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SUMMARY

Results of tests of six Actinobacillus pleuropneumoniae isolates recovered from the diseased pigs kept in animal holdings located in the Russian Federation for their
biological properties (biochemical, proteomic, antigenic and pathogenic ones) are presented in the paper. Proteomic properties were determined with mass-spec-
trometry using Autof MS 1000 mass-spectrometer (Autobio Diagnostics Co., Ltd, China): protein profiles were plotted and the peaks characteristic for each isolate
were identified. Mass-spectra of tested Actinobacillus isolates and reference Actinobacillus pleuropneumoniae DSM 13472 strain were found to be in the m/z range
of 2,000-12,000 Da. The following peaks (m/z) were common for all Actinobacillus pleuropneumoniae isolates and the strain: 2,541 + 2; 4,267 + 2; 5,085 £ 2;
6,450 £ 2;7,207 + 4; 9,408 + 3; 11,820 + 6. Therewith, the highest intensity (100%) was reported for the peak at 5,085 + 2, that was supposed to be a specific
feature of Actinobacillus pleuropneumoniae. All isolates were confirmed to belong to Actinobacillus pleurapneumoniae species and to 2, 5 and 9 serotypes by real-time
polymerase chain reaction using species-specific and serotype-specific primers. Actinobacillus pleuropneumoniae isolates were tested for their pathogenic properties
by experimental infection of white mice and 2.5—-3 month-old piglets. All tested isolates were pathogenic for both white mice and piglets. Isolate No. 4 belonging
to serotype 5 was found to be the most virulent out of tested isolates. Thus, LD, was 4.19 Ig microbial cells for white mice and 5.49 g microbial cells for piglets that
was consistent to the data of other authors carried out tests of actinobaccilli isolated in the Russian Federation for their pathogenicity. The isolates were deposited
to the FGBI “ARRIAH" Collection of Microorganism Strains.

Keywords: porcine (Actinobacillus) pleuropneumonia, isolate, properties, polymerase chain reaction, mass-spectrometry, pathogenicity

Acknowledgements: The work was financially supported by the grant of the Ministry of Science and Higher Education of the Russian Federation and performed
as part of the Federal Scientific and Technical Program of Genetic Technology Development in 2019—2027 (agreement No. 075-15-2021-1054).

For citation: Evgrafova V. A., Pruntova 0. V., Shadrova N. B., Timina A. M. Properties of Actinobacillus pleuropneumoniae isolates. Veterinary Science Today. 2023;
12(2): 178-184. DOI: 10.29326/2304-196X-2023-12-2-178-184.

Conflict of interest: The authors declare no conflict of interest.

For correspondence: Olga V. Pruntova, Doctor of Science (Biology), Professor, Chief Researcher, Information and Analysis Centre, FGBI “ARRIAH’, 6009071, Russia,
Vladimir, Yur'evets, e-mail: pruntova@arriah.ru.

YK 619:616.98:579.843.96:579.887.111:636.4:616-076:615.371

(BOWCTBA U30NATOB
Actinobacillus pleuropneumoniae

B. A. EBrpadoga, 0. B. lpynToBa, H. b. LappoBa, A. M. Tumuna
OIBY «DeiepanbHblil LieHTp oXpaHbl 380poBbA XnBOTHLIX» (OTBY «BHUIU3X»), r. Bnagumup, Poccua

