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Clostridium species diversity in cattle

Pavel N. Shastin, Vasiliy A. Savinov, Aleksey |. Laishevtsev, Ekaterina D. Mandryka, Elizaveta A. Fabrikantova, Anastasia V. Supova
Federal Scientific Centre VIEV, 24/1 Ryazansky prospekt, Moscow 109428, Russia

ABSTRACT

Introduction. Clostridial infections, though relatively sporadic, are globally ubiquitous and specified by high mortality rates, resulting in substantial economic
losses to agriculture. In cattle, pathogenic Clostridia cause diseases such as enterotoxemia, malignant edema, tetanus, and botulism. The most clinically significant
species include Clostridium septicum, Clostridium perfringens, Clostridium chauvoei, Clostridium novyi, and Clostridium sordellii.

Objective. Study of Clostridium spp. diversity by examination of autopsy samples and sections of cattle from different regions of Russia; determination of their
anatomical localization as well as antibiotic resistance of Clostridium perfringens to the most common groups of antibiotics.

Materials and methods. Throughout the study, we adhered to internationally recognized regulatory frameworks and methodological guidelines, employing
standardized microbiological and mass-spectrometric methods. Antibiotic resistance was tested against multiple drug groups, such as macrolides, monobactams,
penicillins, polypeptides, glycopeptides, aminoglycosides, carbapenems, lincosamides, tetracyclines, ansamycins, diaminopyrimidines, fusidic acid derivatives, etc.
(lostridium isolates were recovered and identified using routine bacteriological methods coupled with MALDI-ToF mass spectrometry.

Results. Analysis of 359 biological samples resulted in isolation and identification of 137 Clostridium isolates (Paraclostridium bifermentans, Clostridium perfringens,
Clostridium tertium, Clostridium butyricum, Clostridium septicum, Clostridium sporogenes, Clostridium cadaveris, Clostridium sphenoides, Clostridium cochlearium,
(lostridium sartagoforme, Clostridium chauvoei, Clostridium novyi, Clostridium sordellii, Clostridium paraputrificum, Clostridium spp.), of which 25 exhibited pathogenic
potential and 17 demonstrated toxigenic properties. Clostridia were most frequently isolated from the liver, small and large intestinal segments, and muscular
tissues. Herewith, Clostridium perfringens prevailed (17.5%). This bacterium isolates demonstrated multiple drug resistance to cefixime, fusidic acid, cefotaxime,
cefaclor, spectinomycin, piperacillin, clarithromycin, doripenem and doxycycline.

Condlusion. The obtained results can be used for modification of current clostridial infection treatment protocols, reformulation of immunobiological products,
development of evidence-based guidelines for use of antibiotics in livestock production to mitigate antimicrobial resistance risks.
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BupoBoe pa3Hoobpasue KnocTpuamii
Y KPYMHOrO pOraToro cKoTa

M. H. Wactu, B. A. CaBuHoB, A. U. Nlanwesues, E. . Mauppbika, E. A. DabpukanTtoBa, A. B. C(ynoBa
OTBHY «(DenepanbHblii HayuHbIi LEHTP — Bcepoccniickiii HayuHo-UCCNIef0BaTENbCKII UHCTUTYT IKCNEPUMEHTaNbHOIi BeTepuHapui
umenn K. . Ckpabuna u fl. P. Kopanerko Poccuitckoii akagemuu Hayk» (OTBHY OHL BIU3B PAH), Pasanckuit npocnexT, 24/1, r. Mocksa, 109428, Poccua

PE3IOME

BBepeHue. Knoctpuano3bl, HeCMOTPA Ha OTHOCUTENBHO CTIOpajMyecKite Cyyal X BO3HUKHOBEHIA, MMetOT NOBCeMECTHOE PacnpOCTPaHeHIe U XapaKTepu3yioTca
BbICOKOIH JIETANbHOCTDIO, UTO HAHOCUT IKOHOMUYECKNIA YLLlepb cenbeckoMy X03AiCTBY. Y KpYNHOro poratoro ckota naToreHHble KNOCTPUANM BbI3bIBAKT TaKue
3a6oneBaHNA, KaK JHTEPOTOKCEMUA, 3N0KAUECTBEHHDIIA 0TeK, CTONOHAK, 60TynN3M. THONOrUYECKM 3HAUUMbIMI BUBAMU KNOCTpuamil anaiotca Clostridium
septicum, Clostridium perfringens, Clostridium chauvoei, Clostridium novyi, Clostridium sordellii.

