出國報告(出國類別:研習)
赴日本國立感染症研究所

研習狂犬病病毒中和抗體實驗 
服務機關：行政院衛生福利部疾病管制署

姓名職稱：楊志元 研究員

派赴國家：日本

出國期間：中華民國102年10月6日至10月19日
報告日期：中華民國102年12月4日
摘要
狂犬病病毒的感染 ，無可避免的皆會造成致命性的腦炎腦膜炎。任何可能暴露於狂犬病病毒感染威脅下的人員，例如實驗室硏究狂犬病或從事狂犬病檢驗工作人員，皆應事先接種三劑狂犬病疫苗預防性注射。而疫苗注射成功與否，需要對該注射過疫苗人員進行狂犬病病毒中和抗體試驗，才可確切得知。巿面上有市售狂犬病血清學EIA 檢驗試劑，經許多實驗室評估過，其效果不亞於中和抗體試驗，但真正可反應出具有保護性抗體產生，仍然是以中和試驗最為被公認採納。
台灣過去50年來沒有本土性狂犬病感染個案發生，只有在2002年有大陸籍婦人來臺探親在大陸被帶有狂犬病病毒之流浪狗攻擊咬傷而感染，來台後發病死亡；2012台灣籍商人被狂犬病陽性的寵物犬咬傷腳趾頭感染，發病後昏迷由醫療專機送回國後，撐了近半年後仍不治死亡； 2013年有菲律賓外勞來臺發病後死亡。遺憾的是今年七月農委會證實台灣種野生鼬獾有感染狂犬病病毒，截至10月30號全台統計共有超過200件陽性動物染病其中一隻為錢鼠一隻為被攻擊而感染狂犬病之家犬，其餘皆是鼬獾。陽性個案分佈在台中以南之縣市（彰化除外），台中以北目前仍未發現陽性個案。 
而有部份民眾被野生動物抓咬傷甚至有少部份，經實驗檢驗發現是狂犬病病毒陽性之野生動物，但幸頼政府相關部門提供暴露後狂犬病免疫球蛋白與疫苗接種，目前仍無任何人有被感染之個案傳出。也因此波疫情實驗室檢驗人員之需求增加， 為確保這些工作人員的確產生保護性抗體，故應測試其狂犬病病毒中和性抗體效價。而本署實驗室目前並無建立此項檢驗技術，也欠缺操作此檢驗方法的相關生物材料，經接洽後決定派員前往日本國立感染症硏究中心獸醫部硏習該項技術，期能建立狂犬病病毒中和抗體之標準檢驗方法 以提供中和抗體結果給相關單位部門與個人做為效益評估之依據。
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1、 目的

苗注射成功與否，需要對該注射過疫苗人員進行狂犬病病毒中和抗體試驗，才可確切得知。巿面上有市售狂犬病血清學EIA 檢驗試劑，經許多實驗室評估過其效果不亞於中和抗體試驗，但真正可反應出具有保護性抗體產生，仍然是以中和試驗最為被公認採納。
為確保這些工作人員的確產生保護性抗體故應測試其狂犬病病毒中和性抗體效價。而本署實驗室目前並無建立此項檢驗技術，也欠缺操作此檢驗方法的相關生物材料，經接洽後，決定派員前往日本國立感染症硏究中心獸醫部硏習該項技術，期能建立狂犬病病毒中和抗體之標準檢驗方法，以提供中和抗體結果給相關單位部門與個人做為效益評估之依據。
因此研習技術，即為RFFIT。跟一般病毒培養時會造成細胞病變，便直接在顯微鏡下觀察不同的是，狂犬病病毒無法在宿主細胞造成明顯的細胞病變，故採其他方式才能得知宿主細胞是否有被感染。此檢測方式系以帶有螢光的對抗狂犬病病毒單株抗體，會與狂犬病病毒結合，作用後在螢光顯微鏡下即可判斷感染與否。加上以具有一定效價，具保護性抗體之血清相互比對，可計算出測試檢體是否有足夠之中和病毒之能力。因而可以測出檢體中是否具有足夠之保護性抗體。 
2、 過程
一、行程

