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Nontuberculous mycobacterium occurrence

in biological material and environmental samples covered
by epidemiological surveillance in the Republic of Dagestan

M. 0. Baratov
Caspian Regional Research Veterinary Institute — Branch of Dagestan Agriculture Science Center, Makhachkala, Republic of Dagestan, Russia

SUMMARY

Aninvestigation for causes of tuberculosis occurrence and persistence on farms, as well as of continuous presence of tuberculin reactor animals on tuberculosis-free
farmsimpeding allergy diagnosis revealed that the major cause is the persistence of pathogenic and nontuberculous acid-fast mycobacteria in the environment.
To determine the occurrence of typical and atypical mycobacteria in samples covered by epidemiological surveillance, 222 biological material samples from cattle,
248 environmental samples (manure, soil, water from different sources, feedstuffs), 44 milk samples from tuberculosis-affected farms, 20 vaginal discharge
samples from endometritis-affected cows and 405 sputum samples from tuberculosis-affected humans were tested. Isolation and identification were performed
in accordance with the guidelines. Thirty-nine cultures were isolated from the pathological material; of these, 7 (17.9%) were identified as Mycobacterium bovis
and 32 (82.1%) were identified as atypical mycobacteria. Among nontuberculous mycobacterium cultures, 16 (50.0%) were classified as belonging to group I,
2 (6.2%) — as belonging to group |1l and 14 (43.8%) — as belonging to group IV according to the Runyon classification. The following species were found to
be predominant: group Il — Mycobacterium scrofulaceum and Mycobacterium gordonae (scotochromogenous), group IV — Mycobacterium smegmatis and My-
cobacterium fortuitum (rapidly growing). No mycobacteria were detected in milk samples and vaginal discharge samples from tuberculin reactor cows. From
405 sputum samples from tuberculosis-affected humans, 64 (15.8%) cultures were isolated, of which 55 (85.9%) were classified as Mycobacterium tuberculosis,
9 (14.1%) — as Mycobacterium bovis. Out of 248 environmental samples tested, mycobacteria were detected in 65 (26.2%) samples, of which 58 (89.2%) were
atypical mycobacteria of groups II, 1l and IV; Mycobacterium bovis was isolated from 7 (10.8%) samples (soil and manure). The attempts to isolate Mycobacterium
tuberculosis failed. The tests demonstrated the wide spread of nontuberculous acid-fast mycobacteria in the environment irrespective of the altitudinal zone.
These findings constitute a basis for further monitoring of mycobacterium circulation in the environment in the Republic of Dagestan with a view of optimizing
preventive measures.
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PacnpocTpaHeHue HeTybepKyne3HbIX MUKobaKTepuii
B 00bEKTaX INM300TONOTMYECKOr0 HafI30pa
B Pecnybnuke [larecTaH

M. 0. bapatoB
[TpuKacnuiickuit 30HaNbHbII HayYHO-NCCEROBATENbCKII BeTepUHAPHDIA MHCTUTYT — duanan OTBHY «DepepanbHbiii arpapHblil HayuHbIiA LieHTP
Pecny6nuku [larectan» (Mpukacnuitckuit 3oHanbHblit HUBU — dunnan OTBHY «OAHL| PD»), r. Maxaukana, Pecny6nuka [larectan, Poccua

