ORIGINAL ARTICLES | BOVINE DISEASES
OPUTUHANBHbIE CTATbY | BONE3HI KPYTTHOTO POTATOTO CKOTA

) crckiorvpnes [ I

https://doi.org/10.29326/2304-196X-2025-14-2-164-170

Towards improved differential diagnostics
of bovine tuberculosis in the Republic of Dagestan

Magomed 0. Baratov
Caspian Regional Research Veterinary Institute — Branch of Dagestan Agriculture Science Center, 88 Dakhadaeva str., Makhachkala 367000, Republic of Dagestan, Russia

ABSTRACT

Introduction. Non-specific tuberculin reactions are among the most critical challenges in tuberculosis diagnosis, with their incidence increasing annually. Given
the complex epidemiological challenges, improving bovine tuberculosis diagnostics is critically important.

Objective. Development of effective comprehensive differential bovine tuberculosis diagnosis and introduction of improved techniques for the infection detection
in farms with different animal health statuses in the Republic of Dagestan.

Materials and methods. 1,670 cattle were subjected to tuberculin testing; 3,502 serum samples were used for serological testing, 112 samples forimmunological
testing, 57 samples of pathological material collected from animals and 76 environmental samples were used for bacteriological testing. Mycobacterium bovis,
Mycobacterium bovis BCG, Mycobacterium avium, Mycobacterium scrofulaceum strains were used in the study.

Results. Nonspecific reactions in the farms of all categories were found to be widespread in the Republic. Diagnostic value of intradermal and intravenous tuberculin
tests in tuberculosis-infected herds was determined (9.4% of extra-detected diseased animals). Complement fixation test is poorly sensitive and highly specific.
Indirect haemagglutination assay results are not confirmed by conventional methods in most cases, which suggests their low specificity. 39 mycobacterial isolates
were recovered from 57 biological samples and identified: 8 (20.5%) as Mycobacterium bovis; 31 (79.5%) as non-tuberculous mycobacteria (acid-fast species),
among them 29 (93.5%) were identified as Runyon Il organisms, 2 (6.5%) as Runyon IIl organisms. 43 isolates out of 76 environmental samples were recovered:
among them 2 (4.6%) were identified as Mycobacterium bovis, 23 (53.5%) as Runyon Il organisms and 18 (41.9%) as Runyon Ill organisms. Among culture media,
Lowenstein-Jensen’s egg-based medium provides the best growth performance and most effective suppression of competing microflora.

Conclusion. The obtained data provide a fundamental basis for developing an effective comprehensive method for differential diagnosis of bovine tuberculosis.
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K coBepLLeHCTBOBaHUIO AUPPepeHLInanbHON
NUArHOCTUKN TybepKyne3a KpynHoro poratoro CKoTa
B ycnosuAx Pecnybnuku [larectaH

M. 0. bapatos
[puKacnuiicknil 30HaNbHbII HayYHo-NCCNIeA0BATENbCKNIA BETEPUHAPHBIA MHCTUTYT — duanan OTBHY «DeaepanbHbiii arpapHblii HayuHbIl LieHTp Pecny6nuku Jlarectan»
(Mpukacnuiickuit 3oHanbHblit HUBW — dunuan OFBHY «OAHL| PL»), yn. laxagaesa, 88, r. Maxaukana, 367000, Pecnybnuka [larectan, Poccus

PE3IOME

Beepenue. Mpyn anarHoctuke Tybepkynesa Hecneunduyeckie peakLum Ha Ty6epKyniH ABRAIOTCA 0AHON 13 Hanbonee BaXHbIX NPo6NeM, yBeNMUNBaIOLLNXCA
C KaxZabIM rof0M. YUnTbIBaA CNOXKHYI0 CUTYaLMIo, B TOM YnCTe 1 SNUAEMUONOTMYECKyH, COBEPLUEHCTBOBAHME METOZ0B AUAarHOCTUKI TybepKyne3a KpynHoro
poratoro CkoTa ABAAETCA BECbMA aKTyalbHbIM.

