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3.  กติติกรรมประกาศ 

โครงการวจิยัน้ีไดรั้บทุนสนบัสนุนจากเงินรายไดม้หาวทิยาลยัสงขลานครินทร์ ประจ าปีงบประมาณ 
2555 รหสัโครงการ SCI5501515 คณะผูว้จิยัขอขอบคุณ ดร.ศนัสนีย ์นอ้ยสคราญ และนางธนพรรณ พฤกษมาศ 
ท่ีใหค้วามอนุเคราะห์ 293T, Vero และ C6/36  เซลลไ์ลนส์ าหรับใชใ้นการทดลองในคร้ังน้ี ขอขอบคุณ ดร.บุษยา 
ไทยสมบูรณ์สุข ในความกรุณาประสานงานเพื่อขอความอนุเคราะห์ซีร่ัมผูป่้วยไขป้วดขอ้ยงุลายและใหค้วาม
อนุเคราะห์ซีร่ัม และชิคุนกุนยาไวรัสสายพนัธ์ุวคัซีน (181/clone 25) 

 
4. บทคัดย่อ 

ชิคุนกุนยาเป็นไวรัสก่อโรคท่ีมียุงเป็นพาหะ ปัจจุบนัมีการแพร่ระบาดของไวรัสชนิดน้ีในหลายๆ พื้นท่ี
ของโลกและเป็นสาเหตุของการเจบ็ป่วยท่ีส าคญัในมนุษย ์งานวิจยัน้ีผูว้ิจยัและคณะไดท้  าการแยกเช้ือไวรัสชิคุน
กุนยาจากซีร่ัมผูป่้วยท่ีได้รับการติดเช้ือระหว่างการอุบติัใหม่ในประเทศไทยเม่ือปี พ.ศ. ๒๕๕๒ และได้
ท าการศึกษาคุณสมบติัเบ้ืองตน้ของไวรัสดงักล่าว ผลการวเิคราะห์ล าดบันิวคลีโอไทด์และวิวฒันาการของยีน E1 
จากฐานขอ้มูล NCBI แสดงใหเ้ห็นวา่ไวรัสดงักล่าวเป็นไวรัสชิคุนกุนยาสายพนัธ์ุ CHIK/SBY8/10 ซ่ึงแยกไดจ้าก
ประเทศอินโดนีเซีย การศึกษาคุณสมบติัการติดเช้ือและความรุนแรงในการก่อโรคของไวรัสสายพนัธ์ุน้ียงัมี
การศึกษาอยูอ่ยา่งจ ากดั ดงันั้นงานวจิยัคร้ังน้ีจึงท าการศึกษาคุณสมบติัดงักล่าวโดยใช ้293T เซลล์ไลน์ ผูว้ิจยัและ
คณะไดท้ าการศึกษาจลนศาสตร์การเจริญเติบโต (Growth kinetics) ลกัษณะการก่อโรค (Cytopathic effect) และ
การแสดงออกของยนีไซโตไคระหวา่งการติดเช้ือไวรัสสายพนัธ์ุน้ีเปรียบเทียบกบัสายพนัธ์ุวคัซีน (181/clone 25) 
ผลการทดลองแสดงให้เห็นว่าไวรัสสายพนัธ์ุ CHIK/SBY8/10 มีความรุนแรงในการก่อโรคมากกว่าสายพนัธ์ุ
วคัซีน  293T เซลลส์ามารถใชเ้ป็นเซลลโ์มเดลส าหรับการศึกษาการเจริญเติบโตของไวรัส การเกิดอาการอกัเสบ
และการตายของเซลลร์ะหวา่งการติดเช้ือไวรัสชิคุนกุนยาไดเ้ป็นอยา่งดี  ผลการทดลองทั้งหมดเป็นการน าเสนอ



ขอ้มูลใหม่เก่ียวกบัชีววิทยาของไวรัสชิคุนกุนยาและการติดเช้ือ ขอ้มูลเหล่าน้ีจะน าไปสู่การพฒันาเพื่อป้องกนั
การติดเช้ือต่อไปในอนาคต 

Abstract 

Chikungunya virus (CHIKV) is a prevalent mosquito-borne pathogen that is emerging in many parts of 
the globe causing significant human morbidity.  Here, we report the isolation of infectious CHIKV from 
banked serum specimens of suspected patients from the 2009 epidemic in Thailand and describe the initial 
characterization of this infectious clinical isolate.  Based on the E1 structural gene sequence and phylogenetic 
analysis from NCBI database, we identified the virus as the CHIK/SBY8/10 isolate from Indonesia.  As this is 
a relatively uncharacterized CHIKV strain and very little information is available on its virulence or 
infectivity, we studied the virus using the permissive cell line; 293T cells.  Assessment of the growth kinetics, 
cytopathic effects as well as its ability to induce cellular cytokine responses suggested that the currently 
isolated CHIK/SBY8/10 virus is relatively more virulent than a known CHIKV vaccine strain.  Our studies 
also underscored the importance and utility of 293T cells as an excellent cell culture model for studying viral 
growth, CHIKV-induced inflammatory cellular responses and cell death.  Together, these studies provide 
novel information on the CHIKV biology, infectivity and virus-cell interaction, which would help develop 
novel interventions against the infection. 

 
5.  บทสรุปผู้บริหาร 
บทน า 

ชิคุนกุนยาไวรัสถูกคน้พบคร้ังแรกในทวปีแอฟริกาท่ีประเทศทานซาเนียร์เม่ือปีพ.ศ.๒๔๙๕ ต่อมาไดมี้
การคน้พบในประเทศไทยในปีพ.ศ.๒๕o๑ ไวรัสชนิดน้ีก่อใหเ้กิดโรคไขป้วดขอ้ยงุลายซ่ึงเป็นปัญหาสุขภาพท่ีมี
ความส าคญัต่อการเจบ็ป่วยของมนุษยปั์ญหาหน่ึง มีการประมาณการจ านวนผูป่้วยท่ีติดเช้ือไวรัสชนิดน้ีมีจ านวน
มากถึง 1.4 ลา้นคนทัว่โลก (Weaver, 2014).  โดยส่วนใหญ่จะเกิดข้ึนในประเทศในทวปีแอฟริกาและเอเชีย มี
รายงานการติดเช้ือไวรัสชนิดน้ีบา้งในทวปีอ่ืนๆ ซ่ึงไม่ใช่พื้นท่ีระบาดของโรค โดยจะถูกชกัน าเขา้สู่พื้นท่ีโดย
นกัท่องเท่ียว ในปีพ.ศ.๒๕๕๘ มีรายงานการติดเช้ือไวรัสชนิดน้ีในอเมริกาเหนือและอเมริกาใตถึ้ง 1,379,788 
คนและส่งผลถึงแก่ความตายเป็นจ านวน 191 คน (Cao-Lormeau, 2016) ชิคุนกุนยาจดัเป็นไวรัสชนิด Single-
stranded positive-strand RNA ท่ีมียงุในตระกูล Aedes เป็นพาหะในการแพร่เช้ือ (Khan et al., 2002, Reiter et al., 
2006, Solignat et al., 2009, Strauss & Strauss, 1994)  A. aegypti ถูกรายงานวา่เป็นยงุพาหะของชิคุนกุนยาไวรัส
เพียงชนิดเดียวมาเป็นเวลานานแต่เม่ือไม่นานน้ีในปีพ.ศ.๒๕๔๘-๒๕๔๙ มีการระบาดของชิคุนกุนยาไวรัสบน
เกาะ Reunion พบจ านวนผูติ้ดเช้ือประมาณ 266,000 คน และพบโปรตีน E1 บริเวณต าแหน่ง 226 ของไวรัสชิคุน
กุนยามีการผา่เหล่าของกรดอะมิโนจาก Alanine เป็น Valine ส่งผลใหชิ้คุนกุนยาไวรัสสามารถอาศยัอยูใ่นยงุสปี