PE3IOME

Mpy onpeseneHni NPUUNH BOSHUKHOBEHISA 1 ANMTENbHOTO HEONAroNoyuMa X03AMCTB N0 TyGePKyNe3y, a TakXKe HANNUUS Ha NOCTOSHHOI OCHOBE pearupyioLLyx
Ha TyGepKyMH XMBOTHbIX B GNArononyuHbIx X03AiCTBaX, CNOCOBCTBYIOLLVMX 3aTPYAHEHINI0 ANNEPTUYECKOI ANATHOCTUKIA, YCTAHOBIIEHO, UTO OCHOBHOI SBAET-
(A COXpaHeHue B 06beKTax BHeLUHelt cpejibl NaToreHHbIX 1 HETYOepKyNe3HbIX KUCTIOTOYCTOIUMBbIX GOPM MUK0OaKTEpHiA. B Liensx onpeseneHna pacnpocrpa-
HEHHOCTV MInKOGAKTepUii THTYHBIX 11 aTUMMYHBIX OPM B 0GBEKTaX IMM300TONIONNYECKOr0 HaA30pa UCCTIef0BaHO 222 npobbl Gronoryeckoro matepuana ot
KPYMHOTO Poraroro ckota, 248 npo6, 0To6paHHbIX 13 06bEKTOB BHELUHeli Cpeabl (HaB03a, MOYBbI, BOAbI U3 Pa3HbIX UCTOUHIKOB, KOPMOB), 44 Npobbl MoroKa U3
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HebnarononyyHbIx no Ty6epkynesy xo3aiicTe, 20 Npo6 BRaranvLLHbIX BblAeNeHui 60NbHbIX 3HAOMETpUTaMI KOpOB 1 405 Npob MOKpOTbI 60bHbIX Ty6epKyne3om
ntopeit. Boigenexne n uaeHTMMKaLMIO NPOBOZIAM B COOTBETCTBIN € pekomeHaaumamu. /13 natmatepuana yaanocb BbienuTb 39 Kynstyp, U3 Kotopbix 7 (17,9%)
nieHTuduumpoBaHbl kak Mycobacterium bovis v 32 (82,1%) — Kak atunuuHble. 113 uncna Hety6epkynesHbix MukobakTepuii 16 (50,0%) otHeceHbl K rpynne |,
2(6,2%) — k rpynne |1l n 14 (43,8%) — k rpynne IV no knaccuukaumm PaHbowa. YctaHoBneHo JoMUHUpYIoLLee 3HaueHne BuaoB 13 rpynnbl || — Mycobacterium
scrofulaceum v Mycobacterium gordonae (ckotoxpomorenHbie), rpynnbl IV — Mycobacterium smegmatis w Mycobacterium fortuitum (6bicTpopactyiwme). B npobax
MOJI0Ka 11 BNAranuLHbIX BbiAeNeHNii 0T pearnpoBaBLLnX Ha Ty6epKyauH KOpoB MuKkobakTepui He 06Hapyuau. 113 405 npob mokpoTbl 60bHbIX TybepKyne-
30M Ntofielt yaanoch u3onnpoBathb 64 (15,8%) KynbTypbl, u3 KoTopbix 55 (85,9%) oTHeceHbl k Mycobacterium tuberculosis, 9 (14,1%) — k Mycobacterium bovis.
B 65 (26,2%) 0bpa3uax u3 00beKToB BHeLUHel cpedbl 13 248 nccneoBaHHbIX 06HapYKeHbl MUKobakTepuu, 58 (89,2%) U3 KOTOPbIX COCTABAANN aTUMMYHbIE
sugbi I, 11w IV rpynn, 8 7 (10,8%) cnyuasx 13 nouBeHHbIX Npo6 11 HaBo3a BbigeneHbl Mycobacterium bovis. 3onuposats Mycobacterium tuberculosis He ynanocs.
VlccneoBaHmA nokasanu WUPoKoe pacnpocTpaHeHme HeTy6epKyne3HbIX KNCIOTOyCTOIUNBbIX GopM B 06beKTaX BHELLHeI Cpefibl, He3aBICUMO OT BePTUKaNbHOI
30HanbHOCTY. MonyyeHHble AaHHble NpeACTaBAAOT 6a30BYI0 OCHOBY ANA AaNbHENLLIEr0 ANHAMUYECKOTO CeXeHIA 3a UpKynAaLveil MukobakTepuil B npupose
B ycnosuaAx Pecnybnuku [larectan B Liensx ontumn3anmn npodunakTuyeckux MeponpuaThii.

KnioueBble cnoBa: Tybepkynes, atunuuHble (HeTybepKynesHble) MIUK0OAKTepUM, KpyMHblii poraTblii CKOT, annepruyeckasn ANarHoCTiKa, 06beKTbl BHeLLHei
cpespl, buomatepuan, MM-TybepkynuH Ana MneKonUTAIOLLIAX, MaKPOOPraHU3M

[ina untuposanua: bapatos M. 0. Pacnpoctpatenue HeTy6epKyne3Hbix MuKo6akTepuil B 06bekTax anu3ooTonoruyeckoro Hag3opa B Pecnybnuke [larectan.
Bemepurapus ce2001s. 2023; 12 (2): 140—146. DOI: 10.29326/2304-196X-2023-12-2-140-146.
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INTRODUCTION

The issue of tuberculosis prevention has become par-
ticularly relevant, given that large numbers of animals are
keptin relatively small areas with deficient insolation. Such
conditions, together with intensified performance, lead
to decreased body resistance and facilitate the airborne
transmission of tuberculosis agent [1-3].