Lienb pa6otbl. /13yueHue B1uoBoro pa3Ho06pasua KNocTpuanii Ha 0CHOBAHUM UCCIeLOBAHMIA NATONI0T0-aHATOMUYECKOTO 1 CEKLIMOHHOTO MaTepyana KpynHoro
poratoro CkoTa U3 pasfinyHbIX PernoHoB Poccuu, onpefieneHne MecT X NOKaNM3aLmi B OpraHu3me XUBOTHBIX, @ TaKXKe aHTUOaKTepUanbHoii yCTouMBOCTY
(lostridium perfringens k Haubonee pacnpOCTPaHEHHbIM rPYNNam aHTUOUOTMKOB.

Matepuanbi u metofbl. B nepuos nposeaeHna uccieoBaHna pyKoBOACTBOBANMC 06LLENPUHATLIMI HOPMATUBHO-NPABOBbIMYU AOKYMEHTaMM, METOAN-
YecKUMM YKa3aHUAMY, PEKOMEHAALMAMM, HCTPYKLMAMY; NPUMEHANM MUKPOOMONOrYeckie, Macc-CneKTpoMeTpiyeckie MeTodbl. [Ind onpeseneHua aHtv-
baKTepuanbHoii YCToiuNMBOCTH UCMONB30BANUCh PA3NINUHBIE FPYNMbI NPENapaToB: MAKPOAUbI, MOHOOAKTaMbl, EHULUANMHDI, MOAMNENTIALDI, IUKONENTULDI,
AMUHOINMKO3AbI, KapOaneHeMbl, IMHKO3aMInbI, TETPALMKNMHbI, aHCAMULMHBI, AMAMUHONMPUMUZIHBI, Gy3uaWHbI U AP. V30nATbI KNOCTpUAWIA BblLensny,
1CNONb3yA PYTUHHDIE 6aKkTepuonornyeckine MeTozbl, BUAOBYIO MAEHTUGUKALI BbINOHANN C NOMOLLbIO BpeMANPONeTHoi Macc-cnektpomeTpim MALDI-ToF.
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Pe3ynbrarbl. [py nccnenoBaHnn 359 06paswoB uomarepuana 6b11o BblAeNeHo 1 MAEHTUGULIMPOBAHO 137 n30nAT0B KNocTpuawii (Paraclostridium bifermentans,
Clostridium perfringens, Clostridium tertium, Clostridium butyricum, Clostridium septicum, Clostridium sporogenes, Clostridium cadaveris, Clostridium sphenoides,
Clostridium cochlearium, Clostridium sartagoforme, Clostridium chauvoei, Clostridium novyi, Clostridium sordellii, Clostridium paraputrificum, Clostridium spp.), n3
KOTOpbIX 25 0651a71an1 NaToreHHbIMM 1 17 — TOKCUTeHHbIMU CBOICTBaMIA. YaLuie BCero KNocTpuaumi 06HapyXvBany B neyeHi, TOHKOM 1 TONCTOM OTeNax Kulley-
HUKa, MblLLax. Mpu 3Tom BbiaBAeHo npeBanuposakie Clostridium perfringens (17,5%). YctaHoBfeHa NONMPE3NCTEHTHOCTD U30NATOB AaHHOTO BUAA 6akTepum
K Liedukcumy, dy3uanesoii kucnote, Liepotakcumy, Liehaknopy, CeKTUHOMULIMHY, TUNEPALMANMHY, KNApUTPOMULMHY, opUNeHeMY, LOKCALMKIIAHY.
3akntoueHue. llonyyeHHble pe3ynbTaTbl MOTYT ObITb UCMONb30BaHbI AN1A MOANGUKALIM CYLLECTBYIOLLMX NPOTOKOIIOB NEYEHUA KNOCTPUANO030B, KOPPEKTUPOBKY
€0CTaBa MMMYHOBMONOTMYECKX NPEeNapaTos, pa3paboTki peKoMeHAALMIA N0 UCMONb30BAHI0 AHTUOMOTUKOB B XKBOTHOBOACTBE ANA CHIKEHWA PUCKOB Pa3BUTUA
AHTUMUKPOGHOIA PE3NCTEHTHOCTM.