PE3IOME

[lpencTaBneHbl pe3ynbTarbl U3yueHus 61MONOrYeCKuX CBOIACTB (BroxuMUYecKine, NPOTEOMIYECKIE, aHTUTEHHDIE 11 NaToreHHble) 6 u3onaToB Actinobacillus pleuro-
pneumoniae, BbieNeHHbIX 0T 6ONbHbIX CBUHEIA B XKIBOTHOBOAYECKUX X03AiiCTBaX Poccuiickoii Oepepauun. lpoteomuyeckie cBOIACTBA ONpesenanu nocpeacTBoM
MAcC-CMeKTPOMETPUYECKOT0 aHann3a C MCnosb3oBaHem macc-cnektpometpa Autof MS 1000 (Autobio Diagnostics Co., Ltd, Kutaid): 6bimm nocTpoeHbl 6enkoble
npounu 1 onpeaeneHbl xapakTepHble NUKN ANA KaXA0ro N30M1ATa. YCTaHOBIEHO, YTO BCe MACC-CNEKTPbI M3y4aeMmblX U30AATOB aKTUHOOALMAN 1 pedepeHTHOro
wramma Actinobacillus pleuropneumoniae DSM 13472 naxopsTca B Ananasone m/z 2000—12 000 [la. [ina Bcex u3onAToB 1 wramma Actinobacillus pleuropneu-
moniae o6wmmm 6binn NuKA m/z: 2541 £ 2; 4267 + 2; 5085 £ 2; 6450 + 2; 7207 + 4; 9408 + 3; 11 820 % 6, npy 3TOM Camas BbICOKas UHTEHCUBHOCTD (100%)
6bina 3aperncTpupoBaxa ana nuka 5085 £ 2, KOTOPbIiA, Kak NpeAnonaraem, MOXHO CYMTaTb UCKIOUNTENbHOI 0cobeHHoCTblo Actinobacillus pleuropneumoniae.
[TpuHannexHocTb Beex u30nAToB k BUBY Actinobacillus pleuropneumoniae n cepotunam 2, 5 1 9 6bina noaTBepxaeHa METOA0M NOAUMEPA3HOIA LIENHOI peakLmui
B peanbHOM BPeMeHM C UCMONb30BaHNEM BUAO0- U CePOTUN-CNeLduyHbIX npaitmepos. MatoreHHble BoiCTBA Actinobacillus pleuropneumoniae onpegenany npu
IKCMepUMeHTanbHOM 3apaxeHuy 6enbix MbiLueid 1 nopocaT 2,5—3,0-mecauHoro Bo3pacta. Bee ncnbityemble 30n4Tbl 6bn NatoreHHbI Kak Ans 6eNbix MbllLeil,
TaK 1 AnA CBUHeNl. YCTaHOBNEHO, UTO U3 BCeX M3y4aeMblX U30ATOB Havbonee BbiCoKas BUPYNEHTHOCTb XapakTepHa Ana usonata Ne 4, KoTopblil OTHOCUTCA
k 5-my cepotuny. Tak, /I, AnA Genbix Mbilueii coctauna 4,19 g m. K., 4A NopocaT — 5,49 Ig m. K., 4T0 COTNAcyeTCA ¢ JaHHbIMIM APYruX aBTOPOB, NPOBOAUBLUNX
I1CCNIE0BAHIA NATOTeHHOCTI aKTUHOBALWMAN, BbIAeNeHHbIX Ha Tepputopuu Poccuiickoit Oefepaumu. M30naTbl AenoHNPOBaHbI B KONNEKLMIO LUTAMMOB MUKPO-
opraHu3moB OTBY «BHUNU3X».

KnioueBbie cnoBa: akTuHobawunnesHas nNeBPONHEBMOHUA, U30NIAT, (BOICTB, nonmepasHaA LenHaaA peakuua, MacC-CneKTPOMETPUA, NaTOreHHOCTb
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bnaropapHocty: Pabota BbinonHeHa npu nogaepxke rpaHTa MuHucTepcTBa Hayku 1 Bbicluero obpasoBanus Poccuiickoii Oefiepauunn B pamkax peanusaumm
OTZENbHbIX MeponpuATHii OefepanbHoil HayuHO-TEXHUYECKOI NPOrPaMMBbl Pa3BUTUA FeHETUUECKIX TeXHoNorMil Ha 2019-2027 rr. (cornatwenme Ne 075-15-

2021-1054).

[insa untuposanua: EsrpadosaB. A, MpynTosa 0. B., LWaaposa H. b., TamuHa A. M. CBolictea u3onatos Actinobacillus pleuropneumoniae. Bemepurapus ce2o0Hs.

2023;12 (2): 178-184. DOI: 10.29326/2304-196X-2023-12-2-178-184.

Kondnukr unTepecoB: ABTOpbI 3aABAKT 06 OTCYTCTBUN KOHGINKTA UHTEPECOB.

[ins koppecnoxpenuuu: MpyHTosa Onbra BnaancnasosHa, LOKTOp Gronornyeckinx Hayk, npoheccop, rMaBHblil HayUHbI COTPYAHIK MHYOPMALIMOHHO-aHaNK-
Tuyeckoro LeHTpa OTBY «BHUU3X», 600901, Poccua, . Bnagumup, mkp. KOpbesew, e-mail: pruntova@arriah.ru.

