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ABSTRACT

Pasteurellosis is a zoonotic disease of vertebrate animals, for which the etiological agent
is Pasteurella multocida. The continuous high prevalence of P. multocida and regular periodic
outbreaks of pasteurellosis in both wild and domestic animals, especially in the wild saiga
populations in Kazakhstan, underscores the importance of developing a local molecular
diagnostic system. Accordingly, the goal of the present study was to develop a real-time
polymerase chain reaction (PCR) protocol to identify all serovars df multocida. The envC,
ruvB, and QseC genes were chosen as targets, and real-time PCR protocols were developed using
three pairs of primers and corresponding fluorescent probes characterized by high efficiency,
sensitivity, and specificity. The sensitivity of the developed protocols to the sequences of the
envC and QseC genes was 2.38 fg, and that to the ruvB gene was 76 pg. The high specificity of the
PCR protocol was confirmed with a collection of samples from 92 species of bacteria and three
species of higher eukaryotic organisms. The commercialization of these developed protocols
will allow for the production of highly effective PCR test systems, and improve the diagnosis

and treatment of pasteurellosis.
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INTRODUCTION

Pasteurellosis is an infectious disease of animals
and birds, mainly characterized by poultry cholera,
hemorrhagic septicemia in sheep, goats and cattle,
atrophic rhinitis in pigs and rabbits, pneumonia and
pleuritis in ungulates. The main causative agent of
pasteurellosis is Pasteurella multocida [1].P. multo -
cida isolates are classified into 5 capsular serogroups
(A,B,D,EandF) [2, 3,4] and 16 LPS serotypes (L1-
L16) [5, 6]. It is also worth noting, that complex se
rovars exist, such as B:L.2,5 and B:1L3,4 [7].

Hemorrhagic septicemia is caused by isolates
from serogroups B and E, and rarely A. Susceptible
animals are: cattle, buffaloes, pigs, small cattle, deer,
camels, rarely horses. Avian cholera is caused by iso -
lates from serogroups A, F, very rarely D. Susceptible
birds are: hens, turkeys, ducks, wild birds. Atrophic
rhinitis is caused by isolates from serogroup D, rarely

A, and the disease affects pigs and rabbits. Sniffing in
rabbits is caused by the pathogen from serogroups A
and D. Enzootic pneumonia and convulsive fever are
caused by isolates from serogroups A and D, rarely E.
Pneumonia occurs in cattle, small cattle and pigs [8].

As is evident, the serogroups do not show
monospecificity to one host species, the observation
that was confirmed by a new genotyping scheme [9].
Recent studies indicate only presence of genes asso-
ciated with certain nosologies, for example, atrophic
rhinitis is caused by the action of a toxin (product
of the ToxA gene), and there is a complex of genes
common to isolates that cause hemorrhagic septice-
mia [10].

The greatest danger is pasteurellosis manifests
in a form of hemorrhagic septicemia (HS). Hemor-
rhagic septicemia is a systemic disease which can af-
fect all ungulate animals, and this disease was desig-
nated as the most economically important disease in
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livestock according to OIE (2009) and FAO (2005).
Hemorrhagic septicemia is mainly caused by sero
types B:L2 and E:L2 in Asia and Africa, respectively.
As was confirmed [11], isolates circulating in the ter-
ritory of Kazakhstan belong to serotype B:L2.

Transmission occurs through direct contacts,
when carriers or diseased animals secrete large
numbers of virulent bacteria directly into the-en
vironment through nasal and oral secretions. The
pathogen enters a susceptible animal>s body through
the tonsils. Later, a chronic infection occurs in the
nasal cavity, paranasal sinuses, middle ears, lacri
mal and thoracic ducts of the lymphatic system and
lungs. Bacteria multiply in peritonsillar soft tissues,
and migrate to local lymph nodes, where the bacte
ria multiply and spread to surrounding tissues with
a blood flow.

Complex infections with other respiratory
pathogens, in particulaBordetella bronchiseptica
or Mannheimia haemolytica, significantly enhance
colonization rates of P. multocida, leading to a more
serious disease. Primary infections with respiratory
viruses or Mycoplasma species also predispose an
imals to a secondary infection withP. multocida or
M. haemolytica. Environmental conditions, stress
and general health conditions of animals also play
important roles in determining of disease severity
and likelihood of transmission.

