈʅʂ ʚ ʯʦʚʝʰʢʘʪʘ ʢʣʝʪʢʘ[5]. 

 

2. ʌʫʥʢʮʠʦʥʘʣʥʠ ʥʘʥʦʯʘʩʪʠʮʠ 

2.1. ʂʘʢʚʦ ʧʨʝʜʩʪʘʚʣʷʚʘʪ ʥʘʥʦʯʘʩʪʠʮʠʪʝ? 

ʅʘʥʦʯʘʩʪʠʮʘʪʘ, ʩʧʦʨʝʜ ʄʝʞʜʫʥʘʨʦʜʥʘʪʘ ʦʨʛʘʥʠʟʘʮʠʷ ʧʦ ʩʪʘʥʜʘʨʪʠʟʘʮʠʷ (ISO), ʝ 

ʯʘʩʪʠʮʘ ʩ ʨʘʟʤʝʨ ʤʝʞʜʫ 1 ʠ 100 ʥʘʥʦʤʝʪʨʘ [6]. ʅʘʥʦʯʘʩʪʠʮʠʪʝ, ʢʦʠʪʦ ʩʘ ʥʝʚʠʜʠʤʠ ʟʘ 

ʯʦʚʝʰʢʦʪʦ ʦʢʦ, ʤʦʛʘʪ ʜʘ ʠʤʘʪ ʢʦʨʝʥʥʦ ʨʘʟʣʠʯʥʠ ʬʠʟʠʯʥʠ ʠ ʭʠʤʠʯʥʠ ʩʚʦʡʩʪʚʘ ʦʪ ʪʝʭʥʠʪʝ ʧʦ-

ʛʦʣʝʤʠ ʤʘʪʝʨʠʘʣʥʠ ʜʚʦʡʥʠʮʠ. ʂʦʛʘʪʦ ʨʘʟʤʝʨʲʪ ʥʘ ʚʝʱʝʩʪʚʦʪʦ ʩʝ ʜʦʙʣʠʞʠ ʜʦ ʘʪʦʤʥʠʷ 

ʤʘʱʘʙ, ʥʝʛʦʚʠʪʝ ʩʚʦʡʩʪʚʘ ʩʝ ʧʨʦʤʝʥʷʪ. ʊʦʚʘ ʩʝ ʜʲʣʞʠ ʥʘ ʫʚʝʣʠʯʘʚʘʥʝ ʥʘ ʩʲʦʪʥʦʰʝʥʠʝʪʦ 

ʧʦʚʲʨʭʥʦʩʪʥʦʩʪ/ʦʙʝʤ, ʢʦʝʪʦ ʢʘʨʘ ʧʦʚʲʨʭʥʦʩʪʥʠʪʝ ʘʪʦʤʠ ʜʘ ʜʦʤʠʥʠʨʘʪ ʚ ʨʘʙʦʪʘʪʘ ʥʘ 

ʤʘʪʝʨʠʘʣʘ. ɺ ʩʨʘʚʥʝʥʠʝ ʩ ʥʘʩʠʧʥʠ ʤʘʪʝʨʠʘʣʠ ʢʘʪʦ ʧʨʘʭʦʚʝ, ʧʣʦʯʠ ʠ ʣʠʩʪʦʚʝ, ʥʘʥʦʯʘʩʪʠʮʠʪʝ 

ʠʤʘʪ ʦʪʥʦʩʠʪʝʣʥʦ ʛʦʣʷʤʦ ʩʲʦʪʥʦʰʝʥʠʝ ʧʦʚʲʨʭʥʦʩʪ/ʦʙʝʤ ʧʦʨʘʜʠ ʠʟʢʣʶʯʠʪʝʣʥʦ ʤʘʣʢʠʷ ʩʠ 

ʨʘʟʤʝʨ. ʂʦʛʘʪʦ ʥʘʥʦʯʘʩʪʠʮʠʪʝ ʩʘ ʜʦʩʪʘʪʲʯʥʦ ʤʘʣʢʠ, ʟʘ ʜʘ ʦʛʨʘʥʠʯʘʪ ʩʚʦʠʪʝ ʝʣʝʢʪʨʦʥʠ ʠ ʜʘ 

ʧʨʝʜʠʟʚʠʢʘʪ ʢʚʘʥʪʦʚʠ ʝʬʝʢʪʠ, ʪʝ ʤʦʛʘʪ ʜʘ ʠʤʘʪ ʥʝʦʯʘʢʚʘʥʠ ʦʧʪʠʯʥʠ, ʬʠʟʠʯʝʩʢʠ ʠ ʭʠʤʠʯʥʠ 

ʩʧʦʩʦʙʥʦʩʪʠ. ʄʝʪʘʣʥʠʪʝ ʥʘʥʦʯʘʩʪʠʮʠ ʩʝ ʨʘʟʣʠʯʘʚʘʪ ʦʪ ʥʘʩʠʧʥʠʪʝ ʤʝʪʘʣʠ ʧʦ ʦʪʥʦʰʝʥʠʝ ʥʘ 

ʩʚʦʠʪʝ ʬʠʟʠʯʥʠ ʠ ʭʠʤʠʯʥʠ ʩʚʦʡʩʪʚʘ (ʥʘʧʨ. ʧʦ-ʥʠʩʢʠ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʪʦʧʝʥʝ, ʛʦʣʝʤʠ 

ʩʧʝʮʠʬʠʯʥʠ ʧʦʚʲʨʭʥʦʩʪʥʠ ʧʣʦʱʠ, ʩʧʝʮʠʬʠʯʥʠ ʦʧʪʠʯʥʠ ʩʚʦʡʩʪʚʘ, ʤʝʭʘʥʠʯʥʠ ʷʢʦʩʪʠ ʠ 

ʥʘʤʘʛʥʠʪʚʘʥʠʷ), ʢʦʠʪʦ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʧʦʣʝʟʥʠ ʚ ʨʘʟʣʠʯʥʠ ʧʨʦʤʠʰʣʝʥʠ ʧʨʠʣʦʞʝʥʠʷ. ʄʝʜʪʘ, 

ʥʘʧʨʠʤʝʨ, ʩʝ ʩʯʠʪʘ ʟʘ ʤʝʢ ʤʘʪʝʨʠʘʣ, ʪʲʡ ʢʘʪʦ ʥʝʡʥʠʪʝ ʘʪʦʤʠ ʩʝ ʛʨʫʧʠʨʘʪ ʚ ʩʢʘʣʘ ʦʪ 50 nm, 

ʢʦʝʪʦ ʚʦʜʠ ʜʦ ʦʛʲʚʘʥʝ ʥʘ ʥʘʩʠʧʥʘʪʘ ʤʝʜ. ɺ ʨʝʟʫʣʪʘʪ ʥʘ ʪʦʚʘ ʤʝʜʥʠʪʝ ʥʘʥʦʯʘʩʪʠʮʠ, ʧʦ-ʤʘʣʢʠ 

ʦʪ 50 nm, ʩʝ ʢʣʘʩʠʬʠʮʠʨʘʪ ʢʘʪʦ ʤʥʦʛʦ ʪʚʲʨʜ ʤʘʪʝʨʠʘʣ, ʩʲʩ ʟʥʘʯʠʪʝʣʥʦ ʨʘʟʣʠʯʥʘ ʢʦʚʢʦʩʪ ʠ 
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ʧʣʘʩʪʠʯʥʦʩʪ ʦʪ ʥʘʩʠʧʥʘʪʘ ʤʝʜ. ɿʣʘʪʥʠʪʝ ʥʘʥʦʯʘʩʪʠʮʠ ʩʝ ʪʦʧʷʪ ʧʨʠ ʟʥʘʯʠʪʝʣʥʦ ʧʦ-ʥʠʩʢʠ 

ʪʝʤʧʝʨʘʪʫʨʠ (300 ÁC ʟʘ ʨʘʟʤʝʨ ʦʪ 2,5 nm) ʦʪ ʥʘʩʠʧʥʦʪʦ ʟʣʘʪʦ (1064 ÁC). 

ʇʨʝʟ ʧʦʩʣʝʜʥʠʪʝ ʪʨʠ ʜʝʩʝʪʠʣʝʪʠʷ ʜʝʡʥʦʩʪʪʘ ʧʦ ʪʝʤʘʪʘ ʟʘ ʥʘʥʦʪʝʭʥʦʣʦʛʠʠʪʝ ʩʝ ʝ 

ʫʚʝʣʠʯʠʣʘ ʩ ʝʢʩʧʦʥʝʥʮʠʘʣʥʘ ʩʢʦʨʦʩʪ, ʧʨʝʚʨʲʱʘʡʢʠ ʷ ʚ ʦʩʥʦʚʥʘ ʠʥʪʝʨʜʠʩʮʠʧʣʠʥʘʨʥʘ 

ʠʟʩʣʝʜʦʚʘʪʝʣʩʢʘ ʪʝʤʘ. ʀʥʪʝʛʨʠʨʘʥʝʪʦ ʥʘ ʥʘʥʦʪʝʭʥʦʣʦʛʠʠʪʝ ʚ ʦʙʣʘʩʪʪʘ ʥʘ ʤʝʜʠʮʠʥʩʢʘʪʘ 

ʥʘʫʢʘ ʜʦʚʝʜʝ ʜʦ ʪʦʟʠ ʚʲʟʭʦʜ ʜʦ ʛʦʣʷʤʘ ʩʪʝʧʝʥ, ʪʲʡ ʢʘʪʦ ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʘʥʠʪʝ ʤʘʪʝʨʠʘʣʠ 

ʠʤʘʪ ʨʘʟʣʠʯʥʠ ʙʠʦʣʦʛʠʯʥʠ ʝʬʝʢʪʠ.  

ʅʘʥʦʤʘʪʝʨʠʘʣʠʪʝ ʩʝ ʠʟʧʦʣʟʚʘʪ ʧʦ ʨʘʟʣʠʯʥʠ ʥʘʯʠʥʠ ʚ ʟʜʨʘʚʥʘʪʘ ʠʥʜʫʩʪʨʠʷ, ʝʜʠʥ ʦʪ 

ʢʦʠʪʦ ʝ ʜʦʩʪʘʚʷʥʝʪʦ ʥʘ ʣʝʢʘʨʩʪʚʘ. 

 

ʌʠʛʫʨʘ 4. ɹʠʦʤʝʜʠʮʠʥʩʢʠ ʧʨʠʣʦʞʝʥʠʷ ʥʘ ʥʘʥʦʯʘʩʪʠʮʠʪʝ [21]. 

 

 

 

 

 

 

 

 

 

 

 

ɽʜʠʥ ʧʨʠʤʝʨ ʟʘ ʪʘʟʠ ʪʝʭʥʠʢʘ ʝ ʨʘʟʨʘʙʦʪʚʘʥʝʪʦ ʥʘ ʥʘʥʦʯʘʩʪʠʮʠ ʟʘ ʧʦʜʧʦʤʘʛʘʥʝ 

ʜʦʩʪʘʚʷʥʝʪʦ ʥʘ ʭʠʤʠʦʪʝʨʘʧʝʚʪʠʯʥʠ ʣʝʯʝʥʠʷ ʜʠʨʝʢʪʥʦ ʢʲʤ ʨʘʢʦʚʠ ʦʙʨʘʟʫʚʘʥʠʷ, ʢʘʢʪʦ ʠ ʟʘ 

ʜʦʩʪʘʚʷʥʝ ʥʘ ʣʝʢʘʨʩʪʚʘ ʜʦ ʫʚʨʝʜʝʥʠ ʦʙʣʘʩʪʠ ʥʘ ʘʨʪʝʨʠʠʪʝ ʟʘ ʙʦʨʙʘ ʩʲʩ ʩʲʨʜʝʯʥʦ-ʩʲʜʦʚʠʪʝ 

ʟʘʙʦʣʷʚʘʥʠʷ. ɺʲʛʣʝʨʦʜʥʠʪʝ ʥʘʥʦʪʨʲʙʠ ʩʲʱʦ ʩʝ ʨʘʟʨʘʙʦʪʚʘʪ ʟʘ ʧʨʠʣʦʞʝʥʠʝ ʚ ʧʨʦʮʝʩʠ ʟʘ 

ʩʲʟʜʘʚʘʥʝ ʥʘ ʙʘʢʪʝʨʠʘʣʥʠ ʩʝʥʟʦʨʠ ʯʨʝʟ ʜʦʙʘʚʷʥʝ ʥʘ ʘʥʪʠʪʝʣʘ ʢʲʤ ʥʘʥʦʪʨʲʙʠʪʝ. 

ʅʘʥʦʯʘʩʪʠʮʠʪʝ ʩʝ ʦʯʝʨʪʘʭʘ ʢʘʪʦ ʠʥʪʝʨʝʩʥʠ ʢʘʥʜʠʜʘʪʠ ʟʘ ʦʧʪʠʤʠʟʠʨʘʥʘ ʪʝʨʘʧʠʷ ʧʨʠ 

ʧʝʨʩʦʥʘʣʠʟʠʨʘʥʘʪʘ ʤʝʜʠʮʠʥʘ ʧʦʨʘʜʠ ʪʝʭʥʠʪʝ ʫʥʠʢʘʣʥʠ ʢʘʯʝʩʪʚʘ, ʢʘʪʦ ʦʛʨʦʤʥʘ ʧʦʚʲʨʭʥʦʩʪ, 

ʩʪʨʫʢʪʫʨʥʠ ʩʚʦʡʩʪʚʘ ʠ ʫʜʲʣʞʝʥʘ ʧʨʦʜʲʣʞʠʪʝʣʥʦʩʪ ʥʘ ʮʠʨʢʫʣʘʮʠʷʪʘ ʚ ʢʨʲʚʪʘ ʚ ʩʨʘʚʥʝʥʠʝ ʩ 

ʤʘʣʢʠʪʝ ʤʦʣʝʢʫʣʠ. ʉʧʦʩʦʙʥʦʩʪʪʘ ʜʘ ʩʝ ʧʨʝʦʙʨʘʟʫʚʘʪ ʥʝʙʣʘʛʦʧʨʠʷʪʥʠʪʝ ʬʠʟʠʢʦʭʠʤʠʯʥʠ 

ʩʚʦʡʩʪʚʘ ʥʘ ʙʠʦʘʢʪʠʚʥʠ ʤʦʣʝʢʫʣʠ ʚ ʞʝʣʘʥʠ ʙʠʦʬʘʨʤʘʢʦʣʦʛʠʯʥʠ ʧʨʦʬʠʣʠ, ʜʘ ʩʝ ʧʦʜʦʙʨʠ 

ʜʦʩʪʘʚʢʘʪʘ ʥʘ ʪʝʨʘʧʝʚʪʠʯʥʠ ʘʛʝʥʪʠ ʧʨʝʟ ʙʠʦʣʦʛʠʯʥʠ ʙʘʨʠʝʨʠ ʠ ʦʪʜʝʣʝʥʠʷ, ʜʘ ʩʝ ʢʦʥʪʨʦʣʠʨʘ 
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ʦʩʚʦʙʦʞʜʘʚʘʥʝʪʦ ʥʘ ʙʠʦʘʢʪʠʚʥʠ ʘʛʝʥʪʠ, ʜʘ ʩʝ ʧʦʜʦʙʨʠ ʪʝʨʘʧʝʚʪʠʯʥʘʪʘ ʝʬʠʢʘʩʥʦʩʪ ʯʨʝʟ 

ʩʝʣʝʢʪʠʚʥʦ ʜʦʩʪʘʚʷʥʝ ʥʘ ʣʝʢʘʨʩʪʚʘ ʢʲʤ ʙʠʦʣʦʛʠʯʥʠ ʤʠʰʝʥʠ ʠ ʜʘ ʩʝ ʠʟʧʲʣʥʷʚʘʪ ʮʝʣʝʚʠ 

ʪʝʨʘʧʝʚʪʠʯʥʠ ʬʫʥʢʮʠʠ ʯʨʝʟ ʢʦʤʙʠʥʠʨʘʥʝ ʥʘ ʤʫʣʪʠʤʦʜʘʣʥʠ ʡʦʥʥʠ ʢʘʥʘʣʠ ʩʘ ʧʦʪʝʥʮʠʘʣʥʠ 

ʧʨʝʜʠʤʩʪʚʘ ʥʘ ʢʦʥʩʪʨʫʠʨʘʥʠʪʝ ʪʝʨʘʧʝʚʪʠʯʥʠ ʥʘʥʦʯʘʩʪʠʮʠ [57]. 

ʈʝʜʠʮʘ ʥʘʥʦʤʘʪʝʨʠʘʣʠ ʠ ʥʘʥʦʯʘʩʪʠʮʠ ʚ ʤʦʤʝʥʪʘ ʩʝ ʧʨʦʫʯʚʘʪ ʚ ʢʣʠʥʠʯʥʠ ʠʟʧʠʪʚʘʥʠʷ 

ʠʣʠ ʚʝʯʝ ʩʘ ʦʜʦʙʨʝʥʠ ʟʘ ʫʧʦʪʨʝʙʘ ʧʨʠ ʭʦʨʘ ʦʪ ɸʤʝʨʠʢʘʥʩʢʘʪʘ ʘʜʤʠʥʠʩʪʨʘʮʠʷ ʧʦ ʭʨʘʥʠʪʝ ʠ 

ʣʝʢʘʨʩʪʚʘʪʘ (FDA). ʄʥʦʛʦ ʧʨʦʫʯʚʘʥʠʷ ʟʘ ʜʦʢʘʟʚʘʥʝ ʥʘ ʢʦʥʮʝʧʮʠʷʪʘ ʥʘ ʥʘʥʦʯʘʩʪʠʮʠʪʝ ʚ 

ʢʣʝʪʲʯʥʠ ʢʫʣʪʫʨʠ ʠ ʤʦʜʝʣʠ ʥʘ ʤʘʣʢʠ ʞʠʚʦʪʥʠ ʟʘ ʤʝʜʠʮʠʥʩʢʠ ʧʨʠʣʦʞʝʥʠʷ, ʩʲʱʦ ʩʘ ʚ ʭʦʜ. 

ʈʘʟʨʘʙʦʪʚʘʥʝʪʦ ʥʘ ʘʥʪʠʚʠʨʫʩʥʠ ʣʝʢʘʨʩʪʚʘ ʝ ʦʪ ʨʝʰʘʚʘʱʦ ʟʥʘʯʝʥʠʝ ʟʘ ʦʛʨʘʥʠʯʘʚʘʥʝ ʥʘ 

ʨʘʟʧʨʦʩʪʨʘʥʝʥʠʝʪʦ ʥʘ ʙʦʣʝʩʪʠ ʠ ʤʠʥʠʤʠʟʠʨʘʥʝ ʥʘ ʟʘʛʫʙʠʪʝ. ʅʘʩʢʦʨʦ ʙʝʰʝ ʫʩʪʘʥʦʚʝʥʦ, ʯʝ 

ʤʥʦʛʦ ʬʫʥʢʮʠʦʥʘʣʥʠ ʥʘʥʦʯʘʩʪʠʮʠ, ʢʘʪʦ ʢʚʘʥʪʦʚʠ ʪʦʯʢʠ, ʟʣʘʪʥʠ ʠ ʩʨʝʙʲʨʥʠ ʥʘʥʦʯʘʩʪʠʮʠ, 

ʛʨʘʬʝʥʦʚ ʦʢʩʠʜ, ʥʘʥʦʢʣʘʩʪʝʨʠ, ʩʠʣʠʮʠʝʚʠ ʤʘʪʝʨʠʘʣʠ, ʚʲʛʣʝʨʦʜʥʠ ʪʦʯʢʠ, ʧʦʣʠʤʝʨʠ ʠ 

ʜʝʥʜʨʠʤʝʨʠ, ʠʤʘʪ ʚʧʝʯʘʪʣʷʚʘʱʠ ʘʥʪʠʚʠʨʫʩʥʠ ʩʚʦʡʩʪʚʘ. ʊʝʟʠ ʬʫʥʢʮʠʦʥʘʣʥʠ ʤʘʪʝʨʠʘʣʠ, 

ʙʘʟʠʨʘʥʠ ʥʘ ʥʘʥʦʯʘʩʪʠʮʠ, ʧʨʝʜʣʘʛʘʪ ʫʥʠʢʘʣʥʠ ʢʘʯʝʩʪʚʘ ʢʘʪʦ ʚʲʟʤʦʞʥʠ ʘʥʪʠʚʠʨʫʩʥʠ 

ʢʘʥʜʠʜʘʪʠ, ʢʘʪʦ ʩʝ ʠʤʘʪ ʧʨʝʜʚʠʜ ʪʝʭʥʠʪʝ ʨʘʟʣʠʯʠʷ ʚ ʘʥʪʠʚʠʨʫʩʥʠʷ ʤʝʭʘʥʠʟʲʤ ʠ 

ʠʥʭʠʙʠʪʦʨʥʘʪʘ ʝʬʠʢʘʩʥʦʩʪ. SARS-CoV-2 ʝ ʚʠʨʫʩ, ʦʙʚʠʪ ʚ ʰʠʧʦʚ ʧʨʦʪʝʠʥ ʩ ʜʠʘʤʝʪʲʨ 60ï140 

nm, ʢʦʡʪʦ ʝ ʩʲʩ ʩʚʦʡʩʪʚʘ ʧʦʜʦʙʥʠ ʥʘ ʯʘʩʪʠʮʠ. ʇʦʨʘʜʠ ʩʪʨʫʢʪʫʨʥʠʪʝ ʩʠ ʧʨʠʣʠʢʠ, 

ʩʠʥʪʝʪʠʯʥʠʪʝ ʥʘʥʦʯʘʩʪʠʮʠ ʤʦʛʘʪ ʤʥʦʛʦ ʜʘ ʥʘʧʦʜʦʙʷʚʘʪ ʚʠʨʫʩʘ ʠ ʜʘ ʚʟʘʠʤʦʜʝʡʩʪʚʘʪ 

ʘʛʨʝʩʠʚʥʦ ʩ ʥʝʛʦʚʠʪʝ ʧʘʪʦʛʝʥʥʠ ʧʨʦʪʝʠʥʠ. ɸʥʪʠʚʠʨʫʩʥʠʪʝ ʥʘʥʦʤʘʪʝʨʠʘʣʠ, ʢʘʪʦ 

ʥʘʥʦʯʘʩʪʠʮʠʪʝ ʦʪ ʮʠʥʢʦʚ ʦʢʩʠʜ, ʠʤʘʪ ʬʦʨʤʘ ʥʘ ʪʝʪʨʘʧʦʜ, ʢʦʷʪʦ ʠʤʠʪʠʨʘ ʢʣʝʪʲʯʥʘʪʘ 

ʧʦʚʲʨʭʥʦʩʪ, ʢʦʛʘʪʦ ʩʝ ʟʘʭʚʘʱʘʪ ʩ ʚʠʨʫʩʥʠʷ ʢʘʧʩʠʜ. ɹʣʘʛʦʜʘʨʝʥʠʝ ʥʘ ʬʦʪʦʢʘʪʘʣʠʪʠʯʥʘ 

ʨʝʘʢʮʠʷ, ʪʦʡ ʠʥʭʠʙʠʨʘ ʚʠʨʫʩʥʠʪʝ ʧʨʦʪʝʠʥʠ, ʢʦʛʘʪʦ ʝ ʠʟʣʦʞʝʥ ʥʘ UV ʨʘʜʠʘʮʠʷ [57]. 

 

2.2. ʌʫʥʢʮʠʦʥʘʣʥʠ ʥʘʥʦʯʘʩʪʠʮʠ ʢʘʪʦ ʘʥʪʠʚʠʨʫʩʥʠ ʩʨʝʜʩʪʚʘ 

ɺʩʠʯʢʠ ʥʘʧʨʘʚʣʝʥʠʷ ʥʘ ʚʠʨʫʩʥʠʪʝ ʠʟʩʣʝʜʚʘʥʠʷ ʩʘ ʧʦʚʣʠʷʥʠ ʦʪ ʥʘʥʦʪʝʭʥʦʣʦʛʠʠʪʝ. 

ʅʘʥʦʪʝʭʥʦʣʦʛʠʷʪʘ ʜʝʤʦʥʩʪʨʠʨʘ ʤʦʱʝʥ ʧʦʪʝʥʮʠʘʣ ʟʘ ʨʝʰʘʚʘʥʝ ʥʘ ʪʦʟʠ ʧʨʦʙʣʝʤ ʥʘʨʝʜ ʩ 

ʜʨʫʛʠ ʘʥʪʠʚʠʨʫʩʥʠ ʪʝʭʥʠʢʠ ʠ ʩʝ ʩʲʦʙʱʘʚʘ, ʯʝ ʨʘʟʨʘʙʦʪʚʘʥʝʪʦ ʥʘ ʥʘʥʦʯʘʩʪʠʮʠ ʠʤʘ 

ʠʟʢʣʶʯʠʪʝʣʥʘ ʝʬʝʢʪʠʚʥʦʩʪ ʩʨʝʱʫ ʚʠʨʫʩʥʘʪʘ ʠʥʬʝʢʮʠʷ ʠ ʚʲʟʧʨʦʠʟʚʝʞʜʘʥʝʪʦ ʥʘ ʚʠʨʫʩʠ. 

ʇʲʨʚʦ, ʩʦʥʜʠ, ʙʘʟʠʨʘʥʠ ʥʘ ʥʘʥʦʪʝʭʥʦʣʦʛʠʠ, ʩʘ ʰʠʨʦʢʦ ʠʟʧʦʣʟʚʘʥʠ ʧʨʠ ʦʪʢʨʠʚʘʥʝʪʦ ʥʘ 

ʚʠʨʫʩʠ, ʢʦʝʪʦ ʚʦʜʠ ʜʦ ʨʘʟʨʘʙʦʪʚʘʥʝʪʦ ʥʘ ʨʘʟʣʠʯʥʠ ʙʠʦʩʝʥʟʦʨʠ ʠ ʙʠʦʝʣʝʢʪʨʦʥʠʢʘ, ʙʘʟʠʨʘʥʠ 

ʥʘ ʫʥʠʢʘʣʥʠ ʬʫʥʢʮʠʦʥʘʣʥʠ ʥʘʥʦʯʘʩʪʠʮʠ [12, 16]. ɺʪʦʨʦ, ʩʲʟʜʘʜʝʥʠ ʩʘ ʥʷʢʦʣʢʦ 

ʥʘʥʦʤʘʪʝʨʠʘʣʠ, ʠʟʧʦʣʟʚʘʱʠ ʚʠʨʠʦʥʠ ʠ ʚʠʨʫʩʦʧʦʜʦʙʥʠ ʯʘʩʪʠʮʠ ʢʘʪʦ ʰʘʙʣʦʥʠ, 

ʧʦʜʯʝʨʪʘʚʘʡʢʠ ʟʥʘʯʝʥʠʝʪʦ ʥʘ ʙʠʦʩʲʚʤʝʩʪʠʤʦʩʪʪʘ ʠ ʙʠʦʩʠʥʪʝʪʠʯʥʠʪʝ ʤʝʪʦʜʠ ʚ ʩʲʚʨʝʤʝʥʥʠʪʝ 
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ʙʠʦʭʠʤʠʯʥʠ ʠʟʩʣʝʜʚʘʥʠʷ [31, 35]. ʊʨʝʪʦ, ʟʥʘʯʠʪʝʣʥʠ ʫʩʠʣʠʷ ʩʘ ʧʦʣʦʞʝʥʠ ʚ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ 

ʥʘ ʬʣʫʦʨʝʩʮʝʥʪʥʠ ʥʘʥʦʧʨʦʙʠ ʠ ʪʷʭʥʦʪʦ ʠʟʧʦʣʟʚʘʥʝ ʧʨʠ ʠʟʫʯʘʚʘʥʝ ʥʘ ʤʦʣʝʢʫʣʷʨʥʠʪʝ 

ʤʝʭʘʥʠʟʤʠ ʥʘ ʢʣʝʪʢʠ, ʟʘʨʘʟʝʥʠ ʩ ʚʠʨʫʩ [42, 74]. ʀ ʥʘʢʨʘʷ, ʥʘʨʘʩʪʚʘʱ ʙʨʦʡ 

ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʘʥʠ ʥʘʥʦʯʘʩʪʠʮʠ ʩʘ ʠʜʝʥʪʠʬʠʮʠʨʘʥʠ ʢʘʪʦ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʠ ʠʥʭʠʙʠʪʦʨʠ ʥʘ 

ʚʠʨʫʩʥʠʷ ʨʘʩʪʝʞ [67]. 

ʇʨʠʢʨʝʧʚʘʥʝʪʦ, ʧʨʦʥʠʢʚʘʥʝʪʦ, ʨʝʧʣʠʢʘʮʠʷʪʘ ʠ ʨʘʟʤʥʦʞʘʚʘʥʝʪʦ ʩʘ ʦʩʥʦʚʥʠʪʝ ʩʪʲʧʢʠ 

ʚ ʠʥʬʝʢʮʠʦʟʥʠʷ ʧʨʦʮʝʩ ʥʘ ʚʠʨʫʩʘ ʠ ʘʥʪʠʚʠʨʫʩʥʠʪʝ ʬʫʥʢʮʠʦʥʘʣʥʠ ʥʘʥʦʯʘʩʪʠʮʠ ʩʘ 

ʧʨʝʜʥʘʟʥʘʯʝʥʠ ʜʘ ʠʥʭʠʙʠʨʘʪ ʚʠʨʫʩʠʪʝ ʯʨʝʟ ʠʥʭʠʙʠʨʘʥʝ ʠʣʠ ʥʘʤʘʣʷʚʘʥʝ ʥʘ ʥʷʢʦʠ ʦʪ ʪʝʟʠ 

ʩʪʲʧʢʠ. ɺ ʪʦʟʠ ʨʘʟʜʝʣ ʱʝ ʢʣʘʩʠʬʠʮʠʨʘʤʝ ʨʘʟʣʠʯʥʠʪʝ ʤʝʭʘʥʠʟʤʠ ʥʘ ʥʘʥʦʯʘʩʪʠʮʠʪʝ ʚʲʟ 

ʦʩʥʦʚʘ ʥʘ ʪʷʭʥʘʪʘ ʘʥʪʠʚʠʨʫʩʥʘ ʝʬʠʢʘʩʥʦʩʪ. ʀʥʘʢʪʠʚʠʨʘʥʝʪʦ ʥʘ ʚʠʨʫʩʠʪʝ ʝ ʥʘʡ-ʧʨʝʢʠʷʪ 

ʥʘʯʠʥ ʟʘ ʪʷʭʥʦʪʦ ʠʥʭʠʙʠʨʘʥʝ ʠ ʥʷʢʦʠ ʥʘʥʦʩʪʨʫʢʪʫʨʠ ʤʦʛʘʪ ʜʘ ʚʟʘʠʤʦʜʝʡʩʪʚʘʪ ʩ ʚʠʨʫʩʠʪʝ, 

ʜʘ ʧʨʦʤʝʥʷʪ ʩʪʨʫʢʪʫʨʘʪʘ ʥʘ ʢʘʧʩʠʜʥʠʷ ʠʤ ʧʨʦʪʝʠʥ ʠ ʚʧʦʩʣʝʜʩʪʚʠʝ ʜʨʘʩʪʠʯʥʦ ʜʘ ʥʘʤʘʣʷʪ 

ʚʠʨʫʣʝʥʪʥʦʩʪʪʘ, ʢʦʝʪʦ ʤʦʞʝ ʜʘ ʙʲʜʝ ʩʚʲʨʟʘʥʦ ʢʘʢʪʦ ʩ ʬʠʟʠʯʝʩʢʠ, ʪʘʢʘ ʠ ʩ ʭʠʤʠʯʥʠ 

ʤʝʭʘʥʠʟʤʠ ʟʘ ʥʘʤʘʣʷʚʘʥʝ ʥʘ ʘʢʪʠʚʥʘʪʘ ʚʠʨʫʩʥʘ ʧʦʧʫʣʘʮʠʷ. ʇʦʚʝʯʝʪʦ ʚʠʨʫʩʥʠ ʠʥʬʝʢʮʠʠ 

ʟʘʧʦʯʚʘʪ ʩ ʧʨʠʢʨʝʧʚʘʥʝʪʦ ʥʘ ʢʣʝʪʢʠʪʝ ʛʦʩʪʦʧʨʠʝʤʥʠʮʠ, ʢʦʝʪʦ ʦʙʠʢʥʦʚʝʥʦ ʩʝ ʧʦʩʪʠʛʘ ʯʨʝʟ 

ʩʚʲʨʟʚʘʥʝ ʢʲʤ ʮʝʣʝʚʠʷ ʘʢʮʝʧʪʦʨʝʥ ʧʨʦʪʝʠʥ. ʂʣʝʪʢʠʪʝ ʛʦʩʪʦʧʨʠʝʤʥʠʮʠ ʱʝ ʙʲʜʘʪ ʩʚʦʙʦʜʥʠ 

ʦʪ ʠʥʬʝʢʮʠʷ, ʘʢʦ ʥʘʥʦʯʘʩʪʠʮʠʪʝ ʤʦʛʘʪ ʝʬʝʢʪʠʚʥʦ ʜʘ ʧʨʝʜʦʪʚʨʘʪʷʪ ʘʜʭʝʟʠʷʪʘ. ɽʢʠʧʲʪ ʥʘ 

Stellacci ʝ ʨʘʟʨʘʙʦʪʠʣ ʩʝʨʠʷ ʦʪ ʘʥʪʠʚʠʨʫʩʥʠ ʥʘʥʦʯʘʩʪʠʮʠ ʩ ʜʲʣʛʠ ʠ ʛʲʚʢʘʚʠ ʣʠʥʢʝʨʠ, ʢʦʠʪʦ 

ʠʤʠʪʠʨʘʪ ʭʝʧʘʨʘʥ ʩʫʣʬʘʪ ʧʨʦʪʝʦʛʣʠʢʘʥʠ, ʢʦʠʪʦ ʩʘ ʢʦʥʩʝʨʚʘʪʠʚʥʘ ʪʘʨʛʝʪʥʘ ʮʝʣ ʟʘ ʚʠʨʫʩʥʠʪʝ 

ʧʨʠʢʨʝʧʚʘʱʠ ʣʠʛʘʥʜʠ (VAL ). ʊʝʟʠ ʣʠʛʘʥʜʠ ʤʦʛʘʪ ʜʘ ʧʦʩʪʠʛʥʘʪ ʝʬʝʢʪʠʚʥʘ ʚʠʨʫʩʥʘ 

ʧʨʝʚʝʥʮʠʷ ʧʦʩʨʝʜʩʪʚʦʤ ʩʚʲʨʟʚʘʥʝ ʩ ʚʠʨʫʩʠʪʝ [8]. ʊʝʟʠ ʯʘʩʪʠʮʠ ʥʝ ʩʘ ʮʠʪʦʪʦʢʩʠʯʥʠ ʠ ʠʤʘʪ 

ʥʘʥʦʤʦʣʘʨʥʘ ʥʝʦʙʨʘʪʠʤʘ ʘʢʪʠʚʥʦʩʪ ʩʨʝʱʫ ʚʠʨʫʩʘ ʥʘ ʭʝʨʧʝʩ ʩʠʤʧʣʝʢʩ, ʯʦʚʝʰʢʠʷ ʧʘʧʠʣʦʤʝʥ 

ʚʠʨʫʩ, ʨʝʩʧʠʨʘʪʦʨʥʠʷ ʩʠʥʮʠʪʠʘʣʝʥ ʚʠʨʫʩ ʠ ʜʝʥʛʘ ʚʠʨʫʩʘ in vitro. ɺ ʨʝʟʫʣʪʘʪ ʥʘ ʪʦʚʘ 

ʬʫʥʢʮʠʦʥʘʣʥʠʪʝ ʥʘʥʦʯʘʩʪʠʮʠ ʤʦʛʘʪ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘʪ ʢʘʪʦ ʰʠʨʦʢʦʩʧʝʢʪʲʨʥʦ ʘʥʪʠʚʠʨʫʩʥʦ 

ʣʝʢʘʨʩʪʚʦ ʟʘ ʧʨʝʜʦʪʚʨʘʪʷʚʘʥʝ ʥʘ ʧʨʠʢʨʝʧʚʘʥʝʪʦ ʥʘ ʚʠʨʫʩʘ, ʧʲʨʚʘʪʘ ʩʪʲʧʢʘ ʚ ʧʨʦʮʝʩʘ ʥʘ 

ʠʥʬʝʢʮʠʷ. ɺʪʦʨʠʷʪ ʤʝʪʦʜ ʟʘ ʧʦʪʠʩʢʘʥʝ ʥʘ ʚʠʨʫʩʘ ʝ ʜʘ ʩʝ ʧʨʝʜʦʪʚʨʘʪʠ ʧʨʦʥʠʢʚʘʥʝʪʦ ʠ 

ʥʘʚʣʠʟʘʥʝʪʦ ʥʘ ʚʠʨʫʩʠʪʝ ʚ ʢʣʝʪʢʠʪʝ ʥʘ ʛʦʩʪʦʧʨʠʝʤʥʠʢʘ ʯʨʝʟ ʧʨʦʤʷʥʘ ʥʘ ʢʣʝʪʲʯʥʘʪʘ 

ʤʝʤʙʨʘʥʘ ʠ ʙʝʣʪʲʯʥʘʪʘ ʘʨʭʠʪʝʢʪʫʨʘ. Haag ʠ ʥʝʛʦʚʠʪʝ ʢʦʣʝʛʠ ʩʲʟʜʘʚʘʪ ʨʝʜʠʮʘ 

ʚʦʜʦʨʘʟʪʚʦʨʠʤʠ ʬʫʣʝʨʝʥ-ʧʦʣʠʛʣʠʮʝʨʦʣ ʩʫʣʬʘʪʠ (FPS) ʩ ʨʘʟʣʠʯʥʠ ʪʝʛʣʦʚʥʠ ʩʲʦʪʥʦʰʝʥʠʷ ʥʘ 

ʬʫʣʝʨʝʥ ʠ ʧʦʣʠʤʝʨʠ, ʢʦʠʪʦ ʧʨʝʜʩʪʘʚʣʷʚʘʪ ʨʘʟʣʠʯʥʦ ʨʘʟʢʣʦʥʝʥ ʧʦʣʠʛʣʠʮʝʨʦʣ ʩʫʣʬʘʪ [19]. 
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ʊʘʙʣʠʮʘ 1. ʍʘʨʘʢʪʝʨʥʠ ʘʥʪʠʚʠʨʫʩʥʠ ʤʝʭʘʥʠʟʤʠ ʥʘ ʜʝʡʩʪʚʠʝ ʥʘ ʥʘʥʦʤʘʪʝʨʠʘʣʠʪʝ [16]. 

 

ʅʘʥʦʤʘʪʝʨʠʘʣ ɺʠʨʫʩ ʄʝʭʘʥʠʟʲʤ 

 

ɻʨʘʬʝʥʦʚ ʦʢʩʠʜ ʈʝʩʧʠʨʘʪʦʨʝʥ ʩʠʥʮʠʪʠʘʣʝʥ 

ʚʠʨʫʩ 

ɼʠʨʝʢʪʥʦ ʠʥʘʢʪʠʚʠʨʘ ʚʠʨʫʩʘ ʠ ʠʥʭʠʙʠʨʘ 

ʧʨʠʢʨʝʧʚʘʥʝʪʦ 

ʅʘʥʦʛʝʣ PRRSV ɿʘʢʨʝʧʚʘ ʱʠʪʘ ʠ ʢʦʥʪʨʦʣʠʨʘ ʧʨʦʥʠʢʚʘʥʝʪʦ 

ʉʨʝʙʲʨʥʘ ʥʘʥʦʯʘʩʪʠʮʘ ʍʝʨʧʝʩ ʚʠʨʫʩ ʇʦʚʣʠʷʚʘʪ ʧʨʠʢʨʝʧʚʘʥʝʪʦ ʥʘ ʚʠʨʫʩʘ 

ɻʨʘʬʝʥʦʚ ʦʢʩʠʜ ʍʝʨʧʝʩ ʚʠʨʫʩ ʀʥʭʠʙʠʨʘ ʧʨʠʢʨʝʧʚʘʥʝʪʦ 

ɿʣʘʪʥʠ ʥʘʥʦʯʘʩʪʠʮʠ ʍʝʨʧʝʩ ʚʠʨʫʩ ʇʨʝʜʦʪʚʨʘʪʷʚʘ ʧʨʠʢʨʝʧʚʘʥʝʪʦ ʠ 

ʧʨʦʥʠʢʚʘʥʝʪʦ ʥʘ ʚʠʨʫʩʠ 

ʅʘʥʦ-ʚʲʛʣʝʨʦʜ ʍʝʨʧʝʩ ʚʠʨʫʩ ɺʲʟʧʨʝʧʷʪʩʪʚʘ ʥʘʚʣʠʟʘʥʝʪʦ ʥʘ ʚʠʨʫʩʘ ʥʘ 

ʨʘʥʝʥ ʝʪʘʧ 

ʉʠʣʠʢʦʥʦʚʠ ʥʘʥʦʯʘʩʪʠʮʠ ʀʥʬʣʫʝʥʮʘ A ʅʘʤʘʣʷʚʘ ʢʦʣʠʯʝʩʪʚʦʪʦ ʥʘ ʧʦʪʦʤʩʪʚʦʪʦ ʥʘ 

ʚʠʨʫʩʘ 

Ag2S ʥʘʥʦʢʣʲʩʪʝʨʠ ʂʦʨʦʥʘ ʚʠʨʫʩ ɹʣʦʢʠʨʘ ʩʠʥʪʝʟʘʪʘ ʠ ʨʘʟʤʥʦʞʘʚʘʥʝʪʦ ʥʘ 

ʚʠʨʫʩʥʘ ʈʅʂ 

Gd2O3:Tb3+/Er3+ 

ʥʘʥʦʯʘʩʪʠʮʠs 

ɿʠʢʘ ʚʠʨʫʩ ʂʘʪʦ ʘʥʪʠʛʝʥʥʠ ʤʠʢʨʦʥʦʩʠʪʝʣʠ ʟʘ Zk2 

ʧʝʧʪʠʜ ʥʘ ʟʠʢʘ ʚʠʨʫʩʘ 

ʅʘʥʦʯʘʩʪʠʮʠ ʦʪ ʤʝʜʝʥ 

ʦʢʩʠʜ 

Herpes simplex ʚʠʨʫʩ ʪʠʧ 1 ʆʢʠʩʣʷʚʘ ʚʠʨʫʩʥʠ ʧʨʦʪʝʠʥʠ ʠ ʨʘʟʛʨʘʞʜʘ 

ʚʠʨʫʩʝʥ ʛʝʥʦʤ 

NiO ʥʘʥʦʩʪʨʫʢʪʫʨʠ ɺʠʨʫʩ ʥʘ ʢʨʘʩʪʘʚʠʯʥʘʪʘ 

ʤʦʟʘʡʢʘ  

ʋʚʝʣʠʯʘʚʘ ʝʢʩʧʨʝʩʠʷʪʘ ʥʘ ʛʝʥʠʪʝ pod, pr1 

ʠ pal1  

ʎʠʨʢʦʥʠʝʚʠ ʥʘʥʦʯʘʩʪʠʮʠ H5N1 ʠʥʬʣʫʝʥʮʘ ʚʠʨʫʩ ʅʘʩʲʨʯʘʚʘ ʝʢʩʧʨʝʩʠʷʪʘ ʥʘ ʮʠʪʦʢʠʥʠ 

ʅʘʥʦʯʘʩʪʠʮʠ ʦʪ ʮʠʥʢʦʚ 

ʦʢʩʠʜ 

H1N1 ʠʥʬʣʫʝʥʮʘ ʚʠʨʫʩ ʀʥʭʠʙʠʨʘ ʚʠʨʫʩʘ ʩʘʤʦ ʩʣʝʜ ʥʘʚʣʠʟʘʥʝ ʥʘ 

ʚʠʨʫʩʘ ʚ ʢʣʝʪʢʠʪʝ ʛʦʩʪʦʧʨʠʝʤʥʠʮʠ 

 

ʌʫʣʝʨʝʥ-ʧʦʣʠʛʣʠʮʝʨʦʣ ʩʫʣʬʘʪʠʪʝ (FPS), ʢʦʠʪʦ ʩʲʯʝʪʘʚʘʪ ʧʦʣʠʘʥʠʦʥʥʠ ʨʘʟʢʣʦʥʝʥʠʷ 

ʩ ʧʨʦʤʝʥʣʠʚʦ ʨʘʟʪʚʦʨʠʤʦ ʭʠʜʨʦʬʦʙʥʦ ʷʜʨʦ, ʧʨʝʚʲʟʭʦʞʜʘʪ ʘʥʘʣʦʟʠʪʝ, ʢʦʠʪʦ ʠʤʘʪ ʩʘʤʦ ʝʜʥʦ 

ʦʪ ʪʝʟʠ ʩʚʦʡʩʪʚʘ ʧʨʠ ʙʣʦʢʠʨʘʥʝ ʥʘ ʛʣʠʢʦʧʨʦʪʝʠʥʦʚʠʷ ʢʦʥʪʘʢʪ ʩ ʦʙʚʠʚʢʘʪʘ ʥʘ ʚʠʨʫʩʘ ʥʘ 

ʚʝʟʠʢʫʣʦʟʝʥ ʩʪʦʤʘʪʠʪ ʚ ʙʲʙʨʝʯʥʠ ʢʣʝʪʢʠ ʥʘ ʭʘʤʩʪʝʨ. ɺ ʨʝʟʫʣʪʘʪ ʥʘ ʪʦʚʘ ʩʝ ʥʘʩʪʲʧʚʘ 

ʙʣʦʢʠʨʘʥʝ ʥʘ ʢʦʥʪʘʢʪʘ ʤʝʞʜʫ ʚʠʨʫʩʠʪʝ ʠ ʢʣʝʪʢʠʪʝ ï ʛʦʩʪʦʧʨʠʝʤʥʠʮʠ, ʢʦʝʪʦ ʝ ʜʦʙʲʨ ʧʦʜʭʦʜ 

ʟʘ ʧʨʝʜʧʘʟʚʘʥʝ ʦʪ ʚʠʨʫʩʥʠ ʠʥʬʝʢʮʠʠ. ɺ ʩʣʫʯʘʡ ʥʘ ʥʘʚʣʠʟʘʥʝ ʥʘ ʚʠʨʫʩ ʚ ʢʣʝʪʢʘʪʘ, ʪʨʝʪʘʪʘ 

ʫʩʧʝʰʥʘ ʪʝʭʥʠʢʘ ʟʘ ʙʣʦʢʠʨʘʥʝ ʥʘ ʚʠʨʫʩʘ ʝ ʜʘ ʩʝ ʫʥʠʱʦʞʠ ʥʝʛʦʚʘʪʘ ʨʝʧʣʠʢʘʮʠʷ, ʢʦʝʪʦ 

ʦʙʠʢʥʦʚʝʥʦ ʩʝ ʧʦʩʪʠʛʘ ʯʨʝʟ ʥʘʤʘʣʷʚʘʥʝ ʥʘ ʝʢʩʧʨʝʩʠʷʪʘ ʥʘ ʦʧʨʝʜʝʣʝʥʠ ʝʥʟʠʤʠ, ʢʦʠʪʦ ʧʨʝʜʠ 
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ʪʦʚʘ ʩʘ ʧʦʜʧʦʤʘʛʘʣʠ ʟʘʚʲʨʰʚʘʥʝʪʦ ʥʘ ʚʠʨʫʩʥʘʪʘ ɼʅʂ ʠʣʠ ʈʅʂ ʨʝʧʣʠʢʘʮʠʷ. ʂʨʘʡʥʘʪʘ 

ʩʪʨʘʪʝʛʠʷ ʝ ʜʘ ʩʝ ʠʥʭʠʙʠʨʘ ʨʘʟʤʥʦʞʘʚʘʥʝʪʦ ʥʘ ʚʠʨʫʩʘ ʠ ʜʘ ʩʝ ʦʪʜʝʣʠ ʦʪ ʢʣʝʪʢʠʪʝ 

ʛʦʩʪʦʧʨʠʝʤʥʠʮʠ. ʇʦʪʦʤʩʪʚʦʪʦ ʥʘ ʚʠʨʫʩʘ ʤʦʞʝ ʜʘ ʙʲʜʝ ʧʦ-ʚʠʨʫʣʝʥʪʥʦ ʦʪ ʥʝʛʦʚʘʪʘ ʤʘʡʢʘ ʠ 

ʘʢʦ ʬʫʥʢʮʠʦʥʘʣʥʠ ʥʘʥʦʯʘʩʪʠʮʠ ʚʲʟʧʨʝʧʷʪʩʪʚʘʪ ʨʘʟʤʥʦʞʘʚʘʥʝʪʦ ʥʘ ʚʠʨʫʩʘ ʠ ʜʨʘʩʪʠʯʥʦ 

ʦʛʨʘʥʠʯʘʪ ʙʨʦʷ ʥʘ ʚʠʨʫʩʠʪʝ-ʧʦʪʦʤʮʠ, ʚʠʨʫʣʝʥʪʥʦʩʪʪʘ ʱʝ ʙʲʜʝ ʟʥʘʯʠʪʝʣʥʦ ʥʘʤʘʣʝʥʘ. 

ʊʘʙʣʠʮʘ 1 ʧʦʢʘʟʚʘ ʥʷʢʦʠ ʦʪ ʥʘʡ-ʯʝʩʪʦ ʩʨʝʱʘʥʠʪʝ ʘʥʪʠʚʠʨʫʩʥʠ ʤʝʭʘʥʠʟʤʠ ʟʘ ʬʫʥʢʮʠʦʥʘʣʥʠ 

ʥʘʥʦʯʘʩʪʠʮʠ. 

 

3. ʅʘʥʦʯʘʩʪʠʮʠ ʥʘ ʦʩʥʦʚʘʪʘ ʥʘ ʚʠʨʫʩʠ (VNPs) 

ʇʨʝʩʝʯʥʘʪʘ ʪʦʯʢʘ ʤʝʞʜʫ ʚʠʨʫʩʥʠʪʝ ʯʘʩʪʠʮʠ ʠ ʬʫʥʢʮʠʦʥʘʣʥʠʪʝ ʥʘʥʦʤʘʪʝʨʠʘʣʠ ʝ 

ʩʲʟʜʘʚʘʥʝʪʦ ʥʘʥʘʥʦʯʘʩʪʠʮʠ ʙʘʟʠʨʘʥʠʪʝ ʥʘ ʚʠʨʫʩʠ (VNP). ʉʛʣʦʙʷʚʘʥʝʪʦ ʧʦ ʰʘʙʣʦʥ ʥʘ 

ʤʠʣʠʦʥʠ ʠʜʝʥʪʠʯʥʠ ʥʘʥʦʯʘʩʪʠʮʠ ʠ ʩʲʟʜʘʚʘʥʝʪʦ ʠʤ ʚ ʞʠʚʠʪʝ ʢʣʝʪʢʠ ʝ ʚʲʟʤʦʞʥʦ ʩ 

ʙʠʦʥʘʥʦʤʘʪʝʨʠʘʣʠ, ʙʘʟʠʨʘʥʠ ʥʘ ʚʠʨʫʩʠ. ɺʠʨʫʩʠʪʝ, ʢʦʠʪʦ ʟʘʨʘʟʷʚʘʪ ʙʘʢʪʝʨʠʠ, ʭʦʨʘ ʠ 

ʨʘʩʪʝʥʠʷ ʩʘ ʠʟʧʦʣʟʚʘʥʠ ʟʘ ʩʲʟʜʘʚʘʥʝ ʥʘ ʥʘʥʦʯʘʩʪʠʮʠ ʙʘʟʠʨʘʥʠ ʥʘ ʚʠʨʫʩʠ (VNP). ɺʠʨʫʩʠʪʝ ʩʘ 

ʦʪʣʠʯʥʘ ʤʘʪʨʠʮʘ, ʪʲʡ ʢʘʪʦ ʪʝ ʩʘ ʝʚʦʣʶʠʨʘʣʠ ʪʘʢʘ ʯʝ ʜʘ ʨʘʟʧʨʝʜʝʣʷʪ ʥʫʢʣʝʠʥʦʚʠʪʝ ʢʠʩʝʣʠʥʠ 

ʧʦ ʝʩʪʝʩʪʚʝʥ ʧʲʪ ʠ ʧʦ ʪʦʟʠ ʥʘʯʠʥ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʤʘʥʠʧʫʣʠʨʘʥʠ, ʟʘ ʜʘ ʜʦʩʪʘʚʷʪ ʜʨʫʛʠ 

ʩʲʝʜʠʥʝʥʠʷ ʢʘʪʦ ʪʝʨʘʧʝʚʪʠʯʥʠ ʩʨʝʜʩʪʚʘ ʠ ʨʝʘʛʝʥʪʠ ʟʘ ʦʙʨʘʟʥʘ ʜʠʘʛʥʦʩʪʠʢʘ. ʀ ʥʘʢʨʘʷ, 

ʚʠʨʫʩʠʪʝ ʠʤʘʪ ʚʠʩʦʢʘ ʩʢʦʨʦʩʪ ʥʘ ʨʝʧʣʠʢʘʮʠʷ, ʢʦʝʪʦ ʧʦʟʚʦʣʷʚʘ ʤʘʩʦʚʦʪʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ 

VNPs ʥʘ ʥʠʩʢʘ ʮʝʥʘ. 

VNPs ʩʘ ʠʟʛʨʘʜʝʥʠ ʦʪ ʧʨʘʚʠʣʥʠ ʤʘʩʠʚʠ ʦʪ ʙʝʣʪʲʮʠ ʥʘ ʚʠʨʫʩʥʘʪʘ ʦʙʚʠʚʢʘ ʩ ʜʦʙʨʝ 

ʜʝʬʠʥʠʨʘʥʘ ʪʨʠʠʟʤʝʨʥʘ ʩʪʨʫʢʪʫʨʘ, ʢʦʝʪʦ ʛʠ ʧʨʘʚʠ ʧʦ-ʜʦʙʨʦ ʠʥʞʝʥʝʨʥʦ ʩʢʝʣʝ ʦʪ 

ʧʨʦʠʟʚʝʜʝʥʠʪʝ ʯʘʩʪʠʮʠ. ʉʪʨʫʢʪʫʨʘʪʘ ʥʘ VNPs ʩʲʱʦ ʤʦʞʝ ʜʘ ʙʲʜʝ ʧʨʦʤʝʥʝʥʘ ʯʨʝʟ 

ʤʦʜʠʬʠʮʠʨʘʥʝ ʥʘ ʤʘʪʨʠʮʘʪʘ ʥʘ ʥʫʢʣʝʠʥʦʚʘ ʢʠʩʝʣʠʥʘ, ʢʦʷʪʦ ʢʦʜʠʨʘ ʚʠʨʫʩʥʠʪʝ ʧʨʦʪʝʠʥʠ, 

ʧʨʝʜʠ ʜʘ ʩʝ ʩʠʥʪʝʟʠʨʘ, ʢʘʢʪʦ ʠ ʯʨʝʟ ʭʠʤʠʯʝʩʢʦ ʜʝʢʦʨʠʨʘʥʝ ʯʨʝʟ ʜʦʙʘʚʷʥʝ ʥʘ ʢʦʥʶʛʘʪʠ ʢʲʤ 

ʦʧʨʝʜʝʣʝʥʠ ʩʪʨʘʥʠʯʥʠ ʚʝʨʠʛʠ ʥʘ ʘʤʠʥʦʢʠʩʝʣʠʥʠʪʝ. VNPs ʩʘ ʠʟʚʝʩʪʥʠ ʩʲʩ ʩʚʦʷʪʘ 

ʙʠʦʩʲʚʤʝʩʪʠʤʦʩʪ, ʙʠʦʨʘʟʛʨʘʜʠʤʦʩʪ, ʩʧʦʩʦʙʥʦʩʪ ʟʘ ʧʨʝʦʜʦʣʷʚʘʥʝ ʥʘ ʙʠʦʣʦʛʠʯʥʠʪʝ ʙʘʨʠʝʨʠ 

ʠ ʝʬʝʢʪʠʚʥʦ ʨʘʟʧʨʝʜʝʣʝʥʠʝ ʥʘ ʪʦʚʘʨʘ ʢʲʤ ʮʝʣʝʚʠʪʝ ʢʣʝʪʢʠ, ʪʲʡ ʢʘʪʦ ʪʝ ʩʘ ʩʲʩʪʘʚʝʥʠ 

ʧʨʝʜʠʤʥʦ ʦʪ ʙʝʣʪʲʮʠ. ɺʠʨʫʩʠʪʝ ʩʘ ʝʚʦʣʶʠʨʘʣʠ ʚ ʧʦʩʦʢʘ ʜʘ ʩʝ ʩʚʲʨʟʚʘʪ ʩʲʩ ʩʧʝʮʠʬʠʯʥʠ 

ʢʣʝʪʲʯʥʠ ʙʝʣʪʲʮʠ, ʜʘ ʪʨʘʥʩʧʦʨʪʠʨʘʪ ʪʦʚʘʨʘ ʦʪ ʥʫʢʣʝʠʥʦʚʠ ʢʠʩʝʣʠʥʠ ʠ ʜʘ Ăʦʪʚʣʠʯʘʪñ 

ʚʲʪʨʝʢʣʝʪʲʯʥʠ ʤʘʰʠʥʠ, ʟʘ ʜʘ ʧʨʦʠʟʚʝʞʜʘʪ ʧʦʪʦʤʩʪʚʝʥʠ ʚʠʨʫʩʥʠ ʢʦʤʧʦʥʝʥʪʠ. ʊʝʟʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʘ ʜʦʚʝʣʠ ʜʦ ʨʘʟʨʘʙʦʪʚʘʥʝʪʦ ʥʘ VNPs ʥʘ ʙʘʟʘʪʘ ʥʘ ʚʠʨʫʩʠ ʥʘ ʙʦʟʘʡʥʠʮʠ ʟʘ 

ʠʟʧʦʣʟʚʘʥʝ ʚ ʛʝʥʥʘʪʘ ʪʝʨʘʧʠʷ, ʥʦ ʝ ʪʨʫʜʥʦ ʜʘ ʩʝ ʠʟʢʣʶʯʘʪ ʚʨʝʜʥʠ ʝʬʝʢʪʠ, ʧʨʦʠʟʪʠʯʘʱʠ ʦʪ 

ʥʦʨʤʘʣʥʠʪʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʚʠʨʫʩ ʠ ʛʦʩʪʦʧʨʠʝʤʥʠʢ [24]. VNPs, ʙʘʟʠʨʘʥʠ ʥʘ 
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ʙʘʢʪʝʨʠʦʬʘʛʠ ʠ ʨʘʩʪʠʪʝʣʥʠ ʚʠʨʫʩʠ, ʦʪ ʜʨʫʛʘ ʩʪʨʘʥʘ, ʩʝ ʩʯʠʪʘʪ ʟʘ ʙʝʟʚʨʝʜʥʠ, ʪʲʡ ʢʘʪʦ ʜʦʨʠ 

ʥʘʧʲʣʥʦ ʬʫʥʢʮʠʦʥʘʣʥʠ ʚʠʨʫʩʠ ʥʝ ʤʦʛʘʪ ʜʘ ʟʘʨʘʟʷʪ ʭʦʨʘʪʘ. ɺ ʨʝʟʫʣʪʘʪ ʥʘ ʪʦʚʘ ʧʦ-ʛʦʣʷʤʘʪʘ 

ʯʘʩʪ ʦʪ ʪʘʟʠ ʣʝʢʮʠʷ ʱʝ ʙʲʜʝ ʧʦʩʚʝʪʝʥʘ ʥʘ ʤʝʜʠʮʠʥʩʢʠʪʝ ʧʨʠʣʦʞʝʥʠʷ ʥʘ VNPs, ʧʦʣʫʯʝʥʠ ʦʪ 

ʙʘʢʪʝʨʠʦʬʘʛʠ ʠ ʨʘʩʪʠʪʝʣʥʠ ʚʠʨʫʩʠ. 

ɹʘʢʪʝʨʠʦʬʘʛʠʪʝ ʠ ʨʘʩʪʠʪʝʣʥʠʪʝ ʚʠʨʫʩʠ ʩʘ ʥʫʢʣʝʦʧʨʦʪʝʠʥʦʚʠ ʩʲʚʢʫʧʥʦʩʪʠ, ʧʨʠ ʢʦʠʪʦ 

ʥʫʢʣʝʠʥʦʚʠʪʝ ʢʠʩʝʣʠʥʠ ʩʘ ʟʜʨʘʚʦ ʦʙʚʠʪʠ ʚ ʢʘʧʩʠʜ, ʩʲʩʪʘʚʝʥ ʦʪ ʤʥʦʛʦ ʢʦʧʠʷ ʥʘ ʝʜʥʠ ʠ ʩʲʱʠ 

ʙʝʣʪʲʮʠ. ʂʘʧʩʠʜʠʪʝ ʯʝʩʪʦ ʩʘ ʠʢʦʩʘʝʜʨʠʯʥʠ (ʧʨʠʙʣʠʟʠʪʝʣʥʦ ʩʬʝʨʠʯʥʠ), ʪʚʲʨʜʠ ʪʨʲʙʠ ʠʣʠ 

ʛʲʚʢʘʚʠ ʥʠʰʢʠ, ʢʘʪʦ ʧʦʩʣʝʜʥʠʪʝ ʜʚʝ ʢʘʪʝʛʦʨʠʠ ʠʤʘʪ ʚʠʩʦʢʦ ʩʲʦʪʥʦʰʝʥʠʝ. ʈʘʩʪʠʪʝʣʥʠʪʝ 

ʚʠʨʫʩʠ ʠ ʙʘʢʪʝʨʠʦʬʘʛʠʪʝ, ʟʘ ʨʘʟʣʠʢʘ ʦʪ ʤʥʦʛʦ ʚʠʨʫʩʠ ʧʨʠ ʙʦʟʘʡʥʠʮʠʪʝ, ʦʙʠʢʥʦʚʝʥʦ ʥʝ ʩʘ 

ʦʙʚʠʪʠ ʦʪ ʢʨʝʭʢʘ ʣʠʧʠʜʥʘ ʤʝʤʙʨʘʥʘ, ʪʲʡ ʢʘʪʦ ʪʨʷʙʚʘ ʜʘ ʧʦʥʘʩʷʪ ʧʦ-ʪʝʞʢʠ ʫʩʣʦʚʠʷ ʥʘ 

ʦʢʦʣʥʘʪʘ ʩʨʝʜʘ, ʟʘ ʜʘ ʟʘʨʘʟʷʪ ʫʩʧʝʰʥʦ ʩʚʦʠʪʝ ʛʦʩʪʦʧʨʠʝʤʥʠʮʠ. ɽʩʪʝʩʪʚʝʥʘʪʘ ʬʫʥʢʮʠʷ ʥʘ 

ʚʠʨʫʩʥʠʷ ʢʘʧʩʠʜ ʝ ʜʘ ʟʘʱʠʪʘʚʘ ʚʠʨʫʩʥʘʪʘ ɼʅʂ ʩʨʝʱʫ ʥʫʢʣʝʘʟʠ ʠ ʜʨʫʛʠ ʬʠʟʠʯʝʩʢʠ ʟʘʧʣʘʭʠ. 

ʇʦ ʪʦʟʠ ʥʘʯʠʥ ʙʝʣʪʲʮʠʪʝ ʥʘ ʚʠʨʫʩʥʘʪʘ ʦʙʚʠʚʢʘ ʩʘ ʭʠʤʠʯʝʩʢʠ ʠ ʬʠʟʠʯʝʩʢʠ ʩʪʘʙʠʣʥʠ, ʢʦʝʪʦ ʝ 

ʙʣʘʛʦʧʨʠʷʪʥʦ ʟʘ ʨʘʟʚʠʪʠʝʪʦ ʥʘ VNPs, ʪʲʡ ʢʘʪʦ ʪʦʚʘ ʦʟʥʘʯʘʚʘ, ʯʝ ʪʝ ʠʤʘʪ ʜʲʣʲʛ ʞʠʚʦʪ ʥʘ 

ʩʲʭʨʘʥʝʥʠʝ ʠ ʤʦʛʘʪ ʜʘ ʠʟʜʲʨʞʘʪ ʥʘ ʭʠʤʠʯʝʩʢʠʪʝ ʦʙʨʘʙʦʪʢʠ, ʥʝʦʙʭʦʜʠʤʠ ʟʘ ʢʦʥʶʛʠʨʘʥʝ ʩ 

ʮʝʣʝʚʠ ʣʠʛʘʥʜʠ ʠʣʠ ʥʘʪʦʚʘʨʚʘʥʝ ʩ ʧʦʣʝʟʥʠ ʪʦʚʘʨʠ ʢʘʪʦ ʣʝʢʘʨʩʪʚʘ, ʬʣʫʦʨʦʬʦʨʠ ʠʣʠ 

ʢʦʥʪʨʘʩʪʥʠ ʚʝʱʝʩʪʚʘ [55]. 

 

3.1. ʉʪʨʘʪʝʛʠʠ ʟʘ ʤʦʜʠʬʠʢʘʮʠʠ ʥʘ VNPs  

ɻʝʥʥʦʪʦ ʠʥʞʝʥʝʨʩʪʚʦ, ʢʘʧʩʫʣʠʨʘʥʝʪʦ, ʙʠʦʤʠʥʝʨʘʣʠʟʘʮʠʷʪʘ, ʠʥʞʝʢʪʠʨʘʥʝʪʦ ʠ 

ʙʠʦʢʦʥʶʛʘʮʠʷʪʘ ʩʘ ʥʷʢʦʠ ʦʪ ʧʦʜʭʦʜʠʪʝ, ʢʦʠʪʦ ʤʦʛʘʪ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘʪ ʟʘ ʧʨʦʝʢʪʠʨʘʥʝ ʠ 

ʧʨʦʤʷʥʘ ʥʘ ʧʨʦʜʫʢʪʠ, ʙʘʟʠʨʘʥʠ ʥʘ ʚʠʨʫʩʠ. ʌʫʥʜʘʤʝʥʪʘʣʥʘʪʘ ʩʪʨʫʢʪʫʨʘ ʥʘ ʧʨʦʪʝʠʥʦʚʘʪʘ 

ʦʙʚʠʚʢʘ ʤʦʞʝ ʜʘ ʙʲʜʝ ʧʨʦʤʝʥʝʥʘ ʯʨʝʟ ʛʝʥʥʦ ʠʥʞʝʥʝʨʩʪʚʦ ʧʦʩʨʝʜʩʪʚʦʤ ʚʤʲʢʚʘʥʝ, ʜʝʣʝʮʠʷ 

ʠʣʠ ʨʘʟʤʷʥʘ ʥʘ ʩʧʝʮʠʬʠʯʥʠ ʘʤʠʥʦʢʠʩʝʣʠʥʥʠ ʦʩʪʘʪʲʮʠ [43]. ʊʘʢʠʚʘ ʤʦʜʠʬʠʢʘʮʠʠ ʫʣʝʩʥʷʚʘʪ 

ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʘʥʝʪʦ ʠʣʠ ʧʨʦʤʷʥʘʪʘ ʥʘ ʮʷʣʦʩʪʥʠʪʝ ʬʠʟʠʢʦʭʠʤʠʯʥʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ 

VNPs [20, 58]. ʊʘʛʦʚʝʪʝ ʟʘ ʧʨʝʯʠʩʪʚʘʥʝ/ʠʤʫʥʦʦʪʢʨʠʚʘʥʝ, ʝʧʠʪʦʧʥʠʪʝ ʧʦʩʣʝʜʦʚʘʪʝʣʥʦʩʪʠ (ʟʘ 

ʜʘ ʩʝ ʥʘʧʨʘʚʠ VNP ʚʘʢʩʠʥʘ) ʠ ʪʘʨʛʝʪʥʠʪʝ ʧʦʩʣʝʜʦʚʘʪʝʣʥʦʩʪʠ (ʟʘ ʜʘ ʩʝ ʥʘʧʨʘʚʠ VNP ʥʘʩʦʯʝʥ 

ʢʲʤ ʩʧʝʮʠʬʠʯʥʠ ʨʝʮʝʧʪʦʨʠ), ʩʘ ʧʨʠʤʝʨʠ ʟʘ ʪʘʢʠʚʘ ʧʨʦʤʝʥʠ [71]. ʀʟʧʦʣʟʚʘʡʢʠ ʩʨʘʚʥʠʤʠ 

ʨʝʢʦʤʙʠʥʘʥʪʥʠ ʝʢʩʧʨʝʩʠʦʥʥʠ ʪʝʭʥʦʣʦʛʠʠ, ʩʲʱʦ ʝ ʚʲʟʤʦʞʥʦ ʜʘ ʩʝ ʚʢʣʶʯʘʪ ʥʝʝʩʪʝʩʪʚʝʥʠ 

ʘʤʠʥʦʢʠʩʝʣʠʥʠ ʢʘʪʦ ʫʥʠʢʘʣʥʠ ʚʨʲʟʢʠ ʟʘ ʧʦʩʣʝʜʚʘʱʠ ʭʠʤʠʯʥʠ ʨʝʘʢʮʠʠ [56]. 

ʇʨʠ ʬʠʟʠʦʣʦʛʠʯʥʠ ʫʩʣʦʚʠʷ ʙʝʣʪʲʮʠʪʝ ʥʘ ʚʠʨʫʩʥʘʪʘ ʦʙʚʠʚʢʘ ʩʝ ʩʘʤʦʩʛʣʦʙʷʚʘʪ ʦʢʦʣʦ 

ʥʫʢʣʝʠʥʦʚʠʪʝ ʢʠʩʝʣʠʥʠ ʠ ʪʦʚʘ ʩʚʦʡʩʪʚʦ (ʢʦʝʪʦ ʩʧʦʜʝʣʷʪ VNP) ʤʦʞʝ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘ ʟʘ 

ʨʘʟʛʣʦʙʷʚʘʥʝ ʥʘ VNPs ʠ ʧʦʚʪʦʨʥʦʪʦ ʠʤ ʩʛʣʦʙʷʚʘʥʝ ʚ ʧʦ-ʞʝʣʘʥʠ ʢʦʥʬʠʛʫʨʘʮʠʠ ʦʢʦʣʦ ʜʨʫʛʠ 

ʪʦʚʘʨʥʠ ʤʦʣʝʢʫʣʠ. ɼʚʘ ʦʩʥʦʚʥʠ ʧʨʠʥʮʠʧʘ ʤʦʛʘʪ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘʪ ʟʘ ʟʘʜʝʡʩʪʚʘʥʝ ʥʘ 
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ʢʘʧʩʫʣʠʨʘʥʝ ʥʘ ʪʦʚʘʨʘ: (ʘ) ʧʦʚʲʨʭʥʦʩʪʝʥ ʟʘʨʷʜ ʠ ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠʣʠ (ʙ) 

ʫʥʠʢʘʣʥʠ ʩʚʲʨʟʚʘʱʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʢʦʠʪʦ ʚʲʟʥʠʢʚʘʪ ʧʦ ʚʨʝʤʝ ʥʘ ʩʘʤʦʩʛʣʦʙʷʚʘʥʝ [18]. 

ʅʘʧʨʠʤʝʨ, ʦʧʝʨʘʪʦʨʥʠʷʪ ʙʝʣʪʲʢ ʟʘ ʪʨʘʥʩʣʘʮʠʦʥʥʘ ʨʝʧʨʝʩʠʷ (TR) ʩʝ ʥʘʤʠʨʘ ʚ ʙʘʢʪʝʨʠʦʬʘʛ 

MS2 ʠ ʩʝ ʩʚʲʨʟʚʘ ʩ TR RNA ʩʪʚʦʣʦʚʘʪʘ ʚʝʨʠʛʘ. ʍʠʤʠʯʝʩʢʠ ʤʦʜʠʬʠʮʠʨʘʥʠʪʝ TR ʦʧʝʨʘʪʦʨʥʠ 

ʙʝʣʪʲʮʠ ʤʦʛʘʪ ʜʘ ʪʨʘʥʩʧʦʨʪʠʨʘʪ ʤʘʣʢʠ ʪʝʨʘʧʝʚʪʠʯʥʠ ʤʦʣʝʢʫʣʠ. ʂʦʛʘʪʦ ʥʝʧʦʚʨʝʜʝʥʠʪʝ MS2 

ʯʘʩʪʠʮʠ ʩʝ ʢʦʤʙʠʥʠʨʘʪ ʩ ʤʦʜʠʬʠʮʠʨʘʥʠ TR ʦʧʝʨʘʪʦʨʠ, ʧʦʩʣʝʜʥʠʪʝ ʜʠʬʫʥʜʠʨʘʪ ʚʲʚ VNPs ʠ 

ʩʝ ʩʚʲʨʟʚʘʪ ʩ ʢʘʧʩʠʜʘ ʧʦ ʩʪʘʙʠʣʝʥ ʥʘʯʠʥ. ʊʝʟʠ ʜʠʟʘʡʥʝʨʩʢʠ ʪʝʭʥʠʢʠ ʩʘ ʠʟʧʦʣʟʚʘʥʠ ʟʘ 

ʫʩʧʝʰʥʦ ʚʤʲʢʚʘʥʝ ʥʘ ʪʝʨʘʧʝʚʪʠʯʥʠ ʩʲʝʜʠʥʝʥʠʷ ʢʘʪʦ ʥʘʧʨʠʤʝʨ ʚʝʨʠʛʘʪʘ ʥʘ ʨʠʮʠʥ ɸ ʠ 5-

ʬʣʫʦʨʦʫʨʠʜʠʥ ʚ MS2 ʯʘʩʪʠʮʠ. ʊʨʘʥʩʧʦʨʪʠʨʘʥʝʪʦ ʥʘ ʧʦʣʝʟʝʥ ʪʦʚʘʨ ʠ ʫʩʧʝʰʥʦʪʦ ʫʙʠʚʘʥʝ ʥʘ 

ʮʝʣʝʚʠʪʝ ʢʣʝʪʢʠ ʩʘ ʜʝʤʦʥʩʪʨʠʨʘʥʠ in vitro ʢʣʝʪʲʯʥʠ ʠʟʩʣʝʜʚʘʥʠʷ, ʠʟʧʦʣʟʚʘʱʠ ʪʘʟʠ ʪʝʭʥʠʢʘ 

[7, 69]. 

ɹʠʦʤʠʥʝʨʘʣʠʟʘʮʠʷʪʘ ʝ ʦʪʣʘʛʘʥʝ ʥʘ ʤʠʥʝʨʘʣʠ ʚ ʠ ʦʢʦʣʦ ʢʣʝʪʢʠʪʝ ʠ ʪʲʢʘʥʠʪʝ ʥʘ ʞʠʚʠ 

ʦʨʛʘʥʠʟʤʠ, ʥʦ ʝ ʩʚʲʨʟʘʥʦ ʩʲʩ ʩʧʦʩʦʙʥʦʩʪʪʘ ʥʘ ʙʝʣʪʲʮʠʪʝ ʥʘ ʚʠʨʫʩʥʘʪʘ ʦʙʚʠʚʢʘ ʜʘ ʩʝ 

ʦʙʨʘʟʫʚʘʪ ʦʢʦʣʦ ʤʠʥʝʨʘʣʥʦ ʷʜʨʦ ʠʣʠ ʥʫʢʣʝʘʨʥʘ ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʚ ʫʩʣʦʚʠʷʪʘ ʥʘ VNPs. 

ɹʠʦʤʠʥʝʨʘʣʠʟʘʮʠʷʪʘ ʥʘ VNPs ʠʤʘ ʨʘʟʣʠʯʥʠ ʧʨʠʣʦʞʝʥʠʷ ʚ ʝʥʝʨʛʠʡʥʠʪʝ ʠʟʩʣʝʜʚʘʥʠʷ, ʥʦ ʠʤʘ 

ʠ ʧʨʠʤʝʨʠ ʚ ʤʝʜʠʮʠʥʘʪʘ, ʦʩʦʙʝʥʦ ʢʦʛʘʪʦ ʤʠʥʝʨʘʣʥʠʪʝ ʪʦʚʘʨʠ ʩʝ ʠʟʧʦʣʟʚʘʪ ʢʘʪʦ ʢʦʥʪʨʘʩʪʥʠ 

ʚʝʱʝʩʪʚʘ [44]. 

ʅʷʢʦʠ ʤʘʪʝʨʠʘʣʠ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʢʘʧʩʫʣʠʨʘʥʠ ʯʨʝʟ ʩʪʠʤʫʣʠʨʘʥʝ ʥʘ ʦʙʨʘʟʫʚʘʥʝʪʦ ʥʘ 

ʢʘʧʩʠʜʠ ʦʢʦʣʦ ʪʦʚʘʨ, ʜʦʢʘʪʦ ʜʨʫʛʠ ʤʦʛʘʪ ʜʘ ʜʠʬʫʥʜʠʨʘʪ ʧʨʝʟ ʚʠʨʫʩʥʘʪʘ ʯʘʩʪʠʮʘ ʠ ʜʘ ʙʲʜʘʪ 

Ăʫʙʝʜʝʥʠñ ʜʘ ʦʩʪʘʥʘʪ ʚʲʚ ʚʲʪʨʝʰʥʘʪʘ ʢʫʭʠʥʘ ʯʨʝʟ ʥʝʢʦʚʘʣʝʥʪʥʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ 

ʥʫʢʣʝʠʥʦʚʠʪʝ ʢʠʩʝʣʠʥʠ ʠʣʠ ʩ ʚʲʪʨʝʰʥʦ ʧʨʦʝʢʪʠʨʘʥʠ ʩʪʨʘʥʠʯʥʠ ʚʝʨʠʛʠ ʥʘ ʘʤʠʥʦʢʠʩʝʣʠʥʠ , 

ʠʣʠ ʙʠʦʢʦʥʶʛʘʮʠʷʪʘ ʤʦʞʝ ʜʘ ʛʠ ʩʚʲʨʞʝ ʪʨʘʡʥʦ ʩ ʣʠʛʘʥʜʠʪʝ. [65]. ʊʦʟʠ ʤʝʪʦʜ ʝ ʠʟʧʦʣʟʚʘʥ ʟʘ 

ʟʘʨʝʞʜʘʥʝ ʥʘ ʬʣʫʦʨʝʩʮʝʥʪʥʠ ʙʘʛʨʠʣʘ ʟʘ ʦʧʪʠʯʥʠ ʠʟʦʙʨʘʞʝʥʠʷ, Gd3+ ʡʦʥʠ ʟʘ MRI ʠ ʤʘʣʢʠ 

ʣʝʢʘʨʩʪʚʝʥʠ ʩʲʝʜʠʥʝʥʠʷ [46, 72]. 

ʀʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʤʝʪʦʜʠʪʝ ʥʘ ʢʣʘʩʠʯʝʩʢʘʪʘ ʭʠʤʠʷ ʟʘ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʘʥʝ ʥʘ 

ʩʧʝʮʠʬʠʯʥʠ ʩʪʨʘʥʠʯʥʠ ʚʝʨʠʛʠ ʥʘ ʘʤʠʥʦʢʠʩʝʣʠʥʠ, ʢʘʪʦ ʢʘʨʙʦʢʩʠʣʘʪʥʠʪʝ ʛʨʫʧʠ ʚ ʦʩʪʘʪʲʮʠ 

ʦʪ ʛʣʫʪʘʤʠʥʦʚʘ ʠ ʘʩʧʘʨʘʛʠʥʦʚʘ ʢʠʩʝʣʠʥʘ, ʨʝʘʢʪʠʚʥʠʪʝ ʘʤʠʥʠ ʚ ʣʠʟʠʥʦʚʠ ʦʩʪʘʪʲʮʠ, 

ʩʫʣʬʭʠʜʨʠʣʥʠʪʝ ʛʨʫʧʠ ʚ ʮʠʩʪʝʠʥʦʚʠ ʦʩʪʘʪʲʮʠ ʠ ʬʝʥʦʣʥʠʪʝ ʛʨʫʧʠ ʚ ʪʠʨʦʟʠʥʦʚʠ ʦʩʪʘʪʲʮʠ, ʝ 

ʝʜʠʥ ʦʪ ʥʘʡ-ʤʦʱʥʠʪʝ ʧʦʜʭʦʜʠ. ʟʘ ʤʦʜʠʬʠʢʘʮʠʷ ʥʘ VNPs. ʊʝʟʠ ʛʨʫʧʠ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ 

ʜʠʨʝʢʪʥʦ ʧʨʠʢʨʝʧʝʥʠ ʢʲʤ ʩʧʝʮʠʬʠʯʥʠ ʤʦʣʝʢʫʣʠ ʠʣʠ ʧʨʦʤʝʥʝʥʠ, ʟʘ ʜʘ ʚʢʣʶʯʚʘʪ 

ʬʫʥʢʮʠʦʥʘʣʥʠ ʛʨʫʧʠ ʟʘ ʧʦ-ʩʣʦʞʥʠ ʧʨʦʮʝʜʫʨʠ ʥʘ ʢʦʥʶʛʘʮʠʷ. 
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3.2. ʅʘʥʦʯʘʩʪʠʮʠ ʥʘ ʙʘʟʘʪʘ ʥʘ ʚʠʨʫʩʠ ʚ ʪʝʨʘʧʝʚʪʠʯʥʠ ʠʥʪʝʨʚʝʥʮʠʠ 

ɹʘʢʪʝʨʠʦʬʘʛʠʪʝ ʠ ʨʘʩʪʠʪʝʣʥʠʪʝ ʚʠʨʫʩʠ ʠʤʘʪ ʩʧʦʩʦʙʥʦʩʪʪʘ ʜʘ ʧʨʦʥʠʢʚʘʪ ʚ ʢʣʝʪʢʠʪʝ 

ʥʘ ʙʦʟʘʡʥʠʮʠʪʝ ʠ ʜʘ ʩʝ ʨʝʧʣʠʮʠʨʘʪ ʙʝʟ ʜʦʧʲʣʥʠʪʝʣʥʦ ʚʲʟʧʨʦʠʟʚʝʞʜʘʥʝ, ʢʦʝʪʦ ʛʠ ʧʨʘʚʠ 

ʧʦʣʝʟʥʠ ʪʝʨʘʧʝʚʪʠʯʥʠ ʠʥʩʪʨʫʤʝʥʪʠ. ɹʘʟʠʨʘʥʠʪʝ ʥʘ ʚʠʨʫʩʠ ʥʘʥʦʤʘʪʝʨʠʘʣʠ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ 

ʧʨʦʝʢʪʠʨʘʥʠ ʜʘ ʩʝ ʥʘʩʦʯʚʘʪ ʢʲʤ ʩʧʝʮʠʬʠʯʥʠ ʢʣʝʪʢʠ, ʢʘʪʦ ʨʘʢʦʚʠʪʝ ʢʣʝʪʢʠ ʠ ʢʣʝʪʢʠ ʥʘ 

ʠʤʫʥʥʘʪʘ ʩʠʩʪʝʤʘ. ʊʝ ʤʦʛʘʪ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘʪ ʟʘ ʚʘʢʩʠʥʘʮʠʠ, ʪʲʡ ʢʘʪʦ ʤʦʛʘʪ ʜʘ ʠʟʣʦʞʘʪ 

ʘʥʪʠʛʝʥʠ ʥʘ ʠʤʫʥʥʘʪʘ ʩʠʩʪʝʤʘ. ʀʤʫʥʦʪʝʨʘʧʠʷʪʘ ʠ ʠʤʫʥʦ/ʭʠʤʠʦ ʢʦʤʙʠʥʠʨʘʥʠʪʝ ʪʝʨʘʧʠʠ 

ʤʦʛʘʪ ʜʘ ʩʝ ʚʲʟʧʦʣʟʚʘʪ ʦʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʪʘ ʥʘ VNPs ʩ ʠʤʫʥʥʘʪʘ ʩʠʩʪʝʤʘ, ʟʘ ʨʘʟʣʠʢʘ ʦʪ 

ʦʙʨʘʟʥʘʪʘ ʜʠʘʛʥʦʩʪʠʢʘ ʠ ʜʦʩʪʘʚʷʥʝʪʦ ʥʘ ʣʝʢʘʨʩʪʚʘ. ɺ ʨʝʟʫʣʪʘʪ ʥʘ ʪʦʚʘ ʩʘ ʠʟʤʠʩʣʝʥʠ 

ʤʥʦʛʦʙʨʦʡʥʠ ʥʘʯʠʥʠ ʟʘ ʟʘʱʠʪʘ ʥʘ VNPs ʦʪ ʠʤʫʥʥʘʪʘ ʩʠʩʪʝʤʘ, ʜʦʢʘʪʦ ʩʝ ʥʘʩʦʯʚʘʪ ʢʲʤ 

ʩʧʝʮʠʬʠʯʥʠ ʢʣʝʪʢʠ-ʤʠʰʝʥʠ. ʂʣʠʨʲʥʩʲʪ ʥʘ VNP ʯʨʝʟ ʤʦʥʦʥʫʢʣʝʘʨʥʘʪʘ ʬʘʛʦʮʠʪʥʘ ʩʠʩʪʝʤʘ 

ʤʦʞʝ ʜʘ ʙʲʜʝ ʟʘʦʙʠʢʦʣʝʥ ʯʨʝʟ ʤʦʜʠʬʠʮʠʨʘʥʝ ʥʘ ʧʦʚʲʨʭʥʦʩʪʥʠ ̫ʭʠʤʠʯʝʥ ʩʲʩʪʘʚ ʠʣʠ ʬʦʨʤʘʪʘ 

ʥʘ ʯʘʩʪʠʮʠʪʝ [54]. ʇʦʚʲʨʭʥʦʩʪʥʦʪʦ ʧʦʣʠʝʪʠʣʝʥʛʣʠʢʠʨʘʥʝ, ʥʘʧʨʠʤʝʨ, ʤʦʞʝ ʜʘ ʥʘʤʘʣʠ 

ʥʝʩʧʝʮʠʬʠʯʥʠʪʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ VNP ʠ ʤʘʢʨʦʬʘʛʠʪʝ, ʢʦʝʪʦ ʠʤ ʧʦʟʚʦʣʷʚʘ ʜʘ 

ʮʠʨʢʫʣʠʨʘʪ ʧʦ-ʜʲʣʛʦ [31]. ɻʝʥʝʪʠʯʥʦʪʦ ʠʣʠ ʭʠʤʠʯʝʩʢʦ ʜʦʙʘʚʷʥʝ ʥʘ ʩʲʝʜʠʥʝʥʠʷ, ʢʦʠʪʦ ʩʝ 

ʩʚʲʨʟʚʘʪ ʩ ʨʝʮʝʧʪʦʨʠ, ʩʠʣʥʦ ʝʢʩʧʨʝʩʠʨʘʥʠ ʚʲʨʭʫ ʩʧʝʮʠʬʠʯʥʠ ʚʠʜʦʚʝ ʢʣʝʪʢʠ, ʢʘʪʦ ʨʘʢʦʚʠ 

ʢʣʝʪʢʠ, ʤʦʞʝ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘ ʟʘ ʥʘʩʦʯʚʘʥʝ ʢʲʤ ʪʷʭ. ʌʦʨʤʘʪʘ, ʨʘʟʤʝʨʲʪ ʠ ʘʩʧʝʢʪʥʦʪʦ 

ʩʲʦʪʥʦʰʝʥʠʝ ʥʘ VNP ʩʲʱʦ ʤʦʛʘʪ ʜʘ ʧʦʚʣʠʷʷʪ ʥʘ ʪʲʢʘʥʥʘʪʘ ʩʧʝʮʠʬʠʯʥʦʩʪ, ʪʘʢʘ ʯʝ ʪʦʚʘ ʩʘ 

ʜʦʧʲʣʥʠʪʝʣʥʠ ʩʚʦʡʩʪʚʘ, ʢʦʠʪʦ ʪʨʷʙʚʘ ʜʘ ʩʝ ʚʟʝʤʘʪ ʧʨʝʜʚʠʜ ʧʦ ʚʨʝʤʝ ʥʘ ʝʪʘʧʘ ʥʘ ʧʨʦʝʢʪʠʨʘʥʝ. 

ʇʦ-ʩʧʝʮʠʘʣʥʦ, ʪʫʙʫʣʥʠʪʝ ʠʣʠ ʥʠʰʢʦʚʠʜʥʠʪʝ VNPs ʤʦʛʘʪ ʜʘ ʧʨʦʷʚʷʚʘʪ in vivo 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʧʦ-ʜʦʙʨʠ ʦʪ ʩʬʝʨʠʯʥʠʪʝ VNPs, ʢʘʪʦ ʧʦʚʠʰʝʥ ʧʦʪʦʢ ʠ ʤʘʨʛʠʥʘʣʠʟʘʮʠʷ ʢʲʤ 

ʘʨʪʝʨʠʘʣʥʘʪʘ ʩʪʝʥʘ ʠ ʥʘʤʘʣʝʥ ʢʣʠʨʲʥʩ ʦʪ ʤʦʥʦʥʫʢʣʝʘʨʥʘʪʘ ʬʘʛʦʮʠʪʥʘ ʩʠʩʪʝʤʘ, ʢʦʝʪʦ ʚʦʜʠ 

ʜʦ ʧʦʜʦʙʨʝʥʦ ʥʘʩʦʯʚʘʥʝ ʢʲʤ ʪʫʤʦʨʘ ʠ ʥʘʩʦʯʚʘʥʝ ʢʲʤ ʪʨʦʤʙʠ [52, 66]. ʉʪʨʫʢʪʫʨʠʪʝ ʥʘ VNP 

ʤʦʛʘʪ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘʪ ʟʘ ʠʟʩʣʝʜʚʘʥʝ ʥʘ ʚʲʟʜʝʡʩʪʚʠʝʪʦ ʥʘ ʨʘʟʤʝʨʘ ʠ ʬʦʨʤʘʪʘ ʥʘ VNP ʚʲʨʭʫ 

ʝʬʝʢʪʠʚʥʦʩʪʪʘ ʥʘ ʣʝʢʘʨʩʪʚʘ ʠ ʠʟʦʙʨʘʞʝʥʠʷ, ʪʲʡ ʢʘʪʦ ʪʝ ʩʘ ʤʦʥʦʜʠʩʧʝʨʛʠʨʘʱʠ ʠ ʤʦʛʘʪ ʜʘ 

ʙʲʜʘʪ ʤʦʜʠʬʠʮʠʨʘʥʠ ʩ ʬʠʥ ʠ ʧʦʚʪʘʨʷʱ ʩʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥ ʢʦʥʪʨʦʣ. 

 

3.3. ɼʦʩʪʘʚʢʘ ʥʘ ʣʝʢʘʨʩʪʚʘ ʩ VNPs 

ʈʘʟʨʘʙʦʪʚʘʥʝʪʦ ʥʘ VNPs, ʢʦʠʪʦ ʩʘ ʥʘʩʦʯʝʥʠ ʢʲʤ ʩʧʝʮʠʬʠʯʥʠ ʪʠʧʦʚʝ ʢʣʝʪʢʠ, ʧʦʟʚʦʣʠ 

ʜʦʙʘʚʷʥʝʪʦ ʥʘ ʪʦʢʩʠʯʥʠ, ʥʦ ʧʦʣʝʟʥʠ ʪʦʚʘʨʠ ʯʨʝʟ ʢʦʥʶʛʘʮʠʷ, ʠʥʬʫʟʠʷ ʠ/ʠʣʠ ʢʘʧʩʫʣʠʨʘʥʝ, 

ʢʦʝʪʦ ʚʦʜʠ ʜʦ ʩʤʲʨʪʪʘ ʥʘ ʮʝʣʝʚʠʪʝ ʢʣʝʪʢʠ, ʧʦʟʚʦʣʷʚʘʡʢʠ ʩʝʣʝʢʪʠʚʥʦ ʝʣʠʤʠʥʠʨʘʥʝ ʥʘ ʨʘʢʦʚʠ 

ʢʣʝʪʢʠ ʠʣʠ ʜʨʫʛʠ ʙʦʣʥʠ ʢʣʝʪʢʠ ʙʝʟ ʠʟʢʣʶʯʚʘʥʝ ʥʘ ʮʝʣʝʚʠ ʝʬʝʢʪʠ. ʂʦʥʶʛʘʮʠʷʪʘ, ʢʘʢʪʦ 

ʥʘʢʨʘʪʢʦ ʙʝʰʝ ʦʙʩʲʜʝʥʦ ʧʦ-ʛʦʨʝ, ʚʢʣʶʯʚʘ ʩʝʣʝʢʪʠʚʥʦ ʢʦʚʘʣʝʥʪʥʦ ʜʦʙʘʚʷʥʝ ʥʘ ʤʦʣʝʢʫʣʠ 

ʢʘʪʦ ʧʦʣʝʟʝʥ ʪʦʚʘʨ ʢʲʤ ʩʧʝʮʠʬʠʯʥʠ ʘʤʠʥʦʢʠʩʝʣʠʥʥʠ ʦʩʪʘʪʲʮʠ ʥʘ ʙʝʣʪʲʮʠʪʝ ʦʪ ʦʙʚʠʚʢʘʪʘ. 
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ʀʥʬʫʟʠʷʪʘ ʩʝ ʦʩʲʱʝʩʪʚʷʚʘ ʯʨʝʟ ʠʥʢʫʙʠʨʘʥʝ ʥʘ ʥʝʧʦʢʲʪʥʘʪʠʷ VNP ʚ ʨʘʟʪʚʦʨ, ʩʲʜʲʨʞʘʱ 

ʪʦʚʘʨʘ, ʜʦʢʘʪʦ ʢʘʧʩʫʣʠʨʘʥʝʪʦ ʥʘʣʘʛʘ ʩʛʣʦʙʷʚʘʥʝʪʦ ʥʘ ʚʝʢʪʦʨʘ ʦʢʦʣʦ ʧʦʣʝʟʥʠʷ ʪʦʚʘʨ [9]. ɺʝʯʝ 

ʩʘ ʨʘʟʨʘʙʦʪʝʥʠ ʪʝʭʥʦʣʦʛʠʠ ʟʘ ʜʦʩʪʘʚʷʥʝ ʥʘ ʛʝʥʠ ʠ ʢʲʩʠ ʠʥʪʝʨʬʝʨʠʨʘʱʠ ʈʅʂ-ʠ, ʬʦʪʦʘʢʪʠʚʥʠ 

ʤʦʣʝʢʫʣʠ, ʢʦʠʪʦ ʧʦʜʜʲʨʞʘʪ ʬʦʪʦʜʠʥʘʤʠʯʥʘ ʪʝʨʘʧʠʷ, ʢʦʥʚʝʥʮʠʦʥʘʣʥʠ ʣʝʢʘʨʩʪʚʘ ʩ ʤʘʣʢʘ 

ʤʦʣʝʢʫʣʘ ʠ ʜʦʨʠ ʭʝʪʝʨʦʣʦʞʥʠ ʚʠʨʫʩʥʠ ʛʝʥʦʤʠ ʟʘ ʛʝʥʥʘ ʪʝʨʘʧʠʷ, ʢʘʪʦ ʘʣʬʘʚʠʨʫʩʝʥ ʛʝʥʦʤ, 

ʢʘʧʩʫʣʠʨʘʥ ʚʲʚ VNP, ʙʘʟʠʨʘʥ ʥʘ CCMV [4, 17]. 

ʊʦʢʩʠʯʥʠʪʝ ʪʦʚʘʨʠ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʟʘʨʝʜʝʥʠ ʧʨʝʬʝʨʝʥʮʠʘʣʥʦ ʚ ʢʫʭʠʥʘʪʘ ʥʘ VNP, 

ʚʤʝʩʪʦ ʜʘ ʧʦʢʨʠʚʘʪ ʚʲʥʰʥʘʪʘ ʧʦʚʲʨʭʥʦʩʪ, ʢʦʝʪʦ ʛʠ ʧʨʝʜʧʘʟʚʘʪ ʦʪ ʝʥʟʠʤʥʦ ʠ ʭʠʤʠʯʝʩʢʦ 

ʨʘʟʛʨʘʞʜʘʥʝ in vivo ʠ ʪʘʢʘ ʠʟʙʷʛʚʘʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʥʝʮʝʣʝʚʠ ʢʣʝʪʢʠ. ʂʘʧʘʮʠʪʝʪʲʪ ʠ 

ʝʬʝʢʪʠʚʥʦʩʪʪʘ ʥʘ ʟʘʨʝʞʜʘʥʝ ʥʘ VNP ʦʙʠʢʥʦʚʝʥʦ ʩʝ ʧʦʜʦʙʨʷʚʘʪ ʯʨʝʟ ʠʟʭʚʲʨʣʷʥʝ ʥʘ 

ʝʩʪʝʩʪʚʝʥʠʷ ʚʠʨʫʩʝʥ ʛʝʥʦʤ, ʢʦʝʪʦ ʤʦʞʝ ʜʘ ʩʝ ʧʦʩʪʠʛʥʝ ʯʨʝʟ ʝʢʩʧʨʝʩʠʨʘʥʝ ʥʘ ʙʝʣʪʲʮʠʪʝ ʦʪ 

ʦʙʚʠʚʢʘʪʘ ʚ ʧʣʘʟʤʠʜ (ʟʘ VNP ʥʘ ʙʘʢʪʝʨʠʦʬʘʛ) ʠʣʠ ʪʨʘʥʩʛʝʥ (ʟʘ VNP ʥʘ ʨʘʩʪʝʥʠʷ), ʪʘʢʘ ʯʝ 

ʚʠʨʫʩʥʘʪʘ ʥʫʢʣʝʠʥʦʚʘ ʢʠʩʝʣʠʥʘ ʥʠʢʦʛʘ ʥʝ ʧʨʠʩʲʩʪʚʘ. ʇʦʣʫʯʝʥʘʪʘ ʧʨʘʟʥʘ ʯʘʩʪʠʮʘ ʩʝ ʥʘʨʠʯʘ 

ʚʠʨʫʩʦʧʦʜʦʙʥʘ ʯʘʩʪʠʮʘ (VLP). ɺʠʨʫʩʥʠʷʪ ʛʝʥʦʤ ʤʦʞʝ ʩʲʱʦ ʜʘ ʙʲʜʝ ʦʪʩʪʨʘʥʝʥ ʯʨʝʟ 

ʩʝʣʝʢʪʠʚʥʦ ʭʠʤʠʯʥʦ ʠʣʠ ʝʥʟʠʤʥʦ ʨʘʟʛʨʘʞʜʘʥʝ. 

ʂʦʚʘʣʝʥʪʥʦʪʦ ʧʨʠʢʨʝʧʚʘʥʝ ʥʘ ʚʨʝʜʥʠ ʪʦʚʘʨʥʠ ʤʦʣʝʢʫʣʠ ʢʲʤ ʚʲʪʨʝʰʥʦ ʝʢʩʧʦʥʠʨʘʥʠ 

ʩʪʨʘʥʠʯʥʠ ʚʝʨʠʛʠ ʧʨʝʜʦʪʚʨʘʪʷʚʘ ʨʘʥʥʦʪʦ ʠʤ ʦʩʚʦʙʦʞʜʘʚʘʥʝ, ʜʦʢʘʪʦ ʥʝʢʦʚʘʣʝʥʪʥʠʪʝ ʤʝʪʦʜʠ 

ʦʙʠʢʥʦʚʝʥʦ ʧʦʟʚʦʣʷʚʘʪ ʧʦ-ʚʠʩʦʢʘ ʝʬʝʢʪʠʚʥʦʩʪ ʥʘ ʥʘʪʦʚʘʨʚʘʥʝ, ʪʲʡ ʢʘʪʦ ʠʤʘ ʧʦʚʝʯʝ 

ʧʨʦʩʪʨʘʥʩʪʚʦ ʚ ʨʘʤʢʠʪʝ ʥʘ VNP ʟʘ ʧʦʚʝʯʝ ʪʦʚʘʨ, ʘʢʦ ʩʝ ʠʟʧʦʣʟʚʘ ʮʷʣʘʪʘ ʢʫʭʠʥʘ, ʘ ʥʝ ʩʘʤʦ 

ʚʲʪʨʝʰʥʘʪʘ ʧʦʚʲʨʭʥʦʩʪ. ʇʦʣʠʤʝʨʠʟʘʮʠʷʪʘ ʤʦʞʝ ʜʘ ʦʩʠʛʫʨʠ ʥʘʡ-ʜʦʙʨʦʪʦ ʦʪ ʜʚʘʪʘ ʧʦʜʭʦʜʘ 

ʯʨʝʟ ʦʙʨʘʟʫʚʘʥʝ ʥʘ ʨʘʟʢʣʦʥʝʥʘ ʤʨʝʞʘ ʦʪ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʘʥʠ ʛʨʫʧʠ ʟʘ ʧʨʠʢʨʝʧʚʘʥʝ ʥʘ 

ʧʦʣʝʟʝʥ ʪʦʚʘʨ, ʢʦʷʪʦ ʩʝ ʧʨʦʩʪʠʨʘ ʦʪ ʚʲʥʰʥʘʪʘ ʧʦʚʲʨʭʥʦʩʪ ʥʘ VNP ʠʣʠ ʧʨʦʥʠʢʚʘ ʚʲʚ 

ʚʲʪʨʝʰʥʦʩʪʪʘ ʤʫ [28, 45]. ɺʲʧʨʝʢʠ ʯʝ ʧʦʚʝʯʝʪʦ ʠʟʩʣʝʜʚʘʥʠʷ ʩʘ ʬʦʢʫʩʠʨʘʥʠ ʚʲʨʭʫ ʜʠʟʘʡʥʘ 

ʥʘ VNP ʠ in vitro ʪʦʢʩʠʯʥʦʩʪʪʘ, ʧʨʝʜʢʣʠʥʠʯʥʠʪʝ ʪʝʩʪʦʚʝ ʥʘ VNP-ʙʘʟʠʨʘʥ ʥʦʩʠʪʝʣ ʟʘ 

ʜʦʩʪʘʚʷʥʝ ʥʘ ʣʝʢʘʨʩʪʚʘ ʧʦʢʘʟʘʭʘ in vivo ʝʬʠʢʘʩʥʦʩʪʪʘ ʠ ʥʘʤʘʣʝʥʘ ʢʘʨʜʠʦʪʦʢʩʠʯʥʦʩʪʪʘ ʥʘ 

ʚʠʨʫʩʦ-ʧʦʜʦʙʥʠ ʯʘʩʪʠʮʠ, ʟʘʨʝʜʝʥʠ ʩ ʜʦʢʩʦʨʫʙʠʮʠʥ, ʦʩʦʙʝʥʦ ʧʦʣʫʯʝʥʠ ʦʪ ʚʠʨʫʩʘ ʥʘ 

ʢʨʘʩʪʘʚʠʯʥʘʪʘ ʤʦʟʘʡʢʘ (CMV), ʤʦʜʠʬʠʮʠʨʘʥ ʩ ʬʦʣʠʝʚʘ ʢʠʩʝʣʠʥʘ [73]. 

VNP ʤʦʛʘʪ ʜʘ ʩʘ ʟʘʨʝʜʝʥʠ ʩ ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʘʪʦʨʠ ʟʘ ʧʨʠʣʦʞʝʥʠʷ ʚʲʚ 

ʬʦʪʦʜʠʥʘʤʠʯʥʘʪʘ ʪʝʨʘʧʠʷ, ʚ ʜʦʧʲʣʥʝʥʠʝ ʢʲʤ ʩʪʘʥʜʘʨʪʥʘʪʘ ʭʠʤʠʦʪʝʨʘʧʠʷ. VLP, ʙʘʟʠʨʘʥ ʥʘ 

ʙʘʢʪʝʨʠʦʬʘʛ Q, ʥʘʧʨʠʤʝʨ, ʝ ʟʘʨʝʜʝʥ ʩ ʧʨʦʠʟʚʦʜʥʦ ʥʘ ʤʝʪʘʣʦʧʦʨʬʠʨʠʥ ʟʘ ʬʦʪʦʜʠʥʘʤʠʯʥʘ 

ʪʝʨʘʧʠʷ ʠ ʤʝʩʪʘ ʟʘ ʩʚʲʨʟʚʘʥʝ ʥʘ ʛʣʠʢʘʥ, ʥʘʩʦʯʝʥʠ ʢʲʤ ʢʣʝʪʢʠ ʩ CD22 ʨʝʮʝʧʪʦʨ [48]. ʆʩʚʝʥ 

ʪʦʚʘ, ʢʘʪʦ ʧʲʨʚʘ ʜʝʤʦʥʩʪʨʘʮʠʷ ʥʘ ʪʝʨʘʥʦʩʪʠʯʥʠ VNPs, ʤʫʣʪʠʬʫʥʢʮʠʦʥʘʣʝʥ MRI ʢʦʥʪʨʘʩʪ ʠ 

ʬʦʪʦʜʠʥʘʤʠʯʝʥ ʪʝʨʘʧʝʚʪʠʯʝʥ ʘʛʝʥʪ (ʭʝʣʘʪʠʨʘʥ Gd3+ ʠ Zn2+ ʬʪʘʣʦʮʠʘʥʠʥ) ʙʝʰʝ ʫʩʧʝʰʥʦ 
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ʢʘʧʩʫʣʠʨʘʥ ʚ CCMV [38]. ʆʩʚʝʥ ʪʦʚʘ ʩʘ ʠʟʩʣʝʜʚʘʥʠ ʭʠʙʨʠʜʥʠ VNP-ʙʘʟʠʨʘʥʠ ʤʘʪʝʨʠʘʣʠ, 

ʩʲʜʲʨʞʘʱʠ ʤʝʪʘʣʥʠ ʥʘʥʦʯʘʩʪʠʮʠ ʟʘ ʬʦʪʦʪʝʨʤʠʯʥʘ ʪʝʨʘʧʠʷ [22]. 

 

3.4. ʀʤʫʥʠʟʘʮʠʷ ʠ ʠʤʫʥʦʪʝʨʘʧʠʷ, ʙʘʟʠʨʘʥʠ ʥʘ ʚʠʨʫʩʥʠ ʩʪʨʫʢʪʫʨʠ 

ɹʘʟʠʨʘʥʠʪʝ ʥʘ ʚʠʨʫʩʠ ʥʘʥʦʤʘʪʝʨʠʘʣʠ ʠʤʘʪ ʧʦʚʪʘʨʷʱʠ ʩʝ ʙʝʣʪʲʯʥʠ ʩʪʨʫʢʪʫʨʠ, ʢʦʠʪʦ 

ʧʨʝʜʠʟʚʠʢʚʘʪ ʠʤʫʥʥʠ ʦʪʛʦʚʦʨʠ . ʊʦʚʘ ʛʠ ʧʨʘʚʠ ʧʦʣʝʟʥʠ ʟʘ ʨʘʟʨʘʙʦʪʚʘʥʝʪʦ ʥʘ ʚʘʢʩʠʥʠ ʠ 

ʠʤʫʥʦʤʦʜʫʣʘʪʦʨʠ. ɹʘʟʠʨʘʥʠʪʝ ʥʘ ʚʠʨʫʩʥʠ ʯʘʩʪʠʮʠ ʚʘʢʩʠʥʠ ʩʝ ʢʣʘʩʠʬʠʮʠʨʘʪ ʚ ʯʝʪʠʨʠ ʪʠʧʘ: 

(ʘ) ʭʠʤʠʯʝʩʢʠ ʠʥʘʢʪʠʚʠʨʘʥʠ ʚʠʨʫʩʥʠ ʚʘʢʩʠʥʠ, (ʙ) ʘʪʝʥʶʠʨʘʥʠ ʚʠʨʫʩʥʠ ʚʘʢʩʠʥʠ ʩ ʥʠʩʢʘ 

ʚʠʨʫʣʝʥʪʥʦʩʪ, (ʚ) ʙʝʟʛʝʥʦʤʥʠ ʠ ʥʝʠʥʬʝʢʮʠʦʟʥʠ VLPs ʠ (ʛ) ʭʠʤʝʨʥʠ ʚʘʢʩʠʥʠ ʠ ʚʘʢʩʠʥʠ ʩ 

ʥʘʥʦʯʘʩʪʠʮʠ, ʢʲʜʝʪʦ ʝʧʠʪʦʧʠʪʝ, ʧʦʣʫʯʝʥʠ ʦʪ ʧʘʪʦʛʝʥʠ, ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ ʚʲʨʭʫ ʥʝʠʥʬʝʢʮʠʦʟʝʥ 

ʥʦʩʠʪʝʣ ʢʘʪʦ ʨʘʩʪʠʪʝʣʝʥ ʚʠʨʫʩ, ʙʘʢʪʝʨʠʦʬʘʛ ʠʣʠ ʭʠʤʠʯʝʩʢʠ ʩʠʥʪʝʟʠʨʘʥʘ ʧʣʘʪʬʦʨʤʘ [23]. 

ɺʘʢʩʠʥʠʪʝ ʩ ʯʘʩʪʠʮʠ, ʢʘʪʦ VLP ʠ ʜʨʫʛʠ ʚʘʢʩʠʥʠ ʩ ʥʘʥʦʯʘʩʪʠʮʠ, ʠʤʘʪ ʥʷʢʦʣʢʦ ʧʨʝʜʠʤʩʪʚʘ 

ʧʨʝʜ ɼʅʂ ʚʘʢʩʠʥʠʪʝ ʠ ʩʫʙʝʜʠʥʠʯʥʠʪʝ ʚʘʢʩʠʥʠ [2, 30]. ɹʘʟʠʨʘʥʠʷʪ ʥʘ ʚʠʨʫʩʘ ʥʦʩʠʪʝʣ 

ʦʩʠʛʫʨʷʚʘ ʩʪʘʙʠʣʥʦʩʪ ʥʘ ʘʥʪʠʛʝʥʘ, ʪʨʘʥʩʧʦʨʪʠʨʘ ʤʥʦʞʝʩʪʚʦ ʢʦʧʠʷ ʥʘ ʘʥʪʠʛʝʥʘ 

(ʤʥʦʛʦʚʘʣʝʥʪʥʦ ʧʨʝʜʩʪʘʚʷʥʝ) ʠ ʠʤʘ ʩʧʦʩʦʙʥʦʩʪʪʘ ʜʘ ʧʨʝʜʩʪʘʚʷ ʜʚʘ ʠʣʠ ʧʦʚʝʯʝ ʨʘʟʣʠʯʥʠ 

ʘʥʪʠʛʝʥʘ. ʌʦʨʤʫʣʠʨʦʚʢʘʪʘ ʥʘʩʲʨʯʘʚʘ ʧʘʩʠʚʥʦ ʠʣʠ ʘʢʪʠʚʥʦ ʫʩʚʦʷʚʘʥʝ ʦʪ ʘʥʪʠʛʝʥ-

ʧʨʝʜʩʪʘʚʝʥʠʪʝ ʢʣʝʪʢʠ, ʢʦʝʪʦ ʝ ʧʦʩʣʝʜʚʘʥʦ ʦʪ ʘʢʪʠʚʠʨʘʥʝ ʠ ʟʘʨʝʞʜʘʥʝ ʥʘ ʧʦʜʭʦʜʷʱʠʪʝ ʊ ʠ ɺ 

ʢʣʝʪʲʯʥʠ ʦʪʛʦʚʦʨʠ [33]. 

 

3.4.1. ɺʘʢʩʠʥʠ ʟʘ ʠʥʬʝʢʮʠʦʟʥʠ ʙʦʣʝʩʪʠ 

VLP ʚʘʢʩʠʥʠʪʝ ʠʤʘʪ ʛʦʣʷʤ ʫʩʧʝʭ ʩʨʝʱʫ ʚʠʨʫʩʥʠʪʝ ʟʘʙʦʣʷʚʘʥʠʷ, ʦʩʦʙʝʥʦ ʢʦʛʘʪʦ 

ʩʪʨʫʢʪʫʨʘʪʘ ʥʘ ʥʝʠʥʬʝʢʮʠʦʟʥʘʪʘ ʬʦʨʤʫʣʘ ʥʘ ʚʘʢʩʠʥʘʪʘ ʤʥʦʛʦ ʥʘʧʦʜʦʙʷʚʘ ʪʘʟʠ ʥʘ 

ʝʩʪʝʩʪʚʝʥʠʷ ʚʠʨʫʩ (ʪʝ ʩʝ ʥʘʨʠʯʘʪ ʥʘʪʠʚʥʠ VLPs) [47)]. ʇʲʨʚʠʷʪ ʫʩʧʝʰʝʥ ʧʨʠʤʝʨ ʝ ʚʘʢʩʠʥʘʪʘ 

ʩʨʝʱʫ ʚʠʨʫʩʘ ʥʘ ʭʝʧʘʪʠʪ B (HBV). ʊʦʡ ʝ ʥʘʤʘʣʠʣ ʟʥʘʯʠʪʝʣʥʦ HBV ʠʥʬʝʢʮʠʠʪʝ ʩʨʝʜ 

ʠʤʫʥʠʟʠʨʘʥʠʪʝ ʧʦʧʫʣʘʮʠʠ. ɺʘʢʩʠʥʠʪʝ ʩʨʝʱʫ ʯʦʚʝʰʢʠʷ ʧʘʧʠʣʦʤʝʥ ʚʠʨʫʩ (HPV) 

ʧʨʝʜʠʟʚʠʢʚʘʪ ʠʤʫʥʠʪʝʪ ʩʨʝʱʫ ʚʠʨʫʩʘ, ʢʦʡʪʦ ʦʪ ʩʚʦʷ ʩʪʨʘʥʘ ʧʨʝʜʧʘʟʚʘ ʦʪ HPV-ʠʥʜʫʮʠʨʘʥ 

ʮʝʨʚʠʢʘʣʝʥ ʢʘʨʮʠʥʦʤ ʠ ʧʦʪʝʥʮʠʘʣʥʦ ʜʨʫʛʠ HPV-ʠʥʜʫʮʠʨʘʥʠ ʚʠʜʦʚʝ ʨʘʢ [49]. 

ʍʠʤʝʨʥʠʪʝ VLP ʝʢʩʧʨʝʩʠʨʘʪ ʭʝʪʝʨʦʣʦʞʥʠ ʘʥʪʠʛʝʥʠ ʠ ʤʦʛʘʪ ʜʘ ʛʝʥʝʨʠʨʘʪ 

ʘʥʪʠʧʘʪʦʛʝʥʥʠ ʠ ʥʝʫʪʨʘʣʠʟʠʨʘʱʠ ʘʥʪʠʪʝʣʘ, ʢʦʝʪʦ ʧʨʝʜʧʦʣʘʛʘ, ʯʝ ʠʤʫʥʠʟʘʮʠʷʪʘ ʤʦʞʝ ʜʘ 

ʦʩʠʛʫʨʠ ʟʘʱʠʪʘ ʩʨʝʱʫ ʟʘʨʘʟʷʚʘʥʝ ʩ ʧʘʪʦʛʝʥʠ. ʇʨʦʚʝʜʝʥʠ ʩʘ ʤʥʦʛʦ ʠʟʩʣʝʜʚʘʥʠʷ ʚʲʨʭʫ 

ʭʠʤʝʨʥʠ VLP, ʙʘʟʠʨʘʥʠ ʥʘ ʨʘʩʪʠʪʝʣʥʠ ʚʠʨʫʩʠ, ʙʘʢʪʝʨʠʦʬʘʛʠ, ʚʠʨʫʩʠ ʥʘ ʥʘʩʝʢʦʤʠ ʠ 

ʞʠʚʦʪʠʥʩʢʠ ʧʦʣʠʦʤʘʚʠʨʫʩʠ ʠ ʧʘʧʠʣʦʤʘʚʠʨʫʩʠ [49]. ʍʠʤʝʨʠʪʝ ʩʲʱʦ ʩʘ ʩʲʟʜʘʜʝʥʠ ʚʲʨʭʫ 

ʝʩʪʝʩʪʚʝʥʠ ʧʣʘʪʬʦʨʤʠ ʥʘ ʚʘʢʩʠʥʘ (ʥʘʧʨ. HBV ʠ HPV) ʠ ʪʝʟʠ ʧʣʘʪʬʦʨʤʠ ʩʘ ʨʘʟʰʠʨʝʥʠ ʯʨʝʟ 
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ʧʦʢʘʟʚʘʥʝ ʥʘ ʜʦʧʲʣʥʠʪʝʣʥʠ ʭʝʪʝʨʦʣʦʞʥʠ ʝʧʠʪʦʧʠ. ʊʝʟʠ ʥʘʪʠʚʥʠ ʭʠʤʝʨʥʠ VLP ʠʟʧʦʣʟʚʘʪ 

ʦʩʥʦʚʘ ʥʘ ʚʘʢʩʠʥʘ, ʢʦʷʪʦ ʝ ʦʜʦʙʨʝʥʘ ʦʪ FDA. 