The improvement of diagnosis system and the deve-
lopment of new reliable differential diagnosis tools, in-
volving, inter alia, the investigation of the role of atypical
acid-fast mycobacteria in macroorganism sensitization to
tuberculin PPD for mammals, are important for enhancing
the effectiveness of measures to combat bovine tubercu-
losis [4-7].

The wide spread of atypical acid-fast mycobacteria
in the environment has rendered intradermal tubercu-
lin test with PPD for mammals less indicative and sig-
nificantly complicated the diagnosis of tuberculosis [8].
The number of reports on the isolation of nontuber-
culous mycobacteria from animals and humans has
grown with the improvement of mycobacterium cul-
ture isolation methods and the deepening of relevant
knowledge [9-11]. According to the abundant literature
data, atypical mycobacteria are isolated from tuberculin
reactor animals in 44.6% of cases, from non-reactors -
in 48.8%. However, the question of what mycobacterium
species can sensitize animals to tuberculin and under
what conditions has not been fully elucidated; many
researchers are of the view that the ecological relation-
ships of such species have not been adequately inves-
tigated [12, 13].

The interest in this group of mycobacteria is attributed
to their ability to sensitize a microorganism to tuberculin

without causing any lesions associated with tuberculo-
sis [14, 15]. In view of this, in the absence of pathological
manifestations characteristic of tuberculosis, bacteriologi-
cal tests are carried out; based on the test results, the diag-
nosis is either confirmed or excluded. It should be added
that laboratory diagnosis methods are time-consuming
and require the use of highly efficient nutrient media
to obtain the most accurate result [7, 16]. Bioassay, a basic
laboratory method used to differentiate between speci-
fic sensitization and non-specific one (caused by atypical
mycobacteria), is time-consuming (up to 3 months or
more). The analysis of literature shows that bioassay has
low specificity for differentiation of most atypical myco-
bacterium species [17, 18].

It is known that not all atypical mycobacteria can sen-
sitize animals to tuberculin. Therefore, the issues of myco-
bacterium culture isolation from materials collected from
animals and identification thereof should be studied
inseparably from detection of allergic reactions and tu-
berculosis-specific postmortem lesions [19]. The issues
of human-animal interface and transmissibility, as well as
the possibility of human and animal mycobacterium
cross-circulation remain under-researched [20]. There are
reports that, in some cases, atypical mycobacteria were
found to be the etiological agents of different diseases in
humans [21, 22]. Most researchers reject their pathoge-
nicity for cattle and believe that such mycobacteria only
cause sensitization to tuberculin [23, 24]. It is also import-
ant that some atypical mycobacteria can cause mastitis in
cows and lymphadenitis in pigs [11, 25].

It is undisputed that, due to high resistance to various
physical and chemical factors owing to the high lipid
substance content in the bacterial cell, pathogenic forms
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of mycobacteria are widely spread in nature and have ex-
tensive contact with the microorganism [26-29].

According to the numerous reports, nontuberculous
acid-fast mycobacterium circulation monitoring results
indicate that such mycobacteria are well-established
in the environment and currently represent the major
cause of cattle sensitization to tuberculin PPD for mam-
mals [30-35].

Despite multiple papers concerning the occurrence of
these taxons in nature and their relationships with macro-
organisms, many aspects of this issue require further in-
vestigation.

The study was aimed at the determination of myco-
bacterium occurrence in biological material samples from
animals and humans, as well as environmental samples
in the Republic of Dagestan in relation to the altitudinal
zonality and species composition.

MATERIALS AND METHODS

For testing, 222 biological material samples from cattle
were used. Besides, 248 environmental samples such
as manure, soil from livestock facilities and pastures, wa-
ter from different sources, feedstuffs (straw, silage, haylage,
mixed grasses) were collected. In addition, 44 milk samples,
20 vaginal swab samples from endometritis-affected cows
and 405 sputum samples from tuberculosis-affected hu-
mans were tested.

Before inoculation, homogenized biological materials
were treated with a mixture of a 3% sodium lauryl sulfate

7(17.9%)

M. bovis

solution and a 3% sodium hydroxide solution, human
sputum samples were treated with a 0.5% chlorhexidine
bigluconate solution.

