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SUMMARY

Porcine reproductive and respiratory syndrome (PRRS) being endemic and reported in the most countries in the world remains one of the most challenging diseases
in pig industry. The main disease control measures include preventive vaccination and animal movement control within and outside the country as well as diag-
nostic testing of pigs in the population. Live and inactivated vaccines are used for specific prevention of porcine reproductive and respiratory syndrome. Complete
and irreversible infectious agent inactivation with maximum epitope preservation and protective immunity in immunized animals are the main requirements for
inactivated vaccines. Therefore, continuous improvement of methods for vaccine quality control at various vaccine production stages is of current importance. Results
of development of the test system based on indirect liquid-phase enzyme-linked immunosorbent assay (ELISA) for PRRS virus antigen detection and activity testing
in infectious and inactivated virus-containing cell cultures at intermediate stages of the vaccine production process are described in the paper. The test-system
development process included purified and concentrated virus antigen as well as hyperimmune rabbit sera preparation. Specificity of purified and concentrated
virus antigen was confirmed with real-time polymerase chain reaction. The developed test-system was shown to detect the virus antigen at initial infectivity titre
of 4.87-7.211g TCID, /cm?® corresponding to ELISA titre (dilution) of 1:4 up to 1:64. Methodical Guidelines for detection of porcine reproductive and respiratory
syndrome virus antigen with indirect liquid-phase enzyme-linked immunosorbent assay (ELISA) (2019) were developed based on the work results, commissioned
and approved by the FGBI “ARRIAH” Scientific Board.
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PE3IOME

OnHoit u3 Hanbonee akTyanbHbIX Npobnem CBUHOBOACTBA 0CTALTCA PENpPOAYKTUBHO-PECNPATOPHDIA CUHAPOM CBUHE, KOTOPBIil ABNAETCA IHAEMUYHBIM 3a60-
NeBaHNEM 1 perucTpupyetca B 60NbLUMHCTBE CTpaH MUpa. K 0cHOBHbIM Mepam 60pbObl ¢ 3a60n1eBaHIeM 0THOCATCA NpodunaKkTUyeckas BakLMHALWA, KOHTPONb
3a nepefiBIKEHIEM XKUBOTHDBIX KaK BHYTPU CTPaHbl, TaK U 3a ee Npefenamu, a Takxke NOCTOAHHOE NpoBefeHMe ANarHoCTUYECKX MCCNef0BaHIi B oNynALMN
(BUHeiA. B KauecTBe CpeACTB cneLduueckoii NpodunakTKI penpoayKTUBHO-PECTPATOPHOTO CUHAPOMA CBUHEIT NPUMEHAIOTCA XKIBbIe U MIHAKTVBUPOBaHHbIE
BaKLMHbI. OCHOBHbIM TpeboBaHeMm, NpeAbABNAEMbIM K MHAKTUBUPOBAHHbIM Npenapatam, ABAAETCA NONHAA U HeobpaTMan NHAKTUBALNA MH(EKLMOHHO-
r0 areHTa Npu MaKCUMasbHON COXPAHHOCTY AHTUTEHHON AETEPMUHAHTbI M UMMYHHAA 3alliTa MPUBUTBIX XMBOTHBIX. [103TOMY aKTyanbHoil 3aaayeli ABNAeTCA
MOCTOAHHOE COBEPLUEHCTBOBAHIE METOZ0B KOHTPOMIA KauecTBa BaKLMH Ha Pa3NnyHbIX TEXHONOTMYECKMX CTaAUAX UX NPOU3BOACTBA. B cTaTbe npefcTaBneHb
pe3ynbTatbl pa3paboTKm TeCT-CMCTeMbI Ha OCHOBE HENPAMOTO XiAKodasHoro 61oKMpyloLLero UMMyHoGEPMEHTHOTO aHanu3a AnA BbIABNEHIA U ONpeseneHna
aKTUBHOCTY aHTUTeHa BUPYCa PenpoayKTUBHO-PECUPATOPHOrO CUHAPOMA CBUHEN B MHGEKLIMOHHBIX 11 MHAKTUBMPOBAHHBIX BUPYCCOAEPXKALLIX NpenapaTax
KNETOYHDbIX KyNbTYp Ha MPOMEXYTOUHbIX 3Tanax NPoU3BOACTBA BaKLUMHHbIX Gronpenapatos. Pa3paboTka TecT-cUCTeMbl BKAKOYANA MONYYEHNE OUULLEHHOTO
11 KOHLIEHTPUPOBAHHOTO NpenapaTta aHTUreHa BUPY(a, a TakKe cneuduyeckux runepuMMyHHbIX CbIBOPOTOK KPOBU KPONMKOB. CneLnduuHoCTb 0unLyeHHoro
11 KOHLIEHTPUPOBAHHOTO aHTUTEHa BUpYyCa NOATBEPXAaNU C MOMOLLbIO NOIMMEPA3HON LieNHOI peakLui B pexume peanbHoro Bpemeru. Mokasako, uTo pas-
paboTaHHaA TecT-CACTeMa M03BONIACT BbIABAATD AHTUTeH BUPYCA C MCXOAHbIM TUTPOM UHOEKLIMOHHO! aKTUBHOCTI B AanasoHe ot 4,87 no 7,21 Ig TLA, /aw’,
COOTBETCTBYHLLMIA 3HAUEHIO TUTPA (pa3BefieHNA) NPy NOCTAHOBKe MMYHOdEPMEHTHOT0 aHanu3a ot 1:4 1o 1:64. B pe3ynbTate npoBefeHHoi paboTb Gbun
pa3paboTaHbl, NPOLLN KOMUCCUOHHDIE UCMbITaHNA 1 YTBEPXeHbl yueHbIM coBeTom OI'BY «BHUN3X» «MeToanueckue pekomeHaaLumm no BbIABAEHII0 aHTUreHa
BUpYCa penpoayKTUBHO-PeCnnpaTopHOro CMHAPOMA CBUHeIT B HeNPAMOM XUAKodasHoM 6noKupyloLLeM BapuaHTe UMMyHodepMeHTHOo aHann3a» (2019 1.).