ɺʠʨʫʩʲʪ Flock House (FHV), ʢʦʡʪʦ ʟʘʨʘʟʷʚʘ ʥʘʩʝʢʦʤʠ, ʝ ʠʟʧʦʣʟʚʘʥ ʟʘ ʩʲʟʜʘʚʘʥʝ ʥʘ 

ʭʠʤʝʨʥʠ VLP ʩʲʩ ʩʣʦʞʥʠ ʘʥʪʠʛʝʥʥʠ ʩʪʨʫʢʪʫʨʠ. ʊʘʟʠ ʤʫʣʪʠʚʘʣʝʥʪʥʘ ʩʠʩʪʝʤʘ ʝ 

ʤʦʜʠʬʠʮʠʨʘʥʘ ʟʘ ʜʘ ʚʢʣʶʯʚʘ ʬʨʘʛʤʝʥʪʠ ʦʪ ʨʝʮʝʧʪʦʨʘ ʥʘ ʘʥʪʨʘʢʩʥʠʷ ʪʦʢʩʠʥ (ANTXR2), 

ʢʦʡʪʦ ʩʣʫʞʠ ʢʘʪʦ ʩʢʝʣʝ ʟʘ ʧʦʢʘʟʚʘʥʝ ʥʘ ʟʘʱʠʪʥʠʷ ʘʥʪʠʛʝʥ ʥʘ Bacillus anthracis. ɺ 

ʦʪʩʲʩʪʚʠʝʪʦ ʥʘ ʘʜʶʚʘʥʪ ʢʦʤʧʣʝʢʩʲʪ ʚʠʨʫʩ-ʘʥʪʠʛʝʥ ʘʢʪʠʚʠʨʘ ʟʘʱʠʪʥʠ ʠʤʫʥʥʠ ʦʪʛʦʚʦʨʠ ʩʣʝʜ 

ʝʜʠʥʠʯʥʘ ʜʦʟʘ [37]. ɼʦʧʲʣʥʠʪʝʣʥʠ ʤʝʭʘʥʠʟʤʠ ʟʘ ʭʠʤʠʯʥʦ ʩʚʲʨʟʚʘʥʝ ʥʘ ʤʥʦʛʦʚʘʣʝʥʪʥʠ 

ʘʥʪʠʛʝʥʠ ʠʥʜʫʮʠʨʘʪ ʠʤʫʥʥʠ ʦʪʛʦʚʦʨʠ ʧʦ ʧʦʜʦʙʝʥ ʝʬʝʢʪʠʚʝʥ ʥʘʯʠʥ. ʉʠʩʪʝʤʘʪʘ FHV ʠʤʘ 

ʩʧʦʩʦʙʥʦʩʪʪʘ ʜʘ ʧʨʠʝʤʘ ʙʝʣʪʲʯʥʠ ʠ ʧʝʧʪʠʜʥʠ ʚʤʲʢʚʘʥʠʷ ʚ ʨʘʟʣʠʯʥʠ ʤʝʩʪʘ ʥʘ ʧʦʚʲʨʭʥʦʩʪʪʘ 

ʥʘ ʢʘʧʩʠʜʘ, ʢʘʢʪʦ ʠ ʥʘʣʠʯʠʝʪʦ ʥʘ ʧʦʜʨʦʙʥʘ ʩʪʨʫʢʪʫʨʥʘ ʠ ʛʝʥʝʪʠʯʥʘ ʠʥʬʦʨʤʘʮʠʷ, ʢʦʷʪʦ 

ʧʦʟʚʦʣʷʚʘ ʧʨʝʮʠʟʥʦ ʧʦʩʪʘʚʷʥʝ ʠ ʧʦʜʨʝʞʜʘʥʝ ʥʘ ʘʥʪʠʛʝʥʝʥ ʜʦʤʝʡʥ. ʅʘʧʨʠʤʝʨ, ʛʨʠʧʥʠʷʪ 

ʭʝʤʘʛʣʫʪʠʥʠʥ (ʅɸ) ʧʨʦʪʝʠʥ ʝ ʦʩʥʦʚʝʥ ʘʥʪʠʛʝʥ ʟʘ ʚʩʠʯʢʠ ʱʘʤʦʚʝ ʥʘ ʛʨʠʧ, ʥʦ ʧʦʨʘʜʠ 

ʘʥʪʠʛʝʥʥʘ ʚʘʨʠʘʮʠʷ ʝ ʪʨʫʜʥʦ ʜʘ ʩʝ ʨʘʟʚʠʷʪ ʰʠʨʦʢʦ ʥʝʫʪʨʘʣʠʟʠʨʘʱʠ ʠʤʫʥʥʠ ʦʪʛʦʚʦʨʠ. ʀʤʘ 

ʥ̫ ʢʦʠ ʩʠʣʥʦ ʢʦʥʩʝʨʚʘʪʠʚʥʠ ʦʙʣʘʩʪʠ ʥʘ ʧʨʦʪʝʠʥʘ, ʥʦ ʪʝ ʩʘ ʪʨʫʜʥʠ ʟʘ ʨʘʟʛʣʝʞʜʘʥʝ ʚ 

ʩʪʨʫʢʪʫʨʝʥ ʢʦʥʪʝʢʩʪ, ʢʦʝʪʦ ʙʠ ʧʦʟʚʦʣʠʣʦ ʠʥʠʮʠʠʨʘʥʝʪʦ ʥʘ ʩʧʝʮʠʬʠʯʥʠ ʠ ʥʝʫʪʨʘʣʠʟʠʨʘʱʠ 

ʨʝʘʢʮʠʠ ʥʘ ʘʥʪʠʪʝʣʘ. ʀʥʜʫʢʮʠʷʪʘ ʥʘ ʪʝʟʠ ʘʥʪʠʪʝʣʘ ʩʝ ʘʢʪʠʚʠʨʘ ʯʨʝʟ ʧʦʢʘʟʚʘʥʝ ʥʘ ʟʘʧʘʟʝʥʠʪʝ 

ʨʝʛʠʦʥʠ ʥʘ ʅɸ ʚ ʪʨʠʤʝʨʥʘ ʧʦʜʨʝʜʙʘ ʚʲʨʭʫ FHV. ʇʦʣʝʟʥʦʩʪʪʘ ʠ ʦʙʭʚʘʪʲʪ ʥʘ ʥʘʪʠʚʥʠʪʝ ʠ 

ʭʠʤʝʨʥʠʪʝ VLPs ʧʨʠʣʦʞʝʥʠʷ ʥʘ ʚʘʢʩʠʥʠ ʩʝ ʨʘʟʰʠʨʷʚʘʪ. ʂʦʤʙʠʥʘʮʠʷʪʘ ʦʪ ʙʠʦʠʥʞʝʥʝʨʥʠ 

VLP ʚʘʢʩʠʥʠ ʠ ʧʨʠʣʘʛʘʥʝʪʦ ʠʤ ʚ ʜʠʭʘʪʝʣʥʠʪʝ ʧʲʪʠʱʘ, ʥʘʧʨʠʤʝʨ, ʥʘʩʢʦʨʦ ʙʝʰʝ 

ʜʝʤʦʥʩʪʨʠʨʘʥʘ ʢʘʪʦ ʦʩʥʦʚʥʘ ʩʪʨʘʪʝʛʠʷ ʟʘ ʙʲʜʝʱʦ ʨʘʟʨʘʙʦʪʚʘʥʝ ʥʘ ʚʘʢʩʠʥʠ ʠ ʠʤʫʥʦʪʝʨʘʧʠʷ 

[50]. 

 

3.4.2. ɺʘʢʩʠʥʠ ʧʨʦʪʠʚ ʨʘʢ 

ʇʨʦʪʠʚʦʪʫʤʦʨʥʘʪʘ ʚʘʢʩʠʥʘʮʠʷ ʠʤʘ ʥʷʢʦʣʢʦ ʧʨʝʜʠʤʩʪʚʘ ʧʨʝʜ ʭʠʤʠʦʪʝʨʘʧʠʷʪʘ, 

ʚʢʣʶʯʠʪʝʣʥʦ ʧʦ-ʤʘʣʢʦ ʩʪʨʘʥʠʯʥʠ ʝʬʝʢʪʠ, ʠʟʙʷʛʚʘʥʝ ʥʘ ʣʝʢʘʨʩʪʚʝʥʘ ʨʝʟʠʩʪʝʥʪʥʦʩʪ, 

ʧʦʜʛʦʪʦʚʢʘ ʥʘ ʠʤʫʥʥʘʪʘ ʩʠʩʪʝʤʘ ʜʘ ʝʣʠʤʠʥʠʨʘ ʦʩʪʘʪʲʯʥʠʪʝ ʨʝʟʠʩʪʝʥʪʥʠ ʥʘ ʣʝʢʘʨʩʪʚʘ ʢʣʝʪʢʠ 

ʠ ʠʥʜʫʮʠʨʘʥʝ ʥʘ ʜʲʣʛʦʩʨʦʯʥʘ ʠʤʫʥʦʣʦʛʠʯʥʘ ʧʘʤʝʪ ʟʘ ʟʘʱʠʪʘ ʩʨʝʱʫ ʤʝʪʘʩʪʘʟʠ ʠ ʨʝʮʠʜʠʚ. 

ʆʮʝʥʝʥʠ ʩʘ ʥʷʢʦʣʢʦ ʙʘʟʠʨʘʥʠ ʥʘ VNP ʩʪʨʘʪʝʛʠʠ ʟʘ ʚʘʢʩʠʥʘ ʩʨʝʱʫ ʨʘʢ, ʚʢʣʶʯʠʪʝʣʥʦ 

ʰʘʙʣʦʥʥʦ ʧʦʢʘʟʚʘʥʝ ʥʘ ʩʚʲʨʟʘʥʠ ʩ ʪʫʤʦʨʘ ʚʲʛʣʝʭʠʜʨʘʪʠ ʠʣʠ ʧʝʧʪʠʜʥʠ ʘʥʪʠʛʝʥʠ. Tn-

ʩʧʝʮʠʬʠʯʥʠʪʝ ʘʥʪʠʪʝʣʘ ʩʝ ʧʨʦʠʟʚʝʞʜʘʪ ʩ ʚʠʩʦʢʠ ʪʠʪʨʠ ʩʣʝʜ ʢʦʥʶʛʠʨʘʥʝ ʢʲʤ ʙʘʟʠʨʘʥʦʪʦ ʥʘ 

ʚʠʨʫʩʘ ʩʢʝʣʝ ʠ ʤʥʦʛʦʚʘʣʝʥʪʝʥ ʜʠʩʧʣʝʡ. ʇʦ ʧʦʜʦʙʝʥ ʥʘʯʠʥ, ʘʥʪʠʛʝʥ-ʩʧʝʮʠʬʠʯʥʠ IgG ʠ IgM 

ʦʪʛʦʚʦʨʠ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʧʨʝʜʠʟʚʠʢʘʥʠ ʦʪ Tn ʘʥʪʠʛʝʥ, ʢʦʥʶʛʠʨʘʥ ʩ TMV. ʇʨʝʜʩʪʘʚʷʥʝʪʦ ʥʘ 
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ʨʘʢʦʚʠ ʝʧʠʪʦʧʠ ʚʲʨʭʫ ʙʘʟʠʨʘʥʠ ʥʘ ʚʠʨʫʩʠ ʩʢʝʣʝʪʘ ʧʦʟʚʦʣʷʚʘ ʪʝʟʠ ʩʦʙʩʪʚʝʥʠ ʝʧʠʪʦʧʠ ʜʘ 

ʙʲʜʘʪ ʧʨʝʜʩʪʘʚʝʥʠ ʚ ʥʝʧʨʠʨʦʜʥʘ ʤʦʣʝʢʫʣʷʨʥʘ ʩʨʝʜʘ, ʢʦʝʪʦ ʝ ʦʙʝʱʘʚʘʱʘ ʩʪʨʘʪʝʛʠʷ ʟʘ 

ʧʨʝʦʜʦʣʷʚʘʥʝ ʥʘ ʘʚʪʦʪʦʣʝʨʘʥʪʥʦʩʪʪʘ. 

 

3.4.3. ɺʘʢʩʠʥʠ ʟʘ ʥʝʚʨʦʣʦʛʠʯʥʠ ʟʘʙʦʣʷʚʘʥʠʷ ʠ ʟʘʚʠʩʠʤʦʩʪʠ 

VLP ʩʘ ʠʟʧʦʣʟʚʘʥʠ ʢʘʪʦ ʥʘʥʦʩʪʨʫʢʪʫʨʠ ʟʘ ʧʦʢʘʟʚʘʥʝ ʥʘ ʘʤʠʣʦʠʜʥʠʷ ʙʝʪʘ (A) ʧʨʦʪʝʠʥ, 

ʢʦʡʪʦ ʝ ʩʚʲʨʟʘʥ ʩ ʧʨʦʛʨʝʩʠʨʘʥʝʪʦ ʥʘ ʙʦʣʝʩʪʪʘ ʥʘ ɸʣʮʭʘʡʤʝʨ. ɺ ʦʪʩʲʩʪʚʠʝʪʦ ʥʘ ʘʜʶʚʘʥʪ 

ʧʘʧʠʣʦʤʘʚʠʨʫʩʲʪ ʠ Q VLPs, ʩʲʜʲʨʞʘʱʠ ɸ ʘʥʪʠʛʝʥʠ, ʧʨʝʜʠʟʚʠʢʚʘʪ ʘʥʪʠ-ɸ ʘʥʪʠʪʝʣʘ ʩ 

ʦʛʨʘʥʠʯʝʥ ʊ-ʢʣʝʪʲʯʝʥ ʦʪʛʦʚʦʨ. ʇʦʜʢʣʘʩʦʚʝʪʝ ʥʘ ʘʥʪʠʪʝʣʘʪʘ ʩʝ ʨʘʟʣʠʯʘʚʘʪ ʚ ʟʘʚʠʩʠʤʦʩʪ ʦʪ 

ʪʦʚʘ ʜʘʣʠ ʩʝ ʠʟʧʦʣʟʚʘ ʮʝʣʠʷʪ ʘʥʪʠʛʝʥ ʠʣʠ ʧʝʧʪʠʜʥʠʪʝ ʘʥʪʠʛʝʥʠ [13].  

ʅʘʩʢʦʨʦ ʙʝʰʝ ʨʘʟʨʘʙʦʪʝʥʘ ʧʦʪʝʥʮʠʘʣʥʘ ʚʘʢʩʠʥʘ ʩʨʝʱʫ ʧʨʠʩʪʨʘʩʪʷʚʘʥʝ ʢʲʤ ʥʠʢʦʪʠʥʘ, 

ʢʘʪʦ ʩʝ ʠʟʧʦʣʟʚʘ 30-nm ʠʢʦʩʘʝʜʨʠʯʝʥ ʢʘʧʩʠʜ ʥʘ ʙʘʢʪʝʨʠʦʬʘʛ Q, ʢʦʡʪʦ ʝ ʭʠʤʠʯʝʩʢʠ 

ʤʦʜʠʬʠʮʠʨʘʥ, ʟʘ ʜʘ ʧʦʢʘʟʚʘ ʥʠʢʦʪʠʥʘ ʧʦ ʤʥʦʛʦʚʘʣʝʥʪʝʥ ʥʘʯʠʥ. ʄʫʣʪʠʚʘʣʝʥʪʥʘʪʘ ʧʨʠʨʦʜʘ 

ʥʘ ʙʘʟʠʨʘʥʘʪʘ ʥʘ Q ʥʘʥʦʚʘʢʩʠʥʘ ʩʪʠʤʫʣʠʨʘ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʥʘ ʘʥʪʠʥʠʢʦʪʠʥ ʥʝʫʪʨʘʣʠʟʠʨʘʱʠ 

ʘʥʪʠʪʝʣʘ, ʧʦʥʠʞʘʚʘʡʢʠ ʥʠʚʘʪʘ ʥʘ ʥʠʢʦʪʠʥ ʚ ʢʨʲʚʪʘ ʠ ʦʛʨʘʥʠʯʘʚʘʡʢʠ ʪʨʘʥʩʧʦʨʪʘ ʧʨʝʟ 

ʢʨʲʚʥʦ-ʤʦʟʲʯʥʘʪʘ ʙʘʨʠʝʨʘ. 
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͔͍ͫͪ͒ͫͭ͊ 
 

ʆʙʨʘʟʦʚʘʪʝʣʥʘ ʮʝʣ: ʊʘʟʠ ʦʙʫʯʠʪʝʣʥʘ ʝʜʠʥʠʮʘ ʠʤʘ ʟʘ ʮʝʣ ʜʘ ʧʨʝʜʦʩʪʘʚʠ ʟʥʘʥʠʷ, ʢʘʩʘʝʱʠ 

ʥʘʥʦ-ʙʘʟʠʨʘʥʠʪʝ ʧʦʜʭʦʜʠ ʠ ʪʷʭʥʦʪʦ ʧʨʠʣʦʞʝʥʠʝ ʚ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʥʘ ʣʠʯʥʠ ʧʨʝʜʧʘʟʥʠ 

ʩʨʝʜʩʪʚʘ. 

 

ʉʲʜʲʨʞʘʥʠʝ 

1. ɺʲʚʝʜʝʥʠʝ: SARS-COV 2 ï ʠʥʬʝʢʮʠʦʟʥʠʷʪ ʘʛʝʥʪ ʥʘ ʥʦʚʘʪʘ ʙʦʣʝʩʪ ï COVID ï 19. 

2. ʈʘʟʧʨʦʩʪʨʘʥʝʥʠʝʪʦ ʥʘ SARS-CoV 2 ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʪʘ ʦʪ ʣʠʯʥʠ ʧʨʝʜʧʘʟʥʠ ʩʨʝʜʩʪʚʘ: 

2.1. ʋʩʪʦʡʯʠʚʦ ʟʘʧʘʟʚʘʥʝ ʥʘ ʚʠʨʫʩʘ ʚ ʨʘʟʣʠʯʥʠ ʝʢʦʣʦʛʠʯʥʠ ʥʠʰʠ; 

2.2. ʇʨʠʩʲʩʪʚʠʝ ʠ ʟʘʜʲʨʞʘʥʝ ʥʘ ʚʠʨʫʩʠʪʝ, ʚʢʣʶʯʠʪʝʣʥʦ SARS-CoV 2, ʚʲʨʭʫ ʨʘʟʣʠʯʥʠ 

ʥʝʞʠʚʠ ʧʦʚʲʨʭʥʦʩʪʠ; 

2.3. ʃʠʯʥʠʪʝ ʧʨʝʜʧʘʟʥʠ ʩʨʝʜʩʪʚʘ ï ʧʨʝʧʦʨʲʢʠʪʝ ʥʘ ʉɿʆ. 

3. ʇʨʠʥʦʩʲʪ ʥʘ ʥʘʥʦʪʝʭʥʦʣʦʛʠʠʪʝ ʚ ʛʣʦʙʘʣʥʘʪʘ ʙʦʨʙʘ ʩ ʥʦʚʘʪʘ ʢʦʨʦʥʘʚʠʨʫʩʥʘ ʠʥʬʝʢʮʠʷ: 

3.1. ʐʠʨʦʢʘ ʢʦʥʮʝʧʮʠʷ ʟʘ ʥʘʥʦʪʝʭʥʦʣʦʛʠʷʪʘ; 

3.2. ʅʘʥʦʪʝʭʥʦʣʦʛʠʠʪʝ ʚ ʩʚʝʪʣʠʥʘʪʘ ʥʘ COVID-19. 

4. ʅʘʥʦʪʝʭʥʦʣʦʛʠʯʥʦ ï ʘʢʪʠʚʠʨʘʥʠ (ʙʘʟʠʨʘʥʠ) ʃʇʉ: 

4.1. ʅʘʥʦʚʣʘʢʥʘ; 

4.2. ʅʘʥʦʬʠʙʨʠ; 

4.3. ʅʘʥʦʯʘʩʪʠʮʠ. 

5. ɹʝʟʦʧʘʩʥʦʩʪ ʥʘ ʥʘʥʦ-ʙʘʟʠʨʘʥʠʪʝ ʧʨʦʜʫʢʪʠ. 

6. ʃʠʪʝʨʘʪʫʨʘ. 

 

ʈʝʟʶʤʝ 

ʇʨʝʟ ʧʦʩʣʝʜʥʠʪʝ ʧʨʠʙʣʠʟʠʪʝʣʥʦ ʜʚʝ ʛʦʜʠʥʠ ʚʩʝʢʠ ʦʪʜʝʣʝʥ ʯʦʚʝʢ ʩʝ ʦʢʘʟʘ ʥʝʚʦʣʝʥ ʫʯʘʩʪʥʠʢ 

ʚ ʩʚʝʪʦʚʥʘʪʘ ʙʦʨʙʘ ʩʨʝʱʫ ʪʝʞʢʠʷ ʦʩʪʲʨ ʨʝʩʧʠʨʘʪʦʨʝʥ ʩʠʥʜʨʦʤ - CoV- 2. ʍʦʨʘʪʘ ʩʘ ʧʦʩʪʘʚʝʥʠ 

ʚ ʩʠʪʫʘʮʠʷ, ʚ ʢʦʷʪʦ ʪʨʷʙʚʘ ʜʘ ʟʘʱʠʪʷʪ ʦʪ ʝʜʥʘ ʩʪʨʘʥʘ ʩʝʙʝ ʩʠ, ʘ ʦʪ ʜʨʫʛʘ ï ʦʩʪʘʥʘʣʠʪʝ ʭʦʨʘ. 

ʊʘʟʠ ʙʦʨʙʘ ʝ ʜʘʣʝʯ ʧʦ-ʩʝʨʠʦʟʥʘ ʠ ʚʘʞʥʘ ʟʘ ʨʘʙʦʪʝʱʠʪʝ ʥʘ ʪ.ʥʘʨ. ʧʲʨʚʘ ʣʠʥʠʷ, ʘ ʩʲʱʦ ʠ ʟʘ 

ʟʜʨʘʚʥʠʪʝ ʨʘʙʦʪʥʠʮʠ. ɺ ʪʘʟʠ ʚʨʲʟʢʘ, ʨʦʣʷʪʘ ʥʘ ʣʠʯʥʠʪʝ ʧʨʝʜʧʘʟʥʠ ʩʨʝʜʩʪʚʘ ʚ ʙʦʨʙʘʪʘ ʩʨʝʱʫ 

ʪʘʟʠ ʠʥʬʝʢʮʠʷ ʩʝ ʦʢʘʟʚʘ ʦʪ ʩʲʱʝʩʪʚʝʥʦ ʟʥʘʯʝʥʠʝ. ʅʘʥʦʠʥʞʠʥʝʨʥʠʪʝ ʨʝʰʝʥʠʷ ʤʦʛʘʪ ʜʘ ʩʝ 

ʨʘʟʛʣʝʞʜʘʪ ʢʘʪʦ ʝʜʠʥ ʠʥʦʚʘʪʠʚʝʥ ʧʦʜʭʦʜ ʚ ʤʝʜʠʮʠʥʘʪʘ. ɿʘ ʥʘʥʦʤʘʪʝʨʠʘʣʠʪʝ ʝ ʠʟʚʝʩʪʥʦ, ʯʝ 

ʧʨʠʪʝʞʘʚʘʪ ʥʷʢʦʠ ʫʥʠʢʘʣʥʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʢʘʪʦ: ʤʘʣʲʢ ʨʘʟʤʝʨ, ʧʦʜʦʙʨʝʥʘ ʨʘʟʪʚʦʨʠʤʦʩʪ, 
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ʧʦʜʦʙʨʝʥʘ ʘʜʘʧʪʠʚʥʦʩʪ ʢʲʤ ʨʘʟʣʠʯʥʠ ʧʦʚʲʨʭʥʦʩʪʠ, ʤʫʣʪʠʬʫʥʢʮʠʦʥʘʣʥʦʩʪ, 

ʘʥʪʠʚʠʨʫʩʥʘ/ʘʥʪʠʙʘʢʪʝʨʠʘʣʥʘ ʘʢʪʠʚʥʦʩʪ, ʭʠʜʨʦʬʦʙʥʦʩʪ ʠ ʜʨ. ɺʩʠʯʢʦ ʜʦ ʪʫʢ ʦʪʚʘʨʷ ʥʦʚʠ 

ʚʲʟʤʦʞʥʦʩʪʠ ʟʘ ʠʟʦʙʨʝʪʷʚʘʥʝʪʦ ʥʘ ʠʥʦʚʘʪʠʚʥʠ, ʥʘʥʦ-ʙʘʟʠʨʘʥʠ ʪʲʢʘʥʠ ʠ ʪʝʢʩʪʠʣ, ʢʦʠʪʦ ʜʘ 

ʦʩʠʛʫʨʷʚʘʪ ʧʦʚʠʰʝʥʘ ʣʠʯʥʘ ʟʘʱʠʪʘ.  ʆʱʝ ʧʦʚʝʯʝ, ʧʨʠʣʦʞʝʥʠʝʪʦ ʥʘ ʥʘʥʦʪʝʭʥʦʣʦʛʠʠʪʝ ʠ ʚ 

ʜʨʫʛʠ ʥʘʧʨʘʚʣʝʥʠʷ, ʢʘʪʦ ʧʦʢʨʠʪʠʷ ʥʘ ʧʦʚʲʨʭʥʦʩʪʠ, ʚʘʢʩʠʥʠ, ʣʝʢʘʨʩʪʚʘ ʠ ʜʨ, ʤʦʞʝ ʜʘ ʩʝ 

ʦʢʘʞʝ ʩʨʝʜ ʚʲʟʤʦʞʥʠʪʝ ʨʝʰʝʥʠʷ ʟʘ ʥʘʤʘʣʷʚʘʥʝ ʥʘ ʤʘʩʦʚʦʪʦ ʨʘʟʧʨʦʩʪʨʘʥʝʥʠʝ ʥʘ ʦʩʪʨʠ 

ʚʠʨʫʩʥʠ ʠʥʬʝʢʮʠʠ ʚ ʩʚʝʪʦʚʝʥ ʤʘʱʘʙ. 

 

ʂʣʶʯʦʚʠ ʜʫʤʠ/ʬʨʘʟʠ: ʥʘʥʦ-ʙʘʟʠʨʘʥʠ ʃʇʉ, SARS-CoV-2, ʤʘʩʢʠ ʟʘ ʣʠʮʝ, ʥʘʥʦʤʘʪʝʨʠʘʣʠ, 

ʧʲʪʠʱʘ ʥʘ ʨʘʟʧʨʦʩʪʨʘʥʝʥʠʝ ʥʘ ʚʠʨʫʩʥʠ ʠʥʬʝʢʮʠʠ. 

  



 

 
36 

1. ɺʲʚʝʜʝʥʠʝ: SARS-COV 2 ï ʠʥʬʝʢʮʠʦʟʥʠʷʪ ʘʛʝʥʪ ʥʘ ʥʦʚʘʪʘ ʙʦʣʝʩʪ COVIDï19 

ʇʨʝʟ ʟʠʤʘʪʘ ʥʘ 2019 ʛ. ʥʦʚʦ ʚʠʨʫʩʥʦ ʟʘʙʦʣʷʚʘʥʝ ʙʝʰʝ ʦʪʢʨʠʪʦ ʚ ʛʨʘʜ ʋʭʘʥ, ʂʠʪʘʡ. 

ɹʲʨʟʦʪʦ ʨʘʟʧʨʦʩʪʨʘʥʝʥʠʝ ʥʘ ʥʦʚʘʪʘ ʠ ʥʝʧʦʟʥʘʪʘ ʙʦʣʝʩʪ ʧʦ ʮʝʣʠʷ ʩʚʷʪ ʧʨʠʥʫʜʠ ʫʯʝʥʠʪʝ ʜʘ 

ʠʟʷʩʥʷʪ ʥʝʡʥʘʪʘ ʝʧʠʜʝʤʠʦʣʦʛʠʷʪʘ ʠ ʧʨʦʠʟʭʦʜ ʩ ʮʝʣ ʜʘ ʩʝ ʧʨʝʜʧʨʠʝʤʘʪ ʥʘʡ-ʘʜʝʢʚʘʪʥʠʪʝ ʠ 

ʙʲʨʟʠ ʤʝʨʢʠ ʟʘ ʙʦʨʙʘ ʩ ʥʝʷ. ʇʦ ʪʦʟʠ ʥʘʯʠʥ ʙʷʭʘ ʦʧʠʩʘʥʠ ʠ ʩʠʤʧʪʦʤʠʪʝ, ʢʦʠʪʦ ʚʠʨʫʩʥʠʷʪ 

ʘʛʝʥʪ ʧʨʠʯʠʥʷʚʘ ʥʘ ʟʘʙʦʣʝʣʠʪʝ ʭʦʨʘ: ʪʨʝʩʢʘ, ʩʫʭʘ ʢʘʰʣʠʮʘ, ʨʝʜʢʠ ʩʣʫʯʘʠ ʥʘ ʜʠʘʨʠʷ, 

ʥʝʨʘʟʧʦʣʦʞʝʥʠʝ, ʣʠʤʬʦʧʝʥʠʷ ʠ ʙʠʣʘʪʝʨʘʣʥʠ ʧʨʦʤʝʥʠ ʚ ʙʝʣʠʪʝ ʜʨʦʙʦʚʝ [9, 22]. ʊʘʢʘ 

ʦʧʠʩʘʥʠʪʝ ʩʠʤʧʪʦʤʠ ʩʘ ʜʦʢʣʘʜʚʘʥʠ ʢʘʪʦ ʧʦʜʦʙʥʠ ʥʘ ʪʝʟʠ, ʧʨʠʯʠʥʝʥʠ ʦʪ ʧʨʝʜʠʰʥʠ ʧʦʟʥʘʪʠ 

ʧʘʪʦʛʝʥʥʠ ʢʦʨʦʥʘʚʠʨʫʩʠ, ʢʘʪʦ : SARS-CoV and MERS-CoV [58]. ʊʝʟʠ ʜʚʘ ʙʝʪʘ-ʢʦʨʦʥʘʚʠʨʫʩʘ 

ʩʝ ʩʯʠʪʘʪ ʢʘʪʦ ʧʨʠʯʠʥʠʪʝʣʠʪʝ ʥʘ ʜʚʝ ʦʧʘʩʥʠ ʚʠʨʫʩʥʠ ʝʧʠʜʝʤʠʠ ʟʘ ʧʦʩʣʝʜʥʠʪʝ 20 ʛʦʜʠʥʠ: 

Severe Acute Respiratory Syndrome coronavirus (SARS-CoV) ï ʧʨʝʟ 2002, ʚ ʧʨʦʚʠʥʮʠʷʪʘ 

ɻʫʘʥʜʫʥ, ʂʠʪʘʡ [67] ʠ Middle East Respiratory Syndrome coronavirus (MERS-CoV) - ʧʨʝʟ 2012, 

ʚ ʉʨʝʜʥʠʷ ʀʟʪʦʢ [64]. 

ʇʨʦʫʯʚʘʥʝʪʦ ʥʘ ʥʦʚʠʷ ʚʠʨʫʩʝʥ ʘʛʝʥʪ ʟʘʧʦʯʚʘ ʩ ʧʦʷʚʘʪʘ ʥʘ ʧʲʨʚʠʪʝ ʩʣʫʯʘʠ ʚ ʂʠʪʘʡ. 

ʅʘʡ-ʚʘʞʥʠʷʪ ʚʲʧʨʦʩ ʧʦ ʪʦʚʘ ʚʨʝʤʝ ʝ: ʦʪ ʢʲʜʝ ʩʝ ʧʦʷʚʠ ʪʦʟʠ ʥʦʚ ʚʠʨʫʩ? ʊʘʢʘ ʠʣʠ ʠʥʘʯʝ ʪʦʛʘʚʘ 

ʩʝ ʧʦʷʚʷʚʘʪ ʜʚʝ ʧʨʦʪʠʚʦʧʦʣʦʞʥʠ ʪʝʦʨʠʠ ʦʪʥʦʩʥʦ ʧʨʦʠʟʭʦʜʘ ʥʘ ʚʠʨʫʩʘ. ʄʦʞʝ ʙʠ ʥʘʡ-

ʪʠʨʘʞʠʨʘʥʘʪʘ ʚʝʨʩʠʷ ʧʦ ʪʦʟʠ ʚʲʧʨʦʩ ʙʠʣʘ, ʯʝ ʟʘʙʦʣʷʚʘʥʝʪʦ ʧʨʦʠʟʭʦʞʜʘ ʦʪ ʧʘʟʘʨʘ ʟʘ ʤʦʨʩʢʠ 

ʭʨʘʥʠ ʚ ʋʭʘʥ, ʧʨʦʚʠʥʮʠʷ ʍʫʙʝʡ, ʂʠʪʘʡ [45]. ʊʚʲʨʜʝʥʠʷʪʘ ʥʘ ʜʨʫʛʠ ʘʚʪʦʨʠ, ʦʙʘʯʝ, ʧʦʩʪʘʚʷʪ 

ʧʦʜ ʚʲʧʨʦʩ ʪʘʟʠ ʪʝʦʨʠʷ ʥʘ ʧʨʦʠʟʭʦʜ ʢʘʪʦ ʝʜʠʥʩʪʚʝʥʘ ʪʘʢʘʚʘ ʠ ʚʥʘʩʷʪ ʩʚʝʪʣʠʥʘ ʚʲʨʭʫ 

ʦʩʥʦʚʥʠʷ ʧʲʪ ʥʘ ʨʘʟʧʨʦʩʪʨʘʥʝʥʠʝ ʥʘ ʟʘʙʦʣʷʚʘʥʝʪʦ ï ʦʪ ʯʦʚʝʢ ʥʘ ʯʦʚʝʢ [9, 22].  

ʀʟʫʯʘʚʘʥʝʪʦ ʥʘ ʠʥʬʝʢʮʠʦʟʥʠʷʪ ʘʛʝʥʪ ʥʘ COVID-19 ʧʨʦʜʲʣʞʘʚʘ ʩ ʬʠʣʦʛʝʥʝʪʠʯʥʠ 

ʘʥʘʣʠʟʠ ʥʘ ʛʝʥʦʤʘ, ʢʦʠʪʦ ʧʦʢʘʟʚʘʪ ʩʭʦʜʩʪʚʦ ʧʦ-ʤʘʣʢʦ ʦʪ 90% ʩ ʜʨʫʛʠ ʙʝʪʘ-ʢʦʨʦʥʘʚʠʨʫʩʠ. ʇʦ 

ʪʘʟʠ ʧʨʠʯʠʥʘ ʪʦʡ ʙʠʣ ʦʙʷʚʝʥ ʟʘ ʥʦʚ ʙʝʪʘ-ʢʦʨʦʥʘʚʠʨʫʩ ʠ ʥʘʠʤʝʥʦʚʘʥ ʢʘʪʦ 2019-nCoV. 

ɿʘʙʦʣʷʚʘʥʝʪʦ ʧʨʠʯʠʥʷʚʘʥʦ ʦʪ ʪʦʟʠ ʚʠʨʫʩ ʙʠʣʦ ʧʲʨʚʦʥʘʯʘʣʥʦ ʥʘʠʤʝʥʦʚʘʥʦ ʢʘʪʦ "novel 

coronavirus - infected pneumonia" (NCIP) - Ăʥʦʚʘ ʢʦʨʦʥʘʚʠʨʫʩ ï ʠʥʬʝʢʮʠʦʟʥʘ ʧʥʝʚʤʦʥʠʷñ 

[68]. ʀʟʫʯʘʚʘʥʝʪʦ ʥʘ ʥʦʚʠʷʪ ʠʥʬʝʢʮʠʦʟʝʥ ʘʛʝʥʪ ʧʨʦʜʲʣʞʠʣʦ ʠ ʩʝ ʟʘʜʲʣʙʦʯʘʚʘʣʦ ʩ ʥʝʛʦʚʦʪʦ 

ʤʘʩʦʚʦ ʨʘʟʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦ ʩʚʝʪʘ ʠ ʧʦʨʘʟʷʚʘʥʝʪʦ ʥʘ ʤʠʣʠʦʥʠ ʭʦʨʘ. ʀ ʪʘʢʘ ʩ ʥʘʧʨʝʜʚʘʥʝ ʥʘ 

ʚʨʝʤʝʪʦ ʠ ʧʦʷʚʘʪʘ ʥʘ ʥʦʚʠ ʠ ʥʦʚʠ ʩʣʫʯʘʠ ʥʘ ʠʥʬʝʢʪʠʨʘʥʠ ʭʦʨʘ ʜʦʚʝʣʦ ʜʦ ʥʘʪʨʫʧʚʘʥʝʪʦ ʥʘ 

ʜʦʩʪʘʪʲʯʥʦ ʜʘʥʥʠ, ʥʘ ʙʘʟʘʪʘ ʥʘ ʢʦʠʪʦ ɻʨʫʧʘʪʘ ʧʦ ʠʟʫʯʘʚʘʥʝʪʦ ʥʘ ʢʦʨʦʥʘʚʠʨʫʩʘ (Coronavirus 

Study Group (CGS)) ʢʲʤ ʄʝʞʜʫʥʘʨʦʜʥʠʷ ʢʦʤʠʪʝʪ ʧʦ ʚʠʨʫʩʥʘ ʪʘʢʩʦʥʦʤʠʷ (International 

Committee on Virus Taxonomy (ICTV)) ʦʙʷʚʷʚʘ ʠʤʝʪʦ ʥʘ ʥʦʚʦʠʟʦʣʠʨʘʥʠʷ ʚʠʨʫʩʝʥ ʘʛʝʥʪ ʢʘʪʦ 

SARS-CoV-2, ʚ ʥʘʯʘʣʦʪʦ ʥʘ ʤʝʩʝʮ ʬʝʚʨʫʘʨʠ 2020 ʛ. [19]. ɺ ʩʲʱʦʪʦ ʚʨʝʤʝ, ʉʚʝʪʦʚʥʘʪʘ 

ʟʜʨʘʚʥʘ ʦʨʛʘʥʠʟʘʮʠʷ (ʉɿʆ) ʜʘʚʘ ʠʤʝ ʥʘ ʙʦʣʝʩʪʪʘ, ʢʦʷʪʦ ʪʦʟʠ ʚʠʨʫʩ ʧʨʠʯʠʥʷʚʘ - COVID-19 
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(CO ʠʜʚʘ ʦʪ "corona", VI ʦʪ "virus" ʠ D ʦʪ "disease"). ʄʝʩʝʮ ʧʦ-ʢʲʩʥʦ, ʥʘ 11ʪʠ ʤʘʨʪ 2020 ʛ., 

ʉɿʆ ʦʙʷʚʷʚʘ ʨʘʟʧʨʦʩʪʨʘʥʝʥʠʝʪʦ ʥʘ SARS-CoV-2 ʟʘ ʩʚʝʪʦʚʥʘ ʧʘʥʜʝʤʠʷ [59].  

 

2. ʈʘʟʧʨʦʩʪʨʘʥʝʥʠʝʪʦ ʥʘ SARS-CoV 2 ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʪʘ ʦʪ ʣʠʯʥʠ ʧʨʝʜʧʘʟʥʠ 

ʩʨʝʜʩʪʚʘ 

2.1. ʋʩʪʦʡʯʠʚʦ ʟʘʧʘʟʚʘʥʝ ʥʘ ʚʠʨʫʩʘ ʚ ʨʘʟʣʠʯʥʠ ʝʢʦʣʦʛʠʯʥʠ ʥʠʰʠ 

ɻʣʦʙʘʣʥʦʪʦ ʠ ʙʲʨʟʦ ʨʘʟʧʨʦʩʪʨʘʥʝʥʠʝ ʥʘ SARS-CoV-2 ʧʨʝʟ ʧʦʩʣʝʜʥʠʪʝ 2 ʛʦʜʠʥʠ 

ʜʦʚʝʜʝ ʜʦ ʫʚʝʣʠʯʘʚʘʥʝ ʥʘ ʧʨʦʫʯʚʘʥʠʷʪʘ, ʠʤʘʱʠ ʟʘ ʮʝʣ ʜʘ ʭʘʨʘʢʪʝʨʠʟʠʨʘʪ ʠ ʦʧʨʝʜʝʣʷʪ 

ʨʘʟʥʦʦʙʨʘʟʠʝʪʦ ʦʪ ʝʢʦʣʦʛʠʯʥʠ ʥʠʰʠ, ʢʦʠʪʦ ʚʠʨʫʩʲʪ ʤʦʞʝ ʜʘ ʦʙʠʪʘʚʘ ʠ ʚ ʢʦʠʪʦ ʤʦʞʝ ʜʘ ʩʝ 

ʟʘʜʲʨʞʘ ʟʘ ʜʲʣʛʦ ʚʨʝʤʝ. ʊʝʟʠ ʧʦʟʥʘʥʠʷ ʩʘ ʩ ʬʫʥʜʘʤʝʥʪʘʣʥʦ ʟʥʘʯʝʥʠʝ ʩ ʦʛʣʝʜ ʧʦ-ʪʦʯʥʦʪʦ 

ʨʘʟʙʠʨʘʥʝ ʥʘ ʥʘʯʠʥʠʪʝ ʥʘ ʨʘʟʧʨʦʩʪʨʘʥʝʥʠʝ ʥʘ ʚʠʨʫʩʥʠʷ ʘʛʝʥʪ ʦʪ ʝʜʥʘ ʩʪʨʘʥʘ, ʘ ʦʪ ʜʨʫʛʘ ʩʘ 

ʥʫʞʥʠ ʟʘ ʠʟʦʙʨʝʪʷʚʘʥʝʪʦ ʥʘ ʝʬʝʢʪʠʚʥʠ ʠ ʥʘʜʝʞʜʥʠ ʩʪʨʘʪʝʛʠʠ ʟʘ ʙʦʨʙʘ ʩ ʥʝʛʦ.  

ʄʥʦʛʦ ʧʨʦʫʯʚʘʥʠʷ ʜʦʢʣʘʜʚʘʪ ʧʨʠʩʲʩʪʚʠʝʪʦ ʥʘ ʠʥʬʝʢʮʠʦʟʥʠʷ ʘʛʝʥʪ ʥʘ COVID-19 ʠʣʠ 

ʥʘ ʥʝʛʦʚ ʛʝʥʝʪʠʯʝʥ ʤʘʪʝʨʠʘʣ ʚʲʚ ʚʦʜʥʠ ʤʝʩʪʦʦʙʠʪʘʥʠʷ. ʊʦʚʘ ʙʠʣʦ ʜʦ ʥʷʢʲʜʝ ʦʯʘʢʚʘʥʦ ʢʘʪʦ 

ʩʝ ʠʤʘ ʧʨʝʜʚʠʜ, ʯʝ ʜʦʩʪʲʧʲʪ ʥʘ ʟʘʙʦʣʝʣʠ ʭʦʨʘ ʜʦ ʧʨʠʨʦʜʥʠʪʝ ʚʦʜʥʠ ʨʝʩʫʨʩʠ ʥʝ ʝ ʦʛʨʘʥʠʯʝʥ 

ʧʦ ʥʠʢʘʢʲʚ ʥʘʯʠʥ. ʆʩʚʝʥ ʪʦʚʘ, ʦʙʦʙʱʝʥʠ ʜʘʥʥʠ ʦʪ ʥʷʢʦʣʢʦ ʧʨʦʫʯʚʘʥʠʷ ʦʧʠʩʚʘʪ ʧʨʠʩʲʩʪʚʠʝ 

ʥʘ ʚʠʨʫʩʝʥ ʛʝʥʝʪʠʯʝʥ ʤʘʪʝʨʠʘʣ (RNA) ʠʣʠ ʥʘ ʞʠʟʥʝʩʧʦʩʦʙʥʠ ʚʠʨʫʩʥʠ ʯʘʩʪʠʮʠ  ʚ ʨʘʟʣʠʯʥʠ 

ʢʣʠʥʠʯʥʠ ʧʨʦʙʠ ʢʘʪʦ: ʫʨʠʥʘ, ʭʨʘʯʢʠ, ʠʟʧʨʘʞʥʝʥʠʷ ʠ ʜʨʫʛʠ, ʜʦʨʠ ʚ ʩʣʫʯʘʠʪʝ, ʢʦʛʘʪʦ ʥʘʟʦ-

ʬʘʨʠʥʛʠʘʣʥʠʪʝ ʧʨʦʙʠ ʥʘ ʪʘʢʠʚʘ ʧʘʮʠʝʥʪʠ ʙʠʣʠ ʦʪʨʠʮʘʪʝʣʥʠ, ʥʷʢʦʣʢʦ ʜʥʠ ʩʣʝʜ ʚʲʟʥʠʢʚʘʥʝ 

ʥʘ ʠʥʬʝʢʮʠʷʪʘ. ʉʧʦʨʝʜ ʫʯʝʥʠʪʝ, ʪʦʚʘ ʚ ʢʨʘʡʥʘ ʩʤʝʪʢʘ ʙʠ ʤʦʛʣʦ ʜʘ ʚʦʜʠ ʜʦ ʧʦʚʠʰʘʚʘʥʝ ʥʘ 

ʚʠʨʫʩʥʠʷ ʪʠʪʲʨ ʚ ʦʪʧʘʜʥʠʪʝ ʚʦʜʠ ʦʪ ʙʦʣʥʠʮʠʪʝ, ʘ ʦʪʪʘʤ ʠ ʚ ʦʢʦʣʥʘʪʘ ʩʨʝʜʘ [1]. ʆʩʚʝʥ ʪʦʚʘ, 

ʧʨʠʩʲʩʪʚʠʝʪʦ ʥʘ SARS-CoV-2 ʚ ʧʨʦʙʠ ʦʪ ʦʪʧʘʜʥʠ ʚʦʜʠ ʙʠʣʦ ʜʦʢʣʘʜʚʘʥʦ ʠ ʚ ʘʝʨʦʟʦʣʥʠ ʧʨʦʙʠ 

ʦʪ ʩʪʘʥʮʠʠ ʟʘ ʧʦʤʧʝʥʦ ʥʘʧʦʷʚʘʥʝ ʥʘ ʨʘʩʪʝʥʠʷ [17, 65]. ʑʦ ʩʝ ʢʘʩʘʝ ʜʦ ʧʝʨʠʦʜʘ, ʚ ʢʦʡʪʦ 

ʚʠʨʫʩʲʪ ʤʦʞʝ ʜʘ ʟʘʧʘʟʠ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪ ʚʲʚ ʚʦʜʘ ʠʣʠ ʚ ʫʪʘʡʢʠ, ʪʦ ʧʨʦʫʯʚʘʥʠʷʪʘ ʩʦʯʘʪ, ʯʝ 

ʪʦʡ ʝ ʦʪ ʧʦʨʷʜʲʢʘ ʥʘ 4.5 ʜʦ 6 ʜʥʠ, ʚ ʟʘʚʠʩʠʤʦʩʪ ʦʪ ʫʩʣʦʚʠʷʪʘ ʥʘ ʦʢʦʣʥʘʪʘ ʩʨʝʜʘ [18]. 

ɼʨʫʛʠ ʧʦʪʝʥʮʠʘʣʥʠ ʥʠʰʠ ʟʘ ʟʘʜʲʨʞʘʥʝ ʥʘ ʞʠʟʥʝʩʧʦʩʦʙʥʠ ʚʠʨʫʩʥʠ ʯʘʩʪʠʮʠ ʩʲʱʦ ʩʘ 

ʜʦʢʣʘʜʚʘʥʠ ʚ ʣʠʪʝʨʘʪʫʨʘʪʘ: ʚʲʟʜʫʰʥʠ ʧʨʦʙʠ ʩ ʨʘʟʣʠʯʝʥ ʧʨʦʠʟʭʦʜ [28, 29], ʭʨʘʥʠ [12] ʠ ʧʨʦʙʠ 

ʦʪ ʯʝʰʤʷʥʘ ʚʦʜʘ [7, 30]. ʄʦʞʝ ʙʠ ʥʘʡ-ʩʣʘʙʦ ʧʨʦʫʯʝʥʘʪʘ ʝʢʦʣʦʛʠʯʥʘ ʥʠʰʘ ʢʘʪʦ ʜʝʧʦ ʥʘ 

SARS-CoV-2 ʝ ʧʦʯʚʘʪʘ. ɺʩʝ ʧʘʢ ʠʤʘ ʧʫʙʣʠʢʫʚʘʥʠ ʜʘʥʥʠ ʟʘ ʠʟʦʣʠʨʘʥʝ ʥʘ ʚʠʨʫʩʥʘ ʈʅʂ ʦʪ 

ʧʦʯʚʝʥʠ ʧʨʦʙʠ, ʩʲʙʠʨʘʥʠ ʦʢʦʣʦ ʙʦʣʥʠʮʠ, ʢʲʜʝʪʦ ʭʦʨʘ, ʟʘʙʦʣʝʣʠ ʦʪ COVID-19 ʩʘ ʙʠʣʠ 

ʣʝʢʫʚʘʥʠ [66]. 
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2.2. ʇʨʠʩʲʩʪʚʠʝ ʠ ʟʘʜʲʨʞʘʥʝ ʥʘ ʚʠʨʫʩʠʪʝ, ʚʢʣʶʯʠʪʝʣʥʦ SARS-CoV 2, ʚʲʨʭʫ 

ʨʘʟʣʠʯʥʠ ʥʝʞʠʚʠ ʧʦʚʲʨʭʥʦʩʪʠ 

ʂʘʢʪʦ ʝ ʦʧʠʩʘʥʦ ʧʦ-ʛʦʨʝ, ʨʘʟʧʨʦʩʪʨʘʥʝʥʠʝʪʦ ʥʘ SARS-CoV-2 ʚ ʨʘʟʥʦʦʙʨʘʟʥʠ 

ʝʢʦʣʦʛʠʯʥʠ ʥʠʰʠ ʝ ʢʣʶʯʦʚ ʬʘʢʪʦʨ ʟʘ ʣʝʩʥʦʪʦ ʠ ʙʲʨʟʦ ʨʘʟʧʨʦʩʪʨʘʥʝʥʠʝ ʥʘ ʠʥʬʝʢʮʠʦʟʥʠʷ 

ʘʛʝʥʪ ʩʨʝʜ ʤʥʦʛʦ ʭʦʨʘ, ʝʜʥʦʚʨʝʤʝʥʥʦ. ʂʘʪʦ ʜʦʧʲʣʥʝʥʠʝ ʪʫʢ ʤʦʞʝ ʜʘ ʩʝ ʜʦʙʘʚʠ ʠ ʩʦʯʝʥʠʷʪ ʟʘ 

ʥʘʡ-ʠʥʚʘʟʠʚʝʥ ʧʲʪ ʥʘ ʠʥʬʝʢʪʠʨʘʥʝ, ʦʪ ʯʦʚʝʢ ʥʘ ʯʦʚʝʢ [9]. 

ɺʲʧʨʝʢʠ ʪʦʚʘ, ʦʱʝ ʝʜʠʥ ʚʲʟʤʦʞʝʥ ʥʘʯʠʥ ʥʘ ʟʘʨʘʟʷʚʘʥʝ ʩ ʢʦʨʦʥʘʚʠʨʫʩ 2, ʘ ʠʤʝʥʥʦ 

ʧʨʝʟʫʤʧʮʠʷʪʘ ʟʘ ʩʘʤʦʟʘʨʘʟʷʚʘʥʝʪʦ ʧʨʠ ʢʦʥʪʘʢʪ ʩ ʢʦʥʪʘʤʠʥʠʨʘʥʠ ʧʦʚʲʨʭʥʦʩʪʠ, ʥʝ ʙʠʚʘ ʜʘ ʩʝ 

ʧʨʝʥʝʙʨʝʛʚʘ. ʊʦʟʠ ʘʣʪʝʨʥʘʪʠʚʝʥ ʧʲʪ ʥʘ ʠʥʬʝʢʪʠʨʘʥʝ ʝ ʙʠʣ ʧʨʝʜʧʦʣʦʞʝʥ ʠ ʟʘ ʜʨʫʛʠ ʚʠʨʫʩʥʠ 

ʟʘʙʦʣʷʚʘʥʠʷ, ʤʥʦʛʦ ʧʨʝʜʠ ʧʘʥʜʝʤʠʷʪʘ ʦʪ COVID-19 [32]. ɺ ʧʨʦʫʯʚʘʥʝ ʧʫʙʣʠʢʫʚʘʥʦ ʧʨʝʟ 

2000 ʛ., Sizun ʠ ʢʦʣʝʢʪʠʚ ʩʨʘʚʥʷʚʘʪ ʦʮʝʣʷʚʘʥʝʪʦ ʥʘ ʜʚʘ ʱʘʤʘ ʥʘ ʯʦʚʝʰʢʠʷ ʢʦʨʦʥʘʚʠʨʫʩ 

(HCoV) ʚʲʨʭʫ ʨʘʟʣʠʯʥʠ ʧʦʚʲʨʭʥʦʩʪʠ ʠ ʦʪʢʨʠʚʘʪ, ʯʝ ʪʝ ʤʦʛʘʪ ʜʘ ʩʝ ʟʘʜʲʨʞʘʪ ʚʲʨʭʫ ʘʣʫʤʠʥʠʡ, 

ʣʘʪʝʢʩʦʚʠ ʨʲʢʘʚʠʮʠ ʠ ʧʘʤʫʯʥʘ ʤʘʨʣʷ ʟʘ ʥʷʢʦʣʢʦ ʯʘʩʘ [48]. ʇʦʪʝʥʮʠʘʣʥʠʪʝ ʧʲʪʠʱʘ ʟʘ 

ʪʨʘʥʩʤʠʩʠʷ ʥʘ ʨʘʟʣʠʯʥʠ ʥʦʟʦʢʦʤʠʘʣʥʠ ʚʠʨʫʩʠ (SARS, ʢʦʢʩʘʢʠ ʚʠʨʫʩ, ʠʥʬʣʫʝʥʮʘ ʚʠʨʫʩ, 

ʨʠʥʦʚʠʨʫʩʠ ʫ ʜʨ.) ʯʨʝʟ ʢʦʥʪʘʤʠʥʠʨʘʥʠ ʧʦʚʲʨʭʥʦʩʪʠ ʩʲʱʦ ʩʘ ʜʦʢʣʘʜʚʘʥʠ, ʢʘʪʦ ʘʚʪʦʨʠʪʝ 

ʧʨʘʚʷʪ ʟʘʢʣʶʯʝʥʠʝʪʦ, ʯʝ ʥʷʢʦʠ ʦʪ ʪʷʭ ʤʦʛʘʪ ʜʘ ʩʝ ʟʘʜʲʨʞʘʪ ʚʲʨʭʫ ʥʝʞʠʚʠ ʧʦʚʲʨʭʥʦʩʪʠ ʟʘ 

ʥʷʢʦʣʢʦ ʜʥʠ [27]. ʉʧʦʩʦʙʥʦʩʪʪʘ ʥʘ ʧʪʠʯʠʷ ʤʝʪʘʧʥʝʚʤʦʚʠʨʫʩ ʠ ʧʪʠʯʠʷ ʠʥʬʣʫʝʥʮʘ ʚʠʨʫʩ ʜʘ 

ʩʝ ʟʘʜʲʨʞʘʪ ʚʲʨʭʫ ʨʘʟʣʠʯʥʠ ʧʦʚʲʨʭʥʦʩʪʠ ʩʲʱʦ ʝ ʠʟʩʣʝʜʚʘʥʘ. ʈʝʟʫʣʪʘʪʠʪʝ ʦʪ ʪʘʢʠʚʘ 

ʧʨʦʫʯʚʘʥʠʷ ʧʦʢʘʟʚʘʪ, ʯʝ ʞʠʟʥʝʩʧʦʩʦʙʥʠ ʚʠʨʫʩʥʠ ʯʘʩʪʠʮʠ ʩʘ ʙʠʣʠ ʠʟʦʣʠʨʘʥʠ ʜʦ 9ʪʠʷ ʜʝʥ ʩʣʝʜ 

ʢʦʥʪʘʤʠʥʠʨʘʥʝʪʦ ʥʘ ʧʦʚʲʨʭʥʦʩʪʪʘ [53]. ʇʦʪʝʥʮʠʘʣʲʪ ʥʘ ʠʥʬʣʫʝʥʮʘ ʚʠʨʫʩʘ (H1N1) ʜʘ 

ʟʘʧʘʟʚʘ ʩʚʦʷʪʘ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪ ʚʲʨʭʫ ʩʪʦʤʘʥʝʥʠ ʧʦʚʲʨʭʥʦʩʪʠ ʩʲʱʦ ʝ ʧʨʦʫʯʚʘʥ ʠ 

ʨʝʟʫʣʪʘʪʠʪʝ ʧʦʢʘʟʚʘʪ, ʯʝ ʪʦʡ ʤʦʞʝ ʜʘ ʩʝ ʦʪʢʨʠʚʘ ʚʲʨʭʫ ʪʷʭ ʜʦʨʠ ʩʣʝʜ 7 ʜʥʠ [40]. ʇʦʜʦʙʥʠ 

ʜʘʥʥʠ ʩʘ ʜʦʢʣʘʜʚʘʥʠ ʠ ʟʘ ʜʚʘʪʘ ʧʘʪʦʛʝʥʥʠ ʢʦʨʦʥʘʚʠʨʫʩʘ, ʦʪʛʦʚʦʨʥʠ ʟʘ ʝʧʠʜʝʤʠʠʪʝ ʧʨʝʟ 2002 

ʠ 2012 ʛ. (SARS-Co-V and MERS-CoV), ʢʘʪʦ ʜʘʥʥʠʪʝ ʦʪ ʨʘʟʣʠʯʥʠ ʧʨʦʫʯʚʘʥʠʷ ʩʦʯʘʪ, ʯʝ ʪʝ 

ʤʦʛʘʪ ʜʘ ʩʝ ʟʘʧʘʟʚʘʪ ʞʠʟʥʝʩʧʦʩʦʙʥʠ ʚʲʨʭʫ ʧʦʚʲʨʭʥʦʩʪʠ ʢʘʪʦ ʤʝʪʘʣ, ʩʪʲʢʣʦ ʠʣʠ ʧʣʘʩʪʤʘʩʘ ʟʘ 

ʧʦʥʝ 9 ʜʥʠ [13, 25, 37]. 

ɺʲʚ ʚʨʲʟʢʘ ʩ ʛʦʨʝʩʧʦʤʝʥʘʪʦʪʦ, ʧʘʥʜʝʤʠʷʪʘ ʦʪ SARS-CoV-2 ʧʦʜʪʠʢʥʘ ʫʯʝʥʠʪʝ 

ʥʝʟʘʙʘʚʥʦ ʜʘ ʥʘʧʨʘʚʷʪ ʥʝʦʙʭʦʜʠʤʠʪʝ ʧʨʦʫʯʚʘʥʠʷ ʩ ʦʛʣʝʜ ʥʘ ʪʦʚʘ ʜʘ ʩʝ ʫʩʪʘʥʦʚʠ ʧʦʪʝʥʮʠʘʣʘ 

ʥʘ ʪʦʟʠ ʚʠʨʫʩ ʜʘ ʟʘʧʘʟʚʘ ʩʚʦʷʪʘ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪ ʚʲʨʭʫ ʨʘʟʣʠʯʥʠ ʥʝʞʠʚʠ ʧʦʚʲʨʭʥʦʩʪʠ, ʘ ʪʝ 

ʦʪ ʩʚʦʷ ʩʪʨʘʥʘ ʜʘ ʩʣʫʞʘʪ ʢʘʪʦ ʠʟʪʦʯʥʠʢ ʥʘ ʠʥʬʝʢʮʠʷ. ʊʘʢʲʚ ʧʦʪʝʥʮʠʘʣ ʝ ʧʨʝʜʧʦʣʦʞʝʥ 

ʧʨʝʜʚʘʨʠʪʝʣʥʦ ʥʘ ʙʘʟʘʪʘ ʥʘ ʩʭʦʜʩʪʚʦʪʦ ʥʘ ʥʦʚʠʷ ʢʦʨʦʥʘʚʠʨʫʩ ʩ ʧʦʟʥʘʪʠʪʝ ʜʦ ʤʦʤʝʥʪʘ. ʊʘʢʘ 

ʩʘ ʧʦʣʫʯʝʥʠ ʠ ʜʘʥʥʠ ʟʘ ʩʧʦʩʦʙʥʦʩʪʪʘ ʥʘ SARS-CoV 2 ʜʘ ʩʝ ʟʘʜʲʨʞʘ ʚʲʨʭʫ ʯʝʪʠʨʠ ʚʠʜʘ 

ʥʝʞʠʚʠ ʧʦʚʲʨʭʥʦʩʪʠ: ʩʪʦʤʘʥʝʥʠ, ʤʝʜʥʠ, ʧʣʘʩʪʤʘʩʦʚʠ ʠ  ʢʘʨʪʦʥʝʥʠ [55]. ɼʚʘʤʘ ʫʯʝʥʠ, Ren ʠ 
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Tang, ʧʨʘʚʷʪ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʟʘ ʜʨʫʛ ʚʲʟʤʦʞʝʥ ʧʲʪ ʥʘ ʨʘʟʧʨʦʩʪʨʘʥʝʥʠʝ ʥʘ ʥʦʚʘʪʘ 

ʢʦʨʦʥʘʚʠʨʫʩʥʘ ʠʥʬʝʢʮʠʷ ï ʯʨʝʟ ʤʦʥʝʪʠ ʠ ʙʘʥʢʥʦʪʠ [44]. ʇʦ ʪʦʚʘ ʚʨʝʤʝ ʚʩʝ ʦʱʝ ʥʝ ʩʘ ʙʠʣʠ 

ʧʫʙʣʠʢʫʚʘʥʠ ʜʨʫʛʠ ʠʟʩʣʝʜʚʘʥʠʷ, ʢʘʩʘʝʱʠ ʧʨʝʥʘʩʷʥʝʪʦ ʥʘ ʚʠʨʫʩʠ ʧʦʩʨʝʜʩʪʚʦʤ ʙʘʥʢʥʦʪʠ. 

ʍʠʧʦʪʝʟʘʪʘ ʥʘ ʜʚʘʤʘʪʘ ʫʯʝʥʠ ʩʝ ʙʘʟʠʨʘʣʘ ʝʜʠʥʩʪʚʝʥʦ ʥʘ ʧʦʟʥʘʥʠʷʪʘ ʦʪʥʦʩʥʦ ʟʘʜʲʨʞʘʥʝʪʦ ʥʘ 

ʚʠʨʫʩʥʠʪʝ ʯʘʩʪʠʮʠ ʚʲʨʭʫ ʭʘʨʪʠʷ ʟʘ ʧʨʠʥʪʝʨ ʠ ʥʦʩʥʠ ʢʲʨʧʠʯʢʠ [55]. ɺ ʧʦ-ʩʢʦʨʦʰʥʠ 

ʠʟʩʣʝʜʚʘʥʠʷ ʦʙʘʯʝ ʪʦʟʠ ʧʦʪʝʥʮʠʘʣ ʥʘ SARS-CoV-2 ʙʠʣ ʧʨʦʫʯʝʥ. ʈʝʟʫʣʪʘʪʠʪʝ ʦʪ 

ʠʟʩʣʝʜʚʘʥʝʪʦ ʨʘʟʢʨʠʣʠ, ʯʝ ʩʣʝʜ 24 ʯ. ʥʘ ʩʪʘʡʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʚʲʨʭʫ ʙʘʥʢʥʦʪʠʪʝ ʥʝ ʩʝ ʟʘʩʠʯʘʪ 

ʞʠʟʥʝʩʧʦʩʦʙʥʠ ʚʠʨʫʩʥʠ ʯʘʩʪʠʮʠ. ɺʲʧʨʝʢʠ ʪʦʚʘ, ʚ ʜʨʫʛʦ ʧʨʦʫʯʚʘʥʝ ʝ ʨʘʟʢʨʠʪʘ ʧʦ-ʜʦʙʨʘ 

ʩʧʦʩʦʙʥʦʩʪ ʥʘ ʚʠʨʫʩʘ ʜʘ ʩʝ ʟʘʜʲʨʞʘ ʧʦ ʧʦʚʲʨʭʥʦʩʪʪʘ ʥʘ ʙʘʥʢʦʚʠ ʢʘʨʪʠ  - 48 h [35]. 

ɿʘʧʘʟʚʘʥʝʪʦ ʥʘ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʪʘ ʥʘ ʧʘʪʦʛʝʥʥʠʪʝ ʚʠʨʫʩʠ, ʚʢʣʶʯʠʪʝʣʥʦ ʠ ʥʘ SARS-

CoV-2, ʟʘ ʜʲʣʛʦ ʚʨʝʤʝ ʚʲʨʭʫ ʨʘʟʣʠʯʥʠ ʥʝʞʠʚʠ ʧʦʚʲʨʭʥʦʩʪʠ ʠ ʪʷʭʥʘʪʘ ʩʧʦʩʦʙʥʦʩʪ ʜʘ ʙʲʜʘʪ 

ʧʨʝʥʘʩʷʥʝ ʯʨʝʟ ʘʝʨʦʟʦʣʠ, ʯʦʚʝʰʢʠ ʢʦʥʪʘʢʪ ʠ ʜʨʫʛʠ ʧʦʟʥʘʪʠ ʧʲʪʠʱʘ, ʚʦʜʠ ʢʲʤ ʚʘʞʥʠ 

ʚʲʧʨʦʩʠ: i) ʢʘʢ ʤʦʞʝ ʠʥʜʠʚʠʜʫʘʣʥʠʷ ʯʦʚʝʢ ʜʘ ʩʝ ʧʨʝʜʧʘʟʠ ʦʪ ʪʝʟʠ ʚʠʨʫʩʠ ʠ ii) ʢʘʢ ʤʦʞʝ 

ʠʟʦʙʱʦ ʜʘ ʩʝ ʦʛʨʘʥʠʯʠ ʤʘʩʦʚʦʪʦ ʨʘʟʧʨʦʩʪʨʘʥʝʥʠʝ ʥʘ ʪʘʢʠʚʘ ʚʠʨʫʩʠ? 

ɺ ʪʘʟʠ ʚʨʲʟʢʘ ʧʨʠʣʘʛʘʥʝʪʦ ʥʘ ʨʘʟʣʠʯʥʠ ʜʝʟʠʥʬʝʢʮʠʦʥʥʠ ʧʨʘʢʪʠʢʠ ʠ ʫʧʦʪʨʝʙʘʪʘ ʥʘ 

ʣʠʯʥʠ ʧʨʝʜʧʘʟʥʠ ʩʨʝʜʩʪʚʘ (ʃʇʉ) ʩʘ ʩʨʝʜ ʚʲʟʤʦʞʥʠʪʝ ʨʝʰʝʥʠʷ. 

 

2.3. ʃʠʯʥʠʪʝ ʧʨʝʜʧʘʟʥʠ ʩʨʝʜʩʪʚʘ ï ʧʨʝʧʦʨʲʢʠʪʝ ʥʘ ʉɿʆ. 

ʃʠʯʥʠʪʝ ʧʨʝʜʧʘʟʥʠ ʩʨʝʜʩʪʚʘ, ʢʘʪʦ ʮʷʣʦ, ʩʝ ʩʯʠʪʘʪ ʢʘʪʦ ʧʦʩʣʝʜʥʘʪʘ ʣʠʥʠʷ ʥʘ ʟʘʱʠʪʘ, 

ʠʟʦʙʱʦ [15]. ʆʩʥʦʚʥʘʪʘ ʢʦʥʮʝʧʮʠʷ ʥʘ ʃʇʉ ʠʤʘ ʜʚʘ ʦʩʥʦʚʥʠ ʘʩʧʝʢʪʘ: 

¶ ʟʘʱʠʪʘ ʥʘ ʦʪʜʝʣʥʠʷ ʯʦʚʝʢ ʦʪ ʨʘʟʣʠʯʥʠ ʨʠʩʢʦʚʠ ʬʘʢʪʦʨʠ ʧʦ ʚʨʝʤʝ ʥʘ ʨʘʙʦʪʘ; 

¶ ʟʘʱʠʪʘ ʥʘ ʚʩʠʯʢʠ ʭʦʨʘ ʦʪ ʠʥʬʝʢʮʠʠ ʧʨʝʜʘʚʘʥʠ ʧʦ ʚʲʟʜʫʰʥʦ-ʢʘʧʢʦʚ ʧʲʪ. 

ɺ ʩʚʝʪʣʠʥʘʪʘ ʥʘ ʧʘʥʜʝʤʠʷʪʘ ʦʪ COVID-19, ʥʘʨʘʩʪʚʘ ʥʝʦʙʭʦʜʠʤʦʩʪʪʘ ʦʪ ʧʦʚʠʰʘʚʘʥʝ 

ʥʘ ʧʦʟʥʘʥʠʷʪʘ ʦʪʥʦʩʥʦ ʥʘʯʠʥʠʪʝ ʟʘ ʦʛʨʘʥʠʯʘʚʘʥʝ ʥʘ ʠʥʬʝʢʮʠʷʪʘ ʠ ʚ ʧʦʩʣʝʜʩʪʚʠʝ ʥʘʤʘʣʷʚʘʥʝ 

ʥʘ ʙʨʦʷ ʥʘ ʟʘʩʝʛʥʘʪʠʪʝ ʠʥʜʠʚʠʜʠ. ʂʘʢʪʦ ʙʝʰʝ ʩʧʦʤʝʥʘʪʦ ʧʦ-ʛʦʨʝ, ʚʠʨʫʩʥʠʷʪ ʘʛʝʥʪ ʥʘ COVID-

19, ʘ ʩʲʱʦ ʠ ʥʘ ʜʨʫʛʠ ʥʦʟʦʢʦʤʠʘʣʥʠ ʠʥʬʝʢʮʠʠ ʤʦʛʘʪ ʜʘ ʩʝ ʨʘʟʧʨʦʩʪʨʘʥʷʚʘʪ ʧʦ ʨʘʟʥʦʦʙʨʘʟʥʠ 

ʠ ʨʘʟʣʠʯʥʠ ʥʘʯʠʥʠ: ʧʨʠ ʢʦʥʪʘʢʪ ʩ ʜʨʫʛ ʯʦʚʝʢ, ʯʨʝʟ ʩʣʶʥʢʘ (ʌʠʛʫʨʘ 1), ʯʨʝʟ ʜʦʢʦʩʚʘʥʝ ʥʘ 

ʢʦʥʪʘʤʠʥʠʨʘʥʠ ʩ ʚʠʨʫʩʘ ʧʦʚʲʨʭʥʦʩʪʠ ʠ ʜʨ. 
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ʌʠʛʫʨʘ 1. ʈʘʟʧʨʦʩʪʨʘʥʝʥʠʝ ʥʘ SARS-CoV 2 ʯʨʝʟ ʩʣʶʥʢʘ. 

 

 

 

 

 

 

ʀʟʪʦʯʥʠʢ: Xu et al., 2020 [61] 

 

ɻʦʣʷʤʦ ʨʘʟʥʦʦʙʨʘʟʠʝ ʦʪ ʚʲʟʤʦʞʥʠ ʧʲʪʠʱʘ ʥʘ ʨʘʟʧʨʦʩʪʨʘʥʝʥʠʝ ʥʘ ʚʠʨʫʩʘ ʧʦʜʪʠʢʚʘ 

ʉɿʆ ʜʘ ʧʫʙʣʠʢʫʚʘ ʥʘ 27ʤʠ ʬʝʚʨʫʘʨʠ 2020 ʛ., Interim guidance - Rational use of personal 

protective equipment for coronavirus disease 2019 (COVID-19), ʥʝʟʘʙʘʚʥʦ ʩʣʝʜ ʧʦʷʚʘʪʘ ʥʘ 

ʧʲʨʚʠʪʝ ʩʣʫʯʘʠ ʥʘ ʠʥʬʝʢʪʠʨʘʥʠ ʩ ʚʠʨʫʩʘ ʭʦʨʘ. ʈʦʣʷʪʘ ʥʘ ʪʦʚʘ ʨʲʢʦʚʦʜʩʪʚʦ ʙʠʣʘ ʜʘ 

ʧʨʝʜʦʩʪʘʚʠ ʥʘ ʦʙʱʝʩʪʚʦʪʦ ʘʢʪʫʘʣʥʠ ʠ ʩʧʝʮʠʬʠʯʥʠ ʧʨʝʧʦʨʲʢʠ ʟʘ ʣʠʯʥʘ ʠ ʩʦʮʠʘʣʥʘ ʟʘʱʠʪʘ 

ʯʨʝʟ ʨʘʮʠʦʥʘʣʥʦʪʦ ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʃʇʉ. ʉʨʝʜ ʩʧʝʮʠʬʠʯʥʠʪʝ ʧʨʝʧʦʨʲʢʠ ʧʦʤʝʩʪʝʥʠ ʚ 

ʨʲʢʦʚʦʜʩʪʚʦʪʦ ʙʠʣʠ ʩʣʝʜʥʠʪʝ [60]: 

V ʧʨʘʢʪʠʢʫʚʘʥʝ ʥʘ ʯʝʩʪʘ ʭʠʛʠʝʥʘ ʥʘ ʨʲʮʝʪʝ ʯʨʝʟ ʦʙʪʨʠʚʘʥʝ ʩ ʜʝʟʠʥʬʝʢʪʘʥʪ ʥʘ 

ʘʣʢʦʭʦʣʥʘ ʦʩʥʦʚʘ ʘʢʦ ʨʲʮʝʪʝ ʥʝ ʩʘ ʚʠʜʠʤʦ ʤʨʲʩʥʠ ʠʣʠ ʩʲʩ ʩʘʧʫʥ ʠ ʚʦʜʘ ʘʢʦ ʨʲʮʝʪʝ 

ʩʘ ʤʨʲʩʥʠ; 

V ʜʘ ʩʝ ʠʟʙʷʛʚʘ ʜʦʢʦʩʚʘʥʝʪʦ ʥʘ ʦʯʠʪʝ, ʫʩʪʘʪʘ ʠ ʥʦʩʘ; 

V ʧʨʠ ʢʠʭʘʥʝ ʠ ʢʘʰʣʷʥʝ ʪʦʚʘ ʜʘ ʩʪʘʚʘ ʚ ʩʚʠʚʢʘʪʘ ʥʘ ʣʘʢʲʪʷ ʥʘ ʨʲʢʘʪʘ ʠʣʠ ʚ ʢʲʨʧʘ, 

ʩʣʝʜ ʢʦʝʪʦ ʪʷ ʪʨʷʙʚʘ ʜʘ ʩʝ ʠʟʭʚʲʨʣʠ ʥʝʟʘʙʘʚʥʦ;  

V ʜʘ ʩʝ ʥʦʩʠ ʤʝʜʠʮʠʥʩʢʘ ʤʘʩʢʘ ʟʘ ʣʠʮʝ ʘʢʦ ʩʘ ʥʘʣʠʮʝ ʨʝʩʧʠʨʘʪʦʨʥʠ ʩʠʤʧʪʦʤʠ, ʢʘʢʪʦ 

ʠ ʜʘ ʩʝ ʭʠʛʠʝʥʠʟʠʨʘʪ ʨʲʮʝʪʝ ʩʣʝʜ ʠʟʭʚʲʨʣʷʥʝ ʥʘ ʤʘʩʢʘʪʘ;  

V ʜʘ ʩʝ ʩʧʘʟʚʘ ʩʦʮʠʘʣʥʘ ʜʠʩʪʘʥʮʠʷ (ʦʪ ʤʠʥʠʤʫʤ 1 m) ʠ ʜʘ ʩʝ ʩʪʦʠ ʥʘ ʩʪʨʘʥʘ ʦʪ ʭʦʨʘ 

ʩ ʨʝʩʧʠʨʘʪʦʨʥʠ ʩʠʤʧʪʦʤʠ; 

ɺ ʟʘʚʠʩʠʤʦʩʪ ʦʪ ʦʙʩʪʦʷʪʝʣʩʪʚʘʪʘ, ʧʝʨʩʦʥʘʣʘ ʠ ʚʠʜʘ ʘʢʪʠʚʥʦʩʪ, ʠʤʘ ʩʧʠʩʲʢ ʩ 

ʜʦʧʲʣʥʠʪʝʣʥʠ ʃʇʉ, ʢʦʡʪʦ ʉɿʆ ʝ ʧʫʙʣʠʢʫʚʘʣʘ ʠ ʧʨʝʧʦʨʲʯʘʣʘ ʟʘ ʠʟʧʦʣʟʚʘʥʝ ʠ ʧʨʠʣʦʞʝʥʠʝ 

(ʊʘʙʣʠʮʘ 1) [60]: 
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ʊʘʙʣʠʮʘ 1. ʉʧʠʩʲʢ ʥʘ ʜʦʧʲʣʥʠʪʝʣʥʠʪʝ ʃʇʉ ʧʨʝʧʦʨʲʯʚʘʥʠ ʦʪ ʉɿʆ. 

ʇʦʤʝʱʝʥʠʷ  

ʎʝʣʝʚʠ ʛʨʫʧʠ 

(ʧʝʨʩʦʥʘʣ/ 

ʧʘʮʠʝʥʪʠ) 

ɼʝʡʥʦʩʪ ʇʨʝʧʦʨʲʯʠʪʝʣʥʠ  ʃʇʉ  

ɿʜʨʘʚʥʠ ʟʘʚʝʜʝʥʠʷ 

ʉʪʘʮʠʦʥʘʨʥʠ ʩʲʦʨʲʞʝʥʠʷ 

ɹʦʣʥʠʯʥʘ ʩʪʘʷ ɿʜʨʘʚʥʠ 

ʨʘʙʦʪʥʠʮʠ 

ʆʩʠʛʫʨʷʚʘʪ 

ʜʠʨʝʢʪʥʘ ʛʨʠʞʘ 

ʟʘ ʙʦʣʥʠ ʦʪ 

COVID-19 

ʄʝʜʠʮʠʥʩʢʘ ʤʘʩʢʘ 

ʄʘʥʪʠʷ  

ʈʲʢʘʚʠʮʠ 

ɿʘʱʠʪʘ ʥʘ ʦʯʠʪʝ (ʦʯʠʣʘ ʠʣʠ 

ʟʘʱʠʪʝʥ ʱʠʪ). 

ʇʨʦʚʝʞʜʘʪ 

ʧʨʦʮʝʜʫʨʠ 

ʩʚʲʨʟʘʥʠ ʩ 

ʜʠʰʘʥʝʪʦ ʥʘ 

ʧʘʮʠʝʥʪʠ ʩ 

COVID-19 

ʈʝʩʧʠʨʘʪʦʨ N95 ʠʣʠ FFP2, 

ʠʣʠ ʝʢʚʠʚʘʣʝʥʪ. 

ʄʘʥʪʠʷ  

ʈʲʢʘʚʠʮʠ 

ɿʘʱʠʪʘ ʥʘ ʦʯʠʪʝ 

(ʦʯʠʣʘ ʠʣʠ ʟʘʱʠʪʝʥ 

ʱʠʪ) 

ʇʨʝʩʪʠʣʢʘ 

ʉʘʥʠʪʘʨʠ  ɺʣʠʟʘʪ ʚ ʩʪʘʠʪʝ 

ʩ ʥʘʩʪʘʥʝʥʠ 

ʧʘʮʠʝʥʪʠ, 

ʙʦʣʥʠ ʦʪ  

COVID-19. 

ʄʝʜʠʮʠʥʩʢʘ ʤʘʩʢʘ 

ʄʘʥʪʠʷ  

ʊʝʞʢʠ ʨʲʢʘʚʠʮʠ 

ɿʘʱʠʪʘ ʥʘ ʦʯʠʪʝ 

(ʦʯʠʣʘ ʠʣʠ ʟʘʱʠʪʝʥ 

ʱʠʪ) 

ɹʦʪʫʰʠ ʠʣʠ ʟʘʪʚʦʨʝʥʠ ʦʙʫʚʢʠ 

ʇʦʩʝʪʠʪʝʣʠ  ɺʣʠʟʘʪ ʚ ʩʪʘʠʪʝ 

ʩ ʥʘʩʪʘʥʝʥʠ 

ʧʘʮʠʝʥʪʠ, ʙʦʣʥʠ 

ʦʪ  COVID-19. 

ʄʝʜʠʮʠʥʩʢʘ ʤʘʩʢʘ 

ʄʘʥʪʠʷ  

ʈʲʢʘʚʠʮʠ 

ɼʨʫʛʠ ʧʣʦʱʠ 

ʥʘ 

ʧʨʝʤʠʥʘʚʘʥʝ 

ʥʘ ʧʘʮʠʝʥʪʠʪʝ 

(ʥʘʧʨ. 

ʦʪʜʝʣʝʥʠʷ, 

ʢʦʨʠʜʦʨʠ ʠ 

ʜʨ.). 

ʎʝʣʠʷ ʧʝʨʩʦʥʘʣ 

ʥʘ ʙʦʣʥʠʮʘʪʘ, 

ʚʢʣʶʯʠʪʝʣʥʦ 

ʣʝʢʘʨʠʪʝ 

ɺʩʷʢʘ ʘʢʪʠʚʥʦʩʪ, 

ʢʦʷʪʦ ʥʝ 

ʧʨʝʜʧʦʣʘʛʘ 

ʢʦʥʪʘʢʪ ʩ 

ʧʘʮʠʝʥʪʠ ʩ 

COVID-19 

ʅʝ ʩʝ ʠʟʠʩʢʚʘʪ ʃʇʉ 

 

ʊʨʠʘʞ ɿʜʨʘʚʥʠ 

ʨʘʙʦʪʥʠʮʠ 

ʇʲʨʚʠʯʥʠ 

ʧʨʝʛʣʝʜʠ, ʢʦʠʪʦ ʥʝ 

ʅʝ ʩʝ ʠʟʠʩʢʚʘʪ ʃʇʉ 
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ʠʟʠʩʢʚʘʪ ʜʠʨʝʢʪʝʥ 

ʢʦʥʪʘʢʪ 

 

ʇʘʮʠʝʥʪʠ ʩ 

ʨʝʩʧʠʨʘʪʦʨʥʠ 

ʩʠʤʧʪʦʤʠ 

ɺʩʷʢʘʢʚʠ ʉʧʘʟʚʘʥʝ ʥʘ ʬʠʟʠʯʝʩʢʘ 

ʜʠʩʪʘʥʮʠʷ ʦʪ ʧʦʥʝ 1ʤ. 

ʄʝʜʠʮʠʥʩʢʘ ʤʘʩʢʘ  

ʇʘʮʠʝʥʪʠ ʙʝʟ 

ʨʝʩʧʠʨʘʪʦʨʥʠ 

ʩʠʤʧʪʦʤʠ 

ɺʩʷʢʘʢʚʠ ʅʝ ʩʝ ʠʟʠʩʢʚʘʪ ʃʇʉ 

 

ʃʘʙʦʨʘʪʦʨʠʷ ʃʘʙʦʨʘʥʪʠ ʈʘʙʦʪʘ ʩ 

ʨʝʩʧʠʨʘʪʦʨʥʠ ʧʨʦʙʠ 

ʄʝʜʠʮʠʥʩʢʘ ʤʘʩʢʘ 

ʄʘʥʪʠʷ  

ʈʲʢʘʚʠʮʠ 

ɿʘʱʠʪʘ ʥʘ ʦʯʠʪʝ (ʦʯʠʣʘ ʠʣʠ 

ʟʘʱʠʪʝʥ ʱʠʪ). 

ɸʜʤʠʥʠʩʪʨʘʪʠʚʥ

ʠ ʧʣʦʱʠ 

ʎʝʣʠʷ ʧʝʨʩʦʥʘʣ 

ʥʘ ʙʦʣʥʠʮʘʪʘ, 

ʚʢʣʶʯʠʪʝʣʥʦ 

ʣʝʢʘʨʠʪʝ 

ɸʜʤʠʥʠʩʪʨʘʪʠʚʥʠ 

ʜʝʡʥʦʩʪʠ, ʢʦʠʪʦ ʥʝ 

ʧʨʝʜʧʦʣʘʛʘʪ 

ʢʦʥʪʘʢʪ ʩ ʙʦʣʥʠ ʦʪ 

COVID-19 

ʅʝ ʩʝ ʠʟʠʩʢʚʘʪ ʃʇʉ 

 

ɸʤʙʫʣʘʪʦʨʥʠ ʩʲʦʨʲʞʝʥʠʷ 

ʉʪʘʠ ʟʘ 

ʢʦʥʩʫʣʪʘʮʠʠ 

ɿʜʨʘʚʥʠ ʨʘʙʦʪʥʠʮʠ ʌʠʟʠʢʘʣʝʥ ʧʨʝʛʣʝʜ ʥʘ 

ʧʘʮʠʝʥʪʠ ʩ 

ʨʝʩʧʠʨʘʪʦʨʥʠ 

ʩʠʤʧʪʦʤʠ. 

 ʄʝʜʠʮʠʥʩʢʘ ʤʘʩʢʘ 

 ʄʘʥʪʠʷ  

 ʈʲʢʘʚʠʮʠ 

 ɿʘʱʠʪʘ ʥʘ ʦʯʠʪʝ (ʦʯʠʣʘ ʠʣʠ 

ʟʘʱʠʪʝʥ ʱʠʪ). 

ɿʜʨʘʚʥʠ ʨʘʙʦʪʥʠʮʠ ʌʠʟʠʢʘʣʝʥ ʧʨʝʛʣʝʜ ʥʘ 

ʧʘʮʠʝʥʪ ʙʝʟ 

ʨʝʩʧʠʨʘʪʦʨʥʠ 

ʩʠʤʧʪʦʤʠ. 

 ʃʇʉ ʩʧʦʨʝʜ ʩʪʘʥʜʘʨʪʥʠʪʝ 

ʧʨʝʜʧʘʟʥʠ ʤʝʨʢʠ ʠ ʩʣʝʜ ʦʮʝʥʢʘ ʥʘ 

ʨʠʩʢʘ 

ʇʘʮʠʝʥʪʠ ʩ 

ʨʝʩʧʠʨʘʪʦʨʥʠ 

ʩʠʤʧʪʦʤʠ 

ɺʩʷʢʘʢʚʠ  ʄʝʜʠʮʠʥʩʢʘ ʤʘʩʢʘ 

ʇʘʮʠʝʥʪʠ ʙʝʟ 

ʨʝʩʧʠʨʘʪʦʨʥʠ 

ʩʠʤʧʪʦʤʠ 

ɺʩʷʢʘʢʚʠ ʅʝ ʩʝ ʠʟʠʩʢʚʘʪ ʃʇʉ 

 

ʉʘʥʠʪʘʨʠ ʇʦʯʠʩʪʚʘʪ ʩʣʝʜ ʠ ʤʝʞʜʫ 

ʢʦʥʩʫʣʪʘʮʠʠʪʝ ʥʘ 

ʧʘʮʠʝʥʪʠ ʩ 

ʨʝʩʧʠʨʘʪʦʨʥʠ ʩʠʤʧʪʦʤʠ 

ʄʝʜʠʮʠʥʩʢʘ ʤʘʩʢʘ 

ʄʘʥʪʠʷ  

ʊʝʞʢʠ ʨʲʢʘʚʠʮʠ 

ɿʘʱʠʪʘ ʥʘ ʦʯʠʪʝ 

(ʦʯʠʣʘ ʠʣʠ ʟʘʱʠʪʝʥ 

ʱʠʪ) 
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  ɹʦʪʫʰʠ ʠʣʠ ʟʘʪʚʦʨʝʥʠ ʦʙʫʚʢʠ 

ʏʘʢʘʣʥʷ ʇʘʮʠʝʥʪʠ ʩ 

ʨʝʩʧʠʨʘʪʦʨʥʠ 

ʩʠʤʧʪʦʤʠ 

ɺʩʷʢʘʢʚʠ   ʄʝʜʠʮʠʥʩʢʘ ʤʘʩʢʘ 

 

 

ʇʘʮʠʝʥʪʠ ʙʝʟ 

ʨʝʩʧʠʨʘʪʦʨʥʠ 

ʩʠʤʧʪʦʤʠ 

ɺʩʷʢʘʢʚʠ ʅʝ ʩʝ ʠʟʠʩʢʚʘʪ ʃʇʉ 

 

ɸʜʤʠʥʠʩʪʨʘʪʠʚʥʠ 

ʧʣʦʱʠ 

ʎʝʣʠʷ ʧʝʨʩʦʥʘʣ ʥʘ 

ʙʦʣʥʠʮʘʪʘ, 

ʚʢʣʶʯʠʪʝʣʥʦ 

ʣʝʢʘʨʠʪʝ 

ɸʜʤʠʥʠʩʪʨʘʪʠʚʥʠ 

ʜʝʡʥʦʩʪʠ 

ʅʝ ʩʝ ʠʟʠʩʢʚʘʪ ʃʇʉ 

 

ʊʨʠʘʞ ɿʜʨʘʚʥʠ ʨʘʙʦʪʥʠʮʠ ʇʲʨʚʠʯʥʠ ʧʨʝʛʣʝʜʠ, 

ʢʦʠʪʦ ʥʝ ʠʟʠʩʢʚʘʪ 

ʜʠʨʝʢʪʝʥ ʢʦʥʪʘʢʪ 

ʅʝ ʩʝ ʠʟʠʩʢʚʘʪ ʃʇʉ 

 

ʇʘʮʠʝʥʪʠ ʩ 

ʨʝʩʧʠʨʘʪʦʨʥʠ 

ʩʠʤʧʪʦʤʠ 

ɺʩʷʢʘʢʚʠ   ʄʝʜʠʮʠʥʩʢʘ ʤʘʩʢʘ 

ʇʘʮʠʝʥʪʠ ʙʝʟ 

ʨʝʩʧʠʨʘʪʦʨʥʠ 

ʩʠʤʧʪʦʤʠ 

ɺʩʷʢʘʢʚʠ ʅʝ ʩʝ ʠʟʠʩʢʚʘʪ ʃʇʉ 

 

ʆʙʱʥʦʩʪ 

ʋ ʜʦʤʘ ʇʘʮʠʝʥʪʠ ʩ 

ʨʝʩʧʠʨʘʪʦʨʥʠ 

ʩʠʤʧʪʦʤʠ. 

ɺʩʷʢʘʢʚʠ ʄʝʜʠʮʠʥʩʢʘ ʤʘʩʢʘ, ʦʩʚʝʥ ʧʦ ʚʨʝʤʝ 

ʥʘ ʩʲʥ 

ɹʦʣʥʦʛʣʝʜʘʯʠ ʇʦʩʝʱʘʚʘ ʩʪʘʠʪʝ ʥʘ 

ʙʦʣʥʠ ʦʪ COVID-19, ʥʦ 

ʥʝ ʦʩʲʱʝʩʪʚʷʚʘ 

ʜʠʨʝʢʪʥʘ ʛʨʠʞʘ 

ʄʝʜʠʮʠʥʩʢʘ ʤʘʩʢʘ 

ɹʦʣʥʦʛʣʝʜʘʯʠ ʆʩʲʱʝʩʪʚʷʚʘ ʜʠʨʝʢʪʥʘ 

ʛʨʠʞʘ ʠʣʠ ʧʨʝʥʘʩʷ 

ʠʟʧʨʘʞʥʝʥʠʷ, ʫʨʠʥʘ ʠ 

ʦʪʧʘʜʲʮʠ ʥʘ ʧʘʮʠʝʥʪ ʩ 

COVID-19, ʢʦʡʪʦ ʩʝ 

ʣʝʢʫʚʘ ʫ ʜʦʤʘ 

ʈʲʢʘʚʠʮʠ 

ʄʝʜʠʮʠʥʩʢʘ ʤʘʩʢʘ 

ʇʨʝʩʪʠʣʢʘ (ʧʨʠ ʨʠʩʢ ʦʪ ʧʨʲʩʢʠ) 

ɿʜʨʘʚʥʠ ʨʘʙʦʪʥʠʮʠ ʆʩʲʱʝʩʪʚʷʚʘ ʜʠʨʝʢʪʘ 

ʛʨʠʞʘ ʠʣʠ ʘʩʠʩʪʝʥʮʠʷ 

ʥʘ ʧʘʮʠʝʥʪ ʩ COVID-19, 

ʢʦʡʪʦ ʩʝ ʣʝʢʫʚʘ ʫ ʜʦʤʘ 

ʄʝʜʠʮʠʥʩʢʘ ʤʘʩʢʘ 

ʄʘʥʪʠʷ 

ʈʲʢʘʚʠʮʠ 

ɿʘʱʠʪʘ ʥʘ ʦʯʠʪʝ 
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ʇʫʙʣʠʯʥʠ ʤʝʩʪʘ 

(ʥʘʧʨ. ʫʯʠʣʠʱʘ, 

ʤʘʛʘʟʠʥʠ, ɾʇ 

ʛʘʨʠ). 

ʍʦʨʘ ʙʝʟ 

ʨʝʩʧʠʨʘʪʦʨʥʠ 

ʩʠʤʧʪʦʤʠ 

ɺʩʷʢʘʢʚʠ  ʅʝ ʩʝ ʠʟʠʩʢʚʘʪ ʃʇʉ 

 

ɺʭʦʜʥʠ ʪʦʯʢʠ 

ɸʜʤʠʥʠʩʪʨʘʪʠʚʥ

ʠ ʧʣʦʱʠ 

ʎʝʣʠʷʪ ʧʝʨʩʦʥʘʣ ɺʩʷʢʘʢʚʠ ʅʝ ʩʝ ʠʟʠʩʢʚʘʪ ʃʇʉ 

 

ɿʦʥʠ ʟʘ ʩʢʨʠʥʠʥʛ ʇʝʨʩʦʥʘʣ ʇʲʨʚʠʯʥʠ ʧʨʝʛʣʝʜʠ, 

ʢʦʠʪʦ ʥʝ ʠʟʠʩʢʚʘʪ 

ʜʠʨʝʢʪʝʥ ʢʦʥʪʘʢʪ 

ʅʝ ʩʝ ʠʟʠʩʢʚʘʪ ʃʇʉ 

 

ʇʝʨʦʥʘʣ ɺʪʦʨʠʯʥʠ ʧʨʝʛʣʝʜʠ 

(ʥʘʧʨ. ʨʘʟʧʠʪ ʥʘ 

ʧʘʮʠʝʥʪʠ ʩ ʚʠʩʦʢʘ 

ʪʝʤʧʝʨʘʪʫʨʘ ʟʘ 

ʢʣʠʥʠʯʥʠ ʩʠʤʧʨʦʤʠ 

ʧʨʝʜʧʦʣʘʛʘʱʠ 

ʥʘʣʠʯʠʝ ʥʘ COVID-

19  ʠ ʟʘ ʠʩʪʦʨʠʷʪʘ ʥʘ 

ʧʲʪʫʚʘʥʝʪʦ). 

ʄʝʜʠʮʠʥʩʢʘ ʤʘʩʢʘ 

ʈʲʢʘʚʠʮʠ  

ʉʘʥʠʪʘʨʠ ʇʦʯʠʩʪʚʘʪ ʟʦʥʠʪʝ 

ʢʲʜʝʪʦ 

ʧʘʮʠʝʥʪʠʪʝ ʩ 

ʪʨʝʩʢʘ ʩʘ ʙʠʣʠ 

ʧʨʝʛʣʝʞʜʘʥʠ 

ʄʝʜʠʮʠʥʩʢʘ ʤʘʩʢʘ 

ʄʘʥʪʠʷ  

ʊʝʞʢʠ ʨʲʢʘʚʠʮʠ 

ɿʘʱʠʪʘ ʥʘ ʦʯʠʪʝ 

(ʦʯʠʣʘ ʠʣʠ ʟʘʱʠʪʝʥ 

ʱʠʪ) 

ɹʦʪʫʰʠ ʠʣʠ ʟʘʪʚʦʨʝʥʠ ʦʙʫʚʢʠ 

ɺʨʝʤʝʥʥʠ 

ʧʦʤʝʱʝʥʠʷ ʟʘ 

ʠʟʦʣʘʮʠʷ 

ʇʝʨʩʦʥʘʣ ʇʦʩʝʱʘʚʘʪ ʟʦʥʠʪʝ 

ʟʘ ʠʟʦʣʘʮʠʷ ʥʦ ʙʝʟ 

ʜʘ ʦʩʠʛʫʨʷʚʘʪ 

ʜʠʨʝʢʪʥʘ 

ʩʠʩʪʝʥʮʠʷ. 

ʉʧʘʟʚʘʥʝ ʥʘ ʬʠʟʠʯʝʩʢʘ 

ʜʠʩʪʘʥʮʠʷ ʦʪ ʧʦʥʝ 1ʤ. 

ʄʝʜʠʮʠʥʩʢʘ ʤʘʩʢʘ  

ʈʲʢʘʚʠʮʠ 

ʇʝʨʩʦʥʘʣ, ʟʜʨʘʚʥʠ 

ʨʘʙʦʪʥʠʮʠ 

ɸʩʠʩʪʠʨʘʪ 

ʧʘʮʠʝʥʪʠʪʝ, ʢʦʠʪʦ 

ʩʘ ʙʠʣʠ 

ʪʨʘʥʩʧʦʨʪʠʨʘʥʠ ʜʦ 

ʟʜʨʘʚʥʦʪʦ 

ʟʘʚʝʜʝʥʠʝ 

  ʄʝʜʠʮʠʥʩʢʘ ʤʘʩʢʘ 

  ʄʘʥʪʠʷ 

  ʈʲʢʘʚʠʮʠ 

ɿʘʱʠʪʘ ʥʘ ʦʯʠʪʝ 

ʏʠʩʪʘʯʠ ʇʦʯʠʩʪʚʘʪ ʟʦʥʠʪʝ ʟʘ 

ʠʟʦʣʘʮʠʷ 

ʄʝʜʠʮʠʥʩʢʘ ʤʘʩʢʘ 

ʄʘʥʪʠʷ  

ʊʝʞʢʠ ʨʲʢʘʚʠʮʠ 

ɿʘʱʠʪʘ ʥʘ ʦʯʠʪʝ 

(ʦʯʠʣʘ ʠʣʠ ʟʘʱʠʪʝʥ 
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ʱʠʪ) 

ɹʦʪʫʰʠ ʠʣʠ ʟʘʪʚʦʨʝʥʠ ʦʙʫʚʢʠ 

ʃʠʥʝʡʢʠ 

ʠʣʠ 

ʧʨʝʚʦʟʥʠ 

ʩʨʝʜʩʪʚʘ ʟʘ 

ʪʨʘʥʩʬʝʨ 

ɿʜʨʘʚʥʠ ʨʘʙʦʪʥʠʮʠ ʇʨʝʚʦʟʚʘʪ ʙʦʣʥʠ ʩ 

ʧʨʝʧʦʣʘʛʘʝʤ 

COVID-19 ʜʦ 

ʟʜʨʘʚʥʦʪʦ 

ʟʘʚʝʜʝʥʠʝ 

  ʄʝʜʠʮʠʥʩʢʘ ʤʘʩʢʘ 

  ʄʘʥʪʠʷ 

  ʈʲʢʘʚʠʮʠ 

ɿʘʱʠʪʘ ʥʘ ʦʯʠʪʝ 

ʐʦʬʴʦʨʠ ʋʯʘʩʪʚʘʪ ʝʜʠʥʩʪʚʝʥʦ 

ʚ ʪʨʘʥʩʧʦʨʪʠʨʘʥʝʪʦ ʥʘ 

ʧʘʮʠʝʥʪʠʪʝ ʩ 

ʧʨʝʜʧʦʣʘʛʘʝʤ COVID-

19 ʢʘʪʦ ʧʦʤʝʱʝʥʠʝʪʦ 

ʥʘ ʰʦʬʴʦʨʠʪʝ ʝ 

ʦʪʜʝʣʝʥʦ ʦʪ ʪʷʭ  

ʅʝ ʩʝ ʠʟʠʩʢʚʘʪ ʃʇʉ 

ɸʩʠʩʪʠʨʘʪ ʧʨʠ 

ʪʦʚʘʨʝʥʝʪʦ ʠʣʠ 

ʨʘʟʪʦʚʘʨʚʘʥʝʪʦ ʥʘ 

ʧʘʮʠʝʥʪʠ ʩ 

ʧʨʝʜʧʦʣʘʛʘʝʤ 

COVID-19 

ɿʘʱʠʪʘ ʥʘ ʦʯʠʪʝ 

ʅʷʤʘʪ ʜʠʨʝʢʪʝʥ 

ʢʦʥʪʘʢʪ ʩ 

ʧʘʮʠʝʥʪʠ ʩ 

ʧʨʝʜʧʦʣʘʝʤ 

COVID-19 ʥʦ 

ʦʪʜʝʣʝʥʠʝʪʦ ʥʘ 

ʰʦʬʴʦʨʘ ʥʝ ʝ 

ʦʪʜʝʣʝʥʦ ʦʪ ʪʷʭ 

ʄʝʜʠʮʠʥʩʢʘ ʤʘʩʢʘ 

ʇʘʮʠʝʥʪʠ ʩ 

ʧʨʝʜʧʦʣʘʛʘʝ

ʤ COVID-19 

ʊʨʘʥʩʧʦʨʪʠʨʘʥʝ 

ʜʦ ʙʦʣʥʠʯʥʦʪʦ 

ʟʘʚʝʜʝʥʠʝ 

ʄʝʜʠʮʠʥʩʢʘ ʤʘʩʢʘ 

ʏʠʩʪʘʯʠ ʇʦʯʠʩʪʚʘʪ ʩʣʝʜ ʠ 

ʤʝʞʜʫ 

ʪʨʘʥʩʧʦʨʪʠʨʘʥʝʪʦ ʥʘ 

ʧʘʮʠʝʥʪʠ ʩ 

ʧʨʝʜʧʦʣʘʛʘʝʤ 

COVID-19 ʜʦ 

ʙʦʣʥʠʯʥʦʪʦ 

ʟʘʚʝʜʝʥʠʝ 

ʄʝʜʠʮʠʥʩʢʘ ʤʘʩʢʘ 

ʄʘʥʪʠʷ  

ʊʝʞʢʠ ʨʲʢʘʚʠʮʠ 

ɿʘʱʠʪʘ ʥʘ ʦʯʠʪʝ 

(ʦʯʠʣʘ ʠʣʠ ʟʘʱʠʪʝʥ 

ʱʠʪ) 

ɹʦʪʫʰʠ ʠʣʠ ʟʘʪʚʦʨʝʥʠ ʦʙʫʚʢʠ 

ʉʧʝʮʠʘʣʥʠ ʩʲʦʙʨʘʞʝʥʠʷ ʥʘ ʝʢʠʧʠʪʝ ʟʘ ʙʲʨʟʦ ʨʝʘʛʠʨʘʥʝ, ʧʦʜʧʦʤʘʛʘʱʠ ʠʟʩʣʝʜʚʘʥʝʪʦ ʥʘ 

ʦʙʱʝʩʪʚʝʥʦʪʦ ʟʜʨʘʚʝ 

ʆʙʱʥʦʩʪ 



 

 
46 

ʅʘʚʩʷʢʲʜʝ ʈʘʟʩʣʝʜʚʘ

ʱʠ ʝʢʠʧʠ 

ʟʘ ʙʲʨʟʦ 

ʨʝʘʛʠʨʘʥʝ. 

ʀʥʪʝʨʚʶʠʨʘʪ 

ʧʘʮʠʝʥʪʠ ʩ 

ʜʦʢʘʟʘʥ ʠʣʠ 

ʧʨʝʜʧʦʣʘʛʘʝʤ 

COVID-19 ʠ 

ʪʝʭʥʠʪʝ 

ʢʦʥʪʘʢʪʥʠ ʣʠʮʘ 

ʅʝ ʩʝ ʠʟʠʩʢʚʘʪ ʃʇʉ ʘʢʦ ʩʝ 

ʧʨʦʚʝʞʜʘʪ ʜʠʩʪʘʥʮʠʦʥʥʦ 

(ʥʘʧʨ. ʧʦ ʪʝʣʝʬʦʥ ʠʣʠ ʯʨʝʟ 

ʚʠʜʝʦ ʢʦʥʬʝʨʝʥʮʠʷ)  

 

ɼʠʩʪʘʥʮʠʦʥʥʦʪʦ ʠʥʪʝʨʚʶ ʝ 

ʧʨʝʧʦʨʲʯʠʪʝʣʥʠʷʪ ʤʝʪʦʜ 

ʃʠʯʥʦ ʠʥʪʝʨʚʶʠʨʘʪ 

ʧʘʮʠʝʥʪʠ ʩ ʜʦʢʘʟʘʥ 

ʠʣʠ ʧʨʝʜʧʦʣʘʛʘʝʤ 

COVID-19 ʙʝʟ 

ʜʠʨʝʢʪʝʥ ʢʦʥʪʘʢʪ 

ʄʝʜʠʮʠʥʩʢʘ ʤʘʩʢʘ 

 

 

ʃʠʯʥʦ 

ʠʥʪʝʨʚʶʠʨʘʪ 

ʙʝʟʩʠʤʧʪʦʤʥʠ 

ʢʦʥʪʘʢʪʥʠ ʣʠʮʘ ʥʘ 

ʧʘʮʠʝʥʪʠ ʩ 

COVID-19 

ʅʝ ʩʝ ʠʟʠʩʢʚʘʪ ʃʇʉ 

 

 

ʀʟʪʦʯʥʠʢ: Interim guidance WHO, 2020 [60] 

 

ʅʘʯʠʥʲʪ ʧʦ ʢʦʡʪʦ ʠʟʛʣʝʞʜʘ ʝʜʠʥ ʩʪʘʥʜʘʨʪʝʥ ʢʠʪ ʃʇʉ ʝ ʧʦʢʘʟʘʥ ʥʘ ʌʠʛʫʨʘ 2. ɺʩʷʢʘ 

ʯʘʩʪ ʦʪ ʪʦʟʠ ʢʠʪ ʠʤʘ ʩʚʦʷʪʘ ʩʧʝʮʠʬʠʯʥʘ ʬʫʥʢʮʠʷ ʟʘ ʮʷʣʦʩʪʥʘʪʘ ʟʘʱʠʪʘ. ɺʨʲʟʢʠʪʝ ʤʝʞʜʫ 

ʟʦʥʠʪʝ ʥʘ ʟʘʱʠʪʘ ʠ ʩʲʦʪʚʝʪʥʠʪʝ ʢʦʤʧʦʥʝʥʪʠ ʦʪ ʢʠʪʘ, ʦʪʛʦʚʦʨʥʠ ʟʘ ʥʝʷ ʩʘ ʩʣʝʜʥʠʪʝ: 

V ʮʷʣʦ ʪʷʣʦ ï ʮʷʣ ʢʦʩʪʶʤ, ʧʨʝʩʪʠʣʢʘ ʠ ʢʘʣʮʫʥʠ; 

V ʦʯʠ ï ʧʨʝʜʧʘʟʝʥ ʱʠʪ ʟʘ ʣʠʮʝ ʠ ʦʯʠʣʘ; 

V ʥʦʩ ʠ ʫʩʪʘ ï ʤʘʩʢʘ ʟʘ ʣʠʮʝ; 

V ʨʲʮʝ ï ʨʲʢʘʚʠʮʠ; 

V ʛʣʘʚʘ ï ʮʷʣʘ ʢʘʯʫʣʢʘ. 

ʅʘʡ-ʚʘʞʥʠʪʝ ʯʘʩʪʠ ʦʪ ʪʷʣʦʪʦ, ʢʦʠʪʦ ʪʨʷʙʚʘ ʜʘ ʙʲʜʘʪ ʥʘʧʲʣʥʦ ʟʘʱʠʪʝʥʠ ʩʘ ʦʯʠʪʝ, 

ʫʩʪʘʪʘ ʠ ʥʦʩʲʪ ʪʲʡ ʢʘʪʦ ʪʝ ʩʘ ʦʩʥʦʚʥʠʪʝ ʚʨʘʪʠ ʟʘ ʥʘʚʣʠʟʘʥʝ ʥʘ ʥʦʟʦʢʦʤʠʘʣʥʠʪʝ ʠ ʚʠʨʫʩʠʪʝ 

ʧʨʝʜʘʚʘʥʠ ʧʦ ʚʲʟʜʫʰʥʦ-ʢʘʧʢʦʚ ʧʲʪ, ʢʘʢʲʚʪʦ ʝ ʠ SARS-CoV-2. 
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ʌʠʛʫʨʘ 2. ʂʦʤʧʦʥʝʥʪʠ ʥʘ ʩʪʘʥʜʘʨʪʝʥ ʢʠʪ ʃʇʉ. 

 

ʀʟʪʦʯʥʠʢ: https://www.faithparlourhouse.com/product/medical-ppe-kit 

 

3. ʇʨʠʥʦʩʲʪ ʥʘ ʥʘʥʦʪʝʭʥʦʣʦʛʠʠʪʝ ʚ ʛʣʦʙʘʣʥʘʪʘ ʙʦʨʙʘ ʩ ʥʦʚʘʪʘ ʢʦʨʦʥʘʚʠʨʫʩʥʘ 

ʠʥʬʝʢʮʠ ̫

3.1. ʐʠʨʦʢʘ ʢʦʥʮʝʧʮʠʷ ʟʘ ʥʘʥʦʪʝʭʥʦʣʦʛʠʷʪʘ 

ɹʦʨʙʘʪʘ ʩ ʚʠʨʫʩʥʠʪʝ ʠʥʬʝʢʮʠʠ ʠ ʟʘʙʦʣʷʚʘʥʠʷ ʝ ʪʨʫʜʥʘ ʧʦʨʘʜʠ ʥʷʢʦʣʢʦ ʦʩʥʦʚʥʠ 

ʧʨʠʯʠʥʠ, ʥʦ ʩʨʝʜ ʥʘʡ-ʚʘʞʥʠʪʝ ʩʝ ʥʘʨʝʞʜʘʪ ʙʲʨʟʠʪʝ ʤʫʪʘʮʠʠ ʚʲʚ ʚʠʨʫʩʥʠʷ ʛʝʥʦʤ ʠ 

ʧʦʩʣʝʜʚʘʱʘʪʘ ʧʦʷʚʘ ʥʘ ʥʦʚʠ ʚʘʨʠʘʥʪʠ ʠ ʱʘʤʦʚʝ. ʃʠʧʩʘʪʘ ʥʘ ʥʘʜʝʞʜʥʠ ʤʝʪʦʜʠ ʥʘ ʣʝʯʝʥʠʝ ʥʘ 

ʪʝʟʠ ʠʥʬʝʢʮʠʠ ʧʨʝʜʠʟʚʠʢʚʘ ʫʯʝʥʠʪʝ ʜʘ ʠʟʦʙʨʝʪʷʚʘʪ ʥʦʚʠ ʣʝʢʘʨʩʪʚʝʥʠ ʬʦʨʤʠ, ʢʦʠʪʦ ʜʘ ʙʲʜʘʪ 

ʝʬʝʢʪʠʚʥʠ ʩʨʝʱʫ ʛʦʣʷʤ ʙʨʦʡ ʚʠʨʫʩʠ, ʝʜʥʦʚʨʝʤʝʥʥʦ [24]. ʊʦʟʠ ʧʦʜʭʦʜ ʦʙʘʯʝ ʠʤʘ ʦʩʥʦʚʥʠ 

ʥʝʜʦʩʪʘʪʲʮʠ: ʧʦʣʫʯʘʚʘʥʝʪʦ ʥʘ ʥʦʚʘ ʣʝʢʘʨʩʪʚʝʥʘ ʬʦʨʤʘ ʠ ʥʝʡʥʦʪʦ ʢʣʠʥʠʯʥʦ ʠʟʧʠʪʚʘʥʝ, ʟʘ 

https://www.faithparlourhouse.com/product/medical-ppe-kit
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ʜʦʢʘʟʚʘʥʝ ʥʘ ʙʝʟʦʧʘʩʥʦʩʪ ʠ ʝʬʝʢʪʠʚʥʦʩʪ, ʦʪʥʝʤʘ ʤʥʦʛʦ ʜʲʣʛʦ ʚʨʝʤʝ [10]. ʉʣʝʜʦʚʘʪʝʣʥʦ, 

ʚʥʠʤʘʥʠʝʪʦ ʚʝʯʝ ʝ ʥʘʩʦʯʝʥʦ ʧʦ-ʩʢʦʨʦ ʢʲʤ ʧʨʝʚʝʥʮʠʷʪʘ ʠ ʢʲʤ ʢʦʥʩʪʨʫʠʨʘʥʝʪʦ ʥʘ 

ʘʣʪʝʨʥʘʪʠʚʥʠ ʬʦʨʤʫʣʠ, ʢʦʠʪʦ ʜʘ ʜʝʡʩʪʚʘʪ ʚ ʨʘʟʣʠʯʥʠ ʝʪʘʧʠ ʦʪ ʞʠʟʥʝʥʠʷ ʮʠʢʲʣ ʥʘ ʚʠʨʫʩʠʪʝ. 

ʉʯʠʪʘ ʩʝ, ʯʝ ʧʦ ʪʦʟʠ ʥʘʯʠʥ ʙʠ ʤʦʛʣʦ ʜʘ ʩʝ ʧʦʚʣʠʷʝ ʥʘ ʨʘʟʧʨʦʩʪʨʘʥʝʥʠʝʪʦ ʠ ʨʘʟʚʠʪʠʝʪʦ ʥʘ 

ʠʥʬʝʢʮʠʠʪʝ [33]. ɺ ʪʘʟʠ ʚʨʲʟʢʘ, ʪʫʢ ʝ ʪʦʯʥʦʪʦ ʤʷʩʪʦ ʜʘ ʧʦʜʯʝʨʪʘʝʤ ʨʦʣʷʪʘ ʥʘ 

ʥʘʥʦʪʝʭʥʦʣʦʛʠʠʪʝ, ʢʘʪʦ ʝʜʠʥ ʦʙʝʱʘʚʘʱ ʧʦʜʭʦʜ ʚ ʙʦʨʙʘʪʘ ʩ ʚʠʨʫʩʥʠʪʝ ʟʘʙʦʣʷʚʘʥʠʷ.  

