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Quantitation of Virus

Jung Oak Kang, M.D.

Department of Clinical Pathology, Hanyang University College of Medicine, Kuri Hospital, Korea
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o] d5E 2HeE Aotk wolel 2
2 e AWAen 249 £ An, T
7o 7, F2 Al all-or-none WY o g2 whrhelt
T A, FFAA S W= plaques assay,
fluorescent foci assay (FFA), infectious centers assay,
transformation assay, =+ pock assay S5©] )t} (Table
1). Cytopathic effect (CPE)S UEhY &= njo]a ~2] &k
o+ plaque assay’} 7} de] 2%o]la glow CPEZ}
YetA] = wlole] 2~ A ol FFAY o], 18l1
persistent infectionS 4 7] & Hlo]g A~ F o=
infectious centers assay”’}, retroviruse] 7 2ol &
transformation assay”} o] &®T}H5]. 1 9] %= tissue
culture infective doseso (TCIDso), Egg Infective Doseso
(EIDs0), Lethal Doseso (LDs0) 53} 22 all-or-none %
A% (infectivity) =% H = 9lt}. 7]E} haemadsorption,
haemagglutination 53 22 AJg]gz <l o] glo
o, AN S o] &3 AHAQ] vpolY YA =
FHE ATHA4l

Al Hiol2{A FRYQl F=H|

wpolel 2 HRAAE AeldE WA APy e
FAUE whold s B e ol .
Enterovirus AN AZZAAE =9 3517] 93] MRC-5
cell monolayero]] echovirus type 6 Z+FGA| A E
olg] gl FH| g A S o Al st THE).

1. Enterovirus isolate ®=+= ATCC culture 20uLE 2mL
o fAMAG] sbstel & 4ol vhele s RaAL W
=t

2. MRC-5 cell (75 cm?) Al ZEH20] A3 2| 2] 2 #] A gk},



Table 1. Methods for quantitation of viruses
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I. Infectivity assay

Focal assay; Quantitative

Quantal assay; Qualitative

II. Biological

III. Particle counting

Plaque assay (PFU/mL)
Fluorescent foci assay (FFU/mL)
Infectious centers assay
Transformation assay

Pock assay

Tissue culture infective doseso (TCIDso)
Egg Infective Doseso (EIDso)
Lethal Doseso (LDso)
Haemagglutination
Haemadsorption

Electron microscopy

3. "telgl i 2mLE 7hgF th 35-37C Wik
71e] ¥ 1-2 AIZF FFAI 7T

4. fr A vj A 20mLE 7hgket

5. A EZ2] 80-90% CPEZ} A2 w7t Zat~=
£ 35-37°Col wjFEet.

6. XS5 Folulo] AEE 43¢ & 50mL tube
2 %7 e -70cd 94,

7.37C F2d A A&eHA =t}

8. 600-800 xgoll A 157t A4l 3tod cell debrisE &
Al Z1Th,

9.4%d = 44w somLrt = "Etd &7
=t}

10. | A1Z1 ZFE 0.5mLA -2 200702 W% dle]
ol @1 -70°Co] sk KHEgTh,

—

o ¥

HyEsh SEE BAY 4 Am, P4 oEild
type) A8 wholel s geolo] by AT 5 A4

welelzel A1 2 5 AT WA 245
A, vheleisel 498 Az deel A
9, FeHe Mag AA U A% 27 Db
ole o] 2dE AEel Uehtbe FeAe wae
cytopathic effect (CPE)2} &}™ cell rounding, A -8}
(cell fusion; syncytia formation), A &3 (cell lysis) 5

o e 2 Yepdet

i}

A. Plaque assay

195213 Renato Dulbecco= plaque assayS -3--83}<

bacterial virus stock?] titer® ZFst= WHHES Hx=2
W3t tHS]. Plaque® Hlol 2] A7 o] o ste] Al E
AP S ozl A=A TR ZA plaque 99 74