KnioueBbie cnoBa: penpoayKTUBHO-PECNPATOPHbIl CUHAPOM CBUHEIA, UMMYHO(EPMEHTHbIN aHaNN3, aHTUreH.
bnaropapHocTb: Pabota BbinonHeHa 3a cuet cpeacts OTBY «BHUI3X» B pamkax HayuHo-uccneoBatenbckux pabot no teme «BetepunapHoe bnarononyune.
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0CHOBE HenpAMOro xuakodazHoro bnokupylowero Bapuaxta QA ana onpesenexna antureHa Bupyca PPCC npu npoMexxyTouHOM KOHTpOMe BaKLUHHOTO
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INTRODUCTION

Porcine reproductive and respiratory syndrome (PRRS)
has been and remains a significant challenge for the ma-
jority of the countries where pig faming is well-developed
including Russia. PRRS is currently endemic and almost
all countries in the world including Russia, USA, China as
well as West European countries suffer great economic
losses [1, 2].

Analysis of anti-PRRS measures taken worldwide shows
that the main measures include preventive vaccination,
animal movement control within and outside the country
as well as permanent diagnostic testing of pigs in the po-
pulation [3]. Preventive vaccination covers more and more
pigs every year. Therefore, continuous improvement of the
vaccines and methods for control at various vaccine pro-
duction stages is of current importance.

It is known that inactivated antiviral vaccine produc-
tion is a complex technological process and complete and
irreversible infectious agent inactivation with maximum
epitope preservation and protective immunity in vacci-
nated animals are the main requirements for inactivated
vaccines.

Qualitative and quantitative characterization of the
virus antigen is a fundamental prerequisite for produced
anti-PRRS vaccine effectiveness. If the virus infectivity can
be controlled at the stage of the vaccine raw material sca-
ling up with titration in susceptible cell culture, then, after
inactivation, quantification of PRRS antigen, a parameter

characterizing the ability to induce immune response, is
difficult.

