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m3luin3eansns Glass fiber ¥iin Cartridge
Tums Clarify inh¥alsmhnuazmuiles
THE CLARIFICATION OF FOOT AND MOUTH DISEASE VIRUS FLUID
BY GLASS FIBER CARTRIDGE FILTERS

) o al - - a 1
e duniadl Yizfivg Yenitia

Varakit Chuntharusmi Pradit Poktherng
ABSTRACT

The efficiency of the glass fiber cartridge filters (LIFEGARD) size 2.0 L, length 30
inches was studied by filtration of foot and mouth disease virus fluid type O, A and Asial after
clarified by ROBATEL. Three types of FMD virus fluid were filtrated through filters and the
clear virus fluid yields were assayed by the percent recovery of 1408 particle (pg/ml), virus
antigen (cfu/ml), virus infectivity (CCIDyy/ml) and protein content (Mg/ml). The percent
recovery of virus type O were 96.37%, 91.34%, 50% and 96.38% respectively. The percent
recovery of virus type Asial were 97.6%, 100%, 100%, and 99.9% respectively while the
percent recovery of 1408 particle, virus infectivity and protein content of virus type A were
98.11%, 72.46% and 100% respectively.

The percent recovery of 1408 virus particle which important for immunogen of all
three types of FMD vaccine was higher than 96% indicated that glass fiber cartridge filters
(LIFEGARD) was the satisfactory equipment for the clarification of FMD virus fluid.
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finpsedninmnisnsesveanies glass fiber cartridge filters (LIFEGARD) Y4U1@
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finlesarun recovery U4 1408 particle (pg/ml), UTwmueuany (cfu/ml), Uswmlda
(CCID,/mD) wazFanaTisin (ug/ml) voala¥alml 0 sy 96.37%, 91.34%, 50% ung
96.38% muaAd TJosiaun recovery voa'lafalny Asial i 97.6%, 100%, 100% uas
99.9% swdrdy uaz lasa'm/ A finlesiaue recovery 404 1408 particle Ysma'lade uag
VS N5 iy 98.11%, 72.46% waz 100% MmUY

91n11J0319UA recovery U4 1408 particle «?aﬁwﬁ’mﬁm%’umsnsw:uqﬁmv‘mmumm
SaduTsmhnuazmuiesiia 3 Tm/ ﬁﬂ?mmqaﬂﬁ 96% WHAIINATO glass fiber cartridge
filters (LIFEGARD) mmsn‘l‘ﬂﬂuqﬂﬂmﬁums clarify mnsaaoennimirlasa Tsmhauay

muilos e

¢ ¥ v ) ¥
guolsmbauazmuiles e.anves vunsmwdn sdadndulsmbhnuazimuies
’ g s % aud?y o
HULIYARUYINABY (Makarasen, P. and Sinsuwonkwat, P. 1986) amswan a3 lasa
o ' b4 v

e L4 x - a
(virus fluid) W laesdl mnwaadetuegiuimaumn mawaamariiszasagnuiaesnain

:l w " — o u’ ar a w R g “a a0 '
i hdaneuisaini o livih biamuw Tasnsanazneumnsaaniguvgil 4°C. uads
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Tuasaviamnaaoenlaun mnwaamariiszgnidasenlaenioaluuenmnaaa
ROBATEL*  #uwzdensimnisaangaaeasennnseaiula  Tneawiusisafy
continuous centrifuge ¥1ia Basket-type ‘lj'uﬁ;’.ltlﬁ'ﬂﬂ 90-120 ﬁﬂﬁ/%’ﬁﬂ& mmimjumaa(ﬂaﬂ
n 95% (Zwemen et al, 1981; Ball, 1985) MnAaAMAIMADIINMITTTAY ROBATEL iife
n;qfjni::u3un1sv‘i1"lﬁmﬂ:m:u;'suxﬂ‘§m ultrafitration 929 IMiAamsgadumolulansesla

ﬂuui‘isﬂﬂ1mmmﬁ'nﬁauﬁq”l-z;sﬂ%"mnsawmﬂ 2.0 B NINMINTBINNFAALBANIN
i fafnuseninnninies ROBATEL neusmuvunieaihfawuny  Tastiundes
N304 LIFEGARD CARTRIDGE FILTERS** &ailu glass fiber  Dpmeut@idy  depth
adsorption ?f'lin‘iﬂ‘lli‘]'ﬂédﬁ’ﬂﬂiﬂ'l?:ﬂ?u’lmqq a3 virus adsorption ?;uaq'ﬁ’u pH Y0117
1h3e (Ball, 1985) |
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mInaaoInsiiiingusyasnmefnuilss@ninmueslansos LIFEGARD CAR-

TRIDGE FILTERS ums clarify 1 h¥alsmhnuazmuies ilenlss Tosulumsiiall

v ¥ U ¥
Usulpamandaiadulsmhuasmuideslniysedniamdveiu

i 7 e R 2
*AT0UTULENABIIDY VTEN ROBATEL szmen Sausa

#*1)3HN Millipore Ussinaanigomin
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1. 13840594 LIFEGARD CARTRIDGE FILTERS ¥11@ pore size 2.0 |1 12 30
'ﬁy’l W;ﬂu housing HATNY flexible hose

2. lia

"1';%’?7'['sﬂﬂmuam;uﬂau"lmf O (O/Udorn/87), A (A/Nakhon Pathom/87) tlag Asial

‘; ' ¥ A i
(Asial/Petchburi/85) NiWIUNTS clarify a2 Tasin30417u ROBATEL
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®MI

1. msﬁ&h‘zf&

smslalansos glass fiber cartridge filters (LIFEGARD) 11 housing et
Lﬂ?ENﬂiﬂﬁw;ﬂﬂqﬂﬂim(ﬂizﬂﬂm‘;w‘] 94 @0 flexible hose ﬁ;'w”lmfﬁqmﬂqﬁ 121°C. AW
#u 15 o ihunar 1 %17 t‘fﬂmn1ﬂu§'r(n§ﬁmﬁmmuﬁ'uuazﬂt;au'i't;n?mm

2. msnsedhie

dasimaanniuiumelundeanses glass fiber cartridge filters (LIFEGARD) tilu
ﬁmulm’w}nfﬂﬁﬁmnﬁ'q buffer AWATNAY 0.4-05 nn/a.’  WuRdeanses uaraelae
Hﬁqn1sniamr1ijﬁq1su1ﬂ 3,000 A 1 Ta3uvuRILIATeY ulirafiliration A0l

