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The aim of the research was the experimental investigation of test-system on the panels of blood
sera from healthy, leukemic, and experimentally infected with various Mycobacterium species cows.
The results of serological testing of biological samples from cattle infected with different strains of
Mycobacterium are presented. The analysis of informative indicators (sensitivity and specificity) of
test system for the diagnosis of tuberculosis based on the determination of the immunoglobulins G to
bovine tuberculosis pathogen Mycobacterium bovis, was done using chimeric recombinant protein
MPT83(115-220)-MPT63 as an antigen. Above-mentioned recombinant protein is based on antigens of
M. bovis/M. tuberculosis and achieves high sensitivity and specificity of the test system because it
reduces the likelihood of false positive results caused by infection with atypical mycobacteria. The
developed test system “IB-Chem Anti-Mycobacterium bovis” was tested at the State Scientific Control

Institute of Biotechnology and Strains of Microorganisms and is recommended for use.

Key words: tuberculosis, cattle, recombinant proteins, test system.

Cattle tuberculosis is a serious problem
for agriculture of Ukraine and many other
countries. This infectious disease annually
induces significant economic losses. At the
same time, infections caused by Mycobacterium
bovis not only affect husbandry and food
industry, but also are dangerous to public
health, because recently M. bovis has been
frequently isolated as a tuberculosis pathogen
(particularly in patients with various immune
deficiencies). The situation is complicated by
absence of an easy and accessible diagnostics
method of cattle tuberculosis. This vastly
impedes monitoring of infection and employing
relevant preventative measures.

Serological tests due to their relatively
cheap cost, quickness, reasonably high
sensitivity and specificity are able to compete
with a skin test during mass surveys of cows.
The test system discussed in this paper is
based on indirect ELISA for identification of
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immunoglobulins G specific to Mycobacterium
bovis, the pathogen of cattle tuberculosis, using
chimeric recombinant protein MPT83(115-220)-
MPT63 as an antigen. It has been established
that using only one antigen for detection
of antibodies to tuberculosis pathogen is
ineffective[1]. One of the approaches to increase
test system sensitivity is using a combinations
of several immunodominant antigens. But
this presents serious technological differences
because either the serum sample must be tested
for specificity to each antigen separately
(thus increasing the cost of analysis) or the
combination of proteins is used as an antigen,
complicating the the reproducibility and
standardization of method. There is another,
more effective solution: joining sequences
of corresponding antigens into a single
chimeric protein by combining fragments of
their DNA in one reading frame. Combining
multiple antigenic structures (epitopes) in one
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molecule is an effective approach to creating
new antigenic compositions. This allows to
simplify the production of antigenic substances
and efficiently control the epitope ratio in
immunosorbent for the ELISA. The chimeric
protein MPT83(115-220)-MPT63 which we
previously synthetized [2] fits these parameters
splendidly, and the new test system is based
upon it.

Gene elements used in construction for
the expression of the chimeric protein were
chosen based on analysis of literature data.
The gene mpb63 is found only in the genomes
of Mycobacterium spp. which belong to the
tuberculosis complex (a group of closely related
species of mycobacteria with a high degree of
homology and identity of 16S rRNA, and which
can cause tuberculosis in humans and animals
[3]), but is absent in M. avium. The genome of
M. leprae includes a pseudogene mpt63, which
is not translated. Also, MPB63 is a secretory
protein of mycobacteria [4] which is synthetized
in large quantities and is a highly potent antigen.
MPB83 is characteristic of tuberculosis-inducing
mycobacteria and is a homologue of another
secretory protein of mycobacteria, MPB70 [5]. It
has been known that in cows with tuberculosis,
antibodies to MPB83 start occurring at the early
stages of disease [6]. The feasibility of using
these antigens for diagnostics was also confirmed
in our previous studies [7].

The aim of this research was testing
an experimental test system on panels of
blood sera from conventionally healthy,
experimentally infected with different types
of mycobacteria, and leukemic cows.