Llenb nccnepoBanus. Pa3pabotka 3¢ deKTBHOrO KOMNNEKCHOro MeTofa AnddepeHLManbHOR ANarHocTuKI TybepKynesa KpynHoro poratoro CKOTa U BHeApeHue
YCOBEpLUEHCTBOBAHHOI CXeMbl BbIABNIEHMA MH(EKLIMN B X03AIACTBAX C PA3NMYHBIM 3MU300TUYECKIIM COCTOAHMEM B ycroBusAX Pecnybauku [larecTaH.
Martepuanbi u meTogbl. Annepriyeckiim nccneoBaHuAM noggeprn 1670 ron. KpymHOro poratoro ckoTa, ceponorinyeckum — 3502 06pasLia CbIBOPOTOK KPOBH,
umMmyHonornyeckum — 112 npo6, 6aktepuonornyeckum — 57 npo6 natmarepuana, 0T06paHHOr0 0T XKUBOTHBIX, U 76 NP06 — 13 00beKTOB BHeLuHeli cpefbl. B nc-
(N1e0BaHNI CNONb30BaNM WTaMMbl Kynbtyp Mycobacterium bovis, Mycobacterium bovis BLX, Mycobacterium avium, Mycobacterium scrofulaceum.
Pe3ynbTatbl. YcTaHOBNEHO LIMPOKOE PAaCPOCTPaHeHIe HecneLnduyeckix peakLuii Bo BCex Kateropusx Xo3aicTs pecnybnuki. Onpefenexa anaroctnyeckas
LIeHHOCTb BHYTPUKOXHOI 1 BHYTPUBEHHOI NPo6 B HebnarononyyHbix no Tybepkynesy cragax, rae Y1Co AONOMHUTENBHO BbIABAAEMbIX 60/IbHbIX COCTaBUN0 9,4%.
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Peakuma (BA3bIBAHMA KOMNNEMEHTA UMEET HI3KYH YYBCTBUTENBHOCTD U BBICOKYHO CELMUUHOCTb. Pe3ynibTaTbl peakLmin HenpaMoii reMarrioTUHaLmn B 60sb-
LUMHCTBE CTy4aeB He MOATBEPKAAKTCA KNACCUUECKUMU METOAMIA, UTO ONPedenseT ee HU3KYHo cneunduuHocTb. 113 57 npob 6uomartepuana bbino u3onnposaqo
1 uaeHTuduLnpoBaxo 39 kynstyp Mukobaktepuii: 8 (20,5%) — Mycobacterium bovis; 31 (79,5%) — HeTy6epKyne3Hble KNCOTOYCTOIUNBDIE BUADI, U3 KOTOPbIX
29 (93,5%) otHocatca K Il rpynne no knaccudukauum PanboHa, 2 (6,5%) — « Il rpynne. 113 76 npo6 06beKToB BHeLUHelt cpeabl 1301MpPOBaHbI 43 KyNbTypbl,
13 KoTopbix 2 (4,6%) oTHeceHbl K Mycobacterium bovis, 23 (53,5%) — ko Il rpynne u 18 (41,9%) — Il rpynne no knaccudukauum PanboHa. Haunyuwwummu poctoBbimu
W MHIUGMPYIOLLMIA TOCTOPOHHIOK MUKPOdIOpY CBOACTBAMM 06nafaeT Aunan cpepa NleBeHuteiiHa — Mencena.

3akntoueHue. MonyyeHHble faHHbIE ABAAIOTCA 6a3NCHON 0CHOBOIA ANA Pa3paboTKM IPHEKTUBHOTO KOMMIIEKCHOTO METOAA ANPOepeHLMANbHON AUArHOCTUKIA
Ty6epkynesa KpynHoro poratoro ckota.

KnioueBbie cnosa: Tybepkynes, KpynHblii poraTblii CKOT, annepriueckas [UarHoCTIKa, Ceponoruyeckie TeCTbl, IMMYHONOTYeCK1e MeTOAbI, MKoGaKTepuu,
nuTaTenbHble cpenbl, HeTybepKynesHble BUAbI, 6narononyyHble xo3aiicTaa, MMN/-Tybepkynun

[ins uurnposanua: baparo M. 0. K coBepLueHCTBOBaHMIO ANddEepeHLMaNbHOIA ANArHOCTKM TyOepKyne3a KpymHOro poratoro ckota B ycnouax Pecnybnuki
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INTRODUCTION

Animal tuberculosis control in the Caspian region, in-
cluding in the Republic of Dagestan, has attained some
success. At the same time, an analysis of the epizootic
situation in this territory shows that the disease preva-
lence varies between the regions and the number of in-
fected farms has remained almost unchanged in recent
years [1, 2, 3, 4].