3. fudreenaialnl 0, A uas Asial NeULATHA UV IS D glass fiber cartridge
filters (LIFEGARD) ua it lasavaeumlSunalada 140s particle (ug/ml) 1A873 sucrose
density gradient, S virus antigen (cfu/ml) Tan3s complement fixation test nazsum
virus infectivity 1835 CPE method (microtechnique) uaziSunaulusdu (ug/ml) Tae3s
Folin's method AMN&AY 1ﬁuﬁ1msffu€hathqmnﬁg‘l"h%”ﬁ"lmf 0, A uag Asial U

[ ¥ ' ]

E v '
aonauee’inifas 7 a5 namnnumasves hiauaazviia
HaNINAABY

v v ¥ ¥
o s s as - A
nnmanaasansenitlyaie 3 Inf adas 3500 8as TaelwAies LIFEGARD
5o w o o w £ 3
CARTRIDGE FILTERS uswnginhfandimsnsesfidnyas ladswninmneaauazds
& A A o : ar & s = ar =
Aodudy q  wanidednhhaneunazudamsnsed lasmasumlSualase USuw
) -y 3 o = & ’ =)
ooy wazSinaTlsdu  wun'hiaiml o fuesiane recovery voaSutas 1408

particle (pg/ml), UTmmuweuman (cfu/m), Ysmnaliia (CCIDyml) wazdSuaTlsau
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% Recovery ‘/CF = 100%, CCID, = 100%

100 s Protein = 99.9%
1408 = 97.6%

90

80

| |

Before filtration  After filtration

Figure 2  The percent recovery of 140S particle (pg/ml), virus antigen (cfu/ml)
virus infectivity (CCID,,/ml) and protein content (ig/ml) of FMD virus

type Asial in the clarification procedure by glass fiber cartridge filters (LIFEGARD).
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% Recovery

100 _—rotein = 96.387%
\ 140S = 96.37%

90 CF =91.34%

80

70

60

50 , CCIDy, = 50%

40

30 Lz, l

Before filtration After filtration

Figure 1  The percent recovery of 1408 particle (plg/ml), virus antigen {cfu/ml),
virus infectivity (CCID,y/ml) and protein content (lg/ml) of FMD virus

type O in the clarification procedure by glass fiber cartridge filters (LIFEGARD).

] s o
(ptg/ml) ML 96.37%, 91.34%, 50% L% 96.38% ATUAIAL (Table 1, Figure 1) wesrun
recovery wpala5aiml Asial iy 97.6%, 100%, 100% Uag 99.9% MNA1AY (Table 1,
Figure 2) uaz e’ ng A Tnfesiaun recovery ¥0a1/3a 1408 particle USwa1a5 nas

USina TUsaumay 98.11%, 72.46% itas 100% AINAIGY (Table 1, Figure 3)
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% Recovery ‘/..P—rotein = 100%

100
1408 = 98.11%
90
80
CCID,, = 72.46%
70
| !

Before filtration  After filtration

Figure 3  The percent recovery of 1408 particle (lig/ml), virus infectivity (CCID,/ml)
and protein content (Mg/ml) of FMD virus type A in the clarification

procedure by glass fiber cartridge filters (LIFEGARD).
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nwamsnaasensenitliialng o, A taz Asial $1an 27 a4 4 az 3,500 dA3

5 \ : §or " : %
nuih hiainsedladianulalswsinmneas luwunmsgeduvedlanses sweaan’la
nsesamnsanseninhialanad  annsafumniaaleinenn sz iigueuiady
depth adsorption (Ball, 1985) ﬂszﬂauﬁ'mf‘l'h%'aﬁphums clarify Tﬂﬂiﬂ?m ROBATEL il
mnwaaﬁ%‘aﬂuaq'sﬂuﬁm'mu”au %‘q"lﬁﬁﬂﬁsﬁﬂnﬁqaﬁmm'lﬂynsmﬁzwﬁwmsmm uay
dhtaks 3 'l fiwnseadleiilasnaeumnlSnahie WSuaeudou uaz
Ve TdsAundamsnseanSoudenfulSimaneumsnseamuniilsne 1408 particle
(Lg/ml) AARNBBNI 3.63% USaiouRIY (cfu/ml) anaauBon1 8.66% iunaaia
(CCID,,/ml) aAIUBENT 50% u_a:ﬂ?mmiﬂﬁﬁunamﬁ'am'h 3.62% MafTinm 1408
particle anaservilaumapnInamilwesh¥agnaadunneylulanses aaumTusiuly
151“h%'ﬁwu'hﬁmsqtyaﬁuﬁamﬁ"mmmn"lf;nsmﬁﬂmﬁnﬂ’ﬁzﬂu negative charge (Ball, 1985)
TedimstuTsiulnh hiaffiannatuaeszninemsnses Ramraly Figure 1, 2 1A% 3
dmumsasomiSinameudinu cfyml Tu'lhyalml a #afimdun erwdanngsud

¥ " ¥ ¥ v
Tolumanaaeuduauaz subtype Aulhfanlelumsndadadu  Tavhln luaansminn

fuaala
agql

(1399 glass fiber cartridge filters (LIFEGARD) @130 clarify 11 1h3aTsmnuaz

v v vy ' ¢ o ¥ ’
muileslad lenirlhfanladswonmnaaa Tasiimsgads 140S particle WBENI 3.63%
v v ¥ ¥y s ¥ v
uaz lanseadiongmislyan lavmumanzdmsminnlylums cadty silasalsathauazm

dlovlunszurumsnanSndu




=1 - ar y
NIANTVINARNTUDN 9 The Journal of Veterinary Biologics

19Na13914984

1. Makarasen, P. and Sinsuwonkwat, P. 1986. Vaccine and Vaccine Production. The Report
of Third Country Training Program on Foot and Mouth Disease Control, Bangkok.
p. 180-201.
2. Ball, G.D. 1985. Clarification and Sterilization. In : Animal cell Biotechnology, Vol. 2.
R.E. Spier and J.B. Griffiths (eds.), Academic press, United Kingdom. p 87-125.
3. Zwerner, R.K., Cox, R.M., Lynn, J.D., and Acton, R.T. 1981. Five-year perspective of
the large-scale growth of mamalian cells in suspension culture. Biotechnol. Bioeng.

23, p. 2717-2735.