Materials and Methods

Panel of referent serum samples, negative,
and samples of cow blood serum infected with
various mycobacteria were given by National
Scientific Centre “Institute of Experimental
and Clinical Veterinary Medicine” where
the test system was tried serologically.
Control studies of cow biological material
were performed in State Scientific Control
Institute of Biotechnology and Strains
of Microorganisms. Industrial samples
of immune-enzyme test system for cattle
diagnostics tuberculosis were provided by
Palladin Institute of Biochemistry of the
National Academy of Sciences of Ukraine.

The chimeric protein based on recombinant
analogues of M. bovis MPT63 and MPT83(115-
220) was obtained and characterized in previous
works [2]. The test system for diagnostics of
tuberculosis, based on identification of IgG to

M. bovis antigen MPT83(115-220)-MPT63,
was constructed according to indirect ELISA.
Statistical data analysis was performed using
conventional methods.

Results and Discussion

According to the results of the study, it
was established that test system IB-Chem Anti-
Mycobacterium bovis is effective in diagnostics
in animals infected with M. bovis proper. Aside
from that, blood sera of cows infected with
other Mycobacterium species (M. intracellulare,
M. fortuitum, M. avium, M. kansasii and
M. paratuberculosis) did not test positive by
ELISA and according to the positivity index (PI)
were identified as negative.

M. intracellulare, M. fortuitum and
M. intracellulare are widely distributed species
of Mycobacterium [8]. These strains induce
diseases mostly in animals or patients with
immune deficiencies. According to phylogenetic
analysis, the aforementioned representatives
together with M. bovis and M. tuberculosis are
characterized by common antigens, therefore
sensibilisation by atypical mycobacteria
interferes with diagnostics based on heterogenic
mixtures of antigens such as tuberculin.

Antigen components of chimeric protein
MPT83(115-220)-MPT63 were identified in
representatives of M. bovis/M. tuberculosis,
thus providing the specificity of the test
system for the diagnosis of Mycobacterium
tuberculosis complex in cattle and possibly
humans. Aside from that, absence of cross
sections of these protein genes in M. bovis/M.
tuberculosis compared to other mycobacteria
species excludes false positive results. Thus,
studying antibodies of animals infected by non-
tuberculosis mycobacteria (NTM) is a necessary
step of studying antigen composition in order
to ascertain its usability as a component of
tuberculosis diagnostics test system.

Not only cow blood serum samples
infected with atypical mycobacteria were
analyzed but also blood serum samples of
cows which negatively react to tuberculin
and in immunodiffusion reaction (IDR),
and reacted positive to tuberculin for birds
whose diagnoses of tuberculosis has not been
proven and IDR-positive (leukemic) animals.
According to the results obtained in National
Scientific Centre “Institute of Experimental
and Clinical Veterinary Medicine” these blood
serum samples were characterized as negative.

The presence of delayed hypersensitivity
reactions in cows to tuberculin for birds
confirms the rationality of using serological
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methods based on the ELISA to refute
false positive reactions. Possible contact
of cattle with birds infected with M. avium
can impact the immunological state of the
animal appearing as reaction to avian and cow
tuberculins although the animal may not be
in fact ill. False positive results of skin test
that can be caused by that, negatively affect
economic situation of farms, resulting in
slaughtered healthy animals and the loss of
invested money.

Previously the fusion protein MPB83(115—
220)-MPB63 was tested for reaction to sera of
animals immunized with vaccine strain M. bovis
BCG. Exactly this vaccine induces false positive
results of skin tests in humans. But these
serums when tested with fusion antigen were
negative, which supports the effectiveness and
feasibility of using serological methods with
specific antigen of mycobacteria.

Among animals with ascertained
tuberculosis status, high response to fusion
protein MPB83(115-220)-MPB63 was observed
only in cows infected with M. bovis (1.083 =
0.3407, n = 11), and not in animals infected
with M. intracellulare (0.124 = 0.0077,
n = 1), M. avium (0.084 = 0.0058, n = 1),
M. fortuitum (0.124 = 0.0035, n = 1),
M. kansasii (0.123 = 0.0007, n = 1), M. para-
tuberculosis (0.042 = 0,0005, n = 1), and those
negative to tuberculin and IDR (0.115 = 0.011,

n = 23), positive to avian tuberculin (0.128 = 0.019,
n =10) and IDR-positive animals (0.119 = 0.03,
n = 6) (Fig. 1).