ʆʩʥʦʚʥʘʪʘ ʢʦʥʮʝʧʮʠʷ ʥʘ ʥʘʫʢʘʪʘ Ăʅʘʥʦʪʝʭʥʦʣʦʛʠʷñ ʝ ʜʘʜʝʥʘ ʦʪ ʥʦʙʝʣʦʚʠʷ ʣʘʫʨʝʘʪ ʟʘ 

ʬʠʟʠʢʘ ʈʠʯʘʨʜ ʇ. ʌʝʡʥʤʘʥ, ʚ ʥʝʛʦʚʘ ʣʝʢʮʠʷ ʥʘ ʪʝʤʘ ñʀʤʘ ʤʥʦʛʦ ʤʷʩʪʦ ʥʘ ʜʲʥʦʪʦñ, ʧʨʝʟ 1959, 

ʧʦ ʚʨʝʤʝ ʥʘ ʩʙʠʨʢʘ ʥʘ ʉʜʨʫʞʝʥʠʝʪʦ ʥʘ ʘʤʝʨʠʢʘʥʩʢʠʪʝ ʬʠʟʠʮʠ [16]. ʂʘʪʦ ʮʷʣʦ, 

ʥʘʥʦʪʝʭʥʦʣʦʛʠʷʪʘ ʤʦʞʝ ʜʘ ʩʝ ʜʝʬʠʥʠʨʘ ʢʘʪʦ  "ʜʠʟʘʡʥ ʠ ʧʨʠʣʦʞʝʥʠʝ ʥʘ ʥʷʢʦʣʢʦ ʤʘʪʝʨʠʘʣʠ 

ʠ ʫʩʪʨʦʡʩʪʚʘ, ʢʲʜʝʪʦ ʧʦʥʝ ʝʜʠʥ ʦʪ ʢʦʤʧʦʥʝʥʪʠʪʝ ʝ ʩ ʨʘʟʤʝʨ ʧʦ-ʤʘʣʲʢ ʦʪ 100 ʥʘʥʦʤʝʪʨʘ" [8]. 

ʉʯʠʪʘ ʩʝ, ʯʝ ʨʘʟʚʠʪʠʝʪʦ ʥʘ ʥʘʥʦʪʝʭʥʦʣʦʛʠʠʪʝ ʩʝ ʦʩʲʱʝʩʪʚʷʚʘ ʚ ʪʨʠ ʦʩʥʦʚʥʠ ʥʘʧʨʘʚʣʝʥʠʷ 

[46]: ʥʘʥʦʤʘʪʝʨʠʘʣʠ, ʥʘʥʦʫʩʪʨʦʡʩʪʚʘ ʠ ʥʘʥʦʩʠʩʪʝʤʠ. 

ʉʨʝʜ ʠʟʙʨʦʝʥʠʪʝ ʪʨʠ ʥʘʧʨʘʚʣʝʥʠʷ, ʥʘʥʦʤʘʪʝʨʠʘʣʠʪʝ ʩʝ ʩʯʠʪʘʪ ʟʘ ʥʘʡ-ʙʲʨʟʦ 

ʨʘʟʚʠʚʘʱʘʪʘ ʩʝ ʩʬʝʨʘ ʥʘ ʥʘʥʦʪʝʭʥʦʣʦʛʠʠʪʝ. ɿʘ ʜʘ ʤʦʞʝʤ ʦʙʘʯʝ ʥʘʧʲʣʥʦ ʜʘ ʨʘʟʙʝʨʝʤ 

ʢʦʥʮʝʧʮʠʷʪʘ ʥʘ ʥʘʥʦʪʝʭʥʦʣʦʛʠʷʪʘ ʠ ʥʘ ʥʘʥʦʯʘʩʪʠʮʠʪʝ ʚ ʯʘʩʪʥʦʩʪ, ʪʦ ʦʪ ʩʲʱʝʩʪʚʝʥʦ ʟʥʘʯʝʥʠʝ 

ʝ ʜʘ ʠʟʷʩʥʠʤ ʪʝʨʤʠʥʘ Ăʥʘʥʦñ. Ăʅʘʥʦñ ʝ ʝʜʥʘ ʤʠʣʠʘʨʜʥʘ ʯʘʩʪ ʦʪ ʝʜʠʥ ʤʝʪʲʨ (10-9) ʠʣʠ ʢʘʟʘʥʦ 

ʠʥʘʯʝ: ʝʜʠʥ ʤʝʪʲʨ ʩʲʜʲʨʞʘ 1 ʤʣʨʜ. ʥʘʥʦʤʝʪʨʘ. ʈʘʟʤʝʨʠʪʝ ʥʘ ʥʘʥʦʯʘʩʪʠʮʠʪʝ (NPs - 

NanoParticles) ʤʦʛʘʪ ʣʝʩʥʦ ʜʘ ʩʝ ʦʙʷʩʥʷʪ ʠ ʧʨʝʜʩʪʘʚʷʪ ʢʘʪʦ ʩʝ ʩʨʘʚʥʷʪ ʩ ʨʘʟʤʝʨʠʪʝ ʥʘ 

ʨʘʟʣʠʯʥʠ ʙʠʦʤʦʣʝʢʫʣʠ ʠʣʠ ʩ ʜʨʫʛʠ ʧʦ-ʛʦʣʝʤʠ ʥʝʱʘ, ʢʘʪʦ ʪʝʥʠʩ ʪʦʧʢʘ, ʥʘʧʨʠʤʝʨ (ʌʠʛʫʨʘ 3). 

ʆʪ ʬʠʛʫʨʘʪʘ ʷʩʥʦ ʩʝ ʚʠʞʜʘ, ʯʝ ʨʘʟʤʝʨʠʪʝ ʥʘ ʝʜʥʘ ʨʘʢʦʚʘ ʢʣʝʪʢʘ ʩʘ ʤʝʞʜʫ 100  ʠ 1000 ʧʲʪʠ 

ʧʦ-ʛʦʣʝʤʠ ʦʪ ʨʘʟʤʝʨʠʪʝ ʥʘ ʥʘʥʦʯʘʩʪʠʮʠʪʝ. ʈʘʟʤʝʨʲʪ ʥʘ ʚʠʨʫʩʥʠʪʝ ʯʘʩʪʠʮʠ (ʚʢʣʶʯʠʪʝʣʥʦ ʠ 

ʥʘ  SARS-CoV-2), ʦʙʘʯʝ, ʝ ʧʨʠʙʣʠʟʠʪʝʣʥʦ ʝʜʥʘʢʲʚ ʩ ʪʦʟʠ ʥʘ ʠʟʚʝʩʪʥʠʪʝ ʥʘʥʦʯʘʩʪʠʮʠ.  
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ʌʠʛʫʨʘ 3. ʅʘʥʦʯʘʩʪʠʮʠ ʠ ʪʝʭʥʠʪʝ ʨʘʟʤʝʨʠ. 

ʀʟʪʦʯʥʠʢ: https://introtonanotechnology.weebly.com/the-nanoscale.html  

 

ʀʤʘ ʥʷʢʦʣʢʦ ʧʨʠʯʠʥʠ ʟʘ ʠʥʪʝʥʟʠʚʥʦʪʦ ʠʟʫʯʘʚʘʥʝ ʥʘ ʥʘʥʦʯʘʩʪʠʮʠʪʝ. ɺ ʪʘʟʠ ʚʨʲʟʢʘ, 

ʥʷʢʦʠ ʦʪ ʥʘʡ-ʚʘʞʥʠʪʝ ʪʝʭʥʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʜʝʬʠʥʠʨʘʥʠ ʢʘʪʦ: [8]: 

 ʤʘʣʲʢ ʨʘʟʤʝʨ; 

 ʧʦʜʦʙʨʝʥʘ ʨʘʟʪʚʦʨʠʤʦʩʪ; 

 ʧʦʚʲʨʭʥʦʩʪʥʘ ʘʜʘʧʪʠʚʥʦʩʪ; 

 ʤʫʣʪʠʬʫʥʢʮʠʦʥʘʣʥʦʩʪ. 

ɺʩʠʯʢʠ ʛʦʨʝʩʧʦʤʝʥʘʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʥʘʥʦʯʘʩʪʠʮʠʪʝ ʛʠ ʧʨʘʚʷʪ ʧʦʜʭʦʜʷʱʠ ʟʘ 

ʧʨʠʣʦʞʝʥʠʝ ʚʲʨʭʫ ʪʲʢʘʥʠ ʧʦ ʚʨʝʤʝ ʥʘ ʣʝʯʝʥʠʝ, ʚ ʧʝʨʩʦʥʘʣʠʟʠʨʘʥʘʪʘ ʤʝʜʠʮʠʥʘ ʠ ʚ 

ʜʠʘʛʥʦʩʪʠʢʘʪʘ ʠ ʧʨʝʚʝʥʮʠʷʪʘ ʥʘ ʚʠʨʫʩʥʠ ʠ ʙʘʢʪʝʨʠʘʣʥʠ ʟʘʙʦʣʷʚʘʥʠʷ. [49]. ɺ ʦʙʦʙʱʝʥʠʝ 

ʤʦʞʝʤ ʜʘ ʩʧʦʤʝʥʝʤ, ʯʝ ʩʬʝʨʠʪʝ, ʚ ʢʦʠʪʦ ʥʘʥʦʪʝʭʥʦʣʦʛʠʠʪʝ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʧʦʣʝʟʥʠ ʩʘ ʪʚʲʨʜʝ 

ʨʘʟʥʦʦʙʨʘʟʥʠ: ʚ ʤʝʜʠʮʠʥʘʪʘ (ʚ ʨʘʟʨʘʙʦʪʚʘʥʝʪʦ ʥʘ ʣʝʢʘʨʩʪʚʘ ʠ ʚ ʪʷʭʥʦʪʦ ʧʨʠʣʦʞʝʥʠʝ), ʚ 

ʝʢʦʣʦʛʠʷʪʘ (ʚ ʪʨʝʪʠʨʘʥʝʪʦ ʥʘ ʟʘʤʲʨʩʝʥʠ ʚʦʜʠ), ʚ ʪʝʭʥʦʣʦʛʠʯʥʦ ʦʪʥʦʰʝʥʠʝ (ʚ ʠʟʦʙʨʝʪʷʚʘʥʝʪʦ 

ʥʘ ʪʝʭʥʦʣʦʛʠʠ ʟʘ ʠʥʬʦʨʤʘʮʠʷ ʠ ʢʦʤʫʥʠʢʘʮʠʷ) ʠ ʜʨʫʛʠ [4]. 

 

3.2. ʅʘʥʦʪʝʭʥʦʣʦʛʠʠʪʝ ʚ ʩʚʝʪʣʠʥʘʪʘ ʥʘ COVID-19 

ʉʧʦʨʝʜ Campus ʠ ʢʦʣʝʢʪʠʚ [8], ʥʘʡ-ʛʦʣʝʤʠʷʪ ʧʦʪʝʥʮʠʘʣ ʥʘ ʥʘʥʦʪʝʭʥʦʣʦʛʠʠʪʝ ʚ 

ʩʚʝʪʦʚʥʘʪʘ ʙʦʨʙʘ ʩʨʝʱʫ SARS-CoV-2 ʙʠ ʤʦʛʲʣ ʜʘ ʩʝ ʨʝʘʣʠʟʠʨʘ ʯʨʝʟ 5 ʦʩʥʦʚʥʠ ʧʦʜʭʦʜʘ 

(ʌʠʛʫʨʘ. 4): 

1. ʨʘʟʨʘʙʦʪʚʘʥʝ ʥʘ ʥʘʥʦ-ʘʢʪʠʚʠʨʘʥʠ (ʙʘʟʠʨʘʥʠ) ʃʇʉ; 

https://introtonanotechnology.weebly.com/the-nanoscale.html
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2. ʨʘʟʨʘʙʦʪʚʘʥʝ ʥʘ ʥʘʥʦ-ʙʘʟʠʨʘʥʠ ʘʥʪʠ-ʚʠʨʫʩʥʠ ʜʝʟʠʥʬʝʢʪʘʥʪʠ ʠ ʧʦʢʨʠʪʠʷ ʟʘ 

ʧʦʚʲʨʭʥʦʩʪʠ, ʩʧʦʩʦʙʥʠ ʜʘ ʫʣʘʚʷʪ ʠ ʜʘ ʫʥʠʱʦʞʘʚʘʪ ʚʠʨʫʩʘ ʠ ʧʦ ʪʦʟʠ ʥʘʯʠʥ ʜʘ 

ʚʲʟʧʨʝʧʷʪʩʪʚʘʪ ʥʝʛʦʚʦʪʦ ʨʘʟʧʨʦʩʪʨʘʥʝʥʠʝ;  

3. ʨʘʟʨʘʙʦʪʚʘʥʝ ʥʘ ʥʘʥʦ-ʩʝʥʟʦʨʠ ʩ ʚʠʩʦʢʘ ʩʧʝʮʠʬʠʯʥʦʩʪ, ʢʦʠʪʦ ʜʘ ʠʤʘʪ 

ʩʧʦʩʦʙʥʦʩʪ ʟʘ ʙʲʨʟʘ ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʥʘ ʚʠʨʫʩʥʠʷ ʘʛʝʥʪ ʠ ʟʘ ʨʘʟʧʦʟʥʘʚʘʥʝ ʥʘ 

ʠʤʫʥʦʣʦʛʠʯʥʠʷ ʦʪʛʦʚʦʨ ʚ ʯʦʚʝʰʢʦʪʦ ʪʷʣʦ;  

4. ʨʘʟʨʘʙʦʪʚʘʥʝ ʥʘ ʥʘʥʦ-ʙʘʟʠʨʘʥʠ ʣʝʢʘʨʩʪʚʘ ʟʘ ʮʝʣʝʚʘ ʪʝʨʘʧʠʷ, ʜʠʨʝʢʪʥʦ ʚ ʙʝʣʠʪʝ 

ʜʨʦʙʦʚʝ ʥʘ ʧʘʮʠʝʥʪʠʪʝ, ʥʘʧʨʠʤʝʨ. ʉʯʠʪʘ ʩʝ, ʯʝ ʪʦʟʠ ʪʠʧ ʣʝʢʘʨʩʪʚʘ ʠʤʘʪ 

ʧʦʚʠʰʝʥʘ ʝʬʝʢʪʠʚʥʦʩʪ, ʥʘʤʘʣʝʥʘ ʪʦʢʩʠʯʥʦʩʪ ʠ ʟʘʙʘʚʝʥʦ ʦʩʚʦʙʦʞʜʘʚʘʥʝ;   

5. ʨʘʟʨʘʙʦʪʚʘʥʝ ʥʘ ʥʘʥʦ-ʙʘʟʠʨʘʥʠ ʚʘʢʩʠʥʠ. 

 

ʌʠʛʫʨʘ 4. ʉʬʝʨʠ ʥʘ ʧʨʠʣʦʞʝʥʠʝ ʥʘ ʥʘʥʦʪʝʭʥʦʣʦʛʠʠʪʝ.  

 

ʈʝʪʨʦʩʧʝʢʪʠʚʥʦ, ʩʧʝʰʥʘʪʘ ʥʫʞʜʘ ʦʪ ʥʘʜʝʞʜʥʠ ʠ ʝʬʝʢʪʠʚʥʠ ʤʝʪʦʜʠ ʟʘ ʣʝʯʝʥʠʝ ʥʘ 

ʚʠʨʫʩʥʠʪʝ ʠʥʬʝʢʮʠʠ ʝ ʧʦʜʪʠʢʚʘʣʦ ʫʯʝʥʠʪʝ ʧʨʝʟ ʛʦʜʠʥʠʪʝ ʜʘ ʧʨʦʫʯʚʘʪ ʨʘʟʣʠʯʥʠ ʝʩʪʝʩʪʚʝʥʠ 

ʠʟʪʦʯʥʠʮʠ ʥʘ ʘʢʪʠʚʥʠ ʩʲʩʪʘʚʢʠ, ʢʘʪʦ ʨʘʩʪʠʪʝʣʥʠ ʝʢʩʪʨʘʢʪʠ, ʥʘʧʨʠʤʝʨ [5]. ɿʘ ʩʲʞʘʣʝʥʠʝ, ʟʘ 

ʤʥʦʛʦ ʦʪ ʪʝʟʠ ʧʨʠʨʦʜʥʠ ʘʢʪʠʚʥʠ ʩʲʩʪʘʚʢʠ ʝ ʦʪʯʠʪʘʥʘ ʩʣʘʙʘ ʝʬʝʢʪʠʚʥʦʩʪ ʧʦʨʘʜʠ ʣʦʰʘʪʘ ʠʤ 

ʨʘʟʪʚʦʨʠʤʦʩʪ ʚʲʚ ʚʦʜʘ, ʥʠʩʢʠʷʪ ʜʦʙʠʚ, ʪʨʫʜʥʦʪʦ ʢʫʣʪʠʚʠʨʘʥʝ ʥʘ ʨʘʩʪʝʥʠʷʪʘ ʠ ʜʨʫʛʠ. ʉʯʠʪʘ 

ʩʝ, ʯʝ ʟʘ ʜʘ ʩʝ ʫʚʝʣʠʯʠ ʪʝʨʘʧʝʚʪʠʯʥʠʷ ʝʬʝʢʪ ʥʘ ʨʘʩʪʠʪʝʣʥʠʪʝ ʘʢʪʠʚʥʠ ʩʲʩʪʘʚʢʠ ʪʝ ʤʦʛʘʪ ʜʘ 

ʩʝ ʢʦʤʙʠʥʠʨʘʪ ʩ ʥʘʥʦ-ʙʘʟʠʨʘʥʠ ʤʘʪʝʨʠʘʣʠ [41]. 
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ʈʘʟʨʘʙʦʪʚʘʥʝʪʦ ʥʘ ʚʘʢʩʠʥʠ ʦʪ ʥʦʚʦ ʧʦʢʦʣʝʥʠʝ, ʙʘʟʠʨʘʥʠ ʥʘ ʥʘʥʦʯʘʩʪʠʮʠ, ʝ ʩʨʝʜ 

ʦʙʝʱʘʚʘʱʠʪʝ ʧʦʜʭʦʜʠ ʚ ʙʦʨʙʘʪʘ ʩ ʚʠʨʫʩʥʠʪʝ ʠʥʬʝʢʮʠʠ. ʉʯʠʪʘ ʩʝ, ʯʝ ʪʝʟʠ ʠʥʦʚʘʪʠʚʥʠ 

ʚʘʢʩʠʥʠ ʠʤʘʪ ʥʷʢʦʠ ʧʨʝʜʠʤʩʪʚʘ ʧʨʝʜ ʧʦʟʥʘʪʠʪʝ ʜʦ ʤʦʤʝʥʪʘ, ʢʘʪʦ ʧʦʚʠʰʝʥʘ ʜʦʩʪʘʚʢʘ ʥʘ 

ʘʥʪʠʛʝʥʠ ʠ ʧʦʚʠʰʝʥ ʠʤʫʥʝʥ ʦʪʛʦʚʦʨ [2]. 

ʅʷʢʦʣʢʦ ʧʨʦʫʯʚʘʥʠʷ ʜʦʢʣʘʜʚʘʪ ʧʨʠʣʦʞʝʥʠʝʪʦ ʥʘ ʥʘʥʦʯʘʩʪʠʮʠʪʝ ʚ ʨʘʟʨʘʙʦʪʚʘʥʝʪʦ ʥʘ 

ʧʦʢʨʠʪʠʷ ʟʘ ʧʦʚʲʨʭʥʦʩʪʠ. ʇʨʝʜʧʦʣʘʛʘ ʩʝ, ʯʝ ʪʝʟʠ ʧʦʢʨʠʪʠʷ ʠʤʘʪ ʘʥʪʠʚʠʨʫʩʥʦ ʠ 

ʘʥʪʠʙʘʢʪʝʨʠʘʣʥʦ ʜʝʡʩʪʚʠʝ ʠ ʧʦ ʪʦʟʠ ʥʘʯʠʥ ʧʨʝʜʦʪʚʨʘʪʷʚʘʪ ʟʘʨʘʟʷʚʘʥʝʪʦ ʧʦ ʪ.ʥʘʨ. ʧʲʪ ʥʘ 

ʩʘʤʦʟʘʨʘʟʷʚʘʥʝ ʦʪ ʢʦʥʪʘʤʠʥʠʨʘʥʠ ʧʦʚʲʨʭʥʦʩʪʠ [26, 36]. ʊʘʢʲʚ ʠʥʦʚʘʪʠʚʝʥ ʧʨʦʜʫʢʪ ʝ ʙʠʣ 

ʧʨʦʠʟʚʝʜʝʥ ʦʪ Sisson and Hackemeyer. ʀʟʦʙʨʝʪʘʪʝʣʠʪʝ ʧʨʝʜʣʘʛʘʪ ʪʦʟʠ ʧʨʦʜʫʢʪ ʢʘʪʦ 

ʧʦʜʭʦʜʷʱ ʟʘ ʧʨʠʣʦʞʝʥʠʝ ʥʘ ʧʫʙʣʠʯʥʠ ʤʝʩʪʘ ʩ ʚʠʩʦʢ ʨʠʩʢ ʦʪ ʚʠʨʫʩʥʘ ʢʦʥʪʘʤʠʥʘʮʠʷ, ʢʘʪʦ 

ʙʫʪʦʥʠ ʥʘ ʘʩʘʥʩʴʦʨʠ, ʜʨʲʞʢʠ ʥʘ ʚʨʘʪʠ ʠ ʜʨʫʛʠ. ʇʨʦʜʫʢʪʲʪ ʙʠʣ ʥʘʨʝʯʝʥ NanoTouch ʠ 

ʧʨʝʜʩʪʘʚʣʷʚʘʣ ʥʘʥʦʢʨʠʩʪʘʣʥʦ-ʙʘʟʠʨʘʥʦ ʧʦʢʨʠʪʠʝ, ʢʦʝʪʦ ʩʝ ʘʢʪʠʚʠʨʘ ʦʪ ʩʚʝʪʣʠʥʘʪʘ (ʌʠʛʫʨʘ. 

5). ɽʬʝʢʪʠʚʥʦʩʪʪʘ ʥʘ ʪʦʚʘ ʧʦʢʨʠʪʠʝ ʩʨʝʱʫ ʨʘʟʣʠʯʥʠ ʚʠʨʫʩʥʠ ʘʛʝʥʪʠ, ʚʢʣʶʯʠʪʝʣʥʦ ʠ SARS-

CoV-2 ʙʠʣʘ ʜʠʢʘʟʘʥʘ [51].  

 

ʌʠʛʫʨʘ 5. ʉʘʤʦʧʦʯʠʩʪʚʘʱʦ ʩʝ ʥʘʥʦ-ʙʘʟʠʨʘʥʦ ʧʦʢʨʠʪʠʝ, ʠʟʦʙʨʝʪʝʥʦ ʦʪ  

NanoTouch/nanoSeptic. 

ʀʟʪʦʯʥʠʢ: https://nanotouch.com/   

ʊʘʢʘ ʠʣʠ ʠʥʘʯʝ, ʩʪʨʘʪʝʛʠʷʪʘ ʟʘ ʧʨʠʣʘʛʘʥʝ ʥʘ ʥʘʥʦ-ʙʘʟʠʨʘʥʠʪʝ ʧʦʢʨʠʪʠʷ ʩ ʘʥʪʠʚʠʨʫʩʥʦ 

ʠ ʘʥʪʠʙʘʢʪʝʨʠʘʣʥʦ ʜʝʡʩʪʚʠʝ ʝ ʪʷʩʥʦ ʩʚʲʨʟʘʥʘ ʩʲʩ ʩʪʨʘʪʝʛʠʷʪʘ ʟʘ ʨʘʟʨʘʙʦʪʚʘʥʝ ʥʘ ʥʘʥʦ-

ʙʘʟʠʨʘʥʠ ʪʝʭʥʦʣʦʛʠʠ ʟʘ ʜʝʟʠʥʬʝʢʮʠʷ ʠ ʩʘʥʠʪʠʟʘʮʠʷ. ʊʘʢʘ ʥʘʧʨʠʤʝʨ, ʠʤʘ ʜʘʥʥʠ ʟʘ ʪʘʢʲʚ 

ʥʘʥʦ-ʙʘʟʠʨʘʥ ʜʝʟʠʥʬʝʢʪʘʥʪ, ʩʲʜʲʨʞʘʱ ʠʥʞʝʥʝʨʥʦ ʧʨʦʝʢʪʠʨʘʥʠ ʚʦʜʥʠ ʥʘʥʦʩʪʨʫʢʪʫʨʠ [56]. 

ʅʝʛʦʚʦʪʦ ʦʩʥʦʚʥʦ ʧʨʝʜʠʤʩʪʚʦ ʝ, ʯʝ ʩʣʝʜ ʧʨʠʣʦʞʝʥʠʝ, ʪʦʟʠ ʜʝʟʠʥʬʝʢʪʘʥʪ ʟʥʘʯʠʪʝʣʥʦ 

ʥʘʤʘʣʷʚʘ ʢʦʣʠʯʝʩʪʚʦʪʦ ʥʘ ʧʘʪʦʛʝʥʥʠʪʝ ʤʠʢʨʦʦʨʛʘʥʠʟʤʠ.  ɼʨʫʛʦ ʦʩʥʦʚʥʦ ʧʨʝʜʠʤʩʪʚʦ ʥʘ ʪʦʟʠ 

https://nanotouch.com/
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ʜʝʟʠʥʬʝʢʪʘʥʪ ʝ, ʯʝ ʟʘ ʝʬʝʢʪʠʚʥʘ ʜʝʟʠʥʬʝʢʮʠʷ ʝ ʥʝʦʙʭʦʜʠʤʦ ʩʨʘʚʥʠʪʝʣʥʦ ʤʘʣʢʦ ʢʦʣʠʯʝʩʪʚʦ 

ʦʪ ʘʢʪʠʚʥʘʪʘ ʩʲʩʪʘʚʢʘ.  

ʇʦʜʦʙʝʥ ʢʦʤʝʨʩʠʘʣʝʥ ʥʘʥʦ-ʙʘʟʠʨʘʥ ʜʝʟʠʥʬʝʢʪʘʥʪ ʝ ʙʠʣ ʠʟʧʦʣʟʚʘʥ ʟʘ ʜʝʟʠʥʬʝʢʮʠʷ ʥʘ 

ʩʛʨʘʜʠ ʚ ʄʠʣʘʥʦ, ʀʪʘʣʠʷ, ʧʦ ʚʨʝʤʝ ʥʘ ʧʘʥʜʝʤʠʷʪʘ ʦʪ COVID-19. ʉʲʩʪʘʚʲʪ ʥʘ ʧʨʦʜʫʢʪʘ ʝ ʥʘ 

ʦʩʥʦʚʘʪʘ ʥʘ Ag ʠ TiO2 ʥʘʥʦʯʘʩʪʠʮʠ ʠ ʩʝ ʧʨʦʠʟʚʝʞʜʘ ʦʪ ʠʪʘʣʠʘʥʩʢʘʪʘ ʥʘʥʦʪʝʭʥʦʣʦʛʠʯʥʘ 

ʢʦʤʧʘʥʠʷ Nanotech Surface. ʄʝʥʠʜʞʲʨʲʪ ʥʘ ʢʦʤʧʘʥʠʷʪʘ ʪʦʛʘʚʘ ʪʚʲʨʜʷʣ, ʯʝ ʠʥʦʚʘʪʠʚʥʘʪʘ 

ʬʦʨʤʫʣʘ ʥʘ ʧʨʝʧʘʨʘʪʘ ʦʩʠʛʫʨʷʚʘ ʩʘʤʦʧʦʯʠʩʪʚʘʱʘ ʩʧʦʩʦʙʥʦʩʪ ʥʘ ʦʙʨʘʙʦʪʝʥʠʪʝ ʧʦʚʲʨʭʥʦʩʪʠ 

ʟʘ ʜʦ 2 ʛʦʜʠʥʠ [52]. 

ɺʲʧʨʝʢʠ ʚʩʠʯʢʦ ʢʘʟʘʥʦ ʜʦ ʪʫʢ ʪʨʷʙʚʘ ʜʘ ʦʪʙʝʣʝʞʠʤ, ʯʝ ʢʘʢʪʦ ʚʩʠʯʢʠ ʠʥʦʚʘʮʠʠ ʚ 

ʟʜʨʘʚʝʦʧʘʟʚʘʥʝʪʦ, ʣʝʯʝʥʠʝʪʦ ʠ ʧʨʝʚʝʥʮʠʷʪʘ, ʪʘʢʘ ʠ ʥʘʥʦ-ʙʘʟʠʨʘʥʠʪʝ ʧʨʦʜʫʢʪʠ ʪʨʷʙʚʘ ʜʘ 

ʙʲʜʘʪ ʦʮʝʥʝʥʠ ʢʘʪʦ ʙʝʟʦʧʘʩʥʠ ʠ ʝʬʝʢʪʠʚʥʠ ʧʨʝʜʠ ʜʘ ʙʲʜʘʪ ʚʥʝʜʨʝʥʠ ʚ ʤʘʩʦʚʦʪʦ 

ʧʨʦʠʟʚʦʜʩʪʚʦ. ɺ ʪʘʟʠ ʚʨʲʟʢʘ, ʠʥʜʫʩʪʨʠʘʣʥʠʪʝ ʥʘʥʦʙʠʦʪʝʭʥʦʣʦʛʠʯʥʠ ʢʦʤʧʘʥʠʠ ʪʨʷʙʚʘ ʜʘ 

ʧʨʝʜʦʩʪʘʚʷʪ ʩʦʣʠʜʥʠ ʦʪʛʦʚʦʨʠ ʧʦ ʥʷʢʦʠ ʤʥʦʛʦ ʚʘʞʥʠ ʚʲʧʨʦʩʠ, ʢʘʪʦ ʙʝʟʦʧʘʩʥʦʩʪ ʠ 

ʥʘʜʝʞʜʥʦʩʪ ʥʘ ʧʨʦʜʫʢʪʠʪʝ, ʮʝʥʘ, ʟʘʢʦʥʦʚʘ ʨʝʛʫʣʘʮʠʷ ʠ ʜʨʫʛʠ [8]. 

 

4. ʅʘʥʦʪʝʭʥʦʣʦʛʠʯʥʦ ï ʘʢʪʠʚʠʨʘʥʠ (ʙʘʟʠʨʘʥʠ) ʃʇʉ 

ʃʝʩʥʦʪʦ, ʙʲʨʟʦ ʠ ʛʣʦʙʘʣʥʦ ʨʘʟʧʨʦʩʪʨʘʥʝʥʠʝ ʥʘ ʧʘʪʦʛʝʥʥʠʷ ʢʦʨʦʥʘʚʠʨʫʩ SARS-CoV-

2 ʠʟʧʨʘʚʷ ʚʩʝʢʠ ʦʪʜʝʣʝʥ ʯʦʚʝʢ ʧʨʝʜ ʠʥʜʠʚʠʜʫʘʣʥʘ ʙʦʨʙʘ ʩ ʥʝʛʦ. ɺ ʩʠʪʫʘʮʠʷ ʥʘ ʩʚʝʪʦʚʥʘ 

ʧʘʥʜʝʤʠʷ ʩʝ ʥʘʣʘʛʘʪ ʜʚʝ ʦʩʥʦʚʥʠ ʧʨʝʜʠʟʚʠʢʘʪʝʣʩʪʚʘ: ʢʘʢ ʤʦʞʝ ʜʘ ʩʝ ʩʧʨʝ ʨʘʟʧʨʦʩʪʨʘʥʝʥʠʝʪʦ 

ʥʘ ʠʥʬʝʢʮʠʦʟʥʠʷ ʘʛʝʥʪ ʠʣʠ ʧʦʥʝ ʜʘ ʩʝ ʦʛʨʘʥʠʯʠ ʠ ʢʘʢ ʭʦʨʘʪʘ ʜʘ ʩʝ ʧʘʟʷʪ ʦʪ ʟʘʨʘʟʷʚʘʥʝ? 

ɽʞʝʜʥʝʚʥʦʪʦ ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʤʘʩʢʠ ʟʘ ʣʠʮʝ ʠ ʨʲʢʘʚʠʮʠ ʧʦ ʮʝʣʠʷ ʩʚʷʪ ʩʪʘʥʘ ʥʦʨʤʘʣʥʦ ʷʚʣʝʥʠʝ 

ʜʦʨʠ ʧʨʠ ʧʨʝʙʠʚʘʚʘʥʝ ʥʘ ʦʪʚʦʨʝʥʠ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʢʲʜʝʪʦ ʨʠʩʢʲʪ ʦʪ ʟʘʨʘʟʘ ʝ ʚʩʝ ʧʘʢ ʚʠʩʦʢ. 

ʂʘʢʪʦ, ʦʙʘʯʝ, ʝ ʩʧʦʤʝʥʘʪʦ ʠ ʧʦ-ʛʦʨʝ (ʊʘʙʣʠʮʘ 1), ʪʠʧʲʪ ʥʘ ʃʇʉ, ʧʨʝʧʦʨʲʯʚʘʥʠ ʦʪ ʉɿʆ, ʤʦʞʝ 

ʜʘ ʙʲʜʝ ʨʘʟʣʠʯʝʥ ʚ ʟʘʚʠʩʠʤʦʩʪ ʦʪ ʢʦʥʢʨʝʪʥʘʪʘ ʩʠʪʫʘʮʠʷ ʠ ʩʪʝʧʝʥʪʘ ʥʘ ʨʠʩʢ.  

ɺ ʪʘʟʠ ʚʨʲʟʢʘ, ʢʘʯʝʩʪʚʦʪʦ ʠ ʝʬʝʢʪʠʚʥʦʩʪʪʘ ʥʘ ʢʦʥʚʝʥʮʠʦʥʘʣʥʠʪʝ ʃʇʉ ʩʪʘʚʘ ʢʣʶʯʦʚ 

ʚʲʧʨʦʩ. ʊʘʢʘ ʥʘʧʨʠʤʝʨ, ʠʤʘ ʜʦʩʪʘʪʲʯʥʦ ʧʫʙʣʠʢʫʚʘʥʠ ʜʘʥʥʠ ʟʘ ʚʨʝʜʥʠʷ ʝʬʝʢʪ ʦʪ ʜʲʣʛʦʪʦ 

ʥʦʩʝʥʝ ʥʘ ʤʘʩʢʠ ʟʘ ʣʠʮʝ. ʉʨʝʜ ʥʷʢʦʠ ʦʪ ʥʘʡ-ʦʧʠʩʚʘʥʠʪʝ ʦʧʣʘʢʚʘʥʠʷ ʥʘ ʭʦʨʘʪʘ ʩʘ ʩʚʲʨʟʘʥʠ ʩ 

ʨʘʟʣʠʯʥʠ ʚʠʜʦʚʝ ʫʚʨʝʞʜʘʥʝ ʥʘ ʢʦʞʘʪʘ ʥʘ ʣʠʮʝʪʦ ʚ ʟʦʥʘʪʘ ʥʘ ʥʦʩʝʥʝ ʥʘ ʤʘʩʢʘʪʘ [14]. 

ɼʦʧʲʣʥʠʪʝʣʥʠ ʦʛʨʘʥʠʯʝʥʠʷ, ʢʦʠʪʦ ʦʛʨʘʥʠʯʘʚʘʪ ʧʨʦʜʲʣʞʠʪʝʣʥʦʪʦ ʥʦʩʝʥʝ ʥʘ ʤʘʩʢʘ ʟʘ ʣʠʮʝ 

ʩʘ ʥʝʥʘʜʝʞʜʥʘʪʘ ʟʘʱʠʪʘ ʠ ʜʠʩʢʦʤʬʦʨʪʘ [43]. ʉʧʦʨʝʜ ʧʫʙʣʠʢʫʚʘʥʠʪʝ ʜʘʥʥʠ ʟʘ ʝʬʝʢʪʠʚʥʦʩʪʪʘ 

ʥʘ ʢʦʥʚʝʥʮʠʦʥʘʣʥʠʪʝ ʤʘʩʢʠ ʩʪʘʚʘ ʷʩʥʦ, ʯʝ ʪʝ ʩʘ ʠʟʨʘʙʦʪʝʥʠ ʦʪ ʤʘʪʝʨʠʘʣ, ʢʦʡʪʦ ʥʝ 

ʚʲʟʧʨʝʧʷʪʩʪʚʘ ʥʘʚʣʠʟʘʥʝʪʦ ʥʘ ʚʠʨʫʩʥʠʪʝ ʯʘʩʪʠʮʠ ʢʲʤ ʫʩʪʘʪa ʠ ʥʦʩʘ. ʇʨʠʯʠʥʠʪʝ ʟʘ ʪʦʚʘ ʩʘ 
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ʜʚʝ: ʦʪ ʝʜʥʘ ʩʪʨʘʥʘ ʝ ʨʘʟʤʝʨʲʪ ʥʘ ʧʦʨʠʪʝ ʥʘ ʤʘʩʢʠʪʝ, ʢʦʡʪʦ ʝ ʪʚʲʨʜʝ ʛʦʣʷʤ (10-30 µm), ʘ ʦʪ 

ʜʨʫʛʘ - ʨʘʟʩʪʦʷʥʠʝʪʦ ʤʝʞʜʫ ʪʝʢʩʪʠʣʥʠʪʝ ʚʣʘʢʥʘ, ʢʦʝʪʦ ʩʲʱʦ e ʪʚʲʨʜʝ ʛʦʣʷʤʦ ʠ ʧʦ ʥʠʢʘʢʲʚ 

ʥʘʯʠʥ ʥʝ ʚʲʟʧʨʝʧʷʪʩʪʚʘ ʥʘʚʣʠʟʘʥʝʪʦ ʥʘ 100 nm ʚʠʨʫʩʥʘ ʯʘʩʪʠʮʘ. ʊʘʢʘ ʥʘʧʨʠʤʝʨ, 

ʢʦʥʚʝʥʮʠʦʥʘʣʥʠʪʝ ʤʘʩʢʠ, ʢʦʠʪʦ ʩʝ ʠʟʧʦʣʟʚʘʪ ʦʪ ʤʝʜʠʮʠʥʩʢʠʷ ʧʝʨʩʦʥʘʣ (ʭʠʨʫʨʟʠ, 

ʤʝʜʠʮʠʥʩʢʠ ʩʝʩʪʨʠ, ʟʜʨʘʚʥʠ ʨʘʙʦʪʥʠʮʠ ʠ ʜʨ.) ʥʝ ʦʩʠʛʫʨʷʚʘʪ ʥʘʜʝʞʜʥʘ ʟʘʱʠʪʘ ʪʲʡ ʢʘʪʦ 

ʚʠʨʫʩʥʠ ʯʘʩʪʠʮʠ ʩ ʨʘʟʤʝʨʠ 80 nm ʤʦʛʘʪ ʩʧʦʢʦʡʥʦ ʜʘ ʧʨʝʤʠʥʘʪ ʧʨʝʟ ʪʷʭ. ʅʘʡ-

ʨʘʟʧʨʦʩʪʨʘʥʝʥʠʪʝ ʤʘʩʢʠ ʟʘ ʣʠʮʝ, N95 ʠ FFP2, ʟʘʱʠʪʘʚʘʪ ʦʪ ʚʠʨʫʩʠ ʩ ʨʘʟʤʝʨʠ ʧʦ-ʛʦʣʝʤʠ ʦʪ 

100 nm [21]. ɺʲʧʨʝʢʠ ʪʦʚʘ, ʥʷʢʦʠ ʘʚʪʦʨʠ ʩʯʠʪʘʪ, ʯʝ ʘʢʦ ʨʘʟʤʝʨʲʪ ʥʘ ʧʦʨʠʪʝ ʠ ʨʘʟʩʪʦʷʥʠʝʪʦ 

ʤʝʞʜʫ ʪʝʢʩʪʠʣʥʠʪʝ ʚʣʘʢʥʘ ʩʝ ʥʘʤʘʣʷʪ, ʪʦ ʪʦʚʘ ʙʠ ʜʦʚʝʣʦ ʜʦ ʥʘʨʫʰʘʚʘʥʝ ʥʘ ʜʠʰʘʥʝʪʦ ʧʦ 

ʚʨʝʤʝ ʥʘ ʥʦʩʝʥʝʪʦ ʥʘ ʤʘʩʢʘʪʘ.  ʊʦʚʘ ʦʪ ʩʚʦʷ ʩʪʨʘʥʘ ʙʠ ʠʤʘʣʦ ʠʟʢʣʶʯʠʪʝʣʥʦ ʩʝʨʠʦʟʥʠ 

ʧʦʩʣʝʜʩʪʚʠʷ ʟʘ ʦʨʛʘʥʠʟʤʘ ʥʘ ʯʦʚʝʢʘ, ʢʘʪʦ ʧʦʚʠʰʝʥʠʝ ʥʘ ʪʝʣʝʩʥʘʪʘ ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʢʨʲʚʥʦʪʦ 

ʥʘʣʷʛʘʥʝ [43]. 

ʈʘʟʨʘʙʦʪʚʘʥʝʪʦ ʠ ʢʦʥʩʪʨʫʠʨʘʥʝʪʦ ʥʘ ʠʥʦʚʘʪʠʚʥʠ ʥʘʥʦ-ʙʘʟʠʨʘʥʠ ʤʘʪʝʨʠʘʣʠ ʤʦʞʝ ʜʘ 

ʩʝ ʦʢʘʞʝ ʢʣʶʯʲʪ ʢʲʤ ʧʨʝʦʜʦʣʷʚʘʥʝ ʥʘ ʚʩʠʯʢʠ ʛʦʨʝʩʧʦʤʝʥʘʪʠ ʦʛʨʘʥʠʯʝʥʠʷ ʧʦ ʦʪʥʦʰʝʥʠʝ ʥʘ 

ʝʬʝʢʪʠʚʥʦʩʪʪʘ ʠ ʙʝʟʦʧʘʩʥʦʩʪʪʘ ʥʘ ʃʇʉ. ʉʧʦʨʝʜ ʥʷʢʦʣʢʦ ʧʨʦʫʯʚʘʥʠʷ, ʃʇʉ (ʤʘʩʢʠ ʟʘ ʣʠʮʝ, 

ʧʨʝʩʪʠʣʢʠ ʠ ʜʨ.), ʢʦʠʪʦ ʩʲʜʲʨʞʘʪ ʥʘʥʦʤʘʪʝʨʠʘʣʠ ʚ ʩʲʩʪʘʚʘ ʩʠ, ʦʩʠʛʫʨʷʚʘʪ: [50, 63]: 

V ʧʦ-ʜʦʙʲʨ ʢʦʤʬʦʨʪ; 

V ʨʝʟʠʩʪʝʥʪʥʦʩʪ ʢʲʤ ʤʠʢʨʦʦʨʛʘʥʠʟʤʠ (ʦʩʠʛʫʨʷʚʘʪ ʟʘʱʠʪʘ ʦʪ ʯʘʩʪʠʮʠ ʩ ʨʘʟʤʝʨʠ ʧʦʜ 

50 nm) [11];  

V ʧʦʚʠʰʝʥʘ ʙʝʟʦʧʘʩʥʦʩʪ ʧʨʠ ʨʘʙʦʪʘ ʩ ʨʘʟʣʠʯʥʠ ʭʠʤʠʯʥʠ ʚʝʱʝʩʪʚʘ; 

V ʭʠʜʨʦʬʦʙʥʦʩʪ; 

V ʣʠʧʩʘʪʘ ʥʘ ʦʪʨʠʮʘʪʝʣʝʥ ʝʬʝʢʪ ʚʲʨʭʫ ʜʨʫʛʠʪʝ ʤʘʪʝʨʠʘʣʠ; 

V ʧʦʜʦʙʨʝʥʦ ʜʠʰʘʥʝ (ʣʠʧʩʘ ʥʘ ʦʪʨʠʮʘʪʝʣʝʥ ʝʬʝʢʪ ʚʲʨʭʫ ʜʠʰʘʥʝʪʦ). 

ʉʧʦʨʝʜ Campos ʠ ʢʦʣʝʢʪʠʚ, ʧʨʠʣʘʛʘʥʝʪʦ ʥʘ ʥʘʥʦʤʘʪʝʨʠʘʣʠ ʚ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʥʘ ʤʘʩʢʠ 

ʟʘ ʣʠʮʝ  ʠʤʘ ʜʚʝ ʦʩʥʦʚʥʠ ʧʨʝʜʠʤʩʪʚʘ: i) ʤʘʩʢʘʪʘ ʠʛʨʘʝ ʨʦʣʷʪʘ ʝʜʥʦʚʨʝʤʝʥʥʦ ʥʘ ʙʘʨʠʝʨʘ ʠ ʥʘ 

ʘʥʪʠʤʠʢʨʦʙʝʥ ʘʛʝʥʪ, ʢʘʪʦ ʨʝʟʫʣʪʘʪʲʪ ʝ ʙʣʦʢʠʨʘʥʝ ʠ ʫʥʠʱʦʞʘʚʘʥʝ ʥʘ ʚʠʨʫʩʥʠʪʝ ʠ 

ʙʘʢʪʝʨʠʘʣʥʠ ʧʘʪʦʛʝʥʠ; ii) ʥʘʤʘʣʷʚʘ ʨʠʩʢʘ ʦʪ ʩʘʤʦʟʘʨʘʟʷʚʘʥʝ ʥʘ ʯʦʚʝʢ ʧʦ ʚʨʝʤʝ ʥʘ ʩʚʘʣʷʥʝʪʦ 

ʥʘ ʤʘʩʢʘʪʘ [8]. ʆʱʝ ʧʦʚʝʯʝ, ʚʠʨʫʩʥʠʪʝ ʯʘʩʪʠʮʠ ʩʝ ʜʝʟʘʢʪʠʚʠʨʘʪ ʩʣʝʜ ʢʦʥʪʘʢʪ ʩ ʥʘʥʦ-

ʧʦʚʲʨʭʥʦʩʪʪʘ ʥʘ ʤʘʩʢʘʪʘ, ʢʘʪʦ ʧʦ ʪʦʟʠ ʥʘʯʠʥ ʤʘʩʢʠʪʝ ʩʪʘʚʘʪ ʝʢʦʣʦʛʦʩʲʦʙʨʘʟʥʠ, ʟʘʱʦʪʦ 

ʠʟʭʚʲʨʣʷʥʝʪʦ ʠʤ ʚ ʦʢʦʣʥʘʪʘ ʩʨʝʜʘ ʥʝ ʚʦʜʠ ʜʦ ʧʦʚʠʰʘʚʘʥʝ ʥʘ ʚʠʨʫʩʥʠʷ ʪʠʪʲʨ.   
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ʅʘ ʊʘʙʣʠʮʘ 2 ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ ʥʷʢʦʠ ʧʘʪʝʥʪʠ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʥʘ ʃʇʉ, ʩʲʜʲʨʞʘʱʠ 

ʥʘʥʦʤʘʪʝʨʠʘʣʠ ʚ ʩʲʩʪʘʚʘ ʩʠ.  

ʊʘʙʣʠʮʘ 2. ʇʘʪʝʥʪʠ ʚ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʥʘ ʥʘʥʦ-ʙʘʟʠʨʘʥʠ ʃʇʉ. 

ʃʇʉ ʀʤʝ ʥʘ ʧʨʦʜʫʢʪʘ ʇʨʠʣʦʞʝʥʠʝ ʥʘ ʥʘʥʦʤʘʪʝʨʠʘʣʘ  
ʂʦʤʧʘʥʠʷ 

ʧʨʦʠʟʚʦʜʠʪʝʣ 

ʄʘʩʢʠ ʟʘ ʣʠʮʝ 

1. 

Surgical Masks-

ESpin 

Technologies 

ʇʨʠʣʦʞʝʥʠʝ ʥʘ ʥʘʥʦʬʠʙʨʠ ʟʘ ʫʣʘʚʷʥʝ 

ʥʘ ʯʘʩʪʠʮʠ. 

ESpin Technologies, 

Inc.-USA 

2. 
Defenser Series-

Respirator masks 

ʇʨʠʣʦʞʝʥʠʝ ʥʘ Ag ʠ Cu ʥʘʥʦʯʘʩʪʠʮʠ 

ʢʘʪʦ ʧʦʢʨʠʪʠʝ ʩ ʘʥʪʠʤʠʢʨʦʙʥʦ ʜʝʡʩʪʚʠʝ 

ʚʲʨʭʫ  ʤʘʩʢʠʪʝ . 

Nexera Medical-

Canada 

3. 
The Guardian 

(valve)- reusable 

ʄʘʩʢʠʪʝ ʩʘ ʩ ʢʣʘʧʘʥ ʠ ʩʘ ʧʦʢʨʠʪʠ ʩʲʩ Ag 

ʠ Cu ʥʘʥʦʯʘʩʪʠʮʠ ʩ ʘʥʪʠʤʠʢʨʦʙʥʦ 

ʜʝʡʩʪʚʠʝ. 

Nexera Medical-

Canada 

4. 
The Guardian 

masks- reusable 

ʄʘʩʢʠʪʝ ʩʘ ʩ ʢʣʘʧʘʥ ʠ ʩʘ ʧʦʢʨʠʪʠ ʩʲʩ Ag 

ʠ Cu ʥʘʥʦʯʘʩʪʠʮʠ ʩ ʘʥʪʠʤʠʢʨʦʙʥʦ 

ʜʝʡʩʪʚʠʝ. 

Nexera Medical-

Canada 

5.  MVX Nano Mask 
ʉʘʤʦʧʦʯʠʩʪʚʘʱʠ ʩʝ ʤʘʩʢʠ, ʩʲʜʲʨʞʘʱʠ 

ʥʘʥʦʯʘʩʪʠʮʠ ʦʪ ʪʠʪʘʥ, ʩʨʝʙʨʦ ʠ ʟʝʦʣʠʪ. 
MVX Prime Ltd. 

ʈʲʢʘʚʠʮʠ 

1. 
Everyday Protect 

Gloves L 

ʇʨʦʜʫʢʪʲʪ ʩʲʜʲʨʞʘ ʩʨʝʙʲʨʥʠ 

ʥʘʥʦʯʘʩʪʠʮʠ ʠ ʘʢʪʠʚʥʠ ʩʲʩʪʘʚʢʠ 

ʪʠʘʙʝʥʜʘʟʦʣ ʠ Zn-ʧʠʨʠʪʠʦʥ. 

Mapa Spontex- United 

Kingdom 

2. PADYCARE® 

ʇʨʦʜʫʢʪʲʪ ʝ ʩʥʘʙʜʝʥ ʩ ʧʦʢʨʠʪʠʝ ʦʪ Ag 

ʥʘʥʦʯʘʩʪʠʮʠ ʩ ʘʥʪʠʙʘʢʪʝʨʠʘʣʥʦ 

ʜʝʡʩʪʚʠʝ. 

TEXAMED® GmbH-

Germany 

3. 
Chlorhexidine 

wash gloves 

ʇʨʦʜʫʢʪʲʪ ʩʲʜʲʨʞʘ Ag ʥʘʥʦʯʘʩʪʠʮʠ ʠ 

2% ʭʣʦʨʭʝʢʩʠʜʠʥ; ʘʥʪʠʙʘʢʪʝʨʠʘʣʥʠʷ 

GAMA 

HEALTHCARE LTD. 
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ʝʬʝʢʪ ʩʝ ʟʘʧʘʟʚʘ ʤʥʦʛʦ ʯʘʩʦʚʝ ʩʣʝʜ 

ʫʧʦʪʨʝʙʘ. 

ʀʟʪʦʯʥʠʢ: Campos et al., 2020 [8] 

ʂʦʛʘʪʦ ʩʧʦʤʝʥʘʚʘʤʝ ʥʘʥʦʤʘʪʝʨʠʘʣʠ ʪʨʷʙʚʘ ʜʘ ʥʘʧʨʘʚʠʤ ʫʪʦʯʥʝʥʠʝʪʦ, ʯʝ ʪʦʚʘ ʩʘ 

ʤʘʪʝʨʠʘʣʠ, ʢʦʠʪʦ ʩʲʜʲʨʞʘʪ ʥʷʢʘʢʚʘ ʥʘʥʦʩʪʨʫʢʫʨʘ, ʥʘʧʨʠʤʝʨ ʥʘʥʦʚʣʘʢʥʘ, ʥʘʥʦʬʠʙʨʠ ʠ 

ʥʘʥʦʯʘʩʪʠʮʠ. 

 

4.1. ʅʘʥʦʚʣʘʢʥʘ 

ʂʘʢʪʦ ʩʧʦʤʝʥʘʭʤʝ ʧʦ-ʛʦʨʝ, ʭʠʜʨʦʬʦʙʥʦʩʪʪʘ ʝ ʝʜʥʦ ʦʪ ʚʘʞʥʠʪʝ ʩʚʦʡʩʪʚʘ ʥʘ 

ʠʥʦʚʘʪʠʚʥʠʪʝ ʥʘʥʦʤʘʪʝʨʠʘʣʠ. ʇʨʠ ʥʘʥʦ-ʢʦʥʩʪʨʫʠʨʘʥʠʪʝ ʃʇʉ ʪʘʟʠ ʭʠʜʨʦʬʦʙʥʦʩʪ ʩʝ ʧʦʩʪʠʛʘ 

ʯʨʝʟ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʤʥʦʛʦ ʪʲʥʢʠ ʭʠʜʨʦʢʘʨʙʦʥʦʚʠ ʬʠʙʨʠ ʧʦʟʥʘʪʠ ʢʘʪʦ ʥʘʥʦʚʢʣʘʥʘ (ʌʠʛʫʨʘ 

6). ɹʣʘʛʦʜʘʨʝʥʠʝ ʥʘ ʥʘʥʦʚʣʘʢʥʘʪʘ ʩʝ ʧʦʩʪʠʛʘ ʧʦʚʠʰʘʚʘʥʝ ʥʘ ʧʦʚʲʨʭʥʦʩʪʥʦʪʦ ʥʘʧʨʝʞʝʥʠʝ ʥʘ 

ʪʝʢʩʪʠʣʥʠʷ ʤʘʪʝʨʠʘʣ ʠ ʦʪ ʪʘʤ ʥʘʤʘʣʷʚʘʥʝ ʥʘ ʥʝʛʦʚʘʪʘ ʩʧʦʩʦʙʥʦʩʪ ʜʘ ʘʜʩʦʨʙʠʨʘ ʢʘʧʢʠ ʠ 

ʜʨʫʛʠ ʤʘʣʢʠ ʤʦʣʝʢʫʣʠ [8]. 

 

ʌʠʛʫʨʘ 6. ʅʘʥʦʚʣʘʢʥʘ ʧʨʠʢʘʯʝʥʠ ʢʲʤ ʪʝʢʩʪʠʣʥʘ ʬʠʙʨʘ. 

ʀʟʪʦʯʥʠʢ: Mohapatra et al., 2013 [34] 

 

 



 

 
56 

4.2. ʅʘʥʦʬʠʙʨʠ 

ɽʜʥʘ ʦʪ ʦʙʝʱʘʚʘʱʠʪʝ ʩʪʨʘʪʝʛʠʠ ʚ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʥʘ ʤʘʩʢʠ ʟʘ ʣʠʮʝ ʝ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ 

ʥʘʥʦʬʠʙʨʠ. ʊʘʢʘʚʘ ʠʥʦʚʘʮʠʷ ʝ ʙʠʣʘ ʧʘʪʝʥʪʦʚʘʥʘ ʦʪ Conlon [11]. ʉʧʦʨʝʜ ʩʲʱʠʷ ʘʚʪʦʨ 

Ăʥʘʥʦʬʠʙʨʠʪʝñ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʥʷʢʦʣʢʦ ʪʠʧʘ: ʝʣʝʢʪʨʦʩʧʫʥʦʚʠ, ʧʨʦʪʝʠʥʦʚʠ, ʮʝʣʫʣʦʟʥʠ, 

ʙʘʢʪʝʨʠʘʣʥʠ, ʥʝʦʨʛʘʥʠʯʥʠ, ʭʠʙʨʠʜʥʠ ʠʣʠ ʚʩʷʢʘ ʜʨʫʛʘ ʧʦʜʭʦʜʷʱʘ ʢʦʤʙʠʥʘʮʠʷ ʦʪ ʠʟʙʨʦʝʥʠʪʝ. 

ʉʨʝʜʥʠʷʪ ʜʠʘʤʝʪʲʨ ʥʘ ʥʘʥʦʬʠʙʨʠʪʝ ʤʦʞʝ ʜʘ ʚʘʨʠʨʘ ʤʝʞʜʫ 10 - 20 nm ʠ 400 ï 1500 nm. 

ʇʨʝʜʧʦʣʘʛʘ ʩʝ, ʯʝ ʩʧʦʩʦʙʥʦʩʪʪʘ ʥʘ ʥʘʥʦʬʠʙʨʠʪʝ ʜʘ ʜʝʡʩʪʚʘʪ ʢʘʪʦ ʙʘʨʠʝʨʘ ʟʘ ʤʘʣʢʠʪʝ 

ʤʦʣʝʢʫʣʠ ʠ ʯʘʩʪʠʮʠ ʩʝ ʜʲʣʞʠ ʥʘ ʜʚʘ ʢʦʤʙʠʥʠʨʘʥʠ ʧʨʦʮʝʩʘ: i) ʫʣʘʚʷʥʝ ʥʘ ʤʘʣʢʠʪʝ ʯʘʩʪʠʮʠ 

ʦʪ ʩʘʤʠʪʝ ʥʘʥʦʬʠʙʨʠ ʠ ii) ɹʨʘʫʥʦʚʦʪʦ ʜʚʠʞʝʥʠʝ ʥʘ ʯʘʩʪʠʮʠʪʝ. ʉʣʝʜʦʚʘʪʝʣʥʦ, ʢʦʣʢʦʪʦ ʧʦ-

ʛʦʣʷʤʘ ʝ ʧʣʦʱʪʘ ʦʪ ʥʘʥʦʬʠʙʨʠ ʚʲʨʭʫ ʪʝʢʩʪʠʣʥʠʷ ʤʘʪʝʨʠʘʣ, ʪʦʣʢʦʚʘ ʧʦ-ʜʦʙʨʘ ʱʝ ʙʲʜʝ 

ʝʬʝʢʪʠʚʥʦʩʪʪʘ ʥʘ ʥʘʥʦʩʣʦʷ ʧʦ ʦʪʥʦʰʝʥʠʝ ʥʘ ʫʣʘʚʷʰʘʪʘ ʠ ʟʘʱʠʪʥʘ ʩʧʦʩʦʙʥʦʩʪ. ʇʘʪʝʥʪʲʪ ʟʘ 

ʤʘʩʢʘ ʟʘ ʣʠʮʝ ʧʦʢʨʠʪʘ ʩʲʩ ʩʣʦʡ ʦʪ ʥʘʥʦʬʠʙʨʠ ʥʘ  Conlon [11] ʝ ʧʨʝʜʩʪʘʚʝʥʘ ʥʘ ʌʠʛʫʨʘ 7. ʊʷ 

ʩʝ ʩʲʩʪʦʠ ʦʪ ʪʨʠ ʦʩʥʦʚʥʠ ʩʣʦʷ ʦʪʙʝʣʷʟʘʥʠ ʢʘʪʦ 33, 36, and 39 ʤʝʞʜʫ ʢʦʠʪʦ ʩʘ ʠʥʢʦʨʧʦʨʠʨʘʥʠ 

ʦʩʥʦʚʥʠʪʝ ʩʣʦʝʚʝ ʦʪ ʥʘʥʦʬʠʙʨʠ. ɺʩʝʢʠ ʦʩʥʦʚʝʥ ʩʣʦʡ ʠʤʘ ʚʲʪʨʝʰʥʘ ʠ ʚʲʥʰʥʘ ʧʦʚʲʨʭʥʦʩʪ.  

 

ʌʠʛʫʨʘ 7. ʄʘʩʢʘ ʟʘ ʣʠʮʝ ʩ ʚʛʨʘʜʝʥʠ ʩʣʦʝʚʝ ʦʪ ʥʘʥʦʬʠʙʨʠ. 

ʀʟʪʦʯʥʠʢ: Conlon, 2020 [11] 

 

ʅʦʩʝʥʝʪʦ ʥʘ ʤʘʩʢʠ ʟʘ ʣʠʮʝ ʙʝʰʝ ʟʘʜʲʣʞʠʪʝʣʥʦ ʧʦ ʚʨʝʤʝ ʥʘ ʧʠʢʦʚʝʪʝ ʥʘ ʧʘʥʜʝʤʠʷʪʘ ʦʪ 

COVID-19, ʘ ʚ ʥʷʢʦʠ ʩʪʨʘʥʠ ʜʦʨʠ ʠ ʧʨʝʟ ʦʩʪʘʥʘʣʦʪʦ ʚʨʝʤʝ. ɺ ʪʘʟʠ ʚʨʲʟʢʘ ʦʩʥʦʚʝʥ ʧʨʦʙʣʝʤ 
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ʩʝ ʦʢʘʟʘ ʜʠʩʢʦʤʬʦʨʪʘ, ʢʦʡʪʦ ʤʥʦʛʦ ʭʦʨʘ ʠʟʧʠʪʚʘʪ, ʢʦʛʘʪʦ ʥʦʩʷʪ ʤʘʩʢʠ ʟʘ ʣʠʮʝ ʧʦʩʪʦʷʥʥʦ. 

ʊʦʟʠ ʜʠʩʢʦʤʬʦʨʪ ʥʘʡ-ʯʝʩʪʦ ʩʝ ʦʧʠʩʚʘ ʢʘʪʦ ʥʘʨʘʥʷʚʘʥʝ ʢʦʞʘʪʘ ʥʘ ʣʠʮʝʪʦ ʠ ʧʦʚʠʰʘʚʘʥʝ ʥʘ 

ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʠ ʚʣʘʞʥʦʩʪʪʘ ʦʪ ʚʲʪʨʝʰʥʘʪʘ ʩʪʨʘʥʘ ʥʘ ʤʘʩʢʘʪʘ. ʆʩʚʝʥ ʪʦʚʘ, ʪʝʟʠ ʜʚʝ 

ʩʲʩʪʦʷʥʠʝ ʩʘ ʦʪʣʠʯʥʘ ʧʨʝʜʧʦʩʪʘʚʢʘ ʟʘ ʧʦʚʠʰʝʥ ʟʜʨʘʚʝʥ ʨʠʩʢ ʧʦʨʘʜʠ ʩʲʟʜʘʚʘʥʝʪʦ ʥʘ 

ʙʣʘʛʦʧʨʠʷʪʥʘ ʩʨʝʜʘ ʟʘ ʨʘʟʚʠʪʠʝ ʥʘ ʤʠʢʨʦʦʨʛʘʥʠʟʤʠ. ʏʝʩʪʦ ʪʦʟʠ ʜʠʩʢʦʤʬʦʨʪ ʩʝ ʦʪʜʘʚʘ ʥʘ 

ʜʝʙʝʣʠʥʘʪʘ ʥʘ ʤʘʩʢʘʪʘ, ʢʘʢʪʦ ʩʧʦʤʝʥʘʭʤʝ ʠ ʧʦ-ʛʦʨʝ. ʀʤʝʥʥʦ ʪʦʚʘ ʝ ʧʦʜʪʠʢʥʘʣʦ ʛʨʫʧʘ ʫʯʝʥʠ 

ʜʘ ʩʲʟʜʘʜʘʪ ʤʘʩʢʘ ʟʘ ʣʠʮʝ, ʢʦʷʪʦ ʜʘ ʦʩʠʛʫʨʷʚʘ ʪʝʨʤʘʣʥʠʷ ʢʦʤʬʦʨʪ ʧʦ ʚʨʝʤʝ ʥʘ ʥʦʩʝʥʝ [62]. 

ʄʘʩʢʘʪʘ ʩʝ ʩʲʩʪʦʠ ʦʪ ʢʦʤʙʠʥʘʮʠʷ ʦʪ ʥʘʥʦʬʠʙʨʠ, ʥʘʥʦʧʦʨʝʩʪ ʧʦʣʠʝʪʠʣʝʥ ʠ ʩʣʦʡ ʩʨʝʙʨʦ.  

ɸʚʪʦʨʠʪʝ ʪʚʲʨʜʷʪ, ʯʝ ʪʘʢʘʚʘ ʤʘʩʢʘ ʠʤʘ ʦʪʣʠʯʝʥ ʦʭʣʘʞʜʘʱ ʝʬʝʢʪ ʠ ʦʩʠʛʫʨʷʚʘ ʜʦʙʨʘ ʟʘʱʠʪʘ. 

 

4.3 ʅʘʥʦʯʘʩʪʠʮʠ 

ʆʙʝʱʘʚʘʱʘ ʩʪʨʘʪʝʛʠʷ ʚ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʥʘ ʤʘʩʢʠ ʟʘ ʣʠʮʝ ʩ ʧʦʜʦʙʨʝʥʘ ʟʘʱʠʪʘ ʝ 

ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʥʘʥʦʯʘʩʪʠʮʠ, ʢʦʠʪʦ ʩʝ ʚʣʘʛʘʪ ʚ ʪʝʢʩʪʠʣʥʠʷ ʤʘʪʝʨʠʘʣ. ʈʘʟʥʦʦʙʨʘʟʥʠ 

ʤʘʪʝʨʠʘʣʠ ʤʦʛʘʪ ʜʘ ʩʣʫʞʘʪ ʢʘʪʦ ʤʘʪʨʠʮʘ ʟʘ ʚʛʨʘʞʜʘʥʝʪʦ ʥʘ ʥʘʥʦʯʘʩʪʠʮʠ: ʧʘʤʫʢ, ʮʝʣʫʣʦʟʘ, 

ʧʦʣʠʘʤʠʜ, ʧʦʣʠʝʩʪʝʨ, ʧʦʣʠʘʨʘʤʠʜ, ʧʦʣʠʫʨʝʪʘʥ ʠ ʜʨ. [8].  

ʂʦʣʝʢʪʠʚ ʦʪ ʫʯʝʥʠ ʠʟʩʣʝʜʚʘʣʠ ʘʥʪʠʚʠʨʫʩʥʠʷʪ ʧʦʪʝʥʮʠʘʣ ʥʘ ʥʦʚʦ ʩʠʥʪʝʟʠʨʘʥ 

ʥʘʥʦʢʦʤʧʦʟʠʪ, ʚʛʨʘʜʝʥ ʚ ʤʘʩʢʘ ʟʘ ʣʠʮʝ. ʊʦʟʠ ʢʦʤʧʦʟʠʪ ʩʝ ʩʲʩʪʦʷʣ ʦʪ ʥʘʥʦʤʘʪʝʨʠʘʣ ʩʲʩʪʘʚʝʥ 

ʦʪ ʢʘʨʙʦʥʦʚʠ ʥʘʥʦʯʘʩʪʠʮʠ  (C-dots) ʠ ʧʦʣʠ ʚʠʥʠʣʠʜʠʥ ʬʣʫʦʨʠʜ  (PVDF). ʇʲʣʥʦʪʦ 

ʥʘʠʤʝʥʦʚʘʥʠʝ ʥʘ ʥʘʥʦʢʦʤʧʦʟʠʪʘ ʙʠʣ C-dot-PVDF ʬʠʣʤ [47]. ʉʧʦʨʝʜ ʧʦʣʫʯʝʥʠʪʝ ʨʝʟʫʣʪʘʪʠ 

ʪʦʟʠ ʥʘʥʦʢʦʤʧʦʟʠʪ ʦʩʠʛʫʨʷʚʘʣ ʭʠʜʨʦʬʦʙʥʦʩʪ ʥʘ ʤʘʩʢʘʪʘ ʠ ʧʦ ʪʦʟʠ ʥʘʯʠʥ ʥʘʤʘʣʷʚʘʥʝ ʥʘ 

ʚʣʘʞʥʦʩʪʪʘ. ɸ ʢʘʢʪʦ ʚʝʯʝ ʩʧʦʤʝʥʘʭʤʝ, ʢʦʣʢʦʪʦ ʝ ʧʦ-ʥʠʩʢʘ ʩʪʝʧʝʥʪʘ ʥʘ ʚʣʘʞʥʦʩʪ, ʪʦʣʢʦʚʘ ʧʦ-

ʤʘʣʢʘ ʝ ʚʝʨʦʷʪʥʦʩʪʪʘ ʦʪ ʤʠʢʨʦʙʥʘ ʢʦʥʪʘʤʠʥʘʮʠʷ ʥʘ ʤʘʩʢʘʪʘ.  ʆʱʝ ʧʦʚʝʯʝ, ʥʘʥʦʧʦʨʠʪʝ, ʢʦʠʪʦ 

ʩʝ ʬʦʨʤʠʨʘʣʠ ʦʪ ʪʦʟʠ ʥʘʥʦʢʦʤʧʦʟʠʪ ʥʝ ʧʦʚʣʠʷʚʘʣʠ ʦʪʨʠʮʘʪʝʣʥʦ ʚʲʟʜʫʭʦʧʦʪʦʢʘ ʧʨʝʟ ʤʘʩʢʘʪʘ 

ʠ ʦʩʠʛʫʨʷʚʘʣʠ ʟʘʱʠʪʘ ʦʪ ʯʘʩʪʠʮʠ ʩ ʨʘʟʤʝʨʠ 100 nm ʠ ʧʦʚʝʯʝ (ʌʠʛʫʨʘ 8). 
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ʌʠʛʫʨʘ 8. ʄʘʩʢʘ ʟʘ ʣʠʮʝ ʩ ʚʛʨʘʜʝʥ ʬʠʣʤ ʦʪ ʥʘʥʦʢʦʤʧʦʟʠʪ  C-dot-PVDF. 

 

ʀʟʪʦʯʥʠʢ: Singh et al., 2021 [47] 

ɺ ʣʠʪʝʨʘʪʫʨʘʪʘ ʩʝ ʩʨʝʱʘʪ ʠ ʜʨʫʛʠ ʜʘʥʥʠ ʟʘ ʘʥʪʠʚʠʨʫʩʥʠʷ ʝʬʝʢʪ ʥʘ ʢʘʨʙʦʥʦʚʠʪʝ 

ʥʘʥʦʯʘʩʪʠʮʠ (ʥʘʧʨʠʤʝʨ ʛʨʘʬʝʥ ʠ ʛʨʘʬʝʥʦʚ ʦʢʩʠʜ). ʇʨʝʜʧʦʣʘʛʘ ʩʝ, ʯʝ ʪʦʟʠ ʘʥʪʠʚʨʫʩʝʥ ʝʬʝʢʪ 

ʩʝ ʧʦʩʪʠʛʘ ʩʣʝʜ ʩʚʲʨʟʚʘʥʝ ʥʘ ʥʘʥʦʯʘʩʪʠʮʠʪʝ ʩ ʚʠʨʫʩʥʠʪʝ ʯʘʩʪʠʮʠ ʠ ʨʘʟʨʫʰʘʚʘʥʝ ʥʘ ʪʝʭʥʠʪʝ 

ʚʲʥʥhʠ ʩʪʨʫʢʪʫʨʠ [23]. ʇʦʪʝʥʮʠʘʣʲʪ ʥʘ ʥʘʥʦʯʘʩʪʠʮʠʪʝ ʦʪ ʛʨʘʬʝʥ  (G) ʠ ʛʨʘʬʝʥʦʚ ʦʢʩʠʜ  

(Gʆ)  ʜʘ ʜʝʡʩʪʚʘʪ ʢʘʪʦ Ăʦʨʲʞʠʝñ ʩʨʝʱʫ ʚʠʨʫʩʥʠ ʠʥʬʝʢʮʠʦʟʥʠ ʘʛʝʥʪʠ ʝ ʙʠʣ ʜʦʙʨʝ ʧʨʦʫʯʝʥ. 

ʊʘʢʠʚʘ ʥʘʥʦʯʘʩʪʠʮʠ ʩʘ ʙʠʣʠ ʜʦʙʘʚʷʥʠ ʢʲʤ ʢʦʥʚʝʥʮʠʦʥʘʣʥʠʪʝ ʤʘʪʝʨʠʘʣʠ ʠʟʧʦʣʟʚʘʥʠ ʧʨʠ 

ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʥʘ ʃʇʉ (ʧʘʤʫʢ ʠ ʧʦʣʠʫʨʝʪʘʥ). ɺ ʝʜʥʦ ʪʘʢʦʚʘ ʧʨʦʫʯʚʘʥʝ, ʨʘʟʪʚʦʨ ʩʲʜʲʨʞʘʱ 

ʞʠʟʥʝʩʧʦʩʦʙʥʠ ʚʠʨʫʩʥʠ ʯʘʩʪʠʮʠ, ʝ ʙʠʣ ʬʠʣʪʨʫʚʘʥ ʧʨʝʟ ʤʘʪʝʨʠʷ ʧʦʢʨʠʪʘ ʩ ʥʘʥʦʩʣʦʡ. 

ʈʝʟʫʣʪʘʪʠʪʝ ʦʪ ʪʦʟʠ ʝʢʩʧʝʨʠʤʝʥʪ ʧʦʢʘʟʘʣʠ, ʯʝ ʩʣʝʜ ʬʠʣʪʨʫʚʘʥʝʪʦ ʩʧʦʩʦʙʥʦʩʪʪʘ ʥʘ ʚʠʨʫʩʥʠʪʝ 

ʯʘʩʪʠʮʠ ʜʘ ʧʨʠʯʠʥʷʚʘʪ ʠʥʬʝʢʮʠʷ ʙʠʣʘ ʟʥʘʯʠʪʝʣʥʦ ʠʣʠ ʥʘʧʲʣʥʦ ʧʦʜʪʠʩʥʘʪʘ. ʇʦʜʦʙʥʠ 

ʨʝʟʫʣʪʘʪʠ ʜʘʚʘʪ ʦʩʥʦʚʘʥʠʝ ʜʘ ʩʝ ʩʯʠʪʘ, ʯʝ ʥʘʥʦ-ʙʘʟʠʨʘʥʠʪʝ ʤʘʪʝʨʠʘʣʠ ʧʨʠʪʝʞʘʚʘʪ 

ʧʦʪʝʥʮʠʘʣʘ ʜʘ ʙʲʜʘʪ ʫʩʧʝʰʥʦ ʚʢʣʶʯʚʘʥʠ ʚ ʙʦʨʙʘʪʘ ʩʨʝʱʫ ʩʝʨʠʦʟʥʠ ʚʠʨʫʩʥʠ ʠʥʬʝʢʮʠʠ, ʢʘʪʦ 

ʪʘʟʠ ʧʨʠʯʠʥʷʚʘʥʘ ʦʪ SARS-CoV-2. ʆʱʝ ʧʦʚʝʯʝ, ʩʧʦʨʝʜ ʜʨʫʛʠ ʘʚʪʦʨʠ ʚʢʣʶʯʚʘʥʝʪʦ ʥʘ 

ʛʨʘʬʝʥʘ ʚ ʢʦʥʚʝʥʮʠʦʥʘʣʥʠ ʪʝʢʩʪʠʣʥʠ ʤʘʪʝʨʠʘʣʠ ʤʦʛʘʪ ʜʘ ʛʠ ʥʘʧʨʘʚʪ̫ ʧʦ-ʟʜʨʘʚʠ, ʧʦ-

ʧʨʦʚʦʜʠʤʠ ʠ ʫʩʪʦʡʯʠʚʠ ʥʘ ʦʛʲʥ, ʠʟʥʦʩʚʘʥʝ ʠ UV ʩʚʝʪʣʠʥʘ [6]. ʆʩʚʝʥ ʪʦʚʘ, ʨʘʟʥʦʦʙʨʘʟʥʠ 

ʭʠʤʠʯʥʠ ʩʫʙʩʪʘʥʮʠʠ ʢʘʪʦ ʤʦʣʠʙʜʝʥʦʚ ʩʫʣʬʠʜ, ʤʝʜʝʥ ʦʢʩʠʜ, ʤʘʥʛʘʥʦʚ ʜʠʦʢʩʠʜ, ʩʠʣʠʢʦʥʦʚ 

ʢʘʨʙʠʜ ʠ ʜʨ. ʩʘ ʜʦʙʘʚʷʥʠ ʢʲʤ ʛʨʘʬʝʥʦʚʠ ʢʦʤʧʦʟʠʪʠ ʚ ʨʘʟʣʠʯʥʠ ʧʨʦʫʯʚʘʥʠʷ ʠ ʪʝʭʥʠʷ 

ʘʥʪʠʙʘʢʪʝʨʠʘʣʝʥ ʝʬʝʢʪ ʩʲʱʦ ʝ ʙʠʣ ʜʦʢʘʟʘʥ [42]. 

ʄʝʪʘʣʥʠʪʝ ʥʘʥʦʯʘʩʪʠʮʠ ʩʲʱʦ ʩʘ ʘʣʪʝʨʥʘʪʠʚʘ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʥʘ ʃʇʉ. ʊʦʚʘ ʢʦʝʪʦ 

ʩʝ ʟʥʘʝ ʦʪʥʦʩʥʦ ʪʝʭʥʠʷ ʤʝʭʘʥʠʟʲʤ ʥʘ ʘʥʪʠʚʠʨʫʩʥʦ ʜʝʡʩʪʚʠʝ ʝ, ʯʝ ʪʦʡ ʩʝ ʩʲʩʪʦʠ ʦʪ ʪʨʠ 

ʦʩʥʦʚʥʠ ʝʪʘʧʘ: i) ʙʣʦʢʠʨʘʥʝ ʥʘ ʥʘʚʣʠʟʘʥʝʪʦ ʥʘ ʚʠʨʫʩʥʘʪʘ ʯʘʩʪʠʮʘ ʚ ʢʣʝʪʢʘʪʘ ʛʦʩʪʦʧʨʠʝʤʥʠʢ; 

ii) ʩʪʠʤʫʣʠʨʘʥʝ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʥʘ ʨʝʘʢʪʠʚʥʠʪʝ ʬʦʨʤʠ ʥʘ ʢʠʩʣʦʨʦʜʘ (ROS), ʨʘʜʠʢʘʣʠ ʠ 
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ʡʦʥʠ, ʢʦʠʪʦ ʜʝʟʘʢʪʠʚʠʨʘʪ ʦʩʥʦʚʥʠ ʬʫʥʢʮʠʠ ʥʘ ʚʠʨʫʩʥʠʪʝ ʯʘʩʪʠʮʠ  ʠ iii) ʩʪʠʤʫʣʠʨʘʥʝ ʥʘ 

ʠʤʫʥʥʘʪʘ ʩʠʩʪʝʤʘ ʥʘ ʤʘʢʨʦʦʨʛʘʥʠʟʤʘ [42]. ʉʨʝʙʨʦʪʦ ʠ ʤʝʜʪʘ ʩʘ ʩʨʝʜ ʤʝʪʘʣʠʪʝ, ʟʘ ʢʦʠʪʦ ʩʝ 

ʟʥʘʝ, ʯʝ ʠʤʘʪ ʫʥʠʚʝʨʩʘʣʥʦ ʘʥʪʠʤʠʢʨʦʙʥʦ ʜʝʡʩʪʚʠʝ. ʅʷʢʦʣʢʦ ʧʨʦʫʯʚʘʥʠʷ, ʦʙʦʙʱʝʥʠ ʦʪ 

Campos ʠ ʢʦʣʝʢʪʠʚ, ʦʧʠʩʚʘʪ ʫʩʧʝʰʥʦʪʦ ʚʣʘʛʘʥʝ ʥʘ ʪʝʟʠ ʤʝʪʘʣʠ ʚ ʨʘʟʥʦʦʙʨʘʟʥʠ ʪʝʢʩʪʠʣʥʠ 

ʤʘʪʝʨʠʘʣʠ [8]. ʅʘʧʨʠʤʝʨ, ʠʤʘ ʜʦʢʣʘʜʚʘʥʠ ʜʘʥʥʠ ʟʘ ʩʨʝʙʲʨʥʠ ʥʘʥʦʯʘʩʪʠʮʠ, ʢʦʤʧʦʟʠʨʘʥʠ ʚ 

ʩʠʣʠʮʠʝʚ ʭʠʙʨʠʜ, ʢʦʠʪʦ ʦʩʠʛʫʨʷʚʘʪ ʜʦʙʨʘ ʘʥʪʠʚʠʨʫʩʥʘ ʟʘʱʠʪʘ ʩʨʝʱʫ ʠʥʬʣʫʥʮʘ ʚʠʨʫʩ, 

ʢʦʛʘʪʘ ʩʘ ʜʦʙʘʚʷʥʠ ʢʲʤ ʬʠʣʪʨʠʪʝ ʥʘ ʤʘʩʢʠʪʝ [39]. ʇʦʜʦʙʥʠ ʨʝʟʫʣʪʘʪʠ ʩʘ ʩʲʦʙʱʘʚʘʥʠ ʠ ʟʘ 

ʤʝʜʥʠʪʝ ʥʘʥʦʯʘʩʪʠʮʠ, ʚʢʣʶʯʠʪʝʣʥʦ ʦʪʥʦʩʥʦ ʜʦʙʨʦʪʦ ʘʥʪʠʚʠʨʫʩʥʦ ʜʝʡʩʪʚʠʝ ʩʨʝʱʫ SARS-

CoV [69]. 

ʆʪ ʦʧʠʩʘʥʦʪʦ ʜʦ ʪʫʢ ʩʪʘʚʘ ʷʩʥʦ, ʯʝ ʧʨʝʜʠʤʩʪʚʘʪʘ ʠ ʧʝʨʝʩʧʝʢʪʠʚʠʪʝ ʥʘ ʥʘʥʦ-

ʠʥʞʠʥʝʨʥʠʪʝ ʤʘʪʝʨʠʘʣʠ ʚ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʥʘ ʃʇʉ ʩʘ ʤʥʦʛʦ. ʆʙʦʙʱʝʥʘ ʠʥʬʦʨʤʘʮʠʷ ʢʘʩʘʝʱʘ 

ʪʝʟʠ ʧʨʝʜʠʤʩʪʚʘ ʝ ʧʦʢʘʟʘʥʘ ʥʘ ʌʠʛʫʨʘ 9.  

ʌʠʛʫʨʘ 9. ʆʩʥʦʚʥʠ ʧʨʝʜʠʤʩʪʚʘ ʥʘ ʥʘʥʦ-ʙʘʟʠʨʘʥʠʪʝ ʃʇʉ. 

 

ʀʟʪʦʯʥʠʢ: Campos et al., 2020 [8]. 

 

5. ɹʝʟʦʧʘʩʥʦʩʪ ʥʘ ʥʘʥʦ-ʙʘʟʠʨʘʥʠʪʝ ʧʨʦʜʫʢʪʠ 

ʇʦʪʝʥʮʠʘʣʲʪ ʥʘ ʥʘʥʦʪʝʭʥʦʣʦʛʠʠʪʝ ʥʝ ʙʠ ʤʦʛʲʣ ʜʘ ʩʝ ʦʛʨʘʥʠʯʠ ʜʦ ʝʜʥʘ ʩʬʝʨʘ ʥʘ 

ʜʝʡʩʪʚʠʝ. ɺ ʥʘʩʪʦʷʱʘʪʘ ʣʝʢʮʠʷ ʥʠʝ ʦʙʩʲʞʜʘʤʝ ʧʨʠʣʦʞʝʥʠʝʪʦ ʢʦʥʢʨʝʪʥʦ ʥʘ ʥʘʥʦʯʘʩʪʠʮʠʪʝ, 
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ʥʘʥʦʬʠʙʨʠʪʝ ʠ ʥʘʥʦʚʣʘʢʥʘʪʘ ʚ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʥʘ ʥʘʥʦ - ʘʢʪʠʚʠʨʘʥʠ (ʙʘʟʠʨʘʥʠ) ʃʇʉ.  

ʅʘʥʦʪʝʭʥʦʣʦʛʠʠʪʝ ʦʙʘʯʝ ʠʤʘʪ ʧʦ - ʰʠʨʦʢʦʦʙʭʚʘʪʥʦ ʧʨʠʣʦʞʝʥʠʝ. ɺ ʩʚʝʪʣʠʥʘʪʘ ʥʘ  COVID-

19 ʧʘʥʜʝʤʠʷʪʘ ʠ ʥʘʯʠʥʠʪʝ ʟʘ ʙʦʨʙʘ ʩ ʠʥʬʝʢʮʠʦʟʥʠʷ ʘʛʝʥʪ, ʦʩʥʦʚʥʠʪʝ ʬʦʢʫʩʠ ʠ ʥʘʜʝʞʜʠ ʩʘ 

ʥʘʩʦʯʝʥʠ ʢʲʤ ʠʥʦʚʘʪʠʚʥʠʪʝ ʥʘʫʯʥʠ ʧʦʩʪʠʞʝʥʠʷ, ʦʩʦʙʝʥʦ ʚ ʩʬʝʨʘʪʘ ʥʘ ʥʘʥʦʪʝʭʥʦʣʦʛʠʠʪʝ. 

ʇʨʠʣʦʞʝʥʠʝʪʦ ʠʤ ʚ ʤʝʜʠʮʠʥʘʪʘ (ʪ.ʥʘʨ. ʥʘʥʦʤʝʜʠʮʠʥʘ) ʤʦʞʝ ʜʘ ʙʲʜʝ ʨʘʟʜʝʣʝʥʦ ʚ ʥʷʢʦʣʢʦ 

ʦʩʥʦʚʥʠ ʥʘʧʨʘʚʣʝʥʠʷ: ʜʠʘʛʥʦʩʪʠʢʘ, ʣʝʯʝʥʠʝ ʠ ʧʨʝʜʧʘʟʚʘʥʝ ʦʪ ʚʠʨʫʩʥʠ/ʙʘʢʪʝʨʠʘʣʥʠ 

ʟʘʙʦʣʷʚʘʥʠʷ [8]. ʆʩʚʝʥ, ʦʙʘʯʝ, ʥʝʫʩʧʦʨʠʤʠʪʝ ʧʨʝʜʠʤʩʪʚʘ ʥʘ ʥʘʥʦʪʝʭʥʦʣʦʛʠʠʪʝ, ʠʤʘ ʥʷʢʦʠ 

ʚʘʞʥʠ ʚʲʧʨʦʩʠ, ʢʘʩʘʝʱʠ ʙʝʟʦʧʘʩʥʦʪʦ ʧʨʠʣʦʞʝʥʠʝ ʥʘ ʥʘʥʦʯʘʩʪʠʮʠʪʝ, ʢʦʠʪʦ ʪʨʷʙʚʘ 

ʦʙʝʟʦʪʝʣʥʦ ʜʘ ʙʲʜʘʪ ʦʙʩʲʜʝʥʠ. ʆʛʨʘʥʠʯʝʥʠʷ ʚ ʧʨʠʣʘʛʘʥʝʪʦ ʥʘ ʥʘʥʦ-ʙʘʟʠʨʘʥʠʪʝ ʧʦʜʭʦʜʠ ʚ 

ʤʝʜʠʮʠʥʘʪʘ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʚʲʟʥʠʢʥʘʪ ʧʦʨʘʜʠ ʥʷʢʦʠ ʧʨʝʜʠʟʚʠʢʘʪʝʣʩʪʚʘ ʢʘʩʘʝʱʠ 

ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʥʘ ʪʘʢʠʚʘ ʤʘʪʝʨʠʘʣʠ, ʙʝʟʦʧʘʩʥʦʪʦ ʧʨʠʣʦʞʝʥʠʝ ʠ ʦʩʚʦʙʦʞʜʘʚʘʥʝ ʚ ʦʢʦʣʥʘʪʘ 

ʩʨʝʜʘ ʩʣʝʜ ʫʧʦʪʨʝʙʘ. ʆʩʥʦʚʥʠʪʝ ʘʩʧʝʢʪʠ, ʟʘʩʣʫʞʘʚʘʱʠ ʩʧʝʮʠʘʣʥʦ ʚʥʠʤʘʥʠʝ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ 

ʢʣʘʩʠʬʠʮʠʨʘʥʠ ʧʦ ʩʣʝʜʥʠʷ ʥʘʯʠʥ: [8]: 

V ʦʮʝʥʢʘ ʥʘ ʙʝʟʦʧʘʩʥʦʪʦ ʧʨʠʣʦʞʝʥʠʝ ʚ/ʚʲʨʭʫ ʯʦʚʝʰʢʦʪʦ ʪʷʣʦï ʟʘ ʥʷʢʦʠ ʥʘʥʦʯʘʩʪʠʮʠ 

ʚʢʣʶʯʚʘʥʠ ʚ ʤʘʩʢʠ ʟʘ ʣʠʮʝ, ʢʘʪʦ ʩʨʝʙʲʨʥʠʪʝ ʥʘʧʨʠʤʝʨ, ʝ ʜʦʢʣʘʜʚʘʥʦ ʚʨʝʜʥʦ ʚʣʠʷʥʠʝ 

ʚʲʨʭʫ ʨʘʟʣʠʯʥʠ ʯʘʩʪʠ ʥʘ ʪʷʣʦ (ʙʷʣ ʜʨʦʙ, ʢʨʲʚʦʦʙʨʘʱʝʥʠʝ ʠ ʩʲʨʮʝ) ʘʢʦ ʪʝ ʙʲʜʘʪ 

ʚʜʠʰʘʥʠ [20]. ʇʦʜʦʙʥʠ ʜʘʥʥʠ ʠʤʘ ʠ ʟʘ ʪʦʢʩʠʯʥʦʩʪ ʥʘ ʥʘʥʦʯʘʩʪʠʮʠʪʝ ʦʪ TiO2 ʚʲʨʭʫ 

ʪʷʣʦʪʦ ʥʘ ʯʦʚʝʢʘ, ʘ ʪʘʢʘ ʩʲʱʦ ʠ ʟʘ ʢʘʥʮʝʨʦʛʝʥʝʥ ʝʬʝʢʪ ʥʘ ʢʘʨʙʦʥʦʚʠʪʝ ʥʘʥʦʪʫʙʠ [31, 

54]. ʉʣʝʜʦʚʘʪʝʣʥʦ, ʥʫʞʥʦ ʝ ʜʘ ʙʲʜʘʪ ʧʨʦʚʝʞʜʘʥʠ ʧʦ-ʟʘʜʲʣʙʦʯʝʥʠ ʪʝʩʪʦʚʝ in vivo, ʟʘ 

ʜʘ ʙʲʜʝ ʜʦʢʘʟʘʥʘ ʙʝʟʦʧʘʩʥʦʩʪʪʘ ʥʘ ʥʘʥʦʯʘʩʪʠʮʠʪʝ, ʚʣʘʛʘʥʠ ʚ ʤʘʪʝʨʠʘʣʠʪʝ ʟʘ 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʃʇʉ ʠʣʠ ʣʝʢʘʨʩʪʚʘ, ʢʦʠʪʦ ʱʝ ʙʲʜʘʪ ʚ ʙʣʠʟʲʢ ʢʦʥʪʘʢʪ ʩ ʚʲʥʰʥʠʪʝ ʠ 

ʚʲʪʨʝʰʥʠʪʝ ʧʦʚʲʨʭʥʦʩʪʠ ʥʘ ʯʦʚʝʰʢʦʪʦ ʪʷʣʦ [8]. 

V ʦʮʝʥʢʘ ʥʘ ʙʝʟʦʧʘʩʥʦʩʪʪʘ ʟʘ ʦʢʦʣʥʘʪʘ ʩʨʝʜʘ ï ʝʬʝʢʪʲʪ ʥʘ ʥʘʥʦʯʘʩʪʠʮʠ, ʩʚʦʙʦʜʥʦ 

ʦʩʚʦʙʦʞʜʘʚʘʥʠ ʚ ʦʢʦʣʥʘʪʘ ʩʨʝʜʘ ʩʲʱʦ ʝ ʚʘʞʥʦ ʜʘ ʙʲʜʝ ʧʨʦʫʯʚʘʥ. ʊʘʢʘ ʥʘʧʨʠʤʝʨ, ʠʤʘ 

ʜʦʢʘʟʘʪʝʣʩʪʚʘ ʟʘ ʩʝʨʠʦʟʥʠʷ ʪʦʢʩʠʯʝʥ ʝʬʝʢʪ ʥʘ ʩʨʝʙʲʨʥʠ ʠ ʤʝʜʥʠ ʥʘʥʦʯʘʩʪʮʠ ʚʲʨʭʫ 

ʤʦʨʩʢʠ ʝʢʦʩʠʩʪʝʤʠ [3]. ʆʙʦʙʱʝʥʠʪʝ ʜʘʥʥʠ, ʟʘ ʝʚʝʥʪʫʘʣʥʠʷ ʦʪʨʠʮʘʪʝʣʝʥ ʝʬʝʢʪ ʥʘ 

ʥʘʥʦʯʘʩʪʠʮʠʪʝ ʟʘ ʦʢʦʣʥʘʪʘ ʩʨʝʜʘ, ʢʲʤ ʥʘʩʪʦʷʱʠʷ ʤʦʤʝʥʪ ʩʘ ʜʦʩʪʘ ʦʩʢʲʜʥʠ ʠ ʝ ʥʫʞʥʦ 

ʜʘ ʙʲʜʘʪ ʜʦʧʲʣʚʘʥʠ ʧʦʩʪʦʷʥʥʦ.  [54].  

V ʨʘʟʨʘʙʦʪʚʘʥʝ ʥʘ ʫʥʠʚʝʨʩʘʣʝʥ ʧʨʦʪʦʢʦʣ ʟʘ ʰʠʨʦʢʦʦʙʭʚʘʪʥʦ ʭʘʨʘʢʪʝʨʠʟʠʨʘʥʝ ʥʘ ʥʦʚʠ 

ʥʘʥʦʯʘʩʪʠʮʠ ï ʜʘ ʙʲʜʘʪ ʚʢʣʶʯʝʥʠ ʙʠʦʣʦʛʠʯʥʠ, ʬʠʟʠʯʥʠ, ʭʠʤʠʯʥʠ ʪʝʩʪʦʚʝ ʠ ʜʨʫʛʠ. 

ʉʧʦʨʝʜ Palmieri ʠ ʢʦʣʝʢʪʠʚ, ʦʪʛʦʚʦʨʥʦʩʪʪʘ ʟʘ ʪʦʚʘ ʪʨʷʙʚʘ ʜʘ ʙʲʜʝ ʥʘ ʧʨʘʚʠʪʝʣʩʪʚʘʪʘ 

ʠ ʚʩʠʯʢʠ ʢʦʤʧʘʥʠʠ ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʪʨʷʙʚʘ ʜʘ ʩʧʘʟʚʘʪ ʧʨʠʝʪʠʪʝ ʧʨʘʚʠʣʘ [38]. 
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V ʘʜʘʧʪʠʨʘʥʝ ʥʘ ʫʥʚʝʨʩʘʣʥʘ ʜʝʬʠʥʠʮʠʷ  ʥʘ ʪʝʨʤʠʥʘ Ăʥʘʥʤʘʪʝʨʠʘʣʠñ [57]; 

V ʚʥʠʤʘʪʝʣʥʘ ʦʮʝʥʢʘ ʥʘ ʚʲʟʤʦʞʥʦʩʪʠʪʝ ʥʘ ʜʘʜʝʥʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʜʘ ʦʪʛʦʚʦʨʠ ʥʘ 

ʪʲʨʩʝʥʝʪʦ ʥʘ ʧʘʟʘʨʘ [8]. 

ʅʫʞʜʘʪʘ ʦʪ ʥʘʜʝʞʜʥʠ ʨʝʰʝʥʠʷ  ʩʚʲʨʟʘʥʠ ʩ ʧʨʝʜʧʘʟʚʘʥʝʪʦ ʥʘ ʭʦʨʘʪʘ ʦʪ ʦʩʪʨʠ ʚʠʨʫʩʥʠ 

ʠʥʬʝʢʮʠʠ ʠ ʣʝʯʝʥʠʝʪʦ ʥʘ ʟʘʙʦʣʷʚʘʥʠʷʪʘ ʧʨʠʯʠʥʝʥʠ ʦʪ ʪʷʭ ʝ ʦʪ ʩʲʱʝʩʪʚʝʥʦ ʟʥʘʯʝʥʠʝ. ɺ ʪʘʟʠ 

ʚʨʲʟʢʘ, ʥʘʥʦʪʝʭʥʦʣʦʛʠʠʪʝ ʠʤʘʪ ʩʚʝʪʣʦ ʙʲʜʝʱʝ ʚ ʪʝʟʠ ʩʬʝʨʠ ʥʘ ʞʠʚʦʪʘ. 
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ʆʙʨʘʟʦʚʘʪʝʣʥʘ ʮʝʣ: ʎʝʣʪʘ ʥʘ ʪʘʟʠ ʛʣʘʚʘ ʝ ʜʘ ʧʨʝʜʦʩʪʘʚʠ ʠʥʬʦʨʤʘʮʠʷ ʟʘ ʧʦʜʦʙʨʝʥʠ ʠ 

ʚʠʨʫʩ-ʜʝʟʘʢʪʠʚʠʨʘʱʠ ʚʲʟʜʫʰʥʠ ʬʠʣʪʨʘʮʠʦʥʥʠ ʩʠʩʪʝʤʠ. 

 

ʉʲʜʲʨʞʘʥʠʝ 

1. ɺʲʚʝʜʝʥʠʝ 

2. ʌʠʣʪʨʘʮʠʷ ʥʘ ʚʲʟʜʫʭʘ ʠ SARS-CoV-2 

3. ɺʲʟʜʫʰʥʠ ʧʨʝʯʠʩʪʚʘʪʝʣʠ ʠ ʬʠʣʪʨʠ 

3.1. ʅʘʥʦʬʠʙʲʨʥʘ ʪʝʭʥʦʣʦʛʠʷ 

3.2. ʌʦʪʦ ʝʣʝʢʪʨʦʭʠʤʠʯʥʦ ʦʢʠʩʣʝʥʠʝ 

4. ʃʠʪʝʨʘʪʫʨʘ 

 

ʈʝʟʶʤʝ 

ɺʠʨʫʩʲʪ, ʧʨʠʯʠʥʷʚʘʱ COVID19 ʤʦʞʝ ʜʘ ʙʲʜʝ ʨʘʟʧʨʦʩʪʨʘʥʝʥ ʦʪ ʯʦʚʝʢ ʥʘ ʯʦʚʝʢ ʯʨʝʟ ʤʘʣʢʠ 

ʚʦʜʥʠ ʯʘʩʪʠʮʠ, ʥʘʨʝʯʝʥʠ ʘʝʨʦʟʦʣʠ. ʊʝʟʠ ʘʝʨʦʟʦʣʠ ʩʝ ʦʙʨʘʟʫʚʘʪ ʧʨʠ ʜʠʭʘʪʝʣʥʠʪʝ ʧʨʦʮʝʩʠ ʠ 

ʦʱʝ ʧʦʚʝʯʝ ʧʨʠ ʛʦʚʦʨ, ʢʨʝʱʝʥʝ ʠʣʠ ʧʝʝʥʝ. ɸʝʨʦʟʦʣʠʪʝ ʩʘ ʨʘʟʣʠʯʥʠ ʦʪ ʛʦʣʝʤʠʪʝ ʢʘʧʢʠ, 

ʨʘʟʧʨʦʩʪʨʘʥʷʚʘʱʠ COVID 19. ɻʦʣʝʤʠʪʝ ʢʘʧʢʠ ʧʘʜʘʪ ʥʘ ʟʝʤʷʪʘ ʧʦ-ʙʲʨʟʦ. ʊʝ ʩʪʠʛʘʪ ʥʘ 

ʨʘʟʩʪʦʷʥʠʝ ʦʪ ʪʨʠ ʜʦ ʰʝʩʪ ʤʝʪʨʘ ʦʪ ʯʦʚʝʢʘ ʢʦʡʪʦ ʛʠ ʦʙʨʘʟʫʚʘ. ɸʝʨʦʟʦʣʠʪʝ ʤʦʛʘʪ ʜʘ 

ʧʨʠʩʲʩʪʚʘʪ ʚʲʚ ʚʲʟʜʫʭʘ ʩ ʯʘʩʦʚʝ ʠ ʜʘ ʩʝ ʨʘʟʧʨʦʩʪʨʘʥʷʚʘʪ ʥʘ ʜʲʣʛʠ ʨʘʟʩʪʦʷʥʠʷ. ɸʝʨʦʟʦʣʠʪʝ 

ʩʲʜʲʨʞʘʪ ʧʦ-ʤʘʣʢʦ ʚʠʨʫʩʥʠ ʯʘʩʪʠʮʠ ʦʪ ʧʦ-ʛʦʣʝʤʠʪʝ ʢʘʧʢʠ. ʇʦʨʘʜʠ ʪʘʟʠ ʧʨʠʯʠʥʘ, ʟʘ ʜʘ ʩʝ 

ʦʩʲʱʝʩʪʚʠ ʠʥʬʝʢʮʠʷ, ʪʨʷʙʚʘ ʜʘ ʙʲʜʘʪ ʚʜʠʰʘʥʠ ʧʦʚʝʯʝ ʘʝʨʦʟʦʣʠ. ɸʝʨʦʟʦʣʠʪʝ ʤʦʛʘʪ ʜʘ ʩʝ 

ʥʘʪʨʫʧʘʪ ʘʢʦ ʚʲʟʜʫʭʘ ʥʝ ʮʠʨʢʫʣʠʨʘ ʧʨʘʚʠʣʥʦ. ʇʨʝʜʘʚʘʥʝʪʦ ʥʘ ʚʠʨʫʩʠ ʧʦ ʚʲʟʜʫʰʥʦ-ʢʘʧʢʦʚ 

ʧʲʪ ʟʘʯʝʩʪʷʚʘ ʧʨʝʟ ʟʠʤʥʠʪʝ ʤʝʩʝʮʠ, ʪʲʡ ʢʘʪʦ ʭʦʨʘʪʘ ʧʨʝʢʘʨʚʘʪ ʧʦʚʝʯʝ ʚʨʝʤʝ ʚ ʟʘʪʚʦʨʝʥʠ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ ʯʝʩʪʦ ʝ ʪʚʲʨʜʝ ʩʪʫʜʝʥʦ, ʟʘ ʜʘ ʩʝ ʜʲʨʞʘʪ ʦʪʚʦʨʝʥʠ ʧʨʦʟʦʨʮʠʪʝ. ʇʨʝʟ ʟʠʤʘʪʘ 

ʚʲʟʜʫʭʘ ʝ ʧʦ-ʩʫʭ, ʦʩʦʙʝʥʦ ʚ ʦʪʦʧʣʷʝʤʠ ʧʨʦʩʪʨʘʥʩʪʚʘ. ʉʫʭʠʷ ʚʲʟʜʫʭ ʫʚʨʝʞʜʘ ʣʠʛʘʚʠʮʘʪʘ ʥʘ 

ʨʝʩʧʠʨʘʪʦʨʥʠʷ ʪʨʘʢʪ ʠ ʫʣʝʩʥʷʚʘ ʥʘʚʣʠʟʘʥʝʪʦ ʥʘ ʚʠʨʫʩʘ ʚ ʜʠʭʘʪʝʣʥʠʪʝ ʧʲʪʠʱʘ. ʊʦʚʘ ʦʟʥʘʯʘʚʘ 

ʠ ʯʝ ʧʦ-ʤʘʣʢʠ ʘʝʨʦʟʦʣʠ ʤʦʛʘʪ ʜʘ ʧʨʠʩʲʩʪʚʘʪ ʟʘ ʧʦ-ʜʲʣʛʦ ʚʲʚ ʚʲʟʜʫʭʘ. ʇʦ ʪʦʟʠ ʥʘʯʠʥ 

ʨʘʟʧʨʦʩʪʨʘʥʝʥʠʝʪʦ ʥʘ COVID-19 ʧʦ ʚʲʟʜʫʰʥʦ-ʢʘʧʢʦʚ ʧʲʪ ʝ ʦʯʘʢʚʘʥʦ ʜʘ ʙʲʜʝ ʧʦ-ʯʝʩʪʦ 
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ʩʨʝʱʘʥʦ ʧʦ ʚʨʝʤʝ ʥʘ ʟʠʤʥʠʪʝ ʤʝʩʝʮʠ. ʇʨʠ ʥʝʧʲʣʥʘ ʚʘʢʩʠʥʘʮʠʷ ʥʦʩʝʥʝʪʦ ʥʘ ʤʘʩʢʠ ʠ 

ʧʦʪʜʲʨʞʘʥʝ ʥʘ ʨʘʟʩʪʦʷʥʠʝ ʥʘ ʧʦʥʝ ʝʜʠʥ ʤʝʪʲʨ ʦʪ ʦʩʪʘʥʘʣʠʪʝ ʭʦʨʘ, ʢʘʢʪʦ ʠ ʜʦʙʨʘʪʘ ʚʲʟʜʫʰʥʘ 

ʮʠʨʢʫʣʘʮʠʷ (ʚʝʥʪʠʣʘʮʠʷ) ʚ ʩʛʨʘʜʠʪʝ, ʫʯʠʣʠʱʘʪʘ ʠ ʜʦʤʦʚʝʪʝ, ʢʘʢʪʦ ʠ ʩʠʩʪʝʤʠʪʝ ʟʘ 

ʧʨʝʯʠʩʪʚʘʥʝ ʥʘ ʚʲʟʜʫʭʘ ʤʦʛʘʪ ʜʘ ʥʘʤʘʣʷʪ ʨʘʟʧʨʦʩʪʨʘʥʝʥʠʝʪʦ ʥʘ COVID-19. 

 

ʂʣʶʯʦʚʠ ʜʫʤʠ: ʬʠʣʪʨʘʮʠʦʥʥʠ ʩʠʩʪʝʤʠ ʟʘ ʧʨʝʯʠʩʪʚʘʥʝ ʥʘ ʚʲʟʜʫʭʘ, ʥʘʥʦʪʝʭʥʦʣʦʛʠʠ, 

COVID-19  
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1. ɺʲʚʝʜʝʥʠʝ 

COVID-19 ʥʘʢʘʨʘ ʯʦʚʝʰʢʘʪʘ ʧʦʧʫʣʘʮʠʷ ʜʘ ʧʨʝʦʩʤʠʩʣʠ ʥʘʯʠʥʘ ʩʠ ʥʘ ʞʠʚʦʪ. ɿʘʧʣʘʭʘʪʘ, 

ʧʦʨʦʜʝʥʘ ʦʪ ʧʦʪʝʥʮʠʘʣʥʦʪʦ ʨʘʟʧʨʦʩʪʨʘʥʝʥʠʝ ʥʘ ʚʠʨʫʩʘ ʧʦ ʚʲʟʜʫʰʥʦ-ʢʘʧʢʦʚ ʧʲʪ ʯʨʝʟ 

ʚʝʥʪʠʣʘʮʠʦʥʥʠ ʩʠʩʪʝʤʠ ʚ ʩʛʨʘʜʠ ʠ ʟʘʪʚʦʨʝʥʠ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʜʘʚʘ ʧʦʚʦʜ ʟʘ ʧʨʠʪʝʩʥʝʥʠʝ. ɿʘ 

ʜʘ ʥʘʤʘʣʷʪ ʪʘʟʠ ʟʘʧʣʘʭʘ, ʠʟʩʣʝʜʦʚʘʪʝʣʠʪʝ ʦʪʢʨʠʭʘ ʨʘʟʣʠʯʥʠ ʪʝʭʥʦʣʦʛʠʠ ʠ ʤʝʪʦʜʠʢʠ ʟʘ 

ʝʣʠʤʠʥʠʨʘʥʝ ʠʣʠ ʥʘʤʘʣʷʚʘʥʝ ʥʘ ʢʦʥʮʝʥʪʨʘʮʠʷʪʘ ʥʘ ʚʠʨʫʩʘ ʚʲʚ ʚʝʥʪʠʣʘʮʠʦʥʥʠ ʩʠʩʪʝʤʠ ʠ 

ʟʘʢʨʠʪʠ ʧʨʦʩʪʨʘʥʩʪʚʘ. ɺʲʧʨʝʢʠ, ʯʝ ʚʝʯʝ ʩʘ ʧʨʦʫʯʝʥʠ ʤʥʦʛʦ ʪʝʭʥʦʣʦʛʠʠ ʠ ʤʝʪʦʜʠ, ʥʷʢʦʠ ʚʝʯʝ 

ʢʦʤʝʨʩʠʘʣʥʦ ʜʦʩʪʲʧʥʠ, ʪʷʭʥʘʪʘ ʝʬʠʢʘʩʥʦʩʪ ʠ ʙʝʟʦʧʘʩʥʦʩʪ ʚʩʝ ʦʱʝ ʥʝ ʝ ʥʘʧʲʣʥʦ ʠʟʩʣʝʜʚʘʥʘ. 

ʊʘʟʠ ʩʪʘʪʠʷ ʩʲʜʲʨʞʘ ʢʨʘʪʲʢ ʧʨʝʛʣʝʜ ʥʘ ʨʘʟʣʠʯʥʠ ʧʨʠʣʦʞʠʤʠ ʪʝʭʥʦʣʦʛʠʠ ʠ ʤʝʪʦʜʠ ʟʘ ʙʦʨʙʘ 

ʩ ʚʠʨʫʩʠ, ʧʨʝʜʘʚʘʥʠ ʧʦ ʚʲʟʜʫʰʥʦ-ʢʘʧʢʦʚ ʧʲʪ ʚʲʚ ʚʝʥʪʠʣʘʮʠʦʥʥʠ ʩʠʩʪʝʤʠ ʠ ʟʘʢʨʠʪʠ 

ʧʨʦʩʪʨʘʥʩʪʚʘ, ʩ ʮʝʣ ʜʘ ʙʲʜʝ ʧʨʠʜʦʙʠʪ ʧʦ-ʰʠʨʦʢ ʧʦʛʣʝʜ ʠ ʦʙʦʙʱʝʥʠʝ ʚʲʨʭʫ ʥʘʩʪʦʷʱʘʪʘ 

ʥʘʫʯʥʦʠʟʩʣʝʜʦʚʘʪʝʣʩʢʘ ʠ ʨʘʟʚʦʡʥʘ ʜʝʡʥʦʩʪ. ʊʦʚʘ ʚʢʣʶʯʚʘ ʝʬʠʢʘʩʥʘ ʚʲʟʜʫʰʥʘ ʬʠʣʪʨʘʮʠʷ, 

ʡʦʥʠʟʘʮʠʷ ʥʘ ʚʲʟʜʫʭʘ, ʢʦʥʪʨʦʣ ʥʘ ʩʨʝʜʘʪʘ, ʫʣʪʨʘʚʠʦʣʝʪʦʚʦ ʛʝʨʤʠʮʠʜʥʦ ʦʙʣʲʯʚʘʥʝ, 

ʥʝʪʝʨʤʠʯʥʘ ʧʣʘʟʤʘ ʠ ʨʝʘʢʪʠʚʦʩʧʦʩʦʙʥʠ ʢʠʩʣʦʨʦʜʥʠ ʚʠʜʦʚʝ, ʬʠʣʪʲʨʥʠ ʧʦʢʨʠʪʠʷ, ʭʠʤʠʯʥʠ 

ʜʝʟʠʥʬʝʢʪʘʥʪʠ ʠ ʪʦʧʣʠʥʥʦ ʠʥʘʢʪʠʚʠʨʘʥʝ. ʊʘʟʠ ʩʪʘʪʠʷ ʜʘʚʘ ʠʥʬʦʨʤʘʮʠʷ ʟʘ ʩʠʩʪʝʤʠ ʟʘ 

ʬʠʣʪʨʠʨʘʥʝ ʥʘ ʚʲʟʜʫʭʘ, ʢʦʠʪʦ ʧʨʝʜʦʪʚʨʘʪʷʚʘʪ ʨʘʟʧʨʦʩʪʨʘʥʝʥʠʝʪʦ ʥʘ ʚʠʨʫʩʠ. 

COVID-19 ʧʨʠʥʫʜʠ ʯʦʚʝʰʢʘʪʘ ʧʦʧʫʣʘʮʠʷ ʜʘ ʩʝ ʘʜʘʧʪʠʨʘ ʙʲʨʟʦ ʚ ʩʣʝʜʩʪʚʠʝ ʥʘ ʥʦʚʠʷ ʠ 

ʩʠʣʥʦ ʟʘʨʘʟʝʥ ʚʠʨʫʩ. ʅʘʯʠʥʠʪʝ ʟʘ ʪʨʘʥʩʤʠʩʠʷ ʥʘ ʚʠʨʫʩʘ ʥʝ ʩʘ ʥʘʧʲʣʥʦ ʷʩʥʠ. ɺʲʧʨʝʢʠ ʪʦʚʘ ʝ 

ʧʨʠʝʪʦ, ʯʝ ʚʠʨʫʩʘ ʤʦʞʝ ʜʘ ʙʲʜʝ ʧʨʝʜʘʚʘʥ ʯʨʝʟ ʚʲʟʜʫʭʘ, ʯʨʝʟ ʧʨʷʢ ʢʦʥʪʘʢʪ ʩ ʜʨʫʛʦ ʣʠʮʝ ʠʣʠ 

ʯʨʝʟ ʠʟʧʘʨʷʚʘʱʠ ʩʝ ʨʝʩʧʠʨʘʪʦʨʥʠ ʢʘʧʢʠ ʧʦʜ ʬʦʨʤʘʪʘ ʥʘ ʢʘʧʢʦʚʠ ʷʜʨʘ, ʢʦʠʪʦ ʤʦʛʘʪ ʜʘ 

ʦʩʪʘʥʘʪ ʨʘʟʪʚʦʨʝʥʠ ʟʘ ʜʲʣʛʦ ʚʨʝʤʝ ʢʘʪʦ ʘʝʨʦʟʦʣʠ [23, 20, 7]. ʊʝʟʠ ʘʨʦʟʦʣʠ ʤʦʛʘʪ ʜʘ ʧʨʝʤʠʥʘʪ 

ʧʨʝʟ ʚʝʥʪʠʣʘʮʠʦʥʥʠ ʩʠʩʪʝʤʠ ʚ ʩʛʨʘʜʠ ʠ ʟʘʢʨʠʪʠ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ ʜʘ ʜʦʩʪʠʛʥʘʪ ʜʦ ʜʨʫʛʠ ʟʦʥʠ, 

ʜʘʣʝʯ ʦʪ ʠʥʬʝʢʪʠʨʘʥʠʪʝ ʣʠʮʘ [6, 14]. ʄʘʢʘʨ ʯʝ ʠʤʘ ʩʧʦʨ ʦʪʥʦʩʥʦ ʩʝʨʠʦʟʥʦʩʪʪʘ ʥʘ ʟʘʧʣʘʭʘʪʘ, 

ʧʦʨʦʜʝʥʘ ʦʪ ʪʝʟʠ ʚʲʟʜʫʰʥʠ ʢʘʧʢʠ, ʷʩʥʦ ʝ ʯʝ ʥʘʯʠʥʘ ʥʘ ʪʨʘʥʩʤʠʩʠʷ ʚ ʟʘʪʚʦʨʝʥʠ ʧʨʦʩʪʨʘʥʩʪʚʘ 

ʥʝ ʤʦʞʝ ʜʘ ʙʲʜʝ ʠʛʥʦʨʠʨʘʥ. ʆʱʝ ʧʦʚʝʯʝ, ʩʢʦʨʦʰʥʦ ʧʨʦʫʯʚʘʥʝ ʜʦʨʠ ʜʦʧʫʩʢʘ, ʯʝ ʧʨʝʜʘʚʘʥʝʪʦ 

ʧʦ ʚʲʟʜʫʰʥʦ-ʢʘʧʢʦʚ ʧʲʪ ʤʦʞʝ ʜʘ ʙʲʜʝ ʦʩʥʦʚʥʠʷ ʥʘʯʠʥ ʟʘ ʧʨʝʥʦʩ ʥʘ ʚʠʨʫʩʘ (ʌʠʛ.1) [6].  