NIANTVINAAN N 10 The Journal of Veterinary Biologics

mslensesusnuuuneiiedlumannithyalsntharazmuileslvle
THE CLARIFICATION OF FOOT AND MOUTH DISEASE VIRUS FLUID
BY SEPARATING CONTINUOUS CENTRIFUGE

a S = JU ..l e s s l
Jo3 Augadisng 25109 Jundel

Wacharee Sinsuwonkwat Varakit Chuntharusmi

ABSTRACT

The clarification of foot and mouth disease virus fluid type O, A and Asial was done
by the separating continuous centrifuge (ROBATEL). Three types of FMD virus fluid were
centrifuged by ROBATEL and the clear virus fluid yields were assayed by the percent recovery
of 140S particle (Mg/ml), virus antigen (cfu/ml), virus infectivity (CCIDg/ml) and protein
content (pg/ml). The percent recovery of virus type O were 98.46%, 100%, 52.53% and
97.7% respectively. The percent recovery of virus type Asial were 99.2%, 98%, 66% and
92.14% respectively while the percent recovery of 140§ particle, virus infectivity and protein
content of virus type A were 97.24%, 100% and 100% respectively.

The percent recovery of 1408 particle which important for immunogen of all three
types of FMD vaccine was higher than 97% indicated that ROBATEL was the satisfactory

equipment for the clarification of FMD virus fluid.
UNAABD

mslmndonfusnuuuseiies (ROBATEL) thuusnmnisaasensininlaiaTsn
vhnuazmuidosita 3 Tml Ao Tmf 0, A uaz Asial wuanithda a3 1ml faawla
fnlosiaun recovery U8a 1408 particle (ug/ml), USwsEUAY (cfu/ml), Yswa5a
(CCIDg/ml) tazdSinaTusiu (ue/m veahia'lml 0 mfy 98.46%, 100%, 52.53% wag
97.7% nudd Tnlesiwun recovery voelhiaml Asial iy 99.2%, 98%, 66% uaz

o

92.14% muddy  waglaialm A Silesisun recovery 81 1408 particle  3iat 3w

1 % 5 a as . )
quolsnthauazmuiles newdaiafam o.1nves 9.uA531¥811 30130
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a5 TUsAumdy 97.24%, 100%, Luag 100% MUAIAY

NNBTIHUA recovery YD 140S particle AITIAYTIMTUNTTAUNNIATUNIUVEN
o = 4 3 = ¥ \ A
SaduTsmhnauazmuiooiis 3 Inif 1F1nugana 97% 1aAIInTed ROBATEL a1M150

v o ] P ¥
lniuguasalumsihuuenmnasesnla

“ R ik - a_ w a A
quolsathauazmuies einwes sunss1wdun windndulsathnuazmuies
L4
HYUEsaanvIUuaoY (suspension cell culture method) (Makarasen, P. and Sinsuwonkwat, P.
& a asd g o dn ¥ o ‘a b
1986)  damswanlavdtihi i irus fluid) Alevziinmeaadeduegdudouun
¥ [ s ¥ & 4
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Table 1 The assay of virus antigen and protein content of FMDV type O, A, Asial during clarification procedure and percent recovery of virus and protein

Material Before clarify After clarify Percent recovery of virus and protein
(mean m«mﬂwwn value) (mean average value)
virus 1408 CE virus protein 1408 CF virus protein CF virus prolein
(type) (JAg/mD) antigen | infectivity | content (Jg/ml) antigen | infectivity | content 1405 antigen | infectivity | content
(cfufml) | (CCIDs/ | (Hg/ml) (cfu/ml) | (CCIDsy/ | ([Ag/ml)
ml) i mi)
Gl & 1.96 686.2 7.8 979.8 1.93 703.7 152 958 98.46 100 52.5 9
(n=10)
A 2.18 <100 =55 9354 A i <100 7:55 992 97.24 - 100 100
(n=7)
Asial 1.28 776 T 585.8 1.27 7.61 6.94 539.8 95.2 98 66 92.14
(n=10)

n = number of sample
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La.il 1 Hu”l 8
3. Ball, G.D. 1985. Clarification and Sterilization. In : Animal cell Biotechnology, Vol. 2.
R.E. Spier and J.B. Griffiths (eds.), Academic press, United Kingdom. p. 87-125.
4, Makarasen, P. and Sinsuwonkwat, P. 1986. Vaccine and Vaccine Production, The Report
of Third Country Training Program on Foot and Mouth Disease Control, Bangkok.
p. 180-201. .
5. Wiblin, C.N. 1985. Pyrogenicity and Carcinogenicity Test. In : Animal Cell Biotechlnology,
Vol.2. R.E. Spier and J.B. Griffiths (eds.), Academic Press, United Kingdom. p. 321-
354.
6. Zwerner, R.K., Cox, R.M,, Lynn, J.D., and Acton, R.T. 1981. Five-year perspective of

the large-scale growth of mamalian cells in suspension culture. Biotechnol. Bioeng.

23, p. 2717-2735.
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ms'l;m‘f’;'aa Ultrafiltration %¥#a Carbon-Ceramic
Tumsihialsmhnuszmuiesuuvy
THE CONCENTRATION OF FOOT AND MOUTH DISEASE VIRUS FLUID
BY CARBON-CERAMIC ULTRAFILTRATION

a  w ar =l a a e |
310D BUNIAU T"NHW AU IIAIUY

Varakit Chuntharusmi Kosit Sinsuwonkwat
ABSTRACT

The efficiency of carbon-ceramic ultrafiltration (CARBOSEP) was studied for the
concentration of foot and mouth disease virus fluid type O, A and Asial. After 50 time
concentration, the concentrated virus fluid and the filtrated fluid yields were assayed by the
percent recovery of 1408 particle (Lg/ml), virus antigen (cfu/ml), virus infectivity (CCID,,/ml)
and protein content (pg/ml). The recovery of the concentrated virus type O were 90.43%,
96.22%, 93.09% and 60.4% respectively while the filtrated fluid were 0%, <11.28%, 6.10%
and 39.98% respectively. The recovery of the concentrated virus type Asial were 91.92%,
97.74%, 34.69% and 39.16% respectively while the filtrated fluid were 0%, <20.6%, 0.49%
and 20.20% respectively. The recovery of 1408 particle, virus infectivity and protein content
of the concentrated virus type A were 89.89%, 46.55% and 54.26% respectively while the
filtrated fluid were 0%, 3.92% and 17.25% respectively.