The obtained results indicate a high
specificity of the immune-enzyme test
system IB-Chem Anti-Mycobacterium bovis
that we developed using the fusion protein
MPT83(115-220)-MPT63 in diagnostics of
cattle tuberculosis (Fig. 2).

According to the State Statistics Service
of Ukraine, the number of cattle in Ukraine
in January 2016 was 3.750.300 heads.
However, at the first stage of implementation
of the proposed model in veterinary practice
monitoring epizootic situation with TB, it
can be expected that ELISA will confirm or
disprove the diagnosis established by means
of an allergic test with tuberculin. Since a
significant share of animals at modern farms
can be sensibilized by atypical bacteria, there
is a need to differentiate allergic reactions
to tuberculin from para-allergic. This part
of livestock may need advanced laboratory
testing using ELISA.

In addition, ancillary diagnostic methods
can be used in the selection of animals for
slaughter or diagnostic determination of the
causes of allergic reactions, including the
anticipated use of ELISA (item 2.15 of the
Order N 316 of 03.09.2009 “Instructions for
prevention and control of animal tuberculosis”,
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Fig. 1. Level of IgG to target antigen MPT83(115-220)-MPT63 of the test system IB-Chem
Anti-Mycobacterium bovis in control and samples of blood serum of cows with different diagnosed diseases:
1 — positive control with M. bovis-specific cattle; 2 — negative control with negative cattle blood serum;
3 — M. intracellulare-infected; 4 — M. fortuitum-infected; 5§ — M. avium-infected; 6 — M. kansasii-infected;
7 — M. paratuberculosis-infected; 8 — M. bovis-infected; 9 — negative to tuberculin and IDR; 10 — positive
to avian tuberculin (tuberculosis diagnosis not proved); 11 — IDR-positive animals. Cut off for analyzing
the test system is 0.27; limit level calculated by adding 0.2 to the mean negative control value (according to
the manufacturer’s instructions), thus limit value = OD K-mean (mean value of optical density of negative
control) + 0.2. All results are significant, P < 0.05 compared to controls
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Fig. 2. Industrial sample of “IB-Chem Anti-Mycobacterium bovis” test system for diagnostics
of cattle tuberculosis:
a — registration certificate of the test system; b — the set of components and instructions for the industrial sample

approved by the State Committee for
Veterinary Medicine of Ukraine).

Hence, serological diagnostic identification
of antibodies to cattle tuberculosis pathogen
M. bovis, particularly using solid-phase
ELISA, is an important complementary method
of monitoring cattle for tuberculosis since it
allows timely detection of M. bovis-infected
livestock, and latent carrier animals; in
households troubled by tuberculosis it enables
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MeToto po6oTu O0YJI0O eKCIIepUMEeHTANIbHEe BU-
mpoOyBaHHA TeCT-CUCTeMHU Ha MaHesi JOCTiTHUX
CHPOBATOK KPOBi BiJi yMOBHO 3JOPOBUX, €KCIEPH-
MEHTAaJILHO 3apaskeHnX PisHUMU BUJaMU MiK0OOaK-
Tepiii Ta JIEMKO3HUX KOPiB.