The isolation of cultures was carried out using egg
and saline media most commonly applied under labora-
tory conditions and demonstrating different growth inten-
sity and rate (the Lowenstein — Jensen, Petragnani, Sauton,
Finn-Il media). Differentiation between the human tuber-
culosis agent and other mycobacteria was performed
based on cultural and morphological, as well as biochemi-
cal properties. In some cases, mycobacteria were typed
with bioassay in guinea pigs and rabbits through animal
inoculation with the test material suspension prepared
with a sterile saline solution.

The identification of the isolated cultures was car-
ried out using conventional methods in accordance
with GOST 26072-89 “Agricultural animals and poul-
try. Methods of laboratory diagnostics of tuberculosis”
(COMECON Standard 3457-81) and GOST 27318-87 “Agri-
cultural animals. Methods of identification of non-typical
mycobacteria” (COMECON Standard 5627-86).

TEST RESULTS

During the bacteriological tests of 222 samples from
tuberculin reactor animals, 39 cultures were isolated, of
which 7 (17.9%) were identified as Mycobacterium bo-
vis and 32 (82.1%) - as atypical mycobacteria. Among
32 nontuberculous mycobacterium cultures, 16 (50.0%)
were classified as belonging to group Il, 2 (6.2%) - as

16 (50.0%)
group II

2 (6.2%)
group 111

14 (43.8%)
group IV

Fig. 1. Mycobacteria isolated from biological material samples from cattle

Table 1

Diversity of mycobacteria isolated from biological material samples from animals and humans

Type of mycobacteria
Number

Type Number ) ’
fsample of samples of isolated , Runyon's group
: cultures M. tuberculosis
- ) . 7 16 2 14
Biological material from animals 22 39 - (17.9%) - (50.0%) | (62%) | (43.8%)
Milk 44 - - - - - - _
Vaginal discharge 20 - - - - _ - -
64 55 9
Sputum from humans 405 (15.8%) (85.9%) (14.1%) - - - _
Total 691 103 55 16 - 16 2 14
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Table 2
Diversity of mycobacteria isolated from environmental samples

Type of mycobacteria

Type of sample UL Ly Runyon's grou
» p of samples of isolated cultures | 11 4 borculosis M. bovis yon's group
Pasture soil 29 12 4 - 5 3 -
Farm soil 17 3 - - 3 - -
Stagnant water 22 2 - - - - 2
Artesian water 26 - - - - - -
River water 24 - - - - - -
Mixed grass hay 30 6 - - 5 1 -
Straw 20 4 - - 1 3 -
Haylage 21 8 - - 6 1 1
Silage 25 3 - - 2 1 -
Manure 16 15 3 - 8 3 1
Samples from facilities 18 12 - - 3 9 -
Total 248 65 7 - 33 21 4
33 (56.9%)
group IT
7.(10.8%) 21 (36.2%)
M. bovis group I11

Fig. 2. Mycobacteria isolated from environmental samples

belonging to group lll and 14 (43.8%) — as belonging
to group IV (Fig. 1) according to the Runyon classification.

The analysis of isolated culture differentiation data al-
lowed for identification of the predominant associations
of atypical mycobacteria inhabiting the animal body.
These were the combinations of Mycobacterium scrofula-
ceum and Mycobacterium gordonae (group Il), Mycobacte-
rium smegmatis and Mycobacterium fortuitum (group V)
according to the Runyon classification (Table 1).

No mycobacteria were detected in 44 milk samples
from tuberculin reactor cows from tuberculosis-affected
farms and in 20 vaginal discharge samples from endomet-
ritis-affected cows with positive tuberculin test results.

During the tests of 405 sputum samples from tuber-
culosis-affected humans using the Léwenstein — Jensen
medium, 64 (15.8%) mycobacterium cultures were isola-
ted, of which 55 (85.9%) were identified as Mycobacterium
tuberculosis and 9 (14.1%) — as Mycobacterium bovis.

During the tests of 248 environmental samples, myco-
bacteria were detected in 65 (26.2%) of them; among

4(6.9%)
group IV

these, 58 (89.2%) were classified as belonging to groups Il
Il and IV according to the Runyon classification. Bovine
mycobacterium culture was isolated in 7 (10.8%) cases,
the attempts to isolate Mycobacterium tuberculosis failed.
The results are presented in Table 2 and Figure 2.