After entry into the body, P. multocida extreme-
ly rapidly proliferates in blood, thus causing a pro
nounced local edema and necrosis, septicemia with
lesions of different organs that without treatment can
lead to death within few hours. The septicemia may
be asymptomatic until beginning of an acute phase.
Otherwise, death may occur within three days [12].
Mortality without urgent antibiotic treatment is close
to 100%. Documented mortality during an outbreak
of pasteurellosis reaches from 15% [13] to 90% of an
animal population. A striking example is the case of
2015, in which about 210 000 animals in the fIBet
pak Dala saigaffi population died, which amounted to
88% of the total counts of this population, and 62%
of the world population of this species [14]. A cause
of death of saiga was hemorrhagic septicemia caused
by P. multocida [15].

A significant damage caused by pasteurellosis to
livestock, and a wide geographical distribution and
susceptibility of many domestic mammals and birds
underscore importance of improving existing meth-
ods for diagnosing pasteurellosis. The diagnosis in
farm animals is based on clinical signs, determi
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nation of pathological changes and bacteriological
methods for identification of the pathogen. Efficien-
cy of the classical methods in a diagnostic practice is
inferior to modern methods, so that a use of molec
ular methods is the most effective way to control the
disease and reduce economic losses. In recent years,
molecular genetics methods for identifying bacte
ria have proven useful in overcoming limitations of
traditional phenotypic procedures. In a guide of the
International Animal Health Organization (OIE), a
polymerase chain reaction (PCR) method is defined
as an alternative diagnostic test and a method for typ
ing of P. multocida [16]. One of the main advantages
of PCR is its extremely high sensitivity and specific
ity. The use of the PCR in diagnostics allows a rapid
detection and identification of pathogenic microor-
ganisms directly in samples of biological material, as
well as in complex or pure cultures. To date, a variety
of developed and implemented PCR test systems uti -
lize an electrophoretic detection [17, 18]. The latter
method has begun to be replaced by real-time PCR
protocols. The real-time PCR allows increasing re
liability of diagnosing because of almost complete
elimination of a possibility of contamination with
previously amplified DNA. The real-time PCR can
be used to quantify target DNA in samples, and also
reduce duration of an analysis. The real-time PCR
is a quick and reproducible alternative to serological
methods [19], that increases effectiveness and reli
ability of a diagnostic study. A use of the real-time
PCR method in diagnosing of pasteurellosis in ani
mals will reduce timing of diagnostic tests, and will
help to improve anti-epizootic measures.

PCR test systems that detect all serovariants of
P. multocida have the greatest demand in Kazakh
stan>s diagnostic laboratories. With this regard, the
goal of this study was to develop a real-time PCR
test-system for diagnosing pasteurellosis in animals

and birds.
Materials and methods

Collecting bacterial DNADNA from the
frainltocida B-0575 was used in the work.
The strain B-0575 is from a collection of the Repub -
lican State Enterprise National Reference Center in
Veterinary of the Committee of Veterinary at the
Ministry of Agriculture. DNA was isolated using
the QIAamp DNA Mini Kit manufactured by QIA-
GEN (USA) according to the manufacturer>s-in
structions. DNA concentration was determined by
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fluorimetric method using a Qubit 2.0 Fluorometer
and the Qubit dsDNA HS Assay Kits.

Selection of target loci for selection of prim
ers. Several bacterial genes that function under a
high positive selection pressure [20] were selected
as targets for targeting of primers. These genes are
related to the group of flhousekeepingth genes. The
selected genes are:envC - encodes a metal-chelat
ing subunit found in all enzymes containing mo
lybdenum; ruvB - involved in DNA metabolism and
recombinations associated with an immune eva
sion; QseC gene - encodes a sensory kinase in the
two-component QseBC quorum-sencing system
(this transcriptional control system allows patho
gens to adapt to different host niches).

Primers design. Sequences of the target genes
were downloaded from the NCBI web resource; se
quence alignments were produced using the BioEdit
Sequence Alignment Editor software [21]. Designing
of primers and assessing of likelihood of a formation
of undesired secondary structures (such as hairpins
and dimers) were done using the PrimerSelect pre
gram (DNASTAR). Specificity of the primers, as well
as melting temperatures were predicted using the
Primer-BLAST web service [22].

