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ABSTRACT

This study describes the evaluation of immunoperoxidase monolayer assay (IPMA)
for detecting antibodies against serotype O1/93 Foot and Moutlt Disease vinis in sera
of tnfected, vaccinaled and random fleld sera of sheep.The IPMA resulls were com-
pared with that obtained by serum neulralization test (SNT) and indtrect enzyme-linked
immunosorbent assay (ELISA). All infected. vaccinated sheep sera tested posilive by
SNT and ELISA. were positive by [PMA with a mean (lters of 1.35.1.77and .83
log ;oTCIDsq onte month post experimentelly infected sheep or sheep vaccinated with
(nactlvated monovalent gel adjuvant serolype O1/93 FMD vtrus vacctne. 30 out of 50
Jleld sleep sera (ested posilive by both ELISA and IPMA. Out of the 30 positive sera 27
(90%) revealed neulralizing antibody (tters of 0.6 o 1.5 logTCIDsg. In experminially
{nfecled or vaccinated sheep. antibodles against serotype O1/93 could be delected 5 (o
7 days following infection or vaccinalion by ELISA and IPMA. The agreement beltween
{PMA and LLISA was 100% but il was 90% belween IPMA and SNT [n fleld samples.

‘The appticabllity of IPMA as speclfic and rapid for detection of FMD antibed(es was
discussed .
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INTRODUCTION

Because ofl the early respanse against Foot and Mouth disease {fMD) virus in sheep sera
charactralzed by low or even absence of neutralizing antibodies. and the clinlcal signs in sheep
also occurred malsally subiclinlcally. a rapid, specific and senslilve lest I1s required for detectlon of
antibody. ELISA could be detected early antlbodies but the technlque need automaudc ELISA
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reader to eslmate e results. Immunoperoxidase monolayer assay (IPMA} is a visual method
and have proven to be an easy method and avallable tool for dlagnosts of several Inlectious dis-
eases such as Bovine viral Diarrhea, Rinderpest, Cytomegalo virus, Influenza and Pseudorabies
viral infection. IPMA permits the demonstration of antigens in various types of cells and fixed tis-
sues. Most Jaboratorles are routinely using IPMA for detection of antibodles especially early anti-
bodtes (Afshar et al., 1989., Drew 1995, Homer et al., 1996, Yoon et al., 1995, Nodelijk et
al., 1966, OIE, 19696, Soliman et al., 1897 and Deregt and prins1998). The aim of this study
was to evaluate a newly developed IPMA which is based on ELISA assay In which Egyptian sero-
type 01/93 FMD for infected BHK21 clone 13 monolayer cultivated in 96 well flat plates were
used as antigen to detect antibodles in sera of infected. vaccinated, random fleld sheep, atrial to
detect the early antibadtes in Infected and vaccinated sheep. The results of IPMA were compared
with the results of ELISA, SNT. Datla on the prevalence of serotype O1/93 anlibodles In random

fleld sheep are presented.

MATERIAL AND METHODES
Serum samples:

A total of sixty serum saniples were collected from expertmently infected. vaccinated sheep of
1.5-2 years old flve of eaclt. Also filty sera collected from apparcnily healthy sheep of 1-2 years
old raised al sharquja govermnerate in endemlc area with FMD. Sera were collected {rom exper-
mintally infected and vacclnated al 3,5.8,7.15,.30 days post infectlon and/or vaccination. The

sera were Inactivated at 56°C for 30 mlnutes and stored at - 20°C unUll used.

Immunoperoxidese monolayer assay (IPMA)

Immunoperoxidase monolayer assay (IPMA) was perfromed as described by Warls et al.,1990.
Brelefly. BHK 21 clone 13 monolayer cells were grown to confluency it 96 well flat tissue culture
plate {Nunc, Denmark). The confluency cells were inoculated with 100 TCID50 serotype O1/93
FMDV and incubated al 37°C for 24 hours. Plates washed once with 0.15 M phosphate bufler
saline containing 0.1% Tween 20 and dried for 24 minutes In laminar flow and stored at -20°C
In sealed plastic bag. Belor using the plate for testing antlbodles. the plate were fixed in freshly
prepared cold mbdure of 50% acelone and 50% methanol at 4°C for 45 minutes. plates washed
3 umes with washing bufler (PBS containing 0.1 {ween 20 and 0.5% Dbovine serum Albumin
BSA), incubated with (esled serum (diluted two fold In PBS contalning 0.1% tween 20 and 0.5%
Bovine Serum Albumin (BSA) at 37°C for one hour then washed 5 tiines. Antisheep conjugated