ɺʲʧʨʝʢʠ ʯʝ COVID-19 ʥʝ ʝ ʥʘʧʲʣʥʦ ʧʨʦʫʯʝʥ, ʤʥʦʛʦ ʫʨʦʮʠ ʙʷʭʘ ʥʘʫʯʝʥʠ ʦʪ ʧʨʝʜʠʰʥʠ 

ʚʠʨʫʩʠ, ʧʨʝʜʘʚʘʥʠ ʧʦ ʚʲʟʜʫʰʥʦ-ʢʘʧʢʦʚ ʧʲʪ. ʊʘʢʠʚʘ ʩʘ ʥʘʧʨʠʤʝʨ ʪʫʙʝʨʢʫʣʦʟʘʪʘ ʠ ʨʘʟʣʠʯʥʠ 

ʱʘʤʦʚʝ ʥʘ ʛʨʠʧʥʠʷ ʚʠʨʫʩ [14, 21]. ʆʪ ʦʩʥʦʚʥʠ ʟʥʘʥʠʷ ʟʘ ʪʦʚʘ ʢʘʢ ʩʝ ʨʘʟʧʨʦʩʪʨʘʥʷʚʘʪ 

ʚʠʨʫʩʠʪʝ ʩʣʝʜʚʘ, ʯʝ ʚ ʥʝʠʥʬʝʢʪʠʨʘʥ ʠʥʜʠʚʠʜ ʪʨʷʙʚʘ ʜʘ ʥʘʚʣʝʟʝ ʦʧʨʝʜʝʣʝʥʦ ʢʦʣʠʯʝʩʪʚʦ 

ʚʠʨʫʩ, ʟʘ ʜʘ ʩʝ ʫʚʝʣʠʯʠ ʚʠʨʫʩʥʠʷ ʪʦʚʘʨ ʠ ʪʦʚʘ ʜʘ ʜʦʚʝʜʝ ʜʦ ʥʦʚʘ ʠʥʬʝʢʮʠʷ. ɺ 

ʝʧʠʜʝʤʠʦʣʦʛʠʯʥʘʪʘ ʣʠʪʝʨʘʪʫʨʘ ʦʙʠʢʥʦʚʝʥʦ ʪʦʚʘ ʩʝ ʜʝʬʠʥʠʨʘ ʢʘʪʦ ʢʚʘʥʪ- ʙʨʦʷ ʥʘ 

ʠʥʬʝʢʮʠʦʟʥʠʪʝ ʚʲʟʜʫʰʥʠ ʯʘʩʪʠʮʠ, ʥʝʦʙʭʦʜʠʤʠ ʟʘ ʠʥʬʝʢʪʠʨʘʥʝʪʦ ʥʘ 63% ʦʪ ʠʥʜʠʚʠʜʠʪʝ ʚ 
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ʦʧʨʝʜʝʣʝʥʦ ʟʘʢʨʠʪʦ ʧʨʦʩʪʨʘʥʩʪʚʦ [22]. ʊʦʚʘ ʝ ʦʩʥʦʚʝʥ ʢʨʠʪʝʨʠʡ ʟʘ ʤʥʦʛʦ ʤʦʜʝʣʠ, ʮʝʣʷʱʠ ʜʘ 

ʧʨʠʜʘʜʘʪ ʢʦʣʠʯʝʩʪʚʝʥʘ ʤʷʨʢʘ ʥʘ ʚʲʟʤʦʞʥʦʩʪʪʘ ʟʘ ʠʥʬʝʢʮʠʷ ʙʝʟ ʜʦʩʝʛ ʜʦ ʜʘʜʝʥ ʧʘʪʦʛʝʥ. ʊʦʟʠ 

ʤʦʜʝʣ ʩʝ ʙʘʟʠʨʘ ʥʘ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʟʘ ʜʦʙʨʝ ʩʤʝʩʝʥ ʩʲʩʪʘʚ ʥʘ ʚʲʟʜʫʭʘ, ʢʦʝʪʦ ʝ ʧʦʜʢʨʝʧʝʥʦ ʚ 

ʣʠʪʝʨʘʪʫʨʘʪʘ [19, 2, 26]. ʊʦʚʘ ʧʨʝʜʧʦʣʘʛʘ, ʯʝ ʯʘʩʪʠʮʠʪʝ ʩʘ ʨʘʚʥʦʤʝʨʥʦ ʨʘʟʧʨʝʜʝʣʝʥʠ ʚ 

ʟʘʪʚʦʨʝʥʦ ʧʨʦʩʪʨʘʥʩʪʚʦ, ʚʤʝʩʪʦ ʜʘ ʦʙʨʘʟʫʚʘʪ ʤʘʣʲʢ ʦʙʣʘʢ ʦʪ ʘʝʨʦʟʦʣʠ, ʨʘʟʧʨʲʩʥʘʪʠ ʦʢʦʣʦ 

ʠʥʬʝʢʪʠʨʘʥʠʷ ʠʥʜʠʚʠʜ. ʈʘʟʧʨʦʩʪʨʘʥʝʥʠʝʪʦ ʠ ʝʬʝʢʪʘ ʥʘ ʠʥʬʝʢʮʠʷʪʘ ʩʝ ʦʧʨʝʜʝʣʷʪ ʦʪ ʬʘʢʪʦʨʠ 

ʢʘʪʦ ʚʠʨʫʩʝʥ ʪʦʚʘʨ, ʜʠʭʘʪʝʣʥʘ ʯʝʩʪʦʪʘ, ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʘ ʢʘʧʢʦʚʠʷ ʦʙʝʤ, ʦʪʜʝʣʝʥ ʦʪ 

ʠʥʬʝʢʪʠʨʘʥʠʷ ʠʥʜʠʚʠʜ, ʙʨʦʷ ʚʠʨʫʩʥʠ ʯʘʩʪʠʮʠ ʥʝʦʙʭʦʜʠʤʠ ʟʘ ʠʥʠʮʠʠʨʘʥʝ ʥʘ ʠʥʬʝʢʮʠʷʪʘ ʠ 

ʦʙʝʤʘ ʥʘ ʟʘʪʚʦʨʝʥʦʪʦ ʧʨʦʩʪʨʘʥʩʪʚʦ. 

ʌʠʛʫʨʘ 1. ʈʠʩʢ ʦʪ ʠʥʬʝʢʮʠʷ ʧʦʩʨʝʜʩʪʚʦʤ ʚʲʟʜʫʰʥʠ ʢʘʧʢʠ. 

 

ʀʟʪʦʯʥʠʢ: URL-1 [7]. 

 

ʄʘʪʝʤʘʪʠʯʝʩʢʠ, ʢʚʘʥʪʦʚʘʪʘ ʝʤʠʩʠʦʥʥʘ ʩʢʦʨʦʩʪ ʩʝ ʦʧʨʝʜʝʣʷ ʦʪ ʚʠʨʫʩʥʠʷ ʪʦʚʘʨ, 

ʜʠʭʘʪʝʣʥʘʪʘ ʯʝʩʪʦʪʘ, ʢʦʥʮʝʥʪʨʘʮʠʷʪʘ ʥʘ ʢʘʧʢʦʚʠʷ ʦʙʝʤ, ʦʪʜʝʣʝʥ ʦʪ ʠʥʬʝʢʪʠʨʘʥʠʷ ʠʥʜʠʚʠʜ 

ʠ ʙʨʦʷ ʚʠʨʫʩʥʠ ʯʘʩʪʠʮʠ ʥʝʦʙʭʦʜʠʤʠ ʟʘ ʠʥʠʮʠʠʨʘʥʝ ʥʘ ʠʥʬʝʢʮʠʷʪʘ. ɽʬʝʢʪʠʪʝ ʟʘ ʥʘʤʘʣʷʚʘʥʝ 

ʚʲʟʤʦʞʥʦʩʪʪʘ ʦʪ ʠʥʬʝʢʮʠʷ ʚʢʣʶʯʚʘʪ ʬʘʢʪʦʨʠ ʢʘʪʦ ʚʲʟʜʫʰʝʥ ʦʙʤʝʥ, ʩʢʦʨʦʩʪ ʥʘ ʬʠʣʪʨʘʮʠʷ 

ʥʘ ʚʲʟʜʫʭʘ, ʢʘʧʢʦʚʦ ʫʪʘʷʚʘʥʝ, ʩʢʦʨʦʩʪ ʥʘ ʢʘʧʢʦʚʦ ʫʪʘʷʚʘʥʝ, ʩʢʦʨʦʩʪ ʥʘ ʠʥʘʢʪʠʚʠʨʘʥʝ ʠ 

ʨʘʜʠʫʩ ʥʘ ʯʘʩʪʠʮʠʪʝ.  

ʉʣʝʜʦʚʘʪʝʣʥʦ, ʥʷʢʦʣʢʦ ʢʣʶʯʦʚʠ ʬʘʢʪʦʨʘ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʩʯʠʪʘʥʠ ʢʘʪʦ ʚʲʟʤʦʞʥʠ 

ʤʝʪʦʜʠ ʟʘ ʧʨʝʤʘʭʚʘʥʝ ʥʘ ʚʠʨʫʩʥʠ ʯʘʩʪʠʮʠ ʦʪ ʟʘʪʚʦʨʝʥʠ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ ʧʦ ʪʦʟʠ ʥʘʯʠʥ ʜʘ 

ʥʘʤʘʣʷʪ ʚʲʟʤʦʞʥʦʩʪʪʘ ʦʪ ʠʥʬʝʢʮʠʷ. ʊʝ ʩʘ (ʌʠʛ.2): 



 

 
70 

- ʋʚʝʣʠʯʘʚʘʥʝ ʥʘ ʧʦʪʦʢʘ ʥʘ ʩʚʝʞ ʚʲʟʜʫʭ ʠ ʩʲʦʪʚʝʪʥʦ ʥʘʤʘʣʷʚʘʥʝ ʥʘ ʢʚʘʥʪʦʚʘʪʘ 

ʢʦʥʮʝʥʪʨʘʮʠʷ; 

- ʋʚʝʣʠʯʘʚʘʥʝ ʥʘ ʬʠʣʪʨʘʮʠʦʥʥʘʪʘ ʩʢʦʨʦʩʪ ʥʘ HVAC ʩʠʩʪʝʤʘʪʘ; 

- ʋʚʝʣʠʯʘʚʘʥʝ ʥʘ ʩʢʦʨʦʩʪʪʘ ʥʘ ʦʪʣʘʛʘʥʝ ʥʘ ʚʠʨʫʩʥʠ ʯʘʩʪʠʮʠ ʚʲʨʭʫ ʧʦʚʲʨʭʥʦʩʪʠ; 

- ʋʚʝʣʠʯʘʚʘʥʝ ʥʘ ʚʠʨʫʩʥʘʪʘ ʠʥʘʢʪʠʚʘʮʠʷ. 

 

ʌʠʛʫʨʘ 2. ʇʦʜʦʙʨʷʚʘʥʝ ʥʘ ʢʘʯʝʩʪʚʦʪʦ ʥʘ ʚʲʟʜʫʭʘ ʚ ʟʘʪʚʦʨʝʥʠ ʧʨʦʩʪʨʘʥʩʪʚʘ ʩ ʮʝʣ 

ʧʨʝʜʦʪʚʨʘʪʷʚʘʥʝ ʥʘ ʨʘʟʧʨʦʩʪʨʘʥʝʥʠʝʪʦ ʥʘ COVID-19. 

 

 

 

 

 

 

 

 

 

ʀʟʪʦʯʥʠʢ: URL-2 [13]. 

 

ɺʲʧʨʝʢʠ ʯʝ ʩʘ ʨʘʟʣʠʯʥʠ ʧʦ ʜʝʬʠʥʠʮʠʷ, ʫʚʝʣʠʯʘʚʘʥʝʪʦ ʥʘ ʩʢʦʨʦʩʪʪʘ ʥʘ ʦʪʣʘʛʘʥʝ ʥʘ 

ʚʠʨʫʩʥʠʪʝ ʯʘʩʪʠʮʠ ʤʦʞʝ ʜʘ ʩʝ ʩʯʠʪʘ ʢʘʪʦ ʩʭʦʜʥʘ ʥʘ ʫʚʝʣʠʯʘʚʘʥʝ ʥʘ ʩʢʦʨʦʩʪʪʘ ʥʘ 

ʩʝʜʠʤʝʥʪʘʮʠʷ. ʉʝʜʠʤʝʥʪʘʮʠʷʪʘ ʧʨʝʜʩʪʘʚʣʷʚʘ ʫʪʘʷʚʘʥʝ ʥʘ ʯʘʩʪʠʮʠ ʚʲʨʭʫ ʟʝʤʷʪʘ ʠʣʠ ʜʨʫʛʠ 

ʧʦʚʲʨʭʥʦʩʪʠ ʙʣʘʛʦʜʘʨʝʥʠʝ ʥʘ ʛʨʘʚʠʪʘʮʠʦʥʥʠʪʝ ʩʠʣʠ. ɺʲʧʨʝʢʠ ʪʦʚʘ, ʯʘʩʪʠʮʠʪʝ ʚʲʚ ʚʲʟʜʫʭʘ 

ʤʦʛʘʪ ʜʘ ʩʝ ʥʘʪʨʫʧʚʘʪ ʚʲʨʭʫ ʩʪʝʥʠ ʠ ʜʨʫʛʠ ʧʦʚʲʨʭʥʦʩʪʠ ʧʦʨʘʜʠ ʤʝʭʘʥʠʟʤʠ ʢʘʪʦ ʥʘʧʨʠʤʝʨ 

ʥʝʝʩʪʝʩʪʚʝʥʘ ʜʠʬʫʟʠʷ ʟʘ ʩʝʜʠʤʝʥʪʘʮʠʷ ʥʘ ʯʘʩʪʠʮʠ. ʎʝʥʪʨʦʚʝʪʝ ʟʘ ʢʦʥʪʨʦʣ ʠ ʧʨʝʚʝʥʮʠʷ ʥʘ 

ʟʘʙʦʣʷʚʘʥʠʷʪʘ (CDC) ʠ ʉʚʝʪʦʚʥʘʪʘ ʟʜʨʘʚʥʘ ʦʨʛʘʥʠʟʘʮʠʷ (WHO) ʧʦʪʚʲʨʞʜʘʚʘʪ ʚʲʟʤʦʞʥʦʩʪʪʘ 

ʟʘ ʧʨʝʤʘʭʚʘʥʝ ʥʘ ʚʠʨʫʩʥʠ ʯʘʩʪʠʮʠ ʯʨʝʟ ʦʙʤʝʥ ʥʘ ʚʲʟʜʫʭʘ [8, 4]. ʊʝ ʧʨʝʧʦʨʲʯʚʘʪ ʫʚʝʣʠʯʘʚʘʥʝ 

ʥʘ ʧʦʪʦʢʘ ʦʪ ʩʚʝʞ ʚʲʟʜʫʭ ʢʘʪʦ ʧʨʦʩʪ ʥʘʯʠʥ ʟʘ ʥʘʤʘʣʷʚʘʥʝ ʥʘ ʢʦʥʮʝʥʪʨʘʮʠʷʪʘ ʥʘ ʚʠʨʫʩʥʠ 

ʯʘʩʪʠʮʠ ʚ ʟʘʪʚʦʨʝʥʦ ʧʨʦʩʪʨʘʥʩʪʚʦ. ʁʦʥʠʟʘʮʠʷʪʘ ʥʘ ʚʲʟʜʫʭʘ ʩʲʱʦ ʤʦʞʝ ʜʘ ʙʲʜʝ ʠʟʧʦʣʟʚʘʥʘ 
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ʟʘ ʫʚʝʣʠʯʘʚʘʥʝ ʥʘ ʩʢʦʨʦʩʪʪʘ ʥʘ ʧʨʝʤʘʭʚʘʥʝ ʥʘ ʚʠʨʫʩʥʠ ʯʘʩʪʠʮʠ ʦʪ ʟʘʪʚʦʨʝʥʦ ʧʨʦʩʪʨʘʥʩʪʚʦ, 

ʯʨʝʟ ʫʚʝʣʠʯʘʚʘʥʝ ʥʘ ʬʠʣʪʨʘʮʠʦʥʥʘʪʘ ʝʬʝʢʪʠʚʥʦʩʪ ʠ ʦʪʣʘʛʘʥʝʪʦ ʥʘ ʯʘʩʪʠʮʠ. ɿʘ 

ʩʪʝʨʠʣʠʟʠʨʘʥʝ ʥʘ ʚʲʟʜʫʭʘ ʠ ʦʙʝʟʚʨʝʞʜʘʥʝ ʥʘ ʚʠʨʫʩʘ ʩʘ ʜʦʩʪʲʧʥʠ ʨʘʟʣʠʯʥʠ ʤʝʪʦʜʠ. ʇʦ ʪʦʟʠ 

ʥʘʯʠʥ ʩʝ ʫʚʝʣʠʯʘʚʘ ʩʢʦʨʦʩʪʪʘ ʥʘ ʚʠʨʫʩʥʘʪʘ ʠʥʘʢʪʠʚʘʮʠʷ ʠ ʩʝ ʥʘʤʘʣʷʚʘ ʥʝʦʙʭʦʜʠʤʦʩʪʪʘ ʦʪ 

ʧʨʝʤʘʭʚʘʥʝ ʥʘ ʯʘʩʪʠʮʠ ʦʪ ʚʲʟʜʫʭʘ. ɺ ʪʘʟʠ ʚʨʲʟʢʘ ʤʦʞʝ ʜʘ ʙʲʜʝ ʠʟʙʨʦʝʥʦ ʩʣʝʜʥʦʪʦ: 

V ʋʣʪʨʘʚʠʦʣʝʪʦʚʦ ʛʝʨʤʠʮʠʜʥʦ ʦʙʣʲʯʚʘʥʝ (UVGI). ʊʦʚʘ ʝ ʪʨʘʜʠʮʠʦʥʥʦ ʧʦʧʫʣʷʨʥʘ 

ʪʝʭʥʦʣʦʛʠʷ ʟʘ ʙʦʨʙʘ ʩ ʚʠʨʫʩʠ, ʧʨʝʜʘʚʘʥʠ ʧʦ ʚʲʟʜʫʰʥʦ-ʢʘʧʢʦʚ ʧʲʪ (ʌʠʛ.3). 

V ʂʦʥʪʨʦʣ ʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʦʪʥʦʩʠʪʝʣʥʘ ʚʣʘʞʥʦʩʪ ʥʘ ʚʲʟʜʫʭʘ. ʉʯʠʪʘ ʩʝ, ʯʝ ʯʨʝʟ 

ʜʠʨʝʢʪʥʦ ʢʦʥʪʨʦʣʠʨʘʥʝ ʥʘ ʫʩʣʦʚʠʷʪʘ ʥʘ ʩʨʝʜʘʪʘ ʤʦʞʝ ʜʘ ʙʲʜʝ ʩʲʟʜʘʜʝʥʘ 

ʥʝʙʣʘʛʦʧʨʠʷʪʥʘ ʩʨʝʜʘ ʟʘ ʚʠʨʫʩʠ ʠ ʧʦ ʪʦʟʠ ʥʘʯʠʥ ʜʘ ʙʲʜʝ ʫʚʝʣʠʯʝʥʘ ʝʩʪʝʩʪʚʝʥʘʪʘ 

ʩʢʦʨʦʩʪ ʥʘ ʚʠʨʫʩʥʘ ʠʥʘʢʪʠʚʘʮʠʷ. ʊʦʚʘ ʚʢʣʶʯʚʘ ʢʦʥʪʨʦʣʠʨʘʥʝ ʥʘ ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʠ 

ʦʪʥʦʩʠʪʝʣʥʘʪʘ ʚʣʘʞʥʦʩʪ ʥʘ ʚʲʟʜʫʭʘ, ʟʘ ʜʘ ʙʲʜʝ ʧʦʜʜʲʨʞʘʥʘ ʥʝʧʦʜʭʦʜʷʱʘ ʟʘ ʚʠʨʫʩʘ 

ʩʨʝʜʘ. 

V ʅʝʪʝʨʤʠʯʥʘ ʧʣʘʟʤʘ ʠ ʨʝʘʢʪʠʚʦʩʧʦʩʦʙʥʠ ʢʠʩʣʦʨʦʜʥʠ ʚʠʜʦʚʝ. ʊʝ ʧʨʝʜʣʘʛʘʪ ʜʨʫʛʠ 

ʘʣʪʝʨʥʘʪʠʚʠ ʟʘ ʚʠʨʫʩʥʘ ʠʥʘʢʪʠʚʘʮʠʷ ʠ ʩʘ ʜʦʢʘʟʘʥʦ ʝʬʝʢʪʠʚʥʠ ʩʨʝʱʫ ʙʘʢʪʝʨʠʠ ʠ ʜʨʫʛʠ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʠ.  

V ʀʟʧʦʣʟʚʘʥʝ ʥʘ ʬʠʣʪʲʨʥʠ ʧʦʢʨʠʪʠʷ. ɼʨʫʛ ʚʲʟʤʦʞʝʥ ʤʝʪʦʜ ʝ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ 

ʬʠʣʪʲʨʥʠ ʧʦʢʨʠʪʠʷ, ʢʦʠʪʦ ʫʣʝʩʥʷʚʘʪ ʚʠʨʫʩʥʘʪʘ ʠʥʘʢʪʠʚʘʮʠʷ ʯʨʝʟ ʘʥʪʠʤʠʢʨʦʙʥʠʪʝ ʩʠ 

ʢʘʯʝʩʪʚʘ ʠʣʠ ʯʨʝʟ ʜʠʨʝʢʪʥʦ ʫʚʨʝʞʜʘʥʝ ʥʘ ʚʠʨʫʩʘ. 

V ʍʠʤʠʯʥʠ ʜʝʟʠʥʬʝʢʪʘʥʪʠ. ʍʠʤʠʯʥʠʪʝ ʜʝʟʠʥʬʝʢʪʘʥʪʠ ʩʲʱʦ ʩʘ ʜʦʢʘʟʘʥʦ ʝʬʝʢʪʠʚʥʠ ʚ 

ʧʨʝʤʘʭʚʘʥʝʪʦ ʥʘ ʚʠʨʫʩʠ ʦʪ ʧʦʚʲʨʭʥʦʩʪʠ ʠ ʤʦʛʘʪ ʜʘ ʧʨʝʜʦʩʪʘʚʷʪ ʜʨʫʛʠ ʨʝʰʝʥʠʷ ʟʘ 

ʫʚʝʣʠʯʘʚʘʥʝ ʥʘ ʚʠʨʫʩʥʘʪʘ ʠʥʘʢʪʠʚʘʮʠʷ. 

V ʉʚʨʲʭʪʦʧʣʠʥʥʘ ʩʪʝʨʠʣʠʟʘʮʠʷ. ʉʚʨʲʭʪʦʧʣʠʥʥʘʪʘ ʩʪʝʨʠʣʠʟʘʮʠʷ ʤʦʞʝ ʜʘ ʧʨʝʜʣʦʞʠ 

ʜʨʫʛʦ ʥʘʜʝʞʜʥʦ ʨʝʰʝʥʠʝ ʟʘ ʠʥʘʢʪʠʚʠʨʘʥʝ ʥʘ ʚʠʨʫʩʥʠʪʝ ʯʘʩʪʠʮʠ, ʚʲʧʨʝʢʠ ʯʝ 

ʪʨʘʜʠʮʠʦʥʥʦ ʩʝ ʠʟʧʦʣʟʚʘ ʟʘ ʩʪʝʨʠʣʠʟʠʨʘʥʝ ʥʘ ʭʠʨʫʨʛʠʯʥʦ ʦʙʦʨʫʜʚʘʥʝ ʚ ʧʦ-ʤʘʣʲʢ 

ʤʘʱʘʙ. 
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ʌʠʛʫʨʘ 3: ʇʦʜʦʙʨʷʚʘʥʝ ʥʘ ʚʝʥʪʠʣʘʮʠʷʪʘ ʠ ʬʠʣʪʨʠʨʘʥʝʪʦ ʥʘ ʚʲʟʜʫʭʘ ʚ ʞʠʣʠʱʥʠ ʠ ʨʘʙʦʪʥʠ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ʟʘ ʧʨʝʜʦʪʚʨʘʪʷʚʘʥʝ ʨʘʟʧʨʦʩʪʨʘʥʝʥʠʝʪʦ ʥʘ COVID-19. 

  

ʀʟʪʦʯʥʠʢ: URL-3 [16]. 

 

2. ʌʠʣʪʨʘʮʠʷ ʥʘ ʚʲʟʜʫʭʘ ʠ SARS-CoV-2 

ɺʲʟʜʫʰʥʘʪʘ ʬʠʣʪʨʘʮʠʷ ʩʝ ʧʨʝʚʲʨʥʘ ʚ ʢʨʠʪʠʯʥʘ ʠʥʪʝʨʚʝʥʮʠʷ ʧʨʠ ʩʧʨʘʚʷʥʝ ʩ 

ʨʘʟʧʨʦʩʪʨʘʥʝʥʠʝʪʦ ʥʘ ʢʦʨʦʥʘʚʠʨʫʩʥʦʪʦ ʟʘʙʦʣʷʚʘʥʝ ʦʪ 2019ʛ. (COVID-19). ɺʲʧʨʝʢʠ ʪʦʚʘ 

ʧʨʘʚʠʣʥʦʪʦ ʧʦʩʪʘʚʷʥʝ ʥʘ ʚʲʟʜʫʰʥʠ ʬʠʣʪʨʘʮʠʦʥʥʠ ʩʠʩʪʝʤʠ ʝ ʚʲʟʧʨʝʧʷʪʩʪʚʘʥʦ ʦʪ ʣʦʰʦʪʦ 

ʨʘʟʙʠʨʘʥʝ ʥʘ ʪʝʭʥʠʪʝ ʧʨʠʥʮʠʧʠ. ʊʝʟʠ ʧʦʛʨʝʰʥʠ ʨʘʟʙʠʨʘʥʠʷ ʚʦʜʷʪ ʜʦ ʩʲʤʥʠʪʝʣʥʘ 

ʝʬʠʢʘʩʥʦʩʪ ʥʘ ʚʲʟʜʫʰʥʘʪʘ ʬʠʣʪʨʘʮʠʷ ʧʨʠ ʩʧʠʨʘʥʝʪʦ ʥʘ ʧʦʪʝʥʮʠʘʣʥʠ ʠʥʬʝʢʮʠʦʟʥʠ 

ʘʝʨʦʟʦʣʥʠ ʯʘʩʪʠʮʠ. ʇʨʘʚʠʣʥʦʪʦ ʨʘʟʙʠʨʘʥʝ ʟʘ ʥʘʯʠʥʘ ʥʘ ʨʘʙʦʪʘ ʥʘ ʚʲʟʜʫʰʥʠʪʝ ʬʠʣʪʨʘʮʠʦʥʥʠ 

ʩʠʩʪʝʤʠ ʝ ʢʨʠʪʠʯʥʦ ʧʨʠ ʚʟʝʤʘʥʝʪʦ ʥʘ ʨʝʰʝʥʠʷ, ʩʚʲʨʟʘʥʠ ʩ ʧʨʝʜʦʪʚʨʘʪʷʚʘʥʝ ʥʘ 

ʨʘʟʧʨʦʩʪʨʘʥʝʥʠʝʪʦ ʥʘ COVID-19. ʊʦʟʠ ʧʨʦʙʣʝʤ ʝ ʟʥʘʯʠʪʝʣʝʥ ʪʲʡ ʢʘʪʦ ʩʢʦʨʦʰʥʠ 

ʜʦʢʘʟʘʪʝʣʩʪʚʘ ʧʦʢʘʟʚʘʪ, ʯʝ ʚʠʨʫʩʘ SARS-CoV-2 ʤʦʞʝ ʜʘ ʦʩʪʘʥʝ ʚʲʚ ʚʲʟʜʫʭʘ ʧʦ-ʜʲʣʛʦ ʚʨʝʤʝ 

ʠ ʜʘ ʙʲʜʝ ʧʨʝʥʘʩʷʥ ʧʦ-ʜʘʣʝʯʝ, ʦʪʢʦʣʢʦʪʦ ʧʦ-ʨʘʥʥʠ ʦʯʘʢʚʘʥʠʷ, ʩ ʥʘʤʘʣʝʥʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠ 

ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪ. SARS-CoV-2 ʚʠʨʠʦʥʠʪʝ ʩʘ ʩ ʛʦʣʝʤʠʥʘ ʦʢʦʣʦ 60-140 nm ʚ ʜʠʘʤʝʪʲʨ. 

ʆʪʢʨʠʪʦ ʝ, ʯʝ ʚʠʨʠʦʥʠʪʝ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʥʦʩʝʥʠ ʦʪ ʧʦ-ʛʦʣʝʤʠ ʨʝʩʧʠʨʘʪʦʨʥʠ ʢʘʧʢʠ ʠ 
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ʟʘʤʲʨʩʠʪʝʣʠ ʥʘ ʚʲʟʜʫʭʘ (>1 Õm). ʇʨʝʤʘʭʚʘʥʝʪʦ ʦʪ ʚʲʟʜʫʭʘ ʥʘ ʪʘʢʠʚʘ ʯʘʩʪʠʮʠ, ʥʦʩʝʱʠ SARS-

CoV-2, ʝ ʚʲʟʤʦʞʥʦ ʯʨʝʟ ʚʲʟʜʫʰʥʘ ʬʠʣʪʨʘʮʠʷ, ʙʘʟʠʨʘʥʘ ʥʘ ʝʩʪʝʩʪʚʝʥʦ ʠʣʠ ʤʝʭʘʥʠʯʥʦ 

ʜʚʠʞʝʥʠʝ ʥʘ ʚʲʟʜʫʭʘ. ʉʨʝʜ ʨʘʟʣʠʯʥʠʪʝ ʪʠʧʦʚʝ ʚʲʟʜʫʰʥʠ ʬʠʣʪʨʠ, ʧʨʝʧʦʨʲʯʠʪʝʣʥʠ ʟʘ 

ʫʧʦʪʨʝʙʘ ʩʘ HEPA ʬʠʣʪʨʠʪʝ (ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʠ ʬʠʣʪʨʠ ʟʘ ʯʘʩʪʠʯʥʦ ʟʘʜʲʨʞʘʥʝ). ɼʨʫʛʠ 

ʪʠʧʦʚʝ ʬʠʣʪʨʠ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʧʦʚʝʯʝ ʠʣʠ ʧʦ-ʤʘʣʢʦ ʝʬʝʢʪʠʚʥʠ ʠ ʩʲʦʪʚʝʪʥʦ ʜʘ ʧʨʝʯʠʩʪʚʘʪ 

ʧʦ-ʣʝʩʥʦ ʠʣʠ ʧʦ-ʪʨʫʜʥʦ ʚʲʟʜʫʭʘ. ʀʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʤʘʩʢʠ, ʨʝʩʧʠʨʘʪʦʨʠ, ʤʦʜʫʣʠ ʟʘ ʚʲʟʜʫʰʥʘ 

ʬʠʣʪʨʘʮʠʷ ʠ ʜʨʫʛʦ ʩʧʝʮʠʘʣʥʦ ʦʙʦʨʫʜʚʘʥʝ ʝ ʝʜʥʘ ʚʘʞʥʘ ʠʥʪʝʨʚʝʥʮʠʷ ʧʨʠ ʩʧʨʘʚʷʥʝ ʩ 

ʨʘʟʧʨʦʩʪʨʘʥʝʥʠʝʪʦ ʥʘ COVID-19. ʈʘʟʛʣʝʞʜʘʥʝʪʦ ʥʘ ʚʲʟʜʫʰʥʠʪʝ ʬʠʣʪʨʘʮʠʦʥʥʠ ʤʝʭʘʥʠʟʤʠ 

ʠ ʨʘʟʙʠʨʘʥʝʪʦ ʥʘ ʪʦʚʘ ʢʘʢ ʘʝʨʦʟʦʣʥʠʪʝ ʯʘʩʪʠʮʠ, ʩʲʜʲʨʞʘʱʠ SARS-CoV-2 ʚʠʨʠʦʥʠ, 

ʚʟʘʠʤʦʜʝʡʩʪʚʘʪ ʩ ʬʠʣʪʲʨʥʠʪʝ ʤʘʪʝʨʠʘʣʠ ʝ ʦʪ ʢʨʠʪʠʯʥʦ ʟʥʘʯʝʥʠʝ. ʇʦ ʪʦʟʠ ʥʘʯʠʥ ʤʦʛʘʪ ʜʘ 

ʙʲʜʘʪ ʠʜʝʥʪʠʬʠʮʠʨʘʥʠ ʥʘʡ-ʜʦʙʨʠʪʝ ʧʨʘʢʪʠʢʠ ʟʘ ʬʠʣʪʨʠʨʘʥʝ ʥʘ ʚʲʟʜʫʭʘ, ʟʘ ʜʘ ʙʲʜʝ ʥʘʤʘʣʝʥʦ 

ʨʘʟʧʨʦʩʪʨʘʥʝʥʠʝʪʦ ʥʘ COVID-19. 

ʀʤʘ ʚʩʝ ʧʦʚʝʯʝ ʜʦʢʘʟʘʪʝʣʩʪʚʘ, ʯʝ ʚʠʨʫʩʲʪ ʥʘ ʪʝʞʢʠʷ ʦʩʪʲʨ ʨʝʩʧʠʨʘʪʦʨʝʥ ʩʠʥʜʨʦʤ (SARS-

CoV-2) ʤʦʞʝ ʜʘ ʦʩʪʘʥʝ ʚʲʚ ʚʲʟʜʫʭʘ ʟʘ ʜʲʣʛʠ ʧʝʨʠʦʜʠ ʦʪ ʚʨʝʤʝ. ʅʷʢʦʠ ʦʪ ʚʠʨʠʦʥʠʪʝ ʥʘ SARS-

CoV-2 ʤʦʛʘʪ ʜʘ ʦʩʪʘʥʘʪ ʞʠʟʥʝʩʧʦʩʦʙʥʠ ʟʘ ʧʦʥʝ ʪʨʠ ʯʘʩʘ ʩʣʝʜ ʘʝʨʦʟʠʣʠʨʘʥʝ [31]. SARS-CoV-

2 PCR ʧʦʣʦʞʠʪʝʣʥʠ ʯʘʩʪʠʮʠ ʧʦ-ʛʦʣʝʤʠ ʦʪ 1 ɛm ʚ ʜʠʘʤʝʪʲʨ ʩʘ ʜʝʪʝʢʪʠʨʘʥʠ ʚ ʩʪʘʠ, ʦʙʠʪʘʚʘʥʠ 

ʦʪ ʧʘʮʠʝʥʪʠ ʩ COVID-19 [5]. ɺ ʜʨʫʛʦ ʧʨʦʫʯʚʘʥʝ, SARS-CoV-2 ʈʅʂ ʝ ʜʝʪʝʢʪʠʨʘʥʘ ʚ 

ʘʝʨʦʟʦʣʥʘ ʬʘʟʘ ʥʘ ʨʘʟʩʪʦʷʥʠʝ ʥʘʡ-ʤʘʣʢʦ 3 ʤʝʪʨʘ ʦʪ ʠʥʬʝʢʪʠʨʘʥʠ ʭʦʨʘ ʚ ʟʘʪʚʦʨʝʥʦ 

ʧʦʤʝʱʝʥʠʝ [15]. SARS-CoV-2 ʈʅʂ ʝ ʥʘʤʝʨʝʥʘ ʩʲʱʦ ʠ ʚ ʟʘʤʲʨʩʠʪʝʣʠ, ʮʠʨʢʫʣʠʨʘʱʠ ʚʲʚ 

ʚʲʟʜʫʭʘ [24]. 

ɼʠʘʤʝʪʲʨʘ ʥʘ SARS-CoV-2 ʚʠʨʠʦʥʠʪʝ ʝ ʦʢʦʣʦ 60-140 nm [39]. ʇʨʠ ʠʟʜʠʰʚʘʥʝ ʤʥʦʛʦ 

ʨʝʩʧʠʨʘʪʦʨʥʠ ʢʘʧʢʠ, ʢʦʠʪʦ ʤʦʛʘʪ ʜʘ ʩʲʜʲʨʞʘʪ ʚʠʨʠʦʥʠ, ʩʘ ʟʥʘʯʠʪʝʣʥʦ ʧʦ-ʛʦʣʝʤʠ ʦʪ ʩʘʤʠʪʝ 

ʚʠʨʠʦʥʠ. ʀʟʧʘʨʷʚʘʥʝʪʦ ʥʘ ʢʘʧʢʠʪʝ ʥʘʤʘʣʷʚʘ ʨʘʟʤʝʨʘ ʠʤ [39], ʧʦʟʚʦʣʷʚʘʡʢʠ ʧʦʪʝʥʮʠʘʣʥʠ 

ʠʥʬʝʢʮʠʦʟʥʠ ʯʘʩʪʠʮʠ ʜʘ ʦʩʪʘʥʘʪ ʚʲʚ ʚʲʟʜʫʭʘ ʟʘ ʟʥʘʯʠʪʝʣʥʦ ʧʦ-ʜʲʣʲʛ ʧʝʨʠʦʜ ʦʪ ʚʨʝʤʝ. 

ʅʘʙʣʶʜʘʚʘ ʩʝ, ʯʝ ʩʫʭʠ ʧʨʲʩʢʠ ʩ ʜʠʘʤʝʪʲʨ ʦʪ ʦʢʦʣʦ 4 ɛm ʬʦʨʤʠʨʘʪ ʧʦʣʫʯʝʥʠ ʧʨʠ ʛʦʚʦʨ ʤʦʢʨʠ 

ʪʘʢʠʚʘ ʦʪ 12 ɛm ʜʦ 21 ɛm ʧʦʨʘʜʠ ʠʟʩʫʰʘʚʘʥʝ. ɿʘ ʧʘʜʘʥʝʪʦ ʥʘ ʪʝʟʠ ʩʫʭʠ ʧʨʲʩʢʠ ʚ ʥʝʧʦʜʚʠʞʝʥ 

ʚʲʟʜʫʭ, ʥʘ 30 cm ʨʘʟʩʪʦʷʥʠʝ ʦʪʥʝʤʘ ʦʢʦʣʦ 8 ʤʠʥʫʪʠ [35]. ʇʨʠ ʥʠʩʢʘ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʦʢʦʣʥʘʪʘ 

ʩʨʝʜʘ, ʠʟʜʠʰʘʥʠʷ ʚʲʟʜʫʭ ʩ ʚʠʩʦʢʘ ʚʣʘʞʥʦʩʪ ʤʦʞʝ ʜʘ ʩʪʘʥʝ ʩʚʨʲʭʥʘʩʠʪʝʥ. ʉʣʝʜ ʪʦʚʘ ʚʣʘʛʘʪʘ 

ʢʦʥʜʝʥʟʠʨʘ ʚʲʨʭʫ ʯʘʩʪʠʮʠʪʝ, ʦʪʜʝʣʝʥʠ ʦʪ ʯʦʚʝʢʘ, ʧʨʝʚʨʲʱʘʡʢʠ ʛʠ ʚ ʢʘʧʢʠ ʠʣʠ ʧʦ-ʛʦʣʝʤʠ 

ʣʝʜʝʥʠ ʢʨʠʩʪʘʣʠ. ɺʠʨʠʦʥʠʪʝ ʥʘ SARS-CoV-2 ʤʦʛʘʪ ʜʘ ʦʮʝʣʝʷʪ ʧʦ-ʜʲʣʛʦ ʚʨʝʤʝ ʚ ʪʘʢʠʚʘ ʢʘʧʢʠ 

ʠʣʠ ʣʝʜʝʥʠ ʢʨʠʩʪʘʣʠ. ʊʦʚʘ ʝ ʝʜʥʘ ʚʘʞʥʘ ʭʠʧʦʪʝʟʘ ʢʦʷʪʦ ʪʨʷʙʚʘ ʜʘ ʙʲʜʝ ʪʝʩʪʚʘʥʘ ʚ ʙʲʜʝʱʠ 

ʧʨʦʫʯʚʘʥʠʷ. ʇʦ ʪʦʟʠ ʥʘʯʠʥ ʫʩʣʦʚʠʷʪʘ ʥʘ ʦʢʦʣʥʘʪʘ ʩʨʝʜʘ ʠ ʘʝʨʦʟʦʣʥʘʪʘ ʜʠʥʘʤʠʢʘ ʤʦʞʝ ʜʘ 

ʧʦʚʣʠʷʚʘʪ ʟʥʘʯʠʪʝʣʥʦ ʨʘʟʤʝʨʘ ʥʘ ʚʜʠʰʘʥʠʪʝ ʯʘʩʪʠʮʠ ʠ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʪʘ ʥʘ SARS-CoV-2 
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ʚʠʨʠʦʥʠʪʝ ʚ ʘʝʨʦʟʦʣʥʠ ʯʘʩʪʠʮʠ, ʦʧʦʩʨʝʜʩʪʚʘʱʠ ʨʘʟʧʨʦʩʪʨʘʥʝʥʠʝʪʦ ʧʦ ʚʲʟʜʫʰʥʦ-ʢʘʧʢʦʚ ʧʲʪ 

ʚ ʦʪʢʨʠʪʠ ʠ ʟʘʪʚʦʨʝʥʠ ʧʨʦʩʪʨʘʥʩʪʚʘ. ʆʛʥʠʱʘʪʘ ʥʘ COVID-19 ʚ ʢʣʘʥʠʮʠ ʠ ʩʢʠ ʢʫʨʦʨʪʠ ʤʦʛʘʪ 

ʜʘ ʩʝ ʜʲʣʞʘʪ, ʠʣʠ ʧʦʥʝ ʦʪ ʯʘʩʪʠ, ʥʘ ʘʝʨʦʟʦʣʥʘʪʘ ʜʠʥʘʤʠʢʘ ʥʘ ʩʪʫʜʝʥʠʷ ʚʲʟʜʫʭ. 

ʇʨʝʤʘʭʚʘʥʝʪʦ ʥʘ ʯʘʩʪʠʮʠ, ʢʦʠʪʦ ʤʦʛʘʪ ʜʘ ʥʦʩʷʪ SARS-CoV-2, ʦʪ ʚʲʟʜʫʭʘ ʯʨʝʟ 

ʩʧʝʮʠʘʣʠʟʠʨʘʥʦ ʦʙʦʨʫʜʚʘʥʝ ʟʘ ʚʲʟʜʫʰʥʘ ʬʠʣʪʨʘʮʠʷ ʠ ʤʘʩʢʠ ʠʣʠ ʨʝʩʧʠʨʘʪʦʨʠ ʝ ʝʜʥʘ ʚʘʞʥʘ 

ʠʥʪʝʨʚʝʥʮʠʷ ʧʨʠ ʩʧʨʘʚʷʥʝ ʩ ʨʘʟʧʨʦʩʪʨʘʥʝʥʠʝʪʦ ʥʘ COVID-19. ɺʲʧʨʝʢʠ ʪʦʚʘ, ʣʦʰʦʪʦ 

ʨʘʟʙʠʨʘʥʝ ʟʘ ʪʦʚʘ ʢʘʢ ʨʘʙʦʪʠ ʚʲʟʜʫʰʥʘʪʘ ʬʠʣʪʨʘʮʠʷ ʠ ʧʦʛʨʝʰʥʠ ʨʘʟʙʠʨʘʥʠʷ, ʩʚʲʨʟʘʥʠ ʩ 

ʢʦʥʮʝʧʮʠʷʪʘ ʟʘ ʝʬʝʢʪʠʚʥʘ ʬʠʣʪʨʘʮʠʷ ʥʘ ʘʝʨʦʟʦʣʥʠ ʯʘʩʪʠʮʠ ʩ ʨʘʟʣʠʯʥʠ ʨʘʟʤʝʨʠ, 

ʚʲʟʧʨʝʧʷʪʩʪʚʘʪ ʝʬʝʢʪʠʚʥʦʪʦ ʚʥʝʜʨʷʚʘʥʝ ʥʘ ʚʲʟʜʫʰʥʘʪʘ ʬʠʣʪʨʘʮʠʷ. ɿʘ ʜʘ ʙʲʜʘʪ 

ʠʜʝʥʪʠʬʠʮʠʨʘʥʠ ʥʘʡ-ʜʦʙʨʠʪʝ ʯʘʩʪʠʮʠ ʟʘ ʮʝʣʠʪʝ ʥʘ ʚʲʟʜʫʰʥʘʪʘ ʬʠʣʪʨʘʮʠʷ ʚ ʩʧʨʘʚʷʥʝʪʦ ʩ 

ʧʨʦʙʣʝʤʘ ʟʘ ʨʘʟʧʨʦʩʪʨʘʥʝʥʠʝ ʥʘ COVID-19, ʦʪ ʠʟʢʣʶʯʠʪʝʣʥʘ ʚʘʞʥʦʩʪ ʝ ʜʘ ʙʲʜʘʪ ʨʘʟʛʣʝʜʘʥʠ 

ʤʝʭʘʥʠʟʤʠʪʝ ʟʘ ʚʲʟʜʫʰʥʘ ʬʠʣʪʨʘʮʠʷ ʠ ʜʘ ʙʲʜʘʪ ʨʘʟʙʨʘʥʠ ʥʘʯʠʥʠʪʝ ʥʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʥʘ 

ʘʝʨʦʟʦʣʥʠʪʝ ʯʘʩʪʠʮʠ, ʩʲʜʲʨʞʘʱʠ SARS-CoV-2 ʚʠʨʠʦʥʠ, ʠ ʬʠʣʪʲʨʥʠʪʝ ʤʘʪʝʨʠʘʣʠ. 

ɿʘ ʚʲʟʜʫʰʥʘ ʬʠʣʪʨʘʮʠʷ, ʝʬʝʢʪʠʚʥʠʪʝ ʚʲʟʜʫʰʥʠ ʬʠʣʪʨʠ (EPA), ʚʠʩʦʢʦ ʝʬʝʢʪʠʚʥʠʪʝ 

ʚʲʟʜʫʰʥʠ ʬʠʣʪʨʠ (HEPA) (ʌʠʛ.4) ʠ ʚʲʟʜʫʰʥʠ ʬʠʣʪʨʠ ʟʘ ʤʥʦʛʦ ʬʠʥʦ ʧʨʝʯʠʩʪʚʘʥʝ (ULPA) 

ʩʝ ʠʟʧʦʣʟʚʘʪ ʰʠʨʦʢʦ ʚ ʨʘʟʣʠʯʥʠ ʦʪʨʘʩʣʠ ʠ ʧʨʠʣʦʞʝʥʠʷ ʦʪ ʤʥʦʛʦ ʛʦʜʠʥʠ [25]. HEPA 

ʬʠʣʪʨʠʪʝ ʩʝ ʧʨʝʧʦʨʲʯʚʘʪ ʟʘ ʠʥʬʝʢʮʠʦʟʝʥ ʢʦʥʪʨʦʣ ʚ ʙʦʣʥʠʯʥʠ ʟʘʚʝʜʝʥʠʷ [13, 10] ʧʦʨʘʜʠ 

ʙʘʣʘʥʩʘ ʥʘ ʧʦ-ʚʠʩʦʢʦ ʝʬʝʢʪʠʚʥʘʪʘ ʬʠʣʪʨʘʮʠʷ ʠ ʧʦ-ʥʠʩʢʦʪʦ ʩʲʧʨʦʪʠʚʣʝʥʠʝ ʥʘ ʚʲʟʜʫʰʥʠʷ 

ʧʦʪʦʢ ʚ ʩʨʘʚʥʝʥʠʝ ʩ ULPA ʬʠʣʪʨʠʪʝ. HEPA ʬʠʣʪʨʠʪʝ ʙʠʚʘʪ ʠʟʧʦʣʟʚʘʥʠ ʯʝʩʪʦ ʠ ʚ 

ʥʝʙʦʣʥʠʯʥʠ ʩʨʝʜʠ, ʢʲʜʝʪʦ ʤʦʛʘʪ ʜʘ ʧʨʠʩʲʩʪʚʘʪ ʠʥʬʝʢʮʠʦʟʥʠ ʘʛʝʥʪʠ ʧʨʝʜʘʚʘʥʠ ʧʦ ʚʲʟʜʫʰʥʦ-

ʢʘʧʢʦʚ ʧʲʪ. ʊʘʢʠʚʘ ʧʨʠʤʝʨʠ ʚʢʣʶʯʚʘʪ ʬʠʣʪʨʘʮʠʷ ʥʘ ʨʝʮʠʨʢʫʣʠʨʘʱ ʚʲʟʜʫʭ ʚ ʧʲʪʥʠʯʝʩʢʠ 

ʩʘʤʦʣʝʪ ʠ ʣʘʤʠʥʘʨʥʠ ʙʦʢʩʦʚʝ ʚ ʣʘʙʦʨʘʪʦʨʠʠ, ʚʢʣʶʯʠʪʝʣʥʦ ʪʘʢʠʚʘ ʚ ʢʦʠʪʦ ʩʝ ʠʟʚʲʨʰʚʘ 

ʨʘʙʦʪʘ ʩʲʩ SARS-CoV-2 [37]. 

ʆʙʠʢʥʦʚʝʥʦ ʘʙʨʝʚʠʘʪʫʨʘʪʘ HEPA ʩʝ ʠʥʪʝʨʧʨʝʪʠʨʘ ʢʘʪʦ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʠ ʬʠʣʪʨʠ ʟʘ 

ʯʘʩʪʠʯʥʦ ʟʘʜʲʨʞʘʥʝ. ʀ ʜʚʝʪʝ ʚʝʨʩʠʠ ʥʘ ʪʦʟʠ ʪʝʨʤʠʥ ʙʠʚʘʪ ʰʠʨʦʢʦ ʠʟʧʦʣʟʚʘʥʠ ʠ ʥʷʤʘ 

ʨʘʟʣʠʢʘ ʤʝʞʜʫ ʪʷʭ. ʄʠʥʠʩʪʝʨʩʪʚʦʪʦ ʥʘ ʝʥʝʨʛʝʪʠʢʘʪʘ ʥʘ ʉʲʝʜʠʥʝʥʠʪʝ ʱʘʪʠ ʠ ɸʛʝʥʮʠʷʪʘ ʧʦ 

ʦʧʘʟʚʘʥʝ ʥʘ ʦʢʦʣʥʘʪʘ ʩʨʝʜʘ ʥʘ ʉʲʝʜʠʥʝʥʠʪʝ ʘʤʝʨʠʢʘʥʩʢʠ ʱʘʪʠ (EPA) ʦʧʨʝʜʝʣʷʪ HEPA ʚʲʟ 

ʦʩʥʦʚʘ ʥʘ  ʤʠʥʠʤʫʤ 99.97% ʝʬʝʢʪʠʚʥʦʩʪ ʧʨʠ ʪʝʩʪʚʘʥʝ ʩ ʘʝʨʦʟʦʣʠ ʩ ʜʠʘʤʝʪʲʨ 0.3 ɛm [36]. 

ɸʛʝʥʮʠʷʪʘ ʧʦ ʦʧʘʟʚʘʥʝ ʥʘ ʦʢʦʣʥʘʪʘ ʩʨʝʜʘ ʚ ʉɸʑ ʦʧʨʝʜʝʣʷ ʜʠʘʤʝʪʲʨ ʦʪ 0.3 ɛm ʢʘʪʦ Ăʨʘʟʤʝʨ 

ʥʘ ʯʘʩʪʠʮʠʪʝ ʩ ʥʘʡ-ʛʦʣʷʤʘ ʧʨʦʥʠʢʚʘʱʘ ʩʧʦʩʦʙʥʦʩʪñ (MPPS). ɺʲʧʨʝʢʠ ʪʦʚʘ, MPPS ʤʦʞʝ ʜʘ 

ʚʘʨʠʨʘ ʦʢʦʣʦ 0.3 ɛm ʩ ʘʙʩʦʣʶʪʥʘ ʩʪʦʡʥʦʩʪ ʟʘʚʠʩʝʱʘ ʦʪ ʝʩʪʝʩʪʚʦʪʦ ʥʘ ʘʝʨʦʟʦʣʥʠʪʝ ʯʘʩʪʠʮʠ, 

ʪʠʧʘ ʥʘ ʬʠʣʪʲʨʥʠʷ ʤʘʪʝʨʠʘʣ ʠ ʦʙʝʤʘ ʥʘ ʧʨʝʤʠʥʘʚʘʱʠʷ ʚʲʟʜʫʭ [25]. ʏʘʩʪʠʮʠ ʩ ʧʦ-ʛʦʣʷʤ ʠʣʠ 

ʧʦ-ʤʘʣʲʢ ʨʘʟʤʝʨ ʦʪ MPPS ʩʝ ʟʘʜʲʨʞʘʪ ʩ ʝʬʠʢʘʩʥʦʩʪ ʧʦ-ʛʦʣʷʤʘ ʦʪ 99.97% [32]. ʂʦʥʮʝʧʮʠʷʪʘ 
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ʟʘ MPPS ʧʨʦʪʠʚʦʨʝʯʠ ʥʘ ʦʙʱʦʪʦ ʧʦʛʨʝʰʥʦ ʩʭʚʘʱʘʥʝ, ʯʝ ʬʠʣʪʨʘʮʠʦʥʥʘʪʘ ʝʬʝʢʪʠʚʥʦʩʪ 

ʥʘʤʘʣʷʚʘ ʟʘ ʯʘʩʪʠʮʠ ʧʦ-ʤʘʣʢʠ ʦʪ MPPS (ʥʘʧʨʠʤʝʨ ʧʦ-ʤʘʣʢʠ ʦʪ 0.3 ɛm). ʊʦʚʘ ʧʦʛʨʝʰʥʦ 

ʨʘʟʙʠʨʘʥʝ ʜʦʧʨʠʥʝʩʝ ʟʘ ʧʨʠʣʘʛʘʥʝʪʦ ʥʘ ʧʦ-ʨʘʥʥʠ ʧʦʜʭʦʜʠ, ʢʦʠʪʦ ʙʷʭʘ ʧʦʜʚʝʜʝʥʠ ʦʪ 

ʧʨʝʜʧʦʣʦʞʝʥʠʝʪʦ, ʯʝ SARS-CoV-2 ʚʠʨʠʦʥʠʪʝ ʩʘ ʧʨʝʢʘʣʝʥʦ ʤʘʣʢʠ, ʟʘ ʜʘ ʙʲʜʘʪ ʝʬʝʢʪʠʚʥʦ 

ʬʠʣʪʨʠʨʘʥʠ ʦʪ ʚʲʟʜʫʭʘ. 

ʌʠʛʫʨʘ 4. HEPA ʬʠʣʪʨʠ. 

 

ʀʟʪʦʯʥʠʢ: URL-4 [28]. 

 

ʇʨʝʧʦʨʲʯʚʘ ʩʝ ʠʥʩʪʘʣʠʨʘʥʝ ʥʘ HEPA ʬʠʣʪʨʠ ʚ ʠʟʭʦʜʠʪʝ ʥʘ ʚʝʥʪʠʣʘʮʠʦʥʥʠ ʩʠʩʪʝʤʠ 

ʚ ʟʘʚʝʜʝʥʠʷ ʟʘ ʠʥʪʝʥʟʠʚʥʘ ʛʨʠʞʘ ʥʘ ʭʦʨʘ, ʟʘʨʘʟʝʥʠ ʩʲʩ SARS-CoV-2. ʀʟʧʦʣʟʚʘʥʝʪʦ ʥʘ 

ʬʠʢʩʠʨʘʥʠ (ʚʝʥʪʠʣʘʮʠʦʥʥʠ ʩʠʩʪʝʤʠ ʚ ʩʛʨʘʜʠʪʝ) ʠ ʧʦʜʚʠʞʥʠ HEPA ʬʠʣʪʨʘʮʠʦʥʥʠ ʩʠʩʪʝʤʠ 

ʩʲʩ ʠʣʠ ʙʝʟ ʚʲʟʜʫʰʥʘ ʨʝʮʠʨʢʫʣʘʮʠʷ (ʧʨʝʯʠʩʪʚʘʪʝʣʠ ʥʘ ʚʲʟʜʫʭʘ ʟʘ ʟʘʢʨʠʪʠ ʧʨʦʩʪʨʘʥʩʪʚʘ) ʩʝ 

ʧʨʝʧʦʨʲʯʚʘʪ ʟʘ ʫʧʦʪʨʝʙʘ ʚ ʙʦʣʥʠʯʥʠ ʧʨʦʩʪʨʘʥʩʪʚʘ ʦʪ ɸʤʝʨʠʢʘʥʩʢʠʪʝ ʮʝʥʪʨʦʚʝ ʟʘ ʢʦʥʪʨʦʣ ʠ 

ʧʨʦʬʠʣʘʢʪʠʢʘ ʥʘ ʟʘʙʦʣʷʚʘʥʠʷʪʘ ʠ ʉʚʝʪʦʚʥʘʪʘ ʟʜʨʘʚʥʘ ʦʨʛʘʥʠʟʘʮʠʷ, ʚʢʣʶʯʠʪʝʣʥʦ ʠ ʚ ʤʝʩʪʘ 

ʢʲʜʝʪʦ ʧʨʝʙʠʚʘʚʘʪ ʧʘʮʠʝʥʪʠ ʟʘʨʘʟʝʥʠ ʩʲʩ SARS-CoV-2 [10]. ʉʧʝʮʠʬʠʢʘʮʠʠʪʝ ʟʘ ʤʠʥʠʤʘʣʥʘ 

ʬʠʣʪʨʘʮʠʦʥʥʘ ʝʬʠʢʘʩʥʦʩʪ ʥʘ HEPA ʬʠʣʪʨʠʪʝ ʩʝ ʨʝʛʫʣʠʨʘʪ ʦʪ ʥʘʮʠʦʥʘʣʥʠ ʠ ʤʝʞʜʫʥʘʨʦʜʥʠ 

ʩʪʘʥʜʘʨʪʠ. ɼʚʘʪʘ ʥʘʡ-ʰʠʨʦʢʦ ʠʟʧʦʣʟʚʘʥʠ ʩʪʘʥʜʘʨʪʘ ʩʘ ISO 29463 ʩʪʘʥʜʘʨʪ ʠ ʝʚʨʦʧʝʡʩʢʠʷ 

EN1822 ʩʪʘʥʜʘʨʪ. ʈʘʟʣʠʯʠʷʪʘ ʤʝʞʜʫ ʜʚʘʪʘ ʩʪʘʥʜʘʨʪʘ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʩʲʛʣʘʩʫʚʘʥʠ. ʅʘʧʨʠʤʝʨ, 

HEPA ʬʠʣʪʲʨ ʩʝʨʪʠʬʠʮʠʨʘʥ ʧʦ EN 1822, ʬʠʣʪʲʨʝʥ ʢʣʘʩ H14, ʪʨʷʙʚʘ ʜʘ ʟʘʜʲʨʞʘ ʥʘʡ-ʤʘʣʢʦ 

99.995% ʦʪ ʘʝʨʦʟʦʣʥʠʪʝ ʯʘʩʪʠʮʠ ʩ MPPS. EN 1822, ʬʠʣʪʲʨʝʥ ʢʣʘʩ H14, ʝ ʩʨʘʚʥʠʤ ʩ ISO 45 

H. ʅʘʣʠʯʥʠ ʩʘ ʤʥʦʛʦʩʪʲʧʘʣʥʠ ʧʨʦʪʦʢʦʣʠ ʟʘ ʪʝʩʪ ʥʘ ʬʠʣʪʨʠʪʝ, ʟʘ ʜʘ ʙʲʜʝ ʚʝʨʠʬʠʮʠʨʘʥʦ 
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ʩʲʦʪʚʝʪʩʪʚʠʝʪʦ ʠʤ ʩ ʠʟʠʩʢʚʘʥʠʷʪʘ ʥʘ ʩʪʘʥʜʘʨʪʠʪʝ [12, 18]. ʂʦʛʘʪʦ ʩʝ ʧʦʷʚʠ ʤʝʭʘʥʠʯʥʦ 

ʚʲʟʜʫʰʥʦ ʜʚʠʞʝʥʠʝ ʤʝʞʜʫ ʬʠʣʪʨʠʪʝ, ʦʪ ʠʟʢʣʶʯʠʪʝʣʥʦ ʟʥʘʯʝʥʠʝ ʝ ʜʘ ʙʲʜʝ ʠʟʙʝʛʥʘʪʘ ʧʦʷʚʘʪʘ 

ʥʘ ʩʠʣʥʠ ʥʘʩʦʯʝʥʠ ʚʲʟʜʫʰʥʠ ʧʦʪʦʮʠ. ʅʘʩʢʦʨʦ ʙʷʭʘ ʠʟʨʘʟʝʥʠ ʧʨʠʪʝʩʥʝʥʠʷ, ʯʝ ʪʘʢʠʚʘ 

ʚʲʟʜʫʰʥʠ ʧʦʪʦʮʠ ʤʦʛʘʪ ʜʘ ʨʘʟʧʨʲʩʥʘʪ ʥʝʬʠʣʪʨʠʨʘʥ ʚʲʟʜʫʭ, ʩʲʜʲʨʞʘʱ ʠʥʬʝʢʮʠʦʟʥʠ 

ʯʘʩʪʠʮʠ, ʠ ʜʘ ʛʠ ʦʪʚʝʜʘʪ ʧʦ-ʙʲʨʟʦ ʠ ʥʘ ʧʦ-ʛʦʣʷʤʦ ʨʘʟʩʪʦʷʥʠʝ, ʦʪʢʦʣʢʦʪʦ ʪʝ ʤʦʛʘʪ ʜʘ 

ʜʠʬʫʥʜʠʨʘʪ ʚ ʥʝʧʦʜʚʠʞʝʥ ʚʲʟʜʫʭ [11]. 

ʂʲʤ ʬʠʣʪʲʨʥʠʪʝ ʤʘʪʝʨʠʘʣʠ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʜʦʙʘʚʝʥʠ ʘʥʪʠʚʠʨʫʩʥʠ ʩʚʦʡʩʪʚʘ. ɺʲʧʨʝʢʠ 

ʪʦʚʘ, ʘʝʨʦʟʦʣʥʠʪʝ ʯʘʩʪʠʮʠ ʚʝʜʥʲʞ ʩʲʙʨʘʥʠ ʚʲʨʭʫ ʬʠʣʪʲʨʥʠʪʝ ʬʠʙʨʠ, ʥʝ ʥʘʧʫʩʢʘʪ ʠ 

ʧʨʝʤʠʥʘʚʘʪ ʧʨʝʟ ʬʠʣʪʲʨʘ ʧʦ ʚʨʝʤʝ ʠʣʠ ʩʣʝʜ ʧʨʘʚʠʣʥʘ ʫʧʦʪʨʝʙʘ [25]. ʇʦ ʪʦʟʠ ʥʘʯʠʥ 

ʘʥʪʠʚʠʨʫʩʥʠʪʝ ʩʚʦʡʩʪʚʘ ʥʘ ʬʠʙʨʠʪʝ ʧʦʯʪʠ ʥʷʤʘʪ ʝʬʝʢʪ ʚʲʨʭʫ ʧʨʝʤʘʭʚʘʥʝʪʦ ʥʘ ʚʠʨʠʦʥʠ ʥʘ 

SARS-CoV-2. ʏʘʩʪʠʮʠ ʘʢʫʤʫʣʠʨʘʥʠ ʚʲʨʭʫ ʚʝʯʝ ʩʲʙʨʘʥʠ ʦʪ ʬʠʣʪʲʨʘ ʯʘʩʪʠʮʠ ʥʝ ʢʦʥʪʘʢʪʫʚʘʪ 

ʩ ʬʠʣʪʲʨʥʠʷ ʤʘʪʝʨʠʘʣ, ʝʣʠʤʠʥʠʨʘʡʢʠ ʢʘʢʚʠʪʦ ʠ ʜʘ ʙʠʣʦ ʘʥʪʠʚʠʨʫʩʥʠ ʩʚʦʡʩʪʚʘ. ʇʦ ʪʦʟʠ 

ʥʘʯʠʥ, ʧʨʝʜʘʚʘʥʝʪʦ ʥʘ ʘʥʪʠʚʠʨʫʩʥʠ ʩʚʦʡʩʪʚʘ ʥʘ HEPA ʬʠʣʪʲʨʥʠʪʝ ʤʘʪʝʨʠʘʣʠ ʥʝ ʜʦʧʨʠʥʘʩʷ 

ʟʘ ʧʦ-ʛʦʣʷʤʘ ʩʪʦʡʥʦʩʪ ʥʘ ʬʠʣʪʲʨʘ, ʩ ʠʟʢʣʶʯʝʥʠʝ ʢʦʛʘʪʦ ʭʦʨʘʪʘ ʚʣʠʟʘʪ ʚ ʧʨʷʢ ʢʦʥʪʘʢʪ ʩ ʪʝʟʠ 

ʬʠʣʪʨʠ ʧʦ ʚʨʝʤʝ ʠʣʠ ʤʘʣʢʦ ʩʣʝʜ ʪʷʭʥʘʪʘ ʫʧʦʪʨʝʙʘ. 

ʄʝʭʘʥʠʟʤʠʪʝ ʥʘ ʬʠʣʪʨʘʮʠʷ ʥʘ ʘʝʨʦʟʦʣʥʠ ʯʘʩʪʠʮʠ ʚ ʛʘʟʦʚʘʪʘ ʬʘʟʘ- ʠʥʝʨʮʠʦʥʝʥ 

ʩʙʣʲʩʲʢ, ʜʠʬʫʟʠʷ, ʟʘʜʲʨʞʘʥʝ, ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʦ ʦʪʣʘʛʘʥʝ ʠ ʧʨʝʩʷʚʘʥʝ [25, 12, 18]- ʩʘ 

ʠʟʩʣʝʜʚʘʥʠ ʟʘʜʲʣʙʦʯʝʥʦ ʚ ʧʨʦʜʲʣʞʝʥʠʝ ʥʘ ʜʝʩʝʪʠʣʝʪʠʷ ʦʪ ʥʘʫʯʥʠ ʨʘʟʨʘʙʦʪʢʠ. ʊʝʟʠ 

ʤʝʭʘʥʠʟʤʠ ʠʤʘʪ ʨʘʟʣʠʯʝʥ ʧʨʠʥʦʩ ʢʲʤ ʮʷʣʦʩʪʥʘʪʘ ʝʬʝʢʪʠʚʥʦʩʪ ʥʘ ʟʘʜʲʨʞʘʥʝ ʥʘ ʯʘʩʪʠʮʠ, 

ʟʘʚʠʩʝʱ ʦʪ ʘʝʨʦʜʠʥʘʤʠʯʥʠʷ ʜʠʘʤʝʪʲʨ ʥʘ ʯʘʩʪʠʮʠʪʝ, ʜʨʫʛʠ ʩʚʦʡʩʪʚʘ ʥʘ ʯʘʩʪʠʮʠʪʝ ʠ 

ʬʠʣʪʨʠʨʘʱʘʪʘ ʩʨʝʜʘ. ʂʦʤʙʠʥʠʨʘʥʠʷ ʝʬʝʢʪ ʥʘ ʚʩʠʯʢʠ ʪʝʟʠ ʬʠʣʪʘʮʠʦʥʥʠ ʤʝʭʘʥʠʟʤʠ ʚ HEPA 

ʬʠʣʪʨʠʪʝ ʦʙʷʩʥʷʚʘʪ ʚʠʩʦʢʘʪʘ ʬʠʣʪʨʘʮʠʦʥʥʘ ʝʬʝʢʪʠʚʥʦʩʪ ʠ MPPS ʬʝʥʦʤʝʥʘ ʩʨʝʜ ʮʝʣʠʷ 

ʩʧʝʢʪʲʨ ʦʪ ʘʝʨʦʟʦʣʥʠ ʨʘʟʤʝʨʠ [25]. ʈʘʟʣʠʯʥʠ ʪʠʧʦʚʝ ʘʝʨʦʟʦʣʥʠ ʯʘʩʪʠʮʠ ʙʠʚʘʪ ʬʠʣʪʨʫʚʘʥʠ ʩ 

ʚʠʩʦʢʘ ʝʬʝʢʪʠʚʥʦʩʪ ʚ ʩʲʦʪʚʝʪʩʪʚʠʝ ʩʲʩ ʩʲʦʪʚʝʪʥʠʪʝ ʩʪʘʥʜʘʨʪʠ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʪʝʭʥʠʷ 

ʙʠʦʛʝʥʝʥ ʠʣʠ ʥʝʙʠʦʛʝʥʝʥ ʧʨʦʠʟʭʦʜ [12, 18]. 

ʀʟʚʝʩʪʥʦ ʝ (ʙʘʟʠʨʘʥʦ ʥʘ ʤʥʦʛʦʙʨʦʡʥʠ ʧʫʙʣʠʢʫʚʘʥʠ ʧʨʦʫʯʚʘʥʠʷ), ʯʝ ʥʷʢʦʠ 

ʨʝʩʧʠʨʘʪʦʨʥʠ ʠʥʬʝʢʮʠʠ ʩʝ ʧʦʷʚʷʚʘʪ ʧʦ-ʯʝʩʪʦ ʧʨʠ ʚʜʠʰʚʘʥʝ ʥʘ ʧʦ-ʟʘʤʲʨʩʝʥ ʚʲʟʜʫʭ, ʢʘʢʪʦ ʠ 

ʯʝ ʚʲʟʩʪʘʥʦʚʠʪʝʣʥʠʷ ʧʨʦʮʝʩ ʠ ʧʦʩʣʝʜʠʮʠ ʦʪ ʥʷʢʦʠ ʨʝʩʧʠʨʘʪʦʨʥʠ ʠʥʬʝʢʮʠʠ ʙʠʚʘʪ 

ʥʝʙʣʘʛʦʧʨʠʷʪʥʦ ʧʦʚʣʠʷʥʠ ʦʪ ʟʘʤʲʨʩʷʚʘʥʝʪʦ ʚʲʚ ʚʲʟʜʫʭʘ. ɺʝʯʝ ʙʝʰʝ ʜʝʤʦʥʩʪʨʠʨʘʥʘ ʚʨʲʟʢʘʪʘ 

ʤʝʞʜʫ ʧʨʦʜʲʣʞʠʪʝʣʥʦʪʦ ʟʘʤʲʨʩʷʚʘʥʝ ʥʘ ʚʲʟʜʫʭʘ ʩ ʯʘʩʪʠʮʠ ʠ ʧʦ-ʚʠʩʦʢʘʪʘ ʩʤʲʨʪʥʦʩʪ ʦʪ 

COVID-19 [39].  ɺʜʠʰʚʘʥʝʪʦ ʥʘ ʟʘʤʲʨʩʝʥ ʚʲʟʜʫʭ ʝ ʩʲʱʦ ʩʪʨʦʛʦ ʘʩʦʮʠʠʨʘʥʦ ʩ 

ʥʝʙʣʘʛʦʧʨʠʷʪʥʠ ʝʬʝʢʪʠ ʚʲʨʭʫ ʨʝʩʧʠʨʘʪʦʨʥʠʪʝ ʠ ʢʘʨʜʠʦʚʘʩʢʫʣʘʨʥʠ ʬʫʥʢʮʠʠ [17]. 

ʀʥʪʝʨʚʝʥʮʠʠʪʝ, ʙʘʟʠʨʘʥʠ ʥʘ ʚʲʟʜʫʰʥʘ ʬʠʣʪʨʘʮʠʷ ʩ ʧʦʜʭʦʜʷʱʘ ʘʧʘʨʘʪʫʨʘ, ʪʨʷʙʚʘ ʜʘ ʙʲʜʘʪ 



 

 
77 

ʰʠʨʦʢʦ ʧʨʠʣʘʛʘʥʠ ʢʘʢʪʦ ʟʘ ʥʘʤʘʣʷʚʘʥʝ ʥʘ ʨʘʟʧʨʦʩʪʨʘʥʝʥʠʝʪʦ ʥʘ SARS-CoV-2 ʧʨʝʟ 

ʘʝʨʦʟʦʣʥʘʪʘ ʬʘʟʘ, ʪʘʢʘ ʠ ʟʘ ʧʦʜʦʙʨʷʚʘʥʝ ʥʘ ʟʜʨʘʚʥʠʷ ʩʪʘʪʫʩ ʠ ʧʦʩʣʝʜʠʮʠʪʝ ʦʪ ʠʥʬʝʢʮʠʷʪʘ ʥʘ 

ʢʦʥʪʘʢʪʥʠʪʝ ʠ ʟʘʨʘʟʝʥʠ ʩ COVID-19 ʠʥʜʠʚʠʜʠ. 

 

3. ɺʲʟʜʫʰʥʠ ʧʨʝʯʠʩʪʚʘʪʝʣʠ ʠ ʬʠʣʪʨʠ 

ʀʟʯʠʩʣʝʥʦ ʝ, ʯʝ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʚʲʟʜʫʰʥʠ ʬʠʣʪʨʠ ʠ ʧʨʝʯʠʩʪʚʘʪʝʣʠ ʱʝ ʥʘʤʘʣʠ ʚʠʨʫʩʥʠʷ 

ʪʦʚʘʨ ʚ ʦʢʦʣʥʘʪʘ ʩʨʝʜʘ. ʇʨʝʯʠʩʪʚʘʪʝʣʠ ʥʘ ʚʲʟʜʫʭʘ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʠʟʧʦʣʟʚʘʥʠ ʚ ʙʦʣʥʠʯʥʠʪʝ 

ʩʪʘʠ. ʊʦʚʘ ʤʦʞʝ ʜʘ ʥʘʤʘʣʠ ʚʝʨʦʷʪʥʦʩʪʪʘ ʟʘ ʠʥʬʝʢʮʠʷ, ʧʨʝʜʘʚʘʥʘ ʦʪ ʟʜʨʘʚʥʠʪʝ ʨʘʙʦʪʥʠʮʠ 

ʧʦʨʘʜʠ ʥʝʜʦʩʪʠʛ ʥʘ ʣʠʯʥʠ ʧʨʝʜʧʘʟʥʠ ʩʨʝʜʩʪʚʘ. ʇʦ ʪʦʟʠ ʥʘʯʠʥ ʤʦʞʝ ʜʘ ʙʲʜʝ ʥʘʤʘʣʝʥʘ 

ʚʝʨʦʷʪʥʦʩʪʪʘ ʟʘ ʧʦʚʪʦʨʥʘ ʠʥʬʝʢʮʠʷ ʥʘ ʧʘʮʠʝʥʪʠ ʧʦʨʘʜʠ ʧʨʝʜʘʚʘʥʝ ʥʘ ʚʠʨʫʩʠ ʧʦ ʚʲʟʜʫʰʥʦ-

ʢʘʧʢʦʚ ʧʲʪ. ʊʦʟʠ ʪʠʧ ʬʠʣʪʨʘʮʠʦʥʥʘ ʩʠʩʪʝʤʘ ʤʦʞʝ ʜʘ ʙʲʜʝ ʠʟʧʦʣʟʚʘʥʘ ʠ ʚ ʦʙʱʝʩʪʚʝʥʠʷ 

ʪʨʘʥʩʧʦʨʪ, ʚ ʙʦʣʥʠʯʥʠ ʫʩʣʦʚʠʷ, ʚ ʟʘʪʚʦʨʝʥʠ ʧʨʝʚʦʟʥʠ ʩʨʝʜʩʪʚʘ ʠ ʫ ʜʦʤʘ. ʂʘʧʢʠʪʝ ʦʪʜʝʣʝʥʠ 

ʧʨʠ ʢʘʰʣʷʥʝ ʠʣʠ ʢʠʭʘʥʝ ʦʪ ʟʘʨʘʟʝʥ ʯʦʚʝʢ ʦʙʠʢʥʦʚʝʥʦ ʩʘ ʩ ʨʘʟʤʝʨʠ ʦʪ 5 ʤʠʢʨʦʥʘ ʠʣʠ ʧʦʚʝʯʝ. 

ʅʘʡ-ʤʘʣʢʘʪʘ ʯʘʩʪʠʮʘ, ʢʦʷʪʦ ʧʨʝʜʠʟʚʠʢʚʘ ʙʝʟʧʦʢʦʡʩʪʚʦ, ʝ ʝʜʠʥʠʯʥʠʷʪ ʚʠʨʠʦʥ (ʥʝ ʝ 

ʧʨʠʢʨʝʧʝʥ ʢʲʤ ʢʘʧʢʘ) ʩ ʜʠʘʤʝʪʲʨ ʦʢʦʣʦ 0,12 ʤʠʢʨʦʥʘ. ʊʝ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʩʨʘʚʥʠʪʝʣʥʦ ʜʦʙʨʝ 

ʬʠʣʪʨʠʨʘʥʠ ʦʪ HEPA ʬʠʣʪʨʠʪʝ (ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʠ ʬʠʣʪʨʠ ʟʘ ʯʘʩʪʠʯʥʦ ʟʘʜʲʨʞʘʥʝ) [3]. ULPA 

ʬʠʣʪʨʠʪʝ (ʚʲʟʜʫʰʥʠ ʬʠʣʪʨʠ ʟʘ ʤʥʦʛʦ ʬʠʥʦ ʧʨʝʯʠʩʪʚʘʥʝ) ʩʘ ʧʦ-ʫʩʲʚʲʨʰʝʥʩʪʚʘʥʠ ʚ 

ʫʣʘʚʷʥʝʪʦ ʥʘ ʧʦʯʪʠ 99,99% ʦʪ ʯʘʩʪʠʮʠʪʝ ʩ ʛʦʣʝʤʠʥʘ 0,12 ʤʠʢʨʦʥʘ ʠ ʧʦʚʝʯʝ. ʀʟʧʦʣʟʚʘʥʝʪʦ ʥʘ 

ʥʘʥʦʪʝʭʥʦʣʦʛʠʷ ʜʦʧʲʣʥʠʪʝʣʥʦ ʫʚʝʣʠʯʘʚʘ ʢʘʧʘʮʠʪʝʪʘ ʟʘ ʫʣʘʚʷʥʝ ʥʘ ʚʠʨʫʩʠ ʥʘ ʪʘʢʠʚʘ 

ʚʲʟʜʫʰʥʠ ʧʨʝʯʠʩʪʚʘʪʝʣʠ ʠ ʬʠʣʪʨʠ. ʅʘ ʙʘʟʘʪʘ ʥʘ ʥʠʢʝʣʦʚʘ (Ni) ʧʷʥʘ ʩʝ ʧʨʦʠʟʚʝʞʜʘ ʝʬʠʢʘʩʝʥ 

ʬʠʣʪʲʨ ʢʦʡʪʦ ʫʣʘʚʷ ʠ ʫʙʠʚʘ ʚʠʨʫʩʠ ʠ ʙʘʢʪʝʨʠʠ ʚʲʚ ʚʲʟʜʫʭʘ, ʚʢʣʶʯʠʪʝʣʥʦ SARS-CoV-2 ʠ 

Bacillus anthracis. ʊʲʡ ʢʘʪʦ ʚʠʨʫʩʲʪ SARS-CoV-2 ʥʝ ʤʦʞʝ ʜʘ ʦʮʝʣʝʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʜ 70 

ÁC, ʚʲʟʜʫʰʥʠʷʪ ʬʠʣʪʲʨ ʝ ʧʨʦʝʢʪʠʨʘʥ ʜʘ ʨʘʙʦʪʠ ʧʨʠ 200 ÁC ʯʨʝʟ ʥʘʛʨʷʚʘʥʝ ʥʘ Ni-ʧʷʥʘ. ʊʚʲʨʜʠ 

ʩʝ, ʯʝ ʝʬʝʢʪʠʚʥʦʩʪʪʘ ʥʘ ʧʨʦʝʢʪʠʨʘʥʠʷ ʬʠʣʪʲʨ ʝ 99,8% ʟʘ ʚʠʨʫʩʘ SARS-CoV-2 ʠ 99,9% ʟʘ 

Bacillus anthracis [3]. 

ʇʦʩʣʝʜʥʠʪʝ ʧʨʦʫʯʚʘʥʠʷ ʧʦʢʘʟʚʘʪ, ʯʝ ʚ ʜʦʧʲʣʥʝʥʠʝ ʢʲʤ ʫʧʦʪʨʝʙʘʪʘ ʚ ʧʦʯʠʩʪʚʘʱʠ 

ʧʨʦʜʫʢʪʠ ʠ ʚ ʣʠʯʥʠ ʧʨʝʜʧʘʟʥʠ ʩʨʝʜʩʪʚʘ, ʥʘʥʦʪʝʭʥʦʣʦʛʠʷ ʩʝ ʠʟʧʦʣʟʚʘ ʠ ʧʨʠ ʨʘʟʨʘʙʦʪʚʘʥʝʪʦ 

ʥʘ ʧʨʝʯʠʩʪʚʘʪʝʣʠ ʥʘ ʚʲʟʜʫʭʘ ʟʘ ʧʨʝʜʦʪʚʨʘʪʷʚʘʥʝ ʥʘ ʨʘʟʧʨʦʩʪʨʘʥʝʥʠʝʪʦ ʥʘ SARS-CoV-2 

ʚʠʨʫʩʘ ʧʦ ʚʲʟʜʫʰʥʦ-ʢʘʧʢʦʚ ʧʲʪ. ɺ ʪʦʟʠ ʢʦʥʪʝʢʩʪ ʡʦʥʠʟʘʪʦʨʲʪ ʟʘ ʚʲʟʜʫʭ TeqAir 200, 

ʨʘʟʨʘʙʦʪʝʥ ʦʪ ʙʘʟʠʨʘʥʘʪʘ ʚʲʚ ʌʨʘʥʮʠʷ ʢʦʤʧʘʥʠʷ TEQOYA, ʚʝʯʝ ʝ ʥʘ ʧʘʟʘʨʘ (ʬʠʛ. 5). ʊʲʡ 

ʢʘʪʦ ʨʘʟʤʝʨʲʪ ʥʘ SARS-CoV-2 ʝ ʙʣʠʟʲʢ ʜʦ ʨʘʟʤʝʨʠʪʝ ʥʘ ʯʘʩʪʠʮʠʪʝ, ʟʘ ʢʦʠʪʦ ʧʨʝʯʠʩʪʚʘʪʝʣʠʪʝ 
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ʥʘ ʚʲʟʜʫʭʘ TEQOYA ʩʘ ʝʬʝʢʪʠʚʥʠ, ʩʝ ʦʯʘʢʚʘ ʪʝ ʜʘ ʥʘʤʘʣʷʪ ʢʦʥʮʝʥʪʨʘʮʠʷʪʘ ʥʘ SARS-CoV-2 

ʚʲʚ ʚʲʟʜʫʭʘ. 

 

ʌʠʛʫʨʘ 5. TeqAir 200 ʡʦʥʠʟʘʪʦʨ ʥʘ ʚʲʟʜʫʭʘ. 

 

 

 

 

 

 

 

ʀʟʪʦʯʥʠʢ: URL-5 [37]. 

 

3.1. ʅʘʥʦʬʠʙʲʨʥʘ ʪʝʭʥʦʣʦʛʠʷ 

Mack Antonoff HVAC ʧʨʦʝʢʪʠʨʘʪ ʩʠʩʪʝʤʠ ʟʘ ʧʨʝʯʠʩʪʚʘʥʝ ʠ ʬʠʣʪʨʠʨʘʥʝ ʥʘ ʚʲʟʜʫʭʘ, 

ʠʟʧʦʣʟʚʘʱʠ ʥʘʥʦʬʠʙʲʨʥʘ ʪʝʭʥʦʣʦʛʠʷ ʠ UV ʣʲʯʝʥʠʷ [16]. Turnkey Environmental Consultants 

ʨʘʟʨʘʙʦʪʚʘʪ ʩʠʩʪʝʤʘ ʟʘ ʬʠʣʪʨʠʨʘʥʝ ʥʘ ʚʲʟʜʫʭʘ, ʙʘʟʠʨʘʥʘ ʥʘ ʧʣʲʪʥʘ ʤʨʝʞʘ ʦʪ ʥʘʥʦʚʣʘʢʥʘ 

(IQAirHyperHEPAÈ ʬʠʣʪʨʘʮʠʦʥʥʘ ʪʝʭʥʦʣʦʛʠʷ), ʢʦʷʪʦ ʫʣʘʚʷ ʯʘʩʪʠʮʠ ʦʪ ʚʩʷʢʘʢʲʚ ʨʘʟʤʝʨ. 

ʊʚʲʨʜʠ ʩʝ, ʯʝ ʫʣʘʚʷ 99,5% ʦʪ ʟʘʤʲʨʩʠʪʝʣʠʪʝ, ʚʢʣʶʯʠʪʝʣʥʦ ʙʘʢʪʝʨʠʠ ʠ ʚʠʨʫʩʠ ʩ ʨʘʟʤʝʨ 

ʧʨʠʙʣʠʟʠʪʝʣʥʦ 0,003 ʤʠʢʨʦʥʘ [16]. 

 

3.2. ʌʦʪʦ ʝʣʝʢʪʨʦʭʠʤʠʯʥʦ ʦʢʠʩʣʝʥʠʝ 

ʀʟʩʣʝʜʦʚʘʪʝʣʠ ʦʪ ʋʥʠʚʝʨʩʠʪʝʪʘ ʚ ʖʞʥʘ ʌʣʦʨʠʜʘ ʨʘʟʨʘʙʦʪʚʘʪ ʫʩʪʨʦʡʩʪʚʦ ʟʘ 

ʧʨʝʯʠʩʪʚʘʥʝ ʥʘ ʚʲʟʜʫʭʘ ĂMolekuleñ, ʟʘ ʢʦʝʪʦ ʩʝ ʪʚʲʨʜʠ, ʯʝ ʝʬʝʢʪʠʚʥʦ ʫʥʠʱʦʞʘʚʘ 

ʟʘʤʲʨʩʠʪʝʣʠʪʝ ʥʘ ʚʲʟʜʫʭʘ, ʚʢʣʶʯʠʪʝʣʥʦ ʙʘʢʪʝʨʠʠ, ʩʧʦʨʠ ʥʘ ʧʣʝʩʝʥʠ ʠ ʚʠʨʫʩʠ [9]. 

ʇʨʝʯʠʩʪʚʘʪʝʣʷʪ ʥʘ ʚʲʟʜʫʭʘ ʠʟʧʦʣʟʚʘ ʬʦʪʦ ʝʣʝʢʪʨʦʭʠʤʠʯʥʦ ʦʢʠʩʣʝʥʠʝ (PECO), ʧʨʠ ʢʦʝʪʦ ʩʝ 

ʠʟʧʦʣʟʚʘ UV-A ʣʲʯʠ ʟʘ ʜʘ ʙʲʜʝ ʘʢʪʠʚʠʨʘʥ ʢʘʪʘʣʠʟʘʪʦʨ ʚʲʚ ʬʠʣʪʲʨʘ, ʩ ʧʦʢʨʠʪʠʝ ʦʪ 

ʥʘʥʦʯʘʩʪʠʮʠ. ɻʝʥʝʨʠʨʘʪ ʩʝ ʩʚʦʙʦʜʥʠ ʨʘʜʠʢʘʣʠ, ʢʦʠʪʦ ʦʢʠʩʣʷʚʘʪ ʟʘʤʲʨʩʠʪʝʣʠʪʝ ʥʘ ʚʲʟʜʫʭʘ 
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[9]. ʊʝʟʠ ʙʘʟʠʨʘʥʠ ʥʘ PECO ʧʨʝʯʠʩʪʚʘʪʝʣʠ ʥʘ ʚʲʟʜʫʭʘ ʠʤʘʪ ʦʛʨʦʤʝʥ ʧʦʪʝʥʮʠʘʣ ʜʘ ʥʘʤʘʣʷʪ 

ʨʘʟʧʨʦʩʪʨʘʥʝʥʠʝʪʦ ʥʘ ʚʠʨʫʩʘ, ʧʨʝʜʠʤʥʦ ʚ ʟʜʨʘʚʥʠ ʟʘʚʝʜʝʥʠʷ. 
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5. ʃʠʪʝʨʘʪʫʨʘ 

 

ʈʝʟʶʤʝ 

ɺʠʨʫʩʥʠʪʝ ʝʧʠʜʝʤʠʠ ʩʝ ʨʘʟʚʠʚʘʪ ʙʣʘʛʦʜʘʨʝʥʠʝ ʥʘ ʧʦʷʚʘʪʘ ʥʘ ʥʦʚʠ ʚʘʨʠʘʥʪʠ ʠʥʬʝʢʮʠʦʟʥʠ 

ʚʠʨʫʩʠ. ʃʠʧʩʘʪʘ ʥʘ ʝʬʝʢʪʠʚʥʠ ʘʥʪʠʚʠʨʫʩʥʠ ʣʝʯʝʥʠʷ ʟʘ ʥʦʚʠ ʚʠʨʫʩʥʠ ʠʥʬʝʢʮʠʠ, ʩʲʯʝʪʘʥʦ ʩ 

ʙʲʨʟʦʪʦ ʨʘʟʧʨʦʩʪʨʘʥʝʥʠʝ ʥʘ ʠʥʬʝʢʮʠʷʪʘ  ʚ ʦʙʱʥʦʩʪʪʘ, ʯʝʩʪʦ ʚʦʜʠ ʜʦ ʦʛʨʦʤʥʠ ʯʦʚʝʰʢʠ ʠ 

ʬʠʥʘʥʩʦʚʠ ʟʘʛʫʙʠ. ɺʠʨʫʩʥʘ ʪʨʘʥʩʤʠʩʠʷ ʤʦʞʝ ʜʘ ʩʝ ʦʩʲʱʝʩʪʚʠ ʯʨʝʟ ʙʣʠʟʲʢ ʢʦʥʪʘʢʪ ʦʪ ʯʦʚʝʢ 

ʥʘ ʯʦʚʝʢ ʠʣʠ ʯʨʝʟ ʢʦʥʪʘʢʪ ʩ ʢʦʥʪʘʤʠʥʠʨʘʥʠ ʧʦʚʲʨʭʥʦʩʪʠ. ʉʣʝʜʦʚʘʪʝʣʥʦ ʚʥʠʤʘʪʝʣʥʘʪʘ 

ʜʝʟʠʥʬʝʢʮʠʷ ʝ ʦʪ ʩʲʱʝʩʪʚʝʥʦ ʟʥʘʯʝʥʠʝ ʟʘ ʥʘʤʘʣʷʚʘʥʝ ʥʘ ʨʘʟʧʨʦʩʪʨʘʥʝʥʠʝʪʦ ʥʘ ʚʠʨʫʩʘ. ʀʤʘ 

ʤʥʦʞʝʩʪʚʦ ʜʝʟʠʥʬʝʢʪʘʥʪʠ/ʜʝʟʠʥʬʝʢʮʠʨʘʱʠ ʘʛʝʥʪʠ/ʙʠʦʮʠʜʥʠ ʘʛʝʥʪʠ, ʢʦʠʪʦ ʤʦʛʘʪ ʜʘ 

ʠʥʘʢʪʠʚʠʨʘʪ ʚʠʨʫʩʠʪʝ. ʊʷʭʥʘʪʘ ʝʬʝʢʪʠʚʥʦʩʪ ʟʘʚʠʩʠ ʦʪ ʤʥʦʛʦ ʬʘʢʪʦʨʠ ʢʘʪʦ ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʘ 

ʚʝʱʝʩʪʚʦʪʦ, ʚʨʝʤʝ ʥʘ ʜʝʡʩʪʚʠʝ, ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʦʨʛʘʥʠʯʥʦ ʥʘʪʦʚʘʨʚʘʥʝ. ʅʘʧʨʝʜʲʢʲʪ ʚ 

ʥʘʥʦʪʝʭʥʦʣʦʛʠʠʪʝ ʝ ʦʪ ʛʦʣʷʤʦ ʟʥʘʯʝʥʠʝ ʟʘ ʠʥʘʢʪʠʚʠʨʘʥʝʪʦ ʥʘ ʚʠʨʫʩʠ ʠ ʟʘ ʢʦʥʪʨʦʣʘ ʥʘ 

ʝʧʠʜʝʤʠʷʪʘ ʦʪ COVID-19. 

 

ʂʣʶʯʦʚʠ ʜʫʤʠ: ʜʝʟʠʥʬʝʢʮʠʷ, ʥʘʥʦʪʝʭʥʦʣʦʛʠʷ, COVID-19  
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1. ɺʲʚʝʜʝʥʠʝ 

ɺʠʨʫʩʥʠʪʝ ʠʥʬʝʢʮʠʠ ʠ ʪʷʭʥʦʪʦ ʨʘʟʧʨʦʩʪʨʘʥʝʥʠʝ ʠʩʪʦʨʠʯʝʩʢʠ ʩʘ ʧʨʝʜʩʪʘʚʣʷʚʘʣʠ 

ʩʝʨʠʦʟʥʘ ʟʘʧʣʘʭʘ ʟʘ ʯʦʚʝʰʢʦʪʦ ʟʜʨʘʚʝ ʠ ʙʣʘʛʦʩʲʩʪʦʷʥʠʝ ʠ ʚʦʜʝʣʠ ʜʦ ʛʦʣʝʤʠ 

ʩʦʮʠʘʣʥʦʠʢʦʥʦʤʠʯʝʩʢʠ ʧʨʦʙʣʝʤʠ. ʇʨʝʜʠ ʚʝʢ, ʧʨʝʟ 1918 ʛ., ʧʘʥʜʝʤʠʷʪʘ ʦʪ Ăʠʩʧʘʥʩʢʠ ʛʨʠʧñ 

ʧʨʝʜʠʟʚʠʢʘ ʩʚʝʪʦʚʥʘ ʢʘʪʘʩʪʨʦʬʘ ʩ ʧʦʚʝʯʝ ʦʪ 50 ʤʠʣʠʦʥʘ ʩʤʲʨʪʥʠ ʩʣʫʯʘʷ ʠ 500 ʤʠʣʠʦʥʘ 

ʠʥʬʝʢʪʠʨʘʥʠ [33]. ʇʨʠ ʃʠʙʝʨʠʷ- ʝʜʥʘ ʦʪ ʩʪʨʘʥʠʪʝ, ʥʘʡ-ʪʝʞʢʦ ʟʘʩʝʛʥʘʪʠ ʦʪ ʝʧʠʜʝʤʠʷʪʘ ʦʪ 

ɽʙʦʣʘ ʚ ʟʘʧʘʜʥʘ ɸʬʨʠʢʘ ʧʨʝʟ 2014 ʛ., ʨʘʩʪʝʞʲʪ ʥʘ ʙʨʫʪʥʠʷ ʚʲʪʨʝʰʝʥ ʧʨʦʜʫʢʪ (ɹɺʇ) ʥʘʤʘʣʷ 

ʦʪ 8,7% ʧʨʝʟ 2013 ʛ. ʜʦ 0,7% ʧʨʝʟ 2014 ʛ. [66]. ɿʘʧʣʘʭʘʪʘ ʦʪ ʛʣʦʙʘʣʥʘ ʚʠʨʫʩʥʘ ʧʘʥʜʝʤʠʷ ʤʦʞʝ 

ʜʘ ʜʦʚʝʜʝ ʜʦ ʧʦ-ʛʦʣʝʤʠ ʢʘʪʘʩʪʨʦʬʠ ʦʪ ʜʦʩʝʛʘ ʟʘʧʠʩʘʥʠʪʝ ʚ ʯʦʚʝʰʢʘʪʘ ʠʩʪʦʨʠʷ, ʪʲʡ ʢʘʪʦ 

ʚʠʨʫʩʠʪʝ ʤʦʛʘʪ ʜʘ ʩʝ ʨʘʟʧʨʦʩʪʨʘʥʷʚʘʪ ʧʦ ʮʝʣʠʷ ʩʚʷʪ ʩ ʙʝʟʧʨʝʮʝʜʝʥʪʥʠ ʪʝʤʧʦʚʝ ʧʦʨʘʜʠ ʧʦ-

ʣʝʩʥʠʪʝ ʛʣʦʙʘʣʥʠ ʚʨʲʟʢʠ ʠ ʪʨʘʥʩʧʦʨʪ, ʢʘʢʪʦ ʠ ʧʦʨʘʜʠ ʣʝʩʥʘʪʘ ʠ ʠʥʪʝʥʟʠʚʥʘ ʯʦʚʝʰʢʘ 

ʤʦʙʠʣʥʦʩʪ ʜʥʝʩ. ɼʥʝʩ ʚʠʞʜʘʤʝ, ʯʝ ʧʦʜʦʙʥʘ ʧʘʥʜʝʤʠʷ ʥʝʩʲʤʥʝʥʦ ʜʦʚʝʜʝ ʜʦ ʧʦ-

ʢʘʪʘʩʪʨʦʬʘʣʥʠ ʨʝʟʫʣʪʘʪʠ [7]. ʅʦʚʠʷʪ ʢʦʨʦʥʘʚʠʨʫʩ, ʢʦʡʪʦ ʧʨʠʯʠʥʷʚʘ ʟʘʙʦʣʷʚʘʥʝʪʦ COVID-

19 (SARS-CoV-2 ʠʣʠ ʧʦ-ʨʘʥʦ HCoV-19), ʩʲʦʙʱʝʥ ʟʘ ʧʲʨʚʠ ʧʲʪ ʚ ʂʠʪʘʡ ʚ ʢʨʘʷ ʥʘ 2019 ʛ., 

ʜʦʚʝʜʝ ʜʦ ʧʦʚʝʯʝ ʦʪ ʧʨʠʙʣʠʟʠʪʝʣʥʦ ʰʝʩʪ ʤʠʣʠʦʥʘ ʩʤʲʨʪʥʠ ʩʣʫʯʘʷ ʢʲʤ ʤʦʤʝʥʪʘ ʥʘ ʥʘʧʠʩʚʘʥʝ 

ʥʘ ʪʘʟʠ ʩʪʘʪʠʷ. ʇʘʥʜʝʤʠʷʪʘ ʚʩʝ ʦʱʝ ʥʝ ʝ ʧʨʠʢʣʶʯʠʣʘ ʠ ʚʩʝʢʠ ʜʝʥ ʩʝ ʩʲʦʙʱʘʚʘ ʟʘ ʥʦʚʠ 

ʟʘʨʘʟʝʥʠ ʠ ʥʦʚʠ ʩʤʲʨʪʥʠ ʩʣʫʯʘʠ. ɼʦʢʘʪʦ ʧʨʘʚʠʪʝʣʩʪʚʘʪʘ ʠ ʜʲʨʞʘʚʠʪʝ ʤʦʛʘʪ ʜʘ ʧʦʚʣʠʷʷʪ ʥʘ 

ʯʝʩʪʦʪʘʪʘ ʠ ʦʙʭʚʘʪʘ ʥʘ ʦʛʥʠʱʘʪʘ [2], ʭʦʨʘʪʘ ʠʛʨʘʷʪ ʨʦʣʷ ʚ ʦʛʨʘʥʠʯʘʚʘʥʝ ʥʘ 

ʨʘʟʧʨʦʩʪʨʘʥʝʥʠʝʪʦ ʥʘ ʚʠʨʫʩʠ ʚ ʦʙʱʝʩʪʚʝʥʠ ʠ ʟʜʨʘʚʥʠ ʟʘʚʝʜʝʥʠʷ [47]. ʇʨʝʜʘʚʘʥʝʪʦ ʦʪ ʯʦʚʝʢ 

ʥʘ ʯʦʚʝʢ ʥʘ ʦʙʠʢʥʦʚʝʥʠʪʝ ʛʨʠʧʥʠ ʚʠʨʫʩʠ ʠ ʢʦʨʦʥʘʚʠʨʫʩʠʪʝ ʤʦʞʝ ʜʘ ʚʲʟʥʠʢʥʝ ʯʨʝʟ 

ʩʘʤʦʠʥʦʢʫʣʠʨʘʥʝ ʥʘ ʤʫʢʦʟʥʠ ʤʝʤʙʨʘʥʠ ʚ ʥʦʩʘ, ʫʩʪʘʪʘ ʠʣʠ ʦʯʠʪʝ ʯʨʝʟ ʜʦʢʦʩʚʘʥʝ ʥʘ 

ʢʦʥʪʘʤʠʥʠʨʘʥʠ ʩʫʭʠ ʧʦʚʲʨʭʥʦʩʪʠ, ʢʘʢʪʦ ʠ ʩ ʪʝʣʝʩʥʠ ʪʝʯʥʦʩʪʠ ʩʲʜʲʨʞʘʱʠ ʚʠʨʫʩʠ [37]. ɺ 

ʟʘʚʠʩʠʤʦʩʪ ʦʪ ʚʠʜʘ ʥʘ ʧʦʚʲʨʭʥʦʩʪʪʘ ʠ ʫʩʣʦʚʠʷʪʘ ʥʘ ʦʢʦʣʥʘʪʘ ʩʨʝʜʘ, ʚʠʨʫʩʠʪʝ ʤʦʛʘʪ ʜʘ 

ʦʩʪʘʥʘʪ ʚʲʨʭʫ ʥʝʙʠʦʣʦʛʠʯʥʠ ʧʦʚʲʨʭʥʦʩʪʠ ʦʪ 5 ʤʠʥʫʪʠ ʜʦ ʧʦʚʝʯʝ ʦʪ 28 ʜʥʠ [22]. 

ʀʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʜʝʟʠʥʬʝʢʪʘʥʪʠ ʟʘ ʣʠʯʥʘ ʭʠʛʠʝʥʘ ʠ ʜʝʟʠʥʬʝʢʮʠʷʪʘ ʥʘ ʧʦʚʲʨʭʥʦʩʪʠ ʝ ʦʪ 

ʛʦʣʷʤʦ ʟʥʘʯʝʥʠʝ ʟʘ ʣʠʤʠʪʠʨʘʥʝ ʥʘ ʚʠʨʫʩʥʘʪʘ ʪʨʘʥʩʤʠʩʠʷ ʯʨʝʟ ʠʥʘʢʪʠʚʠʨʘʥʝ ʥʘ ʚʠʨʫʩʠʪʝ, 

ʧʨʝʜʠ ʪʝ ʜʘ ʠʤʘʪ ʰʘʥʩʘ ʜʘ ʚʣʷʟʘʪ ʚ ʯʦʚʝʰʢʦʪʦ ʪʷʣʦ. 

ʊʘʟʠ ʫʯʝʙʥʘ ʝʜʠʥʠʮʘ ʧʨʝʜʦʩʪʘʚʷ ʠʥʬʦʨʤʘʮʠʷ ʟʘ ʨʘʟʣʠʯʥʠʪʝ ʚʠʜʦʚʝ ʜʝʟʠʥʬʝʢʪʘʥʪʠ, 

ʥʘʣʠʯʥʠ ʚ ʪʲʨʛʦʚʩʢʘʪʘ ʤʨʝʞʘ, ʩ ʥʘʫʯʥʦ ʜʦʢʘʟʘʥʠ ʚʠʨʠʮʠʜʥʠ ʩʚʦʡʩʪʚʘ, ʠʥʘʢʪʠʚʠʨʘʱʠ ʚʠʨʫʩʠ 

ʚ ʨʘʟʪʚʦʨʠ ʠʣʠ ʚʲʨʭʫ ʧʦʚʲʨʭʥʦʩʪʠ. ʇʨʝʜʦʩʪʘʚʝʥʘ ʝ ʠ ʠʥʬʦʨʤʘʮʠʷ ʦʪʥʦʩʥʦ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ 

ʥʘʥʦʪʝʭʥʦʣʦʛʠʯʥʠ ʤʘʪʝʨʠʘʣʠ ʟʘ ʘʥʪʠʚʠʨʫʩʥʘ ʜʝʟʠʥʬʝʢʮʠʷ- ʝʜʥʘ ʦʪ ʦʙʝʱʘʚʘʱʠʪʝ ʥʦʚʠ 

ʨʘʟʨʘʙʦʪʢʠ, ʟʘ ʢʦʷʪʦ ʝ ʜʦʢʘʟʘʥʦ, ʯʝ ʠʥʘʢʪʠʚʠʨʘ ʚʠʨʫʩʠ, ʥʦ ʚʩʝ ʦʱʝ ʥʝ ʝ ʰʠʨʦʢʦ ʠʟʧʦʣʟʚʘʥʘ 

ʥʘ ʧʘʟʘʨʘ. 
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2. ɼʝʟʠʥʬʝʢʪʘʥʪʠ ʩ ʘʥʪʠʚʠʨʫʩʥʠ ʩʚʦʡʩʪʚʘ ʠ ʦʩʥʦʚʥʠ ʧʨʠʥʮʠʧʠ ʥʘ ʜʝʡʩʪʚʠʝ 

2.1. ɺʠʨʫʩʠ ʠ ʠʥʬʝʢʮʠʦʟʥʦʩʪ 

ɺʠʨʫʩʠʪʝ ʦʙʠʢʥʦʚʝʥʦ ʩʘ ʠʟʛʨʘʜʝʥʠ ʦʪ ʚʠʨʫʩʝʥ ʢʘʧʩʠʜ, ʩʲʜʲʨʞʘʱ ʥʫʢʣʝʠʥʦʚʠ 

ʢʠʩʝʣʠʥʠ (ʌʠʛ.1). ʅʫʢʣʝʠʥʦʚʘʪʘ ʢʠʩʝʣʠʥʘ ʠʛʨʘʝ ʨʦʣʷ ʥʘ ʤʘʪʨʠʮʘ ʟʘ ʨʝʧʣʠʢʘʮʠʷʪʘ, ʜʦʢʘʪʦ 

ʢʘʧʩʠʜʘ ʠ ʘʩʦʮʠʠʨʘʥʠʪʝ ʩ ʥʝʛʦ ʙʝʣʪʲʮʠ ʩʣʫʞʘʪ ʟʘ ʧʨʝʜʧʘʟʚʘʥʝ ʥʘ ʥʫʢʣʝʠʥʦʚʘʪʘ ʢʠʩʝʣʠʥʘ ʠ 

ʟʘ ʩʚʲʨʟʚʘʥʝ ʢʲʤ ʨʝʮʝʧʪʦʨʠ ʥʘ ʢʣʝʪʢʘʪʘ ʛʦʩʪʦʧʨʠʝʤʥʠʢ [29]. 

 

ʌʠʛʫʨʘ 1. ʈʘʟʣʠʯʥʠ ʪʠʧʦʚʝ ʚʠʨʫʩʠ.

 

 

ʀʟʪʦʯʥʠʢ: URL-1 [57]. 

 

ɺʠʨʫʩʠʪʝ ʥʝ ʤʦʛʘʪ ʜʘ ʩʝ ʨʘʟʤʥʦʞʘʚʘʪ ʠ ʫʚʝʣʠʯʘʚʘʪ ʙʨʦʷ ʩʠ ʠʟʚʲʥ ʢʣʝʪʢʘʪʘ 

ʛʦʩʪʦʧʨʠʝʤʥʠʢ. ɺʲʧʨʝʢʠ ʪʦʚʘ ʪʝ ʤʦʛʘʪ ʜʘ ʦʮʝʣʝʷʪ ʜʲʣʛʦ ʚʨʝʤʝ ʚ ʪʦʚʘ ʩʲʩʪʦʷʥʠʝ [67]. ʇʨʠ 

ʩʨʝʱʘ ʩ ʧʦʜʭʦʜʷʱʘ ʢʣʝʪʢʘ ʛʦʩʪʦʧʨʠʝʤʥʠʢ, ʪʝ ʷ ʠʥʬʝʢʪʠʨʘʪ. ʅʘʚʣʠʟʘʪ ʚ ʢʣʝʪʢʘʪʘ ʠ ʠʟʧʦʣʟʚʘʪ 

ʢʣʝʪʲʯʥʠʪʝ ʤʝʭʘʥʠʟʤʠ ʟʘ ʩʦʙʩʪʚʝʥʘʪʘ ʩʠ ʨʝʧʣʠʢʘʮʠʷ (ʌʠʛ.2). ɺʠʨʫʩʠʪʝ ʤʦʛʘʪ ʜʘ ʠʥʬʝʢʪʠʨʘʪ 

ʢʣʝʪʢʠ, ʚʢʣʶʯʠʪʝʣʥʦ ʙʘʢʪʝʨʠʘʣʥʠ, ʠ ʤʦʛʘʪ ʜʘ ʧʨʝʜʠʟʚʠʢʘʪ ʨʝʜʠʮʘ ʟʘʙʦʣʷʚʘʥʠʷ. ʊʘʟʠ 

ʩʠʪʫʘʮʠʷ ʩʝ ʚʣʦʰʘʚʘ ʧʨʠ ʣʠʧʩʘ ʥʘ ʝʬʝʢʪʠʚʥʦ ʣʝʯʝʥʠʝ ʩʨʝʱʫ ʤʥʦʛʦ ʦʪ ʚʠʨʫʩʠʪʝ. 

ʂʦʨʦʥʘʚʠʨʫʩʠʪʝ ʩʘ ʝʜʥʦʚʝʨʠʞʥʠ ʈʅʂ ʚʠʨʫʩʠ ʩʲʩ ʩʫʧʝʨʢʘʧʩʠʜʠ. ʊʦʚʘ ʦʟʥʘʯʘʚʘ, ʯʝ 

ʪʝʭʥʠʷ ʛʝʥʝʪʠʯʝʥ ʤʘʪʝʨʠʘʣ ʩʝ ʩʲʩʪʦʠ ʦʪ ʝʜʥʘ ʈʅʂ ʚʝʨʠʛʘ ʠ ʚʩʷʢʘ ʚʠʨʫʩʥʘ ʯʘʩʪʠʮʘ ʝ 

ʦʧʘʢʦʚʘʥʘ ʚ ʙʝʣʪʲʯʝʥ ʩʫʧʝʨʢʘʧʩʠʜ (ʌʠʛ. 3). ɺʩʠʯʢʠ ʚʠʨʫʩʠ ʧʦ ʩʲʱʝʩʪʚʦ ʩʣʝʜʚʘʪ ʝʜʠʥ ʠ ʩʲʱ 

ʧʲʪ ʧʨʠ ʟʘʨʘʟʷʚʘʥʝ ʥʘ ʪʝʭʥʠʪʝ ʛʦʩʪʦʧʨʠʝʤʥʠʮʠ. ʅʘʚʣʷʟʲʣ ʚ ʢʣʝʪʢʘʪʘ, ʚʠʨʫʩʲʪ ʩʝ 
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ʩʘʤʦʨʝʧʣʠʮʠʨʘ, ʠʟʧʦʣʟʚʘʡʢʠ ʥʷʢʦʠ ʦʪ ʢʣʝʪʲʯʥʠʪʝ ʢʦʤʧʦʥʝʥʪʠ. ʉʣʝʜ ʪʦʚʘ ʚʠʨʫʩʥʠʪʝ ʢʦʧʠʷ 

ʟʘʨʘʟʷʚʘʪ ʜʨʫʛʠ ʢʣʝʪʢʠ. ʈʅʂ ʚʠʨʫʩʠʪʝ ʦʙʘʯʝ ʠʤʘʪ ʝʜʥʘ ʦʩʦʙʝʥʦʩʪ. ʊʝʟʠ ʚʠʨʫʩʠ ʥʝ ʤʦʛʘʪ ʜʘ 

ʢʦʨʠʛʠʨʘʪ ʛʨʝʰʢʠ, ʚʲʟʥʠʢʚʘʱʠ ʧʦ ʚʨʝʤʝ ʥʘ ʨʝʧʣʠʢʘʮʠʷ ʥʘ ʈʅʂ, ʪʲʡ ʢʘʪʦ ʥʷʤʘʪ ʤʝʭʘʥʠʟʤʠʪʝ 

ʟʘ ʧʦʧʨʘʚʢʘ ʥʘ ʛʨʝʰʢʠ, ʢʦʠʪʦ ʢʣʝʪʢʠʪʝ ʦʙʠʢʥʦʚʝʥʦ ʠʟʧʦʣʟʚʘʪ ʧʨʠ ʨʝʧʣʠʮʠʨʘʥʝ ʥʘ ɼʅʂ. 

 

ʌʠʛʫʨʘ 2. ʏʝʪʠʨʠʪʝ ʝʪʘʧʘ ʥʘ ʚʠʨʫʩʥʘʪʘ ʠʥʬʝʢʮʠʷ ʚ ʢʣʝʪʲʯʝʥ ʤʦʜʝʣ. 

 

ʀʟʪʦʯʥʠʢ: Vafadar et al. [59] 

 

ʉʨʝʜ ʈʅʂ ʚʠʨʫʩʠʪʝ, ʢʦʨʦʥʘʚʠʨʫʩʠʪʝ ʩʘ ʛʨʫʧʘʪʘ ʚʠʨʫʩʠ ʩ ʥʘʡ-ʜʲʣʲʛ ʛʝʥʦʤ- ʩ 30 000 

ʙʘʟʠ. ʇʨʠ ʪʝʟʠ ʧʘʪʦʛʝʥʠ, ʢʦʠʪʦ ʥʷʤʘʪ ʩʧʦʩʦʙʥʦʩʪʪʘ ʜʘ ʢʦʨʠʛʠʨʘʪ ʛʨʝʰʢʠ ʧʦ ʚʨʝʤʝ ʥʘ 

ʨʝʧʣʠʢʘʮʠʷ, ʩʝ ʫʚʝʣʠʯʘʚʘ ʚʝʨʦʷʪʥʦʩʪʪʘ ʟʘ ʜʦʧʫʩʢʘʥʝ ʥʘ ʛʨʝʰʢʘ, ʪʲʡ ʢʘʪʦ ʢʦʣʠʯʝʩʪʚʦʪʦ 

ʘʟʦʪʥʠ ʙʘʟʠ, ʢʦʝʪʦ ʩʝ ʨʝʧʣʠʮʠʨʘʪ, ʩʲʱʦ ʩʝ ʫʚʝʣʠʯʘʚʘ. ʉʣʝʜʦʚʘʪʝʣʥʦ ʚʩʷʢʘ ʛʨʝʰʢʘ ʚʦʜʠ ʜʦ 

ʥʦʚʘ ʤʫʪʘʮʠʷ. ʅʷʢʦʠ ʦʪ ʪʝʟʠ ʤʫʪʘʮʠʠ ʤʦʛʘʪ ʜʘ ʧʨʠʜʘʜʘʪ ʥʦʚʠ ʩʚʦʡʩʪʚʘ ʥʘ ʚʠʨʫʩʘ, ʢʘʪʦ 

ʥʘʧʨʠʤʝʨ ʩʧʦʩʦʙʥʦʩʪʪʘ ʜʘ ʟʘʨʘʟʷʚʘ ʥʦʚʠ ʢʣʝʪʲʯʥʠ ʪʠʧʦʚʝ ʠʣʠ ʜʦʨʠ ʥʦʚʠ ʱʘʤʦʚʝ. 

ʂʦʨʦʥʘʚʠʨʫʩʲʪ ʩʝ ʩʲʩʪʦʠ ʦʪ ʯʝʪʠʨʠ ʩʪʨʫʢʪʫʨʥʠ ʙʝʣʪʲʢʘ: ʥʫʢʣʝʦʢʘʧʩʠʜ, ʩʫʧʝʨʢʘʧʩʠʜ, 

ʤʝʤʙʨʘʥʘ ʠ ʧʨʲʯʢʦʚʠʜʥʠ ʠʟʜʘʪʠʥʠ (ʰʠʧʯʝʪʘ). ʊʲʡ ʢʘʪʦ ʪʝʟʠ ʠʟʜʘʪʠʥʠ ʩʝ ʥʘʨʠʯʘʪ "corona", 

ʢʦʝʪʦ ʥʘ ʣʘʪʠʥʩʢʠ ʦʟʥʘʯʘʚʘ ʢʦʨʦʥʘ, ʪʝʟʠ ʚʠʨʫʩʠ ʩʘ ʥʘʨʝʯʝʥʠ ʢʦʨʦʥʘʚʠʨʫʩʠ. ʅʫʢʣʝʦʢʘʧʩʠʜʲʪ 

ʩʲʜʲʨʞʘ ʛʝʥʝʪʠʯʥʠʷ ʤʘʪʝʨʠʘʣ. ʊʦʡ ʝ ʦʙʛʨʘʜʝʥ ʦʪ ʩʬʝʨʠʯʥʘ ʩʪʨʫʢʪʫʨʘ, ʬʦʨʤʠʨʘʥʘ ʦʪ ʙʝʣʪʲʮʠ 

ʥʘ ʩʫʧʝʨʢʘʧʩʠʜʘ ʠ ʤʝʤʙʨʘʥʘʪʘ. ʐʠʧʯʝʩʪʠʪʝ ʠʟʜʘʪʠʥʠ ʠʜʝʥʪʠʬʠʮʠʨʘʪ ʢʣʝʪʢʠʪʝ, ʢʦʠʪʦ 

ʚʠʨʫʩʲʪ ʤʦʞʝ ʜʘ ʟʘʨʘʟʠ. ʏʨʝʟ ʪʷʭ ʚʠʨʫʩʲʪ ʩʝ ʧʨʠʢʨʝʧʷʪ ʢʲʤ ʢʣʝʪʲʯʥʠʪʝ ʨʝʮʝʧʪʦʨʠ. 

