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Abstract: Antibodies (Abs) have been one of the most important tools in diagnostic laboratories. Many diagnostic
techniques such as Enzyme-Linked Immuno-Sorbent Assays (ELISA), immunofluorescence, Ab-microarray platforms,
immunoblots, X-ray crystallography require the Abs. ELISA is an assay method that is among the basic tests using
antibodies for the serology of Foot and Mouth Disease (FMDV). This method requires polyclonal or monoclonal
antibodies to detect FMDV antigen or antibodies. For this purpose, solid-phase competitive ELISA (SPCE) or liquid
phase blocking ELISA (LPBE) and non-structural protein (NSP) ELISA are used. SPCE and LPBE have mainly used
FMDV structural protein antibody (SP-Ab) detection.

In this study, it was aimed to produce a polyclonal Ab against FMDV ANep84 (Genotype VII) and OTURO7 (OPanAsia
[), ATUR11 (A Iran05) strains for LPBE, FMDV SP-Ab detection. For this purpose, four guinea pigs and six rabbits were
used for each serotype of FMDV. After producing Abs, checkerboard ELISA titration was performed to determine
the optimal test dilution of Abs. Backgrounds, cross-reactions against three strains of FMDV were also checked.
In conclusion, polyclonal Abs were produced against FMDV ANep84 (Genotype VII) and O Tur07 (O Pan Asia Il),
ATUR11 (A Iran05) strains, and standardized for LPBE test.
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Tiirkiye'de Sap viriisii suslarina karsi poliklonal antikor iiretimi

Ozet: Antikorlar tani laboratuvarlarinda daima énemli bir yer tutmaktadir. Enzim isaretli bagisiklik testleri (ELISA),
immunofloresan, antikor-mikroarray platformlari, immunoblotlar, X-isini kristalografisi gibi bircok tani teknigi
kullanimi antikorlarin varligini gerektirir. Sap hastaligi serolojisinde antikorlarin kullanildigr temel test ELISAdir. ELISA
testleri sap virusu antijenini veya sap virusuna karsi organizmada olusan antikorlari tespit etmek icin poliklonal veya
monoklonal antikorlara ihtiya¢ duyar. Bu amacla, solid faz kompetetif ELISA (SPCE) ve likit faz bloking ELISA (LPBE)
ve yapisal olmayan (NSP) ELISA y&ntemleri kullanilir. Sap virusunun yapisal proteinlerine (SP) karsi olusan antikorlari
tespit etmek icin ise SPCE ve LPBE testleri kullanilir.

Bu calismada, ANep84 (genotip VII), O TURO7 (O Pan Asia Il), ATUR11 (A Iran05) sap virusu suslarina karsi LPBE
testinde kullaniimak Gzere poliklonal antikor tGretmek amaclandi. Bu amagla, her bir FMDV serotipi icin dort adet
kobay ve altr adet tavsan kullanildi. Antikorlar tretildikten sonra, dama tahtasi (checkerboard ELISA titration) testi ile
Uretimi yapilan poliklonal antikorlar icin optimal dilusyonlar belirlendi. Sap virusu suslarina karsi olusabilecek ¢apraz
reaksiyonlar ve background reaksiyonlari kontrol edildi. Sonug olarak, bu ¢alismada sap virusu ANep84 (genotip
VIl) ve O Tur07 (O Pan Asia Il), ATUR1T1 (Alran05) suslarina karsi poliklonal antikorlar Gretildi ve LPBE testi igin
standardizasyonlari yapildi.

Anahtar kelimeler: ELISA, poliklonal antikorlar, sap hastalig

Introduction

FMD is a highly contagious viral disease which
affects the cloven-hooved animals causing serious
economic losses (Fry et al. 2005; Diaz San Segundo et
al. 2017). FMDV is a small positive-sense RNA virus.
The capsid of the FMDV consists of a combination
of protomers and pentamers to form an icosahedral
structure (Jamal and Belsham 2013).