HA @2 FEAEE vital dye2 AR EE
o, 2 Algeitt 544 J colony”} RFE0]%] o] Z
vho] g 2mit}y A7) 9 Rkl B E 53 ZQ plaque7]—
Adddt. & e 74 *301 RE HolHAYAE o
9] plaqueE 3 eth= o] & sl plaque counting-2
2% vhole) o] Geol S8, Dubeccot
19759 = AglehgS 18- © 2 4] plaque assay?] =
QAo d=H7I= 9t 22)Y plaque assays= CPE
2 e s vholel 2] G egolw AHEE S ATt

ATEEE 2 OE, 3% SuA e vl
2 FEHAE 1094 1070A] 108] 5= 8] A 71T}, 8
X

N

Molg 0.0mL WA 0.5mLA FAIZITh 12 A1F A =

vlolH A~ 5 F 2 A 71 & overlay mediaZs 7} 3HT).

Overlay mediatz 9 4S ZFI SA)d, H =29 74
O~

Az A F2]d Hle 7 WAl & Fste] HAUTL
T AEE oA HAATIE AS WAt 98
=2 gel AH7F 22 BAE BET. Plaque: H}
ojgl 2o A A B2 F9o A AMxGFH o
zx)o] FAe] T=aldl fociz VEFAT}H Plague counting
S Ht} go]dA 37 el A neutral red} crystal
violet 7 vital dye2 Al X@&S G517 = 3o}, A
Fe AE= dyeE FFote] d@do] Ha, Zdd Al
FZ = plaque F9= A fEa FAo®w dol 9]
Al €t} Plaque +E& Al FEFH JAumFE A<t
dle] wlol#] &~ stock?] titer+= plaque forming units per
milliliter (PFU/mL)Z JEFATHT].

ARALY] @ /E HAass7] flste] oY 54 w4
= AFg35}H, plaqueZ} 20-1007]1 = A 5= plateE
counts}o] titerE A A+atT}.

Plaques® X 3] A vl xmLE 3F4H8t HEF = ()
PFU/mL



Hio|2{ Ao M2

dl) 10° 3] Aol 0.1mLe| A 5071 2] plaque’} 25 A
THH | stock A o] vlo]l A A7l 50%100xX10=5
X 10* PFU/mL

ol g Al wpolz~ titer7} zzﬁ&]uj, 5 A} 2= 3 7]
MAEE F33] fAste], ATl & (A

< gkl duR o Ashe WA Sl
6,32, 64 PFU T+ 1, 10, 100, 1000 PFU7} ?}5}
Hfo 131* stock &< & HAstA BAste] A=

HE A=z A e A eE =23 £ 9o

R
g dote v FIUET e vE F= A
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B. Fluorescent-Focus Assay

Fluorescent-Focus Assay (FFA)E plaque assay2] ¥ ¥
o2 AXE FolA K3le T CPEZF F3lekA] &
< vpol2j o] F el o] &t AXETF WET], Ht

olg]~ A, overlay media A7} 59 HAHFL A5}
U, Sgez B Qe Axdsst gleen= %j%ﬂ
717t % methanol B=& aceton® 2 A XS J_7§ A
7 F A9FFAN S APt FFAnA el A
fluorescent fociZ A AFslo] plaque assay 9} 728 WH2] o

