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ABSTRACT 

Thts study describes lhe evaluatiOn oj immulloperoxidase monolayer assay (IPMA) 

Jor deCectiJlg anUbodies against serolype 01/93 FooL and MouUI Disease viru s In sera 

oj trifected. vaccinaled wtd ra.lldomjield sera oj sheep.The IPMA results w ere CO/Jl

pared with thaL obtained by serum neutralization test (SNTJ wid tndfrect enzyme-Iulked 

lrrununosorbent assay lEUSA). All injected.. ooccinaled sheep sera (esfed posfliue by 

SNT alld EUSJ\. were jJOsiUve by IPMA WW I a mean Wers oj 1.35.1.77and 1.83 

tog lOTClD50 one month post expenmentC!Hy injected sheep or sheep vaccinated with 

'nacllooied monooolenl gel adJuuan! serotype 01/93 FMD vlnlS vaccine. 30 out oj 50 

field s/Ieep sera tested posHive by both EUS,," and IPMA. Out oj tile 30 posllive sera 27 

(9096) revealed neutralizing an.tlbody Wers oj 0.6 to 1.5 log JOTCIDSO. In expenninlally 

Injected or ooccLnaLeu sheep. anWxxHes againsf serotype 01193 could be detect"ed 5 to 

7 days joUowing u!!eclioll or uacculal/on by EUSII. and IPMA. TIle agreemellt beLweel1 

IPMA and EUSA was 100% bul it was 90% belweelllPMA and SNT Injield samples. 

'nte app!fcabUify oj lPMA as specifIC and rapid Jor del.ecL/on. oj FMD anti/Jod£es was 

dlscussed . 

Keywords: lmmunoperoxtdaes monolayer assay (IPMA), EUSA, SNT. serotype 01/ 

93 FMDVantibodies. Injected. vacCInated andjlelds sheep. 

INTRODUCTION 

27 

Because ofT the early response agaJnst Foot and Mouth disease WMD) virus III sheep sera 

characlraJzed by low or even absence of neulraUzlng anUbodles. alld the cUnlcal Signs In sheep 

also occurred maJll lly ~ubcllnlcaUy. a rapld. speclllc and sensitive test Is reqUired for c..IetecUon of 

antibody. ELISA could be detected ea rly anUbodles but the technique need aulolltaUc ELlSA 
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reader to esUmate llle results. ImmunoperoxJdase monolayer assay (lPMAl Is a visual method 

and have proven tu be an easy method and available tool for diagnosis of several InfecUous dis

eases such as Bovine viral Diarrhea. Rinderpest. Cytomegalo virus. Innuenza and Pseudorabies 

vtral infecUon. IPMA permits the demonstration of anttgens 1'1 various types of cells and fixed tis

sues. Most laboratories are routinely using IPMA for detection of antibodies especially early anti

bodies (Mllhar et at., 1989., Drew 1995. Homer et aI., 1995. Yoon et al., 1996, NodeUjk et 

al_. 1996, OlE, 1996. SoUman et 81 .• 1997 and Deregt and prlnsl998). TIle aJm of thiS study 

was to evaluate a newly developed lPMA which Is based on ELISA assay In which EgypUan sero

type 01/93 FMD for Infected BHK21 clone 13 monolayer cultivated In 96 wdl flat plates were 

used as all~en to detect anUbodles In sera of Infected. vaCCinated. random Oeld sheep. atrlal to 

detect the early anUbod les 10 Infected and vaccinated sheep. The results of IPMA were compared 

w1th the results of ELISA. SNT. Data on the prevalence of serotype 01/93 anUuodles In random 

field sheep are presented. 

MATERIAL AND METHODES 

Serum lIample.: 

A tota l of sixty serum samples were collt:cted (rom experlmently Infec ted. vacci na ted sheep of 

1.5-2 years old five of each . Also Ofty sera collec ted from appan:nUy healthy sheep of 1-2 years 

old raised at sharqula govcmerat~ In endemic area with FMO. Sera were collected from ex per. 

mlnlaJly Infected and vacCinated at 3,5.6.7.15.30 days post Infection and/or vaccination . The 

sera were Inactivated at 5Goe for 30 minutes and slored at - 20°C unUIl used. 

lmmunopero:ddaee monolayer ... ay (IPMA) 

Inununoperoxidase monolayer assay (lPMA) was perfromed as deSCribed by Waris et a1..1990. 