Serological tests for FMDV began to gain
momentum with the 1980s via ELISA (Hamblin

et al. 1986). For this aim, OIE (World Organisation
for Animal Health) defined two ELISAs for SP-Ab
detection; solid-phase competitive ELISA (SPCE) or
liquid phase blocking ELISA (LPBE) (Hamblin et al.
1986; Sorensen et al. 1998; Anonymus 2019). These
tests are used to determine an FMD infected animal
and/or a vaccinated animal via the polyclonal or
monoclonal Abs. Polyclonal Abs are used in the
LPBE. It requires two types of Abs; one of them is
the capturing Ab produced in rabbits and another
one is the detecting Ab produced in guinea pigs.
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The main beneficial properties of polyclonal
Abs are their clonal and biophysical diversity.
Its' poly-clonality allows the binding of multiple
antigenic determinants. Its’ biophysical diversity
allows greater stability when the environmental
challenges may cause inactivation of antibody,
lability, or precipitation of other forms of antibodies
(Harlow and Lane 1988; Leenars et al.1999; Leenars
and Hendriksen 2005; Lipman et al. 2005; Voskuil
2014; Ascoli and Aggeler 2018). Cross-reactions
and non-specific backgrounds are two main
difficulties in the usage of the polyclonal Abs for
the serological tests. To minimize the cross-reaction
problem, purification of Abs can be tried. However,
Ab purification is a costly and labor-consuming
process (Low et al. 2006). The background problem
can be mitigated by further diluting the antibody
or blocking it. Thus, the lower affinity interactions
will not work with lower Ab concentrations. Proper
blocking conditions can help to prevent low-affinity
Ab interactions (Voskuil 2014).

The purpose of the study is to produce
polyclonal Abs (capturing and detecting Abs for
FMDV Turkey (ANep84 (Genotype VII), OTur07 (O
Pan Asia Il), ATUR11 (Alran05) FMDV strains and
standardize them for LPBE.

Materials and Methods

Preparation of immunization antigen: 146S
particles of FMDV strains were used as an
immunization antigen. Baby Hamster Kidney (BHK-
21) cell line was used for virus propagation. After
that, a propagated virus was concentrated with
poly-ethylene glycol (PEG) and collected by the
sucrose density gradient method. The 146S content
of antigens was determined as described by the
method of Barteling and Meloen (Barteling and
Meloen 1974).

Calculation of immunization antigen quantity
in each dose: For this aim, first, the total animal
number defined in the study. Then, antigen quantity
determination in each dose. After that, Freund's

complete (first immunization) and incomplete (the
second immunization adjuvants were added to the
antigen stocks respectively. For this purpose, the (n1.
v1=n2.v2) formula was used for the calculation of
each animal immunization antigen dose (Zumdahl
and De Coste 2009). n1:ithe antigen quantity of
146S particle spectrophotometrically (ug/ml), v1:
the required amount of antigen taken from stock
antigen solution (ml), n2: the required amount of
antigen in a rabbit or a guinea pig dose (ug/ml), it
is 20 ug/ml for rabbit and 10 pg/ml for guinea pig
v2: the total prepared volume of 146S antigen (ml).

Animals: Free ranged guinea pigs (Duncan Hurtley
breed, 600 g, 4 months old, female) and rabbits
(California breed, 1.5 kg, 3 months month old,
female) were used for immunizations, respectively.

Immunization of animals: A total of 0.5 ml antigen
and adjuvant were inoculated subcutaneously into
the right and left abdomen of rabbit or guinea pig.
Detailed information about immunization antigens
is shown in Table 1. One month (28 days after the
first dose, second dose implemented) apart-double
booster immunization schedule was used (Ferris
and Donaldson 1984; Have 1984; Harlow and Lane
1988; Lipman et al. 2005). After 15 days after the
second immunization, the animals were ceased.

Table 1. Serotype, strain, and 146S antigen quantity of
immunization antigens

Serotype Strain S-spectroLtlitometric
quantity
O O Tur 07 (O PanAsia Il) 250 pg/ml
A ANepal 84 (Genotype VII) 350 pg/ml
A ATUR11 (A Iran 05) 690 pg/ml

Blood sample collection: After blood centrifugation
at 3000 rpm for 10 min, sera were separated. First,
each serum was tested with LPBE for titer and
then pooled. After that, sera were stored at -20°C
until tests. A total of 50% percent glycerol and
0.002% sodium azide were added to the sera. The
total yielding amount and storage conditions of
produced antiserums are shown in the Tables below
(Tables 2 and 3).