KnioueBbie cnosa: knoctpuanu, Clostridiaceae, KpynHblii porablil CKOT, aHTUOUOTUKOPE3NCTEHTHOCTb, TOKCUTEHHOCTb, 61106e30MaCcHOCTb, NATOreHHOCTD,
aHadpobbl

bnaropapHocTu: lccnenoBatye npoBefieHo B pamKax rocyfapcTBeHHoro 3afaHna MuxuctepcTsa Hayki 1 Bbicluero 06pazoBanua Poccuiickoii Oegepauum,
npoekT FGUG-2025-0003.

[ina yntupoBauusa: Wactwn NN, H., Caunos B. A., Nanwesues A. 1., Mangpbika E. [I., Oabpukantosa E. A., Cynosa A. B. BugoBoe pasxoobpa3ue knoctpuauii
¥ KpYMHOro poratoro ckota. Bemepurapus ce2odHs. 2025; 14 (2): 194-200. https://doi.org/10.29326/2304-196X-2025-14-2-194-200

KoHdnukT uHTepecoB: ABTOpbI 3aABAKT 06 OTCYTCTBUN KOHGINKTA UHTEPECOB.

[ina koppecnonpexumn: Wactux Magen Hukonaesny, KaHa. BET. HayK, CTApLUMil HAYUHBIil COTPYAHUK NabOPATOPUIN ANATHOCTUKI W KOHTPOMSA aHTOMOTU-
KOpe3nCTeHTHOCTY BO30yAuTeNeli Hanbonee KNMHMYECKIN 3HAUMMBbIX MHOEKLMOHHbIX 60ne3Helt xuBoTHbIX OTBHY OHL| BIUIB PAH, Pasanckuit npocnekT, 24/1,

r. MockBa, 109428, Poccua, shastin.pasha@yandex.ru

INTRODUCTION

The genus Clostridium was first described by
A. Prazmowski in 1880. Over 225 species of Clostridia have
been currently identified in various regions of the planet.
Clostridia are gram-positive rods that form spores. They
are widespread in the environment, and are also part of
the human and animal microbiome. However, only some
of them are capable of causing diseases in animals [1, 2, 3].
Clostridial infections are characterized by high mortality.
Due to the spore-forming ability of Clostridia, they can
persist in the soil for a long time, thus posing a potential
threat of the disease emergence [4, 5, 6]. The pathogen
entry into the body of animals occurs mainly by ingestion
of contaminated feed (alimentary route), through wounds
or by inhalation. The main factors of Clostridium pathoge-
nicity are exotoxins and enzymes [7, 8, 9, 10], which have
hemolytic, necrotizing and lethal effects. The most potent
toxins of clostridial origin are botulinum and tetanus neu-
rotoxins, as well as epsilon toxin produced by Clostridium
perfringens types Band D [11, 12, 13, 14].

The emergence of polyresistant Clostridium strains
results in wider spread of clostridial infections. A num-
ber of scientists have noted low therapeutic efficacy
of antibacterial drugs against the clinical manifestation
of anaerobic enterotoxemia in young cattle, high mortality
and the need for specific prevention [7, 15, 16,17, 18, 19].

According to “Galen” component of the FGIS “VetlS",
the list of registered vaccines against bovine clostridial
infections in the Russian Federation is currently includes
the following products: Clostrivax (Tecnovax S. A., Argen-
tina); Coglavax (Ceva Sante Animale, France; Ceva-Phylaxia
Veterinary Biologicals Company, Hungary); Clostbovac-8
(Vetbiochem LLC, Russia); Clostarm-9 (Armavir Biofacto-
ry, Russia); Cubolac (CZ Vaccines S. A. U,, Spain); Antox 9
(Stavropol Biofactory, Russia); One Shot Ultra 8 (Zoetis Inc.,
USA); Scourguard 4KS (Zoetis Inc., USA).