INTRODUCTION

Actinobacillus pleuropneumoniae (APP) causes porcine
pleuropneumonia, a disease that is widespread in many
countries of the world and in the Russian Federation. This
highly contagious disease is characterized by sudden on-
set, short clinical course, fibrin-hemorrhagic lung lesions
in acute form or cough and decreased weight gains in
chronic form of the infection. Porcine pleuropneumonia
often leads to the animal death. Pigs of all ages are suscep-
tible to the disease but 2-4-month-old piglets are the most
susceptible. Persistence is a distinctive feature of the di-
sease associated with long-term carriage of the bacterium
by animal [1, 2]. The severity of the disease depends on
the several factors the most important of which are APP
serotype, infective dose, concomitant infections and ani-
mal keeping conditions [3-5].

In recent decades, there has been a trend in the Rus-
sian Federation towards an increase in the number of
porcine APP-infected holdings, which could be account-
ed for breeding animal import from Western Europe and
Canada, and absence of porcine pleuropneumonia in the
list of infections from which the live pigs imported into
the Russian Federation shall be free according to veteri-
nary requirements [6-8].

Currently, there are some vaccines for porcine pleuro-
pneumonia prevention classified into bacterin-toxoid,
toxoid and bacterin-based (whole-cell bacteria). Bacte-
rins confer protection against homologous serovars but
do not protect against infection with heterologous sero-
vars [9-13]. Vaccines based on inactivated Apx toxins are
effective for reducing the incidence and clinical manifes-
tations associated with the infection, but they are not able
to prevent colonization by the pathogen in the lungs and
their use poses a potential threat of infection of the herd
by asymptomatic carrier-animals [9, 11, 14]. The develop-
ment of universal anti-porcine pleuropneumonia vaccine
able to protect against all known serovars is a tough task
due to the lack of cross-immunity. The best way to erad-
icate this disease is to isolate and identify the causa-
tive agent in a particular APP-infected holding, to test
the agent for its biological properties, to manufacture
a vaccine and to apply the said autogenic vaccine in the
said holding. Autogenic vaccines for porcine pleuropneu-
monia control are used in such countries as France, USA,
Canada, etc. [9, 15, 16]. Considering the above-said, test-
ing of APP isolates recovered from diseased pigs kept in

animal holdings of the Russian Federation for their bio-
logical properties is of great importance. The novelty of
the study was as follows: to recover new APP isolates, to
test them for their biological properties, to deposit them
into the FGBI“ARRIAH" Collection of Microorganism Strains
for further vaccine development.

The study was aimed at isolation of APP agents from
diseased pigs in animal holdings of the Russian Federation,
to test them for their biochemical, proteomic, antigenic
and pathogenic properties.

MATERIALS AND METHODS

Bacteria isolates. The following APP isolates recovered
from pigs with respiratory disorders kept in the pig hold-
ings located in the Russian Federation were used:

No. 1 - A. pleuropneumoniae “AU-21" isolate of sero-
type 2 recovered in the Kursk Oblast;

No. 2 — A. pleuropneumoniae “N-21" isolate of sero-
type 2 recovered in the Kursk Oblast;

No. 3 - A. pleuropneumoniae “VT-22" isolate of sero-
type 2 recovered in the Ryazan Oblast;

No. 4 - A. pleuropneumoniae “KG-21" isolate of sero-
type 5 recovered in the Belgorod Oblast;

No. 5 — A. pleuropneumoniae “OE-22" isolate of sero-
type 9 recovered in the Kursk Oblast;

No. 6 — A. pleuropneumoniae “DI-22" isolate of sero-
type 9 recovered in the Kirov Oblast.

Database of MALDI Autoflex Ill mass-spectrometer
(Bruker Daltonik GmbH, Germany). Mass-spectrum of re-
ference A. pleuropneumoniae DSM 13472 strain.

Test animals. APP isolates were tested for their patho-
genic properties in white mice weighing 16-18 g and
in 2.5-3.0 month-old piglets delivered from infectious
disease-free holdings.

All tests in animals were carried out in strict compliance
with intergovernmental standards on laboratory animal
keeping and handling adopted by the Intergovernmental
Council for Standardization, Metrology and Certification
as well as in accordance with Directive 2010/63/EU of the
European Parliament and of the Council of the European
Union of 22 September 2010 on the protection of animals
used for scientific purposes.