Table 2. Total yielding amount and storage conditions of capturing (rabbit) Abs

Serotype/strain Storage conditions

Total amount

O TURO7 -80°C with sodium azide 0.002% and 50% glycerol, 0.5 ml cryotube 113 ml
ATUR11 -80°C with sodium azide 0.002% and 50% glycerol, 0.5 ml cryotube 140 ml
A Nepal84 -80°C with sodium azide 0,002% and 50% glycerol, 0.5 ml cryotube 110 ml
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Table 3. Total yielding amount and storage conditions of detecting (guinea pig) Abs

Serotype/strain Storage conditions

Total amount

O TUR 07 -80°C with sodium azide 0,002% and 50% glycerol, 0.5 ml cryotube 60 ml
A TUR11 -80°C with sodium azide 0,002% and 50% glycerol, 0.5 ml cryotube 50 ml
A Nepal84 -80°C with sodium azide 0,002% and 50% glycerol, 0.5 ml cryotube 55 mi

Standardization of produced polyclonal serum:
Checkerboard titration ELISA was performed to
determine optimal test dilution of polyclonal Abs
(Crowther 2001). For this aim, the rabbit Ab was
diluted two-fold from the left to the right line of the
ELISA plate starting from the initial dilution at a rate
of 1/125. After incubation at 4°C overnight, the plate
was washed with Dulbecco PBS with six cycles, and
the appropriate reference virus with optimal dilution
rate is added to all plate wells and kept in the 37
°C incubator for one hour. After washing cycles,
the guinea pig Ab was diluted two-fold from the
upper to the bottom line of the plate starting from
the initial dilution at a rate of 1/62.5. After washing
cycles, then the conjugate (HRP-labeled polyclonal
rabbit anti-guinea pig IgGs, P0141 DAKO) was
added to the plate and kept in the 37°C incubator
for one hour. After washing cycles, the chromogen
substrate (OPD) was added. The reaction was
stopped by sulphuric acid (1.25 M sulphuric acid)
after 15 minutes at room temperature. The colour
change was read in the ELISA reader (Versamax,
Molecular Devices) at a wavelength of 492 nm.

To control the cross-reaction and backgrounds
between the FMDV serotypes, a sandwich ELISA was
performed. For this purpose, plates were coated
with optimal dilution (well A-D) of capturing rabbit
antibodies according to final checkerboard dilution
titers of each serotype of FMDV antibodies (1/5000).
Then, to check cross-reactions of FMDV OTURO07
with the other FMDV strains (ANepal and ATUR11),
optimal dilution of FMDV OTURO7 was added to
(well A-B). After that, optimal dilutions of FMDV A
TUR11 and FMDV ANepal were added to wells C
and D, respectively. Similar to the OTURO7 cross
reaction study, the same steps were performed
to detect cross-reactions of FMDV ATUR11 and
ANepal with other FMDV serotypes.11-12 wells
were left as a background control well. After one
hour at 37°C incubation, plate washed, and FMDV
detecting antibodies were added to the plate and
incubated at the same condition. After washing
cycles, the conjugate (DAKO, P0141 rabbit anti

guinea pig immunoglobulins/HRP) was added to
the plate. After that, the same steps were followed
as described above in the checkerboard board ELISA
titration.

To reduce nonspecific-cross and background
reactions guinea pig serum was blocked with
normal rabbit (Sigma Aldrich) serum in 1/1 ratio at
37°C water bath at 1 hour.

Results

The total amounts of polyclonal sera obtained
after immunizations and storage conditions of
Abs were given in Tables 3 and 4. Dilution rates of
capturing and detecting polyclonal Abs for LPBE
were determined as 1/8000 for capturing (rabbit Ab)
and 1/2000 for detecting (guinea pig Ab) according
to the checkerboard ELISA titration result. The final
dilution rate was preferred more concentrated than
the determined dilution rates for test reliability.
Therefore, it was accepted as 1/5000 for rabbit and
1/1000 for guinea pig Abs. Checkerboard titration
test results of rabbit and guinea pig Abs were shown
in Figures 1 and 2, respectively. Cross reaction results
of sandwich ELISA between the FMDV serotypes
and background control are shown in Figure 3.

Figure 1. Rabbit or
checkerboard study

Figure shows the colour change in the checkerboard titration.

guinea pig-conjugate
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Figure 2. Checkerboard titration results of rabbit and guinea pig antibodies

FMDV OTUR 07 1 2 3 4 5 6 7 8 9 10

2,7237 2,6896 2,6248 28141 23129 23037 2,1351 1,8398 1,6291 1,2471

2,5377 24401 24297 23964 2,0838 19142 1,87 15643 15061 1,1767
Rabbit Ab starting 1/125 titer from-left to right line  2,4204 2,3029 2,2513 22412 2,1107 1,9318 1,6086 1,5869 1,3921 1,2065 guinea pig Ab:1/2000
FMDV O ref virus 1/300 dilution rate all wells 2,6219 24715 24472 2443 21828 2,0341 1,9805 16472 1,3758 1,1282 rabbit Ab: 1/8000
Guine pig Ab 1/62,5 from top to bottom line 2,193 12,0888 20477 2,1784 1,8122 1,7024 1,5423 14178 1,2325 1,0097
Conjugate commercial 1/2000 constant dilution rate 2,3475 2,2444 2,1948 2,3154 1,8694 1,6769 1,6605 13536 1,218 1,0502