	日期
	工作日誌
	地點
	行程內容

	10/06
	啟程
	台北-東京
	去程

	10/7~10/18
	研習
	東京
	研習

	10/19
	返程
	東京-台北
	返程


第一周

先講解隔天要做的實驗、原理與步驟。
由日方導師Dr. Akira Noguchi (野口章）先行操作一遍，我在旁邊觀看。
然後由我自己馬上動手操作一遍，導師示範一盤，我做一盤。
下午實驗完成後， 如先前操作有錯誤或不確實，便再進行模擬操作不含病毒的培養液。
最後同樣討論當天的實驗與講解隔天的實驗。觀察計算CPE 時，如與導師相差過大，會再次一起判讀，俟無誤後，再由導師，取樣盲測，確認無誤才算完成。
第二周

由我自己動手從頭到尾自行操作，導師在旁觀看，不評斷。俟實驗完成後在評論。
實驗如果不確實，導師進行講評或要求重做，最後比對結果，與日方結果吻合，相差不大。
註：10月15日有颱風襲擊東京，至16日上午風強雨驟，無法出門，俟暴風雨歇。日方人員Satoshi通知我 10點鐘後進實驗室，繼續完成實驗操作訓練。日方有備案，萬一如果當天無法進入實驗室，後續每日訓練時間將延長至晚上。 日方相關人員很重視此一訓練課程，細節部份議規劃完善，受益良多。
二、本次研習內容
1. 狂犬病病毒中和抗體檢驗Rabies RFFIT( Rapid Fluorescent Focus Inhibition Test) 
快速螢光聚集抑制測試法
RFFIT procedure for 96-well plate  

MNA Cell preparation
MNA細胞準備
1) MNA cell can prepare from confluent 75cm2 Flask (about 1 x 107 cell/flask) and 25cm2 Flask (about 3 x 106 cell/flask) to 3 plates of 96well plate
75T(1 x 107 cell)及25T(3 x 106 cell)的MNA細胞繼代為3個96孔盤。
(a) Resuspend to about 33ml of EMEM-10(10%-FBS) (count by hemacytometer) (adjust to about 4x105/ml) 
將細胞用33ml的EMEM-10(10%-FBS) 調成濃度約4x105/ml
(b) 100ul of cell suspension is dispensed to each well of 96well flat bottom plate
每一孔加細胞100ul
2) 24hrs at 37°C in 5%-CO2 incubator
以37°C in 5%-CO2 培養箱培養24小時
RFFIT

1) Serum treatment → inactivate at 56°C for 30min
血清以56℃加熱30分鍾。
2) Serum dilution → 60ul of test serum is added to 90ul of EMEM-2(2%-FBS) and perform pipetting (x 2.5 dilution) using 96well round bottom plate. 30 ul of x 2.5 diluted serum is added to 120ul of EMEM-2 and perform pipetting (x 12.5)   →  next dilution (same pattern : 5-fold dilution)
血清稀釋：使用圓底96孔盤，60ul的待測血清加入90ul的EMEM-2(2%-FBS)弄成2.5倍稀釋液。5次5倍序列稀釋30ul的2.5倍稀釋液加入120ul的EMEM-2
4)

Add virus solution → 120ul of virus (32-100FFD50/0.1ml) is added to 120ul of diluted serum well
加病毒：120ul的病毒(32-100FFID50/0.1ml)加到120ul稀釋的血清中。
5)

Incubation → 35°C for 90min in 5%-CO2 incubator
於35℃，5%-CO2培養箱作用90分鍾
6)

Inoculation → cell medium of 96well flat bottom plate is discard → transfer to serum-virus mixture : 100ul/well x 2 well →　35°C for 21-23hrs in 5%-CO2 incubator
經過24小時培養的96孔盤細胞，吸掉培養基。每個血清濃度作2孔，每孔加入100ul作用後的血清病毒混合液。於於35℃，5%-CO2培養箱培養21-23小時。
Back titration of challenge virus 