The gene sequences were aligned using ClustalW
software. Then primers and fluorescent probes (with
FAM fluorophores for TagMan) were devised to tar-
get selected genomic regions that are conserved inP
multocida but are hypervariable in other species of the
Pasteurella genus and whole Pasteurellaceae family.
Probabilities of primers> annealing to other genomes
(bacterial, viral, animal, plants, etc.) was controlled by
using the Primer-BLAST application at the interna
tional NCBI database. The primers having stable sec
ondary structures, as well as those complementary to
non-target regions, were excluded.

The selected primers were analyzed for a sec
ondary structure formation using PrimerSelect
(DNASTAR) software. When selecting fluorescent
ly-labeled probes, the main requirements for the
probes were the following: an annealing tempera
ture must be higher than annealing temperatures of
primers, probes must lack the G nucleotide at the 5>-
end, stable dimers with primers must be absent, etc.

The nucleotide sequences of primers and flue
rescent probes are not presented in this article be
cause they are listed in a patent application, and will
be available upon request.

Optimization. Conditions for the real-time
PCR for detection ofP. multocidawere optimized
using the following variable parameters: concentra -
tion of magnesium ions, annealing temperatures,
presence of additives that might increase efficiency,
specificity and sensitivity of the reaction. The test
ed additives were betaine, tetramethylammonium
chloride, formamide and sucrose.

The invariable components in reaction mix
tures for all primer pairs were: primers at 10 pMol,
5 pMol of a corresponding probe, 10 mM Tris-HCI
(pH 8.8 at 25°C), 50 mM KClI, 0.08% nonidet NP40,
dNTP in the concentration 200 mM for each dNTP,
1.5 units ofTaq polymerase (Alpha ferment, Rus
sia). A PCR amplification program: long denatur-
ation step 95°C - 3 minutes; Cycles (45 sec): 95°C
- 20 sec, gradient of primer annealing temperature:
57-67°C - 15 sec, detection step 72°C - 30 sec. The
detection was done at a wavelength corresponding
to fluorophore FAM.

As a negative control, E. coli DNA was used at
in the amount 50 ng per the reaction mixture. Also,
cattle DNA were used in amount of 500 ng per reac -
tion. In each PCR experiment, one component was
optimized, followed by electrophoretic assessment
of PCR products.

The optimal composition of a reaction mixture
was that allowed detecting df multocidaDNA
during the minimal number of cycles, i.e. with the
lowest threshold cycle (Ct). Also, values of the coef -
ficient of determination (R?) and efficiency (E) must
be within an acceptable range, as well as non-spe
cific amplification products from negative control
(E. coli or cattle) DNA must be absent.

Real-time PCR was performed on a CFX-96
thermal cycler (BioRad, USA). The results were
analyzed using BioRad CFX Manager 3.0 software
(BioRad , USA).

Sensitivity assessment.Io assess sensitivity,
P. multocida DNA was diluted to the concentration
2 ng/pl. DNA concentration was measured using the
Qubit dsDNA HS Assay Kit, with triple repetition
of results. After that, the DNA was diluted twice in
1xTE buffer (10 mm Tris-HCl, 1 mM EDTA, pH =
8.0) with addition of carrier DNA (fragmented horse
DNA at the concentration 10 ng/ul), which was used
to stabilize target DNA at low concentrations. A final
PCR mixtures contained from 10 ng to 2.38 fg of the
target DNA, that is equivalent to 4 million of genom -
ic copies per reaction. Copy numbers were calculat
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ed using an Internet-based service cited in [23].

Assessment of specificity. Specificity of the de-
veloped protocols was assessed using a collection of
95 DNA samples, including 92 bacterial species and
3 DNA samples of higher eukaryotic organisms. Spe -
cies for bacterial strains in the collection were deter-
mined by sequence analysis of the 16S rRNA gene.

RESULTS AND DISCUSSION

Selection of primersSelection of target
DNA and structures of primers is of great impor-
tance during developing of PCR protocols. As a
rule, a target for selecting the primers is deter-
mined based on a goal of amplification. In case
that identification of all serovariants of P. multo-
cida is required, it is necessary to use as the tar-
get the ribosomal region, or genes of the flhouse-

serotypes that can cause certain nosologies, such
as pig atrophic rhinitis, it is advisable to iden
tify target genes that cause a specific pathology,
for example, genes encoding toxins [ oxA), ad-
hesins (ptfA andpfhA ), siderophores (fonB and
hgbA) [25, 26] which are associated with a mani-
testation of the pathology.