ʇʦʚʲʨʭʥʦʩʪʠʪʝ, ʚʢʣʶʯʠʪʝʣʥʦ ʥʘʰʠʪʝ ʨʲʮʝ, ʠʛʨʘʷʪ ʚʘʞʥʘ ʨʦʣʷ ʚ ʨʘʟʧʨʦʩʪʨʘʥʝʥʠʝʪʦ 

ʥʘ ʚʠʨʫʩʠ. ɺʠʨʫʩʠ ʢʘʪʦ ʧʦʣʠʦʚʠʨʫʩʠʪʝ ʠ ʙʘʢʪʝʨʠʦʬʘʛʠʪʝ ʧʦʢʘʟʚʘʪ ʤʥʦʛʦ ʧʦ-ʚʠʩʦʢʘ 

ʧʨʝʞʠʚʷʝʤʦʩʪ, ʢʦʛʘʪʦ ʙʠʚʘʪ ʧʨʝʥʝʩʝʥʠ ʯʨʝʟ ʜʠʨʝʢʪʝʥ ʢʦʥʪʘʢʪ ʚʲʨʭʫ ʧʦʚʲʨʭʥʦʩʪʠ, ʟʘ ʨʘʟʣʠʢʘ 
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ʦʪ ʚʠʨʫʩʠ, ʩʲʜʲʨʞʘʱʠ ʘʝʨʦʟʦʣʥʠ ʢʘʧʯʠʮʠ ʠʣʠ ʧʨʘʭ. ʉʘʤʦ 5 ʩʝʢʫʥʜʠ ʢʦʥʪʘʢʪ ʩ ʨʲʢʘ ʠ ʣʠʮʝ 

ʩʘ ʜʦʩʪʘʪʲʯʥʠ, ʟʘ ʜʘ ʙʲʜʝ ʧʨʝʭʚʲʨʣʝʥʘ ʟʥʘʯʠʪʝʣʥʘ ʯʘʩʪ ʦʪ ʚʠʨʫʩʘ, ʩʣʝʜ ʢʦʝʪʦ ʚʠʨʫʩʠʪʝ ʤʦʛʘʪ 

ʜʘ ʩʝ ʨʘʟʧʨʦʩʪʨʘʥʷʪ ʯʨʝʟ ʜʦʢʦʩʚʘʥʝ ʥʘ ʥʦʩʥʘʪʘ ʣʠʛʘʚʠʮʘ ʠʣʠ ʢʦʥʶʥʢʪʠʚʘʪʘ ʥʘ ʦʢʦʪʦ. 

ɺʝʨʦʷʪʥʦʩʪʪʘ ʟʘ ʨʘʟʧʨʦʩʪʨʘʥʝʥʠʝ ʝ ʧʨʷʢʦ ʩʚʲʨʟʘʥʘ ʩ ʚʨʝʤʝʪʦ ʟʘ ʦʮʝʣʷʚʘʥʝ ʥʘ ʚʠʨʫʩʘ ʚʲʨʭʫ 

ʧʦʚʲʨʭʥʦʩʪʪʘ, ʢʦʝʪʦ ʩʝ ʨʘʟʣʠʯʘʚʘ ʟʥʘʯʠʪʝʣʥʦ ʤʝʞʜʫ ʨʘʟʣʠʯʥʠʪʝ ʚʠʨʫʩʠ. ʉʲʚʩʝʤ ʩʢʦʨʦʰʥʦ 

ʧʨʦʫʯʚʘʥʝ ʩʲʦʙʱʘʚʘ, ʯʝ Covid-19 ʢʦʨʦʥʘʚʠʨʫʩʲʪ (SARS-CoV-2) ʤʦʞʝ ʜʘ ʩʝ ʟʘʜʲʨʞʠ ʥʘʡ-

ʜʲʣʛʦ ʚʲʨʭʫ ʧʨʦʧʠʣʝʥʦʚʠ ʧʣʘʩʪʤʘʩʦʚʠ ʧʦʚʲʨʭʥʦʩʪʠ ʠ ʥʝʨʲʞʜʘʝʤʘ ʩʪʦʤʘʥʘ, ʘ ʘʢʪʠʚʥʠ 

ʚʠʨʫʩʠ ʧʨʠʩʲʩʪʚʘʪ ʜʦ 72 ʯʘʩʘ ʩʣʝʜ ʧʲʨʚʦʥʘʯʘʣʥʦʪʦ ʧʨʠʣʦʞʝʥʠʝ, ʤʘʢʘʨ ʠ ʩʲʩ ʩʠʣʥʦ ʥʘʤʘʣʝʥ 

ʚʠʨʫʩʝʥ ʪʠʪʲʨ [60]. 

ʌʠʛʫʨʘ 3: ʀʣʶʩʪʨʘʮʠʷ ʥʘ SARS-CoV-2 ʚʠʨʫʩ

 

ʀʟʪʦʯʥʠʢ: Santos et al. [46] 

 

2.2 ʌʘʢʪʦʨʠ, ʧʦʚʣʠʷʚʘʱʠ ʜʝʟʠʥʬʝʢʪʘʥʪʥʘʪʘ ʘʢʪʠʚʥʦʩʪ 

ʆʩʥʦʚʥʘ ʤʷʨʢʘ ʟʘ ʝʬʝʢʪʠʚʥʦʩʪʪʘ ʥʘ ʜʝʟʠʥʬʝʢʪʘʥʪʘ ʝ ʥʘʤʘʣʷʚʘʥʝʪʦ ʥʘ ʚʠʨʫʩʥʘʪʘ 

ʠʥʬʝʢʮʠʦʟʥʦʩʪ. ʀʟʤʝʨʚʘʥʝʪʦ ʥʘ ʠʥʬʝʢʮʠʦʟʥʦʩʪʪʘ ʥʘ ʚʠʨʫʩʘ ʦʙʠʢʥʦʚʝʥʦ ʩʝ ʠʟʚʲʨʰʚʘ ʯʨʝʟ 

ʘʥʘʣʠʟʠ ʩ ʚʠʨʫʩʥʠ ʥʦʩʠʪʝʣʠ ʠ ʩʫʩʧʝʥʟʠʦʥʥʠ ʘʥʘʣʠʟʠ. ʆʩʥʦʚʥʠʪʝ ʧʘʨʘʤʝʪʨʠ, ʚʣʠʷʝʱʠ ʚʲʨʭʫ 

ʝʬʝʢʪʠʚʥʦʩʪʪʘ ʥʘ ʜʝʟʠʥʬʝʢʪʘʥʪʠʪʝ ʩʨʝʱʫ ʚʠʨʫʩʠ, ʚʢʣʶʯʚʘʪ ʚʨʝʤʝ ʟʘ ʢʦʥʪʘʢʪ ʠ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʘ ʜʝʟʠʥʬʝʢʪʘʥʪʘ ʠ ʚʠʨʫʩʘ. 

ʆʩʚʝʥ ʪʦʚʘ ʝʬʝʢʪʠʚʥʦʩʪʪʘ ʥʘ ʜʝʟʠʥʬʝʢʮʠʷʪʘ ʤʦʞʝ ʜʘ ʙʲʜʝ ʧʦʚʣʠʷʥʘ ʠ ʦʪ ʬʘʢʪʦʨʠ ʥʘ 

ʦʢʦʣʥʘʪʘ ʩʨʝʜʘ. ɸʢʦ ʜʝʟʠʥʬʝʢʮʠʷʪʘ ʠʟʠʩʢʚʘ ʧʨʦʪʠʯʘʥʝ ʥʘ ʦʧʨʝʜʝʣʝʥʘ ʭʠʤʠʯʥʘ ʨʝʘʢʮʠʷ, 

ʢʘʢʪʦ ʥʘʧʨʠʤʝʨ ʧʨʠ ʬʦʨʤʘʣʜʝʭʠʜʘ, ʩʢʦʨʦʩʪʪʘ ʥʘ ʜʝʟʠʥʬʝʢʮʠʷ ʱʝ ʙʲʜʝ ʧʦ-ʚʠʩʦʢʘ ʧʨʠ ʧʦ-
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ʚʠʩʦʢʠ ʪʝʤʧʝʨʘʪʫʨʠ. ɺ ʩʪʫʜʝʥʦ ʚʨʝʤʝ ʥʷʢʦʠ ʜʝʟʠʥʬʝʢʪʘʥʪʠ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʥʝʝʬʝʢʪʠʚʥʠ, ʪʲʡ 

ʢʘʪʦ ʥʠʚʦʪʦ ʥʘ ʜʝʟʠʥʬʝʢʮʠʷ ʱʝ ʙʲʜʝ ʠʟʢʣʶʯʠʪʝʣʥʦ ʥʠʩʢʦ. ɺʣʘʞʥʦʩʪʪʘ ʝ ʜʨʫʛ ʬʘʢʪʦʨ, ʢʦʡʪʦ 

ʤʦʞʝ ʜʘ ʧʦʚʣʠʷʝ ʥʘ ʧʨʦʥʠʢʚʘʥʝʪʦ ʥʘ ʜʝʟʠʥʬʝʢʪʘʥʪʘ ʚʲʚ ʚʠʨʫʩʘ. ɿʘ ʨʝʘʢʮʠʠ ʢʘʪʦ ʪʝʟʠ ʧʨʠ 

ʘʣʜʝʭʠʜʥʠʪʝ ʜʝʟʠʥʬʝʢʪʘʥʪʠ, ʧʨʦʤʷʥʘʪʘ ʚ pH ʩʲʱʦ ʤʦʞʝ ʜʘ ʧʦʚʣʠʷʝ ʝʬʝʢʪʠʚʥʦʩʪʪʘ ʥʘ 

ʜʝʟʠʥʬʝʢʪʘʥʪʘ. 

 

2.3 ʌʘʢʪʦʨʠ, ʧʦʚʣʠʷʚʘʱʠ ʚʠʨʫʩʥʘʪʘ ʯʫʚʩʪʚʠʪʝʣʥʦʩʪ 

ɺʠʨʫʩʠʪʝ, ʢʦʠʪʦ ʙʠʚʘʪ ʠʥʘʢʪʠʚʠʨʘʥʠ ʯʨʝʟ ʧʨʦʮʝʩ ʥʘ ʜʝʟʠʥʬʝʢʮʠʷ, ʠʤʘʪ ʦʧʨʝʜʝʣʝʥʠ 

ʫʥʠʢʘʣʥʠ ʩʚʦʡʩʪʚʘ. ʈʘʟʛʨʘʥʠʯʘʚʘʪ ʩʝ ʪʨʠ ʦʩʥʦʚʥʠ ʪʠʧʘ ʚʠʨʫʩʠ ʩ ʨʘʟʣʠʯʥʠ ʩʪʨʫʢʪʫʨʠ. ʊʝ 

ʙʠʚʘʪ ʢʣʘʩʠʬʠʮʠʨʘʥʠ ʧʦ ʥʘʨʘʩʪʚʘʱʘ ʪʨʫʜʥʦʩʪ ʥʘ ʭʠʤʠʯʥʘ ʠʥʘʢʪʠʚʘʮʠʷ: ʚʠʨʫʩʠ ʩʲʩ 

ʩʫʧʝʨʢʘʧʩʠʜ, ʛʦʣʝʤʠ ʚʠʨʫʩʠ ʙʝʟ ʩʫʧʝʨʢʘʧʩʠʜ ʠ ʤʘʣʢʠ ʚʠʨʫʩʠ ʙʝʟ ʩʫʧʝʨʢʘʧʩʠʜ. ɺʲʧʨʝʢʠ ʯʝ 

ʠʤʘ ʠʟʢʣʶʯʝʥʠʷ, ʧʦ-ʛʦʣʝʤʠʪʝ ʚʠʨʫʩʠ ʦʙʠʢʥʦʚʝʥʦ ʩʘ ʧʦ-ʯʫʚʩʪʚʠʪʝʣʥʠ ʢʲʤ ʜʝʟʠʥʬʝʢʪʘʥʪʠ 

[32]. ɺʩʠʯʢʠ ʪʝʩʪʚʘʥʠ ʜʝʟʠʥʬʝʢʮʠʦʥʥʠ ʨʘʟʪʚʦʨʠ ʩʘ ʝʬʝʢʪʠʚʥʠ ʩʨʝʱʫ ʚʠʨʫʩʠʪʝ ʩʲʩ 

ʩʫʧʝʨʢʘʧʩʠʜ- Herpes Simplex ʠ ʚʠʨʫʩʘ ʥʘ ʯʦʚʝʰʢʘʪʘ ʠʤʫʥʥʘ ʥʝʜʦʩʪʘʪʲʯʥʦʩʪ (HIV) ʪʠʧ 1. ʊʝ 

ʙʠʚʘʪ ʧʦ-ʤʘʣʢʦ ʝʬʝʢʪʠʚʥʠ ʩʨʝʱʫ ʤʘʣʢʠʷ ʚʠʨʫʩ ʙʝʟ ʩʫʧʝʨʢʘʧʩʠʜ- ʯʦʚʝʰʢʠ ʢʦʢʩʘʢʠ ʚʠʨʫʩ. 

ɺʠʨʫʩʠʪʝ ʩʲʩ ʩʫʧʝʨʢʘʧʩʠʜ ʩʲʜʲʨʞʘʪ ʣʠʧʠʜʥʘ ʦʙʚʠʚʢʘ, ʢʦʷʪʦ ʝ ʦʪ ʩʲʱʝʩʪʚʝʥʦ ʟʥʘʯʝʥʠʝ ʟʘ 

ʠʥʬʝʢʮʠʷʪʘ. ɸʢʦ ʪʘʟʠ ʦʙʚʠʚʢʘʪʘ ʙʲʜʝ ʨʘʟʨʫʰʝʥʘ, ʪʦʚʘ ʤʦʞʝ ʧʦʪʝʥʮʠʘʣʥʦ ʜʘ ʥʘʤʘʣʠ 

ʚʠʨʫʩʥʦʪʦ ʨʘʟʧʨʦʩʪʨʘʥʝʥʠʝ. ɿʘ ʠʥʘʢʪʠʚʠʨʘʥʝ ʥʘ ʚʠʨʫʩʠ ʩʲʩ ʩʫʧʝʨʢʘʧʩʠʜ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ 

ʠʟʧʦʣʟʚʘʥʠ ʣʠʧʦʬʠʣʥʠ ʜʝʟʠʥʬʝʢʪʘʥʪʠ. ʆʙʨʘʪʥʦ, ʚʠʨʫʩʠ ʙʝʟ ʩʫʧʝʨʢʘʧʩʠʜ ʠʟʧʦʣʟʚʘʪ 

ʙʝʣʪʲʯʥʘ ʦʙʚʠʚʢʘ ʟʘ ʦʩʲʱʝʩʪʚʷʚʘʥʝ ʥʘ ʠʥʬʝʢʮʠʷ ʠ ʧʦ ʪʦʟʠ ʥʘʯʠʥ ʠʥʘʢʪʠʚʠʨʘʥʝʪʦ ʯʝʩʪʦ 

ʠʟʠʩʢʚʘ ʜʝʥʘʪʫʨʠʨʘʥʝ ʥʘ ʚʠʨʫʩʥʠ ʢʘʧʩʠʜʥʠ ʙʝʣʪʲʮʠ ʠʣʠ ʥʘ ʝʩʝʥʮʠʘʣʥʠ ʨʝʧʣʠʢʘʪʠʚʥʠ 

ʙʝʣʪʲʮʠ [36]. ɼʝʟʠʥʬʝʢʪʘʥʪʠ, ʨʘʟʛʨʘʞʜʘʱʠ ʙʝʣʪʲʮʠ, ʢʘʪʦ ʛʣʫʪʘʨʘʣʜʝʭʠʜ ʠʣʠ ʥʘʪʨʠʝʚ 

ʭʠʧʦʭʣʦʨʠʪ, ʩʘ ʝʬʝʢʪʠʚʥʠ ʧʨʠ ʠʥʘʢʪʠʚʠʨʘʥʝ ʥʘ ʚʠʨʫʩʠ ʙʝʟ ʩʫʧʝʨʢʘʩʠʜ [32]. ʇʨʦʫʯʚʘʥʠʷ ʥʘ 

ʙʘʟʘʪʘ ʥʘ ʝʣʝʢʪʨʦʥʥʘ ʤʠʢʨʦʩʢʦʧʠʷ ʧʦʢʘʟʚʘʪ ʟʥʘʯʠʪʝʣʥʦ ʩʪʨʫʢʪʫʨʥʦ ʨʘʟʨʫʰʘʚʘʥʝ ʥʘ ʬʘʛʘ, 

ʚʢʣʶʯʠʪʝʣʥʦ ʥʘʪʨʠʝʚ ʭʠʧʦʭʣʦʨʠʪ, ʠʥʘʢʪʠʚʠʨʘʱ ʙʘʢʪʝʨʠʦʬʘʛ PAO1 ʠ ʫʚʨʝʞʜʘʱ ʢʘʧʩʠʜʥʠʪʝ 

ʙʝʣʪʲʮʠ. ɺʲʧʨʝʢʠ ʪʦʚʘ, ʪʲʡ ʢʘʪʦ ʚʠʨʫʩʠ ʢʘʪʦ ʧʦʣʠʦʤʠʝʣʠʪʥʠʷ ʚʠʨʫʩ ʧʦʜʜʲʨʞʘʪ 

ʠʥʬʝʢʮʠʦʟʥʦʩʪ ʜʦʨʠ ʩʘʤʦ ʩ ʈʅʂ, ʜʝʟʠʥʬʝʢʪʘʥʪʲʪ ʪʨʷʙʚʘ ʜʘ ʥʘʚʣʝʟʝ, ʟʘ ʜʘ ʫʥʠʱʦʞʠ 

ʥʫʢʣʝʠʥʦʚʠʪʝ ʢʠʩʝʣʠʥʠ [32]. ɼʦʢʘʪʦ ʛʨʠʧʥʠʷʪ ʚʠʨʫʩ ʩʲʩ ʩʫʧʝʨʢʘʧʩʠʜ H1N1 ʤʦʞʝ ʜʘ ʙʲʜʝ 

ʠʥʘʢʪʠʚʠʨʘʥ ʦʪ ʚʩʠʯʢʠ ʪʝʩʪʚʘʥʠ ʜʝʟʠʥʬʝʢʪʘʥʪʠ [16], ʤʘʣʢʠʪʝ ʥʦʨʦʚʠʨʫʩʠ ʙʝʟ ʩʫʧʝʨʢʘʩʠʜ ʩʘ 

ʤʥʦʛʦ ʧʦ-ʪʨʫʜʥʠ ʟʘ ʠʥʘʢʪʠʚʠʨʘʥʝ ʠ ʥʷʢʦʠ ʯʝʩʪʦ ʩʨʝʱʘʥʠ ʜʝʟʠʥʬʝʢʪʘʥʪʠ ʥʝ ʤʦʛʘʪ ʜʘ ʥʘʤʘʣʷʪ 

ʧʦʪʝʥʮʠʘʣʘ ʠʤ ʟʘ ʦʩʲʱʝʩʪʚʷʚʘʥʝ ʥʘ ʠʥʬʝʢʮʠʷ [56].  
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ɺʠʨʫʩʠʪʝ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʫʩʪʦʡʯʠʚʠ ʥʘ ʜʝʟʠʥʬʝʢʮʠʷ ʠ ʧʦʨʘʜʠ ʢʣʝʪʲʯʥʠʪʝ 

ʢʦʤʧʦʥʝʥʪʠ, ʩ ʢʦʠʪʦ ʩʘ ʩʚʲʨʟʘʥʠ. ʆʙʠʢʥʦʚʝʥʦ ʚʠʨʫʩʠʪʝ ʩʘ ʟʘʚʠʩʠʤʠ ʦʪ ʢʣʝʪʢʠʪʝ 

ʛʦʩʪʦʧʨʠʝʤʥʠʮʠ, ʟʘ ʜʘ ʩʝ ʨʝʧʣʠʮʠʨʘʪ. ʇʦʨʘʜʠ ʪʦʚʘ, ʪʝ ʯʝʩʪʦ ʙʠʚʘʪ ʩʚʲʨʟʘʥʠ ʩ ʜʨʫʛʠ 

ʢʦʤʧʦʥʝʥʪʠ ʢʘʪʦ ʢʣʝʪʲʯʥʠ ʦʩʪʘʪʲʮʠ, ʧʦʯʚʘ ʠ ʘʝʨʦʟʦʣʥʠ ʢʘʧʢʠ. ʊʦʚʘ ʩʘ ʪʘʢʘ ʥʘʨʝʯʝʥʠʪʝ 

ʚʠʨʫʩʥʠ ʘʛʨʝʛʘʮʠʦʥʥʠ ʟʘʱʠʪʥʠ ʬʘʢʪʦʨʠ ʠ ʤʦʛʘʪ ʢʘʢʪʦ ʜʘ ʥʘʤʘʣʷʪ ʚʲʟʤʦʞʥʦʩʪʪʘ ʟʘ 

ʥʘʚʣʠʟʘʥʝ ʥʘ ʜʝʟʠʥʬʝʢʪʘʥʪʘ ʚʲʚ ʚʠʨʫʩʘ, ʪʘʢʘ ʠ ʜʘ ʥʘʤʘʣʷʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʪʦ ʠ ʘʢʪʠʚʥʦʩʪʪʘ 

ʥʘ ʜʝʟʠʥʬʝʢʪʘʥʪʥʠʪʝ ʩʲʩʪʘʚʢʠ. ʊʝʟʠ ʬʘʢʪʦʨʠ ʠʤʘʪ ʛʦʣʷʤ ʝʬʝʢʪ ʚʲʨʭʫ ʜʝʡʩʪʚʠʝʪʦ ʥʘ 

ʜʝʟʠʥʬʝʢʪʘʥʪʠʪʝ ʠ ʧʦʨʘʜʠ ʪʦʚʘ ʝ ʥʝʦʙʭʦʜʠʤʘ ʤʥʦʛʦ ʧʦ-ʚʠʩʦʢʘ ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʘ 

ʜʝʟʠʥʬʝʢʪʘʥʪʘ ʟʘ ʝʬʝʢʪʠʚʥʘ ʜʝʟʠʥʬʝʢʮʠʷ. ɼʝʟʠʥʬʝʢʮʠʷʪʘ ʝ ʩʚʲʨʟʘʥʘ ʠ ʟʘʚʠʩʠʤʘ ʦʪ 

ʧʨʦʮʝʩʠʪʝ ʥʘ ʧʦʯʠʩʪʚʘʥʝ, ʪʲʡ ʢʘʪʦ ʧʲʨʚʠʯʥʦʪʦ ʦʪʩʪʨʘʥʷʚʘʥʝ ʥʘ ʦʨʛʘʥʠʯʥʘʪʘ ʤʘʪʝʨʠʷ ʤʦʞʝ 

ʜʘ ʜʦʧʨʠʥʝʩʝ ʟʘ ʦʩʲʱʝʩʪʚʷʚʘʥʝ ʧʦ-ʜʦʙʲʨ ʜʝʟʠʥʬʝʢʮʠʦʥʝʥ ʧʨʦʮʝʩ [14]. ɺ ʜʦʧʲʣʥʝʥʠʝ, 

ʚʠʨʫʩʠʪʝ ʤʦʛʘʪ ʜʘ ʩʝ ʥʘʪʨʫʧʚʘʪ ʚ ʦʢʦʣʥʘʪʘ ʩʨʝʜʘ, ʢʦʝʪʦ ʟʘʪʨʫʜʥʷʚʘ ʥʘʚʣʠʟʘʥʝʪʦ ʠ 

ʜʦʩʪʠʛʘʥʝʪʦ ʥʘ ʜʝʟʠʥʬʝʢʪʘʥʪʠ ʜʦ ʚʠʨʫʩʠʪʝ [15]. 

ʀʟʚʝʩʪʥʦ ʝ, ʯʝ COVID-19 ʝ ʠʟʢʣʶʯʠʪʝʣʥʦ ʟʘʨʘʟʥʦ ʟʘʙʦʣʷʚʘʥʝ ʠ ʤʦʞʝ ʜʘ ʠʤʘ ʤʥʦʛʦ 

ʥʘʯʠʥʠ ʟʘ ʥʝʛʦʚʦʪʦ ʨʘʟʧʨʦʩʪʨʘʥʝʥʠʝ. ʉʢʦʨʦʰʥʠ ʧʨʦʫʯʚʘʥʠʷ ʧʦʢʘʟʚʘʪ, ʯʝ SARS-CoV-2 ʩʝ 

ʨʘʟʧʨʦʩʪʨʘʥʷʚʘ ʦʩʥʦʚʥʦ ʯʨʝʟ ʤʠʢʨʦʢʘʧʢʠ, ʨʘʟʧʨʦʩʪʨʘʥʷʚʘʥʠ ʦʪ ʯʦʚʝʢ ʥʘ ʯʦʚʝʢ ʠʣʠ ʯʨʝʟ 

ʜʦʢʦʩʚʘʥʝ ʥʘ ʢʦʥʪʘʤʠʥʠʨʘʥʠ ʧʦʚʲʨʭʥʦʩʪʠ (ʌʠʛ. 4) [58]. ʀʟʚʝʩʪʥʦ ʝ, ʯʝ SARS-CoV-2 ʠʤʘ 

ʩʧʦʩʦʙʥʦʩʪʪʘ ʜʘ ʦʩʪʘʥʝ ʚ ʘʝʨʦʟʦʣʥʘ ʬʦʨʤʘ ʟʘ ʧʦʚʝʯʝ ʦʪ 3 ʯʘʩʘ. ʋʩʪʘʥʦʚʝʥʦ ʝ ʠ, ʯʝ ʚ 

ʟʘʚʠʩʠʤʦʩʪ ʦʪ ʧʦʚʲʨʭʥʦʩʪʪʘ, ʯʦʚʝʰʢʠʷ ʢʦʨʦʥʘ ʚʠʨʫʩ ʤʦʞʝ ʜʘ ʧʝʨʩʠʩʪʠʨʘ ʜʦ 9 ʜʥʠ ʠ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʜ 30 ÁC. ɺ ʪʦʟʠ ʢʦʥʪʝʢʩʪ, ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʣʠʯʥʠ ʧʨʝʜʧʘʟʥʠ ʩʨʝʜʩʪʚʘ (ʃʇʉ) 

ʠ ʜʝʟʠʥʬʝʢʪʘʥʪʠ ʝ ʠʟʢʣʶʯʠʪʝʣʥʦ ʚʘʞʥʦ. ʉʚʝʪʦʚʥʘʪʘ ɿʜʨʘʚʥʘ ʆʨʛʘʥʠʟʘʮʠʷ (ʉɿʆ) ʧʨʝʧʦʨʲʯʚʘ 

ʫʧʦʪʨʝʙʘʪʘ ʥʘ ʬʠʟʠʯʥʠ ʠ ʭʠʤʠʯʥʠ ʬʘʢʪʦʨʠ ʟʘ ʥʘʤʘʣʷʚʘʥʝ ʥʘ ʢʦʥʪʘʤʠʥʘʮʠʷʪʘ ʯʨʝʟ 

ʜʝʟʠʥʬʝʢʮʠʷ ʥʘ ʧʦʚʲʨʭʥʦʩʪʠ, ʦʩʦʙʝʥʦ ʥʘ ʯʝʩʪʦ ʜʦʢʦʩʚʘʥʠ ʧʦʚʲʨʭʥʦʩʪʠ ʢʘʪʦ ʜʨʲʞʢʠ ʥʘ 

ʚʨʘʪʠ, ʤʘʩʠ, ʩʪʦʣʦʚʝ, ʧʘʨʘʧʝʪʠ ʠ ʢʣʶʯʦʚʝ, ʢʘʢʪʦ ʠ ʫʧʦʪʨʝʙʘʪʘ ʥʘ ʤʘʩʢʠ ʠ ʛʨʠʞʘ ʟʘ ʣʠʯʥʘʪʘ 

ʭʠʛʠʝʥʘ. ɺ ʣʠʪʝʨʘʪʫʨʘʪʘ ʩʘ ʦʧʠʩʘʥʠ ʨʘʟʣʠʯʥʠ ʜʝʟʠʥʬʝʢʮʠʨʘʱʠ ʘʛʝʥʪʠ, ʢʘʪʦ ʥʘʧʨʠʤʝʨ 

ʥʘʪʨʠʝʚ ʭʠʧʦʭʣʦʨʠʪ, ʚʦʜʦʨʦʜʝʥ ʧʝʨʦʢʩʠʜ, ʘʣʢʦʭʦʣʠ, ʩʘʧʫʥʠ/ʧʦʚʲʨʭʥʦʩʪʥʦʘʢʪʠʚʥʠ ʚʝʱʝʩʪʚʘ 

ʠ ʜʨ. [31]. 

 

 

 

 



 

 
90 

ʌʠʛʫʨʘ 4. ʇʨʠʤʝʨʠ ʟʘ ʨʘʟʧʨʦʩʪʨʘʥʝʥʠʝ ʥʘ ʚʠʨʫʩʠ ʯʨʝʟ ʧʦʚʲʨʭʥʦʩʪʠ. 

 

ʀʟʪʦʯʥʠʢ: URL-2 [58]. 

 

3. ʂʦʤʝʨʩʠʘʣʥʦ ʜʦʩʪʲʧʥʠ ʚʠʨʫʮʠʜʥʠ ʜʝʟʠʥʬʝʢʮʠʨʘʱʠ ʘʛʝʥʪʠ 

3.1 ɸʣʢʦʭʦʣʠ 

ɸʣʢʦʭʦʣʠʪʝ, ʠ ʧʦ-ʢʦʥʢʨʝʪʥʦ ʠʟʦʧʨʦʧʠʣʦʚʠʷ ʘʣʢʦʭʦʣ (ʩʲʱʦ ʠʟʚʝʩʪʝʥ ʢʘʪʦ 

ʠʟʦʧʨʦʧʘʥʦʣ ʠ ʧʨʦʧʘʥ-2-ʦʣ) ʠ ʝʪʠʣʦʚʠʷ ʘʣʢʦʭʦʣ (ʝʪʘʥʦʣ), ʤʦʛʘʪ ʜʘ ʠʥʘʢʪʠʚʠʨʘʪ ʰʠʨʦʢ 

ʩʧʝʢʪʲʨ ʙʘʢʪʝʨʠʠ, ʛʲʙʠ ʠ ʚʠʨʫʩʠ (ʌʠʛ. 5-6). ʊʝʟʠ ʘʢʪʠʚʥʠ ʩʲʩʪʘʚʢʠ ʠʛʨʘʷʪ ʚʘʞʥʘ ʨʦʣʷ ʚ 

ʟʜʨʘʚʥʠʪʝ ʟʘʚʝʜʝʥʠʷ ʟʘ ʢʦʞʥʘ ʘʥʪʠʩʝʧʪʢʘ ʠ ʜʝʟʠʥʬʝʢʮʠʷ ʥʘ ʤʘʣʢʠ ʤʝʜʠʮʠʥʩʢʠ ʠʥʩʪʨʫʤʝʥʪʠ. 

ɺʲʧʨʝʢʠ, ʯʝ ʩʘ ʜʦʢʘʟʘʥʠ ʢʘʪʦ ʝʬʝʢʪʠʚʥʠ ʚ ʫʥʠʱʦʞʘʚʘʥʝʪʦ ʥʘ ʠʥʬʝʢʮʠʦʟʥʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʠ, 

ʘʣʢʦʭʦʣʠʪʝ ʥʷʤʘʪ ʩʧʦʨʦʮʠʜʥʠ ʩʚʦʡʩʪʚʘ [44] ʠ ʯʝʩʪʦ ʙʠʚʘʪ ʢʦʤʙʠʥʠʨʘʥʠ ʩ ʜʨʫʛʠ ʦʩʥʦʚʥʠ 

ʙʠʦʮʠʜʥʦ ʘʢʪʠʚʥʠ ʚʝʱʝʩʪʚʘ ʟʘ ʧʦʚʠʰʘʚʘʥʝ ʥʘ ʝʬʠʢʘʩʥʦʩʪʪʘ ʥʘ ʜʝʟʠʥʬʝʢʮʠʷʪʘ. 

ʉʠʣʥʠʪʝ ʙʠʦʮʠʜʥʠ ʘʛʝʥʪʠ ʫʥʠʱʦʞʘʚʘʪ ʚʠʨʫʩʠ ʠ ʙʘʢʪʝʨʠʠ ʧʦ ʨʘʟʣʠʯʥʠ ʤʝʭʘʥʠʟʤʠ, ʥʘʧʨʠʤʝʨ 

ʢʘʪʦ ʫʥʠʱʦʞʘʚʘʪ ʢʣʝʪʲʯʥʘʪʘ ʩʪʨʫʢʪʫʨʘ ʠ ʢʦʘʛʫʣʠʨʘʪ ʠ/ʠʣʠ ʜʝʥʘʪʫʨʠʨʘʪ ʙʝʣʪʲʮʠʪʝ ʦʪ ʢʦʠʪʦ 

ʩʘ ʠʟʛʨʘʜʝʥʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʠʪʝ. ɺʲʧʨʝʢʠ, ʯʝ ʥʝ ʩʘ ʦʩʲʱʝʩʪʚʝʥʠ ʤʥʦʛʦ ʧʨʦʫʯʚʘʥʠʷ ʟʘ 

ʧʲʣʥʦʪʦ ʨʘʟʙʠʨʘʥʝ ʥʘ ʙʠʦʮʠʜʥʘʪʘ ʘʢʪʠʚʥʦʩʪ ʥʘ ʘʣʢʦʭʦʣʘ, ʢʘʪʦ ʮʷʣʦ ʝ ʧʨʠʝʪʦ, ʯʝ ʘʣʢʦʭʦʣʠʪʝ 
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ʨʘʟʨʫʰʘʚʘʪ ʢʣʝʪʲʯʥʠʪʝ ʤʝʤʙʨʘʥʠ ʠ ʜʝʥʘʪʫʨʠʨʘʪ ʙʝʣʪʲʮʠʪʝ [4]. ɺʠʨʫʩʠʪʝ ʠ ʤʥʦʛʦ ʜʨʫʛʠ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʠ ʦʙʠʢʥʦʚʝʥʦ ʩʘ ʯʫʚʩʪʚʠʪʝʣʥʠ ʥʘ ʪʦʟʠ ʥʘʯʠʥ ʥʘ ʜʝʡʩʪʚʠʝ ʥʘ ʘʣʢʦʭʦʣʠʪʝ. 

ʇʨʦʫʯʚʘʥʠʷ ʧʦʢʘʟʚʘʪ, ʯʝ ʠʥʢʦʨʧʦʨʠʨʘʥʝʪʦ ʥʘ ʚʦʜʘ ʚ ʙʠʦʮʠʜʥʠ ʩʠʩʪʝʤʠ ʫʚʝʣʠʯʘʚʘ 

ʝʬʝʢʪʠʚʥʦʩʪʪʘ ʥʘ ʘʣʢʦʭʦʣʘ, ʪʲʡ ʢʘʪʦ ʚʦʜʘʪʘ ʫʣʝʩʥʷʚʘ ʧʦ-ʙʲʨʟʦʪʦ ʜʝʥʘʪʫʨʠʨʘʥʝ ʥʘ 

ʙʝʣʪʲʮʠʪʝ[44]. ʆʱʝ ʧʦʚʝʯʝ, ʜʦʙʘʚʷʥʝʪʦ ʥʘ ʚʦʜʘ ʟʥʘʯʠʪʝʣʥʦ ʫʚʝʣʠʯʘʚʘ ʝʬʝʢʪʠʚʥʦʩʪʪʘ ʥʘ 

ʘʣʢʦʭʦʣʠʪʝ ʢʘʪʦ ʟʘʙʘʚʷ ʪʷʭʥʦʪʦ ʠʟʧʘʨʝʥʠʝ ʠ ʧʦ ʪʦʟʠ ʥʘʯʠʥ ʫʚʝʣʠʯʘʚʘ ʚʣʠʷʥʠʝʪʦ ʥʘ 

ʘʣʢʦʭʦʣʠʪʝ ʢʲʤ ʚʠʨʫʩʠ ʠ ʙʘʢʪʝʨʠʠ. 

ɺʲʧʨʝʢʠ ʪʦʚʘ ʚʠʨʫʮʠʜʥʘʪʘ ʘʢʪʠʚʥʦʩʪ ʥʘ ʘʣʢʦʭʦʣʘ ʝ ʩʠʣʥʦ ʟʘʚʠʩʠʤʘ ʦʪ 

ʢʦʥʮʝʥʪʨʘʮʠʷʪʘ ʥʘ ʘʢʪʠʚʥʠ ʚʝʱʝʩʪʚʘ ʠ ʪʠʧʘ ʥʘ ʪʝʩʪ ʚʠʨʫʩʠʪʝ. ɽʬʝʢʪʠʚʥʦʩʪʪʘ ʥʘ ʘʣʢʦʭʦʣʠʪʝ 

ʟʘ ʠʥʘʢʪʠʚʠʨʘʥʝ ʥʘ ʚʠʨʫʩʠ ʟʘʚʠʩʠ ʦʪ ʛʦʣʷʤʘ ʩʪʝʧʝʥ ʦʪ ʧʦʚʲʨʭʥʦʩʪʥʠʪʝ ʩʚʦʡʩʪʚʘ ʥʘ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʘ. ʆʙʱʦʠʟʚʝʩʪʥʦ ʝ, ʯʝ ʚʠʨʫʩʠʪʝ ʙʝʟ ʩʫʧʝʨʢʘʧʩʠʜ ʩʘ ʧʦ-ʫʩʪʦʡʯʠʚʠ ʥʘ 

ʜʝʟʠʥʬʝʢʪʘʥʪʠ, ʚʢʣʶʯʠʪʝʣʥʦ ʘʣʢʦʭʦʣʠ, ʦʪʢʦʣʢʦʪʦ ʚʠʨʫʩʠʪʝ ʩʲʩ ʩʫʧʝʨʢʘʧʩʠʜ.  

ɼʦʢʘʪʦ ʘʣʢʦʭʦʣʠʪʝ ʧʦʢʘʟʚʘʪ ʝʬʝʢʪʠʚʥʦʩʪ ʧʨʠ ʫʥʠʱʦʞʘʚʘʥʝʪʦ ʥʘ ʥʷʢʦʠ ʚʠʜʦʚʝ ʚʠʨʫʩʠ, ʜʨʫʛʠ 

ʜʝʟʠʥʬʝʢʪʘʥʪʠ ʢʘʪʦ ʯʝʪʚʲʨʪʠʯʥʠ ʘʤʦʥʠʝʚʠ ʩʲʝʜʠʥʝʥʠʷ (ʏɸʉ), ʛʣʫʪʘʨʘʣʜʝʭʠʜ ʠ ʚʦʜʦʨʦʜʝʥ 

ʧʝʨʦʢʩʠʜ ʥʘʜʤʠʥʘʚʘʪ ʝʬʝʢʪʠʚʥʦʩʪʪʘ ʠʤ [44]. ʇʦʨʘʜʠ ʪʘʟʠ ʧʨʠʯʠʥʘ ʜʝʟʠʥʬʝʢʪʘʥʪʠ, ʯʠʠʪʦ 

ʦʩʥʦʚʥʠ ʘʢʪʠʚʥʠ ʩʲʩʪʘʚʢʠ ʩʘ ʘʣʢʦʭʦʣʠʪʝ, ʦʙʠʢʥʦʚʝʥʦ ʥʝ ʩʝ ʠʟʧʦʣʟʚʘʪ ʟʘ ʜʝʟʠʥʬʝʢʮʠʷ ʥʘ 

ʦʙʦʨʫʜʚʘʥʝ, ʚʣʠʟʘʱʦ ʚ ʢʦʥʪʘʢʪ ʩ ʚʘʩʢʫʣʘʨʥʘʪʘ ʩʠʩʪʝʤʘ ʠʣʠ ʩʪʝʨʠʣʥʠ ʪʲʢʘʥʠ, ʢʘʢʪʦ ʠ ʟʘ 

ʜʝʟʠʥʬʝʢʮʠʷ ʥʘ ʦʢʦʣʥʘ ʩʨʝʜʘ ʢʦʷʪʦ ʠʟʠʩʢʚʘ ʧʲʣʥʘ ʩʪʝʨʠʣʥʦʩʪ ʚ ʟʜʨʘʚʥʠʪʝ ʟʘʚʝʜʝʥʠʷ [44]. 

ʀʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʠʟʦʧʨʦʧʠʣʦʚ ʘʣʢʦʭʦʣ ʩʲʱʦ ʝ ʦʛʨʘʥʠʯʝʥʦ, ʪʲʡ ʢʘʪʦ ʪʦʡ ʠʥʘʢʪʠʚʠʨʘ ʩʘʤʦ 

ʣʠʧʠʜʥʠʪʝ ʚʠʨʫʩʠ. ʊʦʚʘ ʟʥʘʯʠʪʝʣʥʦ ʥʘʤʘʣʷʚʘ ʚʲʟʤʦʞʥʦʩʪʠʪʝ ʟʘ ʧʦ-ʰʠʨʦʢʦ ʧʨʠʣʦʞʝʥʠʝ ʥʘ 

ʘʣʢʦʭʦʣʘ ʢʘʪʦ ʜʝʟʠʥʬʝʢʪʘʥʪ. ʊʲʡ ʢʘʪʦ ʘʣʢʦʭʦʣʠʪʝ ʩʘ ʟʘʧʘʣʠʤʠ ʪʝʯʥʦʩʪʠ, ʛʦʣʝʤʠ ʢʦʣʠʯʝʩʪʚʘ 

ʘʣʢʦʭʦʣ ʫʚʝʣʠʯʘʚʘʪ ʨʠʩʢʘ ʠ ʦʧʘʩʥʦʩʪʪʘ ʟʘ ʫʧʦʪʨʝʙʘ ʥʘ ʪʝʟʠ ʚʝʱʝʩʪʚʘ ʢʘʪʦ ʜʝʟʠʥʬʝʢʪʘʥʪʠ. 

ʊʦʯʢʘʪʘ ʥʘ ʚʲʟʧʣʘʤʝʥʷʚʘʥʝ ʥʘ ʘʣʢʦʭʦʣʝʥ ʨʘʟʪʚʦʨ ʩ ʧʦ-ʚʠʩʦʢʘ ʢʦʥʮʝʥʪʨʘʮʠʷ ʝ ʧʦ-ʥʠʩʢʘ ʦʪ 

ʪʘʟʠ ʥʘ ʘʣʢʦʭʦʣʝʥ ʨʘʟʪʚʦʨ ʩ ʧʦ-ʥʠʩʢʘʪʘ ʢʦʥʮʝʥʪʨʘʮʠʷ [4]. ɺ ʜʦʧʲʣʥʝʥʠʝ, ʧʨʦʜʲʣʞʠʪʝʣʥʘʪʘ 

ʠ ʧʦʚʪʘʨʷʱʘ ʩʝ ʫʧʦʪʨʝʙʘ ʥʘ ʘʣʢʦʭʦʣ ʢʦʤʧʨʦʤʝʪʠʨʘ ʮʝʣʦʩʪʪʘ ʥʘ ʤʘʪʝʨʠʘʣʠ ʢʘʪʦ ʧʣʘʩʪʤʘʩʠ ʠ 

ʙʦʠ. ʄʘʪʝʨʠʘʣʠʪʝ, ʢʦʠʪʦ ʩʘ ʧʦʩʪʦʷʥʥʦ ʠʟʣʦʞʝʥʠ ʥʘ ʘʣʢʦʭʦʣ, ʤʦʛʘʪ ʜʘ ʧʨʝʪʲʨʧʷʪ ʧʨʦʤʷʥʘ ʚ 

ʮʚʝʪʘ, ʜʘ ʩʝ ʥʘʧʫʢʘʪ ʠ ʧʦʜʫʷʪ ʧʦʨʘʜʠ ʚʲʟʜʝʡʩʪʚʠʝʪʦ ʥʘ ʘʣʢʦʭʦʣʘ. ɼʨʫʛʦ ʧʨʝʜʠʟʚʠʢʘʪʝʣʩʪʚʦ 

ʧʨʠ ʫʧʦʪʨʝʙʘʪʘ ʥʘ ʘʣʢʦʭʦʣ ʝ, ʯʝ ʪʦʡ ʩʝ ʠʟʧʘʨʷʚʘ ʙʲʨʟʦ ʧʨʠ ʜʦʩʝʛ ʩ ʚʲʟʜʫʭʘ. ʇʦ ʪʦʟʠ ʥʘʯʠʥ ʩʝ 

ʥʘʤʘʣʷʚʘ ʚʨʝʤʝʪʦ ʟʘ ʢʦʥʪʘʢʪ ʥʘ ʘʣʢʦʭʦʣʘ ʩ ʚʠʨʫʩʘ. ʄʘʢʩʠʤʘʣʥʘʪʘ ʜʝʟʠʥʬʝʢʮʠʷ ʝ ʪʨʫʜʥʘ ʟʘ 

ʧʦʩʪʠʛʘʥʝ, ʦʩʚʝʥ ʘʢʦ ʠʥʩʪʨʫʤʝʥʪʠʪʝ ʥʝ ʩʘ ʙʠʣʠ ʧʦʪʦʧʝʥʠ ʚʲʚ ʚʘʥʘ ʩ ʘʣʢʦʭʦʣ ʟʘ ʠʟʚʝʩʪʥʦ 

ʚʨʝʤʝ. 
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ʌʠʛʫʨʘ 5. ʌʘʢʪʦʨʠ, ʧʦʚʣʠʷʚʘʱʠ ʝʬʝʢʪʠʚʥʦʩʪʪʘ ʥʘ ʜʝʟʠʥʬʝʢʪʘʥʪʠ ʟʘ ʨʲʮʝ ʥʘ 

ʘʣʢʦʭʦʣʥʘ ʦʩʥʦʚʘ ʩʨʝʱʫ SARS-CoV-2 

 

 

ʀʟʪʦʯʥʠʢ: Singh et al. [48]. 

 

 

ɺʲʧʨʝʢʠ ʯʝ ʚʲʟʤʦʞʥʦʩʪʠʪʝ ʥʘ ʘʣʢʦʭʦʣʠʪʝ ʩʘ ʦʛʨʘʥʠʯʝʥʠ, ʪʝ ʚʩʝ ʦʱʝ ʩʝ ʠʟʧʦʣʟʚʘʪ 

ʰʠʨʦʢʦ ʚ ʨʘʟʣʠʯʥʠ ʧʨʦʮʝʜʫʨʠ ʟʘ ʘʢʪʠʚʥʘ ʜʝʟʠʥʬʝʢʮʠʷ. ɿʘʜʲʣʞʠʪʝʣʥʦ ʝ ʜʘ ʩʝ ʦʪʙʝʣʝʞʠ, ʯʝ 

ʨʦʣʷʪʘ ʥʘ ʘʣʢʦʭʦʣʘ ʢʘʪʦ ʜʝʟʠʥʬʝʢʪʘʥʪ ʥʘʨʝʜ ʩ ʦʩʪʘʥʘʣʠʪʝ ʤʫ ʩʚʦʡʩʪʚʘ ʝ ʚʩʝ ʦʱʝ ʥʝʟʘʤʝʥʠʤʘ. 

ɸʣʢʦʭʦʣʠʪʝ ʯʝʩʪʦ ʩʝ ʠʟʧʦʣʟʚʘʪ ʚ ʙʦʣʥʠʮʠ ʢʘʪʦ ʝʬʝʢʪʠʚʝʥ ʜʝʟʠʥʬʝʢʪʘʥʪ ʟʘ ʪʝʨʤʦʤʝʪʨʠ, 

ʠʥʩʪʨʫʤʝʥʪʠ, ʢʦʠʪʦ ʢʦʥʪʘʢʪʫʚʘʪ ʩ ʠʥʪʘʢʪʥʘ ʢʦʞʥʘ ʧʦʚʲʨʭʥʦʩʪ ʠ ʥʝʠʥʚʘʟʠʚʥʠ ʩʦʥʜʠ [44]. 

ʇʦʚʲʨʭʥʦʩʪʠʪʝ ʥʘ ʤʝʜʠʮʠʥʩʢʠ ʠʥʩʪʨʫʤʝʥʪʠ ʟʘ ʤʥʦʛʦʢʨʘʪʥʘ ʫʧʦʪʨʝʙʘ, ʢʦʠʪʦ ʥʝ ʠʟʠʩʢʚʘʪ 

ʧʲʣʥʘ ʩʪʝʨʠʣʥʦʩʪ, ʩʲʱʦ ʩʝ ʜʝʟʠʥʬʝʢʮʠʨʘʪ ʩʲʩ ʩʧʠʨʪ. ɼʨʫʛʦ ʧʨʝʜʠʤʩʪʚʦ ʥʘ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ 

ʘʣʢʦʭʦʣʘ ʢʘʪʦ ʜʝʟʠʥʬʝʢʪʘʥʪ ʝ, ʯʝ ʪʦʡ ʝ ʣʝʩʝʥ ʟʘ ʫʧʦʪʨʝʙʘ. ɸʣʢʦʭʦʣʥʠʪʝ ʨʘʟʪʚʦʨʠ ʥʝ 

ʦʮʚʝʪʷʚʘʪ, ʠʟʧʘʨʷʚʘʪ ʩʝ ʙʲʨʟʦ, ʠʤʘʪ ʥʠʩʢʘ ʪʦʢʩʠʯʥʦʩʪ ʚ ʩʨʘʚʥʝʥʠʝ ʩ ʜʨʫʛʠ ʜʝʟʠʥʬʝʢʪʘʥʪʠ ʠ 

ʠʤʘʪ ʤʝʢʘ, ʧʨʠʝʤʣʠʚʘ ʤʠʨʠʟʤʘ. ʊʝʟʠ ʬʫʥʢʮʠʠ ʩʘ ʦʪ ʨʝʰʘʚʘʱʦ ʟʥʘʯʝʥʠʝ ʚ ʟʜʨʘʚʥʠʪʝ 

ʟʘʚʝʜʝʥʠʷ, ʪʲʡ ʢʘʪʦ ʪʝ ʜʦʧʨʠʥʘʩʷʪ ʟʘ ʝʬʝʢʪʠʚʥʦʩʪʪʘ ʠ ʥʝʦʙʭʦʜʠʤʘʪʘ ʜʝʟʠʥʬʝʢʮʠʷ ʥʘ 

ʩʠʩʪʝʤʘʪʘ. 
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ʌʠʛʫʨʘ 6. ɸʥʪʠʚʠʨʫʩʝʥ ʤʝʭʘʥʠʟʲʤ ʥʘ ʜʝʡʩʪʚʠʝ ʥʘ ʘʣʢʦʭʦʣʠ ʩʨʝʱʫ ʚʠʨʫʩʠ ʩʲʩ ʩʫʧʝʨʢʘʧʩʠʜ. 

 

 

ʀʟʪʦʯʥʠʢ: Singh et al. [48]. 

 

3.2 ʉʲʨʬʘʢʪʘʥʪʠ 

ʉʲʨʬʘʢʪʘʥʪʠʪʝ ʩʘ ʘʤʬʠʬʠʣʥʠ ʩʲʝʜʠʥʝʥʠʷ, ʢʦʠʪʦ ʠʤʘʪ ʢʘʢʪʦ ʭʠʜʨʦʬʠʣʥʘ, ʪʘʢʘ ʠ 

ʣʠʧʦʬʠʣʥʘ ʯʘʩʪ. ʊʝ ʙʠʚʘʪ ʜʦʧʲʣʥʠʪʝʣʥʦ ʢʣʘʩʠʬʠʮʠʨʘʥʠ ʢʘʪʦ ʢʘʪʠʦʥʥʠ, ʘʥʠʦʥʥʠ, ʥʝʡʦʥʥʠ ʠ 

ʮʚʠʪʝʨʡʦʥʥʠ ʩʲʨʬʘʢʪʘʥʪʠ. ʏʝʩʪʦ ʩʝ ʩʨʝʱʘʪ ʢʘʪʦ ʘʢʪʠʚʥʠ ʩʲʩʪʘʚʢʠ ʚ ʜʦʤʘʢʠʥʩʢʠʪʝ 

ʜʝʟʠʥʬʝʢʪʘʥʪʠ ʠ ʧʝʨʠʣʥʠ ʧʨʝʧʘʨʘʪʠ ʠ ʜʦʢʘʟʘʥʦ ʤʦʛʘʪ ʜʘ ʠʥʘʢʪʠʚʠʨʘʪ ʚʠʨʫʩʠʪʝ. ɺʠʨʫʩʠʪʝ 

ʩʲʩ ʩʫʧʝʨʢʘʧʩʠʜ, ʢʘʪʦ ʩʝʤʝʡʩʪʚʦʪʦ ʥʘ ʢʦʨʦʥʘʚʠʨʫʩʠʪʝ, ʢʦʝʪʦ ʚʢʣʶʯʚʘ SARS-CoV-1, MERS 

ʠ ʥʦʚʠʷ ʚʠʨʫʩ SARS-CoV-2, ʩʘ ʧʦʜʘʪʣʠʚʠ ʥʘ ʪʝʟʠ ʩʲʝʜʠʥʝʥʠʷ. ɺʲʧʨʝʢʠ ʪʦʚʘ, ʥʷʢʦʠ 

ʩʲʨʬʘʢʪʘʥʪʠ ʥʝ ʨʘʟʯʠʪʘʪ ʥʘ ʨʘʟʪʚʘʨʷʥʝʪʦ ʥʘ ʚʠʨʫʩʥʘʪʘ ʣʠʧʠʜʥʘ ʦʙʚʠʚʢʘ ʟʘ ʠʥʘʢʪʠʚʠʨʘʥʝ ʥʘ 

ʚʠʨʫʩʘ. 

 

3.2.1 ʂʘʪʠʦʥʥʠ ʩʲʨʬʘʢʪʘʥʪʠ (ʏʝʪʚʲʨʪʠʯʥʠ ʘʤʦʥʠʝʚʠ ʩʲʝʜʠʥʝʥʠʷ) 

ʏʝʪʚʲʨʪʠʯʥʠʪʝ ʘʤʦʥʠʝʚʠ ʩʲʝʜʠʥʝʥʠʷ (ʏɸʉ) ʬʦʨʤʠʨʘʪ ʧʦ-ʛʦʣʷʤʘʪʘ ʯʘʩʪ ʦʪ 

ʢʘʪʠʦʥʥʠʪʝ ʩʲʨʬʘʢʪʘʥʪʠ. ʊʝ ʠʥʘʢʪʠʚʠʨʘʪ ʚʠʨʫʩʠʪʝ ʥʘʡ-ʚʝʯʝ ʯʨʝʟ ʨʘʟʪʚʘʨʷʥʝ ʠ ʨʘʟʨʫʰʘʚʘʥʝ 

ʥʘ ʪʝʭʥʠʷ ʣʠʧʠʜʝʥ ʩʫʧʝʨʢʘʧʩʠʜ ʠʣʠ ʤʝʤʙʨʘʥʘ. ʈʘʟʨʘʙʦʪʢʠ ʩʲʦʙʱʘʚʘʪ, ʯʝ ʪʝ ʟʘʧʘʟʚʘʪ 

ʚʠʨʫʮʠʜʥʘʪʘ ʩʠ ʘʢʪʠʚʥʦʩʪ ʧʦ-ʜʦʙʨʝ ʚ ʪʚʲʨʜʘ ʚʦʜʘ, ʢʘʢʪʦ ʠ ʚ ʧʨʠʩʲʩʪʚʠʝʪʦ ʥʘ ʘʥʠʦʥʥʠ 

ʦʩʪʘʪʲʮʠ [38]. ʏɸʉ ʩʘ ʧʨʝʜʧʦʯʠʪʘʥʠ ʟʘ ʫʧʦʪʨʝʙʘ, ʟʘʱʦʪʦ ʩʘ ʦʪʥʦʩʠʪʝʣʥʦ ʥʝʪʦʢʩʠʯʥʠ, 

ʙʝʟʮʚʝʪʥʠ ʠ ʙʝʟ ʤʠʨʠʩ [19]. ʊʝ ʩʘ ʜʦʙʨʝ ʠʟʚʝʩʪʥʠ ʩ ʪʦʚʘ, ʯʝ ʠʥʘʢʪʠʚʠʨʘʪ ʚʠʨʫʩʠ ʩʲʩ 

ʩʫʧʝʨʢʘʧʩʠʜ, ʥʦ ʪʷʭʥʘʪʘ ʚʠʨʫʮʠʜʥʘ ʘʢʪʠʚʥʦʩʪ e ʟʘʚʠʩʠʤʘ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʷʪʘ, ʚʨʝʤʝʪʦ ʥʘ 

ʝʢʩʧʦʟʠʮʠʷ ʠ ʪʝʤʧʝʨʘʪʫʨʘʪʘ.  ʅʘʡ-ʝʬʝʢʪʠʚʥʘ ʜʝʟʠʥʬʝʢʮʠʷ ʩʲʩ ʩʲʨʬʘʢʪʘʥʪʠ, ʥʘ ʦʩʥʦʚʘʪʘ ʥʘ 

ʏɸʉ, ʩʝ ʧʦʩʪʠʛʘ ʚ ʢʦʤʙʠʥʘʮʠʷ ʩ ʪʦʧʣʘ ʚʦʜʘ ʠ ʧʦ-ʜʲʣʛʦ ʚʨʝʤʝ ʥʘ ʜʝʡʩʪʚʠʝ ʥʘ ʩʲʨʬʘʢʪʘʥʪʘ 
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[30]. ɽʜʥʦ ʦʪ ʧʨʝʜʠʤʩʪʚʘʪʘ ʥʘ ʜʝʟʠʥʬʝʢʪʘʥʪʠ ʥʘ ʦʩʥʦʚʘʪʘ ʥʘ ʏɸʉ ʝ ʪʷʭʥʘʪʘ ʦʪʥʦʩʠʪʝʣʥʦ 

ʚʠʩʦʢʘ ʪʦʣʝʨʘʥʪʥʦʩʪ ʢʲʤ ʥʘʣʠʯʠʝʪʦ ʥʘ ʩʪʨʘʥʠʯʥʘ ʦʨʛʘʥʠʯʥʘ ʢʦʥʪʘʤʠʥʘʮʠʷ. ʊʦʚʘ ʝ ʪʘʢʘ, 

ʟʘʱʦʪʦ ʩʧʦʩʦʙʥʦʩʪʪʘ ʠʤ ʜʘ ʠʥʘʢʪʠʚʠʨʘʪ ʚʠʨʫʩʠʪʝ ʦʙʠʢʥʦʚʝʥʦ ʥʝ ʥʘʤʘʣʷʚʘ ʦʪ ʥʘʣʠʯʠʝʪʦ ʥʘ 

ʦʨʛʘʥʠʯʥʘ ʤʘʪʝʨʠʷ, ʢʘʢʪʦ ʩʝ ʥʘʙʣʶʜʘʚʘ ʧʨʠ ʜʨʫʛʠ ʜʝʟʠʥʬʝʢʪʘʥʪʠ ʢʘʪʦ ʘʣʢʦʭʦʣʘ ʠ ʭʣʦʨʥʠʪʝ 

ʜʝʟʠʥʬʝʢʪʘʥʪʠ. 

 

3.2.2. ɸʥʠʦʥʥʠ ʩʲʨʬʘʢʪʘʥʪʠ 

ʏʝʩʪʦ ʩʨʝʱʘʥʠ ʘʥʠʦʥʥʠ ʩʲʨʬʘʢʪʘʥʪʠ, ʠʟʧʦʣʟʚʘʥʠ ʚ ʝʞʝʜʥʝʚʠʝʪʦ, ʩʘ ʧʨʦʜʫʢʪʠ ʢʘʪʦ 

ʩʘʧʫʥʠ, ʰʘʤʧʦʘʥʠ, ʧʘʩʪʘ ʟʘ ʟʲʙʠ ʠ ʜʝʪʝʨʛʝʥʪʠ [49]. 

 

3.2.3. ʅʝʡʦʥʥʠ ʠ ʮʚʠʪʝʨʡʦʥʥʠ ʩʘʨʬʘʢʪʘʥʪʠ 

ʅʝʡʦʥʥʠʪʝ ʩʘʨʬʘʢʪʘʥʪʠ ʩʘ ʥʘʡ-ʯʝʩʪʦ ʠʟʧʦʣʟʚʘʥʠ ʢʘʪʦ ʝʤʫʣʛʘʪʦʨʠ. ʊʝʟʠ ʥʝʡʦʥʥʠ 

ʩʘʨʬʘʢʪʘʥʪʠ ʠʥʘʢʪʠʚʠʨʘʪ ʚʠʨʫʩʠʪʝ ʯʨʝʟ ʨʘʟʪʚʘʨʷʥʝ ʥʘ ʚʠʨʫʩʥʠʷ ʩʫʧʝʨʢʘʧʩʠʜ ʠ ʨʘʟʨʫʰʘʚʘʥʝ 

ʥʘ ʥʫʢʣʝʦʢʘʧʩʠʜʘ. ʎʚʠʪʝʨʡʦʥʥʠʪʝ ʩʘʨʬʘʢʪʘʥʪʠ ʩʘ ʤʦʣʝʢʫʣʠ, ʢʦʠʪʦ ʥʦʩʷʪ ʢʘʢʪʦ ʢʘʪʠʦʥʥʠ, 

ʪʘʢʘ ʠ ʘʥʠʦʥʥʠ ʟʘʨʷʜʠ, ʥʦ ʦʙʠʢʥʦʚʝʥʦ ʮʷʣʘʪʘ ʤʦʣʝʢʫʣʘ ʝ ʥʝʫʪʨʘʣʥʦ ʟʘʨʝʜʝʥʘ [63]. 

ʄʝʭʘʥʠʟʤʲʪ ʥʘ ʜʝʟʠʥʬʝʢʮʠʷ ʩ ʮʚʠʪʝʨʡʦʥʝʥ ʜʝʪʝʨʛʝʥʪ ʩʝ ʦʩʲʱʝʩʪʚʷʚʘ ʯʨʝʟ ʚʠʨʫʩʥʦ 

ʨʘʟʛʨʘʞʜʘʥʝ, ʘ ʥʝ ʯʨʝʟ ʨʘʟʪʚʘʨʷʥʝ ʥʘ ʧʦʚʲʨʭʥʦʩʪʥʠʪʝ ʙʝʣʪʲʮʠ [8]. ʏʨʝʟ ʪʘʟʠ ʩʠ ʩʧʦʩʦʙʥʦʩʪ 

ʪʝ ʠʥʘʢʪʠʚʠʨʘʪ ʚʠʨʫʩʠʪʝ, ʥʦ ʟʘʧʘʟʚʘʪ ʙʠʦʣʦʛʠʯʥʘʪʘ ʘʢʪʠʚʥʦʩʪ ʥʘ ʧʦʚʲʨʭʥʦʩʪʥʠʪʝ ʘʥʪʠʛʝʥʠ. 

ʊʦʚʘ ʧʦʟʚʦʣʷʚʘ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʮʚʠʪʝʨʡʦʥʥʠ ʜʝʪʝʨʛʝʥʪʠ ʧʨʠ ʨʘʟʨʘʙʦʪʚʘʥʝʪʦ ʥʘ ʚʘʢʩʠʥʠ. 

 

3.3. ʆʢʠʩʣʠʪʝʣʠ 

ɼʝʟʠʥʬʝʢʪʘʥʪʠ ʢʘʪʦ ʥʘʪʨʠʝʚ ʭʠʧʦʭʣʦʨʠʪ, ʚʦʜʦʨʦʜʝʥ ʧʝʨʦʢʩʠʜ ʠ ʧʝʨʦʮʝʪʥʘ ʢʠʩʝʣʠʥʘ 

ʠʟʧʦʣʟʚʘʪ ʦʢʠʩʣʠʪʝʣʥʠʪʝ ʩʠ ʩʚʦʡʩʪʚʘ, ʟʘ ʠʥʘʢʪʠʚʠʨʘʥʝ ʥʘ ʚʠʨʫʩʠʪʝ. ʉʠʣʥʠʪʝ ʦʢʠʩʣʠʪʝʣʠ ʩʘ 

ʩʨʝʜ ʥʘʡ-ʝʬʝʢʪʠʚʥʠʪʝ ʜʝʟʠʥʬʝʢʪʘʥʪʠ ʩʨʝʱʫ ʪʨʫʜʥʠʪʝ ʟʘ ʠʥʘʢʪʠʚʠʨʘʥʝ ʤʘʣʢʠ ʚʠʨʫʩʠ ʙʝʟ 

ʩʫʧʝʨʢʘʧʩʠʜ, ʢʘʪʦ ʥʦʨʦʚʠʨʫʩʠʪʝ [17]. 

 

3.3.1. ʅʘʪʨʠʝʚ ʭʠʧʦʭʣʦʨʠʪ 

ʅʘʪʨʠʝʚʠʷʪ ʭʠʧʦʭʣʦʨʠʪ, ʘʢʪʠʚʥʘʪʘ ʩʲʩʪʘʚʢʘ ʚ ʙʝʣʠʥʘʪʘ, ʝ ʤʦʱʝʥ ʦʢʠʩʣʠʪʝʣ. 

ʈʘʟʪʚʦʨʝʥʘ ʚʲʚ ʚʦʜʘ, ʪʷ ʦʙʨʘʟʫʚʘ ʭʠʧʦʭʣʦʨʥʘ ʢʠʩʝʣʠʥʘ, ʢʦʷʪʦ ʩʝ ʨʝʜʫʮʠʨʘʥʘ ʜʦ ʚʦʜʘ ʠ 

ʭʣʦʨʠʜʝʥ ʘʥʠʦʥ [13]. ɽʬʝʢʪʠʚʥʦʩʪʪʘ ʥʘ ʜʝʟʠʥʬʝʢʮʠʷʪʘ ʥʘʤʘʣʷʚʘ ʩ ʧʦʚʠʰʘʚʘʥʝ ʥʘ pH, 

ʚʝʨʦʷʪʥʦ ʧʦʨʘʜʠ ʥʘʤʘʣʷʚʘʥʝ ʥʘ ʢʦʣʠʯʝʩʪʚʦʪʦ ʧʨʠʩʲʩʪʚʘʱʘ ʭʠʧʦʭʣʦʨʥʘ ʢʠʩʝʣʠʥʘ [3]. 

ʅʘʪʨʠʝʚʠʷʪ ʭʠʧʦʭʣʦʨʠʪ ʜʝʡʩʪʚʘ ʙʲʨʟʦ ʠ ʝ ʝʬʝʢʪʠʚʝʥ ʧʨʠ ʥʠʩʢʠ ʢʦʥʮʝʥʪʨʘʮʠʠ. ʋʩʪʘʥʦʚʝʥʦ 
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ʝ, ʯʝ ʝʬʝʢʪʲʪ ʤʫ ʝ ʧʨʦʧʦʨʮʠʦʥʘʣʝʥ ʥʘ ʢʦʥʮʝʥʪʨʘʮʠʷʪʘ ʠ ʚʨʝʤʝʪʦ ʥʘ ʢʦʥʪʘʢʪ. ʅʘʪʨʠʝʚʠʷʪ 

ʭʠʧʦʭʣʦʨʠʪ ʤʦʞʝ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘ ʟʘ ʪʨʫʜʥʠ ʟʘ ʠʥʘʢʪʠʚʘʮʠʷ ʚʠʨʫʩʠ ʙʝʟ ʩʫʧʝʨʢʘʧʩʠʜ, ʢʘʪʦ 

ʥʦʨʦʚʠʨʫʩʠʪʝ. 

 

3.3.2. ʅʘʪʨʠʝʚ ʜʠʭʣʦʨʦʠʟʦʮʠʘʥʫʨʘʪ 

ɺ ʩʨʘʚʥʝʥʠʝ ʩ ʥʘʪʨʠʝʚʠʷ ʭʠʧʦʭʣʦʨʠʪ, ʥʘʪʨʠʝʚʠʷʪ ʜʠʭʣʦʨʦʠʟʦʮʠʘʥʫʨʘʪ ʠʤʘ ʧʦ-

ʜʲʣʛʦʪʨʘʡʥʘ ʜʝʟʠʥʬʝʢʮʠʦʥʥʘ ʘʢʪʠʚʥʦʩʪ, ʧʦ-ʪʦʣʝʨʘʥʪʝʥ ʝ ʢʲʤ ʧʨʠʩʲʩʪʚʠʝʪʦ ʥʘ ʦʨʛʘʥʠʯʥʘ 

ʤʘʪʝʨʠʷ ʠ ʠʤʘ ʧʦ-ʜʦʙʨʘ ʦʙʱʘ ʜʝʟʠʥʬʝʢʮʠʦʥʥʘ ʝʬʝʢʪʠʚʥʦʩʪ. 

 

3.3.3. ɺʦʜʦʨʦʜʝʥ ʧʝʨʦʢʩʠʜ 

ɺʦʜʦʨʦʜʥʠʷʪ ʧʝʨʦʢʩʠʜ ʝ ʤʦʱʥʦ ʰʠʨʦʢʦʩʧʝʢʪʲʨʥʦ ʠʥʘʢʪʠʚʠʨʘʱʦ ʩʠʝʜʠʥʝʥʠʝ. ʇʨʠ 

ʨʘʟʧʘʜʘʥʝ ʦʙʨʘʟʫʚʘ ʚʦʜʘ, ʢʠʩʣʦʨʦʜ ʠ ʩʠʣʥʦ ʨʝʘʢʪʠʚʦʩʧʦʩʦʙʥʠ ʭʠʜʨʦʢʩʠʣʥʠ ʩʚʦʙʦʜʥʠ 

ʨʘʜʠʢʘʣʠ, ʢʦʠʪʦ ʤʦʛʘʪ ʜʘ ʨʘʟʛʨʘʜʷʪ ʠʣʠ ʩʚʲʨʞʘʪ ʛʦʣʷʤʦ ʨʘʟʥʦʦʙʨʘʟʠʝ ʦʪ ʙʠʦʤʦʣʝʢʫʣʠ, 

ʚʢʣʶʯʠʪʝʣʥʦ ʙʝʣʪʲʮʠ, ʥʫʢʣʝʠʥʦʚʠ ʢʠʩʝʣʠʥʠ ʠ ʣʠʧʠʜʠ. ɺʦʜʦʨʦʜʥʠʷʪ ʧʝʨʦʢʩʠʜ ʩʲʱʦ ʝ 

ʝʬʝʢʪʠʚʝʥ ʩʨʝʱʫ ʥʦʨʦʚʠʨʫʩʠ, ʚʲʧʨʝʢʠ ʯʝ ʦʙʠʢʥʦʚʝʥʦ ʠʟʠʩʢʚʘ ʧʦ-ʚʠʩʦʢʘ ʢʦʥʮʝʥʪʨʘʮʠʷ ʦʪ 

ʥʘʪʨʠʝʚʠʷ ʭʠʧʦʭʣʦʨʠʪ. 

 

3.4. ʇʝʨʦʮʝʪʥʘ ʢʠʩʝʣʠʥʘ 

ʇʝʨʦʮʝʪʥʘʪʘ ʢʠʩʝʣʠʥʘ ʩʝ ʨʘʟʧʘʜʘ ʧʦ ʧʦʜʦʙʝʥ ʥʘ ʚʦʜʦʨʦʜʥʠʷ ʧʝʨʦʢʩʠʜ ʥʘʯʠʥ, ʟʘ ʜʘ 

ʦʙʨʘʟʫʚʘ ʩʠʣʥʦ ʨʝʘʢʪʠʚʦʩʧʦʩʦʙʥʠ ʩʚʦʙʦʜʥʠ ʭʠʜʨʦʢʩʠʣʥʠ ʨʘʜʠʢʘʣʠ, ʢʘʢʪʦ ʠ ʦʮʝʪʥʘ ʢʠʩʝʣʠʥʘ 

ʠ ʢʠʩʣʦʨʦʜ [42]. ʇʨʝʜʣʘʛʘʥʘʪʘ ʥʘ ʧʘʟʘʨʘ ʧʝʨʦʮʝʪʥʘ ʢʠʩʝʣʠʥʘ ʝ ʨʘʟʨʘʙʦʪʝʥʘ ʩ ʮʝʣ ʦʩʠʛʫʨʷʚʘʥʝ 

ʥʘ ʧʦ-ʛʦʣʷʤʘ ʤʦʣʝʢʫʣʥʘ ʩʪʘʙʠʣʥʦʩʪ ʠ ʤʦʞʝ ʜʘ ʙʲʜʝ ʨʘʟʪʚʦʨʝʥʘ ʥʘ ʤʷʩʪʦ, ʟʘ ʜʘ ʬʦʨʤʠʨʘ 

ʜʝʟʠʥʬʝʢʪʘʥʪʥʠʷʪ ʨʘʟʪʚʦʨ. 

 

3.5. ʍʘʣʦʛʝʥʠʨʘʥʠ ʩʲʝʜʠʥʝʥʠʷ 

3.5.1. ʇʦʚʠʜʦʥ-ʡʦʜ 

ʇʦʚʠʜʦʥ-ʡʦʜ ʝ ʰʠʨʦʢʦʩʧʝʢʪʲʨʥʦ ʚʠʨʫʮʠʜʥʦ ʩʨʝʜʩʪʚʦ. ʀʟʧʦʣʟʚʘ ʩʝ ʚ ʢʣʠʥʠʯʥʘʪʘ 

ʧʨʘʢʪʠʢʘ ʢʘʪʦ ʩʪʝʨʠʣʠʟʠʨʘʱ ʘʛʝʥʪ, ʚ ʭʠʨʫʨʛʠʯʝʩʢʠ ʪʘʤʧʦʥʠ, ʟʘ ʧʦʯʠʩʪʚʘʥʝ ʥʘ ʢʦʞʘʪʘ ʥʘ 

ʨʲʮʝʪʝ ʠ ʧʨʝʜʤʠʰʥʠʮʠʪʝ ʧʨʝʜʠ ʠ ʩʣʝʜ ʦʧʝʨʘʮʠʷ, ʢʘʢʪʦ ʠ ʚ ʧʨʦʜʫʢʪʠ ʟʘ ʝʞʝʜʥʝʚʥʘ ʫʧʦʪʨʝʙʘ 

ʢʘʪʦ ʘʥʪʠʩʝʧʪʠʯʥʠ ʧʨʦʜʫʢʪʠ ʟʘ ʠʟʤʠʚʘʥʝ ʥʘ ʨʲʮʝ, ʚʦʜʘ ʟʘ ʫʩʪʘ, ʢʘʢʪʦ ʠ ʚʦʜʘ ʟʘ ʫʩʪʘ, 

ʩʲʜʲʨʞʘʱʘ ʧʦ-ʥʠʩʢʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘ ʡʦʜʦʬʦʨ [12]. ʅʝ ʝ ʧʦʜʭʦʜʷʱ ʟʘ ʠʟʧʦʣʟʚʘʥʝ ʩʲʩ 
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ʩʠʣʠʢʦʥʦʚʠ ʧʨʦʜʫʢʪʠ ʢʘʪʦ ʥʘʧʨʠʤʝʨ ʩʠʣʠʢʦʥʦʚʠ ʢʘʪʝʪʨʠ, ʪʲʡ ʢʘʪʦ ʡʦʜʲʪ ʤʦʞʝ ʜʘ ʧʨʠʯʠʥʠ 

ʧʦ-ʙʲʨʟʦ ʨʘʟʛʨʘʞʜʘʥʝ ʥʘ ʤʘʪʝʨʠʘʣʘ. ɺʲʧʨʝʢʠ ʯʝ ʢʘʪʦ ʮʷʣʦ ʝ ʧʦ-ʙʝʟʦʧʘʩʝʥ ʠ ʧʦ-ʝʬʝʢʪʠʚʝʥ 

ʧʨʠ ʠʥʘʢʪʠʚʠʨʘʥʝʪʦ ʥʘ ʚʠʨʫʩʠ ʦʪ ʤʥʦʛʦ ʜʨʫʛʠ ʘʥʪʠʩʝʧʪʠʯʥʠ ʩʨʝʜʩʪʚʘ, ʧʨʠ ʧʨʦʜʲʣʞʠʪʝʣʥʘ 

ʫʧʦʪʨʝʙʘ ʧʦʚʠʜʦʥ-ʡʦʜʲʪ ʤʦʞʝ ʜʘ ʧʨʠʯʠʥʠ ʜʠʩʬʫʥʢʮʠʷ ʥʘ ʱʠʪʦʚʠʜʥʘʪʘ ʞʣʝʟʘ [27] ʠ 

ʘʣʝʨʛʠʯʝʥ ʢʦʥʪʘʢʪʝʥ ʜʝʨʤʘʪʠʪ, ʠʟʠʩʢʚʘʱʠ ʚʥʠʤʘʪʝʣʝʥ ʤʝʜʠʮʠʥʩʢʠ ʤʦʥʠʪʦʨʠʥʛ [61]. 

ʄʝʭʘʥʠʟʤʲʪ ʥʘ ʰʠʨʦʢʘʪʘ ʚʠʨʫʮʠʜʥʘ ʘʢʪʠʚʥʦʩʪ ʥʘ ʧʦʚʠʜʦʥ ʡʦʜ ʚʩʝ ʦʱʝ ʥʝ ʝ ʥʘʧʲʣʥʦ 

ʠʟʷʩʥʝʥ. ʄʥʦʛʦ ʚʝʨʦʷʪʥʦ ʝ ʪʦʡ ʜʘ ʜʝʡʩʪʚʘ ʧʦ ʧʦʚʝʯʝ ʦʪ ʝʜʠʥ ʤʝʭʘʥʠʟʲʤ. ʊʦʚʘ ʥʘʤʘʣʷʚʘ 

ʚʝʨʦʷʪʥʦʩʪʪʘ ʟʘ ʧʦʷʚʘʪʘ ʥʘ ʨʝʟʠʩʪʝʥʪʥʦʩʪ, ʚ ʩʣʝʜʩʪʚʠʝ ʦʪ ʩʣʫʯʘʡʥʠ ʚʠʨʫʩʥʠ ʤʫʪʘʮʠʠ. ʀʤʘ 

ʜʦʢʘʟʘʪʝʣʩʪʚʘ, ʯʝ ʡʦʜʲʪ ʤʦʞʝ ʜʘ ʙʣʦʢʠʨʘ ʨʝʮʝʧʪʦʨʠʪʝ ʥʘ ʚʠʨʫʩʘ, ʦʪʛʦʚʦʨʥʠ ʟʘ ʩʚʲʨʟʚʘʥʝʪʦ 

ʢʲʤ ʧʦʚʲʨʭʥʦʩʪʪʘ ʥʘ ʢʣʝʪʢʘʪʘ ʛʦʩʪʦʧʨʠʝʤʥʠʢ [50]. ʁʦʜʲʪ ʤʦʞʝ ʠ ʜʘ ʧʨʝʜʦʪʚʨʘʪʠ 

ʨʘʟʧʨʦʩʪʨʘʥʝʥʠʝʪʦ ʥʘ ʚʠʨʫʩʘ ʚ ʜʨʫʛʠ ʥʝʠʥʬʝʢʪʠʨʘʥʠ ʢʣʝʪʢʠ ʯʨʝʟ ʠʥʭʠʙʠʨʘʥʝ ʥʘ ʘʢʪʠʚʥʦʩʪʪʘ 

ʥʘ ʚʠʨʫʩʥʠ ʝʥʟʠʤʠ (ʥʘʧʨ. ʥʝʚʨʘʤʠʥʠʜʘʟʘ), ʥʝʦʙʭʦʜʠʤʠ ʟʘ ʦʩʚʦʙʦʞʜʘʚʘʥʝʪʦ ʥʘ ʚʠʨʫʩʘ ʦʪ 

ʢʣʝʪʢʠʪʝ ʛʦʩʪʦʧʨʠʝʤʥʠʮʠ [12]. ʇʨʝʜʧʦʣʘʛʘ ʩʝ, ʯʝ ʧʨʠ ʚʠʨʫʩʠʪʝ ʩʲʩ ʩʫʧʝʨʢʘʧʩʠʜ ʚʠʨʫʩʥʘʪʘ 

ʤʝʤʙʨʘʥʘ ʤʦʞʝ ʜʘ ʙʲʜʝ ʜʝʩʪʘʙʠʣʠʟʠʨʘʥʘ ʦʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʪʦ ʥʘ ʡʦʜʘ ʩ ʤʝʤʙʨʘʥʥʠ ʤʘʩʪʥʠ 

ʢʠʩʝʣʠʥʠ ʩ ʥʝʥʘʩʠʪʝʥʠ C=C ʚʨʲʟʢʠ. 

 

3.5.2. ʍʣʦʨʭʝʢʩʠʜʠʥ ʜʠʛʣʶʢʦʥʘʪ 

ʍʣʦʨʭʝʢʩʠʜʠʥʲʪ ʝ ʰʠʨʦʢʦʩʧʝʢʪʲʨʝʥ ʢʘʪʠʦʥʝʥ ʙʠʦʮʠʜ, ʦʪʢʨʠʪ ʚ ʤʥʦʛʦ ʘʥʪʠʩʝʧʪʠʯʥʠ 

ʧʨʦʜʫʢʪʠ. ʉʨʝʱʘ ʩʝ ʢʘʪʦ ʘʢʪʠʚʥʘ ʩʲʩʪʘʚʢʘ ʚ ʧʨʝʧʘʨʘʪʠ ʟʘ ʠʟʤʠʚʘʥʝ ʥʘ ʨʲʮʝ, ʚʦʜʠ ʟʘ ʫʩʪʘ, 

ʦʨʘʣʥʠ ʛʝʣʦʚʝ, ʜʝʟʠʥʬʝʢʪʘʥʪʠ ʠ ʢʦʥʩʝʨʚʘʥʪʠ. ʍʣʦʨʭʝʢʩʠʜʠʥʲʪ ʦʙʠʢʥʦʚʝʥʦ ʥʝ ʧʨʝʜʠʟʚʠʢʚʘ 

ʜʨʘʟʥʝʥʝ ʥʘ ʢʦʞʘʪʘ, ʟʘʜʲʨʞʘ ʩʝ ʜʦʙʨʝ ʚʲʨʭʫ ʥʝʷ ʠ ʠʤʘ ʙʲʨʟʘ ʙʘʢʪʝʨʠʮʠʜʥʘ ʘʢʪʠʚʥʦʩʪ. 

ɺʲʧʨʝʢʠ ʪʦʚʘ, ʥʝʛʦʚʘʪʘ ʘʢʪʠʚʥʦʩʪ ʝ ʩʠʣʥʦ ʟʘʚʠʩʠʤʘ ʦʪ ʩʲʩʪʘʚʘ. ʇʨʠ ʥʘʣʠʯʠʝʪʦ ʥʘ ʘʥʠʦʥʥʠ 

ʩʲʨʬʘʢʪʘʥʪʠ, ʬʦʩʬʦʣʠʧʠʜʠ, ʦʨʛʘʥʠʯʥʠ ʚʝʱʝʩʪʚʘ, ʚʢʣʶʯʠʪʝʣʥʦ ʩʝʨʫʤ, ʤʦʞʝ ʜʘ ʩʝ ʥʘʙʣʶʜʘʚʘ 

ʥʘʤʘʣʝʥʘ ʘʢʪʠʚʥʦʩʪ. ɸʢʪʠʚʥʦʩʪʪʘ ʤʫ ʝ ʟʘʚʠʩʠʤʘ ʠ ʦʪ pH. ɺ ʩʨʘʚʥʝʥʠʝ ʩ ʙʘʢʪʝʨʠʠʪʝ, ʥʝʛʦʚʘʪʘ 

ʚʠʨʫʮʠʜʥʘ ʘʢʪʠʚʥʦʩʪ ʝ ʧʦ-ʧʨʦʤʝʥʣʠʚʘ ʦʪ ʧʦʚʠʜʦʥ-ʡʦʜ. ʊʦʡ ʝ ʟʥʘʯʠʪʝʣʥʦ ʧʦ-ʩʣʘʙʦ ʘʢʪʠʚʝʥ 

ʠ ʧʦ-ʙʘʚʥʦ ʜʝʡʩʪʚʘʱ. ʂʘʪʦ ʮʷʣʦ ʭʣʦʨʭʝʢʩʠʜʠʥʲʪ ʝ ʥʝʝʬʝʢʪʠʚʝʥ ʩʨʝʱʫ ʚʠʨʫʩʠ ʙʝʟ 

ʩʫʧʝʨʢʘʧʩʠʜ (ʧʦʣʠʦʤʠʝʣʠʪʝʥ ʚʠʨʫʩ ʠ ʘʜʝʥʦʚʠʨʫʩʠ), ʥʦ ʧʦʢʘʟʚʘ ʧʨʦʤʝʥʣʠʚ ʧʦʪʝʥʮʠʘʣ ʟʘ 

ʠʥʘʢʪʠʚʠʨʘʥʝ ʥʘ ʚʠʨʫʩʠ ʩ ʩʫʧʝʨʢʘʧʩʠʜ. 

 

3.5.3. ʍʣʦʨʦʢʩʠʣʝʥʦʣ 

ʍʣʦʨʦʢʩʠʣʝʥʦʣʲʪ ʝ ʭʘʣʦʛʝʥʠʨʘʥ ʬʝʥʦʣʝʥ ʘʥʪʠʩʝʧʪʠʢ. ɹʠʚʘ ʰʠʨʦʢʦ ʠʟʧʦʣʟʚʘʥ ʚ 

ʜʝʟʠʥʬʝʢʪʘʥʪʠ ʚ ʜʦʤʘʢʠʥʩʪʚʦʪʦ, ʟʘ ʧʦʯʠʩʪʚʘʥʝ ʥʘ ʨʘʥʠ ʠ ʟʘ ʜʝʟʠʥʬʝʢʮʠʷ ʥʘ ʭʠʨʫʨʛʠʯʝʩʢʦ 
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ʦʙʦʨʫʜʚʘʥʝ. ʊʦʡ ʝ ʥʘʡ-ʝʬʝʢʪʠʚʝʥ ʩʨʝʱʫ ʙʘʢʪʝʨʠʠ, ʥʦ ʠʤʘ ʠ ʧʨʦʤʝʥʣʠʚʘ ʚʠʨʫʮʠʜʥʘ 

ʘʢʪʠʚʥʦʩʪ. ɿʘ ʥʝʛʦʚʠʷ ʤʝʭʘʥʠʟʲʤ ʥʘ ʜʝʡʩʪʚʠʝ ʩʨʝʱʫ ʚʠʨʫʩʠ ʠ ʙʘʢʪʝʨʠʠ ʩʝ ʟʥʘʝ ʠʟʥʝʥʘʜʚʘʱʦ 

ʤʘʣʢʦ, ʚʲʧʨʝʢʠ ʰʠʨʦʢʘʪʘ ʤʫ ʪʲʨʛʦʚʩʢʘ ʫʧʦʪʨʝʙʘ ʦʪ ʜʲʣʛʦ ʚʨʝʤʝ. ʆʙʠʢʥʦʚʝʥʦ 

ʭʣʦʨʦʢʩʠʣʝʥʦʣʲʪ ʝ ʙʝʟʦʧʘʩʝʥ ʟʘ ʚʲʥʰʥʘ ʫʧʦʪʨʝʙʘ ʧʨʠ ʭʦʨʘ, ʥʦ ʠʤʘ ʩʣʫʯʘʠ ʧʨʠ ʢʦʠʪʦ ʩʝ 

ʩʲʦʙʱʘʚʘ, ʯʝ ʧʨʠʯʠʥʷʚʘ ʢʦʥʪʘʢʪʝʥ ʜʝʨʤʘʪʠʪ ʠ ʢʦʥʪʘʢʪʥʘ ʜʝʧʠʛʤʝʥʪʘʮʠʷ [62]. 

 

3.6.ɸʣʜʝʭʠʜʠ 

3.6.1. ʌʦʨʤʘʣʜʝʭʠʜ 

ʌʦʨʤʘʣʜʝʭʠʜʲʪ ʝ ʥʘʡ-ʧʨʦʩʪʠʷʪ ʘʣʜʝʭʠʜ ʠ ʝ ʠʟʢʣʶʯʠʪʝʣʥʦ ʩʠʣʝʥ ʜʝʟʠʥʬʝʢʪʘʥʪ ʩ 

ʤʥʦʛʦ ʜʦʙʨʠ ʩʚʦʡʩʪʚʘ ʟʘ ʚʠʨʫʩʥʦ ʠʥʘʢʪʠʚʠʨʘʥʝ. ʆʙʠʢʥʦʚʝʥʦ ʧʨʦʜʘʚʘʥ ʢʘʪʦ ʚʦʜʝʥ ʨʘʟʪʚʦʨ, 

ʥʘʨʝʯʝʥ ʬʦʨʤʘʣʠʥ, ʪʦʡ ʩʝ ʠʟʧʦʣʟʚʘ ʟʘ ʠʥʘʢʪʠʚʠʨʘʥʝ ʥʘ ʚʠʨʫʩʠ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʥʘ 

ʚʘʢʩʠʥʠ [35] ʠ ʚ ʥʘʫʯʥʠ ʠʟʩʣʝʜʚʘʥʠʷ [35]. ʂʘʪʦ ʜʝʟʠʥʬʝʢʪʘʥʪ ʦʪ ʥʘʡ-ʚʠʩʦʢʦ ʥʠʚʦ, ʪʦʡ ʤʦʞʝ 

ʝʬʝʢʪʠʚʥʦ ʠ ʙʲʨʟʦ ʜʘ ʠʥʘʢʪʠʚʠʨʘ ʤʥʦʛʦ ʨʘʟʣʠʯʥʠ ʚʠʜʦʚʝ ʚʠʨʫʩʠ, ʢʘʢʪʦ ʚ ʨʘʟʪʚʦʨ, ʪʘʢʘ ʠ 

ʚʲʨʭʫ ʧʦʚʲʨʭʥʦʩʪʠ. ʊʦʡ ʘʣʢʠʣʠʨʘ ʘʤʠʥʦ ʠ ʩʫʣʬʭʠʜʨʠʣʥʠʪʝ ʛʨʫʧʠ ʥʘ ʙʝʣʪʲʮʠʪʝ, ʢʘʢʪʦ ʠ 

ʘʤʠʥʦ ʛʨʫʧʠ ʚ ʘʟʦʪʥʠʪʝ ʙʘʟʠ ʥʘ ɼʅʂ ʠ ʈʅʂ [23]. ɺʲʧʨʝʢʠ ʪʦʚʘ, ʚʠʩʦʢʘʪʘ ʤʫ 

ʨʝʘʢʪʠʚʦʩʧʦʩʦʙʥʦʩʪ ʛʦ ʧʨʘʚʠ ʚʨʝʜʝʥ ʟʘ ʟʜʨʘʚʝʪʦ ʥʘ ʯʦʚʝʢʘ, ʪʲʡ ʢʘʪʦ ʧʨʠʯʠʥʷʚʘ ʜʨʘʟʥʝʥʝ ʥʘ 

ʦʪʢʨʠʪʠʪʝ ʧʦʚʲʨʭʥʦʩʪʠ ʥʘ ʪʷʣʦʪʦ (ʥʘʧʨ. ʢʦʞʘ ʠ ʦʯʠ) [43], ʠʤʘ ʤʫʪʘʛʝʥʥʠ ʩʚʦʡʩʪʚʘ ʠ ʝ 

ʧʨʝʜʧʦʣʘʛʘʝʤ ʢʘʥʮʝʨʦʛʝʥ [52]. ɺ ʨʝʟʫʣʪʘʪ ʥʘ ʪʦʚʘ ʪʦʡ ʧʦʜʣʝʞʠ ʥʘ ʩʪʨʦʛʠ ʨʘʟʧʦʨʝʜʙʠ ʧʦ 

ʦʪʥʦʰʝʥʠʝ ʥʘ ʠʟʧʦʣʟʚʘʥʝʪʦ ʤʫ ʢʘʪʦ ʜʝʟʠʥʬʝʢʪʘʥʪ ʠ ʩʪʝʨʠʣʠʟʠʨʘʱ ʘʛʝʥʪ ʚ ʙʦʣʥʠʮʠ ʠ ʟʜʨʘʚʥʠ 

ʟʘʚʝʜʝʥʠʷ, ʩ ʠʟʢʣʶʯʝʥʠʝ ʥʘ ʫʧʦʪʨʝʙʘʪʘ ʤʫ ʚ ʜʦʙʨʝ ʧʨʦʚʝʪʨʠʚʠ ʧʦʤʝʱʝʥʠʷ. ʇʦʨʘʜʠ ʪʝʟʠ 

ʧʨʠʯʠʥʠ ʥʝ ʩʝ ʠʟʧʦʣʟʚʘ ʢʘʪʦ ʜʝʟʠʥʬʝʢʪʘʥʪ ʚ ʜʦʤʘʢʠʥʩʪʚʦʪʦ. 

 

3.6.2. ɻʣʫʪʘʨʘʣʜʝʭʠʜ 

ʇʦʜʦʙʥʦ ʥʘ ʬʦʨʤʘʣʜʝʭʠʜʘ, ʛʣʫʪʘʨʘʣʜʝʭʠʜʲʪ (ʠʟʚʝʩʪʝʥ ʦʱʝ ʢʘʪʦ ʛʣʫʪʘʨʜʠʘʣʜʝʭʠʜ) ʝ 

ʤʦʱʝʥ ʰʠʨʦʢʦʩʧʝʢʪʲʨʝʥ ʜʝʟʠʥʬʝʢʮʠʨʘʱ ʠ ʩʪʝʨʠʣʠʟʠʨʘʱ ʘʛʝʥʪ. ʊʦʡ ʝ ʩʠʣʥʦ ʝʬʝʢʪʠʚʝʥ 

ʩʨʝʱʫ ʤʥʦʛʦ ʚʠʨʫʩʠ ʩʣʝʜ ʢʨʘʪʢʦ ʚʨʝʤʝ ʥʘ ʜʝʡʩʪʚʠʝ. ɺʲʧʨʝʢʠ ʯʝ ʥʝ ʩʝ ʧʨʝʜʧʦʣʘʛʘ, ʯʝ ʝ 

ʢʘʥʮʝʨʦʛʝʥʝʥ [54], ʠʟʚʝʩʪʥʦ ʝ, ʯʝ ʧʨʠʯʠʥʷʚʘ ʜʝʨʤʘʪʠʪ ʚ ʦʯʠʪʝ, ʥʦʩʘ ʠ ʫʩʪʘʪʘ, ʢʘʢʪʦ ʠ 

ʜʨʘʟʥʝʥʝ ʥʘ ʣʠʛʘʚʠʮʠʪʝ. ʇʦʨʘʜʠ ʪʝʟʠ ʧʨʠʯʠʥʠ ʥʝ ʩʝ ʠʟʧʦʣʟʚʘ ʢʘʪʦ ʜʝʟʠʥʬʝʢʪʘʥʪ ʚ 

ʜʦʤʘʢʠʥʩʪʚʦʪʦ. ʂʘʪʦ ʮʷʣʦ ʠʥʩʪʨʫʤʝʥʪʠ ʦʪ ʤʝʪʘʣ, ʢʘʫʯʫʢ, ʧʣʘʩʪʤʘʩʘ ʠ ʪʘʢʠʚʘ ʠʟʧʦʣʟʚʘʱʠ 

ʣʝʱʠ ʩʘ ʪʦʣʝʨʘʥʪʥʠ ʢʲʤ ʛʣʫʪʘʨʘʣʜʝʭʠʜ, ʥʦ ʥʝ ʩʝ ʧʨʝʧʦʨʲʯʚʘ ʫʧʦʪʨʝʙʘʪʘ ʤʫ ʟʘ ʜʝʟʠʥʬʝʢʮʠʷ 

ʥʘ ʧʦʚʲʨʭʥʦʩʪʠ ʢʦʠʪʦ ʥʝ ʠʟʠʩʢʚʘʪ ʧʲʣʥʘ ʩʪʝʨʠʣʥʦʩʪ, ʧʦʨʘʜʠ ʚʠʩʦʢʘʪʘ ʤʫ ʮʝʥʘ. 
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3.6.3. ʆʨʪʦ-ʬʪʘʣʘʣʜʝʭʠʜ (OPA) 

ʆʨʪʦ-ʬʪʘʣʘʣʜʝʭʠʜʲʪ ʠʣʠ 1,2-ʜʠʢʘʨʙʦʢʩʠʙʝʥʟʘʣʜʝʭʠʜʲʪ ʝ ʜʨʫʛ ʜʝʟʠʥʬʝʢʪʘʥʪ ʥʘ 

ʚʠʩʦʢʦ ʥʠʚʦ. ʇʦʜʦʙʥʦ ʥʘ ʬʦʨʤʘʣʜʝʭʠʜʘ ʠ ʛʣʫʪʘʨʘʣʜʝʭʠʜʘ, ʥʝʛʦʚʠʪʝ ʚʠʨʫʮʠʜʥʠ ʩʚʦʡʩʪʚʘ ʩʘ 

ʨʝʟʫʣʪʘʪ ʦʪ ʨʝʘʢʮʠʠ, ʧʨʠ ʢʦʠʪʦ ʩʚʲʨʟʚʘʪ ʙʝʣʪʲʮʠ ʠ ʥʫʢʣʝʠʥʦʚʠ ʢʠʩʝʣʠʥʠ. OPA ʥʷʤʘ ʩʠʣʥʦ 

ʜʦʣʦʚʠʤʘ ʤʠʨʠʟʤʘ ʠ ʥʝ ʜʨʘʟʥʠ ʢʦʞʘʪʘ, ʦʯʠʪʝ ʠʣʠ ʥʦʩʥʘʪʘ ʣʠʛʘʚʠʮʘ [9]. ɺ ʜʦʧʲʣʥʝʥʠʝ, 

ʥʝʛʦʚʘʪʘ ʦʪʣʠʯʥʘ ʩʲʚʤʝʩʪʠʤʦʩʪ ʩ ʤʘʪʝʨʠʘʣʠ [1] ʤʫ ʧʦʟʚʦʣʷʚʘ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘ ʢʘʪʦ 

ʜʝʟʠʥʬʝʢʪʘʥʪ ʚ ʙʦʣʥʠʮʠʪʝ ʧʨʠ ʤʥʦʛʦ ʩʣʫʯʘʠ, ʢʘʪʦ ʥʘʧʨʠʤʝʨ ʧʨʠ ʝʥʜʦʩʢʦʧʠ [45] ʠ 

ʫʨʦʣʦʛʠʯʥʠ ʠʥʩʪʨʫʤʝʥʪʠ. ɺʲʧʨʝʢʠ ʪʦʚʘ, OPA ʤʦʞʝ ʜʘ ʧʨʝʚʲʨʥʝ ʢʦʥʪʘʢʪʥʘʪʘ ʢʦʞʘ ʚ ʩʠʚʘ ʠ 

ʧʦʨʘʜʠ ʪʦʚʘ ʪʨʷʙʚʘ ʜʘ ʙʲʜʝ ʠʟʧʣʘʢʚʘʥ ʩ ʦʙʠʣʥʦ ʢʦʣʠʯʝʩʪʚʦ ʚʦʜʘ ʠʣʠ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘ ʩ ʣʠʯʥʠ 

ʧʨʝʜʧʘʟʥʠ ʩʨʝʜʩʪʚʘ (ʥʘʧʨ. ʨʲʢʘʚʠʮʠ ʠ ʧʨʝʜʧʘʟʥʠ ʦʯʠʣʘ). ʇʦʨʘʜʠ ʪʘʟʠ ʧʨʠʯʠʥʘ ʪʦʡ ʥʝ ʩʝ 

ʠʟʧʦʣʟʚʘ ʰʠʨʦʢʦ ʢʘʪʦ ʜʝʟʠʥʬʝʢʪʘʥʪ ʚ ʜʦʤʘʢʠʥʩʪʚʦʪʦ. 

 

4. ʅʘʥʦʪʝʭʥʦʣʦʛʠʷ 

4.1 ʅʘʥʦʤʘʪʝʨʠʘʣʠ ʟʘ ʧʦʚʲʨʭʥʦʩʪʥʘ ʜʝʢʦʥʪʘʤʠʥʘʮʠʷ 

ʅʘʥʦʪʝʭʥʦʣʦʛʠʷʪʘ ʧʨʝʜʣʘʛʘ ʤʥʦʛʦ ʚʲʟʤʦʞʥʦʩʪʠ ʟʘ ʨʘʟʚʠʪʠʝʪʦ ʥʘ ʧʦ-ʝʬʝʢʪʠʚʥʠ ʠ 

ʦʙʝʱʘʚʘʱʠ ʜʝʟʠʥʬʝʢʮʠʦʥʥʠ ʩʠʩʪʝʤʠ (ʌʠʛ. 7). ʋʧʦʪʨʝʙʘʪʘ ʥʘ ʤʘʨʢʝʨʠ, ʙʘʟʠʨʘʥʠ ʥʘ 

ʥʘʥʦʯʘʩʪʠʮʠ, ʤʦʞʝ ʜʘ ʧʦʜʧʦʤʦʛʥʝ ʧʨʦʫʯʚʘʥʠʷ ʟʘ ʚʠʨʫʩʠʪʝ ʠ ʤʝʭʘʥʠʟʤʘ ʥʘ ʠʥʬʝʢʪʠʨʘʥʝ ʥʘ 

ʢʣʝʪʢʠʪʝ ʛʦʩʪʦʧʨʠʝʤʥʠʮʠ. ʆʪ ʙʘʟʠʨʘʥʠʪʝ ʥʘ ʥʘʥʦʪʝʭʥʦʣʦʛʠʠʪʝ ʧʨʦʫʯʚʘʥʠʷ, ʜʥʝʩ 

ʦʙʠʢʥʦʚʝʥʦ ʩʝ ʨʘʟʨʘʙʦʪʚʘʪ ʪʘʢʠʚʘ ʟʘ ʧʦʚʲʨʭʥʦʩʪʠ ʩʲʩ ʩʘʤʦʧʦʯʠʩʪʚʘʱʠ ʩʝ ʩʚʦʡʩʪʚʘ [39]. ʊʝʟʠ 

ʩʠʩʪʝʤʠ ʤʦʛʘʪ ʜʘ ʠʤʘʪ ʘʥʪʠʤʠʢʨʦʙʥʘ ʘʢʪʠʚʥʦʩʪ ʠʣʠ ʙʘʚʥʦ ʜʘ ʦʩʚʦʙʦʞʜʘʚʘʪ ʭʠʤʠʯʝʩʢʠ 

ʜʝʟʠʥʬʝʢʪʘʥʪʠ, ʫʜʲʣʞʘʚʘʡʢʠ ʧʨʦʜʲʣʞʠʪʝʣʥʦʩʪʪʘ ʥʘ ʪʷʭʥʦʪʦ ʜʝʡʩʪʚʠʝ. ʄʦʛʘʪ ʜʘ ʜʦʧʨʠʥʝʩʘʪ 

ʠ ʟʘ ʚʲʚʝʞʜʘʥʝʪʦ ʥʘ ʜʦʧʲʣʥʠʪʝʣʥʠ ʬʫʥʢʮʠʠ ʢʘʪʦ ʨʝʘʛʠʨʘʱʠ ʩʠʩʪʝʤʠ, ʢʦʠʪʦ ʜʦʩʪʘʚʷʪ 

ʘʢʪʠʚʥʠ ʚʝʱʝʩʪʚʘ ʚ ʦʪʛʦʚʦʨ ʥʘ ʨʘʟʣʠʯʥʠ ʩʪʠʤʫʣʠ, ʢʘʪʦ ʬʦʪʦʪʝʨʤʘʣʥʠ, ʝʣʝʢʪʨʦʪʝʨʤʘʣʥʠ, 

ʬʦʪʦʢʘʪʘʣʠʪʠʯʥʠ ʠ ʜʨʫʛʠ [10]. ʅʷʢʦʠ ʤʝʪʘʣʥʠ ʥʘʥʦʯʘʩʪʠʮʠ ʠʤʘʪ ʰʠʨʦʢ ʩʧʝʢʪʲʨ ʥʘ ʜʝʡʩʪʚʠʝ 

ʩʨʝʱʫ ʚʠʨʫʩʠ ʠ ʜʨʫʛʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʠ [11]. Rai ʠ ʢʦʣʝʛʠ [41] ʧʨʘʚʷʪ ʧʨʝʛʣʝʜ ʥʘ 

ʣʠʪʝʨʘʪʫʨʘʪʘ ʟʘ ʘʥʪʠʙʘʢʪʝʨʠʘʣʥʠʷ, ʧʨʦʪʠʚʦʛʲʙʠʯʥʠʷ ʠ ʘʥʪʠʚʠʨʫʩʥʠʷ ʧʦʪʝʥʮʠʘʣ ʥʘ 

ʤʝʪʘʣʥʠʪʝ ʥʘʥʦʯʘʩʪʠʮʠ. ʉʧʦʨʝʜ ʨʝʟʫʣʪʘʪʠʪʝ ʦʪ ʪʦʚʘ ʧʨʦʫʯʚʘʥʝ ʤʝʪʘʣʥʠʪʝ ʥʘʥʦʯʘʩʪʠʮʠ, 

ʦʩʦʙʝʥʦ ʩʨʝʙʲʨʥʠʪʝ, ʤʦʛʘʪ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘʪ ʢʘʪʦ ʤʦʱʥʦ ʠ ʰʠʨʦʢʦʩʧʝʢʪʲʨʥʦ ʘʥʪʠʚʠʨʫʩʥʦ 

ʩʨʝʜʩʪʚʦ ʩʲʩ ʠʣʠ ʙʝʟ ʧʦʚʲʨʭʥʦʩʪʥʘ ʤʦʜʠʬʠʢʘʮʠʷ. ɺʲʧʨʝʢʠ ʪʦʚʘ, ʘʥʪʠʚʠʨʫʩʥʘʪʘ ʘʢʪʠʚʥʦʩʪ 

ʥʘ ʪʝʟʠ ʥʘʥʦʯʘʩʪʠʮʠ ʚʩʝ ʦʱʝ ʥʝ ʝ ʜʦʩʪʘʪʲʯʥʦ ʜʦʙʨʝ ʧʨʦʫʯʝʥʘ. 

ɼʥʝʩ ʥʘʥʦʪʝʭʥʦʣʦʛʠʠʪʝ ʧʨʝʜʩʪʘʚʣʷʚʘʪ ʨʝʰʝʥʠʝ ʥʘ ʤʥʦʛʦ ʧʨʦʙʣʝʤʠ ʚ ʧʨʠʣʦʞʝʥʠʷʪʘ 

ʥʘ ʜʝʟʠʥʬʝʢʮʠʷʪʘ. ʇʨʝʟ ʧʦʩʣʝʜʥʠʪʝ ʥʷʢʦʣʢʦ ʜʝʩʝʪʠʣʝʪʠʷ, ʥʘʥʦʪʝʭʥʦʣʦʛʠʠʪʝ ʩʝ ʜʦʢʘʟʘʭʘ 
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ʢʘʪʦ ʝʜʥʘ ʦʙʝʱʘʚʘʱʘ ʥʦʚʘ ʪʝʭʥʦʣʦʛʠʷ ʟʘ ʩʠʥʪʝʟʘʪʘ ʥʘ ʥʘʥʦʤʘʪʝʨʠʘʣʠ. ʊʦʚʘ ʩʘ ʯʘʩʪʠʮʠ ʩ 

ʛʦʣʝʤʠʥʘ ʜʦ 100 ʥʘʥʦʤʝʪʨʘ, ʢʦʠʪʦ ʧʨʦʷʚʷʚʘʪ ʘʥʪʠʤʠʢʨʦʙʥʠʷ ʩʠ ʝʬʝʢʪ ʙʣʘʛʦʜʘʨʝʥʠʝ ʥʘ 

ʚʠʩʦʢʦʪʦ ʩʲʦʪʥʦʰʝʥʠʝ ʧʣʦʱ/ʦʙʝʤ ʠ ʫʥʠʢʘʣʥʠʪʝ ʠʤ ʭʠʤʠʯʥʠ ʠ ʬʠʟʠʯʥʠ ʩʚʦʡʩʪʚʘ. ʄʥʦʛʦ 

ʥʘʥʦʤʘʪʝʨʠʘʣʠ, ʢʘʪʦ ʤʝʪʘʣʥʠʪʝ ʥʘʥʦʯʘʩʪʠʮʠ ʠ ʛʨʘʬʝʥʠʪʝ ʥʘʥʦʣʠʩʪʦʚʝ, ʠʤʘʪ ʝʩʪʝʩʪʚʝʥ 

ʘʥʪʠʚʠʨʫʩʝʥ ʝʬʝʢʪ ʙʣʘʛʦʜʘʨʝʥʠʝ ʥʘ ʪʝʭʥʠʪʝ ʫʥʠʢʘʣʥʠ ʬʠʟʠʢʦʭʠʤʠʯʥʠ ʩʚʦʡʩʪʚʘ [53].  

ʆʙʠʢʥʦʚʝʥʦ ʪʝ ʜʝʡʩʪʚʘʪ ʧʦ ʦʙʱ ʤʝʭʘʥʠʟʲʤ ʢʦʡʪʦ ʚʢʣʶʯʚʘ ʜʠʨʝʢʪʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩʲʩ 

ʩʫʧʝʨʢʘʧʩʠʜʥʠʪʝ ʠʣʠ ʢʘʧʩʠʜʥʠ ʙʝʣʪʲʮʠ ʥʘ ʚʠʨʫʩʠʪʝ. ʇʦ ʪʦʟʠ ʥʘʯʠʥ ʨʘʟʨʫʰʘʚʘʪ ʩʪʨʫʢʪʫʨʥʠʷ 

ʠʥʪʝʛʨʠʪʝʪ ʠ ʠʥʭʠʙʠʨʘʪ ʠʥʬʝʢʪʠʨʘʥʝʪʦ. ʅʷʢʦʠ ʥʘʥʦʤʘʪʝʨʠʘʣʠ ʤʦʛʘʪ ʠ ʜʘ ʧʦʧʨʝʯʘʪ ʥʘ 

ʚʠʨʫʩʥʘʪʘ ʨʝʧʣʠʢʘʮʠʷ ʚ ʠʥʬʝʢʪʠʨʘʥʠ ʢʣʝʪʢʠ [20, 28, 18]. ʅʝʦʙʭʦʜʠʤʠ ʩʘ ʜʦʧʲʣʥʠʪʝʣʥʦ 

ʨʘʟʨʘʙʦʪʢʠ ʟʘ ʫʧʦʪʨʝʙʘʪʘ ʥʘ ʥʘʥʦʪʝʭʥʦʣʦʛʠʠʪʝ ʢʘʪʦ ʧʦ-ʝʬʝʢʪʠʚʥʠ ʜʝʟʠʥʬʝʢʪʘʥʪʠ, ʢʘʢʪʦ ʠ ʟʘ 

ʧʦʩʪʠʛʘʥʝʪʦ ʥʘ ʩʘʤʦʜʝʟʠʥʬʝʢʪʠʨʘʱʠ ʩʝ ʧʦʚʲʨʭʥʦʩʪʠ, ʟʘ ʜʘ ʙʲʜʝ ʫʚʝʣʠʯʝʥʘ ʝʬʝʢʪʠʚʥʦʩʪʪʘ 

ʥʘ ʠʥʬʝʢʮʠʦʟʝʥ ʢʦʥʪʨʦʣ ʠ ʙʝʟʦʧʘʩʥʦʩʪ ʟʘ ʟʜʨʘʚʝʪʦ ʠ ʦʢʦʣʥʘʪʘ ʩʨʝʜʘ. 
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ʌʠʛʫʨʘ 7: ʉʭʝʤʘʪʠʯʥʦ ʧʨʝʜʩʪʘʚʷʥʝ ʥʘ SARS-CoV-2 ʠʥʬʝʢʮʠʷ ʠ ʥʘʥʦʪʝʭʥʦʣʦʛʠʯʥʠ 

ʩʨʝʜʩʪʚʘ ʟʘ ʧʨʝʜʦʪʚʨʘʪʷʚʘʥʝ ʠ ʢʦʥʪʨʦʣ ʥʘ COVID-19. ɺʠʨʫʩʲʪ ʥʘʚʣʠʟʘ ʚ ʢʣʝʪʢʘʪʘ ʯʨʝʟ 

ʘʥʛʠʦʪʝʥʟʠʥ-ʧʨʝʚʨʲʱʘʰ ʝʥʟʠʤ 2 (ACE2) ʨʝʮʝʧʪʦʨ ʠ ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʤʝʭʘʥʠʟʤʠʪʝ ʥʘ ʢʣʝʪʢʘʪʘ 

ʛʦʩʪʦʧʨʠʝʤʥʠʢ ʟʘ ʚʲʟʧʨʦʠʟʚʝʞʜʘʥʝ ʠ ʢʦʥʪʘʤʠʥʠʨʘʥʝ ʥʘ ʥʦʚʠ ʢʣʝʪʢʠ. ʅʘʥʦ-ʙʘʟʠʨʘʥʠʪʝ 

ʤʘʪʝʨʠʘʣʠ ʤʦʛʘʪ ʜʘ ʧʦʤʦʛʥʘʪ ʚ: (1) ʧʦʜʦʙʨʷʚʘʥʝ ʥʘ ʩʢʦʨʦʩʪʪʘ ʠ ʯʫʚʩʪʚʠʪʝʣʥʦʩʪʪʘ ʟʘ ʚʠʨʫʩʥʘ 

ʜʝʪʝʢʮʠʷ; (2) ʜʘ ʧʦʤʦʛʥʘʪ ʟʘ ʨʘʟʨʘʙʦʪʚʘʥʝʪʦ ʥʘ ʧʦ-ʙʝʟʦʧʘʩʥʦ ʠ ʧʦ-ʝʬʝʢʪʠʚʥʦ ʣʝʯʝʥʠʝ ʠ 

ʚʘʢʩʠʥʠ ʠ (3) ʧʦʜʦʙʨʷʚʘʥʝ ʥʘ ʙʝʟʦʧʘʩʥʦʩʪʪʘ ʥʘ ʟʜʨʘʚʥʠʪʝ ʨʘʙʦʪʥʠʮʠ ʯʨʝʟ ʨʘʟʨʘʙʦʪʚʘʥʝʪʦ ʥʘ 

ʥʘʥʦ-ʙʘʟʠʨʘʥʠ ʣʠʯʥʠ ʧʨʝʜʧʘʟʥʠ ʩʨʝʜʩʪʚʘ (ʃʇʉ). 

 

Source: Campos et al. [5] 

 

ʊʘʙʣʠʮʘ 1 ʧʦʢʘʟʚʘ ʧʫʙʣʠʢʫʚʘʥʠ ʧʨʦʫʯʚʘʥʠʷ ʠ ʧʘʪʝʥʪʠ ʟʘ ʨʘʟʣʠʯʥʠ ʩʠʩʪʝʤʠ, ʙʘʟʠʨʘʥʠ 

ʥʘ ʥʘʥʦʪʝʭʥʦʣʦʛʠʷ ʟʘ ʧʨʠʣʦʞʝʥʠʝ ʢʘʪʦ ʜʝʟʠʥʬʝʢʪʘʥʪʠ. 
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ʊʘʙʣʠʮʘ 1. ʉʪʘʪʠʠ ʠ ʧʘʪʝʥʪʠ ʚ ʣʠʪʝʨʘʪʫʨʘʪʘ ʟʘ ʥʘʥʦ-ʙʘʟʠʨʘʥʠ 

ʜʝʟʠʥʬʝʢʪʘʥʪʠ. 