The relevance and novelty of the work lies in obtaining
data on the antibiotic resistance of the etiologically rele-
vant Clostridium isolates, on the structure of the strains iso-
lated from cattle, and on their toxigenic and pathogenic
properties. The resulted data will contribute to the im-
provement of the clostridial infection control system
in cattle, which in turn will reduce the economic losses in
the livestock production.

The aim of the work was to conduct the monitoring
studies to identify Clostridia, as well as to assess the level
of antimicrobial resistance of Clostridium perfringens iso-
lates recovered from cattle in various regions of Russia, and
to study their toxigenic and pathogenic properties.

MATERIALS AND METHODS

The work was performed in 2022-2024 at the Labora-
tory for Diagnostics and Control of Antibiotic Resistance
of Pathogens of the Most Clinically Significant Infectious
Animal Diseases of the Federal Scientific Centre VIEV,
as part of the state project (FGUG-2025-0003) suppor-
ted by the Ministry of Science and Higher Education of
the Russian Federation. As a result of our own research,
monitoring data was obtained and the practical part was
completed. Sectional and autopsy materials collected
from cattle were delivered from various regions of Russia:
Nizhny Novgorod, Moscow, Leningrad, Ryazan, Novosi-
birsk, Penza Oblasts and Republic of Mordovia.

Biological material. A total of 359 samples were exa-
mined (liver, heart, spleen, lung, kidney, muscle, small
and large intestines, stomach, hoof sections, amniotic
fluid, etc.).

Recovery of isolates, determination of their pathogenic
and toxigenic properties. The study aimed at the recovery
of the isolates of the microorganisms that are etiologically
most relevant for commercial animal husbandry, namely
the Clostridiaceae family, was implemented in accordance
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Fig. 1. Species diversity of Clostridium isolates circulating

in the Russian Federation (n = 137), %

with GOST 26503-85 “Agricultural animals. Methods for
laboratory diagnostics of clostridium™'.

Identification of Clostridia. Species identification of the
microorganisms was performed by mass spectrometry
using MALDI Biotyper system (Bruker Daltonik GmbH,
Germany) according to the “Guidelines for the identifica-
tion of microorganisms using MALDI Biotyper mass spec-
trometer for the examination of food raw materials and
food products” (approved by the Rosselkhoznadzor RTC
on 3 April 2014).

Antibiotic resistance of the microbial cultures was deter-
mined by disc diffusion method in accordance with Meth-
odological Guidelines MUK 4.2.1890-04 “Guidelines for
susceptibility testing of microorganisms to antibacterial
agents”? Within the research activities, antibacterial drugs
of various groups were used (HiMedia Laboratories Pvt Ltd.,
India): macrolides (azithromycin 15 pg, clarithromycin
15 pg, pristinamycin 15 pg, spiramycin 30 pg, tylosin 15 pg,
erythromycin 15 ug), monobactams (aztreonam 30 pg),
penicillins (amoxiclav 30 pg, amoxicillin 25 pg, ampicillin
25 pg, benzylpenicillin 10 pg, carbenicillin 100 pg, pipera-
cillin 100 pg), polypeptides (bacitracin 10 pg, polymyxin B
50 pg), chloramphenicol 30 pg, glycopeptides (vancomy-
cin 30 pg), aminoglycosides (gentamicin 30 pg, kanamycin
30 pg, spectinomycin 100 pg, streptomycin 25 pg), car-
bapenems (doripenem 10 pg), lincosamides (clindamycin
2 ug, lincomycin 10 pg), fluoroquinolones (levofloxacin
5 g, norfloxacin 10 ug, ofloxacin 5 pg, pefloxacin 5 ug, ci-
profloxacin 30 ug, enrofloxacin 10 pg), tetracyclines (oxy-
tetracycline 30 pg, tetracycline 30 ug, chlortetracycline
30 pg, doxycycline 30 pg), ansamycins (rifampicin 15 ug),
sulfonamides (sulfadiazine 100 pg, sulfafurazole 300 ug),
diaminopyrimidines (trimethoprim 25 pg), cephalosporins

! https://base.garant.ru/5916932 (in Russ.)
2 https://docs.cntd.ru/document/1200038583 (in Russ.)

(cefixime 5 pg, cefazolin 30 ug, cefaclor 30 g, cefalexin
30 g, cefotaxime 30 pg, cefepime 30 ug, cefoperazone
75 g, cefpirome 30 pg, ceftriaxone 30 ug), phosphonic
acid derivatives (fosphomycin 50 ug), fusidines (fusidic
acid 30 pg).