In order to select primers, nucleotide sequences
of the QseC, envC and ruvB genes were download-
ed from the NCBI database. The genes were from
all P multocida strains, as well as from four spe
cies belonging to the Pasteurella genus, for which
whole genomes are currently identified: Pasteurella
dagmatis ATCC 43325,Pasteurella bettyae CCUG
2042, Pasteurella skyensis DSM 24204 andPasteu -
rella canis NCTC 11621.

In total, 3 pairs of the primers and correspond -
ing fluorescent probes were selected, the main char-
acteristics of the primers and probes are shown in

keepingfh profile [24]. If it is necessary to identify table 1.

Table 1. List of selected oligonucleotides, probes and their main characteristics

Designation Annealing temperature calculated by PrimerBlast , °C Amplifiable product size, bp
envC-F 59
111
envC-R 61
ruvB-F 60
79
ruvB-R 59
seC-F 59
Q 117
QseC-R 58
probe-envC 66 Not applicable
probe-ruvB 65 Not applicable
Probe-QseC 64 Not applicable

Optimization of the real-time PCR. Much at-
tention during developing of PCR test-systems is
given to additives that can affect efficiency, specific -
ity and sensitivity. The majority of commercial PCR
kits include specific additives that increase their
diagnostic value. Substances such as acetamide,
dithiothreitol, and many others like them [27] are
expensive; therefore, utilization of inexpensive ad
ditives is desired to reduce prices of the PCR kits
and ensure their wide distribution.

At the first stage, annealing temperatures of the
primers and concentrations of the magnesium ion
were optimized. For this purpose, a temperature
gradient was used in the range from 57°C to 67°C,
and magnesium ion concentrations in a reaction
mixture were varied from 2 mM to 4.5 mM with an
increment step 0.5 mM.

At the second step of the optimization, dy
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namics of the reaction was investigated in pres

ence of additives in the reaction mixture. As a
result, in one 96-well plate, 5 compositions of
the reaction mixtures were tested and compared:
without additives (No. 1), with betaine (final con-
centration 0.2 M) (No. 2), with tetramethylammo -
nium chloride (final concentration 5 nM) (No. 3),
with betaine and tetramethylammonium chloride
(concentrations similar to the listed above) (No.
4), with formamide (final concentration 2.5%)
(No. 5) and with sucrose (final concentration 0.2
M) (No. 6). For each reaction mixture, 5 different
amounts of P. multocida DNA (1.25 ng, 39 pg, 2.4
pg, 150 fg and 9.53 fg, respectively) or negative
control DNA were added to monitor amplification
profiles at various concentrations of the input tar-
get DNA. Each experiemnt was done in triplicate
to avoid possible artifacts or handling errors. This
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experiment was repeated three times for each pair
of primers.

taining TMA and betaine, with the DNA amount
9.53 fg. Efficiencies of the reactions were 103.1%,

Figure 1 shows the values of effic iency and de- 105.1% and 106.9%, and the relative fluorescence

termination coefficients. The lowest threshold cycle
values were observed with the PCR reactions con

units (RFU/OEF) were 1200, 2000 and 600 for the
QseC, envC and ruvB genes, respectively.
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Fig. 1. Optimization of a composition of PCR mixtures using 5 different additives

Thus, the optimal compositions of the reaction
mixtures for the primer pairs QseC-F/R, envC-F/R
and ruvB-F/R with the corresponding fluorescent
probes include: magnesium chloride 3.5 mM, 4.5 mM
and 4 mM, respectively; primers at 10 pMol each, a
corresponding probe at 5 pMol, 10 mM Tris-HCI (pH
8.8 at 25°C), 50 mM KClI, 0.08% Nonidet NP40, ANTP
at the concentrations 200 mM each, 5 nM tetrame
thylammonium chloride, betaine at the concentration
of 0.2 M, 1.5 units of Tag polymerase (Alpha ferment,
Russia). The optimized PCR amplification program is:
long denaturation at 95°C - 3 min; 45 cycles: 95°C - 20
sec, 60°C, 61°C, 58°C (respectively) - 15 sec, and the
detection step (FAM) 72 °C - 30 sec.

Sensitivity assessment. Based on a literature re -
view, highly sensitive diagnostic PCR protocols are

those protocols which allow detecting target DNA
in amounts of from 50 pg to 50 fg [28]. However,
for real-time PCR, the sensitivity depends on a level
of fluorescence, especially when detecting low DNA
concentrations.