1) 150ul of challenge virus (32-100FFD50/0.1ml) is added to 150ul of EMEM-2  (1/2 x 100 dilution) and perform pipetting.
150ul的攻擊病毒(32-100FFD50/0.1ml)加入150ul的EMEM-2(1/2 x 100 dilution)
2) 30ul of 1/2 x 100 diluted virus is added 270ul of EMEM-2 and perform pipetting(1/2 x 10-1 dilution). (same pattern : 10-fold dilution until 1/2 x 10-3 )
10倍序列稀釋3次，30ul的1/2 x 100 稀釋病毒加入270ul的EMEM-2變成1/2 x 101稀釋病毒，再重覆2次到1/2 x 103稀釋病毒。
3) 35°C for 90min in 5%-CO2 incubator
靜置於35℃，5%-CO2培養箱90分鍾
4) cell medium of 96well flat bottom plate is discard → transfer from virus dilution: 100ul/well x 2 well →　35°C for 21-23hrs in 5%-CO2 incubator
經過24小時培養的96孔盤細胞，吸掉培養基。每個稀釋病毒作2孔，每孔加100ul病毒稀釋液。於於35℃，5%-CO2培養箱培養21-23小時。
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Acetone Fixation丙酮固定
1)
discard serum-virus mixture by tip
用微量吸管尖吸掉血清病毒混合液
2)
add 100ul of PBS- (gently) and discard PBS by tip (wash)
加100ul PBS-清洗，然後吸掉。
3)
add about 80% cooled acetone (gently)(-20°C)→ 4°C for 30min
加約從-20℃拿出的80%丙酮於4℃固定30分鍾。
4)
decant acetone 吸掉丙酮
5)
air dry about 1-2hrs in safety cabinet(not under UV)
於生物安櫃中風乾1-2小時（不要開UV）
Stain染色（直接螢光染色法）
(DFA：FITC Anti-Rabies Monoclonal Globulin, Fujirebio Diagnostics, inc.)

1) 
80ul of FITC antibody(dilution by PBS- → x 100 dilution and add 1% evans blue 1/500 vol.(final 0.002%)) → RT for 30 min
加80ul的FITC螢光標識的抗體，室溫下作用30分鍾。
2) 
wash 200ul of PBS- 3-times 以PBS-清洗3次
Fluorescent microscope用螢光顯微鏡觀察
1) 200 times magnification, count 20 fields/2wells
以200倍觀察，每個濃度(2孔)數20個視野
2) calculate IU/ml 計算IU/ml
Positive cases
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儀器設備與試劑
1. IWAKI Microplate 96well flat bottom #3860-096

2. IWAKI Microplate 96well round bottom #3870-096

3. Minimum Essential Medium Eagle (SIGMA) M4655

4. FBS

5. Trypsin-EDTA(1X) 0.05% Trypsin with EDTA-4Na (Gibco) 25300-054

6. Dulbecco’S PBS- (prepare in Labo.)

7. Penicillin-Streptomycin, liquid (Gibco) 15070-063

8. 200ul Multichannel pipetter

9. Various micropitetter
10. Various tip

計算測試血清 50% end-point效價 (範例)

血清稀釋
No. of fields
Fields
Fields
% of 


Containing
containing
containing
fields containing


infected cells
infected cells
infected cells
infected cells
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50% - (infectivity next below 50%)


logarithm of

 (infectivity next above 50%) - (infectivity next below 50%) 
x
dilution factor

The dilution showing an infectivity next below 50% is 625, 稀釋因子為 5.

所以, 計算程式 :

50 - 0

[image: image18.png]


60 - 0
x  0.69897  =  0.582475
*log105 = 0.69897

log (reciprocal of 50% end-point dilution)

log (reciprocal of the starting point dilution)  +  difference of logarithms

= 2.79588 + 0.582475 = 3.38 (approx.)
*log10625 = 2.79588

Hence, log (50% end-point dilution) = -3.38 and the 50% end-point dilution

= 10-3.38 = (1:2399)

計算 potency of test serum in international units (IU) per ml
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範例: 
測試血清效價 = 2399

對比參考血清效價 = 200

Number of IU/ml in the test serum
  2399    x 
2 IU/ml







200







= 12  x  2IU/ml





= 24  IU/ml

計算 FFD50 of challenge virus (example) 
Titration of seed virus suspension

Seed virus prepare 8-serial 10-fold dilution (10-1  - 10-8) in MEM-2.