ชียใ์หม่ คือ A. albopictus และมียงุชนิดน้ีเป็นพาหะในการแพร่เช้ือ (Schuffenecker et al., 2006)  ปัจจุบนัมีการ
แพร่กระจายของ A. albopictus หรือยงุลายสวน (Asian tiger mosquito) ในหลายๆ พื้นท่ีของโลกจึงมีการ
คาดการณ์วา่ชิคุนกุนยาไวรัสน่าจะมีการแพร่ระบาดในประเทศซีกโลกตะวนัตกในไม่ชา้ (Tsetsarkin et al., 
2007, Weaver & Reisen, 2010)  โรคไขป้วดขอ้ยงุลายมีลกัษณะอาการของโรค ยงุพาหะ และพื้นท่ีแพร่ระบาด
คลา้ยคลึงกบัไขเ้ลือดออกมากแต่การศึกษาเก่ียวกบัไขป้วดขอ้ยงุลายยงัมีอยูอ่ยา่งจ ากดั นอกจากน้ีการตรวจ
วนิิจฉยัโรคก็ยงัขาดประสิทธิภาพและยงัไม่มีวคัซีนท่ีใชใ้นการป้องกนั อาการท่ีเป็นคุณลกัษณะเด่นท่ีแตกต่าง
กบัการติดเช้ือไวรัสอ่ืนๆ ของโรคไขป้วดขอ้ยงุลาย คือ อาการปวดขอ้อยา่งรุนแรง ผูป่้วยบางรายอาจแสดงอาการ
ดงักล่าวรุนแรงและเร้ือรังจนไม่สามารถประกอบอาชีพได ้ ดงันั้นไวรัสชิคุนกุนยาจึงถูกจดัเป็นหน่ึงใน
Alphavirus ท่ีเป็นสาเหตุของอาการขอ้อกัเสบท่ีส าคญั  การเปล่ียนแปลงของปริมาณไซโตไค ชิคุนกุนยาไวรัส
แอนต้ีบอด้ีและความรุนแรงของโรคระหวา่งการติดเช้ือมีความสัมพนัธ์กนัอยา่งมีนยัส าคญั (Venugopalan et al., 
2014) ไวรัสชิคุนกุนยาจะถูกก าจดัจากเซลลเ์จา้บา้นโดยระบบภูมิคุม้กนัของร่างกาย อยา่งไรก็ตามหากไวรัสคง
อยูภ่ายในเน้ือเยือ่บริเวณขอ้ต่อจะส่งผลใหเ้กิดอาการขอ้อกัเสบเน่ืองจากร่างกายมีการผลิต Proinflammatory 
factor (Hawman et al., 2013) กลไกการเกิด Immunopathogenesis ระหวา่งการติดเช้ือไวรัสชิคุนกุนยายงัไม่
ทราบอยา่งแน่ชดั (Cavrini et al., 2009, Simon et al., 2011) 

ดงันั้นงานวจิยัน้ีจึงท าการแยกเช้ือไวรัสชิคุนกุนยาจากซีร่ัมผูป่้วยท่ีมีการติดเช้ือระหวา่งการอุบติัใหม่ทาง
ภาคใตข้องประเทศเม่ือปีพ.ศ.๒๕๕๒ และน าไวรัสท่ีแยกไดด้งักล่าวมาศึกษา Growth kinetic, Cytopathic effect 
และการแสดงออกของยีนไซโตไคชนิดต่างๆ ระหวา่งการติดเช้ือไวรัสชิคุนกุนยาใน 293T เซลล์ไลน์  ผลการ
ทดลองทั้งหมดท าให้ทราบชีววิทยาของไวรัสชิคุนกุนยาและความสามารถในการติดเช้ือเพิ่มมากข้ึน ขอ้มูล
เหล่าน้ีจะน าไปสู่การพฒันาเพื่อป้องกนัการติดเช้ือต่อไปในอนาคต 

วตัถุประสงค์ 

1) เพื่อแยกเช้ือไวรัสชิคุนกุนยาจากซีร่ัมผูป่้วยท่ีติดเช้ือระหว่างการอุบติัใหม่ทางภาคใตข้องประเทศไทยในปี 
พ.ศ. ๒๕๕๒ 

2) เพื่อศึกษาคุณสมบติัทางชีววิทยาและการติดเช้ือของไวรัสดงักล่าวเปรียบเทียบกบัไวรัสชิคุนกุนยาสายพนัธ์ุ
วคัซีนใน 293T เซลลไ์ลน์ 

3) เพื่อศึกษาการแสดงออกของยีนไซโตไค และ Proinflammatory ท่ีเก่ียวขอ้งกบัการเกิดอาการขอ้อกัเสบ 
ระหวา่งการติดเช้ือไวรัสชิคุนกุนยา 



สรุป 

งานวิจยัช้ินน้ีไดท้  าการแยกเช้ือไวรัสชิคุนกุนยาจากผูป่้วยจ านวน 5 รายท่ีไดรั้บการติดเช้ือระหวา่งการ
อุบติัใหม่บริเวณภาคใตข้องประเทศไทยเม่ือปีพ.ศ.๒๕๕๒ โดยวิธี Standard plaque assay คณะผูว้ิจยัไดท้  าการ
สังเกตลกัษณะสัณฐานวิทยาของ Plaque ท่ีแยกไดแ้ละไดท้  าการเลือก Plaque ท่ีมีขนาดใหญ่ท่ีสุดเพื่อใชส้ าหรับ
การทดลองในงานวิจยัน้ี เม่ือท าการวิเคราะห์ล าดบันิวคลีโอไทด์ของยีน E1 จากไวรัสดงักล่าวโดยใชโ้ปรแกรม 
BLASTX พบวา่ ไวรัสท่ีแยกไดต้รงกบัไวรัสชิคุนกุนยาสายพนัธ์ุ CHIK/SBY8/10 (GenBank accession number 
AB678677) ท่ีมีการคน้พบก่อนหนา้น้ีจากประเทศอินโดนีเซีย โดยมีเปอร์เซ็นตค์วามเหมือน (% Identity) ของ
กรดอะมิโน 100 % และมีค่า E value เป็น 0 เม่ือท าการเปรียบเทียบล าดบักรดอะมิโนของ CHIK/SBY8/10 กบั 
ไวรัสชิคุนกุนยาสายพนัธ์ุวคัซีน (181/clone 25) และไวรัสสายพนัธ์ุตน้ก าเนิดของ 181/clone 25 (AF15561) โดย
ใชโ้ปรแกรม ClastalW2  พบ 2 conservative amino acid substitutions ท่ีต  าแหน่ง 142 และ145 จาก isoleucine 
(ATC) เป็น valine (GTT) และ alanine (GCT) เป็น serine (TCT) ตามล าดบั  และพบ 3 semi-conservative amino 
acids substitutions ท่ีต  าแหน่ง 304, 397 และ404 จาก serine (TCA) เป็น proline (CCA), proline (CCC) เป็น 
leucine (CTC) และ alanine (GCT) เป็น valine (GTT) 

เม่ือท าการศึกษาการเจริญเติบโตของไวรัสและการปล่อยออกสู่นอกเซลล์เปรียบเทียบระหว่างไวรัส
ชิคุนกุนยาสายพนัธ์ุ CHIK/SBY8/10 และสายพนัธ์ุวคัซีน โดยการตรวจสอบจ านวนไวรัสและจ านวนไวรัส 
RNA copy ใน supernatant ดว้ยวิธี Standard plaque assay และ Quantitative real time PCR assay พบวา่ ไวรัสมี
การปลดปล่อยออกจากเซลลห์ลงัการติดเช้ือ 4 วนัและมีจ านวนไวรัสสูงสุดหลงัการติดเช้ือ 7 วนั หลงัจากติดเช้ือ 
10 วนัไวรัสมีการปลดปล่อยออกจากเซลลล์ดลง และไม่สามารถตรวจสอบไดห้ลงัการติดเช้ือ 15 และ 20 วนั ใน
ทุกช่วงเวลาท่ีท าการตรวจสอบไวรัสชิคุนกุนยาสายพนัธ์ุ CHIK/SBY8/10 จะมีจ านวนไวรัสท่ีถูกปล่อยออกจาก
เซลลสู์งกวา่ไวรัสชิคุนกุนยาสายพนัธ์ุวคัซีน และมีนยัส าคญัทางสถิติหลงัการติดเช้ือ 1, 2 และ 4 วนั 

ในการทดลองเดียวกนัเม่ือท าการตรวจสอบจ านวนไวรัส RNA copy  สามารถตรวจสอบจ านวนไวรัส 
RNA copy ใน supernatant ได ้หลงัการติดเช้ือเพียง 2 วนัและค่อยๆ เพิ่มจ านวนมากข้ึนจนมีจ านวนสูงสุดหลงั
การติดเช้ือ 7 วนั จากนั้นหลงัการติดเช้ือ 10 วนัจ านวนไวรัส RNA copy จะลดลง  ในทุกๆ ช่วงเวลาท่ีท าการ
ตรวจสอบ  RNA copy ของไวรัสชิคุนกุนยาสายพนัธ์ุ CHIK/SBY8/10 จะสูงกวา่ไวรัสชิคุนกุนยาสายพนัธ์ุวคัซีน 
และมีนยัส าคญัทางสถิติหลังการติดเช้ือ 12 ชัว่โมงและ 7 วนั หลงัการติดเช้ือ 15 และ 20 วนัไม่สามารถ
ตรวจสอบจ านวนไวรัส RNA copy ได ้