As shown in figure 2, for the primer pairs en
vEIR)seC the PCR detected of low target
DNA amounts equal 2.38 fg. This corresponds to one
genomic copy of P. multocida DNA in the reaction mix -
tiIR For the primer pair ruvB  , the protocol sen
sitivity was also 2.38 fg; however, with DNA amounts
below 76 pg, RFU values were below 250, and the
amplification curve did not have a logarithmic form.
Therefore, a detection limit for a given pair of primers
is defined as 76 pg, which is equivalent to 30 genomic
of P. multocida DNA.
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QseC gene; ruvB - PCR reaction with primers for the ruvB gene.

Fig. 2. Graphs of the real-time PCR reactions during assessing sensitivity of PCR protocols

As a result, the PCR protocols designed to de
tect P. multocida in real time for the pairs of prim
eFsRnvC ahRQseC have the sensitivity of 1
copy genomic, and for the pair of primers ruvB - 30
gBmic copies. Three pairs of primers (envC
QseC-F/R aBHvwedB efficiencies of
104.1%, 103.5% and 97.4%, respectively, when target
DNA is present in amounts from 10 ng to 2.38 fg.

b

Shecifiertyopasiessment.

al-time PCR protocol has been tested on a collection
of DNA from various bacterial species. The collection
includes strains of the following bacterial species:
Acinetobacter johnsonii, Aeromonas bivalvium, Agro -
bacterium tumefacie, Alcaligenes aquatilis, Arthro

bacter polychromogenes, Bacillus amyloliquefaciens,
Bacillus aryabhattai, Bacillus atrophaeus, Bacillus
axarquiensis, Bacillus cereus, Bacillus licheniformis,
Bacillus mojavensis, Bacillus mucilaginosus, Bacillus
mycoides, Bacillus pseudomycoides, Bacillus pumilus,
Bacillus safensis, Bacillus simplex, Bacillus sonorensis,
Bacillus stratosphericus, Bacillus subtilis, Bacillus teq-
uilensis, Bacillus thuringensis, Brucella abortus, Bru

cella canis, Brucella melitensis, Brucella ovis, Brucella
suis, Campylobacter coli, Campylobacter concisus,
Campylobacter gracilis, Campylobacter hyointestina-
lis, Campylobacter jejuni, Campylobacter mucosalis,
Campylobacter rectus, Campylobacter showae, Cam

pylobacter upsaliensis, Clostridium haemolyticum,
Clostridium novyi, Delfitia tsuruhatensis, Dermacoc-
cus nishinomiyaensis, Devosia neptunia, Escherichia
coli, Ensifer adhaerens, Enterococcus durans, Erwin

ia amylovora, Exiguobacterium aurantiacum, Hale

monas nitritophilus, Klebsiella michiganensis, Kleb

siella pneumonia, Lactobacillus brevis, Lactobacillus
casei, Lactobacillus paracasei, Lactobacillus plan

tarum, Lactobacillus pontis, Lactococcus garvieae,
96

Listeria innocua, Lysinibacillus xylanilyticus, Mann

heimia haemolytica, Mannheimia glucosidal, Mann

heimia varigena, Microbacterium hydrocarbonoxy

dans, Ochrobactrum tritici, Pediococcus acidilactici,
Pediococcus pentosaceus, Pseudomonas chengduen

sis, Pseudomonas fluorescens, Pseudomonas mandelii,
Pseudomonas marginalis, Pseudomonas mucedo-
lens, Pseudomonas plecoglossus, Pseudomonas puti

da, Pseudomonas reactants, Pseudomonas syringae,
Rahnella aquaticus, Rhizobium agrobacterium, Rhi

zobium pusense, Rhodococcus jostii, Rhodococcus
kroppenstedtii, Rhodococcus opacus, Rummeliibacil

lus pycnus, Salmonella enteritidis, Salmonella enteric,
Serratia liquefaciens, Serratia plymuthica, Serratia
proteamaculans, Sinorhizobium meliloti, Sphingo

monas aerolata, Stenotrophomonas maltophilia, Ste-
notrophomonas pneumonia, Streptococcus salivari-
us, Pasteurellamultocida.

Also DNA from horseBgquus ferus caballuy,
hen (Gallus gallus domesticus) and cattle (Bos taurus
taurus) was included in the tests as negative controls.

Bacterial DNA, except DNA of P. multocida was
used in amounts 5-50 ng in a reaction, which corre-
sponded to genomic equivalents of 8 042 000 genom -
ic copies per reaction. DNA from higher eukaryotes
was used in amounts 200 ng per reaction. As a result
of the assessment of specificity for all primers pairs
with the corresponding DNA probes, only specific
amplification of P. multocida DNA was observed.