=2 fluorescent-focus-forming unit per milliliter (FFU/mL)E

R g-a=
C. Tissue culture infective doseso (TCIDs50)

o] WHH-2 endpoint dilution assay2}il= 3} plaque

assay'Ho] e 7] o] Ho] da] AY vpoly 2~ A
Wolth. et plhque FASA e vholel s,
E% vlol} 9] egg ¥ FEo] gt virulenceE =%
37 Aotel AAAAE AHEH 3
= A ZFHAo) Y} o] HHH & ‘all-or-none?]
) S 2 X ¥3}= quantal assay (3 AR 3l &) o
Eis
TCIDSUO]“"} W= 1082 3|17 bhole] 2~ F
NS ZF vEE 57 o] A (7 8-10 test units) 2] A
LG, egg, Tu T HITAIA 50%E AAAIIE
dhol e 2 8 AUl titer Lhebdl otk 2t wj5
= vpolgl =5 HFAZ AExDFTS BES CPE
22 AF st #AdE welle] & A4gth. 50%
endpoint:= Reed-Muench' ©| 1} Spearman-Karber = A}
§-3te] Al LtgtH(Table 291 A skA A =)[4,7].

lo ™ plaque assay
(7L o _ u] pd3

& d

oft @ ]
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7 2E M (Haemagglutination)

Q1 ZFd Apulo] 3 2o = envelope glycoprotein?l
hemagglutinin (HA)°] ¢lom HAE A48+ N-
acetylneuraminic acidE $F3F glycoprotein®} 2 3}3}o]
AT S ot} JIZFAAute] 2 29 o] 2 g
EA S o) &3t HFHAE & U

Hho] 8] 2 stockS 96-well plateol]| A 2u] 4= 348t &
QR P AeTEAL sATh oF 3087 g
L8701 QoluAl 2 welle] A TE shefekolA
98 e Wbuwone] F9= e, S0l

49 2w

Table 2. Data used to calculate TCIDso using Reed-Muench or Spearman-Karber method

Log of virus Infected test Cumulative Cumulative .
. . . . A/(A+B) % infected
dilution unit infected (A) non-infected (B)

-5 5/5 9 0 9/9 100.0

-6 3/5 4 2 4/6 66.7

-7 1/5 1 6 177 143

-8 0/5 0 11 0/11 00.0

9] F8& 1 50% end pointi= 1077} 10° Ako] o] Shehs A& & % Atk 7 8 A uj 5 219l vle Aol & kgt 2ol A

A}

pud

(% positive above 50%) - 50%
(% positive above 50%) - (% positive below 50%)

66.7% - 50%
66.7% - 14.3%

(log dilution above 50%) + (9] #l| A 2] x log 3] 4 vl =)
(-6)+(03x-10)=-63
ghof npo]2f 4~ FfH & 0.1mL 3 Fh kA

=0.3187—03

= log IDso
" IDso = 10 & A X Z 50% 5 7HA A1 7]

, vle] & 2 titer= 10™*TCIDso/mLo] T}-.

= 4] 2] A g (proportionate distance)

= 84w 40] .



ot welle] A& TE latticeE A ste] 718tekA] o
D2 AAHcZ F& Mo fdoz HRlY}, 3ol
dojt 7H w2 MMl E HA titer2 7 FTH4, 8]
o] WL ulo]H A YAt FE HHFAHE & F 3

EE R

welel g Asel 24 e AAan A
(3719 =5 <31 Y+ polystyrene latex particles) =
o] &3t o] Fojxth. WA HAHAWAF & grids
plastic film (0.1-0.5% Formvar %=+ 0.5-1.5% collodion) 2.
2 coatingdt 3 T}A] carbon-coating, ion-coatingS A] 3Y
3ot EEUAE NS 3] A 5ke] 10°particles/mL 5 =7}
=& 3t}. Latex particle 8993 =% 3tm=}t st= uf
ol A8 M 7 431, negative stain £ (1-3%
phosphotungstate o= 1-2% uranyl acetate) = 5% 4]
A coated gridell FF3+th. GridE &7 FolA AxA
7 & Ao w2 #EIT). Negative stains oFH
ulolg] 2o XA Fx7F #AEH] HEYAS T
ol Hug HAdng stellA EEUAe} vl el 2~
YAe] ratios dobdl T, Ea e EFYAY F
T2 H o]y aqiate] s=E AdtE ¥ 4 AT,
10].
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