The study was aimed at development of the method for
determination of PRRS virus antigen activity both in cul-
tural virus-containing materials intended for the vaccine
production and in the semi-finished vaccine.

MATERIALS AND METHODS

Antigen. Aminoethylethyleneimine-inactivated KPR-96
strain of European genotype PRRS virus (FGBI “ARRIAH"
Collection of Microorganism Strains) grown in Marc-145
continuous cell culture (rhesus macaque kidney), a tro-
phovariant of MA-104 cell culture, (infectivity titre — 4.87-
7.211g TCID, /cm?) was used.

Animals. The following laboratory animals were used
for tests: seronegative Chinchilla rabbits (live weight -
2-2.5 kg) and clinically healthy piglets at the age of
2 months (live weight — 20-25 kg) obtained from the PRRS-
free holdings.

All tests in the animals were carried out in strict
compliance with the interstate standards on laborato-
ry animal keeping and handling: GOST 33216-2014 and
GOST 33215-2014, adopted by the Interstate Council on
Standardization, Metrology and Certification as well as in
accordance with the requirements laid down in Directive
2010/63/EU of the European Parliament and the Council
of 22 September 2010 on protection of the animals used
for scientific purposes.
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Specific hyperimmune sera. Specific hyperimmune rab-
bit sera prepared by thrice immunization of rabbits with
preliminary purified and concentrated emulsified antigen
supplemented with oil adjuvant were used.

Anti-species conjugate. Horseradish peroxidase-conju-
gated anti-rabbit IgG (H+L) immunoglobulins (Sigma, USA)
were used as anti-species conjugate.

Tested preparations: cultural virus and antigen speci-
mens prepared during the vaccine raw material scaling-up,
exhibiting different infectivity levels and collected at dif-
ferent production stages. Suspension of normal uninfec-
ted cell culture equivalent to the tested specimen as well
as antigens of Aujezsky’s disease virus (ADV) and porcine
parvovirus (PPV) were used as negative controls. Cultural
virus-containing preparation with known infectivity titre
was used as positive control.

Methods. Common methods for PRRSV cultivation, in-
fectivity titre determination, antigen preparation through
the virus inactivation and low speed-centrifugation con-
centration; microneutralization assay (MNA), Bradford
protein assay; real-time polymerase chain reaction (qPCR)
were used.

Enzyme-linked immunosorbent assay (ELISA) was
carried out in accordance with the Methodical Guide-
lines for detection of porcine reproductive and respira-
tory syndrome virus antigen with indirect liquid-phase
enzyme-linked immunosorbent assay developed in the
FGBI“ARRIAH" [4].

Porcine Reproductive and Respiratory Syndrome Virus
Antibody Test Kit (IDEXX, USA) was used for testing porcine
sera for specific antibodies against PRRS virus, the test re-
sults were read in accordance with the test-kit manufac-
turer instruction.

Statistical processing of the results. Standard methods for
processing of the selected variables as well as elements of
correlation-regression analysis were used. All calculations
and graphical plottings were performed using Microsoft
Office Excel applications.

RESULTS AND DISCUSSION

Preparation of active and specific antigen is one of the
important stages of the ELISA test-kit development. The
virus-containing cultural fluid was purified from ballast
proteins and cell fragments with low-speed centrifugation
using Beckman Coulter J-26 XP centrifuge (USA) equipped
with JA-14 rotor at 4,500 rpm for 40 min.

Resulting clarified supernatant was centrifuged with
Beckman Coulter J-26 XP centrifuge (USA) with JA-18 ro-
tor at 17,000 rpm for 2.5 hours and then the supernatant
was removed and pellet was resuspended with 10 ml of
TNE-buffer.

For the further PRRS virus antigen purification and
concentration the resuspended pellet was centrifuged
in 30% sucrose-layer gradient with high-speed Beckman
Coulter Optima L-80 XP (USA) centrifuge with SW-28 ro-
tor at 27,000 rpm for 2.5 hours. The resulting pellet was
resuspended with TNE-buffer at the ratio of 100:1 of the
initial volume.