Brelefiy. 8HK 21 clone 13 monolayer cells were grown to confiuency III 96 well nat Ussue culture 

plate (Nunc. Denmark) . The connueocy cells were Inoculated with J 00 TCID50 serotype 01 /93 

FMDV and Incubaled at 370 e for 24 hours. Plates washed once WiOl 0.15 M phosphate buffer 

saline contalnlng 0.1 % 1\veen 20 and dried for 24 minutes In laminar flow and stored at -20°C 

In sealed plasUc bag. Befor using the plate for testing anUbodles . the plate were fixed In freshly 

prepared cold mlxiure of 50% acelone and 50% methanol at 4°C for 45 minutes. plates washed 

3 Urnes \vtlh washing bllrrer (PBS containing 0.1 tween 20 and 0 .5% bovine serum Albumin 

BSA), Incubated with tesled serum (diluted two rold In PBS containing 0.1% tween 20 and 0.5% 

Bovine Serum Albumin (GSA} at 37°C for one hour then washed 5 1Il1les. Antlsheep conjugated 
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w1th peroxIdase In ;;;. dilution of 1:3000 was added and Incubated at 370 C for one hour. The 

plates washed 5 Urnes. TIleH substrate (filtrated mIXture of O. 15 gO) or 3.3 dlamlne iJenzldlne let

rahyd,,)chlorlde In 50 ml of 1% sod ium acelaie soln pH 5, Iml ofN sodium hydroxJde and 0.6ml 

of 30% H202) was added and Incubated at 370 C for 20 I1Ilnu les . Positive reaction was seen as 

clear red -brown stained sheet of ce lls and no staining was observed In negative reaction . Positive 

and negative control sheep sera were Included In each plate. 

VhU8 neutralir.ation teat: 

The mlr; l'o neutrallzaUon test was applied using BHK-21 monolayers as described by (Golding 

at cl .• 1976) . Each serum sample was tested against serotype 0 I /93 FMD virus. and the titer 

was ca1cubatcd acceding to Rced and MeWlch (1938). 

Indirect En zyme Linked Immuno&orbent Assay (Indirect ELISA): 

The proced ure was caITled oul as deSCribed by Hamblin et aI., (1986) and Shawky et aI., 

(2000). The opllmulll dilution of the anugen used [or coating was 1/ 160, sheep conj ugate 1/ 

3000. 

RESULTS 

Detection limit: 

The geometrica l meal) titers (reciprocal of mea n utersJ against serotype 01/93 foot a nd 

mouU) dlseilse vI rus 30 days follOWing ex perlmenla l Infected. vaccinated five sheep In each were 

1.83, 1.77 ,1. 351ogIOTCID[)O in InJecLcd a nd 1.52 .1.41, 1.14 IOglO TCIDso ill vacc inated tested by 

IPMA, ELISA and SNT rcspecUvely (Table 1.2&3). All Infected and vaccinated sheep tested by 

IPMA revealed antibody titers ranged rrom 1.35 to 1.95 loglo TC1D50 Witt) a percentage of {IOO%l 

at 30 days foHowi.,g Infection or vaccInation. The deteCtion limits by IPMA were a s high as that 

of ELISA [fable 0. 

Ezperimenta.U'Ilnfected and va.cclnated sheep 

The IPMA and IELISA first demonstrated antibodIes against serotype 0 I /93 around 5 to 7 

days post InfecUon or vaccinaUon w1th Uters ranged uehveen 0. 6 to 0 .9 logW TCIDSO (Tablel 

&2). Whereas. neutralizing <1nlHJocJles flrst detected at 7 tolO days post Infec tion or vaccination 

with a liters ranged between 0 .6 to 0.75 (Table 3) . 
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Random sera coll~cted from endemic area with FMD 

The results of random nfty sera collected from a pparently healthy sheep of 1-2 years old 

raised at Sharqulea Governorate In endemJc area with FMD revealed that 30 sera (60%) had an

tibody titers ranp;ed from 0.9 to 1.8 by IPMA and 0.75 to l.65 loglO TC10SO by IELISA. Whereas. 