เพื่อท่ีจะศึกษาเปรียบเทียบการพฒันาการติดเช้ือระหวา่งไวรัสชิคุนกุนยาสายพนัธ์ุ CHIK/SBY8/10 และ
สายพนัธ์ุวคัซีน คณะผูว้ิจยัไดท้  าการสังเกตการเกิด Cytopathic Effect ระหวา่งการติดเช้ือไวรัสทั้งสองสายพนัธ์ุ
ใน 293T เซลลไ์ลน์เป็นเวลา 10 วนั เม่ือท าการยอ้มเซลลท่ี์มีการติดเช้ือดงักล่าวดว้ยชิคุนกุนยาไวรัสแอนต้ีบอด้ีท่ี
มีการ conjugate ดว้ย FITC พบวา่ เซลล์มีความเขม้ของ FITC สูงข้ึนเม่ือเวลาของการติดเช้ือเพิ่มสูงข้ึนแสดงให้
เห็นว่า การติดเช้ือท่ีเพิ่มมากข้ึนจะเกิดข้ึนเม่ือเวลาเพิ่มมากข้ึน เม่ือท าการสังเกตการติดเช้ือภายใต้กล้อง
จุลทรรศน์ พบวา่หลงัการติดเช้ือไวรัสทั้งสองสายพนัธ์ุเป็นเวลา 3 วนัเซลล์เร่ิมมีการบวม โดยเซลล์ท่ีไดรั้บการ
ติดเช้ือไวรัสชิคุนกุนยาสายพนัธ์ุ CHIK/SBY8/10 จะเกิดการบวมมากกวา่เซลลท่ี์ติดเช้ือไวรัสชิคุนกุนยาสายพนัธ์ุ



วคัซีน การบวมจะมีจ านวนเพิ่มมากข้ึน และมีความรุนแรงข้ึนจนมีปริมาณสูงท่ีสุดหลงัการติดเช้ือเป็นเวลา 10 
วนั เม่ือท าการนบัจ านวนเซลลท่ี์มีการติดเช้ือโดยการยอ้มเซลล์ดว้ยชิคุนกุนยาไวรัสแอนต้ีบอดีท่ีมีการ conjugate 
ดว้ย  FITC และยอ้มนิวคลีไอด์ของเซลล์ดว้ย Propidium Iodide พบวา่เซลล์มีการติดเช้ือไวรัสชิคุนกุนยาสาย
พนัธ์ุ CHIK/SBY8/10 สูงกวา่เซลลท่ี์ติดเช้ือไวรัสชิคุนกุนยาสายพนัธ์ุวคัซีน โดยมีนยัส าคญัทางสถิติหลงัการติด
เช้ือ 4 และ 7 วนั เม่ือท าการตรวจสอบการรอดชีวิตของเซลล์โดยวิธี MTT assay เป็นเวลา 10 วนั พบวา่ เซลล์ท่ี
ติดเช้ือไวรัสชิคุนกุนยาสายพนัธ์ุ CHIK/SBY8/10 มีการรอดชีวตินอ้ยกวา่เซลลท่ี์ติดเช้ือไวรัสชิคุนกุนยาสายพนัธ์ุ
วคัซีนตั้งแต่ 2-10 วนัหลงัการติดเช้ือ และมีนยัส าคญัทางสถิติตั้งแต่ 4-10 วนัหลงัการติดเช้ือ 

เพื่อศึกษาผลกระทบของการติดเช้ือไวรัสชิคุนกุนยาและอาการขอ้อกัเสบระหวา่งการติดเช้ือชิคุนกุนยา 
คณะผูว้ิจยัไดท้  าการเลือกยีนท่ีมีรายงานการแสดงออกของยีนระหวา่งการเกิดการติดเช้ือชิคุนกุนยาและการเกิด
อาการข้ออักเสบมาศึกษาการแสดงออกของยีนดังกล่าวระหว่างการติดเช้ือไวรัสชิคุนกุนยาสายพันธ์ุ 
CHIK/SBY8/10 เปรียบเทียบกบัสายพนัธ์ุวคัซีน ผลการทดลองแสดงให้เห็นวา่การเปล่ียนแปลงของยีนไซโตไค
และ Proinflammatory ระหวา่งการติดเช้ือไวรัสชิคุนกุนยาของทั้งสองสายพนัธ์ุเป็นไปในลกัษณะท่ีคลา้ยคลึง มี
เพียง 3 ยนีในการศึกษาน้ีเท่านั้นท่ีมีความแตกต่างกนัอยา่งมีนยัส าคญัทางสถิติระหวา่งการติดเช้ือของไวรัสสอง
สายพนัธ์ุ ยีนดงักล่าวไดแ้ก่ Cyclooxygenase-2 (COX-2), Mannose binding lectin (MBL) และ Interleukin-6 (IL-
6)  
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Abstract 

Background: Chikungunya virus (CHIKV) is a prevalent mosquito-borne pathogen that is emerging 

in many parts of the globe causing significant human morbidity.  Here, we report the isolation and 

characterization of an infectious CHIKV from banked serum specimens of suspected patients from the 

2009 epidemic in Thailand. 

Methods: Standard plaque assay was used for CHIKV isolation from the banked serum specimens.  

Isolated CHIKV was identified base on E1 structural gene sequence.  Growth kinetic, infectivity, cell 

viability and cytokine gene expression throughout CHIKV infection in a permissive cell line, 293T 

cells, was performed using several approaches, including standard plaque assay, immunofluorescence 

assay, classical MTT assay, and quantitative real-time PCR.  Two tailed Student’s t test was used for 

evaluation statistically significance between the mean values of the groups. 

Results: Based on the E1 structural gene sequence and phylogenetic analysis, we identified the virus 

as the CHIK/SBY8/10 isolate from Indonesia.  Assessment of the growth kinetics, cytopathic effects as 

well as its ability to induce cellular immune responses suggested that the currently isolated 

CHIK/SBY8/10 virus is relatively more virulent than a known CHIKV vaccine strain, which also 

induces more dramatic proinflammatory responses. 

Conclusions: Our studies further add to the infectivity of a less-studied yet infectious CHIKV isolate 

as well as underscored the importance and utility of 293T cells as an excellent cell culture model for 

studying viral growth, CHIKV-induced inflammatory cellular responses and cell death.  Together, 

these studies provide novel information on the CHIKV biology, infectivity and virus-cell interaction, 

which would help develop novel interventions against the infection. 

Keywords Chikungunya virus - 293T cells - CHIK/SBY8/10 isolate - CHIKV 181/clone 25 - Gene 

Expression - Cytokines 



Background 

First discovered in Tanzania in African continent in 1952 and later identified in Thailand in 

1958, Chikungunya virus (CHIKV) fever is a re-emerging public health problem with significant 

human morbidity, accounting for approximately 1.4 million suspected cases worldwide [1].  Although 

the infection is most prevalent in Africa and Asia, travellers from other continents can import the 

infection locally, including in non-endemic areas; for example, as of 2015, there were over 1,379,788 

suspected cases of CHIKV in North and South America including at least 191 deaths [2].  CHIKV 

infection is caused by the single-stranded, positive-strand RNA virus that is transmitted by Aedes 

mosquitoes [3-6].  While A. aegypti was long been considered as the only mosquito vector for CHIKV, 

investigation in the 2005-2006 epidemic on Reunion island that involved 266,000 human cases 

suggested that a single mutation, an alanine-to-valine substitution in the E1 envelope glycoprotein at 

the position 226 enabled virus acquisition by a new mosquito vector, A. albopictus, commonly known 

as the Asian tiger mosquito, which was implicated in that epidemic [7].  Due to already established 

widespread distribution as well as increasing global expansion of A. albopictus, the potential for 

CHIKV to extend its range into the Western hemisphere is a real possibility [8, 9].  Although CHIKV 

and dengue fever manifest similar clinical symptoms and are transmitted by the same mosquito vectors 

reflecting similar epidemiology and geographical distribution [10], CHIKV is relatively less studied 

and effective diagnostics and vaccines are currently unavailable.  Clinical manifestations following 

CHIKV infection are also similar to those developed upon Zika infection.  A mild to severe joint pain 

is the hallmark of CHIKV infection, and CHIKV is considered one of the most prominent arthritogenic 

alphavirus.  Although intense Th2 cytokine responses are typically associated with the infection [11], 

studies reported significant correlations between cytokines, anti-CHIKV antibodies and clinical 

features.  The control of the virus during infection is achieved through acquired immune responses; 

however, the persistence of the virus in joint tissue is associated with its pro-arthritogenic potential, 

likely inducing the production of proinflammatory factors [12].  Despite these studies, the mechanisms 

influencing immunopathogenesis of CHIKV infection remains unclear [13, 14].  