Mansoura, Vet. Med. J. Vol. VI, No. 2, 20056



Eman. M. A. 29

wilth peroxidase in @ dilutlon of 1:3000 was added and Incubated at 37°C for one hour. The
plates washed 5 Umes, Then substrate (ltrated mixture of 0.15 gn of 3.3 dlamine benzldine let-
rahyd. uchloride 1n 50 ml of 1% sodium acelate solp pH 5. 1lml of N sodiwn hydroxide and 0.6ml
of 30% H202) was added and incubated at 379C for 20 minutes. Positlve reaction was seen as
clear red-brown stlalned sheet of cells and no staining was observed In negatlve reactlon. Posftive

and negatlve control sheep sera were included In each plate.

Virus neutsalization test :

The micro neutralizallon test was applled using BHK-21 monolayers as described by (Golding
at el., 1976) . Each serum sample was tested against serotype O1/93 FMD virus. and the titer
was calcubated accerding to Reed and Meunch (1938).

Indlrect Enzymoe Linked Immunosorbent Assay (Indireet ELISA):

The proceduce was carried oul as described by Hamblin et al., (1886) and Shawky et al.,
(2000). The optimmun dliluton of Whe antigen used lor coating was /160, sheep conjugate 1/
3000.

RESULTS
Detection 1lialt:

The geomelrical mean lilers (reciprocal of mean tters) againslt serolype Ot/93 foot and
moulh disease virus 30 days followlng experhinental Infecled, vaccinated five shecp tn each were
1.83,1.77,1.35 log) oTCIDgq in inlecled and 1.52.1.41. 1.14 log,q TClDgq in vaccinated tested by
IPMA, ELISA and SNT respectlvely (Table 1,2&3). All Infected and vaccinated sheep tested by
IPMA revealed antibody titers ranged from 1.35 to 1.95 log g TCIDgq with a percentage of (100%)}
at 30 days following Infectlon or vacclnation. The detectlon limlits by IPMA were as hlgh as that
of ELISA (Table 1}.

Expertmentally {nfected and vaccinated sheep

The IPMA and {ELISA first demonstrated antibodies against serotype O1/93 around 5 to 7
days post Infection or vaccinalfon with uters ranged Letween 0.6 to 0.9 log)g TCIDgq (Tablel
&2). Whereas, neutralizing anUbodies first detected at 7 tol0 days post infection or vacclnation
wlth a titers ranged between 0.6 to 0.75 (Table 3).
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Random sera collected from endemic area with FMD

The results ol random fifty sera c¢ollected from apparently healthy sheep of 1-2 years old
ralsed at Sharquiea Governorate in endemic area with FMD revealed that 30 sera (60%) had an-
tibody titers ranged from 0.9 to 1.8 by IPMA and 0.75 to 1.65 log)p TClDsg by (ELISA. Whereas.
27 out of 30 (90%) tested positlve by IPMA and IELISA had neutralizing antibody titers ranged
from 0.6 to 1.5 log g TCIDgq (Table 4}. The correlation between IPMA positive and the results ob-
tained by IELISA and SNT were demonstrated (n table 5.

DISCUSSION

Jmmunoperoxddase monolayer assay (IPMA) has been reported as rellable, sensllive and spe-
cific technique for the detection of early developed viral antigen for rapld dlagnosis of Cytomegal-
ovirus, Influenza, and respiratory syncytial infections (Gleaves et al.,, 1984, Graham et al.,
1966, Greninld et al., 1983, Waris et al., 1990,01E, 1996 and Anon 1897). Based on the spec
ificity, detection limit, results obtained to the response of early Infectlon or vaccination and ran-
dom fleld serum samples, thc newly develuped IMPA are rellable test for the detectlon of antibod-
les agalnst serotype O1/93 FMD virus. The evaluatlon study in infected and vacclnated sheep
revealed that, all positlve sera tested by ELISA were also posilive by IMPA with speci(iclty 100%.
The IPMA technlque was able to detect antlbody responses 5 ta 7 days (ollowing expertmental in-
fected and vacclnated sheep. The results obtained from sheep sera collecled {rom area endemlc
with FMD revealed that 30 out 50 (60%) sera had antibody titers ranged beiween 1.1 io 2.1 by
[PMA and ELISA. Out ol 30 posltive sera 27 {90%) revealed neutralizing anUbody titers ranged
from 0.9 to 1.7. The deccease in posltive percentage detected by SNT could be as results of sheep
were sampled in early thnes afler vaccination or infecton. The early antibodles against serotype
01/93 FMDV delecied at 5 lo 7 days following hilection and or vacctnation by [PMA and ELISA
techniques could not be delecled by SNT. Our Investigation revealed thal IPMA and ELISA are
the test of choice for detecng early antibodies agalnst FMD virus In infected and vaccinated ani-
mals. The advantage of IPMA test Is its results did not need auvtomatlc reader as that in ELISA
(Grenini et al., 1983, Gleaves et al., 1984). The need at least ol two lrained persons to be in-
terpreled the results of IPMA to reduce the subjectivity of reading of test results Is considered
disadvantage of the test (Wellenberg et al., 1999). Simlilar study were conducted by other au-
thors which used IPMA [or detection of antibodles (Sollman et al., 1997, Walrs et al., 1890) or
comparison between (PMA and ELISA for detection of antibodles In Infected and vacclnated ani-
mals (Van Olrschot et al., 1988, Kelly et al., 1988 and Nodeljk et al., 1968). The present