Practice shows that the implementation of measures
to prevent the infection introduction to free farms and
to achieve freedom from the disease on the infected
farms must be constantly monitored. Uncontrolled move-
ments of livestock, animal products and feed pose risks
of introducing the pathogen into disease-free farms. All
these circumstances necessitate the need to constantly
improve measures for the prevention and control of bo-
vine tuberculosis (bTB), taking into account the changing
epizootic situation and the peculiarities of modern animal
husbandry [5, 6].

One of the main issues in control system is qualified
diagnostics, which often requires complex and targeted
tests that are not covered by current regulations [7, 8].

As the incidence of animal tuberculosis declines, the is-
sue of non-specific reactions unrelated to the disease is be-
coming increasingly pressing. At the same time, due to
imperfect differentiation methods, such reactions bring
great economic losses leading to slaughter of healthy live-
stock and costly animal health actions [9, 10].

Since many aspects of such reaction mechanisms
remain understudied, multiplicity of concepts still
exists [11, 12].

Despite extensive study, the etiology of nonspecific
PPD-tuberculin reactions in animals has yet to be fully
elucidated. Domestic and foreign literature data show
that the main cause of nonspecific reactions in healthy
animals are non-tuberculous mycobacteria and acid-resis-
tant actinomycetes, which are morphologically, culturally,
physiologically and genetically closely related to myco-
bacteria [13, 14].

There are reports that mycobacterium-like organisms
(Corynebacterium, Nocardia, Rhodococcus), which share
group-specific features with mycobacteria, may also sen-
sitize the animal body to tuberculin [3, 4, 15, 16, 17].

However, it has been established that not all tubercu-
losis-infected animals react to the tuberculin test. Itis also
known that when animals are tested using various me-
thods, only reactors to certain tests are identified, which
is probably due to chronic multi-stage disease duration,
environmental factors, physiological state of the animal,
etc.[18, 19, 20, 21].

This certainly makes it difficult to diagnose tubercu-
losis and necessitates the use of a set of diagnostic tests,
including tuberculin, serological, bacteriological and im-
munological ones. Each of these methods has advantages
along with disadvantages, which increases the effective-
ness of diagnosis [22, 23, 24].

It should be noted that a single diagnostic algorithm
has not been developed yet, moreover, the role of serolo-
gical and immunological methods, in our opinion, is often
underestimated [25, 26, 271].

In this regard, further study of sensitization problems,
spread of mycobacteria and related microorganisms in na-
ture, their isolation rates from the biological samples from
tuberculin-reacting animals and environmental samples,
the ability to sensitize the body to tuberculin and their
epizootic significance are of great scientific and practical
value.

MATERIALS AND METHODS

The nature of allergic reactions was confirmed by in-
tradermal and simultaneous tests using PPD-tubercu-
lin for mammals and nontuberculous mycobacteria
(NTM) complex in accordance with the “Veterinary rules
for preventive, diagnostic, restrictive and other measures,
the establishment and lifting of quarantine and other re-
strictions aimed to prevent and eradicate tuberculosis”’,

! https://docs.cntd.ru/document/565721619 (in Russ.)
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Table 1
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which has been effective since March 1, 2021. A total
of 1,670 cattle of different age groups (cows, heifers)
have been tested.

A comparative analysis of different test results was
performed: based on tuberculin intradermal, intravenous,
intrapalpebral, and ophthalmic tests for allergic reactions
on bTB-infected cattle farms — 170 animals; simultaneous
and intrapalpebral tests on bTB free farms - 386 animals;
serological tests: CFT with MAC (complement fixation
test with mycobacterial antigen complex) — 1,411 serum
samples; IHA (indirect hemagglutination) test using RBC
diagnostic reagents — 2,091 samples; immunological tests:
rosette test, LTT (lymphocyte transformation test), LSLT
(leukocyte specific lysis test) — 112 samples; bacteriologi-
cal tests — 57 biological samples and 76 environmental
samples.

The collection of pathological material (blood, lesions,
lymph nodes), transportation, storage, pre-culture treat-
ment, preparation of nutrient media were performed
in compliance with “Handbook of Microbiological and
Virological Tests” (ed. by M. O. Birger, 1982; in Russ.).