The results were interpreted in accordance with CLSI
(Clinical and Laboratory Standards Institute) and EUCAST
(European Committee on Antimicrobial Susceptibility Test-
ing) recommendations [20, 21].

The results were statistically processed using Microsoft
Excel.

RESULTS AND DISCUSSION

As a result of the studies, 137 Clostridium isolates were
recovered and identified: Paraclostridium bifermentans,
Clostridium perfringens, Clostridium tertium, Clostridium
butyricum, Clostridium septicum, Clostridium sporogenes,
Clostridium cadaveris, Clostridium sphenoides, Clostridium
cochlearium, Clostridium sartagoforme, Clostridium chau-
voei, Clostridium novyi, Clostridium sordellii, Clostridium
paraputrificum, Clostridium spp.

Diversity of Clostridium spp. circulating in the Rus-
sian Federation has been established, which is shown in
Figure 1.

Prevalence of C. perfringens was established — 17.5%,
followed by C. tertium —13.1%, C. sordellii — 11.7%, C. chau-
voei — 11.0%, C. novyi — 9.5%, P. bifermentans and C. butyri-
cum - 8.0%, C. sporogenes — 6.6%, Clostridium spp. — 5.0%,
C. septicum - 3.0%, C. cadaveris — 2.2%, C. sphenoides and
C. cochlearium - 1.5% each, the smallest proportion is
made up of C. sartagoforme and C. paraputrificum iso-
lates - 0.7%.

Results of determination of antibiotic resistance of
C. perfringens isolates (n = 24) recovered from cattle in vari-
ous regions of the Russian Federation are demonstrated
in Figure 2.

According to the obtained data, it can be concluded that
C. perfringens isolates (n = 24) demonstrated resistance to
cefixime, fusidic acid, cefotaxime, cefaclor, spectinomycin,
piperacillin, clarithromycin, doripenem, and doxycycline.
Antibiotic resistance to ampicillin demonstrated 85% of
the isolates, to amoxicillin, chlortetracycline, vancomycin,
rifampicin and ciprofloxacin — 80%, to tylosin and amoxi-
clav - 75%, to sulfadiazine, cefalexin, ofloxacin and poly-
myxin B — 60%, to pefloxacin and cefoperazone - 55%, to
benzylpenicillin, clindamycin, ceftriaxone and chloram-
phenicol - 50%, to enrofloxacin, cefazolin, tetracycline and
streptomycin — 45% of the isolates; 40% of C. perfringens
isolates were resistant to bacitracin, norfloxacin, fosfo-
mycin; 35% of the isolates demonstrated resistance to
levofloxacin, lincomycin, oxytetracycline; 25% of isolates
were resistant to erythromycin, spiramycin and gentami-
cin and 20% - to azithromycin, cefepime and cefpirome.
All studied C. perfringens isolates were susceptible to sul-
fafurazole and carbenicillin (100%), trimethoprim — 90%,
azithromycin - 70%, levofloxacin — 65%, and kanamycin —
45% of the isolates. All the tested strains were interme-
diately susceptible to aztreonam and pristinamycin, 75%
of the isolates - to spiramycin, 60% - to fosfomycin, and
55% - to cefazolin, 45% - to kanamycin.

Among 137 recovered Clostridium isolates, 25 demon-
strated pathogenic properties and 17 had toxigenic pro-
perties. The obtained data is presented graphically as
a percentage in Figures 3 and 4.
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Fig. 2. Antibiotic resistance of C. perfringens isolates (n = 24) recovered from cattle

In most cases, C. perfringens isolates possessed patho-
genic properties (6.6%). Pathogenicity factors were detec-
ted in 5.1% of C. novyi strains, 4.4% of C. chauvoei isolates,
in 1.5% of C. septicum strains and in 0.7% of Clostridi-
um spp. isolates. Toxigenic properties were determined
for C. sordellii (3.7%), C. perfringens (3.7%), C. novyi (3.0%),
C. septicum (1.5%) and Clostridium spp. (0.7%).

The localization sites of Clostridia in cattle are presented
in the Table.