study revealed that Immunoperoxidase monolayer assay (IPMA) can be used (or the screening
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antibodles agalnst foor and mouth disease virus as an alternative technique to ELISA. In con-
cluslon, the [PMA is a celiable practical test for the screening FMD virus antibodies, and it could

be used as a useful altemative technigue to ELISA {n Infecied. vaccinated and random fleld ser-
um samples.
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Table 1: Antibody titers against serotype O1/93 detected In sera of infected and
vaccinated sheep tested by Immunoperoxidase monolayer assay {IPMA)

Antibody tilers against serotype 01/93 FMDV in infected and vaccinated sheep

Days post Animal number l
infection .
oo 1 2 3 4 5
vaccinaton ln. vac. m. Vac. In. vac. in. Vac. In. Vac.

3days | 0.3* | 00 | 015 | 03 | 00 | 0.0 | 0.15 | 0.30 | 0.30 | 0.15
4days [ 045|030| 030 03 [015] 00 | 0.3 | 030 | 0.45 | 0.15
5days | 06 | 03 | 06 | 06 [ 075 045] 045 [ 030 06 | 03
6days | 06 |045| 06 | 06 | 0.6 | 045 | 06 | 045 | 0.9 | 0.45
7 days 09 | 06| 09 | 09 [075] 06 [075] 06 | 09 | 0.75
"5days (135 1.2 | 15 | 12 | 15 [ 12 | 156 | 12 | 135 | 12

30 days 1.9 | 1.35] 1.8 15 [ 195 | 1.76 | 1.95 1.5 1.95 | 1.5

In.: Infected sheep Vac.: vaccinated sheep
*: Antibady titers expressed as lage TCIDg

Table 2: Antibody titers against serotype 01/93 detected In sera of infected and
vaccinated sheep tested by indirect immunosorbent assay (ELISA)

Antibody titers against serotype O1/03 FMDV in infected and vaccinated sheep

Days post Animal number
infeclion |
Sor 1 2 3 4 5
vaccinalion | In. Vac. in. [ Vvac. [ In. Vac. In. Vac. In. Vac.
3days [03*| 00 [015| 03 | 00 | 00 | 0.15| 0.30 | 0.30 | 0.15

adays | 045|030 | 030 | 03 | 015 | 00 | 03 | 030 | 0.45 | 0.15
5days | 06 | 03 | 06 | 06 | 06 | 015 | 0.45 | 0.30 | 06 | 0.3
6days | 06 |045| 06 | 06 | 06 | 03 | 06 [ 045 | 0.9 | 045
7 days 09 | 06 | 09 | 05 | 075 | 06 |075| 06 | 09 | 0.75
i5days | 12 | 12 | 15 | 12 [ 15 [ 09 | 15 | 1.2 | 135 | 1.2
30days | 15 |135| 18 | 135 | 195 | 15 [ 195 | 135 | 165 | 1.5

In.: Infected sheep Va¢.: vaccinaled sheep- N
*: Antibody liters expressed as {0g¢o TCIDs
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Table 3: Antibody titers against serotype 01/93 detected in sera of infected and
vaccinated sheep tested by serum neutralization test (SNT)