The percent recovery of 140S particle which important for immunogen of all three
types of FMD vaccine was between 89%-91% and the ability of protein purification was
between 39%-60% indicated that the carbon-ceramic ultrafiltration (CARBOSEP) was the

satisfactory equipment for concentration of FMD virus fluid.

| ‘ ¥~ a ar ¢ -
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Figure 1 The percent recovery of 140S particle (lg/ml), virus antigen (cfu/ml),
virus infectivity (CCID,,/ml) and protein content (pg/ml) of the concentrate

FMD virus type O in the concentration procedure by CARBOSEP.

(ng/ml) MU 90.43%, 96.22%, 93.09% LAY 60.04% MNAIAL wazveh filtrate (N 0%,
<11.28%, 6.10% 118z 39.98% MWE1A (Table 1, Figure 1) i lasmauunin Asial Tules
un recovery R 91.92%, 97.74%, 34.69% AT 39.16% AMEINY ozl filtrate MAL
0%, <20.6%, 0.49% 1Az 20.20% MNAIWU (Table 2, Figure 2) uazh¥alnl A dnlesiaun
recovéry Y94 1408 particle 15ua a5 wazySia Tus@umy 89.89%, 46.55% uaz

¥ 0
54.26% MUAIAY uau filtrate (NAY 0%, 3.92% Wag 17.25% AMNA9 L (Table 3, Figure 3)
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Figure 2 The percent recovery of 1408 particle (ug/ml), virus antigen (cfu/ml),

virus infectivity (CCID,,/ml) and protein content (ptg/ml) of the concentrate

FMD virus type Asial in the concentration procedure by CARBOSEP.
. ¢
97198

¥ ¥ v v
ﬂ1ﬂﬂﬁﬂ'lﬁ"l’lﬂﬁﬂ\'iﬁﬁ']%ﬂ'liﬂﬂ'Iﬂuﬁzm"l!ﬁﬂﬂl‘!lﬂ'ﬂuliﬂtr O, A Ua¥ Asial WUM

¥ ¥
a

ssnmamaihafmmuie 3 Tmflinumseaduveunies CARBOSEP naluvaizii
hfafinnuwananniy §asimsnseveuniss CARBOSEP szanasmmd iy s
} ifA concentration polarization (Van Der Marel, 1985) uuﬁwaﬂﬁ, N3 amﬁln‘ﬁu @‘i’?m:ﬁwaﬁw
 Wdannnsesanns nnmsasavaeutTinehde Uinamenfon wazdFinaTusdus
3 I TaonBeudieuiSnaneuuasndamsi lnwnvy wumAnwgeydovesTun 140
- S particle zﬁmﬁ&uﬁummqmlﬁmq virus infectivity Innaaoanaseiu MIgydy 1408

1 -y 3 4 a o = 2 =
particle @vINARAYUNETUIATEY CARBOSEP Tunszuiums hialmawwu Taviinisana

B .




= = o/ ¥
NMITMTFINAANUN 22 The Journal of Veterinary Biologics

% Recovery
100

90 1408 = 89.89%

80

70

60

Protein = 54.26%

50

CCID,, = 46.55%
40

30 | |

Before concentration  After concentration

Figure 3  The percent recovery of 1408 particle (ftg/ml), virus infectivity (CCIDgy/ml)
and protein content (pig/ml) of the concentrate FMD virus type A in the

concentration procedure by CARBOSEP,
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Table 3 The assay of virus antigen and protein content of FMDV type A during concentration procecure

The concentration procedure

The amount of virus antigen and protein of FMDV

Percent recovery of virus antigen and protein of FMDV

type A type A
materials volume | concentration 1408 CF antigen virus protein virus protein
virus type A (L) 0.9] (ug/mly (cfu/ml) infectivity content 1408 CF antigen infectivity content
=i (CCIDg/ml) (pg/ml)
virus fluid 3,600 1 2.35 <100 8.0 1,096.94 100 100 100 100
conc. by CARBOSEP 65 55.38 117 <100 9.4 32,968.45 89.89 - 46.55 54.26
filtrated fluid 3,535 1 0 <100 53 192.76 0 - 392 17.25

n = number of sample
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#nMINIANAZNENYBL¥AD BHK,,C,, Suspension lunszuaums
wan¥ndulsmhnuazmuiles
STUDY ON THE SEDIMENTATION OF BHK ,, C,; SUSPENSION CELL
IN THE PROCESS OF FOOT AND MOUTH DISEASE VACCINE PRODUCTION

395 Bugantiang gawa yuniwy 25108 Sundal

Wacharee Sinsuwonkwat Surapon Khumsab Varakit Chuntharusmi
ABSTRACT

The sedimentation of BHK, C,, suspension cell in 100 ml glass tube, 50 L. and
5,000 L. fermenters were studied and found that the optimum temperature for preservation of
cells with the viability of cells more than 80%. was 4°C. The temperature of 4 C. and 10 C.
were suitable for cell sedimentation in 50 L. fermenter for 48 hrs. with the viability of cells
more than 89% and 92% respectively. The temperture of 4°C. was suitable for cell sedimen-
tation in 3,000 L. fermenter for 72 hrs. with the viability of cells more than 89%. The
sedimentation of BHK,,C,; suspension cell at 25°C. and 37 C. were not recommended because

cells died more than 50% and 96% respectively after sedimented for 24 hrs.
UNANED

Anvimsanazneuwaa BHK, C,, suspension lunasaving 100 3§, fuwizvma
50 A3 uazfaizvia 5,000 aas wuniigamgll 4°C. iugumgdiminzanlumaifiy
Snunaailodimanazneu Taswaoiiadnnnnn 80% figumngi 4°C. wag 10°C. iy
gunplimnzanlumsanazneumaa ludumzuia 50 8as Tussezna 48 $21ue Tay
HaailFINNNND 89% AT 92% ANEIRL iazQuMgiT 4°C. Lﬂuqﬁmgﬁ?immmulu
msanazneuIEan lUSINZYINA 5,000 Aas Wune 72 $aTue TaswaadF3munnnn 89%
daugamgin 25°C. way 37°C. Tz nlslumsnnaznowsaa BHK,,C,, suspension

fw @ ! 4 : o w
INTIZNHAININANAZNDY 24 2 T WUIUFAAMBNINAIT 50% LaL 96% AUAIAL

1 “ Y o4 a
gue Tsathauazmuiles 8.11n%09 9.uns5 9@ 30130
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A