DISCUSSION

To prevent economic losses and the spread of
pasteurellosis, it is necessary to improve diagnostics
using sensitive and specific methods. Direct deter-
mination of the pathogen DNA, high specificity and
sensitivity, the versatility of the procedure, the rel
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atively small time spent on the analysis, made the
PCR method indispensable.

The development of classical PCR involves opti-
mization: the concentration of magnesium ions, the
type and concentration of the used polymerase, the
composition of the buffer used, the temperature of
annealing of the primers, the ratio of primers, the
ratio of primers to probes, the addition and concen-
tration of additives, the amplification program, etc.
[29]. The strategy used by us [30], is similar to the
generally accepted PCR optimization methods.

The use of additives significantly increases the
yield and specificity of PCR, and is a recommended
element [31]. Due to the low price and the qualita
tive effect on amplification, betaine, dimethyl sulf
oxide (DMSO), formamide, tetramethylammonium
chloride (TMA), sucrose, polyethylene glycol, glye
erol, and bovine serum albumin are most widely
used. Betaine and DMSO have long been used by
researchers for PCR optimization, especially for am-
plification of GC-rich sequences, however, in our
practice, DMSO did not shows a significant effect on
the dynamics of real-time PCR. Also in our practice,
the use of betaine with TMA contributed to a sta
ble yield and high specificity of PCR. Therefore, the
additives we selected were precisely: betaine, TMA,
formamide, and sucrose.

Efficiency is an important criterion for charae
terizing a PCR protocol. Physically, the amplicons
are doubled during each cycle, therefore, the max
imum efficiency of the PCR protocols is 100%, and
however, the inappropriateness in signal detection
leads to + 5% error. Another important characteris
tic is also the coefhicient of determination (R?). An R?
value >0.980 provides good confidence in correlat
ing Cq [32]. The most accurate assessment of the ef-
fectiveness of PCR is the serial dilution of DNA and
the construction of a standard curve. The use of five
selected concentrations of serially diluted DNA and
the construction of a standard curve at five points
allowed us to accurately assess the sensitivity and
effectiveness, both at high and low DNA concentra
tions (Figure 1, column: graphs of parallel amplifica -
tions of 5 different PCR mixtures at 5 points of DNA
concentrations).

Optimization of diagnostic PCR for the detec
tion of pathogens [33] introduces new requirements
for the validation of the developed protocols. These
include: diagnostic (analytical) specificity and sensi-
tivity, precision, reproducibility [34, 35].

In developing diagnostic PCR for the detec

tion of a specific microorganism, bioinformatics
methods, such as the Primer-BLAST tool and align-
ment of the target gene of the target organism with
phylogenetically close ones [36], in practice do not
guarantee absolute specificity [37], and it is always
a hypothesis. The standard methodology for assess
ing the specificity of the developed PCR protocols is
performing a reaction to DNA collections, however,
the number and content of sample collections var-
ies depending on the capabilities of the laboratory
itself. Therefore, the size of the DNA collection is not
standardized and in various works DNA collections
from a dozen to several hundred specimens are ob
served. As for the content, the best way would be to
use phylogenetically closely related microorganisms.
The difficulty of using a DNA collection is the-ac
curacy of the identified collection species. The DNA
collection we used was identified by thd6S rRNA
gene sequence with at least 99% identity, which is
considered a highly species-specific collection.

A standard assessment of the PCR protocol sen -
sitivity is serial DNA dilution. The fragmented DNA
of horse has been used to stabilize the dilution. Sev
eral studies maintained that real-time PCR is a more
sensitive method compared to classical PCR [38].
Highly sensitive PCR protocols allow detect of DNA
in an amount from 1-4 equivalents (target mole
cules) to 100 copies [39]. Our results indicate a high
sensitivity of the developed protocols that allows
to detect minimal amounts ofP. multocida DNA in
clinical samples.

For PCR diagnostics, both of all serovariants and
isolates leading to various manifestations of pastew
rellosis, many options have been proposed. In PCR
detection of P. multocida, depending on the purpose
of the study, capsule-specific, disease-specific, and
species-specific PCR protocols are used.