33

Antibody titers againsl serolype O1/93 FMDV in infected and vaccinaled sheep 1
Days post Animal number 1
nfection.
tor T 2 3 4 5
vaccination |  In. Vac. In. Vac. In. Vac. In. Vac. in. Vac.
ddays | 0.15* | 00 | 015 | 015} 0.0 0.0 | 0.15 0.0 0.0 0.0
ddays [ 01500 | 030 | 03 | 015 ] 00 03 0.0 045 | 0.15
5days | 0.15 | 0.3 | 0.45 | 045 | 06 | 0.15 | 0.45 | 0.30 | 045 | 0.3
6 days 03 | 03 | 045 | 045 | 06 0.3 045 | 045 | 045 | 03
7 days 06 [045) 0.6 0o | 0.75 0.6 0.6 0.6 0.6 0.45
1Sdeys | 1.05 | 0.9 1.2 1.05 | 1.05 0.9 1.05 0.9 105 | 09
30 days 12 105 135 1.2 1.35 1.2 1.5 1.05 | 1.35 1.2
In.: Jnfecied sheep Vac.: vaccinated sheep
“. Antibody lilers expressed as 1og,p TCIDgp
Table 4: Antibody responses against serotype O1/93 FMD virus in random
samples collected from Sharkia Governorate as determined by IPMA, iELISA
and SNT
Type of serological test Tolal No. of sera tesled 50 1
Positive Posilive %
IPMA 30/50 60%
ELISA o 30/50 60%
L SNT 27/50 54%

Table 5: Correlation between positive IPMA, ELISA and SNT

Correlation between IPMA, ELISA and SNT

Out of the total positive by IPMA The positive % by | The positive % by
ELISA SNT
30 30(100%) 27/30 (90%)

Mansoura, Vet. Med. J.

Vol. VII, No. 2, 2005



Eman. M. A. 34

REFERENCES

Afshar, A.; Dulac, G. C. and Bouffard, A.(1988) : Application of peroxidase labelled antibody
assays for detection of porcine 1gG antibodies to hog cholera and bovine viral dirrhea vi-
ruses, J. Virol. Methods, 23:253-262.

Anon, (1997) : Pporcine reproductive and respiratory syndrome in northem Ireland. Veterinary
Record 140:139.

Deregt, D. and Prins, 8. (1998) : Amounoclonal antibody based immunopcroxydase monolayer
(micro-1solatlon) assay for detectlon of type 1 and type 2 bovine viral diarrhea viruses.
Can . J. Vet. Res., 62: 152-155.

Drew, T. W. (1995) : Conipalalve scetology of porcine reprocuctive and respiratory syndrome in
eight Europecan laboratortes, using lmmunoperoxidase mounolayer assay and cnzyme-
Iinked lminunosorbent assay. Revue Sclenlitlque et technique oflice Internallonal des
pizoolies }4: 761-775.

Gleaves, C. A: T. F. Smitli; E. A. Shuster and G. R. pearson (1984) : Rapid deletion of yloegal-
ovirus in MRC-5 ells Inoulated with urine speciimens by using low speed enlrifugation
and monoclonal antibody to an early anligen. J.Clin. Microbiol 19: 917-919 .

Golding, 8. M.; Hedger, R. S. and Talbot, P. (1976) : Radial limmunoc-diffusion and serum neu-
tralization techinlques for the assay of antibodies lo swine veslcular disease. Res. Vet.
Sci. 20.142-147.

Graham, R. C.; U. Lundholm and M. J. Karnovsky (1965) : Cylochenilal demonstration of per-
oxldase aclvily with 3-ainono 8-ethylcarbazole. J. Histuchem. Cytochem. 13:150-152.

Greninl, R.; M. Donatl; A. M. Donatl; A. Moroni; L. Franchl and F. Rumplanesi {1983) : Rap-
id fuununoperoxidase assay (or detection of respiralory synytlal virus In nasopharyngeal
seretions. J.Clin. Microblol. 18:947-949.

Hamblin C.; Bamnett I. T. R. and Crowther G. R. (1986) : A new enzyme- Linked hnmnuosor-
bent assay (ELISA} for the detection of antibodies against foot and mouth diseasc virus;
I Application. J. iimmunol. Meth., 93, 123-129.

Horner, G. W.; Tham, K. M. orr, D.; Ralaton, J.; Rowe, S. and Houghton, T. {1995) : Con-
parlson of an antigen caplure enzyme-linked assay with reverse transcription-

polymerase chaln reactlon and cell cullure Immunoperoxydase lest for the dlagnosls of
runminant pestivirus infectlon. Vet. Mlcroblol., 43: 75-84.

Kelly D. J. Wong P. W. Gan E. Lewis G. E. Jr. (1888) : Comparalive evaluation of the indirect
immunoperoxldase test for the serodlagnosls of rickettslal disease. Am J Trop Med [lyg
38:400-406.