27 out of 30 (90%) tested poslUve by JPMA and IEUSA had neutraHzlng anUbody Uters ranged 

from 0 .6 to L510gIO TClDso (Table 4). The correlation between IPMA poslUve and the results ob

taJned by IELISA and SNT were demonstrated tn table 5. 

DISCUSSION 

Immunaperax1dase monolayer assay (l PMA) has been reported as reliable. senslUve and spe

cific technique for the detection of early developed viral antigen far ra~ld diagnosis of Cytomegal

ovirus. Influenza, and respiratory syncytial Infections (Gleaves et aI .• 1984. Graham et Bl .• 

1965. Greninl et Bl .• 1983, Warls et a!.. 1990.0lE. 1996 and Anon 1997). Based on the spe(; 

lflClty, detection Umlt. resulls obtained to the response of early Infection or vacclnaUon and ran

dom field serum samples, thc newly devehped IMPA are reliable lest for the detection of antibod

ies against serotype 01/93 FMD virus. The evaluallon study In Infected and vaccinated sheep 

revealed that, all poslt.lve sera tested by ELISA were a lso pos itive by IMPA wllh specificity 100%. 

The IPMA technique was able to detect antibody responses 5 to 7 days rollowlng experimental In

fected a.ud vaccinated sheep. The resulls obtaloed from sheep sera collecled rrulll 81'ea endemic 

wllh FMD revealed that 30 out 50 (60%) se ra had a •• Ubody Ulers ranged beLween I. L La 2.1 by 

IPMA and ELISA. Out of 30 poslUve se ra 27 (900/0J revealed neutralizing antillody Ulers ranged 

rrom 0 .9 to 1.7. The decrease III positive percentage detectcd by SNT could ue as resulls of sheep 

were sampled In early limes aOer vaccination or InrecUon. TI,e early antibodies against serotype 

01/93 FMDV dr.LecLed at 5 to 7 days following Infecuon and or vaccination uy IPMA and ELISA 

techniques could not be detecled by SNT. Our invesUgation revealed that IPMA and ELISA are 

the test of choice for detecting early antibodies against FMD viruS In Inrected and vaccinated ani

mals. The advantage of IPMA test Is ils results did not need automatic reader as that In ELISA 

(Greolui et aJ .. 1983. Gleaves et aI .. 1984). The need at least of two trained persons to be In

terpreted the results of lPMA to reduce the subjectivity of reading of test results Is considered 

disadvantage of the test (Wellenberg et aI., 1999). Similar study were conducted by other au

thors whtch used IPMA for detection of antibodies (Sollman et Bl., 1997. Wales et aI .• 1990) or 

companson between JPMA and ELISA for detection of antibodies In Infected and vacc lnaled ani

mals (Van Olnchot et aI .• 1986. Kelly et Bl .• 1988 and Nod~l1Jk et al .. 1996). The prescnt 

study revealed that Immunoperoxldase monolayer assay (lPMA) can be used (or tJle screening 
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anUbodles agaJnst fool and mouth disease virus as an ,allemaUve technique to ELISA. In con

clusion, the IPMA Is a reliable pracUcal lest for the screening FMD virus antJbodles. and It could 

be used as a usefu l alterna Uve technique 10 ELISA In Infected, vaccinated and ra ndom field ser

um samples . 
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Table 1: Antibody titers against serotype 01193 detected In sera of infected and 
vaccinated sheep tested by Immunoperoxidase monolayer assay (IPMA) 

Antibody !\Iers agsinst serotype 01/93 FMDV in infected and vaccinated sheep 
Days post 

Animal number 
Infection 

'"' 
1 2 3 4 5 

vaccin81100 In. Vac. In. Vae. In. Vac. In. Vac. In . Vac. 

3 days 0.3' 0.0 0.15 0.3 0.0 0.0 0.15 0.30 0.30 0.15 
. 