Mycobacterium bovis, Mycobacterium bovis BCG, Myco-
bacterium avium, Mycobacterium scrofulaceum field strain
cultures isolated from homogenated pathological material
and environmental samples and collection strains of these
cultures stored in the laboratory were used in the study.

Biological samples from tuberculin-reacting cattle
of bTB-infected farms were handled according to Alika-
yeva's method.

Pieces of pathological material were ground in a por-
celain mortar with crushed glass. Then the homogenated
material was poured into sterile vials with a 3% solution
of C,,H,.SO,Na (sodium lauryl sulfate) in 1:1 ratio. After
mixing, it was left at room temperature for 20 minutes.
Then the vials were centrifuged for 20 minutes at
1,500 rpm, the supernatant was removed, the precipitate
was washed twice with sterile distilled water and inocula-
ted into Lowenstein - Jensen’s, Finn Il, Petraniani, Gelberg
media and modified Shkolnikova medium to detect and
exclude cell wall deficient mycobacteria (L-forms).

Environmental samples (hay, straw, scrapings from
feeders, soil, manure) were crushed, mixed with saline
solution, ground and dispensed into vials with a 5% solu-
tion of H,SO, (sulfuric acid) in 1:1 ratio and left at room
temperature for 30 minutes. Then the vials were centri-
fuged at 1,500 rpm for 20 minutes, the supernatant was
removed, the precipitate was washed twice by centrifu-
gation and used for inoculation. Each sample of the pre-
ciptate was inoculated in 8 tubes and incubated in a ther-
mostat at 37-38 °C.

Percentage ratio of tuberculin reactors and tuberculosis-infected cattle
in the Republic of Dagestan in 2022-2023

Reactors /
diseased
animals, %

Diseased cattle
identified,
animals

Tuberculin reactors

ENIELS

(attle tested,

animals

Tuberculosis agents and non-tuberculous myco-
bacteria were differentiated in accordance with
GOST 26072-89 (ST SEV 3457-81) “Livestock and poul-
try. Methods of tuberculosis laboratory diagnosis” and
GOST 27318-87 (ST SEV 5627-86) “Livestock. Methods
of nontuberculous mycobacteria identification™.

All experiments were carried out in strict accordance
with the European Convention for the Protection of Verte-
brate Animals used for Experimental and Other Scientific
Purposes (ETS No. 123).

RESULTS AND DISCUSSION

An analysis of the test results for allergic reactions
indicates that reactions to PPD-tuberculin for mammals
in the Republic of Dagestan are prevalent, regardless of
the natural and climatic zones.

The ratio of animal reactors in all categories of farms
was 30.9%, with a majority of reactions occurring on bTB
free farms, which is indicative of widespread nonspecific
reactions in healthy cattle.

It should be noted that the number of tuberculin re-
actors on free farms in mountainous and foothill areas
is slightly less than on lowland farms (Table 1).

These figures significantly differ from previously pub-
lished data, reflecting the correlation between the number
of tuberculin reactors and vertical zonation. Comparative
cartographic analysis shows that in the second half of
the last century and in the beginning of the current cen-
tury, the correlation between the number of both tuber-
culin-reactors and confirmed bTB cases and the number
and density of animal populations and proximity to
the lowland zone was recorded.

Analysis revealed no climate zone-dependent variations
in tuberculin test reactivity or confirmed bTB incidence.
The prevalence of reactors (45) and bTB cases (2) on moun-
tainous zone farms (4.44% ratio), despite conditions favor-
ing stronger immunity, appears attributable to: uncon-
trolled inter-farm interactions, substantial seasonal livestock
transfers, and regular import of feed from lowlands.

While no bTB cases were confirmed among foothill
zone reactors, the historical prevalence matches that of
the lowland zone, precluding any conclusion of disease-
free status. The data provided should be considered inter-
im and require annual confirmation.

Tuberculin reactivity in cattle shows significant sea-
sonal variation, with peak rates occurring during spring
and autumn months. More than 80% of the reactors are
detected during this period.

In order to compare the effectiveness of various tests
for allergic reactions on bTB infected farms, 170 animals
were tested with tuberculin intradermal, intravenous, in-
trapalpebral and ophtalmic tests (Fig. 1).