The specificity of the purified and concentrated PRRS
virus antigen was confirmed with gPCR. C-values of all
antigen samples tested with gPCR were less 35 (C)) and
within the range of 17-23 (C), that was indicative of high
virus levels in the preparations.

Protein concentration in the PRRS virus antigen prepa-
rations measured with Bradford protein assay using bo-

vine serum albumin standard solutions at wavelength of
595 nm was 0.5-1.0 mg/ml.The purified and concentrated
antigen was used for preparation of hyperimmune sera
required for ELISA test- system development.

The test-system development comprised selection of
optimal antigen dilution, specific hyperimmune serum
and anti-species conjugate. The test results were read
with Sunrise spectrophotometer (Tecan, Austria) at wave-
length of 405 nm. The test-system development included
selection of suitable buffer systems and blocking solutions,
determination of the component adsorption time and
temperature.

Optimal antigen dilution was determined for each
batch with serial-dilution ELISA. The last antigen dilution
that gave the following optical density (OD) values was
considered to be working dilution: control positive se-
rum OD; - within the range of 1.0-1.5 AU (when tested
sera were diluted at 1:100) and negative serum OD, - not
higher than 0.25 AU. The data are given in Figure 1.

Based on the obtained data, PRRS virus antigen dilu-
tions giving control positive serum OD, of 1.0-1.2 (at 1:100
dilution of the tested sera) that were equal to the antigen
dilutions of 1:50 - 1:100 (P/N 8.8-8.75) were used as wor-
king PRRS virus antigen dilutions.

As a result, the Methodical Guidelines for detection of
porcine reproductive and respiratory syndrome virus an-
tigen with indirect liquid-phase enzyme-linked immuno-
sorbent assay (2019) were developed, commissioned and
approved by the FGBI“ARRIAH" Scientific Board [4].

Testing of the developed test-system for its sensitivity
and specificity was the next stage of the study. Tests of
the virus-containing specimens before and after their in-
activation as well as virus antigen at different stages of its
purification and concentration with the proposed method
were carried out. Test results are given in Table 1.

The data given in Table 1 show direct correlation be-
tween infectivity titres and ELISA dilutions. For example,
infectivity titre of the 10x-concentrate of the virus was
7.21£0.111gTCID, /cm? and its ELISA titre was 1:32 - 1:64
both before and after inactivation; infectivity titre of the
3x-concentrate of the virus was 6.15 + 0.14 g TCID, /cm?,
its ELISA titre was 1:16 — 1:32 both before and after in-
activation. While supernatants with infectivity titres of
1.15 £ 0.09 and 1.35 £ 0.12 Ig TCID, /cm® demonstrated
negative ELISA values — < 1:2.

—— positive serum —=— hegative serum

OPTICAL DENSITY, AU

0 5 25 50 100 200 400
ANTIGEN DILUTIONS
Fig. 1. Specific and normal rabbit serum activity, 1:100 dilution

Puc. 1. AkmugHocmeb cneyuguyeckol u HopmaneHol
CbIBOPOMOK KpOBU KpOJIUKA 8 pa3gedeHuu 1:100
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Table 1

Comparative testing of PRRS virus for its infectivity and antigenicity with titration and ELISA

Tabnuua 1

(paBHUTeNbHaA OLLeHKa MH(EKLMOHHOI 1 aHTUTeHHOI aKTUBHOCTH BUpYca PPCC, onpefieneHHoil MeToA0M TUTPOBaHMA U ¢ nomoLybio MDA

Type of sample AT Mean titre, g TCID, /cm? Mean ELISA titre* (dilutions)
of samples

Virus-containing suspension
(before inactivation)

Antigen-containing suspension (inactivated)

4.87£0.12

not tested

Antigen-containing suspension
(10 concentrate of PRRSV antigen) 10
(inactivated)

not tested 1:32-1:64

Virus-containing suspension

(3 concentrate of PRRSV antigen) (before inactivation) 15

6.15+0.14 1:16-1:32

Antigen-containing suspension

(X3 concentrate of PRRSV antigen) (inactivated) 1

not tested 1:16-1:32

Negative control
(cultural fluid of normal 5
non-PRRSV-infected cell culture)

0 <12

Negative control
(AD virus antigen)

0 <12

* ELISA test result in titres: > 1:2 — positive result; < 1:2 — negative result.
* Pesynbtat IOA B TUTpax: > 1:2 — NONOXUTENbHO; < 1:2 — OTPULATENbHO.