Approximately 11.8 kB RNA genome of CHIKV encodes four nonstructural proteins (nsP1–4) 

and a single structural polyprotein, which after proteolytic processing, generates three main structural 

proteins: the capsid and the envelope glycoproteins E2 and E1, which exists in the virion as a E1/E2 

heterodimer [15, 16].  While E2 is responsible for viral attachment to target host cell, E1 is a class II 

viral fusion protein, which after dissociation from E2, trimerizes and mediates fusion of viral and host 

cellular membranes [17].  Sequence of Envelope E1 is often used for phylogenetic analysis of CHIKV 

and is classified into 3 genetic lineages: Asian, West African, and East/Central/South African (ECSA) 

genotypes [9, 18, 19].  The major outbreak of chikungunya fever in Thailand in 2008–2009, which 

affected at least 50,000 people was caused by the ECSA lineage virus [20].  Notably, since 2009, 

despite a large outbreak and more recent human cases, studies addressing characterization of CHIKV 

clinical isolates in Thailand are still very limited [21].  Here, we report the initial characterization of a 

CHIKV clinical isolate purified from banked serum specimens of suspected patients from the 2009 

epidemic in Thailand.  We sequenced the E1 structural gene and characterized the isolated virus in a 

permissive cell line, 293T cells.  We examined the viral growth kinetics and studied the cytopathic 

effects as well as assessed the ability of the CHIKV isolate to induce cellular cytokine responses.  

Together, these fundamental studies increase our knowledge of CHIKV biology, virus-cell interaction 

and will help develop novel interventions against the infection. 

Methods 

Cell cultures 

The human embryonic kidney epithelial cell line 293T (Invitrogen, Grand Island, NY, USA) was 

kindly provided by Dr. Sansanee Noisakran, National Center for Genetic Engineering and 

Biotechnology, Thailand.  293T cells were cultured at 37°C, 5% CO2 in Dulbecco’s Modified Eagle 

Medium (DMEM; Gibco, Invitrogen, USA) supplemented with 10% heat-inactivated fetal bovine 

serum (FBS; Gibco, Invitrogen, USA), 37 g ml
−1

 of penicillin, 60 g ml
−1

 of streptomycin, 25 mM 

HEPES, 2mM L-glutamine, and 0.37% NaH2CO3.  African green monkey kidney Vero cell (American 

Type Culture Collection; ATCC, Manassas, VA) and Aedes albopictus C6/36 cell [22], were kindly 



provided by Ms. Tanapan Pruksamas, National Center for Genetic Engineering and Biotechnology, 

Thailand.  Vero cells were cultured at 37°C, 5% CO2 in Minimum Essential Medium (MEM; Gibco, 

Invitrogen, USA) supplemented with 10% heat-inactivated FBS, and 37 g ml
−1

 of penicillin, 60 g 

ml
−1

 of streptomycin.  C6/36 cells were cultured at 28°C in Leibovitz’s L-15 medium (Gibco, 

Invitrogen, USA) supplemented with 10% heat-inactivated FBS and 10% tryptose-phosphate. 

Virus isolation and propagation 

Chikungunya viruses (CHIKVs) were isolated from 5 patient sera collected from Songkhla 

Province, Thailand from the 2009 outbreak using standard virology procedures.  These sera were 

tested negative for the presence of dengue virus (DENV) and yellow fever virus, as assessed by routine 

PCR analysis [7].  A. albopictus C6/36 cells were inoculated with 200 l of patient sera and incubated 

at 28°C.  Cytopathic effects (CPE) were observed daily until appearance of 70-80% CPE.  

Supernatants were harvested and serially diluted from 10
-1

 to 10
-4 

in Leibovitz’s L-15 medium (Gibco, 

Invitrogen, USA) supplemented with 2% heat-inactivated FBS and 10% tryptose-phosphate.  Each 

diluted serum was added to monolayer of A. albopictus C6/36 cells and gently agitated at room 

temperature for 2 h.  Supernatants were discarded and the Leibovitz’s L-15 medium containing 3% 

agarose (Invitrogen, USA) was overlaid.  The cells were incubated at 28°C and CPE were observed 

daily until appearance of single plaques.  Single plaques were picked and resuspended in MEM 

(Gibco, Invitrogen, USA) supplemented with 2% heat-inactivated FBS.  The resuspended single 

plaques were inoculated in Vero cells and gently agitated at room temperature for 2 h before 

incubation at 37°C, 5% CO2 for 7 days.  CPE was observed daily for 7 days.  Infected Vero cell 

suspension at day 7 was aliquoted for confirmation of CHIKV using polymerase chain reaction (PCR).  

The isolated CHIKV were propagated in Vero cells as described above until the titer reached about 

4x10
7
 pfu/ml and were harvested by supplementing the infected Vero cell suspension with 20% heat-

inactivated FBS before filtration through Millex-GP filter (EMD Millipore, USA).  The virus was kept 

at -80°C until performing subsequent experiments. 



Standard plaque assay 

CHIKV 181/clone 25 (herein abbreviated as V-181) was kindly provided by Dr. Butsaya 

Thaisomboonsuk, the Armed Forces Research Institute of Medical Sciences (AFRIMS), Thailand.  V-

181 and the isolated CHIKV were serially diluted in MEM (Gibco, Invitrogen, USA) supplemented 

with 2% heat-inactivated FBS.  The diluents were inoculated three times in Vero cells and gently 

agitated at room temperature for 2 hours.  Supernatants were discarded and the MEM containing 0.3% 

agarose (Invitrogen, USA) was overlaid.  The cells were incubated at 37°C, 5% CO2 and CPE was 

daily observed until appearance of single plaques.  Plaque number was counted after fixation of the 

cells with 4% formaldehyde and staining with 0.2% crystal violet to visualized single plaques clearly.  

The plaque number per millilitre was calculated. 

Virus infection 

Vero and 293T cells were grown until the cells reached about 100% confluence (approximately 

1.5x10
6
 and 5.6x10

6
 cells/ml).  The V-181 isolate and the isolated CHIKV were inoculated at a 

multiplicity of infection (MOI) of 10 in either the Vero or the 293T cells at room temperature with 

gently agitation for 2 hours.  Supernatants were removed and either infected Vero cell medium (MEM 

supplemented with 2% heat-inactivated FBS) or infected 293T cell medium (DMEM supplemented 

with 2% heat-inactivated FBS, 25mM HEPES, 2mM L-glutamine, and 0.37% NaH2CO3) was added.  

The infected cells were incubated at 37°C, 5% CO2 for further experiments. 

Cytopathic effects 

The cytopathic effects (CPE) of virus infection were studied using published procedures [23].  

Vero cells infected with isolated CHIKV as described above were observed and scored three times for 

CPE under light microscopy with 5 different fields for 7 days on a daily basis.  A CHIKV that induced 

the largest plaque size was selected for this study. 



293T cells infected with either V-181 or the selected CHIKV isolate (CHIK/SBY8/10 herein 

abbreviated as T-SBY) were observed and scored three times for cytopathic effects (CPE) under light 

microscopy in 5 different fields for 10 days on a daily basis. 

Polymerase chain reaction and sequencing 

To confirm the identity of the isolated clone of CHIKV, viral RNA from infected Vero cells 

from each clone were extracted using High Pure Viral RNA Kit (Roche, USA).  RNA was used as a 

template for reverse-transcriptase polymerase chain reaction (RT-PCR) using the RevertAid First 

Strand cDNA Synthesis Kit (Thermo Fisher Scientific, USA).  Viral non-structural protein 1 gene 

(nsp1) was amplified using the cDNA as a template.  The primers used for PCR reactions are indicated 

in Table 1.  To identify the selected CHIKV isolate, the 1,317 base pair CHIKV E1 envelope 

glycoprotein gene (E1) was amplified using the primers in Table 1.  An amplicon was cloned into 

pJET 1.2/blunt cloning vector (Thermo Fisher Scientific, USA) and sequenced using an ABI 3730XL 

DNA Analyzer (Thermo Fisher Scientific, USA).  

Sequence analysis 

The E1 nucleotide sequence of the selected CHIKV isolate was analyzed using NCBI BLASTX.  

Comparison of E1 amino acid sequence from the selected CHIKV isolate, V-181, and the parental V-

181 strain (AF15561) was performed using ClustalW2 software [24].  

Virus infection studies in 293T cells 

293T cells were infected with either CHIKV T-SBY or the V-181 strain at a MOI of 10 as 

described above.  Unbound virus was removed and the cells were extensively washed thrice with 

DMEM supplemented with 2% heat-inactivated FBS, 25 mM HEPES, 2mM L-glutamine, and 0.37% 

NaH2CO3.  Freshly medium was added to the infected 293T cells.  Medium was collected to measure 

viral load and RNA copy number at early (0, 2, 4, 6, and 12 hours) and late (1, 2, 3, 4, 7, and 10 days) 

infection using a standard plaque assay and quantitative real-time PCR (qRT-PCR).  Standard plaque 

assay and qRT-PCR were performed in three independent experiments.  