Although first dilution 2 fold dilution, consider 100 . 

100
10-1
10-2
10-3
10-4
…….

0.5ml
0.1ml
0.1ml
;
;
.........

0.5ml
0.9ml
0.9ml
;
;
……..

96 well plate method is 100ul/well. And, field count is 20 count in 2 wells.

Hence, in order to apply virus of 50ul/well, beforehand virus is diluted 2 times. And then each virus dilution is applied 100ul/well.

Virus dilution
No. of fields
Fields
Fields
Percentage of 


containing
containing
containing no
fields containing


infected cells
infected cells
infected cells
infected cells

10-1
20/20
70
0
70/70=100

10-2
20/20
50
0
50/50=100

10-3
20/20
30
0
30/30=100

10-4
8/20
10
12
10/22=45

10-5
2/20
2
30
2/32=6

10-6
0/20
0
50
0/50=0

10-7
0/20
0
70
0/70=0

10-8
0/20
0
90
0/90=0



50% - (infectivity next below 50%)
logarithm of

(infectivity next above 50%) - (infectivity next below 50%)
dilution factor

The dilution showing an infectivity next below 50% is 10-4, and the dilution factor is 10.  Hence, the difference in logarithms is :

50 - 45

100 - 45
x
1
=
0.091
*log1010 = 1

log (reciprocal of 50% end-point dilution)

log (reciprocal of the starting point dilution)  - difference of logarithms

= log 104 - 0.091 = 4 – 0.091 = 3.91 (approx.)

*log10104 = 4

Hence, log (50% end-point dilution) = 3.91 and the 50% end-point dilution

= 10-3.91




*10-3.91 = 1 / 8128

This virus seed is :

8128 FFD50
1 FFD50 → 1 / 8128 →　0.000123 ml - virus / ml – dilent

50 FFF50 → 50 x 0.000123 ml-virus / ml -dilent = 0.00615 ml-virus / ml-dilent

2. DFA test for dog brain直接螢光染色法（狗腦）
Rabies DFA test狂犬病毒直接免疫螢光染色
1. Cut autopsy brain tissue into small piece 0.5 cm x 0.5 cm by scissors 用剪刀將狗腦切成0.5x0.5公分小塊
2. Put the tissue onto the wooden bar or stick 3. Use the 將此小塊放到木片上
3 hole slide to press down on the tissue 拿載玻片輕壓腦組織小塊
4. Let it air dry for 15 min 風乾15分鍾
5. Put it into a glass chamber filled with acetone 放到玻璃染缸以丙酮固定
6. Incubate it into -20C freezer for 30 min 固定於-20℃，30分鍾
7. Dump the acetone to special container 將丙酮丟到特定的容器
8. Air dry for 10 min 風乾10分鍾
9. Prepare the conjugate compound soln: for 2 ml soln add 4 ul 1% EB and 80 ul MAb working soln (1/25 dilution) into 1000-4-80 = 916 ul PBS. 配製DFA的染液
10. Drop one drop of the conjugate soln onto the hole of the slide and use tip to even spread it all over the circle area 滴一滴DFA染液至該載玻片，並用微量吸管尖將染液充份覆蓋壓片處。
11. Avoid light, cover with tin paper and put it into a dark space at room temp for 30 min 
用錫箔紙蓋住避光靜置室溫30分鍾
12. Wash with PBS by using wash bottle, then put the slide back into a glass chamber filled with PBS for 5 min under dark, cover with paper to avoid light 用洗瓶以PBS清洗染液，將玻片放入加滿PBS的染缸避光靜置5分鍾。
13. Repeat again but with another chamber 換另一加滿PBS染缸再一次避光靜置5分鍾。
14. Wash with PBS then put into another chamber filled with ddH2O, remove the slide from the chamber right away 用PBS清洗，將玻片放入加滿二次水的染缸之後立刻取出。
15. Remove all H2O as much as possible by tissue paper, just dip it on the edge 16. Air dry for 10 min under dark 將水份儘量趨趕，風乾10分鍾
17. Add one drop of 10% glycerol in pH8.4 PBS on the hole of the slide 加一滴10%甘油
18. Cover with a mount glass on top of the slide. Done 蓋上蓋玻片
19. Ready for observation under fluorescence microscope.以螢光顯微鏡觀察
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陽性反應Positive Case, 200X
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陰性反應Negative case, 200X
3. MNA 細胞培養與準備
MNA cell preparation
1. Use 3 days old cells for exp (T75 is good for 3 plates)繼代3天的細胞(一個T75可以做3個96孔盤)
2. Remove old medium by suction and re-wash again with 10 ml PBS 
將舊的培養基移除，並加入10ml的PBS