24197 23939 22107 22319 19661 1,8513 16149 1499 12646 1,1181

15171 1,4272 1,5383 1,5823 1,3713 1,2178 1,0688 0,9098 0,8589 0,6145
FMDV A TUR11 1 2 3 4 5 6 7 8 9 10

3,496 34696 3,4352 34023 3,2599 3,034 2,9244 2,5713 23856 1,8473
Rabbit Ab starting 1/125 titer from-left to right line  3,2486 3,1455 3,1078 29726 2,6283 2,5346 2,5098 2,2421 2,0164 1,5341 guinea pig Ab:1/2000
FMDV A TUR11 ref virus 1/512 dilution rate all wells  2,9824 2,5289 2,7276 2,5554 2,3814 22423 2,291 1,9966 1,6551 1,3753 rabbit Ab: 1/8000
Guine pig Ab 1/62,5 from top to bottom line 2,9369 27527 2,7034 2,6224 23596 2,1811 1,9963 1,8557 1,6414 1,3465
Conjugate commercial 1/2000 constant dilution rate 2,375 2,202 2,2 2,0042 1,712 1638 1,3927 1,366 1,2065 1,2272

2,197 2,0678 2,0219 2,0042 1,8255 1,542 1,31 13674 12151 09522

2,1507 19719 19653 1,8311 1,7072 1,3625 1,5581 1,4077 1,2581 1,0491

1,8916 11,9007 19584 1,7909 14924 15185 14145 12476 1,1423 0,9267
FMDV A Nepal 1 2 3 4 5 6 7 8 9 10

34309 3,2547 3,3423 3,0188 3,2508 2,7778 2,6438 2,128 11,5309 1,0183

2,9283 28411 27925 2,6083 25159 22924 2,1909 1,6996 1,2638 0,8735
Rabbit Ab starting 1/125 titer from-left to right line  2,5351 2,463 2,2434 2,0979 2,1244 1,9706 1,9158 1,6516 1,1876 0,8494 guinea pig Ab:1/2000
FMDV A nepal virus 1/450 dilution rate all wells 2,7099 2,5791 2,5298 2,3238 23751 22624 2,1304 1,7635 1,1809 0,8089 rabbit Ab: 1/8000
Guine pig Ab 1/62,5 from top to bottom line 2,517 24102 2,522 22697 22823 2,1362 2,017 1,7482 1,3998 0,8921
Conjugate commercial 1/2000 constant dilution rate 2,4524 2,4187 2,4147 2,3035 2,4478 2,2852 2,2124 1,7235 1,3592 0,9335

2,9026 2,6331 24465 2,7438 26371 2,791 229 18017 1456 0,9693

2,7945 23328 2,2501 2,3465 23362 2,2266 2,0686 16111 1,1376 0,8266

Grey zones in the plates show the best optimal dilution curve of checkerboard titration.

high backgrounds, the dilution of polyclonal sera
was also tried, and then the optimum dilution was
determined for each Ab via checkerboard test to
provide minimum background and cross-reactions.

Discussion and Conclusion

The rapid development of a unique diagnostic
kit against FMDV is troublesome because of the
continuous mutations in FMDVs and the risk
of entrance for exotic FMDV strains from the
neighboring countries of Turkey. It is necessary to

Besides the time-consuming production and
standardization process, animal usage for the

produce Abs (polyclonal and/or monoclonal) for
FMDV SP ELISA tests against each of newly emerged,
genotypically crucial, exotic strains of FMDV just
like the effort of a new primer-probe design for
the molecular differentiation of novel FMDV with
PCR. However, the period for the production of
polyclonal Abs for FMDV serology takes a long time
and laborious work (Parida 2009; Lavoria et al. 2012;
Sala et al. 2018; Salem et al. 2019).