“ > = al & s a sl
gueTsahnuazimidesndnindulsmhnmozmuiosdmiy - Tanszde  awis
suspeension cell culture (Makarasen, P. and Sinsuwonkwat, P. 1986) 1unmmz'h%’ﬁ'[smhn
v ) ¥ ¥ v
wazmuddes nszurumswanlasaTsmhauazimudes  Suiunoaledame (fermenter)
4 A a . @ ¥ e - s ¥ e Y
wwaluy  tendawaanay iialnlalSuamnnemedmivlsndaindu  uadumns
'o:u ' i i o " » 3 A
yua Ingiid lunliseaunenunsanazneugaauineulmesiinsnaasaien,
a : & ‘A £l et jFeg
uingiliazszuznmimmnzauiiszanaznouman diemhmsmzuneiran lauainzaeah
e oo ] 8 o ey . e &
msanaznou waa Wwenlasuhoumnzdsasaathhondmiumzdehis  dwmfvaou
e o A E et & o d  a qu
nlvnadn wuminaaessluviaumg 500 &% wieludumzvina@ninlyIsms
¥ i .‘o ¥ 1
centrifuge (Ball, 1985) iwnziflumsilszwdanamas lanadlimsgaduwaainiauuey un
o % Folih s - ; : o
mszdoaran luduwizvinalnyhdlSunamnn luazainaems centrifuge ms1ziFvane
ﬁ . % o ' ¥ u’: : ¥ <8 a A
msthwilen  msanaznouiraa ludumzyaluglasmsngauazdsiala Sutudnis
4 4 w P, R <
wiliiaensunensthuilon  unilveiduRenoalsnanmmnnuaziinmgadomaninn
71017 centrifuge

¥ o
Wang uazame (1938) laiimsnaasinnaznouyana Burkitt lymphoma lunasa

P = -

centrifuge V1A 35 &4, figungill 4°C., 25°C. waz 37°C. dlunat 50 $Tue nunigaingil
o S ‘et : = s 0 = ¥ 4 4
4°C. uaz 25°C. TwaailFinunnm 90% Tuvaziimsanazneud 37°C. wlivaamuiiniiu
: A’dw & = a P
14%  mineassniiliidaqUszasnaiednntgungiiuazszoznmimnyanlumsan
o ‘ st st '
azneuiraaie v lamaaauysaiuanmnnuasidieeglav Tasimsfnuimsan
' ¥
azneufiguugil 4°C., 10°C., 25°C. uag 37°C. Tunasaunivuia 100 &&. duwizvuia 50

205 LAYOAUWIZVUIA 5,000 AAT
: =i
punsamazIEms

L. Fnsiwizdeasan BHK,, C,, suspension Taolwihewmsdousan 5% serum
growth media suspension (GMS) figaingil 37°C. w2 fu tanfufesiawaa lavaon
1A 100 5. nasaaz 50 &F. $1u 40 viaea Tasuuuilu 4 4 4 az 10 naea Waation
Rufigamgll 4°C., 10°C., 25°C. waz 37°C. teMimIanazneu Muetaiias 1 viase
ndamsanaznomioimivdumaaiisiagnuuu 7 fu wﬁ'amm‘f’mﬁuﬁmdwnﬂ

b s s
duamuiu 3 dlen
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2. \imsmIzaa BHK,, C,, suspension 1ME4UMIA 5,000 8@ §14IU 4,200 8A3
» » ‘lll & : = o o as
Tavly whenmidsuraa (5% serum GMS) figamgil 37°C. Wunal 2 Ju msdiu
= A e o ar d
gangiuaz lsnarlumsanaznouwaania q Audel
o a o @
2.1 anaznpuaangungil 4°C. unal 48 $2Tua
LA a a
2.2 anagnouaangungil 10°C. iunal 48 FaTua
o a o &
2.3 anaznousaatigungil 4°C. duna 72 $2Tu3
{t:;. = o q‘.« o = 8]
2.4 anpzneuaangangil 10°C. Wuna 24 $aTus  mwedgungll 4°C.
iunan 48 93 Tue 533 72 92 lue
LAY a & X a
2.4 anAzneuAanguual 10°C. Wunal 48 ¥1Tue mwadvgaungil 4°c. iy
a1 24 ¥ 104 530 72 ¥ lug
’ " v v ¢ v
WensunaMNMrUaiINToIeivIIZIasIEaa (5% serum GMS) oon layly
[ : gl as a o ¥ : d’ =
AL 1 AN/, AsasnuEa 1,000 AnsAaTue Inmdniumnzidsasaa s 600
£ s
a3 lumsanaznaua Y 2.1 Uag 2.2 azman 300 ans lumsanazneumuye 2.3, 2.4
¥ 7 b ¥ ) v
waz 2.5 vauduhewrnsaes 159 (0% serum GMS) wndalv lad3uins 3,500 ang
T ¢ H v @ = o
3. MMsuvaaa BHK,, C,, suspension 1 lavinmsmizluda 5,000 das $1u9u 40
' v . v
ans ulaludumizving 50 ans iimslsvgangiiuaz lsnamnaznauns q Aueeil
4 o a
3.1 gnngnoulaan 4 C. whinal 48 $21u4
“d 3
32 anazneuaan 10°C. iunal 48 ¥2lu4
I 1 v b 7 ¥
HoATUNMPNAHUANIMINITNOWNILADI5aa (5% serum GMS) aanlaslyanuay |
3 X 5 y % ¥ a ¥ s . w
ansa. Tnmdeshvimz@susaaly 5 e waudmbonmnzEea15e (0% serum GMS)

¥ v v
wndaln lallSues 40 ans
HAN1INABRY

t'4 ] "

VINMINAADIANALNBUIAR BHK,, C,, suspension NOMUANLATIZBLIAMN 9

2 ¥ i T ca ¥

. wunlunasauna 100 . figamgil 4°'C. ndamsanazneu 2 Tu wuwaaiiiie oy
MY 80% MAINIANALNBY 3 uAg 4 Tu WuAaNFINey 92.38% uaz 93.77% MURIAL

W | a2 o A ! Y et = @

naamsanazneuluiun 5 09dun 7 wunwaaldialeumds  83.24% WA4NITAN
a L A ata o @
aznouludlani 2, 3 waz 4 wWuAANAIA 51.05%, 26.17% uaY 22.34% UL

(Table 1, Figure 1)

¥
'ﬂaﬂ

MIANANOUNGUNRE 10°'C. WuIMEIMIAnezneY 2 T nuraalidInoynas

= s

e ~ ¥ s al
91.2% waInmaanazneyd 3 14 Wﬂlcﬂﬁﬁﬁ%iﬂ?){{ 84.0% YAINIANAZNOU 4 IU DI 7
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Figure 1. Percent recovery of BHK, C,, suspension cell sedimentation
=} o <

= ;
in 100 ml glass tube at4 C., 10 C., 25 C. and 37 C.
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Table 1 Percent recovery of BHK,,C,; Suspension cell sedimentation in 100 ml glass

tube at various temperatures and duration.