Knowledge of the biosynthetic loci encoding
capsule proteins allowed the development of sero
group-specific PCR analyzes [ ], which are still used
to characterize isolates. The protocols for the detec
tion of toxigenic isolates of both classical PCR [40,
41] and real-time [42] have long been developed and
abound with many analogues. For the diagnosis of
avian cholera, classic PCRs targeting the hyaC-hyaD
[43] and pls [44] genes have been well established. For
the diagnosis of pneumonic pasteurellosis of pigs and
ungulates, serotype A protocols are used in combina-
tion with toxA-specific protocols mporoxonmamu [45,
46]. For the diagnosis of hemorrhagic septicemia, the
developed PCR protocol [47] is used, which remains
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specific for HS-causing cultures of serogroup B with
the predominant somatic antigen of serotype 2 or 5.
As an alternative,there are specify real-time PCR de
veloped by [48], which based on esterase target gene
and can specifically detected ST122, ST63, ST147 and
ST162 associated with HS.

The most urgent task is the detection of all se
rovariants using species-specific PCR protocols.
Initially, PCR targets were genes of the ribosomal
region, such as: tRNA-intergenic spacer [49]23S
rRNA [50]. Currently, to detect and verify isolates
belonging to the genus Pasteurella from clinical
samples, the PCR protocol of the amplifying gene
fragment KMT1 is used. Despite widespread use,
the PCR protocol gives a false positive result for
isolates belonging to the species Mannheimia hae
molytica as a result of close phylogenetic kinship
[51]. Therefore, this protocol is verified by subse
quent sequencing of both this fragment and the 16S
rRNA gene fragment.

CONCLUSION

Outbreaks of pasteurellosis are recorded annu-
ally in Kazakhstan. The outbreaks are common in
populations of wild animals and sometimes lead to
local epizootics. In this regard, developing of do
mestic test-systems is an urgent task. We developed
a real-time PCR protocol for diagnosing of pasteu-
rellosis in animals and birds. Their efficiency with
the targeted QseC, envC, and ruvB genes averaged
105%. The protocols were tested on a DNA collee
tion including a variety of opportunistic and patho -
genic microorganisms, resulting in 100% specifick
ty. Sensitivity of the developed protocols was also
high, and amounted to 2.38 fg for tligeC  and
envC genes and 76 pg for the ruvB gene in the PCR
reaction.

Thus, the real-time PCR protocols were devel
oped for the diagnosis of pasteurellosis in animals
Fhdnbltdsdraused by all serovars, with
high specificity and sensitivity. Implementing of the
developed protocols in a form of commercial test-sys -
tems will improve pasteurellosis diagnostics, and will
be favorable to improve the epizootic situation.
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ITACTEPEJVIE3AI AIUAT'HOCTHUKAJIAY YIUIH HAKTbBI YAKBIT
PEXXKUMIHIE IITP XATTAMACDBIH 93IPJIEY

Owmipra3un A. O., Kaiisip:kanoBa A. /l., lllycTos A. B., llleBuos A. b.

¥aimmuix Ouomexunonocusi opmainvien,
Kopzanocoin mac sconwi, 13/5, Hyp-Cynman, Kazaxcman, 010000
asylulan0894@gmail.com

TYUIH

IlacTepeiiie3 OMBIPTKAJBI KaHyapJap MeH KYCTapAbIH 300HO3AbIK aypybl, dTHOJOTHUSJIBIK
areHTi P. multocida 60abin TadbLnaabl. P. multocida xorapbl 6acbIMIABLIBIFbI, COHIAM-aK, Kadaiibl
JKOHe YH kaHyapJapbIHaa, dcipece KazakcTaHablK aK0ekeH NMONMyJsilMsJIapblHAAa OalKaJaTbIH
Mep3iMaik epmyJiepai Tipkey macrepesuie3li IMArHOCTUKAJayra apHajaraH oTaHAbIK IITP Tect-
Kyiieaepin J3ipieyni e3ekri ereni. Ocbl KYMbICTBIH MakcatTbl Pasteurella multocidabapnbik
CePOHYCKAJIApPbIH AHBIKTAy YIIiH HAKThl yakbIT pe:xxuminae IITP xarramachin a3ipJiey 0osabin
TabbLIaabl. 3epTTey HbIcaHbl peTiHaeenvC, ruvB xkone QseC renaepi tanaaaasl. Hotmxkecinae
JKOFapbl THIMALIIr, ce3iMTaABIFbI KOHEe e3remiejgiriMeH CUNATTaJaTbIH, 3 Kyn npaimMepai
’KOHe THicTi (uiyopecueHTTi 30HATAPABLI MAHJAJIaHA OTHIPbIN, HAKTHI YaKbIT pexuMminge IITP
xarramaJjapsl 33ipiaenai. Enve xoHe OseC reHaepiHiH Tiz0ekTepiHe d3ip/ieHreH xarramajapablH
cesimMmranabirsl 2,38 ¢r kypaabl, ruvB reni ymin Tuicinme 76 ¢r xkypaabl. JKorapsl e3remieJiri
0akTepusJIapAbIH 92 TYPi MeH KOFapbl JYKAPHOTUKAJBIK aF3ajapablH 3 TYpi ChIHAMAJIAPBIHBIH
KOJUIEKIMSICBIHAA PACTa/Abl. O3ipJeHIeH XaTTaMajJapAbl OHAIPICTIK NPAKTHKAFAa eHIi3y KOFapbl
Tuimai IITP TecT-kyliecin mbirapyra MmyMkiHaik 6epeni.