The diagnostic value of intradermal and intravenous
tests and their role in bTB diagnosis were determined. It
was established that most effective diagnostic approach
for the animals from bTB infected herds is the combination
of intradermal and intravenous tuberculin tests. The per-
centage of additionally detected diseased animals was
9.4%. This method proved to be effective both for the ini-
tial diagnosis and for the differentiation of tuberculin non-
specific reactions.

2 https://docs.cntd.ru/document/1200025492 (in Russ.)
3 https://docs.cntd.ru/document/1200025497 (in Russ.)

Mountainous 167 45 26.9 2 4.44
Foothill 182 59 324 - -
Lowland 201 66 328 4 6.06

Total 550 170 30.9 6 3.50
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The comparative study of simultaneous and intrapal-
pebral tests of animals from bTB free farms for the pur-
poses of initial diagnosis (386 animals were tested) gave
inconclusivee results (Fig. 2): simultaneous test showed 19
PPD-tuberculin reacting animals (4.9%), 15 animals reac-
ted to NTM complex (3.9%); 4 animals showed reactions
to intrapalpebral administration of tuberculin (1.0%).

With Dagestan accounting for 21.3% of Russia’s sheep
and goat population (ranking first) and 5.3% of cattle (rank-
ing third), predominantly in backyard farming systems,
developing reliable methods to differentiate non-specific
reactions has become a critical modern priority. The stan-
dard simultaneous testing protocol proved ineffective
under these conditions, while current regulations pro-
hibit diagnostic slaughter as follow-up to skin test results.
Studies revealed that the intravenous diagnostic method
proved most effective under these conditions, showing
particular advantages when testing small herds in private
ownership settings

In animals displaying positive reactions to both intra-
dermal and intravenous tests, post-mortem and labora-
tory analyses confirmed tuberculosis in 95.8% of cases,
as demonstrated by comparative evaluation. In addition,
in herds with long-term tuberculosis history, an intrave-
nous test additionally reveals tuberculin-anergic animals,
with their number ranging from 0.2 to 0.7%, according
to numerous reports.

Detection rates of intradermal test reactors were as-
sessed among stable / pasture-kept animals in backyard
farming systems of two foothill settlements (Karabuda-
khkentsky and Buinaksky Raions, 167 animals) and on dif-
ferent farms in the lowland (SPK “Lvovskoye” Babayurtsky
Raion, 123 animals, farm “Telmana” Kizlyarsky Raion,
274 animals). The results are shown in Figure 3.

It was found that in all farms, except for “Telmana”farm
in the Kizlyarsky Raion, more than 10% of cattle reacted
to PPD-tuberculin.
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Fig. 1. Assessment of diagnostic value of tuberculin tests
in tuberculosis-infected farms

Intrapalpebral
tuberculin test,
4 animals

(1.0%) PPD-tuberculin

19 animals (4.9%)

Simultaneous
tuberculin test

386 animals 34 animals

in total

NTM complex
15 animals (3.9%)

Fig. 2. Results of comparative analysis of simultaneous
and intrapalpebral tests

T

Number of animals

M Region ™ Number of animals

Lowland

¥ Number of reactors

Fig. 3. Number of tuberculin reactors raised in stall / pasture conditions
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Table 2
Number of isolates from environmental and biological samples

|dentified
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The analysis of serological test results was based on
the parallel use of tuberculin tests: 1,411 serum samples
using CFT with MAC and 2,091 samples using IHA test with
three RBC diagnostic reagents (M. bovis, M. avium, M. for-
tuitum). No reliable correlation was revealed between
the number of intradermal test reactors and the number
of animals demonstrating diagnostic antibody titers in
their sera by serological tests.

The CFT demonstrates high specificity (85-100%) but
low sensitivity, making it valuable for confirmatory diagno-
sis CFT shows promise in identification of anergic animals
in chronically infected herds. Our observations show that
the number of such animals in some farms can reach up
to 10%.

The results of the highly sensitive IHA test using RBC
diagnostic reagents in most cases are not confirmed
by conventional methods (post-mortem and laboratory
tests), which is indicative of its low specificity for tubercu-
losis. This test using several diagnostic reagents can serve
as an additional test for tuberculin non-specific reaction
differentiation.

Cellular immunity tests (rosette test, LTT, LSLT) exhibit
appropriate sensitivity and specificity characteristics, but
their complexity confines them primarily to research ap-
plications rather than mass screening programs.