Indirect immunofluorescence assay 

293T cells were infected with either CHIKV T-SBY or the V-181 strain at a MOI of 10 as 

previously described.  Three independent experiments were performed.  The infected cells were 

harvested at 0, 4, 7 and 10 d.p.i. by removing the infected 293T cell medium and gently washed the 

infected cells with Phosphate Buffer Saline (PBS) twice.  The cells were detached using 0.25% 

Trypsin-EDTA and washed with PBS at 1,500xg, at room temperature for 3 minutes thrice.  Cell 

pellets were resuspended in PBS and smeared on a coverslip before air-drying at room temperature for 

10 minutes.  The cells were fixed with 4% paraformaldehyde in PBS for 20 minutes at room 

temperature and washed with PBS.  The cells were permeabilized with 0.1% Triton X-100 in PBS for 

15 minutes at room temperature and washed with PBS thrice.  The cells were then incubated with 5% 

normal goat serum in PBS with 0.05% Tween 20 for 1 hour at room temperature.  Subsequently, the 

cells were incubated with a mouse anti-CHIKV monoclonal antibody (Thermo Fisher Scientific, USA) 

at a dilution of 1:10 at room temperature for 1 hour.  After washing with PBS thrice, the cells were 

incubated with a 1:100 dilution of a fluorescein isothiocyanate (FITC)-conjugated goat anti-mouse IgG 

polyclonal antibody (Thermo Fisher Scientific, USA).  The cells were washed with PBS thrice and 

incubated with 500nM propidium iodide (PI) (Invitrogen, Ltd.) in PBS in the dark for 30 minutes at 

room temperature.  After a brief wash with PBS, the cells were mounted with a mounting medium, 

covered with coverslips and sealed with nail polish.  CHIKV infected 293T cells were observed under 

an Olympus DP-72 fluorescence microscope. 

To determine the level of cell infection, CHIKV infected 293T cells were counted from five 

different microscopy fields in three independent experiments using ImageJ 1.49v software (National 

Institutes of Health, USA). 

Cell viability assay 

Cell viability was measured using a classical MTT assay [25].  293T cells were infected with 

either CHIKV T-SBY or the V-181 strain at MOI of 10 as previously described.  Three independent 

experiments were performed.  Infected cells were assessed for cell viability for 10 days on a daily 



basis.  The infected 293T cell medium was removed and replaced with fresh medium.  MTT (3-(4,5-

Dimethylthiazol-2-yl)-2,5-Diphenyltetrazolium Bromide) was added to a final concentration of 1.3mM 

and incubated at 37°C for 4 h in a humidified chamber.  The medium was removed and crystals were 

solubilized by adding dimethyl sulfoxide (DMSO) and incubating at 37°C for 10 min.  The samples 

were measured for absorbance using an ELISA reader at a wavelength of 570 nm. 

Quantitative real-time polymerase chain reaction 

Quantitative real-time reverse transcription PCR (qRT-PCR) was used to determine viral RNA 

copy number and relative levels of cytokine gene expression.  Supernatants from early (0, 2, 4, 6, and 

12 hours) and late (1, 2, 3, 4, 7, and 10 days) infections were prepared as described before.  Viral 

RNAs were extracted by High Pure Viral RNA Kit (Roche, USA) and converted to cDNA using the 

RevertAid First Strand cDNA Synthesis Kit (Thermo Fisher Scientific, USA).  The viral non-structural 

protein 1 gene (nsp1) was amplified using primers indicated in Table 1.  Quantitative PCR analysis 

was performed using Luminaris Color HiGreen qPCR Master Mix, low ROX (Thermo Fisher 

Scientific, USA) as previously described [26].  The viral RNA copy number per ml was calculated.  

All quantitative PCR results were checked for specificity by melting curve analysis. 

For cytokine gene expression, 293T cells were infected with either CHIKV T-SBY or the V-181 

strain at a MOI of 10.  Infected cells were harvested at 0, 4, and 7 d.p.i. and RNA was extracted using 

TRIzol reagent (Invitrogen, USA).  RNA was used as a template for reverse-transcriptase polymerase 

chain reaction (RT-PCR) using the RevertAid First Strand cDNA Synthesis Kit (Thermo Fisher 

Scientific, USA).  The primers used for PCR reactions are indicated in Table 1.  The qRT-PCR was 

performed by Luminaris Color HiGreen qPCR Master Mix, low ROX (Thermo Fisher Scientific, 

USA).  The target transcripts were normalized to the number of GAPDH transcripts for quantitative 

analysis of gene expression.  Melting curve analysis was performed to checking for specificity. 

Statistical analysis 



Results are expressed as the mean ± standard error of the mean (SEM).  The significance of the 

difference between the mean values of the groups was evaluated by two-tailed Student´s t test. 

Table 1 List of primers used in this study for PCR and qRT-PCR 

Primer Forward primer Reverse primer 

CHIKV nsp1 5’-ccgctcgagtagagcaggaaattgatccc-3’   5’-cccaagcttctttaatcgcctggtggtat-3’ 

CHIKV E1 5’-ccgCTCGAGatgtacgaacacgtaacagtg-3’ 5’-cccAAGCTTgtgcctgctaaacgacacgc-3’ 

Human IL-6 5’-gtagtgaggaacaagccagag-3’ 5’-ggactgcaggaactccttaaa-3’ 

Human COX-2 5’-gacagtccaccaacttacaat-3’ 5’-catctctccatcaattatctgat-3’ 

Human MBL 5’-ccgctcgagatgtccctg-3’ 5’-cccaagcttgatagg-3’ 

Human IL-1β 5’-catgggataacgaggcttatgt-3’ 5’-cccaaggccacaggtattt-3’ 

Human IL-8 5’-actgagagtgattgagagtggac-3’ 5’- aaccctctgcacccagttttc-3’ 

Human PLA-2 5’-ctacctacgttgctggtctttc-3’ 5’-ccaaataagtcgggagccataa-3’ 

Human TNF-α 5’-atcctgggggacccaatgtag-3’ 5’-gagcttcttcccacccacaag-3’ 

Human GAPDH 5’-accacagtccatgccatcac-3’ 5’-tccaccaccctgttgctgt-3’ 

Results 

Isolation of a chikungunya virus isolate from human serum 

To contribute to the biology and virulence of infectious CHIKV, we sought to isolate an 

infectious strain from human patients.  To accomplish this, we collected banked serum samples from 

five patients from the 2009 outbreak in the Songkhla Province, Thailand, who were with tested 

negative for the presence of dengue virus (DENV) and yellow fever virus, as assessed by routine PCR 

analysis.  CHIKV was isolated from each patient serum using standard procedures as detailed in the 

Materials and Methods section.  The patients sera were inoculated in Aedes albopictus C6/36 cells and 

single clones were obtained by serial dilution before further propagation in Vero cells.  After infection 

of the cells with five different isolates at a multiplicity of infection (MOI) of 10, plaque morphology 

and cytopathic effect (CPE) for each isolate was compared.  The viral clone with highest plaque size 



and that induced most CPE virulence was selected for further study.  To identify the strain of the 

selected CHIKV isolate, we synthesized cDNA from the viral RNA and amplified by PCR the 1,317 

base pair CHIKV E1 envelope glycoprotein gene, which is usually used for identification of CHIKV 

strains and their phylogenetic analysis.  Comparison of the E1 nucleotide sequence using NCBI 

BLASTX revealed a close match with the E1 protein of the Indonesian CHIK/SBY8/10 isolate 

(GenBank accession number AB678677) with 100% identity at the amino acid level and an E value of 

0.  Phylogenetic analysis of the E1 nucleotide sequence and the E1 sequences available in GenBank 

confirmed that the selected isolate belonged to the Asian genotype.  It clustered within a clade of 

Indonesian sequences collected between 2008 and 2010 (Fig. 1).  Hereinafter, we refer to this selected 

Thailand CHIKV isolate as T-SBY.  

Assessment of growth and release of T-SBY from 293T cells 

We next studied the growth and release of the isolated virus in comparison with a well-studied 

CHIKV vaccine strain, called 181/clone 25, herein abbreviated as V-181.  Of note, the vaccine strain 

V-181 (GenBank accession number L37661) was derived from the CHIKV parental strain AF15561 

(GenBank accession number EF452493) as described in [27].  Analysis of the E1 envelope 

glycoprotein from the currently isolated strain, T-SBY, the vaccine strain V-181, and its parental strain 

AF15561 using ClastalW2 software [24] revealed two conservative amino acid substitutions at 

positions 142 and 145, from isoleucine (ATC) to valine (GTT), and alanine (GCT) to serine (TCT), 

respectively.  Additionally, substitutions of three semi-conservative amino acids at positions, 304, 397, 

and 404 for serine (TCA) to proline (CCA), proline (CCC) to leucine (CTC), and alanine (GCT) to 

valine (GTT) were observed (Fig. 2).  Note that the amino acid sequence of V-181 E1 envelope 

glycoprotein differs in a single amino acid substitution at position 404, from valine to alanine from the 

parental strain, AF15561 [27]. 