 

ʂʣʘʩʠʬʠʢʘʮʠʷ ʉʠʩʪʝʤʘ ʥʦʩʠʪʝʣ ʄʘʪʨʠʮʘ 

ʉʪʘʪʠʷ ʅʘʥʦʬʠʣʤ 

ʇʦʣʠʚʠʥʠʣʦʚ ʘʣʢʦʭʦʣ (PVA) 

ʇʦʣʠʦʣʝʬʠʥ (POD) 

ʅʘʪʨʠʝʚ ʭʣʦʨʠʪ (NaClO2) 

 ʅʘʥʦʢʦʤʧʦʟʠʪ ʉʠʣʠʮʠʝʚ ʜʠʦʢʩʠʜ/ʉʨʝʙʨʦ 

 
ʄʝʟʦ-ʩʪʨʫʢʪʫʥʠ 

ʥʘʥʦʯʘʩʪʠʮʠ 

ɽʣʝʢʪʨʠʯʝʩʢʠ ʟʘʨʝʜʝʥ ʜʝʟʠʥʬʝʢʪʘʥʪ 

(CAC-717) 

 ʅʘʥʦʩʪʨʫʢʪʫʨʘ ʎʝʣʫʣʦʟʘ 

 ʅʘʥʦʢʦʤʧʦʟʠʪ ʉʠʣʠʮʠʝʚ ʜʠʦʢʩʠʜ/ʉʨʝʙʨʦ 

 ʅʘʥʦʯʘʩʪʠʮʠ ʊʠʪʘʥʠʝʚ ʜʠʦʢʩʠʜ 

 

ʌʦʪʦʢʘʪʘʣʠʪʠʯʥʠ 

ʥʘʥʦʩʪʨʫʢʪʫʨʥʠ 

ʬʠʣʤʠ 

ʊʠʪʘʥʠʝʚ ʜʠʦʢʩʠʜ 

ʉʠʣʠʢʦʥ 

 

ʇʦʣʠʡʦʥʥʠ 

ʢʦʤʧʣʝʢʩʥʠ 

ʥʘʥʦʯʘʩʪʠʮʠ 

(PCNs) 

ʇʦʣʠ[3-(ʘʢʨʠʣʘʤʠʜʦ) ʧʨʦʧʠʣ] 

ʊʨʠʤʝʪʠʣʘʤʦʥʠʝʚ ʭʣʦʨʠʜ 

(PAMPTMA) 

 
ɹʠʦʛʝʥʥʠ 

ʥʘʥʦʯʘʩʪʠʮʠ 

ɾʝʣʷʟʦ 

ʉʨʝʙʨʦ 

ʇʘʪʝʥʪʠ 
ʇʦʣʠʤʝʨʥʠ 

ʥʘʥʦʯʘʩʪʠʮʠ 

C1ïC4 ʝʜʥʦʚʘʣʝʥʪʥʠ ʘʣʢʦʭʦʣʠ ʠ 

ʨʘʟʣʠʯʥʠ ʣʠʧʠʜʠ 

  
ʇʦʣʠ (ʤʣʝʯʥʘ-ʢʦ-ʛʣʠʢʦʣʦʚʘ ʢʠʩʝʣʠʥʘ) 

(PLGA) ʝʩʝʥʮʠʘʣʥʦ ʤʘʩʣʦ 

  

ʇʦʣʠʝʪʠʣʝʥʘʤʠʥ (PEI) 

ʇʦʣʠʜʠʘʣʠʣʜʠʘʣʢʠʣʘʤʦʥʠʝʚʘ ʩʦʣ 

ʇʦʣʠ(ʘʢʨʠʣʘʤʠʜ-ʢʦ-ʜʠʘʣʠʣ-

ʜʠʘʣʢʠʣʘʤʦʥʠʝʚʭʘʣʠʜ) ʭʠʪʦʟʘʥ 

  ʉʫʣʬʦʥʠʣʘʣʢʠʣʮʠʢʣʦʜʝʢʩʪʨʘʥʠ 

 
ɹʠʦʛʝʥʥʠ 

ʥʘʥʦʯʘʩʪʠʮʠ 
ʉʨʝʙʨʦ 
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ʌʦʪʦʢʘʪʘʣʠʪʠʯʥʠ 

ʩʠʩʪʝʤʠ 

ɺʦʣʬʨʘʤʦʚ ʪʨʠʦʢʩʠʜ 

ʇʘʣʘʜʠʡ 

  
ɺʠʥʝʥʘ ʢʠʩʝʣʠʥʘ 

ʊʠʪʘʥʠʝʚ ʠʟʦʧʨʦʧʦʢʩʠʜ (IV) 

 
ʄʝʪʘʣʥʠ 

ʥʘʥʦʯʘʩʪʠʮʠ 

ʊʠʪʘʥʠʝʚ ʜʠʦʢʩʠʜ 

ʃʠʤʦʥʝʥʠ ʝʢʩʪʨʘʢʪʠ 

  ʉʨʝʙʨʦ 

  
ʉʨʝʙʨʦ 

ʏʝʪʚʲʨʪʠʯʥʘ ʘʤʦʥʠʝʚʘ ʩʦʣ 

 

4.2. ʄʝʪʘʣʥʠ ʥʘʥʦʯʘʩʪʠʮʠ 

ʉʨʝʙʨʦʪʦ ʠ ʥʝʛʦʚʠʪʝ ʩʦʣʠ ʠʤʘʪ ʜʲʣʛʘ ʠʩʪʦʨʠʷ ʥʘ ʫʧʦʪʨʝʙʘ ʢʘʪʦ ʘʥʪʠʩʝʧʪʠʢ ʠ 

ʜʝʟʠʥʬʝʢʪʘʥʪ. ʊʝʭʥʠʷ ʰʠʨʦʢ ʩʧʝʢʪʲʨ ʦʪ ʙʠʦʮʠʜʥʠ ʩʚʦʡʩʪʚʘ e ʜʦʙʨʝ ʧʦʟʥʘʪ [21]. 

ʉʨʝʙʲʨʥʠʪʝ ʥʘʥʦʯʘʩʪʠʮʠ ʩʘ ʥʘʡ-ʧʨʦʫʯʝʥʠʷ ʘʥʪʠʚʠʨʫʩʝʥ ʥʘʥʦʤʘʪʨʠʘʣ. ɼʦʢʘʟʘʥʦ ʝ, ʯʝ 

ʥʘʥʦʯʘʩʪʠʮʠ ʩʲʩ ʠʣʠ ʙʝʟ ʧʦʢʨʠʪʠʝ ʤʦʛʘʪ ʜʘ ʠʥʭʠʙʠʨʘʪ ʛʦʣʷʤʦ ʨʘʟʥʦʦʙʨʘʟʠʝ ʦʪ ʚʠʨʫʩʠ 

[40]. ɺʠʨʫʩʠʪʝ ʪʨʫʜʥʦ ʨʘʟʚʠʚʘʪ ʨʝʟʠʩʪʝʥʪʥʦʩʪ ʢʲʤ ʪʦʟʠ ʪʠʧ ʥʘ ʪʨʝʪʠʨʘʥʝ. ʊʦʚʘ ʧʨʘʚʠ 

ʪʝʟʠ ʩʠʩʪʝʤʠ ʠʟʢʣʶʯʠʪʝʣʥʦ ʧʨʠʚʣʝʢʘʪʝʣʥʠ ʟʘ ʫʧʦʪʨʝʙʘ ʩʨʝʱʫ ʚʠʨʫʩʠ ʩ ʚʠʩʦʢʘ ʯʝʩʪʦʪʘ 

ʥʘ ʤʫʪʘʮʠʷ. ʋʩʪʘʥʦʚʝʥʦ ʝ, ʯʝ ʩʨʝʙʲʨʥʠʪʝ ʥʘʥʦʯʘʩʪʠʮʠ ʩʘ ʝʬʝʢʪʠʚʥʠ ʢʘʢʪʦ ʚ ʙʣʦʢʠʨʘʥʝ 

ʥʘ ʥʘʚʣʠʟʘʥʝʪʦ ʥʘ ʚʠʨʠʦʥʠ ʚ ʢʣʝʪʢʘʪʘ, ʪʘʢʘ ʠ ʚ ʠʥʭʠʙʠʨʘʥʝ ʥʘ ʨʝʧʣʠʢʘʮʠʷʪʘ ʚʲʪʨʝ ʚ 

ʠʥʬʝʢʪʠʨʘʥʠʪʝ ʢʣʝʪʢʠ. ʂʘʪʦ ʮʷʣʦ ʩʨʝʙʲʨʥʠʪʝ ʥʘʥʦʯʘʩʪʠʮʠ ʩʘ ʝʬʝʢʪʠʚʥʠ ʙʠʦʮʠʜʠ ʚ 

ʤʘʣʢʠ ʜʦʟʠ [55], ʥʦ ʪʷʭʥʘʪʘ ʧʦʪʝʥʮʠʘʣʥʘ ʪʦʢʩʠʯʥʦʩʪ ʟʘ ʭʦʨʘʪʘ ʚʩʝ ʦʱʝ ʝ ʧʦʜ ʚʲʧʨʦʩ [26]. 

ʉʲʚʨʝʤʝʥʥʠʪʝ ʤʝʪʦʜʠ ʧʦʟʚʦʣʷʚʘʪ ʩʠʥʪʝʟ ʥʘ ʩʨʝʙʲʨʥʠ ʥʘʥʦʯʘʩʪʠʮʠ ʩ ʜʦʙʨʝ ʜʝʬʠʥʠʨʘʥʠ 

ʬʦʨʤʠ, ʨʘʟʤʝʨʠ ʠ ʧʦʣʠʜʠʩʧʝʨʩʥʦʩʪ. ʊʦʚʘ ʩʘ ʚʘʞʥʠ ʧʘʨʘʤʝʪʨʠ, ʦʧʨʝʜʝʣʷʱʠ ʪʷʭʥʘʪʘ 

ʢʨʘʡʥʘ ʙʠʦʮʠʜʥʘ ʘʢʪʠʚʥʦʩʪ, ʙʠʦʣʦʛʠʯʥʘ ʩʲʜʙʘ ʠ ʪʦʢʩʠʯʥʦʩʪ [25]. 

ɺʠʨʫʮʠʜʥʠʪʝ ʩʚʦʡʩʪʚʘ ʥʘ ʩʨʝʙʲʨʥʠʪʝ ʥʘʥʦʯʘʩʪʠʮʠ ʚʩʝ ʦʱʝ ʥʝ ʩʘ ʧʨʦʫʯʝʥʠ 

ʜʦʩʪʘʪʲʯʥʦ, ʥʦ ʧʲʨʚʦʥʘʯʘʣʥʠʪʝ ʨʝʟʫʣʪʘʪʠ ʩʘ ʦʢʫʨʘʞʘʚʘʱʠ. ʉʨʝʙʲʨʥʠʪʝ ʥʘʥʦʯʘʩʪʠʮʠ 

ʤʦʛʘʪ ʜʘ ʠʥʭʠʙʠʨʘʪ ʚʠʨʫʩʠ ʧʦ ʨʝʜʠʮʘ ʤʝʭʘʥʠʟʤʠ, ʚʢʣʶʯʠʪʝʣʥʦ ʯʨʝʟ ʩʚʲʨʟʚʘʥʝ ʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʚʠʨʫʩʥʠʪʝ ʧʦʚʲʨʭʥʦʩʪʥʠ ʙʝʣʪʲʮʠ ʠ ʯʨʝʟ ʜʝʥʘʪʫʨʠʨʘʥʝ ʥʘ ʝʥʟʠʤʠ ʯʨʝʟ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʘʤʠʥʦ, ʢʘʨʙʦʢʩʠʣʥʠ, ʠʤʠʜʘʟʦʣʥʠ ʠ ʩʫʣʬʭʠʜʨʠʣʥʠ ʛʨʫʧʠ [6]. 

ʉʨʝʙʲʨʥʠʪʝ ʥʘʥʦʯʘʩʪʠʮʠ ʚ ʧʨʦʜʫʢʪʠ, ʩʝ ʧʦʷʚʷʚʘʪ ʚʩʝ ʧʦʚʝʯʝ ʥʘ ʧʘʟʘʨʘ. ʊʦʚʘ  

ʚʢʣʶʯʚʘ ʜʨʝʭʠ, ʧʨʝʚʨʲʟʢʠ, ʤʘʟʠʣʘ ʠ ʤʘʪʝʨʠʘʣʠ ʟʘ ʦʧʘʢʦʚʢʘʪʘ ʥʘ ʭʨʘʥʠ. ʊʝʭʥʠʪʝ 
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ʙʠʦʮʠʜʥʠ ʘʢʪʠʚʥʦʩʪʠ ʩʘ ʨʝʟʫʣʪʘʪ ʦʪ ʙʘʚʥʦ, ʧʨʦʜʲʣʞʠʪʝʣʥʦ ʦʩʚʦʙʦʞʜʘʚʘʥʝ ʥʘ ʩʨʝʙʲʨʥʠ 

ʥʘʥʦʧʨʦʜʫʢʪʠ [6]. ɺʲʧʨʝʢʠ ʪʦʚʘ ʪʨʷʙʚʘ ʜʘ ʩʝ ʦʪʙʝʣʝʞʠ, ʯʝ ʢʘʢʪʦ ʚʩʠʯʢʠ ʜʝʟʠʥʬʝʢʮʠʨʘʱʠ 

ʘʛʝʥʪʠ ʩʧʦʤʝʥʘʪʠ ʧʦ-ʛʦʨʝ, ʚʠʨʫʮʠʜʥʘʪʘ ʘʢʪʠʚʥʦʩʪ ʥʘ ʩʨʝʙʲʨʥʠʪʝ ʥʘʥʦʯʘʩʪʠʮʠ ʩʝ 

ʨʘʟʣʠʯʘʚʘ ʦʪ ʚʠʨʫʩ ʜʦ ʚʠʨʫʩ. ʆʱʝ ʧʦʚʝʯʝ, ʢʦʣʠʯʝʩʪʚʦʪʦ, ʬʦʨʤʘʪʘ, ʨʘʟʤʝʨʠʪʝ ʠ ʪʠʧʘ ʥʘ 

ʦʩʚʦʙʦʞʜʘʚʘʥʠʪʝ ʩʨʝʙʲʨʥʠ ʥʘʥʦʧʨʦʜʫʢʪʠ ʟʘʚʠʩʠ ʦʪ ʪʷʭʥʦʪʦ ʧʨʠʣʦʞʝʥʠʝ ʚ ʨʝʘʣʥʠʷ ʩʚʷʪ. 

ɺʩʠʯʢʦ ʪʦʚʘ ʚʣʠʷʝ ʚʲʨʭʫ ʪʝʭʥʠʪʝ ʚʠʨʫʮʠʜʥʠ ʩʚʦʡʩʪʚʘ. ʉʣʝʜʦʚʘʪʝʣʥʦ, ʝʬʠʢʘʩʥʦʩʪʪʘ ʥʘ 

ʪʝʟʠ ʧʨʦʜʫʢʪʠ ʩʨʝʱʫ ʚʠʨʫʩʠ ʚ ʨʝʘʣʥʘ ʦʙʩʪʘʥʦʚʢʘ, ʢʘʢʪʦ ʠ ʪʷʭʥʘʪʘ ʪʦʢʩʠʯʥʦʩʪ ʟʘ ʭʦʨʘʪʘ 

ʪʨʷʙʚʘ ʜʘ ʙʲʜʘʪ ʚʥʠʤʘʪʝʣʥʦ ʦʮʝʥʝʥʠ ʠ ʧʨʦʫʯʝʥʠ. 

ʆʩʚʝʥ ʩʨʝʙʲʨʥʠʪʝ ʥʘʥʦʯʘʩʪʠʮʠ, ʟʣʘʪʥʠʪʝ ʥʘʥʦʯʘʩʪʠʮʠ (AuNPs) ʩʲʱʦ ʩʘ 

ʦʙʝʱʘʚʘʱʠ ʚʠʨʫʮʠʜʥʠ ʘʛʝʥʪʠ. AuNPs ʩ ʯʝʩʥʦʚ ʝʢʩʪʨʘʢʪ ʩʲʩ ʩʨʝʜʝʥ ʨʘʟʤʝʨ ʦʪ 6 nm 

ʧʦʢʘʟʚʘʪ ʚʠʨʫʮʠʜʥʘ ʘʢʪʠʚʥʦʩʪ ʩʨʝʱʫ ʤʦʨʙʠʣʥʠʷ ʚʠʨʫʩʘ. ʊʝ ʩʝ ʩʚʲʨʟʚʘʪ ʩ ʧʦʚʲʨʭʥʦʩʪʥʠ 

ʚʠʨʫʩʥʠ ʨʝʮʝʧʪʦʨʠ ʠ ʚʧʦʩʣʝʜʩʪʚʠʝ ʧʨʝʜʦʪʚʨʘʪʷʚʘʪ ʩʚʲʨʟʚʘʥʝ ʢʲʤ ʢʣʝʪʢʘʪʘ 

ʛʦʩʪʦʧʨʠʝʤʥʠʢ ʠ ʧʨʝʜʠʟʚʠʢʚʘʥʝ ʥʘ ʠʥʬʝʢʮʠʷ [34]. ɺʲʧʨʝʢʠ ʪʦʚʘ, ʧʦʨʘʜʠ ʮʝʥʘʪʘ ʥʘ 

ʟʣʘʪʥʠʪʝ ʭʠʤʠʯʝʩʢʠ ʧʨʝʢʫʨʩʦʨʠ, ʜʝʟʠʥʬʝʢʪʘʥʪʠʪʝ ʩ AuNP ʩʘ ʤʘʣʢʦ ʚʝʨʦʷʪʥʦ ʜʘ ʩʪʘʥʘʪ 

ʝʚʪʠʥʠ ʠ ʰʠʨʦʢʦ ʜʦʩʪʲʧʥʠ ʚ ʪʲʨʛʦʚʩʢʘʪʘ ʤʨʝʞʘ. 

ʇʨʝʟ ʧʦʩʣʝʜʥʠʪʝ ʛʦʜʠʥʠ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʤʝʪʘʣʥʠ ʥʘʥʦʤʘʪʝʨʠʘʣʠ ʟʘ ʩʲʟʜʘʚʘʥʝ ʥʘ 

ʩʘʤʦʜʝʟʠʥʬʝʢʮʠʨʘʱʠ ʩʝ ʧʦʚʲʨʭʥʦʩʪʠ ʧʨʠʜʦʙʠ ʟʥʘʯʠʪʝʣʝʥ ʠʥʪʝʨʝʩ ʧʦʨʘʜʠ 

ʜʲʣʛʦʩʨʦʯʥʘʪʘ ʧʝʨʩʠʩʪʝʥʪʥʦʩʪ ʥʘ ʚʠʨʫʩʠ ʚʲʨʭʫ ʢʦʥʪʘʤʠʥʠʨʘʥʠ ʧʦʚʲʨʭʥʦʩʪʠ. 

ʉʘʤʦʜʝʟʠʥʬʝʢʮʠʨʘʱʠʪʝ ʩʝ ʧʦʚʲʨʭʥʦʩʪʠ ʠʥʘʢʪʠʚʠʨʘʪ ʚʠʨʫʩʠʪʝ, ʢʦʠʪʦ ʚʣʠʟʘʪ ʚ ʢʦʥʪʘʢʪ 

ʩ ʪʷʭ in situ, ʥʘʤʘʣʷʚʘʡʢʠ ʚʲʟʤʦʞʥʦʩʪʪʘ ʟʘ ʚʠʨʫʩʥʘ ʪʨʘʥʩʤʠʩʠʷ ʯʨʝʟ ʢʦʥʪʘʢʪ ʩ 

ʢʦʥʪʘʤʠʥʠʨʘʥʠ ʧʦʚʲʨʭʥʦʩʪʠ. ɺ ʝʜʠʥ ʜʠʟʘʡʥ ʩʘʤʦʜʝʟʠʥʬʝʢʮʠʨʘʱʘʪʘ ʩʝ ʧʦʚʲʨʭʥʦʩʪ ʝ 

ʦʬʦʨʤʝʥʘ ʩ ʬʦʪʦʘʢʪʠʚʥʠ ʤʝʪʘʣʥʠ ʥʘʥʦʢʨʠʩʪʘʣʠ, ʟʘ ʢʦʠʪʦ ʝ ʥʝʦʙʭʦʜʠʤ ʩʪʠʤʫʣ ʦʪ 

ʚʠʜʠʤʘʪʘ ʩʚʝʪʣʠʥʘ ʟʘ ʚʠʨʫʩʥʘ ʠʥʘʢʪʠʚʘʮʠʷ. ʊʝʟʠ ʧʦʚʲʨʭʥʦʩʪʠ, ʧʨʦʠʟʚʝʜʝʥʠ ʦʪ 

CuInZn4S6 (CIZS), ʤʦʛʘʪ ʜʘ ʘʙʩʦʨʙʠʨʘʪ ʚʠʜʠʤʘ ʩʚʝʪʣʠʥʘ ʠ ʜʘ ʧʨʦʠʟʚʝʞʜʘʪ ʘʢʪʠʚʥʠ 

ʦʢʠʩʣʠʪʝʣʠ. ʊʝ ʤʦʛʘʪ ʜʘ ʠʥʘʢʪʠʚʠʨʘʪ influenza ɸ ʚʠʨʫʩʘ ʯʨʝʟ ʦʢʠʩʣʷʚʘʥʝ ʥʘ 

ʘʤʠʥʦʢʠʩʝʣʠʥʥʠ ʦʩʪʘʪʲʮʠ, ʧʨʝʜʩʪʘʚʝʥʠ ʚ ʙʝʣʪʲʮʠʪʝ ʥʘ ʚʠʨʫʩʥʠʷ ʩʫʧʝʨʢʘʧʩʠʜ (ʌʠʛ. 8). 

ɺʲʧʨʝʢʠ ʯʝ ʩʘ ʩʠʣʥʦ ʚʠʨʫʩʦʮʠʜʥʠ, ʧʨʘʢʪʠʯʥʦʩʪʪʘ ʥʘ ʩʠʩʪʝʤʘʪʘ ʝ ʦʛʨʘʥʠʯʝʥʘ ʦʪ 

ʧʨʠʩʲʩʪʚʠʝʪʦ ʥʘ ʚʠʜʠʤʘ ʩʚʝʪʣʠʥʘ, ʢʦʝʪʦ ʝ ʟʘʜʲʣʞʠʪʝʣʥʦ ʫʩʣʦʚʠʝ, ʟʘ ʜʘ ʙʲʜʝ ʛʘʨʘʥʪʠʨʘʥ 

ʝʬʝʢʪʲʪ ʥʘ ʩʘʤʦʧʦʯʠʩʪʚʘʥʝ. 
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ʌʠʛʫʨʘ 8. ʀʣʶʩʪʨʘʮʠʷ ʥʘ ʚʠʨʫʩʥʘ ʜʝʟʠʥʬʝʢʮʠʷ, ʠʟʧʦʣʟʚʘʱʘ 

ʩʘʤʦʜʝʟʠʥʬʝʢʮʠʨʘʱʘ ʩʝ ʧʦʚʲʨʭʥʦʩʪ ʘʢʪʠʚʠʨʘʥʘ ʯʨʝʟ ʚʠʜʠʤʘʪʘ ʩʚʝʪʣʠʥʘ. 

 

 

ʀʟʪʦʯʥʠʢ: Weng et al. [64]. 
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ʆʙʨʘʟʦʚʘʪʝʣʥʘ ʮʝʣ: ʎʝʣʪʘ ʥʘ ʪʘʟʠ ʦʙʫʯʠʪʝʣʥʘ ʝʜʠʥʠʮʘ ʝ ʜʘ ʧʨʝʜʩʪʘʚʠ ʠʥʬʦʨʤʘʮʠʷ ʟʘ 

ʥʘʥʦʤʘʪʝʨʠʘʣʠʪʝ ʠ ʪʷʭʥʦʪʦ ʧʨʠʣʦʞʝʥʠʝ ʚ  ʦʪʢʨʠʚʘʥʝʪʦ ʥʘ SARS-CoV-2. 

 

ʉʲʜʲʨʞʘʥʠʝ 

1. ɺʲʚʝʜʝʥʠʝ 

2. ʉʲʚʨʝʤʝʥʥʠ ʤʝʪʦʜʠ ʟʘ ʜʝʪʝʢʮʠʷ ʥʘ SARS-CoV-2  

2.1. ʇʦʣʠʤʝʨʘʟʥʘ ʚʝʨʠʞʥʘ ʨʝʘʢʮʠʷ ʩ ʝʥʟʠʤʘ ʦʙʨʘʪʥʘ ʪʨʘʥʩʢʨʠʧʪʘʟʘ (RT-PCR) 

2.2. ʂʦʤʧʶʪʲʨʥʘ ʪʦʤʦʛʨʘʬʠʷ (CT) 

2.3. SHERLOCK 

2.4. RT-LAMP 

3. ʅʘʥʦʤʘʪʝʨʠʘʣʠ ʟʘ ʜʝʪʝʢʮʠʷ ʥʘ SARS-CoV-2 

3.1 ˿ ͍͚͍ͦͫͭ͊ ͤ͊ ͔͙͙͔ͤ͊ͤͦͣ͊ͭͪ͊ͭ͡ 

3.2 ˴ ͔͎͙͙͊ͭͦͪ ͔͙͙ͤ͊ͤͦͣ͊ͭͪ͊͡ 

3.2.1 ˭ ͙͊ͭͤ͡ ͤ͊ͤͦ;͙͊ͫͭͼ͙ (Au NPs) 

3.2.2 ˴ ͍͍͙͊ͤͭͦ ͭͦ;͙͟ (˴)́ 

3.2.3. C-ʙʘʟʠʨʘʥʠ ʥʘʥʦʤʘʪʝʨʠʘʣʠ  

3.2.4. ʄʘʛʥʠʪʥʠ NPs (MNPs)  

3.2.5. ʅʘʥʦʟʠʤʠ  

3.2.6. ʄʝʪʘʣʦ-ʦʨʛʘʥʠʯʥʠ ʨʘʤʢʠ 

4. ʇʨʝʜʠʟʚʠʢʘʪʝʣʩʪʚʘ ʠ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʥʘʥʦʤʘʪʝʨʠʘʣʠʪʝ 

5. ʃʠʪʝʨʘʪʫʨʘ  

 

ʈʝʟʶʤʝ 

ɺ ʙʦʨʙʘʪʘ ʩ ʥʘʩʪʦʷʱʘʪʘ ʧʘʥʜʝʤʠʷ ʦʪ COVID-19, ʥʘʥʦʤʘʪʝʨʠʘʣʠʪʝ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ 

ʦʪʣʠʯʥʠ ʢʘʥʜʠʜʘʪʠ ʩʨʝʱʫ ʚʠʨʫʩʥʠ ʠʥʬʝʢʮʠʠ, ʦʩʦʙʝʥʦ ʩʨʝʱʫ ʢʦʨʦʥʘʚʠʨʫʩʥʠ. ʊʦʚʘ ʩʝ 

ʜʲʣʞʠ ʥʘ ʚʲʟʤʦʞʥʦʩʪʪʘ ʠʤ ʣʝʩʥʦ ʜʘ ʧʝʥʝʪʨʠʨʘʪ ʢʣʝʪʢʘʪʘ, ʜʘ ʚʟʘʠʤʦʜʝʡʩʪʚʘʪ ʩ ʚʠʨʫʩʠʪʝ 

ʠ ʜʘ ʠʥʭʠʙʠʨʘʪ ʚʲʟʧʨʦʠʟʚʝʞʜʘʥʝʪʦ ʥʘ ʚʠʨʫʩʥʠʷ ʛʝʥʦʤ. ɺ ʜʦʧʲʣʥʝʥʠʝ, ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ 

ʥʘʥʦʯʘʩʪʠʮʠ ʧʦʟʚʦʣʷʚʘ ʜʝʪʝʢʪʠʨʘʥʝ ʥʘ ʠʥʬʝʢʮʠʦʟʥʠ ʘʛʝʥʪʠ ʚ ʤʘʣʢʠ ʦʙʝʤʠ ʧʨʦʙʠ. ʊʝ 

ʧʨʝʜʩʪʘʚʣʷʚʘʪ ʯʫʚʩʪʚʠʪʝʣʥʘ, ʧʨʝʮʠʟʥʘ ʠ ʙʲʨʟʘ ʬʦʨʤʘ ʟʘ ʦʪʢʨʠʚʘʥʝ ʥʘ ʠʥʬʝʢʮʠʦʟʥʠ 
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ʯʘʩʪʠʮʠ, ʧʨʠ ʪʦʚʘ ʩ ʧʦ-ʤʘʣʢʦ ʨʘʟʭʦʜʠ ʦʪ ʩʝʛʘ ʠʟʧʦʣʟʚʘʥʠʪʝ ʪʝʭʥʦʣʦʛʠʠ. ʊʦʟʠ ʥʘʧʨʝʜʲʢ 

ʚ ʨʘʥʥʘʪʘ ʜʝʪʝʢʮʠʷ ʧʦʟʚʦʣʷʚʘ ʪʦʯʥʦ ʠ ʙʲʨʟʦ ʣʝʯʝʥʠʝ. 

 

ʂʣʶʯʦʚʠ ʜʫʤʠ/ʬʨʘʟʠ: ʥʘʥʦʤʘʪʝʨʠʘʣʠ, COVID-19, ʜʝʪʝʢʮʠʷ 
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1. ɺʲʚʝʜʝʥʠʝ 

ʇʨʦʜʲʣʞʘʚʘʱʘʪʘ ʝʢʩʧʣʦʟʠʚʥʦ ʨʘʟʧʨʦʩʪʨʘʥʝʥʠ ʥʘ ʥʦʚʘʪʘ ʢʦʨʦʥʘʚʠʨʫʩʥʘ ʙʦʣʝʩʪ 

COVID-19 ʧʨʠʚʣʠʯʘ ʚʥʠʤʘʥʠʝ ʚ ʩʚʝʪʦʚʝʥ ʤʘʱʘʙ ʧʦʨʘʜʠ ʫʜʲʣʞʝʥʠ ̫ʩʠ ʠʥʢʫʙʘʮʠʦʥʝʥ 

ʧʝʨʠʦʜ ʠ ʟʥʘʯʠʪʝʣʥʘ ʠʥʬʝʢʮʠʦʟʥʦʩʪ. ɹʲʨʟʦʪʦ ʨʘʟʧʨʦʩʪʨʘʥʝʥʠʝ ʥʘ ʧʘʥʜʝʤʠʷʪʘ ʚ ʩʚʝʪʦʚʝʥ 

ʤʘʱʘʙ, ʠʥʠʮʠʠʨʘʥʦ ʦʪ SARS-CoV-2, ʩʲʟʜʘʜʝ ʥʘʣʝʞʘʱʘ ʥʝʦʙʭʦʜʠʤʦʩʪ ʦʪ ʜʠʘʛʥʦʩʪʠʢʘ ʠ 

ʣʝʯʝʥʠʝ ʥʘ ʟʘʙʦʣʷʚʘʥʝʪʦ. ɺ ʨʝʟʫʣʪʘʪ ʥʘ ʪʦʚʘ ʤʥʦʛʦ ʠʟʩʣʝʜʦʚʘʪʝʣʠ ʩʝ ʩʪʨʝʤʷʪ ʜʘ ʥʘʤʝʨʷʪ 

ʥʘʡ-ʝʬʝʢʪʠʚʥʠʪʝ ʠ ʧʦʜʭʦʜʷʱʠ ʤʝʪʦʜʠ ʟʘ ʜʝʪʝʢʮʠʷ ʠ ʣʝʯʝʥʠʝ ʥʘ SARS-CoV-2. 

ʇʦʣʠʤʝʨʘʟʥʘʪʘ ʚʝʨʠʞʥʘ ʨʝʘʢʮʠʷ ʩ ʦʙʨʘʪʥʘ ʪʨʘʥʩʢʨʠʧʪʘʟʘ ʚ ʨʝʘʣʥʦ ʚʨʝʤʝ (RT-PCR) ʚ 

ʤʦʤʝʥʪʘ ʩʝ ʠʟʧʦʣʟʚʘ ʢʘʪʦ ʝʜʠʥ ʦʪ ʥʘʡ-ʥʘʜʝʞʜʥʠʪʝ ʧʦʜʭʦʜʠ ʟʘ ʦʪʢʨʠʚʘʥʝ ʥʘ ʥʦʚʠʷ ʚʠʨʫʩ. 

ʊʦʟʠ ʧʨʦʮʝʩ ʦʙʘʯʝ ʦʪʥʝʤʘ ʚʨʝʤʝ, ʪʨʫʜʦʝʤʲʢ ʝ ʠ ʠʟʠʩʢʚʘ ʦʙʫʯʝʥ ʣʘʙʦʨʘʪʦʨʝʥ ʧʝʨʩʦʥʘʣ. 

ʆʩʚʝʥ ʪʦʚʘ, ʚʲʧʨʝʢʠ ʚʠʩʦʢʘʪʘ ʩʧʝʮʠʬʠʯʥʦʩʪ, ʩʘ ʜʦʢʫʤʝʥʪʠʨʘʥʠ ʬʘʣʰʠʚʦ-ʦʪʨʠʮʘʪʝʣʥʠ 

ʨʝʟʫʣʪʘʪʠ, ʦʩʦʙʝʥʦ ʦʪ ʥʝʥʘʟʦʬʘʨʠʥʛʝʘʣʥʠ ʧʨʦʙʠ, ʢʦʠʪʦ ʤʦʛʘʪ ʜʘ ʠʤʘʪ ʧʦ-ʥʠʩʢʦ ʚʠʨʫʩʥʦ 

ʥʘʪʦʚʘʨʚʘʥʝ. ʉʣʝʜʦʚʘʪʝʣʥʦ, ʨʘʟʨʘʙʦʪʚʘʥʝʪʦ ʠ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʧʦ-ʙʲʨʟʠ ʠ ʧʦ-ʥʘʜʝʞʜʥʠ 

ʤʝʪʦʜʠ ʠʟʛʣʝʞʜʘ ʠʤʘ ʠʟʢʣʶʯʠʪʝʣʥʦ ʟʥʘʯʝʥʠʝ. ʇʨʝʟ ʧʦʩʣʝʜʥʠʪʝ ʛʦʜʠʥʠ ʙʷʭʘ ʥʘʧʨʘʚʝʥʠ 

ʤʥʦʛʦ ʦʧʠʪʠ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʨʘʟʣʠʯʥʠ ʙʠʦʩʝʥʟʦʨʠ ʥʘ ʙʘʟʘʪʘ ʥʘ ʥʘʥʦʤʘʪʝʨʠʘʣʠ, ʩ ʮʝʣ 

ʜʝʪʝʢʮʠʷ ʥʘ ʚʠʨʫʩʠ ʠ ʙʘʢʪʝʨʠʠ ʚ ʢʣʠʥʠʯʥʠ ʧʨʦʙʠ [27, 46]. 

ɿʘ ʜʘ ʩʝ ʩʧʨʘʚʠʤ ʩʲʩ ʩʲʱʝʩʪʚʫʚʘʱʠʪʝ ʠ ʧʨʝʜʩʪʦʷʱʠʪʝ ʛʣʦʙʘʣʥʠ ʟʘʧʣʘʭʠ ʟʘ 

ʟʜʨʘʚʝʪʦ ʥʘ ʯʦʚʝʢʘ ʝ ʥʝʦʙʭʦʜʠʤʦ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘʜʝʞʜʝʥ ʥʘʯʠʥ ʟʘ ʜʠʘʛʥʦʩʪʠʮʠʨʘʥʝ ʥʘ 

ʢʦʨʦʥʘʚʠʨʫʩʥʦʪʦ ʟʘʙʦʣʷʚʘʥʝ COVID-19. ʅʘʥʦʯʘʩʪʠʮʠʪʝ ʧʨʝʜʣʘʛʘʪ ʝʜʥʦ ʫʜʘʯʥʦ 

ʧʨʠʣʦʞʝʥʠʝ ʠ ʟʥʘʯʠʪʝʣʥʠ ʧʝʨʩʧʝʢʪʠʚʠ ʜʘ ʬʫʥʢʮʠʦʥʠʨʘʪ ʢʘʪʦ ʧʣʘʪʬʦʨʤʘ ʟʘ ʙʲʨʟʦ 

ʜʠʘʛʥʦʩʪʠʮʠʨʘʥʝ ʥʘ ʚʠʨʫʩʥʘ ʠʥʬʝʢʮʠʷ ʩ ʚʠʩʦʢʘ ʯʫʚʩʪʚʠʪʝʣʥʦʩʪ. ɿʘ ʜʝʪʝʢʮʠʷʪʘ ʥʘ SARS-

CoV 2 ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʠʟʧʦʣʟʚʘʥʠ ʟʣʘʪʥʠ ʥʘʥʦʯʘʩʪʠʮʠ, ʤʘʛʥʠʪʥʠ ʥʘʥʦʯʘʩʪʠʮʠ ʠ ʛʨʘʬʝʥ 

(G). ʇʨʠʣʘʛʘʪ ʩʝ ʚ ʤʦʣʝʢʫʣʷʨʥʘʪʘ ʜʠʘʛʥʦʩʪʠʢʘ ʠ ʚ ʩʝʨʦʣʦʛʠʯʥʠ ʧʦʜʭʦʜʠ. ʅʘʥʦʯʘʩʪʠʮʠʪʝ 

ʩʲʢʨʘʱʘʚʘʪ ʚʨʝʤʝʪʦ, ʥʝʦʙʭʦʜʠʤʦ ʟʘ ʜʠʘʛʥʦʩʪʠʢʘ. ʊʝ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʧʨʠʣʦʞʝʥʠ ʚ ʤʘʣʢʠ 

ʫʩʪʨʦʡʩʪʚʘ, ʢʦʠʪʦ ʥʘʩʲʨʯʘʚʘʪ ʩʘʤʦʜʠʘʛʥʦʩʪʠʮʠʨʘʥʝʪʦ ʫ ʜʦʤʘ ʠʣʠ ʥʘ ʤʝʩʪʘ ʢʘʪʦ ʣʝʪʠʱʘ 

ʠ ʤʘʛʘʟʠʥʠ. ʄʝʪʦʜʠ, ʙʘʟʠʨʘʥʠ ʥʘ ʥʘʥʦʯʘʩʪʠʮʠ, ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʠʟʧʦʣʟʚʘʥʠ ʟʘ ʘʥʘʣʠʟ ʥʘ 

ʢʦʥʪʘʤʠʥʠʨʘʥʠ ʩ ʚʠʨʫʩʠ ʧʨʦʙʠ ʦʪ ʧʘʮʠʝʥʪ, ʧʦʚʲʨʭʥʦʩʪ ʠ ʚʲʟʜʫʭ [1]. 

 

2. ʉʲʚʨʝʤʝʥʥʠ ʤʝʪʦʜʠ ʟʘ ʜʝʪʝʢʮʠʷ ʥʘ SARS-CoV-2  

ʂʦʥʚʝʥʮʠʦʥʘʣʥʠ ʤʝʪʦʜʠ ʟʘ ʦʪʢʨʠʚʘʥʝ ʥʘ SARS-CoV-2 ʩʘ ʧʦʣʠʤʝʨʘʟʥʘʪʘ ʚʝʨʠʞʥʘ 

ʨʝʘʢʮʠʷ ʩ ʦʙʨʘʪʥʘ ʪʨʘʥʩʢʨʠʧʮʠʷ (RT-PCR), ʢʦʤʧʶʪʲʨʥʘʪʘ ʪʦʤʦʛʨʘʬʠʷ (CT) ʠ 

ʩʝʢʚʝʥʠʨʘʥʝʪʦ ʦʪ ʩʣʝʜʚʘʱʦ ʧʦʢʦʣʝʥʠʝ (NGS) [1, 26, 40] (ʌʠʛ. 1). ʊʠʧʠʯʥʠʪʝ 
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ʜʠʘʛʥʦʩʪʠʯʥʠ ʪʝʭʥʠʢʠ ʟʘ ʦʪʢʨʠʚʘʥʝ ʥʘ COVID-19 ʩʘ RT-PCR ʠ CT ʥʘ ʛʨʲʜʥʠʷ ʢʦʰ. ɺ 

ʧʨʦʮʝʩ ʥʘ ʨʘʟʨʘʙʦʪʢʘ ʩʘ ʠ ʜʨʫʛʠ ʜʠʘʛʥʦʩʪʠʯʥʠ ʤʝʪʦʜʠ, ʢʘʪʦ CRISPR, SHERLOCK, RT-

LAMP, ELISA ʠ ʩʝʢʚʝʥʠʨʘʥʝ. ʊʝ ʤʦʛʘʪ ʜʘ ʧʦʜʦʙʨʷʪ ʪʦʯʥʦʩʪʪʘ ʠ ʜʘ ʩʚʝʜʘʪ ʜʦ ʤʠʥʠʤʫʤ 

ʚʨʝʤʝʪʦ ʟʘ ʜʝʪʝʢʮʠʷ ʥʘ ʚʠʨʫʩʘ [1, 9]. RT-PCR ʝ ʧʨʠʟʥʘʪ ʢʘʪʦ ʚʦʜʝʱʠ ̫ʠ ʥʘʡ-ʝʬʝʢʪʠʚʝʥ 

ʤʝʪʦʜ ʟʘ ʢʦʨʦʥʘʚʠʨʫʩʥʘ ʜʝʪʝʢʮʠʷ [1, 26]. 

 

ʌʠʛʫʨʘ 1. ʂʦʥʚʝʥʮʠʦʥʘʣʥʠ ʤʝʪʦʜʠ, ʠʟʧʦʣʟʚʘʥʠ ʟʘ ʜʝʪʝʢʮʠʷʪʘ ʥʘ SARS-CoV-2. 

(A) ʇʦʣʠʤʝʨʘʟʥʘ ʚʝʨʠʞʥʘ ʨʝʘʢʮʠʷ ʩ ʝʥʟʠʤʘ ʦʙʨʘʪʥʘ ʪʨʘʥʩʢʨʠʧʪʘʟʘ (RT-PCR). ʢɼʅʂ, 

ʢʦʤʧʣʝʤʝʥʪʘʨʥʘ ɼʅʂ. (B) ʂʦʤʧʶʪʲʨʥʘ ʪʦʤʦʛʨʘʬʠʷ. (C) ELISA ʘʥʘʣʠʟ. 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʀʟʪʦʯʥʠʢ: Gupta et al. [9].  

 

2.1. ʇʦʣʠʤʝʨʘʟʥʘ ʚʝʨʠʞʥʘ ʨʝʘʢʮʠʷ ʩ ʝʥʟʠʤʘ ʦʙʨʘʪʥʘ ʪʨʘʥʩʢʨʠʧʪʘʟʘ (RT-

PCR) 

RT-PCR ʩʝ ʠʟʧʦʣʟʚʘ ʰʠʨʦʢʦ ʟʘ ʜʝʪʝʢʮʠʷʪʘ ʥʘ COVID-19. ɹʘʟʠʨʘ ʩʝ ʥʘ ʩʠʥʪʝʟʘ ʥʘ 

ʢɼʅʂ ʦʪ ʛʝʥʦʤʥʘ ʈʅʂ, ʧʦʩʣʝʜʚʘʥʦ ʦʪ ʘʤʧʣʠʬʠʢʘʮʠʷ [26, 38]. ɸʤʧʣʠʬʠʢʘʮʠʷʪʘ ʥʘ 
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ʤʠʥʠʤʘʣʥʠ ʢʦʣʠʯʝʩʪʚʘ ʚʠʨʫʩʝʥ ʛʝʥʝʪʠʯʝʥ ʤʘʪʝʨʠʘʣ ʚ ʩʤʝʩ ʩ ʜʨʫʛʠ ʥʫʢʣʝʠʥʦʚʠ ʢʠʩʝʣʠʥʠ 

ʩʝ ʠʟʚʲʨʰʚʘ ʝʬʝʢʪʠʚʥʦ ʯʨʝʟ RT-PCR. ʇʦʥʘʩʪʦʷʱʝʤ ʪʘʟʠ ʪʝʭʥʠʢʘ ʝ ʟʣʘʪʥʠʷʪ ʩʪʘʥʜʘʨʪ ʟʘ 

ʦʪʢʨʠʚʘʥʝ ʥʘ SARS-CoV-2 ʚ ʧʨʦʙʠ, ʚʟʝʪʠ ʦʪ ʛʦʨʥʠʪʝ ʜʠʭʘʪʝʣʥʠ ʧʲʪʠʱʘ. ɺ ʥ̫ʢʦʣʢʦ 

ʧʨʦʫʯʚʘʥʠʷ ʩʘ ʠʟʧʦʣʟʚʘʥʠ ʧʨʦʙʠ ʦʪ ʩʝʨʫʤ, ʦʯʠ ʠ ʠʟʧʨʘʞʥʝʥʠʷ ʟʘ ʦʩʲʱʝʩʪʚʷʚʘʥʝ ʥʘ RT-

PCR-ʙʘʟʠʨʘʥʘ ʜʝʪʝʢʮʠʷ. ɼʨʫʛ ʤʝʪʦʜ ʠʟʧʦʣʟʚʘ ʩʘʤʦʩʪʦʷʪʝʣʥʦ ʚʟʝʪʠ ʧʨʦʙʠ ʦʪ ʩʣʶʥʢʘ ʢʘʪʦ 

ʝʜʥʘ ʥʝʠʥʚʘʟʠʚʥʘ ʠ ʩʠʛʫʨʥʘ ʪʝʭʥʠʢʘ ʟʘ ʤʝʜʠʮʠʥʩʢʠʷ ʧʝʨʩʦʥʘʣ ʧʨʝʜʠ ʠʟʚʲʨʰʚʘʥʝ ʥʘ RT-

PCR. ʇʨʠ ʪʦʟʠ ʤʝʪʦʜ, ʦʙʨʘʪʥʘʪʘ ʪʨʘʥʩʢʨʠʧʪʘʟʘ ʧʲʨʚʦ ʧʨʝʚʨʲʱʘ ʚʠʨʫʩʥʠʷ ʈʅʂ ʛʝʥʦʤ ʚ 

ɼʅʂ, ʢʘʪʦ ʠʟʧʦʣʟʚʘ ʢʲʩʘ ʧʦʩʣʝʜʦʚʘʪʝʣʥʦʩʪ ʦʪ ʥʫʢʣʝʦʪʠʜʠ - ʧʨʘʡʤʝʨ ʠ ʛʝʥʝʨʠʨʘ 

ʢʦʤʧʣʝʤʝʥʪʘʨʥʘ ɼʅʂ (ʢɼʅʂ). ʉʣʝʜ ʪʦʚʘ ʯʨʝʟ ʬʣʫʦʨʝʩʮʝʥʪʥʦ ʙʘʛʨʠʣʦ ʠʣʠ 

ʬʣʫʦʨʝʩʮʝʥʪʥʦ ʙʝʣʷʟʘʥʘ ʩʧʝʮʠʬʠʯʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʥʦʩʪ ʦʪ ɼʅʂ ʩʝ ʧʨʦʩʣʝʜʷʚʘ 

ʘʤʧʣʠʬʠʢʘʮʠʷʪʘ ʥʘ ɼʅʂ ʚ ʨʝʘʣʥʦ ʚʨʝʤʝ. ʀ ʥʘʢʨʘʷ, ʯʨʝʟ ʬʣʫʦʨʝʩʮʝʥʪʝʥ ʠʣʠ 

ʝʣʝʢʪʨʠʯʝʩʢʠ ʩʠʛʥʘʣ ʩʝ ʜʝʪʝʢʪʠʨʘ ʚʠʨʫʩʥʘʪʘ ʢɼʅʂ ʩʣʝʜ ʥʷʢʦʣʢʦ ʧʦʩʣʝʜʦʚʘʪʝʣʥʠ 

ʘʤʧʣʠʬʠʢʘʮʠʦʥʥʠ ʮʠʢʲʣʘ [1, 9, 22]. 

ʂʦʥʚʝʥʮʠʦʥʘʣʥʠʪʝ RT-PCR ʘʥʘʣʠʟʠ ʚʢʣʶʯʚʘʪ ʝʜʥʦʝʪʘʧʥʠ ʠʣʠ ʜʚʫʝʪʘʧʥʠ 

ʧʦʜʭʦʜʠ. ɽʜʥʦʝʪʘʧʥʠʪʝ ʤʝʪʦʜʠ ʠʟʧʦʣʟʚʘʪ ʝʜʥʘ ʝʧʨʫʚʝʪʢʘ, ʩʲʜʲʨʞʘʱʘ ʢʘʢʪʦ 

ʢʦʤʧʦʥʝʥʪʠʪʝ ʟʘ ʦʙʨʘʪʥʘʪʘ ʪʨʘʥʩʢʨʠʧʩʮʠʷ, ʪʘʢʘ ʠ ʟʘ ʘʤʧʣʠʬʠʢʘʮʠʷʪʘ. ɼʚʫʝʪʘʧʥʘʪʘ 

ʧʨʦʮʝʜʫʨʘ ʨʘʟʜʝʣʷ ʜʚʘʪʘ ʧʨʦʮʝʩʘ. ʊ ̫ʦʩʠʛʫʨʷʚʘ ʧʦ-ʧʨʝʜʧʘʟʣʠʚʠ ʠ ʛʲʚʢʘʚʠ ʫʩʣʦʚʠʷ ʟʘ 

ʨʘʙʦʪʘ. ʉʲʱʦ ʪʘʢʘ, ʧʨʠ ʪʦʟʠ ʤʝʪʦʜ ʢɼʅʂ ʤʦʞʝ ʜʘ ʙʲʜʝ ʩʲʭʨʘʥʝʥʘ ʟʘ ʢʦʣʠʯʝʩʪʚʝʥʦ 

ʦʧʨʝʜʝʣʷʥʝ ʥʘ ʨʘʟʣʠʯʥʠ ʮʝʣʠ ʩ ʧʦ-ʤʘʣʢʦ ʠʟʭʦʜʥʠ ʤʘʪʝʨʠʘʣʠ. ɺʲʧʨʝʢʠ ʪʦʚʘ, 

ʩʪʘʥʜʘʨʪʥʠʷʪ ʤʝʪʦʜ ʟʘ ʦʪʢʨʠʚʘʥʝ ʥʘ SARS-CoV-2 ʝ ʝʜʥʦʝʪʘʧʥʠʷʪ ʧʦʜʭʦʜ, ʪʲʡ ʢʘʪʦ ʝ ʧʦ-

ʙʲʨʟ, ʠʟʠʩʢʚʘ ʧʦ-ʤʘʣʢʦ ʤʘʥʠʧʫʣʠʨʘʥʝ ʥʘ ʧʨʦʙʠʪʝ, ʥʘʤʘʣʷʚʘ ʚʨʝʤʝʪʦ ʟʘ ʘʥʘʣʠʟ ʠ 

ʥʘʤʘʣʷʚʘ ʛʨʝʰʢʠʪʝ ʧʨʠ ʧʠʧʝʪʠʨʘʥʝ [9, 43]. 

ɼʝʪʝʢʪʠʨʘʥʝʪʦ, ʙʘʟʠʨʘʥʦ ʥʘ RT-PCR, ʩʲʱʦ ʝ ʩʚʲʨʟʘʥʦ ʩ ʬʘʣʰʠʚʦ-ʦʪʨʠʮʘʪʝʣʥʠ 

ʨʝʟʫʣʪʘʪʠ, ʢʦʝʪʦ ʤʦʞʝ ʜʘ ʩʝ ʜʲʣʞʠ ʥʘ ʥʠʩʲʢ ʚʠʨʫʩʝʥ ʪʦʚʘʨ ʚ ʛʲʨʣʦʪʦ ʥʘ ʧʘʮʠʝʥʪʠʪʝ, 

ʥʝʧʨʘʚʠʣʥʦ ʙʦʨʘʚʝʥʝ ʩ ʈʅʂ ʧʨʦʙʠʪʝ ʠʣʠ ʣʠʧʩʘ ʥʘ ʜʦʩʪʘʪʲʯʥʦ ʚʲʪʨʝʰʥʠ ʢʦʥʪʨʦʣʠ [8, 9, 

16]. ʆʩʥʦʚʥʠʷʪ ʧʨʦʙʣʝʤ ʥʘ RT-PCR ʝ ʥʝʛʦʚʘʪʘ ʥʠʩʢʘ ʯʫʚʩʪʚʠʪʝʣʥʦʩʪ ʢʲʤ ʘʥʘʣʠʟʠʨʘʥʝ 

ʩʲʩʪʦʷʥʠʝʪʦ ʥʘ ʙʝʣʠʪʝ ʜʨʦʙʦʚʝ. ɼʨʫʛʘ ʧʨʝʯʢʘ ʝ ʥʠʩʢʘʪʘ ʯʫʚʩʪʚʠʪʝʣʥʦʩʪ ʧʨʠ ʘʥʘʣʠʟ ʥʘ 

ʢʨʲʚʥʠ ʧʨʦʙʠ ʧʦʨʘʜʠ ʤʘʣʢʠʪʝ ʢʦʣʠʯʝʩʪʚʘ ʚʠʨʫʩ ʚ ʢʨʲʚʪʘ [26].  

 

2.2. ʂʦʤʧʶʪʲʨʥʘ ʪʦʤʦʛʨʘʬʠʷ (CT) 

ɼʨʫʛ ʤʝʪʦʜ ʟʘ ʜʝʪʝʢʪʠʨʘʥʝ ʠ ʩʧʨʘʚʷʥʝ ʩʲʩ ʟʘʙʦʣʷʚʘʥʝʪʦ COVID-19 ʝ 

ʢʦʤʧʶʪʲʨʥʘʪʘ ʪʦʤʦʛʨʘʬʠʷ ʥʘ ʛʨʲʜʥʠʷ ʢʦʰ. ʇʨʠ ʥʝʷ ʩʝ ʠʟʧʦʣʟʚʘ ʨʝʥʪʛʝʥʦʚʦ 
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ʠʟʦʙʨʘʞʝʥʠʝ ʥʘ ʛʨʲʜʥʠʷ ʢʦʰ ʥʘ ʧʘʮʠʝʥʪʘ ʧʦʜ ʨʘʟʣʠʯʥʠ ʲʛʣʠ. ʉʧʦʨʝʜ ʨʘʜʠʦʣʦʛʠʯʥʠʪʝ 

ʜʦʢʣʘʜʠ, ʚʩʠʯʢʠ ʥʝʦʙʠʯʘʡʥʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʠʟʦʙʨʘʞʝʥʠʝʪʦ ʦʪ ʢʦʤʧʶʪʲʨʥʘʪʘ 

ʪʦʤʦʛʨʘʬʠʷ ʤʦʞʝ ʜʘ ʩʝ ʜʲʣʞʘʪ ʥʘ ʟʘʨʘʟʷʚʘʥʝ ʩ COVID-19. ʊʠʧʠʯʥʦ ʥʘʙʣʶʜʘʚʘʥʠʪʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʠ ʩʢʘʥʠʨʘʥʝ ʥʘ ʛʨʲʜʥʠʷ ʢʦʰ ʥʘ ʧʘʮʠʝʥʪ ʩ COVID-19 ʩʘ ʠʟʤʝʥʝʥʠʷ, 

ʥʘʨʝʯʝʥʠ Ăʥʝʧʨʦʟʨʘʯʥʦʩʪ ʪʠʧ ʤʘʪʦʚʦ ʩʪʲʢʣʦñ (GGO), ʦʩʦʙʝʥʦ ʥʘ ʧʝʨʠʬʝʨʥʠʪʝ ʠ ʜʦʣʥʠʪʝ 

ʣʦʙʦʚʝ, ʢʦʥʩʦʣʠʜʘʮʠʠ (ʧʦʚʠʰʘʚʘʥʝ ʥʘ ʥʝʧʨʦʟʨʘʯʥʦʩʪʪʘ ʥʘ ʧʘʨʝʥʭʠʤʘ, ʢʦʝʪʦ ʚʦʜʠ ʜʦ 

ʧʦʢʨʠʚʘʥʝ ʥʘ ʧʦʜʣʝʞʘʱʠʪʝ ʩʲʜʦʚʝ), ʧʨʦʤʝʥʠ ʪʠʧ Ăcrazy-pavingñ (GGO ʩ ʠʥʪʨʘʣʦʙʫʣʘʨʥʦ 

ʠ ʠʥʪʝʨʣʦʙʫʣʘʨʥʦ ʩʝʧʪʘʣʥʦ ʫʜʝʙʝʣʷʚʘʥʝ) ʠ ʣʠʥʝʡʥʠ ʥʝʧʨʦʟʨʘʯʥʦʩʪʠ. CT ʩ ʚʠʩʦʢʘ 

ʨʘʟʜʝʣʠʪʝʣʥʘ ʩʧʦʩʦʙʥʦʩʪ ʤʦʞʝ ʜʘ ʧʦʤʦʛʥʝ ʧʨʠ ʜʝʪʝʢʪʠʨʘʥʝ ʥʘ GGO ʚ ʨʘʥʥʠʪʝ ʝʪʘʧʠ ʥʘ 

ʠʥʬʝʢʮʠʷʪʘ [9, 26, 40].  

CT ʯʫʚʩʪʚʠʪʝʣʥʦʩʪʪʘ ʝ ʧʦ-ʚʠʩʦʢʘ ʧʨʠ ʧʘʮʠʝʥʪʠ ʩ ʧʦʣʦʞʠʪʝʣʝʥ RT-PCR (86ï97% 

ʚ ʨʘʟʣʠʯʥʠ ʧʨʦʫʯʚʘʥʠʷ) ʠ ʧʦ-ʥʠʩʢʘ ʧʨʠ ʧʘʮʠʝʥʪʠ ʩ ʦʙʱʠ ʠ ʥʝʨʝʩʧʠʨʘʪʦʨʥʠ ʩʠʤʧʪʦʤʠ 

(ʦʢʦʣʦ 50%). ʋʣʪʨʘʟʚʫʢʲʪ ʩʲʱʦ ʩʝ ʠʟʧʦʣʟʚʘ ʢʘʪʦ ʜʠʘʛʥʦʩʪʠʯʝʥ ʠʥʩʪʨʫʤʝʥʪ ʚ ʤʘʣʲʢ ʙʨʦʡ 

ʩʣʫʯʘʠ. ʋʣʪʨʘʟʚʫʢʲʪ ʠʤʘ ʤʥʦʛʦ ʥʠʩʢʘ ʩʧʝʮʠʬʠʯʥʦʩʪ ʠ ʚʲʧʨʝʢʠ ʯʝ ʩʝ ʚʣʠʷʝ ʦʪ 

ʟʘʙʦʣʷʚʘʥʝʪʦ, ʪʝʛʣʦʪʦ ʥʘ ʧʘʮʠʝʥʪʘ ʠ ʩʨʲʯʥʦʩʪʪʘ ʥʘ ʦʧʝʨʘʪʦʨʘ, ʯʫʚʩʪʚʠʪʝʣʥʦʩʪʪʘ ʧʨʠ 

ʪʦʟʠ ʤʝʪʦʜ ʩʝ ʦʮʝʥʷʚʘ ʥʘ ʦʢʦʣʦ 75%. ɺʲʧʨʝʢʠ ʪʦʚʘ, ʫʣʪʨʘʟʚʫʢʲʪ ʤʦʞʝ ʜʘ ʠʛʨʘʝ ʨʦʣʷ ʚ 

ʥʘʙʣʶʜʝʥʠʝ ʥʘ ʥʘʧʨʝʜʚʘʥʝʪʦ ʥʘ ʟʘʙʦʣʷʚʘʥʝʪʦ ʯʨʝʟ ʜʝʪʝʢʮʠʷ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ 

ʠʥʪʝʨʩʪʠʮʠʘʣʥʘ ʙʝʣʦʜʨʦʙʥʘ ʙʦʣʝʩʪ [26]. 

 

2.3. SHERLOCK  

ɺ ʜʦʧʲʣʥʝʥʠʝ ʢʲʤ RT-PCR ʠ CT, ʟʘ ʜʝʪʝʢʮʠʷʪʘ ʥʘ SARS-CoV-2 ʩʘ ʨʘʟʨʘʙʦʪʝʥʠ ʠ 

ʜʨʫʛʠ ʪʝʭʥʠʢʠ. ʂʘʢʪʦ ʝ ʦʧʠʩʘʥʦ ʦʪ Gupta et al., SHERLOCK ʝ ʨʘʟʨʘʙʦʪʝʥ ʦʪ Zhang et al. 

[45] Ăʟʘ ʜʝʪʝʢʪʠʨʘʥʝ ʥʘ ʈʅʂ ʬʨʘʛʤʝʥʪʠ ʥʘ SARS-CoV-2 ʩ ʢʦʥʮʝʥʪʨʘʮʠʷ 10ï100 ʢʦʧʠʷ/ɛl. 

ʆʩʥʦʚʥʠʷʪ ʧʨʠʥʮʠʧ ʥʘ SHERLOCK- ʙʘʟʠʨʘʥʘʪʘ ʜʠʘʛʥʦʩʪʠʢʘ ʝ ʜʝʪʝʢʪʠʨʘʥʝ, ʙʘʟʠʨʘʥʦ ʥʘ 

CRISPR. ʊʦʟʠ ʪʝʩʪ ʤʦʞʝ ʜʘ ʙʲʜʝ ʠʟʚʲʨʰʝʥ ʟʘ < 60 ʤʠʥʫʪʠ, ʙʝʟ ʥʝʦʙʭʦʜʠʤʦʩʪ ʦʪ 

ʩʧʝʮʠʬʠʯʥʠ ʠʥʩʪʨʫʤʝʥʪʠ. ʊʝ ʠʟʙʠʨʘʪ ʜʚʘ ʮʝʣʝʚʠ ʛʝʥʘ, S ʛʝʥʘ ʠ Orf1ab ʛʝʥʘ, ʦʪ ʛʝʥʦʤʘ 

ʥʘ SARS-CoV-2. ɿʘ ʜʘ ʩʝ ʩʚʝʜʝ ʜʦ ʤʠʥʠʤʫʤ ʢʨʲʩʪʦʩʘʥʘʪʘ ʨʝʘʢʪʠʚʥʦʩʪ ʩ ʜʨʫʛʠ 

ʨʝʩʧʠʨʘʪʦʨʥʠ ʚʠʨʫʩʥʠ ʛʝʥʦʤʠ, ʪʝ ʠʟʙʠʨʘʪ ʠ ʩʧʝʮʠʬʠʯʥʠ ʥʘʩʦʯʚʘʱʠ ʩʝʢʚʝʥʮʠʠ.ñ [9].  

 

2.4. RT-LAMP  

ʆʧʪʠʤʠʟʠʨʘʥʠʷʪ ʤʝʪʦʜ ʟʘ ʜʝʪʝʢʮʠʷ, ʙʘʟʠʨʘʥ ʥʘ RT-LAMP, ʠʤʘ ʧʦ-ʛʦʣʷʤʘ 

ʯʫʚʩʪʚʠʪʝʣʥʦʩʪ ʦʪ ʪʨʘʜʠʮʠʦʥʥʠʪʝ RT-PCR ʤʝʪʦʜʠ ʠ ʠʟʠʩʢʚʘ ʧʦ-ʤʘʣʢʦ ʚʨʝʤʝ (ʬʠʛ. 2). ɺ 
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ʨʝʟʫʣʪʘʪ ʥʘ ʪʦʚʘ ʪʦʟʠ ʧʨʦʮʝʩ ʤʦʞʝ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘ ʟʘ ʙʲʨʟʦ ʜʠʘʛʥʦʩʪʠʮʠʨʘʥʝ ʥʘ 

ʢʦʨʦʥʘʚʠʨʫʩʥʠ ʟʘʙʦʣʷʚʘʥʠʷ ʠ ʫʚʝʣʠʯʘʚʘʥʝ ʥʘ ʢʘʧʘʮʠʪʝʪʘ ʟʘ ʪʝʩʪʚʘʥʝ ʩ 2ï2,5 ʧʲʪʠ [9, 13].  

ʌʠʛʫʨʘ 2. ʉʨʘʚʥʝʥʠʝ ʥʘ ʨʘʙʦʪʥʠʷ ʧʨʦʮʝʩ ʧʨʠ RT-LAMP ʠ qRT-PCR ʘʥʘʣʠʟʠ ʧʨʠ ʩʧʝʰʥʠ 

ʩʣʫʯʘʠ (ʘʤʙʫʣʘʪʦʨʥʠ ʧʘʮʠʝʥʪʠ) ʠ ʙʦʣʥʠʯʥʠ ʧʘʮʠʝʥʪʠ. RT-LAMP ʘʥʘʣʠʟʘ ʝ 2ï2,5 ʧʲʪʠ ʧʦ-ʙʲʨʟ 

ʦʪ qRT-PCR ʘʥʘʣʠʟʠʪʝ ʠ ʧʨʦʙʘʪʘ ʤʦʞʝ ʜʘ ʙ̡ ʜʝ ʪʨʘʥʩʧʦʨʪʠʨʘʘ ʧʨʠ ʩʪʘʡʥʘ ʪʝʤʧʝʨʘʪʫʨʘ.  

 

ʀʟʪʦʯʥʠʢ: Jiang et al. [13]. 

 

Gupta et al. ʦʙʦʙʱʘʚʘʪ ʥʘʩʪʦʷʱʠʪʝ ʪʝʭʥʠʢʠ ʟʘ ʜʝʪʝʢʮʠʷ ʥʘ ʠʥʬʝʢʮʠʷ ʦʪ SARS-

CoV-2 ʚʲʚ ʌʠʛ. 3 9. 

ʌʠʛʫʨʘ 3. ʊʝʭʥʠʢʠ, ʠʟʧʦʣʟʚʘʥʠ ʟʘ ʜʝʪʝʢʮʠʷ ʥʘ ʪʝʞʲʢ ʦʩʪʲʨ ʨʝʩʧʠʨʘʪʦʨʝʥ ʩʠʥʜʨʦʤ 

ʢʦʨʦʥʘʚʠʨʫʩ 2 (SARS-CoV-2). 

ʊʝʭʥʠʢʘ ʟʘ ʜʝʪʝʢʮʠʷ ʥʘ SARS-

CoV-2 

ʇʨʦʮʝʜʫʨʘ ʆʪʣʠʯʠʪʝʣʥʠ ʯʝʨʪʠ 

CT ʥʘ ʛʨʲʜʝʥ ʢʦʰ ɻʨʲʜʥʠʷ ʢʦʰ ʥʘ ʧʘʮʠʝʥʪʘ ʝ 

ʧʦʜʣʦʞʝʥ ʥʘ ʨʝʥʪʛʝʥʦʚʠ ʣʲʯʠ 

ʧʦʜ ʨʘʟʣʠʯʝʥ ʲʛʲʣ 

¶ ʅʝʠʥʚʘʟʠʚʝʥ 

¶ ʇʨʠʧʦʢʨʠʚʘʥʝ ʩ ʚʠʨʫʩʥʘ 

ʧʥʝʚʤʦʥʠʷ. 

ʅʝʫʙʝʜʠʪʝʣʥʘ ʟʘ 

ʜʠʘʛʥʦʩʪʠʮʠʨʘʥʝ ʥʘ 

SARS-CoV-2 
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RT-PCR ɸʤʧʣʠʬʠʢʘʮʠʷ ʥʘ ʚʠʨʫʩʥʘ 

ʛʝʥʦʤʥʘ ʈʅʂ 
¶ ʇʦ-ʤʘʣʢʦ ʢʦʣʠʯʝʩʪʚʦ 

ʧʨʦʙʘ 

¶ ɿʣʘʪʝʥ ʩʪʘʥʜʘʨʪ 

RT-LAMP ɸʤʧʣʠʬʠʢʘʮʠʷ ʩ 4 ʨʘʟʣʠʯʥʠ 

ʧʨʘʡʤʝʨʥʠ ʩʠʩʪʝʤʠ ʧʨʠ ʝʜʥʘ 

ʪʝʤʧʝʨʘʪʫʨʘ 

¶ ʈʝʥʪʘʙʠʣʝʥ 

¶ ɹʲʨʟ (13 ʤʠʥ. ʠʣʠ ʧʦ-

ʤʘʣʢʦ) 

¶ ʅʝʦʙʭʦʜʠʤʠ ʩʘ 

ʪʝʨʤʦʙʣʦʢ ʠʣʠ ʚʦʜʥʘ 

ʙʘʥʷ ʚʤʝʩʪʦ PCR 

ʘʧʘʨʘʪʫʨʘ 

ʊʨʘʥʩʢʨʠʧʮʠʦʥʥʦ-ʤʝʜʠʠʨʘʥʘ 

ʘʤʧʣʠʬʠʢʘʮʠʷ 

ɸʤʧʣʠʬʠʢʘʮʠʷ ʥʘ ʩʧʝʮʠʬʠʯʝʥ 

ʫʯʘʩʪʲʢ ʦʪ ʈʅʂ/ɼʅʂ 
¶ ʇʨʦʜʫʮʠʨʘ ʈʅʂ 

ʘʤʧʣʠʢʦʥ 

¶ ɹʲʨʟʘ ʢʠʥʝʪʠʢʘ 

¶ ʅʘʤʥʦʞʘʚʘ 10 ʤʠʣʠʘʨʜʘ 

ʧʲʪʠ ʟʘ 15-30 ʤʠʥʫʪʠ 

SHERLOCK ʙʘʟʠʨʘʥ ʥʘ CRISPR 

ʘʥʘʣʠʟ 

ʀʟʨʷʟʚʘʥʝ ʥʘ ʨʝʧʦʨʪʝʨʥʘ ʈʅʂ 

ʩʝʢʚʝʥʮʠʷ ʧʨʠ ʘʢʪʠʚʠʨʘʥʝ ʥʘ 

SARS-CoV-2 ʩʧʝʮʠʬʠʯʥʘ 

ʚʦʜʝʱʘ ʈʅʂ ʩʝʢʚʝʥʮʠʷ 

¶ ɽʚʪʠʥ 

¶ ɺʨʝʤʝ ʟʘ ʦʙʨʘʙʦʪʢʘ ʥʘ 

ʧʨʦʙʠʪʝ - 1 ʯʘʩ 

¶ ʅʷʤʘ ʩʣʦʞʥʘ ʘʧʘʨʘʪʫʨʘ 

ʄʝʪʘʛʝʥʦʤʥʦ ʩʝʢʚʝʥʠʨʘʥʝ ʉʝʢʚʝʥʮʠʦʥʥʦ ʥʝʟʘʚʠʩʠʤʘ 

ʘʤʧʣʠʬʠʢʘʮʠʷ ʩ ʝʜʠʥ ʧʨʘʡʤʝʨ 
¶ ʆʧʨʝʜʝʣʷ ʩʪʝʧʝʥʪʘ ʥʘ 

ʤʫʪʘʮʠʷ ʥʘ SARS-CoV-2 

ELISA ɸʥʪʠʚʠʨʫʩʥʠ ʘʥʪʠʪʝʣʘ ʩʝ 

ʩʚʲʨʟʚʘʪ ʢʲʤ ʚʠʨʫʩʥʠ ʙʝʣʪʲʮʠ, 

ʘʜʩʦʨʙʠʨʘʥʠ ʚʲʨʭʫ 

ʧʦʚʲʨʭʥʦʩʪʪʘ ʥʘ ʷʤʢʠ. 

ʀʟʣʲʯʚʘʥʝ ʥʘ ʢʦʣʦʨʠʤʝʪʨʠʯʝʥ / 

ʬʣʫʦʨʠʤʝʪʨʠʯʝʥ ʩʠʛʥʘʣ ʦʪ 

ʚʪʦʨʠʯʥʦ ʘʥʪʠʪʷʣʦ. 

¶ ɹʲʨʟ 

¶ ʊʝʩʪʚʘʥʝ ʥʘ ʤʷʩʪʦ 

ʃʘʪʝʨʘʣʝʥ ʧʦʪʦʯʝʥ ʠʤʫʥʦʘʥʘʣʠʟ ʇʨʦʙʘʪʘ ʧʨʝʤʠʥʘʚʘ ʧʨʝʟ 

ʠʤʦʙʠʣʠʟʠʨʘʥ ʚʠʨʫʩʝʥ ʘʥʪʠʛʝʥ. 

ʇʨʠ ʥʘʣʠʯʠʝ ʥʘ ʘʥʪʠ-CoV 

ʘʥʪʠʪʝʣʘ ʩʝ ʧʦʷʚʷʚʘ ʦʮʚʝʪʷʚʘʥʝ. 

¶ ɹʲʨʟ (10-30 ʤʠʥʫʪʠ) 

¶ ʄʘʣʲʢ, ʧʦʜʚʠʞʝʥ 

¶ ʈʝʥʪʘʙʠʣʝʥ 

¶ ɹʝʟ ʥʝʦʙʭʦʜʠʤʦʩʪ ʦʪ 

ʦʙʫʯʝʥ ʧʝʨʩʦʥʘʣ 

ʀʟʪʦʯʥʠʢ: Gupta et al, [9].  

 

3. ʅʘʥʦʤʘʪʝʨʠʘʣʠ ʟʘ ʜʝʪʝʢʮʠʷ ʥʘ SARS-CoV-2 

ʅʘʩʪʦʷʱʠʷʪ ʤʝʪʦʜ ʟʘ ʜʝʪʝʢʮʠʷ ʥʘ COVID-19 ʠʥʬʝʢʮʠʷ ʝ ʪʝʩʪʚʘʥʝ ʥʘ ʥʫʢʣʝʠʥʦʚʘ 

ʢʠʩʝʣʠʥʘ ʯʨʝʟ ʧʦʣʠʤʝʨʘʟʥʘ ʚʝʨʠʞʥʘ ʨʝʘʢʮʠʷ ʠ ʦʙʨʘʪʥʘ ʪʨʘʥʩʢʨʠʧʮʠʷ (RT-PCR). 

ɺʲʧʨʝʢʠ ʯʝ RT-PCR ʩʝ ʠʟʧʦʣʟʚʘ ʰʠʨʦʢʦ ʟʘ ʦʪʢʨʠʚʘʥʝ ʥʘ COVID-19, ʧʨʠ ʪʦʟʠ ʤʝʪʦʜ ʠʤʘ 

ʥʷʢʦʣʢʦ ʧʨʦʙʣʝʤʘ [3, 14, 29, 35].  

a. ʌʘʣʰʠʚʦ-ʦʪʨʠʮʘʪʝʣʥʠ ʨʝʟʫʣʪʘʪʠ; 

b. ʆʪʥʝʤʘ ʤʥʦʛʦ ʚʨʝʤʝ; 
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c. RT-PCR ʥʝ ʝ ʩʧʦʩʦʙʝʥ ʜʘ ʜʝʪʝʢʪʠʨʘ ʘʩʠʤʧʪʦʤʥʠ ʧʘʮʠʝʥʪʠ, ʪʲʡ ʢʘʪʦ ʝ 

ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʩʲʩʪʚʠʝ ʥʘ SARS-CoV-2 ʚ ʩʲʙʨʘʥʠʪʝ ʧʨʦʙʠ; 

d. ʉʣʘʙʘ ʘʥʘʣʠʪʠʯʥʘ ʯʫʚʩʪʚʠʪʝʣʥʦʩʪ; 

e. ʊʨʫʜʦʝʤʲʢ; 

f. ɿʜʨʘʚʥʠʪʝ ʮʝʥʪʨʦʚʝ ʚ ʠʟʚʲʥʛʨʘʜʩʢʠ ʫʩʣʦʚʠʷ ʥʷʤʘʪ ʘʜʝʢʚʘʪʥʘ PCR 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ, ʢʦʷʪʦ ʜʘ ʧʦʝʤʝ ʛʦʣʝʤʠ ʢʦʣʠʯʝʩʪʚʘ ʧʨʦʙʠ; 

g. ʉʢʲʧ; 

h. ʅʘʣʠʯʠʝʪʦ ʥʘ RT-PCR ʢʠʪʦʚʝ ʠ ʨʝʘʛʝʥʪʠ ʥʝ ʤʦʞʝ ʜʘ ʦʪʛʦʚʦʨʠ ʥʘ ʥʘʨʘʩʥʘʣʦʪʦ 

ʪʲʨʩʝʥʝ. 

ʅʘʩʪʦʷʱʘʪʘ ʩʠʪʫʘʮʠʷ ʠʟʠʩʢʚʘ ʨʘʟʨʘʙʦʪʚʘʥʝ ʥʘ ʪʝʭʥʠʢʠ ʟʘ ʜʝʪʝʢʮʠʷ, ʢʦʠʪʦ ʩʘ 

ʙʲʨʟʠ, ʨʝʥʪʘʙʠʣʥʠ ʠ ʣʝʩʥʠ ʟʘ ʨʘʙʦʪʘ. ɿʘ ʜʘ ʩʝ ʧʨʝʦʜʦʣʝʷʪ ʦʛʨʘʥʠʯʝʥʠʷʪʘ ʥʘ 

ʪʨʘʜʠʮʠʦʥʥʠʪʝ ʤʝʪʦʜʠ, ʝ ʥʝʦʙʭʦʜʠʤ ʧʦʜʦʙʨʝʥ ʤʫʣʪʠʜʠʩʮʠʧʣʠʥʘʨʝʥ ʧʦʜʭʦʜ. 

ʊʝʭʥʦʣʦʛʠʯʥʠʪʝ ʨʝʰʝʥʠʷ, ʙʘʟʠʨʘʥʠ ʥʘ ʥʘʥʦʤʘʪʝʨʠʘʣʠ, ʧʨʝʜʦʩʪʘʚʷʪ ʨʘʟʣʠʯʥʠ 

ʚʲʟʤʦʞʥʦʩʪʠ ʟʘ ʙʦʨʙʘ ʩ ʚʠʨʫʩʘ [10, 32]. 

 

3.1 ʉʚʦʡʩʪʚʘ ʥʘ ʥʘʥʦʤʘʪʝʨʠʘʣʠʪʝ 

ʋʥʠʢʘʣʥʠʪʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʥʘʥʦʯʘʩʪʠʮʠʪʝ ʠʛʨʘʷʪ ʨʝʰʘʚʘʱʘ ʨʦʣʷ ʚ 

ʩʧʨʘʚʷʥʝʪʦ ʩ ʧʘʥʜʝʤʠʷʪʘ ʠ ʩʤʝʢʯʘʚʘʥʝʪʦ ʥʘ ʙʲʜʝʱʠ ʝʧʠʜʝʤʠʠ. ʅʘʥʦʯʘʩʪʠʮʠʪʝ ʧʦʢʘʟʚʘʪ 

ʦʪʣʠʯʠʪʝʣʥʠ ʩʚʦʡʩʪʚʘ ʢʘʪʦ: 

¶ ʤʘʣʲʢ ʨʘʟʤʝʨ; 

¶ ʨʘʟʪʚʦʨʠʤʦʩʪ; 

¶ ʤʫʣʪʠʬʫʥʢʮʠʦʥʘʣʥʦʩʪ; 

¶ ʚʲʟʤʦʞʥʦʩʪ ʜʘ ʩʝ ʥʘʩʦʯʚʘʪ ʢʲʤ ʞʝʣʘʥʘ ʮʝʣ; 

¶ ʨʝʘʛʠʨʘʱʠ ʥʘ ʩʪʠʤʫʣ; 

¶ ʛʦʣʷʤʘ ʧʦʚʲʨʭʥʦʩʪʥʘ ʧʣʦʱ;  

¶ ʧʦʚʲʨʭʥʦʩʪʥʘ ʘʜʘʧʪʠʚʥʦʩʪ. 

ʇʦʨʘʜʠ ʪʦʚʘ ʪʝ ʩʝ ʠʟʧʦʣʟʚʘʪ ʰʠʨʦʢʦ ʟʘ ʧʨʠʣʦʞʝʥʠʷ ʚ ʨʘʟʣʠʯʥʠ ʦʙʣʘʩʪʠ ʢʘʪʦ 

ʘʥʘʣʠʪʠʯʥʘ ʭʠʤʠʷ, ʬʘʨʤʘʮʠʷ, ʢʘʪʦ ʩʝʥʟʦʨʠ/ʙʠʦʩʝʥʟʦʨʠ, ʚ ʙʠʦʪʝʭʥʦʣʦʛʠʠʪʝ, 

ʥʘʥʦʤʝʜʠʮʠʥʘʪʘ, ʟʘ ʜʦʩʪʘʚʷʥʝ ʥʘ ʣʝʢʘʨʩʪʚʘ, ʟʘ ʙʠʦʣʦʛʠʯʥʘ ʜʝʪʝʢʮʠʷ, ʪʨʘʥʩʬʝʨ ʥʘ ʛʝʥʠ, 
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ʚ ʦʧʪʠʢʘʪʘ, ʧʨʠ ʟʘʟʜʨʘʚʷʚʘʥʝ ʥʘ ʨʘʥʠ, ʥʘʤʠʨʘʪ ʝʥʝʨʛʠʡʥʠ, ʩʝʣʩʢʦʩʪʦʧʘʥʩʢʠ ʠ 

ʝʢʦʣʦʛʠʯʥʠ ʧʨʠʣʦʞʝʥʠʷ. ʅʘʥʦʯʘʩʪʠʮʠʪʝ ʧʦʜʦʙʨʷʚʘʪ ʪʝʟʠ ʧʨʠʣʦʞʝʥʠʷ, ʢʘʪʦ ʧʨʝʜʦʩʪʘʚʷʪ 

ʧʦʚʠʰʝʥʘ ʧʨʦʠʟʚʦʜʠʪʝʣʥʦʩʪ ʩʲʩ ʟʥʘʯʠʪʝʣʥʘ ʧʝʨʩʧʝʢʪʠʚʘ ʟʘ ʚʥʝʜʨʷʚʘʥʝ ʚ ʤʠʥʠʘʪʶʨʥʘ 

ʪʝʭʥʠʢʘ, ʚʢʣʶʯʠʪʝʣʥʦ ʧʨʝʥʦʩʠʤʘ ʝʣʝʢʪʨʦʥʠʢʘ. ʉʣʝʜʦʚʘʪʝʣʥʦ, ʪʝ ʧʦʢʘʟʚʘʪ ʦʛʨʦʤʝʥ 

ʧʦʪʝʥʮʠʘʣ ʟʘ ʧʦʜʦʙʨʷʚʘʥʝ ʥʘ ʢʘʯʝʩʪʚʦʪʦ ʥʘ ʞʠʚʦʪ ʯʨʝʟ ʨʝʛʫʣʠʨʘʥʝ ʥʘ ʚʠʨʫʩʥʦʪʦ 

ʨʘʟʧʨʦʩʪʨʘʥʝʥʠʝ ʯʨʝʟ ʥʘʚʨʝʤʝʥʥʘ ʜʝʪʝʢʮʠʷ. ʅʘʥʦʯʘʩʪʠʮʠʪʝ ʠʤʘʪ ʧʦʥʝ ʝʜʥʘ ʨʘʟʤʝʨʥʦʩʪ 

ʚ ʥʘʥʦʤʝʪʨʦʚʠʷ ʜʠʘʧʘʟʦʥ (1 nm =10-9) (ʌʠʛ. 4) [1, 15, 30, 36].  

ʌʠʛʫʨʘ 4. ʉʢʘʣʘ ʥʘ ʥʘʥʦʯʘʩʪʠʮʠʪʝ ʩ ʥʷʢʦʠ ʧʨʠʤʝʨʠ. 

 

 

 

 

 

 

 

 

ʀʟʪʦʯʥʠʢ: Abdelhamid et al. [1].  

 

ɺʠʩʦʢʦʪʦ ʩʲʦʪʥʦʰʝʥʠʝ ʧʦʚʲʨʭʥʦʩʪ ʢʲʤ ʦʙʝʤ ʥʘ ʥʘʥʦʯʘʩʪʠʮʠʪʝ, ʚʠʩʦʢʘʪʘ 

ʘʜʩʦʨʙʮʠʷ, ʢʚʘʥʪʦʚʠʪʝ ʝʬʝʢʪʠ ʠ ʚʠʩʦʢʘʪʘ ʨʝʘʢʪʠʚʦʩʧʦʩʦʙʥʦʩʪ ʧʦʟʚʦʣʷʚʘʪ ʝʬʝʢʪʠʚʥʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʘʥʘʣʠʪʠʪʝ ʥʘ ʧʨʦʙʘʪʘ. ʆʩʚʝʥ ʪʦʚʘ, ʪʝ ʠʤʘʪ ʠʟʢʣʶʯʠʪʝʣʥʠ ʤʫʣʪʠʧʣʝʢʩ 

ʩʧʦʩʦʙʥʦʩʪʠ, ʢʦʝʪʦ ʛʠ ʧʨʘʚʠ ʧʦʜʭʦʜʷʱʠ ʟʘ ʚʢʣʶʯʚʘʥʝ ʚ ʥʘʡ-ʩʲʚʨʝʤʝʥʥʠʪʝ ʪʝʭʥʦʣʦʛʠʠ 

ʟʘ ʜʝʪʝʢʮʠʷ ʥʘ ʚʠʨʫʩʠ. ʅʘʥʦʯʘʩʪʠʮʠʪʝ ʧʨʝʜʣʘʛʘʪ ʠ ʣʝʩʥʘ ʧʦʚʲʨʭʥʦʩʪʥʘ 

ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʷ, ʢʦʝʪʦ ʧʨʝʜʧʦʣʘʛʘ, ʯʝ ʤʥʦʞʝʩʪʚʦ ʣʠʛʘʥʜʠ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʧʨʠʢʨʝʧʝʥʠ 

ʯʨʝʟ ʢʦʚʘʣʝʥʪʥʠ ʠʣʠ ʥʝʢʦʚʘʣʝʥʪʥʠ ʚʨʲʟʢʠ. ʊʦʚʘ ʜʦʧ̡ʣʥʠʪʝʣʥʦ ʧʦʜʦʙʨʷʚʘ 

ʩʝʣʝʢʪʠʚʥʦʩʪʪʘ ʠ ʥʘʤʘʣʷʚʘ ʚʨʝʤʝʪʦ ʟʘ ʜʝʪʝʢʮʠʷ. ɺ ʜʦʧʲʣʥʝʥʠʝ, ʥʘʥʦʤʘʪʝʨʠʘʣʠʪʝ ʤʦʛʘʪ 

ʜʘ ʩʝ ʠʟʧʦʣʟʚʘʪ ʠ ʢʘʪʦ ʤʘʨʢʝʨʠ ʟʘ ʫʚʝʣʠʯʘʚʘʥʝ ʥʘ ʜʝʪʝʢʪʠʨʘʥʠʷ ʩʠʛʥʘʣ, ʢʦʝʪʦ ʧʦʤʘʛʘ ʟʘ 

ʜʝʪʝʢʪʠʨʘʥʝ ʥʘ ʩʠʛʥʘʣʠ ʩ ʤʥʦʛʦ ʥʠʩʲʢ ʤʘʛʥʠʪʫʪ [32].  
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3.2 ʂʘʪʝʛʦʨʠʠ ʥʘʥʦʤʘʪʝʨʠʘʣʠ  

ʉʲʟʜʘʜʝʥʠ ʩʘ ʨʘʟʣʠʯʥʠ ʥʘʥʦʤʘʪʝʨʠʘʣʠ ʟʘ ʜʝʪʝʢʮʠʷ ʠ ʧʨʦʩʣʝʜʷʚʘʥʝ ʥʘ ʚʠʨʫʩʠ, 

ʢʘʪʦ [11]: 

¶ ʄʝʪʘʣʥʠ ʥʘʥʦʯʘʩʪʠʮʠ, ʥʘʧʨʠʤʝʨ ʟʣʘʪʥʠ ʥʘʥʦʯʘʩʪʠʮʠ (Au NPs), ʩʨʝʙʲʨʥʠ 

ʥʘʥʦʯʘʩʪʠʮʠ (Ag NPs); 

¶ ʅʘʥʦʯʘʩʪʠʮʠ ʦʪ ʤʝʪʘʣʝʥ ʦʢʩʠʜ, ʥʘʧʨʠʤʝʨ ʤʘʛʥʠʪʥʠ ʥʘʥʦʯʘʩʪʠʮʠ ʦʪ ʞʝʣʝʟʝʥ 

ʦʢʩʠʜ (Fe3O4 NPs); 

¶ ɺʲʛʣʝʨʦʜʥʠ ʥʘʥʦʤʘʪʝʨʠʘʣʠ, ʚʢʣʶʯʠʪʝʣʥʦ 0-ʠʟʤʝʨʥʠ (0D, ʥʘʧʨʠʤʝʨ ʬʫʣʝʨʝʥʠ 

(C60), ʚʲʛʣʝʨʦʜʥʠ ʪʦʯʢʠ (C-ʪʦʯʢʠ)), 1D (ʚʲʛʣʝʨʦʜʥʠ ʥʘʥʦʪʨʲʙʠ (CNTs), 2D 

(ʥʘʧʨʠʤʝʨ ʛʨʘʬʝʥ (G), ʛʨʘʬʝʥʦʚ ʦʢʩʠʜ (GO), ʠ 3D (ʥʘʧʨʠʤʝʨ ʛʨʘʬʠʪ); 

¶ ʂʚʘʥʪʦʚʠ ʪʦʯʢʠ (KT): CdS KT, CdTe KT, ʚʲʛʣʝʨʦʜʥʠ KT; 

¶ ʇʦʨʝʩʪʠ ʤʘʪʝʨʠʘʣʠ: ʤʝʪʘʣʦïʦʨʛʘʥʠʯʥʠ ʨʘʤʢʠ (MOFs), ʢʦʚʘʣʝʥʪʥʠ ʦʨʛʘʥʠʯʥʠ 

ʨʘʤʢʠ (COFs); 

¶ ʇʦʣʠʤʝʨʠ: ʝʩʪʝʩʪʚʝʥʠ ʧʦʣʠʤʝʨʠ (ʥʘʧʨʠʤʝʨ ʭʠʪʦʟʘʥ, ʮʝʣʫʣʦʟʘ), ʠ ʩʠʥʪʝʪʠʯʥʠ 

(ʥʘʧʨʠʤʝʨ ʧʦʣʠʪʠʦʬʝʥ, ʧʦʣʠʧʠʨʦʣ); 

¶ ʃʠʧʠʜʥʠ ʥʘʥʦʯʘʩʪʠʮʠ (LNPs): ʪʨʠʛʣʠʮʝʨʠʜʠ, ʤʘʩʪʥʠ ʢʠʩʝʣʠʥʠ, ʩʪʝʨʦʠʜʠ ʠ 

ʚʦʩʲʮʠ.  

ʌʠʛʫʨʘ 5. ʉʭʝʤʘ, ʧʦʢʘʟʚʘʱʘ ʨʘʟʣʠʯʥʠ ʧʨʠʤʝʨʠ ʟʘ CoV ʜʝʪʝʢʮʠʷ ʯʨʝʟ ʤʝʪʦʜʠ, ʙʘʟʠʨʘʥʠ ʥʘ 

ʥʘʥʦʤʘʪʝʨʠʘʣʠ. (a) ʌʣʫʦʨʝʩʮʝʥʪʥʠ Zr KT ʠ ʤʘʛʥʠʪʥʠ ʥʘʥʦʯʘʩʪʠʮʠ ʩʝ ʩʚʲʨʟʚʘʪ ʩ ʘʥʪʠʪʝʣʘ, ʢʦʠʪʦ 

ʩʚʲʨʟʚʘʪ ʩʧʝʮʠʬʠʯʥʦ CoV. ʇʨʠ ʥʘʣʠʯʠʝ ʥʘ CoV ʩʝ ʬʦʨʤʠʨʘ ʤʘʛʥʠʪʝʥ ʬʣʫʦʨʝʩʮʝʥʪʝʥ ʢʦʤʧʣʝʢʩ. 

ʊʦʡ ʙʠʚʘ ʤʘʛʥʠʪʥʦ ʠʟʦʣʠʨʘʥ ʠ ʜʝʪʝʢʪʠʨʘʥ ʯʨʝʟ ʬʣʫʦʨʝʩʮʝʥʪʥʠ ʠʟʤʝʨʚʘʥʠʷ. (b) ʅʘʥʦʢʘʧʘʥʠʪʝ ʩʝ 

ʠʟʧʦʣʟʚʘʪ ʟʘ ʢʦʥʮʝʥʪʨʠʨʘʥʝ ʥʘ CoV ʠ ʧʦʜʦʙʨʷʚʘʥʝ ʥʘ ʥʝʛʦʚʘʪʘ ʩʪʘʙʠʣʥʦʩʪ, ʢʘʪʦ ʧʦ ʪʦʟʠ ʥʘʯʠʥ 

ʩʝ ʫʣʝʩʥʷʚʘ ʜʝʪʝʢʮʠʷ ʤʫ. (c) PCR ʩ ʦʙʨʘʪʥʘ ʪʨʘʥʩʢʨʠʧʮʠʷ ʧʨʠ ʥʘʣʠʯʠʝʪʦ ʥʘ ʥʘʥʦʯʘʩʪʠʮʠ 

ʧʦʜʦʙʨʷʚʘ ʝʬʝʢʪʠʚʥʦʩʪʪʘ ʥʘ ʧʦʣʠʤʝʨʘʟʥʘʪʘ ʚʝʨʠʞʥʘ ʨʝʘʢʮʠʷ, ʧʦʜʦʙʨʷʚʘʡʢʠ ʯʫʚʩʪʚʠʪʝʣʥʦʩʪʪʘ 

ʥʘ ʪʦʟʠ ʤʝʪʦʜ. (d) ʄʝʪʦʜ ʟʘ ʜʝʪʝʢʮʠʷ ʥʘ CoV, ʙʘʟʠʨʘʥ ʥʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʪʦ ʤʝʞʜʫ 

ʢʦʤʧʣʝʤʝʥʪʘʨʥʘ ɼʅʂ ʦʪ CoV ʠ acpnPNA ʩʦʥʜʘ ʥʘ ʧʦʚʲʨʭʥʦʩʪʪʘ ʥʘ Ag NP. ʊʦʚʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʚʦʜʠ ʜʦ ʨʘʟʜʝʣʷʥʝ ʥʘ Ag NP ʠ ʧʦʣʫʯʘʚʘʥʝ ʥʘ ʞʲʣʪ ʮʚʷʪ, ʘʩʦʮʠʠʨʘʥ ʩ ʣʫʤʠʥʝʩʮʝʥʮʠʷ ʥʘ ʜʦʙʨʝ 

ʜʠʩʧʝʨʛʠʨʘʥʠ Ag NP, ʜʦʧʲʣʥʠʪʝʣʥʦ ʨʘʟʢʨʠʚʘʱʠ ʧʨʠʩʲʩʪʚʠʝʪʦ ʥʘ CoV.  
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ʀʟʪʦʯʥʠʢ: Alphandery E. [5]. 

 

 

ʌʠʛʫʨʘ 6. ʈʘʟʣʠʯʥʠ ʥʘʥʦʯʘʩʪʠʮʠ.  

ʀʟʪʦʯʥʠʢ: Singh et al. [20]. 

 

ʅʘʥʦʤʘʪʝʨʠʘʣʠʪʝ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʠʟʧʦʣʟʚʘʥʠ ʟʘ ʨʘʟʣʠʯʥʠ ʮʝʣʠ ʧʨʠ COVID-19. 

Rasmi et all ʦʙʦʙʱʘʚʘʪ ʬʫʥʢʮʠʠʪʝ ʠ ʦʩʥʦʚʥʘʪʘ ʨʦʣʷ ʥʘ ʥʘʥʦʤʘʪʝʨʠʘʣʠʪʝ ʚ ʪʘʙʣʠʮʘʪʘ 

ʧʦ-ʜʦʣʫ (ʌʠʛ. 7) [30]. 

 

 

 



 

121 
 

ʌʠʛʫʨʘ 7. ʆʙʦʙʱʝʥʠʝ ʥʘ ʨʦʣʷʪʘ ʥʘ ʥʘʥʦʤʘʪʝʨʠʘʣʠʪʝ ʧʨʠ COVID-19. 

ʅʘʥʦʤʘʪʝʨʠʘʣ ʌʫʥʢʮʠʷ ʆʩʥʦʚʥʘ ʨʦʣʷ 

ʧʨʠ COVID-

19 

ʄʝʪʘʣʥʘ 

ʥʘʥʦʯʘʩʪʠʮʘ 

¶ ʀʥʜʫʮʠʨʘ ʩʪʨʫʢʪʫʨʥʠ ʧʨʦʤʝʥʠ ʚʲʚ ʚʠʨʫʩʥʠʷ S-ʙʝʣʪʲʢ, 

ʥʝʫʪʨʘʣʠʟʠʨʘʡʢʠ ʚʠʨʫʩʘ. 

¶ ʄʦʜʠʬʠʮʠʨʘʥʠ (ʩʚʲʨʟʘʥʠ ʩ ʥʫʢʣʝʠʥʦʚʠ ʢʠʩʝʣʠʥʠ ʠʣʠ 

ʙʝʣʪʲʮʠ) ʠ ʠʥʪʝʛʨʠʨʘʥʠ ʚ ʩʝʥʟʦʨʠ ʟʘ COVID-19 (ʟʘ 

ʢʦʣʦʨʠʤʝʪʨʠʯʥʘ ʜʝʪʝʢʮʠʷ). 

ʧʨʝʚʝʥʮʠʷ, 

ʜʠʘʛʥʦʩʪʠʢʘ ʠ 

ʣʝʯʝʥʠʝ 

ʃʠʧʠʜʥʘ 

ʥʘʥʦʯʘʩʪʠʮʘ 

¶ ʉʣʫʞʠ ʢʘʪʦ ʠʈʅʂ ʚʘʢʩʠʥʘ ʢʘʪʦ ʜʝʡʩʪʚʘ ʢʘʪʦ ʥʦʩʠʪʝʣ ʟʘ 

ʚʥʘʩʷʥʝ ʥʘ ʠʈʅʂ ʚ ʢʣʝʪʢʘʪʘ ʛʦʩʪʦʧʨʠʝʤʥʠʢ. 

¶ ʇʨʝʜʧʘʟʚʘ ʠʈʅʂ ʦʪ ʨʘʟʛʨʘʞʜʘʥʝ. 

ʧʨʝʚʝʥʮʠʷ 

ʄʘʛʥʠʪʥʘ 

ʥʘʥʦʯʘʩʪʠʮʘ 

¶ ʂʦʛʘʪʦ ʙʲʜʝ ʢʦʥʶʛʠʨʘʥʘ ʩʲʩ ʩʦʥʜʘ ʩʝ ʠʟʧʦʣʟʚʘ ʟʘ 

ʜʝʪʝʢʮʠʷ ʥʘ ʢʦʤʧʣʝʤʝʥʪʘʨʥʠ ʪʘʨʛʝʪʥʠ ʩʝʢʚʝʥʮʠʠ ʥʘ 

SARS-CoV. 

ʜʠʘʛʥʦʩʪʠʢʘ 

ʂʚʘʥʪʦʚʘ ʪʦʯʢʘ ¶ ʀʥʭʠʙʠʨʘ ʩʚʲʨʟʚʘʥʝʪʦ ʥʘ S-ʙʝʣʪʲʯʥʠʷ ʨʝʮʝʧʪʦʨ ʥʘ 

ʢʦʨʦʥʘʚʠʨʫʩʘ ʩ ʢʣʝʪʢʠʪʝ ʛʦʩʪʦʧʨʠʝʤʥʠʮʠ. 

¶ ʇʨʝʜʦʪʚʨʘʪʷʚʘ ʘʤʧʣʠʬʠʢʘʮʠʷ ʥʘ ʚʠʨʫʩʥʠʷ ʈʅʂ ʛʝʥʦʤ. 

¶ ʀʥʢʦʨʧʦʨʠʨʘʥʘ ʚ ʩʝʥʟʦʨ, ʜʝʡʩʪʚʘ ʢʘʪʦ ʬʣʫʦʨʝʩʮʝʥʪʥʦ 

ʙʘʛʨʠʣʦ ʟʘ ʜʝʪʝʢʮʠʷ ʥʘ COVID-19. 

¶ ɻʝʥʝʨʠʨʘ ʘʥʪʠʚʠʨʫʩʥʠ ʨʘʜʠʢʘʣʠ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩʲʩ 

ʩʚʝʪʣʠʥʘ. 

ʚʠʨʫʩʥʘ 

ʠʥʘʢʪʠʚʘʮʠʷ, 

ʧʨʝʚʝʥʮʠʷ, 

ʜʠʘʛʥʦʩʪʠʢʘ ʠ 

ʣʝʯʝʥʠʝ 

ɺʲʛʣʝʨʦʜ-

ʙʘʟʠʨʘʥʘ 

ʥʘʥʦʯʘʩʪʠʮʘ 

¶ ʀʥʘʢʪʠʚʠʨʘ ʚʠʨʫʩʘ ʠ ʠʥʭʠʙʠʨʘ ʥʝʛʦʚʦʪʦ ʥʘʚʣʠʟʘʥʝ ʚ 

ʢʣʝʪʢʠʪʝ ʛʦʩʪʦʧʨʠʝʤʥʠʮʠ. 

¶ ɹʠʚʘ ʠʥʪʝʛʨʠʨʘʥ ʚ ʜʠʘʛʥʦʩʪʠʯʥʘ ʧʣʘʪʬʦʨʤʘ ʟʘ COVID-19 

ʜʝʪʝʢʮʠʷ, ʦʩʦʙʝʥʦ ʟʘ ʯʫʚʩʪʚʠʪʝʣʥʘ ʝʣʝʢʪʨʦʭʠʤʠʯʥʘ 

ʜʝʪʝʢʮʠʷ. 

ʚʠʨʫʩʥʘ 

ʠʥʘʢʪʠʚʘʮʠʷ, 

ʧʨʝʚʝʥʮʠʷ, 

ʜʠʘʛʥʦʩʪʠʢʘ ʠ 

ʣʝʯʝʥʠʝ 

ʅʘʥʦʣʝʢʘʨʩʪʚʘ ¶ ʉʚʲʨʟʚʘʪ ʩʝ ʢʲʤ ʚʠʨʫʩʥʠ ʨʝʮʝʧʪʦʨʠ ʠ ʛʠ ʠʥʘʢʪʠʚʠʨʘʪ. 

¶ ɹʣʦʢʠʨʘʪ ʚʠʨʫʩʥʦʪʦ ʥʘʚʣʠʟʘʥʝ ʚ ʢʣʝʪʢʘʪʘ ʛʦʩʪʦʧʨʠʝʤʥʠʢ. 

ʣʝʯʝʥʠʝ 

ʅʘʥʦʟʠʤ ¶ ʀʥʢʦʨʧʦʨʠʨʘʥ ʚ ʩʝʥʟʦʨʠ ʟʘ ʭʝʤʠʣʫʤʠʥʠʩʮʝʥʪʥʘ ʜʝʪʝʢʮʠʷ 

ʥʘ COVID-19 ʚʠʨʫʩʠ. 

ʜʠʘʛʥʦʩʪʠʢʘ 
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ɽʢʟʦʟʦʤʘ ¶ ʊʘʨʛʝʪʠʨʘ, ʩʚʲʨʟʚʘ ʠ ʧʦʜʪʠʩʢʘ ʢʣʝʪʲʯʥʦʪʦ ʥʘʚʣʠʟʘʥʝ ʥʘ 

ʢʦʨʦʥʘʚʠʨʫʩʠ. 

¶ ʀʥʭʠʙʠʨʘ ʚʠʨʫʩʥʘʪʘ ʨʝʧʣʠʢʘʮʠʷ, ʢʦʝʪʦ ʩʧʦʤʘʛʘ 

ʣʝʯʝʥʠʝʪʦ ʥʘ COVID-19. 

ʣʝʯʝʥʠʝ 

ʀʟʪʦʯʥʠʢ: Rasmi et al. [30]. 

 

3.2.1 ɿʣʘʪʥʠ NPs (Au NPs) 

ɿʣʘʪʥʠʪʝ ʥʘʥʦʯʘʩʪʠʮʠ (AuNP) ʩʝ ʠʟʧʦʣʟʚʘʪ ʚʩʝ ʧʦʚʝʯʝ ʚ ʧʣʘʪʬʦʨʤʠʪʝ ʟʘ 

ʦʪʢʨʠʚʘʥʝ ʥʘ SARS-CoV-2 ʧʦʨʘʜʠ ʪʝʭʥʠʪʝ ʟʘʙʝʣʝʞʠʪʝʣʥʠ ʦʧʪʠʯʥʠ ʩʚʦʡʩʪʚʘ, ʢʘʪʦ 

ʧʦʚʠʰʝʥʠ ʢʦʝʬʠʮʠʝʥʪʠ ʥʘ ʝʢʩʪʠʥʢʮʠʷ ʠ ʨʝʛʫʣʠʨʫʝʤ ʣʦʢʘʣʠʟʠʨʘʥ ʧʦʚʲʨʭʥʦʩʪʝʥ 

ʧʣʘʟʤʦʥʝʥ ʨʝʟʦʥʘʥʩ (LSPR), ʧʦʟʚʦʣʷʚʘʱ ʨʘʟʣʠʯʥʦ ʮʚʝʪʥʦ ʦʪʯʠʪʘʥʝ ʩ ʧʨʦʩʪʦ ʦʙʦʨʫʜʚʘʥʝ 

ʠʣʠ ʩ ʥʝʚʲʦʨʲʞʝʥʦ ʦʢʦ. ɿʘ ʦʪʢʨʠʚʘʥʝ ʥʘ ʘʥʪʠʪʝʣʘ ʩʨʝʱʫ SARS-CoV-2 (IgG, IgM ʠʣʠ IgA) 

ʩʘ ʧʨʝʜʣʦʞʝʥʠ ʘʥʘʣʠʟʠ ʥʘ ʙʘʟʘʪʘ ʥʘ AuNP ʠ ʬʣʫʦʨʝʩʮʝʥʪʥʠ ʥʘʥʦʯʘʩʪʠʮʠ [17]. 

ɿʣʘʪʥʠʪʝ ʥʘʥʦʯʘʩʪʠʮʠ (AuNP) ʩʘ ʝʜʠʥ ʦʪ ʥʘʡ-ʯʝʩʪʦ ʠʟʧʦʣʟʚʘʥʠʪʝ ʥʘʥʦʤʘʪʝʨʠʘʣʠ 

ʟʘ ʙʲʨʟʘ ʜʠʘʛʥʦʩʪʠʢʘ. ɿʣʘʪʥʘʪʘ ʥʘʥʦʯʘʩʪʠʮʘ ʩʘ ʠʟʧʦʣʟʚʘ ʟʘ ʜʝʪʝʢʮʠʷ ʥʘ ʜʚʦʡʥʦʚʝʨʠʞʥʘ 

ɼʅʂ (ʜʚɼʅʂ) ʥʘ ʪʘʨʛʝʪʥʠ ʚʠʨʫʩʠ. ʇʦ-ʢʦʥʢʨʝʪʥʦ, ʝʜʥʦʚʝʨʠʞʥʘ ɼʅʂ (ʝʚɼʅʂ) ʠʣʠ 

ʝʜʥʦʚʝʨʠʞʥʘ ʈʅʂ ʤʦʞʝ ʜʘ ʚʟʘʠʤʦʜʝʡʩʪʚʘ ʩ ʮʠʪʨʘʪʥʠ ʡʦʥʠ ʥʘ ʧʦʚʲʨʭʥʦʩʪʪʘ ʥʘ AuNP. 

ɼʦʙʘʚʷʥʝʪʦ ʥʘ ʩʦʣ ʢʲʤ ʨʘʟʪʚʦʨʘ ʤʦʞʝ ʜʘ ʩʪʘʙʠʣʠʟʠʨʘ ʯʘʩʪʠʮʠʪʝ ʠ ʜʘ ʧʨʦʤʝʥʠ ʮʚʝʪʘ. 

ʇʨʠʣʘʛʘ ʩʝ ʠ ʧʨʦʩʪ ʢʦʣʦʨʠʤʝʪʨʠʯʝʥ ʭʠʙʨʠʜʠʟʘʮʠʦʥʝʥ ʘʥʘʣʠʟ ʟʘ ʜʝʪʝʢʪʠʨʘʥʝ ʥʘ ʜʚɼʅʂ, 

ʧʦʣʫʯʝʥʘ ʦʪ ʝʚʈʅʂ ʥʘ SARS-CoV. ʊʦʟʠ ʘʥʘʣʠʟ ʤʦʞʝ ʜʘ ʩʚʲʨʞʝ ʮʝʣʪʘ ʧʨʠ 4,3 nM ʟʘ 10 

ʤʠʥʫʪʠ, ʙʝʟ ʜʘ ʝ ʥʝʦʙʭʦʜʠʤʦ ʥʠʢʘʢʚʦ ʫʩʪʨʦʡʩʪʚʦ [18, 30]. 

 

ʇʦʜʭʦʜ ʧʨʠ ʢʦʡʪʦ ʩʝ ʧʨʦʤʝʥʷ ʮʚʝʪʘ 

ɼʨʫʛ ʘʥʘʣʠʟ ʧʨʝʜʦʩʪʘʚʷ ʤʝʪʦʜ ʟʘ ʚʠʟʫʘʣʥʦ ʦʪʢʨʠʚʘʥʝ ʥʘ ʚʠʨʫʩʘ ʥʘ COVID-19, ʙʝʟ 

ʥʝʦʙʭʦʜʠʤʦʩʪʪʘ ʦʪ ʩʣʦʞʥʠ ʠʥʩʪʨʫʤʝʥʪʠ. ʇʨʦʝʢʪʠʨʘʥʘ ʝ ʢʦʣʦʨʠʤʝʪʨʠʯʥʘ ʜʝʪʝʢʮʠʷ ʩ 

ʧʦʤʦʱʪʘ ʥʘ AuNPs, ʧʦʢʨʠʪʠ ʩ ʪʠʦʣ-ʤʦʜʠʬʠʮʠʨʘʥʠ ʘʥʪʠʩʝʥʩ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʠ (ASOs). 

ʊʠʦʣ-ʤʦʜʠʬʠʮʠʨʘʥʠʪʝ ASO-cap AuNP ʩʝʣʝʢʪʠʚʥʦ ʘʛʨʝʛʠʨʘʪ ʚ ʧʨʠʩʲʩʪʚʠʝʪʦ ʥʘ 

ʪʘʨʛʝʪʥʘʪʘ ʈʅʂ ʧʦʩʣʝʜʦʚʘʪʝʣʥʦʩʪ ʥʘ SARS-CoV-2 ʠ ʧʨʦʤʝʥʷʪ ʧʦʚʲʨʭʥʦʩʪʥʠʷ 

ʧʣʘʟʤʦʥʝʥ ʨʝʟʦʥʘʥʩ. ʈʝʟʫʣʪʘʪʲʪ ʤʦʞʝ ʜʘ ʙʲʜʝ ʥʘʙʣʶʜʘʚʘʥ ʩʣʝʜ 10 ʤʠʥʫʪʠ ʧʨʠ 

ʜʝʪʝʢʮʠʦʥʥʘ ʛʨʘʥʠʮʘ ʦʪ 0,18 ng/ɛL [23, 30]. 
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ʌʠʛʫʨʘ 8: ʉʭʝʤʘ ʥʘ ʩʝʣʝʢʪʠʚʥʘ ʜʝʪʝʢʮʠʷ ʩ ʥʝʚʲʦʨʲʞʝʥʦ ʦʢʦ ʥʘ SARS-CoV-2 ʈʅʂ, 

ʦʧʦʩʨʝʜʩʪʚʘʥʘ ʦʪ ʧʦʜʭʦʜʷʱʦ ʧʨʦʝʢʪʠʨʘʥʠ ASO-cap AuNP. 

 

 

 

 

 

 

 

 

ʀʟʪʦʯʥʠʢ: Moitra et al. [23]. 

ʈʘʟʨʘʙʦʪʝʥ ʝ ʝʬʝʢʪʠʚʝʥ ʤʝʪʦʜ ʟʘ ʜʝʪʝʢʮʠʷ ʥʘ COVID-19 ʯʨʝʟ ʠʤʦʙʠʣʠʟʠʨʘʥʝ ʥʘ 

ʙʝʣʪʲʮʠ ʚʲʨʭʫ ʧʦʚʲʨʭʥʦʩʪʪʘ ʥʘ Au ʩ ʧʦʤʦʱʪʘ ʥʘ Au-ʩʚʲʨʟʚʘʱʠ ʧʦʣʠʧʝʧʪʠʜʠ. ʏʨʝʟ ʟʝʣʝʥ 

ʬʣʫʦʨʝʩʮʝʥʪʝʥ ʙʝʣʪʲʢ, SARS-CoV-E ʙʝʣʪʲʢʘ ʠ ʩʪʨʝʧʪʘʚʠʜʠʥ ʦʪ Streptomyces avidinii 

ʠʤʦʙʠʣʠʟʠʨʘʪ Au-ʩʚʲʨʟʚʘʱ ʧʦʣʠʧʝʧʪʠʜʝʥ ʬʫʟʠʦʥʝʥ ʙʝʣʪʲʢ ʚʲʨʭʫ AuNP. ʊʝʟʠ 

ʢʦʤʧʣʝʢʩʠ ʚʟʘʠʤʦʜʝʡʩʪʚʘʪ ʩ ʘʥʪʠʪʷʣʦʪʦ, ʢʦʝʪʦ ʚʦʜʠ ʜʦ ʘʙʩʦʨʙʮʠʷ ʠ ʧʨʦʤʷʥʘ ʥʘ ʮʚʝʪʘ 

[25, 30]. 

 

ʅʝʠʥʚʘʟʠʚʝʥ ʧʦʜʭʦʜ 

ʇʨʝʜʣʦʞʝʥ ʝ ʥʝʠʥʚʘʟʠʚʝʥ ʧʦʜʭʦʜ ʟʘ ʜʝʪʝʢʮʠʷ ʥʘ COVID-19, ʠʟʧʦʣʟʚʘʱ ʠʟʜʠʰʘʥ 

ʚʲʟʜʫʭ ʠ AuNP-ʙʘʟʠʨʘʥ ʩʝʥʟʦʨ. ʉʝʥʟʦʨʲʪ ʩʝ ʩʲʩʪʦʠ ʦʪ ʨʘʟʣʠʯʥʠ AuNP, ʧʨʠʢʨʝʧʝʥʠ ʢʲʤ 

ʦʨʛʘʥʠʯʥʠ ʣʠʛʘʥʜʠ ʠ ʬʠʣʤ ʦʪ ʥʝʦʨʛʘʥʠʯʝʥ ʥʘʥʦʤʘʪʝʨʠʘʣ. ʅʝʦʨʛʘʥʠʯʥʠʷʪ ʬʠʣʤ ʠʤʘ 

ʝʣʝʢʪʨʠʯʝʩʢʘ ʧʨʦʚʦʜʠʤʦʩʪ. ʉʣʝʜʦʚʘʪʝʣʥʦ, ʢʦʛʘʪʦ ʝ ʠʟʣʦʞʝʥ ʥʘ ʣʝʪʣʠʚʠʪʝ ʦʨʛʘʥʠʯʥʠ 

ʩʲʝʜʠʥʝʥʠʷ (ʃʆʉ) ʦʪ ʠʟʜʠʰʘʥʠʷ ʜʲʭ, ʦʨʛʘʥʠʯʥʠʷʪ ʬʠʣʤ ʨʝʘʛʠʨʘ ʩ ʃʆʉ, ʢʦʝʪʦ ʚʦʜʠ ʜʦ 

ʧʦʜʫʚʘʥʝ ʠʣʠ ʩʚʠʚʘʥʝ ʥʘ ʥʝʦʨʛʘʥʠʯʥʠʷ ʬʠʣʤ ʠ ʧʨʦʤʷʥʘ ʚ ʝʣʝʢʪʨʠʯʝʩʢʘʪʘ ʧʨʦʚʦʜʠʤʦʩʪ. 