The results of bacteriological test revealed that M. bo-
vis can be isolated in pure culture in almost all biologi-
cal samples from animals demonstrating bTB-consistent
changes and from about 6% of asymptomatic animals.

Thirty nine mycobacterium cultures were isolated and
identified from 57 biological samples: 8 (20.5%) were
identified as M. bovis; 31 (79.5%) were non-tuberculous
acid-resistant species, among them 29 (93.5%) were iden-
tified as Runyon Il organisms and 2 (6.5%) as Runyon llI
organisms.

Isolated

M. bovis Runyon Il Runyon Il
organisms organisms

Biological 57 39 8 | 205 | 29 | 35| 2 | 65
samples
Environmental 76 B 2 | a6 | B | 35| 18 | 419
samples
Table 3

Isolation rates for different nutrient media

Growth medium

Seventy six environmental samples were collected;
43 isolates were recovered of which 2 (4.6%) were iden-
tified as M. bovis, 23 (53.5%) as Runyon Il organisms, and
18 (41.9%) as Runyon Il organisms (Table 2).

Isolation rates of certain Mycobacterium species dif-
fered significantly among sample types and disease pro-
gression stages. M. bovis isolation frequency decreased
significantly from 40% during active disease progression
to 14% in the fading stage. Similar changes were observed
for non-tuberculous mycobacteria.

The correlation between the frequency and NTM isola-
tion rate from biological and environmental samples can
be traced in all natural and climatic zones.

The growth performance of various nutrient media
was tested by inoculation of 34 mycobacterial cultures:
7 (20.6%) were identified as M. bovis, 27 (79.4%) as non-
tuberculosis acid-resistant species, among them 11 (40.7%)
were identified as Runyon Il organisms and 16 (59.3%) as
Runyon Il organisms. The isolation rate was estimated by
the number of colonies and the growth rate (Table 3).

A noticeable growth of both M. bovis (15 colonies with-
out growth of foreign microflora in 17-19 days) and non-
tuberculous mycobacteria (19 M. avium colonies in 8 days
and 16 colonies of M. scrofulaceum in 7 days) was recorded
on Lowenstein — Jensen's medium. Finn [l medium perfor-
mance was slightly poorer in both growth rates and colo-
ny counts (9 small M. bovis colonies in 17 days; 6, 17, and
13 M. bovis BCG, M. avium, and M. scrofulaceum colonies,
respectively, in 6-11 days). Other media supported slow
bacterial growth, producing only small colonies.

CONCLUSIONS

1. The effectiveness of a set of differential diagnostic
tests, including intrapalpebral, intravenous and intrader-
mal tuberculin tests was demonstrated. The combined use
of these tests identify diseased animals in bTB-infected
herds and differentiate nonspecific reactions to PPD-
tuberculin for mammals.

2. Studies conducted over the past 3 years demonstrate
high prevalence of tuberculin reactors, reaching 18% on
some farms. In most cases, the nature of these reactions
remains unclear.

3.The analysis of serological results revealed CFT high
specificity for tuberculosis diagnosis. We consider it rea-
sonable to use this test as an additional method, in partic-
ular to identifiy animals anergic to tuberculin. Although
serological (IHA) and immunological (rosette test, LTT,
LSLT) tests are not yet widely adopted for diagnosing ani-
mal tuberculosis, they remain scientifically valuable.

4. A comparative study of growth media most com-
monly used in the laboratory revealed that Léwenstein —

Number Growth rate, Number Growth rate, Number Growth rate, Number Growth rate,
of colonies days of colonies days of colonies days of colonies days
Lowenstein —Jensen’s 15 17-19 10 8 19 8 16 7
Finnll 9 17 6 7 17 1 13 6
Petraniani 5 20 7 6 10 12 8 10
Gelberg 6 24 3 8 6 10 4 8
168 VETERINARY SCIENCE TODAY. 2025; 14 (2): 164-170 | BETEPUHAPUA CETOAHA. 2025; 14 (2): 164-170
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Jensen's egg-based medium provides the best growth
performance and isolation rates for both typical and
nontuberculous mycobacteria. Despite its overall poorer
performance, Finn Il medium sometimes exhibits faster
growth rates compared to Léwenstein — Jensen's medium.
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