Duration Temperature
4°c. 10°C. 25°C. 37°C.
0d 100.00 100.00 100.00 100.00
1d 78.46 91.14 44.28 3.96
2d 81.81 91.29 20.47 2.7
3d 93.77 84.68 22.48 1.05
4 d 90.90 51.67 22.22 1.85
5d 85.64 53.11 16.93 1.58
6d 78.94 54.54 6.71 0.79
7d 87.08 53.58 5.82 0.52
2 wks 50.71 12.67 1.58 0
3 wks 26.07 11.48 - -
4 wks 22.34 1.43 - -

5
Average cell start = 20.9x10 /ml

wuiaaidia laomas 53.33% waamsanazneuludami 2, 3 ez 4 nuwaaldInan
AUNAD 12.67%, 11.48% s 1.53% AN (Table 1, Figure 1)

mannaznoudigamgil 25°C. wuTMdsnsanazneu 1 Ju WUIHRaNTINBY 44.12%
waImInnaznNow 2 Ju o9 4 "J'uwmcuaa(ﬁ%?mé‘lﬂum%{u 21.67% NHINMIANASNBU 5 U, 6
$u uaz 7 S NUwAalIIn 16.97%, 6.69% WAz 5.90% MUEIWY WAIMIARAZABY 2
Flaw wuwaalldaa 1.58% (Table 1, Figure 1)

maanazneufigamgil 37°C. wunmAansanazney 1 U wumAaNTIABY 3.95%
NAIMIANATABU 2 TU wmmaa(ﬁ%"?mg; 2.75% WRamsanAzneU 3 Tu 89 5 u wuiwaad
Finlaunan 1.49% ndansanaznou 2 FUa wanIzAIENLa (Table 1, Figure 1)

AMIANALNOUTAR IURANIZVLIA 50 AN ﬁqmnqﬁ 4°C, 10°C. sag 25°C. Naams
anATNoU 48 ¥ 11 wmmaa'ﬁ%'iﬂaé 89.64%, 93.94% WAL 54.79% MINE19Y (Table 2)

MIANAZNOUITAR IUTAMIZULIA 5,000 Ans figaingdl 4°C. uag 10°C. ndamsan
aznow 48 921w Taomashoumedsuaan (5% serum GMS) aéﬁizﬁu 600 895 NUIAD

W3Im0y 73.71% uaz 83.18% MNAIAY (Table 2) MIANAZNDUFAATIGUNYT 4 C.
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Table 2 Percent recovery of BHK,,C,; suspension cell sedimentation in 50 L. and 5,000 L.

fermenters at various temperatures after sedimented for 48 hours.

Temperature Percent recovery of cell
50 L. Fermenter 5,000 L. Fermenter
4°C. 89.64 70.61
10°C. 93.94 3
25°C. 54.19 83.18

. Wi d a o
w72 $2Tue wuwaail¥in 89.64% msanazneuaafiguugll 10°C. il 24 21N
. 0 @ @ ‘Aaa
AMAIWRUNAT 4'C. U 48 FaTue (39u 72 $IT0) WuaaldIa 76.37% uaznisan
‘e a o < a & &
ArneUITFAANgUUAN 10°C. UM 48 53 Tue MuAWEUNAH 4°C. wIW 24 F3Tae (37 72 97

Tu9) Wuraal¥In 83.85% (Table 3)
F015

¢ k a

MINMINAABIANAZNDUIMAA BHK, C,, suspension Wungaugil 4°C. iy

ad a3 w % vq " € Ao i -
gangiimunzaylumsnusnyueaalnlanmanyss waadunsalFineguinna 80%
. - 4w d o ‘A < -
uazeylawude 7 u FudenFeuisudumsinuinyuraaiieimsanaznouiigumgil

N @ - '

10°C., 25°C. uaz 37°C. WIMMEY 4 Tu Wi uwaaldInegiiey 51.69%, 22.22%, Uaxl.85%
o < ‘aaa e A a o - et ak g v
sy msiwaaldiney lawuiigungil 4°C. erwilesninwaasziua Tuddud waa
= X y d‘ = ‘ n:& l o ¥
ViiFney lavnuluvaziiguugill 10°C,, 25°C. uaz 37 C. iwaaima Tuadugann Suhlu

4 ¥ e oW & s
IraamnYuraIInmsanaznou laluuiy - Fwansneasimnaznouvauyaa BHK,,

¥ 5 AL ‘
C,; suspension WU Migamngil 4°C. lawalnafsaiunmsanaznoumaa Burkit Lymphoma
Yl o 2 H = : A ¥ o ’
Taoimaaiidinunnna 90% uamsanagneuiigungil 25C. lanaunnmatuiinlaosan
ar a = : { L
Burkitt Lymphoma Ma4m13anaznauso $31ue 133aunnn 90% luvaziiwaa BHK,, C,,
suspension HAIANAZNDU 48 F1lua UFIaMEY 20.47% aMsAnAzNEUNQUNYT 37 C.
IAEMENNTUIUIRBITY (Wang tazamy, 1938) dmiuszeznamsanaznouuousan
] ¥ ' . i

BHK,, C,, suspension Mvmnzaudu luszezial 48 #1luausnagwuniigungil 10°C.

‘ LB G d % 4 4 s
AR IMIANAZNBUNINAIWAZGTINNMIANAZNBUNRUNAN 4°C. davaiiiadninthn
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Table 8 Percent recovery of BHK, C,, suspension cell sedimentation in 5,000 L. fermenter
with the remaining of 5% serum at the level of 300 L. at various temperatures

and time intervals.