Nutrient media and reagents. Brain-heart infusion agar
(Becton, Dickinson and Company, USA) containing 5%
of equine serum (AO“NPO“Microgen’, Russia), 10% of yeast
extract (FGBI “ARRIAH’, Russia) was used for isolation
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Fig. 1. Proteomic properties (protein profiles) of A. pleuropneumoniae isolates

of APP from pathological material samples. Commercial
API NH test kit (bioMerieux, France) was used for testing
the isolates for their biochemical properties.

Methods. Samples were collected in accordance with
“Methodical guidelines for collection of biological ma-
terial samples from animals for bacteriological tests”'.
Bacteria were examined for their morphology by micros-
copy of Gram-stained smears. Bacteria were cultivated
on dense agar media at temperature of (37.0 £ 0.5) °C
for 24-48 hours.

APP were identified and tested for their proteomic pro-
perties using Autof MS 1000 mass-spectrometer (Autobio
Diagnostics Co., Ltd, China). Single colonies of day-old cul-
ture were directly applied with sterile plastic loop on metal
target plate. Saturated CHCA (a-cyano-4-hydroxycinnamic
acid) solution prepared with 50% aqueous acetonitrile
containing 2.5% trifluoroacetic acid was used as a matrix.
The device was calibrated daily using Calibrator Autobio
Diagnostics reagent (Autobio Diagnostics Co., Ltd, China).

" Evgrafova V. A., Kononov A.V,, Yashin R.V,, Bryantseva M. S.,
Stepanova I. A, Biryuchenkov D. A. Methodical guidelines for collection
of biological material samples from animals for bacteriological tests.
No. 03-22. Vladimir: FGBI“ARRIAH’, 2022. 11 p.

Mass-spectrometric analysis of APP isolates was carried
out using linear laser mode [17]. The analysis parame-
ters were optimized for the m/z (mass/charge) range of
2,000 to 20,000 Da, the spectrum obtained by summing
20 single spectra with Auto Acquirer V2.0.130 software
was recorded. Analysis of obtained mass-spectra was
performed with Autof AnalyzerV2.0.14 software (Autobio
Diagnostics Co., Ltd, China).

Polymerase chain reaction was performed in accordance
with the “Methodical guidelines for Actinobacillus pleuro-
pneumoniae detection with polymerase chain reaction”

APP isolates were tested for their pathogenic properties
in white mice in accordance with the “Methodical guide-
lines for testing of the Actinobaccillus pleuropneumoniae
antigens included in inactivated vaccines for their immu-
nogenicity”. Fifty white mice weighing 16-18 g (10 mice
per each dilution) were used for tests of each isolate for

2Scherbakov A. V., Timina A. M., Yakovleva A. S., Kovalishin V. F. Methodical
guidelines for Actinobacillus pleuropneumoniae detection with polymerase
chain reaction. No. 38-05. Vladimir: FGI “ARRIAH"; 2005. 8 p.

3 Biryuchenkov D. A,, Rusaleyev V. S., Frolovtseva A. A., Potekhin A.V.
Methodical guidelines for testing of the Actinobaccillus
pleuropneumoniae antigens included in inactivated vaccines for their
immunogenicity. No. 69-08. Vladimir: FGI “ARRIAH"; 2008. 17 p.
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its pathogenicity. The mice were infected intraperitoneally
with day-old APP culture at the following concentrations:
1x1081x107,1%x10°%1x10° 1% 10*microbial cells/cm?
in a volume of 0.5 cm?. The mice were observed for 5 days.

Ig LD, was calculated according to Karber’s formula
modified by Ashmarin:

IlgLD,,=1gD,~1g 6 (ZL - 0.5),

where Ig D, - logarithm of maximum infective dose;
Ig & - logarithm of the agent culture dilution factor;
L, - dead test animal number/infected test animal
number ratio;
3L, —sum of L, values for all tested doses.

APP isolates were tested for their pathogenic properties
in 2.5-3.0 month-old piglets. The piglets were infected
intratracheally with bacterium suspension containing
1 % 108 microbial cells in a volume of 1.0 cm3. The piglets
were observed for 10 days.