Nodelijk, G., Wensvoort, G., Kroese, B.,, Van Leengoed, L., Colijn, E. and Verheljden, J.
{1996) : Comparison ol a comnmerclal ELISA and an lmmunoperoxidase monolayer as-
say Lo detect antibudiesdlrected agalnst porcine respiratory and reproductlve syndromr

Mansoura, Vet. Med. J. Vol. VII, No. 2, 2005



Eman. M. A, 35

virus. Veterlnary Microblology 49: 285-295.

Offlce International des Eplzooties., (1988) : Manual of Standards for Dlagnostic tests vac-
clns, 3rded. OIE paris, France ISBN 92-9044-423-1.

Reed, L. J. and Muench, H. (1938) : A simiple method for estimalng {ifty percent end polnt.
Ames. J. Hyg., 27:493-497,

Shawky M., EL-Watany H., A S8amira El-Kilany and Roshdy O H (2000} : EvalJuatlon of Rela-
tionshlps Among ELISA. Dot ELISA and Agar Gel Precipitation tests in the detection of 3
CD Antigen of FMDV. The Egyptlan Journal of immunology. Vol. 7(1). 97-103.

Soliman,A.K., Douglas, M.W., Salib, A.W., Shehata, A.E.D., Arthur, R.R., Botros, B.A.M,,
(1997) : Application of an immunoperoxidase monolayer assay for the detection of ar-
boviral antibodles. J.Vir. Meth. 65,147-151.

Van olrschot J. T.;: H. J. Rzihe; P. J. L. M. Moenen; J. M. A. Po! and D.Van Zaane (1988} :
Differentation of serum antbodles from plgs vaccinated and Infected with Aujeszky.s si-
sease virus by competltve enzyme inimunoassay. J. Gen. Virol. 67:1179-1182.

Warls M.; T. Ziegler; M. Kivivirta and O. Ruuskanen (1980} : Rapld detection of resplratory
syncytal virus and enfluenza A.virus In cell cultures by immunoperoxidase staiming
with monoclonal anllbodles. J. Clin. icroblol 28: 1159-1162.

Wellenberg, G. J., Van Roolj, E. M. A, Maissan. J. and Van Olrschot, J. T. (1999) : Evalua-
ton of newly developed immunoperoxidase monolayer assay for detecting of antibodles
against Bovine herpes virus 4. Clinical and diagnostic Laboratory Imununology, 6. 447-
451

Yoon, K. J., Zimmerman, J. J., Swenson, 8. L., McGinley, M. J.. Eemisse, K. A., Brevik, A.,
Rhinehart, L. L., Frey, M. L., Hlli, H. T. and Platt, K. B. (1995) ;: Characlerlzation of
the humoral Immune response to percine reproductive and respiratory syndrome
(PRRS) virus Infection. Jaumal of Veterinary Olagnostc investigation 7:305-312.

Mansoura, Vet. Med. J. Vol. VI, No. 2, 2005



Eman. M. A. 386

el rLu-?tﬂ Y PPPRIVREI i N [ SO U, AR PSSV SUPIIOy {1 plasu]
alaall o ey IV 2y oy L) ey et gadl s o) S3Lall

O—""JHJ'."" PE L.V dl—ﬁl

e Wl a1 slnay i) b dih) By LY e 5 st i b s il s ey
Jlaal i Ll il L il oty Zoaod| el s (5 ©) /93 el yak! oy 5Ll
Ak e lte daasnl ol

Ue Jrasll ol o i)l oy L (e 50y pagpia ¥l o e Jaamt | )l 45 ie o5 4

b iy Gt o g g plad] o ST e e ol I dstastl ity Y1 2 b e

b szl dnbon] Lanl ol Jslaall oty Y1 oy ) Snlow ¥l Slimad! JS o 8 eI
TCIDg V- o) (VLAY = A WY =\ F0) D, Le 5,0 jaeay o s

chel (/8.) Zue YV ie Vo o 5y a8y Y1 i ) ilon] GOl Adi> iiee 6 oo
el L ol oy Lo o Glatly sl | 2 s 3 TCIDgGY - ) (3,0 = 1) &L 5, s
I i b sy ikl ol any pUT V=0 a Byl (86 oM ol oy i) 3sLal
b v G L (/N ) Sy regyad I b Gy 38150 s COLS Sy 2V,
TR FPEIP LS TUR PYSRIOS [ E A WS WY S EPRENN I FRY /A B I VWO JUOUIDS [ JR N PE [P
AW | ) S3bal e Ll o LYl byams) Ry ey

Mansoura, Vet. Med. J. Vol. ViI, No. 2, 2005