Correlation between developed indirect liquid-phase
ELISA-derived results and virus infectivity titre (T, TCID, )
calculated for the tested virus-containing cultural fluid
specimens was determined based on results of numerous
tests. For ELISA the following was taken as a value indica-
ting the relative amount of reacting antigen: D = K/S,
where K and S - negative control and tested sample op-
tical density, respectively; D — estimated independent pa-
rameter and IgT - estimated dependent parameter.

Obtained results are presented in the form of graph in
Figure 2.

Figure 2 shows the following regression model for
tested parameters: IgT” = 1.808(D) + 0.769, where IgT" -
expected titre for the specified D value; the coefficient of
model validity is as follows: R* = 0.891.

Obtained data are indicative of apparent correla-
tion between relative amount of ELISA-reactive antigen
(D) and logarithmic titres of the virus (IgT) expressed as
correlation coefficient (R = 0.944). Plotted model of cor-
relation between specified parameters was as follows:
IgT” = 1.808(D) + 0.769 and covered at least 89.1% of em-

pirical points. Within the 2 < D < 3.15 range the model
allows infectivity titre of the sample to be predicted with
statistical uncertainty (regression error) of m < 0.18 Ig.

Tests shows that developed sensitive and specific com-
petitive liquid-phase ELISA can be used for in-process
laboratory control carried out at the stages of PRRS virus
antigen preparation for determination of semi-finished
vaccine activity.

During the laboratory experiment specific antibody
levels were determined in piglets immunized intramus-
cularly at a dose of 2 cm?® with tested vaccine specimens
prepared based on the virus antigen with different infec-
tivity levels determined with titration and developed ELISA
test-system. Piglet sera were tested in accordance with the
instruction for use of Porcine Reproductive and Respira-
tory Syndrome Virus Antibody Test Kit (IDEXX, USA). The
results are given in Table 2.

The animals were PRRS virus-seronegative before vac-
cination. Twenty-eight days after vaccination specific anti-
bodies were detected only in 30% of the piglets immunized
with vaccine specimen 1 (ELISA virus antigen activity — 1:4)
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IgT

[1g"T=1,808(D) + 0,769 ; R2=0,891|

*
*
*

-

s ¢
* *

1 L] L] L]
0,5 1 1,5 2

2,5 3 3,5 4
D

Fig. 2. Logarithmic titres of the virus infectivity (IgT, ®) determined for tested cultural fluid samples corresponding to relative

amounts of ELISA-reacting antigen (D)

Puc. 2. Jloeapugpmuydeckue oyeHKU mumpa uHgekyuoHHoU akmugHocmu supyca (IgT, ®), ycmaHosnieHHble
8 mecmupyembix 06pazyax KynbmypanabHoU XUOKOCMU cCOOM8emcmaeHHO NOKA3amesiaM OMHOCUMeNbHO20

Konu4ecmaa peazupyrowe2o aHmuzexa (D) e UOA

whereas vaccine specimens 2 and 3 (ELISA virus antigen
activity — 1:8 and higher) induced pronounced immune re-
sponse in the piglets detectable both with ELISA and MNA.

CONCLUSION

ELISA test-system to quantitate porcine reproductive
and respiratory syndrome virus antigen in tested speci-
mens of semi-finished anti-PRRS vaccine during in-process
laboratory control was developed based on test results.
Specific ELISA components were prepared, cut-off values
were determined, correlation between relative amount of
ELISA-reactive antigen and logarithmic titre of the virus ex-

Table 2

pressed as the following correlation coefficient: R = 0.944
was established. Inactivated PRRSV antigen with ELISA ac-
tivity of at least 1:8 — 1:16 induces specific immunity that
is evidenced by presence of diagnostic levels of specific
anti-PRRSV antibodies in animals.
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