Microsoft Excel application and standard statistical
methods were used for statistical processing of the data.

RESULTS AND DISCUSSION

The first stage of the study was the isolation of por-
cine pleuropneumonia agent from pathological material
samples collected from dead and emergency slaughtered
animals with respiratory disorders in the APP-infected
holdings located in the Belgorod, Kirov, Kursk and Ryazan
Oblasts. Six APP isolates were prepared for further study
based on the tests results. The list of the said isolated is gi-
ven above in “Materials and methods” section.

All tested isolates were shown to ferment glucose, suc-
rose, maltose, fructose and to be active against alkaline
phosphatase, urease and B-galactosidase. Comparison of
the obtained data with reference strain characteristics gi-
ven in Bergey’s Manual of Determinative Bacteriology [18]
showed that characteristics of the said isolates determined
with all tests were consistent with that ones of the reference
strains indicating that the isolates belonged to APP species.

During the next stage of the study proteomic properties
of all APP isolates were determined, protein profiles were
plotted (Fig. 1) and peak mass lists enabling identification
of specific peaks for each isolate were generated (Table 1).

Analysis of obtained results showed that all
mass-spectra of tested Actinobacillus isolates and refe-
rence APP DSM 13472 strain were in the m/z range of
2,000-12,000 Da.The following peaks were common for all
isolates and reference APP strain: m/z 2,541 + 2; 4,267 + 2;
5,085+ 2;6,450 + 2; 7,207 + 4; 9,408 + 3; 11,820 + 6, there-
with, the highest intensity (100%) was recorded for peak of
5,085 + 2 that was suggested to be a unique feature of APP.

The isolates were confirmed to belong to APP species
by testing with real-time polymerase chain reaction (qPCR)
with species-specific primers.

Figure 2 shows qPCR DNA amplification curves of tes-
ted isolate samples confirming that all samples belong
to APP species [19-21].

Then, A. pleuropneumoniae isolates were serotyped
using serotype-specific primers (Fig. 3-5).

Figure 3 shows qPCR DNA amplification curves of APP
isolates No. 1, 2 and 3 confirming that they belong to sero-
type 2. DNA amplification curves of other isolates coincide
with negative control curve indicating that they do not
belong to serotype 2.

Table1
Analysis of mass-spectra of A. pleuropneumoniae isolates

Intensity (%) of A. pleuropneumoniae isolate
and reference DSM 13472 strain spectra

DSM 13472

2,541+2 45 35 4 29 33 18 38
4,267 2 56 53 61 48 49 22 70
5,085+2 100 100 100 100 100 100 100
6,450 £2 52 51 54 55 51 43 67
72074 22 30 39 66 24 33 24
9,408 +3 14 25 29 38 13 22 26
11,820+ 6 2 8 N 25 6 8 5

Fluorescence units

0 10 20 30 40
Run No.

Fig. 2. Real-time PCR confirmation of isolate No. 1, 2, 3, 4, 5, 6 identification
as A. pleuropneumoniae species (“-k” — negative control)

Fluorescence units

Run No.

Fig. 3. Real-time PCR identification of A. pleuropneumoniae isolates
as serotype 2 ones (1, 2, 3 —isolates No. 1, 2 and 3; 4 — isolate No. 4
and negative control)

Figure 4 shows qPCR DNA amplification curve of APP
isolate No. 4 confirming that it belongs to serotype 5. DNA
amplification curves of other tested isolates coincide with
negative control curve indicating that they do not belong
to serotype 5.

DNA amplification curves of serotype 9 APP isolate are
shown in Figure 5. Isolates No. 5 and 6 were classified to
this serotype based on qPCR results while amplification
curves of other isolates coincide with negative control
curve.
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inoculated with pathological materials collected from
dead animals. White mice were observed for 5 days, pig-
lets were observed for 10 days, observation results were
recorded, interpreted. Table 2 shows Ig LD,  values allow-
ing comparative assessment of APP isolates for their viru-
lence. Obtained data indicate that Ig LD, of the isolates
for experimentally infected white mice was as follows:
4.99£0.1Ig LD, microbial cells for isolates No. 1, 2, 3 (sero-
type 2),4.191g LD, , microbial cells for isolate No. 4 (sero-
type 5) and 5.39 + 0.2 Ig LD,  microbial cells for isolates
: : No. 5 and 6 (serotype 9). Ig LD, of the isolates for experi-
0 ey — ——— ; 2‘- - mentally infected 2.5-3.0 month-old piglets was found
0 10 20 30 40 to be minimum (5.49 Ig LD, microbial cells) when isolate