3. Remove PBS again and put 1 to 2 ml trypsin, tap it and remove the trypsin right away.
移除PBS，並加入1至2ml的胰蛋白酶，並立刻移除。
4. Put the Flask back to CO2 incubator for 3 to 4 minutes.
將培養瓶放入二氧化碳培養箱3至4分鍾
5. Add 8 ml DMEM medium plus 10% FBS to re-suspend the cells by washing it thoroughly 
加8ml的DMEM-10%FBS將細胞沖散
6. Adjust the volume to 30 to 35 ml totally with DMEM medium 加培養基至30-35ml
7. Cell count by hemocytometer: 100 ul cells + 100ul trypan blue, add 10ul to the slide and count 4 corners ( N1+N2+N3+N4/4. X 2=cells# x 10-4) 計算細胞量
8. Adjust the cell # to 3.5 to 4.5 x 105 cells/ml 將細胞濃度調成3.5 to 4.5 x 105 cells/ml
9. Dispend into 96 well plate, flat bottom and polystyrene made. 將細胞分至96孔盤
10. Put back to CO2 Incubator for culture. 放到二氧化碳培養箱培養
4. 狂犬病病毒定量檢測FFD50 and FFU methods

 A. Rabies virus titration (FFD)狂犬病病毒滴定
Determination of FFD50 of challenge virus (example) 
Titration of seed virus suspension
Seed virus prepare 8-serial 10-fold dilution (10-1  - 10-8) in MEM-2.種原病毒做10倍序列稀釋到10-8 
Although first dilution 2 fold dilution, consider 100 . 雖然先稀2倍，但到視為100 
100
10-1
10-2
10-3
10-4
…….
100ull
30ul
30ul
;
;
.........
100ul
270ul
270ul
;
;
……..

[image: image7]
96 well plate method is 100ul/well. And, field count is 20 count in 2 wells.每孔加100ul
Hence, in order to apply virus of 50ul/well, beforehand virus is diluted 2 times. And then each virus dilution is applied 100ul/well.
MNA cell preparation 細胞同RFFIT
Same RFFIT condition: 1 day old 
Incubation condition after inoculation 
35°C for 21-23hrs in 5%-CO2 incubator

Fix

1)
discard serum-virus mixture by tip 吸掉上清液
2)
add 100ul of PBS- (gently) and discard PBS by tip (wash) 以PBS-清洗
3)
add about 80% cooled acetone (gently)(-20°C)→ 4°C for 30min 用-20℃的80%丙酮於4℃固定30分鍾
4)
decant acetone 丟掉丙酮
5)
air dry about 1-2hrs in safety cabinet(not under UV) 於生物安全櫃風乾1-2小時，不要開UV。
Stain

(DFA：FITC Anti-Rabies Monoclonal Globulin, Fujirebio Diagnostics, inc.)