Quantitative distribution of isolated tuberculous cul-
tures showed that such mycobacteria were isolated from
pasture soil and manure samples only. Nontuberculous
mycobacteria were detected in maize silage samples col-
lected from the pit silo at the bovine tuberculosis-free
dairy complex SPK “Dylym” in the Kazbekovsky Raion
(submountain zone), even with direct microscopy, and
this is indicative of their survivability and possible rep-
lication under the technological conditions of maize si-
lage fermentation. Subsequently, a more detailed analy-
sis found an association between permanent reactions
to tuberculin PPD for mammals on this farm and contin-
uous (based on the laboratory test results for a number
of years) circulation of atypical mycobacteria in the en-
vironment.
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The tests showed that nontuberculous mycobacteria
are detected in samples collected on farms, whether tu-
berculosis-affected or not, irrespective of the altitudinal
zone. In particular, Mycobacterium smegmatis and Myco-
bacterium phlei, the representatives of group IV of atypi-
cal mycobacteria, were isolated from manure samples
and leftover feed samples collected from the feed
bunks on the farms SPK im. Chapayeva (mountain zone)
and KFKh “Rassvet” (submountain zone). Mycobacterium
scrofulaceum (group Il) was isolated from samples collec-
ted at the dairy complex SPK “Khamamatyurtovsky” (flat-
land zone) and those collected in the area adjacent to
the farm SPK“Turchidag” (mountain zone).

The number of mycobacterium detections in the soil
samples from the flatland zone pastures is higher than
that in samples from the mountain zone. For example, no
bacteria were isolated from samples collected in some pas-
ture units of the farms SPK“Turchidag”and SPKim. Chapa-
yeva (mountain zone); however, they were detected practi-
cally in all samples from the flatland zone pastures.

Also, no mycobacteria were detected in the moun-
tain river and artesian well water samples. A group IV
representative (Mycobacterium fortuitum) was isolated
from water samples from the stagnant water bodies lo-
cated near the area adjacent to the farm SPK “Rassvet”
and the tuberculosis-affected dairy complex SPK“Tersky
(the Kizlyar zone of distant pastures) located in the flat-
land zone.

DISCUSSION AND CONCLUSIONS

The analysis of data from the study clearly reveals
that atypical mycobacteria of groups II, lll and IV (ac-
cording to the Runyon classification) can be the major
cause of macroorganism sensitization to tuberculin PPD
for mammals. The predominance of group IV bacteria in
soil, manure and stagnant water samples allows the con-
clusion that they are the typical obligate representatives
of nontuberculous mycobacteria that have steadily es-
tablished themselves in the environment of the Republic
of Dagestan and shape the gastrointestinal mycobacterial
landscape in cattle. Our findings are consistent with those
of P. S. Guseynova et al,, S. |. Dzhupina, M. Ridell, as well
as E. Stackebrandt and B. M. Goebel from the determina-
tion of major causes of cattle sensitization to tuberculin for
mammals [30-32, 35].

At the same time, in some cases during testing, no atypi-
cal mycobacteria were detected in the test samples. We
believe that this is due to the imperfection of laboratory
diagnosis, nontuberculous bacterium transition to a non-
culturable state, various transformations and changes in
the genetic structure. This fact is very important, since nu-
merous studies, including those of recent years, show that
atypical mycobacteria are isolated from bedding material
and environmental samples, but they are not detected in
the biological material samples from tuberculin reactor
animals, and vice versa [17, 18, 22].

There is therefore a need to use specific tests for each
particular typical and atypical mycobacterium species to
enable the characterization of their isolation, cultivation,
typing, as well as mycobacterium-like microorganisms’
ability to sensitize a macroorganism to tuberculin.

Enhanced laboratory diagnosis and monitoring of
nontuberculous mycobacterium circulation in the envi-

"

ronment will allow for rapid response and interpretation
of allergy test results for timely implementation of veteri-
nary and sanitary measures.

Thus, the presented data show that atypical mycobac-
teria are widely spread in the environment. Bovine tuber-
culosis agents are isolated from the biological material
samples from tuberculin reactor animals, environmental
samples and soil samples from areas adjacent to tubercu-
losis-affected farms, as well as sputum samples from tu-
berculosis-affected humans. Further work will be needed
to monitor the circulation of all types of mycobacteria in
all physical and climatic zones of the Republic of Dagestan
and to ensure control over the implementation of the vete-
rinary and sanitary measures aimed to prevent mycobac-
terium spread in the natural reservoirs.
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