Herisri ce3aep: HakThl yakbIT pe:xxuminne IITP,Pasteurella multocida, IITP nuarnocrukacsl,
IITP onraiinanawipy, IITP e3remediri, [ITP cesimraaabiFsbl.
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PA3PABOTKA ITPOTOKOJIA IIIP B PEXKVIME PEAJTBHOTO BPEMEHU
VTSI TMATHOCTUKM ITACTEPEJITE3A

AmmuprasuH A. O., Kaupxanosna A. 1., Illyctos A. B., IlleBiios A. b.

'Havyuonanvruiti yenmp 6uomexHonoeuu,
Kypeanvosmurckoe wocce, 13/5, Hyp-Cynman, 010000,Kasaxcman
asylulan0894@gmail.com

ABCTAKT

ITacTepennés - 300HO3HasA 60/IE3HD MO3BOHOYHBIX )KUBOTHBIX VI IITULI, STNOTOTUYECKNM aTeHTOM
Koropoii asnsaerca P. multocida. Beicokas npesanenuus P. multocida v perncrpanysa nepuogmiecKnx
BCIBIIEK KaK AMKNX, TaK ¥ JOMAIIHNMX >KMBOTHBIX, 0cOOeHHO Ha6momaembrx B KasaxcraHckmx
MOMY/LAIMAX CAliTy, aKTyaInsupyer paspaboTky oredecTBeHHbIX ITIIP TecT-cucrem mia AuarHoCTMKN
nacrepemnésa. llenp HacTosIell pabOTHI ABNANIACH pa3padoTka mpotokona IIIIP B pexxume peanbHOro
BpeMeHH /I BBIABICHNMA Bcex cepoBapuaHToWasteurella multocida. B xauectBe MumeHeir 6b1m
BbIOpaHbI reHbl: envC, ruvB u QseC. B pesynbrare 6butu paspa6oranst nporokonst IIITP B pexxume
PeaIbHOTO BpeMEeHM C MCIONb30BaHNMEeM 3 Map NpaiiMepoB M COOTBETCTBYIOINX (IyopeceHTHBIX
30H/0B, XapaKTepU3YIOINeCcs BbICOKOI 3¢ (PeKTUBHOCTDIO, 9YBCTBUTETBHOCTBIO ¥ CIENN(PUIHOCTHIO.
YyBCTBUTETBHOCTh Pa3palOTAaHHBIX NPOTOKOIOB K IOCTEJOBATETbHOCTAM TIeHDIC u QseC
cocraBuia 2,38 ¢r, s reHa ruvB coctaBuno 76 1r, COOTBETCTBEHHO. Bhicokas cienmdmaHoCcTh 6bI1a
MOATBEPKAEeHA Ha KO/UIeKIN 00pasuoB 92 BUA0B 6aKTepuii 1 3 BU 0B BBICIINX 3YKapPUPUOTUIECKUX
opraHmsMoB. BHenpeHnne pa3spa6oTaHHBIX HIPOTOKO/IOB B IMPOM3BOACTBEHHYIO MPAKTUKY IO3BOIIT
BBINYCKaTh BbICOKO3(pPexTnBHbIe ITIP TecT-cucremsr.

Knrouessie cnosa: ITIIP B pexxume peanbHOro BpeMenn, Pasteurella multocida, IIIIP puarnocruka,
I P ontumusanus, cnienuduanocts IIIP, wyBcrBuTensuocts ITTTP.
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