4 days 0.45 0.30 0.30 0.3 0.15 0.0 0.3 0.30 0.45 0.15 

5 days 0.6 0.3 0.6 0.6 0.75 0.45 0.45 0.30 0.6 0.3 

6 days 0.6 0.45 0.6 0.6 0.6 0.45 0.6 0.45 0.9 0.45 

7 days 0.9 0.6 0.9 0.9 075 0.6 0.75 0.6 0.9 0.75 

15 days 1.35 1.2 1.5 1.2 1.5 1.2 1.5 1.2 1.35 1.2 

30 days 1.5 1.35 1.8 1.5 1.95 1.75 1.95 1.5 1.95 1.5 

In .. Infected sheep Vac .. vacCInated sheep 
': Antibody liters expressed as 10910 TCIDso 

Table 2: Antibody titers against serotype 01193 detected In sera of Infected and 
vaccinated sheep tested by Indirect Immunosorbent assay (ELISA) 

Antibody tilers against serotype 01/93 FMDV in infected and vaccinated sheep 
DaY$ post Animal number 
infection 

&a 1 2 3 4 5 

vacclnalkm In. Vac. In. Vac. In. Vac. In. Vac. In. Vac. 

3 days 0.3' 0.0 0.15 0.3 0.0 0.0 0. 15 0.30 0.30 0.15 

4 days 0.45 0.30 0.30 0.3 0.15 0.0 0.3 0.30 0.45 0.15 

5 days 0.6 0.3 0.6 0.6 0.0 0.15 0.45 0.30 0.6 0.3 

6 days 0.6 0.45 0.6 0.6 0.6 0.3 0.6 0.45 0.9 0.45 

7 days 0.9 0.6 0.9 0.9 0.75 0.6 0.75 0.6 0.9 0.75 

15 days 1.2 1.2 1.5 1.2 1.5 0.9 1.5 1.2 1.35 1.2 

30 days 1.5 1.35 1.8 1.35 1.95 1.5 1.95 1.35 1.65 1.5 

In .. Infected sheep Vae .. vacCInated sheep 
' : Antibody liIers expressed as 10910 TCIOso 
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Table 3: Antibody titers against serotype 01193 detected In sera'of infected and 
vaccinated sheep tested by serum neutralization test (SNT) 

Antibody liIers against serotype 01/93 FMDV in infected and vaccinated sheep 
Day, post 

Animal number 
Infection. 

." 1 2 3 4 5 

vacclna~on In. Vac. In. Vae. In. Vac. In. Vac. In. Vac. 

3 days 0.15· 0.0 0.15 0,15 0,0 0 ,0 0.15 0.0 0.0 0.0 
-

4 days 0.15 0,0 0.30 0 .3 0 .15 0 .0 0 .3 0,0 0,45 0.15 

5 days 0.15 0 ,3 0,45 0,45 0 ,6 0,15 0,45 0.30 0 ,45 0,3 

6 days 0,3 0.3 0,45 0,45 0,6 0.3 0,45 0,45 0,45 0.3 

7 days 0.6 0,45 0,6 0,6 0.75 0.6 0.6 0.6 0,6 0,45 

15 days 1.05 0 .9 1.2 1.05 1,05 0.9 1.05 0.9 1.05 0.9 

30 days 1.2 1.05 1.35 1.2 1.35 1.2 1.5 1.05 1.35 12 

In .. Infecled sheep Vac .. vaccmated sheep 
.: Antibody tilers expressed as 10910 TC10so 

Table 4: Antibody responses against serotype 01/93 FMD virus in random 
samples collected from Sharkla Governorate as determined by IPMA, iELISA 

and SNT 

Type of serological test Tolal No. of sera lesled 50 
Positive Positive % 

IPMA 30/50 60% 
ELISA 30/50 60% 
SNT 27/50 54% 

Table 5: Correlation between positive IPMA, ELISA and SNT 

Correlation between IPMA, ELISA and SNT 
i-- -;o""u""t-'o"f"thce-:-to""t-aC"1 p,:co:':s"it"'iv"e"7'by""',P"M;:;':A'" The positive % by 

ELISA 
30 30100% 

The positive % by 
SNT 

27/30 90% 
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