ITomano pe3yiabTaTu CEpPOJIOTIiUHMX JTOCJIi-
IKeHb OioJsioriuHMX 3pasKiB Bix iHdikoBaHUX
pisHUMU mTamMaMu MikobakTepiit TBapuH. IIpo-
BeIeHO aHaJli3 MMOKa3HWKiB iH(OpMaTWBHOCTI
(cmernudivyHOCTI Ta YYTIUBOCTI) TECT-CUCTEMHU AJIA
IiarHOCTUKU TyOepKYJIbOo3y, IO I'PYHTYEThCS Ha
BU3HAUYEHHI iMyHOTI00y IiHIB Ki1acy G, criemudiy-
HUX [0 30yJHUKA TyOepKYJIb03y BeJIUKOI poraToi
xynobu Mycobacterium bovis, i3 BUKOpUCTaH-
HAM AK aHTUTEHY XUMEPHOT0 PeKOMOiHAHTHOTO
nporeiny MPT83(115-220)-MPT63. Pekombi-
HaAHTHUH IpoTeiH Ha ocHOBi auTureniB M. bovis/
M. tuberculosis nae 3MOTy LOCAT'TH BUCOKOI Uy TJIN-
BOCTi Ta crernu@iuyHOCTi TECT-CUCTEMU, OCKIIBKU
3MEHIITye HIMOBipHiCTH XMOHOIIOBUTUBHUX PE3YJIb-
TaTiB, COPUYNHEHUX iH(PIKyBaAaHHAM aTUIIOBU-
Mz MikobOakTepiamu. Po3pobieHa TecT-cucremMa
«IB-Chem Anti-Mycobacterium bovis» mpoiimaa
BunpoOyBanua y llep:kaBHOMY HayKOBO-KOH-
TPOJBHOMY iHCTHUTYTiI GioTexHoJiorii i mrtamis
MiKpoOpraHisaMiB Ta peKOMeHZoBaHa 40 BUKODPU-
CTaHHA.

Knawuwosi cnosa: TybepKyJIbo3, BeJamKa porara
xymoba, peKoMOiHAHTHI TpoTeiHM, TecT-cucTeMa.
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ITenbio paboOTHI OBLIO 9KCIEPUMEHTATIBHOE HC-
TBITaHWE TECT-CUCTeMbl Ha TaHeJU MCCJeJOBaH-
HBIX CBIBOPOTOK KPOBH OT YCJIOBHO 3L0POBBIX, DKC-
IMEePUMEHTAJIbHO 3aPAKEeHHBIX PA3HBIMHU BUIAMU
MHKOOAKTepUil U JIeHKO3HbIX KOpoB. IIpeacrasie-
HBI Pe3yJbTaThl CEPOJIOTUYECKUX HCCIeLOBaAHUI
O6MOJOTUYECKUX O0pPAa3I[0B OT MHMUIMPOBAHHBIX
Pas3IUYHBIMU IIITAMMAaMU MUKOOAKTEPUH KUBOT-
HBIX. [IpoBemeH ananms mokasaresein mHpopma-
TUBHOCTHU (CIIEI(PUIHOCTA U UYBCTBUTEIHHOCTH)
TeCT-CUCTeMBbl IJIsi IUATHOCTUKU TyOepKyJiesa,
OCHOBAHHBII Ha OIIPeeJIeHUN UMMYHOIJIO0YINMHOB
KJaacca G, crmenuduyecKuxX K Bo30OyIAUTEIO Ty0ep-
KyJiesa KpymHOTO poratoro ckora Mycobacterium
bovis, ¢ UCTIOJb30BaHNEM B KaUeCTBe aHTUTEeHA XU-
MEepPHOTro peKoMOnHaHTHOTO npoternaa MPT83(115-
220)-MPT63. PekoMOMHAHTHBIIN IIPOTENH Ha OCHOBE
anTurenoB M. bovis/M. tuberculosis 1103BOJIAET 10-
CTUYb BBICOKOI UYBCTBUTEJLHOCTU UM CIIEIIU(IU-
HOCTU TECT-CUCTEMBI, IIOCKOJIBKY YMEHBIIIAEeT Be-
POSATHOCTD JIOXKHOIIOJIO}KUTEJBFHBIX PE3YJIbTAaTOB,
00yCJIOBIEHHBIX MH(M)UIIUPOBAHUEM ATUINYHBIMU
MukKobakTepusaMu. PaspaboTaHHAs TecT-cUCcTeMa
«IB-Chem Anti-Mycobacterium bovis» mpormia mc-
meITaHus B [ocyJapcTBEHHOM HAayYHO-KOHTPOJIHLHOM
MHCTUTYTE OMOTEeXHOJOTUH U IIITAMMOB MUKpPOOpTa-
HU3MOB U PEKOMEHYETCS K MCIIOIb30BAHUIO.

Knwuesvle cnosa: Ty0epKyJies, KPYIIHBIA POraThIi
CKOT, peROMﬁI/IHaHTHI)Ie IIPOTENHEBI, TECT-CHCTEMA.