1) 
80ul of FITC antibody(dilution by PBS- → x 100 dilution and add 1% evans blue 1/500 vol.(final 0.002%)) → RT for 30 min
加80ul標識FITC的抗體，室溫作用30分鍾。
2) 
wash 200ul of PBS- 3-times 以200ul的PBS-清洗三次
Fluorescent microscope

3) 200 times magnification, count 20 fields/2wells 以200倍螢光顯微鏡觀察
Calculation

Virus dilution
No. of fields
Fields
Felds
Parcentage of 


containing
containing
containing no
fields containing


infected cells
infected cells
infected cells
infected cells

10-1
20/20
70
0
70/70=100

10-2
20/20
50
0
50/50=100

10-3
20/20
30
0
30/30=100
10-4
8/20
10
12
10/22=45
10-5
2/20
2
30
2/32=6

10-6
0/20
0
50
0/50=0

10-7
0/20
0
70
0/70=0

10-8
0/20
0
90
0/90=0



50% - (infectivity next below 50%)
logarithm of
(infectivity next above 50%) - (infectivity next below 50%)
dilution factor
The dilution showing an infectivity next below 50% is 10-4, and the dilution factor is 10.

Hence, the difference in logarithms is :

50 - 45
100 - 45
x
1
=
0.091
*log1010 = 1
log (reciprocal of 50% end-point dilution)

log (reciprocal of the starting point dilution)  - 
difference of logarithms

= log 104 - 0.091 = 4 – 0.091 = 3.91 (approx.)

*log10104 = 4
Hence, log (50% end-point dilution) = 3.91 and the 50% end-point dilution
= 10-3.91




*10-3.91 = 1 / 8128
This virus seed is :
8128 FFD50
1 FFD50 → 1 / 8128 →　0.000123 ml - virus / ml – dilent
50 FFD50 → 50 x 0.000123 ml-virus / ml -dilent = 0.00615 ml-virus / ml-dilent
(50FFD50　→1/(8128/50) →　1/162)
B. Rabies virus titration (FFU) 

1. 8-serial 10-fold dilution (10-1 - 10-8) in MEM-2 sing 96 well round bottom plate.
10-1
10-2
10-3
10-4
…….
30ul
30ul
;
;
.........
270ul
270ul
;
;
……..
2. Each dilution well is divided to 2 wells (100ul/well) in MNA cell cultured 96well flat bottom plate.(1 day-old cultured plate)
3. 35°C for 2 days in 5%-CO2 incubator
4. 80% cold acetone fix
5. FA stain
6. Observation
Count of foci number each well
7. Calculation

EFFIT
[image: image8]







Noguchi read


Yang read

Noguchi exp

#5


21.12(IU/ml)


15.96(IU/ml)





#7


<0.01




<0.01
Yang exp

#5


16.47(IU/ml)


19.49(IU/ml)





#7


<0.01




<0.01
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Yang read

Noguchi exp




8838




9598

Yang exp




7692




6983
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	FFU Result
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	　
	　
	　
	　
	　
	　
	Noguchi  observation
	　
	　
	Yang observation
	　

	Noguchi plate
	
	
	
	1.3 x 107 FFU/100ul
	
	
	1.1 x 107 FFU/100ul

	Yang plate
	　
	　
	　
	　
	1.5 x 107 FFU/100ul
	　
	　
	1.5 x 107 FFU/100ul


3、 心得與建議
狂犬病硏習建議事項
1、 應該取得相關操作狂犬病病毒中和實驗之生物材料，而且是可與國際接軌或被認可之標準病毒株、可供比對用之標準抗體血清與合適之細胞株，由於這些生物材料皆無販售一般皆無法從市面上取得，欠缺這些生物材料，實驗室即使熟悉檢驗方法仍無法進行檢驗。所以應該透過各式管道設法獲得這些生物材料。
2、 經驗傳承，學成後應將此一檢驗技術傳授給實驗室其他同仁，併建立實驗室標準檢驗方作業流程。
3、 傳染病無國界，國際交流與合作藉助別人或他國在特定傳染病之防治經驗可使我們避開無所謂之浪費與盲然而減少損失 使傷害降低。
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