ʉʣʝʜʦʚʘʪʝʣʥʦ, ʪʦʟʠ ʥʝʠʥʚʘʟʠʚʝʥ ʩʝʥʟʦʨ ʤʦʞʝ ʧʦʪʝʥʮʠʘʣʥʦ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘ ʟʘ ʙʲʨʟ 

ʩʢʨʠʥʠʥʛ ʥʘ COVID-19 [30, 32]. 

 

ʇʦʜʭʦʜ ʩ ʝʣʝʢʪʨʦʭʠʤʠʯʥʘ ʭʠʙʨʠʜʠʟʘʮʠʷ 

ʆʪʢʨʠʪ ʝ AuNP-ʙʘʟʠʨʘʥ ʝʣʝʢʪʨʦʭʠʤʠʯʝʥ ʭʠʙʨʠʜʠʟʘʮʠʦʥʝʥ ʤʝʪʦʜ, ʠʟʧʦʣʟʚʘʱ 
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ʛʝʥʝʥ ʩʝʥʟʦʨ, ʩʲʩʪʦʷʱ ʩʝ ʦʪ ʪʠʦʣʠʨʘʥʘ ɼʅʂ ʩʦʥʜʘ, ʠʤʦʙʠʣʠʟʠʨʘʥʘ ʚʲʨʭʫ AuNPs 

ʚʲʛʣʝʨʦʜʝʥ ʝʣʝʢʪʨʦʜ. ʉʦʥʜʘʪʘ ʭʠʙʨʠʜʠʟʠʨʘ ʙʠʦʪʠʥʠʣʠʨʘʥʘ ʪʘʨʛʝʪʥʘ ɼʅʂ. 

ɽʣʝʢʪʨʦʭʠʤʠʯʝʥ ʯʠʧ ʩʝ ʩʚʲʨʟʚʘ ʯʨʝʟ ʚʲʛʣʝʨʦʜʥʠʷ ʝʣʝʢʪʨʦʜ, ʩʲʩʪʘʚʝʥ ʦʪ AuNP ʤʘʩʠʚ. 

ʂʦʨʦʥʘʚʠʨʫʩʥʠʷʪ ʙʝʣʪʲʢ ʩʝ ʩʚʲʨʟʚʘ ʚʲʨʭʫ AuNP-ʝʣʝʢʪʨʦʜ ʠ ʢʦʨʦʥʘʚʠʨʫʩʥʠʷʪ ʙʝʣʪʲʢ ʠ 

ʩʚʦʙʦʜʥʠʪʝ ʚʠʨʫʩʠ ʩʝ ʢʦʥʢʫʨʠʨʘʪ ʟʘ ʤʷʩʪʦ ʥʘ ʩʚʲʨʟʚʘʥʝ ʧʨʠ ʥʘʣʠʯʠʝʪʦ ʥʘ ʘʥʪʠʪʝʣʘ. ʀʤʘ 

ʦʪʣʠʯʥʠ ʣʠʥʝʡʥʠ ʨʝʟʫʣʪʘʪʠ ʥʘ ʩʝʥʟʦʨʝʥ ʦʪʛʦʚʦʨ ʠ ʢʦʥʮʝʥʪʨʘʮʠ ̫ ʥʘ ʢʦʨʦʥʘʚʠʨʫʩ, 

ʚʘʨʠʨʘʱʠ ʦʪ 0,001 ʜʦ 100 ng mLī1. ɸʥʘʣʠʟʲʪ ʜʦʩʪʠʛʘ ʜʝʪʝʢʮʠʦʥʥʘ ʛʨʘʥʠʮʘ ʦʪ 1,0 pg mL-

1. ʄʝʪʦʜʲʪ ʝ ʝʜʥʦʝʪʘʧʝʥ, ʯʫʚʩʪʚʠʪʝʣʝʥ ʠ ʧʨʝʮʠʟʝʥ (ʌʠʛ. 9) [17, 30]. 

ʌʠʛʫʨʘ 9. CʦV ʠʤʫʥʦʩʝʥʟʦʨʝʥ ʯʠʧ (a), ʝʪʘʧʠ ʥʘ ʧʨʦʠʟʚʝʞʜʘʥʝ ʥʘ ʠʤʫʥʦʩʝʥʟʦʨʘ (b), 

ʜʝʪʝʢʮʠʦʥʥʠʷ ʧʨʦʮʝʩ ʥʘ ʢʦʥʢʫʨʝʥʪʥʠʷ ʠʤʫʥʦʩʝʥʟʦʨ ʟʘ ʚʠʨʫʩʘ (c). 

 

 

 

 

 

 

 

 

ʀʟʪʦʯʥʠʢ: Layqah et al. 17. 

 

ʀʤʫʥʦʭʨʦʤʘʪʦʛʨʘʬʩʢʠ ʧʦʜʭʦʜ 

ʏʨʝʟ ʧʦʜʭʦʜʘ ʥʘ ʠʥʜʠʨʝʢʪʥʘʪʘ ʠʤʫʥʦʭʨʦʤʘʪʦʛʨʘʬʠʷ ʝ ʧʨʝʜʣʦʞʝʥ ʣʘʪʝʨʘʣʝʥ 

ʧʦʪʦʯʝʥ ʘʥʘʣʠʟ ʟʘ ʙʲʨʟʘ ʜʝʪʝʢʮʠʷ ʥʘ IgM ʩʨʝʱʫ COVID-19. ɺʲʨʭʫ ʘʥʘʣʠʪʠʯʥʘ ʤʝʤʙʨʘʥʘ 

ʩʘ ʨʘʟʧʦʣʦʞʝʥʠ ʥʫʢʣʝʦʧʨʦʪʝʠʥʲʪ SARS-CoV-2 (SARS-CoV-2 ʅʇ) ʠ ʘʥʪʠʯʦʚʝʰʢʠ IgM, 

ʢʦʥʶʛʠʨʘʥ ʩʲʩ AuNP, ʨʘʙʦʪʝʱ ʢʘʪʦ ʜʝʪʝʢʮʠʦʥʝʥ ʨʝʧʦʨʪʝʨ. AuNP-ʃʇ ʘʥʘʣʠʟʘ ʧʦʢʘʟʘ 

ʟʘʙʝʣʝʞʠʪʝʣʥʘ ʩʝʣʝʢʪʠʚʥʦʩʪ ʧʨʠ ʜʝʪʝʢʮʠʷʪʘ ʥʘ IgM ʙʝʟ ʠʥʪʝʨʬʝʨʝʥʮʠʷ ʦʪ ʜʨʫʛʠ ʚʠʨʫʩʠ. 

ɺʩʝʢʠ ʘʥʘʣʠʟ ʩʝ ʥʫʞʜʘʝ ʩʘʤʦ ʦʪ 10ï20 ɛL ʩʝʨʫʤ ʠ ʨʝʟʫʣʪʘʪ ʤʦʞʝ ʜʘ ʙʲʜʝ ʧʦʣʫʯʝʥ ʚ 

ʨʘʤʢʠʪʝ ʥʘ 15 ʤʠʥʫʪʠ [12, 30]. 
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3.2.2 ʂʚʘʥʪʦʚʠ ʪʦʯʢʠ (ʂʊ) 

ʂʚʘʥʪʦʚʠʪʝ ʪʦʯʢʠ (ʂʊ) ʩʘ ʦʱʝ ʝʜʠʥ ʤʝʭʘʥʠʟʲʤ, ʯʨʝʟ ʢʦʡʪʦ ʤʦʞʝ ʜʘ ʩʝ ʙʦʨʠʤ ʩ 

ʚʠʨʫʩʘ COVID-19. ʂʚʘʥʪʦʚʠʪʝ ʪʦʯʢʠ (ʂʊ), ʠʟʚʝʩʪʥʠ ʩʲʱʦ ʢʘʪʦ Ăʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʠ 

ʥʘʥʦʤʘʪʝʨʠʘʣʠñ, ʠʛʨʘʷʪ ʞʠʟʥʝʥʦʚʘʞʥʘ ʨʦʣʷ ʚ ʜʝʪʝʢʪʠʨʘʥʝʪʦ ʥʘ COVID-19. ʂʊ ʩʘ 

ʧʨʠʟʥʘʪʠ ʢʘʪʦ ʥʦʚʘ ʬʣʫʦʨʝʩʮʝʥʪʥʘ ʩʦʥʜʘ ʟʘ ʤʦʣʝʢʫʣʷʨʥʘ ʜʝʪʝʢʮʠʷ. ʈʘʟʤʝʨʲʪ ʥʘ ʂʊ 

ʚʘʨʠʨʘ ʦʪ 1 ʜʦ 10 nm. ʀʟʢʣʶʯʠʪʝʣʥʠʪʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʂʊ, ʚʢʣʶʯʠʪʝʣʥʦ ʩʪʨʘʭʦʪʥʠʪʝ 

ʠʤ ʦʧʪʠʯʥʠ ʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʠ ʩʚʦʡʩʪʚʘ, ʬʦʪʦʩʪʘʙʠʣʥʦʩʪ, ʚʠʩʦʢ ʢʚʘʥʪʦʚ ʜʦʙʠʚ ʠ ʪʝʩʝʥ 

ʝʤʠʩʠʦʥʝʥ ʩʧʝʢʪʲʨ, ʛʠ ʧʨʘʚʷʪ ʩʝʨʠʦʟʝʥ ʢʘʥʜʠʜʘʪ ʢʘʪʦ ʬʣʫʦʨʝʩʮʝʥʪʥʠ ʤʘʨʢʝʨʠ. ʇʦʨʘʜʠ 

ʪʝʟʠ ʠʟʢʣʶʯʠʪʝʣʥʠ ʩʚʦʡʩʪʚʘ KT ʤʦʛʘʪ ʜʘ ʩʝ ʩʯʠʪʘʪ ʟʘ ʯʫʜʝʩʥʦ ʩʨʝʜʩʪʚʦ ʟʘ ʙʦʨʙʘ ʩ 

ʚʠʨʫʩʥʠ ʠʥʬʝʢʮʠʠ. ʆʩʚʝʥ ʪʦʚʘ, ʯʨʝʟ ʠʥʢʦʨʧʦʨʠʨʘʥʝʪʦ ʥʘ ʙʠʦʩʲʚʤʝʩʪʠʤʠ ʥʦʩʠʪʝʣʠ ʤʦʞʝ 

ʜʘ ʩʝ ʦʩʲʱʝʩʪʚʠ ʠʥʪʝʨʜʠʩʮʠʧʣʠʥʘʨʥʦʪʦ ʧʨʦʫʯʚʘʥʝ, ʢʦʝʪʦ ʜʘ ʧʦʟʚʦʣʠ ʢʣʠʥʠʯʥʠ ʧʦʜʭʦʜʠ 

ʧʨʠ ʙʦʨʙʘʪʘ ʩ ʚʠʨʫʩʘ. ɹʣʘʛʦʜʘʨʝʥʠʝ ʥʘ ʪʝʭʥʠʪʝ ʧʨʝʚʲʟʭʦʜʥʠ ʩʚʦʡʩʪʚʘ, KT ʚ ʤʦʤʝʥʪʘ ʩʘ 

ʜʦʤʠʥʠʨʘʱʠ ʩʦʥʜʠ (ʭʝʤʦʩʝʥʟʦʨʠ ʠ ʙʠʦʩʝʥʟʦʨʠ) [21, 30]. 

 

ʌʠʛʫʨʘ 10. ʆʧʠʩʘʥʠʝ ʥʘ ʤʝʭʘʥʠʟʤʘ ʥʘ ʜʝʡʩʪʚʠʝ ʥʘ AuNP-ʃʇ ʣʝʥʪʠ. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʀʟʪʦʯʥʠʢ: Huang et al. [12].  
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ʂʊ ʩʝ ʠʟʧʦʣʟʚʘʪ ʧʦʨʘʜʠ ʪʷʭʥʘʪʘ ʧʨʦʩʣʝʜʠʤʦʩʪ ʧʦʜ ʩʚʝʪʣʠʥʘ ʩ ʦʧʨʝʜʝʣʝʥʘ 

ʜʲʣʞʠʥʘ ʥʘ ʚʲʣʥʘʪʘ. ɺ ʜʦʧʲʣʥʝʥʠʝ, ʂʊ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʤʦʜʝʣʠʨʘʥʠ ʚ ʞʝʣʘʥʠʷ ʨʘʟʤʝʨ (1ï

10 nm) ʠ ʬʦʨʤʘ, ʢʦʷʪʦ ʝʬʝʢʪʠʚʥʦ ʩʝ ʥʘʩʦʯʚʘ/ʧʨʦʥʠʢʚʘ ʚ SARS-CoV-2, ʩ ʨʘʟʤʝʨʠ ʤʝʞʜʫ 

60 ʠ 140 nm. ʆʩʚʝʥ ʪʦʚʘ ʧʦʣʦʞʠʪʝʣʥʠʷʪ ʧʦʚʲʨʭʥʦʩʪʝʥ ʟʘʨʷʜ ʥʘ ʂʊ ʥʘ ʦʩʥʦʚʘʪʘ ʥʘ 

ʚʲʛʣʝʨʦʜ ʤʦʞʝ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘ ʟʘ ʠʟʦʣʠʨʘʥʝ/ʜʝʘʢʪʠʚʠʨʘʥʝ ʥʘ S-ʙʝʣʪʲʢʘ ʥʘ SARS-CoV-2. 

ɺ ʜʦʧʲʣʥʝʥʠʝ, ʢʘʪʠʦʥʥʠʪʝ ʧʦʚʲʨʭʥʦʩʪʥʠ ʟʘʨʷʜʠ ʥʘ ʂʊ, ʚʟʘʠʤʦʜʝʡʩʪʚʘʪ ʩ ʦʪʨʠʮʘʪʝʣʥʘʪʘ 

ʈʅʂ ʚʝʨʠʛʘ ʥʘ ʚʠʨʫʩʘ, ʥʘʩʦʯʚʘʡʢʠ ʢʲʤ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʥʘ ʨʝʘʢʪʠʚʦʩʧʦʩʦʙʥʠ 

ʢʠʩʣʦʨʦʜʥʠ ʚʠʜʦʚʝ ʚ SARS-CoV-2 [21]. 

ʉʲʟʜʘʜʝʥ ʝ ʯʠʧ, ʙʘʟʠʨʘʥ ʥʘ ʂʊ-ʢʦʥʶʛʠʨʘʥ ʈʅʂ ʘʧʪʘʤʝʨ, ʟʘ ʯʫʚʩʪʚʠʪʝʣʥʘ ʠ ʙʲʨʟʘ 

ʜʝʪʝʢʮʠʷ ʥʘ SARS-CoV N-ʙʝʣʪʲʢ ʩ ʛʨʘʥʠʮʘ ʥʘ ʜʝʪʝʢʮʠʷ ʦʪ 0,1 pg mLī1. ʂʊ-

ʢʦʥʛʁʠʨʘʥʠʷʪ ʈʅʂ ʘʧʪʘʤʝʨ ʤʦʞʝ ʜʘ ʩʝ ʩʚʲʨʞʝ ʩ SARS-CoV N-ʙʝʣʪʲʢʘ, ʠʤʦʙʠʣʠʟʠʨʘʥ 

ʚʲʨʭʫ ʯʠʧʘ, ʩʲʟʜʘʚʘʡʢʠ ʦʧʪʠʯʝʥ ʩʠʛʥʘʣ. ʀʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʬʣʫʦʨʝʩʮʝʥʪʥʠ ʂʊ ʤʦʞʝ ʜʘ 

ʧʦʤʦʛʥʝ ʥʘ ʠʟʩʣʝʜʦʚʘʪʝʣʠʪʝ ʧʨʠ ʧʨʦʝʢʪʠʨʘʥʝʪʦ ʥʘ ʣʝʩʝʥ, ʯʫʚʩʪʚʠʪʝʣʝʥ ʠ ʙʲʨʟ 

ʜʠʘʛʥʦʩʪʠʯʝʥ ʠʥʩʪʨʫʤʝʥʪ ʟʘ COVID-19 [30, 31].  

ʌʠʛʫʨʘ 11. ʉʭʝʤʘ ʥʘ ʜʝʡʩʪʚʠʝʪʦ ʥʘ ʂʊ ʚʲʨʭʫ SARS-CoV-2. ʂʊ, ʢʚʘʥʪʦʚʘ ʪʦʯʢʘ; S-

ʙʝʣʪʲʢ, h ʠʧʯʝʩʪ ʙʝʣʪʲʢ; SARS-CoV-2, ʪʝʞʲʢ ʦʩʪʲʨ ʨʝʩʧʠʨʘʪʦʨʝʥ ʩʠʥʜʨʦʤ ʢʦʨʦʥʘʚʠʨʫʩ ʪʠʧ 2  

 

 

 

 

 

 

 

 

ʀʟʪʦʯʥʠʢ: Manivannan et al. [21]. 

 

ɺʲʛʣʝʨʦʜʥʠ ʢʚʘʥʪʦʚʠ ʪʦʯʢʠ 

ɺʲʛʣʝʨʦʜʥʠʪʝ ʢʚʘʥʪʦʚʠ ʪʦʯʢʠ (Cʂʊ) ʤʦʛʘʪ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘʪ ʢʘʪʦ ʙʠʦʩʝʥʟʦʨʠ ʟʘ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʠ, ʙʠʦʤʦʣʝʢʫʣʠ ʠ ʠʥʬʝʢʮʠʠ. ɺ ʜʦʧʲʣʥʝʥʠʝ, ʪʝ ʤʦʛʘʪ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘʪ ʚ 

ʙʠʦʩʲʚʤʝʩʪʠʤʠ ʩʠʩʪʝʤʠ ʟʘ ʠʥʘʢʪʠʚʠʨʘʥʝ ʥʘ ʧʘʪʦʛʝʥʥʠ ʯʦʚʝʰʢʠ ʢʦʨʦʥʘʚʠʨʫʩʥʠ 
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ʠʥʬʝʢʮʠʠ ʢʘʪʦ ʜʦʤʠʥʘʥʪʥʠ ʩʦʥʜʠ ʟʘ ʚʠʟʫʘʣʠʟʘʮʠʷ (ʭʝʤʦʩʝʥʟʦʨʠ ʠ ʙʠʦʩʝʥʟʦʨʠ) ʩ 

ʘʥʪʠʚʠʨʫʩʥʘ ʘʢʪʠʚʥʦʩʪ. Cʂʊ ʠʤʘʪ ʨʘʟʤʝʨʠ ʦʢʦʣʦ 10 nm ʠ ʤʦʛʘʪ ʜʘ ʩʝ ʨʘʟʪʚʘʨʷʪ ʜʦʙʨʝ 

ʚʲʚ ʚʦʜʘ. ʊʝ ʩʝ ʩʠʥʪʝʟʠʨʘʪ ʯʨʝʟ ʭʠʜʨʦʪʝʨʤʘʣʥʘ ʢʘʨʙʦʥʠʟʘʮʠʷ ʥʘ ʚʲʛʣʝʨʦʜʥʠ ʧʨʝʢʫʨʩʦʨʠ. 

ʅʷʢʦʠ ʠʥʦʚʘʪʠʚʥʠ ʧʦʜʭʦʜʠ ʟʘ ʜʝʪʝʢʪʠʨʘʥʝ ʥʘ ʢʦʨʦʥʘʚʠʨʫʩʠ ʩʘ ʬʦʢʫʩʠʨʘʥʠ ʚʲʨʭʫ 

ʧʨʠʣʘʛʘʥʝʪʦ ʥʘ Cʂʊ. ʇʨʠ ʝʜʠʥ ʦʪ ʤʝʪʦʜʠʪʝ ʘʥʪʠʚʠʨʫʩʥʘʪʘ ʘʢʪʠʚʥʦʩʪ ʥʘ ʩʝʜʝʤ ʚʠʜʘ Cʂʊ 

ʝ ʠʟʧʦʣʟʚʘʥʘ ʟʘ ʣʝʯʝʥʠʝ ʥʘ ʯʦʚʝʰʢʠ ʢʦʨʦʥʘʚʠʨʫʩʥʠ ʠʥʬʝʢʮʠʠ. ʀʟʧʦʣʟʚʘʥʠ ʩʘ ʨʘʟʣʠʯʥʠ 

ʚʠʜʦʚʝ Cʂʊ, ʧʦʣʫʯʝʥʠ ʯʨʝʟ ʭʠʜʨʦʪʝʨʤʘʣʥʘ ʢʘʨʙʦʥʠʟʘʮʠʷ ʠ ʢʦʥʶʛʠʨʘʥʝ ʥʘ ʙʦʨʦʥʦʚʘ 

ʢʠʩʝʣʠʥʘ. ʆʧʠʩʘʥʦ ʝ, ʯʝ ʠʥʭʠʙʠʨʘʥʝʪʦ ʥʘ ʚʠʨʫʩʘ ʚʝʨʦʷʪʥʦ ʩʝ ʜʲʣʞʠ ʥʘ ʦʙʤʝʥʘ ʥʘ 

ʭʠʤʠʯʥʠ ʛʨʫʧʠ ʤʝʞʜʫ Cʂʊ ʠ ʨʝʮʝʧʪʦʨʠʪʝ ʥʘ ʚʠʨʫʩʘ [10]. 

 

ʎʠʨʢʦʥʠʝʚʠ ʢʚʘʥʪʦʚʠ ʪʦʯʢʠ (Zr ʂʊ)  

ʎʠʨʢʦʥʠʷʪ, ʙʣʘʛʦʜʘʨʝʥʠʝ ʥʘ ʩʚʦʡʩʪʚʘ ʢʘʪʦ ʤʝʭʘʥʠʯʥʘ ʩʪʘʙʠʣʥʦʩʪ, ʪʝʨʤʠʯʥʘ 

ʫʩʪʦʡʯʠʚʦʩʪ ʠ ʫʣʘʚʷʥʝ ʥʘ UV ʩʚʝʪʣʠʥʘ, ʩʝ ʠʟʧʦʣʟʚʘ ʚ ʤʥʦʛʦ ʙʠʦʤʝʜʠʮʠʥʩʢʠ 

ʥʘʧʨʘʚʣʝʥʠʷ. ʆʩʚʝʥ ʪʦʚʘ, ʥʘʥʦʨʘʟʤʝʨʲʪ ʥʘ Zr ʠʤʘ ʫʥʠʢʘʣʥʠ ʬʠʟʠʯʥʠ ʠ ʭʠʤʠʯʥʠ ʘʩʧʝʢʪʠ, 

ʜʲʣʞʘʱʠ ʩʝ ʥʘ ʛʦʣʷʤʘʪʘ ʤʫ ʧʦʚʲʨʭʥʦʩʪʥʘ ʧʣʦʱ ʠ ʝʣʝʢʪʨʦʥʥʠ ʩʲʩʪʦʷʥʠʷ [10]. 

ʂʘʪʦ ʮʷʣʦ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʂʊ ʩʨʝʱʫ ʢʦʨʦʥʘʚʠʨʫʩʘ ʝ ʝʜʠʥ ʦʪ ʥʘʡ-ʧʦʜʭʦʜʷʱʠʪʝ 

ʠʟʙʦʨʠ ʧʦʨʘʜʠ ʠʟʢʣʶʯʠʪʝʣʥʘʪʘ ʤʫ ʤʝʜʠʮʠʥʩʢʘ ʝʬʝʢʪʠʚʥʦʩʪ. ʆʩʚʝʥ ʪʦʚʘ, ʂʊ ʤʦʛʘʪ ʜʘ ʩʝ 

ʠʟʧʦʣʟʚʘʪ ʢʘʪʦ ʩʪʘʙʠʣʥʘ ʩʦʥʜʘ ʟʘ ʚʠʟʫʘʣʠʟʘʮʠʷ ʠ ʩʝʥʟʦʨ ʚ ʜʠʘʛʥʦʩʪʠʢʘʪʘ ʠ 

ʧʨʦʛʥʦʟʠʨʘʥʝʪʦ. ɺ ʜʦʧʲʣʥʝʥʠʝ, ʧʦʚʲʨʭʥʦʩʪʪʘ ʥʘ ʂʊ ʤʦʞʝ ʜʘ ʙʲʜʝ ʧʦʢʨʠʪʘ ʩ ʣʝʢʘʨʩʪʚʘ 

ʟʘ ʪʘʨʛʝʪʠʨʘʥʝ ʥʘ COVID-19. ɺʲʧʨʝʢʠ ʪʦʚʘ, ʪʝ ʪʨʷʙʚʘ ʜʘ ʙʲʜʘʪ ʧʨʠʣʘʛʘʥʠ ʚʥʠʤʘʪʝʣʥʦ, 

ʟʘ ʜʘ ʙʲʜʘʪ ʠʟʙʝʛʥʘʪʠ ʙʲʙʨʝʯʥʘ ʠʥʬʠʣʪʨʘʮʠʷ ʠ ʜʦʧʲʣʥʠʪʝʣʥʠ ʩʪʨʘʥʠʯʥʠ ʧʦʩʣʝʜʠʮʠ. 

 

3.2.3. ɺʲʛʣʝʨʦʜʥʠ ʥʘʥʦʤʘʪʝʨʠʘʣʠ  

ɺʲʛʣʝʨʦʜʥʠʪʝ ʤʘʪʝʨʠʘʣʠ ʩʘ ʬʫʥʢʮʠʦʥʘʣʥʠ ʚʲʚ ʚʩʝʢʠ ʘʩʧʝʢʪ ʦʪ ʥʘʰʝʪʦ 

ʝʞʝʜʥʝʚʠʝ, ʟʘʱʦʪʦ ʪʝ ʩʘ ʤʥʦʛʦʙʨʦʡʥʠ ʠ ʣʝʢʠ ʪʲʢʘʥʠ, ʢʦʠʪʦ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʠʟʧʦʣʟʚʘʥʠ ʚ 

ʤʥʦʞʝʩʪʚʦ ʧʨʠʣʦʞʝʥʠʷ. ɹʘʟʠʨʘʥʠʪʝ ʥʘ ʚʲʛʣʝʨʦʜ ʥʘʥʦʤʘʪʝʨʠʘʣʠ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ 

ʢʘʪʝʛʦʨʠʟʠʨʘʥʠ ʚʲʟ ʦʩʥʦʚʘ ʥʘ ʪʝʭʥʠʪʝ ʨʘʟʤʝʨʥʦʩʪʠ (D) ʢʘʪʦ ʥʘʧʨʠʤʝʨ ʥʫʣʘ ʠʟʤʝʨʥʠ (0D) 

(ʚʲʛʣʝʨʦʜʥʠ ʪʦʯʢʠ), ʝʜʥʦ-ʠʟʤʝʨʥʠ (1D) (ʧʨʠ CNT) ʠ ʜʚʫ-ʠʟʤʝʨʥʠ (2D) (ʚ ʛʨʘʬʝʥʦʚʠʪʝ 

ʥʘʥʦʩʪʨʫʢʪʫʨʠ). ʊʝʟʠ ʥʘʥʦʤʘʪʝʨʠʘʣʠ ʧʦʜʜʲʨʞʘʪ ʧʦ-ʰʠʨʦʢ ʜʠʘʧʘʟʦʥ ʥʘ ʨʘʙʦʪʥʘ 

ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʧʦ-ʰʠʨʦʢ ʦʙʭʚʘʪ ʥʘ ʪʨʘʥʩʜʫʮʠʨʘʱ ʩʠʛʥʘʣ ʜʦʨʠ ʚ ʝʢʩʪʨʝʤʥʠ ʩʠʪʫʘʮʠʠ ʥʘ 

ʦʢʦʣʥʘʪʘ ʩʨʝʜʘ [24]. 
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ɺʲʛʣʝʨʦʜʥʠʪʝ ʥʘʥʦʤʘʪʝʨʠʘʣʠ ʩʘ ʰʠʨʦʢʦ ʠʟʧʦʣʟʚʘʥʠ ʧʨʠ ʨʘʟʨʘʙʦʪʚʘʥʝʪʦ ʥʘ 

ʤʝʪʦʜʠ ʟʘ ʜʝʪʝʢʮʠʷ ʥʘ COVID-19. ʊʝʭʥʠʪʝ ʠʟʢʣʶʯʠʪʝʣʥʠ ʬʠʟʠʢʦʭʠʤʠʯʥʠ ʠ 

ʘʥʪʠʚʠʨʫʩʥʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʢʘʟʚʘʪ, ʯʝ ʥʘʥʦʤʘʪʝʨʠʘʣʠʪʝ ʠʛʨʘʷʪ ʞʠʟʥʝʥʦʚʘʞʥʘ ʨʦʣʷ 

ʚ ʙʦʨʙʘʪʘ ʩʨʝʱʫ COVID-19. ʊʝʟʠ ʥʘʥʦʤʘʪʝʨʠʘʣʠ (ʛʨʘʬʝʥ ʠ ʛʨʘʬʝʥʦʚ ʦʢʩʠʜ, ʚʲʛʣʝʨʦʜʥʠ 

ʢʚʘʥʪʦʚʠ ʪʦʯʢʠ, ʚʲʛʣʝʨʦʜʥʠ ʥʘʥʦʪʨʲʙʠ ʠ ʬʫʣʝʨʝʥ) ʩ ʦʪʣʠʯʥʠ ʩʚʦʡʩʪʚʘ, ʛʣʘʚʥʦ ʢʘʪʦ 

ʙʠʦʩʝʥʟʦʨʥʦʩʪ, ʘʥʪʠʚʠʨʫʩʥʠ ʠ ʘʥʪʠʤʠʢʨʦʙʥʠ ʩʚʦʡʩʪʚʘ, ʧʨʝʜʩʪʘʚʣʷʚʘʪ ʝʜʥʘ ʧʦ-ʜʦʙʨʘ 

ʘʣʪʝʨʥʘʪʠʚʘ ʟʘ ʧʦʪʝʥʮʠʘʣʥʠ ʧʨʠʣʦʞʝʥʠʷ ʢʘʪʦ ʙʠʦʩʝʥʟʦʨʠ ʟʘ ʜʠʘʛʥʦʩʪʠʢʘ, ʘʥʪʠʚʠʨʫʩʥʦ 

ʧʦʢʨʠʪʠʝ, ʬʠʣʪʨʠʨʘʥʝ ʥʘ ʚʠʨʫʩʠ ʨʘʟʧʨʦʩʪʨʘʥʷʚʘʥʠ ʧʦ ʚʲʟʜʫʰʥʦ-ʢʘʧʢʦʚ ʧʲʪ, ʤʘʩʢʠ ʟʘ 

ʣʠʮʝ ʠ ʮʝʣʝʚʦ ʦʩʚʦʙʦʞʜʘʚʘʥʝ ʥʘ ʣʝʢʘʨʩʪʚʘ ʚ ʦʨʛʘʥʠʟʤʘ [10, 24, 30]. 

 

ɻʨʘʬʝʥ ʠ ʛʨʘʬʝʥʦʚ ʦʢʩʠʜ 

ʅʘʥʦʤʘʪʝʨʠʘʣʠʪʝ ʛʨʘʬʝʥ ʠ ʛʨʘʬʝʥʦʚ ʦʢʩʠʜ ʠʤʘʪ ʜʚʝ ʨʘʟʤʝʨʥʦʩʪʠ, ʢʘʢʪʦ ʠ 

ʘʥʪʠʤʠʢʨʦʙʥʠ ʠ ʘʥʪʠʚʠʨʫʩʥʠ ʩʚʦʡʩʪʚʘ. ʇʦʨʘʜʠ ʪʦʚʘ ʪʝ ʧʨʠʚʣʠʯʘʪ ʛʦʣʷʤʦ ʚʥʠʤʘʥʠʝ ʠ ʩʘ 

ʦʙʝʢʪ ʥʘ ʤʥʦʛʦ ʠʟʩʣʝʜʚʘʥʠ.̫ ʈʘʟʨʘʙʦʪʝʥʠ ʩʘ ʛʨʘʬʝʥ-ʙʘʟʠʨʘʥʠ ʧʦʣʝʚʠ ʪʨʘʥʟʠʩʪʦʨʠ (FET) 

ʢʘʪʦ ʩʝʥʟʦʨʠ ʟʘ ʘʥʘʣʠʟʠʨʘʥʝ ʥʘ COVID-19 ʚʠʨʫʩʝʥ ʪʦʚʘʨ ʚ ʢʣʠʥʠʯʥʠ ʥʘʟʦʬʘʨʠʥʛʝʘʣʥʠ 

ʧʨʦʙʠ, ʠʟʧʦʣʟʚʘʡʢʠ ʘʥʪʠʪʝʣʘ ʩʨʝʱʫ ʥʝʛʦʚʠʷ ʰʠʧʯʝʩʪ ʙʝʣʪʲʢ. ʈʘʟʨʘʙʦʪʝʥʠʪʝ FET 

ʩʝʥʟʦʨʠ ʤʦʛʘʪ ʜʘ ʫʣʦʚʷʪ SARS-CoV-2 ʰʠʧʯʝʩʪʠʷ ʙʝʣʪʲʢ ʚʲʚ ʬʦʩʬʘʪʥʦ ʙʫʬʝʨʠʨʘʥ 

ʬʠʟʠʦʣʦʛʠʯʝʥ ʨʘʟʪʚʦʨ ʠ 100 fg mLī1 ʤʝʜʠʮʠʥʩʢʘ ʪʝʯʥʘ ʪʨʘʥʩʧʦʨʪʥʘ ʩʨʝʜʘ, ʧʨʠ 

ʢʦʥʮʝʥʪʨʘʮʠʷ 1 fgm Lī1 ʠ ʛʨʘʥʠʮʘ ʥʘ ʜʝʪʝʢʮʠʷ ~1,6 × 101 pfu mL-1 ʠ ~2,42 Ĭ 102 pfu mL-1 

ʩʲʦʪʚʝʪʥʦ ʟʘ ʢʫʣʪʠʚʠʨʘʥʘ ʧʨʦʙʘ ʠ ʤʝʜʠʮʠʥʩʢʠ ʪʝʩʪ. ʊʦʟʠ ʩʝʥʟʦʨ ʧʦʢʘʟʚʘ, ʯʝ ʝ ʩʠʣʥʦ 

ʯʫʚʩʪʚʠʪʝʣʝʥ ʢʲʤ ʩʢʨʠʥʠʥʛ ʠ ʜʠʘʛʥʦʩʪʠʢʘ ʥʘ ʥʦʚʦʪʦ ʢʦʨʦʥʘʚʠʨʫʩʥʦ ʟʘʙʦʣʷʚʘʥʝ ʦʪ 2019 

ʛ. ʠ ʟʘ ʥʝʛʦ ʥʝ ʝ ʥʝʦʙʭʦʜʠʤʘ ʧʨʝʜʚʘʨʠʪʝʣʥʘ ʦʙʨʘʙʦʪʢʘ ʥʘ ʧʨʦʙʠʪʝ. ʋʧʦʪʨʝʙʘʪʘ ʥʘ ʛʨʘʬʝʥ 

ʚʦʜʠ ʜʦ ʧʦʜʦʙʨʝʥʦ ʩʲʦʪʥʦʰʝʥʠʝ ʩʠʛʥʘʣ/ʰʫʤ [10]. 
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ʌʠʛʫʨʘ 12. ʉʭʝʤʘ ʥʘ ʦʧʨʝʜʝʣʝʥʠ ʘʣʦʪʨʦʧʥʠ ʬʦʨʤʠ ʥʘ ʚʲʛʣʝʨʦʜʥʠ ʥʘʥʦʤʘʪʝʨʠʘʣʠ ʟʘ 

ʨʘʟʨʘʙʦʪʚʘʥʝ ʥʘ ʥʘʥʦʙʠʦʩʝʥʟʦʨʠ. 

 

 

 

 

 

 

 

 

 

 

 

ʀʟʪʦʯʥʠʢ: Ozmen et al. [24]. 

 

ɺʲʛʣʝʨʦʜʥʠ ʥʘʥʦʪʨʲʙʠ 

ɺʲʛʣʝʨʦʜʥʠʪʝ ʥʘʥʦʪʨʲʙʠ (CNTs) ʙʠʚʘʪ ʰʠʨʦʢʦ ʠʟʧʦʣʟʚʘʥʠ ʚ ʙʠʦʣʦʛʠʯʥʠ ʠ 

ʙʠʦʤʝʜʠʮʠʥʩʢʠ ʧʨʦʫʯʚʘʥʠʷ ʧʦʨʘʜʠ ʩʣʝʜʥʠʪʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʩ ʢʦʠʪʦ ʦʪʚʘʨʷʪ ʥʦʚʠ 

ʭʦʨʠʟʦʥʪʠ ʟʘ ʥʘʫʯʥʦ ʨʘʟʚʠʪʠʝ [10]: 

¶ 10ī 100 nm ʚ ʜʠʘʤʝʪʲʨ; 

¶ ʘʥʪʠʚʠʨʫʩʥʘ ʠ ʘʥʪʠʤʠʢʨʦʙʥʘ ʘʢʪʠʚʥʦʩʪ; 

¶ ʜʦʙʨʘ ʝʬʝʢʪʠʚʥʦʩʪ ʥʘ ʧʨʝʦʙʨʘʟʫʚʘʥʝ ʥʘ ʩʚʝʪʣʠʥʘʪʘ ʚ ʪʦʧʣʠʥʘ; 

¶ ʛʦʣʷʤʦ ʩʲʦʪʥʦʰʝʥʠʝ ʧʦʚʲʨʭʥʦʩʪ/ʦʙʝʤ; 

¶ ʥʠʩʢʘ ʧʣʲʪʥʦʩʪ; 

¶ ʤʘʣʲʢ ʨʘʟʤʝʨ ʥʘ ʧʦʨʠʪʝ; 

¶ ʛʲʚʢʘʚʦʩʪ; 

¶ ʨʝʟʠʩʪʝʥʪʥʦʩʪ ʢʲʤ ʢʠʩʝʣʠʥʠ ʠ ʦʩʥʦʚʠ; 
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¶ ʜʦʙʨʘ ʤʝʭʘʥʠʯʥʘ ʟʜʨʘʚʠʥʘ; 

¶ ʩʧʦʩʦʙʥʦʩʪ ʟʘ ʩʲʟʜʘʚʘʥʝ ʥʘ ʨʝʘʢʪʠʚʦʩʧʦʩʦʙʥʠ ʢʠʩʣʦʨʦʜʥʠ ʚʠʜʦʚʝ; 

¶ ʨʝʟʠʩʪʝʥʪʥʦʩʪ ʢʲʤ ʨʝʩʧʠʨʘʪʦʨʥʠ ʢʘʧʢʠ; 

¶ ʙʠʦʣʦʛʠʯʥʘ ʩʲʚʤʝʩʪʠʤʦʩʪ ʩ ʥʷʢʦʣʢʦ ʣʝʢʘʨʩʪʚʘ. 

 

ɺʲʛʣʝʨʦʜʥʠʪʝ ʪʦʯʢʠ ʩʘ ʦʪʢʨʠʪʠ ʧʨʝʟ 2004 ʛ. ʊʝ ʦʙʠʢʥʦʚʝʥʦ ʧʨʠʪʝʞʘʚʘʪ 

ʬʦʪʦʣʫʤʠʥʝʩʮʝʥʪʥʠ ʩʚʦʡʩʪʚʘ ʠ ʩʘ ʙʠʦʩʲʚʤʝʩʪʠʤʠ ʠ ʩʠʣʥʦ ʫʩʪʦʡʯʠʚʠ. ʊʝʟʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʠ ʧʨʘʚʷʪ ʧʦʜʭʦʜʷʱʠ ʟʘ ʧʨʠʣʘʛʘʥʝ ʚ ʨʘʟʣʠʯʥʠ ʩʬʝʨʠ, ʚʢʣʶʯʠʪʝʣʥʦ 

ʙʠʦʩʝʥʩʠʥʛ ʠ ʙʠʦʚʠʟʫʘʣʠʟʘʮʠʷ. ɺʲʛʣʝʨʦʜʥʠʪʝ ʥʘʥʦʪʨʲʙʠ (CNT), ʛʨʘʬʝʥʲʪ ʠ 

ʚʲʛʣʝʨʦʜʥʠʪʝ ʪʦʯʢʠ (Cʊ) ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʢʣʘʩʠʬʠʮʠʨʘʥʠ ʢʘʪʦ ʥʫʣʘ- (0D), ʝʜʥʦ-(1D) ʠ 

ʜʚʫ-(2D) ʠʟʤʝʨʥʠ ʚʲʛʣʝʨʦʜʥʠ ʥʘʥʦʤʘʪʝʨʠʘʣʠ [10, 30]. 
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ʌʠʛʫʨʘ 13. ɹʲʜʝʱʠ ʧʝʨʩʧʝʢʪʠʚʠ ʥʘ ʚʲʛʣʝʨʦʜʥʠʪʝ ʥʘʥʦʪʨʲʙʠ ʚ ʧʨʦʬʠʣʘʢʪʠʢʘʪʘ, 

ʜʠʘʛʥʦʩʪʠʢʘʪʘ ʠ ʣʝʯʝʥʠʝʪʦ ʥʘ SARS-CoV-2 ʠʥʬʝʢʮʠʠ. 

 

 

 

 

 

 

 

 

 

ʀʟʪʦʯʥʠʢ: Varghese et al. [41].  

ɻʦʣʷʤʦ ʧʨʦʩʪʨʘʥʩʪʚʦ ʟʘ ʩʲʭʨʘʥʝʥʠʝ, ʛʦʣʷʤʘ ʧʦʚʲʨʭʥʦʩʪʥʘ ʧʣʦʱ, ʚʠʩʦʢʘ 

ʙʠʦʩʲʚʤʝʩʪʠʤʦʩʪ, ʦʪʣʠʯʥʦ ʧʨʝʤʠʥʘʚʘʥʝ ʧʨʝʟ ʙʠʦʣʦʛʠʯʥʠ ʤʝʤʙʨʘʥʠ, ʦʪʥʦʩʠʪʝʣʥʘ 

ʩʪʝʧʝʥ ʥʘ ʙʠʦʘʙʩʦʨʙʮʠʷ, ʠ ʮʝʣʝʚʘ ʤʦʜʠʬʠʢʘʮʠʷ ʥʘ ʙʠʦʤʦʣʝʢʫʣʠ ʩʘ ʦʪʣʠʯʥʠ ʩʚʦʡʩʪʚʘ ʥʘ 

CNT, ʢʦʠʪʦ ʧʨʝʜʦʩʪʘʚʷʪ ʥʦʚʠ ʚʲʟʤʦʞʥʦʩʪʠ ʟʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ COVID-19. CNT ʩʝ 

ʠʟʧʦʣʟʚʘʪ ʢʘʪʦ ʩʠʩʪʝʤʠ ʟʘ ʜʠʘʛʥʦʩʪʠʢʘ ʠ ʬʠʣʪʨʠʨʘʥʝ ʠ ʢʘʪʦ ʩʨʝʜʩʪʚʦ ʟʘ ʠʥʘʢʪʠʚʠʨʘʥʝ 

ʥʘ ʚʠʨʫʩʠ [10]. 

ʇʨʦʝʢʪʠʨʘʥʦ ʝ ʤʠʢʨʦʫʩʪʨʦʡʩʪʚʦ ʩ ʨʝʛʫʣʠʨʫʝʤ ʨʘʟʤʝʨ ʥʘ CNT (CNT-STEM), 

ʢʦʝʪʦ ʠʤʘ ʟʘ ʮʝʣ ʜʘ ʢʦʥʮʝʥʪʨʠʨʘ ʚʠʨʫʩʠ ʦʪ ʩʫʨʦʚʠ ʧʨʦʙʠ. CNT ʤʦʛʘʪ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘʪ ʟʘ 

ʜʠʘʛʥʦʩʪʠʮʠʨʘʥʝ ʥʘ ʨʝʩʧʠʨʘʪʦʨʥʠ ʚʠʨʫʩʠ, ʚʢʣʶʯʠʪʝʣʥʦ SARS-CoV-1 ʠ SARS-CoV-2. 

ʉʪʨʘʥʠʯʥʘʪʘ ʩʪʝʥʘ ʥʘ ʢʘʥʘʣʘ ʚ ʤʠʢʨʦʫʩʪʨʦʡʩʪʚʦʪʦ ʝ ʧʨʦʠʟʚʝʜʝʥʘ ʦʪ ʣʝʛʠʨʘʥʠ ʩ ʘʟʦʪ 

ʤʥʦʛʦʩʪʝʥʥʠ CNT, ʢʲʜʝʪʦ ʠʥʪʨʘʪʫʙʫʣʥʦʪʦ ʧʨʦʩʪʨʘʥʩʪʚʦ ʤʝʞʜʫ CNT ʝ ʦʧʪʠʤʠʟʠʨʘʥʦ, ʟʘ 

ʜʘ ʩʲʦʪʚʝʪʩʪʚʘ ʥʘ ʨʘʟʤʝʨʘ ʥʘ ʨʘʟʣʠʯʥʠ ʚʠʨʫʩʠ. ʉ ʧʦʤʦʱʪʘ ʥʘ ʪʦʚʘ ʫʩʪʨʦʡʩʪʚʦ ʙʝʰʝ 

ʦʧʨʝʜʝʣʝʥ ʱʘʤʲʪ ʥʘ ʚʠʨʫʩʘ ʥʘ ʧʪʠʯʠʷ ʛʨʠʧ. CNT-STEM ʟʥʘʯʠʪʝʣʥʦ ʧʦʜʦʙʨʷʚʘ ʯʝʩʪʦʪʘʪʘ 

ʥʘ ʠʟʦʣʠʨʘʥʝ ʥʘ ʚʠʨʫʩʘ ʠ ʜʝʪʝʢʮʠʦʥʥʘʪʘ ʯʫʚʩʪʚʠʪʝʣʥʦʩʪ. ʇʦʨʘʜʠ ʣʝʩʥʦʪʦ ʧʨʠʣʦʞʝʥʠʝ ʠ 

ʥʘʜʝʞʜʥʦʩʪʪʘ ʥʘ ʪʘʟʠ ʪʝʭʥʠʢʘ, ʪʷ ʤʦʞʝ ʜʘ ʙʲʜʝ ʤʦʜʠʬʠʮʠʨʘʥʘ ʟʘ ʦʪʢʨʠʚʘʥʝ ʥʘ SARS-

CoV-2 ʈʅʂ ʠʣʠ ʙʝʣʪʲʮʠ [30, 34]. 
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ʌʠʛʫʨʘ 14. ʇʨʠʥʮʠʧ ʥʘ ʨʘʙʦʪʘ ʥʘ ʚʠʨʫʩʥʦ ʦʙʦʛʘʪʷʚʘʥʝ ʠ ʢʦʥʮʝʥʪʨʠʨʘʥʝ ʦʪ 

ʧʦʣʝʚʠ ʧʨʦʙʠ. (A) ʇʨʦʙʘʪʘ, ʩʲʜʲʨʞʘʱʘ ʚʠʨʫʩʠ (ʣʠʣʘʚʠ ʩʬʝʨʠ), ʩʝ ʚʟʝʤʘ ʩ ʧʦʤʦʱʪʘ ʥʘ 

ʧʘʤʫʯʝʥ ʪʘʤʧʦʥ ʠʣʠ ʢʘʪʦ ʪʲʢʘʥʥʘ ʧʨʦʙʘ. (B) ʉʫʧʝʨʥʘʪʘʥʪʘʪʘ ʦʪ ʧʦʣʝʚʘʪʘ ʧʨʦʙʘ 

ʧʨʝʤʠʥʘʚʘ ʧʨʝʟ CNT-STEM ʠ ʚʠʨʫʩʠʪʝ ʩʝ ʢʦʥʮʝʥʪʨʠʨʘʪ ʚ ʫʩʪʨʦʡʩʪʚʦʪʦ. ɺʤʲʢʚʘʥʝ 

(ʚʜʷʩʥʦ): ʀʣʶʩʪʨʘʮʠʷ ʥʘ ʙʘʟʠʨʘʥʦ ʥʘ ʨʘʟʤʝʨʘ ʚʠʨʫʩʥʦ ʦʙʦʛʘʪʷʚʘʥʝ ʦʪ ʧʦʜʨʘʚʥʝʥʠʪʝ N-

MWCNT. ɺʤʲʢʚʘʥʝ (ʜʦʣʫ ʚʜʷʩʥʦ): SEM ʠʟʦʙʨʘʞʝʥʠʝ ʥʘ H5N2 AIV ʚʠʨʠʦʥʠ, ʫʣʦʚʝʥʠ ʦʪ 

N-MWCNT. ɺʤʲʢʚʘʥʝ (ʜʦʣʫ ʚʣʷʚʦ): TEM ʠʟʦʙʨʘʞʝʥʠʝ ʥʘ ʢʦʥʮʝʥʪʨʠʨʘʥ H5N2 AIV, ʩʣʝʜ 

ʢʘʪʦ N-MWCNT ʩʪʨʫʢʪʫʨʠʪʝ ʙʠʚʘʪ ʦʪʜʝʣʝʥʠ ʦʪ CNT-STEM. 

ʀʟʪʦʯʥʠʢ: Yeh et al. [44]. 

 

ʅʘʥʦʜʠʘʤʘʥʪʠ 

ʇʦʨʘʜʠ ʚʠʩʦʢʘʪʘ ʠʤ ʩʪʘʙʠʣʥʦʩʪ ʠ ʥʠʩʢʘ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪ, ʢʲʤ ʥʘʥʦʜʠʘʤʘʥʪʠʪʝ 

ʠʤʘ ʟʥʘʯʠʪʝʣʝʥ ʠʥʪʝʨʝʩ ʟʘ ʜʠʘʛʥʦʩʪʠʢʘ ʥʘ COVID-19. ʌʣʫʦʨʝʩʮʝʥʪʥʠ ʥʘʥʦʜʠʘʤʘʥʪʠ ʩʝ 

ʠʟʧʦʣʟʚʘʪ ʢʘʪʦ ʫʣʪʨʘʯʫʚʩʪʚʠʪʝʣʥʠ ʤʘʨʢʝʨʠ ʚ ʣʘʪʝʨʘʣʝʥ ʧʦʪʦʯʝʥ ʠʤʫʥʦʘʥʘʣʠʟ ʥʘ 

COVID-19. ʊʝʟʠ ʥʘʥʦʜʠʘʤʘʥʪʠ ʩʘ ʠʤʦʙʠʣʠʟʠʨʘʥʠ ʚʲʨʭʫ ʪʝʩʪʦʚʘʪʘ ʧʦʜʣʦʞʢʘ ʠ ʯʨʝʟ 

ʤʠʢʨʦʚʲʣʥʦʚʦ ʧʦʣʝ ʩʝʣʝʢʪʠʚʥʦ ʪʝʭʥʠʷ ʬʣʫʦʨʝʩʮʝʥʪʝʥ ʩʠʛʥʘʣ ʩʝ ʦʪʜʝʣʷ ʦʪ ʬʦʥʦʚʠʷ 

ʩʠʛʥʘʣ. ʊʦʚʘ ʟʥʘʯʠʪʝʣʥʦ ʧʦʜʦʙʨʷʚʘ ʯʫʚʩʪʚʠʪʝʣʥʦʩʪʪʘ ʥʘ ʜʝʪʝʢʮʠʷ. ʊʦʟʠ ʘʥʘʣʠʟ ʝ 105 

ʧʲʪʠ ʧʦ-ʯʫʚʩʪʚʠʪʝʣʝʥ ʦʪ ʪʨʘʜʠʮʠʦʥʥʠʷ ʣʘʪʝʨʘʣʝʥ ʧʦʪʦʯʝʥ ʘʥʘʣʠʟ ʩʲʩ ʟʣʘʪʥʠ 

ʥʘʥʦʯʘʩʪʠʮʠ. ɺʲʛʣʝʨʦʜʥʠʪʝ ʥʘʥʦʤʘʪʝʨʠʘʣʠ ʤʦʛʘʪ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘʪ ʢʘʪʦ ʘʥʪʠʚʠʨʫʩʥʦ 

ʪʝʨʘʧʝʚʪʠʯʥʦ ʩʨʝʜʩʪʚʦ ʟʘ COVID-19 [30]. 

3.2.4. ʄʘʛʥʠʪʥʠ ʥʘʥʦʯʘʩʪʠʮʠ (MNPs)  

Mʘʛʥʠʪʥʠʪʝ NP (MNP) ʦʙʠʢʥʦʚʝʥʦ ʩʝ ʠʟʧʦʣʟʚʘʪ ʟʘ ʜʝʪʝʢʪʠʨʘʥʝ ʥʘ SARS-CoV-2, 

ʠʤʫʥʝʥ ʦʪʛʦʚʦʨ ʥʘ ʛʦʩʪʦʧʨʠʝʤʥʠʢʘ ʠ ʨʘʟʜʝʣʷʥʝ ʥʘ ʥʫʢʣʝʠʥʦʚʠ ʢʠʩʝʣʠʥʠ. ɼʦʢʘʟʘʥʦ ʝ, ʯʝ 
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NP ʦʪ ʞʝʣʝʟʝʥ ʦʢʩʠʜ ʩʲʩ ʩʠʣʠʢʘʪʥʦ ʧʦʢʨʠʪʠʝ ʩʝ ʩʚʲʨʟʚʘʪ ʩ ʈʅʂ ʥʘ SARS-CoV-2, ʩʣʝʜ 

ʢʘʪʦ ʚʠʨʫʩʲʪ ʙʠʚʘ ʣʠʟʠʨʘʥ. ɿʘ ʠʟʦʣʠʨʘʥʝ ʥʘ ʩʚʲʨʟʘʥʠʪʝ ʩ ʈʅʂ NP ʦʪ ʨʘʟʪʚʦʨʘ ʩʝ ʠʟʧʦʣʟʚʘ 

ʤʘʛʥʠʪ. ʊʦʟʠ ʤʝʪʦʜ ʝ ʠʢʦʥʦʤʠʯʝʥ ʠ ʣʝʩʝʥ, ʧʦʟʚʦʣʷʚʘʡʢʠ ʝʬʝʢʪʠʚʥʘ ʝʢʩʪʨʘʢʮʠʷ ʥʘ ʈʅʂ 

ʦʪ ʧʨʦʙʠ [15, 30]. 

ʇʨʝʮʠʟʥʘʪʘ ʜʝʪʝʢʮʠʷ ʠʟʠʩʢʚʘ ʝʬʝʢʪʠʚʥʘ ʝʢʩʪʨʘʢʮʠʷ ʠ ʨʘʟʜʝʣʷʥʝ ʥʘ ʥʫʢʣʝʠʥʦʚʠʪʝ 

ʢʠʩʝʣʠʥʠ ʦʪ ʧʨʦʙʘʪʘ, ʧʦʟʚʦʣʷʚʘʡʢʠ ʮʝʣʝʚʦ ʧʨʝʯʠʩʪʚʘʥʝ. ɺ ʝʜʥʦ ʧʨʦʫʯʚʘʥʝ ʩʘ ʠʟʧʦʣʟʚʘʥʠ 

ʩʫʧʝʨʧʘʨʘʤʘʛʥʠʪʥʠ ʥʘʥʦʯʘʩʪʠʮʠ (80 nm), ʢʦʥʶʛʠʨʘʥʠ ʩʲʩ ʩʦʥʜʘ, ʢʦʤʧʣʝʤʝʥʪʘʨʥʘ ʥʘ 

ʪʘʨʛʝʪʥʘʪʘ ʧʦʩʣʝʜʦʚʘʪʝʣʥʦʩʪ ʚ SARS-CoVs. ʏʨʝʟ ʤʘʛʥʠʪ, ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʘʥʠʪʝ 

ʩʫʧʝʨʧʘʨʘʤʘʛʥʠʪʥʠ ʥʘʥʦʯʘʩʪʠʮʠ ʤʦʛʘʪ ʜʘ ʝʢʩʪʨʘʭʠʨʘʪ ʪʘʨʛʝʪʥʘʪʘ ʢɼʅʂ ʦʪ ʧʨʦʙʘʪʘ. 

ʂʦʣʠʯʝʩʪʚʦʪʦ ʥʘ ʝʢʩʪʨʘʭʠʨʘʥʘʪʘ ɼʅʂ ʩʝ ʫʚʝʣʠʯʘʚʘ ʯʨʝʟ PCR, ʠʟʧʦʣʟʚʘ ɦʬʣʫʦʨʝʩʮʝʥʪʥʠ 

ʥʘʥʦʯʘʩʪʠʮʠ ʩʲʩ ʩʠʣʠʢʦ-ʧʦʢʨʠʪʠʝ, ʢʦʥʶʛʠʨʘʥʠ ʩ ʢʦʤʧʣʝʤʝʥʪʘʨʥʘʪʘ ʧʦʩʣʝʜʦʚʘʪʝʣʥʦʩʪ. 

ʌʣʫʦʨʝʩʮʝʥʪʥʠʪʝ ʥʘʥʦʯʘʩʪʠʮʠ ʩʲʩ ʩʠʣʠʢʦ-ʧʦʢʨʠʪʠʝ ʦʪʜʝʣʷʪ ʬʣʫʦʨʝʩʮʝʥʪʝʥ ʩʠʛʥʘʣ, 

ʧʨʷʢʦ ʩʚʲʨʟʘʥ ʩ ʢʦʥʮʝʥʪʨʘʮʠʷʪʘ ʥʘ ʮʝʣʝʚʘʪʘ ʢɼʅʂ [30]. 

ʇʦʚʲʨʭʥʦʩʪʥʦ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʘʥʠʪʝ MNP ʘʜʩʦʨʙʠʨʘʪ ʥʫʢʣʝʠʥʦʚʘʪʘ ʢʠʩʝʣʠʥʘ ʦʪ 

ʣʠʟʠʨʘʱʠʷ ʨʘʟʪʚʦʨ ʠ ʙʠʚʘʪ ʦʪʜʝʣʝʥʠ ʦʪ ʧʦʚʝʯʝʪʦ ʢʦʥʪʘʤʠʥʘʥʪʠ ʩ ʧʦʤʦʱʪʘ ʥʘ ʚʲʥʰʥʦ 

ʤʘʛʥʠʪʥʦ ʧʦʣʝ. ʉʣʝʜ ʪʘʟʠ ʢʨʘʪʢʘ ʧʨʦʮʝʜʫʨʘ, ʥʫʢʣʝʠʥʦʚʘʪʘ ʢʠʩʝʣʠʥʘ ʤʦʞʝ ʜʘ ʙʲʜʝ 

ʜʦʧʲʣʥʠʪʝʣʥʦ ʧʨʝʯʠʩʪʝʥʘ, ʢʘʪʦ ʩʝ ʦʪʜʝʣʠ ʦʪ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʘʥʘʪʘ ʧʦʚʲʨʭʥʦʩʪ ʥʘ MNP 

ʯʨʝʟ ʧʨʦʮʝʩ ʥʘ ʜʝʩʦʨʙʮʠʷ ʚ ʝʣʫʝʥʪʘ. ɺʲʧʨʝʢʠ ʯʝ ʪʦʟʠ ʧʨʦʮʝʩ ʝ ʤʥʦʛʦ ʧʦ-ʣʝʩʝʥ ʠ ʧʦ-

ʢʨʘʪʲʢ ʦʪ ʪʨʘʜʠʮʠʦʥʥʠʪʝ ʧʨʦʮʝʜʫʨʠ, MNP ʘʩʠʩʪʠʨʘʥʠʷ ʝʢʩʪʨʘʢʮʠʦʥʝʥ ʧʨʦʮʝʩ ʚʩʝ ʦʱʝ 

ʩʝ ʩʲʩʪʦʠ ʦʪ ʥʷʢʦʣʢʦ ʝʪʘʧʘ, ʥʝʧʦʜʭʦʜʷʱʠ ʟʘ ʧʨʘʢʪʠʯʝʩʢʘ ʜʝʪʝʢʮʠʷ. ʅʘʥʦʯʘʩʪʠʮʠʪʝ ʦʪ 

ʮʠʥʢʦʚ ʬʝʨʠʪ ʩʝ ʩʠʥʪʝʟʠʨʘʪ ʯʨʝʟ ʧʨʦʜʲʣʞʠʪʝʣʥʦ ʠʟʧʘʨʝʥʠʝ, ʘ ʧʦʚʲʨʭʥʦʩʪʪʘ ʥʘ 

ʥʘʥʦʯʘʩʪʠʮʠʪʝ ʝ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʘʥʘ ʩʲʩ ʩʠʣʠʮʠʝʚ ʜʠʦʢʩʠʜ ʠ ʢʘʨʙʦʢʩʠʣ-ʤʦʜʠʬʠʮʠʨʘʥ 

ʧʦʣʠʚʠʥʠʣʦʚ ʘʣʢʦʭʦʣ. ʊʘʟʠ ʧʣʘʪʬʦʨʤʘ ʜʝʤʦʥʩʪʨʠʨʘ ʩʧʦʩʦʙʥʦʩʪ ʟʘ ʙʲʨʟʦʪʦ ʠ ʣʝʩʥʦ 

ʧʨʝʤʘʭʚʘʥʝ ʥʘ ʚʠʨʫʩʥʘʪʘ ʈʅʂ ʦʪ ʨʘʟʣʠʯʥʠ ʚʠʜʦʚʝ ʧʨʦʙʠ. ʊʦʟʠ ʤʝʪʦʜ ʥʘʤʘʣʷʚʘ 

ʬʫʥʢʮʠʦʥʘʣʥʠʪʝ ʩʪʲʧʢʠ, ʢʦʝʪʦ ʧʨʝʜʦʩʪʘʚʷ ʟʥʘʯʠʪʝʣʥʘ ʧʝʨʩʧʝʢʪʠʚʘ ʟʘ ʜʠʘʛʥʦʩʪʠʢʘ ʥʘ 

COVID-19 ʥʘ ʤʦʣʝʢʫʣʥʦ ʥʠʚʦ [30, 34]. 

ʅʘʣʠʯʝʥ ʝ ʧʦ-ʦʧʨʦʩʪʝʥ ʩʲʚʨʝʤʝʥʝʥ ʧʨʦʪʦʢʦʣ ʟʘ MNP ʘʩʠʩʪʠʨʘʥʘ ʈʅʂ ʝʢʩʪʨʘʢʮʠʷ 

ʠ RT-PCR-ʙʘʟʠʨʘʥʘ ʜʠʘʛʥʦʩʪʠʢʘ ʥʘ COVID-19. MNP ʦʪ ʮʠʥʢʦʚ ʬʝʨʠʪ (ZNF) ʤʦʛʘʪ ʜʘ 

ʙʲʜʘʪ ʩʠʥʪʝʟʠʨʘʥʠ ʧʦ ʨʝʥʪʘʙʠʣʥʠʷ ʟʦʣ-ʛʝʣ ʩʘʤʦʚʲʟʧʣʘʤʝʥʠʪʝʣʝʥ ʤʝʪʦʜ. ʉʣʝʜ ʪʦʚʘ 

ʧʦʚʲʨʭʥʦʩʪʪʘ ʠʤ ʩʝ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʘ ʯʨʝʟ ʧʦʣʠʤʝʨʠ, ʩʲʜʲʨʞʘʱʠ ʢʘʨʙʦʢʩʠʣʥʠ ʛʨʫʧʠ 

(CPoly). ʆʪ ʤʘʛʥʠʪʥʠʪʝ ʩʲʝʜʠʥʝʥʠʷ ʝ ʠʟʙʨʘʥ ʮʠʥʢʦʚʠʷʪ ʬʝʨʠʪ ʧʦʨʘʜʠ ʥʝʛʦʚʘʪʘ ʚʠʩʦʢʘ 

ʭʠʤʠʯʝʩʢʘ ʫʩʪʦʡʯʠʚʦʩʪ, ʜʦʙʨʦ ʤʘʛʥʠʪʥʦ ʧʦʚʝʜʝʥʠʝ, ʣʝʩʥʘ ʧʦʜʛʦʪʦʚʢʘ ʠ ʙʠʦʩʲʚʤʝʩʪʠʤ 

ʭʘʨʘʢʪʝʨ. ɹʣʘʛʦʜʘʨʝʥʠʝ ʥʘ ʟʜʨʘʚʘʪʘ ʚʨʲʟʢʘ ʤʝʞʜʫ ʥʫʢʣʝʠʥʦʚʠʪʝ ʢʠʩʝʣʠʥʠ ʠ 
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ʢʘʨʙʦʢʩʠʣʥʠʪʝ ʛʨʫʧʠ, ʧʦʚʲʨʭʥʦʩʪʥʦ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʘʥʠʪʝ MNP ʧʨʦʤʦʪʠʨʘʪ ʙʲʨʟʘ ʠ 

ʝʬʝʢʪʠʚʥʘ ʘʜʩʦʨʙʮʠʷ ʥʘ ʚʠʨʫʩʥʘ ʈʅʂ. ʊʘʟʠ ʨʝʥʪʘʙʠʣʥʘ ʠ ʦʧʨʦʩʪʝʥʘ ʪʝʭʥʠʢʘ ʤʦʞʝ ʜʘ 

ʦʩʠʛʫʨʠ ʢʚʘʣʠʬʠʮʠʨʘʥʘ ʘʣʪʝʨʥʘʪʠʚʘ ʥʘ ʢʦʥʚʝʥʮʠʦʥʘʣʥʠʪʝ ʤʝʪʦʜʠ [34]. 

ʌʠʛʫʨʘ 15. ʉʭʝʤʘ ʥʘ ʧʨʦʪʦʢʦʣ ʟʘ ʈʅʂ ʝʢʩʪʨʘʢʮʠʷ ʯʨʝʟ ʧʦʚʲʨʭʥʦʩʪʥʦ 

ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʘʥʠ MNP. 

 

 

 

 

 

 

 

 

 

ʀʟʪʦʯʥʠʢ: Somvanshi et al. [34].  

ʉʲʱʝʩʪʚʫʚʘ ʠ ʝʜʥʦʝʪʘʧʥʘ ʧʨʦʮʝʜʫʨʘ ʟʘ ʝʢʩʪʨʘʢʮʠʷ ʥʘ ʥʫʢʣʝʠʥʦʚʠ ʢʠʩʝʣʠʥʠ, 

ʢʦʷʪʦ ʠʟʧʦʣʟʚʘ ʧʦʣʠʢʘʨʙʦʢʩʠʣ-ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʘʥʠ MNP ʩ ʜʦʙʘʚʝʥʠ ʘʤʠʥʦʛʨʫʧʠ, (PC-

ʧʦʢʨʠʪʠ NH2-MNP). ʅʫʢʣʝʠʥʦʚʠʪʝ ʢʠʩʝʣʠʥʠ ʙʠʚʘʪ ʩʲʙʨʘʥʠ ʩ ʧʦʤʦʱʪʘ ʥʘ ʤʘʛʥʠʪʥʦ ʧʦʣʝ 

ʠ ʩʣʝʜ ʪʦʚʘ ʦʩʚʦʙʦʜʝʥʠ ʦʪ MNPs ʯʨʝʟ ʜʦʙʘʚʷʥʝ ʥʘ ʧʨʦʤʠʚʘʱ ʙʫʬʝʨ. ʇʨʠ ʩʚʲʨʟʚʘʥʝ ʥʘ 

COVID-19-ʧʩʝʚʜʦʚʠʨʫʩʠ, ʧʦʣʠʢʘʨʙʦʢʩʠʣ-ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʘʥʠʪʝ MNPs ʧʦʢʘʟʚʘʪ 

ʧʝʨʬʝʢʪʥʘ ʘʙʩʦʨʙʮʠʷ ʠ ʧʘʨʘʤʘʛʥʠʪʥʠ ʩʚʦʡʩʪʚʘ, ʯʨʝʟ ʙʲʨʟʦʪʦ ʩʚʲʨʟʚʘʥʝ (30 s ʤʘʛʥʠʪʥʦ 

ʩʚʲʨʟʚʘʥʝ) ʢʲʤ ʮʝʣʪʘ [30, 46]. 
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ʌʠʛʫʨʘ 16: ʉʭʝʤʘʪʠʯʥʦ ʧʨʝʜʩʪʘʚʷʥʝ ʥʘ pcMNP-ʙʘʟʠʨʘʥ ʤʝʪʦʜ ʟʘ ʝʢʩʪʨʘʢʮʠʷ ʥʘ ʚʠʨʫʩʥʘ 

ʈʅʂ. 

ʀʟʪʦʯʥʠʢ: Zhao et al. [46].  

 

3.2.5. ʅʘʥʦʟʠʤʠ  

ʅʘʥʦʟʠʤʠʪʝ ʩʘ ʝʥʟʠʤʠ, ʢʦʠʪʦ ʥʝ ʩʝ ʩʨʝʱʘʪ ʝʩʪʝʩʪʚʝʥʦ ʚ ʧʨʠʨʦʜʘʪʘ. ʊʝ ʩʘ 

ʩʲʩʪʘʚʝʥʠ ʦʪ ʥʘʥʦʤʘʪʝʨʠʘʣʠ ʠ ʠʤʘʪ ʝʬʝʢʪʠʚʥʦʩʪ, ʧʦʜʦʙʥʘ ʥʘ ʪʘʟʠ ʥʘ ʝʩʪʝʩʪʚʝʥʦ 

ʩʨʝʱʘʱʠʪʝ ʩʝ ʝʥʟʠʤʠ. ʅʘʥʦʟʠʤʠʪʝ ʠʤʘʪ ʧʦ-ʜʦʙʨʘ ʢʘʪʘʣʠʪʠʯʥʘ ʘʢʪʠʚʥʦʩʪ ʠ ʩʧʦʩʦʙʥʦʩʪ 

ʟʘ ʩʘʤʦʩʛʣʦʙʷʚʘʥʝ. ʊʝ ʙʠʚʘʪ ʰʠʨʦʢʦ ʠʟʧʦʣʟʚʘʥʠ ʟʘ ʜʠʘʛʥʦʩʪʠʢʘ ʠ ʣʝʯʝʥʠʝ ʥʘ 

ʟʘʙʦʣʷʚʘʥʠʷ. ʅʦʚ ʥʘʥʦʟʠʤ-ʙʘʟʠʨʘʥ ʭʝʤʠʣʫʤʠʥʝʩʮʝʥʪʝʥ ʭʘʨʪʠʝʥ ʘʥʘʣʠʟ ʟʘ ʙʲʨʟʘ 

ʜʝʪʝʢʮʠʷ ʥʘ SARS-CoV-2 ʰʠʧʯʝʩʪ ʘʥʪʠʛʝʥ ʩʲʯʝʪʘʚʘ ʥʘʥʦʟʠʤʝʥ ʠ ʝʥʟʠʤʝʥ 

ʭʝʤʠʣʫʤʠʥʝʩʮʝʥʪʝʥ ʠʤʫʥʦʘʥʘʣʠʟ ʩ ʣʘʪʝʨʘʣʝʥ ʧʦʪʦʯʝʥ ʪʝʩʪ. 

ʌʠʛʫʨʘ 17: (A) ʉʭʝʤʘ ʥʘ ʥʘʥʦʟʠʤ ʭʝʤʠʣʫʤʠʥʝʩʮʝʥʪʝʥ ʭʘʨʪʠʝʥ ʪʝʩʪ ʟʘ SARS-CoV-2 S-

RBD ʘʥʪʠʛʝʥ. ʈʘʟʧʦʟʥʘʚʘʥʝ, ʨʘʟʜʝʣʷʥʝ ʠ ʢʘʪʘʣʠʪʠʯʥʘ ʘʤʧʣʠʬʠʢʘʮʠʷ. 

 

 

 

 

 

 

 

ʀʟʪʦʯʥʠʢ: Liu et al. [20].  
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ʂʦʥʚʝʥʮʠʦʥʘʣʥʘʪʘ ʭʝʤʠʣʫʤʠʥʝʩʮʝʥʪʥʘ ʠʤʫʥʦʜʠʘʛʥʦʩʪʠʢʘ ʠʟʧʦʣʟʚʘ ʝʩʪʝʩʪʚʝʥʠ 

ʧʨʦʪʝʘʟʠ, ʢʘʪʦ HRP ʠʣʠ ʘʣʢʘʣʥʘ ʬʦʩʬʘʪʘʟʘ, ʢʦʠʪʦ ʠʤʘʪ ʥʷʢʦʠ ʦʛʨʘʥʠʯʝʥʠʷ ʢʘʪʦ ʪʦʚʘ, ʯʝ 

ʥʝ ʩʘ ʜʦʩʪʘʪʲʯʥʦ ʫʩʪʦʡʯʠʚʠ ʧʨʠ ʩʲʭʨʘʥʝʥʠʝ, ʠʤʘʪ ʩʣʦʞʥʠ ʤʝʪʦʜʠ ʟʘ ʠʟʛʦʪʚʷʥʝ ʠ ʚʠʩʦʢʘ 

ʮʝʥʘ. ʇʨʝʜʣʦʞʝʥʠʷʪ ʙʠʦʩʝʥʟʦʨ ʠʟʧʦʣʟʚʘ ʠʤʠʪʠʨʘʱ ʧʝʨʦʢʩʠʜʘʟʘ Co-Fe@hemin ʥʘʥʦʟʠʤ, 

ʚʤʝʩʪʦ ʝʩʪʝʩʪʚʝʥʘ ʧʝʨʦʢʩʠʜʘʟʘ ʦʪ ʭʨʷʥ (HRP), ʢʦʡʪʦ ʤʦʞʝ ʜʘ ʧʦʚʠʰʠ ʟʥʘʯʠʪʝʣʥʦ 

ʭʝʤʠʣʫʤʠʥʝʩʮʝʥʪʥʠʷ ʩʠʛʥʘʣ, ʜʦʩʪʠʛʘʡʢʠ ʛʨʘʥʠʮʘ ʥʘ ʜʝʪʝʢʪʠʨʘʥʝ ʦʪ 0,1 ng/mL. ɼʦʢʘʟʘʥʦ 

ʝ, ʯʝ ʥʘʥʦʟʠʤʲʪ Co-Fe@hemin ʝ ʧʦ-ʫʩʪʦʡʯʠʚ ʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʘʣʢʘʣʥʦʩʪ ʚ ʩʨʘʚʥʝʥʠʝ ʩ 

HRP. ʊʦʡ ʤʦʞʝ ʜʘ ʦʩʪʘʥʝ ʩʪʘʙʠʣʝʥ ʠ ʧʨʠ ʩʲʭʨʘʥʝʥʠʝ ʥʘ ʩʪʘʡʥʘ ʪʝʤʧʝʨʘʪʫʨʘ. ʊʦʟʠ ʘʥʘʣʠʟ 

ʤʦʞʝ ʜʘ ʙʲʜʝ ʧʨʦʚʝʜʝʥ ʚ ʨʘʤʢʠʪʝ ʥʘ 16 ʤʠʥʫʪʠ, ʤʥʦʛʦ ʧʦ-ʙʲʨʟʦ ʚ ʩʨʘʚʥʝʥʠʝ ʩ 

ʦʙʠʯʘʡʥʠʪʝ 1-2 ʯʘʩʘ, ʥʝʦʙʭʦʜʠʤʠ ʟʘ ʧʨʠʣʘʛʘʥʠʪʝ ʚ ʤʦʤʝʥʪʘ ʘʥʘʣʠʟʠ ʥʘ ʥʫʢʣʝʠʥʦʚʠ 

ʢʠʩʝʣʠʥʠ. ʆʩʚʝʥ ʪʦʚʘ, ʜʝʪʝʢʪʠʨʘʥʝʪʦ ʥʘ ʩʠʛʥʘʣ ʝ ʚʲʟʤʦʞʥʦ ʩ ʧʦʤʦʱʪʘ ʥʘ ʢʘʤʝʨʘʪʘ ʥʘ 

ʦʙʠʢʥʦʚʝʥ ʩʤʘʨʪʬʦʥ. ʂʦʤʧʦʥʝʥʪʠʪʝ ʟʘ ʥʘʥʦʟʠʤʥʠʷ ʩʠʥʪʝʟ ʩʘ ʣʝʩʥʦʜʦʩʪʲʧʥʠ, ʢʦʝʪʦ 

ʟʥʘʯʠʪʝʣʥʦ ʥʘʤʘʣʷʚʘ ʦʙʱʠʪʝ ʨʘʟʭʦʜʠ [20, 30].  

 

3.2.6. ʄʝʪʘʣʦ-ʦʨʛʘʥʠʯʥʠ ʨʘʤʢʠ (MOF) 

ʇʦʨʝʩʪʠʪʝ ʥʘʥʦʤʘʪʝʨʠʘʣʠ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʠʟʧʦʣʟʚʘʥʠ ʟʘ ʜʝʪʝʢʪʠʨʘʥʝ ʥʘ ʨʘʟʣʠʯʥʠ 

ʧʘʪʦʛʝʥʠ. ʅʝ ʝ ʥʝʦʙʭʦʜʠʤʦ ʘʥʘʣʠʪʲʪ (ʧʘʪʦʛʝʥʲʪ) ʜʘ ʙʲʜʝ ʘʙʩʦʨʙʠʨʘʥ ʦʪ ʧʦʨʝʩʪʠʪʝ 

ʥʘʥʦʤʘʪʝʨʠʘʣʠ, ʥʦ ʧʘʪʦʛʝʥʘ ʪʨʷʙʚʘ ʜʘ ʚʟʘʠʤʦʜʝʡʩʪʚʘ ʩ ʧʦʚʲʨʭʥʦʩʪʪʘ ʥʘ MOF, ʢʦʷʪʦ 

ʙʠʚʘ ʤʦʜʠʬʠʮʠʨʘʥʘ ʦʪ ʨʘʟʣʠʯʥʠ NPs. ʏʨʝʟ ʪʦʚʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ 

ʦʧʪʠʤʠʟʠʨʘʥʠ ʜʦʧʲʣʥʠʪʝʣʥʠ Ăʠʟʢʣʶʯʚʘʥʝ/ʚʢʣʶʯʚʘʥʝñ ʠʣʠ Ăʚʢʣʶʯʚʘʥʝ/ʠʟʢʣʶʯʚʘʥʝñ 

ʦʧʪʠʯʥʠ ʤʝʭʘʥʠʟʤʠ ʟʘ ʜʝʪʝʢʪʠʨʘʥʝ ʥʘ ʧʘʪʦʛʝʥʘ. ɺ ʪʦʟʠ ʩʣʫʯʘʡ ʨʘʟʣʠʯʥʠ ʦʧʪʠʯʥʠ 

ʘʢʪʠʚʥʠ ʢʦʤʧʦʥʝʥʪʠ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʠʟʧʦʣʟʚʘʥʠ ʢʘʪʦ ʛʘʩʠʪʝʣʠ ʠʣʠ ʘʢʪʠʚʘʪʦʨʠ. ʇʨʠ 

SARS-CoV-2 ʥ̫ʤʘ ʥʝʦʙʭʦʜʠʤʦʩʪ ʦʪ ʜʝʪʝʢʪʠʨʘʥʝ ʥʘ ʩʲʱʠʷ ʛʝʥʝʪʠʯʝʥ ʤʘʪʝʨʠʘʣ ʠ 

ʛʝʥʝʪʠʯʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʥʦʩʪ ʥʘ ʧʦʚʲʨʭʥʦʩʪʪʘ ʥʘ ʤʘʩʢʠ ʠʣʠ ʜʨʝʭʠ ʧʦʨʘʜʠ ʟʥʘʯʠʪʝʣʥʠʪʝ 

ʥʝʩʲʦʪʚʝʪʩʪʚʠʷ ʤʝʞʜʫ ʢʦʥʮʝʥʪʨʘʮʠʠʪʝ ʥʘ SARS-CoV-2 ʠ ʜʨʫʛʠ ʚʠʨʫʩʠ. ɺʤʝʩʪʦ ʪʦʚʘ, 

ʯʨʝʟ ʬʣʫʦʨʝʩʮʝʥʪʝʥ ʤʦʜʝʣ Ăʦʪʧʝʯʘʪʲʢñ ʚʲʨʭʫ ʢʦʥʪʘʢʪʥʘʪʘ ʧʦʚʲʨʭʥʦʩʪ ʥʘ ʛʘʟʦʚʘʪʘ ʠ 

ʪʚʲʨʜʘʪʘ ʬʘʟʘ ʤʦʞʝ ʜʘ ʙʲʜʝ ʠʟʤʝʨʝʥ ʩʲʱʠʷ ʦʙʭʚʘʪ ʥʘ SARS-CoV-2 ʯʨʝʟ ʦʧʪʠʯʥʠ 

ʧʨʦʤʝʥʠ. ʆʩʚʝʥ ʪʦʚʘ, ʘʢʦ ʙʘʟʠʨʘʥʠʪʝ ʥʘ MOF ʙʠʦʩʝʥʟʦʨʠ ʨʘʙʦʪʷʪ ʫʩʧʝʰʥʦ ʟʘ 

ʜʝʪʝʢʪʠʨʘʥʝ ʥʘ HIV-1, H1N1, ZIKA ʠ ʜʨʫʛʠ ʧʘʪʦʛʝʥʠ ʩʲʩ ʟʥʘʯʠʪʝʣʥʘ ʧʨʝʮʠʟʥʦʩʪ ʠ ʜʦʙʨʘ 

ʛʨʘʥʠʮʘ ʥʘ ʜʝʪʝʢʪʠʨʘʥʝ, ʪʦʛʘʚʘ ʤʦʨʬʦʣʦʛʠʯʥʦ ʠ ʦʧʪʠʯʥʦ-ʙʘʟʠʨʘʥʠʷ ʙʠʦʩʝʥʟʦʨ ʟʘ 

ʜʝʪʝʢʮʠʷ ʥʘ SARS-CoV-2  ʩʲʱʦ ʪʨʷʙʚʘ ʜʘ ʬʫʥʢʮʠʦʥʠʨʘ. [26]. 
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4. ʇʨʝʜʠʟʚʠʢʘʪʝʣʩʪʚʘ ʠ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʥʘʥʦʤʘʪʝʨʠʘʣʠʪʝ 

ʅʘʥʦʤʘʪʝʨʠʘʣʠʪʝ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʠʟʢʣʶʯʠʪʝʣʥʦ ʮʝʥʥʠ ʚ ʙʠʦʤʝʜʠʮʠʥʩʢʘʪʘ 

ʧʨʘʢʪʠʢʘ. ʊʝ ʦʙʘʯʝ ʠʤʘʪ ʥʷʢʦʠ ʦʛʨʘʥʠʯʝʥʠʷ, ʢʘʪʦ ʥʘʧʨʠʤʝʨ ʪʦʢʩʠʯʥʦʩʪʪʘ ʠʤ. ɽʜʥʦ ʦʪ 

ʟʥʘʯʠʪʝʣʥʠʪʝ ʧʨʝʜʠʟʚʠʢʘʪʝʣʩʪʚʘ ʧʨʝʜ ʥʘʥʦʤʘʪʝʨʠʘʣʠʪʝ ʝ ʜʘ ʩʝ ʛʘʨʘʥʪʠʨʘ ʙʝʟʦʧʘʩʥʦʪʦ 

ʠʤ ʠʟʧʦʣʟʚʘʥʝ. ɼʨʫʛʦ ʧʨʝʜʠʟʚʠʢʘʪʝʣʩʪʚʦ ʝ, ʯʝ ʧʦʚʝʜʝʥʠʝʪʦ ʥʘ ʥʘʥʦʤʘʪʝʨʠʘʣʠʪʝ ʚ ʪʷʣʦʪʦ 

ʤʦʞʝ ʜʘ ʩʝ ʧʨʦʤʝʥʠ, ʢʦʛʘʪʦ ʪʝ ʜʦʩʪʠʛʥʘʪ ʢʨʲʚʦʦʙʨʘʱʝʥʠʝʪʦ. ʊʦʚʘ ʩʝ ʜʲʣʞʠ ʥʘ 

ʬʦʨʤʠʨʘʥʝʪʦ ʥʘ ʙʝʣʪʲʯʥʘ ʢʦʨʦʥʘ. ʇʦʨʘʜʠ ʪʦʚʘ ʩʘ ʥʝʦʙʭʦʜʠʤʠ ʜʦʩʪʦʚʝʨʥʠ in vivo 

ʤʦʜʝʣʠ, ʟʘ ʜʘ ʙʲʜʝ ʧʨʦʫʯʝʥʦ ʜʦʩʪʘʪʲʯʥʦ ʪʦʢʩʠʢʦʢʠʥʝʪʠʯʥʦʪʦ ʧʦʚʝʜʝʥʠʝ ʥʘ 

ʥʘʥʦʯʘʩʪʠʮʠʪʝ ʚ ʪʷʣʦʪʦ, ʦʩʦʙʝʥʦ ʧʨʠ ʜʲʣʛʦʩʨʦʯʥʦ ʠʤ ʠʟʧʦʣʟʚʘʥʝ. 

ɼʨʫʛ ʧʨʦʙʣʝʤ ʝ ʣʠʧʩʘʪʘ ʥʘ ʩʪʘʥʜʘʨʪʠʟʠʨʘʥʠ ʧʨʦʪʦʢʦʣʠ ʟʘ ʬʠʟʠʢʦʭʠʤʠʯʥʦ ʠ 

ʙʠʦʣʦʛʠʯʥʦ ʜʝʬʠʥʠʨʘʥʝ ʥʘ ʥʘʥʦʤʘʪʝʨʠʘʣʠʪʝ ʠ ʣʠʧʩʘʪʘ ʥʘ ʦʙʱʦʧʨʠʝʪʦ ʦʧʨʝʜʝʣʝʥʠʝ ʟʘ 

ʥʘʥʦʤʘʪʝʨʠʘʣ. ʂʘʧʘʮʠʪʝʪʲʪ ʟʘ ʰʠʨʦʢʦʤʘʱʘʙʥʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʝ ʜʨʫʛʦ ʧʨʝʧʷʪʩʪʚʠʝ, 

ʢʦʝʪʦ ʪʨʷʙʚʘ ʜʘ ʙʲʜʝ ʧʨʝʦʜʦʣʷʥʦ ʟʘ ʧʦ-ʰʠʨʦʢʦʪʦ ʢʦʤʝʨʩʠʘʣʠʟʠʨʘʥʝ ʥʘ ʥʘʥʦ-ʙʘʟʠʨʘʥʠ 

ʬʦʨʤʫʣʠ. ʇʦʨʘʜʠ ʤʥʦʞʝʩʪʚʦʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʥʘʥʦʤʘʪʝʨʠʘʣʠʪʝ ʠ 

ʙʠʦʣʦʛʠʯʥʠʪʝ ʩʠʩʪʝʤʠ ʝ ʤʥʦʛʦ ʪʨʫʜʥʦ ʜʘ ʩʝ ʧʨʝʜʚʠʜʠ ʧʦʚʝʜʝʥʠʝʪʦ ʥʘ ʪʝʟʠ ʤʘʪʝʨʠʘʣʠ 

ʧʨʠ ʬʠʟʠʦʣʦʛʠʯʥʠ ʫʩʣʦʚʠʷ. ɺʝʜʥʲʞ ʧʦʧʘʜʥʘʣʠ ʚ ʪʷʣʦʪʦ, ʥʘʥʦʯʘʩʪʠʮʠʪʝ ʜʦʩʪʠʛʘʪ 

ʢʨʲʚʦʦʙʨʘʱʝʥʠʝʪʦ, ʩʣʦʞʥʘ ʤʘʪʨʠʮʘ, ʩʲʜʲʨʞʘʱʘ ʡʦʥʠ, ʤʘʣʢʠ ʤʦʣʝʢʫʣʠ, ʙʝʣʪʲʮʠ ʠ 

ʢʣʝʪʢʠ. [37].  
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ʆʙʨʘʟʦʚʘʪʝʣʥʘ ʮʝʣ: ʎʝʣʪʘ ʥʘ ʪʘʟʠ ʦʙʫʯʠʪʝʣʥʘ ʝʜʠʥʠʮʘ ʝ ʜʘ ʧʨʝʜʩʪʘʚʠ ʠʥʬʦʨʤʘʮʠʷ ʟʘ 

ʥʘʥʦʪʝʭʥʦʣʦʛʠʷʪʘ ʠ ʥʝʡʥʠʪʝ ʧʨʠʣʦʞʝʥʠʷ ʚ SARS-CoV-2 ʜʠʘʛʥʦʩʪʠʢʘʪʘ. 
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3.2. Point-of-Care ʪʝʩʪʚʘʥʝ 

3.3. ʅʘʥʦʧʦʨʦʚʦ ʮʝʣʝʚʦ ʩʝʢʚʝʥʠʨʘʥʝ (NTS) 

4. ʇʨʝʜʠʟʚʠʢʘʪʝʣʩʪʚʘ ʠ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʥʘʥʦʪʝʭʥʦʣʦʛʠʠʪʝ ʚ COVID-19 ʜʝʪʝʢʮʠʷʪʘ 

5. ʃʠʪʝʨʘʪʫʨʘ 

 

ʈʝʟʶʤʝ 

ʅʘʧʨʝʜʲʢʲʪ ʥʘ ʥʘʥʦʪʝʭʥʦʣʦʛʠʠʪʝ ʝ ʦʪ ʩʲʱʝʩʪʚʝʥʦ ʟʥʘʯʝʥʠʝ ʟʘ ʜʠʘʛʥʦʩʪʠʮʠʨʘʥʝʪʦ ʥʘ 

COVID-19. ʇʨʦʬʠʣʘʢʪʠʢʘʪʘ ʠ ʜʠʘʛʥʦʩʪʠʢʘʪʘ ʩʘ ʚʘʞʥʠ ʟʘ ʢʦʥʪʨʦʣʠʨʘʥʝ ʥʘ 

ʨʘʟʧʨʦʩʪʨʘʥʝʥʠʝʪʦ ʥʘ ʠʥʬʝʢʮʠʷʪʘ. ʅʘʥʦʪʝʭʥʦʣʦʛʠʠʪʝ ʧʨʝʜʣʘʛʘʪ ʥʦʚʠ ʤʝʪʦʜʠ ʟʘ ʙʲʨʟʘ 

ʜʠʘʛʥʦʩʪʠʢʘ, ʜʝʪʝʢʪʠʨʘʥʝ ʥʘ ʠʥʬʝʢʮʠʠ ʚ ʨʘʥʥʠʪʝ ʝʪʘʧʠ ʠ ʠʜʝʥʪʠʬʠʮʠʨʘʥʝ ʥʘ COVID-

19. ʇʦʨʘʜʠ ʧʦ-ʤʘʣʢʠʷ ʩʠ ʨʘʟʤʝʨ ʠ ʧʦ-ʛʦʣʷʤʘʪʘ ʩʠ ʧʦʚʲʨʭʥʦʩʪ, ʥʘʥʦʪʝʭʥʦʣʦʛʠʯʥʠʪʝ 

ʧʨʦʜʫʢʪʠ ʤʦʛʘʪ ʜʘ ʜʝʪʝʢʪʠʨʘʪ ʟʘʙʦʣʷʚʘʥʝʪʦ ʩ ʚʠʩʦʢʘ ʪʦʯʥʦʩʪ. ʊʲʡ ʢʘʪʦ ʩʠʤʧʪʦʤʠʪʝ ʥʘ 

COVID-19 ʩʘ ʙʣʠʟʢʠ ʜʦ ʪʝʟʠ ʥʘ ʜʨʫʛʠ ʨʝʩʧʠʨʘʪʦʨʥʠ ʟʘʙʦʣʷʚʘʥʠʷ, ʦʪ ʩʲʱʝʩʪʚʝʥʦ 

ʟʥʘʯʝʥʠʝ ʝ ʥʘʣʠʯʠʝʪʦ ʥʘ ʧʨʝʮʠʟʥʠ, ʯʫʚʩʪʚʠʪʝʣʥʠ ʠ ʙʲʨʟʠ ʜʠʘʛʥʦʩʪʠʯʥʠ ʠʥʩʪʨʫʤʝʥʪʠ ʟʘ 

ʜʝʪʝʢʪʠʨʘʥʝ ʥʘ ʠʥʬʝʢʮʠʷʪʘ ʚ ʨʘʥʝʥ ʝʪʘʧ. 
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1. ɺʲʚʝʜʝʥʠʝ  

ʂʦʨʦʥʘʚʠʨʫʩʥʦʪʦ ʟʘʙʦʣʷʚʘʥʝ ʦʪ 2019 ʛ. (COVID-19), ʧʨʝʜʠʟʚʠʢʘʥʦ ʦʪ ʪʝʞʲʢ 

ʦʩʪʲʨ ʨʝʩʧʠʨʘʪʦʨʝʥ ʩʠʥʜʨʦʤ ʢʦʨʦʥʘʚʠʨʫʩ 2 (SARS-CoV-2), ʝ ʛʣʦʙʘʣʝʥ ʟʜʨʘʚʝʥ ʧʨʦʙʣʝʤ, 

ʢʦʡʪʦ ʉɿʆ ʦʙʷʚʠ ʟʘ ʧʘʥʜʝʤʠʷ. COVID-19 ʜʦʚʝʜʝ ʜʦ ʩʚʝʪʦʚʝʥ ʣʦʢʜʘʫʥ ʠ ʟʘʩʪʨʘʰʠ 

ʛʣʦʙʘʣʥʘʪʘ ʠʢʦʥʦʤʠʢʘ. SARS-CoV-2 ʩʝ ʨʘʟʧʨʦʩʪʨʘʥʠ ʙʲʨʟʦ ʧʦ ʮʝʣʠʷ ʩʚʷʪ, ʛʝʥʝʨʠʨʘʡʢʠ 

ʧʦʚʩʝʤʝʩʪʥʘ ʧʘʥʜʝʤʠʷ. ʊʦʟʠ ʚʠʨʫʩ ʩʝ ʨʘʟʧʨʦʩʪʨʘʥʷʚʘ ʦʪ ʯʦʚʝʢ ʥʘ ʯʦʚʝʢ ʯʨʝʟ 

ʨʝʩʧʠʨʘʪʦʨʥʠ ʢʘʧʢʠ ʠ ʙʣʠʟʲʢ ʢʦʥʪʘʢʪ. ʍʦʨʘ ʦʪ ʚʩʠʯʢʠ ʚʲʟʨʘʩʪʠ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ 

ʠʥʬʝʢʪʠʨʘʥʠ. ʈʘʟʧʨʦʩʪʨʘʥʷʚʘʥʝʪʦ ʥʘ COVID-19 ʦʢʘʟʘ ʤʝʞʜʫʥʘʨʦʜʝʥ ʥʘʪʠʩʢ ʚʲʨʭʫ 

ʤʦʜʝʨʥʠʪʝ ʦʙʱʝʩʪʚʘ, ʦʩʦʙʝʥʦ ʚʲʨʭʫ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘʪʘ, ʩʚʲʨʟʘʥʘ ʩʲʩ ʟʜʨʘʚʝʦʧʘʟʚʘʥʝʪʦ. 

ʉʣʝʜʦʚʘʪʝʣʥʦ, ʥʝʦʙʭʦʜʠʤʠ ʩʘ ʜʠʘʛʥʦʩʪʠʯʥʠ ʪʝʩʪʦʚʝ, ʩʧʝʮʠʬʠʯʥʠ ʟʘ ʪʦʚʘ ʟʘʙʦʣʷʚʘʥʝ, ʟʘ 

ʜʘ ʩʝ ʜʠʘʛʥʦʩʪʠʮʠʨʘʪ ʧʦʣʦʞʠʪʝʣʥʠʪʝ ʩʣʫʯʘʠ, ʧʘʮʠʝʥʪʠʪʝ ʜʘ ʙʲʜʘʪ ʧʦʜʣʦʞʝʥʠ ʥʘ 

ʩʢʨʠʥʠʥʛ ʠ ʟʘ ʜʘ ʩʝ ʠʟʚʲʨʰʠ ʧʨʦʩʣʝʜʷʚʘʥʝ ʥʘ ʚʠʨʫʩʥʦʪʦ ʧʦʚʝʜʝʥʠʝ. ɼʠʘʛʥʦʩʪʠʢʘʪʘ ʠʛʨʘʝ 

ʛʦʣʷʤʘ ʨʦʣʷ ʚ ʧʨʝʜʦʪʚʨʘʪʷʚʘʥʝʪʦ ʥʘ COVID-19 ʢʘʪʦ ʧʦʟʚʦʣʷʚʘ ʙʲʨʟʦ ʧʨʝʜʧʨʠʝʤʘʥʝ ʥʘ 

ʜʝʡʩʪʚʠʷ ʦʪ ʠʥʩʪʠʪʫʮʠʠʪʝ, ʦʛʨʘʥʠʯʘʚʘʱʠ ʨʘʟʧʨʦʩʪʨʘʥʝʥʠʝʪʦ ʯʨʝʟ ʜʝʪʝʢʮʠʷ ʠ ʠʟʦʣʠʨʘʥʝ 

ʥʘ ʠʥʜʠʚʠʜʠ ʠ ʯʨʝʟ ʧʨʦʩʣʝʜʷʚʘʥʝ ʥʘ ʢʦʥʪʘʢʪʥʠʪʝ ʣʠʮʘ. ʉʣʝʜʦʚʘʪʝʣʥʦ, ʩʚʝʪʲʪ ʝ ʠʟʧʨʘʚʝʥ 

ʧʨʝʜ ʥʦʚʦ ʧʨʝʜʠʟʚʠʢʘʪʝʣʩʪʚʦ: ʜʘ ʩʲʟʜʘʜʝ ʫʣʪʨʘʙʲʨʟʠ, ʫʣʪʨʘʯʫʚʩʪʚʠʪʝʣʥʠ ʫʩʪʨʦʡʩʪʚʘ ʠ 

ʥʘʥʦʤʘʱʘʙʥʠ ʘʥʘʣʠʪʠʯʥʠ ʠʥʩʪʨʫʤʝʥʪʠ ʠʣʠ ʩʝʥʟʦʨʥʠ ʩʠʩʪʝʤʠ (ʥʘʧʨ. ʥʘʥʦʙʠʦʩʝʥʟʦʨʠ), 

ʢʦʠʪʦ ʜʘ ʙʲʜʘʪ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʠ ʚ ʜʝʪʝʢʪʠʨʘʥʝʪʦ ʥʘ ʥʦʚʠʷ ʢʦʨʦʥʘʚʠʨʫʩ ʦʪ 2019 ʛ. 

(COVID-19) ʠʣʠ ʪʝʞʢʠʷ ʦʩʪʲʨ ʨʝʩʧʠʨʘʪʦʨʝʥ ʩʠʥʜʨʦʤ (SARS) [3, 10, 17]. 

ʉ ʥʘʧʨʝʜʲʢʘ ʚ ʥʘʥʦʪʝʭʥʦʣʦʛʠʠʪʝ, ʠʟʢʣʶʯʠʪʝʣʥʠʪʝ ʩʚʦʡʩʪʚʘ ʥʘ ʥʘʥʦʤʘʪʝʨʠʘʣʠʪʝ, 

ʚʢʣʶʯʠʪʝʣʥʦ ʩʧʦʩʦʙʥʦʩʪʪʘ ʠʤ ʜʘ ʫʩʠʣʚʘʪ ʩʠʛʥʘʣʘ ʧʨʠ ʜʝʪʝʢʮʠʷ, ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ 

ʠʟʧʦʣʟʚʘʥʠ ʟʘ ʨʘʟʨʘʙʦʪʚʘʥʝʪʦ ʥʘ ʥʘʥʦʙʠʦʩʝʥʟʦʨʠ ʠ ʥʘʥʦʚʠʟʫʘʣʠʟʘʮʠʦʥʥʠ ʧʨʦʮʝʩʠ. 

ɿʘʝʜʥʦ ʩ ʜʨʫʛʠ ʜʠʘʛʥʦʩʪʠʯʥʠ ʠʥʩʪʨʫʤʝʥʪʠ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʧʨʠʣʦʞʝʥʠ ʟʘ ʜʝʪʝʢʪʠʨʘʥʝ ʚ 

ʨʘʥʝʥ ʝʪʘʧ ʥʘ ʟʘʙʦʣʷʚʘʥʝʪʦ. ʅʘʥʦʪʝʭʥʦʣʦʛʠʠʪʝ ʙʠʚʘʪ ʮʷʣʦʩʪʥʦ ʠʟʩʣʝʜʚʘʥʠ ʟʘ 

ʧʝʨʩʧʝʢʪʠʚʠʪʝ ʩʠ ʚ ʨʘʟʨʘʙʦʪʚʘʥʝʪʦ ʥʘ ʜʠʘʛʥʦʩʪʠʯʥʠ ʪʝʭʥʠʢʠ, ʪʝʨʘʧʠʠ, ʚʘʢʩʠʥʠ ʠ 

ʩʪʨʘʪʝʛʠʠ ʟʘ ʦʙʣʝʢʯʘʚʘʥʝ ʥʘ ʟʜʨʘʚʝʦʧʘʟʚʘʥʝʪʦ [10]. 

 

2. ʉʲʚʨʝʤʝʥʥʠ ʣʘʙʦʨʘʪʦʨʥʠ ʤʝʪʦʜʠ ʟʘ ʜʠʘʛʥʦʩʪʠʮʠʨʘʥʝ ʥʘ SARS-CoV-2 

ɼʠʘʛʥʦʩʪʠʮʠʨʘʥʝʪʦ ʥʘ COVID-19 ʩʝ ʦʩʥʦʚʘʚʘ ʥʘ ʘʥʘʣʠʟʠʨʘʥʝ ʥʘ ʩʠʤʧʪʦʤʠʪʝ ʥʘ 

ʧʘʮʠʝʥʪʘ ʠʣʠ ʠʟʩʣʝʜʚʘʥʝ ʟʘ ʥʘʣʠʯʠʝʪʦ ʥʘ ʚʠʨʫʩʘ, ʥʘʧʨʠʤʝʨ ʥʝʛʦʚʘʪʘ ʈʅʂ ʠʣʠ ʙʝʣʪʲʢ. 

ʊʝʤʧʝʨʘʪʫʨʘʪʘ ʥʘ ʧʘʮʠʝʥʪʘ (ʧʦʚʠʰʝʥʘ ʪʝʤʧʝʨʘʪʫʨʘ), ʯʫʚʩʪʚʦʪʦ ʟʘ ʦʪʧʘʜʥʘʣʦʩʪ ʠ 

ʟʘʪʨʫʜʥʝʥʦ ʜʠʰʘʥʝ ʧʨʝʜʧʦʣʘʛʘʪ ʥʘʣʠʯʠʝʪʦ ʥʘ ʠʥʬʝʢʮʠʷ. ɺʲʧʨʝʢʠ ʪʦʚʘ, ʪʝʟʠ ʩʠʤʧʪʦʤʠ 
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ʩʘ ʥʝʩʧʝʮʠʬʠʯʥʠ ʠ ʤʦʛʘʪ ʜʘ ʩʝ ʥʘʙʣʶʜʘʚʘʪ ʧʨʠ ʠʥʬʝʢʮʠʷ ʩ ʜʨʫʛʠ ʧʘʪʦʛʝʥʠ. 

ʇʘʪʦʣʦʛʠʯʥʠʪʝ ʠʟʤʝʥʝʥʠʷ ʚ ʦʨʛʘʥʠ ʥʘ ʧʘʮʠʝʥʪʘ, ʢʘʪʦ ʥʘʧʨʠʤʝʨ ʦʨʛʘʥʠʪʝ ʚ ʛʨʲʜʥʠʷ ʢʦʰ, 

ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʥʘʙʣʶʜʘʚʘʥʠ ʯʨʝʟ ʢʦʤʧʶʪʲʨʥʘ ʪʦʤʦʛʨʘʬʠʷ (CT). ʂʦʤʧʶʪʲʨʥʘʪʘ 

ʪʦʤʦʛʨʘʬʠʷ ʤʦʞʝ ʜʘ ʙʲʜʝ ʥʘʜʝʞʜʝʥ ʪʝʩʪ ʟʘ ʩʢʨʠʥʠʥʛ ʥʘ SARS-COV 2 ʩʣʫʯʠ, ʢʘʢʪʦ ʧʨʠ 

ʜʨʫʛʠ ʚʠʜʦʚʝ ʧʥʝʚʤʦʥʠʷ. ɸʥʘʣʠʟʲʪ ʦʙʘʯʝ, ʠʟʠʩʢʚʘ ʩʧʝʮʠʘʣʠʟʠʨʘʥʦ ʦʙʦʨʫʜʚʘʥʝ ʠ ʥʝ 

ʫʩʧʷʚʘ ʜʘ ʦʪʛʦʚʦʨʠ ʥʘ ʛʦʣʷʤʘ ʯʘʩʪ ʦʪ ʠʟʠʩʢʚʘʥʠʷʪʘ. COVID-19 ʤʦʞʝ ʜʘ ʙʲʜʝ 

ʜʠʘʛʥʦʩʪʠʮʠʨʘʥ ʯʨʝʟ ʣʘʙʦʨʘʪʦʨʥʠ ʠʟʤʝʨʚʘʥʠʷ. ʊʝʟʠ ʤʝʪʦʜʠ ʦʙʠʢʥʦʚʝʥʦ ʩʝ ʠʟʧʦʣʟʚʘʪ ʟʘ 

ʠʟʩʣʝʜʚʘʥʝ ʥʘ ʧʘʮʠʝʥʪʠ. ʊʝ ʥʝ ʤʦʛʘʪ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘʪ ʟʘ ʘʥʘʣʠʟ ʥʘ ʟʘʤʲʨʩʝʥʠ ʧʨʦʙʠ ʢʘʪʦ 

ʧʦʚʲʨʭʥʦʩʪ ʠ ʚʲʟʜʫʭ [1]. 

ʌʠʛʫʨʘ 1. ʄʝʪʦʜʠ ʟʘ ʜʠʘʛʥʦʩʪʠʢʘ ʥʘ COVID-19. 

 

 

 

 

 

 

 

 

 

 

 

 

ʀʟʪʦʯʥʠʢ: Abdelhamid et al. [1] 

 

ʈʘʟʨʘʙʦʪʝʥʠ ʩʘ ʥʷʢʦʣʢʦ ʤʝʪʦʜʘ ʟʘ ʜʠʘʛʥʦʩʪʠʢʘ ʥʘ COVID-19. ʆʩʥʦʚʥʠʪʝ ʪʝʩʪʦʚʝ 

ʟʘ ʜʠʘʛʥʦʩʪʠʢʘ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʢʣʘʩʠʬʠʮʠʨʘʥʠ ʚ ʪʨʠ ʦʩʥʦʚʥʠ ʢʘʪʝʛʦʨʠʠ [1]: 

A. ɻʝʥʝʪʠʯʥʠ ʪʝʩʪʦʚʝ (ʪʝʩʪʦʚʝ ʟʘ ʥʘʣʠʯʠʝʪʦ ʥʘ ʚʠʨʫʩʥʘ ʥʫʢʣʝʠʥʦʚʘ ʢʠʩʝʣʠʥʘ): 

ʘʥʘʣʠʟ ʥʘ ʚʠʨʫʩʥʠʷ ʛʝʥʦʤ, ʠʟʧʦʣʟʚʘʱ ʤʝʪʦʜʠ ʢʘʪʦ ʢʦʣʠʯʝʩʪʚʝʥʘ ʧʦʣʠʤʝʨʘʟʥʘ 

ʚʝʨʠʞʥʘ ʨʝʘʢʮʠʷ ʚ ʨʝʘʣʥʦ ʚʨʝʤʝ, ʠʟʧʦʣʟʚʘʱʘ ʝʥʟʠʤʘ ʦʙʨʘʪʥʘ ʪʨʘʥʩʢʨʠʧʪʘʟʘ (RT-
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qPCR), ʠʟʦʪʝʨʤʠʯʥʘ ʘʤʧʣʠʬʠʢʘʮʠʷ (ʥʘʧʨʠʤʝʨ ʠʟʦʪʝʨʤʠʯʥʘ ʘʤʧʣʠʬʠʢʘʮʠʷ, 

ʤʝʜʠʠʨʘʥʘ ʦʪ ʬʦʨʤʠʨʘʥʝʪʦ ʥʘ ʩʪʨʫʢʪʫʨʠ ʥʘʧʦʜʦʙʷʚʘʱʠ ʧʨʠʤʢʘ (LAMP), 

ʘʤʧʣʠʬʠʢʘʮʠʷ ʙʘʟʠʨʘʥʘ ʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʥʦʩʪ ʚ ʥʫʢʣʝʠʥʦʚʘʪʘ ʢʠʩʝʣʠʥʘ (NASBA), 

ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʦ ʤʝʜʠʠʨʘʥʘ ʘʤʧʣʠʬʠʢʘʮʠʷ (TMA), ʘʤʧʣʠʬʠʢʘʮʠʷ ʥʘ 

ʪʲʨʢʘʣʷʱʦʪʦ ʩʝ ʢʦʣʝʣʦ (RCA), ʢʣʲʩʪʝʨʠʨʘʥʠ ʢʲʩʠ ʧʘʣʠʥʜʨʦʤʥʠ ʧʦʚʪʦʨʠ 

(CRISPR)) ʠ ʥaʥʦʧʦʨʦʚʦ ʪʘʨʛʝʪʠʨʘʥʦ ʩʝʢʚʝʥʠʨʘʥʝ (NTS). 

B. ɸʥʪʠʛʝʥʥʠ ʪʝʩʪʦʚʝ: ʘʥʘʣʠʟ ʥʘ ʚʠʨʫʩʥʠʪʝ ʙʝʣʪʲʮʠ (ʤʝʤʙʨʘʥʥʦ ʩʚʲʨʟʘʥʠ 

ʰʠʧʯʝʩʪʠ ʙʝʣʪʲʮʠ ʠʣʠ ʥʫʢʣʝʦʢʘʧʩʠʜʥʠ ʙʝʣʪʲʮʠ) ʯʨʝʟ ʢʦʣʦʨʠʤʝʪʨʠʯʥʠ ʪʝʭʥʠʢʠ, 

ʪʝʭʥʠʢʠ ʠʟʧʦʣʟʚʘʱʠ ʧʦʣʝʚʠ ʪʨʘʥʟʠʩʪʦʨ (FET), ʝʥʟʠʤʥʦ-ʩʚʲʨʟʘʥ ʠʤʫʥʦʩʦʨʙʝʥʪʝʥ 

ʘʥʘʣʠʟ (ELISA) ʠ ʤʘʩʩʧʝʢʪʨʦʤʝʪʨʠʷ (MS). 

C. ʉʝʨʦʣʦʛʠʯʥʠ ʪʝʩʪʦʚʝ: ʘʥʘʣʠʟ ʥʘ ʘʥʪʠʪʝʣʘ (ʠʤʫʥʦʛʣʦʙʫʣʠʥ M (IgM) ʠ 

ʠʤʫʥʦʛʣʦʙʫʣʠʥ G (IgG)) ʩʨʝʱʫ ʚʠʨʫʩʘ [18, 19]. ʀʟʩʣʝʜʚʘʥʝʪʦ ʥʘ ʘʥʪʠʪʝʣʘʪʘ ʥʘ 

ʧʘʮʠʝʥʪʘ ʤʦʞʝ ʜʘ ʙʲʜʝ ʧʦʩʪʠʛʥʘʪʦ ʯʨʝʟ ʤʝʪʦʜʠ ʢʘʪʦ ʝʣʝʢʪʨʠʯʝʩʢʠ (EC) 

ʙʠʦʩʝʥʟʦʨʠ, ʣʦʢʘʣʠʟʠʨʘʥ ʧʦʚʲʨʭʥʦʩʪʝʥ ʧʣʘʟʤʦʥʝʥ ʨʝʟʦʥʘʥʩ (LSPR), ʫʩʠʣʝʥʦ 

ʧʦʚʲʨʭʥʦʩʪʥʦ ʈʘʤʘʥʦʚʦ ʨʘʟʩʝʡʚʘʥʝ (SERS), ʢʚʘʨʮʦʚ ʢʨʠʩʪʘʣʝʥ ʤʠʢʨʦʙʘʣʘʥʩ 

(QCM), ʬʣʫʦʨʝʩʮʝʥʪʝʥ ʙʠʦʩʝʥʟʦʨ, ʢʦʣʦʨʠʤʝʪʨʠʯʝʥ ʙʠʦʩʝʥʟʦʨ, 

ʠʤʫʥʦʭʨʦʤʘʪʦʛʨʘʬʠʷ ʩʲʩ ʟʣʘʪʥʠ ʥʘʥʦʯʘʩʪʠʮʠ, ELISA, ʭʝʤʠʣʫʤʠʥʝʩʮʝʥʪʝʥ 

ʠʤʫʥʦʘʥʘʣʠʟ ʠ ʧʠʝʟʦʝʣʝʢʪʨʠʯʥʠ ʤʠʢʨʦʢʦʥʟʦʣʥʠ ʩʝʥʟʦʨʠ (PEMS).  

ɿʘ ʩʲʞʘʣʝʥʠʝ ʤʥʦʛʦ ʪʨʘʜʠʮʠʦʥʥʠ ʤʝʪʦʜʠ ʟʘ ʜʝʪʝʢʮʠʷ ʥʘ ʨʝʩʧʠʨʘʪʦʨʥʠ ʚʠʨʫʩʠ, 

ʢʘʪʦ RT-PCR, ʠʤʘʪ ʤʥʦʛʦ ʥʝʜʦʩʪʘʪʲʮʠ. ʊʝ ʦʪʥʝʤʘʪ ʤʥʦʛʦ ʚʨʝʤʝ, ʩʢʲʧʠ ʩʘ, ʥʝ ʚʠʥʘʛʠ ʩʘ 

ʚʲʟʧʨʦʠʟʚʦʜʠʤʠ ʠ ʠʟʠʩʢʚʘʪ ʢʚʘʣʠʬʠʮʠʨʘʥ ʧʝʨʩʦʥʘʣ ʠ ʜʨʫʛʠ ʪʝʭʥʠʯʝʩʢʠ ʩʲʦʨʲʞʝʥʠʷ [3]. 
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ʌʠʛʫʨʘ 2. ʅʝʜʦʩʪʘʪʲʮʠ ʥʘ ʪʨʘʜʠʮʠʦʥʥʠʪʝ ʤʝʪʦʜʠ. 

 

 

 

 

 

 

 

 

 

 

ʀʟʪʦʯʥʠʢ: Pradhan et al. 10. 

 

3. ʅʘʥʦʪʝʭʥʦʣʦʛʠʠ 

ʅʘʥʦʪʝʭʥʦʣʦʛʠʠʪʝ ʧʨʝʜʣʘʛʘʪ ʥʦʚʠ ʪʝʭʥʠʢʠ ʟʘ ʙʲʨʟʘ ʜʠʘʛʥʦʩʪʠʢʘ, ʨʘʥʥʦ 

ʦʪʢʨʠʚʘʥʝ ʥʘ ʠʥʬʝʢʮʠʠ ʠ ʠʜʝʥʪʠʬʠʮʠʨʘʥʝ ʥʘ ʚʠʨʫʩʥʠ ʧʘʪʦʛʝʥʠ, ʧʨʠʯʠʥʷʚʘʱʠ 

ʧʘʥʜʝʤʠʠ. ʊʝ ʧʦʜʦʙʨʷʚʘʪ ʝʬʝʢʪʠʚʥʦʩʪʪʘ ʠ ʢʘʯʝʩʪʚʦʪʦ ʥʘ ʜʝʪʝʢʮʠʦʥʥʠʷ ʧʨʦʮʝʩ ʯʨʝʟ 

ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʥʘʥʦʙʠʦʩʝʥʟʦʨʠ. ʆʩʚʝʥ ʪʦʚʘ, ʥʦʚʠʪʝ ʥʘʥʦʩʪʨʫʢʪʫʨʠ ʠ ʥʘʥʦʩʝʥʟʦʨʠ 

ʧʦʢʘʟʚʘʪ ʩʚʦʡʩʪʚʘ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʥʝʚʠʞʜʘʥʠ ʜʦʩʝʛʘ ʥʘ ʤʘʢʨʦʩʢʦʧʠʯʥʦ ʥʠʚʦ, ʟʘ 

ʜʝʪʝʢʪʠʨʘʥʝ ʠ ʫʣʘʚʷʥʝ ʥʘ ʠʥʬʝʢʮʠʠ [3].  