According to the demonstrated data, Clostridia were
most often isolated from the liver, small and large intes-
tine and from muscles.

Clostridia are widespread bacteria that cause disea-
ses in animals, birds and humans. Antibiotic resistance
is a serious challenge for the veterinary medicine due to
the fact that 80% of all antibiotics in the world are used
in agriculture, inter alia as feed additives and growth pro-
moters. The results obtained during the present study
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Table
Localization of Clostridia in cattle

Biological material

(lostridium species Small Large Hoof Amniotic
intestine | intestine SR sections fluid
Paraclostridium bifermentans - + - - + + + + + -
(lostridium tertium - + + - + + + - - _
Clostridium perfringens - + + - + + + + - +
(lostridium butyricum - + - - - + + + - _
(lostridium cochlearium - - - - - - + - - _
Clostridium sartagoforme - - - - - - + - - -
Clostridium septicum - + - - + - + - - -
Clostridium sporagenes - + - - + + + - - _
Clostridium sphenoides - - - - - - + - - -
(lostridium chauvoei - + - - - + + + - _
Clostridium novyi - + - - - - - - - -
Clostridium sordellii - + - - - - - - - -
Clostridium paraputrificum - + - - - - - - - _
Clostridium spp. - + - - + + + - - -
Clostridium cadaveris - + - - - - + - - _

m Clostridium perfringens
m Clostridium septicum
m Clostridium chauvoei

Clostridium novyi
m Clostridium spp.

Fig. 3. Species composition of Clostridium isolates
with pathogenic properties, %

v Y

\

m Clostridium perfringens
m Clostridium septicum
m Clostridium novyi

Clostridium sordellii
m Clostridium spp.

Fig. 4. Species composition of Clostridium isolates
with toxic properties, %

on antibiotic resistance to cefotaxime are consistent
with the data reported by N. A. Bezborodova et al. [7],
H. A. Ahmed et al. [22]. In the studies carried out by the
Iranian researchers F. Khademi et al., resistance of C. per-
fringens to ampicillin (25.8%), erythromycin (32.9%), gen-
tamicin (45.4%), tetracycline (19.5%), amoxicillin (19.3%),
bacitracin (89.1%) was reported [23]. A group of scientists
from China and Pakistan studied eleven of the most com-
monly used antibiotics, two of them had no inhibitory
effect, five were effective, and four had moderate effect
against C. perfringens. Lincomycin and amikacin did not
inhibit the isolates, tetracycline, penicillin, erythromy-
cin and oxytetracycline inhibited Clostridium growth to
a lesser extent. The scientists have concluded that it was
advisable to use several types of antibiotics, which was
a more effective approach to inhibit the bacterial infec-
tion [24]. Researchers from Ivory Coast determined in their
studies that the level of antibiotic resistance of C. perfrin-
gens to tetracycline, doxycycline, chloramphenicol, and
erythromycin ranged from 20 to 50% [25]. A group of sci-
entists from South Korea, when studying the prevalence
and resistance of C. perfringens to antibiotics, found that
resistance to tetracycline was 100%, to ampicillin — 31.6%,
to chloramphenicol - 68.4%, to metronidazole — 34.2%
and to imipenem - 71%. The researchers also noted
an important point of the combined resistance of 78.9%
of the isolates to several antimicrobial drugs [26].

CONCLUSION

As a result of the examination of the sections and patho-
logical materials from cattle in 2022-2024, 137 Clostridi-
um isolates were recovered, of which 25 demonstrated
pathogenic properties, and 17 — toxigenic ones. The most
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common Clostridium localization sites included liver, large
and small intestine, muscles, and stomach. The bacteria
were also detected in kidneys, spleen, amniotic fluid, and
hoof swabs.

Monitoring studies aimed at the determination of
the antimicrobial resistance of C. perfringens isolates re-
vealed their resistance to cefixime, fusidic acid, cefotax-
ime, cefaclor, spectinomycin, piperacillin, clarithromycin,
doripenem, and doxycycline.

The results of this study can be used to modify exist-
ing treatment protocols for clostridial infections, adjust
the composition of immunobiological products, and de-
velop recommendations for the use of antibiotics in ani-
mal husbandry to reduce the risk of antimicrobial resis-
tance developing.
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