As CHIKV can infect several types of cell lines [26, 28], we selected one of the permissive cells 

for chikungunya virus infection that support virus growth better when compare with other cell types, 

293T cells.  Notably, the 293T cells also are easy culture and maintain in laboratory conditions and are 



considered as a model cell line for various studies.  We therefore, selected the 293T cells, as a model 

in this study.  To examine the growth and release of the isolated virus in comparison with CHIKV V-

181, we determined the viral load and RNA copy number at different time points following infection 

of 293T cells (Fig. 3).  The cells were exposed to either CHIKV T-SBY or V-181 strain for 2 h at a 

MOI of 10.  The culture was washed extensively to remove any unbound virus.  The viral load was 

determined in the supernatant from three independent experiments at early time points (0, 2, 4, 6, and 

12) hours post infection (h.p.i.) as well as during late time points (1, 2, 3, 4, 7, and 10) days post 

infection (d.p.i.) using standard plaque assay as described in Materials and Methods.  The results 

showed that in the first 2 h.p.i. there was no detection of infectious virus from cells infected with either 

strain, further testifying complete removal of virus in the supernatant.  However, the levels of newly 

produced progeny viruses were gradually increased in the supernatants after 4 h.p.i, reaching the 

maximum levels of ~10
4
 and ~8x10

3 
PFU/ml in CHIKV T-SBY and V-181 strains, respectively, after 7 

d.p.i.  No statistically significant was observed.  Thereafter, the viral levels decreased at 10 d.p.i, and 

no virus in supernatants could be detected at 15 and 20 d.p.i. (data not shown).  At all post infection 

periods, the T-SBY levels were higher than the V-181 although statistically significant differences 

were recorded at 1, 2, and 4 d.p.i. (Fig. 3a).  

In a parallel set of experiments, we also quantified viral RNA in the supernatant from three 

independent experiments at early post infection (0-12 h.p.i.) and late post infection (1-10 d.p.i.) using 

an established real-time PCR assay [26].  We did not normalize the virus RNA copies with cell 

GAPDH copy number as such normalization would be biased by the state of cellular transcription or 

GAPDH levels in the cell.  There are likely to be a substantial fraction of infected cells with a high 

virus titer but with limited transcription or degraded GAPDH levels.  The result was overall consistent 

with virus release in supernatant with only minor differences (Fig. 3b).  The viral RNA copies could be 

detected in both infectious T-SBY and V-181 supernatants at 2 h.p.i. with 281 and 356 viral RNA 

copies/ml in infectious T-SBY and V-181 supernatants, respectively.  The amount of viral RNA copies 

gradually increased and reached the peak level of greater than 10
4 

RNA copies/ml in both T-SBY and 



V-181 infected supernatants at 7 d.p.i, and then declined at 10 d.p.i.  The number of T-SBY viral RNA 

copies was consistently higher than that of V-181 at almost all post infection time points with 

statistically significant differences at 12 h.p.i. and 7 d.p.i. (Fig. 3b).  Similar to the plaque assay, no 

viral RNA in supernatants could be detected at 15 and 20 d.p.i. (data not shown).  

Cytopathic effect of T-SBY in 293T cells   

To compare the development of infection of CHIKV T-SBY with that of V-181, 293T cells were 

infected with either strain at a MOI of 10.  Cytopathic effects (CPE) were observed under light 

microscopy daily for 10 days (data not shown) when cells became most infected, as revealed by the 

highest immunoreactivity (Fig. 4a).  By 3 d.p.i., about 100.7 and 30.5% of total infected T-SBY and 

V-181 cell number became swollen, respectively.  The increase of cell diameter continued within the 

next day, accounting for an additional increase of 251.5 and 102% at 4 d.p.i, respectively.  In 

addition, the infected cells detached from the surface of the culture plate with formation of small black 

spot in the cells (Fig. 4b).  Notably, at all-time points these spots were more pronounced in cells 

infected with T-SBY than in those infected with V-181.  The amount of swelled and detached cells and 

black spot formation continued to increase until they reached 805.0 and 602.5% in cultures infected 

with T-SBY and V-181, respectively, by 10 d.p.i.  Therefore, in summary, the cells infected with T-

SBY were more swelled and detached more quickly, compared to cells infected with V-181. 

To visualize the development of infection, 293T cells were infected with either CHIKV T-SBY 

or V-181 at a MOI of 10 and processed for an immunofluorescence assay with a mouse anti-CHIKV 

monoclonal antibody at 0, 4, 7, and 10 d.p.i.  At 4 d.p.i., about 342 and 223% of the cells infected 

with CHIKV T-SBY and V-181 strains, respectively, showed expression of the viral antigen (Fig. 4c).  

By 7 d.p.i., infection could be detected in approximately ~100 and ~91 % of cells infected with 

CHIKV T-SBY and V-181 strains, respectively.  No statistically significant difference was observed. 

We also determined cell viability with a classical MTT assay as described in Materials and 

Methods.  The cells were infected with either CHIKV T-SBY or V-181 at a MOI of 10.  The viability 

of the infected cells was determined daily for 10 days.  The viability of cells infected with CHIKV T-



SBY was lower than that of cells infected with V-181 cells starting at 2 d.p.i. with statistically 

significant (*p < 0.05) at 4 and 5 d.p.i., and highly statistically significant differences (**p < 0.001) 

from 6 to 10 d.p.i. (Fig. 4d). 

Expression of cytokines during T-SBY infection of 293T cells 

As previous results suggest that the our T-SBY strain isolated from a patient is more infectious 

and induces stronger cytopathic effects upon infection of 293T cell than the vaccine strain V-181, we 

were interested to examine virus-induced inflammatory cellular responses [26, 29].  CHIKV is known 

to induce cellular inflammatory responses and the level of certain cytokines in CHIKV-infected patient 

serum has been shown to correlate with the symptomatic phase of infection.  We therefore wanted to 

study the expression of selected cytokine genes that were previously shown to be activated during 

symptomatic phase of CHIKV infection and involved in the genesis of inflammatory host responses, 

including rheumatoid arthritis (RA) [30].  293T cells were infected with either CHIKV T-SBY or V-

181 at a MOI of 10.  Total RNA was isolated from infected cells at 0, 4, and 7 d.p.i.  Transcription 

levels of Interleukin-6 (IL-6), Cyclooxygenase-2 (COX-2), Mannose binding lectin (MBL), 

Interleukin1-beta (IL1-, Interleukin-8 (IL-8), Phospholipase A2 (PLA-2), and Tumour necrosis factor 

alpha (TNF-) were measured using quantitative RT-PCR and normalized per GAPDH transcripts.  

Results showed that both viruses induced expression of all examined cytokine or inflammation-related 

genes.  Although levels of induction of cellular inflammatory responses were similar for both viruses, 

statistically significant higher expression of COX-2, MBL, and IL-6 was observed in cells infected with 

T-SBY at 4 and 7 d.p.i. (Fig. 5).  Although the precise mechanisms of how these two CHIKV strains 

induce cellular inflammatory responses or biological significance of their noticeably different cytokine 

response profiles awaits future investigation, our study further underscores the utility of 293T cells for 

studying the biology and cellular responses to CHIKV infection. 

Discussion 

Chikungunya virus (CHIKV) is one of the recently emerging and re-emerging serious mosquito-



borne pathogen that can elicit significant human morbidity in many parts of the world [1].  The virus is 

responsible for recent large-scale epidemics in many tropical and sub-tropical countries, including one 

in the southern provinces of Thailand, where 49,069 human cases were reported in little over a year 

between 2008-2009 [20].  Notably, subsequent studies identified variations among the Thai isolates, 

including clones harbouring unique amino acid substitutions close to the immunodominant site [21].  

Compared to many other arthropod-borne infective agents, CHIKV is relatively less well studied, 

which is now considered as an important neglected tropical disease [31].  While recently significant 

efforts were directed towards a better understanding of the biology, infectivity and pathogenesis of 

CHIKV infection, as a new health global risk, including 693,489 suspected cases reported alone in the 

Americas in 2015 [32], further studies on the biology and virulence of CHIKV remain warranted, 

especially those focused on the virus isolated from patients from recent epidemics.  In this report, we 

isolated a CHIKV strain from patients’ sera banked from the 2008-2009 Thai epidemics.  We 

identified this virus is closely related to the Asian genotype, CHIK/SBY8/10 isolate originally found in 

patient’s blood in Indonesia [33].  To the best of our knowledge, no prior study addressed the 

characterization, replication, and release of the strain used in our study.  Therefore, our study likely 

represents the first characterization of this clinical strain.  We used 293T cells as in vitro model for 

studying viral growth kinetics, inflammatory cellular responses, and virus-induced cytopathic effects.  