ʅʘʥʦʪʝʭʥʦʣʦʛʠʠʪʝ ʤʦʛʘʪ ʜʘ ʧʦʜʦʙʨʷʪ ʜʠʘʛʥʦʩʪʠʮʠʨʘʥʝʪʦ ʥʘ COVID-19 ʠ ʜʘ 

ʧʨʝʜʣʦʞʘʪ ʥʘʡ-ʩʲʚʨʝʤʝʥʝʥ ʜʠʘʛʥʦʩʪʠʯʝʥ ʤʝʪʦʜ, ʙʘʟʠʨʘʥ ʥʘ ĂPoint Of Careñ (POC) 

ʩʝʥʩʠʥʛ ʪʝʭʥʦʣʦʛʠʷʪʘ. ʆʩʚʝʥ ʪʦʚʘ, ʪʝ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʩʚʲʨʟʘʥʠ ʩ ʠʟʢʫʩʪʚʝʥ ʠʥʪʝʣʝʢʪ (AI) 

ʠ ʙʠʦʩʝʥʟʦʨʠ, ʠʥʪʝʛʨʠʨʘʥʠ ʚ ʠʥʪʝʨʥʝʪ-ʩʚʲʨʟʘʥʠ ʤʝʜʠʮʠʥʩʢʠ ʫʩʪʨʦʡʩʪʚʘ (IoMT) ʟʘ 

ʠʟʫʯʘʚʘʥʝ ʥʘ ʧʨʘʢʪʠʯʝʩʢʘ ʠʥʬʦʨʤʘʪʠʢʘ ʯʨʝʟ ʩʲʭʨʘʥʝʥʠʝ, ʩʧʦʜʝʣʷʥʝ ʠ ʘʥʘʣʠʟ ʥʘ ʜʘʥʥʠ. 

ʆʩʚʝʥ ʪʦʚʘ, ʪʝ ʤʦʛʘʪ ʜʘ ʟʘʦʙʠʢʦʣʷʪ ʪʨʘʜʠʮʠʦʥʥʠʪʝ ʧʨʦʮʝʩʠ ʩ ʥʠʩʢʘ ʯʫʚʩʪʚʠʪʝʣʥʦʩʪ, 

ʥʠʩʢʘ ʩʝʣʝʢʪʠʚʥʦʩʪ, ʚʠʩʦʢʘ ʮʝʥʘ ʠ ʫʜʲʣʞʝʥʦ ʚʨʝʤʝ ʟʘ ʜʠʘʛʥʦʩʪʠʢʘ. ʄʦʛʘʪ ʜʘ ʩʝ 

ʠʟʧʦʣʟʚʘʪ ʚ ʥʦʚʠ ʤʝʪʦʜʠ ʟʘ ʙʝʟʙʦʣʝʟʥʝʥʠ ʘʥʘʣʠʟʠ ʥʘ ʧʨʦʙʠ, ʢʘʪʦ ʥʘʧʨʠʤʝʨ ʘʥʘʣʠʟʠʨʘʥʝ 

ʥʘ ʩʣʶʥʢʘʪʘ ʥʘ ʧʘʮʠʝʥʪʘ ʩ ʧʦʤʦʱʪʘ ʥʘ ʛʨʘʬʝʥʦʚ ʦʢʩʠʜ (GO)/Au/Fiber Bragg grating 
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(FBG) ʩʦʥʜʘ. ʅʘʥʦʪʝʭʥʦʣʦʛʠʠʪʝ ʤʦʛʘʪ ʜʘ ʫʩʲʚʲʨʰʝʥʩʪʚʘʪ ʪʝʭʥʦʣʦʛʠʠ ʢʘʪʦ ʩʚʦʙʦʜʥʠ ʦʪ 

ʙʝʣʝʞʝʥʝ ʙʠʦʩʝʥʟʦʨʠ, ʭʘʨʪʠʝʥʠ ʣʘʪʝʨʘʣʥʠ ʧʦʪʦʯʥʠ ʘʥʘʣʠʟʠ, ʦʧʪʠʯʥʠ ʪʝʭʥʦʣʦʛʠʠ ʠ 

ʮʠʬʨʦʚʠ ʪʝʭʥʦʣʦʛʠʠ [1]. 

 

3.1 ʅʘʥʦʙʠʦʩʝʥʟʦʨʠ 

ʇʦ-ʛʦʣʝʤʠʷʪ ʧʨʝʚʝʩ ʥʘ ʚʠʨʫʩʥʠ ʦʛʥʠʱʘ ʤʦʞʝ ʜʘ ʩʝ ʜʲʣʞʘʪ ʥʘ ʥʝʧʨʘʚʠʣʥʠ 

ʜʝʪʝʢʮʠʦʥʥʠ ʠʥʩʪʨʫʤʝʥʪʠ, ʠʟʧʦʣʟʚʘʥʠ ʟʘ ʦʪʢʨʠʚʘʥʝ ʥʘ ʠʥʬʝʢʮʠʦʟʥʠ ʘʛʝʥʪʠ. ʅʝʦʙʭʦʜʠʤ 

ʝ ʠʥʩʪʨʫʤʝʥʪ ʟʘ ʜʝʪʝʢʪʠʨʘʥʝ ʠʣʠ ʜʠʘʛʥʦʩʪʠʢʘ ʩ ʫʙʝʜʠʪʝʣʥʠ, ʙʲʨʟʠ ʠ ʧʨʝʮʠʟʥʠ 

ʙʠʦʩʝʥʩʠʥʛ ʩʚʦʡʩʪʚʘ. ɹʠʦʩʝʥʟʦʨʠʪʝ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʭʘʨʘʢʪʝʨʠʟʠʨʘʥʠ ʢʘʪʦ ʘʥʘʣʠʪʠʯʥʠ 

ʠʥʩʪʨʫʤʝʥʪʠ, ʢʦʠʪʦ ʤʦʛʘʪ ʜʘ ʘʥʘʣʠʟʠʨʘʪ ʥʠʩʢʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʪ ʘʥʘʣʠʪʘ ʚ ʙʠʦʣʦʛʠʯʥʠ 

ʧʨʦʙʠ (ʢʘʪʦ ʯʦʚʝʰʢʠ ʩʝʨʫʤ, ʢʨʲʚ, ʩʲʣʟʠ, ʩʣʶʥʢʘ ʠ ʜʨ.). ɺ ʩʨʘʚʥʝʥʠʝ ʩ ʪʨʘʜʠʮʠʦʥʥʠʪʝ 

ʢʠʪʦʚʝ ʟʘ ʢʘʯʝʩʪʚʝʥʠ ʠ ʢʦʣʠʯʝʩʪʚʝʥʠ ʘʥʘʣʠʟʠ, ʪʝʟʠ ʙʠʦʩʝʥʟʦʨʠ ʩʘ ʧʦ-ʧʨʝʜʧʦʯʠʪʘʥʠ 

ʧʦʨʘʜʠ ʩʚʦʷʪʘ ʧʨʝʮʠʟʥʦʩʪ ʠ ʯʫʚʩʪʚʠʪʝʣʥʦʩʪ ʢʲʤ ʠʟʙʨʘʥʘʪʘ ʮʝʣʝʚʘ ʤʦʣʝʢʫʣʘ [15]. 

ʌʠʛʫʨʘ 3. ʂʣʘʩʠʬʠʢʘʮʠʷ ʠ ʧʨʠʣʦʞʝʥʠʷ ʥʘ ʨʘʟʣʠʯʥʠʪʝ ʙʠʦʩʝʥʟʦʨʠ. 

 

 

 

 

 

 

 

 

 

 

ʀʟʪʦʯʥʠʢ: Varghese et al. [15]. 

ʅʝʦʙʭʦʜʠʤʦʩʪʪʘ ʦʪ ʪʦʯʥʦʩʪ ʠ ʙʲʨʟʠʥʘ ʧʨʠ ʜʠʘʛʥʦʩʪʠʮʠʨʘʥʝʪʦ ʥʘ COVID-19 ʥʝ 

ʩʝ ʫʜʦʚʣʝʪʚʦʨʷʚʘ ʦʪ ʪʨʘʜʠʮʠʦʥʥʠʪʝ ʤʝʪʦʜʠ ʢʘʪʦ ʩʝʨʦʣʦʛʠʯʥʠ ʪʝʩʪʦʚʝ ʠ ʧʦʣʠʤʝʨʘʟʥʘ 

ʚʝʨʠʞʥʘ ʨʝʘʢʮʠʷ ʩ ʦʙʨʘʪʥʘ ʪʨʘʥʩʢʨʠʧʮʠʷ (RT-PCR), ʢʦʠʪʦ ʨʫʪʠʥʥʦ ʩʝ ʠʟʧʦʣʟʚʘʪ ʟʘ 

ʜʝʪʝʢʪʠʨʘʥʝ ʠ ʜʠʘʛʥʦʩʪʠʮʠʨʘʥʝ ʥʘ COVID-19. ʊʦʚʘ ʫʩʣʦʚʠʝ ʤʦʞʝ ʜʘ ʙʲʜʝ ʠʟʧʲʣʥʝʥʦ 



 

147 
 

ʯʨʝʟ ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʫʣʪʨʘʯʫʚʩʪʚʠʪʝʣʥʠ ʥʘʥʦʙʠʦʩʝʥʟʦʨʠ, ʢʦʠʪʦ ʠʛʨʘʷʪ ʚʘʞʥʘ ʨʦʣʷ ʚ 

ʜʝʪʝʢʪʠʨʘʥʝʪʦ ʥʘ ʥʦʚʠʷ ʢʦʨʦʥʘʚʠʨʫʩ. ʅʘʥʦʙʠʦʩʝʥʟʦʨʠʪʝ ʧʨʝʜʦʩʪʘʚʷʪ ʙʲʨʟʘ, ʨʝʥʪʘʙʠʣʥʘ, 

ʧʨʝʮʠʟʥʘ ʠ ʤʠʥʠʘʪʶʨʠʟʠʨʘʥʘ ʧʣʘʪʬʦʨʤʘ ʟʘ ʜʝʪʝʢʪʠʨʘʥʝ ʥʘ SARS-CoV-2 [10]. 

ɹʠʦʩʝʥʟʦʨʠʪʝ ʦʙʠʢʥʦʚʝʥʦ ʩʘ ʠʟʛʨʘʜʝʥʠ ʦʪ ʤʦʣʝʢʫʣʘ ʟʘ ʙʠʦʣʦʛʠʯʥʦ ʨʘʟʧʦʟʥʘʚʘʥʝ, 

ʠʤʦʙʠʣʠʟʠʨʘʥʘ ʚʲʨʭʫ ʧʦʚʲʨʭʥʦʩʪʪʘ ʥʘ ʩʠʛʥʘʣʝʥ ʪʨʘʥʩʜʫʢʪʦʨ ʠ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ 

ʠʟʧʦʣʟʚʘʥʠ ʟʘ ʘʥʘʣʠʟ, ʜʠʘʛʥʦʩʪʠʢʘ, ʟʘʱʠʪʘ, ʩʠʛʫʨʥʦʩʪ ʠ ʪʝʩʪʚʘʥʝ ʥʘ ʧʦ-ʛʦʣʝʤʠ 

ʧʦʧʫʣʘʮʠʠ [3]. 

ʅʘʥʦʙʠʦʩʝʥʟʦʨʠʪʝ ʧʨʝʜʦʩʪʘʚʷʪ ʥʷʢʦʣʢʦ ʧʨʝʜʠʤʩʪʚʘ, ʚʦʜʝʱʠ ʜʦ ʝʬʝʢʪʠʚʥʦ 

ʜʝʪʝʢʪʠʨʘʥʝ, ʢʘʪʦ ʥʘʧʨʠʤʝʨ [3]: 

¶ ʈʝʥʪʘʙʠʣʥʦʩʪ; 

¶ ɼʲʣʲʛ ʞʠʚʦʪ; 

¶ ʃʝʩʥʠ ʟʘ ʫʧʦʪʨʝʙʘ; 

¶ ɸʚʪʦʥʦʤʥʦʩʪ; 

¶ ʇʨʝʮʠʟʥʦʩʪ; 

¶ ʇʦʨʪʘʪʠʚʥʠ ʩʘ; 

¶ ɹʲʨʟʦ ʧʦʣʫʯʘʚʘʥʝ ʥʘ ʨʝʟʫʣʪʘʪʠ; 

¶ ʉʠʣʥʦ ʯʫʚʩʪʚʠʪʝʣʥʠ; 

¶ ʄʫʣʪʠʧʣʝʢʩʥʠ ʚʲʟʤʦʞʥʦʩʪʠ; 

¶ ʇʨʠʣʦʞʠʤ ʧʨʦʮʝʩ. 

ʅʘʥʦʙʠʦʩʝʥʟʦʨʠʪʝ ʩʘ ʫʩʪʨʦʡʩʪʚʘ, ʚ ʢʦʠʪʦ ʪʨʘʥʩʜʫʢʪʦʨʲʪ ʩʝ ʧʨʦʤʝʥʷ, ʟʘ ʜʘ ʫʣʦʚʠ 

ʮʝʣʝʚʠʷ ʢʦʤʧʦʥʝʥʪ, ʙʠʦʣʦʛʠʯʥʠʷʪ ʦʪʛʦʚʦʨ ʩʝ ʧʨʝʚʨʲʱʘ ʚ ʝʣʝʢʪʨʠʯʝʩʢʠ ʩʠʛʥʘʣʠ, ʢʦʡʪʦ 

ʙʠʚʘ ʜʝʪʝʢʪʠʨʘʥ ʙʲʨʟʦ ʠ ʩ ʚʠʩʦʢʘ ʪʦʯʥʦʩʪ. ʌʠʟʠʯʥʠʪʝ ʦʪʛʦʚʦʨʠ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ 

ʠʟʯʠʩʣʝʥʠ ʯʨʝʟ ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʧʦʜʭʦʜʷʱʠ ʙʠʦʨʝʮʝʧʪʦʨʠ, ʢʘʪʦ ʥʫʢʣʝʠʥʦʚʠ ʢʠʩʝʣʠʥʠ, 

ʘʥʪʠʛʝʥʠ, ɼʅʂ ʩʦʥʜʘ, ʧʝʧʪʠʜ, ʮʷʣʘ ʢʣʝʪʢʘ, ʤʠʢʨʦʦʨʛʘʥʠʟʲʤ ʠ ʪʲʢʘʥ. ʊʝʟʠ ʨʝʮʝʧʪʦʨʠ ʩʘ 

ʣʝʩʥʦ ʨʘʟʧʦʟʥʘʚʘʝʤʠ, ʩʠʣʥʦ ʯʫʚʩʪʚʠʪʝʣʥʠ ʠ ʤʦʛʘʪ ʜʘ ʜʝʪʝʢʪʠʨʘʪ ʩʧʝʮʠʬʠʯʝʥ ʙʠʦʘʥʘʣʠʪ. 

ʊʘʨʛʝʪʥʘʪʘ ʤʦʣʝʢʫʣʘ ʩʝ ʩʚʲʨʟʚʘ ʩ ʙʠʦʨʝʮʝʧʪʦʨʘ. ʉʣʝʜ ʪʦʚʘ ʪʨʘʥʩʜʫʢʪʦʨʲʪ ʩ ʠʥʪʝʛʨʠʨʘʥʠ 

ʥʘʥʦʩʪʨʫʢʪʫʨʠ ʪʨʘʥʩʬʦʨʤʠʨʘ ʜʝʪʝʢʮʠʷʪʘ ʚ ʝʣʝʢʪʨʠʯʝʩʢʠ ʩʠʛʥʘʣ, ʜʝʬʠʥʠʨʘʥ ʦʪ 

ʜʝʪʝʢʪʦʨʘ (ʬʠʛ. 4) [3]. 
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ʌʠʛʫʨʘ 4. ʉʭʝʤʘ ʥʘ ʨʘʟʣʠʯʥʠ ʘʥʘʣʠʪʠ, ʙʠʦʨʝʮʝʧʪʦʨʠ ʠ ʪʨʘʥʩʜʫʢʪʦʨʠ ʢʘʪʦ ʯʘʩʪʠ 

ʦʪ ʪʠʧʠʯʥʠʷ ʥʘʥʦʙʠʦʩʝʥʟʦʨʝʥ ʜʠʟʘʡʥ ʟʘ ʜʝʪʝʢʮʠʷ ʥʘ ʨʝʩʧʠʨʘʪʦʨʥʠ ʚʠʨʫʩʠ. 

 

ʀʟʪʦʯʥʠʢ: Alhalaili et al. [3]. 

ʅʘʥʦʙʠʦʩʝʥʟʦʨʠʪʝ, ʠʟʧʦʣʟʚʘʥʠ ʟʘ ʜʝʪʝʢʪʠʨʘʥʝ ʥʘ SARS ʠʣʠ MERS ʢʦʨʦʥʘʚʠʨʫʩʠ, 

ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʢʘʪʝʛʦʨʠʟʠʨʘʥʠ ʚʲʟ ʦʩʥʦʚʘ ʥʘ ʙʠʦʣʦʛʠʯʥʘʪʘ ʤʦʣʝʢʫʣʘ ʢʲʤ ʢʦʷʪʦ ʩʘ 

ʥʘʩʦʯʝʥʠ (ʥʫʢʣʝʠʥʦʚʠ ʢʠʩʝʣʠʥʠ, ʘʥʪʠʛʝʥʠ ʠʣʠ ʘʥʪʠʪʝʣʘ) ʢʘʪʦ ʙʠʦʩʝʥʟʦʨʠ,ʙʘʟʠʨʘʥʠ ʥʘ 

ʥʫʢʣʝʠʥʦʚʘ ʢʠʩʝʣʠʥʘ, ʙʠʦʩʝʥʟʦʨʠ ʙʘʟʠʨʘʥʠ ʥʘ ʘʥʪʠʛʝʥ ʠ ʙʠʦʩʝʥʟʦʨʠ ʙʘʟʠʨʘʥʠ ʥʘ 

ʘʥʪʠʪʷʣʦ (ʌʠʛ. 5) [3]. 

ʌʠʛʫʨʘ 5. ʉʭʝʤʘ ʥʘ ʢʣʘʩʠʬʠʢʘʮʠʷ ʥʘ ʨʘʟʣʠʯʥʠ ʙʠʦʩʝʥʟʦʨʠ ʟʘ ʜʝʪʝʢʮʠʷ ʥʘ SARS 

ʠ MERS ʢʦʨʦʥʘʚʠʨʫʩʠ. 

 

 

 

 

 

 

 

ʀʟʪʦʯʥʠʢ: Alhalaili et al. [3] 
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3.1.1. ɽʣʝʢʪʨʦʭʠʤʠʯʥʠ ʥʘʥʦʙʠʦʩʝʥʟʦʨʠ 

ɽʣʝʢʪʨʦʭʠʤʠʯʥʠʪʝ ʙʠʦʩʝʥʟʦʨʠ ʩʘ ʥʘʡ-ʰʠʨʦʢʦ ʠʟʧʦʣʟʚʘʥʠ ̫ʠ ʥʘʡ-ʧʨʝʜʧʦʯʠʪʘʥʠ ̫

ʪʠʧ ʙʠʦʩʝʥʟʦʨʠ. ʉʧʦʨʝʜ ʜʝʬʠʥʠʮʠʷʪʘ ʥʘ IUPAC, ʝʣʝʢʪʨʦʭʠʤʠʯʥʠʷʪ ʙʠʦʩʝʥʟʦʨ ʝ 

Ăʠʥʪʝʛʨʠʨʘʥʦ ʫʩʪʨʦʡʩʪʚʦ, ʢʦʝʪʦ ʝ ʩʧʦʩʦʙʥʦ ʜʘ ʧʨʝʜʦʩʪʘʚʷ ʩʧʝʮʠʬʠʯʥʘ ʢʦʣʠʯʝʩʪʚʝʥʘ ʠʣʠ 

ʧʦʣʫʢʦʣʠʯʝʩʪʚʝʥʘ ʘʥʘʣʠʪʠʯʥʘ ʠʥʬʦʨʤʘʮʠʷ, ʠʟʧʦʣʟʚʘʡʢʠ ʝʣʝʤʝʥʪ ʟʘ ʙʠʦʣʦʛʠʯʥʦ 

ʨʘʟʧʦʟʥʘʚʘʥʝ (ʙʠʦʭʠʤʠʯʝʥ ʨʝʮʝʧʪʦʨ), ʢʦʡʪʦ ʧʦʜʜʲʨʞʘ ʧʨʷʢ ʧʨʦʩʪʨʘʥʩʪʚʝʥ ʢʦʥʪʘʢʪ ʩ 

ʝʣʝʢʪʨʦʭʠʤʠʯʝʥ ʪʨʘʥʩʜʫʮʠʨʘʱ ʝʣʝʤʝʥʪ.ñ [8, 13].  

ɽʣʝʢʪʨʦʭʠʤʠʯʥʠʷ ʥʘʥʦʙʠʦʩʝʥʟʦʨ ʝ ʤʦʣʝʢʫʣʥʦ ʩʝʥʟʦʨʥʦ ʫʩʪʨʦʡʩʪʚʦ, ʢʦʝʪʦ 

ʩʚʲʨʟʚʘ ʧʨʦʮʝʩʘ ʥʘ ʙʠʦʣʦʛʠʯʥʦ ʨʘʟʧʦʟʥʘʚʘʥʝ ʩ ʝʣʝʢʪʨʦʜʝʥ ʪʨʘʥʩʜʫʢʪʦʨ, ʟʘ ʜʘ ʩʲʟʜʘʜʝ 

ʠʟʧʦʣʟʚʘʝʤ ʝʣʝʢʪʨʠʯʝʥ ʩʠʛʥʘʣ. ʊʲʡ ʢʘʪʦ ʚ ʝʣʝʢʪʨʦʭʠʤʠʯʥʠʪʝ ʥʘʥʦʩʝʥʟʦʨʠ ʠʤʘ 

ʝʣʝʢʪʨʦʜʠ, ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʠʪʝ ʩʚʦʡʩʪʚʘ, ʜʠʝʣʝʢʪʨʠʯʥʠʪʝ ʩʚʦʡʩʪʚʘ ʠ ʨʘʟʧʨʝʜʝʣʝʥʠʝʪʦ 

ʥʘ ʟʘʨʷʜʘ ʩʘ ʢʨʠʪʠʯʥʠ ʝʣʝʤʝʥʪʠ [3]. 

 

ʌʠʛʫʨʘ 6. ʉʭʝʤʘ, ʧʦʢʘʟʚʘʱʘ ʢʦʤʧʦʥʝʥʪʠʪʝ ʥʘ ʙʠʦʩʝʥʟʦʨ, ʠʟʧʦʣʟʚʘʥʠ ʟʘ ʩʝʥʩʠʥʛ 

ʥʘ ʮʝʣʝʚʠ ʘʥʘʣʠʪʥʠ ʧʨʦʙʠ. ʆʙʲʨʥʘʪʦ ʝ ʚʥʠʤʘʥʠʝ ʥʘ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʝʣʝʢʪʨʦʭʠʤʠʯʥʘ 

ʙʠʦʩʝʥʟʦʨʥʘ ʧʣʘʪʬʦʨʤʘ, ʢʦʷʪʦ ʪʨʘʥʩʬʦʨʤʠʨʘ ʙʠʦʭʠʤʠʯʥʘʪʘ ʠʥʬʦʨʤʘʮʠʷ ʚ ʪʦʢ ʠʣʠ 

ʥʘʧʨʝʞʝʥʠʝ ʚʲʨʭʫ ʝʣʝʢʪʨʦʭʠʤʠʯʥʘ ʪʨʘʥʩʜʫʢʪʦʨʥʘ ʧʦʚʲʨʭʥʦʩʪ.  

 

 

 

 

 

 

 

 

 

 

ʀʟʪʦʯʥʠʢ: Ozmen et al. [8]. 
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ʆʩʥʦʚʥʠʪʝ ʧʨʝʜʠʤʩʪʚʘ ʥʘ ʝʣʝʢʪʨʦʭʠʤʠʯʥʠʪʝ ʙʠʦʩʝʥʟʦʨʠ ʩʘ [5, 11]: 

¶ ʃʝʩʥʦ ʨʘʟʨʘʙʦʪʚʘʥʝ; 

¶ ɺʲʟʤʦʞʥʦʩʪ ʟʘ ʤʠʥʠʘʪʶʨʠʟʘʮʠʷ; 

¶ ɺʠʩʦʢʘ ʯʫʚʩʪʚʠʪʝʣʥʦʩʪ; 

¶ ʉʨʘʚʥʠʪʝʣʥʦ ʥʠʩʢʘ ʮʝʥʘ. 

ɽʣʝʢʪʨʦʭʠʤʠʯʥʠʪʝ ʩʝʥʟʦʨʠ ʩʘ ʧʨʠʚʣʝʢʘʪʝʣʝʥ ʠʟʙʦʨ ʟʘ ʜʝʪʝʢʪʠʨʘʥʝ ʥʘ ʨʘʟʣʠʯʥʠ 

ʙʠʦʤʦʣʝʢʫʣʠ, ʪʲʡ ʢʘʪʦ ʪʝ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʣʝʩʥʦ ʢʦʤʙʠʥʠʨʘʥʠ ʩ ʤʥʦʞʝʩʪʚʦ ʤʦʜʫʣʠ ʢʘʪʦ 

ʘ) ʝʚʪʠʥʠ ʤʠʢʨʦʝʣʝʢʪʨʦʥʥʠ ʚʝʨʠʛʠ; ʙ) ʤʠʥʠʘʪʶʨʠʟʠʨʘʥʠ Ălab-on-a-chipñ; ʚ) ʝʣʝʢʪʨʦʥʥʠ 

ʩʠʩʪʝʤʠ ʟʘ ʦʪʯʠʪʘʥʝ ʥʘ ʩʠʛʥʘʣʘ ʠ ʛ) ʫʩʪʨʦʡʩʪʚʘ ʟʘ ʦʙʨʘʙʦʪʢʘ ʥʘ ʩʠʛʥʘʣʠ. ʊʲʡ ʢʘʪʦ 

ʝʣʝʢʪʨʦʭʠʤʠʯʥʠʪʝ ʙʠʦʩʝʥʟʦʨʠ ʩʘ ʯʫʚʩʪʚʠʪʝʣʥʠ, ʣʝʩʥʠ ʟʘ ʤʠʥʠʘʪʶʨʠʟʠʨʘʥʝ, ʠʟʠʩʢʚʘʪ 

ʤʘʣʢʠ ʦʙʝʤʠ ʦʪ ʘʥʘʣʠʪʘ, ʠʤʘʪ ʧʦ-ʜʦʙʨʘ ʛʨʘʥʠʮʘ ʥʘ ʜʝʪʝʢʪʠʨʘʥʝ ʥʘ ʘʥʘʣʠʪʘ ʠ ʧʨʝʜʦʩʪʘʚʷʪ 

ʙʲʨʟʠ ʨʝʟʫʣʪʘʪʠ, ʪʝ ʩʘ ʥʘʡ-ʧʨʝʜʧʦʯʠʪʘʥʠ ʚ ʤʝʜʠʮʠʥʩʢʘʪʘ ʜʠʘʛʥʦʩʪʠʢʘ ʠ ʤʥʦʛʦ ʜʨʫʛʠ 

ʠʟʩʣʝʜʦʚʘʪʝʣʩʢʠ ʦʙʣʘʩʪʠ, ʚʢʣʶʯʠʪʝʣʥʦ ʙʝʟʦʧʘʩʥʦʩʪ ʥʘ ʭʨʘʥʠʪʝ ʠ ʤʦʥʠʪʦʨʠʥʛ ʥʘ 

ʦʢʦʣʥʘʪʘ ʩʨʝʜʘ [8]. 

ɽʣʝʢʪʨʦʭʠʤʠʯʥʠʷʪ ʙʠʦʩʝʥʟʦʨ ʤʦʞʝ ʜʘ ʙʲʜʝ ʢʘʪʝʛʦʨʠʟʠʨʘʥ ʚʲʟ ʦʩʥʦʚʘ ʥʘ 

ʚʠʜʦʚʝʪʝ ʪʨʘʥʩʜʫʢʪʦʨʠ, ʠʟʧʦʣʟʚʘʥʠ ʟʘ ʠʟʤʝʨʚʘʥʝ ʥʘ ʩʠʛʥʘʣʘ. ʊʝ ʚʢʣʶʯʚʘʪ 

ʢʦʥʜʫʢʪʦʤʝʪʨʠʯʥʠ, ʘʤʧʝʨʦʤʝʪʨʠʯʥʠ ʠ ʧʦʪʝʥʮʠʦʤʝʪʨʠʯʥʠ ʪʨʘʥʩʜʫʢʪʦʨʥʠ ʧʣʘʪʬʦʨʤʠ. 

ʆʙʱʠʷʪ ʧʨʠʥʮʠʧ ʥʘ ʝʣʝʢʪʨʦʭʠʤʠʯʥʠʷ (ʙʠʦ-ʝʣʝʢʪʨʦʭʠʤʠʯʥʠʷ) ʙʠʦʩʝʥʩʠʥʛ ʩʝ ʦʩʥʦʚʘʚʘ 

ʥʘ ʝʣʝʢʪʨʦʭʠʤʠʯʥʠʷ ʦʪʛʦʚʦʨ, ʧʨʦʪʠʯʘʱ ʚʲʨʭʫ ʠʣʠ ʚ ʙʣʠʟʦʩʪ ʜʦ ʝʣʝʢʪʨʦʜʘ ʠ/ʠʣʠ ʤʝʞʜʫ 

ʝʣʝʢʪʨʦʜʠʪʝ. ʊʦʚʘ ʚʦʜʠ ʜʦ ʬʦʨʤʠʨʘʥʝʪʦ ʥʘ: (i) ʠʟʤʝʨʠʤ ʪʦʢʦʚ ʩʠʛʥʘʣ (ʘʤʧʝʨʦʤʝʪʨʠʯʝʥ), 

(ii) ʢʫʤʫʣʘʪʠʚʝʥ ʟʘʨʷʜ ʠʣʠ ʧʦʪʝʥʮʠʘʣ (ʧʦʪʝʥʮʠʦʤʝʪʨʠʯʝʥ), ʠʣʠ (iii) ʧʨʦʤʝʥʠ ʚ 

ʧʨʦʚʦʜʠʤʦʩʪʪʘ ʥʘ ʩʨʝʜʘʪʘ (ʢʦʥʜʫʢʪʦʤʝʪʨʠʯʝʥ). [8].  
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ʌʠʛʫʨʘ 7. ʂʣʘʩʠʬʠʢʘʮʠʷ ʥʘ ʝʣʝʢʪʨʦʭʠʤʠʯʥʠʪʝ ʙʠʦʩʝʥʟʦʨʠ ʚ ʟʘʚʠʩʠʤʦʩʪ ʦʪ ʪʠʧʘ 

ʥʘ ʪʨʘʥʩʜʫʢʪʦʨʘ ʠ ʚʠʜʦʚʝʪʝ ʩʠʛʥʘʣ. 

ʀʟʪʦʯʥʠʢ: Ozmen et al. [8]. 

 

ɽʣʝʢʪʨʦʭʠʤʠʯʥʠʪʝ ʥʘʥʦʙʠʦʩʝʥʟʦʨʠ ʤʦʛʘʪ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘʪ ʠ ʟʘ ʠʜʝʥʪʠʬʠʮʠʨʘʥʝ 

ʥʘ ʚʠʨʫʩʥʠ ʥʫʢʣʝʠʥʦʚʠ ʢʠʩʝʣʠʥʠ. ʈʘʟʨʘʙʦʪʝʥ ʝ ʝʣʝʢʪʨʦʭʠʤʠʯʝʥ ʛʝʥʦʩʝʥʟʦʨ ʟʘ 

ʜʝʪʝʢʪʠʨʘʥʝ ʥʘ SARS. ʊʦʡ ʠʟʧʦʣʟʚʘ ʤʦʥʦʩʣʦʡ ʦʪ ʪʠʦʣʠʨʘʥʠ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʠ, 

ʩʘʤʦʩʛʣʦʙʝʥʠ ʚʲʨʭʫ ʚʲʛʣʝʨʦʜʥʠ ʝʣʝʢʪʨʦʜʠ, ʧʦʢʨʠʪʠ ʩʲʩ ʟʣʘʪʥʠ ʥʘʥʦʯʘʩʪʠʮʠ. 

ʆʣʠʛʦʥʫʢʣʝʦʪʠʜʥʠʪʝ ʧʦʩʣʝʜʦʚʘʪʝʣʥʦʩʪʠ ʩʘ ʩʧʝʮʠʬʠʯʥʠ ʟʘ ʥʫʢʣʝʦʢʘʧʩʠʜʥʠʷ ʧʨʦʪʝʠʥ ʥʘ 

SARS ʠ ʜʝʪʝʢʪʠʨʘʥʝʪʦ ʥʘ ʚʠʨʫʩʥʘʪʘ ʠʥʬʝʢʮʠʷ ʩʝ ʦʩʲʱʝʩʪʚʷʚʘ ʯʨʝʟ ʝʥʟʠʤʥʘ 

ʘʤʧʣʠʬʠʢʘʮʠʷ ʥʘ ʚʠʨʫʩʥʘ ɼʅʂ. ʅʘʥʦʙʠʦʩʝʥʟʦʨʲʪ ʩʧʦʤʘʛʘ ʟʘ ʦʩʲʱʝʩʪʚʷʚʘʥʝ ʥʘ 

ʚʠʩʦʢʦʯʫʚʩʪʚʠʪʝʣʥʘ ʜʝʪʝʢʮʠʷ ʥʘ SARS. ʇʨʦʝʢʪʠʨʘʥ ʝ ʝʣʝʢʪʨʦʭʠʤʠʯʝʥ ʥʘʥʦʙʠʦʩʝʥʟʦʨ ʟʘ 

ʜʝʪʝʢʪʠʨʘʥʝ ʥʘ MERS-CoV, ʢʦʡʪʦ ʠʟʧʦʣʟʚʘ ʚʲʛʣʝʨʦʜʝʥ ʝʣʝʢʪʨʦʜ, ʧʦʢʨʠʪ ʩʲʩ ʟʣʘʪʥʠ 

ʥʘʥʦʯʘʩʪʠʮʠ ʠ ʨʝʢʦʤʙʠʥʘʥʪʝʥ ʰʠʧʯʝʩʪ ʧʨʦʪʝʠʥ S1 ʢʘʪʦ ʙʠʦʤʘʨʢʝʨ. ʊʦʟʠ ʧʦʜʭʦʜ ʝ 

ʦʙʝʱʘʚʘʱ ʟʘ ʜʝʪʝʢʪʠʨʘʥʝ ʠ ʥʘ ʜʨʫʛʠ ʢʦʨʦʥʘʚʠʨʫʩʠ. ɹʠʦʩʝʥʟʦʨʲʪ ʝ ʩʲʟʜʘʜʝʥ ʩ ʧʦʤʦʱʪʘ 

ʥʘ ʬʣʫʦʨ-ʣʝʛʠʨʘʥ ʩʫʙʩʪʨʘʪ ʠ ʟʣʘʪʥʠ ʥʘʥʦʯʘʩʪʠʮʠ, ʘʤʧʣʠʬʠʮʠʨʘʱʠ ʩʠʛʥʘʣʘ 

ʙʣʘʛʦʜʘʨʝʥʠʝ ʥʘ ʟʥʘʯʠʪʝʣʥʘʪʘ ʠʤ ʝʣʝʢʪʨʠʯʝʩʢʘ ʧʨʦʚʦʜʠʤʦʩʪ. [10]. 

ʄʦʜʠʬʠʮʠʨʘʥʝʪʦ ʥʘ ʝʣʝʢʪʨʦʭʠʤʠʯʥʠ ʩʝʥʟʦʨʠ ʩʲʩ ʟʣʘʪʥʠ ʥʘʥʦʯʘʩʪʠʮʠ (AuNP) 

ʧʦʢʘʟʚʘ ʧʦʜʦʙʨʝʥʠ ʩʚʦʡʩʪʚʘ ʥʘ ʩʝʥʟʦʨʘ. ʊʘʢʠʚʘ ʩʝʥʟʦʨʠ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʠʟʧʦʣʟʚʘʥʠ ʟʘ 

ʜʝʪʝʢʪʠʨʘʥʝ ʥʘ MERS-CoV. AuNP ʧʨʠʪʝʞʘʚʘʪ ʝʣʝʢʪʨʦʢʘʪʘʣʠʪʠʯʥʠ ʩʚʦʡʩʪʚʘ ʠ 
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ʧʦʟʚʦʣʷʚʘʪ ʘʤʧʣʠʬʠʢʘʮʠʷ ʥʘ ʝʣʝʢʪʨʠʯʥʠʷ ʩʠʛʥʘʣ (ʌʠʛʫʨʘ 8). ʇʨʦʝʢʪʠʨʘʥ ʝ 

ʠʤʫʥʦʩʝʥʟʦʨ, ʜʝʪʝʢʪʠʨʘʱ ʚʠʨʫʩʘ MERS-CoV, ʢʦʡʪʦ ʩʚʲʨʟʚʘ ʧʝʨʩʧʝʢʪʠʚʘʪʘ ʥʘ 

ʝʣʝʢʪʨʦʭʠʤʠʯʥʠʪʝ ʩʝʥʟʦʨʠ ʠ ʟʣʘʪʥʠʪʝ ʥʘʥʦʯʘʩʪʠʮʠ. ʅʘʥʦʙʠʦʩʝʥʟʦʨʲʪ ʝ ʠʟʛʨʘʜʝʥ ʦʪ 

ʚʲʛʣʝʨʦʜʥʠ ʝʣʝʢʪʨʦʜʠ, ʧʦʢʨʠʪʠ ʩʲʩ ʟʣʘʪʥʠ ʥʘʥʦʯʘʩʪʠʮʠ.  

 

ʌʠʛʫʨʘ 8. ʆʧʝʨʘʮʠʦʥʥʠ ʩʪʲʧʢʠ ʥʘ COVID-19 ʝʣʝʢʪʨʦʭʠʤʠʯʥʘ ʩʝʥʩʠʥʛ 

ʧʣʘʪʬʦʨʤʘ: (A) ɺʟʝʤʘʥʝ ʥʘ ʧʨʦʙʘ ʦʪ ʥʦʩʘ ʠʣʠ ʩʣʶʥʢʘʪʘ, (B) ʈʅʂ ʝʢʩʪʨʘʢʮʠʷ, (C) 

ʠʤʦʙʠʣʠʟʠʨʘʥʝ ʥʘ ʈʅʂ ʚʲʨʭʫ ʛʨʘʬʝʥ-ʝʚɼʅʂ-AuNP ʧʣʘʪʬʦʨʤʘ, (D) ʠʥʢʫʙʠʨʘʥʝ ʟʘ 5 min 

ʠ (E) ʦʪʯʠʪʘʥʝ ʥʘ ʝʣʝʢʪʨʦʭʠʤʠʯʥʠʷ ʩʠʛʥʘʣ. 

 

 

 

 

 

 

 

ʀʟʪʦʯʥʠʢ: Abdelhamid et al. [1]. 

 

ʇʨʠ ʪʦʟʠ ʠʤʫʥʦʩʝʥʟʦʨ, ʨʝʢʦʤʙʠʥʘʥʪʥʠʷʪ ʰʠʧʯʝʩʪ ʙʝʣʪʲʢ (S1) ʙʠʚʘ 

ʠʤʦʙʠʣʠʟʠʨʘʥ ʚʲʨʭʫ ʟʣʘʪʥʠ ʥʘʥʦʯʘʩʪʠʮʠ. ʀʤʦʙʠʣʠʟʠʨʘʥʠʷ S1 ʩʝ ʢʦʥʢʫʨʠʨʘ ʩ ʚʠʨʫʩʥʠʪʝ 

ʯʘʩʪʠʮʠ ʚ ʧʨʦʙʘʪʘ ʟʘ ʩʚʲʨʟʚʘʥʝ ʢʲʤ ʘʥʪʠʪʷʣʦʪʦ (ʜʦʙʘʚʝʥʦ ʚ ʤʠʥʠʤʘʣʥʠ ʢʦʣʠʯʝʩʪʚʘ ʢʲʤ 

ʧʨʦʙʘʪʘ). ʂʦʛʘʪʦ ʦʪʩʲʩʪʚʘ ʚʠʨʫʩʥʘ ʠʥʬʝʢʮʠʷ, ʘʥʪʠʪʷʣʦʪʦ ʩʝ ʩʚʲʨʟʚʘ ʢʲʤ 

ʠʤʦʙʠʣʠʟʠʨʘʥʠʷ ʰʠʧʯʝʩʪ ʙʝʣʪʲʢ. ʊʲʡ ʢʘʪʦ ʪʦʟʠ ʩʝʥʟʦʨ ʩʲʜʲʨʞʘ ʤʥʦʛʦ ʝʣʝʢʪʨʦʜʠ, ʪʦʡ 

ʧʦʟʚʦʣʷʚʘ ʤʫʣʪʠʧʣʝʢʩʥʘ ʜʝʪʝʢʮʠʷ ʥʘ ʨʘʟʣʠʯʥʠ ʢʦʨʦʥʘʚʠʨʫʩʠ [5, 10].  

 

 



 

153 
 

ɽʣʝʢʪʨʦʭʠʤʠʯʥʦ ʜʝʪʝʢʪʠʨʘʥʝ ʥʘ SARS-CoV-2 ʩ ʛʨʘʬʝʥʦʚʠ ʩʝʥʟʦʨʠ 

ɽʣʝʢʪʨʦʭʠʤʠʯʥʠʪʝ ʪʨʘʥʩʜʫʢʪʦʨʥʠ ʧʣʘʪʬʦʨʤʠ ʤʦʛʘʪ ʜʘ ʜʝʪʝʢʪʠʨʘʪ ʚʠʨʫʩʠ ʠ 

ʜʨʫʛʠ ʧʘʪʦʛʝʥʥʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʠ, ʠʟʧʦʣʟʚʘʡʢʠ ʪʝʭʥʠʪʝ ʩʧʝʮʠʬʠʯʥʠ ʝʣʝʤʝʥʪʠ ʟʘ 

ʙʠʦʨʘʟʧʦʟʥʘʚʘʥʝ. ʀʤʘ ʥʷʢʦʣʢʦ ʘʣʪʝʨʥʘʪʠʚʥʠ ʥʘʯʠʥʘ ʟʘ ʝʣʝʢʪʨʦʭʠʤʠʯʥʘ ʜʝʪʝʢʮʠʷ ʥʘ 

ʙʦʣʝʩʪʦʪʚʦʨʥʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʠ. ɺʲʧʨʝʢʠ ʪʦʚʘ, ʜʝʪʝʢʪʠʨʘʥʝʪʦ ʥʘ ʛʝʥʝʪʠʯʥʠ ʤʘʨʢʝʨʠ 

ʯʨʝʟ ʝʣʝʢʪʨʦʭʠʤʠʯʥʠ ʩʝʥʟʦʨʥʠ ʧʣʘʪʬʦʨʤʠ ʥʝ ʝ ʯʫʚʩʪʚʠʪʝʣʝʥ ʤʝʪʦʜ ʟʘ ʜʝʪʝʢʪʠʨʘʥʝ ʥʘ 

ʚʠʨʫʩʠ, ʧʦʨʘʜʠ ʥʝʜʝʪʝʢʪʠʨʫʝʤʠʪʝ ʚʠʨʫʩʥʠ ʪʠʪʨʠ, ʦʩʦʙʝʥʦ ʚ ʥʘʯʘʣʦʪʦ ʥʘ ʚʠʨʫʩʥʠʪʝ 

ʠʥʬʝʢʮʠʠ [8, 14]. 

ʇʨʝʟ ʧʦʩʣʝʜʥʠʪʝ ʛʦʜʠʥʠ ʩʘ ʥʘʧʨʘʚʝʥʠ ʥʷʢʦʣʢʦ ʦʧʠʪʘ ʟʘ ʧʨʠʣʘʛʘʥʝ ʥʘ ʩʪʨʘʪʝʛʠʠ, 

ʧʦʜʦʙʥʠ ʥʘ ʝʣʝʢʪʨʦʭʠʤʠʯʥʠʪʝ ʛʣʶʢʦʤʝʨʠ, ʟʘ ʜʝʪʝʢʪʠʨʘʥʝ ʥʘ ʚʠʨʫʩʠ ʠʣʠ ʚʠʨʫʩʥʠ 

ʠʥʬʝʢʮʠʠ. Torrente-Rodríguez et al. ʨʘʟʨʘʙʦʪʠʭʘ ʝʚʪʠʥ ʛʨʘʬʝʥʦʚ ʧʨʝʥʦʩʠʤ 

ʝʣʝʢʪʨʦʭʠʤʠʯʝʥ ʙʠʦʩʝʥʟʦʨ ʟʘ ʙʲʨʟʘ ʜʠʘʛʥʦʩʪʠʢʘ ʠ ʙʠʦʭʠʤʠʯʝʥ ʤʦʥʠʪʦʨʠʥʛ ʥʘ COVID-

19 ʦʪ ʧʨʦʙʠ ʦʪ ʩʝʨʫʤ ʠ ʩʣʶʥʢʘ [8, 14]. 

ɽʣʝʢʪʨʦʜʠʪʝ ʥʘ ʝʣʝʢʪʨʦʭʠʤʠʯʥʠʷ ʩʝʥʟʦʨ ʩʘ ʠʟʛʨʘʜʝʥʠ ʦʪ ʛʨʘʬʝʥ, ʛʨʘʚʠʨʘʥ ʚʲʨʭʫ 

ʛʲʚʢʘʚ ʧʦʣʠʠʤʠʜʝʥ (PI) ʧʦʣʠʤʝʨʝʥ ʩʫʙʩʪʨʘʪ ʟʘ ʤʫʣʪʠʧʣʝʢʩʥʘ ʜʝʪʝʢʮʠʷ ʥʘ ʚʠʨʫʩʥʠ 

ʠʥʬʝʢʮʠʦʟʥʠ ʙʠʦʤʘʨʢʝʨʠ (ʘʥʪʠʛʝʥʠ ʠ ʘʥʪʠʪʝʣʘ). ɸʚʪʦʨʠʪʝ ʜʝʤʦʥʩʪʨʠʨʘʪ ʢʦʣʠʯʝʩʪʚʝʥʦ 

ʜʝʪʝʢʪʠʨʘʥʝ ʥʘ ʩʧʝʮʠʬʠʯʥʠ ʟʘ COVID-19 ʙʠʦʤʘʨʢʝʨʠ ʚ ʢʨʲʚ ʠ ʩʣʶʥʢʘ, ʢʘʪʦ ʥʘʧʨʠʤʝʨ 

ʰʠʧʯʝʩʪʠʷ ʙʝʣʪʲʢ ʥʘ SARS-CoV-2 (S1), ʥʫʢʣʝʦʢʘʧʩʠʜʥʠʷ ʙʝʣʪʲʢ ʥʘ SARS (NP), 

ʩʧʝʮʠʬʠʯʥʠ ʠʤʫʥʦʛʣʦʙʫʣʠʥʠ ʩʨʝʱʫ SARS-CoV-2 ʰʠʧʯʝʩʪʠʷ ʙʝʣʪʲʢ (S1-IgM ʠ S1-IgG), 

ʢʘʢʪʦ ʠ ʥʝʩʧʝʮʠʬʠʯʥʠʷ C-ʨʝʘʢʪʠʚʝʥ ʧʨʦʪʝʠʥ (CRP). ɼʝʪʝʢʪʠʨʘʥʝʪʦ ʩʝ ʦʩʲʱʝʩʪʚʷʚʘ ʚʲʚ 

ʬʠʟʠʦʣʦʛʠʯʥʦ ʟʥʘʯʠʤʠ ʛʨʘʥʠʮʠ. ʊʘʟʠ ʧʣʘʪʬʦʨʤʘ ʠʤʘ ʤʫʣʪʠʧʣʝʢʩ ʢʘʧʘʮʠʪʝʪ ʟʘ 

ʜʝʪʝʢʪʠʨʘʥʝ ʥʘ ʥʷʢʦʣʢʦ SARS-CoV-2 ʤʘʨʢʝʨʘ. ʇʦʣʫʯʝʥʠʪʝ ʨʝʟʫʣʪʘʪʠ ʩʝ ʧʨʝʜʘʚʘʪ 

ʙʝʟʞʠʯʥʦ ʢʲʤ ʧʨʝʥʦʩʠʤʦ ʤʦʙʠʣʥʦ ʫʩʪʨʦʡʩʪʚʦ. ʊʦʟʠ ʪʠʧ ʤʠʥʠʘʪʶʨʠʟʠʨʘʥʘ 

ʝʣʝʢʪʨʦʭʠʤʠʯʥʘ ʧʣʘʪʬʦʨʤʘ ʧʦʢʘʟʚʘ ʛʦʣʷʤ ʢʘʧʘʮʠʪʝʪ ʟʘ ʠʟʧʦʣʟʚʘʥʝʪʦ ʠ ʚ ʙʲʜʝʱʠ PoC 

ʝʣʝʢʪʨʦʭʠʤʠʯʥʠ ʫʩʪʨʦʡʩʪʚʘ ʠ ʩʠʩʪʝʤʠ ʟʘ ʧʝʨʩʦʥʘʣʠʟʠʨʘʥʘ ʤʝʜʠʮʠʥʘ [8, 14]. 

 

3.1.2. ʆʧʪʠʯʥʠ ʥʘʥʦʙʠʦʩʝʥʟʦʨʠ 

ɹʣʘʛʦʜʘʨʝʥʠʝ ʥʘ ʠʟʢʣʶʯʠʪʝʣʥʠʪʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʦʧʪʠʯʥʠʪʝ ʙʠʦʩʝʥʟʦʨʠ, ʢʘʪʦ 

ʚʠʩʦʢʘ ʯʫʚʩʪʚʠʪʝʣʥʦʩʪ, ʪʦʚʘ ʯʝ ʩʘ ʩʚʦʙʦʜʥʠ ʦʪ ʤʘʨʢʝʨ (ʪ.ʝ. ʮʝʣʝʚʠʪʝ ʤʦʣʝʢʫʣʠ ʥʝ ʩʘ 

ʙʝʣʷʟʘʥʠ ʦʪ ʦʧʨʝʜʝʣʝʥʦ ʚʝʱʝʩʪʚʦ), ʟʜʨʘʚʠʥʘ, ʫʩʪʦʡʯʠʚʦʩʪ ʥʘ ʝʣʝʢʪʨʦʤʘʛʥʠʪʥʠ 

ʩʤʫʱʝʥʠʷ, ʠʟʯʠʩʣʠʤʠ ʦʧʪʠʯʥʠ ʜʘʥʥʠ, ʧʦʜʘʪʣʠʚʠ ʥʘ ʤʠʥʠʘʪʶʨʠʟʘʮʠʷ, ʚʲʟʤʦʞʥʦʩʪʠ ʟʘ 

ʠʥʪʝʛʨʠʨʘʥʝ, ʧʦʨʪʘʪʠʚʥʠ, ʩ ʤʫʣʪʠʧʣʝʢʩʝʥ ʢʘʧʘʮʠʪʝʪ ʠ ʦʩʠʛʫʨʷʚʘʥʝ ʥʘ ʝʜʥʦʚʨʝʤʝʥʥʘ 
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ʜʝʪʝʢʮʠʷ ʥʘ ʨʘʟʣʠʯʥʠ ʮʝʣʠ, ʦʧʪʠʯʥʠʪʝ ʙʠʦʩʝʥʟʦʨʠ ʩʝ ʠʟʧʦʣʟʚʘʪ ʢʘʪʦ ʜʠʘʛʥʦʩʪʠʯʥʠ 

ʠʥʩʪʨʫʤʝʥʪʠ ʟʘ ʨʝʩʧʠʨʘʪʦʨʥʠ ʚʠʨʫʩʥʠ ʠʥʬʝʢʮʠʠ. ʇʦʨʘʜʠ ʪʦʚʘ ʦʧʪʠʯʥʠʪʝ ʙʠʦʩʝʥʟʦʨʠ ʩʘ 

ʧʦʜʭʦʜʷʱʠ ʟʘ ʠʟʧʦʣʟʚʘʥʝ ʠʟʚʲʥ ʣʘʙʦʨʘʪʦʨʠʠʪʝ [9, 10]. 

ʌʠʛʫʨʘ 9. ɹʝʟʞʠʯʥʘ ʛʨʘʬʝʥ-ʙʘʟʠʨʘʥʘ ʪʝʣʝʤʝʜʠʮʠʥʩʢʘ ʧʣʘʪʬʦʨʤʘ (SARS-CoV-2 

RapidPlex) ʟʘ ʙʲʨʟʦ ʠ ʤʫʣʪʠʧʣʝʢʩʥʦ ʝʣʝʢʪʨʦʭʠʤʠʯʥʦ ʜʝʪʝʢʪʠʨʘʥʝ ʥʘ SARS-CoV-2 ʚ ʢʨʲʚ 

ʠ ʩʣʶʥʢʘ (A) ʉʭʝʤʘ ʥʘ SARS-CoV-2 RapidPlex ʤʫʣʪʠʩʝʥʟʦʨʥʘ ʪʝʣʝʤʝʜʠʮʠʥʩʢʘ 

ʧʣʘʪʬʦʨʤʘ ʟʘ ʜʝʪʝʢʪʠʨʘʥʝ ʥʘ SARS-CoV-2 ʚʠʨʫʩʥʠ ʙʝʣʪʲʮʠ, ʘʥʪʠʪʝʣʘ (IgG ʠ IgM) ʠ 

ʚʲʟʧʘʣʠʪʝʣʝʥ ʙʠʦʤʘʨʢʝʨ ʉ-ʨʝʘʢʪʠʚʝʥ ʧʨʦʪʝʠʥ (CRP). ɼʘʥʥʠʪʝ ʤʦʛʘʪ ʜʘ ʩʝ ʧʨʝʜʘʚʘʪ 

ʙʝʟʞʠʯʥʦ ʢʲʤ ʤʦʙʠʣʝʥ ʧʦʪʨʝʙʠʪʝʣʩʢʠ ʠʥʪʝʨʬʝʡʩ. WE, ʨʘʙʦʪʝʥ ʝʣʝʢʪʨʦʜ; CE, 

ʧʨʦʪʠʚʦʝʣʝʢʪʨʦʜ; RE, ʨʝʬʝʨʝʥʪʝʥ ʝʣʝʢʪʨʦʜ. (B) ʄʘʩʦʚʦ ʧʨʦʠʟʚʝʞʜʘʥʠ ʣʘʟʝʨʥʦ 

ʛʨʘʚʠʨʘʥʠ ʛʨʘʬʝʥʦʚʠ ʩʝʥʟʦʨʠ. (C) ʉʥʠʤʢʘ ʥʘ ʛʲʚʢʘʚ ʛʨʘʬʝʥʦʚ ʩʝʥʟʦʨ ʟʘ ʝʜʥʦʢʨʘʪʥʘ 

ʫʧʦʪʨʝʙʘ. (D) ʀʟʦʙʨʘʞʝʥʠʝ ʥʘ SARS-CoV-2 RapidPlex ʩʠʩʪʝʤʘ ʩ ʛʨʘʬʝʥʦʚ ʩʝʥʟʦʨ, 

ʩʚʲʨʟʘʥʘ ʢʲʤ ʧʣʘʪʢʘ ʟʘ ʦʙʨʘʙʦʪʚʘʥʝ ʥʘ ʩʠʛʥʘʣʘ ʠ ʙʝʟʞʠʯʥʘ ʢʦʤʫʥʠʢʘʮʠʷ. 

 

 

 

 

 

 

 

 

 

 

ʀʟʪʦʯʥʠʢ: Torrente-Rodriguez et al. 15. 

 

ɺʲʛʣʝʨʦʜʥʠʪʝ ʥʘʥʦʪʨʲʙʠ, ʟʣʘʪʥʠʪʝ ʥʘʥʦʦʩʪʨʦʚʠ ʠ ʛʨʘʬʝʥʲʪ ʩʝ ʠʟʧʦʣʟʚʘʪ ʦʩʥʦʚʥʦ 

ʚ ʦʧʪʠʯʥʠ ʠ ʝʣʝʢʪʨʦʭʠʤʠʯʥʠ ʙʠʦʩʝʥʟʦʨʠ. ɿʣʘʪʥʠ ʥʘʥʦʦʩʪʨʦʚʠ, ʥʘʧʨʘʚʝʥʠ ʦʪ ʤʘʣʢʠ 

ʟʣʘʪʥʠ ʥʘʥʦʩʪʨʫʢʪʫʨʠ, ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʢʦʥʩʪʨʫʠʨʘʥʠ ʩ ʠʟʢʫʩʪʚʝʥʦ ʩʠʥʪʝʟʠʨʘʥʠ ɼʅʂ 

ʨʝʮʝʧʪʦʨʠ ʠ ʢʦʤʧʣʝʤʝʥʪʘʨʥʠ ʈʅʂ ʧʦʩʣʝʜʦʚʘʪʝʣʥʦʩʪʠ ʥʘ SARS-CoV-2 ʚʲʨʭʫ ʩʪʲʢʣʝʥ 
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ʩʫʙʩʪʨʘʪ. ʊʲʡ ʢʘʪʦ COVID-19 ʝ ʝʜʥʦʚʝʨʠʞʝʥ ʈʅʂ ʚʠʨʫʩ, ʨʝʮʝʧʪʦʨʲʪ ʥʘ ʥʘʥʦʙʠʦʩʝʥʟʦʨʘ 

ʜʝʡʩʪʚʘ ʢʘʪʦ ʢʦʤʧʣʝʤʝʥʪʘʨʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʥʦʩʪ ʥʘ ʈʅʂ ʩʝʢʚʝʥʮʠʷʪʘ ʥʘ ʢʦʨʦʥʘʚʠʨʫʩʘ ʠ 

ʧʦ ʪʦʟʠ ʥʘʯʠʥ ʜʝʪʝʢʪʠʨʘ ʚʠʨʫʩʘ. ɿʘ ʜʝʪʝʢʪʠʨʘʥʝ ʥʘ ʈʅʂ ʩʝʢʚʝʥʮʠʷ, ʩʚʲʨʟʚʘʱʘ ʩʝ ʢʲʤ 

ʩʝʥʟʦʨʘ ʩʝ ʠʟʧʦʣʟʚʘ LSPR (ʣʦʢʘʣʠʟʠʨʘʥ ʧʦʚʲʨʭʥʦʩʪʝʥ ʧʣʘʟʤʦʥʝʥ ʨʝʟʦʥʘʥʩ). ʉʣʝʜ 

ʩʚʲʨʟʚʘʥʝ ʥʘ ʤʦʣʝʢʫʣʠʪʝ ʥʘ ʧʦʚʲʨʭʥʦʩʪʪʘ ʥʘ ʥʘʥʦʙʠʦʩʝʥʟʦʨʘ, ʣʦʢʘʣʥʠʷʪ ʠʥʬʨʘʯʝʨʚʝʥ 

ʠʥʜʝʢʩ ʩʝ ʧʨʦʤʝʥʷ, ʦʧʪʠʯʥʠʷ ʥʘʥʦʙʠʦʩʝʥʟʦʨ ʠʟʯʠʩʣʷʚʘ ʧʨʦʤʝʥʠʪʝ ʠ ʦʧʨʝʜʝʣʷ ʥʘʣʠʯʠʝʪʦ 

ʥʘ ʈʅʂ ʚʝʨʠʛʠ [9, 10]. 

ɼʝʤʦʥʩʪʨʠʨʘʥʦ ʝ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʦ ʜʝʪʝʢʪʠʨʘʥʝ ʥʘ SARS-CoV-2 ʩ ʦʧʪʠʯʝʥ 

ʙʠʦʩʝʥʟʦʨ, ʢʦʤʙʠʥʠʨʘʥʦ ʩ ʧʦʚʲʨʭʥʦʩʪʝʥ ʧʣʘʟʤʦʥʝʥ ʨʝʟʦʥʘʥʩ ʠ ʬʣʫʦʨʝʩʮʝʥʮʠʷ. ʂʦʛʘʪʦ 

ʦʧʪʠʯʝʥ ʙʠʦʩʝʥʟʦʨ ʙʠʚʘ ʢʦʤʙʠʥʠʨʘʥ ʩ ʤʝʪʦʜʘ ʥʘ ʧʦʚʲʨʭʥʦʩʪʥʠʷ ʧʣʘʟʤʦʥʝʥ ʨʝʟʦʥʘʥʩ, ʩʝ 

ʧʦʣʫʯʘʚʘ ʪʝʭʥʦʣʦʛʠʷ ʟʘ ʙʲʨʟʘ ʜʠʘʛʥʦʩʪʠʢʘ ʥʘ SARS ʠʥʬʝʢʮʠʠ. ʊʘʟʠ ʪʝʭʥʠʢʘ ʝ ʧʦ-

ʧʨʝʜʧʦʯʠʪʘʥʘ ʜʦʨʠ ʦʪ ʝʥʟʠʤʥʦ-ʩʚʲʨʟʘʥʠ ̫ʠʤʫʥʦʩʦʨʙʝʥʪʝʥ ʘʥʘʣʠʟ (ELISA). ɹʠʦʩʝʥʟʦʨ ʩ 

ʦʧʪʠʯʥʠ ʚʣʘʢʥʘ, ʙʘʟʠʨʘʥ ʥʘ ʣʦʢʘʣʠʟʠʨʘʥ ʧʦʚʲʨʭʥʦʩʪʝʥ ʧʣʘʟʤʦʥʝʥ ʨʝʟʦʥʘʥʩ ʠ 

ʢʦʤʙʠʥʠʨʘʥ ʩ ʬʣʫʦʨʝʩʮʝʥʮʠʷ (LSPCF), ʤʦʞʝ ʜʘ ʜʝʪʝʢʪʠʨʘ ʨʝʢʦʤʙʠʥʘʥʪʝʥ N ʙʝʣʪʲʢ 

(SARS-CoV-N), ʠʟʧʦʣʟʚʘʡʢʠ AuNP. ʏʨʝʟ ʪʦʟʠ ʤʝʪʦʜ ʤʦʞʝ ʜʘ ʙʲʜʝ ʜʝʪʝʢʪʠʨʘʥ ʚʠʨʫʩʝʥ 

ʪʦʚʘʨ ʦʪ 106 ʯʘʩʪʠʮʠ/mL ʚ ʨʘʤʢʠʪʝ ʥʘ 15 ʤʠʥʫʪʠ. ʊʝʟʠ ʧʨʦʫʯʚʘʥʠʷ ʧʦʢʘʟʚʘʪ, ʯʝ 

ʚʠʨʫʩʥʠʪʝ ʨʝʩʧʠʨʘʪʦʨʥʠ ʠʥʬʝʢʮʠʠ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʜʠʘʛʥʦʩʪʠʮʠʨʘʥʠ ʙʲʨʟʦ ʯʨʝʟ 

ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʙʠʦʩʝʥʟʦʨʠ ʩ ʥʘʥʦʤʘʪʝʨʠʘʣʠ [9]. 

ʌʠʛʫʨʘ 10. ʉʭʝʤʘ ʥʘ ʦʧʪʠʯʝʥ ʙʠʦʩʝʥʟʦʨ 

ʀʟʪʦʯʥʠʢ: Pradhan et al. [9].  
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3.1.3. ɻʨʘʬʝʥʦʚʠ ʙʠʦʩʝʥʟʦʨʠ 

ɻʨʘʬʝʥʦʚʦ FET (ʧʦʣʝʚʠ ʪʨʘʥʟʠʩʪʦʨ) ʫʩʪʨʦʡʩʪʚʦ ʩʝ ʠʟʧʦʣʟʚʘ ʟʘ ʦʧʨʝʜʝʣʷʥʝ ʥʘ 

ʚʠʨʫʩʥʠʷ ʪʦʚʘʨ ʥʘ SARS-CoV-2 ʚ ʥʘʟʦʬʘʨʠʥʛʝʘʣʥʠ ʧʨʦʙʠ ʥʘ ʧʘʮʠʝʥʪʠ ʩ COVID-19. 

ɻʨʘʬʝʥʦʚʠʷʪ FET ʥʘʥʦʙʠʦʩʝʥʟʦʨ ʩʝ ʩʲʩʪʦʠ ʦʪ ʩʫʙʩʪʨʘʪ ʦʪ SiO2/Si, ʧʦʢʨʠʪ ʩ ʛʨʘʬʝʥ, 

ʧʨʝʜʩʪʘʚʣʷʚʘʱ ʩʝʥʩʠʥʛ ʟʦʥʘʪʘ. ɺʲʨʭʫ ʛʨʘʬʝʥʦʚʦʪʦ ʧʦʢʨʠʪʠʝ ʝ ʠʤʦʙʠʣʠʟʠʨʘʥʦ ʘʥʪʠʪʷʣʦ, 

ʩʚʲʨʟʚʘʱʦ SARS-CoV-2 h ʠʧʯʝʩʪʠʷ ʙʝʣʪʲʢ. ʊʝʟʠ ʙʠʦʩʝʥʟʦʨʠ ʩʧʦʤʘʛʘʪ ʟʘ ʜʝʪʝʢʪʠʨʘʥʝ ʥʘ 

ʰʠʧʯʝʩʪʠʷ SARS-CoV-2 ʘʥʪʠʛʝʥ ʚʲʚ ʬʦʩʬʘʪʝʥ ʙʫʬʝʨ, ʜʦʨʠ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʷ ʦʪ 1 fg/mL 

[10]. 

ɻʨʘʬʝʥʦʚʠʪʝ ʙʠʦʩʝʥʟʦʨʠ ʩʘ ʮʝʥʥʠ ʟʘ ʪʝʩʪʚʘʥʝ ʠ ʜʝʪʝʢʪʠʨʘʥʝ ʥʘ [9]: 

¶ ʢʨʲʚʥʘ ʛʣʶʢʦʟʘ; 

¶ ʨʝʩʧʠʨʘʪʦʨʥʘ ʯʝʩʪʦʪʘ; 

¶ ʪʝʣʝʩʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʨʝʘʣʥʦ ʚʨʝʤʝ; 

¶ ʢʨʲʚʥʦ ʥʘʣʷʛʘʥʝ; 

¶ ʚʠʨʫʩʠ; 

¶ ʤʘʣʢʠ ʤʦʣʝʢʫʣʠ. 

ʇʦʨʘʜʠ ʨʝʥʪʘʙʠʣʥʦʩʪʪʘ, ʚʠʩʦʢʠʷ ʘʬʠʥʠʪʝʪ ʠ ʣʝʩʥʦʪʦ ʠʤ ʧʨʦʠʟʚʦʜʩʪʚʦ, 

ʛʨʘʬʝʥʦʚʠʪʝ ʥʘʥʦʤʘʪʝʨʠʘʣʠ ʩʘ ʝʜʥʠ ʦʪ ʥʘʡ-ʧʨʝʜʧʦʯʠʪʘʥʠʪʝ ʤʘʪʝʨʠʘʣʠ ʟʘ ʙʠʦʩʝʥʟʦʨʠ. 

ʅʘʧʨʠʤʝʨ, ʪʨʘʥʟʠʩʪʦʨʝʥ ʙʠʦʩʝʥʟʦʨ ʝ ʫʩʧʝʰʥʦ ʨʘʟʨʘʙʦʪʝʥ ʟʘ ʦʪʢʨʠʚʘʥʝ ʥʘ SARS-CoV-2 

(ʰʠʧʯʝʩʪ ʙʝʣʪʲʢ). ɹʠʦʩʝʥʟʦʨʲʪ ʝ ʧʨʦʠʟʚʝʜʝʥ ʦʪ ʧʦʣʝʚʠ ʪʨʘʥʟʠʩʪʦʨ (FET), ʧʦʢʨʠʪ ʩ 

ʛʨʘʬʝʥ. ɺʲʨʭʫ ʛʨʘʬʝʥʘ ʝ ʠʤʦʙʠʣʠʟʠʨʘʥʦ ʩʧʝʮʠʬʠʯʥʦ ʘʥʪʠʪʷʣʦ (ʌʠʛʫʨʘ 9). ɻʨʘʬʝʥʲʪ ʠ 

ʥʝʛʦʚʠʪʝ ʧʨʦʠʟʚʦʜʥʠ ʧʦʢʘʟʚʘʪ ʜʦʙʨʠ ʨʝʟʫʣʪʘʪʠ ʧʨʠ ʫʣʘʚʷʥʝʪʦ ʥʘ ʚʠʨʫʩʠ. ʊʝʟʠ 

ʫʩʪʨʦʡʩʪʚʘ ʟʘ ʙʠʩʝʥʩʠʥʛ ʠʤʘʪ ʧʨʝʜʠʤʩʪʚʘ ʧʨʝʜ ʜʨʫʛʠʪʝ ʜʠʘʛʥʦʩʪʠʯʥʠ ʤʝʪʦʜʠ, ʥʘʣʠʯʥʠ 

ʚ ʤʦʤʝʥʪʘ [9]. 

ɹʘʟʠʨʘʥʠʪʝ ʥʘ FET ʙʠʦʩʝʥʟʦʨʥʠ ʫʩʪʨʦʡʩʪʚʘ ʤʦʛʘʪ ʜʘ ʧʨʘʚʷʪ ʯʫʚʩʪʚʠʪʝʣʥʠ ʠ 

ʤʠʛʥʦʚʝʥʠ ʠʟʤʝʨʚʘʥʠʷ, ʠʟʧʦʣʟʚʘʡʢʠ ʤʘʣʢʠ ʢʦʣʠʯʝʩʪʚʘ ʘʥʘʣʠʪ. ʆʩʚʝʥ ʪʦʚʘ, FET 

ʙʠʦʩʝʥʟʦʨʠʪʝ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʧʦʣʝʟʥʠ ʚ ʢʣʠʥʠʯʥʘʪʘ ʜʠʘʛʥʦʩʪʠʢʘ ʠ ʚ ʪʝʩʪʚʘʥʝʪʦ ʥʘ 

ʧʘʮʠʝʥʪʠ ʥʘ ʤʷʩʪʦ, ʠʟʚʲʥ ʣʘʙʦʨʘʪʦʨʠʠʪʝ. ʉʲʟʜʘʜʝʥʘ ʝ ʥʝʘʤʧʣʠʬʠʮʠʨʘʱʘ ʠ ʙʲʨʟʘ 

ʥʘʥʦʩʝʥʩʠʥʛ ʧʣʘʪʬʦʨʤʘ ʟʘ ʜʝʪʝʢʪʠʨʘʥʝ ʥʘ ʈʅʂ ʥʘ SARS-CoV-2 ʚ̡ʚ ʬʘʨʠʥʛʝʘʣʥʠ ʧʨʦʙʠ. 

ʇʨʦʝʢʪʠʨʘʥ ʝ ʛʨʘʬʝʥʦʚ FET (G-FET) ʩʝʥʟʦʨ, ʢʲʤ ʢʦʡʪʦ ʩʘ ʜʦʙʘʚʝʥʠ ʟʣʘʪʥʠ ʥʘʥʦʯʘʩʪʠʮʠ 

(AuNP). ɺʲʨʭʫ ʧʦʚʲʨʭʥʦʩʪʠʪʝ ʥʘ AuNPs ʩʘ ʠʤʦʙʠʣʠʟʠʨʘʥʠ ʢʦʤʧʣʝʤʝʥʪʘʨʥʠ 
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ʬʦʩʬʦʨʦʜʠʘʤʠʜʘʪ ʤʦʨʬʦʣʠʥʦ ʦʣʠʛʦ (PMO) ʩʦʥʜʠ. ʊʦʟʠ ʩʝʥʟʦʨ ʠʟʣʲʯʚʘ ʥʠʩʲʢ ʬʦʥʦʚ 

ʩʠʛʥʘʣ, ʪʲʡ ʢʘʪʦ PMO ʝ ʩʠʣʥʦ ʯʫʚʩʪʚʠʪʝʣʝʥ ʢʲʤ SARS-CoV-2 RdRp. ʂʦʛʘʪʦ ʛʨʘʬʝʥʦʚ 

ʧʦʣʝʚʠ ʪʨʘʥʟʠʩʪʦʨ ʝ ʩʝ ʢʦʤʙʠʥʠʨʘ ʩ CRISPR-Cas9 ʙʠʦʩʝʥʟʦʨ, ʪʦʡ ʤʦʞʝ ʜʘ ʜʝʪʝʢʪʠʨʘ 

ʥʝʘʤʧʣʠʬʠʮʠʨʘʥʠ ʪʘʨʛʝʪʥʠ ʛʝʥʠ ʠ ʧʦ ʪʦʟʠ ʥʘʯʠʥ ʤʦʞʝ ʜʘ ʙʲʜʝ ʠʟʧʦʣʟʚʘʥ ʟʘ ʜʝʪʝʢʪʠʨʘʥʝ 

ʥʘ ʚʠʨʫʩʠʥʠ ʪʘʨʛʝʪʠ, ʢʘʪʦ ʥʘʧʨʠʤʝʨ ʥʫʢʣʝʠʥʦʚʠʪʝ ʢʠʩʝʣʠʥʠ ʥʘ SARS-CoV-2 [9]. 

3.1.4. ʍʠʨʘʣʥʠ ʥʘʥʦʙʠʦʩʝʥʟʦʨʠ 

ʍʠʨʘʣʥʠʪʝ ʙʠʦʩʝʥʟʦʨʠ ʩʢʦʨʦ ʱʝ ʩʪʘʥʘʪ ʠʟʢʣʶʯʠʪʝʣʥʦ ʧʦʧʫʣʷʨʥʠ ʚ ʦʙʣʘʩʪʪʘ ʥʘ 

ʙʠʦʥʘʥʦʪʝʭʥʦʣʦʛʠʠʪʝ ʧʦʨʘʜʠ ʪʷʭʥʘʪʘ ʫʣʪʨʘ-ʯʫʚʩʪʚʠʪʝʣʥʦʩʪ ʠ ʙʲʨʟʦ ʚʨʝʤʝ ʥʘ ʜʝʡʩʪʚʠʝ. 

ʊʝ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʠʥʩʪʨʫʤʝʥʪ ʟʘ ʩʧʨʘʚʷʥʝ ʩ ʧʘʥʜʝʤʠʷʪʘ ʦʪ SARS-CoV-2. ʇʦʧʫʣʷʨʥʦʩʪʪʘ 

ʥʘ ʭʠʨʘʣʥʘʪʘ ʥʘʥʦ-ʦʧʪʠʢʘ ʥʘʨʘʩʪʚʘ ʧʦʨʘʜʠ ʥʦʚʠʪʝ ʤʝʪʦʜʠ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʤʝʪʘʣʥʠ 

ʥʘʥʦʩʪʨʫʢʪʫʨʠ ʩ ʧʨʦʤʝʥʣʠʚʘ ʧʦʚʲʨʭʥʦʩʪʥʘ ʤʦʨʬʦʣʦʛʠʷ. ʊʦʚʘ ʧʨʝʜʣʘʛʘ ʙʝʟʧʨʝʮʝʜʝʥʪʝʥ 

ʢʦʥʪʨʦʣ ʚʲʨʭʫ ʪʝʭʥʠʪʝ ʝʣʝʢʪʨʦʥʥʠ ʠ ʦʧʪʠʯʥʠ ʩʚʦʡʩʪʚʘ. ʅʘʡ-ʚʘʞʥʦʪʦ ʧʨʝʜʠʤʩʪʚʦ ʥʘ 

ʪʘʢʠʚʘ ʥʘʥʦʭʠʙʨʠʜʥʠ ʩʪʨʫʢʪʫʨʠ ʝ, ʯʝ ʪʝ ʧʦʜʦʙʨʷʚʘʪ ʭʠʨʦʧʪʠʯʥʠ ̫ʦʪʛʦʚʦʨ, ʢʦʡʪʦ ʤʦʞʝ 

ʜʘ ʙʲʜʝ ʦʪ ʟʥʘʯʠʪʝʣʝʥ ʠʥʪʝʨʝʩ ʚ ʨʘʟʣʠʯʥʠ ʧʨʠʣʦʞʝʥʠʷ, ʩʚʲʨʟʘʥʠ ʩ ʭʠʨʘʣʥʠʷ ʙʠʦʩʝʥʩʠʥʛ, 

ʧʦʟʚʦʣʷʚʘʡʢʠ ʧʨʠʣʦʞʝʥʠʝʪʦ ʠʤ ʚ ʥʦʚʠ ʥʘʫʯʥʠ ʦʙʣʘʩʪʠ. ɺ ʩʨʘʚʥʝʥʠʝ ʩ ʝʩʪʝʩʪʚʝʥʠʪʝ 

ʭʠʨʘʣʥʠ ʤʦʣʝʢʫʣʠ, ʭʠʨʘʣʥʠʪʝ ʧʣʘʟʤʦʥʥʠ ʥʘʥʦʩʪʨʫʢʪʫʨʠ ʥʝ ʩʘʤʦ, ʯʝ ʠʤʘʪ ʟʥʘʯʠʪʝʣʥʠ 

ʭʠʨʦʧʪʠʯʥʠ ʝʬʝʢʪʠ, ʥʦ ʩʲʱʦ ʪʘʢʘ ʚʲʚʝʞʜʘʪ ʠʟʮʷʣʦ ʥʦʚʘ ʢʦʥʮʝʧʮʠʷ ʟʘ ʩʫʧʝʨʭʠʨʘʣʥʘ 

ʩʚʝʪʣʠʥʘ ʚ ʪʝʭʥʦʣʦʛʠʯʥʠʪʝ ʧʨʠʣʦʞʝʥʠʷ [2, 5]. 

ʌʠʛʫʨʘ 11. ɼʝʪʝʢʪʠʨʘʥʝ ʥʘ SARS-CoV-2 ʩ ʧʦʤʦʱʪʘ ʥʘ FET: ʉʭʝʤʘʪʘ ʧʦʢʘʟʚʘ 

ʚʟʝʤʘʥʝ ʥʘ ʙʠʦʣʦʛʠʯʥʠ ʧʨʦʙʠ ʦʪ ʧʘʮʠʝʥʪ ʠ ʪʷʭʥʦʪʦ ʧʦʩʪʘʚʷʥʝ ʚ ʛʨʘʬʝʥʦʚʘʪʘ ʩʝʥʟʦʨʥʘ 

ʟʦʥʘ ʥʘ FET ʙʠʦʩʝʥʟʦʨ. ʉʚʲʨʟʚʘʥʝʪʦ ʥʘ SAR-CoV-2 ʚʠʨʫʩʘ ʙʠʚʘ ʜʝʪʝʢʪʠʨʘʥʦ ʦʪ ʩʝʥʟʦʨʘ 

ʚ ʨʝʘʣʥʦ ʚʨʝʤʝ. 

ʀʟʪʦʯʥʠʢ: Pradhan et all 10. 
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Ahmed et al. ʨʘʟʨʘʙʦʪʚʘʪ ʭʠʨʘʣʝʥ ʠʤʫʥʦʩʝʥʟʦʨ, ʠʟʧʦʣʟʚʘʱ ʟʣʘʪʥʠ ʥʘʥʦʯʘʩʪʠʮʠ ʠ 

ʢʚʘʥʪʦʚʠ ʪʦʯʢʠ. ʇʨʠ ʥʝʛʦ ʮʠʨʢʦʥʠʝʚʠ ʢʚʘʥʪʦʚʠ ʪʦʯʢʠ ʠ ʤʘʛʥʠʪʥʠ ʥʘʥʦʯʘʩʪʠʮʠ ʙʠʚʘʪ 

ʢʦʥʶʛʠʨʘʥʠ ʩʲʩ ʩʧʝʮʠʬʠʯʥʠ ʟʘ ʢʦʨʦʥʘʚʠʨʫʩʘ ʘʥʪʠʪʝʣʘ, ʩʣʝʜ ʢʦʝʪʦ ʙʠʚʘʪ ʩʤʝʩʝʥʠ. ɺ 

ʧʨʠʩʲʩʪʚʠʝʪʦ ʥʘ ʚʠʨʫʩʘ, ʢʘʢʪʦ ʢʚʘʥʪʦʚʠʪʝ ʪʦʯʢʠ, ʪʘʢʘ ʠ ʥʘʥʦʯʘʩʪʠʮʠʪʝ ʱʝ ʩʝ ʩʚʲʨʞʘʪ 

ʢʲʤ ʚʠʨʫʩʥʘʪʘ ʤʠʰʝʥʘ ʠ ʱʝ ʩʝ ʧʦʣʫʯʘʪ ʤʘʛʥʠʪʥʠ ʧʣʘʟʤʦʥʥʠ-ʬʣʫʦʨʝʩʮʝʥʪʥʠ 

ʥʘʥʦʭʠʙʨʠʜʠ, ʢʦʠʪʦ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʨʘʟʜʝʣʝʥʠ ʦʪ ʤʘʛʥʠʪ. ʉʣʝʜ ʪʦʚʘ, ʢʦʥʮʝʥʪʨʘʮʠʷʪʘ ʥʘ 

ʘʥʘʣʠʪʘ ʤʦʞʝ ʜʘ ʩʝ ʦʧʨʝʜʝʣʠ ʯʨʝʟ ʠʟʯʠʩʣʷʚʘʥʝ ʥʘ ʬʣʫʦʨʝʩʮʝʥʮʠʷʪʘ ʥʘ ʦʪʜʝʣʝʥʠʪʝ 

ʥʘʥʦʭʠʙʨʠʜʠ. ʊʦʟʠ ʩʝʥʩʠʥʛ ʧʨʦʮʝʩ ʠʤʘ ʛʨʘʥʠʮʘ ʥʘ ʜʝʪʝʢʪʠʨʘʥʝ ʦʪ 79,15 EID/50 ɛl [2, 5, 

10].  

3.1.4. ɸʧʪʘʤʝʨʥʠ ʙʠʦʩʝʥʟʦʨʠ 

ɹʣʘʛʦʜʘʨʝʥʠʝ ʥʘ ʥʘʜʝʞʜʥʠʷ ʩʢʨʠʥʠʥʛ ʤʝʪʦʜ, ʘʧʪʘʤʝʨʠʪʝ ʤʦʛʘʪ ʜʘ ʜʝʪʝʢʪʠʨʘʪ 

ʚʠʨʫʩʥʠ ʛʝʥʠ, ʙʝʣʪʲʮʠ ʠʣʠ ʜʨʫʛʠ ʤʘʨʢʝʨʠ ʥʘ ʚʠʨʫʩʥʘ ʠʥʬʝʢʮʠʷ. ʇʨʦʤʝʥʷʡʢʠ ʚʝʯʝ 

ʨʘʟʨʘʙʦʪʝʥʠʪʝ ʘʥʘʣʠʟʠ, ʘʧʪʘʤʝʨʥʠʪʝ ʩʝʥʟʦʨʠ ʤʦʛʘʪ ʜʘ ʨʘʟʛʨʘʥʠʯʘʪ ʠʥʬʝʢʪʠʨʘʥʠ ʠ 

ʥʝʠʥʬʝʢʪʠʨʘʥʠ ʢʣʝʪʢʠ ʠʣʠ ʘʢʪʠʚʥʠ ʠ ʥʝʘʢʪʠʚʥʠ ʚʠʨʫʩʥʠ ʬʦʨʤʠ. ʇʦʨʘʜʠ ʩʚʦʠʪʝ 

ʩʚʦʡʩʪʚʘ, ʘʧʪʘʤʝʨʥʘʪʘ ʜʝʪʝʢʮʠʷ ʠʤʘ ʟʥʘʯʠʪʝʣʥʠ ʧʨʝʜʠʤʩʪʚʘ ʧʨʝʜ ʘʥʪʠʪʝʣʘʪʘ, 

ʚʢʣʶʯʠʪʝʣʥʦ ʚʠʩʦʢʘ ʫʩʪʦʡʯʠʚʦʩʪ ʥʘ ʰʠʨʦʢ ʜʠʘʧʘʟʦʥ ʦʪ ʪʝʤʧʝʨʘʪʫʨʠ, ʣʝʩʝʥ ʩʠʥʪʝʟ ʯʨʝʟ 

ʩʠʩʪʝʤʘʪʠʯʥʦ ʤʦʜʠʬʠʮʠʨʘʥʝ ʥʘ ʣʠʛʘʥʜʠ ʯʨʝʟ ʤʝʪʦʜ ʥʘ ʝʢʩʧʦʥʝʥʮʠʘʣʥʦ ʦʙʦʛʘʪʷʚʘʥʝ 

(SELEX) ʠ ʣʝʩʥʘ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʩʧʦʨʝʜ ʥʫʞʜʠʪʝ ʥʘ ʘʥʘʣʠʟʘ [4]. 

ʌʠʛʫʨʘ 12. ɼʝʪʝʢʪʠʨʘʥʝ ʥʘ SARS-CoV ʠ SARS-CoV-2 ʯʨʝʟ ʘʧʪʘʤʝʨʥʠ 

ʙʠʦʩʝʥʟʦʨʠ. 

ʊʝʭʥʠʢʘ ʎʝʣ 

ʈʅʂ ʘʧʪʘʤʝʨ-ʙʘʟʠʨʘʥʘ ʯʫʚʩʪʚʠʪʝʣʥʘ 

ʜʝʪʝʢʮʠʷ ʥʘ SARS ʢʦʨʦʥʘʚʠʨʫʩʥʠʷ 

ʥʫʢʣʝʦʢʘʧʩʠʜʝʥ ʙʝʣʪʲʢ 

ɻʝʥʝʨʠʨʘʥʝ ʥʘ ʈʅʂ ʘʧʪʘʤʝʨ ʩʨʝʱʫ SARS-

CoV ʥʫʢʣʝʦʢʘʧʩʠʜʥʠʷ ʙʝʣʪʲʢ 

ɺʝʨʠʬʠʮʠʨʘʥ ʯʨʝʟ ʭʝʤʠʣʫʤʠʥʠʩʮʝʥʪʝʥ 

ʠʤʫʥʦʩʦʨʙʝʥʪʝʥ ʘʥʘʣʠʟ ʠ ʥʘʥʦʘʥʘʣʠʟ ʩ 

ʘʧʪʘʤʝʨ ʚʲʨʭʫ ʯʠʧ 

ʂʦʣʠʯʝʩʪʚʝʥʘ ʠ ʯʫʚʩʪʚʠʪʝʣʥʘ ʜʝʪʝʢʮʠʷ ʥʘ 

SARS ʢʦʨʦʥʘʚʠʨʫʩʥʠʷ ʥʫʢʣʝʦʢʘʧʩʠʜʝʥ 

ʙʝʣʪʲʢ ʯʨʝʟ ʢʦʥʶʛʠʨʘʥʠ ʩ ʢʚʘʥʪʦʚʠ ʪʦʯʢʠ 

ʈʅʂ ʘʧʪʘʤʝʨʠ ʚʲʨʭʫ ʯʠʧ 

ʈʅʂ ʘʧʪʘʤʝʨʠ, ʩʚʲʨʟʘʥʠ ʩ ʢʚʘʥʪʦʚʠ ʪʦʯʢʠ, 

ʭʠʙʨʠʜʠʟʠʨʘʪ ʚʲʨʭʫ ʩʪʲʢʣʝʥ ʯʠʧ, 

ʠʤʦʙʠʣʠʟʠʨʘʥ ʩʲʩ SARS-CoV N-ʙʝʣʪʲʢ 
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ɼʅʂ ʘʧʪʘʤʝʨ-ʙʘʟʠʨʘʥ ʤʝʪʦʜ ʟʘ ʜʝʪʝʢʮʠʷ 

ʥʘ SARS-CoV-2 ʥʫʢʣʝʦʢʘʧʩʠʜʝʥ ʙʝʣʪʲʢ 

ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʥʘ ʘʧʪʘʤʝʨʠ, ʢʦʠʪʦ ʤʦʛʘʪ 

ʜʘ ʩʝ ʩʚʲʨʞʘʪ ʩʲʩ SARS-CoV-2 N-ʙʝʣʪʲʢʘ 

ʆʪʢʨʠʚʘʥʝ ʥʘ ʘʧʪʘʤʝʨʠ ʪʘʨʛʝʪʠʨʘʱʠ RBD 

ʥʘ SARS-CoV-2 ʰʠʧʯʝʩʪʠʷ ʛʣʠʢʦʧʨʦʪʝʠʥ 

RBD ʥʘ SARS-CoV-2 ʰʠʧʯʝʩʪʠʷ 

ʛʣʠʢʦʧʨʦʪʝʠʥ ʩʝ ʠʟʧʦʣʟʚʘ ʢʘʪʦ ʪʘʨʛʝʪ ʟʘ 

ʠʜʝʥʪʠʬʠʮʠʨʘʥʝ ʥʘ ʘʧʪʘʤʝʨʠ, ʠʟʧʦʣʟʚʘʱʠ 

ACE2 ʩʝʣʝʢʮʠʦʥʥʘ ʩʪʨʘʪʝʛʠʷ 

ʅʦʚʘ ʩʠʩʪʝʤʘ ʟʘ ʜʝʪʝʢʪʠʨʘʥʝ ʥʘ SARS 

ʢʦʨʦʥʘʚʠʨʫʩʝʥ ʥʫʢʣʝʦʢʘʧʩʠʜʝʥ ʙʝʣʪʲʢ 

ʯʨʝʟ ʝʜʥʦʚʝʨʠʞʝʥ ɼʅʂ ʘʧʪʘʤʝʨ 

ʉʧʝʮʠʬʠʯʥʦʪʦ ʩʚʲʨʟʚʘʥʝ ʥʘ SARS-CoV 

N-ʙʝʣʪʲʢʘ ʩʝ ʠʟʧʦʣʟʚʘ ʢʘʪʦ ʩʝʣʝʢʮʠʦʥʥʘ 

ʩʪʨʘʪʝʛʠʷ ʟʘ ʠʜʝʥʪʠʬʠʮʠʨʘʥʝ ʥʘ 

ʝʜʥʦʚʝʨʠʞʥʠ ɼʅʂ 

ʀʟʧʦʣʟʚʘ ʩʝ ELISA ʪʝʭʥʠʢʘ ʟʘ 

ʨʘʟʧʦʟʥʘʚʘʥʝ ʥʘ ʘʧʪʘʤʝʨʠ ʩ ʚʠʩʦʢ 

ʩʚʲʨʟʚʘʱ ʘʬʠʥʠʪʝʪ 

ʀʟʪʦʯʥʠʢ: Gupta et al. [4]. 

 

ɹʠʦʩʝʥʟʦʨʠʪʝ ʠʟʧʦʣʟʚʘʪ ʘʥʪʠʪʷʣʦ- ʠ ʘʧʪʘʤʝʨ-ʙʘʟʠʨʘʥʠ ʤʝʭʘʥʠʟʤʠ ʟʘ ʜʝʪʝʢʮʠʷ. 

ɸʧʪʘʤʝʨʠʪʝ ʩʘ ʧʦ-ʪʨʘʡʥʠ, ʧʦ-ʜʦʩʪʲʧʥʠ ʠ ʧʦ-ʙʲʨʟʠ ʟʘ ʩʠʥʪʝʟ ʦʪ ʘʥʪʠʪʝʣʘʪʘ. ɸʧʪʘʤʝʨʠʪʝ, 

ʠʟʚʝʩʪʥʠ ʩʲʱʦ ʢʘʪʦ Ăʭʠʤʠʯʥʠ ʘʥʪʠʪʝʣʘñ ʠʣʠ Ăʠʟʢʫʩʪʚʝʥʠ ʘʥʪʠʪʝʣʘñ, ʯʝʩʪʦ ʙʠʚʘʪ 

ʩʨʘʚʥʷʚʘʥʠ ʩ ʘʥʪʠʪʝʣʘʪʘ ʧʦ ʦʪʥʦʰʝʥʠʝ ʥʘ ʪʷʭʥʘʪʘ ʩʧʝʮʠʬʠʯʥʦʩʪ ʩʧʨʷʤʦ ʤʠʰʝʥʘʪʘ. 

ʅʷʢʦʠ ʘʧʪʘʤʝʨʠ ʙʠʚʘʪ ʠʟʧʦʣʟʚʘʥʠ ʚ SARS-CoV-2 ʜʝʪʝʢʮʠʷʪʘ ʢʘʪʦ ʩʝ ʠʥʢʦʨʧʦʨʠʨʘʪ ʚ 

ʘʧʪʘʩʝʥʩʠʥʛ ʧʣʘʪʬʦʨʤʠ [7]. 

ɸʧʪʘʤʝʨʠʪʝ ʩʘ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʥʠ ʩʝʢʚʝʥʮʠʠ, ʢʦʠʪʦ ʤʦʛʘʪ ʙʘ ʙʲʜʘʪ ʨʘʟʨʘʙʦʪʝʥʠ 

ʪʘʢʘ, ʯʝ ʜʘ ʨʘʟʧʦʟʥʘʚʘʪ ʠ ʜʘ ʩʝ ʩʚʲʨʟʚʘʪ ʩʧʝʮʠʬʠʯʥʦ ʩ ʨʘʟʣʠʯʥʠ ʤʦʣʝʢʫʣʠ: 

¶ ʤʘʣʢʠ ʤʦʣʝʢʫʣʠ ʢʘʪʦ ʘʤʠʥʦʢʠʩʝʣʠʥʠ, ʥʫʢʣʝʦʪʠʜʠ ʠ ʘʥʪʠʙʠʦʪʠʮʠ; 

¶ ʤʘʢʨʦʤʦʣʝʢʫʣʠ ʢʘʪʦ ʥʫʢʣʝʠʥʦʚʠ ʢʠʩʝʣʠʥʠ ʠ ʙʝʣʪʲʮʠ; 

¶ ʧʦʚʲʨʭʥʦʩʪʥʠ ʝʧʠʪʦʧʠ ʥʘ ʚʠʨʫʩʠ, ʙʘʢʪʝʨʠʠ ʠ ʜʨʫʛʠ ʢʣʝʪʢʠ 

ɸʧʪʘʤʝʨʠʪʝ ʬʦʨʤʠʨʘʪ ʫʥʠʢʘʣʥʠ ʪʨʠʠʟʤʝʨʥʠ (3D) ʩʪʨʫʢʪʫʨʠ, ʩʚʲʨʟʚʘʡʢʠ ʩʝ 

ʩʧʝʮʠʬʠʯʥʦ ʢʲʤ ʘʥʘʣʠʪʠʪʝ. ʊʝ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʙʲʨʟʦ ʤʦʜʝʣʠʨʘʥʠ ʠ ʩʪʘʙʠʣʥʦ 

ʠʤʦʙʠʣʠʟʠʨʘʥʠ ʚʲʨʭʫ ʧʦʚʲʨʭʥʦʩʪʪʘ ʥʘ ʙʠʦʩʝʥʟʦʨʠʪʝ. ɸʧʪʘʤʝʨʥʠʪʝ ʙʠʦʩʝʥʟʦʨʠ 

(ʘʧʪʘʩʝʥʟʦʨʠ) ʤʦʛʘʪ ʜʘ ʜʝʪʝʢʪʠʨʘʪ ʢʦʣʠʯʝʩʪʚʝʥʦ ʮʝʣʝʚʠ ʘʥʘʣʠʪʠ ʯʨʝʟ ʠʟʯʠʩʣʷʚʘʥʝ ʥʘ 
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ʩʠʛʥʘʣʘ, ʧʦʣʫʯʝʥ ʦʪ ʭʠʤʠʯʥʠ ʠ/ʠʣʠ ʙʠʦʭʠʤʠʯʥʠ ʧʦʚʲʨʭʥʦʩʪʥʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. 

ɸʧʪʘʤʝʨʠʪʝ ʩʝ ʩʯʠʪʘʪ ʟʘ ʦʙʝʱʘʚʘʱ ʜʠʘʛʥʦʩʪʠʯʝʥ ʠʥʩʪʨʫʤʝʥʪ ʟʘ ʜʝʪʝʢʪʠʨʘʥʝ ʥʘ ʚʠʨʫʩʠ 

[7]. 

ɸʧʪʘʩʝʥʟʦʨʠʪʝ ʧʨʝʜʩʪʘʚʣʷʚʘʪ ʘʧʪʘʤʝʨ-ʙʘʟʠʨʘʥʠ ʙʠʦʩʝʥʟʦʨʠ, ʧʨʝʜʥʘʟʥʘʯʝʥʠ ʜʘ 

ʠʟʩʣʝʜʚʘʪ ʠ ʦʧʨʝʜʝʣʷʪ ʢʦʣʠʯʝʩʪʚʝʥʦ ʪʘʨʛʝʪʥʠ ʙʠʦʤʦʣʝʢʫʣʠ ʯʨʝʟ ʦʧʨʝʜʝʣʝʥʠ 

ʙʠʦʭʠʤʠʯʥʠ ʨʝʘʢʮʠʠ, ʧʨʠ ʢʦʠʪʦ ʩʝ ʛʝʥʝʨʠʨʘ ʢʦʣʠʯʝʩʪʚʝʥʦ ʠʟʤʝʨʠʤ ʩʠʛʥʘʣ. 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝʪʦ ʥʘ ʩʧʝʮʠʬʠʯʥʠ ʘʧʪʘʤʝʨʠ ʩ ʮʝʣʝʚʠ ʙʠʦʤʦʣʝʢʫʣʠ ʧʨʝʜʩʪʘʚʣʷʚʘ 

ʤʝʭʘʥʠʟʤʘ ʥʘ ʩʚʲʨʟʚʘʥʝ ʠ ʙʠʦʨʘʟʧʦʟʥʘʚʘʥʝ, ʢʦʝʪʦ ʝ ʩʲʧʨʦʚʦʜʝʥʦ ʩ ʦʪʜʝʣʷʥʝʪʦ ʥʘ 

ʧʨʦʧʦʨʮʠʦʥʘʣʝʥ ʩʠʛʥʘʣ. ɸʧʪʘʩʝʥʟʦʨʠʪʝ ʟʘ ʜʝʪʝʢʪʠʨʘʥʝ ʥʘ SARS-CoV-2 ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ 

ʨʘʟʜʝʣʝʥʠ ʚ ʜʚʝ ʢʘʪʝʛʦʨʠʠ ʚʲʟ ʦʩʥʦʚʘ ʥʘ ʝʩʪʝʩʪʚʦʪʦ ʥʘ ʦʪʜʝʣʝʥʠʷ ʩʠʛʥʘʣ: ʦʧʪʠʯʥʠ ʠ 

ʝʣʝʢʪʨʦʭʠʤʠʯʥʠ ʘʧʪʘʩʝʥʟʦʨʠ [7]. 

 

3.2 ĂPoint-of-Careñ ʊʝʩʪʚʘʥʝ  

ĂPoint-of-Careñ ʪʝʩʪʚʘʥʝʪʦ, ʜʝʬʠʥʠʨʘʥʦ ʦʪ ʎʝʥʪʲʨʘ ʟʘ ʢʦʥʪʨʦʣ ʠ ʧʨʝʚʝʥʮʠʷ ʥʘ 

ʟʘʙʦʣʷʚʘʥʠʷʪʘ, ʧʨʝʜʩʪʘʚʣʷʚʘ Ăʜʠʘʛʥʦʩʪʠʯʥʠ ʪʝʩʪʦʚʝ, ʠʟʚʲʨʰʚʘʥʠ ʥʘ ʠʣʠ ʙʣʠʟʦ ʜʦ 

ʤʷʩʪʦʪʦ, ʢʲʜʝʪʦ ʝ ʚʟʝʪʘ ʧʨʦʙʘʪʘ, ʧʨʠ ʢʦʠʪʦ ʩʝ ʧʨʝʜʦʩʪʘʚʷʪ ʨʝʟʫʣʪʘʪʠ ʚ ʨʘʤʢʠʪʝ ʥʘ 

ʤʠʥʫʪʠ, ʘ ʥʝ ʯʘʩʦʚʝ. ʊʦʚʘ ʤʦʞʝ ʜʘ ʙʲʜʘʪ ʪʝʩʪʦʚʝ, ʧʨʠ ʢʦʠʪʦ ʩʝ ʘʤʧʣʠʬʠʮʠʨʘʪ 

ʥʫʮʝʣʠʥʦʚʠ ʢʠʩʝʣʠʥʠ (NAAT), ʪʝʩʪʦʚʝ ʟʘ ʜʝʪʝʢʮʠʷ ʥʘ ʘʥʪʠʛʝʥʠ ʠʣʠ ʘʥʪʠʪʝʣʘ.ñ [18]. 

ʇʘʟʘʨʲʪ ʟʘ ĂPoint-of-Careñ ʪʝʩʪʚʘʥʝ ʥʘ ʠʥʬʝʢʮʠʦʟʥʠ ʟʘʙʦʣʷʚʘʥʠʷ (POCT) 

ʧʨʝʜʩʪʘʚʣʷʚʘ ʦʙʝʱʘʚʘʱ ʠ ʟʥʘʯʠʪʝʣʝʥ ʨʘʩʪʝʞ ʚ ʛʣʦʙʘʣʥʘʪʘ in vitro ʜʠʘʛʥʦʩʪʠʢʘ (IVD). 

ʅʘʨʘʩʪʚʘʱʦʪʦ ʨʘʟʧʨʦʩʪʨʘʥʝʥʠʝ ʥʘ ʚʠʨʫʩʘ ʥʘ ʯʦʚʝʰʢʘʪʘ ʠʤʫʥʥʘ ʥʝʜʦʩʪʘʪʲʯʥʦʩʪ (HIV), 

ʪʫʙʝʨʢʫʣʦʟʘʪʘ (TB), ʤʘʣʘʨʠʷʪʘ ʚ ʨʘʟʚʠʚʘʱʠʪʝ ʩʝ ʩʪʨʘʥʠ ʠ ʦʧʘʩʥʦʩʪʪʘ ʦʪ ʚʲʟʥʠʢʚʘʱʠ ʠ 

ʧʦʚʪʦʨʥʦ ʧʦʷʚʷʚʘʱʠ ʩʝ ʠʥʬʝʢʮʠʦʟʥʠ ʟʘʙʦʣʷʚʘʥʠʷ ʢʘʪʦ ʨʝʩʧʠʨʘʪʦʨʥʠʷ ʩʠʥʜʨʦʤ ʦʪ 

ɹʣʠʟʢʠʷ ʠʟʪʦʢ (MERS), ʪʝʞʲʢ ʦʩʪʲʨ ʨʝʩʧʠʨʘʪʦʨʝʥ ʩʠʥʜʨʦʤ (SARS), ZIKA, ʨʘʟʣʠʯʥʠ 

ʱʘʤʦʚʝ ʥʘ ʛʨʠʧʥʠʷ ʚʠʨʫʩ ʠ ʚʠʨʫʩʲʪ ʥʘ ɿʘʧʘʜʥʦ ʥʠʣʩʢʘʪʘ ʪʨʝʩʢʘ ʩʘ ʬʘʢʪʦʨʠ, ʢʦʠʪʦ 

ʧʦʚʠʰʘʚʘʪ ʥʫʞʜʘʪʘ ʦʪ POCT [6]. 

ʀʥʬʝʢʮʠʦʟʥʠʪʝ ʟʘʙʦʣʷʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʷʚʘʪ ʩʝʨʠʦʟʥʘ ʟʘʧʣʘʭʘ ʟʘ ʯʦʚʝʰʢʦʪʦ ʟʜʨʘʚʝ 

ʠ ʚʦʜʷʪ ʜʦ ʧʦʚʝʯʝ ʦʪ ʧʦʣʦʚʠʥʘʪʘ ʩʤʲʨʪʥʠ ʩʣʫʯʘʠ ʚ ʩʚʝʪʘ. ʆʩʚʝʥ ʪʦʚʘ, ʰʠʨʦʢʦ 

ʨʘʟʧʨʦʩʪʨʘʥʝʥʠʪʝ ʠʥʬʝʢʮʠʦʟʥʠ ʟʘʙʦʣʷʚʘʥʠʷ ʥʝʧʨʝʢʲʩʥʘʪʦ ʫʚʝʣʠʯʘʚʘʪ ʩʤʲʨʪʥʦʩʪʪʘ ʚ 

ʨʘʟʚʠʚʘʱʠʪʝ ʩʝ ʩʪʨʘʥʠ. ʅʘʡ-ʝʬʝʢʪʠʚʥʠʷʪ ʥʘʯʠʥ ʟʘ ʦʛʨʘʥʠʯʘʚʘʥʝ ʥʘ ʝʧʠʜʝʤʠʷʪʘ ʝ 

ʨʘʥʥʘʪʘ ʜʠʘʛʥʦʩʪʠʢʘ, ʢʦʝʪʦ ʧʨʝʜʩʪʘʚʣʷʚʘ ʧʨʝʜʠʟʚʠʢʘʪʝʣʩʪʚʦ ʟʘ ʠʟʧʦʣʟʚʘʥʠʪʝ ʜʦʩʝʛʘ 

ʧʦʜʭʦʜʠ, ʧʦʨʘʜʠ ʩʢʲʧʦʪʦ ʦʙʦʨʫʜʚʘʥʝ, ʥʝʦʙʭʦʜʠʤʦʩʪʪʘ ʦʪ ʩʧʝʮʠʘʣʠʩʪʠ ʠ ʙʘʚʥʦʪʦ 
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ʧʦʣʫʯʘʚʘʥʝ ʥʘ ʨʝʟʫʣʪʘʪʠ. ʇʦʨʘʜʠ ʪʦʚʘ ʙʲʨʟʠʪʝ POCT ʤʝʪʦʜʠ ʩʘ ʦʪ ʩʲʱʝʩʪʚʝʥʦ ʟʥʘʯʝʥʠʝ 

ʟʘ ʧʨʝʦʜʦʣʷʚʘʥʝ ʥʘ ʪʝʟʠ ʧʨʝʯʢʠ ʯʨʝʟ ʤʠʥʠʘʪʶʨʠʟʠʨʘʥʝ ʠ ʥʘʤʘʣʷʚʘʥʝ ʥʘ ʨʘʟʭʦʜʠʪʝ ʟʘ 

ʦʙʦʨʫʜʚʘʥʝ, ʢʘʢʪʦ ʠ ʧʨʝʜʦʩʪʘʚʷʥʝ ʥʘ ʜʦʩʪʲʧʥʠ, ʙʲʨʟʠ ʠ ʣʝʩʥʠ ʟʘ ʫʧʦʪʨʝʙʘ ʜʠʘʛʥʦʩʪʠʯʥʠ 

ʪʝʩʪʦʚʝ ʙʝʟ ʩʧʝʮʠʘʣʠʟʠʨʘʥʦ ʦʙʫʯʝʥʠʝ [6]. 

PoC ʪʝʩʪʚʘʥʝʪʦ ʧʦʟʚʦʣʷʚʘ ʜʠʘʛʥʦʩʪʠʮʠʨʘʥʝ ʥʘ ʠʥʬʝʢʪʠʨʘʥʠ ʠʥʜʠʚʠʜʠ, ʙʝʟ ʜʘ ʝ 

ʥʝʦʙʭʦʜʠʤʦ ʠʟʧʨʘʱʘʥʝ ʥʘ ʧʨʦʙʠ ʦʪ ʧʘʮʠʝʥʪʠ ʚ ʣʘʙʦʨʘʪʦʨʠʠʪʝ. ʊʦʚʘ ʝ ʠʟʢʣʶʯʠʪʝʣʥʦ 

ʚʘʞʥʦ ʟʘ ʥʘʩʝʣʝʥʠ ʤʝʩʪʘ ʠʣʠ ʞʠʪʝʣʠ, ʢʦʠʪʦ ʥʷʤʘʪ ʧʦʜʭʦʜʷʱʘ ʣʘʙʦʨʘʪʦʨʥʘ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʟʘ ʘʥʘʣʠʟʠʨʘʥʝ ʥʘ ʧʨʦʙʠ. ʉʲʱʝʩʪʚʝʥʘʪʘ ʯʘʩʪ ʦʪ PoC ʪʝʩʪʚʘʥʝʪʦ ʝ 

ʙʠʦʩʝʥʟʦʨʲʪ, ʢʦʡʪʦ ʩʝ ʠʟʧʦʣʟʚʘ ʟʘ ʧʦʩʪʠʛʘʥʝ ʥʘ ʙʠʦʭʠʤʠʯʥʘ ʨʝʘʢʮʠʷ, ʩ ʮʝʣ ʜʝʪʝʢʮʠʷ ʥʘ 

ʧʘʪʦʛʝʥʘ.  

ʇʨʝʜʠʤʩʪʚʘʪʘ ʟʘ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ PoC ʪʝʩʪʦʚʝ ʩʘ [4]: 

I. ʤʠʥʠʤʘʣʥʦ ʧʨʦʩʪʨʘʥʩʪʚʦ ʟʘ ʪʝʩʪʚʘʥʝ ʠ ʩʲʭʨʘʥʝʥʠʝ; 

II.  ʰʠʨʦʢʦʤʘʱʘʙʥʠ ʘʥʘʣʠʟʠ; 

III.  ʪʝʩʪʚʘʥʝʪʦ ʤʦʞʝ ʜʘ ʩʝ ʠʟʚʲʨʰʠ ʥʘ ʨʘʟʣʠʯʥʠ ʤʝʩʪʘ; 

IV.  ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʘʜʘʧʪʠʨʘʥʠ ʟʘ ʨʘʟʣʠʯʥʠ ʤʝʜʠʮʠʥʩʢʠ ʥʫʞʜʠ. 

 

ʌʠʛʫʨʘ 13. ʉʭʝʤʘʪʠʯʥʘ ʠʣʶʩʪʨʘʮʠʷ ʥʘ ʢʦʣʠʯʝʩʪʚʝʥʘ ʦʮʝʥʢʘ ʥʘ SARS-CoV-2 ʩ 

ʧʦʤʦʱʪʘ ʥʘ SARS ʘʧʪʘʩʝʥʟʦʨ. (a) ʉʣʝʜ ʢʘʪʦ ʣʠʟʘʪʠʪʝ ʥʘ SARS-CoV-2 ʦʩʚʦʙʦʜʷʪ 

ʪʘʨʛʝʪʥʠʪʝ ʰʠʧʯʝʩʪʠ ʙʝʣʪʲʮʠ, ʪʝ ʩʝ ʨʘʟʧʦʟʥʘʚʘʪ ʦʪ ʘʧʪʘʤʝʨʥʠʪʝ ɼʅʂ, ʨʘʟʧʦʣʦʞʝʥʠ 

ʚʲʨʭʫ ʧʦʚʲʨʭʥʦʩʪʪʘ ʥʘ Au ʥʘʥʦʩʪʨʫʢʪʫʨʠ. ʉʚʲʨʟʘʥʠʪʝ ʩ S ʙʝʣʪʲʢʘ ʘʧʪʘʤʝʨʠ ʩʝ ʦʪʜʝʣʷʪ 

ʦʪ ʧʦʚʲʨʭʥʦʩʪʪʘ ʥʘ Au ʥʘʥʦʩʪʨʫʢʪʫʨʠ, ʢʦʝʪʦ ʚʦʜʠ ʜʦ ʧʦʥʠʞʘʚʘʥʝ ʥʘ ʠʥʪʝʥʟʠʪʝʪʘ ʥʘ 

Raman ʧʠʢʘ ʥʘ Cy3 ʨʝʧʦʨʪʝʨʠʪʝ. (b) Cy3-ʤʘʨʢʠʨʘʥʠ ʘʧʪʘʤʝʨʥʠ ɼʅʂ ʤʦʣʝʢʫʣʠ 

ʭʠʙʨʠʜʠʟʠʨʘʪ ʩ ɼʅʂ ʚʲʨʭʫ Au ʥʘʥʦʩʫʙʩʪʨʘʪ. ɺʲʪʨʝʰʥʠʪʝ ʩʪʘʥʜʘʨʪʥʠ 4-MBA ʩʘ 

ʠʤʦʙʠʣʠʟʠʨʘʥʠ ʟʘʝʜʥʦ ʩ ʘʧʪʘʤʝʨʥʠ ɼʅʂʠ ʚʲʨʭʫ Au ʥʘʥʦʩʫʙʩʪʨʘʪ. (c) ʈʘʟʧʦʟʥʘʚʘʥʝʪʦ ʥʘ 

SARS-CoV-2 S ʙʝʣʪʲʢʘ ʠʥʜʫʮʠʨʘ ʢʦʥʬʦʨʤʘʮʠʦʥʥʘ ʧʨʦʤʷʥʘ ʥʘ ʘʧʪʘʤʝʨʥʠʪʝ ɼʅʂʠ, 

ʢʦʝʪʦ ʧʦʟʚʦʣʷʚʘ ʥʘ ʘʧʪʘʤʝʨʥʠʪʝ ɼʅʂʠ ʜʘ ʩʝ ʩʚʲʨʞʘʪ ʩ RBD ʥʘ ʰʠʧʯʝʩʪʠ ̫ʙʝʣʪʲʢ. 
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ʀʟʪʦʯʥʠʢ: Mandal et al. 8. 

ɽʜʥʠ ʦʪ ʥʘʡ-ʘʪʨʘʢʪʠʚʥʠʪʝ POCT ʩʘ ʪʝʟʠ, ʢʦʠʪʦ ʩʝ ʙʘʟʠʨʘʪ ʥʘ ʢʦʣʦʤʝʪʨʠʯʥʠʪʝ 

ʙʠʦʩʝʥʟʦʨʠ, ʪʲʡ ʢʘʪʦ ʪʝ ʧʦʟʚʦʣʷʚʘʪ ʜʝʪʝʢʪʠʨʘʥʝ ʥʘ ʘʥʘʣʠʪʘ ʯʨʝʟ ʧʨʦʤʝʥʠ ʚ ʮʚʝʪʘ, ʢʦʠʪʦ 

ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʥʘʙʣʶʜʘʚʘʥʠ ʩ ʥʝʚʲʦʨʲʞʝʥʦ ʦʢʦ [5]. 

ʌʠʛʫʨʘ 14: ʂʦʣʦʨʠʤʝʪʨʠʯʥʘ ʜʝʪʝʢʮʠʷ ʥʘ ʚʠʨʫʩʠ, ʙʘʟʠʨʘʥʘ ʥʘ ʥʘʥʦʯʘʩʪʠʮʠ. ʊʘʟʠ 

ʬʠʛʫʨʘ ʠʟʦʙʨʘʟʷʚʘ ʤʝʭʘʥʠʟʤʘ, ʧʨʠ ʢʦʡʪʦ ʚʠʨʫʩʲʪ ʘʛʨʝʛʠʨʘ ʩ ʥʘʥʦʯʘʩʪʠʮʠʪʝ, ʢʦʝʪʦ ʚʦʜʠ 

ʜʦ ʧʨʦʤʷʥʘ ʥʘ ʮʚʝʪʘ ʦʪ ʯʝʨʚʝʥʦ ʚ ʣʠʣʘʚʦ. 

 

 

 

 

 

 

 

 

ʀʟʪʦʯʥʠʢ: Jindal et al. 14. 
























































































































































































































































































































