Run No. No. 4 (serotype 5) was used for inoculation and maximum
(7.891g LD, microbial cells) when isolate No. 5 (serotype 9)
Fig. 4. Real-time PCR identification of A. pleuropneumoniae isolates was used for inoculation that was indicative of high viru-
as serotype 5 ones (1 —isolate No. 4; 2 — isolate No. 5 and negative control) lence of serotype 5 isolate.

Thus, isolate No. 4 belonging to serotype 5 was found to
be higher virulent than other tested isolates, that was con-
sistent with the data of other authors [1] carried out tests
of actinobacilli isolated in the Russian Federation territory
for their pathogenicity.

The isolates were deposited into the FGBI “ARRIAH"
Collection of Microorganism Strains under the following
names based on results of tests of these isolates for their
biochemical, proteomic, serological and pathogenic pro-
perties:

- isolate No. 1 - A. pleuropneumoniae "AU-21" strain
of serotype 2;
- isolate No. 2 - A. pleuropneumoniae “N-21" strain
0 10 20 30 40 of serotype 2;
Run No. - isolate No. 3 - A. pleuropneumoniae “VT-22" strain
of serotype 2;
Fig. 5. Real-time PCR amplification of DNAs of serotype 9 - isolate No. 4 - A. pleuropneumoniae “KG-21" strain
A. pleuropneumoniae isolates (1 - isolate No. 5; 2 - isolate No. 6; of serotype 5;
3 —isolate negative for serotype 9 and negative control) — isolate No. 5 - A. pleuropneumoniae “OE-22" strain
of serotype 9;

Table 2 - isolate No. 6 — A. pleuropneumoniae “DI-22" strain
Pathogenic properties of serotype 2, 5 and 9 A. pleuropneumoniae isolates of serotype 9.
for laboratory and naturally susceptible animals

lg LD, microbial cells of isolates CONCLUSION
Animal Tests of the bacterial cultures isolated in APP-infec-
m and Ryazan Oblast for their biological properties have

02 05 showed that all tested isolates belong to A. pleuropneu-
white mice 4.9 5.09 4.89 419 5.59 5.19 moniae species. The following characteristic m/z peaks
were determined based on tests of proteomic properties
of the isolates: 2,541 + 2; 4,267 + 2; 5,085 + 2; 6,450 + 2;
7,207 + 4; 9,408 + 3; 11,820 + 6 and were found to be

Thus, gPCR showed that tested APP isolates No. 1,2and  similar to characteristics of reference A. pleuropneumo-
3 belonged to serotype 2, isolate No. 4 belonged to sero-  niae strain. The isolates were classified based on their
type 5 and isolates No. 5 and 6 belonged to serotype 9. antigenic properties as follows: isolates No. 1, 2 and 3 -

The next stage of the study was to test APP isolates  to serotype 2;isolate No. 4 — to serotype 5; isolates No. 5
for their pathogenic properties in laboratory and natu- and 6 - to serotype 9. All isolates were pathogenic for
rally susceptible animals. For this purpose, 50 laboratory  laboratory and naturally susceptible animals. Ig LD, of
mice weighing 16-18 g and 2.5-3.0 month-old piglets  the isolates for experimentally infected white mice was
were experimentally infected in accordance with the  asfollows: 4.99 + 0.1 Ig LD, microbial cells of serotype 2
above-mentioned method. All tested isolates were patho-  isolates, 4.19 Ig LD, microbial cells of serotype 5 isolate
genic for white mice and piglets since infected animals of ~ and 5.39 +0.21g LD, microbial cells of serotype 9 isolates.
all groups except for animals of control group died. The  The isolates were deposited to the FGBI “ARRIAH” Collec-
animal deaths were confirmed to be specific by recovery  tion of Microorganism Strains based on the test results
of pure cultures of tested isolates from brain-heart infu-  to be used for further anti-porcine pleuropneumonia
sion agar with supplements (serum and yeast extract)  vaccine development.

Fluorescence units

Fluorescence units

piglets 6.99 7.49 6.69 5.49 7.89 7.29
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