Temperatures and time intervals Percent recovery of cell
4°C. (72 hrs) 89.64
10°C. (24 hrs) + 4°C. (48 hrs) 76.37
10°C. (48 hrs) + 4 C. (24 hrs) 83.85

d r

2 e ; RSy e e v -
mzdsusaainnurilnaaauileguugigedu Suhlneeannazneulaionin aaumisan
% [ — % > - . a
ATADUIFAR IUOUNIZUUIR 5,000 an5  aavz lyszeznarlunisanazneuiuiun luns

c; - P4 v ¥ i [ (]
IIEANVUIAIAN N9 T20E N UM IANAZNOUYBUFA AN NUNINTLHZNNNE1IND)

agql

=

msanaznouaaatigungll 4°C. w72 $aTue Wugamagdnasnarfimuzanly
MIANAZNBUITA BHK, C,, suspension Tudevuia 5,000 fas Tasssaaaunsoiisiney
1NN 80% dmfunisanaznevwaafigaMgl 25°C. ez 37°C. s Tumsiinlyluns
Wﬂ@lzﬂﬂut%ﬁﬂd BHK,, C,; suspension mﬂzwﬁqmsmmﬂﬁm 24 ‘i';‘JTJIiN waa'mmﬂuﬁmm

un
* =
1BNA1T91394

1. Makarasen, P. and Sinsuwonkwat, P. 1986. Vaccine and Vacciné Production. The Report
of Third Country Training Programe on Foot and Mouth Disease Control, Bangkok.
p.180-201.

2. Ball, G.D. 19835, Clarification and Sterilization. In : Animal Cell Biotechnology, Vol 2.
R.E. Spier and J.B. Griffiths (eds.), Academic press, United Kingdom. p.87-125.

3. Wang, D.L.C. Sinskey, J.J. Gerner, R.E. and De Filippi, R.P. (1968). Effect of centrifuga-

tion on the viability of Burkitt lymphoma cell. Biotechnol. Bioeng. 10, p.641-649.

e ——



NINIFINAANUN 33 The Journal of Veterinary Biologics

A{ s v ) L7 d
msusnre 1a5alsathnuazmuilesalesaa FLL-YFT

uaviyaa BHK-21

The Isolation of Foot and Mouth Disease Virus by FLL-YFT cell and BHK-21 cell

an a i

ot 128 1 s y ok
FUINU ﬂ]uﬁﬂ aule nuadsnTens 23 12l "N!ﬂﬂ@!lﬂ?

Thanarat Janukit Somjai Kamolsiripichaiporn Varunyu Chomfuangkaew

ABSTRACT

The Foot and Mouth Disease virus ( FMDV), field strains, were isolated by using cell
line, FLL-YFT cell and BHK-21 cell. The isolation of 174 samples ; 111 samples of type O,
38 samples of type A and 25 samples of type Asial were studied for sensitivity of the
cytopathic effect ( CPE ). The CPE observed at the first passage of FMDV type O, A and
Asial in FLL-YFT cell were 91.89% (102/111), 100%(38/38) and 96%(24/25) respectively
while the CPE observed in BHK-21 cell were 70.27%(78/111), 65.79%(25/38) and 56%
(14/25) respectively. The results indicated that FLL-YFT cell and BHK-21 cell line can be

used for isolation of FMD field samples. Furthermore the FLL-YFT cell presented a higher

sensitivity of the CPE than the BHK - 21 cell.
o 1
Unnaee
4’ [ = i « £ &
ﬂ'l‘i!LUﬂL‘U‘EJ"I,’)iETTSﬂll']ﬂuﬁzm']iﬁﬂﬂﬂ?m‘:ﬁﬁﬁ FLL-YFT @& BHK-21 911840

o ﬂ’: o & lé o f b @ 2
Fnouviaua 174 e daudungdle s 111 dwene Il 38 v wazlny

[ o » 4 § % b
Mddy . hialsmhauazmuiles msuvai¥e waa FLL-YFT @88 BHK-21

KEY WORDS : Foot and Mouth Disease Virus isolation FLL-YFT cell BHK-21 cell
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' ) X b v
@3N 1M 25 AIeee  wamsAnane lvearaans 2 ilane 1a5alsnthnuazm
ot 4 AL »
doy Imfle  Imlie uazimliedou lupassage # 1 wuruwaa FLL-YFT Inwanms
ifin CPE fAailu 91.89% (102/111), 100% (38/38) WAL 96% (24/25) mwdwey luweizh
- - a a4  a
waa BHK-21 luwamsifia CPE 1u passage N 1 Aautly 70.27% (78/111) , 65.79% (25/38)
' v ¢
uaz 56% (14/25) MUY NARANIITNARBIEAINEINIAlY waa FLL-YFT uaz
¥ o i ¥ ¥ ’ ¢ ¥
BHK-21 Tumsuenide lfaninnesiila  wennnfidawuirusaa FLL-YFT uanulalu
a y 5 v
mstia CPE laisaniuean BHK-21
M
o oa W ¥ 4 al =) ¥ o ) s » acd
msas93uns Tsnthauazmuiles Tuifsgiiuiionlsnsswunstiaves 1 §aa033
¥ v " "
Complement Fixation ( CF) 4ag 35 ELISA UWATIMIDIUHANIATINN0U IuFaaY (Hod
% 2  w : e 4 a 1A ¥ a o >
nnaumgrawlszmasu - manudeeeiinmietilsnauessinu hvzi lunanisasae
' o o » - -g g d’ A4 A = r vd
aovludanu  Suusznewnude lugaamwz@oanomiulSna hialnieamwe  Tums
& [y : A [y 2 ry o
uenwe 195d ( virus isolation ) AITHIMAR A Talwaaamizifes $149m 3-5 passages

7 & v = - s,
( YAl uaz awg, 2530 ) Alvnmlumsasasaeudszna 10-15 3y Unaguelsathn

L4

> » T o v
uaznuieslmaaa BHK-21 Tumsuonidelafalsnthaazimuilos  uamesn  Dr. Akio
¥ 4 & o«

Fukusho 1@1iuwaa Fetal Lamb Lung ( FLL-YFT ) 9 na01iuguandad ( NIAH )
1 | y b ¥ 1 = aa  a l‘a
Yszmadaju amizidos a. guolsmhnuazmuiles re3fouaziiesuTsaselavnsme
i e o H J [ ¥ ; o o
douraansuaziinmaasslylumsuemide lasa TsmhnuasmuidesnSoudivususaa

£y " a2 kL
BHK-21 msnaasenisiienSoufsunazAndonaahn lnanu lgalunmsmizides
Tasa  dwmiuihainlylumsusnide hianamesimemulszdnsnmlumsiteteTsathn