Based on the release of viral particles in the supernatants or measurement of viral mRNA from 

supernatants, viral replication could be detectable within 4 hours of infection, and continued to 

increase gradually peaking at 7 days.  A massive detachment of CHIKV-infected cells after 10 days 

post-infection suggested virus-induced cell death, possibly via apoptosis as reported in Vero cells [26, 

28].  The decline of virus titer or RNA copies at 10 d.p.i. clearly demonstrated a decrease of viral 

replication, which may be due to the lysis or death of infected host cells.  Similarly, due to absence of 

viable cells supporting growth of CHIKV, undetectable virus titer or RNA copies at 15 and 20 d.p.i. 

likely indicated disappearance of the virus. 



Based on the growth kinetics, microscopic observation, CPE, and cell viability T-SBY is more 

virulent than the vaccine strain V-181 used in our study.  A single amino acid alteration in the E1 

surface glycoprotein was shown to have profound effects on CHIKV host tropism [27], we found 4 

amino acid changes in the E1 protein between T-SBY and the vaccine strain V-181 which can explain 

why T-SBY is more virulent, however the precise role of any of these substitutions as well as the 

potential input of the differences in other viral proteins awaits further investigation. 

The arthritogenic potential of CHIKV is associated with its ability to persist in the joint tissue 

and induce the production of proinflammatory cytokines.  Indeed, CHIKV infection induces a potent 

inflammatory cytokine and immunomodulatory response in patients, with more severe disease 

associated with increased plasma levels of several proinflammatory cytokines [11], particularly IL-6 

[34].  Many of these cytokines are associated with the pathogenesis of systemic inflammatory disease, 

such as rheumatoid arthritis [35, 36], which is one of the most serious clinical complications of 

CHIKV fever.  We therefore, also examined the induction of several cytokines and immunomodulators 

in 293T cells.  The majority of these cytokines and immunomodulators displayed a gradually enhanced 

transcription during the course of 293T cell infection, which correlated with increased viral loads.  

While the induction of these proinflammatory modulators by the two different CHIKV isolates was 

very similar, the expression of IL-6 and COX-2, was statistically significantly higher during infection 

with the more virulent isolate, T-SBY, especially late during infection (between day 4-7).  While 

induction of COX-2 is known to be transient and its pro-inflammatory role remains controversial [37], 

our study suggests a possible contribution of this immunomodulator to enhanced virulence of at least 

some CHIKV isolates. 

Conclusions 

In summary, we describe the successful isolation of a CHIKV strain, which was identified based 

on the E1 envelop glycoprotein sequence.  The isolated virus is closely related to the CHIKV isolate 

SBY8/10 identified in patients in Indonesia.  We determined that 293T cells are an excellent cell 

culture model of CHIKV SBY8/10 that supports viral replication, development of CPE and subsequent 



cell death.  We also determined expression of proinflammatory cytokines and immunomodulatory 

molecules upon CHIKV infection of 293T cells, which can be involved in CHIKV-induced immune 

responses and contribute to the immunopathology of the viral infection. 
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Figure legends 

Figure 1 Molecular phylogenetic analysis by Maximum Likelihood method.  The evolutionary 

history was inferred by using the Maximum Likelihood method based on the Tamura-Nei model [38].  

The tree with the highest log likelihood (-4636.3022) is shown.  The percentage of trees in which the 

associated taxa clustered together is shown next to the branches.  Initial tree(s) for the heuristic search 

were obtained automatically by applying Neighbor-Join and BioNJ algorithms to a matrix of pairwise 

distances estimated using the Maximum Composite Likelihood (MCL) approach, and then selecting 

the topology with superior log likelihood value.  The analysis involved 65 nucleotide sequences.  All 

positions containing gaps and missing data were eliminated.  There were a total of 1,317 positions in 

the final dataset.  Evolutionary analyses were conducted in MEGA7 [39].  Asterisk (*) indicates the 

selected isolate from this study.  Double asterisk (**) indicates the comparable strain in this study.  

Triple asterisk (***) indicates the parental strain of the comparable strain.  

Figure 2 Multiple sequence alignment of CHIKV E1 envelope glycoprotein (E1).  The 1,317 base 

pair CHIKV E1 envelope glycoprotein gene from the isolated CHIKV was amplified by PCR.  

Comparison of the E1 nucleotide sequence using NCBI BLASTX revealed a close match with the E1 

protein in the CHIK/SBY8/10 isolate from Indonesia (GenBank accession number AB678677; T-

SBY).  Amino acid sequences of the E1 from T-SBY were aligned with E1 from the 181/clone 25 



vaccine strain (GenBank accession number L37661; V-181) and its parental strain AF15561 (GenBank 

accession number EF452493) [27] using ClastalW2 software [24].  Asterisks (*) indicate completely 

identical amino acids.  An alteration of amino acid residues is shaded in grey.  Single (.) and double 

dot (:) represent semi-conservative and conservative amino acid substitution. 

Figure 3 CHIKV release from 293T cells. 293T cells were exposed to either CHIKV T-SBY or V-

181 for 2h at a MOI of 10.  Unbound virus was removed and washed extensively.  Supernatants were 

collected for determination of viral loads (a) and viral RNA (b) at early (0, 2, 4, 6, and 12 h) and late 

(1, 2, 3, 4, 7, 10 d) infection using standard plaque assay and real time PCR as described in Materials 

and Methods.  Results are expressed as viral titer (PFU/ml) (a) and viral RNA copies/ml (b).  The bars 

represent the mean values and the error bars represent the SEM values from three independent 

experiments.  Asterisks (*) indicate p < 0.05. 

Figure 4 CHIKV infection of 293T cells.  (a) 293T cells were infected with either CHIKV T-SBY or 

V-181 at MOI of 10.  Infected cells at 0, 4, 7, and 10 d.p.i. were collected and stained with antibody 

against CHIKV and FITC-labeled secondary antibodies to visualize the infected cells at 0, 4, 7, and 10 

d.p.i.  (b) 293T cells were infected with either CHIKV T-SBY or V-181 as described in panel A.  

Infected cells were collected and stained with propidium iodide (PI) to visualize the nuclei prior 

examination under a fluorescence microscope.  Foci were observed at 0, 4, 7, and 10 d.p.i.  (c) 293T 

cells were infected as detailed in panel A.  Infected cells at 0, 4, 7, and 10 d.p.i. were collected and 

labeled with an anti-CHIKV monoclonal antibody followed by an appropriated FITC-labeled 

secondary antibody as well as propidium iodide (PI) to visualize the nuclei prior examination under a 

fluorescence microscope.  Quantification of CHIKV infected cells were analyzed using ImageJ 1.49v 

software after immunostaining.  Three independent experiments were performed and the bars represent 

the mean values and the error bars represent the SEM values.  The amount of CHIKV T-SBY infected 

cells was statistically significantly higher (*p < 0.05) at 4 and 7 d.p.i.  (d) Analysis of cell viability 

using a classical MTT assay.  The 293T cells were exposed with either CHIKV T-SBY or V-181 for 2 



h at an MOI of 10.  Infected cells were assessed for cell viability during 10 days on a daily basis.  The 

bars represent the mean values and the error bars represent the SEM values from three independent 

experiments.  The difference in cell viability in CHIKV T-SBY infected cells was statistically 

significant (*p < 0.05) at 4 and 5 d.p.i., whilst it was highly significant (**p < 0.001) at 6 d.p.i. 

Figure 5 Expression of cytokine gene candidates during CHIKV infection of 293T cells.  The 

relative expression levels of IL-6, COX-2, MBL, IL1-, IL-8, PLA-2, and TNF-a during CHIKV 

infection of 293T cells were analyzed.  Transcript levels of candidate genes were measured using 

quantitative RT-PCR and presented as copies of target transcripts per copy of the GAPDH transcripts.  

RNA was isolated from CHIKV infected cells at 0, 4, and 7 d.p.i.  The bars represent the mean values 

and the error bars represent the SEM values from six quantitative RT-PCR analyses of two 

independent cell infection experiments.  The relative expression levels of IL-6 and MBL in CHIKV T-

SBY infected cells were statistically significantly higher (*p < 0.05) at 7 and 4 d.p.i., respectively, 

whilst the difference in the relative expression levels of COX-2 was highly significant (**p < 0.001) at 

4 d.p.i. 
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Abstract. Chikungunya virus (CHIKV) is a single positive-strand RNA virus that belongs to Alphavirus genus. CHIKV 

has been isolated into 3 lineages: East Central South African (ECSA), Asain, and West African genotype. Each strain 

has differences in genome sequences. CHIKV infection could be identified by patient symptoms such as high fever, 

rash and chronic joint pain. However, the mechanism of inflammatory response during CHIKV infection and the basis 

for disease severity are not clear. There was a report showed that CHIKV affect in arthritis and myositis, and some 

cytokines expression were induced in infected mice tissue. The study in CHIKV wild-type (WT) and attenuated 

vaccine strain indicated the differences in virulent level were caused by point mutation in envelope glycoprotein 2 

(E2). However, the mechanism of virulence in WT and attenuated vaccine strain is still unknown. Therefore, this 

study intends to understand the mechanism of virulence in CHIKV attenuated vaccine and WT strain. We isolated 

CHIKV WT from patient serum and observed cytopathic effect (CPE) of these WT strains compare to attenuated 

vaccine strain. Cell viability was examined after infection using MTT assay. The result showed three stages of CPE 

with differences in virulent level. This was compatible with the result of MTT assay at 4, 7 and 10 days post infection 

of WT and attenuated vaccine strain. Apoptosis and alteration of cytokine gene expression during CHIKV infection in 

each CPE stages were done. Our results may help in understanding of pathogenesis, novel preventive and therapy of 

CHIKV fever in the future. 