In  the present study, the complete
production and standardization process of Abs
take approximately three months for each FMDV
serotype. Besides, cross-reactions were detected
among the FMDV serotypes in ELISA (Figure 3).
Cross-reactions between the FMDV Abs is a possible
problem due to the common sharing epitopes
between the FMDV serotypes strains (Parida 2009;
Bari et al. 2014; Ascoli and Aggeler 2018; Salem
et al. 2019). Here, additional blocking steps were
performed to alleviate cross-reactions. To mitigate

production of polyclonal Abs is already contradictory
to the 3R concept (Russell and Burch's 1959).
Therefore, alternative tests or serological approaches
were searched for FMDV-SP Abs detection in recent
years. For this purpose, a monoclonal Ab-based
antigen and Ab detection kits were developed by
Brocchi (Brocchi 2012). However, Brocchi reported
that imperfect FMDV type specificity and a different
assay standardization for each FMDV serotype are
some test limitations of these kits. In addition to
monoclonal Ab based kits, a cocktail of polyclonal
or monoclonal Abs usage, chimeric antibodies,
recombinant Ab production, virus-like particles, or
recombinant proteins have also been studied (Ko et
al. 2009; Yang et al. 2017; Cao et al. 2018, Ran et al.
2019).

In conclusion, routine tests for detection of
FMDV-SP antibody are still based on polyclonal and
monoclonal Abs production. However, there is not
adequate study about polyclonal Ab production
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and standardization. The present study was carried
out primarily to focus on polyclonal Ab production
steps in general. Polyclonal Abs were produced

against Turkey FMDV strains and standardized for

LPBE test. A further study needs to determine the
purity of Abs via Western Blotting

Figure3. Background and cross-reaction control in the optimal dilution of antibodies.

Cross control

FMDV OTUR 07 1 2 3 4 5 6 7 8 9 10 11 12 virus
A 23291 23985 22309 22056 2,0094 19036 1,7875 16729 144808 1,1906  0,0693 0,0793 QOTURO7
1/5000 Rabbit antibody-1/1000 B 121387 22558 2215 20304 20291 1,834 1,7858 16644 14201 1,1314 0,064 0,0698 QOTURO7
guinea pig antibody C 0,2424 0,253 0,2606 0,2693 0,2438 0,2045 0,1672 0,1515 0,1232 0,1026 0,0632 0,0687 ATUR11
D 0,4306 0,3677 0,3045 0,3013 0,226 0,2145 0,1662 0,1362 0,1124 0,0974 0,0619 0,0718 ANEPAL
FMDV A TUR11 1 2 3 4 5 6 7 8 9 10 background background virus
A 15172 1,8986 1,927 1,7962 1,8931 19956 1,7776 13981 1,014 0,7022 0,0771 0,0792 ATUR11
1/5000 Rabbit antibody-1/1000 B 0381 02381 0,1841 0,1386 01145 0,1092 0,1052 0,116 0,1047 0,1152  0,0778 0,0821 ATUR11
guinea pig antibody C 0,3591 0,3622 0,3432 0,3082 0,2828 0,3062 0,2917 0,276 0,2545 0,2229  0,0825 0,0908 QOTURO7
D 0,265 0,2614 0,2715 0,235 0,2207 0,1904 0,1772 0,1592 0,1478 0,1313  0,0943 0,1009 A NEPAL
FMDV A Nepal 1 2 3 4 5 6 7 8 9 10 background background virus
A 23538 2285 2347 19889 19626 18389 1,7156 15777 1,2303 0,819 0,0881 0,0833 A NEPAL
1/5000 Rabbit antibody-1/1000 B 24543 23589 22761 2,1945 1,9096 18833 18054 15989 1,1749 08235 0,0733 0,0719 A NEPAL
guinea pig antibody C 0,2451 0,2386 0,288 0,2785 0,2621 0,2423 0,2506 0,1865 0,1872 0,1465 0,0813 0,0786 OTURO7
D o0,1418 0,1686 0,179 0,171 0,1631 0,1513 0,1493 0,1146 0,108 0,0953 0,0877 0,0806 ATUR11

Plates were coated with optimal dilution (well A-D) of capturing antibodies according to the final checkerboard dilution of each sero- type of FMDV antibodies
(1/5000). Then, to check cross-reactions of FMDV OTURO7 with the other FMDV strains (ANepal and ATUR11), optimal dilution of FMDV OTUR07 was added to (well
A-B). After that, optimal dilutions of FMDV A TUR11 and FMDV ANepal were added to wells C and D, respectively. Similar to the OTURO7 cross reaction study, the same
steps were performed to detect cross-reactions of FMDV ATUR11 and ANepal with other FMDV serotypes. 11-12 wells were left as background.
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