> U A
wazmuilesIn lanadsavy

¥ ad
gilnIsnuazisms
¥ F
1. mswilasasaa FLL-YFT La® BHK-21
¥ { a o L
1an FLL-YFT uag BHK-21 7A@ confluent monolayer ¥VITNIIWIZUDY
A Ll ¢V

( subculture ) 1111 stationary monolayer Tavwoviraanwd1502a10 0.1% Versene - Trypsin

L & v
wazlaluliifon ( growth medium )¥1l52n0UAW 5% Bovine Serum IWAITALAIY MEM E
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CF, ELISA u@a% Virus Isolation

Diagram of Processing Sample for Foot and Mouth Disease Diagnosis

Infected tissue from field outbreak sample

\J

viral extraction from tissue
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make 10 % suspension in 0.4 M PBS
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Treated with Daiflon
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FMD typing by CF Test or ELISA Test virus isolation using FLL-YFT cell

and BHK-21 cell

3. maruide i lumaamnziaes

yhuwaa FLL-YFT Wai¥aa BHK-21 file confluent monolayer M81u 2-3 U ¢
ﬁn'ﬁumﬂ'fvfa E‘]y'lxi@;’m 0.1 M. Phosphate buffer solution HaziAy ?;")u supernatant ‘ﬁulﬁ;&wﬂﬁﬁ‘ﬂ
91NYB 2 AR FLL-YFT uazi¥an BHK-21 wiaz 1 dadans 1011y adsord “lucg]y
incubator 37°C (Huna 1 a‘?ﬂm (@1 maintenance medium fﬁmizﬂau;w .2 % Bovine
Serum umsAYa1s MEM vanaz 5 dadans vl incubate Tug 37°C 1ihunan 2 Su e
wamsnldeunlaswensanimaeisaa ( oytopathic effect #38 CPE ) vhmuifilhdaTaoms
Frecze-thaw 1 933 tazifufinnmidy 2,500 pm 15 Wit Mouonannirler (supematant )
0OANINAZNOULAND supernatant Tilns29dumnyiialadauazsii i man e 2 il

#790M90% 5 passages




= = o * . . .
NIATEINAANNUN 36 The Journal of Veterinary Biologics

Diagram of Processing for Virus Isolation

Supernatant viral fluid

\

inoculate onto tissue culture cell line , FLL-YFT and BHK-21
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Adsorb at 37 C for 1 hour
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add 5 ml of maintenance medium (2 % bovine serum )
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incubate at 37 C for 2 days

e

observe for CPE
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harvest viral fluid and passage 3-5 passages
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( Casey, 1965 ) 4az3% ELISA ( Hamblin et al, 1984 )

Han1InNAasd
F & v v s
mauwnide Iialsmhnuazmuidessinmeddt Imlle  Imlie  uazInliod@ein
ﬁmmﬁgﬁyu 174 Moo T lusaa FLL-YFT uaziwaa BHK-21  $119U 5 passages
uazmsardunyiiaveslialagd® CF ez ELISA  Wuawwoa FLL-YFT lnaaiu
T lumsineidoade e Tsmhauazmuies Tasilnmaananmsa suulasmanes
A0 ( CPE ) adaniwan BHK-21  msusnidonnnesit TnfTe $1am 111 §a0019
lusaa FLL-YFT Ivea CPE lu passage 111 Aallu 91.89% ( 102111 )  wazAsIINY
CPE Wnf06191y passage 71 2 Anuilu 100 % veizflian BHK-21 T passage #1 1 Tuna

¥ ® 3

CPE B3 70.27 % ( 78/111 ) UzABINTUIYD 193009 5 passages 992M3I9WU CPE 90

APYIAILEAT 11 Table 1




- _ s %
NITTFIHAANUN 37 The Journal of Veterinary Biologics

aaumannhiaimlie Swauhau 38 §e01e Tuwas FLL-YFT a1unsnnsie
WU CPE ‘lﬁ;ﬂivnﬂﬁiﬂé’lﬂu passage ‘ﬁ 1 Ay 100 % mmsﬁmaﬁf BHK-21 Tu passage ﬁ
1 @579WU CPE 189 65.79 % ( 25/38 ) unztﬁiawlmﬂm 5 passages 1339WU CPE Mo
89.47% ( 34/38 ) wazas29'lumy CPE Aauilu 1052 % ( 4/38 ) uanaly Table 2
dmsumsrude linimliedeiu $1mau 25 dreene luwaa FLL-YFT Tu passage 3 |
as29my CPE Aalu 96 % ( 24725 ) uazidlenlunsy 5 passages fdansaelumy CPE
dauthi 4% ( 125 ) vauziivan BHK-21 lupassage i 1 A329WU CPE (v 56 % ( 14/25 )
uamﬁ‘aﬁm‘lﬂﬂm 5 passages #9379NWU CPE Aautlu  84% ( 24/25 ) lLﬁtﬂ'i’J‘l‘lh]W‘U CPE

Aautlu 16% ( 425 ) dauaaaly Table 3

Table 1 Comparison of FMDYV isolation, type O, by FLL-YFT cell
and BHK-21 cell

passage FLL-YFT CELL BHK-21 CELL
level CPE Percentage Percentage CPE Percentage Percentage
positive/total accumulation positive/total accumulation

i 102/111 91.89% 91.89% 78/111 70.27% 70.27%-
2“d 9/111 8.11% 100% 19/111 17.11% 87.39%
3 © 5/l 451% 91.89%
4" 2/111 1.80% 93.69%
g 7111 6.31% 100%

Table 2 Comparison of FMDYV isolation , type A , by FLL-YFT cell

and BHK-21 cell

passage FLL-YFT CELL BHK-21 CELL
level CPE Percentage Percentage CPE Percentage Percentage
positive/total aceumulation positive/total _accumulation

1" 38/38 100% 100% 25/38 65.79% 65.79%
2 6/38 15.79% 81.58%
3" - 2/38 5.80% 86.84%
: 1/38 2.6% 89.47%
y 0/38 0% 89.47%

Negative 4/38 10.52% -
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Table 3 Comparison of FMDYV isolation , type Asia 1, by

FLL-YFT cell

and BHK-21 cell

passage FLL-YFT CELL BHK-21 CELL
level CPE Percentage Percentage CPE Percentage Percentage
positive/total accumulation positive/total "accumulation
iy 24/25 96% 96% 14/25 56% 56%
3t 4125 16% 72%
15 2125 8% 80%
#o 1125 4% 84%
5" 0/25 0% 84%
Negative 1/25 4% s 4/25 16% -
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