 
Keywords: chikungunya virus, chikungunya virus attenuated vaccine, cell viability, apoptosis, cytokine 
 

 
1.  Introduction  

This During outbreak of dengue fever in 1952-1953 in Tanzania, chikungunya virus (CHIKV) was first 
isolated from patient serum  (Ross 1956). CHIKV has been identified in the Alphavirus genus. It belongs 
to the Semliki Forest Virus (SFV) group and closely related with O’nyong-nyong virus (Vanlandingham, 
Hong et al. 2005). Its genome contains two open reading frames (ORFs). The 5’ ORF for the non-
structural proteins consists of Nsp1, Nsp2, Nsp3 and Nsp4 to form replication complex. The 3’ ORF for 
the structural proteins consists of capsid (C), envelope glycoprotein 1 and 2 (E1 and E2), E3 and 6K 
protein (Miller and Krijnse-Locker 2008). CHIKV is transmitted to human via Aedes species mosquitoes, 
primarily Ae. aegypti (Reiter, Fontenille et al. 2006). Chikungunya fever is caused by CHIKV infection, 
characterizing by the appearance of high fever, rash, headache, nausea, vomiting, myalgia or severe joint 
pain (World Health Organization 2014). There was a report while cell exposes to stress such as heat, 
radiation, nutrient deprivation and viral infection, it may cause cell commit suicide (Lodish 2008). 
Interestingly, several studies have showed the affects of CHIKV infection in mammalian cell such as an 
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apoptosis, a transcription shut-off, a translation shut-off, a pathogenicity and an inflammatory 
(Sourisseau, Schilte et al. 7002; Akhrymuk, Kulemzin et al. 2012). It has been reported during CHIKV 
infection interferon (IFN) signaling involved in an inflammatory response. It plays a role as risk factors for 
severe CHIKV-associated diseases in mouse model (Couderc, Chretien et al. 7002). Furthermore, some 
cytokine level, such as IL-1β, IL-2, CCL-3 in CHIKV patient serum correlated with symptomatic phase. 
However, the mechanism remains unclear. Therefore, the aim of this study is to understand further in the 
correlation of symptomatic phase and inflammatory response during CHIKV infection in human cell. 

 
2.  Materials and Methods 

2.1 Virus Isolation 
 
Infected CHIKV patient serum during an outbreak in 2009 was kindly provided by Asst. Prof. Dr. 

Sarunyou Chusri, Infectious Diseases Unit, Department of Medicine, Faculty of Medicine, Prince of 
Songkla University. CHIKV was isolated from the patient serum using plaque assay method. Briefly, virus 
from infected patient serum was propagated in 100% confluent monolayer vero cell. The cell was 
observed until it appeared CPE. We isolated single clone virus by making a serial dilution of supernatant 
from 10

-1
 to 10

-4 
and seeding them onto 100% confluent monolayer vero cell. We picked up a single 

plaque using a pasture pipette and propagated it in 100% confluent monolayer vero cell. After CPE was 
observed all supernatant was seeded onto 100% confluent monolayer vero cell for increasing viral 
population. A single clone virus was obtained for experiments. 

 
2.2 Infection of CHIKV in human cell 
 
Attenuated vaccine strain was kindly provided by Dr. Stefen Fernandez, Department of Virology, Armed 

Forces Research Institue of Medical Sciences (AFRIMS).  The mixture of viral propagation medium and 

isolated CHIKV or attenuated vaccine strain was added onto 100% confluent 293T cells after removing of 
growth medium. The cells were gently shaken at room temperature for 2 hours and then incubated at 

37⁰C, 5% CO2 for overnight.  

  
2.3 Observation of CPE in human cell 
 
An infection experiment was done as described in section 2.2. CPE and cell characterization were 

observed under inverted microscopy everyday after infection for 12 days. The result was compared with 
mock condition. 

 
2.4 Analysis of cell viability 
 
A single clone CHIKV virus was infected in 100% confluent monolayer 293T cell at MOI 1. Cell viability 

was examined for 12 days after infection, using Molecular Probes
®
 MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-

diphenyltetrazolium bromide). Briefly, 12 mM MTT was added into each infected cell and incubated at 
37°C for 4 hours. All solution from infected cells was removed and DMSO was added and mixes 
thoroughly in each cell. The infected cells were incubated in 37

o
C incubator for 10 minutes. Each infected 

cells were mixed and examined an absorbance at 570 nm. 
 

 
3.  Results and Discussion 

 
3.1 Isolation of single clone CHIKV 
 
In order to obtain a single clone CHIKV for our experiments, we isolated CHIKV from patient serum over 

an outbreak in 2009 as described in Materials and Methods. The result showed the plaque numbers were 
highest at dilution of 10

-1
, 10

-2
, 10

-3
 and 10

-4
, respectively, comparing to mock condition. In addition, at 

dilution of 10
-1

 the plaque edge was clearer than other dilutions (Fig.1). Therefore, we picked up each 
single plaque from each dilution and propagated them in vero cell to increase viral population for our 
experiments. 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Fig.1 A stained crystal violet single CHIKV plaque isolated from patient serum at different serial dilution; 10-1, 10-2, 10-3 and 10-4, 
and mock condition. 

 
 

3.2 Observation of CPE over CHIKV infection in human cell  
 
After obtaining adequate amount of viral population for our experiments, we would like to know how our 

isolated CHIKV was virulent compare to CHIKV attenuated vaccine strain. In order to answer this 
question, we infected isolated CHIKV and attenuated vaccine strain in 293T cell as described in Materials 
and Methods. An observation of CPE over CHIKV infection in 293T cells showed three stages of CPE 
with differences in virulent level in both infection with isolated CHIKV and attenuated vaccine strain 
(Fig.2). The result implied the differences in virulent level during infection with isolated CHIKV and 
attenuated vaccine strain may help us in further understanding of the mechanism of CHIKV infection in 
human cell. 

 
 

 

 

 

 

 

 

 

 

 

 

Fig.2. An observation of CPE under inverted light microscopy of mock condition (2A, B, C and D)  and infection of isolated CHIKV; 
wild type (WT) (2E, F, G and H) and attenuated vaccine strain (2I, J, K and L) in 293T cells at 0, 4, 7 and 10 days 

 
 
3.3 Analysis of cell viability 
 
In order to compare an influence of differences in virulent level during the infection, we examined cell 

viability of infected 293T cells as described above. The result was compatible with an observation of CPE 
during the infection of both isolated CHIKV and attenuated vaccine strain with three stages - 4, 7 and 10 
days post infection (Fig.2 and 3). Furthermore, cell viability result showed statistically significance 
between infected cells with isolated CHIKV and attenuated vaccine strain after 4 days post infection 



(Fig.3). Remarkably, cell viability of infected cells with isolated CHIKV and attenuated vaccine strain was 
highly statistically significant at 7 and 10 days post infection. These results indicated the differences in 
virulent level during the infection affect viability of infected human cells. This may implied a distinct 
mechanism during CHIKV infection. 

 
 

4.  Conclusions 

 Previous reports have shown virulence of CHIKV infection in vivo and in vitro that correlated to an 
alteration of cytokine expression in CHIKV-infected cell. In this study we isolated a single clone CHIKV 
from patient serum over an outbreak in 2009 (Fig.1). The isolated CHIKV was compared a virulent level 
with attenuated vaccine isolate during an infection. Three stages of CPE and cell viability were defined at 
4, 7 and 10 days post infection (Fig.2 and 3). In addition, a statistically significance of cell viability over 
infection of both isolates was observed at 4-12 days post infection with highly significance at 7 and 10 
days post infection (**P< 0.01). Taking these results into an account, we proposed there is a distinct 
mechanism during CHIKV infection from both isolates. Understanding of this distinct mechanism may 
inform us a further knowledge in pathogenesis, novel preventive and therapy of CHIKV fever in the future.  

 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

Fig.3. Cell viability of 293T cells during an infection of isolated CHIKV; WT, and attenuated vaccine strain at MOI 1. The lines 
represent the mean values and the error bars represent the SEM values from three independent infection experiments. Cell viability 
of 293T cell infected with WT and attenuated vaccine isolate are statistically significant at 4, 5, 6, 9, 11 and 12 days post infection (* 
P< 0.05) and highly statistically significant at 7 and 10 days post infection (**P< 0.01).  
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